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PARK COUNTY, COLORADO
BY
RUSSELL M. CORN

ABSTRACT

The Mount Bross-Buckskin Creek area is located in
northwestern Park County, Colorado, northwest of Alma on
the east slope of the Mosquito Range. Although there has
been a relatively small production from the area, indi-
cations of mineralization are numerous, and extensive alter-
ation is present.

Paleozoic sedimentary rocks, which overlie Precambrian
schist and granite gneiss, are eroded from the crest of the
Mosquito Range and dip eastward along the east face of Mount
Bross. Mesozoic sedimentary rocks are not present, and

Cenozoic deposits consist of talus, alluvium, and glacial

drift.
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Cenozoic intrusives in the area vary widely in compo-
sition. These are generally found as sills in the sedi-
mentary rocks and as dikes and irregular bodies in the Pre-
cambrian rocks. An intrusive center is present in upper
Buckskin Creek, where numerous types of intrusives are local=-
ized within the Precambrian rocks. Lincoln porphyry is
present as large laccolithic sills in the lower part of the
Minturn formation, and is exposed near the summit of
Mount Bross and on the lower east slope of the mountain.

Mineralization in the area is controlled by numerous
minor, northeast-trending faults, which may be related to
the major northeast-trending Mineral Belt of Colorado.

Ores in the area include lead-zinc replacements in the
Leadville, Dyer, and Manitou dolomites on the east slope of
Mount Bross, and gold-bearing lead-zinc ores in the Pre-
cambrian rocks, Sawatch quartzite and Peerless shale.

Small molybdenite-=bearing quartz veins are exposed in

upper Buckskin Gulch and fluorite-rhodochrosite veins carry-
ing a number of copper minerals are exposed in or near an
altered zone near Red Amphitheatre.

Extensive sericitization and pyritization occurs in
granite gneiss in an elongate, northwest-trending zone
centered near Red Amphitheatre. Serpentinization of the

Manitou dolomite, of Peerless shale, and of a hornblende
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schist is associated with the pyritic and sericitic alter-
ation. Fluorite=-rhodochrosite veins occurring within the
zone of sericitic alteration are characterized by argil-
lization of the wall rock, which grades out into the wide-
spread sericitic alteration. Along lower Buckskin Creek
and on the east slope of Mount Bross, there has been
chloritic and carbonatitic alteration near lead-zinc ores
in Precambrian schist and in the carbonate sediments.

Molybdenite mineralization in upper Buckskin Creek is
correlated with that at Climax only four to five miles to
the northwest. The molybdenite may be related to the
sericitic-pyritic alteration, which, with the fluorite-
rhodochrosite mineralization, is correlatable with similar
alteration and mineralization at Climax.

Paragenetic relations within the fluorite-rhodochro-
site veins indicate that the copper minerals, bornite
and chalcopyrite, are the latest in the depositional se-
quence. These minerals were found near creek level but
not at higher elevations, suggesting that more copper-
rich, higher-temperature ores are to be expected at depth.
Molybdenite, in the veins near the forks of Buckskin
Creek, replaced pyrite and base-metal sulphides, suggesting

here that more molybdenite might be expected at depth.

iii
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Ores of the area are complex and carry a large amount
of zinc. There are no custom mills in the Alma area and
the ores are shipped to Leadville to mills or to the lead
smelter, which penalizes for zinc. In general, mining in
the area will not be profitable until modern milling facil-
ities are established nearby, and payment for zinc content

of the ore is obtained.

iv
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THE GEOLOGY OF THE MOUNT BROSS-BUCKSKIN CREEK AREA
PARK COUNTY, COLORADO
BY
RUSSELL M., CORN

INTRODUCTION

The purpose of this investigation is to supplement
existing geologic information on the Alma Mining District
with more detailed work in the Mount Bross-Buckskin Creek
area. Emphasis is placed on mineralization and hydro-
thermal alteration in the area. The field work was carried
out during the summer of 1956, and laboratory work, consis-
ting of microscopic examination of thin and polished

sections, was completed in the fall and winter of 1956-1957.

Location and Accessibility

Mount Bross, the southern part of a mountain massif

east of the crest of the Mosquito Range, is located above
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and northwest of Alma, a small mining camp in the northwest
corner of Park County, Colorado. The area investigated is
located in Sections 27, 28, 33, 34, and 35, Township 8 South,
Range 78 West and Sections 2, 3, and 4, Township 9 South,
Range 78 West. The area includes parts of the south and
east slopes of Mount Bross from Buckskin Creek on the south
and west, to Dolly Varden Creek on the north. The Mount
Bross-Buckskin Creek area is approximately ten miles north-
east of Leadville and only four to five miles southeast of
Climax. The location of the area and routes of access are
shown on Figure 1.

Alma is six miles north of Fairplay, the county seat
of Park County, and can be reached by traveling north on
Highway 9 from its junction at Fairplay with U. S. Highway
285, As shown on Plate I, the immediate area of Buckskin
Creek and Mount Bross can be reached by the Buckskin Creeck
road that joins Highway 9 at Alma. The location of indi-
vidual mines or prospects in the area is shown on Plate VI,

Mount Bross is above 14,000 feet in elevation, but the
general topographic relief in the area is no gredter than
3,000 feet. Although the east slope of the mountain is
relatively gentle, walls of the glaciated valleys and cirques
slope at angles of 40° or more. The climate is moist and

cold, and snowbanks remain until late in the summer.
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History

Gold was discovered in the gravels of Buckskin Creek
in 1860 or 1861. The close association of placer gold with
exposed veins along the valley soon led to lode mining,
the first attempted in this part of Colorado. In 1861 the
town of Buckskin Joe was laid out in lower Buckskin Gulch,
and nearby mines worked for the gold content of their oxi-
dized ores included the Phillips, Excelsior, and Paris.
Silver ores were worked between 1871 and 1893, and consid-
erable prospecting and mining activity occurred in the
Mount Bross-Buckskin Creek area during this period (Patton,
Hoskins, and Butler, 1912, p. 1l46-155).

Only desultory mining activity followed the silver
price drop of 1893, with intermittent periods of activity
in the early 1900's and again during the depression years.
There has been very little active mining and prospecting
in the years during and since World War II.

The first geologic work done on the Alma district was
Emmon's comprehensive report in 1886. Patton, Hoskins, and
Butler, of the Colorado State Geological Survey mapped the
area in 1912. Later work by the United States Geological
Survey has included fairly detailed reports on the Alma
district, and geologic mapping of the district by Butler

and Singewald in the 1930%'s. Bulletin 911, the U. S.
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Geological Survey publication based on this field work,

places major emphasis on the London Mountain area.
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STRATIGRAPHY

Detailed descriptions of the Paleozoic sedimentary
rocks and Precambrian igneous and metamorphic rocks have
been published elsewhere (Emmons, 1886; Patton, Hoskins
and Butler, 1941; Butler and Vanderwilt, 1930; Johnson,
1934; Singewald and Butler, 1941, and Behre, 1953).

With the exception of unconsolidated Quaternary material,
the sedimentary rocks range in age from Cambrian to Penn-
sylvanian. The thickness of the pre-Pennsylvanian sedi-
mentary rocks ranges from 300 to 500 feet. Only the

basal portion of the thick Pennsylvanian section has escaped
erosion within the area. Along the cliffs facing Buck-

skin Creek and in thé valley, considerable areas of Pre-

cambrian metamorphic rocks are exposed.
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Precambrian Rocks

The Precambrian rocks can be divided into two general
groups, (1) those rocks that are considerably metamorphosed
and (2) later intrusives that are relatively unmetamor-
phosed. The metamorphics are biotite-sillimanite schist,
hornblende schist, quartzite schist, and granite gneiss.
The granite gneiss apparently represents a metamorphosed
intrusive, and the schists probably represent rocks that

were originally sedimentary.

Biotite~Sillimanite Schist

The biotite-sillimanite schist is a medium-grained,
gray-to-brown schist, containing quartz, biotite, plagio-
clase, and irregularly distributed sillimanite., The
schist i1s exposed along Buckskin Creek Valley below the
Home Sweet Home Mine and in the head of Dolly Varden Creek.
Pegmatites are localized preferentially in the schist rather
than in other Precambrian rocks. Locally pegmatitic quart-
zose veinlets and quartz segregations are so abundant that

the rock resembles an injection gneiss.

Hornblende Schist

Dark green-black, highly altered schist, containing
principally the minerals biotite and hornblende, is present

in a small outcrop area, covered and obscured by talus,
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slightly east of the Home Sweet Home Mine in Buckskin
Gulch. The rock is somewhat altered to serpentine and its

origin is indeterminate.

Quartzite Schist

The major exposure of quartzite schist is slightly
east of the Home Sweet Home Mine with a lesser amount
present along the eastern edge of the granodiorite occur-
rence in the upper part of Buckskin Gulch. The rock is
fine-grained, gray, banded, and composed essentially of
quartz and variable amounts of biotite. Thin bands,
probably representing bedding, of relatively pure quartz-
ite, alternate with more biotitic schistose material. The
contact of this rock with biotite-=sillimanite schist is very
gradational, with quartz becoming more prominent and the
micas becoming less. This rock probably correlates with
the quartz-biotite gneiss in the Leadville area, where it

occurs as highly metamorphosed roof pendants (Behre, 1953,

p‘ 19)0

Granite Gneiss

The granite gneiss is fine- to medium-grained, light-
pink, dense, and quartzitic. It is very similar in appear-
ance and composition to a granite., Although metamorphic

structures are not prominent, biotite is irregularly
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distributed through the rock, and there is a slight para-
llelism of constituents.

Former authors have described the rock and used the
above nomenclature (Patton, Hoskins, and Butler, 1912,
p. 37; Singewald and Butler, 1941, p. 7). Granite gneiss
is exposed along Buckskin Creek from the Home Sweet Home
Mine to the head of the creek. The rock is brittle and
breaks up easily, and because of this physical character-
istic the granite gneiss is important in the localization

of mineralization and alteration.

Silver Plume Granite

A very small outcrop of light-gray, medium-grained
granite that has been correlated with the Silver Plunme
granite occurs near the forks of Buckskin Creek (Butler
and Vanderwilt, 1931, p. 327; Singewald and Butler, 1941,
p. 7). The outcrop is obscured by large amounts of
glacial drift. It seems probable, however, that the

granite is contiguous with a larger body to the west.

Pegmatites

Precambrian pegmatite dikes are very much in evidence
along the lower portion of Buckskin Gulch. Larger pegma-
tite dikes are 200 to 300 feet wide and are localized in the
more schistose area of Precambrian exposures. The pegma-

tites are very coarse-grained and generally consist of

10
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quartz, microcline and muscovite. Individual crystals sel-
dom attain a size of several inches. Minerals containing
the rarer elements, fluorine, boron, lithium, and beryllium,
are completely absent. A few very narrow veins and vein-

lets of aplite are associated with the pegmatites.

Paleozoic Sedimentary Rocks

The generalized stratigraphy of the Alma region is as

follows:
Age Formation  Member Thickness  Rock Type
(feet)
Pennsylvanian Minturn O - 4,000 Shale,
Quartzite,
Conglom,.
Unconformity
Mississippian Leadville dolomite 0 - 160 Dolomite
Unconformity
Devonian Dyer
dolomite 40 - 80 Dolomite
Chaffee
Parting
quartzite 0 - 55 Quartazite,
Dolomitic
Sandstone
Unconformity
Ordovician Manitou dolomite 0 - 130 Dolomite
Cambrian Peerless shale 35 - 100 Shales &
Dolomite
Sawatch quartzite 65 - 130 Quartzite

Unconformity
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(Modified from Singewald and Butler, 1941, p. 8-9.)

Detailed relationships of the pre-Pennsylvanian sedi-
mentary rocks are graphically portrayed in Plate III, which
is an exposed section measured along the cliffs north of
Buckskin Creek and due east of the lower adit of the Home
Sweet Home Mine. (See Figure 37 for the exact location
of the section.) Pennsylvanian rocks were not measured
because of poor exposures and rapid facies changes.

The sedimentary rocks have been completely eroded along
the crest of the Mosquito Range. The east face of Mount
Bross and other mountains west of the South Platte River are
generally dip slopes on the base of the Pennsylvanian or

on pre-Pennsylvanian sedimentary rocks.

Cambrian

Cambrian sedimentary rocks are represented by a thick
sequence of quartzite and shale. The rocks have been
divided into the Sawatch quartzite and the Peerless shale.

Sawatch Quartzite

The Sawatch quartzite was deposited on an eroded Pre-
cambrian surface of extremely low relief (Emmons, Irving,
and Loughlin, 1927, p. 25). Throughout the area the base
of the Sawatch quartzite is an almost smooth surface, and is
marked by a thin bed of conglomeratic quartzite. Tﬁe gen-

eral lithologic character of the formation is light-colored,

12
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quartzite, with thin beds of calcareous sandstone prominent
near the top. The color is usually white, but individual
beds are tinted light-purple or light-green. The thick-
ness of the quartzite varies from 100 to 125 feet, and is
fairly uniform throughout the Mosquito Range (Butler and
Singewald, 1941, p. 8).

The Sawatch quartzite is a prominent cliff former and,
where exposed along the lower reaches of Buckskin Creek,
forms an almost continuous cliff (Figure 15)o Nowhere in
the area was the rock crumpled or sharply folded, and it
is the most competent of all the sediments.,

The lower contact is well marked, but the upper con-
tact is gradational from quartzite to shales and non-clas-
tics. The contact was chosen by the writer at the top of
a dense, dark-green quartzite bed directly above cross-
bedded, light-purple sandstone, and below sandy shales.
This position correlates well with the top of the Sawatch
as defined by Johnson (1934, p. 20) and Behre (1953, p. 25).

The name Sawatch quartzite was used by Emmons, Irving
and Loughlin, while working in the Leadville area in pre-
ference to the local term "Lower Quartzite®, which had for-
merly been used (Emmons, Irving and Loughlin, 1927, p. 25).
The age of this formation has been determined as Late Cam-

brian (Johnson, 1934, p. 20; Behre, 1953, p. 25).

13
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Peerless Formation

The Peerless formation or Peerless shale is gradational
with sandy shales at the base grading to dolomitic shales
and finally to dolomites at the top. The sandy shales and
dolomitic shales of the lower part of the formation are gen-
erally green and the dolomite in the upper part of the form-
ation is light-brown to red. Dolomites at the top of the
Peerless shale are distinguished by beds exhibiting irreg-
ular fucoidal red markings set in a light-gray dolomite.
These beds have been termed "red cast™ beds and have served
to mark the top of the Peerless shale (Johnson, 1934,

p. 20). The "red cast" beds have been found throughout 30
feet of strata, and their use as a marker may not be valid
(Behre, 1953, p. 27). In the Mount Bross-Buckskin Creek
area, the beds were present only in a few feet of strata,
and the top of these beds was chosen as the contact between

the Peerless shale and the overlying Manitou dolomite. Al-

though a few shales are present above this interval, the gen-

eral character of the rock has changed to carbonates. This
position correlates well with the placement of the contact
given by Johnson (1934, p. 20) and Behre (1953, p. 27).

The Peerless shale is eroded easily, and its position
is marked by a gentler slope than that on the other sedi-
mentary rocks. Within the immediate area of Mount Bross and

Buckskin Creek the thickness varies from 40 to 45 feet,

14
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The nomenclature of the formation is from Behre (1953,
p. 27). In earlier publications this formation was desig-
nated as a member of the Sawatch, and prior to 1932, it was
termed the "Transition shales.™ On fossil evidence the
Peerless shale is generally referred to as Late Cambrian
(Johnson, 1934, p. 20). However, Behre feels that there is
a possibility that the age may be Early Ordovician (Behre,
1953, p. 27).

Ordovician

The Manitou dolomite represents Ordovician sedimentary
rocks in the area.

Manitou Dolomite

The Manitou dolomite consists of thin-bedded, light-
gray dolomite with thin beds of green shale and some white,
recrystallized calcareous dolomite, The recrystallized,
bleached and limy character of the rock may have been caused
by hydrothermal alteration. The thin beds of dolomite,
shale, and bleached dolomite grade upward to more massive
beds of dolomite with slight amounts of chert which causes
siliceous "ribbing"™ to stand out on weathered surfaces in
small bands or ridges. Megascopic lentils of chert, common
in other areas, were not observed.

The thickness of the formation varies from approxi-

mately 50 feet to 100 feet, with the average thickness

15
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closer to the larger figure. The contact with the overlying
Chaffee formation is sharply marked by the change from dolo-
mite to sandstone and quartzite, and is thought to be uncon-
formable, with the variation in thickness of the Manitou
caused by erosion previous to deposition of the overlying
sediments (Behre, 1932, p. 59).

The name Manitou is applied to rocks that were termed
by Emmons (1886) and Patton, Hoskins, and Butler (1912),
the White limestone. After correlation with the Manitou on
the eastern slope of the Front Range in Colorado, the form-
ation in the Leadville area was also termed Manitou (Behre,
1953, p. 29). The Manitou dolomite, from fossil evidence,
is dated as Barly Ordovician {Johnson, 1934, p. 22; Behre,

1953, p. 29).

Devonian

The Devonian sedimentary rocks in the area are grouped
under the Chaffee formation. These rocks are quartzites and
dolomites and are separated from the Ordovician by an uncon=-
formity,

Chaffee Formation

The Chaffee formation includes those sedimentary rocks
dated as Devonian in the area. It is divided into two mem-
bers, the Parting quartzite below and the Dyer dolomite

above.
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The Parting quartzite is generally a light-colored
quartzite with interbedded dolomitic sandstone., Consid-
erable variation in thickness and lithology occurs within
the Mount Bross-=Buckskin Creek area, with red shales
present at the base of the quartzite along the lower
reaches of Buckskin Creek. The quartzite is approximately
50 feet thick in this part of the area, grades to thin
beds to the north and west, and is completely absent in
the summit area of Mount Bross. Contacts with the other
sedimentary rocks were placed at the change from dolomite
to quartzite or sandstone.

Emmons used the term Parting quartzite to indicate
the position of the quartzite between the two massive
series of dolomites (Emmons, 1886, p. 56). This name was
retained and used by later authors. The Parting quartzite
has been stated to be Late Devonian on faunal evidence and
lithologic correlation with known Devonian formations
(Johnson, 1934, p. 24; Behre, 1953, p. 32).

Overlying the Parting quartzite is dense, gray and

lue=gray dolomite. Near the base, the dolomite is thin-
bedded, but the upper beds are massive. The upper beds
weather to light-brown and the fresh dolomite through-
out is generally a lighter color than the overlying

Leadville dolomite,
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The lower contact with the Parting quartzite is
marked by an abrupt change in lithology. The Dyer dolomite
is similar to the overlying Leadville dolomite, and the
contact is placed at the base of a dolomite pebble conglom-
erate which indicates erosion and reworking of sedimentary
material. The conglomerate lies directly above light-
brown weathering dolomite, and the contact can be recog-
nized easily where exposed.

The thickness of the Dyer dolomite varies from 4O to
80 feet. Because of the unconformity that separates it
from the Leadville dolomite, the Dyer dolomite thins con-
siderably in some parts of the Mosquito Range (Singewald,
and Butler, 1941, p. 10; Behre, 1953, p. 34).

The Dyer dolomite was formerly known as the lower
part of the " Blue limestone", but after the recognition
that the beds were Devonian, the nomenclature was changed
(Behre, 1932, p. 59-60). From fossil evidence and litho-

logic correlations, the Dyer dolomite is dated as Devonian

(Johnson, 1934, p. 25; Behre, 1953, p. 34).

Mississippian

The Leadville dolomite includes those rocks dated as

Mississippian in the area.
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Leadville Dolomite

Mississippian sedimentation began in the Alma area with
deposition of calcareous and dolomitic sands and dolomite
conglomerate composed of slightly rounded dolomite frag-
ments, mostly of the underlying Dyer, in a matrix of sandy
dolomite. Around Mount Bross conglomerate is present but
the sandstones are absent., The major part of the formation
is composed of dense, massive, dark-gray or blue-gray dolo-
mite., Near the center of the formation and between beds of
massive, dense, blue-gray dolomite are thin sandy beds, one
with a few black chert pebbles. The top 25 to 30 feet of
the Leadville show characteristics that appear to be caused
by pre—Pennsylvanian erosion and have been intensified by
hydrothermal alteration. Solution resulted in rocks char-
acterized by sandy dolomite, which is porous, brecciated,
and cavernous, and contains angular dolomite fragments,
considerable chert, and some fine-grained quartzite, very
irregularly distributed in the sandy dolomite matrix.

The Leadville dolomite may be easily differentiated
from other dolomites because of its dark color on both
fresh and weathered surfaces. The contact with the Dyer
dolomite was placed, as previously described, at the base
of the dolomite conglomerate. The upper contact is at the
base of shaly sandstone overlying the sandy brecciated

dolomite. The thickness of the Leadville varies in the
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Mount Bross-Buckskin Creek area from 50 feet to 165 feet,
and the variation was caused by erosion preceding the depo-
sition of the Pennsylvanian sediments (Singewald and Butler,
1941, p. 10),

The Leadville dolomite was previously termed the
"Leadville limestone™ and together with the Dyer dolomite
was called the "Blue limestone" (Behre, 1953, p. 33).

Since the recognition that the Dyer dolomite was Devonian,
the upper part of the dolomite sequence has been termed the
Leadville dolomite (Behre, 1953, p. 34).

Fossil evidence, gathered during early investigations
of central Colorado, has led authors to conclude that the
Leadville is Mississippian., Correlation studies have shown
that the formation is probably equivalent to the widespread

Madison limestone (Behre, 1953, p. 34).

Pennsylvanian

The thick series of Pennsylvanian coarse clastics, the
Minturn formation, was deposited unconformably on the Lead-
ville dolomite. Only the lower part of the formation is
found in the vicinity of Mount Bross and Buckskin Creek.

Minturn Formation

Overlying the Leadville dolomite is the Minturn for-
mation, an assortment of sandstones, sandy shales and con-

glomerates. BErosion has stripped away the greater part of
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the formation in the Mount Bross area. In general, the
first hundred feet directly overlying the Leadville dolomite
are sandy shales, quartzites, and slightly shaly sandstones
with a few thin beds of black limestone. Above the basal
portion of the formation is a micaceous, arkosic sandstone
and conglomerate. In places the numerous feldspar and
quartz fragments make the rock almost indistinguishable
from altered and weathered intrusive porphyries.

A thin-bedded black shale is found only along a cut
on the Buckskin Creek road near Alma. The exposed shale
appeared to be overlain and underlain by conglomerates and
sandy conglomerates of the Minturn formation, and the re-
lationship to the Leadville dolomite could not be deter-
mined. Shale of this type generally underlies the Minturn
formation on the west side of the Mosquito Range (Johnson,
1934, p. 28-43; Behre, 1953, p. 40). Elsewhere in the Mos-
quito Range black shale of this type has been correlated
with the Belden shale (Brill, 1953, p. 8l4; Jonson, 1955, p.
35-37). This shale may have been deposited in a deltaic en-
vironment and, as such, may be restricted and spotty in
areas near the former Front Range highland. Another possi-
bility is that local erosion, previous to the deposition of
the Minturn, may have stripped the shale, especially near

the highland area.
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Although only the lower few hundred feet of the Min-
turn formation are present in the Mount Bross area the full
thickness of the formation in adjacent areas has been esti-
mated as 2,000 feet or greater (Johnson, 1934, p. 43). The
name Minturn has only recently been applied to this forma-
tion., Before 1952 it had been termed the Weber? grits
(Brill, 1952, p. 810-812; Jonson, 1955, p. 38). Abundant
fossil evidence indicates this formation should be assigned

to the Pennsylvanian period (Johnson, 1934, p. 42).

Quaternary Unconsolidated Materials

Unconsolidated material resulting from glacial and
post-glacial erosion and deposition is prominent in the
area and covers a large part of the surface. This material
can be grouped in these genetic divsions: talus, alluvium,
and glacial drift. An understanding of the distribution
and derivation of these unconsolidated materials requires
an understanding of the geomorphic environment of the area.

Climatically the area is alpine-humid, with consider-
able snowfall in winter and rainfall in summer. Above
13,000 feet the annual mean temperature is below freezing.
With such a climate it is to be expected that strong glacial
activity was present during Pleistocene and that glacial

erosion was preceded and succeeded by strong stream activ-
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ity. Periglacial processes have been active on high
mountain areas above timberline and have resulted in
stone striping, and other solifluction effects and the

formation of large amounts of talus.

Glacial Drift

The valleys of Buckskin Creek and the South Platte
River, major drainages in the area, have been glaciated by
valley glaciers, and as a result are characterized by U-
shaped valleys, cirques, and other glacial features. Gla-
ciers occupying the valleys were probably proportional to
drainage area, and glacial deposits were derived from their
respective drailnage areas.

Glacial deposits between Alma and Fairplay reflect
two or more stages of glaciation, but features and deposits
observed in the Mount Bross=Buckskin Creek area were caused
by Wisconsin glaciation. The South Platte Glacier exten-
ded downstream several miles below Alma, and its lateral
moraine effectively dammed the small side streams on the
east slope of Mount Bross, Sawmill Creek, and Dolly Varden
Creek. Figure 9 is a photograph of one of these morainal
dams.

The Buckskin Glacier may have joined the South Platte,
but its terminus stood temporarily in lower Buckskin Gulch,

where a terminal moraine is exposed in the creek valley
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slightly below the Paris Mill. Many of the glacial depos-
its along Buckskin Creek have been removed by stream action
or covered by alluvium and talus.

The glaciers were probably developed on mature topog-
raphy with drainage similar to that of the present. Since
glacial erosion cut through the oxidized zone of the ore-
bodies, oxidation or supergene enrichment is to be expected
only in unglaciated areas. Native gold was concentrated
into valuable placers in the glacial moraines and outwash

below Alma.

Talus
There are large areas of talus accumulation along the
cliffs north and east of Buckskin Creek and on the higher
elevations of Mount Bross. Talus in Red Amphitheatre is
more than 50 feet deep and somewhat resembles a rock glacier.
Talus is probably of both glacial and post-glacial origin,
Large talus areas on fairly steep slopes near the summit
of Mount Bross are probably bonded by ice, since mine adits
in the area were ice-filled very near the surface, at
elevations above 13,000 feet. The presence of such a thin,
non-melting ice bond near the surface would slow down the
rate of talus creep and hasten the breakdown of bedrock.
Irregular blocks of Lincoln porphyry form a large part of

the talus on the higher elevations of Mount Bross, while
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very few fragments of the underlying sedimentary rocks are
found, This condition is probably caused by greater erosion
of the outcropping Lincoln porphyry and less erosion of the
talus-protected sedimentary rocks. Within these large talus
areas, there are probably a number of veins that are covered

and, therefore, have not been explored.

Alluvium

The stream alluvium in the area consists of reworked
glacial material and talus., Although the low-lying glacial
deposits have been eroded and reworked, only minor stream
erosion in bedrock has occurred since glaciation. The
major development of stream alluvium is in outwash areas and
behind morainal dams. Placer gold is present in the
reworked morainal material in lower Buckskin Creek, but
deposits are not very rich, and at present these placers are

uneconomical,
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CENOZOIC AND MESOZ0OIC? IGNEOQUS ROCKS

The intrusive igneous rocks here described are prob-
ably Tertiary, but may be in part Late Cretaceous (Behre,
1953, p. 42). These intrusives, generally found as dikes
and sills, are related to similar rocks in nearby districts
and are part of the porphyries in the Colorado Mineral Belt.
The localization of these rocks has been effected by Lara-
mide crustal movement, probably deep-seated movement, and
association of porphyries and ore 1s structurally influenced.

The intrusives of the Mount Bross-Buckskin Creek area
are present predominantly as sills in the sedimentary rocks
and as dikes or irregular bodies in the Precambrian rocks.
Although intrusives are found throughout the area studied,
they are concentrated near the head of Buckskin Creek.

The intrusives of the area were first classified by
Emmons (1886, p. 75-89). Some of the intrusive porphyries
have distinctive features and are easily recognized in the

field. Since names proposed by Emmons for these porphyries
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are still in general use, these names will be used in the
following discussion. The non-distinctive rocks are given
compositional names in agreement with other workers.

The petrographic character of these intrusives has
been discussed previously by Emmons (1886), Patton, Hoskins,
and Butler (1912), Emmons, Irving, and Loughlin (1927),
Butler and Singewald (1931), Singewald (1932), and Behre
(1953), The writer limited his investigations of the
intrusive rocks to field and thin-section examination.

For more details on the petrography of these rocks the

reader should refer to the authors mentioned above.,

Spotted Diorite Porphyry

The spotted diorite porphyry is darkest of all the
intrusives and contains approximately 40 percent ferro-
magnesian minerals, (hornblende and biotite) in elongate
oval aggregates three to five mm. in length showing para-
llelism with the intrusive walls. The rock appears in
hand specimen to be entirely crystalline and somewhat
schistose, with plagioclase the only mineral evident, other
than the hornblende and biotite aggregates., Microscopic
examination shows that the oval ferro-magnesian aggregates
are nests of biotite and hornblende, and that the inter-

vening area is filled with andesine phenocrysts somewhat
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altered to sericite. There is also a slight groundmass

of oligoclase (?), orthoclase, and quartz.

Distinctive Features and Distribution

Although the spotted diorite porphyry is dense and
tough, it has slight resistance to weathering, which is
reflected by a negative topographic relief. The rock is
present only in a few narrow dikes near the base of the
cliffs north of Buckskin Creek, from the Criterion Mine
westward for one and one half miles. The spotted diorite
dikes cut Precambrian biotite-~sillimanite schist and peg-
matites but were not observed in contact with any sedimen-
tary rocks. The writer was unable to determine the age
relationship with the known Tertiary intrusives, and pub-

lished descriptions do not mention any rock which is

similar to the spotted dicrite porphyry.

Relative Age

The apparent schistosity of the rock is caused by
alignment of the original minerals parallel to the walls
of the intrusive during intrusion. Veins are found in
the spotted diorite porphyry, which is pre-mineral, similar
to all the porphyries except perhaps the later white por-
phyry. Because the rock does cut the Precambrian pegma-
tites and the dikes seem to have a northeast trend similar

to the known Tertiary structures and intrusives, the writer
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tentatively classifies the rock as a Tertiary intrusive.

Granodiorite

The granodiorite is a holocrystalline, medium-grained,
gray- to light-brown, non-porphyritic rock, that ranges from
quartz monzonite to granodiorite in composition. Primary
minerals in their order of abundance are plagioclase, (olig-
oclase-andesine) showing prominent progressive zoning,
orthoclase, quartz, biotite, and hornblende. There appears
to be quite a variaticn in the mineral percentages as deter-
mined microscopically, although the megascopic appearance of
various speciamens is similar. Singewald (1932, p. 57-60)
gives a very detailed petrographic description of this rock.
Other descriptions include those of Emmons (1886, p. 333-

334), and Patton, Hoskins, and Butler (1912, p. 66-67).

Distinctive Features and Distribution

The granodiorite is exposed in Section 28, south and
east of the forks of Buckskin Creek, between the forks and
Red Amphitheatre. The outcrop area is obscured and covered
by talus and glacial drift. The well-exposed areas are
along the cliff faces and the irregular relationship of the
contact leads the writer to doubt that this rock type is as
extensive as has formerly been supposed (Singewald, 1932,

p. 60). Singewald termed this body and an adjoining diorite
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the "Buckskin Gulch Stock.™ The granodiorite has a medium
resistance to erosion, is generally well-jointed and broken,

and most of the rock has a somewhat altered appearance.

Relative Age

The granodiorite does not, insofar as the writer could
determine, intrude sedimentary rocks. It is cut by later
white porphyry, monzonitic diorite porphyry, Lincoln por-
phyry, and quartz mongzgonite porphyry. Pegmatite dikes cut
the granocdiorite, and in some areas, abundant, narrow,
aplite dikes are also found in the granodiorite (Singewald,
1932, p. 56). Granodiorite is the only rock of those
classed as Tertiary that exhibits this relationship. The
rock has been classified as Tertiary by Patton, Hoskins,
and Butler (1912), and Singewald (1932), but the writer
could find no proof that the granodiorite was definitely
Tertiary. The granodiorite is later than the known Pre-
cambrian rocks and may be one of the earliest Tertiary

intrusives in the area.

Diorite

Designated by Singewald (1932) as a facies of the
"Buckskin Gulch Stock," the diorite is granular, fine- to
medium-grained, generally dark green-gray, and varies

between a diorite and quartz monzonite. Specimens from
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the upper part of the intrusive are distinctly porphyritic
and show in thin section as much as 40 percent quartz and
orthoclase as a groundmass.

Microscopic investigation reveals andesine zoned to
oligoclase, hornblende, orthoclase, quartz, biotite, and
augite, in that general order of decreasing abundance. The
ferro-magnesian minerals make up approximately 30 to 40 per-
cent of the rock with gugite replaced by hornblende and
biotite, and all of the ferro-magnesian minerals somewhat
altered to chlorite. Detalled petrographic descriptions
to which the reader can refer are Emmons (1886, p. 334),
Patton, Hoskins, and Butler (1912, p. 68-69) and Singewald
(1932, p. 60-61).

Distinctive Features and Distribution

The diorite is one of the darker colored rocks of the
area. The color, in addition to the fine-grained, holo-
crystalline texture, serves to distinguish the rock from
other types., It is tough, dense, and resistant to weather-
ing. Although the diorite is found in an area of major
alteration, Red Amphitheatre, it almost always appears very
fresh and unaltered in contrast to adjoining rocks. The
lack of general alteration apparently results from the tough-
ness and resistance to fracturing of the diorite. Chloritic

alteration of the ferro-magnesian minerals is the only wide-
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spread alteration of the diorite.

The diorite forms the southeastern edge of the "Buck-
skin Gulch Stock" described by Singewald (1932, p. 60-61).
The only outcrop is a large dike-like mass on the east side
of Red Amphitheatre extending from the head of the amphi-
theatre southwest across Buckskin Creek. The borders of
this body are obscured by talus and glacial drift, and its

relationship to the granodiorite could not be determined.

Relative Age

The diorite is definitely post-Paleozoic, because it
cuts the sedimentary rocks at the head of Red Amphitheatre.
Figure 11 shows the dike-like extension of the diorite
cutting the Sawatch quartzite and terminating two extremely
altered quartz-rich, monzonitic diorite sills. From field
examination it appears that the diorite was later than the
sills, but this was not definitely established, since talus
covered the projected sills north of the dike. No other
intrusives were observed in contact with the diorite,

In its mineralogy and in its characteristic freshness,
the rock is very similar to the monzonitic diorite porphy-
ries and especially similar to a dike, perhaps of this gen-
eral type, that cuts the Minturn formation directly above
the extension of diorite at the head of Red Amphitheatre.

This dike is adjacent to a dike of quartz monzonite porphyry,
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and although the contact has been faulted, a minor chilled
margin and relative freshness contrasted to extreme alter-
ation in the quartz monzonite porphyry dike, indicate that
the dioritic dike is later in age. Although the dioritic
dike was somewhat altered, (the ferro-magnesian minerals
altered to chlorite, plagioclase and the groundmass
altered slightly to carbonate and sericite), a generally
fine-grained, non-porphyritic texture was observed, and
the dike was very similar both in hand specimen and in
thin section to the underlying diorite. Extensions of the
dike are covered by talus and a definite relationship with
other intrusives could not be determined.

Singewald suggests that the diorite predates the grano-
diorite (1932, p. 54). Apparently this suggestion was based
partly on an earlier statement that fragments of dark-green
diorite appear in a brecciated zone enclosed in a lighter
matrix (Patton, Hoskins, and Butler, 1912, p. 69). This
rock was apparently well altered, since Patton was unable to
determine whether or not orthoclase occurred in the rock.

In the writer'!s opinion the diorite is sufficiently
different from the granodiorite to be treated as a separate
intrusive, Although the diorite is similar mineralogically
to granodiorite, the lack of alteration and the mineralogic
similarity to the monzonitic dfsrite porphyry suggest that

the age of the diorite should be the same as these similar
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porphyry intrusives.

Lincoln Porphyry

The Lincoln porphyry was first described by Emmons and
named for its occurrence on Mount Lincoln (Emmons, 1886,

p. 111). The rock is characterized by large (1 to 4 ins)
pink, orthoclase phenocrysts and medium-sized quartz,
plagioclase, and biotite phenocrysts, set in a light-green,
gray, or pink groundmass. In general, the groundmass of the
porphyry is aphanitic, but a gradational facies with a
holocrystalline groundmass exists near the head of Buck-
skin Creek.

Quartz is found as rounded grains, slightly embayed
by the groundmass, and also as euhedral, dipyramidal crys-
tals., In the holocrystalline facies, quartz was inter-
stitial and definitely not rounded. The plagioclase is
andesine, and the ferro-magnesian minerals are biotite and
minor amounts of hornblende. In the holocrystalline facies
the ferro-magnesian content was slightly greater than nor-
mal and a small amount of augite was present. The writer
classified the rock as a quartz monzonite porphyry, grada=
tional to a granodiorite. This is similar to the classifi-
cation proposed for the Lincoln porphyry on the western slope

of the Mosquito Range (Behre, 1953, p. 49). Authors who
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have published detailed petrographic studies on the Lincoln
porphyry include Emmons (1886, p. 328-330), Patton, Hoskins,
and Butler (1912, p. 83-85), and Emmons, Irving, and Lough-
lin (1927, p. 47-48).

Distinctive Features and Distribution

The major distinctive features serving to distinguish
the Lincoln porphyry from other quartz monzonite intru-
sives are the generally overall pink or pinkish-gray color,
the large crystals of orthoclase, and the well-developed
quartz phenocrysts that are generally present.

The Lincoln porphyry has the largest outcrop area of
any of the intrusives and is generally found as thick,
laccolithic sills in the Minturn formation, especially
localized near the base of the formation., These sills form
the large outcrop areas on the summit of Mount Bross and
the lower shoulders of the mountain. Lincoln porphyry
dikes cut the sedimentary rocks near Red Amphitheatre, and
a dike is present on the west side of Dolly Varden Creek.

In the upper valley of Buckskin Creek normal Lincoln
porphyry dikes gradually change to a rock with a fine-
grained crystalline, and then medium-grained crystalline
groundmass showing a continuation of the large orthoclase
phenocrysts. This rock was formerly described as a facies

of the "Buckskin Gulch Stock" (Singewald, 1932, p. 61).
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The granite gneiss and granodiorite adjoining this facies
of the Lincoln porphyry grade into the porphyry, with the
gradation marked by the growth of large rounded grains of
quartz in these rocks. Under the microscope, the large
grains of quartz appear to be aggregates of smaller grains.
In the writer's opinion this occurrence represents migra-
tion, rearrangement, and recrystallization of quartz in the
silicic wall rocks caused by the heat and volatiles

supplied by the intrusive porphyry.

Relative Age

The Lincoln porphyry cuts sedimentary rocks, known
Precambrian rocks and granodiorite, but evidently does not
cut any of the other Tertiary intrusives. A narrow dike of
later white porphyry cuts the crystalline facies of the
Lincoln porphyry in the basin at the head of Buckskin Creek
near the small stream that heads towards the summit of Mount
Bross. Slightly east of the stream a dike of the quartz
monzonite porphyry group appears to cut the Lincoln por-
phyry, but because glacial drift and talus obscure the out-
crop, this relationship can not be definitely stated.

Emmons reports that on the eastern spur of Mount Lincoln,
north of Mount Bross, the Lincoln porphyry is apparently cut
by "porphyrite", although the character of the outcrop was

such that the relation could be doubtful (Emmons, 1886, p.
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294). Emmons'® term "porphyrite" corresponds to the term
monzonitic diorite porphyry used in this report.

The relative age of the Lincoln porphyry has been pre-
viously defined as more recent than the quartz monzonite
porphyry and monzonitic diorite porphyry (Singewald and
Butler, 1941, p. 20). Emmons (1886, p. 294) felt that
the more basic rocks were later than the Lincoln porphyry,
and Behre (1953, p. 56) places the Lincoln porphyry among
the earlier monzonitic porphyries. The writer's opinion
is that the Lincoln porphyry predates the monzonitic diorite
porphyries and is partly equivalent to or older than the

quartz monzonite porphyries.

Quartz Monzonite Porphyvry

The quartz monzonite porphyries include all porphyries
that do not fall into a classification based on character-
istic appearance or mineralogy. All of the rocks so listed
by the author are quartz latite porphyries and fit in this
general classification, which has been previously used by
Patton, Hoskins, and Butler (1912, p. 75-80), and Singewald
and Butler (1941, .p. 16, 19-20). Detailed petrographic
studies of this type of rock were made by the above authors.

These rocks are all of a very light color, are well

altered, and are marked by phenocrysts of quartz, plagio-

41



T 847 L2

clase, and sometimes orthoclase, set in an aphanitic,

dense, stony groundmass. The rocks generally contain less
than 10 percent ferro-magnesian minerals. Microscope exam-
ination reveals some relatively euhedral quartz phenocrysts,
but the majority are rounded. Orthoclase is quite rare as
phenocrysts but forms a major part of the groundmass. Plag-
ioclase varies from albite to andesine, but is generally
andesine with albite perhaps caused in part by alteration
(Singewald and Butler, 1941, p. 20). Sericite, chlorite,
and carbonate are the predominant alteration minerals, and
they selectively replace the feldspar and ferro-magnesian

phenocrysts.,

Distinctive Features and Distribution

Distinctive features of the rock are the relatively
small size of phenocrysts, compared to the Lincoln porphyry,
the light-gray, green=-gray, or light-pink celor, and the
dense, stony groundmass. This rock type is well distributed
throughout the area and occurs as sills in the Minturn for-
mation near the summit of Mount Bross, and as numerous dikes
within the Precambrian rocks and the Paleozoic sedimentary

rocks.

Relative Age

Dikes of quartz monzonite porphyry cut sedimentary

rocks and Precambrian rocks. They also cut granodiorite
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near the head of Buckskin Creek and a dike appears to cut
Lincoln porphyry in the same general area. At the base of
the sedimentary rocks below the Paris mine a dike of quartsz
monzonite porphyry is cut by a sill of monzonitic diorite
porphyry, which indicates that the quartz monzonite por-
phyry predates the monzonitic diorite porphyry. The above

relationship is shown in Figure 16.

Monzonitic Diorite Porphvry

The monzonitic diorite porphyries range from quartz-
rich quartz monzonite to quartz-poor monzonite and diorite.
These porphyries have been divided by the author into the
normal monzonitic facies and the quartz-rich facies that
are mineralogically similar except for the presence of
quartz phenocrysts. The rocks have a very fresh appearance
and are the least altered of all the porphyries. They
range from dark-green to dark-gray, and all have an apprec-
iable content of ferro-magnesian minerals.

Microscope work showed that orthoclase is confined to
the groundmass and is associated with slight amounts of
quartz, that the plagioclase is andesine, from two to five
mm. in length, and that in a few specimens a small amount
of augite is present in addition to hornblende and biotite.

The writer classified these rocks as ranging from quartz

L3
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latite to latite-andesite.

Within an individual dike in the quartz-rich facies of
this rock, the amount of the quartz phenocrysts varies con-
siderably. Under the microscope these phenocrysts are invar-
iably rounded and embayed by the groundmass while adjacent
plagioclase crystals remain sharp. Relations of quartz
phenocrysts are shown in Figures 12, 13, and 14. The quartz
phenocrysts are often an aggregate of several different
grains and in many instances the grains are rounded similar
to sedimentary grains. The appearance of the quartz sug-
gests that it had been picked up by the intrusive magma from
the Sawatch or Parting quartzites, or the quartz-rich Precam-
brian rocks below. This suggestion is born out by megascopic
inclusions found within the dikes (Singewald and Butler,
1941, pe. 19). Detailed petrographic descriptions are given
by Emmons (1886, p. 334-340), Patton, Hoskins, and Butler
(1912, p. 86-91), and Singewald and Butler (1941, p. 19).

The term monzonitic diorite porphyry was first applied
to these rocks in 1932, and previously the rocks had been
termed by Patton, Hoskins, and Butler (1912), and Emmons
(1886), as "porphyrite" (Singewald and Butler, 1932, p. 94).
In the writer's opinion the name monzonitic diorite por-
phyry is valid as long as classification is not influenced

by the percentage of quartz phenocrysts.

L
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Distinctive Features and Distribution

The monzonitic diorite porphyry is distinguished from
other porphyries by its dark color, relative freshness, and
the microcrystalline groundmass. This porphyry, when free
of quartz phenocrysts, is very easy to distinguish but the
quartz-rich facies, when altered, is difficult to determine,
and resembles quartz monzonite porphyry.

The major outcrop of the monzonitic diorite porphyry
is a thin sill near the base of the Sawatch quartzite exten-
ding along the cliffs north and east of Buckskin Creek from
the Criterion mine area tocthe :area of the Paris mine., Most
other outcrops of the rock are along the cliffs above Buck-
skin Creek, and the dikes are generally of the quartz-rich

varietyv.

Relative Age

This porphyry definitely cuts quartz monzonite porphyry
and granodiorite. Emmons thought an equivalent rock cut the
Lincoln porphyry on the east spur of Mount Lincoln (Emmons,
1886, p. 294). Singewald and Butler considered the monzon-
itic diorite porphyry to predate the Lincoln and quartsz
monzonite porphyries (Singewald and Butler, 1932, p. 9%4).

In the writer's opinion, however, the monzonitic diorite por-

phyry postdates the Lincoln and quartz monzonite porphyries.

L7
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White Porphyries

The white porphyries will be discussed together not-
withstanding their great disparity in relative age. As
used by Behre (1953), the term White porphyry refers to
early White porphyry and later white porphyry designates the
more recent rock. Both intrusives are gray-white to snowy-
white porphyry showing only a few phenocrysts of quartz
and plagioclase in a dense, stony, groundmass, and are very
similar megascopically.

Microscopically the early White porphyry shows a slight
amount of biotite, from one to two percent of the rock.

Most features have begﬁes‘croyed by alteration but chemical

analysis and petrogra ¢ studies have led to the classific-
ation of this rock as a leucocratic granodiorite porphyry
(Emmons, Irving, and Loughlin, 1927, p. 45; Behre, 1953,

p. 43).

The later white porphyry seems to have fewer quartsz
phenocrysts than the early White porphyry, very little bio-
tite, and the groundmass contains orthoclase, plagioclase,
and abundant quartz. This rock is classified as a rhyo-
lite porphyry (Behre, 1953, p. 46). Other detailed petro-
graphic studies on both porphyries are Emmons (1886, p. 334=-
337), Patton, Hoskins, and Butler (1912, p. 72-74), Emmons,

Irving, and Loughlin (1927, p. 46).
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Distinctive Features and Distribution

The white porphyries are almost impossible to distin-
guish from each other in hand specimen. From the other
intrusives they are easily distinguished by their color,
lack of phenocrysts, and generally stony texture. Two small
narrow dikes of later white porphyry are present near the
forks of Buckskin Creek. A small outcrop on the east side
of Red Amphitheatre is thought by the writer to be early
White porphyry because of the substantial amount of biotite
phenocrysts present. Because of alteration, however, the

identification is not definite.

Relative Age

The early White porphyry was thought by Emmons, Irving,
and Loughlin to be earlier than all other porphyries at
Leadville (1927, p. 52). Singewald and Butler in the Alma
district consider the early White porphyry to predate the
other intrusives (1931, p. 304).

The later white porphyry was observed cutting grano-
diorite, Lincoln porphyry and quartz monzonite porphyry.
Later white porphyry was not observed in contact with the
monzonitic diorite porphyry or the diorite in Red Amphi-
theatre. Singewald and Butler state that this porphyry
postdates all other porphyries in the Alma region (1941,

p. 16). Behre states that this rock at Leadville was later

L9
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than the gray porphyry group which probably correlate with
the porphyries of quartz monzonite composition near Alma,
and it is thought that the rock may be later than mineragl-

ization (Behre, 1953, p. 46).

Alteration of the Intrusives

More striking than the individual characteristics of
the various porphyries is the intense alteration that many
have undergone and the relative similarity of that alter-
ation. Intensity of alteration of the porphyries varies
with location within the area, and generally sills are more
highly altered than dikes. Thin-section examination reveals
that some of the porphyries are well altered in all occur-
rences while others are comparatively fresh., Intrusives
arranged in general sequence of alteration intensity from
the most intense to the least intense are:

Higher alteration intensity

Quartz monzonite porphyry

Early White porphyry

Spotted diorite porphyry

Granodiorite

Lincoln porphyry

Diorite

Monzonitic diorite porphyry
Lower alteration intensity

Reasons for this relative alteration are obscure,

especially when the minerals that are most susceptible to
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alteration, plagioclase, and the ferro-magnesian minerals,
are present in greatest quantity in the least-altered intru-
sives. The alteration sequence above is somewhat similar

to the writer's concept of the general age relations, and
relative age may be a factor in the alteration.

Major alteration minerals are sericite, chlorite, car-
bonate, and quartz. The alteration has been studied, and
was thought to be the result of "end-phase™ alteration, or
alteration which was the final phase of intrusive activity
and which was caused by solutions rising from the magma
source through still molten dikes to effect the intensive
alteration in the sills (Singewald, 1932, p. 16-30). Behre
differed with the earlier interpretation because sills were
invariably more highly altered than dikes (Behre, 1953, p.
57). The alteration probably can be ascribed to deuteric
effects within the porphyries as they were intruded, to
interaction between the magmas and the host rocks, especially
the carbonates in the sedimentary section, and to post-intru-
sive intense and widespread hydrothermal alteration. Concen-
tration of the intensely altered porphyries near Red Amphi-
theatre, a center of hydrothermal activity, accentuates the

role of hydrothermal alteration.
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Summary of Relative Age of Intrusives

Positive determination of the relative age of some of
the intrusives has been impossible because of poor exposures
and a lack of intrusive relations between the various intru-
sives. The interpretation of the sequence of intrusives is
based partly on direct field evidence and partly on corre-
lation with similar rocks from nearby areas. The various
intrusives listed below are placed in what seems to be the
correct order of relative age on the basis of available
data. A question mark after the rock type indicates that

the evidence for the position of that type is slight.

Barliest
1. Spotted diorite porphyry ?
2. Barly White porphyry ?
3. Granodiorite ?
L4+ Lincoln porphyry
5. Wuartz monzonite porphyry
6. Diorite ?
7. Monzonitic diorite porphyry
8. Later white porphyry

Latest

Field evidence as reported by other authors, as noted,
does not agree completely with relations reported here.
It has been suggested that time of intrusion of the various
rocks overlapped (Singewald, 1935, p. 527). The writer
agrees with this suggestion and also thinks it probable that,
because of general mineralogic dissimilarity between the var-
ious types of intrusives, only the diorite and the monzonitic

diorite porphyry may have a close genetic relationship.
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STRUCTURE

Structural relationships of the Alma district and the
Mosquito Range have been described by Singewald and Butler
(1941, and Behre (1953). The structural features of the
area were developed during Late Cretaceous or Tertiary.
Precambrian structural features and rock types probably
influenced the localization of the later structural feat-
ures, but the extent of their influence has not been

determined.

Regional Structural Features

The Alma district lies in a narrow structurally related
belt, generally known as the Colorado Mineral Belt, which is
well defined where it crosses the Front Range from Boulder
to Breckenridge, and is less well defined as it continues
southwest, toward the San Juan Mountains. This structural
belt is marked by numerous northeast trending dikes and

associated sills and stocks, and also by northeast striking

5k
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faults and fault zones (Lovering and Goddard, 1950, p. 58).
The belt of transverse structural features cuts across the
basic north-south fabric of central Colorado, and is marked
by a change in some large structural features and the
termination of others. In the Alma area, this structural
belt is the northern termination of South Park, a large
intramontane basin.

The major structural features of central Colorado,
faults, folds, etc., are the result of Laramide compres-
sive stresses resulting in uplift of mountain ranges. First
folding and then, with added compression, thrusting occur-
red. Release of the compressive forces or reorientation of
these forces gave rise to normal faulting in the large
folded and faulted blocks (Jonson, 1955, p. 65-70).

The transverse mineral belt probably represents struc-
tural disruption at considerable depth in the earth's crust.
It is superimposed upon the large compressive featufes and
may represent a strike-slip zone caused by areas of differ-

ential tension at depth.

Local Structural Features

The Alma district and the Mount Bross-Buckskin Creek
area are located on the east flank of a faulted anticline

which has been dissected into the Mosquito Range. The
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Mosquito Fault, the largest nearby fault, is a high-angle
compound fault with normal movement north of Leadville

and reverse movement to the south. Relative movement
uplifted the east or Alma side several thousand feet
relative to the west side (Butler and Vanderwilt, 1931,

p. 332). Large faults in the Alma area, perhaps associated
with the Mosquito Fault, are the London and the Coopers
Gulch faults, found in the Mosquito Creek drainage south
of Buckskin Creek. The fault with several hundred feet

of throw that drops the Paleozoic sedimentary rocks from
cliffs to creek level in lower Buckskin Creek may be an
extension or branch of the Coopers Gulch Fault. This
fault, exposed north of Buckskin Creek is northeast strik-
ing and could not be traced in the Minturn formation and
Lincoln porphyry. Mullion structure in the fault zone

was exposed along a road-cut facing Buckskin Creek.

No sharp definite folds are present in the Mount Bross-
Buckskin Creek area, although there is considerable minor
faulting and some warping of the east dipping sedimentary
rocks. This warping and minor folding is, in the writer's
opinion, caused by rather abrupt thickening or thinning of
laccolithic sills which have forced the sedimentary rocks
apart. This relationship of laccolithic sills can be seen

on Plate II.
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The minor faults are mostly aligned northeast with
another set north and northwest. The greatest movement
observed was 20 feet, while the general movement was less
than five feet. These faults are high-angle faults, gener-
ally normal, perhaps with some strike slip movement, and
are probably related to the large northeast striking
Mineral Belt. They have localiza€d most of the dikes and
the mineralization within the area. The greater part of
the movement along these faults has been pre-mineral, and
only slight post-mineral faulting was observed. Several
pre-mineral minor faults, parallel with the bedding or
nearly so, are present. The general displacement of
these faults is less than 10 feet, and they may represent
slippage during folding. The writer could not determine
the relationship of the minor structural features to the
major structural fabric of central Colorado.

Of interest is the predominant north and northeast
strike of veins. Vein directions and mineralization
trends are less well developed or completely lacking in
directions other than north or northeast. The mineral-
ization seems to reflect the trend of the mineral belt

but the reason for this behavior is unknown.
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HYDROTHERMAL ALTERATION

One of the significant features of the Mount Bross-
Buckskin Creek area is the abundance of hydrothermal altera-
tion which can be subdivided into pyritic and sericitic al-
teration, chloritic alteration, and carbonatitic alteration.
Hydrothermal alteration affects all the rocks of the area
but shows its greatest development in Precambrian schist and
granite gneiss, Tertiary porphyry sills, and the Peerless
and Manitou formations. Part of the alteration observed in
the porphyries may be caused by mineralogic changes during

and soon after intrusion.

Widespread Alteration

Along the cliff exposures from Mount Bross down to Buck-
skin Creek are large areas of hydrothermally altered rock
which are shown on Plate IV. Fluids causing the alteration
were probably related in origin to the solutions that depos-

ited the ore minerals, and the alteration shows some re-
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lation in distribution to various types of mineralization.

Sericitigation and Pyritization

Extensive hydrothermal alteration was localized near
Red Amphitheatre. Areas on the east and west walls and
along the cliffs east of the Amphitheatre are intensely py-
ritized and sericitized., These mineralogic types of alter-
ation vary slightly in distribution, but in general the area
of pyritic alteration, evidenced on weathered surfaces by
reds and oranges of iron oxides, covers the associated seri-
citized rock. The colors found on the weathered surface of
the altered zones are quite striking and were responsible
for the name Red Amphitheatre. The altered rocks are broken
in the process of weathering more readily than are the unal-
tered, and consequently altered rocks form large areas of
talus slopes. This factor made detailed mapping of the
alteration difficult and the relations shown on Plate IV are
generalized. An idea of the surface effects, coloration,
and distribution of this type of alteration can be seen in
Figures 19, 20, and 21, views of the Red Amphitheatre area.

The major development of pyritic and sericitic alter=-
ation is in Precambrian granite gneiss, which is the predom-
inant rock type near the Red Amphitheatre., Along the west
side of the Amphitheatre, where the strong alteration should

extend into the sedimentary rocks, relations are obscured by
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extensive talus. Along the east wall of the Amphitheatre,
the Sawatch quartzite is pyritized and altered along frac-
ture zones. This alteration diminishes upwards and the
quartzite is relatively unaltered at the top. In contrast
to granite gneiss, the large dike-like body of diorite is
relatively unaltered except where it is crossed by major
fractures, which have associated alteration similar to that
in the granite gneiss. The selectivity of the alteration
for granite gneiss was probably caused by the brittle,
easily fractured character of this rock in contrast to the
tough diorite that would not readily shatter.

Along the east wall of Red Amphitheatre, associlated
with the pyritic and sericitic alteration, are areas where
portions of the Peerless and Manitou formations have been
replaced by light yellow-green serpentine and tremolite.

In the formations above the Manitou, recrystallization of
the carbonates and bleaching has taken place and in spots
irregular veinlets of epidote are present. Specimens of
hornblende schist, poorly exposed east of the Home Sweet
Home Mine and along the eastern edge of the area of pyritie,
and sericitic alteration show alteration of hornblende and
biotite to serpentine. The serpentinization in the Red
Amphitheatre area seems similar to that described by Behre
from Manitou dolomite near magnetite-gold veins on the south

side of Printer Boy Hill in the Leadville district (Behre,
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