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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 char-
acterized 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 almost 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 load-
ing points on the standard-gauge railroads.

Physiography.—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 Mcuntain between 9,200 and 9,600 feet, the Over-
land 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 which are Pleistocene, are found between it
and the present stream valleys.

Geology—The crystalline core of the Front Range is essen-
tially 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 Mesozoie beds
rest directly on the pre-Cambrian basement. Locally the trun-
cated edges of Mesozoic and Paleozoic sediments are covered
by gently dipping Tertiary beds, which lap onto the pre-Cam-
brian rocks. In the north the Tertiary is made up chiefly of
clastics, and in the south the Tertiary rocks comprise inter-
bedded 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 were 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 meta-
morphosed 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 cut 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. Gneissi¢c granite, gneissic aplite, and
gneissic diorite are found 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 cen-
tral 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 well into Wyoming. Small batholiths and stocks of the
younger fine-grained to medium-grained light pinkish-gray Sil-
ver 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 unconform-
ities appear between formations that elsewhere seem conform-
able. The overlaps and accented unconformities reflect the
presence of a pre-Tertiary high in the Front Range region.

The quartzite, shale, and dolomite of the Upper Cambrian
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.
The Ordovician systemn 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 Hard-
ing sandstone, and the Freemont limestone. The distribution
of the Devonian rocks is almost identical with that of the Ordo-
vician. The Devonian Chaffee formation of the western slope -
consists of the basal Parting quartzite member and the over-
lying 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 (7) limestone borders the southern part of the range.

Penngylvanian and Permian formations crop out almost con-
tinuously on the eastern side of the Front Range from Canon
City to the Wyoming line and on the western gside 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 dom-
inantly 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
Triassie (?7) 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 under-
lying the Maroon formation. The age of the uppermost Maroon
formation is uncertain, but most 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 no 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 sand-
stone and the Sundance formation is present in the areas
bordering the nort’ :rn half of the Front Range on both the
eastern and western slopes. The Upper Jurassic Morrison for-
mation is widespread in the Front Range and almost everywhere
underlies the Cretaceous Dakota group. In most places, the
Morrison formation comprises interbedded sandstone and varie-
gated nonmicaceous shale. The sandstone with minor inter-
bedded 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 interbedded 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 con-
formably 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 voleanic debris is distinguished as the

- Arapahoe formation, and the overlying tuffaceous beds consti-
tute 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. Equiva-
lent 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 fault-
ing 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 of
boulders and coarse arkosic sandstone and contains a small
amount of finely divided gold, probably derived from the mineral
deposits associated with the Laramide revolution of the Front
Range 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 inter-
bedded lavas, derived chiefly from Specimen Mountain, Rccky
Mountain 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 lack-
ing. 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 inter-
bedded in the Denver formation and its equivalents are domi-
nantly 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 volecano 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 pro-
ductive 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 com-
position from diorite to quartz monzonite. Dikes and small ir-
regular 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 George-
town, where complex lead-silver-zinc ores predominate, only.
diorite, monzonite, quartz monzonite, sodic quartz monzonite,
and closely related 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
scattered through the mineral belt from Idaho Springs to
Jamestown and seem to be coextensive with areas in which gold-
telluride veins are found. The pitchblende ores of Central
City are a local variant of the pyritic gold ores; their lead-
uranium 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 distriet,
about 20 miles west of Fort Collins. Most of the rocks range
in composition from diorite to quartz monzonite. Some mineral-
ization followed their intrusion, but the deposits thus far dis-
covered have little commercial value.

The age relations and differences in composition of the in-
trusives 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 pro-
ceeded 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 and the mafic volcanic plugs sparsely
scattered through the range both north and scuth of the mineral
belt may represent withdrawals from a deep layer.
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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. The Cripple Creek volcanic crater is filled
with tuffs and phonolitic breccias cut by a variety of alkalic in-
trusive rocks and by rich gold-telluride veins. Post-Eocene in-
trusive rocks are confined to the volcanic centers and are
almost restricted to volcanic throats. The intrusive at Speci-
men Mountain west of Estes Park is rhyolite; at Guffey, augite-
biotite monzonite; in the Bare Hills west of Cripple Creek,
basalt, diorite, and andesite; and at Cripple Creek the in-
trusives include phonolite, nepheline syenite, monchiquite, and
related rocks.

Pre-Cambrian structure~—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 modify 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.

Laramide structure.—The pre-Tertiary topography and struc-
ture of the Front Range region did much to localize folding and
faulting during the Laramide revolution. The site of the pres-
ent 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 increas-
ing rate. Parts of it rose above the ocean during Fox Hills
time, and at the beginning of Denver time large arcas were
shedding pre-Cambrian debris to the east and west. Intense
folding and faulting occurred at the edges of the basing of
deposition where the troughs merged with the old positive ele-
ment 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 Wyoming line.
The displacement on the Williams Range thrust fault north of
Breckenridge is more than 414 miles, and the movement on the
Never Summer thrust north of Granby is more than 61% miles.
The eastern side of the Front Range was subjected to much less
severe deformation but was the locus of many echelon north-
westerly 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

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 compara-
tively 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 classi-
fied as pre-Cambrian, Tertiary, and those associated with the
Laramide revolution. The ores assigned to the pre-Cambrian
include (1) the chalcopyrite-marmatite-pyrrhotite-magnetite
ores associated with intrusive hornblende gneiss, best repre-
sented by the zinc¢ deposit at Cotopaxi, and the copper ores of
Jefferson County west of Golden, (2) the hydrothermal replace-
ment deposits commonly found near the edge of granite batho-
litks in calcic beds of the Idahe Springs formation, which
contain chiefly chalcopyrite and pyrrhotite and locally nickel
and cobalt minerals but which, although the most widespread
of the pre-Cambrian ores, are nearly everywhere noncommer-
cial, and (3) pegmatites and pegmatitic quartz veins, many of
the pegmatites being profitably exploited for feldspar, mica,
beryl, and tantalum but the hypothermal gold-chalcopyrite-
quartz veins into which the pegmatites grade being mostly
noncommercial.

Laramide ore deposits of the mineral belt.—The mineral belt
extends northeastward from the Breckenridge district through
the Montezuma, Silver Plume, Georgetown, Idaho Springs, Cen-
tral City, North Gilpin County, Boulder County tungsten,
Caribou, Ward, Gold Hill, and Jamestown districts and is an
almost continuous belt of mineralized Laramide fissures. South-
west of Georgetown the mineral belt is almost entirely confined
to a northeastward-trending zone of metamorphic rocks bor-
dered 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 gran-
ite 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 are almost barren, but they exercised an
important control on the localization of ore in the more open
easterly and northeasterly fractures that intersect 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 correspond-
ing periods in their magmatic history were similar. The gen-
eral sequence of mineralization was (1) byrite, (2) sphalerite,
(3) chalcopyrite, (4) galena and chalcopyrite, (5) silver-bear-
ing sulfantimonides, sulfarsenides, and bismuthinides, (6) py-
rite 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 and 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



4 GEOLOGY AND ORE DEPOSITS OF THE FRONT RANGE, COLORADO

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
the :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
finding them has been too great to encourage exploration,

Both residual enrichment and supergene enrichment are com-
mon. 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
of the veins due to the presence of native silver or supergene
Tuby 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 enriched zones are shallowest on the Flattop surface
and deepest on the Overland Mountain and Bergen Park
surfaces.

Almost all the ore found in the Front Range has been localized
in breccias resulting from faulting, aggressive intrusion, or ex-
plosive volcanism. Replacement deposits are negligible. The
Jocalization of ore deposits is primarily the result of the features
that controlled the permeability of the hydrothermal conduits.
Quartzite and granite tend to break into open breccia, whereas
shale and schist make a tight impermeahle 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 divergence of branch veins commonly coincide
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 bedrock and gravel, and the location and character of the
primary deposits. Placers are not associated with gold-tellu-
ride 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 com-
mercial concentrations. The outwash just below a terminal
moraine is usually richer in placer gold than the gravels down-
stream. 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.

Laramide deposits outside the mineral 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 breccia-
reef 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 Mayes-
ville, 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 Red Gulch district, near Cotopaxi,
in the southwestern part of the Front Range.

Post-Laramide ore deposits.—In the Guffey district, about 20
miles west of Cripple Creek, a small output of gold and gold-
telluride 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 Crip-
ple Creek district, where gold-telluride ores are associated with
mid-Tertiary volcanic rocks in the crater of a denuded com-
posite volcano.

SUMMARY OF MINING DISTRICTS

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 sedi-
mentary. 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 Williams
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 Wellington mine.

The Montezuma district iy about 5 miles northeast of the
Breckenridge district. A large stock of porphyritic quartz mon-
zonite 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 covers most of the eastern half of the dis-

trict, and the Swandyke 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 mnorthwest faults
occur in the area south of the stocks and, though poorly mineral-
ized themselves, some have localized ore in the mnortheasterly
veins that cross them. The ore deposits are meésothermal veins
containing gold, silver, galena, sphalerite, sulfarsenides, and sul-
fantimonides 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 type. Inh 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 copper ore is common, and locally
bismuth is found. East of Montezuma, in the Silver Wave-
Pennsylvania vein system, several substantial bodies of chal-
copyrite-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 masses 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 north-
westerly 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 sys-
tem 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 north-
eastward-trending veins that contain ore near the barren south-
easterly 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-north-
west 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 distriet 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 Georgetown, is in
small stocks of Boulder Creek 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 northwest. Northwesterly cross lodes connect the Comet-
Little Johnny and the Silver Mountain ore zone where these
northeasterly breccia zones die out. This encircling zone of
fractured ground was probably formed by stresses related to the
intrusion of the porphyry stock. A very substantial production
of pyritic gold ore has been made by the Minnesota mine in re-
cent years from the wide brecciated zones northwest of the stock,
Smaller northeasterly pyritic gold veins have been found ipn
several other places in the district.

The Lawson-Dumont district is halfway between Empire and
Idaho Springs and has been intermittently productive for many
vears. 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-

phyry, and bostonite occur in persistent eastward-trending
dikes. Veins in the western part of the district are predom-
inantly 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 district 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 stock that carried innumer-
able seams of low-grade pyritic gold ore at depth. Supergene
enrichment made the large irregular mineralized mass workable
to depths of as much as 100 feet below the surface.

The Central City-Idaho Springs district has the largest out-
put 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 mon-
zonite, alaskite, granite, bostonite, alkalic syenite, and biotite-
latite 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 horn-
blende 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 brecciation. The productive veins com-
monly have one or both walls in granite gneiss, pegmatite, or
porphyry dikes, but southwest of Idaho Springs several produc-
tive veins lie in schist but cut across the foliation. The longest
continuously mineralized northeasterly vein, the California-
Mammoth, is traceable for about 2 miles. The west-north-
westerly 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 breccia known 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 dis-
tance east of The Patch the veins contain enargite and fluorite.
Surrounding this inner zone is a broad area of pyritic gold
veing, which is bordered by a girdle of pyritic galena-sphalerite
veing, 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 occurs as a minor constituent
of pyritic ores in the western part of the district.

The North 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 copper 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 and 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 north-
west 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 414 percent 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 lead-
silver-zine veins, and most of the ore shoots near Caribou were
found near the intersections of easterly veins with a strong
northeasterly fissure, 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 recent years the complex lead-silver-zine ores of the Boulder
County vein 2 miles east of Caribou have been the chief source
of the district’'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 Nederland
in an area of interfingering schist and Silver Plume granite
cut by west-northwest 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 been found in the Ward district. Near
Ward most of the intrusives associated with the Laramide revo-
lution 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 northwest 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, zinc, and tungsten
also have been mined. The ore shoots have been found in gran-
ite 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 heen one of the most productive in the
United States. It is a narrow belt 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 the
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 western ed~e of
the batholith, which crosses the 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 hiotite mon-
zonite 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 cut by east-northeasterly mineralize fractures
that are mostly concentrated in three zones extending through
the southern, central, and northern parts 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 pro-
ductive through the entire length of the tungsten belt. The
major fractures extend east-northeast, but many minor frae-
tures 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 in-
tersections 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, sericite, adul-
aria, goyazite, and clay 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
crained but is progressively coarser grained in the- ores ob-
tained farther and farther west. The wall rocks of the veins
were first strongly argillized during an early period of acidic
alteration, which changed the rocks to dickite near the vein
and beidellite at a little greater distance; immediately pre-
ceding 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 Boulder Creek granite, and the ores cccur in eastward-
trending veins just west of the persistent northwesterly Living-
ston breccia 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 ard
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 ¢f Boulder Creek granite, but s¢hist
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 dio-
vite, 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 Maxwell 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. DMost of the vein fissures strike
nertheast and dip steeply southeast. They are filled chiefly with
gold-telluride 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 places. Pyrite and chalcopyrite are the characteristic
ore minerals of the pyritic gold veins, and the gold is largely
associated with the chalcopyrite. In the silver-lead veins,
argentiferous gray coppcr 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 Boulder. Schists and
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gneisses have been intruded by the pre-Cambrian Boulder Creek
and Silver Plume granites, and these in turn were intruded by
stocks and dikes during the Laramide revolution. A large stock
of granodiorite and a small stock of sodic granite-quartz mon-
zonite porphyry intrude the central part of the district, and
the dikes range from diabase to alaskite in composition. Three
strong breccia reefs of northwesterly trend cut through the dis-
trict; the central one, the Maxwell reef, is cut by the grano-
diorite stock. The chief deposits are gold-telluride ore, fluor-
spar, pyritic gold ore, and silver-lead ore. The silver-lead de-
posits, which are the earliest, occupy veins of northwest 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 lenticular in plan, and some appear to be pipe-
like. Much of the fluorspar has been brecciated and cemented
by fine-grained fluorspar and gangue. The pyritic gold ores fill
northeast veins, and the ore minerals are chiefly pyrite and
chalcopyrite with free gold in places. The tellurids veins also
trend northeast and are filled with a variety of telluride min-
erals, of which krennerite, petzite, sylvanite, and altaite are
the most common. Many of the mines are between 100 and
200 feet deep, but a few are between 400 and 500 feet. Ores
have been mined over a vertical range of 2,350 feet. In recent
vears most of the output of the district has come from the gold-
telluride ores of the Buena mine and from the fluorspar
deposits.

The Dailey or Jones Pass district, about 7 miles northwest of
Silver Plume, is almost entirely within a batholith of Silver
Plume granite, but some schist is present in the eastern part
of the district. On Red Mountain, a few dikes and a small
stock of granite porphyry cut the granite during the Laramide
revolution. The Berthoud Pass fault forms the eastern border
of the district. Most of the veins trend north to northeast, but
cross veins are common. The ore deposits include high-grade
small lenticular or chimneylike shoots of silver-lead ore and
larger shoots of low-grade pyritic gold ore, but most of the dis-
trict’s output has been molybdenum ore from the Urad mine.
This ore occurs in nonpersistent quartz-pyrite-molybdenite veins
in the vicinity of the granite porphyry stock.

The Cripple Creek district is about 20 miles southwest of
Colorado Springs, and the total value of its output exceeds that
of all other mining districts in the Front Range combined.
The deposits lie in a denuded composite volcano that broke
through the pre-Cambrian terrain near the contact of a small
stock of Silver Plume granite with schist and Pikes Peak gran-
ite in late Oligocene or early Miocene time. The pre-Cambrian
rock surrounding the volcano is capped locally by Tertiary sand-
stone, grit, and conglomerate and by some rhyolite, andesite,
and phonolitic volecanic rocks. The volcanic throat is largely
filled with phonolitic tuff and breccia, but many types of alkaline
intrusives cut the fragmental rocks. Some of the breccia shows
distincet bedding, and part of it accumulated on a nearly hori-
zontal floor within the crater during intervals marked 'y wide-
spread subsidence in the crater area. The intrusive rocks in-
clude latite, phonolite, syenite, lamprophyres, and basalt.

The volcano contains two islands, one of schist 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 sep-
arate local sources of ore solutions. These solutions worked
their way upward along relatively few fissures in the deeper
part of the subcrater but gradually spread through the per-
meable parts of a network of connecting fractures as they
approached the surface.

The major fracture zones trend north-northeast and west-
northwest and are mostly steep. This network of fractures
carries 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 influenced
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 inches to as much as 100 feet in width. Most ore shoots
are less than 500 feet long, and the downward persistence is
roughly proportional to the horizontal extent, the ratio com-
monly being at least 3 to 1. Ore bodies have commonly been
localized at the intersections or junctions 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, but some shoots wialled by
granite end where the vein enters the breccia. The largest and
deepest ore shoots are in areas overlying major sources of
mineralization.

INTRCDUCTION

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 min-
eral deposits, and several reports have been published
on individual mining districts in the Colorado Front
Range and elsewhere. The gradual accumulation of
information on different portions of the Front Range
by the writers and others is slowly clarifying many of
the local and regional problems of Front Range geol-
ogy, and it is believed worth while to sum up the re-
gional 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 sub-
stitutes for detailed descriptions already published,
they should be adequate to give the reader the general
information essential to an understanding of the dis-
trict. 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 KFront Range was not as clearly recognized prior
to 1930 as it has been since, and the maps of many
districts previously studied have been somewhat re-
vised 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 descriptions, especially of their mines, are more
condensed.
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The facts ascertained by one of the writers in one
area have often explained problems puzzling the other
somewhere else, and it is hoped that the summary of
the factors governing ore localization in deposits
throughout the Front Range and deseriptions of the
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
northward-trending mountainous uplift commonly 30
to 35 miles wide, extending north from Canon City to
Wyoming, where it merges with the Laramie Range
without a perceptible topographic break.

The eastern

FIGURE 1.

~Aerial view lcoking northwest toward Devils Head from over Colorado Springs at an altitude of 12,300 feet.
contrast between crystalline rocks of the Colorado IFront Range and the sedimentary rocks of the bordering plains.
like compound erosion surface in front of the higher central part of the range.

Shows topographic
Note the broad bench-
Courtesy of Geological Society of America.



INTRODUCTION 9

border of the Front Range follows a slightly curved
north-south line passing a short distance west of Col-
orado Springs, Denver, and Fort Collins, and the topog-
raphy 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 northwest-
ward along Badger Creek to Black Mountain, where it
bends east around the southern border of South Park.
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 forms the west-
ern boundary of the Front Range, which attains its
greatest width, about 50 miles, in this region. The Col-
orado River flows south from La Poudre Pass along the
eastern border of Middle Park to Granby, where it turns
west in a broad valley through the southern 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 River, 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, separating the drainage of the Col-
orado River from streams that drain northward into
the North Platte River or eastward into the South
Platte River. As shown in plate 4, most of the Front
Range is drained by the Platte River and its tributaries.
The extreme southern 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 di-
rectly by the South Platte River and its minor tribu-
taries. Most of the streams flow nearly due east across
the Front Range, rising near the crest, which is close to
the western edge of the range. Streams of this type
that are tributaries of the South Platte include Clear
Creek, which leaves the mountains just west of Denver;
Boulder Creek and its branches, which leave the moun-
tains at Boulder; the St. Vrain Creek system, which
leaves the mountains just west of Lyons; the Big
Thompson River system, which leaves the mountains
west of Loveland; and the Cache La Poudre River sys-
tem, which leaves the mountains about 10 miles north-
west of Fort Collins.

The highest and most rugged part of the Front Range
isin its central part and extends north from South Park

to the Cache La Poudre River. In this part the crest
of the range is commonly between altitudes of 12,000
and 14,000 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, about 40
miles due west of Denver, is the highest 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, approxi-
mately 10 miles to the southeast, 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 alti-
tude 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 char-
acterized 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 bench-
like surfaces has been cut through by several streams,
nearly accordant levels of the interstream divides form
a striking feature of the landscape. Much of the to-
pography of the FFront Range is due to the dissection
of these surfaces, most of which lie at an altitude of
less than 10,000 feet. In the region where the bench-
like surfaces 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 east, however, where the streams leave
the mountain 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 range a short distance west of Denver. The nar-
row-gauge railroads that formerly served the mining
districts of the range have all been abandoned, and
trucks now do most of the haulage. The southern part
of the range is tributary to the main line of the Denver
& Rio Grande Western 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 Lake Railway, commonly called “The Moffat
Road,” follows 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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Bald Mtn

F16URE 2.—Aerial view looking southwest across Overland Mountain toward James Peak from an altitude of 9,300 feet near Jamestown. Shows
type locality of the Overland Mountain erosion surface and the transition belt where it merges with the higher erosion surfaces near the
crest of the range. The dumps in the left middle ground are those of the John Jay mine. Courtesy of Geological Society of America,
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Fi1GURE 3.—Aerial view looking south-southwest across Allens Park from an altitude of 14,900 feet about 5 miles east of Longs Peak. The
rugged topography characteristic of the Continental Divide is shown in the background, and the transition from the high glaciated coun-
try near the middle of the range to the benchlike erosion surfaces that border it is shown in the foreground. This transition zone almost
coincides with the lower limit of glaciation.
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follows westward to Bond, where it turns northwest to
Craig, Colo., the end of the line. Relatively direct
transportation to Utah smelters is provided by the cut-
off line of the Denver & Rio Grande Western, 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 supplied with good automo-
bile roads, but there are a few places where supplies
have to be freighted several miles by pack train.

GEOLOGY AND ORE DEPOSITS OF THE FRONT RANGE, COLORADO

HISTORY AND PRODUCTION

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.® The
total production to 1944 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 counties of the Front Range, 1858 to 1944, inclusive, in terms of recovered metals!

|Compiled by U. S. Bureau of Mines]

Gold Silver
County Placer Lode Total
—— Fine nunces Value
Fine ounces Value Fine ounces Value Fine ounces Value
Boulder_.._____ . _______ 2,137.84 $71, 963 1,022, €56. 75 $24, 323, 630 1,024, 794. 59 $24, 395, 593 8, 669, 709 $8, 019, 291
Cl.cul.' Creek____ 139,823.10 2,914, 408 1, 236, 638. 63 29, 118, 696 1.376, 511. 73 32,033, 104 60, 304, 485 54, 020, 483
Gilpin_ __ 47, 531. 91 1,479, 550 4,205,111. 02 88, 202, 024 4,252, 642. 93 89, 681, 574 11, 163, 693 8,963, 404
Grand 2__ 98.91 2,497 578.77 12, 056 677. 68 14, 553 10, 044 7,306
Jefferson... .oonuznnce 10, 713.77 348, 544 1,673.37 38,102 12,387.14 386, 646 11,572 7,803
Larimer and Jackson 2 828.39 17, 794 747. 80 20, 394 1,576.19 38, 188 3,983 2,714
ark? ______________ 256, 657. 40 6,423, 464 1, 010, 625. 80 26, 900, 211 1, 267, 283. 20 33,323,675 7, 636, 627 7,331,725
Summit 2 738, 926. 31 5, 627, 868 262, 782 07 5, 556, 572 1,001, 708. 38 21, 184, 440 14, 356, 835 12, 237, 356
Teller .. . . ... 374. 48 12,142 | 18, 496, 360. 98 400, 948, 065 | 18,496, 735. 46 400, 960, 207 2,102, 544 1,364, 574
Copper Lead Zine
County - — — ————| Total value
Pounds Value Pounds Value Pounds Value
Boulder 1, 686. 355 $226, 926 8, 635, 558 $478, 335 71,700 $7,493 $33,127, 638
Cl_ca{‘ Creek 14, 015, 120 2, 155, 068 190, 873, 619 8,871,818 33, 876, 221 2, 536, 568 99, 617, 041
Gilpin______ 26, 668, 287 4,315, 040 38,893, 980 1, 753, 904 822,113 70,443 104, 784, 365
Grand ? 5,171 805 13, 345 7. ) N T | 3, 384
Jefferson 327,195 38, 950 11, 063 413 2,000 216 434,028
Larimer and Jackson 235, 328 =Y | e | SSPEP 30,722 1, 659 81, 208
ark ? 3,015, 886 488, 344 57,930, 015 2, 594, 738 7,493, 532 623, 513 44,361, 995
Summit 2 1,292, 549 181,419 170, 961, 238 8, 066, 069 168, 671, 560 13, 693, 890 55,363, 174
Teller 451 83 612 49 || 402, 324, 913

2 Part of the production is from mines outside the Front Range.

! Nineteen Fbrty-six Mining Yearbook, p.724, Denver, Colo., Colorado Mining Association, 1946.

Annual production of gold, silver, copper, lead, and zinc in counties and districts of the Fronl Range from 1938 to 1943, in terms of

[Figures furnished by R. H. Mote, U. S. Bureau of Mines]

recovered

metals

Gold Silver
Placer Placer
District Year |Ore treated —] ——=——g—————| CHPDEE Lead Zine
(short tons)| Lode (fine |Sluicing and|Dredgesand| Lode (fine |Sluicing and| Dredgesand| (pounds) (pounds) (pounds)
ounces) hydraulic | draglines ounces) hydraulic | draglines
mining (fine (fine mining (fine (fine
ounces) ounces) ounces) ounces)
BOULDER COUNTY
(611111 ¢ | S 1938 7,468 402, 060
1939 7,724 337, 600
1940 19, 553 716, 900
1941 13, 498 775,300
1942 2,918 160, 600
1943 16,229 6,100
GoldHill.___________________________ 1938 55, 926 1,178, 280
1939 72,494 1,778,100
1940 53,880 | 1,534,600
1941 45,470 1, 260, 100
1942 24,020 815, 600
1943 1,334 45,700
GrandIsland._ .. .. ____ 1938 2,350 40, 200
1939 1,297 31, 500
1940 839 27,200
1941 16, 953 289, 800
1942 4,474 122, 700
1943 150 200
Magnolis. . occoveommncmicesepsas 1938 1,821 82,400
1939 2, 664 84,100
1940 2,801 142, 300
1941 1, 664 96, 000
1942 444 61, 200
1948 | ..

! Henderson, C. W., Mining in Colorado: U. 8. Geol. Survey Prof, Paper 138, 1926.
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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—Continued

Gold Silver
Placer Placer A
District Year Ore treated Copper Lead Zinc
(short tons) | Lode (fine [Sluicing and|Dredges and, Lode (fine |Sluicing and|Dredgesand| (pounds) | (pounds) | (pounds)
ounces) hydraulic | draglines ounces) hydraulic | draglines
mining (fine| (fine mining (fine| (fine
ounces) ounces) ounces) ounces)
BOULDER COUNTY-Continued
Sugar Loaf...________________________ 1938 9,066 386, 120 1,000
1939 9,975 431, 000 5, 000
1940 12, 259 607, 600 400
1941 7,114 366, 200 4,700
1942 3, 280 264, 400 1,000
1943 814 73, 2,000
Ward. ... 1938 2, 280 172, 680 1,000
1939 7,586 223, 400 1,900
1940 5,168 333, 500 7,200
1941 5, 259 284, 500 1,400
1942 2,071 167, 500 4, 600
1943 1,222 97, 900 800
Alice. ... 1938 71, 611 494,180 |____________
1939 709 52, 700
1940 1, 267
1941 1,178
1942 1,129
Argentine____________________________ 1938 3,043
1939 771
1940 7,358
1941 3,770
1942 506 | __.___
1943 754 | 5,300 |____________
Cascade and Ute Creek._.____________ 1940 23| 100 (.o ______
1941 415 | 9,800 |____________
Dailey and Atlantic....._.__________ 1940 ) O N B
Empire_ . 1938 79, 517
1939 75,124
1940 79,109
1941 74,173
1942 29, 986
1943 10, 651
GenevaCreek ... ___________________. 1939 2
1940 1,803
Grifith.___________ 1938 6,961 1 31,80 | 100 |.__________.| 18369 | . ________|._—..._.....| 3,500 46,300 _____._.____
1939 3,065 49, 800
1940 4,781 56,400 | o
1941 739 67,000 112, 000
1942 9, 700 417, 000 462, 000
1943 9,018 335, 400 448, 000
Idaho Springs._..___ ... ___________ 1938 46, 671 573, 760 520, 500
1939 50,371 1,084, 100
1940 97,507 | 1,530,100
1941 67, 582 1, 186, 100
1942 39, 504 617,100 |____________
1943 6. 664 85, 700
Montana. ... ... 1938 6,677 | 116,420 |.____._____ 27,000
1939 9,617 57,200
1940 1,658 73,800
1941 17, 77,000
1942 6,161 247,100
1943 2, 875
Trail Creek. .. __ ____.___________. 1938 9,131
1939 16, 551
1940 27,675
1941 31, 402
1942 27,154
1943 8,917
Northern_________.__________________ 1938 10, 059
N 1939 4,417
1940 4,3%4
1941 2,735
1942 854
1943 | .
Southern. ... ... ____ 1938 40, 523 448, 740 50, 579 456, 041 32, 291 95 997 81,000
1939 17,223 441, 200 52, 502 328,198 49, 616 103 787 187, 400
1940 27,755 569, 600 41,824 257,276 47,025 79 454 230, 800
1941 26, 042 795, 600 18, 709 494, 691 16, 723 42 876 38, 000
1942 15, 281 496, 800 27,000 |____._._____ 14, 546 52 | .. 112, 300
1943 6,873 136, 500 1,700 |, 22,109 L 237,000
JEFFERSON COUNTY
1938 7,180
1939 15, 400
1940 14, 700
1941 42, 800
1942 43,200
1943 13,700
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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—Continued

Gold Silver

Placer Placer .
?lr]e t{eate(} (Copp((lel’) ( Lem(i1 " Zm(é1 )
short tons pounds pounds pounds;
Lode (fine Sluicing and| Dredgesand Lode (ﬂ?e Sluicing and| Dredgesand
ounces) hydraulic | draglines ounces hydraulic | draglines
mining (fine (fine mining (fine (fine
ounces) ounces) ounces) ounces)

District Year

LARIMER COUNTY

Manhattan__________________________ 1940
1941

1

8
Masonville..._____________________ J| 1938 11
5

7

7

PARK COUNTY

Alma Placers. .. ____________.________ 1938

169, 590 151, 750
20, 023 295,377 |-
10,338 190, 962

267,626 |-

1942 3

600

Beaver CreeK.. ... ... 1938 |

Buckskin. ... _______ 1938

Consolidated Montgomery._.._____. 1938

Fairplay... oo .. 1938
. ' 1939

Hall Valley_ ... __._.__________ 1939

Horseshoe._________._________________ 1938
1940 23

Mosquito-.. .. ___. 1938 | 123,557
1939 125,894
1940 118,331
1941 104, 386
1942 86, 658
1943 60, 741

Pulver ... __ 1943 113

1942 || .. 397,700 | fiois

SUMMIT COUNTY

850 43,700 21, 000
2, 500 71, 000 98, 000
400 60, 800- 23, 000
300 35, 600 39, 000

400
16, 200 472,200 461, 000
2, 550 259, 000 10, 000

Breckenridge_ __...___._______.______ 1938 1,020 42,720 33,320 108, 160
1939 1,748 63, 200 41, 801 84,199
1940 3,842 30, 700 21, 204 84,806
1941 1,260 32, 500 21,185 68, 215
1942 82 6, 600 9, 221 111,779

Montezuma_.___ ... ______._______. 1938 2,124 400

Cripple Creek_______________________ 1938 498,357 | 14, 518, 560
1939 538,138 | 13,396, 700
1940 572,554 | 12,893, 200
1941 528,641 | 13,347, 000
1942 377,995 | 10,445, 500 |.
1943 226,908 | 4, 510, 500

IR
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PHYSIOGRAPHY

Although there are many physiographic surfaces
recognized in the Front Range, each marking a dis-
tinet episode in the topographic development of the
mountains,” the most prominent features are due to
the dissection of five moderately smooth erosion sur-
faces that stand in benchlike relation to one another—
the Flattop, Green Ridge, Cheyenne Mountain, Over-
land Mountain, and Bergen Park surfaces. (See fig.
4.) Large parts of each of these surfaces were re-
duced 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
appreciably affected the interstream areas. The re-
lation of supergene ores to the different physiographic
surfaces is striking (see pp. 88, 89) and lends much eco-
nomic significance to a problem commonly regarded
as only of academic interest.

Surfaces standing high above the general level of
drainage undoubtedly weather slowly and gradually
undergo degradation even though remaining as inter-
stream areas. This slow descent has been recognized
by both Ashley® and Fenneman,® who believe that
Appalachian erosion surfaces have been lowered by
approximately 100 feet in a million years. This figure
seems excessive when used in the Front Range. In
the time since Wisconsin glaciation, presumably 10;000
to 20,000 years, weathering has hardly dulled the
polish on glaciated surfaces, and nowhere is there evi-
dence of the 1 to 2 feet of complete solution and wastage
that these often-quoted figures would suggest.

The degree of weathering shown by the earliest Pleis-
tocene or late Tertiary gravels that cap some of the
interstream divides in the Front Range suggests that
the wasting due to weathering unaided by mechanical
erosion would be better measured in inches per million
years rather than in terms of a hundred feet. The
writers’appraisal of the rate of wasting of the flat inter-
stream 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 difference in opinion among physiogra-
phers as to the age, correlation, and physiographic
interpretation of the erosion surfaces of the Ifront
Range; for views of some other students of the region

2Van Tuyl, F. M., and Lovering, T. S., Physiographic development
of the Front Range: Geol. Soc. America Bull.,, vol. 46, no. 9, pp. 1291—
1349, 1935.

% Ashley, J. G., Studies in Appalachian Mountain sculpture, Geol.
Soc. America Bull. 46, pp. 1395-1436, 1935.

4+ Fenneman, N. M., Cyclic and noncyclic aspects of erosion, Geol. Soc.
America Bull. 47, pp. 173-185, 1936.

the reader is referred to articles by Davis,” Atwood,’
Barbour,” and Powers.®

The oldest surface, the Flattop, is almost limited to
the crest of the range where numerous remnants of the
mature upland surface occur between altitudes of 11,500
and 12,500 feet. (See figs. 1, 3, and 4.) It is a
smoothly undulating surface, with scattered monad-
nocks, which rise from a few hundred to 2,000 feet
above its general level. TIts type locality is on Flattop
Mountain a few miles north of Longs Peak, but this sur-
face can be easily recognized on Whale Peak just north
of South Park, and south of Tarryall Mountain on the
eastern side of South Park. It is believed that the high
shoulders on Pikes Peak at an altitude of approxi-
mately 12,000 to 13,000 feet are parts of the Flattop
peneplain. This surface was formed later than the
Laramide revolution, as it truncates steeply tilted beds
of the Middle Park formation. Several feet of deeply
weathered soil and bedrock are preserved on this sur-
face under a Miocene (?) volcanic flow near Iceberg
Lake a few miles northwest of the type locality. (See
fig. 5.)  Away from the flow the surface has been modi-
fied by agents of high-altitude weathering since the
eruption, and no soil is present. The Flattop surface
formed earlier than the Green Ridge surface, which was
ccmpleted before the beginning of Oligocene time. It
has tentatively been assigned, therefore, to the early
Focene.

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 ap-
parently much more perfectly developed than the Flat-
top peneplain, and over wide areas its differences in alti-
tude are less than 300 feet per mile. Monadnocks are
not common on this surface except close to the high
country in the middle of the range, where unreduced
or partly reduced remnants of the I'lattop peneplain rise
above the general level of the Green Ridge surface. In
the Laramie quadrangle, just north of the Colorado-
Wyoming line, the Green Ridge surface is definitely
older than the basal Oligocene Chadron sandstone. As

this surface is the most perfectly developed peneplain

5 Davis, W. M., The Colorado Front Range, a study in physiographic
presentation : Assoc. Am. Geographers Annals, vol. 1, pp. 21-84, 1911,

s Atwood, W. W., and Atwood, W. W., Jr., Working hypothesis for the
physiographic history of the Rocky Mountain region: Geol. Soc. Amer-
ica Bull., vol. 49, pp. 957-980, 1938.

7 Barbour, G. B., Florissant depression and its physiographic signifi-
cance (abstract) : Geol. Soc. America Bull., vol. 49, pp. 1865-1866, 1938.

% Powers, W. K., Physiographic history of the upper Arkansas River
Valleys and the Royal Gorge, Colo.: Jour. Geology. vol. 43, pp. 184-199,
1935 ; Erosion surfaces and glacial deposits within South Park, Colo.
(abstract) ; Geol. Soc. America Bull, vol. 50, pp. 2003-2004, 1939.
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Ficure 4.—Aerial view looking north-northwest from an altitude of 8,700 feet over a point 2 miles southeast of Boulder. Most of the erosion
surfaces recognized in the Front Range are well represented. The Flattop surface (1) shows on the crest of Bald Mountain four miles
east of the crest of the range; the Green Ridge surface (2) bevels Boulder County Hill in the extreme left background ; the Overland Moun-
tain surface (3) is widely developed in the middle distance on a level with the top of Sugarloaf; the Bergen Park surface (4) is repre-
sented by a somewhat dissected bench just in front of Sugarloaf; the type locality of the Flagstaff Hill berm (5) is conspicuous at the
mountain front; the dissected Mount Morrison berm (6) shows on the low hills directly behind Boulder ; and the Pleistocene high terraces
(7) are prominent in the left foreground. Parts of several of the mining districts in the northeastern part of the mineral belt are vis-
ible, including Magnolia, Sugarloaf, Ward, Gold Hill, Poorman Hill, and Sunshine.
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FicUure 5.—Looking north at east contact of latite flow on Flattop erosion surface above Iceberg Lake on Trail Ridge road.

in the Front Range and is later than the Flattop pene-
plain but earlier than the lower Oligocene sedimentary
rocks, its development is believed to have extended
through most of Eocene time and to have been termi-
nated by an uplift near the close of that epoch.

The conspicuous erosion surface north of Pikes Peak
is the Cheyenne Mountain surface and may in part cor-
respond to the Green Ridge surface in the northern part
of the range, though it was 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 sculpturing of this dissected plateau
(fig. 4). The Cheyenne Mountain surface is inter-
mediate 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
northwest of Jamestown, 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 be-
tween 10,000 and 10,500 feet, close to the mountain
front in the west-central part of the range. The to-
pography 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 sur-
face 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 dissected 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 surface is well-preserved
between altitudes of 7,500 and 7,800 feet. It is best
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Kde, Denver formation; KI, Laramie formation; Kp, Pierre shale; Kn, Niobrara formation; Kb, Benton shale; Kd, Dakota sandstone; Jm, Morrison formation; CRly,
Lykins formation; Cl, Lyons sandstone; Cf, Fountain formation; p€, pre-Cambrian schists. -1, Bergen Park surface; 2, Flagstaff Hill berm; 3, Mount Morrison berm
FI1GURE 6.—Aerial view looking north along the foothills from an altitude of 7,100 feet half a mile south of Morrison. Shows the commen

topographic expression of the post-Mississippian sedimentary formations and some of the younger erosion surfaces. Courtesy of Geological
Society of America.
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shown near the east front of the mountains (figs. 4 and
6), but it is recognizable locally as much as 15 miles to
the west.

In the Laramie range of southern Wyoming, the Sher-
man peneplain, with which the Bergen Park surface is
provisionally correlated, truncates lower Miocene strata,
and its age is believed to be middle or upper Miocene.

In addition to the prominent erosional surfaces de-
scribed above, the effects of several later cycles of ero-
sion 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 Over-
land Mountain surface are prominent near the mountain
front. Flagstaff Hill, 2 miles southwest of Boulder,
is a remnant of the surface developed during this ero-
sion cycle and has been chosen as the type locality. (See
fig.4.) The Flagstaff Hill surface is probablyof 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 crys-
talline 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 promi-
nent 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 moun-
tains. (See fig. 4.) Gravel deposits that formed dur-
ing 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.’

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 out-
wash from two stages of Wisconsin glaciation. There
is commonly a well-marked terrace intermediate be-
tween the high-level and low-level terraces, although
there is no corresponding glacial till preserved in the

® Van Tuyl, F. M., and Lovering, T. 8., op. ecit.

Front Range. The writers believe that the intermedi-
ate terrace represents outwash from an otherwise un-
recorded glacial stage corresponding in age to the in-
termediate glacial stage found in the San Juan
Mountains by Atwood and Mather.” The gravels from
the Wisconsin outwash filled the valleys of the larger
streams to a depth of as much as 100 feet. In com-
paratively recent time the streams commenced degrad-
ing 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 west side of the Front Range, near Breck-
enridge, steeply dipping Mesozoic rocks rest directly
on the pre-Cambrian basement. Gently dipping Ter-
tiary beds rest on the truncated edges of the Mesozoic
and Paleozoic formations and lap onto the pre-Cam-
brian 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-Cambrian area and also in
the Rocky Mountain National Park in the northwest-
central part of the range. Kocene intrusive rocks are
abundant in the central part of the range but un-
common elsewhere.

PRE-CAMBRIAN METAMORPHIC AND IGNEOUS
ROCKS

Granite and granite gneiss are the most abundant
pre-Cambrian rocks, but schists and gneisses represent-
ing much metamorphosed 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 schist occurs, is cut by
innumerable small granite masses and several stocks
and small batholiths (pl. 1).

METAMORPHIC ROCKS
IDAHO SPRINGS FORMATION

The oldest rocks known in the Front 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 quart-
zite, quartz schists, or quartz gneisses are common in

0 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 marble
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 com-
paratively simple types of schist mentioned above are
most abundant in regions that escaped the severe
metamorphism that accompanied the intrusion of
large granite masses. In many 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 commonly con-
tain thoroughly granulated feldspar and quartz grains
(fig. 7, C, D), their original bedding planes are in most
places parallel to the foliation. ‘

Quartzite or quartz schist occurs in several localities
and is common along the eastern margin of the moun-
tains near the Big Thompson River, Turkey Creek, and
in the Pikes Peak quadrangle. It was considered
younger than the Idaho springs formation by earlier
writers,’* but the work of Fuller*® and of Lovering 3
shows that the foliation and the bedding of the quartzite
parallels the foliation of the supposedly much older
mica schists of the Idaho Springs 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 sedi-
mentary Idaho Springs formation and the overlying
dominantly igneous Swandyke hornblende gneiss.

The full thickness of the Idaho Springs formation
is unknown, and even its exposed thickness can be esti-
mated only approximately because of the intricate fold-
ing that is present. The increase in apparent thick-
ness due to crenulations and drag folding may more
than double the actual thickness and commonly in-
creases it by at least a third. The innumerable granitic
seams present added appreciably to its volume during
metamorphism, but this increase may have been com-
pensated in large part by the shrinkage in the original
sediment as its density became greater with the develop-
ment of metamorphic minerals. 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

1 Van Hise, C. R., and Leith, C. K., Pre-Cambrian geology of North
America: U. 8. 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.: Colo-
rado Sci. Soc. Proc., vol. 12, pp. 59-111, 1929,

exposed apparent thickness of about 20,000 feet, sug-
gesting that the actual thickness is in excess of 15,000
feet.

SWANDYKE HORNBLENDE GNEISS

In its type locality at Swandyke, about 10 miles east
of Breckenridge, the Swandyke hornblende gneiss con-
sists chiefly of hornblende schist and hornblende gneiss
interlayered with thin beds of quartz-biotite schist.
(See fig. 8, 4, B.) It shows the same degree of meta-
morphism as the Idaho Springs formation. Granula-
tion of the feldspars is usual, the quartz grains are gen-
erally found crushed, and lit-par-lit intrusions of later
aplite and pegmatite have converted large masses into
an injection gneiss indistinguishable from that of the
Idaho Springs formation. In most places the Swan-
dyke hornblende gneiss consists of alternate layers of
light-gray and dark-gray gneiss whose color reflects
the varying amounts 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 horn-
blende gneiss represents metamorphosed quartz diorite.
Its contacts are commonly parallel to the bedding and
foliation of the Idaho Springs formation, and it prob-
ably originated in the form of sills in that formation
or perhaps as flows, largely before the regional schis-
tosity was developed. Although dikes of hornblende
gneiss cut across the earlier formation at a few places,
there is no direct evidence that any large part of the
hornblende gneiss is intrusive. It is probable that
parts of the Swandyke hornblende gneiss represent sur-
face flows, for although no structures such as ellipsoidal
or pillow structure have been found in the mineral belt,
Leith * describes such structures from this formation
near Tin Cup Pass about 15 miles 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 calcic and grades into lenses of
coarse calcite. Thin beds of quartzite and quartz-bio-
tite 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 with dominantly volcanic mate-
rial.

The thickness of the Swandyke hornblende gneiss at
the type locality is approximately 6,000 feet. The lith-
ologic character and structural relations indicate that
the dioritic intrusives and related extrusives and the
intercalated sediments were in part contemporaneous
with and in part younger than the upper part of the
Idaho Springs formation. The general distribution
of the Idaho Springs formation and the Swandyke
hornblende gneiss is shown on plates 1 and 2.

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



B, Crenulated quartz-biotite-sillimanite
Near the crest of a large anticline on the northeast shoulder of Grays Pealc at an altitude
Original bedding (nearly vertical in photograph) is intersected by
b, Biotite ; g, garnet ; m, magnetite ; g, quartz; fgb, crushed

FI1GURE T7.—A, Typical exposure of relatively unfolded Idaho Springs formation 314 miles south of Idaho Springs on road to Icho Lake.

schist of the Idaho Springs formation, with characteristic seams of white pegmatite.
C, Photomicrograph of quartz-biotite schist from Idaho Springs formation at Nederland.
shear planes sloping down to right at about 45°, and these shears are cut by later shears sloping to left at 60°,
feldspar, quartz, and biotite.

of 13,500 feet.
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QUARTZITE AT COAL CREEK

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 for-
mation. The age and structure of these rocks has long
been a subject of controversy. Some geologists® be-
lieve the quartzites to be older than most of the Idaho
Springs formation, but the studies of the present writ-
ers have led them to concur with the geologists who
believe the quartzites to be younger. As shown on the
map of the mineral belt (pl. 2), the structure of the mass
is that of an east-northeasterly syncline intruded by the
Boulder Creek granite on the north and separated from
the Idaho Springs and Swandyke hornblende gneiss
formations to the south by a zone of strongly sheared
Boulder Creek granite. The schist members show a
lower grade of metamorphism than do the formations
to the south, and the structure of the southeast side of
the trough suggests drag by the downwarping of the
syncline along an early fault. Taken together, these
facts seem to indicate a younger age than that of the
formations to the south. The quartzite at Coal Creek
may be a remnant of a younger series of quartzites,
slates, and schists corresponding in age to the Needle
Mountains group of the San Juan Mountains, but it
cannot be younger than middle pre-Cambrian. Fault-
ing prior to the intrusion of the Boulder Creek granite
may have caused some repetition of beds in the Coal
Creek area, but, with due allowance for this possibility,
the structure indicates a minimum thickness of 14,000
feet for this formation.

IGNEOUS ROCKS

An extensive series of granitic intrusives cuts the
Swandyke hornblende gneiss and the Idaho Springs
formation and is also younger than the quartzite at
Coal Creek. The time intervals between the intrusions
of the members of this series is unrecorded by any evi-
dence of sedimentation in the Front Range, and in spite
of some marked differences most of the intrusives are
so related structurally and petrographically that they
seem to belong to one great period of batholithic in-
vasion. The most common and distinctive members
of this series are described below.

15 Adler, J. L., Geologic relations of the Coal Creek quartzite in Colo-
rado. Unpublished thesis, University of Chicago, Chicago, I1l., 1930,

QUARTZ MONZONITE GNEISS

Aside from the very early pegmatites and aplites
common in the Idaho Springs formation, the oldest
igneous rock known to be later than the Swandyke
hornblende gneiss and the Idaho Springs formation
is the quartz monzonite gneiss of the Georgetown quad-
rangle It is a medium-grained, slightly porphy-
ritic 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 horn-
blende and of quartz and feldspar (fig. 8, ). Horn-
blende 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 pegma-
tite and strongly foliated moderately fine grained gray
granite gneiss. These rocks probably represent peg-
matites and aplites derived from the quartz monzonite
gneiss magma. The abundance of dark minerals and
the pronounced gneissic structure set the quartz mon-
zonite gneiss apart from the gneissic aplite and granite
gneiss described below, but its aplitic facies are not
easily distinguished from them. The smaller size of
the biotites and the greater proportion of feldspar and
quartz distinguished it from the strongly gneissic va-
rieties 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 in-
vaded rocks suggest that assimilation played a part
in the formation of the gneiss. Although some of the
gneissic structure seems primary, marked granula-
tion of both quartz and feldspars shows that the orig-
inal 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 stocks are common near large masses
of either the Pikes Peak granite or Boulder Creek
granite. In these occurrences it is probably an early
facies of the magma that formed the Boulder Creek

16 Spurr, J. B., Garrey, G. H., and Ball., S. H., Economic geology of

the Georgetown quadrangle, Colo.: U. S. Geol. Survey Prof. Paper 63,
pp. 46-49, 1908.

EXPLANATION OF FIGURE 8

A, Typical Swandyke hornblende gneiss. Shows strike and dip of the foliation and piteh of the linear structure in the plane of foliation. The handle of the hammer indi-
cates the linear strueture pitching to the right at about 60°. Headwaters of the North Fork of Swan River 2 miles southwest of Montezuma.

B, Swandyke hornblende gneiss cut by a dike of pegmatite. Floyd 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 half 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 are easily discernible. A ‘‘ghost’ of schist lies about a foot below the 6-inch scale, and a dike of pegmatite cuts the granite about 2 feet above the scale.
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IIGURE 9.—A, Granite gneiss (gneissic aplite) in the Idaho Springs formation, seven-tenths of a mile north of Nederland. The seam of gneissic aplite which represents the granite gneiss

formation underlies the scale and is bordered by a thin seam of pegmatite. The dark-colored strongly foliated schist with which the gneiss is interlayered is its common constit-
uent. B, Gneissic hornblende diorite half a mile north of Nederland, near the center of a mass about 100 feet wide. The coarse-grained and slightly foliated structure of this outerop
is characteristic of the formation. €, Pikes Peak granite on the northeastern slope of Bison Peak about 12 miles southeast of Kenosha Pass. The primary gneissic structure de-
veloped in the coarse-grained Pikes Peak granite near the edge of the batholith shows well in this photograph. D, Typical coarse-grained Pikes Peak granite on the summit of
Bison Peak. The rapid weathering of the granite 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 man in the circle gives the scale.
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granite and the “Archean quartz monzonite” of the
Georgetown quadrangle. Small lenticular masses of
the gneiss are common 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. Tt is especially common at the
borders of such masses and in the schists and metamor-
phic rocks nearby (fig. 9, 4). 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 sep-
arate bodies in the metamorphic rocks. In the George-
town quadrangle, rocks that are indistinguishable from
the gneissic aplite in most exposures were described as
gneissoid granite by Ball ** 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.'s

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, 4), but they do not com-
monly 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 char-
acter 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 contempora-
neous 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 as-

17 Spurr, J. E., Garrey, G. H., and Ball, S. H., op. cit., pp. 49-51.

18 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, pp. 30-33, 1917.

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 peg-
matite and gneissic aplite in both time and place. Com-
posite 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 char-
acteristic appearance of the coarse-grained somewhat
gneissic, slightly weathered hornblende-quartz diorite
is shown on figure 9, B. It is a medium-grained to
coarse-grained unevenly granular rock containing
prominent hornblende crystals set in a medium-grained
matrix of gray feldspar. (See fig. 10, B.) Locally
some quartz is visible, and biotite is not uncommon. In
narrow dikes and near the edge of larger intrusive
masses the rock commonly grades into gneissic horn-
blende 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 comple-
mentary 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 miner-
alization discussed on pages 67 and 68 is related to horn-
blendic diorite and gabbro, which have similar age rela-
tions to those of the quartz diorite and probably belong
to this general group.

BOULDER CREEK GRANITE

The Boulder Creek granite (“Archean quartz mon-
zonite” of the Georgetown quadrangle) * is commonly
a dark-gray faintly banded rock that ranges in com-
position 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 crystals and schlieren of biotite and to a less
extent to the parallel elongation of feldspar crystals
(figs. 8, D,and 10, ¢'). 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, be-
coming indistinguishable from facies of the Pikes Peak
granite. The gneissic structure, however, is nearly

19 Spurr, J. E., Garrey, G. H., and Ball, S. H., op. cit.,, pp. 51-54.
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everywhere easily discernible; close to the borders of
the masses it is so pronounced that locally the rock
grades into a biotite-rich quartz monzonite gneiss. It
1s strongly crushed or granulated only in small bodies
enclosed by schist adjacent to batholiths or large stocks.
The larger masses exhibit less metamorphism than the
granite gneiss bodies with which they are nearly con-
temporaneous. (Compare fig. 10, 4, and €.) Locally
inclusions of the older formations are abundant in the
Boulder Creek granite, but rarely do they show much
evidence of assimilation.

The Boulder Creek granite forms stocks and small
batholiths whose regional distribution is satellitic to

27

the larger batholiths of Pikes Peak granite. The best-
known masses of Boulder Creek granite in the Front
Range occur in the Georgetown quadrangle south of
Idaho Springs and in the region west of Boulder ex-
tending north from Coal Creek to Lefthand Creek (pls.
1 and 2). If the gneissic structure is inferred to be
primary and thus parallel to the walls of the magmatic
chamber, the shapes inferred from 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 chono-
lith or intrusive of wholly irregular form.

Chemical composition of the granites of the Front Range

Specimen 8i0; AL;O; | Fe;O3 | FeO | MgO | CaO | Na,0 | K:O ‘ H:0— ‘ H,;0 ‘ TiO; ! CO;
1. Boulder 1Clre(zk gﬁranite frﬁmflt thle) ﬁftg loxlrel of the Cold Spring
mine close to the new shaft, about 3 miles northeast of Neder-
lan _A,._______,,,,,‘,____f_w_________,,,,ri__e_zis;,___,e,_e_rﬂ 68.71 14.93| 1.02] 207| 1.50| 201 2.85| b5.14| 0.14| 0.56| 0.62 0.46
2. Local syenitic facies of the Pikes Peak granite, Ajax mine, level
. G6. ) Belie‘{ed to be Lelabted to gneissic]allplit.e.k,,,é ,,,,,,,,,,,, 66.20 | 14.33 | 2.00| 1.93 .89 1.39; 2.58| 7.81 -48 -83 -85 .36
. Gneissic aplite near the breast of the Lilly tunnel, Clyde mine,
about 2 miles north-northeast of Nederland ... ____._ 66.31 15.07 1.35 2.71 1.03 2.06 2.48 5.96 0.06 0.90 0. 66 0.98
4. Pikes Peak granite from Sentinel Point, Pikes Peak, Colo.%.__.| 77.03 12.00 .76 .86 .04 .80 3.21 4.92 .14 .30 A3l
5. Pikes Peak granite from Platte Canyon, Jefferson County,
Colo2. ___ T o2 11.63 .32 1.09 J14 124 2.8 | 521 | . ____. B P
(73. %‘ilveﬁ‘ Plurxcxe granite, Silver Plume, Colo.? o 67.38 15.22 1.49 2.58 1.12 2.12 2.73 5.41 .01 .39 .70 .18
. Fresh pre-Cambrian Silver Plume granite from the Climax
distriet, Colod____________________ - .| 70.83 14.41 35| 2.94 .56 L6410 22441 6.21 L0411 1.34 224
8. Longs Peak granite, Longs Peak, Colorado.s.____________ o TL14|  16.00 .00 .80 .13 94| 513| 3.74 .09 -50 .17 -03
9. Longs peak granite from Sta. 191 South St. Vrain Highway 3___| 70.85 15.14 .65 1.57 .64 .71 2.44 6.09 .06 .77 .31 .21
10. Mount Olympus granite, Glen Comfort 3 71. 40 16.34 .15 1.7 .31 1.40 4.59 3.24 A1 .22 .36 .09
Averageof dand 5 _____________ 77.02 | 11.81 .54 .97 L09] 102/ 3.03| 5.06 .07 .32 06
Average of 6, 7, 8, 9, and 10 70.32 17. 42 .53 1.92 .55 1.16 3.47 4.49 .06 .64 .36 .10
Specimen P20s S0; S (total) | ZrO» 1 F FeS; | MnO BaO | SroO ; Li O '
1. Boulder Creek granite from the fifth level of the Cold Spring
mine close to the new shaft, about 3 miles northeast of Neder-
land. . 0.16 | _______ 445 0 RN AR BRSO IR DRSS PSPPI SR S 100.17
2. Local syeuitic facies of the Pikes Peak granite, Ajax mine, level
6. Believed to be related to gneissic aplite.t____________
3. Gneissic aplite near the breast of the Lilly tunnel, CI
about 2 miles north-northeast of Nederland -
4. Pikes Peak granite from Sentinel Point, Pikes Peak, Colo.2____
5. Pi(l}{e; Peak granite from Platte Canyon, Jefferson County,
olo.? . -
6. Silver Plume granite, Silver Plume, Colo.3__ ________ -
7. Fresh pre-Cambrian Silver Plume granite from the Clima
distriet, ColoA_______________ _________ .
8. Longs Peak granite, Longs Peak, Colorado 8.__
9. Longs peak granite from Sta. 191 South St. Vrain High:
10. Mount Olympus granite, Glen Comfort 3_
Averageofd4and 5. ____ ________
Average 0f6,7,8,9, and 10_.___

! Geology and gold devosits of the Cripple Creek district, Colo.: U. 8. Geol. Survey
Prof. Paper 54, p. 45, 1905.

2 U. 8. Geol. Survey, Geol. Atlas, Castle Rock folio (No. 198), p. 3, 1915.
3 Geol. Soc. America Bull., vol. 45, p. 320, 1934.

17U. 8. Geol. Survey Bull. 846-C, p. 225, 1933.

Nore.—Analyses 1, 3, and 7, by J. G. Fairehild; 2 and 4, by W. F. Hillebvrand; 5,
by H. N. Stokes; 6, by R. B. Ellestad; 8 and 10, by D. F. Higgins; 9, by T. Kameda.

EXPLANATION OF FIGURE 10

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 nearly horizontal in picture. Slight secondary granulation is indicated by incipient mortar structure developed at edge of microcline crystals (ms).
b, Biotite; m, microcline-perthite; g, 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);
@, augite; &, 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 upger rigkt. b, Biotite;
o0, oligoclase; g, quartz. Polarized light. .

D, Photomicrograph of ““white porphyry’ of group 1 (fig. 12) from Leadville.
and plagioclase (oligoclase).

E, Photomicrograph of diabase from dike on Hager Mountain northwest of Loveland Pass, representative of the diabasic dike rocks of group 2 (fig. 12). @, Augite; i, iron ore
(ilmenite); p, plagioclase (labradorite). Polarized light.

F, Photomicrograph of porphyritic hornblende diorite of group 4 (fig. 12) frcm Swan River 2 miles south 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.

Corroded phenocrysts of quartz (¢) in fine-grained sericitized groundmass of orthoclase, quartz,
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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 microcline, 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 moderately potassic granite containing small quan-
tities of oligoclase. The potassic granite resembles
somewhat 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. (Seefig.9,¢.) Por-
phyritic facies of the Pikes Peak granite occur locally
but are uncommon. The typical pink Pikes Peak gran-
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 mineral belt, a primary gneissic strue-
ture 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 much coarser grain. Such a texture is confined to
the borders of comparatively small stocks,

The coarse, granular texture of the Pikes Peak gran-
ite makes 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 Plume granite
terrains.

Pegmatites are not common within the Pikes Peak
granite batholith but are moderately abundant near the
edge and in the bordering schists. Beryl, topaz, flu-
orite, 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 almost 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 uranium and thorium indicated
that it was formed approximately 1,000,000,000 years
ago.” A comparison with lead-uranium ratios of rocks
whose geologic ages are known suggests that the mate-
rial analyzed corresponds with the late middle pre-
Cambrian.?

Most of the southern half of the Front Range con-
sists of Pikes Peak granite and is part of the largest

20 Knopf, Adolph, and others, Physics of the earth, vol. 4. Age of the

Earth : Nat. Research Council Bull,, no. 90, p. 338, 1931.
2t Tdem., pp. 438—441.
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single mass 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 moderately
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 extends 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 re-
lations to the older pre-Cambrian gneisses and schists
are similar and suggest that they may be correlated.

SILVER PLUME GRANITE

In the Front Range there is a large number of com-
paratively small batholiths and stocks of pre-Cam-
brian granite later than the Pikes Peak and Sherman
granites. Although the various stocks and small batho-
liths were not intruded simultaneously, their lithologic
character, structural habit, and age relations indicate
that they have the same general age. For purposes of
description these granites are grouped together and re-
garded as variants of the last granite magma of a batho-
lithic 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,
composed chiefly of pink and gray feldspars, smoky
quartz, and biotite, but muscovite is present in some
facies, and the percentage of biotite varies from place
to place. Small masses of slightly more calcic granites
are found in positions satellitic to the typical Silver
Plume granite. The Mount Olympus granite of the
Boulder and Loveland quadrangles represents this
group. Itis 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
mineral constituents ; some facies appear to be distinctly
different formations, but gradations into typical Silver
Plume granite can be found in nearly all of them. Al-
though the size of crystals in the large masses of granite
commonly range between a quarter of a centimeter and
1 centimeter, porphyritic facies containing crystals 2
centimeters in length occur locally. A conspicuous
feature of the Silver Plume granite is the general paral-
lelism 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-most pronounced in dikes and near
the borders of stocks and is commonly parallel to the
nearest wall of the intrusive mass. These late pre-
Cambrian granites have a marked tendency to follow
faults and cross fractures in schist and gneiss 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 most 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 Plume 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 most
of the pegmatites is closely related to that of their coun-
try rock. Most of the pegmatites contain biotite but
little or no muscovite where they cut granite masses
but contain muscovite and no biotite where their walls
are schist. The tourmaline-bearing and sillimanite-
bearing pegmatites occur in quartz-tourmaline-silli-
manite schists. In the Georgetown quadrangle pegma-
tites 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 much biotite and some horn-
blende, but muscovite has not been noted as a primary
mineral in them. Where 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 classi-
fication of many bodies, certain characteristic features
are worthy of note. The early aplite and pegmatite
seams injected into metamorphic rocks consist chiefly
of quartz and oligoclase or quartz and microcline. Some
of the pegmatites associated with the Boulder Creek and
Pikes Peak granites contain a variety of minerals; oli-
goclase, orthoclase, microcline, quartz, biotite, musco-
vite, and magnetite are abundant, and locally tourma-
line, garnet, allanite, epidote, corundum, sillimanite,
apatite, hornblende, and rare-earth minerals occur.
Oligoclase is more common than orthoclase in the peg-
matites related to the Boulder Creek granite, but the
reverse is true of the later pegmatites which are ap-
proximately contemporaneous with the Pikes Peak

granite itself. The pegmatites associated with the Sil-
ver Plume granite are generally simpler in mineral com-
position than those associated with the Pikes Peak
granite or the Boulder Creek granite, but in the James-
town district some late pegmatites contain unusual
rare-earth minerals. Orthoclase and microcline are
more abundant than quartz in the pegmatites associated
with the Silver Plume granite, and both biotite and
magnetite are present in more than ordinary quantity.

The aplite directly related to the Silver Plume gran-
ite is more abundant than the pegmatite and commonly
contains so little ferromagnesian mineral that it may
be classed as alaskite. The individual aplite and peg-
matite bodies rarely have a surface area of more than
a square mile, and most of them have much less; how-
ever, 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 ex-
tensive masses 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
small amounts of pitchblende.?? Some of the radio-
active cerite was analyzed by J. G. Fairchild, and the
ratio of lead to uranium 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, formerly classed as
basal Eocene, were infolded with the underlying earlier
Mesozoic formations but unlike them are limited to
local basins. Oligocene, Miocene, Pliocene, and Pleis-
tocene formations 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 pre-
Cambrian time, it has been a strong positive element
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 unconformi-
ties between formations whose unconformable relations
are inconspicuous away from 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 from that of a mere film

22 Goddard, E. N., and Glass, T. 7., 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 away. In some localities the Mesozoic
systems also thin as they are followed toward the moun-
tains, but the change is much less impressive (pls.
5and 6).

On the eastern border of the Front Range, Pennsyl-
vanian beds rest on the pre-Cambrian complex from
Wyoming south to Perry Park, 30 miles south of Den-
ver, 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 from 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 Middle Park, are red beds of
Carboniferous or Triassic age. Locally the red 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 Juras-
sic Morrison formation either rests directly on the pre-
Cambrian basement or is separated from it by thin, non-
persistent, Pennsylvanian and Permian grits. Farther
south, especially in the region between Breckenridge
and South Park, the Pennsylvanian and Permian for-
mations 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 west-
ern 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 con-
sistent overlap of younger Paleczoic 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 red-bed section along the eastern and
northwestern flanks of the Front Range may be of Tri-
assic 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 Ju-
rassic rocks are nearly everywhere present, and the char-
acteristic variegated shale of this system, occurring
immediately below the basal sandstone of the Upper
Cretaceous series, constitutes the most definite and use-
ful marker in the stratigraphic section. Along the east-
ern 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 Paleo-
cene age, formerly classed as basal Eocene, crop out
extensively in the Denver basin and the Canon City
embayment on the eastern side of the Front Range and
in North Park, Middle Park, and South Park on the
western side. Oligocene and Miocene deposits overlap
upturned Paleozoic and Mesozoic formations in many
places. On the western side of the range they are pres-
ent 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 identi-
fied only in the Arkansas Valley, in South Park, and
in the Tertiary basing adjoining the range just north
of the Wyoming 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 Breckenridge. 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 main Fairplay-
Breckenridge highway and in many valleys cutting the
Mosquito 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 removal during Paleozoic time from the
borderland of the Old Front Range positive area.

On the eastern side of the range the Sawatch quart-
zite has been measured in Perry Park southwest of
Castle Rock and in the Ute Pass graben north of and
near Colorado Springs.?® In the Canon City embay-
ment to the southwest Cambrian beds are probably
lacking.

23 Brainard, A. E., Baldwin, H. L., Jr., and Keyte, I. A., Pre-Pennsyl-

vanian 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 sec-
tions measured by Brainard, Baldwin, and Keyte on
the eastern side of the range the maximum 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.** The quartzite everywhere lies
with marked 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 discon-
formably.

An Upper Cambrian fauna equivalent to that of the
Pilgrim shale of Montana and the Dresbach shale of
Minnesota according to Bell ® has been found recently
near the base of the quartzite in the Minturn quad-
rangle about 30 miles west of the Front Range.?® Up-
per Cambrian 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 more complete than on the eastern side, the Cam-
brian includes a thick lower quartzite and an upper
shaly member—the Peerless member. The quartzite
has a few thin white to gray limy sandstones alternat-
ing with white to pinkish or brownish quartzite which
grade downward into gritty white quartzite and peb-
bly conglomerate near the base. The Peerless member
includes thin beds of limy 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 mem-
ber is present.

ORDOVICIAN

Distribution.—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 dis-
tance 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 Arkan-
sas Valley; but beds of this age are not present in the
zone of marked overlap on the eastern side of South

Park.

2 Singewald, Q. D., and Butler, B. S., Preliminary geologic map of the
Alma mining district: Colorado Seci. Soe. Proc., vol. 12, pp. 296-298,
1930.

25 Identification and stratigraphic significance determined by Dr.
Charles Bell.

2 Lovering, T. 8., and Tweto, O. L., Preliminary report on the geology
and ore deposits of the Minturn quadrangle, 1944, On file in the offices
of the U. S. Geological Survey at Washington and Denver.
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The Ordovician system is made up of three forma-
tions—the Manitou limestone, the Harding sandstone,
and the Freemont limestone. Because of the uncon-
formity at the top of the Ordovician and the marked
disconformities at the bases of the middle and upper
formations, 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 re-
lations and lithologic features of each formation 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.

Manitow limestone—The type locality of the re-
stricted Manitou limestone is at the narrows of Wil-
liams Canyon near Manitou Springs, where it is un-
conformably overlain by the Devonian(?) Williams
Canyon limestone and rests with gradational contact
on the Sawatch quartzite.”” It is 218 feet thick at
this place and consists of well-bedded reddish-gray
dolomitic limestone, light-gray to buff at the top and
brown and cherty at the base. The weathered surface
has a distinctive sandy appearance; weathering accent-
uates 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 places. The formation attains its
maximum thickness of 314 feet at Trout Creek Pass.

The Manitou fauna suggests Beekmantown age, and
it has therefore been assigned to the Lower Ordovician.?®

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.
Some of the shales are calcareous and grade into thin
limestone. It reaches its maximum 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 disconformity 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 forma-
tion differs from that shown on the eastern side of the
range in that very little shale is present.

27 Brainard, A. E., Baldwin, H. L., Jr., and Keyte, I. A., op. cit,, p. 382.
28 Idem.



32 GEOLOGY AND ORE DEPOSITS OF THE FRONT RANGE, COLORADO

According to Kirk,? the fauna of the Harding sand-
stone indicates Middle Ordovician age, and he tenta-
tively correlates it with the Black River of the eastern
United States. Brainard, Baldwin, and Keyte corre-
late the Harding with the Simpson sandstone of Okla-
homa.®

Fremont limestone—The Fremont limestone is
named from Fremont County, but like the Harding
sandstone its type section is at the Harding quarry at
Canon City. Here it is separated from the Harding
sandstone by an inconspicuous erosional unconformity.
The break at the top of the Fremont limestone is of
much greater importance, as Silurian beds are missing
throughout Colorado and in the Front Range region
both Devonian and Mississippian beds also are absent
locally. Exposure to long-continued erosion before the
younger beds were deposited upon it is reflected by
abrupt variations in thickness 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 fol-
lowed from 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 maximum thickness of 270 feet
a few miles north in Priest Canyon.

The Fremont limestone is a gray to blue-gray med-
ium-bedded, rough-weathering dolomitic limestone con-
taining a few thin beds of brownish sandstone; it gen-
erally stands out as a cliff above the less abrupt slope of
the softer Harding sandstone.

The basal part contains a fauna that suggests Trenton
age, but the remainder has yielded fossils that may be as
young as Richmond according to Brainard, Baldwin,
and Keyte.* It is probably equivalent in large part
to the Big Horn dolomite of Wyoming.

DEVONIAN

Rocks of the Devonian system are limited to the south-
ern half of the Front Range and are known with cer-
tainty only on the western slope, where the work of Kirk
and others has established the Devonian age of the
Chaffee formation. The Williams Canyon limestone on
the eastern slope is similar lithologically, and Brainard,
Baldwin, and Keyte regard it as the equivalent of the
lower part of the Chaffee of the western slope. Al-
though the Mississipian Leadville limestone is nearly
everywhere underlain by the Chaffee formation from
Hoosier Pass southward to Salida, the Devonian(?)
Williams Canyon limestone is less persistent and is miss-

2 Kirk, Edwin, The Harding sandstone of Colorado: Am. Jour. Sci.,
5th ser., vol. 20, pp. 456-465, 1930.

3 Brainard, A. E., Baldwin, H. L., Jr., and Keyte, I. A., op. cit., p. 385.
31 Idem, p. 387.

ing between the Canon City embayment and the Col-
orado Springs area. Good sections of the Parting
quartzite member of the Chaffee formation, as well as
the overlying Dyer dolomite member, are exposed at
Trout Creek Pass.

On the eastern slope the Williams Canyon limestone
is well exposed at Williams Canyon near the Cave of
the Winds at Manitou, and this has been selected 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
members, Like the other pre-Pennsylvanian forma-
tions, 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 followed south, first the Harding sandstone and then
the Fremont limestone appears beneath it.

The Parting quartzite member ranges from a con-
glomeratic quartzite and sandy limestone to an impure
shale containing interbedded quartzite layers. Near
Hoosier Pass it is a cross-bedded conglomeratic quartz-
ite or sandy limestone with a few shale partings, but to
the southwest it contains more 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
color 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 thick-
ness of the Parting quartzite member within short dis-
tances; 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 conformably 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 localities
and has been named the Dyer dolomite member of the
Chaffee formation.** The Dyer dolomite member com-
monly weathers to buckskin brown and contrasts
strongly with the bluish-gray surface of the weathered
Leadville limestone. 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 distriet: Colorado Sei.
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 Chaf-
fee formation, crops out persistently beneath Missis-
sippian limestone in the vicinity of Canon City and
Colorado Springs. It consists of thin-bedded lime-
stone with shale partings and a few thin sandstone
layers. The color ranges from light brown to gray, and
the formation has a maximum 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 Mississip-
pian 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 Madison limestone crops
out in the Ute Pass fault-fold west and north of Col-
orado Springs but is absent at Perry Park. It is lack-
ing also in the northern part of the Canon City basin
but is present in the Wet Mountains to the south. Good
exposures of the Leadville limestone may be seen near
the Hock Hocking mine about 2 miles west-southwest
of Alma, and an excellent section of the Madison lime-
stone is found near Manitou at the type locality of the
Williams Canyon limestone.

Thickness and stratigraphic relations—The Lead-
ville limestone ranges from less than 50 feet in thick-
ness near Hoosier Pass to approximately 300 feet at
Weston Pass in the Mosquito Range. Farther south
it reaches an even greater thickness. The erosion that
preceded the deposition of the Pennsylvanian rocks
cut deeply into the Leadville limestone in many places,
and rapid changes in thickness from place to place are
common. The absence of Mississippian beds on the
eastern side of the Front Range, except in the small
area near Colorado Springs, may be due chiefly to pre-
Pennsylvanian erosion rather than to nondeposition.
The Madison limestone reaches a maximum thickness
of about 100 feet in Williams Canyon near Manitou.

Lithology—At many places on the western side of
the range the Leadville limestone has a thin bed of
quartzite and breccia at its base, known as the Gilman
quartzite member,* but this basal member is not every-
where 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 dis-
tinctly sandy.

33 Lovering, T. 8., and Tweto, O. L., op. cit.
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The Mississippian limestone of the southeastern
Front Range is a gray or white slightly cherty lime-
stone, whose upper part shows the effect of pre-Pennsyl-
vanian weathering and solution. Brainard, Baldwin,
and Keyte correlate it with the Madison limestone,
which it resembles 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 Kinderhook and lower
Burlington age.®

PENNSYLVANIAN AND PERMIAN OF THE EAST
SLOPE

Distribution—~The lower Pennsylvanian Fountain
formation crops out almost continuously on the eastern
side of the range from the Wyoming line southward
to Canon City, but on the western side Pennsylvanian
exposures are much less continuous. Along the eastern
side of North Park and Middle Park unfossiliferous red
micaceous grit, which may be Permian, Pennsylvanian,
or Triassic, lies between the Jurassic and the pre-
Cambrian 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 red grit
is present in only a few localities. From Dillon south-
ward 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 lack-
ing along the northern and eastern side of South Park
and also at many places along the southern edge.

Thickness and stratigraphic relations—As already
indicated, the Pennsylvanian is separated from the older
and younger formations by conspicuous erosional un-
conformities. The thickness of the exposed Pennsyl-
vanian of the eastern slope changes from a minimum of
about 700 feet near Golden to a maximum of 4,500 feet
near Colorado Springs. Seismic prospecting a short
distance east of Denver indicates some 10,000 feet of
pre-Cretaceous beds, most of which probably belong
to the Pennsylvanian system (pl. 5). On the western
slope the Pennsylvanian and Permian near Brecken-
ridge increases from 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.

Fountain formation—The lower part of the Pennsyl-
vanian system along the eastern side of the Front Range
is called the Fountain formation. This formation takes
its name from Fountain Creek, along which it is well
exposed near Manitou. The formation is quite ir-

8 Girty, G. H., The Carboniferous formations and faunas of Colo-
rado: U. 8. Geol. Survey Prof. Paper 16, pp. 217-229, 1903.
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regular in thickness, owing to original differences in
deposition. It reaches a maximum of about 4,500 feet
near Colorado Springs but thins to less than 2,000 feet
a few miles to the south and commonly ranges from
about 1,500 to 2,500 feet of soft unjointed grits. North
of Perry Park it rests directly on the pre-Cambrian
rocks, but the contact is usually hidden in a swale be-
tween a hogback and the dip 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 minor
amount of lenticular reddish and greenish shale. Cross
bedding is prominent in many of the arkosic facies.
At the base of the formation 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 Foun-
tain formation are distinetly micaceous, in strong con-
trast to the older Paleozoic rocks. The grits and con-
glomerates are made up predominantly of fragments
of granite, quartz, feldspar, and mica from the pre-
Cambrian 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 for-
mation. 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 mem-
ber, which is lacking to the north, the character of the
Fountain formation remains remarkably constant
throughout the eastern border of the Front Range.

Ingleside formation.—This younger Pennsylvanian
formation is found above the Fountain formation in
the northern part of Colorado. According to Lee,3®
the Ingleside, which he correlates with the Casper for-
mation of Wyoming, is dominantly soft reddish sand-
stone and shale near Loveland but changes into a lime-
stone as it is followed to the north. The formation in-
creases 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 formation consists of three beds
of limestone separated by layers of intensely cross-
bedded 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 for-
mation and is conformably overlain by the red mica-
ceous Permian Satanka shale north of Ingleside, but

3 Lee, W. T., The correlation of geologic formations between east cen-

tral Colorado, central Wyoming, and southern Montana: U. 8. Geol.
Survey Prof. Paper 149, pp. 68, 1927.

to the south it is overlain unconformably by the Per-
mian Lyons sandstone. The Satanka shale is approxi-
mately 181 feet thick just south of the Wyoming line
at Soldier Canyon.

Lyons sandstone—~The light orange-red arkosic
Liyons sandstone lies directly on the Fountain forma-
tion south of Loveland but rests on younger and younger
beds as it is followed to the north. It ranges in thick-
ness from 50 feet near the Wyoming line to approxi-
mately 200 feet at Morrison and Colorado Springs. In
most places it is much more massive 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 formation
is a fine-grained, cross-bedded quartzose sandstone,
with a siliceous cement and a marked pinkish color, but
to the south it becomes arkosie. This arkosic material
shows evidence of a much greater degree of weathering
and decomposition in the neighboring land surface at
the time of deposition than does the material making
up the Fountain formation. In places, as at Morrison,
the Liyons 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 amphib-
ians occur at the type locality.

PERMIAN (?) AND TRIASSIC (?)

Lykins formation—The Lykins formation conform-
ably overlies the Lyons sandstone throughout the east-
ern 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 from a minimum of about 200 feet in the
Castle Rock quadrangle to a maximum of approxi-
mately 1,000 feet near Colorado Springs. Throughout
most of its extent it is approximately 600 feet thick.
Because of its softness and its position between hard
resistant formations, the Liykins is marked by an almost
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 forma-
tion, but the age of the upper part is uncertain. In
northern Colorado the Lykins is unconformably over-
lain by the Jurassic Sundance formation, but to the
south the Sundance wedges out, and the Jurassic Mor-
rison formation overlies the Liykins throughout most
of the eastern foothills of the Colorado Front Range.



FIGURE 11.—A, Silver Plume granite in a dike cutting the Boulder Creek granite in Gordon Gulch, 3 miles northeast of Nederland. 'The parallel arrangement of the feldspar crystals characteristic of this formation is
well shown. B, Basal Fountain formation in Red Rock Park north of Morrison. The weathering of the soft shale layers interbedded with the arkosic grit of the formation and its freedom from joints is illustrated
in this exposure. The slope to the left is pre-Cambrian rock from which the Pennsylvanian has been stripped by erosion. (¢, Klippe of pre-Cambrian granite resting on Cretaceous shale, 5 miles north of Kremmling.
The crystalline rocks are marked by wooded slopes and stand in contrast to the sage-covered shale beneath. This is a part of the Williams Range underthrust. D, View of Boulder Mountain, looking 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
SLOPE

On the western side of the Front Range few fossils
have been found in the red beds bordering North Park
and Middle Park; the beds have therefore been classed
as Pennsylvanian and Permian and as Triassic by differ-
ent writers. Beekly *® correlated the red beds of North
Park with the Triassic Chugwater formation of Wyo-
ming. The Chugwater has also been correlated with
the Liykins formation on the eastern side of the range.
The presence of a thin remnant of limestone beneath the
red beds in North Park suggests the relationship of the
Lykins to the Ingleside formation on the eastern front.
In North Park, however, the limestone rests directly
upon the pre-Cambrian, and as no fossils have been
found in it its age remains in doubt. From this some-
what inadequate evidence, it is suggested that the equiv-
alent of the lower Pennsylvanian Fountain formation
is lacking in North and Middle Parks but that parts at
least of the younger Pennsylvanian beds are present.

In North Park the red sandstones and shales have an
aggregate thickness of approximately 1,000 feet and are
overlain by the Jurassic Morrison formation. To the
south along the border of Middle Park, red arkosic grits
containing some micaceous shale underlie the Morrison
formation and are strikingly similar to the known
Pennsylvanian rocks of the Mosquito and Gore Ranges
to the west. Reddish and purplish-brown micaceous
grit of doubtful age crops out locally along the southern
border of Middle Park and also occurs in the valley of
the Blue, but so far as known it is everywhere less than
500 feet thick north of Dillon. To the south of Dillon
the Pennsylvanian and Permian beds thicken rapidly,
and near Hoosier Pass * and along the western border of
South Park * they are approximately 10,000 feet thick.
They thin eastward in a remarkably short distance, how-
ever, and at Georgia Pass, about 10 miles northeast of
Hoosier Pass, Pennsylvanian and Permian rocks are
missing, Cretaceous quartzite resting directly upon the
pre-Cambrian Swandyke hornblende gneiss.

Many efforts have been made to separate the Pennsyl-
vanian and Permian of the western slope into distinct
formations, but, as noted by Lovering ** in his discus-
sion of the Pennsylvanian and Permian of the Breck-
enridge district, most of these attempts have been with-
out conspicuous success, and much confusion has re-
sulted. Where the deposits are well developed the
lower part has been called the Weber (%) formation; it

36 Beekly, A. L., Geology and coal resources of North Park, Colo.:
U. S. Geol. Survey Bull. 596, pp. 23-26, 1915.

37 Ransome, F. L., Geology and ore deposits of the Breckenridge min-
ing distriet, Colo.: U. S. Geol. Survey Prof. Paper 75, p. 30, 1911,

28 Gould. D. B., Stratigraphy and structure of Pennsylvanian and
Permian rocks in Salt Creek area, Mosquito Range, Colo.: Am. Assoc.
Petroleum Geologists Bull., vol. 19, pp. 971-1009, 1935.

3 Lovering, T. S., Geology and ore deposits of the Breckenridge mining
district of Colorado: U. S. Geol. Survey Prof. Paper 176, pp. 4-6, 1934.

consists predominantly of gray grit and dark-colored
shales and limestones. The Maroon formation overlies
the Weber (?) formation and has been separated from
it chiefly through color distinctions. The lower part
of the Maroon is generally dark-red, but in the upper
beds this color gives place to a brilliant brick-red.
Limestones are much more common in the lower than
in the upper part, and throughout the formation the
grit and sandstone are strongly crossbedded and may
grade into limestone, dolomite, shale, or conglomerate
within a short distance along either the strike or dip.
The upper brick-red portion was formerly known as
the “Wyoming series,” but the term Maroon formation
has been adopted for the Permian and Pennsylvanian
(?) beds lying above the Weber (?) formation. The
limestones carry an unmistakably Des Moines fauna in
the lower 4,500 feet of the Maroon formation 15 miles
west of Dillon,* but diagnostic fossils have not been
reported from higher beds.

In South Park Gould recognized five divisions of the
Penngylvanian and Permian. According to him the
Pennsylvanian Weber (?) formation is approximately
1,725 feet thick. The lower 950 feet of section consists
of dark-gray to black shale with interbedded lime-
stone; this is followed by a sandstone 250 feet thick,
above which the section is dominantly dark-gray to
black shale but contains a few thin beds of sandstone
and limestone. Locally, thin algal limestones are com-
mon near the top of the formation. It seems conform-
ably overlain by the Coffman conglomerate member of
the Maroon formation, which ranges from 20 to 1,000
feet in thickness. This member is an arkosic conglom-
erate with some shale and sandstone. The shale is gray,
buff, or black in color, and the conglomerate is light-
colored. Overlying the Coffman is the Chubb siltstone
member. It consists of gray to reddish-brown siltstone,
which is argillaceous and calcareous near the base but
chiefly sandstone in the upper part. It is about 1,827
feet thick. This member does not show the rapid lateral
changes that the underlying Coffman conglomerate
member exhibits and persists with little change in thick-
ness throughout the western border of the park.

The Pony Spring siltstone member overlies the Chubb
and is nearly 6,000 feet thick. It consists of gray to
light-red siltstone, with interbedded gray-green sand-
stone and gray-green shale. Five of the individual
sandstone strata that occur in the Pony Spring siltstone
member are remarkably uniform in thickness and litho-
logic character and can be followed for considerable
distances along the strike. Some of the upper sand-
stones are calcareous, but limestone is not noted in this
member. Above the Pony Spring siltstone member
undifferentiated strata of the Maroon formation are
known to occur, but they were not given a separate

40 Lovering, T. S., and Tweto; O. L., op. cit.
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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 member.
These are mapped as part of the Maroon formation on
the basis of lithologic similarity to the Maroon in the
type locality.” #* The undifferentiated Maroon strata,
whose total thickness is estimated at approximately
5,000 feet, are dark purplish-red and maroon shales and
siltstones with interbedded cream to gray arkosic sand-
stones and conglomerates.

The Maroon formation has been ascribsd to the
Permian chiefly because of the occurrence of Walchia
piniformis and W. gracilis in the Pony Spring siltstone
member of South Park and of Walchia and related fos-
sil plants in the valley of the Eagle River. David
White regarded these plants as diagnostic of the Per-
mian, but the recent work of Elias* on a flora of un-
questioned Permian aspect but containing undoubted
Pennsylvanian plants and lying between formations of
known Pennsylvanian (Des Moines) age throws doubt
on the diagnostic value of the plants used by White in
assigning a Permian age to the Maroon formation.
Further doubt is engendered by Donner’s discovery *
of a Walchia flora about 30 miles west of Kremmling
similar to that of Gould’s, as this flora occurred between
unfaulted 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 (?) formation of the western slope and that the
Fountain itself is comparable to the Coffman conglom-
erate member of Gould and part of his Chubb siltstone
menber ; also, that the Lyons and Lykins are in general
equivalent to Gould’s Pony Spring siltstone mem-
ber 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 Wells-
ville.

MESOZOIC
TRIASSIC

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

41 Gould, D. B., op. cit., p. 996.

42 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.

4 Donner, H, F., Geology of the McCoy area, BHagle and Routt Coun-
ties, Colorado: Geol. Soc. America Bull., vol. 60, pp. 1215-1248, 1949.

JURASSIC

Entrada sandstone—According to Lee,** the light-
colored cross-bedded sandstone of the Jurassic Sun-
dance formation is present from Boulder northward to
Wyoming, and thin remnants of it occur to the south
of Boulder, but Reeside * does not believe these beds
to be the true marine Sundance. Reeside correlates
this sandstone with the Entrada sandstone of the west-
ern slope, which is believed to be equivalent to only the
basal part of the Sundance.*® On the western slope
the Entrada sandstone has been identified in South
Park by field parties of Northwestern University work-
ing under the direction of C. H. Behre, Jr.*

It is probably also present in the Breckenridge dis-
trict, where an orange-yellow sandstone below the Mor-
rison formation and lithologically similar to the En-
trada sandstone was included in the Maroon formation
by Lovering.*®* Entrada sandstone is not known south
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 sand-
stone may be seen in Boxelder Canyon north of Fort
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 dif-
ferent 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 at-
tains a maximum of about 125 feet near Boxelder Can-
yon but is less than 50 feet on the western slope.

Morrison formation—The Upper Jurassic Morrison
formation is widespread in the Front Range region
and is almost everywhere present beneath the Creta-
ceous Dakota group. Along the northern and eastern
edge of South Park it is missing, and here the Dakota
quartzite 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 miles 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.

4 Lee, W. T., op. cit., p. 16.

45 See Wilmarth, M. G., Tentative 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. 8. Geol. Survey Prof. Paper 184, pp. 26, 46, 1936.

47 Personal communication.

4 Lovering, T. 8., op. cit., p. 6.
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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 quad-
rangle and thickens both northward and southward. It
is 277 feet thick at the type locality,® but near the Wyo-
ming line it attains its maximum thickness of about 350
feet. At Canon City the beds classed as Morrison by
petroleum geologists % 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,” the correlation of the arkose with the
Todilto limestone member, 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 cor-
related with the upper part of the Maroon formation.

At most places the base of the Morrison formation is
a persistent light-colored slightly conglomeratic sand-
stone, 10 to 20 feet thick, containing many differently
colored grains and small pebbles of chert. Above this
member the formation consists dominantly of varie-
gated 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 KEntrada sandstone. From Lyons to
Bardeen, 20 miles south of Colorado Springs, the Morri-
son is underlain by the Lykins formation, except where
thin local remnants of the Entrada sandstone are pres-
ent. ~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 formation at Canon City. A few miles
farther west it laps over the pre-Pennsylvanian forma-
tions and rests directly on the pre-Cambrian basement.

On the western slope of the Front Range the Morrison
formation in most places rests directly upon pre-Cam-
brian rocks, although a short distance farther west it
lies unconformably upon Mesozoic and Paleozoic for-
mations. It is missing in the Georgia Pass area, how-
ever, and has apparently been overlapped by the Cre-
taceous Dakota quartzite a short distance to the west.®

# Waldschmidt, W. A., and LeRoy, L. W., Reconsideration of the
Morrison formation in the type area, Jefferson County, Colo.: Geol.
Soe. America Bull., vol. 55, p. 1100, 1944,

% 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.

%2 Lovering, T. 8., Geology and ore deposits of the Breckenridge dis-
trict : U. 8. Geol. Survey Prof. Paper 176, p. 8, 1934.

Fossils are relatively rare in the Morrison formation,
although the beds are famous 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)

Purgatoire 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 Purga-
toire formation of southeastern Colorado. The two
members 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.®® The excellent
exposures along the hogbacks held up by the Purgatoire
and Dakota formations make 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 mapped separately
in the Castle Rock quadrangle. Farther north, the
Lytle sandstone member and the overlying Glen-
cairn shale member have been mapped as the lower part
of the Dakota sandstone, but the continuity of outcrop
leaves little doubt that the beds of Purgatoire age ex-
tend continuously along the Front Range into Wyoming,
where they make up the Cloverly formation. (See pl.
1, Prof. Paper 149.)3* The lithologic similarity of the
Dakota group on the western 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
may 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

8 Richardson, G. B., U. 8. Geol. Survey Geol. Atlas, Castle Rock 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.

& Lee, W. T., Correlation of geologic formations between east-central
Colorado, central Wyoming, and southern Montana: U. 8. Geol. Survey
Prof. Paper 149, pl. 1, 1927,



PALEOZOIC, MESOZOIC, AND CENOCZOIC SEDIMENTARY ROCKS

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 member com-
monly ranges from 100 to 150 feet and that of the
Glencairn shale member from 150 to 200 feet.

Dakota sandstone and quartzite—The persistent
Dakota group is present on both the eastern and west-
ern 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 from 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 thin-
ner or thicker than these prevailing limits. The sand-
stone is a light-colored well-washed quartz sand with
a siliceous cement. The crest of the pronounced hog-
back that usually marks the Dakota outcrop is held
up by the resistant upper sandstone (fig. 6).

UPPER CRETACEOUS

Benton shale—Like the Dakota group, the overlying
Benton shale is present on both the eastern and western
slopes and, unlike the older formations, is nowhere over-
lapped 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 most abundant pebbles in the conglomerate
consist of Dakota quartzite, but some schist, granite,
and limestone fragments are present. In most locali-
ties there is no evidence of a hiatus between the deposi-
tion 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 of the Front Range.

The formation consists predominantly of dark-gray
to black clay shales containing a few fossiliferous con-
cretions and a limy or sandy bed with a Carlile fauna
at its top. South of Castle Rock the beds containing
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the Carlile fauna are shaly, and an intermediate lime-
stone zone appears marked by the Greenhorn fauna.
On the western slope the Carlile horizon is marked by
an oolitic brownish limestone with a distinet petro-
liferous odor.

Niobrara formation—As shown on plate 1, the
Niobrara formation is present in all the deeper syn-
clines 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 uppermost member of the Benton is a lime-
stone, the division between it and the overlying basal
limestone of the Niobrara is less easily defined. This
basal member, which is 15 to 20 feet thick in most places,
commonly crops out in a low ridge, which seems a sub-
dued reflection of the great Dakota hogback a short
distance away (fig. 6). Most of the formation 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 moder-
ately 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 incon-
spicuous, but the black limy shales and thin-bedded
limestones at the top of the Niobrara are generally in-
dicated by the presence of numerous lenses and vein-
lets of secondary white calcite.

Picrre shale—The Pierre shale conformably over-
lies the Niobrara formation and attains a maximum
thickness of about 10,000 feet south of Boulder. Its
thickness is only 2,200 to 2,600 feet in South Park *
but is more than 4,000 feet 25 miles northeast, near
Dillon. Because of its soft character, good exposures
of the Pierre shale are uncommon, but a nearly com-
plete section can be seen along the Denver & Salt Lake
Railway about 7 miles north of 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 formation, 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 limestone 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 Nio-
brara formation and crops out for more than a hundred

5 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.®® The shales of
the upper half are more arenaceous than those below,
and in the upper thousand feet, locally called the transi-
tion zone, yellowish limy and sandy shales are common.
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 sandstone.—The Fox Hills sandstone over-
lies the Pierre shale conformably and, like it, is of ma-
rine origin. The Fox Hills sandstone has not been def-
initely 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 lower coneretion-
ary 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 predominantly brackish-water deposits accom-
panied by coals and lignitic shales and below which
they are predominantly marine.”” The Fox Hills sand-
stone as thus restricted has a thickness of approximately
250 feet. This sandy zone in the Upper Cretaceous se-
quence lies at higher and higher horizons as it is traced
to the east and is probably a near-shore facies of the re-
treating Upper Cretaceous sea. The basal sandstone
is composed of moderately clean quartz sand north of
Boulder, but to the south it becomes increasingly ar-
kosic, and at Colorado Springs it is marked by conglom-
eratic layers containing pebbles of pre-Cambrian gran-
ite as much as 2 inches in diameter,

Laramie formation—The Laramie formation 1is
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 Den-
ver formation in South Park.?® 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 Den-
ver basin it averages about 600 feet. Because of the
strong erosional unconformity between it and the over-
lying continental Cretaceous beds, the thickness of the
Laramie formation ranges from less than 250 feet to
more 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 sand-

% Lavington, C. 8., Montana group in eastern Colorado: Am. Assoc.
Petroleum Geologists Bull., vol. 17, pp. 397—410, 1933.

57 Lovering, T. 8., Aurand, H. A,, Lavington, C. 8., and Wilson, J. H.,
Fox Hills formation, northeastern Colorado : Am. Assoc. Petroleum Geol-
ogists Bull., vol. 16, pp. 702, 703, 1932,

58 Stark, J. T., Johnson, J. H., Behre, C. H., Jr., Powers, W. E., How-
land, 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 formations—The coarsely
clastic beds that overlie the Laramie formation with
marked erosional unconformity 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
conglomerates, tuffs, tuffaceous sandstones and shales,
lignite, and, near Golden, interbedded basaltic lavas.
The conglomerates below the beds containing andesitic
debris were originally called the Arapahoe formation,
but the division was arbitrary and has been difficult to
use. The term Denver formation has been used for
the tuffaceous deposits above the Arapahoe in the Den-
ver basin, Farther south the equivalents of the Arapa-
hoe and Denver have been called the Dawson arkose,
and in South Park they have been included in the Sho-
shone group of Cross. The maximum 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 exceeds
5,000 feet.®

The sequence in the Denver basin is richest in vol-
canic debris in the lower part, and pre-Cambrian waste
becomes more and more abundant with increasing dis-
tance 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 rhyo-
lite flow consisting of welded tuff occur at the top
of the Dawson arkose just below the Oligocene beds
south of Castle Rock. Elsewhere the upper part is
made up of arkose and micaceous shale.

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 evi-
dence of volcanic activity after pre-Cambrian time.
The sedimentary structures within the Denver forma-

59 Behre, 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. 8., The Granby anti-
cline, Grand County, Colo.: U. 8. 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.
land5.) '

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.” More recent work,®
however, has shown that the Araphoe formation and
the basal part of the Denver formation 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 primi-
tive mammalian fauna and a Paleocene flora. The
boundary between the Cretaceous and Tertiary there-
fore 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 Wyoming 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 Oligo-
cene. Richards®' measured several hundred feet of
light-gray to light-tan tuffaceous sands and clays in the
valley of Troublesome Creek, near Kremmling in
Middle Park, and found both Oligocene and late Mio-
cene or early Pliocene fossils in it within a few rods
of each other. It is probable that most of his “T'rouble-
some 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,* but south of Denver
this epoch is represented by a coarse boulder conglom-
erate and arkosic sandstone known as the Castle Rock
conglomerate. The gravel apparently had its source to
the northwest and contains fragments of many 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 fos-
sils of Chadron and White River age in their Antero

¢ 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.

6t 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.

Miocene—Beds of Miocene age are known in Middle
Park and along the eastern border of the range just
south of Wyoming. 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 sev-
eral hundred feet.”® There they appear conformable
with the underlying light-colored clay shales assigned
to the Oligocene White River formation, but they over-
lap 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 Michigan Creek, described by Gorton.*
The North Park formation has a thickness there of 800
feet, and its upper part is interbedded with andesite
flows derived from the Specimen Mountain volcanic cen-
ter a few miles southeast; no voleanic rocks are repre-
sented in the conglomerate below the andesite. No
fossils have been found in the conglomerate closer than
those at Granby. A lower Pliocene Hipparion is re-
ported from the North Park formation in the Saratoga
basin 50 miles to the northwest,’ 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 Miocene or early Plio-
cene age have been found in South Park by Stark and
his coworkers, but the fossils occur in thin and dis-
continuous lake-bed deposits. Procamelus bones of
similar age have been found in Middle Park by Rich-
ards.®® 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.

Pleistocene~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-

6 Lovering, T. S., op. cit. (U. S. Geol. Survey Bull. 822), p. 74.

ot 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.
@ Richards, A. H., op. cit.
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arately on the geologic maps (pls. 1 and 2). In gen-
eral, the glacial drift is found along the larger streams
up to altitudes of approximately 9,000 feet on the west-
ern slope and 8,000 feet on the eastern slope (fig. 3).
Distribution of the early drift suggests icecap glacia-
tion, whereas the later (Wisconsin) drift is limited to
the steeper-sided valleys. Three well-developed ter-
races, locally covered by terrace gravels to a depth of
as much as 30 feet, are common in the major valleys
below the limits of glaciation. The upper terrace is ap-
parently contemporaneous with the early period of
glaciation, and the lower terrace with an early stage of
Wisconsin 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 pres-
ent gravel downstream 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 aver-
age 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 themselves show a great range in thickness
and reach a maximum of about 150 feet near Brecken-
ridge.

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 ma-
trix 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 dis-
continuous 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 un-
common in it. Subangular boulders as much as 20 feet
in diameter intermingled with small boulders, pebbles,
and clay occur in the late glacial moraines. Fluvio-
glacial deposits are conspicuous, both above and below
the terminal moraines of the Wisconsin glaciers. They
are made 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
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conglomerates, and the beds of tuff, found in the Denver
and Middle Park formations. Flow rocks of this age
seem limited to South Park, Middle Park, and the Den-
ver 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 for-
mation; and their Buffalo Peaks andesite flows are be-
lieved by Behre to have been formed earlier than lower
Oligocene beds and later than the Flattop erosion sur-
face in the Mosquito Range west of South Park.’” Tt is
possible that the early rhyolites southwest of Pikes Peak
are of similar age.

At the base of the Middle Park formation,® near
Granby, andesite flows alternate with beds of breccia
and conglomerate, but Cretaceous and Paleocene extru-
sive 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 margin
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 north-
ward from Colorado Springs, however, more and more
volcanic material is recognized, and in the region be-
tween Palmer Lake and Sedalia ®° interbedded rhyolite
appears in the upper part. Farther north, in the vi-
cinity of Golden, basalt flows are interbedded with the
lower part of the Denver formation.™

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 pe-
culiar, highly aluminous rocks of distinctive chemical
character but are essentially identical in chemical com-
position 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 mark the voleanic
throat through which were erupted the lavas that were
the source of the andesitic pebbles in the Denver for-
mation east of the range.

7 Stark, J. T., Johnson, J. H., Behre, C. H., Jr., Powers, W. B., How-
land, A. L., Gould, D. B., and others, op. cit.,, pp. 95-110, and Behre,
C. H., Jr., oral communication.

% 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.

% Richardson, G. B., U. S. Geol. Survey Geol. Atlas, Castle Rock folio
(no. 198), pp. 9, 10, 1915.

7 Johnson, J. H., Geology of the Golden area, Colorado: Colorado
School of Mines Quart., vol. 25, pp. 18-21, July 1930. Emmons, 8. F.,
Cross. W., and Eldridge, G. H., Geology of the Denver Basin, Colorado :
U. 8. 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 volecanic conduits. The porphyry of Mount Sil-
verheels, south of Hoosier Pass, is very similar in com-
position to the andesitic pebbles in the Denver forma-
tion of South Park; it contains hornblende rimmed with
augite and magnetite—a paragenetic relation charac-
teristic of magmas undergoing a rapid loss of volatiles
while solidifying. The Mount Silverheels stock is be-
lieved to lie in the volcanic throat through which was
ejected 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 in-
crease in thickness to the south. Their source is un-
known 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 di-
rection. These voleanie rocks can be traced southward
to within a few miles of Monument, but farther south
they have been removed by erosion. No source for this
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rhyolite is known in the plains region, and silicic 1n-
trusives of Cretaceous or Paleocene age are rare in the
Front Range southwest of Monument. The summit of
Pikes Peak marks the position of a nearly vertical
stock of coarsely porphyritic granite similar in appear-
ance to some of the porphyritic quartz monzonite of
the mineral belt associated with the Laramide revolu-
tion. South of the peak a linear series of outcrops of
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 1s of Cretaceous or Tertiary rather than pre-
Cambrian 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
voleanic conduit through which the Windy Point gran-
ite rose. The composition of the Windy Point granite,
the rhyolite, and the slightly silicified welded rhyolite
tuff are very similar and suggest a genetic relation.
(See the following table.)

Analyses of Windy Point ‘“granite’” and of rhyolite and rhyolite tuff from the Dawson arkose

Specimen 8102 | AlzO3 | Fez03| FeO | MgO | CaO | NagO | K20 |H:0 —|Hz0 +| TiO2 | P205 | MnO | BaO | Li:O F COz Rb

1. Windy Point granite, Middle

Beaver Creek 1 ___________________ 73.51 113.28 [ 0.94[0.97| 0.05| 111 3.79|5.22| 0.16| 0.62| 0.18| Tr.| Tr. | Tr. j..._.__. 0.55 |- ooomoo|-ammian
2. Windy Point granite, Beaver Creek1_| 75.17 | 12.66 .23 | 1.40 .05 .82 | 2.88|5.75 .16 . 66 L10 | 0.03 Tr. | 0.C3 Tr. | 81 e foae
3. Rhyolite pebbles from upper part of

Dawson arkose, partial analysis 2. .| 73.75 |- oo oo C|ecoioo]|aooos 375 | 5.83 | oo e mm e e e e e
4, Slightly silicified rhyolite tuff from

top of rhyolite sheet, upper part of

Dawson arkose, 2.8 miles south-

east of Castle Rock 3.______________ 82.16 | 8.27 .75 .16 .15 .59 | 2.19 | 3.94 L8| 1.04 .28 .02 | 034 |- None |._-_.. None | None

1 7. 8. Geol. Survey Geol. Atlas, Colorado Springs folio (No. 203), 1916.
2 U, 8. Geol, Survey Geol. Atlas, Castle Rock folio (No. 198), 1915,
3R. C. Wells, aralys*.

INTRUSIVE ROCKS
DISTRIBUTION

Most 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 northeast-
erly zone extending from Radial Mountain in Middle
Park through Cameron Pass to the Manhattan-Home
mining district ; they form a faint counterpart parallel-
ing the main porphyry belt about 35 miles to the north-
west. Ore deposition accompanied the intrusion of
some of the stocks in the Radial Mountain-Home belt,
but so far as known the mineralization there was not
intense. As already noted, late Cretaceous and Paleo-
cene voleanic conduits now marked 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
accompanying mineralization.

MODE OF INTRUSION

In the sedimentary formations that border the pre-
Cambrian rocks the sills and concordant steeply dip-
ping intrusive sheets far outnumber the cross-breaking
dikes, but no laccolith has been found. Near Brecken-
ridge and in the Tarryall district several large porphy-
ritic 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-Cam-
brian 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 marked
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 are al-
most 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 grano-
diorite at Jamestown,” apparently show no change in
cross section for some distancé below the surface, and a
few bodies, such as the quartz monzonite 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 moved vertically and others almost horizontally.
In several places the tops of dikes and in other local-
ities 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
among 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 augitite, some are as
silicic as alaskite, and some are as aluminous as bos-
tonite, but most 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 most of the intrusives in the por-
phyry belt lies between that of augite diorite and quartz
monzonite porphyry. In this area the mineral deposits
contain chiefly complex lead-silver-zinc ores. North-
east of Silver Plume, in addition to the intermediate
rocks, more alkalic groups are found, and alkalic sye-
nite, 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

7 Goddard, E. N., The influence of Tertiary intrusive structural fea-

tures on mineral deposits at Jamestown, Colo. : Econ. Geology, vol. 30,
pp. 370-386, 1935.

through the northeastern half of the mineral 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,” and more detailed
descriptions of them may be found in district reports.”™
Study of the composition and age sequence of the rocks
shows that they fall into distinctive groups. The rela-
tions 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.”* 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 differ-
ent groups in the porphyry belt recognized by the
writers is quite distinctive. The photomicrographs of
rocks belonging to these groups, figures 10, D, £, 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 Moun-
tain-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

72 Lovering, T. 8., op. cit. (Prof. Paper 178), pp. 30—40.

73 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. B, Garrey, G. H., and Ball, 8. H., Eco-
nomic geology of the Georgetown guadrangle, Colo.: U. S. Geol. Survey
Prof. Paper 63, 1908. Bastin, E. 8., and Hill, J. M., Economic geology
of Gilpin County and adjacent parts of Clear Creek and Boulder Coun-
ties, Colo.: U. 8. Geol. Survey Prof, Paper 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 Craw-
ford, 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. B., Howland, A. L., Gould, D. B., and others,
Geology and origin of South Park, Colorado: Geol. Soc. America Mem.
33, 1949.

 Lovering, T. S., and Goddard, E. N., Laramide igneous sequence and
differentiation in the Front Range, Colo: Geol. Soc. America Bull.,, vol.
49, no. 1, pp. 35-68, 1938.
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GEOLOGICAL SURVEY
WESTERN SIDE OF FRONT RANGE
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4. 1, Diorite porphyry, Boreas Pass. C.G.S. 31, p. 45.
2, Diorite porphyry, Wellington mine, Breckenridge district. P.P. 75, p. 62.
3, Hornblende-mica porphyrite, Buckskin Gulch, Leadville district. M. 12, p. 340.
4, Diorite porphyry, Wellington mine, Breckearidge district. P.P. 75, p. 62.
5, Diorite porphyry, McNulty Gulch, Tenmile district. P.P. 14, p. 174,
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5. 1, 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 discrice. C.G.S. 31, p. 45.
41, Quartz monzonite porphyry, Mount Guyot, 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.
PEL ‘e 8, Diorite porphyry, Copper Mountain, Tenmile district. B. 148, p. 176.
Al203 Sl " Al203 9, Gray porphyry, Johnson Gulch, Leadville district. M. 12, p. 332.
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oy e - \‘.J(_ r\:__‘ // 3 6. 1, Lincoln porphyry, Mount Lincoln, Leadvilledistrice. M. 12, p. 332.
Y4 2 — Tt 1o ‘v S - \‘Q\ 2, Quartz porphyrite, Chicago Mountain, Tenmile district. A.R. 14, pt. 2, p. 227.
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3, Quartz monzonite porphyry, Brewery Hill, Breckenridge district. P.P. 75, p. 45.
\ 4, Granite porphyry, McNulty Gulch, Tenmile district. B. 148, p. 176.
® 5, Quartz monzonite porphyry, Brown’s Gulch, Breckenridge districe. P.P. 75, p. 45.
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7. 1, Nevadite, Chalk Mountain, Leadville district. M. 12, p. 589.
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1. 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. 148, p. 159.

S, 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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4, Early basalt of Table Mountain, Golden, Colo. M. 27, p. 308.

S, Basalt of Table Mountain,Golden, Colo. M. 27, p. 306.

6, Diabase of *‘Iron dike,’’ Sugarloaf, Gold Hill district. B. 228, p. 187.
7, Gabbro, 1 mile south of Caribou. P.P. 94, p. 43.

8, Nolerite, Valmont dike, east of Boulder. M. 27, p. 301.
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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, 1 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.
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5.41, Quartz monzonite porphyry, Mount Guyot, Breckenridge district. P.P. 75, p. 58.

6. 3, Quartz monzonite porphyry, Brewery Hill, Breckenridge district. P.P. 75, p. 45.
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7. 1, Nevadite, Chalk Mountain, Leadville district. M. 12, p. 589.
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1, Hornblende monzonite, Nederland district. J. G. Fairchild, analyst, U.S.G.S.

J 2, Alkali syenite, Idaho Springs district. P.P. 63, p. 134.

3, Alkali granite quartz monzonite, Jamestown district. J. G. Fairchild, analyst,
U.8.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.
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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,
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12. 1, Limburgite, Nederland district. J. G. Fairchild, analyst, U.S.G.S.
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formations record the beginning of the igneous activity
that culminated with 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 pre-
cisely, but there is no reason to believe that they are
much later than the other porphyritic rocks. The pitch-
blende ores of the Central City district, which are closely
associated with the bostonite and sodic quartz monzo-
nite porphyries of the mineral belt, have a lead-uranium
ratio indicating an age of approximately 60,000,000
years, suggesting an early Tertiary age. This informa-
tion 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 oc-
curred earlier on the western slope than in the eastern
drainage area. Broad regional studies ™ 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 mnot 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 of the ig-
neous sequence on the eastern slope. (See fig. 12.)
This fact suggests that orogenic movements may have
been more nearly contemporaneous in different parts of
the Front Range than the correlative igneous rocks.
The general order of Laramide orogenic events is sug-
gested in figure 12 and is summarized below.

1. The intrusion of sills and dikes of felsite porphyry
(fig. 10, D) and hornblende andesite in the south-
western part of the porphyry belt during late Laramie
and early Denver time, while dikes and stocks of alu-
minous augite andesite were being intruded in the
central part of the rising Front Range arch, with at-
tendant extrusive activity.

2. The beginning of folding and faulting along
northwesterly axes throughout the Front Range, accom-
panied by the intrusion of dikes and small irregular
stocks of porphyritic augite diorite on the western slope

™ Ore deposits of the Western States (Lindgren volume), pp. 152-180,
Am. Inst. Min. Met, Eng. 1933.

and extensive northwesterly dikes of gabbro and dia-
base (fig. 10, £'), on the eastern slope; also by the ex-
trusion of basalt and mafic andesite from many scattered
vents in the central part of the Front Range.

3. The intrusion of rhyolite and some quartz mon-
zonite porphyry in South Park, the intrusion of porphy-
ritic hornblende-quartz monzonite and andesite in the
region near Ward and the extrusion of rhyolite and
rhyolite tuff from the Pikes Peak volcanic vent some-
what later, near the close of 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, #) and horn-
blende monzonite in the southwestern part of the min-
eral belt; also the intrusion of stocks and dikes of por-
phyritic granodiorite (fig. 13, 4), hornblende monzo-
nite, hornblende diorite, and of andesite porphyry in the
northeastern half of the porphyry belt. It is probable
that the porphyritic rocks of the Radial Mountain-
Home 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 biotite-
quartz monzonite of the Lincoln porphyry type (fig. 13,
B) in the southwestern half of the mineral belt and the
intrusion of medium-grained biotite-quartz monzonite
porphyries in the northeastern half of the belt, together
with sodic quartz monzonite and latite porphyries. The
ereat bulk of the porphyritic rocks in the southwestern
half of the mineral belt were intruded during epochs
4, 5, and 6.

7. The intrusion of rhyolite (fig. 13, €'), alaskite, and
felsite porphyries throughout the mineral belt and for-
mation of lead-silver ores in the region from Caribou
southwestward.

8. The intrusion of alkalic syenite, alkalic diorite,
and sodic granite (fig. 13, 2) in the northeastern half
of the mineral belt, followed by pyritic gold and sparse
lead-silver-zinec mineralization.

9. The intrusion of bostonite porphyry (fig. 13, £)
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, /) and bio-
tite monzonite porphyries rich in volatiles in the north-
easternmost portion of the mineral belt.

11. The injection of latitic intrusion breccias (fig. 17,
A) in dikes and pipes in the northeastern half of the
mineral belt, followed almost immediately by gold-tel-
luride mineralization.

12. Intrusion of limburgite (fig. 17, B) dikes in the
tungsten belt followed by the formation of tungsten
ore bodies.
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Ficure 13.
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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-Cam-
brianrocks. 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 " 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 writers nor Gorton ”* 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-Cambrian
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 displace-
ment of more than 614 miles. The granodiorite was
beveled by erosion and covered with volcanics from the
Specimen Mountain Volcano, which is pre-Pleistocene
according to Wahlstrom,” and is probably later than
lower Miocene, as Gorton discovered that the earliest
flows in the area are interlayered with beds of conglom-
erate about 800 feet above the base of the formation
provisionally correlated with the lower Miocene con-
glomerates of the Granby area 25 miles to the south
(see p. 41).

It seems probable that the granodiorite at Lake
Agnes immediately followed the stage of overthrusting
that marked the culmination of the Laramide revo-
Iution. Some lead-silver-zine mineralization attended

" Spock, L. E., Jr., Geological reconnaissance of parts of Grand, Jack-
son, and Larimer Counties, Colo. : New York Acad. Sci. Annals, vol. 30,
pD. 195, 196, 240, 241, 1928,

"7 Gorton, K. A., Geology of the Cameron Pass area. Grand, Jackson,
and Larimer Counties, Colo. Unpublished doctoral thesis, University
of Michigan, 1941.

" Wahlstrom, E. E., Structure and petrology of Specimen Mountain,
Colo. : Geol. Soc. America Bull., vol. 55, pp. T7-90, 1944,

the intrusion of the stock, but the deposits in the Never
Summer Range have not been worked for several dec-
ades 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 Lara-
mide revolution, ranging in composition from diorite
to quartz monzonite, but their relation to the late Ter-
tiary 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 mineral 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 Man-
hattan district are chiefly hornblende monzonite por-
phyries (see pp. 285-286).

DIFFERENTIATION

The variation in chemical composition in the rock
series of the mineral belt is shown in plate 7, which in-
dicates the general course of magmatic differentiation.
As the detailed discussion of differentiation in the min-
eral belt already published ™ may not be readily avail-
able to some readers, the general conclusions reached
are repeated below.

The succession of igneous rocks of the Laramide revo-
lution suggests the widespread fusion of a deep crystal-
line 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 mineral belt; its composition ap-
proximated 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 com-

" Lovering, T. S., and Goddard, BE. N., Laramide igneous sequence and

differentiation in the Front Range of Colorado : Geol. Soc. Ameriea Bull,,
vol. 49, pp. 35-68, 1938.

EXPLANATION OF FIGURE 13

[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 respon;ible for the
platy structure of the intrusive is clearly shown. i, Ilmenite; b, hornblende; p, plagioclase (andesine); g, quartz; ¢, titanite. Crossed nicols.

R, Photomicrograph of porphyritic quartz monzonite from center of large stock 2 miles northeast of Montezuma, typical of Lincoln porphyry, group 6. Note fresh appear-
ance of plagioclase and deuteric alteration of orthoclase. b, Biotite; o, sericitized orthoclase; p, plagioclase (andesine); ¢, 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 the ground-
mass. o, Sericitized orthoclase; ¢, 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 latite 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 changed during crystal-
lization of the magma in almost exactly the reverse of
the way that it changed during the period of magma
generation, when the crystalline substratum was grad-
ually being fused. Thus the curve of solidification was
almost the reverse of the curve of liquefaction. With-
drawal 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 oc-
curred several times in the eastern part of the range
and gave rise to distinct differentiation series: Diorite,
monzonite, quartz monzonite, granite, alaskite, lead-
silver-zinc ores; alkalic syenite, bostonite, pyritic gold
ores; and biotite monzonite, biotite latite, latitic intru-
sion breccia, gold-telluride ores, and tungsten ores. On
the western slope the differentiation series ranging from
porphyritic diorite through porphyritic quartz mon-
zonite to granite porphyry represents subtractive dif-
ferentiation in comparatively shallow hearths and is
closely comparable in its physical chemistry to the cor-
responding 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 was due to crystal settling, zon-
ing, and filter-pressing, some desilication of the magma
in the shallow hearths occurred locally during the ema-
nation 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 re-
melting of the magmatic shell or crust and by the for-
mation of a composite stock whose rock facies differed
only slightly from one another in composition.

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 Poudre 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 the re-
gion west of Cripple Creek between the Arkansas River
and the South Platte River. Interbedded lower Mio-
cene 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 the upper
members is less certain. The amount of erosion under-
gone suggests that very few of them can be later than
early Pliocene. The Tertiary rocks of this region in-
clude trachyandesite (?), rhyolite, obsidian, basalt, and
rhyolitic and andesitic tuffs and agglomerates according
to Spock,® but the work of Wahlstrom ® 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,® is basalt, which was followed successively by
andesite, tuff and agglomerate, quartz latite, rhyolite,
and obsidian. The andesite is interlayered with con-
glomerates that are probably of lower Miocene age
(see p. 41). The tuffs and agglomerates 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 amygdaloidal lavas 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 rhyo-
lites 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 underly-
ing the rhyolite aggregate are approximately 800 feet
thick. The center of this voleanic activity was prob-
ably at Specimen Mountain, 12 miles northwest of Estes
Park.®

Specimen Mountain is a deeply eroded pre-Pleisto-
cene volcano according to Wahlstrom, and the exten-
sive series of pyroclastics and flows found in the sur-
rounding region probably came from this vent. Near
the volcanic throat the flows and breccia beds are
strongly tilted and faulted, but the voleanic rocks a
few miles north show little fracturing. The compo-
sition of the extrusive rocks ranges from 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 miles 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 Wet Mountains and
westward into the Arkansas Valley near Salida. As
the lavas in these two localities are commonly believed
to be eastern outliers of the great San Juan volcanic
field, the extrusives in the southern Front Range seem

8 Spock, L. E., Jr., op. cit. pp. 195-241.

8 Wahlstrom, E. E., op. cit.

82 Gorton, K. A., op. cit.
8 Wahlstrom, E. E., op. cit.
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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 vol-
canic 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, which 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 ®* 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
and are tentatively correlated with the Florissant lake
beds by the writers.

The andesitic and basaltic breccia covers an area of
more 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 fine-
grained 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
masses 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 upper-
most beds it has contributed some debris. South of
Hartsel the trachyte rests on light-colored beds of Oli-
gocene 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

8¢ Cross, Whitman, U. 8. Geol. Survey Geol. Atlas, Pikes Peak folio
(no. 7), p. 2, 1894.

8 Stark, J. T., Johnson, J. H., Behre, C. H., Powers, W. K., Howland,

A. L., and Guild, D. B,, History of South Park Colo. (abstract) : Geol.
Soc. America Proc., 1935, pp. 107-108, 1936.

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 narrow shallow gorges cut in
the early tuff or in the basaltic and andesitic breccia.
Its age relationship to most of the volcanic rocks is not
certainly known, though it is younger than the Floris-
sant lake beds and earlier than the Cripple Creek
phonolites.

INTRUSIVE ROCKS

With 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 limited to the regions of Miocene ex-
trusives 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 voleanics. The dikes of basalt
found in the andesitic and basaltic breccia are the old-
est Tertiary intrusives recognized in the region. The
breccia is also cut by many dikes of augite andesite,
which are for the most part younger than the basalt
dikes. Hornblende 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 * and by Loughlin and Koschmann *7 is
as follows: (1) Intrusion and extrusion of phonolite
in explosive volcanic outburst with the resultant for-
mation 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) in-
trusion of phonolite dikes and plugs (73.5 percent of
the intrusives) ; (4) intrusions of dikes of vogesite and
monchiquite; (5) dikes of trachydolerite; (6) intrusion
of pipe of basaltic breccia (“Cresson blowout”) and ac-
companying local dikes of basalt; and (7) deposition
of gold ores. (See description of Cripple Creek dis-

trict on pp. 291-2¢8 for further details.)

38 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. Proe, 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 petro-
graphically, but in the field the intrusive rocks of the
Bare Hills and Signal Butte areas appear to be andesi-
tic 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 marked pre-Cambrian faulting, the
foliation is parallel to the later structural feature.
Most of the earlier pre-Cambrian intrusive rocks were
intruded as thin sill-like masses parallel to the foliation
of the metamorphic rocks. This concordant habit be-
comes less and less marked in the younger intrusives.
In most places where the primary gneissic structure at
the borders of the early orthogneisses is distinet 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 pre-
Cambrian intrusives is not as evident in rocks belonging
to the Boulder Creek granite series. Application of
the Cloos method for interpreting the shapes and at-
titudes 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 may
therefore be due in part to the enlarging of the upward-
moving 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 many
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 cen-
ter of the mass. Where 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 Schaffers 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 predominate locally. Granites of the Silver
Plume type were apparently less effective in imposing
foliation on the metamorphie rocks than were the older
granites. Insufficient work has been done thus far to
allow generalization regarding the shapes of the in-
trusives in the Silver Plume, but M. F. and C. M. Boos,*
as well as the writers, have found evidence of many
local centers of intrusion within batholiths of Silver
Plume granite. In some places the coalescing of gran-
ite masses that were fed from 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 under-
lain by a continuous mass of schist forming the country
rock of the narrowing granite conduit. X

Pegmatites and aplites related to each of the in-
trusive granites are especially common along their
borders, both on the under and upper sides of the in-
trusive masses. The structural relations of pegmatites
containing such unusual minerals as beryl and the rare-
earth 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 descrip-
tion 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 approxi-
mately 65°. 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 Can-
yon road south of Cripple Creek clearly defined anti-
clines and synclines in this schist are well exposed.
The oldest rocks noted here are quartzite beds, which

8% Boos, M. F., and Boos, C. M., Granites of the Front Range: Geol.

Soc. America Bull., vol. 45, p. 331, 1934.
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form the cores of anticlines spaced approximately 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° W. The foliation of the
overlying schists is parallel to the bedding of the quartz-
ite and is a good example of the close parallelism be-
tween foliation and original structure common through-
out the Front Range. Mapping of the quartzite has
been somewhat generalized in the Pikes Peak folio,®
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 mapped by Cross
in the northern part of the Pikes Peak quadrangle.”
It extends north-northwest through Blue Ridge south-
west 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° W., and the dip is approxi-
mately 60° N.; however, as the western side of the Pikes
Peak batholith is followed northward from Lake
George a marked change in the regional foliation is ap-
parent. A few miles northwest of Tarryall, schist
typical of the Tdaho Springs formation is exposed along
Tarryall Creek for 12 miles. The schist is closely
folded, and many anticlines and synclines can be' ob-
served along the Tarryall Creek road. Here the gen-
eral strike of the schist is N. 45° E., but in Lost Park,
8 miles to the northeast, the regional trend is N. 60° W_,
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 approxi-
mately 35° NW. At the extreme eastern edge of Lost
Park, between Pikes Peak granite and a small body of
granite gneiss, a mass of schist dips east at about 45°.
As shown on plate 1, the regional structure suggests a
broad northeastward-plunging anticline, whose nose is
nearly 5 miles across. On the crest of the ridge be-
tween Lost Park and Tarryall Creek the uniform north-
westerly trend of the schists suddenly changes to a
series of tight northeastward-trending folds. Their
structure is parallel to and in harmony with that pre-
viously mentioned for Tarryall Creek a few miles far-
ther southwest.

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 be-
tween Bailey and Shawnee. To the northeast, the broad
nose of the Lost Park anticline widens until in the re-

8 Cross, W., U. 8. Geol. Survey Geol. Atlas, Pikes Peak folio (no. 7),

1894.
% Idem., p. 1.

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 north-
westward-trending mass of Pikes Peak granite and as-
sociated Boulder Creek granite. Ball® 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 well as the schistosity developed in the monzonite, in
general dips 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”
mass 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 quad-
rangle approximately where the axis of the syncline
should lie and probably marks the continuation of a
syncline northwest of Cassells which also trends north-
eastward and has hornblende gneiss in the middle.
From the eastern border of the Pikes Peak granite bath-
olith 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 western edge of the Front Range east of
Breckenridge the sedimentary schists of the Idaho
Springs formation dip east-northeast at a low angle
and underlie an extensive mass of isoclinally folded
hornblende gneiss about 4 miles in width. Where the
Idaho Springs formation reappears at the eastern side
of the gneiss its dip is nearly vertical. North of the
latitude of Breckenridge this synclinal body of horn-
blende gneiss has a general north-northwesterly trend,
but to the south it swings sharply to the south-southwest,
disappearing under the Mesozoic and Tertiary sedimen-
tary rocks at the northern edge of South Park. This
crenulated syncline rises gradually toward the north,
and only a few minor troughs of hornblende gneiss re-
main where the metamorphic 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° to 60° SE. The structure reverses a few
miles from the border of the granite, and a belt of horn-
blende gneiss is exposed in the center of this anticline;

o Spurr, J. B., 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 seem 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 Ter-
tiary beds east of Fraser. This sharp swing marks the
nose of the anticline that has the hornblende gneiss at
its center southwest of the Iraser River. On the
northern side of the Tertiary cover, a few miles north
of Tabernash, the regional dip of the schist is about
60° NW. In the Williams Range, nearly due west of
the hornblende gneiss area, the regional dip of the
schists is also about 60° NW., suggesting that the horn-
blende gneiss is near the center of an unusually per-
sistent anticline.

In the eastern part of the Montezuma quadrangle,
about 15 miles 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 re-
gional 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 from siliceous quartz bio-
tite schist to schistose quartzite, can be traced from 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 quartz-
ite appear on the eastern side of the batholith several
miles to the east and have been traced for some distance
east-southeast of Squaw Mountain. It is uncertain
whether these zones are the same and mark the repeti-
tion of one bed or whether they are separate members.

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 mylonitic zone strik-
ing 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 as-
suming the nearly due-east trend that it shows just be-
fore it disappears under the Pennsylvanian sedimentary
rocks 314 miles north of Golden.

Between the North Fork of Clear Creek and the east-
ern foothills the mylonitized zone that marks the north-
ern 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, movement con-
tinued 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 monocline and has
not. been observed south of Fall River, about 2 miles
west of Idaho Springs. About 6 miles northwest of
Central City a northeastward-plunging syncline is pres-
ent and becomes very marked as it is followed south-
southwest. 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 become 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 to N. 30° W., and its dip is 50° to 80°
E., from the western edge of the batholith of Boulder
Creek granite to the east of the Moffat tunnel, a dis-
tance 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 plunges
toward the north. On the western side of this anti-
cline the schist dips approximately 65° NW. This anti-
cline can be traced north-northeast from near Empire
to the western part of the Caribou mining 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
dipping western and eastern limbs into immediate con-
tact with each other by eliminating the transitional
trongh—the inverse of the relation existing along the
Coal Creek shear zone (pls. 1and 2). Along the tunnel
lIine the westerly and northwesterly dip of the beds
1s 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-south-
east 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 fol-
lowed 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 Mon-
arch Lake and the Lake Albion porphyry stock has
been unroofed along the valleys of East Fork and Cas-
cade Creek, and the concordance of the schist with the
top of the stock is well shown (pl. 2). Along the Con-
tinental 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°. From Monarch Lake westward
the metamorphic rocks dip 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 small batholith of
Boulder Creek granite.

The region lying north of Allens Park has received
less attention by the writers than that already described
and has been studied chiefly by M. F. Boos.”? Asshown
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 western side of the Continental
Divide the prevailing trend of the schist is east to north-
east, and the prevailing dips are to the north or north-
west at from 45° 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 sedi-
mentary origin and dip about 65° E. A quartzitic zone
in these schists can be followed northward and north-
eastward for several miles to where the Big Thompson
River leaves the pre-Cambrian terrain. Two miles
south of the river the schists dip 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

92 Boos, M. F., and Boos, C. M., op. cit., pp. 303-332. Fuller, M. B.
(Mrs. M. F. Boos), General features of pre-Cambrian structure along
the Big Thompson Valley, Colo.: Jour. Geology, vol. 32, 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

3

northeast at 60°, but a short distance north of the river
they dip south or south-southwest at 50° to 70°. About
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 miles farther north, about
6 miles northwest of Fort Collins. Here, too, they mark
an eastward-plunging syncline. 'The repetition of these
quartz schists in synclines in many localities strongly
suggests that the large area of schist between the Big
Thompson and the Cache la Poudre Rivers is an iso-
clinorium. As shown on the map, plate 1, the gen-
eral trend of the foliation is eastward, although near
the eastern border of the range it swings sharply to
the southeast. Northerly dips 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 horn-
blende gneiss that may be regarded as the extreme
southern end of the Medicine Bow Range. The re-
gional westerly dips of the sedimentary schists to the
east suggest that the hornblende gneiss has a synclinal
position, but little detailed work has been done on
the structure of this part of the mountains. 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 miles 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
noted by the writers, but the structure of what seems
to be a later series of pre-Cambrian sedimentary rocks
described by both King ®* and Blackwelder * 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 resemblance
to the quartzite at Coal Creek and to the Needle Moun-
tains group of the San Juan area. The regional trend
is to the northeast, and the dips are steep.

ORIGIN OF THE METAMORPHIC STRUCTURE

The extremely complex structure of the pre-Cam-
brian terrain of the Front Range can be reduced to a
few comparatively simple elements. The regional dis-
tribution of the pre-Cambrian sediments is significant.
The metamorphic rocks in the central part of the range
from Canon City to Wyoming are almost exclusively

9 King, Clarence, United States geological exploration of the fortieth
parallel, vol. 1, pp. 28-29, Washington, 1878.

" 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 nar-
row northward-trending zone. The Swandyke horn-
blende gneiss is abundant along the flanks of the range,
to the east and west of the central zone, and the young-
est pre-Cambrian sediments crop out only at the east-
ernmost edge of the mountains. This distribution sug-
gests that the complexities of structure so characteristic
of the metamorphic rocks have been imposed on a com-
paratively 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 dominantly transverse folds plunging east-north-
east.

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 Sherman and Pikes Peak granite
batholiths in general trend northeastward. The smaller
masses of Boulder Creek granite and the granite gneiss
and quartz monzonite gneiss bodies commonly are elon-
gated parallel to the part of the major structure in
which they were emplaced. 4

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 mouth
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 metamorphism 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 com-
position of these seams to suggest the presence of power-
ful metamorphosing agents; their simple mineralogy
suggests that they accompanied rather than caused
the metamorphism. It is possible, however, that the
temperature gradient due to the great age of the sedi-
ments would make the beds susceptible to metamorph-
ism 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 met-
amorphic 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 strik-
ing 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 for-
mation 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 diverse,
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 cool-
ing 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 ® has calculated the gradient
that would exist at certain time intervals in a homo-
geneous nonradioactive earth for a variety of assump-
tions 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
has also summarized known data for temperature gradi-
ents in the United States. The average gradient in
Louisiana, a region of thick sediments probably com-
parable to the ancestral unconsolidated Idaho Springs
formation, should lead to a temperature of 100° C. at
7,000 feet. In the original sedimentary basin contain-
ing the Idaho Springs formation, the Swandyke gneiss,
and the quartzite at Coal Creek, the data available (see
pPp- 20, 23) indicate a thickness in excess of 35,000 feet.
A gradient of twice 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 mag-
matic addition to transform them into schists and
gneisses.

% Spicer, H. C., Tables of temperature, temperature gradient, and age
for a nonradioactive earth: Geol. Soc. America Bull, vol. 48, pp.
75-92, 1937.

99 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 pre-
Cambrian structure may be summarized as follows:
(1) A thick series of dominantly clastic sediments with
some intercalated volcanic rocks accumulated; (2) the
sediments became highly heated because of a steep nor-
mal temperature gradient and thus were very suscep-
tible to metamorphic processes; (3) a great northward-
trending anticline began to form while magmatic
emanations from 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 intermediate and largest bodies
followed only the major structure of the region and
modified the local structure to one concordant with
themselves; 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 influenced the localization
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of folding and faulting during the Laramide revolu-
tion. 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 re-
garded as a compound positive unit trending north-
northwest. A northwest trend is very marked on the
western edge of the wedge-shaped Front Range high-
land, but its eastern edge extended almost due north.
The narrow Wet Mountains highland trended north-
westward, 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 Car-
boniferous 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 much as 15,000
feet, and Iater 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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Front Range, is comparable 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 Wet Mountains highland with the
Front Range highland. The thick accumulation of sedi-
ments in the trough to the west involved the downwarp-
ing of the basin while uplift was occurring in the
adjacent highlands. The dominant trend of the minor
folds that were formed during this differential move-
ment was northwest. During much of the Upper Creta-
ceous 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 prcbably began in
middle Pierre time while the Denver basin was still be-
ing downwarped. 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 were forming a short distance to
the east. The peak of the accelerating uplift did not
occur until after the late Cretaceous and Paleocene sedi-
ments in the Denver basin were deposited. It is prob-
able that most of the pronounced structural features of
the Front Range had their origin shortly afterward, in
the Iatter half of Fort Union 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 posi-
tive elements of the old Front Range and Wet Moun-
tains 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 corre-
sponding members of the early magmatic series show
the effect of more orogenic movements on the western
slope than on the eastern slope. This difference sug-
gests that the orogenic movements 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 revolu-
tion is essentially as follows:

1. Noticeable arching of the Front Range highland
began shortly before Denver time.

2. Northwesterly folding and faulting and some east-
northeasterly 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 northwestward, but on the
western border several north-northeasterly faults are
present in the region between Empire and Granby.

4, Asthe regional northwesterly faulting and folding
died out, fracturing became localized in narrow trans-
verse 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 many 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 mineral-
ization. ‘

6. Further movement along both the northwesterly
and northeasterly faults preceded the deposition of
gold tellurides in the northeast part of the mineral
belt.

7. The final convulsion of the dying Laramide orog-
eny 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 was 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-trend-
ing faults. In all the major faults the downthrown
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 north-
ward-trending faults coincides with the northeastern
edge of the central Colorado basin. Farther south, be-
yond the Arkansas River, this tectonic belt splits around
the north side of the Wet Mountains, the eastern branch
dying out gradually to the southeast and the western
branch passing into the central part of the old sedi-
mentary 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 Laramide revolution that trend northwest to
west-northwest and have their depressed side on the
southwest. The largest of the thrust faults is the
Williams Range thrust fault, which forms the western
limit of the Front Range in the Williams River Moun-
tains for more than 50 miles. Its northernmost limit is
represented by klippen or outliers of pre-Cambrian
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rocks resting on Cretaceous shale (fig. 11, ¢). This
fault has a horizontal displacement of more than 414
miles. It has been described as an underthrust,”” but
the validity of distinguishing between overthrusting
and underthrusting has been questioned by sceptical
geologic disciples of relativity. The two terms are of
no consequence unless some point of reference is es-
tablished ; they remain meaninglessly relative if only
the hanging walls and footwalls of the thrust fault
are considered, but the terms acquire significance if an
adjacent area of less intense deformation is present,
which can be used as the necessary reference point.

A marked swing of formations toward or away from
the axis of the parent overturned fold as the thrust
fault is approached suggests underthrusting or over-
thrusting, respectively, with reference to the area of less
intense deformation. Similarly, the movement of the
walls of tear faults shows the direction of movement
of the adjacent thrust block and indicates whether
overthrusting or underthrusting has occurred.

East of Breckenridge the displacement on the Wil-
liams Range thrust fault rapidly lessens, and it passes
into an overturned fold, which is well exposed at
Georgia Pass.  This transition zone is marked by the
northeastward-trending belt of mineralized shear faults
that coincides with the main part of the mineral belt in
this area. Movement on the shear faults here and in
the mineral belt to the northeast shows that the north-
west walls moved northeastward ; this would be the ap-
parent direction of movement of the footwall of the
thrust fault and would indicate underthrusting in ref-
erence to the less-deformed Georgia 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 thus bend toward the axis
of the overturned fold as they approach the shear zone,
where they disappear under the hanging wall of the
thrust fault. Such a bend also suggests underthrust-
ing, and both criteria for distinguishing underthrusting
from overthrusting are present; it would seem that the
Williams Range thrust fault may be called an under-
thrust with some confidence.

A belt of complexly broken thrust faults trends north-
ward along the east flank of the Vasquez Mountains
from the vicinity of Byers Peak to the latitude of Tab-
ernash, where it turns northwestward and continues to
Hot Sulphur Springs.”® These faults bring pre-Cam-
brian rocks, chiefly hornblende gneiss westward over
marine Cretaceous strata and the late Cretaceous and
Paleocene Middle Park formation as far north as Taber-
nash; northwest of this locality the structure is some-

3

9 Lovering, T. S., Field evidence to distinguish overthrusting from
underthrustin<z : Jour. Geology, vol. 40, pp. 651-663, 1932.

9% Tweto, O. L., Pre-Cambrian and Laramide geology of the Vasquez
Mountains, Colo. Thesis, University of Michigan, 1947,

what simpler than to the south, but Pierre shale has
been thrust westward over the Middle Park formation.

For many miles to the north of Fraser the structures
of the Laramide revolution have a northerly trend in
contrast to the region to the southwest.

A short distance south of Fraser the Berthoud Pass
fault breaks through schist and granite in a north-
northeast direction for many miles. The wide shear
zone along the fault was first discovered in the construc-
tion of the Moffat tunnel and was largely responsible
for increasing the cost of the bore from an estimated
$6,000,000 to $18,000,000.” The position of Berthoud
Pass is probably determined by the presence of this
strong shear zone (fig. 15).

Westerly thrusting occurs at the edge of the crystal-
line rocks in some places and is well shown a few miles
north of Granby, where the contact between the pre-
Cambrian and the overlying Jurassic rocks is offset sev-
eral miles to the west by a thrust fault. From this lo-
cality to the Middle I'ork of Michigan Creek, nearly 25
miles to the north, the contact between the sediments
and crystalline rocks trends nearly due north and coin-
cides with the outerop of this fault.!

Near the locality where the contact between crystal-
line and Jurassic rocks swings northwestward across
the Colorado River, a few miles northeast of Granby,
there is a marked bend in the course of the river, which
flows nearly due south from its headwaters to this
place and nearly west from here to Kremmling. North
of this bend the wide, deep, southward-trending valley
contains Tertiary beds older than lower Miocene.
This marked topographic trough is directly in line with
a similar depression along which the Laramie River
flows north from the divide that separates it from the
headwaters of the Colorado River. The complex struc-
ture of this area has been admirably worked out by
Gorton. Tmmediately 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 two thrust sheets are present;
the earlier of these two Gorton named the Cameron
Pass thrust. Where it is exposed along the highway
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 Laramie River is known between Cameron Pass and
Chambers Lake). This thrust was preceded and fol-
lowed by strong folding; later the steep Montgomery
Pass fault broke through this area north-northwest for
17 miles (pl. 1). Minor thrusting later than both faults

formed the North Fork thrust, whose horizontal dis-

% Lovering, T. S., Geology of the Moffat tunnel, Colorado: Am. Inst.
Min. Met. Eng. Trans., vol. 76, pp. 337-346_ 1928.

1 Gorton, K. A., Geology of the Cameron Pass area, Grand, Jackson,
and Larimer Counties, Colo., Unpublished doctoral thesis, University of
Michigan, 1941.
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F1GURE 15.—Aerial view looking northeast across Berthoud Pass from an aititude of 16,200 feet. The position of the Berthoud
Pass fault, which is responsible for the heavy ground in the Moffat tunnel 6 miles to the north, is shown. Two cirques of Wis-
consin age, which are cut into the Flattop peneplain at an altitude of slightly more than 12,000 feot, appear in the fore-
ground and middle distance. Courtesy of Geological 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. Pre-
Cambrian 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 con-
tact with pre-Cambrian rocks on the west side of the
valley and in thrust-fault contact on the east side.
From here to the Wyoming line the valley follows a
broken syncline of Mesozoic sediments locally con-
cealed by unconformable Tertiary beds. The struc-
ture has been little studied, but eastward-dipping
thrust faults are known both north and south of Sand
Creek, which enters the Laramie River 10 miles south
of the Wyoming 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-Wyoming 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 Boul-
der 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 dis-
place Carboniferous rocks, into the pre-Cambrian ter-
rain (pl. 2). In the region west of Boulder persistent
faults of this system have had a marked control on
the localization of ores? (see pp. 237, 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. ILocally the contact
between pre-Cambrian and sedimentary rocks is a fault.
The faults in Perry Park, west of Larkspur, and in
Woodland Park, northwest of Colorado Springs, have
a more northerly trend than the persistent north-
westerly faults of the eastern part of the mineral belt
and in the region north of it, but like them the down-
? Lovering, T. S., Preliminary map showing the relations of ore deposits

to geologic structure in Boulder County, Colo. : Colorado Sci. Soc. Proc.,
vol. 13, pp. 77-88, 1932.

thrown side is on the east. The Ute Pass fault, which
marks the western side of the Woodland Park trough,
strikes N. 20° W. and can be traced for more than 30
miles along a downthrown block of Paleozoic sedi-
ments in the pre-Cambrian terrain. Just west of Col-
orado 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 Sawatch 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 crystalline rocks under Paleozoic
formations along the scalloped northern side of the
Canon City embayment. The most pronounced syn-
cline 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 downthrown 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 rem-
nants 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 Howbert (now flooded by the Elevenmile
Canyon Reservoir) the pre-Tertiary rocks are concealed
beneath volecanic rocks, but it seems probable that the
great South Park syncline so conspicuous to the north-
west continues under the lava and that the belt north-
northwest 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 certain 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 northeastward-
trending zone of early Eocene porphyry stocks extend-
ing from Breckenridge to Jamestown, with a marked
concentration of sills and metalliferous deposits on its
southeastern side, The abundance of strong north-
westerly faults in the crystalline rocks of Boulder and
Jefferson Counties, where mapped by the writers, sug-
gests that they are common eleswhere in the Front
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Cheyenne Mtn.

Qtg, Terrace gravel; Kn, Niobrara formatfon; Kb, Benton shale; Kd, Dakota sandstone; Cly, Lyons sandstone; Cf, Fountain formation; pre €, Pikes Peak granite

FIGURE 16.—Aerial view looking north at Cheyenne Mountain from an altitude of 10,000 feet above Lytle. Cheyenne Mountain, type locality
of the Cheyenne Mountain erosion surface, is a mass of pre-Cambrian rock that has been thrust eastward onto Cretaceous strata at the south
end of the Ute Pass fault. The fault line is marked by the abrupt termination of the foothills. 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 north-
erly trend, and many of them dip steeply; those on the
eastern side of the range commonly have downthrows to
the east, but most of those on the western side have
downthrows to the west. Still farther south in the lati-
tude of the Wet Mountains, northwestward-trending
thrust faults become prominent, and in this region the
downthrow side is consistently to the east, indicating
thrusting from the west. Thus, just north of the lati-
tude of Colorado Springs there is a tectonic transition
zone between regions marked by overthrusting in oppo-
site directions.

The distribution of the northwestward-trending
faults and asymmetric folds in the region northwest of
the tectonic transitional zone indicates regional com-
pression that was greatest just northwest of the present
porphyry belt. Although local doming of the sedi-
mentary 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
structure 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 perpen-
dicular 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 different types of regional deformation. Fault
movements in the porphyry belt suggest that the north-
ern part of the transition zone was one of shearing with
nearly horizontal movement as well as one of tension.
It is believed that these two stresses—shearing and
tension—were in part responsible for the rise of the
magma that formed the porphyry stocks and almost
wholly responsible for the regional pattern of the por-
phyries and fractures. The relations of the northeast-
ward-trending and northwestward-trending faults 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 northeastward-
trending zone of cross-breaking porphyry masses that
are of pre-Miocene age and are tentatively correlated
with the early Eocene intrusives. This region, how-
ever, has been little studied.

POST-LARAMIDE STRUCTURE

In the region southwest of Fraser, strong north-north-

easterly faults postdate Miocene strata locally but pre-
date 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 Sum-
mer 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® have been found near
Mitre Peak and at the edge of High Park. They are
apparently related to local rather than regional
warping.

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 oc-
curred at the close of Focene time and resulted in the
interruption of the Green Ridge peneplain. The dif-
ferential movement between the crystalline and the
surrounding sedimentary rocks apparently ranges from
500 to 1,500 feet. It is probable that renewed move-
ment at this time on the northerly and north-north-
easterly faults near Fraser contributed largely to the
formation of the Oligocene and Miocene basin here.
A study of the benching of the various peneplains in-
dicates 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 Plio-
cene, and early Pleistocene time was accompanied lo-
cally 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 un-
certain.

The age of the ore deposits classed as pre-Cambrian
in the following pages can be determined unequivo-

3 Cross. Whitman, General geology of the Cripple Creek area: U. S.
Geol. Survey 16th Ann. Rept., pt. 2, pp. 54, 55, 1895. Loughlin, G. F.,

and Koschmann, A. H., Geology and ore deposits of the Cripple Creek
district : Colorado Sci. Soc. Proc., vol. 13, no. 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 iden-
tical with those of a group of deposits in the Front
Range classed as pre-Cambrian. Here, according to
Boyd,* the Morrison formation truncates the Maple
Leaf vein, 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
92, p. 47) of Paleocene (?) age. At several localities
ores are apparently contemporaneous with basic pre-
Cambrian rocks, and some deposits are cut by peg-
matitic dikes whose pre-Cambrian age seems unques-
tionable. As noted in the description of the deposits,
pages 67-68, Lindgren believed that the ores of the
F. M. D., Malachite, and Sedalia mines are almost con-
temporaneous with hornblende-augite gneiss; a pegma-
tite dike cuts the ore at the Sedalia mine near Salida.
Veins in the Masonville district are also cut by pegma-
tite dikes. Pegmatitic gold-quartz veins, such as that
in the Masonville mine, occur remote from Tertiary
igneous rocks, and their pre-Cambrian age seems estab-
lished. 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 valuable for gold, silver, lead,
and zinc, but the pre-Cambrian ores are chiefly valuable
for copper, zine, and gold. The primary mineral as-
semblages of pre-Cambrian deposits are distinctive
in most places. The ore minerals that are most com-
mon include free gold, chalcopyrite with subordinate
bornite, pyrrhotite locally containing nickel and cobalt,
pyrite, marmatite and gehlinite, and subordinate ga-
lena 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 revolu-
tion. In contrast to the pre-Cambrian ores, the Lara-
mide 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. The
Laramide deposits are found in areas where porphyries
occur and are related to structure formed during the
Laramide revolution rather than to pre-Cambrian
rocks.

4 Boyd, James, Pre-Cambrian ore of Colorado.
of Mines, 1933.

Thesis, Colorado School

PRE-CAMBRIAN DEPOSITS

The great age of the youngest pre-Cambrian rocks,
approximately 940,000,000 years, and the evidence of
a long period of erosion prior to the deposition of the
first Cambrian rocks preclude the possibility that ore
deposits formed at shallow depths in pre-Cambrian
time still exist. In contrast to the dominantly meso-
thermal appearance of the Laramide ores, only a few of
the pre-Cambrian ore bodies show any features charac-
teristic of mesothermal veins; the majority are unques-
tionably hypothermal deposits or magmatic segrega-
tions.

Although numerous occurrences of ore minerals in
associations that stamp them as pre-Cambrian in age are
known throughout the Front Range, there are few pro-
ductive mines in pre-Cambrian deposits. Intermittent
development work has been carried on at many prospects
and small properties, but no shipments have been made
for several years from mines exploiting deposits of this
group. However, chalcopyrite and sphalerite ores con-
taining some gold and silver have been mined in mod-
erate amounts at several localities, and a small tonnage
of lead-zinc ore and nickel ore has also been shipped.

The pre-Cambrian ore deposits fall into four general
classes: (1) Magmatic segregations, disseminations, and
related ores; (2) hypothermal replacement bodies; (3)
pegmatitic quartz veins; and (4) pegmatites.

The ores assigned to group 1 by Lindgren are
commonly chalcopyrite-marmatite-pyrrhotite-magne-
tite ores associated with an intrusive hornblende gneiss
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. (See fig. 17, C.)
Such ore bodies have not been found within granite
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 dis-
tribution of the ore within a dike does not encourage ex-
tensive development and prospecting. Work by Boyd ®
suggests that it may be possible to detect the presence
of hidden ore bodies by the use of the magnetometer, as
the higher-grade ores are associated with sufficient mag-
netite 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 Coto-
paxi, the chalcopyrite ores in Jefferson County, and the
gold-copper deposit near Empire.

The hypothermal replacement deposits are perhaps
the most widespread of the pre-Cambrian ore deposits

5 Idem.
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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 cal-
cite with minor amounts of the sulfide minerals, the most
abundant of which are chalcopyrite and pyrrhotite
(fig. 17, D, £, F'). In some places nickel and cobalt
minerals are associated with the pyrrhotite and chal-

copyrite, and in a few localities sphalerite 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 Tarryall
Mountains just west of the Pikes Peak granite batholith,
the Tsabel 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 Hosa Lodge
zine prospect.

In many places pegmatite dikes related to the granite
batholiths contain metallic minerals in sufficient quan-
tities to endourage prospecting. Commonly the ore-
bearing dikes consist chiefly of milky quartz and ortho-
clase with minor vugs and stringers of chalcopyrite
associated with coarse-grained calcite and fluorite. In
some of the pegmatitic quartz veins galena and sphaler-
ite are common and are associated with fluorite and
barite. The gold content is usually less than an ounce
per ton and the'silver content less than 10 ounces per
ton, although in ‘some veins, notably those of Lost Park,
the silver content has been greatly increased by second-
ary enrichment. Mineral occurrences and deposits of
this group are common, but only in a few localities are
they abundant enough to encourage development, and
relatively few have been productive. Some of the
better known properties of this group include the
Nisley mine near Shawnee, the Happy Dream and
Molly Grove mines vear Kremmling, and the Mason-
ville gold mine.

Pre-Cambrian pegmatites in the Front Range have
been a commercial source of feldspar for several dec-
ades, and during World War II they also supplied
beryl, mica, tantalite, and some rare-earth minerals to
the war industries. Nearly two hundred of these de-
posits 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

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 dis-
covered 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 min-
erals through 10 percent of their length are uncommon.
The average length of the commercial deposits is prob-
ably about 5 percent of the total length of the pegmatite
dike. The ore may occur in one shoot or in several com-
pletely 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. Tdeally this pegmatite consists of a cen-
tral 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 musco-
vite-albite casing. However, the symmetry and con-
tinuity of layers suggested above is rarely found. Quite
commonly the “central core”is crowded against one wall
of the pegmatite in a very irregular band, and the im-
portant muscovite-albite casing is present only locally
as lenticular masses between the core and the envelope
which forms a single irregular band.

The best deposits seem to occur in dikes that were in-
truded into walls that were already hot. A gradational
contact, a marked coarsening in texture of the walls
next to the pegmatite, migmatitization of the walls, or
the presence of a selvage of some coarsely recrystallized
minerals characteristic of the wall rock suggest wall-
rock temperatures well above normal when the pegma-
tite formed. s

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 dis-
trict, 20 miles northwest of Canon City; the Lake
George district, 5 miles west of Florissant; the Jeffer-
son 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.72W,and T.TN,,R. 72 W,
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MINE DESCRIPTIONS
MAGMATIC SEGREGATIONS AND DISSEMINATIONS

COTOPAXI MINE

Cotopaxi, at an altitude of 6,373 feet, is on the Den-
ver & Rio Grande Western Railroad, 26 miles west of
Canon City. The Cotopaxi mine, credited with a sub-
stantial 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, were inaccessible in 1932
and 1933 when the property was visited by Survey geol-
ogists. The prevailing rock of the area is reddish gneis-
soid 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 north-
easterly strike and a dip of about 45° NW. Lindgren ¢
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 dip steeply to the northeast, but the folia-
tion of the amphibolite is not reflected in the trend of
the ore body. The open stopes mined near the shaft
since Lindgren’s visit confirm his view of the lenticular
shape of the ore bodies. The lenses apparently dip
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 dark-
green amphibole. According to Butler and Goddard,?
some of the rocks are pegmatitic and consist of quartz,
labradorite, and dark-green zinc spinel (gahnite) with
a little chalcopyrite and galena. In 1883 ° the ore was

¢ Lindgren, Waldemar, Notes on copper deposits of Chaffee, Fremont,
and Jefferson Counties, Colo.: U. S. Geol. Survey Bull. 340, pp. 169-170,
19?%03‘(1, James, op. cit.

8 Butler, B. 8., and Goddard, E. N., unpublished report, U. S. Geol.
Survey, 1932,

? Corregan, R. D., and Lingane, D. F., Colorado Mining Directory for
1883, Denver. Colorado Mining Directory Co.

reported to consist largely of zinc blende and chalcopy-
rite free from lead; after sorting it contained 58 per-
cent of zine, 4.6 percent of copper, and 10 cunces of
silver to the ton.

Across the river from Cotopaxi a 600-foot tunnel was
driven in 1883 to develop magnetic iron ore contain-
ing approximately 59 percent of iron and 7 percent of
silica.

COPPER DEPOSITS IN JEFFERSON COUNTY

Copper has been mined from the pre-Cambrian rocks
west 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 horn-
blende gneiss and schist occur in the Idaho Springs
formation a few miles east of Evergreen and like the
schists have a northwesterly trend. The hornblendic
schists and gneisses at the F. M. D. prospect are ap-
parently younger than the Idaho Springs formation
but older than pegmatite dikes which cut it. The cop-
per deposits are in or very close to the amphibolite
schists and gneisses.

F. M. 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 dark-green amphibolite schist, which
contains pyrite, chalcopyrite, and magnetite, and is
probably a metamorphosed diabase. It consists of
green hornblende and biotite intimately intergrown and
embedded in a mosaic of labradorite with accessory
magnetite, apatite, pyrite, and chalcopyrite. Coarse-
grained masses of quartz, biotite, and pale-green labra-
dorite, which occur in the schist and probably represent
a dike, also contain pyrite and chalcopyrite. Fractures
in this dike rock contain secondary pyrite and zineif-
erous siderite. This pyritic dikelike deposit trends
eastward toward the Malachite mine and is oblique to
the foliation of the schist. ILindgren *° believes that it
probably represents a dike somewhat younger than the

1 Lindgren, Waldemar, op. cit., pp. 168-169.

EXPLANATION OF FIGURE 17

A, Pho'fomicrograph of intrusion breccia of group 11 (fig. 12) from Logan mine, 5 miles west of Boulder. Highly fragmented granite and some porphyry and early vein
material lie in a biotite-flecked glassy groundmass which is partly silicified and sericitized. b, Fragment of biotite latite; g, glassy groundmass. Crossed nicols.
B, Photomicrograph of limburgite of group 12 (fig. 12) from dike near Sugarloaf post office. Corroded serpentinized olivine phenocryst in mosaic of small augite crystals lying

in a glassy groundmass. a, Augite; o, olivine; s, serpentine. Crossed nicols.

C, Photomicrograph of pre-Cambrian replacement ore from Malachite mine. Pyrrhotite (p) and sphalerite (s) replaced amphibole (a).
D, Photomicrograph of pre-Cambrian ore from nickel mine a mile west of Gold Hill. Amphibole () and early pyrite (py) replaced by pyrrhotite (pr), chaleopyrite (¢), and

niceolite (n). Area included in E shown by rectangle.

E, Photomicrograph of ore from nickel mine, a mile west of Gold Hill, showing part of area included in D. Pyrite (py) and pyrrhotite (pr) replaced by chalcopyrite (c).

Niecolite () replaces pyrrhotite, which replacesamphibole (a).

F, Photomicrograph of pre-Cambrian replacement ore from nickel mine, a mile west of Gold Hill. Schistose amphibole () is replaced by pyrrhotite (pr), which imperfectly
preserves the metamorphic structure. Later replacement veinlets of nicec lite (n), pentlandite (p), and chalcopyrite (c) are well shown. The fuzzy outline of the pentlandite

veinlets in the pyrrhotite is caused by minute borders of niccolite.

R
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amphibolite mass. The continuity of the pyritic ore
between the two deposits is not proved. )

Moalachite mine—The Malachite mine is on a high
ridge near the northerly divide of Bear Creek, 114
miles east of the IF. M. D. property. Prior to 1907
oxidized ore to the value of approximately $35,000 had
been shipped from 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 was found in metagabbro. A winze 45 feet deep
was later sunk in the ore, and at the bottom the ore
body was about 4 feet wide. The sulfide in this body
showed no airect connection with the oxidized ore first
worked, and as the ore pinched laterally as well as with
depth and was parallel to the foliation of the enclosing
rock it is thought to be one of several lenticular segre-
gations in the metagabbro. The ore consisted of coarse-
grained masses of chalcopyrite, zine blende, and pyr-
rhotite said to contain some nickel, but it contained
very little gold or silver. Some pyrite is embedded in
the pyrrhotite. According to Lindgren the ore min-
erals are intergrown with augite and feldspar of the
metagabbro and are apparently contemporaneous with
them, but in specimens of ore examined by the writers
the ore minerals apparently replace the silicate minerals
(fig. 17, €). Accessory apatite and titanite are pres-
ent. Lindgren believed that the ore was a magmatic
differentiate in a metamorphosed gabbro dike.

A small prospect a quarter of a mile west of the
Malachite mine and between it and the I'. M. D. property
shows amphibolite schist containing garnet and epidote
with streaks of chalcopyrite and pyrite. Barren peg-
matite dikes cut this amphibolite. One of the most
noticeable differences between the ores of the Malachite
and the F. M. D. properties is the abundance of
pyrrhotite in the Malachite ore and the abundance of
magnetite in that of the F. M. D.

Empire mine—The Empire mine is a short distance
west of the center of sec. 11, T. 7 N., R. 70 W., 614
miles due west of Fort Collins. In 1933 the mine had
been idle for two decades, and water stood within 20
feet of the collar of the shaft, but in 1901, according
to Lee,™ the mine 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 mineral-
1zed shear zone in a metamorphosed basic intrusive and
is easily traced by float and the numerous prospect
holes, which follow its outerop 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 outerop is marked by gossan and copper stains,
and quartz stringers are common in the adjacent schists.

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

feet distant.

The belt of hornblende gneiss, near the center of which
the mine is situated, is about a mile wide and trends
westward for approximately 4 miles from the eastern
edge of the Front Range. To the north and south the
gneiss is in contact with quartzose schist of the Idaho
Springs formation, and to the west it is in fault contact
with granite.

An open stope immediately west of the main shaft ex-
tends for about 30 feet along the vein, which is here 3
feet wide. Some malachite is present on the back 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-Cam-
brian pegmatite apparently crosses the vein in this re-
gion, but the intersection is not exposed; another peg-
matite 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 character.
The weathered fragments of sulfide ore are rich in
residual masses of pyrrhotite and are similar in appear-
ance to the pyrrhotite ore of the Malachite property
described above.

HYPOTHERMAL REPLACEMENT VEINS

ISABEL MINE 2

The Isabel mine, which has produced some high-
grade zinc ore containing 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 W. It is on the north
bank of Smith Gulch, 2 miles west: of its junction with
Currant Creek and about 12 miles north of Parkdale, a
station on the Denver & Rio Grande Western Railroad.

According to ranchers in the vicinity, 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 lead-zinc ore were still on the dump
in 1932. The deposit was worked through a shaft 100
feet or more deep, which was not accessible in 1932,
but the size of the dump indicated 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 north-
eastward and is nearly vertical. The deposit is a verti-
cal vein that follows a pegmatitic quartz seam in the
schist and parallels the foliation. From the north bank
of Smith Gulch the vein has a course of N. 60° E. for
about 75 feet and then changes to N. 20° E. It appears
to pinch out within a distance of 100 feet. To the
southwest it is covered by the alluvium of Smith Gulch
and does not reappear on the other side, several hundred
It is 2 to 4 feet wide and is composed

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 acti-
nolite. The ore minerals form blebs and streaks in
shattered quartz or blebs in altered schist near the vein
walls. They include dark-brown sphalerite, fine-
grained to steel galena, and small amounts of massive
chalcopyrite. Stains of malachite, chrysocolla, and
iron and manganese oxides appear on the surface, but
oxidation has been very slight. Occasional small veins
of calcite cut the sulfide minerals.

The age of the deposit is in doubt. No intrusive ig-
neous rocks occur in the immediate vicinity of the de-
posit, and it lies about midway between batholiths of
Pikes Peak and Silver Plume granites, which are about
10 miles apart in this region. A small basic dike cuts
the schist near Smith 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 peg-
matitic vein quartz and was deposited after the shatter-
ing had ceased.

LONE CHIMNEY, MILL GULCH, AND COPPER KING

MINES

The Lone Chimney mine is in sec. 16, T. 15 S., R. 73
W., about a quarter of a mile south of the road between
Guffey and Black Mountain, 214 miles west-southwest
of Guffey. The Mill Gulch and Copper King mines are
3 to 4 miles S. 22° W. of the Lone Chimney, in sec. 5
or 6, T. 16 S., R. 73 W. Copper ore containing some
silver and gold has been shipped from the three prop-
erties, which are on the same vein. The Lone Chimney
mine was examined by E. B. Eckel of the Geological
Survey in 1932, but the workings of the Mill 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 done 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 80 feet
and had made one short crosscut, which did not pene-
trate the hanging wall of the vein. No ore had been
shipped. The Copper King mine was developed by a
rather long drift adit on the vein, and the Mill Gulch
mine was worked through a shaft, but no data are avail-
able as to the extent of the workings. Both mines
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,

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 aplitic granite to the
northeast but can be traced southwestward for a dis-
tance 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°
W. and dipping 67° W. cuts both the breccia dike and
the Lone Chimney vein just north of the mine work-
ings. The rhyolite breccia dike, which is almost cer-
tainly of Tertiary age, was apparently intruded along
the plane of weakness made by the Lone Chimney 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, dark-
green hornblende, and quartz. It transects the re-
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, light-
colored to dark-colored quartz, muscovite, and white
fibrous sillimanite are common, and a little cordie-
rite (?) is present. The ore minerals are chiefly mala-
chite and azurite, with small amounts of galena and
chalcopyrite. They are rather uniformly distributed
through the deposit but locally are concentrated into
spots of high-grade ore. In many places the chalcopy-
rite seems to be intimately intergrown with actinolite
but may have replaced an early calcite that was sim-
ilarly intergrown. Mr. A. B. Dell reported that ti-
tanium, 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 minerals.

The best grade of ore is unquestionably due to oxida-
tion and enrichment 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 minerals 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 sillimanite is suggestive of pre-Cam-
brian 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



70 GEOLOGY AND ORE DEPOSITS OF THE FRONT RANGE, COLORADO

(vesuvianite) zone is not clear, but the zone may be a
product of contact metamorphism during pre-Cam-
brian time and directly related to the formation 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 mine 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 trend-
ing nearly due eastward. The primary ore forms
masses of 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 pre-
Cambrian group but may have been formed when the
early “breccia reef” mineralization of the Laramide rev-
olution took place.

HOSA LODGE MINE

Insec.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, dark-
brown 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 peg-
matite dike. Hornblende schist forms the south wall
of the tunnel but does not appear at the surface. Chal-
copyrite, 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 suf-
ficient work has not been done to establish the age
relations.

COPPER KING NICKEL MINE

Three-quarters of a mile southwest of Gold Hill, in
NW% sec. 14, T. 1 N, R. 72 W., in Boulder County, the
three adits of the Copper King nickel mine ** open up
a deposit of nickeliferous pyrrhotite. About 3,000 tons
of nickel ore was mined from this property in 1942.
The ore has replaced 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

18 Goddard, E. N. and Lovering, T. 8., Nickel deposit near Gold Hill,
Boulder County, Colo. : U. 8. Geol. Survey Bull. 931-0, pp. 349-362, 1942,

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 horn-
blende 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 re-
placed by small quantities of niccolite and pentlandite,
but some pyrite and chalcopyrite are also present
(fig. 17, D, £, F'). The ore-bearing beds are cut by a
pegmatite dike containing no ore minerals, but this dike
in turn is cut by a fault containing pyrrhotite that ap-
pears to be later than the fault. The pegmatite dike
cuts an almost 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 dis-
tance northwest of the northwestern 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.

ST. LOUIS MINE

The St. Louis mine of the Fraser quadrangle lies
about 214 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 formed 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 alti-
tude 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 dis-
tance on the south side of the ridge. In the metalized
area the ridge coincides with the nose of the northeast-
ward pitching anticline, and the ore zone here changes
direction abruptly, doubling back on itself as it is fol-
lowed 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,* a northward-trending
zone of altered mylonite can be traced several miles
through the metamorphic rocks north from St. Louis
Lake; it contains molybdenite and weathered pyrite on
Iron Creek, about 8 miles to the north.

HIGH LONESOME MINE

Two miles due south of Monarch Lake, in the NW.%
sec. 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 medium-
grained, slightly gneissic, pinkish-gray biotite granite,
which strongly resembles the typical Silver Plume
granite of the Georgetown quadrangle. To the north
the Idaho Springs formation strikes N. 50° W., and
dips 45° to 80° NE. The most prominent rock at the
contact is a coarsely recrystallized marble containing
much disseminated chalcopyrite, tremolite, epidote, and
a little galena. Quartz schist, quartz-biotite schist con-
taining pink garnet, and quartz-biotite-amphibole
schist are common nearby. Although the carbonate
rock spotted with ore minerals might be a vein filling,
the writers believe it to be an original limestone mem-
ber of the Idaho Springs formation that has been
metalized close to the contact of the Silver Plume gran-
ite. 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-metamorphic deposit.

About 4 miles northeast of Monarch, near the head-
waters 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 ce-
mented 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 west of Livermore. On Sheep
Creek, 15 miles south and west of Trails End, a pros-
pect exposes a fracture zone parallel to the foliation
of the enclosing mass of hornblende gneiss. Unaltered
chalcopyrite occurs in the fracture zone close to the
surface, but the workings, which seem extensive, were

“ 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 214 miles northwest of the first
boulder fill, known as the No. 1 Reservoir site, and were
worked in a small way for many years prior to 1930.
The veins are 6 to 12 inches wide and consist of brec-
ciated pegmatite and granite cemented by coarsely
crystalline quartz, green and purple fluorite, white to
flesh-colored 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 writers, the oxidized condition of the galena sug-
gests possible enrichment. The veins are near the
edge of the Pikes Peak granite batholith, and no Ter-
tiary intrusives or Tertiary mineralization are known
in this region. The veins are believed to be genetically
related to the Pikes Peak granite.

MINES NEAR COPPER CREEK

A small amount of copper mining has been carried
on near the headwaters of Copper Creek, a tributary of
Kinney Creek, which joins the Colorado River at Par-
shall, in Grand County. The Molly Grove mine is in
the E14, sec. 18, T. 1 S., R. 79 W, 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 averag-
ing about 800 feet in length and in 1927 was equipped
with cabins and tool shop. The Happy Dream mine is
opened by a shaft about 210 feet deep, which was not
accessible in 1927.

The ore occurs in the hanging-wall block of the Wil-
liams Range underthrust fault, about a mile east of
the fault contact between the Pierre shale and the over-
lying pre-Cambrian hornblende gneiss. The countyry
rock of the region comprises biotite and hornblende
schists and gneisses much injected with pegmatite and
cut by small masses of granite. Near the Molly Grove
mine the rock is a chlorite-amphibole schist, which made
“heavy ground” where cut by the tunnels. None of the
workings were accessible at the time of the writers’ visit,
but several tons of ore remained on the dump. It con-
sisted of coarse pegmatitic quartz spotted with chalco-
pyrite and hematite and some bornite and pyrite. The
ore is said to have come from a brecciated zone 6 inches
to 2 feet in width. There is some evidence that the
granite and schist from this brecciated zone were re-
placed by the ore-bearing quartz. Ore on the dump
does not contain more than 5 percent of chalcopyrite
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by volume. One thousand pounds of ore containing
about 1 ounce of gold to the ton is reported to have
been shipped about 1912.

CARTER MINE NEAR MASONVILLE

Gold ore has been mined from the Carter mine, on
Carter Hill about a mile north of Masonville, near

Buckhorn Creek, in sec. 10, T. 6 N., R. 70 W. Most of -

the country rock near the mine workings is pegmatite
and the fine-grained variety of Silver Plume granite
known here as Mount Olympus granite’® but several
bands of schist ranging from a few inches to 15 feet
or more in width are exposed underground. The schist
bands trend northwestward and are nearly vertical. A
short distance east of the mine the granite area gives
way abruptly to a schist terrane, the contact striking
northwestward parallel to the schist inclusions found
in the mine. The granite near the contact of the main
body of the schist is fine-grained and as it is followed
to the west it becomes somewhat coarser-grained and
also contains a higher percentage of dark minerals.
As no indication of faulting was observed,’ the contact
between the granite and schist is probably intrusive.
About half a mile west of the mine the granite is faulted
against the Paleozoic sedimentary rocks along the north-
westward-trending Buckhorn fault of late Cretaceous
age.

The vein strikes N. 10° W. and dips 75° SE., follow-
ing an ancient fault in the Mount Olympus granite.
Minor slickensided fissures are present in some of the
underground workings, but the movement along them
seems to have been small. Half a mile north of the
mine a diorite dike crosses the vein without displace-
ment. Most of the ore consists of veinlets and bunches
of ore “frozen” to granite or aplite walls, but some of
it resembles a breccia of aplite and granite cemented
by quartz and chalcopyrite. The chief minerals are
quartz, chalcopyrite, violarite (%), and their oxidation
products. Some ore on the dump contains hematite,
limonite, and free gold in a quartz gangue.

The deposit is doubtfully assigned to the pre-Cam-
brian group but may prove to belong to the late Creta-
ceous ‘‘breccia reef” deposits, represented by the Quigley
mine 10 miles southwest.

LARAMIDE (LATE CRETACEOUS-EARLY TERTIARY)
DEPOSITS

Nearly all the mineral production of the Front Range
outside the Cripple Creek district has come from de-
posits formed during the Laramide revolution. (See
p- 12.) These ores are associated with porphyritic in-
trusive rocks, whose composition commonly ranges from

s Fuller, M. 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, .

¢ Chapman, E. P., written communication May 12, 1932.

diorite to granite. Unlike the later Tertiary ore de-
posits, these ores are nowhere associated with lavas or
extrusive volcanic rocks. In the pre-Cambrian terrane
the ores formed during the Laramide revolution occur
as fissure fillings, but in the sedimentary rocks west of
the Front Range both fissure fillings and replacement
deposits are found. As noted on page 64 -the common
characteristic minerals of the Laramide ore deposits
are those belonging to deposits formed at mod-
erate depth, temperature, and pressure; as a group they
differ markedly from those characteristic of the pre-
Cambrian deposits, The gangue minerals usually
found are quartz, ankerite, fluorite, and barite, and the
most common ore minerals are pyrite, sphalerite, galena,
chalcopyrite, the gray-copper minerals, silver sulfanti-
monides and sulfarsenides, gold, silver, and lead tellu-
rides, free gold, and native silver. Most of the ores are
fissure fillings. Vugs and druses are very common, and
angular fragments of country rock covered by succes-
sive crusts of ore may occur in open rubblelike masses;
nearly solid ore may show banding parallel to the walls
or may be nearly massive and consist of medium-grained
intergrown minerals. Replacement ore bodies formed
during the Laramide revolution are few and small
within the Front Range. Almost all the output from
the ore deposits emplaced in the late stages of the Lara-
mide revolution in the Front Range has come from the
narrow zone of territory known as the mineral belt of
the Front Range (pls. 1 and 2), but a few occur else-
where and are discussed on pages 279287,

MINERAL BELT OF THE FRONT RANGE
SOURCES OF DATA

Descriptions of nearly all the individual districts dis-
cussed in the following pages have been published, and
references to them are cited in the appropriate places
in the text. The description of the regional interrela-
tion of the features found in the various districts is in
part a result of the information contained in the pub-
lished descriptions and in part a result of 15 years
of field work in the Front Range by the writers. The
statistics of output for the years preceding 1904, have
been gathered from various sources, and the figures for -
subsequent years were obtained from Mr. C. W. Hender-
son and R. H. Mote of the United States Bureau of
Mines.

LOCATION OF DISTRICTS

As shown on plate 2, the mineral belt as considered
in this report stretches northeastward from Brecken-
ridge across the Front Range to that portion of its east-
ern border lying between Boulder and Lyons. In this
report, groups of organized mining districts are dis-
cussed 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 follows: Breckenridge district, in-
cluding the Tiger mining district; Montezuma district,
including the Swandyke, Geneva Gulch, and Hall
Valley mining districts; Argentine district; Silver
Plume-Georgetown district; Empire district; Lawson-
Dumont district; Central City-Idaho Springs district,
including the Freeland-Lamartine mining district;
Alice district, including the Yankee Hill mining dis-
trict; North Gilpin County district, including the
Apex, Perigo, and Rollingsville mining districts; El-
dora distriet; Caribou district; Boulder County tung-
sten district; Ward district; Sunset district ; Magnolia
district; Gold Hill district, including the Wallstreet,
- Salina, and Sunshine mining districts; and the James-
town district, called the Central district in early reports.
The location of the various geographie districts are
shown on the map, plate 4. The approximate geo-
graphic limits of the organized mining districts are indi-
cated in the discussion of the individual districts. The
topograplhy, physiography, and drainage of the mineral
belt and its means 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 associated ore deposits reflects
both the direction of the Laramide mountain-building
forces and the regional and local 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 sediinents
are also present. The sinuous northeasterly 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 competent schists and gneisses. The chief rocks,
in the order of their abundance, include pre-Cambrian
metamorphic rocks, pre-Cambrian intrusive rocks, Lar-
amide porphyritic intrusive rocks, and Mesozoic and
Paleozoic sedimentary rocks. Their general distribu-
tion 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 geology of the Front
Range as a whole is considered, but additional in-
formation 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 formation—The much-metamor-
phosed sedimentary rocks of the Idaho Springs forma-
tion are widely distributed and constitute the chief
country rock in the mineral belt from the Geneva Gulch
district northward through Idaho Springs to Ward.
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The most common lithologic types are quartz-biotite
schist, quartz-biotite-sillimanite schist, biotite-silliman-
ite 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 formation. These rocks are especially common
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 Moun-
tain a few miles south of Idaho Springs. Where the
schist has not been strengthened by the addition of lit-
par-lit injections it is much weaker than most of the pre-
Cambrian rocks, and in it veins and other planes of
structural weakness are much less persistent and con-
tinuous than in harder formations.

Swandyke hornblende gneiss—In the southwestern
part of the mineral belt, in the Montezuma, Swandyke,
and Hall Valley districts, the Swandyke hornblende
gneiss is abundant. Hornblende gneiss occurs also
Jocally in the mineral belt on the eastern side of the
Continental Divide but is nowhere as abundant as it is
to the west. DBiotite 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 quad-
rangles and southwest of Idaho Springs the hornblende
gneiss is associated with many narrow lenticular masses
of biotite-quartz monzonite gneiss and gneissic pegma-
tite. Its metamorphism is fully as great as that char-
acterizing the Idaho Springs formation, but it is a much
more competent formation and js therefore more likely
to contain productive veins. '

Quartzite at Coal Oreek—As shown on plate 2, the
conglomerate, quartzite, and phyllitic schist of Coal
Creek occur in a trough that pitches east-northeast under
the Pennsylvanian rocks between Coal Creek and South
Boulder Creek. From the eastern edge of the moun-
tains 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.

G'ranite gneiss group.—The granite gneiss group in-
cludes 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 Swan-
dyke hornblende gneiss but were intruded early in the
batholithic cycle that gave rise to most of the pre-
Cambrian intrusives of the mineral belt.
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Quartz monzonite gneiss occurs at many places, but
the only large areas in the mineral belt are on Green
Mountain, 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 ex-
posures 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
1t forms irregular sheetlike masses in the Idaho Springs
formation and the Swandyke hornblende gneiss, its
boundaries as well as its gneissic structure being essen-
tially 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 mon-
zonite gneiss are intimately associated with hornblende
gneiss at many places, but only the more conspicuous
of them have been separated from the Swandyke horn-
blende gneiss on the map (pl. 2).

The granite gneiss and the somewhat less foliated
gneissic aplite occur in small or medium-sized con-
cordant bodies commonly measuring a few feet to sev-
eral 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 monzonite
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 in-
numerable small dikes and irregular bodies that are
present.

Boulder Creek granite—The Boulder Creek granite
occupies moderately large areas in the northern half of
the mineral belt. Omne batholith lies between Boulder
and Nederland in the southern part of the Boulder
quadrangle and the northern part of the Blackhawk
quadrangle. Another mass occurs 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 bor-
der 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 Na-
tional Park quadrangle. The Boulder Creek granite
is more susceptible to hydrothermal alteration than the
granite gneiss, gneissic aplite, and Silver Plume gran-
ite, but where it was not badly altered prior to ore
deposition it is moderately strong and makes good walls
for ore deposits.

Pikes Peak granite—The Pikes Peak granite forms
a large batholith to the south of the mineral belt but is
represented by only a few small stocks 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.

Silver Plume granite—~—The Silver Plume granite in-
cludes 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 mineral belt, one occupying the northern part of
the Montezuma quadrangle and the other extending into
the Jamestown district from the north. In addition to
these two batholiths some smaller stocks and innumer-
able dikelike masses of Silver Plume granite occur
irregularly throughout the mineral belt. The fine-
grained 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

Pegmatites—Granite pegmatites and associated
bodies of aplite and granite porphyry occur abundantly
but in small bodies throughout the mineral belt. Be-
cause of their strong lithological similarity, the peg-
matites 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 seams 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 pre-
Cambrian rocks are bordered by the Paleozoic red sand-
stones, shales, and grits of the Pennsylvanian Fountain
formation. On the western slope Cretaceous beds bor-
der the pre-Cambrian rocks of the mineral belt at the
edge of the range, but earlier sedimentary 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 the west, in the Breckenridge district, veins of
the southwestern part of the mineral 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 western borders of the Front
Range two small areas are exposed by “windows” in
the 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.

With 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. Karly
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 most places, glacial
deposits are indicated only in areas where they are com-
paratively deep. As noted earlier, the thickness of the
present gravel downstream from the terminal moraines
1s 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 maximum thickness of 150 feet near
Breckenridge, but other large moraines are much thin-
ner. The relation of placer deposits to the glacial de-
posits is discussed on pages 110-111.

LARAMIDE INTRUSIVES

The general features of the porphyries of the Lara-
mide revolution have already been described on
pages 44-47.

Named in the approximate order of decreasing abun-
dance, the Laramide intrusives of the porphyry belt
formed during the Laramide revolution fall in the
following rock families: Quartz monzonite, diorite,
monzonite, granodiorite, bostonite, syenite, felsite,
rhyolite, gabbro, syntectic ultramafic rocks of the Cari-
bou stock, volatile-rich biotite latite, and limburgite.
The first four make up the bulk of the intrusives and
include all the stocks except that of bostonite at Sunset.
The mineralogic composition and texture of the Lara-
mide igneous rocks is shown diagrammatically in the
tabular summary (p. 47) and their chemical composi-
tion on plate 7, and photomicrographs of typical por-
phyries are shown in figures 10, D, £, F,13,and 17, 4, B.
For detailed petrographic descriptions the reader is re-
ferred to the earlier reports dealing with the individual
mining districts of the mineral belt. The age relations
of the igneous rocks of the Laramide revolution have
been worked out at many places in the porphyry belt ¥

17 Lovering, T. 8. and Goddard, E. N., Laramide igneous sequence and

differentiation in the Front Range, Colorado: Geol. Soc. America Bull.,
vol. 49, pp. 35-68, 1938.

and, as shown in figure 12, establish a remarkable sim-
ilarity in the general sequence of porphyries throughout
the mineral 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 intru-
sions from southwest to northeast, corresponding litho-
logic types appearing earlier in the southwestern part
than in the northeastern. The general succession south-
west of Silver Plume began with the aluminous silicic
andesite, regarded as equivalent to the White (granodi-
orite) porphyry of Leadville; this rock was succeeded
by more and more mafic rocks until porphyries having
the composition of an augite diorite were intruded.
The intrusions occurring subsequently were of magma
that became progressively more and more silicic and
alkalic; they are represented by monzonite, quartz mon-
zonite, and rhyolite porphyry. In each of the major
mining districts these intrusions were followed by wide-
spread lead-zinc-silver mineralization.

Northeast of Silver Plume the earliest rocks intruded
in the mineral belt were highly aluminous felsites; they
were followed by more mafic rocks, a trend that ended
with gabbros and olivine basalts. At Caribou gabbroic
magma probably reacted with calcareous pre-Cambrian
rocks to produce peculiar ultramafic syntectic masses
and later differentiated into monzonite and quartz
monzonite. At other places the gabbros were followed
by monzonites and hornblende or augite diorites, sim-
ilar to the more mafic rocks in the southwestern part of
the porphyry belt. The monzonites 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 mineralization was pre-
ceded by biotite monzonite or biotite latite containing
an unusual concentration of volatiles and by intrusion
breccia of similar composition. In the region east of
Caribou the deposition of the telluride ores was followed
by tungsten mineralization. The early ferromagnesian
rocks are most abundant in the northeastern part of the
mineral belt where gabbro occurs in long northwest
dikes. Shorter dikes and stocklike bodies of gabbro and
augite diorite are scattered sparsely throughout the
mineral 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
Breckenridge, and some distinet lithologic types, such
as the coarsely porphyritic quartz monzonite known as
the Lincoln porphyry, are recognized as equivalent to
formation units. In the northeastern half of the min-
eral belt an alkalic group of rocks including bostonite
and “alkali syenite” are well represented, but southwest
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of Georgetown they are entirely lacking. In the Cre-
taceous shales of the Breckenridge district the early
members of the diorite-quartz monzonite series com-
monly form sills in the sedimentary rocks, and the later
members including the Lincoln porphyry are cross-
breaking or dikelike. Diorite, monzonite, and quartz
monzonite are the chief 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 occur
almost exclusively as dikes, though two small stocklike
bodies of granite porphyry occur in the Georgetown dis-
trict. A small plug of “alkali syenite” occurs near
Idaho Springs, and related sodic granite and syenite
occur 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 bio-
tite latite are small, and the rock occurs only in short
dikes and as the matrix to explosion breccia. It is
found south of Idaho Springs and in the Gold Hill and
Jamestown 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 com-
paratively short or discontinuous, very few of them ex-
tending 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 con-
tinuously for as much as 15 miles. The persistence of
the dikes along the strike in the northeastern part of the
mineral belt suggests a corresponding persistence in
depth. It thus seems probable that the fissures in the
northeastern part of the district tapped magmatic reser-
voirs at greater depth than did thoese in the southwestern
part.

In many places in the mineral belt dikes have been
found underground that do not appear at the surface.
At other places short discontinuous dikelike masses of
the same type of rock occur in line with one another,
suggesting that erosion has just reached the uneven top
of a continuous dike. In some places the top of a dike
is marked by brecciated rock, but at most places there is
little evidence of a fissure above the dike, and one is
forced to conclude that the dikes made way for them-
selves 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® to the initial melting down of a dioritic

3 Lovering, 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 dur-
ing a period of orogeny. Parts of the deep changing
magma were withdrawn from time to time 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 growing of
zoned crystals greatly affected its composition. In-
stead, the changes in composition of liquid and crystals
during solidification were almost exactly the reverse
of the changes during liquefaction, except where filter-
pressing 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 compara-
tively shallow hearths. The bulk of this differentiation
was accomplished by crystal settling, zoning, and filter-
pressing. Desilication caused by silica-rich volatiles
moving into reactive roofs resulted in a change of com-
position that may explain some of the late dikes and
the corrosion of the early quartz phenocrysts. The suc-
cessive pulses of intrusion on the eastern side of the
range gave rise to distinet differentiation series, for
example, diorite, monzonite, quartz monzonite, granite,
alaskite, and lead-silver-zinc ores; alkalic syenite, bos-
tonite, and pyritic gold ores; biotite monzonite, biotite
latite, latite intrusion breccia, and gold-telluride ores.

METAMORPHISM AND WALL-ROCK ALTERATION

In general, rock alteration is much more common
in the late intrusives than in the early (figs. 10, D, £, F,
13,and 17, 4, B). In areas where hydrothermal altera-
tion is not related to mineralizing channels and seems
to be a rather direct igneous effect there is a marked
difference in the degree of rock alteration in the dikes
of the different groups. In the ferromagnesian intru-
sives 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 gen-
erally fresh and have exerted no contact metamorphism
on the wall rocks. Many of the stocks of quartz mon-
zonite 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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fied 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 dissemi-
nated pyrite. The bulk of the quartz monzonite itself
is fresh, but some of it has undergone endomorphic
alteration, which produced epidote, sericite, and second-
ary quartz. The plugs and dikes of bostonite and the
stocks of alkalic syenite are remarkably fresh and free
from alteration, except where they are crossed by later
channels of mineralization. In contrast to these rocks,
the granite and rhyolite porphyries are nearly every-
where 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 quan-
tity of magma consolidating in the shallow hearths
during the two different epochs of intrusion, not to a
difference 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 southwest to the northeast. The effects of hydro-
thermal alteration characteristic of the mineral belt
southwest of the Argentine district are well illustrated
in the Montezuma distriet.”® Sericite and chlorite were
apparently formed in the cooler parts of the contact
(pyrometasomatic) zone of the Montezuma quartz mon-
zonite 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 con-
tact zone these high-temperature minerals are the
earliest products of alteration induced by the quartz
monzonite magma. Sericitization 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 fer-
romagnesian minerals and feldspar. ILocally siderite
or ankerite was introduced near the end of the period
of sericitization. Some sulfur 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.

1 Lovering, T. S., Geology and ore deposits of the Montezuma quad-
rangle, Colo.: U. S. Geol. Survey Prcf. Paper 179, 1934.

Plume granite and granite gneiss (pl. 1).

Silicification was the dominant type of wall-rock
alteration accompanying the deposition of pyrite, but
in some places the wall rocks were replaced to a minor
degree by ankerite and siderite. In most of these places
the carbonates were formed later, near the close of the
period of mineralization. The latest effect of hydro-
thermal 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
calcic feldspars were replaced by caleite and fine-grained
quartz, both of which were formed after sericitization
of the rock. The absence of clay minerals and iron
stains indicates that this alteration was not due 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 py-
rite. Locally, however, fluorite, roscoelite, and adularia
also replaced the wall rock. In the hornblendic 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 wan-
ing. In the Idaho Springs district the effects of alter-
ation are very similar to those just described, but flu-
orite is said to be more abundant than in the Silver
Plume district. Inthe 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 prod-
uct of wall-rock alteration is clay, but sericite, quartz,
and adularia are abundant in the granite walls adjacent
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.*

STRUCTURE
PRE-CAMBRIAN STRUCTURE

The regional features of pre-Cambrian structure in
the mineral belt have already been discussed in the de-
seription 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
North of

20 Lovering, T. S., The origin of the tungsten ores of Boulder County,
Colo. : Econ. Geology, vol. 36, pp. 234-240, 1941.
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east side of see. 31, T. 5 S,, R. 76 W.

Fieure 18.—Ditchlike trough caused by a strong fault zone crossing the crest of Keystone Mountain at the
This is the ¢co mmon topographic expression of strong unsolicified

fault zones formed during the Laramide revolution in the pre-Cambrian terrain,

Central City the mineral belt follows the metamorphic
rocks along the western and northwestern border of a
Boulder Creek granite batholith through Nederland,
Ward, Gold Hill, and Jamestown. At Nederland how-
ever, 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 the borders of
the large granite masses nearby, but as the schists and
gneisses are folded into both isoclinal and open anti-
clines and synclines the foliation shows some marked
local variations from the regional trend (pls. 1 and 2).

In the Montezuma district, the regional northward-
trending syncline whose trough is occupied by the
Swandyke hornblende gneiss has already been men-
tioned. In the northeast part of the Montezuma quad-
rangle the schist swings from north to northeast and is
closely compressed into tight narrow isoclinal folds. In
the Silver Plume and Georgetown districts the foliation
swings from northeast to nearly east-west with a re-
gional dip toward the north. This is the prevailing
strike and dip as far east as the Idaho Springs and
Central City districts where the foliation swings again
to the northeast. Asshown on the map, the most promi-
nent structures in this region are the monoclinal dip
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 the Boul-
der Creek granite as far as a locality 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 Ward district and continues as far east
as the Gold Hill distriet. Between Gold Hill and James-

town the schists trend northeastward and are closely
folded into a number of minor synclines and anticlines.
The structure of the metamorphic rocks in the mining
districts is of much importance, as it exercises a distinet
control in the localization of ore deposits in the cross-
breaking 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 dur-
ing the Laramide revolution in the mineral belt, al-
though faulting is prominent (pl. 2). It is probable
that early in the period of orogeny many of the locali-
ties now marked by northwestward-trending 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 of the mineral belt is in general that of the steeply
dipping eastern limb of a regional anticline broken by
strike faults that dip steeply to the west.?* To the south-
west the mineral belt crosses the western edge of the
pre-Cambrian terrain of the Front Range at the place
where the Williams Range thrust fault breaks from
the somewhat sliced overturned fold that extends
southward through Georgia Pass into South Park.
In the region northwest of Tiger and west of the Wil-
liams 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 Zijegler, Victor, Foothills structure in northern Colorado : Colorado
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. Within 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 away
from the western edge of a large stock of porphyritic
quartz monzonite. The linear structure and the orien-
tation of aplites in the porphyritic quartz monzonite
indicate that the stock rose along the westward-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.

Faults—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 dikes,?® more properly called brec-
cia reefs. In many places the breccia reefs follow per-
sistent dikes of pegmatite and gneissic aplite related
to the Boulder Creek granite. Similarly the Williams
Range thrust fault occurs at the edge of the old Paleo-
zoic basin in what was probably the zone of weakness
between the downwarped basin and the upwarped high-
land to the east.

The breccia-reef fault system and a few persistent
north-northeast faults on the west side of the range,
such as the Berthoud Pass fault shown in ficure 15,
represent the first marked effects of the Laramide rev-
olution in this region. IExcept where reopened later,
these early faults are poorly mineralized and for the
most part have received little attention. The unmin-
eralized 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
may stand out as a prominent wall-like outerop (fig. 19) ;
even where but slightly silicified the zones commonly
weather in relief (fig. 20, 4). The persistence and fre-
quency 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 every-
where the same, the western side having dropped rela-
tive to the eastern side. (See fig. 20, B.) In the
Jamestown district, north of the main axis of the
mineral belt, the displacement along the northwesterly
faultsisin the opposite direction, the eastern side being
downthrown. These northwesterly faults apparently
played an important part in localizing mineralization

22 Lovering, 1. 8., Preliminary map showing the relations of ore

deposits to geologic structure in Boulder County, Colo.: Colorado Sci.
Soc. Proc., vol. 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 maps 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 dipping shear faults that
developed after the northwesterly faults; in most places

F1eure 19.—Differential erosion of the Hoosier breccia reef near the head
of Black Tiger Gulch, 6 miles west of Boulder. The country rock of
this silicified northwest fault zone is Boulder Creek granite. Wall-like
outcerops of this kind have given rise to the local use of the term
“dikes’” in naming these faults.

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 over-
thrusting 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 west towards the east; thus,
the direction of overthrusting 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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FI1GURE 20.—A4, Looking east at the Maxwell breccia reef near the junction of Fourmile Creek and North Boulder Creek.
consists of brecciated Boulder Creek granite moderately silicified and stained with hematite.

At this exposure the reef
The breccia reef has been mapped previously

as a pegmatite dike cutting the granite; B, Part of reef illustrated in 4, showing the polished and grooved face of the Maxwell breccia reef.

The direction of the grooves (g) is indicated by the arrow.

The large-scale chatter mark (¢) or “pressed in” structure shows that the west wall

(toward the observer) has moved down with respect to the one pictured.

horizontal movement recorded in the northeastward-
trending 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. TIn
most of the faults that have strong horizontal compo-
nents of movement in the region between Tiger and Cen-
tral City the northerly wall moved eastward relative to
the southerly wall; in other words, this zone of horizon-
tal movement is one of tear faults. This kind of move-
ment and its distribution suggest that the Williams
Range thrust fault is an underthrust.®

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 walls 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 solidi-
fied. In some places, as in the Jamestown district 2t
and near Sunset, zones of brecciation and complex fis-

% Lovering, T. 8., Field evidence to distinguish overthrusting from
underthrusting : Jour. Geology, vol. 40, no. 7, pp. 651-664, 1932,

2t Goddard, E. N., Relation of Tertiary intrusive structural features

to mineral deposits at Jamestown, Colo.: Econ. Geology, vol. 30, no. 4,
pp. 374-376, 19345,

suring of the country rocks are clearly related to the
emplacement of the porphyry stock. In the stock-
works of the Breckenridge and Tiger districts the por-
phyries that lie in the marked zone of weakness directly
in line with the tear fault zone of the Williams Range
thrust fault were complexly shattered by slight move-
ments that continued along this weak zone long after
appreciable thrust faulting had ceased. ILater min-
eralization of the shattered porphyry produced stock-
works. 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 hori-
zontal 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 com-
ponent of movement in the southeastern wall was south-
westward 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 eastward-
trending 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 compres-
sion. 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.

Stocks—As shown on plates 1 and 2, the cross-
breaking masses of porphyry intruded 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 transverse 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 struc-
ture, however, 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 Lara-
mide 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 northeast-
ward-directed rip.

The belt of porphyry stocks follows a zone of north-
easterly faulting, occupies a position nearly at right
angles to the regional compression, and lies just north-
west of the tectonic transition zone between two regions
of oppositely directed thrusting. The relative move-
ment 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 largely responsible for the
rise of deep magma into the upper part of the litho-
sphere 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 em-
placement of the stocks, both the granodiorite and the
younger quartz monzonite rose in smooth-sided col-
umnar conduits that pitch steeply to the southwest.?
At the western edge of the Montezuma quartz monzonite
stock the primary structural features of the porphyry
indicate that its roof slopes west-southwest at about 25°.
On the northeastern side of the mass the roof slopes 45°
NE. The northern and southern sides of the stock,

2 Goddard, E. N., op. cit., pp. 370-386.

however, are practically vertical. These structural
features suggest that with further unroofing the long
axis of the intrusive will coincide even more definitely
with the general direction of the belt of stocks. This
stock probably represents the high point on an under-
lying 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 roof sloping steeply south-
southeast.

Dikes—Nearly all the dikes in the mineral belt are
found within a zone a few miles 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 north-
ward to Jamestown the most persistent dikes trend
northwestward, and many follow fissures that pass into
breccia reefs to the southeast. As dikes are intruded
along fissures that offer least resistance, one might infer
that these were tension fissures formed in the direc-
tion of a northwest-southeast compression; however,
there is no evidence of northwest-southeast compres-
sion in the mountain front nearby, and the writers
ascribe this northwesterly trend to preexisting planes
of weakness opened by tensional forces developed in a
nearly vertical upward movement of this part of the
mineral belt. In this area between Idaho Springs and
Nederland the northwesterly dikes are mnearly 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 followed the lines of weakness de-
veloped during an early upward movement correspond-
ing 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 Ward 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 of dikes and sills northwest of the belt
of stocks and tlieir 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.
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Porphyry stocks of early Denver age occur in a north-
ward-trending zone extending from Caribou as far
north as Mount Audubon, and the early low-grade
pyritic gold ores in breccia reefs of the Ward district
are more closely related to the epoch of igneous activity
in which these stocks were emplaced than to the subse-
quent epoch in which stocks along the northeasterly
belt were emplaced. From Caribou to Jamestown post-
gabbro 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
also found in this region.

Veins—In a few places in the mineral belt, notably
in the Ward 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
northwesterly faults exercised a profound influence on
the localization of the ore deposits. The faults of this
system that break the batholith of Boulder Creek gran-
ite and the southern part of the batholith of Silver
Plume granite at Jamestown are apparently contempo-
raneous with or slightly later than several moderately
persistent easterly faults of undetermined but slight
displacement. Both sets of faults are marked by silici-
fied fault breccias and contain small amounts of hema-
tite (fig. 23, 4) and locally contain low-grade gold ore.
These faults are evident in the schist areas only in a
few places. At Ward 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
this 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 north-
easterly belt of stocks are distinctly later than the north-
westerly faults and the early barren silicified fault
breccia. The discontinuous, nonpersistent, northeast-
ward-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 northeast-
erly fissures close to their intersections with the per-
sistent early faults. Of later age than the northeasterly
fissures is the zone of east-northeasterly fractures to the
south, extending from Boulder westward to Nederland.

Most of the tungsten mined in Boulder County comes
from easterly fractures in this zone. Like the gold-
telluride ores, most of the tungsten has come from later
fissures close to their junctions with the earlier persist-
ent northwesterly zones of weakness. The persistence
of the vein material in these cross fractures differs
greatly among the veins. Commonly extensive parts
of a “vein” are found to be completely barren and un-
mineralized (fig. 22) or filled with a nearly barren

F1cURE 22.—Unmineralized part of tungsten vein 200 feet west of large
ore shoot, 100-foot level of Tungsten Vein mine. Note interior faulting
and drag in barren sheeted zone (sz), showing that the hangirg wall
(hw) has dropped.

quartz gangue(fig. 23, B) ; most of them contain com-
mercial ore only locally (fig. 23, €'). 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 during the early barren stage of minerali-
zation, the later ore-forming solutions found condi-
tions suitable for deposition only where these trunk
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channels had been refractured by later shearing move-
ment 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 south-
eastern boundary coincides closely with the pre-Cam-
brian shear zone extending from Chicago Creek north-
eastward 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 west-
northwesterly 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 mineralization
in the Central City area is related to a center of miner-
alization 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 lo-
calized in an anticline of granite gneiss between the
northeastward-dipping Gem vein and the Blackhawlk
fault. Southwest of Idaho Springs the oulput 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 dimen-
sions 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-north-
westerly 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 eastward-
trending 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 southwest 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 de-
posited as simple fissure fillings in the open parts of
premineral faults. (See fig. 23, ¢.) 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 re-
placement 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, 1))
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
Breckenridge district. Stockworks and chimneylike
shoots of ore are found in several places and have
yielded substantial quantities of gold, especially from
their superficially enriched zones near the surface.

The local intrusive centers are commonly centers of
mineralization, 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 abun-
dance 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.?

There are many local centers of mineralization in the
mineral belt, and solutions emanating from different
centers at corresponding periods in their magmatic his-
tory were similar. As shown in figure 12, the various
porphyry differentiation series were followed by some-
what 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 around local centers of miner-
alization, 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 mon-
zonite stocks seem closely related to the centers of min-
eralization. Close to the stock is a zone of brecciation

26 Butler, B. 8., Relation of ore deposits to different types of intrusive
bodies in Utah: Econ. Geologzy, vol. 10, pp. 101-122, 1915. Lovering,
T. 8., Localization of ore in the mineral belt of the Front Range, Colo-
rado : Colorado Sci. Soc. Proc., vol. 12, no. 7, p. 241, 1930.



Fieure 23.—A4, Coarse vuggy quartz (white) cut by intergrown hematite and fine-grained quartz (black). From Rogers breccia reef west of Pewink Mountain. B, Characteristic

appearance of the horn quartz 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 shaft. fg, Fresh
granite ; ag, argillized granite; sg, sericitized granite; vm, vein; ¢, horn quartz; and e, ankerite. C, Characteristic appearance of productive part of an average-size tungsten
vein. Looking directly up at the Cold Spring vein in roof of stope on 1930 ore shoot 100 feet above level 4, west of Old shaft. sg, Sericitized granite ; ¢g silicified and serici-
tized fragments of granite; f, intergrown ferberite and horn quartz. D, Main vein of Wellington mine on 3d level of Oro shaft, Breckenridge district. Massive sphalerite cut by
seams of late white ankerite partly replaces the shale wall on the left side of picture.
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related to the emplacement of the stock itself, and in
this zone early silver-bearing base-metal veins and fluor-
spar veins are prominent. Pyritic gold veins locally
cut the early base-metal 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 turn are earlier
than the pyritic gold veins that contain galena and
sphalerite. In the silver ores the rich silver sulfanti-
monides are later than galena.

In the Nederland tungsten district the ores occur in
a narrow eastward-trending belt whose western end
seems closest to the source of mineralization. Silver
ores in this belt are earlier than high-grade gold ores,
and the high-grade gold and gold-telluride ores are
both earlier than the tungsten ores. (See figs. T4,
A, B.)

A zonal arrangement of the ore deposits in the Cen-
tral City district was recognized by Collins long ago.”
The most striking feature of this district is the central
area of enargite-fluorite veins bordered by a broad zone
of pyritic gold veins. In the outer part of this pyritic
zone the veins carry appreciable amounts of lead and
zinc; just beyond them is an intermediate zone of gold-
bearing 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 zine, 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, argenti-
ferous gray copper, galena, and a minor amount of silver
sulfantimonides (fig. 60, 7).

When Bastin ** studied this district he divided the
ores into three groups: Pyritic ores, sphalerite-galena
ores, and ores of uncertain character. Enargite ores
and the uraninite ores of the district were regarded by
him as local variants of the pyritic group. The galena-
sphalerite ores are much less abundant and are later
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 rela-
tionship to the sphalerite-galena ores was not discov-
ered.” In the Empire district and near Georgetown,
gold-bearing pyrite and quartz veins are definitely
younger than the argentiferous base-metal veins, and

2T Collins, G. E., The relative distribution of gold and silver values in
the ores of Gilpin County: Am. Inst. Min. Met, Eng. Trans., vol. 12, pp.
480499, 1903,

28 Bastin, E. 8., 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, pp. 132, 133, 1917.
* Idem, p. 114.

has a zonal arrangement been described.®

for this reason Spurr,® 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 Silver 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 chal-
copyrite. In the silver-bearing veins of these districts
the galena and blende are by far the most abundant
constituents and, with pyrite, are earlier than the rich
silver sulfides and sulfantimonides and the rather
common but not abundant gangue minerals, quartz,
kaolinite, calcite, and barite (fig. 60, #). 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 constitu-
ent 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 southern 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 silver ores of the Monte-
zuma 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
swings 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-zinec 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 sev-
eral centers of mineralization, but for only one of them
Close to a

30 Spurr, J. K.. 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. 99, 100 and 391, 1908.

31 Lovering, T. 8., Ore deposits of the Breckenridge mining distriet,
Colo.: U. S. Geol. Survey Prof. Paper 176, 1934.
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quartz monzonite stock just north of Breckenridge
there is a border zone of high-temperature contact-
metamorphic minerals with which low-grade copper
ores are associated. Extensive silicification of shale
accompanied the intrusion of the quartz monzonite
stock, and nearly all this jaspery shale contains 0.005
to 0.04 ounce of gold to the ton. Later than the con-
tact-metamorphic ores there formed successively 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 para-
genesis of the ore minerals is as follows: (1) Pyrite;
(2) sphalerite; (3) chalcopyrite; (4) galena and chal-
copyrite; (5) silver-bearing sulfantimonides, sulfar-
senides, and bismuthinides; (6) pyrite and subordinate
chalcopyrite; (7) free gold; (8) minor amounts of
sphalerite, galena, and silver minerals; (9) gold tel-
lurides; (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.

RELATON 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 mineral belt are
comparatively shallow probably reflects the pockety
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 from
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 canyon of Boulder
Creek gold and tungsten ores of similar character are
mined at an elevation 1,500 feet below that of the ore
shoots exploited near Magnolia. Tungsten ore of ship-
ping grade was found to a depth of 700 feet in the
Conger mine near Nederland. In the Ward region to
the north some of the gold mines have attained a vertical
depth of 1,100 feet. In the Caribou and Eldora dis-
tricts to the south silver and gold ores have been mined
to a depth of 800 to 1,000 feet from the surface. In
the pyritic gold veins of the Central City-Idaho Springs
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district the greatest depth reached is approximately
2,200 feet. In the Silver Plume district silver-lead-zine
ores were mined at a depth of 1,800 feet from the sur-
face. In the Montezuma quadrangle the greatest ver-
tical 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 from 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 indi-
vidual ore shoots attain a vertical extent of more than
500 feet. The deepest continuous ore shoot in the Front
Range is found on the Bismarck vein at Silver Plume,
where silver-bearing lead-zinc ores extend from the
surface to a depth of 1,800 feet. In most of the deep
mines, as in the California-Ilidden Treasure mine at
Central City, several ore shoots connected by barren or
low-grade vein matter were found at successively greater
depths.

Because of the mountainous topography of the min-
eral belt, a somewhat cleaver picture of the depth to
which ore has been mined in the various districts may
be given by expressing the level of the lowest workings
in altitude above sea level. In the Boulder-Gold Hill-
Jamestown region the vertical range of the ores mined
roughly corresponds to that of the topographic relief.
Thus, in the Poorman mine, a few miles west of Boulder,
ore cropping out at 6,300 feet has been followed down-
ward 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 outcrop at an altitude of ap-
proximately 8,400 feet. In the Jamestown district the
altitude of the bottom of the lowest mine is approxi-
mately 7,000 feet, corresponding roughly with the alti-
tude of James Creek at Jamestown. Good ore has also
beer: 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 Ward district the lowest workings are at
an altitude of approximately 8,000 feet, about 500 feet
below the level of the nearby creek bottom. Near Neder-
land tungsten mining has been carried down from an
altitude of 8,800 feet to one of 7,700 feet. In the Central
City-Idaho Springs district the lowest altitudes reached
by mine workings are between 7,000 and 7,100 feet. In
the Georgetown-Silver Plume district little ore has been
found 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 un-
doubtedly exists in the districts below the altitudes men-
tioned, 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 more than a short distance
below the level of the master drainage of a district.
Thus the vertical range of ore in individual mining dis-
tricts may be as much as 3,500 feet, but most of this
vertical distance is above the bottoms of the present
valleys. The relation of known ore shoots to topog-
raphy 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 dis-
tricts 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 must eventually disappear along both
the 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 sur-
face 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 transi-
tion to lower-grade material ; in few places does it coin-
cide with the end of the vein itself. In some veins, as
in the Concrete-Gunnell vein of the Central City dis-
trict, 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 dis-
cussion of the pattern habits of such fissures.) The
expense of deep exploration is so high that compara-
tively 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 en-
richment are common in the ores of the mineral belt. A
zone of residual enrichment in which the relatively in-
soluble 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 pre-
Cambrian terrain the oxidized zone ranges from a few
feet from the present surface to a maximum of approxi-
mately 100 feet. In the Breckenridge and Tiger dis-
tricts, however, oxidized ores have been found as deep
as 300 feet in certain localities. The oxidized ores are
commonly richer in gold, silver, and lead than the
primary ores but contain less zinc and copper. At very
few places in the mineral 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 many veins. This is due to the reprecipitation of
secondary silver minerals from solutions that have dis-
solved some of the silver of the oxidized zone. Sec-
ondary 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 com-
monly associated.

Both residual enrichment and supergene sulfide en-
richment are determined by the composition 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 harmony
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 enrichment to the Tertiary pene-
plain 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
removed by erosion, and they also indicate a temporary
base level towards which the region was progressing



MINERAL BELT OF THE FRONT RANGE

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 environ-
ment above the water table. With those compounds
that are sensitive to a change from the oxidizing to the
reducing environment, the speed with which precipita-
tion takes place and consequently the depth and rich-
ness 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, zine,
and silver sulfides decreases the acidity of the solution
in proportion to the amount of these minerals it dis-
solves. As the rate of decrease varies with the rate of
attack, the easily soluble minerals are much more effec-
tive in quickly changing the acidity than are the others.
Common minerals, arranged in their order of effective-
ness in decreasing the acidity of acid sulfate solutions
are: Calcite, pyrrhotite, siderite, tetrahedrite, chalco-
cite, sphalerite, galena, bornite, chalcopyrite, marcasite,
and pyrite.”* Those sufides that are soluble in acid sul-
fate solutions but insoluble in neutral or alkaline solu-
tions are of course precipitated where the solutions act
on minerals that reduce the acidity; such a process
commonly results in the replacement of early minerals
by late supergene sulfides. As carbonate gangues, pyr-
rhotite, tetrahedrite, galena, and sphalerite all react
rapidly with acid sulfate solutions, veins containing
noteworthy amounts of these minerals 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* and Bastin *
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 wa-
ters 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:
Bull. 625, pp. 124-137, 1917.

8 8purr, J. E., Garrey, G. H,, and Ball, S. H., op. cit., pp. 143144,
2 Bastin, E. S., and Hill, J. M., op. eit., pp. 137-152.

U. 8. Geol. Survey

89

carbonates and oxides which linger in the oxidized
zonse, but much of it is leached and carried down to the
sulfide zone, where it is precipitated. In the mineral
belt most 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 im-
portant 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. Neutrali-
zation 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 importance in the mineral belt. Weak silver
solutions in places react with silicates, such as the clay
minerals 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 form 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, steph-
anite, 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 these minerals are primary. Supergene
silver was abundant in the Caribou district, however
(fig. 68, 4).

Almost the only primary zinc minerals in the Front
Range are varieties of sphalerite. This sulfide is easily
oxidized by meteoric sulfate water and not only dis-
solves readily but remains in solution even though the
water changes from acid to neutral or alkaline. Smith-
sonite may be precipitated from zine sulfate solutions
by limestone, and secondary sulfide may form rarely
where the solutions are alkaline and free hydrogen
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 oxi-
dized 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 meteorie
water unless the water contains unusually large propor-
tions of organic acid or is brinelike in character. Un-
der 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 * but
is easily precipitated by hydrogen sulfide, sulfate solu-
tions, 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 an-
glesite, 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, 4).

Gold, though noted for its general resistance to solu-
tion, is soluble in the upper part of a vein under certain
conditions that are not well understood. The work of
Freise * 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 sul-
fide enrichment. Gold tellurides oxidize readily chang-
ing into colloidal telluric acid and flour gold, both of
which tend to dissipate in surface water. Some super-
gene 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 similar. 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 pri-
mary 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 base-
metal ores have similar oxidized zones in which gold
and silver are more prominent than in the primary ores,
but, in contrast to the pyritic gold ores immediately
below the oxidized zone, supergene enrichment is obvi-
ous and important. The silver content in the zone of
sulfide enrichment is somewhat higher than in the oxi-
dized zone and much higher than in the primary ore.
Commonly the highest-grade ore is found at a depth

3 Lovering, T. 8., op. cit., p. 30.

3 Freise, . W., Transportation of gold by organie underground solu-
tions : Keon. Geology, vol. 26, pp. 421—431, 1931.

of less than 300 feet from the surface, and the value of
the ore decreases gradually with greater depth. En-
richment 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 concentra-
tion of ferberite at the outerop 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 quan-
tities of both silver and gold. Residual masses of oxi-
dized galena ore are irregularly distributed throughout
the oxidized zone in the galena-sphalerite veins and
usually contain much gold and silver (fig. 60, 4). In
the oxidized zone of the tungsten ore the sericitized and
kaolinized wall rock is stained brown from the oxida-
tion of the ferrous tungstate, and the resulting brown
claylike material is similar to the oxidized zone of the
otlier 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 common, and well-crystallized sulfanti-
monides and sulfarsenides of silver occur in vugs or fill
fractures in the primary ore. According to Bastin,*
there are two general types of mineral association com-
mon in the rich supergene silver ores: (1) The secondary
sulfo-compounds of silver, such as pearcite and prou-
stite associated with secondary chalcopyrite, and (2)
abundant native silver associated with sooty chalcocite,
bornite, and some covellite. The secondary silver min-
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 localiza-
tion of ore in the mineral belt were determined by the
composition and location of the source magma, the
character of the conduit followed by the mineralizing
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 magmas
genetically related to definite types of ore. There is
little doubt that the contact-metamorphic copper ore:
and the related low-grade auriferous silicified shale in
the Breckenridge district were due to volatiles emanat-
ing from the same magmatic hearth that was the source
of the adjacent quartz monzonite porphyry stocks and
sills. The lead-zinc-silver veins between Breckenridge
and Silver Plume are found in an area where rhyolite
and sodic quartz monzonite porphyry are the latest
pre-ore intrusives. Similar rocks are found in other

27 Bastin, E. 8., and Hill, J. M., op. cit., p. 152.
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parts of the Front Range where lead-zinc-silver ores of
this type occur. As the rhyolites are probably derived
from the quartz monzonites by filter-pressing, it is be-
lieved the lead-silver-zinc veins are most closely re-
lated genetically to the sodic quartz monzonite magma.
The distribution of pyritic gold ores that are later than
the lead-silver-zine veins coincides 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 gold-
telluride ores are intimately associated with potassic
biotite latite dikes and intrusion breccias in many
places, and the distribution of the telluride veins coin-
cides 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 bot-
tom 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 Intrusion brec-
cias are earlier than the telluride ores but later than the

Latite intrusion
brecciaw
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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 sur-
rounding region, but spectroscopic work by Bray on
the intrusive rocks of the tungsten district suggests that
the ores are related to the same magma as the telluride
ores; the only fresh rocks in which tungsten was found
were biotite monzonite porphyry and the biotite latite
intrusion breccia.?®

Two general classes of conduits guided the mineraliz-
ing solutions from the source magma toward the sur-
face. 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 type 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.
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FIGURE 24.—Block diagram showing the relation of intrusion brececia to gold-telluride ore shoots in the Logan mine.
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and the openings resulting from explosive volcanism.
The ‘zones of brecciation adjoining porphyry masses
are related to the direction of emplacement of the intru-
sive and much more commonly occur along the roof of
the intrusive than along its floor. Fracturing of this
type diminishes rapidly in intensity with distance from
the intrusive, and in plan and cross section the zones of
brecciation are closely related to the shape of the intru-
sive mass. In some localities the pattern of the
brecciated zones and their occurrence in the roof or
hanging wall of the intrusive suggest fracturing due
to the intrusive push, but in other places the arrange-
ments of the zones are more nearly concentric and indi-
cate subsidence of the underlying magina with resulting
collapse. An extensive chimneylike zone of brecciation
near intersecting fissures may have been caused by a
localized but violent upward push of the magma and
thus be intermediate between the breccia zone formed by
normal intrusion and that formed by explosive volcan-
ism, but where such brecciation is of slight vertical
extent it is usually attributable to recurrent fault
movements.

Breccias formed by the explosive shattering of 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
of igneous material that was originally vesicular and
glassy (fig. 17, 4). Where fresh enough for identifica-
tion, this matrix material has the composition of latite.
The breccias of the first type will here be called explosion
breccias, as distinguished from the latitic intrusion
breccias that have an igneous matrix presumably of
latite. Nearly everywhere breccias of both types were
emplaced along preexisting fractures. Both chimney-
like and sheetlike masses of explosion breccia occur
within veins, but the pipelike masses are most common
near the intersection of two or more fissures. The ex-
plosion breccias comprise fragments of the walls and
underlying country rock through which the mass has
moved ; these fragments range in size from extremely
coarse material to dustlike particles. The latitic intru-
sion breccias also contain fragments of underlying rock
and wall rock showing a similar range in size but these
fragments are embedded in an igneous matrix which is
usually altered to a purplish-gray clay gouge.

The high water content of the latite and the latite in-
trusion breccias (pl. 7) is indicative of the high content
of volatiles and the high pressure existing at the time
of intrusion. It is probable that the volatiles were
forced into rock fragments and into the country rock
along fissures under very high pressures, before the ac-
tual relief of pressure by fracturing. Under these con-
ditions the volatiles absorbed in the minute pore spaces

of the rock would expand with explosive violence when
suddenly released and cause intense shattering and com-
minution of the rock. Much of the extreme fragmen-
tation observed in explosion breccias may have such an
origin.

The precipitation gradient may be defined as the rate
of change of the chemical and physical environment of
the ore-depositing solutions. The presence of strongly
reactive material out of equilibrium with passing solu-
tions would produce a rapid change in the chemical
character of the solution; in other regions it has often
been one of the most effective factors in the precipitation
of ores, as witness the extensive replacement of lime-
stones and dolomites. The sericitic and kaolinitic alter-
ation of the walls of the veins of the mineral belt
reflects the lack of equilibrium between mineralizing
solutions and wall rock. Ore formed by replacement of
the wall rock or of the fissure filling is relatively rare,
however, and almost none of the ore shoots have been
formed because of the chemical composition of their
walls. .

Where the controls of ore localization have been dis-
covered, they are related to the physical factors rather
than to the chemical composition of the walls. Of
several physical factors that may induce precipitation,
changes in temperature and pressure were probably the
most important ones in the veins of 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 col-
umn of rock extending to the surface. Similarly, it is
customary to assume that the pressure on a mineralizing
solution at any point in a fissure below the surface is
equivalent to the hydrostatic head at that depth.
Neither of these assumptions seems entirely justified.
Pressure on a small area is transmitted in an outward-
flaring cone of diminishing intensity, and it is thus
possible for pressure in a localized area to be built up
greatly in excess of 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 con-
duit that has a marked constriction between the source
and exit of the fluid. Below the constriction the gra-
dient is that of 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 of 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 of greatest constriction would
change from time to time, and sudden access to a new
channel might shift the position of the steep pressure
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gradient either toward or away from the source of the
solution.

The 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 past a unit area of the wall in unit time,
the outward temperature gradient within the walls,
and the heat contributed or absorbed by chemical reac-
tions and changes of state. The higher the thermal
diffusivity of the wall rock, the more rapid will be the
conduction of heat from the solution and the greater
will be the temperature drop of the solution in a given
length of time. So far as known, there is little differ-
ence in the thermal constants of the different types of
fresh wall rocks of the veins, and no information on the
altered walls is available. In many schists and gneisses
the diffusivity is much greater parallel to the foliation
than across it, and solutions should give up their heat
most rapidly when moving transverse to the foliation.
In channels sufliciently open to allow active convection,
the temperature gradient along the walls within the
zone of active circulation will be much more uniform
than where convection is absent.

The temperature gradient within the wall rock in
contact with a hot moving solution varies with 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 tempera-
ture 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 the wall,
and the more rapid the flattening of the temperature
gradient in the wall, the less rapid is the temperature
fall within the solution.

If a fissure were equally permeable along the dip and
the driving force were uniform, a given volume of the
solution rising through it would pass a unit area of the
wall in the same period of time, whether the width of
the fissure were great or small. Where the permeability
varies along dip and strike and where irregular masses
of relatively impervious material surround large semi-
isolated areas of porous breccia or open fissure that are
connected by restricted channels, the volume of solution
passing a given area within the constriction is much
greater than that passing a unit area in the enlarged
portions in a given time (fig. 25). In the constricted
area relatively little heat would be lost from the large
volume of rapidly moving solution, and little tempera-
ture change would be noted in the solution. In the
enlarged 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 correspondingly
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greater and the change in temperature much more ap-
parent. 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 breccia-
filled 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

Fieure 25.—Diagram showing the relative rate of movement of solutions
in tight channels and in open spaces in a breccia-filled fissure,

soon heat up to the temperature of the passing solution
and thereafter would not exert any cooling effect
upon it.

From the foregoing discussion it appears that the
physical factors favoring a steep precipitation gradient
are (1) The presence of relatively large open areas in
a fissure immediately above a constricted feeding chan-
nel and (2) the diversion of a mineralizing solution
into a new channel.

It would seem that the factors instrumental in deter-
mining the localization of ore shoots are primarily
those determining the amounts of solution that pass
through different parts of the fissure in a given length
of 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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FIGURE 26.—Part of the Terrible vein, Silver Plume district. The difference in influence of granite and schist walls on the localization
of ore shoots is well shown in this plan of the northeast part of the no. 4 Dunderberg level. A vein that is strong in granite branches
and disappears where it enters gneiss, but farther on, in another bar of granite, a well-mineralized vein appears in line with the other
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fissure filling or walls) to relatively impervious gouge,
whereas a silicified part of the same rock or fissure
filling would be broken into a coarse open breccia by
the movement. In unaltered rock the strength of the
wallsisa determining factor. The fissure system shown
in figure 26 was caused by a slight movement that was
absorbed by inconspicuous folding and by slipping
along interlaminal planes in the relatively incompetent
schist, whereas in the more competent and brittle granite
the same movement yielded continuous open fractures.
A strong movement that would break through schist
might grind it to gouge along the fault, but the move-
ment that comminuted the schist might result in a coarse
open breccia in granite. However, a strong continuous
fault in granite may be represented by a wide zone of
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overlapping imbricated minor shear planes within an
area of schist. The relative competence of schist and
granite is similar to that of the shale and quartzite
shown in figure 27. 3

The irregularities of the original fracture will cause
certain parts of the fissure to rub together during move-
ment while others pull apart. In a fissure having a
strong horizontal component of movement, if the right-
hand wall moves ahead, a swing to the left during the
movement will create an 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
fault favors the creation of open spaces and localization
of ore (figs. 28 and 29). In many faults tension cracks
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Fieure 28 -North-south vertical section through the Clyde tungsten mine 30 feet west of the portal of the haulage tunnel, Boulder County

tungsten districet.

Hlustrates the localization of ore in the steeper parts of normal faults, the imbrication of a strong normal fault

toward the footwall side with depth., and the barren part of the fissure between schist walls.
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Ficure 29.—Section along raise on level 6 of the Bell mine, near
Montezuma, showing the appearance of ore in the flatter part of a
premineral reverse fault.

or feather joints occur within the walls, and minerali-
zation of these openings, the “feeders” of the miners, is
a common feature of the veins in the mineral belt.

It has already been noted that relatively few in-
dividual veins persist as much as a mile along strike
or dip but that overlapping fractures within a more
persistent general zone of movement are common. The
transition between the ends of the overlapping fractures
takes place in several ways but most commonly by
echelon sheeting. (See pl. 21.) When a vein maintains
its course but weakens and finally ends in a zone marked
by parallel oblique veins branching to one side, the
main vein will usually be found to have “jumped” a
short distance in that direction; echelon branching to
the left, such as is shown on plate 21, has been termed
left-handed imbrication. With nearly all veins that
show a marked curving swing from their average course
just before they feather out, the overlapping fracture
will be found a short distance to the side away from
which the course swings. Thus, if the vein curves to the
right as it feathers out, the overlapping vein will be

found on the left-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
zone 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 the fissure as the
transition zone is approached. It has generally been
found that, in those fissures along which the right-hand
wall moved forward, the overlapping fissure will be
found to the left and vice versa (pl. 21). Similarly,
where a normal fault disappears with depth an over-
lapping fault if present commonly will 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
fissure walls nearby (pl. 11 and fig. 31). Gougy im-
pervious premineral cross fractures may act as baflles
or guides to the ore-forming solutions and separate a
barren but relatively open segment of vein from a
strongly mineralized part (fig. 31). The greatest con-
centration of ore is usually just below gently dipping
cross seams or “flats,” but where the ore-depositing solu-
tions were moving horizontally rather 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 baflle relative to the path of the ore-
forming solutions determines whether the ore “bottoms”
or “tops” there. The intersection of two veins is much
more likely to enrich than to impoverish them (fig. 33),
but in some places the intersection is marked by such
impervious altered rock that the “vein goes to pieces,”
and the ore shuns the actual intersection (fig. 34).

The intersection of a late vein with an early one is
generally favorable to the occurrence of ore, especially
where the early one belongs to the breccia-reef group
(fig. 35). In many places spur faults formed simul-
taneously with major faults and coincided with the
edges of moving, wedge-shaped blocks. Crushing was
at 2 maximum along the narrow front of the wedge,
and ore deposition is common at such places (fig. 33).
In many veins, ore localization depends on the simple
structural control of openings due to change in course
or change in dip (figs. 28 and 29).

In some places, however, a vein that is tight in one
rock becomes open and ore-bearing in another rock,
and the appearance of ore is more directly related to the
character of the wall rock than to changes in the course
of the fissure (fig. 36). Schist walls are less favorable
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I'16URE 30.—Plan and section of part of the Concrete vein, Central City-Idaho Springs district, 200 feet below the Argo

tunnel level.
vein to a parallel fissure a little distance away.

than porphyry or granite gneiss, and these rocks in turn
are less favorable than granite. In some veins the best
ore has been found where one wall is schist and the
other wall is granite, granite gneiss, or porphyry.

Extensive alteration of the wall rock is commonly
associated with important channels of mineralization,
but an old fissure in rock softened by alteration is not
so likely to afford favorable openings during intra-
mineral movement as is a fissure newly formed in unal-
tered rock. It thus happens that in many localities
important ore shoots are found in little-altered rock
where relatively late premineral fractures intersect the
major channels of mineralization. This condition is
especially true of the telluride and tungsten veins that
were formed during the last part of the general period
of mineralization.

In many places veins apparently follow premineral
dikes of porphyry, suggesting that a subsequent pre-

This pattern is characteristic of the feathering out of a vein or the shift of the movement along one

mineral fault took advantage of the plane of weakness
made by the dike, but many premineral dikes were in-
truded along preexisting fault fissures. Postmineral
dikes in turn may follow veins, as in the Stanley mine
and in several mines in the Ward district. The oceur-
rence of ore in some places, as in the Colorado Central
and Little Mattie mines, suggests that the injection
of the dike disrupted the adjacent walls sufficiently to
create more permeable ground close to it than at a dis-
tance. (See fig. 37 and pl. 17.)  Later movement of the
fault wall might either accentuate or diminish this
effect.

Where a late intrusive push from an underlying
magma has caused the refracturing of a porphyry stock,
the breccia zone generally follows the platy structure
of the mass and may result in one or several irregular
chimney-shaped bodies of breccia, with one dimension
parallel to the original platy structure (pl. 14). In
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Part of the Oro workings, level 5 of the Wellington mine,
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ment of ore body in the Main vein on the footwall side of a premineral fault.

such areas the small openings due to the early breccia-
tion may have been subsequently enlarged by reactive
mineralizing solutions that dissolved some of the rock
adjacent to the fracture—the first step in the “minerali-
zation stoping” suggested by Locke.®  So far as known,
this process did not go far enough to result in collapse
structures anywhere in the mineral belt, except for the
late brecciation of fluorspar bodies at Jamestown.
However, at the Alice stock appreciable enlargement
was effected by this process before metalization oc-

10 Locke, Augustus,
ization stoping :

The formation of certain ore hodies by mineral-
Eecon. Geology, vol. 21, pp. 431-453, 1926.

curred. More commonly, however, the deposition of
barren quartz clogged much of the open space in the
breccia zones resulting from intrusion, leaving but little
room for subsequent metalization. In such places fur-
ther fracturing was necessary to create the open spaces
favorable for ore shoots. It is believed that some of the
breccia-reef mineralization took place after renewed
fracturing.

The explosion breccias were much more favorable
hosts for ore deposition than the brecciated zones im-
mediately adjacent to the intrusion of porphyry. The
open permeable explosion breccias which lack an igne-
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Figure 32.—Part of level 3 of the Wellington mine,
wall side of a premineral fault.
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showing enlargement of ore body on hanging-
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IFicure 33.—Plan of the Lily tunnel level of the Rakecfl mine, Boulder County tungsten
district, showing the mineralization of a narrow wedge between two intersecting veins.

ous matrix, such as The Patch in Central City, provided
ideal conduits for the mineralizing solutions, and in
them the occurrence of ore is directly related to the
relative permeability of the original explosion breccia
and the distance above the source magma. The latitic
intrusion breccias are mineralized in a few places but
very rarely more than a short distance below the upper
limit at which the igneous matrix exists. In places,
however, commercial telluride ore shoots lie a short dis-
tance above them, within the same or connecting fissures,
as at the Logan mine (fig. 24). 'This probably reflects
the steep precipitation gradient that existed in a cool
fissure immediately following the introduction of a
highly heated intrusive breccia whose open vesicular
character made it a ready conduit for the volatiles com-
ing from the underlying magma.

PLACER DEPOSITS

The localization of gold in the placer deposits of the
Front Range is dependent on the location and character
of the primary deposits that were the source of the gold,
the physiographic history of the region, and the struc-
ture and character of bedrock and gravel.

The pyritic gold deposits and in general the deposits
containing gold associated with sulfides in the primary
ore commonly disintegrate at the surface and free their
gold to form placers in the streams and gulches drain-

ing their outerop area. In contrast to them the gold-
telluride deposits are rarely marked by placer ground
except where the tellurides are the companions of
native gold in the primary ore; for example, the highly
productive Cripple Creek district has yielded only
an insignificant amount of placer gold.

The physiographic history best suited to the develop-
ment of placer deposits is one of long-continued but
moderately slow erosion. The erosion of the Front
Range has been cyclic, periods of quiescence alternat-
ing with periods of rejuvenation. During late Pliocene
time rich surficial material and hillside wash accumu-
lated in many districts and acted as high-grade feed
to the swollen Pleistocene streams. During each inter-
glacial stage new grist was drawn from the outerop and
mixed with that of the earlier stream gravels, and both
were further concentrated. The glaciers themselves
however tended to scrape off any placer ground over
which they moved and scatter the content through their
moraines. The glacial streams opposed this tendency
by reworking some of the ground moraine and, as
shown in figure 38, tended to concentrate gold in the
outwash just in front of the terminal moraine more than
elsewhere.  With increasing distance from the moraine
and from the source of the gold the amount of flour
gold increases steadily, until at a distance of 15 or 20
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FiGure 34.—Part of the main tunnel level of the Saints John mine,

intersection with another that crosses it nearly

miles practically 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 bedrock and gravel.
Where a layer of hard impervious clay occurs in the
gravel, rich gold-bearing gravel is commonly found on
this “false bottom,” but very few of these clay contacts
contain as much gold as the underlying bedrock con-

Montezuma district, showing the impoverishment of the vein at its
at right angles.

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.

In general a smooth polished bedrock floor holds
much less placer gold than a rough surface. Thin-
bedded 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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retained much more gold than the more massive even-
grained rocks.

Much of the placer ground in the Front Range is
chiefly of historical interest. Although credited with
a substantial output during the sixties and seventies,
the output has been small since that time, except in a
few places where dredging has proved feasible, as at
Breckenridge, Pinecliff, and on Clear Creek east of
Idaho Springs. The great influx of placer miners dur-
ing the depression years of 1932-33 served only to show
that nearly all the ground suitable for hand methods
had already been worked to exhaustion. Floating
dredges have operated successfully for many years in
the Breckenridge district, but the best of the ground
has been moved long since. A considerable area of
placer ground suitable for dredging is present in South
Park near Fairplay; operations were discontinued sev-
eral years ago when a suit was brought by the ranchers
because of the contamination of the river by tailings,
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After figure BO, Professional Paper 63

Ficure 36.—DPart of the tunnel along the Maine vein, Silver Plume
district, showing the thickening of the ore as the vein passes from
schist into the more competent porphyry.

but they were resumed successfully in 1939. A floating
dredge was operated on Beaver Creek near Fairplay
during 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 along the Platte River,
but this project as well as the dredging on Beaver Creek
was terminated on October 15, 1942, by the gold mining
limitation order.

On the eastern slope of the range a dry-land dredge
operated successfully during 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 producer in the county. Another dry-land
dredge was operated on North Clear Creek just below
Blackhawk during 1937-41 and in 1938 was the largest
producer of gold in the county. A floating dredge ob-
tained 7,796 ounces of gold from the Pactolus placer on
South Boulder Creek near Pinecliff during 1937-39. Tt
seems probable that other placers of this type may be
found on some of the larger streams of the eastern slope
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that cut through the mineral belt. The deep outwash
below the terminal moraine at Empire has apparently
been neglected and may be worth exploiting.

Cherry Creek and Douglas County 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 periodically
ever since. Annual output, however, has been small, a
few thousand dollars during one of the better years but
generally less than $1,000. The amount of gold present
increases to the south of Denver, and the best placer
ground apparently lies in Gold Creek, Russellville
Guleh, and Newlin Guleh, near ridges capped with
Castle Rock conglomerate.

The bedrock of the streams in this area is chiefly the
upper part of the Dawson arkose of late Cretaceous
and early Tertiary age; the higher hills are capped with
a dense rhyolite or rhyolitic tuff very close to the con-
tact between the Dawson arkose and the overlying Oli-
gocene Castle Rock conglomerate. In some places this
conglomerate lies directly on the rhyolite or tuft, but in
others a thin wedge of arkose lies between the rhyolite
and the Oligocene beds.

The search for gold in the Dawson arkose below the
rhyolite has been almost 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 low-
terrace gravels along the streams close to the Castle
Rock conglomerate; the richer gravels worked com-
monly contain 0.01 to 0.035 ounce of gold to the ton.
Locally much higher grade pockets are found, but they
are comparatively rare.

It seems probable that the Castle Rock conglomerate
is a low-grade fossil placer containing gold that was
probably derived from the Central City district 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 de-
rived from the Oligocene (Castle Rock) stream deposits.
The general course of the belt in which most of the
placer gold has been found trends northwestward to-
ward the Idaho Springs-Central City district.

MINING DISTRICTS IN THE MINERATL BELT

BRECKENRIDGE DISTRICT

LOCATION

The Breckenridge district *' is about 60 miles west of

Denver and 20 miles northeast of Leadville and is at

" Lovering. T. S., Geo'ogy and ore deposit of the breckenridge min-
ing district, Colo.: U. S. Geol. Survey Prof. Paper 176, 1934. Ransome,
I". L., Geology and ore deposits of the Breckenridge district, Colo.:
U. S. Geol. Survey Prof. Paper 75, 1911,
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the southwestern end of the Front Range mineral belt.
It occupies 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 district 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

In the summer of 1859 a group of prospectors dis-
covered rich placer ground on the north side of Farn-
comb Hill, and within the next 20 years about $7,000,000
in gold was washed from the placers of the Blue River,
Swan River, French Gulch, Illinois Gulch, and their
tributary gulches. It was not until 1880 that gold was
found in place on Farncomb Hill; for the next 10 years
the rich narrow veins of crystallized gold yielded most
of the gold output. Gold dredges were introduced in
1898 and have been working the deep gravels of the
larger gulches ever since, recovering a total of a little
more than $7,000,000 in gold through 1937.

Lead-silver ores were first mined in the district in
1869, but little interest was shown in lead veins until
the completion of the railroad from Denver to Brecken-
ridge in 1880. The first flush of lead-silver mining 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 district during this period. Nearly
all of the output from stockworks came from oxidized
ore mined prior to 1910, but a meager and intermittent
output was obtained from the low-grade primary ores
through the 25 years following, owing chiefly to the
operations of the Royal Tiger Mining 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 Breck-
enridge district are chiefly sedimentary. Pre-Cambrian
schist, containing small amounts of injection gneiss 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 quartz-biotite schist and
has a general 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 Da-
kota formations to the east and west of the district.
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The Weber (%) formation, if present, occurs only under
a thick cover in the southwest part of the region shown
on plate 2.

Composition of ore from the Breckenridge district

Wellington C‘glél;ry Puzzle | Gold Dust | Cincinnati| Minnie Truax
Kind of material 1. C S 8 S 3C C 48
.Old ............ 0.02 0.02 0.07 0.25 0.01 0.03 0.06
Silver 10. 00 10.00 24.00 20.00 10. 50 16.00 17..00
Lead 50 45 . 525 56 43.5 67 20
ZinC. . 5 6| . 43 8 2 [ PSSO P
Iron_. 14 10 [ P 14 4 10 (.
Silica.__ 5 7 12| o 24 7 12 3 4 42
Date. . 1909 1909 1909 1909 | s 1901 | ool .
0ld Union | Dunkin Watsggng- Iron Mask ]ég)i‘élg' Mountain Pride Kellogg Jumbo
Kind of material \________________________________________ S 8 68 ] C() S c &S C
old.___.__________ _ounces per ton. 0.07 0. 60 0. 60 0.03 L3 0.3 1.2 0. 06 0. 46
Silver . do..__ 8.00 15.00 26. 40 21.00 3.0 9.0 8.5 20. 00 1.90
Lead _.percent.__ 31 40 39 B8 | 50 30 59 | e
Zine__ 0 e e | 7 12 | .
Iron._ 12 8 7 3 3 9 15 4 35
Silica. 29 32 25 9 71 5.5 6 9 16
Date oL 1902 {meemcce | 1901 1898 1902 | oo 1899 (oo
Carbonate | Etigrade
Cashier |Wire Patch| Jessie Hamilton Germania (Bald (Little Boss
Mountain) | Mountain)
Kind of material *.___________ ... 78 C C S S S 88 78 S
Gold...._.._.__..__ _ounces per ton__ 0.55 0.90 1.07 0.67 0.12 0.17 0.4 0.20-1. 65 36
Silver e do__. 10. 00 10. 00 11.89 4.15 70. 00 152. 61 25.0 500-726 27
Lead-... .pereent. | ... ... [ 3 (10) 8. 4-13
Zine. do___ i3 P D & 2 D (RN (R AR P
Iron o.do____ 40 34 30 39 |- 3 12 9
Silica____ __.do.___ 5 10 5 6 80 78 5 66
Date. e 1904 1908 1897 1903 || e[

18, shipping ore; C, concentrates.
Z ggz?g&attz fo;rslffrlfrr.n surface workings; 1.5 percent of sulfur
e

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 conglomerate. It occurs in a wide northwest-
ward-trending belt in the southern part of the district,
which is cut off in the central part by porphyry intru-
sives but continues as a narrower belt to the northwest.

The Maroon formation 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 be-
cause of its rigidity and its ability to retain open frac-
tures, 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 much complicated 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-bedded dark-gray limestone. These two forma-

¢ Horn tunnel; 5 percent of sulfur.

; 8?:3::2?1 ggf 1.5 percent of sulfur.

% 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 dark-
olive and dark-brown clay shale and occurs throughout
the northeastern half of the district. The shale is much
cut up by irregular intrusive stocks and sheets of por-
phyry, and along the northeast border of the district
it is cut off by the strong northwestward-trending Wil-
liams Range thrust fault, on the east side of which is
pre-Cambrian hornblende gneiss with some schist-and
granite.

Quaternary glacial and stream deposits occupy an
extensive area along the Blue River Valley. Brecken-
ridge is built on the outwash gravels of the Wisconsin
glacial stage about half a mile 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 moraine.

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. Inter-
mediate 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 por-
phyry cut both of the other porphyries.

Intrusion of the larger sills of monzonite rarely
cgused much change in the rocks invaded, but stocklike
nlasses of quartz monzonite porphyry were the loci of
profound changes in many places; for example, garnet,
epidote, dark-green amphibole, quartz, specularite,
magnetite, and small amounts of pyrite and chalcopy-
rite 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 much
greater distance. The other contact-metamorphic min-
erals are locally abundant but in general are sub-
ordinate.

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 contact-
metamorphic zones and near ore channels. Where alter-
ation was intense, silicification occurred on a large
scale; much of the dark Cretaceous shale near the Wel-
lington 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 minor amounts of pyrite. A more widespread type
of alteration is that by which the ferromagnesian min-
erals of the porphyry were changed to calcite and epi-
dote 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 Mid-
dle Park. The belt of sedimentary rocks in this trough
is about 8 miles wide and is flanked by pre-Cambrian
rocks on the east and west (see pl. 1). The Cambrian,
Ordovician, Devonian, and Carboniferous formations
of western South Park have been progressively over-
lapped 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
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to intrusive activity, for throughout its extent from
South Park to Dillon it is marked by an almost con-
tinuous series of large porphyry masses.

The main 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 complex. 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 north-
northeast and the other east-northeast, and in them both
normal and reverse faults are common. The most pro-
ductive mines of the district—the Wellington, Wash-
ington, Golddust, Duncan, and Puzzle-Ouray—{follow
premineral faults of small throw in the north-north-
easterly 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 intruded after folding
was completed ; part of it is later than the initial east-
erly and northeasterly faults, which were later mineral-
ized. 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 north-
easterly and north-northeasterly faulting is later than
the latest porphyry masses.

Most of the monzonite in the central part of the area
is part of one large irregular intrusive sheet, which
formerly 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 distinet sills that united to form the
larger body. The base of the larger intrusive sheet is
irregular and follows different horizons in different
places but most commonly occurs a short distance above
or below the Dakota quartzite. In general the cross-
cutting bodies of porphyry followed the early north-
easterly 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 im-
portance are gold, various silver minerals, sphalerite,
galena, and pyrite. Contact-metamorphic ores, stock-
works, veins, blanket ores, and placers have been ex-
ploited, but most of the output has come 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
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later than any of the porphyry intrusions. Supergene
enrichment has greatly modified many of the deposits.

A few of the many mine descriptions given by Ran-
some and by Lovering are summarized 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 deseribed show a creditable out-
put, because the productive properties have been more
generally available for study. :

Contact metamorphic deposits—Deposits formed by
contact metamorphism are of little economic impor-
tance, but in several places dense irregular masses of
silicates intergrown with metallic oxides and sulfides
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 resist-
ant to weathering and show little evidence of enrich-
ment. 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 Hamil-
ton, and the Jessie (pl. 83). The country rock of each
deposit is quartz monzonite porphyry, but in the I. X. L.
the quartz monzonite porphyry is crowded with frag-
ments of Upper Cretaceous Dakota quartzite and shale.
The alinement of the stockworks in a zone of shearing
at the south end of the Williams Range thrust fault
suggests that they resulted from the underthrusting of

the Upper 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 movement 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 stock-
work seems to be a wide slightly crushed zone in which
the movement along single fractures was slight.
Mineralization of these broken masses resulted in low-
grade primary deposits several hundred feet wide, with
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length not greatly exceeding width. Most of the min-
eralization occurred in small open fissures with little
replacement of the country rock and produced low-
grade 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 stock-
works, 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 inter-
mediate 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 some-
what 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 frag-
ments, and the adjacent wall rock. This late brecciation
was most intense in the intrusion breccia near its contact
with the country rock, and subsequent mineralization of
the interlacing fissures developed ore deposits interme-
diate in character between the stockworks and the lodes
in broad shear zones. The galena-silver-gold ore found
in the Wire Patch mine is somewhat different in charac-
ter 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 northward than the veins themselves.

Most of the productive veins lie in a short, narrow
northeasterly belt, which extends from Little Mountain
to Mineral Hill. (Seepl.8.) 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 mines. Most of the veins occupy normal
faults striking N. 40°-80° E. and dipping 60°-80° SE.
or NW. 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 most of the ore has been found where the
vein walls are of monzonite porphyry or Dakota
quaitzite. The chemical character of the wall rock has
been less influential than its physical properties in de-
termining 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 movement,
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 pre-
mineral faults determined the course of the mineral-
izing solutions and the site of ore deposition. In scme
places extensive but comparatively tight gougy faults
guided solutions from 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, zine, and iron sulfides with some native
gold and some silver whose form is uncertain. Anker-
ite, calcite, quartz, and sericite are the common gangue
minerals. Some of the veins have produced chiefly
pyritic zine-blende with little galena; ore of this type
commonly changes abruptly downward into a nearly
pure pyrite, as shown in the description of the Great
Northern vein of the Wellington mine (pp. 119-120).

Practically no high-grade zinc ores have been found
in the upper parts of veins that come 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 Tertiary erosion
surface; this fact and their negative relation to the old
topography probably reflect the leaching 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 much larger proportion of
galena throughout the vein and commonly pass upward
rather abruptly into a zone of sphalerite-free galena
near the surface. The sulfides are generally massive
and show mno evidence of depositional banding or
crustification.

High-grade galena ores and gold ore appear to be
limited to a zone that ranges from 200 to 300 feet in
depth, corresponding roughly to the present topography.
The mixed zinc-lead ores show a much 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 of 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)
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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 con-
temporaneous with much of the sphalerite on the upper
levels, the sphalerite in the lower part of an ore shoot
was probably formed at an earlier stage of mineraliza-
tion 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 fed from the Great Northern-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 high-
grade lead ore shoots near the surface is due to the
leaching of the more soluble sphalerite and pyrite from
a primary lead-zinc ore. Although the oxidized and
leached ores are enriched in gold and silver, there has
been no secondary deposition of the galena itself. The
occurrence of the rich gold ores on the other hand indi-
cates supergene enrichment (figs. 39 and 40).

Gold veins of Farncomb 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 north-
east, and the principal veins from west to east are the
Ontario, Key West, Boss No. 2, Boss, McQuery, Reveille,
Carpenter, Gold Flake, Graton, Silver, Bondholder, and .
Fountain. They fall into two groups, which are sepa-
rated 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
occupy the site of one of the minor conduits that sup-
plied magma for the porphyry intrusion. All around
the porphyry the shale is thoroughly brecciated, and
the contact zone is marked by a gradation from por-
phyry containing 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 frag-
ments is in places fully 100 feet wide and generally



BRECKENRIDGE DISTRICT

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 por-
phyry 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
stoped or followed for a length of 300 feet and to a
depth of about 450 feet. The principal veins are ac-
companied 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 ex-
ceeding 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 oxi-
dized. 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 cal-
cite 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 which the flakes and wires of native
gold occur. The pockets of native gold are closely re-
lated 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

3 \ 1:.‘.!;
I \ ~

sy foy N
4 N no s e S~ \\\\
I R Gold \\\\
« z 4 WTR \\\

2" o u Lo aS \\ ~
[ " T D= w " Wz ‘»—\\

& " o"‘ph y % L \_\
3 ) s 4 " N ‘}’,:V z . = . ) //\
N 7w s .‘/’ NN

\\\\\\\\ \ " P
R

AFTER RANSOME, PROFESSIONAL PAPER 75,

1 o} 1 Foot
L 1 ! ! | 1

FI1GURE 39.—Occurrence of secondary gold in Farncomb Hill veins.-

ramifying through a matrix of limonite. In 1909, in
a section about 8 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 800 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 mon-
zonite bodies in the Breckenridge and Montezuma dis-
tricts 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 re-
cent years have ranged from 0.01 to 0.05 ounce of gold
to the ton. It therefore seems probable that the high-
grade 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-cir-
culating solutions.

The gold found in the Farncomb Hill veins occurs
both as wire gold and leaf or plate gold and is very spec-
tacular. Ransome * gives detailed descriptions and il-
lustrations 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 replace-
able beds of the Dakota quartzite and Maroon forma-
tion. Both primary and secondary ores of this type
have been mined, but the most valuable ores have ap-
parently 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 Detroit-
Hicks mine, p. 115.)

Placer deposits.—The placers of Breckenridge may
be divided into (1) gulch washings; (2) bench or high-
level 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 detri-
tus, angular blocks of porphyry, and unconsolidated
soil that make up these placers attain a maximum thick-
ness 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 bed-
rock made these riffles very amenable to placering and
they have long since been worked out. The gold was

“ Ransome, F. L., op. cit., pp. 81-82.
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coarse, and most of the nuggets showed the wiry and
flaky 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 gold-
bearing 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 drain-
age. 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 occur in gravel that is probably
the outwash from one of the stages of glaciation that
preceded the last or Wisconsin stage; they occur well
above the present valley bottom. The terrace gravels
are found chiefly along both sides of the valley of the
Blue from the Wisconsin moraine a mile south of
Breckenridge northward at least as far as Dillon. Most
of th® bench placers, however, are found within a few
miles of Breckenridge. Near the edge of the present
stream valley the bench placers obviously represent
an ancient stream bed that must have had a width of at
least 214 miles near Breckenridge, but as the gravels are
traced back toward the hills they merge with older hill-
side wash and gulch placers, and in many 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 thick, but in some localities, for
example, between 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 sub-
stantial quantity of gold. The richest and most acces-
sible parts of the bench placers have been worked out,
and for many years little placering has been done be-
cause 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 River, prospecting in these gravels
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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 productive 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 pres-
ent stream valleys and are largely in the outwash formed
during the Wisconsin glacial stage. The related mor-
aines themselves are practically barren; the ground
moraine and intermingled fluvioglacial deposits up-
stream 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 concentra-
tion has occurred in the unsorted material that makes up
the terminal moraine, but the glacial streams discharg-
ing from beneath the ice under pressure issued with
great velocity from the ice front and carried a tre-
mendous 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 par-
ticles, 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 of
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 upstream 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 bot-
toms 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 tribu-
tary 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 dis-
tance.

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
than 18 inches in diameter constitute a large proportion
of the deposit, but boulders more than 6 feet across have
been found, and rocks 8 to 4 feet across are common.
The size of the boulders decreases downstream, but even
near the mouth 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 excavate 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 dredg-
ing 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,*® the cost of dredging in 1908
averaged about 8 cents a yard. According to Mr.
Radford, the dredge superintendent, the cost of dredg-

4 Bradford, A. H. and Curtis, R. P., Dredging at Breckenridge, Colo. :
Min. and Sci. Press, 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 month for upkeep.
The dredge was operated an average of 20 hours a day;
the recovery ranged from 400 to 600 ounces a month
bur did not average more than 500 ounces. The gold
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enridge district.

Ej FEET

content of the graved dredged ranged from 7 to 12
cents a yard, but only the coarse gold was recovered.
The very fine material, which made up an appreciable
percentage 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 pres-
ence of $2 worth of gold to a ton of solid material.
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DUNKIN MINE

The Dunkin mine is on the southeast side of Nigger
Hill, about 114 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 Red-
wing tunnels, driven northeastward into Nigger Hill
between altitudes of 10,000 and 10,300 feet.

The vein follows a fault of small vertical displace-
ment that trends northeastward in the mine but swings
east a short distance beyond the end line of the Redwing
claim. The dip 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
forms much of Nigger Hill; the vein becomes nearly
barren after passing into the underlying Benton shale
on the Redwing tunnel level.

The ore occurred in several lenticular 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 cerus-
site containing about 1 ounce of gold and 12 ounces of
silver to theton. 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 bottom of the most extensive ore shoot a rich
seam 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 sev-
eral places it occurred in spongy masses of coarsely
crystalline gold 1 to 4 inches thick and as much as 40
inches 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 en-
richment. 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

v

The Jessie mine is on the northeast side of Gold Run,
about 214 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. Work on the property began
in 1885 but was not carried on steadily, probably in
large part because of the excessive amount of dead work
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 mine is almost entirely in
quartz monzonite porphyry near the western edge
of a large irregular porphyry tongue that extends north-
westward from the main stock. The tongue is in part
a sill-like mass in the Pierre shale, whose regional dip
in this locality is about 45° NE., but in places is cross-
cutting. The deposit is oval, with the long dimension
striking nearly east-west; it has a length of about 900
feet and a maximum 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 lodelike
zones that most of the stoping has been done. Ordi-
narily there are no definite walls to the strongly fis-
sured zones; groups of stringers may be nearly parallel
and present the appearance of a strong stringer lode for
100 feet or more 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 from 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 some 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 feet 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 them.

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 few
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.
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The ore consists of pyrite, sphalerite, and galena in a
gangue of altered porphyry. The galena generally oc-
curs 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 vein-
lets, are widely disseminated through the altered por-
phyry. The value of the ore as mined ranged from $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 Breck-
enridge, 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
Willard, serves both the Puzzle mine and the Golddust
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 dipping northwest limb.
Benton shale is found at the surface 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 consisted of quartzite or porphyry. The ap-
pearance of the gray shale of the Morrison formation
along the vein coincided with a marked decrease in the
value of the ore, even where the other wall was porphyry.

The ore itself shows little evidence of enrichment be-
low 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
zine. On the upper levels some anglesite and cerussite
occurred, but even there galena made up most of the
material mined. The vein was 1 to 15 feet wide, prob-
ably 3 to 5 feet wide in most places.

The apparent relationship of the ores to the surface
is misleading. Both the erosion surface and the local-
ization of the ore are related to the superior hardness
and competency of the quartzite (pl. 12). In the Well-
ington mine, where a tight gougy fissure in shale passes
into an open breccia in quartzite, the factors determin-
ing the preference of ore-forming solutions for
quartzite walls is well illustrated on a small scale (fig.
27). The localization of the primary ore in the Puzzle-
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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 normal fault that strikes N. 50°-
70° E. and dips about 80° N. The original vertical dis-
placement 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 dis-
placement by varying amounts, depending on the vary-
ing 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 114 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 masses the
beds are much disturbed. Many small normal faults
occur either parallel with the bedding planes or cutting
through them at small angles. In several places the
faults have cut through the top of a steep monoclinal
fold and produced open, broken ground very favorable
to the localization of ore. The gently dipping bedding-
plane faults are cut by a set of steeply dipping normal
faults striking north to northwest and dipping 55° to
80° east or northeast.-

On the first level the Standard stope extends south-
westward from the shaft for a distance of 200 feet and
has an average dip 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 im-
pregnates 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
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fault. There the distance between the floor and the
back of the stope is 10 feet. The ore was followed
downward 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, 4), 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 414, 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 seam of high-grade ore was mined.
It consisted chiefly of galena but contained some sphal-
erite and pyrite and lay 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 south-
west of the shaft, but they were narrow, and no attempt
was made to follow them.

WIRE PATCH MINE

The Wire Patch mine 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, from which most of the output came, was dis-
covered about 1882, and shipments 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 monzonite porphyry. The shale has
a general dip of about 25° NE. but has been much 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 appar-
ent 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-



116

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 Ran-
some, 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 from 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 dips about 45° W. Exploration of the
projected junction of the two shoots in the Mill tunnel
was disappointing.

Beyond the east ore body the Elephant tunnel passes
through 100 feet of shale and again enters 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 minerals filled numerous
irregular fissures and interstices in the fractured
porphyry and in part replaced the rock. Pyrite was
by far the most 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 I'rench
Gulch, about 2 miles 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 most valuable metals mined 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 from 1905 to 1928 a total of 508,628 tons
of lead-zinc ore was treated at the Wellington mills to
make 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 amounts 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 zine.

GEOLOGY AND ORE DEPOSITS OF THE FRONT RANGE, COLORADO

The Wellington mine includes both the original
Wellington and the Oro properties. The original
Wellington mine 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 Wellington mill. The two shafts are
joined by their fifth and sixth levels, but the others con-
nect 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 Wel-
lington 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 come from the
primary ore, which consisted essentially of pyrite,
sphalerite, and galena in various proportions with rela-
tively little gangue. Such waste as occurred within the
ore bodies consisted mainly of “horses” and small frag-
ments 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 abun-
dant and are younger than the sulfides, in which they
form veinlets or line vugs.

The prevailing texture is that of a granular aggregate
of galena, sphalerite, and pyrite, the three being com-
bined 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 sider-
ite in composition (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 sul-
fide ore of the eighth level and are undoubtedly primary.

The ore in the deepest workings does not differ appre-
ciably in appearance from much of the ore found in
the upper levels; nevertheless, there are changes in com-
position 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 some
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
composition and in other places gave way to massive
pyrite both vertically and laterally. Abrupt changes in



BRECKENRIDGE DISTRICT

composition commonly mark the top, bottom, or sides of
an ore shoot, but most of the ore from a given shoot, is
remarkably similar 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
Buallhide and the Great Northern-J lie to the west and
east, respectively, of a broken, downfaulted block. Most
of the Oro workings lie in this block, but the Wellington
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 monzonite 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
the west. At the surface, a short distance west of the
Oro shaft, Dakota quartzite crops out along the Bull-
hide fault, which has brought, it against the thick mon-
zonite 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 por-
phyry 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 sili-
ceous 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 eighth 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 formation 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 profit-
ably 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 movement along the fault.

117

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 massive 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 movement had
occurred, showing that the fault is in large part pre-
mineral. The Great Northern-J fault zone strikes
from N. 10° E. to N. 20° E. and dips 50°-85° W. In
places it is a strong narrow fault, but a short distance
southeast of the Wellington shaft it widens to a sheeted
zone several yards across. Strong gouge-filled frac-
tures 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
Wellington workings has come from a series of east-
northeasterly veins in the upthrown block just east
of the Great Northern-J fault, and the ore is largely
localized close to the intersection with the master 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 eastward-
dipping fracture, the 11-10 fault, has been traced from
the surface to the eighth level. It strikes north and
dips 80°—40° E. It is a normal fault whose hanging
wall moved S. 60° E. for approximately 110 feet, so
offsetting the eastern segment of the vein that it is found
farther south than the western segment. Many smaller
faults dip gently eastward in the Oro fault block, some
of which pass into bedding-plane slips and soon disap-
pear. Like the Bullhide and the Great Northern-J, the
11-10 fault is in part premineral and in part postmin-
eral, 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 north-
east. Although many small veins were found in the up-
thrown 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 work-
ings and dip 45°-85° S. (See fig. 42, sec. B-B’.) The
ore ranged from a mixed lead-zine 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 North-
ern-J fault, becoming unproductive 400 to 600 feet to
the east. The ore in each of the veins was more zinci-
ferous than the ore in the vein adjoining it on the north,
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and the ore bottomed at 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 Well-
ington 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 80°-55° S. The length

of the shoot ranged 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 be-
low the fifth level at an altitude of about 9,560 feet,
but because of the gentle dip of the vein the shoot had a
dip length of 900 feet. The width ranged from 8 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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the fourth level, the ore widened greatly as the Great
Northern-J fault zone was approached, reaching a
maximum width of 35 feet at this place.

The ore was largely composed of sphalerite and py-
rite, 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 vein than elsewhere, averaging 0.5 percent
on the fifth level and 1.7 percent on the first level. At
the bottom and east end of the ore shoot the zine 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 was 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 the most noteworthy vein is
the Siam, or Main vein as it is now called. It strikes
N.45° E. and dips about 62° SE. and can be traced from
the Oro shaft to a point about 1,500 feet northeast,
where it is cut by the eastward-trending Fault vein.
The Iron vein, which strikes northeast and dips 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 vein splits into two or three
parts. West of the 11-10 fault the northern segment
is called the Puzzle vein, and the strongest of the south-
ern veins is called the Main vein. The Puzzle vein
dips about 70° N. and trends about N. 70° K., being
nearly parallel in strike to the southward-dipping frac-
tures correlated with the Main vein.

One of the best shoots is found a short distance west
of the J fault, where the Main vein is cut by the Fault
vein. This shoot was roughly triangular in shape, com-
ing 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 western 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 con-
tained moderate amounts of galena.

The so-called Main ore shoot was entered just 500
feet southwest of the fifth station of the Wellington
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 the eighth level the shoot
was only 150 feet long and was cut off on the east by
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northerly faults dipping steeply to the west. The inter-
section of the Main vein with these faults pitches gently
to the southwest and formed the bottom of the ore shoot
between 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 zine, 0.05 ounce of gold, and 5
ounces of silver. The ore from the lower levels con-
tained 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
communicating with the footwall of the Great North-
ern-J fault zone would be filled as the northward-mov-
ing solutions reached them, and in a general way the
southern fractures would be filled and clogged before
those to the mnorth. Intramineralization movement
along the Great Northern-J fault probably opened ore
channels communicating with the Bullhide fault and
the Main vein. The ore shoots in the graben contained
a much higher proportion of galena close to the Bull-
hide fault than away from it, suggesting that the solu-
tions 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
chimneylike, 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 per-
sistent 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 steep-
ening 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 mines
have been given by Ransome # and by Lovering.*

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. 63°-85° K. ; 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 are
almost negligible.

4 Ransome, I'. L., Geology and ore deposits of the Breckenridge dis-
trict, Colo. : U. 8. Geol. Survey Prof. Paper 75, pp. 134-160, 1911.

4 Lovering, T. 8., Geology and ore deposits of the Breckenridge
mining district, Colo.: U. 8. Geol. Survey Prof. Paper 176, pp. 33-59,
1934.
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L X. L.

Development—Original discovery, 1881. Two tunnels, the
lower 800 feet long.

Veins.—Stockwork of complexly interlacing and crossing
fractures.

Wall rock.—Quartz monzonite porphyry crowded with frag-
ments of Upper Cretaceous sediments, chiefly Dakota quartzite;
rocks strongly sericitzed.

Ore and sulfide minerals—Chiefly sphalerite and bold but
some pyrite, chaleopyrite, galena, and bismuthinite.

Gangue minerals.—Chiefly country rock but some quartz.

Ore shoots.—Ore occurs as irregular seams and masses secat-
tered 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 feet. Below 240 feet, cerussite ore changed to sphalerite-
pyrite ore. Oxidation of pyrite to depth of 250 feet.

MONTEZUMA DISTRICT

LOCATION AND EXTENT

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 Monte-
zuma district (pl. 4). The geology and ore deposits
of the Montezuma quadrangle have been discussed by
Lovering # and by Patton.*” 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 quad-
rangle, 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
and Geneva Gulch must be moved 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.

Most of the ore mined in the district has been valu-
able for its silver-lead content, but both zine 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 an-
nouncement of his discovery led to the immediate pros-
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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 Montezuma 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
Guleh 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
Montezuma 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 Monte-
zuma. 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 Montezuma district !

. Gold Si Lead C Zi
Mine Year Ore (tons) Con(ct((e)llnltsrates (our?ces) (O&L\:}eeg) (pot??lds) (p(?u’ix}ljgg) (po&lri?is)

N 1886 165 | 3,875 | 139,000 | ______|._________
Bell California. ... { 1926 760 . 1006 | 12,640 | 439, 957 3,312 | 441, 663
Bullion. 1926 -70 749 1,393 3006 |
Fisherman__ ... ...~ 1906 111 1,012 | 34044 | 14202 | ... -

1922 .70 385 | 13,823 | ___ 6
Ida Belle._. ... 1928 4. 40 366 | 19,069 S ,'«_‘;()é

- 1023 54. 81 9,176 3,056 5,

Missouri_ ... { 1028 2. 42 912 | 14 611 2, 620 2,917
New York-Alladins Lamp_ ___________ 1926 . 86 115 | __ 9, 164 6, 839
Revente { 1881 3 T 5402 | 12,055 | - 13,345 | _
-------------------------- 1911 9 T 108 328 569 98 |- TTTTTTT
1887 Y I I 3,354 | 23,174 |.._______ | _TTTTTT
Saints John____.___________________. 1914 181 | ___ .99 6, 842 110, 234 327 | _____
1928 13| T 30 41| 11694 | | TTTTTT
1912 901 | TTTTTT 19. 66 8714 | ol 672 | 10,074 | ..
. 1917 S 138 520 | 210945 | | l7C
Silver Wave ... 1017 | 1 |25 130 3 511 7 I
1017 | T 5 - 06 148 479 212 3,734
Whale._ . 1916 287 . 9. 09 1, 040 2, 988 1,021 |
Winning Card_ ____________________ 1887 ) U IR 1,915 |__________ 761 |- ..

! Lovering, 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 from
the sulfides, and the whole enterprise was abandoned.
Since that time many unsuccessful attempts have been
made 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 prob-
ably took place between 1881 and 1888, when the mines

of Glacier Mountain, Teller Mountain, Revenue Moun-
tain, 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 Monte-
zuma 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 abun-
dant 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-Cambrian 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-biotite-
sillimanite 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 Monte-
zuma ; 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. Iso-
clinal folds within the schist are common. The regional
structure, though modified 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 much
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 in-
jection 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 Land-
slide 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, medium-
grained pinkish Silver Plume granite, having well-
oriented tabular feldspars and unoriented biotite. A
much coarser variety of Silver Plume granite occurs in
small masses on Bear Mountain west of Montezuma
and 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
occur chiefly as short dikes and small irregular masses
in the metamorphic rocks. Throughout most of the
district the mineral composition of the late pre-Cam-
brian rocks is extremely simple, as only quartz, biotite,
muscovite, orthoclase, 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

After piate 4, Professional Paper 178

Torreys Peak
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Kn, Niobrara formation; Kb, Benton shale; Kd, Dakota quartzite; Jm, Morrison formation;

Cm, Maroon formation; p€sp, Silver Plume granite, p€gg, granite gneiss; . pCs, Swandyke hornblende gneiss; p<is, Idaho Springs formation.

Qal, Alluvium;  Qug, Valley train and stream gravel; Qgt, glacial till; Tam, Tertiary intrusives; Kp, Pierre shale;

F16URE 46.—Geologic structure section extending N. 57° E. through Torreys Peak. The Williams Range fault is here represented as an underthrust.
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less common minerals in many localities. Magnetite,
sillimanite, garnet, and tourmaline are conspicuous in
the pegmatites of this part of the district.

Cretaceous sedimentary rocks—Baked Cretaceous
shales are exposed in a fenster at the western end of the
Montezuma stock, about 8 miles 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. Asshown on plate 2 and figure 46, the Pennsyl-
vanian (%) and Permian red beds of the Maroon forma-
tion, the Jurassic Morrison formation, 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 con-
glomerate at the base of the Benton shale a mile east of
Dillon contains fragments of Dakota quartzite and pre-
Cambrian 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.

Laramide 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, £, and 12). These rocks occur in many places in
the form of small 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, ) 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 por-
phyritic hornblende augite diorite and monzonite.
Except where they occur in proximity to veins, the
rocks of this group are very 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 por-
phyritic quartz monzonite (fig. 13, B) of group 6, cor-
related with the Lincoln porphyry of the Leadville dis-
trict, has many times the volume of all the other
post-Cambrian rocks in the district. The stock north
of Montezuma, which is composed of this rock, has a
surface area of 161/ square miles, and many dikes and
small stocks of this same rock occur in the mineral belt
to the south and southeast of the major stock. (See
pl 2.)
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Sodic quartz monzonite porphyry of group 6 is com-
mon in the mineral belt northeast of Montezuma but
rare to the southwest. It forms short dikes, none of
which in the distriet 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 related granite
and rhyolite porphyries (fig. 18, (') 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 condi-
tion implies intense hydrothermal action closely follow-
ing 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 dis-
trict, but the sodic rocks at the head of Geneva Gulch
approach the more mafic rocks of group 8 in composition
and appearance.

The Montezuma stock exerted a feeble contact meta-
morphism 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 some 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 from 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 major syncline, and complex crenulations of small
magnitude 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 formation dips steeply throughout
the district. The gentler dip at the head of West Ge-
neva 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 Williams Range
thrust fault, which borders the Montezuma district on



126

the southwest and separates the pre-Cambrian terrain
from the Cretaceous rocks of 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 under-
lain by approximately 4,000 feet of sedimentary rocks.
The horizontal component of movement of the thrust
fault in this area is more than 4 miles. Three miles east
of Keystone, at the western edge of 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 of the stock shows that
it was intruded at a low angle from the southwest, and it
is therefore inferred that the doming of the thrust plane
in this locality was probably due in part at least to the
intrusive thrust of the porphyry magma. Regional
studies suggest that the thrust fault is properly classed
as an underthrust and not as an overthrust. (See p. 59.)

As shown on plate 2, several strong northwesterly
faults occur in the region south of the Montezuma
stock. They are poorly mineralized and are earlier
than the much less persistent northeasterly fractures.
Most of the ore found in the district, however, has come
from the northeasterly veins that occur close to the in-
tersections of the north-northwesterly Hall Valley
fault. From Glacier Mountain to the Argentine dis-
trict most of the ore has been found in a narrow belt
1 to 2 miles wide along the southeastern border of the
quartz monzonite stock. It is possible that the lack of
ore in the region in line with this area to the southwest
is due in part to the presence of underthrust impervious
Cretaceous shales. Little or no ore has been found
north of 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-
fractured, but a few small high-grade silver veins have
been found in its north-central part and a moderate
number of short lead-zine-silver veins in its southern
part east of Montezuma.

In the premineral faults of the district along which
the directions of movement could be ascertained the up-
thrown wall was consistently on the north, and the di-
rection of movement was moderately steep. This
movement is probably due to step-faulting related to
the formation of an easterly anticline, associated with
the intrusion of the Montezuma stock. The veins
found 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. Postmineral
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faults are uncommon, except on Glacier Mountain just
south of Montezuma. Most of those observed are nor-
mal 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 of 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 of the
intrusives are steep; but at the head of 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 of 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 con-
tinuous mass at depth. It is probable that dikes are
more abundant at depth than at the surface.

ORE DEPOSITS

The ore deposits of the Montezuma district are meso-
thermal veins containing gold and silver, sulfides of
lead, silver, zinc, arsenic, antimony, copper, and bis-
muth, and their supergene alteration products. Within
the northern and central parts of 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 of this type. In the south-central
part of the stock, intersecting but nonpersistent frac-
tures contain sphalerite and galena with little gangue,
though locally silver is an important constituent. Ores
composed of barite and gray copper are abundant in a
southeasterly branch of 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 bis-
muth and silver are common and are associated with
chalcopyrite in a quartz gangue. Kast of Montezuma
and southeast of the Montezuma stock, in the Silver
Wave-Pennsylvania vein system and the nearby parallel
veins, substantial quantities of both gold and silver are
present in the chalcopyrite-sphalerite-galena ores.
Quartz and ankerite are the chief gangue minerals and
barite is scarce. Throughout the district, however, the
gangue minerals commonly make up a relatively small
part of the vein matter in ore shoots. The veins in the
southern part of the Montezuma stock consist chiefly of
sphalerite and pyrite and contain only moderate
amounts of galena and quartz-ankerite gangue.

In many of 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 com-
monly 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, strom-
eyerite, and native silver, are associated with manganif-
erous ankerite or rhodochrosite gangue. The bismuth-
silver minerals, emplectite and schapbachite, are asso-
ciated 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 chalcopy-
rite 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 super-
gene 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 illus-
trated 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 Williams 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 rela-
tion 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 bar-
ren 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
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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-north-
westerly 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 lead-
zinc ore are larger than those of any other class and
can now be concentrated in flotation mills. The pres-
ence 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 north-
easterly 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 Monte-
zuma. 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 90-
foot shaft, and 8,000 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 zinec, 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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FI1GURE 47.—Plan and section of the Ida Belle mine, showing localization of ore in thrust-fault breccia above shale footwall.

rich surface ore, work was discontinued in 1902, and
almost no work has been done since then.

The Carrie and other veins on Wise Mountain strike
a little north of east and are almost vertical. The coun-
try rock is granite gneiss and quartz monzonite por-
phyry, both of which are impregnated with pyrite. The
top of Wise Mountain is at about the general level of
the Eocene Flattop peneplain, and the free gold found
in the shallow oxidized zone at the top of this mountain
is probably the result of enrichment during Tertiary
time. Similar concentration of gold is not found in
the pyritic lodes exposed on the glaciated flanks of the
mountain.

IDA BELLE MINE

The Ida Belle vein is on the west slope of Independ-
ence Mountain, 3 miles west-northwest of Montezuma, at
an altitude of 11,450 feet. It was discovered in 1880
and developed by three adits in the next few years. Its
output was steady but small during most of the next
decade, but it lay idle between 1889 and 1916, and since
then it has been intermittently productive. The known
output from 1888 to 1930 is 143 tons containing a total
of 25.89 ounces of gold, 2,016 ounces of silver, and 86,707
pounds of Tead. Two adits, both of which were 440 feet
long in 1928, are shown in figure 47. The upper adit,
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Ficure 48.—Plan of level

5 of the Silver Wave mine near Montezuma, showing localization of ore where the vein breaks across the foliation

of the schist walls.

165 feet from its portal, is connected with the lower one
by a winze 125 feet deep. Most of the upper adit fol-
lows the Ida Belle vein, which strikes about N. 80° K.
and dips 65°-90° N. The lower adit in part follows
the vein and in part follows a barren fissure a few feet
south of the main vein.

The gently dipping Williams Range thrust fault,
which 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°
W., averaging about 16°. The Ida Belle fissure offsets
the thrust fault, and the contact of the shale with the
overlying brecciated gneiss is 5 to 40 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°.  Within the shale the Ida Belle fissure is a
gougy sheeted zone 2 to 6 inches thick ; within the breccia
of the Williams Range thrust fault it is a crushed,
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Ficure 49.—Plan of the New York tunnel, showing unfavorable effect of gougy intersections on localization of ore shoots.

brecciated zone 24 to 60 inches thick, and in the over-
lying gneiss the fissure 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 zine blende are present, and there is little
waste in the ore close to the contact, but in the upper
part of the breccia 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 eround within
the shale walls is pyritic; little galena or sphalerite was
found. It is probable that ore shoots, if present in

NORTH

300 fFeet

FI16URE 50.-—Section showing stope on the No. 5 vein, Saints John mine, Montezuma district.
No. 7 vein and a barren fault.

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 Hall Valley, 4
miles south of Montezuma, at an altitude of about 12,100
feet. It is reached by an automobile road from Web-
ster, 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 Hall-

souTH

Shows relation of ore shoots to intersection of
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town smelter. The ore mined during the seventies and
the eighties ranged from 6 inches to 3 feet in thickness
and contained silver, gray copper, bismuth, chalcopy-
rite, pyrite, and some gold. The early output of the
vein is unknown, but the gross amount of metal recov-
ered 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 zine.

The country rock of the veins comprises injection and
hornblende gneiss of the Swandyke hornblende gneiss.
The foliation strikes N. 25° W. and dips 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 Mis-
souri 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 downward and southeastward past the west wall
at an angle of 45°-50°. Little ore has been found in
the veins on the west side of the fault on the main adit
level, and most of the output of the mine has come from
the Missouri vein just east of the northwesterly fault.
Small masses of ore have been found in several other
veins, but all the ore has occurred close to the north-
westerly fault.

The Missouri vein contains lead and bismuth ores,
but the bismuth is generally separate from the galena
ore. The vein strikes N. 50° E. and dips about 45° NW.,
though locally steeper and flatter dips occur. The lode
is a wide sheeted zone, and the ore is chiefly on the foot-
wall. The ore shoots are close to the northwesterly Hall
Valley fault, whose gouge is highly oxidized and brilli-
antly colored by the yellow oxide of bismuth at the
intersection 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 seam 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
dark tetrahedrite, 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 more abun-
dant on the upper than on the lower levels, and the gray
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copper is more abundant between levels 4 and 5 than
elsewhere in the mine. 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 sil-
ver to the ton and the dark tetrahedrite about 100 ounces
of silver to the ton. The high-grade ore commonly con-
tains 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 levels
3 and 4 and 30 feet northeast of the main northwesterly
fault. The biggest masses 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-chalcopy-
rite ore in a quartz-barite gangue. The thickness of the
ore ranged from 3 to 24 inches but was commonly about
6 inches. Some 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 mine is at the southeast edge of
Montezuma at an altitude of about 10,350 feet. Several
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 Montezuma 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 mineralized fissures and by northward-trend-
ing 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 mineralized fissures, and displacements along
them 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 sphaler-
ite, 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 from the portal of the
tunnel, it is 10 to 86 inches thick for a distance of 300
feet. Channel samples taken at many places averaged
about 85 percent in combined lead and zince. The quan-
tities of lead and zinc are nearly equal in places, but in
some samples one metal may be five times as abundant
as the other. The ore in the Alladins Lamp vein is 3
to 6 inches thick and is similar to that in the New York.
Most of it contains about 10 ounces of silver to the ton,
but in some 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 Monte-
zuma 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 well-
mineralized 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 Moun-
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 mine 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-silver-
gray copper ore. Almost no record of the early produc-
tion of the mine is at hand, but the figures, though
incomplete, show that from 1889 to 1930 the mine has
produced 3,654 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 pegmatite of the Swandyke hornblende gneiss,
which strikes from north to northeast and dips 50°-
90° E. Most 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 much more barite than the Com-
stock and has been exploited only to a moderate degree
because of the failure of the mills to treat the ore satis-
factorily.

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 be-
comes poorer as it turns into the fault zone and is nearly
barren for the last 50 feet in which it is exposed. The
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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 apart are connected by northerly bedding-
plane 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 mod-
erate amounts of barite and quartz. Some rhodo-
chrosite 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 most of the stoped 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
displacement (fig. 84). The No. 7 vein strikes just
north of east and dips 48°-60° N., averaging 55°. Tt
has been stoped east of the junction for 100 feet above
the main level. At the top of the stope west of the junc-
tion the vein is about 12 inches wide and consists largely
of rhodochrosite, with moderate amounts of galena,
sphalerite, and quartz and little barite. It becomes bar-
ren and tight at the west end of the drift on the main
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 Com-
stock vein are almost 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 continua-
tion of the Comstock. 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 Comstock, the
dip slip on the fault would be about 350 feet.

The Comstock vein follows a premineral reverse fault.
The maximum width of ore reported on the vein is 4
feet. An interesting feature of the mine 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 amounts of sphalerite, tetrahedrite, and,
rarely, polybasite. The ore coming from the mine when
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FIGURE 51.—Looking north at No. 5 vein in the Saints John mine.

a, Pyrite; b, galena; ¢, sphalerite; d, ankerite; e, strongly sheeted altered

granite; f, slightly fractured gneiss.

the workings had been deepened 75 feet more is reported
to have consisted chiefly of galena, though sphalerite,
pyrite, and chalocopyrite were abundant, and argentite
and brittle silver were not uncommon. The richest ore,
however, was found at greater depth and consisted
mainly of proustite, polybasite, stephanite, and argen-
tiferous tetrahedrite, with only a small amount of
galena and sphalerite, in a rhodochrosite and barite
gangue. The rich ore did not continue more than 100
feet above the main tunnel level and showed no signs of
oxidation or evidence of enrichment. The top of this
ore shoot was probably 600 feet below the surface (fig.
50).
SILVER WAVE MINE

The Silver Wave vein is in a small gulch between
Santa Fe Peak and Sullivan Mountain, on the west
slope of the Continental Divide, 2 miles southeast of
Montezuma. The vein has been traced far to the north-
east beyond the Silver Wave workings and is one of the
most productive in the Montezuma and Argentine dis-
tricts. To the northeast it includes the Rainbow,
Delaware, Pennsylvania, and Peruvian veins, all of
which have been productive. The Silver Wave mine is
developed by six adits, between altitudes of 12,987 and
12,657 feet. The lowest or No. 6 adit is connected with

the valley of the Snake River by an aerial tramway
1,650 feet long. The Silver Wave vein was discovered
in 1882 and actively developed during the next few
years, but most of the output of the mine has been made
since 1900. Because the shipments of ore were in-
cluded with those of the Silver King mine for part of
the time the exact output of the Silver Wave mine is
not known. The total output is probably about 117
ounces of gold, 35475 ounces of silver, and 537,710
pounds of lead. The copper output since 1910 has
been estimated at 27,169 pounds and the zinc output
from concentrates since 1913 at 188,550 pounds.

As shown in figure 48, the country rock is largely the
quartz schist of the upper part of the Idaho Springs
formation, which strikes N. 25° W. to N. 55° E., though
in most places it strikes nearly due north. The schist
dips west to northwest at 45°-75° and in places is
parallel to the vein, which strikes N. 27°-50° E. and
dips steeply northwest throughout its length. A small
mass of Silver Plume granite is present 130 feet from
the No. 5 adit portal, and several dikes of pegmatite
also are cut in the mine workings. Several ore shoots
have been found in the course of the underground de-
velopment.
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The ore is 6 inches to 2 feet thick in most places and
consists chiefly of chalcopyrite, zinc blende, and py-
rite, 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, inter-
twine, or gather together into a single strong fissure.
In many parts of the barren stretches the vein is fol-
lowed with difficulty because of the common occurrence
of diverging fracture planes. The ore shoots widen
within distances of 5 to 10 feet from narrow seams to
commercial bodies 12 to 24 inches wide and pinch as
abruptly into lean, unprofitable streaks. The vein is
nearly barren on levels 5 and 6 where it has fol-
lowed 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.

OTHER MINES

Data on other mines of the district are given briefly
below. Detailed descriptions have been given by
Lovering.*

BALTIC AND REVENUE

Development.—Chiefly 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° H.; dip, 75° NW.; average width, 6 inches. Both
veins nearly parallel to foliation of wall rock.

Wall rock.—Largely injection gneiss and quartz-sillimanite-
biotite schist. Strike, northeast; dip, 55° NW. Dikes of mon-
zonite and quartz monzonite porphyry at surface.

Ore and sulfide minerals.—Chiefly chalcopyrite and gray cop-
per but some pyrite, sphalerite, galena, and gold.

Gangue minerals.—Chiefly quartz but some barite.

Tenor—In 1874 average was $124 per ton in silver.
content increases with gray copper. Gold content increases with
chalcopyrite. Revenue vein had higher proportion of gray cop-
per and more galena than Baltic vein.

Silver

BELL, METEOR, AND WING

Development.—Original discovery 1866. Opened by about
3,000 feet of drifts and crosscuts, 6 adits, and a short sublevel.

Production.—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° E.; 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

% Lovering, T. 8., Geology and ore deposits of the Montezuma quad-
rangle, Colorado: U. 8. Geol. Survey Prof. Paper 178, pp. 68-116, 1935.
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fault that trends north and dips 70° E. and contains a 3-inch
gouge seam.

Wall rock.—Biotite gneiss of Swandyke hornblende gneiss.
Strike, N. 25° E.; dip, steeply east near portal of main adit,
steeply west in southwest half of workings.

Ore and sulfide minerals.—Chiefly sphalerite, galena, and ruby
silver but some pyrite, silver, gray copper, and gold.

Gangue minerals.—Chiefly quartz but some ankerite.

Ore shoots.—Steep dip or strike of N. 30° E. unfavorable;
gentle dip or strike of N, 45° K. favorable. Sphalerite in north-
east half of mine and galena in southwest half; change lateral
and apparently unrelated to depth.

CASHIER-CHAMPION

Development.—Original discovery, in the early seventies.
Opened by 4 adits over vertical range of 450 feet.

Production—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.
dip, 70° W.

Ore and sulfide minerals.—Galena and gray copper.

Gangue minerals,—Chiefly quartz but some barite.

Tenor.—Average, $90 to $200 per ton.

Strike, N. 25° W.;

MORGAN

Development.—Three adits, aggregating 1,800 feet.

Production—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; zine, 47,689 pounds. 1919: Gold, 0.10 ounce; silver,
27 ounces ; lead, 3,034 pounds.

Veins.—Several veins strike N. 60°-80° E. and dip north.
Few inches to 28 inches wide.

Wall rock.—Quartz monzonite.

Ore and sulfide minerals.—Pyrite, sphalerite, and galena.

Gangue minerals—Quartz and ankerite.

Ore shoots.—Occur chiefly at the intersections of cross veins
or at vein branches.

QUAIL

Production.—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.

Ore and sulfide minerals.—Chiefly galena but some pyrite and
sphalerite.

Gangue minerals.—Quartz.

WHALE

Development.—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.

Wall rock.—Hornblende gneiss. Strike, N. 15° W.; dip, 80°
W.; dacite porphyry dikes. Walls strongly sericitized and
pyritized.

Ore minerals.—Chiefly chalcopyrite, galena, and gray copper
but some malachite, azurite, and chalcanthite.

Gangue minerals.—Chiefly quartz but some barite.

Changes with depth.—Chalcopyrite more abundant at lower
levels. Oxidized copper ore near surface.
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Ore shoots.—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 DISTRICT

The Argentine mining district straddles the Conti-
nental Divide between the Montezuma district and the
Georgetown-Silver Plume district. It includes the
headwaters of Peru Creek, Leavenworth 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 Horseshoe 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 roads lead up all three
gulches to within a short distance of the Continental Di-
vide, but none of the passes could be traversed by
wagons in 1945. Throughout most of the Argentine
district snow comes early and lingers until midsum-
mer, greatly increasing the difficulty of mine operation.
In spite of the severity of the winters and the short-
ness 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 mon-
zonite stock is just west of the Argentine district, and
quartz monzonite dikes are abundant in the surround-
ing Idaho Springs formation, which is the predominant
rock at the headwaters of both Leavenworth Creek
and Peru Creek. Farther north along MecClellan
Mountain, and on Kelso Mountain, an irregular mass
of Silver Plume granite extends northward to the Sil-
ver Plume-Georgetown district (pl. 2).

Pre-Cambrian rocks.—In the southern part of Horse-
shoe Basin the Idaho Springs formation includes a
member containing a large amount of quartzose gneiss,
and the same member occurs to the north and to the
east of Argentine Pass. In most places, however, the
Idaho Springs formation consists of coarse-grained bio-
tite-sillimanite schist interlayered with much injec-
tion gneiss. The dip of the schist is steep in most places,
and the regional strike is from north to northeast. Sev-
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eral isoclinal folds can be recognized in the steep ridges
east of Gray’s Peak, and it is probable that similar folds
exist in other localities where the exposures are in-
adequate to permit detailed observation.

Lenticular masses of gneissic diorite and quartz
diorite occur near Argentine Pass and are probably re-
lated 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 orthogneis-
sic. The edges show a prominent banded structure,
with some evidence of granylation. 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 gneissic aplite facies of the Boulder Creek gran-
ite) 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 fine-
grained pinkish gneiss, showing some evidence of granu-
lation, 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 pegma-
tite dikes reach a length of half a mile, though most of
them are short and irregular.

Laramide intrusives—The most abundant of the in-
trusive 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 rep-
resented by relatively few dikes. Rhyolite and dacite
porphyries of group 7 are also abundant throughout the
Argentine district, in marked contrast to the Monte-
zuma district to the southwest. Most of the dikes
formed during the Laramide revolution strike north-
east 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 Mountain, and another irregular mass of mon-
zonite 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 mineral belt is extremely narrow, and nearly
all the veins occur in a zone less than a mile wide. (See
pl. 8.) The belt trends about north-northeast, and its
eastern side is marked by a series of strong veins that
extend almost continuously north-northeast for 8 miles,
from the Snake River 2 miles southeast of Montezuma
into the headwaters of Leavenworth Creek. Within the
Argentine district the Pennsylvania, Delaware, Peru-
vian, Santiago, and Independence veins occur in this
zone and are the source of the bulk of the district’s out-
put. The Baker, the Josephine, and the Stevens mines,
which lie on the northwestern edge of the mineralized
belt, are less important than those on the veins men-
tioned above but have been productive. The angle of
movement on the premineral faults was probably steep,
ranging from 30° to 60°, and in those veins where the
direction of movement was ascertained the horizontal
component of movement was such that the left-hand
wall moved ahead on both normal and reverse faults.

The ores are valuable chiefly for their lead, silver, and
gold contents, but some zinc and copper are also pres-
ent. As in the region to the west, quartz and ankerite
are the common gangue minerals, but on Mount McClel-
lan many of the veins contain fluorite. The predomi-
nant ore minerals are galena, pyrite, sphalerite, chal-
copyrite (fig. 60, B) with some gray copper, silver sul-
fantimonides (chiefly dark ruby silver), and gold. The
gold is generally associated with chalcopyrite or spha-
lerite and the silver minerals with galena and gray
copper.

The most productive ore shoots in the Pennsylvania
mine occurred at a split or branching in the main vein;
the mineralized parts of the vein and the branches were
largely limited to the places where the wall rocks were
granite gneiss. The appearance of schist usually coin-
cided with a decrease in ore. Many of the other pro-
ductive veins, including the Santiago, Commonwealth,
and Stevens, were productive between granite walls, but
contained little ore where the walls were schist. The
ore in these three mines as well as in the Baker, Jose-
phine, and Kelso properties is close to a persistent
northwesterly fault which locally is ore-bearing itself

(pl- 3).
PENNSYLVANIA MINE

The Pennsylvania mine is on the northwest slope of
Decatur Mountain a quarter of a mile south of Peru
Creek and 3 miles east-northeast of Montezuma. It has
been one of the most productive mines in the Monte-
zuma quadrangle. Its total output is not known, but is
probably not much in excess of the recorded output,
which through 1930 totaled 81,142 tons of ore from
which 2,858.58 ounces of gold, 761,020 ounces of silver,
and 6,590,206 pounds of lead were recovered. The mine
is easily accessible from Montezuma by a wagon road,
which has steep grades following the valley of Peru

. ite.
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Creek to the mine. The vein is opened by 6 levels,
known as 4, B, O, D, E, and F, between altitudes of
11,450 and 11,058 feet. The vein was discovered in
1879 and was slowly developed during the next decade.
During the nineties it was most productive, but its out-
put steadily diminished after 1900, and in 1908 no ore
was shipped. Since that time an intermittent output
has been credited to the mine, and the amount of ore
milled at the property has varied, as much as 12,000
tons of ore being treated in some years and none in
others.

The Pennsylvania vein strikes N. 20°-35° E., averag-
ing about N. 30° E. It dips steeply west in most places,
but locally overturns and dips about 80° E. The vein
is chiefly in schistose rocks, 2,000 feet east of the Monte-
zuma quartz monzonite stock (pl. 2). The common
rocks in the lowest levels of the mine are quartz schist,
quartz-biotite schist, injection gneiss, and granite
gneiss. Locally thin dikes of Silver Plume granite are
present. A dike of quartz monzonite is cut near the
breast of the southwestern split of the vein on the 7
level. On the O level the prevailing wall rocks are
granite gneiss, injection gneiss, and Silver Plume gran-
The crosscut adit to the vein penetrates quartz
monzonite porphyry and quartz-biotite schist. The
wall rock of the vein has been strongly silicified and
pyritized for a distance of 30 feet west of the vein,
but to the east in the footwall silicification has been less
intense, though pyrite is abundant 20 feet away.

On the O level the vein has been stoped for 800 feet,
and the stopes are 6 to 14 feet wide. The largest stope
is at the place where the vein divides into the “east and
west slips.” These two branches diverge at an angle
of about 25° until they are nearly 50 feet apart; they
then resume the general course of the main vein, con-
tinuing parallel as far as they have been explored.
The ore in this level occurred in a strongly sheeted
zone of granite gneiss. Between the walls of the sheeted
zone numerous veins of galena, pyrite, chalcopyrite,
and quartz seam the altered gneiss. Most of the minor
veins are parallel to the walls, but several of them fol-
low an irregular diagonal course across the sheeted
zone. (Galena is the most abundant mineral and occurs
in seams 1 to 12 inches thick.

In the locality where the vein was seen by Lovering
the zone was 12 feet wide, and about 30 inches of the
sheeted zone consisted of galena, 8 inches of pyrite,
and about 2 inches of chalcopyrite. The ore at the
“split” is reported to have been 14 feet wide. It had
less than 2 feet of waste and contained very little
pyrite. Argentiferous gray copper ore was more abun-
dant near the surface, and large amounts of copper
sulfate were found near the outcrop of the vein when
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 € level, and the ore is commonly
lean, pyritic, and thin, but in a few localities where
good lead ore was found stoping has been done. About
1,800 feet south of the #-level crosscut, almost verti-
cally below the “split” on the ¢’ level, the vein branches.

The west branch, which was followed 300 feet farther,
is apparently the main vein, showing little change in the
course followed 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 dip, 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 contained 12 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 80 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
vein occur east of it on the ¢ and F levels but no ore has
been mined from them. The meager evidence found in
the mine suggests that the Pennsylvania vein follows a

premineral fault the west wall of which moved rela-

tively up and to the northeast.

The large body of ore found in the Pennsylvania
vein occurred where 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 mine 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 Delawayre, 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.
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OTHER MINES

Data on other representative mines are given briefty
below. Detailed descriptions are given by Lovering in

another report.*
BAKER

Development.—Original discovery 1865. 200-foot shaft with
4 levels. Independence vein cut several hundred feet below out-
crop by drifts from Tobin and Waldorf mine.

Production—1870: $27,567.97. 1871: $44,509.
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 rock.—Silver Plume granite, quartz-biotite schist, and
injection gneiss. '

Ore and sulfide minerals.—Silver minerals, chalcopyrite, ar-
gentiferous galena, stephanite, some sphalerite.

Gangue minerals—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.

1874: more

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;
zine, 24,053 pounds.

Veins.—Josephine: Strike, N. 12° E.; dip, 67° W.; width, 1
to 80 inches. Well defined. Several minor branches and cross
veins. In sections between ore shoots chiefly quartz. Ore free
from gangue.

Wall rock—Silver Plume granite, schist and gneiss of the
Idaho Springs formation.

Ore and 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.

Veins.—Santiago: Strike, N. 15°-35° H.; dip, 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. ’

Wail rock.—Silver Plume granite, schist of the Idaho Springs
formation, granite gneiss; schist more abundant to north.

Ore and sulfide minerals.—Galena, chalcopyrite, pyrite, and
some sphalerite.

Gangue minerals.—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.

9 Lovering, T. 8., Geology and ore deposits of the Montezuma quad-
rangle, Colorado: U. 8. Geol. Survey Prof. Paper 178, pp. 69, 85, 104—
105, 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 gsixties. Several adits;

winzes sunk from some levels.

Production.—1873 : Silver, 25,000 ounces ; lead, 200,000 pounds.
1887: Gold, 5412 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.

Wall rock.—Silver Plume granite.

Ore and sulfide minerals.—Sphalerite, galena, and some pyrite
and chalcopyrite.

Gangue minerals—Quartz and ankerite.

Changes with depth.—Decrease in lead and silver with depth.

Ore shoots.—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.

Tenor—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 DISTRICT
LOCATION

The Silver Plume-Georgetown district ® 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 southwest of
Georgetown. The principal mines are on the south
.slope of Republican Mountain, just north of Silver
Plume, but there are some important mines to the south-
west, northeast, and northwest of Georgetown. The
district is well watered by the drainage of Clear Creek
and is very rugged, ranging from 8,400 to 12,400 feet
in altitude. A paved highway down Clear Creek con-
nects both towns with Idaho Springs and Denver.

£

HISTORY

Precious metals were first discovered in the district
in 1859, when several lodes were located near George-
town, at that time called Elizabethtown. The rich sur-
face ores were worked chiefly for gold, although most
of the veins in depth have since produced more silver
than gold. Among the most prominent was one located
on August 1, 1859, by George Griffith. In 1864 a rich
silver vein, the “Belmont lode,” was discovered in the
Argentine district southwest of Silver Plume, and as
silver at that time was worth $1.34 an ounce there was a
rush of prospectors to the Silver Plume-Georgetown
region seeking silver lodes. During 1865 and 1866,
many silver-bearing veins were discovered near George-
town and Silver Plume. In 1867 the Blackhawk smel-

% Spurr, J. E., Garrey, G. H., and Ball, 8. H., Economic geology of
the Georgetown quadrangle (together with the Empire district), Colo.:
U. 8. Geol. Survey Prof. Paper 63, 1908,

GEOLOGY AND ORE DEPOSITS OF THE FRONT RANGE, COLORADO

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 from Denver to Golden. The period of
important silver-lead mining really commenced in 1872,
reached its peak in 1894, and gradually declined there-
after.

The increased output during the eighties was due in
part to the completion in 1877 of a narrow-gauge rail-
road 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 promi-
nent. About 1865 a small output of zinc began and
increased slowly, reaching its maximum in 1917.

During World War I, in response to the greatly in-
creased demand for zine and lead, many of the old mines
were reopened, and considerable amounts of these base
metals were produced from old stopes, dumps, and
blocks 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
from its few gold mines. Interest revived in the base
metals of the district with the opening of World War IT.
During 1943 and 1944 the Pelican-Bismarck, Mendota,
and Smuggler mines were reopened, and lead-silver-
zine ore was milled at two mills at Silver Plume and
one at Georgetown.

The total output of the Silver Plume-Georgetown
district has probably amounted to more than $30,000,-
000, but exact figures for many years are lacking. The
output for the period 190742 has amounted to 27,616
ounces of gold, 3,203,448 ounces of silver, 324,592 pounds
of copper, 22,447,925 pounds of lead, and 21,511,862
pounds of zine, having a total value of $6,023,091.5

GENERAL GEOLOGY

Pre-Cambrian rocks—The prevailing rocks 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 percent
of the rocks exposed.

The most abundant and widespread type of schist
in the district is quartz-biotite schist (called granitic
gneiss by Spurr and Garrey).’? Biotite schist (called
black biotitic gneiss by Spurr and Garrey) occurs in ir-
regular lenses and bodies in the quartz-biotite schist. A
facies of the quartz-biotite schist containing lens-shaped
pebblelike masses of fibrolitic quartz was believed by
Spurr to be a metamorphosed conglomerate. It occurs
abundantly on Pendleton Mountain and on Brown
Mountain in the southern and western parts of the dis-
trict. Small masses are scattered through the district,
and some are prominent just north of Silver Plume.

51 Data furnished by C. W. Henderson, U. S. Bureau of Mines.
52 Spurr, J. E., Garrey, G. E., and Ball, S. H., op. cit., p. 177.
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There is a suggestion that the masses on Brown Moun-
tain and Pendleton Mountain are parts of the same
bed or structural unit, separated by a mass of Silver
Plume granite, and that the scattered areas of pebble
conglomerate north of Silver Plume are parts of a nar-
rower bed that has been warped into a northward-
plunging syncline. The lime-silicate phase of the Idaho
Springs formation occurs in numerous small lenses in
the southeastern part of the district and in one north-
ward-trending lens on Democrat Mountain northwest
of Georgetown. The lime-silicate rocks include horn-
blende-diopside gneiss and massive aggregates of epi-
dote, garnet, quartz, and magnetite, and of calcite, py-
roxene, and brown garnet.

The Idaho Springs formation has been invaded by
several pre-Cambrian igneous rocks. Hornblende
gneiss forms both dikes and sheets in the Idaho Springs
formation, and many 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® as oc-
curring 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 monzonite in many places.
The northern 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, that is not exposed else-
where in the district. The mass on Paine’s Mountain,
just south of the district, is the largest in the George-
town quadrangle and is on the west border of the large
mass of Boulder Creek granite that occupies the cen-
tral part of the quadrangle. The well-developed pri-
mary gneissic structure has been intensified by crush-
ing and was probably developed by shearing, which
was due to the intrusion of the main mass of Boulder
Creek granite. Small bodies of gneissoid granite, an
aplitic phase of the Boulder Creek granite, are scat-
tered 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
Plume granite, which forms stocks, dikes, and irregular
masses in the Idaho Springs formation and the other
pre-Cambrian rocks. It makes up about half of the
rock in the district. The Silver Plume granite has in-
vaded the schist and earlier igneous rocks widely, and
there is scarcely a square mile that does not contain an

% Spurr, J. BE., Garrey, G. E., and Ball, 8. H., op. cit., pp. 51-54.
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appreciable amount of it. In many places, especially
northwest and south of Georgetown, this granite inti-
mately 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 gen-
eral they cannot be distinguished. They are particu-
larly abundant just northwest of Silver Plume. In
general they consist of coarse intergrowths of ortho-
clase or microcline, quartz, and biotite with or without
muscovite. A light-gray acidic plagioclase is restricted
to dikes in the Boulder Creek granite.

Laramide 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 Mountain,
in the northern part of the district, is a large stock of
quartz monzonite porphyry about 1 mile long and three-
fourths of a mile wide. Just south of the district, 1
mile southwest and 114 miles southeast of Paines Moun-
tain, respectively, there are small stocks of alaskite and
of granite porphyry, each about a third of a mile in
diameter. The dikes are confined chiefly to the mineral-
ized 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 in-
cludes 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 northeastward-
trending dike just south of Silver Plume. The por-
phyry on Lincoln Mountain apparently grades into
quartz monzonite, a fine-grained granular rock com-
posed 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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merous short dikes are found within a distance of 114
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. Most of these dikes trend
northeastward, but some trend northward and some
eastward. Rhyolites and aporhyolites are closely asso-
ciated 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 shows that granite porphyry also
cuts quartz monzonite porphyry. In general the dis-
tribution of the veins in the district coincides with the
distribution of the porphyry dikes, but the stocks are
outside the main mineralized 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 mo-
raines 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 streams 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 Bard Gulch and another
smaller remnant on the west side of Clear Creek op-
posite Georgetown. The terminal moraine 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 moraines
of this period are found along them except on Clear
Creek north of Georgetown, where most of the material
has been eroded. The terminal moraine of this period
is near Empire Station, at an altitude of about 8,175
feet.

STRUCTURE

Pre-Cambrian structure—The foliation in the Idahe
Springs formation 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 Leaven-
worth Gulch and east of South Clear Creek, the pre-
vailing 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
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probably present, with its axis passing just east of Silver
Plume, but the data on the dips of the foliation are
insufficient to determine 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.

Laramide structure—During the Laramide revolu-
tion, 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 vari-
cus epochs of a general period of volcanism, during
which movements were renewed repeatedly along old
planes or along new planes subparallel to the old ones.
Individual fault zones were repeatedly opened and re-
peatedly cemented either by injections of molten rock or
by the deposition of minerals from solution. Post-
mineral movement 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 and may be classified into three
main systems. In the area between Silver Plume and
Columbia Mountain the fissures belong mainly to two
systems; in one the average trend is about N. 70° E.,
and in the other N. 70° W. There are also some fis-
sures in this area belonging to a system in which the
trend is N. 50° E., but they are subordinate in number
and extent. Throughout the rest of the mineralized
area 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
system was first opened in the breeccia-reef period of
faulting. The fissures of this system were apparently
reopened at approximately the same time that those
of the N, 70° E. system were developed, as important
silver ores were deposited in fissures of both systems.
The N. 50° E. system is apparently the latest, for prac-
tically all the pyritic gold veins have that general trend,
and at Empire they are definitely later than the lead-
zine 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 ag 30°. The pitch in dif-
ferent places may be in opposite directions. In the
Colorado Central vein the striae dip about 20° south-
west, 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 vein at Georgetown the striae dip
32° SW., and in the Anglo-Saxon mine they dip 65°
NE.

ORE DEPOSITS

The chief metals produced in the Silver Plume-
Georgetown district are silver, lead, gold, and zine, but
in general the gold occurs in separate areas. In the
very productive area covering about 2 square miles just
north of Silver Plume, the veins contain silver, lead,
and zinc almost to the exclusion of gold, and this is also
true of the veins on Republican Mountain and on Demo-
crat Mountain, 114 to 2% miles. north-northeast. In
these areas veins of both northeast and northwest trend
are prominent and important, but commonly the trends
are nearer east-west than north. One and a half to 2
miles south of Georgetown is a smaller but important
silver mining area—that of the Colorado Central
group—the abundant ores of which are largely of high
grade and very similar to those of the Silver Plume
area. - This silver belt is represented farther to the
northeast by the Comet-Aetna and Magnet veins, about
a mile east of Georgetown. In this belt the predomi-
nant strike of the veins is northeast.

Between the two silver belts is a narrow gold belt
about three-fourths of a mile wide extending from
Leavenworth Mountain, 114 miles south of Georgetown,
northeastward to Saxon Mountain. In this belt the
important veins all trend northeastward. The gold-
bearing veins commonly 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, 314 miles northwest of Georgetown, some
veins are chiefly valuable for silver and others for gold.

Mineralogically the two groups of ores may be classi-
fied as (1) galena-sphalerite ores with some pyrite, chal-
copyrite, gray copper, and polybasite, and (2) pyritic
ores containing chiefly pyrite and chalcopyrite, with
subordinate quantities of galena and sphalerite;, and
less commonly 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 inter-
mixed 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 magnesium, 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 borders between an area of predominantly gold-
bearing veins and an area of silver-bearing veins. In
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the Harrison mine on the east side of the Empire dis-
trict, two east-west veins of lead-silver type are faulted
by a vein of the pyritic gold type trending N. 10° E.
Silver-lead deposits—The principal metallic min-
erals 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 sev-
eral hundred ounces per ton. The ores commonly con-
tain less than 0.10 ounce of gold to the ton and in some
places none at all. The chief silver minerals in the ore
are polybasite, argentiferous tetrahedrite, argentite,
pyrargyrite, and proustite, and locally there is consid-
erable native silver. Stephanite has also been reported,
and mercurial tetrahedrite has been identified in the
Colorado Central mine at a depth of 1,050 feet. The
chief gangue mineral in the lead-silver veins is quartz,
but there are also considerable amounts of brown car-
bonate, including siderite, ankerite, rhodochrosite, mag-
nesite, calcite, and dolomite; sericite, barite, cherty
silica, and locally kaolinite are also common. Fluorite

. occurs rarely.

Galena and sphalerite are commonly contemporane-
ous, but in some veins galena is later than sphalerite.
Both 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 more or less intergrown. IPyrite is present
everywhere, but is not prominent; its period of forma-
tion lasted from the beginning to the end of mineral
deposition. The primary silver minerals are all closely
associated and were among the last minerals to be de-
posited; in many places they form free crystals in
druses. Quartz, like pyrite, was deposited during the
whole period 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 minerals. Fluorite, barite, calcite, and kaolinite
are among the last minerals to form and seem to have

. no close relationship to the metallic sulfides.

In general, then, the sequence of mineral deposition
in the veins is as follows: (1) Quartz and some pyrite;
(2) massive galena, sphalerite, and pyrite with some
quartz; (3) brown carbonates and quartz; and (4)
small amounts of all those named, together with fluorite,
barite, calcite, and kaolin.

Spurr 3¢ 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

34 Spurr, J. B., Garrey, 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 min-
erals 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 oxi-
dized 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 pulver-
ulent sulfides contain relatively large quantities of sil-
ver, lead, and gold. They are found especially along
cracks and water courses and have evidently been con-
centrated 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 ir-
regularly overlapping it is the zone of such rich hypo-
gene silver minerals as polybasite, tetrahedrite, and
ruby silver. These minerals diminish in quantity as
depth increases. In most 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 galena-
sphalerite ores in many of the strongest and most ex-
tensive veins, such as the Terrible and the Pelican-Bis-
marck 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 py-
ritic 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 associ-
ated with the pyrite and locally is fairly abundant.
Tetrahedrite and soft black chalcocite are common but
not abundant. In the Griffith mine small quantities of
hessite were found with argentite. Platinum and iridi-
um 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 bar-
ite and brown carbonates of iron, manganese, magnesia,
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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, cop-
per, 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. Locally
tetrahedrite forms in cracks in the chalcopyrite. In
the Centennial mine the gold occurs with the chal-
copyrite. Sooty chalcocite is plainly the result of sec-
ondary enrichment. Fluorite in the Big Chief mine
near Georgetown is later than the main period of min-
eralization, 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 or
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 subse-
quent to vein deposition are principally kaolin and
calcite. '

Localization of ores—In the Silver Plume-George-
town 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 is 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
pre-Cambrian terrain, the ore shoots were localized in
the most permeable part of premineral faults. Some of
the ore shoots are plainly due to certain structural fea-
tures of the fractures, such as change in course, change
in dip, branches or splits in the vein, and intersections
with other veins. Other ore shoots seem related to the
structure of the wall rock, such as the relative angle made
by the foliation with the vein, the plane of weakness
made by a porphyry dike, or the impounding effect of a
porphyry dike lying athwart the vein. The largest num-
ber of ore shoots, however, 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 porphyry mass, or it may be nearly
barren in porphyry and productive as soon as it enters
granite or pegmatite.

Although changes in course and dip were not recog-
nized 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, Colorado Central,
and other veins that a change in dip or in course affected
the position and width of the ore. In the Wide West
mine the larger ore masses were found on “flats,” or
places where the dip was much less than the average.
In most places, the vein dipped from 65°-78°, but the
ore bodies were broadest and richest where the dip was
only 45°, suggesting a premineral reverse fault. The
effect of a change of course on a vein is illustrated in the
Pelican-Bismarck vein. There the right-hand wall
moved ahead almost horizontally, tending to create
openings 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 vein. 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 ap-
parently moved down and southwest at about 30°. The
best ore occurred where the vein dipped northwest at
about 60°, and those parts where the dip steepened
greatly or the vein became slightly overturned to the
southeast were much less productive places, as they
would tend to be closed by the movement of the vein
walls (fig. 52). The tendency of the ore to occur where
the vein swings to the right is shown in figure 37. This
vein also shows what Spurr called right-handed imbrica-
tion. As the main vein tends to die out it gives off a
fracture to the right or is paralleled by an overlapping
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F1eUuRrE 52.—Section of the Colorado Central lode, Georgetown district,
showing the vertical imbrication and branching of the lode.

fracture 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 ore to the part alongside the porphyry
dike is a feature of this vein.

It has been common knowledge almost since mining
started in the district that junctions of veins are likely
to be the site of ore shoots. This type of control is well
illustrated in the Kirtley vein, where almost every junc-
tion has meant a good ore shoot (fig. 53). At the junc-
tion of the Stranger and Kirtley veins and through a
distance of 600 feet beyond the junction the main vein
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FI1cURE 53.—Kirtley vein, Georgetown district, illustrating the occur-
rence of ore at the junctions of minor veins.

was well mineralized. The Stranger contained ore for
a distance of 200 feet between the junction and a point
where a small vein branched from the Stranger. Simi-
larly, the Terrible vein in the numbers 1 and 4 Dunder-
berg workings shows the influence of intersecting
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 pro-
ductive ore shoot in the Pelican-Bismarck vein occurred
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After figure 83,
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Ficure 55.—Part of the Terrible vein, Silver Plume district, showing
the occurrence of ore at a junction of subparallel fissures.

just south of its intersection with the Seven-thirty
vein (fig. 56). Although the intersection of these two
veins is not evident on the 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 the Terrible mine the
main veins are well mineralized in the granite and gen-
erally 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 Dunderberg 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 mine 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 gran-
ite 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 por-
phyry walls but thinned markedly on entering the ad-
jacent schist and soon disappeared. (See fig. 36.)
Some of the porphyry dikes provided planes of weak-
ness that were followed by the premineral fault and
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Part of the 80-foot level of the Seven-thirty mine at Silver Plume, illustrating the preference of ore shoots for granite walls rather than

alaskite porphyry 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 dis-
trict, the Pelican-Bismarck follows a mnorth-north-
westerly porphyry dike for more than half a mile.
Similarly, the ore-bearing part of the Colorado Cen-
tral 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 Men-
dota veins gently dipping porphyry dikes cut by the
veins apparently acted as guides for the rising mineral-
izing fluid and concentrated ore shoots in the wall rock
immediately beneath the porphyry dike. The most pro-
ductive ore shoots in the Frostberg mine occurred im-
mediately 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 oc-
curred 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 beneficial 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 » extends for more

than a mile along the south slope of Sherman Mountain,

* Spurr, J. E., Garrey, G. H., and Ball, S. H., op. cit., pp. 185-186.

from just north of Silver Plume to Brown Gulch, 114
miles to the northwest. The Bismarck lode was dis-
covered 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 Seven-
thirty vein splits off from the northwest part of the
main trunk vein and strikes about S. 80° W.; the Wis-
consin-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-Peli-
can is the principal mine that exploits the main trunk
vein; it comprises about 15 miles of underground work-
ings and develops the vein over a vertical range of about.
2,020 feet.

The vein was formed along a strong fault that fol-
lowed a preexisting dike of rhyolite porphyry of group
6 (see pl. 7 and fig. 12) for about half a mile and con-
tinued 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 fauit
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 rock other than porphyry dike
along the main trunk vein, but it contains many lenses
and blocks of schist, and schist 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 thick 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
within 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 northeast
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 surface,
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, includ-
ing 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 of 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 branches is about 7,200 feet. Most of the
ore has come from a single shoot (fig. 56), which ex-
tended 500 to 800 feet along the vein and was continu-
ous 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 approxi-
mately 1,500 feet. The upper part of this shoot coin-
cides with the junction of the main vein with the Seven-
Thirty vein. It would appear that the junction of the
Seven-Thirty vein with the Pelican-Bismarck 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 Pelican-
Bismarck has a similar effect.

At the surface the ore of the principal Bismarck shoot
consisted 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 water-
courses, are soft black sulfide ores plainly of secondary
origin. These ores consist chiefly of galena and sphal-
erite intermixed with sooty chalcocite and silver sulfan-
timonides and sulfarsenides, and contain several hun-
dred ounces of silver to the ton. The ordinary ore of
the vein consists of intercrystallized quartz, sphalerite,
and galena with minor amounts of tetrahedrite. In
many localities pyrite is scattered through the entirely
altered 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 of
1,800 feet. The galena-sphalerite ore is much the same
from the top to the bottom of the mine, but the sphaler-
ite seems to be relatively more abundant in the lowest
ievels.

The porphyry along the vein has been largely decom-
posed 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 cavi-
ties 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 dis-
placement of a few feet, have been noted.

DIVES-DUNKIRK LODE %

In the neighborhood of Cherokee Gulch the Pelican-
Bismarck 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 of
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 branch
from 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 Morning 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°

% Spurr, J. B., 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-
mately horizontal, the northeast wall having moved
northwest 5 to 12 feet. The effects of mineralization
are rather irregular and bear no relation to the inten-
sity of faulting. Some parts of the fault zone are quite
unmineralized.

The wall rock of the Dives-Dunkirk vein is chiefly
gneiss with some Silver Plume granite; no porphyry
has been observed. The foliation of the gneiss has a
general north-south trend. The ore consists of spha-
lerite, galena, and pyrite in various proportions, and
the silver content may be as much as 300 ounces to the
ton. In general the effects of mineralization grow
gradually less with increasing distance from the Peli-
can vein. According to C. H. Morris, “the yield or pro-
duction from the Dunkirk group since the discovery and
location of the Dunkirk claim in 1868 has been some
200,000 ounces of fine silver.” % This figure, however,
does not include returns from large amounts of ore
extracted from the west end of the vein between 1870
and 1880.

COLORADO CENTRAL VEIN &

The Colorado Central mine in Leavenworth Gulch,
114 miles S. 20° W. of Georgetown, is one of the most
famous in the region. It was discovered in 1872, and
the estimated total value of its output exceeds $8,000,000.
The strike of the Colorado Central vein or veins is
about N. 45° E., and the dip is 60° NW. to vertical (figs.
37 and 52). The veins have been explored underground
for three-quarters of a mile, and the workings reach to
a depth of about 1,050 feet. The workings of the mine
show a zone of parallel branching or overlapping veins.
The main Colorado Central vein in its most productive
parts skirts along the southeast contact of a granite
porphyry dike that has a thickness of 8 to 40 feet. To
the southwest the vein leaves the porphyry contact and
finally splits, one branch swinging back to the porphyry
contact and the other continuing the main trend of the
vein, The northwestern branch is called the North vein
and the southwestern branch the South vein. The
junction pitches northeastward. On the Marshall tun-
nel and Aliunde No. 3 levels there is a series of imbri-
cated veins between the North and the South veins,
striking parallel to them and dipping 60° to 70° NW.
(fig. 52). Where they parallel these veins the North
and South veins become weak. Similar intermediate
veins are found at greater depth, especially as the junc-
tion of these two veins is approached. In places the
“flat” veins have a tendency to twist around, so that the
general strike becomes somewhat oblique to the regular
trend of the North and South veins. These discontinu-
ous branching veins, which in places connect with the
North and South veins, have produced considerable ore.

57 Spurr, J. E., Garrey, G. H., and Ball, 8. H., op. cit.,, p. 194.
% Idem, pp. 245-264.

- was worked to a depth of 1,000 feet.
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The New North vein, a separate vein from those already
described, skirts the northwest contact of the main por-
phyry dike. This vein trends parallel to the Central
vein and diverges from the porphyry contact toward
the northeast. On diverging it splits and has not been
followed farther northeast.

These veins form a zone that is the core of a wider
zone in which the rocks were sheeted and subsequently
mineralized. Some of the veins thus formed have been
very productive. The principal vein is the Kirkley,
which lies a few hundred feet northwest of the Colo-
rado Central vein. Another is the Munsill vein, which
lies to the southeast. A noteworthy feature of all these
veins is the tendency of the individual veins to be dis-
continuous and to overlap one another in an imbricate
pattern. The veins overlapping to the north are offset
to the west. On the 1,000-foot level, however, in the
northeastern part of the workings, the overlapping is
to the east. Foster ® stated that depth seemed to have
little effect on the metal content, although the mine
He stated that
rich and poor ore channels were found at all depths.
Tt is reported that the richest ore shoot in the mine was
worked more or less continuously from the surface down
to the 500-foot level. This shoot between the 400- and
the 500-foot levels contained the Carnahan stope, the
richest in the mine. On the 1,000-foot level, the prin-
cipal vein (North vein) is exposed for 1,700 feet, but
only 17 percent of this developed extent of the vein
is mineralized. On the 400-, 600-, 750-, and 850-foot
levels, which also have long stretches of development,
the percentages are about 55 to 71. It would appear
that the entire vein is grading into an unmineralized
fault lead at depth. High-grade polybasite and ruby
silver ore were found on the 1,000-foot level, although
miners stated that the ruby silver was more abundant
in the upper than in the lower workings. Oxidation
in general extended only a few feet downward from the
surface, and the oxidized ore resembled a strongly iron-
stained clay. It is reported to have contained 1,000 to
2,000 ounces of silver to the ton. No zonal distribution
of the galena and sphalerite has been noticed in the
mine.

The principal wall rocks in the Colorado Central
vein are porphyry, gneiss, Silver Plume granite, and
pegmatite (fig. 37). The gneiss is the most abundant,
but it contains many dikes, lenses, and stringers of
granite and pegmatite. Solid pegmatite occurs in the
wall rock to a greater extent than in most other mines
of the region. Granite porphyry in many places forms
one of the walls of the main lode but rarely forms both
walls. Two distinct dikes of granite porphyry are
associated with the Colorado Central vein. They are

5 Foster, E. L., The Colorado Central lode, a paradox of the mining
law : Colorado Seci. 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 north-
east 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 pegmatite. 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 unmineralized. 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 of weak-
ness, which made a single strong and persistent circu-
lation 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 aver-
age 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 deposited. Post-
porphyry faulting was renewed several times, and
successive mineral assemblages were deposited. Post-
mineral 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, step-
hanite, proustite, and tetrahedrite. Polybasite appears
to be the most abundant silver mineral ; it occurs in mas-
sive 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,*® the average silver con-
tent of the ore mined over a 16-year period was 200
ounces to the ton. Very little gold was present, and
only one lot of the ore mined contained enough gold to
be paid for by the smelter; this lot consisted of concen-

60 Joster, . L., op. cit., p. 48.

149

trates that yielded 0.25 ounce of gold to the ton. Ac-
cording 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 aggregates
of small crystals was found in the lowest part of the
mine, the 1,050-foot level, but the vein was barren of
ore. The principal gangue mineral is quartz, both
coarsely crystalline and chalcedonic, and it is locally
abundant. Siderite and ankerite are also common. Cal-
cite 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 characteristic 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 quan-
tities is as widely distributed as quartz. Deposition of
galena and sphalerite commonly began slightly after
that of the first quartz and pyrite but was repeated sub-
sequently. DPolybasite, tetrahedrite, pyrargyrite,
proustite, and argentite appear to have been deposited
in the later stages, subsequent to the bulk of the older
vein minerals. Hematite has been observed to be con-
temporaneous with quartz, sphalerite, and pyrite but
also in a later formation with siderite, ankerite, galena,
and pyrite. Specimens from the 500-foot level showed
the following succession: (1) Medium-grained to
coarse-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) comb quartz with a little pyrite, (2)
coarse-grained galena and sphalerite, (3) a thin coat-
ing 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
characteristic specimen from the dump showed (1) a
lining of comb quartz and some pyrite, (2) coarse-
grained 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 first-
class ore after sorting, averaged 700 to 800 ounces of
silver. Second-class ore averaged 200 to 300 ounces.
The ores were found in irregular shoots, which com-
monly 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 %

The Griflith 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 south-
western 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. 1 level 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 horn-
blendite. 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 min-
erals include galena, sphalerite, pyrite, and chal-
copyrite, and the chief gangue minerals are brown
carbonates, including siderite, rhodochrosite, and mag-
nesite. 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 ¢ gives an analysis of
the mineral and concludes that it is a mixture of hessite
and argentite. A specimen of this telluride ore as-
sayed 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 ex-
tended from 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 car-
bonate-pyrite ores, which contain carbonates, pyrite,
and some barite. These two classes of ore were de-
posited 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

6t Abstracted from Spurr, J. E., Garrey, G. H., and Ball, S. H., op.
cit., pp. 285-290. )

2 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. Soe. Proe., vol. 5, pp. 242-243,
1898,

ores of the Griffith mine the metals in the order of
value are lead, silver, and gold. In the Annette mine
it is 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
yielded 20 ounces of silver and 0.05 to 0.10 ounce of
gold 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 to the ton and
some copper. This ore contained a sulfantimonide of
gilver, 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 de-
parted locally or completely from the course of
the original one. :

4. The deposition of abundant carbonate and pyrite
w