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PRELIMINARY REPORT ON THE GEOLOGY OF MOUNT
LINCOLN AND THE RUSSIA MINE,
PARK COUNTY, COLO.

QUENTIN D. SINGEWALD®
and
B. S. BUTLER’

INTRODUCTION

Since the summer of 1928 a detailed study of the geology
and ore deposits on the east side of the Mosquito Range near
Alma, Park County, Colorado, has been a part of the co-
operative program of the Colorado Metal Mining Fund, the
State of Colorado, and the United States Geological Survey.
In order to make some of the results of this study imme-
diately available to those engaged in developing or prospect-
ing in the area, a preliminary report* was published that
covered part of the distriet.

The present report serves the same purpose for another
part of the district and gives some information regarding the
geology of the Russia mine that may be of general use in
prospecting in the district. Of the several silver-lead mines.
whose ore bodies occur as replacement deposits in the upper
part of the Leadville (“Blue”) limestone, the Russia mine
was the only one in the district accessible for study.

The location of the Mount Lincoln area is shown in
Figure 1.

During the summers of 1928 and 1930 the writers, ably
assisted by Robert D. Butler, mapped the areal geology of
this region. - In 1928 the writers made two visits under-

'Published by permission of the Director of the United States Geological Survey.

2Assistant Geologist, U. S. Geological Survey.

2Geologist, U. S. Geological Survey. d

“Singewald, Q. D., and Butler, B. S., Preliminary geologic map of the Alma mining
district, Colorado: Colo, Sei. Soc. Proc., Vol. 12, No. 9, pp. 295-308, 1930.
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ground in the Russia mine, and in 1930 the mine was mapped
" by Singewald in co-operation with Robert E. Landon and
Robert D. Butler, assisted by Waldo Butler.

The relative certainty with which sedimentary or
igneous contacts and fissures could be determined in the field
is indicated on the geologic maps that accompany this paper.
Contacts and faults actually seen are shown by solid lines;
those not seen but inferred with considerable assurance are
shown by broken lines; those whose existence or position is
doubtful are shown by broken lines with question marks.
It is probable that faults and small igneous masses not
shown on the areal geologic map exist at places where the
bedrock is covered by soil or talus.

« Cosomace
Srairias

Fig 1. Index Map of central Colorado Showing Location of
Mt. Lincoln Area

The writers are grateful to Mr. James N. Redman, of
Denver, for his many courtesies and for the large amount
of information on the Russia mine that he furnished. They
are also indebted to Mr. Sydney H. Ball, of New York City,
for information obtained by him in 1928 during a geologic
examination of the area for private interests, and to Mr.
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M. N. Short, of the United States Geological Survey, for a
study of the polished sections of specimens from the Russia
mine.

The geography and general geology of the Mt. Lincoln
and nearby areas have been descrlbed in several previous
reports.®

RoCK FORMATIONS
PrE-CAMBRIAN ROCKS

The pre-Cambrian rocks of the area consist of injection
gneiss, pegmatite, granite gneiss, quartz-mica schist, and
granite. These are cut by numerous Tertiary (?) igneous
dikes. The pre-Cambrian and the Tertiary dikes are not dif-
ferentiated on the acompanying geologic map. Their distri-
bution has been mapped in detail by John Vanderwilt and
Robert E. Landon, whose work will be included in the final
report on the Alma district.

PALE0OZOIC SEDIMENTARY ROCKS

The areal distribution of the sedimentary rocks is
shown on the accompanying geologic map (Plate I). What
may be considered a type section of the sedimentary rocks
for the Mount Lincoln area, measured on the cliffs at the
head of Lincoln Amphitheater, is shown in columnar form
in Figure 2. No discordance in dip was observed within this
series. Detailed descriptions of the lithologic units into which
the formations are divided are omitted here because of the
similarity to the descriptions already published® for similar
sections elsewhere in the Alma district. However, there are
a few special features of the stratigraphy that deserve men-
tion.

All zones of the two members of the Sawatch formation
found in the Alma district as a whole occur in the Mount
Lincoln area, and all except the lower quartzite zone main-
tain nearly constant thickness. The lower quartzite zone

Bmmons, S. F., Geology and mining industry of Leadville: U. S. Geol. Survey Mon.
12, 1886. Patton, H. B., Hoskin, A. J., and Butler, G, M., Geology and ore
deposits of the Alma mining district, Park County, Colorado: Colorado State
Geol. Survey Bull, 3, 1912. Emmons, S. F., Irving, J. D., and Loughlin, G. F,
Geology and ore deposﬂ;a of the Leadville mmmg district, Colorado: U. S. Geol.
Survey Prof. Paper 148, 192

'Singewald, Q. D., and Butler, B. S.. op. cit., pp. 296-308.
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thins from east to west from a maximum of about 90 feet
to a mimimum of about 50 feet. This probably indicates
slower subsidence in the west than in the east.

The “White” limestone, owing to the absence of the
upper limestone, is much thinner here than throughout most
of the rest of the Alma district. This is attributed to erosion
before deposition of the overlying Parting quartzite of nearby
areas. Evidence has been presented in another paper? that,
in the entire Alma district, emergence and erosion occurred
after deposition of the “White” limestone, that the Mount
Lincoln area was a low island while the Parting quartzite was
deposited in surrounding areas, and that resubmergence oc-
curred later there than elsewhere.

Two features of the “Blue” limestone are of 1nteres’c—-—-
it rests on the “White” limestone, and a bed of limestone
breccia, averaging about 5 feet in thickness, occurs at the
base of the formation. The breccia, which serves as a useful
horizon marker in locating the contact of the “Blue” and
“White” limestone, is found in the Alma district only in and
very near the area where the Parting quartzite was not de-
posited. Because it weathers dark brown and forms a small
but distinct ledge it may often be recognized at a distance.
The breccia consists of unsorted angular fragments of dolo-
mite, nowhere exceeding 4 inches in length, inclosed in a
dolomite matrix. Fragments and matrix are creamy white
where freshly broken, but the fragments weather to a darker
brown than the matrix.

The Weber (?) formation is the youngest sedimentary
formation in the area. Less than 150 feet of its lowest beds
remain on Mount Lincoln. The base at some places is a yel-
low shale, locally called “cap rock,” but at other places is a
fine-grained quartzite. i

TERTIARY (?) INTRUSIVES

Intrusive igneous rocks of late Cretaceous or early Ter-

tiary age, forming part of the belt® of Tertiary (?) intrusives

TSingewa]d Q. D., Depositional features of the parting quartzite near Alma, Colorado:
Amer. Jour. Sm in press.

Spurr, J. E., and Garrey. G. H., Economic geology of the Georgetown quadrangle
(together with the Empire district), Colorado, with general geology by S. H.

Ball: U, S. Geol. Survey Prof. Paper 63, pp. 67-71, 1908,
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of central Colorado extending southwestward from Boulder
County, occur extensively as sills and dikes and in a few
places as pluglike or irregular-shaped masses. The mass
forming the peak of Mount Lincoln appears to be a lacco-
lithic sill. As at Leadville, these rocks are divided into a
gray porphyry group and a white porphyry group. Each
group is further subdivided. On the geologic map (Plate I)
their distribution within the sedimentary rocks is shown in
detail, but their distribution within the pre-Cambrian rocks
is not shown.

GRrAY PORPHYRY GROUP

General features—Rocks of the gray porphyry group are
darker and almost everywhere contain more phenocrysts than
those of the white porphyry group. Lithologically they may
be divided into three main classes, which Patton® designated
diorite-porphyrite, quartz monzonite porphyry, and Lincoln
porphyry. The last two names have been retained. As the
term porphyrite usually implies pre-Tertiary age, the name
diorite-porphyrite is here changed to monzonitic diorite
porphyry; these rocks are mnear monzonite in composition,
but the term diorite is retained because of its firm establish-
ment in local usage.

Evidence that all the gray porphyries were derived from
the same magma reservoir and that they are of nearly the
same age will be presented in the final report on the Alma
district.

Monzonitic diorite porphyry—The rocks classed as mon-
zonitic diorite porphyry are a little more salic in composition
in the Mount Lincoln area than at the type locality on Love-
land Mountain,’® but their appearance is nearly the same at
both places. They may be distinguished by their dark color
and by the abundance of hornblende and scarcity of quartz
as phenocrysts. Usually they have a fresh appearance, but in
places they are somewhat altered. Numerous small to me-

9patton, H. B., Hoskin, A. J., and Butler, G. M., op. cit., pp. 74-92.

wSingewald, Q. D., Alteration as an end phase of igneous intrusion in sills on Love-
land Mountain, Park County, Colo. (Paper read at meeting of the Geological
Society of America, Dec. 31, 1930.)
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dinm-sized grains of plagioclase, hornblende, biotite, and
guartz are inclosed in a very dark greenish-gray groundmass.

Quartz monzonite porphyry—The quartz monzonite
porphyries are a little lighter in color, have more quartz and
Jless hornblende as phenocrysts, and usually are more altered
than the monzonitic diorite porphyries; they lack the large
pink orthoclase crystals found in the Lincoln porphyry.
Their color, which depends largely on the extent and nature
of their alteration, is green, brown, red, or rarely white.
Where not intensely altered, small to medium-sized grains of
plagioclase, altered biotite and hornblende, and quartz are
inclosed in a medium greenish-gray groundmass.

Lincoln porphyry—The typical Lincoln porphyry has
conspicuous, fairly well formed crystals of pink orthoclase,
ranging from less than 1 inch to more than 4 inches in length,
seattered through a rock that in other respects resembles the
guartz monzonite porphyry. However, many sills and dikes
of Lincoln porphyry have a marginal facies, not exceeding 12
feet in thickness, in which the pink orthoclase crystals are
absent and quartz is less abundant and all phenocrysts are
smaller than in the rest of the rock. Although the zone of
gradation between the marginal facies and the typical Lin-
coln porphyry is fairly thin, nowhere is there a definite con-
tact between them. In general the Lincoln porphyry is less
altered than the quartz monzonite porphyry, but at a few
places it is intensely altered.

WHITE PORPHYRY GROUP

General features—Owing to their very light color, the
white porphyries often can be identified at a considerable dis-
tance. The group includes an early white porphyry, which
is older than the gray porphyries and equivalent to the white
porphyry at Leadville, and a late white porphyry, which is
younger than the gray porphyries. Throughout the Alma dis-
trict feldspar phenocrysts usually occur in the late white
porphyry but do not occur in the early white porphyry; yet
this is not universally true. The two white porphyries can
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be distinguished with certainty only where their age rela-
tions can be established.

Early white porphyry—The only occurrence of early
white porphyry is a sill, about 3 feet thick, in the Sawatch
formation in the northeastern part of the area. Rock from
this sill contains a very few small to medium-sized muscovite
flakes and quartz grains scattered through a whitish-gray
soft groundmass that appears homogeneous to the naked eye.
Along joints and on exposed surfaces the rock has a rusty
brown color that is darker than its characteristic color else-
where in the Alma district.

Late white porphyry—The late white porphyry is whitish
gray and at many places has sheeted structure. Its ground-
mass is like that of the early white porphyry. Small to me-
dium-sized phenocrysts of feldspar, muscovite, and quartz
are fairly numerous in some varieties but exceedingly sparse
in others. The feldspars are usually white and considerably
altered. Muscovite appears to be an alteration product of
former biotite.

A dike, known locally as the “St. Louis dike,” that crops
out on the cliffs in the south-central part of the area differs
from the other late white porphyries in having, in addition
to quartz, phenocrysts of rather fresh biotite and coarse pink
orthoclase. The coarse pink orthoclase crystals suggest a
genetic connection between this rock and the Lincoln
porphyry.

STRUCTURE

On Mount Cameron the average strike of the sedimen-
tary strata is N. 20° E., whereas on Mount Lincoln it is a
little west of north, showing a distinet bend. As a similar
bend in strike is observed in the strata on the lower slope of
Mount Bross, to the south, it is probable that the axis of a
slight anticlinal nose extended N. 35° W. through the saddle
between Mount Lincoln and Mount Cameron. The average
dip of the strata, which is toward the east, ranges from a
minimum of 8° in the western part of the area to a maxi-
mum of 18° in the eastern part. Hence, Mount Lincoln must
be situated structurally on the north flank of an anticlinal
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nose which flattens considerably to the northwest. In addi-
tion to the regional variations, there are numerous local var-
iations in strike and dip. A cross section through Mount Lin-
coln accompanies the geological map (Plate I).

/L\

IMlgure 3—Chart showing trend and relative intensity of fissuring
in the Mount Lincoln area.

Although in the Alma district as a whole the faults have
heen classified into two main groups™—“major thrust” faults
and “minor” faults—in the Mount Lincoln area all the
numerous faults belong to the second group. Most of them
ure of premineral age acld many are mineralized, but some
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are postmineral. Steeply dipping normal faults that die out
within short distances both horizontally and vertically pre-

“l-l—ln-m-wn]:l, Q. D., and Butler, B, 8., op. cit.,, . 307.
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dominate. The maximum displacement of the faults rarely
exceeds 50 feet, and slickensides on some of them show that
at least the latest movement had a large horizontal com-
ponent.

Figure 3 shows the relative abundance of faults and min-
eralized fissures in different directions. The prevailing trend
is northwest, nearly at right angles to the prevailing trend
farther south in the Alma district.

RELATIVE AGES OF FAULTING, INTRUSION
AND MINERALIZATION

(See Figure 4)

The sequence for the Tertiary (?) intrusives is early
white porphyry, monzonitic diorite porphyry, quartz mon-
zonite porphyry, Lincoln porphyry, late white porphyry.
The early white porphyry is cut by the quartz monzonite
porphyry but nowhere is in contact with monzonitic diorite
porphyry. However, it is correlated with the white porphyry
at Leadville, where its relative age is established.’? Several
lines of indirect evidence presented in another paper™ indi-
cate that the monzonitic diorite porphyry is older than the
quartz monzonite porphyry. The Lincoln porphyry at many
places in the Alma district cuts the quartz monzonite
porphyry, but at one place the opposite occurs; hence, to
some extent, these two porphyries must have overlapped in
age. The late white porphyry cuts all the others.

Although there is evidence that a little faulting occurred
before intrusion, the fact that the gray porphyries are usually
displaced as much as the sedimentary rocks indicates that
most of the faulting occurred after their intrusion. The min-
eralization on the fissures themselves and the localization of
ore bodies near them prove that most of them are premineral.
However, there is evidence throughout the Alma district of
considerable postmineral faulting. Moreover, both premin-

2Emmons, S. F., Irving, J. D., and Loughlin, G. F., op. cit.,, p. 43.

*Zingewald, Q. D., Alteration as an end phase of igneous intrustion in sills on Love-
land Mountain, Park County, Colo.: (paper read at meeting of Geological Society
of America, Dec. 31, 1930).
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eral and postmineral movements took place on some of the
same faults.

The late white porphyry is not displaced by premineral
faults, but is mineralized at some places. Tts age, therefore,
is regarded as immediately before mineralization.

ORE DEPOSITS

It is reported that in 1865 some oxidized gold ores were
digcovered in the quartzite of the Sawatch formation on the
cliffs not far east of the “St. Louis dike.” The first silver-
lead ore body was discovered in 1871. There is no authentic
record as to the total production of the area, but various
estimates place it between $1,500,000 and $5,000,000.

The many abandoned mine workings and pits indicate
widespread mineralization whose greater intensity in the
vicinity of Mount Lincoln than in surrounding areas prob-
ably ig the result of the regional structure—proximity to a
slight anticlinal nose whose piteh flattens toward the north-
west. Individual ore bodies are localized along fissures and
in the wall rock near fissures. The mineralization was most
oxtensive at the top of the “Blue” limestone, but occurred to
some extent at lower horizons, especially in the “White” lime-
stone. No evidence of economically important mineralization
has been found in the pre-Cambrian rocks or in the Weber
(7) formation.

IF'ew of the mine workings are now accessible, and only
the ore deposits at the top of the “Blue” limestone could be
studied. These deposits are blanketlike replacement bodies
which were formed in areas of shattered limestone close to
flssures. The mineralizing solutions, where their upward
movenient was checked by the impervious shale of the Weber
(7) formation spread laterally and deposited argentiferous
and to some extent auriferous base-metal sulphides, with
unkerite, barite, and quartz as gangue minerals. At many
places comparatively recent but presumably preglacial sul-
phide enrichment and oxidation have formed new minerals
that considerably enriched the original ore.
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RUSSIA MINE
INTRODUCTION

i The Russia mine is about 1,000 feet southeast of the

peak of Mount Lincoln and has an elevation of 13,870 feet.
It is 9 miles by road from Alma Junction, the nearest ship-
ping point for ore. From the mine to Quartzville, a distance
of 234 miles, the road has steep grades and is in poor repair;
in order to be suitable for truck haulage, it would have to be
almost entirely rebuilt, and even then keeping it open during
the winter would be difficult. The road from Quartzville to
the junction with the main State road, a distance of 274 miles,
needs considerable repair but could be kept open for truck
haulage without much difficulty. The remainder of the dis-
tance to Alma Junction is covered by a State road that is kept
in good condition.

The mine was discovered and located in 1872. It has
produced considerably more than half of all the ore from the
Mount Lincoln area and is one of the three largest silver-
lead mines in the Alma district. The early work and most of
the production have been confined to three adits—the Shuck
Tunnel, the Pogue Tunnel, and the Redman Tunnel, located
northwest of the present portal. The older workings are a
maze of irregular-shaped, but nearly horizontal stopes, many
of which are filled with waste rock.

GENERAL GEOLOGY
RoCKs

The underground geology is showr on Plate II. The mine
workings are almost entirely in the Leadville (“Blue”) lime-
stone and the basal part of the Weber (?) formation, but
in addition they cut quartz monzonite porphyry and Lincoln
porphyry. The porphyries are intensely altered. Some masses
are so permeated with iron stain that they have a deep-red
color. At or close to the base of the Weber (?) formation is
a bed of altered yellow shale that locally is called “cap rock.”
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STRUCTURE

The average dip of the sedimentary rocks is about 12°
nearly due east. Slight variations in strike and dip occur
locally.

Sinuous fissures, most of which are small faults, are
abundant throughout the mine, but, as many of the stopes are
filled, it was feasible to map only the more prominent ones
in the older workings. With few exceptions the fissures be-
long to one of two principal sets. One set strikes north to
N, 86° W., and the other N, 55° W. to N. 80° W. The breccia
zones on the fissures, which are composed of angular lime-
ptone fragments and contain variable but small amounts of
clay gouge, vary in width from less than an inch to more
than a foot.

There are two main faults that have fairly large dis-
placements. One of these was cut 800 feet from the portal of
the Upper Hoosier Tunnel, and followed for more than 400
foet, It is a normal fault with an average strike of N. 66°
W. and a dip of 70° NE. and has a displacement of about
30 feet. The so-called “gold vein” occurs along this fault.
The other, known as the “Staircase fault,” is about 500 feet
from the portals of the Pogue and Redman tunnels. It is a
normal faylt with a strike N. 17° W. and a dip of 50° NE.
und has a aisvlacement of about 40 feet. This fault may con-
nect with one that strikes slightly west of north and dips 40°-
46° NE., on the Shuck level, 240 feet from the portal. The
fault on the Shuck level has a wide breccia zone, but the
amount of displacement on it could not be determined.

The absence of evidence that any of the faults are post-
mineral and the conclusive evidence that many of them are
premineral, lead to the inference that all or nearly all are pre-
mineral. One of the two main faults contains unbrecciated
ure, the “gold vein”. This vein was probably the feeder to
the replacement ore bodies on the stope level 25 feet above
the Upper Hoosier Tunnel. The other main fault, the “Stair-
case fault,” is probably premineral, but this has not been de-
finitely proved. No drag ore was observed along it, and the
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configuration of the stopes on opposite sides of it does not sug-
gest that once they were continuous. The alinement of the
stopes along many of the other faults indicates that they are
premineral.

Over large areas in the vicinity of fissures the “Blue”
limestone is intensely shattered. In many of these areas the
limestone fragments are coated with a thin film of iron-
stained clay that was probably formed by the oxidation of
‘substances deposited there during original mineralization.

ORES
OCCURRENCE

Except for one vein, the ore bodies were irregular-shaped
bed replacement deposits in the upper part of the “Blue”
limestone. As almost no ore may be seen in place, its oc-
currence had to be inferred from an examination of the
worked-out stopes, many of which are not shown on the mine
map. The stopes range in length from a few feet to several
hundred feet. As many adjoining ones are connected, the
mine is a maze of larger stopes and small connecting passage-
ways. Most of the stopes are very close to the top of the
“Blue” limestone, but some are as much as 50 feet below the
top. At many places there is an alinement of stopes along a
prominent fissure; usually they are on the west side, up the
dip from the fissure. The “Blue” limestone surrounding the
stopes is intensely shattered.

The “gold vein” is a tabular ore body formed by filling
along a fault fissure and replacement of the wall rock to a
distance not exceeding 15 feet from the fissure. Its exact
vertical range could not be determined, but ore extends more
than 50 feet below the top of the “Blue” limestone, and min-
eralization continues deeper. Horizontally, ore has been
mined for only about 100 feet along the fault.

MINERALOGY

The mineralogy of the ores is inferred from a study of
the “gold vein”, of small masses of lean ore found here and
there in the mine, and of a few specimens furnished by Mr.
Redman. It seems almost certain that the ore bodies were
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partly oxidized sulphide deposits. The partial oxidation was
preceded by the deposition of supergene sulphides, and these
two processes must have enriched the original hypogene min-
erals.

In their usual order of abundance the sulphide minerals
in the specimens studied are sphalerite, galena, pyrite, chal-

copyrite, freibergite, tetrahedrite, covellite, and chalcoc1te
Freibergite is the most abundant sulphide minerals ,ﬁn’ one
specimen which assayed 776 ounces in silver, Shortl“ de-
termined through microchemical tests that tetrahedrite con-
taining almost no silver occurs in two specimens in which frei-
bergite is absent. The amount of pyrite varies congiderably,
and locally galena is more abundant than sphalerite. The sul-
phide minerals are intimately intergrown in small clusters,
never exceeding 1 inch in diameter, that are abundantly scat-
tered through a gangue consisting predominantly of carbon-
ate and barite. Quartz, although not an abundant constituent
of the ore, is very abundant on the surface at several places
near the mine where large masses of “Blue” limestone are
completely silicified. Short observed insignificant amounts
of native silver, of supergene origin, in two specimens. Lim-
onite, azurite, malachite, cerusite (or anglesite?), clay min-
erals, and gypsum were identified as products of oxidation.
It is likely that at places other minerals existed.

Regarding the paragenesis of the hypogene sulphide min-
erals, Short states: “pyrite is always earliest; the sequence
pyrite, sphalerite, freibergite, chalcopyrite, and galena in
the order named is demonstrated in all sections, but reversals
of the above order are occasionally found.” Apparently some
of the pyrite grains served as neuclei around which later
sulphides were deposited, whereas others, now seen as iso-
lated grains, did not. Those that served as nuclel were con-
siderably replaced by the later sulphides, especially freiber-
gite. The sulphide minerals that are later than pyrite but
earlier than galena formed principally by replacement of
limestone but to some extent by replacement of earlier sul-
phides. Galena, which commonly occurs as kernels in the sul-

14Short, M. N., of the U. S. Geol. Survey. Written communication.
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phide aggregates, appears to have formed principally by re-
placement of earlier sulphides.

The sequence for the hypogene gangue minerals was (1)
slightly cloudy coarse-grained quartz, (2) coarse-grained
barite, (8) microcrystalline barite, slightly cloudy micro-
crystalline quartz (with barite outlasting quartz), and a little
ankerite, (4) ankerite and clear quartz, (5) ankerite, and
(6). calcite. The slight cloudiness of some of the quartz is
due to numerous minute inclusions. Much of the micro-
crystalline quartz grades into the coarse-grained quartz and
appears to have formed by slight granulation, solution, and
reprecipitation of the coarse-grained quartz without addition
of much more silica. The deposition of ankerite, which is
an iron-bearing dolomite, was long continued; it began at
the same time as barite, but most of it followed barite. The
latest ankerite forms druses in cavities. The presence of
subordinate amounts of calcite in some specimens was de-
termined by Short.

The precise age relations between the hypogene ore and
gangue minerals could not be established. Where the “Blue”
limestone is completely silicified the brecciated structure of
the limestone is preserved but the rock is nearly impervious.
This fact and the relatively small amount of quartz associated
with the ore seem to imply that quartz was formed earlier
than any of the sulphides, and that intensely silicified areas
were unfavorable to ore deposition. However, some quartz
continued to form until after sphalerite. Some barite and a
small amount of ankerite formed just before galena, but
much of the barite and most of the ankerite are later than
galena.

Limonite and covellite, of supergene origin, in all speci-
mens occur in exceedingly narrow veinlets that cut the hypo-
gene sulphide minerals; covellite is especially abundant in
freibergite and chalcopyrite, and limonite in chalcopyrite.
Many of these veinlets border earlier veinlets of the gangue
minerals. A subordinate amount of chalcocite and a slight
amount of native silver, both of supergene origin, in two
specimens were identified by Short.
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In the considerably oxidized specimens limonite is abun-
dantly distributed, and other minerals are present. Grains
consisting of aggregates of clay minerals are pseudomorphous
after barite. Gypsum occurs in druses, and around sulphide
grains it forms collofirm structures with limonite, malachite,
und azurite, but is in places cut by malachite-azurite veinlets.

The silver content of the Russia ore bodies varied greatly
and was independent of the lead content. Ocecasional samples
ngsayed more than 700 ounces per ton, but most of the ore
probably ran somewhat less than 100 ounces per ton. Micro-
chemical tests by Short showed the silver content of frei-
hergite to be high but of galena to be very low, and Short
concludes that the silver content of the little-oxidized high
grade ore “is represented entirely or nearly so by freibergite.”
The gold content was low, being less than 0.5 oz. per ton even
in the “gold vein”. Except for its higher gold content the
ore of the “gold vein” differs very little from that of the bed
replacement ores.

GENESIS OF THE ORES

The origin of the ores is very similar to that of many of
the ore bodies at Leadville’®. The hypogene solutions were
derived at depth from the same magma reservoir as the Ter-
tiary (?) igneous rocks. Where the upward movement of the
golutions -along fissures was checked by the impervious shale
of the Weber (?) formation, they spread laterally and thor-
oughly permeated and replaced parts of the “Blue” lime-
stone. The brittle “Blue” limestone is intensely shattered ad-
jacent to fissures, and this feature, together with the chem-
ical composition of the rock, was favorable to replacement.
However, some ore was deposited in the fissures themselves.
The ore zones of the Russia mine, considered as a whole,
trend northeastward, approximately at right angles to the
trend of the individual ore bodies. This suggests that at
depth the solutions ascended along a northeastward trending
fissure or set of fissures that are not now apparent at the ore
horizon but may be represented by a zone of brecciation. The

"“Emmons, 8. F., Irving, J. D., and Loughlin, G. F., op. cit.,, pp. 209-272,



406 PRELIMINARY REPORT ON THE GEOLOGY OF

ore bodies extended out along cross fissures that still further
brecciated the limestone.

The composition of the solutions changed as mineraliza-
tion progressed. Apparently the earliest solutions deposited
silica abundantly. As the content of silica decreased, the
content of sulphur, barium, iron, zine, copper, silver, anti-
mony, arsenic(?), and lead increased progressively, and
these elements were deposited. The latest solutions prob-
ably contained little except iron, which, added to dolomite
dissolved from the “Blue” limestone, formed ankerite.

With erosion of the land surface the hypogene deposits
were attacked and enriched by downward moving solutions.
All except an insignificant amount of this oxidation and en-
richment occurred before the region was glaciated.s

CONCLUSIONS

The extensive mineralization in the Mount Lincoln area
probably is the result of the influence of regional structure
upon ore deposition. The richness of some of the individual
replacement ore bodies, particularly those of the Russia mine,
is due to especially intense hypogene mineralization and to
enrichment by supergene solutions. The understanding of the
occurrence of ore in Mount Lincoln may be applied to the
search for similar ore bodies elsewhere in the Alma district
where the Leadville (“Blue”) limestone is covered by the
Weber (?) formation. As stated in a previous paper'’, the
most favorable localities for prospecting within Weber (?)
areas should be (1) in the downward projection of mineralized
fissures into the “Blue” limestone, even though they may not
be rich enough to work within the overlying Weber (?) for-
mation, and (2) on the upward projections of zones that
have been strongly mineralized in the lower formations to
their intersection of the “Blue” limestone. Ore bodies in the
“Blue” limestone at such localities may be especially rich if
they are located on structural terraces and if they are partly
oxidized. Oxidized bodies are not likely to be present more
than a few hundred feet below the preglacial land surface.

1"Emmons, S. F., Irving, J. D., and Loughlin, G. F., op. cit., p. 272.
"Singewald, Q. D., and Butler, B. 8., op. cit., p. 308.
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