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GEOLOGY AND ORE DEPOSITS OF THE FRONT RANGE, COLORADO

BY T. S. LovERING AND E. N. GoDDARD
ABSTRACT
Introduction.-The Colorado Front Range extends northward
from Canon City to Wyoming, where it merges with the Laramie
Range. The most rugged mountains of the Front Range are
in the central part and lie mostly between altitudes of 12,000
and 14,000 feet. The western mountain flank slopes steeply
away from the crest of the range, but the eastern slope is characterized by broad dissected benchlike erosion surfaces that
descend in steps to the plains.
Much of the Front Range is served by excellent automobile
roads, and the standard-gauge Denver & Salt Lake Railway,
"The Moffat Road," passes al~ost due west from Denver across
the range. The many narrow-gauge railroads that formerly
served the mining districts have all been abandoned, and trucks
are used to move freight between the mining districts and loading points on the standard-gauge railroads.
Physiogmphy.-The most prominent physiographic features
of the Front Range are due to the dissection of five moderately
smooth erosion surfaces which stand in benchlike relations to
one another, namely, the Flattop, at altitudes between 11,550
and 12,500 feet, the Green Ridge between 10,000 and 10,700 feet,
the Cheyenne l\lountain between 9,200 and 9,600 feet, the Overland Mountain between 8,200 and 9,000 feet, and the Bergen
Park between 7,500 and 7,800 feet. Both the Flattop and Green
Ridge surfaces are probably pre-Oligocene. Remnants of broad
valleys are present about 500 feet below the Overland Mountain
surface and constitute the Flagstaff Hill surface. Many rock
terraces, most of 'vhich are Pleistocene, are found between it
and the present stream valleys.
Geology.-The crystalline core of the Front Range is essentially pre-Cambrian granite, schist, and gneiss; it is nearly
everywhere bordered by steeply tilted Paleozoic rocks, but along
the west side, near Breckenridge, steeply dipping Mesozoic bed:-;
rest directly on the pre-Cambrian basement. Locally the truncated edges of Mesozoic and Paleozoic sediments are covered
by gently dipping Tertiary beds, 'vhich lap onto the pre-Cambrian rocks. In the north the Tertiary is made up chiefly of
clastics, and in the south the Tertiary rocks comprise interbedded shale, algal limestone, tuff, and lavas. Middle Tertiary
intrusive rocks are associated with the lavas in the southern
part of the pre-Cambrian terrane and in the Rocky Mountain
National Park. Many stocks and dikes w·ere intruded into the
central part of the range during the Laramide revolution but
are uncommon elsewhere.
The oldest rocks in the F'ront Range are the schists and
gneisses of the Idaho Springs formation, which are highly metamorphosed sedimentary rocks of early pre-Cambrian age. The
thickness is approximately 20,000 feet. The hornblende schist
and gneiss of the Swandyke hornblende gneiss overlie the Idaho
Springs formation and are probably about 6,000 feet thick.
At Coal Creek the Swandyke hornblende gneiss is overlain by
a series of quartzites and quartz pebble conglomerates at least
14,000 feet thick. These formations are all rut by an extensive

series of granite intrusives, the oldest of which is a quartz
monzonite gneiss. It occurs chiefly in small stocks peripheral to
granite batholiths or as a lit-par-lit injection of the older
schists and gneisses. Gneissic- granite, gneissic aplite, and
gneissic diorite are fouml in abundant but small masses within
the metamorphic terrain and are believed to be related to
nearby granite batholiths of different ages.
The earliest of the batholithic granites is the Boulder Creek
granite; it is common in stocks and small batholiths in the central part of the Front Range. Its dark-gray color and faintly
banded appearance distinguish it from the pink coarse-grained
Pikes Peak granite, which is somewhat younger and forms the
extensive batholith of the southern part of the Front Range.
The appearance and age relations of the Pikes Peak granite
are the same as those of the Sherman granite exposed in the
large batholith extending from the northern part of the Front
Range "\Veil into 'Vyoming. Small batholiths and stocks of the
younger fine-grained to medium-grained light pinkish-gray Silver Plume granite are widely distributed, and locally have been
given different names. Lead-uranium ratios indicate that the
age of the Pikes Peak granite is approximately 1 billion years
and that of the Silver Plume granite approximately 940 million
years.
The outward-dipping Paleozoic and Mesozoic sediments, which
almost girdle the Front Range, show marked overlaps near the
borders of the range, and in this same zone strong unconformities appear between formations that elsewhere seem conformable. The overlaps and accented unconformities reflect the
presenee of a pre-Tertiary high in the Front Range region.
The quartzite, shale, and dolomite of the Upper Camb1ian
Sawatch quartzite border the southern part of the Front Range
from Breckenridge to the Royal Gorge on the western side and
from the vicinity of Colorado Springs northward to Perry
Park on the eastern side. Elsewhere the formation is absent.
l_'he Ordovician system is nearly coextensive with the Sawatch
quartzite, but Ordovician rocks are known in the Canon City
embayment where Cambrian beds are probably lacking. The
Ordovician formations include the Manitou limestone, the Harding sandstone, and the Freemont limestone. The distribution
of the Devonian rocks is almost identical with that of the OrdoVICian. The Devonian Chaffee formation of the western slope
consists of the basal Parting quartzite member and the overlying Dyer dolomite member. The Mississippian beds are almost
coextensive with the Devonian and on the western slope are
represented by the Leadville limestone, famous as a host rock
for replacement ores. On the eastern slope the equivalent
Madison ( '?) limestone borders the southern part of the range.
Pennsylvanian and Permian formations crop out almost continuously on the eastern side of the Front Range from Canon
City to the Wyoming line and on the western side from the
Royal Gorge to Breckenridge. Beds of Pennsylvanian and
Permian age are separated from older and younger formations
1
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by conspicuous erosional unconformities. On both sides of the
range the beds of Pennsylvanian and Permian age are dominantly red and gray arkosic sandstone, shale, and conglomerate,
with some interbedded limestone. The uppermost beds are
bright-red siltstone and micaceous shale. The Permian ( ?) and
Triassic ( ? ) Lykins formation of the eastern slope is separated
from the arkosic lower Pennsylvanian Fountain formation by
the well-bedded Lyons sandstone. On the western slope the
Pennsylvanian beds have been called Weber (?) formation where
the lower part of the system is gray shale, grit, and limestone ;
the overlying beds, predominantly maroon and brick red, are
included in the Maroon formation. Recently the term Beldon
shale has generally been adopted for the dark shaly beds underlying the Maroon formation. The age of the uppermost Maroon
formation is uncertaiu, but mu:st of the Pennsylvanian beds
on the western slore are known to be equivalent to beds of Des
Moines age in the central States.
There are uo Triassic rocks on the western border of the Front
Range, nor are they recognized with certainty on the eastern
slope. Jurassic sandstone correlated with the Entrada sandstone and the Synclmw~ formation is present in the areas
bordering the nort1 _•rn half of the Front Range on both the
eastern and western slopes. The Upper Jurassic Morrison formation is widespread in the Front Range and almost everywhere
underlies the Oretaceous Dakota group. In most places, the
Morrison formation comprises interbedded sandstone and variegated nomnicaceous shale. The sandstone with minor interbedded shale that overlies the Morrison formation is commonly
ascribed to the Dakota group of Lower and Upper Cretaceous
age. The Dakota group is overlain by Benton shale, 350 feet
thick, and the clay shales of the Benton are overlain by the
predominantly limy shale and interl;edded limestone of the
Niobrara formation. The Pierre shale rests conformably on the
Niobrara formation. It is largely clay shale but contains a few
interbedded limy sandstones. The Pierre shale is overlain conformably by the Fox Hills sandstone on the eastern slope, but the
Fox Hills has not been recognized on the western slope. The
marine Fox Hills sandstone is overlain by the brackish-water
deposits of the coal-bearing Laramie formation. Coarsely clastic
Upper Cretaceous beds overlie the Laramie formation with
marked erosional unconformity on the eastern slope and were
formerly regarded as Eocene. Near Denver the lower part of
the series that lacks volcanic debris is distinguished as the
Arapahoe formation, and the overlying tuffaceous beds constitute the Denver formation. The Arapahoe and the lower part
of the Denver formation contain Upper Cretaceous fossils and
the upper part of the Denver formation contains a Paleocene
fauna, but no stratigraphic break has been recognized. Equivalent formations have been found in South Park, Middle Park,
and North Park. The Denver formation and its equivalents were
formed while the Front Range area was arching itself well above
the surrounding regions, but before the severe folding and faulting that marked the climax of the Laramide revolution.
No Eocene beds have been recognized near the Front Range.
Oligocene beds are known in the Denver basin, Middle Park,
South Park, and near Florissant. In most places the Oligocene
beds are light-colored tuffaceous sands and clays, but south of
Denver the Oligocene Castle Rock conglomerate is made up or
boulders and coarse arkosic sanclstone and contains a small
amount of finely divided gold, probably derived from the mineral
deposits associated with the Laramide revolution of the Front
nange to the northwest.
Coarsely clastic beds of Miocene age are known in the northern
part of the Front Range on both the eastern and western slopes.
Along the eastern border of Middle Park they contain interbedded lavas. derived chiefly from Specimen Mountain, Reeky
l\Iountain National Park. Small areas of preglacial sheet-wash

gravel on high interstream areas between Nederland and Idaho
Springs may be of Pliocene age, but conclusive evidence is lacking. Early and late glacial deposits can be correlated with
well-developed rock terraces locally covered by gravel below
the limit of glaciation.
Laramide igneous rocks.-The Laramide extrusive rocks interbedded in the Denver formation and its equivalents are dominantly andesites but also include early basalts and late rhyolite
in the Denver basin, and rhyolite in South Park. The rhyolite
and welded rhyolite tuff near Castle Rock are pre-Oligocene but
are younger than most of the Denver formation and may have
been derived from an Eocene volcano at Pikes Peak after the
Laramide revolution.
The porphyritic intrusive rocks of the Laramide revolution
are almost limited to a narrow belt extending southwestward
from Boulder to Breckenridge, within which nearly all the productive Laramide mineral deposits of the Front Range have
been found. The belt, therefore, is known both as the "porphyry
belt" and the "mineral belt." The northwestern side of the
porphyry belt is marked by a line of stocks that range in composition from diorite to quartz monzonite. Dikes and small irregular intrusive bodies are abundant in a strip ranging from .
2 to 10 miles in width, just southeast of the line of stocks, but
are almost lacking to the northwest; it is in this strip that the
mineral deposits are found.
The sequence of intrusion is similar throughout the porphyry
belt, but the latest members of the magmatic series are found
only in the northeastern part. In the area southwest of Georgetown, where complex lead-silver-zinc ores predominate, only.
diorite, monzonite, quartz monzonite, sodic quartz monzonite,
and closely relatecl rocks are present. Northeast of Silver
Plume where pyritic gold ores appear, bostonite, alkalic syenite,
and alkalic trachyte porphyry are found. Dikes of biotite
latite, biotite monzonite, and latitic intrusion breccia are
scatterecl through the mineral belt from Idaho Springs to
Jamestown and seem to be coextensive with areas in which goldtelluride veins are found. The pitchblende ores of Central
City are a local variant of the pyritic gold ores; their leaduranium ratio indicates an age of approximately 60 million
years, harmonizing with other evidence of emplacement during
the Laramide revolution. The most mafic rocks in the porphyry
belt are found at Caribou, just west of the Boulder County
tungsten belt, and near Sugarloaf at the eastern edge of the
tungsten belt. The rocks of the Caribou stock are among the
earliest of the porphyry belt and range in composition from
titaniferous magnetite to calcic quartz monzonite, and the
rocks near Sugarloaf include limburgite, one of the latest of
the igneous rocks of the Laramide revolution.
About 35 miles northwest of the porphyry belt another zone
of intrusive rocks of the Laramide revolution extends from
Radial Mountain in Middle Park northeastward through the
Cameron Pass area to the Manhattan-Home mining district,
about 20 miles west of Fort Collins. Most of the rocks range
in composition from diorite to quartz monzonite. Some mineralization followed their intrusion, but the deposits thus far dis·
covered have little commercial value.
The age relations and differences in composition of the intrusives in the mineral belt suggest widespread fusion of a deep
crystalline substratum and its subsequent slow solidification,
with periodic withdrawals of portions of the changing liquid to
shallower reservoirs in which magmatic differentiation proceeded through crystal settling, zoning, and filter-pressing. The
ore deposits and most of the rocks exposed in the porphyry belt
probably were derived from the shallow hearths, but some of
the earlier persistent dikes aml the mafic volcanic plugs sparsely
sea ttered through the range both north and scuth of the mineral
belt may represent withdrawals from a deep layer.

ABSTRACT
Post-Eocene igneous rocks.-Post-Eocene andesitic lavas are
found in and near the northwestern part of Rocky Mountain
National Park and in the southern part of the Front Range west
of Cripple Creek. 'l'he Cripple Creek volcanic crater is filled
with tuffs and phonolitic breccias cut by a variety of alkalic intrusive rocks and by rich gold-telluride veins. Post-Eocene intrusive rocks are confined to the volcanic centers and are
almost restricted to volcanic throats. The intrusive at Spedmen Mountain west of Estes Park is rhyolite; at Guffey, augitebiotite monzonite; in the Bare Hills west of Cripple Creek,
basalt, diorite, and andesite; aml at Cripple Creek the intrusives include phonolite, nepheline syenite, monchiquite, and
related rocks.
Pre-Cmnbt·ian stnwt11re.-The foliation in the metamorphic
rocks commonly parallels the original bedding of the sediments
and the flow structure of the interbedded lavas. The Front
Range area is the site of a regional pre-Cambrian anticline that
trends almost due north, and thus the schist and gneiss of the
Idaho Springs formation largely occupy the central part of
the range, the Swandyke hornblende gneiss is abundant along
the flanks, and the quartzite at Coal Creek crops out only at
the easternmost edge of the mountain. However, extremely
complex crenulations, cross folds, and longitudinal folds
greatly nwdify this regional structure. The major folds in
the western flank of the anticline are parallel to its axis, but
the eastern flank is crumpled into many tight transverse folds
plunging east-northeastward. The Pikes Peak and Sherman
granite batholiths follow the axis of the regional .anticline, and
the Boulder Creek batholith is parallel to it. Most of the stocks
and batholiths of Silver Plume granite and the earlier quartz
monzonite gneiss and granite gneiss are essentially parallel to
the foliation of the country rock in which they were emplaced.
Lat·atnid.e stntcfure.-The pre-Tertiary topography and structure of the Front Range region did much to localize folding and
faulting during the Laramide revolution. The site of the present Front Range was a positive area that stood well above the
sedimentary basins on either side during most of the Paleozoic
and Mesozoic eras, but it was undoubtedly submerged during
most of the Upper Cretaceous. Uplift of the Front Range began
in middle Pierre time while the Denver basin was still being
downwarped, and from that time till well into the Paleocene
the central part of the range moved upward at an ever increasing rate. Parts of it rose above the ocean during Fox Hills
time, and at the beginning of Denver time large areas were
shedding pre-Cambrian debris to the east and west. Intense
folding and faulting occurred at the edges of the basins of
deposition where the troughs merged with the old positive element about the end of Denver time and outlined the Front Range
as it now is.
The western side of the Front Range is marked by a series
of great overthrust faults that formed at this time from the
southern end of ,south Park as far north as the 'Vyoming line.
The displacement on the 'Villiams Range thrust fault north of
Breckenridge is more than 4lj2 miles, and the movement on the
Never Summer thrust north of Granby is more than 6lh miles.
The eastern side of the Front Range was subjected to much less
severe deformation but was the locus of many echelon northwesterly folds and persistent steep northwesterly faults. Its
structure is dominantly that of a steep monoclinal fold, though
locally, as at Colorado Springs and Boulder, some thrusting
has taken place.
The period of overthrusting was followed by northeasterly and
east-northeasterly faulting on a large scale throughout the
mineral belt during and after the intrusion of the porphyritic
rocks that dot it. Many of the mineral deposits are localized
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at the intersection of easterly and northeasterly faults with
the earlier persistent northwesterly faults where they cross the
mineral belt.
Faults formed after the Laramide revolution are comparatively local and largely confined to Miocene volcanic areas and
Tertiary basins close to the mountain front.
Ore deposits.-The ore deposits of the Front Range are classified as pre-Cambrian, Tertiary, and those associated with the
Laramide revolution. The ores assigned to the pre-Cambrian
include ( 1) the chalcopyrite-manna ti te-pyrrhoti te-magneti te
ores associated with intrusive hornblende gneiss, best represented by the zinc deposit at Cotopaxi, and the copper ores of
Jefferson County west of Golden, ( 2) the hydrothermal replacement deposits commonly found near the edge of granite batholitl~s in calcic beds of the Idaho Springs formation, which
contain chiefly chalcopyrite and pyrrhotite. and locally nickel
and cobalt minerals but wl1ich, although the most widespread
of the pre-Cambrian ores, are nearly everywhere noncommercial, and ( 3) pegma tites and pegmatitic quartz veins, many of
the pegmatites being profitably exploih:.d for feldspar, mica,
beryl, and tantalum but the hypothermal gold-chalcopyritequartz veins into which the peg1natites grade being mostly
noncommercial.
Laramide ore deposits of the minet·az belt.-'l'he mineral belt
extends northeastward from the Breckenridge district through
the Montezuma, Silver Plume, Georgetown, Idaho Springs, Central City, North Gilpin County, Boulder County tungsten,
Caribou, Ward, Gold Hill, and Jamestown districts and is an
almost continuous belt of mineralized Laramide fissures. Southwest of Georgetown the mineral belt is almost entirely confined
to a northeastward-trending zone of metamorphic rocks bordered by batholiths and smaller masses of granite. North of
Central City, the mineral belt follows metamorphic rocks along
the western and northwestern border of a Boulder Creek granite batholith. The Laramide faulting localized at the edge of
the granite masses created fissures approximately parallel to
the regional trend of the porphyry belt that ·were subsequently
mineralized from many local sources. The belt is also crossed
by many persistent northwestward-trending "breccia reef"
faults. These faults a1;e almost barren, but they exercised an
important control on the localization of ore in the more open
easterly and northeasterly fractures that inter~ect them. Most
of the tungsten, gold, and gold-telluride ore of Boulder County
has come from easterly and northeasterly fissures close to their
intersection with the persistent early northwesterly faults. A
similar control has been observed in several other districts,
notably the Central City-Idaho Springs district and the Silver
Plume district to the southwest.
Although there were many local centers of mineralization, it
is probable that solutions emanating from them at corresponding periods in their magmatic history were similar. The general sequence of mineralization was (1) pyrite, (2) sphalerite,
( 3) chalcopyrite, ( 4) galena and chalcopyrite, ( 5) silver-bearing sulfantimonides, sulfarsenides, and bismuthinides, ( 6) pyrite and subordinate chalcopyrite, ( 7) free gold, ( 8) minor
amounts of sphalerite, galena, and silver minerals, (9) gold
tellurides, and sparse pyrite, gold, sphalerite, and galena, and
( 10) ferberite and sparse sulfides. Most of the ores between
Breckenridge ancl Idaho Springs belong in groups 1 to 5 (pl.
7 and fig. 12) . To the north most of the output has come from
groups 6 to 10. The association of ore types with intrusive
rock types of the Laramide revolution is notable as mentioned
earlier.
The persistence of individual ore shoots in depth is rarely
more than a few hundred feet, and ore shoots at depths of as
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much as a thousand feet are unusual. However, there is no
evidence that the bottom of the zone of mineralization has
been reached in any locality, and commonly ore is found from
the tops of the highest hills to the bottoms of the valleys ; thus
tbe :range through which ore was deposited in a district may
exceed 2,000 feet, although the deepest individual ore shoot
may be less than 500 feet. Some blind ore shoots have been
found in nearly every district, but generally the expense of
iinding them has been too great to encourage exploration.
Both residual enrichment and supergene enrichment are common. Gold is concentrated in the oxidized zone of pyritic
gold and complex lead-silver-gold ores, but no enrichment of
gold in the gold-telluride veins has been observed. Residual
-enrichment is most prominent in the tungsten veins and in
pyritic gold veins. The oxidized zone ranges from a few feet
to a maximum of approximately 100 feet in most parts of the
pre-Cambrian terrain, but in the Breckenridge district oxidized
ores have been found 300 feet below the surface. The oxidized
ores are richer in gold, silver, and lead and poorer in zinc
and copper than the primary ores. Immediately below the
oxidized zone there is a marked increase in the silver content
vf the veins due to the presenee of native silver or supergene
ruby silver, both of which are usually associated with second-ary copper sulfides. The extent and richness of the secondary
ores are related to the erosion surfaces on which the veins crop
out. The enriehecl zones are shallowest on the Flattop surface
and deepest on the Overland Mountain ancl Bergen Park
surfaces.
Almost all the ore found in the Front Range has been localized
in breccias resulting from faulting, aggressive intrusion, or explosive volcanism. Replacement deposits are negligible. The
localization of ore deposits is primarily the result of the features
that controlled the vermeability of the hydrothermal conduits.
Quartzite and granite tend to break into open breccia, whereas
shale and sehist make a tight impermeal~le gouge. Many ore
shoots are localized at a change in the course or the dip of a
fault fissure where the movement of the walls caused them to
move apart and create open spaces. Junctions of intersecting
veins or points of diYergence of braneh veins commonly coincitle
with a higher degree of brecciation than at other places along

faults, and as a consequence ore shoots are common at such
places.
Localization of gold in placer deposits is related to the
physiographic history of the region, the structure and character
of bedroc-k and gravel, and the location and character of the
primary deposits. Placers are not associated with gold-tellut"ide deposits, but nearly every district containing pyritic gold
deposits has some placer ground. Glacial drift is almost barren
of placers, but a few ground moraines locally contain commercial concentrations. The outwash just below a terminal
moraine is usually richer in placer gold than the gravels downstream. As much as 90 percent of the gold in a 50-foot gravel
bed may be present in the lower 5 feet of gravel and in the
upper 3 feet of weathered bedrock.
Lamn1ide deposits outside the 1nineral belt.-Numerous small
deposits of Laramide age are widely scattered through the
Front Range, outside the mineral belt, but only a few have been
productive. Some have been found along the early brecciat·eef faults. The Dailey or Jones Pass district, about 6 miles
west of the main mineral belt, has produced small amounts of
low-grade pyritic gold ore, but most of the district's output
has beeen molybdenum ore from the Urad mine. The Mayesville, Manhattan, and Home districts, in the northeasterly belt
of porphyries about 35 miles northwest of the main mineral
belt, have had a very small output of gold ore from the oxidized
zone.
Copper deposits of the redbeds type have been found in the
Pennsylvanian and Permian outcrops at a number of places
in the Front .Range. The only district of this group that had
an appreciable output is the Reel Gulch district, near Cotopaxi,
in the southwestern part of the Front Range.
Post-Lat·a.mide m·e deposits.-In the Guffey district, about 20
miles west of Cripple Creek, a small output of gold and goldtelluride ore has been made from veins cutting Tertiary lavas
near a small stock of biotite-augite syenite. However, the only
post-Laramide ores that have been commercially important in
the Front Range were found in the extremely productive Cripple Creek district, where gold-telluride ores are associated with
mid-Tertiary volcanic rocks in the crater of a denuded composite volcano.

SUMMARY OF MINING DIS'l'RICTS
The Breckenridge district is in the Front Range mineral belt
on the western side of the range. It is in a northward-trending
syncline of Paleozoic and Mesozoic sediments cut by extensive
masses of monzonite and quartz monzonite porphyry. The sedimentary. rocks include the Maroon formation, the Morrison
formation, the Dakota quartzite, the Benton shale, the Niobrara
formation, the Pierre shale, and glacial deposits. The syncline
is broken on the eastern side by a thrust fault, the \Villiams
Range underthrust, and is crossed by a zone of northeasterly
fissures that carry most of the ores. of the district. The ores
include stockworks, contact metamorphic ores, veins, blanket
ores, and placer deposits; most of the output has come from
the veins and placers. The district is most noted for the placer
gold and the beautiful crystallized gold from Farncomb Hill
but has also had a very substantial output of zinc and lead
sulfide ores, chiefly from the \Vellington mine.
The Montezuma district is about 5 miles northeast of the
Breckenridge district. A large stock of porphyritic quartz monzonite lies just north of the town of Montezuma and is nearly
surrounded by pre-Cambrian rocks, but at its western end it
has intruded and baked Pierre shale, which underlies the up, warped plane of the Williams Range thrust fault. The Idaho
Springs formation eovers most tOf the eastern half of the dis-

trict, and the Svvandyke hornblende gneiss is prominent to the
southwest and west. Dikes of porphyry are abundant in the
mineral belt southeast of the stock. Mineralized fissures nearly
all trend northeastward, but several strong northwest faults
occur in the area south of the stocks and, though poorly mineralized themselves, some have localized ore in the northeasterly
\'eins that cross them. The ore deposits are mesothermal veins
containing gold, silver, galena, sphalerite, sulfarsenides, and sulfantimonides of silver and copper with some bismuth. Within
the northern and central part of the stock high-grade silver
veins have been found but no large output has come from veins
of this tyve. In the south-central part of the stock sphalerite
and galena are common in the intersecting but nonpersistent
fractures found in this part of the district. In a southeasterly
branch of the mineral belt extending from Glacier Mountain to
Hall Valley barite and gray coppt>r ore is common, and locally
bismuth is found. East of Montezuma, in the Silver \VavePennsylvania vein system, several substantial bodies of chalcopyrite-sphalerite-galena ore have been found that contain gold
and silver in commercial quantities.
In the Argentine district, between Montezuma and Silver
Plume, ores similar to those near Montezuma have been found
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in northeasterly veins. The most productive veins are the
Pennsylvania, Santiago, and Stevens.
The Silver Plume district is in an area of the Idaho Springs
formation that is complexly intruded by small mas~es of Silver
Plume granite and cut by many monzonite, quartz monzonite,
and granite porphyry dikes. The mineralized area is localized
at the intersections of eastward-trending veins with a northwesterly trunk vein, the Dives-Pelican-Bismarck system. Both
sets of veins break across the foliation of the injection gneiss of
the Idaho Springs formation but locally follow the contacts of
porphyry dikes or granite bodies. The northwesterly vein system is mineralized through a distance of about three-quarters of
a mile, and most of the output from the easterly veins has come
from the segments within a quarter of a mile of the mineralized
part of the Dives-Pelican-Bismarck vein. Individual ore shoots
have been localized by changes in wall rock and changes in course
or dip of the fissures. Granite and porphyry walls are more
favorable than schist, and, as most of the movement along the
premineral fissures was horizontal or at a low angle, changes
in course were more effective in localizing ore shoots than
changes in dip. The district has had a substantial output of
silver, lead, and zinc from complex sulfide ores.
The Georgetown district lies just east of the Silver Plume
district and has a similar geologic setting, except that most of
the veins are in a small irregular northeastward-trending granite
stock. The southern part of the district includes several northeastward-trending veins that contain ore near the barren southeasterly continuation of the Dives-Pelican-Bismarck fissure of
Silver Plume, the most outstanding being the Colorado Central
vein near the southern end of this northwesterly trunk fissure.
A similar relation between northeasterly veins and west-northwest trunk fissures exists on Democrat Mountain about a mile
north of Georgetown, but the productive mines at Georgetown
itself have exploited northeasterly veins containing extensive
ore shoots unrelated to intersecting northwesterly fissures so
far as known. Much of the ore from the Georgetown district is
similar to that of the Silver Plume district, but in addition; to
the complex sulfide ores some substantial shoots of pyritic gold
ore have been found.
The Empire district, about 4 miles north of Ge.orgetown, is in
small stocks of Boulder CTeek granite just east of a stock of
hornblende monzonite porphyry. Silver Plume granite crops out
to the south, and many irregular small masses of schist and
numerous dikes of porphyry ranging in composition from quartz
diorite to bostonite are present in the district. The ore deposits
are almost entirely of the pyritic gold type. Most of the ore has
come from two breccia zones bordering a body of monzonite about
1,500 feet long, elongated in a north-northeasterly direction. The
Silver Mountain ore zone is several hundred feet wide and about
3,500 feet long and lies just southeast of the small monzonite
stock. The Comet-Little Johnny group of lodes parallels it to
the nortlnvest. Northwesterly cross lodes connect the CometLittle Johnny and the Silver Mountain ore zone where these
northeasterly breccia zones die out. This encircling zone of
fractured grounci was probably formed by stresses related to the
intrusion of the porphyry stock. A wry substantial production
of pyritic gold ore has been made by the Minnesota mine in recent years from the wide brecciated zones northwest of the stock.
Smaller northeasterly l)yritic gold veins have been found iD
several other places in the district.
The Lawson-Dumont district is halfway between Empire and
Idaho Springs and has been intermittently productive for many
years. The rocks in the western part of the district are chiefly
Boulder Creek granite and Silver Plume granite, and those in
the eastern half comprise chiefly the Idaho Springs formation
and granite gneiss. Monzonite porphyry, quartz monzonite por-
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phyry, and bostonite occur in persistent eastward-trending
dikes. Veins in the western part of the district are predominantly northeasterly and contain lead-silver-zinc ores, but the
veins in the eastern section strike east and contain pyritic
gold ores.
The Alice-Yankee Hill distriet is about 7 miles west-northwest
of Central City and is chiefly noted for the presence of the
pyritic stockwork exploited by the Alice mine, athough a number
of small lead-zinc veins are also known. The Alice ore body was
in a much fissured quartz monzonite stoek that carried innumerable seams of low-grade pyritic gold ore at de11th. Supergene
enrichment made the large irregular mineralized mass worlmble
to depths of as much as 100 feet below the surface.
The Central City-Idaho Springs district has the largest output of any comparable area in the Front Range mineral belt.
Central City is in the northern part of the district and is on the
axis of a northeasterly anticline, which exposes a core of granite
gneiss bordered on both sides by schist of the Idaho Springs
formation. Scattered through the district are many small
dikes, sills, and irregular masses of pegmatite, Silver Plume
granite, and porphyry formed during the Laramide revoution.
The rocks formed during the Laramide revolution include monzonite, alaskite, granite, bosto11ite, alkalic syenite, and biotitelatite porphyries. Idaho Springs lies on the southerly limb of
a syncline in the Idaho Springs formation south of the Central
City anticline. A strong northeasterly pre-Cambrian shear
zone extends along the northwest side of a large body of hornblende gneiss at the eastern edge of the district. The earliest
fractures of the Laramide revolution are northwesterly faults
of the breccia reef type, which can be traced for miles beyond
the limits of the district. The later faults strike from east
to northeast and contain nearly all the veins. Most of the
ore is in veins that follow faults, but a few ore bodies followed
chimneylike zones of breeciation. The produc~ive veins emnmonly have one or both walls in granite gneiss, pegmatite, or
porphyry dikes, but southwest of Idaho Springs several productive veins lie in schist but cut across the foliation. The longest
continuously mineralized northeasterly vein, the CaliforniaMammoth, is traceable for about 2 miles. 'l'he west-northwesterly Gem vein is more extensive but less continuously
mineralized. Many ore shoots have been mined to depths of
1,000 to 1,500 feet. Near the center of the mineralized area
is The Patch, a pipe of mineralized breceia kno,vn to extend
from the surface to a depth of more than 1,600 feet without
change in size but with a marked decrease in mineralization.
The ores exhibit· a striking zonal arrangement. A short distance east of The Patch the veins contain enargite and fluorite.
Surrounding this inner zone is a broad area of pyritic gold
veins, whieh is bordered by a girdle of pyritic galena-sphalerite
Yeins, and this outer girdle is locally fringed by a discontinuous
zone· of lead-silver veins. A notable feature of the district is
the presence of a narrow belt nearly 7 miles long that crosses
north-northeast from one side of the district to the other and
is unique in containing all the gold-telluride ores that have
been found. Some pitchblende oecurs as a minor constituent
of pyritic ores in the western part of the district.
The Korth Gilpin County district contains many veins of
the pyritic gold type, but few have had important production.
Several of them are found at the northwestern ends of the early
breccia reef faults. Near Apex the unusual eopper ore body
exploited in the Evergreen mine has aroused much interest
among geologists, but its output has been small. Chalcopyrite,
bornite. and pyrite are intergrown with wollastonite aml other
unusual calcic minerals in a monzonite porphyry, and the ore
deposit is attributed to magmatic differentiation modified by
hydrothermal processes.
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The Eldora district, about 3 miles west of Nederland, in the
southwestern part of Boulder County, has had a small output
of gold-telluride ores from eastward-trending veins that cut
across the foliation of the enclosing Idaho .Springs formation.
The Caribou-Grand Island district is about 2 miles northwest of Eldora and 20 miles west of Boulder. The outstanding
feature of the district is a composite stock composed of early
Tertiary gabbro, monzonite, and quartz monzonite porphyries
with minor magmatic titaniferous magnetite and related mafic
rocks. Most of the titaniferous magnetite bodies are small,
but one dikelike mass has a length of 1,500 feet and contains
as much as ·:P/2 p~rcent of titanium oxide. The stock is bordered
on the east, west, and south by the Idaho Springs formation
and on the north by Boulder Creek granite. The schists and
gneisses east of the stock are cut by eastward-trending leadsilver-zinc veins, and most of the ore shoots near Caribou were
found near the intersections of easterly veins with a strong
northeasterly fissur·~. the No-Name vein. The district is best
known for the substantial output of high-grade silver ore made
from the Caribou and No-Name veins during the seventies, but
in reeent years the complex lead-silver-zinc ores of t1he Boulder
County vein 2 miles east of Caribou have been the chief source
of the distriet's output. In 1948 some pitchblende was found
in the No-name vein at depth.
The Ward district is about 8 miles due north of Nederlaml
in an area of interfingering schist and Silver Plume granite
cut by west-nortlnvest dikes and veins and many irregular bodies
of porphyry of Laramide age. Representatives of nearly every
type of porphyry known in the mineral belt except limburgite
and biotite latite have bee.n found in the Ward district. Near
Ward most of the intrusives associated with the Laramide revolution are monzonite or quartz monzonite porphyries, but a few
miles southeast, near Sunset and Copper Rock, stocks of alkalic
syenite and bostonite are present. The northeastern part of the
district near Gold Lake is crossed by the remarkably long
gabbro dike called the "Iron dike," which has been traced from
the foothills belt north\Yest to Estes Park. Gold, silver, and
lead have been the chief metals obtained from the quartz veins
of the district, but minor. amounts of copper, zine, and tungsten
also have been mined. The ore shoots have been found in granite and gneiss along Laramide dikes, but some of the dikes are
later than the ore. A substantial amount of free-milling gold
ore was taken from the oxidized zone of the pyritic gold-silver
ores, but much of the primary ore from these veins was too
low grade to work.
The Boulder County tungsten district lies a few miles west
of Boulder and has IJeen one of the most productive in the
United States. It is a narrow b~lt about 9 miles long and
extends east-northeast from the vicinity of Nederland. Most
of it is within a batholith of Boulder Creek granite, but tlw
most productive area, which centers around Nederland, is within
a zone of interfingering granite gneiss, Boulder Creek granite,
pegmatite, gneissic aplite, and schist. The foliation of these
rocks trends .north-northeast parallel to the w2stern ed:"e of
the batholith, which crosses tbe district about a mile east of
Nederland. The igneous rocks of the Laramide revolution
include the early diabase Iron dike in the eastern part of the
district, hornblende monzonite and hornblende diorite porphyry
in the western part of the district, small dikes of biotite monzonite porphyry and biotite latite intrusion breccia in the
east-central part, and small dikes of late limburgite .. The
district is crossed by several early northwesterly fractures of
the breccia reef type, which are spaced 2 to 3 miles apart. The
breccia reefs are ent by e::tst-northeasterly mineralizeJ fraetures
that are mostly concentrated in three zones extending through
the sonthern, central, and northern pat·ts of the tungsten belt.

The southern belt contains ore only in the western part of the
district, but the central and northern zones have been productive through the entire length of the tungsten belt. The
major fractures extend east-northeast, but many minor fractures diverge from them to the northeast. On both sets of
fissures premineral movement was nearly horizontal, and most
of the ore shoots in the district were localized by changes in
course of the veins or by junctions of branch veins and intersections of cross veins.
The tungsten-bearing fissures may change within a few feet
from barren fractures to veins of fine-grained quartz and
ferberite a foot or two in width. Long segments of the tungsten
veins contain the horn quartz with no ferberite. Quartz is the
only abundant gangue mineral, but some barite, serieite, adularia, goyazite, and cia~' minerals are associated with it. Pyrite,
marcasite, scheelite, galena, and sphalerite are uncommon but are
locally associated with the ferberite as late minerals. The
ferberite found at the eastern end of the district is very fine
grained but is progressively coarser grained in the· ores obtained farther and farther west. The wall reeks of the veins
·were first strongly argillized during an early period of acidic
alteration, which changed the rocks to d:ckite near the vein
and beidellite at a little greater distance; immediately preceding ore deposition strongly potassic solutions changed the
argillized rock adjacent to the veins to sericite, hydromica,
and quartz, with minor amounts of adularia and barite.·
The Magnolia district is about 5 miles west of Boulder, just
south of the eastern end of the tungsten belt. It is notable for
a .wide variety of unusual telluride minerals. It lies entirely
in Bo:Jlder Creek granite. a:1Cl the ores oceur in eastwardtrending veins just "·est of the persistent northwesterly Livingston brecda reef. The greatest proved vertical range of a
single ore shoot is about 400 feet, but within the district ore has
been found through a vertical range of 1,600 feet. A small
amount of ferberite ore has been found in some of the veins aprl
is later than the gold tellurides.
The Gold Hill district, 3 to 8 miles northwest of Boulder, is
noted for its rich gold-telluride ores. It is mostly within the
northern part of a batholith cf Boulder Creek granite, but schist
is present in the western and northwestern parts of the district.
The foliation of both schist and granite has a general north to
northeast trend and dips steeply. Pegmatite dikes are abundant,
and in places there are dikes of gneissic aplite, hornblende diorite, and Silver Plume granite. The pre-Cambrian rocks were
cut during the Laramide revolution by a variety of porphyry
dikes ranging in composition from diabase to alaskite. The ore
deposits are closely related structurally to the early Laramide
faults called breccia reefs; the most prominent are the Hoosier
and l\faxwell reefs, which trend northwest across the district.
Others trend west, west-northwest, and north-northeast. Many
of the ore deposits are found close to these breccia reefs, and
nearly all are within 3,000 feet. Most of the vein fissures strike
northeast and dip steeply southeast. They are filled chiefly with
gold-telluricle ores, but some contain valuable pyritic gold ore,
and a few contain silver-lead ore. The principal ore minerals
of the telluride ore are petzite and sylvanite, and free gold is
common in plaees. Pyrite and chalcopyrite are the characteristic
ore minerals of the pyritic gold veins, and the gold is largely
associated with the chaleopyrite. In the silver-lead veins,
argentiferous gray copper and galena are the chief ore minerals,
but sphalerite is common in places. :Most of the mines of the
district are less than 600 feet deep, but a few are approximately
1,000 feet deep, and the ores have been mined over a vertical
range of about 2,500 feet.
The Jamestown district is at the northeastern end of the
mineral belt, about 9 miles northwest of Bouhler. Schists and
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INTRODUCTION
gneisses have been intn1ded by the pre-Cambrian Boulder Creek
and Silver Plume granites, a ncl these in turn were intruded !Jy
stocks and dikes during the Laramide revolution. A. large stock
of granodiorite and a small stock of sodic granite-quartz monzonite porphyry intrude the centra l part of the district, and
the dikes range from diabase to alaskite in composition. Three
strong breccia reefs of northwesterly tre nd cu t through the district; the central one, the Maxwell reef, is cut by the granodiorite stock. 'l'he chief deposits are gold-telluride ore, fluorHpar, pyritic gold ore, anrl silver-lead ore. The si!Yer-lead deposits, which are the earliest, occupy ve in s of no rthwest trend
and breccia zones. The chief ore minerals are argentiferous
galena and tennantite. The fluorspar deposits are in breccia
zones and northwesterly veins close to the porphyry stock. The
breccia zones are lentic ul ar in p lan , and some appear to be pipelike. l\Iuch of the fluorspar has been brecciated ancl cemented
by fine-grained fluorspar and gangue. The prrit.ic gold ores fill
northeast Yeins, and the ore minerals are chiefly pyrite and
chalcopyrite with f ree gold in places. The tellurid~ veins also
trend northeast and are filled with a variety of telluride minerals, of which luennerite, petzite, sylvanite, and altaite are
the most common. Many of the mines are between 100 a nd
200 feet deep, but a few are between 400 and 500 feet. Ores
haYe been mined over a vertical range of 2,350 feet. In recent
years most of the outpnt of lhe distrid has come from the goldtelluride ores of the Buena mine and from the fiuorspar
deposits.
The Dailey or .Tones Pnss dislrict, abou t 7 miles northwest of
Silver Plnme, is almost enti rel.Y within a batholith of Silver
Plnme granite, !Jnt some schi st is present in the eastern part
of the district. On Reel Mountai n, a few dikes and a small
stock of granite porph~TY cut the granite during the Laramide
re,·otutio n. '!'he Berthoucl Pass fault forrns the eastern border
of the district. Most of the Yeins tJ·end north to northeast, but
cross veins are commo n. The ore deposits include high-grade
small lenticular or· chim neylike shoots of silver-lead ore and
larger shoots of low-grade pyl'itic gold ore, but most of the d istrict 's output has been molybdenum ore from the Ur ad mine.
'l'his ore occurs in nonpersistent quartz-pyrite-molybdenite veins
in the vicinity of the granite porphyry stock.
The Ct·ipple Creek distrid is about 20 miles southwest of
Colorado Spr ings, and the total value of its output exceeds that
of all other mining districts in the Front Range combined.
'l'he deposits lie in a denuded composite volcano that broke
through the pre-Cambrian terrain near the contact of a small
stock of Silver P lume granite with schist and Pikes Peak granite in late Oligocene or early Miocene time. The pre-Cambrian
rock sut Toundin g the yolcano is capped locally by Tertiary sandstone, grit, and conglomerate and by some rhyolite, andesil e,
and pltonolitic volcanic rocks. The volcanic throat is largely
tilled with phonolitic tuff and breccia, but many types of a lkalin e
intrusives cut the fragmental rocks. Some of the br€ccia shows
distinct bedding, and part of it accumulated on a nearly hori·
7-0ntal floor within the crater during intervals markedly widespread subsidence in the crater area. The intrusive rocks include latite, phonolite, syenite, lamprophyres, and basalt.
The Yolcano contains two islands, one of sch ist and one of
granite, which separate the main crater from the subordinate
Globe Hill crater on the northwest. The main crater separates
downward into a group of subcraters or roots that were separate local sources of ore solutions. These solutions worked
tl1eir way upward along relatively few fissures in the deeper
part of the subcrater but gradually spread through the permeable parts of a network of connecting fractures as they
approached the surface

The major fracture zones trend north-northeast and westnorthwest and a re mostly steep. This network of fractures
ca rries the gold-telluride ores for which the district is famous.
The character of the country rock influenced the distribution,
extent, and permeability of the fissures and thereby infiuencecl
the localization of ore. The fissures are most abundant in
breccia and in the Pikes Peak granite adjacent to the crater.
Most of the productive lodes are sheeted zones ranging from a
few in ches to as much as 100 feet in width. Most ore shoots
are less than 500 feet long, and tlle downward persistence is
roughly proportional to the horizontal extent, the ratio commont~' being at least 3 to 1. Ore bodies have commonly been
local izecl at t he intersections or junction s of fissure zones, where
the wall rocks of a vein change abruptly, along dikes, and in
chimneylike masses of collapse breccia. The best ore shoots
have been found in the breccia, bu some shoots wa-lled by
granite eml where the Yein enter s the bt·eccia. The largest and
deepest ore shoots are in areas overlying major sources of
mineralization.

INTRODUCTION
Since 1926 the United States Geological Survey in
cooperation with the Colorado Geological Survey
Board and the Colorado Metal Mining Fund has been
continuously studying the geology of Colorado's mineral deposits, and several reports have been published
on individual mining districts in the Colorado Front
Range and else-where. The gradual accumulation of
information on different portions of the Front Range
by the writers and others is slo·wly clarifying many of
the local and regional problems of Front Range geology, and it is believed worth while to sum up the regional picture that has developed. The position of
the individual mining districts in this picture has been
of especial concern, and it is felt that they can be best
understood when described as related portions of a
geologic province rather than as individual entities.
The literature describing the geology and mineral
deposits of the Front Range is scattered through many
publications, a number of which are out of print and
difficult of access. Although the descriptions of the
districts in this report are not intended to serve as substitutes for detailed descriptions already published,
they should be adequate to give the reader the general
information essential to an undersbmding of the district. In addition to the information summarized
from reports already published, much new material
is presented here for the first time.
The importance of structure within the mineral belt
of the Front Range >vas not as clearly recognized prior
to 1H30 as it has been since, and the maps of many
districts previously studied have been somewhat revised in an effort to better interpret their geology.
Descriptions of districts for which reports have been
recently issued are summarized together with the others,
but the des<:riptions, especially of their mines, are more
condensed.
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The facts ascertained by one of the ·w riters in one
area hav e often explained problerns puzzling the other
somewhrre else, and it is hoped that the summary of
the factors governing ore localization in deposits
througho tt t the Front Range and descriptions of th e
various districts and some of their representative mines
may help others similarly.
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LOCATION, DRAINAGE, AND ACCESSIBILITY
The Colorado Front Range, as shown on plate 4, is a
nortlmarcl-trcnding mountainous uplift commonly 30
to 36 miles IYide, extending north from Canon City to
\Vyoming, >Yltere it merges with the Laramie Range
\YiLho11t a perceptilJle topographic break. The eastem

I!'ICCRF. 1. - . _ \erial Yiew leaking nortllwe~t toward De,·i!R Head f1·on1 OYI'r Co lora llo Springs at an altitude of 1:!.:100 feet. Show:; topograplli c
co n t rast between ctystn 11 inc rock::; of the Colora.do I•' ron t RaHge a ll ll t l1 e scdirnenta r.r roc ks of the borrlrdng p lfl i n ~. Nole the broad beuchlike cotnpou ncl e1·o::do n su rfat:e h1 front of the higher central vart or the r a11ge. Courte::;y of Geological Society of America.

INTRODUCTION

border of the Front Range follows a slightly cttrved
north-south line passing a short distance ''est of Colorado Springs, Denver, and Fort Collins, and the topography of the range stands in sharp contrast to the plains
to the east. (See fig. 1.) The western boundary of the
Front Range is much more irregular, and in some places
there is little topographic distinction between the Front
Range and some of the mountain ranges regarded as
separate geologic units. North of the Arkansas River
the west border of the Front Range, as considered in
this report (pl. 4), extends from Cotopaxi northwestward along Badger Creek to Black Mountain, where it
bends east al"OLmd the southern border of South Parle
At Hartzel it swings north, following the eastern and
northern edges of South Park to Hoosier Pass at the
head of the Blue River. From Hoosier Pass almost to
Kremmling the valley of the Blue River form s the western boundary of the Front Range, \vhich attains its
greatest width, about 50 miles, in this region. The Colorado River flo\\S south from La Poudre Pass along the
eastern border of Middle Park to Granby, where it turns
west in a broad valley through the so uthern part of
Middle Park to Kremmling; south and east of this
broad valley the Front Range rims Middle Park. Two
of the strongest tributaries of the Colorado, the Williams
River and the Frazier Rive r, have cut wide reentrants
that extend arms of Middle Park to the southeast for
many miles into the main range. North of La Poudre
Pass the valley of the Laramie River forms the western
boundary of the Front Range.
The Continental Divide extends along the Front
Range close to its western border from Hoosier Pass to
La Poudre Pass, separati11g the drainage of the Colorado River from streams that drain northward into
the North Platte Rive r or eastward into the So nth
Platte River. As show n in plate 4, most of the Front
Range is drained by the Platte River and its tributaries.
The extreme southe rn end of the Front Range is drained
by the tributaries of the Arkansas River, but much of
the range south of the latitude of Denver is drained directly by the South Platte River and its minor tribu taries. Most of the streams flow nearly due east across
the Front Range, rising Jlear the crest, which is close to
the western edge of the range. Streams of thi s type
that arc tributaries of Lhe South Platte include Clear
Creek, which leaves the mountains just west of Denver;
Boulder Creek and its branches, which leave the mountains at Boulder; the St. Vrain Creek system, which
lea Yes the mountains just west of Lyons; the Big
Thompson River system, which leaves the mountains
west of Loveland; and the Cache La Ponclre River system, which leaves the mountains about 10 miles northwest of Fort Collins.
The highest and most rugged part of the Front Range
is in its central part and extends north from South Park

9

to the Cache La Pouclre River. In this part the crest
of the range is commonly between altitudes of 12,000
ancl14,000 feet. In the higher parts of the Front Range
differences in altitude between the stream levels and the
interstream divides commonly range from 1,500 to 2,000
feet, though individual peaks may rise more than 3,000
feet above the nearby stream. Grays Peak, ttbout 40
miles clue west of Denver, is the l1 ighest peak in the
Front Range and has an altitude of 14,274 feet. Torreys
Peak, half · a mile to the northwest of Grays, has an
altitude of 14,264 feet, and Mount Evans, approximatel y 10 miles to the south east, has an altitude of
14,260 feet. Longs Peak, 50 miles to the north, rises to
an altitude of 14,255 feet, and Pikes Peak, 70 miles to
the southeast, has an altitude of 14,107 feet. These are
the only peaks in the Front Range that reach an altitude of more than 14,000 feet.
From the high country near the crest of the range,
the mountain flanks slope steeply to the west, but east
of the crest they descend more gradually and are characterized by much-dissected benches. (See figs . 1 and
2.) Close to the crest of the range the eastern slope may
be as much as 500 feet to the mile, but near the eastern
edge of the range the general slope is commonly less
than 100 feet to the mile. ·where one of these benchlike surfaces has been cut through by several streams,
nearly accordant levels of the interstream divides form
a striking feature of the landscttpe. Much of the topogmphy of the Front Range is clue to the dissection
of these surfaces, most of ''hich lie at an altitude of
less than 10,000 feet. In the region where the benchlike snrfaces merge with the higher country toward the
crest of the range, the valley bottoms are commonly
little below the general level of the interstream divides
(fig. 3). Farther cast, however, where the streams leave
the monntain front, they have cut canyons that are as
much as 1,500 feet deep.
The region just east of the Front Range is well served
by railroads, and one standard-gauge railroad crosses
the 1·ange a short distance \\est of Denver. The narrow-gauge railroads that formerly served the mining
districts of the range have all been abandoned, and
trucks no''" do most of the haulage. The southern part
of the range is tributary to the main line of the Denver
& Rio Grande vVestern Railroad, which passes through
Canon City and follows the Arkansas River Valley west
and north to Tennessee Pass near Leadville. In the
Pikes Peak region the Colorado-Midland Railroad
links Cripple Creek to Colorado Springs. The Denver
& Salt L~tke Railway, commonly called "The IVfoffat
Road," follo\vS the valley of South Boulder Creek west
of Denver to East Portal and passes through the Moffat
tunnel to the Fraser River. It follows the Fraser River
north to its junction with the Colorado River, which it
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FJGUUE 2 .- Acrial view loo king so uthwest across Overl a nd Mountain toward J ames l'eal< rrom an altitude of 9,ROO feet near Jamestown. Shows
type locality of t he Overland Mountain erosion su rface and the transition llelt where i t m e rges with the high er erosion surfaces n ear t h e
crest o f the range. 'l'he dum ps in the left middl e g r·o und are those of the Jollll Jay mine. Co urtesy or Geological Society of America.
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R.- Aedal v iew looking so uth -eonthwest across Aliens Park f•·om au all itude of 14,900 feet about 5 miles east of Longs Peak. The
rugged topography charac teristic of the Continental Di\·ide Is s hown in th e bn c kgrouncl, unci t he transition f•·om the hi gh gla ciated country near tlw middle of tl1 e range to t h e bc nchlike eros ion surfaces t hat border it is s hown in the foreground . This transition zone almost
co incides with the lo\\'er limit of glaciation .
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HISTORY AND PRODUCTION

follows "estward to Bond, where it turns northwest to
Craig, Colo., the end of the line. Relatively direct
transportation to Utah smelters is provided by the culoff line of the Denver & Rio Grande \iVestern, which
uses the tracks of the Denver & Salt Lake Railway as
far as Bond and there passes on to its own right-of-way,
·which continues down the Colorado River to Dotsero,
where it joins the main line to Salt Lake City.
The Front Range is well suppli ed with good automobile roads, but there are a few places where supplies
have to be freighted several miles by pack train.
,.

Brief histories of the mining districts of the Front
Range are included with the detailed discussions of the
districts in the latter part of this report. For a general
discussion of the history of mining in the Front Range
and for many details of production up to 1923 the reader
is referred to the general review by Henderson. 1 The
total production to Hl44 of the various counties included
in the Front Range and the annual production figures
from 1938 to 1943 for the counties and districts of the
Front. Range are given in the following tables.

Mine production of gold, silver, copper, lead, and zinc in co·u.nties of the Front Range, 1858 to 1944, inclusive, in terms of recovered metals 1
!Compiled by U. 8. Bureau of

Min~ sl

Silver

Gold

- ---------- -- - ---·- -- - -·-----, - - - - -- - - ---1·--·--- - --- - -County

.P lacer
Fine ounces

Tot,al

Lode
Value

Fine ounces

I

Fin~"

Fine ounces

Value

'lUnces

Value

Value

- - -- - - - - -- - - - - - - -Boulder. ... . .. .... . .. .... .. ..... .. .... .
Olear Creek .... . .. .. ... ...... ..... . .. . .
Gilpin . ..... .... .. . .... .. ...... .... . .. .

2, 137.84
139, 823. 10
•17, .131. 91
98.91
10, 71:3. 77
828.39
256, 6.17. 40
738. 926. 31
374. 48

Grand a___ ____ ____ ___ ____ _--- - - --- --- - -

Jefferson ... . ... ..... . ...... . .... ..... . .
Larimer and Jackson ' . ...... .. ... .. .. .
Park' ..... .. .... ........ .... ... .... ..
Summit ' .... .. .. .. ........ .... ...... ..
Teller. .. .. . . . .. .... . ... ..... ...... .... .

$71,963
2, 914.408
1, 470.550
2,497
348, 544
17, 794
6.123, 4f>4
15, 627, R68
12, 142

I, 022, 6.16. i ,i
1, 2~6. 638. 63
4, 205, 111. 02
57R. 77
1, 673. 37
747.80
1, 010, 62!<. 80
~62. 782 07
18, 496, 360. 98

$24, 323, 630
29, 118,696
88, 202,024
12. 056
3R; 102
20.394
26, 900. 2!1
5, 556, 572
400, 948, 065

Copper

1, 024, 794.59
1.376, s11. n
4, 252, 042. 93
677. 68
12,387. H
I, .176. 10
I , 267, 283. 20
I , 001, 70S. 38
18, 496. 735. 46

$24 , 395. 593
32,033,104
89, 681, 574
14,553
386, 6!6
38, 188
3:!, 323, 675
21, 181.440
400, 960, 207

8, 669, 709
60, 304, 4~5
11, 163, 693
10, 044
II , 572
3, 98:3
7, 5:36, 627
14 , 356, 835
2, 102, 544

Zinc

Lead

- - - - ------

County
Pounds

Value

Pounds

$8, 019, 291
54,020,483
8, 963, 404
7. :!06
7, 803
2, 714
7, 3~a . 12.1
12, 237,356
1, 364,574

Total value
Value

Pounds

Value

- - - - · ------ - -- - - - - - - - - -Boulder ... .. ... .. . ... ... ... ..... ...... . .... .... .... .. ..
Clear Creek ..... .... . ....... . .... .. . ....... .. .. . .. . . . . .
Gilpin ..... ..... ... ..... .... . . .. .... ... ..... .... .... .. . .
Gran(\ 2---- --- --- - -- -- -- - --- ---- - - - ---- -------- -- -- - -- -

Jetlerson .... .. . ... .. .... . ... .... .......... .. .. ... . ..... .
Larimer and Jackson

2 __ _ __ __ _ _ ____ _ __ _ _ _ __ __ _______ _ __ _

Park' · ·· ···· ···· · ·· ······ ···· ··· · ·· ·· ·········· ·· ·· ··· ·
Summit 2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Teller .... ..... ......... . . ... ... ... . ... .. .. ..... .... . .. .

I, 686. 355
14,015, 120
26, 668, 287
5, 171
'327, 195
2-35, 328
3, 015, 886
1, 292, .149
451

$226,926
2, 155, 06S
4, 315, 040
80.1
38, 950
38, 647
488,344
181.419
83

$7, 493
$478, 335
71,700
2, 516 ..568
8, 871, 818
33,876, 221
1, 7&1, 004
822, 113
70, 443
720 -------- - ----- - ·· ---- ----- ----- -216
413
2, 000
1, !i59
30, 722
---- ----- -----623, .113
7, 493, .'i32
57, 930, 015 ...... 2.. 594;738
168, 671, 560
13, 693,890
170, 961,238
8, 066, 069
49 --- --- ---- ---- -- ------ ---- - ---- 612
8, 635,558
190, 873,619
38,803, 980
13,345
11, 063

$33, 127, f>38
99, 617, 041
101, 784,365
23,384
434,028
81 , 208
44,361,995
55,363 , 174
402, 324, 913

t Nmeteen Forty·SIX Minm~ Yearbook, p. 24, Denver, Colo., Colorado M ining AssocmtJOn, 1946.
' Part of the production is from mines outside the Front R ange.

Annual production of gold, silver, copper, lead, and zinc in counties and districts of the Front Range from 1938 to 1943, in terms of
recovered metals
[Figures furnished by R H Mote U S Bureau of Mines]
Silver

Gold

Placer
Ore treated
(short tons) Lode (fine Sluicing and Dredges and Lode (fine Sluicing and,Dredgesand
OllnC~ S )
hydraulic draglines
hydraulic draglines
ounces)
mining (fine
(fine
mining (fine
(fine
ounces)
ounces)
ounces)
ounces)
Placer

District

Year

I

Copper
(pounds)

Lead
(pounds)

Zinc

(pounds)

- - - -- -- - - - - - - - - -- - - -- - - - . -- - - .- - - - - - - -. - - - _____B
__
O_ULDER CO
~U~N~T~Y~------.-------·,-------.-----~-,------~--- ---1938
402,060 .. .. ........ ........... .
475 .. ........ .. .. .......... ......... .. . .. .. ..... ... .... .. .. .. ..
7, 468
1939
7, 724
337, 600 ........ .... .. ..........
I , 015 ........ ... . ... .. .. .....
500 .. ........ .. ........... .
1940
19, 553
iHi, 900 .... ...... .. ........ .. ..
I , 097
....... ........... .... ...... ..
2, 100 .... ....... .
1041
13, 498
775,300 .... . .. ..... .. .... .... ..
2, 936 : ::: : .. .. ... :.. ....... ..
300
14,600
7,000
1942
2, 918
160, 600 .... ....... .... .. ......
360 ............ ........ ....
400
4, 100 .......... ..
1943
16, 229
6, 100 .. ........ .. .. .... ......
3, 489 ............ ...... .... ..
5, 400
94,200 .......... ..
Gold HilL .... .... ......... .... ..... 1938
55,926
1, 178, 280
420 .. .. .. .. .. ..
31 , 779 ...... .... .. .. .. .. .. .. ..
78, 800
153. 500 .......... ..
1939
72, 404
1, 77~. 100
200 .. .. ...... ..
29, 663 ...... ...... .. ...... ....
154,200
72, 000 .... ...... ..
1940
53, 880
I, 534, 600 ....... .... . ............
28, 748 ........ . ... ............
106,000
154,400 ....... .. .. .
1941
45, 470
1, 260, 100
700 ...... ......
24, 701 ...... .. .... .... .... ....
50,000
130,700 .......... ..
1942
24, 020
81.5, 600 .... .... .... .... .. .. .. ..
9, 461 .. .. .. .. .. . .. .... .. .. ..
10, 600
118, 300
5, 700
1943
1,334
45, 700 ............ ...... ......
433 .. .. .... .... .... ........ . .. .. .. .. .. .
13,600
19,600
Grand Island .. .. .... .. .... ...... .. .. 1938
2, 350
40, 200
940 .. .. .... .. ..
2, 421 .. .. .. .. .. .. .. .... .... .. ...... .. .. ..
8, 500 .......... ..
1930
1, 297
31,500
1, 800 .. .. .... .. ..
1, 868
3 ........ ....
100
4,100 .... ....... .
1940
839
27,200 .. ........ .. ............
744 ........ .... ............ ........ ....
1, 800 ...... .... ..
1941
16, 953
289, 800 .... .... ....
300
25,851 .... .... .. .. .... ..... ...
2, 900
73, 600
4, 000
1942
4, 474
122, 700 .. .. .. ...... .... .. .. ....
13, 836 .... ........ .... .... ....
2, 100
19, 700 .......... ..
1943
150
200 .. .. .. .. .. .. .. .. .. .. .. ..
6, 328 .. .. .. .. .. .. .. .. .. .. .. ..
800
2, 400 .......... ..
M agnolia.. . .. .... ....... ...... .... .. 1938
1, 821
82, 400 .. .. . .... ... .. .. . .. .. .. •
14 .... ....... . ...... .... .. .... ........ ............ ........... .
1939
2, 664
84, 100 .. .......... .... ...... ..
56 ...... .... ..
1940
2,X01
142,300 .... .. ...... ............
1, 042 .... .. .. .... .... ...... .. ........... .
1, 100 .... .. .... ..
1941
1, 664
96, 000 .. . .. .. .. .. .... . .. .. .. .
388 ...... ...... ...... .. .... ... ...... .. . .. ........ .. ........... .
!942
444
61,200 ...... ... .. . .. ... ...... .
3 . . . . ... .. ... .... .. ........ .... ... .... ..... ......... ... ..
1943 - - -- -- ----- -- --- -- ---- ----------- --- ----- ----- - - ----- --- --- -- - - -- - - --- ---- -- ----- ----- ------- - ------- - -- -------- - --- --

CentraL ......... . .. ... ....... .. .....

! ...................... ............ .......... ..

1

Henderson, C. W., Mining iu Colorado: C . S. Geol. Survey Prof. Paper 138, Hl20.
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Annual production of gold, silver, copper, lead, and zinc in counties and districts of the Front Range from 1938 to 191,.3, in terms of
recovered metals-Continued
Gold
I

District

Year

Ore treated
(short tons) Lode (fiue
ounces)

l
Sugar LoaL _________________________ _

Ward _______________________________ _

/

.

Silver

I

I

Placer

Placer

IS!uiciu'
"ndl Oned'" and: Lode (fine
hydraulic draglines I ounces)
mining (fine.
ounces)

(fine
ounces)

I

Sluldng and Dredge< >rnd
hydraulic draglines
mining (fine
(fine
ounces)
ounces)

Copper
(pounds)

Lead
(pounds)

BOULDER COUNTY-Continued
1938
1939
1940
1941
1942
1943

9,066
9, 975
12,259
7,114
3,280
814

386, 120
431,000
607,600
366,200
264,400
73,200

1938
1939
1940
1941
1942
1943

2, 280
7, 586
5,168
5, 259
2, 071
1, 222

172,680
223,400
333,500
284,500
167,500
97,900

1, 479
2, 536

40, 361
3,164

2, 221
5, 685
3, 476
5, 493
1, 2.53
730

1
2

33
4

t~~~

3,000
900
600

1,819 ------------ -----------1,749 ------------ -----------4,995 ------------ ------------

CLEAR CREEK COUNTY

3,200
6,?00

56,000
49,200
26,800
13,800

1, 000
5,000
400
4, 700
1, 000
2,000

I============ ============

71, fill
709
1, 267
1, 178
1,129

494,180
52,700
56,000
47,300
40,000

29,083
109
97
772
699

306,300
400
1,000
800

400
14,000
16,000

Argentine ___________________________ _

1938
1939
1940
1941
1942
1943

3,043
771
7,358
3, 770
506
754

31,380
16,200
15,500
5,300

12,200
7,500
4, 200
2,100

5,300

11,863
3,191
13, 171
21,614
14,732
1, 838

1, 500

36,000
31,600
57,000
43,000
12,700
88,600

Cascade and Ute Creek _____________ _

1940
1941

23
415

100
9,800

62
879

3, 465

400
2, 993

Dailey and Atlantic ________________ _

1940

Empire _____________________________ _

1938
1939
1940
1941
1942
1943

79,517
75,124
79,109
74, 173
29,986
10,651

1, 845,920
1, 638,600
1, 669,300
1, 461,200
789,300
250,000

2, 922
2,870
2, 714
6,445
724
758

500
700
1,400
68,500
4, 700

3, 700
700
400
300
2,300
4, 200

Geneva Creek ______________________ _

1939
1940

2

1,803

100
5,000

772

300

Griffith _____________________________ _

1938
1939
1940
1941
1942
1943

6, 961
3,065
4, 781
739
9, 700
9,018

31.860
35,500
2, 900
4, 200
5,100
6,300

18,369
7,033
16,816
10,908
13.':1, 314
145, 243

3,500
8,000
400
500
5,100
6,200

46,300
49,800
56,400
67,000
417,000
335,400

1938
1939
1940
1941
1942
1943

46,671
50,371
97,507
67,582
39,504
6. 664

573,760
1, 084, 100
1, 530,100
1,186, 100
617. 100
85,700

46,200
129,700
183,200
103,235
56,100
34,500

520,500
693,400
933,900
546,007
193,300
231,400

Montana ________ .. --- ______________ _

1938
19:39
1940
1941
1942
1943

6,677
9, 617
1, 658
175
6,161
2, 875

116,420
127,900
11,300
800
5,300
3, 400

12,389
22.692
4, 988
6,895
22,164
19, 613

49,300
77,300
1,400
300
3,::100
1,600

27,000
57,200
73,800
77,000
247, 100
71,600

Trail Creek ________ ·-----------------

1938
1939
1940
1941
1942
1943

9,131
16,551
27,675
31,402
27, 154
8, 917

229, 80~
534, 100
523,200
522,500
353,700
101.800

6,008
8, 829
11,351
7,134
4,895
7, 657

5,000
2,800
6, 700
1. 900
2,300
3,200

.51, 300
77,200
227,600
196, 700
135,300
102, 200

1938
1939
1940
1941
1!142
1943
1938
Hl39
1940
1941
1942
19l3

10,059
4,417
4, 384
2, 735
854

134,160
70,000
43.100
36,400
15,200

4, 120
2, 526
887
160

322,900
194,974
8, 913
10,440

1, 219
519
540
315
581

6
6

800
1,800
5, 200

20,000
600
200
1, 000

40,523
17, 228
27, 7M
26,043
15,281
6, 873

448,740
441,200
569,600
795,600
496,800
136,500

50,579
52, 502
41,824
18,709
27,000
1, 700

4.56, 041
328. 198
257,276
494,691

32,291
49,616
47,025
16,723
14,546
22, 109

9.5
103
79
42
52
3

Idaho Springs __ ·- ___________________ _

2,400

1,000
1, 900
7, 200
1, 400
4, 600
800

1938
1939
1940
1941
1942

Alice __ ·-----------------------------

Zinc
(pounds)

200 ------------

38,000

600
540 -----------100 ------------

9

100 ------------

8,880
3, 700
1, 540
1,245

13,260
81,355

300 ------------

49,486
6S, 435
112,306
74,669
30,611
22,576

14 -----------6
3
1

35
99

2,300

100
500 ----------.--

112,000
462,000
448,000
17,000

153, 000

3,000
13,000

21,700

GILPIN COUNTY

Northern ___________________________ _

Southf'fn __________________________ _

288
178
7

10
6,400
997
787
454
876

22,200
106,200
151,800
138,000
115,900
95,200

81,000
187,400
230,800
38,000
112,300
237,000

131,000

JEFFERSON COUNTY
1938
1939
Hl40
1941
1942
1943

1. 764
4, 624

9, 300
15, 100

14

100

7, 1!30
15,400
14, 700
42,800
43.200
13,700

1,149
1, 959

14 ------------ ------------ ------------ -----------31
31
114,000 ------------ -----------80
192,000 ----------- ---- ------7:~

ill

24

50~

200

2.000
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Annual production of gold, silver, copper, lead, and zinc in counties and districts of the Front Range from 1938 to 191,3, in terms of
recovered metals--Continued
Gold

Silver

-----------------------District

Year

Manhattan _________________________ _

1940
1941

Masonville _________________________ _

1Wl8
1910
1941
1942

Placer
Placer
Ore treated
-------(short tons) Lode (fine
(fine
and Dredges and Lode
and Dredges and
ounces) Sluicing
ounces) Sluicing
hydraulic draglines
hydraulic draglines
(fine
mining(fine
(fine
mining (fine
ounces)
ounce:::)
ounces)
ounces)

Copper
(potinds)

Lead
(pounds)

Zinc
(pounds)

LARIMER COUNTY
500
1, 700
11
5

7

2, 220
600
1, 400
800

34 ------------ ------------ ------------ ------------ -----------10
14
3

PARK COUNTY

Alma Placers __ ------------------ ___ _

1938
1939
1940
1941
1942
1943

169,590
20,023
10,338
2, 274
41,300
600

151,750
295,377
190.962
267; 626

Beaver Creek __ -----------------------

1938
1939
1940
1941
1942
1943

3, 284
4, 843
7, 077
956
2, 930

37,016
425,157
538,823
330,344
190,670

Buckskin ___________________________ _

1938
1939
1940
1941
1942
1943

608
56
6,342
4,676
5, 741
6,203

30,440
2, 200
111,200
105,900
144, 500
176.200

880
1, 600
1, 500
1, 500
200

993
408
6, 594
6, 584
9,696
11,676

1938
1939
1940
1941
1942
1943

5, 929
2, 784
7,352
3, 700

27,820
92,900
109,300
40,200
73,500
35,900

3, 920 ------------

29,007
8 ------------ ------------ ------------ -----------3,129
7, 972
3,
1,
============
1, 724
3 -----------1, 500
800 -----------4,306 ------------ -----------18,400
1, 800 -----------2, 416 ------------ -----------4, 400
15,000
21,100

Consolidated Montgomery _________ _

Fairplay _______________

____________ _
7

885

996

1938
1939
1940
1941
1942
1943

6

500 ------------

82
900
1, 163
711
415

2,166
54,952
98,741
1, 004,368
1, 381,356

Horseshoe ___________________________ _

1938
1940

11
20 ------.----- -----------23 ------------ ------------ ------------

147
114

Mosquito ___________________________ _

1938
1939
1940
1941
1942
1943

123,557
125,894
118,331
104,386
86,658
60,741

Pulver ____ ------------------ ________ _

1943

113

TarryalL ----------------------------

1938
1939
1940
1941
1942

12
9
10

400 ------------

3

800
600
1, 300

5, 773

2, 432

64,442
64.868
75, 627
503,968
397,700

~gg.

20,400
6,800
75,000
81,600
118,200
163,000

711,000
614,000
906,600
941,900

~gg

5

25,887
33,317
32,680
18,924
9,152
7, 501

100
900

1, 000
1, 200
200
3,000
2,000

4

------------

100 ------------ ------------ ------------ ------------ -----------8, 578
8,032

150
700
26,400
21,600
27,800
42,000

116
209
1, 996
2, 729
9
3 ------------ ------------ ------------ ------------

50
21
111

1, 760 ------------

3

31
21
37
26

7 ------------ ------------ -----------3
27
100 ------------ ------------

3,352,620
3, 363,800
2, 673,100
2, 294,000
1, 500,900
629,800

1 -----------3

----------~- ~~=========:

1939
1940
1941

Hall Valley--------------------------

318
623
406
562

83
1

800 ------------

14,534
11,348
17, 759
12, 732
3, 944
800

344
40
20

15

44

22

11

4

8
3

45
82
575
433

54,850
67,700
54,900
55,000
32,200
21, 200

814,600
1, 069,200
843,400
655,400
423,600
222,000

5,400
161,400
8,600

400

SUMMIT COUNTY

Breckenridge _____ ------------- _____ _

1938
1939
1940
1942
1943

1, 020
1, 748
3,842
1, 260
82
11,469

42,720
63,200
30,700
32,500
6,600
35,500

1938
1939
1940
1941
1942
1943

2,124
252
915
1, 641
1,1'27
1, 360

400
500

1941

Montezuma _____ -------------------_

33,320
41,801
21,294
21, 185
9, 221
7,400

108, 160
84, 199
84,806
68,215
111, 779

27,166
10,224
12,472
11,901
235
4,244

1,100
1, 400

16,284
5,071
12,524
13,808

2,000
1, 300

5, 985

7, 768

TELLER COUNTY

Cripple Creek __ ---------------------

1938
1939
1940
1941
1942
1943

498.357
538,138
572,554
528,641
377,995
226,908

14, 518, 560
13,396,700
12,893,200
13,347,000
10,445,500
4, 510,500

2, 980 -----------3,600 ------------

15,492
17,705
29,828
21,600
15,660
7,543

88
274
101
228
55
267
55
201
25
290
21 ------------

850
2, 500
400
300
100
16,200

43,700
71,000
60,80035,600
400
472,200

2, 550
1, 500
4, 700
5, 300
1,800
2,100

259,000
73, 700
123,800
178,900
195,600
118, 0(10

21,000
98,000
23,000
39,000
461,000
10,000
45,000
96,600
126,500

PHYSIOGRAPHY

PHYSIOGRAPHY
Although there are many physiographic surfaces
recognized in the Front Range, each marking a distinct episode in the topographic development of the
mountains/ the most prominent features are due to
the dissection of five moderately smooth erosion surfaces that stand in benchlike relation to one anotherthe Flattop, Green Ridge, Cheyenne Mountain, Overland Mountain, and Bergen Park surfaces. (See fig.
4.) Large parts of each of these surfaces were reduced to gently sloping plains before a quickening of
erosion again deepened the valleys and began a new
cycle. The development of the surfaces formed after
the Bergen Park stage was interrupted before erosion
nppreciably affected the interstream areas. The relation of supergene ores to the different physiographic
surfaces is striking (see pp. 88, 89) ancllcncls much economic significance to a problem commonly regarded
as only of academic interest.
Surfaces standing high above the general level of
drainage undoubtedly weather sJmyJy and gradually
UIHlergo de&radation even thougl1 remaining as interstream areas. This slo"· descent has been recognized
by both Ashley 3 and Fen nerna n/ who believe that
Appalachian erosion surfaces have been lowered by
approximately 100 feet in am ill ion years. This figure
seems excessive " ·hen used in the Front Range. In
the time since ·wisconsin glaciation, presumably 10;000
to 20,000 years, \Yeathering has hardly dulled the
polish on glaciated surfaces, and nowhere is there evidence of the 1 to 2 feet of complete solution and \Yastage
that these often-quoted figures would suggest.
The degree of weathering shown by the earliest Pleistocene or late Tertiary gravels that cap some of the
interstream divides in the Front Range suggests that
the wasting clue to " ·eathering unnicled by mechanical
erosion \Youlcl be better measured in inches per million
years rather than in terms of a hundred feet. The
writers' appraisn 1of the rate of wasting of the fiat interstream ridges differs by at least one order of magnitude
from that of Ashley and of Fenneman. It is believed
that the Eocene erosion surfaces, where unchanneled
by later streams, are not more than a few hundred feet
below their original datum.
There is some differen ce in opinion among physiographers as to the age, co rrelat ion, and physiographic
interpretation of the erosion surfaces of the Front
Range; for view·s of some other students of the region
2 Van Tuyl, F. i\1., and Lovering. T . S., Physiographic development
of the Front Hauge: GPo!. Soc. America Bu ll. , vol. 46, no. 9, pp. 12911 :l49, 1935.
a Ash ley, J. G., Stud ies in Appnlnchinn Mountain sculpture, Geol.
Soc. Ame r·ica Bull. 46, pp. 1395- 143(} , 1935.
• Fenneman , N. l\I. , Cyclic an(] noncyclic aspects of erosion , Gcol. Soc.
America Bull. 47, pp. 173- 185, 1();{6.
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the reader is referred to articles by Davis," Atwood, 6
Barbour/ and Po\\·ers.8
The oldest surface, the Flattop, is almost limited to
the crest of the range "·here n umerous remnants of the
mature upland surface occur between altitudes of 11,500
and 12,500 feet. (See figs . 1, a, and 4.) It is :1
smoothly undulating surface, with scattered monaclnocks, which rise from a few hundred to 2,000 feet
above its general level. Its type locality is on Flattop
Mountain a few miles north of Longs Peak, but this surface can be easily recognized on ·w hale Peak just north
of South Park, and south o£ Tarryall Mountain on the
eastem side of Sonth Park It is believed that the high
shoulders on Pikes Peak at an altitude of approximately 12,000 to 13,000 feet arc parts of the Flattop
penepla in. This surface was formed later than the
Laramide revolution, as it truncates steeply tilted beds
of the Middle Park formation. Several feet of deeply
"·eathered soil and bedrock ftre preserved on this surface under a Miocene ( ?) volcanic flow near Iceberg
Lake a few miles nortlmest of the type locality. (See
lig. 5.) Aw·ny from the flow the surface has been modified by agents of high-altitude \Yeathering since the
eruption, and no soil is present. The Flattop surface
formed earlier than Lhe Green Ridge surface, wl)ich was
ccmpleted before the beginning of Oligocene time. It
has teutatively been assigned, therefore, to the early
Eocelle.
The Green Ridge surface forms prominent benches
1,000 to 2,000 feet below the Flattop surface and is well
developed just south of its type locality, Green Ridge,
in the northwestern part of the Front Range. (See fig.
4.) This surface commonly ranges in altitude from
10,500 feet close to the middle of the range to 8,500
feet near the eastern edge of the mountains. It is apparently much more perfectly developed than the Flattop peneplain, and over wide areas its differen ces in altitude are less than 300 f eet per mile. Monadnocks are
not common on this surface except close to the high
country in the middle of the range, \Yhere unreduced
or partly reduced remnant s of the F lattop peneplai11 ri se
above the general level of the Green Ridge surface. In
the Laramie quadrangle, just north of the Colorado·w yoming line, the Green Ridge surface is definitely
older than the basal Oligocene Chadron sandstone. As
this surface is the most perfectly developed peneplain
s Dads. \\-. ~I. . The Col orHdo Front J{:Hl gP, a s tudy in physiog r·nphi c
pr eseutation: Assoc. Am . Geog-rnplrers Annn ls, YO !. 1. pp. 21-84 , 1911.
o Atwood , \V. W. , ancl Atwood. \V. Vi' .. .Jr .. Working h~· pothesis for the
physiog-raphic hi s tory of the Ro c k~· l\l ountain r egion : Geol. Soc. Amer·
icn. Bull. , VOL 49 , pp. 957- 980, 1938.
1 Harbour. G. B. , Floris!:;unt d<'[lrPssion and its phy siographi c s ignifica nce (ahstrn.ct) : Geol. Soc. A me ri ca Bnll., vol. 49, pp. 1865- 1866, 1938.
s Po we r s, W. K, Phys iog-raphic lri storr of the upper Arkansas River
Valleys and the Hoyal Gorge, Colo.: Jour. Geo logy. vol. 43, pp . 184- 199,
1!1:1!\ ; Ero sion su rfaces ancl gla cial deposits within South Park, Col o.
(abs tract) ; Geol. Soc. A111 cr icn Bu ll. , YO!. 50, p[J. 2003- 2004 , 19::1!1.

16

GEOLOGY AND ORE DEPOSITS OF THE FRON'l' RANGE , COLORADO

--.

----- -

4.-Aeria l vi ew loo king north-nortlnYest from a n altitude of 8, 700 feet over a p oint 2 miles south east of Bonl<ler. l\lost of t h e e ros ion
s urfaces recog niz e<] in the Front Range are ,,·e] l represent€d. The Flattop s urfa ce ( 1 ) s how ~ o n the crest of Bn.lcl )fo un ta in fou r n1iles
east of the crest of t h e range; the Gree n R idge surface (2) be vels Bo nl cl ~ r Co u nt y H ill in the ex l-reme l eft bac kg rou n d ; the Over la nd Mountain surfa ce (3) is widely devel011ed in the middle dista n ce on a le vel w it h t he top of S ugarloaf; the Berge n Park surface (4) is represen ted b.'' a somewh at dissected ben c h just in front of Sugarloaf ; the t:,vpe loca l i t y or t h e Flagstaff Hi ll berm (5) is con spi c uous at the
moun lain l'ront ; the di ssec ted l\Ioun t Morrison berm (6) s hows on the low hill s directly behind B oulde r ; and t h e Pleistocene high terraces
(7l nrc pro minen t In t h e left foreg r ound. P a rts of several of the mini ng dislr icts in t he northeastern part of t he mineral b elt are visible, in cludin g l\lagnolia, Sugarloaf, W ::u·d , Gold Hill, Poo rma n Hill , ami S un s hine.

FIGU II M
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Talus -. ~

La t1t e v1trophyre,
flow linea1 ion is
N 20 E

Unaltered sch1st,

g nerss. and pegmat1te

0

5 Feet

~~--~~--~--~~

Fwt:tu: 5.-Looking north at Past co nta ct of latite flow on Flattop erosion s urface al>o,·e Iceberg Lake on Trail Ridge road.

in the Front Range and is later than the Flattop peneplain but earlier than the lower Oligocene sedimentary
rocks, its development is believed to have extended
through most of Eocene time and to have been terminated by an uplift near the close of t.hat epoch.
The conspicuous erosion surface north of Pikes Peak
is the Cheyenne Mountain surface and may in part correspond to the Green Ridge surface in the northern part
of the range, though it "'as probably developed in large
part after the Green Ridge stage was interrupted.
The Cheyenne Mountain, Overland Mountain, and
Bergen Park surfaces almost merge in the region north
of Pikes Peak, and if this area is seen from a distance
it presents a misleading appearance of uniformity (fig.
1), but detailed study shows that many episodes are
recognizable in the sculptur·ing of this dissected plateau
(fig. 4) . The Cheyenne Mountain surface is intermediate in age and position between the Eocene Green
Ridge and the Obligocene ( ~) Overland Mountain
surface.
The Overland Mountain surface (see fig. 2), whose
type locality is at Overland Mountain, about 2 miles
north west of James town, appears as a broad, greatly
dissected bench 5 to 15 miles wide on the eastern flank

of the Front Range, where its altitude commonly ranges
between 8,200 feet near the plains to about 9,000 feet
near the middle of the range. Along the western slope
of the Front Range the Overland Mountain surface is
not conspicuous, but is best developed at altitudes between 10,000 and 10,500 feet, close to the mountain
front in the west-central part of the range. The topography of the surface suggests that it had reached
early maturity before it was interrupted by uplift.
Differences in altitude ranging from 200 to 500 feet per
mile are common, and partly reduced monadnocks of
the Green Ridge or the Flattop surfaces rise in places
more than 1,000 feet above the general level. On the
eastern slope of the range the Overland Mountain surface is best preserved just east of the transition zone
where it merges with or gives way abruptly to the older
surfaces. Farther east erosion has cut valleys as much
as 1,800 feet below the general level, and the surface
is much more strongly di ssected close to the mountain
front than a few miles farther west.
The Bergen Park surface takes its name from a
locality about 10 miles east of Idaho Springs, in a region
where its gently undulating su rface is well-preserved
between altitudes of 7,500 and 7,800 feet. It is best
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Kde, Denver formation; Kl, Laramie formation; Kp, Pierre shale; Kn, Niobrara formation; Kb, Benton shale; Kd, Da kota sandstone; Jm, Morrison formation; Clily,
Lykins formation; Cl, Lyons sandstone; Cf, Fountain formation; pC, pre-Cambrian schists. -1, Bergen Park surface; 2, Flagstaff Hill berm; 3, Mount Morrison berm

FIGUI<E 6 .- Aerinl Yiew looklnJ:: north a lon .(( the foothills from an alt itude of 7,100 feet half a mile south of Morri son. Shows the common
topog rnpldc expression of the post-i\lississippinu sellimentary formations und some of t h e younger erosion s urfaces. Courtesy of Geological
Soc iety of America.

PRE-CAMBRIAN METAMORPHIC AND IGNEOUS ROCKE

shown near the east front of the mountains (figs. 4 and
6), bnt it is recognizable locally as much as 1b miles to
the w·est.
In the Laramie range of southern yoming, the Sherman peneplain, with which the Bergen Park surface is
provisionally correlated, truncates lower Miocene strata,
and its age is believed to be 1niddle or upper Miocene.
In addition to the prominent erosional surfaces described above, the effects of several later cycles of erosion can be recognized at many places in the Front
Range. Along most of the major streams remnants of
a broad valley that cuts about 500 feet below the Overland Mountain surface are prominent near the mountain
front. Flagstaff Hill, 2 miles southwest of Boulder,
is a remnant of the surface developed during this erosion cycle and has been chosen as the type locality. (See
fig. 4.) The Flagstaff Hill surface is probabl~of upper
Miocene age.
A second series of rock benches occurs about 500 feet
below the Flagstaff Hill surface along the major streams
near the eastern margin of the range. These benches
have been termed the Mount Morrison surface because
of the prominent rock bench developed at an altitude of
approximately 6,700 feet on the lower eastern slope of
Mount Morrison, about 7 miles south of Golden. (See
fig. 6.) At its type locality the surface truncates crystalline rocks and steeply dipping Pennsylvanian red
beds. On the plains just east of the southern part of
the Front Range the Mount Morrison surface underlies
the gravels of the Nussbaum formation, whose age is
probably Pliocene. A similar surface underlies the
Pliocene Ogallalla formation in southern Colorado and
northern New Mexico and is correlated with it. The
age is thus probably early Pliocene.
A still lower series of accordant rock benches is prominent in the larger valleys near the eastern edge of the
range and occurs at altitudes of approximately 6,000
feet in the middle part of the Front Range. The rock
benches correspond to the highest of an extensive series
of gravel terraces along the eastern border of the mountains. (See fig. 4.) Gravel deposits that formed during this stage of erosion are commonly coarse, of local
origin, and have a fanlike structure. They suggest
piedmont alluviation during an arid climatic cycle and
are referred to early Pleistocene. 9
Below the high-level fan terraces a series of three
to five rock benches commonly capped by well-rounded
gravels occurs on the plains (fig. 4) and along the
major streams as far west as the eastern limit of
glaciation. The lowest terraces are related to the outwash from two stages of Wisconsin glaciation. There
is com1nonly a '-vell-marked terrace intermediate between the high-level and low-level terraces, although
there is no corresponding glacial till preserved in the

':V

9

Van Tuyl, F. M., and Lovering, T. S., op. cit.
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Front Range. The writers believe that the intermediate terrace represents outwash fron1 an otherwise unrecorded glacial stage corresponding in age to the intermediate glacial stage found in the San Juan
Mountains by Atwood and Mather. 10 The gravels from
the 'Visconsin outwash filled the valleys of the larger
streams to a depth of as much as 100 feet. In comparatively recent time the streams commenced degrading the gravel fill and cut shallow, narrow, steep-walled
channels commonly less than 20 feet deep in it.

GEOLOGY
As shown in plate 1, pre-Cambrian granite, gneiss,
and schist make up most of the rocks exposed in the
Front Range. The pre-Cambrian terrain is nearly
everywhere bordered by steeply tilted Paleozoic rocks,
but along the 'vest side of the Front Range, near Breckenridge, steeply dipping ~!I:esozoic rocks rest directly
on the pre-Cambrian basement. Gently dipping Tertiary beds rest on the truncated edges of the Mesozoic
and Paleozoic formations and lap onto the pre-Cambrian rocks in the northern part of the Front Range,
and an extensive series of interbedded Tertiary tuffs
and lavas rests upon pre-Cambrian, Paleozoic, and
Mesozoic rocks in the southern part of the range.
Middle Tertiary intrusive rocks are common in the
southern part of the pre-Can1brian area and also in
the Rocky Mountain National Park in the. northwestcentral part of the range. Eocene intrusive rocks are
abundant in the central part of the range but uncommon elsewhere.

PRE-CAMBRIAN METAMORPHIC AND IGNEOUS
ROCKS
Granite and granite gneiss are the most abundant
pre-Cambrian rocks, but schist-; and gneisses representing much metan1orphosecl sedimentary rock occupy
large areas. The northern and southern parts of the
Front Range consist chiefly of granite, and the central
part, in which most of the sehist occurs, is cut by
innumerable sn1all granite masses and several stocks
and small batholiths (pl. 1).
MET AM ORPHIC ROCKS
IDAHO SPRINGS FORMATION

The oldest rocks known in the Firont Range are the
schists and gneisses of the Idaho Springs formation
(fig. 7, A, B), whose type locality is about 25 miles
west of Denver. It consists chiefly of quartz-biotite
schists and quartz-biotite-sillimanite schists, but quartzite, quartz schists, or quartz gneisses are common in
10 Atwood, W. W., and Mather, K. F., Physiography and Quaternary
geology of the San Juan Mountains, Colo.: U. S. Geol. Survey Prof.
Paper 166. pp. 78-82, 1932.
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some localities. A :few thin lenticular beds of 1narble
are found in the north -central part of the Front Range,
and ·widely scattered masses of lime-silicates intergrown
with garnet and magnetite suggest the metamorphism
of limy beds in the central part of the range. The cmnparatively simple types of schist n1entioned above are
most abundant in regions that escaped the severe
1netamorphism that accompanied the intrusion of
large granite masses. In 1nany places extremely fluid
granite magma developed injection gneiss on a large
scale, and some parts of the Idaho Springs formation
have been so thoroughly soaked with granitic material
that they now resemble a primary granite gneiss. The
Idaho Springs :formation represents metamorphosed
shaly sediment of unknown thickness. Although these
rocks have been very closely folded and comn1only contain thoroughly granulated fe~dspar and quartz grains
(fig. 7, C, D), their original bedding planes are in most
plaees parallel to the foliation.
Quartzite or quartz schist occurs in severalloealities
and is eommon along the eastern margin of the mountains near the Big Thompson River, Turkey Creek, and
in the Pikes Peak quadrangle. It was considered
younger than the Idaho springs fonnation by earlier
writers 11 but the \York of Fuller 12 and of Lovering 13
' the foliation and the bedding of the quartzite
shows that
parallels the foliation of the supposedly much older
miea schists of the Idaho Sprin·gs :formation and that
a perfect gradation exists between them. Quartzitic
and limy members are common in the upper part of
the formation in the transition zone between the sediInentary Idaho Springs formation and the overlying
dominantly igneous Swandyke hornblende gneiss.
The full thickness of the Idaho Springs fonnation
is unknown, and even its exposed thickness can be estimated only approximately because of the intricate folding that is present. The inerease in apparent thickness due to erennlations and drag folding may more
than double the actual thickness and com1nonly increases it by at least a third. The innumerable granitic
seams present added appreciably to its volume during
n1etamorphism, but this increase 1nay have been compensated in large part by the shrinkage in the original
sediment as its density became greater with the development o:f n1etamorphic n1inerals. In the vicinity of
Geneva Creek a few miles east of Swandyke, where one
of the thickest sections of metamorphic rocks in the
Front Range is exposed, the Idaho Springs formation
lying below the Swandyke hornblende gneiss has an
n Van Rise. C. R., and Leith, C. K., Pre-Cambrian geology of North
America: U. S. Geol. Survey Bull. 360, 1909. Cross, Whitman, U. S.
Geol. Survey Geol. Atlas, Pikes Peak folio (no. 7), 1894.
12 Fuller, M. B., General features of the pre-Cambrian structure along
the Big Thompson River in Colorado: Jour. Geology, vol. 32, no. 1, pp.
49-63, 1924.
13 Lovering, T. S., Geologic history of the Front Range, Colo. : Colorado Sci. Soc. Proc., vol. 12, pp. 59-111, 1929.

exposed apparent thickness of about 20,000 feet, suggesting that the actual thickness is in excess of 15,000
feet.
SWANDYKE HORNBLENDE· GNEISS

In its type loeality at Swandyke, about 10 miles east
of Breckenridge, the Swandyke hornblende gneiss e~n
sists chiefly of hornblende schist and hornblende gneiss
interlayer~d with thin beds of quartz-biotite schist.
(See fig. 8, A, B.) It shows the same degree of metaInorphisnl as the Idaho Springs formation. Granulation of the feldspars is usual, the quartz grains are gener~lly found crushed, and lit-par-lit intrusions of later
aplite and pegmatite have eonverted large masses into
an injection gneiss indistinguishable frmn that of the
Idaho Spri1igs formation. In most places the Swandyke hornblende gneiss consists of alternate layers of
light-gray and dark-gray gneiss whose color reflects
the varying anwunts of hornblende contained in them.
The abundance of hornblende, biotite, and labradorite
and the presence of moderate amounts of quartz and
magnetite suggest that much of the Swandyke hornblende gneisl:'l represents metamorphosed quartz. diorite.
Its contacts are commonly parallel to the bedding and
:foliation of the Idaho Springs formation, and it probably originated in the form of sills in that :formation
or perhaps as flows, largely before the regional schistosity was developed. Although dikes of hornblende
gneiss cut across the earlier formation at a few places,
there is no clireet evidence that any large part of the
hornblende gneiss is intrusive. It is probable that
parts of the Swandyke hornblende gneiss repres_ent ~ur
face flows, for although no structures such as e1h ps01dal
or pillow structure have been found in the mineral belt,
Leith 14 describes such structures fron1 this formation
near Tin Cup Pass about 15 1niles west of Buena Vista.
In some places, as on the Bergen Park-Echo Lake road
southwest of Idaho Springs, the Swandyke hornblende
gneiss locally is very ealcic and grades into lenses of
coarse ealcite. Thin beds of quartzite and quartz-biotite schist are common in the calcic zones, and in a few
places magnetite jaspilite is present. It is believed that
these variants represent thin clastic and hot-springs
deposits interlayered \vith dominantly volcanic material.
The thickness of the Swandyke hornblende gneiss at
the type locality is approxi1nately 6,000 feet. The lithologic character and structural relations ~ndicate that
the dioritic intrusives and related extrus1ves and the
interealated sediments werP. in part contemporaneous
with and in part younger than the upper part o:f the
Idaho Springs fonnation. The general distribution
of the Idaho Springs formation and the Swandyke
hornblende gneiss is shown on plates 1 and 2.
14

Van Rise, C. R., and Leith, C. K., op. cit., p. 817.

~ ;. .,~

it

~~:
'"<:!
!:<i
M
I
C":l

>
~

td

~

§
~

M
>-'3

>

~

""

0
!:<i
'"<:!

~

H

C":l

z0>
H

0

z

M
0

q

"'
!:<i
0
C":l
~

"'

l?wu aE 7.- A, 'l'.y pical exposure of relativel y unfold ed Idaho Springs fo rm ation 3'h miles sou th of Id a ho Spr ings on road t o Ji:c h o Lake. B, Cren ulatNl quartz-biotite-sill im nnite
schi s t of the Idah o Spri ngs formation, with cha rae teri:o;ti c seatn:.; of whi te pegmatite. l\~ enr the cres t of a Jarge a n ticlin e on the no rtll enst s houlrler ot: Grays Peak a t an a1titucl e
of 13,500 feet . 0, P h otomicro~raph of quart"-biotite sc bist from Idaho Springs fo rm ati on »t Nederlancl. Ori g itHtl bedding (n ea rl y ,· c rl"i cal in photograph) i s intersected h.v
shear plan es sloping down to rig-ht at abo ut 45°, a 1 ~d these shears are cut by later shears sloping to !Pft at 60° . b., Biotite; yJ garn et; 'l1tJ magnetite; qJ qua:·tz; f qbJ <.:rushed
fe ldspar, quartz, and biotite. P la in li gh t. D , Same as 0. Polari zed ligh t.

l'V
1-'

22

GEOLOGY AND ORE DEPOSITS OF THE FRONT RANGE, COLORADO

FIGutlE

8.

PRE-CAMBRIAN METAMORPHIC AND IGNEOUS ROCKS

23

QUARTZITE AT COAL CREEK

QUARTZ MONZONITE GNEISS

Near the mouth of Coal Creek there is a series of
quartzites and conglomerates at least 14,000 feet thick,
which is unlike any member of the Idaho Springs formation. The age and structure of these rocks has long
bP.en a subject o:f controversy. Some geologists 15 believe the quartzites to be older than most o:f the Idaho
Springs :formation, but the studies of the present writers have led them to concur with the geologists who
believe the quartzites to be younger. As shown on the
map o:f the mineral belt (pl. 2), the structure of the mass
is that o:f an east-northeasterly syncline intruded by the
Boulder Creek granite on the north and separated from
the Idaho Springs and Swanclyke hornblende gneiss
:formations to the south by a zone of strongly sheared
Boulder Creek granite. The schist members show a
lower grade o:f metamorphi sm than do the :formations
to the south, and the structure o:f the southeast side o:f
the trough suggests drag by the clownwarping of the
syncline along an early :fault. Taken together, these
:facts seem to indicate a younger age than that o:f the
:formations to the south. The quartzite at Coal Creek
may be a remnant o:f a younge r series o:f quartzites,
slates, and schists corresponding in age to the Needle
Mountains group o:f the San Juan Mountains, but it
cannot be younger than middle pre-Cambrian. Faulting prior to the intrusion o:f the Boulder Creek granite
may have caused some repetition of beds in the Coal
Creek area, but, with clue allowance :for this possibility,
the structure indicates a minimum thickness o:f 14,000
feet for this formation.

Aside from the very early pegmatites and aplites
common in the Idaho Springs formation, the oldest
igneous rock known to be later than the Swanclyke
homblencle gneiss and the Idaho Springs formation
is the quartz monzonite gneiss of the Georgetown quadrangle." It is a medium-grained, slightly porphyritic gray gneiss, whose composition ranges :from quartz
diorite to quartz monzonite. The gneissic structure is
nearly everywhere well-developed and is marked by
the parallel elongation and orientation of biotite, the
slight mashing and elongation of the feldspars and
quartz, and the alternating bands of biotite or hornblende and of quartz and feldspar (fig. 8, 0). Hornblende is much less abundant than biotite but is not
uncommon, and locally in the more massive varieties
of the gneiss augite is present. Closely associated
with the quartz monzonite gneiss in many places are
lenticular bodies of gneissic quartz-orthoclase pegmatite and strongly foliated moderately fine grained gray
granite gneiss. These rocks probably represent pegmatites and aplites derived from the quartz monzonite
gneiss magma. The abundance of clark minerals and
the pronounced gneissic structure set the quartz monzonite gneiss apart from the gneissic aplite and granite
gneiss described below, but its aplitic facies are not
easily distinguished from them. The smaller size o:f
the biotites and the greater proportion of feldspar and
quartz distinguished it from the strongly gneissic varieties of the Boulder Creek granite.
The intense lit-par-lit injection of inclusions of schist
and hornblende gneiss by the quartz monzonite gneiss
and the gradational borders between invading and invaded rocks suggest that assimilation played a part
in the formation o:f the gneiss. Although some o:f the
gneissic structure seems primary, marked granulation of both quartz and feldspars shows that the original structure was modified or intensified by shearing
after the rock had become solid. No large bodies of
quartz monzonite gneiss have been :found in the Front
Range, but small stock:; are common near large masses
of either the Pikes Peak granite or Boulder Creek
granite. In these occurrences it is probably an early
facies o:f the magma that formed the Boulder Creek

IGNEOUS ROCKS

An extensive series o:f granitic intrusives cuts the
Swanclyke hornblende gneiss and the Idaho Springs
:formation and is also younger tlul!l the quartzite at
Coal Creek. The time intervals between the intrusions
o:f the members o:f this series is unrecorded by any evidence o:f sedim entation in the Front Range, and in spite
o:f some marked differences most of the intrusives are
so related structurally and petrographically that they
seem to belong to one great period of batholithic invasion. The most common anu distinctive members
o:f this series are described below.
'"Ad ler, J. L., Geologic relations of the Coal Creek quartzite in Colorado. Unpublished thesis, University of Chi cago, Chicago, Ill., 1930.

'" Spur r , J. E., Garre.v, G. H. , and Ball.. S. H., Economic geology of
th e Georgetown quadrangle, Colo. : U. S. Geol. Survey Prof. Paper 63,
pp. 46- 49, 1908.
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A, Typical Swandyke hornblende gneiss. Shows strike and dip of the foliation and pitch of the linear structure in the plane of foliation. The handle of the hammer indi-

cates the linear structure pitching to the right at about 60°. Headwaters of the North Fork of Swan River 2 m iles southwest of Montezuma.
R, Swandyke hornblende gneiss cut by a dike of pegmatite. F loyd Hill, 3~ miles east of Idaho Springs.
C, Quartz monzonite gneiss. The wavy light and dark bands of pegmatite and biotite-rich gneiss are characteristic of this rock. On Beaver Brook, 5~ miles southeast
of Idaho Springs.
D, Boulder Creek granite hall a mile north of North Boulder Creek on the Ward-Nederland road. The coarse grain and slightly gneissic texture characteristic of this dark
gray granite arc easily discernible. A "ghost" of schist lies abo ut a foot below the 6-inch scale, and a dike of pegmatite cuts the gran ite about 2 feet above the scale.
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l<'JCUHE 9.- A, Granite gneiss (gneissic a pli te) in the Idaho Springs formation, seven-tenths of a mile north of Nederland. '!.'he seam of gneissic apl ite which represe nts the granite gneiss
formation underlies the scale and is bordered by a thin seHm of pegmatite. The dark-colored strongly foliated schist w ith which t h e gneiss is intcrlayered is its common constit·
uent. B, Gneissic hornblende diorite half a mile north of Nederland, near the center of a mass about 100 feet wid e. '!.' be coarse-grained and s lightly foliated structure of this outcrop
is characte ristic of the fo rmation. a, Pikes Peak granite on the northeastern slope of Bison Peak about 12 miles southeast of K enosha Pass. '!.'he primary gneissic structure developed in the coarse-grained Pikes Peak granite near the edge of the batholith shows well in this photograph. D , Typical coarse-grained Pikes P eak granite on the summit of
Bison Peak. The rapid weathering of the g ranite along joints is shown in this view. This weathering gives rise to residual and balanced boulders characteristic of the areas
where the Pikes Peak granite has been long exposed to mechanical and chemical weathering. The figure of the 1J1an in the circle gives the scale.

PRE-CAMBRIAN METAMORPHIC AND IGNEOUS ROCKS

granite and the "Archean quartz monzonite" of the
Georgetown quadrangle. Small lenticular m.asses of
the gneiss are commo n in the Swandyke hornblende
gneiss in many places. It is probable that they are
older than the stocks of quartz monzonite gneiss and
may be genetically related to the hornblende gneiss.
It seems probable that the early injection gneiss of the
Idaho Springs formation was formed in large part by
the lit-par-lit injection of material from the quartz
monzonite gneiss and granite gneiss magmas.
GRANITE GNEISS AND GNEISSIC APLITE

A fine-grained aplitic rock occurs abundantly in dikes
and irregular bodies throughout the larger bodies of
Boulder Creek granite. It is especially common at the
borders of such masses and in the schists and metamorphic rocks nearby (fig. 9, A). It is a moderately
fine grained distinctly gneissic rock containing much
quartz and moderate amounts of orthoclase, microcline,
and sodic plagioclase with minor amounts of biotite.
The mode of occurrence of this gneissic aplite indicates
a close genetic relation to the magma from which the
Boulder Creek granite was derived, although no such
relationship would be suspected where it occurs in separate bodies in the metamorphic rocks. In the Georgetown quadrangle, rocks that are indistinguishable from
the gneissic aplite in most exposures were described as
gneissoid granite by Ball 17 and were regarded by him
as earlier than the Boulder Creek granite. The same
formation was mapped as gneiss in the Central City
quadrangle by Bastin.18
Unlike the quartz monzonite gneiss, most of the
gneissic aplite or granite gneiss is rather fine grained,
but at many places it grades into coarse-grained facies.
Its texture suggests that it is mainly a metamorphosed
aplite or pegmatite. In places the feldspars and quartz
grains are granulated (fig. 10, A), but they do not commonly show the degree of metamorphism that is shown
by the quartz monzonite gneiss. Dark minerals are not
common in the gneissic aplite and its mineralogic character suggests its development from an alaskitic aplite
magma. Dark minerals are somewhat more abundant
in the granite gneiss. In most localities the gneissic
aplite and granite gneiss are believed to be contemporaneous with the Boulder Creek granite, but some of the
more highly foliated masses of granite gneiss are earlier
and are probably related to the quartz monzonite gneiss.
Thus it is apparent that the rocks mapped as gneissic
aplite and granite gneiss are a lithologic unit but not
an age group; they are believed to be indistinguishable
minor members, similar in relationship, genetically asSpurr , J. E., Garrey, G. H ., and Ball, S. II. , op. cit., pp. 49- 51.
'"Bastin , E. S .. and Hill , J. ~1. . Economic geology of Gilpin County
~nd adjacent parts of Clca r Creek and Boulder Counties, Colo.: U. S.
Geol. Su r vey P r of. Paper 94, pp. 30- 33, Hll7,
17

25

sociated with different major members of the batholithic
complex.
Like the quartz monzonite gneiss, the granite gneiss
and gneissic aplite are nearly everywhere parallel to the
foliation of the metamorphic rocks.
QUARTZ DIORITE AND ASSOCIATED HORNBLENDITE

A quartz diorite is closely associated with some pegmatite and gneissic aplite in both time and place. Composite dikes formed by the interlacing of the three types
of rock are common. Although individual dikes of the
quartz diorite may be short, they commonly occur in
linear zones that persist for a mile or more. The characteristic appearance of the coarse-grained somewhat
gneissic, sli ghtly weathered hornblende-quartz diorite
is shown on figure 9, B. It is a medium-grained to
coarse-grained unevenly granular rock containing
prominent hornbl ende crystals set in a medium-grained
matrix of gray feldspar. (See fig. 10, B.) Locally
some quartz is vis ible, and biotite is not uncommon. In
narrow dikes and near the edge of larger intrusive
masses the rock commonly grades into gneissic hornblende diorite or even into hornblende schist. Another
facies of this rock, occurring chiefly in small dikes, is
composed almost entirely of hornblende and is therefore
termed hornblendite.
The quartz diorite is approximately contemporaneous
with the Boulder Creek granite, and its areal relation
suggests that it and the gneissic aplite are complementary dike rocks related to the Boulder Creek granite
magma. These rocks are much more common at the
borders of the Boulder Creek granite stocks and in the
metamorphic rocks nearby than elsewhere.
It is probable that much of the pre-Cambrian mineralization discussed on pages 67 and 68 is related to hornblendic diorite and gabbro, which have similar age relations to those of the quartz diorite and probably belong
to this general group.
BOULDER CREEK GRANITE

The Boulder Creek granite ("Archean quartz monzonite" of the Georgetown quadrangle) 19 is commonly
a dark-gray faintly banded rock that ranges in composition from a quartz monzonite to a sodic granite.
Most of it is a coarse-grained primary gneiss, which is
locally porphyritic; its platy structure is due chiefly to
parallel crystal s and schlieren of biotite and to a less
extent to the parallel elongation of feldspar crystals
(figs. 8, D, and 10, 0). Near the centers of large masses
the gneissic structure is not prominent, and rarely the
color of the rock changes to pinkish-gray or pink, becoming indistinguishable from facies of the Pikes Peak
granite. The gneissic structure, however, is nearly,
10

Spurr, J. E., Garrey, G. H. , and Ball, S. H., op. cit., pp. 51- 54.
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everywhere easily diseernible; close to the borders of
the masses it is so pronouneed that loeally the roek
grades into a biotite-riel1 quartz monzonite gneiss. It
is strongly erushed or granulated only in small bodies
enelosed by schist adj aeent to batholiths or large stoeks.
The larger masses exhibit less metmnorphism than the
granite gneiss bodies with which they are nearly eontemporaneous. (Compare fig. 10, A, and 0.) Loeally
inelusions of the older formations are abundant in the
Boulder Creek granite, but rarely do they show mueh
eviclenee of assimilation.
The Boulder Creek granite forms stocks and sn1all
batholiths whose regional distribution is satellitie to

the larger batholiths of Pikes P~ak granite. The bestknown masses of Boulder Creek granite in the Front
Range oeeur in the Georgetown quadrangle south of
Idaho Springs and in the region west of Boulder extending north from Coal Creek to Lefthancl Creek (pls.
1 and 2) . If the gneissic. strueture is inferred to be
primary and thus parallel to the walls of the magmatic
chamber, the shapes inferred fr01n a study of the platy
and linear structures in the stock near Jamestown and
the batholith west of Boulder are those, respectively,
of an ethmolith or funnel-shaped intrusive and a chonolith or intrusive of wholly irregular form.

Chemical composition of the granites of the Front Range

---~--~--~--~~ecimen ----~------_1
1. Boulder Creek granite from the fifth level of the Cold Spring
mine close to the new shaft, about 3 miles northeast of N ederland___________ ___ ___ ____ __ ____ ___ ____ ___ ___ ________ __ ______ _
2. Local syenitic facies of the Pikes Peak granite, Ajax mine, level
6. Believed to be related to gneissic aplite.!_________________
3. Gneissic apl~te near the bre~st of the Lilly tunnel, Clyde mine,
about 2 miles north-northeast of Nederland
4. Pikes Peak granite from Sentinel Point, Pikes-Peak,-Ooio:(===

Pi~~~o~e~~--~~~~~~~-f~~-~--~~~~~~-~~~~~~~-~~~:~~~~-~-~~~~:-

5.
6. Silver Plume granite, Silver Plume, Colo.3_____________________
7. Fresh pre-Cambrian Silver Plume granite from the Climax
district, Colo.4 ______________________________________________ _
8. Longs Peak granite, Longs Peak, Colorado.3 __________________ _
9. Longs peak granite from Sta. 191 South St. Vrain Highway 3__ _
lO. Mount Olympus granite, Glen Comfort 3____________________ _
Average of 4 and 5 -------------------------------------Average of 6, 7, 8, 9, and 10 _____________________________ _

Si0 2

_Ah0 3

Fe 2031

Feo__MgO

-~~

Na20

KO

I

H,o-=._1~1

Ti02

~~
0.46

I
68. 71

14.93

1. 02

2. 07

1. 50

2. 01

2. 85

5.14

0. 14

0. 56

0.62

66.20

14.33

2.09

1. 93

.89

1. 39

2.58

7.31

.48

.83

. 65

.36

66.31
77.03

15.07
12.00

1. 35
. 76

2. 71

1. 03

5. 96
4. 92

0.06
.14

o. 90

0. 98

.04

2. 48
3. 21

0. 66

.86

2.06
.80

77.02
67.38

11.63
15.22

.32
1. 49

1. 09
2. 58

.14
1.12

1. 24
2.12

2.85
2. 73

5. 21
5. 41

70.83
71.14
70.85
71.40
77.02
70.32

14.41
16.00
15.14
16.34
11.81
17.42

.35
.00
.65
. 15
. 54
. 53

2. 94
.80
1. 57
1.71
. 97
1. 92

. 56
.13
.64
. 31
.09

.64
. 94
.71
1.40
1. 02
1.16

2.44

6. 21
3. 74
6.09
3. 24
5.06
4. 49

specime~-~-------~~~~

__________

S (total)

Zr02

. 55

5.13
2. 44
4. 59

3. 03
3. 47

. 01
.04
.09
.06

.11

.07
.06

~~ _ _F_ FeS~~-Mno_l~l

.30

.13

. 35
. 39

. 70

.18

1. 34
.50
. 77
.22
.32
. 64

.24
.17
. 31
.36
.06
.36

.03
. 21
.09

SrO

_1~~---

1. Boulder Creek granite from the fifth level of the Cold Spring
mine close to the new shaft, about 3 miles northeast of N ederland_ __ ____ __ ____ ____ _______ ___ _____ ___ ___ ___ ____ ______ ______
0. 16
Tr? ________ ________ ________ ________ ________ ________ ________ ________
2. Local syenitic facies of the Pikes Peak granite, Ajax mine, level
6. Believed to be related to gneissic aplite.!________ __ __
. 25
(?)
Tr.
0.12
0.13
0.18
Tr.
Tr.
0 ---------0.02
3. Gneissic aplite near the breast of the Lilly tunnel, Clyde mine,
about 2 miles north-northeast of Nederland__________________
0. 32
0. 04 -------- -------- -------- -------- -------- -------- -------- -------0. 36 ________
Tr.
Tr. ________
Tr.
4. Pikes Peak granite from Sentinel Point, Pikes Peak, Colo.2____
Tr. -------- __________ ________ ________
5. Pikes Peak granite from Platte Canyon, Jefferson County,
Colo.2 _______________________________________________________________________________________________________________________________________________ _
6. Silver Plume granite, Silver Plume, Colo.3_____________________
.32
.04
.14 -------- -------.Of\ --------- -------- -------- -------7. Fresh pre-Cambrian Silver Plume granite from the Climax
district, Colo.t_________________________ _____________________
.15
. 01 -------0.04 -------- -------- --"----8. Longs Peak granite, Longs Peak, Colorado 3___________________
.19
. 01
9. Longs peak granite from Sta. 191 South St. Vrain Highway 3___
. 30
. 02
10. Mount Olympus granite, Glen Comfort 3______________________
. 36
.02
Tr.
Average of 4 and 5 _____ --------------------------------Tr. -------- ---------- -------- -------.25 -------.02
Average of 6, 7, 8, 9, and 10_ ----------------------------. 26
.03 -------. 01 -------- ------~1
GeJlogy and gold deoosits of the Cripple Creek district, Colo.: U.S. Geol. Survey
54
45 190
Prof. Paper • P- •
fiUG. Sl. SGeolA.Survey, Geol. Aths, Castle Rock folio (No. 198), p. 3, 1915.
eo . oc. merica Bull., vol. 45, p. 320, 1934.

!

.10

100.17
99.74
99.93
100.55
99.85
99.82

4 U.S. Geol. Survey Bull. 846-C, p. 225, 1933.
NOTE.-Anqlyses 1, 3. and 7, by J. G. Fairchild; 2 and 4, by W. F. Hillebrand; 5,
by H. N. Stokes: 6, by R. B. Ellestad; 8 and 10, by D. F. Higgins; 9, by T. Kameda.
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A, Photomicrograph of granite gneiss (gneissic aplite) from a dike in Boulder Creek granite near Cold Spring mine, Nederland. Primary gneissic structure as shown by
elongation of biotite is ne<1rly horizontal in picture. Slight secondary granulation is indicated by incipient mortar structure developed at edge of microcline crystals (ms).
b, Biotite; m, microcline-perthite; q, quartz. Polarized light.
B, Photomicrograph of gneissic hornblende diorite half a mile northwest of Nederland. Primary gneissic structure nearly horizontal in photograph. p, Plagioclase (andesine);
a, augite; h, hornblende. Plain light.
C, Photomicrograph of Boulder Creek granite from ridge half a mile east of junction of Middle Boulder and North Boulder Creeks. Primary gneissic structure indicated by
quartz-oligoclase contact and by biotite is nearly horizontal in photograph. Slight secondary shearing shown by undulatory extinction of quartz in up:rer rigt t. b, Biotite;
o, oligoclase; q, quartz. Polarized light.
D, Photomicrograph of "white porphyry" of group 1 (fig. 12) from Leadville. Corroded phenocrysts of qt:artz (q) in fine-grained sericitized groundmass of orthoclase, quartz,
and plagioclase (oligocla~e).
E, Photomicrograph of diabase from dike on Hager Mountain northwe~t of LoYeland Pass, representative of the diabasic dike rocks of group 2 (fig. 12). a, Augite; i, iron ore
(ilmenite); p, plagioclase (labradorite). Polarized light.
F, Photomicrograph of porphyritic hornblende diorite of group 4 (fig. 12) frcm Swan Riwr 2 miles sout1t of Tiger, showing normal reaction series. Core of augite (a) bordered
by hornblende (h), which in turn is completely rimmed by biotite (b). Crossed nicols.
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PIKES PEAK GRANITE

The largest batholiths in the Front Range, such as
the Pikes Peak granite and the Sherman granite con.
'
Sist of coarse-grained, granular or porphyritic pink
granite composed largely of Inicrocline, orthoclase,
quartz, and moderate amounts of biotite. Typical
coarse-grained Pikes Peak granite is very uniform in
composition (see analyses for specimens 4 and 5 in
the preceding table) but local variants of this granite
range from sodic granite verging on quartz monzonite
to nwderately potassic granite containing small quantities of oligoclase. The potassic granite resembles
smnewhat certain varieties of the later Silver Plume
granite but is coarser-grained, and its biotite is more
commonly alined parallel to the flow structure than is
that in the Silver Plume granite. (See, fig. 9, 0.) Porphyritic facies of the Pikes Peak granite occur locally
but
are unconunon. The typical pink Pikes Peak baran•
Ite contrasts strongly with the older gray Boulder Creek
granite, but gradations from one rock into the other
occur at some places. In small stocks, such as those
present in the Inineral belt, a primary gneissic structure parallel to the edges of the enclosing rock is evident
and suggests the characteristic texture of the Silver
Plume granite, from which it is easily distinguished by
its Inuch coarser grain. Such a texture is confined to
the borders of comparatively sinall stocks.
. The coa~se, granular texture of the Pikes Peak granIte n1akes It an easy prey to the agents of weathering,
and on ancient erosion surfaces, where it has been long
exposed to the elements, balanced residual boulders and
grotesque erosion forms are characteristic of areas of
this granite. (See fig. 9, D.) Such forms are rare or
lacking in the Boulder Creek and Silver Plun1e granite
terrains.
Pegmatites are not common within the Pikes Peak
granite batholith but are moderately abundant near the
ed?e and in the bordering schists. Beryl, topaz, fluorite, and other minerals of economic interest have been
found. in many of the pegmatites genetically related to
the Pikes Peak granite. Samarskite, found at Devil's
Head. and ahnost certainly derived from a pegmatite
genetically related to the Pikes Peak granite, was
analyzed for its lead, uranium, and thorium content,
and the ratio of lead to uranimn and thorium indicated
that it was forn1ecl approximately 1,ooo,ooo,ooo years
ago. 20 A comparison with lead-uranium ratios of rocks
whose geologic ages are known sugaests that the material analyzed corresponds with tl~ late middle preCalnbrian. 21
Most of the southern half of the Front Range eonsists of Pikes Peak granite and is part of the largest
2 ° Knopf, Adolph, and others, Physics of the earth, vol. 4.
Earth: Nat. Research Council Bull., no. 90, p. 338, 1931.
21 Idem., pp. 438-441.

Age of the

single n1ass of granite at present known in Colorado.
It is approximately 75 miles long from north to south
and 30 miles long from east to west. Other 1noderately
large batholiths of Pikes Peak granite are found in
central Colorado west of the Front Range, and a few
small batholiths or large stocks of it occur in the central
part of the Front Range. The southern part of the
Sherman granite batholith, which extmids far north
into Wyoming, crops out in the northern part of the
Front Range. The lithologic features of the Pikes
Peak granite and the Sherman granite and their relations to the older pre-Ca1nbrian gneisses and schists
are similar and suggest that they 1nay be correlated.
SILVER PLUME GRANITE

In the Front Range there is a large nmnber of con1paratively small batholiths and stocks of pre-Cambrian granite later than the Pikes Peak and Sherman
granites. Although the various stocks and small batholiths were not intruded simultaneously, their lithologic
character, structural habit, and age relations indicate
that they have the same general age. For purposes of
deseription these granites are grouped together andregarded as variants of the last granite magma of a batholithic cycle. The Silver Plume granite is typical of
them.
Most of the Silver Plume granite is a pinkish gray,
medium-grained slightly porphyritic biotite granite,
cmnposed chiefly of pink and gray feldspars, smoky
qua,rtz, and biotite, but muscovite is present in some
facies, and the percentage of biotite varies :from place
to place. Small masses of slightly n1ore calcic granites
are found in positions satellitic to the typical Silver
Phune granite. The Mount Olympus granite of the
Boulder and Loveland quadrangles represents this
group. It is finer-grained than the Silver Plume, lacks
the oriented feldspars, but locally contains small
parallel biotite flakes. Differences in color in the late
pre-Cambrian granites reflect different percentages of
n1ineral constituents; some facies appear to be distinctly
different formations, but gradations into typical Silver
Phune granite can be found in nearly all of them. Although the size of crystals in the large masses of granite
commonly range between a quarter o:f a centimeter and
1 centimeter, porphyritic facies containing crystals 2
centimeters in length occur locally. A conspicuous
feature of the Silver Plmne granite is the general parallelisn1 of the tabular lathlike feldspar crystals (fig. 11,
A). This flow orientation is practically limited to the
feldspars, as the biotite and muscovite rarely show any
parallelism. It is n1ost pronounced in dikes and near
the borders of stocks and is commonly parallel to the
nearest wall of the intrusive mass. These late preCambrian granites have a marked tendency to follow
faults and cross fractures in schist and bo-ne iss in con-
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trast to the concordant habit of the older intrusives.
It is worthy of note that most of the granite batholiths
of the Silver Plume were intruded in synclines in the
schists but they themselves do not follow the foliation
of the schists except locally.
As shown on plate 1, stocks and batholiths of Silver
Plume granite are widely distributed in the Front
Range, and n1ost of the granite in the region between
the Cache la Poudre River and Clear Creek belong to
this late group. As used in this report, the Cripple
Creek granite of the Pikes Peak quadrangle and the
Longs Peak and Mount Olympus granites of the Estes
Park region are included in the Silver Plmne granite.
PEGMATITES AND APLITES

The pegmatites of the rocks earlier than the Boulder
Creek granite were commonly injected along foliation
planes in gneiss and schist and along joints, faults, and
earlier intrusive contacts; they were responsible for
much of the lit-par-lit injection of the metamorphic
rocks. The later pegmatites cut across the foliation
as commonly as they follow it.
As noted by Ball, the mineral composition of n1ost
of the pegmatites is closely related to that of their country rock. Most of the pegmatites contain biotite but
little or no muscovite where they cut granite 1nasses
but contain muscovite and no biotite where their walls
are schist. The tourmaline-bearing and silliinanitebearing pegmatites occur in quartz-tourmaline-silliInanite schists. In the Georgetown quadrangle pegmatites containing allanite are restricted to the rocks of
the Boulder Creek granite group. Pegmatites found in
the hornblende gneisses and schists of the Swandyke
hornbende gneiss contain 1nuch biotite and some hornblende, but muscovite has not been noted as a primary
mineral in them. vVhere persistent dikes of pegmatite
cross the contact of such dissimilar rocks as granite and
quartz-sillimanite schists the mineralogic relations
noted above are generally well shown.
Although the mineral composition of pegmatites of
different ages is not distinctive enough to allow classification of n1any bodies~ certain characteristic features
are worthy of note. The early aplite and pegn1atite
seams injected into metmnorphic rocks consist chiefly
of quartz and oligoclase or quartz and mierocline. Some
of the pegmatites associated "\vith the Boulder Creek and
Pikes Peak granites contain a variety of 1ninerals ; oligoclase, orthoclase, mierocline, quartz, biotite, Inuscovite, and magnetite are abundant, and locally tourmaline, garnet, allanite, epidote, corundum, sillimanite,
apatite, hornblende, and rare-earth minerals occur.
Oligoclase is more com1non than orthoclase in the pegmatites related to the Boulder Creek granite, but the
reverse is true of the later pegmatites which are approximately contemporaneous with the Pikes Peak
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granite itself. The pegmatites associated with the Silver Plume granite are generally simpler in mineral composition than those associated with the Pikes Peak
granite or the Boulder Creek granite, but in the Jamestown district some late pegmatites contain unusual
rare-earth n1inerals. Orthoclase and microcline are
more abundant than quartz in the pegmatites associated
with the Silver Plmne granite, and both biotite and
magnetite are present in more than ordinary quantity.
The aplite directly related to the Silver Plu1ne granite is n1ore abundant than the pegn1atite and commonly
contains so little ferromagnesian mineral that it n1ay
be classed as alaskite. The individual aplite and pegmatite bodies rarely have a surface area of more than
a square 1nile, and most of them have much less; however, some of the late facies of the Silver Plume, such
as the Mount Olympus granite, approach the aplites
in composition and texture and form moderately extensive 1nasses of granite. Near the upper contact of
a southward-pitching stock of Silver Plume granite in
the Jamestown district irregular pegmatites bordering
schist inclusions contain cerite, allanite, and very
s1nall amounts of pitchblende. 22 Some of the radioactive cerite was analyzed by J. G. Fairchild, and the
ratio of lead to uranimn and thorium indicated that its
age is approximately 940,000,000 years.
PALEOZOIC, MESOZOIC, AND CENOZOIC
SEDIMENTARY ROCKS
A girdle of outward-dipping Paleozoic and Mesozoic
sedimentary rocks nearly surrounds the Front Range,
but west of Canon City outcrops of the pre-Cambrian
rocks that form the core of the range continue south
to the Wet Mountains. The continental deposits of
late Cretaceous and Paleocene age, fonnerly classed as
basal Eocene, were infolded with the underlying earlier
Mesozoic fonnations but unlike them are limited to
local basins. Oligocene, Miocene, Pliocene, and Pleistocene fonnations also occur in these basins and in
places overlap the steeply tilted beds of earlier age
and rest upon pre-Cambrian rocks.
Although the region occupied by the Front Range
has been completely submerged at least once since preCalnbrian tin1e, it has been a strong positive elmnent
throughout the Paleozoic and much of the Mesozoic era.
The presence of a pre-Tertiary "high" in the Front
Range region is shown by the marked overlap that
occurs at its borders and by the accented unconformities between fol'lnations whose unconformable relations
are inconspicuous away frmn the border of the range.
The thickness of the Paleozoic systems varies greatly
but is commonly least close to the mountains. In some
localities the thickness ranges frmn that of a 1nere film
22 Goddard, E. N .. and Glass, ·J. J., Deposits of radioactive cerite near
.Jamestown, Colo.: Am :Mineralogist, vol. 21, p. 199, 1936.
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at the edge of the crystalline rock to more than 10,000
feet a few miles a way. In smne localities the Mesozoic
systems also thin as they are followed toward the mountains, but the change is much less impressive (pis.
5 and 6).
On the eastern border of the Front Range, Pennsylvanian beds rest on the pre-Cambrian cmnplex from
Wyon1ing south to Perry Park, 30 miles south of Denver, where Devonian (?) and Cambrian beds appear
below it. From Perry Park south to Canon City the
stratigraphic interval between the Pennsylvanian and
the pre-Cambrian differs greatly frmn place to place;
Cambrian, Ordovician, Devonian ( ?) , and Mississippian
formations are present but show great variation in
thickness.
The oldest formations that cover the pre-Cambrian
basement on the western slope of the Front Range, where
it borders North Park and ]\fiddle Park, are red beds of
Carboniferous or Triassic age. Locally the reel beds
disappear, and Jurassic, Cretaceous, or Paleocene beds
rest directly on the pre-Cambrian. To the southwest
along the southern edge of Middle Park and in the valley
of the Blue River from Kremmling to Dillon, the Jurassic Morrison formation either rests directly on the preCambrian basement or is separated from it by thin, nonpersistent, Pennsylvanian and Permian grits. Farther
south, especially in the region between Breckenridge
and South Park, the Pennsylvanian and Permian formations thicken rapidly. Near Hoosier Pass, just
northwest of South Park, pre-Pennsylvanian Paleozoic
formations appear. Although Cambrian, Ordovician,
Devonian, and Mississippian beds persist along the western border of South Park and continue southward on
the eastern side of the Arkansas Valley to the latitude
of Canon City, they are lacking on the north and east
sides of South Park (pl. 5) . The irregular but consistent overlap of younger Paleozoic formations toward
the high country of the present Front Range indicates
that this general area. was a persistent positive region
during the entire Paleozoic era.
A part of the reel-bed section along the eastern and
northwestern flanks of the Front Range may be of Triassic age, but beds of this system are definitely absent on
the western slope from Middle Park south to the
Arkansas River. In contrast to the Triassic, the Jurassic rocks are nearly everywhere present, and the characteristic variegated shale of this system, occurring
immediately below the basal sandstone of the Upper
Cretaceous series, constitutes the 1nost definite and useful marker in the stratigraphic section. Along the eastern border of the Front Range the Upper Cretaceous
section reaches a thickness of 10,000 feet, and the western
limit of this outcrop is nowhere more than a few miles
distant from the pre-Cambrian. On the western slope
the Cretaceous occurs close to pre-Cambrian exposures

only in the deep structural basins of North Park, Middle
Park, the valley of the Blue, and South Park and is
much thinner than on the eastern slope.
Continental deposits of Upper Cretaceous and Paleocene age, formerly classed as basal Eocene, crop out
extensively in the Denver basin and the Canon City
embay1nent on the eastern side of the Front Range and
in North Park, Middle Park, and South Park on the
western side. Oligocene and J\iiocene deposits overlap
upturned Paleozoic and Mesozoic for1nations in 1nany
places. On the western side of the range they are present in North Park, Middle Park, and South Park, and
on the eastern flank they occur near the Wyoming line
and in the Pikes Peak and Castle Rock quadrangles.
Pliocene beds are probably present in many localities
near the Front Range where Miocene beds are known,
but fossils of Pliocene age have been definitely identified only in the Arkansas Valley, in South Park, and
in the Tertiary basin~ adjoining the range just north
of the \Vymning line.
Pleistocene till is common in the mountain valleys
that head above an altitude of 10,000 feet and occurs
down to an altitude of about 8,000 feet. Below this
altitude glacial outwash is conspicuous along the major
streams. Moderately extensive Pleistocene pediments
border the mountains at many places and are especially
well-developed near Colorado Springs.
PALEOZOIC
CAMBRIAN

Distribution.-The Sawatch quartzite is the only
Cambrian formation present near the Front Range and
is limited to the bordering region south of the latitude
of Breekenridge. As shown on plate 5, its thickness
differs greatly from place to place; locally the quartzite
is absent. It is well exposed in Montgomery Gulch
just southwest of Hoosier Pass near the 1nain FairplayBreckenridge highway and in many valleys cutting the
~1osquito Range to the south. An excellent section may
be seen a few miles below Salida along the Arkansas
River. It is absent throughout most of South Park
and the southwestern part of the Front Range; but its
absence, however, does not imply nondeposition but
rather its re1noval during Paleozoic time fron1 the
borderland of the Old Front Range positive area.
On the eastern side of the range the Sa watch quartzite has been measured in Perry Park southwest of
Castle Rock and in the Ute Pass graben north of and
near Colorado Springs. 23 In the Canon City embayment to the southwest Cambrian beds ·are probably
Jacking.
23 Brainard, A. E., Baldwin, H. L., .Jr., and Keyte, I. A., Pre-Pennsylvanian stratigraphy of Front Range in Colorado: Am. Assoc. Petroleum
Geologists Bull., vol. 17, pp. 375-397, 1933.
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Thickness and stratigraphic relations.-In the sections n1easured by Brainard, Baldwin, and Keyte on
the eastern side of the range the maximu1n thickness
was found in Perry Park, where the quartzite is slightly
more than 100 feet thick. It thins to the south, and
is only 45 feet thick near Colorado Springs. Across
the range near Hoosier Pass the Cambrian is commonly
120 to 200 feet thick. 24 The quartzite everywhere lies
with 1narked unconformity on the smoothly truncated
pre-Cambrian igneous and metamorphic rocks. At
Perry Park Devonian beds rest on the Cambrian, but
elsewhere basal Ordovician beds overlie it disconformably.
An Upper Cambrian fauna equivalent to that of the
Pilgrim shale of Montana and the Dresbach shale of
Minnesota according to Bell 25 has been found recently
near the base of the quartzite in the Minturn quadrangle about 30 miles west of the Front Range. 26 Upper Ca1nbrian fossils have been known in the Peerless
shale member at the top of the formation since the
earliest geologic surveys of Colorado.
Lithology.-On the western slopes, where the section
is n1ore complete than on the eastern side, the Cambrian includes a thick lower quartzite and an upper
shaly member-the Peerless member. The quartzite
has a few thin white to gray li1ny sandstones alternating with white to pinkish or brownish quartzite which
grade downward into gritty white quartzite and pebbly conglOinerate near the base. The Peerless member
includes thin beds of li1ny quartzite, limestone, and
dolomite, in gray to pinkish shale. A few thin-bedded
intraformational limestone conglomerates of pinkish
color-the so-called red cast beds-occur near the top.
On the eastern side of the range only the quartzite member is present.
ORDOVICIAN

Distrib'l(,tion.-Like the Cambrian, the Ordovician
rocks are confined to the southern half of the Front
Range. On the east and southeast sides, Ordovician
rocks occur from Perry Park southward to Canon City;
on the western side they are found in only a very few
places among the sedimentary rocks cropping out close
to the pre-Cambrian core. They appear a short distance farther west, however, in a belt of outcrops that
extends southward from Hoosier Pass along the west
side of South Park and the eastern side of the Arkansas Valley; but beds of this age are not present in the
zone of marked overlap on the eastern side of South
Park.
2
t Singewald, Q. D., and Butler, B. S., Preliminary geologic map of the
Alma mining district : Colorado Sci. Soc. Proc., vol. 12, pp. 296-298,
1930.
25
Identification and stratigraphic significance determined by Dr.
Charles Bell.
2a Lovering, T. S., and Tweto, 0. L., Preliminary report on the geolr;gy
and ore deposits of the Minturn quadrangle, 1944. On file in the offices
of the U. S. Geological Survey at "\Vashington and Denver.
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The Ordovician system is n1ade up of three formations-the Manitou limestone, the Harding sandstone,
and the Freemont lin1estone. Because of the unconformity at the top of the Ordovician and the 1narked
disconforn1ities at the bases of the middle and upper
fonnations, all three show great variation in thickness
from place to place, and all three are present in only
a few localities on the southeast side of the Front Range
and along the west side of South Park from Alma south
to Salida. On the eastern slope of the range the relations and lithologic features of each fonnation are
well shown north and northeast of Canon City along
Oil Creek and Phantom Canyon, where the section is
easily accessible. On the west side of the range a
section is well exposed along the Hartsel-Buena Vista
road near Trout Creek Pass. The Manitou limestone
here is unusually thick.
Manitou, lim.estone.-The type locality of the restricted Manitou limestone is at the na.rrows of Williams Canyon near Manitou Springs, where it is unconfonnably overlain by the Devonian ( ?) Williams
Canyon limestone and rests with gradational contact
on the Sawatch quartzite. 27 It is 218 feet thick at
this place and consists of well-bedded reddish-gray
dolomitic limestone, light-gray to buff a.t the top and
brown and cherty at the base. The weathered surface
has a distinctive sandy appearance; weathering accentuates the thin bedding and nodular character of the
lower part and the massive bedding of the upper part.
On the western side of the range the lithologic character
is similar, but locally the formation contains thin beds
of shale and sandy shale, and the dolomite is very
siliceous in many pla.ces. The formation attains its
maxinu1m thickness of 314 feet at Trout Creek Pass.
The Manitou fauna suggests Beekmantown age, and
it has therefore been assigned to the Lower Ordovician. 28
Harding sandstone.-The Harding sandstone is well
exposed in the Harding quarries, the type locality, near
Canon City, where it is 86 feet thick. It consists
chiefly of interbedded gray to reddish sandstone and
green to brownish shale containing abundant fish plates.
Smne of the shales are calcareous and grade into thin
li1nestone. It reaches its 1naximum thickness of 150
feet at Priest Canyon northwest of Canon City. The
base of the Harding is a coarse-grained sandstone,
which lies with pronounced disconfonnity on the older
formation. On the west side of the range the Harding
sandstone is present from Salida northward to the
southern part of the Alma district, but it is absent near
Hoosier Pass. The lithologic character of the formation differs fron1 that shown on the eastern side of the
range in that very little shale is present.
21
28

Brainard, A. E., Baldwin, H. L., Jr., and Keyte, I. A., op. cit., p. 382.
Idem.
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According to Kirk, 29 the fauna of the Harding sandstone indicates Middle Ordovician age, and he tentatively correlates it with the Black River of the eastern
United States. Brainard, Baldwin, and Keyte correlate the Harding with the Sin1pson sandstone of Oklahoma.30
Frenwnt limestone.-The Frmnont limestone is
named fron1 Fremont County, but like the Harding
sandstone its type section is at the Harding quarry at
Canon City. Here it is separated frmn the Harding
sandstone by an ineonspicuous erosional unconformity.
The break at the top of the Fremont limestone is of
much greater importance, as Silurian beds are 1nissing
throughout Colorado and in the Front Range region
both Devonian and Mississippian beds also are absent
loeally. Exposure to long-continued erosion before the
younger beds were deposited upon it is reflected by
abrupt variations in thiekness and by the small area in
which the Fremont limestone itself is present.
On the eastern side of the Front Range it is found
only in the Canon City embayment, west of Phantom
Canyon. It is absent in the Alma district, but appears
a short distance to the south and thickens as it is followed frmn Trout Creek Pass to the Arkansas River
near Salida, although missing a short distance to the
east. At the type locality the formation is about 190
feet thick and attains a n1aximum thickness of 270 feet
a few miles north in Priest Canyon.
The Fremont limestone is a gray to blue-gray medium-bedded, rough-weathering dolomitic limestone containing a few thin beds of brownish sandstone; it generally stands out as a cliff above the less abrupt slope of
the softer Harding sandstone.
The basal part eontains a fauna that suggests Trenton
age, but the remainder has yielded fossils that may be as
young as Richmond aecording to Brainard, Baldwin,
and l{eyte. 31 It is probably equivalent in large part
to the Big Horn dolomite of vVyoming.
DEVONIAN

Rocks of the Devonian syste1n are limited to the southern half of the Front Range and are known with certainty only on the western slope, where the work of Kirk
and others has established the Devonian age of the
Chaffee formation. The Williams Canyon lin1estone on
the eastern slope is similar lithologically, and Brainard,
Bald win, and Keyte regard it as the equivalent of the
lower part of the Chaffee of the western slope. Although the Mississipian Leadville limestone is nearly
everywhere underlain by the Chaffee formation from
Hoosier Pass southward to Salida, the Devonian ( ?)
Williams Canyon li1nestone is less persistent and is miss29
Kirk, Edwin, The Hardmg sandstone of Colorado: Am. Jour. Sci.,
5th ser., vol. 20, pp. 456-465, 1930.
30
Brainard, A. E., Baldwin, H. L., Jr., and Keyte, I. A., op. cit., p. 385.
31 Idem, p. 387.
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ing between the Canon City embayment and the Colorado Springs area. Good sections of the Parting
quartzite n1ember of the Chaffee formation, as well as
the overlying Dyer dolomite member, are exposed at
Trout Creek Pass.
On the eastern slope the vVilliams Canyon limestone
is well exposed at Williams Canyon near the Cave of
the Winds at Manitou, and this has been seleeted as the
type locality for the formation by Brainard, Baldwin,
and Keyte.
Lithology and thickness.-The Chaffee formation is
made up of the Parting quartzite and Dyer dolomite
me1nbers. Like the other pre-Pennsylvanian formations, it thins and disappears within short distances both
to the north and to the east of Hoosier Pass and does not
crop out on the eastern side of South Park. The Dyer
dolomite member nearly everywhere rests on the Parting
quartzite member but locally lies on Ordovician rocks.
Near Hoosier Pass the Parting quartzite member rests
on the Lower Ordovician Manitou limestone, but, as it
is follo·wed south, first the Harding sandstone and then
the Fremont limestone appears beneath it.
The Parting quartzite 1nember ranges from a conglomeratic quartzite and sandy limestone to an impure
shale containing interbedded quartzite layers. Near
Hoosier Pass it is a cross-bedded conglomeratic quartzite or sandy limestone with a few shale partings, but to
the southwest it contains 1nore and more shale, and at
Trout Creek Pass its shale is as abundant as its quartzite.
The shale in the lower part is distinctly reddish, but the
eolor of the member as a whole is gray or drab, though
it commonly shows a pinkish or brownish hue where
weathered. There is a marked variation in the thickness of the Parting quartzite member within short distances; on the western side of South Park it averages
approximately 50 feet and ranges from 10 to 70 feet.
A section of fine-grained bluish-gray dolomite 40 to
100 feet thick and containing a few shale partings is
found confonnab]y overlying the Parting quartzite
member. This dolomite was formerly classed as the
lower part of the "Blue," or Leadville limestone, but
the term Leadville is now restricted to the upper or
Mississippian part of the "Blue limestone." The lower
dolomite contains Devonian fossils in some ]ocalities
and has been named the Dyer dolomite member of the
Chaffee formation. 32 The Dyer dolomite member comlnonly weathers to buckskin brown and contrasts
strongly vvith the bluish-gray surface of the weathered
Leadville lin1estone. In the Leadville district on the
west side of the Mosquito Range the Dyer reaches a
maximum thickness of about 100 feet. As it is followed
eastward across that range it thins; in the Alma district
near Hoosier Pass it averages approximately 75 feet
and locally is much thinner.
32 Behre, C. H., Jr., The Weston Pass mining district: Colorado Sci.
Soc., Proc., vol. 13, no. 3, pp. 59-60, 1932.
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On the eastern side of the Front Range the Williams
Canyon limestone, the supposed equivalent of the Chaffee formation, crops out persistently beneath l\fississippian limestone in the vicinity of Canon City and
Colorado Springs. It consists of thin-bedded limestone with shale partings and a few thin sandstone
layers. The color ranges from light brown to gray, and
the formation has a maxi1nmn thickness of about 65 _feet,
averaging approximately 25 feet in most places. It is
overlain unconformably by the Mississippian Madison
limestone and is underlain by the Ordovician Fremont
and Manitou limestones.
MISSISSIPPIAN

Like the earlier Paleozoic formations, the Mississippian is found bordering only the southern part of the
Front Range. On the western side from Hoosier Pass
south to Salida the Mississippian Leadville limestone is
persistent on the western side of South Park. It is
lacking to the north and east ( pls. 5 and 6) . On the
eastern side the Mississippian l\fadison limestone crops
out in the Ute Pass fault-fold west and north of Colorado Springs but is absent at Perry Park. It is lacking also in the northern part of the Canon City bas~n
but is present in the ""\Vet Mountains to the south. Good
exposures of the Leadville li1nestone may be seen near
the Hock Hocking mine about 2 miles west-southwest
of Alma, and an excellent section of the Madison limestone is found near Manitou at the type locality of the
""\Vil1iams Canyon limestone.
Tldckness and stratigraphic relations.-The Leadville limestone ranges from less than 50 feet in thickness near Hoosier Pass to approximately 300 feet at
'Veston Pass in the l\fosquito Range. Farther south
it reaches an even g-reater thickness. The erosion that
preceded the deposition of the Pennsylvanian rocks
cut deeply into the Leadville limestone in 1nany places,
and rapid changes in thickness from place to place are
cmnmon. The absence of Mississippian beds on the
eastern side of the FTont Range, except in the small
area near Colorado Springs, may be due chiefly to prePennsylvanian erosion rather than to nondeposition.
The l\rfadison limestone reaches a 1naximum thickness
of about 100 feet in 1Villiams Canyon near Manitou.
LUlw7oqy.-At many places on the "\Yestern side of
the range the Leadville lin1estone has a thin bed of
quartzite and breccia at its base, known as the Gilman
quartzite member, 33 but this basal member is not everywhere present. The main part of the Leadville is dense
bluish-gray massive dolomite that weathers to dark
blue-gray blocky fragments. Some cherty layers that
. weather rusty brown and stand out in relief are present,
and in places the upper part of the dolomite is distinctly sandy.
aa Lo'Cering, T. S., and Tweto, 0. L., op. cit.
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The .M.ississippian limestone of the southeastern
Front Range is a gray or white slightly cherty liinestone, whose upper part shows the effect of pre-Pennsylvanian weathering and solution. Brainard, Baldwin,.
and l{eyte correlate it with the Madison limestone,
which it resen1bles lithologically; the meager lower
Mississippian fauna found at Manitou also suggests the
equivalence of the two formations. The Leadville
fauna is also lower Mississippian; it was regarded by
Girty as approximately of upper IGnderhook and lower
Burlington age. 34
PENNSYLVANIAN AND PERMIAN OF THE EAST
SLOPE

Distribution.-The lower Pennsylvanian Fountain
formation crops out almost continuously on the eastern
side of the range fro1n the Wyoming line southward
to Canon City, but on the western side Pennsylvanian
exposures are n1uch less continuous. Along the eastern
side of North Park and Middle Park unfossiliferons red
micaceous grit, which may be Permian, Pennsylvanian,
or Triassic, lies between the Jurassic and the preCambrian formations at most places, though it is absent
locally. Along the south border of Middle Park and
in the valley of the Blue north of Dillon the reel grit
is present in only a few localities. From Dillon southward to Salida, however, beds of definite Pennsylvanian
age are present. The Pennsylvanian beds thicken
greatly westward from the longitude of Hoosier Pass
and feather out a short distance to the east. Thus the
Pennsylvanian like the older Paleozoic systems is lacking along the northern aJld eastern side of South Park
and also at 1nany places along the southern edge.
Thickness and stratigraphic relations.-As already
indicated, the Pennsylvanian is separated from the older
and younger forn1a.tions by conspicuous erosional unconformities. The thickness of the exposed Pennsylvanian of the eastern slope changes from a minimum of
about 700 feet near Golden to a maximmn of 4,500 feet
nea.r Colorado Springs. Seismic prospecting a short
distance east of Denver indicates some 10,000 feet of
pre-Cretaceous beds, n1ost of which probably belong
to the Pennsy1van ian systen1 (pl. 5) . On the western
slope the Pennsylvanian and Permian near Breckenridge increases frmn a feather edge to a thickness of
more than 10,000 feet a few miles to the west. In
North Park the Pennsylvanian ( ?) has a maximum
thickness of about 2,000 feet.
Fo'untain formation.- The lower part of the Pennsylvanian system along the eastern side of the Front Range
is called the Fountain fonnation. This formation takes
its name from Fountain Creek, along which it is well
exposed near Manitou. The formation is quite ir34 Girty, G. H., The Carboniferous formations and faunas of Colorado: U. S. Geol. Survey Prof. Paper 16, pp. 217-229, 1903.
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regular in thickness, owing to original differences in
deposition. It reaehes a maximum. of about 4,500 feet
near Colorado Springs but thins to less than 2,000 feet
a. few 1niles to the south and conunonly ranges from
about 1,500 to 2,500 feet of soft unjointed grits. North
of Perry Park it rests directly on the pre-Ca1nbrian
roeks, but the contaet is usually hidden in a swale between a hogback and the eli p slope preserved on the
underlying crystalline rocks to the west. (See fig.
11, B.)
The Fountain formation consists of coarse red gritty
conglomerate and arkosic sandstone containing a 1ninor
amount of lenticular reddish and greenish shale. Cross
bedding is prominent in many of the arkosic facies.
At the base of the fonnation near Colorado Springs a
unit about 90 feet thick, known as the Glen Eyrie shale
member, is present. It eontains thin beds of black
plant-bearing coaly shale of lower Pottsville age. Both
the shales and the coarser-grained rocks of the Fountain formation are distinctly 1nicaceous, in strong contrast to the older Paleozoic rocks. The grits and conglomerates are made up predominantly of fragments
of granite, quartz, feldspar, and 1nica from the preCambrian rocks. Although red is the dominant color
of the formation, white to gray layers of arkose are
found locally; they probably reflect Pennsylvanian
leaching of the ferric oxide that colors most of the formation. These beds are especially prominent in the
upper part of the formation throughout the foothills
belt, where the light-gray and light-red arkoses are
well exposed in irregular, rocky hogbacks. (See fig.
6.) With the exception of the Glen Eyrie shale member, which is lacking to the north, the character of the
Fountain formation remains remarkably constant
throughout the eastern border of the Front Range.
l11gleside forJnaaon.-This younger Pennsylvanian
formation is found above the Fountain fonnation in
the northern part of Colorado. Aecording to Lee,35
the Ingleside, which he correlates with the Casper formation of Wyoming, is dominantly soft reddish sandstone and shale near Loveland but changes into a limestone as it is followed to the north. The formation increase'3 in thickness from a mere film near Boulder to
approximately 250 feet near the Wyoming-Colorado
line. At the type locality, a short distance northeast
of Fort Collins, the fonnation consists of three beds
of li1nestone separated by layers of intensely crossbedded red sandstone. The limestone is nearly pure
and is extensively quarried for use in the beet-sugar
factories nearby. The Ingleside formation rests with
a slight unconformity on the underlying Fountain formation and is confonnably overlain by the red Inicaceous Permian Satanka shale north of Ingleside, but
35
Lee, W. T., The correlation of geologic formations between east central Colorado, central Wyoming, and southern Montana: U. S. Geol.
Hurvey Prof. Paper 149, pp. 6~8, 1927.

to the south it is overlain unconfonnably by the Permian Lyons sandstone. The Satanka shale is approximately 181 feet thick just south of the Wyoming line
at Soldier Canyon.
Lyons 8andstone.-The light orange-red arkosic
Lyons sandstone lies directly on the Fountain formation south of Loveland but rests on younger and younger
beds as it is followed to the north. It ranges in thickness from 50 feet near the Wymning line to approximately 200 feet at Morrison and Colorado Springs. In
most places it is 1nuch more 1nassive than the underlying
Fountain formation and stands up in cliffs that are
seamed with conspicuous joints, in marked contrast to
the relatively unjointed grits beneath. At Lyons, the
type locality, 10 miles north of Boulder, the fonnation
is a fine-grained, cross-bedded quartzose sandstone,
with a siliceous cement and a 1narked pinkish color, but
to the south it becomes arkosic. This arkosic material
shows ('Vidence of a much greater degree of weathering
and decomposition in the neighboring land surface at
the ti1ne of deposition than does the material making
up the Fountain formation. In places, as at Morrison,
the Lyons sandstone is completely decolorized and easily
mistaken for the white grits of parts of the Fountain.
In spite of this deceptive appearance it can be traced
southward to Colorado Springs and for nearly 30 miles
farther. However, it thins and disappears to the west
and has not been found in the Canon City embayment.
No determinative fossils have been found in the Lyons
sandstone, although some fossil footprints of mnphibians occur at the type locality.
PERMIAN ( ? ) AND TRIASSIC ( ? )

Lykins formation.-The Lykins formation conformably overlies the Lyons sandstone throughout the east(.;rn border of the Front Range; it consists of poorly
consolidated red sandy shales and siltstone with a few
thin beds of limestone and gypsum. The thickness of
the Lykins formation varies greatly from place to place,
ranging frmn a 1ninimmn of about 200 feet in the
Castle Rock quadrangle to a maximum of approximately 1,000 feet near Colorado Springs. Throughout
Inost of its extent it is approximately 600 feet thick.
Because of its softness and its position between hard
resistant formations, the Lykins is marked by an ahnost
continuous north -south valley between the hogbacks
of the Dakota sandstone and the Lyons sandstone (fig.
6). Fossils regarded by Girty as having a Permian
aspect have been found in the lower part of the formation, but the age of the upper part is uncertain. In
northern Colorado the Lykins is unconformably overlain by the ~Turassic Sundance formation, but to the
south the Sundance wedges out, and the Jurassic Morrison formation overlies the Lykins throughout most
of the eastern foothills of the Colorado Front Range.
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l'JG UltE 11.- A, Silver P lume granite in a dike cutting the Boulder Creek granite in Gordon Gulch. 3 miles northeast of )!ederland. The parallel arrangement of t he feldsp~r crysta ls characteristic of this formation is
well shown. R, Basal Fountain form ation in Red Rock Park north of :vrorrison. The weathering of the soft shale layers interbedded with the arkosic grit of the formation and its freedom from joints is illustrated
in this ~xpos11re. 'l'be slope to the left is pre-Cambrian rock from which the Pennsylvanian bas been stripped b.v erosion. C', Klippe of pre-Cambrian granite resting on Cretaceous shale, 5 miles north of Kremmling.

'l'be crystalline rocks are marked by wooded slopes and stand in contrast to the sage-covered shale bene~tb. This is a p3rt of the Williams Range underthrust. D, View of Boulder Mountain, Jook;ng northwest,
showing the usual topographic expression of the- steep northwesterly echelon faults in the foothills region. Cf, Fountain formation; p£, pre-Cambrian granite.
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PENNSYLVANIAN AND PERMIAN OF THE WEST

consists predominantly o:f gray grit and dark-colored
shales and limestones. The Maroon formation overlies
the \Veber ( ?) formation and has been separated from
On the western side of the Front Rano·e few fossils
it chiefly through color distinctions. The lower part
have b~en found in the red beds borderin~ North Park
of the Maroon is generally dark-red, but in the upper
and M1ddle Park; the beds have therefore been classed
beds this color gives place to a brilliant brick-red.
as Pen~1sylvanian and Permian and as Triassic by differLimestones
are much more common in the lower than
ent wnters. Beekly 36 correlated the red beds of North
in the upper part, and throughout the formation the
P~rk with the Triassic Chugwater formation of Wyogrit and sandstone are strongly crossbedded and may
mmg. The Chugwater has also been correlated with
grade into limestone, dolomite, shale, or cono·lomerate
the Lykin s formation on the eastern side of the range.
within a short distan'ce along either the strike or dip.
The presence of a thin remnant of limestone beneath the
The upper brick-red portion was formerly known as
red ?eds in North Park suggests the relationship of the
the ""Wyoming series," but the term Maroon formation
Lylnns to the Ingleside formation on the eastern front.
has been adopted :for the Permian and Pennsylvanian
In North Park, however, the limestone rests directly
(?) beds lying above the Weber ( ~) formation. The
upon the pre-Cambrian, and as no fossils have been
limestones carry an unmistakably Des Moines fauna in
found in it its age remains in doubt. From this somethe lower 4,500 feet of the Maroon formation 15 miles
what inadequate evidence, it is suggested that the equivwest o:f Dillon/0 but diagnostic fossils have not been
alent of the lower Pennsylvanian Fountain formation
reported from higher beds.
is lacking in North and Middle Parks but that parts at
In South Park Gould recognized five divisions of the
least of the younger Pennsylvanian beds are present.
Pennsylvanian and Permian. According to him the
In ~orth Park the red sandstones and shales have an
Pennsylvanian ·w eber ( ~) formation is approximately
aggregate thickness of approximately 1,000 :feet and arc
1,725 feet thick. The ]ower 950 feet of section consists
overlain by the Jurassic Morrison formation. To the
of dark-gray to black shale with interbedded limesouth along the border o:f Middle Park, red arkosic grits
stone; this is followed by a sandstone 250 feet thick,
.conbining ~ome micaceous shale underlie the Morrison
above which the section is dominantly dark-gray to
formation and are strikingly similar to the known
black shale but contains a few thin .beds of sandstone
Pennsylvanian rocks of the Mosqt,ito and Gore Ranges
and limestone. Locally, thin algal limestones are comto the west. Reddish and purplish-brown micaceous
mon near the top of the formation. It seems conformgrit o:f doubtful age crops out locally along the southern
ably overlain by the Coffman conglomerate member of
border o:f Middle Park and also occtirs in the valley of
the Maroon formation, which ranges from 20 to 1,000
the Blue, but so far as known it is everywhere less than
feet in thickness. This member is an arkosic conglom500 feet thick north of Dillon. To the south of Dillon
erate with some shale and sandstone. The shale is gray,
the Pennsylvanian and Permian beds thicken rapidly,
buff, or black in color, and the conglomerate is lightand near Hoosier Pass 37 :mel along the western border of
colored.
Overlying the Coffman is the Chubb siltstone
South Park 38 they are approximately 10,000 feet thick.
member. It consists o:f gray to reddish-brown siltstone
They thin east-Yard in a remarkably short distance, howwhich is argillaceous and calcareous near the base bu~
ever, and at Georgia Pass, about 10 miles northeast of
chiefly sandstone in the upper part. It is about 1,827
Hoosier Pass, Pennsylvanian and Permian rocks are
:feet thick. This member does not show the rapid lateral
missing, Cretaceous quartzite resting directly upon the .
cha11ges that the uuderlying Coffman conglomerate
pre-Cambrian Swandyke hornblende gneiss.
member exhibits and persists with little change in thickMany efforts have been made to separate the Pennsylness throughout the western border of the park.
vanian and Permian o:f the western slope into distinct
The Pony Spring siltstone member overlies the Chubb
formations, but, as noted by Lovering 39 in his discusand is nearly 6,000 :feet thick. It consists of gray to
sion of the Pennsylvanian and Permian of the Brecklight-red siltstone, with interbedded gray-green sand-enridge district, most of these attempts have been with- stone and gray-green shale. Five of the individual
·out conspicuous success, and much confusion has re- sandstone strata that occur in the Pony Spring siltstone
sulted. Where the deposits are well developed the member are remarkably uniform in thickness and litho1ower part has been called the \Veber ( ~) formation; it logic character and can be :followed for considerable
distances along the strike. Some o:f the upper sand30 Beekly, A. L. , Geology and coal reso urces of North Park, Colo. :
stones are calcareous, but limestone is not noted in this
U. S. Geol. Survey Bull. 596 , pp. 23- 26, 1915.
37 Ransome, F. L., Geology and ore deposits of the Breckenrid~e minmember. Above the Pony Spring siltstone member
ing district, Colo. : U. S. Geol. Survey Prof. Paper 75, p. 30, 19i1.
38 Gould , D . B., Stratigraphy and structure of Pennsylvanian and
undifferentiated strata of the Maroon formation are
Permian rocks in Salt Creek area, Mosquito Range, Colo. : Am. Assoc.
known
to occur, but they were not given a separate
Petroleum Geologists BulL, voL 19, pp. 971-1009, 1935 .
SLOPE

• 39 ~overing, T. S. , Geology and ore deposits of the Breckenridge mining
d1stnct of Colorado: U. S. Geol. Survey Prof. Paper 176, pp. 4- 6, 1934.
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name. '·Strata occur in the northern part of the area
east of the Trout Creek fault ,which are considered to
be younger than the Pony Spring siltstone m:mber.
These are 1nappecl as part of the ~Iaroon formatiOn on
the basis of lithologic similarity to the Maroon in the
type locality." 41 The undifferentiated Maroon strata,
whose total thickness is estimated at approxin1ately
5,000 feet, are dark purpli8h-rec1 and 1naroon shales and
siltstones with interbedded crean1 to gray arkosic sandstones and conglomerates.
The l\faroon formation has been ascrib2d to the
Permian chiefly because of the occurrence of Walchia
piniformis and lV. gracilis in the Pony Spring siltstone
men1ber of South Park and of Walchia and related fossil plants in the valley of the Eagle River. David
White regarded these plants as diagnostic of the Permian but the recent \York of Elias 42 on a flora of un'
questioned Permian aspect but containing undoubted
Pennsylvanian plants and lying between formations o£
known Pennsylvanian (Des l\Ioines) age throws doubt
on the diagnostic value of the plants used by White in
assigning a Pennian age to the Maroon formation.
Further doubt is engendered by Donner's discovery 43
of a lV al chi a flora about 30 n1iles west o£ l{remmling
similar to that o£ Gould's, as this flora occurred between
unfaultecl beds of lower Pennsylvanian fossiliferous
marine limestone, about 1,125 feet above the base of the
Pennsylvanian grit.
In a general way it seems probable that the lower part
of the Fountain formation as represented by the Glen
Eyrie shale member is approximately equivalent to the
Weber ( ?) £orn1ation of the western slope and that the
Fountain itself is cmnparable to the Coffman conglomerate me1nber of Gould and part of his Chubb siltstone
member· also that the Lyons and Lykins are in general
'
'
.
equivalent to Gould's Pony Spring siltstone member of South Park. Pennsylvanian and Permian beds
similar in character to those of South Park are found
in the region farther south and are especially well
shown in the valley of the Arkansas River near ellsville.

"'r

MESOZOIC
TRIASSIC

Rocks o£ Triassic age do not occur on the western
slope of the Front Range and are not certainly recognized on the eastern slope, although, as noted above,
some of the upper beds of the Lykins formation may
be Triassic.

JURASSIC

Entrada sandstone.-According to Lee, 44 the lightcolored cross-bedded sandstone of the Jurassic Sundance formation is present from Boulder northward to
Wyoming, and thin remnants of it occ~r to the south
of Boulder, but Reeside 45 does not beheve these beds
to be the true 1narine Sundance. Reeside correlates
this sandstone with the Entrada sandstone of the western slope, which is believed to be equivalent to only the
basal part of the Sundance. 46 On the \vestern slope
the Entrada sandstone has been identified in South
Park by field parties of Northwestern University working under the direction of C. II. Behre, J r. 47 •
•
It is probably also present in the Breckenndge district, where an orange-yellow sandstone below the Morrison £orn1ation and lithologically similar to the Entrada sandstone was included in the Maroon formation
by Lovering. 48 Entrada sandstone is not known so:1th
of South Park or north of Breckenridge; the formatiOn
in this restricted area is part of a tongue that extends
southeastward from State Bridge and tapers rapidly
in South Park. Good exposures of the Entrada sandstone may be seen in Boxelder Canyon nort~1 of Fo.rt
Collins, near Garo in South Park, and on Gibson Hill
near Breckenridge.
The Entrada sandstone is composed of clean quartz
sand remarkable for the intermingling of two very different sizes .of sand grains and the scarcity of grains of
intermediate size. Its color ranges from light gray
through orange yellow to salmon pink. Many small
varicolored chert grains are present in the basal bed
in some localities. The thickness of the formation attains a maximmn of about 125 feet near Boxelder Canyon but is less than 50 feet on the western s~ope. .
111 onison jorn1ation.-The Upper Jurassic Morrison
formation is widespread in the Front Range region
and is almost everywhere present beneath the Cretaceous Dakota group. Along the northern and eastern
edo-e of South Park it is missing, and here the Dakota
qu~rtzite rests directly on the pre-Cambrian basement.
Because of its shaly composition, good exposures of
the Morrison formations are rare, but on the eastern
slope it may be seen to advantage at its type locality
12 1niles west of Denver (fig. 6) and just west of Canon
City. In South Park it is well exposed at Red Hill
between Fairplay and Como, and a good section can be
seen also along the Colorado River just west of Hot
Sulphur Springs.
Lee, W. T., op. cit., p. 16.
.
.
See Wilmarth, M. G., 'l.'entative correlatiOn of the named geologic
units of Colorado: U. S. Geol. Survey chart, June 1, 1931.
.
46 Baker, A. A., Dane, c. H., and Reeside, J. B., Jr., Correlation of
the Jurassic formations of parts of Utah, New Mexico, and Colorado:
u. s. Geol. Survey Prof. Paper 184, pp. 26, 46, 1936.
47 Personal communication.
4S Lovering, T. S., op. cit., p. 6.
44

45

Gould, D. B., op. cit., p. 996.
Moore, R. C., Elias, M. K., and Newell, N. D .. A "Permian" flora
from the Pennsylvanian rocks of Kansas: Jour. Geology, vol. 44, pp.
1-31, 1936.
43 Donner, H. F., Geology of the McCoy area, Eagle and Routt Counties, Colorado : Geol. Soc. America Bull., vol. 60, pp. 1215-1248, 1949.
41

42
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The thickness of the Morrison formation is 200 to 260
feet at most places on the western side of the range, but,
as noted above, it tapers out in the region southeast of
Breckenridge. On the eastern slope it has its minimum
thickness of about 200 feet in the Castle Rock quadrangle and thickens both northward and southward. It
is 277 feet thick at the type locality ,49 but near the Wyoming line it attains its maximum thickness of about 350
feet. At Canon City the beds classed as Morrison by
petroleum geologists 50 include 310 feet of sandstone and
variegated shale above 110 feet of arkosic conglomerate
ascribed to the Jurassic Todilto limestone. As the
Todilto is now included in the Morrison formation as its
basal member, 51 the correlation of the arkose with the
Todilto limestone mmnber, if correct, would indicate a
thickness of 420 feet at this place. The writers believe
that this arkose, which is overlapped by the undoubted
Morrison formation a short distance to the west, is of
Pennsylvanian and Permian age and should be correlated with the upper part of the Maroon formation.
At most places the base of the Morrison formation is
a persistent light-colored slightly conglomeratic sandstone, 10 to 20 feet thick, containing many differently
colored grains and s1nall pebbles of chert. Above this
n1ember the formation consists dominantly of variegated shale but contains several interbedded limestones
and sandstones. The banded shale -pink, green,
purple, gray, and black-which entirely lacks visible
clastic mica, gives the Morrison a distinctive and easily
recognized lithologic character.
From the Wyoming line southward to Lyons the
Morrison formation rests with slight unconformity on
the thinning Entrada sandstone. From Lyons to
Bardeen, 20 ~iles south of Colorado Springs, the Morrison is underlain by the Lykins formation, except where
thin local remnants of the Entrada sandstone are present. ·As the formation is followed westward from
Bardeen it is found to overlap successively the older
formations and to rest unconformably on the red arkose
of the Fountain forn1ation at Canon City. A few miles
farther west it laps over the pre-Pennsylvanian formations and rests directly on the pre-Cambrian basement.
On the western slope of the Front Range the Morrison
formation in n1ost places rests directly upon pre-Cambrian rocks, although a short distance farther west it
lies unconformably upon Mesozoic and Paleozoic formations. It is 1nissing in the Georgia Pass area, however, and has apparently been overlapped by the Cretaceous Dakota quartzite a short distance to the west. 52
49
Waldschmidt. W. A .. and LeRoy, L. W., Reconsideration of the
Morrison formation in the type area, Jefferson County, Colo.: Geol.
Soc. America Bull., vol. 55, p. 1100, 1944.
50
De Ford, R. K., Surface structure, Florence oil field, Fremont
County, Colo. : Structure of typical American oil fields, vol. 2, pp. 78-79.
Am. Assoc. Petroleum Geologist. 1929.
51 Baker, A. A .. Dane, C. H., and Reeside, J. B., Jr., op. cit., p. 9.
s2 Lovering, '.r. S., Geology and ore deposits of the Breckenridge district: U. S. Geol. Survey Prof. Paper 176, p. 8, 1934.

Fossils are relatively rare in the Morrison formation,
although the beds are fan1ous for the vertebrate fossils
that have been found at the type locality and in the
region north of Canon City.
LOWER AND UPPER CRETACEOUS (DAKOTA GROUP)

Pu-rgatoire formation.-Fossiliferous marine beds of
Lower Cretaceous age are known along the southeastern
border of the Front Range from Colorado Springs to
Canon City and have been correlated with the Purgatoire formation of southeastern Colorado. The two
men1bers recognized at Colorado Springs, the Lytle
sandstone and the Glencairn shale, are included in the
Dakota group. The characteristic Comanche fossils
found near Canon City become less and less abundant
to the northeast, and few diagnostic species have been
reported north of Colorado Springs.53 The excellent
exposures along the hogbacks held up by the Purgatoire
and Dakota formations 1nake stratigraphic correlation
to the north relatively certain, even in the absence of
definite Comanche fossils; on the basis of lithology,
therefore, the Purgatoire has been 1napped separately
in the Castle Rock quadrangle. Farther north, the
Lytle sandstone member and the overlying Glencairn shale mmnber have been n1a pped as the lower part
of the Dakota sandstone, but the continuity of outcrop
leaves little doubt that the beds of Purgatoire age extend continuously along the Front Range into Wyoming,
where they make up the Cloverly forn1ation. (See pl.
1, Prof. Paper 149.) 54 The lithologic similarity of the
Dakota group on the \vestern slope of the range leads
to the conclusion that here, too, the basal quartzite and
middle shale are probably of Lower Cretaceous age,
although it is quite possible that the beds are facies
equivalents but not age equivalents. These members
are nearly everywhere present but are absent at the
northeastern edge of South Park, east of Georgia Pass,
where the overlying quartzite rests on pre-Cambrian
gneiss. Both members of the Purgatoire formation
rnay be seen to advantage at the toll gate of the Corley
Mountain Highway 2 miles south of Colorado Springs,
but good exposures can be found at nearly every stream
cut in the pronounced hogback that marks the Dakota
sandstone throughout much of the length of the Front
Range (fig. 6).
The Lytle sandstone member consists of a white
sugary sandstone, conglomeratic at the base, which
grades upward into a buff cross-bedded sandstone.
Above this sandstone the gray and black shale of the
Glencairn shale member appears interbedded with a
53 Richardson. G. B .. U. S. Geol. Survey Geol. Atlas, Castle Roclr folio
(no. 198). p. 6, 1915. Reeside, J. B .. Jr., The fauna of the so-called
Dakota formation of northern central Colorado and its equivalent in
southeastern Wyoming: U. S. Geol. Survey Prof. Paper 131-H, 1923.
54 Lee. \V. T .. Correlation of geologic formations between east-central
Colorado, cpntral Wyoming, and southern Montana : U. S. Geol. Survey
Prof. Paper 149, pl. 1, 1927.
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few thin layers of sandstone. Some of the gray shale
is a fire clay of high quality and is mined at several
places.
The thickness of the Lytle sandstone n1ember commonly ranges fron1 100 to 150 feet and that of the
Glencairn shale member frmn 150 to 200 feet.
Dakota sandstone and quartzite.-The persistent
Dakota group is present on both the eastern and western slopes of the Front Range and everywhere displays
a striking lithologic similarity. As noted above, the
Dakota group includes beds of Lower Cretaceous age,
and only the upper sandstone should be classed as
Dakota sandstone or quartzite of Upper Cretaceous age
in most places. On the western slope the thickness
ranges from approximately 20 feet of conglomeratic
quartzite at Georgia Pass to 240 feet in the valley of
the Snake River a few miles east of Dillon. On the
eastern side of the range the thickness ranges fron1 300
feet at Perry Park to 425 feet at Spring Canyon north
of Loveland. Almost everywhere the lower quartzite,
the intermediate member comprising interbedded shale
and quartzite or sandstone, and the upper quartzite are
easily recognized. Each member shows a considerable
range in thickness from place to place. On the western
slope the lowest member is commonly the thickest of
the three, but on the eastern slope the shale is thicker.
The upper quartzite or sandstone usually ranges from
50 to 100 feet in thickness but is locally somewhat thinner or thicker than these prevailing limits. The sandstone is a light-colored well-washed quartz sand with
a siliceous cement. The crest of the pronounced hogback that usually marks the Dakota outcrop is held
up by the resistant upper sandstone (fig. 6).
UPPER CRETACEOUS

Ben ton slwle.-Like the Dakota group, the overlying
Benton shale is present on both the eastern and western
slopes and, unlike the older formations, is nowhere overLapped by younger marine beds. East of Dillon, in
the Snake River Valley, it lies disconformably on the
Dakota quartzite, and the contact of the two formations
is marked by a thin bed of conglomerate 6 to 18 inches
thick. The 1nost abundant pebbles in the conglomerate
consist of Dakota quartzite, but some schist, granite,
and limestone fragments are present. In most localities there is no evidence of a hiatus between the deposition of the two formations, however. The thickness
of the Benton shale averages about 350 :feet but ranges
from 165 :feet in North Park to 675 feet along the
northeastern border o:f the Front Range.
The formation consists predominantly of dark-gray
to black clay shales containing a few fossiliferous concretions and a limy or sandy bed with a Carlile :fauna
at its top. South of Castle Rock the beds containing
Sl)213G-50-4
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the Carlile fauna are shaly, and an intennediate limestone zone appears marked by the Greenhorn :fauna.
On the western slope the Carlile horizon is marked by
an oolitic brownish limestone with a distinct petroliferous odor.
Niobrara for1nation.-As shown on plate 1, the
Niobrara formation is present in all the deeper synclines bordering the Front Range. It conformably
overlies the Benton shale and comprises 350 to 800
feet of limestone and limy shale. On the eastern slope
the 15-foot bed of greenish sandstone found at the top
of the Benton is sharply set off from the basal limestone
of the Niobrara formation, but on the western slope,
where the uppennost n1ember o:f the Benton is a limestone, the division between it and the overlying basal
limestone o:f the Niobrara is less easily defined. This
basal member, which is 15 to 20 feet thick in most places,
com1nonly crops out in a low ridge, which seems a subclued reflection of the great Dakota hogback a short
distance a.way (fig. 6) . Most of the fonnation consists
of dark-brown to gray calcareous shale that weathers
white or grayish-yellow. Within the limy shale thin
layers of limestone occur, and in some places moderately persistent Ostrea-bearing limestones about a foot
thick are :found in the upper part of the section. The
change from the limy shales of the Niobrara :formation
to the black clay shales of the Pierre shale is inconspieuous, but the black limy shales and thin-bedded
lin1estones at the top o:f the Niobrara are generally indicated by the presence of numerous lenses and veinlets of secondary white calcite.
Pier-re shale.-The Pierre shale conformably overlies the Niobrara formation and attains a, maximum
thickness of about 10,000 :feet south of Boulder. Its
thiekness is only 2,200 to 2,600 feet in South Park 55
but is more than 4,000 feet 25 miles northeast, near
Dillon. Because o:f its soft character, good exposures
of the Pierre shale are uncommon, but a nearly complete section can be seen along the Denver & Salt Lake
Railway about 7 miles north o:f Golden. The regional
variations in thickness are not large (pl. 6) . The
Pierre consists dominantly of somber-colored shales
that weather a drab greenish-gray. A few beds of
bentonite, shaly limestone, and calcareous sandstone are
present in the lower half of the fonnation, but nearly
all the lower part of the section is clay shale. South
and east of Colorado Springs the shale contains vertical
pluglike reefs of li1nestone through a stratigraphic
thickness of about 600 :feet in what is called the Teepee
Buttes zone. In this region, where the Pierre is only
3,600 feet thick, this zone is 1,200 feet above the Niobrara formation and crops out for 1nore than a hundred
55 Johnson, J. H., Stratigraphy of northeastern and east-central parts
of South Park, Colo. : Am. Assoc. Petroleum Geologists Bull., vol. 19 p.

1341, 1935.
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miles to the east of Colorado Springs. 56 The shales of
the upper half are more arenaceous than those below,
and in the upper thousand feet, loc.ally called the transition zone, yellowish limy and sanely shales are comn1on.
This zone was formerly classed as a part of the Fox
Hills formation, but the name Fox Hills has now been
restricted to the sandstone overlying the shale.
Fox Hills sandston.e.-The Fox Hills sandstone overlies the Pierre shale conformably and, like it, is of marine origin. The Fox Hil1s sandstone has not been definitely recognized on the western slope but is present
in the Cretaceous of the eastern flank throughout the
length of the range. Its base is marked by a buff to
brown sandstone containing numerous large gray to
brown hard sandy concretions. The lmver concretionary member is overlain by a series of light-gray to
brown sandstones and sandy shales. The top of the
:formation is taken as a horizon above which the rocks
are predmninantly brackish-water deposits accmnpanied by coals and lignitic shales and below which
they are predominantly marine. 57 The Fox Hills sandstone as thus restricted has a thic.kness of approximately
250 feet. This sandy zone in the Upper Cretaceous sequence lies at higher and higher horizons as it is traced
to the east and is probably a near-shore :facies of the retreating Upper Cretaceous sea. The basal sandstone
is composed of moderately clean quartz sand north of
Boulder, but to the south it becomes increasingly arkosic, and at Colorado Springs it is marked by conglomeratic layers containing pebbles of pre-Cambrian granite as much as 2 inches in diameter.
Larmn·ie for-rnation.-The Laramie fonnation is
mainly limited to the eastern side of the Front Range,
but a wedge of coal-bearing sandstones containing a
flora thought to be Laramie underlies much of the Denver formation in South Park. 58 It has not been found
elsewhere on the western side of the range. In South
Park its maximum thickness is 300 feet, but in the Denver basin it averages about 600 :feet. Because of the
strong erosional unconformity between it and the overlying continental Cretaceous beds, the thickness of the
L3,ramie :formation ranges :from less than 250 feet to
1nore than 1,200 feet.
The lower 200 :feet of the formation is sandstone,
interbedded with some shale and fire clay, and contains
workable beds of subbituminous coal. Above the basal
coal-bearing sandstone the Laramie formation consists
dominantly of shale with only a few thin beds of sand56 Lavington, C. S., Montana group in eastern Colorado : Am. Assoc.
Petroleum Geologists Bull., vol. 17, pp. 397-410, 1933.
6 7 Lovering, T. S., Aurand, H. A., Lavington, C. S., and Wilson, J. H.,
Fox Hills formation, northeastern Colorado : Am. Assoc. Petroleum Geologists Bull., vol. 16, pp. 702, 703, 1932.
~>s Stark, J. T., Johnson, J. H., Behre, C. H., Jr., Powers, W. E., Howland, A. L., Gould, D. B., and others, Geology and origin of South Park,
Colorado : Geol. Soc. America Mem. 33, p. 56 et seq., 1949. See also
Washburne, C. W., The South Park coal field: U. S. Geol. Survey Bull.
381, p. 308, 1910.

stone and coal. In South Park some beds of tuff and
volcanic debris are included in the upper Laramie by
Stark and his coworkers; this age would make them the
earliest record of the igneous activity that accompanied
the Laramide revolution in the Front Range.
MESOZOIC AND CENOZOIC
UPPER CRETACEOUS AND PALEOCENE

Arapahoe and Denver formaMons.-The coarsely
clastic beds that overlie the Laramie formation with
marked erosional uncon:fonnity on the eastern slope
were :formerly designated basal Eocene but are now
classed as Upper Cretaceous and Paleocene. These
beds are obviously of continental origin and include
eonglmnerates, tuffs, tuffaceous sandstones and shales,
lignite, and, near Golden, interbedded basaltie lavas.
The eonglomerates below the beds containing andesitic
debris vvere originaily called the Arapahoe :formation,
but the division was arbitrary and has been difficult to
use. The tenn Denver formation has been used for
the tuffaceous deposits above the Arapahoe in the Den,-er basin. Farther south the equivalents of the Arapahoe and Denver have been called the Dawson arkose,
and in South Park they have been included in the Shoshone group of Cross. The maxi1num thickness of
these deposits on the eastern slope is approximately
2,000 :feet, but in South Park they reach a thickness
of more than 7,000 feet, and in Middle Park and North
Park the equivalent Middle Park :formation exeeeds
5,000 feet. 59
The sequence in the Denver basin is richest in voleanic debris in the lower part, and pre-Cambrian waste
becomes more and more abundant with inereasing distance above the base. Rhyolite is found near the base
in South Park, andesitic flows at this horizon in Middle
Park, and basalt flows a :few hundred feet above the.
base near Golden. Subaerial rhyolite tuff and a rhyolite flow consisting of welded tuff occur at the top
of the Dawson arkose just below the Oligoeene beds
south of Castle Rock. Elsewhere the upper part is
made up of arkose and mieaceous sha~e.
The Arapahoe and Denver :formations and their
equivalents were apparently :formed in the early stages
of the Laramide revolution, when the Front Range area
was arching itself well above the surrounding region
but before the severe :folding and :faulting that marked
the climax of the Laramide revolution. The andesitic
pebbles near the base of the sequence give the first evidenee of volcanic activity after pre-Cambrian time.
The sedimentary struetures within the Denver forma5 9 Bel1re, C. H., Jr., and others, The geologic history of South Park,
Colorado: New York Acad. Sci. Trans., ser. 2, vol. 4, no. 1, p. 2, 1941.
Beekly, A. L., Geology and coal resources of North Park, Colo.: U. S.
Geol. Survey Bull. 596. p. 49, 1915. Lovering, T. S., The Granby anticline, Grand County, Colo.: U. S. Geol. Survey Bull. 822, p. 75, 1931.
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tion and the localization in areas adjacent to the Front
Range indicate that the volcanic ·waste had its origin in
the Front Range itself. In harmony with this origin
the formation is limited to intermontane basins and to
the plains immediately east of the range. (See pls.
1 and 5.)
.
J. B. Reeside, Jr. in a written communication to the
writers notes: "The earlier work disclosed dinosaur
remains in the Araphoe formation and the lower part
of the Denver formation and a supposedly uniform
flora throughout the deposits." J\iore recent work,60
ho"\vever, has shown that the Araphoe fonnation and
the basal part of the Denver forn1ation and the lower
part of the Dawson arkose contain all of the dinosaur
remains and a Cretaceous flora and that the overlying
part of the Denver and of the Dawson contain a primitive 1nammalian fauna and a Paleocene flora. The
boundary between the Cretaceous and Tertiary therefore falls within what has hitherto been considered to
be one formation of early Tertiary age.
CENOZOIC
TERTIARY AND QUATERNARY

Oligocene.-Beds containing Oligocene fossils are
known in South Park, the Denver basin, and Middle
Park. On the eastern side of the range just south of
the vVyoming line and in Middle Park and South
Park on the western side of the range soft tuffaceous
shales, sand, and algal limestone make up the Oligocene. Richards 61 measured several hundred feet of
light-gray to light-tan tuffaceous sands and clays in the
valley of Troublesome Creek, near l(remmling in
Middle Park, and found both Oligocene and late Miocene or early Pliocene fossils in it within a few rods
of each other. It is probable that most of his "Troublesmne formation" is Oligocene and locally was reworked
during Miocene and early Pliocene time. Equivalent
strata are also found east of South Park at Florissant,
where the recent work of Gazin and Brown indicates
these famous fossiliferous lake beds to be of upper
Oligocene or basal Miocene age,62 but south of Denver
this epoch is represented by a coarse boulder conglomerate and arkosic sandstone known as the Castle Rock
conglomerate.· The gravel apparently had its source to
the northwest and contains fragments of 1nany volcanic
rocks probably derived from the mineral belt. It also
contains a small amount of finely divided gold, which
has locally been reworked by modern streams into small
placers. In South Park, Stark and others report fossils of Chadron and White River age in their Antero
60
Gazin, C. L., Paleocene mammals from the Denver Basin, Colo. :
Washington Acad. Sci. Jour., vol. 31, pp. 289-295, July 1941. Brown,
R. W., Cretaecous-Tertiary boundary in the Denver Basin, Colo. : Geol.
Soc. America Bull., vol. 54, no. 1, pp. 65-86, 1943.
61
Richards, A. H., Geology and structure of the Kremmling area,
Colorado. Unpublished doctoral thesis, University of Michigan, 1941.
62
Gazin, C. L., A marsupial from the Florissant beds (Tertiary) of
Colorado: Jour. Paleontology, vol. 9, pp. 57-62, 1935.

formation, which has a maximum thickness of 2,000
feet.
The Oligocene beds rest with angular unconformity
on the older rocks.
JJfiocene.-Beds of Miocene age are knowi.l in Middle
Park and along the eastern border of the range just
south of vVyon1ing. In the region northwest of Granby
the interbedded conglomerate, arkosic sandstone, shale,
tuff, and lava of lower Miocene age, which are correlated
with the Arikaree formation, attain a thickness of several hundred feet. 63 There they appear conformable
with the underlying light-colored clay shales assigned
to the Oligocene White River formation, but they overlap these shales and lie with angular unconformity on
the steeply tilted Cretaceous formations. These beds
are similar to the sandstone and conglomerates of the
North Park formation 30 miles to the north, in the area
just north of J\1:ichigan Creek, described by Gorton. 64
The North Park formation has a thickness there of 800
feet, and its upper part is interbedded with andesite
flows derived frmn the Specimen Mountain volcanic center a few 1niles southeast; no volcanic rocks are represented in the conglomerate below the andesite. No
fossils have been found in the conglomerate closer than
those at Granby. . . . -\. lower Pliocene Hipparion is reported frmn the North Park formation in the Saratoga
basin 50 miles to the northwest, 65 but the relation of the
North Park formation in the Saratoga Basin to that in
the Cameron Pass area is unknown.
Along the Colorado-Wyoming line east of the Front
Range the Arikaree formation consists of coarse sand
and gravel with interbedded tuffaceous clays and a few
thin limestone beds. Its thickness is less than 300 feet
in most places.
Pliocene.-Vertebrates of late M~ocene or early Pliocene age have been found in South Park by Stark and
his coworkers, but the fossils occur in thin and discontinuous lake-bed deposits. Procmnelrtus bones of
similar age have been found in Middle Park by Richards.66 Several hundred feet of shale and limestone of
unquestioned Pliocene age occur in the Arkansas Valley
near Salida a short distance southwest of South Park,
but no other Pliocene deposits close to the Front Range
have been identified in Colorado.
Ple·i8tocene.-Small areas of pre-Glacial(
gravel,
such as those southeast of Nederland and east of Idaho
Springs, occur here and there in the Front Range and
may be of Tertiary age, but their exact age is in doubt.
Early and late glacial deposits are widespread in the
higher mountains but have not been distinguished sep-

n

Lovering, T. S., op. cit. (U. S. Geol. Survey Bull. 822), p. 74.
Gorton, K. A., Geology of the Cameron Pass area, Grand, Jackson,
and Larimer Counties, Colo. Unpublished doctoral thesis, University of
Michigan, 1941.
65 Love, J. D., Geology along southern border of the Absaroka Range,
Wyo. : Geol. Soc. America, Special Paper no. 20, 1939.
m Richards, A. H., op. cit.
63
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arately on the geologic 1naps (pls. 1 and 2). In general, the glacial drift is found along the larger streams
up to altitudes of app.':'oximately 9,000 feet on the western slope and 8,000 feet on the eastern slope (fig. 3) .
Distribution of the early drift suggests icecap glaciation, whereas the later (Wisconsin) drift is limited to
the steeper-sided valleys. Three well-developed terraces, locally covered by terrace gravels to a depth of
as much as 30 feet, are common in the 1najor valleys
below the limits of glaciation. The upper terrace is apparently contemporaneous with the early period of
glaciation, and the lower terrace with an early stage of
'Visconsin glaciation. It seems possible, therefore, that
the intermediate terrace should be correlated with an
otherwise unrecorded glacial stage, whose drift was
reworked by later more extensive glaciers. Within the
areas of pre-Cambrian rock, the thickness of the present gravel downstrea1n from the terminal moraines is
rarely more than 20 to 30 feet. In the valley of the
Blue River on the western slope the gravel has an average thickness of approximately 60 feet and is nearly
as thick in the important tributary stream valleys, such
as the Snake River and the Swan River. The glacial
moraines then1selves show a great range in thickness
and reach a maxi1nmn of about 150 feet near Breckenridge.
Most of the material deposited by the early glaciers
was removed by later erosion. Remnants of the early
till and outwash gravel occur well above the level of
the present valley bottoms in many places. This early
drift is commonly weathered more deeply than that of
Wisconsin age. It is made up of unsorted boulders of
pre-Cambrian rocks and Tertiary intrusives in a matrix of brownish-yellow sand and sandy clay. The
early glacial deposits are not abundant, but nearly all
the higher mountain valleys are occupied by thin discontinuous bodies of alluvium, late glacial till, and
valley-train gravel. The poorly sorted material that
makes up this late drift is fresh in most places and little
weathered, but much-weathered boulders are not uncommon in it. Subangular boulders as much as 20 feet
in diameter intermingled with small boulders, pebbles,
and clay occur in the late glacial 1noraines. Fluvioglacial deposits are conspicuous, both above and below
the terminal moraine,s of the Wisconsin glaciers. They
are 1nade up chiefly of moderately well-rounded pebbles
and sand, but small boulders are not uncommon.

LARAMIDE IGNEOUS ROCKS
EXTRUSIVE ROCKS
DISTRIBUTION

The volcanic activity that presaged the Laramide
revolution and the formation of the mineral deposits of
the porphyry belt is recorded in the lava flows, andesitic

conglomerates, and the beds of tuff, found in the Denver
and J\1:iddle Park formations. Flow rocks of this age
seem limited to South Park, Middle Park, and the Denver basin; they have not yet been positively identified
within the Front Range itself. In South Park the
Basin Ridge group of Stark and others is made up of
andesites, rhyolites, and pyroclastics that are clearly of
Denver age; their Thirtynine Mile series of volcanics
is earlier than the Oligocene beds of their Antero formation; and their Buffalo Peaks andesite flows are believed by Behre to have been formed earlier than lo.wer
Oligocene beds and later than the Flattop erosion surface in the Mosquito Range west of South Park. 67 It is
possible that the early rhyolites southwest of Pikes Peak
are of similar age.
At the base of the Middle Park formation, 68 near
Granby, andesite flows alternate with beds of breccia
and conglomerate, but Cretaceous and Paleocene extrusive rocks have not been found to the north. Although
sills of andesite and rhyolite of Upper Cretaceous age
are found in the Denver formation of South Park, no
interbedded flow rocks have been noted. The 1nargin
of the Upper Cretaceous and Paleocene Dawson arkose,
which lies just south of the Front Range in the region
between Canon City and Colorado Springs, contains no
interbedded lava. As this formation is traced northward from Colorado Springs, however, more and more
volcanic material is recognized, and in the region between Palmer Lake and Sedalia 69 interbedded rhyolite
appears in the upper part. Farther north, in the vicinity of Golden, basalt flows are interbedded with the
lower part of the Denver formation. 70
SOURCES

The Ralston diabase dike, a short distance northwest
of the Table Mountain basalt flows, seems to be the
intrusive equivalent of the flows. The andesitic lavas
represented by pebbles in the Denver formation are peculiar, highly almninous rocks of distinctive chmnical
character but are essentially identical in chemical composition with some of the granular intrusive rocks found
in the Lake Albion stock west of Ward (pl. 7). The
Lake Albion stock is believed to 1nark the volcanic
throat through which were erupted the lavas that were
the source of the andesitic pebbles in the Denver formation east of the range.
67
Stark, J. T., Johnson, J. H., Behre, C. H., Jr., Powers, W. E., Howland, A. L., Gould, D. B., and others, op. cit., pp. 95-110, and Behre,
C. H., Jr., oral communication.
68
Lovering, T. S., Granby anticline, Grand County, Colo. : U. S. Geol.
Survey Bull. 822, p. 73, 1931. Cross, Whitman, The post-Laramie beds
of Middle Park, Colo. : Colorado Sci. Soc. Proc., vol. 4, pp. 192-213,
1895.
69
Richardson, G. B., U. S. Geol. Survey Geol. Atlas, Castle Rock folio
(no. 198), pp. 9, 10, 1915.
70
Johnson, J. H., Geology of the Golden area, Colorado: Colorado
School of Mines Quart., vol. 25, pp. 18-21, July 1930. Emmons, S. F.,
Cross. W .. and Eldridge, G. H., Geology of the Denver Basin, Colorado :
U. S. Geol. Survey Mon. 27, 1896.
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Scattered dikes and plugs of augite andesite occur at
many places in the Front Range and may also mark
early volcanic conduits. The porphyry of :Mount Silverheels, south of Hoosier Pass, is very similar in composition to the andesitic pebbles in the Denver formation of South Park; it contains hornblende rim1ned with
augite and magnetite-a paragenetic relation characteristic of magmas undergoing a rapid loss of volatiles
while solidifying. The Mount Silverheels stock is believed to lie in the volcanic throat through which was
ejeeted the lava represented in the nearby Denver beds.
The interbedded lavas of the Middle Park formation
feather out to the north of Sulphur Springs and increase in thickness to the south. Their source is unknown but probably is close to the southeastern border
of Middle Park.
In the Castle Rock quadrangle the rhyolite flows and
the welded rhyolite tuff associated with them show
conspicuous flow lines oriented in a south-southwest direction. These volcanic rocks can be traced southward
to within a few 1niles of 1\'Ionmnent, but farther south
they have been re1noved by erosion. No source for this
Analyse~

rhyolite is known in the plains region, and silicic intrusives of Cretaceous or Paleocene age are rare in the
Front Range southwest of Monun1ent. The summit of
Pikes Peak marks the position of a nearly vertical
stock of coarsely porphyritic granite similar in appearance to some of the porphyritic quartz monzonite of
the mineral belt associated with the Laramide revolution. South o:f the peak a linear series of outcrops o:f
this granite, known as the Windy Point granite, shows
almost horizontal contacts with the underlying and
earlier Pikes Peak granite. The lithologic character
and age relations strongly suggest that the porphyritic
granite is of Cretaceous' or Tertiary rather than preCambrian age. On Pikes Peak, close to the edge
of the stock, a few fragments of a schistose silicic rock
are present that are unlike any of the pre-Cambrian
rocks of the region. It is believed that they represent
slightly metamorphosed fragments of the lining of a
volcanic conduit through which the Windy Point granite rose. The cOinposition of the Windy Point· gi'anite,
the rhyolite, and the slightly silicified welded rhyolite
tuff are very similar and suggest a genetic relation.
(See the following table.)

of TVindy Point "granite" and of rhyolz:te and rhyolite tuff from the Dawson arkose

Specimen

-·----·--------- - - - 1. Windy Point granite, Middle
Beaver Creek! ___________________ _
2. Windy Point granite, Beaver Creek 1_
3. Rhyolite pebbles from upper part of
Dawson arkose, partial analysis 2 __
4. Slightly silicified rhyolite tuff from
top of rhyolite sheet, uppe.r part of
Dawson arkose, 2.8 miles southeast of Castle Rock 3 ______________ _
1

2
3

73. 51
75.17

13. 28
12.66

~-

0. 94
.23

----------------- ---------------0. 97
1.40

0. 05
.05

1. 11
.82

73.75

82. 16

8. 27

. 75

. 16

. 15

. 59

3. 79
2. 88

5. 22
5. 75

3. 75

5. 83

2.19

3. 94

0.16
.16

0. 62
.66

0.18
.10

Tr.
0.03

. 89

1. 04

. 28

. 02

Tr.
Tr.

Tr. _______ 0. 55 _______ ------0.03
Tr.
.31 --------------

. 034 ______ None ______ None

None

U.S. Geol. Surve.y Ge.ol. Atlas, Colorano Springs folio (No. 203), 1916.
l'. S. Ge.ol. Survey Geol. Atlas, Castle Rock folio (No. 198), 1915.
R. C. Wells, aralys~.

INTRUSIVE ROCKS
DISTRIBUTION
1~ost of the intrusive rocks that may be referred with
confidence to the Paleocene and Eocene epochs are
limited to a narrow belt extending southwestward
across the Front Range from Boulder to Breckenridge,
and it is within this belt that most of the early Tertiary
mineral deposits of the Front Range occur. A few
intrusives of comparable age occur also in a northeasterly zone extending from Radial Mountain in Middle
Park through Cameron Pass to the Manhattan-Home
mining district; they form a faint counterpart paralleling the main porphyry belt about 35 miles to the northwest. Ore deposition accompanied the intrusion of
some of the stocks in the Radial Mountain-Home belt,
but so far as known the 1nineralization there was not
intense. As already noted, late Cretaceous and Paleocene volcanic conduits now n1arked by porphyritic
stocks are scattered sparsely through the mountains
from Pikes Peak to Estes Park, but only in the vicinity

of the Lake Albion stock is there any evidence of an
accom pan:ring mineralization.
MODE OF INTRUSION

In the sedimentary formations that border the preCambrian rocks the sills and concordant steeply dipping intrusive sheets far outnumber the cross-breaking
dikes, but no laccolith has been found. Near Breckenridge and in the Tarryall district several large porphyritic intrusives are in part cross-breaking and in part
parallel to the bedding, but they probably grade into
true stocks at no great depth. Within the pre-Cambrian terrane, intrusives that break across the foliation
of the country rock are as common as those that are con~
cordant. As shown on plates 1 and 2 and figure 2, the
northwestern side of the main porphyry belt is 1narked
by a line of stocks which range in size from less than 2
square miles to slightly more than 15 square miles.
Dikes and small irregular cross-breaking bodies arealmost entirely limited to a strip ranging in width from
2 to 10 miles, just southeast of the line of stocks. The
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scarcity of dikes to the northwest and their abundance
to the southeast indicates the presence of relatively
shallow magmatic reservoirs below the surface just
southeast of the stocks. It is in the strip containing
the porphyry dikes and small irregular intrusive bodies
that most of the early Tertiary ore deposits of the Front
Range occur. The linear structure within the stocks
that have been studied by the writers indicates that
most of them were intruded upward at a steep angle.
The Montezuma quartz monzonite apparently becomes
larger with depth, but other stocks, such as the granodiorite at J a1nestown, 71 apparently show no change in
cross section for some distance below the surface, and a
few bodies, such as the quartz 1nonzonite at Jamestown,
apparently diminish in size with increasing depth.
Some stocks, such as those of Mount Albion, Pikes Peak,
and Mount Silverheels, probably occupy old volcanic
throats, but many others were roofed with pre-Denver
rocks and probably forced their way in by stoping
and intrusive faulting.
The linear structure within the dikes shows that
some n1oved vertically and others almost horizontally.
In several places the tops of dikes and in other localities the bottoms of dikes have been seen. The tops of
some dikes are marked by brecciation of the country
rock for a distance of several yards, but at the tops of
other dikes the country rock shows almost no evidence
of fracturing, even adjacent to the dike. The earliest
intrusives show structure concordant with the country
rock much more commonly than do the later, and
a1nong the latest of the intrusives explosion breccia is
common.
COMPOSITION

The intrusives of the Laramide revolution have a
general similarity throughout the Front Range and
especially within the porphyry belt, but they show a
moderately wide range in composition (pl. 7). A few
intrusive bodies are as mafic as augit]te, some are as
silicic as alaskite, and some are as aluminous as bostonite, but 1nost of them lie between monzonite and
quartz monzonite in composition. The sequence, type
of rock, and composition of most of these rocks are
shown in plate 7 and figure 12. On the western slope
the composition of 1nost of the intrusives in the porphyry belt lies bet.ween that of augite diorite and quartz
monzonite porphyry. In this area the 1nineral deposits
contain chiefly complex lead-silver-zinc ores. Northeast of Silver Plume, in addition to the intennediate
rocks, more alkalic groups are found, and alkalic syenite, alkalic trachyte, and bostonite are common. In the
area of the more alkalic rocks pyritic gold ores as well
as the older complex sulfide ores occur. Scattered
71 Goddard, E. N., The influence of Tertiary intrusive structural features on mineral deposits at Jamestown, Colo. : Econ. Geology, vol. 30,
pp. 370-386, 1935.

through the northeastern half of the 1nineral belt are
short dikes and small irregular bodies of biotite latite,
biotite monzonite, and latitic intrusion breccia; these
rocks seem limited to the areas in which gold-telluride
veins are found. Rocks of extremely mafic character
occur just west of the tungsten belt and near its eastern
edge. Those in the Caribou stock at the west end may
be syntectic and due to the reaction of gabbro magma
with limy pre-Cambrian inclusions, but the limburgite
at the eastern end of the tungsten belt cannot be thus
explained.
PETROGRAPHY

The petrography of the igneous rocks of the Front
Range associated with the Laramide revolution has
been described briefly by Lovering, 72 and more detailed
descriptions of them may be found in district reports. 73
Study of the composition and age sequence of the rocks
shows that they fall into distinctive groups. The relations of the rocks to one another and to ore stages are
shown in figure 12 and have been discussed in detail by
Lovering and Goddard. 74 It seems unnecessary to
repeat the detailed descriptions of the rock groups here,
but the salient features of the petrography are given in
the tabular summary below. Under the microscope
the appearance of representatives of most of the different groups in the porphyry belt recognized by the
writers is quite distinctive. The photomicrographs of
rocks belonging to these groups, figures 10, D, E, F,
13, and 17, A, B, illustrate their characteristic features
and together with plate 7, figure 12, and the tabular
summary on page 46 should give the reader adequate
understanding of their petrography.
Comparatively little is known about the Radial Mountain-Home belt of porphyritic intrusive igneous rocks.
Granodiorite, diorite, and quartz monzonite groups are
present, and most of the rock is apparently close to
granodiorite in composition.
AGE AND ORDER OF INTRUSION

The interbedded tuffs and volcanic rocks of the Upper
Cretaceous and Paleocene Denver and Middle Park
Lovering, T. S., op. cit. (Prof. Paper 178), pp. 30-40.
Petrographic descriptions of all the different types of the igneous
rocks found in the porphyry belt are not available in a single volume but
may be found in the following reports. Ransome, F. L., Geology and ore
deposits of the Breckenridge mining district, Colo. : U. S. Geol. Survey
Prof. Paper 75, 1911. Spurr, J. E., Garrey, G. H .. and Ball, S. H., Economic geology of the Georgetown quadrangle, Colo. : U. S. Geol. Survey
Prof. Paper 63, 1908. Bastin, E. S., and Hill, J. M., Economic geology
of Gilpin County and adjacent parts of Clear Creek and Boulder Counties, Colo.: U. S. Geol. Survey Prof. Pap;or 94, 1917. Worcester. P. G.,
and Crawford, R. D., The geology of the Ward region, Boulder County,
Colo.: Colorado Geol. Survey Bull. 21, 1920. George, R. D., and Crawford, R. D., The main tungsten area of Boulder County, Colo. : Colorado
Geol. Survey 1st Ann. Rept., 1908. Stark, J. T., Johnson, J. H., Behre,
C. H., Jr., Powers, W. E., Howland, A. L., Gould, D. B., and others,
Geology and origin of South Park, Colorado : Geol. Soc. America Mem.
33, 1949.
74 Lovering, T. S., and Goddard, E. N., Laramide igneous sequence and
differentiation in the Front Range, Colo: Geol. Soc. America Bull., vol.
49. n~ 1, p~ 35-6~ 193&
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1. I, Mount Zion porphyry, Prospect Mountain, Leadville district. M. I2, p. 326.
2, White porphyry, California Gulch, Leadville district. P.P. I48, p. 45 •
2. I, Quartz monzonite porphyry, Mount Silverheels northeast of Alma. C.G.S. 31, p. 45.
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Diorite porphyry,
Diorite porphyry,
Hornblende-mica
Diorite porphyry,
Diorite porphyry,

Boreas Pass. C.G.S. 31, p. 45.
Wellington mine, Breckenridge district. P.P. 75, p. 62.
porphyrite, Buckskin Gulch, Leadville district. M. 12, p. 340.
Wellington mine, Breckenridge district. P.P. 75, p. 62.
McNulty Gulch, Tenmile district. P.P. I4, p. I74.

5. I, Quartz monzonite porphyry, north of Halfway, Tarryall district. C.G.S. 31, p. 45.
2, Evans Gulch porphyry, Evans Gulch, Leadville district. P.P. 148, p. 51.
3, Quartz-hornblende-mica porphyrite, Gold Hill, Tenmile district. A.R. 14, pt. 2, p. 227.
4, Quartz monzonite porphyry, near Halfway, Tarryall district. C.G.S. 31, p. 45.
41, Quartz monzonite porphyry, Mount Guyor, Breckenridge district. P.P. 75, p. 58.
5, Quartz porphyrite, Sugarloaf, Tenmile district. A.R. 14, pt. 2, P• 227.
6, Quartz monzonite porphyry, Little French Creek, Tarryall district. C.G.S. 31, p. 45.
7, Quartz monzonite porphyry, Mineral Ranch Hill, Tarryall district. C.G.S. 31, p. 45.
8, Diorite porphyry, Copper Mountain, Tenmile district. B. 148, P• I76.
9, Gray porphyry, Johnson Gulch, Leadville district. M. 12, p. 332.
6. 1,
2,
3,
4,

Lincoln porphyry, Mount Lincoln, Leadville district. M. I2, p. 332 •
Quartz porphyrite, Chicago Mountain, Tenmile district. A.R. 14, pt. 2, p. 227.
Quartz monzonite porphyry, Brewery Hill, Breckenridge district. P.P. 75, p. 45.
Granite porphyry, McNulty Gulch, Tenmile district. B. 148, p. I76.
5, Quartz monzonite porphyry, Brown's Gulch, Breckenridge district. P.P. 75, p. 45.

7. I, Nevadite, Chalk Mountain, Leadville district. M. 12, p. 589.
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EASTERN SIDE OF FRONT RANGE
I. 3, Andesite pebbles .from lower part of Denver formation, Table Mountain, Golden, Colo,
B. 148, p. 159.
4, Andesite pebbles from lower part of Denver formation, Table Mountain, Golden, Colo,
B. I48, p. 159.
5, Monzonite, Lake Albion stock. Courtesy E. E. Wahlstrom, analyst, Boulder, Colo.
6, Syenite, Lake Albion stock. Courtesy E. E. Wahlstrom, analyst, Boulder, Colo-.
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Early basalt of Table Mountain, Golden, Colo. M. 27, p. 308.
Basalt of Table Mountain,Golden, Colo. M. 27, p. 306.
Diabase of "Iron dike," Sugarloaf, Gold Hill district. B. 228, p. 187.
Gabbro, 1 mile south of Caribou. P .P. 94, P• 43.
Oolerite, Valmont dike, .east of Boulder. M. 27, p. 301.

3. 1, Monzonite, Caribou district. P.P. 94, p. 43.
2, Monzonite, Caribou district. P.P. 94, p. 43.
3, Monzonite, Caribou district. P.P. 94, p. 43.
4, Quartz monzonite, I mile south of Caribou. P.P. 94, p. 43 •
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4. 6, Granodiorite, Jamestown district. J. G. Fairchild, analyst, U.S.G.S.
5. 4I, Quartz monzonite porphyry, Mount Guyot, Breckenrid[F district. P.P. 75, p. 58.

10

u

u
__,_-

A_

~-

~_.

...J

0

0

25

W'

A.

Na20

.... ,...

..."'

. ,.__ - KzO

.....

;;;....--

6. 3, Quartz monzonite porphyry, Brewery Hill, Breckenridge district. P.P. 75, p. 45.
7. I, Nevadite, Chalk Mountain, Leadville district. M. 12, p. 589 •
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8. 1, Hornblende monzonite, Nederland district. J. G. Fairchild, analyst, U.S.G.S.
2, Alkali syenite, Idaho Springs district. P.P. 63, p. 134.
3, Alkali granite quartz monzonite, Jamestown district. J. G. Fairchild, analyst,
U.S.G.S.
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9. 1, Trachyte, Sunset district. C.S.S. 6, p. 228.
2, Bostonite, Idaho Springs district. P.P. 63, P• 134.
10. 1, Biotite monzonite, Nederland district. J. G. Fairchild, analyst, U.S.G.S.
2, Biotite latite, Idaho Springs district. P.P. 63, p. 134.
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11. 1, Biotite latite intrusion breccia, Nederland district. J. G. Fairchild, analyst,
U.S.G.S.
12. 1, Limburgite, Nederland district. J. G. Fairchild, analyst,

U.S~G.S.

The analyses for which the analyst is listed have not been published previously.
Abbreviations: A. R., Annual report of tbe U. S. Geol. Survey; B, bulletin of the
U. S. Geol. Survey; C.G.S., bulletin of the Colorado Geol. Survey; C.S.S., Proceedings
of the Colorado Sci. Soc.; M, monograph of the U.S. Geol. Survey; P.P., professional
paper of the U. S. Geol. Survey.
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CHEMICAL ANALYSES OF LARAMIDE IGNEOUS ROCKS OF THE FRONT RANGE
All analysea have been recaleulated from weight percent to moleeular percent. Plotted points indicate number of molecules in 100
represented by various oxides in each analysis. Heavy lines show general compositional trends of differentiating magmas.
862135 0 - 50 (Face p, 41)

LARAMIDE IGNEOUS ROCKS

formations record the beginning of the igneous activity
that culminated "ith the formation of the porphyry
belt. The relation of the intrusives to faults :formed
during the Laramide revolution shows that intrusion
continued intermittently throughout the considerable
span of time during which the Laramide revolution was
in progress. It is difficult to date the latest dikes precisely, but there is no reason to believe that they are
much later than the other porphyritic rocks. The pitchblende ores of the Central City district, which are closely
associated with the bostonite and sodic quartz monzonite porphyries o:f the mineral belt, have a lead-uranium
ratio indicating an age of approximately 60,000,000
years, suggesting an early Tertiary age. This information harmonizes with the other evidence of the Paleocene
and early Eocene age of the intrusives of the porphyry
belt.
The presence of interbedded tuffs and lavas at the
base of the Denver formation in South Park and their
absence at this horizon in the Denver basin suggest that
either sedimentation began earlier in the Denver basin
than on the western slope or that igneous activity occurred earlier on the western slope than in the eastern
drainage area. Broad regional studies 75 support the
conclusion that igneous activity began in the west and
progressed slowly toward the eastern front of the Rocky
Mountain system. Thus, it is probable that correlation
of similar rocks in different parts of the Front Range is
not a correlation of time equivalents but rather of :facies
equivalents. During the Laramide revolution orogenic
movements of definite types occurred in the same order,
though not necessarily synchronously, over wide
areas. The igneous rocks of the Laramide revolution
on the western slope seem involved in more orogenic
movements than the corresponding members o:f the igneous sequence on the eastern slope. (See fig. 12.)
This fact suggests that orogenic movements may have
been more nearly contemporaneous in different parts o:f
the Front Range than the correlative igneous rocks.
The general order of Laramide orogenic events is suggested in figure 12 and is summarized below.
1. The intrusion of sill s and dikes of :felsite porphyry
(fig. 10, D) and hornblende andesite in the southwestern part o:f the porphyry belt during late Laramie
and early Denver time, while dikes and stocks o:f aluminous augite andesite "·ere being intruded in the
central part o:f the rising Front Range arch, with attendant extrusive activity.
2. The beginning o:f :folding and :faulting along
north"esterly axes throughout the Front Range, accompanied by the intrusion o:f dikes and small irregular
stocks of porphyritic augite diorite on the western slope
"Ore deposits of the Western Stntes (Lindgren volume), pp. 152- 180,
Am. Inst. l\Iin. l\Iet. Eng., 1933.
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and extensive northwesterly dikes of gabbro and diabase (fig. 10, E), on the eastern slope; also by the extrusion o:f basalt and mafic andesite :from many scattered
vents in the central part o:f the Front Range.
3. The intrusion of rhyolite and some quartz monzonite porphyry in South Park, the intrusion of porphyritic hornblende-quartz monzonite and andesite in the
region near Ward and the extrusion of rhyolite and
rhyolite tuff :from the Pikes Peak volcanic vent somewhat later, near the close o:f Denver and Dawson time.
4. The culmination of northwesterly faulting and
overthrusting and the intrusion of stocks and sills of
porphyritic hornblende diorite (fig. 10, F) and hornblende monzonite in the southwestern part of the mineral belt; also the intrusion o:f stocks and dikes o:f porphyritic granodiorite (fig. 13, A), hornblende monzonite, hornblende diorite, and of andesite porphyry in the
northeastern half o:f the porphyry belt. It is probable
that the porphyritic rocks o:f the Radial MountainHome belt were intruded at about this time also.
5. The intrusion of hornblende and biotite-quartz
monzonite porphyries as sills and dikes throughout the
porphyry belt.
6. The intrusion of coarsely porphyritic biotitequartz monzonite of the Lincoln porphyry type (fig. 13,
B) in the southwestern half o:f the mineral belt and the
intrusion of medium-grain ed biotite-quartz monzonite
porphyries in the northeastern half o:f the belt, together
with sodic quartz monzonite and latite porphyries. The
great bulk of the porphyriLic rocks in the southwestern
half of the mineral belt were intruded during epochs
4, 5, and6.
7. The intrusion o:f rhyolite (fig. 13, 0), alaskite, and
:felsite porphyries throughout the mineral belt and formation o:f lead-silver ores in the region :from. Caribou
southwestward.
8. The intrusion of alkali c syenite, alkalic diorite,
and sodic granite (fig. 13, D) in the northeastern half
o:f the mineral belt, followed by pyritic gold and sparse
lead-silver-zinc mineralization.
D. The intrusion o:f bostonite porphyry (fig. 13, E)
and alkalic trachyte porphyry in the northeastern half
of the mineral belt, :followed by extensive pyritic gold
mineralization.
10. The intrusion of biotite latite (fig.13, F) and biotite monzonite porphyries rich in volatiles in the northeasternmost portion o:f the mineral belt.
11. The injection o:f latitic intrusion breccias (fig. 17,
A) in dikes and pipes in the northeastern half of the
mineral belt, :followed almost immediately by gold-tellm·ide mineralization.
12. Intrusion o:f limburgite (fig. 17, B) dikes in the
tungsten belt :followed by the ·formation of tungsten
ore pod ies.
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LARAMIDE IGNEOUS ROCKS
AGE RELATIONS IN THE RADIAL MOUNTAIN-HOME
BELT OF PORPHYRITIC ROCKS

At the head of the Cache la Poudre and Laramie
Rivers, near Cameron Pass, a series of Miocene lavas
rests on erosion surfaces cut chiefly in the pre-Cainbrian rocks. The surfaces range in age from the Eocene
Flattop peneplain to the Miocene Overland Mountain
surface. A mile south of Cameron Pass, according to
Spock 76 at an altitude of approximately 10,400 feet,
an ancient erosion surface bevels hornblende gneiss and
an intrusive rhyolite dike and is covered by an obsidian
flow. Neither the \\Titers nor Gorton 77 have been able
to verify this interesting observation; the only obsidian
found by them in the area described by Spock is an
obsidian dike that lies between walls of pre-Ca~mbrian
gneiss and dips gently to the north where it is well
exposed. Gorton's work shows that the granodiorite
at Lake Agnes, 2 miles south of Cameron Pass, is part
of a large stock that extends many miles farther south
along the crest of the Never Summer Range. It is
later than a great overthrust fault that underlies the
entire. north end of the range except where cut out by
the stock; the fault has a known horizontal displacenlent of more than 6¥2 n1iles. The granodiorite was
beveled by erosion and covered with volcanics from the
Speeimen J\1ountain Volcano, which is pre-Pleistocene
according to Wahlstrom, 78 and is probably later than
lower ~Iiocene, as 'Gorton discovered that the earliest
flows in the area are interlayered with beds of eonglomerate about 800 feet above the base of the formation
provisionally correlated with the lower Miocene conglmnerates of the Granby area 25 miles to the south
(seep. 41).
It seems probable that the granodiorite at Lake
Agnes immediately followed the stage of overthrusting
that marked the culmination of the Laramide revolution. Some lead-silver-zinc mineralization attended
76
Spock, L. E., Jr., Geological reconnaissance of parts of Grand, Jackson, and Larimer Counties, Colo.: New York Acad. Sci. Annals, vol. 30,
pp. 195, 196, 240, 241, 1928.

77
Gorton, K. A., Geology of the Cameron Pass area. Grand, Jackson,
and Larimer Counties, Colo. Unpublished doctoral thesis, University
of Michigan, 1941.
78
\Vahlstrom, E. E., Structure and petrology of Specimen Mountain,
Colo.: Geol. Soc. America Bull., vol. 55, pp. 77-90, 1944.

the intrusion of the stoek, but the deposits in the Never
Summer Range have not been worked for several decades and have not been studied as yet.
Northeast of Cameron Pass there are many dikes and
small stocks probably intruded at the time of the LaraInide revolution, ranging in composition from diorite
to quartz monzonite, but their relation to the late Tertiary volcanoes .has not been ascertained. They are
especially abundant in the Manhattan district, about
20 miles northeast of the pass, and are associated with
some 1nineral deposits. In that district they are cut
by an erosion surface believed to be early Miocene; the
intrusives are therefore tentatively associated with the
Laramide revolution. The intrusive rocks of the Manhattan district are chiefly hornblende monzonite porphyries (see pp. 285-286).
DIFFERENTIATION

The variation in chemical composition in the rock
series of the mineral belt is shown in plate 7, which indicates the general course of 1nag1natic differentiation.
As the detailed discussion of differentiation in the mineral belt already published 79 may not be readily available to some readers, the general conclusions reached
are repeated below.
The succession of igneous rocks of the Lara1nide revolution suggests the widespread fusion of a deep crystalline substratum at the time the early augite diorite was
intruded on the western slope and the olivine gabbro
was intruded on the eastern slope. This deep magma
was the parent of the many types of porphyritic rocks
found throughout the 1nineral belt; its composition approximated that of the augite diorite under the .western
part of the range but was more mafic to the east, where
its composition was that of an olivine gabbro. A very
slow cooling of the deep-source magma allowed time
for nearly complete reaction between the liquid and the
crystals that formed from it. Apparently neither
crystal settling nor crystal zoning was important in
changing it during solidification. Instead, the com79 Lov•jring, T. S., and Goddard, E. N .. Laramide igneous sequence and
differentiation in the Front Range of Colorado: Geol. Soc. America Bull.,
vol. 49, pp. 35-68, 1938.
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[Groups referred to are those shown in fig. 12]
A, Photomicrograph of porphyritic granodiorite typical of rocks of group 4 from stock half a mile south of Jamestown. The primary alinement of feldspars responsible for the
platy structure of the intrusive is clearly shown. i, Ilmenite; h, hornblende; p, plagioclase (andesine); q, quartz; t, titanite. Crossed nicols.
B, Photomicrograph of porphyritic quartz monzonite from center of large stock 2 miles northeast of Montezuma, typical of Lincoln porphyry, group 6. Note fresh appearance of plagioclase and deuteric alteration of orthoclase. b, Biotite; o, sericitized orthoclase; p, plagioclase (andesine); q, quartz. Crossed nicols.
C, Photomicrograph of rhyolite porphyry of group 7 from dike 1 mile north of Argentine Pass.

The phenocrysts have borders of fine-grained oriented quartz in tha groundmass. o, Sericitized orthoclase; q, quartz. Crossed nicols.
D, Photomicrograph of sodic granite porphyry of group 8 from dike three-eighths of a mile south of Jamestown. Fresh plagioclase and deuterically altered zoned orthoclase in
microgranular groundmass of quartz and orthoclase. p, Plagioclase (albite-oligoclase); o, orthoclase. Crossed nicols.
E, Photomicrograph of bostonite of group 9 from dike 750 feet north of reservoir, Central City. Phenocryst of orthoclase in groundmass of anorthoclase·blades, which show
marked flow structure. a, Anorthoclase, o, orthoclase; h, hole in slide. Plain light.
F. Photomicrograph of biotite htite porphyry of group 10 from dike in the Stanley mine west of Idaho Springs. Note fragmentation of plagioclase and abundance of biotite.
Groundmass is partly glass. p, Plagioclase (andesine-oligoclase); o, orthoclase; b, biotite. Plane polarized light.
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position of the residual liquid cha11ged during crystallization of the 1nagma in almost exactly the reverse of
the way that it changed during the period of magma
generation, when the crystalline substratum was gradually being fused. Thus the curve of solidification was
ahnost the reverse of the curve of liquefaction. Withdrawal of portions of the changing residuum of the
slowly solidifying magma into shallow reservoirs and
further differentiation by the subtractive processes of
crystal settling, crystal zoning, and filter-pressing occurred several times in the eastern part of the range
and gave rise to distinct differentiation series: Diorite,
monzonite, quartz monzonite, granite, alaskite, leadsilver-zinc ores; alkalic syenite, bostonite, pyritic gold
ores; and biotite monzonite, biotite latite, latitic intrusion breccia, gold-telluride ores, and tungsten ores. On
the western slope the differentiation series ranging from
porphyritic diorite through porphyritic quartz monzonite to granite porphyry represents subtractive differentiation in comparatively shallow hearths and is
closely con1parable in its physical chemistry to the corresponding differentiation series on the eastern slope.
The late differentiates of the olivine gabbro magma,
however, were much more alkalic than those of the
augite diorite magma because of the initial difference
in composition of the parent magma. Although most
of the differentiation "\Yas due to crystal settling, zoning, and filter-pressing, some desilication of the n1agma
in the shallow hearths occurred locally during the emanation of silica-rich volatiles that were absorbed by
reactive roofs. This process probably explains some
of the late dikes and the corrosion of the early quartz
phenocrysts that is so conspicuous in many of the late
porphyries. Locally the departure of volatiles and the
accompanying desilication was accompanied by remelting of the magn1atic shell or crust and by the formation of a composite stock whose rock facies differed
only slightly frmn one another in cmnposition.
In each successive differentiation series and in each
succeeding member within a differentiation series an
increasing concentration of volatiles is evident.
POST-EOCENE IGNEOUS ROCKS
EXTRUSIVE ROCKS

The post-Eocene extrusive rocks of the Front Range
occur chiefly in two widely separated areas. Miocene
extrusives occur in the region drained by the headwaters
of the Cache la Pouclre and Colorado Rivers near the
northwestern part of the Rocky Mountain National
Park, and Oligocene and Miocene lavas are widespread
in the southwestern part of the Front Range in theregion west of Cripple Creek between the Arkansas River
and the South Platte River. Interbedded lower Miocene bone-bearing conglomerates prove that the lower
part of the lava series of the Rocky Mountain National

Park region is of Arikaree age, but the age of tlle upper
members is less certain. The amount of erosion undergone suggests that very few of them can be later than
early Pliocene. The Tertiary rocks of this region include trachyanclesite (?),rhyolite, obsidian, basalt, and
rhyolitic and anclesitic tuffs and agglomerates according
to Spock,80 but the work of Wahlstrom 81 indicates that
Spock's trachyandesite is more properly termed quartz
latite. With the exception of this rock the flows are
limited in extent, and the succession differs somewhat
from place to place.
The oldest volcanic rock in the region, according to
Gorton, 82 is basalt, which was followed successively by
andesite, tuff and agglomerate, quartz latite, rhyolite,
and obsidian. The andesite is interlayered with conglomerates that are probably of lower Miocene age
(see p. 41) . The tuffs and agglmnerates were spread
on a land surface of much relief and were covered by
latitic lava flows. The basalt and andesite flows are
comparatively small, and the most extensive lava fields
are made up of several flows of dense dark-colored
quartz latite and amygdaloidallavas younger than the
tuffs and older than the rhyolite of Lulu Mountain, just
east of Cameron Pass. Most of the rhyolites are white
to light-gray porphyritic felsites, but spherulitic rhyolites occur locally. On Lulu Mountain the rhyolite
flows aggregate 900 feet in thickness and form a mesa
covering 5 square miles; the quartz latite flows underlying the rhyolite aggregate are approximately 800 feet
thick. The center of this volcanic activity was probably at Specimenl\fountain, 12 miles northwest of Estes
Park. 83
Specimen Mountain is a deeply eroded pre-Pleistocene volcano according to Wahlstrom, and the extensive series of pyroclastics and flows found in the surrounding region probably came from this vent. Near
the volcanic throat the flows and breccia beds are
strongly tilted and faulted, but the volcanic rocks a
few miles north show little fracturing. The composition of the extrusive rocks ranges frmn quartz latite
to silicic rhyolite~ and the intrusive volcanic plug is
rhyolite. The volcanic rocks were spread on a surface
of moderately strong relief; 3 1niles east of the volcano,
at Iceberg Lake, an ancient northeastward-trending
valley, cut 500 feet below the Flattop peneplain to an
altitude of 11,500 feet, was filled with rhyolite.
The late Tertiary lavas of the southern .Front Range
can be followed southward into the }Vet Mountains and
·westward into the Arkansas Valley near Salida. As
the lavas in these t"\vo localities are commonly believed
to be eastern outliers of the great San Juan volcanic
field, the extrusives in the southern Front Range seem
Spock. L. E., Jr., op. cit. pp. 195-241.
·wahlstrom, E. E., op. cit.
8 2 Gorton, K. A., op. cit.
83 Wahlstrom, E. E., op. cit.
80
81
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to mark the extreme northeastern extension of the
Tertiary volcanics that had their greatest development
in the San Juan Mountains of southwestern Colorado.
In the region between Cripple Creek and Salida and
north of the Arkansas River the earliest Tertiary volcanic rocks are nearly everywhere light-colored tuffs,
generally subaerial but locally water-laid. Overlying
them with erosional unconformity is a dark-colored
andesitic and basaltic breccia, 'vhich in many places lies
directly upon pre-Tertiary rocks. The light-colored
late Oligocene or early Miocene water-laid tuffs of the
Florissant lake beds are overlain by this type of breccia ;
according to Cross 84 they probably record the earliest
volcanic activity of the volcanic center that lies west
of the Pikes Peak quadrangle. The early tuffs found
farther west and southwest are also of Oligocene age 85
and are tentatively correlated with the Florissant lake
beds by the writers.
The andesitic and basaltic breccia covers an area of
n1ore than 100 square miles in the western half of the
Pikes Peak quadrangle and the southern half of the
adjoining Black Mountain quadrangle; it ranges in
thickness from a mere film to more than 2,000 feet. It
is a poorly bedded subaerial deposit that includes finegrained tuffs, agglomerates, and moderately coarse
breccias, and locally contains interlayered flows of
olivine basalt. In the southwestern part of the Pikes
Peak quadrangle, where it is thickest, the lower part is
made up of rocks whose composition ranges from that of
olivine basalt to that of pyroxene andesite; its upper
part is made up of rocks of more salic character, such
as hornblende andesite and trachyte,
The breccia is cut by dikes of augite andesite and is
locally covered by flows of the same rock. These dikes
and flows are in turn cut by dikes, sheets, and irregular
1nasses of hornblende and mica andesite.
A light-colored porphyritic trachyte covers rather
large areas in the Black Mountain quadrangle in the
southern part of South Park and in the central western
part of the Pikes Peak quadrangle south of Lake
George, where it occurs as flows on pre-Tertiary rocks
and on the andesitic and basaltic breccia to whose uppernlOst beds it has contributed smne debris. South of
Hartsel the trachyte rests on light-colored beds of Oligocene arkose, tuff, and marly limestone, which in turn
rest on the basaltic and andesitic breccia.
In addition to the widespread Oligocene tuffs and
breccias described above there are local areas of tuffs
that mark volcanic centers. Belonging to this type are
those found near Cripple Creek, in the Bare Hills area,
about 15 miles to the west, and near Signal Butte about
Croes. Whitman, U. S. Geol. Survey Geol. Atlas, Pikes Peak folio
(no. 7), p. 2, 1894.
5
8 Stark, J. T., Johnson, J. H .. Behre, C. H .. Powers, W. E., Howland,
A. L., and Guild, D. B., History of South Park Colo. (abstract) : Geol.
Soc. America Proc., 1935, pp. 107-108, 1936.
84

10 miles north of Florissant. The tuffs of the Cripple
Creek volcano are phonolitic, but those of the other
localities are andesitic.
Ash-gray or pink rhyolite is widely distributed as
small remnants of surface flows; in the southwestern
part of the Pikes Peak quadrangle northwest of Canon
City it has a marked banded spherulitic structure and
is locally interbedded with rhyolitic tuffs. In many
places this rhyolite filled natrow shallow gorges cut in
the early tuff or in the basaltic and andesitic breccia.
Its age relationship to 1nost of the volcanic rocks is not
certainly known, though it is younger than the Florissant lake beds and earlier than the Cripple Creek
phonolites.
INTRUSIVE ROCKS

vVith the possible exception of the few post-ore dikes
in the mineral belt that are referred to the Eocene but
that may be later, the post-Eocene intrusives of the
Front Range are lin1ited to the regions of Miocene extrusives in the Rocky Mountain National Park region
and in the southern portion of the Front Range.
In the southern part of the Front Range there are
many dikes of andesite and related rocks cutting the
Oligocene and Miocene volcanics. The dikes of basalt
found in the andesitic and basaltic breccia are the oldest Tertiary intrusives recognized in the region. The
breccia is also cut by 1nany dikes of augite andesite,
which are for the n1ost part younger than the basalt
dikes. Hornblm;de and biotite andesite dikes cut the
augite andesite dikes. The. rhyolite of the Cripple
Creek district is probably contemporaneous with the
rhyolite flows to the southwest and is older than the
phonolite series of the adjacent volcano. Neglecting
intermittent subsidence, the order of events recorded in
the Cripple Creek crater as worked out by Lindgren
and Ransome 86 and by Loughlin and Koschmann 87 is
as follows: ( 1) Intrusion and extrusion of phonolite
in explosive volcanic outburst with the resultant forInation of the phonolitic breccia in the volcanic neck;
( 2) intrusion of dikes, sills, and irregular masses of
latite-phonolite (23 percent of the intrusives) and small
necks and dikes of syenite and trachyphonolite; ( 3) intrusion of phonolite dikes and plugs (73.5 percent of
the intrusives); ( 4) intrusions of dikes of vogesite and
1nonchiquite; ( 5) dikes of trachydolerite; ( 6) intrusion
of pipe of basaltic breccia ("Cresson blowout") and accompanying local dikes of basalt; and (7) deposition
of gold ores. (See description of Cripple Creek district on pp. 291-2r.8 for further details.)
sa Lindgren, Waldemar, and Ransome, F. L., Geology and ore deposits
of the Cripple Creek district, Colo.: U. S. Geol. Survey Prof. Paper 54,
pp. 23, 32, 113, 1906.
87 Loughlin, G. F., and Koschmann, A. H., Geology and ore deposits of
the Cripple Creek district, Colo. : Colorado Sci. Soc. Proc. vol. 13, no.
6, pp. 242-252. 1935.
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The intrusives of the other volcanic centers in the
southern Front Range have been little studied petrographically, but in the field the intrusive rocks of the
Bare Hills and Signal Butte areas appear to be andesitic types; the small stock near Guffey is an augite-biotite
monzonite.

STRUCTURE
PRE-CAMBRIAN STRUCTURE

Throughout the Front Range the foliation of the
metamorphic rocks is nearly everywhere parallel to the
original bedding of the ancient sediments and the flow
structure of the interbedded lava flows. Open folds,
tight isoclinal folds, and complex contortions are all
common in these early metamorphic rocks. ,Locally,
along planes of 1narkecl pre-Cambrian faulting, the
foliation is parallel to the later structural feature.
!iost of the earlier pre-Ca.mbrian intrusive rocks were
intruded as thin sill-like masses parallel to the foliation
of the 1netan1orphic rocks. This concordant habit becomes less and less marked in the younger intrusives.
In most places where the primary gneissic structure at
the borders of the early orthogneisses is distinct it is
parallel to the foliation of the enclosing schist, but
locally it is discordant.
STRUCTURE OF THE GRANITES

The linearity of outcrop noted in the very early preCambrian intrusives is not as evident in rocks belonging
to the Boulder Creek granite series. Application of
the Cloos method for interpreting the shapes and attitudes of intrusive bodies suggests that the individual
masses of Boulder Creek granite are funnel-shaped and
that the parallelism between the enclosing rock and the
platy structure of the Boulder Creek granite series 1nay
therefore be clue in part to the enlarging of the upwardmoving body of magma and the consequent lateral
thrusting that must have taken place..
The coarse-grained masses of Pikes Peak granite
break across the foliation of the country rock in n1any
places, but very commonly the contact between the
two is parallel to the foliation of the metamorphic rock.
Some of the smaller masses of Pikes Peak granite have
the structure of compressed funnels illustrated by the
stock northwest of Jamestown, whose long axis trends
northward and whose sides dip steeply toward the center of the mass. vVhere they have been studied, the
walls of the larger bodies of Pikes Peak granite are
usually very steep or dip outward at angles steeper
than 50°, but the northern contact of the Pikes Peak
batholith a few miles south of Sehaffers Crossing dips
southward at a low angle.
Moderately fine-grained later pre-Cambrian granites
of the Silver Plume type very commonly cut across
the foliation of the schists and gneisses, but contacts

parallel to the foliation of the early schists and gneisses
may predmninate locally. Granites of the Silver
Plume type were apparently less effective in imposing
foliation on the metamorphic rocks than were the older
granites. Insufficient work has been clone thus far to
allow generalization regarding the shapes of the intrusives in the Silver Plume, but M. F. and C. M. Boos,88
as well as the writers, have found evidence of many
local centers of intrusion within batholiths of Silver
Plume granite. In smne places the coalescing of granite masses that were feel frmn relatively small scattered
conduits at depth has resulted in a composite batholith.
In such bodies of granite, some areas apparently rich
in roof pendants or schist inclusions prove to be underlain by a continuous 1nass of schist forming the country
rock of the narrowing granite conduit.
,
Pegmatites and aplites related to each of the intrusive granites are especially comn1on along their
borders, both on the under and upper sides of the intrusive masses. The structural relations of pegmatites
containing such unusual minerals as beryl and the rareearth minerals have not yet been worked out in detail,
though it is evident that they occur close to the borders
of the related granite masses (see pp. 21, 65) .
The distribution of the various granites in the Front
Range so far as known is shown on plate 1.
STRUCTURE OF THE METAMORPHIC ROCKS

Although it is difficult not to describe certain areas
in too much detail and to deal too hurriedly with
others, the writers have tried in the following description to present a balanced picture of the region and
to give only the general structure of the metamorphic
rocks.
In the southern part of the Front Range, north of
Parkdale, the regional trend of the schist is from N.
30° to 40° E., but insufficient work has been done to
establish the details of the structure. Near Guffey.
just southeast of its contact with a stock of Boulder
Creek granite, the schist dips southeastward at approximately 65 o. It contains quartz and sillimanite, is of
sedimentary origin, and apparently belongs to the
Idaho Springs formation. A few miles southeast of
Guffey this schist abuts against a small batholith of
Cripple Creek granite. Farther southeast, about 7
miles northwest of Canon City, a triangular mass of
schist containing interbedded quartzite extends in an
easterly direction along the southern border of this
batholith; farther east, beyond Oil Creek, it continues
eastward along the south edge of the main Pikes Peak
batholith. (See plate 1.) Along the Phantom Canyon road south of Cripple Creek clearly defined anticlines and synclines in this schist are well exposed.
The oldest rocks noted here are quartzite beds, which
88 Boos, 1\I. F., and Boos, C. M., Granites o-f the Front Range: Geol.
Soc. America Bull., vol. 45, p. 331, 1934.
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forin the cores of anticlines spaced approxi1nately one
mile apart. The axes of the anticlines plunge steeply
to the east, and the general strike of the schists and the
axes of the folds is N. 80° vV. The foliation of the
overlying schists is parallel to the bedding of the quartzite and is a good exam pie of the close parallelis1n between foliation and original structure common throughout the Front Range. Mapping of the quartzite has
been somewhat generalized in the Pikes Peak folio, 89
and the associated schists are not shown, but apparently
the quartzite member extends west-northwest from
Phantom Canyon, where they are 4,000 feet thick, to
the edge of the Paleozoic beds in the valley of Oil Creek,
beneath which they are hidden for a short distance,
reappearing again in the region northwest of Canon
City.
A similar bed of quartzite has been 1napped by Cross
in the northern part of the Pikes Peak quadrangle. 90
It extends north-northwest through Blue Ridge southwest of Florissant and farther north appears again west
of Lake George, where it swings sharply to the west.
The regional strike of the associated schist northwest
of Lake George is N. 60° vV., and the dip is approximately 60° N.; however, as the western side of the Pikes
Peak batholith is follmved northward from Lake
George a marked change in the regional foliation is apparent. A few 1niles northwest of Tarryall, schist
typical of the Idaho Springs formation is exposed along
Tarryall Creek for 12 miles. The schist is closely
folded, and many anticlines and synclines can be· observed along the Tarryall Creek road. Here the general strike of the schist is N. ±5° E., but in Lost Park,
8 miles to the northeast, the regional trend is N. 60° vV.,
and the prevailing dip is almost invariably 25° to 50°
NE. A few miles northwest, the strike swings sharply
west and then southwest, and the schist dips approximately 35° NvV. At the extreme eastern edge of Lost
Park, between Pikes Peak granite and a small body of
granite gneiss, a mass of schist clips east at about 45°.
As shmvn on plate 1, the regional structure suggests a
broad northeastwarcl-phmging anticline, whose nose is
nearly 5 miles across. On the crest of the ridge between Lost Park and Tarry all Creek the uniform northwesterly trend of the schists suddenly changes to a
series of tight northeastward-trending folds. Their
structure is parallel to and in harmony with that previously mentioned for Tarryall Creek a few miles farther south west.
Northeast of Lost Park the northeastward-dipping
structure continues for many miles and is prominent in
the valleys of the North Fork of the South Platte between Bailey and Shawnee. To the northeast, the broad
nose of the Lost Park anticline widens until in the re-

gion immediately north of the North Fork of the South
Platte it has passed into a crumpled monocline, which
trends at right angles to the axis of the anticline to the
southwest. This is not an uncommon type of structure
in the Front Range.
In the region between Bailey and Georgetown the
regional trend of the schist in most places conforms
rather definitely to the outlines of the irregular northwestward-trending mass of Pikes Peak granite and associated Boulder Creek granite. Ball 91 notes that on
the western and southern sides of the batholith of
"Archean quartz monzonite'' (Boulder Creek granite)
in the Georgetown quadrangle the encompassing schist,
as \Yell as the schistosity developed in the monzonite, in
general clips steeply away from the batholith, although
locally the dip is toward it. The general southerly dip
on the south side of the batholith indicates the presence
of a syncline between the "Archean quartz monzonite"
nmss and the North Fork of the South Platte 8 miles to
the south. An eastward-trending area of hornblende
gneiss appears on the map of the Georgetown quadrangle approximately where the axis of the syncline
should lie and probably marks the continuation of a
syncline northwest of Cassells which also trends northeastward and has hornblende gneiss in the middle.
Frmn the eastern border of the Pikes Peak granite batholith where the main stream of the South Platte River
joins the North Fork of the South Platte to where the
South Platte River leaves the pre-Cambrian area, the
regional dip of the schists is northeast at angles ranging
from 20° to 75°.
Along the "\Yestern edge of the Front Range east of
Breckenridge the sedimentary schists of the Idaho
Springs formation clip east-northeast at a low angle
and underlie an extensive mass of isoelinally folded
hornblende gneiss about 4 miles in width. Where the
Idaho Springs for1nation reappears at the eastern side
of the gneiss its dip is nearly vertical. North of the
latitude of Breckenridge this synclinal body of hornblende gneiss has a generalnorth-nortlnvesterly trend,
but to the south it swings sharply to the south-southwest,
disappearing under the Mesozoic and Tertiary sedimentary rocks at the northern edge of South Park. This
crenulatecl syncline rises gradually toward the north,
and only a few minor troughs of hornblende gneiss remain where the 1netamorphic rocks are cut off by the
southern edge of the batholith of Silver Plume granite
about 10 miles northeast of Breckenridge.
Along the northern edge of this batholith, about 15
miles farther north, the regional dip of the schists and
gneisses is 45 o to 60° SE. The structure reverses a few
miles frmn the border of the granite, and a belt of hornblende gneiss is exposed in the center of this anticline;

89 Cross, \V., U. S. Geol. Survey Geol. Atlas, Pikes Peak folio (no. 7),
1894.
90 Idem., p. 1.

91 Spurr, J. E., Garrey, G. H., and Ball, S. H., Economic geology of the
Georgetown quadrangle, Colo. : U. S. Geol. Survey Prof. Paper 62, pp.
51-52. 1908.
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it apparently underlies schists of sedimentary origin,
which seen1 equivalent to the Idaho Springs formation.
The schists lying just southeast of the hornblende gneiss
extend northeastward across the Fraser River, where
they swing to the north and finally to the northwest,
dipping 60° NE., where they disappear under Tertiary beds east of Fraser. This sharp swing 1narks the
nose of the anticline that has the hornblende gneiss at
its center southwest of the Fraser River. On the
northern side of the Tertiary cover, a few miles north
of Tabernash, the regional clip of the schist is about
60° NW. In the Willian1s Range, nearly due west of
the hornblende gnejss area, the regional dip of the
schists is also about 60° NvV., suggesting that the hornblende gneiss is near the center of an unusually persistent anticline.
In the eastern part of the J\ilontezmna quadrangle,
about 15 1niles east of Breckenridge, detailed studies
show that the sedimentary formations of the Idaho
Springs formation are closely folded and that the local
structures are strongly influenced by the stocks and
batholiths of Boulder Creek granite nearby. The regional trend of this folding is nearly due north in the
southern part of the quadrangle, but it swings to the
northeast near the latitude of Montezuma. Two zones
of quartzitic schist, ranging frmn siliceous quartz biotite schist to schistose quartzite, can be traced frmn the
southern part of the quadrangle north-northeast to the
vicinity of Silver Plume and Georgetown, where they
swing east and are cut off by the western edge of a
batholith of Boulder Creek granite. Beds of quartzite appear on the eastern side of the batholith several
miles to the east and have been traced for smne distance
east-southeast of Squaw }\;fountain. It is uncertain
whether these zones are the san1e and mark the repetition of one bed or whether they are separate n1en1bers.
In the region east and northeast of Georgetown and
Idaho Springs a few large regional folds have been
noted. About one mile north of Idaho Springs a
marked syncline can be traced N. 60° E. for several
miles. East of the North Fork of Clear Creek the
trough of the syncline is cut by a 1nylonitic zone striking N. 45 ° E., and the southern limb of the fold is cut
out. A parallel syncline appears just southeast of the
mylonitized zone, but its northwest limb is greatly
thinned along the shear zone that separates them. This
second syncline, which is occupied in part by hornblende
gneiss, extends northeastward nearly 5 miles, then
swings south-southeast for a short distance before assuming the nearly due-east trend that it shows just before it disappears under the Pennsylvanian sedimentary
rocks 31f2 1niles north of Golden.
Between the North Fork of Clear Creek and the eastern foothills the mylonitized zone that 1narks the northern edge of this syncline is one of the most conspicuous

pre-Cambrian faults in the Front Range. Although
much of the movement along it took place before the
intrusion of the Boulder Creek granite, movmnent continued after the granite had solidified. The northern
side of the fault is downthrown and is marked by the
truncated northeastward-trending syncline of quarzite
at Coal Creek. (See p. 23).
About 5 miles north of Idaho Springs there is a
northeastward-trending anticline whose axis passes
through Central City. This anticline is conspicuous
for several miles to the northeast, but to the southwest
it passes into a northward-dipping n1onocline and has
not been observed south of Fall River, about 2 miles
west of Idaho Springs. About 6 1niles northwest of
Central City a northeastward-plunging syncline is present and becomes very marked as it is followed southsouthwest. It cannot be traced far to the northeast, for
it broadens in this direction~ and in a comparatively
short distance the trend of the schist in what was the
trough of the fold has becmne the regional direction of
a crumpled monocline. On Boulder Creek, about 8
miles north of Central City, the regional structure of
the schist is north toN. 30° ""\¥.,and its dip is 50° to 80°
E., frmn the western edge of the batholith of Boulder
Creek granite to the east of the Moffat tunnel, a distance of approximately 8 miles; just west of the portal
the foliation swings to the northwest and west around
the nose of a marked regional anticline that phmges
toward the north. On the western side of this anticline the schist dips approximately 65° NW. This anticline can be traced north-northeast from near Empire
to the western part of the Caribou n1ining district 12
miles away. Only the south portion of the syncline
that lies to the west is visible; it may be seen at the
head of Jim Creek a few miles southeast of West Portal
As the trough is followed northward it is cut off by
the Moffat tunnel shear zone, which brings the steeply
clipping western and eastern limbs into immediate eontact with each other by eliminating the transitional
trough-the inverse of the relation existing along the
Coal Creek shear zone (pls. 1 and 2). Along the tunnel
line the westerly and northwesterly dip of the beds
is evident on the surface as far west as Rifle Sight notch,
where the shear zone that caused a large part of the
heavy ground found in driving the Moffat tunnel crops
out. As noted previously, the prevailing dip of the
beds on the western side of the shear zone is east-southeast at 60° to 65 °.
About 3 miles north of Nederland the strike of the
eastward -dipping schists that border the batholith of
Boulder Creek granite swings east-northeast, and the
dip changes to 60° N. This structure prevails as far
north as Ward, where the schist gives way to granite.
In the band of northward-dipping schist crumpling is
very evident, but no well-marked anticlines and syn-
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clines have been noted. As this band of schist is followed eastward it swings sharply northeastward within
a few miles, following the northwestern side of the
Boulder Creek granite batholith. The northerly dips
change abruptly north of Gold Hill, and from here to
the foothills the Boulder Creek granite is bordered by
southeastward-dipping schist. Several anticlines and
synclines have been recognized in this area by Goddard.
A small stock of gneissic granite lying between Monarch Lake and the Lake Albion porphyry stock has
been unroofed along the valleys of East Fork and Cascade Creek, and the concordance of the schist with the
top of the stock is well shown (pl. 2). Along the Continental Divide to the east of the stock, quartz-biotite
schist and the overlying hornblende gneiss dip 20° to 30°
E. In the valley walls to the north of East Fork the
schist dips north or northwest at 10° to 20°, and on the
south side of the valley at Thunderbolt Peak it dips
south-southeast at 25 o. Fron1 Monarch Lake westward
the metamorphic rocks clip west or northwest at 25° to
60°. Thus the granite forms the core of an anticline,
which can be traced northeastward for several miles, but
to the southwest it is cut off by a s1nall batholith of
Boulder Creek granite.
The region lying north of Aliens Park has received
less attention by the writers than that already described
and has been studied chiefly by M. F. Boos. 92 As shown
on plate 1, there is much granite east of the Continental
Divide between the latitudes of Jamestown and the
northern edge of the Rocky Mountain National Park
quadrangle. On the w·estern side of the Continental
Divide the prevailing trend of the schist is east to northeast, and the prevailing dips are to the north or northwest at from ±5o to 70°. On the eastern side of the
divide the prevailing strike of the schist is north, and
the dips are from 20° to 70° E. This foliation suggests
that, like the East Fork stock, the other granite stocks
near the Continental Divide were intruded along the
middle of a northward-trending anticline or that they
domed the metamorphic rocks.
The schists at the edge of the Front Range just
north of the Little Thompson River are clearly of sedimentary origin and eli p about 65 o E. A quartzitic zone
in these schists can be follo·wed nortlnvard and northeastward for several miles to where the Big Thompson
River leaves the pre-Cambrian terrain. Two miles
south of the river the schists clip south-southeast at 65°,
but the quartzitic layers are folded sharply back on
themselves, and the Big Thompson River follows the
trough of a syncline that plunges east-southeast. On
the south side of the river the schists dip north or
9 2 Boos. M. F., and Boos. C. M., op. cit., pp. 303-332.
Fuller, M. B.
(Mrs. M. 11~. Boos), General features of pre-Cambrian structure along
the Big Thompson Valley, Colo.: Jour. Geology, vol. 33, p. 52, 1924;
Contact metamorphism in the Big Thompson schist of north-central
Colorado; Am. Jour. Sci., 5th ser. vol. 11, pp. 194-200, 1926.
862135-50-;)

northeast at 60°, but a short distance riorth of the river
they dip south or south-soutlnvest at 50° to 70°. _._~bout
4 miles to the north of the Big Thompson, quartz schists
again appear in the middle of an eastward-trending
syncline and probably mark the repetition of the same
zone. Quartz schists lying in an eastward-trending
syncline are again found 10 1niles farther north, about
6miles northwest of Fort Collins. Here, too, they 1nark
an eastward-plunging syncline. The repetition of these
quartz schists in synclines in many localities strongly
suggests that the large area of schist behveen the Big
Thompson and the Cache la Poudre Rivers is an isoclinorium. As shown on the map, plate 1, the general trend of the foliation is eastward, although near
the eastern border of the range it swings sharply to
the southeast. Northerly clips prevail, but southerly
dips also occur.
Just west of the Front Range, in the region west of
Cameron Pass, there is a considerable area. of hornblende gneiss that may be regarded as the extreme
southern end of the Medicine Bow Range. The regional westerly dips of the sedimentary schists to the
east suggest that the hornblende gneiss has a synclinal
position, but little detailed work has been clone on
the structure of this part of the n1ountains. Where
the range leaves Colorado, just north of North Park,
interbedded hornblende gneiss and quartz-biotite schist
form the bulk of the crystalline rocks. The regional
strike of the foliation is east, and nearly everywhere
the dip is steeply northward. About 10 1niles north
of the State boundary, the trend of the foliation swings
toward the northeast, and this regional trend has been
observed over a. wide area. The presence of closely
folded anticlines and synclines in the schist has been
notf>d by the writers, but the structure of what seems
to be a later series of pre-Cambrian sedimentary rocks
described by both King 93 and Blackwelder 94 has not
been studied in sufficient detail to allow a satisfactory
discussion here. These later rocks form a thick series
of interbedded quartzites, phyllites, conglomerates,
slates, and graywackes and bear a marked resmnblance
to the quartzite at Coal Creek and to theNeedle Mountains group of the San Juan area. The regional trend
is to the northeast, and the eli ps are steep.
ORIGIN OF THE ME'T .AM ORPHIC STRUCTURE

The extremely complex structure of the pr:e-Cambrian terrain of the Front Range can be reduced to a
fe,v comparatively simple elements. The regional distribution of the pre-Cambrian sediments is sig1iifica.nt.
The metamorphic rocks in the central part of the range
from Canon City to Wyoming are almost exclusively
93 King, Clarence, United States geological exploration of the fortieth
parallel, vol. 1, pp. 28-29, Washington, 1878.
9 ~ Blackwelder,
Eliot, Pre-Cambrian geology of the Medicine Bow
Mountains: Geol. Soc. America Bull., vol. 37, pp. 615-658, 1926.
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members of the Idaho Springs formation, and the
deepest parts of this formation are exposed in this narrow northward-trending zone. The Swandyke hornblende gneiss is abundant along the flanks of the range,
to the east and west of the central zone, and the youngest pre-Can1brian sediments crop out only at the easternmost edge of the mountains. This distribution suggests that the complexities of structure so characteristic
of the metamorphic rocks have been imposed on a comparatively simple regional pre-Cambrian anticline,
which trends almost due north. The major folds in
the western flank of this anticline are both parallel and
transverse to the axis, but the eastern flank is crumpled
into don1inantly transverse folds plunging east-northeast.
The Pikes Peak and Sherman granite batholiths, by
far the largest in the Front Range, follow the axis of
the regional anticline. The Boulder Creek granite
batholith also trends northward, but the many irregular
stocks and batholiths of Silver Plume granite that are
present between the Shennan and Pikes Peak granite
batholiths in general trend northeastward. The smaller
n1asses of Boulder Creek granite and the granite gneiss
and quartz monzonite gneiss bodies commonly are elongated parallel to the part of the major structure in
which they were emplaced.
The grade of metamorphism and the intricacy of
the minor folding tend to increase with depth in the
metamorphic series and with proximity to some of the
intrusive bodies. Granitization that involved both
fusion and replacement of schist has been observed
northeast of Monarch Lake and northwest of the 1nouth
of Geneva Creek. In both localities the granitized rocks
are in the lower part of the Idaho Springs formation.
The ubiquitous complex minor folding in large part
is due to small intrusions, and the general structure of
the foliates, as well as the primary structure of the
intrusives themselves, tends to parallel the edges of the
stocks and batholiths.
The pervasive metan1orphism of the Idaho Springs
formation and the Swandyke hornblende gneiss seems
linked with the widespread introduction of thin seams
of aplite and pegmatite, but there is nothing in the composition of these seams to suggest the presence of powerful meta1norphosing agents; their simple mineralogy
suggests that they accompanied rather than caused
the !netamorphism. It is possible, however, that the
temperature gradient due to the great age of the sediments would make the beds susceptible to metamorphism with only minor magmatic contributions from the
numerous granite masses.
The age of the earth is commonly adjudged to be
approximately 2,000,000,000 years. The youngest metamorphic formation in the Front Range, the quartzite
at Coal Creek, is older than the Boulder Creek granite,

which in turn is older than the billion-year-old Pikes
Peak granite. The regional structure and the striking similarity of the metamorphic rocks in the northern
Front Range, the Hartville uplift, and the Black Hills,
has led the writers to correlate the Idaho Springs forInation with the ancient schists of the Harney Peak
region, which are cut by the Harney Peak granite.
This granite has been the subject of much careful study,
and its age is approximately 1,465,000,000 years. The
evidence within the Front Range, supported by that
in the Black Hills, indicates a great antiquity for the
Idaho Springs formation and its deposition during the
first quarter of our planet's existence.
Theories of the origin of the earth are still eli verse,
but most of them that now have credence agree that the
earth was molten at an early stage in its existence.
Many factors, such as radioactive heating, condensa.:.
tion, endothermic and exothermic reactions, and atomic
disintegration under cosmic rays, would affect the cooling of the earth and are difficult to appraise. It is
clear, however, that from an extremely steep initial
slope the geothermal gradient has fallen to one of very
moderate slope. Spicer 95 has calculated the gradient
that would exist at certain time intervals in a homogeneous nonradioactive earth for a variety of assumptions as to initial gradient and thermal constants. The
results show that in a general way the present gradient
is about 70 to 75 percent of the gradient at the end of
the first 500,000,000 years (Harney Peak granite time)
and approximately half of that which probably existed
at the end of the first 350,000,000 years (Idaho Springs
formation time?). Thus the temperature gradient in
early pre-Cambrian sediments may well have been twice
that which exists today in comparable beds. Spicer 96
has also summarized known data for temperature gradients in the United States. The average gradient in
Louisiana, a region of thick sediments probably comparable to the ancestral unconsolidated Idaho Springs
formation, should lead to a temperature of 100° C. at
7,000 feet. In the original sedimentary basin containing the Idaho Springs formation, the Swandyke gneiss,
and the quartzite at Coal Creek, the data available (see
pp. 20, 23) indicate a thickness in excess of 35,000 feet.
A gradient of t.wice that found in Louisiana would lead
to a temperature of 1,000° C. at this depth, probably
sufficient to cause incipient fusion, even under the load
existing there. At half this temperature the beds
would still be extremely susceptible to metamorphism
and would require little tectonic disturbance and magmatic addition to transform them into schists and
gneisses.
95 Spicer, H. C., Tables of temperature, temperature gradient, and age
for a nonradioactive earth : Geol. Soc. America Bull., vol. 48, pp.
75-92, 1937.
96 Spicer, H. C., Rock temperatures and depths to normal boiling points
of water in the United States: Am. Assoc. Petroleum Geologists Bull.,
vol. 26, pp. 270-279, 1936.
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The chief factors in the development of the preCambrian structure 1nay be summarized as follows :
( 1) A thick series of dominantly clastic sedi1nents with
some intercalated volcanic rocks accumulated; ( 2) the
sediments became highly heated because of a steep normal te1nperature gradient and thus were very susceptible to 1netamorphic processes; (:3) a great northwardtrending anticline began to form while magmatic
en1anations frmn a deep-lying widespread granite
magma rose into the sediments and metamorphism
commenced; and ( 4) the anticline was invaded by a
series of salic plutonic rocks. The earlier ones were
guided by the local structure to a large extent and
were contemporaneous ·with the late stages of regional
metamorphism ; the intennecliate and largest bodies
followed only the major structure of the region and
modified the local structure to one concordant with
then1selves; and the latest granite bodies broke through
with much less effect on the metamorphic structure and
tended to follow transverse northeasterly local folds
but were quite irregular in outline.
LARAMIDE STRUCTURE

The pre-Tertiary topography and structure of the
Front Range region strongly iufl uenced the localization

of folding and faulting during the Laramide revolution. The persistent positive areas and the basins of
deposition that separated them during Paleozoic and.
Cretaceous time can be outlined with a fair degree of
certainty in Colorado (fig. 14). The Front Range
highland and Wet Mountains highland may be regarded as a cmnpouncl positive unit trending northnorthwest. A northwest trend is very marked on the
western edge of the wedge-shaped Front Range highland, but its eastern edge extended almost due north.
The narrow Wet Mountains highland trended northwestward, and during the interval when it was not
directly connected with the Front Range highland its
northern end was only a short distance south of the
Front Range highland. The central Colorado basin,
which lies chiefly between the Uncompahgre highland
and the Front Range highland, splits in the southeastern
part and passes on both sides of the Wet Mountains
highland. It was developed in large part during Carboniferous time and is one of the deepest basins in
Colorado. During the Paleozoic era this trough was
filled with sediment to a thickness of as 1nuch as 15,000
feet, and later during Cretaceous time several thousand
feet more of sediment accumulated in it. The Denver
basin, which lies just east of the central part of the
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14.-Paleotectonic map of Colorado, showing ancient positive and negative areas.
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Front Range, is comp~rable in depth to the central
Colorado basin. Although the Paleozoic section is only
a few thousand feet thick in the foothills belt, it thickens
eastward, becoming more than 10,000 feet thick a few
miles east of Denver. The Cretaceous rocks are also
about 10,000 feet thick in this part of the basin but
thin to the east.
During the latter half of the Paleozoic era, the central
Colorado basin was broken by an uplift, which joined
the north end of the vV et Mountains highland with the
Front Range highland. The thick accumulation of sediments in the trough to the \Vest involved the downwarping of the basin while uplift was occurring in the
adjacent highlands. The dominant trend of the 1ninor
folds that were formed during this differential movement was northwest. During much of the Upper Cretaceous epoch all the Front Range was submerged, and
by far the thickest sediments accumulated in the basin
just east of the present Front Range between Denver
and Greeley.
The uplift of the Front Range prob:tbly began in
middle Pierre time while the Denver basin was still being dow1nvarped. The central part of the Front Range,
however, probably moved upward at an ever-increasing
rate, and as early as Fox Hills time parts of the old
positive area were contributing pre-Cambrian debris
to the sediments that \Yere forming a short distance to
the east. The peak of the accelerating uplift did not
occur until after the late Cretaceous and Paleocene sediments in the Denver basin were deposited. It is probable that most of the pronounced structural features of
the Front Range had their origin shortly afterward, in
the latter half of Fort lTnion time. The most intense
folding occurred at the edges of the basins of deposition
in the zone .where the troughs gave way to the old positive elements of the old Front Range and Wet Mountains highlands.
During the Laramide revolution orogenic movements
of the same types occurred in similar order over wide
areas. There is reason to believe that igneous activity
began earlier in the west than in the east, but corresponding members of the early mag1natic series show
the effect of more orogenic movmnents on the \vestern
:slope than on the eastern slope. This difference suggests that the orogenic movementa were more nearly
synchronous on both sides of the Front Range than the
intrusions of correlative igneous series. The general
order of structural events during the Laramide revolution is essentially as follows :
1. Noticeable arching of the Front Range highland
began shortly before Denver time.
2. Northwesterly folding and faulting and some eastnortheasterly fissuring began in early Denver time in
the border zone of the Front Range on both the eastern
and western slopes.

3. Thrust faulting and overfolding occurred at the
end of Denver time in this border zone and .outlined the
Front Range as it now is. The folds and most of the
faults of this group trend nortlnvestwarcl, but on the
western border several north-northeasterly faults are
present in the region between Empire and Granby.
4. As the regional northwesterly faulting and folding
died out, fracturing became localized in narrow transverse zones marked by intrusive activity. Northeasterly
and east-northeasterly faulting took place on a large
scale throughout the mineral belt and was followed by
the deposition of lead-silver ore in nmny localities.
5. As shown in figure 12, movement recurred along
the northwesterly and east-northeasterly faults during
the intrusion of the alkalic rocks in the northeast part
of the mineral belt just prior to a pyritic gold mineralization.
6. Further movement along both the northwesterly
and northeasterly faults preceded the deposition of
gold tellurides in the northeast part of the mii1eral
belt.
7. The final convulsion of the dying Laramide orogeny resulted in a slight westward_ movement of a
wedge-shaped block whose base is just west of Boulder
and whose apex is near Nederland, resulting in renewed
movement along east-northeasterly and associated
northeasterly fractures. This movement \Vas followed
by tungsten mineralization.
The most prominent structural feature on the west
side of the present Front Range is the early series of
great northwestward-trending and northward-trenrling faults. In all the nmjor faults the clownthrown
side lies on the west. Some of them are normal faults,
some are steeply dipping reverse faults, and a few are
gently dipping thrust faults. South of the Colorado
River the belt of northwestward-trending and northward-trending faults coincides with the northeastern
edge of the central Colorado basin. Farther south, beyond the Arkansas River, this tectonic belt splits around
the north side of theWet Mountains~ the eastern branch
dying out gradually to the southeast and the western
branch passing into the central part of the old sedin1entary trough, now marked by the Sangre de Cristo
Mountains.
Between Breckenridge and Fraser the Front Range
splits into several northwest-trending minor ranges,
such as the Williams River Mountains and the Vasquez
Mountains. These spur ranges mark folds and faults
of the Larmnide revolution that trend northwest to
west-northwest and have their depressed side on the
sontlnvest. The la1·gest of the thrust faults is the
Willian1s Range thrust fault, which forms the western
limit of the Front Range in the Willia1ns River Mountains for more than 50 miles. Its northermnost limit is
represented by klippen or outliers of pre-Cambrian
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rocks rest ing on Cretaceous shale (fig. 11, 0) . This
fault has a horizontal displacement of more than ±lj2
miles. It has been described as an underthrust, 97 but
the validiLy of distinguishing between overthrusting
and underthrusting has bee n questioned by sceptical
geologic disciples of relativity. T he two terms are of
no consequence unless some point of reference is established; they remain meaninglessly relative if only
the hanging wall s and footwalls of the thrust fault
are considered, b ut the terms acqu ire significance if an
adjacent area of less intense defonnation is present,
which can be used as the necessary r eference point.
A marked swing of formations toward or away from
the axis of the parent overturned fold as the thrust
fault is approach ed suggests underthrusting or overthrusting, respectively, with reference to the area of less
intense defor mation. Similarly, the movement of the
''alls of tear faults shows the direction of movement
of the adjacent th rust block and indicates whet:hee
overthrusting or undertln·ust ing has occurred.
East of Breckenridge the displacement on the "\Villiams Range thrust fau l t rapidly lessens, and it passes
into n.n ' overturned fold, wh ich is " ·ell exposed at
Georgia Pass. This transition zone is marked by the
northeastward-trending belt of mineral ized shear faults
that coincides w·ith the main part of the mineral belt in
this area. Movement on the shear faults here and in
the mineral belt to the no rtheast shows that the northwest wall s moved northeastward; this would be the apparent uieection of movement of the footwall of the
thrust fault allCl would indicate underthrusting in reference to the less-deformed Ge.orgia Pass area to the
south. The overturned formations in that area swing
from northwest to north as they are followed northward
into the transition zone and thu s bend toward the axis
of the overturned fold as they approach the shear zone,
where they disappear under the hanging "·all of the
thrust fault. Such a be nd also suggests underthrusting, and both criteria for d istinguishing underthrusting
from overthrusting are present; it would seem that the
Williams Range thrust fault may be called an underthrust with some confidence.
A belt of complexly broken thrust faults trends northward along the east fla nk of the Vasquez Mountains
from the vicinity of Byers Peak to the latitude of Tabernash, where it turns northwestward and conti nn es to
Hot Sulphur Springs. 98 These faults bring pre-Cambrian rocks, chiefly hornblende gneiss westward over
mari ne Cretaceous strata and the late Cretaceous rwd
Paleocene Middle Park formation as far north as Tabernash; northwest of this locality the structure is someLoveri ng. T. S ., Field eYiclence to distinguish overthrusting from
unrlerthrustin ·:: Jour. Geology, YOI. 40 . pp. 651- 663, 1932.
•• Tweto, 0 . L., Pre·Cambrian and Laramide geology of t h e Vasq ncz
Mountains, Colo. Thesis, UniverKity of :\Ii~higan, 1947.
97
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what simpler than to the south, but Pierre shale has
been thrust wesh•ard over the :Middle Park formation.
FOJ" many miles to the nort h of Fraser the structures
of the Laramide revolution haYe a northerly trend in
contrast to the region to the south"·est.
A short distance south of Fraser the Berthoud Pass
fault breaks th rough schist and granite in a northnortheast direction for ma ny mi les. The wide shear
zone along the fault \YaS first discovered in the construction of the Moffat tunnel and \Yas largely responsible
for increasing the cost of the bore from an estimated
$6,000,000 to $18,000,000. 99 The position of Berthoud
Pass is probably determined by the presence of this
strong sl1ear zone (fig. 15).
"\Vest erly thrusting occnrs at the edge of the crystalline rocks in some places and is ''ell shown a few miles
north of Granby, " ·here the contact between the preCambrian and the ove rlying Jurassic rocks is offset several miles to the \Yest by a thr 11st fault. From this locality to the Middle Fork of Michigan Creek, nearly 25
miles to the north, the contact between the sediments
and crystalline rocks trends nearly clue north and coincides w ith the outcrop of this fault_!
Near the local ity " ·here the contact bet\Yecn crystalline and Jurassic rocks S\\·ings Jl orth westward across
the Colorado River, a fe"· miles northeast of Granby,
there is a marked bend in the course of the river, which
flmys nearly due south from its headwaters to this
place and nearly west from here to Kremmling. North
of t his bend the wide, deep, southward-trending valley
contains Tertiary beds older than lower Miocene.
This marked topographic trough is <lirectly in line with
a similar depression along ''hich the Laramie River
flows north from the divide that separates it from the
heacl\Yaters of the Colorado River. The complex structu r e of this area has been admirably worked out by
Gorton . Imrnecl iately south of Cameron Pass the
Middle Fork of Michigan Creek follows a strong tear
fault that separates two tectonic units. To the south
a single great thrust sheet underlies the Never Summer
Range, and to the north h•o thrust sheets are present;
the earlier of these t wo Gor ton named th e Cameron
Pass thn1st. ·where it is exposed [dong the h ighway
just south of Cameron Pass it has brought Pierre shale
up from a syncline that lies under the pre-Cambrian
rocks east of Joe ·wright Creek (the name by which
the Lanun ie R iver is knmn 1 bet \\·een Cameron Pass and
Chambers Lake). This thrust 'Tas preceded and followed by strong folding; later the steep Montgomery
Pass fa ul t broke th rough thi s area north-northwest for
17 miles (pl. 1). Minor thrusting later than both fa.u lts
formed the Nor th Fork thrust, whose horizontal dis"" Lovering, T . S., Geolog.'· of the Moffnt tunnel , Colorado: Am. Inst.
Bng. Trans., vol. 76, pp. 337-346. 1928.
1 Gorton , K. A. , Geology of the Cn mcron Pass urea, Grand, Jackson,
a nd Lur irne1· Cou n ties, Colo. Unp ublish ed doctoral t hesis, Un iver sity of
Mich igan , 1941.
~l in . ~let.
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FIGURE lti.-Aerial view lookmg northeast across Berth oud l'as s from an altitude of 16.200 feet. The position of the Berthoud
Pass fn111l, which is responsible for the heavy gro und in Ute i\Ioft'at t·u nnel G mil es to the no t·th , is shown. ~' wo cirques of Wisco nsi n age. w hi ch n re cut into t h e Flattop penepla in at un a l tituuc of s logh tl.r more than 12 ,000 fe ~t. ap p ear in the fo t·egrou n d a nd midcllc d istance. Courtesy of G<•ological Society of America.
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placement is only about 1 mile. Alluvium conceals
the structure near Chambers Lake, and the Cameron
Pass fault cannot be traced more than a few miles. PreCambrian rocks crop out on both sides of the Laramie
Valley for several miles, but 12 miles north of the pass
Cretaceous beds appear, apparently in sedimentary contact with pre-Cambrian rocks on the west side of the
valley and in thrust-fault contact on the east side.
From here to the ·w yoming line the valley follows a
broken syncline of :Mesozoic sediments locally concealed by unconformable Tertiary beds. The structure has been little studied, but eastward-dipping
t hrust faults are known both north and south of Sand
Creek, which enters the Laramie River 10 miles so uth
of the w·yoming line. It is apparent that the course
of the Laramie River is controlled by structure formed
during the Laramide revolution and that it follows a
zone of faulting that trends from north to northwest.
The writers believe the course of the Colorado River
as far south as its junction with Arapahoe Creek a few
miles northeast of Granby is also determined by a
southerly continuation of the Laramie River fault zone.
The Medicine Bow Range branches north-northwest
from the Front Range at Cameron Pass, where it is
bordered by thrust faults on both sides. (See pl. 1.)
The deep Cretaceous basin on the east side of the
Front Range is bordered by an echelon arrangement
of the early northwesterly folds and faults, oblique to
the mountain front, whose general trend is northerly.
Many of the folds are broken at trough or crest by
faults whose western sides have dropped. Near the
Colorado-\Vyoming line the echelon folds are broad and
open, but as the mountain front is followed to the
south the folds become more compressed, and -faulting
becomes more and more prominent. South of Boulder the echelon folds are not evident, but echelon faults
with downthrow on the west are prominent structural
features of the mountain front (fig. 11, D). Several of
these strong northwesterly faults have been traced for
many miles, from the foothills region, where they displace Carboniferous rocks, into the pre-Cambrian terrain (pl. 2). In the region west of Boulder persistent
faults of this system have had a marked control on
the localization of ores 2 (see pp. 2:W, 259). South of
Golden the mountain front trends slightly east of south
and in many places is paralleled by strong faults in
the bordering sedimentary rocks. Locally the contact
between pre-Cambrian and sedimentary rocks is a fault.
The faults in Perry Park, " ·est of Larkspur, and in
"Woodland Park, northwest of Colorado Springs, have
a more northerly trend than the persistent northwesterly faults of the eastern part of the mineral belt
and in the region north of it, but like them the down2 Lovering, '£. S., Preliminary map showing the relations of ore deposits
to geologic stru cture in Boulder County, Colo.: Colorado Sci. Soc. Proe. ,
vol. 13, pp . 77- 88, 1932.
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thrown side is on the east. The Ute Pass fault, which
marks the western side of the vVoodland Park trough,
strikes N. 20 ° IV. and can be traced for more than 30
miles along a downthrown block of Paleozoic sediments in the pre-Cambrian terrain. Just west of Colorado Springs the Ute Pass fault passes into a thrust
fault, which terminates against a tear fault south of
Cheyenne Mountain where Little Fountain Creek leaves
the range. (See fig. 16). The abundant sandstone
dikes in the pre-Cambrian rocks near the Ute Pass fault
are believed to be derived from the Sawntch quartzite
in the footwall of the thrust.
South of the latitude of the Little Fountain Creek
tear fault the Front Range is a gently folded, slightly
faulted, flat arch, which plunges southward at a low
angle and carries the crysta1line rocks under Paleozoic
formations along the scalloped northern side of the
Canon City embayment. The most pronounced syncline in this area is also the zone of strongest faults;
it lies just north of Canon City and coincides with
the topographic trough excavated by Oil Creek. A
line of persistent northward-trending faults follows the
eastern side of the valley; their down thrown sides are
on the west.
The northward-trending belt of Tertiary sediments
that extends to Lake George was in part deposited in
northward-trending fault basins alined with the Oil
Creek structure.
North-northwest of Canon City many erosion remnants of Cretaceous sediments lie on the crystalline
rocks in a narrow belt that is structually lower than the
terrain northeast or southwest of it. Between Micanite
and the site of Howbeit (now flooded by the Elevenmile
Canyon Reservoir) the pre-Tertiary rocks are concealed
beneath volcanic rocks, but it seems probable that the
great South Park syncline so conspicuous to the northwest continues under the lava and that the belt northnorthwest of Canon City is synclinal and structurally
continuous with it.
The structure of the Front Range formed during the
Laramide revolution is most clearly shown along its
edges where the Paleozoic or Mesozoic beds have been
deformed. It is probable that much of the Laramide
structure existing in the pre-Cambrian core of the
range has not been recognized, but cer-tain features of
early Tertiary orogeny have been distinguished from
those of pre-Cambrian origin. As shown on plate 1,
the porphyry belt is one of the most striking geologic
features of the Front Range. It is a northeastwardtrending zone of early Eocene porphyry stocks extending from Breckenridge to Jamestown, with a marked
concentration of sills and metalliferous deposits on its
southeastern side. The abundance of strong northwesterly faults in the crystalline rocks of Boulder and
Jefferson Counties, ·w here mapped by the writers, suggests that they are common eleswhere in the Front
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Cheyenne

Mtn .

Qtg
"-·

Qtg, Terrace gravel; Kn, Niobrara formation; Kb, Benton shale; Kd, Dakota sandstone; Cly, Lyons sandstone; Cf, Fountain formation; pre£, Pikes Peak granite
FIGURE 16.- Aerial view looking north at Ch eye nne Mountain from an n Jt itncle of 10,000 feet a hovc Lytle.

Cheyenne Mountain, type locality
of the Cheyenne 1\fountain erosion s urface, h; a ma!-:!s of pre-<.:a1ubrian rock that has been thru st enstwa n.l onto Cretaceous s trata at the so uth
end of the Ute Pass fault. The fault line is m arked by the abr upt termination of the f oothill s. Courtesy of Geological Society of America.
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Range, but they have not yet been recognized (fig. 21).
North of Golden, in the foothills belt, almost all these
faults have downthrows on the southwest. In the region
south of the porphyry belt the faults have a more northerly trend, and many of them dip steeply; those on the
eastern side of the range c.ommonly have downthrows to
the east, but most of those on the western side have
downthrows to the west. Still farther south in the latitude of the '\Vet Mountains, northwestward-trending
thrust faults become prominent, and in this region the
downthrow side is consistently to the east, indicating
thrusting fr.om the west. Thus, just north of the latitude of Colorado Springs there is a tectonic transition
zone between regions marked by overthrusting in opposite directions.
The distribution of the northwestward-trending
faults and asymmetric folds in the region northwest of
the tectonic transitional zone indicates regional compression that was greatest jt~st northwest of the present
porphyry belt. Although local doming of the sedimentary rocks occurs around some of the stocks, such
as that north of Montezuma, in most places the stocks
broke through with little or no doming; there is no
evidence of any northeastward-trending anticlinal
i'tructure of regional character where the porphyry belt
crosses the northwestward-trending syncline in the
sedimentary formations just west of the Front Range.
As the axis of tension is always perpendicular to the
axis of compression and the porphyry belt lies perpendicular to the direction of the Laramide compression,
it is possible that tensional forces of some magnitude
were present here during the folding of the region.
The belt of porphyry stocks occupies a position on the
northwestern side of a tectonic transition zone between
two eli ffcrent types of regional deformation. Fault
movements in the porphyry belt suggest that the northern part of t.h e transition zone 'vas one of shearing with
nearly horizontal movement as well as one of tension.
It is believed t.hat these two stresses- shearing and
tension-were in part responsible for the rise of the
magma that formerl the porphyry stocks and almost
wholly responsible for the regional pattern of the porphyries and fractures. The relations of the northeastward-trending and northwestward-trending fault.s and
veins in the porphyry belt are discussed on pages 78-84.
The slightly mineralized region between Cameron
Pass and Manhattan is also marked by a northeastwardtrending zone of cross-breaking porphyry masses that
are of pre-Miocene age and are tentatively correlated
with the early Eocene intrusives. This region, however, has been little studied.
POST-LARAMIDE S'l'RUCTURE

In the region southwest of Fraser, strong north-northeasterly faults postdate Miocene strata locally but predate them elsewhere. Faults of parallel trend of the
862135-50-- 6

Laramide revolution, notably the Berthoud Pass fault,
occur in the pre-Cambrian region to the east. A few
miles northwest, in the Blue Ridge and Never Summer Mountains on the western side of the Colorado
River, the distribution of the Miocene volcanic rocks
suggests their relationship to a northward-trending
structure. It is ·probable that movement recurred
along some of the early faults during Oligocene and
Miocene time and caused minor warping of the Tertiary
beds. In South Park no faulting of importance has
been found in the Oligocene, Miocene, and Pliocene
beds, but local warping is evident. To the southeast, in
the Oil Creek drainage basin west of Cripple Creek,
several small Pliocene faults 3 have been found near
Mitre Peak and at the edge of High Parle They are
apparently related to local rather than regional
warp mg.
Study of the many erosion surfaces found in the
Front Range indicates several periods of rejuvenation
after the Laramide revolution. Some of them resulted
from broad regional uplift, but in places the warping
was accompanied by movement along old planes of
weakness and locally by new fracturing. The most
pronounced post-Laramide movement apparently occurred at the close of Eocene time and resulted in the
interruption of the Green Ridge peneplain. The differential movement between the crystalline and the
surrounding sedimentary rocks apparently ranges from
500 to 1,500 feet. It is probable that renewed movement at this time on the northerly and north-northeasterly faults near Fraser contributed largely to the
formation of the Oligocene and Miocene basin here.
A study of the benching of the various peneplains indicates that few of the post-Eocene uplifts of the Front
Range caused a movement of more than a few hundred
feet at the eastern margin of the range, and it seems
probable that the early Pleistocene uplift was much
greater at the crest of the range than it was at the
edge. Each of the successive uplifts of the Front Range
in late Eocene, early Miocene, late Miocene, early Pliocene, and early Pleistocene time was accompanied locally by renewed movement along pre-existing faults.

ORE DEPOSITS
For many years the ore deposits of the Front Range
have been classified according to geologic age into three
main groups: Pre-Cambrian, Tertiary, and those of the
Laramide revolution. This classification is followed
by the writers, although they admit that the age of some
of the deposits walled by pre-Cambrian rocks is uncertain.
The age of the ore deposits classed as pre-Cambrian
in the following pages can be determined unequivo'C ross Wh itman. Genera l geology of the Crippl e Creek area: U. S.
Geol. Survey 16th Ann. Rcpt., pt. 2, pp. 54, 55, 1895. Loughlin, G. F.,
ancl Koschmann , A. H., Geology and or e deposits of the Cripp le Creek
district : Colorado Sci. Soc. Proc., vol. 13, n o. 6, pp. 239-242, 1935.
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cally in very few places. At Sillsville, southeast of
Gunnison, Mesozoic beds truncate ore deposits whose
mineral composition and bedrock environment are identical with those of a group of deposits in the F·ront
Range classed as pre-Cambrian. Here, according to
Boyd/ the Morrison formation tr~ncates the Maple
Leaf Yein, a quartz-chalcopyrite-gold vein that cuts
hornblende gneiss. In the Copper King nickel mine,
near Gold Hill, in Boulder County, nickeliferous
pyrrhotite ore is cut by an early diabase dike (group
2, p. 47) of Paleocene (?) age. At ~everal localities
ores are apparently contemporaneous with basic preCambrian rocks, and some deposits :tre cut by pegrnatitic dikes whose pre-Cambrian age seems unq uestionnble. As noted in the description of the deposits,
pages 67-GS, Lindgren believed that the ores of the
F. M. D., Malachite, and Sedalia mines are almost contemporaneous with hornblende-augite gneiss; a pegmatite dike cuts the ore at the Sedalia mine near Salida.
Veins in the Masonvill e district are also cut by pegmatite dikes. Pegmatitic gold-quartz veins, such as that
in the Masonville mine, occur remote from Tertiary
igneous rocks, and their pre-Cambrian age seems established. The distribution of the ores in relation to
the pre-Cambrian rocks and their group characteristics
are further evidence of pre-Cambrian age.
The ores of the Laramide revolution in the Front
Range have been chiefly vn1uable for gold, silver, lead,
and zinc, but the pre-Cambrian ores are chiefly valuable
for copper, zinc, and gold. The primary mineral assemblages of pre-Cambrian deposits are distinctive
in most places. The ore minerals that are most common include free gold, chalcopyrite with subordinate
bornite, pyrrhotite locally containing nickel and cobalt,
pyrite, marmatite and gehlinite, and subordinate galena and magnetite. The usual gangue minerals are
tremolite, garnet, feldspar, and other high-temperature
silicates, quartz, and coarse calcite. The pre-Cambrian
deposits occur chiefly in areas of hornblende gneiss and
at the borders of stocks of pre-Cambrian granite, never
more than 2 miles within a batholith, and show little
relation to rocks or structure of the Laramide revolution. In contrast to the pre-Cambrian ores, the Laramide ores seem complex; many sulfantimonides and
sulfarsenides, such as polybasite, stephenite, freibergite,
tetrahedrite, and famantinite, are common , as are the
gold tellurides and the rich galena and silver ores. T~e
Laramide depos its are found in areas v;·here porphynes
occur and are related to structure formed during the
Laramide revolution rather than to pre-Cambrian
rocks.
of

• Boyd, James, Pre-Cambrian ore of Colorado.
~fines, 1933.
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The ureat age of the youngest pre-Cambrian rocks,
approximately 940,000,000 years, and the ~~idence of
a long period of erosion prior to the d~p?~1tlon of the
first Cambrian rocks preclude the poss1b1hty that ore
ueposits formed at shallow depths in ~)l'e-Cambrian
time still exist. In contrast to the dommantly mesothermal appearance of the Laramide ores, only a few of
the pre-Cambrian ore bodies show any features characteristic of mesothermal veins; the majority are unquestionably hypothermal deposits or magmatic segregations.
Althouo·h
numerous occurrences of ore• minerals
in
I:>
•
associations that stamp them as pre-Cambnan mage are
known throuo-hout the Front Range, there are few productive mine~ in pre-Cambrian deposits. Intermittent
development work has been carried on at many prospects
and small properties, but no shipments have been ma~e
for several years from mines exploiting deposits of th1s
group. However, chalcopyrite and sphale:ite o_res containing some gold and silver have been mmedm moderate amounts at several localities, and a small tonnage
of lead-zin c ore and nickel ore has also been shipped.
The pre-Cambrian ore deposits fall into four general
classes: ( 1) Magmatic segregations, disseminati~ns, and
related ores; (2) hypothermal replacement bod1es; (3)
pegmatitic quartz veins; and ( 4) pegmati~es.
The ores assigned to group 1 by _Lmclgren are
commonly chalcopyrite-marmatite-pyrrhotite-magr:etite ores associated with an intrusive hornblende gne1ss
representing metamorphosed gabbroic dike rocks. The
supposed syngenetic origin of these ores does not seem
thoroughly established, and it may be that they are more ·
properly classed as replacement ores. (S~e ~g. 17, ~.)
Such ore bodies have not been found .w1thm gramte
terranes. The ore bodies occur as lenticular masses
of moderately high-grade ore and as disseminations
that are locally rich enough to work. The erratic distribution of the ore v;-ithin a dike does not encourage extensive development and prospecting. 'i\Tork by Boyd~
suggests that it may be possible to detect the presence
of hidden ore bodies by the use of the magnetometer, as
the hirrher-grade ores are associated with sufficient magnetite"'and pyrrhotite to cause a magnetic anomaly over
a workable ore body. Deposits of this group have been
the most productive of the pre-Cambrian ore deposits,
and the chief representatives are the zinc mine at Cotopaxi, the chalcopyrite ores in Jefferson County, and the
o-old-copper deposit near Empire.
"' The hypothermal replacement deposits are perhaps
the most widespread of the pre-Cambrian ore deposits

'L'hcsis, Colorado School
• Ide m.
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but are nearly everywhere noncommercial. The ores
commonly occur near the edge of large granite masses
in actinolite schist or other limy beds of the Idaho
Springs formation. The ore bodies usually consist of
coarsely crystallized aggregates of amphibole and calcite with minor amounts of the sulfide minerals, the most
abtmdant of which are chalcopyrite and pyrrhotite
(fig. 17, D, E, F). In some places nickel and cobalt
minerals are associated with the pyrrhotite and chalcopyrite, and in a f ew localities sphal erite with minor
amounts of galena is more abundant than chalcopyrite.
It would be impracticable to list all the known deposits
of this type, but some of the better-known deposits are
those along the south and west side of the Tan·yall
Mountains just west of the Pikes Peak granite batholith,
the I sabel mine on Currant Creek, the oxidized copper
deposits in the Platte River Mountains a few miles
southwest of Shawnee, the Copper King nickel mine at
Gold Hill, the deposits of the Monarch Lake district,
the Vasquez Peak lead-zinc mines, and the Rosa Lodge
zinc prospect.
In many places pegmatite dikes related to the granite
batholiths ~op.tain metallic minerals in sufficient qutwtiti es to 'ell<t01H'age prospecting. Commonly the orebearing cl,ilms consist chiefly of milky quartz and orthoclase with minor vugs and stringer s of chalcopyrite
associa.t ed \Yith coarse-grained calcite and fluorite. In
some of the pegmatitic quartz veins galena and sphalerite are common and are associated with fluorite and
barite. The gol(i]. content is usually less than an ounce
per ton and the <silver content less than 10 ounces per
ton, although in '13ome veins, notably those of Lost Park,
the silver content has been greatly increased by secondary enrichment. Mineral occurrences and deposits of
this group a re common, but only in a few localities are
t hey abundant enough to encourage development, and
relatively few hav~ been productive. Some of the
better lmom1 prOJ?er,ties qf this group include the
Nisley mine near Sl1a"·ne~, the Happy Dream and
Molly Grove mines rlear Kremmling, and the Mason·
ville gold mine.
Pre-Cambrian pegmatites in the Front Range have
been a commer cial source of feldspar for several decades, and during ·w orld \Yar II they also supplied
beryl, mica, tnntalite, and some rare-earth minerals to
the war industries. Nearly two hundred of these deposits were examined by the United States Geological
Survey, and open-file reports are available on most of
them. As a result of these detailed studies certain
generalizations of value to the prospector can be made ..
The writers are indebted to Mr. J. B. Handley, who
made nearly all the examinations in the Front Range,
for the information given below.
Pegmatites of economic importance are concentrated
at the edges of granite batholiths and are much more
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common in the metamorphic rocks than within the
granite. A few commercial spar pegmatites have been
found well inside of a batholith, as much as 12 miles
from the border, but such dikes are rare. Nearly all
the beryl, tantalite, and mica deposits have been discovered in the metamorphic terrain adjacent to the
granite. No one type of granite is parent to these
deposits; in different localities commercially important
pegmatites seem related to each of the three major types
of pre-Cambrian granite-the Boulder Creek, Pikes
Peak, and Silver Plume.
The minimum width for a pegmatite dike that has
minable concentrations of the pegmatite ores seems to be
about 15 inches, and the wider the dike the greater is
the probability of finding substantial ore shoots. The
strike length of a shoot very rarely measures half the
total length of the dike, and dikes carrying commercial
concentrations of beryl, tantalite, or the rare-earth minerals through 10 percent of their length are uncommon.
The average length of the commercial deposits is probably about 5 percent of the total length of the pegmatite
dike. The ore may occur in one shoot or in several completely unconnected bodies within a single dike.
All the commercial pegmatites in the Front Range
seem to be minor variants of a distinctive type of banded
pegmatite. Ideally this pegmatite consists of a central core of quartz or microcline, or both, surrounded
by a casing of coarse muscovite and albite, which in turn
is bordered by an envelope of much less coarse quartz,
muscovite, and microcline. The beryl, tantalite, and
sheet mica are almost completely limited to the muscovite-albite casing. However, the symmetry and continuity of layers s11 ggested above is rarely found. Quite
commonly the "central core" is crowded against one wall
of the pegmatite in a very irregular band, and the important muscovite-albite casing is present only locally
as lenti cular masses between the core and the envelope
''hich forms a single irregular band.
The best deposits seem to occur in dikes that were intruded into walls th~Lt v;ere already hot. A gradational
contact, a marked coarsening in texture of the walls
next to the pegmatite, mignmtitization of the walls, or
the presence of a selvage of some coarsely recrystallized
minerals characteristic of the " ·all rock suggest wallrock temperatures well above normal when the pegmatite formed.
The most productive pegmatite localities in the Front
Range include the Eight Mile Park or Royal Gorge area a few miles west of Canon City; the Micanite district, 20 miles northwest of Canon City; the Lake
George district, 5 miles west of Florissant; the Jefferson County pegmatite district, a belt extending from
Conifer to Clear Creek just west of Golden; Jamestown
( cerite deposits) ; and the Crystal Mountain district,
southwest of Fort Collins, comprising most of T. 6 N.,
R. 72 W., and T. 7 N., R. 72 W.

66

GEOLOGY AND ORE DEPOSITS OF THE FROKT RANGE, COLORADO

67

PRE-CAMBRIAN DEPOSITS

MINE DESCRIPTIONS
MAGMATIC 8EGREGATIONS AND DISSEMINATIONS
COTOPAXI MINE

Cotopaxi, at an altitude of 6,373 feet, is on the Denver & Rio Grande 'Vestern Railroad, 26 miles west of
Canon City. The Cotopaxi mine, credited with a substantial output of copper ore prior to 1907, is in a small
gulch half a mile northwest of the railroad station.
The three adits that open the mine, at altitudes of about
6,650, 6,700, and 6,730 feet, \vere inaccessible in 1932
ancl1933 when the property was visited by Survey geologists. The prevailing rock of the area is reddish gneissoid granite cut by irregular pegmatite dikes. Fifteen
hundred feet above the river Cambrian strata rest upon
the granite. The country rock of the mine is a granite
gneiss whose irregular foliation has a general northeasterly strike and a dip of about 45° NW. Lindgren 6
states that the deposit is a lenticular ore-bearing basic
igneous rock greatly metamorphosed and conformable
to the schistosity of the granite gneiss. According to
Boyd 7 the granite gneiss is cut by lenticular schistose
masses of amphibolite, which strike approximately N.
30° W., and clip steeply to the northeast, but the foliation of the amphibolite is not reflected in the trend of
the ore body. The open stopes mined near the shaft
since Lindgren's visit confir1n his view of the lenticular
shape of the ore bodies. The lenses apparently clip
about 20° N. and strike approximately N. 60° W., thus
differing from the trend of the foliation of the country
rock.
The ore is an intimate intergrowth of chalcopyrite
and dark-brown zinc blende containing a few scattered
crystals of galena; the quartzose gangue contains a
large percentage of biotite, reddish garnet, and darkgreen amphibole. According to Butler and Godclard, 8
some of the rocks are pegn1atitic and cons]st of quartz
labradorite, and dark-green zinc spinel (gahnite) witl~
a little chalcopyrite and galena. In 1883 9 the ore was
6
Lindgren, Waldemar, Notes on copper deposits of Chaffee, Fremont,
and Jefferson Counties, Colo.: U. S. Geol. Survey Bull. 340 pp. 169-170
1908.
'
'
7
Boyd, James, op. cit.
8
Butler, B. S., and Goddard, E. N., unpublished report, U. S. Geol.
Survey, 1932.
9
Corregan, R. D., and Lingane, D. F .. Colorado ~lining Directory for
1883, Denver. Colorado Mining Directory Co.

reported to consist largely of zinc blende and chalcopyrite free from lead; after sorting it contained 58 percent of zinc, 4.6 percent of copp2r, and 10 cunces of
silver to the ton.
Across the river from Cotopaxi a 600-foot tunnel was
driven in 1883 to develop 1nagnetic iron ore containing approximately 59 percent of iron and 7 percent of
silica.
COPPER DEPOSITS IN JEFFERSON COUNTY

Copper has been mined from the pre-Cambrian rocks
\vest of Denver, between Clear Creek and Bear Creek
as far west as Evergreen. In that area the widespread
schists and gneisses of the Idaho Springs formation
are cut by granite, granite gneiss, and metamorphosed
metalized diorites and gabbros represented in large part
by hornblende schist and gneiss. Belts of the hornblende gneiss and schist occur in the Idaho Springs
formation a few n1iles east of Evergreen and like the
schists have a northwesterly trend. The hornblendic
schists and gneisJes at the ·F. M. D. prospect are appan---ntly younger than the Idaho Springs formation
but older than pegmatite dikes which cut it. The copper deposits are in or very close to the an1phibolite
schists and gneisses.
F. 111. D. property.-The F. M. D. property is on a
tributary to Bear Creek, about 2 miles northeast of
Evergreen, at an altitude of 6,800 feet. A vertical
shaft 350 feet deep has been sunk, and three veins of
copper-bearing ore are reported cut by the shaft. The
country rock is a datk-green amphibolite schist, which
contains pyrite, chalcopyrite, and magnetite, and is
probably a 1netamorphosed diabase. It consists of
green hornblende and biotite intimately intergrown and
embedded in a mosaic of labradorite with accessory
magnetite, apatite, pyrite, and chalcopyrite. Coarsegrained 1nasses of quartz, biotite, and pale-green labradorite, which occur in the schist and probably represent
a dike, also contain pyrite and chalcopyrite. Fractures
in this dike rock contain secondary pyrite and zinciferous siderite. This pyritic dikelike deposit trends
eastward toward the J\1alachite mine and is oblique to
the foliation of the schist. Lindgren 10 believes that it
probably represents a dike somewhat younger than the
10

Lindgren, Waldemar, op. cit., pp. 168-169.
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amphibolite mass. The continuity of the pyritic ore
between the two deposits is not proved.
111alachite 11~ine.-The _i\,lalaehite mine is on a. high
ridge near the northerly divide of Bear Creek, 11;!
miles east of the F. :M. D. property. Prior to 1907
oxidized ore to the value of approxi1nately $35,000 had
been shipped frmn workings connected with a shaft
150 feet deep. A tunnel 300 feet long was driven
through contorted biotite-amphibolite schist to the
lower level in 1907, where a sulfide ore body 10 feet
wide \vas found in 1netagabbro. A winze 45 feet deep
was later sunk in the ore~ and at the bottmn the ore
body was about 4 feet wide. The sulfide in this body
showed no aireet connection with the oxidized ore first
worked, and as the ore pinched laterally as 1vell as with
depth and was parallel to the foliation of the enclosing
rock it is thought to be one of several lenticular segregations in the metagabbro. The ore consisted of coarsegrained masses of chalcopyrite, zine blende, and pyrrhotite said to contain some nickel, but it contained
very little gold or silver. Some pyrite is embedded in
the pyrrhotite,, Aecording to Lindgren the ore minerals are intergrown with augite and feldspar of the
metagabbro and are apparently contemporaneous with
them, but in specimens of ore exa1nined by the writers
the ore minerals apparently replaee the silicate 1ninerals
(fig. 17, 0). Aceessory apatite and titanite are present. Lindgren believed that the ore was a magmatic
differentiate in a metamorphosed gabbro dike.
A small prospect a quarter of a 1nile \vest of the
Malachite 1nine and between it and the F. M.D. property
shmvs amphibolite schist containing garnet and epidote
with streaks of chalcopyrite and pyrite. Barren pegmatite dikes cut this amphibolite. One of the most
noticeable differences between the ores of the Malachite
and the F. J\II. D. properties is the abundance of
pyrrhotite in the Malachite ore and the abundance of
magnetite in that of the F. l\::I. D.
Em,JJire mine.-The Empire mine is a short distance
west of the center of sec. 11, T. 7 N., R. 70 W., 61;2
miles clue west of Fort Collins. In 1933 the 1nine had
been idle for two decades, and water stood within 20
feet of the collar of the shaft, but in 1901, according
to Lee,11 the mi!1e was developed to a depth of 250 feet.
The ore occurred chiefly between narrow bands of
greatly altered country rock, which was locally mined
and treated as ore. The vein appears to be a mineralized shear zone in a metamorphosed basic intrusive and
is easily traeed by float and the numerous prospe,et
holes, whieh follow its outcrop for more than a mile west
of the main shaft. The shear zone strikes N. 80° W.
and closely parallels the foliation of the country rock.
·The outcrop is marked by gossan and eopper stains,
and quartz stringers are common in the adjaeent schists.
11

Lee, H. A., Report of the State Bureau of Mines, Colorado, 1901-2.

The belt of hornblende gneiss, near the eenter of whieh
the mine is situated, is about a 1nile wide and trends
westward for approximately ·! miles from the eastern
edge of the Front Range. To the north and south the
gneiss is in contaet with quartzose schist of the Idaho
Springs formation, and to the west it is in fault contaet
with granite.
An open stope immediately west of the main shaft extends for about 30 feet along the vein, which is here 3
feet wide. Some malachite is present on the baek of
the stope, but no ore remains. A moderate tonnage of
copper-gold ore is reported to have been shipped from
this stope in the late nineties. A large mass of pre-Caulbrian pegmatite apparently crosses the vein in this region, but the interseetion is not exposed; another pegmatite dike cuts a similar vein about 300 feet to the
north of the Empire vein and parallel to it. In 1932
no ore was exposed in the vein, but sufficient ore had
been left on the dump to show its general charaeter.
The weathered fragments of sulfide ore are rich in
residual masses of pyrrhotite and are si1nilar in appearance to the pyrrhotite ore of the Malachite property
described above.
HYPOTHERMAL, REPLACEMENT VEINS
ISABEL MINE

12

The Isabel mine, which has produced some highgrade zinc ore eontaining a little lead and copper, is
situated in Fremont County near the center of the north
boundary of sec. 31, T.16 S., R. 72 vV. It is on the north
bank of Smith Guleh, 2 mile.s west of its junction with
Currant Creek and about 12 miles north of Parkdale, a
station on the Denver & Rio Grande Western Railroad.
Accmding to ranchers in the vieinity, the mine has
been idle a number of years, but at one time a substantial
quantity of high-grade lead-zinc ore was shipped from
it; several tons of leacl-zine ore ·were still on the dun1p
in 1932. The deposit was worked through a shaft 100
feet or more deep, which was not aceessible in 1932,
but the size of the dump indieated several hundred feet
of workings.
The country rock is chiefly biotite and hornblende
schist, but many quartz seams and a few pegmatite dikes
are present. The foliation of the schist trends northeastward and is nearly vertical. The depo8it is a vertical vein that follows a pegmatitic quartz sean1 in the
schist and parallels the foliation. From the north bank
of Smith Gulel1 the vein has a course of N. 60° E. for
about 75 feet and then changes toN. 20° E. It appears
to pinch out within a distance of 100 feet. To the
southwest it is eovered by the alluvium of Smith Gulch
and does not reappear on the other side, several hundred
feet distant. It is 2 to 4 feet wide and is eomposed
12
From manuscript report of E. B. Eckel, U. S. Geological Survey,
1932.
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largely of brecciated and shattered pegmatitic quartz.
Much of the schist near the vein consists of fibrous actinolite. The ore minerals form blebs and streaks in
shattered quartz or blebs in altered schist near the vein
walls. They include dark-brown sphalerite, finegrained to steel galena, and small amounts of massive
chalcopyrite. Stains of 1nalachite, chrysocolla, and
iron and manganese oxides appear on the surface, but
oxidation has been very slight. Occasional small veins
of calcite cut the sulfide n1inerals.
The age of the deposit is in doubt. No intrusive igneous rocks occur in the i1nmediate vicinity of the deposit, and it lies about midway between b~tholiths of
Pikes Peak and Silver Plume granites, which are about
10 miles apart in this region. A small basic dike cuts
the schist near S1nith Gulch, about a mile east of the
Isabel mine, but no other post-Cambrian intrusives have
been noted. The deposit is probably pre-Cambrian,
but the ore does not share the brecciation of the pegmatitic vein quartz and was deposited after the shattering had ceased.
LONE CHIMNEY, MILL GULCH, AND COPPER KING
MINES

The Lone Chi1nney mine is in sec. 16, T. 15 S., R. 73
W., about a quarter of a 1nile south of the road between
Guffey and Black Mountain, 2lj2 miles west-southwest
of Guffey. The ~{ill Gulch and Copper King 1nines are
3 to 4 miles S. 22° \V. of the Lone Chimney, in sec. 5
or 6, T. 16 S., R. 73 vV. Copper ore containing some
silver and gold has been shipped fron1 the three properties, which are on the same vein. The Lone Chimney
1nine was examined by E. B. Eckel of the Geological
Survey in 1932, but the workings of the ~fill Gulch and
Copper King mines were said to be inaccessible and were
not visited.
The old Howell shaft on the Lone Chimney claim was
sunk 300 feet, but no drifting was clone in 1932. In that
year A. B. Dell had sunk a new shaft 30 feet deep and
had drifted northeastward on the vein for about 30 feet
and had made one short crosscut, which did not penetrate the hanging wall of the vein. No ore had been
shipped. The Copper I{ing mine was developed by a
rather long drift adit on the vein, and the Mill Gulch
1nine was worked through a shaft, but no data are available as to the extent of the workings. Both 1nines
yielded some native copper ore, and the dump of the
Mill Gulch mine is said by Mr. Dell to have assayed
about 8 percent in native copper. The ore shipped
from these mines, according to Mr. Dell, contained 3 to
50 ounces of silver to the ton. The ores contained no
gold or lead, in contrast to that from the Lone Chimney
mine.
The Lone Chimney vein is in a quartz-muscovite schist
along the hanging wall of an unmineralized dike of
rhyolitic or latitic intrusion breccia about 100 feet thick,

69

striking N. 42° E. and dipping about 65° SE. The dike
where not brecciated is pink and is locally dense and
fine-grained, but most of it is a typical intrusion breccia.
No phenocrysts were observed. The encompassing
schist strikes N. 22° E. and dips 55° to 65° E. About
200 feet northeast of the mine a large irregular body of
comparatively fine-grained aplitic granite, probably of
pre-Cambrian age, cuts the schist.
The dike does not penetrate the a.plitic granite to the
northeast but can be traced southwestward for a distance of about 4 miles to the Mill Gulch mine. It is
resistant to erosion and forms a well-defined ridge. A
small dike of dense dark-green diabase striking N. 6°
1V". and dipping 67° 1:V. cuts both the breccia dike and
the Lone Chinu1ey vein just north of the 1nine workings. The rhyolite breccia dike, which is almost certainly of Tertiary age, was apparently intruded along
the plane of weakness 1nade by the Lone Chi1nney vein.
About 150 feet southeast of the vein and roughly
parallel to it the schist contains a hornfels zone 5 to
20 feet wide composed of garnet, vesuvianite, .. darkgreen hornblende, and quartz. It transects the re-1
gional foliation and thus differs from the ordinary lime~
silicate zones so characteristic of some pre-Cambrian
schists.
The ore-bearing zone of the Lone Chimney vein is
10 to 12 feet wide, is entirely in schist, and is composed
largely of a light-green actinolite, but calcite, lightcolored to dark-colored quartz, muscovite, and white
fibrous sillimanite are common, and a little cordierite ( ?) is present. The ore minerals are chiefly malachite and azurite, with small a1nounts of galena and
chalcopyrite. They are rather unifonnly distributed
through the deposit but locally are concentrated into
spots of high-grade ore. In 1nany places the chalcopyrite seems to be intimately intergrown with actinolite
but 1nay have replaced an early calcite that was similarly intergrown. Mr. A. B. Dell reported that titanium, molybdenum~ and arsenic occur in the ore from
his new shaft, but minerals containing these elements
were not observed by Eckel. The rhyolite-breccia dike
underlying the ore shows no sign of alteration near the
vein and contains no disseminated sulfide 1ninerals.
The best grade of ore is unquestionably due to oxidation and enrichn1ent of a low -grade chalcopyrite-galena
body. No data were obtained on the tenor of the ore
at the bottom of the 300-foot Howell shaft, but most
of the unaltered sulfide 1ninerals found on the dump
probably came from this shaft and suggest a depth of
oxidation of less than 300 feet.
The apparent intergrowth of the ore minerals with
actinolite and silli1nanite is suggestive of pre-Cambrian age, and the fact that the vein does not penetrate
the aplitic granite nor the breccia dike is also suggestive.
The relation between the vein and the garnet-idocrase
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(vesuvianite) zone is not clear, but the zone may be a
product of contact !netamorphism during pre-Cambrian time and directly related to the fonnation of
the ore deposit.
NISLEY MINE

The Nisley mine lies 1 mile northwest of Shawnee,
in section 17, T. 7 S., R. 73 W. The n1ine is opened by
an adit, whose portal is on the eastern side of a small
tributary stream on the north side of the Platte River
about half a mile above its junction. The country rock
comprises hornblende gneiss and granite gneiss trending nearly due eastward. The primary ore forms
masses o£ chalcopyrite in a brecciated zone 1 to 4 feet
wide in granite gneiss. The ore exposed in 1929 was
much brecciated and replaced by such secondary copper
minerals as cuprite, malachite, azurite, and the black
oxide of copper. A vein of much-fractured fluorite
follows the main copper-bearing zone, and both it and
the copper ores are cut by veins of coarsely crystalline
calcite. This deposit is doubtfully referred to the preCambrian group but may have been formed when the
early "breccia reef" mineralization of the Laramide revolution took place.

schist. The intermediate adit penetrates a bed about
35 feet thick that contains 1 to 4 percent of nickel and a
small amount of cobalt and averages about 2 percent of
nickel throughout. The lower adit is chiefly in hornblende diorite gneiss, but nickel ore is exposed in a raise
from a point 20 feet above the lower adit to the surface,
about 250 feet above.
Most of the ore is composed of pyrrhotite partly replaced by small quantities of niccolite and pentlandite,
but some pyrite and chalcopyrite are also present
(fig. 17~ D, E, F). The ore-bearing beds are cut by a
peg~natite dike containing no ore minerals, but this dike
in turn is cut by a fault containing pyrrhotite that appears to be later than the fault. The pegmatite dike
cuts an aln1ost barren hornblende diorite gneiss that is
intrusive into the schist. All these formations are cut
by a northwestward-trending diabase dike 40 feet wide
that dips about 70° SW. It is unmineralized, cuts the
ore body sharply, and is identical with dikes known to
be of Laramide age. The ore deposits are a short distance northwest of the nortlnvestern edge of the
Boulder Creek granite batholith, and it is believed that
both the pegmatite and the hornblende diorite gneiss are
related to the Boulder Creek granite magma.

HOSA LODGE MINE

In sec.10, T. 4 S., R. 71 W., in Jefferson County, about
a mile northwest of Hosa Lodge, a tunnel 50 feet long
has opened up a small deposit of chalcopyrite, darkbrown sphalerite, and well-crystallized galena. The
ore minerals form masses and small grains throughout
a layer of light-green hornblende-actinolite-tremolite
schist enclosed by a quartzitic gneiss of the Idaho
Springs formation. A mass of lime silicates trends
across the foliation of the amphibole schist. The schist
itself contains lenses of quartz parallel to the foliation,
and the lenses are cut and slightly displaced by a pegnlatite dike. Hornblende schist forms the south wall
of the tunnel but does not appear at the surface. Chalcopyrite, altered in places to malachite and chrysocolla,
appears at the outcrop in the lime-silicate rock. The
mineralization appears to have taken place later than
the crystallization of the amphibole minerals, but sufficient work has not been clone to establish the age
relations.
COPPER KING NICKEL MINE

Three-quarters of a mile southwest of Gold Hill, in
NW14 see. 1±, T. 1 N., R. 72 W., in Boulder County, the
three adits of the Copper IGng nickel mine 13 open up
a deposit of nickeliferous pyrrhotite. About 3,000 tons
of nickel ore was mined from this property in 1942.
The ore has re.placed definite beds in an amphibolitic
schist of the Idaho Springs formation. As shown on
the map, plate 8, the schist trends N. 10° E. to N. 15°
W., and dips 60° to 80° W. All the adits crosscut the
13
Goddard, E. N. and Lovering, T. S., Nickel deposit near Gold Hill,
Boulder County, Colo. : U. S. Geol. Survey Bull. 931-0, pp. 349-362, 1942.

ST. LOUIS MINE

The St. Louis mine of the Fraser quadrangle lies
about 21;2 miles south of Byers Peak and half a mile
north of St. Louis Lake, near the headwaters of St.
Louis Creek, 11 miles southwest of Fraser. The country
rock of the region is Swandyke hornblende gneiss. Its
regional strike is N. 60° E. and its general dip 45°SE.
At the mine, however, the gneiss is bent into a sharp
anticlinal fold, which plunges to the northeast. The
deposit seems to have been fonned by replacement of a
calcic bed in the hornblende gneiss formation; its form
coincides with the foliation of the enclosing gneiss.
Most of the ore observed ranges from 2 to 10 feet in
width and consists of galena and sphalerite with some
pyrite in a gangue of diopside and quartz. The ore is
exposed for at least 300 feet along the strike at an altitude of about 11,750 feet on the west slope of Gordon
Creek, near the crest of the ridge between this creek and
the next tributary of St. Louis Creek to the south. The
deposit is easily traced through a somewhat greater distance on the south side of the ridge. In the metalized
area the ridge coincides with the nose of the northeastward pitching anticline, and the ore zone here changes
direetion abruptly, doubling back on itself as it is followed across the ridge. Two short adits had been
driven on the deposit in 1928, when it was visited by
Lovering~ but no openings exposed the qre for more
than 10 feet below the surface, and most of the ore seen
was strongly oxidized. The character of the ore and
the lack of Tertiary intrusive rocks nearby suggest that
it is a pre-Cambrian replacement deposit.
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According to Ogden Tweto,14 a northward-trending
zone of altered mylonite can be traced several miles
through the metamorphic rocks north from St. Louis
Lake ; it contains n1olybdenite and weathered pyrite on
Iron Creek, about 3 miles to the north.
HIGH LONESOME MINE

Two miles due south of Monarch Lake, in the NW. 14
see. 1, T. 1 N., R. 75 W., is a copper deposit known
as the High Lonesome mine. It is at the contact of
the Idaho Springs formation and the north edge of a
large mass of granite. The deposit has been opened
by two tunnels, each probably more than 500 feet long,
at altitudes of approximately 10,200 feet and 10,100
feet. The country rock to the southwest is a mediumgrained, slightly gneissic., pinkish-gray biotite granite,
which strongly resembles the typical Silver Plume
granite of the Georgetown quadrangle. To the north
the Idaho Springs fonnation strikes N. 50° \V., and
clips 45° to 80° NE. The most prominent rock ~t ~he
contact is a coarsely recrystallized 1narble contauung
much clissmninated chalcopyrite, tremolite, epidote, and
a little galena. Quartz schist, quartz-biotite schist containing pink garnet, and quartz-biotite-amphibole
schist are com1non nearby. Although the carbonate
rock spotted with ore minerals might be a vein filling,
the writers believe it to be an original limestone member of the Idaho Springs fonnation tJ1at has been
metalized close to the contact of the Silver Plume granite. The limestone probably does not contain more than
5 percent of copper nor more than 1 percent of lead.
No Tertiary intrusive was seen in the district nor in
the glacial drift nearby, and the deposit is believed to
be a pre-Cambrian contact-1netamorphic deposit.
About 4 n1iles northeast of Monarch, near the headwaters of Roaring Fork, in sec. 6, T. 2 N., R. 74 W.,
there are some small prospects on a vertical brecciated
zone striking N. 55° W. Fragments of schist are cemented by pegmatitic quartz, which contains a small
quantity of chalcopyrite in disseminated grains and
short seams. The country rock of this locality is a
much -contorted schist of the Idaho Springs formation
trending N. 30° E.
PROSPECTS NEAR TRAILS END

There are a number of copper-stained prospects in
granite on Trail Creek, in Larimer County, about 30
miles northwest of Fort Collins and not far from Trails
End which is 18 miles 'vest of Livermore. On Sheep
' 15 miles south and west of Trails End, a prosCreek
'
..
pect exposes a fracture zone parallel to the fohatwn
of the enclosing mass of hornblende gneiss. U nalterecl
chalcopyrite occurs in the fracture zone close to the
surface, but the '-vorkings, which seen1 extensive, were
1
•

Oral communication.

filled with water, and nothing is known of the history
of the property.
PEGMATITIC QUARTZ VEINS
LOST PARK CREEK

Pegmatitic lead-silver veins occur in Pikes Peak
granite on the eastern side of Lost Park or "Goose"
·Creek east of the Tarryall Mountains. The E. M.
Palmer veins are about 21j2 miles northwest of the first
boulder fill known as the No. 1 Reservoir site, and were
'
.
'vorked in a small way for many years prwr to 1930.
The veins are 6 to 12 inches 'vide and eonsist of breceiated pegn1atite and granite eemented by eoa.rsely
crystalline quartz, green and purple fluorite, white to
flesh-eolored barite, and a small amount of galena.
The veins are said to contain an appreciable amount of
silver and, though no silver minerals were recognized
by the 'vriters, the oxidized condition of the galena sugo-~sts possible enrielnnent. The veins are near the
:dge of the Pikes Peak granite batholith, and no Tertiary intrusives or Tertiary mineralization are known
in this region. The veins are believed to be genetically
related to the Pikes Peak granite.
MINES NEAR COPI>ER CREEK

A small amount of copper mining has been carried
on near the headwaters of Copper Creek, a tributary of
IGnney Creek, which joins the Colorado River at Parshall, in Grand County. The l\1olly Grove n1ine is in
the Elh, sec. 18, T. 1 S., R. 79 \V., about 6 miles west of
the main Leal to Parshall road, and the Happy Dream
mine is about half a mile west of the Molly Grove.
The Molly Grove mine is opened by three adits averagin bo· about 800 feet in length and in 1927 was equipped
.
.
with cabins and tool shop. The Happy Dream nune IS
opened by a shaft about 210 feet deep, which was not
aeeessible in 1927.
'fhe ore oceurs in the hanging-wall block of the Williams Range underthrust fault, about a mile east of
the fault eontaet between the Pierre shale and the overlying pre-Cambrian hornblende gneiss. The country
rock of the region comprises biotite and hornblende
schists and gneisses 1nneh injected with pegmatite and
cut by small masses of granite. Near the Molly Grove
mine ·the rock is a chlorite-a1nphibole sehist, whieh made
"heavy ground" where eut by the tunnels. ~one of.t~1e
workings were. aeeessible at the time of the wnters' visit,
but several tons of ore remained on the dump. It consisted of eoarse peginatitic quartz spotted with chalcopyrite and hematite and some bornit~ and pyrite.. The
ore is said to have come from a breee1ated zone 6 n1ches
to 2 feet in width. There is some evidence that the
granite and schist from this brecciated zone were replaced by the ore-bearing quartz. Ore on the dm~1p
does not eontain more than 5 percent of chalcopynte
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diorite to granite. Unlike the later Tertiary ore deposits, these ores are nowhere associated with lavas or
extrusive volcanic rocks. In the pre-Cambrian terrane
the ores formed during the Laramide revolution occur
CARTER MINE NEAR MASONVILLE
as fissure fillings, but in the sedimentary rocks west of
Gold ore has been 1nined frmn the Carter n1ine, on the Front Range both fissure fillings and replacement
Carter Hill about a mile north of Masonville, near deposits are found. As noted on page 6± -the common
Buckhorn Creek, in sec. 10, T. 6 N., R. 70 W. Most of · characteristic minerals of the Laramide ore deposits
the country rock near the mine workings is pegmatite are those belonging to deposits formed at modand the fine-grained variety of Silver Plume granite erate depth, temperature, and pressure; as a group they
known here as Mount Olympus granite,15 but several differ markedly from those characteristic of the prebands of schist ranging from a few inches to 15 feet Cambrian deposits. The gangue minerals usually
or more in width are exposed underground. The schist found are quartz, ankerite, fluorite, and barite, and the
bands trend northwestward and are nearly vertical. A most common ore minerals are pyrite, sphalerite, galena,
short distance east of the mine the granite area gives chalcopyrite, the gray-copper minerals, silver sulfantiway abruptly to a schist terrane, the contact striking monides and sulfarsenides, gold, silver, and lead tellunorthwestward parallel to the schist inclusions found rides, free gold, and native silver. Most of the ores are
in the mine. The granite near the contact of the main fissure fillings. V ugs and druses are very common, and
body of the schist is fine-grained and as it is followed angular fragments of country rock covered by succesto the west it becomes somewhat coarser-grained and sive crusts of ore may occur in open rubblelike masses;
also contains a higher percentage of dark minerals. nearly solid ore may show banding parallel to the walls
As no indication of faulting was observed,16 the contact or n1ay be nearly massive and consist of medimn-grained
between the granite and schist is probably intrusive. intergrown minerals. Replacement ore bodies formed
About half a Inile west of the mine the granite is faulted during the Laramide revolution are few and small
against the Paleozoic sedin1entary rocks along the north- within the Front Range. Almost all the output from
westward-trending Buckhorn fault of late Cretaceous the ore deposits emplaced in the late stages of the Laraage.
mide revolution in the Front Range has come from the
The vein strikes N. 10° vV. and clips 75 o SE., follow- narrow zone of territory known as the mineral belt of
ing an ancient fault in the Mount Olympus granite. the Front Range (pls. 1 and 2), but a few occur elseMinor slickensided fissures are present in some of the 'vhere and are discussed on pages 279-287.
underground workings, but the movement along them
MINERAL BELT OF THE FRONT RANGE
seems to have been small. Half a 1nile north of the
SOURCES OF DATA
mine a diorite dike crosses the vein ·without displacement. Most of the ore consists of veinlets and bunches
Descriptions of nearly all the individual districts disof ore "frozen" to granite or aplite walls, but some of cussed in the following pages have been published, and
it resembles a breccia of aplite and granite cen1ented references to them are cited in the appropriate places
by quartz and chalcopyrite. The chief minerals are in the text. The description of the regional interrelaquartz, chalcopyrite, violarite ( ?) , and their oxidation tion of the features found in the various districts is in
products. Some ore on the dump contains hematite, part a result of the information contained in the publimonite, and free gold in a quartz gangue.
lished descriptions and in part a result of 15 years
The deposit is doubtfully assigned to the pre-Cam- of field work in the Front Range by the writers. The
brian group but may prove to belong to the late Creta- statistics of output for the years preceding 1904, have
ceous ('breccia reef" deposits, represented by the Quigley been gathered from various sources, and the figures for
mine 10 n1iles southwest.
subsequent years were obtained from Mr. C. W. Henderson and R. H. lVIote of the United States Bureau of
LARAMIDE (LATE CRETACEOUS-EARLY TERTIARY)
Mines.

by volume. One thousand pounds of ore containing
about 1 ounce of gold to the ton is reported to have
been shipped about 1912.

DEPOSITS

Nearly all the mineral production of the Front Range
outside the Cripple Creek district has come from deposits formed during the Laramide revolution. (See
p. 12.) These ores are associated with porphyritic intrusive rocks, 'vhose composition commonly ranges from
15
Fuller, 1\I. B. (Mrs. M. F. Boos), General featUres of pre-Cambrian
structure along the Big Thompson River Valley, Colo.: Jour. Geology,
vol. 32, p. 52, 1924.
•
16
Chapman, E. P., written communication May 12, 1932.

LOCATION OF DISTRICTS

As shown on plate 2, the mineral belt as considered
in this report stretches northeastward frmn Breckenridge across the Front Range to that portion of its eastern border lying between Boulder and Lyons. In this
report, groups of organized mining districts are discussed under the headings of appropriate geographic
districts. The geographic districts and the organized
mining districts that each includes, from southwest to
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northeast, are as follo~vs : Breekenridge district, ineluding the Tiger 1nining district; Montezuma district,
including the Swandyke, Geneva Gulch, and Hall
Valley mining districts; Argentine district; Silver
Plume-Georgetown district; Empire district; LawsonDumont distriet; Central City-Idaho Springs district,
including the Freeland-Lamartine mining district;
Alice district, including the Yankee Hill 1nining district; North Gilpin County district, including the
Apex, Perigo, and Rollingsville mining districts; Eldora district; Caribou district; Boulder County tungsten district; Ward district; Sunset district; 1\fagnolia
district ; Gold Hill district~ including the 'Vallstreet,
Salina, and Sunshine 1nining districts; and the Jamestown district, called the Central district in early r,eports.
The location of the various geographic distriets are
shown on the 1nap, plate 4. The approximate geographic limits of the organized mining districts are indicated in the diseussion of the individual districts. The
topography, physiography, and drainage of the 1nineral
belt and its 1neans of transportation have been discussed
briefly on pages 8-12 and are well shown on plate 3.
GEOLOGIC FORMATIONS

The marked northeasterly trend of the belt of
porphyry stocks and the a~;sociated ore deposits reflects
both the direction of the Laramide mountain-building
forces and the regional and loeal distribution of the
earlier rocks. The Front Range mineral belt is largely
in the area of pre-Cambrian formations, but in the
southwestern part Mesozoic and Paleozoic sediments
are also present. The sinuous northeasterlJ course of
the mineral belt corresponds rather closely with the
irregular area of relatively weak schists and gneisses
that lie between large masses of granite. The granite
batholiths probably acted as buttresses that withstood
the stresses of Tertiary mountain building better than
the less cmnpetent schists and gneisses. The chief rocks,
in the order of their abundance, include pre-Cambrian
metamorphic rocks, pre-Cambrian intrusive rocks, Laramide porphyritic intrusive rocks, and Mesozoic and
Paleozoic sedimentary rocks. Their general distribution is shown on plates 1 and 2. The lithologic features
and general relations of the formations are described
briefly on pages 19-50, where the ge.ology of the Front
Range as a whole is· considered) but additional information regarding the distribution of some facies
is given below. Additional details are also given in
the description of the individual districts.
PRE-CAMBRIAN ROCKS

Idaho Springs fo·rrna.tion.- The 1nuch-metan1orphosed sedimentary rocks of the Idaho Springs formation are widely distributed and constitute the chief
country rock in the mineral belt from the Geneva Gulch
distric.t northward through Idaho Springs to Ward.
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The most common lithologic types are quartz-biotite
sehist, quartz-bi oti te-sillimanite schist, bi otite-sillimanite schist, and injection gneiss. Quartz. schist and gneiss
and occasional masses of lime silicates intergrown with
magnetite and garnet are prominent in the upper part
of the forn1ation. These rocks are especially cmnmon
in an arcuate belt extending north and northeast
through the head of Hall Valley to the region east of
Argentine Pass and on eastward through Chief Mountain a f.ew 1niles south of Idaho Springs. Where the
schist has not been strengthened by the addition of litpar-lit injections it is much weaker than most of the preCambrian rocks, and in it veins and other planes of
structural weakness are much less persistent and continuous than in harder fonnations.
Srwmnilyke hornblende gneiss.-In the southwestern
part of the mineral belt, in the Montezmna, Swandyke,
and Hall Valley districts, the Swandyke hornblende
gneiss is abundant. Hornblende gneiss occurs also
locally in the 1nineral belt on the eastern side of the
Continental Divide but is nowhere as abundant as it is
to the west. Biotite schist and quartz-biotite gneiss, and
in the Hall Valley district quartz schists and gneisses
of considerable thickness, are interlayered with the
hornblende gneiss. In the Montezuma and Como quadrangles and southwest of Idaho Springs the hornblende
gneiss is associated with many narrow lenticular masses
of biotite-quartz monzonite gneiss and gneissic pegmatite. Its m·etamorphism is fully as great as that eharacterizing the Idaho Springs formation, but it is a much
more competent formation and js therefore n10re likely
to contain productive veins.
Qtw'rtzite at Goal Oreek.-As shown on plate 2, the
conglomerate, quartzite, and phyllitic schist of Coal
Creek occur in a tr.ough that pitches east-northeast under
the Pennsylvanian rocks between Coal Creek and South
B Ynlder Creek. From the eastern edge of the mountains the quartzite extends west-southwest for 7 miles.
It is bordered by aplite or granite, except on the east,
but the Swandyke hornblende gneiss and Idaho Springs
formations crop out extensively a short distance to the
south.
Granite gneiss grmt.p.-The granite gneiss group includes the quartz monzonite gneiss and the granite gneiss
of the central and southwestern parts of the mineral
belt and the gneissic aplite of the northeastern part.
The quartz monzonite gneiss is somewhat earlier than
the granite gneiss and the gneissic aplite. Although
each may be recognized and separated from the others
in certain localities, all three types have many features
in common, and, as many exposures show no diagnostic
features, they are grouped together on plate 2. All
are later than the Idaho Springs formation and Swandyke hornblende gn·eiss but were intruded early in the
batholithic cycle that gave rise to most of the preCambrian intrusives of the mineral belt.
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Quartz n1onzonite gneiss occurs at many places, but
the only large areas in the mineral belt are on Green
~fountain, a few miles south of Georgetown, and on
Sante Fe and Saddleback Mountains, southeast of Idaho
Springs.
As shown on plate 2, these stocks each cover several
square miles, but elsewhere in the mineral belt the exposures are mostly restricted to lenticular areas a mile
or more long and only a few hundred yards wide. The
gneiss is largely localized near the borders of stocks
or batholiths of Boulder Creek granite. In some places
it forms irregular sheetlike masses in the Idaho Springs
formation and the Swandyke hornblende gneiss, its
boundaries as well as its gneissic structure being essentially parallel to the foliation of the older rocks; at
other localities, as in the region south of Corona, it lies
at the edge of the granite. Small bodies of quartz monzonite gneiss are intimately associated ·with hornblende
gneiss at many places, but only the more conspicuous
of thmn have been separated from the Swandyke hornblende gneiss on the map (pl. 2).
The granite gneiss and the somewhat less foliated
gneissic aplite occur in small or medium-sized concordant bodies commonly measuring a fmv feet to several hundred yards in width and a quarter of a mile to
several miles in length. They are especially abundant
in the central part of the mineral belt, where they form
strong ribs in the Idaho Springs formation that make
especially favorable walls for veins. Within the schist
the granite gneiss and gneissic aplite are more strongly
foliated than within the stocks of quartz n1onzonite
gneiss and Boulder Creek granite. Only the more
prominent bodies of gneissic aplite have been mapped
within the stocks, as it is impossible to show the innumerable small dikes and irregular bodies that are
present.
B01.dder Creek granUe.-The Boulder Creek granite
occupies moderately large areas in the northern half of
the mineral belt. One batholith lies between Boulder
and Nederland in the southern part of the Boulder
quadrangle and the northern part of the Blackhawk
quadrangle. Another mass oecurs in the Georgetown
quadrangle south of Georgetown and Idaho Springs,
where it was named the "Archean quartz monzonite~' by
Ball. There its areal relations suggest that it is a border facies of the later Pikes Peak granite. Several
smaller stocks occur in the high country along the
western side of the Central City quadrangle and in the
extreme southeastern part of the Rocky Mountain N ationa! Park quadrangle. The Boulder Creek granite
is more susceptible to hydrothermal alteration than the
granite gneiss, gneissic aplite, and Silver Plume granite, but where it was not badly altered prior to ore
deposition it is moderately strong and makes good walls
for ore deposits.

Pikes Peak granUe.-The Pikes Peak granite forms
a large batholith to the south of the mineral belt but is
represented by only a few small stoeks within the belt.
It has been recognized only in the western part of the
Montezuma quadrangle and in the southern part of the
Georgetown quadrangle.
Sil,ver Plurnw granite.-The Silver Plume granite ineludes a number of slightly different types found in
small batholiths, stocks, and dikelike masses, all of
which are later than the pre-Cambrian rocks described
above.
Two large masses of Silver Plume granite occur in
the 1nineral belt, one occupying the northern part of
the !:fonteznma quadrangle and the other extending into
the Jam est own district frmn the north. In addition to
these two batholiths smne smaller stocks and innumerable dikelike masses of Silver Plume granite occur
irregularly throughout the mineral belt. The finegrained Mount Olympus type of granite, which is later
than the main mass of the Silver Plume, occurs chiefly
in the Boulder ·and Loveland quadrangles north of the
mineral belt, but small masses are also found in the
Argentine Pass district, where they have been included
with the Silver Plume granite on plate 2.
Peg1natites.-Granite pegmatites and associated
bodies of aplite and granite porphyry occur abundantly
but in small bodies throughout the mineral belt. Because of their strong lithological similarity, the pegmatites related to the Boulder Creek granite, the Pikes
Peak granite, and the Silver Plume granite have all
been grouped as one cartographic unit on plate 2. The
largest bodies of pegmatites are found close to the edges
of the batholiths already described, but probably
nowhere in the mineral belt can a 50-foot section of the
Idaho Springs formation or Swandyke hornblende
gneiss be found that is free from sea1ns of pegmatite or
aplite. The structural relations of the pegmatites to
one another and to other rocks indicate that intrusion
took place over a long period of time.
PALEOZOIC AND MESOZOIC SEDIMENTARY ROCKS

At the eastern edge of the Front Range the preCambrian rocks are bordered by the Paleozoic red sandstones, shales, and grits of the Pennsylvanian Fountain
formation. On the western slope Cretaceous beds border the pre-Cambrian rocks of the mineral belt at the
edge of the range, but earlier sedi1nentary rocks crop
out a short distance farther west. The relations and
distribution of the Paleozoic and Mesozoic systems are
shown on plate 1, and a description of their lithologic
features is given on pages 29-40. Ore deposits do not
occur in the sedimentary rocks to the east of the range,
but to tht: west, in the Breckenridge district, veins of
the southwestern part of the 1nineral belt are walled by
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Pennsylvanian, Permian, Jurassic, and Cretaceous
formations.
In addition to the broad areas covered by Cretaceous
rocks on the eastern and 'vestern borders of the Front
Range two small areas are exposed by "windows" in
th3 Williams Range thrust fault. They are in the Snake
River Valley in the Montezuma quadrangle, about 4
miles east of the western border of the Front Range.
These areas are described on pages 125-126.
"'\;Vith the exception of small areas of Tertiary ( ~)
gravel in the Idaho Springs-Central City district and
in the Nederland district, no Tertiary sediments have
been recognized in the Front Range mineral belt. Early
and late glacial deposits are widespread in the higher
mountains but have not been shown separately on
plate 2; furthermore, as the bedrock geology is of
greater economic importance in 1nost places, glacial
deposits are indicated only in areas where they are comparatively deep. As noted earlier, the thickness of the
present gravel downstream from the tenninal moraines
is less than 30 feet in most places in the Front Range,
but in the Valley of the Blue, on the western slope, the
gravels have an average thickness of about 60 feet near
Breckenridge and are 100 feet thick at the junction of
the Snake River with the Blue River. The glacial
moraines reach a 1naximum thickness of 150 feet near
Breckenridge, but other large n1oraines are much thinner. The relation of placer deposits to the glacial deposits is discussed on pages 110-111.
LARAMIDE INTRUSIVES

The general features of the porphyries of the Laralnide revolution have already been described on
pages ±4-47.
Named in the approximate order of deereasing abundance, the Laramide intrusives of the porphyry belt
formed during the Laramide revolution fall in the
following rock fa1nilies: Quartz n1onzonite, diorite,
monzonite, granodiorite, bostonite, syenite, felsite,
rhyolite, gabbro, syntectic ultramafic rocks of the Caribou stock, volatile-rich biotite latite, and limburgite.
The first four 1nake up the bulk of the intrusives and
inelude all the stocks except that of bostonite at Sunset.
The mineralogic composition and texture of the Laralnide igneous roeks is shown diagrammatically in the
tabular summary (p. ±7) and their chemieal eomposition on plate 7, and photomierogra phs of typical porphyries are shown in figures 10, D, E, F, 13, and 17, A, B.
For detailed petrographie deseriptions the reader is refmTed to the earlier reports dealing with the individual
mining distriets of the 1nineral belt. The age relations
of the igneous rocks of the Laramide revolution have
been worked out at 1nany places in the porphyry belt 17
17 Lovering, T. S. and Goddard, E. N., Laramide igneous sequence and
differentiation in the Front Range, Colorado: Geol. Soc. America Bull.,
vol. 49, pp. 35-68, 1938.
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and, as shown in figure 12, establish a rmnarkable similarity in the general sequenee of porphyries throughout
the 1nineral belt. If the folding and various systems of
faulting are regarded as essentially contemporaneous
throughout the Front Range, it is apparent that in the
porphyry belt there was a general progression of intrusions frmn southwest to northeast, corresponding lithologie types appearing earlier in the southwestern part
than in the northeastern. The general succession southwest of Silver Plume began with the aluminous silicic
andesite, regarded as equivalent to the White (granodiorite) porphyry of Leadville; this rock was sueeeeded
by m.ore and more mafie rocks until porphyries having
the composition of an augite diorite were intruded.
The intrusions occurring subsequently were of 1nagma
that beeame progressively more and more silicic and
alkalic; they are represented by monzonite, quartz monzonite, and rhyolite porphyry. In each of the major
mining districts these intrusions were followed by widespread lead-zinc-silver mineralization.
Northeast of Silver Plume the earliest roeks intruded
in the n1ineral belt were highly aluminous felsites; they
were followed by more mafic roeks, a trend that ended
with gabbros and olivine basalts. At Caribou gabbroic
magma probably reacted with ealcareous pre-Cambrian
rocks to produce peculiar ultramafic syntectic masses
and later differentiated into 1nonzonite and quartz
monzonite. At other places the gabbros were followed
by monzonites and hornblende or augite diorites, silnilar to the 1nore 1nafic rocks in the southwestern part of
the porphyry belt. The 1nonzonites were followed in
turn by quartz monzonite, alaskite or rhyolite, alkalic
syenite, bostonite, and pyritic gold-silver-lead ores. In
a few districts a later telluride 1nineralization was preceded by biotite n1onzonite or biotite latite eontaining
an unusual concentration of volatiles and by intrusion
breeeia of si1nilar con1position. In the region east of
Caribou the deposition of the telluride ores was followed
by tungsten mineralization. The early ferromagnesian
rocks are 1nost abundant in the northeastern part of the
mineral belt where gabbro oecurs in long northwest
dikes. Shorter dikes and stocklike bodies of gabbro and
augite diorite are seattered sparsely throughout the
1nineral belt and for some distance to the north and
south of it.
The rocks of the diorite-quartz monzonite-rhyolite
series dominate the entire porphyry belt. Although
somewhat more sodic in the northern half of the belt,
the similarity in appearance persists from Boulder to
Breekenridge, and some distinet lithologic types, such
as the eoarsely porphyritic quartz monzonite known as
the Lincoln porphyry, are recognized as equivalent to
formation units. In the northeastern half of the mineral belt an alkalic group of roeks including bostonite
and "alkali syenite" are well represented, but southwest
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of Georgeto-wn they are entirely lacking. In the Cretaeeous shales of the Breckenridge distriet the early
members of the diorite-quartz n1onzonite series emnmonly form sills in the sedimentary rocks, and the later
members including the Lineoln porphyry are erossbreaking or dikelike. Diorite, monzonite, and quartz
monzonite are the ehief rocks of the large cross-breaking
masses of porphyry found in the belt of stocks but are
also very common as dike rocks throughout the mineral
belt. Later rocks of the quartz monzonite series oecur
almost exelusively as dikes, though two small stocklike
bodies of granite porphyry occur in the Georgetown district. A small plug of "alkali syenite" occurs near
Idaho Springs, and related sodie granite and syenite
ocenr in small stocks north of Jamestown and southeast
of Ward (pl. 2). An irregular stock of bostonite may
be seen near Sunset, southeast of Ward, but elsewhere
this rock is found only in dikes. All exposures of biotite latite are small, and the rock oeeurs only in short
dikes and as the matrix to explosion breccia. It is
found south of Idaho Springs and in the Gold Hill and
Jamest own districts.
There is a noteworthy difference in the structural
habit of the porphyries in the southwestern half of the
mineral belt and those in the northeastern half. The
dikes southwest of the Silver Plume district are comparatively short or diseontinuous, very few of them extending more than a mile and the majority much less
than half a mile. To the northeast of Silver Plume
the persistence of the dikes is much greater. Some of
the bostonite porphyries of the Central City district
have been traced for 5 miles, and the early gabbro dikes
of the Gold Hill district have been traced almost eontinuously for as 1nueh as 15 miles. The persistence of
the dikes along the strike in the northeastern part .of the
mineral belt suggests a eorresponding persistenee in
depth. It thus seems probable that the fissures in the
northeastern part of the district tapped magmatic reservoirs at greater depth than did those in the southwestern
part.
In many plaees in the mineral belt dikes have been
found underground that do not appear at the surface.
At other places short diseontinuous dikelike masses of
the same type of rock oeeur in line with one another,
suggesting that erosion has just reaehed the uneven top
of a eontinuons dike. In some places the top of a dike
is marked by breeciated rock, but at most places there is
little evidence of a fissure above the dike, and one is
forced to eonelude that the dikes made \vay for themselves by crowding the walls apart and forming a fissure
as they were driven up like a liquid wedge from beneath.
MAGMATIC DIFFERENTIATION

The genesis of the porphyries has been attributed by
the writers 18 to the initial melting down of a dioritic
18

Loyering, T. S. and Goddard, E. N., op. cit., pp. 66-68.

substratum in the western part of the mineral belt and
of a gabbroic substratum in the eastern half, and to its
subsequent slow consolidation . and differentiation durin~g a period of orogeny. Parts of the deep changing
magma were withdrawn from time to ti1ne to shallower
chambers, where more rapid cooling resulted in
changes of a different type from that occurring in the
deep hearth. The slow cooling of the deep-source
magma allowed time for nearly complete reaction;
apparently neither crystal settling nor the gro·wing of
zoned crystals greatly affected its composition. Instead, the changes in composition of liquid and crystals
during solidification were almost exactly the reverse
of the changes during liquefaction, except where filterpressing strained off some magma and caused a local
change in the composition of the slowly crystallizing
substratum. Withdrawal of the changing residuum to
shallow reservoirs and further differentiation there
occurred several times in the eastern part of the range
but only once in the western part. The change from
diorite through quartz monzonite to granite represents
subtractive differentiation of material withdrawn from
the deep magma during its dioritic stage into comparatively shallow hearths. The bulk of this differentiation
was accomplished by crystal settling, zoning, and filterpressing. Desilieation caused by silica-rich volatiles
moving into reactive roofs resulted in a change of cOinposition that may explain some of the late dikes and
the corrosion of the early quartz phenocrysts. The successive pulses of intrusion on the eastern side of the
range gave riE:e to distinct differentiation series, for
example, diorite, monzonite, quartz monzonite, granite,
alaskite, and lead-silver-zinc ores; alkalic syenite, bostonite, and pyritic gold ores; biotite n1onzonite, biotite
latite, latite intrusion breccia, and gold-telluride ores.
METAMORPHISM AND WALL-ROCK ALTERATION

In general, rock alteration is n1uch more common
in the late intrusives than in the early (figs. 10, D, E, F,
13, ancl17, A, B). In areas where hydrothermal alteration is not related to mineralizing channels and seems
to be a rather direct igneous effect ti1ere is a n1arked
difference in the degree of rock alteration in the dikes
of the different groups. In the ferromagnesian intrusives of the early group almost no rock alteration occurs
except where the rock is crossed by later channels of
mineralization. Mild propylitic effects, characterized
by chlorite, epidote, and calcite, are noticeable in many
of the diorites and monzonites, but these rocks are generally fresh and have exerted no contact 1netamorphism
on the wall rocks. Many of the stocks of quartz lnonzonite porphyry, on the other hand, produced marked
contact-metamorphic effects on their wall rocks. In the
southwestern part of the mineral belt the shales close
to the quartz monzonites are commonly intensely silici-
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fiecl and contain garnet, epidote, hematite, magnetite,
and disseminated pyrite. Even the schists and gneisses
adjacent to the larger quartz monzonite stocks are
marked by haloes of silicification and contain disseminated pyrite. The bnlk of the quartz monzonite itself
is fresh, but some of it has undergone endomorphic
alteration, which produced epidote, sericite, and secondary quartz. The plugs and dikes of bostonite and the
stocks of alkalic syenite are remarkably fresh and free
from alteration, except w·here they are crossed by later
channels of mineralization. In contrast to these rocks,
the granite and rhyolite porphyries are nearly every"·here much altered to sericite and quartz. The wall
rocks commonly show similar alteration effects close to
the dikes.
The abundance and large size of diorite and quartz
monzonite stocks in contrast to the small masses of
alkalic syenite and bostonite suggest that the difference
in alteration is due simply to the difference in the quantity of magma consolidating in the shallow hearths
during the two different epochs of intrusion, not to a
diff0rence in content of volatiles in the original source
magmas of the two series.
The alteration minerals have a consistent order of
paragenesis, but a progressive change in the type of
alteration is found as the mineral belt is followed from
the south"·est to the northeast. The effects of hydrothermal alteration characteristic of the mineral belt
southwest of the Argentine district are " ·ell illustrated
in the Montezuma district. 19 Sericite and chlorite were
apparently formed in the cooler parts of the contact
( pyrometasomatic) zone of the Montezuma quartz monzonite stock at nearly the same time that typical contact
minerals, such as garnet, tremolite, hematite, magnetite,
and epidote formed close to the intrusive. In the contact zone these high-temperature minerals are the
earliest prod11cts of alteration induced by the quartz
monzonite magma. Serici tization was active from this
time until the period of ore deposition. During the
early stages of ore deposition, and at later stages in
places where alteration was not intense, chlorite actively
replaced ferromagnesian minerals. During the latter
part of the period of sericitization, and locally at an
earlier stage in regions where alteration was intense,
fine-grained quartz partly or completely replaced ferrornagl!esian minerals and f eldspar. Locally siderite
or anke1·ite was introdu ced near the end of the period
of sericitization. Some sulfm went into the country
rock during the solidification of the stock and reacted
with magnetite to form pyrite, but sulfur was not given
off in large quantities until the end of the period of
sericitization, when most of the pyrite in the veins was
deposited.

Silicification " ·as the dominant type of wall-rock
alteration accompanying the deposition of pyrite, but
in some places the wall rocks " ·ere replaced to a minor
degree by ankerite and siderite. In most of these places
the carbonates >Ym·e :formed later, near the cJose of the
period of mineralization. The latest effect of hydrothermal processes in veins was the introduction of calcite
and fine-grained quartz; locally, the wall rocks also were
replaced by these minerals. In many porphyries, the
0alcic feldspars were replaced by calcite and fine-grained
quartz, both of IYhi ch " ·ere :formed after sericitization
of the rock. The absence of clay minerals and iron
stains indicates that this alteration was not clue to
weathering and suggests that it occurred late in the
period of waning hydrothermal activity.
In the Argentine district and northeast to the Silver
Plume district wall-rock alteration was similar to that
just described, but some slightly different effects are
worthy of note. The dominant effect of alteration was
the replacement of the rock by quartz, sericite, and pyrite. Locally, however, fluorite, roscoelite, and adularia
also replaced the wall rock. In the hornblenclic wall
rocks of this part of the mineral belt the ferromagnesian
minerals were much replaced by magnetite or hematite.
Clay and calcite, which are common but not abundant
alteration products of the wall rock, were clearly formed
at a late stage when hydrothermal alteration was waning. In the Idaho Springs district the effects of alteration are Yery similar to those just described, but fluorite is said to be more abundant than in the Silver
Plume district. In the northeastern part of the mineral
belt hypogene clay minerals became more and more
prominent members of the alteration suite. In the
Nederland tungsten district the most widespread product of wall-rock alteration is clay, but sericite, quartz,
and adularia are abundant in the granite walls aclj acent
to the veins and are especially prominent next to ore
shoots. In this district the alteration to clay minerals
preceded the silicification and sericitization that
accompanied the introduction of the tungsten ores. 20

19 Lovering, T. S., Geology and ore deposits of the Montezuma quadrangle, Colo. : U. S. Geol. Survey Prof. Paper 179. 1934.

2 ' Lovering, T. S .• 'l'he origin of the tungsten ores of Boulder County,
Colo. : Econ. Geology, vol. 36, pp. 234-240, 1941.

STRUCTURE
PRE-CAMBRIAN STRUCTURE

The regional features of pre-Cambrian structure in
the mineral belt have already been discussed in the description of the pre-Cambrian of the Front Range on
pages 53-56. South of the Central City and Fraser
quadrangles, the mineral belt is almost entirely limited
to a northeastward-trending group of metamorphic
rocks bordered on the northwest by a batholith of Silver
Plume granite and on the southeast by a batholith of
Boulder Creek granite and smaller masses of Silver
Plume granite and granite gneiss (pl. 1). North of
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FIGUI<E 18.-Ditchlike trough caused by a strong fault zone crossing the crest of Keystone Mountn.in n.t th e
en.st s ide or sec. 31 , T. 5 S., R. 76 W. T h is is the co mmon topographic expression of strong unsolicified
fault zones formed during the Ln.ramide revol ution in the pre-Cambrian terr n.in.

Central City the m ineral belt follows the metamorphic
rocks along the western and northwestern border of a
Boulder Creek granite bathol ith t h rough Nederland,
Ward, Gold Hill, and Jamestown. At Nederland however, an eastward-trending zone of mineralization
branches to the east and crosses the Boulder Creek
granite batholith. The regional trend of foliation in
the metamorphic rocks is parallel to t he borders of
the large granite masses nearby, but as the schists and
gneisses are folded into both isoclinal and open anticlines and syncli nes the foliation shows some marked
local variations from the regional trend ( pls. 1 and 2).
In the Montezuma district, the regional northwardtrending syncline whose trough is occupied by the
Swandyke hornblende gneiss has already been mentioned. In the northeast part of the Montezuma quadrangle the schist swings from north to northeast and is
closely compressed into tight nar rO\v isoclinal folds. In
the Silver Plume and Georgetown districts the foliation
swings from northeast to nearly east-west with a re gional clip toward the north. This is the prevailing
strike and dip as far east as the Idaho Springs and
Central City districts where the foli ation swing~ again
to the northeast. As shown on t he map, the most prominent structures in this region are t h e monoclinal d ip
toward the north in the Idaho Springs district and the
upward flexing of the beds to form a strong anticline
passing through the heart of the Central City district.
North of Central City the foliation of the schist trends
nearly north and south parallel to the edge of t he Boulder Creek granite as far as a local ity about 3 miles north
of Nederland. Here the foliation swings sharply to the
east with a regional dip to the north. This attitude is
prevalent in the ·w ard district and continues as far east
as the Gold Hill district. Between Gold H ill and James-

town t he schists trend northeastward and are closely
folded into a number of minor synclines an d anticlines.
The structure of the metamor phic rocks in the mining
districts is of much importance, as it exercises a distinct
control in the localization of ore deposits in the crossbreaking and parallel fissures. As shown on plate 2,
most of the small masses of pre-Cambrian intrusive
rocks are elongate parallel to the regional trend of the
metamorphic rocks.
LARAMIDE STRUCTURE

Folds.- Except close to the borders of the Front
Range there is little evidence that folding occurred during the Laramide revolution in the mineral belt, although faulting is prominent (pl. 2). It is probable
that early in the period of orogeny many of the localities now marked by northwestward-tr ending faults
were the sites of northwestward-trending folds similar
to those found along the eastern margin of the mountain
front farther north. The structure at the northeastern
end ofthe mineral belt is in general that of the steeply
dipping eastern limb of a regional anticline broken by
strike faults t h at dip steeply to the west."1 To th e southwest the mineral belt crosses the western edge of the
pre-Cambrian terrain of the Front Range at the place
where the Williams Range thrust faul t breaks from
the somewhat sliced overturned fold that extends
south ward through Georgia Pass into South Park.
In the region northwest of Tiger and west of the \Villiams Range thrust fault the Cretaceous strata have a
monoclinal dip of approximately 30° toward the east
or northeast. South of Tiger the structure is one .of a
sheared overturned asymmetric syncline whose axial
21

Ziegler, Victor, Foothills structure in northern Colorado: Col orado

School of Mines Quart., vol. 12, no. 2, 1917, and Jour. Geology, vol. 25,
pp. 715- 740, 1917.
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plane dips steeply eastward. ·' Nithin the pre-Cambrian
terrain, about 4 miles east of the Williams Range thrust
:fault, erosion along an east-west anticlinal :fold has
exposed the Cretaceous rocks underlying the thrust
plate. This "window " in the pre-Cambrian terrane
shows the Cretaceous rocks to be dipping steeply a\vay
from the western edge of a large stock of porphyritic
quartz monzonite. The lin ear struct ure and the orientation of aplites in the porphyritic quartz monzonite
indicate that the stcck rose along the "·estward-pitching
anticlinal fold that exposes the thrust plane in this
region, but it is difficult to say whether the intruding
magma followed a pre-existing anticlinal axis or domed
the rocks by intrusive pressure.
Fa~tlts.-Although nearly all the recognizable :faults
record movement in early Tertiary time, some of them
may follow zones of weakness that developed much
earlier. Many northwesterly fractures are marked by
the so-called breccia d ikes, 22 more properly called breccia reefs. In many places the breccia reefs :follow persistent dikes of pegmatite and gneissic aplite related
to the Boulder Creek granite. Similarly the ·williams
Range thr11st fault occurs at the edge of the old Paleozoic basin in what 1ras probably the zone of \Yeakness
between the downwarped basin and the upwarped highland to the east.
The breccia-reef fault system and a few persistent
north-northeast :faults on the \Yest side of the range,
such as the Berthoud Pass fault shown in figure 15,
represent the first marked effects of the Laramide revollltion in this region. Except where reopened later,
these early faults are poorly mineralized and for the
most part have received littl e attention. The unmineralized fault zones are marked by depressions or
troughs in some places, especially where erosion has
not been too rapid, as on the crests of broad divides
(fig. 18), but where strongly silicified the fault zone
maystandoutasaprominentwall-likeoutcrop (fi.g.19);
even where but slightly silicified the zones commonly
weather in relief (fig. 20, A). The persistence and frequency of the north-northwesterly faults in the areas
that have been studied in detail suggest that they may
be common in the more competent pre-Cambrian rocks
far beyond the narrow confines of the mineral belt
(fig. 21). In the region south of the belt of intrusive
stocks the direction of displacement of the walls of the
large northerly or northwesterly faults is nearly everywhere the same, the western side having dropped relative to the eastern side. (See fig. 20, B .) In the
J am~stown district, north of the main axis of the
mineral belt, the displacement along the northwesterly
faults is in the opposite direction, the eastern side being
downthrown. These northw·esterly faults apparently
played an important part in localizing mineralization
2 2 Loverin g, T. S. . Preliminary map s howin ~~ the relations of ore
deposits to geo l o~;ic structure in Boulder County , Colo.: Colorado Sci.
Soc. Proc., YO!. 13, pp. 77--78, 1932.
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in the later east-northeasterly veins that cross or join
them.
A glance at plate 3 or the claim ma.ps of Summit,
Clear Creek, Gilpin, and Boulder Counties brings out
the fact that the majority of the mineralized fissures
trend northeastward. In general, these mineralized
fissures correspond to steeply clipping shear faults that
developed after the northwesterly fa nlts; in most places

19.- Diffe ,·ential erosion o1' the Hoos ier breccia reef near the head
of Black 'l'i!!'er Gulch, 6 miles weRt of Boulder. 'l'he co untry rock of
this silicified northwest fault zone is Boulder Cr eek gran ite. Wall-llke
outcrops of this kind haYe g iven I'i se to the loca l use of t he term
"dikes" in naming tl1esc faults.

l c i GUR E

the movement along them is nearly horizontal. These
shear :faults probably represent a regional movement,
for, as pointed out on pages 62 and 63, all the overthrusting northwest of the mineral belt was from the
east towards the west, whereas the southern part of the
Front Range and the region to the south and southwest
are characterized by large overthrust faults in which
the movement is from the " ·est towards the east; thus,
the direction of o,·erthrusting is diametrically opposed
on the north and south sides of a tectonic transition
zone (fig. 21). It seems probable that much of the
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FIGURE 20.- A , Looking east at the Maxwell br·ecda reef near the junction of Fourmile Creek and North Boulder Creek. At this exposure the reef
consists of brecciated Boulder Creek granite moderately silicified and stained with lrcmatite. The breccia reef has been mapped previously
as a pegmatite dike cutting the granite; B, l'art of reef illustrated in A, showing the polished and grooved face of the Maxwell bt·eccia reef.
The direction of the grooves (g) is indicated by the arrow. The large-scale chatter mark (c) or "pressed in" structure sho\YS that the west wall
(toward the observer) has moved down with t·espect to the one pictured.

horizontal movement recorded in the northeastwardtrending and eastward-trending faults of the mineral
belt is due to the movement of the more active region
to the northwest past the relatively stationary and
stable mass to the southeast of the mineral belt. In
most of the faults that have strong, horizontal components of movement in the region between Tiger and Central City the northerly wall moved eastward relative to
the southerly wall; in other words, this zone of horizontal movement is one of tear faults. This kind of movement and its distribution suggest that the Williams
Range thrust fault is an underthrust. 23
In addition to the shear faults just described, which
are only slightly younger than the northwesterly faults,
there are many other faults trending from east through
northeast to north whose ''alls moved almost parallel
to their dip. Most of them seem related to the intrusion
of the porphyry stocks. In general, the porphyry
stocks themselves are little fractured, and it is clear
that most of the faulting and fissuring in the mineral
belt was over before the quartz monzonite stocks solidified. In some places, as in the Jamestown district 24
and near Sunset, zones of brecciation and complex fis23 Lovering, 'L'. S. , Field evidence to distinguish ovcrthru s ting from
underthrusting: Jour. Geology, vol. 40 , no . 7, pp. 651- 664, 1932.
"'Go(ldard, E. N., Relation of Tertiary intrusive structural features
to mineral deposits at Jamestown, Colo. : Econ. Geology, vol. 30, no. 4,
pp. 374- 376, 193~.

suring of the country rocks are clearly related to the
emplacement of the porphyry stock. In the stockworks of the Breckenridge and Tiger districts the porphyries that lie in the marked zone of weakness directly
in line with the tear fault zone of the 'i\Tilliams Range
thrust fault were complexly shattered by slight movements that continued along this weak zone long after
appreciable thrust faulting had ceased. Later mineralization of the shattered porphyry produced stockworks. In general, faults and fractures in the porphyry
masses are short and discontinuous and record only
minor movements.
In the northeastern part of the mineral belt horizontal movement of the fault walls is prominent. Along
the northwestern edge of the mineral belt the left-hand
wall moved ahead along most of the northeasterly
faults, or, put somewhat differently, the horizontal component of movement in the southeastern wall was southwestward relative to the other wall. A few miles to the
south, also, in the region just west and southwest of
Boulder, horizontal fault movements were prominent,
but the direction of movement was the .opposite to that
described above, and the northern walls of the eastwardtrending faults moved west. These relations as well as
those of the ore deposits themselves suggest a gradual
focusing of compression on a wedge-shaped area near
Boulder and possibly a change from a northeast-south-
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west compression to a more nearly east-west compression. The final movement of this wedge-shaped mass
was almost due west and had its most intense effect in
the southern part of the block (fig. 21). These late
fractures were followed by the tungsten mineralization.
8tocks.-As shown on plates 1 and 2, the crossbreaking masses of porphyry intrude<] after the early
Denver volcanism occupy a relatively narrow zone
trending about N. 40° E. across the Front Range from
Breckenridge to Jamestown. This zone of intrusion is
nearly at right angles to the numerous northwesterly
folds and suggests a tmnsverse uplift; indeed, as
already noted, there is a marked local doming around
the Montezuma quartz monzonite stock, and at many
other places fracturing close to stocks seems related to
upthrust of the porphyry masses. This type of structure, ho.wever, is limited to the immediate vicinity of the
porphyry stocks and presents no evidence of a regional
northeasterly anticlinal fold coinciding with the belt of
stocks. The porphyry belt, and especially the line of
stocks, is substantially perpendicular to the direction of
nearly horizontal compression indicated by the Laramide folding. As the direction of least compression
or tension always lies perpendicular to the direction
of maximum compression, tensional forces if present
would be directed toward the northwest and southeast
and would tend to pull the area apart along a northeastward-directed rip.
The belt of porphyry stocks follows a zone of northeasterly faulting, occupies a position nearly at right
angles to the regional compression, and lies just northwest of the tectonic transition zone between two regions
of oppositely directed thrusting. The relative movement of fault walls shows that the northwestern edge
of the transition zone was one of nearly horizontal
shearing as well as one of mild tension. It is believed
that these conditions were larg·ely responsible for the
rise of deep magma into the upper part of the lithosphere and almost wholly responsible for the regional
pattern of the porphyry stocks. The occurrence of the
stocks in the schist areas and at the contacts of schist
and granite masses suggests that the final localization
of the stocks themselves was largely determined by
zones of weakness in the pre-Cambrian rocks.
In the Jamestown district, the only one in which
detailed work has been done on the direction of emplacement of the stocks, both the granodiorite and the
younger quartz monzonite rose in smooth-sided columnar conduits that pitch steeply to the southwest. 25
At the western edge of the Montezuma quartz monzonite
stock the primary structural features of the porphyry
indicate that its roo£ slopes west-southwest at about 25 °.
On the northeastern side of the mass the roo£ slopes 45 °
NE. The northern and southern sides of the stock,
•, Goddard, E. N., op . cit., pp. 370-386.

howevel', are practically vertical. These structural
features suggest that with further unroofing the long
axis of the intrusive will coincide even more definitely
" ·ith the general direction of the belt of stocks. This
stock probably represents the high point on an underlying batholith of quartz monzonite. The monzonite
stock west of Empire has pronounced primary flow
lines, and a brief study of its southern edge indicates
that here it had an irregular roo£ sloping steeply southsoutheast.
Dikes.-N early all the dikes in the mineral belt are
found within a zone a few rniles wide bordering the belt
.of stocks on the southeast side. Most of the dikes in the
southwestern half of the porphyry belt are relatively
short, but some of those in the northeastern half attain
lengths of many miles. Southwest of the Idaho Springs
district the majority of the dikes have easterly strikes.
From the latitude of the Idaho Springs district northward to Jamestown the most persistent dikes trend
nort}mestward, and many follow fissures that pass into
breccia reefs to the southeast. As gikes are intruded
along fissures that offer least resistance, one might infer
that these were tension fissures formed in the direction of a northwest-southeast compression; however,
there is no evidence of northwest-southeast compr-ession in th e mountain front nearby, and the writers
ascribe this northwesterly trend to preexisting planes
of "·eakness opened by tensional forces developed in a
nearly vertical upward movement of this part of the
mineral belt. In this areabetween Idaho Springs and
N ederlancl the northwesterly dikes are nearly all
bostonites, one of the latest porphyries in the mineral
belt. In the area east of Nederland, the northwesterly
dikes belong to the very early ferromagnesian group
and were intruded before marked folding and faulting
took place. In this area the writers believe that the
northwesterly dikes follo>ved the lines of weakness developed during an early upward movement corresponding to the incipient northwesterly echelon folds of the
type so evident to the north. Most of the dikes of the
quartz monzonite series in the Nederland, Jamestown,
and vVard districts trend from due east to northeast,
suggesting that the direction of maximum compression
at the time of their formation was from the east and
northeast.
The scarcity o£ dikes and sills northwest of the belt
of stocks and tl1eir relative abundance just southeast
indicate the presence of subjacent magmatic chambers
a relatively short distance below the surface southeast
of the zone of stocks and suggest the lack of such bodies
at shallow depths to the northwest. It is in the region
just southeast of the belt of stocks, marked by the
abundant dikes, that nearly all the ore deposits of the
mineral belt occur, but important deposits at Ward and
Ballarat lie just to the north of the main belt of stocks .

MIKERAL BELT OF THE FRONT RANGE

Porphyry stocks of early Denver age occur in a northward-trending zone extending from Caribou as far
north as Mount Audubon, and the early low-grade
pyritic gold ores in breccia reefs .of the \Vard district
are more closely related to the epoch of igneous activity
in which these stocks were emplaced than to the subsequent epoch in which stocks along the northeasterly
belt were emplaced. From Caribou to Jamestown postgabbro dikes are not uncommon just north of the main
belt of stocks, and some of the mineral deposits that
formed during the later periods of ore deposition are
ah:o found in this region.
Veins .- In a few places in the mineral belt, notably
in the vVard district, ore deposits follow persistent
northwesterly fissures, but more commonly the veins
occur along the much less persistent northeasterly and
east-northeasterly premineral faults related to the
shearing stresses that accompanied the later stages of
the Laramide revolution (pl. 3). Nevertheless, the
nodlnvesterly faults exercised a profound influence on
the localization of the ore deposits. The faults of this
system that break the batholith of Boulder Creek granite and the southern part of the batholith of Silver
Plume ,granite at Jamestown are apparently contemporaneous with or slightly later than several moderately
persistent easterly faults of undetermined but slight
displacement. Both sets of faults are marked by silicified fault breccias and contain small amounts of hematite (fig. 23, A) and locally contain low-grade gold ore.
These faults are evident in the schist areas only in a
few places. At vVard the persistent west-northwesterly
faults contain an early quartz that assays less than 0.05
ounce of gold to the ton. The appearance and tenor of
thi s quartz are similar to those of the fault breccia just
described; however, slightly later base-metal ores have
supplied most of the district's output. In a few other
localities these northwesterly faults were reopened and
later mineralized, as at the Livingston mine of the
Sugarloaf district.
The cross-breaking porphyry masses of the northeasterly belt of stocks are distinctly later than the northwesterly faults and the early barren silicified fault
breccia. The discontinuous, nonpersistent, northeastward-trending fissures and faults that are common in
the northern half of the granite mass west of Boulder
and in the southern part of the Silver Plume granite
near Jamestown are also later than the northwesterly
faults, and in part they are later than the porphyry
stocks.
Nearly all the productive gold and gold-telluride
veins of Boulder County have been found in northeasterly fissures close to their intersections with the persistent early faults. Of later age than the northeasterly
fissures is the zone of east-northeasterly fractures to the
south, extending from Boulder westward to N eclerland.
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Most of tlte tungsten mined in Boulder County comes
from easterly fractures in this zone. Like the goldtelluride ores, most of the tungsten has come from later
fissures close to their junctions with the earlier persistent northwesterly zones of weakness. The persistence
of the vein material in these cross fractures differs
greatly among the veins. Commonly extensi re parts
of a "vein" are found to be completely barren and unmineralized (fig. 22) or filled with a nearly b~uTen

22.- Unmineralized part of tungsten vein 200 feet west of large
ore shoot, 100-foot level of Tungsten Vein mine . Note intc r·ior faulting
and drag in barren sheeted zone (sz ), showing that the hanging wall
(hw) has dropped.

F TGU nR

quartz gangue(fig. 23, B); most of them contain commercial ore on ly locally (fig. 23, 0) . It would seem
that the early faults extended to greater depth than
the later fractures and acted as master fissures guiding
the regional movement of ore-forming solutions. As
these deep-reaching fractures were apparently in large
part clogged duri.ng t he early barren stage of mineralization, t h e later ore-forming solutions fmmd conditions suitable for deposition only where these trunk
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channels had been refractured by later shearing movement or where access was gained to the later but less
persistent cross fractures.
The northeast edge of the mineralized area of the
[daho Springs-Central City district is sharply limited
by the northwesterly Blackhawk fault, and the southeastern boundary coincides closely with the pre-Cambrian shear zone extending from Chicago Creek northeastward through Junction Ranch (pls. 3 and 9). The
mineralized area ends less abruptly to the southwest,
but the last ore-bearing veins fall in a well-defined westnorthwesterly zone along Cascade Creek, in line with
the strong west-northwesterly faults and veins of
Democrat Mountain and Saxon Mountain a few miles
to the west. These faults apparently die out west of
Cascade Creek, however. Most of the 1nineralization
in the Central City area is related to a center of mineralization east of The Patch-a neck of explosion breccia.
The nearby veins, from which much of the district's
ore has come, trend slightly north of east and are localized in an anticline of granite gneiss behveen the
northeastward-dipping Gem vein and the Blackhawk
fault. Southwest of Idaho Springs the output has
come chiefly from northeasterly veins (pl. 3).
In the region between the Idaho Springs-Central City
district and Silver Plume the predominant trend of the
veins is east to east-northeast, and the veins occur chiefly
in relatively competent masses of gneiss and granite
interlayered in the Idaho Springs formation. The
easterly trend of the veins coincides with the easterly
swing in the main mineral belt between Silver Plume
and Central City. Southwest of Silver Plume nearly
all the important veins trend northward.
In the Breckenridge district most of the productive
veins strike from east to northeast, and the long dimensions of the stockworks also trend in that direction.
Just as the mineral belt has a short prong extending
northward from Caribou in the northeastern part, so
near the southwestern edge of the Front Range there
is a short southerly prong extending southward into
Hall Valley. Nearly all the veins in this southern prong
trend northeastward and are close to a north-northwesterly premineral fault.
ORE DEPOSITS

The Front Range mineral belt is characterized
throughout by base-metal ores containing appreciable
amounts of silver and gold. Except for the eastwardtrending tungsten belt between Nederland and Boulder,
the ores in the mineral belt northeast of Idaho Springs
have been chiefly valuable for their gold content. To
the south.w est the ores are chiefly valuable for their
base-metal and silver contents, except in part of the
Breckenridge and Tiger districts where gold is the
most important metal.

The great majority of the ore deposits are veins deposited as simple fissure fillings in the open parts of
premineral faults. (See fig. 23, 0 .) Their wall rocks
may be greatly altered and replaced by sericite, ankerite,
or the clay minerals beidellite and dickite, and locally by
silica and pyrite, but replacement veins or other replacement deposits containing valuable ores are found
in only a few places. Most of the replacement ore is
found in the wall rocks next to veins (see fig. 23, D)
and does not extend more than a few feet from the vein
fissure; replacement ores of the blanket type are rare,
but both gold and lead-silver ores occur in replaceable
beds of the upper part of the Dakota quartzite in the
Breclmnridge district. Stockworks and chimneylike
shoots of ore are found in several places and have
yielded substantial quantities of gold, especially from
their superficially enrich ed zones near the surface.
The local intrusive centers are commonly centers of
mmeralization, and each may contain ores that are as
characteristic of it as is the intrusive porphyry itself.
The intrusive centers are marked by an unusual abundance of dikes, and many of the small porphyry masses
are associated with more extensively mineralized
ground than are the centers where large intrusive
stocks are exposed. Thus, the Central City and Silver
Plume districts have proved to be more extensively
mineralized than the Montezuma or Empire districts.
This relation accords with Butler's generalization that
ore deposits are most abundant near intrusive centers
where erosion has not been too deep. 26
There are many local centers of mineralization in the
mineral belt, and solutions emanating from different
centers at corresponding periods in their magmatic history were similar. As shown in figure 12, the various
porphyry differentiation series were followed by somewhat different types of mineralization. At many of the
different centers of mineralization in which two or more
intrusions of porphyry occurred, successive periods of
ore deposition also took place. In some districts the
deposits represent a fairly complete succession of these
waves of mineralization, and in other localities only a
single type is present. A zonal arrangement of the
ores can usually be found arou nd local centers of mineralization, and in many places the outer zones of separate
centers overlap. In each locality the general features
of the zoning and the age relations of the different types
are in harmony with those found elsewhere in the
mineral belt.
In the Jamestown district (fig. 77) the quartz monzonite stocks seem closely related to the centers of mineralization. Close to the stock is a zone of brecciation
: o Butler, B. S., Relation of ore deposits to different types of intrusive
bodies in Utah : Ecou. Geology, vol. 10, pp. 101-122, 1915. Lovering,
T. S., Localization of ore in the mineral belt of the Front Range, Colorado : Colorado Sci. Soc. Proc., vol. 12, no. 7, p. 241, 1930.
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FIGURE 23.-A, Coarse vuggy quartz (white) cut by intergrown hematite and fine-grained quartz (b lack). From Rogers breccia reef west of Pew ink Mountain. B, Characteri stic
appearance of th e horn quar tz in a barren part of a tungsten vein. Looking directly up at the Cold Spring vein in the roof of the 5th level, 600 feet east of New sh aft. fg, Fresh
granite; ag~ argillized granite; so~ sericitized gr·an ite; vn, vein; q, born quartz ; and a, ankerite. 0, Characteristic appea t'Hnce of productive part of an average-size tungsten
vein. Looking directl y up at the Cold Spring vein in roof of stope on 1930 ore shoot 100 feet above leYel 4, west of Old shaft. sg, Sericitizerl granite; qg silicified and sericitized fragments of granite; f, intergrown ferberite and horn quartz. D , Main vein of W ellington mine on 3d level of Oro shaft, Breckenridge district. Massive spha lerite cut by
seams of late white ankerite partly r eplaces the shale wall on the left side of picture.
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related to the emplacement of the stock itself, and in
th is zone early silver-bearing base-rnetal ,·eins and fluorspar veins are prominent. Pyritic gold veins locally
cut the early base-m etal ores but are more common at a
slightly greater distance from the stock Gold-telluride
. veins occupy nearly the same area as the pyritic gold
deposits but are of later age.
In the Gold Hill district rich silver ores are earlier
than gold-telluride ores, and they in tum are earlier
than the pyritic gold ve ins that contain ga,lena and
sphalerite. In the silver ores the rich silver sulfantimonides are later than galena.
In the Nederland tungsten district the ores occm in
a narrow eastward-trending belt whose western end
seems closest to the so urce of mineralization. Silver
ores in this belt are earlier than high-grade gold ores,
and the high-grade gold and gold-tell 11 ride ores are
both earlier than the tungsten ores. (See figs. 74,
A, B.)
A zonal arrangement of the ore deposits in the Central City district "·as recognized by Collins long ago. 27
The most striking feature of this district is the central
area of enargite-fiuorite veins bordered by a broad zone
of pyritic gold veins. In the outer part of this py ritic
zone the veins carry appreciable amounts of lead and
zinc; just beyond them is an intermediate zone of goldbearing and silver-bearing pyritic galena-sphalerite
veins that is fringed by an outer surrounding zone of
lead-silver veins (pl. 9). The ores of the intermediate
zone contain abundant lead and zinc, but these metals
are rarely conspicuous constituents of the ores in the
inner pyritic zone. The pyrite in the intermediate zone
was the first sulfide to be deposited and was followed in
turn by auriferous chalcopyrite, sphalerite, argentiferous gray copper, galena, and a minor amount of silver
sulfantimonides (fig. GO, F).
When Bastin 28 stud ied this district he divided the
ores into three groups: Pyritic ores, sphalerite-galena
ores, and ores of un certain chamcter. Enargite ores
and the uraninite ores of the district were regarded by
him as local variants of the pyritic group. The galenasphalerite ores are much less abundant and are ltiter
than the pyritic ores. They are always richer in silver
and may or may not be poorer in gold. Telluride ores
are rare and later than the pyritic ores, but their relationship to the sphalerite-galena ores was not discovered.29 In the Empire district and near Georgetown,
gold-bearing pyrite and quartz veins are definitely
yo unger than the argentiferous base-metal veins, and
"Collins. G. E., The r elath·e distr ibu tion of gold and silYer values in
t h e ores of Gilpin County: Am. In st. 1\fin. ~r et. Eng. Tmns. , voL 12, pp.
480 499, 1903.
28 Bastin, E. S., and Hill, J . l\1. , Economic geology of Gilpin County
and adjacent parts of Clenr Creek and Boulder Counties, Colo.: U. S.
GPoL Survey Prof. Paper 94, pp. 132, 133, 1917.
" Idem , p. ll4.

for this reason Spurr,S0 in contrast to Bastin, regarded
the pyritic gold ores of the Idaho Springs and Central
City district as younger than the base-metal ores at
Georgetown and S ilver Plume and as contemporaneous
with the late pyritic gold veins of these silver camps .
In the Empire, Georgetown, Argentine, and Silver
Plume districts, as in the Jamestown district, it seems
probable that the silver-bearing veins characterized by
galena and blende are older than the gold-bearing veins
that are characterized especially by pyrite and chalcopyrite. In the silver-bearing veins o£ these districts
the galena and blende are by far the most abundant
constituents and, with pyrite, are earlier than the rich
silver sulfides and snlfantimonides and the rather
common but not abundant gangue minerals, quartz,
kaolinite, calcite, and barite (fig. 60, F). In many of
the silver veins the deposition of early quartz and pyrite
preceded that of sphalerite-galena ore, and in some
veins barite and hematite are present as presulfide
minerals. In the pyritic gold ores of this region the
succession of deposition was as follows: (1) Pyrite,
ankerite, and quartz; (2) chalcopyrite, quartz, and
galena, with blende in minor amounts; and ( 3) barite
and kaolinite. The characteristic and essential constituent of these deposits is the auriferous pyrite in the
quartz gangue. Galena and sphalerite may be absent
but are usually present in small amounts.
In the Montezuma district there is evidence of zoning
around the so uthern part of the large quartz monzonite
stock. Veins in the southern part of the stock contain
more pyrite and sphalerite than the veins outside the
stock. Nearly all the rich sil ver ores of the Montezuma district are scattered irregularly through a belt
about a mile wide, which borders the stock on the south
from Glacier Mountain to Revenue Mountain, where it
s'>ings north and west into the stock, extending through
Cooper Mountain and on into Lenawe Mountain.
South of the rich silver veins barite and gray copper
are abundant in the lead-zi nc veins of Glacier Mountain
and Revenue Mountain. Bismuth ores rich in silver
occur in the veins farther south and are apparently
somewhat later than most of the base-metal ores. In
many of the mines in the Montezuma quadrangle a very
appreciable amount of gold occurs in the base-metal
ores. In these ores the gold content is directly related
to the chalcopyrite, which is associated with early pyrite
and quartz and is ·earlier than most of the galena and the
sphalerite.
In the Breckenridge district there are probably several centers of mineralization, but for only one of them
has a zonal arrangement been described. 31 Close to a
30 Spurr, .T. E .. Garrey, G. H., and Ball, S. H., Economic geology of
the Georgetown quadrangle (together with the Empire district) , Colo.:
U. S. GeoL Survey Prof. Paper ()3, pp. 99, 100 and 391, 1908.
31 Lovering, T. S. , Ore deposits of the Breckenridge mining district,
Colo. : U. S. GeoL Survey Prof. Paper 17(), 1934 .
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quartz nwnzonite stock just north of Breckenridge
there is a border zone of high-temperature contactmetanlorphie minerals . with which low-grade copper
ores are associated. Extensive silicification of shale
accmnpanied the intrusion of the quartz monzonite
stock, and nearly all this j aspery shale contains 0.005
to 0.04 ounce of gold to the ton. Later than the contact-metamorphic ores there formed succ-essively pyrite,
sphalerite, galena, and gold ores. The relation of the
primary gold ores to the base-metal ores is not definitely
known ·elsewhere in the district, but by analogy the gold
is inferred to be later than the base-metal-ores.
The general sequence of mineralization throughout
the Front Range, indicated by the zonal arrangement of
the ores, the age relation of the veins, and the paragenesis of the ore minerals is as follows: ( 1) Pyrite;
(2) sphalerite; (3) chalcopyrite; (4) galena and chalcopyrite; ( 5) silver-bearing sulfantimonides, sulfarsenides, and bismuthinides; ( 6) pyrite and subordinate
chalcopyrite; (7) free gold; ( 8) 1ninor amounts of
sphalerite~ galena, and silver minerals; ( 9) gold tellurides; ( 10) sparse pyrite, gold, sphalerite, and galena;
and ( 11) ferberite followed by sparse sulfides showing
the usual order of deposition. Most of the ores from
the region between the Idaho Springs district and the
Breckenridge district belong in groups 1 to 5. To the
north the bulk of the output from the mineral "belt
has come from groups 6 to 11.
RELA TON OF ORES TO DEPTH

The depth to which the primary ore deposits extend
is probably greatly in excess of that observed in any
district, but the depth to which the ore of profitable
tenor occurs may not be far below the present deepest
openings in each district. The fact that most of the
mines in the northeastern part of the 1nineral belt are
comparatively shallow probably reflects the poekety
nature of the ore deposits rather than the presence of
a barren zone below a given depth. One of the deepest
mines in this part of the mineral belt is the Slide mine
at Gold Hill, ·where gold-telluride ore was mined frorn
a continuous ore shoot extending from the surface to
a depth of 1,000 feet. Five miles to the south, in the
Magnolia district, the average depth of mine workings
is only 200 feet, but in the adjacent eanyon of Boulder
Creek gold and tungsten ores of similar character are
mined at an elevation 1,500 feet below that of the ore
sh.oots exploited near Magnolia. Tungsten ore of shipping grade 'vas found to a depth of 700 feet in the
Conger mine near Nederland. In the '::Vard region to
the north some of the gold mines have attained a vertical
depth of 1,100 feet. In the Caribou and Eldora districts to the south silver and gold ores have been mined
to a depth of 800 to 1,000 feet from the surfaee. In
the pyritic gold veins of the Central City-Idaho Springs
862135-50-7
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district the greatest depth reached is approximately
2,200 feet. In the Silver Plume district silver-lead-zinc
ores were 1nined at a depth of 1,800 feet from the surface. In the Montezuma quadrangle the greatest vertical depth of any single ore shoot is approximately 800
feet. Near the western edge of the Montezuma quartz
monzonite stock, however, galena-sphalerite ore has
been taken frmn the Pilot vein in the valley of the Snake
River 2,000 feet lower than similar ore in the Ida Bell
mine on Independence Mountain about a mile to the
south. In the Breckenridge district ore has been mined
through a vertical range of about 1,750 feet between
altitudes of 11,000 and 9,250 feet, although few individual ore shoots attain a vertic.al extent of more than
500 feet. The deepest continuous ore shoot in the Front
Range is found on the Bismarek vein at Silver Plume,
where silver-bearing lead-zine ores extend from the
surfac·e to a depth of 1,800 feet. In most of the deep
mines, as in the California-IIidden Treasure mine at
Central City, several ore shoots connected by barren or
low-grade vein matter were found at suecessively greater
depths.
Beeause of the mountainous topography of the mineral belt, a somewhat clearer pieture of the depth to
which ore has been mined in the various distriets may
be given by expressing the level of the lowest workings
in altitude above sea level. In the Boulder-Gold HillJamestown region the vertical range of the ores mined
roughly eorresponds to that of the topographie relief.
Thus, in the Poorman 1nine, a few miles west of Boulder,
ore cropping out at 6,300 feet has been followed clownward to an altitude of approximately 6,000 feet, about
the level of the nearby Four-mile Creek. A few miles
to the northwest, near Gold Hill, the Horsefal vein
contained good ore at its outerop at an altitude of approximately 8,400 feet. In the Jamestown district the
altitude of the bottom of the lowest mine is approximately 7,000 feet, corresponding roughly with the altitude of James Creek at Jamestown. Good ore has also
been worked at the outcrops of the veins at the tops of
the nearby hills at altitudes of a little more than 8,000
feet. In the W arcl distriet the lowest workings are at
an altitude of approximately 8,000 feet, about 500 feet
below the level of the nearby ereek bottom. Near N ederland tungsten mining has been earried down from an
altitude of 8,800 feet to one of 7,700 feet. In the Central
City-Idaho Springs district the lowest altitudes reael1ed
by mine workings are between 7,000 and 7,100 feet. In
the Georgetown-Silver Plume clistriet little ore has been
fouud below an altitude of 8,700 feet. In the Argentine
Pass district ore has not been found below an altitude
of 11,500 feet. At Montezuma the lowest ore is at an
altitude of 10,000 feet. A few miles farther east, in the
Pilot vein, ore has been mined at an altitude of 9,350
feet, approximately the level of the Snake River Valley
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in this locality. In the Breckenridge district ore has
been mined at an altitude of 9,250 feet. Ore undoubtedly exists in the districts below the altitudes mentioned, but nearly all the ore has been produced well
above them.
In almost all the districts ore has been found from
the valley bottoms to the mountain tops, but the ore
never has been followed for n1ore than a short distance
below the level of the 1naster drainage of a district.
Thus the vertical range of ore in individual n1ining districts may be as much as 3,500 feet, but 1nost of this
vertical distance is above the bottmns of the present
valleys. The relation of known ore shoots to topography is accidental; it reflects the greater difficulty and
expense of finding new ore shoots not directly connected
by pay ore with shoots that crop out at the surface.
There is no question, however, that in individual districts there are fewer fissures and veins at low altitudes
than at high altitudes. The long premineral faults
that later became veins were open at greater depths than
the less persistent ones and thus would in general be
filled by correspondingly deeper-reaching ore shoots,
but all fissures 1nust eventually disappear along both
th~ dip and strike. In many places, however, a zone
of movement is marked in plan by overlapping faults
and such overlapping occurs along the dip as well as
along the strike of the premineral faults. Blind ore
shoots may exist in fractures that do not reach the surface but are parallel to and not far from known veins.
The lowest limit of exploration in any district may
mark the bottom of a deep ore shoot or simply a transition to lower-grade material; in few places does it coincide with the end of the vein itself. In some veins, as
in the Concrete-Gunnell vein of the Central City district, the lowest workings on the vein suggest that the
vein itself is feathering out with depth (fig. 30). Such
"horsetailing" in depth, however, may indicate the
presence of an overlapping fissure a short distance away
which continues to greater depth. (See p. 96 for a discussion of the pattern habits of such fissures.) The
expense of deep exploration is so high that comparatively little work is done in searching for deep blind
ore shoots. Where such exploration has been carried
on the search for new ore bodies has been successful in
only a few' places. Unfavorable structural conditions
rather than depth may account for the high percentage
of failures in deep exploration, but the high percentage
itself should discourage exploration except where
structural conditions are especially encouraging.
SUPERGENE ENRICHMENT

Both residual enrichment and supergene sulfide enrichment are comn1on in the ores of the mineral belt. A
zone of residual enrichment in which the relatively insoluble minerals lingered while the more soluble ones

were leached out coincides with the oxidized zone of the
sulfide deposits and with the soil zone of other types of
deposits. Residual enrichment of the tungsten ores was
prominent and resulted in rich accumulations of "float
ore" at the surface along the outcrops of ore shoots. In
many places the oxidized zone of sulfide veins does not
extend downward to the present water level, and in few
places does it extend far below it. Within the preCambrian terrain the oxidized zone ranges from a few
feet from the present surface to a maximum of approxilnately 100 feet. In the Breckenridge and Tiger districts, however, oxidized ores have been found as deep
as 300 feet in certain localities. The oxidized ores are
conunonly richer in gold, silver, .and lead than the
pri1nary ores but contain less zinc and copper. At very
few places in the 1nineral belt are barren leached zones
found above the oxidized zones, and these leached zones
are not more than 20 feet deep. Below the oxidized
zone, and commonly below the present level of ground
water, there is a marked increase in the silver content
of 1nany veins. This is due to the reprecipitation of
secondary silver n1inerals fron1 solutions that have dissolved some of the silver of the oxidized zone. Secondary copper minerals are also common in this sulfide
zone but are of far less interest for their copper content
than for the silver minerals with which they are comnlonly associated.
Both residual enrichment and supergene sulfide enrichlnent are determined by the cmnposition of the
veins, the former upward extent of the ore deposit above
the erosion surface, the rate of erosion since the tops of
the veins came within the zone of vadose circulation, and
the past and present position of the ground-water table.
The physiographic history of the Front Range indicates
that the Flattop peneplain has not been cut much below
the level of the surface that existed when most of the
veins in the Front Range were formed. In harn1ony
with this history, veins that crop out on the Flattop
peneplain have a very shallow enriched zone. Thus in
the pyritic gold veins that crop out on Wise Mountain
in the Montezuma quadrangle rich gold ore was limited
to a depth of 25 feet from the surface ; below this level
the ore turned abruptly into low-grade pyrite. Where
the present erosion surface corresponds to the Green
Ridge peneplain or to the Rocky Mountain peneplain
both residual and secondarily enriched sulfide ores are
much more important. In the Breckenridge district the
relation of supergene enrich1nent to the Tertiary pm)eplain is a very striking feature of the ore deposits. (See
p. 108.) A similar relationship is well illustrated in
the Caribou district a few miles south of Ward. The
peneplains are of two-fold importance; they indicate
approximately the amount of material that has been
rmnoved by erosion, and they also indicate a temporary
base level towards which the region was progressing
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over a long period of time, and consequently a level
below which the water table did not sink far. The effect
of these two factors on enrichment is evident.
By far the most important factors in the secondary
enrichment of the ores is the relative solubility in the
reducing environment below the water table of the
various constituents dissolved in the oxidizing environment above the water table. With those compounds
that are sensitive to a change from the oxidizing to the
reducing environment, the speed with which precipitation takes place and consequently the depth and richness of the secondary sulfide zones depend on the rate
of change in the acidity of the solution. Thus, in veins
containing large proportions of primary minerals that
readily react with acid solutions and therefore rapidly
neutralize them, the change from oxidizing to reducing
conditions is relatively rapid, and a marked zone of
secondary sulfide enrichment would be expected. · The
attack. of an acid sulfate solution on copper, lead, zinc,
and silver sulfides decreases the acidity of the solution
in proportion to the amount of these Ininerals it dissolves. As the rate of decrease varies with the rate of
attack, the easily soluble n1inerals are much n1ore effective in quickly changing the acidity than are the others.
Common Ininerals, arranged in their order of effectiveness in decreasing the acidity of acid sulfate solutions
are: Calcite, pyrrhotite, siderite, tetrahedrite, chalcocite, sphalerite, galena, bornite, chalcopyrite, n1arcasite,
and pyrite. 32 Those sufides that are soluble in acid sulfate solutions but insoluble in neutral or alkaline solutions are of course precipitated where the solutions act
on Ininerals that reduce the acidity; such a process
cominonly results in the replacement of early minerals
by late supergene sulfides. As carbonate gangues, pyrrhotite, tetrahe.drite, galena, and sphalerite all react
rapidly with acid sulfate solutions, veins containing
noteworthy amounts of these n1inerals would be the
ones most likely to have a marked zone of secondary
sulfide enrichment. In the heavy pyritic ores the effect
would be the opposite. Both Spurr 33 and Bastin 34
have noted the difference between secondary enrichment
of the pyritic gold veins and that of the base-metal
veins.
Copper sulfides are easily soluble in acid sulfate waters but precipitate when the solutions become neutral
or alkaline. Thus the change of pH concentration that
corresponds to a change from ferric sulfate to ferrous
sulfate causes almost complete precipitation of the
copper. All of the primary copper minerals of the
Front Range ores are attacked by the ferric sulfate
solutions generated during the oxidation of pyrite.
Some of the primary copper in veins may be changed to
32
Emmons, W. H., Enrichment of ore deposits : U. S. Geol. Survey
Bull. 62~ pp. 124-13~ 191~
33
Spurr, J. E., Garrey, G. H., and Ball, S. H., op. cit., pp. 143-144.
u Bastin, E. S., and Hill, J. M., op. cit., pp. 137-152.
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carbonates and oxides which linger in the oxidized
zone, but much of it is leached and carried down to the
sulfide zone, where it is precipitated. In the n1ineral
belt 1nost of the supergene copper occurs in the form of
malachite, azurite, basic sulfates, chalcocite, covellite,
and bornite. The zone of secondary enrichment is
marked by a decided increase in the copper content of
the ore throughout the mineral belt, but it is chiefly important for the increase in gold and silver associated
with the secondary copper minerals.
Silver is readily soluble in acid sulfate solutions but
is easily precipitated by many substances. N eutralization of the acidity is sufficient to precipitate native
silver, and hydrogen sulfide instantly precipitates silver
sulfide. Chloride solutions will cause the deposition of
horn silver ( cerargerite), a common reaction in the
upper part of the oxidized zone in arid regions but of
little in1portance in the mineral belt. Weak silver
solutions in places react with silicates, such as the clay
1ninerals and orthoclase, and precipitate silver that
often is not evident without assay. In well-drained
slightly arid localities silver and iron sulfates commonly
react to form the basic sulfate argentojarosite, which
has been observed at several outcrops in the mineral
belt. Where silver-bearing sulfate solutions attack
such sulfantimonides or sulfarsenides as gray copper
below the zone of oxidation, the silver generally reacts
to for1n one of the complex silver sulfantimonides or
sulfarsenides of the ruby-silver group. In the mineral
belt nearly all the freibergite and dark ruby silver are
primary, whereas most of the proustite, pearcite, stephanite, and argentite are supergene; much .of the native
silver and stromeyerite have been ascribed to supergene
processes, but in most of the occurrences studied by
the writers thes~ minerals are primary. Supergene
silver was abundant in the Caribbu district, however
(fig. 68, .A.).
Ahnost the only primary zinc 1ninerals in the Front
Range are varieties of sphalerite. This sulfide is easily
oxidized by meteoric salfate water and not only dissolves readily but remains in solution even though·the
water changes from acid to neutral or alkaline. Smithsonite may be precipitated from zine sulfate solutions
by limestone, and secondary sulfide may form rarely
where the solutions are alkaline and free hydroge·n
sulfide is present. Such conditions have not been found
in the mineral belt, and secondary zinc minerals ;are
confined to commercially unimportant occurrences ·of
hemimorphite, smithsonite, and hydrozincite in the oxidized zone.
Although lead occurs in many primary minerals, the
sulfide galena is the one that constitutes almost all the
lead ore. The behavior of galena in the vadose zone is
strikingly different from that of sphalerite. Although
galena exposed at the surface is quickly filmed over
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with a thin coating of sulfate or carbonate, both of these
compounds are so insoluble that they protect the galena
from further rapid change. The carbonate, sulfate,
and sulfide are all practically insoluble in meteoric
water unless the water contains unusually large proportions of organic acid or is brinelike in character. Under the semihumid conditions that have prevailed in the
Front Range since Eocene time a continual vegetative
covering has probably been a source of humic acids.
Lead carbonate is readily soluble in humic acids 35 but
is easily precipitated by hydrogen sulfide, sulfate solutions, or by neutralization of the acid. This behavior
accords with the fact that cerussite, the carbonate of
lead, is very common in the oxidized zone, whereas anglesite, the sulfate, is relatively rare, and secondary
galena is unknown either in the oxidized or sulfide zone.
The oxidized lead ores generally contain residual masses
of galena that are much richer in gold and silver than
the primary ore (fig. 60, A) .
Gold, though noted for its general resistance to solution, is soluble in the upper part of a vein under certain
conditions that are not well understood. The work of
Freise 36 suggests that organic compounds in meteoric
waters may be instrumental in the dissolving of gold,
which is easily precipitated by neutralization of the
acidity or oxidation of the organic compounds. The
solution and precipitation of free gold seems to take
place chiefly in the oxidized zone, but some gold moves
down into the upper part of the zone of secondary sulfide enrichment. Gold tellurides oxidize readily changing into colloidal telluric acid and flour gold, both of
which tend to dissipate in surface \Vater. Some supergene gold enrichment occurs in telluride veins, but the
gold is always reprecipitated as the metal, never as a
telluride.
Throughout the mineral belt the enrichment of the
pyritic gold deposits is si1nilar. At the outcrops or a
few feet below, there is a noteworthy concentration of
gold in the oxidized zone and some residual enrichment
of silver and galena. Below the oxidized zone the prinlary pyritic ores are in abrupt contact with oxidized
ore and show almost no evidence of secondary sulfide
enrichment unless chalcopyrite is present. In such ore
rich auriferous sooty chalcocite is commonly found in a
thin zone just below the water table. Many of the basemetal ores have similar oxidized zones in which gold
and silver are more prominent than in the prin1ary ores,
but, in contrast to the pyritic gold ores im1nediately
below the oxidized zone, supergene enrichment is obvious and important. The silver content in the zone of
sulfide enrichment is somewhat higher than in the oxidized zone and much higher than in the primary ore.
Com1nonly the highest-grade ore is found at a depth
Lovering, T. S., op. cit., p. 30.
FrPifle, F. \V., Transportation of gold h;v organic underground solutions: mcon. Geolog~', vol. 26, pp. 4,21-431, 1931.
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of less than 300 feet from the surface, and the value of
the ore decreases gradually with greater depth. Enrichment of the gold-telluride ores is slight and is
limited to the oxidized zone. There is no enrichment
of the tungsten ores except for the residual concentration of ferberite at the outcrop of the veins.
The oxidized parts of the different types of sulfide
ore are similar and commonly consist chiefly of brown
claylike material that contains relatively large quantities of both silver and gold. Residual masses of oxidized galena ore are irregularly distributed throughout
the oxidized zone in the galena-sphalerite veins and
usually contain much gold and silver (fig. 60, A). In
the oxidized zone of the tungsten ore the sericitized and
kao]inized wall rock is stained brown from the oxidation of the ferrous tungstate, and the resulting brown
claylike material is similar to the oxidized zone of the
other veins. There is however, no silver, gold, or lead
in this oxidized zone but only rounded residual masses
of weathered ferberite.
In the secondary sulfide zone of the galena-sphalerite
veins sooty masses of secondary copper minerals rich
in silver are c01nmon, and well-crystallized sulfantimonides and sulfarsenides of silver occur in vugs or fill
fractures in the primary ore. According to Bastin,37
there are two general types of mineral association common in the rich supergene silver ores: ( 1) The secondary
sulfo-compounds of silver, such as pearcite and proustite associated with secondary chalcopyrite, and (2)
abundant native silver associated with sooty ~halcocite,
bornite, and some covellite. The secondary silver 1nin·
erals were deposited in fractures in the primary ore
and also by metasomatic replacement of the primary
minerals.
LOCALIZATION OF ORE

General considerations.-The character and localization of ore in the mineral belt were determined by the
composition and location of the source 1nagma, the
character of the conduit followed by the 1nineralizing
solutions, and by the precipitation gradient existing
within the conduit.
The actual sources of the ore are doubtful, but the
spatial relations of ores and early Tertiary intrusives
suggest that certain porphyries represent magmaf
genetically related to definite types of ore. There if
little doubt that the contact-metamorphic copper ore~.
and the related low-grade auriferous silicified shale in
the Breckenridge district were due to volatiles emanating from the same magmatic hearth that was the source
of the adjacent quartz monzonite porphyry st.ocks and
sills. The lead-zinc-silver veins between Breckenridge
and Silver Plmne are found in an area where rhyolite
and sodic quartz monzonite porphyry are the latest
pre-ore intrusives. Similar rocks are found in other
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Bastin, E. S., and Hill, J. M., op. cit., p. 152.
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parts of the Front Rang,e where lead-zinc-silver ores of
this type occur. As the rhyolites are probably derived
fron1 the quartz monzonites by filter-pressing, it is believed the lead-silver-zinc veins are most closely related genetically to the sodic quartz monzonite magma.
The distribution of pyritic gold ores that are later than
the lead-silver-zinc veins eoincicles with that of dikes and
stocks of alkalic syenite, bostonite, and trachyte. These
rocks are the latest porphyries that are earlier than the
pyritic gold veins and are regarded as representative of
the source magma of this type of ore. The goldtelluride ores are intimately associated with potassic
biotite latite dikes and intrusion breccias in many
places, and the distribution of the telluride veins coincides roughly with the occurrence of rocks of this type.
The biotite latite intrusion breccia has been found in
some of the gold-telluride veins below or near the bottmn of the telluride ore shoot (fig. 24). Apparently
fresh specimens of the intrusion breccia and the related
biotite monzonite porphyry contain 0.01 ounce and a
trace of gold per ton, respectively. The tntrusion breccias are earlier than the telluride ores but later than the

pyritic gold ores and the bostonites and other Tertiary
intrusives of the region. They probably represent the
source magma of the telluride ores. The tungsten belt
is characterized by much more mafic dikes than the surrounding region, but spectroscopic work by Bray on
the intrusive rocks of the tungsten district suggests that
the ores are related to the sarne magma as the telluride
ores; the only fresh rocks in which tungsten was found
were biotite rnonzonite porphyry and the biotite latite
intrusion breccia. 38
T'vo general classes of conduits guided the mineralizing solutions from the source magma toward the surfac-e. The most common were premineralization or
intramineralization faults. Most of these faults, which
dip steeply and show a larger horizontal than vertical
component of movement, became the "true fissure veins"
of the mineral belt.
The second tyr)e of conduit is primarily a result of
igneous activity; it includes the zones of brecciation
created adjacent to porphyry masses during intrusion
38 Lovering, T. S., Origin of the tungsten ores of Boulder County,
Colo.: Econ. Geology, vol. 36, p. 261, 1941.

Latite intrusion

breccia

~~~o,
l<'IGURE

91

24.-Block rliaA"ram showinA" the relation of intrusion breccia to gold-telluride ore shoots in the Logan mine.
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and the openings resulting :from explosive volcanism.
The :zones o:f brecciation adjoining porphyry masses
are related to the direction o:f emplacement o:f the intrusive and 1nuch more commonly occur along the roof o:f
the intrusive than along its floor. Fracturing o:f this
type diminishes rapidly in intensity with distance :from
the intrusive, and in plan and cross section the zones o:f
brecciation are closely related to the shape o:f the intrusive mass. In some localities the pattern o:f the
brecciated zones and their occurrence in the roof or
hanging wall o:f the intrusive suggest :fracturing due
to the intrusive push, but in other places the arrangenlents o:f the zones are 1nore nearly concentric and inclicate subsidence o:f the underlying magina with resulting
collapse. An extensive chimneylike zone o:f brecciation
near intersecting fissures may have been caused by a
localiz·ed but violent upward push o:f the magma and
thus be intermediate between the breccia zone :formed by
normal intrusion and that :formed by explosive volcanism, but where such brecciation is o:f slight vertical
extent it is usually attributable to recurrent :fault
movements.
Breccias :formed by the explosive shattering o:f the
country rock have been :found in many places between
the Georgetown and the Jamestown districts. They
may be divided into two general classes: (1) Those in
which no intrusive material is present, and (2) those
in which the matrix consists largely or at least in part
o:f igneous material that was originally vesicular and
glassy (fig. 17, A). Where :fresh enough :for identification, this matrix 1naterial has the cmnposition o:f latite.
The breccias o:f the first type will here be called explosion
breccias, as distinguished :frmn the latitic intrusion
breccias that have an ig11eous 1natrix presumably o:f
latite. Nearly everywhere breccias o:f both types were
emplaced along preexisting :fractures. Both chimneylike and sheetlike masses o:f explosion breccia occur
within veins, but the pipelike 1nasses are 1nost common
near the intersection o:f two or more fissures. The explosion brecci~s comprise fragnl'ents of the walls and
underlying cot1ntry rock through which the mass has
n1oved; these fragments range in size :from extremely
coarse material to dustlike particles. The latitic intrusion breccias also contain :fragments o:f underlying rock
and wall rock showing a similar range in size but theBe
:fragments are embedded in an igneous matrix which is
usually altered to a purplish-gray clay gouge.
The high water content o:f the latite and the latite intrusion breccias (pl. 7) is indicative o:f the high content
o:f volatiles and the high pressure existing at the time
o:f intrusion. It is probable that the volatiles were
forced into rock fraginents and int.o the country rock
along fissures under very high pressures, before the actual relief o:f pressure by :fracturing. Under these conditions the volatiles absorbed in the minute pore spaces

of the rock would expand with explosive violence when
suddenly released and cause intense shattering and comminution o:f the rock. Much o:f the extreme fragmentation observed in explosion breccias may have such an
origin.
The precipitation gradient may be defined as the rate
of change o:f the chemical and physical environment of
the ore-depositing solutions. The presence of strongly
reactive material out of equilibrimn with passing solutions would produce a rapid change in the chemical
character of the solution; in other regions it has often
been one o:f the most effective factors in the precipitation
of ores, as witness the extensive replacen1ent of limestones and dolomites. The sericitic and kaolinitic alteration o:f the walls of the veins o:f the Inineral belt
reflects the lack of equilibrium between mineralizing
solutions and wall rock. Ore formed by replacement of
the wall rock or o:f the fissure filling is relatively rare,
however, and almost none o:f the ore shoots have been
:formed because of the chemical composition of their
walls.
Where the controls o:f ore localization have been discovered, they are related to the physical :factors rather
than to the chemical composition o:f the walls. O:f
several physical :factors that may induce precipitation,
changes in temperature and pressure were probably the
most important ones in the veins o:f the mineral belt.
It has generally been assumed that pressure increases
directly with depth, that the rock pressure at any given
depth below the surface is equal to the weight of a colunln of rock extending to the surface. Similarly, it is
customary to assume that the pressure on a Inineralizing
solution at any point in a fissure below the surface is
equivalent to the hydrostatic head at that depth.
Neither o:f these assumptions seems entirely justified.
Pressure on a small area is transmitted in an outwardflaring cone o:f diminishing intensity, and it is thus
possible for pressure in a localized area to be built up
greatly in excess o:f the weight of the rock column above
it. Although the pressure gradient in an open channel
filled with quiet liquid would be approximately the
hydrostatic head at any given depth, this is not true
of an upward-moving solution passing through a conduit that has a marked constriction between the source
and exit o:f the fluid. Below the constriction the graclient is that o:f the hydrostatic head plus the driving
force used to push the solution through the constriction.
Above the constriction the pressure at any depth is much
more nearly that o:f the hydrostatic head. Thus the
most rapid change in the pressure gradient should occur
immediately above the point of the greatest constriction
of the conduit. With intramineralization movement
along faults the places o:f greatest constriction would
change :from time to time, and sudden access to a nmv
channel might shift the position of the steep pressure
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gradie nt either toward or away from the source of the
solution.
Th e temperature drop within a moving solution
depends on the difference between the temperatures of
solution and wall, the thermal constants of each , the
presence or absence of convection, the volume of solu tion moving pa t a unit area of the wall in unit time,
the outward temperature gradient within the w rlll~,
and the heat contributed or absorbed by chemical reactions and changes of state. The higher the thermal
diffusivity of the wall rock, the mo re rapid will be the
conduction of heat from the solu tion and the greater
will be the temperature drop of the solution in a given
length of time. So far as known, there is little difference in th e thermal constants of the different types of
fresh waJl rocks .of tl 1e veins, and llO ill formation on the
al tered walls is avai lable. In man y schi sts and gneisses
the diffusivity is much greater parall el to the foli rttion
than across it, and solutions should g ive up their heat
most rapidly when moving transverse to the foliation.
In chann els suffi ciently open toallow active convection,
the temperature gradient along the wall s within the
zone of active circulation will be much more uniform
than >vhere convection is absent.
The temperature gradient within the wall ro<.:k in
contact with a hot moving solution varies ·w ith the
length of time that the solution remains in contact with
the wall. The longer the period of time during which
the solution passes the wall, the lower will the temperature gradient become and the lower will be the amount
of heat taken from the solution. The larger the volume
of fresh solution passing a unit area in unit time, the
larger is the supply of fresh heat brought to t-he wall,
and the more rapid the flatteni ng of the temperature
gradient in the wall, the less rapid is the temperature
fa ll within the solution.
H a fissure were equally permeable along the dip and
the d riving force were uniform, a given volume of the
solution rising through it wo uld pass a unit area of the
wall i n the same period of time, whether the width of
the fiss ure were great or small. Where the permeability
Yaries along dip and strike and where irregular masses
of r elatively impervious material surround large serniisolated areas o:f porous breccia or open fissure that a re
connected by restr icted channels, the volume o:f sol11 tion
passing a given area within the constriction is mu ch
greate r than that passing a unit area in the enl a rged
portions in a given time (J-ig. ~5). In the constricted
a rea relatively little heat would be lost :from the large
volume o:f rapidly moving solution, and little temperature change would be noted in the solution. In the
enla rged portions, where the solution would move much
more slowly and a greater surface of wall rock would
be in contact with a given volume of solution during a
given time, the heat loss would be correspond ingly
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greater and the change in temperature much more apparent. Thus, the most rapid change in temperature
gradient in the solution would occur in open zones
within the fissures immediately above constrictions in
the :feeding channel.
The introduction of a hot solution into a cool brecciafilled cavity would result in a much more rapid fall in
temperature than its introduction into the same open
space lacking the breccia. ·with continued movement
through the breccia-filled opening, the :fragments would

FIGURE 25. -Diagram showing the relative rate of movement of solution s
in tight channels and in open spaces in a breccia-filled fi ss ure.

so<Jll heat up to the temperature o:f the passing solution
and thereafter would not exert any cooling effect
upon it.
Front the forego ing discussion it appears that the
pl1ysical factors favoring a steep precipitation gradient
are ( 1) The p1·esence of relatively large open areas in
a fissure irnmediately above a constricted :feeding chanllel and (2) the diversion of a mineralizing solution
into a new channel.
It would seem that the factors i nstrumental in determining the localizatio n of ore shoots are primarily
those determining the amounts of solution that pass
through different parts o:f the fissure in a given length
o:f time. In general, those portions allowing the largest
amount of fluid to pass through them should have the
most :favorable precipitation gradient as well as the
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largest supply of the ore-depositing solution, and thus
would be most favorable for the occurrence and localization of ore shoots.
In any cond ui t connected with the so urce magma, the
:tmount of solu tion passing through wi ll be governed by
the laws of flow of liquids in permeable material. It
has been shown by Slichter 30 that the volume of liquid
tran smitted through soil or other permeable material
is directly proport ional to the pressure, the area of cross
section, and the squa re of the effective grain size but i.::;
inversely pr oportional to the viscosity and the length of
the conduit. Effective grain size is defined as the size
of gr ain ,,·hich in a uniformly sized aggregate
would pe rmi t the same flow as that found i n a given
heteroge neou s aggregate. It has been determined by
ex pPriment that the effective grain size is generall y that
'"hich separates 90 percent oversize from 10 percent
undersize material. The rate of flow changes with the
fi rst power of all the variables except grain size, to
which it has an exponential relation. This indicates
th::ct vari~ttion s in the coarseness of the fissure filling
would be of the utmost importance in determining the
chail!l<\ls followed by the mineralizing solution.
S tr uctures controlling ore shoots.-The coarseness of
the fiss ure fi lling and the amount of open space within a
fis ure formed by faulting is determined by the amount
and directio n of the fault movement, the physical nature
of the ''all rock, and the irr·egularities of the fissure
itself. A slight movement along a fis ure >Yould reduce
kaolinized, sericitized, or ch loritizecl rock ( "\Yhether
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_ _ _ _ _ __ J
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fissure filling or \r alls) to relatively in1pervious gouge,
whereas a si licified part of the .-ame rock or fissure
filling would be broken i11to a coarse open breccia by
the movement. In unaltered rock the strength of the
walls is a determining factor. The fiss ure system shown
in figure 26 was caused by a sligh t moYement that \vas
absorbed by .inconspicuou s folding and by slipping
along interlaminal planes in the relatively incompetent
schist, wh ereas in the more competent and brittle granite
the same movement yielded continuous open fractures.
A strong movement that would break through schist
migh t grind it Lo gouge along the fault, but the movement that comminu ted the schist might result in a coa rse
open breccia in graniLe. However, a strong continuous
fault in granite may be represented by a wide zone of

overlapping imbricated 1111110r shea r planes \rithin an
area of schist. The relative com petenoe of schist and
granite is similar to that of the shale and quartzite
shown in figure 27.
The irregularities of the original fracture will cause
cer tain parts of the fissure to rub together during movement " ·hile others pull apart. In a fissure having a
strong horizontal component of movement, if the righthand " ·all Jnoves ahead, a swing to the left during the
movement will create ttJ1 open space favorable to ore
deposition as illustrated by the Pelican-Bismarck vein
(pl. 10). Similarly, the steepening of the walls of a
normal fault or the flattening of the walls of a reverse
fa11lt favors the creation of open spaces and localization
of ore (figs. 28 and 29) . In many faults tension cracks

s.

N.

-. ..,

__ _

Fault. showmg relative movement

Unmineralized fracture

50

F!GUHF; 28.- Korlh -soulh ve rtical section through the C 1ydp
tung-Ntcn dh-;ll'ieL

tun~ste n
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mine 30 feet west of the portal of the haulage tunnel, Boulrler County

Illu Htrat-r-:-: I h(• loealizurion or o re in t"ltc !Heeper parts of norm al fauUs,

the imbr ication of a Atrong n ormal fault

toward the footwall s irlc wif h depth. anrl the harren part of the fissure between schist walls.
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or feather joints occur withi n the walls, and mi nerali zation of th ese openings, the "feeders" of the miners, is
a common feature of the vei ns in the mineral belt.
It has already been noted ilmt r elatively few in el i vidual veins pe rsist as much as a mil e a long strike
or cl ip but that overlapp in g fractures within a more
persistent general zone of movement are com n1 on. The
transition between the ends of the overlapping; f ractu res
talces place in se veml ways but most commonly by
echelon sheeting. (See pl. 21.) Whe n a vein maintain s
its course but ·weakens and final ly ends in a zone marked
by parallel obliq11e veins branching to one sicle, the
main vein will usually be found to hltve "jun 1ped" a
short di stance in that cl i recti on; echelon bntnch ing to
the left, such as is . hown on plate 21, has been ten ned
left-handed imbrication. \iVith nearly all veins that
show a marked cunrin 00' swino·
from their a1·emae
course
b
b
j 11 st before they feather out, the overlappin g fntctme
wi ll be found a short distance to the side awa.y f rom
which the course swings. Thus, if the vein curves to the
right as it feathers out, the overlapping ve in will be

found on the ]eft-hand side of the vein, as is illustrated
by the Dives-Dunkirk vein (pl. 10) and the Concrete
vein (fig. 30). In a zone of "horsetailing" or echelon
veins the individual fractures are diagonal to the main
wne of ore deposition. In some overlapping veins and
faults the movement is carried from one to the other
through a sheeted zone, which is not easily recognizable,
and no perceptible swing occurs in th e fi ssure as the
trans ition zone is approached. It has generally been
found that, in those fissures along which the right-hand
wall moved forward, the overlapping fiss ure will be
found to the left and vice Yersa (pl. 21). Similarl y,
where a normal fault disappears with depth an overlapping fault if present commonly wi ll be found in the
footwall (fig. 28), and where a reverse fault disappears
with depth the overlapping fault is apt to be in the
hanging wall.
The common appearance of ore shoots at junctions of
intersecting veins or close to the points of divergence of
branch veins reflect the high degree of brecciation at
such places, or the shift of movement from one vein
to another, with the consequent pulling apart of the
fi ss ure walls nearby (pl. 11 and fig. 31) . Gougy imperviou s prcmineral cross fractures may act as baffles
or guides to the ore-forming solutions and separate a
barren but relatively open egment of vein from a
strongly mineralized part (fig. 31) . The greatest concentration of ore is usually just below gently dipping
cross seams or "flats," but where the ore-depositing solutions were moving horizontall y rathe r than vertically
the ore may occur on either the footwall or hanging wall
of the cross fracture (figs. 31 and 32). The inclination
of the deflecting baffie relative to the path of the oreforming solution s determines whether the ore "bottoms"
m· "tops" there. The intersection of two veins is much
more likely to en ri ch than to impoverish them (fig. 33),
but in some places the inter section is marked by such
impervio us altered rock that the "vein goes to pieces,"
and the ore sh11ns the actual intersection (fig. 34).
The intersection of a late vein with an early one is
ge nerall y favorable to the occurrence of ore, especially
where the ea rl y one belongs to the breccia-reef group
(fig;. 35). In man y places spur faults formed simultaneously with major faults and coincided with the
edges of movin g, wedge-shaped blocks. Crushing was
at tt rnaximunt along the narrow front of the wedge,
and ore depositio n is common at such places (fig. 33).
In ma ny veins, ore localization depends on the simpl e
structural <.:ontrol of openings due to change in co urse
or change in clip (figs. 28 and 29).
In some places, however, a vein that is tight in one
rock become open and ore-bea;r ing in ~mother rock,
a nd the appeara11 cc of ore is more directly related to the
character of the wall rock than to changes in the course
of the fissure (fig. 3G) . Schist walls are less favorable
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SECTION A-A
FJG UJu; :1 0.- Pi a n a nd ecc lion or p rlrt or the Concrete vein, Cent-ral City-Idaho Springs dis trict, 200 feet below the Argo
tunuel level. T llis pattern is characteri s tic of the feath~L"ing on to( a vein or th e s hift or t he lli Ovelllcn t a long O II P
,·ein to a parall el fi ssu re 'a littl e di stance awa~·.

t.ha 11 porphyry or granite gneiss, and these rocks in turn
In some veins the best
ore has been found " -here one wall is schist and the
other wa 11 is granite, granite gneiss, or porphyry.
Extensive alteration of the wall rock is commonly
associaJed with important channels of mineralization,
bu L rm old fissure i n rock softened by alteration is not
so likely Lo afford favorable openings d uring intramineral movement as is a fiss ure newly formed in unaltered rock. It thus happens that in many localities
important ore shoots are found in little-altered rock
where relatively late premi.neral fractures intersect the
major channels of mineralization. This condition is
especially true of the tell uride and tungsten veins that
were formed during the last part of the general period
of mineralization.
In many places veins apparently foll ow premineral
dikes of porphyry, suggesting that a subsequent pre-

arcless favorable than granite.

mi nentl fault took ad vantage of the plane of weakness
made by the d ike, but many premineral dikes were in truded along p reex ist ing fa ul t fissu res. Postminera 1
dikes in turn may follow ve ins, as in the Stanl ey mi ne
and in several mines in Lhe Wa rd district. The occurrence of ore in some places, as in the Colomdo Cent ral
and Little Mattie mines, suggests that the inj ection
of the d ike dis1·upted the adjacent .walls sufficiently Lo
create more permeable g roun d close to it th<tn at a d ista nce. (See fig. 37 and pl. 17.) Later movement of t il e
fau l t >vall might either accentuate or diminish this
effect.
li\Ther e a late intrusive push from an underlying
magma has caused the refracturing of a porphy r-y stock,
the breccia zone ge nerally follows the platy str ucture
of the mass and may result in one or several irregular
ch imney-shaped bodies of br eccia, with one dimension
parallel to the original platy structure (pl. 14) . In
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31.--P tll't of t11 e 01·o worki ngs, level 5 of t h e Wellin gton mine, Brec ken ri dge di s trict, s how in g e nl a rge·
ment of or e body in , til e Mnln vein on t h e footwa ll s ide of a pre min eral fault .

such a reas the !:mall openings clue to the early brecciat ion may have been subsequently enlarged by reactive
min erali zi ng solutions that clissoh ed some of the rock
adjacent to the fracture- th e fi rst step in the "minerali zation stoping" suggested by Locke. 40 So far as known ,
this process did not go :far enough to result in colhtpse
stru ctures anywhere in the mineral belt, except for the
late brecc iation of fluorspar bodies at J amestovm.
However, at the Alice stock appreciable enlargement
was effected by thi s process before metalization oc10 Locke, AugnshJ R, rPh c fo nn ut ion of ce rta in ore bod ies bv min eral..
lznJ io n slopi n g : Eco n. GeoloJ:".v. Yo l. 21. pp. 4 3 1- 453, 1!:126.

currecl. More commonly, however, th e deposit ion of
barren quartz clogged much of the open space in the
breccia zones resulting from intrusion , leaving but li ttle
r oom :for subsequen t metalization. In such places fur ther fract uring was necessa ry to create the open spaces
favorable fo r ore shoots. It is believed that some of the
breccia-r eef mineralization took place after renewed
:fracturing.
The explosion breccia " ·ere much more favorable
hosts for ore deposition than the brecciated zones immediately adjacent to the intrusion of porphyry. The
open permeable explosion breccias whi ch lack an igne-
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ous matri x, such as The P atch in Cent ral City, provided
ideal condui ts for the miner alizing solutions, and in
them the occ urrence of ore is directly r elated to th e
relative permeabili ty of th e ori g inal explosion breccia
and th e di stan ce above th e source rnag rrm. The lat it ic
intru sion breccias ar e min emlized in a, few places b11t
very rarely more than a short di stance below tl1e upper
limi t at \rhich the igneous matrix exists. In p 1aces,
ho" ·ever , commer cial telluride ore shoots lie a shor t di stan ce above th em, wi thin the sam e or connectin g fiss ures,
as at the Logan mine (fig. 2±). Thi s probably r eflects
the steep precipitation gradien t th at existed in a cool
fi ssure immediately following th e introdu ction of a
highly heated intrusive breccia whose open vesicul ar
character made it a r eady conduit for the volatiles comin g from th e nnderly ing mng ma.
PLACER DEPOSITS

T he localization of gold in th e placer deposits of th e
Front R ange is depend ent on the location and ch ar acter
of th e primary deposits that >Yer e the source of the gold,
th e physiographic history of th e reg ion, and th e strn ct m e an d char acter of bedrock and gr avel.
The pyritic gold deposits and in general th e deposits
containing gold associated w.ith sulfid es in the primar y
ore commonl y disintegrate at th e surface and free their
gold to form placers in the sLream s and gnl ch es drain -

ing their outcrop area. In contrast to them the goldtelluride deposits are rarely marked by placer ground
except " ·h er e the tellurides are the companions of
na t ive gold in the primary ore ; for example, th e highly
produ cti ve Crippl e Grrek di strict ha s yielded only
an in signifi can t amoun t of pla cer gold.
Tl1 e physiographic hi story best suited to the development of place r deposits is one of long-continu ed bnt
moclentt ely slow erosion. The erosion of the Front
Ran ge has been cyclic, periods of quiescence alternati ng wi th periods of r ejuvenation. During late Pliocene
tim e ri ch surficial material and hillside wash accumulated in many di stricts and acted as high-grade feed
to the swollen Pleistocene streams. During each interglacial stage ne>Y grist ''"as drawn from the outcrop and
mixed with that of the earlier stream gravels, and both
"\H•re further concentrated. The glaciers themselves
ho,Yever tended to serape off any placer grow1d over
\rhich they moved and scatter the content through their
mor aines. The glacial streams opposed this tendency
by r eworking some of the ground moraine and, as
shown in figure 38, tended to conce ntrate gold in the
out wash just in front of th e terminal moraine more than
else,rJJert'. \Yith incr easing di stan ce from the moraine
and from th e source of the gold the amount of flour
gold in creases steadil y, until at a distance of 15 or 20
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FIGUHE 34.- Pnrt of the main tunnel level of the Snints John mine, Montezuma district, showing the impovel"ishment of the vein at its
intersection with unothe r that c rosses it nearlr at right angles.

miles practicall y all the gold is in an extremely fine
state of subdivision.
The bulk of the gold in placers is usually found within
5 feet of the contact between bedr ock and gravel.
Where a layer of hard impervious clay occurs in the
gr aYel, rich gold-bearing gravel is commonly found on
th is "false bottom," but very few of these clay contacts
contain as much gold as the underlying bedrock con-

tacts. As much as 90 percent of the gold in a 50 foot
gravel bed may be present in the lower 5 feet of gravel
and the upper 3 feet of bedrock.
I n general a smooth polished bedrock floor holds
much less placer gold than a rough surface. Thinbedded shale and sandstone, steeply dipping schist
seamed with pegmatite, or interlayered hard and soft
rocks of any sort apparently made natural riffles and
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retai ned much mon~ gold than the more massive evengrained rocks.
Much of the placer ground in the Front Range is
chiefly of historical interest. A lthough credited with
a substantial output during the sixties and seventies,
the outp ut has been small since that time, except in a
few places where dredging has p roved feasible, as at
Breckenridge, Pinecliff, and on Clear Creek east of
Idaho Springs. The g reat influ x of placer miners during the depression years of 1932-33 served only to show
that nearly all the gr ound suitable for hand methods
had already been worked to exhaustion. Floating
dredges have operated successfully for many years in
the B reckenridge district, but the best of the ground
has been moved long since. A considerable area of
placer gro und suitable for dredging is present in South
Park near Fairplay; operations were discontinued sever al years ago when a suit was brought by the ranchers
because of the contamination of the river by tailings,

25

tOO Feet
Aftl!r haur! 80, Professional Paper 63

I'art of the t unnel a long the i\L1 ine vein, Sil vPr Plum ~
district, showing t h e thickrning of the ore as the \' ein passes from
s chist into t he mnr<'> competent por ph y r y .

li'!Gu ou: 3G.-

but they wer e resumed successf ully in 1939. A floating
dredge was operated on Beaver Creek near Fairplay
dm ing 1939-42, and in the first 2 years 9,227 ounces of
gold was produced. In 1941, a bucket dredge was put
in operation on the bench gravels alon g the Platte River,
bu t this project as well as the dredging on Bea.ver Creek
was terminated on October 15, 1942, by the gold mining
li mita.tion order.
On the ea.stern slope of the range a dry-land dredge
operated successf ully d uring 1935-36 on Clear Creek
about 10 miles east of Idaho Springs, at its junction
with North Clear Creek, and was rated the second
largest p roducer in the co unty. Another dry-land
dredge was ope r·ated on Nor th Clear Creek just below
Bl aekha.wk during 1937-41 and in 1938 was the largest
produ cer of gold in the county. A flo ating dredge obtained 7,796 ounces of gold from the Pactolus placer on
South Boulder Creek near Pinecliff during 1937-39. It
seems probable that other placers of this type may be
found on some of tlH:' larger streams of the eastern slope

Lh al cut through the Ill iner al belt. The deep outwash
below the terminal moraine at Empire has apparently
been neglected and may be worth exploiting.
0 herry Creek and Douglas Oownty placers.-The first
gold discovered in Colorado was found along Cherry
Creek near the site of Denver in 1859, and this stream
and its tributaries have been prospected periodicall y
ever since. Annual output, however, has been small, a
few thousand dollars during one of the better years bu t
ge nerally less than $1,000. The amount of gold present
increases to the south of Denver, and the best placer
g round apparently lies in Gold Creek, Russellville
Gulch, and Newlin Gulch, near ridges capped with
Castle Rock conglomerate.
The bedrock of the str eams in this area is chiefly the
upper part of the Dawson arkose of late Cretaceous
and early T ertiary age; the higher hills are capped with
a dense rhyolite or rhyolitic tuff very close to the contact between the Dawson arkose and the overlying Oligocene Castle Rock conglomer ate. In some places this
conglomerate lies directly on the r hyolite or tuff, but in
others a thin wedge of arkose lies between the rhyolite
and the Oligocene beds.
The sear ch for gold in the Dawson arkose below the
r hyolite has been alnwst fruitless, except within a foot
or two of the surface, and the rhyolite itself is barren.
The basal Castle Rock conglomerate, however, contains
an appreciable quantity of gold. Much of it contains
0.025 to 0.05 ounce of gold, and a few assays show as
much as 0.105 ounce to the ton. The placer gold of the
region has been obtained from the alluvium and lowterr ace gr avels along the str eam close to the Castle
Rock conglomerate ; the richer gravels worked commonly con tain 0.01 to 0.035 ouilce of gold to the ton.
Locally much high er gr a.de pockets a l'e founrl, but they
are comparatively rare.
It seems probable that the Castle Rock conglomerate
is a low-gr ade fo ssil placer con taining gold t hat was
probably deri;ved from the Central City di steict and
other parts of the mineral belt. The gold contained in
this rock was set free as the conglomerate disintegrated
and was concentrated locally in the Recent gravels derived from the Oligocene (Castle Rock) stream deposits.
The general course of the belt in which most of the
placer gold has been found trend s nor thwestward toward the Idaho Sprin gs-Central City district.
MINING DISTRI C TS IN THE MINERAL BELT
BRECKENRIDGE DISTRICT
L O CATION

The Breckenridge district 41 is about 60 miles west of
Denver and 20 miles northeast of Leadville and is at
.,, L o,·e ring. T. S. , Geo!o~y and o t·e df:IJ)ORit of t h e .bL·eckenridge mining di strict, Colo. : U. S. Geol. Suney Prof. Paper 176, 1934, It a n so me,
I?. L ., Geolog)' a nfl nre depoRits of th e Brecken ridge district, Co lo. :
U . S. Genl. S m· n•y Prof. Pnpe r 7fi, 1911.
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the southwestern end of the Front Range mineral belt.
It occ upies about 45 square miles at the headwaters of
the Blue River. It ranges in altitude from 9,100 to
13,100 feet and is decidedly hilly, though little of it is
rugged. The di strict is famous for its gold placers and
for the high-grade gold veins of Farncomb Hill, but it
has also had a large output of lead-silver-zinc ore.
HISTORY

I n the summer of 1 59 a group of prospectors disco ,·ered rich placer g round on the north side of Farnco mb Hill, and within the next 20 year s about $7,000,000
in gold was washed from the placers of the Blue River,
wan River , Fren ch Gulch, Illinois Gulch , and their
,t ributary gulches. It was not until 1880 that gold was
fouud in place on Farncomb Hill; for the next 10 years
the rich narrow vein s of crystallized gold yielded most
of the gold output. Gold dredges wer e introduced in
1898 and have been workin g the d eep gr avels of the
larger gulches ever since, r ecovering a total of a little
more than 7,000,000 in gold thr ough 1937.
: L ead-silver ores were first min eel in the district in
1 69, but little interest was shown in lead veins until
the completion of the r ailroad from Denver to Breckenridge in 1880. The first flush of lead-silver minin g came

in the late eighties and early nineties, and following
this period the output declined until 1910, when the
Wellington mine started active development and was
a large and moderately steady producer of lead and zinc
until 1929. It supplied most of the lead and zinc ore
shipped from the eli trict during this period. Nearly
all of the output from stockworks came from oxidized
ore mined prior to 1910, but a meager and intermittent
outp ut was obtained from the low-grade primary ores
through the 25 years following, owing chiefly to the
operations of the Royal Tiger fining Co. The general
character of the ore from the district is shown in
the following table.
GENERAL GEOLOGY

As shown on plate 2, the rocks exposed in the Breckenridge district are chiefly sedimentary. Pre-Cambrian
schist, containing small amounts of injection gneis and
gneissic granite, underlies the sedimentary rocks and is
exposed in small areas in the southern and western parts
of the district. It is chiefly quar tz-biotite schist and
has a gener al northwesterly strike and a dip of about
60° NE. The lower Paleozoic beds are not present in
the district and probably were not deposited (pl. 6) .
The Maroon formation of Permian and Pennsyl-
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vanian ( ~) age lies directly upon the pre-Cambrian
basement but is overlapped by the Morrison and Dakota formations to the east and west of the district.

'V

The eber ( ~) formation, if present, occurs only under
a thick cover in the southwest part of the region shmvn
on plate 2.

Composition of ore frorn the Breckenridge distr£ct
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a 5 percent of sulfur.
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The Maroon formation consists of 600 to 900 feet of
red, gray, and black micaceous sandy shale, with some
limestone and some red, and red and gray micaceous
grit and conglmnerate. It occurs in a wide northwestward-trending belt in the southern part of the district,
which is cut off in the central part by porphyry intrusives but continues as a narrower belt to the northwest.
The Maroon fonnation is overlain by about 200 feet
of the sandstone and variegated shale of the Upper
Jurassic Morrison formation. The Upper Cretaceous
Dakota quartzite rests upon the Morrison formation;
it is 125 to 165 feet thick in the central part and 20 to
225 feet thick elsewhere in the district. Probably because of its rigidity and its ability to retain open fractures, ore bodies are commonly localized in the quartzite
where veins pass through it. The Morrison and Dakota
formations occur in the western part of the district in
a broad north-northwesterly band, which is cut by
porphyry intrusives and is 1nueh complieated by folding
and faulting.
The Dakota quartzite is overlain by about 360 feet of
dark-gray Benton shale; this in turn is overlain by the
Niobrara formation, which is about 350 feet thick and
consists of black or gray limy shale interbedded with
thin..cbedded dark-gray limestone. These two forma-
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6 Horn tunnel; 5 percent of sulfur.
7 Oxidized ore.
s Oxidized ore; 1.5 percent of sulfur.
9 Tailings from a rich pocket.
10 Otherwise similar ore contains as much as 30 percent of lead.

tions occur in a narrow irregular belt extending from
the southeast corner to the northwest corner of the
district.
Overlying the Niobrara formation is the Pierre shale,
whose thickness is approximately 2,500 feet about 2
miles northwest of Tiger. It consists chiefly of darkolive and dark-brown clay shale and occurs throughout
the northeastern half of the district. The shale is n1uch
cut up by irregular intrusive stocks and sheets of porphyry, and along the northeast border of the district
it is cut off by the strong northwestward-trending Williams Range thrust fault, on the east side of which is
pre-Cambrian hornblende gneiss with son1e schist· and
granite.
Quaternary glacial and stream deposits occupy an
extensive area along the Blue River Valley. Breckenridge is built on the outwash gravels of the Wisconsin
glacial stage about half a n1ile below a terminal moraine.
Placer deposits have been found in the early and late
glacial outwash gravels and in the late glacial ground
moraine south of the terminal n1oraine.
Intrusive monzonitic porphyries of the Laramide
revolution are common throughout the Breckenridge
district. Hornblende monzonite of group 4 (fig. 12)
occupies a large area in the central and southeastern
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parts of the district. It occurs chiefly in the form of
sills, some of which are very thick, and only breaks
across the sedimentary rocks in a few places. Intermediate quartz monzonite porphyry of group 5 forms
a thick sill in the Benton shale. Quartz monzonite
porphyry of the Lincoln type, belonging to group 6, is
abundant throughout the northeast half of the district,
forming stocks, dikes, and sheets. Dikes of this porphyry cut both of the other porphyries.
Intrusion of the larger sills of Inonzonite rarely
c~used much change in the rocks invaded, but stocklike
1-dasses of quartz monzonite porphyry were the loci of
profound changes in Inany places; for example, garnet,
epidote, dark-green amphibole, quartz, specularite,
magnetite, and small anlounts of pyrite and chalcopyrite were formed in the limy shales of the Morrison
formation near a small stock in French Gulch, due east
of Breckenridge. Garnetization was generally limited
to the formations within 1,500 feet of the stock, whereas
epidote and quartz replaced favorable beds at Inuch
greater distance. The other contact-metamorphic minerals are locally abundant but in general are subordinate.
The hydrothermal alteration of the wall rocks of the
veins was accomplished largely by solutions of reducing
character, which changed the bright-red beds of the
Maroon formation to green or gray, both in the contactmetamorphic zones and near ore channels. Where alteration was intense, silicification occurred on a large
scale; much of the dark Cretaceous shale near the Wellington mine was completely converted into jaspery
silica, similar to the flint or jasperoid of the Leadville
district. Near the veins the porphyritic rocks in places
were completely altered to sericite, quartz, and ankerite,
with n1inor amounts of pyrite. A In ore widespread type
of alteration is that by which the ferromagnesian minerals of the porphyry were changed to calcite and epidote and the feldspars incompletely converted to calcite,
sericite, and kaolinite.
The principal structural feature of the Breckenridge
district is a structural trough about 10 miles wide, which
extends north-northwestward from South Park to Middle Park. The belt of sedimentary rocks in this trough
is about 8 miles wide and is flanked by pre-Can1brian
rocks on the east and west (see pl. 1). The Cambrian,
Ordovician, Devonian, and Carboniferous formations
of western South Park have been progressively overlapped to the north and are absent in the Breckenridge
district. Owing to isoclinal folding, the regional dip is
eastward throughout the structural trough. About 5
miles east of Breckenridge the sedimentary rocks are
limited by an overturned fold somewhat sliced by strike
faults, which passes northward into the Williams
Range thrust fault. The trough of the overturned fold
was apparently a weakened zone, especially favorable

to intrusive activity, for throughout its extent from
South Park to Dillon it is 1narked by an almost continuous series of large porphyry masses.
The 1nain part of the Breckenridge district is on the
western limb of the regional syncline about 2 miles west
of its axis, and, as shown on plate 2, the local structure
is exceedingly cmnplex. Southeast of Breckenridge the
prevailing northeasterly dip is broken by an open
anticline and a compressed syncline, both of which
trend northwestward. Two broken, downfaulted belts
cross these folds and intersect near the Wellington mine
2 miles east of Breckenridge. One belt trends northnortheast and the other east-northeast, and in then1 both
norn1al and reverse faults are connnon. The most productive mines of the district-the Wellington, Washington, Golddust, Duncan, and Puzzle-Ouray-follow
premineral faults of small throw in the north-northeasterly downfaulted belt. Nearly all the productive
veins strike between N. 40° E. and N. 80° E., and the
fissures that they occupy are generally older than the
faults that strike N. 10° W. to N. 20° E. The bulk of
the porphyry of the district was intrud~d after folding
was cmnpleted; part of it is later than the initial easterly and northeasterly faults, which were later mineralized. The large Williams Range thrust fault along
the eastern side of the district is earlier than the coarsely
porphyritic quartz monzonite, but much of the lWrtheasterly and north-northeasterly faulting is later than
the latest porphyry masses.
Most of the Inonzonite in the central part of the area
is part of one large irregular intrusive sheet, which
forinerly extended from Prospect Hill south to Nigger
Hill and southeast to Bald Mountain; in it are found
most of the productive veins. This mass was intruded
through many conduits and is probably a composite of
many originally distinct sills that united to for1n the
larger body. The base of the larger intrusive sheet is
irregular and follows different horizons in different
places but most cmnmonly occurs a short distance above
or below the Dakota quartzite. In general the crosscutting bodies of porphyry followed the early northeasterly and northwesterly lines of weakness, but in
places they broke across the sedimentary rocks in a
north -south line.
ORE DEPOSITS

A wide variety of ore and gangue minerals has been
found in the Breckenridge district, but the only ore
minerals sufficiently abundant to be of commercial inlportance are gold, various silver minerals, sphalerite,
galena, and pyrite. Contact-metamorphic ores, stockworks, veins, blanket ores, and placers have been exploited, but 1nost of the output has cmne from the veins
and placers. The primary mineralization is believed
to have been related to solidification of the deeper parts
of the quartz monzonite porphyry and to have occurred

BRECKENRIDGE DISTRICT

later than any of the porphyry intrusions. Supergene
enrichment has greatly n1odified many of the deposits.
A few of the many mine desci·iptions given by Ransome and by Lovering are smnmarized on pages 112-122
to bring out more clearly some of the features of the ore
deposits discussed briefly below. In the selection of the
mines for consideration here, the writers have chosen
those that best illustrate some general type of deposit
or some features of ore localization. The selection is
not based on relative commercial importance; however,
most of the properties described show a creditable output, because the productive properties have been more
generally available for study.
Contact metam,orphic deposits.-Deposits formed by
contact metamorphism are of little economic importance, but in several places dense irregular masses of
silicates intergrown with metallic oxides and sulfide::;
have been formed in the limy beds of the Niobrara and
Morrison formations. They are best developed on the
south side of Prospect Hill bordering a small stock of
quartz monzonite porphyry. These deposits are resistant to weathering and show little evidence of enrichment. Some of them contain appreciable amounts of
gold and copper, but their ore bodies are usually small,
spotty, and irregular and cluster closely around the
stock of quartz monzonite porphyry.
Stockworks.-Stockworks are found chiefly in the
northeast quarter of the Breckenridge district in a
narrow zone trending east-northeast through Tiger
toward the south end of the Williams Range thrust
fault. Four productive stockworks are found at Tiger
and to the southwest at intervals of about a mile, namely,
the I. X. L. and Royal Tiger, the Cashier, the Hamilton, and the Jessie (pl. 3). The country rock of each
deposit is quartz monzonite porphyry, but in the I. X. L.
the quartz monzonite porphyry is crowded with fragments of Upper Cretaceous Dakota quartzite and shale.
The alinement of the stoekworks in a zone of shearing
at the south end of the vVilliams Range thrust fault
suggests that they resulted fr01n the underthrusting of
the lJpper Cretaceous rocks beneath the pre-Cambrian,
but, as the quartz monzonite porphyry that contains the
stockworks is younger than the thrust fault, they must
have formed after the major 1novement was finished.
They probably represent a response to residual stress in
the shear zone between the major thrust fault and the
overturned fold to the south. As would be expected
from their position, the dominant trend of the strongest
fracture zone in the stockworks is east-northeast, but
the country rock is fissured in many directions. The
individual fractures are not persistent, and each stockwork seems to be a wide slightly crushed zone in which
the movement along single fractures was slight.
Mineralization of these broken masses resulted in lowgrade primary deposits several hundred feet wide, with
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length not greatly exceeding width. Most of the mineralization occurred in small open fissures with little
replacement of the country rock and produced lowgrade pyritic gold ore containing small amounts of
galena and sphalerite. Commercial ore seems limited
to a depth of 350 feet or less from the surface and seems
largely dependent on secondary enrichment. Each of
the four deposits named is credited with an output of
several hundred thousand dollars in gold. Nearly all
the supergene ore has been removed from these stockworks, and it is unlikely that mining can be carried on
profitably on the primary ore unless costs are greatly
reduced. There is, however, the distinct possibility
that other stockworks will be found in this same general
zone.
Further details of the occurrence of ore in a typical
stockwork will be found in the description of the Jessie
mine on page 112. The I. X. L. property and the Royal
Tiger mine are classed as stockworks but may be intermediate between the stockworks of the type described
above and the intrusion breccias described below.
Intrusion breccia.-In the southwestern part of the
district, in the Wire Patch mine, there are deposits
similar in appearance to the stockworks described above
but different in origin. Here the aggressive intrusion
of the quartz monzonite porphyry brecciated the somewhat baked Upper Cretaceous shale adjacent to it and
incorporated the fragments in the upward-moving
magma. Continued movement of the main body of the
porphyry during the freezing of the igneous matrix in
the crust of the breccia caused a network of small
fissures to break through the porphyry matrix, the fragments, and the adjacent wall rock. This late brecciation
was n1ost intense in the intrusion breccia near its contact
with the country rock, and subsequent mineralization of
the interlacing fissures developed ore deposits intermediate in character between the stockworks and the lodes
in broad shear zones. The galena-silver-gold ore found
in the vVire Patch mine is somewhat different in character from the pyritic ores of the stockworks to the north.
The reader is referred to a description of this mine on
page 115 for further details.
Veins.- The hypogene ores are largely confined to
northeasterly premineral faults, but many of the veins
are related to channels of mineralization that trend more
nearly northwa.rd than the veins themselves.
Most of the productive veins lie in a short, narrow
northeasterly belt, which extends from Little Mountain
to Mineral Hill. (See pl. 3.) With the exception of the
rich narrow gold veins of Farncomb Hill, very few
veins outside this belt have contributed materially to the
output of the 1nines. Most of the veins occupy normal
faults striking N. 40°-80° E. and dipping 60°-80° SE.
or N,V. and show pronounced irregularities in both
strike and dip. The most productive veins, named ac-
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cording to their positions in the belt from southwest to
northeast, are the Germania, Golddust, Puzzle-Ouray,
Washington-Emmett, Dunkin, Juniata, Country Boy,
and Oro-Wellington group.
All the bedrock formations in the district are cut
by veins, but nwst of the ore has been found where the
vein \Vhlls are of monzonite porphyry or Dakota
quai'tzite. The chemical character of the wall rock has
been less influential than its physical properties in determining the presence of ore, but certain limy layers in
the Cretaceous beds are replaced by ore next to some
of the larger veins. The ore shoots were localized in
the more ·open parts of faults of moderate 1novement,
and these open parts formed where the faults broke
through the more rigid wall rocks. The distribution,
continuity in depth, and the permeability of the premineral faults determined the course of the mineralizing solutions and the site of ore deposition. In some
places extensive but comparatively tight gougy faults
guided solutions frmn depth but were not sufficiently
open for commercial ore bodies to form in them.
The primary ores of the productive veins consist
largely of lead, zinc, and iron sulfides with some native
gold and some silver whose form is uncertain. Ankerite, calcite, quartz, and sericite are the common gangue
minerals. Smne of the veins have produced chiefly
pyritic zinc-blende with little galena; ore of this type
commonly changes abruptly dow1~ward into a nearly
pure pyrite, as shown in the description of the Great
Northern vein of the vVellington mine ( pp. 119-120) .
Practically no high -grade zinc ores have been found
in the upper parts of veins that eome to the surface in
areas where preglacial topography is well preserved.
The largest zinc shoots have all been found several
. hundred feet below the level of the Tertiai·y erosion
surfaee; this faet and their negative relation to the old
topography probably refleet the leaehing of zinc sulfide
from the zone above the Tertiary ground-water level.
More abundant than the zinc ores are the primary
zinc-lead ores, which have a mueh larger proportion of
galena throughout the vein and commonly pass upward
rather abruptly into a zone of sphalerite-free galena
near the surfaee. The sulfides are generally massive
and show no evidence of depositional banding or
erustifieation.
High-grade galena ores and gold ore appear to be
limited to a zone that rang·es from 200 to 300 feet in
depth, eorresponcling roughly to the present topography.
The mixed zinc-lead ores shmY a mueh greater range
than the high-grade lead ores, and in the Wellington
mine they have a vertical range of more than 800 feet.
The general order o{ primary mineral deposition as
worked out for the Wellington mine is as follows :
(1) Pyrite; (2) quartz (locally); (3) sphalerite
(variety marmatite) and intergrown chalcopyrite~ ( 4)

sphalerite and galena ; ( 5) sphalerite and chalcopyrite;
( 6) galena and pyrite;. ( 7) galena, sphalerite, and gold;
( 8) quartz; and ( 9) ankerite, siderite, calcite, and barite.
As the pyrite and sphalerite on the lower levels were
deposited earlier than galena and as galena is contemporaneous with much of the sphalerite on the upper
levels, the sphalerite in the lower part of an ore shoot
was probably fonned at an earlier stage of mineralization than the sphalerite in the upper part of the same
shoot. In other words, the deposition of the sulfides
extended over an appreciable period of time, and ore
formed in large amounts at the bottom of an ore shoot
sooner than it did at the top. The character of the
ore in the veins f.ed from the Great N orthern-J fault
zone and the relative position of the ore shoots also lead
to the conclusion that the ore stage lasted some time and
that during the early part of it sphalerite was deposited
with little galena but that the reverse was true later.
(See p. 120.)
A study of the topographic, mineralogic, and textural
relations of the ores indicates that the presence of highgrade lead ore shoots near the surface is due to the
leaching of the nwre soluble sphalerite and pyrite from
a primary lead-zinc ore. Although the oxidized and
leached ores are enriehed in gold and silver, there has
been no seeonclary deposition of the galena itself. The
occurrenee of the rich gold ores on the other hand indicates supergene enrichment (figs. 39 and 40).
Gold veins of Fa:rncomb Hill.-The rich gold veins
of Farncomb Hill are in a class by themselves and are
not known outside the area that embraces the northeast
slopes of Farncomb and Humbug Hills. The important
veins are limited to the western part of Farncomb Hill,
in an area about 2,500 feet long and less than 1,500 feet
wide. The general trend of the veins is nearly northeast, and the principal veins from west to east are the
Ontario, Key West, Boss No. 2, Boss, MeQuery, Reveille,
Carpenter, Gold Flake, Graton, Silver, Bondholder, and
Fountain. They fall into two groups, which are separated by an interval of 700 to 800 feet between the
Reveille and Carpenter veins.
Along the western part of Farncomb Hill the dark
Pierre shale, which strikes N. 10°-30° W. and dips
about 30° NE. is invaded by an irregular stock of quartz
monzonite porphyry. The porphyry body appears to
oecupy the site of one of the minor conduits that supplied magma for the porphyry intrusion. All around
the porphyry the shale is thoroughly brecciated, and
tll8 contact zone is marked by a gradation from porphyry eontaining a few fragments of shale through
shattered shale cemented by porphyry to undisturbed
shale. The shale has been so baked that it weathers into
angular fragments instead of slaking, but it contains no
visible metamorphic minerals. The zone of shale fragments is in places fully 100 feet wide and generally
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contains disseminated pyrite and a little chalcopyrite.
The fragments of shale in the porphyry are in part
angular and in part pebblelike; most of them have
been changed from black to light gray, though their
weathered surfaces are coated by brown films of iron
oxide.
The rich gold veins lie near the porphyry mass on its
north side. Apparently no important pocket of gold
has been found more than 300 feet from the main porphyry body, nor have any productive pockets been
found within it, although gold has been found in some
veins where they traverse thin sheets of porphyry in
the shale. The veins have been worked chiefly through
tunnels, most of which get in poor condition soon after
abandonment.
The Farncomb Hill veins are rarely more than half
an inch wide, but nevertheless they cut directly across
the bedding of the shale and through the porphyry
sills and are surprisingly regular and persistent. One
of the strongest of the veins, the Gold Flake, has been
stopecl or followed for a length of" 300 feet and to a
depth of about 450 feet. The principal veins are accompanied by smaller, subparallel veins on one or both
sides and send out spur veins at small angles. Where
a vein passes from shale into porphyry it may split up
into a series of stringers. There was little premineral
faulting along these veins; they apparently end• about
400 to 500 feet beneath the surface, and only a few have
been found at this depth.
The veins are faulted by numerous bedding-plane
slips, or slips along the contact of shale with porphyry
sills. Displacement along the slips is small, rarely exceeding 10 feet, and the greatest slip known is about
35 feet. Nearly all the slips are gently dipping normal
faults.
The vein material is generally wholly or partly oxidized. The unoxidized veins contained varying
amounts of pyrite, chalcopyrite, sphalerite, galena, and
native gold in a calcite gangue. The chief sulfide in
some of the veins is chalcopyrite, and in others it is
sphalerite. In the oxidized parts of the veins the calcite and sphalerite have largely disappeared, though
some of the pyrite, chalcopyrite, and galena remain.
The vein material on the whole is a rather spongy
earthy limonite in "\vhich the flakes and wires of native
gold occur. The pockets of native gold are closely related to the small bedding faults that dislocate the
veins near the porphyry sills (fig. 39). Nearly all the
pockets in a vein occur where it crosses a porphyry sill.
The gold is remarkably segregated in these veins.
Throughout most of their extent the veins contain too
little metal to be of value, but here and there are the
famous "pockets" where a section of the vein 2 or 3 feet
in diameter and as much as an inch thick may consist
of a nearly continuous hackly mass of crystalline gold
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FIGURE 39.-0ccurrence of secondary gold in Farncomb Hill veins.·

ramifying through a matrix of limonite. In 1909, in
a section about 3 feet long and 2 feet broad, $1,000 worth
of gold was taken from the Reveille vein. Another
small pocket contained $3,000 to $4,000 worth of gold.
The fact that these pockets are localized just above
the bedding-plane slips and are limited chiefly to a zone
within 300 feet of the surface seems to indicate clearly
that they were formed by supergene enrichment. The
localization of the veins in the slightly baked shale
within 300 feet of the quartz monzonite porphyry is
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believed to have genetic significance. Samples of the
silicified or baked shale adjacent to the quartz monzonite bodies in the Breckenridge and Montezuma districts everywhere show the presence of gold in small
amounts. The gold was probably deposited with the
silica from emanations given off by the deeper part of
the quartz monzonite magma while solidifying. Pyrite
and some chalcopyrite are disseminated through the
shale in the vicinity of the veins on Farncomb Hill, and
assays on the partly oxidized baked shale taken in recent years have ranged from 0.01 to 0.05 ounce of gold
to the ton. It therefore seems probable that the highgrade gold found in the pockets in the veins has been
leached from this low-grade disseminated material and
deposited at slightly greater depth by downward-circulating solutions.
The gold found in the Farncomb Hill veins occurs
both as wire gold and leaf or plate gold and is very spectacular. Ransome 42 gives detailed descriptions and illustrations of some very beautiful specimens taken from
these veins and now on exhibit in the Colorado Museum
of Natural History in Denver.
Blanket deposits.-The replacement deposits that lie
along bedding planes, locally known as "contacts" or
"blankets," are practically limited to Gibson Hill,
Shock Hill, and Little Mountain and occur in replaceable beds of the Dakota quartzite and Maroon formation. Both primary and secondary ores of this type
have been mined, but the most valuable ores have apparently been enriched by the action of surface water.
The most favorable situation for these replacement
deposits seems to be in the sandy shale of the upper
Dakota quartzite where it is cut by small bedding-plane
faults near minor veins. (See description of DetroitHicks mine, p. 115.)
Placer deposits.- The placers of Breckenridge may
be divided into (1) gulch washings; (2) bench or highlevel placers, which merge with those of number 1 ;
and (3) deep or low-level placers, which occupy the
main valley bottoms. The gulch washings are small
steeply sloping placers in the bottoms of the minor
gulches, but they include some of the most productive
properties in the district. Those clustering around
Farncomb Hill include the Georgia, American, Dry
Gulch, and Wire Patch placers and are credited with a
total output of more than $5,000,000. The shale detritus, angular blocks of porphyry, and unconsolidated
soil that make up these placers attain a maximum thiekness of about 25 feet at the bottoms of gulches. On the
north slope of Farncomb Hill the shale strikes across
the gulches and dips downstream, forming ideal natural
riffles for catching the gold. · The softness of the bedrock made these riffles very amenable to placering and
they have long since been worked out. The gold was
42

Ransome, F. L., op. cit., pp. 81-82.

coarse, and most of the nuggets showed the wiry and
flakJ texture characteristic of the Farncomb Hill veins,
leaving no doubt as to the local origin of the placer gold.
Nearly every gulch leading down from a known goldbearing deposit in the district has yielded placer gold.
In many places the productivity of the placer is not
proportional to the importance of the gold-bearing lode
known nearby; thus, the placers of Galena Gulch are
more productive than those of Summit Gulch, and yet
no important mine is known in the Galena Gulch drainage. The slope of the bedrock in the gulch washings is
generally much steeper than the drainage of the large
streams, and rich gold has been found on slopes of 1
to 5 in the Farncomb Hill gulch placers. Although
most of the gulch placers known in the district have
been worked out, streaks of pay gravel are found from
time to time, and nearly every year one or more of the
gulches contributes a small quota of gold to the output
of the district.
The bench placers oeeur in gravel that is probably
the outwash from one of the stages of glaciation that
preceded the last or Wiseonsin stage; they occur well
above the present valley bottom. The terrace gravels
are found ehiefly along both sides of the valley of the
Blue from the Wisconsin moraine a mile south of
Breekenridg-e northward at least as far as Dillon. Most
of th~ bench placers, however, are found within a few
miles of Breekenridge. Near the edge of the present
stream valley the bench plaeers obviously represent
an ancient stream bed that must have had a width of at
least 2lj2 n1iles near Breekenridge, but as the gravels are
traced baek toward the hills they merg-e with older hillside wash and gulch placers, and in 1nany places it is
difficult to distinguish the exact boundaries of the three
varieties of material. In a few places the gravels
merge with the Wisconsin outwash along the edge of the
valley of the Blue, but more commonly the base of a
bench placer is 75 to 250 feet above the level of the
present stream. In most places the bench gravels are
not more than 25 feet thiek, but in some localities, for
example, betwe.en Shock Hill and Barton Gulch, banks
of old gravels 75 to 100 feet high have been exposed by
hydraulicking. The boulders in the gulch gravels are
well rounded. A few are as much as 4 feet in diameter,
but most of them are less than 2 feet.
The bench placers have been worked by the ordinary
hydraulic method in the past and have yielded a substantial quantity of gold. The richest and most accessible parts of the bench placers have been worked out,
and for many years little plaeering has been done because of the difficulty and expense involved in bringing
in new supplies of water that would be necessary for
further development.
Although the bench gravels are most extensive along
the banks of the Blue R.iver, prospecting in these grav·els
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has not been as successful as in the bench gravels along
French Gulch, Swan River, and Gold Run Gulch. As
with the gulch washings, the most successful bench
placers are those whose bedrock is shale, from which it
is a comparatively easy matter to collect all the gold.
Probably the most productiv·e of the bench placers are
those of Gold Run Gulch, whose total output amounts
to about $750,000.
The low-level gravels occupy the bottoms of the present stream valleys and are largely in the outwash formed
during the vVisconsin glacial stage. The related moraines themselves are practically barren; the ground
moraine and intermingled fluvioglacial deposits upstream from the terminal moraine half a mile south of
Breckenridge contain some gold, but unless fed by rich
tributary gulch placers they are less productive than
the outwash or valley-train deposits below the terminal
moraine. Extensive drilling in the Breckenridge and
Alma districts has demonstrated a remarkable relation
between the tenor of the placers and the distance from
the terminal moraine. This relation is illustrated
diagrammatically in figure 38. Almost no concentration has occurred in the unsorted material that makes up
the terminal moraine, but the glacial streams discharging from beneath the ice under pressure issued with
great velocity from the ice front and carried a tremendous load of debris. The velocity was checked very
rapidly below the moraine, and as a result most of the
load was dropped within a mile of the ice front; from
here on downstream the carrying power of the stream
was more nearly constant. The size of the gold particles, however, diminished as distance from the ice
front increased, until at a distance of 10 or 15 miles a
large proportion of the gold present was in the form o:f
flour gold not easily recoverable by placering. Above
the terminal moraine the gold present in the gravel was
chiefly supplied by the stream discharging from the
front of the retreating glacier and by the tributary
streams. The' character of these upstrean1 deposits
suggests that the time interval during which they
formed was much shorter than that during which the
ice stood nearly stationary while the terminal moraine
was forming. This fact probably accounts for the
lower output from the upstream placers. It must be
remembered that these upstream gravels are commonly
much thinner than those downstream, and that a much
smaller yardage of productive ground will be :found per
acre in the ground moraine than in the valley train.
This .difference may be advantageous in working the
deposits but must be kept in mind when a comparison
of the value per cubic yard is made. In both the valley
train and ground moraine nearly all the gold has been
concentrated in the upper 3 feet of bedrock and the lower
6 feet of gravel, except in a very few localities. Gold is
distributed throughout the gravel near the junction of
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the Swan River and the Blue River, but elsewhere the
upper parts of the gravel contained very little gold.
The thickness of the gravel along the Swan River
and French Gulch and along the Blue River Valley at
the lowest junction with Swan River rarely exceeds 50
feet. Above this junction the gravel thickens in the
Blue River, and near Breckenridge it is more than 90
feet thick. The width of the gravel-filled valley bottoms ranges from 600 to 3,000 feet along the Blue River,
500 to 1,200 feet along the Swan, and 700 to 1,500 feet
along French Gulch. Only part of this gravel contains
gold in commercial quantities. The "channel" of the
dredgers is usually 180 to 400 feet wide and follows a
winding course along the valley that has no regular
relation to the present stream and does not everywhere
correspond to the deepest part of the bedrock trough.
This gold-bearing channel is clearly affected by tributary gulches in many places, as the tenor rises near the
junctions with the rich gulch placers. Although the
low-level placer ground consists of only one channel in
most places, the channel divides and bifurcates a short
distance below the terminal moraine, and as many as
five auriferous channels may be present for a short distance.
As would be expected, the low-level gravels contain
many large boulders, the largest being found near the
terminal moraine. In the Gold Pan placer, close to the
terminal moraine near Breckenridge, boulders more
tht.tn 18 inches in diameter constitute a large proportion·
of the deposit, but boulders more than 6 feet across have
been found, and rocks 3 to 4 feet across are common.
The size of the boulders decreases downstream, but even
near the nwuth of the Swan River boulders more than
3 feet in diameter occur. In general, the gravels in the
Blue River Valley are larger than those along Swan
River and French Gulch, but along all three streams
boulders 18 inches to 2 feet in diameter are common.
As with the other placers, the most complete recovery
of gold is made where the channel bottom is shale; it is
difficult to exc.avate to the necessary depth in bedrock
where the valley bottom consists of quartzite. Efforts
to work the low-level gravels by other means than
dredging have not been successful, but for many years
one or more dredges have worked the gravel along the
Blue River. The total value of the output from dredging is in the neighborhood of $7,000,000. The cost of
dredging has varied considerably ; it was least along
the Swan River where the breakage and wear caused
by large boulders and hard bedrock were less than
along Blue River or in French Gulch. According to
Bradford and Curtis,43 the cost of dredging in 1908
averaged about 8 cents a yard. According to Mr.
Radford, the dredge superintendent, the cost of dredg43

Bradford, A. H. and Curtis, R. P., Dredging at Breckenridge, Colo.:
Pre~s. p. 366, Dec. 11, 1909.
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ing in 1925 along the Blue River a few miles north of
Breckenridge ranged from 7 to 9 cents a yard for a
dredge whose capacity averaged about 4,000 yards a
day. In this operation the costs were divided about
as follows: $4,000 a month for electric power, $3,000 a
month for payroll, and about $500 a 1nonth for upkeep.
The dredge was operated an average of 20 hours a day;
the recovery ranged from 400 to 600 ounces a month
but did not average more than 500 ounces. The gold
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40.-0ccurrence of secondary gold in the Dunkin mine, Breckenridge district.

content of the graved dredged ranged frmn 7 to 12
cents a. yard, but only the coarse gold was recovered.
The very fine material, which made up an appreciable
pereentage of the total gold in this part of the Blue
River Valley, was left. Assays of the mud at or just
above the bottom of the dredge pond showed the presence of $2 worth of gold to a ton of solid material.

DUNKIN MINE

The Dunkin mine is on the southeast side of Nigger
Hill, about 1¥2 miles northeast of Breckenridge. It has
been worked intermittently since 1895 and has supplied
oxidized lead ore containing some gold, but it is best
known for the shoots of well-crystallized gold found
on its bottom level. The workings consist of three
main adits, the Gallagher, the Railroad, and the Redwing tunnels, driven northeastward into Nigger Hill
between altitudes of 10,000 and 10,300 feet.
The vein follows a fault of small vertical displacement that trends northeastward in the mine but swings
east a short distance beyond the end line of the Redwing
claim. The clip of the vein is irregular but averages
about 57° SE. The productive part of the vein is almost
wholly within the thick monzonite porphyry sill that
for1ns much of Nigger IIill; the vein becomes nearly
barren after passing into the underlying Benton shale
on the Red.wing tunnel level.
The ore occurred in severallentieular shoots separated
by barren ground where the vein pinched to a tight
narrow seam of gouge. The shoots ranged from 50 to
100 feet in stope length and from 200 to 500 feet in pitch
length, but only one extended continuously from the
bottom level to the surface. The shoots pitched 60°-70°
NE., and the width of the ore ranged from 6 to 40 inches
between the porphyry walls; where the vein passed into
shale the ore narrowed to less than 6 inches. The ore
in the upper levels consisted almost entirely of cerussite eontaining about 1 ounce of gold and 12 ounces of
silver to the ton. Below the Railroad tunnel galena and
some anglesite were found in addition to cerussite. The
gangue is chiefly sugary iron -stained quartz and brown
jasper containing some jarosite.
At the bottmn of the n1ost extensive ore shoot a rich
sea1n of native gold was found. The shoot was 100 feet
in stope length in the bottom level, and throughout this
distance gold was found in paying quantities. At several places it occurred in spongy masses of coarsely
crystalline gold 1 to 4 inches thick and as mueh as 40
inehes in length and height. This rich gold ore was
limited to the upper 10 feet of the shale and was best
developed where the shale and porphyry overlapped
each other on different sides of the vein. (See fig. 40.)
The oxidized condition of the ore and its structural
relations indicate that it was formed by downward enrichment. The horizon at which the gold occurred is
about 300 feet above the Dakota quartzite. The vein
has not been sought in the quartzite, and it is uncertain
whether the vein persists through the thick layer of
overlying shale.
JESSIE MINE

The Jessie mine is on the northeast side of Gold Run,
about 2¥2 miles northeast of Breckenridge at an altitude
of 9,600 feet. It has been one of the most productive
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of the stockworks but has not been operated for many
years. Its production was made prior to 1910, when
estimates of the value of the total output ranged from
$800,000 to $1,500,000. vVork on the property beggn
in 1885 but was not carried on steadily, probably in
large part because of the excessive amount of dead "\York
required to find the high-grade streaks of gold ore, the
irregularity and lack of persistency of these streaks
when found, and the low extraction obtained in the mill.
According to Ransome, the extraction prior to 1899
was about 40 percent, and after that date certainly was
not more than 80 percent and was probably under 60
percent.
The productive part of the 1nine is 'almost entirely in
quartz monzonite porphyry near the western edge
of a large irregular porphyry tongue that extends northwestward from the main stock. The tongue is in part
a sill-like 1nass in the Pierre shale, whose regional dip
in this locality is about 45° NE., but in places is crosscutting. The deposit is oval, with the long dimension
striking nearly east-west; it has a length of about 900
feet and a maximmn width of about 700 feet. Within
this oval nearly all the porphyry is traversed by small
veinlets containing pyrite, sphalerite, and some galena;
these minerals are also disseminated .through the
porphyry and are accompanied by sericite, which is
especially abundant in the large orthoclase phenocrysts
of the porphyry.
Along certain zones the fissures are closely spaced,
and the proportion of sulfides to waste is greater than
for the stockworks as a whole. It is in these loclelike
zones that most of the stoping has been done. Ordinarily there are no definite walls to the strongly fissured zones; groups of stringers 1nay be nearly parallel
and present the appearance of a strong stringer lode for
100 feet or 1nore along the strike either ending or
merging with another group of different trend (fig. 41).
The zones of fissuring strike from northeast to east,
and the general dip is frmn 30° to 90° NW., but a few
zones dip southeastward.
Most of the sulfide veinlets are less than an inch thick
and fill cracks of no great persistency. Even son1e of
the larger stringers, as much as 4 inches in width, die
out completely in a short distance, and some of the zones
stoped for widths of as much as 15 f·eet dwindle to
insignificant tight cracks when followed along the strike.
The cracks contain little gouge, and there is no evidence
of any considerable movement along thmn.
No important body of ore has been found in the
shale. The cracks either end at the contact or continue
in diminished number and smaller size for only a f.ew
feet. The depth to which the stockworks extend is
not determinable, but it is probable that much of the
porphyry is underlain by shale. The lowest workings
are chiefly in shale and are about 350 feet below the
top of the hill.

The ore consists of pyrite, sphalerite, and galena in a
gangue of altered porphyry. The galena generally occurs in the cracks or in the immediate vicinity of them,
and its presence has invariably been a sign of good ore,
but sphalerite and pyrite, though present also in veinlets, are widely disseminated through the altered porphyry. The value of the ore as mined ranged frmn $3
to $6 a ton. The ore from the Revette stope is said to
have had a gross value of $77,000, averaging $4.03 in
gold and $0.48 in silver to the ton.
PUZZLE-OURAY MINE

The Puzzle-Ouray mine is a mile southeast of Breckenridge, on the south side of Dry Gulch. It was opened
about 1885 and was productive from about 1888 to 1900;
since then an intermittent output has been made by
lessees, though the total has not been large. Ransome
estimated that the value of the total output prior to
1909 was about $960,000. As shown on the stope map on
plate 12, it is opened by several adits, two shafts, and
one winze. The principal tunnel level, known as the
'Villard, serves both the Puzzle mine and the Goldclust
mine, northeast of the workings shown on plate 12.
The predominant country rock of the Puzzle vein at
the surface is the Dakota quartzite. The vein cuts
diagonally across a local anticline, which has a steep
southeast limb and a gently clipping northwest limb.
Benton shale is found at the surfaee both to the north
and to the south of the vein, but is not cut by it so far as
known. A thick monzonite porphyry sill underlies
the Dakota quartzite on the northwest side of the vein
and forms one wall of most of the vein on the Willard
tunnel level. Gray shale of the Morrison formation
forms the southeast wall throughout most of this level.
Mining was profitable only where one or both walls of
the vein eonsisted of quartzite or porphyry. The appearance of the gray shale of the Morrison formation
along the vein eoincided with a marked decrease in the
value of the ore, even where the other wall was porphyry.
The ore itself shows little evidenee of enrichment below the upper levels. Material shipped from the
Puzzle-Ouray mine was largely a galena ore containing
moderate amounts of silver and less than 8 percent of
zinc. On the upper levels some anglesite and eerussite
oeeurred, but even there galena made up most of the
material mined. The vein was 1 to 15 feet wide, probably 3 to 5 feet wide in most places.
The apparent relationship of the ores to the surfaee
is misleading. Both the erosion surface and the loealization of the ore are related to the superior hardness
and competency of the quartzite (pl. 12). In the Wellington mine, where a tight gougy fissure in shale passes
into an open breccia in quartzite, the faetors determining the preference of ore-forming solutions for
quartzite walls is well illustrated on a small seale (fig.
27) . The localization of the primary ore in the Puzzle-
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41.-Plan and diagrammatic section of the Jessie mine, Breckenridge district.
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Ouray vein was undoubtedly related to the pervious
character of the fissure where the walls were of quartzite
and porphyry and to the relative imperviousness of the
same fissure where one or both walls were of shale.
The vein follows a norn1al fault that strikes N. 50°700 E. and dips about 80° N. The original vertical displacement of the fault was probably about 120 feet, but
the intrusion of the porphyry sill in the hanging wall
raised the overlying beds and decreased the initial displacelnent by varying amounts, depending on the varying thickness of the sill. Locally the porphyry cut
through the fault and formed thin sills in the footwall
of the vein, but in general it followed the fault line
closely and spread into the hanging wall rather than the
footwall.
STANDARD OR DETROIT-HICKS MINE

The Standard or Detroit-Hicks mine is representative
of the blanket deposits of the district. It lies 1~ miles
northeast of Breckenridge and about 1,000 feet east
of the summit of Gibson Hill at an altitude of 10,325
feet. It was first worked about 1890, when rich gold ore
was taken from a bedding-plane deposit in the Dakota
quartzite through an inclined shaft. In 1930 the mine
was opened by two vertical shafts-the "old shaft," 151
feet deep, connecting with a productive stope, and the
"new shaft," 80 feet deep, sunk to develop possible ore
bodies southwest of the old shaft. Drifts aggregating·
2,000 feet have been turned from the old shaft, and the
mining has been largely confined to the No. 1 and No. 2
levels at depths of 40 and 90 feet.
The ore occurs in bedding-plane deposits or blanket
veins in replaceable beds of the upper members of the
Dakota quartzite. The general dip of the quartzite near
the mine is about 20° SE., but locally sharp monoclinal
folds cause steep dips, and near porphyry 1nasses the
beds are 1nuch disturbed. Many small normal faults
occur either parallel with the bedding planes or cutting
through them at s1nall angles. In several places the
faults have cut through the top of a steep 1nonoclinal
fold and produced. open, broken ground very favorable
to the localization of ore. The gently clipping beddingplane faults are cut by a set of steeply clipping normal
faults striking north to northwest and dipping 55° to
80 o east or northeast. On the first level the Standard stope extends southwestward from the shaft for a distance of 200 feet and
has an average clip width of 60 feet. The hanging wall
is a thin-bedded shaly quartzite, and the footwall or
floor is massive quartzite. The ore not only occurs in
gouge seams of bedding-plane faults but invisibly impregnates shale and shaly quartzite; the ore shoots can
be delimited only by sampling. The best and thickest
ore coincides with the axis of a "shale roll" where a
small monoclinal fold has been cut by a bedding-plane

fault. There the distance between the floor and the
back of the stope is 10 feet. The ore was followed
down ward to the northeast but became limited to a
narrow zone near some of the bedding-plane faults,
which gradually diverge from the gently dipping fault
that forms the floor of the stope under the shale roll.
To the northwest the ore decreased in thickness as the
fault forming the floor approached the back of the stope.
Nearly all the ore was oxidized (fig. 60, A) , but some
sulfides, chiefly galena, were found in the deeper part
of the Standard stope. A strong northwesterly fault
forms the northeast limit of the stope, and along it the
ore-bearing beds have been dropped to the second level.
On the second level ore was found at two horizons
northeast of the fault that cuts off the Standard stope.
The largest ore body, that found in the Sulphide stope,
was probably the unoxidized equivalent of the Standard
stope ore body. In the Sulphide stope silver-bearing
and gold-bearing galena had replaced black sandy shale
between two layers. of quartzite about 4 feet apart. In
some places the shale was entirely replaced by galena,
and as much as fV2 feet of solid ore was mined from the
best parts of the stope. This stope was limited on the
east by a northward trending fault, beyond which no
commercial ore was found. About 15 feet above the
Sulphide stope a thin sea1n of high -grade ore was mined.
It consisted chiefly of galena but contained some sphalerite and pyrite aiHllay beneath a thin bedding-plane
slip in black shale 3 to 12 inches thick. A few steeply
dipping seams of lead-zinc ore were cut 100 feet southwest of the shaft, but they were narrow, and no attempt
was made to follow them.
WIRE PATCH MINE

The vVire Patch 1nine is situated on the southwest
slope of Farncomb Hill, 4: miles east of Breckenridge, at
an altitude of about 10,550 feet. The Elephant ore
body, frmn which 1nost of the output came, was discovered about 1882, and ship1nents were maintained
steadily until about 1889, but since that time the output
has been intermittent and small. The total value of
output is probably in the neighborhood of $140,000.
The country rocks of the Wire Patch mine are Pierre
shale and quartz n1onzonite porphyry. The shale has
a general dip of about 25° NE. but has been 1nuch dis-·
turbed by the intrusion of the porphyry, which cuts
it irregularly. Near its contact with the shale the
porphyry is crowded with inclusions of shale, and in
some places for a distance of 100 feet there is an apparent gradation from porphyry containing a few bits of
shale to a breccia of massive shattered shale in a matrix
of porphyry. On the lower tunnel level, the tunnel,
after passing through shale for 270 feet, enters the
monzonitic intrusion breccia, which is little mineralized,
but .just above it is the Elephant ore body, a large irreg-
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ular mass that has been stoped for more than 200 feet
eastward and up to the surface. The ore within this
stope consisted of shale fragments surrounded by shells
of pyrite, sphalerite, and galena. According to Ransome, the sulfides were deposited on the surface of the
shale by replacement of the porphyry matrix of the
intrusion breccia. The lower or Elephant tunnel passes
through 350 feet of the unmetalized prophyry and again
reaches shale. About 150 feet frmn the second contact
the porphyry is crowded with shale fragments. Partly
in this material and partly in the porphyry above the
tunnel another irregular ore body has been stoped. The
two principal ore bodies thus occur on opposite sides
of an irregular porphyry dike, both sides of which are
marked by a coarse intrusion breccia. The western, or
Elephant ore shoot, dips about 75° E., and the eastern
shoot apparently eli ps about 45 ° W. Exploration of the
projected junction of the two shoots in the J\iill tunnel
was disappointing.
Beyond the east ore body the Elephant tunnel passes
through 100 feet of shale and again ent~rs porphyry,
within which it follows a thin northeasterly gold vein
for 150 feet. Three hundred feet higher, in the Ontario
tunnel, this vein is chiefly in shale.
According to Ransome the ore in the Elephant stope
consisted of sericitized porphyry containing pyrite,
sphalerite, galena, and a little pale-pink ankerite or
impure rhodochrosite. The 1ninerals filled nmnerous
irregular fissures and interstices in the fractured
:porphyry and in part replaced the rock. Pyrite was
by far the 1nost abundant sulfide, and galena was rare,
occurring in small bunches of crystals as much as an
inch across. The concentrates in 1908 contained about
0.9 ounce of gold and 10 ounces of silver to the ton, 34
percent of iron, and 10 percent of silica.
WELLINGTON MINE

The Wellington mine is on the north side of French
Gulch, about 2 n1iles due east of Breckenridge, at an
altitude of approximately 10,000 feet. It has been the
most productive mine in the Breckenridge district, and
the n1ost valuable metals 1nined have been silver and
zinc. The total output is unknown, but from 1887 to
1928 a total of 23,249 tons of crude ore was shipped to
smelters, and frmn 1905 to 1928 a total of 508,628 tons
of lead -zinc ore was treated at the vVellington mills to
1nake 205,137 tons of concentrates. The smelting ore
yielded 1,500.77 ounces of gold, 150,699 ounces of silver,
7,975,922 pounds of lead, and 14,760,518 pounds of zinc.
From the concentrates 5,001.08 ounces of gold, 598,582
ounces of silver, 32,738,470 pounds of lead, and
149,796,317 pounds of zinc were recovered. The total
known output thus a1nounts to 737,014 tons yielding
6,501.85 ounces gold, 749,281 ounces silver, 40,714,392
pounds of lead, and 164,556,835 pounds of zinc.

The Wellington mine includes both the original
Wellington and the Oro properties. The original
Wellington 1nine is opened by several adits, of which
the longest is the X-10-U-8, driven north-northwest at
an altitude of about 10,040 feet. This adit connects
with the collar of the underground inclined Wellington
shaft, from which five lower levels have been turned.
The vertical Oro shaft is 1,700 feet S. 35° W. of this
shaft, close to the vVellington 1niU. The two shafts are
joined by their fifth and sixth levels, but the others connect with only one shaft. The deepest level, the Oro 8,
is not directly connected with the Oro shaft but is
opened by a .winze near the east end of the seventh level.
The total extent of the drifts and crosscuts in the W ellington and Oro workings was 66,570 feet, and the
depths of the shafts aggregated 1 ,346 feet in 1930.
Nearly all the output of the mine has con1e from the
primary ore, which consisted essentially of pyrite,
sphalerite, and galena in various proportions with relatively little gangue. Such waste as occurred within the
ore bodies consisted mainly of "horses" and small fragments of metalized porphyry or of pyrite containing too
small a proportion of galena and sphalerite to be classed
as ore. The gangue, where present, consists of siderite
or barite. These materials, however, are nowhere abundant and are younger than the sulfides, in which they
forn1 veinlets or line vugs.
The prevailing texture is that of a granular aggregate
of galena, sphalerite, and pyrite, the three being combined in different proportions in different places and
showing much variation in coarseness of crystallization.
A characteristic feature of the Wellington ore is the
manner in which it is traversed by white or pale-buff
veinlets of carbonate, an ankerite approximating siderite in cmnposition (fig. 23, D). In some parts of the
veins these veinlets are parallel with the walls of the
Main vein, giving the ore a banded appearance; in
others they branch irregularly through the sulfides in
all directions; and in a few spots the sulfides have been
brecciated, and the fragments are now cemented by the
ankerite. The ankerite veinlets are common in the sulfide ore of the eighth level and are undoubtedly primary.
The ore in the deepest workings does not differ appreciably in appearance frmn nulCh of the ore found in
the upper levels; nevertheless, there are changes in composition that are related to depth and structure. The
highest-grade lead ore was found close to the surface
and usually became more zinciferous in depth. In smne
places high-grade lead ore changed downward into a
heavy pyritic ore, which marked the bottom of that part
of the ore shoot. Ores composed chiefly of sphalerite
bottomed in some places with no appreciable change in
cmnposition and in other places gave way to 1nassive
pyrite both vertically and laterally. Abrupt changes in
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composition commonly mark the top, bottom, or sides of
an ore shoot, but most of the ore from a given shoot is
remarkably si1nilar and is commonly characteristic of
the particular shoot from which it was taken.
The general geology of the surface is shown on plate
2, and the structure and the vein system are shown in
figure 42. Two strong northerly premineral faults, the
Bullhide and the Great N orthern-J lie to the west and
east, respectively, of a broken, downfaulted block. Most
of the Oro workings lie in this block, but theWellington
levels follow veins both within this graben and in the
upthrown Wellington fault block, east of the Great
Northern-J fault zone. The upper levels are almost
wholly in 1nonzonite porphyry, but the lower levels
expose Pierre, Niobrara, Benton, Dakota, and Morrison
beds. The monzonite porphyry is part of the northern
border of the large, irregular mass that forms much of
the upper part of Bald Mountain and that was formerly
continuous with the porphyry mass of Nigger Hill to
thu west. At the surface, a short distance west of the
Oro shaft, Dakota quartzite crops out along the Bullhide fault, which has brought it against the thick Jnonzonite porphyry sill that is underlain by Pierre shale
just east of the Bullhide fault. Although not exposed
at the surface, Pierre shale forms the bedrock of French
Gulch east of the Bullhide fault for some distance, as
shown by a study of the dredge tailings.
The monzonite porphyry exposed underground was
intruded in large irregular bodies subparallel to the
bedding of the Cretaceous sediments but broke across
them in many places along early faults. In places the
planes of weakness followed by the cross-breaking porphyry were reopened many times; the Main vein in
part occupies a fault fissure that closely parallels the
intrusive contact of the monzonite porphyry mass (fig.
43). As shown in the cross section (fig. 42), gray siliceous shales of the Morrison formation are present on
the sixth level, southeast of the Wellington shaft, and
massive light-gray Dakota quartzite also occurs on the
same level. The Benton shale is present on the seventh
and e~ghth levels of the Oro, and the limy shales of the
Niobrara formations are well exposed on the sixth,
seventh, and eighth levels of the Oro. Some of the limy
shale beds of this fonnation have been strongly silicified
near the vein and converted into black jasperoid, and
in a few localities ore has replaced favorable beds in the
lower part of the formation to a thickness of about 1
foot. Bodies of this type, however, could not be profitably mined. Pierre shale is present on the third and
fifth levels of the Oro.
The Bullhide fault, which comes to the surface 500
feet west of the Oro shaft, strikes N. 26° E. and dips
58° E., and has a throw of about 800 feet and a dip slip
of approximately 900 feet. There is little evidence of
a horizontal component of movmnent along the fault.
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The fault zone is 5 to 15 feet wide and is characterized
by an abundance of gouge, broken quartzite, shale, and
porphyry, having little relation to the adjacent walls.
Bunches of sulfide occur in the broken ground. Some
are 1nassive and unbroken, but many are shattered and
pulverized by postmineral movement. In places veins
of sphalerite and pyrite cut across the gouge and clearly
were formed after a large amount of 1noven1ent had
occurred, showing that the fault is in large part premineral. The Great Northern-J fault zone strikes
frmn N. 10° E. to N. 20° E. and dips 50°-85° VV. In
places it is a strong narrow fault, but a short distance
southeast of theWellington shaft it widens to a sheeted
zone several yards across. Strong gouge-filled fractures are common in the Great Northern-J fault zone,
and, as in the Bullhide fault, massive and broken sulfide
pockets are common. The fault probably has a vertical
displacement of about 850 feet. The ore found in the
"\Vellington workings has come from a series of eastnortheasterly veins in the upthrm,vn block just east
of the Great Northern-J fault, and the ore is largely
localized close to the intersection with the 1naster fault.
In the Oro mine the chief veins exploited occur in a
northeasterly set that extends diagonally across the
broken graben between the Bullhide fault and the Great
Northern-J fault.
In the west part of the Oro fault block an eastwardclipping fracture, the 11-10 fault, has been traced frmn
the surface to the eighth level. It strikes north and
clips 30°-40° E. It is a normal fault whose hanging
wall 1noved S. 60° E. for approximately 110 feet, so
offsetting the eastern segment of the vein that it is found
farther south than the western seg1nent. Many smaller
faults dip gently eastward in the Oro fault block, some
of which pass into bedding-plane slips and soon disappear. Like the Bullhide and the Great N orthern-J, the
11-10 fault is in part premineral and in part postmineral, and as will be shown later it has exercised a great
influence on the localization of ore.
The veins in the Wellington fault block east of the
Great Northern and J faults strike N. 70° E. in contrast
to those of the Oro graben, which strike nearly northeast. Although many small veins were found in the upthrown block east of the Great Northern-J, only four
strong veins have been recognized. From north to
south they are the East Iron, the East, the Orthodox,
and the Great Northern veins. They are about 200
feet apart on the upper levels of the Wellington workings and dip 45°-85° S. (See fig. 42, sec. B-B'.) The
ore ranged from a mixed lead-zinc ore in the East Iron
vein to high-grade zinc ore in the Great Northern vein;
the veins contained ore only close to the Great Northern-J fault, becoming unproductive 400 to 600 feet to
the east. The ore in each of the veins was 1nore zinciferous than the ore in the vein adjoining it on the north,
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and the ore bottomed aL progressively greater depth in
each vein to the south.
The most productive vein in the mine was the Great
Northern, the southernmost of those found in the Wellington workings. As shown on the stope map (fig. 44),
it was almost a blind ore shoot and was found during
the course of underground development. The general
strike is N. 65 ° E., and it dips 30°-55° S. The length

from 800 feet on the fourth level to
500 feet on th
and was less than 200 feet at the
surface. The ore bottomed abruptly about 40 feet below the fifth level at an altitude of about 9,560 feet,
but because of the gentle dip of the vein the shoot had a
clip length of 900 feet. The width ranged from 3 to 20
feet and averaged about 6 feet. Changes in width were
unrelated to wall rock, but at many places, notably on
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44.- SPctlon showing stapes on the Great Northern vein of the Wellington mine.
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the fourth level, the ore widened greatly as the Great
Northcrn-J fault zone was approached, reaching a
maximum width of 35 feet at this place.
The ore was largely composed of sphalerite and pyrite, galena rarely exceeding 2 percent of the ore mined;
only a few substantial bunches of galena were found,
near the Great Northern fault zone on the fourth level.
The lead content averaged slightly more in the upper
part of the Yein than elsewhere, averaging 0.5 pereent
on Lhe fifth level and 1.7 percent on the first level. At
the bottom and east end of the ore shoot the zinc ore
changed within a transition zone of about 20 feet into
nearly pure pyrite (fig. 44). The change in character
was not coincident with a decrease in the width of the
vein, and on the fifth level some fair-sized stopes were
made in the pyrite, which vvas used in the manufacture
of sulfuric acid. The vein is small east of the pyritic
border, and no ore was found in 500 feet of drifting east
of the shoot on the fifth level.
In the Oro fault block Lhe most noteworthy vein is
the Siam, or Main vein as it is now called. It strikes
N. 45 ° E. and clips abo11t 62° SE. and can be traced from
the Oro shaft to tt point about 1,500 feet northeast,
where it is cut by the eastward-trending Fault vein.
The Iron vein, which strikes northeast and clips 65 °
SE. leaves the Fault vein on the north at a point about
50 feet west of the Main vein. It is probably a segment
of the Main vein itself that has been displaced by the
Fault vein. The Spur vein branches west from the
Main vein about 400 feet southwest of the Fault vein.
Near the Oro shaft the Main veins plits into two or three
parts. West of the 11-10 fault the northern segment
is called the Puzde vein, and the strongest of Lhe southern veins is called the Main vein. The Puzzle vein
dips about 70° N. and trends abo11t N. 70 ° E., being
nearly parallel in st rike to the so uthward-dipping fractures correlated with the Main vein.
One of the best shoots is found a short distance " ·est
of the J fault, where the Main vein is cnt by the Fault
vein. This shoot was roughly triangular in shape, coming down to a point 100 feet northeast of the inclined
shaft between the fourth and fifth levels. A northerly
fault, dipping 50 ° E., marked the westem edge of the
ore shoot; the J fault limited it on the east below the
third level; and the Fault vein formed the east side of
the shoot above the third level. The ore body was 2
to 18 feet wide and averaged 12 feet throughout the
second level. It consisted chiefly of sphalerite but contained moderate amounts of galena.
The so-called Main ore shoot was entered just 500
feet southwest of the fifth station of the vVellington
inclined shaft. It was stoped from the eighth level of
the Oro nearly to the surface and was one of the largest
bodies of ore in the mine. On t he eighth level the shoot
was only 150 feet long and was c11t off on the east by

northerly faults dipping steeply to the west. The intersection of the Main vein with these faults pitches gently
to the southwest and formed the bottom of the ore shoot
bebYeen the eighth and the seventh levels. In most
places the limits of the shoot are marked only by a
decrease in the width and tenor of the vein, but on the
seventh and eighth levels the vein splits into several
smaller veins soon after it passes into the shale at the
west end of the shoot, and the branches contain little
workable ore east of the 11- 10 fault. In general the
strength of the ore shoot decreased as the vein passed
from porphyry into shale, but porphyry walls were no
assurance that the vein would contain ore. Much of
the ore mined above the fourth level averaged 8 percent
of lead, 15 percent of zinc, 0.05 ounce of gold, and 5
ounces of silver. The ore from the lower levels contained much less lead and more zinc. In the upper
portions of this shoot galena ore was in some places
underlain by heavy pyritic material containing very
little galena or sphalerite.
Nowhere in the mine are pyrite and sphalerite late
minerals, so it is probable that the Main vein was
formed before the veins containing more galena, such
as those to the north and those in the Oro graben. A
gradual increase in galena in the successive veins to
the north and the higher altitude of the bottom of the
ore shoots suggest that the Great Northern fault acted
as a guide for the metalizing solutions, which rose from
the south along this master fissure and filled the Great
Northern vein before the others. The open fissures
c.ommunicating with the footwall of the Great Northern-J fault zone would be filled as the northward-moving solutions reached them, and in a general way the
southern fractures would be filled and clogged before
those to the north. Intramineralization movement
along the Great Northern-J fault probably opened ore
channels commu:t1icating with the Bullhide fault and
the Main vein. The ore shoots in the graben contained
a much higher proportion of galena close to the Bullhide fault than away from it, suggesting that the solutions did not have access to them until late in the period
of mineralization.
The Main vein was very nearly barren in the 800-foot
interval between the west end of the Main ore shoot
and the Shale shoot. The Shale shoot was narrow and
chinmeylike, having a stope length of 150 feet and a
pitch length of about 500 feet. It bottomed on the
11- 10 fault about halfway between the sixth and seventh
levels. The ore was of much higher grade but narrower
where both walls were shale than where the walls were
porphyry. The ore contained more lead than the Main
shoot and showed almost no change of tenor with depth.
The ore shoots found on the Puzzle vein, west of the
11-10 fault, were closely related to the intersection of
the 11- 10 fault, which evidently acted as a baffle under
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which the rising solutions moved toward the surface.
These shoots contained more galena and more gold
than the shoots to the east.
In general the ore shoots were stronger and more persistent in porphyry or jasper than in unsilicified shale.
In some places premineral cross faults, such as the 11-10
fault, acted as guides to the mineralizing solutions and
determined the limits of an ore shoot; in other places
the cross faults opened up the vein on one side and
closed it on the other, thus causing local enlargements
and "pinches" in the ore. (See fig. 45.) Some of the
ore shoots seem to be related to the variations in the
dip or strike of the vein. All veins of the Wellington
mine except the Great Northern are in normal faults,
and ore shoots mostly occur where the vein becomes
steeper or where it changes its course. The bottom of
the ore in the Great Northern vein coincides with a
marked steepening of the vein (fig. 44), but the steepening of the Main vein in the upper levels is marked by
an increase in the width and length of the Main ore
shoot. Striations and deep grooves in the walls of the
Main vein pitch 60° SW., suggesting that the hanging
wall moved down and southwest; as would be expected
from this movement the ore in many places increases in
width where the vein swings to the right (fig. 45).
Some of the best ore was found at the junctions of splits
in the vein; this type of structural control is illustrated
by the localization of the Shale shoot at a split in the
Main vein 300 feet northeast of the Oro shaft (fig. 45).
OTHER MINES

Data on other representative mines are given briefly
below. Detailed descriptions of these and other minPs
have been given by Ransome 44 and by Lovering. 4 "
HAMILTON

Development.-Three main tunnels and a subtunnel.
Production.-Total to 1909, $400,000; very little output since

1909.
Veins.-Tunnel intersects a number of sheeted zones. Strike,
N. 63c-85° E.; dip, 75°-90° N. "Veins" are zones of more intense
fissuring, generally less than 50 feet apart; they commonly end
on reaching large blocks of shale. Sulfides occur chiefly as
fissure fillings, some replacement.
Wall rock.-Quartz monzonite porphyry containing blocks of
black shale.
Ore and sulfide minerals.-Pyrite, sphalerite, galena, and gold.
Gangue minerals.-Pyritized and sericitized porphyry.
Ore shoots.-Large ore body 150 feet long, 5 to 15 feet wide,
and 150 to 200 feet high, formed at intersection of two veins or
zones of fissuring. Stopes on one fissure zone nearly opposite
those on another.
Tenor.- Value of ore is in gold and silver; lead and zinc arPalmost negligible.
44 Ransome, li'. L., Geology and ore deposits of the Breckenridge district, Colo. : U. S. Geol. Survey Prof. Paper 75, pp. 134-160, 1911.
~Lovering, •r. S., Geology and ore deposits of the Breckenridge
mining district, Colo. : U. S. Geol. Survey Prof. Paper 176, pp. 33-59,
1934.

I. X. L.
Developrnent.-Origiual discovery, 18Sl.

'l'wo tunnels, the

lower 800 feet long.
Veins.-Stockwork of complexly interlacing and crossing
fractures.
Wall rock.-Quartz monzonite porphyry crowded with fragments of Upper Cretaceous sediments, chiefly Dakota quartzite;
rocks strongly sericitzed.
Ore and sulfide minerals.-Chiefly sphalerite and bold but
some pyrite, chalcopyrite, galena, and bismuthinite.
Gangue minerals.-Chiefl.y country rock but some quartz.
Ore shoots.-Ore occurs as irregular seams and masses scattered through rock. Oxidized near surface.
Tenor.-Ore much richer in oxidized zone than below.
SALLY BARBER AND LITTLE SALLY BARBER

Development.-Sally Barber shaft 365 feet deep and Little
Sally Barber shaft 300 feet deep; 3 levels from each shaft.
Veins.-Sheeted zone. Strike, N. 54° E.; dip, 80° NW.; width,
9 feet.
Wall rock.-Monzonite porphyry.
Ore and sulfide minerals.-Chiefly sphalerite, cerussite, and
pyrite but some galena and smithsonite.
Gangue minerals.-Porphyry and some siderite.
Ore shoots.-Ore occurs as bunches and stringers and as
metasomatic replacement in crushed porphyry. No ore within
200 feet of surface. Cerussite ore between depths of 200 and
240 fee.t. Below 240 feet, cerussite ore changed to sphaleritepyrite ore. Oxidation of pyrite to depth of 250 feet.

MONTEZUMA DISTRICT
LOCATION AND EX'l'ENT

Strictly speaking, the Montezuma mining district
includes only the mines in the valley of the Snake River,
close to the town of Montezuma, but the closely related
Swan River district on Wise Mountain, the Geneva
Creek district at the head of Geneva Gulch, and the
Hall Valley district at the head of Hall Valley Gulch
are all discussed under the general heading of the Montezuma district (pl. 4). The geology and ore deposits
of the Montezuma quadrangle have been discussed by
Lovering 46 and by Patton. 47 As used in the present
report the term "Montezuma district" applies to the part
of the mineral belt that lies between the Breckenridge
district, 5 miles southwest of Montezuma, and the West
Argentine district, about 4 miles to the northeast. The
major part of the district is on the western slope of the
Front Range, in the Snake River drainage basin, but
the veins near the headwaters of Hall Valley and Geneva
Gulch lie just southeast of the Continental Divide. The
region is very rugged, and the relief between the valley
floors and the adjacent mountain ridges is 2,500 to 4,000
feet. The district is well supplied with timber and
water, but the mines on the headwaters of the major
streams have only a short season during which snow
does not impede operations.
46 Lovering, T. S., Geology and ore deposits of the Montezuma quadrangle, Colo. : U. S. Geol. Survey Prof. Paper 178, 1935.
47 Patton, H. C., The Montezuma mining district, Colo.: Colorado
Geol. Survey 1st Ann. Rept., 1908.
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The nearest railroad shipping point for the mines
on the western slope of the district is at Leadville, 34
miles southwest of Dillon. Ore mined in Hall Valley
nnd Geneva Gulch must be n1oved by truck a distance
of 75 miles to Denver or 100 miles to Leadville, but the
roads are excellent, except for a few miles near the
mines. A paved highway connects Dillon and Denver
by way of Loveland Pass, and the branch road from
it to Montezuma is well maintained and has no steep
grades.
J\tfost of the ore mined in the district has been valuable for its silver-lead content, but both zinc and gold
have contributed substantially to the output. (See
the following table.)
HISTORY

The first silver lode discovered in Colorado was found
in 1864 on Glacier Mountain, about a mile south of
Montezuma, by a prospector named Coley. The announcement of his discovery led to the immediate pros-

pecting of the region between Montezuma and Silver
Plume and resulted in the discovery of silver, not only
in the Montezuma district, but in the Argentine and
Silver Plume-Georgetown districts as well. In spite
of the relative inaccessibility of the l\iontezuma district,
the Saints John and several other veins were discovered
in the next few years. A toll road was soon built along
the Snake River to Webster Pass, down Handcart
Gu]ch to Hall Valley, and thence to the North Fork of
the South Platte River, and for many years this was
the chief stage route from Denver to the Montezuma
district. Toll roads were built from Georgetown to
l\1ontezuma by way of Argentine Pass and Loveland
Pass, and about 1883 completion of a narrow gauge
railroad to Dillon greatly simplified the problem of
transportation. Since that time most of the freighting
has been on the valley road between Dillon and Montezuma. The railroad was abandoned in 1938, and all
freight now moves into and out of the district by truck.

Representative shipments of ore from the Afontezuma district

1

Zinc
Concentrates
Gold
Silver
Copper
Lead
(tons)
(ounces)
(pounds)
(pounds)
(pounils)
(ounces)
------------------------------ - - - - - - 1 - - - - - 1 - - - - - - - - - - - - - - - - 1 - - - - - 1 - - - - - 1 - - - Mine

Bell California_____________________ {
Bullion ___________________________
Fisherman ________________________
Ida Belle __________________________ {
Missouri __________________________ {
New York-Alladins Lamp ____________
Revenue __________________________ {

Saints John ________________________ {
Silver Wave _______________________ {
VVhale ____________________________
VVinning Card _____________________
1

Year

Ore (tons)

1886
155 ---------- ---------1926
760 ---------10. 06
1926
30 ---------70
1906
27 ---------1. 11
1922
29 ---------70
1928
28 ---------4. 40
1923
54. 81
73 ---------1928
27 ---------2.42
1926
25 ---------. 86
1881
43
1911
2
1887
94
1914
181
1928
13 ---------. 30
1912
291 ---------19. 66
1917
28 ---------1. 38
1917 ---------4
. 25
1917 ---------5
. 06
1916
28 ---------9. 09
1887
1 ---------- ----------

=~ ~~~~~ ~=~1- --- 5:~;:-

3, 875
139,000 ---------- ---------12, 640
439, 957
3, 312
441,668
749
1, 393
3,996 ---------1,012
34, 944
14,202 ---------385
13,823 ---------6, 565
366
19,069
47 ---------9, 176
3,056
5, 979
906
912
14, 611
2, 620
2,917
115 ---------6,839
9, 164
12,055 ---------13, 345 ---------328
98 ---------569
3, 354
23, 174 ---------- ---------6,842
110,234
327 ---------411
11, 694 ---------- ---------8, 714
10,074 ---------91, 672
520
21, 945 ---------- ---------130
3, 511
74 ---------148
212
479
3, 734
1,021 ---------1,040
2, 988
1, 915 ---------761 ----------

Love.ring, T. S., Geology and ore deposits of the Montezuma quadrangle, Colo.: U.S. Geol. Survey Prof. Paper 178,1935.

Most of the productive mines on Glacier Mountain
were discovered before 1870 and were actively developed
during the next decade. The baritic lead-silver ores of
Hall Valley and Geneva Gulch were discovered about
1871 and were acquired by a British syndicate, which
built three blast furnaces, a reverberatory furnace, and
a wet concentrator to dress the ore before smelting it.
This syndicate was unable to separate the barite frmn
the sulfides, and the whole enterprise was abandoned.
Since that time 1nany unsuccessful attmnpts have been
1nade to treat the baritic ores of Glacier Mountain and
the Hall Valley and Geneva districts. The flotation
mill, built in 1917 at the head of Hall Valley, was one of
the first ore-dressing plants to treat this refractory ore
successfully. The greatest activity in the district probably took place between 1881 and 1888, when the mines

of Glacier Mountain, Teller Mountain, Revenue Mountain, Collier Mountain, and Santa Fe Mountain were
being actively explored. The amount of ore mined was
not great, however, and since that time mining has
fluctuated greatly from year to year.
GENERAL GEOLOGY

The most outstanding geologic feature of the Montezuma district is the large porphyritic quartz monzonite
stock formed during the Laramide revolution, just north
of the town. It is nearly surrounded by pre-Cambrian
rocks, but at its western end it has invaded and baked
Cretaceous shale, which underlies the upwarped plane
of the Williams Range thrust fault (pl. 2 and fig. 46).
Smaller and finer-grained porphyritic bodies are abundant in the region south of the large stock. Porphyritic
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rocks similar to those of the Montezuma district occur
in the Cretaceous shales in the adjoining Breckenridge
district.
Pre-Ommbrian rocks.-The Idaho Springs formation
covers most of the eastern half of the district outside of
the quartz monzonite stock and is also present in the
western part of the Swan River area. Quartz-biotitesillimanite schist and gneiss are the most common rocks,
though quartz gneiss, quartz schist, and garnetiferous
schists are locally abundant. The quartz schists are
found chiefly at the top of the Idaho Springs formation
in a narrow belt extending south -southeast from Montezuma; they are bordered on the west by the Swandyke
hornblende gneiss. In places granite intrusions have
converted the schist to an injection gneiss, and the
formation everywhere is intensely metamorphosed. Isoclinal folds within the schist are common. The regional
structure, though n1odified near granite masses, has a
north to northeast trend .
The Swandyke hornblende gneiss occupies most of
the western half of the district. It is probably a llltlCh
metamorphosed dioritic or andesitic rock that originally
formed sills or intercalated lava flows in the upper part
of the Idaho Springs formation. Like the latter, the
Swandyke hornblende gneiss has been changed to injection gneiss in many localities by the widespread
injection of pegmatite and aplite.
A few masses of granite gneiss, the aplitic facies of
the Boulder Creek granite, occur in the western half
of the syncline of Swandyke hornblende ,gneiss south
of the Montezuma stock The small bodies of granite
gneiss are lenticular and sill-like, but large bodies show
an irregular contact with the older schist and gneiss.
In some places the granite gneiss forms sills directly
related to zones of injection gneiss in the earlier schist.
Small stocks of Silver Plume granite occur on Landslide Peak, a few miles southeast of Montezuma, and in
the region northeast of this peak in the headwaters
of Geneva Gulch. This granite is a typical, mediumgrained pinkish Silver Plume granite, having welloriented tabular feldspars and unoriented biotite. A
much coarser variety of Silver Plume granite occurs in
small masses on Bear Mountain west of Montezuma
aw.l on the north slope of Keystone Mountain, just west
of the fenster (window) of Cretaceous shale exposed in
Jones Gulch. Pegmatites and aplites related to the
Silver Plume granite, Pikes Peak granite, and Boulder
Creek granite are abundant throughout the area and
oecur chiefly as short dikes and small irregular n1asses
in the metamorphic rocks. Throughout most of the
district the mineral composition of the late pre-Cambrian rocks is extremely simple, as only quartz, biotite,
muscovite, orthocL<tse, and microcline are present. The
pegmatites of the Geneva Gulch area, however, which
are more closely related to the large batholith of Pikes
Peak granite than to the bodies of Silver Plume, contain
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less common n1inerals in many localities. Magnetite,
sillimanite, garnet, and tourmaline are conspicuous in
the pegmatites of this part of the district.
Cretaceous sedin~,entary rocks.-Baked Cretaceous
shales are exposed in a fenster at the western end of the
Montezuma stock, about 3 1niles west of Montezuma.
Only the Pierre shale is exposed at the surface there,
but 4 miles farther west a good section of the Pierre
shale and underlying rock is exposed along the Snake
River. As shown on plate 2 and figure 46, the Pennsylvanian ( ? ) and Permian red beds of the Maroon formation, the Jurassic Morrison forn1ation, and the Upper
Cretaceous Dakota quartzite, Benton shale, Niobrara
formation, and Pierre shale are present just west of
Keystone. Regional studies, however, indicate that the
Maroon and Morrison formations are overlapped by
the Dakota quartzite in the vicinity of Keystone. The
Dakota quartzite thins rapidly eastward, and as a conglomerate at the base of the Benton shale a mile east of
Dillon contains fragments of Dakota quartzite and preCambrian rocks it is possible that the Dakota quartzite
itself is missing a few miles farther east, although it is
represented in figure 46. The thickness and general
character of the sedimentary rocks are shown on plate 6.
LaPamide intrusives.-The earliest igneous rocks of
the Laramide revolution in the district are the gabbro
and augite diorite porphyry of group 2 (pl. 7 and figs.
10, E, and 12). These rocks occur in many places in
the form of sn1all irregular masses or dikes and unlike
the later intrusive masses are not limited to the mineral
belt but are distributed irregularly throughout the
region to the north and south.
Monzonite and diorite porphyries (fig. 10, F) of
group 4 are most numerous in the southwestern part of
the district in the Swan River area. The rocks of this
group are not strikingly porphyritic and commonly
range from porphyritic hornblende diorite to porphyritic hornblende augite diorite and monzonite.
Except where they occur in proximity to veins, the
rocks of this group are v·ery fresh and differ notably in
this respect from the granite porphyry of the mineral
belt.
The intermediate quartz monzonite porphyries of
group 5 are not abundant in the Montezuma district and
are found chiefly in the southwestern part. The porphyritic quartz 1nonzonite (fig. 13, B) of group 6, correlated with the Lincoln porphyry of the Leadville district, has many times the volmne of all the other
post-Can1brian rocks in the district. The stock north
of Montezuma, which is composed of this rock, has a
surface area of 161,4 square miles, and 1nany dikes and
small stocks of this same rock occur in the mineral belt
to the south and southeast of the 1najor stock. (See
pl. 2.)

Sodic quartz monzonite porphyry of group 6 is common in the mineral belt northeast of Montezuma but
rare to the southwest. It forms short dikes, none of
which in the district is more than a few hundred yards
long. They are less abundant near Montezuma than
in the Argentine district to the northeast. Like the
sodic quartz monzonite porphyries, the r·elated granite
and rhyolite porphyries (fig. 13, 0) of group 7 are found
only in the northeastern part of the Montezuma district
and are less abundant here than in the region farther
northeast. The rocks of group 7 in general are much
more altered than the earlier porphyries. This condition implies intense hydrothennal action closely following their intrusion, and it is believed that their intrusion
preceded ore deposits by only a short interval. Rocks
of group 8 have not been definitely identified in the district, but the sodic rocks at the head of Geneva Gulch
approach the more 1nafic rocks of group 8 in composition
and appearance.
The Montezuma stock exerted a feeble contact metamorphism on the pre-Cambrian schists and gneisses,
which are slightly pyritized for a distance of 50 to 200
feet from the contact. Metamorphism at the western
end however, is much more intense, and Cretaceous
shales have been converted into a dense hornfels as much
as a mile horizontally from the stock, though the vertical
distance to the underlying stock is probably less.
Finely disseminated pyrite and graphite are abundant
in the hornfels and in smne places it is strongly silicified
and contains garnet. Numerous assays of the silicified
hornfels on the north side of the Snake River, west of
the stock, show that gold in minute quantities is widely
disseminated through it. The gold content of assayed
samples ranged frmn 0.01 to 0.05 ounce to the ton. No
ores of contact-metamorphic origin however, are known
in the district.
STRUCTURE

In the southwestern part of the Montezuma district
the schists of the Idaho Springs formation dip 45°-70°
NE. under the Swandyke hornblende gneiss, which
occupies a northwestward-trending syncline about 5
miles wide. Several minor folds occur on the sides of
the 1najor syncline, and cmnplex crenulations of small
1nagnitude may be found anywhere. The eastern edge
of the Swandyke hornblende gneiss is nearly vertical,
and except at the head of Geneva Gulch the foliation of
the Idaho Springs fonnation dips steeply throughout
the district. The gentler dip at the head of 'Vest Geneva Creek is due to a westward-plunging anticline;
dips of 20° to 40° are common in this locality (pl. 2).
During the Laramide orogeny the metamorphic rocks
were greatly broken by faulting and by the intrusion of
the porphyry stocks and dikes. The 'Villiams Range
thrust fault, which borders the Montezuma district on
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the southwest and separates the pre-Cambrian terrain
:from the Cretaceous rocks o:f the Breckenridge district,
extends more than 50 miles to the northwest (pl. 1).
Near the Swan River area the thrust :fault passes into an
overturned :fold, which is sliced by minor thrusts but
which can be :followed south through Georgia Pass into
South Park (pl. 2). At Keystone the :fault dips about
35° E., and the overlying pre-Cambrian rocks are underlain by approximately 4,000 :feet o:f sedilnentary rocks.
The horizontal component o:f 1novement o:f the thrust
:fault in this area is more than 4 miles. Three miles east
o:f Keystone, at the western edge o:f the Montezuma
stock, the :fault plane is domed and exposed in a
"window" along the Snake River and Jones Gulch. In
this area the primary structure o:f the stock shows that
it was intruded at a low angle :from the southwest, and it
is therefore inferred that the doming o:f the thrust plane
in this locality was probably clue in part at least to the
intrusive thrust o:f the porphyry magma. Regional
studies suggest that the thrust :fault is properly classed
as an underthrust and not as an overthrust. (Seep. 59.)
A.s shown on plate 2, several strong northwesterly
:faults occur in the region south o:f the Montezuma
stock. They are poorly n1ineralized and are earlier
than the much less persistent northeasterly :fractures.
Most o:f the ore :found in the district, however, has come
:from the northeasterly veins that occur close to the intersections o:f the north-northwesterly Hall Valley
:fault. From Glacier Mountain to the Argentine district most o:f the ore has been :found in a narrow belt
1 to 2 miles wide along the southeastern border o:f the
quartz monzonite stock. It is possible that the lack o:f
ore in the region in line with this area to the southwest
is due in part to the presence o:f underthrust impervious
Cretaceous shales. Little or no ore has been :found
north o:f the stock, and this region seems much less
:fractured than the area to the south. A. :few easterly
veins in the thrust plate immediately overlying the
baked Cretaceous shales contain ore but are productive
:for only short distances above the breccia in the thrust
:fault itself. The Montezuma stock is relatively un:fracturecl, but a :few small high-grade silver veins have
been :found in its north-central part and a moderate
number o:f short lead-zinc-silver veins in its southern
part east o:f Montezuma.
In the premineral :faults o:f the district along which
the directions o:f movement could be ascertained the upthrown wall was consistently on the north, and the elirection o:f movement was moderately steep. This
movement is probably due to step-faulting related to
the :formation o:f an easterly anticline, associated with
the intrusion o:f the Montezuma stock The veins
:fot~nd in the thrust plate close to the underlying shale
strike nearly east, and along them the north walls have
moved almost horizontally to the east. Postminera]

:faults are uncommon, except on Glacier Mountain just
south o:f Montezuma. l\fost o:f those observed are normal faults striking north and dipping east, and the dip
slip along some of them may amount to as much as
350 :feet.
The dikes in the Montezuma district are generally
less than 1,000 :feet long, and many o:f them are only a
:few rods long. Nearly all the dikes strike :from east to
northeast, but northwesterly dikes are not uncommon
in the southwestern part of the district. Most o:f the
intrusives are steep; but at the head o:f West Geneva
Creek sill-like offshoots :from the irregular monzonite
porphyry mass on Revenue Mountain lie between
gently dipping schist layers not :far :from the crest o:f the
eastward-trending pre-Cambrian anticline. In some
places porphyry that is not exposed at the surface is
cut underground, and some dikes that die out along the
strike are succeeded by small masses of porphyry in line
with them, probably upward projections :from a continuous mass at depth. It is probable that dikes are
more abundant at depth than at the surface.
ORE DEPOSI'l'S

The ore deposits o:f the Montezuma district are mesothermal veins containing gold and silver, sulfides o:f
lead, silver, zinc, arsenic, antimony, copper, and bismuth, and their supergene alteration products. Within
the northern and central parts o:f the stock high-grade
silver veins have been :found, such as the Winning Card
and American Eagle, but the ore shoots discovered have
been small and narrow. Thus :far no large output has
come from deposits o:f this type. In the south-central
part o:f the stock, intersecting but nonpersistent fractures contain sphalerite and galena with little gangue,
though locally silver is an important constituent. Ores
composed o:f barite and gray copper are abundant in a
southeasterly branch o:f the mineral belt extending :from
Glacier Mountain to Hall Valley. These ores contain
galena, sphalerite, and pyrite, and rich silver minerals
are commonly associated with them. In both the Hall
Valley and Geneva Gulch areas veins containing bismuth and silver are common and are associated with
chalcopyrite in a quartz gangue. East o:f Montezuma
all<l southeast o:f the Montezuma stock, in the Silver
Wave-Pennsylvania vein system and the nearby parallel
veins, substantial quantities o:f both gold and silver are
present in the chalcopyrite-sphalerite-galena ores.
Quartz and ankerite are the chief gangue n1inerals and
barite is scarce. Throughout the district, however, the
gangue 1ninerals commonly make up a relatively small
part o:f the vein 1natter in ore shoots. The veins in the
southern part o:f the Montezuma stock consist chiefly o:f
sphalerite and pyrite and contain only moderate
amounts o:f galena and quartz-ankerite gangue.
In many o:f the ores gold and silver are associated
with chalcopyrite, and silver is commonly associated
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with light-colored tetrahedrite and tennantite. The
ores containing chalcopyrite but not gray copper commonly have a gangue of quartz or ankerite, but veins
containing gray copper usually have a gangue in which
barite is the chief mineral. Most of the abundant
silver minerals, such as miargyrite, pyrargyrite, stromeyerite, and native silver, are associated with manganiferous ankerite or rhodochrosite gangue. The bismuthsilver minerals, emplectite and schapbachite, are associated with quartz, pyrite, and chalcopyrite and are
probably later than the galena-sphalerite ores. The
veins of massive pyrite, or pyrite and quartz, contain
very little gold in the primary ores, but close to the
surface they have a high gold content due to secondary
enrichment.
Galena is usually more abundant in the upper part
of a vein than in the lower part. The copper content
generally increases slightly with depth, and chalcopyrite is relatively more abundant than gray copper in
lower levels. The silver content in the veins shows
little relation to depth from the surface. In Glacier
Mountain the ores are generally richer in silver in the
deeper parts of the ore shoots than in the upper parts.
Most of the silver is primary, but secondary or supergene silver minerals have enriched the uppermost parts
of veins that crop out on high erosion surfaces. In the
veins that crop out on the Flattop peneplain in the
Swan River area, rich free gold was found only to a
depth of 25 feet, where the ore changed abruptly to
low-grade pyrite containing 0.1 to 0.2 ounce of gold
per ton.
The vertical range of ore deposition in the district
is at least 2,000 feet and probably more than 3,000 feet.
Hard strong rocks such as pegmatite, granite, porphyry,
and gneiss are the common walls of the persistent ore
shoots. The relation of ore to wall rock is well illustrated in the Ida Belle mine (fig. 47), where the vein
opens out to a width of several feet in the gneiss and
silicified breccia of the 1Villiams Range thrust fault and
pinches to a narrow seam of pyrite in the underlying
Cretaceous shale. Ore bodies occurring between schist
walls are generally in those parts of the veins that cut
across the strike and dip of the enclosing schist, a relation well illustrated in the Silver Wave mine. (See fig.
48.) Where the veins lie in schist and are parallel to
the structure of the metamorphic rocks valuable ore
shoots are rare. As in other parts of the Front Range,
most of the ore shoots occur near the junctions of
branching veins, at the intersections of veins with barren premineral faults, and where marked changes in the
dip or strike of the vein favored the creation of open
spaces during the movement of the irregular walls.
The intersection of two mineralized veins nearly at
right angles does not seem especially favorable for ore.
The ore shoots in the New York mine (fig. 49), are in

general much poorer at the intersections of cross veins
than between them. The intersection of the No. 5 and
No. 7 veins in the Saints John mine showed less ore than
either of the veins a short distance away, and the richest
ore shoot was apparently localized in the No. 5 vein
along its junction with a strong barren fault. (See fig.
50.) The ore in the Missouri mine occurs chiefly in
northeasterly veins and is found at or close to their
junctions with a strong barren premineral north-northwesterly fault. In the Silver King mine the best ore
shoot was found at the intersection of the main vein
and a strong barren cross fault nearly at right angles
to it, which probably acted as an impermeable barrier
to the solutions advancing toward it along the main
vein. The junctions of branch veins or "splits" that
make acute angles with the main vein localized many
ore shoots. This type of control is shown by the ore
shoots in the Silver Wing adit on the Bell vein, which
are closely related to minor branch fractures, swelling
from an inch in width on one side of the spur fracture to
18 inches or more on the other side.
Reserves of high-grade ore are probably small, but
many of the veins may yield profitable amounts of ore
when mined on a small scale. Reserves of baritic leadzinc ore are larger than those of any other class and
can now be concentrated in flotation mills. The presence of ore in the Ida Belle (fig. 47), Rainbow, and
Copenhagen mines indicates the possibilities of finding
ore bodies in the brecciated zone of the Williams Range
thrust fault where it is crossed by mineralized fissures.
Exploration of possible intersections between northeasterly veins and some of the strong northwesterly
premineral faults, such as the Jones Gulch fault, has
been neglected.
CARRIE MINE

The Carrie mine is on Wise Mountain between the
north and middle forks of Swan River, at the head of
Garibaldi Gulch, 5 miles south-southwest of Montezuma. It supplied a moderate tonnage of gold ore prior
to 1900, but little ore has been produced since then.
The mine workings include an adit 900 feet long, a 90foot shaft, and 3,000 feet of drifts. A mill and the
portal of the adit are near timber line at an altitude of
11,750 feet. The Carrie, in common with several other
veins at the top of Wise Mountain, contained rich gold
ore in a shallow oxidized zone close to the surface, but
profitable mining ceased at a depth of about 25 feet.
Heavy pyrite, found at greater depth, contains almost
no lead, copper, or zinc, and the value of the gold and
silver, as recorded in several assays, ranges from $2 to $4
a. ton. The adit was driven before the secondary origin
of the gold ore at the surface was recognized; after
cross-cutting many strong low-grade pyritic veins and
drifting on some of them to points directly below the
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EXPLANATION
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FIGURE

47.- Plan and section of the Ida Belle mine, showing localiza t ion of ore i n thrust-fault breccia above shale footwall.

rich surface ore, work wa s di scon Li nued .i n 1902, and
alnt osL 110 work has be<'n clone sinee then.
The Carrie and other veins on \ Vise Mo un ta in strike
a little nol'Lh of east and are almost vertical. The count t·y rock is granite gneiss and q ua rtz monzonite porphyry, both of which are impregnaLed w ith pyrite. The
top of \ Vise Mountain is at about the geneml leYel of
the Eocene Flattop peneplain, and the free gold found
in the shallow oxidized zone at the top of this mo un bt in
is probably the r esult of enriehment during Ter tiary
time. Similar concentration of gold is not found in
the pyritic lodes exposed on the g laciated flanks of the
mountain.

IDA BELLE MINE

The Ida Belle vei n is on the '"est slope of Independence Mountain, 3 miles \\'est-northwest of Montezuma, at
a n altitude of 11,450 feet. It \nts di scovered in 1880
aJHl developed by three adits in the next few years. Its
o11Lp ut \r:tS steady but mall during most o-£ the next
decade, but it lay idle bet\yeen 1889 a11 d 1916, and since
then it ha s been i ntermittently productive. The known
outp ut from 1888 t·o 1930 is 143 tons containing a total
of 25.80 onnces of gold, 2,016 ouu ces of silver, and 86,707
pouncls of lead. Two adits, both of which were 440 feet
long in 1928, are shown in figure 47. The upper adit,
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FI GU HE 48.- P lan of level 5 of th e Silve r Wave mine n ear Montez uma , s howiug locali zatiou of ore w here the vein breaks a cross the foliation
of the schis t wall s.

165 f eet from its portal, is connected with the lower one
by a winze 125 feet deep. Most of the upper adit follows th e Ida Bell e vein , which strikes about N. 80° E.
and dips 65°- 90 ° N. The lower adit in part follows
the vein and in part follow s a barren fissure a few f eet
south of the main vein.
The gentl y clipping Will iams Range thrust fault,
whi ch separates pre-Cambrian gneiss above from
Cretaceous shale below, is cut by both adits (fig. 47).

The fault breccia is 40 to 70 feet thick and dips 5°-40°
~~r. , averaging about 16°. The Ida Belle fissure offsets
tl1 e thrust fault, and the contact of the shale with the
overlying brecciated gneiss is 5 to -±0 feet farther east
on the north side of the vein than on the south side, the
north side moving down and to the east at an angle of
about 10°. ~Vi thin the shale the Ida Belle fissure is a
gougy sheeted zone 2 to 6 inches thick; within the breccia
of the ~Villiam s Range thrust fault it is a crushed,
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FIGURE

40.- Plan of the New York tunnel, showing unfn.vorahle effect of: go ngy i n tersections on lo cali zatio n of o re shoots.

brecciated zone 24 to 60 inches thick, and in the overlying gne iss the fiss ure zone is 12 to 45 inches thick.
Mineralization was strongest in the thrust fault
breccia and weakest in the shale and was better close
to the contact of the shale than 50 feet above it. Both
galena and zinc blende are present, and there is littl e
waste in the ore close to the contact, but in the upper
part of the b1·eccia zone the ore consists of many seams
of ore separated by altered country rock in a zone 2
to 4 feet thick. Most of the mineralized ground within
the shale 1\·alls is pyr itic; little galena or sphalerite was
found. It is probable that ore shoots, if present in

other similar veins, will be found close to the contact
of the shale with the overlying breccia and will pitch
from 15° to 20° W.
MISSOURI MINE

The Missouri mine is near the head of H all Valley, 4
miles south of Montezuma, at an altitude of about 12,100
feet. It is reached by an automobile road from Webster, 9 miles to the southeast. The mine was discovered
in the late seventies and was one of the chief producers
during the period when the Hall Valley and Geneva
Gulch mines were being actively exploited for the H allSOUT H
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town s1nelter. The ore mined during the seventies and
the eighties ranged from 6 inches to 3 feet in thickness
and contained silver, gray copper, bismuth, chalcopyrite, pyrite, and some gold. The early output of the
vein is unknown, but the gross an1ount of metal recovered from the ores shipped in 1920-28 was 296 tons
containing a total of 198.67 ounces of gold, 24,152 ounces
of silver, 26,203 pounds of lead, 28,948 pounds of copper,
and 4,927 pounds of zinc.
The country rock of the v·eins comprises injection and
hornblende gneiss of the Swandyke hornblende gneiss.
The foliation strikes N. 25° W. and clips 65°-85° E.
It is cut by several strong bedding-plane faults later
than the vein fissures though probably earlier than the
vein filling. The distribution of the ore in the Missouri vein and in other veins of the region suggests that
steep persistent north-northwesterly foliation-plane
faults acted as regional guides to the rising solutions
that mineralized northeasterly spur and cross fractures
intersected by the northwesterly faults. From various
data it seems probable that the east wall of the fault
moved dm:vnward and southeastward past the west wall
at an angle of 45 o -50°. Little ore has been found in
the veins on the west side of the fault on the 1nain adit
level, and most of the output of the mine has come from
the Missouri vein just east of the north.westerly fault.
Small masses of ore have been found in several other
veins, but all the ore has occurred close to the northwesterly fault.
The Missouri vein contains lead and bismuth ores,
but the bis1nuth is generally separate frmn the galena
ore. The vein strikes N. 50° E. and clips about 45° NW.,
though locally steeper and flatter dips occur. The lode
is a wide sheeted zone, and the ore is chiefly on the footwall. The ore shoots are close to the northwesterly Hall
Valley fault, whose gouge is highly oxidized and brilliantly colored by the yellow oxide of bismuth at the
interseetion with the vein. To the east of the fault the
ore grades rapidly into sulfides, and a short distance
away there is little evidence of oxidation, even at the
surface. The sulfide ore occurs in two well-defined
seams, known as the high-grade or footwall streak and
the low -grade or hanging-wall streak, separated from
each other by 1 to 40 inches of gouge and highly altered
sheeted rock and vein matter. The thickness of the
footwall sean1 ranges from that of a knife blade to 12
inches but is generally half an inch to 5 inches. The
low-grade ore is chiefly quartz, pyrite, chalcopyrite, a
clark tetraheclrite, and galena. The thickness of the
seam ranges from 6 to 36 inches but is usually about 15
inches. Where the high-grade streak is unoxidized the
chief minerals are clear fine-grained quartz, "bismuth
silver" ( cuprobismutite), and bismuthinite, with some
chalcopyrite and galena. Chalcopyrite is 1nore abundant on the upper than on the lower levels, and the gray

copper is more abundant between levels 4 and 5 than
elsewhere in the 1nine. The ore rich in chalcopyrite
contains more gold and silver than the gray-copper and
lead ores. The pure galena assays about 18 ounces of silver to the ton and the dark tetrahedrite about 100 ounces
of silver to the ton. The high-grade ore commonly contains 5 to 10 percent of bismuth, 1 to 8 ounces of gold,
and 100 to 1,200 ounces of silver to the ton. One of the
richest pockets of bismuth ore in the mine occurred in
a large ·wrinkle in the Missouri vein, between lev·els
3 and 4 and 30 feet northeast of the main northwesterly
fault. The biggest 1nasses of ore are coincident with a
marked flattening of the ore seams, suggesting that the
Missouri vein follows a premineral reverse fault.
The ore in the Leftwick vein to the west of the Hall
Valley fault is chiefly a galena-gray copper-chalcopyrite ore in a quartz-barite gangue. The thickness of the
ore ranged from 3 to 24 inches but was conunonly about
6 inches. Smne ruby and native silver are reported from
the upper levels, and most of the ore was found above
the workings on the Missouri vein.
NEW YORK MINE

The New York 1nine is at the southeast edge of
Montezuma at an altitude of about 10,350 feet. 8everal
veins have been cut by the New York tunnel, the largest
of which are the New York and the Alladins Lamp
(fig. 49). The ore is typical of that in veins that cut
the l\1ontezuma stock, but little ore of this type has been
shipped. The country rock throughout the mine is
quartz monzonite, which is cut by northeasterly and
easterly 1nineralized fissures and by northward-trending barren fractures. Many of the mineralized fissures
persist for only a few hundred feet along the strike.
The barren fractures are nearly vertical and are later
than the 1nineralized fissures, and displacements along
then1 are small.
The New York vein is the strongest one in the mine
and has been followed for about 900 feet. It strikes
northeast and dips about 70° NW. In many places it
is barren, but for most of its length it contains sphalerite, galena, and pyrite and a quartz-ankerite gangue.
The ore seam is 4 to 10 inches thick in most places, but
in the main shoot, 1,000 feet frmn the portal of the
tunnel, it is 10 to 36 inches thick for a distanee of 300
feet. Channel samples taken at many places averaged
about 35 percent in combined lead and zinc. The quantities of lead and zinc are nearly equal in places, but in
smne samples one 1netal may be five times as abundant
as the other. The ore in the Alladins Lamp vein is 3
to 6 inehes thick and is similar to that in the New York.
Most of it contains about 10 ounces of silver to the ton,
but in smne places assays of 20 ounces have been
obtained.
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The New York is the largest and most continuous
body of ore seen in any mine lying within the Montezuma quartz monzonite. The ore shoots do not occur
at the junctions of fractures as in some of the other
mines; on the contrary, the ore becomes poorer in most
places where two fractures intersect. A strong wellmineralized fissure commonly splits and branches at its
junction with another vein, and both become nearly
barren. The lack of continuity in individual veins and
their branching character is illustrated on the mine
map, figure 49.
SAINTS JOHN MINE

The Saints John is the oldest producing mine in the
Montezuma district and one of the oldest silver mines
in Colorado. It is on the west slope of Glacier ~foun
tain, about a mile southwest of Montezuma, and has
been mined chiefly through an adit at an altitude of
about 10,800 feet. It is accessible from Montezuma by
a steep automobile road.
The Comstock lode of the Saints John 1nine was
discovered in 1865 and extensively developed during
the next 15 years. The complex barite-zinc-silver ores
mined in the early seventies were not satisfactorily
smelted by the small furnaces built near the mine, and
this type of ore was not successfully handled even after
the construction of a flotation mill in the early twenties.
Most of the output has been from the high-grade ruby
silver ore found on the No. 5 vein in the main tunnel
level and from the shipping grade of galena-silvergray copper ore. Ahnost no record of the early production of the mine is at hand, but the figures, though
incomplete, show that from 1889 to 1930 the mine has
produced 3,65± tons of ore from which 4.30 ounces of
gold, 80,690 ounces of silver, and 2,448,222 pounds of
lead were recovered. Some copper was also produced.
The country rock of the mine is hornblende gneiss
and peg1natite of the Swandyke hornblende gneiss,
which strikes frmn north to northeast and clips 50°900 E. J.\!Iost of the ore has been obtained from the
Comstock vein, commonly known as the No. 5 vein. It
strikes northeast and dips steeply northwest and crosses
vein 7, which strikes north of east and dips about 55°
N. Vein 7 contains n1uch nwre barite than the Comstock and has been exploited only to a moderate degree
because of the failure of the n1ills to treat the ore satisfactorily.
The Comstock vein has been followed more than 800
feet north of the main crosscut adit and about 1,100
feet southwest of it and has been stoped for much of
its length. The northern ore shoot was rich in ruby
silver and was almost continuous from the main tunnel
to a point 750 feet northeast, where the vein is cut by
the strong northward-trending fault. The vein becomes poorer as it turns into the fault zone and is nearly
barren for the last 50 feet in which it is exposed. The

decrease in mineralization coincides with increase in
gouge. Quartz, pyrite, and barite predominate as the
fault zone is approached, and galena and sphalerite
gradually increase as the vein is followed away from it.
The general character of the vein a short distance south
of the fault is shown in figure 51. The vein splits a
short distance southwest of the main crosscut adit
where two overlapping parallel northeasterly fissures
about 80 feet a part are connected by northerly beddingplane fractures. The vein continues southwest on the
eastern fissure but is barren near the junction of the
northerly and northeasterly fissures (fig. 34). About
120 feet south of the junction ore was found and was
stoped almost continuously for 850 feet farther south.
The ore was chiefly gray copper and galena with moderate amounts of barite and quartz. Some rhodochrosite was present. In the productive part the vein
dips 55°-60° NW., but steeper dips were observed in
lean pillars that came down to the level of the drift.
Throughout nwst of the stopecl area the vein is reported
to have been 6 inches to 2 feet in width.
About 170 feet south of the main tunnel on the lower
level, the Comstock vein crosses the No. 7 vein without
displacen1ent (fig. 34). The No. 7 vein strikes just
north of east and clips 48°-60° N., averaging 55°. It
has been stoped east of the junction for 100 feet above
the main level. At the top of the stope west of the junction the vein is about 12 inches wide and consists largely
of rhodochrosite, with n1oderate amounts of galena,
sphalerite, and quartz and little barite. It becmnes barren and tight at the west end of the drift on the 1nain
tunnel level and is barren a short distance east of the
place where it is cut by the main crosscut tunnel. The
length of the ore shoot is about 650 feet. The vein has
not been exploited close to the surface, and nothing is
known of the character of the ore above the third level.
The strike, dip, and character of the ore of the Conlstock vein are aln1ost identical with those of the Tiger
vein at its outcrop a few hundred feet to the southeast,
and it is believed that the Tiger is a faulted continuation of the Cmnstock. The intersection of the Tiger
vein with the northward-trending fault that cuts off
the northern part of a high-grade silver ore shoot on
the Comstock would pitch about 50° N. If the Tiger
vein is the faulted continuation of the Con1stock, the
clip slip on the fault would be about 350 feet.
The Comstock vein follows a premineral reverse fault.
The 1naximum width of ore reported on the vein is 4
feet. An interesting feature of the 1nine is the presence
of richer silver ore on the lowest level than on the upper
levels. According to available information ore less
than 150 feet from the surface consists chiefly of galena
with moderate a1nonnts of sphalerite, tetrahedrite, and,
rarely, polybasite. The ore coming from the mine when
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The ore is 6 inches to 2 feet thick in most places and
eonsists chiefly of chalcopyrite, zinc blende, and pyrite, with some galena and a little gangue. In the
silicified walls of the main sulfide vein and in the barren
spaces between the ore shoots arsenopyrite is common.
The Silver Wave vein is typical of the veins that are
productive between walls of schist; it is a mineralized
sheeted zone whose individual fractures branch, intertwine, or gather together into a single strong fissure.
In 1nany parts of the barren stretches the vein is followed with difficulty because of the common occurrence
of diverging fracture planes. The ore shoots widen
within distances of 5 to 10 feet frmn narrow seams to
commercial bodies 12 to 2± inches wide and pinch as
abruptly into lean, unprofitable streaks. The vein is
nearly barren on levels 5 and 6 where it has followed the foliation of the wall rock, but ore occurs
wherever the vein breaks across the foliation of the
quartz gneiss for any appreciable distance. The ore in
the upper levels is largely galena and contains moderate
amounts of gray copper, but the ore on the lowest levels
is chiefly sphalerite and chalcopyrite.

fault that trends north and dips 70° E. and contains a 3-inch
gouge seam.
Wall 1·ock.-Biotite gneiss of Swandyke hornblende gneiss.
Strike, N. 25 o E. ; dip, steeply east near portal of main ad it,
steeply west in southwest half of workings.
Ore ancl sulfid.e minemls.-Ohietiy sphalerite, galena, and ruby
silver but some pyrite, silver, gray copper, and gold.
Gangue minemls.-Chiefly quartz but some ankerite.
Ore shoots.-Steep dip or strike of N. 30° E. unfavorable;
gentle dip or strike of N. 45° E. favorable. Sphalerite in north·
east half of mine and galena in southwest half; change lateral
and apparently unrelated to depth.

OTHER MINES

MORGAN

Data on other mines of the district are given briefly
below. Detailed descriptions have been given by
Lovering. 48
BALTIC AND REVENUE

Development.-Chietiy from Britannic tunnel, 1,080 feet long.
Production.-1880-81: Gold, 114.64 ounces; silver, 19,880

ounces; copper, 34,402 pounds. 1887-91: Gold, 62.89 ounces;
silver, 48,616 ounces.
Veins.-Baltic: Strike, northeast; dip, 45°-75° NW., the steep
dips being in the upper part ; width 8 to 14 inches. Revenue :
Strike N. 55° E.; dip, 75o NW.; average width, 6 inches. Both
veins nearly parallel to foliation of wall rock.
Wall rock.-Largely injection gneiss and quartz-sillimanitebiotite schist. Strike, northeast; dip, 55° NW. Dikes of monzonite and quartz monzonite porphyry at surface.
Ore and sulfide rniner·als.-Ohiefly chalcopyrite and gray copper but some pyrite, sphalerite, galena, and gold.
Gangue minerals.-Ohiefl.y quartz but some barite.
'L'enm·.-In 1874 average was $124 per ton in silver. Silver
content increases with gray copp€r. Gold content increases with
chalcopyrite. Revenue vein had higher proportion of gray copper and more galena than Baltic vein.
BELL, METEOR, AND WING

Dcvelopment.-Original discovery 1866. Opened by about
3,000 feet of drifts and crosscuts, 6 adits, and a short sublevel.
PToduction.-1882-91: Silver, 50,460 ounces; lead, 1,832,709
pounds. 1925-28: Gold, 14.19 ounces; silver, 17,119 ounces;
lead, 671,536 pounds. Total: Gold, 14.19 ounces; silver, 67,579
ounces; lead, 2,504,245 pounds.
Veins.-Bell: Strike, N. 30°-70° E., average, N. 40° ID.; dip,
40°-80° NW., average 65° NW. ; width, 3 to 24 inches, average
4 to 12 inches. Follows premineral reverse fault; offset by
several minor faults. Apparently terminated on 4th level by a
4
S Lovering, T. S., Geology and ore deposits of the Montezuma quadrangle, Colorado : U. S. Geol. Survey Prof. Paper 178, pp. 68-116, 1935.

CASHIER-CHAMPION

Development.-Original discovery, in the early seventies.
Opened by 4 adits over vertical range of 450 feet.
P1·oduction.-Early seventies and late eighties : $90,000 in
silver.
Veins.-Cashier: Strike, northeast; dip, steeply northwest;
width, 4 feet; ore seams, 2 to 24 inches. Breaks across foliation
of wall rock.
Wall rock.-Swandyke hornblende gneiss. Strike, N. 25° W.;
dip, 70° w.
Ore and sulfide rninemls.-Galena and gray copper.
Gangue 1ninemls.-Chiefl.y quartz but some barite.
Teno·r.-Average, $90 to $200 per ton.

Del..'eloprnent.-Thre.e adits, aggregating 1,800 feet.
Prod?tctlon.-1889: Silver, 23 ounces; lead, 1,738 pounds.

1901: Silver, 40 ounces; lead, 5,647 pounds. 1917: Gold, 1.25
ounces; silver, 401 ounces; lead, 14,952 pounds; copper, 662
pounds; zinc, 47,689 pounds. 1919: Gold, 0.10 ounce; silver,
27 ounces ; lead, 3,034 pounds.
Velns.-Several veins strike N. 60°-80° E. and dip north.
Few inches to 28 inches wide.
Wall r·ock.-Quartz monzonite.
Ore and sulfide rninerals.-Pyrite, sphalerite, and galena.
Gangue minerals.-Quartz and ankerite.
Ore shoots.-Occur chiefly at the intersections of cross veins
or at vein branches.
QUAIL

ProducUon.-A few hundred tons.

Veins.-Quail: Strike, N. 40° W.; dip, nearly vertical; width,
3 inches to 3 feet; galena 3 to 16 inches wide.
01·e and sulfide minemls.-Chiefly galena but some pyrite and
sphalerite.
Gangue minerals.-Quartz.
WHALE

Dez,eloprnent.-Seven adits.

Production.-1877-1930: 836 tons. Silver, 44,108 ounces;
lead, 265,404 pounds; gold, 939 ounces; copper, 10,790 pounds.
Data are incomplete.
Veins.-Whale: Strike N. 75° E.; dip, 45°-60° N., average,
57° N.; width of ore seams, 1 to 36 inches; width of vein, 5 to 10
feet. Ore seam swells or pinches in short distances.
lVall 1·ock.-Hornblende gneiss. Strike, N. 15° W.; dip, 80°
W.; dacite porphyry dikes. Walls strongly sericitized and
pyritized.
Ore rnine1·als.-Ohiefly chalcopyrite, galena, and gray copper
but some malachite, azurite, and chalcanthite.
Gangue rninerals.-Ohiefly quartz but some barite.
Changes with depth.-Chalcopyrite more abundant at lower
levels. Oxidized copper ore near surface.

135

ARGENTINE DISTRICT
Ore slwots.-Localized by same strong northwesterly fault as
in Missouri mine. Proportion of gray copper to galena greater
in narrow parts of vein.
WINNING CARD

Production.-1882-1930: $35,000.
Vein.- Winning Card. Strike, northwest; dip, vertical; width.
2 to 6 inches.
Ore mineral.-Stromeyerite.

Gangue mineral.-Quartz.
ARGENTINE DIS·TRICT

The Argentine mining district straddles the Continental Divide between the Montezuma district and the
Georgetown-Silver Plume district. It includes the
headwaters of Peru Creek, Leavenwo·rth Creek, and
Stevens Creek. Peru Creek joins the Snake River just
below Montezuma at an altitude of 9,800 feet, and its
valley is separated from that of Leavenworth Creek
by a mountain whose lowest altitude, at Argentine Pass,
is 12,008 feet. The heavily glaciated head of Peru
Gulch is known as The Shoe Basin or Ho·rseshoe Basin.
It is bordered on the west by Gray's Peak, which has
an altitude of 14;276 feet, and is the highest peak in the
Front Range. Northeast of Gray's Peak is Stevens
Creek, which joins Clear Creek about 3 miles west of
Silver Plume. Leavenworth Creek empties into Clear
Creek at Georgetown. Wagon ro·ads lead up all three
gulches to within a short distance of the Continental Divide, but none of the passes could be traversed by
wagons in 1945. Throughout most of the Argentine
district snow comes early and lingers until midsummer, greatly increasing the difficulty o·f mine operation.
In spite of the severity of the winters and the shortness of the summer season, many of the mines have had
large outputs of gold, silver, lead, and copper ores.
GEOLOGY

The eastern border of the Montezuma quartz monzonite sto·ck is just west of the Argentine district, and
quartz monzonite dikes are abundant in the surrounding Idaho Springs formation, which is the predominant
rock at the headwaters of both Leavenworth Creek
and Peru Creek. Farther north along McClellan
Mountain, and on Kelso· Mountain, an irregular mass
of Silver Plume granite extends northward to the Silver Plume-Georgetown district (pl. 2).
Pre-Oambriam rock8.-In the southern part of Horseshoe Basin the Idaho Springs formation includes a
member containing a large amo·u1it of quartzose gneiss,
and the same men1ber occurs to the north and to the
east of Argentine Pass. In most places, however, the
Idaho Springs formation consists of coarse-grained biotite-sillimanite schist interlayered with much injection gneiss. The dip o'f the schist is steep in most places,
and the regional strike is from north to northeast. Sev862135--50----10

eral isoclinal folds can be recognized in the steep ridges
east of Gray's Peak, and it is probable that similar fo~ds
exist in other localities where the exposures are Inadequate to permit detailed observation.
Lenticular masses of gneissic diorite and quartz
diorite occur near Argentine Pass and are probably related to the Boulder Creek granite batholith a few miles
to the east. The central parts of the quartz diorite
intrusive are nearly massive but are faintly orthogneissic. The edges show a prominent banded structure,
with s01ne evidence of gran'llation. The quartz diorite
strongly resembles coarse-grained quartz gabbro and,
as some augite is invariably present, those parts of the
intrusive that are poor in quartz might properly be
called gabbro. A few small masses of granite gneiss
(the .gneiss:lc aplite fa.cies of the Boulder Creek granite) occur in small lenticular masses in the Idaho
Springs formation parallel to the foliation. This
granite gneiss is the country rock of most of
the Pennsylvania mine. It is a moderately finegrained pinkish gneiss, showing some evidence of granulation, but much of the gneissic structure is primary.
The Silver Plume granite in the northern part of the
Argentine district is continuous with the stock of the
type locality. In the southern part of the irregular mass
that extends into the district along McClellan Mountain,
the granite is locally gneissic; this facies is especially
conspicuous near the Stevens mine, in Stevens Gulch.
Pegmatites and aplites are abundant throughout both
the schist and the granite areas, and some of the pegmatite dikes reach a length of half a mile, though most of
them are short and irregular.
Laramide intrusives.-The most abundant of the intrusive rocks of the Laramide revolution in the district
is a quartz monzonite porphyry of group 6 (pl. 7 and
fig. 12), related to the quartz monzonite porphyry stocks
to the west. Many of the quartz monzonite porphyry
dikes are much more sodic than the Montezuma stock,
however. Monzonite porphyries of group 4, the most
mafic of the Laramide intrusives in the district, are represented by relatively few dikes. Rhyolite and dacite
porphyries of group 7 are also abundant throughout the
Argentine district, in marked contrast to the Mo:hh~
zuma district to the southwest. Most of the dikes
formed during the Laramide revolution strike northeast or east, but a few short dikes strike northwest.
Nearly all the porphyry occurs in dikes, but a small
chimney of rhyolite porphyry crops out at the crest
of Kelso l\'Iountain, and another irregular mass of monzonite porphyry occurs on the east side of Horseshoe
Basin, a short distance west of Argentine Pass.
ORE DEPOSITS

Within the West Argentine district, as that part of
the district lying west of the Continental Divide is
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known, the 1nineral belt is extremely narrow, and nearly Creek to the n1ine. The vein is opened by 6 levels,
all the veins occur in a zone less than a mile wide. (See known as A, B, 0, D, E, and F, between altitudes of
pl. 3.) The belt trends about north-northeast, and its 11,450 and 11,058 feet. The vein was discovered in
eastern side is marked by a series of strong veins that 1879 and was slowly developed during the next decade.
extend almost continuously north-northeast for 8 1niles, During the nineties it was most productive, but its out~
from the Snake River 2 miles southeast of Montezuma put steadily din1inished after 1900, and in 1908 no ore
into the headwaters of Leavenworth Creek. Within the was shipped. Since that ti1ne an intermittent output
Argentine district the Pennsylvania, Delaware, Peru- has been credited to the 1nine, and the amount of ore
vian, Santiago, and Independence veins occur in this milled at the property has varied, as much as 12,000
zone and are the source of the bulk of the district's out- tons of ore being treated in some years and none in
put. The Baker, the Josephine, and the Stevens mines, others.
which lie oi1 the northwestern edge of the 1nineralized
The Pennsylvania vein strikes N. 20°-35° E., averag·
belt, are less important than those on the veins men- ing about N. 30° E. It dips steeply west in most places,
tioned above but have been productive. The angle of but locally overturns and dips about 80° E. The vein
movement on the premineral faults was probably steep, is chiefly in schistose rocks, 2,000 feet east of the Monteranging from 30° to 60°, and in those veins where the zuma quartz 1nonzonite stock (pl. 2). The common
direction of movement was ascertained the horizontal rocks in the lowest levels of the 1nine are quartz schist, ·
component of 1novement was such that the left-hand quartz-biotite schist, injection gneiss, and granite
wall moved ahead on both normal and reverse faults.
gneiss. Locally thin dikes of Silver Plume granite are
The ores are valuable chiefly for their lead, silver, and present. A dike of quartz monzonite is cut near the
gold contents, but some zinc and copper are also pres- breast ·of the southwestern split of the vein on the F
ent. As in the region to the west, quartz and ankerite level. On the 0 level the prevailing wall rocks are
are the common gangue minerals, but on Mount McClel- granite gneiss, injection gneiss, and Silver Plume granlan many of the veins contain fluorite. The preclomi- . ite. The crosscut adit to the vein penetrates quartz
nant ore 1ninerals are galena, pyrite, sphalerite, chal- monzonite porphyry and quartz-biotite schist. The
copyrite (fig. 60, B) with some gray copper, silver sul- wall rock of the vein has been strongly silicified and
fantimonides (chiefly dark ruby silver), and gold. The pyritized for a distance o:f 30 :feet west of the vein,
gold is generally associated with chalcopyrite or spha- but to the east in the footwall silicification has been less
lerite and the silver n1inerals with galena and gray intense, though pyrite is abundant 20 :feet away.
copper.
On the 0 level the vein has been stoped :for 800 :feet,
The 1nost productive ore shoots in the Pennsylvania and the stopes are 6 to 14 feet wide. The largest stope
mine occurred at a split or branching in the n1ain vein; is at the place where the vein divides into the "east and
the n1ineralized parts of the vein and the b1~anches were west slips." These two branches diverge at an angle
largely limited to the places 'vhere the wall rocks 'vere of about 25 ° until they are nearly 50 :feet apart; they
granite gneiss. The appearance of schist usually coin- then resume the general course o:f the main vein, concided with a decrease in ore. J\llany of the other pro- tinning parallel as :far as they have been explored.
ductive veins, including the Santiago, Commonwealth, The ore in this level occurred in a. strongly sheeted
and Stevens, were productive between granite walls, but zone o:f granite gneiss. Between the walls o:f the sheeted
contained little ore where the walls were schist. The zone numerous veins o:f galena, pyrite, chalcopyrite,
ore in these three mines as well as in the Baker, Jose- and quartz seam the altered gneiss. Most o:f the minor
phine, and Kelso properties is close to a persistent veins are parallel to the walls, but several of them :folnorthwesterly fault which locally is ore-bearing itself low an irregular diagonal course across the sheeted
(pl. 3).
zone. Galena is the most abundant n1ineral and occurs
PENNSYLVANIA MINE
in seams 1 to 12 inches thick.
The Pennsylvania mine is on the northwest slope of
In the locality where the vein was seen by Lovering
Decatur ~:fountain ~ quarter of a mile south of Peru the zone was 12 :feet wide, and about 30 inches o:f the
Creek and 3 miles east-northeast of Montezuma. It has
sheeted zone consisted o:f galena, 8 inches of pyrite,
been one of the n1ost productive mines in the Monteand about 2 inches o:f chalcopyrite. The ore at the
zuma quadrangle. Its total output is not known, but is
"split"
is reported to have been 14 :feet wide. It had
probably not much in excess of the recorded output,
less
than
2 :feet o:f waste and contained very little
which through 1930 totaled 31,142 tons of ore frmn
pyrite.
Argenti:ferous
gray copper ore was 1nore abun~
which 2,858.58 ounces of gold, 761,020 ounces of silver,
and 6,590,206 pounds of lead were recovered. The mine dant near the surface, and large a1nounts o:f copper
is easily accessible from Montezuma by a wagon road, sulfate were :found near the outcrop o:f the vein when
which has steep grades following the valley of Peru it was opened.
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The walls of the vein and its branches on the F level
have been intensely silicified and pyritized. The vein
is smaller than on the 0 level, and the ore is conunonly
lean, pyritic, and thin, but in a few localities where
good lead ore was found stoping has been clone. About
1,800 feet south of the F-level crosscut, almost vertically below the "split" on the 0 level, the vein branches.
The west branch, which was followed 300 feet farther,
is apparently the main vein, showing little change in the
course follo\Yed to this point. The east branch has been
followed about 200 feet. About 350 feet south of the
main crosscut a lead ore shoot was found. The ore
body is about 12 inches wide and 50 feet long, and,
unlike the other ore shoots seen, dips steeply to the east.
A short distance farther south, where the vein resumes
its normal clip, the galena ore disappears, and the vein
filling is pyritic. A second galena ore shoot was found
70 feet south of the first ore body. Here the vein was
3 to 5 feet wide and contained12 to 30 inches of galena
ore for a distance of 100 feet along the drift. At the
place where the vein branches, many narrow veins and
stringers occur in a sheeted zone about 7 feet wide but
do not aggregate more than 12 inches of ore through
the zone. Little ore is exposed until a point about 140
feet south of the "split" is reached, where an ore shoot
containing both lead and copper was found, and some
stoping has been done. The shoot is about SO feet long
on the F level and somewhat longer a short distance
above it. The east branch contains very little galena
but is heavily seamed with pyrite; it is 12 to 48 inches
thick and in some places contains as much as 15 inches
of pyrite.
Small veins striking parallel to. the Pennsylvania
\Tein occur east of it on the 0 and F levels but no ore has
been n1ined from them. The meager evidence found in
the mine suggests that the Pennsylvania vein follows a
pren1ineral fault the west wall of which n1oved relatively up and to the northeast.
The large body of ore found in the Pennsylvania
vein occurred whe~·e it branches and in the part of the
vein that had granite gneiss walls. The "split" in the
vein is close to the south end of the wedge of granite
gneiss and suggests the weakening of the vein as it
passed into the incompetent schist. It is unlikely that
an ore body will be found in the schist comparable to
that found in the Pennsylvania 1nine between granite
gneiss walls, but it is probable that chimneys of good
ore can be found at "splits" in the vein and at other
favorable places. The Pennsylvania vein extends to the
southwest through the Delawai'e, Delaware Extension,
and Sunrise claims, but little ore has been mined except
from the Delaware. The Peruvian vein, northeast of
the Pennsylvania, on the north slope of Peru Creek
Valley, is probably a continuation of the same vein.
The output of the Peruvian is unknown but is probably
small.

OTHER MINES

Data on other repreeentative mines are given briefly
below. Detailed descriptions are given by Lovering in
another report. 49
BAKER

Developmen.t.-Original discovery 1865. 200-foot shaft with
4 levels. Independence vein cut several hundred feet below outcrop by drifts from Tobin and Waldorf mine.
Productiatl.-1870: $27,567.97. 1871: $44,509. 1874: more
than 1,000 ounces of silver.
Veins.-North Crevice: Strike, N. 72° E.; dip 65° N. South
Crevice: Strike, N. 60° E.; dip 85° N.; average width, 16 inches;
hanging wall and footwall 3 to 15 feet apart.
Wall 1·ock.-Silver Plume granite, quartz-biotite schist, and
injection gneiss.
Ore and sulfide minerals.-Silver minerals, chalcopyrite, argentiferous galena, stephanite, some sphalerite.
Gangue nlinerals.-Quartz and fluorite; fluorite abundant in
three lower levels.
Ore shoots.-Ore shoot at junction of the two veins. Ore is 7
feet wide. Many small ore bodies, 20 inches to 20 feet wide.
Tenor.-.Average ore yielded $6.11 in gold and $69 in silver to
the ton.
JOSEPHINE

Development.-Original discovery 1876. Three adits driven
south into mountain for 320 feet, 1,090 feet, and 960 feet.
Production.-1900-28: 2,059 tons. Gold, 228.06 ounces; silver
27,039 ounces; lead, 2,250,802 pounds ; copper, 5,188 pounds;
zinc, 24,053 pounds.
Yeins.-Josephine: Strike, N. 12° E.; dip, 67° W.; width, 1
to 30 inches. Well defined. Several minor branches and cross
veins. In sections between ore shoots chiefly quartz. Ore free
from gangue.
Wall 1·ock.-Silver Plume granite, schist and gneiss of the
Idaho Springs formation.
Ore mul sulfide minerals.-Galena, sphalerite, pyrite, and
chalcopyrite.
Gangue minerals.-Quartz.
SANTIAGO-COMMONWEALTH-CENTENNIAL

Development.-5 levels. Underground shaft 300 feet deep on
level 5. Commonwealth tunnel caved.
Production.-1901-27: Gold, 12,653.86 ounces; silver, 326,179
ounces; lead, 2,405,730 pounds; copper, 1,146,378 pounds.
Yeins.-Santiago: Strike, N. 15°-35° E.; clip, 70°-85° W.;
width, 2 to 8 feet. Vein filling is silicified and pyritized granite
breccia. Commonwealth: Strike, N. 12°-25° E.; dip from 70°
SE. to steeply northwest. Northward continuation of Santiago
vein. Cut by Waldorf tunnel.
lVaU1·ock.-Silver Plume granite, schist of the Idaho Springs
formation, granite gneiss; schist more abundant to north.
Ore and sulfide minemls.-Galena, chalcopyrite, pyrite, and
some sphalerite.
Gangue 1ninerals.-Quartz and some ankerite.
Changes with depth.-Vein becomes narrower with depth.
Galena, quartz, and chalcopyrite decrease and pyrite and
sphalerite increase with depth. Gold content in lower levels is
directly related to presence of rosin-jack sphalerite.
Ore shoots.-Southern part of Santiago vein is productive for
a length of nearly 1 mile and a depth of 800 feet. One ore shoot
has a stope length of 110 feet and a pitch length of 700 feet.
49 Lovering, T. S., Geology and ore deposits of the Montezuma quadrangle, Colorado: U. S. Geol. Survey Prof. Paper 178, pp. 69, 85, 104305, 109-110, 1935.
'
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In Commonwealth vein ore is of better grade, and vein is stoped
where it swings to north.
STEVENS

Development.-Discovered in late sixties. Several adits;
winzes sunk from some levels.
Production.-1873: Silver, 25,000 ounces; lead, 200,000 pounds.
1887: Gold, 54.12 ounces; silver, 12,947 ounces; lead, 390,698
pounds. 1892 : Silver, 42,666 ounces ; lead, 2,601,203 pounds.
Vein.-Stevens: Strike, north to northwest; dip, 60°-75° E.;
series of branching fissures.
lVall 1·ock.-Silver Plume granite.
Ore and sulfide minerals.-Sphalerite, galena, and some pyrite
and chalcopyrite.
Gan{J1te minerals.-Quartz and ankerite.
Ohanues with depth.-Decrease in lead and silver with depth.
Ore slwots.-Ore shoot stoped for length of 350 feet, 100
feet above tunnel. On tunnel level it splits into two shoots 120
and 200 feet long.
TenoJ·.-1872: Ore averaged 150 ounces of silver to the ton
and a high percentage of lead. 1876: Ore averaged 80 to 100
ounces of silver to the ton and 65 percent of lead. 1888 : 1.1
ounces of gold and 26 ounces of silver to the ton and 50 percent
of lead.
SILVER PLUME-GEORGETOWN DIS.TR.ICT
LOCATION

The Silver Plume-Georgetown district 50 occupies an
area of about 25 square miles in the west-central part of
Clear Creek County, surrounding the towns of Silver
Plume and Georgetown. Georgetown is situated at the
junction of Clear Creek and South Clear Creek and
Silver Plume is on Clear Creek 2 miles' southw~st of
Georgetown. The principal mines are on the south
. slope of Republican Mountain, just north of Silver
Plume, but there are some important 1nines to the southwest, northeast, and northwest of Georgetown. The
district is well watered by the drainage of Clear Creek
and is very rugged, ranging frmn 8,400 to 12 400 feet
in altitude. A paved highway down Clear C1:eek connects both towns with Idaho Springs and Denver.
HISTORY

Precious Inetals were first discovered in the district
in 1859, when several lodes were located near Georaeo
town, at that time called Elizabethtown. The rich surface ores were worked chiefly for gold, although most
of the veins in depth have since produced more silver
than gold. A1nong the most prmninent was one located
on August 1, 1859, by George Griffith. In 1864 a rich
silver vein, the "Behnont lode," was discovered in the
Argentine district southwest of Silver Phune, and as
silver at that time was worth $1.3± an ounce there was a
rush of prospectors to the Silver Plume-Georaetown
b
region seeking silver lodes. During 1865 and 1866,
many silver-bearing veins were discovered near Georgetown and Silver Plume. In 1867 the Blackhawk smel50
Spurr, J. E., Garrey, G. H., and Ball, S. H., Economic geology of
the Georgetown quadrangle (together with the Empire district), Colo. :
U. S. Geol. Survey Prof. Paper 63, 1908.

ter began to operate and greatly stimulated mining in
the Front Range. In 1870 mining in the region was
further helped by the completion of two railroads to
Denver and one frmn Denver to Golden. The period of
important silver-lead mining really comn1enced in 1872,
reached its peak in 1894, and gradually declined thereafter.
The increased output during the eighties was due in
part to the completion in 1877 of a narrow-gauge railroad to Georgetown and in part to the competition of
foreign markets for the ores, beginning in 1875. As the
silver-lead ores were opened at greater and greater
depth the lower-grade zinciferous ores became prmninent. About 1865 a s1nall output of zinc began and
inereased slowly, reaching its maximun1 in 1917.
During W oriel 1Var I, in response to the greatly inereased demand for zinc. and lead, many of the old mines
were reopened, and eonsiderable an1ounts of these base
metals ·were proclueed from old stopes, dumps, and
bloeks of ground left from the silver mining. In the
postwar years, however, the silver-lead mines were
largely idle, and most of the output of the district came
frmn its few gold mines. Interest revived in the base
metals of the distriet with the opening of World ar II.
During 1943 and 194± the Peliean-Bismarek, 1\fendota,
and Smuggler mines were reopened, and lead -silverzinc ore was milled at two mills at Silver Plume and
one at Georgetown.
The total output of the Silver Plume-Georgetown
distriet has probably an1ounted to more than $30,000,000, but exact figures for many years are lacking. The
output for the period 1907-42 has amounted to 27,616
ounees of gold, 3,203,448 ounees of silver, 324,592 pounds
of copper, 22,447,925 pounds of lead, and 21,511,862
pounds of zinc., having a total value of $6,023,091. 51

'V

GENERAL GEOLOGY

P1·e-Oambrian rocks.-The prevailing roeks are the
Idaho Springs formation .and the Silver Plume granite.
Schists of the Idaho Springs formation are scattered
throughout the district and make up about 40 pereent
of the rocks exposed.
The Inost abundant and widespread type of schist
]n the district is quartz-biotite schist (called granitic
gneiss by Spurr and Garrey). 52 Biotite schist (called
black biotitic gneiss by Spurr and Garrey) occurs in irregular lenses and bodies in the quartz-biotite schist. A
facies of the quartz-biotite schist containing lens-shaped
pebblelike 1nasses of fibrolitic quartz was believed by
Spurr to be a metamorphosed conglmnerate. It occurs
abundantly on Pendleton Mountain and on Brown
Mountain in the southern and western parts of the clistriet. Small masses are seattered through the district,
and smne are prominent just north of Silver Plume.
51
52

Data furnished by C. W. Henderson, U. S. Bureau of Mines.
Spurr, J. E., Garrey, G. E., and Ball, S. H., op. cit., p. 177.

SILVER PLUME-GEORGETOWN DISTRICT

There is a suggestion that the rnasses on Brown Mountain and Pendleton Mountain are parts of the sarne
bed or structural unit, separated by a mass of Silver
Plume granite. and that the scattered areas of pebble
conglmnerate north of Silver Plume are parts of a narrower bed that has been warped into a northwardplunging syncline. The lime-silicate phase of the Idaho
Springs formation occurs in numerous small lenses in
the southeastern part of the dist~ict and in one northward-trending lens on Democrat Mountain northwest
of Georgetown. The lirne-silicate rocks include hornblende-diopsicle gneiss and n1assive aggregates of epidote, garnet, quartz, and magnetite, and of calcite, pyroxene, and brown garnet.
The Idaho Springs formation has been invaded by
several pre-Cambrian igneous rocks. Hornblende
gneiss forn1s both dikes and sheets in the Idaho Springs
formation, and rnany small masses of it are included
in the granites. It occupies small areas in the southern
and east-central parts of the district.
The quartz monzonite described by Ball 53 as occurring in a large batholith in the.central part of the
Georgetown quadrangle is almost identical with the
Boulder Creek granite of the Boulder quadrangle,
which is a gneissic quartz rnonzonite in many places.
The porthern end of the batholith lies just east of the
Silver Plume-Georgetown mineralized area; its related
border facies, the quartz monzonite gneiss, gneissoid
granite, and quartz diorite, are sparingly scattered
through the district. In the south -central part is the
northern end of a fairly large area of quartz ,monzonite
gneiss (pl. 2), which is an early sheared border facies
of the Boulder Creek granite, tlu~,t is not exposed elsewhere in the district. The mass on Paine's :Mountain,
just south of the district, is the largest in the Georgetown quadrangle and is on the west border of the large
mass of Boulder Creek granite that occupies the central part of the quadrangle. The well-developed primary gneissic structure has been intensified by crushing and was probably developed by shearing, which
was due to the intrusion of the rnain mass of Boulder
Creek granite. Small bodies of gneissoid granite, an
aplitic phase of the Boulder Creek granite, are scattered through the eastern part of the district, and in
this locality there are also a few small areas of quartz
diorite and hornblendite that are also related to the
Boulder Creek granite.
The Silver Plume district is the type locality of Silver
Plmne granite, which forms stocks, dikes, and irregular
masses in the Idaho Springs fonnation and the other
pre-Cambrian rocks. It makes up about half of the
rock in the district. The Silver Plume granite has invaded the schist and earlier igneous rocks widely, and
there is scarcely a square mile that does not contain an
53

Spurr, J. E., Garrey, G. E., and Ball, S. H., op. cit., pp. 51-54.
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appreciable amount of it. In many places, especially
northwest and south of Geor-getown, this granite intimately injects the schist and includes numerous small
lenses of the Idaho Springs formation within its own
borders.
Dikes and small irregular masses of pegmatite and
aplite occur throughout the area, but most of them are
too small to be shown on the map. It is probable that
pegmatites related to both the Boulder Creek granite
and the Silver Plume granite are present, but in general they cannot be distinguished. They are particularly abundant just northwest of Silver Plume. In
general they consist of coarse intergrowths of orthoclase or microcline, quartz, and biotite with or without
muscovite. A light-gray acidic plagioclase is restricted
to dikes in the Boulder Creek granite.
L(Jff'andde intrusives ("porphyries") .-Dacite of
group 4 (pl. 7 and fig. 12), quartz monzonite porphyry
of groups 5 and 6, and granite porphyry and alaskite
of group 7 occur in the district both as stocks and dikes.
The stocks do not occur in the main mineralized area
but to the north and south of it. On Lincoln J\iountain,
in the northern part of the district, is a large stock of
quartz monzonite porphyry about 1 mile long and threefourths of a mile wide. Just south of the district, 1
mile southwest and 11J:~ miles southeast of Paines Mountain, respectively, there are small stocks of alaskite and
of granite porphyry, each about a third of a mile in
diarneter. The dikes are confined chiefly to the mineralized area around Silver• Plume and Georgetown. The
most persistent have a northwest trend, but some occupy
east-west and northeast fractures.
Dacite of group 4 is believed to be the earliest of the
intrusives of the Laramide revolution in the district.
It forms an eastward -trending dike 50 feet wide and
0.4 mile long between Clear Cleek and South Clear
Creek, half a mile south of Georgetown. The dike includes large irregular -fragments of pre-Cambrian rocks
near its borders and small rounded ones toward the
center and shows wavy flow lines close to its edges. It
is a bluish-gray dense aphanitic rock consisting of small
laths of plagioclase, prisms of black hornblende, and
tiny rounded quartz grains in a felsitic to andesitic
groundmass.
Quartz monzonite porphyries belonging to groups 5
and 6 are the most abundant porphyries in the district.
Besides the large stock on Lincoln Mountain there are
important dikes just northwest of Silver Plume that
trend northwestward and a strong northeastwardtrending dike just south of Silver Plmne. The porphyry on Lincoln Mountain apparently grades into
quartz monzonite, a fine-grained granular rock composed of orthoclase, oligoclase, augite, hornblende, and
quartz.
Granite porphyry of group 7 forms a number of dikes
as well as the stock south of Paines Mountain. Nu-
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n1erous short dikes are found within a distance of 11/2
miles south of Silver Plume, a strong dike cuts Brown
Mountain northwest of Silver Plume, and several dikes
occur on Lincoln Mountain in the vicinity of the quartz
monzonite porphyry stock. :1\;fost of these dikes trend
northeastward, but some trend north ward and some
eastward. Rhyolites and aporhyolites are closely associated with the granite porphyry and in places grade
into them.
Alaskite porphyry, also belonging to group 7, forms
numerous dikes in the vicinity of Silver Plume and on
both sides of Clear Creek north of Georgetown, as well
as in the two stocks southwest of Paines Mountain. The
most extensive dikes trend northwestward, but some
trend northeastward. In the Baltimore tunnel near
Georgetown a dike of alaskite porphyry cuts one of
quartz monzonite porphyry, and a surface exposure in
the same general area shm,ys that granite porphyry also
cuts quartz monzonite porphyry. In general the distribution of the veins in the district coincides with the
distribution of the porphyry dikes, but the stocks are
outside the main 1nineralized area. The ore deposits
seem to be most closely related to the alaskite porphyry
dikes, and in places important veins follow along the
walls of these dikes.
Quaternary deposits.-The district has been affected
by two periods of glaciation, and remnants of the moraines are strewn along the valley slopes of Clear Creek,
South Clear Creek, Bard Gulch, and Leavenworth
Gulch. Boulder till of the earlier period, probably
Kansan, occurs chiefly on the east side of Clear Creek
and South Clear Creek, extending for about a mile
from the present strea1ns to an altitude of slightly more
than 11,000 feet. There is a long narrow strip of the
older till on the south side of Barel Gulch and another
s1naller remnant on the west side of Clear Creek ~p
posite Georgetown. The terminal 1noraine of this
period is at Dumont, at an altitude of about 7,900 feet.
The later glaciation, probably Wisconsin, affected all
the principal valleys, and fairly continuous 1noraines
of this period are found along them except on Clear
Creek north of Georgetown, where most of the material
has been eroded. The tenninal moraine of this period
is near Empire Station, at an altitude of about 8,175
feet.
STRUCTURE

Pre-0 a,mbrian structure.-The foliation in the Idaho
Springs fonnation is rather irregular in the district.
The general trend is north with a steep dip to the east.
In the southern part of the district, west of Leavenworth Gulch and east of South Clear Creek, the prevailing strike is northeast. In the vicinity of Silver
Plume it is nearly north-south, and northward it swings
to the northwest and then back to the northeast, north
of Bard Gulch. A northward-plunging syncline is

probably present, with its axis passing just east of Silver
Plume, but the data on the dips of the foliation are
insufficient to detenuine the nature of this structure
with certainty. The foliation in the quartz monzonite
gneiss and gneissic granite is in general parallel to the
foliation of the enclosing or bordering schist.
There is no evidence of pre-Cambrian faulting in the
district other than that afforded by the fissures filled
with cross-breaking pegmatite dikes.
Larandde structurre.-During the Laramide revolutjon, fractures, faults, and fissures were formed over a
period of time beginning before the intrusion of the
earliest dikes and continuing after the deposition of the
latest ores. The porphyry dikes were intruded at various epochs of a general period of volcanism, during
'vhich movements were renewed repeatedly along old
planes or along new planes subparallel to the old ones.
Individual fault zones were repeatedly opened and repeatedly cemented either by injections of molten rock or
by the deposition of minerals from solution. Postmineral 1novement is indicated by open fissures along
veins, by seams of postore gouge, and by postore fric·
tion breccia.
The fault fissures in general dip steeply but show
great variation in strike and1nay be classified into three
main systems. In the area between Silver Plume and
Colmnbia Mountain the fissures belong mainly to two
systmns; in one the average trend is about N. 70° E.,
and in the other N. 70° W. There are also some fissures in this area belonging to a systmn in which the
trend is N. 50° E., but they are subordinate in nmnber
and extent. Throughout the rest of the mineralized
ftrea the average trend of most of the fault fissures is
about N. 50° E.
It is believed that fissures of the N. 70° W. system
were formed earliest, as the majority of the dikes have
this trend. In fact the Pelican-Bismarck fissure of this
systmn was first opened in the breccia-reef period of
faulting. The fissures of this systmn were apparently
reopened at approxin1ately the same ti1ne that those
of the N. 70° E. syste1n were developed, as in1portant
silver ores were deposited in fissures of both systmns.
TheN. 50° E. system is apparently the latest, for practjcally all the pyritic gold veins have that general trend,
and at Empire they are definitely later than the leadZinc VeinS.

The fault fissures are usually of slight displacement.
The grooves and slickensides on the walls range from
horizontal to vertical. In the Silver Plume region the
majority of the striae are nearly horizontal, in a few
places steepening to as much as 30°. The pitch in different places may be in opposite directions. In the
Colorado Central vein the striae dip about 20° southwest, and the maximum displacement is about 100 feet.
In the pyritic gold veins the dip was in general steeper.
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In the Centennial Yein at Georgetown the striae dip
32° SW., and in the Anglo-Saxon mine they clip 65°
NE.
ORE DEPOSITS

The chief 1netals produced in the Silver PlumeGeorgetown district are silver, lead, gold, and zinc, but
in aeneral the gold occurs in separate areas. In the
ver; productive area covering about 2 square 1niles just
north of Silver Plmne, the veins contain silver, lead,
and zinc ahnost to the exclusion of gold, and this is also
true of the veins on Republican Mountain and on Democrat Mountain, 11h to 2¥2 miles. north-northeast. In
these areas veins of both northeast and northwest trend
are prominent and important, but cmnmonly the trends
are nearer east-west than north. One and a half to 2
1niles south of Georgetown is a s1naller but i1nportant
silver 1nining area-that of the Colorado Central
group-the abundant ores of which are largely of high
grade and very si1nilar to those of the Silver Plume
area .. This silver belt is represented farther to the
northeast by the Con1et-Aetna and Magnet veins, about
a 1nile east of Georgetown. In this belt the predominant strike of the veins is northeast.
Between the two silver belts is a narrow gold belt
about three-fourths of a mile wide extending frmn
Leavenworth Mountain, llh 1niles south of Georgetown,
northeastward to Saxon ~fountain. In this belt the
ilnportant veins· all trend northeastward. The goldbearing veins com1nonly contain some silver, and at the
northern end of the belt the value of the silver content
is somewhat higher than that of the gold. On Lincoln
Mountain, 3¥2 :miles northwest of Georgetown, some
veins are chiefly valuable for silver and others for gold.
Mineralogically the two groups of ores may be classified as (1) galena-sphalerite ores with some pyrite, chalcopyrite, gray copper, and polybasite, and (2) pyritic
ores containing chiefly pyrite and chalcopyrite, with
subordinate quantities of galena and sphalerite, and
less com1nonly tetrahedrite.
In the Griffith mine near Georgetown both types of
ore are present and prove to represent two different
periods of mineralization. The fissure was first lined
with a coating of comb quartz and then completely
filled with solid sulfides consisting of galena, sphalerite,
pyrite, and chalcopyrite, with practically no intermixed gangue. Subsequently the vein was reopened,
fractured, and brecciated, and the openings were filled
with ore consisting principally of pyrite and brown
carbonates of iron, manganese, and 1nagnesium, with
some quartz and a little galena, sphalerite, chalcopyrite,
and barite. In places quartz is more abundant than
brown carbonate. The same relationship found in the
Griffith mine was noted in several other mines, chiefly
on the bo:rders between an area of predominantly goldbearing veins and an area of silver-bearing veins. In
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the Harrison mine on the east side of the Empire district, two east-west veins of lead-silver type are faulted
by a vein of the pyritic gold type trending N. 1.0° E:
Silver-lead deposits.-The principal 1netalhc nnnerals of the silver-lead ores are sphalerite and galena,
with locally considerable pyrite. Both light-yellow
and dark sphalerites are present. The galena and to a
less extent the sphalerite are argentiferous, and the
silver content of the ore ranges from very little to several hundred ounces per ton. The ores com1nonly contain less than 0.10 ounce of gold to the ton and in some
places none at all. The chief silver mine~·als in the ?re
are polybasite, argtenti:ferous tetrahedrite, ~rgentl.te,
pyrargyrite, and proustite, and locally there IS consiClerable native silver. Stephanite has also been reported,
and 1nercurial tetrahedrite has been identified in the
Colorado Central mine at a depth of 1,050 feet. The
chief gangue 1nineral in the lead-silver veins is quartz,
but there are also considerable amounts of brown carbonate, including siderite, ankerite, rhodochrosite, magnesite calcite and dolmnite; sericite, barite, cherty
' kaolinite are also connnon. Fluorite
.
silica, 'and locally
. occurs rarely.
Galena and sphalerite are cmnmonly contemporaneous but in smne veins galena is later than sphalerite.
Bo~h minerals were also among the last to crystallize,
forming on free faces in vugs. In several places pyrite
is later than both galena and sphalerite, although all
three are n1ore or less intergrown. Pyrite is present
everywhere, but is not prominent; its period of f?rmation lasted from the beginning to the end of mineral
deposition. The pri1nary silver 1ninerals are all closely
associated and were an1ong the last minerals to be deposited; in many places they form f~·ee crys.tals in
druses. Quartz, like pyrite, '\Vas deposited during the
whole pe1·iod of mineral formation, and the same is true
of the brown carbonates, but most of the carbonates are
late. Chalcedonic quartz in general belongs with the
late 1ninerals. Fluorite, barite, calcite, and kaolinite
are an1ong the last minerals to form and seen1 to have
. no close relationship to the metallic sulfides.
In general, then, the sequence of 1nineral deposition
in the veins is as follows : ( 1) Quartz and some pyrite;
(2) 1nassive galena, sphalerite, and pyrite with some
quartz ; ( 3) brown carbonates and quartz.; and ~ 4)
small a1nounts of all those na1ned, together With fluorite,
barite, calcite, and kaolin.
Spurr 54 believed that the silver minerals were the
result of secondary enrichment, but apparently based
his conclusion solely on the fact that the silver content
decreased with depth. He observed that native silver
and the soft black rich sulfide ores plainly of secondary
origin extended downward only about 200 feet below
the surface. Argentiferous tetrahedrite and ruby silver
M

Spurr, J. E., Gar.rey, G. H .. and Ball, S. H., op. cit., p. 140.
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were important constituents of the galena-sphalerite
ore more than 1,500 feet below the outcrop, however,
and it seems probable that most of these silver minerals were primary, certainly so below the upper levels.
The zone of complete oxidation commonly ranges in
depth :from 5 to 40 feet below the surface. The oxidized material is a brown clay, which is generally rich,
containing several hundred ounces of silver to the ton.
Below this zone and merging with the lower part of it is
a zone of partly oxidized ore containing friable, locally
powdery, black sulfides and bunches of (residual~)
galena believed by Spurr to be secondary. The pulverulent sulfides contain relatively large quantities of silver, lead, and gold. They are found especially along
cracks and water courses and have evidently been concentrated from leaner ores by descending waters. They
occur to depths of 200 to 300 feet from the surface, but
in decreasing quantity. From primary ore that assays
20 to 30 ounces of silver, secondary sulfides have formed
that contain 200 to 300 ounces of silver. In many lodes
pyrite and siderite are abundant in superficial parts of
the vein, and they apparently have been deposited by
descending waters.
Below the zone of soft supergene sulfides and irregularly overlapping it is the zone of such rich hypogene silver minerals as polybasite, tetrahedrite, and
ruby silver. These minerals diminish in quantity as
depth increases. In Inost veins the best ore was found
in the uppermost 500 feet, but rich ore occurred to a
depth of more than 800 feet in several lodes and was
noted 1,550 feet and even 2,000 feet below the surface
in the Pelican-Bismarck vein. The lower-grade galenasphalerite ores in many of the strongest and most extensive veins, such as the Terrible and the Pelican-Bismarck proved fairly constant in amount and character
to a depth of 1,200 to 1,800 feet. In other veins of
smaller horizontal extent commercial ore is limited to
the upper few hundred feet. In most of the mines on
Republican and Democrat Mountains the known ore
bodies are limited to the upper 200 to 400 feet.

Pyritic gold deposits.-The chief minerals in the pyritic gold deposits are pyrite, chalcopyrite, gold, small
amounts of silver, and quartz. Galena and sphalerite
are generally present in small amounts. Where galena
is relatively abundant it usually contains considerable
gold and silver. Some chalcopyrite is generally associated with the pyrite and locally is fairly abundant.
Tetrahedrite and soft black chalcocite are cmnmon but
not abundant. In the Griffith mine small quantities of
hessite were found with argentite. Platinum and iridium having a value of $3 a ton were reported from the
Centennial mine. Free gold visible to the naked eye is
found in places, but native silver is rare. The gangue
minerals besides quartz include small amounts of barite and brown carbonates of iron, manganese, magnesia,

and lime. Fluorite is present in some of the veins of
the auriferous belt and is abundant in the Big Chief
vein near Georgetown.
The valuable metals in the ores are gold, silver, copper, and in places, lead. Copper is present in most
veins, but in many there is not enough to be of value.
The ratio of gold to silver varies considerably. In
many veins it is about 1 to 2 ounces of gold to 20 to 40
ounces of silver. From these ores there is a transition
on the one hand to those having very little silver and
on the other to those where the silver is of greater value
than the gold.
In many of the mines the age relations of the minerals.
in the veins are obscure, but in the Griffith mine the
order of deposition of the pyritic part of the vein was
as follows : ( 1) Pyrite, brown carbonates, and quartz;
(2) chalcopyrite, quartz, galena and sphalerite, and
tetrahedrite; and ( 3) barite and kaolinite. Loc.ally
tetrahedrite forms in cracks in the chalcopyrite. In
the Centennial mine the gold occurs with the chalcopyrite. Sooty chalcocite is plainly the result of secondary enrichment. Fluorite in the Big Chief mine
near Georgetown is later than the main period of mineralization, as it coats cavities in the older sulfides.
The zone of essentially complete oxidation in the
pyritic veins corresponds to that in the silver-lead veins.
In the Centennial mine it extends to a depth of 15 o~
20 feet and is marked by the nearly complete oxidation
of pyrite to limonite.
The principal products of alteration of the feldspars
and biotite in the wall rocks are quartz, sericite, various
carbonates, and pyrite. Fluorite is present locally.
The alteration products of descending waters subsequent to vein deposition are principally kaolin and
calcite.

Localization of ores.-In the Silver Plume-Georgetown district, as in so many other localities in the Front
Range, the northwesterly premineral faults seem to be
the master figures responsible for the localization of
the district. This js particularly well exhibited in the
highly productive area just north of Silver Plume,
where the northwesterly Pelican-Bismarck vein, which
can be traced far to the southeast of the area in which
it was strongly mineralized, is believed to be the trunk
channel along which the ore-bearing solutions moved
from depths. Most of the productive vein systems in
this locality either branch from or approach close to
the Pelican-Bismarck vein, and nearly all the output
has come from within half a mile of this strong lode.
In the Diamond and Pelican tunnels red silicified breccia
occurs along the walls in places, indicating that the
fissure was first opened in the breccia-reef period of
faulting. Elsewhere in the district the control of trunk
channels is not so well exhibited, though there is a
suggestion that other strong northwesterly veins, such
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as the Sunburst-Sceptre, may have exercised a similar
control.
Many of the features controlling the localization of
ore shoots in the veins of the porphyry belt are well
illustrated in this district, and most of these features
were recognized and described by Spurr and Garrey in
1903. As in the other mining districts located in the
p re-Cambrian terrain, the ore sho·ots were localized in
I he most permeable part of premineral faults. Some of
the ore shoots al'e plainly due to certain structural features of the fractures, such as change in comse, change
in clip, branches or splits in the vein, and intersections
with other veins. Other ore shoots seem related t<J the
str uctlll'e of the wall rock, such as the relative angle made
by the foliation with the vein, the plane of weakness
made by a por phyry dike, or the impounding effect of a
porphyry dike lying ath wal't the vein. The largest number of ore shoots, howeYer, seem to be related to the kind
of wall rock, for a vein may be weakly mineralized
where it cuts schist and strongly mineralized where it
enters a granite or po rphyry mass, or it may be nearly
barren in porphyry and p r oductive as soon as it enters
granite Ol' pegmatite.
Although changes in course and clip were not recoglli zed by Spurr and Garrey as influential in localizing
ore, it seems apparent from the study of the mine maps
of the Wide ·west, Pelican-Bismarck, Co lorado Central,
and other veins that a change in dip or in course affected
the position and width of the ore. In the \Vide West
mine the larger ore masses were found on "flats," or
places where the clip was much less than the average.
In most places, the vei n clipped from 65 °-78 °, but the
ore bodies were broadest and richest where the clip was
only 45 °, suggesting a premi neml reverse fault. The
effect of a change of comse on a vein is illustrated in the
Peli can-B ismarck vein. There the right-hand wall
moved al1 eacl almost horizontally, tending to create
openi ngs where the course of the vein swung to the left,
and as shown in plate 10, the ore shoots were found
in these parts of the ve in . On the Mendota vein, the
left-hand wall moved ahead, and the principal ore
shoots are found where the course of the vein has
swung to the right. The Colorado Central vein has a
general dip to the northwest, and the footwall apparently moved clown and south,west at about 30°. T he
best ore occurred where the vein clipped northwest at
abo ut 60 °, and those parts where the clip steepened
greaUy or the vein became slightly overti1rnecl to the
southeast were much less pr oductive places, as they
would tencl to be closed by the movement of the vein
"·all s (fig. 52). The tendency of the ore to occur where
the vein swings to the r igh t is shown in figure 37. This
vein also shows what Sp urr called r ight-handed imbricat ion. As the main vein tends to d ie out it gives off a
fracture to the right or is pamlleled by an overl apping
862135--50----11
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After figure 90, Profe ssional Paper 63

52.--Section of the Colorado Central lode, Georgetown district,
showiug t he vertical imbr ication and bmncll ing of the lode.

FIGURE

f racture that is present a short distance to the right of
the person looking along the vein. Where the vein
imbricates there is a tendency for the mineralization to
die out along one vein and reappear on the overlapping
vein nearby, continue on it for some distance, disappear,
and reappear at about the same point on another parallel
vein farther to the right, according to Spurr. The
restriction of the or e to the part alongside the porphyry
dike is a featur P of this vein.
It has been common knowledge almost since mining
star ted in the district that junctions of veins ar e likely
to be the site of ore shoots. This type of control is well
ill ustrated in the Kirtley vein, where almost every junction has meant a good or(l shoot (fig. 53) . At the junction of the Stranger and K irtley vei11S and through a
distance of 600 feet beyond the junction the main vein
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55.- Part of the Terrible vein, Si lver Plume district, showing
the occurrence of ore at a junction of subparallel fissures.
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53.- KiL·tley vein , Georgetown district, illustrati ng the occurrence of ore at the junctions of minor veins.

was well mineralized. The Stranger contained ore :for
distance of 200 feet bet\Yeen the junction and a point
where a small vein branched from the Stranger. Similarly, the Terrible V(lin in the numbers 1 and 4 Dunderberg workings shows the influence of intersectinoo
fissure systems and the junction of two subparallel
fissures. Both places are marked by important ore
bodies, as shown in figures 54 and 55. The most productive ore shoot in the Pelica,n-Bismarck vein occurred
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54.- Part of No. 1 level , Dunderberg mine, Silver Plume district,
showing mineralization of fractured gran ite horse at the intersection
of two fissure systems at an acute angle. On the !eve'! below the
enti re horse is mineralized. Note relation of ore to granite and s~hist.

FIGURE

just south of its intersection with the Seven-thirty
vein (fig. 56). Although the intersection of these two
veins is not evident on th(l lower level of the mine, the
location and pitch of the entire ore shoot are apparently
determined by the intersection.
The relation of the wall rock to localization of ore is
apparent in many of the mines. Granite makes one of
the best wall rocks and schist of the Idaho Springs
formation one of the poorest. In th(l Terrible mine the
main veins are well mineralized in the granite and genprally are fissure fillings of ore, but they change to
barren seams of gouge or disappear entirely where they
enter schist. (See fig. 26.) Near the northeast end of
the Dnnderberg workings a strong vein in granite
passes into schist on the northeast and immediately
"horsetails" and ends within a short distance. A little
farther on, however, where a granite bar lies in the
schist, the vein reappears and is well mineralized
throughout the granite. On the upper or "A" level of
the Dunderberg min(\ a strong shoot of ore in granite
extends as far northeast as the contact with the schist
and there ends abruptly. This shoot follows the granite contact but does not enter the schist, although the
vein continues on as a poor, unmineralized fissure.
Granite walls are also more favorable than porphyry
in many places. On the Seven-thirty vein the fracture
crosses a dike of alaskite porphyry and is weak and
nearly unmineralized where the walls are porphyry,
though productive on both sides in the granite (fig. 57.)
Porphyry walls, however, are in general better than
schist walls. In the Maine vein an ore shoot one to
several feet wide occurred in the vein between porphyry walls but thinned markedly on entering the adjacent schist and soon disappeared. (See fig. 36.)
Some of the porphyry dikes provided planes of weakness that were followed by the premineral fault and
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FJGUH>J 56.--Section and profile of the Pelican-Bismarck lode, Silver Plume district, showing verti cal imbrication of vein and relation of
ore shoots to the intersection of the Seven-thirty vein.
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57.- Part of t he SO-foot level of the Seven -thirty mine at Silver Plume, illustrating the preference of ore shoots for granite walls rather than
alaskite po rph yry and the widening of ore at junctions.

thus were instrumental in determining the location of
the veins.
The most persistent vein in the Silver Plume district, the Pelican-Bismarck follow s a north-northwesterly porphyry dike for more than half a mile.
Similarly, the ore-bearing part of the Colorado Central vein follows a northeasterly dike of porphyry,
though the vein is more persistent than the dike. The
best ore in the Colorado Central vein, however, was
near the porphyry dike and between walls of granite
and pegmatite (fig. 37) . In the Frostberg and Mendota veins gently dipping porphyry dikes cut by the
veins apparently acted as guides for the rising mine1·alizing fluid and concentrated ore shoots in the wall rock
immediately beneath the porphyry dike. The most productive ore shoots in the Frostberg mine occuned immediately under the porphyry dike; the ore persisted
where the vein and dike coincided, but the vein became
barren and unmineralized after it cut through the dike
and entered the overlying schist. An ore shoot ocCUlTed beneath the same dike between granite walls in
the Mendota vein, but the vein became barren as it
crossed through the dike into overlying granite.
The be11eficial effects arising from a combination of
favorable wall rock and intersecting branch veins is well
illustrated in the No. 1 Dunderberg level, where two
branch veins unite in a granite mass and then enter the
adjacent schist (fig. 54) . The vein is nearly barren
in the schist, but an extremely good ore shoot occurs
at the intersection of the two fissures.
PELICAN- BISMARCK VEIN SYSTEM

The Pelican-Bismarck vein system 55 extends for more
than a mile along the south slope of Sherman Mountain,
" Spurr, .T. E ., Gnrrey, G. H. , and Ball, S. H ., op . cit., pp. 185- 186.

from just north of Silver Plume to Brown Gulch, 11,4
miles to the northwest. The Bismarck lode was discovered in June 1866 and the Pelican in 1868. The
Pelican claim was only 50 feet wide; the claims of
both the Pelican Co. and the Dives Co. were so narrow
that they failed to cover the lode. This led to almost
interminable litigation, which did not end until 1880,
when both claims were consolidated under the Pelican
and Dives Mining Co.
The Pelican-Bismarck vein system, consisting of a
main trunk vein with important branches at both ends,
is perhaps the strongest vein system in the Silver Plume
district. The trunk vein, called the Pelican-Bismarck,
in general strikes N. 60 ° W . and has a moderate to
steep northeast dip. The lode is complex, consisting
in large part of overlapping, splitting, and reuniting
or parallel veins occupying a narrow zone. The Seventh irty vein splits off from the northwest part of the
main trunk vein and strikes about S. 80° W. ; the Wisconsin-Corry City vein splits off from the southeast
part, and farther southeast the main vein splits into the
Dives-Dunkirk and Baxter veins, which strike about
S. 75 ° E. and S. 60 ° E ., respectively. The Dives-Pelican is the principal mine that exploits the main trunk
vein; it comprises about 15 miles of underground workings and develops the vein over a vertical range of about.
2,020 feet.
The vein was formed along a strong fault that followed a preexisting dike of rhyolite porphyry of group
6 (see pl. 7 and fig. 12) for about half a mile and continued both to the northwest and southeast beyond the
dike. It was most productive where it coincided with
the dike. The dike in turn followed an earlier fault
of the breccia-reef period; in places in the Diamond
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tunnel the reddish silicified sheared rock typical of the
breccia reefs is visible on the hanging wall of the vein
fissure, and at one place in the Pelican tunnel there is
an inclusion of this 'material in the dike. Silver Plume
granite is the chief wall roek other than porphyry dike
along the main trunk vein, but it contains many lenses
and bloeks of schist, and sehist and gneiss of the Idaho
Springs formation predominates to the northwest and
southeast. The porphyry has been faulted by the vein
so that in places it is very thiek and in other places is
entirely absent. The various streaks that make up the
vein may lie on one or both of the porphyry walls and
\Vi thin it; for example, on the Zero level there are two
parallel veins, both in porphyry and lying about 70
feet apart. The northeast vein has been called the
Bismarck and the southwest one the Pelican. In the
Diamond tunnel the strongest vein lies on the northea::;t
wall of the dike, but another productive vein lies partly
on the footwall and partly within the dike.
The principal metallic minerals of the vein are
sphalerite and galena with a considerable amount of
pyrite in places. The chief gangue mineral is quartz,
though barite, calcite, and, especially near the surfaee,
siderite are present. The galena and sphalerite are
both argentiferous, and the ore contains a little gold.
In 1896"the average value of the ore shipped from the
mine was $75 per ton. This ore contained 150 ounces
of silver and 0.1 ounce of gold to the ton, 14 percent of
lead, and 20 percent of zinc. Sulfides of silver, including argentite and polybasite, also occur, especially in
the upper levels. Native silver was common near the
surface. A specimen of ore from a depth of about 1,550
feet below the surface and 100 feet above the Pelican
level, consists mainly o£ sphalerite, with some quartz,
galena, tetrahedrite, polybasite, and a little dark-red
ruby silver.
The aggregate length of workings along the main
vein and its branehes is about 7,200 feet. Most of the
ore has come from a single shoot (fig. 56), which extended 500 to 800 feet along the vein and was continuons from the surface vertically down to the Bonomini
level; from that level, with an offset to the southeast,
it extended down to the lowest workings below the
Diamond tunnel-a total vertical distance of approximately 1,500 feet. The upper part of this shoot coincides with the junction of the rnain vein with the SevenThirty vein. It would appear that the junction of the
Seven-Thirty vein with the Pelican-Bis1narck lode bears
a causal relation to the principal ore shoot, but the
junction is very weak, and the Seven-Thirty vein is not
enriched near the junction. According to report, the
intersection of the Wisconsin lode with the PelicanBismarek has a similar effect.
At the surface the ore of the principal Bismarek shoot
eonsisted mainly of soft black silver sulfides, with much
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wire silver. From the surface to a depth of 40 feet
oxidized ores having the appearance of brown clay are
reported. These ores are said to have been the richest
in the vein, containing several hundred ounces of silver
to the ton. Mixed with the oxidized ores and extending
downward for 200 to 300 feet, especially along watercourses, are soft blaek sulfide ores plainly of secondary
origin. These ores consist ehiefly of galena and sphalerite intermixed with sooty chalcoeite and silver sulfantimonides and sulfarsenides, and contain several hundred ounces of silver to the ton. The ordinary ore of
the vein consists o£ intercrystallized quartz, sphalerite,
and galena with minor amounts of tetrahedrite. In
many localities pyrite is scattered through the entirely
f.,ltered porphyry of the vein. The best ore bodies are
said to have been found at a depth of 300 feet, but good
ore is also reported to have been found to a depth o£
1,800 feet. The galena-sphalerite ore is mueh the same
fron1 the top to the bottom of the mine, but the sphalerite seems to be relatively more abundant in the lowest
1evels.
The porphyry along the vein has been largely decomposed to a soft white material, consisting of sericite,
fine quartz, and iron carbonate. Near veins the wall
rock is highly silicified. Small veinlets and oval cavities lined with quartz and filled with what appears to be
kaolin are common. The kaolinitic material has been
detected as far down as the Pelican level, about 1,500
feet below the surface.
Postmineral movement has been slight. Here and
there, however, a few transverse faults, each with a displacement of a few feet, have been noted.
DIVES-DUNKIRK LODE oo

In the neighborhood of Cherokee Gulch the PelicanBismarck lode splits into the Dives-Dunkirk and Baxter
veins, the latter being in a direct line with the Pelican
lode but weaker than the Dives-Dunkirk. Farther
southeast both of these veins split repeatedly. In the
Diamond tunnel the Baxter vein dips almost vertically,
but the Dives, lying to the north, dips about 60° NE.;
thus the two branches tend to diverge with depth. The
Dives-Dunkirk vein has been followed continuously
from its junction with the Pelican to the workings o£
the Dunkirk mine. In the Ashby tunnel workings the
main Dives-Dunkirk vein is overlapped by a parallel
vein about 100 feet farther north, which may be a braneh
frmn it, though the actual junction is not exposed in the
accessible workings. The Dunkirk vein has not been
traced southeast of the Ashby tunnel workings, but
the l\forning Star may be its southeasterly continuation.
The Dives-Dunkirk vein follows a strong fault, which
has a general trend of N. 78° W. and a dip of 50°-80°
56 Spurr, J. E., Garrey, G. H., and Ball, S. H., Economic geology of the
Georgetown quadrangle (together with the Empire district), Colo.:
U. S. Geol. Survey Prof. Paper 63, pp. 192-194, 1908.
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NE. (pl. 10). Movement on the vein has been approxi- The New North vein, a separate vein from those already
mately horizontal, the northeast wall having moved described, skirts the northwest contact of the main pornorthwest 5 to 12 feet. The effects of mineralization phyry dike. This vein trends parallel to the Central
are rather irregular and bear no relation to the inten· vein and diverges from the porphyry contact toward
bity of faulting. Some parts of the fault zone are quite the northeast. On diverging it splits and has not been
followed farther northeast.
unmineralized.
These veins form a zone that is the core of a wider
The wall rock of the Dives-Dunkirk vein is chiefly
gneiss with some Silver Plume granite; no porphyry zone in which the rocks were sheeted and subsequently
has been observed. The foliation of the gneiss has a mineralized. Some of the veins thus formed have been
general north-south trend. The ore consists of spha- very productive. The principal vein is the Kirkley,
lerite, galena, and pyrite in various proportions, and which lies a few hundred feet northwest of the Colothe silver content 1nay be as much as 300 ounces to the rado Central vein. Another is the Munsill vein, which
ton. In general the effects of mineralization grow lies to the southeast. A noteworthy feature of all these
gradually less with increasing distance from the Peli- veins is the tendency of the individual veins to be discan vein. According to C. H. Morris, "the yield or pro- continuous and to overlap one another in an imbricate
duction from the Dunkirk group since the discovery and pattern. The veins overlapping to the north are offset
location of the Dunkirk clai1n in 1868 has been some to the west. On the 1,000-foot level, however, in the
200,000 ounces of fine silver." 57 This figure, however, northeastern part of the workings, the overlapping i::3
does not include returns from large amounts of ore to the east. Foster 59 stated that depth seemed to have
extracted from the west end of the vein between 1870 little effect on the metal content, although the mine
and 1880.
· was worked to a depth of 1,000 feet. He stated that
COLORADO CENTRAL VEIN 58
rich and poor ore channels were found at all depths.
The Colorado Central mine in Leavenworth Gulch, It is reported that the richest ore shoot in the mine was
llh miles S. 20° W. of Georgetown, is one of the most worked more or less continuously from the surface down
famous in the region. It was discovered in 1872, and to. the 500-foot level. This shoot between the 400- and
the estilnated total value of its output exceeds $8,000,000. the 500-foot levels contained the Carnahan stope, the
The strike of the Colorado Central vein or veins is richest in the mine. On the 1,000-foot level, the prinabout N. 45° E., and the dip is 60° NW. to vertical (figs. cipal vein (North vein) is exposed for 1,700 feet, but
37 and 52). The veins have been explored underground only 17 percent of this developed extent of the vein
for three-quarters of a mile, and the workings reach to is mineralized. On the 400-, 600-, 750-, and 850-foot
a depth of about 1,050 feet. The workings of the mine levels, which also have long stretches of development,
show a zone of parallel branching or overlapping veins. the percentages are about 55 to 71. It would appear
The main Colorado Central vein in its most productive that the entire vein is grading into an unmineralized
parts skirts along the southeast contact of a granite fault lead at depth. High-grade polybasite and ruby
porphyry dike that has a thickness of 8 to 40 feet. To silver ore were found on the 1,000-foot level, although
the southwest the vein leaves the porphyry contact and miners stated that the ruby silver was more abundant
finally splits, one branch swinging back to the porphyry in the upper than in the lower workings. Oxidation
contact and the other continuing the main trend of the in general extended only a few feet downward from the
vein. The northwestern branch is called the North vein surface, and the oxidized ore resembled a strongly ironand the southwestern branch the South vein. The stained clay. It is reported to have contained 1,000 to
junction pitches northeastward. On the Marshall tun- 2,000 ounces of silver to the ton. No zonal distribution
nel and Aliunde No. 3 levels there is a series of imbri- of the galena and sphalerite has been noticed in the
cated veins between the North and the South veins, mine.
The principal wall rocks in the Colorado Central
striking parallel to them and dipping 60° to 70° NW.
(fig. 52). Where they parallel these veins the North vein are porphyry, gneiss, Silver Plume granite, and
and South veins become weak. Similar intel'lnediate pegmatite (fig. 37). The gneiss is the most abundant,
veins are found at greater depth, especially as the junc- but it contains many dikes, lenses, and stringers of
tion of these two veins is approached. In places the granite and pegmatite. Solid pegmatite occurs in the
"flat" veins have a tendency to twist around, so that the wall rock to a greater extent than in most other mines
general strike becmnes some·what oblique to the regular of the region. Granite porphyry in many places forms
trend of the North and South veins. These discontinu- one of the walls of the main lode but rarely forms both
ous branching veins, which in places connect with the walls. Two distinct dikes of granite porphyry are
North and South veins, have produced considerable ore. associated with the Colorado Central vein. They are
51
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Spurr, J. E., Garrey, G. H., and Ball, S. H., op. cit., p. 194.
Idem, pp. 245-264.

59 Foster, E. L., The Colorado Central lode, a paradox of the mining
law: Colorado Sci. Soc. Proc., vol. 7, p. 48, 1902.
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parallel and 100 to 150 feet apart. The northwestern
dike is followed by the Central and North veins. On
the 400-foot level it is exposed for a distance of 2,000
feet and ranges in width from 20 to 40 feet, but on
the other levels it is only 4 to 15 feet wide. The northeast dike pinches out, and the North vein continues for
long distances in granite and gneiss. The southeastern
dike is called the Aliunde dike.
The wall rock most favorable for strong persistent
veins is granite or peg1natite. Hard gray granitic
gneiss mixed with pegmatite and granite is an abundant
wall rock in the central part of the mine, and in it the
veins are strong and productive. In the eastern part
of the mine workings soft black gneiss is prevalent and
is characteristically weak and unniineralized. The
gneiss strikes north or west of north diagonally across
the vein. In soft gneiss the vein is likely to break up
into overlapping parallel lodes where the foliation is
nearly parallel to the vein. The most productive parts
of the Colorado veins were near the Central porphyry
dike. The porphyry contact afforded a plane o·f weakness, which made a single strong and persistent circulation channel. The wall rocks throughout are more
or less altered to sericite, quartz, and siderite.
The pitch of the striations on the walls of the veins
ranges from zero to 45° SW. The striations indicate
that the southeast wall moved southwest at an average pitch of 20°. On the North vein in the Ocean Wave
tunnel the horizontal displacement is approximately 100
feet. The main faults have been reopened several times.
After the deposition of the porphyry dikes the faults
were reopened and vein material was depo'sited. Postporphyry faulting was renewed several times, and
successive mineral assemblages were deposited. Postmineral faulting has been of minor importance. In a
few places the northerly or northwesterly faults have
displaced the veins for short distances, the maximum
being about 12 feet.
The most abundant metallic minerals of the Colorado
Central veins are galena and light-yellow sphalerite
with small amounts of pyrite. The galena contains a
relatively small amount of silver. Most of the silver is
contained in polybasite, argentite, pyrargyrite, stephanite, proustite, and tetrahedrite. Polybasite appears
to be the most abundant silver mineral; it o·ccurs in massive form and in crystals lining vugs. Next, but much
less abundant, is ruby silver, chiefly pyrargyrite. Native
silver is occasionally observed. Only the richer ore
characterized by these silver-bearing minerals has been
worked. According to Foster,60 the average silver content of the ore n1ined over a 16-year period was 200
ounces to the ton. Very little gold was present, and
only one lot of the ore 1nined contained enough gold to
be paid for by the smelter; this lot consisted of concen° Foster, E. L., op.
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cit., p. 48.
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trates that yielded 0.25 ounce of gold to the ton. According to a miner, only one pocket in the mine, the
MacCarey stope on the 850-foot level, contained as much
as 0.1 ounce of gold to the ton. Hematite in aggregate"
of small crystals was found in the lowest part of the
mine, the 1,050-foot level, but th~ vein was barren of
ore. The principal gangue mineral is quartz, both
coarsely erystalline and chalcedonie, and it is locally
abundant. Siderite and ankerite are also: common. Calcite occurs in and near the veins, very commonly in the
barren parts.
Quartz was continually deposited from the beginning
to the end of the process of ore deposition. Siderite
and ankerite also were deposited over a long period.
Barite and kaolinite are apparently eharacteristic of
the later period of deposition, although barite has been
reported as one of the earliest minerals in the vein on
the 1,050-foot level. Pyrite, although in small quantities is as widely distributed as quartz. Deposition of
galena and sphalerite com1nonly began slightly aftet'
that of the first quartz and pyrite but was repeated subtetrahedrite,
pyrargyrite,
sequently. Polybasite,
proustite, and argentite appear to have been deposited
in the later stages, subsequent to the bulk of the older
vein 1ninerals. Hematite has been observed to be contemporaneous with quartz, sphalerite, and pyrite but
also in a later forn1ation 'vith siderite, ankerite, galena,
and pyrite. Specimens frmn the 500-foot level showed
the following succession: (1) Meditun-grained to
eoarse-grained intercrystallized galena, sphalerite, and
jaspery quartz and (2) kaolin, barite, and polybasite
in irregular geodes. A specimen from the 1,000-foot
level shows ( 1) cmnb quartz with a little pyrite, ( 2)
coarse-grained galena and sphalerite, ( 3) a thin coating of pyrite or chalcopyrite, and ( 4) finely crystalline
calcite. One specimen from the 1,050-foot level showed
a gangue of massive quartz and barite, in vugs of which
parargyrite, galena, and sphalerite were deposited. A
eharacteristic specimen from the dump showed ( 1) a
lining of comb quartz and some pyrite, ( 2) coarsegrained galena and sphalerite, (3) barite, ( 4) a thin
film of pyrite, and ( 5) ankerite or siderite.
All the pay ore contained polybasite and ruby silver.
Where these minerals were absent the silver content
rarely exceeded 25 ounces to the ton. Much of the firstelass ore after sorting, averaged 700 to 800 ounces of
silver. Second-elass ore averaged 200 to 300 ounces.
The ores 'vere found in irregular shoots, which commonly pitched westward. A stope on the North vein
extending 200 feet southwest of the junction and 100
feet above and below the 400-foot level contained the
richest ore in the mine and yielded about $1,000,000.
In the Carnahan stope below the 400-foot level ore
worth $500,000 is said to have been extracted from a
body 100 feet long and 50 feet high. The location of
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these and other bonanzas indicated that the junctions
of the veins may have been important in determining
ore deposition.
GRIFFITH LODE

s1

The Griffith is a strong lode on the west slope of
Griffith Mountain, about half a mile northeast of
Georgetown. It has· a general strike of N. 50° E. and
a vertical dip. The Griffith mine exploits the southwestern part of the vein and the Annette mine the
northeastern part. The vein is chiefly developed by a
series of tunnels up the mountainside, and the Annette
No. 1level follows it for 1,900 feet. In places the vein
branches and on the Annette No. 1 level it forks and
reunites. The east end of the Griffith lode shows only
a weakly mineralized slip. Near the southwest end
of the developed lode, a branch, called the Sonora vein,
diverges :from the south side, opening out to the east.
It strikes southeast and dips 70° NE. On the surface
some high-grade ore containing 700 to 800 ounces of
silver to the ton is said to have been taken from this
vein, but where it joins the Griffith it shows only a small
streak of pyrite.
The wall rock consists chiefly of gneiss of several
varieties, but also of some pegmatite, alaskite, and hornblendite. In most places the rocks are well mingled.
The vein shows two distinct periods of ore deposition,
and its character therefore varies widely :from place to
place. Considering the vein as a whole, the ore minerals include galena, sphalerite, pyrite, and chalcopyrite, and the chief gangue minerals are brown
carbonates, including siderite, rhodochrosite, and magnesite. Kaolin occurs in many places and is locally
abundant. A silver telluride containing some gold is
locally present in small quantities, associated with
pyrite, galena, and chalcopyrite in a matrix containing
a little magnesite. Dr. Pearce 62 gives an analysis of
the mineral and concludes that it is a mixture of hessite
and argentite. A specimen of this telluride ore assayed 17.5 ounces of silver and 1.97 ounces of gold to the
ton, with 13.75 percent of lead and 5.8 percent of
copper. The telluride ore occurred in a shoot that extended frmn the surface downward almost vertically.
In general the ores of the mine can be divided into
two classes: The galena ores, which contain galena,
sphalerite, chalcopyrite, and some pyrite, and the carbonate-pyrite ores, which contain carbonates, pyrite,
and some barite. These two classes of ore were deposited at distinctly different periods.
Most of the output of the lode has come from the
galena ores, though in general they are subordinate in
quantity to the carbonate-pyrite ores. In the galena
81 Abstracted from Spurr, .T. E., Garrey, G. H., and Ball, S. H., op.
cit., pp. 285-290.
62
Pearce, Richard, Notes on the occurrence of a rich silver and gold
mineral containing tellurium in the Griffith lode near Georgetown,
Clear Creek County, Colo. : Colorado Sci. Soc. Proc., vol. 5, pp. 242-243,

18\:18.

ores of the Griffith mine the metals in the order of
\ralue are lead, silver, and gold. In the Annette mine
]tis reported that the value of the ore is due more to
gold, silver, and copper and less to lead. The galena
ores are reported to contain an average of about 40
ounces of silver and 0.4 to 0.45 ounce of gold to the ton.
The carbonate-pyrite ore, :for the most part, could not
be profitably mined; its average grade was about 0.10
to 0.15 ounce of gold and 10 to 12 ounces of silver to
the ton, with little or no lead. However, one stope of
carbonate-pyrite ore is reported to have yielded 20 to
25 ounces of silver and 0.3 to 0.5 ounce of gold to the
ton. An assay of a specimen of this ore collected by
Spurr yielded 0.16 ounce of gold and 63 ounces of silver
to the ton. In many places the two classes of ores are
mixed. On the Annette No. 1 level this mixed ore
vielded 20 ounces of silver and 0.05 to 0.10 ounce of
~old to the ton. On the Griffith No. 1 level a small body
of rich ore in a low-grade vein contained 300 ounces
of silver and 0.10 to 0.15 ounce of gold f,o the ton and
some copper. This ore contained a sulfantimonide of
silver, either tetrahedrite or polybasite.
The sequence of the vein :formation is as :follows:
1. The opening of a strong fissure.
2. The deposition of comb quartz and then the filling
of the vein fissure with sulfides, comprising galena,
sphalerite, pyrite, and chalcopyrite; tetrahedrite was
noted along cracks in chalcopyrite.
3. Reopening of the vein with the :formation of much
larger openings. In some places this reopening split the
older vein in the middle, in others the older vein was
brecciated, and in still other places the new fissure departed locally or completely from the course of
the original one.
4. The deposition of abundant carbonate and pyrite
with very small amounts of chalcopyrite, galena, and
:-;phalerite. The carbonate is apparently a mixed carbonate of iron, magnesium, manganese, and lime and
probably includes siderite, magnesite, and :ferriferous
rhodochrosite. In places small crystals of quartz are
scattered through the carbonates, but for the most part
the deposition of quartz persisted longer than that of
the carbonates. Barite, commonly :found lining druses,
was the last mineral deposited.
The surface ores were very rich and, according to
Raymond,63 contained sufficient gold to repay sluicing.
It is reported that the upper levels contained more
silver, .gold, and copper and less galena than did the
lower and that on the upper levels much of the carbonate-pyrite ore was rich enough to yield a profit.
On the Griffith No. 1 level, 100 feet from the portal,
the Griffith vein is cut by a transverse fault striking
N. 43° W. and dipping 76° NE., which offsets its
~

ea Raymond, R. W., Mines and mining west of the Rocky Mountains :
41st Cong., 2d sess., H. Ex. Doc. 207, p. 368, 1870.
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northern part about 10 feet to the northwest. This
fault is later than both periods of mineralization.
DEMOCRAT MOUNTAIN GROUP 64

The Democrat Mountain group of veins occupies an
area a few thousand feet in diameter on the very summit
of Democrat Mountain, 2 miles northwest of Georgetown. As shown in figure 58, the zone of veins has an
easterly trend, but the veins themselves belong to two
sets, one having a northeasterly trend and the other a
northwesterly. There was considerable activity in the
district in the seventies, but for many years mining
operations have been unimportant. The approximate
value of the output has been about $2,000,000.
The veins of northwest strike include the EmmaGalie, the Polar Star-Junction, and the Fletcher-Silver
Cloud; those of northeast strike include the Rogers and
Cliff. Veins having strikes transverse to one another
may join without crossing or may cross. Where they
cross there has been no appreciable displacement. Some
of the weaker lodes have an irregular or curved trend,
more or less wavering between the two principal strikes.
This is typical of the Nyanza and Silver Glance lodes.
The vein filling is similar in both systems, indicating a
contemporaneous mineralization of the vein zones. In
the Buckeye mine postmineral movement was indicated
by angular fragments of the ore cemented by silicified
country rock.
The chief wall rock of the veins is biotite gneiss with
considerable granite and some pegmatite and diorite.
A single dike of porphyry, about 30 feet wide, was noted
in the Queen tunnel. It has a northeast strike, is at
right angles to the Queen of the West vein, and seems
to have no important relation to the vein. The wall
rocks are somewhat sericitized along the vein.
Porphyritic granite, or ''corn rock," because of its
greater rigidity, is more favorable to mineralization
than the gneiss. In several places lodes passing from
granite into gneiss show a tendency to split and break
up. Galena is the ·chief sulfide present in the veins,
but sphalerite also occurs, especially along the east slope
of the mountain. Pyrite is rarely present, but locally
there is some chalcopyrite.
Quartz is the chief gangue mineral; it occurs in both
a distinctly crystalline and a fine cherty state. In places
fragments of the crystalline quartz are cemented by the
chert. In the Cliff mine iron and manganese carbonates
were noted. The most characteristic ores of the group
are high-grade silver ores, which contain no gc>ld, and
less iron, lead, and zinc than the ores of the Republican
Mountain mines. The best ore contains several hundred
ounces of silver to the ton; the amount of low-grade
ore is not very great. Native silver has been found in
e4 Abstracted from Spurr, J. E., Garrey, G. H., and Ball, S. H., op. cit.,
pp. 303-309.
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several places. The quartz and carbonates are earliet·
than the galena and other sulfides. In some of the mines
the sulfide ore has been brecciated and cemented by
cherty silica.
In general the ore bodies of this group have been
few in proportion to the amount of exploratic>n, but
they have commonly been high grade. Apart from the
ore bodies the vein fissures show little mineralization.
According to repo·rts, the chief ore body of the group
occurred in the vicinity of the principal crossing of the
strong northeastward-trending Rogers vein with the
northwestward-trending Polar Star and Emma veins.
It is reported that around this junction, within a horizontal area o·f several hundred feet, $1,000,000 worth of
ore was extracted. Apparently nearly all the intersecting lodes had ore shoots; however, in most places the
ore did not occur at the junction but a short distance
from it. It is reported that the ore shdots on the east
side of the mountain dip east and those on the west side
dip west. The ore bodies of this district are charteristically shallow, most of the ore coming from within 200
feet o'£ the surface. Locally ore has been found to a
depth of 400 feet or more, but the lower workings commonly have encountered chiefly barren and soft unmineralized lodes.
The Emma-Galie lode trends N. 70° W. and appears
to cross the Rogers lode, which trends N. 75° E. A higharade ore sho·ot is said to have occurred on the Emma
b
.
vein where a minor diagonal lode intersected the man1
vein and coincided with it for some little distance before
crossing. The Polar Star-Junction vein trends about
N. 78° W. and crosses the Rogers. It has been developed along the strike fdr about 2,200 feet. To the
west this vein forks; the northern fork is the Polar
Star vein and the southern the Jordan. A small body
of ore was found on the Jordan, not far from the junc-tio·n. The Buckeye vein has a general strike of N. 85"
W. and a dip of 60° to 80° S. It is opened by two tunnels. The country rock is gneiss with a little pegmatite.
The vein tends to break up toward the east into a
number of branches. On the main vein, near the junction with the main branch, the chief body of ore was
found. The Queen of the West lode strikes about N.
58° W. and dips steeply southeast. It is a fairly strong
vein and contains a little ore. The Silver Glance is a
curving, oblique vein, having an average trend of about
N. 85° W., and a dip of about 55° S. It is developed
by a shaft and six levels, and considerable ore has been
taken from small scattered shoots along it. The northeast system of lodes is represented chiefly by the Rogers
and Cliff veins, which trend about N. 60° E. and are
nearly 1,000 feet apart. Minor veins of the same system
include the White Metal, Premium, and La Plata. The
Rogers is the strongest and most mineralized lode of
the reaion
and crosses the chief veins of the no·rthe,
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westerly system. It is opened up by the Edgar, Bonanza,
and White Pine tunnels.
The Cliff mine was actively worked as early as 1857.
According to Burchard's mint reports the output up to
1883 was $60,000. The mine is developed by four tunnels aggregating 2,500 feet in length. A number of
small branches that leave the main vein appear to have
had important influence on ore deposition.
OTHER MINES

Data on other 1nines of the district are given briefly
below. Detailed descriptions have been given by Spurr,
Garrey, and Ball. 65
ANGLO-SAXON

Det'elopment.-Discovered 1867.

Four levels, numerous cross

cuts and shafts.
Production.-Prior to 1883, $700,000.

Vein.-Anglo-Saxon: Strike, N. 70° E.; dip, steep to vertical;
irregular branching seams of oxidized material on surface.
lV a-ll rock.-At surface altered granite and pegmatite with
~ome gneiss striking N'. 40° W., and dipping 20° NE.
Ore a-nd sulfide mine1·als.-Argentite and galena.
Ga-ngne minerals.-Quartz.
Changes 'With depth.-High-grade ore in oxidized zone.

Teno1·.-High-grade ore, 1,000 to several thousand ounces of
silver per ton.
ANGLO-SAXON EXTENSION

Development.-Tunnels aggregate 2,500 feet; seven levels,
lowest 825 feet long in 1905.
P1·oduction.-1889: $2,016. Gold, $880; silver, $768; lead,
$~50 ; copper, $118. 1890 : $3,955. Gold, $1,100 ; silver, $2,246 ;
lead, $609.
Veins.-Anglo-Saxon Extension: Strike, N. 73° E.; dip, flatly
northwest; slickensides pitch 65° NE.
Wall rock.-Lowest level is in gneiss striking northwest.
Ore and sulfide minerals.-Chiefly galena but some malachite,
azurite, and cerussite in oxidized zone.
Gangue minerals.-Quartz.
Ore shoots.-Mostly pitch northeast.

Most of the ore is between Blacksmith Shop level and Seventh level 225 feet apart.
Tenor.-Lean ore yielding $10 to $18 per ton.
BAXTER LODE

DevelozmLent.-Exposed in Diamond and Ashby tunnels and
in inaccessible upper levels.
Production.-Total to 1880, $360,000.
Vein.-Baxter: Strike, N. 60° W.; dip, steeply northeast to
vertical. Is a southeast branch of the Pelican-Bismarck vein.
Wall 1·ock.-Silver Plume granite.
Ore and 8Ul{lde minerals.-Galena and sphalerite.
CENTENNIAL GROUP

Dcrelopment.-Burrel and Big Indian veins explored laterally

% mile and Centennial for 1,400 feet. Centennial shaft is 600
feet deep.
Production.-Centennial about $300,000; Burrel about $17,000.
Veins.-Centennial: Strike, N. 40° E.; dip vertical. Vein
branches and weakens at both ends. Branches at southwest end
are parallel and strikeS. 60°-70° W. Form zone several hundred
yards wide. Burrel, chief branch of Centennial ; Big Indian and
Big Chief are also branches of Centennial.
65

Spurr, J. E., Garrey, G. H., and Ball, S. H., op. cit., pp. 185-311.

Wall 1·ock.-Biotite gneiss with some pegmatite. Southwest
extensions in Silver Plume granite.
Ore and sulfide minerals.--Chiefly pyrite, chalcopyrite, tetrahedrite, galena, sphalerite, and pyrite. Gold is associated with
ehalcopyrite, and silver with tetrahedrite.
Gangtw mineTals.-Quartz ; some postore fluorite in Big Chief
vein.
Changes with depth.-Oxidation to depth of 10 to 20 feet.
Sulfides occur locally at surface. On 600-foot level vein is strong
but assays only $6 to $10.
Ore shoots.-Shoot from surface to below fifth level. On 500foot level, shoot is due to junction of two branches converging
to southwest. Maximum width of ore here is 10 to 14 feet.
Tenor.-Ore contains: Silver, 20 to 30 ounces per ton; gold,
1.0 to 1.5 ounces per ton; copper, 4 to 8 percent; average value,
300- to 500-foot levels, $18.60 per ton, three-quarters gold. One
assay on 500-foot level, 522 ounces of gold per ton. Small
amounts of platinum and iridium on 600-foot level. In Big Chief
vein ore about $10 per ton.
COMET-AETNA LODE

Development.-Original discovery, 1867.
Comet mine, 3
shafts and tunnels; Aetna mine, 3 tunnels.
Production.-$60,000 from one ore shoot.
Vein.-Comet-Aetna: Strike, N. 55° E., dip, 70° NW. About
5 to 8 feet of vein in places; few feet of ore at maximum. Fills
strong fracture. May be extension of Colorado Central. Soft
and difficult to drift. Zone 100 to 200 feet wide contains numerous quartz stringers.
Wall 1·ock.-A1tered pegmatite and granite with granite and
micaceous gneiss. Gneiss strikes N. 80° W., dips 45o NE.
Ore and sulfide minerals.-Galena and sphalerite and some
pyrite and a little chalcopyrite.
Gangue minerals.-Chiefly quartz but some siderite and ankerite; ore in cavities lined with drusy quartz.
Tenor.-Ore in Comet mine low grade. Ore in Aetna mine
35 to 300 ounces of silver per ton. Some assays as high as 1,600
ounces.
KIRTLEY GROUP

Development.-Kirtley vein opened 1,200 feet in Kirtley tunnel, 250 feet on Marshall tunnel level of Colorado Central mine.
Minor workings on other veins.
Production.-Kirtley mine: To April 1880, $250,000.
Veins.-Argentine: Strike, N. 75° E.; dip, 75° SE.; imbricates
Kirtley on northeast. Creole : Strike, N. 78 o E. ; branch of Argentine. Equator: Strike, N. 25°-40° E. Gates: Strike, N.
32° E.; dip, 55° N·w. Hidden Treasure; Strike, N. 25°-40° E.
Kirtley: Strike, N. 45° E.; dip, northwest in upper levels,
vertical in Kirtley tunnel, southeast in lower levels ; smaller
veins branch laterally and vertically. 0. K.: Strike, N. 55°-78°
E.; dip, 30°-35° N·w.; joins Kirtley 300 feet northeast of
Stranger junction. Stranger: Strike, S. 85° W.; dip, vertical;
main branch of Kirtley, turns northeast at junction. Tilden :
Strike, N. 87° W.; dip, 70° N., may join both Kirtley and 0. K.
Veins are an inch to 8 feet wide. Movement along veins was
slight.
TVall 1·ock.-In southwest part of mine, gneiss striking N.
15°-25° E., and dipping 70°-80° NW. In east part, granite
gneiss with pegmatite.
Ore and sulfide minerals.-Galena, sphalerite, polybasite,
tetrahedrite, chalcopyrite, pyrargyrite, proustite, and gold.
Gangue minerals.-Quartz, comb and chalcedonic.
Changes with depth.-In 0. K. and Tilden veins high-grade
oxidized near surface.
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Ore shoots.-Abundant ore at junction of Kirtley and Stranger
veins ; extends 500 feet to northeast along Kirtley and 200 feet
along Stranger. Best ore 20 to 30 feet from junction.
1'e:nor.-Fine-grained or fibrous galena contains more silver
than ordinary galena. Low-grade ores commonly are higher in
!'IDhalerite. Kirtley ore contained 100 to 600 or more ounces of
silver per ton. The Argentine and Creole veins contained much
lead, less than 100 ounces of silver per ton, some zinc, and 0.1
ounce of gold per ton. In the 0. K. and Tilden veins oxidized
ore contained 100 to 1,200 ounces of silver per ton. Best ore
i~ usually at junctions.
LEBANON GROUP

Development.-Lebanon tunnel 1,082 ft~et long ; 2,500-foot
tunnel on Edinburgh vein.
Production.-$500,000 or more.
Veins.-Network of branching and crossing lodes with general
northeast trend. Most branches open to east. Alhambra : Strike,
N. 55o E.; dip, 60° NW.; branch of Morning Star; intersections
usually enriched, slickensides horizontal. Edinburgh : Parallel
to Elija Hise vein. At junction with Scott vein, Edinburgh is a
6- to 8-inch quartz seam. Elija Hise: Strike, N .. 75° W.; joins
Alhambra. Everett: Strike, N. 65° E.; branch of Alhambra.
Morning Star: Strike, N. soo E., dip, 50°-65° NW.; eastern extension is East Peru lode; unites with Alhambra to west. Number 9 : Extension of Peru. Peru : strike, west; dip, vertical.
Scott: northeast extension of Alhambra.
Wall rock.-Gneiss having northeast trend. Morning Star vein
is partly on contact of Silver Plume granite and porphyry dike.
Silver Plume granite along Scott vein.
Ore and sulfide minerals.-Chiefiy galena, sphalerite, and
tetrahedrite but some C'halcopyrite and pyrite. Also iron oxides
in Edinburgh vein and some barite in Peru vein.
Gangue minemls.-Quartz.
01"e shoots.-Rich shoots at junction of Alhambra witll Morning Star vein ; stoped 100 feet above tunnel level.
Tenor.-At junction of Alhambra with Morning Star: 100 to
125 ounces of silver per ton, 26 percent of zinc, and 19 percent of
lead. Sorted shipment contained 26 percent of lead, 14 percent
of zine, 42 ounces of silver per ton, 0.1 ounce of gold per ton.
MAGNET LODE

DevelopJncnt.-Shallow shaft and 5 tunnels, lowest 500 feet;
aggregate, 6,000 feet of workings.
Produ.ction.-Prior to 1875, more than $50,000.
Veins.-Magnet: Strike, N. 45°-77° E.; dip, 45°-75° NW.
Vein follows strong fault with branching minor fractures.
Slickensides pitch 30°-63° S\V. Vein varies from single seam to
zone of stringers. On east two mineralized veins converge and
join Magnet; one strikes S. 57° ·w., the other S. 28° W. Vein is
cut by De Meli lode, which is unmineralized fault. Sequel :
Strike, northeast, dip, northwest.
Wall roclc.-Chiefiy porphyritic biotite gneiss. To northeast
pegmatite and injection gneiss ; farther northeast soft biotite
gneiss. Much alteration in places.
01·e and sulfide minerals.-Galena, polybasite, sphalerite, and
tetrahedrite; some chalcopyrite and pyrite.
Gang1w minemls.-Quartz and some barite.
Ore shoots.-Main ore bodies confined to hard rock. Junctions and flattening of clip influenced ore. Tunnel No. 1: Ore
body 250 feet along tunnel, from surface to 235 feet below, shoot
pitches 60° E. Body east of De Meli lode 40 feet long, steep
pitch; extended between levels 2 and 3.
Tenor.-Average gold content, 0.05 ounce per ton. Silver, 33
to 700 ounces per ton, some as high as 1,400 ounces; average,
150 to 300 ounces per ton. Silver content usually greater where
zinc is less. Ratio of zinc to lead is 2 : 1.

PAYROCK LODE

Development.-Discovered 1872. Vein developed 2,700 feet
along strike, workings aggregate about 5 miles ; lowest level
(Ashby tunnel) 1,000 to 1,500 feet below surface.
Pr·oduction.-To 1830, $:!50,000. 1889: Silver, $135,757.56; lead,
$3,952. 1890: Silver, $35,203; lead, $517. 1892: Silver, $217,479; lead, $6,107. Total estimated, about $2,000,000.
Yein.-Payrock: Strike, N. 50° E.: dip, about vertical. Best
ore at junction of veins. Payrock entirely cut off by Silver
Point dike.
Wall rock.-Hard gneiss (strike, clue north) with pegmatite
and granite porphyry dike (Silver Point "lode").
Or·e and Sltlfide minerals.-Chiefiy galena, some polybasite ( ?) ,
pyrite, and sphalerite.
Gangue minerals.-Chiefiy quartz but some calcite and siderite.
Changes with depth.-Carbonates more abundant near surface. Richest and longest ore bodies near surface. Secondary
sulfides reported 50 feet below surface. Good ore to maximum
of 1,200 feet below surface.
SEVEN-THIRTY LODE

loeation, 1870. Hercules tunnel.
Shaft with eleven levels, from Hercules level to depth of 975
feet. Above Hercules level 5 tunnels driven west, 3 east.
Workings aggregate 5 to 6 miles.
Pt·oduction.-To 1896, $1,868,720.97. Not much since 1896.
Vein,.-Seven-thirty: Strike, east to N. 50° E.; dip, from 80°
N. to 55o S., average soo S. Is a branch of Pelican-Bismarck,
but junction is inconspicuous. Slickensides are horizontal to
25° E.; left-hand wall moved ahead, but movement was small.
Vein is largely replacement of wall rock; commonly no definite
walls.
Wall rock.-Silver Plume granite, gneiss, pegmatite, an,d
quartz monzonite porphyry dike 50 to 8& feet wide, which dips
fia tly east to northeast.
Ore and sulfide minera.ls.-Galena, sphalerite, polybasite,
tetraheclrite, and a little pyrite. Native silver, argentite, and
pyrargyrite are also reported.
Gangue minerals.-Chiefiy quartz but a little barite and late
calcite.
Changes 1.vith depth.-Oxidized ore extends to about 40 feet
below surface, richest in mine. Ore said to be good down to
sixth or seventh level; below, it consists of sphalerite and pyrite
ores poor in lead and silver. On Burleigh tunnel level, 1,800
• feet below Hercules tunnel, supposed Seven-Thirty vein is very
weak and very lean.
Ore shoots.-Most favorable ground is where vein bends to
more easterly course and is between granite walls. West of
shaft is a fairly continuous ore shoot from surface, 1,000 feet
in pitch length and 900 feet in stope length. East of shaft are
scattered stopes over horizontal distance of 1,750 feet and
vertical distance of 400 feet.
Tenor.-1887-95 ore averaged 154 ounces of silver per ton, ll.fi
percent of lead, and 0.1 ounce of gold per ton; value, $113.17 per
ton. SomG! ore contained 1,400 to 1,500 ounces of silver per ton.
Developmcnt.-Original

SNOWDRIFT LODE

Development.-Two shafts and 4,500 feet of workings.

Vein
explored nearly 1,000 feet horizontally and 400 feet vertically;
some stoping.
Pr·odttetion.-1870: $96,316.80.
Vein.-Snowdrift: Strike, N. 85° W.; dip, about vertical.
Vein branches repeatedly in gneiss.
Wall rock.-Soft gneiss with patches of granite porphyry.
Ot·e and su-lfide mineral8.-Galena, gray copper, decomposed
sulfides (sooty chalcocite?), and sphalerite.
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Gangue minemls.-Quartz ( chalcedonic).
Changes with depth.-Ore extends down 300 feet.

Better

near surface. Upper bodies rich in silver.
SUNBURST AND SCEPTRE LODE

Developrnent.-Sceptre tunnel follows vein 2,300 feet. Two
tunnels on Sunburst vein, upper 132 feet above lower and 1,000
feet long. Lower, 225-foot crosscut and 900-foot drift on vein.
Ve'ilt8.-Sceptre: Strike, N. 73° "\V.; dip, 70° SW. Sunburst:
Strike, 1'\. 70° "\V.; dip, 70° SW.; is western extension of Sceptre.
Minor veins parallel to main vein. Vein of ore, or mixed ore,
quartz, and brecciated country rocks as much as 5 feet wide
bordered by zone of dense <:lay and crushed rock on hanging
wall alHl gray jaspery quartz on foot\vall.
Wall t·ock.-Chiefly gneiss and pegmatite. Local bodies of
Silver Plume granite.
Alaskite dike 15 to 18 feet wide along
southwest side of vein.
Ore and Sltlfi(le minerals.-Chiefly galena and sphalerite but
some pyrite, chalcopyrite, polybasite, and tetrahedrite. Some
native silver within 200 feet of surface in Sunburst mine.
Gangue 'lninerals.-Quartz, ferruginous rhodochrosite and
siderite. Also wall-rock fragments.
Changes with depth.-Ore in upper parts of shoots commonly
n little higher grade than in lower.
Ore shoots.-Main ore body in Sceptre mine, 1,250 feet north,yest of portal of tunnel. It was 320 feet long and pitched 16 o
southeast. Another body about 150 feet long, 1,700 feet from
tunnel portal. In Sunburst mine, one ore body extended from
125 to 325 feet from portal of upper tunnel and from surface
to lower level ; vertical to steep westerly pitch. Second ore
body, 490 feet southeast of upper tunnel portal, was 275 feet
in stope length and extended from 115 feet above upper level
to lowest level ; pitched northwest
Tenor.-Ore mostly low grade. Sceptre ore contained 30 to
300 ounces of silver and 0.08 to 0.12 ounce of gold per ton, 3 to
5 percent of galena, and 5 to 12 percent of sphalerite. Sunburst
ore averages 100 ounces silver and 0.08 to 0.10 ounce of gold
per ton, 4 to 5 percent of lead, and 8 to 10 percent of zinc.
TERRIBLE VEIN GROUP

(Includes Terrible, Dunderberg, Frostberg, Mendota, Smuggler, Mammoth-Brown, West Terrible, and Baltimore mines.)
Development.-Many miles of workings, many shafts. Developed at depths by Burleigh, Mendota, and other crosscut
tunnels.
Produqtion.-Probably several million dollars. 1890: Silver,
$19,368 ; gold, $1,950.
Veins.-Three master veins roughly parallel and about 500
feet apart: Mendota, Terrible, Fenton-Mammoth. Veins have
general trend of N. 70° E.; form zone 5,009 feet long and
1,000 feet wide ; many branches. On master veins and others
of northeast trend, southeast wall moved southwest. Where
veins are parallel to strike of gneiss they are barren. PostInineral faulting unimportant. In northeast part, all veins
eut strong northwestward-trending quartz monzonite porphyr~
dike. Baltimore vein: Strike, east-west; dip, 60° N.; branch
on northeast side of Fenton vein. Blaine vein: Branch of Fenton, may be western extension of Silver Ore; junction of Blaine
and Fenton pitches flatly to west. Brown vein: Strike, eastwest ; Brown and other minor east-west veins cut main FentonMammoth vein. Bush vein : Strike, east-west; dip, 70° N~850 S.; branch of Mendota vein in east. Cascade vein: Strike,
east-northeast: dip, 40°-60° N.; irregular branch on south side
of Terrible vein. Cashier vein: Strike, northeast; dip, 68°880 SE.; eastern extension of Cascade. Dunderberg vein: Strike,

northeast; dip 70° SE. to vertical ; main lode called Dunderberg northeast of where Terrible vein splits; Dunderberg
branches to northeast and cuts northwestward-trending quartz
monzonite porphyry dike. Elephant vein : Central branch of
Terrible vein. Fenton vein : Strike, northeast ; dip, steeply.
north to vertical ; southwest end of Fenton-Mammoth ; junction
of Blaine and Fenton pitches flatly to west. Fenton-Mammoth
vein: Strike, northeast; dip, steeply north to vertical; splits at
intersection with quartz monzonite porphyry dike, joins Terrible vein on northeast and southwest ; few inches to 3 feet wide
on Burleigh tunnel level. Frostberg vein: Strike, east to eastsoutheast; dip. 50°-80° N.; east branch of Dunderberg: cuts
quartz monzonite porphyry dike ; few inches to 5 feet wide ;
splits at depth into north and south Frostberg veins; worked
1,100 to 1,200 feet along strike. Gunboat vein: north branch
of Terrible. Mammoth vein: Strike, northeast; dip, nearly vertical; main vein northeast of intersection with Brown; cuts
quartz monzonite dike. Mendota vein: Strike, northeast; dip,
from 85° NW. to 72° SE.: splits on northeast into Bush and
Tishomingo veins ; fraction of foot to 4lh feet wide. Maine
vein: Strike, northwest; dip, 40°-60° NE.; few inches to 21h
feet wide· eastern extension of Terrible-Dunderberg system.
Queen vei~: Strike, east-west; dip, 55°-70° N.; branch of Fenton. Silver Ore vein : South branch of Terrible; may be eastern extension of Fenton. Smuggler vein: Strike, northeast;
dip, steeply south ; southwest extension of Mendota. Terrible
vein: Strike, N. 60° E.; dip, 60°-65° NW.; joins Fenton-Mammoth on northeast and southwest; splits at intersection with
quartz monzonite porphyry dike; reunites farther east to form
Maine vein; T'errible splits into branches (Gunboat, Elephant,
and Silver Ore). Tishomingo vein: Strike, west to northwest;
dip, 70°-89° N.; main branch of Mendota.
Wa,ll rock.-Ohiefly schist, gneiss, and Silver Plume granite,
both separate and mixed. Veins strongest in granite and weak
in gneiss and schist. Quartz monzonite porphyry dike trends
northwest. Other smaller clikes. 'Valls invariably altered.
Ore and sulfide minerals.-Galena, sphalerite, and pyrite.
Some polybasite, chalcopyrite, tetraheclrite, and ruby silver.
Gangue minemls.-Chiefly quartz but some siderite and
barite.
Changes with depth.-Ruby silver and polybasite most
abundant in upper levels. Silver content decreases with depth.
Sulfide fairly constant to 1,250 feet. In Mendota vein, 15 feet
below surface oxidized ores 5 to 10 feet thick, in places oxidized
zone went down 150 feet; lower down, less lead, more zinc;
silver decreases with depth; heavy pyritic ore in places near
surface.
Ore shoots.-Ore shoots localized by junctions, by granite wall
rock, and in eastward-trending parts of veins. I.-arge amount
of stoping on master veins. On Mendota vein, much stoping for
length of more than 2,100 feet and from surface to depths of
600 to 900 feet.
Tenor.-In general, ore contained from 20 to several hundred
ounces of silver per ton, 2 to 50 percent of lead, 4 to 40 percent
of zinc, and 0.01 to 0.22 ounce of gold per ton. High-grade ore
from Terrible vein contained 100 to 800 ounces of silver per
ton. Most of Mendota ore contained 20 to 40 ounces of silver
per ton. Considerable high-grade ore from Baltimore vein contained 200 to 500 ounces of silver per ton. Smuggler ore, 18931900, contained 15 to 156 ounces of silver per ton, 2 to 49.85
percent of lead, 4 to 40 percent of zinc, and 0.06 to 0.22 ounce
of gold per ton. South Frostberg vein, 200 to 400 ounces of silver
per ton in upper levels, 10 to 15 ounces on Mendota level.
WIDE WEST LODE

Development.-Original discovery, 1881.

other workings aggregate 8,500 feet.

Tunnels, shafts, aml
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P,roduction.-Several hundred thousand dollar's.
l'ein.-Wide West: Strike, N. 82° E.; dip, 60° to 75o NW.;
few inches to 12 feet wide. Vein at right angles to foliation
of gneiss. On lowest level lode composed of two parallel veins
10 to 20 feet apart. On No. 4 level main lode splits into 3 veins.
TVall t·ock.-Alternating bodies of pegmatite and granite
gneiss. Silver Plume granite in east end of lowest level.
Ot·e and sulfide 1n'inm·als.-Galena, polybasite, tetrahedrite, and
pyrite and some chalcopyrite and sphalerite.
Gangue ntinerals.-Chiefly gray quartz, barite, siderite, and
calcite.
Changes with depth.-Siderite and calcite common at surface.
Richest and largest ore bodies between 3d and 5th levels. Good
ore as low as 600 feet.
Ore shoots.-Ore bodies localized in the flatter parts of the
vein. Rich body on south branch of lode was 200 feet long
and 300 feet high and pitched slightly east. Both the main
vein and the two branches contained ore bodies about 75 feet
from the junction.
Teno,r.-Some mill runs yielded 1,000 to 2,000 ounces of silver
per ton. Mill run in 1905: Silver, 236 ounces per ton; lead, 8
percent; zinc, 4 percent. Highest silver content in fine-grained
galena.
WISCONSIN-CORRY CITY LODE

Development.-Corry City shaft, 850 feet deep on incline, with
10 levels; connects with Diamond tunnel at bottom. Upper and
lower Wisconsin tunnel above shaft collar to west. \Vorkings
nggregate more than 17,500 feet.
l ein.-Wisconsin-Corry City: Strike, west to northwest; dip,
:i0°-60° N.: follows strong fault zone, in places several feet
wide. Slickensides nearly horizontal. Ore along thin seams in
fault zone.
lr all rock.-Alaskite porphyry (altered), gneiss, and Silver
Plume granite.
Ore and sulfide minet·als.-Galena, sphalerite, and pyrite, and
some tetrahedrite or polybasite.
Oangue m inerals.-Ankerite and other carbonates and some
quartz.
('hanges 'IPith depth.-Most of ore taken out from surface to
depth of 300 to 500 feet. On Diamond tunnel level, lowest level
in vein, lode is poorly mineralized.
Ore .-;lloots.-Corry City ore shoot about 1,000 feet in pitch
lPngth and GOO feet in breadth. Two \Visconsin ore shoots, on~
:lbout GOO feet in pitch length and 300 feet in breadth and the
other 4GO feet in length and 200 feet in breadth.
'l'enor.-Ores have good siiYer content; the best ore contains
several hundred ounces.

EMPIRE DIS,TRICT

The Empire mining district 66 occupies an area of
about 8 square miles in the vicinity of Empire, in the
~outhwestern part of the Central City quadrangle. It
ranges in altitude frmn 8,500 to 11,500 feet.
The first activity in the Empire district was the discovery of the oxidized part of the Silver Mountain ore
zone in 1862. This gossan was washed in sluices and
treated in the same way as placer gravels, yielding a
good profit, and for several years the district was very
prosperous. Water was brought in a ditch from Mill
66 Spurr, J. E., Garrey, G. H., and Ball, S. H., Economic geology of
the fteorg-etown quadrangle (together with the Empire diRtrict), Colo. :
U. S. Geol. SurvPy Prof. Paper 63, pp. 383-410, 1908.

Creek, 31f2 miles away, and most of the surface material
\vas sluiced. These operations decreased in importance
after 1875 but continued in a small way for many years.
The total gold recovered by this n1ethod amounts to a
little more than 75,500 ounces. Lode mining has been
jntennittently productive since the ~eventies. After
several years of desultory output the district recently
assumed an important place with the development of the
Crown Prince-Atlantic group by Minnesota Mines, Inc.,
irmn 1934 to 1943, when the 1nine was shut down, owing
to World War II.
GEOLOGY

The pre-Can1brian rocks of the district include the
Idaho Springs formation, Swandyke hornblende gneiss,
granite gneiss, Boulder Creek granite, Silver Plume
granite, and pegmatite. Boulder Creek granite occupies the greater part of the area. Silver Plume granite
is present in the southern part and is also prominent
just to the north of Mill Creek. (See pl. 2.) A moder<ltely large area of schist borders the 'vestern part of th~
district, and small lenses and masses of schist, hornblende gneiss, and gneissoid granite are found scattered
irregularly through the district itself. The largest of
these lenticular masses is a northward-trending body of
schist about a mile long and a thousand feet wide in the
valley of North Empire Creek. The foliation in general
trends northeast but in places trends nearly due north.
Within the district there are many porphyry. dikes
and stocks of the Laramide revolution (pl. 2) that are
sin1ilar lithologically to those of the Silver PlumeGeorgetown district. A stock of monzonite of group
4 (see pl. 7 and fig. 12), Vh miles in diameter, occupies the western part of the district, and a small mass
crops out east of Miller Creek near its mouth. The
intrusion of the small stock that lies bet\veen Lion and
North Empire Creeks probably had an important part
in forming the fractures that surround it, which are
so extensively mineralized. These fractures include
those of the productive Minnesota n1ine and the Silver
Mountain ore zone (fig. 59). In various parts of the
area surrounding Empire there are dikes of quartz diorite and andesitic rocks, also of group 4. Quartz diorite
dikes of closely related character were found in the
Aorta tunnel of the Gold Dirt mine and in the Silver
Mountain mine. One mass in the Aorta tunnel is probably an independent intrusive body that does not reach
the surface. That in the Silver Mountain mine may
be an offshoot from the mass between Lion and North
En1pire Creeks. Dikes of quartz monzonite porphyry
of group 5 are li1nited to Douglas and Lincoln Mountains, the valley of Miller Creek, and the ridge between
Lion and North Empire Creeks. In the Empire tunnel are dikes of quartz diorite porphyry that appear
to be related. A few dikes of granite porphyry and
of alaskitic quartz monzonite porphyry, both of group
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7, are found underground in some of the mines. Alaskite porphyry forms a stock six-tenths of a mile long
a mile west of Empire, also dikes on the ridge east of
North Empire Creek and on the divide between North
Empire and Mill Creeks. The stock appears to cut
the monzonite. Alaskite porphyry was also found underground in a number of the workings. A number of
dikes of bostonite and bostonite porphyry of group 9
occur in the northern part of the Empire district and
also near the south end of the ridge east of Lion Creek
about half a mile north of Empire. A dike of bostonite
was found underground in the Golden Chariot mine,
and a dike of biotite latite of group 11, 21j2 feet wide,
was cut by the Elizabeth tunnel.
The Pleistocene deposits of the district include drift
of the earlier glacial epoch; drift, moraines, and outwash gravels of the later glacial epoch; and recent
alluvium.
ORE DEPOSITS

The ore deposits of the Empire district are almost
entirely of the pyritic gold type. The chief metal produced is gold, although in places there is sufficient copper to be of value. The chief minerals of the veins are
pyrite, chalcopyrite, and quartz. Rarely there are small
amounts of sphalerite and galena. The veins have a
general northeasterly trend and a steep dip to the southeast; they are chiefly limited to a narrow belt surrounding the quartz monzonite porphyry stock llh miles due
north of Empire and to the area just northeast of the
town.
Most of the veins are fissure fillings and occur both as
simple fractures and as complex lodes. A mile and a
quarter north of Empire is the strong zone of fracturing
and alteration, about 3,500 feet long and several hundred feet wide, called the Silver ~fountain ore zone.
This zone is impregnated with pyrite throughout and
contains irregular bodies of ore along certain fractures.
It lies a few hundred feet southeast of a small stock of
monzonite, which is elongated in a northeast direction.
A similar complex lode, in the Comet-Little Johnny
group, parallels it to the northwest. Where these lodes
end northwesterly cross lodes occur in the area between
them. It seems probable that this encircling zone was
formed by the stresses related to the intrusion of the
porphyry stock and probably reflects the collapse of the
roof when some of the underlying magma was withdrawn following a late stage in the consolidation of the
stock. The most important mines in the district are
found in the northeast parts of this zone. Just north of
Empire several short veins follow a northeasterly zone
of porphyry dikes.
In general the individual veins are not persistent,
though they may be wide, strong, heavily mineralized
shear zones. Few have been traced for more than 1,000
feet, and most of them have not been explored to depths

greater than 500 feet. Spurr believed that the gold content decreased with depth, but below the shallow zone
of superficial enrichment there is no definite evidence of
further impoverishment. Some of the vein zones maintain widths of as much as 15 feet for distances of more
than a hundred feet, as in the Minnesota mine, but in
most places the veins are less than 5 feet wide, and the
veins northeast of ·Empire are rarely more than 2 feet
wide. In most of the mines the country rock is Boulder
Creek granite, but in places the veins cut schist and
gneiss. The wall rocks along the veins are partly altered to sericite and quartz; in the Silver Mountain and
Little Johnny zones the alteration has been very intense
in places. Locally there appears to have been a kaolinitic alteration of some of the porphyry dikes.
Residual enrichment seems to have taken place in
many of the veins down to a depth of 40 to 50 feet
through the removal of the massive pyrite by oxidation.
It is possible that the leaf gold found in the Hidden
Treasure lode is due to secondary enrichment.
The gold seems to be chiefly associated with the chalcopyrite. The tenor of the ore in the district ranges
from about 0.2 to 0.4 ounce of gold, although small lots
have contained as much as 7 ounces to the ton. In much
of the ore the silver content is only a few ounces to the
ton, but in some shipments it is as high as 20 ounces w·
the ton. The copper content is generally only a few per:;.
cent. Some lots contain as much as 12.5 percent of copper, and others contain so little copper that the smelter
does not pay for it.
MINNESOTA MINE

The Minnesota mine is on the east side of Lion Creek,
1¥2 miles N. 12° W. of Empire, at an altitude of about
9,850 feet. The mine is developed by more than 7,000
feet of workings (pl. 13), which comprise a main-tunnel
level aggregating 4,200 feet and two other main leveb,
one 100 feet above and the other 100 feet below the
tunnel level. They are connected by raises, winzes, and
a shaft, the collar of which is at the portal of the tunnel.
In 1936, at the time of the writers' visit, the lowest workings were 130 feet below the tunnel level and about 550
feet below the highest outcrops of the veins. The ore
was treated in a 120-ton mill, near the portal of the
tunnel.
The 1finnesota mine comprises the Crown Prince,
Atlantic, Comet, and Comet Extension properties,
which were formerly operated as separate mines. The
individual mines have been described by Spurr. 67 In
1934 the properties were taken over by the D. A. Odell
Mines Co., and extensive development work was begun.68
The ore was milled in the 100-ton Gold Dirt flotation
mill. In 1935 a 100-ton cyanide plant was built near
Spurr, .r. E., Garrey, G. H., and Ball, S. H., op. cit., pp. 406-408.
Henderson, C. \V., Gold, silver, copper, lead, and zinc in Colorado:
Minerals Yearbook, U. S. Bur. Mines, p. 215, 1935.
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the portal of the main tunnel, and the mine became the
largest contributor of gold ore in Clear Creek County.69
On January 1, 1936, the name of the company was
changed to l\iinnesota Mines, Inc. D~ta as to the output
of the mine are not available, but since 1934 the mine
has been by far the most productive in the Empire district. The output of gold in the district jumped from
1,661.18 ounces in 1934 to 4,578.80 ounces in 1935 and to
11,571.11 ounces in 1936. 70 The rapid increase was
almost entirely due to the output of the l\iinnesota
nnne.
The veins of the Minnesota mine are in Boulder Creek
granite on the northwest side of a stock of monzonite.
porphyry about 1,000 feet in diameter. Dikes of finegrained gneiss or gneissic aplite occur as wall ro:ck in
places, and to the northwest of the veins schist is exposed in a crosscut from the main tunnel. In places
the Comet vein borders or lies within dikes of n1onzonite
porphyry (pl. 13), and in one stope. 011 this vein a small
dike of bostonite porphyry was noted. At several places
in the Atlantic vein there are thin irregular seams of
intrusive breccia 6 to 12 inches wide. The veins seem
to be within the zone of hydrothermal alteration sur-rounding the porphyry sto·ck (fig. 59) , for the granite
between the veins and for more than 50 feet southeast of
the Comet vein is sericitized and contains small amounts
of disseminated pyrite. The alteration effects extend
for about 3 feet northwest of the Atlantic vein, but beyond that the rock is nearly fresh.
The relations of the various veins to one another
are shown on plate' 13. The two main veins are the
Atlantic and the Comet, which extend approximately
parallel to each other about 200 feet apart, the Atlantic
being to the northwest. Both strike about N. 40° E.
and dip steeply to the southeast. Southwestward the
Atlantic vein splits into the E vein, which strikes about
N. 65° E., the Fault vein, which strikes abo·ut N. 55° E.,
and a strong but relatively barren fault fissure, which
strikes about N. 30° E. For the most part the veins dip
steeply to the southeast, but locally they steepen to
vertical or even turn over to a steep northwest dip.
The Comet vein is very irregular in width. At the
southwest end of the tunnel drift it is only about 5 feet
,wide, but to the northeast it widens to as much as 8
feet and finally spreads out into a mineralized shear zone
30 to 50 feet wide. The Atlantic vein averages about 5
feet in width for much of its length, but near the junction of the "E" vein and Fault vein it widens to as much
as 25 feet. The Fault vein is 5 to 12 feet wide but locally
widens to as much as 20 feet. The "E" vein and "B~'
vein are small veins 2lj2 to 3 feet wide.
Ther.e have been at least two periods of stro11g movement along the veins; the ore is strongly sheared and is
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broken by gouge seams throughout the veins. Grooves
on the walls of the Atlantic vein pitch 38°-40° SW.
Some found near the breast of the tunnel seem to be preore and to indicate that the northwest wall moved down.
Others in the stope near where the vein splits are
on the wall of a gouge seam that cuts a small pyrite
vein, and they appear to indicate that the southeast wall
moved down. On the Comet vein, grooves on the walls
of a narrow vein containing sheared pyrite indicate that
the southeast wall moved southwest and down at 60°.
Though this evidence is far from conclusive it suggests that in the early movement the northwest walls
of the veins Inoved do·wn to the southwest at about 40°
and that the postore movement was in the reverse direction. The amount of displacement due to these movements could not be determined. The veins seem to be
related to a fracture system concentric to the porphyry
sto·ck, and it is likely that the intrusion of the stock had
much to do with the formation of these fissures.
The veins throughout the mine are made up of
sheared and sericitized granite containing abundant
irregular seams of gouge, horn quartz, and pyrite, a
fraction of an inch to 15 inches wide, and abundant
disseminated pyrite. (See pl. 13.) Thin irregular
pyrite veins commonly extend into the ·walls. Most of
the pyrite seams are less than 3 inches wide, but locally
they widen to 15 inches. The wider seams show evidence of having been formed by replacement of the
granite. Most of the pyrite is fine-grained; its granular
texture apparently resulted from fine crushing during
postore movement, as in places there are fragments and
fragmental seams of coarse-grained pyrite. Small
amounts of chalcopyrite and galena are found. The
chief valuable n1etal in the ore is gold, and the best
ore is that in which the fine-grained pyrite is most
abundant. The silver content of the ore is uniformly
low.
The tenor of the ore ranges from 0.18 to more than 1
ounce of gold to the ton but averages about 0.3 ounce,
according to Joe Messick, the mine superintendent. Ore
from the B vein averaged about 0.4 ounce, but that
from the Fault vein contained only 0.18 to 0.20 ounce
to the ton. The tenor of the Atlantic ore ranged from
0.3 to 0.6 ounce to the ton, and where the Comet vein
was first cut in the bottom level it averaged 0.8 ounce
of gold to the ton through a width of 30 feet.
The ore shoots in the Minnesota mine are very ext pnsi ve. On the tunnel level there is a continuous stope
on the Atlantic vein for 925 feet, and it is almost continuous along the Fault vein and B vein for another 875
feet, making a stope length of about 1,800 feet. The
stope also extends for 550 feet along the E vein. These
stopes extend upward for 30 to 70 feet above the tunnel
level, and a few pockets of ore have been found still
higher. The ore appears to be continuous downward
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for at least 100 :feet below the tunnel level, though
stoping below the tunnel had not progressed very far
at the time of the writer's visit. On the Comet vein
there is a nearly continuous stope 200 :feet long, which
extends for about 70 feet above the tunnel level and
appears to have :followed a junction of two or more
veins. The best and widest ore on the Atlantic vein
came :from near the junction of the Fault and E vein
and the best and most extensive ore bodies on the Comet'
vein seems to be close to where the vein splits into
numerous branches.
OTHER MINES

Data on other representative mines are given briefly
below. Detailed descriptions may be :found in Pro:fes~donal Paper 63. 71
CASHIER

Development.-Tunnel with 450 feet of workings; shaft with
several drifts.
Veins.-Cashier: Strike, N. 50° E., dip, 70° SE.; breaks up
into several smaller veins to northeast.
Wall rock.-Granite, cut in places by seams of pegmatite. In
places, granite is highly altered.
Ore and sttlfide minerals.-Pyrite, chalcopyrite, and gold.
Gangue minerals.-Quartz.
Tenor.-Some of ore contained as high as 31h to 6 ounces of

gold per ton.

Ore shoots.-Mineralized streaks generally so narrow that
mine has not been highly productive.
Ten or.-Reported as high as 8 ounces of gold per ton in places.
Small tongue of altered alaskite porphyry at breast of mine assayed as high as 8 ounces of silver and 0.15 to 0.20 ounce of gold
per ton.
EMPIRE TUNNEL

Developrnent.-More than 3,000 feet long. Planned to cut important veins of district at depth. Intersects Empire City-Gold
Bug group of veins.
Veins.-Small unimportant lodes cut by tunnel. Veinlets of
pyritiferous quartz abundant.
Wall rock.-Silver Plume granite and gneiss of the Idaho
Springs formation. Also masses of gneissoid granite and dikes
and irregular masses of dioritic rock ; a few dikes of granite porphyry and bostonite porphyry.
Ore and sttlfide minerals.-Pyrite, galena, sphalerite, and
magnetite.
Gangue minerals.-Quartz.
GOLD BUG

Development.-Tunnel along vein.
"Vein.-Gold Bug: Strikes N. 40° E.; dips 80° SE.

Pyrite and
quartz streaks few inches in width and small stringers of pyrite
forming network several feet wide in granite.
Wall rocl·c-Hanging wall mostly granite; footwall mostly
alaskitic quartz monzonite porphyry.
Ore and sulfide minerals.-Pyrite.
Gangue minerals.-Quartz.
GOLDEN CHARIOT

CONQUEROR

Development.-Crosscut tunnel 1,100 feet long and 2,000 feet
of drifting. Shaft conneds with tunnel level.
Production.-Considerable.
Veins.-Conqueror: Strike, N. 70° E.; dip, 75° NW.; several
feet wide. Zone of clay and crushed rock. Patsy: Strike, N.
23° E., dip, 80° SW.; faulted by Conqueror vein. General Harrison and Rosencrans, both faulted by Conqueror vein.
Wall rock.-Silver Plume granite with some gneiss and pegmatite. Dikes of alaskitic quartz monzonite porphyry on northwest wall in places. Walls impregnated by pyrite and quartz.
Ore and sulfide minerals.-Pyrite, gold, and some chalcopyrite.
Gang'lte minerals.-Clay and quartz.
Changes with depth.-Ore decreased in value above and below tunnel level.
Ore shoots.-Highest grade and largest body of ore obtained
at point where two branches of Conqueror vein came together
near shaft ; stope 250 feet long, 5 feet wide, and 125 feet high.
Tenor.-Ore in Conqueror vein in stope near shaft averaged 3
to 4 ounces of gold per ton. Best ore contained 5 ounces of gold
per ton. In northeast drift patches of ore gave assays of 3
ounces of gold and 3 to 4 ounces of silver per ton. Average
throughout mine much lower. Patsy vein was low grade and
produced little ore. Other veins have not yielded ore.
EMPIRE CITY

Development.-Tunnel follows vein for more than 650 feet.

Veins.-Empire City: Strike, N. 43° E.; dip, 70° NW. to 80°
SE.; narrow, made up of clay and crushed gneiss. Vein 60 feet
southeast of Empire City strikes N. 36° E.
Wall rock.-Soft biotitic gneiss containing patches of pegmatite.
Ore and sulfide minerals.-Pyrite, chalcopyrite, and gold.
Gangue minerals.-Clay and quartz.
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Det1elopm.ent.-500-foot crosscut tunnel and a 200-foot drift

on vein.
Vein8.-Golc1en Chariot: Strike, N. 50° E.; dip, 75° NW.;
crushed rock lead, 1 to 3 feet wide.
Wall 1·ock.-Hanging wall, bostonite and some gneiss; footwall, gneiss and some pegmatite and alaskite.
Ore and sulfide minerals.-P;yTite and chalcopyrite.
Gangu,e 1niner·als.-C1ay and quartz.
HARRISON

Development.--Tunnel 400 feet long.

Vein.-Harrison: Strike, N. 10° E.; dip, 70° E.; 4 to 10 inches
wide. Other veins: Strike N. 80° E.: dip 73° N.; strike N.
58°-65° E.; and N. 52° E.; 3 to 8 inches wide. History of vein
formation: Development of east-west fissures; filling by
sphalerite-pyrite ore; brecciation of sphalerite ore; filling of
new fractures by quartz and pyrite; formation of north-south
fractures faulting east-west veins; filling of north-south veins
by quartz and pyrite; formation of new set of east-west fractures that fault north-south veins.
Ore a,nd S'ltlfide minerals.-Pyrite, sphalerite, and galena.
Gangue minerals.-Olay and quartz.
HIDDEN TREASURE

Development.-Two tunnels, one 700 feet above the other.

rein.-Hidden Treasure: Strike, N. 78° E., angular frag
ments of granite, quartz, and granite gneiss in massive pyrite·
chalcopyrite ore found on dump.
Ore and sulfide minerals.-Gold, pyr1te, chalcopyrite, and
some galena and sphalerite.
Gangue minet·als.-Quartz.
Changes 'lDith depth.-Lower tunnel cut only a barren fault.
Tenor·.-Mine produced largest and finest free gold in dis-

trict, leaf gold and small irregular masses.
duced ore of exceptiona1ly high grade.

Upper tunnel pro·
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JACKPOT

Vein.-Jackpot: Broad soft lode impregnated with pyrite in
places; in other places, quartz-pyrite-chalcopyrite stringers.
Wall rock.-Granite.
Ore and sulfide minerals.-Pyrite and some chalcopyrite.
Gangue minerals.-Quartz.
MINT

Development.-500-foot tunnel and a drift 150 feet below
tunnel level, connecting with crosscut from Cashier workings.
Two shafts from tunnel level to depths of 50 and 80 feet.
Vein.-Mint: Strike, N. 20° E.; breaks into several smaller
veins to northeast.
Wall rock.-Granite, cut in places by seams of pegmatite. In
places granite is highly altered.
Ore and sui/ide minet·als.-Pyrite, chalcopyrite, gold, galena,
and some sphalerite.
Ga.ngue minerals.-Quartz.
Changes with depth.-Gold-bearing and silver-bearing pyrite-

chalcopyrite ore of upper levels changes to galena-chalcopyritepyrite ore with less gold and more silver in lower levels.
Tenor.-Near surface and for some distance below tunnel
level, pyrite-chalcopyrite ore contained 3% to 41h ounces of
gold and 14 to 18 ounces of silver per ton. To depth of 150 feet
below tunnel, galena-chalcopyrite-pyrite ore contained 2%
ounces of gold and 23 ounces of silver per ton.
ORO CASH

Det'elopment.-Tunnel more than 300 feet long.
Vein.-Oro Cash: Strili:e N. 22° E.; contains pyrite and quartz

in clay and crushed rock.
Wall rock.-Chiefly granite; near breast 3 dikes of different
kinds of porphyry.
GOLD FISSURE, GOLD DIRT, AND SILVER MOUNTAIN

(Silver Mountain ore zone)
Development.-Three shafts with 3 to 6 levels each. Aorta
crosscut tunnel passes under Silver Mountain and Gold Dirt
mines and forms 6th level of latter. In zone southwest of
mines Bay State tunnel is on about the same level.
Veins.-Silver Mountain ore zone: Strike, northeast; fractured and altered zone 3,500 feet long and several hundred
feet wide; made up of many slips and fractures intricately
branching and crossing; includes Gold Fissure vein, which
branches into Gold Dirt and Tenth Legion veins, and Silver
Mountain lode, which strikes northeast, branches to northeast
and in places is 60 to 70 feet wide of crushed and altered gneiss.
Wall rock.-Gneissoid granite and biotitic gneiss. Numerous
dikes and a few larger intrusives of dark dioritic rock. Wall
rocks largely altered to sericite and quartz, pyrite abundantly
disseminated throughout.
Ore and sulfide minerals.-Pyrite, chalcopyrite, black copper
sulfides, and gold.
Gangue udnerals.-Quartz, sericite, and some siderite:
Changes uiith depth.-Lodes stronger in upper levels than in
Aorta level. Some veins, strong in upp2r levels, are mere slips
in lower levels. Chalcopyrite and black copper sulfides more
abundant in upper level. Veins entirely oxidized to depths of
40 feet. In Gold Fissure vein best ore extended for 25 to 150
feet beneath the surface.
Ore shoots.-Lodes formed along slips or zones of intense
crushing; best ore along veins, but in places wall rock sufficiently
mineralized to be ore. Some of largest and most persistent ore
bodies consist of irregular impregnations of country rock by
sulfides (filling microscopic fissures) on either side of small fis
sures. Ore bodies seem to have no relation to junctions or splits.

•

Tenor.-Oxidized ore sluiced and passed through stamp mill
yielded $70 to $85 per ton in gold; residual parts contained $2.50
to $70 per ton in gold. Highest grade ore contained several
ounces of gold per ton. Sulfides yielded about 80 percent of
values ; rest was free gold. Large masses of low-grade ore. In
Gold Fissure vein best ore assayed 10 ounces of gold per ton.
In Gold Dirt smelting ore averaged 3 ounces of gold per ton. In
Tenth Legion vein ore carried as high as 12112 percent of copper,
7 ounces of gold, and 20 ounces of silver per ton; 2 feet of ore on
125-foot level yielded $45 to $50 per ton. Surface ore yielded
$35 per ton.
LAWSON-DUMONT DISTRICT

The Lawson-Dumont district 72 occupies about 10
square miles in the south-central part of the Central
City quadrangle. It lies along Clear Creek between the
Idaho Springs and Empire districts, includes the
towns of La.wson and Dumont, and extends for about
1 mile south and 2 miles north of the creek. (See pl. 4.)
GEOLOGY

The rocks of the district include the Idaho Springs
for1nation, granite gneiss, gneissic quartz diorite, Silver
Plume granite, pegmatite, and porphyries of the Laramide revolution. Schists of the Idaho Springs formation occupy most of the eastern part of the district.
The general trend of the foliation is northeasterly, and
the clip is approximately 40° NW. Fingers and lenses
of granite gneiss and pegmatite of northeasterly trend
are scattered through this schist area. The western
part of the district is chiefly occupied by granite gneiss,
which is probably an aplitic facies of the Boulder Creek
granite. Many lenses and irregular masses of schist are
present in the granite gneiss. In the northern part of
the district there is a strong bifurcating northeasterly
dike of gneissic quartz diorite also related to the Boulder
Creek granite. West of Lawson several irregular masses
of Sjlver Plume granite cut the granite gneiss.
The intrusives of the Laramide revolution in the
district include 1nonzonite porphyry of group 4, quartz
monzonite porphyry of group 5, and bostonite of group
9. (See pl. 7 and fig. 12.) The monzonites occur as
northwestward-trending dikes, chiefly in the central
and northeastern parts of the district. An east-west
systmn of bostonite dikes associated with a small stock
occurs in the southeastern part of the district, and a
strong northward-trending dike of bostonite cuts the
granite gneiss in the northwestern part of the district
(pl.2).
STRUCTURE

The pre-Cambrian structure of the district appears
to have had consderable influence on the structures
formed during the Laramide revolution. The foliation in the Idaho Springs for1nation has a general
72 Bastin, E. S., and Hill, J. M., Economdc geology of Gilpin County
and adjacent parts of Clear Creek and Boulder Counties, Colo.: U. S.
Geol. Survey Prof. Paper 94, 1917 .
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northeasterly trend averaging about N. 50° E. and a
dip ranging from 35 ° to 50° NW. The foliation in
the granite gneiss has approxin1ately the same trend,
and the granite gneiss tends to finger into the schist
along the planes of foliation. The earliest Laramide
fissures in the district are those occupied by the
monzonite dikes. They also are chiefly of northeasterly
trend, but some of them trend northwest and east-west.
Apparently the next tectonic stage was the opening of
the east-west fissures filled by the bostonite dikes. The
fault fissures followed by the veins are of two distinct
sets. One of predominantly northeastward-trending
fissures, confined largely to the western part of the
district, contains lead-silver ores; the other, chiefly of
eastward-trending fissures contains pyritic gold ores.
As evidence in the nearby Empire district indicates that
the lead-silver veins are earlier than the pyritic gold
veins, the same relationship is believed to hold in the
Lawson-Dumont district.
ORE DEPOSITS

The ore deposits of the Lawson-Dumont district are
of the two above-nan1ed types, lead-silver and pyritic
gold. The lead -silver ores are very similar to those of
the Georgetown-Silver Plume district, and the pyritic
gold ores resemble closely those of the Central CityIdaho Springs district; both show the same general mineral content and paragenesis. The lead -silver. veins
have a general northeasterly trend and are found chiefly
in the western part of the district. A few lead-silver
veins of various trends also occur near Dmnont. The
pyritic gold veins are limited to the eastern part of the
district in the vicinity of Dumont. The majority of
the veins have an east-west trend, but some strike northeast and some northwest. In a few of the pyritic veins
some lead-silver ore also is found, but such occurrences
are rare.
The chief minerals of the lead-silver veins are galena,
sphalerite, and pyrite. Silver 1ninerals, such as proustite, pearcite, and polybasite, occur in varying amounts,
and are abundant in the high-grade silver ores. These
ores in general range in tenor frmn about 50 to 1,000
ounces of silver to the ton, frmn a few percent to 50 percent· of lead, and from a few percent to 20 percent of
zinc. Their gold content is generally very low, commonly a few hundredths of an ounce. Quartz is the
chief gangue mineral, although some siderite is usually
present. Chalcopyrite is found in smne of the ores but
is rarely abundant enough to be of commercial importance. In general the sequence of mineral deposition is
(1) the massive sulfides comprising galena, sphalerite,
and pyrite, with some chalcopyrite, (2) the silver minerals, such as polybasite, proustite and pearcite, and (3)
very small amounts of cha~copyrite, galena, and
sphalerite.

The chief constituents of the pyritic gold ores are
pyrite and quartz. Chalcopyrite is generally present
and in places is abundant enough to be of commercial
interest. Gold seems to be contained chiefly in the
chalcopyrite, though in places it is associated with finegrained pyrite. The gold content of this ore is commonly 1 to 10 ounces to the ton, but the silver content
is generally low, ranging from a few ounces to 16 ounces
to the ton. Galena and sphalerite are present in a few
places but are usually unimportant. In general the
veins of the Lawson-Dumont district have had a relatively small output compared with those of the Silver
Plume-Georgetown district or the Central City-Idaho
Springs district, but a few, such as the J o Reynolds and
the veins of the Red Elephant group, have had an output
of more than a million dollars.
BLUE RIDGE AND SENATOR MINE

The Blue Ridge and Senator mine is about a 1nile
southwest of Dumont, on the south side of Clear Creek,
at an altitude of 9,000 feet. Two veins are developed
in the mine, the Senator, which strikes about N. 45° E.
and dips 47°-75° NW., and the Blue Ridge, which
strikes N. 60° "\tV. and dips about 60° NE. The veins
a·re developed by three tunnels-the upper west, the
middle west, and the lower east-and a main shaft. The
Senator is the productive vein of the mine and has been
stoped for 1nuch of its length. On the 1niddle tunnel
level, about 300 feet northeast of the shaft, it is joined
by the Blue Ridge vein, which has not been found beyond this junction. The wall rock of the veins is principally granite gneiss, but schist is exposed in places,
especially in the eastern part of the mine. For the
northern 700 feet of its exposure in the mine workings
the Senator vein is nearly parallel to a wide dike of
bostonite porphyry; it follows either wall or both walls
of the dike, and finally leaves it entirely. North of its
junction with the Blue Ridge vein the Senator vein is
in the porphyry dike and is practically barren. A
s1naller dike of bostonite 1 to 5 feet wide trends nearly
parallel to the larger dike.
Abundant gouge is common along the Senator vein.
The n1ost heavily mineralized part of the vein is in the
southwest part of the mine, 350 to 1,200 feet southwest
of the main shaft. As exposed in a raise above the
middle west tunnel level southwest of the main shaft,
the Senator vein- consists of 4 to 8 feet of fractured
granite gneiss traversed by numerous slips and sulfide
veinlets. Sulfides also occur in irregular masses, which
grade into granite gneiss. The Blue Ridge vein in 1nost
places is barren or feebly 1netalized; in only a few places
were veinlets of galena and sphalerite noted by Bastin.
In the upper west tunnel the Blue Ridge vein is locally
4¥2 feet wide and has been stoped for about 100 feet.
The ore of the Senator vein consists of sphalerite and
galena with a little local chalcopyrite and pyrite in a

•
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gangue of quartz, calcite, and some barite. . Oxidized
ore is almost li1nited to the upper tunnel, the ore consisting of remnants of galena and sphalerite in a porous
iron-stained matrix of cerussite. Ore from the middle
west tunnel contains crystals of proustite and polybasite in fractures in massive sulfide ore and on crystals
of quartz in vugs. They are associated with small crystals of chalcopyrite and galena. In places chalcopyrite
coats the silver minerals. Microscopic study of polished
specimens of the ore shows that polybasite not only
occurs in fractures in the ore but has been developed
by metasmnatic replacen1ent of galena along its contact
with the sphalerite. Secondary chalcopyrite is partly
contemporaneous with the polybasite and partly later,
replacing polybasite along fractures. Sphalerite has
apparently been wholly immune to replacement.
Two assays of the 1nassive galena ore were made.
One showed 0.03 ounce of gold, 7.17 ounces o·f silver,
0.2 percent of copper, 76.5 percent of lead, and 1.2 percent of zinc; the other showed 0.08 ounce of gold, 3.10
ounces of silver, and 51 percent of lead. A ship1nent
of 22¥2 tons of ore fron1 a raise above the middle west
tunnel contained 0.08 ounce of gold and 47.5 ounces of
silver to the ton and 22.9 p·ercent of lead. This ore
came from a depth of about 500 to 600 feet below the
surface. Silver minerals were noted at a depth of 600
feet in another part of the Senator vein. The very
rich silver ore came frmn a depth not greater than 450
feet. Some of the oxidized ore near the surface contained several ounces of gold and only a few ounces of
silver. The gold content of most of the ore 1nined from
the Senator vein ranged frmn a trace to 0.2 ounce, and
the silver content generally exceeded 50 ounces and in
!many shipn1ents exceeded 100 ounces. Ore shipped
from 1891 to 1893 contained a trace to 0.10 ounce of
gold and 45.50 to 91.50 ounces of silver to the ton, 10.15
to 34 percent of lead, and 5 to 11 percent of zinc. The
total value of ore shipped from the property is said
to have been about $250,000.
OTHER MINES

Data on other representative mines are given briefly
below. Detailed descriptions have been given by Bastin and Hill. 73
ALBRO

Devf.lopment.-Several shafts and drift tunnels.
main shaft was 185 feet deep with 3 levels.

In 1912

Prodnction.-$500,000.

Vein.-Albro: Strike, east-west; dip, 30°-50° N.; about 3 feet
wide in stope at east end of 150-foot level; average 8-12 inches
with 3-inch sulfide seams.
Ore and sulfide minerals.-Chalcopyrite and galena; some
pyrite and sphalerite.
Gangue minerals.-Silicitied schist.
73
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Tenor.-Stope on 150-foot level contained 2lh to 3 ounces of
gold and 12 to 14 ounces of silver per ton and 7 to 8 percent of
copper, 160 tons of ore in Hl09 contained 0.39 to 1.02 ounces of
gold and 7.6 to 21 ounces of silver per ton and 3 to 10.2 percent
of copper. 202% tons of ore in 1908 averaged 0.54 ounce of gold
and 5.65 ounces of silver per ton and 2.4 to 17 percent of copper.
AMERICAN SISTERS

Development.-Shaft and series of drift tunnels.

Vein.-American Sisters: Strike, N. 50°-75° E.; dip, 65°700 NW.
lVall rock.-Granite gneiss, considerably altered.
Ore and sulfide minet·als.-Chie:fly galena and sphalerite but

some chalcopyrite, pyrite (disseminated), proustite, and pearcite.
Gangue minerals.-Quartz, some siderite and sericite.
Tenot·.-Specimen of galena ore: 6.24 ounces of silver per ton,
0.35 percent of copper, 61 percent of lead, 2.10 percent of zinc.
Specimen of sphalerite ore : Trace of gold, 79.20 ounces of silver
per ton, 0.25 percent of copper, 9 percent of lead, 46.60 percent
of zinc. Ore 1893-98: 0.08 to 0.4 ounce of gold, 33.5 to 367.2
ounces of silver per ton, 2 to 14.5 percent of lead, 6 to 13 percent of zinc.
BELLEVUE-HUDSON AND ALAMOSA

Development.-Original discovery 1886. 3 tunnels. Explored vertically more than 1,000 feet. Bellevue-Hudson tunnel, 1,080 feet long.
Vein.-Bellevue-Hudson vein system: Three parallel veins
in zone 60 feet wide ; south branch consists of 21h feet of
schist and 2 inches of galena.
Wall rock.-Schist.
Ore and sulfide 1ninera-ls.-Galena and some sphalerite.
Gangue m.inerals.-Quartz.
Ore shoots.-Most of ore within 500 feet of surface.
Tenor.-Ore, 1890-91 : 25.85 to 565.00 ounces of silver per ton,

1.52 percent of lead, very little gold. Ore from lower levels,
1908: 0.03 to 0.2 ounce of gold and 12.6 to 54.2 ounces of silver
per ton, 4 to 31.6 percent of lead, 3 to 14 percent of zinc.
GOLCONDA

Development.-Crosscut tunnel 1,665 feet long intersects vein

at depth of 835 feet.
Product ion.-$4,500.

Vein.-Golconda,.: Strike, N. 43° W.; dip, 64°-65° NE., 4 to 8
inches wide in stope 300 feet west of tunnel.
Wall mck.-Iclaho Springs formation.
01·e and sulfide minerals.-Chalcopyrite, pyrite, and tennantite, some galena, and sphalerite.
Gangue minerals.-Quartz.
Ore shoots.-Shoot extends 250 feet along tunnel level and

pitches 75° NW.
Tenm·.-1909, better ore: 11.78 ounces of gold and 98.50 ounces
of silver per ton, 8.6 percent of copper. 1910, average: 1.25
ounces of gold and 9 ounces of .silver per ton, 1.07 percent of
copper.
JO REYNOLDS

Development.-Original discovery 1865. 2 tunnels connected
by winze and 2 shafts. 9 levels 200 to 1,500 feet in length.
Productio'n.-$1,462,500.
Vein.-Jo Reynolds: Strike, N. 65° E.; dip, 70° N\V.
Ore and sulfide minerals.-Chie:fly galena, pyrite, and sphaler-

ite, some chalcopyrite, gray copper, polybasite, pearcite, proustite, argentite, and native silver.
Gangue minerals.-Quartz.
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Changes with depth.-Native silver- found as deep as 9th level.
Ore shoots.-Small block of ore above 3d level produced $80,-

000. Contained 800 to 1,000 ounces of silver per ton.
Tenor.-A verage gold content, 0.05 to 0.15 ounce per ton; average silver content, 28 to 357 ounces per ton. One assay, 1,208
ounces of silver per ton. Average below 3d level : 0.1 ounce of
gold and 100 ounces of silver per ton, 10 percent of lead, 12 percent of zinc.
RED ELEPHANT GROUP

(Boulder Nest, Free American, St. James, Tabor, and White
mines)
Development.-5 shafts, 230 to 700 feet deep with 3 to 13 levels.
Commodore tunnel 3,460 feet long.
Prodw;tion.- Free American : $100,000 in li377 and $80,000 in
1878. Boulder Nest : $110,000 in 1877 and $230,000 in 1878.
Tabor: $70,000. Estimated total, $1,500,000.
Veins.-Boulder Nest-Free American: Strike, N. 80° E. Tabor:
Strike, southeast; dip, northeast. White : Strike, east; dip,
50°-75° N'.; 3-foot to 4-foot fracture zone on 13th level of
Schwartz shaft. St. James: Strike, east to northeast; dip,

WaU1·ock.-Idaho Springs formation and granite gneiss.
Ore and sulfide minerals.-Ohie:fly galena and pyrite, some
chalcopyrite, bornite, gray copper, pearcite, and sphalerite.
Gangtte minerals.-OHefly quartz, some barite, and siderite.
Tenor.-Free American, average ore: 1877, 37.5 ounces of
silver per ton; 1878, 250 ounces of silver per ton. Boulder Nest:
38-150 ounces of silver per ton and small amounts of gold.
White vein: 0.00 to 0.05 ounce of gold and 49.50 to 202 ounces of
silver per ton, 11.50 to 30 percent of lead, and 4 to 12 percent of
zinc.
SILENT FRIEND

Development.-Two tunnels, 172 feet apart vertically; lower,
1,000 feet long, upper more than 700 feet.
Prodtwtion.-About $22,000.
Veins.-Silent Friend: Strike, N. 45° W.; dip, 35°-64° NE.;
2 inches to 3 feet of fractured material containing quartz and
pyrite; offset by several faults of northeast trend. Fault vein:
Strike, north; dip, 35° to 40° W.; 3 to 4 feet of fractured material
with quartz and pyrite; offsets Silent Friend vein 20 feet.
Wall r·ock.-Schist and altered bostonite porphyry.
Ore and sulfide minemls.-Pyrite, gold, chalcopyrite, galena,
sphalerite, and tennantite.
Gangue 1n'inerals.-Quartz and some calcite.
Ore shoots.-Rich pocket in lower tunnel, 40 feet below june·
tion of Silent Friend and Fault vein contained free gold in white
quartz.
Tenor.-6 tons of ore assayed 0.08 to 0.2 ounce of gold and 2.1
to 62.9 ounces of silver per ton.

ALICE-Y AN:lrEE HIL,L DISTRICT

The Alice-Yankee Hill district 74 is in the northcentral part of Clear Creek County and the southwest
part of Gilpin County, about 7 miles N. 75° W. of Central City. It ranges in altitude from 10,000 to 11,500
feet, but the productive mines are easily accessible by
automobile roads. The most noteworthy ore deposit of
the district is the great pyritic stockwork of the Alice
mine, which was first worked in the early eighties by
hydraulic methods but was abandoned for many years
74

Bastin, E. S., &nd Hill, J. M., op. cit.

after the rich ore near the surface had been removed.
With the increased price of gold in 1933 the lower part
of the supergene sulfide zone, which had previously
been nonco:mmercial, became of sufficient value to warrant exploitation, and a considerable output was made
in the next few years.
The ores of the Alice-Yankee Hill district are chiefly
of the pyritic type, but a few veins, such as the Stonewall, Ninety-Four, Cumberland, and Lombard veins,
contain galena and sphalerite. The pyritic ores contain
little silver and are mined for their gold content. They
are relatively rich near the surface in the oxidized zone,
but the unaltered sulfides are generally too low-grade to
be worked. As a result, the individual pyritic deposits
have not been long-lived.
The chief rock of the district is schist of the Idaho
Springs formation, and it occupies nearly all the area
between Alice and Yankee Hill. On the east side of
Yankee Hill a north-south body of granite gneiss a
quarter to a half a mile wide crops out. It fingers into
the schist to the north but joins larger masses of granite
gneiss to the south and to the northeast. Alice is on a
narrow northerly tongue o:f medium-grained Boulder
Creek granite, one of several that interfinger with schist
and granite gneiss and merge southward into a small
stock. Three-quarters of a mile southwest of Alice the
quartz monzonite porphyry stock (group 5, see pl. 7
and fig. 12) that contains the Alice ore body is exposed.
It is about half a mile long and a quarter of a mile wide.
The schist in the district has a general northwesterly
trend and a northeasterly dip.
ORE DEPOSITS

In three parts of the district-the ridge south of
Fall River 2 miles southwest of Alice, the vicinity of
Silver Lake, and Yankee Hill-there are Inany northeastward-trending veins, but none of them have been
very productive. Most df them are of the pyritic gold
type and consist chiefly of quartz and pyrite. The
oxidized ore near the surface is said to have contained
as much as 7 ounces of gold to the ton, although the
average tenor of the better class of surface ore was
approximately 1 to 21j2 ounces. The unoxidized ore,
consisting of quartz and pyrite, has been in general too
low grade to be worked.
The depth of supergene enrichment probably varies
s'lightly with the nature of the wall rock and to a somewhat greater extent with the position of the deposits
relative to ancient erosion surfaces. At the Alice mine.
the oxidized zone was very shallow, and slightly oxidized sulfide ore was found at the surface at several
places. The writers observed supergene sooty chalcocite on the main adit level about 100 feet below the
surface but found none on the sublevel 40 feet deeper.
The grade of the ore was directly related to the amount
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of supergene copper sulfide present. Specimens rich
in the secondary sulfides would assay more than an
ounce of gold to the ton, but the primary pyrite in the
sublevel di r·ectly beneath the large bodies of enriched
ore assayed only 0.03 ounce per ton or less. The better
grade of o1·e sent to the mill from stopes on the main
adit level averaged about 0.20 ounce of guld to the ton,
less than an ounce of silver, and about 0.5 percent of
copper, suggesting that the gold content of the supergene ore is about seven times that of the primary sulfides.
The many veins in the ridge south of Fall River
were not being worked when the writers mapped this
area, and nothing was learned concerning their output.
Many had be.en extensively stoped near the surface,
and the ore on the dumps suggested that they belonged
to the pyritic gold group. The strike of the veins and
their strength and number suggest that many similar
blind veins exist under the extensive glacial cover that
occupies the broad valley of Mill Creek just to the
southwest.
ALICE MIJ\'"E

75

The Alice mine is about three-quarters of a mile westsouthwest of Alice at an altitude of about 10,300 feet.
The deposit is a large, irregular body of unevenly mineralized rock, which has been developed by an open pit
and by irregular underground workings. (See pl. 14.)
This mineralized body is in a quartz monzonite stock,
which is about half a mile long in a north-south direction and about a sixth of a mile wide and is surrounded
by pre-Cambrian schist. (See pl. 2.) The porphyry
of the stock grades from intermediate quartz-biotite
monzonite porphyry at the borders to porphyry of the
Lincoln type, having a pinkish cast, at the center. The
rock is cut by dikes of light-gray to nearly white
porphyry, which is commonly an alaskite of group 6,
but has been considerably altered to sericite and contains disseminated pyrite. Two observations on the
structure of the porphyry taken in the underground
workings showed a primary foliation striking N. 20 °
E. and dipping 75 ° NW. and a lineation pitching 70°
due west.
The mineralized area is about 300 feet long in a
north-south direction and about 150 to 200 feet wide.
A vertical alaskite dike about 60 feet wide, striking
north-south, :forms the west wall of the ore body. The
porphyry throughout the ore body is strongly sericitized
and pyritized and locally silicified. The ore minerals
are disseminated throughout, being more or less localized by abundant minute fractures throughout the
porphyry mass (pl. 14.) The maximum alteration

took place where two or more fractures intersected and
here nests of ore minerals 3 inches or less across are
common (fig. 60, 0). In places cavities occurred at
such intersections and were partly filled with ore minerals. Some of these cavities are as much as a foot
in diameter and were probably formed by the solvent
action of solutions. Other open spaces were formed
by movement between porphyry fragments.
On the tunnel level, about GO feet below the surface
''"here oxidation has been slight, abundant pyrite and
considerable chalcopyrite are present, with sooty chalcocite and bornite conspicuous locally. Rarely, arsenopyrite is found and is later than chalcopyrite and
pyrite. Quartz and brown siderite are the principal
gangue minerals. Bastin describes a sulfide of bismuth
very rich in silver, which in places is associated with
the chalcopyrite. Many of the cavities in the ore are
lined with small quartz crystals, which are coated with
pyrite cubes; some cavities contain chalcopyrite and
sooty chalcocite. (See fig. 60, 0.)
The ore is said to average between 0.13 and 0.18
ounce of gold throughout the ore body. Local pockets
of ore containing 0.23 to 0.43 ounce to the ton may yield
30 tons or more. Locally small seams of chalcocite ore
contain as much as 5 ounces of gold to the ton. The
Alice ore body is similar in character to the Commercial
Union mine nearby and to The Patch near Nevada ville.
The Alice property was first worked as a placer with
the aid of hydraulic giants, and $60,000 worth of gold
is said to have been recovered by these methods. Later
a stamp mill was erected and was operated at a profit
for three seasons, until the free-milling oxidized ore
was exhausted. Subsequent attempts to treat the unoxidized ore by concentration have met with indifferent
success. Concentrates shipped do not appear' to h2.ve
exceeded $10,000 in total value. Samples of 587 tons
treated in the mill had an average tenor of 0.167 ounce
of gold, 0.82 otmce of silver, and 0.38 percent of copper.
Gold assays on 57 samples taken by Mr. E. E. Chase
from various parts of the mine showed a maximum of ·
0.98 ounce, with an average of 0.225 ounce. Silver determined on 39 of these samples amounted to as much
as 10.3 ounces with an average of 1.21 ounces. Bastin
states that the amount of primary sulfide ore available
is large and can reaSQnably be expected to exist with
little change in value for several hundred feet below the
present workings, and this is also the opinion of the
writers. Another mineralized area similar to that already exploited was discovered by geophysical methods
about half a mile to the south, underneath the gravels,
but drill samples showed little oxidized ore, and the
deposit has not been developed.
OTHER MINES

Taken in part from Bastin , E . S., and Hill , .T. 111., op. cit., p, 323, and
in part from data collected by lhe writers, July l!J:l5.
75

Data on other representative mines of the district
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are given below. Detailed descriptions have been given
by Bastin and Hill. 76
NINETY-FOUR TUNNEL

Development.-Tunnel more than 2,000 feet long, shaft 300
feet deep (caved) on Stonewall vein.
Veins.-Stonewall: Strike, N. 70° W.; dip, 50°-70° NE.; 11;2
inches to 2 feet wide. Yankee Centennial: Strike, east; dip,
50°-77° N.; 1 to 10 inches wide. Enterprise: Strike, N. 10°-60°
E.; clip, 75° NW.; 1 to 12 inches wide. Last Chance: Strike,
N. 75°-85° E.; dip, 75° SE.; narrow. Hidden Treasure: Strike,
N. 47° E.; dip, southeast; only feebly mineralized.
Wall rock.-Schist with lenses of pegmatite.
Ore and sulfide minerals.-Pyrite, galena, sphalerite, and some
chalcopyrite.
Gangne minemls.-Quartz and crushed wall rock.
Ore slwots.-Most of stoping was on Stonewall vein.
Tenor.-Stonewall vein averaged about 1 ounce of gold and
10 to 12 ounces of silver per ton. Yankee Centennial, 50 tons
averaged about 3 ounces of gold per ton, very little silver
Hidden Treasure aYeraged $4 to $5 in gold.
NORTH STAR-MANN
Det•elopmellf.-~orth

Star shaft 300 feet deep with 4 levels;
drift tunnel 1,070 feet long on 115-foot level. Mann shaft 100
feet deep.
Pt·oduction.-Prior to 1916: $100,00. 1916: $16,000.
reins and {iss1wes.-North Star-Mann: Strike, N. 65° W.; dip,
about vertical ; few inches to 5 feet wide, of crushed silicified
wall rock with quartz-sulfide stringers. Two northeastwardtrending barren faults; one is earlier than the vein and the
other cuts the vein without noticeable displacement.
lVall rock.-Schist, granite gneiss, and large pegmatite lens.
Ore and sulfide minerals.-Chalcopyrite, gold, and pyrite.
Gangue minerals.-Quartz and some siderite.
Ore shoots.-Three found. One extends from tunnel portal to
230 feet west : the second extends westward from shaft for 200
feet ; and the third extends along the last 80 feet of the 115-foot
level. All appear to pitch steeply west.
Tenor.-Unoxidized ore averaged 0.4 to 0.5 ounce of gold
per ton. Very rich oxidized ore taken from Mann shaft and
surface trenches.
CENTRAL CITY-IDAHO SPRINGS DISTRICT

The Central City-Idaho Springs district 77 is about
30 miles west of Denver in the southeast part of the
Central City quadrangle and the northeast part of the
76
Bastin, E. S., and Hill, J. l\L, Economic geology of Gilpin County
and adjacent parts of Clear Creek and Boulder Counties, Colo. : U. S.
Geol. Survey Prof. Paper 94, pp. 321-322, 329, 1917.
77
Bastin, E. S., and Hill, J. M., op. cit.

Georgetown quadrangle; it includes parts of Gilpin
and Clear Creek Counties. The district has an area of
about 25 square 1niles. Its principal towns are Central
City, Blackhawk, and Idaho Springs. As shown on
plates 3 and 4, the area southwest of Idaho Springs,
which is known as the Freeland-Lamartine area,78 is
regarded in this report as part of the Central CityIdaho Springs district, because there is no definite break
between the two either in the type of rock or the character and extent of the ore deposits.
The district ranges in altitude from 7,600 to 10,600
feet, and in places it is rugged. The physiography of the
district is that of a dissected rolling upland. Much of
the area just south of Central City is on the Overland
Mountain erosion surface, and supergene enrichment
has been especially evident in the upper parts of the
veins in this area (fig. 62). A few mountains north of
Clear Creek rise to a height of 10,000 feet and are probably monadnocks rising to the level of the Green Ridge
surface. In the southwestern part of the district high
spurs from the Continental Divide rise to heights of
1nore than 11,000 feet.
Both Central City and Idaho Springs are connected
with Denver and Leadville by good automobile roads.
Practically all the i1nportant mines can be reached by
automobile and trucks throughout the year. In the
early days there was a good supply of native timber, but
most of it has been removed by mining operations and
forest fires. The district is well watered by Clear Creek,
Fall River, North Clear Creek, and their various
branches.
HISTORY

In the winter of 1858 George A. Jackson, of Missouri,
discovered the hot soda springs near the present site of
Idaho Springs, and on January 7, 1859, he washed gold
fron1 the "Idaho bar" near the mouth of Chicago Creek.
This was the first placer of commercial grade to be
found in Colorado, and its discovery led to a rush of
prospectors to that region. On May 6, 1859, John H.
Gregory nmde the first lode discovery in the Rockies
when he found rich oxidized gold ore along the outcrop
78 Spurr, J. E., Garrey, G. H., and Ball, S. H., Economic Geology of
the Georgetown quadrangle: U. S. Geol. Suryey Prof. Paper 63, 1908.

ExPLANATION OF FIGURE
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A, Photomicrograph of oxidized lead-silver ore from Ist level of Detroit-Hicks mine, Breckenridge district. Galena (g) is replaced by argentite (a) ,which in tum is replaced
by native silver (s). The gale.na alters to anglesite (an), most of which has been converted to cerussite (c).
B, Photomicrograph of copper-lead-zinc ore from Stevens mine, Argentine district. Chalcopyrite (cp) replaces sphalerite (8), and both are replaced by galena (g). Q, Quartz.
C, Specimen typical of better-grade ore from Alice mine. Original monzonite porphyry completely converted to coarse-grained sericite (8) and cut by open interlacing frac-

tures partly filled with clear quartz on which rest clumps of pyrite (p) and chalcopyrite. Supergene sooty chalcocite (c) incrusts the chalcopyrite and assays high in gold.
'J, Quartz.

D, Photomicrograph showing part of area on E. Ore and fragments of sericitized schist in fine-grained vuggy quartz. Explanation of sym bois is the same as for E. Crossed
nicols and oblique illumination combined.
E, Photomicrograph of high-grade gold-telluride ore from Jewelry Shop mine, Idaho Springs. Note vugs lined with opal (ov). b, Barite; cq, chalcedonic quartz; g, gold; p,
petzite; 8, sylvanite. Transmitted light.
F, Ore from Shaffer vein, Freeland mine, McClelland tunnel level, 35 feet east of Shaffer raise, 1,325 feet below surface. Ankerite (a) and pyrite (p) broken and cemented
by dark fine-grained quartz (q). Sphalerite (s) seamed by tetrahedrite (t), which is closely associated with the dark quartz (q).
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of the Gregory vein just east of the site of Central City.
During the summer of 1859 many other lode discoveries
were 1nade, and before winter 100 sluices were at work
in the vicinity of Gregory's discovery, washing oxidized
lode ore and the rich placer ground nearby. The rich
oxidized ores were soon removed fron1 the lodes, and by
1864 nu1eh of the gold mined was mixed with sulfides
and was not amenable to an1algamation. In 1865 J. E.
Lyon built the first smelting works in Colorado at
Blackhawk and within a short time was successfully
treating the sulfide ores so recalcitrant to alnalgamation. The district had been nearly at a standstill during
the Civil vVar because of lack of men and the low recovery of gold from the ores, but with the satisfactory
smelting of the sulfides in 1866 the district began a long
period of continued development and increased production from lode ores. Although the first silver vein
found in Colorado was discovered near Montezmna in
1864 by Coley, it was not until 1877 or 1878 that the
silver veins of Silver Hill, near Blackhawk, were
discovered.
Mining was greatly stimulated in Colorado by the
completion in 1870 of the Denver Pacific line, which
connected Denver with the Union Pacific Railroad at
Cheyenne, and further impetus was given to mining in
the district in 1872 when a narrow-gauge railroad connected Blackhawk with Denver. In January 190± the
4¥2-Jnile Argo tunnel was begun, \vith the object of intersecting many of the largest veins in the district at
depth. In most of the veins, however, the ore was of
low grade where cut by the tunnel 1,200 to 1,600 feet
below the outcrop, and, although several profitable ore
shoots were found by laterals frmn the tunnel, the general feeling grew, and still persists, that the tunnel
proved the veins to be disappointing at depth. Activity
in the district declined slowly until1918, when with the
end of W oriel War I there was a very marked decline in

output. The sudden increase in the price of gold in
October 1933 stimulated new activity and led to a
marked increase in output. Although substantial
amounts of silver, lead, and zinc, and some copper have
been produced, 1nost of the ore shipped has been valued
chiefly for its gold. (See tables, pp. 12, 13.)
GEOLOGY

Schist and granite gneiss are the 1nost abundant rocks
in the district. As shown on plate 2, Central City is
on the axis of a northeasterly anticline that exposes a
core of granite gneiss about 2 1niles wide, which contains numerous stringers and lenses of schist and is
bordered on both sides by schist. Schist predominates
in the Idaho Springs region but includes numerous
lenses of granite gneiss and pegmatite. The schist has
a predominant northeast strike and clips 45°~75° NW.
Scattered through the district are nmnerous dikes, sills,
and irregular bodies of pegmatite, a few sm.all masses
of Silver Plume granite and hornblende gneiss, and
lenses of lime-silicate rocks of the Idaho Springs formation.
Intrusives of the Laramide revolution are abundant
in the mineralized area. The porphyries occur in nuInerous dikes and small irregular stocks, the largest
of which is only half a mile in clia1neter. The majority
of the dikes strike northeast, but some strike northwest,
and a few short ones strike east.
Pre-Owrnbrian 'rocks.-In the mineralized district the
predominant rocks of the Idaho Springs formation are
light-gray to clark-gray quartz-biotite schists and
gneisses, which in places grade into feldspathic injection
gneiss. With these rocks are associated some lenticular
layers of biotite-sillimanite schist, ailCl lime-silicate
rocks that represent 1netamorphosed limestones. South
of Idaho Springs, on Vance Peak and Chief Mountain,
quartz schist and gneiss are found immediately under-

Gross metal content of certain pyritic gold and lead-z1:nc-s£lver ores shipped from the Idaho Springs-Central C£ty district 1888-1910

Mine

Silver (ounces per ton)
Gold (ounces per ton)
Quantityl----.--------.-----l----.-----""7---l Copper (maximum
(short
percent)
Minitons)
MaxiMaxiMiniAverage
Average
mum
mum
mum
mum
----- - - - - - - - - - - - - - - -

Year

Lead-zinc-silver ores:
(?)
Concrete_.________________________
CrystaL___________________________ 1883-1910
Hubert__-------------------------Ivanhoe___________________________
Owatonna_________________________
Santa Fe__________________________
Seaton_____________________________
Windsor Castle____________________
Pyritic gold ores:
Carr________________________________
Cha~e- ______ ____ ___ ______ __ __ _____
0. K_ ____ ___ ____ ____ ___ ____ ___ ____
O'NeaL___________________________
Perigo_____________________________
Pittsburgh ________________________

{1881!39l1go9
1898-1902
1897-1910
1888-1904
1902-1910
1897-1909
1893-1910
1893-1908
1893-1£108
189i-1908
1901-1909

etrfgo
8

9

San .Juan __________ ---------------- 1>188-1909
Saratoga___________________________ 18~13-1909
·Sperie Payment.__________________
(?)

307
3!5
131
72
11
117
91
202
30
400
193
185
48
42.5
243
435
117
1, 019
506

---------3.00
.5. 80
1. iO
. 90
. 50
4.00
2. 3-S
.68

!J.06
8. 20
4.28
12.00
3.16
12.72
25.35
12.20
8. 41
7. 09

----------

0 15
. 74
1.04
.10
.12
. 25
.12
.08
. 72
. 29
.30
. 60
.44
.45
. 52

Tr.

.12
.32

I Bastin, E. S., and Hill, J. M., Economic geolO?:Y of Gilpin County and adjacent
pp. 109, 112, 1917.

1. 03 ---------- ---------5. 50
. 76
95.00
2.00
17.60
2. 39
1. 38
1-5.90
8. 00
21.40
7. 62
. 5fl
. 23
.58. 80
5. 70
38.00
2. 70
lOS. 00
i. 50
1.13
23.00
8.40
2. 88
1. 98
1. 13
3.10
1.23
2. 37
5. 77
2.09
. 90
1.88
part~

21.20
28.40
10.20
11.45
4. 70
18.30
22.65
34.00
13.90
37.00

2.00
1. 90
3.40
3.14
1. 20
1. 50
2.00
2.15
1. 00
. 70

8. 00
37.40
13.16
14.00
13. 9,5
27.57
39.66

------------

3.00
6.50

----------------------------------

2.30
2. 55
2.80

11.7
7.62
1.5 usually
6. 53
2-10.25
5. 59
1. 80-8.18
7.13
1. 26 -----------16.6
7. 52
0. 3-16.3, av. 6. 65
8. 93
9
6. 81
2.32
1.5 usually
5.80
i

1

Lead
Zinc
(maximum (maximum
percrnt)
percent)

2.'3.8
10.6
3-17
6-16
37
32
30
-----------10.9-54.10
8-18
36
2.5
20
5
26.4
24
4-16
5-16

------- --··-- ----------------------- ------------------·---- ----------------------- ----------------------- ----------------------- ----------------------- ----------------------- ----------------------- ------------------------ ------------

of Clear Creek and Boulder Counties, Colo.: U.S. Geol. Survey Prof. Paper 94,
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Gold and silver content, in ounces per ton, of various minerals in
representative Gilpin County veins 1
Silver

Gold

--------------.------Average

Pyrtie _________________
Chalcopyrite ___________
Gray copper ____________
Galena ________________
~phaleri te _____________
Sooty sulfides ___________
Dark fiintv quartz _____ -[
Clean quartzose gangue __

-I

1

2

Highgrade a

Average

5. 74
0. 47
. 91
4. 61
2. 33
4. 57
. 45
. 21
1. 16
1. 10
1. 83
1. 28
. 08 -------1. 42
.10

2

Highgrade 3

1. 94
7. 1
31. 5
8. 4
67. 1
29. 7
31. 2
21. 3
16. 3
7. 0
25.4 -------11. 5 -------5. 6 --------

I

Bastin, E. S., and Hill, J. M., Economic geology of Gilpin County and adjacent
parts of Olear Creek and Boulder Counties, Colo.: U. R Geol. Survey Prof. Paper
94, pp. 117, 118, 1917.
2 Average of data from 14 mines.
2 Ore from Clark-Gardner mine.
1

lying hornblende gneiss. As shown on plate 2, the
largest area of hornbleilde gneiss is in the eastern part
of the district, where it occurs in a sharp syncline plunging northeastward along the eastern side of the Chicago
Creek-Junction Ranch shear zone. It is associated with
many concordant intrusive masses of granite gneiss or
gneissic aplite.
The granite gneiss described by Bastin and Hill 79 is
very similar in lithologie character and age relations to
the gneissic. aplite of Boulder County and to the gneissoid granite of the Georgetown quadrangle, and it is
believed to be contemporaneous with them. It occurs
in elongate, irregular areas, which have a general northeasterly trend parallel to the prevailing trend of the
surrounding schist.
The many sill-like masses of granite gneiss that follow the axis of the northeastward-plunging syncline of
hornblende gneiss gather together about 11/2 miles north
of Idaho Springs tO' form a mass striking east-northeast.
This mass dips 50° NNW. in Seaton Mountain and
underlies the syncline of Idaho Springs formation just
to the northwest. With the reversal of dip that occurs
in Russell Gulch, the granite gneiss reappears at the
surfaee and forms the core of the no·rtheasterly anticline on which Central City is situated. This is one of
the largest bodies of granite gneiss known in the Front
Range, and because of its competency it has been an
important factor in determining the position of the
veins and ore shoots of the district. (See pl. 2.)
The rock is a fine-grained primary gneiss composed of
white to pink feldspar, quartz, and biotite; it is light
gray on the fresh surface and buff or brown on the
weathered surface.
The Silver Plume granite; though widely distributed
throughout the Central City quadrangle, occurs very
sparingly in the Central City-Idaho Springs district.
Its outerops trend northeastward, parallel to the structure in the adjoining schist and granite gneiss.
•~

BaRtin, E. S., and Hill, J. M., op. cit., pp. 30-32.
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Pegmatites in irregular lenses and dikes are abundant
in the schist throughout the district. Many of the ore
shoots in veins in the schist areas are apparently localized by walls of pegmatite. Most of the pegmatites
are parallel to the prevailing structure in the schist.
Many of them seem genetically related to the granite
gneiss, but some are definitely later and are probably
related to the Silver Plume granite. They are composed
ehiefly of potash feldRpar, quartz, biotite, and muscovite, but they are exceedingly variable in texture and
occurrence. The largest pegmatites are irregular masses
that grade into granite gneiss or intimately inject the
schist and grade into injection gneiss, but Inoderately
persistent clean-cut dikes also occur.
Lararmride intTusives.-Dikes and stocks of porphyries
formed during the Laramide revolution are abundant
throughout the district. Although few ore shoots of
importance are found in the larger bodies of porphyry,
some of the most persistent shoots occur in veins that
follow porphyry dikes. Sodic Inonzonite and quartz
monzonite porphyry of groups 4 and 5 (pl. 7 and fig.
12) are the most abundant rocks and occur in dikes and
stocks largely lin1ited to the eastern and south-central
parts of the district. Dikes of quartz monzonite porphyry of group 6 and alaskite porphyry of group 7 are
present in small amount. Dikes of bostonite and bostonite porphyry of group 8 are abundant in the western part of the district, and three small dikes of granite
porphyry of group 7 occur half a mile north of Idaho
Springs. In the southwest p~rt of the district several
short dikes of biotite latite (fig. 13, F) crop out just
northwest of Chicago Creek in a narrow zone about 3
miles long trending N. 55° E. Most of the quartz
monzonite dikes and many of the bostonite dikes have
a northeasterly trend, but important bostonite dikes
trend east-west and northwest.
The porphyrytic quartz Inonzonite, which is the most
abundant type, is characterized by phenocrysts of pink
orthoclase 2 to 10 millimeters in diameter and of
light-gray plagioclase (oligoclase-andesine) 2 to 8 milliIneters in dia1neter in a clark-gray aphanitic groundmass. Prisms of green hornblende as 1nuch as 3 milli1neters long and of magnetite and titanite as much as 1
millimeter long are also visible. The grounclmass is
finely InicrogTanular and consists of quartz, orthoclase,
some plagioclase, and abundant magnetite. The quartz
monzonite in the small stock near Fall River, threefourths of a 1nile above the mouth of York Gulch,
consists of orthoclase, andesine, biotite, quartz, and
magnetite.
A quartz monzonite porphyry on the southwest slope
of Seaton Mountain near Idaho Springs appears to belong to group 6. It is characterized by large feldspar
phenocrysts aS' much as 11h centimeters long, though
most are less than 3 millimeters long.
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The granite porphyry consists of sparsely scattered
phenocrysts of gray and pink feldspar less than 3 n1illimeters in diameter and light-gray quartz nearly 1 centimeter in dia1neter in a finely crystalline pale-pink
groundmass of quartz· and orthoclase. Very small flakes
of biotite and grains. of muscovite occur in small
amounts.
The bostonites are typically gray to lilac-colored or
reddish-brown microcrystalline rocks composed of alkalic feldspar with only small a1nounts of quartz. The
bostonite porphyries have phenocrysts of alkalic or alkali-calcic feldspar, or of pyroxene, or both (fig. 13, E).
These rocks form dikes, which locally expand into lensshaped 1nasses as much as an eighth of a 1nile across.
Some of the dikes are as much as 4¥2 miles long. The
dikes between Russell Gulch and Nevadaville show a
noteworthy radiation from a center near the Topeka
mine. A bostonite dike cuts quartz monzonite in the
northwest part of Central City, indicating that here
as elsewhere in the Front Range the bostonite dikes are
younger than the quartz monzonite dikes. The age
relations of the porphyries are shown in figure 12.
STRUCTURE

Pr€-Cambrian structure has had considerable influence on the distribution of structural features formed
during the Laramide revolution. Many dikes and premineral fault fissures follow pre-Cambrian contacts or
trends of foliation. The foliation in the granite gneiss
parallels that of the surrounding schist in most places
but locally cuts directly across it. The main elements
o:f the regional structure reflect the don1ing .of the
schists by the Boulder Creek graniw batholith south of
Idaho Springs with the development of a transverse
northeasterly flexure in the regional monocline. (See
pl. 2.) A strong northeasterly shear zone extends along
the northwest side of a large body of hornblende gneiss
in the eastern part of the district. This shear zone
existed in early pre-Cambrian time and strongly influeneed the intrusions of Boulder Creek granite and
gneissic aplite, but some n1ovement occurred along the
zone after the intrusion of these rocks that resulted in
strong secondary foliation here·. South of Justice Hill
the zone merges with the steep south limb of the Russ.ell Gulch syncline. Farther southwest its course has
not been definitely ascertained, but it is believed that
it continues southwestward, joining with the northeasterly shear zone that is prmninent in the Boulder
Creek granite near the junction of Ute Creek and Chicago Creek (pl. 2).
Faulting occurred both before and after the intrusion of the porphyries. The earliest fractures of the
Laramide are strong northwesterly faults, some of
which can be traced for miles beyond the limits of the
district. (See pl. 9.) The later faults strike frmn east
to northeast and contain most of the veins of the dis-

trict. Both sets dip steeply. The northeasterly faults
are 1nuch more nun1erous but far less extensive than the
northwesterly faults. During the Laramide revolution the intrusion of igneous rocks began after both
sets of fractures were pres€nt, and distribution of the
porphyries was influenced by these planes of weakness.
Later faulting along the early fractures displaced the
porphyries and created channels. for ore deposits.
South of Russell Gulch the northeasterly faults correspond in trend with the foliation of the pre-Cambrian
rocks, but to the north most of the veins strike more to
the east than does the foliation. In a few places displacement has been measured on the northwesterly
:faults. In the Little Mattie mine postporphyry movement along three northwesterly faults has been con~istent, the left-hand wall moving ahead almost horizontally a few feet. 80 On the 1nain Blackhawk fault
the northeast wall moved up and northwest at 60°, and
the total displacement is several hundred feet where it
crosses Fourmile Gulch. The displacement on the premineral faults that formed the northeasterly vein system has been little studied, but in 1nost places the movement was probably small, rarely exceeding 20 feet.
ORE DEPOSI'l'S

Gold, silver, copper, lead, zinc, and uranium ores
occur in the Central City-Idaho Springs district, but
shipments have owed their value mainly to gold and
silver. The ore deposits are veins and stockworks
formed during the Laramide revolution and are genetically related to porphyritic intrusive rocks. The district is on the southeast side of the 1nain porphyry belt
at a place where the eastern edge of the mineralized
part swings from east-northeast to north. The ores are
of two main types-one consisting mainly of pyrite,
chalcopyrite, and quartz and the other of galena, sphalerite, chalycopyrite and subordinate pyrite. A zonal
arrangement of the ores is shown in plate 9.
Subsequent to the primary mineralization, faulting
occurred in many parts of the district. Many of these
late faults were formed for a part or all of their length
along veins and brecciated the ores. Other faults cut
across and displaced mineral veins, but the displaceInents commonly do not exceed a few feet or tens of feet.
This fracturing has been followed in places by the deposition of cherty white or gray quartz, probably from
ascending thermal waters. This quartz is very similar
to the "horn" quartz of the telluride veins of Boulder
County; it was noted more frequently in the region just
southeast of Central City than elsewhere, and it is
worthy of note that it coincides with the north end of
the telluride zone. Locally quartz and siderite have
cemented brecciated ore and formed coatings on ore
minerals in vugs. Etching of galena crystals in the
Hayseed mine appears to have been contemporaneous
so Spurr, J. E., Garrey, G. H., and Ball, S. H., op. cit. pp. 360-362.
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with the deposition of this quartz and siderite. Although the postmineral fracturing along the veins was
slight and local, it facilitated the descent of meteoric
waters along parts of the veins and thereby greatly
increased the amount of downward enrichment.
The bulk of the ore of the district occurs in veins
that follow zones of minor faulting, but a. few important ore bodies occur in chimneylike zones of brecciation better classed as stockworks. The abundance of
veins in different localities appears to be dependent
primarily on the amount and character of the fracturing, which was to a very large degree determined by
the physical character of the rocks. The distribution
of the veins north of Idaho 8prings and near Central
City shows a close relation to areas of granite gneiss,
pegmatite, and porphyry dikes. The absence of veins
in certain areas seems to be due to the presence of the
Idaho Springs formation, which is less suited to the
development of large persistent fractures. In the schist
area southwest of Idaho Springs the more productive
veins cut or follow dikes of porphyry or pegmatite
or break across the foliation of the schist.
The strike of nearly all the veins lies between east
and N. 45° E., but in some it is northwesterly and in a
very few it is in still other directions. If examined
in detail, the veins are found to be parts of a complicated network composed of master veins connected by
oblique cross veins, each fracture having its smaller
branches and spur veins. In cross section the pattern
is similar, for vertical branching is no less characteristic than the splitting shown in a horizontal plane.
Few of the veins can be definitely followed as individual
fractures for more than 3,000 feet. The longest northeasterly vein, the California-Mammoth just south of
Central City, is traceable on the surface almost continuously. for about 2 miles. The west-northwesterly
Gem vein, a mile north of Idaho Springs, is more extensive but less continuously mineralized. Many of the
smaller veins pinch out at moderate depths, but several
of the large veins have been mined successfully to depths
of 1,000 to 1,500 feet. The California shaft is 2,200
feet deep along the vein and when first sunk was one of
the deepest gold mines in the world.
Most of the veins have steep dips, generally more than
60 o. In the vicinity of Ida1io Springs the prevailing
dip is to the north and northwest; in the vicinity of
Central City the dips are steeper and almost €venly
divided between northwest and southeast. Changes of
dip or strike, or both, aniounting to as much as 20°
are uncommon along a single vein. The width of the
workable veins ranges from half an inch or even less
in the telluride veins to about 40 feet in a few broad
mineralized shear zones. The common widths of commercial ore are 1 to 5 feet. Most of the veins are not
simple fissure fillingS' but the results of mineralization
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along a fracture zone the walls of which underwent
repeated movement before and during mineralization.
The stockworks are pipes or chimneys of irregularly
fractured and brecciated rock that have been cemented
by ore minerals. The most noteworthy of these is
The Patch, about a mile southwest of Central City.
The Patch in surface outline is oval, having a diameter
of about 750 feet in a northeasterly direction and about
400 feet in a northwesterly direction. The pipe of
mineralized breccia extends from the surface down to
the Argo tunnel, a distance of·1,600 feet, without decrease in size but with a marked decrease in mineralization. (See fig. 61.) In places the rock is merely cut
by an irregular network of fractures, but elsewhere it
has been broken into fragments that have been moved
with respect to one another and in places rounded.
The Patch is on the California-Mammoth lode, and
Bastin regarded it as localized where a number of large
fracture zones approach one another closely and wherP
the shearing movement, instead of being limited to
the zones, became distributed through all the intervening rock. Brecciation reached a maximum along
several northeasterly zones that in some places are
alined with the Ca1ifornia-Mammoth lode. Although
fracturing in The Patch may have been produced by
the same forces as those that produced the neighboring
vein fissures, its similarity to pipes of explosion breccia
of igneous origin is so great that the present writers
believe its origin is to be found in the upward punch
of an underlying igneous pipe following an earlier shear
zone. Some parts of The Patch are barren, others are
heavily mineralized. The zones of maximum breccia.tion are in general also zones of maximum mineralization. The ore minerals fill fractures and angular cavities between fragments and also replace silicates of
the rock. The chief output has been pyrite-chalcopyrite-gold ore from well above the Argo tunnel level.
Another stockwork, very similar to certain parts of
The Patch, is opened by a large stope on the 850-foot
level of the Hubert mine a third of a mile north of The
Patch. It has a known width of about 35 feet but a vertical extent of only about 150 feet. It was developed at
the angle of the wedge formed by the junction of the
main vein and a branch vein. The comparatively short
vertical extent of this stockwork is characteristic of
those formed by distributive fracturing at vein junetions and contrasts with that of The Patch.
Alteration and replacement.-Sericitic alteration is
the dominant type associated with the gold-silver ores
of both the pyritic and galena-sphalerite types. In
areas of slight alteration, chlorite, epidote, and some
carbonate have formed at the expense of the more easily
attacked minerals. Near most of the veins alteration has
been more severe and in many places has resulted in the
replacement of all the original rock minerals except
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quartz and apatite by sulfides, sericite, and in some
places calcite or siderite. Sericite and pyrite are the
dominant alteration products in the wall rocks. Galena,
sphalerite, chalcopyrite, and tennantite are rarely found
in the .walls, occurring almost entirely as fissure fillings.
Conversely, sericite occurs only as a replacement miner'll
and nowhere as a fissure filling. In places the walls 1nay
be largely changed to these minerals for a distance of
100 feet frmn the vein. In smne places the original
wall-rock texture is wholly effaced for several yards,
~"nd the only indication of its former presence is the
abundance of sericite in the ore and the gradation of
~ericitic ore into undoubted wall rock. Near most ore
bodies the alteration has been less severe, and the original foliated or porphyritic textures are still preserved.
In the incipient stages of alteration the feldspars, particularly plagioclase, are flecked \vith shreds of sericite,
and the mafic 1ninerals are n1ostly altered to chlorite
and epidote. Hematite and 1nagnetite occur in n1inute
grains in the chlorite-epidote areas and in the groundmass. ]\fore extensive alteration results in the cmnplete
sericitization of all feldspars and of the temporary
chlorite and epidote. Pyrite replaces 1nagnetite and to
a less extent quartz and silicates. In the n1ost highly
altered facies the original texture is entirely obliterated,
and the rock has been wholly converted to an irregular
fine-grained aggregate of quartz and sericite associated
with irregular areas of relatively coarse quartz. Pyrite
occurs in greater abundance and in larger crystals.
Replacement by pyrite was accompanied by the introduction of gold in some of the altered wall rock, and
many of the pyritic gold ores and some of the goldtelluride ores are due to replacement. The chemical
character of the walls apparently had little effect in
loealizing replacement. The strong rocks, such as
granite gneiss, injection gneiss, pegmatite, and
porphyry, broke with strong open fissures and became
the loci of filled veins. An open fissure on passing into
the sehists of the Idaho Springs formation commonly
spreads out along many small elosely spaced, comparatively tight shear planes. This fractured sehist seems
to have offered the best opportunity for replacement.
This selective replacement of suitably prepared ground
is illustrated in many mines. In the Coeur d'Alene
vein sharp-\Valled veins of galena and sphalerite formed
in granite gneiss, but where the fracture entered sehist,
the ore changed to a pyritic gold replacement body.
Similarly in the Druid mine the more micaceous folia
of the Idaho Springs formation were 'more thoroughly
replaced by ore minerals than the stronger feldspathic
seams.

Gold-silve-r m·es.-Most of the ore deposits of the district are worked primarily for gold and silver, but
some copper and lead and a small amount of zinc and
uranium are credited to the district's output. The
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pitchblende ores are only a local variant of the goldsilver veins. · In nearly all the primary ores and in all
but a few of the supergene ores gold predominates over
silver in value. Bastin 81 elassified the gold-silver lode
ores under four types : Pyritic ores, galena-sphalerite
ores, con1posite ores (pyritic-galena-sphalerite ores
transitional in character betvveen the first two types),
and telluride ores.
As shown on plate 9, the 1nost widely distributed ores
of the region are those of the pyritic gold deposits.
This type ineludes 1nost of the ore bodies between Central City on the north and Pewabic Mountain on the
south and 1nost of those along Fall River below the
month of York Gulch. Galena-sphalerite ores occur
on Seaton 1\-fountain near Idaho Springs, on Alps Hill,
northwest of Russell Gulch, and on Nigger Hill, Maryland Mountain, and Silver Hill north of Central City
and Blackhawk. Ores of the composite type are most
common in the border zones between areas occupied
largely by pyritic ores o,n the one side and by galenasphalerite ores on the other. They occur just east and
west of Central City and between South Willis Gulch
and the summit of Seaton Mountain. The telluride
ores are confined to a narrow belt extending southward
from Bobtail Hill near Central City to the head of
Gilson Gulch and southwestward from this locality to
Chicago Creek.
Pyritic ores.-The pyritic ores are predominantly
pyrite and gangue with subordinate an1ounts of chalcopyrite, tennantite, gold, and in places enargite and
other metallic minerals. In these ores gold greatly predmninates in value over the other metals. The gold
and silver are chiefly associated with chalcopyrite and
tennantite. Coarsely crystalline pyrite is proverbially
of low grade. The chalcopyrite in most places makes
up less than 5 percent of the ore by weight but locally
amounts to as much as 50 percent. Silver and gold are
rarely visible. Enargite is found in a few veins, in
some of which it is as abundant as pyrite. Galena,
sphalerite, molybdenite, and native bismuth are present here and there. The pred01ninant gangue 1nineral
is quartz, but locally siderite or fluorite may be abundant, and where the wall rock has been replaced sericite
is abundant.
Most of the minerals characteristic of the pyritic
ores were deposited during a single period of mineralization, but a prevailing order of crystallization is recognized. '\Vhere molybdenite is present, it appears to
have been the first mineral to crystallize, but in most of
the ore pyrite is the earliest mineral; and apparently it
continued to crystallize throughout the period of ore
deposition. Chalcopyrite began to form early in the
period of mineralization, but its deposition reached a
maximm~1 in the later stages, as is shown by its charst

Bastin, E. S., and Hill, J. M., op. cit., p. 105.
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acteristic abundance in the medial portions of certain
veins and in or near many vugs. The tennantite shows
similar relations, but its period of maximum deposition
was later than that of the chalcopyrite. A small amount
of galena and sphalerite is apparently contemporaneous
with the pyrite and chalcopyrite. Almost nowhere is
banding developed. Vugs are only moderately abundant and are usually small in the pyritic ores, which are
as a rule irregularly massive in texture.
The average gold content of the smelting ores is
usually between 1 and 3 ounces, and the average silver
content between 4 and 8 ounces to the ton. The copper
content in most ores is below the commercial limit of 1.5
percent, but in some ores it 1nay be 15 to 16 percent.
The silica content is extremely variable, but in most
lots is between 30 and 70 percent.

Galena-sphalerite ores.-In the galena-sphalerite
ores the predominant primary sulfides are galena,
sphalerite, and pyrite; subordinate chalcopyrite and a
little tennantite and bornite also occur. Enargite, native bismuth, and n1olybdenite are found locally in
small amounts. The comn1on gangue minerals are
quartz and either calcite or siderite, but rhodochrosite
is present in a few veins. Gold and silver, probably
alloyed, are finely distributed within the sulfides, and in
a few veins visible gold is relatively abundant. In these
ores also gold is associated with chalcopyrite and tennantjte rather than with the pyrite, but in some ore
shoots it is associated with sphalerite. Silver increases
with tennantite and galena, and locally chalcopyrite
and sphalerite are notably rich in silver. According to
Bastin, galena, sphalerite, pyrite, chalcopyrite, bornite,
enargite, quartz, siderite, barite, free gold, and rhodochrosite seem to have crystallized conten1poraneously
in most of the ores. Siderite and calcite are early in a
few places, but 1nost commonly are the latest minerals
and occur alone or with quartz as linings in vugs. Tennantite is 1nuch less abundant in the galena-sphalerite
ores than in the pyritic veins and was one of the last
minerals to form. These ores are, in general, sin1ilar
structurally and texturally to the pyritic type, and the
W[l.ll-rock alteration is similar. The chief differences
between alteration along these and the pyritic gold
veins are in the 1nore abundant development of calcite
and il1 the presence of sparsely disseminated galena and
sphalerite at a few places in the walls.
In the ores of the galena-sphalerite type the variations in metal content are even greater than in the
pyritic ores. In general the galena-sphalerite ores are
poorer in gold and copper and richer in silver than the
pyritic ores. The gold content of the galena-sphalerite
ores conunonly ranges between 0.15 and 3 ounces to the
ton and the average silver content between 5.50 and
40 ounces to the ton. The average perce11tages of
copper, lead, and zinc range from less than 1 to as much

as 17 percent of copper, 54 percent of lead, and 32 percent of zinc.
Omnposite ores.-The con1posite ores n1ay be the result of dual 1nineralization, first with the 1ninerals
characteristic of the pyritic type and later with minerals characteristic of the galena-sphalerite type.
V einlets of the galena-sphalerite type cut sharply across
pyritic ore in several 1nines in the district, but there
are numerous transitions frmn the cmnposite ores to
one or the other of the pure types. Bastin believes the
interval between the two stages of mineralization was
short but sufficient to permit much local brecciation of
the earlier ore before the later ore was deposited. In
some ores composed of nearly solid pyrite with some
chalcopyrite, the ores have been brecciated and the fragments cemented by quartz, galena, sphalerite, and chalcopyrite. At places in the Centennial-Two Kings
vein, pyritic ore is sharply separated from ore of the
galena-sphalerite type by a band of cmnb quartz. The
metal content of the ores of the composite type varies
greatly with the proportion of the two types present,
but in general it is' intermediate between the two.
Tellu(ride ores.-The telluride ores show more diversity in mineral character than the ores already described and probably formed at a later stage in the
Laramide revolution. So far as known, no tellurides
of gold and silver occur in either the pyritic or galenasphalerite ores. The most important shipments of tel]uri de ore have con1e from the War Dance and East
Notaway mines near Central City, the Gem vein near
the Gem Shaft, the Jewelry Shop vein, and the, Treasure Vault mine near Idaho Springs. These telluride
shoots all lie in a narrow north-northeasterly zone extending from near the mouth of Chicago Creek to Bobtail Hill and are at the intersection of the Dory Hill
fault with northeasterly veins in the northern half of
the zone. (See pl. 9.) The tell uri de ores consist of
gold and silver tellurides in a gangue of blue-gray finegrained horn quartz and s1nall amounts of fluorite, ferruginous calcite, and fine pyrite. The pyrite is less
abundant in the veins than in the wall rocks. In general no very consistent sequence was observed, although fluorite and calcite line son1e vugs and were
there the last 1ninerals to form. Although the goldtelluride ore mined on the Gen1 vein came from the
12th level, most of the telluride ore thus far mined has
been obtained within 125 feet of the surface and has
contained free gold in even greater abundance than
tellurides. This gold is partly and perhaps wholly the
result of the oxidation of gold -telluride minerals. The
tellurides occ.ur cloliefly as flakes or plates of pale brassyellow color. Altaite, coloradoite, krennerite, petzite,
and sylvanite have been identified by M. N. Short in
ore from the Jewelry Shop 1nine, which is typical of the
rich ores of this group. (See fig. 60, D and E.) The
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ratio of gold to silver in the telluride ore shipped frmn
the War Dance mine commonly ranged between 1 : 1
and 3: 1, and the average for 36.8 tons was 16.31 ounces
of gold and 13.06 of silver to the ton. In the War
Dance and Jewelry Shop 1nines the telluride ore formed
in a network of small veinlets and as an irregular replacement of the wall rock near fractures. In the East
Notaway mine the telluride veins are characteristically
1 to 3 inches wide and consist of clark fine-grained gray
"horn" quartz, fine-grained pyrite, some antimonial tennantite, and varying a1nounts of the tellurides. All
the vein minerals are essentially contmnporaneous, but
the sulfides are more abundant near the borders of the
veinlets, and sylvanite is Inore abundant near the center.
Uraniurm ores.-Pitchblende associated with sulfides
occurs in several veins on the south slope of Quartz
Hill. As shown on plate 9, the pitchblende is largely
restricted to a north-south zone about a quarter of a
mile wide and a mile long and occurs in the east-northeast veins that cross it. Two north-northwesterly bostonite dikes cut diagonally across the productive belt,
and, according to Alsdorf, 82 the parts of the dikes that
lie within the zone outlined on plate 9, are strongly radioactive. It is possible that the uranium-bearing
solutions are related to a deep bostonite magma apexing
in a narrow northerly zone at depth and that these
fluids first followed fissures or dikes transverse to the
east-northeasterly veins in which the ore has been
found. For n1any years a small and sporadic output
has come from this group and has been used mainly for
specimens and for experiments. Pitchblende has been
reported from the Alps, Belcher, Calhoun, Gennan,
Kirk, Leavenworth, Mitchell, Pewabik, Wood, and
Wyandotte mines. The pitchblende occurs as a minor
component of the pyritic ores, and n1ost of these mines
have been worked for gold and silver rather than pitchblende. Alsdorf believed that the pitchblende veins
were earlier than the pyritic veins, but according to
Bastin it is evident in a number of specimens that pitchblende, chalcopyrite, and minor amounts of pyrite and
gray quartz crystallized contemporaneously. Other
specimens contain sulfides that are later than the pitchblende. A rich specimen from the Calhoun mine contains abundant pitchblende sharply cut by veinlets of
sphalerite, pyrite, and galena. Bastin believes that the
pitchblende ores were deposited during the early pyritic mineralization and that ores of the galena-sphalerite types were later deposited in the fractures. The
pitchblende ores are believed to represent a local and
unusual variation of the 1nain sulfide mineralization of
the district.
Placers.-Although placer mining within the district has persisted to the present day, it had ceased to
s!l Alsdorf, P. R., Occurrence, geology, and economic value of pitchblende deposits in Gilpin County, Colo.: Econ. Geology, vol. 11, pp. 266275, 1916.
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be of major in1portance before the end of the sixties.
Productive operations were started in 1933 at the junction of Clear Creek and North Clear Creek, 51f2 miles
east of Idaho Springs. A dry-land dredge operated here
in gravel that yielded 50 cents a yard in 1935. The most
extensive placer workings in the district were in the
valleys of Chicago Creek and Clear Creek near Idaho
Springs, and they developed not only the present strean1
gravels but also glacial outwash gravels and gravels
of possible preglacial age. These deposits, which are
described by Spurr and Garrey,83 have not been productive for some time. Intermittent placering continues in
the district southeast of Central City, however, chiefly
in the valley of North Clear Creek and in Russell Gulch,
]n spite of the fact that nearly all this ground has been
worked and reworked several times. As would be expected, present yields are low.
Relation of ore to depth.-The primary gold-silver
ores of the district extend without noteworthy changes
frmn an altitude of about 7,000 feet to one of about
9,700 feet, a range of 2,700 feet. Individual lodes have
been followed in mining to a depth of more than 2,500
feet without marked change in character. In The
Patch, however, there semns to be a marked decrease
in metalization at an altitude of about 8,000 feet, approximately 1,200 feet below the surface.
Secondary enrich1nent.-In most parts of the Central
City quadrangle the natural position of the water table
appears to have been 50 to 150 feet below the surface.
This is indicated by the depth of oxidation in some of
the n1ines and by early records of the water level in certain shafts. In some 1nines enriched ore is practically
limited to the oxidized zone, between the surface and the
ground-water level; in others it extends downward for
more than 700 feet, far below ground-water level, and
represents a secondary sulfide zone. Gold enrichment
has occurred in the oxidized zone in all types of goldsilver ores; enrichment in silver is largely limited to the
secondary sulfide zone of the galena-sphalerite veins;
enriclnnent of copper, invariably on a small scale, is
]imited mainly to the pyritic ores; enrichment in lead is
insignificant; and enrichment in zinc has nowhere been
observed.
Gold enrichment is most striking in certain galenasphalerite veins, which usually contain less than 0.1
ounce of gold to the ton "\vhere not oxidized but may contain 1.5 to 3 ounces of gold to the ton in the oxidized
zone. The surface parts of these veins were worked by
the pioneers for gold alone, but there is no indication of
gold enrichment below the ground-water level. In the
vxidized zone the ores underwent partial disintegration,
which was accompanied by the conspicuous development
of brown hydrous oxides of iron, an increase in porosity,
and an incomplete freeing of the gold through oxidation
83

Spurr, J. E., Garrey, G. H., and Ball, S. H., op. cit., pp. 311--314.
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of its sulfide matrix. A part of the gold freed by oxidation was taken into solution and redeposited in the
oxidized zone or at the top of the supergene sulfide zone
]mmecliately below it. The evidence for supergene enrichment in gold below the ground-water level is not
convincing. (See fig. 62.) In some places wire gold.
was found in cavities below this level, but it is uncertain
whether the gold was deposited by descending solutions
or by late hypogene solutions.
In the Central City district the oxidized ore is generally lower in silver than the pri1nary ore. Small
amounts of silver are precipitated in the oxidized zone as
silver chloride or native silver, probably through reaction with residual sulfides. }\Inch of the silver is dissolved during oxidation and may be deposited at or below ground-water level as native metal or in sulfo cOinpounds. In the absence of precipitating agents the silvel'
enters the ground-water circulation and is lost so far
as the ore deposits are concerned. Supergene silver
minerals have never been recognized in o·res of the
pyritic type, in spite of the fact that silver is fairly
abundant as a pri1nary constituent. Perceptible silver
enrichment is practically limited to the ores of the

galena-sphalerite type. Pyrite, quartz, and chalcopyrite, the principal minerals of the pyritic ores, are cmnparatively ineffective in neutralizing the acid sulfate
solutions that carry silver, but galena, sphalerite, and
carbonates are effective in neutralizing such solutions
and precipitating the silver. The form in which the
silver is precipitated seems closely related to the composition of the associated supergene copper minerals,
and two contrasted types of silver enrichment have been
noted. In one silver was redeposited in sulfo co·mpounds (proustite, pearcite, and polybasite) associated
with supergene chalcopyrite; in the other it was redeposited as native silver in association "With supergene
chalcocite, bornite, and covellite. Secondary silver
minerals are not equally abundant in all galena-sphalerite veins. This is apparently clue in part to physical
causes, but in most places it can be explained by differences in 1nineral composition. Silver enrichment seems
to have been of slight importance in the Gladstone mine
near Idaho Springs and in the Topeka vein near Russell
Gulch. In these veins carbonates are rare, and pyrite
and chalcopyrite are unusually abundant.

W H CUSHMAN
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Names of mining claims given along bottom of sections
After R W Raymond- Mines and m1n1ng west of the Rocky
Mounto1ns, 1870
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63.-Relation between commercial ore and the surface in veins of the p~yritic gold group, as illustrated by longitudinal sections of
the early workings on the Bourroughs, Bobtail, and Gregory lodes. The Bourroughs vein crops out on a side hill at an altitude of more
than 9,000 feet near remnants of the Overland Mountain erosion surface and shows residual enrichment. The Bobtail lode crops out on a
rolling plateau at 8,600 feet, a part of the Overland Mountain surface, and the presence of enriched ore beneath a leached zone is evident.
The Gregory lode crops out in Gregory Gulch, where erosion has cut through the rich surface ore.
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The supergene silver minerals pearcite, proustite,
polybasite, and native silver occur in two ways-as fillings or linings of fractures or vugs in primary ore and
as replacements of the primary sulfides and gangue.
The rich silver ores "\vere reached at or near the
ground-\vater level~ they attained their richest development in the first 100 or 200 feet below this level and
then decreased gradually downward until at a depth
of 500 or 600 feet evidence of enrichment was rare or
absent. The silver content of enriched ore of smelting
grade ranged from a few tens of ounees to as much as
a thousand ounces or more to the ton in picked lots.
Bastin believed that the decrease in silver content of
the enriehecl ores "YYith increasing depth was the prime
factor in the decline in importance of silver n1ines in
the district. The gold, copper, lead, and zinc contents
of the silver veins have been little affected by enrichment below the oxidized zone.
Downward enrichment in copper is of slight economic importance. Commonly it is restricted to the
development of thin films of chalcocite or bornite on
chalcopyrite in the upper parts of the ore bodies, but
in some places small amounts of secondary chaleoeite
ore and very rarely of native eopper have been noted.
Enrichment in copper is 1nost extensive below groundwater level in pyritie ores that are unusually rich in
primary eopper minerals.
Smithsonite, anglesite, and eerussite were each noted
in a few ores, but secondary sphalerite or galena were
nowhere observed. A sulfate of uranimn has been
noted in some of the pitchblende ore but in insignificant
anwunts.
Localization of ore.-The localization o£ ores in the
Central City-Idaho Springs distriet depends primarily
upon the position of the underlying sources o£ the mineralizing solutions and secondarily upon the fractures
available for the solutions in their journey £rom the
source towards the surfaee. Judging from the narrowness o£ the zone to which the telluride ores o£ the district are limited, their souree must have been so restricted
that it was tapped only by the south-southwesterly Dory
Hill fault and its blind extension, which lie transverse
to the general strike of the fractures in whieh the tellurides themselves were deposited (pl. 9). The localization of the pitehblende ores in a ~much shorter northnortheasterly zone also suggests a local and somewhat
linear transverse source. With an upward journey of
any great distanee one \vould expect the solutions to
spread laterally and give rise to a broader and broader
zone o£ mineralization with increasing distance £rom
the souree. The great length o£ the telluride zone,
together with its extreme narrowness, suggests that the
linear source was not far below the present ore bodies.
The n1uch greater width of the pitchblende ore zone
suggests that its souree is at greater depth than that of
the tellurides. The extensive area covered by the
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pyritic gold ores and the galena-sphalerite ores would
indicate a linear source at 1nnch greater depth or a
source that itself has a broad areal expanse.
Most o£ the ore shoots of the district are apparently
due to the presence of open spaces in premineral faults.
The most open plaees along these faults are in brittle
wall rocks and at the junetions with branch fissures or
eross fractures. The most favorable wall rocks in the
order of favorability seem to be granite gneiss, pegmatite, injection gneiss, porphyry, and schist of the Idaho
Springs £ormation. lVIany fraetnres are well mineralized in the granite gneiss, but beeome barren where they
enter the sehist. This is well illustrated in the Gold
Collar, Coeur d'Alene, Frontenac, and Jefferson-Calhoun veins. (See fig. ()3.) In those veins where the ore
is due to replacement, hmvever, some o£ the best ore may
be found where the vein or the £raeture zone splits up
into many small slips in the sehist. In some veins, as in
the Chase, a junction with a northwesterly cross shear
zone is marked by the development of valuable ore
shoots in the northeasterly vein and in the northwesterly
vein as \Yell. In many places the thin wedge between
the main vein and braneh or spur vein was shattered
and was the site of important ore deposition. This is
\Yell illustrated by one of the richest ore shoots in the
Hubert mine. In a si1nilar way the main fissure near
the junction with cross veins has generally been better
mineralized than at smne distance from their intersection. This is illustrated in many 1nines, but is especially
well shown near the junction of the Elizabeth and Gunnell veins. The eonclitions that obtain at intersections
of eross veins and braneh veins are duplicated in veins
that are nearly parallel in strike but intersect, owing to
marked differenees in clip. Ore shoots localized by the
low angle junctions o£ veins are illustrated by the ore
shoot on the Conerete vein just above its junction with
the Slaughterhouse vein and by the ore body in the Old
Tmvn vein just below its junction with the Wautauga
vein. Most of the well-mineralized veins end along the
strilre and in depth by horsetailing, that is, by breaking
up into smaller and smaller branch veins (fig. 30). The
disappearanee of the veins by spreading out into many
unimportant fractures is espeeially common where they
leave the stronger wall roeks and enter schist, the foliation o£ which is subparallel to the different parts of the
vein in the more brittle wall rock. Good ore shoots have
been founclloealizecl where a vein parallel to the foliation of the schist begins to eut across the foliation. The
horsetailing of a vein in depth is illustrated by the Conerete vein about 200 feet below the Argo tunnel level
(fig. 30). Although the appearanee o£ this type of
fracture generally marks the disappearance of the vein,
it also quite commonly indieates the transition zone
between two overlapping master fractures.
Although few of the veins of the Central City-Idaho
Springs district are strong and well-mineralized in the
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FIGURE

63.-Section of the Jefferson-Calhoun vein, showing influence of injection gneiss on the localization of ore shoots.

porphyry stocks and plugs, several important ore
bodies have been found along the walls of dikes. The
ore bodies o·f the deepest gold mine in the district, the
California-Hidden Treasure, follow a bostonite dike
(pl. 16). Although veins parallel to the foliation of
the Idaho Springs formation are generally weakly mineralized, this is not true if one or both walls are pegmatites. The Frontenac-Aduddell vein, which follows
a pegmatite dike in the Idaho Springs formation until
it enters granite gneiss at depth, is strong and welllnineralized.
The relation of ore shoots to direction of 1ndvement
of the walls was not ascertained by Bastin, but in the
few veins studied by the writers it is in harmony with·
the expected positions of open spaces created by the
Inovement (pl. 15).

GUNNELL-GRAND ARMY MINE

The Gunnell-Grand Army mine 84 and the Concrete
mine are on the same strong east-west vein just west of
Central City, but as the two mines are worked separately and contain somewhat different types of ore they
are described under separate headings.
The Gunnell-Grand Army mine, on the south side
of Prosser Gulch just west of Central City, has been o·ne
of the most productive in the district. Its drifts, crosscuts, and shaft approximate 25,000 feet. The vein was
discovered in the early sixties, but extensive developn1ent was not begun until 1874. The Grand Army shaft
is 1,200 feet deep, with levels at 100-foot intervals. A
winze from the 1,100-foot level connects with a raise
from the Argo tunnel workings (pl. 16). A pump shaft
S\

Bastin, E. S., and Hill, J. M., op. cit., pp. 216-218.
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connects with the workings in the eastern part of the
property. The workings are along the Gunnell North,
Gunnell Middle, Gunnell South, Hattie, Wheeler, Elizabeth, and Slaughterhouse veins. The Gunnell veins
range in strike from N. 70° E. to N. 88° E. and in dip
from about 60° N. to 70° S., and the other veins are approximately parallel to them. It is reported that most
of the ore above the 900-foot level has been removed.
The Gunnell-Grand Ar1ny systmn of veins is predominantly pyritic, but son1e of the s1naller veins are
of the galena-sphalerite type, and the larger veins have
locally been reopened and further mineralized with this
type of ore. Westward in the Concrete workings, the
ore was almost exclusively of the galena-sphalerite type.
On the Argo tunnel level the writers saw only pyritic
ore. The Gunnell South vein between the 1,100-foot
level and the Argo tunnel level is mainly pyritic but
shows galena-sphalerite ore in places. It ranges frmn
6 inches to 3 feet in width and consists of veinlets of
ore bordered by wall rock containing disseminations of
ore. The Gunnell Middle vein is also predominantly
pyritic. It ranges from 6 inches to 2 feet in width in
the lower levels. The Elizabeth vein joins the Gunnell
North vein in the Argo tunnel (pl. 16). The Elizabeth
vein has yielded little ore, but near its intersection with
1nore productive veins it has probably caused an enlargement of the ore bodies. Below the Argo tunnel
the vein shows signs of breaking up and disappearing
jn depth; but it is possible that a blind vein is present
a short distance to one side and will persist to greater
depth. The walls in the lowest levels are schist, in
much of which the foliation is nearly parallel to the
ve1n.
Typical san1pling works assays of the ore as given
by Bastin 85 range in tenor from 0.55 to 2.40 ounces of
gold and 2.00 to 19.17 ounces of silver to the ton and
irom a trace to 1.40 percent of copper. On the Argo
tunnel level the Elizabeth vein assayed 0.05 to 0.29
ounce of gold to the ton for a width of 7 to 24 inches.
The Gunnell North vein averaged 0.33 ounce of gold for
widths of 11 to 20 inches. The Gunnell South vein
averaged 0.61 ounce of gold to the ton for an average
width of 22 inches in a block of ground 235 feet long;
in another block it averaged 0.42 ounce for a width of
10 inches, and in a third block, 0.76 ounce for an average
width of 25¥2 inches. Seventy-five feet above the Argo
tunnel level the Gunnell South vein averaged 0.91
ounce of gold for a width of 22 inches, and in some
bloeks of ground averaged 1.70 to 1.80 ounces for a
width of 26 to 35 inches. Shipments of ore frmn the
mine from 1874 to 1889 show an average value per ton
of $56.59 for smelting ore and of $14.02 for concentrat85 Bastin, E. S., and Hill, J. M., Economic Geology of Gilpin County
and adjacent parts of Clear Creek and Boulder Counties, Colo. : U. S.
Geol. Survey Prof. Paper 94, p. 318, 1917.

ing ore. The value of the total gross output of the
mine from 1874 to the close of 1911 was about $2,760,000.
CONCRETE MINE

The Concrete n1ine 86 is on the south side of Prosser
Gulch, about a mile west of Central City. It was at first
developed by an inclined shaft 1,285 feet deep, near
the east line of the property. In 1929 a raise frmn an
Argo tunnel lateral holed through to the shaft (pl. 16).
The Golden Treasure shaft, following the Golden Treasure-Slaughterhouse vein, enters the Concrete workings
540 feet west of the Concrete shaft at a depth on the incline of 674 feet. Below this, the Golden Treasure shaft
follows the Concrete vein to a depth of more than 1,300
feet. Ten levels have been driven from the shaft, one
of which connects with the Slaughterhouse workings
and one with the Gunnell workings. The Concrete
clai1n was located in 1879, and its gross output has been
valued at about $800,000.
Country rock throughout the entire mine is granite
gneiss. The vein, which is the westward extension of
the Gunnell-Grand Anny vein, strikes N. 74°-85° E.,
with an average of about N. 78° E. The vein dips from
50° to 82° S. down to the 750-foot level, and on the
1,000-foot level about 57° N.; below that it is nearly
vertical. Above the 1,033-foot level the vein for the
1nost part ranges frmn 1 to 3 feet in width, but locally
it widens to 8 feet, and in some places it is represented
by a single narrow slip. Below the 1,033-foot level the
vein widens rapidly to a maximum of 25 feet at the
1,127-foot level.
The Concrete vein belongs to the galena-sphalerite
type. It consists of crushed and silicified granite
gneiss, which has been impregnated with sn1all scattered
crystals of sulfides and is cut by a network of sulfide
veinlets as 1nuch as several inches in width. The sulfides are, in the order of abundance, dark sphalerite,
galena, pyrite, and chalcopyrite, but some veinlets consist ahnost exclusively of galena and sphalerite and
others mainly of sphalerite and chalcopyrite. Pyrite
is the most abundant sulfide in the wall rock adjacent
to the veinlets. Quartz is the chief gangue mineral.
Postmineral movmnent is indic.ated by gouge slips that
cut the ore and by s'lickensides that are either vertical
or pitch eastward at 80°. :Movmnent along northwarddipping splits from the Middle and South Gunnell veins
has apparently faulted out the Concrete vein on the
Argo tunnel level, but the vein is present below these
faults on the 100- and 200-foot sublevels (pl. 16).
Two main ore bodies have been developed, both west
of the shaft. The upper one has been stoped from a
depth of about 450 feet down to the 760-foot level
where it is about 300 feet long. The Slaughterhouse86

Idem, pp. 214-216.
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Golden Treasure vein is said to join the Concrete vein
between the 608- and 760-foot levels. This junction may
explain the formation of the ore shoots. The second ore
shoot extends frmn the 937- to the 1,127-foot level west
of the shaft and is developed by workings from the
Golden Treasure shaft. The n1ost productive parts of
this shoot appear to be near or at the junction of the
Concrete vein with the Elizabeth vein. The vein is entirely pyritic in character below the Argo level.
About 12 percent of the ore mined in the twenties
was shipped direct to the smelter. The tenor of about
307 tons of smelting ore was 1.03 ounces of gold and <.i
ounces of silver to the ton, 23.80 percent of lead, and
10.60 percent of zinc. Ore concentrated about 18 to 1
yielded a product having an average content of 0.64
ounce of gold and 5.80 ounces of silver to the ton, 12.30
percent of lead, 11.20 percent of zinc, and 12.10 percent
of silica. Thirty-two lots of smelting ore shipped frmn
1893 to 1909, inclusive, ranged in tenor from 0.40 to
4.13 ounces of gold and from 3.08 to· 15.80 ounces of
silver to the ton, from less than 1.5 to 3. 70 percent of
copper, and from less than 5 to (14 percent of lead.
MAMMOTH, GREGORY, FISK, COOK, AND BOBTAIL
VEINS

Mining near Blackhawk along the Mammoth, Sleepy
Hollow-Fisk, Cook, Gregory, O'Neil, and BobtailDennlark veins and along their branches and several
1ninor veins was controlled for 1nany years by the Fifty
Gold Mines Co., and most of the development on the
three chief veins was carried on through the Cook shaft,
1,450 feet deep, the Bobtail tunnel, and the Gregory
incline. The Gregory, located May 6, 185£), was the
first gold lode to be discovered in Colorado. The Gregory incline slopes for 1,709 feet at about 25° to a point
on the Gregory vein 700 feet below the surface. The
relations between the veins of the group are complex.
(See pl. 15.)
The Mammoth is probably the ·widest and n1ost conspicuous lode in the vicinity of Ce,ntral City. It can
be traced along the surface for nearly 6,000 feet. The
same gene,ral mineralized zone continue,s westward to
Spring Gulch, \Vhere it is repre,sente,d by the N ationa]
and He,cla veins, and finally m1ters The Patch, from
which it eme,rges as the, great California-Hidden Tre,asure lode,. On Mammoth Hill the lode, is worked through
an almost continuous series of shafts and pits, the, principal one, be,ing the Nlammoth shaft on the, e,ast side
of the hill. The ore consists pre,dominantly of pyrite
but is workable only whe,re chalcopyrite is also prese,nt.
It is we,ll e,xposecl in the Bobtail tunnel whe,re it was
being stoped in 1938.
As expose,cl on the surface,, the, Cook, Fisk, Sle,epy
Hollow, and After Supper shafts semn to be on one great
lode, which pre,se,rves a fairly constant trend of about
N. -1-0° E. NPar the Cook shaft this 1nain lode seems to

be joined from the west by the Mammoth lode and from
the east by the Bobtail lode, but the relations are some,, ·
what complicated and can best be understood by referring to plate 15.
In the ~Iammoth and Fisk ve,ins the left-hand walls
1noved ahead almost horizontally, but in the Bobtail the
right-hand wall moved forward. The wall rock on the
Bobtail tunnel level is largely granite gneiss, which js
nearly horizontal. Copper stain is locally prominent
in the easte,rnmost workings of the tunnel but was not
observed in the central or western parts.
The northeast part of the Gregory vein under Bates
Hill is worked by a drift tunnel extending entirely
through the hill. The average strike of this part of the
vein is about N. 45° E., and its dip is 80°-85° SE. The
vein material is predominantly pyritic, but locally ore
of the galena-sphalerite type is present. The vein
ranges in width frmn 2 to 5 feet. The wall rock is
chiefly granite gneiss.
The ores of all of the veins in this group belong almost
exclusively to the pyritic type, though in a few places,
notably in the eastern part, galena-sphalerite ore also
occurs. Pearce recognized the presence of tellurium in
certain ores from the Gregory 1nine. Raymond mentions the discovery in 187:1: of a pocket of ore in the
Gregory vein containing a large amount of free gold.
The tenor of 410 tons of ore shipped from these veins
fron1 1888 to 1909 ranged from 0.52 to 26.4 ounces of
gold and from1.5 to 21 ounces of silver to the ton, from
less than 1.5 to 13.75 percent of copper, and from 30 to 70
percent of silica. Sampling of the so-called Fisk-Maulmoth vein on the 14th level of the Cook shaft shows 0.12
to 0.52 ounce of gold and 0.4 to :1:.28 ounces of silver,
with an average of about 0.3 ounce of gold and 2.0 ounces
of silver to the ton, over a width of 3 to 6 feet. Assays
of a solid sulfide veinlet showed a maximum of 5 ounces
of gold and 11 ounces of silver to the ton.
AFTER SUPPER-SLEEPY HOLLOW VEIN 87

The Sleepy Hollow vein crosses North Clear Creek
at Blackhawk. It appears to be the northeastward extension of the Fisk lode. The After Supper or Banzai
shaft, north of Blackhawk, is 714 feet deep. The Sleepy
Hollow shaft, about 700 fee,t south of Blackhawk post
office, is more thanl,OOO feet deep. The American shaft
is on the same vein 500 feet southwest of the Sleepy Hollow. In 1912, the total output of the Sleepy Hollow
mine was reported to have a value of $800,000, and that
of the After Supper mine $80,000.
The vein strikes about N. 45° E. and clips from 80° S.
to 80° N. Below the ninth level of the Sleepy Hollow
sh~ft the vein splits into a vertical branch and one dipping 70° N. The .wall rock is schjst, pegmatite,, and
granite gneiss.
87
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The vein filling shmvs t\vo periods· of mineralization.
An early vein of crushed silicified wall rock and pyrite
was reopened and the fraetures ·were filled with quartz,
galena, sphalerite, and chalcopyrite. Some ore frmn
the Sleepy Hollow mine is reported to have carried gold
tellurides.
On stope 1naps of the Sleepy Hollow mine the vein is
shown to have been extensively stoped from the second
to the eighth levels. Stopes above the first level are not
shown, but are reported to be extensive. The ore ranged
in tenor from 0.'28 to 34:.25 ounces of gold and frmn 2
to 492 ounces of silver to the ton, but averaged about
2 ounces of gold and 10 ounces of silver to the ton. A
few lots of s1nelting ore carried as much as 20 percent
of lead and a fe\v others as much as 5.7 percent of copper.
HIDDEN TREASURE-CALIFORNIA-GARDNER LODE

The Hidden Treasure-California-Gardner locle, 88 on
the north slope of Quartz Hill about 11;! miles S. 60°
W. of Central City, is one of the strongest and n1ost persistent in the district. It is worked to a depth of 2,250
feet through the California shaft, which is the deepest
in the district (fig. 64). The vein trends about N. 86°
E., and as exposed on the surface and throughout nwst
of the workings, even clown to the Argo level, it parallels for most of its length a dike of bostonite porphyry
(pl.16).
The vein is of the composite type; in the Hidden
Treasure workings it is chiefly of the galena-sphalerite
type and in the California workings almost exclusively
of the pyritic type. Both types of ore are clearly later
than the bostonite porphyry dike.
The following table gives the gold and silver content
of the lode.
Onhl and silvrr r-onteut, in

ounce.<~

per ton, of ore from Hidden

Treasure-Oalifm·nia-Gardner lode

1

Uolrl

8il·1'C1'

Iron pyrites ________________________ 0. 65
Copper VJTites______________________ . 85
Gray copper ________________________ .90
Blende_____________________________ .16
White quartz ______________________ 3. 32
Bluish quartz ______________________ 3. 56
Flinty quartz_______________________ . lt-1
Jf'eldspathic gangue_________________ . 90

4.85
53.50
38.65
6.45
7.35
5.8-1.
1. uo
2.35

1 Bastin, E. S., and Hill, J. :M., Economic. g.,ology of Gilpin County
and adjae<>nt varts of Clear Cl'eek and Boulder Counties, Colo. : U. S.
G.,ol. Snryey Prof. Paper 94, p. 234, 1917.

The Gardner vein as exposed in the Argo lateral
ranges in clip from 75° S. to 8(JO N. It follows the
south side of the dike of bostonite porphyry; the other
wall is schist. Vein material in these laterals is entirely pyritic, and sampling in most places shows a gold
content between 0.05 and 0.50 ounce and a silver con-tent between 0.50 and 3.50 o·nnces to the ton. In ore
88
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with noticeable amounts of chalcopyrite or "gray copper" the gold content reaches as much as 3.24 ounces and
the silver content 9 ounces to the ton.
'.l'HE PATCH, SAN JUAN MINE, AND LA CROSSE TUNNEL89

The Patch, on the crest of Quartz Hill~ about 1 mile
S. 50° W. of Central City, has been exploited chiefly
through the San J nan mine. The ore body is an irregular stockwork, with the. ore minerals deposited in
spaces between the fragments of breccia or in irregular
networks of fractures. The coa1·se breccia that make;,
up The Patch is a pipelike body that pitches steeply
north from the surface to belo'w the Argo tunnel (fig.
61). The San Juan mine is developed by a shaft 916
feet deep, from which 11levels have bsen turned. The
workings also join the La Crosse tunnel (fig. 61). The
chamber stopes connecting with this tunnel are of inlmense s1ze.
The prevailing wall roek of The Pateh is granite
gneiss, but bostonite porphyry occurs at several places.
These rocks have been cut by a most irregular network
of fractures that have formed blocks. These bloeks in
some places show little ditierential movement, but elsewhere they have been moved over each other and partly
rounded, and blocks of gneiss have become mixed with
bloeks of pegmatite and porphyry. These relations
show conclusively that mineraliz~tion was later than
the intrusion of the bostonite porphyry. Not all parts
of the breccia are mineralized. The sulfides and quartz
gangue occur principally in the interstices among fragments of the hreceia but in part as true fissure fillings
and as replacement of the blocks or their crushed matrix.
Disseminated sulfides may be present even in the centers
of the blocks. Several northeasterly zones of maxinlUlll
mineralization are distinguishable and have been followed by drifts in the San J nan 1nine.
In one type of ore sphalerite is predominant with u
little associated pyrite, galena, and quartz; in the other
type. the 1ninerals are pyrite, chalcopyrite, and quartz
with a little antimonial tennantite. Vugs 2 to 3 inches
across are common, and in them crystals of clear white
quartz occur in abundance. In the northern part of
The Patch, as exposed in the La Crosse workings, the
ore is almost exclusively of the galena-sphalerite type.
Some galena-sphalerite ore persists as far as the erosscut leading into the San J nan workings, but in the latter the pyritic type of ore is almost exclusively present.
The La Crosse tunnel cuts the Phoenix-Kansas vein
180 feet frmn the portal, the Phoenix-Burroughs vein
500 feet frmn the portal, the Missouri vein about 525
feet from the portal, and The Patch 600 feet fr01n the
portal. The Missouri vein joins the Phoenix-Burroughs about 70 feet west of the tunnel and the Baker
vein about 50 feet east of the tunnel. The La Crosse
~H

l!lPm, pp. 2::!4-237.
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level of the San Juan 1nine also connects with the workings on the Gardner vein. This vein as exposed just
west of The Patch is a sharp-walled fracture filled with
pyrite and chalcopyrite. As The Patch is approached,
the vein breaks up into a series of branches and then
into a network of very small veins, and this network
passes into The Patch.
Assays of 117 tons of ore shipped from the San Juan
1nine between 1888 and 1909 show a trace to 12.2 ounces
of gold and 2.15 to 34 ounces of silver to the ton and
frmn less than 1.5 to 9 percent of copper. The gold
content of n1ost of the ore in the largest of the San
Juan stopes is said to have ranged frmn 0.44 to 0.78
ounce of gold. The average value may be placed at
about $15 per ton. Most of the ore mined since 1900
was of cmnparatively low grade. Ore shipped in 1910
contained 1.27 ounces of gold and 4.54 ounces of silver
to the ton and 0.85 percent of copper. Milling ore contained 0.226 ounce of gold and 0.3 ounce of silver to the
ton. The gross output of the mine is said to have been
valued at $600,000.
The Patch, where traversed by the Argo tunnel, has
yielded almost no workable ore but is cut by a number
of pyritic veins. The Argo tunnel lies about 1,600 feet
below the collar of the San Juan shaft and goes through
The Patch for a distance of 545 feet (pl. 16).
GERMAN A.ND BELCHER MINES

The German and Belcher mines 90 are on the summit of Quartz Hill, about 11h miles S. 57° W. of Central City, and are noteworthy for the pitchblende content of their ore. The Gern1an shaft is 600 feet deep,
and the workings of the two mines are connected. Stop·
ing has been limited principally to ground above the
130-foot level. The vein in most parts of the mine
strikes about N. 75° E. and dips 75°-80° S. The wall
rocks are mainly schist and pegmatite, and exceptionally
of granite gneiss. Two dikes of bostonite porphyr5r
are exposed on the 500-foot level and are cut off by the
ve1n.
In general the vein n1aterial in the German mine ia
of the composite type modified by the presence of pitchblende. In places the vein is a typical fissure filling,
but in 1nost parts replacement along small fractures has
been important. The vein ranges in width from a few
inches to about 31;2 feet. The chief ore minerals are
pyrite, sphalerite, chalcopyrite, and galena. In some
places pyrite is the principal sulfide and in others galena
and sphalerite. An assay of the galena-sphalerite ore
from the 1l00-foot level west gave 2.12 ounces of gold
and 10.9 ounces of silver to the ton and 0.015 percent
of uranimn oxide.
The low-grade uranium ore exposed in the workings
consisted of altered schist or pegmatite highly ilnpregoo Bastin, E. S., and Hill, J. M., op. cit., pp. 240-243.
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nated with pyrite and with less amounts of sphalerite
and still s1naller amounts of pitchblende, containing
about 0.25 to 0.5 percent of uranium oxide. It forms
an intimate part of the sulfide vein. Generally the
high-grade pitchbende ore fonns irregular masses in the
low-grade disseminated ore. The largest piece of pitchblende known to have been found in the mine came from
the 130-foot.level west; it weighed 240 pounds and
contained 88 percent of uranium oxide. According to
Rickard, the more solid pitchblende, either in lens form
or in. well-defined streaks, seldom exceeded3 to 4 inches
in width. One specimen of rich pitchblende ore showed
uraninite cut by small seams of sphalerite, pyrite, and
galena. Another specimen showed botryoidal pitchblende cut by 1ninute veinlets of pyrite, chalcopyrite,
and dark-gray quartz. In the more shattered parts
fragments of pitchblende lay in a matrix of these sulfides. Rickard stated that by hand sorting, a selected
grade of pitchblende containing 15 to 60 percent of
uranium oxide could be recovered. The ratio of mill
ore to selected pitchblende was about 40 : 1.
An assay of coarse concentrates from the German
and Belcher mines gave the following result: Gold
1.50 ounces and silver 3.71 ounces to the ton, copper
1.42 percent, lead 0.65 percent, silica 10.60 percent, iron
36.69 percent, sulfur 41.05 percent, and uranium oxide
3.22 percent. Assays of pitchblende ore show 0.00 to
1.20 ounces of gold and 0.00 to 21.80 ounces of silver
to the ton, 0.00 to 12.95 percent of zinc, and 1.10 to
1.47 percent of uranimn oxide. Assays of 28 tons of
smelting ore shipped in 1909 frmn the Gern1an and
Belcher mines gave 0.31 to 5.99 ounces of gold and 2.00
to 21.60 ounces of silver to the ton and 0.00 to 1.90 percent of copper; one lot contained 9.70 percent of lead.
According to a report of the United States Bureau of
Mines in 1913, the total production of pitchblende ore
from the two mines frmn the fall of 1911 to January
1, 1913, was 240 pounds of high-grade ore containing
more than 70 percent of U 30 8 , and 1 ton containing 2
percent of U30s.
GEM-FREIGHTER'S FRIEND LODE

The veins worked in the Gem and Freighter's Friend
mines 91 form part of a well-defined systen1 of mineralized fractures that crop out on the smmnit of Seaton
Mountain 11h miles north of Idaho Springs. The system includes a number of subparallel branching fractures. The Gen1 workings consist of a shaft with 18
levels; the lode is also cut by the Argo tunnel1,420 feet
below the collar of the shaft. A winze below the Argo
level increases the total vertical extent of the workings
to 1,504 feet. The Freighter's Friend workings comprise one shaft with five levels.
>~1

Idem, pp. 290-292, 297.
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The average strike of the Gem lode is about N.
70°-75° W., and the dip is 35°-80° N., averaging about
60° N. The prevailing wall rock is granite gneiss, but
monzonite porphyry is abundant on the 9th, 13th, 17th,
18th, and Argo levels, particularly w·est of the shaft.
In most of the workings the lode consists of two nearly
parallel veins 20 to 30 feet apart, but in places it is a
single W€ll-mineralized fissure. The shaft :follows the
footwall vein down to about the 9th level and below
that follows the hanging-wall vein. The foot-wall
vein in smne places is 4 or 5 feet wide, but in others is
ill-defined and poorly mineralized. Although the
Freighter's Friend workings are on the same general
lode as those of the Gem 1nine, the two min€s have not
been connected, and the exact correspondence between
jndividual veins within the lode is not known.
Vein material in the Gem mine is dominantly pyritic,
but in many places it contains other sulfides. Rhodoehrosite veinlets containing sphalerite and chalcopyrite
cut coarse-grained pyrite in places. At one place on
the Argo level small veinlets of galena-sphalerite ore
cut coarS€-grained pyritic ore in the Gem vein. Thus
there were two periods of mineralization in this vein.
The first is represented by chalcopyrite, pyrite, quartz,
and possibly tetrahedrite; the second by galena, sphalerite, tetrahedrite, enargite, rhodochrosite, and bornite.
An ore shoot about 100 feet long by 100 :feet high near
the Gem shaft on th€ 12th level contained tellurides of
gold. A specimen from this shoot showed sylvanit€ in
a gray quartz matrix. This part of the vein is almost
on the strike of the Dory Hill fault (pl. 9). The second
period of mineralization is better represented in the
Freighter's Friend than in the Gem workings.
Smelting records from 1897 to 1910 show that pyritic
ores consisting largely of pyrite. with subordinate chalcopyrite are most abundant. In 1nost of this ore the
gold content ranges frmn 0.3 to 3 ounces to the ton,
generally less than 1 ounce, and the silver content between 5 and 30 ounces to the ton. Unusually high gold
contents are commonly accompanied by unusually high
silver contents. The copper content in general is below
the commercial limit of 1.5 pN·cent but is as much as
5 percent in a few places. Ore containing lead in quantities sufficient to be of economic value (more than 5
percent) is more abundant in the Freighter's Friend
than in the Gem 1nine. The ]ead content of some shipments has been as high as 65 percent and that of zinc
as high as 23 percent. A comparison of the silver content in the pyritic and lead ores showed that much of
the galena was not highly argentiferous·, although it
contained more silver than the pyrite. Assays of ore
from the 11th level east in the Gen1 n1ine support the
conclusion that the previous metals are most closely
associated with the copper minerals. One shipment of
pyritic ore averaged 0.28 ounce of gold and 7.85 ounces
of silver to the ton ; of two .shipments of cupriferoue

pyrite ore, one averaged 0.93 ounce of gold and 17.60
ounces of silver to the ton and 2.30 percent of copper,
and the other averaged 1.3 ounces of gold and 19.30
ounces of silver and 4.1 percent of 'copper; lead ore
[tVeraged 0.25 ounce of gold and 15.80-ounces of silver,
23.45 percent of lead, and 9.35 percent of zinc.
LITTLE MATTIE-NEWTON VEIN SYSTEM

The Little Mattie-Newton group of veins,92 developed
principally in the Little Mattie and Newton 1nines is 2
to 2:1f2 miles west-southwest .of Idaho Springs. The
main workings consist of the Little Mattie shaft, which
is 650 feet deep and has 8 levels, and a tunnel 6,400 feet
long, which follows the vein northeastward to a point
500 or 600 feet beyond the Newton shaft, with which it
connects. The Little Mattie workings aggregate about
10,000 feet and the Newton workings about 4,000 feet.
The Newton and General Thomas shafts are 27 5 and 250
feet deep, respectively (pl. 17).
The group cmnprises a single exceptionally strong
northeasterly vein with branches at each end. The
main vein is opened at short intervals through a distance of about 31f2 Iniles, and abnost throughout its
course it is closely associated with one or n1ore porphyry
dikes. To the northeast the main vein breaks up into
two branches, which are distinguishable in the Star and
Red Lion tunnels. They follow the general course of
two porphyry dikes. To the southwest the main vein
breaks up into several well-marked but less highly mineralized fractures, one of which is found in the Archer
n1ine and another in the King Solomon and Dorritt
workings.
The country rocks along the Little Mattie-Newton
vein are mainly pegmatite, gneiss, and porphyry. In
places pegmatite alone forms the wall rock for long distances, but at other places it is intimately mixed with
the gneiss, which commonly trends parallel to the vein
and dips between 60° and 75° NW. In many places
bostonite porphyry forms one or both walls of the vein.
The vein strikes approximately N. 40° E. and dips
()5°-70° NW. Slickensides on the wall range frmn horizontal to a pitch of 15° SW. The vein or vein zone
ranges in width from 1 foot to several feet; it contains
footwall and hanging-wall streaks of ore connected by
a network of minute stringers and seams of ore. In
many plaees the zone through its entire width may contain ore of shipping grade; in one plaee 65 pereent of a
10-foot zone was shipped direet to the sampler, and in
another place 75 percent of a zone 3 to 11 feet wide
was shipped.
The ores frmn the 1nain vein are predominantly goldbearing in places, but in other plaees silver is of greater
value than gold. Ores of the West and so-called South
92 Spurr, J'. E., Garrey, G. H., and Ball, S. H., Economic geology of
the Georget(•WTI quaclrangle : U. S. Geol. Survey Prof. Paper 63, p. 358.
1908.
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veins are more valuable for silver than gold, but to the
east gold is the more valuable constituent. Quartz is
the chief gangue 1nineral, and the 1netallic constituents
are galena, sphalerite, tetrahedrite, polybasite, and
small mnounts of argentite. Pyrargyrite, native silver,
and native gold occur in a few places. Soft black sulfides or sulfurettes extended down as far as the sixth
level. The highest grade of ore and the largest ore
bodies in the Little l\1attie 1nine were found between
levels .J: and 7. The ore bodies in places extended continuously frmn these lower levels to the surface.
In 1908 a rather large tonnage of ore said to average
about $200 to the ton was mined from the 6th level.
Below level 7 the ore was decidedly leaner, and except
for some milling ore obtained from just above level 8
at the southwest end of the mine little ore of commercial
grade was found.
According to l\fr. Sutherland, superintendent of the
mine in 1905, ore onlevel7 west of the Cross vein averaged between 100 and 300 ounces of silver and 2 to 3
ounces of gold to the ton, whereas the ore east of the
Cross vein contained only 7 to 30 ounces of silver and
about 2% ounces of gold to the ton. Small isolated
pockets of ore contained 30 to 42 ounces of gold and 400
to 600 ounces of silver to the ton, 5 to 10 percent of lead,
and 5 to 10 percent of copper.
The main vein of the Little Mattie workings is offset
6 to 20 feet by a fault, which has been mineralized to
form the Cross vein. The fault strikes about N. 28° W.
and dips 65° NE. To the northeast of this fault the ore
was much n1ore pyritic than to the southwest and contained gold in commercia] quantity but very little silver·
to the south west a substantial amount of argentiferou~
lead ore was 1nined. The Cross vein contains no pay
ore, although values of $2 to $6 in gold have been obtained from it. It lies along a premineral fault. Several smaller faults also cut the vein (pl. 17).
STANLEY MINE

93

The Stanley vein crosses Clear Creek about 11f2 1niles
'vest of Idaho Springs and extends southwestward up
the slope to the ridge between Clear Creek and Spring
Gulch. The workings consist of four 1nain tunnelsthe Whale, York, Golden Link, and Road Level-and
two shafts-the Gehnnann, with eight levels, and the
Golden Link (pl. 18). The vein has been developed
by underground workings for a distance of about 4,000
feet along the strike and for a vertical distance of about
1,500 feet. The ore mined in 190.J: averaged about $,,10
to the ton after being sorted; it contained 1 to 2 ounces
of gold and 20 to 40 ounces of silver to the ton, 25 · to
30 percent of lead, and 2 to 3 percent of copper. Ore
shipped in 1910 had a tenor of 0.85 ounce of gold and
15.3 ounces of silver to the ton, 0.70 percent of copper,
m Spurr, J. E., Gan·ey, G. H., and Ball, S. H., op. cit., pp. 341-349.
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and 1.4 percent of lead. The total gross output of the
mine to 1910 is said to have been valued at about
$3,650,000.
Southwest of the Golden Link shaft the main Stanley
vein splits, and the branches diverge to the southwest.
Near Clear Creek the Stanley splits into two branches
that diverge slightly to the northeast. This split is
about 200 feet west of the Stanley shaft house. The
n1ore northern split is the principal one and retains
the name Stanley vein. The other is called the Crockett. The Stanley vein follows a zone of crushing, sheeting, and faulting that is of cmnpound origin and was
the site of repeated 1novement. The vein is mainly
along a single zone, which trends about N. 50° E., but
it shows local branching. The. most important branch
noted underground is called the Joker vein. It is subparallel to the main lode but gradually diverges in a
northeasterly direction. The Joker vein dips 80° S.
and the Stanley 60° N., and they probably join above
the Road Level tunnel.
The principal ore bodies of the Stanley mine were
unusually irregular (pl. 18). Most of thmn were made
up of large segments of the original vein that had been
left ahnost intact and, unlike much of the vein, had been
little broken up by the strong postiJ.nineral fault that
followed the vein. In places, however, the original
vein was thoroughly brecciated for long stretches. The
ore was dragged out and mixed with so 1nany rock
fragments that it became too low grade to be worked.
Originally some of the best ore seems to have been
formed at the intersection of branches, as is common
in this region. In the Road Level tunnel, at the junction of the 1nain Stanley vein with the Joker vein, ~t
large quantity of high-grade ore was found. On the
Stanley vein the big stope nearest to the portal of the
Road Level tunnel is said to have been at the junction
of this vein with the Crockett.
The principal wall rock of the mine is gneiss, which
is quartzose in some places, biotitic in others, and locally
hornblendic. Pegmatite is locally abundant, and dikes
of both bostonite and biotite latite porphyry are exposed in the mine workings. The chief gangue mineral is quartz, and the chief ore mineral is pyrite, accompanied by appreciable chalcopyrite and galena and
by minor tetrahedrite. A little siderite occurs free in
vugs, and cherty silica forn1s coatings on walls and
geodes.
The original fissure zone was occupied by a bostonite
porphyry dike, which was torn apart and displaced
by differential n1ovmnents during subsequent stages of
mineralization and intrusion. In the Hukill tunnel, and
also in the intermediate levels, a breccia containing
fragments of gneiss, pegmatite, and bostonite porphyry
is cemented by quartz, pyrite, chalcopyrite, and galena.
A dike of biotite latite also follows the vein and encloses angular fragments of pyritic lead ore and the
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earlier bostonite porphyry, as well as of pegmatite,
gneiss, and alaskite. In addition to enclosing angular
fragments of the vein, flowage in this dike along the
contact caused streaks of galena and pyrite to be drawn
out with the igneous rock into fine, wavy metallic
threads. Unfortunately for present-day study, the latite
dike has not been recognized at the surfaee. The latite
shows very little mineralization and is relatively fresh;
however, in a few places it is traversed by pyritiferous
quartz veins, which indicates a weak later mineralization. It appears that practically the whole formation
of the vein took place during the interval between the
intrusion of the bostonite and the latite. The strongest,
widest, and best parts of the vein commonly lie between
gneiss walls. In the Road Level tunnel a large ore
body extending for 500 feet between gneiss walls ended
in a weak and discontinuous vein where the latite dike
enters the vein zone.
After the injection of the latite dike the fissure was
again reopened, and a breccia of subangular to rounded
fragments was formed in places. This breccia zone
extends along the vein or along the biotite latite porphyry and is locally several feet thick. Fragments of
bostonite and biotite latite porphyry and the various
older rocks are present. Striations along the walls of
this breccia pitch from 34° to 60° SW. Many of the
openings along this fracture were filled by a fine mudlike material, which was thought by Spurr to be an
infilling of water-borne sediment but which is quite
probably the matrix of an intrusion breccia similar to
that found in the Logan and Yellow Pine mines of the
Gold Hill district. Locally ore fragments are sufficiently abundant in the breeeia to be mined. In plaees
the breecia eontains seattered or locally abundant sulfides, including galena and ehaleopyrite, as an interstitial eement to the roek fragments. In a few places
this postbreceia mineralization may have fonned seams
of sufficient size to be of eeonomic value. On the whole,
however, it has been of little consequence from an econonlic standpoint. Silica has so thoroughly cemented
the fragmental material in plaees as to form a roek that
is a.s hard and firm as the latite porphyry; in faet,
much of the hard, fine-grained part of the breccia, according to Spurr, is not easily distinguishable from
some of the dense varieties of latite.
The gneiss of the wall rock shows abundant calcite
and chlorite as decmnposition produets, and in plaees
the feldspars have been entirely altered to sericite. The
bostonite porphyry is highly altered, the feldspars hav- ·
ing been converted largely to kaolin and partly to sericite. The ferrmnagnesian minerals have been entirely
altered to calcite and magnetite or he1natite; abundant
deep-purple fluorite occurs along cracks in the rock and
is abundant in some parts of the groundmass. The mineral is closely assoeiated with caleite and is relatively

late. The latite porphyry is altered along small cleavage craeks, the calcie feldspars having ehanged to ealeite
and the orthoclase to kaolin.
The geologic history of the Stanley vein may be summarized as follows : ( 1) Fracturing and faulting of the
pre-Ca1nbrian gneiss; ( 2) intrusion of a dike of bostonite porphyry; (3) renewed movement, whieh for1ned
porous zones of crushed material and open, rubble-filled
fissures; ( 4) deposition of pyritie galena ore, which
cemented the openings with quartz and metallic minerals; ( 5) reopening of the old break; ( 6) intrusion of
biotite latite porphyry; (7) faulting, with the formation of open fissures and the emplacement of intrusion
breecia; and ( 8) silicification and the deposition of.
small amounts of ore.
EAST NOTAWAY MINE

The East Notaway 1ninet about a mile southeast of
Central City and on top of the ridge between Lake Gulc11
and Russell Guleh, is developed by an inclined shaft
650 feet deep. It is characterized by numerous irregular dikes of monzonite porphyry and by two distinct
types of mineralization. The wall rocks are monzonite
porphyry and schist with associated pegmatite. The
North, or Shaft vein, consists predominantly of coarsegrained, low-grade pyrite, in ·which little mining has
been done.
Crosscuts south fron1 the shaft on each level eut the
IIomestake and Notaway veins, which are closely assoeiated. On the 651-foot level the Homestake vein dips
55° N. and eonsists of 6 inehes of coarse pyrite and
quartz, 3 inches of brecciated pyrite and gouge, and 15
inches of pegmatite containing disseminated pyrite and·
~mall pyrite stringers. A 10-foot dike of monzonite
porphyry lies on the hanging wall.
The Notaway vein differs entirely from the Homestake, both in value and in mineral character. On the
555-foot level it eonsists of three or four subparallel
stringers of horn quartz as mueh as llf2 inches wide in
a 4-ineh to 6-inch zone. In places, as along n1ost of the
555-foot level east, the Notaway vein oceurs alone, but
elsewhere it lies in or along the Homestake vein and
i~ 1nined with it. In such places the Notaway hornquartz ore cuts sharply through the heavy pyritic
Homestake ore and is plainly later. Both veins eut
tl1rough monzonite porphyry in plaees.
The ores of the Shaft and Homestake veins are of the
pyritic type and consist predominantly of pyrite in a
gangue of quartz and altered rock. In the Homestake
vein chalcopyrite and tennantite are present in a few
places. The Nota way vein consists typically of 1 to 3
inches of dark-gray horn quartz, fine-grained pyrite,
tennantite, varying . amounts of a gold and silver
telluride and native gold. A polished seetion of rich
"~

Bastin, E. S., and Hill, J". M., op. cit., pp. 264-265.
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ore shows pyrite, tennantite, and microcrystalline
quartz to be abundant along the borders of the vein and
apparently contemporaneous. Toward the center the
sulfides decrease in abundance, and sylvanite(
appears associated with native gold. Most of the sylvanite occurs alone, but in places it is intergrown and
apparently contemporaneous with tennantite. The
large crystals of sylvanite are platelike or bladelike in
form. The native gold appears to be primary and not
an alteration product of sylvanite.
The pyritic ore of the Shaft vein is everywhere below
workable grade; its tenor is about 0.15 ounce of gold to
the ton. Most of the ore of the Homestake vein is likewise of too low grade to be worked, but where chalcopyrite and tennanite are present its value may reach
$200 per ton. The gold content of the Notaway vein
is notably irregular. One shipment from the 500-foot
level had a gold content of 32 ounces to the ton, and
the next shipment of similar appearance from the same
stope averaged only 2 ounces. Another lot averaged 27
ounces and the next only 7 ounces. Such irregularity is
not unusual in the telluride ores of the district.
About a third of the output is smelting ore, and the
remainder is concentrating ore. Smelting ore shipped
in 1909 had a tenor of 0.39 to 11.6 ounces of gold, average 3.3 ounces to the ton; 2 to 11.04 ounces of silver,
average 5.44 ounces; and 6.71 percent or less of copper.
Ore shipped in 1910 had a tenor of 0.27 to 13.3 ounces
o·f gold, average 2.52 ounces; 1.8 to 15.25 ounces of
silver, average 4 ounces; and 8.5 percent or less of copper. The average metal content of the concentrating
ore for 1910 was 0.18 ounce of gold and 0.426 ounce
of silver to the ton.

n

JEWELRY SHOP VEIN

The Jewelry Shop mine, o·n Chicago Creek half a
mile west of Idaho Springs, is owned by the West Gold
Mining Co. It is developed by a crosscut tunnel 150
feet long, cutting the vein about 75 feet below the
surface, and by a drift about 300 feet long. The mine
was opened in February 1926 and 6,000 tons of ore
was shipped to the Golden Cycle mill from March
1926 to November 30, 1926.
The country rock of the vein comprises biotite schist,
quartz schist, and granite gneiss of the Idaho Springs
formation, cut by a few small bodies of pegmatite. The
main vein, or "main break," as it is called, strikes N.
85 o E. along the crest of a small sharp fold in the
schist and dips almo·st vertically (fig. 65). Many small
seams of pyrite and quartz cross the drift; they trend
N. 20° E. and N. 20° W. and dip east at a low angle.
Along the many vertical cross fractures that cut the
main break at rather small angles gold and silver tellurides are abundant. These seams end within a short
distance, but where they are closely spaced rich ore may

be mined to a width of 40 feet from the main vein. The
main vein apparently served as the main channel for
the mineralizing solutions.
The ore shoots are vertical or pitch slightly to the
east. The biotite schist is a very poor host rock, and
only very low -grade ore has been found in it. The
quartz schist and the "blue schist" (a chloritic talcose
rock) are very favorable to the ore.
Acco·rding toM. N. Short, who studied the telluride
ore under the microscope, the following ore minerals,
mostly tellurides, are present, listed in the order of their
aLundance: Altaite, coloradoite, petzite, krennerite, native gold, galena, sphalerite, and sylvanite (?). The
gangue minerals are quartz, pyrite, sericite, siderite,
barite, and opal. (See fig. 60, D, E.) The order of
deposition o·f the gangue minerals is pyrite and sericite,
siderite, kaolin, quartz, barite, and opal. The tellurides
are found in the vuggy parts of the veinlets associated
with barite and quartz. The tellurides are more or less
intergrown and occur in small bunches or blades rarely
more than a quarter of an inch in diameter, which are
scattered in the gangue. The tenor of the ore shipped
ranged fro·m 5 to 50 ounces of gold to the ton.
OTHER MINES

Data on other representative mines are given briefly
below. Detailed descriptions of these mines have been
given by Spurr, Garrey, and Ball,95 and by Bastin and
Hill. 96
BELMAN
Development.-Sev_eral shafts; Big Five tunnel ; 800 feet of
drifts.
Veins.-Belman: Strike, N. 67° W.; dip, 60°-70° E.; zone of
crushed, silicified schist. Many parallel slips cut altered schist
for 30 feet above vein. Fracture zone separates this schist from
nnaltered mass. Postmineral movement crushed ore.
Wall rock.-Schist.
Ore and sulfide minerals.---Pyrite and gold, some chalcopyrite
and gray copper.
Gangue minerals.-Quartz and silicified schist.
Ore shoots.-Tunnel cuts ore shoot 600 feet in length and 110
feet in maximum height.
Tenor.-13 samples assayed 0.52 to 1.16 ounces of gold and 2.2
to 6.4 ounces of silver per ton.

BURROUGHS
Development.-Four main shafts, one of which, the Ophir, is
1,200 feet deep. Phoenix connects with 12 levels.
Veins.-Burroughs: Strike, N. 85° E.; 8 inches to 4 feet wide.
Seams of pyrite in silicified wall rock.
Ore and sulfide m·inerals.-Chiefly pyrite and gold, some chalcopyrite, gray copper, galena, and sphalerite.
Gangue mineral.-Quartz.

Tenor.-1893-99: 251 tons of smelting ore averaged 4.3 ounces
of gold and 9.97 ounces of silver per ton. 1910: 10 tons averaged
3.31 ounces of gold and 5.9 ounces of silver per ton.
o5 Spurr, J. E., Garrey, G. H., and Ball, S. H., op. cit. (Prof. Paper
63), pp. 314-382, 1908.
o6 Bastin, E. S., and Hill, J. M., op. cit. (Prof. Paper 94), pp. 208-303,
356-366, 1917.
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65.- Geologic nuqJ of tlle J e weh·y Shop mine, Idaho Spr ings.

CASINO VEI N AND F OXHALL TUNNEL

D ev elopment.- Foxhall and Casino tunnels.
V eins.- Casino strikes east and is 4 feet wide.

Irregular
branching veins in schist. Foxhall tunnel intersects several
minor veins, including Total Eclipse and Danube, which are
mostly barren.
Ore ana sulfide minm·als.- Chiefly gold tellurides, some galena,
sphalerite, and gray copper.
Gangtte minerals.- Quartz and calcite.
'J 'eno1·.- Very irrf'gular. Typical sampling works assay on
3,414-pound lot : 2.25 ou rH:es of gold and 3.00 ounces of silver
per ton.
CH E MU NG-B ELM ONT

D ev elopment.-Shaft 820 feet deep; 10 levels.
P?·oduction.- $500,000.

Veins.- Cbemung-Belmont: Strike, N. 55 °- 73" J;J.; lode forks
near shaft and reunites to west and in depth ; north bnn rch is
Chemung and south is Belmont.
Wall roclc. - Schi~t and pegmatite.
Ore anll sulfide minet·als.- Chiefly gold and pyrite, some tennantite, galena, spl1alerite. and chalcopyrite.
Gangue mine1-al.- Quartz.
T eno?·.-95 tons to sampling works, 1 89-1902, a ,·eragecl 1.74
ounces of gold and 16.03 ouaces of silver per ton and 1.5 to 7J)
percf'nt of copper.

CLAY COUNTY

Development.- Sbaft; National tunnel connects with 6th level.
P?·oultetion.-$600,000 to $700,000.
V eins.- Clay County: Strike, K 21 o E.; clip, steeply north-

west; count ry rock contains stringers and disseminations of
pyrite, gray copper, and quartz brecciated and cemented by
sulfides.
Wall 1·oc,lc. -Idaho Springs formation, pegmatite, and rnon
zonite porphyry.
Ore and sulfid e mine?·als .-:i.'yrite, gold, gl'ay coppel', chalcopyrite, galena, and sphalerite.
Gangtte mineral.- Quartz.
Ore shoots.-Production chiefly frorn 3d level.
'l 'enor.- 57Ji tons of smelting ore, 1891- 09 ave 1·aged 0.60 to
0.65 ounce of gold and 11.28 ounces of silve1· per ton and 1.5 to G
percent of copper.
E D GAR

Development.- 4 drift tunnels and 3 shafts. Vein a lso cul
by Big Five tunneL
l'ein.s.- Edgar: Strike, N. 65 ° E., dip, 70 °-85 ° NW. Few
inches to 3 feet of crushed, slightly silicified wall rock containing stringers and disseminations of sulfides.
·wall roclc.- Chiefly schist, some monzonite porphyl'y.
01·e and Sttlfiue minerals.-Galena, sphalerite, and pyrite.
Tenor. - ln the seventies, first-class Ol'e ave r·aged 0.5 ounce of
gold and 80 ounces of silver per ton and 4G to 50 percent of lead.
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176 tons, 1898-1909, averaged 0.6 ounce of gold and 16.07 ounces
of silver per ton and contained from less than 1.5 to 6.5 percent
of copper, 59 percent or less of lead, and 16 percent or less
of zinc.
FRONTENAC AND ADUDDELL

Development.-Each mine has a shaft and 8 levels, which
~onnect

at 2 places.

Production.-Gross to 1911, about $2,250,000.

Veins.-Compound vein system of two or more parallel veins.
Strike, N. 50° E. ; dip, 50°-80° NW. Individual veins as much
as 6 feet wide. Veins cut and offset by barren Flat vein.
Wall r·ock.-Chiefly granite gneiss ; apex of lode in schist and
granite.
Ore and sulfide minc,rals.-Pyrite, chalcopyrite, galena, sphalerite, and gray copper.
Gangue minerals.-Quartz and some rhodocrosite.
Tenor.-1894-1909: Ore contained 0.18 to 0.94 ounce of gold
and 5.3 to 23.5 ounces of silver per ton, 0 to 22.5 percent of
lead, and 0 to 14.8 percent of zinc.
GILPIN-EUREKA

Development.-Inclined shaft 700 feet deep with 6 levels.
Production.-$461,000 through 1910.

Veins.-Eureka: Strike, N. 70° E.; dip, 45°-70° N.; average
width, 2¥2 feet. South vein: Strike, N. 85° E.; dip, 65°-70° N.;
width, 12 to 24 inches; joins Eureka on 3d level, 200 feet west
of shaft. North vein: Strike, N. 85° E.; dip, steeply north;
width, 10 inches ; poorly mineralized except for one lens of
ore; joins Eureka near shaft. Spur vein: Strike, N. 68° W.;
dip, 80° SW.; intersected by workings on 3d level 450 feet east
of shaft; mostly narrow, but 2 feet wide at junction with
Eureka.
Wall rock.-Granite gneiss, one small lens of schist.
Ore (l;lld sulfide minerals.-Pyrite, sphalerite, galena, and
chalcopyrite.
Gangue minemls.-Silicified granite gneiss and quartz.
Changes with depth.-Highest grade ore near surface.
Ore shoots.-Principal ore body on Eureka vein west of shaft,
extending to junction with South vein. Large ore body on South
vein at junction with Eureka. Small ore body on Spur vein at
junction with Eureka. On North vein, one small lens of ore 80
feet long.
Tenor.-1897-1908: 30 tons of smelting ore averaged 1.91
ounces of gold and 12.37 ounces of silver per ton, 16 percent
of lead, and 12 percent of zinc.
CROWN POINT AND VIRGINIA

Development.-Inclined shaft and extensive workings.
Production.-$500,000.

Vein.-Crown Point: Strike, N. 500 W.; dip, 75° NE. Apparently continuation of Belman vein.
Wall rock.-Schist, granite gneiss, and pegmatite.
Ore wnd sulfide mine1·at8.-Pyrite and gold.
Tenor.-1897-1901: 102 tons sent to sampling works contained 0.:!4 to 3.7:2 ounces of gold and 1 to 12 ounces of silver
per ton;
DRUID

Development.-Druid shaft 500 feet deep with 8 leYels; Searle
shaft 140 feet deep with 5 levels.
Veins.-Druid vein system: Strike N. 40°-70° E.; dip, 55°-80°
NW. ; series of subparallel mineralized fracture.s ; South vein,
few inches to 11 feet wide, more regular and persistent than
others. Postmineral movement in several directions. Silicious
ore is replacement of schist. Searle: Strike, N. 40°-70° E.; dip,

55°-80° NW. Svoldi: Strike, N. 30° E.; dip, 55° N.; cut off on
north by Searle.
Wall r·ock.-Schist down to 350-foot level; granite gneiss below.
Dike of monzonite porphyry in upper workings.
Ore and sulfide tninerals.-Gold and pyrite, some chalcopyrite, galena, sphalerite, and enargite.
Gangue mi1w1·als.-Chiefly quartz, some rhodochrosite and
barite.
Changes with depth.- Rich silicious ore confined to upper
workings above 300-foot level.
Or·e shoot8.-Several shoots; one on North vein pipelike and
300 feet long.
:Cenor.-Silicious ore from Druid averaged 2.5 ounces of gold
and 22.57 ounces of silver per ton. Silicious ore from Svoldi
averaged 3.02 ounces of gold and 30.17 ounces of silver per ton.
EAST LAKE TUNNEL AND OWATONNA VEIN

Develomnent.-East Lake tunnel 550 feet long; 30-foot crosscut
connects with Owatonna shaft workings.
Veins.- East: Strike, N. 50° E.; dip, 50° NW. Owatonna:
Strike, N. 50°-60° E.; dip, 45°-50° N,V.; consists of two parallel
fissures about 15 feet apart, probably merging to the northeast;
upper fissure consists of 2 to 21h feet of altered wall rock with
,·einlets of sulfide.
lV all 'rock.-Schist and pegmatite.
Ore and 81llfide mineral8.-Go1d, galena, sphalerite, and pyrite.
Gangue m,ineral8.-Schist, breccia, gouge, and quartz.
'Penor.-1897-1910: 117 tons of smelting ore from Owatonna
vein averaged 0.23 ounce of gold and 27.57 ounces of silver per
ton, 36 percent or less of lead, and 25 percent or less of zinc.
DONALDSON-CHAMPION DIRT GROUP

Development.-Donaldson mine, 4 tunnels aggregating 2,000

feet; Kelly mine, 1,700 feet of tunnel workings; Little Albert
mine, 1,400 feet of crosscuts connecting with 2,200 feet of drifts;
Champion Dirt mine, 1,100-foot Centurion tunnel, which connects
with a shaft rrnd 2,100 feet of drifts; 6 tunnels connecting with
1 ,GOO feet of drifts.
Production.-Total for group to 1908, $500,000.
Yein8.-Donalclson-Champicn Dirt: Strike, N. 60°-65° E.; dip,
25°-30° NW. Vein splits in west Donaldson workings, south
branch continuing as main vein, other trending S. 75°-85° W.
Pegmatite or gneiss heavily impregnated with pyrite.
Wa.ll 'tock.-Gneiss, striking northwest and dipping west, intruded by dikes of pegmatite. Locally granite, bostonite, and
ala ski te porphyry.
Ore amd sul{ifle mineral8.-Gold and pyrite, some galena, chalcopyrite, and gray copper.
Gangue tninerals.-Quartz, s0111e siderite.
O'hange8 with depth.-Oxidized zone 40 to 79 feet deep.
01·e shoot8.-Shoot at split in main vein. Extensive stoves in
upper oxidized zone.
1'etwt·.-Best ore averaged 6 ounces of gold per ton in millrun lots. About 1906, oxidized ore contained 2.25 to 2.36 ounces
of gold per ton.
HUBERT

Development.-Two shafts totaling 2,000 feet with 14 levels
develop veins to depth of 1,050 feet.
Pt·oduction.-About $1,000,000.
Veins.-Two principal veins with several branches. North
vein: Strike, N. 78° W.; clip, 65° N.-70° S.; sulfides deposited
in open spaces in breccia ; some replacement ; few inches to 3
feet wide. South vein: Strike, N. 75° E. to east; dip, 65° N.
near surface, steeply south in lower levels; splits up to the west.
Wall rock.-Granite gneiss, brecciated along veins.
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Ore and sui/ide tninerals.-Galena and sphalerite, some pyrite

Ore and sttlfide minerals.-Pyrite, tellurides, gray copper, some

galena and sphalerite.

and chalcopyrite.
Gangue minerals.-Quartz and siderite.
Ore shoots.-Shoots irregular, some large.

Gangue minerals.-Quartz and some fluorite.

Large shoot on

96P foot level 27 inches thick, pitehes 65° S.
Tenor.-1888-1909: 131 tons of smelting ore, contained 0.74
to 5.8 ounces of gold and 2 to 17.6 ounces of silver per ton, 5 to
37 percent of lead, and less than 37 percent of zinc.
IRON

Development.-Iron shaft 700 feet deep on incline with seven

levels; Richardson shaft 400 feet deep with four levels.
Pt·oduction.-Prior to 1904: Estimated to be between $1,500,000
and $2,000,000 ; 1904-10, $526,000.
Veins.-Grasshopper: Strike, east-west; dip, vertical; mineralization feeble. Iron: Strike, east-west; dip, vertical to 75° S.;
3 inches to 12 feet wide ; dissemination of pyrite through fractured zone of altered gneiss. Mars : Strike, east-west; dip,
50° to 80° N.; 3 inches wide. Richardson: Strike, N. 40° E. ;
dip, 65° to 80° SE,.; fractured zone 6 feet wide, sulfide yeinlets
less than 5 inches; joins with Iron vein.
Wall rock.-Chiefly granite gneiss, locally bostonite porphyry.
Ore and sulfide minera.ls.-Ohiefly pyrite but some chalcopyrite
and gray copper.
Gangue minerals.-Wall rock.
Ore shoots.-No regularity in shape or attitude of ore shoots.
'l'enot·.-Average smelting ore in 1910 contained 2.62 ounces
of gold and 5. 75 ounces of silver per ton and 1.55 percent of
copper. Average concentrating ore contained about 0.5 ounce
of gold per ton.

Tenor.-1893-1902: Sampling works assays showed 0.32 to
1.25 ounces of gold and 12.8 to 29 ounces of silver per ton.
OLD TOWN

Development.-Inclined shaft 2,205 feet long, with 21 levels;
bottom level connects with Argo tunnel by 14,306-foot lateral.
Pt·odttction.-Gross to 1910, $2,700,000.
Veins.-01d Town: Strike, N. 70°E.-N. 80° W.; dip, 35°-50°
NW. ; as much as 8 feet wide; branching system in upper levels,
single vein from 11th to 20th level; joins with Wautauga vein,
which dips steeply south at 6th level; granite gneiss along
vein heavily impregnated with pyrite and traversed by sulfide
stringers.
Wall rock.-Schist on first and second levels, granite gneiss
below.
Ore and std{ide minemls.-Gold, pyrite, and chalcopyrite.
Gangue m.inerals.-Quartz.
Changes with. depth.-Strength of mineralization decreases

with depth.
Ore shoots.-Irregular compound ore shoot from surface to 16th
level, about 1,400 feet in pitch length and about 1,000 feet
maximum stope length.
Tenor.-Ore above 3d level contained almost 3 ounces of
gold per ton. Ore from below 15th level averages 0.29 ounce
of gold and 0. 78 ounce of silve1~ per ton.
PRIZE

JEFFERSON-CALHOUN

Development.-Flve shafts, 425 to 980 feet deep, 10 levels.

Vein.-Calhoun: Strike, N. 65°-85° E.
Wall rock.-Granite gneiss, hornblende gneiss, and schist.
Ore and sttlfide minera.Zs.-Galena, sphalerite, pyrite, chal-

copyrite, gold, and pitchblende. Pitc'hblende is brecciated and
penetrated by numerous later veinlets of pyrite, sphalerite,
quartz, and galena.
Ga.n.gue minerals.-Quartz.
Ore shoots.-Several ore shoots 100 to 400 feet in pitch

length, 75 to 250 feet in breadth; ore pinches out where vein
enters schist; marked association of high gold content with
high uranium.
Tenor.-1910: 54 tons of smelting ore averaged 1.07 ounces
of gold and 10.1 ounces of silver per ton. Ore carried 0 to 29
percent of UaOs.
KANSAS
Det~elopment.-Seven principal shafts, LaCrosse tunnel, and
minor tunnels.
Veins.-Alger-Kansas: Strike, N. 60° E.; dip, 80° S.; width,
18 inches to 4 feet. Kansas: Strike, N. 75° E.; dip, nearly
vertical ; 2 feet wide.
Wall rock.-Granite gneiss.
Ore and sulfide minerals.-Chiefly pyrite, some galena, sphalerite, and chalcopyrite.
Gangue minerals.-Wall rock and quartz.
Tenor.-Pyritic ore averaged 2 ounces of gold per ton. 1910:
Concentrating ore averaged 0.15 ounce of gold and 0.16 ounce
of silver per ton. 1894-1905 : 348 tons of smelting ore averaged
1.62 ounces of gold and 6.5 ounces of silver per ton.

KOKOMO

Development.-Shaft 500 feet deep with 4 levels.
Vein.-Kokomo : Strike, N. 55° E. ; dip, 700 NW. ; continua-

tion of Frontenac-Aduddel-Druidlode; as much as 4 feet wide.

Development.-Shaft 870 feet deep.
Production.-$400,000 to $500,000.
Vein.-Prize : Strike, east-west ; 1 to 4 feet wide ; eastward

continuation of north Hubert vein; crushed granite gneiss and
schist cut by pyrite stringers.
Wall t·ock.-Granite gneiss and schist.
Ore and sulfide minerals.-Pyrite.
'l'enor.-Ore carried 0.5 to 2 ounces of gold and 3 to 16 ounces

of silver per ton.
SARATOGA

Development.-Three"'slmfts 400, 700, and 1,000 feet deep and
10 levels. Saratoga lateral from Argo tunnel 3,000 feet long,
1,300 feet below No. 2 shaft.
Pt·oduction.-Gross, $2,500,000.
Vein.-Saratoga: Strike, east-west; dip, vertical; 5-foot altered zone. Vein formed by replacement of gneiss, with some
fissure filling. Minor veins parallel to main vein.
Wall rock.-Chiefly granite gneiss, altered porphyry dike.
Ore and sulfide minerals.-Pyrite and gold.
Gangue minerals.-Quartz.
Ore shoots.-1\fany large stopes.

Tenor.-1893-1909: 1,019 tons of smelting ore averaged 0.90
ounce of gold and 2.32 ounces of silver per ton.
SEATON

Development.-Seaton shaft 450 feet deep, with 6 levels; Foxhall tunnel and Tropic tunnel; vein. cut by A'rgo tunnel at vertical depth of 1,200 feet.
Vein.-Seaton: Strike, N. 85° \V.; dip, 5°-80° N.; width, 1
to 2 feet, maximum 5 feet. Tropic vein branches from Seaton
vein parallel to wall-rock structure. Ore minerals chiefly in
network of small veins in main vein zone.
Wall rock.-Schist of the Idaho Springs formation with lenses
of pegmatite.
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Ore and snlfide minerals.-Ohiefly galena and sphalerite.
Some chalcopyrite, native silver, argentite, ruby silver, and gray
copper.
Gangue tninemls.-Quartz and some calcite.
Changes with depth.-Galena and sphalerite persist in depth
i:o Argo tunnel level; native silver down to 6th level.
Tenor.-Very irregular. Typical sampling works assay on
R,414-pound lot, 2.25 ounces of gold and 3.00 ounces of silver
per ton.
SPECIE PAYMENT

Development.-Discovered in 1875. Two inclined shafts, 585
and 380 feet deep. Two Brothers tunnel connects with 1,400
feet of drift on vein. Wolverine tunnel probably on this vetn.
Little Annie tunnel.
Pt·odnction.-Gross estimated $1,500,000.
Veins.-Oross: Strike, N. 70°-80° E.; dip, 30°-75° N.; width,
15 inches. Specie Payment: Strike, N. 60° W.; dip, 15°-75° N.,
average 40° N.; width, 6 inches to 2% feet. The two veins
intersect without displacement. Veins consist of several subparallel fractures and veinlets, uncommonly vuggy.
TVall rock.-Schist with pegmatite and bostonite porphyry
dikes.
Ore and sulfide minerals.-Pyrite, chalcopyrite and gold, some
galena, sphalerite, and bornite.
Changes with depth.-Oxidized ore from early workings carried much free gold.
Ore shoots.-Several large stopes. In unoxidized ore highest gold and silver content is in chalcopyrite ore.
Tenor.-506 tons smelting ore averaged 1.88 ounces of gold
and 5.8 ounces of silver per ton. Average concentrating ore in
1910 contained 0.35 ounce of gold and 3.7 ounces of silver per
ton.
TOPEKA

Development.-Inclined shaft connecting with 15 levels.
Pt·oduction.-Gross, $1,850,000, of which $480,000 is from stope

on Klondike vein.
Veins.-Klondike: Strike, N. 35° E.; dip, 25°--40° NW; width,
4 inches to 15 feet ; branch of Topeka vein on 7th level ; carried
free gold in bonanza quantities. Topeka: Strike, N. 50° J-J.;
dip, 35°-60° NW.; width, 3 inches to 7 feet; single strong vein;
slips along hanging wall and footwall.
Wall r-ock.-Chiefly granite gneiss, locally hornblende gneiss,
some pegmatite.
Ore and sulfide tniner·als.-Pyrite, sphalerite and gold, some
chalcopyrite and galena.
Gangue mineral.~.-Quartz and calcite.
Changes wUh depth.-Rich ore on Klondike confined between
7th and 8th levels.
Ore shoots.-Stope on Klondike between levels 7 and 8 is
280 feet long, 44 feet high, and 15 feet wide.
Tenor.-Ore from large stope on Klondike very rich. In 1908
zinc concentrate carried 0.3 to 0.4 ounce of gold and 2 to 4 ounces
of silver per ton and 20 to 30 percent of zinc.
SUN AND MOON

Dcvelopment.-3 shafts. Minot has 12 levels ; Garden has 9
Jevels; Sun and Moon connects with small workings; winze
from 12th level of Minot to Argo tunnel.
Production.-Gross, $2,000,000.
Vein.-Sun and Moon: Strike, N. 60° E.; dip, 50° NW.; width
6 to 12 inches ; sheared and altered schist locally silicified, containing veinlets and disseminated pyrite; vein parallel to structure of wall rock.
Wall rock.-Granite gneiss in main workings ; on Argo level
schist with a little monzonite porphyry.

Ore and sulfi(le minerals.-Pyrite and gold, some galena and

sphalerite.
Changes with depth.-Galena and sphalerite do not persist in.
depth.
'l'enor.-1908-9: 836 tons smelting ore averaged 1.31 ounces
of gold and 14.49 ounces of silver per ton.
TREASURE VAULT

Dcvelopment.-Three shafts, deepest 130 feet; 450-foot drift
tunnel connects with shafts by 50-foot inclined raise.
Production.-$30,000.

l'eins.-Treasure Vault: Strike, N'. 50° E.; dip, 29°-58° N.
First Parallel: Strike, N. 50° E.; dip, vertical. Second Parallel:
Strike, N. 50° E.; dip, 55°-70° S. Three main veins connected
by cross fractures; small flat stringers take off from main vein
and cut other two.
Wall t·ock.-Granite gneiss.
01·e and st.t,lfide minemls.-Pyrite, gold tellurides, and gold.
G(111gue rninerals.-Ohiefly quartz, some fluorite and calcite.
Changes with depth.-Tellurides found only to depth of 126
feet.
Ore shoots.-Gold localized near flat parts of veins. Tellurides related to flat branch slips from main vein.
Teno1".-0re pockets average 0.5 to 1.5 ounces of gold and
0.5 to 50 ounces of silver per ton.
WAR DANCE

Dcrelopmeut.-Shaft 375 feet deep, with 5 levels.
PJ·oducUon.-1908-11: Gold, 599.84 ounces; silver,

479.7
ounces ; incomplete.
Veins.-"Sulfide" vein: Strike, N. 30°-55° E.; dip, 70° SE. to
vertical; width, 3 feet. "Telluride" vein : Telluride ore in complex network of fractures ; some parallel and some at an angle
to main sulfide vein.
Ore and sulfi.de minerals.-Pyrite, gold tellurides, gray copper, and enargite.
Gangtte minerals.-Quartz and fluorite.
Ore shoots.-Richest telluride ore in small brancJ1ing veinlets.
Ten'(;r·.-lB08--11: 36.75 tons sent to sampling works yielded
5B9.84 ounces of gold and 479.71 ounces of silver.
FREELAND-LAMARTINE AREA

As the area between Trail Creek and Chicago Creek,
including the towns of Freeland and Lamartine, contains numerous i1nportant veins that are very similar
to those of the Idaho Springs area, and as mineralization was practically continuous from Idaho Springs
into this area, it seems logical to present its description as a supplement to that of the Central City-Idaho
Springs district. The Lamartine and Freeland veins
are part of a belt of strong fractures trending eastnortheast from the head of Silver Creek through Lamartine and Freeland to the valley of Clear Creek near
the mouth of Fall River. This belt probably continues west-southwest of Lamartine to Georgetown, but
the intervening area has not yet been adequately studied.
The Lamartine and Freeland veins have had a substantial output, and the possibility of undiscovered ore
shoots in an extension of this belt should be considered, especially as the Lamartine orl' body did not crop
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out and, according to report, was discovered accidentally. The rock throughout most of this area is gneiss
-and schist of the Idaho Springs formation, which has a
general northeast trend and southeast dip. In the
southern and southwestern parts of the area there are
large irregular tongues of Boulder Creek granite,
which connect with the large mass to the south. Scattered throughout the area are irregular masses and
Jenses of gneissoid granite, Silver Plume granite, and
pegmatite. Intruded into all these rocks, but chiefly
into the Idaho Springs formation, are numerous porphyry dikes of general northeast trend, but in the
southeastern part of the area there are several that have
a northwest trend. These dikes include bostonites of
group 9 and alaskitic quartz monzonites of group 7.
(See pl. 7 and fig. 12.) The veins of this region trend
from east to northeast.
LAMARTINE MINE

The Lamartine mine, 97 between Lamartine and Trail
Creek, 4% miles west of Idaho Springs, was located in
1867. In May 1888, the Lamartine ore body was discovered at a depth of 100 feet, and ore valued at $616,000 was taken out in 16 months. The total output in
J905 was 34,000 tons of ore, which yielded 39,292 ounces
of gold, 2,677,471 ounces of silver, and 3,232,000 pounds
of lead. The collar of the Lamartine shaft is at an
altitude of 10,500 feet, and the shaft is 900 feet deep.
Level10, the bottom level, joins a drainage tunnel that
extends along the Oneida vein 4,096 feet northeastward
from the shaft to Trail Creek. The mine has more than
12 miles of workings.
The Lamartine vein strikes east and dips 70°-90° N.;
it joins the northeastward-trending Oneida vein just
east of the Lamartine shaft and probably joins the
northwestward-trending R. E. Lee vein about 4,000
feet to the west. Silver Phune granite is prominent
in the western part of the mine, but most of the country rock of the vein is granite gneiss and injection
gneiss. The foliation of the gneisses strikes northwest and dips northeast. A bostonite porphyry dike is
present in the south wall of the vein for about 1,000
feet west of the place where it swings northeastward
into the Oneida vein. This part of the Lamartine vein
is marked by many 1ninor intersecting easterly and
northeasterly veins·, which are especially abundant near
the junction of the Oneida and Lamartine veins; this
zone coincided with the best part of the ore shoot. The
vein had commercial ore for 3,000 feet along the strike.
The ereseent-shapecl ore ~hoot was about 450 feet high
in most plaees and terminated 100 feet below the surface at the eastern end near the La1nartine shaft, extended down to level 10 about 1,600 feet west of the
shaft, and terminated about 400 feet belo.w the surface
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at the western end of the shoot. On entering the Silver
Plume granite in the western part of the mine the vein
branched repeatedly and weakened as it approached
the R. E. Lee vein. The ore is ahnost limited to the
vertical parts of the vein and is notably poor where th,'3
dip is 75 ° or less. This distribution of ore suggests
that the vein follows a premineral nonnal fault. Striations on the walls pitch 75 o W. and indicate a nearly
dip-slip movement.
The R. E. Lee vein was followed for a distance of
2,500 feet on level 6, but neither quartz nor ore was
found. The Oneida vein is credited with an output
from shallow workings valued at $600,000 but was alInost barren throughout the Lamartine drainage tunnel; some low-grade ore was found 2,500 feet from the
portal, but so far as known little work was clone on it.
The ore of the Lamartine vein was chiefly galena
and sphalerite with some pyrite and contained a substantial amount of gold and silver. The better grade of
ore contained several ounces of gold and as much as
150 ounces of silver to the ton.
FREELAND VEIN SYSTEM

98

The Freeland vein, about 4 n1iles west of Idaho
Springs, was discovered in 1861. It is a strong trunk
vein having a northeast strike and rather gentle clip,
which averages 36° NW. It is about 2,200 feet long and
is opened by several tunnels, the lowest of which has its
portal near the bottom of Trail Creek. There are six
levels beneath this lowest or Freeland tunnel. The
McClelland tunnel has its portal on the Clear Creek
side of the divide, below Dumont, and cuts the veins
about 400 feet below the bottom of the Freeland shaft.
This tunnel is more than 5,100 feet long. A map of the
Freeland mine shows about 4 1niles of underground
workings. The Gmn Tree vein, a branch of the Freeland vein, is opened by an inclined shaft and haS' several
thousand feet of workings. The Toled-o is also opened
by an inclined shaft.
The wall rock of the Freeland vein system is chiefly
clark-colored gneiss, but there is some pegmatite. The
gneiss has a general trend of N. 20° E. Porphyry
dikes are present here and there in the walls of the veins
or close by, but no porphyry was found in the Gum Tree
or Toledo workings. On the north side of the Freeland
vein, not far from the shaft, is a dike of alaskitic quartz
monzonite porphyry, and in the Harrisburg and
Brighton mines there are dikes of bostonite exposed.
At the southwest end of the Freeland vein there are
two strong branches, the Freeland Extension and the
Split vein, both of which are ore bearing. The Freeland Extension, which is the southern of the two, has
a southwest strike and a northwest clip of about 30°-60°,
being flat near the surface and steepening downward.
ns
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The Split vein strikes northwest, nearly due west in
places, and dips north at about 42°. These branches
have been followed on the Freeland tunnel level for
about 600 feet from the junction. At its northeast end
the Freeland trunk vein has been explored nearly to
Trail Creek. On the north side of Trail Creek are two
ore-bearing veins that converge toward the southwest
and probably join just north of the portal of the Freeland tunnel. The northeasterly trend of the Freeland
vein is continued by the Toledo vein, which has an average strike of N. 65° E. and a dip of 22°-45° N., flattening to the east. The Gum Tree vein eliverges from
the Freeland trunk vein with a general east-west strike.
Six hundred feet east of the supposed point of divergence the Gum Tree splits, a weak branch continuing
east and a stronger one trending N. 65° E. They both
dip 45° N. Farther east the stronger branch again
divides and becomes weak. The Toledo vein has been
explored underground for about 1,000 feet from the
junction and the Gum Tree for about 1,300 feet. West
of the junction is the Anchor vein, which has an eastwest strike and a dip of 25°-45° N. It probably intersects the Freeland beneath Trail Creek and may be a
continuation of the Gum Tree vein to the west. The
junction of all these veins is beneath Trail Creek and
cannot be observed. The Brighton and Harrisburg
veins appear to be related to the Freeland group. The
Brighton shaft, about 1,000 feet S. 60° W. of the Freeland Extension shaft, is on a vein that strikes northeast, parallel to the Freeland, and has a gentle northvvesterly clip of about 30°. This vein probably joins
the Freeland Extension vein on the northeast. The
Harrisburg shaft is about 350 feet N. 20° W. of the
Brighton shaft. The vein has a northwest to west
strike, about the same as that of the Split vein, and a
clip of about 40° N. It is reported that the Harrisburg
and Brighton veins join and that the Brighton is the
stronger vein.
The nature of the vein material and ore is 1nuch the
same throughout the Freeland system. The deeper
workings of the Freeland mine show ore composed
mainly of pyrite and ehaleopyrite with a little tetrahedrite (fig. 60, F). Only a small a1nount of sphale.rite
is present. Galena occurs chiefly in bunches near the
surface and is rare in the deeper workings. The average ore contained about 1 ounce of gold and between
4 and 20 ounces of silver to the ton and 3 or 4 percent
of copper. Sn1e.lter returns on ore taken from the Minnie level prior to 1905 showed values ranging from $15
to $40 per ton. A typical return sheet showed total
value $30.87-gold 1.35 ounces, silver 9 ounces, copper
2.8 percent, lead and zinc none. It is reported that the
gold and silver are closely associated and that there
is no relation between the gold and copper. Son1e pyrite has a very high content of gold. The ore of the
Toledo mine consists of pyrite and smne chalcopyrite

and tetrahedrite but little galena except near the surfaee. The Gun1 Tree ore consists largely of pyrite and
chalcopyrite with tetrahedrite in small quantities; however, it contained considerable galena down to the 400
level. The massive pyritic ore is said to contain 2 to 3
percent of lead and 3 to 4 percent of copper. A representative shipment of sorted galena ore eontained 0.42
ounce of gold and 13 ounees of silver to the ton, 56.5
percent of lead, and 2.2 pereent of copper. The Anehor
vein consists mostly of quartz and pyrite, with a little
chalcopyrite and sphalerite. The Brighton vein contains considerable galena and sphalerite associated
with the pyrite and chalcopyrite; its gangue is quartz,
rhodochrosite, siderite, and barite. Ore from the Harrisburg vein contains galena and pyrite, with barite,
quartz, and siderite.
The largest and most persistent ore body on the Freeland vein extends from the junction of the Split and
Freeland Extension back to the east for a distance of
about 1,800 feet. It appears to be thickest and strongest at the junction and to decrease gradually toward the
northeast. It has been followed from the surface down
to the lowest levels of the mine, which are about 1,040
:feet below the collar of the Freeland shaft. Thus the
the actual length of the shoot down the dip is 2,000 feet.
The ore continues out along the Freeland Extension
vein but not along the Split, although there are stopes
farther west on the Split vein. On the Toledo vein an
ore body about 600 feet long occurs on the east side of its
junction with a small branehing vein. The ore extends
about 28 feet below the tunnel level. Postmineral
movement along the Freeland vein is indicated by a
postore breccia that occurs on the Freeland tunnel level.
The follmving estimated values of output of the
Freeland 1nine, totaling $4,655,000, were furnished by
the management in 1904: 1861 to 1879, $1,000~.000;
1878 to 1888, $3,299,000, together with $200,000 during
4 months of this period when records were improperly
kept; and value of output by lessees since 1888, $156,000. The value of the output of the Gum Tree is reported to be about $300,000 and that of the Toledo
about $130,000. No figures for the output of the Harrisburg mine were available. The Brighton 1nine had
no output np to 1905.
NORTH GILPIN COUNTY DISTRICT
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Scattered through the north-central part of G-ilpin
County are numerous veins of the pyritic gold type,
but in general they are of minor importance. The area
in which they occur is here designated the North Gilpin
Com1ty district. This district comprises about 35
square 1niles; it extends northward frmn North Clear
Creek to the Gilpin County-Boulder County line and
99 Bastin, E. S., and Hill, J. M., Economic geology of Gilnin County
and adjacent parts of Clear Creek and Boulder Counties, Colo.: U. S.
Geol. Survey Prof. Paper 94, pp. 190-205, 1917.
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eastward from Mammoth Gulch and Kingston Peak to
the eastern border of the Central City quadrangle. It
contains only small settlements. Apex is in the central
part, Perigo and Gilpin are in the eastern part, and
Tolland is in the northwestern part, on South Boulder
Creek. The most important mines of the district are
just south of Apex and in the vicinity of Gilpin.
Schist, of the Idaho Springs formation, is the n1ost
abundant rock in the district; it is cut by lenses and
irregular 1nasses of igneous rocks. In the south-central
part of the district a long tongue of granite gneiss
related to the Boulder Creek granite trends about N.
30° E. Other smaller tongues and lenses of this rock
are scattered throughout the district and have about
the same trend. Quartz diorite, also related to the
Boulder Creek granite, occurs in a small area in the
southwestern part of the district. A small irregular
lens of medimn-grained Boulder Creek granite about
half a mile wide and trending N. 30° E., cuts the schist
in the eastern part of the district. Small irregular
lenses of pegmatite are comn1on in the schist and in a
few places occur in the granite gneiss. A large irregular
stock of quartz monzonite porphyry of group 5 (pl. 7
and fig. 12) cuts the pre-Cambrian complex in the central part of the district. It is about 4 n1iles long in a
north-south direction and about a 1nile wide in its widest
part; it extends northward from about a mile south of
Apex to Jumbo mountain and thence northwest to the
vicinity of Tolland. On the north and northeast sides of
this stock there is a systmn of radial dikes of the same
rock, smne trending about N. 70° W., some about N. 20°
W., and some about N. 60° E. In the southeastern part
of the district there are several dikes of bostonite porphyry, which have a general trend of N. 30° W. On
the north side of South Boulder Creek, about two miles
northeast of Tolland, there is a s1nall stock of monzonite porphyry trending about N. 20° W. It is about a
1nile long and a third of a mile wide and is connected
with the large stock by a dike striking N. 20° W.
ORE DEPOSITS

The veins of the district are scattered through a
large area, and few of them are credited with even a
moderate output. Smne of then1 are apparently related to the transverse fractures that 1nark the disappearance of the strong early northwesterly faults so
prominent to the southeast. (See pl. 2.) The veins
south of Perigo are at the northwest end of the persistent Blackhawk fault, which also forms the northeast
li1nit of the Central Ci.ty district a few miles southeast.
Similarly the veins near Phoenix occur where another
persistent northwesterly fault begins to feather out.
This area has been little studied, and the struetural featllres' are imperfectly known as yet, but the work that
has been done suggests that a detailed study of the rela-

tion of the veins to the northwesterly fracture systen1
may lead to the discovery of new ore bodies.
Some of the mines are opened along n1oderately J)ersistent northeasterly fracture zones, which can be tracecl
for 2 miles or nwre (pl. 3). Two of the most productive mines, the Perigo and Gold Dirt, are in a lode or
this type on the northwest slope of Gamble Gulch, and
the Geiger, Pettibone, and Snowd~n are in a sin1ilar
lode, which crosses Silver Creek about a n1ile southeast of Dakota Hill. Neither of these lodes has been
explored near its junction with the Blackhawk fault.
The veins all belong to the pyritic gold type; the
majority of them have a northeast trend and southeast
dip, but some have an east-west or northwest strike.
The chief primary constituents of the veins are quartz
and pyrite, with varying amounts of chalcopyrite, but
most of the commercial ore is close to the surface and
has been improved by supergene enrichment. A few of
the veins contain galena and sphalerite, but these minerals are nowhere abundant. Pyrite occurs as disseminated grains in the veins and also as irregular veinlets
in the wall rock and ranges from coarse to fine-grained.
In places chalcopyrite is abundant enough to be of commercial interest. The primary ores are in general low
grade, containing less than half an ounce of gold and
an ounce or less of silver to the ton. Some of the 1nines
have supplied fairly high-grade ore from the enriched
upper parts of the veins, the best ore containing several
ounces of gold to the ton. Many of the deposits are
nonpersistent lodes· made up of shear zones containing
pyrite disseminated through several feet of sheared
rock, but fissure fillings are somewhat more abundant.
The most remarkable ore deposit in the district is at
the Evergreen mine, near Apex. It has been worked
chiefly for copper. It has not had a. large output but
has aroused conside,rable interest becaus·e of the unusual occurrence of its ore, which has been attributed to
magmatic differentiation modified by other processes.
Many of the gulches have placer ground, but the
placer output was small until a dredge began operating
on the Pactolus placer near Pine Cliff on South Boulder
Creek. During 1937 and 1938, 5,846 ounces of gold and
491 ounces of silver were recovered from gravel that
yielded approxin1ately 0.0073 ounce of gold ($0.256)
to the yard.
EVERGREEN MINE

The Evergreen mine 1 is of unusual interest in that
it was worked pri1narily for copper, and because the
ore minerals are irregularly disseminated in a Laramide
igneous rock and not in fissure veins. The ·mine is in.
the valley of Pine Creek about half a mile south of the
Apex post office. It is developed by a vertical shaft with
levels at 60, 150, and 200 feet and by a tunnel, which
has its portal about 50 feet north of the shaft and ex1 ~astin,
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tends about 555 feet north. The 1nining has been largely
exploratory; no stoping has been done on the 200-foot
level, and only 50 feet of stoping to a height of 15 feet
has been done on the 150-foot level. In the tunnel,
about 120 feet from the portal, there is a cha1nber stope
about 40 feet long, 30 feet wide, and 2 to 12 feet high.
The prevailing rocks of the Evergreen 1nine are biotite and quartz-biotite schists of the Idaho Springs forIllation, which are injected by small amounts of granite
pegmatite. These rocks have been cut by dikes of lightgray porphyry, which are probably offshoots from the
large stock of monzonite that crops out less than half
a mile north and east of the 1nine. The dikes are very
similar to the quartz monzonite of the stock but differ
chiefly in their content of quartz, garnet, wollastonite,
and copper sulfides, which are absent from the stock.
The porphyry dikes are n1ade up chiefly of orthoclase
perthitically intergrown with albite, quartz, augite, and.
oligoclase or andesine. Wollastonite occurs abundantly
in bundles of prisms, conunonly less than a ·millimeter
in length. In places it is nearly equal to feldspar in
abundance. Titanite, garnet, and small zircons are accessory minerals. Calcite is present locally as an alteration product of wollastonite.
Chalcopyrite and bornite are the chief ore minerals.
Chalcocite occurs locally but is apparently an alteration product of the other 1ninerals, for it occurs as seams
in chalcopyrite and bornite. The ore minerals occur
in scattered irregular 1nasses in the dikes but are most
abundant in breecias that border the dikes. These
breccias are made up of more or less chloritized angular
frag1nents of schist and pegmatite ee1nented by the
porphyry. The sulfides are almost limited to the igneous matrix and occur as irregular masses and lenses of
solid intergrown chalcopyrite and bornite, some as much
as a foot in clia1neter. Bastin 2 states that the sulfides
are wholly absent from the fragments of wall rock, but
in a few specimens the writers noted minute seams of
chalcopyrite lying along the foliation in the fragments
and cut off abruptly by the porphyry.
Development work in the mine has largely followed
the dikes, though some exploratory workings are in the
schist. The north drift on the 200-foot level follows a
dike for about 250 feet. This dike is 1 to 11/2 feet wide,
strikes about N. 25° W., and dips about 50° E. The drift
on the 150-foot level follo,-vs what may be the sa1ne dike
for 130 feet. On this level the dike has a border zone of
schist breccia, which is in places 4 feet wide. Dikes are
found at several places in the tunnel, but they are interrupted by numerous faults, and their exact relations
are not certain. The narrow dikes in the tunnel are 2 to
3 feet wide, and the larger masses are much wider than
the tunnel.
2
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The richest ore in the mine was taken from a chamber
stope about 120 feet frmn the portal of the tunnel. The
stope is near the surface, and the ore is considerably oxidized. :Much of the ore is a breceia of gray quartz in a
matrix of porphyry. In hand specimens matrix and
quartz fragments appear to be distinct, but in thin section the quartz of the fragments is seen to interlock with
the minerals of the matrix, indicating some recrystallization. According to Bastin the 1natrix sends off small
branches or stringers of bornite and feldspar along
minute cracks, which traverse a single quartz crystal or
penetrate between two crystals. This quartz probably
represents a phase o_f the pegmatite intruded into the
schist of the Idaho Springs formation. In some specimens covellite occurs as an alteration product of bornite.
A number of specin1ens frmn the dump eonsisted of
schist cut by narrow veins as n1uch as a quarter of an
inch wide composed almost wholly of chalcopyrite. In
one specimen a veinlet of chalcopyrite cut sharply
through the dike rock, which contained schist fragments
and disseminated chalcopyrite and bornite. Other fragments from the dump showed fine-grained aggregates of
quartz, calcite, ehalcopyrite, speeularite, pyrite, and
sphalerite, with a little galena and bornite. Some of the
E'pecularite blades penetrated calcite crystals. These
occurrences probably all represent Inineralization of the
vein type, which was later than the intrusion of ore-bearing porphyry. EeonomicaJly they are unin1portant.
Bastin lists several possible hypotheses as to the origin of the ore but favors the one that postulates that tl1e
r:mlfides and materials necessary to form the wollastonite
and garnet were absorbed frmn wall rocks by relatively
deep-lying parts of the monzonite magma and then
moved into fissures in the wall rocks and there crystallized as dikes, eementing the breccia. The occurrence in
schist fragments of ehalcopyrite plainly earlier than
the porphyry might be interpreted as further evidence
in favor of this hypothesis. It seems quite probable
that the schist, before intrusion of the porphyry, contained stringers or disseminated grains of chalcopyrite.
In his hypothesis No.4 Bastin suggests that the orebearing dikes 1nay represent the combined effects of
magmatic differentiation and digestion of wall rock and
that the sulfides may have been derived either from the
wall rock through absorption or from the magma by
1nagn1atic differentiation, and it is possible that the sulfides were derived from a combination of both these
processes. The high concentration of sulfides in the
material is presumably due to the fact that the sulfides
introduced into the Idaho Springs fonnation ahead of
the porphyry greatly supplemented the mnount of sulfides derived from the porphyry magma itself. It
3
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see1ns evident that sulfide mineralization preceded, accoml)aniecl, and followed the intrusion of the dikes.
Subsequent to the intrusion of the porphyry dikes and
their associated sulfides, the rocks in the vicinity were
broken by numerous fractures and faults, which displace the ore-bearing dikes in 1nany places. In general the faults are not mineralized, though son1e are
quartz-filled and bordered by narrow leached zones. In
one place narrow seams of calcite and quartz cut both
dike and fault. One fracture plane in the schist on the
tunnel level showed about an inch of quartz and calcite with a little chalcopyrite.
Ore shipped frmn this mine is said to average about 3
percent of copper and 0.20 ounce of gold and a few
ounces of silver per ton. Its distribution, however, is
sporadic, and, except for the chamber stope on the
tunnel level, no large bodies have been found. Only a
few carloads of ore have been shipped.
OTHER MINES

Data on other mines are given briefly below. Detailed
descriptions have been given by Bastin and Hill. 5
ANNIE H

Development.-Two shafts, 300 and 225 feet deep, 310 feet
apart ; tunnel 572 feet long joins shafts 155 feet below surface.
Vein.-Annie H.: Strike, N. 60° E.; dip, 30°-50° N.
Ore and sulfide minemls.-Pyrite and gold.
Tenor.-o.2 to 2.5 ounces of gold per ton ; most assays show
0.80 to 1.0 ounce. Some picked lots of ore assayed 6 percent
of copper.
GOLD DIRT

Development.-Discovered 1860. Drift tunnel and several
shafts ; main shaft several hundred feet deep.
Production.-October 1, 1860, to .January 5, 1861, $11,526.94;
equals one-sixth of the total production.
l'ein.-Gold Dirt: Strike, N. 80°-85° E.; dip, 80°-85° S.;
width, 8 inches. Postmineralmovement has crushed and sheared
ore in places.
Or·e and sulfide minerals.-Pyrite and gold.
Chan-,qes with dcpth.-Ore oxidized near surface and richer
than in depth. Ore below oxidized zone averaged 0.65 ounce
of gold per ton for concentrating ore and 1.0 to 3.0 ounces of.
gold for smelting.
INGRAM

Development.-Shaft 270 feet deep and tunnel 120 feet long.
Production.-'l'o 1912, $10,000.

Vein.-Ingram: Strike, N. 65° E.; dip, 70° NW. Vein cuts
foliation of granite gneiss at acute angle.
lV all rock.-Granite gneiss.
Ore and Nul{ide mine1·als.-Chiefiy chalcopyrite and pyrite,
some galena and gold.
Gauuue minerals.-Quartz.
Tenor.-14 to 20 percent of copper.
PERIGO

Developmen.t.-Two tunnels and several old shafts.

VeinN.-Baker, Daisy, Ladysmith, and Perigo: Mostly trend
east to northeast; complicated set of veins; 2lh to 6 feet wide.
"Ba~tin,

E. S., and Hill, J. M., op. cit., pp. 194-205.

Toward southwest, branches unite to form single fracture zone,
not very strong nor heavily mineralized. Veins consist of disseminations of pyrite in wall rock along fracture zones. Locally
ore occurs in sharp-walled veinlets.
lVall rock.-Schist, granite gneiss, and pegmatite.
Ore and sulfide minerals.-Pyrite and gold, some galena.
Ganuue mi.net·azs.-,Vall ·rock.
TenOJ·.-42 tons of ore shipped from 1901 to 1909 contained
0.44 to 3.16 ounces of gold (average 1.23) and 1.20 to 4. 70 ounces
of silver per ton.
SMUGGLER

.Development.-Drift tunnel 797 feet long; shaft 150 feet deep.
Production.-Total to 1912, between $50,000 and $75,000.

Vein.-Smuggler: Strike, N. 75° E.; dip 65° N.; ranges from
small barren fracture to 8 feet in width and averages 2 or 3
feet. Wider parts of vein consist of crushed wall rock containing lenses and disseminated pyrite.
lVallrock.-Schist of the' Idaho Springs formation, containing
small tongues of granite gneiss.
Ore and sulfide minerals.-Pyrite and some hematite.
Gangue minerals.-cherty silica and siderite.
Ot·e 8hoots.-l\fineralization strong throughout most of the
tunnel ; largest ore body 290 feet in stope length, 80 feet high,
averages 4 feet in thickness.
Tenor.-General run of mine ore averaged 0.5 ounce of gold
per ton. 1910: Average concentrates sold to smelter contained
0. 75 ounce of gold per ton. 1911 : Average concentrates contained 1 ounce of gold and 1 ounce of silver per ton. Coarse
pyrite contains 0.1 ounce of gold per ton.
WAR EAGLE

Development.-Shaft 200 feet deep with short drifts on thrP.n

levels.
Veins.- War Eagle: Strike, N. 60° E. Vein material on dump
is pyrite-impregnated country rock traversed by veins of coarsegrained pyrite with little quartz, as much as 1% inches wide.
lVall t·ock.-Granite gneiss.
Ot·e and sulfide minerals.-Pyrite and gold, Home specularite
aml chalcopyrite.
Oanuu e minera-ls. -Quartz.
Tenor.-Average 0.75 ounce of gola Ilt'r ton.

ELDORA DISTRICT

The Eldora district covers a few square 1niles in the
vicinity of Eldora, about 3 miles west of Nederland. As
defined here, the district includes the 1nines near Lost
Lake and southwest of Grand Island as well as those
south of the town (pl. 3). It has had only a small output and is of interest chiefly because of its gold -telluride
m·es, which were discovered about 1896. The deposits
were actively developed during the following decade, but
since 1906 the camp has been comparatively inactive.
The only mine credited with a noteworthy output is the
Enterprise, about half a mile south of Eldora.
The chief rocks of the district are biotite schist and
quartz-biotite schist of the Idaho Springs formation
and hornblende nwnzonite porphyry. Granite gnei'3s
related to the Boulder Creek granite occurs in irregular
masses, mostly to the north and to the south of the diBtrict, and there is a lens of granite gneiss just southwest
of Eldora. In the western part of the district, about

CARIBOU -GRAND ISLAND DISTRICT

11/2 miles southwest of Eldora, is a large stock of monzonite porphyry of group 3 and a small stock o:f coarsely
porphyritic quartz monzonite o:f group 6 (pl. 7 and fig.
12) . To the east and north o:f Eldora there are several
eastward-trending dikes o:f hornblende monzonite porphyry and hornblende and biotite andesite, which :form
part of an extensive dike system that can be traced east
for many miles.
The best known veins of the district are about half a
mile south o'f Eldora. They contain tellurides and
have been deseribed by Lindgren 6 and Riekard. 7 They
have a general east-west trend, are commonly 1 to 3
feet wide, and consist of sheeted zones containing several
narrow seams o:f ore. The outcrops o:f the veins are very
inconspicuous and are 1nore likely to· be indicated by
depressions than by prominent outcrops.
The valuable metals in the ore are chiefly gold and
a little silver; the valuable n1inerals are tellurides of
gold, o:f which sylvanite and petzite are believed to be
the most important. The tellurides occur as small
specks in a fine-grained "horn" quartz or in greenish
roscoelite, rarely as well-crystallized n1inerals. Sparse
small grains o:f pyrite are present in the altered country
rock. Molybdenite is 1noderately abundant but is in
most places extremely fine-grained and intergrown with
barite. Its presence in clumps is indicated by deep-blue
stains, which were thought by Lindgren to be ilsemannite. The chief gangue minerals are barite, quartz,
roscoelite, and horn quartz. The horn quartz is the
most abundant, but barite is also abundant. Roscoelite
is very prmninent in the ores of the Mogul tunnel and
the Enterprise mine. It :forms clark yellow-green
masses intergrown with quartz 01~ irregularly distributed in the ore and in 1nany places contains visible
specks of the tellurides. Some o:f the roscoelite is intergrown with pyrite and may be surrounded and invaded
by fine granular quartz with smne adularia. The wall
rock close to the veins is largely altered to sericite and
contains disseminated pyrite. Vugs are :fairly con1. 1non in the vein and are frequently occupied by crystals
o:f gangue 1ninerals. Lindgren believed that these deposits were not formed at great depth and that the
origina~ surface could not have been much different
from the general level of the peneplain 1narked by the
high ridge lines of the region.
A few n1ines near Lost Lake, 2lj2 miles west of Eldora, have had a small output. Most o:f the ore has
come :from the Norway, Ma ,V, and Revenge veins near
the intersections of the northeastward-trending Norway and Ma W with the northwestward-trending Revenge. (See pl. 3.) Small bodies o:f high-grade telluride ore have been mined on these three veins, and
6 Lindgren, Waldemar, Some gold and tungsten deposits of Boulder
County, Colo.: Econ. Geology, vol. 2, pp. 457-460, 1907.
7 Rickard, T. A., The veins of Boulder County and Kalgoorlie: Am
lm:t. Min. Eng. 'l'rans., vol. 33, pp. 567-568, 1903.
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it is reported that most o:f the output has eon1e frmn the
Norway and Ma W veins. The Revenge shaft was :full
of water in 1938 and had not been worked since 191"1,
but development was being carried on in the Norway
tunnel.
REPRESENTATIVE MINES

The Enterprise vein 8 crops out at an altitude of about
9,400 feet on the north side of Spencer Mountain about
half a mile south of Eldora. It is developed by a shaft
about 400 feet deep with 5 levels and about 1,200 :feet
of drifts. The Mogul and S'\vathmore tunnels cut what
is supposed to be the Enterprise vein at greater depth.
The vein fissure according to Rickard is about 5 feet
wide and is traversed by numerous small seams of darkgray horn quartz. This quartz contained enough telluride, chiefly petzite, throughout a 2- to 2lj2 -foot width
of vein to yield an average o:f 2 ounces o:f gold to the
ton locally. About 1,800 tons o:f ore :from the Enterprise shaft, treated in the Bailey mill at Eldora in 189G
and1897, is said to have averaged about $10.80 per ton,
mainly in gold.
The Mogul tunnel, 9 the portal of which is near Eldora station, extends southwest and south for more
than 1,400 feet and cuts a number of easterly to northeasterly telluride veins, most of which are only slightly
mineralized. It cuts the Enterprise vein 900 feet below
+he outcrop. Ore taken from the Mogul tunnel in 1905
is said to have averaged about an ounce o:f gold to the
ton. Ore :from this tunnel on the Enterprise vein is
said to have averaged between 1 and2 ounces to the ton.
Much stoping has been done along one of the telluride
veins for a distance of about 400 feet.
The Swathmore tunnel, a short distance above Eldora,
trends southward and cuts the Enterprise and three
other veins. Ore in the bins showed horn quartz, finegrained pyrite, and some roscoelite. Tellurides are said
to be present in narrow sean1s of horn quartz one-sixteenth to one-eighth o:f an inch wide cutting the
roscoelite.
CARIBOU-GRAND ISLAND DISTRICT

The Caribou-Grand Island district lies in the westcentral part of Boulder County, at an altitude o:f about
10,000 feet, at the head of Coon Trail Creek. It is
about 20 miles west of Boulder and about 4 miles northn~Jrthwest of Nederland, from which it is easily accessible by road. The rich silver ores of the district were
discovered in 1869 by William Martin, George Little,
and Samuel Conger. Conger was better known for his
discovery of the tungsten district to the east 1nany years
later. In 1870 a wagon road was constructed to the
district and shipments commenced to Blackhawk, 20
miles away. Mining developed rapidly during the next
8
8

Bastin, E. S., and Hill, J. 1\L, op. cit., p. 188.
Idem.
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few years and, although several of the n1ines contributed substantially to the output, the Caribou vein and
No-Name vein were by far the most productive. According to Bastin and Hill,10 the value of the total yield
fron1 the Caribou and No-Name veins up to July 1880
was $1,168,000.
GEOLOGY

The small settlement of Caribou is near the eastern
edge of a cmnposite porphyry stock, ·which extends approximately a mile to the north, a mile to the south,
and a mile to the west (fig. 66). This stock is composed
of Paleocene ( ?) gabbro, monzonite, and quartz Inonzonite porphyries, with 1ninor magmatic titaniferous iron
ores and related 1nafic rocks.
A northwestward-trending belt of schist of the Idaho
Springs formation wedges out just north of Caribou
between the Eldora stock of monzonite porphyry on
the west and an extensive mass of Boulder Creek
granite to the east. Aecording to Smith,11 apophyses
of the Eldorado stoek eut the Caribou stock of monzonite porphyry. Boulder County Hill, half a 1nile
east of Caribou, is close to the southern edge of the
Boulder Creek granite stock, and Idaho Mountain, half
a mile northeast of Caribou, is well within this granite
mass.
Most of the Caribou stoek is unusually calcic monzonite and quartz n1onzonite. Although the 1nagnesia
content, about 2.5 percent, is not abnormal, the proportion of lin1e, about 7 pereent, and of iron oxides,
nbout 8 pereent, is unusual for 1nonzonites of the
porphyry belt. The mafic rocks for which the area is
noted constitute not n1ore than 5 pereent of the stoek,
and of this group ealeic gabbro is n1uch the most
abundant. The other mafic variants include pyroxenite, hornblendite, biotite amphibolite, biotite pyroxenite, magnetite pyroxenite, magnetite peridotite, and
titaniferous magnetite. As shown in figure 66, most of
the nmfie roeks are in the southern part of the stock.
Son1e are dikelike, some are angular, and some are
irregular in shape. The contact between the monzonite
and the 1nafie rocks is sharp in some plaees and gradational in others. Exeept for some stringers of magnetite that cut the 1nagnetite pyroxenite, the relations
of the different mafic. rocks to one another are obscur~.
The largest body of titaniferous iron ore is a dikelike
mass of 1nagnetite pyroxenite associated with biotite
amphibolite and gabbro. It extends west of Caribou
about 1,000 feet and there bends northwest and continues nearly 500 feet farther. The ore is essentially
an intergrowth of diopside, magnetite, and ilmenite,
locally cut by many stringers of magnetite a half to
2 inches, or rarely as 1nueh as 5 inel1es thick. This
10

Bastin, E. S., and Hill, J. M., op. cit., p. 177.
Smith, Ward, Geology of the Caribou stock in the Front Range,
Colorado: Am. Jour. Sci., 5th ser., vol. 36, pp. 8-26, 1938.
11

mass has been traced by geophysical methods and is
believed to extend to a substantial depth.12 Smith 13
mapped 24 other bodies of magnetite-bearing rock, but
the majority of thmn are quite small.
Analyses given by Bastin 14 indicate that the highgrade ore eontains about 65 pereent of magnetite and
4.5 percent of titanium oxide and that the low-grade
ore contains about 30 percent of magnetite and abou~ 2.6
percent of titanimn oxide.
The similarity in appearance and composition of the
biotite amphibolite and the biotite pyroxenite to limy
members of the Idaho Springf) formation led the writers 15 to suggest that the 1nafic rocks were due to reaction between the 1nonzonite magma and calcareous beds
in the Idaho Springs formation. Smith rejects this explanation because of the lack of such beds at the surface in the immediate vicinity of the stock and believes
the mafic rocks are an iron-riel1 magmatic residue
formed through normal differentiation and that the
iron ores were concentrated by filter-pressing to form
separate masses of titaniferous magnetite rock.
ORE DEPOSITS

By far the majority of the veins of the Caribou district strike nearly east, but a few trend northeastward.
The No-Nmne, a northeasterly cross vein, has been one
of the most produetive veins in the district; the fissure
containing it apparently exerted a 1narked influence on
ore deposition in the eastward-trending veins tha.t it
cuts. The largest and richest ore shoot in the distriet
was localized at the junction of the No-Name vein and
the eastward -trending Caribou vein.
The mines of Caribou lie on the slightly dissected
Green Ridge erosion surface, whieh is unusually ''Tellpreserved in this region. As in many other veins that
crop out on this old surface, the upper parts of the
veins in these mines have been notably enriched. The
gold-silver veins lie ehiefly to the east of Caribou and
show a striking ehange in tenor below the zone of oxidation. In nwst of them a 1narked ehange occurs at a
depth of about 100 feet, but in a few of thmn good ore
persists to a depth of 300 feet. West of Caribou nearly
all the veins have been mined for their sil~er content.
The richest ore was found close to the surface, but the
ehange of value with depth was 1nuch 1nore gradual.
Silver ore was 1nined from a depth of as 1nuch as 1,000
feet along the No-Name vein.
12 Heiland, C. A., Henderson, C. \V., and l\lalkovsky, J. A., Geophysical
investigations at Caribou, Colorado: U. S. Bur. Mines Tech. Paper
439, pp. 4-7, 1929.
1a Smith, Ward, op. cit., pp. 8-26.
14 Bastin, E. S., and Hill, J. M., op. cit., p. 129.
15 Lovering, T. S., and Goddard, E. N., Laramide igneous sequence and
differentiation in the Front Range of Colorado: Geol. Soc. America Bull.,
vol. 49, pp. 35-68, 1938. See also Jennings, E. P., A titaniferous iron
ore deposit in Boulder County, Colo. : Am. Inst. Min. Eng. Trans., vol.
44, pp. 14-25, 1913, and Singewald, J. T., .Jr., The titaniferous iron
ores of the United States : U. S. Bur. Mines Bull. 64, pp. 126-128, 1913.
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The No-N arne vein, the strongest and most persistent
in the district, trends N. 65° E. and dips 55° to 60° NW.
It cuts and displaces the eastward-trending Caribou
vein, the eastern segment of which is 10· to 20 feet southwest of the western one. None of the easterly veins
cut across the No-N arne vein, and most of them stop
abruptly when they reach it. This type of fracture
pattern suggests that the easterly veins formed as· tension fractures in the walls of the No-Name vein at the
time it was opened. The pattern, as well as the direction of displacement, also suggests that the fractures
were caused by northeastward-trending shearing forces
(fig. 66).
CARIBOU AND ADJACENT MINES

•

The Caribou mine is about 1,500 feet northwest of
Caribou. The vein strikes nearly due east. From the
surface to a depth of 110 feet the dip of the vein ranges
from 70° N. to vertical; below this depth the vein has a
nearly constant dip of 75° N. Its intersection with the
No-Name vein is only about 100 feet southwest of the
titaniferous iron ore mentioned above. About 700 feet
farther west the Caribou vein is crossed by the northeastward-trending Belcher vein. To the west of the
Belcher the Caribou vein has been followed west
through the Native Silver claim for a few hundred
feet. A short distance east of its junction with the
Belcher the Caribou vein gives off a branch, known as
tl1e Seven-Thirty vein, which trends about N. 80° W.
and dips 60° N.
The main ore shoot on the Caribou vein occurred just
west of its junction with the No-N arne. This ore shoot
dipped steeply to the east and left the Caribou vein at
its junction with the No-Name, following the No-Name
vein at depth. According to Mr. William Todd whose
'
f ather was superintendent of the Caribou mine
for
many years and who has himself worked in the Caribou
and other mines in the district, the offset segment of the
Caribou vein on the eastern side of the No-Name was
sparsely mineralized and was explored for only a short
distance. The ore shoot left the Caribou vein entirely
at a depth of 300 feet and continued to pitch northeast
along the No-Name vein to the bottom level. In the
Caribou vein the width of the ore shoot was 2 to 5 feet
but in the No-Name vein widths of 5 to 7 feet were'
common.
The Caribou vein, as exposed on the 200-foot level of
the No-Narne, enters the No-N arne drift on the hanging
wall and appears to leave a few feet to the southwest
on the footwall. 16
Ore was found close to the surface on the Caribou vein
as far west as its junction withthe Seven-thirty vein,
but little of the ore west of the main ore sho'ot extended
to a depth of more than 100 feet (fig. 67). Accord16 Van Diest, P. H., The crossing of the
Mining Rev., vol. 6, p·. 5, 1875.

No-N~me

and Caribou:

ing to Endlich/ 7 the walls of the vein are well-defined,
but in the western part o·f the vein a dike of "granulite,'
12 feet wide apparently crossed the vein at right angles
without offset, a relation probably explained by the tensional origin of the vein. The ore minerals reported are
galena, argentite, cerargyrite, native silver, gray copper, and chalcopyrite in a quartz gangue. The ore on the
dump in 1933 contained galena, sphalerite, and chalcopyrite in a quartz gangue, together with some siderite
and manganosiderite distinctly later than the sulfides
and the quartz. Native silver is reported in all the ore
mined from the Caribou and No-Name veins, even that
from the deepest workings, which on the No-Name vein
attained a slope distance of 1,000 feet. Rich oxidized
silver ore from the Caribo·u is shown in figure 68, A.
Some pitchblende occurs in the No-Name vein at
depth. In 1948 Consolidated Caribou Silver Mine.:;
Inc., completed a 1,500-foot adit to the 1,040-foot level of'
the No-Narne vein; pitchblende was found along theN o~ am~ vein, northeast of the old silver stopes, irregularly
distnbuted through a distance of about 100 feet.
In 18~3, according to the Colorado Mining Directory ,t8
the Canbou main shaft had a depth of 1,010 feet, and
the shaft of the No-Name had a depth of 600 feet. The
ore of smelting grade assayed 50 to 1,000 ounces o·f
silver, and the material milled 20 to 50 ounces of silver
to the ton. The output of the No-Name and Caribou
veins at that time was valued at approximately $2,500,000. Only a few scattered precise figures are available
regarding the output, but it is known that the mine was
worked .steadily from 1869 until well into the eighties.
In 1869, 26 tons of ore brought $3,217 to the owner.
In 1870, 425 tons of ore was shipped, averaging $173
per ton in value, or a total of $73,525. In 1876 the output from the Caribou mines was valued at $204,000. In
1881 and 1882 the value o'f silver bullion from the
Caribou amounted to $227,982.88.
~eve~al ot~er veins parallel to the Caribou have supplied nch silver ore near their intersection with the
No-Narne vein. Lying on the west side of the No-N arne
and north of the Caribou are the Poor Man Kalamazoo
'
I. X. L., Eureka, and Comstock, all dipping
steeply'
to the north. On the east side of the No-N arne and
south of the Caribou are the Grand County and Wigwam veins. The character of the ore in all these veins
is very similar, but in none of them, so far as known,
has the ore been followed to a depth of more than 300
feet. The Poor Man, just north of the Caribou, is
perhaps the second most important source of silver in
the district. According to Burchard,t9 more than $100,000 worth of ore was removed in opening the mine,
17 Endlich, F. M., Report on the mining districts of Colorado: Hayden Survey, 7th Ann. Rept., pp. 300-301, 1874.
18 Corregan, R. D., and Lingane, D, F., Colorado Mining Directory for
1883, Denver, Colorado Mining Directory Co.
19 Burchard, H. G., Report of the Director of the Mint, 1882, pp.
397-398.
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and $17,000 worth of ore was taken out in sinking the
shaft from 330 to 370 feet. The average mill run of
the ore was said to be 300 ounces of silver to the ton.
The vein was about 3 f.eet "\vide, but the part containing
high-grade ore was rarely more than 6 to 8 inches wide.
A short distance east of Caribou are several wellknown gold mines. About 800 feet east-northeast of
Caribou the Silver Point vein strikes N. 80° W. and dips
75° N. It is about 3lj2 feet wide, and has been worked
to a depth of 250 feet. In the oxidized zone its smelting
ore averaged about 2 ounces of gold and 100 to 200
ounces of silver to the ton. The Elephant vein is just
south of the Silver Point and nearly parallel to it. It
contained lead-silver ore in a brecciated zone 2 feet
wide. The Idaho vein is about 500 feet south of the
northeast corner of sec. 8, T. 1 S., R. 73 \V., and its
shaft is about 300 feet southeast of the Silver Point
shaft. It strikes N. 80° E. and is vertical. The vein
has been traced west through the Nonpareil and Lulu
claims and east through the East Idaho. About 3,000
tons of ore averaging 2 ounces of gold and 100 to 200
ounces of silver to the ton were shipped, but no ore
was found below a depth of 90 feet. It is probable that
the ore was concentrated by secondary or residual enrichment. The St. Louis mine is a short distance south

of the East Idaho and is about 1,500 feet east of the
Silver Point. The vein strikes N. 80° E. and dips 65°
N. The ore was commonly 3 to 4 feet wide and contained free gold. Although a streak of high-grade ore
4 to 10 inehes wide commonly averaged about 5 ounces
of gold to the ton and eontained very little silver, the
average value of about 3,000 tons of ore shipped from
the mine was between $15 and $18 per ton. A short
distance southwest of the St. Louis mine is the Shoshone
vein, which strikes due west and may be a continuation
of the East Idaho and Bimetallic veins farther east.
Farther east on Boulder County Hill the best known
veins are the Trojan and the Boulder County. According to Van Diest, 20 the Trojan contained gold exclusively at the 40-foot level, but at a depth of 60 feet
silver ore appeared, and at a greater depth only argentiferous galena ·was found.
The Boulder County vein was first opened by a shaft
on Boulder County Hill, about three-quarters of a mile
northwest of Cardinal, in 1870, the year it was diseovered by S. P. Conger. The shaft is at an altitude of
~\500 feet and is 400 feet deep ; more than 5,000 feet of
21

Van Diest, P. H., op. cit., pp. 25-41, 1886.
Bastin, E. S., and Hill, J. 1\f., Economic geology of Gilpin County
and adjacent parts of Clear Creek and Boulder Counties, Colo.: U. S.
Geol. Survey Prof. Paper 9--!, pp. 111, 182, 183, 1917.
2o
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drifts are reported to be driven on three levels, but they
are largely inaccessible. Work has been carried on interlnittently since 1870, but since 1901 it has been largely
limited to the Boulder County tunnel, the portal of
which is at Cardinal, about 800 feet below the collar of
the shaft. The vein trends N. 70° W. and dips N. at
60°-70°. It has been traced for more than a mile on the
surface. It is cut by the tunnel about 3,200 feet N. 18°
W. of the portal and has been developed extensively.
The vein ranges in width from a few inches to several
feet but is commonly less than 3 feet wide. The schist,
gneiss, granite, and biotite diorite porphyry wall rocks
are strongly altered near the ore; next to the vein they
are changed to a fine-grained intergrowth of quartz,
sericite, calcite, and pyrite; outward from the vein the
amount of introduced quartz diminishes rapidly, but the
sericite, calcite, and pyrite persist for several feet. The
vein itself is predominantly quartz, with substantial
amounts of galena, sphalerite, pyrite, and chalcopyrite
and appreciable amounts of gold and silver. Native
gold and wire silver were visible in the oxidized zone,
but the primary ore 1ninecl in the Boulder County tunnellevel averaged only a few ounces of silver and about
0.6 ounce of gold to the ton.
OTHER MINES

Data on other mines are given briefly below. Detailed
descriptions have been given by Bastin and Hill. 22
COMSTOCK, EUREKA, GRAND COUNTY, I. X. L., KALAMAZOO,
:POOR MAN, AND WIGWAM

Dc!'elopm('nf.--Several shafts. 160 fePt to mm·p than 215 fPt>t

deep.
Production.-Wigwam mine, $40,000 in 1874.

Vein8.-Comstoek, Eureka, Grand County, I. X. L., Kalamazoo,
Poor Man, and \Vig,vam all strike east-west and dip steeply
north ; 6 inehes to 3 feet wifle.
lV all rock.- Monzonite porphyry and ultramafic roek.
Ore and sulfide minerals.-Chiefly argentite, galena, and native
silver, some cerargyrite, cerussite, and sphalerite.
Ohange8 in dept h.-Ore not followed beyond 300 feet in depth.
Ore 81wof8.-Rich silver ore near junction with No-Name vein.
Tenor.-Rich silver ore; some 300 ounces of silver per ton.
SILVER :POINT

Det'clopmcnf.-\Vorketl to a depth of 2!JO feet.

Vein.-Silver Point: Strike, N. 80° \V.; dip, 75a N.; width,

3¥2 feet.
Ore and 8Ulfide mineral8.-Gold and silver minerals.
Changes with depth.-Strongly oxidized near surface.
Tenor.-In oxidized zone smelting ore averaged 2 ounces of

gold and 100 to 200 ounces of silver per ton.
ELEPHANT

Development. _:_Shaft.

Yein.-Elephant: Strike, N. 80° W~; dip, 7!Jo N.; brecciated
zone, 2 feet wide.
Ore and sulfide mincral8.-Lead-silver ore;
22

Bastin, E. S .. and Hill, J. 1\L, op. cit., pp. 177-184.

IDAHO

Development.-Shaft.
Production.-3,000 tons of ore.

Yein.-Idaho: Strike, N.

soo

E.; dip, vertical.

Ore and sulfide mincrals.-Gold and silver minerals.
Changes with depth.-No ore below a depth of· 90 feet.

Ore
probably concentrated by secondary or residual enrichment.
1'enot·.-2 ounces of gold and 100 to 200 ounces of silver per
ton.
ST. LOUIS

Vein.-St. Louis: Strike, N. 80° E.; dip, 65° N.; width, 3 to 4

feet.
Ore and sulfide mhleral8.-Go1d.

1'cnor.-Streak of high-grade ore averaged 5 ounces of gold
per ton and contained very little silver. Average for 3,000 tons
of ore was 0.7G to 0.90 ounce of gold per ton.
WARD DISTRICT

The Ward district 23 takes in the headwaters of Lefthand Creek and Fourmile Creek and, as defined in this
report, includes the area near Sunset and Copper Rock.
The town of Ward is 12 1niles west of the mountain
front and about 19 1niles from Boulder by automobile
road. It lies at an altitude of 9,200 feet, but the hills
just to the west reach 10,400 feet, and the valley bottoms a few miles east range fron1 7,500 to 8,000 feet.
The town of Sunset, at the junction of Fourmile Creek
with Pennsylvania Gulch, is about 3 miles southeast of
Ward and about 10 miles west of Boulder. It had a
population of less than 20 in 1940, and Copper Rock,
1¥2 miles to the east, was uninhabited. The geology of
this area w1-s mapped by Worcester, who showed the
location of the principal mines but did not describe the
ore deposits. The mines nearby have not had a large
output, but the area is of interest because of the variety
of Laramide porphyries found in it and because of the
wide mineralized zone in the vicinity of Copper Rock.
The canyons of Lefthand Creek to the east of Ward and
of Fourmile Creek to the south are moderately steepwalled. The interstream areas are rolling uplands that
correspond to the Overland Mountain erosion surface.
The Ward district was one of the first discovered in
Boulder County and has been one of its 1nost productive. In 1861 gold was found by Calvin Ward, just
east of Indiana Gulch on the hillside north of Lefthand
Creek. In 1862 the Columbia vein was found by John
Deardorf, and soon afterwards the town of Ward was
founded. Before 1870 nearly all the important lodes
in the district had been discovered, and oxidized ore was
being treated in several mills, including the outstanding Niwot Mill, which was built in 1865 and was operated steadily for ·many years. Several attempts have
been made to build a mill that would treat the primary
low-grade pyritic gold ores economically, but so far
none have been entirely satisfactory. Mining has con2.~ Worcester, P. G., The geology of the Ward region, Boulder County,
Colo.: Colorado Geol. Survey Bull. 21, 1920.

WARD DISTRICT

tinned from 1862 to the present clay, with many flue-·
tuations in the degree of activity. According to
Worcester, 24 output of the camp from 1885 to 1919
amounted to about $3,000,000, and the total production
may have been as much as $9,000,000. The output during the period 1938-43 \vas 12,794 ounces of gold, 15,otn
ounces of silver, 155,300 pounds of copper, and 16,900
pounds of lead. 25
GEOLOGY

The southern part of the district is chiefly in northward-eli pping schists and gneisses of the Idaho Springs
for1nation, but in the northern half much of the country rock is Silver Plume granite. Several moderately
extensive stocks of diorite and monzonite porphyry
formed during the Laramide revolution occur south
and east of Ward, and a few small irregular masses of
sodic andesite and diorite porphyry are present in the
same region. Porphyry dikes are eommon throughout
the district but are most abundant in the northern half.
The predominant strike of the dikes is easterly, but
northward and nrn_tlnvestward-trending dikes are emnmon south of 'Vard. As shown on plate 7 and figure
12, the porphyries have a wide range in composition.
Pre-Oambrian rock.s.-The most common rock of the
Idaho Springs formation is garnetiferous quartz-mica
schist, which is more abundant in the northeast part
of the district than in the southwest. It contains some
sillimanite, and, through an increase in this eonstituent
and a decrease in the amount of quartz and garnet present, it grades into another facies, which may be termed
a sillimanite schist. This variety is n1ost abundant in
the southeastern part of the district south and east of
Sunset, and near Sunnyside in the southwestern part.
A fine even-grained dark-colored quartz-biotite schist
differing greatly in appearance from the sillimanite
schist and the garnetiferous quartz-n1ica schist is ]ocall v
abundant in the northeastern part of the district. Sn1all
lenses of hornblende schist are found at several plaees
but are most common near Gold Lake in the northeast part of the district and at Sunnyside. Southeast
of Copper Rock the northwest edg~ of the Boulder
Creek granite batholith extends through the southeast
part of the district. This gneissie gray biotite granit~
trends northeastward parallel to the foliation in the
adjacent schist.
The Silver Plume granite in the 'Vard clistriet is the
southern part of a large stock that extends nortlnvarll
to the Thompson River. (See pl. 1.) Associated with
it are numerous dikes and irregular masses of pegmatite and aplite.
Laramide intrn.sh_,es.-Fourteen varieties of rocks intruded during the Laramide revolution have been recWorcester, P. G .. op. cit .. pp. 70-71.
Data furnished by C. W. Henderson and R. H. Mote, U. S. Bureau
of Mines.
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ognized in the Ward district. Most of them oecur in
dikes, whieh vary greatly in width and range from a
few hundred feet to more than 2 miles in length, but
the greatest area of intrusives comprises six stocks of
extremely irregular outline, which range frmn 0.1 to
1.8 square miles in surface extent.
Some of the felsites near vVard probably belong tv
group 1, but most of them apparently belong to group
7 (pl. 7 and fig. 12). Rocks of group 2 are represented
by diabase dikes in the eastern part of the district.
The diabase is black or dark greenish-gray and consists of calcic plagioclase, augite, hypersthene, and
black iron oxide, with the usual suite of alteration
products. It oecurs in a series of dikes trending north
and northwest, which extend for a number of miles and
cross the northeastern part of the 'V arcl distriet near
Gold Lake. Some of the dikes are 60 feet wide, but in
most places they are not more than 25 feet wide. The
diabase is definitely older than a monzonite dike that
ents it near Gold Lake.
The rocks of group 3 in the \Vard district inclua,_,
quartz latite and the ~iodoe, Utica, Brainerd, and
White Raven quartz monzonite porphyries of W orcester. The Modoe quartz monzonite porphyry occur-s in
a single dike at the Modoc mine half a mile north of
vVard, and the Utica quartz monzonite porphyry is also
represented by only one dike, which extends about half
a rnile southeast of the Utica mine. Both are rnoderately fine-grained gray porphyries. The Modoc quartz
monzonite porphyry eontains phenocrysts of feldspar
and hornblende 2 to 5 millimeters long. The Utiea
quartz rnonzonite porphyry contains many inconspicuous phenocrysts of feldspar and biotite and rarelv
quartz. The Brainerd quartz monzonite porphyry o~
curs in two large dikes on the north side of Lefthand
Creek, near the portal of the Brainerd tunnel a rnile
east of 'V arcl. A third dike occurs to the north in Tuscarora Gulch. It is a coarsely granular rock in which
biotite, hornblende, and orthoclase can easily be distinguished. It has a light-gray color with a pink tint and
resembles an even-grained light-gray granite.
In contrast to the quartz monzonite porphyries described above, the White Raven monzonite porphyry
occurs in many dikes, but it is restricted to a belt less
than 2 miles wide extending westward from Sunset to
Sunnyside and northward to Ward. In rnany plac-es
the eontact of this porphyry with the eountry rock is
highly mineralized. The White Raven mine and several others in California Gulch follow veins intimately
related to dikes of this porphyry. The rock is locally
knmvn as "birdseye porphyry" and contains many
prominent phenocrysts of andesine which are in sharp
contrast to the gray and greenish-gray fine-grained
groundmass. Locally the groundmass is glassy. In
some places quartz phenocrysts are abundant, but even
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in a single dike their distribution is sporadic. The chief
constituents of the rock are andesine, orthoclase, and
quartz. The orthoclase is confined to the groundmass.
Apatite, magnetite, and pyrite are common accessories.
Ferromagnesimn minerals "\Vere originalJy present but
are eYery,vhere altered to chlorite, epidote, and zoisite.
Their shapes suggest hornblende.
Quartz latite has been noted in three localities, and
in each it is closely associated 'vith its granular equivalent, quartz monzonite. Its composition is similar to
that of the vVhite Raven and Brainerd quartz lnonzonite porhyries of vVorcester. It has been found at
the vVhite Raven mine associated with vVhite Raven
quartz monzonite porphyry~ and in Tuscarora Gulch it
borders the dike of Brainerd quartz monzonite porphyry. About a mile east of Sunnyside, on the north
side of Fourmile Creek, three other dikes of quartz
latite occur. All the quartz latites are distinctly pcrphyritic, bnt in nearly all of them the phenocrysts are
small; the groundmass is dense and for the most part
glassy. Orthoclase, andesine, quartz, and biotite are
the most important minerals. The quartz latite of the
White Raven mine has been impregnated with silverbearing galena.
The only rock of group 4 described by Worcester in
the vV ard report is the "quartz monzonite'' north of
Rowena, but this rock is part of the large granodiorite
stock of the Jamestown district described on p. 257.
Rocks allied to the intermediate quartz monzonite porphyries of group 5 are represented by the bio6te dacite
of vVorcester. Biotite dacite dikes are prominent north
of Lefthand Crf'ek in the eastern part of the district.
The fresh rock is gray to greenish gray and has finegrained locally glassy groundmass containing many
1;rominent phenocrysts of feldspar, quartz, and biotite.
Orthoclase is rare as a phenocrystic constituent but is
common in the groundmass; andesine and quartz are
common both in phenocrysts and gronndmass.
Group 6 is apparently represented by the Mount Alto
quartz monzonite, which forms a single dike in the
vV ard district. This dike occurs in the central easter•1
part of the district about a quarter of a mile north of
J\1ount Alto Park and a mile east of Gold HilL It is
gray or brownish-gray and coarsly porphyritic. Single crystals of orthoclase :2 inches long are not uncommon, and a large number range from half an inch
to 1 inch in length. Quartz phenocrysts are also conspicuous. Less prominent but more abundant crystals
of andesine \Yith some altered hornblende and biotite
a.re also present as phenocrysts. The groundmass
which makes up half the rock is chiefly much-altered
orthoclase and quartz in a micropoikilitie intergrowth.
Titanite and magnetite are abundant accessory
minerals.
Representatives of group 7 include most of the rocks
described as felsites by Worcester. Some of the dikes

termed felsites in Worcester's repot·t are probably the
earliest in the region and belong to group 1, but most
of them are alaskites and rhyolites of group 7 that
have been mapped as felsites. They ar3 definitely later
than the pyritic ores of the district. 26 The early felsites include a large number of fine-grained, lightcolored, partly glassy rocks compo·sed chiefly of quartz
and orthoclase with small amounts of hornblende and
biotite. They occur near Ward and near the eastern
edge of the district in dikes that range in length from a
few hundred feet to more than a mile.
The rocks of gro'tlp 8 include sodic diorite and alkalic
n1onzonite porphyries. The diorite porphyry and monzonite porphyry described by W oreester grade into each
other; their lithologie character and age relations indicate their equivalence to the alkalic syenite o'f the Idaho
Springs-Central City district. They are earlier than
the trachyte ( bostonite) at Sunset and later than the
breccia reefs. l\Iost of the rocks mapped as diorite
porphyry by Worcester are somewhat richer in hornblende and biotite than his monzonite porphyry. Tl1...·,
diorite porphyry o·ccurs in two stocks and several clikss
a few miles southeast of Ward. It is brown to gray,
coarsely porphyritic, and consists essentially of plagioclase and biotite but also contains hornblende and a little orthoclase~ apatite, titanite, and calcite. It has
abundant pheno·crysts of plagioclase and biotite and
some of hornblende; commonly phenocrysts make up
more than half the rock.
Monzonitic rock has the greatest areal distribution
of any of the Laramide intrusives and fonns irregular stocks extending from the south side of Fourmile
Creek nearly to Gold Lake. The largest of these stocks,
north of Sunset, has a surface area of 1.8 square miles.
As shown in plate 2, it extends southward from Lefthand Creek nearly to Sunset. Worcester called this
rock a monzonite porphyry, but his description 27 and
the appearance of the rock indicate that it is close to n,
syenite in composition. Worcester states that in places
it grades into a diorite. Just east of the stock, between
Todd Gulch and Spring Gulch, there is a small lenticular
mass o'f diorite porphyry, which differs but little from
the syenite (monzonite) porphyry. Dikes of similar
porphyry occur on both sides of Fourmile Creek just
west of Copper Rock. They strike in various directions,
but their predominant trends are eastward and northeastward. The dio'ritic syenite porphyry has a pronounced porphyritic texture. It is dark-gray in a freshly broken surface but weathers rapidly to some shade of
brown or greenish gray speckled by white feldspar and
black hornblende phenocrysts. Pink to white phenocrysts of orthoclase and sanidine are abundant and are
as much as an inch long. Small needlelike and stubby
26 'Vahlstrom, E. E .. 'l'he age relations of the Ward ores, Boulder
County, Colo. : Econ. Geolog~r. vol. 31, p. 112, 1936.
21 'Vorcester, P. G., op. cit., 11. 40.
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phenocrysts of hornblende are moderately prominent.
Most of the syenite porphyry is coarsely porphyritic,
containing prominent orthoclase and hornblende phenocrysts. Even-grained facies occur locally. Plagioclase,
commonly andesine, is the mo·st important mineral in
the groundmass and also forms sparsely distributed
phenocrysts. Biotite is common in the groundmass
but rarely occurs as phenocrysts. Sphene and magnetite
are also common in the grounclmass, but orthoclase i'3
only sparingly present.
Several masses of latite porphyry occur on the borders of monzonite porphyry dikes and stocks and may be
related to the monzonite magma ; they are therefore
provisionally referred to group 8. There are several
latite porphyry dikes scattered through the Ward district. Nearly all are mineralize.cl at their borders, and
some of them are mineralized throughout. The abundant pyrite locally contains appreciable amounts of
gold~ and for this reason most of the latite dikes are
pitted with prospect holes. They show a 1vide range in
color, texture, and condition of weathering but do not
resemble other intrusive rocks of the Laramide revolution, with the possible exception of some of the andesites. The latite porphyries characteristically have a
dense or glassy matrix with many phenocrysts. Feldspar phenocrysts· are most common, but hornblende and
biotite are locally prominent. Plagioclase is more
abundant in the grounclmass than orthoclase and is
equally common in the phenocrysts. I-Iornblencle is the
most abundant ferromagnesian mineral in the fresh
rock, but in 1nany places it has been strongly altered to
epidote and chlorite.
Rocks of group 9 are represented by the trachyte at
Sunset. It occurs near the village of Sunset, about 4
miles southeast of Ward, in an irregular stock and in
several dikes. The 1nain body of trachyte is on Bald
~fountain about a mile and a half ·west of Sugarloaf
Motintain, and from it large dikes extend to the north.
Fresh specimens are extremely rare. It commonly
weathers to light brown, buff, red, or pinkish gray, with
a pitted surface. It is n1uch jointed and characteristically breaks up into sharp-edged plates 2 to 3 inches
thick. The trachyte is conspicuously porphyritic, but
the numerous phenocrysts are not large; they are chiefly
of orthoclase, though some altered augite (?) is visible.
Orthoclas·e is also the n1ost abundant mineral in the
groundmass, where it is aecompanied by a small quantity of oligoclase and by characteristic alteration products indicating that a ferromagnesian mineral 'vas moderately abundant. Augite has been reported in the
trachyte by Breed. 28 Apatite is present as an accessory mineral. Between Sunset and Copper Rock the
trachyte follows the eastern edge of the large stock of
28 Breed, R. S., Sunset trachyte from near Sunset, Boulder County,
Colo. : Colorado Sci. Soc. Proc., vol. 6, pp. 216-230, 18H9.
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clioritic syenite porphyry for a short distance and cuts
directly across the platy structure of the syenite porphyry body. The platy structure of the intruding
trachyte is parallel to the contact.
The andesites described by Crawford are believed to
be equivalent to the biotite monzonite of the tungsten
belt and are therefore assigned to group 10. They form
dikes, which attain a nmxinnun length of approximately
half a mile and are most comn1on in the southeastern
rart of the district, east of Baldl\.fountain and Copper
Rock. The andesites are light to dark gray and commonly contain feldspar, biotite, and hornblende or
augite crystals about 2 millimeters in diameter, set in a
very fine-grained groundmass. Plagioclase and the ferromagnesinn minerals are the most abundant minerals,
but some orthoclase and sphene are always present.
Intrusion breccia of group 11 has been found near
Sunset by the writers. It is a fine-grained glassy rock
containing fragments of schist, granite, and pegmatite,
and locally of earlier porphyries. The breccia is dark
gray where fresh, but in most places is considerably
altered and is light gray. The groundmass is largely
glassy and contains 1ninute laths of feldspar and minute grains of magnetite. In places tiny crystals of
biotite or hornblende are present. The breccia occurs
in a small area on Fourmile Creek, half a mile west of
Copper Rock, between the two lobes of trachyte shmvn
on plate 2. It fills the space between the two lobes and
contains numerous fragments of the trachyte, as well
as some fragments of the syenite porphyry. On the
east side of the east lobe is a narrower zone of intrusion
breccia, which contains numerous spheroidal masses of
actinolite ( ?) and abundant disseminated pyrite. Two
small northwestward-trending dikes of intrusion breccia are exposed on the north side of Fourmile Creek
just above Copper Rock. In the upper tunnel of the
Free Coinage mine, about half a mile south of Sunset,
irregular stringers and seams of intrusion breccia are
exposed in a strong northwesterly fault on the east side
of a trachyte dike.
Two small masses of olivine basalt oc'Cur about a mile
north of Ward, but neither outcrop has a surface area
of more than a few hundred square feet. The position
of the basalt in the sequence of rocks of the Laramide
revolution is unknown, but it probably belongs in either
group 2 or group 12. The rock is very fine textured,
but in the hand specimens many minute lath-shaped
grains of feldspar and moderate-sized grains of green
olivine are visible. The borders of one of the basalt
bodies is vesicular and amygdaloidal. The rock is a
typical olivine basalt and consists essentially of calcic
plagioclase, augite, and olivine, 1vith conspicuous
amounts of a black iron oxide, probably ilmenite. The
texture ranges from moderately fine-grained to porphyritic or coarsely holocrystalline.
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STRUCTURE

!he structure of the pre-Ca1nbrian rocks is fairly
uniform throughout the district. The schist, gneisses,
and gneissic facies of granite trend eastward or northeastward and clip 45°-80° N. West of Sunset the foliation swings from a northeasterly to a more westerly
trend, ranging from due west to N. 60° W., and dips
10°-60° N. In the extrem3 southeastern part of the
district is the border of the Boulder Creek granite
batholith. The contact has a general northeasterly
trend, approximately parallel to the foliation. The
structure and direction of emplacement of the stocks
have not been ascertained, but some observations have
been n1ade on the trachyte and syenite porphyry stocks
near Sunset.
That the trachyte is later than the monzonite porphyry is shown by the fact that platy structures in the
trachyte are parallel to the contact, \vhereas those in the
monzonite porphyry close to the contact are at right
angles. However, the linear structure in both masses
pitches frmn 45 o to 60° SE., suggesting a common
source son1ewhere between Bald Mountain and Copper
Rock, on the east side of the trachyte body.
Most of the early ferromagnesian intrusives trend
north-northwest. Most of the rocks belonging to
groups 4 to 10 trend eastward, but several strike nearly
due north. The eastward-trending dikes that are exposed in the mine workings commonly dip north parallel to the gneissic structure of the enclosing rock A few
dikes in California Gulch strike northwest.
The strike and dip of the veins near 'Vard are essentially those of the dikes. Most of the veins trend westnorthwest and dip north. The majority dip at angles
steeper than 60°, and abrupt changes of 15° to 30° in
clip are comn1on. The most productive veins belong to
the "breccia reef" fault system formed during the early
part of the Laramide revolution and are extremely persistent in the direction of the strike. (See pl. 3.) The
deepest mines have followed veins more than 1,000 feet
below the surface, and at this depth they are still strong.
The n1ost noteworthy structural feature of the area
near Sunset is the wide zone of fracturing and brecciation that extends along the east side of the trachyte
stock. This zone has a general north-south trend, parallel to the east border of the trachyte stock, and is about
three-quarters of a mile wide and more than a mile and
a quarter long. It is marked by mild fracturing of the
schist throughout and locally by strong fracturing and
brecciation. The dominant trends of the fractures are
northwest and northeast, approximately at 45° to the
direction of the zone, but there are also some northsouth fractures and breccia zones. Various dikes of
porphyry follo·w the predominant trends of fractures.
The strongest brecciation appears to have taken place
on the cliffs, just north of Copper Rock. The whole

brecciated zone has been mineralized, and copper stains
on the cliffs above Copper Rock have given rise to its
name. The occurrence of this wide zone on the eastern
border of a porphyry stock and the abundance of porphyry dikes scattered through the zone seem to indicate
that it was formed by the upward force exerted by the
intrusion of either the trachyte mass or by another related porphyry mass that does not appear at the surface
but may underlie it. This fractured and brecciated
zone resembles in many respects the zone of brecciation
that lies along the southwest side of the Jamestown
soclic granite porphyry stock and vvas apparently produced by the intrusion of the stock. 29
Another important structural feature of the area near
Sunset is the strong fault of nortlnvesterly trend exposed in the Free Coinage workings half a mile south
of Sunset. It lies on the eastern side of the westernmost tongue of the trachyte stock, as shown on plate 2.
The fault strikes about N. 30° ,V. and dips about 80°
NE., and is knmvn for some distance to the northwest
and southeast. In the Nederland district a fault with
similar dip and trend crosses Gordon and Upham
Gulches about half a mile west of their junction and
lines up directly with the Free Coinage fault; the two
are believed to be the smne, but their continuity has not
been established. This fault as exposed in the Free
Coinage workings consists of a zone of fractured and
sheared schist 50 feet wide, with about 10 feet of gougy
material on the footwall and 1 to 2 feet on the hanging
wall. On the footwall is a trachyte dike 15 feet wide,
and near the 'middle is a dike of intrusion breccia about
3 feet wide. The fault belongs to the system of north'vestward-trending breccia reefs that are earlier than
the porphyry intrusions of this part of the Front Range.
Slickensides found on the wall of one of the slips pitch
vertically in the plane of the fault, but the direction of
movement could not be determined.
The fissures occupied by the veins of the district near
Sunset strike both nortlnvest and northeast. The only
northeast vein studied, the Copper Glance, dips 65°-75°
NW. The foot wall moved down to the southwest at
about 55°, but the total displacement was only 5 feet.
ORE DEPOSITS

Gold, silver, lead, copper, zinc, and tungsten, in the
order named, are the valuable constituents in the ores
of the 'Varcl district, and of them, gold, silver, and lead
have been responsible for 1nost of the output.
Nearly all the ore occurs in tabular shoots or in chimneys of roughly elliptical cross section that appear to
be local enlargements of veins. The largest of the
chimneys, in the 'Vhite Raven mine, is about 30 feet
wide and extends 200 feet along the vein. The most
29
Goddard, E. N.. 'l'he influence of Tertiary intrusive structural
features on mineral deposits at Jamestown, Colo.: Econ. Geology, -vol.
30, pp. 370-386. 1935.
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productive veins have been found in the granite or the
granite gneiss along dikes of quartz monzonite, quartz
latite, latite, and felsite, but son1e of the dikes are later
than the ore. The veins in the Idaho Springs formation are much less continuous and in general are of
lower grade. In 1nany places well-defined veins in
granite and gneiss feather out in the schist. Postmineral faulting is common, but the displacement of
the veins is generally small, as most of the movement
has occurred along the vein fissure. In nearly every
place where such faults cut across the vein the faulted
segments have been found with little difficulty.
Although there are approximately 200 mines in the
Ward district that have supplied some ore, probably
not more than 50 have supplied ore having a gross value
of more than $5,000 and probably not more than 15
have had an output valued at n1ore than $100,000. Of
this group the Baxter, Columbia, Niwot, Madelaine,
Sullivan No. 5, and Utica are on the Columbia vein.
Among the other productive mines are the Celestial,
Celestial Extension, and Morning Star on the Celestial
vein. The output of the Big Five property came from
the White Raven vein system and the Columbia vein.
The B. and M., the Ruby, the U. P. group, the Ward
Rose, and the White Raven are the other mines credited
with an output valued at n1ore than $100,000 each.
Pyrit-ic gold-silver ore.-The gangue minerals of the
pyritic gold-silver ores are chiefly quartz with some
fluorite and sericite. Most of the quartz is early and
is massive and white, but druses of colorless quartz erystals are late. Nearly all the gold mined in the district
has been found in the quartz veins associated with pyrite
or chalcopyrite or both. Ore containing chalcopyrite is
commonly richer in gold than ore containing only py~
rite. Silver occurs with the gold and chalcopyrite but
is most abundant in the galena ore. Many assays of the
pyritic gold-silver ore indicate that the average proportion of silver to gold is about 10: 1 by weight; the two are
apparently alloyed. Although ehalcopyrite is gener~
ally much less abundant than pyrite, locally the reverse
is true.. Molybdenite and wolframite are economically
unimportant but are present in n1ost of the pyritic gold
veins and seen1 most abundant in the deep workings.
vV olframite is earlier than chaleopyrite and most of the
pyrite.
Enrichment of the pyritic gold ores in the oxidized
zone above the water table has been responsible for all
the rich free-milling gold ore in the region. The level
of ground water in the Ward district ranges from 50
to 250 feet below the surface of the ground but in general
is not more than 100 feet. The enriched zone is clearly
defined in all the pyritic veins. Near the surface the
vein minerals are oxidized, and limonite is abundant.
The iron -stained quartz is loose and honeycombed and
contains drusy cavities lined with late quartz crystals.
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This "rotten quartz" is well known for high values in
gold. Below the water level the gold tenor of the pyritic
gold ore is commonly 0.1 to 0.5 ounce to the ton, but in
the oxidized zone much of the ore contains 3 or n1ore
ounees of gold to the ton.
Lea,d-silver ore.-The lead-silver ore is largely limited
to the 'Vhite Raven vein system. The gangue minerals
are calcite and barite. Galena is abundant and is
usually in large well-formed erystals. Silver alloyed
with gold occurs as a primary mineral included in the
galena. Sphalerite is not abundant exeept locally.
Gray copper ( tennantite) occurs sparingly below the
700-foot level. Galena, prin1ary silver, and gold are
apparently contemporaneous with some caleite and
are earlier than barite and a second generation of calcite. Later than all these minerals is abundant super~
gene wire silver, which has been found between level 6
and the top of the water table in the White Raven mine.
In the oxidized zone the silver content is somewhat
lower than immediately below the water table. Gold
is not an important constituent of the silver-lead ore.
Zinc is com1nercially unimportant and where found is
a minor constituent of the ore.
0 o pper m·e.-In most of the 1nines of the Ward region ...
copper-bearing ore has been valuable chiefly for its
gold content, but both chalcopyrite and chaleocite are
sufficiently abundant to be of commercial interest.
From the Sunset area, in the southeastern part of the
district, chalcopyrite ore has been shipped in which the
content of gold and silver were of less value than that
of eopper, whieh approximated 20 percent. Chalcopyrite is everywhere the most important copper mineral
and occurs chiefly with pyrite in pyritic gold-copper ore.
Gold-tellrnride ore.-Gold-telluride ore has been
found locally in some of the mines. It is cominon on
the eastern side of the vV ard district and has also been
reported from the Morning Star mine in Spring Gulch.
Tungsten ore.-W olfra1nite intimately associated
'vith quartz and pyrite and with a small amount of chalcopyrite is 'Yidely scattered through the veins of the
\Yard district. It is not found far south of Ward and
is most abundant north of town (see p. 211) and in the
eastetn part of the district near Gold Lake.
Deposits ·near Sunset.-Gold with minor amounts of
copper is the chief metal produced in the Sunset area,
but some ores also contain silver. The ore deposits n~ay
be divided into two classes, those occurring as strong
veins limited largely to the vicinity of Sunset on the
western side of the trachyte stock and those associated
with the strong fraeture zone on the eastern side of the
trachyte stock. They are similar mineralogically
though quite different structurally. The veins in the
vicinity of Sunset belong to the pyritic gold type and
are ahnost identical with those of Ward; beneath a
shallow oxidized zone they are in general of low grade.
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They occur both in northeasterly fractures dipping
steeply to the nortlnvest and in northwesterly fractures
dipping steeply to the northeast. The veins observed
range from about 6 inches to 11h feet in width. The
greatest depth to "which they have been exposed is 300
feet~ in the Dolly Varden mine. The chief ore mineral
in the veins is chalcopyrite accompanied by minor
amounts of pyrite, but argentiferous galena and gray
copper occur locally in the Free Coinage mine. The
chief gangue mineral is coarse milky to glassy quartz.
The gold in the primary ore is apparently contained in
the chalcopyrite. All the minerals appear to be approximately contemporaneous, but son1e of the chalcopyrite
is later than the pyrite. Locally there is some finegrained hematite in the quartz of the Dolly Varden
vein. According to A. L. Edmonds, of Sunset~ the ore
shipped from these veins had a gold content of 2 to 3
ounces to the ton and a copper content ranging frmn 2
to as much as 35 percent. ~fr. Echnoncls reports that
good silver ore was taken from the Free Coinage mine
and from the Bismarck mine. The ore from the Free
Coinage mine is said to have assayed $125 per ton and
to have consisted chiefly of galena, gray copper, and
pyrite in a quartz gangue. This ore was not seen by
the writers. ~fr. Edmonds also reported the presence
of telluride ore on the 60-foot level of the Dolly Varden mine.
The vvide fractured and brecciated zone on the east
side of the trachyte stock in the vicinity of Copper Rock
has been unevenly mineralized. The biotite schist is
chloritized andloc.ally sericitized and silicified. In the
cliff just north of Copper Rock there are numerous small
breccia zones about 10 feet wide and 30 to 50 feet long,
trending either northwest or north-south, but throughout much of the zone the rock is merely fractured.
Pyrite is disseminated along the fractures and foliation
planes of schist throughout this zone, and locally some
chalcopyrite is also present, as indicated by the copper
~tains on the cliffs at Copper Rock. The fractures are
spaced from a few inches to more than a foot a part..
Numerous pits and small tunnels have been dug, but on
the whole the zone "\Vas apparently of too low grade to
be of commercial value. One part of it, however, was
of higher grade and was opened in the Orphan Boy
mine, about 500 feet fron1 the eastern border of the
mineralized zone, about half a mile south of Copper
Rock. Here there are Inany nearly vertical fractures
striking about N. 50° E. and a fe,v prominent ones
striking about N. 25° W. In places the fractures contain small seams of vuggy <iuartz and coarse free gold,
but these seams are rarely more than an inch wide, and
many are less than half an inch. The free gold is limited to the oxidized zone, which extends from 50 to 715
feet beneath the surface. Below the oxidized zone there
are merely seams of pyrite along fractures locally asso-

eiated with quartz. It semns clear that the rich free
gold in the Orphan Boy mine, like that of so many other
pyritic gold deposits, is due to secondary enrichment.
Much of the quartz in the high-grade seams is "honeycomb quartz, and some of the cavities left by the removal
of the pyrite during oxidation are partly filled with
free gold. Some of this free-gold ore was very rich,
small lots containing as Inuch as an ounce of gold to the
pound of ore~ but the average \Yas between 5 and 10
ounces of gold to the ton. Assays of samples taken from
various surface cuts scattered over the hill in the vicinity of the Orphan Boy through a width of about 700
feet were kindly furnished the writers by Mr. More,
owner of the property. The samples were reported to
have been taken over a width of 4 to 5 feet and should
therefore give a fair idea of the average tenor of the
rock in the mineralized zone. The tenor of these samples in the oxidized zone ranged from 0.<)1 to 0.04 ounce
of gold to the ton. Unoxidizecl rock in the mineralized
zone in the vicinity of the Orphan Boy commonly contains 0.01 to 0.02 ounce of gold to the ton.
CELESTIAL VEIN SYSTEM

The Celestial, Celestial Extension, and Morning Star
mines are on the northernmost of the highly productive
veins of the W arcl district. The Celestial vein is on the
northern side of Spring Gulch, northeast of Ward, at
an altitude of slightly less than 9,000 feet. It is a typical representative of the pyritic gold-copper ores of the
district, but the ore is said to be more continuous and
less pockety in this vein than in many others. The country rock of the vein is chiefly granite gneiss~ but lenticular masses of schist are rather conunon. In places the
vein follows the walls of felsite porphyry dikes and in
other places cuts them. It strikes N. 80° E. and clips
steeply to the north. On the 300-foot level of the Morning Star mine a rich sulfide body containing gold telluride and native gold was found, but most of the smelting ore contains less than 4 ounces of gold to the ton, and
the ore milled has ranged in value from 0.17 to 0.70
ounce of gold to the ton. 30
B. AND M.

V~IN

The B. and M. mine is on the crest of the hill about a
quarter of a mile east of vVard. The vein strikes N. 57°
W. and dips about 45° N. for a slope distance of 750
feet; at greater depth it is n1uch steeper. The vein has
been followed 900 feet down the dip by the B. and M.
shaft. Although the vein is knmvn to extend for a long
distance east and west of the B. and 1vf. property, nearly
all the output has come from this mine. The country
rocks along most of the vein are schist and gneiss, but
near the B. and l\f. shaft the vein cuts an eastwardtrending felsite dike at a low angle. The ore shoot from
30 Worcester, P.G., The geology of the Ward region, Boulder County,
Colo .. Colorado Geol. Survey Bull., 21, pp. 65-66, 1920.
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which nearly all the output has come extended about
400 feet along the strike and \ms apparently localized
by the broken dike. The ore shoot is said to have been
limited to that part of the vein where one or both walls
are felsite. Postmineral movement has caused the vein
filling to become some\Yhat loose and broken. The ore is
typical of the pyritic gold-copper veins of the district.
The so-called smelting ores a \·eraged about 3 ounces of
gold to the ton.
COLUMBIA VEIN

The Baxter, Boston, Columbia, Madelaine, Niwot,
Sullivan No. 5, and Utica mines are all located along
the strong, contin uous Columbia vein, 31 which strikes
about N. 70° \V. and passes through the southern part of
the town of Ward. The deepest shaft on the Columbia
vein is the Niwot inclined shaft, 950 feet long, which
reaches a vertical depth of 800 feet. The collar of the
Niwot shaft is at an altitude of app roximately 9,400
feet. The vein in the Niwot ground is also tapped by an
adit tunnel the portal of which is in California Gulch
at an altitude of approximately 9,000 feet.
The country rock of most of the vein is gneissoid
granite conta ining occasional lenses of schist. In much
of the most productive ground, ho,Yever, the vein follows the contact of white felsite porphyry dikes with
the granite. The vein is commonly 4 to 6 feet in width,
but locally it attains a width of about 14 feet. The rriost
abundant vein minerals are quartz and pyrite with subordinate amounts of chalcopyrite. In the oxidized zone
much free gold alloyed with silver was found. Below
the ground-water level the gold is combined with the
sulfides, and the silver content is comparatively low.
The productive ore bodies on the Columbia vein are said
to have occurred in five shoots, which pitched steeply
to the east alld were separated by zones of low-grade
material.
The Columbia vein strikes about N. 70 ° W. and dips
from 45° to 80° N., most commonly about 65 °. In 1932,
when the Columbia mine was visited by the writers, the
shaft was in bad conditio11 but was descended to the
300-foot level. The lower part of the shaft, said to be
300 to 400 feet deeper, had been filled with waste. The
Columbia vein system on the 300-foot level consists of
several subsidiary fractures either parallel to the vein
or branching from it at small angles. The "shaft vein"
is the most persistent; it strikes from east-west toN. 70 °
\V. and dips 65 °-70 ° N. The vein consists largely of
quartz, pyrite, and chalcopyrite.
On the 300-foot level there is a hard nearly barren
layer of massive bluish-white quartz about a foot thick
along the footwall, but it \nLS apparently of too low
grade to be mined. The vein material mined was commonly about 4 feet wide and in places somewhat wider.
31

Worce"tcr , P. G., op. cit., pp. 9, G3.

Parts of the stopes suggest that it attained a width of
about 6 feet. There are many smaller veins 1 to 3 feet
wide that branch from the "shaft vein." Good ore was
obtained in these smaller veins in the steeper parts away
from the junction with the shaft vein. In the hangingwall fractures the ore pinches notably where the vein
flatten s, but the best ore was found just below the segments of low dip. The hanging-wall fractures invariably tighten and become poorer as they approach their
junctions with the shaft vein. A few similar fractures
are known in the footwall, but are not nearly so abundant; they were not seen by the writers. Smelting ore
ranging from 0.70 to 4.D ounces of gold to the ton was
found in some of the subsidiary veins. High-grade ore
occurred only above the 300-foot level. On the Adit or
400-foot level the vein is said to consist largely of hard,
massive, fine-grained bluish-white quartz 1 to 3 feet
thick. Below the Adit level in the Niwot ''"inze, west of
the Columbia claim, the vein is said to dip 45 ° N. The
wal ls of the vein are much grooved by repeated move·
ment. The earlier movements were not far from horizontal; the later movements apparently dropped the
hanging wall towards the west at about 60 °.
In the lowest levels of the Niwot mine, chiefly those
"·ell below the Adit level, the vein contained considerable wolframite, but this mineral was rare on the higher
levels.
In the Baxter mine, some distance east of the Columbia shaft but on the Columbia vein, work was progressing on the 140-foot level in 1933. There the vein dips
about 70 ° N. and follows the hanging wall of an andesite
dike about 14 feet thick. Mineralized fault breccia is
exposeo on both sides of the- dike and is in part of postmineral origin. Faulting apparently occurred before
and after the intrusion of the andesite as well as before
and after mineralization. Most of the grooves on the
hanging wall of the dike are nearly horizontal, and the
north wall moved eastward relative to the dike. The
drag along the footwall fracture, however, shows that
there the hanging wall dropped almost straight down
the dip. A late cross fault striking east-northeast and
dipping 65 ° S. has offset the vein and the porphyry dike
east of the shaft, the southeastern side apparently having moved northeastward.
WHITE RAVEN-DEW DROP VEIN

32

The ·white Raven mine is on the north side of Cali·
fornia Gulch about three-quarters of a mile south of
Ward. The country rock of the White Raven vein is
chiefly a gray coarse-grained granite, but a large quartz
monzonite porphyry dike, in places 15 feet wide, cuts
the granite and form s the hanging wall of the ·w hite
Raven ore shoot (pl. 19). The dike strikes nearly east" ·est and dips 45 °-80° N. and can be traced for more
"Idem, pp . 53, 58, 62.
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than a mile. The main vein strikes nearly east-west
and at the surface has an average clip of about (10° N.,
but below level 3 the dip comn1only decreases to 45°.
The fracture that the vein follows is roughly parallel to
the dike, and in most places the vein and the dike wall
coincide. Brecciation of the dike and the country rock
was extreme. In most places the vein ranges in 'vidth
frmn 2 to 12 feet. Both the hanging wall and the footwall are cut by many subsidiary fracturesl and in places
mineralized rock extends out from the main vein for
some distance along the minor fractures.
Most of the ore in the White Raven mine came from a
single chimneylike shoot, which was approximately
elliptieal in cross section. This shoot extended abo·ut
200 feet along the strike of the vein, attaining a maximum width of about 30 feet. The filling of the ore shoot
comprises fragments of schist, granite, and porphyry,
which are covered with layers of sulfide an eighth tu·
three-quarters of an inch thick. The prominent sulfide
is galena, which is in part contemporaneous with calcite. Resting on the galena is a thin coating of caleite
and barite, and resting on these minerals is wire silver.
Some secondary chalcopyrite is apparently contempo··
raneous with the native silver. Primary gold is apparently included with primary silver in the galena, but
the total value of gold recovered has not been high.
Nearly all the gold was limited to that part of the veiil
that lies east of the shaft. l\:lost of the silver was obtained from above level 7. The tenor of the shipping
ore has been 100 ounces of silver to the ton and about
10 percent of lead. Sphalerite is not abundant, but
locally ore containing :30 percent of zinc was found
above the 500-foot level. Gray copper ( tennantite)
occurs sparingly in the lmver levels and is almost entirely
limited to that part of the vein that lies below the 700fo·ot level. In the vein adjoining the chimney like shoot
the sulfide ore occurs as cementing material of a fault
breccia.
On the Dew Drop property, some distance to the west
on the same vein system, the vein strikes N. 70°-80°
W. and dips about 65 o N. The ·walls are said to be of
gneissic granite. The longest ore shoot in the Dew Drop
vein is reported to have been an irregular shoot of pyritic
copper-gold ore 700 feet long, which extended from
the surface to a depth of 300 or 400 feet. Similar ore
was found in the Adit tunnel level and to a depth of
100 or 150 feet below; it assayed approximately $10 per

tm1. 33 This ore shoot is said to pitch west at a low angle.
At its eastern end a pyritic copper ore graded into nearly
barren quartz and gougy fault 1naterial.
QUEEN MINE

The Queen mine is in the northern part of the district
half a mile northeast of vVarcl, at an altitude. of 9,225
feet. The \Yorkings consist of a shaft 250 feet deep
with four levels. The mine has had a substantial output of gold ore in recent years.
The chief wall rock in the Queen workings is Silver
Plume granite, but schist is exposed in the western
part of the worl~ings. The foliation of the schist has
a general strike of N. 8<)0 W. and a steep dip to the north.
The Queen vein has an average strike of N. 75° W.;
it dips 7oo N. in the upper levels but steepens to 80°-90°
in the lo.wer levels. Grooves on the wall of the vein
pitch 20° vV., and displacement on the schist indicates
that the north wall n1oved westward.
The vein is G inches to 3 feet wide but averages about
12 inches in its productive parts. The ore shoot being
mined in193-l: was about 190 feet in stope length and persisted from the surface to the 250-foot level.
The ore is mined for its gold content. It is chiefly
made up of coarse-grained pyrite in a gangue of glassy
quartz, with minor amounts of sphalerite and chalcopyrite. (See fig. 68, B and C.) The gold seems to be
chiefly associated with the pyrite and chalcopyrite, but
sooty chalcocite is present on the 250-foot level, and
there may have been some supergene enrichment to
this depth. On the 2:)0-foot level there is a 2-inch seam
of milky quartz containing abundant bladed crystals
of wolframite, which borders the pyritic gold vein and is
plainly later (fig. fiR~ D).
On the 250-foot level the ore had a tenor of 2.5 ounces
of gold to the ton and contained less than 1 percent of
copper. On the 150-foot level the tenor was 1.5 ounces
of gold to the ton and 5 percent of eopper. It would
seem that here the gold content was not so closely related to the chalcopyrite as it is in the primary ore of
most pyritic gold 1nines of the Front Range, but it is
probable that a substantial part of the chalcopyrite
above the 250-foot level is of supergene origin in the
Queen mine. The localization of ore in the vein seems
due to the irregularities in the vein fissure formed
aa Worcester, P. G., op. cit., p. 6:!.

ExPLANATION OF FIGURE

68

A, Photomicrograph of high-grade silver ore from Caribou vein 100 feet below surfac~. Native silver (s) replaces argentite (a) in the zone of secondary sulfides.
B, Typical coarse-grained quartz-pyrite-sphalerite ore of the Ward district from 200-foot level of Queen mine. Bands of pyrite (p) and quartz (q) are earlier than the sphalerite
(s). Area included' in C shown by small rectangle.

C, Photomicrograph of part of field shown in B enlarged to show centrifugal replacement of pyrite (p) by sphalerite (s). Chalcopyrite (c) replaces sphalerite in small irregular
veinlets. q, Quartz.
D, Ore from the Queen mine, \Vard district, showing wolframite (light gray) and quartz (dark gray) cutting coarse pyrite (white).
E, Photomicrograph of low-grade ferberite ore from Quaker City mine. Horn quartz and fine-grained ferberite (f) were deposited in the bottoms of open spaces in a breccia
and coated successively by limonite-stained horn quartz (q) and the clay mineral beidellite (b).
F, Looking east at a barren part of the main Clyde vein at the east end of the stope on the tunnel level.
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during the n1ovement of its walls. As the right-hand
wall nwved ahead, ore would be expected where the
vein turns to the left and has a more .westerly trend,
and this condition holds true where the ore occurs. The
ore shoot is limited on the east by a sudden bend of the
vein to the southeast and on the west by a change in
wall rock from granite to schist. The 1naxi1num width
of ore coincides with a "flat" cross fracture striking N..
75° E. and dipping 9° N.
ORPHAN BOY MINE

The Orphan Boy mine, located on the northeast slope
of Bald Mountain, about a quarter of a mile south of
Copper Rock, is of particular interest because of the
coarse free-gold ore found there. The relation of this
mine to the wide alteration zone has already been def:-Cribed. According to Mr. Edmonds of Sunset the
Orphan Boy has yielded several hundred thousand dollars worth of ore. The development consists of three
tunnels and numerous open pits and small shafts. The
upper tunnel, at an altitude of about 8,000 feet, trends
S. 20° E. for about 200 feet. The 1nicldle tunnel is about
100 feet beneath it and is also about 200 feet long, trending S. 15° E. The lower tunnel trends nearly due south
and is driven from a point near Fourmile Creek for a
distance of about 800 feet. The wall rock is all schist
except for two hornblende andesite dikes about 60 feet
apart trending about N. 30° W. The western dike is
exposed in the upper tunnel workings, where it strikes
N. 15° W. and dips 65° E. The schist strikes N. 50°-70°
E. nncl dips 60°-80° NW.
Most of the ore has been taken from the upper tunnel.
It consisted of free gold in honeycomb quartz and oc-·
curred in narrow veinlets comino·nly an eighth to a
quarter of an inch wide and rarely more than an inch
wide. In places these veinlets shovv only the honeycomb
quartz with abundant limonite. The upper tunnel is
driven on two parallel veinlets 2 to 5 feet apart, which
trend N. 20° W. The eastern one dips 75°-85° E. and
the western one about 75° W. to vertical. These N. 20°
W. veinlets are crossed by a gro·up of four fractures,
which contain veinlets in places and strike N. 45°-55° E.
and clip 56°-78° NW. Minor fractures trend from N.
30° W. to N. 20° E. and are fairly steep. There has
been very little displacement along the fractures. On
the northeasterly fractures the southeast side has moved
southwest, and one of this group has displaced an andesite dike about a foot. The ore occurs in various places
along the fractures but is most abundant along the N.
20° W. fractures, particularly where they are crossed
by the northeast fracturing. The ore is very pockety,
occurring in small bunches a few feet to 15 feet in
length.
Complete oxidation extends to a depth of about 40
feet and partial oxidation to a depth of about 100 feet

below the surface. Below this depth no commercial
ore has been found. One specimen of high-grade ore
showed a quarter of an inch seam of vuggy quartz with
considerable limonite containing numerous irregular
masses of gold as much as a tenth of an inch in diameter,
but most of the gold was in small flakes and wires. The
limitation of this high-grade ore to the oxidized zone
implies that it is largely due to seco'ndary enrichment.
The veinlets are believed to have originally contained
auriferous pyrite and quartz. As the material was
oxidized, pyrite was leached out, leaving behind minute
grains of gold. Some of the gold, however, was apparently dissolved and redeposited on the minute grains
of gold at lower levels, building up wires and irregular
grains visible to the unaided eye.
Some of the ore was of very high grade, small lots
containing as much as an ounce of gold to the pound,
but most of it ranged from 1 to 10 o"tu1ces of gold to the
ton. Mr. More, the owner, kindly allowed the writers
to copy a large number of assay returns from samples
taken in the tunnel and over a considerable area on thl3
surface. One sample from the upper tunnel, 26 feet
from the portal, contained 10.56 ounces of gold to the
ton over a width of 5 feet 4 inches. Other samples from
the tunnel, taken over a width of 18 inches to 5 feet,
ranged from 0.02 to 0.32 ounce. Samples taken on
the surface over an area about 300 feet wide and 150
feet long, from various open cuts and shallow shafts
near the upper tunnel, ranged from 0.01 to 0.36 ounce
to the ton, and one contained 6.38 ounces to the ton.
These samples were not taken along single seams but
over widths ranging from 4 to 10 feet, in order to give a
fair idea of the general tenor of the mineralized zone.
The lower Orphan Boy tunnel did not disclose any ore of
value but did cut many small fracture zones containing
seams of pyrite.
On the basis of this sampling it does not seem probable that the entire 1nineralized zone would average a
high enough tenor to be worked, even on a large scale;
however, it is quite possible that there are certain local
zones of high enough grade to be profitably worked so
long as gold is worth $35 an ounce. Apparently the
Orphan Boy mine is the only place in the mineralized
zone where high-grade free gold has been sufficiently
concentrated to be worked.
FREE COINAGE MINE

The Free Coinage mine, on the southeast side of Pennsylvania Gulch, three-tenths of a mile south of Sunset,
is developed by two tunnels and a shaft. The tunnels
are partly crosscuts and partly drifts, one being about
75 feet and the other about 250 feet below the shaft. Tlw
upper tunnel comprises about 800 feet of workings and
the lower tunnel about 1,400 feet. The upper tunnel
was the only one accessible in 1934. According to Mr.
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Edmonds of Sunset the value of the mine's output is
more than $50,000, represented chiefly by lead-silver ore.
The outstanding feature of the mine is a strong fault
zone about 50 feet wide, which strikes N. 30° W. and
dips 65°-82° NE. The zone consists of fractured and
sheared schist with a strongly sheared, gougy zone about
10 feet wide along the footwall and a similar one about
a foot 'vide along the hanging wall. On the upper tunnellevel the \vall rock is chiefly schist. A 3-foot mass of
intrusive breccia occurs in the n1iddle of the fault and
a 2-inch seam on the hanging wall. Small slips extend
out from the hanging wall, trending about N. 10° W.
and dipping 70°-75° E. On the footwall is a trachyte
dike about 15 feet wide, which dips approximately with
the fault zone. Throughout the 10-foot zone of strong
shearing on the footwall there are numerous seams,
lenses, and bunches of quartz and pyrite. In places
these seams follow· the hanging wall of the strong shear
zone and in places lie along the footwall.
The footwall has been stoped on for a distance of
more than 75 feet southeast of the crosscut and to a
height of more than 30 feet in places. This ore is of
the pyritic gold type, and, according to Mr. Edmond-,,
one sample taken in 1934 contained 3.15 ounces of gold
to the ton. On the west side of the dike there is a zone
about 35 feet wide of irregular slips and fractures,
'"hich vary in strike from N. 25° E. to N. 15° W. and
in clip from 50° to 80° E. In general the zone strikes
nearly due north. These slips and :fractures contain
variable amounts of quartz and pyrite as much as 2
inches in width. This zone on the tunnel level apparently represents the vein that in the shaft contained
the lead-silver ore. Mr. Edmonds said that the silver
vein was 6 inches to 2 feet wide and extended to the
porphyry dike and spread out against it but did not
cut through it. The lead-silver ore taken from this vein
consisted chiefly of galena, gray copper, and pyrite in
a quartz gangue. Ore taken out in 1911-16 averaged
about $125 per ton. Samples taken in 1933 showed 0.65
to 0.85 ounce of gold and 65 to 85 ounces of silver 1-o
the ton. No lead-silver ore was noted on the upper
tunnel level by the writers.

quartz, with considerable chalcopyrite and small
amounts of pyrite and hematite. The gold seems to be
contained in the chalcopyrite. According to Mr. Edmonds, the smelting ore assayed about $35 or $40 a ton
in gold and contained 2 to 7 percent of copper. On the
186-foot level a drift extends east for 300 feet to its
junction with the Lolla Rook vein. At this junction
there was an ore shoot about 90 feet long. Not n1uch
ore was taken from below the 186-foot level. lVIr. Edmonds reported that smne telluride ore ''ras found on the
t)O- foot level. This level extends 80 feet east and was
stoped to the surface. According to Mr. Edmonds the
total value of the mine's output exceeded $40,000.
COPPER GLANCE MINE

The Copper Glance 1nine, on Fourmile Creek about
half a n1ile west of Sunset, is developed by a tunnel 500
feet long, of which 400 feet is along the vein. The wall
rock is chiefly schist containing nun1erous lenses of pegInatite, the foliation trending frmn N. 60° W. to due
west and dipping frmn 8° to 48° N. The vein ranges in
strike from N. 50° to 75-0 E. and in clip frmn 55° to
75° NW. Slickensides and displacements of pegm-atite
dikes indicate that the southeast wall moved southwest
and down at about 55 o with a total displacement of about
5 feet. The vein ranges frmn a few inches to 15 inches
in width and where productive is made up of quartz,
pyrite, and chalcopyrite. The quartz is coarse grained,
white, glassy, and vuggy in places, the vugs containing
minute crystals of siderite. The wall rock is sericitized
for 1 to 2 feet on either side of the ore shoot, but along
the barren stretches it is only chloritized.
According to Mr. Edmonds the ore taken from this
mine ranged in value from $36 to $68 per ton in carload
lots, and some shipments contained as 1nuch as 35 percent of copper. In the tunnel, 50 feet east of the crosscut, there is a stope extenclin:g for 100 feet along the
drift and, 1\::I.:r. Edmonds states, to the surface. Another
small stope 225 feet east of the crosscut extends 40 feet
along the drift and is stoped upward for 25 feet. According to Mr. Emonds, the mine has yielded about
$18,000 worth of ore.
RUBY MINE

DOLLY VARDEN MINE

The Dolly Varden mine, in Pennsylvania Gulch,
about three-quarters of a mile southwest of Sunset, is
developed by a shaft about 300 feet deep, with levels at
depths of 60, 110, 186, and 250 feet. The Dolly Varden
vein strikes N. 77° W. and dips about 80° NE. Slickensides on the walls pitch 12° SE. and indicate that the
north wall moved west. The wall rock is entirely schist,
which strikes N. 52° E. and dips 55° to 65° N.
According to Mr. Edmonds the vein ranged from 2
inches to 6 feet in width. It is 1nade up of white glassy

The Ruby mine is at Sunnyside, on Four1nile Creek,
about 3 miles west of Sunset. The workings consist of
a shaft 274 feet deep with about 1,000 feet of drifts on
the vein. Up to 1920 the output had a1nounted to about
$120,000. The country rock is coarse-grained gneissoid
granite, which is cut by a dark-gray felsite dike.
The vein is 2 to 4 feet wide and contains pyrite, chalcopyrite, and quartz with some gold and silver. The
best-grade ore had a value of between $60 and $90 a ton
at the old price of $20 an ounce for gold. The low
grade had a value of $2 to $14 a ton.
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BOULDER COUNTY TUNGSTEN DISTRICT

34

LOCATION AND HISTORY

The Boulder County tungsten district extends in a
narrmv southwesterly belt 9lj2 1niles long from Arkansas J\t1onntain, about 4 1niles west of Boulder, to the
Sherwood Flats, a 1nile northwest of Nederland.
Throughout n1ost of this distance the belt is 1 to 2 miles
wide, but near its western end it flares out to a width
of approxi1nately 3miles (pl. 3). Boulder is the nearest
railroad shipping point, but the district is well served
by good automobile roads.
The abundant float of a heavy black 1nineral throughout the tungsten belt '-vas known in the days of the earliest prospecting in Boulder County and was called
"heavy iron," "barren silver," and "black iron" and was
assayed again and again for silver and gold. Its identity was not recognized until about 1899, when W. H.
\Vanamaker, who was familiar with the tungsten ore
of the Dragoon Mountains of Arizona, recognized the
ferberite float as a tungsten mineral. Wanamaker and
his partner, S. T. Conger, obtained a lease on a part of
the Boulder County land where the float was abundant,
about a mile nortlnvest of Nederland, and 40 tons of
high-grade ore were taken from the surface in 1900.
In the same year Conger discovered the Conger vein,
which proved to be the most productive vein in the
entire district. The discovery of the tungsten ore coincided with the period during which tungsten steel was
first introduced in the manufacture of high-speed cutting tools, and prospecting throughout the district was
encouraged by the consequent demand for tungsten ore.
In spite of the fact that during the first few years following the discovery the price of tungsten ore was as
low as $1 per unit, 35 there was much activity throughout
the tungsten belt, and most of the productive veins were
discovered before 1907. The price paid per unit, which
ranged from $2 to $3 in 190!1, gradually rose to as nnlCh
as $14 during the next decade and reached a peak of
$100 per unit in 1916 bec.ause of the urgent demand
during W oriel War I. As early as 1904 the potentialities of the district were recognized by some of the large
steel corporations of the East, and a nmnber of wellfinanced corporations entered the district and acquired
property. From this time on the larger companies, such
as the Wolf Tongue Mining Co., subsidiary of the FirthSterling Steel Co., the Primos Mines Co., subsidiary of
the Primos Chemical Co., the Vasco Co., subsidiary of
the Vanadium Alloy Steel Co., and Inter the Vanadium
Corporation of America dominated the mining of tung31
The writers are indebted to Mr. Ogden Tweto for critically reviewing this section antl adding valuable material from his work in the
district during World War II.
315
A unit is 20 pounds of tungsten trioxide, or 1 percent of a short
ton : the standard grade for which prices are quoted is material contabling 60 percent by weight of wo3 (tungsten trioxide) ; if the ore
is of high grade a bonus is paid and deductions are made if the quality
is below standard.

sten in Boulder County. These large companies erected
concentration plants, bought ore frmn small operators,
and min~d ore on properties of their own. The problem
of satisfactorily concentrating ore was difficult because
of the marked tendency for the ferberite to slime during
the crushing process. It is probable that the mills have
not recovered more than 75 percent of the tungsten contained in the ore, though constant efforts were made to
increase the recovery, and the slimes were passed over
canvas in the larger mills. As shown in the record of
output (fig. 69), the district was entering its most productive stage about 1910, when 1,221 tons of concentrates
containing 60 percent of W0 3 were produced. The deCUMULATIVE PRODUCTION (THOUSAND TONS 60 PERCENT W03)
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69.-Graph showing production of tungsten in Boulder County,
1900-1944.

mand for high-speed steels during World War I greatly
stimulated the production of tungsten all over the world
and resulted in a boom of unparalleled proportions in
the Boulder County tungsten district.
In 1915 the price rose from $5.60 per unit in the early
part of the year to $45 at the end of the year. The price
continued to rise rapidly during the first two months
of 1916, and by the first of March prices quoted in pub]ished schedules reached $90 per unit, and some tungsten
was sold for as much as $100. Late in March the price
began to fall and wns as low as $10 in September. By
the end of the year, however, the price had risen to $15.
and in 1917 it rose to $18 and in 1918 to $20. The rise
to boon1 prices in 1915 came too suddenly to affect the
production substantially for that year, but it spurred
mine dev.elopment, with the result that 2,401 tons of 60
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percent concentrates was produced in 191(), and a peak
output of 2,707 tons of 60 per~ent concentrates 'vas
reached in 1917, when the price was less than $20. By
1918 the effects of boom prices were waning, and output
fell substantially. In 1919 the price fell as low as $6
per unit, and the district entered a doldrums from
~which it did not begin to recover until1939.
In 1918, immediatBly following vVorld W nr I, a statement was made by a number of the operators to the
United States Tariff Commission 36 in which it was
agreed that all the cheaply mined ore had been extracted and that it was doubtful whether more than a
few operators would be able to continue if the price
dropped below $20 per unit. Answers made by the
1najority of operators to a questionnaire from the Tariff
Conunission indicated that most of thmn felt that a
price of $30 to $40 per unit was essential if they were
to obtain a reasonable profit in operation. From 1918
through 1938 the output of the district was small, averaging less than 200 tons of 60 percent concentrates per
year for the 20 years. Most of this was produced by the
Wolf Tongue Mining Co. and the Tungsten Production
Co. and their lessees. The great decline in output was
due in part to the increased cost of n1ining in Boulder
County, where, according to 1\Ir. William Loach, 37 ores
cannot be mined for less than $12 per unit, but the decline was mainly due to the introduction of cheap
Chinese ores, which could be landed in Ne\v York and
London for less than $10, including the tariff of $7.1-1·
per unit.
The effect on the tungsten district of W oriel 'Var II
and the world-wide rearmament preeeding it was felt
as early as 1937, when the price of tungsten rose to $20
per unit for a short time. Although the price again
fell as low as $12 per unit in 1939, the 1937-38 price
spurt caused inception of mine development that was of
great importance in increasing the wartime output.
Thus the Wolf To·ngue Co. began development of the
Illinois mine, and the Vanadium Corporation of Ameriea, which had acquired the property from the Primos
Chemical Co. in 1920, reopened the Conger mine, the
largest in the district. From 1939 to 1943 the price of
tungsten rose gradually to a peak o·f $30, paid by the
Metals Reserve Co. from July 1, 1943, to March 31, 1944.
The price of $30 per unit for 60 percent W0 3 was far
less attractive than the peak price in World 'Var I,
especially so considering the greater depletion of the
district, but nevertheless production of tungsten •was
greatly stimulated because of the relatively good prices
paid for tungsten in low-grade ores. Prior to 1942, ore
containing 1 percent of 'V0 3 , or one unit per ton, was
commonly quoted at $1 to $3 per ton, or 10 to 20 percent
of the theoretical value, and during W oriel War I quotaaG
37

Mineral resources U. S., 1918, pt. 1, pp. 981-983.
Idem, 1923, pt. 1, p. 242.
86~135--50----16

tions eommonly were not given for ore containing less
than 5 pereent of W0 3 • In 1942 Boulder Tungsten
Mills, Ine., buying on a $23 schedule for 60 pereent
ore, offered $7 per ton for 1 percent ore, that is, $7 per
unit for W03 in ore containing 1 percent of WO:;.
When the Government-owned Metals Reserve Co. entered the market in 1943 it paid the unprecedented price
of $20.50 per ton for ore containing 1 percent of
For a while it aceepted ore running as low as O.fiO
pereent of
but the minimmn was later changed to
0.80 pereent of W0 3 • This priee subsidy, in addition to
Government exploration and loans, greatly stimulated
tungsten mining, and in 1943 about 50 tungsten mines
were in operation. Upon withdrawal of the Metals
Reserve Co. from the market the loeal priee fell to $20
per unit. Owing to the wartime inerease in eosts, most
mines eould not be operated at this price, and by the
end of 1944 only two n1ines, the Conger and the Forest
Home, were in operation.
The wartime output of the Boulder County district
was considerably inereased by the product fron1 the
con1binecl gravity and flotation mill of the Boulder
Tungsten Mills, Inc. This 1nill, which was eompleted ·
in 1942, handled a large tonnage of accumulated mill
tails frmn the gravity n1ills, produeing a considerable
tonnage of low-grade coneentrates suitable as feed for
the chemical plant of Metals Reserve Co. at Salt Lake
City.
The output of the Boulder County district increased
almost threefold, fron1 the equivalent of 240 tons of 60
percent concentrates in 1938 to 693 tons in 1940. In
1941 the output amounted to 646 tons, but in 1942, a
year of development, it fell to an estimated_ 365 tons.
The peak output for W oriel War II was about 700 tons
and was reached in 19-1:3. In 1944, with production
largely limited to the first few months of the year, an
estimated output of 529 tons of 60 percent concentrates
was 1nade. It is significant that at the time of the price
drop in 1944 the distriet appeared in better shape than
at any time during W oriel War II. From this and the
reeord of output during the vvar it may be inferred that
the district is still capable of producing a few to several
hundred tons of concentrates a year under proper price
conditions, but that the time lag between the impetus
eaused by increasing price and the actual increased production is 'becmning steadily greater.

wo3.

wo3,

GEOLOGY

Formation8 present.-Most of the tungsten district
lies within the batholith of Boulder Creek granite that
extends eastward from Hurricane Hill to the edge of
the Front Range; a small but very productive part lies
within the area of metamorphic rock bordering the
batholith on the west (pl. 2). 'Vest of Hurricane Hill
most of the terrain is underlain by the Idaho Springs
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formation, which has been thoroughly invaded by aplite
and pegmatite related to the Boulder Creek granite
and by small masses of the granite itself. East of Hurricane Hill the Boulder Creek granite is sea1ned by
n1any dikes of gneissic aplite and pegmatite related to
the granite. Along the western border of the batholith
there is a zone half a mile to l:lf2 1niles wide made up
largely of aplite or pegmatite. The outer edge of this
zone where these late differentiates of the granite
feather out into the metamorphic rocks is extremely
uneven. All the intrusives are irregular in outline, but
in general their long dimensions trendnorth-north,vest
parallel both to the foliation in the Idaho Springs formation and to its contact with the Boulder Creek batholith. Tertiary dikes of hornblende nwnzonite porphyr.v
and hornblende diorite porphyry are common in the
vrestern half of the district but are much less abundant
in the eastern half. Dikes of biotite monzonite porphyry and the associated intrusion breccias of biotite
latite have been found in several localities in the eastern
part of the district but are uncommon in the western
half.
STRUCTURE

The foliation of the Idaho Springs formation strikes
north-northwest and dips about 60° ENE. in n1ost
places, but locally it may vary 90° from the average
strike and nearly as much from the average dip. Most
of the intrusives in the schist are sill-like, but near the
edge of the batholith the larger bodies of aplite are cross
breaking in part and have comparatively flat floors,
which cut sharply across the foliation of the underlying
Idaho Springs formation. Most of the aplite dikes and
sills in the schist areas have a well-developed gneissic
structure, which appears only rarely in the pegmatite.
The Boulder Creek granite has a strong primary
gneissic structure everywhere, but it is 1nost conspicuous
close to the edge of the batholith. The primary banding
strikes nearly parallel to the edge of the granite mass
for a distance of about a mile. Farther east the structure swings from north-nortlnvest to nearly east-west
and maintains this general strike to the eastern end of
the tungsten belt. Near the western edge of the granite
the gneissic structure dips 50°-70° E.~ and both dip and
strike are nearly parallel to the foliation of the bordering Idaho Springs formation. 'Vhere the primary
structure has an easterly strike it dips 500-70° N. and is
roughly parallel to the regional dip and strike of the
schists that lie a short distance to the north (pl. 2).
The linear structure is almost independent of the platy
structure and throughout the tungsten belt pitches
35°-60° N. A regional study suggests that the Boulder Creek granite mass was emplaced from a center
near Gold Hill.
l\fost of the aplite and pegmatite dikes within the
batholith strike from east to east-northeast. Although

northwestward-trending aplite dikes are not uncommon in the border z~ne, they are less abundant than
northwestward-trending pegmatite dikes within the
main mass. Some of the aplite dikes crosscut the
gneissic structure locally, especially near the border of
the batholith.
At two localities, Hurricane Hill and Arkansas Mountain, persistent northwestward-trending n1asses of aplite and pegmatite can be follo.wed for several miles.
These northwesterly structures were the loci of fracturing during the Laramide revolution and were probably instrumental in deterinining the course of the Hurricane Hill and Hoosier breccia reefs. The gneissic
structure of the granite and the trends of the minor aplite and pegmatite dikes were also detennining factors
in directing the course of the easterly and northeasterly
fracturing in Laramide time that produced many of the
vein fissures.
The earliest of the structures formed during the Laramide revolution in the district is marked by the northwesterly Iron dike, an extensive diabase dike, near the
eastern end of the tungsten belt. It is offset by branches
from the northwestward-trending Livingston breccia
reef, which is subparallel to it, and all are earlier than
the easterly and northeasterly faults and veins. It is
probable that the northwesterly fractures marked by the
he1natitic silicification of the breccia reefs are not everywhere simple fault fissures; in places son1e seem due to
the silicification of brecciated material intrusive into a
simple fissure the walls of which show little or no movement (see p. 248). The major zones of early silicification along the northwesterly fissures are spaced 2 to :3
miles apart and include, from west to east, the Hurricane Hill, Rogers~ Livingston, and Hoosier breccia reefs.
All these silicified zones are earlier than the main period
of movement along the east-west and northeast fractures
that include most of the tungsten veins.
As shown on plate 3, there are three rather marked
zones of east-northeasterly fractures, the strongest of
which extends eastward from Hurricane Hill through
the Dry Lake district to Comforter Mountain and thence
eastward along the north slope of the valley of Middle
Boulder Creek to the eastern edge of the district. This
zone is characterized by the most persistent east-northeasterly fissures within the tungsten belt. Many minor
fractures diverge from this general zone to the northeast. On· both the easterly and the northeasterly fissures
the "movement of the walls was nearly horizontal; cmnmonly the north walls of easterly fractures moved·.
downward and to the west at lo·w angles, while the \valls
of the northeasterly fractures were moving in nearly
the opposite direction, their southeast walls moving
dm·vnward and to the soutlnvest at low angles. These
movements suggest that the series of westward-pointing
wedge-shaped blo·eks bounded by intersecting fissures
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moved downward and to the west in response to nearly
horizontal compressive forces.
A zone of much less persistent easterly and northeasterly intersecting fractures occurs half a mile to
a mile north of the Dry Lake-Comfo·rter Mountain system. The most conspicuous veins in this zone are found
east of Gordon Gulch and include the Quaker City,
Oregon, Howard, and Bummer Gulch group of tungsten
veins. The movement along the fractures o:f this zone
was similar to that of the corresponding fractures in
the Dry Lake-Comforter Mountain zone.
For half a mile west of Hurricane Hill the interlacing
masses of aplite and pegmatite between Sherwood Gulch
and Middle Boulder Creek are cut by 1nany productive
easterly and no·rtheasterly veins, which end abruptly
where they enter the main body of schist to the west.
Many nonpersistent veins striking north-northeast
occur in a zone that extends west-southwest from the
north end of Hurricane Hill along Sherwood Gulch to
the Sherwood Flats at the western limit of the tungsten
belt; a substantial proportion of the output of the district has come from these veins. Very little tung::;ten
has been found between Nederland and the Beaver
Creek district, 1lj2 miles to the southeast, where another
easterly zone of tungsten veins is found. The veins in
the Beaver Creek district strike from east to northeast.
The unusually mafic Tertiary intrusive rocks of Caribou Hill are only a few miles west of the tungsten district. It is probable that some of the mafic rocks in the
western part of the tungsten district are closely related
to the Caribou stock magma, but the two dikes of hornblende monzonite that persist for more than 2 miles east
of Nederland were intruded inuch later in the tectonic
history of the region and probably belong in group 8
(pl. 7 and fig. 12). Farther east poq)hyries are uncommon and occur chiefly in short dikes too small to be
shown on plate 2, but limburgite dikes, only one of which
is shown on plate 2, are found in an east-northeasterly
zone extending from Co·mforter Mountain to Arkansas
Mountain. Nearly everywhere the linear structure of
the porphyry dikes pitches 50° to 80° W.
Nearly all the porphyry masses found in the eastern
half <?f the tungsten belt and not included in the limburgite (group 12) and ~diabase (group 2) clans are
biotite monzonite porphyries or the related biotite latite
intrusion breccias of groups 10 and 11. A study of the
Logan and Yellow Pine mines (p. 248) indicates that
the biotite monzonite and the intrusion breccia were emplaced relatively late in the structural history of the
region and immediately preceded the deposition of the
gold-telluride and tungsten ores.
In most localities the alteration that im·mediately follo·wed the intrusion of the breccia converted the igneous
matrix of the breccia into aggregates of sericite, calcite,
silica, and chlorite, masking its original igneous char-

aeter. Where nwvement occurred along the walls of
the intrusive breccia after its emplacement and alteration, the altered igneous 1natrix was immediately reduced to a gouge, and its intrusive character may not be
suspected.
The general relations in the Yellow Pine and Logan
mines suggest that the Hoosier breccia reef in this locality was the site of recurrent intrusions of porphyry and
intrusion breccias, each accompanied by a definite type
of alteration. It seems very probable that the widespread silicification that marks the northwesterly faults
is the result of a process affecting a brecciated mass of
country rock that rode up on an underlying dike. At
the Yellow Pine mine the horstlike n1oven1ent of the
Hoosier breccia reef suggests the brecciation of roc.k
bet,Yeen two walls during the upward push of an underlying 1nagma that followed the general course of the
breccia reef. The successive injections of different intrusion breccias show the common tendency of igneous
activity and orogenic movement to recur at the same
localities after periods of quiescence. The irregular
course and the lack of off~ets in the intersected preCambrian aplites suggest that parts of some other
northwesterly breccia reefs are due to the intrusion of
a hidden magma at depth. Although the hmnatitic
silicification is characteristic of the earliest mineralization in the Front Range and is largely limited to the
northwestward-trending fractures, it is possible that
some of the silicified zones represent alteration above
intrusions much younger than the period of northwest
faulting.
ORE DEPOSI'TS

The mineral composition of most of the veins in the
tungsten belt is very simple. Except in the eastern part,
tungsten is the only 1netal sought. In the eastern part
gold-telluride veins are present, and in the extreme
northeastern part a substantial amount of high -grade
silver-lead ore was taken from the Yell ow Pine mine.
Some lead-silver-zinc deposits occur along the'northern
and southern borders of the tungsten belt but little or
no sulfide ore has been mined 'vithin it. The total
output of the belt is valued at approximately $24,000,000.
111-ineralogy.- Although many minerals have been
found in the tungsten veins, only a few are cmnmon.
The gangue is microgranular quartz locally known as
"horn," and the only ore mineral is ferberite. Sericite
and the clay minerals dickite and beidellite are common
throughout the district, barite in small quantity is
\Yidely distributed, and in certain veins iron sulfides
are sufficiently abundant to lower the grade of the ore.
Hematite and 1nagnetite occur with smne of the ferberite ore at scattered localities in the tungsten belt but
are not common. Pyrite, marcasite, galena, and sphalerite are rare but are locally associated with the ferberite as late minerals. Calcite and ankerite occur as
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early minerals in some of the veins, and adularia is
present loc.ally in the veins and wall rocks. The finegrained quartz gangue in 1nany places contains 1ninute
crystals of goyazite ("hamlinite"), dickite, kaolinite,
beidellite, hematite, magnetite, and goethite, each mineral giving a characteristic color to the quartz in which
it is disseminated. Opal and chalcedony are late minerals in most of the veins and are usually intimately associated with kaolinite or beidellite (fig. 68, E). Dickite,
the moderately high temperature form of the kaolin
group, is very common in vuggy ferberite ore and seems
to be nearly contemporaneous with the ferberite. In the
eastern part of the district some ferberite is associated
with the sylvanite ores (fig. 74, A, B) but the sylvanite
veins were formed before the tungsten mineralization
took place.
Nearly all the tungsten ore mined in Boulder County
contains so little 1nanganese that it n1ust be classed as
a ferberite, but some ore from Gordon Gulch contained
sufficient manganese to be designated wolframite. 38
Much of the ferberite in the Beaver Creek area is coarsely crystalline and vuggy and shows comb structure. In
the Sherwood Creek zone and in the region near the
Hurricane Hill fault, although vuggy medium-grained
to coarse-grained ferberite is common, much of the ore
consists of massive medium-grained ferberite, which
occurs as a matrix to country rock fragments. The ferberite becomes finer and finer grained to the east.
Scheelite in druses and veinlets in the ferberite ore and
in minute veinlets and grains in the late light-colored
"horn" is not uncomnwn in the northern and eastern
parts of the district. The ferberite from different areas
shows marked differences in color. Much of that in the
western part is shiny black, except where it has been
somewhat decomposed and in part converted to limonite.
Some of the coarsely crystalline ore is highly iridescent.
At many localities, especially in the central part of the
district, the ferberite has a brownish cast and is distinctly softer than the black ferberite. Hess and
Schaller 39 suggest that the brown ferberite may have
contained specular hmnatite which has broken down
to a hydrous oxide of iron imparting a brownish cast
to the fresh ferberite.
Rock alteration.-The wall rock near 1nost of the
important tungsten veins was first strongly argillizedaltered to the clay minerals dickite and beidellite-through a distance of 10 to 50 feet frmn the vein and
later partly converted to quartz, sericite, and hydromica.
In most places the argillized wall rock next to the
vein was sericitized and slightly silicified prior to the
deposition of the ferberite ore, giving the appearance
of a band or casing of fresh rock separating the vein
from highly alt~red country rock. Extensive argilliza38
Hess, F. L., and Schaller, W. T., Colorado ferberite and the
wolframite series: U. S. Geol. Survey Bull. 583, pp. 30-34, 1914.
au Idem., p. 16.

tion evidently preceded tungsten deposition by an appreciable period of time, as it is not everywhere related
to the tungsten mineralization. Many of the minor
ferberite veins occur in almost unaltered country rock,
and some strong veins with thoroughly argillized walls
contain fine-grained quartz but no ferberite. Unlike
the simple sericitic alteration of the gold veins, the
beidellite-dickite alteration results in an altered gra11ite
that soon slacks on exposure to the air, yielding heavy
ground that sloughs and caves, closing 1nany of the
workings of abandoned mines within a few years. A
detailed discussion of the alteration has been given by
Lovering.40
Paragenesis.-The earliest minerals of the tungsten
veins are fine-grained varieties of quartz, the introduction of which was probably accompanied by alteration
of the wall rock to beidellite. Immediately preceding
deposition of the ferberite, and accompanying its early
stages, hematite and magnetite were deposited in small
quantities. The ferberite in turn was succeeded by
chalcedonic to opaline quartz and locally by barite. The
solutions that deposited the barite and opaline silica
were no longer in equilibrium with the ferberite, which
was extensively replaced in the localities where these
n1inerals are abundant. Small quantities of the sulfides,
pyrite, marcasite, galena, and sphalerite, followed the
deposition of barite, and the meager sulfide-bearing solutions apparently dissolved some ferberite in nearly all
places where they came in contact with it. Dickite, an
abundant mineral, was deposited shortly after the main
period of ferberite deposition. Clay minerals were also
formed during the later stages of vein formation.
The extensive formation of beidellite, the intergrowth
of dickite and ferberite, and the local intergrowth of
n1arcasite and ferl:ierite all point to the presence of acid
solutions of 1noderately high ten1perature. Recent
work 41 suggests that dickite is fonned in the temperature range of 225 ° to 365 ° C. and that nacrite is stable
at higher temperatures than dickite. The immediate
impoverishment of ferberite ores where gouge is abundant in the vein suggests deposition at comparatively
low pressure, and the vein minerals suggest deposition
at moderately high temperatures. The tungsten veins
are believed to fall in the group discussed by Buddington and classed by him as xenothermal. 42
Enrichment.-Ferberite ore is comn1only less soluble
Lhan the surrounding country rock, and supergene enrichment of the tungsten ore bodies is negligible. Re.sidual enrichment took place to an important degree and
accounted for much of the surface ore, the so-called
40
Lovering, T. S., The origin of the tungsten ores of Boulder County,
Colo. : Econ Geology, vol. 36, pp. 229-279, 1941.
41 Morey, G. W., and Ingerson, Earl, The pneumatolitic and hydrothermal alteration and synthesis of silicates (a critical summary of
work done prior to 1937) : Econ .. Geology, vol. 32, pp. 751--:752, 1937.
42
Buddington, A. F., High temperature deposits formed at shallow to
moderate depths: Econ. Geology, vol. 30, p. 209, 1935.
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''float" and "potato" ore, mined in the early days of the
camp. Many of the gulches on the plateau north of
Middle Boulder Creek have been placered for this type
of tungsten ore, and in 1943 a substantial amount of
tungsten was obtained frmn a relatively large-scale dryland dredge operation in the gulch below the Cold
Spring mine.
Ttvngsten veins.-The primary tungsten ore is found
in veins, most of which are vertical or dip steeply. The
ore is almost entirely a fissure filling and shows little or
no replacement of the country rock. The ferberite mineralization occurred at a late stage in the orogenic history of the mineral belt; most of the larger veins have
preserved a record of repeated shearing, son1e prior to
deposition of the ferberite and some at the time of its
deposition. Postore movement was uncommon, except
in the western part of the district, and there most of the
late movement caused a reopening of the ferberite vein.
Displacement of ferberite veins along cross-breaking
postmineral faults is rare.
In the southwestern part of the district ores have been
mined between altitudes of 8,200 and 8,800 feet, in the
northwestern part ores cropping out at the surface at
an altitude of 8;"{00 feet have been n1ined to a vertical
depth of 700 feet:, and at the extreme eastern edge of the
:listrict ores have been mined between altitudes of 6,400
and 7,100 feet. In general it may be said that throughout the district the vertical range in which ores have
been found is approximately 700 feet, but it should be
pointed out that this depth corresponds rather closely
to the topographic relief. The majority of the individual ore shoots have been followed to a depth ofless than
100 feet, though a few, such as the Conger, Clyde, Vasco
No. 6, and the Cold Spring, have been followed much
deeper. The shape of ore shoots depends almost entirely
on the shape of the open spaces available within a vein
nt the time of the tungsten n1ineralization. As shown
by the longitudinal section of the Cold Spring 1nine
(pl. 21), the ore shoots in cross section may be
chimneylike, elliptical, or highly irregular in a given
vein within a short distance. Many important ore
bodies l~ave been found during underground development, though no sign of the ore was known at the surface. The productivity of the district during World
"\Var II was largely dependent upon such ore bodies,
and the success in finding blind ore shoots is evidence
that many still exist in the district. An increasingly
greater dependence upon blind shoots is inescapable,
but the costs of exploration and development are high,
and unless tungsten prices not only compensate for mining and milling costs but also leave a substantial1nargin
to cover discovery costs little 1nining will be done.
The small size of most of the individual ore shoots
and the fact that by far the greatest number of ore
bodies m,ined cropped out at the surface suggest that tht~
correspondence between the depth range of the ore and
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the topographic relief largely reflects the ease with
which ore bodies could be discovered rather than the
actual thickness of the zone of deposition of the ferberite. The deepest continuous ore shoot, that found in the
Conger 1nine close to the western edge of the district,
had a vertical depth of 700 feet, but though a ·winze was
sunk 200 feet deeper little exploration was carried on
below the pay ore. If exploration in the Cold Spring
mine had been similarly restricted, three profitable
blind ore shoots would have been missed.
The width of the average tungsten vein ranges from
6 inches to 3 feet, but in places ore bodies 12 to 16 feet
in 1vidth have been exploited. The grade of ore as
mined commonly ranges between 2 and 20 percent of
trioxide of tungsten (W0 3 ) . Replacement and impregnation of the country rock or of broad shattered zones
by ferberite rarely took place, and no extensive bodies of
low-grade ore are known in the district. In parts of the
veins the ferberite is very finely disseminated in the
horn quartz that makes up the bulk of the vein material;
such material may assay from 0.5 to 2 percent of WOa,
but the difficulties of milling it have generally prevented
its use. Even bodies of this type are not especially
abundant; the only one exploited extensively is a moderately large deposit of black ferberite-bearing horn
quartz in the Copeland mine, 2lj2 miles south of
Magnolia.
No change in the character of the fer be rite with depth
has been observed, except that ore in some of the deeper
shoots becomes slightly more "horny'' near the bottom.
Some veins, however, differ slightly in other features
above and below ore shoots. Red he1natite stain, earthy
hypogene hematite, and occasional specularite are common in the tight parts of veins both above and below ore
shoots, but hematite is more com1non below the shoots.
Carbonate veinlets often accompany the hematite above
ore shoots but are less common below, where they occur
chiefly in nonhematitie horn veins. Fluorite and sulfides of iron, copper, zinc, and lead 1nay accompany
hematite below ore shoots, but the sulfides are found
with hematite above ore shoots only when carbonate is
also present. Above and below many ore shoots the
veins are "horny" and brecciated, but the openings in
brecciated and vuggy horn veins are commonly much
larger below ore shoots than above them. Below ore
shoots the openings eontain pockets of white ~lay, which
is largely beidellite. Above ore shoots openings :may
contain crusts of chalcedony, opal, and barite. The
horn quartz below ore shoots on some of the larger veins
is coarser grained than the "horn" accompanying ore or
above it. Pyrite and other sulfides when unaecon1panied by hematite are perhaps a little 1nore comn1on in
the upper than the lmver parts of ore shoots, but the
distribution of sulfides in individual shoots is cmnmonly
erratic. In many veins "spots" of ferberite are irregularly distributed in horn quartz, rock or horn quartz
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breccia, or gouge below ore shoots. Similar "spots" are
found above ore shoots but are commonly less abundant,
and there is a greater tendency for the little ferberite
present to be distributed as thin veinlets of black horn or
ferberite in banded horn veinlets. The vein is generally
more open near an ore shoot than elsewhere, and this
condition is reflected in a heavier flow of water here than
in the tighter parts of the vein. ~{any of the ore shoots
and 1nany of the bodies of horn quartz tern1inate
abruptly dmvnward or along the strike against gouge
filling.
The principal factor determining the localization of
an ore shoot was the relative permeability of the di-fferent parts of the fissure during mineralization, and
this depended on the character o·f the wall rock and the
displacement of the irregular walls of the vein fissur~.
Schist and altered granite readily broke clown to imper·meable gouge, whereas silicified rock, horn quartz vein
filling, fresh granite, and pegmatite were reduced to
open rubble. In the area of metamorphic rocks west of
Hurricane Hill the tungsten ores are rarely found between walls of pure schist but commonly occur where
schist containing many injections or a rib of pegmatite
or aplite has been broken by a premineral fault. Within
the Boulder Creek batholith the granite is more extensively altered than aplite or pegmatite, and movement o·f
fissure walls tended to create more gouge in granite
than whefe the fissure crossed an aplite or pegmatite
dike; this condition is reflected in the occurrence of the
ore.
· Nearly all the ore shoots show a structural control
directly related to the 1novement of the fissure walls
and the course or the eli p of the fissure. In most of the
tungsten veins there is a strong horizontal component
of movement, and in those veins in which the right-hand
wall n1oved ahead there is a marked tendency for o1·e
to occur where the vein course swings to the left (pl. 21
and fig. 70). Similarly, in a normal fault the ore occurs
in the steeper parts o'f the vein (fig. 28), and in a reverse
fault it occurs in the more gently dipping parts. The
narrow '"'edge formed at the intersection of two veins
or where a branch vein diverged from the main vein
was more permeable than other parts of the vein. Several ore shoots are localized at the intersection of branch
veins or of crossing veins (fig. 33). Unfortunately it is
difficult to anticipate changes in dip and strike in advance of exploration, and where favorable structure
can be located ahead of penetrations there is no: way of
foretelling "\Yhether it will carry ore, horn quartz, or
barren· gouge.
CONGER MINE

The Conger mine is about a mile northwest of N ederland, close to the western edge of the district. It is the
deepest mine in the district, having been developed to
a depth of almost 1,000 feet in the plane of the vein. It

is opened by several adits and two shafts from which
extensive levels are turned. The main or New shaft is
vertical and was sunk 600 feet to level 7, from which
an inclined winze was sunk 400 feet to level 11, which
is 320 feet lower in elevation. Four levels ,were turned
from the winze, 100 feet apart on the incline. The Old
shaft, an incline extending to level 6, has been caved
for many years.
The Conger mine has been the most productive mine
in the Boulder County district. It was operated steadily by the Primos Chemical Co. and its predecessors
from 1900 to the end of 1918; in 1938 it was reopened by
the Vanadium Corporation of America and was operated until May 1945. The total output of the Conger
mine is not known accurately, but incomplete records indicate that it has been at least 500,000 units of wog.
The Bettig vein, which was worked largely through the
Conger mine, has produced an additional 50,000 or more
units of 'vog.
The Conger vein strikes N. 10° E. and dips about
65 o E. and lies within a narrow irregular mass of pegmatite and Boulder Creek granite striking northwest.
(See pl. 2). The vein is unproductive where it passes
into the schist to the south and to the north. The Jumbo
vein, which is 50 to 300 feet east of the Conger at the
surface, dips 65°-70° E.; the Beddig, about 300 feet to
the west, dips less than 50° E. Alfthree veins fill fault
fissures that were the site of repeated movement before, during, and subsequent to the ferberite mineralization. Though differing in amount, the direction of
movement is the same, the east walls having n1oved down
and to the south at an angle o:f about 35° or 45°. The
Conger and Jumbo veins are in two eastward-dipping
master fissures conneeted by several productive westward -ditJping tension fractures lying between· them.
'Vithin the 1nine the strongest vein between the Conger
vein and the Jumbo is known as the Middle or Oregon
vein. The veins are irregular in strike and dip, and
'the width of the fractured zone varies. The ore seems
localized by the changes in course and dip favorable
to the creation of openings in the vein; as the left-hand
wall moved forward, ore shoots tend to occur where the
vein sw1ngs to the right. The net slip on the Cong~r
vein is approximately 27 feet and on the Middle vein
about 18 feet.
Dikes of hornblende monzonite porphyry and of felsite are cut and displaced by the Middle vein, but as
shown on pl. 20 the felsite was intruded after much of
the movement had occurred along the vein. The felsite
dike strikes west-southwest, but at its intersection with
the vein it turns and follows it for a short distance. In
two places felsite dikes are offset about 8 feet, suggesting that they were intruded when about half the
total movement of the vein had occurred. A wide hornblende monzonite porphyry dike is cut and displaced by
both the Conger and ~fiddle veins.
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The ore found in the Conger mine occurred in large
lenticular masses separated by barren gougy zones. The
largest ore body found was limited on the south by the
contact of schist ·with peginatite, but its northern limit
was an irregular line that seemed to bear no relation to
the distribution of the formations or to the intersection
of the Conger and ~Iiddle veins. It coincided with the
appearance of a gougy filling within the vein and a
slight swing to the right. ~iost of the ore shoot was
above level 5, and the vein was almost barren directly
below the ore shoot on level 6, except close to the intersection with the Middle vein. According to G. "\V. Teal,
who was superintendent of the mine during "'Vorld War
I, n1uch ore \Yas found in the Conger vein under Sherwood Gulch on level 5 of the n1ine. The richest ore was
found on level 2 in a stope about 100 feet long, 100
feet deep, and 8 to 16 feet wide. Although not continuous, ore was found below this 1nass down to level 6,
which .was 550 feet below the collar of the New shaft.
Belmv level 6 little ferberite was found, and the vein,
according to ~Ir. Teal, consisted of pink horn quartz
about 8 feet in width. The ore was 1nedium-grained
crystalline and massive ferberite, which occurred as a
matrix to brecciated fragn1ents of pegniatite, granite,
monzonite, and horn quartz.· Over considerable areas,
however, brecciation of the vein matter occurred after
deposition of the ferberite and resulted in ore that
consisted of a breccia of ferberite and earlier vein nmtter
cemented largely by the comminuted fragments and
to a less extent by late chalcedony and horn quartz.
The ore in the Beddig, Conger, Jumbo, and connecting veins is of sirnilar character and grade. It is reported that the Beddig ore shoot was localized by the
intersection of the hornblende 1nonzonite porphyry dike
and the vein and that it pitched to the northeast at a
low angle.
CLYDE MINE ·

The Clyde mine, about 11;2 miles northeast of N eclerland and 2,000 feet west-northwest of Hurricane Hill,
is one of the 1nore productive 1nines of the tungsten district. As shown in cross section (fig. 28), the ore shoots
were found on bvo closely related overlapping veinsthe Clyde n1ain vein, which crops out at the surface, and
the blind Footwall vein. The main vein was followed
by an inclined shaft from the surface to a vertical depth
of 253 feet. The third level of this shaft, at a depth
of 211 feet, is known as the tunnel level and is worked
through an adit, the portal of which is about 600 feet
north of the shaft, on the south side of Sherwood Gulch.
T\vo underground shafts 140 feet a part were sunk from
the tunnel level on the Footwall vein. The eastern
winze follows the vein to a vertical depth of 405 feet
and the western winze to a vertical depth of 503 feet.
Both winzes and the shaft are inclines. Only the tunnel
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level was accessible when the nnne was studied by
Lovering in 1930.
The country rock throughout the mine above level 4
is a medimn-grained gneissic biotite aplite facies of the
Boulder Creek granite cut by fine-grained dikes of alaskite and by irregular seams and 1nasses of pegmatite.
The aplite and pegmatite are 1nuch altered near the
vein, but the alaskite is not. Near the vein the aplitic
granite and pegmatite are much less abundant than
alaskite, but where present they show a silicified casing
enclosing the vein bordered by a soft bleached argillized
envelope extending to distances of 15 to 30 feet from
the main vein. Below level± schist of the Idaho Springs
formation appeared in the eastern part of the workings,
and on each succeeding level the schist was found farther west. Frmn data given by ~ir. "\Vill Todd, superintendent of the mine, it is probable that the schistgranite contact dips about 32° W. below level 4 but has
a much gentler dip above it.
Both the 1nain Clyde vein and the Footwall vein follow well-defined premineral faults striking N. 70°-78°
E. and dipping north. The main vein dips 78°-90° N.
and overlaps the Footwall vein, which is found about
15 feet south of (below) it on the tunnel level near the
shaft. At this level the main Clyde vein feathers or
·'horsetails" to the right as it is followed east, and in
the crosscut adit 100 feet east of the shaft the only indieation of its presence is a small· group of northeasterly
fractures in a broad sheeted zone along the strike of
the vein. On the tunnel level the course of the Footwall
vein is N. 70°-75° E., but in the lower workings the eastern part of the vein swings to N. 50 o E. The swing
to the northeast is coincident with a marked decrea::se
in the clip and occurs about 50 feet above the schistgranite contact. On the tunnel level the Footwall vein
is vertical throughout the 60 feet exposed in the stopes.
It is probable that the Footwall and the main Clyde
vein merge in a sheeted zone a short distance above the
t.t.ope, but no conspicuous junction exists. As the Footwall vein \Vas followed downward below the tunnel level
its clip was at first steep to the north, but it gradually
decreased until on the lowest level it \vas only 50°.
The veins follow premineral faults, which have been
reopened many times by successive movement. The
earliest n1ove1nent was nearly horizontal, the right-hand
wall1noving forward. Later movements were progressively steeper, and during the n1ovement that immediately preceded ore deposition the north wall moved
westward and downward at about 45°. The total
displacement of the walls is approximately 25 feet.
These movements tend to produce openings where the
vein steepens or strikes northeast.
The Clyde vein and the Footwall vein may be regarded as filling overlapping master fissures in different
parts of the same fault zone. To the east of the 1nain
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shaft the Clyde vein dies out, and the Footwall vein
becomes the dominant fracture, but to the west, so far
as it is exposed in the main tunnel level workings, the
Clyde vein becomes stronger and the Footwall vein
weaker. A similar overlapping takes place with depth,
the main vein feathering out and giving place to the
strong Footwall fracture. At the lowest level the Footwall vein has been followed 300 feet west of the western
winze and is still a strong vein. Many nonpersistent
seams diverge from the veins and are marked by seams
of horn quartz and ferberite, and a few show
molybdenite.
One ore shoot was worked on the main Clyde vein and
two on the Footwall vein. Only a few narrow stringers
of ferberite ore cropped out at the surface above the
Clyde vein. The seams were vertical, half an inch to an
inch wide, and trended northeastward diagonally across
the vein. About 10 feet below the surface they passed
through a northward-dipping seam of soft white !naterial, below which the width of the ore shoot abruptly
increased to as much as 6 feet and consisted of brecciated
aplite and alaskite cemented by ferberite. The ore
shoot reached a depth of 95 feet and extended 100 feet
along the strike; the ore mined fron1 it contained as
much as 20 percent of vV0 3 and probably averaged 5
percent. It bottomed abruptly on a flat seam of soft
reddish-black material locally called graphite, though
:it was probably a mixture of hematite and clay. The
vein continued with undiminished width to a depth of
300 feet, but no ore was found below this sea1n. This
shoot lies directly above one of the important shoots
found on the Footwall vein, not far above the. place
where the two veins probably merge in a sheeted zone.
The ore shoot cut on the tunnel level directly below
the main Clyde shoot was 165 feet long and extended
fron1 50 feet above the tunnel level down to the fourth
level, 40 feet belmv. Its lower eastern tip joins the
central part of another ore shoot, which pitches west
at about 30°. The ore in both shoots was 3 to 6 feet
wide, and near the upper end of the lower gently pitching shoot a maximum width of 14 feet was reported.
Both ore shoots occur in steeply dipping parts of the
vein, and the pitch of the lower shoot is controlled by
the deereasing dip of the vein, which in turn seems related to the appearanee of schist 50 feet below. The
barren zone between the upper part of the gently pitching ore shoot and the vvestern vertical shoot is not clearly
related to any structural feature. This part of the vein
is 5 feet wide and contains openings as nniCh as 12 inches
wide and several feet long coated with chalcedony,
quartz, barite, elay, and a few thin crusts of ferberite
(fig. 68, F). Apparently it marks a dead space between
two diverging streams of solutions that deposited ferberite but became depleted of tungsten before all available space was filled. The gently pitching shoot was

stoped for 55 feet above the tunnel level and through a
vertical depth of 300 feet below the tunnel level, but
the ore obtained at the bottom level was of lower grade
than that near the top. The ore shoot, which extended
beyond the Clyde property, was followed to the end line.
The vein filling of the Footwall vein is chiefly brecciated horn quartz cemented by later fine-grained
quartz, chalcedony, and ferberite. Mr. Todd reported
that outside the ore shoot on the levels belmv level 4 the
vein filling was horn quartz as· far east as the schist
contact, where it changed to a soft gouge. Within the
main ore shoot the ferberite occurred as a matrix to
the horn quartz breccia, as solid veinlets and to a small
extent as rounded masses in a loosely cemented breccia.
Above the vertical ore shoot on the Footwall vein, the
vein filling consisted. of several generations of horn
quartz cut by a seam of open friable breccia loosely
cemented by fine-grained chalcedony. In the many crevices of the vein in this locality barite crystals coated
with kaolinite and other elay minerals are abundant. Some late opal is also present, and pyrite is common, forming thin veinlets and disseminated grains
through a dark horn quartz with whieh it is commonly
associated.
COLD SPRING MINE

The Cold Spring mine is 3 miles northeast of N ederland and half a mile northeast of Hurricane Hill. It is
the second or third largest producer in the district and
was worked with less interruption than any other mine
in the region until 1935, when it was dosed. In 1943
a 75-foot shaft, the Cold Spring No. 4, was sunk a few
hundred feet west of the Old shaft on a footwall vein.
A small amount of stoping on the Cold Spring vein
was done through this shaft before the workings broke
into the Seogland stope, the upper western Cold Spring
stope (fig. 70).
The Cold Spring mine is opened by two inclined
shafts, the Old shaft, at an altitude of 8,365 feet, and
the New shaft, 365 feet to the east, at an altitude of 8,329
feet. Six levels have been turned from the Old shaft
and seven fro·m the New shaft, the bottom level being
480 feet vertieally below the collar of the New shaft.
The fifth level, 327 feet below the eollar of the Old
shaft, is the most extensive in the mine., extending 1,750
feet east of the Old shaft and 400 feet to the west. A
crosscut from level 7 extends southeastward for 507
feet from a point near the new shaft to the Orange
Blossoln vein, -vvhere it is connected to the bottom level
of the Orange Blossom mine by a raise 134 feet high.
The country roek of the entire mine is dark-gray
Boulder Creek granite. It is cut by a few small seams
of pegmatite and aplite, but the walls of most of the
drifts are of the uniformly coarse-textured gneissic
Boulder Creek granite. The gneissic structure strikes
northwest and dips abo:ut 40° NE. in most of the mine,
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though local variations in strike and dip are common.
The country roek on both sides of most of the veins is
moderately hard and fresh in appearance for 2 feet
or less. The hardl ''casing,'' as it is called by the miners,
is generally thinner than the vein filling; for example,
where the Cold Spring vein is 5 feet thick the hard
casing commonly is 15 to 20 inches thick. The casing
is bounded sharply by an envelope of soft altered rock,
which may be as much as 30 feet thick. Although the
change from the hard casing to the soft envelope is
sharply marked, the outer edge of the envelope grades
into fresh unaltered ro·ck through a transition zone of
appreciable width. There is little difference in the appearance of the altered rock in the inner half of the
envelope, but the maximum alteration is generally found
about a third of the distance out from the casing. The
plagioelase crystals are the most conspicuously altered
minerals; they are changed to chalky white pseudomorphs, which contrast strongly with the fresh black
biotite. The orthoclase crystals are much less altered
than the plagioclase crystals but are dull and less lustrous than in the hard casing. The quartz is unaltered.
When first opened, the envelope of altered rock stands
"\Veil, but after a time it gradually disintegrates and begins to slough into the crosscuts. The alteration of the
envelope is almost solely argillic; beidellite is abundant
in the outer part of the zone, and dickite is prominent
close to the casing. The 1nagnetite of the granite is
changed to hematite in the inner part of the argillized
envelope and to pyrite in the sericitized zone. The hard
casing is n1oderately silicified, and the clay is largely
replaced by sericite and hydromica; locally adularia,
goyazite, and pyrite are present.
The Cold Spring vein strikes about N. 75° E., dips
steeply north, and follows a premineral fault the north
wall of which moved west and downward at about 30°.
The vein is a strong well-defined fissure as far west as it
has been explored in the Cold Spring mine and continues unbroken for nearly 600 feet east of the New shaft.
Farther east it continues in a zone of overlapping fissures, which are found farther and farther north as the
vein zone is followed eastward (pl. 21) . Throughout its
length branch veins diverging at small angles from the
main vein are common. Ahnost all these branching
veins trend slightly more northeastward than the main
vein and are more common in the hanging wall than in
the footwall. Although its average strike is about N.
75° E., the course of the vein ranges frmn N. 83° E. to
N. 68° E. west of the Old shaft, and farther east it
ranges from N. 80° E. toN. 57° E., n1uch of it being close
toN. 67° E. In most places the dip of the vein is 65°85 o N., but locally it is vertical or steep to the south.
The many branching minor veins or "feeders" generally
strike from N. 45° E. toN. 55° E. and clip steeply north.
Some minor veins in the hanging wall strike a pproxi-
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mately parallel to the Cold Spring vein but are vertical
or dip steeply south.
There are few faults in the mine later than the Cold
Spring vein, but some of the repeated 1novements recorded by brecciated vein filling locally followed
diverging fissures for short distances and then broke
back into the main vein. As a result the 1nain vein is in
son1e places apparently faulted by fissures that prove to
be only branches elsewhere. On the fifth level, 310 feet
east of the New shaft, the Cold Spring vein is offset by
a fault that parallels the northeasterly branch veins
nearby. The eastern segment of the vein is offset 5
feet northeast of the western segment. The fault flattens greatly near the shaft, where the north side apparently moved down, a movement similar to that on
the Cold Spring vein.
Nearly all the branch veins formed in response to the
same stresses and approximately at the same time as
the main vein. In one branch vein, about 30 feet north
of the main Cold Spring vein on the third level, the
north wall moved down ~nd east. As this vein contains
ferberite ore in fresh unaltered rock, the fissure that it
fills was probably formed later than the main period
of movement responsible for opening the Cold Spring
fissure.
Three general types of vein filling are present in the
Cold Spring vein-the barren unmineralized unsilicified
gouge, the barren fine-grained horn quartz, and the
ferberite and quartz filling of the ore shoots. Commonly the barren and unsilicified parts of the vein are
marked by one or more sean1s of clay gouge 3 to 12 inches
thick. Most of the gouge is light gray, but thin seams
of brick-red clay gouge are comn1on, which owe their
color to finely disseminated hematite. This red gouge
is somewhat more common near ore shoots than in other
parts of the vein. The horn filling shows a great variety
in its color and occurrence. In some places only one
kind of quartz is present, but in most places the repeated n1ovements have brecciated the filling several
times, and many generations of fine-grained quartz can
be seen. The n1ost common types are the early gray
and early white "horn." Locally the less common green,
red, brown, or black "horn" is abundant, and in a few
places early ankerite is present. The various types of
quartz are not directly related to ore occurrence, although the later varieties, such as the green (goyazite)
and black ( ferberjte or pyrite) horn quartz, are more
common near ore shoots than at other places. The ore
occurs as n1oderately fine grained branching masse::;
cementing a breccia· of horn quartz and wall rock. It
filled open spaces with almost no replacement of breccia
fragments or country rock. Some well-crystallized ferberite oceurs in vuggy openings, but the bulk of the
ore is compact massive ferberite, which completely fills
the openings of the vein. Dickite, kaolinite, and banded
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chalcedony also occur with the ore, resting on it in
druses or veining it and the nearby country rock.
Four ore shoots have been found on the main Cold
Spring vein and several small ones on nearby branch
veins and related fissures. Only one of the four cropped
out, the other three remaining unknown until discovered
during underground develop1nent (fig. 70). All four
shoots occur in segments of the vein that trend more
to the northeast than those at either end of the ore
shoot, and all have a n1oderately steep clip. As noted
earlier, the north wallnwved downward and westward,
1naking the steeper parts of the vein 1nore open than
the rest and the segments that trend northeast of the
average course nwre open than those striking 1nore
nearly due east.
Branch veins are much more common in the barren
sections of the vein than along the productive parts.
The presence of many minor fissures diverging from
the main vein at a small angle suggests that the faulting
was distributed between the main fissure and the 1ninor
fissures in these places, whereas the movement along
those parts of the vein devoid of branches was concentrated along a single fissure, thus resulting in greater
displacement of the walls. The ore shoots tend to occur
where changes in the strike and dip of the vein are
such that the movement of the walls would create open
spaces and where much of the n1ovement was concentrated along the vein fissure.
The vein filling below the Cold Spring ore bodies is
generally tighter than above, but it is n1ore open than
in the barren parts of the vein at the sides. In some
places the ore bottoms on gouge containing very little
horn quartz, but more commonly a drift under an ore
body exposes a wide sean1 of brecciated horn quartz

through which surface water flows easily, making a wet
drift. In the drift about 30 feet below the 1927 ore
shoot small spots of ore appeared in the "horn." These
spots were small and widely spaced in the drift but
became more and more abundant as the ore was approached, finally merging into one another and forming
the bottmn of the ore shoot.
Above an ore body the vein is comn1only open and
vuggy and generally shows a late sean1 of brecciated
"horn" cemented by white friable fine-grained quartz.
In the vugs of the vein over some of the ore shoots
banded chalcedony, kaolinite, and some clays with low
refractive indices occur. Spots of ore are comn1on
above the ore shoots and are irregularly distributed
through a considerable distance (fig. 70) . The spots
over the 1918 shoot were no more abundant close to the
ore shoot than they were 100 feet above it; locally they
were so abundant as to form low-grade ore for several
feet, but this concentration was haphazard and had no
relation to the proximity of the underlying ore shoot.
There was no gossan over the ore shoot at the Old
shaft, although the horn quartz breccia at the sides of
the open pit was iron stained and slightly porous, and
linwnite crusts were abundant. The iron-stained country rock graded into fresh rock about 150 feet below
the surface, but signs of oxidation persisted to slightly
greater depth. The ore shoot itself did not come to the
surface but pinched to a feather edge of bright fresh
ferberite about 12 feet below. It thickened rapidly as
it was followed downward, and at a depth of 40 feet
it contained a 4-foot thickness of 18 percent WOs ore.
The "horn" was as iron-stained as the nearby country
rock, but the ferberite crystals were apparently fresh.
It is probable that the iron stain was caused by the de-
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·composition of the ferruginous minerals in the granite
and of the small amount of disseminated pyrite found
in the sericitized casing and in some of the "horn."
In the westernmost part of the mine schist is 1nore
prominent and gneissic aplite less prominent than to the
northeast. As the vein swings to a more westerly
course, the dip beeomes less than nonnal, and the vein
appears to be \veaker than to the east. In the northeastern part of the mine the vein is very strong and has
a more northerly course than the average of the barren
parts; the possibilities of finding ore by further exploration in this direction are therefore encouraging.
ROGERS NO. 1 AND ROGERS NO. 11 MINES

The Rogers No. 1 and Rogers No. 11 mines are in the
central pa1i, of the tungsten belt. They are situated on
the south side of North Boulder Creek, not far west of
Gordon Gulch, and are approximately 1,500 feet southsouthwest of Switzerland Park at altitudes of about
8,075 and 7,800 feet. The Rogers No. 1 mine is one of
the more productive mines of the district, and the t\cvo
mines together have had an output of nearly 40,000
units of WOs.
As shown in figure 35, the Rogers No. 11 vein is
reached by a 140-foot crosscut tunnel, frmn which a drift
extends 450 feet to the \Vest and 50 feet to the east. In
the eastern part of the mine the strike of the vein is
N. 75°-85° E., and the clip is 67°-88° N.; in the western
part the strike swings tp N. 65 o E., and the clip is steeply
southward. Displacement of a flat pegn1atite indicates
that the north wall is clownthrown, and grooves suggest
that it moved dmvn and westward at 25 o -30°, but because of two periods of movement on the vein correlation between the displacement and the grooving cannot
be safely made.
The Rogers No. 11 vein is an example of the large and
relatively unproductive horn quartz veins rather cmnmon in the Boulder County district. It is a composite
vein consisting oj[ 2 to 3 feet of gray horn quartz that
was fractured and brecciated by later n1ovement, after
which a thin vein of black horn and ferberite was introduced. The younger vein winds through and along the
older gray horn vein. The black horn and ferberite
filled only part of the openings in the gray horn, and
open cavities several feet long and as m.uch as a foot
wide are common in the younger vein. Small kidneys
of galena '-vere found in one or two of these cavities.
The wide and persistent early quartz vein and the weak
ferberite vein associated with galena suggest that the
Rogers No. 11 fissure was open and had connection with
the mineralizing solutions only during an early and a
late stage of the mineralization period. After deposition of the gray horn the fissure was apparently dan1med
off from ehannels of supply, and although later movelnent produced ample openings only a little ferberite
and black horn was available to fill them.
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The Rogers No. 11 mine has supplied a relatively
small amount of tungsten in horny ore difficult to mill.
The Rogers No. 1mine consists of two tunnels 300 and
600 feet southwest of and 140 and 275 feet above the
Rogers No. 11. The entire production has come from
the upper tunnel and frmn open cuts above it. The vein
strikes N. 35° E. and dips 7± 0 -80° N. in the upper tunnel and clips 80°-88° N. in the lower tunnel. It follows
a normal fault, the north wall of which moved clown
and northeast at about 30° for about 20 feet. As shown
in figure 35, the Rogers No. 1 vein and a branch of the
Rogers breccia reef intersect near the portal of the upper
tunnel and near the southwest end of the lo·wer tunnel.
The north-northwestward trending reef is a wide
sheared or breceiated silicified zone that contains disselninated pyrite near the Rogers No. 1 vein and abundant hematite beginning about 100 feet southeast of
the vein. The reef is, in generaL older than the vein and
is clearly offset by the vein in the lower tunnel, but later
movement on the reef broke the vein, offsetting the
northeastern segment 15 to ·25 feet to the south. '\Vith
renewed n1ovement on the . Rogers No. 1 vein a new
connection across the reef was made between the offset
segments of the vein by a split from the vein on the
southwest side of the reef. . A small amount of late
reverse 1novement on the reef has displaced the No. 1
vein about 12 inches in a direction opposite to the first
movmnent in the upper tunnel.
Near the portal of the lower tunnel the Rogers No. 1
vein is gougy, but it becomes horny after it is joined
by a horn vein that comes in from the east about 40 feet
from the portal and remains a strong horn vein through
most of the lower workings. The horn vein that comes
in frmn the footwall has the strike and appearance of
the Rogers No. 11 vein and is approximately on its proj eetion. Although the main horn quartz seam turns
and follows the Rogers No. 1 fracture, an actual crossing of the Rogers No. 1 and No. 11 fractures may be
represented by a smaller vein that branches from the
Rogers No. 1 in the hanging W9Jl 100 feet from the
portal. Southwest of the junction with the Rogers No.
11 vein the Rogers No. 1 vein contains 1 to 3 feet of gray
to clark gray horn quartz breccia, with local seams and
poekets of black horn, and a trace of ferberite, pyrite,
and copper stain. Southwest of the Rogers breccia
reef in the lower tunnel the vein is less "horny" and
contains veinlets of black horn and a little ferberite.
In the upper tunnel the segment of the Rogers No. 1
vein northeast of the Rogers reef is gougy and locally
indistinguishable in the crushed pegmatite near the reef.
Immediately southwest of the reef the wide brecciated
zone between the new split of the vein and the end of
the faulted segment is gougy but contains brecciated
black horn and a little ferberite. The main Rogers
No. 1 ore shoot began about 50 feet southwest of the
reef and extended about 200 feet southwestward along
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the vein. The richest part of the shoot was near the
surface, where the vein steepens to a vertical dip and
locally dips steeply southward. The flatter dip in the
tunnel is associated with leaner ore, and stopes helm''
the tunnel extend to a maximum depth of only 40 feet.
The cuts or open stopes near the surface indicate that
ore was mined through widths of as much as 12 feet,
and the richness of the ore is attested by the fact that
:3;3,280 units of wo3, probably worth about $:300,000,
were obtained from only 3,277 tons of ore mined prior
to 1926. Southwest of the ore shoot the Rogers No. 1
vein, as shown by bulldozer trenches, swings to a more
southerly course. This swing to the left on a vein along
which the left-hand waH n1oved for·ward causes the vein
to tighten and the ore to disappear.
The barren or nearly barren character of the Rogers
No. 1 and No. 11 veins northeast of the Rogers breccia
reef is in marked contrast to the richness of the Rogers
No. 1 vein southwest of the reef. Both of the veins
northeast of the reef are strong "horn" veins, but the
Rogers No. 11. vein shows clearly that the horn represents an early stage of mineralization and that the veins
were dammed off during the later ferberite-depositing
stage. Considerii1g the contrast in the veins on the two
sides of the Rogers reef and the postvein movement on
the reef, it seems probable that the late movement on
the reef accounted at once for the damming off of the
veins to the northeast and for the opening of the Rogers
No. 1 vein to the southwest. If this is true, it is improbable that any large ore bodies are present on the
Rogers No. 1 and No. 11 Yeins in the area between the
Rogers reef and the Rogers No. 11 mine. On the other
hand, the Rogers No.1 vein southwest of the reef in the
lower tunnel seems a worthy prospect, and the presence
there of banded black and gray horn and a little ferberite
rather than massive horn breccia is encouraging.
The Rogers No. 11 vein intersects an eastern branch
of the Rogers breccia reef in a covered and unexplored
area about 500 feet east of the Rogers No. 11 mine. The
relation of the vein to this reef is analogous to that of
the Rogers No. 1 vein to the western branch of the
Rogers reef, and exploration of the Rogers No. 11 vein
near its intersection with the reef is therefore warranted.
OTHER MINES

Data on other mines in the disti·iet are given briefly
below:
BETTIG

Develotnnent.-Shaft and levels; 5th level joins 3d level of

Conger.
Producticn.-Prior to 1914: 250 tons of coneentrates worth
$90,000. Subsequent to 1914: "Considerable tonnage."
r cinN.-Rettig: Strike, N. 30° E.; dip, 45° SE.; width, 1 inch to
3 feet. Joins Conger vein at 5th level and is mined at depth
through Conger mine. Sperry: Strike, southerly; branch of
Bettig.

Wall rock.-Pegmatite, granite, and schist, cut by dikes of
felsite and hornblende monzonite porphyry.
Ore and sulfide minerals.-Chiefly ferberite, a little marcasitP
and sphalerite.
Gangue minerals.-Wall rock breccia and chalcedonic quartz.
Changes uJiith depth.-Sperry vein barren below 5th level of
Betti g.
Ore shoot8.-Pitched northeast at a low angle. Localized by
intersection of hornblende monzonite porphyry dike and vein.
Tenor.-Sperry vein eontained good ore near surface.
EUREKA

% mile long.
Vein.-Eureka: Strike, N. 55°-75° E.; dip, 75°-80° N., locally
85° S.; 1-2 feet wide in barren parts, 3 to 8 feet in productive
parts. Vein is sheeted zone in soft chloritized and kaolinized
granite. In productive parts sheeted granite seamed with ore
consisting of granite and horn quartz fragments cemented by
ferberite. On vein fissure south wall moved east and down at
15° to 20°.
Wall ro('k.-Boulder Creek granite and pegmatite. One wall
marked by gouge. Strong kaolinic alteration. Biotite monzonite porphyry dike later than vein fissure.
Ore and snlfide minerals.-Ferberite and a little pyrite.
Gangue mineral8.-Altered granite and horn quartz.
Ore shoots.-Ore in parts of vein having more northeast trend
than average, as right-hand wall moved ahead.
Development.-Two tunnels, one at least

MAMMOTH

Development.-Short tunnel and shaft 157 feet deep.

V ein.-Mammoth : Strike, turns from N. 25 o E. to N. 80° E. in
upper levels and from N. 25° E. toN. 40° E. in lower levels; dip,
50°-70° NW. Ore in veinlets in brecciated hornstone. Vein
fissure a normal fault; north wall moved down and southwest at
40° Vein seems to continue into Milly vein south of Mammoth
workings.
lVnll rock.-Pegmatite and schist of the Idaho Springs formation, which strikes northwest and has synclinal structure. Pegmatite kaolinized and schist chloritized.
Ore and sulfide minerals.-Ferberite.
Ore shoots.-Best ore where vein had steepest dip.

Stope on
150-foot level. Ore limited to those parts of vein where one or
both walls are of pegmatite.
'l'enm·.-A little high-grade ore produced. Most of ore, when
roughly sorted, contains about 13 percent of WOa.
PEEWINK MOUNTAIN TUNNEL

Development.-Crosseut extending 500 feet northwest.

Veins.-Several veins cut by tunnel strike N. 55°-85° E., and
dip south; 3 feet wide. Wall-rock alteration probably related to
narrow but persistent northwest fractures that dip 65°-70° SW.
These are offset by vein near breast of tunnel and are probably
continuation of sheeted zone marked by breccia reef mineralization a few hundred feet to north on surface. Main northeast
vein follows normal fault whose south or hanging wall first
moved up and north at 45° for 15 feet, then straight down dip
for 3 feet.
·wall rock.-Boulder Creek granite extensively altered near
veins and in zone nearly coinciding with major part of tunnel.
Silicified casing close to ore zones, with kaolinized envelope
outside.
Ore aml sulfide minerals.-Ferberite.
Gangue mineral8.-Cha1cedonic quartz.
Ore shoots.-Swing of vein to left, such as northeast course in
lower level, highly favorable to occurrence of ore. Two veins
near breast of tunnel extensivelr stoped.

227

MAGNOLIA DISTRICT
PEEWINK "TUNGSTEN BLOWOUT"

Development.-Opeu pit and adit 35 feet below pit.

Veins.-Silicified north-south breccia reef few hundred feet
to west. Strongly altered gougy zone associated with eastwarddipping reverse fault cut by adit. To south this fault is marked
by silicified quartz breccia. Several small nonpersistent minor
faults and slips parallel to reverse fault; these strike north and
dip 20°-65° E.
Wall rock.-Boulder Creek granite, little altered except close
to main fault zone.
Ore and sulfide minerals.-Ferberite.
Gangue minerals.-Quartz, some barite and kaolinite.
Ore shoots.-Open pit ore body 75 feet long, as much as 40
feet wide, and bottomed abruptly at not more than 60 feet below
surface. Ore localized in zone of east to northeast fracturing
between main fault and breccia reef. Ore solutions rose along
main fault and spread into fissures of northeast fracture zone.
RAKEOFF MINE AND LILY TUNNEL

Development.- Inclined shaft 320 feet deep; Lily tunnel cuts
vein at 325 feet from portal.
Production.-Reported to be large.
Vein.-Rakeoff: Strike, N. 800 E.; dip, 60°-75° N~ North
wall moved down and to west at 35° to 400; vein and fault zone
strong, but surface geology suggests vein fissure follows graniteschist contact of pre-Cambrian age. A second vein cut by Lily
tunnel at 130 feet from portal strikes northeast and dips 50°-70°
NW. A third vein cut by tunnel at 185 feet strikes northeast·
and dips nearly vertically. Ore in veins is brecciated granite
cemented by ferberite.
Wall rook.-Boulder Creek granite and aplite, strongly kaolinlzed close to vein near both barren and mineralized parts.
Ore and sulfide minerals.-Ferberite.
Changes witn depth.-Ore bottomed at depth of 200 feet.
Ore shoots.-Localized at intersection of Rakeoff vein and a
northeast cross vein ; most of ore occurring in fractured ground
between the two veins just southwest of junction. Intersection
of two veins pitches steeply northwest.
TUNGSTEN

Developrnent.-Shaft 369 feet deep vertically, 396 feet on in-

cline.

Drift levels at 80, 180, 220, and 3!)6 feet.

Production.-1907-9, $175,000.

Vein.-Tungsten: Strike, No. 50° E.; dip, 65°-75° N.; less than
a foot to several feet wide. Vein follows normal fault; north
wall moved down and southwest at 45° to 50°; displacement, 10
to 50 feet. Vein is straight gouge-filled fissure in barren parts.
In western part of mine more schist and less aplite than to the
northeast ; in western part vein swings to more westerly course,
dip flattens, vein appears to feather out. Northeast part of vein
is strong and has more northerly course.
Wall rock.-Biotite gneiss of Idaho springs formation, containing layers of aplite and pegmatite. Near ore shoots walls are
kaolinized for several feet from vein.
Ore and sulfide minerals.-Ferberite.
Ore shoo-ts.-Occur where vein is a sheeted zone several feet
wide and dips steeper than 68°. Best ore where course of vein
is more northerly than average.
Tenor.-1907-9: Ore averaged 32 percent of W0 3 , crude.
1917-18: Ore mined from stope on 180-foot level averaged 5
percent of wo3.
MAGNOLIA DIS.TRICT
LOCATION AND HISTORY

The Magnolia mining district lies about 5 miles due
west of Boulder and about a mile south of Middle

Boulder Creek. The district is about 1,400 feet above
the valley bottom. As shown on plate 22, most of the
productive veins crop out in an area of less than a
square mile, and the outcrops range in altitude from
approximately 7,000 feet at the Graphic vein to about
7,700 feet at the Kekionga shaft a. mile to the southwest.
The district is accessible over a good automobile road
from Boulder. The geology was described and the
history given in a thesis by Wilkerson 43 in 1937, and
descriptions and maps of most of the mines accompany
his report. The descriptions of the mines given on
pages 229-234 are largely taken from this· thesis.
Gold-telluride ore was found on the Magnolia vein
in 1875, and during the next 2 years nearly all the
veins now known in the district were discovered. Because of the high tenor of the ore and its erratic distribution in rich pockets, company mining and mining
by absentee landlords has seldom been successful, and
the district does not have a large output on record.
Monroe and Wolff 44 credit it with a total output valued.
at $2,815,000 through 1905, of which $1,000,000 is
ascribed to the Keystone and Kekionga mines, as shown
in the table below.
Reported value of output, 1875-1905, of mines in
district
American _____________________________ _
Cash _________________________________ _
Dardanelle ____________________________ _
Graphic ______________________________ _
Kekionga _____________________________ _
Keystone _____________________________ _
Lady Franklin _________________________ _
Lamon, Ward H _______________________ _
Little Pittsburg ________________________ _
Lowell, Ben C _________________________ _
Magnolia _____________________________ _
Mountain Lion ________________________ _
Pickwick ___________ .__________________ _
Poorman _____________________________ _
Sac and Fox __________________________ _
Senator HilL __________________________ _

the Magnolia
$125,000
150,000
40,000
40,000
500,000
500,000
160,000
50,000
40,000
50,000
400,000
250,000
50_, 000
60,000
150,000
250,000

TotaL __________________________ 2, 815, 000

The writers feel tha.t the figures given above may be
somewhat optimistic but are of real use in presenting the
relative values of output from the different mines. From
1906 to 1936 the district has yielded ore valued at a
little less than $200,000, bringing the total to about
$3,000,000.
GEOLOGY

The country rock of the district is Boulder Creek
granite, the gneissic structure of which strikes northeast 1
and dips northwest. The Livingston breccia reef, one
of the early persistent northwesterly faults whose influence on the ore deposits has already been described,
43 Wilkerson, A. S., Geology and ore deposits of the Magnolia mining
district, Boulder County, Colo.: 1'hesis, University of Michigan, 1937.
~Monroe, Edward, and \Voltf, J. R., History and production of the
gold fields of Boulder County, Colo., p. 5, 1906.
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passes through the district about a quarter of a mile
west of the town of Magnolia, trending about N. 25°· W.
(pl. 22). In this region the breccia· reef is paralleled
by an early diabase dike kno.wn as the Iron dike. A
similar but more ferromagnesian dike is reported as
striking in an easterly direction from Magnolia to a
point near Boulder, about 21j2 miles southwest of the
University of Colorado, 45 but neither the writers nor
Wilkerson were able to find it.
ORE DEPOSITS

All the ore deposits in the Magnolia district are
fissure fillings; mineralization has been chiefly of the
gold-telluride type, but some tungsten ore has been
mined. Gangue minerals are present in only minor
quantity and consist of little but light-colored to darkcolored varieties of extremely fine grained quartz or
"horn." The sheared and brecciated granite in the
veins .Js locally silicified or cut by thin closely spaced
branching veinlets of horn quartz, but in many places
the gold-telluride ore is in little-altered granite along
a premineral fault unaccompanied by gangue minerals.
The district is noted for the variety of telluride minerals
found and for the unusual association of gold telluride
with tungsten, molybdenum, and vanadium minerals.
Native gold, native tellurium, tellurite, ferro-tellurite,
melonite, sylvanite, hessite, petzite, coloradoite, altaite,
calaverite, lionite, magnolite, nagyagite, henryite, ferberite, molybdenite, and roscoelite and some galena,
sphalerite, pyrite, n1arcasite, calcite, and fluorite have
been found in the district. The chief ore mineral is
sylvanite.
The presence of alunite in the ferberite veins and of
marcasite in the telluride veins has led Wilkerson to
suggest that the ore-forming solutions were originally
acid in character and deposited the metallic minerals
when they became neutral or alkaline.
According to Wilkerson 46 the telluride minerals commonly occur in small blades that average between 1.5
and 2.5 millin1eters in length and about 0.5 millimeter in
width, but in many places the small blades are so abundant and closely intergrown that they resemble single
large prismatic crystals. Ferberite is the only tungsten
mineral found. It forms blades averaging 0.2 nlillimeter in length and 0.1 millimeter in width.
A study of the paragenesis indicates several periods
of mineralization during which the following minerals
were deposited in approximately the following order:
(1) Sericite, quartz, pyrite; (2) quartz; (3) quartz and
\ hematite; ( 4) quartz; ( 5) molybdenite; ( 6) fluorite;
(7) quartz-pyrite-alunite, ferberite, sylvanite, .calaverite, petzite, hessite, coloradoite-altaite, native gold; ( 8)
45 Whitaker, M. C., An olivinite dike of the Magnolia distrid and the
associated picrotitanite: Colorado Sci. Soc. Proc., vol. 6, pp. 104-109,
1898.
46 Wilkerson, A. S., op. cit.

quartz, ferberite; (9) quartz-pyrite-marcasite, sphalerite, chalcopyrite; ( 10) chalcopyrite, bornite; and ( 11)
calcite. The relations of ferberite to sylvanite are
shown in figure 74, A, B.
Silicification and sericitization are locally prominent
along the walls of veins, but wall-rock alteration has
been relatively slight in the l\1agnolia district. In the
wall rock of the telluride veins silica. has been introduced close to the veins and makes up as much as 10
percent of the rock in the form of small veinlets extending a few inches to about 3 feet from the vein. Small
stringers and finely disseminated pyrite accompany the
quartz in smne places, but the two zones are not necessarily coextensive. Sericite is found within and beyond
the limits of silicification, and the bulk of the sericite
is within 3 or 4 feet of a vein. In the zones of most intense sericitization the microcline has remained unattacked although plagioclase has been completely
'
...
altered. Carbonatization is coextensive with seriCitization outside the zone of quartz.
Silicification is more prominent in tl).e wall rock of
some tungsten veins than along the tell uri de veins ;.
locally 80 percent of the immediate wall rock consists of
introduced quartz, but in few places does this quartz
extend into the wall for more than 1 or 2 feet. The
sericitic alteration zone is similar to that along thetelluride veins but is largely outside the zone of silicification.
The strongest veins in the· district trend between due
west and N. 70° vV. and include the Graphic, Beggar,
Senator Hill, Keystone-Mountain Lion, and KekiongaMagnolia. The Interocean and American Eagle veins
are short important cross veins with a northeasterly
tre:q.d. The distribution of the veins is indicated on
plate 22.
l\1ost of the gold-telluride veins strike west or northwest. Northeastward-trending telluride veins are not
common and are commercially unimportant, but most
of the tungsten veins trend east or east-northeast and
dip steeply north or south. Many veins are only a few
hundred feet long, andonly a few persist for~ thousand
feet along the strike, but the longest vein in the distr~ct,
the Kekionga, has been traced for 6,000 feet. The premineral faults in which the veins formed had a strong
horizontal component of movement,. and through~mt the
district the right-hand walls moved ahead. With the
exception of a little gold-telluride and ferberite ore in
the Copeland fault, 21j2 miles south of JY!agnolia, the ore
deposits all lie in a zone about a mil~ and a half long
and half a mile wide, which extends northeastward
f,hrough the town of Magnolia, beginning little west
of the Livingston breccia reef southwest of town and
ending at another breccia reef half a mpe northeast of
town. This reef is probably an offshoot of the Hoosier
br:eccia reef, which lies a mile and a half east of Mag'
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nolia. The ore zone trends nearly at right angles to
t.he strike of its component veins. It is probable that
the veins reflect the presence of a deep underlying north-·
easterly cross channel, but if such a fissure is present it is
quite probable that it lies below the zone of ore deposition. ·
The greatest proved vertical range of gold ore in u
single shoot is about 400 feet, but the gold ores of the
veins of the Acme mine lie at an altitude of approximately 6,200 feet, and similar ore has been fgund in the
Kekionga vein at an altitude of about 7,800 ·feet-avertical range of 1,600 feet. Tungsten ore has been mined
in the Dove vein at an altitude of 6,400 feet and' in the
Kekionga vein at about 7,650 feet, a vertical range of
abot~t 1,250 feet, although ferberite has not been found
to persist in a single ore shoot for as much as 100 feet
vertically.
Oxidation effects extend locally to a depth of at least
200 feet but in most places are not well developed below
50 feet. In the upper part of the oxidized zone much
rusty gold was found. This gold was invariably very
fine grained and in part not visible to the naked eye.·
It 'vas probably formed by the leaching of tellurium
and silver and the residual concentration of gold close
to the outcrop. No change in the primary 1ninerals with
depth has been noted in the district, but the workings
have all been relatively shallow.
Although most of the persistent veins have comparatively steep dips, 1nany of the smaller fractures that
contain rich pockets have dips of only 30° or less. The
best ore bodies have been found close to intersections
'vith cross veins or at the junction of two veins converging at small angles. Both the gold and· ferberite
are localized in shoots and pockets that show a marked
lack of persistence. Many of these shoots have no visible limit, and the ore can be blocked out only by careful
s:tmpling. Ore deposition was most common at the
intersections of fissures, especially where the junctions
al'e not marked by much gouge. The ore shoots in the
Acme-Audophone, Ben C. Lowell, and Poorman veins
a~re localized at the junctions of fissures. Ore shoots
in the Kekionga and Keystone mines are in part related
to branch fissures but are largely controlled by the presence of open parts of the vein due to premineral movement of the walls. An ore shoot in the Ben C. Lowell
vein lies just under the diabase Iron dike, which apparently acted as a guide to solutions rising in the vein.
The largest individual ore shoot in the district is in the
Keystone vein. This shoot is reported to be 500 feet in
pitch length, 150 feet in stope length, and as much as 20
feet wide. It pitches 55 o SE. Most of the· ore shoots
are less than 250 feet in pitch length and less than 3
feet in width, and a great many range from 20 to 60 feet
in pitch length, 10 to 30 feet in stope length, and are less

than a foot in width. The general ratio of pitch length
to breadth varies from 3 : 2 to 4 : 1. Nearly all the shoots
are lenticular and pitch about 55 o SE. The tungsten deposits are generally much smaller than the telluride ore
shoots. J\1ost of the ferberite mined has come from
pockets less than 40 feet in pitch length, 15 to 20 feet
in stope length, and no more than 5 feet in width.
FORTUNE MINE

The Fortune mine is a quarter of a mile N. 35° E. of
the Magnolia school house, at an altitude of approximately 7,400 feet. Much of the stoping was done in
the eighties immediately after discovery of the orebearing vein, but a few hundred tons of ore containing
a quarter of an ounce to 11j2 ounces of gold to the ton
were mined between 1932 and 1936. The mine is opened
by a shaft, from which levels have been turned at depths
of 66, 130, and 180 feet. The vein follows a fissure zone
in granite along the contact of a narrow chloritized
hornblende syenite dike striking about N. 50° vV. and
dipping 50° NE. (See fig. 71.)' The average width of
the vein is about 12 inches, and the syenite dike that
forms its footwall is 8 to 18 inches thick. A few feet
southeast of the shaft on the 130-foot level the vein is
displaced approximately 12 feet by the Elephant shear
zone, which is here 3 to 18 inches wide and is gougy and
barren. The intersection of this shear zone and the
vein pitches southeastward at a low angle and is probably the controlling factor in localizing the ore shoots.
The principal gold-bearing mineral is sylvanite, which
nonnally occurs in small quartz-lined vugs and is invariably accompanied by pyrite. Small amounts of free
gold have been found on all the levels, and rusty gold
is reported to be present to a depth of 140 feet.
GRAPHIC MINE

The eastern part of the Graphic vein trends N. 65° W.,
and west of the Graphic shaft it strikes N. 80° W. It
dips steeply south everywhere. It is commonly 1 to 3
'feet wide and locally contains pockets of silicified material reported to assay from 174 to 5 ounces of gold to the
ton. According to George,47 ore from the Graphic mine
cont.ained ferberite that was distinctly later than sylvanite and quartz; it formed ,a drusy crust on porous
quartz that contained disseminated sylvanite well below
the surface.
POORMAN MINE

The Poorman vein is a short distance south of the
Graphic mine and about four-tenths of a mile N. so E.
of the Magnolia school. It supplied some high-grade
ore in the seventies. 48
47 George, R. D., The main tungsten area of Boulder County : First
Rept. Colorado Geol. Survey, p. 76, 1909.
48 Bradford and Myers,
Mining notes from the Magnolia district,
Colo. : Eng. and Min. J'our., vol. 23 pp. 188-189, 1877.
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EXPLANATION
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Wilkerson 49 estimates the value of its total output
to be in excess of $200,000 (approximately 10,000 ounces
of gold). It has been worked intermittently since its
discovery in 1876. The ·tenor of the ore sent to the
Boulder Sampling Works from 1904 to 1933 commonly
ranged between 1.5 and 5 ounces of gold and 0.1 to 4
ounces of silver to the ton, but small lots of exceptional
ore contained several hundred ounces of gold to. the ton.
The total gross weight of these shipments was 737 tons,
from which 2,174 ounces o~ gold were recovered; thus
the tenor of the ore was 2.95 ounces of gold to the ton.
The mine is opened by a shaft and two adits at altitudes of 7,050 and 7,252 feet. The strike of the Poorman
fissure zone ranges from west toN. 35° W. but averages
N. 45° W. The dip is 75° to 80° S. In most places the
vein is 1 to 4 inches wide but lo·cally attains a width of
3 feet. It is gougy and poorly mineralized throughout
much of its length. The Pensacola vein strikes N. 25°
E., dips 70° S., and cuts the Poorman vein about 80
feet southeast of the Hallett shaft. Most of the ore
taken from the mine has come from the Poorman vein
close to its intersection with the Pensacola, but some
ore has been stoped in the Pensacola itself, just northeast of its intersection with the Poorman. In the upper
levels most of the ore has been found east of the Pensacola vein, but in the winze sunk from the lower adit, 90
feet deep, nearly all the ore has come from northwest
of the intersection with the Pensacola. The high-grade
ore is said to be 1 to 4 inches wide and to' have yielded
30 to 250 ounces of gold to the ton. The vein on either
side of the high-grade streak is mineralized through a
width of 1 to 3 feet.
SENATOR HILL AND OPHIR VEINS

At Magnolia the Senator Hill vein strikes about N.
75° W., and is joined by the Ophir vein, which strikea
N. 87° E. In each of these veins the ore ranges from 2
to 20 inches in width and occurs in lenses separated by
barren segments of the vein. According to the Colorado
Mining Directory of 1883,50 the output of the Senator
Hill and Ophir veins, in which the ore occurred in rich
pockets, was valued at $75,000 prior to August 1882...
This mine has been one of the most productive in Magnolia and is credited by Wilkerson with an output valued
at more than $250,000 in gold.
The mine is opened by two shafts, the Ophir and the
Senator Hill, from which three levels are turned at
depths of 40, 80, and 140 feet. The property includes
four veins, the Senator Hill, Ophir, Half Circle, and
Fortune. The Ophir vein strikes N. 87° E., and dips
70° N. and is about 8 inches wide. The Senator Hill
49 Wilkerson, A S., Geology and ore deposits of the Magnolia mining
district, Boulder County, Colo. Thesis, University of Michigan, p.
170, 1937.
5° Corregan, R. D., and Lingane, D. F., Colorado Mining Directory
for 1883, Denver, Colorado Mining Directory Co.

862135-50-17

vein, which is probably the eastern extension of the
Elephant vein of the Fortune mine, strikes N. 75° W.
and dips 80° N. The Fortune vein strikes N. 42° W.
and dips 60° N., and is about 2 feet wide. The Half
Circle vein strikes N. 70° W. in the vicinity of the Senator Hill shaft and swings toN. 40° W. about 125 feet
west of the shaft;. it dips 60° N. Both the Ophir and
the Senator Hill shafts are on the Ophir vein, and the
Fortune vein intersects the Ophir a short distance east of
the Ophir shaft. The Senator Hill vein, the Half Circle
vein, and the Ophir vein all joint at the Senator Hill
shaft, and the most impo.rtant ore shoot is reported to
have been at this intersection. Another ore shoot was
localized at the intersection of the Ophir and Fortune
veins.
AMERICAN EAGLE-INTEROCEAN VEIN

The American Eagle and Interocean claims are probably on the same northeastward-trending cross vein just
east of Magnolia. In the American Eagle claim the
vein trends N. 50°-65° E., but just south of the Interocean it bends northward and strikes N. 15° E. According to Bradford and Myers 51 the vein in this claim has
a pay streak 14 inches wide, shown by mill runs to have
a value of $80 to $160 to the ton in 1877. According to
Burcha~d,52 a shipment of 2,865 pounds had a value of
$507.40.
.
LADY FRANKLIN MINE

The Lady Franklln mine is just south of the main
Magnolia highway near the place where the 7,200-foot
contour crosses the road. The Lady Franklin vein was
found in 1875 and was developed intermittently during
the next two decades. According to Wilkerson 53 the
value of the mine's output between 1896 and 1901 was
about $51,000, and the entire output probably amounts
to about 8,000 ounces of gold.
The mine is opened by an inclined shaft with levels
at depths of 80, 140, and 200 feet, with a total footage of
approximately 850 feet. The vein trends northwestward and in general dips about 70° NE., but its strike
ranges from N. 45° W. toN. 80° W. and its dip from
55°-80° NE. (fig. 72). Striations on the walls pitching
58° NE. indicate that the left-hand wall moved ahead.
The telluride seams have widths ranging frmn a small
fraction of an inch to slightly more than 1 inch and are
found in a fissured zone about 2 feet wide. The ore
shoot seems to dip eastward at an angle of about 50° and
is apparently related to changes in the dip of the fissure
zone and to changes in the direction of foliation in the
gneissic granite walls (fig. 72). The shoot has a pitch
length of at least 200 feet with an average stope length
of about 120 fe~t and locally attains a width of 10 feet.
Bradford an:d1\:1yers, op. cit., p. 189.
Burchard, H. C., Report of the Director of the Mint for 18R2.
p. 329.
53 Wilkerson, A. S., ·op; cit.; p. 151.
&l
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It is reported that commercial pri1nary ore appears at a
depth. of 100 feet beneath the surface where the dip of
the fissure zone steepens.
Studies of polished sections indicate that sylvanite is
the d9minant telluride and that it is replaced by a small
amount of calaverite, hessite, petzite, and coloradoite.
A little free gold is present, and rusty gold is found to a
depth of about 80 feet.
MOUNTAIN LION-KEYSTONE VEIN

Two of the best-known 1nines in the district, the
Mountain Lion and the Keystone, are on the same vein.
The Keystone shaft is on the south slope of Magnolia
Hill, about 2,000 feet east-southeast of the Magnolia
school, at an altitude of 7,160 feet, and the Mountain
Lion shaft is about a quarter of a mile north-northeast
of the school, at an altitude of about 7,300 feet. It is
reported that several shallow levels were turned from
the Keystone shaft in the early days of mining in the
district, but at the present time the chief levels are at
depths of 150, 200, 260, 300, 400, and 450 feet. Although
the general course of the vein is northwesterly, its
course changes from N. 50° ,V. toN. 70° W. on the 150foot level and from N. 32° W. toN. 60° W. on the 260foot level-the levels rna pped by Wilkerson.
In 1876, according to Raymond,54 rich ore had been
found as deep as the bottom of the shaft, which at that
time was at a depth of 75 feet. The high-grade ore was
confined to a seam 2 to 7 inches wide, the tenor of which,
as indicated by a 1nill run, was about $600 to the ton.
In 1876 the average value of the ore shipped was estin1ated to be about $700 to the ton. According to Fossett,55 the Keystone mine had yielded $45,000 up to the
end of August 1876. In 1877, according to Bradford
and Myers,56 the Keystone shaft was at a depth of 210
feet, the total width of the vein was 3 to 8 feet, and the
mine was yielding 8 to 10 tons of ore a day. According
to Burcharcl,57 the mine was reported to have yielded
$250,000 through the year 1882, and the width of the
pay ore had com1nonly ranged from half an inch to 6
inches. The Mountain Lion mine had a shaft 178 feet
deep in 1877. The total width of the vein ranged from
10 to 36 inches, and the width of the high-grade ore
averaged about 12 inches and assayed $600 to $2,200 per
ton. The average value of several shipments was approximately $1,200 per ton. The second-class ore
shipped to the mills in 1877 yielded approximately $200
per ton. Monroe and Wolff credit the property with
an output valued at $500,000 prior to 1905; since that
time the output has been relatively small.
54 Raymond, R. W., Mines and mining west of the Rocky Mountains :
U. S. Treasury Dept., 8th Ann. Rept., pp. 311-312, 1876.
55 Fossett, F., Colorado-Gold and silver mining region, p. 405, Denver
Daily Tribune Printing House, 1876.
56
Bradford and Myers, op. cit., p. 188.
57 Burchard, H. C., op. cit., p. 339.

In n1ost places the dip of the fissure zone ranges from
45° to 50° N. but locally dec1·eases to 30°; it is reported
that the disappearance of ore at the 400-foot level coincided with a decrease of the clip to 30°. Several sn1all
branch fractures join the vein at small angles but do not
persist from one level to the next. The ore seams range
from a sixteenth of an inch to 2 inches in width, and
at places the tellurides are frozen to the wall. The Keystone ore shoot pitches southeastward at an angle of
about 55° and has a pitch length of 450 to 500 feet, a
depth of 150 feet, and a maximum width of nearly 20
feet. The ore shoots coincide with the intersection of
branch fissures with steeper parts of the vein, which
occupies a premineral normal fault.
According to miners working in the Mountain Lion
mine the shaft has levels turned at depths of 80, 147,
230, 300, and 350 feet. The only level accessible to
Wilkerson in 1937 was the 230-foot level, as the "upper
ones had caved and those below were under water. The
ore shoot is reported to pitch steeply to the east. The
main fissure zone is 6 inches to 1% feet wide. It trends
N. 50° W. southeast of the shaft and about N. 18° W.
northwest of the shaft and dips 40° to 60° N. Striations
on the walls indicate that the ore occupies a premineral
normal fault, the hanging wall of which moved almost
straight down the dip.
The vein continues west from the Keystone property
through the Mountain Lion property into the Ward H.
La1non mine to the northwest and is one of the most persistent in the district. It has been traced nearly 4,000
feet southeast of its junction with the diabase Iron dike
near the Livingston breccia reef.
Nearly every mineral reported in the district is represented in the Mountain Lion-Keystone vein. The two
1nines are particularly well known for the unusual oxidation products of the many telluride minerals and for
the unusual masses of crystalline native tellurium. To
a minor extent telluride minerals occur intergrown with
quartz, roscolite, and pyrite, but the richest ore minerals,
such as calaverite, occur chiefly in thin seams distinctly
later than the quartz. The relation of the molybdenite
pockets in the Mountain Lion mine to the telluride mineralization is not known.
KEKIONGA-MAGNOLIA VEIN

The first vein discovered in the district has been
extensively worked in the Magnolia and Kekionga
mines. The Magnolia mine is about half a mile southwest of Magnolia, at an altitude of about 7,500 feet.
West of the Magnolia claim the vein trends nearly due
east, but within the Magnolia claim its swings slightly
to the southeast. As it is followed farther to the east it
swings from S. 70° E. near the eastern end lines of the
claim to S. 45° E. as it is followed southeast into the
Sherry claim. It is the most persistent vein in the dis-
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trict and has been traced for more than a mile along the
surface. It was discovered by Fuller, Stewart, and Wilson in 1875 and has been responsible for much of the output of the district. Like the l(eystone-Mountain Lion
vein, it is well known for the unusual variety of tellurides and their oxidation products. As early as 1877 68
the Magnolia mine was noted for the rich narrow highgrade streaks commonly less than 1¥2 inches wide that
assayed from $18,000 to $60,000 per ton in places but
averaged about $200 per ton. The shipping and milling
ore in the vein ranged from 8 to 36 inches in width and
averaged between 3 and 4 ounces of gold to the ton.
According to Wilkerson, the tenor of the ore between
1881 and 1892, as shown by shipments to the Boulder
Sampling Works, ranged between 2 and 12 ounces of
gold and 1 and 6 ounces of silver and averaged 4lj2
ounces of gold and 2 ounces of silver to the ton. In recent years, the ore shipped has averaged a little less than
half an ounce of gold to the ton. As shown in figure
73, the mine is opened by an inclined shaft, from which
levels have been turned at SO, 135, 185, 270, and 400
feet.
In theKekionga claim the vein dips about 80" N. According to Mr. Snider, who worked as lessee in the Kekionga mine for many years, the high-grade ore
occurred in lenticular masses from the surface to the
deepest levels. The width of the lenticular masses was
commonly 1 to 8 inches, and some of them were followed vertically for as much as 100 feet. Few of them
exceeded 30 feet in strike length, however. The ore
mined by Mr. Snider averaged about 3 ounces of gold to
the ton.
Vanadium is associated with the ore, and in 1910
some ore was shipped for its vanadium content. Although the mineral containing the vanadium was not
definitely ascertained, it was probably roscoelite. According to Wood,59 some of the ore contained as much
as 6.28 percent of vanadium oxide, and a moderate tonnage a.veraging 2 percent of vanadium oxide was blocked
out. The ore with a marked vanadium content extended for a distance of 1,500 feet along the surface and
to a depth of 400 feet. The average of a large number
of tests, including a sample taken from a carload of 20
tons, was 4.3 percent of vanadium oxide.
The ore of the Kekionga and Magnolia mines is also
unusual because of the presence of ferberite. Specimens of ore from the Kekionga claim given to the
writers consisted of brecciated medium-grained granite
cemented and seamed by fine-grained quartz, much of
which was vuggy. Calaverite and sylvanite are in large
part contemporaneous with the quartz, but veins of

fine-grained ferberite are distinctly later and cut both
the tellurides and the quartz seams. (See fig. 74, A, B.)
Ferberite was also observed encrusting sylvanite and
quartz crystals in vugs.
In most places the l{ekionga vein zone is about 2 feet
wide, and where it contains ore the telluride seams range
in width from a Inere film frozen to the wall to rich
masses 3 inches wide. The chief 1nineral is sylvanite.
It is found in small blades in horn quartz, accompanied
by pyrite and some sphalerite. With the sylvanite there
is generally a small a1nount of hessite, petzite, and
calaverite. Nearly all the tungsten ore is found in a
shear zone that joins the Kekionga vein near the west
end of the 185~ foot level (fig. 73). It is reported to
average 2 percent of W03 and 0.04 ounce of gold to the
ton. The Kekionga vein in the same stope averages
about 0.25 ounce of gold to the ton.
Slickensides on the footwall of the vein near the east
end of the tungsten stope pitch 14° SE., and apparently
the left-hand wall n1oved ahead.
Although the shoots of high-grade ore are lenticular,
narrow, and nearly vertical, much of the lower-grade
rock between them was also removed ; the resulting stope
as shown in the longitudinal section of figure 73, suggests an ore shoot that had a general pitch of about 40°
E. This shoot as exposed in the upper levels had a
pitch length of 1nore than 315 feet, and if, as reported,
it extended to the lower level, it may have been as 1nuch
as 500 feet long. Its breadth was more than 250 feet
and its maximum thickness about 8 feet. The stope
from which the tungsten was removed is about 75 feet
long, 15 feet wide, and 20 feet high.
The value of the total production of the Kekionga is
probably more than $500,000.

Bradford and Myers, op. cit., p. 188.
Wood, J". R., Rare metals in Boulder County: Mining Set., vol.
62, p. 11, 1910; New vanadium fields: Mining Sci., vol. 65, pp. 74-75,
1912.

60 Crawford, R. D., Geology and petrography of the Sugar Loaf district; Colorado Univ. Studies. vol. 6, no. 2. 1909.
61 Worcester, P. G., The Geology of the Ward region, Boulder Co.,
Colo.: Colorado Geol. Survey Bull. 21, 1920.
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GOLD HIL.L DISTRICT

The Gold Hill n1ining district comprises about 12
square miles in the central part of Boulder County,
3 to 8 miles northwest of Boulder and 30 miles northwest
of Denver. The district includes several small mining
camps or settlements, the largest of which is Gold Hill.
Others comprising only a few houses each, are Rowena
and Glendale on Lefthand Creek, Sunshine in the eastern part of the district, and W allstreet, Salina, and
Crisman on Fourmile Creek. The district ranges from
5,900 to 8,400 feet in altitude and is well watered by
Fourmile Creek, Lefthand Creek, and their tributaries.
The geology of the area was 1napped in 1906 and 1907
by Ora wford,60 and his map was incorpor_ated in W orcester's report 61 on theW ard region, but no detailed work
was done on the ore deposits or on the structural fea-
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tures. In the fall of 1931, Lovering,62 assisted by L. B.
Graff and Bert Stegeman, traced the system of strong
northwesterly faults known as breccia reefs through
the Gold Hill region. During the summers of 1934 and
1935 the writers visited several of the more important
mines of the district and rna pped some of them in
detail. In the summer of 1937 an excellent topographic
map of the district was prepared by S. G. Lunde of the
Topographic Branch of the Geological Survey. Using
this map as a base, Goddard, 63 assisted by Stanley
Jerome and L. A. Warner, mapped the geology in detail
and studied the ore deposits during the field seasons of
1937, 1938, and 1939.

100 square miles of the east slope of the Front Range

( pls. 2 and 4) . At the northern edge and in the western
part of the district schists of the Idaho Springs formation wrap around this stock and interfinger with the
granite. Two to three miles east of the district, ·the
Pennsylvanian "red beds" of the Fountain formation lie
unconformably on the granite and dip about 35° E. The
pre-Cambrian rocks were invaded during the Laramide
revolution by a series of porphyry dikes, which range in
composition from diabase to alaskite.
Pre-Cambrian rocks.-The rocks of the Idaho
Springs formation include biotite and quartz-biotite
schist and small amounts of injection gneiss. In the
western and northwestern parts of the district, the
HISTORY AND OUTPUT 6 4
foliation ranges in strike from N. 15° W. to N. 50°· E.
Placer gold was discovered near the present site of
and dips 50°-85°· NW. Along the north border of the
Gold Hill in January 1859, and during the following
granite the foliation of the schist swings more toward
summer some of the veins were located. Between 3,000
the east, striking N. 50°-'TI)O. E. and dipping about 60°and 5,000 people flocked to the district during the first
800 SE. This structure has been influenced both by the
few seasons. After 1860 mining in the district rapidly .
Boulder Creek granite and by a stock of Silver Plume
declined but suddenly became active again in 1872, when
granite to the north.
gold-telluride ore was discovered at the Red Cloud mine
The Boulder Creek granite ranges from a very coarse
and very rich ore was mined on many properties. Mingrained mottled pink and black biotite granite near
ing was further stimulated in 1898 by the completion
of a railroad from Boulder to Ward, which lay 3 miles Big Horn Mountain east of Gold Hill to a mediumgrained quartz monzonite gneiss at the borders of the
west of Gold Hill.
stock. The platy and linear structures throughout this
During the early part of the twentieth century there
stock seem to indicate that the magma came up from
was a gradual decline in activity in the district, lasting
the vicinity of Big Horn Mountain just east of Gold
until the fall of 1933, when the sudden rise in the price
Hill and spread out fan shape to the south. An extenof gold caused a great increase in activity. During 1934
the Slide, Ingram, Klondike, Interocean, Emancipation, sive dike of Silver Plume granite with gentle easterly
Wood Mountain, Poorman, Grand Republic, and many dip cuts the Boulder Creek granite on the east side of
other mines were reopened and actively worked. As n, Big Horn Mountain, and dikes and lenses of pegmatite
and aplite are ab:undant throughout the Boulder Creek
result, the value of the gross production of the district
granite
and the schist. Most of the dikes trend northjumped from $79,368 in 1933 to $450,995 in 1934 and
eastward
parallel to the platy structure of the granite,
to $816,929 in 1939.65 This activity continued untill.942,
but
some
cut across it in various directions.
when nearly all gold mining ceased because of World
Laramide
igneous rocks.-The earliest of the intruWar II.
sives
formed
during the Laramide revolution is a diaFew figures are available on the output in the early
base
dike
of
group
2 (pl. 7 and fig. 12) called the Iron
days, but from 1904 to 1944 the Gold Hill district (indike.
This
dike
extends
N. 30° W. brokenly for nearly
cluding the Sugarloaf district) produced 706,293 tons
30
miles
from
Magnolia
to
Estes Park and passes about
of crude ore having a value of $8,498,233.66 The total
half
a
mile
west
of
Gold
Hill.
It is 20 to 60 feet wide,
value of the output is estimated to be between $12,000,and
in
many
places
its
outcrops
form small but promi000 and $14,000,000.
nent ridges.
GENERAL GEOLOGY
Intermediate quartz monzonite porphyry of group 5,
The Gold Hill district is in the northern part of the which Crawford 67 described as a dacite, forms an exbatholith of Boulder Creek granite that underlies about tensive system of northwestward-trending dikes in the
southeastern part of the district and occurs as sills in
Lovering, T. S., Relations of ore deposits to geologic structure in
Boulder County, Colo. : Colorado Sci. Soc. Proc., vol. 13, no. 3, pp.
the sedimentary rocks near Boulder. Irregular dikes
77-88, 1932.
of alaskite of group 7 occur in a zone trending N. 75° W.
63
Goddard, E. N., Preliminary report on the Gold Hill mining district,
Boulder County, Colo. : Colorado Sci. Soc. Proc., vol. 14, no. 4, pp.
through the central part of the district ; one of these
103-139, 1940.
dikes cuts the Iron dike just west of Gold Hill. On
Fosset, F., Colorado-Gold and silver mining region, Denver Daily
Tribune Printing House, 1876. Montgomery, M. G., A Story of Gold
the south side of Fourmile Creek, near W :;tllstreet, a
Hill, Colo., privately published, May 1930.
65
group
of latite dikes trends N. 80° E., and one of them
Data furnished by C. W. Henderson, U. S. Bureau of Mines, Denver,
62

64

Colo.
00 Idem.
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Crawford, R. D., op. cit., pp. 97-131, 1909.
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cuts the Iron dike. The lithologic character o:f this
latite seems to indicate that it belongs in group 8.
Bostonite o:f group 9, called trachyte by Crawford,
occurs in a number of dikes in the northern part of the
district. These dikes range in strike :from N. 10° E. to
nearly due east. Andesite probably belonging in group
10 forms a strong dike that extends northeastward
:from Sugarloa:f Mountain and cuts the Iron dike near
Fourmile Creek. Small dikes of biotite monzonite of
group 10 and o:f biotite latite intrusion breccia of group
11 are exposed in the Logan and Yellow Pine mines
in the southwestern part of the district and are scattered
in the northwestern part of the district.
All the porphyry dikes dip steeply and with the exception of the Iron dike range :from a few :feet to 30 feet
in width. Seams of intrusion breccia are only a few
inches wide. Few dikes can be traced continuously· for
more than a mile, and many are short segments of groups
that extend for 1lf2 to 2 miles.
STRUCTURE

The pre-Cambrian structure of the district IS described briefly on page 236. The most outstanding
structural f~atures formed during the Laramide revolution are the strong northwesterly faults kno.wn as
breccia reefs (pl. 2). Although these faults occur
throughout the northern part of the Front Range, they
are best developed in the Gold Hill district. The recognition by the Gold Hill miners of a relation between
them and the ore deposits led to geologic studies that
seem to establish them as one of the most important factors in regional localization of ore. The more persistent
of these faults form a nearly vertical system trending N.
25°-50° W. Faults o:f a less persistent system trend N.
60°-85° w., dip gently to steeply, and break across between :faults of the more northward-trending system.
The brecc.ia reefs are commo11ly marked by silicified
sheared or brecciated roek, which is pink, red, or purple.
The color is due to finely disseminated hematite. In
places there are large veins of bull quartz 5 to 25 feet
wide, and in other places the faults consist of narrow
zones of stro·ngly sheared rock or wide zones of slightly
sheared rock.
In the eastern part of the district the Maxwell reef
trends about N. 28° W. through Orodel and Glendale
and clips steeply to the east. It is 50 to 150 feet wide
and is characterized by reddish -colored sheared and
more or less silicified granite and gneiss. The Hoosier
reef trends N. 35° W. through the central part of the
district, extending across Arkansas Mountain and just
east of Gold Hill, where it dips 80°-88° W. It is 5 to
50 feet 'vide and in many places is made up of bull quartz,
which forms wall-like outcrops. In the southwestern
part of the district the Livingston reef trends about
N. 45° W., lying just west of Wheelman on Botdcler
Creek and just east of Sugarloaf Mountain. It is a shear
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zone much like the Maxwell, but o:f less width and extent.
The Blue "vein," a relatively small breccia ree:f in the
north-central part o:f the district, strikes N. 70°-75° W.
and dips 80° N. It is 3 to 5 feet wide and is made up
of sheared and silicified granite containing some quartz.
The Poorman reef strikes N. 85° W., dips 58° to 90° N.,
and breaks across from the Maxwell to the Hoosier reef
in the southeastern part of the district. It is 10 to 20
feet wide and consists of sheared and strongly silicified granite, which stands up in prominent wall-like
outcrops. The Fortune ree:f trends N. 70° W. across
the central part of the district from the Maxwell to the
Hoosier reef, dips 30° N., and forms a shear zone 3 to
15 feet wide.
In general the displacement along the northwesterly
reefs has been large, ranging from 50 feet on the Hoosier
reef to more than 600 feet on the Maxwell reef, but it
may have been less along the more westerly reefs. In
most places the southwest wall has moved down and
to the southeast at an angle of 50° or less.
In some of the mines strong gouge-filled fault fissures
1 to 5 feet wide are exposed, which strike northwest
and dip 20°-50° NE. These faults, called flat veins
by the miners, are apparently earlier than the vein
fissures, though they have been reopened several times;
they also may have originated during the breccia-reef
period of faulting. Though barren for the most part;
they seem to have had a very important influence on
the distribution of ore in some of the veins. They
apparently were too tight and gougy to allow the free
circulation of ore solutions and acted as dams or ba:fHes
to cause deposition of ore in vein fissures just below or
above their intersection. This group includes the Flat
and Mud veins of the Yell ow Pine and Logan mines and
the Flat vein in the Poorman mine.
The fissures occupied by the porphyry dikes, which
were intruded after the formation of the breccia reefs,
are irregular but seem to belong to two general systems. In the western and southern parts of the district
they have a general trend of N. 70° E. and in the eastern
part of the district a general trend o:f N. 60° E.
Most of the fissures occupied by the ore deposits strike
N. 30°-45° E. and dip steeply. In the northen1 part
of the district some strike about N. 60° E. and clip
steeply northwest, and a few, notably the Poorman and
Gladstone veins of the Poorman group in the southeastern part of the district and the Zopher vein of the
W oocl Mountain group in the southwestern part, strike
nearly east and clip 50°-85° N. The productive veins
filling these fissures are chiefly limited to the vicinity
of the breccia reefs, but many low-grade veins and barren fissures are scattered in other parts of the district.
The displacement on the vein fissures has not been
large, in most places ranging from 2 to 10 feet, but in a
few places is as much as 20 feet. On some of these
fissures there have been three or more periods of move-
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ment. On most of the fissures trending N. 30°-45° E.,
the southeast wall moved southwestward and downward
at low angles. On those trending N. 60° E., the early
movement was the same, but commonly in a second
period of movement the north west wall moved downward and to the southwest. Along the fissures of
easterly trend, where the direction of movement could
be determined, the south wall moved westward almost
horizon tally.
ORE DEPOSITS

VEINS

Gold is the chief metal mined in the Gold Hill district, although in most veins ~minor mnounts of silver are
associated with the gold. In a few of the mines silver
has been the chief product, and some lead and copper
have also been produced. Moderate an1ounts of tungsten ore have been taken from the Logan gold mine in
the southwestern part of the district. A pre-Cambrian
deposit of nickel ore containing cobalt has been opened
near Gold Hill but has had only a small production.
This deposit is described in the chapter on pre-Cambrian ore deposits, page 70.
All the ore shipped from the Gold Hill district has
come frmn fissure veins. Most of the veins are of the
gold-telluride type, but there are son1e important pyritic
gold veins and a few important silver-lead veins. The
silver-lead veins appear to be the oldest; those of the
Yellow Pine 1nine, which have been the most productive
in the district, may even be related to the breccia reef
period. Some of the pyritic gold veins, particularly
those of the northern part of the district, are later than
the telluride veins, but some may be earlier, as are those
in the Jamestown district. The tungsten ore in the
Logan mine is thought to be the latest of all the ores.
Gold tellurides are by far the most important ore
minerals in the district. Petzite, sylvanite, and calaverite or krennerite are the most abundant, but small
amounts of hessite and altaite are common. In most of
the telluride ores, two or more of the telluride minerals
are so finely intergrown that they cannot be distinguished by the naked eye. The tellurides occur in
groups of small bla(les, in small irregular masses, or in
tiny veinlets in horn quartz associated with finely disseminated pyrite. Very small amounts of galena and
sphalerite are found with the tellurides in places. In
many of the veins free gold is a valuable constituent of
the ore. Rusty gold is common in the oxidized parts of
the telluride veins, and in several rich primary deposits
free gold is found either associated with the tellurides
or in separate seams. The Logan mine is well known
for its rich free-gold ore, and free gold has been found
associated with tellurides in the Slide, Cold Spring, and
Red Cloud mines.
In the pyritic gold veins, pyrite and chalcopyrite are
the chief ore minerals, but galena, sphalerite, and gray

copper are common and locally are abundant enough to
:form silver-lead ore. The gold appears to be most
closely associated with the chalcopyrite, though in
places fine-grained pyrite contains a very appreciable
quantity of gold. In some of the pyritic gold veins rich
pockets of free gold have been found.
In the lead-silver veins, the chief ore minerals are
argentiferous galena and gray copper, and in places
they are accompanied by some pyrite, chalcopyrite, and
sphalerite. Ferberite is the only ore mineral in the
tungsten ore and is associated with small amounts of
fine-grained pyrite.
The chief gangue mineral throughout the district is
quartz. In the lead-silver veins it is sugary to glassy;
in the pyritic gold and telluride veins it is sugary to very
fine grained (the horn quartz of the miners) but is rarely
glassy; and in the tungsten ore it is of the very fine
grained horn variety. In places the quartz gangue takes
the form of silicified wall rock. Ankerite of variable
emnposition is eommon in 1nany of the pyritic gold and
telluride veins and appears to be the latest minera]
present.
The veins in the district are in general not as persistent as those in the central and southwestern parts
of the mineral belt. Only a few ean be traced as much
as a mile along the strike, and most are less than 2,500
feet long. Many have been followed to depths of 300
and 600 feet, and a vein mined through the Slide shaft
has been followed to a depth of 1,080 feet. In most
mines the depth of mining has been determined not by
the pinching out of the veins but commonly by water
problems and other operative difficulties that have made
exploration unprofitable. The veins range from a few
inches to 5 feet in thickness for the most part, but at
junctions they locally widen to as much as 15 feet. The
ore minerals are not uniformly distributed but are
likely to be limited to narrow irregular stringers of
quartz scattered throughout the entire width of the vein.
In mining the telluride veins it is common practice to
sort out these high-grade stringers from the rest of the
vein material, which is relatively barren. Almost all the
important veins of the district are in the immediate
vicinity of the breccia reefs (pl. 23). Some have broken
to or nearly to the reefs and others cut through them.
Ninety percent of the productive veins lie between the
Hoosier and Maxwell breccia reefs. Many productive
veins border the northeast side of the Hoosier reef and
the southwest side of the Maxwell reef, and there are
several along the Fortune reef, the Blue "vein," and the
Poorman reef. In the southern part of the district the
Logan, Yellow Pine, and Grand Republic veins crop out
on the southwest side of the Hoosier reef. The Wood
Mountain group is exeeptional, lying more than half a
mile southwest of the Hoosier, the nearest breccia reef.
In general the veins cut across the gneissic structure of
the Boulder Creek granite at acute angles.
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PLATE 23

LIST OF MINES

105°25'
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1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.

p 0 0 rrn an

EXPLANATION

Productive areas
on vein
0

Vein

Breccia reef
fault
1 MlLE

43.
44.
45.
46.
47.
48.
49.
50.

New Discovery
Pruss ian
Twin
Klondike
Slide
Helena
Cold Spring and
Red Cloud
Alturas
Gold Ring
Alamakee
Times
Winona
White Cloud
Horsefal
Columbus
Who Do
Bellvue
Cash group
Mack
St. Joe
Ready Cash
Black Cloud
Atlanta
Big Horn
King
First National Bank
Morning Glory
Myrtle
Tammany
Evans
Dana
Grant
Goldsmith Maid
Victoria
Scotia
Valley Forge
Belle
Golden Eagle
Fairfax
Minneapolis
Richmond
Ingram
Three Brothers
Melvina
Critic and Railroad Boy
Baron
Sunshine
Atchison
Sussex
Snowbound

51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.

Belle of Memphis
Delaware group
St.Louis
Washington Irving
Cleveland
Tillie Butzel
Sun and Moon
Hidden Treasure
Nil Desperandum
Dolly
Gillaspie
American
Interocean
Oceola
White Crow
Grand View
Washburn
White Eagle (Archer)
Golden Harp
Richard
Plough Boy
Home Sweet Home and
Little Johnny
73. Emancipation group
74. Minnie Bell
75. New York-Union
76. Pilot
77. Sakhrat
78. Gold Lode
79. Great Britain
80. Lucky Star
81. Emerson
82. Concord
83. Forest
84. Franklin
85. Gillard
86. Gray Copper
87. Wood Mountain group
88. Last Chance
89. Doss
90. Gladys
91. Temborine
92. Dime
93. Evening Star
94. Grand Republic
95. Logan
96. Yellow Pine
97. King
98. McKnight Placer
99. Poorman group
100. Bell

SKETCH MAP SHOWING RELATION OF PRODUCTIVE VEINS OF THE GOLD HILL DISTRICT TO BRECCIA REEFS
862135 0 - 50 (Face p. 238)
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GOLD HILL DISTRICT
WALL-ROCK ALTERATION

The wall-rock alteration was chiefly sericitic, but
locally, especially in the wider parts of some of the
veins, there was much silicification. The wall rock is
commonly altered for 6 to 36 inches from the vein and
'
the feldspars are partly or wholly changed to sericite.
vVhere the alteration was not severe the biotite was
slightly chloritized, but where it was strong the biotite
was changed to sericite. The alteration of the walls
was commonly stronger near ore bodies than alon<r
w~eakly mineralized parts of the vein, but several excep~
tions to this rule have been observed.
SIZE AND STRUCTURAL CONTROL OF ORE BODIES

The ore bodies generally range from about 50 to 300
feet in breadth and100 to 400 feet in length but are of
relatively high grade. The most persistent ore shoot
mined in the district was in the Slide 1nine; it extended
from the surface down to the 1,000-foot level. Its
breadth ranged from 60 to 230 feet (pl. 24). Most of
the ore shoots pitch at ne.arly 90°.
As already pointed out, nearly all the important ore
deposits of the district are in the vicinity of breccia
ree:fs. Fully 90 percent of the district's output has
come from ground within 2,000 feet of breccia reefs,
but in many places the ore bodies are several hundred
feet from the reefs. It therefore seems probable that
the breccia reef fissures served as deep channels for the
cir?ulation of ore-forming solutions. The metalizing
fhuds apparently rose along these n1ore persistent fissures, moved out into the more open but less continuous
cross fissures wherever they could, and deposited ore
wherever openings were present.
The distribution of ore within the veins seems to have
been dependent chiefly on structural conditions that
favored the formation of openings. The most importanf of them were vein junctions, which are conveniently
classified into three types: ( 1) Junctions of important
veins with breccia reefs, (2) junctions of two productive
veins, and ( 3) junctions of productive veins with barren, gougy fissures. In the first type, the veins broke
across breccia reefs to form relatively wide breccia zones
in the easily shattered bull quartz of the reef and in
the granite adjacent to it, preparing wide and relatively open zones for the deposition of the ore. The ore
bodies in the Cold Spring and Red Cloud mines are of
this type. In the second type, two fissures join or cross
each other, and such junctions are likely to coincide
with relatively wide and extensive fracture zones very
suitable to the deposition of ore, but in some places th~
movement was less pervasive and the faulting along
one fissure semned only to pull open a cross fissure.
~Iany of the shoots on the Slide vein are related to
cross fractures of this sort. In the third type, gently
dipping, tight, gouge-filled fault fissures serve as dams
or baffles to the circulating solutions and tend to cause

deposition of ore immediately below or above the fault.
Ore bodies in the Poorman, Yellow Pine, and Logan
mines are of this type. Other favorable factors in the
localization of ore are the junctions of veins with pre-·
Cambrian pegmatite or aplite dikes and sudden changes
in direction of strike or dip of the vein.
GRADE OF ORE

The grade of the gold-telluride ores from the district
is high. In the early days a large amount of ore shipped
in small lots assayed from $1 to $5 per pound in gold
and silver. Large tonnages ranged from 1 to 10 ounces
of gold and from 1 to 50 ounces of silver to the ton.
Since 1900 considerable high-grade ore as rich as that
found in the early days has been mined, but the average
grade of telluride ore shipped in ton lots ranged from
about a half to 2 ounces of gold and 1 to 10 ounces of
silver to the ton. The average ratio of gold to silver by
weight throughout the district is about 1 : 2, though in
some of the ore it is 1: 1. In some shipments the silver
content of the ore is not listed. The grade of the freegold ore is about the same as that of the telluride ore
but local pockets have assayed as high as 0.5 to 1.0 ounce'
to the pound. The pyritic gold ore of the district is of
lower grade, ranging from about 0.25 to 1 ounce of gold
to the ton but locally as much as 4 ounces. The silver is
about as abundant as in the telluride veins. Silver-lead
ore taken frmn the Yellow Pine mine contained 33 to
1,440 ounces of silver to the ton. A few ship1nents contained a trace to 0.4 ounce of gold to the ton. Tungsten
ore taken frmn the Logan vein averaged between 5 and
10 percent of wo3.
The most accurate data that has been obtained on the
grade of Gold Hill ores in the early days is in the
Boulder Sampler records,68 and a few representative
shipments are given in the following table:
Representative shipments of ore from the Gold Hill district to the
Boulder Sampler, 1878-92
[Data taken from Boul<ler SamplPr records]
Date

Mine

Net weio-ht
Gold
Silver
(pouu'ds) (onncesper (ounce'S per
ton)
ton)

Aug. fi, 1'\78 __________ Slidi> ________________ _
Sept. 11, 1878 _____________ do _______________ _
Dec. 1. 11'l78 ________________ do ______________ _
Nov. 2, 1882. ________ Ingram. _____________ _
Do _____ ---------- _____ do. _______________ _
Do. __________________ do _______________ _
Nov. 17, 1R82. ___________ do ______________ _
June 24, 1883_________ Yellow Pine _________ _
Do ___ ----------- _____ do _______________ _
Do. ___ ---------- _____ do __ -------------Aug. 21, 1883 _________ Interocean ___________ _
Do .. _----------- _____ do ________________ _
Do ___________________ do _______________ _
NoY. 5, 1884_ ________ Em3ncipation _______ _
Do. __________________ do. ______________ _
Do ___________________ do ______________ _
Mar. 3, 1887 _________ Poorman _____________ _
Do ___ ----------- _____ do. ______________ _
Do_. __ ---------- _____ do _______________ _

147
21.107
5, 978
45.5
107.5
1, 57.5
1, 771
13,857
3, 916
110
7. 315
{)4. 5
4. 25

Jun1}~·
!~~~===-====~ -~~~~~==--·===========~
Do ____________________
do ______________ _

2..5
1, 642

.~.

8'!

59.5
6, 433
3. 25
59.5
2, 685
594

162.2
12.2
3.6
1,139
201
fi. 25
3. 3

0
0
0
4. 9
126
1, 747
713
118

4. 7
1, 530
114.5
6. 5
2, 16<)
5. 3
~- 2

1, 0.56
60
11
792
268
15
7
277
212
11.5. 5

11
287
701
2:30
36

3
302
68
7.5
487

2. 5
3. 7

68 !!'our record books of the Boulder Sampler, a milling and sampling
works in Boulder, are on file at the office of the Boulder County Miner
and Farmer at Bonlder. They cover the periods May 1, 1878, to January
20, 1889, and December 1, 1890, to May 30, 1892.
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PLACERS

The placers of the Gold Hill district have been relatively unimportant. Fossett 69 stated that $100,000 in
gold was taken from Gold Run in the summer of 1859,
but after the first few years only occasional placer operations on Gold Run and Fourmile Creek were carried
on. In 1873 Thompson 70 reported that "gulch mining"
was carried on to some extent the previous year, in
Fourmile Creek, which resulted in an output valued at
$6,000. Smith 71 stated in 1883 "the placers have not
been extensively worked during the past two years;
some effort has been 1nade on Fourmile, Lefthand, and
other creeks, but with those exceptions they have been
wholly idle." As a result of the depression in 1931 many
people took to the hills to try their luck at placering,
and there was considerable activity along Fourmile and
Lefthand Creeks. Placer production, however, was
very small, and few people returned a second summer.
In 1935 about 400 ounces of placer gold was recovered
from the Colby and Giggey placers on Fourmile
Creek, just above Wallstreet, where a power shovel and
portable trommel were installed. This plant was
operated until 1939, when it was closed down.
Most of the gold in the stream valleys of the Gold
Hill district is extremely fine, as 1nost of the lodes from
which it is derived are telluride veins, and on oxidation
yield a very fine rusty gold. Only locally in such veins
as the Logan has the gold been coarse enough to form
good placer deposits, and most of these local areas were
worked out in the early days.
SLIDE MINE, INCLUDING THE KLONDIKE A.ND TWIN
VEINS

The Slide Inine, one of the most productive in the
district, is on the south side of Lefthand Creek half a
mile northeast of Gold Hill. The Slide shaft, the' collar
of which is at an altitude of 8,290 feet, extends to a
depth of 1,080 feet below the surface and has 11levels
aggregating n1ore than 5,000 feet in length. The Corning tunnel, a crosscut about 2,500 feet long, is at an
altitude of 7,750 feet and intersects the Slide vein 950
feet, the Klondike vein 575 feet, and the Twin vein 400
feet frmn the portal. On the l{]ondike vein a winze
. I1 3 levels aggregati11g 3,200 feet extends 'from the
w1t
Corning level to a depth of 500 feet below it ( 1940)
and also connects with the Prnssian tunnel, which is
about 1,800 feet long and 300 feet below the Corning.
From 1933 to 1942 the three veins were controlled by
the Slide Mines, Inc., and were worked through the
Corning tunnel. The tunnel extends beyond the Slide
vein to the Horsefal vein, but this part has been bulkheaded for several years.
69

Fossett, F., op. cit., p. 49.
Thompson, L.. Mines of Boulder County : Mining Rev., vol. 1,
no. 5,p. 8,Jan. 187~
71 Smith, J. A., Report on the development of the mineral resources
of Colorado, p. 35, Denver, Tribune Publishing Co., 1883.
70

The Slide vein was discovered in 1875 and is reported
to have had an output valued at more than $1,000,000
prior to 1933 ; this figure seems reasonable considering
the size of the stopQs and the richness of the ore. The
Corning tunnel was driven in 1876. In 1933 the Slide
Mines, Inc., opened up the Corning tunnel and constructed a 60-ton mill at its portal. During the next 3
years a large tonnage of low-grade pyritic gold ore from
the Klondike and Twin veins was milled. In 1937 the
Twin vein was abandoned, but large tonnages were
taken from the Klondike and Slide veins and the Slide
dump until August 1942, when operations ceased, owing
to the war. From 1934 to 1942 the output of the Slide
group amounted to 40,611 ounces of gold, 145,066 ounces
of silver, 747,517 pom1ds of copper, 886,500 pounds of
lead, and 440,056 pounds of zinc, having a value of about
$1,650,000. 72
The chief wall rock throughout the mine is Boulder
Creek granite, which is strongly gneissic in places because of its position near the border of the batholith.
Irregular dikes of pegmatite and aplite 10 to 100 feet
wide are fairly abundant and generally trend parallel
to the gneissic structure, which in 1nost places strikes
about N. 75° E. and dips steeply to the north. Locally
in the Twin vein there are irregular seams of soft altered
biotite latite intrusion breccia, 1 to 2lf2 feet wide, but
no porphyry dikes have been observed.
Nearly all the output of the Slide group has come
from four veins, the Slide, the Slide "footwall streak,"
the Klondike, and the 'fwin (pl. 24).. The Slide vein
contains high-grade telluride ore, the Slide footwall
streak both telluride and pyritic gold ore, and the Klondike and Twin veins low-grade pyritic ore. A fifth
vein, the Prussian, has been productive in the Prussian
mine, and its junction with the Klondike vein has apparently influenced the localization of ore in the latter.
Other veins, of little importance, are the Iowa and Telluride. All these veins are subparallel, striking northeast and dipping steeply to the northwest. In many
places the veins follow the walls of pegmatite or aplite
dikes or cut diagonally through them. The relations
of the various veins are best shown on plate 24.
The Slide vein was by far the most important of the
group prior to 1933. It strikes about N. 50° E. in the
vicinity of the shaft, but 200 feet to the southwest it
swings to S. 20° W. A hundred feet northeast of the
shaft the vein breaks up into a group of irregular slips
and apparently feathers out. It dips 75°-85° NW. .in
most places, but locally dips steeply to the southeast.
The Slide vein ranges in width from a few inches t~)
5 feet and is made up chiefly of sericitized or silicified
granite containing numerous interlacing veinlets of
horn quartz a fraction of an inch to 18 inches wide. In
many places, particularly in the vicinity of the shaft,
72
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small vein lets of horn quartz a quarter of an inch to 3
inches wide extend out into the wall rock on either side
of the vein for distances of 10 to 40 feet. Where these
veinlets join the main vein it is common to find unusually rich ore, and high-grade ore may extend out along
the veinlets for many feet.
Movement along the Slide vein fissure appears b
have been small. Grooves on the wall and displacements
of pegmatite dikes indicate that the southeast wall
moved southwest almost horizontally with a displacement of 2 to 3 feet. This movement was followed by
the telluride deposition. In a few places the vein was
reopened by a movement in \lhich the northwest wall
moved down to the so ttthwest a few feet; such openings
were filled \Yith pyritic gold ore. Also in a few places
there was a slight postore movement that sheared tl1e
pyritic gold ore, but the exact direction of this movement could not be -<l,~termined.
The chief ore minerals in the Slide vein are the gold
tellurides, which occur as irregular films and blades
finely scattered through the horn quartz. Associated
with them is very finely disseminated pyrite. Free gold
in small grains and flakes associated with the tellurides
is common in places and is locally abundant. One
specimen reported to have come from level 11 (1,000
feet deep) showed abundant fine-grained free gold i~1
horn quartz, surrounded by rosettes of fine-grained
roscoelite (fig. 74, C). The chief telluride mineral in
the ore is petzite, which appears to make up more tha11
60 percent of the tellurides present, but appreciable
~tmounts of hessite, sylvanite, and altaite are commonly
mtergrown .with the petzite (fig. 74, D). In the pyritic
gold ore pyrite and chalcopyrite are the chief ore minerals, but some galena, sphalerite, and gray copper are
also found.
The Slide footwall streak branches from the Slide
vein about 275 feet southwest of the shaft and extends
nearly parallel with it :for about 150 :feet to the northeast (see pl. 24). At this point it almost ends but is
i11 tersected by an eastward-trending vein of the pyritic
gold type, which is commonly regarded as a part of
the Slide footwall streak. This vein, dipping 70° to
82° N., extends westward to the main Slide vein and
may cross it, but relations are obscured by stoping and
cribbing. The pyritic gold vein is mostly 3 to 12 inches
>vide, but near the main Slide vein it locally widens to
as much as 4 :feet.
Fifty :feet northeast of the Slide shaft the main vein
is intersected by a system of small veins that have an
average strike of N. 70° W. and a dip that is steeply
northeast. They are largely filled with horn quartz
and appear to· have been formed at the same time as
the Slide vein. They are relatively unproductive themselves but apparently form the northeast limit of the
productive part of the Slide vein.
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The Slide ore is :for the most part of high grade. The
ore shipped to the Boulder Sampling Works from 1878
to 1892 ranged :from 2 ounces of gold and 7 ounces of
silver to the ton to 265 ounces of gold and 1,101 ounces
of silver to the ton. Relatively large tonnages of ore
containing 2 to 20 ounces of gold and 7 to 60 ounces of
silver to the ton were shipped, but most of the ore of
higher grade was shipped in Jots of a :few hundred
pounds. Pyritic gold ore in the :footwall streak contained 0.3 to 4 ounces of gold to the ton. During 1936
and 1937 considerable stope fill was pulled from the
Slide workings; it contained 0.2 to 1.5 ounces of gold
to the ton. Ore taken from the Slide dump contained
0.1 to 3 ounces of gold to the ton.
Nearly all the Slide output has come from a single
ore shoot extending from the surface to a depth of a
thousand feet. (See pl. 24.) It has a stope length of
70 to 325 feet and an average pitch of 85° W. This is
the deepest ore shoot in the district, and it is reported
that there is still minable ore in the bottom. The localization of this shoot seems to be related to the junction of
the Slide vein with the Footwall streak and its branches
and to the N. 70° W. group of veins that limits the ore
shoot on the northeast; some ore has been found at the
junction of this group with the main vein. The numerous westward-trending to northwestward-trending
seams in the walls of the Slide vein appear to be gash
veins filling tension cracks produced by the movement
along the Slide fissure. Their junctions with the main
vein apparently served to localize rich pockets of ore.
Another factor contributing to the localization of the
shoot is the relatively sharp bend in the ve~n 200 :feet
southwest of the shaft. As its southeast wall moved
southwest, theN. 50° E. part of the fissure would tend to
be open and theN. 20 ° E. part tight, thus fo·r ming an
open channel :for the deposition of ore. Smaller ore
bodies 50 to 200 feet long and 20 to 50 :feet in breadth
are :found in places along the Slide :footwall vein; the
chief :factors controlling their distribution seem to be
irregularities in the vein and junctions of small feeders
with the main vein.
The Telluride vein is about 100 :feet north of the Slide
vein on the Corning tunnel level. It strikes irregular! y
eastward and ranges in dip :from 65° N. to 85° S. It is
made up of thin horn quartz seams with some pyrite and
ankerite and has apparently had a small output of telluride ore, :for there are a few small sto·pes on the Corning
tunnel level.
The Klondike vein lies 300 to 350 feet northwest of
the Slide vein on the Corning tunnel level. It was little
worked prior to 1934, but since then has been by far the
most productive vein of the Slide group. The vein has
a general strike of N. 70 ° E., but locally turns toN. 30°500 E. Its dip ranges from 60 ° to 80° N. but in most
places is about 70° N. For much of its exposed length
this vein lies in or along the border of an extensive peg-
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matite dike. It has been explored fqr a length of 1,100
feet on the Corning tunnel level and to a depth of about
1,000 feet below its surface outcrop. It occupies a strong
fault fissure 1 to 8 feet wide and consists of numerous
veinlets of horny to sugary quartz and ore minerals scat~
tered through strongly sheared and altered wall rock
and gouge. Grooves on the wall and displacement of
granite-pegmatite contacts indicate that the hanging
wall nwvecl clown and to the southwest at an angle of
60 ° to 85 °. The clisplacen1ent appears to have been between 5 and 10 feet. This movement is believed to be
contemporaneous with the posttelluride movement
along the Slide footwall streak, which was in the same
direction. If so, the IGondike vein is for the most part
later than the main Slide vein. Rather strong postore
movement along the Klondike vein has sheared or brec~
ciated the ore in places, but the direction of 1novement
could not be detennined.
Between 570 and 610 feet southwest of the l{londike
winze the Klondike vein is joined by the Prussian vein,
which here strikes N. 30°-58° E. and dips 70°-83° NW.
In the vicinity of this junction the Klondike vein widens
to several feet and in the lower levels contains some of
the richest pyritic gold ore in the mine.
The chief ore n1inerals in the Klondike vein are pyrite
and chalcopyrite, but free gold is present in the lower
levels, galena and sphalerite are abundant in places,
and gray copper is present locally. Much of the pyrite
is in coarse barren cubes, but it is fine-grained in places.
This fine-grained variety probably resulted from shearing of the coarse pyrite during postore movements. The
gold seems to be chiefly in close association with the
chalcopyrite, though some gold is found in the fine~
grained pyrite. Near the junction with the Prussian
vein on the lower levels, free gold was found in vugs and
s1nall fractures, and in a few places there were rich nests
of wire gold. Silver is associated with galena and gray
copper. The best ore is made up of nearly solid sulfide
seams 2 to 6 inches wide that interlace through the vein.
The grade of the Klondike ore commonly ranges from
0.10 to 3 ounces of gold to the ton but averages about
0.33 ounce. Ore from the vicinity of the junction with
the Prussian vein in the lower levels averaged about 0.75
ounce of gold to the ton, and some samples taken across
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the full width of the vein contained as much as 60
ounces. The silver content is variable but averages
about three or four times that of gold.
Nearly all the Klondike ore has been taken from an
irregular but nearly continuous shoot having a stope
length of about 1,100 feet and a 1naximum vertical
extent of 1nore than 700 feet (pl. 24). This shoot apparently pitches about 60°-70° W., but the bottmn had
not yet been reached when operations ceased in 1942,
owing to the war. Ore in the lower levels was of higher
grade than in the upper levels.
The ore in the Klondike vein is localized both by its
junction with the Prussian vein and by a large pegmatite dike that the vein follows. The vein cuts alternately
through granite and pegmatite, and such alterations
apparently served to produce frequent and extensive
open spaces favorable for the deposition of ore. Irregularities in the fissure also had smne influence, for the
best ore occurs where the vein is steep, whereas the
gently clipping parts are relatively barren. Changes in
strike of the vein appear to have had little effect, as
would be expected where the movement has been steep.
The Twin vein is another pyritic gold vein, 100 to 175
feet north of the l{lonclike vein. It strikes about N. 80°
E. and dips about 75° N. This vein occupies a very
strong fault fissure 1lj2 to 5 feet wide and is 1nade up of
sheared wall rock and gouge containing thin irregular
stringers of sulfide ore. Grooves on the wall and displacement of pegn1atite dikes indicate that the hanging
wall moved down and to the west at an angle of about
45° for 10 feet or more. Strong postore nwvement, in
\vhich the hanging wall moved up and to the east, has
sheared and brecciated the ore. This vein was worked
in 1934 and 1935 but was abandoned in 1936 because
it was too soft and gougy. The chief ore mineral is
pyrite, both fine and coarse-grained, accompanied by
small amounts of chalcopyrite, galena, and sphalerite.
The grade of the ore from the Twin vein ranged from
0.12 to 0.42 ounce of gold to the ton. In this vein, as
in the Klondike, the chief factor controlling localization
of ore ·was the alternation of granite and pegmatite in
the wall rock.
The Iowa vein is a small vein 200 feet north of the
Twin. It strikes N. 88° E. and is nearly vertical. It is
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A, Photomicrograph of gold-tungsten ore from west end of 280-foot level of Kekionga mine, Magnolia district.

Sylvanite (8) in crustified quartz (q1and q2) associated with
e:>rly coarse-grained ferberite. Fine-grained ferberite with a little quartz lies on the earlier quartz and is in turn incrusted and veined by late quartz (q3) containing some
ferberite of three generations (/J,/2, and/3). py, Pyrite.
B, Photl)micrograph of gold-tungsten ore from Kekionga mine, Magnolia district. Sylvanite (s) in vuggy quartz (q1), which contains a little pyrite (py). Quartz (qa) and
ferberite (fa) cut the e::trly quartz.
C, Photomicrograph of high-grade gold ore from shaft ore shoot, 1,100-foot level, Slide mine, showing native gold (g) associated with roscoelite (r) and quartz (q).
D, Photomicrograph of telluride ore from shaft ore shoot, 900-foot level, Slide mine. Altaite (a) is later than petzite (p), which is contemporaneous with hessite (h). Veinlets
of sylvanite (8) cut both petzite and hessite. Black area is horn quartz.
E, Seam of high-grade telluride ore bordering main vein of fine-grained pyrite and horn quartz, 800-foot level near shaft, Ingram mine. The blades of telluride (t) although
chiefly sylvanite are in part intergrown with petzite and lie in a milky-colored horn quartz (q). pq, Fine-grained pyrite and horn quartz.
F, High-grade gold-telluride ore from Smuggler mine. Light-colored blades and blebs are chiefly mixtures of petzite and altaite, with minor amounts of native gold and
sylvanite. Pyrite is sparingly disseminated in the quartz.
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made up of thin horn quartz and pyrite-ankerite seams.
It apparently has had no output but was an important
factor in the localization of ore in the Prussian vein
farther west.
POORMAN GROUP

The Poorman mine, on Poorman Hill about 3.2 mile
N. 75° W. of Boulder, is the easternmost mine in the
district and is nearly 2 miles from the main part of the
Gold Hill district. It is developed on a rather complex
group of veins, which includes the Poorman Gladstone
Gold Medal, Grand Central, and Pride of the' Mountain.'
The output frmn this group has probably amounted to
at least several hundred thousand dollars. The workings consist of the Poonnan shaft, which is approximately 450 feet deep, numerous other shallow shafts,
and the Poorman tunnel, which is 171 feet below the
collar of the Poorman shaft and comprises about 2,000
feet of workings, including a 550-foot crosscut. The
shaft collar is at an altitude of 6,345 feet.
The chief wall rock throughout the workings i~
Boulder Creek granite, which is cut in places by small
pegmatite dikes and by dikes of monzonite and alaskite
porphyry. The veins all lie on the southwest side of
the junction of the Poorn1an and Maxwell reefs or
"dikes." (See pl. 25.) Some of the veins apparently
cut spurs of the Maxwell reef but do not extend for any
appreciable distance to the east of the main reef. Th.e
Poorman "dike" is a strong breccia reef of silicifie.:l
~~anite 30 to 50 feet wide, which crosses the top of the
bill near the Poonnan mine at an altitude of about 6 400
feet. In the vicinity of the mine it strikes from N. '80°
W. to N. 85° E. and dips steeply to the north. The
Maxwell reef has a general strike of N. 28° W., dips
2teeply to the east, and intersects the Poorman reef just
north of the crest of Poorman hill. On the south side
of the Poorman reef the Maxwell reef breaks up into
nmnerous sinall shear zones, which are more or less
silicified and form the top of Poorman Hill. The Maxwell reef picks up again about 600 feet east of the top
of the hill and extends far to the south. North of the
Poorman reef and also 400 feet farther south, the Maxwell ~e~f is Inarked o~ly by strong shearing and gouge
contanung some red Iron stain. Near the place where
the Maxwell reef breaks up on Poorman Hill, the Gold
1'1:edal reef, a. silicified breccia reef about 5 to 8 feet
wide, branches off and trends nearly due west.
~he most productive vein in the group is the Poorn1an,
winch crops out on the surface about 225 feet south
o~ the Poorman reef. It trends about N. 80° E., and
dips about 70° N. The relationship of the other veins
to the Poorman is best shown on the tunnel level, called
the 200-foot level by the Ininers (fig. 75). The Poorman
vein on this level ranges in strike from N. 60° E. toN.
80° W. and dips 58°-78° N. Twelve feet south of the
Poorman vein, at the crosscut, there is a barren shear

zone striking about. N. 72° E. and dipping 75°-80° N.,
which lies on the footwall of the Poorman vein for a
ehort distance but diverges toward the southwest. This
shear zone shows hematite in places and is apparently
related to the breccia reefs. Thirty feet west of the
Poorman shaft the Poorman vein cuts through the Gladstone vein, which ranges in strike from N. 80° E. t0
N. 85° W. and dips 65°-68° N. West of this junction
the two veins are approximately parallel and about 10
to 15 feet apart, the Gladstone being north of the PoorInan. East of the junction the two veins diverge rapidly,
the Poorinan striking about N. 65° E. and the Gladstone
striking about S. 85 ° E. Thirty feet above the tunnel
level the Gladstone vein flattens and intersects the PoorInan again, and the two apparently continue as one vein
to the surface.
One hundred feet south of the Poorman vein the crosscut tunnel intersects the Gold Medal vein, which strikes
about N. 65° W. and dips 75° N. The footwall of this
vein is the Gold Medal reef, which also forms the hanging wall of a pegmatite dike 20 to 25 feet wide. The
junction of the Gladstone and Poorman veins with the
Gold Medal vein does not show on the tunnel level, but
it is reported that the Poorman-Gold Medal junction
has been explored on the 275-foot level.
Twenty feet west of the crosscut, the Poorman and
Gladstone veins are cut by a strong northwesterly fault
called the Flat "vein." This fault strikes N. 30°-55° W.
and dips 30°-50° SW. It is unmineralized throughout
most of its extent, but has apparently been effective in
the localization of ore bodies at its junction with the
other veins.
About 180 feet north of the Poorman vein, the crosscut tunnel intersects the Grand Central vein, which
ranges in strike from N. 88° E. toN. 70° W. and dips
60°-72° N. Thirty feet north of this vein is the Pride
of the Mountain vein, which strikes N. 88° E. and dip-:;
71 ° N. On the surface the Pride of the Mountain vein
is on the south wall of the Poorman reef and in places
cuts into the reef, but on the tunnel level the Poorman
reef is not exposed.
Movement along the vein fissures has ranged fron1 a
few feet to as much as 25 feet. On the east-west veins
the movement has been nearly horizontal, and the north
walls have moved west 8 inches to 12 feet. Of these
veins, the Gladstone is apparently the earliest. It is cut
by the Poorman vein, along which its western segment
has been displaced about 10 feet southwestward. The
Poorman vein fissure was apparently formed shortly
after the Gladstone, for both are cut by the Flat vein
fault, along which their western segments have Inoved
about 30 inches northwestward. The Flat vein zone
however, is so strong a fault, with so much gouge, that'
the movement along it was probably considerably more
than is indicated on this displacmnent. Furthermore,
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The occurrence of productive gold-telluride veins so
the Flat vein fault displaces the Grand Central vein in
the opposite direction, the segment on the west side of far southeast of the main part of the Gold Hill district
the fault having moved southeast about 9 feet. Slick- is probably due to the formatio·n of structurally favorensides on the walls of the Flat vein indicate two direc- able fault fissures close to the junction of the Poorman
tions of movement; one set of grooves pitches 5° N. and and Maxwell reefs .. This junction apparently served
another 45° N. It therefore seems probable that the as a trunk channel £or the circulation of ore-£o'rming
Flat vein fault has undergone two periods of n1ovement, solutions. The chief factor governing the localization
both of them fairly large. It apparently cut through of ore in the mine appears to be junctions of veins.
the. Gladstone and Poorman f,aults shortly after their According to the miners, the principal junctions are
formation and displaced them about 10 feet north on the- those of the east-west veins with the Flat vein. Extenwest side, the movement being about horizontal. Sub- sive stopes occur on both the Gladstone and Po·orman
sequently the Grand Central vein was formed, cutting veins, just above and just below their junctions with
through the Flat vein with little or no displacement. the Flat vein. A long narrow stope followed goo'd ore
Later the Flat vein fault underwent a reversal of move- up the junction of the Grand Central and Flat veins,
ment, its hanging wall moving up and to the east at an the best ore coming from above the Flat. Good o·re was
angle of about 45 ° for a distance of about 25 feet. Thtis also taken from the junctions of the Gladstone and
the west segment of the Grand Central vein was offset to Poorman veins. It is reported that high-grade o're was
the south, and the Gladstone and Poorman veins were also mined from the junction of the Poorman and Gold
restored to within a few feet of their original position. Medal veins below the tunnel level. Abrupt changes in
The veins of the Poorman group range in width from strike of the veins seems also to have had an influence
a few inches to 2% feet and are made up chiefly of in the lo·calization of ore. As the south sides of the
sheared, sericitized, or silicified granite containing veins moved eastward in a nearly horizontal direction,
numerous seams of horn quartz.
openings. were produced wherever a vein took a proThe chief ore minerals are gold tellurides, of which nounced bend to the northeast. Thus on the Poo·rman
sylvanite, petzite, and altaite appear to be the most vein in the vicinity of the shaft there are extensive
abundant. Rusty gold is abundant in places in the stopes about 200 feet long and more than 100 feet high
upper levels of the mine and has been found as deep as where the vein turns abruptly to aN. 60° E. direction.
the 250-foot level. Free mercury in the ore was found
INTEROCEAN MINE
at a depth of 200 feet beneath the surface and apparently
indicates the presence o'f coloradoite. Finely dissemiThe Interocean mine is located at Sunshine, in the
nated pyrite is common throughout the veins and is eastern part of the district, 2'l4 miles east of Gold Hill.
nearly everywhere associated with the ore. The wall The chief vein is covered by the Interocean, the Oceola,
rock is sericitized for a few inches to 3 feet on each side and the White Crow clain1s, which were formerly operof each vein and in most places is more intensely serici- ated as sep·arate mines but in 1934 were consolidated
6zed along the ore bodies than elsewhere. Silicification under the United Empire Gold Mines Co. The Interis not common except within the veins.
ocean vein was discovered in 1876 and has been one of
Like most telluride ores, the ore from the Poorman the most productive of telluride ore in the district.
mine shows a great range in grade. Ore shipped to the The value of output up to 1885 is reported to have been
Boulder Sampler in the early days ranged from 1.8 $50,000. 72 a The value of the total output to date has
o·unces of gold and 3 ounces of silver to the ton to as probably been at least several hundred thousand dollars.
much as 1,530 ounces of gold and 302 ounces of silver
The workings consist of the Interocean shaft, 600 feet
to the ton. Most of the shipments in ton lots or more deep with nine levels; the Oceola shaft, 150 feet deep
assayed between 1.8 and 9.2 ounces of gold and between with two levels; the White Crow shaft, 350 feet deep
3 and 12 o·unces of silver to the ton. Most of the ship- with seven levels; and the Interocean tunnel. The tunments of higher-grade ore were in lots of a few to a few nel, at an altitude of about 7,100 feet, follows the vein
hundred pounds, and few shipments contained more for about 2,100 feet and lies beneath the shaft collars
than 400 ounces of gold to the ton. The ratio of gold to . at depths of 130, 350, and 350 feet, respectively.
silver ranged from about 10: 1 to 1: 2 but averaged about
The chief wall rock throughout the mine is Boulder
2: 1. The relatively high gold content is probably due Creek granite, which is cut in places by small dikes of
to large amounts of rusty gold mined at shallow depths pegmatite 5 to 10 feet wide and mostly of northerly
in the early days. Ore shipped in 1935 _commonly ranged trend. The Interocean vein strikes about N. 20° E. in
from 0.5 to 3 ounces of gold to the ton, and its silver the southwestern part but swings to aN. 50° E. course
c.ontent had a similar range. A few shipments, however,
'12a Corregan, R. D., and Lingane, D. F., Colorado Mining Directory for
contained as much as 50 or 60 ounces of go'ld to the ton.
1883, Denver, Colorado Mining Directory Co.
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in the northeastern part. At this bend on the surface and 1928 from the· tunnel level near the lnterocean
the vein appears to be joined on the north by the An1eri- shaft contained 0.43 to 0. 71 ounce of gold to the ton.
can vein, which strikes N. 30°-45° E. and dips about One hundred and fifty-three tons shipped in 1930 and
84° SE., but this junction does not show in the Inter- 1931 from a stope on the Oceola part of the vein conocean tunnel. Near the portal of the tunnel the Inter- tained 0.41 to 0.51 ounce of gold and 1.4 to 1.5 ounces
ocean vein is joined on the east by the Monongahela of silver to the ton.
vein, which strikes about N. 85° E. and dips about 80° N.
Only scant data on the size and shape of the ore bodies
Another vein, striking N. 40° E. and dipping 83° W., are available, for the shaft workings were inaccessible in
joins the Interocean vein on the north about 650 feet 1934. M. S. Brandt reports that there are extensive
from the portal. Two hundred and fifty feet from the stopes in both the Interocean and the White Crow shaft
breast of the tunnel and 200 feet southeast of the Inter- workings. On the tunnel level, at the junction of the Inocean vein a crosscut intersects a vein striking N. 45° E. terocean and Monongahela veins, there is a stope about
and dipping 42°-55° SE. To the southwest this vein 300 feet in length, which is reported to connect with large
breaks up into a number of veinlets, which join the stopes in the shaft workings. Another stope extending
main vein in different places. Grooves on the walls of about 100 feet along the drift and more than 40 feet
the Interocean vein indicate that the movement was above it lies at the junction of the main vein with a
nearly horizontal, and displacements of pegmatite dikes vein branching to the southwest 1,400 feet from the
indicate that the southeast wall moved southwestward tunnel portal A third stope lies near the breast of the
about 14 feet.
tunnel, where a branch vein joins the main vein from
The Interocean vein ranges in width from 1 to 4 feet the east. It therefore appears that junctions of the
and is made up of sheared, sericitized, and in places main vein with branch veins are the most influential
silicified wall rock containing numerous interlacing factors in the localization of ore in the Interocean vein.
seams of horn quartz. Locally it is a solid vein of horn Irregularities in the vein have probably also had an inquartz. Pyrite is finely disseminated throughout. The fluence. As the southeast wall of the vein fissure moved
chief ore minerals are the gold tellurides, but in places southwest, openings favorable for ore deposition tended
free gold is abundant. According to M. S. Brandt, to form in the more eastward-trending parts of the vein.
manager of the n1ine, most of the free gold came fron1 Changes in character of wall rock seem to have had little
the 100-foot and 150-foot levels, but son1e was found as effect on ore distribution.
deep as the 400-foot level. The tellurides are comYELLOW PINE MINE
n1only associated with 1narcasite. A high-grade speciThe Yell ow Pine 1nine is on the northeast slope of
men donated by Mr. Brandt showed petzite, hessite, and
Logan
Hill, near the head of Sunbeam Gulch, about 3
free gold associated with n1arcasite. Calaverite and
of Gold Hill. It is accessible over 7
miles
southeast
sylvanite have also been reported as common in places.
of
good
automobile
road from Boulder, the nearmiles
The quartz gangue grades fron1 gray to white in color
est
shipping
point.
The
mine
is developed by six levels,
and frmn horn to sugary in texture. In places s1nall
of
adits,
an
underground shaft, and
opened
by
a
number
ankerite seams cut the horn quartz and are apparently
several
winzes.
The
mine
is
the
outstanding source of
later than the ore; locally minute galena and sphalerite
silver
ore
in
the
district
but
is
also
credited with an
crystals are found in vugs.
output
of
very
high-grade
free-gold
ore
from the upper
The ore taken from the Interocean vein system has
levels.
More
than
$125,000
worth
of
silver ore was
been of moderately high grade. Ore shipped during
the
Boulder
Sampler
between
1878 and 1892,
shipped
to
the period 1878 to 1892, as indicated by the Boulder
and
the
total
value
of
output
amounted
to
at least sevSampler records, ranged from 0.86 to 2,169 ounces of
eral
hundred
thousand
dollars.
gold to the ton and from 0.7 to 1,411 ounces of silver
The predominant country rock of the 1nine is the
to the ton. Ore in shipments of several hundred pounds
.
Boulder
Creek granite, but there is some pegmatite and
each commonly ranged frmn 23 ounces of gold and 17
aplite.
In
a few places it is cut by dikes of biotite monounces of silver to 198 ounces of gold and 392 ounces
porphyry
and associated dikes of biotite latite inzonite
of silver to the ton, and ore in a few shipments ranging
The most conspicuous structural featrusion
breccia.
from a few pounds to 200 pounds each were of 1nuch
ture
of
the
area
is
the Hoosier "dike" or breccia reef,
higher grade.
Ore shipped in recent years has commonly ranged in which strikes northwest and is nearly vertical. It is not
grade fron1 0.43 to about 3 ounces of gold and from 1.5 a simple fissure filling, as in many other places, but has
to 25 ounces of silver to the ton. Ore taken from the a braided structure, and near the top of Arkansas Mounstope at the junction of the Monongahela and Interocean tain it splits into two prominent subparallel branches
veins averaged 2.927 ounces of gold and 24.84 ounces of connected by a westward-trending cross reef. (See pl.
silver to the ton. Ninety tons of ore shipped in 1927 2.) The southwest branch is the one known locally as
862135--50----18
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the Hoosier dike and is the only part well shown in the
mine workings.
The veins exploited include the northwesterly Yellow
Pine vein and Hoosier breccia reef, the west-northwesterly Mud vein, and the northeasterly Gray Copper, Vaucleuse, South V aucleuse, and Michner veins. The nearly
vertical Hoosier reef, striking N. 40° W., is cut by the
No. 6 adit about 240 feet from the portal and is here
50 feet wide. The Yellow Pine vein, to which most of
the output of the mine is credited, follows the southwestern edge of the Hoosier reef for several hundred
feet, and the drifts along it offer a good opportunity to
observe the character of the breccia reef. Boulder
Creek granite, pegmatite, and aplite are present, and all
are brecciated and silicified in most places. Many sean1s
of gouge cut the reef parallel or diagonal to its strike.
Grooves, striations, and displacement along the northeast side show that the rock to the northeast moved
down to the southeast at an angle of 70°. Northwest of
the place where the Yellow Pine vein diverges from the
breccia reef, striations and displacement indicate that
the wall rock on the southwest side of the reef also
dropped, the wall moving clown to the south at 80°.
Thus the movements along the two walls indicate that
the middle part of the reef rose and became essentially
a long narrow horst. Late movement along the Yell ow
Pine vein was nearly horizontal and obscured this relationship where the vein follows the wall of the breccia
reef. Biotite monzonite porphyry and associated intrusion breccia (fig.17, A) extend out from the Hoosier
reef along late fractures and occur within the reef itself
in late irregular fractures. The porphyry is strongly
altered in most places, as is the adjacent country rock,
but both it and the intrusion breccia are later than the
silicification and most of the movmnent within the breccia reef. The horstlike attitude of the breccia reef itself
suggests that some of the brecciation between the two
walls is due to the upward push of an underlying
magma that followed the general course of the reef,
which can thus be properly classed as an intrusive breccia-the advance guard of an underlying intrusion.
The biotite monzonite porphyry, however, is distinctly
later than the magma responsible. for the brecciation
and silicification of the Hoosier reef.
The Yellow Pine vein follows the southwest wall of
the breccia reef for more than 1,000 feet, but just west
of the portal of the No. 5 adit it breaks frmn the reef,
swings northwestward, and evidently feathers out
within a short distance, as it has not been seen in the
Logan property, which is on its line of strike. Along
the Yellow Pine vein the right-hand wall moved forward at a very low angle, but the displacement is small
and does not exceed 6 feetL Argentiferous gray coppergalena ore occurred in nearly vertical chimneys 50 to
100 feet in stope length bufseveral hundred feet in pitch

length. The stope seen by the writers followed a nearly
vertical pegmatite dike, along which the vein dipped
steeply northeast. Throughout the barren section of
the vein on the No. 6 level the dip is steeply southwest.
The Mud vein strikes west-northwest, dips approximately 35° N., and intersects the Hoosier reef 700 feet
from the portal. The Mud vein itself has been productive only locally, but most of the ore in the South
Vaucleuse and Michner veins was found just below their
intersections with the ~lucl vein. Throughout the productive part of the Mud vein on the sixth level it is a
gougy sheeted zone 1 to 10 feet wide containing one or
two intrusion breccias. Several periods of movement
have affected it. The net movmnent has been that of a
reverse fault, the footwall 1noving clown and to the
northeast; the direction of striations ranges from N. 65°
E. to N. 30° E. The northeasterly veins, such as the
Vaucleuse and Michner, are much stronger below the
Mud vein than are their continuations above it. The
displacement of these veins by the Mud vein fissure
shows that 1nuch of its movement took place after the
northeasterly veins had been formed, but the weakness
of the displaced segments in the hanging wall shows
that the Mud vein fissure was already in existence when
the fractures occupied by the northeasterly veins were
formed, the northeasterly veins tending to end at the
Mud vein fracture or to extend only slightly beyond it.
This history of recurrent movement alternating on the
Mud vein and the northeasterly veins is similar to that
found in the Logan mine.
Between the intersections of the Michner and South
V aucleuse veins with the Mud vein a light-gray felsite
lies close to the hanging wall. To the east the felsite
grades into an intrusion breccia, which soon becmnbS
indistinguishable frmn the gray gouge that makes up
most of the Mud vein in this vicinity. At least part
of this gouge resulted from attrition of the intrusion
breccia during subsequent movements along the fault.
The felsitic intrusion breccia is distinguishable again
about 250 feet to the east and can be traced approximately 100 feet along the drift. It is cut sharply by the
later biotite latite intrusion breccia and has been much
more affected by the repeated movement along the vein
than has the later breccia. That part of the Mud vein
in which the felsitic intrusion breccia is recognized
coincides with the zone of most intense lead-silver deposition, and it is possible that the 1nagma from which
the lead-silver n1inerals were derived is closely connected with the felsite porphyry. The biotite latite
intrusion breccia is in the hanging wall of the Mud vein,
and its relation to the lead-silver ores. could not be
ascertained. The occurrence of biotite latite intrusion
breccia in the Mud vein on the third level of the Logan
mine has been interpreted as indicating intrusion along
the Logan vein, but it is also possible that it is 1nore
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directly connected with the biotite latite intrusion
breccia of the Mud vein in the Yellow Pine mine.
The South V aucleuse vein follows a sinuous course
and dips 25°-40° SE. It occupies a fault, the hanging
wall of which moved upward to the west, favoring the
creation of open spaces where the dip decreases or the
vein swings to the right. Close to its intersection with
the Mud vein both the course and the dip favor the
enlargn1ent of the vein, and the greatest outp11t came
from this place. The localization of the ore was apparently related to the intersection of the Mud vein
as well as to the spaces created by the movement of the
walls; the tenor of the ore decreased with distance
frmn the intersection. So far as is known the vein is
barren beyond a point 300 feet southwest of the Mud.
Vein.

The Michner vein occupies a steep fault, the southeast
side of which moved downward to the northeast at an
angle of 70° for approximately 20 feet. The vein dips
both northwest and southeast, but it is apparent that
the most open space along it occurred where the vein
dips southeast, a position in hannony with the occurrence of the ore shoots. The ore is further localized
close to the intersection of the overlying Mud vein, a
relation already noted in the South V aucleuse.
On the sixth level the northern Vaucleuse vein is a
seam of gouge 12 to 16 inches thick dipping east at
30°-50°. The vein is apparently not productive even
in its upper levels except close to its intersection with
the Gray Copper vein. The Gray Copper vein on the
60 level is a small tight fracture, which evidently does
not persist far beyond the breast of the southwesterly
drift that exposes it, as its intersection with the Mud
vein 150 feet to the southwest has not been recognized.
Where seen, the Gray Copper vein consisted of 1 to e
inches of sheared rock containing a maximum of 3
inches of gray copper ore frozen tightly to the walls.
In both the South V aucleuse and the Michner veins
the ore was found through a width ranging from 6
inches to 3 feet. In many places in the South V aucleuse,
the ore is "frozen" to slightly altered pegmatite, but
the country rock adjacent to the Michner vein is strongly
sericitized.
The chief minerals of the Yellow Pine ore are argentiferous galena and argentiferous gray copper. Some
sphalerite and pyrite are associated with the ore, and
the chief gangue is glassy quartz and silicified wall rock.
Headden 73 reports the presence of stromeyerite in the
ore, and its presence in the Vaucleuse vein has been verified by the writers. Here it is associated with stephanite,
galena, and bornite as a late hypogene mineral. More
than 200 shipments of Yellow Pine ore were made to the
Boulder Sampler from 1878 to 1892, most of them rang7a Headden, W. P., Stromeyerite-Yellow Pine mine, Boulder County,
[Colo.] : Am. Mineralogist, vol. 10, pp. 41-42, 1925.

ing in weight from 1 to 10 tons. The majority of these
shipments contained 100 to 250 ounces of silver to the
ton, but the grade of some ranged between 28 and 100
ounces, and a few contained n1uch more than 250 ounces.
One shi p1nent of 222 pounds made on December 30,
1882, had a grade of 2,278 ounces of silver and another
of 1,802 pounds shipped on J nne 3, 1890, a grade of
1440 ounces of silver to the ton. Most of the shipments
'
contained
no gold, but a few contained a trace to 0.8
ounce of gold, and one shipn1ent frmn the Gray Copper
vein contained 5.3 ounces of gold and 197 ounces of
silver to the ton.
INGRAM MINE

The Ingram mine is on the east side of Mineral Point
Gulch half a mile northwest of Salina, in the central
part df the Gold Hill district. The workings consi_st
of a n1ain inclined shaft, 1,000 feet deep along the vein
and about 900 feet vertically with 10 levels aggregating
about 6,000 feet of workings. A tunnel connects with
the 120-foot level of the shaft, and in recent years the
shaft was operated from this level. The collar of the
shaft is at an altitude of 7,060 feet,·and the portal of the
tunnel is at an altitude of 6,950 feet.
The Ingram mine was discovered prior to 1882 and
has supplied several hundred thousand dollars worth
of gold -telluride ore. After being idle for many years,
it was reopened in 1935 by the Mines Development Corp.
In 1936 this company sank the shaft from the 7th to
the 8th level and from October 19, 1936, to November
31, 1937, produced 2,022 ounces of gold and about an
equal amount of silver from the ore mined between the
two levels. 74 The ratio of gold to silver in this ore was
about 10: 9. In 1938 the company extended the shaft
to the lOth level, but operations were abandoned the
following year.
The country rock in the Ingram mine is chiefly gneissic Boulder Creek granite, the foliation of which has a
general northeasterly strike and moderately steep northwesterly dip. Dikes of pegmatite and aplite trending
northeastward and northwestward are common in the
workings. A northeasterly dike of fine-grained granite
gneiss is exposed on the 610-foot level. On the lower
levels 100 to 275 feet west of the shaft, there are several
'
.
narrow dikes of quartz diorite gneiss a few inches to 5
feet wide. They range in strike from N.l0° E. toN. 55°
W. and in dip from 62° W. to 80° E. These dikes,
which are nearly at right angles to the vein, have apparently had a strong influence on the localization of the
ore.
The Ingram vein occupies a rather irregular fissure,
which strikes from N. 10° E. to N. 75° E. and dips
52°-70° NW. In the upper levels the average strike is
about N. 45° E. On the 120-foot level there are two
1~

Data furnished by H. C. Shotwell of the Mines Development Co.
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nearly parallel veins 20 to 40 feet apart and nu1nerous
veinlets extending diagonally across fron1 one to the
other (pl. 26). These veins converge upward and on
the 80-foot level form a strongly mineralized fissure
zone 20 feet wide. They apparently also converge downward and join somewhere between the 120-foot and
245-foot levels. In the lower levels the Ingram is mostly
a single vein, but it splits to the east on the 610-fo·ot
level, 210 feet east of the shaft. In general, the dip of
the vein is relatively steep in the upper workings and
tends to decrease with depth.
Movement along the Ingram vein fissure has apparently been rather complex. Cross faults and dikes have
been displaced eastward on the south side of the vein
in some places and westward in others, but the horizontal displacement is nowhere more than 5 feet. Some
grooves on the walls pitch 60°-65° NE. and others pitch
58°-60° SW. It therefore seems probable that the movement of the vein walls has been somewhat different in
different blocks bounded by cross faults and dikes.
Taken as a whole, the displacements seem to indicate
that the hanging wall moved up at a steep angle, but the
total displacement was probably not more than 10 feet.
Some of the grooves pitching northeast are on late carbonate seams and seem to indicate that the hanging
wall moved down. If so, there was a slight readjustment
after the deposition of the telluride ore, the hanging wall
moving a few feet downward.
There are several barren faults in the mine that have
had a marked influence on the localization of ore. The
most extensive of them is the Fortune breccia reef,
which strikes N. 80°-85° W. and dips 30°-45° N. It
can be traced for more than 2 miles across the central
part of the Gold Hill district. This reef crops out at
the surface only 50 feet no·rtheast of the main shaft,
but on the 6th level it is 725 feet northeast of the shaft.
It is commonly made up of 3 to 5 feet of strongly sheared
and gougy wall rock but locally widens to a weak shear
zone 15 feet wide. It contains a small amo·unt of hematite in places and is silicified in the vicinity of the Ingram vein.
On the lower levels of the n1ine, in a zone extending
frmn 25 feet east to 250 feet west of the shaft, there are
several faults of moderate to small size, which also were
formed during the breccia-reef period of faulting.
They range in strike frmn north to N. 30 o W. and in eli p
from 80° E. to 82° W.; without exception they follow
dikes of quartz diorite gneiss. These faults range fro1n
2 inches to 5 feet in width and are marked by strongly
sheared, chloritized quartz diorite gneiss and some granite. The larger ones are partly silicified and contain
some fine-grained hematite.
The Ingram vein ranges in width from a few inches to
8 feet and is commonly made up of interlacing hornquartz veinlets in a zone of silicified or sericitized wall

rock. Small quartz veinlets and slips commonly branch
out into the walls. The chief ore minerals are gold
tellurides, but galena, gray copper, and sphalerite have
been found in places and are locally abundant enough to
form lead-silver ore. Pyrite is very finely and sparingly disseminated throughout the horn quartz and
silicified wall rock. Ankerite and rhodochrosite are
moderately abundant in places, either separately or together, and occur in veinlets cutting the horn quartz or
cementing horn-quartz breccia.
The chief telluride 1nineral in the ore is sylvanite, but
umall amounts of petzite are intergrown with it. In the
high-grade ore the sylvanite is commonly in bunches of
roughly parallel, broad, thin tabular blades (fig. 74, E).
This ore usually breaks parallel to the broad faces and
exposes a spectacular sheen of sylvanite crystals.
The lead-silver ore is definitely later than the telluride
ore. Galena, sphalerite, and gray copper with .small
amounts of pyrite and chalcopyrite are associated with
ankerite and rhodochrosite in veins that cut or border
the horn quartz. In places these ore minerals are disseininated in the ankerite, but in other places the sulfides
fonn solid seams 2 to 4 inches wide with thin borders of
:-tnkerite.
Nearly all the ore shipped from the Ingram mine has
been telluride ore, and some has been of very high
grade. Shipments to the Boulder Sampler during the
period 1882-87 seem to be fairly representative of the
early production. Relatively low-grade ore in lots of
one to several tons contained 1.5 to 13 ounces of gold and
4 to 25 ounces of silver to the ton. High-grade ore
shipped in lots of 10 to several hundred pounds contained 40.6 to 1,139 ounces of gold and 60 to 1,036 ounces
of silver to the ton. Much of the ore shipped from 1935
to 1938 contained 0.78 to 7 ounces of gold to the ton, and
its silver content was about that of the gold. The best
shipment of high-grade ore taken out between levels 7
and 8 in 1937 weighed 850 pounds and brought a net
return of $3,600 after treatment and freight charges
had been paid.
Lead-silver ore from the east drift of the 900-foot
level contained 1.5 ounces of gold and 18 to 20 ounces of
silver to the ton.
In most of the mine, the chief wall-rock alteration has
been sericitization. In most places bordering ore bodies
the wall rock is sericitized for distances of 2 to 3 feet
frmn the vein, but along barren parts of the vein this
alteration effect com1nonly extends for only a few inches
to 1 foot from the vein. In the upper levels, on the underside of the Fortune dike, silicification of the wall
rock is common. It extends for a distance of 1 to 6
feet from the vein and in 1nost places borders ore. In
other parts of the mine there is little silicification of the
wall rock except within the vein itself. Pyrite is for the
most part finely disseminated in silicified wall rock.
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~[ost of the ore shoots in the Ingram mine have been
small but of high grade, as shown on plates 26 and 27.
They seem to be limited to a zone of mineralization about
600 feet in breadth, which pitches about 65° to the southwest in the plane of the vein but seems to steepen in
the bottom levels. Two or more ore bodies have been
found on every level from the surface to the bottom of
the shaft. The largest ore body was between the surface and the 245-foot level on the underside of the Fortune dike and n1easured ·about 300 feet in pitch length,
175 feet in breadth, and in most places had a thickness
of 2: to 8 feet. On the SO-foot level, where two parallel
veins converge, a body 20 feet wide was mined. Smaller
ore bodies also extended across to the upper side of the
Fortune dike. Most of the ore bodies in the mine range
frmn 30 to 150 feet in length, 25 to 100 feet in breadth,
and 1% to 6 feet in thickness. On the 315-foot level,
however, west of the shaft, there is a continuous stope
425 feet long and 20 to 60 feet high, and just west of
the shaft there was a nearly continuous ore shoot extending from above the 510-foot level to the 710-foot
levBl, having a length of about 250 feet and a breadth of
50 to 100 feet. In these moderately high grade ore
shoots there are scattered small pockets of very rich
ore .
The chief factors localizing ore in the Ingram mine
seem to be junctions of the vein ,with earlier faults.
The largest ore body in the mine was found in the upper
part at the junction of the Ingram vein with the Fortune
reef where the vein split into two parallel branches (pis.
26 and 27). Most of the ore was deposited on the under
side of the reef. Apparently the reef served as a dam
or baffie to the ore-forming solutions rising from depth
and caused deposition on the under side, but in places
small amounts of the solutions broke through and deposited ore above the reef. The branching and uniting
of the two parallel splits of the Ingram vein in the
upper workings were apparently also effective in the
localization of the ore, for on the lower levels the intersection of the vein and the reef is barren.
On the lower levels the steep north westward-trending
breccia reefs and the dikes of quartz diorite gneiss seen1
to have been the chief factors in localizing the or~.
Most of the ore shoots in the lower workings are bounded
either on the west or on the east by one of these reefs
or by a gneissic quartz diorite dike, and some shoots
are bounded at both ends by faults or dikes. It therefore seems probable that these cross structures caused
difl:erential movement in different blocks of the walls
of the Ingram vein, the walls along some blocks being
opened and those along others being closed. The cross
structures also caused irregularities and resulting openings favorable to ore deposition to form in the vein.
In addition, the early reverse movement tended to open
the more gently dipping parts of the vein, and these
parts are therefore favorable for the occurrence of ore.

Alternations of granite and pegmatite in the wall rock
also seem to have influenced the formation of openings
by causing irregularities in the vein and differential
movement along the wall, and we find that many of the
ore bodies are bounded by pegmatite along one wall
or at one end.
GRAND REPUBLIC MINE

The Grand Republic vein was one of the most productive in Boulder County frmn 1934-37, when it was
operated by the St. Joe Mining and Milling Co. In 1935
its output amounted to 28,515 tons of ore having an
average gold content of about 0.28 ounce to the ton.
The mine is in Sunbeam Gulch, on the east side of Logan
Gulch 5 miles west of Boulder, at an altitude of about
7,000 feet. It is easily accessible by truck and automobile. In 1935 the ore was moved by truck to the flotation
mill on Lefthand Creek, north of Gold Hill, at a cost
of about 88 cents a ton. 75
The mine is developed by a short shallow adit with
about 800 feet of workings (fig. 76) and an inclined
shaft, from which levels were turned at slope distances
of 100, 160, and 220 feet, aggregating about 1,100 feet
of drifts.
The country rock of the mine is Boulder Creek granite
cut by related pegmatite and aplite dikes. The strongly
silicified Hoosier breccia reef lies 100 feet east of the
shaft and locally follows a northwest dike of pre-Cambrian pegmatite. The reef is cut and offset about 100
feet by the Grand Republic vein, the south side moving
east.
As shown in figure 76, the Grand Republic vein is
more properly termed a lode; it consists of a mineralized
fracture zone, which strikes from N. 80° W. toN. 55° E.
and averages about N. 80° E. The lode dips about 62°
N., but the strongly mineralized fractures within it
range in dip from vertical to 35° N. The hanging wall
of the lode is a nearly continuous fracture that dips
northward at 55°-65° near the surface but steepens to
80° at the 100-foot level and below. Grooves on the
walls of this fracture pitch about 15° W., indicating
nearly horizontal movement. The displacement of the
Hoosier breccia reef totals about 115 feet, but it is distributed through the lode and is probably the result of
movements that took place over a long period of time
and may have alternated with movements along the
Hoosier reef itself-a process similar to the one that
took place in the Yellow Pine mine nearby. (See p.
248.) The lode is not well exposed east of the reef but
seems much narrower than to the .west. For a distance
of 400 feet to the west it ranges from 30 to 100 feet in
width, but farther west it is limited to a strong gougy
zone only a few feet in width along the hanging wall.
In the wider part of the lode most of the fractures
1

75 Guiteras, .J. R., Operations and costs at the St . .Joe Mining and
Milling Company, Boulder County, Colo.: U. S. Bur. Mines Inf. Circ.
6976, p. 31, 1937.
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strike either subparallel to the hanging wall or northeastward in an echelon pattern. Although the footwall
of the lode is not a single continuous fracture, the bulk
of the fractures in the widest part lie between the hanging wall and a nearly parallel 1noderately persistent,
slightly mineralized fault that dips about 50° N.
The rock between the footwall and hanging-wall
fractures is strongly altered, as shown in figure 76. The
intensity of alteration is indicated by the abundance
of quartz, pyrite, chlorite, and sericite. The granite
is somewhat sericitized throughout the lode, and along
many of the fissures the sericitization has been intense.
The biotite of the granite is strongly chloritized in many
places, especially where pyrite is abundant, but sericitized rock may be evident where no chlorite is evident
1negascopically. Pyrite is widely disseminated but is
much n1ore abundant in certain zones than others. Silicification accompanied by the introduction of pyrite
was more localized than the other types of alteration.
Some of the silica was introduced as veins and veinlets
of horn quartz, and some effected a 1nass replacement of
the granite near channels of mineralization.
The character of the altered rock is used by the miners
as a guide in discriminating between commercial ore
and waste. Rock in which the biotite is apparently
unchloritized is below commercial grade. Abundant
fine-grained disseminated pyrite or the presence of
many seams of pyritic horn quartz in altered granite are
the most reliable indications of commercial ore. Near
the surface Lovering observed some free gold associated with a late dark horn quartz, but the gold in
most of the ore mined was not discernible. According
to Guiteras, 76 the gold appeared to be in the form of
tellurides associated with pyrite, but so far as the writers
have been able to learn no telluride minerals have actually been observed. Small amounts of marcasite and
arsenopyrite were noted in the ore by Guiteras, and both
were found by the writers in specimens of ore from the
east end of the 220-foot level, where they were associated with ferberite. Pyrite, arsenopyrite, and quartz
were earlier than the ferberite, which was contemporaneous with or slightly earlier than marcasite. Arsenopyrite has not been reported in telluride ore elsewhere
jn the Front Range, and its presence suggests that the
ore may belong to the pyritic gold group. Both pyritic
gold ore and telluride ore have been mined in the Logan
mine, a quarter of a 1nile to the southeast. The ore
was slightly oxidized in the tunnel level, but on the
100-foot level little limonite was observed. Enrichment by supergene solutions was probably of little influence in raising the tenor of the bulk of the ore mined.
The ore mined in 1935 contained $7.291 worth of gold
and $0.057 worth of silver per ton. 77 The cost of mining
was $2.434 per ton, the cost of milling $1.677 per ton,
76
77

Guiteras, J. R., op. cit., p. 6.
Idem., p. 31.

and the net profit :from the operation before allowing
for depletion $1.763 per ton. According to Mr. Orville
Kelly, the mine foreman, a gold content of 0.18 ounce
to the ton was regarded as the lower limit of commercial
ore. A 660-pound sa1nple of ore assayed for testing
purposes in 1936 had the following composition : 78
0.26 ounce of gold and 0.30 ounce of silver to the ton, 5.84
percent of iron, 1.77 percent of sulfur, 0.07 percent of
arsenic, and 81.20 percent of insolubles.
The intersection of the northwesterly Hoosier breccia
reef and the westerly Poorman reef lies only a few hundred feet north of the n1ine and suggests an area where
mineralization would be expected. The ore shoot lies
just west of the Hoosier breccia reef in a vein occupying
a strong cross fault and pitches north-northeastward
toward the reef. The movement of the walls of the
Grand Republic lode was such that northeasterly fissures
tended to open and afford places for mineralization.
Boulder Creek granite is a better host rock than the
pegmatite in this mine.
The vein material on the 220-foot level was visibly
poorer than that on the 160-foot level and was of too low
grade to be mined. The workings on this level, however, have apparently not penetrated the hanging-wall
fissure, and it is possible that further exploration will
reveal ore of commercial grade. The presence of ferberite in only the east end of the bottom drift is of
interest. In the nearby Logan mine a body of auriferous tungsten ore stoped on the lowest levels yielded
$80,000 in ferberite. It seems possible that the ferberite
in the Grand Republic mine may be the top of a shoot
of tungsten ore. The strength of the premineral fault
zone and the proximity to the Hoosier reef should
encourage deeper deve 1opment.
OTHER MINES

Data on other representative mines are given briefly
below.
CASH
Development.-Shaft 600 feet deep with several thousand feet

of levels. Tunnel more than 500 feet long connects with upper
workings.
Prod1wtion.-Several hundred thousand dollars.
Veins.-Cash: Strike N. 52°-58° E.; dip, 68°-80° NW.; cuts
Hoosier reef 650 feet southwest of shaft. Freiberg: Strike,
N. 30°-40° E. ; dip, nearly vertical; joins Cash vein 50 feet east
of shaft. Parallel: Strike N.l5°-40° E.; dip, 75°-85° northwest;
joins Cash vein 100 feet southwest of shaft. Stirling: Strike,
N. 38° E.; dip, 80°-85° SE.; northeastward continuation of Cash
vein. Veins 10 inches to 12 feet wide, average 2 or 3 feet; made
up of interlacing horn quartz seams in sericitized granite.
Wall rock.-Boulder Creek granite and small pegmatite dikes.
Ore and s1tlfide minerals.-Petzite, sylvanite, and other telluride minerals, pyrite, a little galena, and sphalerite.
Gangue minet·als.-Horn quartz and silicified granite.
Ore shoots.-Chiefly a single ore shoot from surface to 600-foot
level ; stope length at surface 300 to 400 feet.
78

Idem, p. 6.
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Tenor.-Medium to high grade ore. Large lots shipped to
Boulder Sampler, 1887 to 1888, contained 0.65 to 5.85 ounces of
gold and 4.5 to 26 ounces of silver per ton; small lots contained
11.2 to 312 ounces of gold and 30 to 754 ounces of silve.r per ton.
Ore shipped from dumps contained 0.18 to 0.36 ounce of gold per
ton.
COLD SPRING AND RED CLOUD

Development.-Discovered May 1872. Shaft 871 feet deep
(caved for many years). Long crosscut intersects vein at depth
of 675 feet.
Production.-Several hundred thousand dollars. $100,000 ln
1872.
Veins.-Cold Spring and Red Cloud, nearly parallel, 35-50 feet
apart near surface, separated by porphyry dike, Cold Spring on
northwest side. Both strike N. 40°-45° E, clip 78° NW. to vertical, and are 2 to 12 feet wide ; southeast walls moved southwest.
Veins converge downward and join at depth of 470 feet, where
dike thins out ; they form a single gouge seam in lower levels.
Veins cut Hoosier reef about 50 feet southwest of shaft.
Wall rock.-Boulder Creek granite and biotite monzonite
porphyry dike.
Ore and sulfide minerals.-Petzite, sylvanite, and other tellurides, pyrite, and a little galena.
Gangu.e minerals.-Horn quartz and altered wall rocks.
Ore shoots.-Mostly confined to upper 400 feet. Little ore
below 470-foot level.
Tenor.-Mostly high-grade ore. Shipments to Boulder
Sampler, 1879-80, contained 4 to 58.8 ounces of gold and 10 to
244 ounces of silver per ton. Small lots contained 124 to 490.5
ounces of gold and 386 to 1,800 ounces of silver per ton.
EMANCIPATION

Development.-Shaft 575 feet deep, with 8 levels 275 to 575
feet long; Gardner tunnel, intersecting shaft 175 feet below
collar, has 1,500 feet of workings, mostly on vein.
Veins.-Emancipation: Strike, N. 45° E.; clip, 75° NW. Gardner: Strike, N. 45° E., dip, 75° NW. Western Slope: Strike, N.
75° E.; dip, 70° N.; veins few inches to 12 feet wide. Emancipation and Gardner veins 150 feet apart. Western Slope vein
extends diagonally between these. North of Western Slope vein,
system of discontinuous_ N. 80° E. veinlets run diagonally across
from Gardner to Emancipation. Movement on all veins nearly
horizontal. On Emancipation, southeast wall moved southwest
10 feet. On Gardner southeast wall moved southwest and down
lOo for 15 to· 20 feet. On Western Slope, southeast wall moved
northeast and down 15° for 1 foot. Thus movement on vein
system was as 2 wedges moving in opposite directions. Veins
lie on south side of Fortune dike, which strikes N. 70° w. and
dips 45° N.
Wallrock.-Boulder Creek granite: foliation trends N. 75° E.
and dips sooN. Dikes of Silver Plume granite and of pegmatite.
Granite sericitized 6 inches to 2 feet beyond veins and partly
sericitized several feet farther.
Ore and sulfide minerals.-Gold tellurides, free gold and some
pyrite.
'
Gangue rninerals.-Horn quartz, silicified granite, and some
calcite.
Ore shoots.-Largest ore bodies on Emancipation vein. One
at junction with Western Slope vein has stope length of 250
feet, height of 600 feet, and thickness of 1 to 6 feet. Another,
where vein of N. 80o E. system joins Emancipation, has stope
length of 125 feet and vertical length of 400 feet. Small stopes
on Gardner and ·western Slope veins near junctions.
1'eno1·.-Medium-grade to high-grade ore. Shipments to Boulder Sampler, 1879 to 1885, contained 1.7 to 15.8 ounces of gold

and 1 to 35 ounces of silver per ton. Small lots contained 16 to
581.4 ounces of gold and 11 to 430 ounces of silver per ton.
LOGAN

Development.-Seven tunnels.

Veins.-Logan: Strike, northeast north of Mud vein and north
to northeast south of Mud vein; dip, 60°-75° N., north of Mud
vein and 40°-70° W. south of Mud vein; 6 inches to 3 feet wide.
North of Mud vein, hanging wall of Logan vein moved down and
southwest at 65° for 3 feet. Between Mud and Flat veins, hanging wall moved up and southeast. Teller: Nearly parallel with
Logan; 3 feet wide. In early movement hanging wall moved
clown and southwest at 20°; in later movement hanging wall
moved up and southwest at 50°; in both cases right-hand walJ
moved ahead.· Mud vein: Strike, northwest; dip, 20°-45° N.
Gougy zone below 3d level; horsetails above and represented by
number of northward-clipping faults. Reverse fault and righthand wall moved ahead. Successive movements along both
Logan and Mud veins, followed by introduction of intrusion breccia and further movement on both veins. Flat "vein" : Strike,
northwest; dip, 20°-45° N.; 60Q-700 feet S. of Mud vein.
Wall rocks.-Boulder Creek granite, sericitized along veins.
Dike of monzonite porphyry in Logan vein at intersection with
Hoosier breccia reef. On Mud vein silicified breccia on hanging
wall. Biotite latite intrusion breccia follows intersection of
Mud and Logan veins up to 3d level.
Ore and sulfide minerals.-In Logan vein, gold, gold telluride,
pyrite and ferberite, some argentiferous tetrahedrite, sphalerite,
and galena. In Teller vein, gold telluride. In Mud vein, pyrite
and gold.
Gangtte minerals.-Wall rock and chalcedonic quartz.
Ohanges with depth.-On Mud vein mineralization is very
meager in upper levels.
Ore shoots.-In Logan vein most of gold ore is between intersections with Flat and Mud veins. Tungsten ore shoot 60 feet
long and 80 feet deep north of Mud vein near intersection with
Hoosier reef. Most stopes are where openings were formed by
vein swinging left or by dip flattening. Branch veins yielded
much ore. On Teller vein several large stopes; rich ore body
beneath intersection with minor Albany vein; other ore bodies
between Mud and Flat veins.
Tenor.-Meclium-gracle to high-grade ore. Shipments to Boulder Sampler 1879 to 1885 contained 0.5 to 12.8 ounces of gold
and 1 to 51 ounces of silver per ton. Small lots contained 14.9
to 550.8 ounces of gold and 13 to 738 ounces of silver per ton.
Silver ore from fifth level assayed 50 to 150 ounces of silver
per ton.
MELVINA

Development.-Discovered July 1875. Shaft 550 feet deep ( 700
feet on the incline) with 9 levels ; two tunnels connect with shaft
workings about 100 and 200 feet below surface ; total workings
more than 5,000 feet.
Production.-$300,000 up to 1883.
Vein.-Melvina: Strike, N. 15°-40° E . ; dip, 55°-78° NW.; 1
inch to 21h feet wide, ore seams commonly 2 to 12 inches wide.
Occupies breccia reef fissure northeast of shaft, branches from
it to southwest.
Wall rock.-Boulder Creek granite and pegmatite.
Ore and sulfide minerals.-Gold tellurides and free gold, a little
pyrite and galena.
Gangue minerals.-Horn quartz and fluorite.
Ore shoots.-In upper 6 levels, ore shoot 550 feet in pitch
length and 400 feet in stope length ; in lower levels, a second
ore shoot 230 feet in pitch length and 120 feet in stope length;
both pitch about 45° NE. Upper ore shoot apparently controlled
by junction of vein with breccia reef fissure.
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Tenor.-O~e mostly high grade, commonly contains a few
ounces to 30 ounces of gold per ton; some small shipments contained 66 to 2,115 ounces of gold per ton. Silver content averages
about same as gold. Shipments from dump contained 0.11 to 0.46
ounce of gold per ton. Stope fill in places contained 0.75 to 1.10
ounces of gold per ton.
WOOD MOUNTAIN MINE GROUP

Development.-Wood Mountain crosscut tunnel, 1,750 feet

long, connects with 2,750 feet of drifting; many stopes.
Production.-Total, about $1,000,000: 1928, $6,999.57; 1929,
$8,008.20; 1930, $2,777.67.
Veins.-Eight veins range in strike from N. 5° E. to east.
Zopher: Cut by tunnel 950 feet from portal; strike, N. 70° E. to
N. 83° ,V., average N. 88° E.; dip, 50°-78° N.; 1 to 15 feet wide.
Earliest of group. Cut by Franklin vein. Several veins run into
Zopher but do not cross it. South wall moved east, probably 20
feet or more. Summit: In tunnel120 feet south of Zopher vein;
strike, N. 55°-70° E.; dip, 45°-56° NW.; 11;{! to 3 feet wide.
.T oins Zopher vein 250 feet east of crosscut. New Era : Strike,
N. 40° E.; dip, 80° NW.; 11:J to 6 inches wide. Cuts diagonal1y
between Summit and Zopher veins. Movement very small. Gray
Copper: Strike, N. 20°-38° E.; dip, 68°-74° NW.; 1 to 2 feet
wide. Movement horizontal; east side moved south 35 feet.
Joins Zopher vein at crosscut. Henry: Strike, N. 13° E.; dip,
68° W.; joins Zopher on south 130 feet west of crosscut. Franklin : Cut by crosscut 1,320 feet from portal ; exposed for 1,000
feet in tunnel; strike, N. 5°-30° E.; dip, 80° NW. to vertical;
8 inches to 21.12 feet wide, locally as much as 4 feet. 370 feet
south of crosscut, vein cuts branch of Zopher and displaces it 12
feet south on east side. Here Zopher is a barren shear zone 3
inches wide. Franklin-Gillard: Strike, N. 35° E.; dip, 80° W.;
8 inches wide, 4 feet at junction; splits from Franklin at crosscut
junction. Star: Cut by crosscut 1,730 feet from portal, explored
180 feet; strike, N. 22°-35° W.; dip, 73°-82° W.; 4 to 18 inches
wide. East wall moved south horizontally. Vein is 420 feet
west of Franklin and does not intersect any other vein of group.
Wall roclc.-Boulder Creek granite. Foliation trends N. 60°
E., and dips 55° NW. Pegmatite and aplite dikes in places.
Walls sericitized 1 to 3 feet from vein, and Joeally silicified.
Some kaolinic alteration on Franklin vein.
Ore and sulfide minerals.-Gold tellurides and free gold, some
marcasite and pyrite. A little galena and sphalerite in Summit
vein. Free gold in New Era and Star veins.
Gangue minemls.-Horn quartz, altered or silicified wall rock;
a little calcite in Summit and New Era veins.
Ore shoots.-Chiefly localized by junction of veins. Locally
character of wall rock had effect. Irregularity of veins, plus
movement, had little effect. Extensive stopes on Zopher vein
due to junction with Gray Copper, New Era, and Summit veins.
Stope 420 feet long and 30 to 120 feet high betweE'n junctions
with Summit and Henry veins. New Era vein stoped 80 feet
high between Summit and Zopher veins. On Gray Copper vein,
few small stopes on tunnel level, larger stopes near surface.
Stope 100 feet long and 25 to 30 feet high where vein cuts
diagonally across aplite dike. Ore in Henry vein only where it
joins other veins. Franklin vein mostly barren on tunnel level,
several ore shoots in tunnels farther west.
Tenm·.-Average value of ore milled in 1928-30 under $5 per
ton; average value of smelting ore, 1928-30, $25 per ton. Concentrates shipped averaged $50 per ton. In Summit vein principal values were in silver.

JAMESTOWN DISTRICT
LOCATION, HISTORY, .AND OUTPUT

The Jamestown mining district lies in the central part
of Boulder County, 9 miles northwest of Boulder, and is
easily accessible over a good automobile road with a
gentle grade. Jamestown, the only town in the district,
has a population of about 100. The district includes
approximately 36 square miles and ranges in altitude
frmn 6,300 to 8,600 feet. It is well watered and has a
good supply of native timber.
In the early summer of 1865 Captain Buchanon,
Johnny N oop, Hutchinson, and James, after whom the
camp was named, left Blackhawk and prospected along
the valley of Little James Creek to the west of Jamestown. They returned to Blackhawk in the fall and
displayed such rich specimens of gold ore that about
500 people flocked into the new district the following
spring. The Buckhorn was one of the first claims loeated and becan1e one of the chief sourees of lead-silver
ore-in the district. The first mill was erected in 1867
by Willard at the junction of Big and Little James
Creeks.
In October 1875 the first telluride ore was discovered
vn the John Jay property, which was staked by A. J.
Vanderen and Edward Fuller. The total value of output during the first year was between $40,000 and
$50,000. The Golden Age vein was discovered in the
same year, the Smuggler was located the following
spring, and the Buena vein was found in 1879.
Jamestown's biggest "boom" came at the beginning
of 1883. In January Colonel Straight shipped some
rich lead carbonate ore from the Buckhorn and Argo
mines, and the runwr soon spread that large blankeL
deposits of lead-silver ore, similar to those of Leadville,
had been diseoverecl at Jamestown. This eaused an
inunediate influx of approximately 3,000 people. The
town became a tent eity with n1ore than 30 saloons and
extended for more than a mile up the gulch. The rumor
was soon proved false, and before the summer was over
the population had dwindled to about 200.
The presence of commercial deposits of fluorspar was
not known until 1903, when a man named Emerson
arrived to prospect for it. He found large quantities of
fluorspar float on Blue Jay Hill and shipped about 400
tons during the first summer. In June 1916, Ed Lehman built a small mill to treat lead-fluorspar ore from
the Alice and Argo mines. A high point in fluorspar
output was reached in 1918, when 22,810 tons were
shipped, but production fell off sharply in the following years, and from 1930 to 1940 the fluorspar mines
were largely idle.
A great impetus was given to gold mining in the district by the rise in the price of gold in the latter part
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of 1933, and many of the larger 1nines that had been
closed for some time were reopened. New ore bodies
were found in most of these mines, and the annual gold
output of the district jumped from 655.38 ounces in
1933 to 3,149.73 ounces in 1934. Most of this increased
output came from the Buena mine, but good ore bodies
were also found in the Smuggler, John Jay, and Mount
Pleasant mines. The Buena output steadily increased
until May 1942, when nearly all gold mining in the
district ended owing to World War II, and interest
turned to· the fluorspar deposits. ·
By 1942 the General Chemical Co. and Harry M.
Williamson & Son had reopened most of the larger
fluorspar mines in the district and were actively mining
and milling fluorspar ore. The former produced only
fluorspar of acid grade from their flotation mill at
Valmont, but the latter produced both acid and metallurgical spar from the .remodeled W ano mill. In 1943
the fluorspar output reached a new peak of more than
36,000 tons of crude ore, which ranged in grade from
about 45 to 75 percent of CaF 2 •
The total output of the Jamestown district is estiInated by Goddard to have amounted to about $7,000,000,
of which approximately $3,500,000 has eome from telluride ores, about $1,200,000 from pyritic gold ores, about
$1,000,000 from lead-silver ores, and about $1,300,000
from fluorspar. The reports of the Director of the
Mint, which do not list many of the mines then active,
record the output for eertain years as follows :
1882____________________
1887____________________
1888 _____________ ------1889____________________
1890____________________

Gold

$80,705
39,083
9, 333
77,914
53,414

Silver
$12,90~

13,380
1, 420
20,910
13,526

Total

$93,608
52,463
10, 753
98,824
66,940

The output of the district from1901 to 1943, inclusive~
as furnished by C. W. Henderson of the United States
Bureau of Mines, has amounted to 57,614.80 ounees of
gold, 200,925 ounees of silver, 963,951 pounds of lead,
144,611 pounds of copper, and 7,000 pounds of zinc,
having a total value of about $1,880,000.
The total output of fluorspar from the distriet from
1903 to 1943, as furnished by H. W. Davis of the United
States Bureau of Mines, has amounted to 61,116 short
tons of metallurgical spar averaging between 80 and 85
pereeut of CaF 2 and 19,138 short tons of acid spar
eontaining about 98 percent of CaF 2 •
GEOLOGY

The Jamestown district lies entirely within the preCambrian eomplex of the Front Range. The nearest
sedimentary roeks are the Pennsylvanian red beds of
the Fountain formation, which lie uneonformably on the
pre-Cambrian granite and schist about 2 miles east of
the mineralized area (pl. 2) .

The rocks of the Jamestown district can be divided
into three classes: Pre-Cambrian metamorphic rocks,
including the Idaho Springs formation and the Swandyke hornblende gneiss; pre-Cambrian granites, ineluding the Boulder Creek granite, the Overland Mountain
stock of similar granite, and the Silver Plume granite;
and intrusives of the Laramide revolution, including a
variety of porphyry stocks and dikes.
Pre-Cambrian rrocks.-The schists of the Idaho
Springs formation occupy about 15 percent of the district, but small bodies are widely scattered through the
other pre-Cambrian roeks. As shown on plate 2, the
chief areas of schist are in the northeastern, southeastern, and southwestern parts of the district. Biotite
schist is the chief type found, but there are local areas
of biotite-sillimanite sehist, quartz-biotite schist, injection gneiss, and lime-silicate rock. The biotitesillimanite schist contains 5 to 30 percent of sillimanite
and is worthy of consideration as a future commercial
source of that mineral for the porcelain industry.
The Swandyke hornblende gneiss was apparently derived from gabbro and diorite sheets that were intruded
into the schists before they had reached their present
state of metamorphism; both seem to have been metaInorphosed at the same time. The gneiss occupies only
about 3 percent of the district and is almost entirely
limited to a small area in the north-central part.
The earliest granitic intrusion in the district was that
of the Boulder Creek granite. The northern edge of
the Boulder Creek batholith and apophyses from it occupy 5 percent of the district and are present in the
southeastern part and along the southern border. The
Boulder Creek granite in these localities has the composition of a quartz monzonite. The gneissic structure
is chiefly primary but is due in part to movements after
eonsolidation. Except in the small lenticular bodies in
the schist adjacent to the main batholith, it parallels the
walls of the intrusive, but as the gneiss was intruded
into the schist parallel to the existing structure, this
gneissic structure is essentially parallel to the foliation
of the schist.
The Overland Mountain stock is a mass of roughly
lenticular outline about 2 miles northwest of Jamestown; it covers about 14 percent of the district. The
central part of the stock consists of coarse-grained pink
porphyritic granite, closely resembling the Pikes Peak
granite, but much of the stock is a less coarse light-gray
granite, similar to the coarser phases of the Boulder
Creek granite. A chemical analysis shows this granite
to. be more elosely ·related to the Boulder Creek than
the Pikes Peak granite in composition. It does not
show the intimate injection of the schist that the
gneissic Boulder Creek granite does but seems to have
pushed the schist aside as it ascended.
The Silver Phune granite is intrusive into all the
rocks previously described. It makes up about 50 per-
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cent of the bedrock of the district and occupies a large
area in the east-central, central, and northern parts.
The most characteristic feature of the Silver Plmne
granite, as exposed in the J a~estown district, is the flow
structure, which is due to the parallel orientation of
the abundant lath-shaped feldspar crystals. Both the
coarse-grained porphyritic facies and the fine-grained
facies are exposed in the district, but the common type
is n1edium-grained and only slightly porphyritic. The
Silver Plume granite cuts both across and along the
foliation of the schist. Dikes penetrate both the
Boulder Creek granite and the Overland Mountain
stock.
Pegmatites are associated with each of the pre-Cambrian granites but are difficult to distinguish. The
pegmatite of the Boulder Creek granite occurs chiefly
in well-defined dikes that are parallel with the gneissic
structure. These dikes are very coarse grained, and
some have been exploited on a small scale for feldspar
and muscovite. In one o·f them numerous black tourmaline crystals and one large beryl crystal have been
found. There are few well-defined pegmatite dikes in
the Overland Mountain stock. Most of the pegmatite
associated with this granite forms irregular segregations along the border and locally within the granite
mass itself. It differs from the granite chiefly in its
deficiency in ferromagnesian minerals and its coarser
texture. Apparently, when the granite was partly solidified, the residual magmatic juice oozed out along the
border and around schist bodies within the granite area
and solidified as pegmatite. The pegmatites of the
Silver Plume granite occur both in irregular masses
gradational into granite and as very coarse-grained
well-defined dikes cutting granite, schist, and gneiss. In
the northeastern part of the district several small pegmatite dikes along the co·ntacts between the Silver Plume
granite and large schist inclusions contain appreciable
quantities of radioactive cerite and other rare earth
minerals. An analysis of some of this material by J. J.
Fairchild of the Geological Survey shows a lead-uranium ratio indicating an age of 940 million years. 79
Laramide intrusives.-The rocks of the Jamestown
district intruded during the Laramide revolution oceur
in two large stocks and a variety of dikes ranging fron1
diabase to alaskite in composition. These rocks are
typical of the various groups discussed on pages 44-47
and accordingly will be discussed in reference to that
classification.
The earliest intrusive rock in the region is a diabase
of group 2 (pl. 7 and fig. 12). It forms a long northwesterly dike that extends brokenly for 40 miles from
Magnolia, through Allen's Park to the west side of
Mount Chapin, 10 miles west-northwest of Estes Park;
79 Goddard, E. N., and Glass, .J . .J., Deposits of radioactive cerite near
Jamestown, Colo.: Am. Mineralogist, vol. 21, p. 199, 1936.
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it crosses the southwest corner of the Jamestown
district.
Hornblende granodiorite of group 4 occupies about 4
square miles in the south-central part of the district.
It is not porphyritic and differs from the typical rock
of group 4 in containing cot1siderable titanite in rather
large grains. Its texture is fine-grained at the border
but toward its central part becomes moderately coarsegrained. As shown on plate 2, its border is very irregular, and there are a few inclusions of granite and schist.
The schist and granite along parts of the border of the
stock are slightly altered.
Dikes of intermediate quartz 1nonzonite belonging to
group 5 are fairly numerous in the east-central and
southwestern parts of the district. Most of them have
a northeasterly trend, parallel in part to the structure of
the enclosing schist. Three small areas of this porphyry
are found in Jenks Gulch, 1 mile east of Jamestown,
and appear to represent the roof of a buried stock. The
rock is distinguished by abundant small hexagonal biotite flakes and scattered rounded glassy quartz phenocrysts.
Alaskite porphyry, which seems to belong to group 7
but for which ho age relationships have been found,
occurs in two prominent northeastward-trending dikes
in the southeastern part of the district. They are characterized by a dense milk-white felsitic groundmas~,
enclosing small, widely scattered phenocrysts of orthoclase, quartz, and biotite.
A sodic granite-quartz monzonite porphyry of group
8 covers about 1 square mile, just north of Jamestown,
on the northeastern border of the large granodiorite
stock. In places the contact between the two is marked
by a breccia of granodiorite, Silver Plume granite, and
schist cemented by the sodic granite porphyry. In this
porphyry, quartz phenocrysts are almost entirely lacking, but quartz is abundant in the groundmass. Dikes
of sodic granite porphyry radiate from the stock in
several places. The southwestern part of the stock is
much silicified, and pyrite is finely disseminated
throughout much of the mass. Local miners claim that
the whole stock contains 0.05 to 0.10 ounce of gold to
the ton, but the gold content seems largely limited to a
superficial zone closely related to the ancient erosion
surface that bevels the top of Porphyry Mountain.
There is very little evidence of contact metamorphism in
the rocks bordering the stock, although hydrothermal
solutions have formed a zone of alteration around it.
Several dikes of bostonite porphyry belonging to
group 9 occur in the east-central part of the Jamestown
district. They are distinguished by a dense purple to
reddish brown felsitic groundmass enclosing numerous
white to pink anorthoclase phenocrysts. The sodic
granite porphyry and bostonite dikes appear to be more
closely associated with the ore deposits than any of the
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Silver Plume granite. On the north limb the gneiss
tapers eastward into a large schist area.
Structure of the pre-Oatmbrian granites.-The struc-ture of the pre-Cambrian granites of the Jamestown district has been worked out by the Cloos and Balk
method. 80 In the areas of Boulder Creek granite in the
southern part of the district the strike and dip of the
foliation or platy structure conform in a general way
with the strike and dip of the surrounding schist, and
the linear structures or flow lines pitch 48° to 78° nearly
clue south. This seems to indicate that the granite was
STRUCTURE
intruded at a 1noclerately steep angle from the south and
The structure in the Jamestown district has had an is therefore a part of the large batholithic mass of the
important bearing on the occurrence and distribution of Gold Hill-Boulder Canyon region.
the ores. Five types of structure have played a part in
In the Overland Mountain stock the foliation or platy
determining the course of the veins and the localization structure dips in toward the center of the mass at angles
of the ore shoots : Structure of the schist and gneiss; of 60° to 80°. The linear structure pitches at about the
structure of the pre-Cambrian granites; primary struc- same angle toward a point near the north end of the
ture of the intrusives of the Laramide revolution; fault- mass. It is inferred that this body of Boulder Creek
ing during the Laramide revolution; and postintrusion granite magma came up steeply frmn a point near its
faulting.
north end and spread out to the south in a steeply
Structu.re of the schist arnd gneiss.-Throughout the inclined, somewhat funnel-shaped mass. The inference
Jamestown district the foliation of the Idaho Springs that the walls of the mass slope inward is corroborated
formation has a general northeasterly trend, which by the fact that the foliation in the small scattered schist
ranges from N. 10°· E. to N. 75° E. The dip is mod- areas along the borders dips in toward the granite at
erately steep and generally to the east or southeast, but angles of 60° to 80°. The presence of many dikes of
locally it is west or northwest.
Silver Plume granite scattered through the Boulde1~
In the southeastern schist area the prevailing strike is Creek granite area also suggests that the mass grows
N. 50°-70° E. and the dip 70°-80° E. In the north- smal1er with depth.
eastern schist area the strike is N. 55°-85° SE. At the
The structure of the Silver Plume granite is somesoutheastern edge of this schist area the foliation swings what more complicated than that of the Boulder Creek
rather sharply to the south but keeps the easterly dip, granite. The linear structures point to several widely
except locally. This swing suggests the nose of a pitch- separated centers of intrusion and strongly suggest that
ing syncline that may reflect the push of granite there are four coalescing stocks of Silver Plume granite
intruded from the south.
in the district. The granite west and northwest of
The foliation in the southwestern schist area is more Jamestown probably came from a center in the northvariable in strike. Along the southern border, in the western corner of the district. The granite body east
area west and northwest of Gold Hill, it strikes about and northeast of Jamestown apparently rose from a
N. 30° E., but to the north it gradually swings toN. 10° center 114 miles southeast of Jamestown and spread out
W. and then back toN. 10° E. Between Walker Moun- fan wise to the north. Another small stock rose from a
tain and Rowena, where the schist is split by branches of point just north of Fairview Peak, and the granite in
the granodiorite stock of the Laramide, the foliation the extreme northern part of the district, east of Balarat,
swings toN. 70° E., but this change in strike is no doubt seems to have come up from under the hornblende gneiss
attributable to the intrusion of the pre-Cambrian area 3 miles north of Jamestown. The platy structures
Boulder Creek granite rather than to the crosscutting in the stocks clip toward these centers and suggest that
granodiorite.
small schist areas between the stocks may widen with
In the north-central part of the district the Swandyke depth.
hornblende gneiss forms part of a well-defined, shallow
Prirnary structure of the Laramide intrusives.-The
structural basin or trough. Along its southwest, west, Cloos and Balk method was also used in studying the
and north borders, the gneiss dips 25° to 70° toward the Laramide stocks of the district. In the granodiorite
center of this trough, the clip increasing from the center stock the platy structure indicates that the whole mass
outward. Near the center the gneissic structure is has a general, rather steep pitch to the south.west and
aln1ost horizontal and is modified by numerous small
so Balk, Robert, Primary structure of massive granites: Geol. Soc.
domes 100 to 200 feet across. The trough is broken on America
Bull., vol. 36, pp. 37{}-696, 1925. Stuctural behavior of igneous
the south and southeast sides by the intrusion of the rocks ; Geol. Soc. America, Mem. 5, 1937.

earlier groups. In several of the mines the veins occur
in or along the walls of porphyry dikes.
Small discontinuous dikes of biotite monzonite and
latite of group 10 are sparingly scattered through the
eastern and southeastern parts of the district. On the
east slope of Bald Mountain, 1lh miles northwest of
Jamestown, there are three very small dikes of biotite
latite intrusion breccia of group 11; the roof is exposed
on one. The telluride ores of the district are thought
to be closely related to these rocks of groups 10 and 11.
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approximates the shape of an inclined cylinder. The
1inear structure pitches unifor1nly to the southwest at
angles of 35° to 70° and indicates that the granodiorite
magma was intruded at a moderate angle from the
southwest.
The structure of the small sodic granite-quartz monzonite stock is rather obscure, as the rock is altered in
many places. Such observations as could be made indicated that this n1ass came up under the granodiorite
stock from a direction of about S. 70° W. and at an
angle of 45 ° to 60°. This direction of movement see1ns
to have had an important bearing on the distribution
of the ores, as will be shown later.
Laramide faulting.-Faulting on a large scale took
place before the intrusion of the porphyries in the
Jamestown district, and as in many other districts these
early faults are n1arked by persistent silicified brecciated
zones that trend northwestward. These breccia reefs
are composed of strongly silicified, sh~ared or brecciated
granite (rarely schist) and in places contain large
amounts of bull quartz. Hematite is generally present in seams or is finely dissmninated throughout the
reef and commonly gives the entire reef a pink or red
color. These breccia reefs seem to end abruptly against
large bodies of schist, in which the fault move·.~.nent was
probably taken up by crumpling of the schist without
the formation of clear-cut openings or fault zones.
As shown in plate 2, three persistent breccia reefs cut
through the James town district. The strongest and
most persistent is the Maxwell, which trends N. 40° -~v.
across the central part of the district and can be traeed
for 1nore than 20 miles frmn the foothills south of Boulder to the valley of St. Vrain Creek north of Allen's
Park. The dip is steep, ranging frmn 75° SW. to 85°
NE. In the south-central part of the district it is cut
out by the large granodiorite stock. In most places in
the district this breccia reef is a wide, partly silicified
shear zone, colored light pink to red by finely disse:Ininated hematite. On Buena Mountain, it forms a zone
of slightly sheared, slightly chloritized granite about
500 feet wide, but in the northwestern part of the district
it narrows to as little as 10 feet and is 1narked by strongly
sheared and silicified granite containing bull quartz.
On Cannon Mountain the reef forks, and the east branch
"horsetails" and disappears within a mile and a half,
but the west branch continues beyond Allen's Park.
The west branch cuts several dikes of Silver Plume granite, and the displacmnent of these dikes shows that the
northeast side moved downward to the northwest at an
angle of about 80° through a distance of 650 feet. As
the breccia reef dips 80° SW. here, the fault in this part
of the district is a steep thrust.
In the southwestern part of the district, near the John
Jay mine, there is another strong breccia reef, which
appears to be a direct continuation of the Hoosier reef
of the Gold Hill district, but it is separated from it by
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a broad area of schist, through which the writers have
been unable to trace it. This reef strikes N. 25° W. for
about a mile from the vicinity of the John Jay mine to
the top of Overland Mountain, where it swings to aN.
60° W. trend. It dips 66°-84° SW. Along its N. 25° W.
course the reef is 4 to 20 feet wide and consists of bull
quartz containing sparse granite fragments, considerable hematite, and a small amount of white flurospar;
it is bordered in places by strongly silicified granite.
Along its N. 60° W. course the reef is mostly covered
and can be traced only by float of sheared granite.
The Standard breccia reef, in the eastern part of the
district, is much less extensive than the other two. It
ean be traced for about a mile in a northerly direction
in the vicinity of the Standard mine, 0.8 mile northeast
of Springdale, but is lost on float-eovered slopes farther
to the southeast. Its strike is about N. 24° W., but the
dip is onl;r 15° to 20° W., and the course of its outcrop
is rather Irregular, owing to topographic relief. This
reef is 3 to 10 feet wide and is composed of silicified redgranite breceia. The Standard vein and a porphyry
dike follow the course of the breccia reef. The Standard
vein occupies a normal-fault fissure, but there is no clue
as to the displacmnent along the earlier breccia reef
fault.
There are several other less extensive preore faults in
the district, whieh appear to belong to the breccia-reef
period. In the extreme southwest corner of the district
at Gold Lake is a reef of strongly silicified granite and
bull quartz, whieh strikes N. 50° W. and appears to be
related to the Livingston "dike" of the Gold Hill district. The Careless Boy "vein" exposed in the Smuggler
n1ine workings in the northern part of the district shows
strong silieifieation and some hematite and is thought to
be a breccia reef. It strikes N. 65° W. and dips 76° SW.
It is cut by the Smuggler vein. Southwest of the Smuggler n1ine there are several short, steep-angle, northwesterly faults, whieh also appear to be of the brecciareef type.
Several of the productive veins of the district are
located close to the breccia reefs, which apparently
served as channels at depth for some of the ore-bearing
solutions. The John Jay, Last Chance, and other veins
are located on the northeast side of the Hoosier reef;
the Buena, Grant, Niagara, and other veins are situated
on the northeast side of the Maxwell reef; and the
Standard vein lies along the wall of the Standard reef.
In the Smuggler 1nine the Careless Boy vein has apparently been the most important factor in the localization of ore in the S1nuggler vein.
Post-intru:siovn faulting.- The fault fissures occupied
by the ore-bearing veins were formed after the intrusion
of the porphyry stocks arid dikes. Some veins cut the
porphyry stocks, and others follow along the walls of
porphyry dikes. There are two systems of mineralized
fault fissures in the Jamestown district, an earlier set
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of northwesterly trend and a younger set of northeasterly trend.
The northwestward-trending fault fissures were filled
during the earlier stages of n1ineralization by the leadsilver and fluorspar deposits. Most of the veins strike
from N. 50° W. to due west, but some trend N. 10°-20'
W. In most places the dip is to the southwest. The
faults are nearly all normal faults, with the southwest
side downthrown and displaced to the west. The
a1nount of displace1nent is not large, rarely as 1nueh as
40 feet, but in some places the fractured or brecciated
zone is several yards wide. The northeastward-trending fissures are filled with the pyritic gold and telluride
ores and are normal faults. They strike frmn N. 10° E.
toN. 80° E. and commonly dip to the southeast. In most
places the southeast side of the fault moved down and
toward the southwest. These veins are, on the whole,
narrower than the northwestward-trending veins, and
the displacement along them is small. Both ~ets of fissures show considerable shearing; brecciation and slickensided .walls are common.
ORE DEPOSITS

The Jamestown district has been pri1narily a goldmining district but has also supplied considerable
amounts of fluorspar, lead, and silver and a small
amount of copper. The deposits may be divided into
four main classes on the basis of age and characteristic
minerals. In the order of decreasing age they are leadsilver deposits, fluorspar veins and breccia zones, pyritic
gold veins, and telluride veins. These four types are
irregularly distributed around the sodic granite porphyry stock in a rough zonal arrangmnent and appear to
be genetically related to that stock. At the outer edge
of the telluride zone there are a few lead-silver veins
and a few tungsten-bearing veins, both of which appear
to be later than the telluride ores. Three factors have
caused, or at least influenced, the irregularity of these
zones : ( 1) The stock was intruded at a moderately steep
angle from the southwest, and its thrusting force produced faults and open breccia zones in the area adjacent
to the steeply pitching roof, thus affording open channels to the early solutions that rose close to the stock;
(2) the large competent granodiorite stock to the south
was not sufficiently fractured to admit ore-forming solutions except near its borders; and ( 3) the strong northwesterly faults (breccia reefs) formed early in the Laramide revolution served as channels for some of the orebearing solutions and thus exerted an influenee on the
distribution of the ores.
Lead-silver deposits.-The lead-silver deposits include
both veins and irregular and pipelike bodies in or bordering fluorspar breccia zones. Most of them occur in
Silver Plume granite within an area of about a quarter
of a square mile on the southwest border o·f the sodic
granite-quartz monzonite porphyry stock. This area

lies in the central part of the fluorspar belt. The chief
veins of this group are the Buckhorn and the Mount
Pleasant, both of which strike northwest and dip
steeply. The pipelike and irregular bodies of lead-silver
ore are in the Alice and the Argo mines. In the Alice, a
steeply pitching pipe of lead-silver ore, 8 to 20 feet broad
and 3 to 8 feet wide, lies along the footwall of an irregular fluorspar vein from 1 to more than 8 feet wide and
has been explored to a depth o·f 400 feet below the surface. In places the ore body is cut by fluorspar veinlets,
which clearly indicates that the fluorspar is later. In
the Argo mine scattered masses of lead-silver ore a few
inches to several feet in diameter are found in a zone
8 to 10 feet wide in the center of the Argo fluorspar
breccia zone. Apparently the lead-silver o·re was deposited in a vein or pipelike body an:d was then strongly
brecciated and surrounded by later fluorspar.
In the lead-silver ores the same suite of minerals is
found in the veins and in the pipelike and irregular
bodies. Abundant argentiferous galena and gray copper and variable amounts of chalcopyrite, sphalerite,
and pyrite are mixed with a gangue of glassy to milky
quartz and some fluorspar. Gold seems to be mainly
associated with the ehalcopyrite, hut a little is found in
the pyrite.. Shipments of this lead-silver ore have
ranged in tenor from 0.06 to 1.25 ounces of gold and 2.8
to 47 ounces of silver to the ton, 1 to 40 percent of lead,
and 0 to 5 percent of copper.
In the southern part of the district, south and southwest of Nugget Hill, there are a few lead-silver veins of
another type, which have been somewhat productive.
These lead-silver veins strike east-northeast, dip steeply
southeast, and contain argentiferous galena, sphalerite,
and pyrite in a gangue o·f horn quartz, ankerite, and
some barite. This ore commonly contains 0 to 1.7 ounces
of gold and 4 to 118 ounces of silver to the ton. Sorted
lead ore from the Tippecanoe vein carried 187 ounces
of silver to the ton and 25 percent of lead. These veins
are probably later than the telluride veins, for in some
of the telluride veins of the Gold Hill district just to
the south the same type of lead-silver ore is later than
the horn quartz that contains the tellurides.
In a zone half a n1ile wide lying a mile east of the
stock on Porphyry Mountain there are several northeastward-trending pyritic gold veins, which contain
seams of lead-silver ore. Galena, sphalerite, and chalcopyrite are the chief ore minerals of these seams, and
the tenor commo·nly ranges from 0.15 to 1.3 ounces of
gold and 0.28 to 7.2 ounces of silver to the ton, hut shipments from the Longfellow 1nine contained 0.3 to 8.7
ounces of gold and 35 to 155 ounces of silver to the ton.
Fluorspar deposits.-The fluorspar deposits consist of
breccia zones and veins that form a northwestwardtrending belt in granite and granodiorite about 2 miles
long and half a mile wide on the southwest side of the
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77.-Sketch map of the Jamestown district, showing principal veins and the zonal arrangement of the ore
deposits around the granite-quartz monzonite porphyry stock of Porphyry Mountain.

sadie granite porphyry stock (fig. 77). Most of thern
strike northwest, but a few trend north or northeast;
all dip steeply, most of them to the south. The belt
seems to have been an early fault zone, probably due
in large measure to the forces produced by the intrusion
of the sadie granite porphyry stock. 81
The veins and breccia zones are filled with purple to
deep violet fluorspar, both granular and coarsely crystalline, and contain some quartz, clay minerals, disseminated pyrite, and small amounts of galena, gray
copper, sphalerite, and chalcopyrite. Minute grains
of pitchblende are found in some of the deposits, notably
the Blue Jay vein. In many of the deposits coarsely
crystalline fluorspar has been brecciated and cemented
s1 Goddard. E. N., The Influence of Tertiary intrusive structural features on mineral deposits at Jamestown. Colo. : Econ. Geology, vol. 30,
no. 4. DP. 370-386. June-July 1935.

by fine-grained sugary fluorspar mixed with variable
amounts of quartz, clay 1ninerals, sericite, brown carbonate, and small amounts of pyrite, galena, and sphalerite. In the breccia zones the fine-grained fluorspar
and associated minerals surround fragments of granite
or granodiorite a fraction of an inch to several feet in
diameter and in places fragments of lead-silver ore that
represent earlier veins or chi1nneys. There has been
some replacement of the granite breccia fragments by
fluorspar, and in many places the ground-up granite
matrix, which has been altered to a 1nixture of clay minerals, sericite, and quartz, appears to have been replaced
also.
The breccia zones range from 10 to 70 feet in width
and from 50 to 350 feet in length (fig. 78). Many of
them are parts of larger barren breccia zones 50 to 200
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78.-Maps of representative fluorspar deposits of the Jamestown district.
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feet wide and 500 to 2,000 feet long. Most of the spar
is low -grade, containing 5 to 60 percent of CaF 2 , but
many of the breccia zones enclose relatively high-grade
veins or pockets that contain 50 to Sf) percent of CaF 2 •
The fluorspar veins range from a few inches to 16 feet
in width and from 150 to 1,000 feet in length. They are
mostly of higher grade than the breccia zones, and in
many of them material containing 60 to 85 percent of
CaF 2 has been mined, but in some places the veins are of
very low grade. In 19±3 crude ore containing 45 to 73
percent of CaF2 \Vas being mined from both veins and
breccia zones. Both types of deposit have a high silica
content. It has ranged from 5 to 12 percent in shipping
ore and from 12 to 35 percent in milling ore. In some
of the lower-grade parts of the breccia zones it is probably 1nuch higher.
Because of its large percentage of fine-grained !naterial and its high silica content, 1nost of the Jamestown
fluorspar ore must be milled to produce a product of
com1nercial grade. Nearly all the fluorspar mined prior
to 1942 was used in the steel industry, \vhich de1nanded
a grade of 85 percent of CaF 2 and 5 percent or less of
silica. Some of this was hand-sorted, and some was
treated in the 25-ton Lehman 1nill at Jamestown. Since
1942 the ore has been treated in two flotation mills to
produce. acid spar and smne.metallurgical spar. In some
of the fluorspar deposits the content of galena, chalcopyrite, and associated gold and silve.r is sufficient to
make the saving of a sulfide concentrate profitable. At
the Lehman mill in 1933 a galena-pyrite concentrate
containing 0.28 ounce of gold and 3.6 ounces of silver
to the ton and 30 percent of lead was recovered fr01n the
tables. At the "\Vano 1nill in 19±2 and 1943 a sulfide
concentrate containing 20 to 30 ounce.s of silver to the
ton, 30 percent of lead, and 3 percent of copper wa~
recovered.
Few of the fluorspar deposits have been 1ninecl to a
depth of 1nore than 300 feet below the surface, but none
have been found to bottom at this depth. In the Alice
mine a relatively short fluorspar vein is continuous to
a depth of at least 400 feet beneath the surface, and in
the Em1nett mine the vein in the 480-foot level is of
about the same size and grade as in the upper levels.
On the basis of these data the reserves of fluorspar ore
are esti1nated to be as follows: Indicated (probable) ore
within 300 feet of the surface~ 305,000 short tons containing 45 to 75 percent of CaF 2 and170,000 short tons
containing 20 to 45 percent of CaF2 ; inferred (possible)
ore between 300 ancl500 feet beneath the surface, 3±0,000
short tons containing 45 to 75 percent of CaF2 and 160,000 short tons containing 20 to 45 percent of CaF 2 •
Pyr£t/c gold 'l'eins.-The pyritic gold veins fill the
later fault fissures, which trend northeast and dip southeast. Most of thmn appear to be younger than the earlv
lead-silver deposits, and they in turn are older than the
86213() --50-1!)
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telluride veins. The vein filling consists chiefly of
glassy, 1nilky, or sugary quartz and coarse-grained
pyrite and chalcopyrite. Roscoelite is intergrown with
the quartz in son1e of the veins in the southern part
of the district. Galena and sphalerite are present in
some veins and are locally abundant. The gold occurs
free or is intimately associated with chalcopyrite and
less intimately with pyrite. The n1ost productive veins
are in a zone half a mile wide, l¥2 to 2 miles east of the
soclic granite porphyry stock, but there are also numerous low-grade veins along the north and south borders
of the stock and a few small veins within the stock itself.
Another group of low-grade veins lies in the vicinity
of Nugget Hill, 2 to 2¥2 miles south of the stock. The
veins commonly range in width from a few inches to 3
feet, but some of the veins of the southern group are
1nineralized zones 10 to 30 feet wide. The length ranges
frmn 300 feet to more than a mile.
The grade of these veins is extrmnely variable. Very
rich free-gold ore from the Golden Age mine is said
to have contained 500 to 2,000 ounces of gold to the
ton. Forty-three and three-quarters pounds of highgrade ore shipped in 1888 contained 1,103 ounces of
gold and170 ounces of silver to the ton; however, pyritic
ore frmn the same vein may contain as little as 0.35
ounce of gold to the ton. Most of the ore shipped from
veins of the eastern group has contained 0.5 to 5 ounces
of gold to the ton, and similar amounts of silver. Much
of the ore frmn the Longfellow and Copper Blush veins
has had a high silver content. Ore shipped to the Boulder Sampler from the Longfellow mine in the eighties
contained 0.3 to 8.7 ounces of gold and 35 to 155 ounces
of silver to the ton and 0 to 2± percent of copper. Ore
shipped from the Copper Blush vein in 1911 contained
0.5 ounce of gold and 7.75 ounces of silver to the ton
and 5 percent of copper.
In the veins around the soclic granite porphyry stock
the primary ore cmnmonly contains 0.1 to 0.3 ounce of
gold to the ton and about the same amounts of silver,
but oxidized parts of these veins may contain several
ounces to the ton. Primary ore in the Invincible mine
eontained as much as 8 ounces of gold and 11 ounces
of silver to the ton. Most of the oxidized ore mined
frmn these veins has contained 0.5 to 4 ounces of gold
and 0.5 to 3 ounces of silver to the ton. Pyritized parts
of the sodic granite porphyry stock, particularly on
the flat top of Porphyry Mountain, contain a little gold
in places. Assays from test pits and trenches on top
of the mountain have ranged fron1 0.02 to 0.22 ounce
0f gold and 0.01 to 0.69 ounce of silver to the ton.
The pyritic gold ores from the southern group of
veins is also of very low grade. Ore from veins of the
Nugget group mined and milled during the period
1901-9 contained 0.14 to 0.24 ounce of gold and 0.03 to
0.05 ounce of silver to the ton, bnt some earlier ship-
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ments contained as much as 0.8 ounce of gold. A shipment of high-grade ore, probably oxidized, contained
47 ounces of gold and 11 ounces of silver to the ton.
Telvu/ride 'Oeins.-The telluride veins also have a
northeasterly trend, but some of the ~most important of
them strike north-northeast and dip west instead of
southeast. They are younger tl1an the pyritic gold
veins, for in the Golden Age mine the Sentinel telluride
vein cuts the Golden Age pyritic gold vein. Most of
the telluride veins lie in an outer zone llh miles~o ;)
1niles fron1 the sodic granite-quartz monzonite porphyry
stock (fig. 77), but there are son1e exceptions; for exalnple, the Buena group, an outstanding source of telluride ore, is only three-quarters of a 1nile west of the
stock, and in the Stanley mine on the nortlnvest border
of the stock sylvanite is found coating pyrite cubes in
pyritic gold ore.
The telluride veins range in width from a fraction of
an inch to as much as 10 feet, and in the Buena 1nine
some ore bodies at vein junctions are as much as 10 or
even 30 feet wide. The veins range in length from a
few hundred feet to more than a mile, but only small
parts of the longer ones are productive.
The veins contain gray jaspery (horn) quartz, finely
disseminated pyrite, and a variety of telluride minerals.
In some of the veins appreciable amounts of free gold
are associated with the tellurides. Commonly the veins
are n1ade up of numerous interlacing seams of horn
quartz, a fraction of an ineh to 18 inches wide, in which
the tellurides are unevenly distributed; the intervening
wall rock is nearly barren. The most abundant tellurides in the district are krennerite (or caiaverite) and
petzite, but there are also significant amounts of sylvanite and altaite and small anwunts of hessite, coloradoite,
native tellurium, and rickardite ( ~). In most of the
veins two or n1ore telluride minerals are microscopically
intergrown, and rarely is any one telluride exclusively
present. One outstanding exception is the ore from the
Buena mine, where in nn1eh of the ore krennerite appears to be the only telluride, except for very smaH
a'mounts of petzite. Minute grains of free gold are scattered through son1e of the tellurides, and apparently
gold was the latest ore 1nineral deposited. Very small
amounts of galena, sphalerite, and chalcopyrite are
commonly associated with the telluride ore. Associated with the ore in the Rip Van Dam, IGng "\Vilhelm,
and Gladiator veins are small a1nounts of roscoelite, and
in the John Jay vein there are s1nall amounts of brown
carbon~te.

The telluride ores show a great range in grade, the
grade depending on what minerals are present and on
whether the whole vein is shipped or the high-grade
horn quartz seams are sorted out. Large shipments
have commonly ranged in grade from 0.5 to 15 ounces
of gold and 0.5 to 25 ounces of silver to the ton. The
ratio of gold to silver depends on the telluride minerals

present and ranges from 10: 1 to 1: 2 but averages about
1: 1. High-grade telluride ore sorted and shipped in
sacks weighing 50 to several hundred pounds comn1only
ranges in tenor frmn 10 ounces of gold and 10 ounces of
silver to as nn1eh as 286 ounces of gold and 40 ounces of
silver to the ton. According to old tin1ers, considerable
amounts of high-grade ore in the early clays had a value
of $5 to $10 to the pound.
Size of ore shoots.-l\iost of the ore shoots in the district are small, cmnmonly ranging from 50 to 200 feet
jn length, 30 to 100 feet in breadth, and 11;2 to 10 feet
in thickness. Outstanding exceptions are the Alice,
·which is a steeply pitching pipelike lead-silver ore body
measuring 400 feet in length, 10 feet in breadth, and 5
feet in thickness; the Buena "big stope," a telluride ore
body about 150 feet long, 60 feet in breadth, and 30 feet
thick; and a cmnpound shoot on the Smuggler telluride
vein, whieh had a pitch length of about 500 feet, a stope
length of about 200 feet, and a thickness of 1 to 3 feet.
The shoots range in pitch frmn nearly horizontal to ver~,ical, and the degree and direction of pitch depend
largely on local conditions. vVithin many of the shoots,
particularly in the telluride veins, there are small
''pockets" of unusuaily high-grade ore, which commonly
range from 10 to 30 feet in length, 2 to 20 feet in breadth,
and a few inches to 18 inches in thickness.
In the fluorspar veins and breccia zones the ore bodies
show a very great range in size. High-grade bodies have
been small for the most part, ranging frmn 20 to 150
feet in length, 10 to 100 feet in breadth, and 1 to 20
feet in thickness. However, in recent years, much larger
bodies of lower grade have been mined in the breccia
zones and son1e veins. These range frmn 150 to 480
feet in length, 120 to 350 feet in breadth, and 3 to 60
feet in thickness, and their full length has not yet been
exposed. In n1ost of thmn the long axis is nea·rly
vertical.
Relation of ore to depth,.-Ores in the Jamestown district have been mined over a vertical range of about
2,350 feet. The deepest workings are only about 500
feet below the suriace, and in many of the n1ines the
workings are only 100 to 200 feet deep. In none of the
mines aceessible to the writers have the veins been found
to bottom with depth; in most of them the vein is as
~trong in the bottom level as at the surface. It therefore seems probable that if structural eonditions are
favorable ore bodies may be found well beneath the
present workings. There is some evidence, however,
that the early lead -silver ore bodies near the Porphyry
l\1:ountain stock grade into pyritic gold ore at a depth of
about 400 feet.
ll' all-rock alteration.- Throughout the district the
veins are bordered by zones of sericitic wall roek, which
commonly extend a few inel1es to 3 feet from the vein.
In some places the veins are bordered by silicified wall
rock, whieh also cmnmonly forms a part of the vein.
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Finely disse1ninated pyrite is common in silicified waH
rock and in sericitized wall rock bordering the ore bodies
or the wider parts of veins. Ore bodies are usually bordered by relatively wide zones of strongly sericitized
wall rock or by silicified wall rock,. both being emnmonly accompanied by disseminated pyrite, but these
conditions do not invariably indicate proximity to ore.
In the fluorspar deposits, clay 1ninerals, chiefly hydrous
n1iea and nontronite ( ~) as 'vell as sericite, are mixed
with the ore and were apparently derived frmn alteration of the erushed and breeciated granite.
Supergene enrich1nent.-The greater part of the ore
mined in the district has been primary ore, but in some
of the mines a noteworthy amount of secondary ore
formed by supergene enrichment has been mined. Most
of the enrichment has been limited to the oxidized
zone and is due to the leaching of soluble n1aterial, such
as pyrite, chaleopyrite, and tellurium, the gold being
left behind. By this process of residual enrichment
many of the low-grade pyritic gold veins became of
commercial grade near the surfaee. The oxidized parts
of the telluride veins have been somewhat enriehed, but
in many of the telluride veins primary minerals rmnain
within a few feet o·f the surface. Complete oxidation
along the veins extends to depths ranging from 5 to 60
feet beneath the surface, and partial oxidation has extended to depths of 60 and even 120 feet. The depth is
largely dependent on thr- openness of the vein and on
the topography and is greatest beneath flat areas that
are re1nnants of old erosion surfaces. In the lead-silver
deposits evidence of supergene enrichment is conspicuous only for 10 to 20 feet below the surface, but even
there oxidation is not complete. In this zone galena
has been altered to argentifero·us cerussite and the copper
minerals to azurite and malachite. Some sooty chalcocite of supergene origin is found at a depth of 50 feet
in the Argo n1ine but has not been noted more than 100
feet below the surface anywhere in the district.
Structural control of ore bodies.-The general distribution of ore deposits in the district seems dependent
on a variety of factors. The fissures and breccia zones
occupied by the fluorspar and early lead-silver deposits
are believed to be related to forces accompanying the
intrusio·n of the sodic granite-quartz monzonite porphyry stock. 82 Many of the northeastward-trending
fissures occupied by later veins appear to have been
first opened by forces accompanying the int:rusion of
the granodiorite stock, though they were later reopened
by other forces. Many o·f the productive veins are
grouped close to the strong breccia-reef faults, and it
seems probable that these faults served as deep circulating channels for some of the ore-forming solutions.
Large solid areas of strong ro·eks, such as granite and
granodiorite, seem to have resisted the forces that
82

Goddard, E. N., op. cit., pp. 380-385.

formed vein fissures, as almost no veins of importance
are found in such areas. On the other hand, in large
schist areas, the schists and gneisses yielded readily to
the stresses, but in nwst places the faulting was parallel
to the foliation, and tight gougy faults were formed
rather than open fissures. However, in areas where the
schist and gneiss have been intimately injected by granite the rock is more competent, and open fractures tend
to form, especially in the granite layers. Thus we find
that nearly all the important ore deposits in the district
are limited to areas of mixed schist and granite.
The local distribution of ore within the veins depends
largely on three factors. Listed in the order of their
importance, they are : The presence of vein junctions,
the irregularity of the veins, and the physical character
of the wall rock. These factors are illustrated in figure 79. Vein junctions are by far the n1ost important,
and fully 75 percent of the output in the district has
come from vein junctions of one type or another. The
most effective type of junction is that in which one vein
cuts across an early fault or vein; the principal ore
bodies in the Smuggler and Buena 1nines occur at such
junctions. Splits or junctions of contemporaneous
veins have also been favorable places, for example, in
the John ~T ay and Golden Age mines. In many of the
veins ore bodies are found at places where the vein
takes an abrupt change in dip or strike, as discussed on
page 95, and numerous ore bodies are also found where
the wall rock changes from schist to granite, or from
either schist or granite to porphyry. All these factors
tended to produce openings that were available for the
depo.sition of ore, and the 1nost ideal conditions were
combinations of three factors, as is well illustrated in
the "big stope" ore body of the Buena n1ine (fig. 80) .
BUENA MINE (GOLD-TELLURIDE)

The Buena mine, the most produc.tive in the district,
differs from the other mines in having a large number
of veins striking in various directions and in having ore
in large stockwork bodies at vein junctions.
The mine is on the south side of a steep gulch, 2,000
feet east of the top of Buena Mountain and about a mile
N. 70° W. of Jamestown. The workings range in altitude from 7,500 to 8,050 feet and cmnprise seven levels,
with two extensive crosscut tunnels, one small crosscut,
and numerous raises, winzes, open cuts, and small shafts,
totaling about 6,000 feet. The mine was discovered in
September 1879 and is generally credited with a total
output valued at about $2,000,000. The output frmn
1901 to 1942 has amounted to 36,794 ounces of gold, 2,728
ounces of silver, and 205 pounds of copper, having a
total value of about $1,154,000.
The Buena workings are in coarse-grained Silver
Plume granite, which contains roughly rectangular
blocks of black fine-grained biotite schist a few feet to
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50 feet wide and 20 to 200 feet long. The foliation of
the schist strikes north to nortl1 east and dips 50° to uoo
NvV. Six important veins and seYeral minor ones :u-e
exposed in the Rnena ,,·orkings. Th eir distrib ution is
shown best on the map of the i350-foot level (fig. 80).
On the basis of age, composition, antl trend, th ese Yeins
are classified into three g roups. The earliest group in cludes vein s ha,·ing an approximate north-south tre1ul
and easterly dip. They are small Yein s that contain no
ore excepL where they join nottheasbmrd-trending
Yeins. Displacement along them has been very small,
commonly onl y 2 or 3 inches, lhe east sides moving
southward in most places. These veins are, for th e most
part, only a f ew inches wide and are filled y,·itll Yariou s
amounts of purple fluorspar, mi lky quartz, and coarsegrain ed pyrite. This group in cludes tl1e York vein,
striking N. 15° vV. and clipping o5° E .. the B each vein
striking K. 10° E. ancl (lipping 60° E. , and tiYO other
small veins to the easl of the York vein (fig. 80). Veins
of northwesLed y trend and southwesterly dip cut the
north-south veins. Th ese vein s are relatively strong
and persistent, but like the early group they contain no
ore except at the j u ncLions with the northeasterly ,·ein s.
The northwesterly fi ssures are along reverse faults, the
soutlnYest or h:lllging walls of which moved upward to
the northwest at rather steep angles. The amount of
di splacemen t was commonly 8 to 10 feet. The chief
vein s of thi s group are the Central Pacific, '"hich str ikes
about N. 80° W. and dips about 60 ° S. , and the Keller
"streak," whi ch has an aYerage strike of N. ±5° \ V. and a
dip of about 80° SW. The latest and most important
vein fiss ures are those of northeRsledy Lrend and steep
northwesterly clip. These fissures contain ore-bearill g
veins, and wherever these vein s join with vein s of oth er
systems they form important ore bodi es ; in many p laces
ore extends along these veins for considerable d istances
beyond th e jun ctions. These fi ssures are mostly along
nonnal faults, the nortlnYest wall of which moved down
and lo the southwest at a. steep angle. The displacement
was commonly not more than 5 or G feet. The chief
Yeins of thi · type are th e Buena, whi ch strikes about
N. 75° E . and clips about 75° N., the GmnL, which has an
average strike of K. 50° E. and a dip of :tbout 75° N. , aml
th e Korth Grant, whi ch strikes about N. G0° E. alld (1 ips
almost verti call y. The latter, whi ch i: 40 to 80 feet
northw est of th e Grant. 'ms developed afLer the writers'
fi eld \York was completed and is not shown on figu re 80.
Th e Buena vein ranges in width from a few inches
to 1Y:z feet but averages about 10 inches. The displacement along th e vein fissure is 1 to 6 feet, the north wall
having moved do,Yn to the west at an gles of 40° to 72°.
The vein consists of sericitized granite, in places slightly
sili cifi ed, which contain fin ely disseminated pyrite and
num erons small seams of silicified o·nmite, horn qnartz,
purple granular fluorspar, and gouge slips. Th e silici-

EXPLANATION

Silv er Plume granite

f.":::_"-"-'"-...:.'~

l?-.'"'':C~
Schist

~

Ve1n and stoped ore,
Ore JS indicatrtd by stopmg

~

Fluorspar vetnlets, showing dip

Fault , showtng dtp
Arrow md!Cates relauve mo vement
of downthrown block

Verttcal fault
U , up l hrown Side

o, do wnthrown s1de

...-<1'6o
Stnke and dip of foltation
~-'1

Raise

121
Winze

==='(::
Caved workings

In dnft 20 ft. bel ow
1-ft. zone of thtn
seams of s•hctf ted
gran ite conta1nmg

d1S:lem1nated

py r~le

50

0

100 Feet

~----~----~-----~

Fl GU RE

80. -Plan of the 350-foot level of th e Buena min e. Jamestown
district.

268

GEOLOGY AND ORE DEPOSITS OF THE FRONT RANGE) COLORADO.

fied seams consist of small fractures with a thin border
of silicified granite on either side. The gold tellurides,
chiefly krennerite, occur as tiny blades along these fractures or as groups of blades in the small horn quartz
seams and mixed with the fluorspar.
The Grant vein is exposed chiefly on the 350-foot level
northeast of the Central Pacific and cannot be definitely
identified on the surface because of debris. In the vicinity of the Central Pacific the Grant vein seems to
break up into a number of small veins. It ranges in
width from a few inches to 3 feet and is made lip of
sericitized or silicified wall rock containing disseminated pyrite and numerous small veinlets of horn
quartz, a quarter of an inch to 21h inches wide. The
telluride minerals occur both in the horn quartz seams
and along fractures in the wall rock. Grooves on the
wall and displacement on earlier veins indicate that the
southeast or footwall has moved northeastward and
downward at angles of 4° to 18°, and the total displacement has amounted to 3% to 4 feet. Several rich ore
bodies were found on the Grant vein at junctions with
other veins; it was apparently an important factor in
the localization of ore in the Big Stope.
The North Grant vein was not seen by the writers,
but it is reported to be of the same character as the
Grant. Two rich ore bodies were found between these
two veins in the lower levels in the northeastern part
of the mine.
The Central Pacific vein is the strongest and most
persistent vein in the n1ine but contains no ore except at
and near its junction with the Buena vein. Displacement of the walls has amounted to about 10 feet, the
hanging wall having moved up to the west at about 80°.
The vein ranges in width from 6 inches to 6 feet. In
places it is 1nerely a zone of gouge slips, but in other
places it contains numerous horn quartz seams and
locally consists of a single horn-quartz seam 1 to 2 feet
wide. Pyrite is sparingly disseminated in the vein, and
fluorspar is present near the junctions with other veins.
The other veins in the mine are small and contain
little ore except near their junctions with the Buena
and Grant veins. However, several good ore bodies
have been localized by such junctions. In addition to
the Keller, Beach, and York veins previously mentioned
there are numerous small veins a quarter of an inch to
an inch wide composed of silicified granite, flurospar,
quartz, or pyrite, or a combination of them, which locally
contain high-grade ore close to the Buena and Grant
veins or are effective in localizing ore in those veins.
These veins are chiefly of the northerly or northwesterly
systems, but some strike northeastward.
The chief ore minerals in the Buena mine are gold
tellurides, of which krennerite is by far the most abundant. Sylvanite is abundant in places, and petzite is
present in small amounts. The telluride minerals are

for the most part microscopically intergrown and cannot be distinguished from one another in hand specimen.
Pyrite is finely disseminated throughout the ores but
apparently contains no gold. In some of the early
north-south veins coarse pyrite is associated with milky
quartz and apparently contains a little gold. Chalcopyrite and galena have been found in small amounts in
small branch veins but have not been recognized in the
main veins.
The chief gangue material is altered (silicified or
sericitized) wall rock. The most abundant gangue
mineral is horn quartz, which invariably accompanies
the ore. In places where the ore is near or in early
north-south veins, considerable flurospar and some
glassy quartz make up the gangue.
The krennerite and other gold tellurides occur chiefly
in small, thin blades or needles, or groups of both, and
coat the \valls of small fractures or slips. The best ore
seems to be in the fractures that are parallel with the
1nain vein and relatively continuous, but in the large
ore bodies the ore minerals occupy fractures in wide
zones of fractured wall rock. ~Iany of these tiny fractures are fairly open, and scattered crystals of sylvanite
are the only filling. The walls of the fractures are commonly silicified for one-sixteenth to one-eighth of an
inch on either side. In places tiny seams of horn quartz
occupy the fractures or vein fissures and enclose the
tellurides, and in a few places the tellurides are found
in horn quartz seams as much as an inch wide.
Most of the ore bodies in the Buena mine were pipelike bodies of stockworks at vein junctions, but in some
places on the Buena vein the ore formed in a long
narrow body limited to the vein itself. There were
at least nine important ot'e shoots in the Buena mine.
Two of them were on the Grant vein, two between the
Grant and North Grant, and the others were on the
Buena vein or closely related to it. These ore shoots
were more or less lenticular in shape, and their pitche::;
were steep, chiefly to the no·rtheast. They ranged from
30 to 120 feet in length, 20 to 60 feet in breadth, and 5
to 35 feet in thickness. The known ore shoots occurred
from the surface to a depth of 520 feet, which corresponds to altitudes of 8,050 and 7,530 feet.
One of the largest ore shoots in the mine was the
Big Stope, which measured about 120 feet in pitch
length, 60 feet in breadth, and 35 feet in thickness. It
pitched steeply to the west, and a flat branch extended
upward to the east along the Buena vein. This shoot
was at the junction of the Buena, the Grant, and the
Central Pacific veins, on the west edge of a prominent
schist block, in which the foliation strikes N. 5°-10° E.
and clips about 85° ,V. This furnished an ideal co·nclition for the deposition of ore. The veins, where they
joined, broke up into numerous crossing and interlacing
feeders in the strongly fractured schist and granite,

JAMESTOWN DISTRICT

which were more or less altered throughout a wide zo·ne,
and the ore was deposited in these small fractures. From
the Big Stope ore extended along the Grant vein to the
east, the Buena vein to the east~ and westward and
upward along the Buena vein to the surface.
Two other large ore sho·ots, comparable in size to the
Big Stope, were exploited during the period 1937-4-2
after the writers' field work was completed, and the
stopes were inaccessible when the writers returned in
1944. Both extended from the Grant vein to the North
Grant, one at their junction with the York and a fiat
branch of the York, and the other, about 160 feet to the
northeast, at the junction with other small veins of
northward trend. The latter ore body is reported to
have been largely in schist with granite on the hanging
wall and footwall.
The chief structural factor localizing these ore shoots
was the junction of two or more fissures; few if any
junctions of the Buena, Grant, and North Grant veins
with other veins in the mine have failed to show good
o're bodies. At such junctions the wall rock is fractured
for some distance from the veins, commonly 5 to 10 feet,
and the ore occurs along these fractures and joints.
Even in the veins the ore shoots are nearly all wider
than the veins themselves. Along prominent cross fractures the ore body tends to "belly" out to a width of
20 or 30 feet where normally it is only 5 feet. The ore
also seen1 to "make~' on the under side of small fiat slips
having dips of 20° to 30°, and it is likely to "cut out''
above them to come in against the next one. Thes~
slips seem to· have served as dams to the ore-forminoo
solutions, slowing up the circulation and causing
deposition.
Another factor in the control of the ore bodies is the
contact of granite with schist. The ore bodies are best
developed where the main vein cuts across such contacts.
In these ore bodies along schist-granite contacts, the
fractures~ and consequently the ore, extend out n1uch
farther into the schist than into the granite, but cmnmonly the best ore is at the eontact. In a few places
on the Buena vein ore has been found son1e distance
from any junction, and in such places the ore bodies
are largely localized in the steeper and more northeastward-trending parts of the Buena vein.
·
l\1ost of the ore in the Buena ore bodies is sorted or
sereened before it is shipped. Even in the nchest shoots
there is a large amount of wall rock between the rich
ore-hearing fraetures. Unsorted ore frmn the top of
the shoot at the junetion of the Grant and York veins
contained about 0.16 to 0.20 ounce of gold to the ton,
whereas the screenings contained 1 ounce. Most of the
ore shipped from the Buena mine has contained betv.'een
0.36 and () ounces of gold to the ton and small amounts
of silver, though some ship1nents have contained more
than 200 ounces of gold to the ton. Shipments to the
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Boulder Sampler in 1879 and 1880 contained 1 to 268.4
ounces of gold and 1 to 54 ounces of silver to the ton.
Most of the large tonnages ranged fron1 3 to 11 ounces
of gold to the ton, with lesser amounts of silver. According to 1V. B. Clemens, \vho worked in the Buena
mine for many years, the Big Sto1~e ore body averaged
about 1.75 ounces of gold to the ton. In Mineral Resources for 1926 83 the statement is made that "Ja1nes
Warren, Jr., a lessee on the 'Vano group, shipped seven
cars of ore assaying from 1.55 to 7.30 ounces of gold to
the ton." This ore also averaged 1.75 ounces of gold
to the ton. The ore shipped in carload lots from the
vValker-Clark stope in 1934 contained 0.75 to 6 ounces
of gold to the ton and included two carloads that averaged about 5 ounces. The average yearly grades from
1901 to 1942 have ranged from 0.36 to 4.68 ounces of
gold to the ton, but during most of that period it has
been between 0.5 and 1.5 ounces. The ratio of gold to
silver is from 1: 0 to 2: 1.
SMUGGLER MINE (GOLD-TELLURIDE)

The S1nuggler mine, another of the 1nost productive
telluride mines in the district, is at Balarat, in Long
Gulch, 3 miles north of J amestmvn, and is the northernmost 1nine in the 1nineral belt. It is developed by a
shaft 488 feet deep ( 568 feet on the incline) , with eight
levels and about 6,000 feet of workings. ..L\... erosscut
tunneJ connects with the first Ievel. The collar of the
shaft is at an altitude of 7,525 fe"et.
The S1nuggler 1nine was discovered in April 1876,
and the value of its total output is estimated to be about
$1,000,000. Available data that are far from complete
show a total of about $825,000. The output from 1901
to 1936 has been relatively small, amounting to 2,365.75
ounces of gold ancl1,358.8 ounces of silver. 84
The two chief veins in the S1nuggler 1nine are the
Smuggler· and the Careless Boy (pl. 28). The latter
is an early barren "vein'' or breccia reef, which strikes
about N. 65° W. and dips about 75° SW. The Smuggler, which is the principal ore-bearing vein, has a
general north-south trend and an average clip of 70° E.,
and cuts diagonally across the earlier vein. The chief
\vall rocks are Silver Plume granite and biotite schist,
hut peg1natite is exposed locally in the workings. The
Smuggler vein cuts through a large lenticular area o.f
schist, which is surrounded by granite and cut by numerous irregular granite dikes.
~
The Careless Boy "vein" or breccia reef is a strong
fault or shear zone 4 to 35 feet wide, which has several
interlacing branches. In most of the workings it is '
strongly silicified, but at the surface and on the lower
levels it is a soft shear zone. In places it contains small
83 Henderson, C. \V., Gold, silver, copper, lead, and zinc in Colorado:
Mineral Resources U. S., 1926, pt. 1, p. 747, 1927.
8
~ Data furnished bp C. w·. Henderson, U. S. Bureau of Mines, Denver,
Colo.
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amounts of bull quartz and hematite, ailcl close to the
Smuggler vein it contains smne disseminated pyrite
and a small amount of ore. The wall rock bordering
the Careless Boy has been chloritized in places.
Grooves on the walls of the Careless Boy fissure seem to
indicate that there have been t\vo or more periods of
movement, one in vvhich the northeast wall moved southeast and clown at 35°-50°, and one in which the northeast wall moved west. The a1nount of displacement
could not be accurately determined hut may be as much
as 7 5 feet in places.
The Smuggler vein has an average strike of N. 8 o E.,
but where it crosses the Careless Boy, on all but the
lowest levels, it turns abruptly to N. 20°--15° W. and
follmvs the earlier fault for a distance of 10 to 80 feet
before resuming its northerly course. On the two lo,vest
levels, however, it cuts directly across the Careless Boy.
The dip is very irregular, ranging from ±5° E. to 82° vV.
The vein fissure is not strong but is surprisingly persistent. It or associated fissures have been traced for
n1ore than 6,000 feet. On the surface, both north and
south of the shaft, the vein splits, and branch veins show
in places in the workings. Grooves on the walls and
displacements of schist-granite contacts indicate that
the east, or hanging wall, moved down and to the south
at an angle of 65°-75° for a distance of 5 to 6 feet.
The Smuggler vein ranges in width from a fraction
of an inch to 3 feet and consists chiefly of a zone of silicified or sericitized granite containing numerous interlacing sea1ns of horn quartz a fraction of an inch to 18
jnches in width. In places there is only a single hornquartz seam, and where the vein lies in schist and
trends parallel to the foliation it consists of only a
fraction of an inch of gouge or a few inches of sheared
Echist. In the ore bodies there is commonly a foot or
two of granite breccia cmnented or partly cemented
with horn quartz in addition to numerous horn-quartz
stringers. Gold tellurides, free gold, and finely disseminated pyrite are irregularly distributed in the horn
quartz. Some calcite has been noted in the vein at the
~:outh breast in the botton1level. The wall rock is cmnn1only sericitized a few inches to several feet on either
side of the vein and locally is somewhat silicified.
The chief ore minerals in the Smuggler vein are gold
tellurides and free gold. Pyrite is the only other abundant Inetallic mineral, although in places 1ninute grains
of sphalerite, galena, and chalcopyrite are present. The
horn quartz ranges from white to clark gray, or almost
black in places. Pyrite is finely disseminated throug~1
the horn quartz in most places and locally in the wall
rock. In parts of the vein a late barren brown horn
quartz fills cavities and fractures in the ore. The tellurides occur as thin blades or needles scattered through
the horn quartz. In some of the ore free gold is fairly
abundant, forming minute grains in tiny cavities in or

bordering the tellurides. In nwst places the ore occurs
in spots scattered irregularly through the horn quartz
of the vein, but locally it forms high-grade streaks eonsisting of horn quartz containing 2:) to 30 percent cf
gold tellurides evenly distributed through it in sn1a1l
bars (fig. 74, F.).
Microscopic study of the ore sho,vs that the sma11
masses and blades of gold telluride are made up of two
or n1ore telluride minerals more or less intergrown.
Petzite and altaite are the most abundant, but sylvanite
is locally abundant. The 1ninute grains of free gold 1
1nilli1neter or less in diameter either border or are inter{!rown with the tellurides.
The records of the Boulder Sampler from 1878 to 1892
give considerable data on the tenor of the S1nuggler ore.
The low-grade ore shipped in large tonnages contained
1.15 to 2±.25 ounces of gold and 2 to 17 ounces of silver
to the ton. One ship1nent of 16 tons contained 13 ounces
of gold and 10 ounces of silver to the ton. The highgrade ore, shipped mostly in lots of a few to several
hundred pounds, contained from 25 ounces of gold and
~-:.bout the same amount of silver to as much as 638 ounces
of gold and 597 ounces of silver to the ton. The average
yearly tenor of ore shipped from 1901 to 1921 ranged
frmn 1.15 to 2!) ounces of gold and from 2 to 8.25 ounces
of silver to the ton. The average tenor of the ore
shipped from 1876 to 1921 was about 10.7 ounces of gold
and 9.4 ounces of silver to the ton.
As shown on plate 28, there is one large compound ore
shoot on the Smuggler vein, which extends irregularly
from the surface to the bottmn level, and numerous small
ore shoots, w·hich are scattered along its north and south
borders. The 1nain ore shoot pitches about 60° S. and
has a pitch length of about 550 feet, a maximum stope
length of about 350 feet, and a width of 1 to 5 feet, but
within this large ore body there are numerous small
barren areas. The small shoots pitch from vertieal to
60° S., have a pitch length of 50 to 100 feet, and a stope
length of 30 to 80 feet.
The localization of the main ore body seems to have
been controlled largely by the junction of the Smuggler
and Careless Boy veins. The Careless Boy vein probably served as a clam or baffie to ore-fonning solutions
moving up along the Smuggler vein from the south,
for 1niners who have worked in the mine say that the
richest ore bodies occurred near to and on the south
side of the Careless Boy. Other factors influencing the
loeaiization of ore bodies in the mine seem to be alternations of schist and granite in the wall rock and abrupt
changes in strike and clip of the vein. Along nearly all
the ore bodies in the 1nine schist is found on one wall
and granite on the other, or schist and granite alternate
at close intervals along the same wall; rarely do shoots
occur in granite alone or sehist alone. Movement along
the vein fissure (east 'vall dmvn and to the south) tended
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to produce openings for deposition of ore in the steeper
parts and in parts with northerly trends adjacent to
those with northwesterly trends. In the compound ore
shoot all these factors were effective.
GOLDEN AGE MINE (PYRI'.l'IC GOLD)

The Golden Age mine has been the leading source 0£
free gold and pyritic gold ore in the district and i~
famous in Boulder County for its extremely rich specimens of free gold. It has also had an appreciable output
of gold-telluride ore.
The 1nine is on a high spur of Golden Age Hill, 2,000
feet northeast of the top and 1.7 1niles northeast of
Jamestown. The workings consist of a main shaft 525
feet deep ( 800 feet on the incline), 6 small shafts, two
erosscut tunnels, and more than 5,800 feet of levels.
The altitude of the main shaft eollar is 8,175 feet, that
of the upper crosscut tunnel 7,920 feet, and that of the
lower crosscut tunnel 7,()50 feet. The Golden age mine
was discovered in J.\;Iay 1875. The total value of output
is estimated by local mining men to be about $1,000,000.
According to the 1nint report, the value of the output
in 1882 was $65,:350, of which $41,000 was in gold
and $2,30:)0 was in silver. However, for the year 1880,
according to the mint report, the value of the output
was only $±,955.15, of ~which $155.15 was in silver. The
output frmn 1901 to 193() has been s1nall, amounting to
1,02().75 ounces of gold and 209.90 ounces of silver. 85
85

Data furnished by C.

·w.

Henderson, U. S. Bureau of Mines.

There are two Inain veins in the Golden Age minethe Golden Age, which contains free gold and pyritic
o-olcl ore ' and the Sentinel or Telluride,. which contains
b
telluride ore. The Golden Age vein strikes from N. 60°
E. to east and dips 36°-5() 0 SE. The Sentinel vein
strikes N. 60°-C18° E. and clips 55°-85° SE. These tvvo
veins cross approximately 265 feet beneath the collar
of the shaft; there the Sentinel cuts through the Golden
Age and is ~]early later (fig. 81). The veins are bordered by several different wall rocks. On the surface
the walls consist of a complex mixture of p:-gmatite,
aplite, and schist, but a short distance below the surface this 1nixture is follovvecl by Silver Plu1ne granite
containing lenses of schist. The foliation of the schist
strikes N. ±5°-85° E. and clips 2() 0 -78° SE. The Golden
A bo-e vein follows a dike of intermediate quartz monzonite porphyry 3 to 30 feet thick. The. vein follows
the footwall of the dike frmn the surface to an inclined
depth of 100 feet, where it forks; at greater depth, a
branch of the vein lies on either wall (see fig. 81).
On the lower-tunnel level the dike pinches out toward
the southw·est and appears to be narrowing downward.
The Golden Age vein has been traced on the surface
for about 2,200 feet and has been explored to a depth of
800 feet clown the dip and 525 feet vertically. It occupies a normal fault, t1le hanging wall of which has
moved nearly straight down the dip, but the displacement has been only a few feet. The vein is made up of
two or more quartz seams, which range in thickness
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from 1 inch to 2 feet but are commonly only a few
inches thick. In places where the porphyry dike is only
3 to 5 feet thick veinlets extend irregularly through the
dike from one wall to the other. The quartz is 1nilky
to glassy and in places show~ cornb structure.
The chief ore minerals of the Golden Age vein are
free gold, pyrite, and chalcopyrite. In places small
grains of galena and sphalerite are present. The free
gold was found in a zone extending from the surface to
a depth of about 300 feet. According to Farish 86 it
was bright yellow and embedded in white quartz and
ranged in size from coarse grains to nuggets weighing
several ounces. One specimen contained 70 ounces of
gold "nearly all in one piece." Farish also stated that
the gold was commonly not accompanied by the sulfides; however, parts of the vein, particularly on the
lower levels, contain abundant pyrite and moderate
amounts of chalcopyrite. The gold in sulfide ore seems
to be closely associated with chalcopyrite.
The Sentinel vein has been traced on the surface for
about 2,000 feet and has been explored to a depth of 800
feet down the dip, or 720 feet vertically beneath the
surface. It dips about 75° SE. in the vicinity of the
Golden Age 1nine, but to the northeast its clip deereases
to 55 o. According to Farish, the Sentinel vein euts
through the Golden Age vein and displaces it about 30
inches. He says that in places the Sentinel vein turns
and follows the Golden Age vein a short clistanee before
cutting through it, and this apparently is what has
happened on the upper tunnel level, for only one vein
is exposed at the place where the two veins should eross.
On the lower tunnel level the Sentinel vein lies 165 feet
north of the Golden Age vein, but 40 feet west of the
winze the Sentinel splits, one branch turning to aS. 40°
vV. trend and finally joining the Golden Age. Grooves
on the walls of the Sentinel vein in the lower tunnel
seem to indicate that the hanging \vall moved downward.
The Sentinel vein consists of one or more small streaks
of horn quartz a fraction of an inch to 8 inches thick,
\vhich contain finely disseminated pyrite and the ore
minerals~ According to Farish, the chief ore minerals
are petzite, sylvanite, and free gold. A specimen of ore
that \vas said to have come from the bottom of the winze
was examined by Goddard and showed a half-inch seam
of horn quartz containing abundant small aggregates
of petzite.
The Golden 'Age mine has been famous throughout
Boulder County for its very rich free-gold ore. Shipments to the Boulder Sampler from 1882 to 1888 seem to
be representative of the tenor of this ore. A few shipments ranging in weight from 21J.t to 48% pounds eontained 1,108 to 2,285 ounces of gold and 170 to 276 ounces.
of silver to the ton. Other small shipments contained
86

YOl.

Farish, J. B., A Boulder County mine: Colorado Sci. Soc. Proc.,
3, pp. 316-322, 1890.

from 16 ounces of gold and 5 ounces of silver_ to 1,010
ounces of gold and 99 ounces of silver to the ton. The
ratio of gold to silver in this high-grade ore ranged
frmn 2 : 1 to 10 : 1.
The low-grade pyritic gold ore in the Golden Age vein
has a tenor ranging frmn 0.88 to about 4 ounces of gold
to the ton; the silver content is variable but averages
about the same as that of gold. In 1982 ore from the top
of the stope on the Golden Age vein above the lower tunnellevel averaged1.6 ounces of gold to the ton, and 9lf2
tons shipped in 1988 contained 0.88 to 0.82 ounce of
gold to the ton.
Only a few data are available on the tenor of the telluride ore in the Sentinel vein. The Boulder San1pler
has recorded the following sample shipments:
Ore
(pou.nds)

October 1885__________________ 40
Septen1ber 1886 ________________ 710
October 1886__________________ 78

Gold
(ounces
per ton)

H7

46.2
21H

Silver
(ounces
pe1· ton)

51
13
86

Farish stated that first-class telluride ore yielded $10
to $17 to the pound.
The rich free-gold ore in the Golden Age vein seems
to be limited to a zone within 300 feet of the surface,
above the junction of the Golden Age and Sentinel veins,
and it is suggested by Goddard 87 that much of this free
gold may have been eoncentrated by supergene waters.
Beeause of the inaccessibility of the upper workings,
few data eould be obtained on the charaeter of the highgrade ore shoots. Men who have worked in the n1ine
say that the gold oceurred in small high-grade pockets
with nearly barren vein material between. According
to Farish, one small stope on the footwall yielded
$25,000 worth of amalgamated bullion, with tailings
rich enough to ship to the sn1elter. From a 1nap of the
·workings it appears that n10st of this high-grade ore
was limited to a block of ground lying betvveen the
surface and the fourth level and extending for 150 feet
to 200 feet east and west of the shaft. Farish reports
that the richest ore was at the junction of the t\vo Golden
Age streaks about 60 feet below the surface. In the
lower workings there are several stopes on the Golden
Age vein fron1 which low-grade pyritie gold ore has
been 1nined. These range from 25 to 140 feet in length
and frmn 20 to 50 feet in breadth. The ore bodies in
the Sentinel vein were apparently small for the most
part, but George 88 stated that a drift extending for 800
feet ~astward, 7 5 feet below the lower tunnel level, "was
in pay ore the entire distanee."
ALICE MINE (LEAD-SILVER)

The Aliee 1nine is on a sloping terraee on the west side
of Porphyry Mountain, a mile N. 26° W. of Jamestown
8 7 Goddard, E. N., Geology and ore deposits of the Jamestown district, Colo. (in prepartion).
88 George, R. D., Geology of the Golden Age.
Unpublished report.
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at an altitude of 7,±50 feet. It is one of the chief leadsilver' mines in the district but has also supplied a substantial amount of gold and fluorspar. The shaft was
caved for 1nany years prior to September 1936, when
the St. Joe Mining & l\1illing Co. took over the property
and reconditioned it. In 19±0 the n1ine was acquired by
the General Chemical Co.
The ·workings consist of a shaft ±00 feet deep, with
levels at 100-foot intervals, and a crosscut tunnel 150
feet long, which joins the shaft 50 feet below the collar.
Levels extend southwestward 30 to 80 feet to reach the
ore body.
The Alice claims were patented October 10, 1893, but
there are no data on the output from 1893 to 1901. From
1913 to 1927 the mine was one of the most productive
in the district. During that period its output was 406.59
ounces of gold, 73,416 ounces of silver, 1,065,996 pounds
of lead, and 92,348 pounds of copper, having a gross
value of approximately $150,000, in addition to several
thousand dollars ·worth of fluorspar.
The Alice mine is entirely in Silver Plume granite.
It is 750 feet northwest of the border of the Porphyry
Mountain stock and is therefore well within the zone of
alteration surrounding the porphyry. Thus the granite
is n1ore or less sericitized and locally fractured and silicified. All of the ore has come from a single pipelike ore
body, which is located on the southeast or footwall side
of a very irregular fluorspar vein (fig. 82). This vein
has an average strike of N. 15° W. and a dip of 70°-80°
W. It tends to zigzag along tvvo fracture systems, one
striking N. 45° vV. and the other N. 10° E. The fluorspar vein is very irregular in width, swelling and thinning abruptly frmn 1 to 8 feet. In many places small
branch veinlets extend into the wall rock. The vein
has been explored for a length of 120 feet on the 200-foot
level, and there it appears to be pinching out at both
ends. This vein is composed of dark purple sugary
fluorspar, which is nearly pure in places, but along the
borders it contains fragments of granite, pyrite, milky
quartz, and galena, 1 to 6 inches in diameter.
The lead-silver ore body, on the footwall side of the
fluorspar vein, was a pipelike body of oval c1~oss section,
its longest axis pitching about 70° SW. Its horizontal
length was about 8 to 20 feet and its width 3 to 8 feet;
it was continuous from the surface to the 400-foot level.
In places fragmental masses of ore were found in nearby
parts of the fluorspar.
The ore minerals are galena, gray copper (tennantite), chalcopyrite, and pyrite. The first two are argentiferous, but most of the silver is in the gray copper.
Chalcopyrite contains most of the gold, but pyrite contains a little. According to Lew l\1arkt, sylvanite was
found in some cavities in coarsely crystalline white to
pale-purple fluorspar. Variable an101,1nts of glassy to
milky quartz are intergrown with the ore minerals.

According to Markt and Charley Clark. both of whom
mined in the Alice mine, the pipe consisted of nearly
solid ore throughout, and the individual ore minerals
seemed to be segregated into large rounded or irregular
masses. In the upper workings gray copper and galena
predominated, but below the 300-foot level they
largely gave way to chalcopyrite and some pyrite, and
the ore shoot was very irregular. Chalcopyrite ore was
said to be still abundant in the bottom level when the
burning of the shaft caused work to be abandoned.
The Alice ore shows much variation in grade. The
ore that is high in gray copper has a high silver content,
and the galena ore contains relatively little silver. According to Charley Clark, the pure chalcopyrite ore
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82.-Plan of the 100-foot and 200-foot levels of the Alice ore
body, Jamestown district.

averaged about 4.5 ounces of gold to the ton, and the
pyrite contained only 0.05 to 0.50 ounce of gold. There
are no data on the grade of individual shipments, but ore
mined fron11913 to 1927 averaged 0.18 ounce of gold and
32 ounces of silver to the ton, 23 percent of lead, and
2.2 percent of copper. The variation in grade is illustrated by the yearly averages given below, which were
furnished by C. W. Henderson of the United States
Bureau of Mines.
Gold
Szlver
(ounces per (ounces per Lead
ton)
ton)
(percent)

1915 __________________ _
1916 __________________ _
1917 __________________ _
1918 __________________ _
1919 __________________ _

Copper
(percent)

0. 18

47

37

. 20
. 12
. 25

40

23

3. 2
2. 4

15
42

. 69

19

11
5. 8
21

.9
6. 0
.4

BURLINGTON MINE (FLUORSPAR)

The Burlington mine is in a small gulch on the west
side of Porphyry Mountain, 5,000 feet N. 34° W. of
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Jamestown at an altitude of 7,354 feet. It explores one
of the largest fluorspar breccia zones in the, district. It
has been actively operated by the General Chemical Co.
since 1942. The ore is treated in the company's flotation
mill near Boulder to produce acid spar. The total production is not known, but 23,861 tons of erude o·re were
produced during the period May 1942-December 19-!3,89
and probably a few thousand tons were produced
earlier.
The workings consist of a shaft 160 feet deep and two
levels aggregating about LOOO feet (fig. 83). The uppe1·
level conneets with a tunnel.
The Burlington breeeia zone strikes about N. 50°-55°
E. and is nearly vertical. As exposed on the surface and
in the upper level, it consists of an irregular zone about
350 feet long and 7 to 50 feet wide. It is composed
chiefly of granite fragments a fraction of an inch to 18
inches in diameter and smaller fragments of both fim~
and coarsely crystalline fluorspar cernented by a finegrained mixture of fluorspar grains, clay minerals, and
quartz. Some large quartz fragments are scattered
through the zone, and pyrite is disseminated throughout. vVithin the zone there are short discontinuous veins
as much as 10 feet wide of higher grade fluorspar containing very few granite fragments. In the seeond level
the fluorspar-bearing zone is largely consolidated into a
nearly eontinuous vein more than 325 feet long and
having a maximum width of 23 feet. This vein is composed of fine-grained fluorspar containing small fluorspar fragments mixed with some clay material. A fev.·
small granite fragments are present. Along the borders
this material grades into low-grade breccia in which
granite fragments are abundant. Throughout the workings the fluorspar-bearing zone is bordered by a zone
a few feet to more than 20 feet wide of granite breccia
containing only small amounts of fluorspar, and this
in turn grades into fraetured, sericitized granite. Fragments of quartz, pyrite, and galena are locally abundant
in the fluorspar zone, and small amounts of fine fragmental quartz and pyrite are mixed 'vith the fine-grained
fluorspar.
The Burlington fluorspar ore ranges in grade fro.m
low to rneclimn. The fluorspar breccia contains about
87 to 60 percent of CaF2 and the vein material from 60
to 75 pereent. Ore rninecl from the upper level during
1942 averaged 53 pereent of CaF 2 , and that mined from
the lower level during 1943 averaged about 58 pereeut.
The siliea content is high and averages about 30 percent.
The sulfide minerals, chiefly pyrite, make up about 4 to
5 pereent of the ore.
The Burlington ore body is apparently becoming
higher in grade but somewhat narrower with depth.
The eharaeter and size of the ore body on the second
level seems to indieate that it will extend to at least
89

Data furnished by General ChE'mical Co.

a few hundred feet and perhaps several hundred feet
below the present workings, and it seems likely that a
fairly large tonnage of ore awaits development at
greater depth.
EMMETT MINE (FLUOR.SPAR.)

The Emn1ett mine is on the south side of Little James
Creek, 5,000 feet N. 41 o W. of Jamestown at an altitude
of about 7,350 feet. It is the deepest fluorspar mine
in the district. It is operated by Harry M:. Williamson
& Son under lease from the Boulder Fluorspar & Radilim Co. The total produetion is not known but has
probably been more than 20,000 tons of crude ore. During 1942-43, H. B. Williamson reported that 16,776 tons
·were mined and treated in the W ano mill at Jam est own
to produee both acid and metallurgieal spar.
The workings eonsist of a vertical shaft 480 feet deep
(fig. 84), w hieh conneets with a crosscut tunnel and
five lo.wer level~. The eollar is in a large glory hole
20 feet below the surface.
The mine explores a rather high -grade fluorspar vein
that strikes about N. 65° "\V. and clips steeply northeast
and is enelosed within an extensive barren breccia zone
in Silver Plume granite. In the glory hole the vein
'"as bordered by about 5 to 10 feet of granite breeeia
eemented by fluorspar, but in the lower levels this fluorspar-cearing breccia is largely absent. The vein is eut
by a postore granite porphyry dike, which strikes nearly
east and dips steeply southeast and is exposed in all the
levels of the mine. The barren breeeia zone strikes about
N. 65° W. and dips steeply andean be traeed for abont
2,300 fe.et.
The Emmett vein ranges in width from about 6 to 18
feet. At the surface it had a length of about 130 feet,
but in the 180- and 280-foot levels it is more than 200
feet long. As shown on figure 84, a seg1nent of the·
vein at its western encl is out cf position, though no
elear-eut fault could be found to aecount for the displacernent.
The vein is filled with abundant eoarse-grainecl fluorspar fragments a fraction of an inch to 2 feet in diameter eernented by fine-grained fluorspar, clay minerals,
and quartz. In many plaees the fluorspar fragments
are elosely paeked and form fairly high-grade ore.
Quartz fragments are locally abundant, especially in
the southeastern part of the vein, and in places there
are some granite fragments. The fine-grained fluorspar
is a mixture of fragmental material and a second generation of fluorspar that is very irregular in its distribution. Pyrite is disseminated throughout, and small
amounts of galena, chalcopyrite, sphalerite, and gray
eopper are locally present. In plaees a fine-grained Inixture of ankerite and hematite have been deposited aft~~r
the second generation of fluorspar. The ore shows no
marked ehange from the surfaee to the 480-foot level,
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except that the grade is reported to be somewhat higher
in the lower levels.
Ore mined from the Emmett mine during 1942-43
has ranged in grade from 56 to 76 percent of CaF2 •
According to H. B. 'Villiamson, ore from the third level
averaged 65 percent of CaF2 , and that fron1 t11e fourth
level averaged 72 percent. He also reports that samples from the fifth and sixth levels indicate a grade of
about 65 percent of CaF2 • The silica content ranges
fron1 about 15 to 25 percent.
A fairly large block of ore was being developed between the fourth and sixth levels in 1944, and it seems
likely that the ore body may extend to even greater
depth.
BLUE JA.Y MINE (FLUORSPAR)
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by radiographs. In places the vein contains fragments
of wall rock, and rarely fragments of white "bull"
quartz intergrown with coarse-grained fluorspar and
orthoclase are found, which apparently represent a pegmatitic facies of the sodic granite porphyry. The fluorspar fragn1ents comn1only range in diameter from a
twentieth of an inch to a half an inch, but in places they
are several inches in dia1neter.
The grade of ore shipped from the Blue Jay mine
prior to 1941 is not known, but it probably i·anged from
about 72 to 85 percent of CaF 2 • Twenty-five tons
shipped in 1941 contained67 percent of CaF 2 • Anumber of samples taken by H. B. Williamson ranged in
grade frmn 70 to 90.75 percent of CaF 2 and from 7.70 to
24 percent of silica, and one sa1nple contained 57 percent
of CaF 2 and 36 percent of silica. Parts of the vein in
which fragments of wall rocks are abundant are estimated to contain only 40 to 50 percent of Ca]\. Some
of the ore can probably be shipped as metallurgical spar,
but 1nost of it will probably have to be 1nilled.

The Blue Jay mine is in McCorkle Gulch, 3,000
feet S. 20° E. of .Jamestown at an altitude of about
7,100 feet. The workings consist of two caved tunnels,
each about 150 feet long, and two shafts, one (now
caved) about 50 feet deep, and one about 20 feet deep.
There are also numerous open cuts and pits along the
OTHER MINES
vein.
Data on other 1nines are given briefly below:
The Blue Jay vein is the most persistent fluorspar
vein in the J a1nestown district. It strikes N. 70 o -88 o
ARGO (FLUORSPAR)
W. and dips 75°-86° N. It is about 1,000 feet long and
Development.-Shaft 100 feet deep; tunnel 600 feet long conis part of an extensive vein system that can be traced for nects with shaft 90 feet below collar. Lower level 66 feet below
nearly 3,000 feet. It ranges in width from 6 inches tunnel.
Production.-More than 10,000 tons of crude fluorspar ore. In
to 16 feet but averages about 4 feet. At its eastern end
1943,
2,356 tons of crude ore averaging 57 percent of CaF2.
it joins a system of veins striking N. 65° E., but this
Veins.-Argo breccia zone 250 feet long and 60 feet wide;
junction could not be observed. Near the middle part
strike, N. 80° E., dip, 85° N.; made up of altered granite fragof its extent the vein splits and reunites within 120 feet; ments cemented by fine-grained fluorspar mixed with clay minit is at this split that it reaches its 1naximum width. erals. Contains veins of higher grade fluorspar.
Wall 1'0Ck.-Sericitized granite.
In places where the dip decreases the vein widens; this
Ore and sulfi,de mi1w1·als.-Chiefly deep violet, fine-grained
relationship is believed to indicate that the north or
fluorspar, some galena, sphalerite, pyrite, tennantite, chalcopyhanging wall has 1noved up a few feet.
rite, and enargite. Sulfides occur in breccia fragments in fluorThe wall rock throughout n1ost of the vein's extent spar.
is granodiorite that has been partly altered to sericite,
Gangue minerals.-Altered wall rock, quartz, sericite, and clay
clay 1ninerals, and chlorite and consequently forms very minerals.
01·e shoots.-Whole breccia zone low-grade ore. High-grade
loose ground in n1any places. For a distance of 1 to
veins 1 to 10 feet wide and 25 to 150 feet long.
3 feet from the vein the wall rock is almost entirely
'l'eno1·.-0re from lower levels contained 52.4 to 69.2 percent of
sericitized. The eastern part of the vein is in granite CaF2 and 21.53 to 32.06 percent of silica. Lead-silver ore sorted
and some pegn1atite, both of which are partly sericitized from fluorspar contained 0.06 to 0.3 ounce of gold and 7 to 26
ounces of silver per ton, 22 to 40 percent of lead, and 0 to 5 pernext to the vein.
The vein nmterial is everywhere very shnilar. It cent of copper.
BLACK ROSE
consists of strongly brecciated deep violet coarsely crysDevelopment.-Two tunnels and shaft 70 feet deep, aggregattalline fluorspar cmnented by a very fine grained Inixing about 1,500 feet.
ture of fluorspar, quartz, ankerite, clay minerals, and
Production.-About $60,000.
brown iron oxide. In places brown chalcedony is 1nixed
Veins.-Three veins explored in workings, join to south on New
with the cementing material. Very fine grained pyrite Rivel property. Two strike about N. 35° E. and dip steeply west,
and some galena are disseminated in the matrix. The one called Dopp vein; third strikes N. 78° E. and dips steeply
brown iron oxide is 1nost abundant in vein material close southeast. Whole system can be traced for distance of 1,600 feet
over vertical range of 500 feet. Veins few inches to 5 feet
to the surface and is probably derived from oxidation wide. On N. 35° E. veins, northwest wall moved down to northof the pyrite. 1\:Iinute sparsely scattered grains of pitch- east at 75o; on N. 78° E. vein, southeast wall moved clown to
blende have been identified in the cementing material northeast.
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Wall 1·ock.-Inj2ction gneiss, schist, and some Boulder Creek
granite. Foliation of gneiss and schist strikes N. 75°-80° E. and
(1ips 65° SE. to vertieal.
Ore and sulfide ·minerals.-Petzite, krennerite, pyrite, chalcopyrite, and some altaite. Rusty gold in oxidized zone.
Gangue m·inerals.-Horn to sugary quartz and silicified wall
rock.
Ore shoots.-On N. 78° E. vein ore shoot is 100 feet in stope
length, 30 to 50 feet in breadth, and 1 to 5 feet in thickness.
On Dopp vein ore shoot is 85 feet in stope length, 30 to 40 feet
in breadth, and 2 to 4 feet in thickness. Localization of ore is
controlled chiefly by junctions.
'Peno1·.-0re in Dopp vein averaged 3.07 ounces of gold and 4.6
ounces of silver per ton. Small lots contained as much as 300
ounces of gold and 350 ounces of silver per ton.
BROWN SPAR (FLUORSPAR)

De1.1elopment.-Shaft 300 feet deep and 3 levels aggregating
GOO feet.

Production.-Probably more than 10,000 tons of crude fluorspar ore. In 1943, 6,974 tons averaged 62 percent of CaF2.
Veins.-Main vein strikes N. 70°-800 E., clips steeply southeast, and is intersected by short irregular veins of northwest,
northeast, north, and east trends.
Wall 1·ock.-Altered granodiorite.
Ore an(l 8ul{lde m,inerals.-Chiefly violet fluorspar (mostly
fine-grained) , some pyrite and galena.
Gangue m inera.ls.-Quartz, wall rock, clay minerals, and
ankerite.
Ore shoot.-At intersection of main vein with other irregular
veins, 60 to 100 feet in stope length and 7 to 25 feet thick ; extends
from surface to depth of more than 300 feet, nearly vertical.
Tenor.-In lower levels ore contained 52 to 84.4 percent of
CaF2, average 62 percent. Silica content, 10 to 25 percent.
BUCKHORN

De!'elopmellf.-Patente:l 1873. Shaft 42G feet deep with 4
levels, eaved for many years.
Production.-1927-32: Gold, 332.43 ounces; silver, H87 ounces;
lead, 28,872 ponnds; and c-opper, 5() pounds.
Vein.-Strike, N. 15°-20° W.; dip, about vertical (covered at
:oml"face) ; few inclu·s to fi feet wide ; on southwest side joined
hy small parallel veinlets having northerly trend.
lVall rock.-Silver Plume granite near border of granocliorih~
stoek.
Ore ana sulfide mhwrals.-Pyrite, chaleopyrite, and galena,
some gray copper and sphalerite. Goll assoeiated ·with pyrite
and chalco})yrite, silver with galena ana gray eopper.
Gangue minera1s.-Quartz and silicified granite, some fluorite.
Ore slwots.--LeacFsilver ore in pockets 10 to 15 feet long at
junctions of small veinlets with main vein.
'renoJ·.-1879-88: Ore contained 0.3 to 5 ounees of gold antl
2.8 to 10 ounees of silver per ton and 0 to 36 pereent of lead.
1927-31: Ore contained 0.2 to 1.29 ounees of gold and 0.1 to G
ounces of silver per ton and 0 to 26 percent of lead.
CHANCELLOR (FLUORSPAR)

De·!'elopment.-Patentecl 1907.

Three slwrt tunnels, a glory
hole, several op2n euts, anrl a crosscut tunnel with 850 feet of
workings, which explores vein 150 feet below outc-rop.
Production.-Dnring years 1919, 1924, and 1927-30: 1,817
short tons of metallurgical fluorspar. 1910-34: 54 tons of gold
ore containing 21f) ounces of gold and 42 ounces o[ silver, 1 ton
of lead-silYer ore containing 3;)6 pounds of lead, 16 ounces of

silver, and 18 ounces of gold. Hl42-43: 5,G47 tons of crude
fluorspar ore.
TTeins.-3 nearly parallel veins strike N. 70° \V. to west and
cli11 steeply. Nearly all production from southern vein, 3 to 20
feet wide and 150 feet long.
Wall rock.-Altered granodiorite and some alterecl granite.
Ore and s1tlfide m.inerals.-Ohiefly coarse-grained and finegrained violet fluorspar, a little pyrite, galena, and gold,
Gan,gue minerals.-Quartz, \Vall rock, and clay minerals.
Ore shoots.-On southern vein, shoot 120 to 160 feet in stope
length, more than 150 feet in pitch length, and 3 to 20 feet in
thickness. Small shoots on other veins.
'renor.-60 to 85 percent of CaF2 1942-43, average ()3 pereent
of CaF2.
GRAND CENTRAL-BIG BLOSSOM

Development.-4 tunnels on vein, two short c-rosscut tunnels,
three shafts, all aggregating more than 2,000 feet. Range in
altitude, from 7,200 feet to 7,450 feet.
Production.-More than $30,000.
V eins.-Grand Central and Big Blossom, parallel veins 15 to
40 feet apart; strike, N. 34°-58° E.; dip, 45°-85° SE. Grand
Union joins Grand Central on west and cuts across to Big
Blossom; strike, N. 55°-7r E.; cLp, G0"-80° SE. Veins from
fraction of inch to 6 feet wide. Southt:ast walls moved steeply
down to southwest.
·wallrock.-Comp:ex mixture of Silver Plume granae, schist,
injection gneiss, pegmatite, aplite, and dikes of intermediate
quartz monzonite porphyry.
Ore ancl sulfide 1ninerals.-Gold tellurides, free gold, and finely
disseminated pyrite.
Gangue minerals.-IIorn quartz and silicified wall roek.
Ore shoof8.-0n lower-tunnel level. 3 small ore shoots, 20 to SO
feet long, 12 to 40 feet in breadth, and 11;2 to 13 feet thick.
Loc-alized at vein junctions and in flatter and more eastwardtrending parts of veins.
Tenor.-Low-gracle ore eontained 0.9 to 3.8 ounces of gold and
1.0 to 1.4 ounces of silver per ton; medium-grade contained 5.2 to
24.() ounces of gold and 3 to :3G ounces of silver per ton; highgrade contained 12G to 1,():)() ounees of gold and 24 to 30 ounces
of f'ilver per ton.
.JOHN .JAY

1Jerc7opment.-Original discovery 1873. Shaft 350 feet deep
with G leYels; also numerous small tunnels, shafts, and pits.
Produrtion.-Priol' to 1883, $95,000. 1902-35: Gold, 452
uunc-es and silYer 110.9$1 ounces. Total more than $140,000.
reins.-John .Jay vein: Average strike, N. 40° E.; in John Jay
workings, strike is N. Hi -35° E. and dip is G7°-80° \V.; 10 inches
to 9 feet wide and 7,500 feet long; west wall moved north and
(1ovm at 48° to 60° ; displacement 36 to 45 feet. Vein cuts brecc!a
reef 650 feet south of main shaft. Golden Bell vein joins John
Jay at shaft; strike, about N. 10° E. and dip, 80°-88° ,V.
1\'all rock.-Quartz monzonite gneiss having foliation about
JlHrallel to vein, pegmatite, aplite, and granite.
Ore awl sulfide mineral.'I.-Sylvanite, krenne-rite, altaite, pyrite, and a little native tellurium and coloradoite.
Gangue minerals.-Quartz (c-hiefly horn) and silicified wall
roek, some ankerite.
Ore 87wots.-l\!f.ost of ore came from shoot extending from surfac-e to 20 feet below 160-foot level: stope length 275 feet, breadth
180 feet, and thiekness 2 to 9 feet ; localized in vicinity of junction with Golden Bell vein. Other small ore bodies.
Tcnor.-1878-92 : Lower-grade ore c-ontained 1.8 to 30 ounees
of gold and 1 to 10 ounc-es of silver per ton; high-grade eontaine<l
:30 to 49fl ounces of gold and 10 to 19!-l ounces of silver per ton.
0
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1902-32: Ore averaged 3.06 ounces of gold and 1 ounce of silver
per ton. Most of ore in 1933 contained 0.22 to 8.85 ounces of
gold and 0 to 8.75 ounces of silver per ton.
LONGFELLOW

Developrnent.-3 shafts, 3 tunnels, and more than 1,500 feet
of levels. Main shaft 400 feet deep, discovery shaft 200 feet
deep. Crosscut tunnel connects with bottom of shaft.
Production.-More than $75,000. 1902-35 ; 1,595. 78 ounces of
gold, 33,698 ounces of silver, and 229 pounds of copper.
Vein.-Longfellow: Strike, N. 70°-81 o E.; dip, 70°-88° S.; few
inches to 5 feet wide and 1,000 feet or more long. South wall
moved down to southwest 3 to 5 feet.
Wall rock.-Silver Plume granite and dikes of pegmatite.
Ore and sulfide minerals.-Chalcopyrite and pyrite, some galena, sphalerite, and gray copper. Free gold in oxidized zone.
Gangue 1ninemls.-Quartz and silicified granite, a little barite
and fluorite.
Ore shoots.-Most of ground between 100- and 200-foot levels
has been stoped for length of 350 feet. Near discovery shaft ore
body is about 100 feet in stope length and lOt> feet high. Other
smaller ore bodies. Maximum thickness about 5 feet. Ore localized by pegmatite dikes and by changes in strike of vein.
Tenm·.-Ore contained 0.3 to 4.7 ounces of gold and 16 to 40
ounces of silver per ton and trace to 28 percent of copper. 190132 average: 0.3 ounce of gold and 6.4 ounces of silver per ton.
NUGGET GROUP

Developrment.-Claims patented 1885. Seven tunnels aggregating about 2,750 feet over vertical range of 600 feet. Also
glory hole 300 feet long, 75 feet wide, and 50 feet deep.
Production.-1901-17: Gold, 235.06 ounces; silver, 376 ounces ;
lead, 97 pounds.
Veins.-Little Don: Strike, N. 82° "\V. in western part, gradually swings to N. 48° E.; dip, 72°-88° SE.; forms zone of small
veinlets and disseminated pyrite 20 to 30 feet wide, widens to
120 feet northeast of Nugget mine ; can be traced for length of
5,500 feet. Nugget vein: Strike, N. 75°-80° E.; dip, 70°-90° N.
in mine, swings toN. 55° E. east of mine; 1 inch to 3 feet wide,
in places forms zone 10 to 15 feet wide ; joins Little Don near
west end of glory hole.
Wall Tock.-Schist containing pegmatite d-ikes. Foliation
strikes N. 65°-88° E., dips steeply southeast.
Ore and sulfide minerals.-Chiefly pyrite, some galena.
Gangue minerals.-Quartz, sericitized wall rock, fluorite, and
roscoelite.
Ore shoots.-Large ore shoot mined from beneath glory hole.
On Nugget vein ore shoot is 75 feet in stope length, 20 to 25 feet
in breadth, and as much as 7 feet thick. Other small ore shoots.
Tenor.-1882-91: Some shipments contained 0.1 to 1.5 ounces
of gold and 0.5 to 4 ounces of silver per ton, and a few contained
7.4 to 47 ounces of gold and 11 to 17 ounces of silver per ton.
Average for 1901 : 0.24 ounce of gold and 0.05 ounce of silver per
ton. Average for 1909: 0.12 ounce of gold and 0.03 ounce of
silver per ton.
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Ore and sulfide minerals.-Gold tellurides, free gold, and finely
disseminated pyrite. Very small amount of sphalerite, galena,
chalcopyrite, and gray copper.
Gangue minerals.-Horn quartz and silicified wall rock.
Ore shoots.--Localized in more easterly parts of vein, also by
vein junctions and changes in character of wall rock. Those on
lower tunnel small.
Tenor.-Low-grade ore contained 0.7 to 10 ounces of gold and
2 to 15 ounces of silver per ton; medium-grade contained 20 to
234 ounces of gold and 64 to 741 ounces of silver per ton, in lots
of 50 to several hundred pounds; high-grade contained 551 to
1,408 ounces of gold and 726 to 2,083 ounces of silver per ton,
in lots of a few pounds.
YELLOW GIRL (FLUORSPAR)

Development.-Open cut 105 feet long and 20 to 40 feet deep;
two upper tunnels, lower tunnel aggregating 950 feet explores
vein 120 feet below outcrop.
Prodttction.-Prior to 1909, 1,700 tons of fluorspar ore; 1942,
6,021 tons ; 1943, 154 tons.
Vein.-Yellow Girl: Strike, N. 5°-10° W.; dip, steeply west;
340 feet long and 1 to 22 feet wide; splits to north.
Wall rock.-Altered granodiorite.
Ore and sulfide minerals.-Chiefly coarse-grained and finegrained purple fluorspar, some pyrite, and a little galena.
Ga,ngue rninerals.-Quartz, wall rock, clay minerals, and carbonate.
Ore shoot.-125 to 180 feet in stope length and 3 to 22 feet
thick ; extends from surface to depth of more than 120 feet.
Tenor.-Ore contains 55 to 75 percent of CaF2; 1942 average, 58
percent.

LARAMIDE DEPOSITS OUTSIDE THE
MINERAL BELT
AUGUSTA LODE

The Augusta lode, on Cub Creek half a mile above
Evergreen, has been described briefly by Lindgren,90
who noted that its character was different from the
pre-Cambrian copper deposits nearby. (Seep. 67.) It
lies along a northwesterly fissure belonging to the early
breccia-reef system and probably is related closely to
the weakly mineralized Floyd Hill-Bergen Park fracture zone. Some ore containing copper and silver has
been shipped from it, but its total output is small. Its
principal workings consist of an open cut and a shaft
130 feet deep. The lode is a sharply defined quartzfluorite vein containing yellow zinc blende and chalcocite and showing distinct crustification. It strikes
· north-northwest and dips 70°· WSW. In most places its
mineralized part is less than a foot thick.

RIP VAN DAM

QUIGLEY MINE

Developrnent.-Original discovery 1875. Numerous tunnels,
small shafts, pits, and open cuts over vertical range of 450 feet.
Lowest tunnel follows vein for 1,100 feet.
Production.-$15,000 up to 1883. 1904-21: Gold, 515.28 ounces ;
silver, 1,166 ounces.
Vein.-Rip Van Dam: Average strike, N. 60° E.; average dip,
75 o SE. ; 1 inch to 4 ~ feet wide and 2,000 feet long.
Wall rock.-Schist, granite, injection gneiss, pegmatite, and
small dikes of quartz monzonite porphyry.

The Quigley mine is about 15 miles west of Loveland
and is on the. divide between the North Fork of Thompson River and Big Thompson River in sec. 5, T. 5 N., R.
71 W. The country rock is Silver Plume granite
(Mount Olympus variety), and the deposit itself is in

862135-5Q-20

oo Lindgren, Waldemar, Notes on copper deposits of Chaffee, Fremont,
and Jefferson Counties, Colo.: U. S. Geol. Survey Bull. 340, p. 170,
1908.
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a quartz vein trending north-northwest. In the Jerry
Quigley tunnel a mass of high-grade oxidized copper
ore was Inined, but there is little evidence of additional
copper 1nineralization nearby. On the south slope of
the ridge, on what is known as the Perry Sullivan mine,
the same vein was exploited for its gold content, but
little success attended the operation. Some cuprite was
noted at the contact of the quartz vein with granite,
and it is believed that nnlCh of the ore 1nined in the
Quigley deposit was of this character. The vein cuts
granite pegmatite and follows a fault that displaces the
Fountain formation on the North Fork of Little
Thompson River a few 1niles to the southeast (pl. 1).
The 1nineralization is regarded as belonging to the
"breccia reef" type characteristic of an early stage of
the Laramide revolution.
DAILEY OR JONES PASS DISTRICT

The Dailey or Jones Pass 1nining district is in the
southern part of the Fraser quadrangle, a few miles
southwest of Berthoud Pass. It ineludes the headwaters of the west fork of Clear Creek on the eastern side
of the Continental Divide and part of the headwaters of
the Williams Fork River on the ~western side of the
Divide. The Victory higlnvay, U. S. K o. ±0, a splendid
automobile road, crosses the eastern edge of the district.
In 1935 a vvagon road was completed which extended
westward over Jones Pass, altitude 12,452 feet, to the
west portal of the transmonntain 'vater diversion tunnel
on Bobtail Creek; it could be traversed by automobiles
with difficulty. Supplies, hovrever, must still be carried
to several of the mines by pack train. The western part
of the district can also be reached by trail from L2al
post office in the va1ley of the "\Villiams River about 10
miles northwest of Jones Pass.
The district ineludes an area of about 10 square miles,
and nearly all of it lies above an altitude of 10,000 feet.
Dikes and a small stock of granite porphyry o·ccur in
the southeastern part of the district, on and near Reel
Mountain, but intrusives of the Laramide have not
been observed to the west. The Uraclmolybdenmnmine
on Red Mountain has contributed most of the o·utpnt oi
the district, which is small. The chief minerals found
in the veins outside the Urad mines· are sphalerite,
galena, pyrite, and silver minerals. The trend of most
of the veins developed is north and northeast, but
cross veins striking north to northwest are common.
Most of the high-grade ore shoots are lenticular or chimneylike, but shoots of lovv-grade pyritic quartz, which
were not commercial in 1932, persist for several hundred
feet along the strike in so'me of the veins. The shoots
of high-grade ore are commonly less than a foot thick,
but the low-grade pyritic ore may be± to 8 feet thick for
some distance.

BOBTAIL MINE

The Bobtail mine, at an altitude of 10,400 feet, is 01:..
Bobtail Creek, a continuatio·n of the Williams River,
1.3 miles soutlnvest of Jones Pass. Several cabins in
poor repair and a 10-stamp mill are on the eastern side
of the stream across from the mouth of the main tunnel,
which was approximately 500 feet long in 1929. The
Bobtail vein itself strikes from N. 80° E. to· N. 60° E.,
and is developed through the adit. The country rock
is entirely Silver Plume granite, and no porphyry
formed during the Laramide revolution is known in
the nearby region. The vein, which occupied a narrow
sheeted zo·ne, is nearly everywhere less than 12 inches
thiek and contains pockets and seams of ore 1 to 6 inches
thiek separated by nearly barren sheared granite. Near
the mineralized parts of the vein the granite is bleached
and manganese-stained. The ore is a typical complex
lead-zinc ore made up chiefly of pyrite and sphalerite
(blackjack) with sporadic masses of galena. The
gangue is chiefly massive quartz with a little late horn
quartz and some small seams of white ankerite. The
longest continuo'us seam of ore exposed was approximately 100 feet long and 6 inches thick.
READY CASH MINE

The Ready Cash mine is on the eastern side of Bobtail
Creek Valley, 0.8 mile southwest of Jones Pass, at an
altitude of approximately 11,200 feet. In 1929, when
visited by the writers, the 1nine was opened by three
adits. The output of the 1nine is not known, but a small
amount of high-grade silver ore has been shipped. The
country rock is entirely Silver Plume granite, the typical "corn rock" of the Silver Plume mining district. .No
porphyry was observed near the mine, nor was any found
in the float alpng the valley sides. Schist and injection
gneiss of the Idaho Springs formation appear on Williams Fork about a mile vvest of the mine, but none was
Eeen nearby.
Three veins have been cut by the n1iddle adit-the
Mud vein, striking frmn N. 20° to 30° E. and dipping
steeply to the west, the Ready Cash vein, 50 feet farther
east, striki~1g N. 17° E. and dipping 71 o E., and the
Helping Hand vein, about 100 feet farther east, striking N. go E. An easterly branch of the Ready Cash vein
strikes frmn N. 45° to 60° E. and joins the Helping
Hanel vein about 600 feet northeast of the cabins. A
chimney of high-grade silver ore is said to have been
mined out at the junction. Another ore body was found
in the Ready Cash vein just north of its junction with
this branch vein, but south of the junction the Ready
Cash fissure is mineralized very little. The ore found
in the Helping Hanel vein is chiefly galena ~with an appreciable content of silver. The vein filling in the Ready
Cash commonly consists of brecciated granite reme.ntecl
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by horn quartz, IYi th bla C'k jack, ga lena , some rosin jack,
gray copper, and a li ttle a,nkerite. The high-grade ore
nssayed about 115 ounces of silver to the ton, according
to A. C. Trout, the owner. The granite is strongly
bleach ed and altered IH'H r the 1·c in. \Yh ere seen by the
writers, the or e-bearing part of tl1 e vein wa s approximately 6 inches wide, but according to Trout tl1e ore
sh oot ranged in \\' idth :from 3 to 2± inch es and piLche•J
about 45 ° S .
SC OTT TUNNEJ..,

The Scott crosscut tunnel is 1.3 miles N . 80 ° E. of
.Tones Pass at an altitude of about 10,900 :feet. The
tunnel is more than 1,100 :feet lon g, but in 1982, when

visited by Lovering, the breast was not accessible. A s
shown in figme 85, the tunn el extends west-nor thwest
in to t he mountain, crosscutting the Silver Plume granite whi ch :forms the country rock of the mine :for a
di stance of 700 feet, and thence following a barren
sheeted zone of northwesterly str ike :for 370 :feet to a
point where it was caved in 1932. Fifty :feet beyond
the point where the crosscut enters the northwesterly
sheeted zoll e, a barren fi ssure striking .r . 10° E. is cut.
Eighty feet farther norLhwest a vein striking N. 45 ° E.
has been :followed northeastward to its junction with
the N. 10° E. vein. A t t·hi s jnnction the northeasterly
fissure becomes barren, thfl vei n lllilterial crnti nuing
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·northward along the N .. 10° E. vein. The granite is
strongly altered in the area of mineralization, and the
ground is very ''heavy." Southwest of the intersection
the northeasterly vein dips 60° SE., and the unmineralized fissure dips 80° E. North of the intersection
the N. 10° E. vein dips 60° E. The vein has been
stoped for an undetermined distance above the level,
but the stopes were very wet and in bad condition in
1932. The vein itself could not be seen, but ore found
on the dump had a width of 3 to 15 inches and was n1ade
up of nearly solid sulfides, chiefly dark sphalerite and
galena with minor amounts of pyrite. The sulfides
were cut by seams of quartz and rhodochrosite.
DOCTOR MINE

The Doctor mine is 1¥2 miles N. 75° E. of Jones Pass,
at an altitude of 10,850 feet, and is entirely in Silver
Plume granite. The mine is opened by two adits-a
short upper tunnel and a lower tunnel, which is reported to extend east-southeast into the mountain for a
distance of 1,100 feet. When examined by the writers,
, only a small part of the drift along the vein could be
entered, as the air was so poor that a carbide lamp could
not burn.
In 1932 there were several cabins about 100 yards
south of the portal of the main crosscut tunnel and a
small steam mill equipped with jaw crushers, ball mills,
and tables.
The ore on the upper level occurs in a vein striking
N. 15° E. and dipping steeply east (fig. 85). It is a
lead -zinc ore containing a small amount of chalcopyrite
and much pyrite. Fifty feet below, on the main adit
level, the ore in this vein is extremely pyritic; very little
chalcopyrite or galena was noted, but dark sphalerite in
a few places made up approximately one-sixth of the
ore. The vein fissure is a channel for a heavy flow of
water; the wall rock on each side is much altered, and
t4e ground is "heavy." The north-northeasterly vein
intersects a west-northwesterly vein about 90 feet from
the main crosscut, but because of the bad air the writers
were unable to examine this vein in detail. According
to Mr. E. P. Snyder, the former superintendent of the
property, the northwesterly vein contained a maximum
of 15 percent of zinc and 2 to 10 ounces of silver and
about 0.04 ounce of gold to the ton, the highest of 100
assays showing 0.075 ounce of gold. Pyritic concentrates of this ore contained an average of about 0.2 ounce
of gold to the ton, some zinc, and less than 1 percent of
copper. The gangue is chiefly quartz, but some manganiferous ankerite is also present.
On the upper level the north-northeasterly vein is
3 to 4 feet thick, and some rich massive chalcopyrite ore

was found north of the junction with the northwesterly
vein. No ore was found to the south, however, and no
ore is kno'\vn on the northwesterly vein west of the junction. The flow of water at the intersection of the two
veins is very strong, and the grade of ore exposed in
the mine and on the dump offers little incentiv~ to sink
a shaft and pump out the water.
PUZZLER AND SCOTIA VEINS

The Puzzler vein is 3Y2 miles due east of Jones Pass,
about half a mile northwest of the hairpin curve where
U. S. Highway 40 starts its ascent from the valley of
Clear Creek for Berthoud Pass. The· vein is opened
by a shaft, a level 200 feet long, and an adit 650 feet
long, which is 70 feet below the shaft collar. The country rock in both levels is injection gneiss and Silver
Plume granite; the foliation of the gneiss strikes about
N. 50° W. and dips 40° NE. · The· vein itself strikes
northeast at the shaft and dips 58° NW., but 50 feet
northeast of the shaft the course of the vein changes
abruptly toN. 82° E. Coincident with this change the
seam of ore thickens and contains much more silver and
gold than to the southwest. The vein is 2 to 3 feet
thick and consists chiefly of greenish-blue quartz containing abundant disseminated pyrite and some secondary silver minerals. Native silver was observed resting
on pink and brown ankerite crystals in vugs. According to E. P. Snyder, the lessee, the ore from the upper
level, taken from the stope on the easterly fork, assayed
66 ounces of silver. and 0.60 ounce of gold to the ton
and contained no lead, zinc, or copper .. Almost no sign
of ore was seen along the lower adit until the change
in course was reached, and even there the vein quartr.
was of comparatively low grade and was barren in many
places. Near the breast, about 650 feet from the porta].
a gougy seam between the vein and hanging wall contained visible molybdenite and was said to assay about
2 percent of MoS2.
About ·1,000 feet east of the Puzzler shaft a strong
vein known as the Scotia strikes N. 20° E. If the Puzzler maintains its easterly course the two should intersect about 1,200 feet from the shaft. So far as is known
this intersection has not been sought. About 250 feet
west of U.S. Highway 40 the Scotia vein is exposed in
a prospect on the Jones Pass road. There it strikes N.
10° E., dips 80° E., is about 5 feet wide, and is made up
chiefly of brecciated, vuggy vein quartz containing a
small amount of barite, calcite, manganosiderite, galena, chalcopyrite, and pyrite. According to Snyder,
it contains less than half. an ounce of gold to the ton.
As the vein is followed along the strike, it apparently
thickens where it shifts toward the northeast but·
pinches where it resumes its north-south trend.

LARAMIDE DEPOSITS OUTSIDE THE MINERAL BELT
URAD MINE

The molybdenite deposit at Camp Urad,91 on Red
Mountain, about 10 miles west of Empire, was first developed and mined by the Primos Chemical Co. in 1914
and 1915. In 1917 a deep crosscut tunnel (altitude
10,150 feet) was begun, and during World War I it was
eompleted to a position beneath the upper workings, but
the quantity and grade of mineralized rock did not encourage further development. Several thousand tons
of molybdenite were produced up to 1918.
In 1942, beeause of the war demands for molybdenum,
the Molybdenum Corporation of America, under contract with the Defense Plant Corp., undertook developInent of the deposit by raising 1,100 feet from the lower
tunnel to the lower levels of the old Urad mine (altitude
11,250 feet). This raise was completed in 1943, and a
200-ton mill was erected. The property was finally purchased by the Molybdenum Corporation of America,
and production started early in 1945.
In the vicinity of the mine, Silver Plume granite
and some schist have been intruded by a small stock of
granite prophyry of Tertiary age. The outcrop of the
1;orphyry near the top of Red Mountain contains considerable pyrite, whieh has weathered to give the rock a
dark-brown to red color. The surrounding rock is
highly altered near the contact and contains small
amounts of pyrite.
The molybdenite, associated with quartz and pyrite,
occurs chiefly in veins and seams in the highly altered
rock near the contact. Small amounts of rhodoehrosite,
galena, sphalerite, and fluorite have been found in
stringers within the mineralized ground but not in sufficient quantity to constitute a serious milling problem.
In the upper workings, the veins, which were the only
sonree of ore in the earlier operations, are as nnlCh as
3 or 4 feet wide and have a molybdenite content of about
1 percent. The veins occupy a series of eurved fraetures, somewhat in the form of nested inverted cones,
that partly encircle the porphyry stock on the south and
west sides and clip steeply toward the center. Some of
them curve from a westerly to a northwesterly course
and finally enter the porphyry eore. In addition to the
conelike fractures, there are steeper radial fractures and
joints.
In places the veins and other mineralized fractures
are spaced closely enough to form rather large blocks
of possible low-grade ore. The future of the deposit as
a substantial source of molybdenite depends on the size
and grade of such blocks around the periphery or within
the edges of the intrusive body. Development work in
o1 Worcester, P. G., Molybdenum deposits of Colorado: Colorado Geol.
Survey Bull. 14, pp. 47-50, 1919. Horton, F. W., Molybdenum, its ores
and their concentration: U. S. Bur. Mines Bull. 111, pp. 66-67, 1916.
Vanderwilt, J. W., The occurrence and production of molybdenum:
Colorado School of Mines Quart., vol. 37, no. 4, p. 34, 1942. Vanderwilt,
J. W., editor, Mineral resources of Colorado: State of Colorado Min. Res.
Board, pp. 225-226, 1947. Burbank, W. S., oral communication.

283

1944 \Yas not advanced far enough to foretell the outcome but the mineralized ground exposed in the raise
500 t~ 600 feet below the old workings looked promising.
ALLENS PARK DISTRICT

Prospecting in the vicinity of Aliens Park d~ring
the eighties resulted in the discovery of gold and silver
ores of low grade. 92 Sporadic but unsuccessful attempts
to placer the boulder gravels of North St. Vrain Creek
have been made at various times since. 93 According to
local information, both northwesterly and northeasterly
veins are present in the district, but during a brief visit
the writers were un~ble to find any of the northeasterly
veins. As shown on plate 2, the country rock of the
region is chiefly Silver Plume granite. A zone of northwestward-trending breccia reefs passes through.Allens
Park. It is a continuation of the Maxwell breccia reef.
The reefs strike about N. 75° W. and dip about 75° S.
Grooves along the sides of the silicified breccia and
wall rock and the displacement of the diabase Iron dike
a mile southeast of Aliens Park indicate that the north
wall moved downward to the west at an angle of about
45 o. The hematitic silicified breccia typical of these
reefs was found in a number of shafts and pits near
Aliens Park and in a few places small amounts of pyrite
'
.
and chalcopyrite line vugs in the reefs. Only minor
amounts of gold and silver are present in the primary
ore but the value of the vein material has been increased
'
.
by secondary
enrichment close to the surface, wh ere Its
tenor has been sufficiently high to excite the interest of
prospectors from tiine to time. It seems unlikely,. however, that commercial ore deposits will be found Ill the
breccia reefs in this region.
A weathered shear zo·ne striking northeast was shown
the writers as an example of the northeasterly silver
veins, but the only signs of mineralization seen were a
few thin seams of hematite, probably related to the
nearby breccia reef. The northeasterly "vein" was reported to contain 2.5 ounces of silver to the ton but no·
gold.
.
.
At the intersection of the Iron dike and the main
breccia reef llh miles southeast of Aliens Park, a shaft
was sunk and was reported to have cut low-grade cobalt
ore at a depth of 100 feet. No cobalt ore was noted on
the dump, however, but the sheared diabase of the I~on
dike is cut by innumerable thin seams of hematite.
About 1 000 feet southeast of the old "Cobalt mine"
shaft th~ Iron dike is cut by an andesite porphyry dike
striking northeast and dipping steeply to the northwest.
LAKE ALBION DISTRI-CT

The Lake Albion mining district is 5 miles westsouthwest of Ward and includes parts of sees. 17, 18, 19,
and 20, T. 1 N., R. 73 W. The Snowy Range mine, at
re van Diest, P. H., Mineral resources of Boulder County : Colorado
School of mines Bienn. Rept., pp. 25-31, 1886.
93 Lee, H. A., Report of State Bureau of Mines, Colorado, 1901-2.
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the southeastern edge of Lake Albion, supplied a moderate quantity of lead-gold ore prior to 1910. The grade
of the ore mined was not sufficiently high to stand shipping charges without concentration, and considerable
difficulty was experienced in milling the ore because of
the presence of asbestos in the gangue. In an old mill,
which was 1nodeled after the graphite ·mills· in Ne\V ·
York, an air blast was employed to separate. the fibrous
asbestos from the heavier ore 1ninerals and \Vas nloderately successful. It is reported that the cost of mining
and treating the ore just about equaled the returns frmn
its sale. In 1909 the air-blast mill \Vas remodeled, and
\Vet methods were introduced, but so n1uch difficulty was
experienced in the clogging of the screens by asbestos
that the operations were finally abandoned, and the
property was not operated from 1910 until 1935, the
date of the writers' visit. Lake Albion now furnishes
part of the water supply of the city of Boulder. The
mine is accessible by a good automobile road, which
leaves the main Estes Park-Nederland highway
about 3 1niles south of Ward. The altitude of the
mine workings is approximately 11,450 feet. Because
of the deep snow drifts that linger upon the road until
late, it is generally i1npossible to reach the mine by automobile until after the middle of July, and the roads
become blocked by snow again within a few months.
As shown on plate 2, the Sno'''Y Range vein, the only
productive one in the district, trends eastward through
the southern part of a hornblende monzonite porphyry
stock, which extends northward for nearly 4 miles and
has a width of about 2 miles. Bordering the porphyry
stock to the south are schists and gneisses of the Idaho
Springs formation cut by a few thick sills of Boulder
Creek granite, \vhich are probably related to the small
batholith found a mile farther south. Several types of
porphyry occur within the stock, but the dmninant
variety is a sodic hornblende monzonite porphyry the
texture of which ranges from coarsely porphyritic to
medium granitoid. A few miles to the north the main
rock of the stock is cut by quartz monzonite porphyry,
and this in turn is cut by biotite hornblende monzonit~
porphyry.
The geology of the Snowy Range mine has been studied in detail by Wahlstrom, 94 and the following description is based largely on his work. The monzonite is cut
by a syenite dike near the 1nine, but locally the syenite
occurs in bodies showing gradational contacts with the
normal hornblende monzonite. Both the syenite and
monzonite are cut by narrow dikes of dark fine-grained
mafic syenite containing nearly 25 percent of hornblende and diopside. Nearly all the ore in the district
has been found along a single east-west vein, which cuts
schist, monzonite, syenite, and quartz monzonite, but
the ore has been found almost solely within the mon-

zonite stock. In the n1onzonite and syenite the vein
fissure is n1arked by a breccia zone, which attains a
maximum width of 30 :feet and consists of angular and
rounded fragments of syenite and monzonite in a matrix
composed predominantly of greenish-gray pyroxene
with 1noderate amounts of quartz, asbestos, pyrite,
chalcopyrite, and galena (fig. 86). The pyroxene is
coarse-grained, and the quartz is coarse and glassy. In
many places the deposit is rudely banded; layers of
coarsely intergrown pyroxene along the walls of the
vein contain numerous grains of galena, chalcopyrite,
and pyrite and border a central seam composed chiefly
of quartz. The asbestos, which is later than the pyroxene, is commonly most abundant near the 1niddle
part of the vein but oecurs in sean1s and irregular masses
throughout. According to chemieal analysis s 5 the
pyroxene is a diopsidic aegirite; it is the earliest of the
vein minerals. It \vas followed in turn by asbestos and
by quartz, which locally replaces the pyroxene. Sulfides
seem approximately contemporaneous with the quartz
and have replaced the pyroxene in many places. Calcite, fluorite, and soclic orthoclase occur as minor constituents of the vein filling.
The ore has been slightly oxidized close to the surface
but its occurrence in the bottom of a deeply glaciated
valley precludes the existence of any considerable zone
of enrichment or oxidation. As the ore found is regarded as primary, there will probably be little change
in tenor with inerease in depth below the surface. The
ore body itself is well marked and continuous. The vein
ranges in width from less than an inch to 8 or 10 feeL
though locally sean1s extend into the \vall rock making
a mineralized zone through a width of 30 feet. In
general, the main vein has· a width of 3 to 4 feet. The
sulfide content varies along the length of the vein as
well as across it and seems unrelated to any recognizable
structural features, but as noted above the mineralization is limited to the 1nonzonite stock itself. According
to E. E. Miller, who is quoted in Wahlstrom's report, 482
tons of lead concentrates vvere produced during the
summer of 1909, which averaged 0.07 ounce of gold and
27 ounces of silver to the ton and 41 percent of lead_,
with a small amount of zinc. The Snowy Range tunnel,
approximately 700 feet long, opens the mineralized
breccia zone.
The Eureka tunnel, approximately 100 feet north
of the Snowy Range tunnel, follows an 18-inch vein of
banded pyroxene and quartz with disseminated sulfides,
asbestos, and calcite for a distance of 260 feet. Th~
Eureka vein branches from the north side of the Snowy
Range breccia zone and trends northeastward.
The character of the gangue minerals of the Snowy
Range vein and their localization in the porphyry body
indicate a hypothermal vein. The composite porphyry

94
Wahlstrom, E. E., The geology of the Lake Albion region, Boulder
County, Colorado, University of Colorado thesis, 1931, Boulder, Colo.

95
WahlRtrom, E. E .. An unusual occurrence of asbeRtos : Am. Mineralogist, vol. 19, no. 4, pp. 178-180, 1934.
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86.- IIyvolhennal ore f r om Snowy Range mine, Lake Albion district. The vein (vn) comprises cliopsidic aegirite
(d), galena (g) , asbestos (a), and quartz (q) \lith minor amounts of sphalerite (s}. The wall rock is littlea ltered syen ite porphyry (sy) containing disseminated chalcopyrite (c) anrl some p)Tite (p) n ear the vein.
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stock probably rep1·esents the earliest porphyry intl'llsions in this part of the Front Range, and Lhe ore
deposit is believed to be the earliest post-Cambrian
vei11 i 11 the region.
MANHATTAN, MAYESVILLE, AND HOME DISTRICTS

Location and geologic setting.-The :Manhattan mining district is 2 miles north of the Cache la Poudre
River, in the west-central part ofT. 9 N., R. 73 vV., and
is about 30 miles west-northwest of Fort Collins. The
Mayesville district, just south of the Cache la Poudl'e
River is about 3 miles south of tl1e Manhattan di strict,
and the Home mining district is about 3 miles due west.
The 1·eins in the :){anlmttan district IYere discovered
about 188;) ~uHl tlw:,;e in tl1e Maycc;vi.lle district in 188G.
The greatest activity in this r egion occuned between
1883 and 1890, but only a small output has been reported
for this period, and little or no ore has been shipped
since 1900 . .
The H omc and Mayes1·i lie mining districts occur j n
an area of In cbl.mo i·ph ic pre-Cambrian rocks jusL so 11Lh1rest of <L \)ltholitll of Silver Plume granite. Most of
the Yei ii s of the ~1 a nll<t ttan district lie within the
granite are:.1 and are closely ac;:oociated with stocks of
granodiorite and hornblende-quartz monzonite porphyry (pl. 1).
A belt of intrusive porphyries, ranging- in conJ.position from granodiorite to rhyolite, extends northeastlvard from Ra.dial Mountain, on the divide betiYeen

Middle Park and North Park, through Cameron Pass
According to Gorton,96 a large granodiorite stock of this belt, located a
few miles southwest of Cameron Pass near Lake Agnes,
is later than a Laramide overthrust fault and earlie~·
than the extrusive rocks, which Lovering~s work near
Granby 97 indicates to be of Miocene age. The stocks
of the entire belt are everywhere older than the Tertiary
erosion surfaces preserved in the mountains; they are
therefore believed to have been formed during the Laramide revolution and approximately contemporaneous
with the porphyries of the great northeastward-trending mineral belt in the central part of the Front Range.
Although the 1·egion adjoining this northern belt of
intrusives has not been extensively prospected, the
meager information available suggests Lhat intrusion
in it was accompanied by only feeble metaJization in
most places. The porphyries seen by the writers in
the northem part of Lhe belt resemble those of group 1
(see page 47 and pl. 7 and fig. 12) of the porphyries in
the mineral belt, rather than the later ones that appear
genetically related to important mineralization in Summit, Clear Creek, Gilpin, and Boulder Counties.
jJlanhattan.-Manhattan lies at an altitude of about
8,500 feet and is 1Yz miles west of the main automobile
road extending eastward from Livermore through Log
to the Manhattan mining district.

"Gorton. K. A .. Geology of the Cameron Pass area, Grand, Jackson,
a ncl Larimer Counties , Colo. : unh·ersity of Michigan doctoral thesis,
l!lH.
97 Lovering, T. S., The Granby anticline, Grand County, Colo.: U. S.
Geol. Survey Bull. 822- A , 19:11.
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Cabin to Rustic on the Cache la Poudre River. It is
accessible by automobile almost the year round.
The predominant rock near Manhattan is Silver
Plume granite, but a belt of northeastward-striking
hornblende gneiss and quartz-biotite schist half a mile
wide enters the district about a mile south of Manhattan. The schist is bordered on the north by a small
stock of hornblende-quartz monzonite porphyry, and a
stock of similar porphyry elongate in an east-west
direction is found about a mile west of Manhattan.
Several prominent porphyry dikes trending from eastwest to northwest occur near the stock and are reported
to be present in the region to the north. The veins of
the district trend west to west-northwest and include
the Gold King, Emma, Prodigal, Monte Cristo, and
Colorado. The Prodigal and Emma are entirely in
granite, but the Colorado and Monte Cristo follow a
strong west-northwesterly monzonite porphyry dike,
and the Gold King cuts across the contact between the
hornblende monzonite porphyry stock and the granite
a mile west of Manhattan. It is reported that the
Cache tunnel is at an altitude of about S,OOO feet on
the north slope of the Cache la Poudre River 1% miles
south-southwest of Manhattan and follows the northward-trending Cache vein toward the Monte Cristo
workings, but in 1932 the tunnel was said to be inaccessible and was not visited by the writers.
The veins are mined for their gold. They strike from
N. 7o c ·w. to N. so c E. and are nearly vertical. Most
of them crop out on a prominent Tertiary erosion surface correlated with the Overland Mountain erosion
surface, and their gold content is much richer close to
the surface than at depth. The unoxidized ore consists
of coarse-grained white quartz containing disseminated
pyrite and a small amount of chalcopyrite. The tenor
of the primary pyritic ore is probably indicated by the
ore from the Cache vein about 250 feet from the portal
of the Cache tunnel and 70 feet below the surface of the
gulch, but more than 500 feet below the general level of
the Overland Mountain erosion surface. This ore is
reported to have contained 0.25 to 0.35 ounce of gold
to the ton, although oxidized ore in the veins cropping
out on the ancient erosion surface is reported to have
contained 1.5 to 15.0 ounces of gold to the ton and commonly to have assayed about 4.0 ounces to the ton at a
depth of less than 30 feet f~om the surface. Oxidized
ore is uncommon below a depth of 50 feet, but partly
oxidized sulfides occur locally to a depth of about 125
feet. The partly oxidized ore at this depth is said to
assay 1.0 ounce to 1.5 ounces of gold to the ton across a
vein width of 1S to 24 inches.
It seems evident that the commercial ore in the district is due to the secondary enrichment of low-grade
pyritic ores and that the enrichment is closely related
to the Tertiary erosion surface.

Mayesville.-The abandoned settlement of Mayesville
is just south of the Rugh ranch, in sec. 6, T. S N., R.
73 W., in the valley of a small northward-flowing tributary of the Cache la Poudre River. The predominant
bedrock is hornblende gneiss, in which small bodies of
pegmatite and injection gneiss are common. The
gneisses strike from N. 20c W. in the western part of
the district to northeast in the eastern part of the district
and are nearly everywhere vertical. The general trend
of the veins is east-west, but some of the branches from
the stronger veins strike N. 60 c ·w. to N. 60c E. The
largest vein in the district, according to Mr. Morton,
who worked in the area during the eighties, is the Crown
Point, near the crest of the hill about three-quarters of
a mile southeast of the Rugh ranch. This vein strikes
N. so c E. and dips 45 c N. It ranges in width from 18
inches to approximately 5 feet. According to Mr. Morton, the ore at the surface averaged about 0.90 ounce of
gold to the ton, but at the bottom of a shaft 160 feet deep
on the incline, the tenor was less than 0.35 ounce to
the ton.
At Mayesville itself oxidized limonite-stained vein
matter was seen on several small dumps, but there was
no evidence of extensive work, and no sulfide minerals
were found. About 1% miles southwest of the Rugh
ranch, at an altitude of S,370 feet, the Little Bobby vein
is exposed in a shaft and a short adit. It strikes N.
70c-soc E. and dips about 50° N. It comprises 12
inches o£ crushed gougy rock and 4 feet of iron-stained
sheeted pegmatite adjacent to the main shear zone. The
country rock of the vein where exposed in the pits and
adit is slightly altered pegmatite, but a short distance
to the north or south the pegmatite gives way to fresh
hornblende gneiss striking N. 20° vV. The vein matter
is chiefly a limonite-stained drusy breccia seamed with
medium-grained white quartz. Some chalcopyrite,
pyrite, and galena are disseminated through the vein,
but no marked concentration of these minerals was
found. According to Mr. Morton, a channel sample
~tcross the vein about 6 feet below the surface contained
0.30 ounce of gold to the ton and grab samples from the
better-looking vein matter contained approximately
0.90 ounce to the ton. Most of the ore was found close
to a branch vein diverging to the southwest at a small
angle.
It is probable that the veins in the Mayesville district
contain a low-grade primary lead-copper-gold ore of
noncommercial grade. Locally, especially at intersections or at the points of divergence of branch veins, the
ore may be of commercial grade within the zone of
secondary enrichment, which probably does not extend
more than 100 feet below the surface.
H ome.- The Home district, a few miles west of the
Mayesville district, was not studied by the writers.
Tunnel dumps on the south bank of the Cache la Poudre

DEPOSIT'S OF THE "REDBEDS COPPER" TYPE

indicate the exploration of veins in this neighborhood
.
and speCimens
of ore reported to come from the region'
nearby suggest a pyritic copper mineralization accompanied by more intense wall-rock alteration than in the
Manhattan and Mayesville districts.
DEPOSITS OF THE "REDBEDS COPPER" TYPE

Certain types of copper deposits, commonly associated with the Pennsylvanian and Permian redbeds,
have been formed by deposition from solutions that
have leached the rocks of minute amounts of copper,
originally disseminated throughout the formation, and
concentrated then1 into deposits rich enough to attract
the prospector. The essentials for the formation of ore
deposits of this group are the presence of primary disseminated copper minerals in a permeable bed their
. by ground water, and deposition in smne
' loso1utwn
cality traversed by a large quantity of the copper-bearing solutions. Sulfide deposition may take place close
to the outcrop, owing to the reduction of the copper
compounds in solution by organic matter, or it may take
place at depth through reaction with organic material
indigenous to the beds through which the ground water
moves.
Carbonates may be precipitated at any depth through
reaction with calcareous matter, but oxides and native
copper are usually localized near the surface and are
due to supergene enrichment. In the Red Gulch district, near Cotopaxi, the organic 1natter responsible for
deposition is found in the lignitic material that has been
replaced by the copper 1ninerals. The appearance of
copper ore in the breccia of the Williams Range thrust
fault above the Palmer ranch is probably due to the reaction between dilute copper solutions and the organic
matter contained in the Cretaceous shale of the fault
breccia.
RED GULCH COPPER DEPOSITS

The Red Gulch district is in the southwestern part
of the Front Range, about 9 1niles due north of the
Cotopaxi station on the Denver & Rio Grande Western
Railroad. The general altitude of the region is about
8,000 feet, approximately 1,600 feet higher than Cotopaxi. At the time the district was visited by Goddard
and B. S. Butler of the U. S. Geological Survey, there
had been little activity for many years; most of the
following description is therefore taken from Lindgren's account. 9 s
As far as known, the copper deposits in the redbeds
are limited to the Red Gulch area and are not far from
the Red Gulch fault, although no direct relation is
known to exist between the fault and the ore deposits.
Their existence has been known for 70 years or more,
98 Lindgren, Waldemar, Notes on copper deposits of Chaffee, Fremont,
and Jefferson Counties, Colo.: U.S. Geol. Survey BulL 340 pp. 170-174
1908.
'
•
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but active exploration did not begin until 1907, when
several companies began operating· in the camp. A few
carloads of ore were shipped during that year, principally from the Red Gulch and Copper Prince mines,
but the activity was short-lived.
The deposits themselves contain chalcocite, malachite,
and azurite and occur at several horizons in Pennsylvanian and Permian rocks, ranging from coarse conglomerate through sandstone to shale. Woody fragments are common in the beds, and seams of lignitic material are present locally. The prevailing color of the
formation is a deep brownish red, which is due to the
presence of abundant ferric oxide, but the beds that
contain the copper are bleached to gray or greenish
gray. A few hundred to a thousand feet west of the
north-south Red Gulch fault the beds begin to dip more
steeply eastward, and at the fault they have at many
places assumed a vertical position. Only a few 1ninor
transverse east-west faults are present. The only rock
intrusive into the redbeds is a thoroughly oxidized
east-west dike, a quarter of a 1nile north of Springfield;
it is said to contain a little silver, but it has no apparent
connection with the copper deposits.
The copper deposits of this district are in the main
silnilar to those in the redbeds of New Mexico Arizona
'
and western Colorado and share with them certain
dis-'
advantages of exploitation. As far as known, the bodies of lo.w-grade disseminated copper ores in redbeds
have rarely been handled profitably anywhere, but an
appreciable output has come frmn picked ore in the
Nacimiento deposits of New Mexico. The rich chalcocite in the coaly shale there 1nade a high-grade shipping
ore, but exploration to date has failed to develop large
ore bodies.
Mine descriptions.-The Copper Prince 1nine is a
short distance northwest of the abandoned camp of
Copperfield, on a slope of heavy red conglomerate made
up of well-washed pre-Cambrian rocks. Bunches of
oxidized copper ore and chalcocite were found in pits
sunk in the conglomerate. Without exception the ore
seen was associated with coaly material derived from
fossil wood. Chalcocite occurred most abundantly in
a coaly shale bed below the conglomerate exposed in a
small shaft.
The Colorado Copper Co. sank a shaft on the hill
about 1,000 feet east of the creek at Copperfield and
150 feet above it; the depth attained in September 1907
which is probably close to its total depth, was abou~
250 feet. The rocks between the creek and the shaft
dip eastward at moderate angles and consist of red
shale with one intercalated bed of conglomerate. Near
the shaft they dip at a steeper angle, and the shales
grade into reddish-brown limestone. At the fault
contact with the granite, about 100 feet east of the shaft,
the strata are vertical. Copper stains appear in various
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places, especially in the belt of quartzitic rock that lies
near the contact, but no ore bodies vvere found.
....c\._t Springfield, half a mile north of Copperfield, the
Heel Gulch Gold and Copper :Mining Co. was operating
just east of the creek in 1907. An inclined shaft 150
feet deep was sunk on a bed of carbonaceous shale dipping 70° E. and containing chalcocite; some rich chalcocite ore vvas shipped. The Reel Gulch fault lies
within a fe·w hundred feet of the creek. On the west
side shales and conglomerates cliiJ gently east, but near
the shaft the clip gradually stee.pens to 70°. The orebearing bed is -1: feet thick and lies on a footwall of
heavy reel conglomerate. The hanging wall consists of
about ;)0 feet of reel shales with some intercalated conglomerate. The shales are capped by about 200 feet of
gray partly silicifi2d nearly vertical limestone, which
adjoins the great fault that brings the pre-Cambrian
granite complex to the surface. The clark-gray soft
ore-bearing shale contains seams of a compact bituminous coal as much as an inch or 1nore thick. The
chalcocite follows the coal seams very closely, and specimens sh(nv a peculiar ore of intimately intergrown
chalcocite and coal. Polished sections show minute
veinlets of the chalcocite in coal. The coal also contains 0.11± percent of vanadium oxide (V2 0 3 ) . The
chalcocite forms smooth nodules 1 or 2 inches in diameter in the shale. Sections of these nodules show that
the bedding planes of the shale continue through them,
and it is plain that they replace the coaly shale. The
pure chalcocite is said to contain at most 10 ounces of
silver to the ton. Narrow seams of barite were observed that cut both ore and coal. No ore occurs in the
reel shale, the conglomerate, or the limestone, and the
fault itself is also barren.
Half a mile north of Springfield the Acn1e and Queen
Princess properties vvere located on a gently clipping
cupriferous clark-gray or dark-green shale. At the
Queen Princess two ore-bearing beds 12 feet apart ·were
opened. The surface shows very little copper. About
15 inches below the outerops green stains and narrow
seams of sooty chalcocite were found, but the ore was oi
lovY grade. The shale of the Reel Gulch 1nine lies probably 200 feet above this horizon, but no copper is reported frmn it at this plaee.
BLAIR ATHOL MINE

The Blair Athol1nine is in the SW14 sec. 15, T. 13 S.,
R. 67 W., about 61f2 miles northwest of Colorado
Springs. A good road leads from Colorado Springs to
a point just north of Glen Erie, and from there an old
and little-used wagon road leads to the mine. The
property was examined by E. B. Eckel of the United
States Geological Survey in 1932, and at that ti1ne it
had been abandoned for many years. It is known that
some ore has been shipped ancl that the property has
been worked sporadically over a long period of time,

though it is doubtful whether the operations have ever
proved profitable to the investors. The copper content
is very low .
The deposit has been developed by an open cut about
75 feet long, 50 feet wide, and 15 feet deep. It is in
the upper part of the Lyons sandstone of Permian age,
which here strikes N. 20° E. and dips 45°-55° E., although the regional strike is nearly due north. The
upper part of the Lyons is a white to buff fine-grained
sandstone of uniform texture, made up of vvell-rounded
grains of quartz; it is characteristieally veined with
quartz along small closely spaced irregular joints, which
gives the rock a false appearance of breeciation. The
beds underlying the copper deposit and immediately
west of the open pit are more strongly silicified than
the ore-bearing zone.
The mineral deposit consists of "'hite sandstone irregularly impregnated with small amounts of oxidized
copper minerals. The ore occurs in small nodules and
as copper stains in the sandstone, and most of it lies
along bedding planes or in nearly vertical easterly fractures. The chief ore mineral is malachite~ it is associated with minor amounts of azurite and oxides of
iron and manganese. Vugs of chalcoc-ite, rarely more
than a centi1neter in diameter, 1nay form the centers of
the malachite nodules. Although the ore minerals in
n1ost places occur only in minor amounts and not as
solid masses of ore, the widespread presence of thin
films of the green, blue, or black copper minerals in the
highly colored sandstone may give a false impression of
rich copper ore. The zone of copper mineralization
extends about 200 feet along the strike of the sandstone
and is less than 150 feet wide. Some float showing copper minerals was found in the bed of the stream flowing
past the Blair Athol mine, but no signs of mineralization were seen in the lower beds of Lyons sandstone or
in the Fountain formation between the Lyons sandstone
and the Pikes Peak granite to the west.
A strong fault cuts the Fountain formation near its
contaet ·with the granite, but there is no evidence of
copper mineralization along the fault, and there are no
hydrothermal veins in this region. It is believed that
the concentration is local and clue to deposition from
solutions that had dissolved Ininute amounts of copper
from minerals originally present in the Lyons sandstone of this locality. The Blair Athol deposit is a
typical redbeds copper deposit but seems much less
prmnising than those in Reel Gulch described above.
PALMER RANCH COPPER PROSPECT

The Palmer ranch is about 20 1niles northwest of
Dillon, on the east side of the Blue River. High-grade
copper ore, consisting of 'malachite, azurite, and cuprite
cementing white quartz breccia, occurs high -up on the
slope of the Williams River Mountains about 2 1niles
northeast of the ranch. The breccia is in the fault zone
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that marks the contact of the Cretaceous shales and the
overlying pre-Can1brian gneiss and schist where the
Williams Range thrust fault comes to the surface. Very
little exploration has been clone, but the character of the
ore and the coincidence of its occurrence at the outcrop
of the thrust fault suggest that it is due to precipitation
of cupriferous solutions in the fault breccia. Pre-Can1brian gold-copper veins are known to the north (see
p. 71), and it is probable that material from sin1ilar
deposits was incorporated in the fault zone and was subjected to leaching by waters circulating through the
fault breccia. It is believed that the gold placer ground
on the Palmer ranch was derived through the erosion of
gold-bearing copper ore from similar zones in the Willian1s Range thrust fault nearby. No output has been
made frmn the deposit.
POST-LARAMIDE DEPOSITS

The extremely productive Cripple Creek district contains the only ore deposits formed after the Larwmide
revolution that have been comn1ercially important in the
Front Range. Only a s1nall output is credited to a few
veins, notably the Carbonate King near Guffey, that cut
Tertiary rocks outside the district. Because of the disparity in output and development of the Tertiary deposits, generalization concerning this group as a whole
would have to be based almost entirely on the Cripple
Creek district and might prove misleading in guiding
work outside that area. It seems better, therefore, to
give a few notes on the deposit near Guffey and follow
them with a description of the 1najor district.
MINING DISTRICTS
GUFFEY DIS,TRIGT
CARBONATE KING MINE

By

E.

B.

ECKEL

The Carbonate King mine is situated in Park County,
se.c. 1, T. 15 S., R. 73 "\V., about 2 1niles north of Guffey
and 20 miles west of Cripple Creek. It is opened along
a small gold vein in Tertiary andesite. The surround~
ing area has been little studied, and the following information is based on a brief visit in 1932.
The old Carbonate King inclined shaft, now caved,
was 300 feet deep, and from its bottmn a drift followed
the vein northwestward for about 600 feet. One ore
body wa~ found close to the shaft and another near the
breast of the drift. According to Mr. A. B. Dell, of
Guffey, who worked in the mine,, the surface ore near the
shaft contained about 1 ounce of gold to the ton. No
data are available on the tonnage or gold content of the
ore bodies in the bottom drift.
The Susannah shaft, owned by the Susannah Mining
Co. and worked in 1931, is on the same vein almost
directly over the breast of the Carbonate King drift,

or 600 feet northwest of the old shaft. It was only 70
feet deep, and according to Mr. Dell the ore found in
it contained about 0.165 ounce of gold to the ton. As
the shaft is vertical, with its collar located directly
on the outcrop of the vein, which dips 75° E., it evidently left the vein entirely a few feet below the surface. An adit has been driven northwestward along
the vein for about 200 feet from a point near the collar
of the Susannah shaft. The ore developed in this adit
was said to contain 1 to 3 ounces of gold to the ton,
but little or no stoping had been clone, and the mine was
not in operation in 1932.
The country rock is moderately fine grained augite··
biotite monzonite somevYhat similar in appearance to
the biotite andesite that appears to the east in the western part of the Pikes Peak quadrangle. It contains
abundant subhedral crystals of andesine and augite with
a fevv flakes of bro~wnish biotite in a medimn-gray fine~
grained holocrystalline groundmass of orthoclase.
~iagnetite and apatite are abundant. Greenish spots
in the rock are probably relies of augite or hornblende
that have been partly resorbed. The relation of the
andesite to other rocks in the area was not studied by
the -vvriter, but during a short visit in 1944 Lovering
and Goddard ascertained that it was a small stock
cutting lava and pre-Cambrian rocks, and that the Carbonate King vein followed the eastern edge of the stock.
(See plate 1.)
The Carbonate IGng mine is on a 5-foot quartz vein,
which trends N. 3-! 0 ,V. and dips 75°-80° NE. The vein
is at least 1,500 feet long. Its only valuable 1netal is
gold, which is said by Mr. Dell to occur both native
and as sylvanite. Neither mineral was seen by the
writer. The vein contains considerable pyrite and a
little calcite and is said to contain some copper minerals~ but none were observed on the dumps or in the
vein. Sericite in small amounts is the only product
of wall-rock alteration observed. The 1naterial on the
clumps shows n1uch limonitic material, but oxidation is
believed to have been slight.
The deposit is undoubtedly of Tertiary age and is
probably related to the local intrusive center. Though
some pockets of rich ore have been discovered and others
probably exist, the ore on the \vhole seems to be irregularly distributed.
CRIPPLE CRE.EK DISTRICT
LOCATION AND HISTORY

The Cripple Creek district,99 in the southern part of
the Front Range, about 20 1niles southwest of Colorado
99 Lindg-ren. \Valdemar, and Ransome, F. L .. Geology and ore delJOsits
of the Cripple Creek district. Colo. : U. S. Geol. Survey Prof. Paper 54.
1906. Loughlin, G. F., and Koschmann, A. H., Geology and ore deposits of the Cripple Creek district, Colo. : Colorado Sci. Soc. Proc., vol.
13, no. 6, {)11. 217-235, 1930. Ko:-;chmann, A. H., New light on the
geology of the Cripple Creek district, Colorado, and its practical significance : Address delivered at the annual meeting of the Colorado
Mining Assoc., Denver, Colo., Jan. 25, 1941.
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Springs, is one of the most famous gold camps in the
world. It is distinctly different from the other districts
of the Front Range in having ore deposits associated
with an extinct volcano of Miocene age and in having
had an exceedingly large output of gold-telluride ores.
The chief towns are Cripple Creek and Victor, both
of which. are connected by railroad and good automobile roads with Colorado Springs, where the bulk of
· the ore of the district was treated in the Golden Cycle
1,500-ton mill.
The historic rush of prospectors to Pikes Peak in 1859
resulted in no important discoveries, and it was not
until1874 that prospecting was earried on in the Cripple
Creek district. A report that H. T. Wood, while connected with the Hayden survey, had found gold near
Mount Pisgah brought a number of men into the district, but no valuable deposits were found. Oceasional
prospecting was carried on in the district from 1880
to 1890 by Bob Womack, who found some good ore and
located the El Paso claim in Poverty Gulch. In 1891,
E. M. De laVergne and F. F. Fisbee bought the El Paso
and located the El Dorado claim. The first real "strike;'
however, was made by W. S. Stratton, who sampled a
ledge of granite on the slope of Battle l\{ountain and
found it to assay $380 to the ton. On July 4, 1891, he
loeated the Independence elai1n, which later beeame one
of the richest mines in the district.1
Early in 1892 the hills were swarming with prospectors, and on February 26 the town of Cripple Creek
was ineorporated. In October ore was being shipped
from 17 mines. The district was connected by railroad
with Colorado Springs in December 1893 and with Florenee in the following year. In 1894 a serious strike of
mine workers greatly curtailed output, but development
continued; in 1895 the Portland mine had reached a
depth of 600 feet and the Independenee mine a depth of
470 feet.
The maxi1num yearly output was attained in 1900,
when 878,067 ounees of gold valued at $18,149,645 was
shipped. Between 1901 and 1911 output fluctuated and
deelined to an annual value of $10,563,000, after whieh
it increased for a few years, reaching $13,683,000 in
1915, when the discovery of an extremely rich shoot in
the Cresson mine materially increased the annual output. In 1917 the output of the district began to decline
because of World War I eonditions and the exhaustion
of several large shoots. Since 1920 the value of the annual output has averaged less than $4,000,000 a year,
and since 1928 it has gradually declined until in 1932
it was only $2,395,000, nearly half of which was recovered from old clumps. The rise in the price of gold from
$20.67 to $35 in the fall of 1933 greatly stimulated activity in the district, and the gold output steadily increased
1

Rickard, T. A., The Cripple Creek gold field: Inst. Min. Metallurgy
Trans., vol. 8, pp. 49-55, 1899.

from 109,185 ounces in 1933 to 145,215 ounees in 1938.
In the next few years the production deelined somewhat,
and in the fall of 1942 activity in the district was sharply
curtailed by the gold-mining limitation order. As a
result, the output in 1943 dropped to 45,105 ounces of
gold. Henderson 2 says: "From 1891 * * * through
1943 it [the Cripple Creek district] has yielded a total
of 18,465,849 fine ounces valued at $399,879,197, or 48
percent of the State total output of gold."
Early in the district's history ground water became
a serious problem, and nmnerous tunnels were driven
to drain the workings. The Roosevelt drainage tunnel,
started in 1907 and completed in 1908, drained a large
part of the district to an average altitude of about 8,100
feet and greatly facilitated deep mining.
The Carlton drainage tunnel,3 about 31,600 feet long,
was begun in the summer of 1939 and completed in the
summer of 1941. Its portal is near Oil Creek between
Middle and Cripple Creeks, at an altitude of 6,893 feet.
The tunnel is driven in a N. 49 o 54' E. direction to the
granite-breccia contact about 350 feet beyond the Portland shaft, which is eonneeted with the tunnel by a
lateral Other laterals are planned to eonneet the Cresson and Vindicator shafts with the tunnel, and thus it
will drain the n1ost productive part of the south basin
at a level about 1,125 feet below the Roosevelt tunnel.
GEOLOGY

Nearly all the 1nines of the Cripple Creek distriet lie
within a denuded composite crater, formed by volcanic
eruptions and subsiclenee in l\Eoeene time in an area of
slight relief. Although the original volcano may have
towered to a height far above that of the present knobs,
it has since been reduced by erosion to a group of
rounded hills, which range in altitude fro·m 10,700 to
9,500 feet. The land surface rises irregularly toward
Pikes Peak and other high peaks to the northeast and
southeast of the crater; to the south and southwest it
slopes evenly in a series of ridges for about 3 miles
and then drops steeply from an altitude of abo·ut 9,000
feet to less than 7,000 feet. The bedrock surrounding
the crater consists mainly of granite, which eneloses
small to large 1nasses of schist and gneiss and is capped
in places by masses of volcanic rock and by Tertiary
sandstone, grit, and conglomerate derived mainly fro·m
the granite. The volcanic rocks include some andesite
and rhyolite, but the bulk of them belong to the alkaline
group that constitutes the Cripple Creek voloono and
its outliers. The rhyolite and andesite are extensive
in the region west o·f the district but within the productive area are represented only by small masses in
the southwestern part. These rocks were formed long
before the alkaline rocks of the Cripple Creek volcano
2 Henderson, C. W., Mote, R. H., and Cushman, R. V., Minerals Yearbook, p. 337, 1943.
a Koschmann, A. H., oral communication.
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and have no direct relation to the ore deposits. Fragmental volcanic material (breccia) largely fills the ancient volcanic throat but does not extend beyond the
walls of the crater, except in a few places on its north
side. Many types of alkaline intrusives cut the breccia
but make up only a small part of the total volume of the
throat.
PRE-CAMBRIAN, PALEOZOIC, AND MESOZOIC ROCKS

Much of the town of Cripple Creek is underlain by
schist and gneiss, small masses of which are enclosed
in the granite throughout the regio11. The quartzbiotite-feldspar gneiss conspicuous in and near Cripple
Creek was 1napped as the Womack gneiss by Lindgren
and Ransome. This rock, together with.the interlayered
quartz-sillimanite schist, is identical in its 1nineral composition, degree of metamorphism, relative age, and
general appearance with the Idaho Springs formation
and is co·rrelated with it by the writers.
The principal rock of the region north, south, and
east of the volcano is the Pikes Peak granite, which
forms a large batholith extending from the foothills
about 10 1niles south of Cripple Creek northward to
Mount Evans and occupies most of the southern part
of the Front Range. Near the contacts with schist the
Pikes Peak granite conunonly shows a prominent
gneissic structure and resembles the Boulder Creek
granite. Farther frmn the schist a slightly developed
gneissic structure is present in many places. South of
Cripple Creek this gneissic structure trends northeast
ana dips northwest at a Inoderately steep angle. In
most exposures, however, the rock is the typical pink
coarse-grained granite poor in ferro magnesian minerals.
A fine-grained red aplitic facies of the Pikes Peak granite batholith occurs in the vicinity of Red Mountain,
north-northwest of Cripple Creek.
The Pikes Peak granite is cut by the Cripple Creek
granite, which is correlated on the basis of lithologic
and age relations with the Silver Plume granite of the
northern part of the Front Range. The Cripple Creek
granite is the dmninant rock southwest, west, and northwest of Cripple Creek. It also fonns a granite "island"
in the north-central part of the volcano and is present
farther to the northeast (pl. 29). Dikes of aplite and
pegmatite occur in both granites throughout the district. Those in the Pikes Peak granite commonly follow
the gneissic structure or a direction at right angles to it.
A large mass of pre-Cambrian olivine syenite occurs
west of Red Mountain and is apparently later than the
Pikes Peak granite. It is a stocklike mass lying between
the Pikes Peak and Cripple Creek granites and comprises several facies. The main part of the mass consists
of a sodic syenite made up of coarse-grained microperthite, olivine, and pyroxene; olivine gabbro, pyroxene syenite, and pyroxene granite are also present. In

mineral composition it is unlike any other pre-Cambrian
intrusive in the Front Range. The unusual association
of quartz with abundant microperthite and olivine suggests the possibility of its derivation by syntexis or
pyrmnetasomatisn1. Its occurrence in a belt of schist
and gneiss between two granite batholiths strengthens
the plausibility of this explanation.
Numerous dark-gray to black diabase dikes cut all
the granite, gneiss, and schist hut have nowhere been
found cutting Paleozoic or later rocks, and they are
earlier than the volcanic rocks. Their pre-Cambrian
age is not established, however, and they may be Laramide or even later.
The pre-Cambrian rocks have been deeply eroded to
a gently undulating surface. Paleozoic and Mesozoic
sedimentary rocks are exposed in the valley of Oil Creek
southwest of the district (pl. 1) and originally extended
over it; many remnants of them remain south and
southwest of the district.
TERTIARY ROCKS

The oldest rocks nearby that were formed after the
Laramide revolution are the interbedded flows and tuffs
of Oligocene or Miocene ( ?) age that crop out extensively west of the Cripple Creek district. They are in
part older than and in part contmnporaneous with the
Florissant lake beds, which are late Oligocene or early
Miocene. (See p. 41.) The earliest Tertiary rock
within the district is rhyolite, which was erupted after
the deposition of the Florissant lake beds and spread
over an area extending from Florissant as far east as
Cripple Creek. Remnants of this rhyolite cap preCambrian granite on Grouse Hill and Little Pisgah
Peak in the southwestern part of the district. Rhyolite
and rhyolite breccia were erupted frmn a local vent a
mile and a half west of Little Pisgah Peak. An eruption of andesite apparently followed the rhyolite near
Little Pisgah Peak, but its source is outside the district.
Only two remnants of this andesite breccia are found
within the area.
The gravels and sands that consolidated into the High
Park beds of conglmnerate are later than these eruptions. They accumulated in valleys or local basins
in the vicinity of Grouse Hill and Little Pisgah Peak
south of the district and at High Park, 5 miles west of
Cripple Creek. These beds are red or brownish red and
range frmn well-stratified to poorly stratified grits composed chiefly of waste from granite but containing some
pebbles of pre-Cambrian quartzite and Tertiary rhyolite and andesite. In the vicinity of Grouse Hill and
Straub Mountaintwo layers of grits are separated by a
layer of rhyolite, and the total thickness is 200 to 300
feet. Pebbles of rhyolite are contained in the upper
grit layer. Thus the grits are in part older and in part
younger than the rhyolite, but both rocks fill an old
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shallow granite-floored valley that extended through the
present site of Victor into the area now occupied by the
Cripple Creek volcano.
After the deposition of the gravels and sands the complex igneous activity of the Cripple Creek volcano began. Several stages of local subsidence, eruption, intrusion, and fissuring occurred, ending with the formation of the ore deposits. The predmninant rock both in
the tuffs and the intrusives is phonolite, but several
related calcialkalic rocks are present. They all contain
considerable quantities of soda-rich pyroxene or amphibole and of the feldspathoid minerals, especially sodalite, noselite, hauynite, analcite, and nephelite.
CRIPPLE CREEK VOLCANO

The composite Cripple Creek volcano occupies a
roughly elliptical area of northwesterly trend between
the towns of Cripple Creek and Victor. It is abont
4 miles long and 21niles wide. In its north-central part
an "island" of granite appears and farther west a
smaller "island" of schist. These islands are high
places along a continuous rib of pre-Can1brian rock that
divides the crater. The area north of the islands is a
minor crater referred to as the Globe Hill crater.
Northwest of the volcano at ~fineral Hill, Copper
Mountain, and Rhyolite Mountain there are smaller
areas that also represent 1ninor craters. Beacon Hill,
southwest of the main crater, is also a minor eruptive
center. The 1najor and minor craters are filled to
depths of as n1uch as 3,400 feet mainly with consolidated
fragn1ental volcanic 1naterial (breccia and tuff), the
product of a series of explosive eruptions that alternated with periods of local subsidence during the earlier
stages of the volcano's activity. The early eruptions
'vere followed by no less than twelve stages of intrusion,
represented in approximate order by two varieties of
latite-phonolite, two of syenite, two of phonolite, one of
trachydolerite, four of lamprophyres and related basic
types, and one of basaltic rock. ~Iinor explosions took
place at intervals during or between intrusive stages and
locally shattered the intrusive rocks, so that their
boundaries and structural relations are obscure.
The latest of the basaltic intrusions was preceded by a
pronounced local explosive eruption that formed within
the main crater a small crater of basaltic breccia known
as the "Cresson blowout." Most of the ore bodies of
the Cresson mine have been found along or within this
blowout.
B1•eccia.- The V\Torcl "breccia" has locally become a
general term to designate the fragmental rock that fills
the Cripple Creek crater, but most of the rock is sufficiently fine-grained to be more aptly called a tuff
Nearly all of it is altered to some degree. The freshest
is a soft, rather crmnbly red, purplish, or bluish-gray
rock, in part fine-grained and part containing small
to large rock fragments. Much of the breccia, especially

in the 1nines, has been bleached by alteration to a light
yellmvish-gray. The rock fragments are 1nainly varieties of latite-phonolite. Near the shattered margins of
large masses of phonolite there are gradations frmn
slightly dislocated rock into typical breccia. Near the
1naTgins of the crater, fragments of granite, gneiss, and
schist are prominent, and in places there is a gradation
frmn shattered granite into distinct breccia, suggesting
here the brecciation of the free surfaces of the country
rock through repeated violent shocks rather than expulsion from the crater and fall. In some places large
slab like masses of granite approximately parallel to the
eontact are found a fe\V hundred feet away frmn it,
suggesting subsidence. The many small fragments of
granite, gneiss, and schist and their constituent nlinerals that are thinly scattered throughout the breccia
seem to indicate an explosive origin. The fragmental
material is cmnented principally by a dolomitic carbonate, which, with small crystals of pyrite, has replaced
the original dark-colored mineral fragments and impregnated the other mineral grains. Carbonized wood
and fossil leaves have been found in several places in
the crater far below the surface. They, together with
fossil footprints, raindrop impressions, and ripple
marks, suggest pronouneed subsidence of the surface on
which they were forn1ed;± or the presence of a deep
steep-walled open crater.
Through the crater much of the breccia has no definite
strueture or is poorly bedded, but in plaees it is clistinetly well-bedded. The bedding is nearly horizontal
in some places, particularly in the northeastern part,
but is considerably tilted in others. In the noi'theastern
part, notably in the vicinity of the Pinnacle mine, deposition apparently began on a nearly horizontal floor~
with the aecumulation of coarse rubble from the adjoining highlands. This rubble was overlain by feldspathie
sandstone or arkose derived from the highlands. The
contact of these sediments with the surrounding granite,
where exposed underground, is steep and undulating
and gives the impression that it was downfanlted while
still unconsolidated. This sandstone is overlain by
volcanic tuff and breccia, some of which was clearly
deposited under water on alluvial flats and in playas.
The cumulative evidence afforded by these rocks as a
\Yhole suggests intermittent subsidence, which began
before any eruption of lava or ash and continued
throughout the main stage of eruptive aetivity. The
"erater'' may therefore be more aptly described as a
volcanic. basin, or caldera.
Dike J'ocks.- Three or n1ore varieties of porphyritie
rock intermediate in composition between typical latite
and phonolite are classed as latite-phonolite and include>
4
Kosrhmann, A. H., New light on the geology of the Cripr>le Creek
district, Colorado, and its practical significance. Address delivered at
the annual meeting of the Colorado Mining Assoc., Denver, Colo., .Tan.
25, 1941, PP. 5-6.
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rocks described as andesite, trachytic phonolite, and trachyclolerite is cut by monchiquite and also by phonosyenite porphyry in the reports prior to 1906. They lite. The dikes of all four kinds are chiefly limited to
for1n large dikes and irregular sheets, mainly in the the main breccia area, but a few cut the adjacent granite.
eastern part of the breccia mass but also in the westeru
(}l'esson blo·wmd.-The basaltic breccia that constipart and in the minor crater. The common variety has tutes the Cresson blmvout or pipe is much darker gray
a dark gray to reddish groundmass with short white than the breccia of the main crater and is more distinctly
phenocrysts of plagioclase and with or without crystals fragmental, except where it is thoroughly bleached. It
of pyroxene or hornblende.
co'ntains fragments of breccia and of all the dike rocks
One large intrusive mass or irregular stock, three in the surrounding ground, besides many fragments of
small masses, and a large number of dikes are fonned dark-gray or greenish-gray dense basalt in a dense
of syenite. The dike rock is rather dark gray, medium- matrix of basalt and basaltic tuff. The fragn1ents range
grained to fine-grained and consists largely of pearly- mostly from less than 1 inch to 3 or 4 inches in diameter,
lustered phenocrysts of orthoclase and some plagio- but some, especially those of latite-phonolite, are very
clase and thickly scattered black prismatic crystals of much larger. Some masses of latite-phonolite are so
pyroxene. It is one of the strongest rocks in the crater. large that they 1nay be mistaken for dikes. The matrix,
Phonolite is the most abundant of the Tertiary like that of the surrounding breccia, is considerably imigneous rocks. It forms dikes, flows, sills, and irregular pregnated by dolon1ite and pyrite. The basaltic breccia
masses not only in the crater but over a much larger of the pipe is cut by short dikes and some irregular sillsurrounding area. It consists of a dense, medium-gray like masses of basalt. These dikes are found both within
groundmass, with a few s1nall crystals of feldspar the blowout and along its margin. The basalt of these
visible. Some of the large outlying masses contain reel dikes is nearly indistinguishable from the monchiquite
crystals of nephelite as much as 2 millimeters long. and vogesite.
Rock alteration.-Alteration of the breccia and the
The phonolite has a marked platy structure, which
intrusive rocks and their impregnation by pyrite, sericauses it to break into thin fiat fragments.
The rock that caps Bull Cliff in the central part of cite, and dolomite probably took place to some extent
the crater is termed trachydolerite and has not been throughout the period of volcanic activity from the
recognized elsewhere. It has a clark-gray to black time of the earlier explosive eruptions until the early
dense groundmass with small crystals of plagioclase stage of ore formation. Although the emanations that
and pyroxene rarely 0.5 1nillimeter long, elongate grains produced this alteration doubtless rose along the deepof black mica 2 to 3 millimeters long, and round white est trunk channels, they spread more extensively
grains of analcite 1 millimeter in diameter. This rock through the shallower parts of the breccia than the
forms a sill-like mass with rude vertical columnar joint-- later ore-forming solutions; the distribution of bleached
ing. It is intrusive into latite-phonolite and into pho- breccia, therefore, does not indicate the mineralized
nolite, but it is thought to be older than the basaltic zones. Granite has undergone little bleaching, although it is strongly impregnated by pyrite in places,
dikes.
Four kinds of basic dikes have been recognized. They but not necessarily near ore shoots. The border of
differ chiefly from true basalt in their high content of bleached rock along the productive veins in granite
alkalic minerals and are mo're exactly termed trachy- ranges from a mere streak to zones several feet thick.
dolerite, vogesite, monchiquite, and melilite basalt. The The dikes along 1nineralized zones have been bleached
dikes are all very dark gray to black except where to some extent, but n1uch of this bleaching has resulted
bleached to light gray or greenish gray by alteration. frmu attack by descending sulfate waters.
Strncfrtu'e.-A broad, shallow, steep-sided bulge
Each consists of a dense groundmass with phenocrysts
of feldspar, pyroxene, and analcite. The vogesite is fonned over the Cripple Creek-Pikes Peak area during
eharacterized by small round white grains of analcite the Laramide revolution, extending from a sharp monoand conspicuot1s black flakes of mica. The monchiquite clinal fold along Oil Creek northeasbvarcl to the upis characterized by round white grains or spots of turned beds of 'Voodland Parle During this period of
analcite 2 millimeters or less in diameter, black pyrox- compression fracture zones of nortlnvesterly and northene, and reel olivine. The trachydolerite forms rela- easterly trends parallel and oblique to the major northtively few but commonly thick dikes and is character- 'vest axis of the dome "\Yere among the nwst prominent
ized by a granular appearance which·is due to its large formed. Fracture zones of north-northeasterly trend,
content of dark phenocrysts, including black augite, parallel to the axes of 1ninor folds, and east-southeastgray plagioclase, and serpentinized olivine. Melilite erly zones, perpendicular to them, also formed. This
basalt has been found in only one dike, in the Ajax netvrork of fractures later exerted much control oyer
mine. It is a dark green dense rock. The vogesite and the growth of the Cripple Creek volcano.
monchiquite cut all the other rocks of the crater except
Two striking features of the main crater are its irreguthe Cresson blowont and its accompanying dikes. The lar outline and the presence in it of the two islands of
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schist and granite, which separate the 1nain crater from
the Globe Hill crater. Structural evidence shows that
the main crater separates downward into a group of
subcraters or roots, analogous to but older than those in
the Cresson blow-out. Loughlin and Koschmann have
named these subcraters or local basins the Conundrum,
Index, McKinney-Elkton, Queen-Ajax, Portland, Yindictator, and Isabella, after the principal mines in them.
The abundance of intrusive rocks in the southeastern
part of the district and the great ore output that has
come frmn this part of the volcano suggest that it contains the principal vents of the area. The general slope
of the crater walls and the position of the subcraters
are shown by contour lines on plate 29. In general the
walls of craters slope inward toward the center steeply,
except in the eastern part and at the Abe Lincoln mine
in the northwestern part, where the slope is vaguely defined but is probably rather gradual, and on the southwestern border and in parts of the Ajax 1nine, where
the walls are steeply overhanging. The subcraters, or
roots, are closely associated with major zones of persistent fissuring. Their distribution and the general
shape of the composite crater or basin is shown on
plate 29.
From the data gathered in underground workings, it
appears that the crater has been developed along certain
fissure zones in the pre-Cambrian rocks. The dominant
zones trend northwest, as in the Queen, Portland, Vindicator, and Isabella mines; north-northeast, as in the
Mary McKinney mine; and west-northwest, as along the
south boundary west of the Elkton mine and near the
Index mine. The zones of east-northeast trend are indicated by the shapes of the large syenite stocks and the
Cresson blowout in the east-central part of the crater.
All these directions conforn1 to those expected from the
direction of compression and uplift in prevolcanic time.
The Cresson blowout or minor crater is in the southcentral part of the main crater. It is an irregular elliptical pipelike 1nass of basaltic breccia, with the longer
horizontal axis tre.nding east-northeast; it pitches
steeply south-southeast. Its contact with the surrounding phonolitic breccia is sharp, and dikes of latitephonolite, phonolite, and basalt are abruptly cut off
by it. Its upper part is nearly circular, but ·with increasing depth it becomes elliptical, narrowing downward. On the lowest levels of the Cresson mine the pipe
becomes constricted in the central part and divides into
two roots. These roots have been developed along a fissure zone of east-northeast trend at its intersection with
dike-filled fissures of north-north west trend. The conspicuous fractures in the blowout, other than those filled
by dikes, dip 45° or less in a southerly direction. These
"flats," as they are called, cut the late basalt dikes and
are associated with steeply dipping fractures, some of
which are 1nineralized, that trend north-northwest and

east-northeast essentially parallel to the dominant mineralized fractures outside the blowout. Some of the
flats end against the steep fractures; others cut through
them. The different sets apparently fonn one system.
The blowout was formed by a series of explosive
eruptions, which rose almost vertically. The surrounding rock was not greatly disturbed by the explosions; in
fact large remnants of latite-phonolite within the blowout remain in line with the dikes from which they were
detached. It is probable that some contraction and settling of the basaltic breccia in the blowout took place
after the explosion and that some upthrusting was produced by the explosions and by rising magma of the
dikes ; however, evidence for these local disturbances
is n1uch less than that for the external disturbances that
affected the region as a whole. The fissures and shattered ground that contain ore bodies along and in the
blowout were formed after the forces that produced the
loeal dikes had eeased; they are not primarily due to
local settling or upthrusting.
The fissures of the district differ from those of most
other mining districts in their narrowness and, with
few exceptions, in the lack of recognizable displaceInent along them. As a result, they are rarely evident
at the surface, and their course and extent is discovered
only in underground developments.
As shown on plate 29, the productive fissures are
strongest and 1nost abundantly developed within the
volcanic crater. They are not limited to it, and one of
the most productive systems, the Portland-Ajax, is at
the southern edge, partly in granite and partly in volcanic rocks. Another important group is in the granite
surrounding the Beacon Hill phonolite plug. Within
the main crater, the productive fissures are most abundant and persistent in the part southeast, south, and
southwest of the granite "island," where they occupy a
crescentic area. In the center of the most productive
tract and roughly bounded by lines connecting the summits of Globe, Ironclad, Bull, Raven, and Gold Hills,
is an area within which few important productive
fissures are known. This relatively barren ground includes the ground over and to the south of the bedrock
rib that separates the Globe Hill from the 1nain crater.
To the north the Globe Hill crater has been moderately
productive, but it exhibits far less fissuring than the
southern part of the main crater.
As shown on plate 29, the pattern of the major fissures
is faintly suggestive of fissures radiating from a point
somewhere near the center of the northern edge of the
volcano. In the western and southwestern parts of the
district the prevailing strike is northeasterly, in the
southern part it is northerly, and in the southeastern
and eastern parts of the productive area a northwesterly
strike predominates. In several places both northwesterly and northeasterly fissures are present together,
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notably east of the granite island and west of the schist
island. The presence of many diagonal cross fractures,
the small arc through 'v hich the trends conform to the
plan, and the irregularity of the fissures makes the
radial arrangement seem more apparent than real.
This pseudo-radial arrangmnent of lode fissures is duplicated to a certain extent by the dikes, particularly by
the basaltic. dikes, and it is probable that a succession of
similar stresses formed both the dike fissures and the
lode fissures.
Most of the fissures are steeply inclined, the average
dip being about 75°. Many are almost vertical, and dips
of less than 50° are rare, except in "flats" associated
with steeply dipping fissures. The average dip of these
flats is about 20°, but it ranges from oo to about 45°.
Among the most noteworthy and productive flats are
the l-Ioward flat vein in the Mary McKinney mine and
the flat vein in Stratton's Independence.
Only a few individual fissures or fissure zones in the
Cripple Creek district exeeed half a mile in length.
The Mary McKinney, Doctor Jackpot, and Buena Vista
are approximately of this length, and some of the
broader zones of nearly parallel, linked, or i1nbricated
fissures are traceable for more than a 1nile. Many of
the most productive fissures are remarkably short, as,
for example, the Captain group in the Portland mine,
which contains few fissures n1ore than 300 feet long.
In general the persistence of a fissure down the dip
see1ns to be proportional to its length. :Many fissures
that are exposed at the surface end downward in the
upper levels of the mines, and others are found in the
workings that do not reach the surface.
The character of the country rock has had considerable influence on the distribution and extent of the
fissures. The fissures are most abundant in the breccia
and in the Pikes Peak granite adjacent to the crater.
Latite-phonolite, on the whole, seems less favorable to
fissuring than breccia, but sheeted zones tend to follow
dikes of phonolite or "basalt" that are parallel to the
direction of fissuring. In some places where a fissure
meets the contact of two rocks nearly at right angles
to it, the fissure ends abruptly or narrows greatly, but
where the fissure makes an acute angle with the contact,
as the C. K. and N. vein does with the El Paso phonolite dike, the vein may change its course and follow
the dike for some distance and then break through it.
Intersections of one fissure zone with another are
general. Intersections at right angles or at 45 °· or intersections of vertical veins with flats are all common. In
most places the fissures intersect without noticeable displacement, but the rock near the intersection is likely
to be irregularly fissured and 1nay be the site of an ore
body. Where displacement has been noted it was rarely
more than 5 feet, and the largest known displace1nent,
along postlnineral faults, is little 1nore than 100 feet.
862135-50--21
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Most of the productive lodes in the district are sheeted
zones in which a number of narrow approximately
parallel fissures fonn a zone ranging from a few inches
to as much as 100 feet in width. The wider belts usually
cmnprise two or more zones of concentrated fissuring
that lie close enough together to be 1nined as a whole.
Some of the Captain veins in the Portland mine are
cmnpound sheeted zones of this sort. The majority of
these fissures are 1nere cracks showing no evidence of
tangential1novement along the walls. Various types of
sheeting are found in the fissure zones, as shown in figure
87. The most conunon types are a single narrow fissure
accompanied by irregular fracturing of the adjacent
rock; two main parallel fissures, usually 3 or 4 feet apart,
accompanied by less regular and less persistent fractures
between; numerous parallel fissures with a medial zone
of very closely spaced fissures; n1any approximately
parallel but irregular fissures with no medial zone; and
a relatively wide fissure with sheeting on one side or
both. Most of the lode fissures are no wider than a
sheet of paper, but in places some veins are as much as
1 or even 3 feet wide. Veins of this sort, such as the
Blue Bird and the Vindicator on its lowest levels, generally consist of solid low -grade fluorite and quartz
locally cut by veinlets of late quartz and tellurides. The
Howard flat vein shows large vuggy cavities and must
have had openings 2 or 3 feet wide.
Origin of the volcano. 5-During and subsequent to
the Lara1nide revolution old planes of weakness in the
pre-Ca1nbrian rocks were accentuated and new ones
were created. The area that had been domed during
the revolution began to undergo subsidence in places
appropriately bounded by the iJ.nore persistent fissures.
This subsidence marked the beginning of volcanic activity. The marginal parts of the subsiding areas or
basins becan1e filled with coarse debris from the steepwalled areas surrounding them. The original boundaries of the basins were essentially straight or slightly
curved faults, but landslides, perhaps aided by torrential erosion, cut back the upper parts of the bounding
walls and converted them into con1paratively gentle
slopes. The limits of the basins were thus somewhat
expanded and converted in places from relatively
straight fault lines to crescentic forms. The faults
along which subsidence took place became buried smne
distance within the marginal parts of the basins as
finally developed. After this early stage of subsidence.
the coarse debris in the basins beca1ne covered by material of sandy texture derived from the surrounding
highlands. Deposition of the sand was periodically
interrupted by brief periods when the surface was covered with shallow ponds or lakes (playas) on the bottoms of which muddy sediment accumulated. .The
5 Interpretation by G. F. Loughlin, based mainly on recent work by
A. H. Koschmann, op. cit. (New light on the geology of the Cripple
Creek district and its practical significance.)
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FIGURE 87.-Structural features of lode fissures in the Cripple Creek district.
Professional Paper 54.
A, La Bella vein, Golden Cycle mine, level 9.

Figures in parentheses refer to figures in

Rock is very fresh latite-phonolite; central seam contains visible calaverite; screenings across whole width assay 2 ounces per ton. (After fig. 4.)
B, Main vein in Last Dollar mine, 40 feet above level 12. Typical sheeted and partly brecciated zone in fresh latHephonolite; seams coated with quartz, dolomite, and calaverite. (After fig. 6--1.)
0, ·Last Dollar mine, level 10. Cross veins with medial vug holes. (After fig. 6-2.)
D, Last Dollar mine, west drift, main cross vein, level 5. Shows middle filled fluorite vein.
(After fig. 6-3.)
E, Last Dollar mine, cross vein No.3, at east side line, level 5.
(After fig. 6-4.)
F, North face of No. 8 Captain vein, Portland mine, level 6.
Shows sheeting in breccia. (After fig. 8.)
G, Legal Tender vein, Golden Cycle mine, level 10. Fresh breccia with oxidized seams; main clay seam assays 300 ounces;
all seams contain ore. (After fig. 5 ..)
H, Howard flat vein, Anaconda mine, adit level. Close sheeting in middle part of vein, the fissures becoming gradually
farther apart in the foot and hanging walls. (After fig. 7.)
I, Blue Bird vein, level 13. Shows massive vein of quartz and fluorite between phonolite and breccia. (After fig. 10.)
,/. Sheeted zone and "flats" of the Apex vein, Ajax mine.
(After fig. 9.)
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muddy, or now shaly, layers ranged in thickness from
mere films to several feet, and in son1e of them leaves
and other organic material were deposited with the 1nud.
This stage was followed by one of volcanic eruptions,
mostly explosive but in part n1arked by lava flows.
These eruptions were centered in places where the floors
of the basins were most fissured, principally along their
margins and especially at the intersections of fissure
zones. As volcanic gases rising along these intersections approached the surface they expanded .with explosive force and doubtless produced vents the upper parts
of which flared and the lower parts of which \Vere steepwalled. The sediments already in the basins were destroyed at these vents, but elsewhere they were covered
with thick accumulations of volcanic debris-breccia
and tuff. Between successive eruptions this newly accumulated debris was reworked by streams entering the
basins, and the finest material was deposited in shallow
ponds or playas. It was locally ripple-marked, and
where exposed to air a1id rain beca1ne sun -cracked and
pitted with rain prints. It was even walked over by
birds, whose footprints have been preserYed, and
doubtless by other animals.
Subsidence continued intermittently and alternated
with volcanic eruptions until the earlier deposits of
gravel, sand, and volcanic debris becmne buried to the
greatest depths reached by mining-at least 3,250 feet
in the Portland 1nine. Fossil bird tracks and rain
prints have been found about 1,000 feet below the surface in the South Burns mine. At different depths the
sedi1nentary beds, particularly those composed of volcanic material, are interlaid with massive volcanic rocks.
Some of these volcanic rocks are sills intruded along
the bedding, and others are believed to be lava flows
poured over the basin floors and later covered by n1ore
tuff or breccia. These sills and flows grade locallt into
rubble or breccia and even into fine-grained structureless
tuff.
The walls of the vents themselves became enlarged,
and the material within thmn was reworked an indefinite number of ti1nes. The action itself was complex,
and some of its effects are difficult to understand, for
example, the reduction of volcanic rock or granite to
fine debris without appreciably disturbing .the positio11
or alinement of large blocks that escaped comminution.
Fine debris was forced between blocks of granite, which
today are found essentially in their original positions
but widely separated frmn the nearest granite wall of
the crater. As the vents over adjoining centers of erup·
tion expanded they tended to coalesce, and the crater
today is therefore a composite of basins of subsidence
and local actual vents, some of which are filled with
dikes, plugs, or stocks of volcanic rock intruded after
the period of explosive eruptions had ceased.
The shape of the composite crater or basin was governed locally by the strike and dip of the principal
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fissure zones and by the number and distribution of
subordinate fissures close by. In the Portland mine, for
example, early subsidence promoted slides along the
margin of the basin; the oreccia-granite contact, which
clips steeply northeast on the lower levels, therefore
assumes a gentle slope on the upper levels and rises to
the surface in a series of benches. Volcanic activity
and sedimentation covered these benches with tuff and
breccia, and thereafter renewed activity served to churn
and rechurn the n1aterial above the main fissure zone.
A short distance west of this fissure zone a large block
of granite between two downward-diverging fissures
was dislodged and settled, either in one 1nass or in
fragments, .below the local mine workings, its place
being taken by breccia. Farther west, in the Ajax mine,
the granite wall has an undulating northerly or northeasterly slope into the crater, except on the lower levels,
where it overhangs; on the lowest level a large block of
granite, only partly exposed, is embedded in breccia
100 feet from the overhanging contact. In the vicinity
of the Elkton mine the westward-trending granite wall
also overhangs at an angle of 80°· and, according to
available exposures, maintains that attitude from the
surface to a depth of more than 1,200 feet. Where this
wall is cut by the Roosevelt drainage tunnel it is followed by dikes and is weakly mineralized, which proves
that the later stages of the volcanic sequence were active
along it.
The late stages of settling kept open or reopened the
main fissure zones that bounded the subsiding blocks
and extended them upward into the breccia where they
branched complexly as they neared the surface. In
some places, where the boundary fissures resisted reopening, new · fissures were created, branching from
the boundary fissures at moderate angles and gradually
curving to a nearly parallel alinement. The best exposed fissures formed in this way are the East veinWisconsin-Last Dollar fissure, which breaks from the
main Portland fissure, and a similar one, which breaks
from the boundary fissure in the Queen mine and curves
northward toward the Moose mine. The late stages of
settling also produced flats, which responded to tensional forces in the settling blocks.
After the settling and the tensional forces that promoted it had essentially ended, the ground surrounding
the crater tended to close in on it. Whether this move·
ment was strictly local or part o·f a mild north-south
compression, the effect was a slight thrust, mainly
against the upper part of the breccia-filled basin and
particularly where the westward-trending granite wall
was overhanging. This thrusting tended to keep the
eastward-trending walls and fissures tight and to open
those of more northerly trend. It also pro'Inoted the
development of local conjugate fissure systems .and the
further development of flats. The intrusion of dikes,
plugs, and stocks followed, the earliest and latest being
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guided mainly by local co·nditions, whereas those of
phonolite, about midway in the dike sequence, invaded
the surrounding region as well.
Origin of fiss·wres.-Fissuring in the breccia and in
the surrounding rocks, as is evident from the preceding
paragraphs, "\vas complex and due to a succession of
forces, including the settling of newly consolidated
breccia, upward thrust or later explosive eruption of
rising lava, internal expansion due to the forcing of
molten rock into certain fissure zones, and finally mild
compression and shearing in a northerly direction. Any
one or more of these forces may have acted in different
parts of the breccia, and some sets of fissures are attributable to two or more of these forces. On the whole,
co·mpression 1nodified by shearing and less con1monly
by torsion was most effective in forming or reopening
fissures just prior to ore deposition. The various forces
are described in detail and evaluated by Loughlin and
l{oschmann. 6 The arrangement of productive fissure:3
throughout the district is thought to be the result of two
shearing or rotational couples that resulted in a tendency for the eastern and western parts of the district
to move northward with respect to the relatively rigid
middle zone that contains the granite island and the
granite prong south of it.
The master shear zones opened repeatedly and were
followed by nearly all the different kinds of dikes and
veins. They contain the most continuous ore shoots
and are productive to the greatest depth. Most of them
are the upward extensions of prevolcanic fissures.
Along these zones there are low-grade or barren
stretches attributable to steplike interruptions, tight
places along the shear fractures, or tight places between
intersections with other steeply dipping fissures or flats.
Slight postore shearing is indicated in places by crushing or a small offset of a productive vein. The only
postmineral faults showing displacement of 1nore than
a few feet are the Thompson fault in the Elkton Mountain 1nine and the Ajax fault in the Granite 1nine, which
has a displacement of 120 feet.
ORE DEPOSITS

The ore deposits include veins or fissure fillings, irregular bodies due to 1nineralization of shattered ground,
and mineralized collapse breccia. Deposits of all three
groups have the sa1ne general1nineral composition and
show no consistent ehange in composition down to the
lowest levels exposed.
Veins (J;nd ·irregular bodies.-The veins range from
si1nple fissure fillings less than an inch thick to sheeted
zones several feet thick; in a few places closely spaced
veins or sheeted zones connected by minor veins have
formed large irregular ore bodies 50 to 100 feet or more
6
Loughlin, G. F., and Kosrhmann, A. H., Geology and ore deposits of
the Cripple Creel( district, Colo. : Colorado Sci. Soc. Proc., vol. 13,
no. 6,pp.271-288, 1935.

in any dimension, but the average vein is half an inch
to 5 inches wide. Where they coincide with dikes or
sheeted structures inherited from the dikes the veins
are likely to be conspicuous, although ore may be limited to one or a few fractures along either the sides or
the n1iddle of the dikes. Steplike or echelon arrangement of the veins is comn10n, and single ore shoots are
prevailingly short, but some of the more productive
veins have ore shoots that are relatively persistent both
horizontally and vertically. The fact that the vein
group as a whole trends at a considerable angle to the
strike of single veins is important in prospecting, especially in the shallower workings, where fissure zones
are likely to be wider and more complex than in the
deeper workings. In none of the veins studied by
Koschmann was there a second ore shoot entirely separated frmn the first by a barren zone along a single
fissure.
Most of the shoots are less than 500 feet long, and
few veins have been followed much beyond the ore
shoot. The downward persistence of the ore shoots is
roughly proportional to their horizontal extent. Steeply
pitching irregular elongate forms prevail, commonly
having a ratio of vertical to horizontal extent of at
least 3 to 1. Many ore bodies, including some very
productive ones, do not reach the surface. They were
found because of their connections with other veins or
through crosscuts that explored an echelon or conjugate
group of veins. The flat veins, though less numerous
than the steep ones, have the same general structural
features.
Smne large irregular bodies of ore were formed in
shattered ground where two or more fissure zones intersect. They vary greatly in their relative dimensions;
some are lens-sha peel, with their longest di1nension
either horizontal or vertical, and others are pipelike
and nearly vertical, with or without short branches
extending along one or more of the fissure zones. They
have been found at great depth in the breccia but are
more nmnerous at 1noderate or shallow depth where
fissures are more abundant and complex in both granite
and breccia.
Oollapse brecc·ia.- The term "collapse breccia" is
used for the rubblelike 1nasses of pipelike fonn where
shattered rock has been corroded until its originally
angular fragments have become rounded and the mass
as a whole has settled or collapsed to a slight or conside.rable degree. The well-rounded fragments grade upward and outward into shattered ground along steeply
clipping fissure zones and along flats. The largest pipe
of collapse breccia thus far found in the district is well
exposed in the Dante Inine and overlaps the east end
of the Cresson blowout. A basalt dike and a vein of
dense first-stage fluorspar that cross the area have been
reduced to rubble but not to so great a degree as the
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b~·eccia, and their courses are maintained through the
p1pe.
The rubble fragments are partly coated and cemented
with quartz, dark fluorspar, and coarsely crystallized
pyrite, identical with the constituents of the dense
fluorspar veins and with practically all the minerals of
the second stage discussed below, except appreciable
quantities of telluride. Many assays of samples frmn
the Dante pipe showed only 0.15 to 0.20 ounce of gold
to the ton. The third stage, represented chiefly by yellow chalcedony and cinnabar, is corispicuous in the
central part of the Dante pipe. Late n1ovement has
caused some brecciation of second-stage and even of
third -stage minerals.
Stages of ore deposition.-The ore deposits were derived from the same general source as the dikes and like
them were formed in several stages. Three stages of
mineralization have been recognized. It is noteworthy
that although quartz, fluorspar, and pyrite belong to all
stages, their appearance differs in eaeh stage. Other
minerals, if present in more than one stage, are conspicuous only in one.
The first stage was eharacterized mainly by loeal intense corrosion of country rock and deposition of quartz
and adularia and 1nassive aggregates of dark-purple
fluorspar and quartz with eomparatively coarse grained
pyrite. The quartz and adularia occur both as dense
masses locally ealled jasper and as coatings in vugs in
corroded or honeycombed granite. The eonstituents of
ihe quartz-adularia aggregate may have been derived
from corrosion of granite and volcanic rocks at great
depth, with redeposition at higher levels. The large
amount of fluorine, however, represented by the dense
fluorspar, and the sulfur, represented by pyrite, were
most probably original constituents of the rising solutions.
Some bodies of honeycombed granite, ehiefly in the
Portland, Ajax, and Elkton n1ines, were later permeated
by telluride solutions and became rieh ore, but others
were not reached by the tellurides and are ahnost barren.
The veins of dense fluorspar and quartz are as much as
2 feet thick but are barren except where fraetured and
veined by later minerals. In plaees they form an apparently uneonneeted steplike succession of lenticular
veins. Some of them are very thin but persist for eon:?iderable distances. They have been noted rarely ourside the breccia area and the major shear zones in the
adjacent granite.
Exeept that adularia is lacking, the 1ninerals of the
seeond stage include those of the first but differ frmn
them somewhat in appearance. The fluorspar is usually
a lighter purple, the quartz is n1ilky to somewhat smoky,
::tnd the pyrite is fine-grained and inconspicuous. Other
minerals common to this stage are dolmnite or ankerite
in small rounded crystals, celestite, and the tellurides.
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The 1nost common telluride is calaverite, but considerable sylvanite and krennerite are also present. The term
sylvanite is frequently applied by the miners to silvery
calaverite and the tenn calaverite to yellowish or
slightly tarnished crystals, fine-grained aggregates of
which 1nay be confused with fine-grained pale-yellow
pyrite. Other tellurides, whieh are found in small quantity are petzite, hessite, and a silver-copper telluride.
The silver-copper telluride was found in considerable
quantity in the Findlay vein above level16 of the Vindicator mine. It seems probable that much of the material called gray copper by the miners but whieh contains
as 1nuch as 2,000 or 3,000 ounces of silver to the ton may
be partly or wholly silver-copper telluride. Grains or
wires of free gold aecompany the tellurides in places
to a depth as great as 2,900 feet.
Roscoelite, the vanadium miea, is found in places as
s1nall soft drusy 1nasses and loeally adds a green coloring matter along the edges of the veins or in inclusions.
A little barite and small quantities of the base-metal
sulfides, principally sphalerite, galena, and tetrahedrite, have been found. The second-stage minerals oecur
mostly in open though narro·w cracks and in vugs. In
the Cresson mine roeks with a green roscoelite stain,
delicate crystals of celestite, and conspicuous amounts
of sulfide are supposed to be fair indications of a nearby
ore sho'ot, but elsewhere the same minerals have been
found without leading to any ore shoot. For the most
part the solutions of the second stage merely filled or
lined eavities with minerals that may have been derived
by corrosion of the walls of the conduits in or below the
erater. The mineral asse1nblage of this stage suggests a
moderate to rather low temperature. Deposition of
tellurides, which marked the end of the second stage,
indicates the accession of primary magmatic constituents.
The third stage is represented chiefly by smoky to
eolorless quartz in small to large drusy crystals and by
yellow clruses of ehaleedony. Fine-grained pyrite
occurs in thin radiating needles resembling marcasite
and in small drusy patehes of pyritohedrons. Caleite
oeeurs in small scalenohedrons, and loeally cinnabar
forms coatings on or near the pyrite. Rarely minute
grains of fluorspar are present in barren places and
cannot be regarded as a likely indication of ore. Quartz
of the third stage has in places replaced celestite, dolomite, and calcite.
Th~ third stage of deposition was cmnparatively
insignificant. It included at least one substage in which
solutions were still rising from a volcanic source, but
in others the solutions may have been of superficial
o·rigin. The presenee of cinnabar indicates rising solutions; the quartz, calcite, and fine-grai1ied pyrite may
be supergene but are probably also hypogene. The crusts
and minute stalactites of chalcedony in vugs have evidently been deposited by meteoric water.
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Oxidation.-The chief work of oxidizing water descending from the surface has been to decompose the
pyrite and with the ferrous sulfate and sulfuric acid
thus taken into so1ution to dissolve and remove dolo-mite and calcite and either to dissolve such minerals as
analcite, socialite, nephelite, and even feldspars, or to
convert them into clay. Basaltic rocks, which contain
the largest percentages of analcite, were the most readily
altered to clay, and consequently they crumble quickly
when exposed in the workings. Much of the irdn from
pyrite and small amounts of minerals from altered rocks
and replaced carbonates were carried down into the
reservoir of ground water and in places along ore zones,
where some o":f the iron sulfates were probably reduced
again to pyrite and marcasite. Where water courses
were opened by mine workings below the level of oxidation, the water began to deposit calcium carbonate and
red or brown iron oxide, either as stalactites, stalagmites, and wall coatings, o·r as beds of travertine and
iron oxide. It also deposited gypsum and more soluble
sulfates as coatings or effiorescenees on the walls of
drifts or stopes.
The effect of oxidation on the ore deposits has been
mainly to remove the carbonate and pyrite and to leach
the telluriun1 frmn the tellurides, leaving free gold
either in fine specks and flakes or as pseudomorphs after
telluride crystals in a soft mass of iron-stained quartz
and clay, with small to considerable amounts of fluorspar and some celestite. Some of the tellurium was
redeposited as green oxide, and some of the iron af' the
green iron-rich clay 1nineral, nontronite, which was a
conspicuous associate of oxidized ore in the upper levels
of the Cresson mine. Although most of the gold remained in the leached oxidized ore, a little was evidently
dissolved and· redeposited elsewhere. Snmll crystallized float specimens from Big Bulll\1ountain and a few
occurrences of wire gold seem to suggest such a process~
but the total amount of redeposited gold has contributed
an entirely negligible part to the output of the district.
Localization of ore.-The geologie environment of
the Cripple Creek ore deposits plainly indicates fracturing under a light load, and the character of the fissures
and their distribution in space accord with this condition. In harmony with this origin the fissures are present in much greater number and in general are wider in
the shallow workings, branching is especially common
in the upper parts of many veins, gouge is rare in most
of the fractures, and most of the individual fissures lack
persistence. A few lodes :made up of discontinuous
fractures extend for considerable distances. The essential mineral deposits as well as the dikes of the district
are concentrated along major fracture zones of this sort,
which mark the positions of subcraters the roots of
which were the sources of the mineralizing solutions.
(See pl. 29.) The ores have been followed downward
for a maximmn vertical distance of about 3,250 feet;

they show no change in mineral emnposition but a
1narked diminution in the number of veins per unit of
area. The general distribution of the deposits and the
downward termination of those outside the principal
fissure zones indicate that solutions rose along the more
open trunk channels and spread outward and upward
as they reached open branch fissures in the more complexly fractured ground in the upper part of the crater.
Although structural features in general controlled the
localization of most of the ore, the n1ost important factor is the relation of openings to structure; in places
deposition of the first stage and the earlier minerals of
the second stage was sufficient to so clog parts of a
fissure that later telluride solutions were diverted elsewhere in spite of an apparently favorable structural
set-up. Minor·movements at the end of the second stage
in places opened cracks that permitted the deposition of
tellurides in otherwise umnineralized fractures, though
close to those containing the early second-stage minerals.
Another important factor controlling the localization
of ore shoots was the thinly fluid if not gaseous character of the gold-telluride solutions and the low pressures opposing their advance. They followed open
though narrow fractures but were easily deflected to
another course if confronted by a sealed or tight fissure.
Ore shoots are especially common along intersections
of fissures and in large bodies of shattered ground, as
well as in the more permeable parts of simple fissures
or sheeted zones. The most important factor determining the occurrence of the large ore shoots was the
proximity of a fissure to areas overlying the major
sources of mineralization. This control becomes more
and more evident with increasing depth. In this district, as in so many others, the bulk of the telluride ores
was deposited in open fractures just below their upward
termination or under a marked constriction.
In the shallower workings and for the small ore
bodies everywhere an immediate structural control can
generally be found. By far the majority of the ore
shoots are directly related to intersections, but many
occur at junctions, and some are related to changes in
wall rock. Shifts in the courses of the veins and changes
in dip, though effective locally, have not been so influential in the localization of ore shoots as they have
been along the deeper-seated "Veins of the porphyry
belt.
Intersections marked by ore shoots are of 1nany types.
The occurrence of ore at intersecting steep veins or
sheeted zones is well-illustrated on the Bobtail vein of
the Portland mine, and by several veins in the Vindicator mine. The ore may be limited to the space between two cross veins, as on the Bobtail, or may extend
some distance away from an intersection on either or
both veins, as in the Vindicator. Ma:gy shoots are
related to the intersections of gently dipping fractures
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or flats with steep veins. The ore shoots in the upper
levels of the Damon mine illustrate this type well (fig.
88, .A). Here the principal ore bodies occurred on flats
below intersections with the blind Damon vein. In
other places ore occurs in steep veins below their intersections with flat veins, as illustrated in the Jerry Johnson. In this mine little ore was found down to a flat
seam cut 40 feet above the 300-foot level, but from there
good ore extended down for some distance. Ore is
found along many of the mafic dikes of the district
where they are cut by cross fractures. Persistent
sheeted zones may contain ore at such an intersection,
as in the Dead Pine mine (fig. 88, D) , or the ore may
occur along the dike where it is cut by short cross fractures, as in the Ajax mine (fig. 88, E). In some places
dikes probably acted as batHes to solutions rising along
veins and in others served to .open preexisting fissures
and make them better conduits. Both relations are
\Yell-illustrated in the Elkton mine (fig. 88, B), where
the ore of the Walter vein begins at a phonolite dike
north of the Tornado shaft, extends southward to the
point where the Raven dike of basalt enters the vein
fissure, and continues to the point south of the Elkton
shaft, \vlwre the dike leaves the vein and the vein becomes barren. 1\{uch of the best ore occurs in the part
of the vein that follows the Raven dike. . Occurrences of
ore at splits in the vein are not as common as at intersections, but this difference may be due to the relative
scarcity of splits and the abundance of intersections.
Ore shoots of this sort were found in some veins of the
Vindicator mine and were important in the nearby
Revenue and Legal Tender veins.
The influence of wall rock on the localization of ore
is striking but very inconsistent; for example, the best
ore shoots occur in the breccia, probably because it was
subjected to more movement than the other rocks, but
where fractures cross from granite into breccia the ore
may be limited to the granite area, stopping abruptly at
the breccia contact. This condition is illustrated in
the Ajax mine (fig. 88, C). A similar relation is found
between granite and phonolite in the Prince Albert mine
(fig. 89). In the Portland mine some of the ore shoots
are also apparently related to the granite and end as
the vein enters the breccia ; in other veins nearby the
ore "makes" in the breccia and dies out as the vein
enters latite-phonolite. However, some excellent shoots
occur inlatite-phonolite and at its contacts with breccia,
though the most productive shoots at those contacts lie
within the breccia. In some places ore shoots are absent from the breccia and present in the more competent rocks. The flat ore shoot on level 7 of the Elkton
mine (fig. 88, B) was limited to a laccolithlike mass of
phonolite about 200 feet in diameter that •.was much
broken by irregular gently dipping fractures. A more
usual relation is illustrated by the big Cheyenne ore

shoot of the Isabella mine. There the ore body pitched
45 o NW. from a point 1,200 feet southeast of the Lee
shaft on the No. 3 level to a point just below the tenth
level, where it became impoverished at once on entering a large body of dense phonolite. The highest-grade
ore in the 1nine, however, was taken out just above the
phonolite mass.
Many ore shoots are found in echelon fractures that
trend transverse to the course of the general zone of
mineralization. This is especially evident near centers
of mineralization and is well shown in the Portland and
Vindicator mines.
Deep ore shoots of commercial size and grade are
most likely to be found along the trunk fissure zones of
the deepest subcraters. These deep ore shoots are more
likely to be separated by low-grade or b~rren stretches
along the vein zone than those at shallower levels. The
limit of downward exploration is likely to be governed
by the ratio of the cost of deep mining to the amount
of gold recovered from the deepest shoots already mined
and by structural conditions that encourage the search
for another shoot of similar value.
CRESSON MINE

1

The Cresson mine, one of the most productive in the
district, is in the upper part of Eclipse Gulch, in the
south-central part of the breccia area. It is developed
by a two-compartment shaft 2,398.5 feet deep, which has
18 levels numbered 3 to 20; its collar is at an altitude
of 10,030 feet. A lateral from level 17 connects with
the Roosevelt drainage tunnel. From 1903 to 1933 the
value of the mine's output was $35,331,783.95, of which
$12,454,472.50 was paid in dividends.
The chief ore bodies of the Cresson mine are in the
local elliptical pipe of basaltic breccia called the Cresson
blowout (pl. 30). The ordinary breccia of the district
is also present and is cut by dikes of latite-phonolite,
phonolite, and basalt, but both breccia and dikes have
been locally destroyed by the blowout. The blowout as
a whole has a steep southerly dip, but below level18 it
separates into two roots. The eastern root appears to
contract downward rapidly, but the western one tapers
very gradually. The easternmost workings on levels
11, 17, and 18 expose the Dante collapse breccia, which
overlaps the east end of the blowout. Another mass of
collapse breccia is said to have been opened on level 17
southwest of the blowout.
The largest ore bodies in the mine have been found
within and around the rim of the blowout, but smaller
ones occur along veins to the south of it. The ore-forming solutions apparently came from beneath the roots
of the blowout, rose along the bodies of collapse breccia
7 Much of the following data is taken from Loughlin, G. F., and
Koschmann, A. H., Geology and ore deposits of the Cripple Creek
district, Colo. : Colorado Sci. Soc. Proc., vol. 13, no. 6, pp. 311-327,

1935.
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88.- St.ructural control of ore bodies in the Cripple Creek district.

A, Section of the Damon mine, showing relationship of ore to intersections of fl at veins a nd steeply dipping

fi ssures.
B, Map showing the principal dikes and fi ssures on level 7 of the Elkton mine. Jllustrates the localization of

•

ore along a basic dike and the restriction of ore in a flat fissure to the part between phonol ite walls instead
of between breccia walls.
C, Plan of an ore body in granite, level 4 of the Ajax m ine. showing restr iction of ore to fissured zone in grani te
adjacent to the breccia-filled crater, near a phonolite dike cutting both granite and breccia.
D, Plan showing t he occurrence of ore at the intersection of a sheeted zone with a phonolite dike in the Dead
Pine 1nine.
E, Diagram matic plan showing the localization of an ore body in fissured granite adjacent to a phonolite dike
on level 5 of the Ajax mine.
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Based on figure 15,
Pro fusionol Paper 54 ,

ll'u;UnB 89.--B lock diag raJII of ore s hoot in the :Prince Albe rt min e,

and in ten ening dike-filled fiss ures, and spread upwa rd
wher e openings permitted, 'v ithin and a round th e blo\Yout . Localization of the larger ore bodies v•a controll ed mainly by ju nct ion s of the r im of the blowout
wi th min er al ized fi ssures in the surr ounding rock, especial ly those along and inter secting certain dikes. Som e
ore bodi es within the blowou t \Yer e cont rolled ma inly by
fiss ures bordering large included masses of lat ite- pJ, onolite bu t we1·e al o related to fi ssures along th e rim. According to t his structural con trol the ore bodies of the
min e may be placed in fiv e g roups : ( 1) The south side,
where t he rim cuts off th e two nearly parallel dikes

~ l 1 ow iu g

i ts relatio n to a pho uo li l e <like.

kno \rna s the F un eraJ ancl theSli ver d ikes, (2 ) the nmi n
south ore sh oot · along tl1e rim east of group 1, ( 3) the
eastern part of the r im ;mel the adj acent in terior part
of the blowout, ( 4) the northern part of the r im and the
adjacent interi or p art of the blowout, and (5 ) th e
" ·estern pa r t of t·he rim , "-her e it encroaches on a dike of
latite-ph onol ite.
I n g ronp 1 the gr ou nd along m· near the junctio n of
the rim with the Funeral and Sliver dikes has been prod uctive on all levels of the mine, though the stopes have
been mostly of small to moder ate size. T h e two dikes,
also exposed on all the levels, tr end south-south east
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and are intersected by veins of southwesterly trend. of gold to the ton, and those on level 20 averaged 0.35
The most productive ore shoots occur at the intersec- ounce. Ore on the floor of level 20 is reported to be of
tions, especially in the southward and downward taper- higher grade than that of the stapes above the level, and,
ing wedge of ground between the Funeral and Sliver in accordance with the views of Loughlin and Koschdikes and between levels 13 and 15. Smaller shoots were mann,8 "if mining were to continue downward this part
mined along both veins and dikes a way from the inter- of the mine would undoubtedly be a principal prospect."
The ore bodies along the large pillarlike inclusion of
sections, but they decreased with increasing distance
from the blowout. On level 18, the two dikes prac- latite-phonolite east of the shaft are between levels 7
tically coincide for a considerable distance from the rim, and 13. The largest lie along the southeast, overhangand the productive wedge of ground therefore pinches ing side of the pillar, and smaller bodies lie on its west
out. The dikes may diverge again below level 18 to side. As Loughlin and Koschmann 9 state: "This localiform another wedge, but this lower wedge does not ap- zation of ore justifies further exploration of mineralized
pear to be as favorable ground as the wedge above the fissures along or near the sides of the pillar."
level.
In group 4, along the north rim, ore shoots of small to
In group 2 the main south ore shoot was discovered moderate size were mined, though not continuously,
on level 6 where the rim is close to a local abundance down to level 16, where they proved .to be upward
of intersecting fissures of east-northeast and north- branches of the large shoot already mentioned that was
northwest trend. Below the shoot the fissures are fewer mined mainly on levels 16 and 17.
and tighter and dip farther from the rim. The shoot
In group 5, along the westernmost part of the rim,
coincided with group 1 on level 6, and the two were no ore has been found above level 6, but this fact may be
continuous down to level 8. From there the main shoot due in part to incomplete development. On levels 8, 10,
pitched northeastward down to level 12, where it at- 12, and13 the ore occurred where the rim encroached on
tained its maximum size and connected with group 3 a dike of latite-phonolite of north-northwest trend and
near the stope called the Vug. Below level 12 it con- a branch of more northerly trend. The dike is followed
tracted and was bottomed a short distance below level southwestward by a low-grade vein. The opening of
13, but a long stope on that lev~l extends southwestward the fractures by adjustment along the rim of the blowtoward group 1. No ore related to this shoot has been out was evidently the factor that determined the localifound along the rim at lower levels, and apparently the zation of ore. Ore in a similar position was found on
shoot was formed by the coalescence of solutions spread- levels 14 to 17. The dike and the rim appear to diverge
ing from groups 1 and3.
with depth, and on the whole the outlook is less favorGroup 3 consists of three connecting zones. Along able at greater depth than on the higher levels.
the easternmost part of the rim down to level 10 the
Loughlin and l(osc}1mann 'lo state: "To summarize,
stapes are of small to moderate size; on levels 9 and two favorable places for the continuation of ore shoots
10 they extend westward within the blowout. Below below level 20 can be clearly recognized-one at the
level 10 the blowout extends farther to the east and junction of the Funeral and Sliver dikes with the west
northeast and is overlapped by collapse breccia, but the root of the blowout and one along the east end of the
stapes continue almost vertically downward and are same root."
PORTLAND MINE
·close to the irregular margin of the collapse breccia~
though well within the blowout. On levels 11 and 12
The Portland n1ine, at the south border of the crater,
large stapes that contained extremely rich ore are closely just north of Victor, was opened in 1893 and was for
associated with a large nearly horizontal mass of basalt. many years the largest producer in the district. Its
From the Vug, a large cavity thickly lined with calaver- total output of shipping ore and mill dirt from April1,
ite, ore with a net mill settlement of $1,200,000 was ·1894, to December 31, 1931, amounted to 6,230,785 tons
mined. Below the basalt, on levels 13 and15, the stapes having a gross value of $62,255,484. It is developed by
again become small but lead to another very large shoot three shafts, the Portland Nos. I, 2, and 3. Shaft 2,
from which the principal output from levels 16 and 17 about 3,25.0 feet deep, was the deepest in the district in
has come. This shoot lies above a large mass of basalt 1945. It connects with the Carlton drainage tunnel by
exposed on 1evel18 and is also above the junction of the means of a short crosscut. The drainage tunnel, comtwo roots of the blowout along a considerable part of pleted in 1941, reaches the mine at an altitude of about
the north rim. The localization of the shoot was evi- 6,990 feet.
dently due to the junction of the shattered ground of the
The Portland mine lies at the south rim of the crater,
blowout with two converging veins of southerly trend along the eastern border of a granite prong (pl. 29). In
in the outside rock. The main shoot, which furnished the following description of its workings most of the
the bulk of ore produced on levels 16 and17, was mined
s Loughlin, G. F., and Koschmann, A. H., op. cit., p. 324.
on levels 18, 19, and 20, but was much smaller and of
Idem, p. 325.
lower grade. Stapes on level 19 averaged 0.50 ounce
10 Idem, p. 326.
9
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90.---Level ::i of the Portland mine, showing network of veins in the main zone near the breccia-granite contaet aml the Hidden

'J'reasure and Captain group of veins in a mass of breccia that is surrounded by latite-phonolite.

data are from the report by Loughlin and l{oschmann.11
The upper workings are partly in granite and partly
in breccia and large masses of latite-phonolite. The
workings below level 15 are mainly in breccia and
syenite close to the granite contact, but some exploration has been conducted a considerable distance from
it on levels 17 and 21. The contact as a whole dips
steeply eastward and northeastward, but its upper part
is undulating, with local benches, or terraces of gentle
dip. It was formed along n1aster fissure zones of
northwesterly and southerly trend (fig. 90). The
n Loughlin, G. F., and Koschmann, A. H., op. cit., pp. 327-342.

northwesterly zone dmninated in the northern and
deeper part; the southerly zone dmnina:ted in the southern and upper part of the mine and continued southward in granite, forming the main fissure zone of the
Independence mine.
These fissure zones are among the 1nost pronounced in
the district and connect with a third 1naster zone that
extends north-northeastward frmn a point near the
Portland No. 2 shaft to the Wisconsin claim, where it
curves through a north to north-northwest course and
passes through the Last Dollar, Lucky Guss, and Orpha
May mines. They have been repeatedly reopened and
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contain dikes of all the intrusive rocks, as well as vein
material of all three stages. The zones of north and
northwest trend are upward extensions of prevolcanic
fissures, and the zone of north-northeast trend must
have been opened early in the volcano's history.
The local arrangements of fissures were determined
by differences in resistance of the different rocks to
shearing. On level 5 the weak breccia between two
parts of a latite-phonolite body was severely stretched
northeastward and developed a closely spaced set of
tension fractures in which the rich Captain and Hidden
Treasure ore bodies were forn1ed.
The veins of southeasterly trend in and beyond the
southeast corner of the area, well shown on level 5 of the
Portland mine, evidently fill tension fissures roughly
parallel to those of the Captain ore body but east of the
local shear zone. The Bobtail vein, which trends in
the same direction (strike N. 62° vV. and dip 65°-'70°
SW.) but is west of the shear zone, is evidently an old
fissure reopened by tension and filled with ore, especially near its intersection .with local northwardtrending veins.
Veins are limited to the main fissure zones close to the
granite contact. A large number of shallow veins occur in the granite southwest of the Portland No.1 shaft
and in the breccia east of it. Below level 8, however,
the contact is steep, the Bobtail and parallel fissures dip
away from the main fissure zones, and the northwardtrending zone steepens and tightens. Thus the main
zone has not been productive in the granite south of the
contact below level 14 of the Independence mine. As
the line of the junction of the northward-trending and
northwestward-trending zones pitches to the north, the
south limit of productive ground also pitches to the
north. Northwest of the point where the granite contact turns west, the continuous fissures of the northwest
system pass into a steplike series of short fissures,
some of which contained small ore shoots.
The 1nain zone of fissures has been continuously productive from level 24 to level 30, but the shoots pinch
southward where the zone turns to a southerly course
and approaches the east turn in the breccia-granite
contact. They pinch northwestward just beyond the
junction with the north-northeast or east vein zone,
~which becomes the most productive zone in the lowest
levels; in faet the nutin zone may be feathering and
dying out beyond the westward turn of the granite
contact.
On levels 27, 30, and 31 a compression fissure of westerly trend and steep south dip is exposed about 300 feet
north of the granite contact. In the wedge-shaped mass
of ground between the fissure and the granite contact
there are numerous northward-trending tension fissures
parallel to the east vein and therefore included in the
east vein group. The most open fissures of this group

contain dikes of phonolite, trachydolerite ( ~) , and
basalt. The whole group was mineralized. Upward,
the east vein decreases in dip, and east of its main course
it passes into a local conjugate systmn of fissures of
northward and northwestward trend, in which small
discontinuous ore shoots have been mined. The east
vein is interrupted below level 30, and the rich shoots
die out.
If the syenite mass extends downward to the granite
contact, as is very possible, there is little likelihood that
there is another large shoot on level 31, but if considerable masses of breccia are enclosed between dikelike
masses or even in a single mass of syenite they may contain ore-bearing fissures either close to the granite contact or a considerable distance north of it.
The local source of ore-forming solutions was evidently below the large syenite mass. The north-northeast and main or contact fissure zones afforded the principal channels along which they rose and mineralized
not only the Portland ground but that of the Last Dollar, Modoc, and other small mines along the upper part
of the north-northeast zone and the Independence and,
in part at least, the Strong and adjacent mines along
the soutlnvard continuation of the contact zone.
STRA'TTON'S INDEPENDENCE MINE

Stratton's Independence n1ine 12 is immediately south
of the Portland 1nine and just northeast of Victor. It
is one of the oldest and probably the most famous of
the Cripple Creek 1nines. Up to 1905 it had produced
more than $15,000,000 worth of ore. It 1904 the workings consisted of the Independence shaft, about 1,430
feet deep, and the No. 2 shaft, about 600 feet deep. All
the ore with the exception of a little above level 2 and
the ore bodies of the old Washington mine are north of
the shaft.
The mine lies at the contact of the volcanic breccia
with the granite at the south border of the crater and
is partly in granite and partly in breccia. The contact
forms a curved embayment on the east side of the gra,nite
prong that juts into the Portland ground. It dips
about 30° NE. 'to.ward the crater as far as level 5 and
then steepens to about 85 o, showing the same benched
fonn as in the Portland mine (pl. 29). Thus the productive northern part of the mine is in breccia above
level 5 and in granite below that level. The Independence shaft is sunk in granite close to the contact. In
detail the contact is exceedingly irregular, with minor
salients and reentrants. Both granite and breccia are
cut by dikes, sills, and irregular 1nasses of phonolite.
In general, the Independence lode follows a phonolite
dike, but the dike is much more irregular than the vein,
1 2 Lindgren, Waldemar, and Ransome, F. L., Geology and ore depositll
of the Cripple Creek district, Colo. : U. S. Geol. Survey Prof. Paper 54,
pp. 449-465, 1906.
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especially in the breccia. Several other lodes follow
dikes for part of their length, particularly the vVest
Independence lode on level 2. The No. 1, Bobtail, and
E'ast Bobtail lodes accompany phonolite dikes for parts
of their courses on level 5. The main phonolite and
"basalt" dikes of the Strong mine are exposed in several
drifts in the extreme western parts of the Independence
nun e.
The most prominent lodes of the mine are the Independence, Emerson, Bobtail, No. 6, and Flat veins. The
Bobtail, Diamond, and No. 2 veins of the Portland,
converge frmn the north, and H1e Emerson, Bobtail,
West Bobtail, Independence, West Independence, and
other veins of Stratton's Independence converge from
the south and come together in a plexus of fissures near
the boundary between the two 1nines. None of the veins
appear to preserve distinct individuality across this
complex zone. The rocks of the Independence mine,
particularly above level 5, are cut by a complex network
of fissures, few of 'vhich can be identified from one
level to another. The Independence lode has a general
trend of N. 15° W., but is far from straight, and clips
70°-90° E. The Emerson lode, which lies 1nostly northeast of the Independence, strikes N. 58° W. and dips 50°68 o S,V. The Bobtail lode lies southwest of the Emerson. It strikes in general northwest and dips 50°-m~o
SW. On levels 2 and 3, the Independence, Emerson, and Bobtail lodes all meet close to the Portland
line. The Grant lode lies east of the Independence.
It strikes about N. 23° W. and clips 55°-70° W. It
crosses the Bobtail and Emerson and joins the Independence at the north end of the claim. There are also
numerous minor lodes of no great persistence, some
parallel to the more important sheeted zones and other
branch lodes, and they add greatly to the complexity of
fissuring. The Flat vein lies between levels 2 and4 and
dips about 18° W. It is crossed without any apparent
faulting by the Independence and several minor lodes.
A very significant fact is the 1nuch greater abundance
and more open character of the fissures in the breccia
above level 5 than in the granite below.
By far the greater part of the ore from the mine came
from the part of the breccia-filled embayment that lies
above the benchlike contact above level 5. Some good
ore, however, occurred in granite in the Independence
lode and in the No. 6 vein. Some ore shoots attained
considerable width, and stopes on the Bobtail were in
places 50 to 60 feet wide. The main ore shoot of the
Independence lode extended on the surface from about
250 feet south of the breccia-granite contact northward
practically to the Portland line. Its southern limit
pitches about 52° N., and below level 3 the ore rarely
extended from the breccia into the granite but ended
abruptly at the contact. Below the 950-foot level the
ore was narrower; on the 1,150-foot level the Indepencl-
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ence vein is a single narrow fissure containing fluorite
and pyrite but no ore, and on the 1,400-foot level the
lode is so indistinct as to be hardly recognizable. On
level 6 the ore occurred in an irregular expansion of the
Independence phonolite dike at the breccia-granite contact and extended northward partly in breccia and
partly in phonolite. On level 5 the ore shoot attained
its greatest width at the crossing of the Emerson lode,
and another wide body of ore was found at the crossing
of the Bobtail. At the Portland line the convergence of
the Independence, Grant, and East lodes localized a
large body of ore worked in the Independence stope on
the No. 2 vein of the Portland. The ore shoots on the
Emerson and Bobtail veins are generally rather narrow,
but at junctions or crossings with other veins they expand to unusual widths. One shoot on the Bobtail on
level 4, where several fissures of nearly parallel strike
join, had a width of 40 to 50 feet for a distance of 200
feet. The Emerson ore shoot attained its maximum
length of 600 feet on level 5. The Bobtail ore shoot
reached its greatest length, 1,000 feet, just above level
2. Just below this level the ore shoot narrows against
these breccia-granite contacts. The Grant, Drury,
E3_st, and London lodes are for the most part narrow
sheeted zones in breccia and are not known below level
5, but they contained several important pay shoots,
which were not as persistent as those of the Independence, Emerson, and Bobtail. The only important lodes
in granite besides the Independence load is No.6, which
had fairly continuous bodies of ore from the brecciagranite contact above level 5 to level 6 and isolated
bodies between levels 6 and 9. One of the 1nost interesting ore bodies in the mine was that stoped from
the Flat vein above and below level 3. It had a length
of 400 feet from southeast to northwest and a maximum
width of 200 feet. The ore had an average thickness
of 6 or 7 feet and clipped about 18° NW. It was crossed
by many vertical fissures that contained ore only at
their intersection with the Flat vein; excellent ore occurred where the Independence lode and dike crossed
it, and extended for some distance above and below the
Flat vein.
The average yearly tenor of the ore mined ranged
from a maximum of $132 in 1895 to $20 in 1903. Some
of the ore from the Flat vein is said to have been unusually rich. Calaverite and perhaps sylvanite associated with fluorite occur in very narrow fractures in
the sheeted zones in the breccia. Some very rich ore
consisting of small irregular stringers of nearly solid
cala verite in dark sheeted breccia has come from the
Emerson vein near level 4. Calaverite is intimately
associated with pyrite, molybdenite, and a little quartz
and fluorite. Galena is rarely visible in the Independence vein but is said to have been abundant in the Bobtail vein above level 2.
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GRANITE (AJAX) MINE

The Granite mine, which includes the forn1erly independent Granite, Gold Coin, Dillon, Monument, Dead
Pine, and Ajax mines, is in and just north of the town
of Victor and is bounded on the east by the Portland
and Strong mines. It is operated mainly through the
Ajax and Gold Coin shafts. The Ajax shaft at the surface is within the breccia close to the granite contact
at an altitude of 10,108 feet, but it passes through the
contact near the 200-foot level. Until1941 it was 1,952
feet deep, with 20 levels, and a winze extended 250 feet
below level 20, but after completion of the Carlton
drainage tunnel in that year the shaft was extended to a
depth of about 2,700 feet and probably will be connected with the tunnel, which at this point has an altitude of about 6,985 feet.
The workings cross the breccia-granite contact, which
trends west and dips north in the upper part of the 1nine
but changes to a northwesterly trend and steeply overhanging dip in the lower part. In the eastern part, the
breccia fills a wedgelike embayment with overhanging
walls and southerly pitch. The fissure zones belong to
three main sets of trends-west-northwest, north-south,
and north-northwest-and fall within the master shear
zone that was developed by compression £rom the south
and was locally controlled by the breccia-filled embayment and the prevolcanic fissures beneath it.
The west-northwest set of fissures dips southwest and
includes the Bobtail and closely parallel fissures that
extend into the property from the Portland 1nine. This
se.t curves to a more northwesterly course near the
Granite shaft and continues to a point about 1,400 feet
north of the Ajax shaft. The Apex fissure, which parallels the system on the southwest, is the most persistent in
the northern part of the mine and has been followed almost continuously for a distance of 1,600 feet. Another
fissure zone that appears closely related to the westnorthwest set trends nearly east and dips 60°-70° N.;
it contains the Hamlin phonolite dike, which marks
the approximate north limit of ore shoots on the lowest
level. The north-south set is best represented by the
Coin vein, .which dips east. On the upper levels the
Granite and Monument fissures and on the lower levels
the Dorothy and Newmarket veins, which dip steeply
west, also belong to this set. The only important fissure
of the north-northwest set is the Mohican or B vein,
which dips steeply west-southwest and crosses obliquely
from the Dorothy·. to the Newmarket vein. A barren
premineral fault called the Cashen fault is exposed on
some of the upper levels east of the Gold Coin shaft. It
strikes N. 20° E. and dips 51° NW. It marks the
so~thern limit of productive ground in that part of the
mine.
13

13 Loughlin, G. F., and Koschmann, A. H., op
cit., pp. 343-356.
Lindgren, Waldemar, and Ransome, F. L., op. cit., pp. 471-475.

The Coin fissure was especially well situated for the
formation of openings, and it contained an ore shoot
about 850 feet in stope length and about equal vertical
extent, which ended at its intersection with the Cashen
fault. Below level 9, the Coin vein contained only small
isolated ore shoots, and its downward continuation
coincided with the northern part of the Montana vein.
On the Montana vein the stope lengths ranged from
about 300 to 400 feet. From April1928 to April1929,
773 tons of ore from the Montana winze had an average
gold content of 1. 713 ounces to the ton, and ore assaying
1.25 ounces to the ton was said to lie in the bottom of
the stope when it became flooded. Just north of the
stope the Montana vein on level17 intersects the Bobtail
group of dikes and fissures, which clip south. The intersection pitches 34 ° SE'. and may mark the north limit of
productive ground in that locality.
The principal ore shoot mined at shallow levels in the
northwestern part of the 1nine extended along the Apex
dike for a distance of 500 feet and was widest at junctions with transverse fissures of northeast trend. The
dike is not accmnpanied by ore below the breccia-granite
contact. The largest ore bodies in the upper levels are
in honeycmnbed granite at the intersection of groups of
fissures of northwest, northeast, and north trends between levels 3 and 8. Some of the fissures follow phonolite dikes. Below level 7 they grade into pyrite veinlets.
On levels 9 and 10 the B and C veins of the northwestward-trending group were productive, but the ground
between levels 11 and 13 was practically barren. The
B vein, which is essentially continuous with the Mohican
vein, was stoped between levels 18 and 14 of the Ajax,
a vertical distance of 500 feet. The ore shoot pitched
north-northwest, and its north limit was approximately
the Hamli11 dike.
TheNewmarket vein has been by far the most productive in the lowest part of the Inine. It has been stoped
continuously from level 9 (Gold Coin) to a :;;ublevel
160 feet below level20, a vertical distance of more than
800 feet. Its maximum stope length, about 1,050 feet,
is on level 16, and the aggregate length on level 20 is
about 700 feet. Production by lessees between the sublevel and ground 100 feet above level 20 during the
period 1927-32 amounted to 15,145 tons of ore with
an average gold content of 0.93 ounce to the ton. The
Newmarket fissure is very narrow but cuts squarely
across the Hamlin dike. It is filled or lined with quartz,
minute to n1icroscopic telluride crystals, and little or
no flourite.
The most likely source of the solutions that deposited
ore in the Newmarket and aclj acent veins was beneath
the Queen-Ajax subcrater. There were at least two
local centers from which the solutions rose-one close
to the junction of the Montana and Bobtail fissure zones
and near the south end o£ the breccia embayment and
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the other along a northerly continuation of the Newmarket fissure, which roughly parallels the northwestward-trending boundary of the embayment.
ELPASO MINE

TheEl Paso mine, which includes the C. K. and N.,
Ajax, and Nichols workings, is on the west side of
Beacon Hill, about half a mile southwest of the n1ain
breccia area. The original El Paso Co. was organized
in 1894. The mine produced to the end of 1903 a total
of 82,176 ot{nces of gold having a value of $1,698,576.
The output in 1904 was 65,550.26 ounces with a gross
value of $1,354,923.87. The total output from 1904 to
1932 was about 489,000 ounces of gold with a gross value
of $10,108,000. The main shaft is 1,332 feet deep with
nine levels. Much of the following data is taken from
the description by Loughlin and Koschmann. 14
The El Paso and adjacent mines are along the El
Paso master shear zone, which is continuous with the
prevolcanic fissure of north-northeastward trend along
which the southwest corner of the main crater was developed. The workings are in granite on the west side
of the Beacon Hill phonolite plug. The granite in this
area is rather gneissic and contains several lenticular
inclusions of schist, which also trend north-northeastward. Thoroughly sheared zones of granite of similar
trend have also been locally called schist. A local explosive eruption opened the way for the intrusion of
the Beacon Hill plug, which forms a knob above the
surrounding granite. This knob at the surface is about
2,200 feet long in a north-northeasterly direction and
1,200 feet wide, but it tapers downward until in the
Roosevelt drainage tunnel it appears as a dike 100
feet wide striking north-northwest and dipping 30° W.
The thicker part of the plug exerted sufficient pressure
on the adjacent granite to form a conjugate system of
"flat" fissures that dip at low angles to the northwest
or southeast. Dikes and sills or flats branch from the
plug along these as well as the steeply dipping fissures
and locally influence the fissuring that preceded ore
deposition. The largest of these dikes exten.ds southwestward from the northwestern part of the plug and
dips 45°-50° NW., away £rom the plug.
First-stage fluorspar and quartz were deposited as
relatively continuous narrow veins, btit minerals of the
second stage were more restricted to the intersections
with phonolite. Undulations in the courses of the principal veins and intersections with minor veins also controlled the position of the ore shoots in some degree, but
the passage of a vein from granite into schist commonly
marked the end or at least an interruption of an ore
shoot.
The veins trend about N. 35 o E., with the exception
of the C. K. and N. vein, which trends from northeast
u Loughlin, G. F., and Koschmann, A. H., op. cit., pp. 387-402.
Lindgren, Waldemar, and Ransome, F. r... , op. cit., pp. 349-354.
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to east-northeast. The prevailing dip is steep to the
northwest except along two minor veins that follow and closely parallel the southeastward-dipping
margin of the phonolite plug on the upper three levels.
The most productive veins have been the El Paso, Tillery, and C. K. and N. TheEl Paso and Tillery veins
are roughly parallel for the most part but locally converge and unite and are also connected by minor cross
veins. The El Paso vein has been very productive in
the upper three levels in the southern part of the mine,
where it approached or followed the main phonolite
dike, but at lower levels, where it eliverges from the
dike, it has not been productive. The Tillery vein has
been very productive from level 3 down to level 7, also
in the southern part of the mine. On level 7 its stoped
portion terminates downward just below its intersection with dikes and flats of phonolite.
The C. I{. and N. vein has been productive between
its intersection with· the El Paso and Tillery veins,
where its dip is about vertical, and also farther north,
where it follows and gradually crosses the main phonolite dike and also crosses two phonolite flats on the
footwall side of the dike. Its average dip there is
60°-70° NW. clown to level 6, and its ore shoots have·
been found mainly where its undulating strike locally
turns northward in the vicinity of the phonolite. On
level 9, where its clip is 82°-90° E., it has been stoped in
two places-one near the supposed intersection of the
Tillery and one farther to the northeast, where it splits
into several small branches.
Where the C. K. and N. vein turns east-northeastward
away from the phonolite dike, on level 3 just north of
the phonolite plug, a branch vein continues northnortheastward along the dike and is continuous, except
for. a small step like interval, with the Ajax vein, which
was productive in the vicinity of the Ajax and Nichols
shafts clown to level 5.
As the veins of the El Paso 1nine are in a zone that
trends toward the Mary Mcl\:inney mine, they may
have been derived from the same local deep source.
Such a derivation would encourage deep prospecting
above and below the present Roosevelt tunnel drainage
level in this intervening area, but, because of the general
restriction of ore shoots to the intersections of veins
with dikes, it is equally possible that the ore-forming
solutions 1novecl southward until they finally reached the
favorable open fissures controlled by the phonolite plug
and its branches.
C. O. D., GOLD KING, AND MOLLIE KATHLEEN MINES

The C. 0. D. group, which includes the C. 0. D., Gold
King, and Mollie I\:athleen mines, is close to the southwest corner of the northern crater, in Poverty Gulch,
just east of Cripple Creek. In 1905 the C. 0. D. shaft
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was 800 feet deep with 10 levels, and the output had a
value of about $594,000. 1"
The following data are taken fron1 the report by
Loughlin and Koschmann.16 The breccia-schist contact where cut on level 7 of the C. 0. D. has a very
steep dip, but on levelS of the Gold l(ing, only 350 feet
to the west, the contact has an irregular north-northeast
trend, at nearly right angles to the outcrop, and even
indicates a small overhanging mnbayment. If this irregular exposure is a fair indication of the trend of the
western wall of the crater, it implies an average easterly
slope of 50° or more above level 8. The breccia in the
vicinity is cut by dikes and irregular 1nasses of latitephonolite, syenite, phonolite, and basalt. The presence
of all these intrusive rocks suggests that one of the roots
of the Globe Hill crater is beneath this southwest corner, and the steepness of the crater wall and its overhanging embayment accord with such an interpretation.
The dikes and the more persistent veins trend north·
northeastward in the C. 0. D. and Gold King mines but
turn more to the northeast in the Mollie Kathleen 1nine.
The most persistent dike, the Gold King (basalt), dips
northwest and is followed in the Gold King mine by a
vein of minor importance. The main vein of the Gold
l(ing is said to follow a phonolite dike 300 feet east of
and parallel to the basalt dike. The two veins are practically connected by a barren north-northwest vein. The
C. 0. D. vein zone is in breccia and is roughly parallel
to the productive Gold King veins, although it curves
northward and has a steplike interruption to the northwest. Si1nilar interruptions would bring the C. 0. D.
vein zone nearer to the main Gold King vein with
increasing depth.
Neither of the Gold King veins continues northward
into the Mollie l(athleen mine, although the basalt dike
does. Only the 200-foot and 700- foot levels have been
developed in this mine, and the lower level exposes an
irregular mass of pyritizecl syenite we.st of the shaft.
The fissure zones in this mine trend northeast and
northwest and are not persistent. The ground was apparently warped somewhat but was protected from the
fissuring that characterized the C. 0. D. and Gold King
mines. The only noteworthy ore shoots in the Mollie
Kathleen were two along the basalt dike-one a wide
shoot extending frmn the surface to a depth of 75 feet
and the other at the intersection of a northeastwardtrending fissure zone with the dike on the 200-foot level.
The main Gold l\:ing vein is apparently the strongest
and most persistently productive of the group and is
the most entitled to further downward exploration.
The other veins may have been supplied with materia]
that escaped from the Gold King fissure along minor
oblique fractures at moderate depth, but the steplike
structure of the C. 0. D. veins, as already noted, is
15
16

Lindgren, Waldemar. and Ransome, F. L., op. cit., pp. 272-275.
Loughlin, G. F., and Koschmann, A. H., op. cit., pp. 407-408.

encouraging for further exploration to the northwest
and southeast, especially on the upper levels.
OTHER REPRESENTATIVE MINES

Data on other mines are given briefly below. Detailed descriptions have been given by Lindgren and
Ransome 17 and by Loughlin and Kosch1nann.18
ANACONDA

Dez•elopmen t.-Adit connects with drifts, and crosscuts connect with two shafts; 3 levels above adit level and 6 below.
Pt·odtwtion.-To 1904, $1,500,000.
Veins.-Anaconcla: Strike, N.-N. 5o E.; dip, 70° E.; tends to
split up to south; trends northeastward at junction with Excelsior vein. Colorado Boss : Strike, north-south; dip, 80° E.
Excelsior: Strike, N. 800 E. to S. 80° E.; dip, 60° N.; loses identity at junction with Anaconda. Howard Flat: Contains no ore
in the Anaconda mine, but productive in Mary McKinney. Kitty
M. or Matoa: Strike, N. 83° E.; dip, vertical. Virginia M. or
Lincoln : Strike, N. 65 o E. ; intersects Anaconda. Work or
Black: Strike, N. goo W.; dip, steeply southeast.
1VaU rock.-Breccia with irregular bodies of latite-phonolite
and dikes of phonolite and basalt. Schist in north part of adit
level.
Ore and sul(We mine1·als.-Free gold, calaverite, and sylvanite.
Gangue minerals.-Chiefly quartz, some fluorite and kaolinite.
Changes with depth.-Large ore body in oxidized zone.
Ore shoot8.-Shoot from surface to between 100 and 200 feet
above adit level, stope length 700 to 800 feet. Shoot 80 feet long
pitched west.
Tenor.- High grade, 16 ounces gold per ton.
ANCHORIA-LELAND

Developmcnt.-Shaft 1,100 feet deep; workings connected with
Cripple Creek, Gold Hill, and Good Will tunnels.
Product ion.-1895-1905, more than $1,000,000.
Veins.-Chance lode: Strike, N. 80° E.; dip, vertical to 80°;
explored 1,200 feet along strike ; intersects Maloney. City View :
Strike, northeast; dip, north. Fault "vein": Barren; strike,
northwest; dip, 50°-70° SW. ; crosses City View, Chance, and
Matoa; intersects Potter and breaks up into complicated fissure
system. Matoa: Strike, N. 25° E.; dip, varies; explored 500
feet along strike. Maloney: Strike, N. 30° W.; dip, 80° NE.;
intersects Chance and Potter. Potter and Wordell: Strike N.
60° E.; dip, 85° NW.; Potter explored 200 feet along strike; intersects Maloney and Matoa, breaking up into complicated fissure
system after intersection with Matoa. Maximum width of ore
in veins is 5 feet.
Wall rock.-Breccia cut by phonolite dikes and City View basic
dike ( 2 feet wide).
Ore and sulfide minerals.-Gold and calaverite.
Gangue minerals.-Quartz and some fluorite.
Changes 'With dep,th.-Nearly all ore from oxidized zone within 300 feet of surface.
Ore Shoots.-Ore in narrow sheeted zones in breccia. Pay
shoot on Chance lode 600 feet long. Ore body on Ma toa lode
northeast of fault vein. Pay shoot on Maloney lode pitched
south at low angle.
t1 Lindgren, Waldemar, and Ransome, F. I..., Geology and gold deposits
of the Cripple Creek district, Colo.: U. S. Geol. Survey Prof. Paper 54,
pp. 271--496, 1906.
18 Loughlin, G. F., and Koschmann, A. H., Geology and ore deposits
of the Cripple Creek district, Colo. : Colorado Sci. Soc. Proc., vol. 13,
no. 6, pp. 310~407, 1935.
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DOCTOR-JACK POT AND :MORNING GLORY

ISABELLA

Development.-Morning Glory shaft 700 feet deep. Smaller
scattered shafts. Doctor incline extends to 700-foot leYel of
Morning Glory shaft. Two shafts on Jack Pot claim.
Pt·oducHon.-To 1904, $4,500,000.
Veins.-Two groups of lodes, northeast system and north system. Doctor-Jack Pot: S~rike, northeast; dip, 50° NW. Galeta : Strike, northeast ; dip, 50° NW. ; consists of two fissures 3
to 6 feet apart with sheeted zone between. Ingham: Strike,
N.-N. 10° E.; dip, steeply northwest. Mattie D: Strike, N. 30°
E.; dip, 70° NW. North Star: Mineralized basalt dike; strike,
N. 10° E.; dip, vertical. Smith Riley: Strike, N.-N. 10° E. ; dip,
70° W. Walter: Strike, N. 15° W.
Wall rock.-Breccia with fragments of phonolite cut by dikes
and sills of phonolite; small bunches and veins of bituminous
coal.
Ore ami ~ulfide minemls.-Calaverite, sylvanite, tetrahe(1rite,
and some pyrite.
Gangue minerals.-Fluorite, dolomite, and some quartz.
Ore shoots.-Doctor shoot east of North Star dike. Jack Pot
shoot extended from surface at Jack Pot shaft to level 12 at
Doctor shaft; pitched 30° NE.; maximum length on any level
400 to 500 feet ; 5 to 10 feet wide.
Tenor.-Tetrahedrite ore contained 6 to 27 ounces of silver per
ton. High-grade ore contained 200 ounces of silver and 20 ounces
of gold per ton.

De1Jelo1Jment.-Lee shaft 1,128 feet deep; 14 levels. Buena
Vista incline to level 7. Several miles of drifts and crosscuts.
Buena Vista and Cheyenne veins opened for 3,400 feet.
Production.-Total to 1905, about $4,000,000.
reins.-Buena Vista: All values are in narrow sheeted zones
with central fissure. Campbell and Cheyenne : Strike, N. 40°
E. Empire No. 2 : Strike, northeast. Klondike : Strike, I'f. 10°
E. : dip, vertical; displaces Buena Vista 20 to 50 feet west on
south side. Pharmacist and Victor : three branches.
Wall rock.-Breccia, latite-phonolite, phonolite, and trachydolerite.
Ot·e and sulfide tn[nerals.-Rusty gold, calaverite, and tetrahedrite.
Gangu,e minerals.-Kaolin, quartz, and some fluorite.
Changes with depth.-Oxidation to 1,100 feet below collar of
shaft.
Ore shoots.-Three shoots on Buena Vista vein (2 vertical) ;
small bunches of ore where Klondike and Campbell cross
Buena Vista. Big Cheyenne shoot from level 3 to level 10
pitched 45°/ N,V. Six ore shoots on Victor vein extend 250 to
350 feet below surface.
Tenm·.-211;2 tons of ore yielded $219,000.

ELKTON

Development.-Elkton, Thompson, Tornado, and Raven shafts.
Elkton, 1, 700 fee.t deep : others 500 to 850 feet deep.
Production.-1893-1916, $13,931,580.
Veins.-Henley: Strike, north. Raven: Strike, N. 20° E.;
dip, steeply west. ·walter: Strike, due north; dip, steeply east
to vertical. Granite prong juts northeast into breccia; shattered near contact. Steep dikes trend north to northwest in
northern part. Postmineral Thompson fault, strikes N. 72° W.,
dips 83o S. and follows granite-breccia contact. Cross fissure
in south part trends east and dips 50° N.
TV all rock.-Breccia, granite, and phonolite.
Ore and sulfide minerals.-Calaverite, sylvanite, pyrite, and
some molybdenite.
Gang·ue rninerals.-Chiefly quartz, some fluorite, adularia, and
celestite.
Ore shoots.-Phonolite flats mined as ore on levels 6 and 7.
Ore in vicinity of cross fissure between levels 6 and 17. Ore
extended 1,200 feet north along Walter vein between levels
6 and 17.
HULL CITY

Development.-Vertical shaft 1,265 feet deep, lllevels. King
or Vaughn shaft 860 feet deep, smaller shafts to depths of 400
feet.
V cins.-A, B, C: Strike N. 40° ,V,; dip, vertical. D: Strike,
northwest.
1-Vall rock.-Breccia with latite-phonolite dike.
Ore and sulfide minet·als.-Chiefly calaverite and tetrahedrite,
:-;ome galena, sphalerite, pyrite, and molybdenite.
Gangue minerals.-Chiefly quartz, fluorite, some carbonates.
Changes with depth.--Partial oxidation to depth of 850 feet.
Ore shoots.-Stopes from surface to level 4, maximum length
of 600 feet. Good ore on lower levels east of dike.
Tenor.-0.4 ounce of gold and 8.5 ounces of silver per ton
and 0.27 percent of copper.
862135-50--22

LAST DOLLAR

Developrnent.-Main shaft 1,268 feet deep; 12 levels aggregating 10,000 feet ; 3 inclines; deepest reaches level 6.
Product ion-1896-1906, $2,090,396.
Yeins.-Last Dollar: Strike, N. 10°-25°. W.; dip, vertical to
steeply northwest. Also Modoc vein. Short cross veins trending N. 50°-60° E. and dipping steeply northwest intersect Last
Dollar. All veins are sheeted zones having a central fissure.
lV all rock.-Syenite grading into latite-phonolite.
Ore and sulfide minemls.-Calaverite, tetrahedrite, pyrite,
sphalerite, some molybdenite and galena.
Gangue minerals.-Chiefly quartz, some dolomitic minerals
and fluorite.
Changes with depth.-Ores oxidized to level 8. Calaverite
chief ore mineral below this.
Ore shoots.-Most important shoots at intersection of cross
veins with Last Dollar; pitch 75° N. Most of production between levels 4 and 8; maximum length of shoots 250 feet.
Modoc shoot stoped from surface to level 6.
:MARY McKINNEY

Development.-Original discovery, 1893. Main shaft 1,382
feet deep, 13 levels.
Product ion.-1901-32, $5,777 ,096.25.
r eins.-Le Clair: Strike, N. 6° E. ; dip, vertical. Mary McKinney: Strike, N. 9°-25° E.; dip, 65°-75° W.; splits downward,
becomes poorly defined, intersects Le Clair at acute angle. El
Paso shear zone extends half a mile southwest in granite.
Breccia-granite contact nearly vertical. Minor cross lodes trend
due west to northwest; also flat veins in north part of mine.
Wallt·ock.-Breccia and phonolite.
Ore and sttlfide mi1'1crals.-Calaverite and some tetrahedrite.
Gangue m,incrals.-Chiefly quartz and dolomite, some fluorite
and roscoelite.
Changes with depth.-Good ore on level 10; ore gives out
downward.
Ore shoots.-On Mary McKinney vein, shoot stoped from
surface to level 5 for length of 2,000 feet. Small shoot on Le
Clair vein extends 500 feet from junction with Mary McKinney.
Tenor.- Average 1.277 ounces of gold per ton.
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(Orpha May, Mineral Rock, Shurtloff No. 1, Logan, Los
Angeles, Lucky Guss, Sacramento, Specimen, Zenobia, and
Favorite)
Development.-Total workings comprise 60,000 feet. John
A. Logan shaft 1,400 feet deep, Orpha May 1,264 feet deep, and
American Eagle 1,500 feet deep; connected by crosscuts and
drifts.
Production.-Orpha May to 1900, $1,000,000.
r eins.-Nearly all veins trend north-northwest to north and
dip vertically to steeply west. Basalt: Strike, N. 32° W.;
dip, vertical. Logan : Strike, north-northwest. Mineral Rock:
Strike, N.-N. 22° W. Orpha May: Strike, N.-N. 15° W.; dip,
vertical, intersects Basalt vein. Shurtloff No. 1: Strike, N. 36°
w·. Zenobia : Strike, northeast.
lr all rock.-Volcanic breccia with much latite-phonolite, many
dikes.
Ot·e and sulfide minerals.-Calaverite, tetrahedrite, pyrite, and
some sphalerite.
Gangue minerals.-Chiefly quartz, some fluorite and carbonate.
Changes with depth.-Good ore on Basalt vein gives out below level 11. Good ore on the Logan gives out 200 feet below
surface. Little ore below 600 feet on Orpha May.
Ot·e Shoots.-Ore shoots on Orpha May at intersection with
cross fissures.
PINTO

Development.-575-foot shaft; 5,500 feet of drifting and cross-

cutting.
Prod-uctlon.-To 1904, $1,500,000.

Veins.-Harrington: Mineralized basalt dike; strike, N. 10°
W.; dip, steeply east. Pharmacist: Strike, N. 60° E.; dip, 62°
NE. ; few inches to 3 feet wide ; cuts Pinto dike and Harrington
vein. Wilson: Strike, N. 36° E.; dip, steeply northwest.
Wall rock.-Chiefly latite-phonolite with some breccia on
lower levels. Cut by 3 basaltic dikes-Isabella, Pinto, Harrington. Isabella dike trends east to northeast and dips vertically;
10 to 20 feet wide. Pinto dike strikes N. 25° W. and dips vertically; 4 to 7 feet wide. The two intersect without displacement.
Ore and sulfide minerals.-Rusty gold and gold tellurides.
Gangue minerals.-Quartz.
Ore shoots.-Intersection. of veins with dikes improved the ore.

Pharmacist vein stoped from 250-foot level to 550-foot level.
Irregular shoot at intersection of Harrington and Pharmacist
veins; 5 to 20 feet in thickness; stoped from 100-foot level to
350-foot level. Rich ore at intersection of Pharmacist vein and
Pinto dike ; 6 to 15 feet in thickness ; extended from surface to
550 foot level.
Tenor.-Ore from intersection of Harrington and Pharmacist
veins averaged 4 ounces of gold per ton. Ore at intersection of

Pharmacist vein and Pinto dike averaged 7 to 8 ounces of gold
per ton.
VICTOR

Development.-Vertical shaft 1,000 feet deep with 14 levels;
total workings 2 to 3 miles.
Production.-To 1900, $2,216,671.
Veins.-Main vein: Strike, northwest; dip, 70° SW. Branch
of Main vein : Strike, northwest ; dip, gently southwest. East
vein: Strike, N. 52° W.; dip, 68° S\V. Main vein branches into
East and West veins northwest of shaft. Northwest branch
diverges close to shaft. Veins form narrow sheeted zone with
central fissure.
Wall r·ock.-Volcanic breccia with fiat mass of phonolite on
lower levels.
Ore and sulfide minerals.-Gold tellurides.
Gangue m.inerals.-Quartz, fluorite, kaolin, and manganese
oxides.
Ore slloots.-Shoot where East and "\Vest branches diverge.
Rich shoot C·ll E:1st VE'in 20 feet wide in ]Jlaces ; extended 280 feet
below surface.
VINDICATOR-GOLDEN CYCLE

Development.-Main shaft 2,193 feet deep.
Production.-1894-1914, $38,274,933 from 2,040,722 tons of ore.
Yei.ns.-Vein systems near east margin of large syenite mass.

Latite-phonolite and breccia contact slopes north at a low angle.
In shearing, east part moved north. Fracturing developed most
readily along northwestward-trending boundaries of syenite
mass.
Wallrock.-Syenite, latite-phonolite, and breccia.
Ore and sttlfide tninemls.-Calaverite and native gold, some
galena, sphalerite, and pyrite.
Gangue minerals.-Quartz and some dolomite, fluorite, and
celestite.
Changes with depth.-Mine most productive on levelll.
Ore shoots.-Ore commonly associated with syenite contacts.
WILD HORSE

Development-Original discovery, 1887. Wild Horse and
Gleason shafts, 10 levels aggregating 2,400 feet.
Pt·od·uction.~To 1903, more than $1,000,000.
T'ei.n.-Wild Horse: Strike, north-northwest to north-northeast; dip, 60° W. to vertical, vein curves.
WallTock.-Breccia with granite detritus.
Ore and stll{ide minerals.-Gold tellurides and pyrite.
Ga.ngue minemls.-Kaolin, limonite, quartz, and fluorite.
Changes with depth.- Richest ore near bottom above level9.
Ore shoots.-Shoot at surface south of shaft pitched 45° N.;
pitch length, 1,200 feet; stope length, 200 to 600 feet. Richest
stope 40 feet long and 27 feet wide ; yielded $200,000.
Tenor.-Best ore yielded $300 per ton at old price of $20.67
per ounce of gold.
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Gold Dirt mine, Enipire district______________________________________________ 161
North Gilpin County distiicL___________________________________________
196
Gold Fissure mine __________ --------------------------------__________________ 161
Gold Flake vein ____________________________________________________________ 108, 109
Gold Hill distrie, geology ________________________________________ 234,236-237, pl. 23
history and production __ ------------------------------------------------- 236
location and extent.------------------------------------------------------ 234
ore deposit'>---------------------------------------------------- 86, 238 240, pl. 23
structure ___ -------------------------------------------- ___ ------------- 237-238
summary oL __ ----------------------------------------------------------6
Gold King mine, Cripple Creek district_ ___________________________________ 309-310
Gold King vein, Manhattan district_----------------------------------------- 286
Gold Medal vein ______________ ----------______________________________________ 244
Gold tellurides __ --------------------------------------- 174, 207, 217, 228, 238, 260, 290
See also particular mines.
Golddust vein _________________ --------------------------------_______________ 108
Golden Age mine _______________________________________________________ 263,271-272
Golden Chariot mine _________ --------------------------- ____ -------------____ 160
Goose Creek, lead-silver vems near_-----------------------------------------71
Grand Army vein.--------------------------------------------------------- 178-179
Grand Central-Big Blossom mine, Jamestown district________________________ 278
Grand Central vein, Gold Hill district. __ ---------------------------------- 244,246
Grand County, production from_______________________________________________
12
Grand County vein_--------------------------------------------------------- 202
Grand Island district. See Caribou-Grand Island district.
Grand Republic mine ____________ ------------------ ________________________ 251-253
Granite (Ajax) mine __________________________ ---------------··---------- ____ 308-309
Granite gneiss, age, character, and distribution ________ 25, 73, 74,156,161, 164,168, 169
Granites, chemical composition_______________________________________________
27
structure ___ ---~--------------------------------------------------------- 52, 258
See also names of granites.
Granitization__ _ ____ ___ _______ ___ ____ __ __ ____ ___ ___ _________ ___ ___ ___ ____ ___ _
56
Grant vein, Buena mine _____________________________________________________ 267, 268
Stratton's Independence mine __________________ --------------------------_ 307
Graphic mine _______ --------------------------------------------------------- 229
Graton vein __________________ -------- _________________________ -------________ 108
Gray Copper vein ____________________ -------------___________________________ 249
Grays Pealr, altitude __ ------------------------------------------------------9
Great N orthern-J fault zone__________________________________________________ 117
Great Northeru. vein ___ ------------------------------------------------ 117, 119-120
Green Ridge erosion surface, age and character __ -------------------------- 15, 16, 17
Gregory, J. H., discovery of gold by---------------------------------------- 167-168
Gregory vein _____________ ------------------------------------________________ ISO
Griffith, George, discovery of silver by ___ ------------------------------------- 138
Griffith mine _______________________________________________________ 141, 142, 1.">0-151
Guffey district, geology and ore deposits______________________________________ 289
Gum Tree vein------------------------------------------------------------- 192, 193
Gunnell-Orand Army mine. __ --------------------------------------------- 178-179
H

Half Circle vein._------------------------------------------------------------ 231
Hamilton mine __ -------------- _____________________________ ----------________ 122
Hamilton stockwork _______ ----------- ______________ -----------------_________ 107
Happy Dream mine ________ --------------------- ___________ ------------- _____ 71-72
Harding sandstone, age, character, and correlation ____________________________ 31-32
Harrisburg vein __ -----------------------------------------------------------Harrison mine __________ ------------------------______________________________
Helping Hand vein___________________________________________________________

193
16(}

Henderson, C. W., production figures furnished by ___ --·---------------------

256

28{)
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Hidden Treasure-California-Gardner lode, Central City-Idaho Springs district------------------------------------------------------------ 181, 182
Hidden Treasure mine, Empire district_______________________________________ 160
Higgins, D. F., analyses by--------------------------------------------------27
High Lonesome mine_________________________________________________________
71
Hillebrand, W. F., analyses by ___ -------------------------------------------27
Home district, location.------------------------------------------------------ 285
mineralization in ___ ---------------------------------------------------- 286-287
Homes take vein_----------------------------------------------------------- 186, 187
Hoosier breccia reef, features ________________________________________ 216, 217,237, 259

Jones Pass district, location and extent_-------------------------------------- 280
mines _________________________ ----------------- _______ ------------_----- 28G-283
summary oL __ ----------------------------------------------------------7
Jordan vein..------------------------------------------------------------------ 151
Josephine mme--------------------------------------------------------------- 137
J urn bo vein _____ --------- _______________________________________ ------------ 220, 221

Hornblendite, character __ ---------------------------------------------------Rosa Lodge mine_____________________________________________________________

25
70

Hubert mine __ --------------------------------------------------------------- 189
Hudson vein ___ -------------------------------------------------------------- 163
Hull City mine_______________________________________________________________ 311
Hurricane Hill breccia reef, features___________________________________________ 216
Hypothermal replacement veins, character and occurrence ____________________ 64-65
mines in ___________________________ -----------_________________________ 65, 68-71

I. X. L. mine, Breckenridge district__________________________________________ 122
Caribou- Grand Island district____________________________________________ 202
Ida Belle mine ________ ------------------------------------------------------ 128-130
Idaho bar, discovery oL ------------------------------------------------------ 167
Idaho mine _________________________________________________________________ 201,202
Idaho Springs district. See Central City-Idaho Springs district.
Idaho Springs formation, age and correlation__________________________________
56
character and distribution _____________________________________ 19-21, 73, 124, 135,
138-139, 156, 161, 164, 168, 192, 194, 196, 198, 203, 215-216,236,256, 284, 291

structure _______________________________________________ 52, 53, 54, 56,140,216,258
Igneous rocks, analyses ____________________________________________________ 46 (pl. 7)
correlation and relation to Laramide revolution __ ------------------------45
textural and mineralogic characteristics___________________________________
46
See also Extrusive rocks; Intrusive rocks.
Illinois Gulch, placers in______________________________________________________ 104
Independence vein ____ ------------------------------------------------------- 307
Ingleside formation, character and correlation_________________________________
34
Ingram mine, Gold Hill district_ _______________ 242 (fig. 74 E), 249-251, pis. 26, 27
North Gilpin County district_____________________________________________ 196
Interocean claim, Magnolia district__----------------------------------------- 231
Interocean mine, Gold Hill district_ ________________________________________ 246-247
Intrusion breccia, character and occurrence _________________________________ 107,205
Intrusive rocks, age, character, and distribution __ ---------------------------- 23-29,
43, 44, 46, 49, 65,66 (fig. 17 A, B), 51-52, 73-74,75-76,82-83
analyses __________________________________ .:. ___________ ---------------- 46 {pl. 7)
magmatic differentiation __________ ------------------------------------- 49-50, 76
metamorphism __________ ------------------------------------------------- 76-77
mode and order of intrusion ____ ------------------------------------ 43-44, 47, 75
textural and mineralogic characteristics___________________________________
46
See also particular districts (geology).
Invincible mine. __ --------------------------------~-------------------------- 263
Iowa vein ____ -------------------------------------------------------------- 243-244
Iridium_______________________________________________________________________ 142
Iron dike, features____________________________________________________________ 236
Iron mine ___ ----------------------------------------------------------------- 190
Iron ore ____ ---------------------------------------------------------------- 108, 198
Isabel mine ___________________________________________________________________ 68-69
Isabella mine _____________________________ ---------------------------------- 301, 311

J
Jack Pot ore shoot, Cripple Creek district____________________________________ 311
Jackpot mine, Empire district________________________________________________ 161
Jackson, G. A., discovery of gold bY------------------------------------------ 167
Jackson County, production from ___ ----------------------------------------12
Jamestown, population_______________________________________________________ 255
Jamestown district, geology-------------------------------------------- _____ 256-258
history and production_------------------------------------------------ 255-256
location and extent_------------------------------------------------------ 255
mines___________________________________________________________________ 265-279
ore deposits _______________________________________________________ 85-86, 260-265
structure ___ ------------------------------------------------------------ 258-260
summary oL ___ -----------------·----------------------------------------- 6-7
Jefferson-Calhoun mine_______________________________________________________ 190
Jefferson County, copper deposits in __________________________________________ 67-68
production from ______ ---------------------------------------------_______ 12, 13
Jerry Johnson mine _______________ -------------------------------------_______ 301
Jerry Quigley tunnel, Quigley mine___________________________________________ 280
Jessie mine __ ----------------------------------------------------------- 112-113, 114
Jewelry Shop ve.in ____________________________________ 166 (fig. 60 D, E), 174, 175, 187
Jo Reynolds mine_--------------------------------------------------------- 163-164
John Jay mine __________________________ ----------------------------________ 278-279
Joker vein____________________________________________________________________ 185

Juniata vein------------------------------------------------------------------ 108
Jurassic rocks, character and distribution __________________________ 30,37-38, 105, 125

K
Kalamazoo vein __ ------------------------------------------------------------ 202
Kameda, T ., analyses by----------------------------------------------------27
Kansas mine __________ ------------------------------------------------------- 190
Kekionga-Magnolia vein ______________________________ 233-234, 235, 242 (fig. 74 A, B)
Keller streak. __ -------------------------------------------------------------Key West vein_________ ------------------------------------------------------Keystone mine._------------------------------------------------~-----------Kirk mine-------------------------------------------------------------------Kirkley vein-----------------------------------------------------------------Kirtley group_________________________________________________________________

267

108
233
175
148
153

Klondike vein __ ------------------------------------------------- 240-241,243, pl. 24
.Kokomo mine---------------------------------------------------------------- 190
L
La Crosse tunneL---------------------------------------------------------- 181, 183
Lady Franklin mine-------------------------------------------------------- 231-233
Lake Albion district, geology and ore deposits------------------------------ 283-285
location and extent__----------------------------------------------------- 283
Lamartine mine __________________ ----- ___________ ---------- ______ ---------_-- 192
Laramide revolution, events oL __ -------------------------------------- 4G-41, 47, 58
relation of igneous rocks to________________________________________________
45
Laramide rocks, age, character, and distribution______________________________
26
(fig. 10 D, E, F), 42-43, 44, 46, 47-49, 66 (fig. 17 A, B), 75, 76
analyses.------------------------------------------------------------- 46 (pl. 7)
correlation and relation to Laramide revolution___________________________
45
magmatic differentiation_--------------------------------------------- 49-50, 76
metamorphism ____________ ------- _______________________________ --------- 76-77

mode and order of intrusion ___ ------------------------------------- 43, 44, 47,75
structure __________________ 35 (fig. 11 C, D), 57-63, 78-84, 140-141, 237-238, 258-259
textural and mineralogic characteristics___________________________________
46
See also particular districts (geology).
Laramie formation, character and occurrence_-------------------------------40
Larimer County, production from ____________________________________________ 12, 14
prospects in ____ ---------------------------------------------------------Last Chance vein _______________________ ------- _______ ------- __ - ___ --_---_----

71
259

Last Dollar mine_------------------------------------------------------------ 311
Lawson-Dumont district, geology--------------------------------------------- 161
location and extent_______________________________________________________ 161
mines _____________________________________ ---------------- ____ ------____ 162-164
ore deposits--------------------------------------------------------------- 162
structure _____ ---------------------------------------------------------- 161-162
summary oL __ ----------------------------------------------------------5
Lead, occurrence __________________________________________________________ 64, 68, 71,
108, 126, 136, 141, 142, 162, 170, 173, 192, 193,206, 207,217,238,260,263,284

production ___ ------------------------------------------------------------ 12-14
See also particular mines.
Leadville limestone, character and distribution_______________________________
33
name ____________________ ----------_______________________________________
32
Leavenworth mine. __ -------------------------------------------------------Lebanon group __________________________________ -------- ___ --------__________
Lefthand Creek, placers on___________________________________________________
Leftwick vein ___ ------------------------------------------------------------Lily tunneL _________________________________________ ------ ___________ ------_

175
154

240
131

227

Limestone, quarrying oL ----------------------------------------------------34
Little, George, discovery of silver by ___ -------------------------------------- 197
Littly Bob by vein _____________________________________________________ ------- 286
Little Mattie-Newton vein system ____________________________________ 184-185, pl. 17
Little Sally Barber mine______________________________________________________ 122
Livingston breccia reef, features. ___ -------------------------------- 216, 227-228, 237
Location of the area ___ ------------------------------------------------------- 8-9
Lodes, production from ______________________ --------------------------_______ 12-14
See also names of lodes.
Logan mine. ___ ------------------------------------------------------------ 253, 254
London vein------------------------------------------------------------------ 307
Lone Chimney mine ____________________________ ------------------------------ 69-70
Longfellow mine ________________________________________________________ 260, 263,279
Longs Peak, altitude __ ------------------------------------------------------9
Lost Park Creek, lead-silver veins near_______________________________________
71
Lykins formation, age and character __________________________________________ 34,36
equivalence--------------------------------------------------------------37
Lyons sandstone, character and distribution__________________________________
34
equivalence _________________ ------- ___ -------- ________________ ----_--_--__
37
Lytle sandstone member. age and character----------------------------------- 38.39

317

INDEX
Page
M
MaW vein·------------------------------------------------------------------- 197
MacCarey stope, Colorado Central mine-------------------------------------- 149
McQuery vein---------------------------------------------------------------- 108
Madelaine mine·-------------------------------------------------------------- 209
Madison limestone, occurrence and correlation.------------------------------_
33
Magmatic differentiation·-------------------------------------------------- 49-50, 76
Magmatic segregations and disseminations, character_-----------------------64
mines in.--------------------------------------------------------- 67-68, 194-196
Magnet lode.----------------------------------------------------------------- 154
Magnetite._----------------------------------------------------------------- 67, 198
Magnolia district, geology--------------------------------------------- 227-228, pl. 22
history and production.-------------------------------------------------- 227
location.------------------------------------------------------------------ 227
mines _____________________________________________________________ 229-234, pl. 22
ore deposits·------------------------------------------------------ 228-229, pl. 22
summary of. __ ----------------------------------------------------------6
Magnolia mine ______________________________________________________________ 233-234
Main vein, Oro fault block __________________________________________________ 120, 122
Malachite·-------------------------------------------------------------------- 69, 70
Malachite mine_______________________________________________________________
68
Mammoth-Brown mine_______________________________________________________ 155
Mammoth mine, Boulder County tungsten district.__________________________ 226
Mammoth vein, Central City-Idaho Springs district. _____________________ 180, pl. 15
Manhattan, location·--------------------------------------------------------- 285
Manhattan district, geology, location, and ore deposits ______________________ 285-286
Manitou limestone, age and character_________________________________________
31
Mann vein____________________________________________________________________ 167
Maroon formation, age, character, and distribution ___ _-________________ 36, 37, 105, 125
Martin, William, discovery of silver bY---------------------------------------- 197
Mary McKinney mine________________________________________________________ 311
Maxwell breccia reef, features _____________________________________ 237,244,259, pl. 25
Mayesville, location·---------------------------------------------------------- 286
Mayesville district, geology, location, and ore deposits---------------------- 285--286
Melvina mine·-------------------------------------------------------------- 254-255
Mendota mine·--------------------------------------------------------------- 155
Mesozoic rocks, character and distribution _________________ 19-29,30,37-41, 74-75,291
Metals Reserve Co., purchase of ore by_-------------------------------------- 215
Metamorphic rocks, character and distribution ________________________ 19-23, 256, 285
structure.------------------------------------------------------------ 52-57,258
See also names of rocks.
Metamorphism, effects.------------------------------------------- 76-77, 106, 107, 125
pre-cambrian, origin _____________ -------- ________________ ---------------56
Meteor mine... --------------------------------------------------------------- 134
Michner vein.--------------------------------------------------------------·-- 249
Mill Gulch mine______________________________________________________________
69
Mineral belt, data on, sources·-----------------------------------------------72
geology----------------------------------------------------------- 73-76, pls. 2, 3
magmatic differentiation in ____________________________________________ 49-50, 76
metamorphism and wall-rock alteration in ________________________________ 76-77
mining districts in, descriptions ____________________________________ 102-279, pl. 4
location~-------------------------------------------------------------- 72-73
ore deposits·------------------------------------------------------------- 84-102
structure._--------------------------------------------------------------- 77-84
Minerals, characteristic._----------------------------------------------------- 64, 72
paragenesis ____________________ 84,86-87, 108,141-142,162, 173-174,175,218,228,284
See also particular districts (ore deposits); names of minerals.
Mines, location .. ------------------------------------------------------------ nl. 3
production .... ----------------------------------------------------------- 12-14
See also particular districts and names of mines.
Mines Development Corp., operations bY------------------------------------- 249
Mining, history of. .. --------------------------------------------------------12
See also particular districts.
Mining districts, description ___________________________________________ 102-279, pl. 4
location·------------------------------------------------------------------ 72-73
summary of ___ ----------------------------------------------------------- 4-7
Minnesota mine ______________________________________________________ 158-160, pl. 13
Minnesota Mines, Inc., operations by_-------------~------------------------ 156, 159
Mint mine____________________________________________________________________ 161
Miocene rocks, character and distribution _______________________________ 29, 30, 41, 50
Mississippian rocks, character and distribution ________________________________ 30, 33
Missouri mine ... -----------------------------------------------------______ 13Q-131
Mitchell mine_________________________________________________________________ 175
Modoc quartz monzonite, character and occurrence--------------------------- 203
Mogul tunnel, Enterprise vein·----------------------------------------------- 197
Mollie Kathleen mine _______________________________________________________ 309-310
Molly Grove mine ____________________________________________________________ 71-72
Molybdenite _________________________________________________ 71, 173, 174, 197,207,228
See also partic-ular mines.
Molybdenum ____________________________________ ---------------------------- 69, 280
Molybdenum Corporation of America, operations by-------------------------- 283
Monongahela vein. _________ -------------------------------------------------- 247

Pan
Montana vein_·--------------------------------------------------------------- 308
Montezuma district, geology----------------------------------------------- 123-125
history and production.-------------------------------------------------- 123
location and extent.---------------------------------------------------- 122-123
mines. ____ ------------------------------------------------------------- 127-135
ore deposits__________________ ---------------------------------------- 86, 126-127
structure._------------------------------------------------------------- 125--126
summary of. __ ----------------------------------------------------------4
Monument mine·------------------------------------------------------------- 308
Morgan mine.---------------------------------------------------------------- 134
Morning Glory mine__________________________________________________________ 311
Morning Star mine. __ -------------------------------------------------------- 207
Morrison formation, character and distribution ____________________ 30,37-38, 105, 125
Mote, R. H., production figures by_-----------------------------------------12
Mount Alto quartz monzonite, character and occurrence______________________ 204
Mount Evans, altitude. __ ---------------------------------------------------9
Mount Morrison erosion surface, age and character---------------------------- 16, 19
Mountain Lion-Keystone vein------------------------------------------------ 233
Mud vein, Ready Cash mine.------------------------------------------------ 280
Yellow Pine mine.----------------------------------------------------- 248,249
Munsill vein.----------------------------------------------------------------- 148
N

Nacimiento copper deposits, N. Mex.. ---------------------------------------- 287
Nederland tungsten district, ore deposits in, age______________________________
86
New York mine------------------------------------------------------------ 131-132
Newmarket vein ... ----------=------------------------------------------------ 308
Newton mine.-------------------------------------------------------------- 184-185
Niagara vein .. ~---------------------'-------'"---------------------------------- 259
Nichols workings------------------------------------------------------------- 309
NickeL---------------------------------------------------------------- 65, 68, 70, 238
Ninety-four tunneL.--------------------------------------------------------- 167
Niobrara formation, character and occurrence---------------------------- 39, 105,125
Nisely mine.----------------------------------------------------------------70
Niwot mine .. -------------------------------------------------------------- 207,209
No-N arne vein _______ ------------------------------------------------------- 198, 200
North Clear Creek, placer mining on·-------------------------------------- 102,175
North -Gilpin County district, geology---------------------------------------- 194
location and extent.---------------------------------------------------- 193-194
mines------------------------------------------------------------------- 194-196
ore deposits----------------~---------------------------------------------- 194
summary of. •• ----------------------------------------------------------5
North Grant vein._-------------------------------------------------------- 267,268
North Park formation, age and character __ ------------------------------/:----41
North Star-Mann mine·------------------------------------------------------ 167
Norway vein.---------------------------------------------------------------- 197
Notaway vein·-----------------------------------------------------------.:- 186-187
Nugget grOUP----------------------------------------------------------- 263-264, 279
0

Odell, D. A., Mines Co., operations by.------------------------------------- 158
Old Town mine .. ------------------------------------------------------------ 190
Oligocene rocks, character and distribution.------------------------- 29, 30, 41, 50, 51
Oneida vein.----------------------------------------------------------------- 192
Ontario vein------------------------------------------------------------------ 108
Ophir vein ___ ---------------------------------------------------------------- 231
Ordovician rocks, character and distribution_______________________________ 30,31-32
Ore, localization ______________________________________________________ 90-99, 10Q-102,
103, 108, 127, 136, 142-146, 177-178, 220, 229, 239, 265, 266, 30Q-301, pl. 11
relation to depth __________________________ 87-88, 108,127, 142, 171, 175,219, 229, 264
relation to type of wall rock _________________________ 108, 127, 136,143, 144, 173, 177
Ore bodies, size and shape------------------------------------------ 219,239,264,298
Ore deposits, age and character-------------------------------------- 63-66, 72, 84-87
classification ______________________________________________________________ 63, 64
enrichment. __________ 88-90, 108, 141-142, 158, 164-165, 175-177, 198,207,218-219,265
mode of occurrence._----------------------------------------------- 72, 84,86-87
relation of breccia reefs to ________________________ 237, 238 (pl. 23), 239, 265, pl. 25
relation of structure to·--------------------------------------------------- 83-84,
94-99,108, 142-144,146, 171, 220,237,239,258,265,266, 30Q-301, 302
See also particular districts.
Oro Cash mine.-------------------------------------------------------------- 161
Oro fauit block, structure---------------------------------------------;-------- 117
veins in·------------------------------------------------------------------ 120
Oro workings, Wellington mine.-------------------------------------------- 116, 117
Orpha May group ... --------------------------------------------------------- 312
Orphan Boy mine·--------------------------------------------------------- 208, 212
Orthodox vein, Wellington fault block •. -------------------------------------- 117
Osceola claim _______________________________________________________________ 246, 247
Overland Mountain erosion surface, age and character .. _--------------------- 16, 17
Overland Mountain stock, features-------------------------------------- 256, 257, 258
Owatonna vein.-------------------------------------------------------------- 189
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Pactolus placer, mining oL ------------------------------------------------- 102, 194
Paleocene rocks, character and distribution _________________________ 30, 4Q-41, 43, 198
Paleogeography of Colorado__________________________________________________
57
Paleozoic rocks, character and distribution _______________________ 19, 29--37,74-75, 291
Paleozoic time, events oL----------------------------------------------------- 57-58
Palmer Ranch copper prospect_-------------------------------------------- 288-289
Paragent;sis ________________________ 84,86-87,108,141-142, 162,173-174, 175,218,228,284
Park County, production from __ --------------------------------------------- 12, 14
Parting quartzite member, character and stratigraphic relations______________
32
Patch, The _____________________________________________________________ 171, 181, 183
Payrock lode __________________ ---------------------------------------________ 154
Peerless shale member, character and occurrence______________________________
31
Peewink Mountain tunneL___________________________________________________ 226
Peewink Tungsten Blowout-------------------------------------------------- 227
Pegmatites, character and occurrence ______________________________________ 29, 65, 74
See also particular districts (geology).
Pegmatitic quartz veins, mines in ___ ----------------------------------------- 71-72
Pelican-Bismarck vein system _______________________ 142,143,144,145,146-147, pl. 10
Pelican claim, litigation regarding __ ------------------------------------------ 146
Pennsylvania mine _______________________ ------------------________________ 136-137
Pennsylvanian rocks, character and distribution _____ 30,33-34,36-37, 104-105, 125,236
Pensacola vein ____________________________ -----------------------------_______ 231
Perigo, location _________________________ ------------------____________________ 194
Perigo mine._---------------------------------------------------------------- 196
Permian rocks, character and distribution_-------------- 30, 33, 34,36-37,104-105,125
Pewabik mine ____________________________ ---------------_____________________ 175
Physiographic history, relation of, to placer deposits _____________________ 99, 100, 102
Physiography of the area_-------------------------------------------------- __ 15-19
Pierre shale, character and distribution _______________________________ 39-40, 105, 125
Pikes Peak, altitude__________________________________________________________
9
Pikes Peak granite, age_______________________________________________________
56
character and distribution ____________________________________________ 28, 74, 291
structure __ --------------------------------------------------------------- 52, 56
Pinto mine___________________________________________________________________ 312

Pitchblende __ ---------------------------------------------------------- 173, 175, 261
See also particular mines.
Placer deposits, description oL ______ 99-100, 102, 104, 105, llQ-112, 167-168, 175, 194,240
production from _______________________ -------- _________________ ---------- 12-14
Platinum_____________________________________________________________________ 142
Pleistocene rocks, character and distribution ________________________ 29, 30, 41-42, 158
Pliocene rocks, occurrence __ -------------------------------------------~------ 30, 41
Polar 8tar-J unction vein ____________________ ------------------------__________ 151
Pony Spring siltstone, character---------------------------------------------36
Poor Man vein __________________________________________________________ 200-201, 202
Poorman breccia reef, features ____________________________________________ 237, pl. 25
Poorman group, Gold Hill district_ _________________________________________ 244-246
Poorman mine, Magnolia district_------------------------------------------ 229, 231
Portland mine __________________________________ ---------------- ____________ 304-306
Post-Eocene rocks, character and distribution ___ ----------------------------- 5Q-52
Post-Laramide rocks, structure ________________________ ----------_____________
63
Pre-Cambrian rocks, character and distribution _________________ 19-29,30, 73-74, 104,
124-125,135, 138-139, 156, 168-169,203,236,256-257,285,291 .

structure __ --------------------------------------------- 52-57,77-78, 140, 206,258
Pride of the ::\fountain vein ____ ----------------------------------------------- 244
Primos Chemical Co., operations by---------------------------------------- 220, 283
Primos Mines Co., operations by ___ ------------------------------------------ 214
Prize mine ________________________________ ----------_---------------------____ 190
Prodigal vein ________ -------------- _________ --------------____________________ 286
Production, figures for _______________ ---------------------____________________ 12-14
See also particular districts.
Pruss ian vein _______________________________________________ ----------______ 240, 243
Purgatoire formation, age and character __ .----------------------------------- 38-39
Puzzle-Ouray mine ___________________________________________________ 113, 115, pl. 12
Puzzler vein _____________________________ ------------------------_____________ 282
Pyrite ____________________ 67, 70, 71,106, 109, 110, 126, 136, 141, 142, 158, 162, 164,170,173,
174, 192, 193, 194, 197, 207, 228, 238, 260, 261, 263, 264, 280, 284, 286, 289

::.;ee also particular mines.
Pyritic gold. __ --------------------- 107, 142, 158, 162, 164, 173, 194, 207, 238, 260, 263-264
See also partiwlar mines.
Pyrrhotite _________________________________________________________________ 65, 68, 70
Q

Quail mine _______________________ ---------------------_______________________ 134
Quartz diorite, character __ ---------------------- 24 (fig. 9, B), 25, 26 (fig. 10, B), 161
Quartz monzonite gneiss, character and distribution _______________________ 23, 73-74
Quartzite, pre-cambrian ____________________________________________________ 20, 23,53
Quaternary deposits, distribution _____________________________________ 41-42, 105, 140
Queen mine. __ ------------------------------------------------------------- 211-212
Queen of the We~t lode. __ ---------------------------------------------------- 151
Queen Princess property____________ ------------------_______________________ 288
Quigley mine __________________________________________ c ____________________ 279-280

Page
R
Radial Mountain-Home belt of porphyritic rocks, age relations in_____________
49
Railroad tunnel, Dunkin mine.---------------------------------------------- 112
Rakeoff mine----------------------------------------------------------------- 227
Ready Cash mine._--------------------------------------------------------- 28G-281
Red Cloud mine _____________ ------------------------------------------------- 254
Red Elephant group _________________________________ ------_------------------ 164
Red Gulch, copper deposits in______________________________________________ 287-289
Red Gulch Gold & Copper Mining Co., operations bY------------------------ 288
Redbeds, copper deposits in_----------------------------------------------- 287-289
Redwing tunnel, Dunkin mine----------------------------------------------- 112
Reveille vein ___ ------------------------------------------------------------ 108, 109
Revenge vein ______________ ---- ___ ---_---------_------------------------------ 197
Revenue vein. ___ ------------------------------------------------------------ 134
Rip Van Dam mine__________________________________________________________ 279
Road Level tunnel, Stanley mine_____________________________________________ 185
Rocks of the area, correlation_________________________________________________ pl. 6
Rogers breccia reef, features. __ ----------------------------------------------- 216
Rogers No. 1 mine __________________________________________________________ 225-226
Rogers No. 11 mine _________________________________________________________ 225-226
Rowena, location _________________________________________________ ---_-------_ 234
Royal Tiger Mining Co., operations by--------------------------------------- 104
Royal 'l'lger stockwork _____________________ ----------------- ___ -------------_ 107
Ruby mine _______________________________________________ -------------------- 213
Russell Gulch, placers in ______________________ ------------------------------- 175

s
St. James mine ___________________________ ------------------------------------ 164
St. Joe Mining & Milling Co., operations by _________________________________ 251,273
St. Louis mine, Caribou-Grand Island district_ _____________________________ 201, 202
Fraser quadrangle. ____ -------------- ___________ -------------------------- 7Q-71
Saints John mine __________________________ ----------------- ______ ---------- 132-133
Salina, location _________________________________________ ---------------------- 234
Sally Barber mine ________________ ----------------- _______ -------------------- 122
San Juan mine ____ --------------------------------------------------------- 181, 183
Santiago-Commonwealth-Centennial mine _____________ ----------------_ 136, 137-138
Saratoga mine ________________________________ -------------------------------- 190
Sa tanka shale, occurrence ________________________________ --------------------34
Sawatch quartzite, character and distribution ___ ----------------------------- 3Q-31
stratigraphic relations. __ ------------------------------------------------31
Sceptre lode. _________ ----------_------ ____ ----------------------------------- 155
Scheelite ____________________________________________________ - ----------------- 218
Scotia vein._----------------------------------------------------------------- 282
Scott tunneL ___________ -------------- ______________ ---------- ______ -------_ 281-282
Seaton mine ____________________________ -------------- __________ ------------ 190-191
Sedimentary rocks, character and distribution ______________________ 29-42, 74-75, 125
correlation ________________ ----------- ___ ----------- ______ ----------------- pl. 5
See also names of rocks.
Senator Hill vein. ___________ ---------- ____ ----------------------------------- 231
Senator vein __________________________________ ---- __ ------------------------ 162-163
Sentinel vein _______________________________________________ ---------------- 271, 272
Seven-thirty lode _______ ----------- _______ ------------------------------------ 154
Shaft vein ________________________________________________ -----------------_ 186, 187
Shale shoot, Wellington mine._-------------~--------------------------------- 120
Sherman granite, character and occurrence ___________________________________ _
28
structure ______________ ------------------ _______ -------------------------56
Sherman peneplain, age. __ --------------------------------------------------19
Siam vein, Oro fault block____________________________________________________ 120
Silent Friend mine __________________________________ -------------------------- 164
Silver, occurrence _______________ 64, 65, 67, 69, 71,106, 107, 108, 126, 136,141, 142, 162, 170,
173, 174, 192, 193, 194, 197, 198,206,207,217,238,260,263,264,279,280,284

production ____________ --------------------------------------------------- 12-14
See also particular mines.
Silver King mine ___________________________________ -------------------------- 127
Silver Mountain mine. __ ----------------------------------------------------- 161
Silver Mountain ore zone.---------------------------------------------- 156,158,161
Silver Plume-GeorJ!;etown district, geology __________________________________ 138-140
history and production_-------------------------------------------------- 138
location and extent._----------------------------------------------------- 138
mines___________________________________________________________________ 146-156
ore deposits ________________________________________________ ---------- 86, 141-146
structure ___________________________ ------------------------------------ 140-141
summary oL _________ --------------------- ______ -------------------------5
Silver Plume granite, character and distribution ________________ 28-29, 35 (fig. 11 A),
74, 124, 135, 138-139, 156, 161, 168, 169, 192,203, 236, 256-257, 283, 286

structure ___ ---------------------------------------------------------- 52, 56, 258
Silver Point mine _______ ------------------------------------------------------ 202
Silver vein ________________________________ ------------------------------------ 108
Silver Wave mine __________ --------------------- __________ ------------------ 133-134
Sleepy Hollow vein _____________________________________ -------------------- 180-181
Slide mine __________________________________________________ 24o-241, 243-244, pl. 24
Slide Mines, Inc., operations by----------------------------------------------- 240
Sliver dike, relation of, to ore _______________________________________________ 303,304
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Smuggler mine, Jamestown district_ ___________________ 242 (fig. 74 F), 269-271, pl. 28
North Gilpin County district_____________________________________________ 196
Silver Plume-Georgetown district. __ ------------------------------------- 155
Snowdrift lode ______________________________________________________________ 154-155
Snowy Range mine ___________________ ------------------ ____________________ 283-285
Sonora vein___________________________________________________________________ 150
South Boulder Creek, placer on_______________________________________________ 102
South Vaucleuse vein _________________ ----------------------------____________ 249
Specie Payment mine. __ ----------------------------------------------------- 191
Specimen Mountain, features._----------------------------------------------50
Sphalerite _____________________________________________ 64, 65, 70, 106, 107, 109, 126, 136,
141, 142, 158, 162, 164, 170, 173, 174, 192, 193, 194,228,238, 260, 261, 263, 264,280
See also particular mines.
Split vein ___________________ ------------------------------------------------ Hl2, 193
Standard breccia reef, features.----------------------------------------------259
Standard mine __________________________________________________ 115, 166 (fig. 60 A)
Stanley mine _________________________________________________________ 185-186, pl. 18

Urad mine.--.----------------- ________ -------------------------------------- 283
U raniurn. ______ -------- __________________ ------------------------------ 170, 173, 175
See also particular mines.
Ute Pass fault, features_______________________________________________________
61
Utica mine·----------------------------------------------------- ____________ 207,209
Utica quartz monzonite, character and occurrence.--------------------------- 203

v
Vanadium Corporation of America, operations by __ -------------------- 214,215,220
Vasco Co., operations by __ --------------------------------------------------- 214
Vaucleuse vein. __ --------- _______________ ------------------------------------ 249
Veins, description _________________________________________ 71,83-84,106,107-110,238

See also names of veins.
Victor mine. ___ -------------------------------------------------------------- 312
Vindicator-Golden Cycle mine. __ -------------------------------------------- 312
Virginia mine_________________________________________________________________
189
Volcanic rocks, character and distribution.-------------------- 42, 50-51, 290, 291-292
sources. ______________ -------------- __________________ ---------------- ____ 42-43

Stevens mine.--------------------------------------------------- 138, 166 (fig. 60 B)
Stocks, description ____ ------------------------------------------------------82
See also particular districts (geology).
Btockworks, description _____________________________ , __________________ 107, 164, 171

Vug stope, Cresson mine .• _--------------------------------------------------

w
Wall rock, alteration __________ 76----77, 106, 127, 142, 171, 173,218, 228, 239, 264-265,293,301
type of, relation of ore to ____________________________ 108, 127,136, 143, 144, 173, 177

Stokes, H. N., analyses bY---------------------------------------------------27
Stranger vein_______________________________________________________________ 143-144
Stratton's Independence mine ______________________________________________ 306-307
Structure, of4the area ___________________________________________________ 52-63,77-84
relation to ore deposits ___________________________________________________ 83-84,
94-99,108,142-144, 146, 171,220,237,239,258,265,266, 3D0-301, 302
See also particular districts.
Sullivan No.5 mine ________________________________________________________ 207,209
Sulphide stope, Detroit-Hicks mine___________________________________________ 115
Summit County, production from ____________________________________________ 12, 14

Wallstreet, location._--------------------------------------------------------Wanamaker, W. H., recognition of tungsten by-------------------------------War Dance mine ________________________ ------------- _____ --------------______
War Eagle mine ____ ---------------------------------------------------------Ward, Calvin, discovery of gold by __ ----------------------------------------Ward, location________________________________________________________________

234
214
191
196
202
202

Ward district, geology ___ --------------------------------------------------- 203-205
history and production_------------------------------------------------ 202-203
location and extent__----------------------------------------------------- 202
mines_________________________________________________________________ 208-213
ore deposits ___________________ ---------------------------- ______________ 206----208
structure ___________________________ -------------_----------------------__ 206
summary of ___ ----------------------------------------------------------6
Ward Rose mine_ _____ -------------------------------------------------------- 207
Washington-Emmett vein. __ ------------------------------------------------- 108
Weber formation, character_-------------------------------------------------36
Wellington fault block, veins in _____________________________________________ 117, 119

Sun and Moon mine·--------------------------------------------------------191
Sunburst lode._-------------------------------------------------------------- 155
Sundance formation, occurrence .. ___ ----------------------------------------37
Sunset, location. __ ----------------------------------------------------------- 202
ore deposits near, character----------------------------------------------- 207
Sunshine, location ____________________ ----------------------------____________ 234
Susannah Mining Co., property of.___________________________________________ 289
Susannah shaft, Carbonate King mine________________________________________
289
Swan River, placers on _____________________________________________________ 104, 111
Swandyke hornblende gneiss, character and distribution _______ 20, 56, 73, 124, 156,256
structure. _________________________________________________ --------------- 258
Swathmore tunnel, Enterprise vein___________________________________________ 197
T
Tabor mine ___________________________ ---------------------___________________

304

Wellington mine ____ ----------------------------------------------__________ 116----122
Wells, R. C., analyses by----------------------------------------------------43
West Gold Mining Co., property of._----------------------------------------- 187
West Terrible mine_---------------------_____________________________________ 155
Whale mine_________________________________________________________________ 134-135
White Crow claim ________________ ----------------------______________________ 246
White mine _________________________________________ ------------------------__ 164
White Raven-Dew Drop vein ________________________________________ 209, 211, pl. 19
White Raven quartz monzonite, occurrence___________________________________ 203
Wide West lode._----------------- ________ ------------------------__________ 155-156
Wigwam vein __________________________________ ------------------_____________ 202
Wild Horse mine ____________________ --------------____________________________ 312
Williams Canyon limestone, character and stratigraphic relations_____________
33
distribution and equivalence ______________________________________________ 32,33
Williams Range thrust fault, features oL __________________________ 59, 79, 106, 125-126
Williamson, Harry M., & Son, operations by-------------------------------- 256,274
Windy Point granite, analyses-----------------------------------------------43
Wing mine _____________________ ---------------- ______________ ----------------- 134

164

Teller County, production from __ -------------------------------------------- 12, 14
Telluride vein, Gold Hill district_____________________________________________
241
Jamestown district_ __ -------------------------------------------------- 271, 272
Tellurides.----------------------------------------- 173,174, 197,228,238,264,298-312
See also partiwlar mines.
Terrible vein group___________________________________________________________ 155
Tertiary rocks, character and distribution __ ------------- 19, 41, 5Q-51, 75, 216, 291-292
The Patch ______________________________________________________________ 171,181, 183
Tillery vein ___ --------------------------------------------------------------- 309
Tippecanoe vein______________________________________________________________
260
Titanium _____________________._______________________________________________ 69, 198
Toledo vein. __ --------------------------------------------------------------- 193
Tolland, location. _________________________________________________ ----------- 194
Topeka mine_________________________________________________________________
191
Topography of the area_______________________________________________________ 8-11
Torreys Peak, altitude________________________________________________________
9
Trails End, prospects near____________________________________________________
71
Transportation in the area____________________________________________________ 9, 12

Winning Card mine •. -------------------------------------------------------- 135
Wire Patch mine ________________________________________________________ 107, 115-116
Wire Patch placer, production_----------------------------------------------- 110
Wisconsin-Corry City lode ____________________________ ------------------______ 156
Wolf Tongue Mining Co., operations by------------------------------------- 2H, 215
Wolframite. __ -------------------------------------------------------------- 207, 218
See also particular mines.
Wood mine.------------------------------------------------------------------- 175
Wood Mountain mine group._------------------------------------------------ 255
Wyandotte mine _______________ ------------------- __________ -------------_____
175

'rreasure Vault mine ____ ----------------------------------------------------- 191
Triassic rocks, character and distribution __________________________________ 30, 34,37
Trojan vein___________________________________________________________________ . 201
Troublesome formation, age ___ ----------------------------------------------41
Tungsten _______________________________________________________ 206,207,228,238,260
production________________________ __ ____ ___ ___ ___ ______ ___ __ ____ __ __ ____ 214

X
X-lo- U-8 adit, Wellington mine______________________________________________

See also particular mines.
Tungsten mine_______________________________________________________________ 227
Tungsten Production Co., operations by-------------------------------------215
Twin vein ______________________________________________________________ 240-241, 243

116

y

See Alice-Yankee Hill district.
Yankee Hill.
Yell ow Girl mine ______________________________ ----------_____________________

279

Yellow Pine mine.--------------------------------------------------------- 247-249

u

z

U. P. group ___ --------------------------------------------------------------- 207
United Empire Gold Mines Co., operations by __ ----------------------------- 246
U. S. Bureau of Mines, production figures by--------------------------------12
U.S. Geological Survey reports covering areas in Front Range _______________ pl. 4

Zinc, occurrence _______________________ 64, 67, 68, 108, 126, 136, 141,170,173, 206,217,284
production ____ ----------------------------------------------------------- 12-14
See also particulr,r mines.
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