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GEOLOGY AND ORE DEPOSITS OF THE LA PLATA DISTRICT, COLORADO

By Epwin- B. EckeL

ABSTRACT

This report embodies the results of a three-season field study
of the ore deposits of the La Plata mining district, which lies
within the La Plata Mountains in southwestern Colorado. This
rugged mountain group lies between the main San Juan Moun-
tains and the Colorado Plateau.” Although its climate is rigor-
ous the area is well-watered, and much of the 120 square miles
studied is covered by moderately heavy vegetation. An excel-
lent example of the laccolithic type of mountain group, the La
Plata Mountains were carved from a domal uplift of sedimentary
rocks intruded by numerous stocks, dikes, and sills of igneous
rock. .

The sequence of the sedimentary formatlons exposed within
the district is shown in the following table. Their character
and distribution are discussed rather fully in the body of the
report. .

Sedimentary rocks ;f the La Plata district

. ’ Thickness
Age Formation Member (feet)
Upper. ) Mancos shale. 1, 200
Cretaceous.
Dakota (?) sandstone. 100~150
Morrison formation. Shale. . 400-625
Junction Creek sand- 160~-500
. stone. .
Foper | Marl and Bilk Creek 25125
Wanakah formation. sandstone:
Pony Express limestone. 0-25
Entrada sandstone. . 100-265
TJurassic (?) ‘
and : Dolores formation. 500-750
Upper Triassic.
Cutler formation. 1, 500-2, 200
. Permian,
: Rico formation. 100-300
Pennsylvanian. Hermosa formation. 2,750

These formations are underlain by several hundred feet of
Cambrian, Devonian, and Mississippian strata, and by pre-
Cambrian granite and hornblendites, whose general character
is known from exposures in nearby areas. They were at one
time overlain by a great thicknes of Upper Cretaceous and Ter-
tiary rocks; these rocks once formed part of the dome but have
been removed by erosion. Recoghnition and mapping of the

stratigraphic units listed in the table above aided materially in |

acquiring a more complete understanding of the structure of
this complex mountain group than has been available heretofore.

The igneous rocks are all of late Cretaceous or Tertiary age
and are all intrusive.. They vary widely in composition and
form, but two general types are easily distinguished—porphyri-
tic and nonporphyritic. The porphyritic rocks, most of which
are intermediate between diorite. and -monzonite in composition,
are more abundant than the nonporphyritic rocks and occur as

857630—49——2

more or less contemporaneous-stocks, sills, and dikes. The non-
porphyritic rocks, in general somewhat younger than the por-
phyries, form irregular stocks and associated dikes. They con-
sist of syenite, monzonite, and diorite. The porphyry bodies
were intruded forcibly between the layers of sedimentary rock -
and were thus a major factor in the formation of the La Plata

dome, but there is clear evidence that the nonporphyritic rocks

during their intrusion replaced or assimilated the country rocks.

The intrusion’ of the porphyries was unaccompanied by meta-

morphism, whereas the nonporphyritic stocks are surrounded

by an aureole of more or:less mtensely altered sedm:entaty

rocks.

The most pronounced structural feature of the La Plata Moun- )
tains is a domal uplift of the sedimentary beds, about 15 miles
in ‘diameter, which blends somewhat into the southwestern
flank of the much broader San Juan uplift. This dome is partly
outlined by a steep, horseshoe-shaped hinge fold, open at the
south, which nearly encircles the central part of the mountains.
Within this hinge fold the rocks are rather thoroughly silicified,
but outside it they are relatively unaltered except very locally. -
On the south side of the hinge and along the northern and north-
western margin of the dome several strong faults have uplifted
the rocks toward the center of the dome. These major struc-
tural features were formed as a result of the intrusion of the
porphyry and preceded the emplacement of the granular stocks
and the development of metamorphism. During the doming
process, a large number of short, discontinuous faults of small
displacement were formed. Many of them trend east, but a few
radiate from the center of the dome., After the emplacement
of the nonporphyritic stocks, some of these faults were reopened
and new ones were formed. These new faults became the locx
of many of the ore deposits.

Spanish explorers visited the La Plata Mountains in the 18th
century and possibly found ore there, but- the first definitely
recorded discovery of ore was in 1873. Between 1873 and 1900
many mines were opened, but their production was compara-
tively small. Between 1900 and 1937, however, several highly
productive deposits were uncovered. These, together with the
smaller deposits which were discovered, had yielded nearly
$6,000,000 worth of ore by the end of 1937. More than half
this total came from two mines, the May Day and Idaho, and
four others yielded an aggregate of more than $1,000,000. Gold
has always been the most valuable product of most of the mines,

‘but over 2,000,000 ounces of silver and several hundred thousand

pounds of lead and copper have also been recovered.

More than 60 mineral species whose character and mutual
relations are described in the text are known or have been reli-
ably reported to occur in the district. By far the most
important are native gold and the various telluride minerals,
particularly those of gold and silver. )

The district is best known for its veins and replacement
deposits of gold-bearing and silver-bearing telluride ores, from
which the greater part of the production has come. In addi-
tion to these it contains a surprising variety of types of deposits
within a small area. These types include deposits of dissemi-

1



2 GEOLOGY AND ORE DEPOSITS, LA PLATA DISTRICT, COLORADO

nated platinum-bearing chalcopyrite, gold-bearing contact ore,
veins of mixed base-metal sulfides containing silver or native
gold, chalcocite veins, and veins of ruby silver ore. The gold-
bearing placers have not been very productive. )

Relations between the different types of deposit are far from
clear, but it seems certain that they were formed through a wide
range of temperature and possibly of pressure. Some evidence
of zoning is found, and several lines of evidence point to the
conclusion that all the deposits were formed during one gen-
eral period of hydrothermal activity that followed closely on
the emplacement of the nonporphyritic rocks.

Ore shoots are almost wholly confined to rocks that were
able to maintain open spaces along fractures. Ore shoots can
be expected only in places where one or more favorable struc-
tural features combine with rocks that either were originally
favorable to ore deposits or were made s0 by areal or local
(wall-rock) alteration.

Future production may well equal if not exceed the past pro-
duction. Suggestions for prospecting both for new deposits
and for other ore shoots in known mines are presented. The
report closes with descriptions of nearly all the mines in the
district.

INTRODUCTION

LOCATION AND POPULATION

The La Plata mining district, also known as the Cali-
fornia district, lies within the La Plata Mountains in
southwestern Colorado, 8 to 20 miles northwest of Du-
rango (fig. 1). It includes parts of La Plata and Mon-
tezuma Counties, which had populations of 12,975 and
7,798, respectively, in 1930.
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FI6URE 1.—Index map of southwestern Colorado showing location of the La Plata mining district and of geologic folios published by the
Geological Survey.



INTRODUCTION 3

The only settlements in the district are the old mining '_
town of La Plata, locally known as La Plata City, which

had a population of 33 in 1930, and Mayday which is
about the same size. A school is maintained at La
Plata in some years and at Mayday in others, the loca-
tion for each year depending on the relative. concen-
tration of children in the two towns. Mayday is near
the site of Parrott, which was the first settlement in La
Plata County and was once the county seat. A high-
tension line, paralleled by a telephone line, furnishes
electric power for the May Day, Idaho, and Gold King
mines.  Daily stage and mail service is maintained
between the Gold King mill and Hesperus, a small
town 814 miles south of La Plata. The principal sup-
ply point is Durango, which had 5,400 inhabitants in
1930, but Mancos with a population of 646 serves the
- Ilast Mancos sector.

TRANSPORTATION AND INDUSTRIES

The narrow-gage Rio Grande Southern Railroad
skirts the south edge of the mountains and connects with
the Denver & Rio Grande Western Railroad, also nar-
row-gage, at Durango. The nearest shipping points at
present are Hesperus and Brayton switch, near the East
Mancos River; but a spur, unused for many years, con-
nects Mayday with the main line. In addition to the
paved State highway that connects Durango and Man-
cos, the counties maintain graded roads that follow the
courses of Junction and Lightner Creeks and the La
Plata and East Mancos Rivers. Parts of the district
are accessible only by mountain trails, some of which
are kept in good condition, but there are several wagon
roads that could be made usable at the cost of a little
work., Parts of the main roads and nearly all of the
trails are closed by snow during winter, and much of
the region is then virtually inaccessible.

The only industries other than mining are lumbering
and stock raising. As shown in plate 1, the area de-
scribed includes parts of the Montezuma and San Juan
National Forests. The Forest Service provides and
maintains trails in the mountains, gives protection

" against forest fires, and supervises grazing and the cut-
ting of timber. Cattle are confined to the lower slopes,
in general below 9,000 feet, but several thousand head
of sheep are grazed.on the higher slopes each summer,
being moved in from the winter ranges of the San Juan

Basin soon after the spring thaws, pushed higher as -

the snows recede, and finally taken out for winter pas-
ture or for market in the late fall. Lumbering opera-
tions, except for some local cutting for mine timbers,
“have been confined in late years to the yellow-pine
stands west of the East Mancos River. In the early
days of the district, however, much cutting was done
throughout the district, and some of the old roads are
lumber roads.
Durango and Mancos are the supply centers not only
for the metal-mining community but also for the large

and prosperous farming industry of the San Juan Basin.
Much coal is mined in.the vicinity of both these towns
and also near Hesperus. Since the closing, late in 1930,
of the American Smelting & Refining Co.’s lead bullion-
copper matte smelter at Durango, which treated the La
Plata ore for many years, most of the ore produced has
been shipped by truck or train to smelters at Leadville
and Salt Lake City or to the Golden Cycle mill at Colo-
rado Springs.

TOPOGRAPHIC FEATURES

The La Plata Mountains lie about 20 miles southwest
of the main San Juan Mountain front. The inter-
mediate space is a heavily timbered region of rugged
hills carved from sedimentary rocks of Paleozoic and
early Mesozoi¢ age. The mountains rise abruptly on
the west, south, and southeast from the comparatively
level Colorado Plateau. They are thus situated on the
border line between the well-watered and heavily for-
ested San Juan region and a succession of arid mesas,
plateaus, and canyons that extend far into Utah, Ari-
zona, and New Mexico.

All the principal peaks of the La Plata Mountains Iie
within a 9-mile circle centering in the valley of the La
Plata River near the mouth of Tirbircio Creek (pl. 1).
The lesser summits and outlying ridges fall within an
oval area from 12 to 15 miles in diameter. The higher -
peaks are situated along the narrow divides on each
side of the La Plata River or on spurs extending from
these divides.  The lowest point in the area shown in
plates 1 and 2, in the southeast corner, is 7,250 feet above
sea level, but 79 percent of the area is above 9,000 feet
and nearly 19 percent is above 11,000. The highest
peak is Hesperus Peak, which rises to 13,225 feet, but
Mount Moss, Babcock Peak, and Spiller Peak are nearly
as high, and several other summits exceed 12,000 feet.

Except in the outlying parts of the mountain group
most of the slopes are steep, and many of those above
timber line are extremely rugged. In some compara-
tively large areas the rocks are bare, but in a large part of
of the district exposures of bedrock are obscured by
vegetation, -talus, alluvium, or morainal material.
Much of the geologic mapping shown in plate 2 is, in
fact, based solely on traverses up and down the ravines,
which for many areas present the only exposures of
bedrock.

DRAINAGE

The mountains have resulted from the dissection by
erosion of a domal uplift. Consequently the drainage
system, all of which is ultimately tributary to the Colo-
rado River, radiates in general from the central part of .
the group. The master stream, the La Plata River, has
cut almost through the north rim of the mountains
by headward erosion. This stream has a drainage area
of 37 square miles above the gaging station at Hesperus,
where it had an average discharge of 47.9 second-feet
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during the years 1917-85.1 There is one diversion for
irrigation above the gaging station. The greatest flow
yet recorded at Hesperus was 1,460 second-feet on June
28, 1927, but during the flood of 1911, for which there
are no records, the discharge was probably even larger.
The La Plata flows south from the mountains and
empties into the San Juan River in New Mexico.

The eastern parts of the mountain group are drained
by Hermosa, Lightner, and Junction Creeks, which en-
ter the Animas River, an important tributary of the
San Juan, near Durango. Bear Creek, which empties
into the Dolores River, a branch of the Colorado, drains
the north-central part of the mountains. All the west-
ern part is drained by tributaries of the Mancos, of
which the East and West branches are the largest.
With a drainage area of 73 square miles, this stream dis-
‘charged a maximum of 506 second-feet past the Mancos
gaging station during the years 1931-36. Between 1933
- and 1936 the average anniual discharge varied from 15.7
to 54.5 second-feet, but there are several diversions above
the gagmg station.? :

TOPOGRAPHIC MAPS

The topographic maps available for this survey were
old and:in many respects inadequate as bases for de-
tailed geologic mapping. The mountains lie within the
La Plata and Durango.15-minute quadrangles mapped
by the United States Geological Survey in 1895 and
1907, respectively. These maps were published on a
scale of 1: 62,500, or approximately a mile to the inch,
but photographic enlargements of parts of them, on a
scale of 1: 24,000, or 2,000 feet to the inch, were used for
field mapping. Durmg the present investigation the
cultural features were completely revised and much of
the topography was corrected, but in many places it was

1 Grover, N. C., and others, Surface water supply of the United States,
1936, part 9, Colorado River Basin: U. S. Geol. Survey Water-Supply
Paper 809, p. 122, 1937.
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found necessary to generahze the geologic mapplng to
make it fit the topographlc maps.

CLIMATE

In the rigor of its climate the area here described re-
sembles the mining camps of the San Juan Mountains,
but the La Plata Mountains, because of their exposed
p051t10n on the edge of the Colorado Pleateau, probably

. receive even more rain and snow than the main San

Juan Mountains. The nearest weather stations are at
Durango and Mancos, both at considerably lower alti-
tudes than any place within the district. The following
table however, gives some idea of the conditions in the
La Plata Mountains at comparable altitudes. Terminal
Dam is near the Animas River about 16 miles northeast
of the central part of the mountains. Savage Basin
between Telluride and Ouray is 40 miles from the dis-
trict, but it is the nearest station where records of pre-
cipitation at high altitudes have been kept.

The winters in the district are long, and in the moun-
tainous areas they are generally characterized by heavy
snow. Snowslides, some of great size and velocity, oc-
cure frequently and there are many snowslide scars on
the steeper slopes. Some of the slides recur annually,
and their scars remain virtually bare of vegetation from
year to year. Others occur at infrequent intervals and
allow the growth of heavy stands of aspen in their scars.
The most destructive slide on record took place in
February 1934 on Jackson Ridge. It destroyed the
new mill and other buildings at the Doyle mine and
took a toll of eight lives. Snowbanks remain in many
protected places to the end of July or August, and a
few of them, particularly in the upper part of Toma-
hawk Basin, often survive from one year to the next.

The spring months, especially May and June, are
generally the driest of the year, and the clear cool
weather of that season is favorable to field work. Pre-
cipitation during the summer varies widely from year

2Idem, p. 126.
Precipitation and snowfall at stations near La Plata district ®
Place A}g’é‘t‘)de S;gggsgf Tanuary F:E’;u' March | April | May | June | July | August Segl;m- October N({;g;m D%%e;m- Annual
Average monthly and annual precipitation, in inches -
Durango____.___.__ 6, 589 381 1.67|1.74 | 1.8 | 1.54|1.11/0.86|209]|216| 193|192 1.35| 1.77 | 19.98
Terminal Dam____| 8, 300 24 (2.49 1247 1232 1.99| 1.36 | 1.14 | 2.98 | 2.64 | 2.63 | 2.29 | 1.74 | 2. 25 | 26. 30
Rico . _____.___ 8, 824 29 (2.67 | 2.71 1285 1.63| 1.59|1.20| 3.09 | 2.564 | 2.75 | 1.56 | 1.49 | 2. 04 | 26. 12
Silverton._._._____ 9, 400 241210 | 1.83|2.87 {169 |1.38)1.62 307|330 298250144 1 91| 26.69
Savage Basin_.___ 11, 522 16 | 3.43 { 4.00 | 4. 57 | 4. 4 2. 68 .7513.02(332|2.80)3.00;293311] 3805
Average monthly and annual snowfall, in inches

Durango.__.______ 6, 589 28 | 16. 16. 4 7.8 2.4 0.7 0.0 0.0 0.0 Tr. 1.4 5.8 | 16.0 67.0
Terminal Dam____| 8, 300 24 29 1(28.8]21.5]13.4 3.1 Tr. .0 .0 0.2 6.0 15.7 | 27.6 | 145. 4
Rico_____________ 8, 824 25130.3(29.1(29.9]|15.5 6.0 .2 Tr. Tr 1.7 83| 18.6 | 24.9| 164.5
Silverton..___.____ 9, 400 24 | 25.3127.5|30.9|16.7 3.7 .4 .0 .0 1.3 89| 18.6 | 244 | 157. 7
Savage Basin..___ 11, 522 15| 52.5 | 55.4 | 64.8 | 61.1 | 36.1 4.9 1 .2 7.8 31.5 | 40.0 | 45.8 | 400. 2

a Sherier, J. C., section 22: Western Colorado, climatic summary of the United States, U. 8. Weather Bureau, 1934.



INTRODUCTION - b

to year. It commonly comes in the form of sudden
and more or less local thundershowers, but in some years
there are many days of almost continuous rain. The
first snow usually falls in late September or early. Oc-
tober. It is often followed by a month or more of

clear, crisp weather, the boasted Indian summer of the ,

Colorado Rockies; not infrequently, however, winter
weather sets in immediately after the first snows.

In summer the days are comfortably cool except on
the brush-covered lower slopes, and the nights are
always cold enough, even at the lowest levels, to require
the use of blankets. In the highest parts of the area
the average annual temperature is very low and frost
may occur at any time. The portals of some abandoned
mine workings, notably those of the Cumberland, are
partly or completely blocked with ice the year round;
the Muldoon workings were lined with beautiful ice
* crystals when the mine was examined in August 1936.

VEGETATION

A large part of the district is more or less heavily
timbered (pl. 3 4 and 21). The lower slopes, especially
in the southern and southwestern parts of the moun-
tains, are largely covered with thick stands of Rocky
Mountain white oak (scrub oak) intermixed with some
dwarf maple, western chokecherry,.and western service-

berry. These trees give way upward to comparatively

pure stands of aspen. In some places, as in the region
west of the East Mancos River, the aspen trees are 40
feet or more in height and 12 to 18 inches in diameter.
Nartow-leaf cottonwood, alder, and willow grow along
the banks of most of the streams, forming nearly im-
penetrable masses in some places. On the higher parts
of the mountains the deciduous trees give way to ever-
greens, of which Douglas and white fir, Engelmann
and blue spruce, and western yellow pine are the most
abundant species.

greens; but the gulch along Burnt Timber Creek, which
was laid bare by fire at some time between 1875 and
1895, is still almost entirely bare of trees.

Grass-covered slopes and open parks are compara-
tively rare below timberline, which ranges from 10,000
to 12,000 feet in altitude; but many large areas. above
timberline are covered with grasses, sedges, dwarf wil-
lows, and a profusion of exquisitely colored and fra-
grant alpine flowers. Among the most notable of these
upland meadows are three: one in Cumberland Basin,
one in the divide north of Diorite Peak, and one near
the head of Starvation Creek.

WILDLIFE

Deer, bear, beaver, coyote, and numerous smaller
mammals, together with a few wildcat and cougar, in-
habit the district throughout the year. Elk are oc-
casionally seén in the more inaccessible parts, but they
commonly remain in the remote parts of the Hermosa

Many of the higher groves of aspen .
“mark places where forest fires have destroyed the ever-

Creek drainage basin until late in fall, -after the do-
mestic sheep have been taken from the La Plata Moun-
tains.” Grouse are relatively abundant in many thick
groves of spruce, but ptarmigan are very scarce. Several

" of the streams, including Junction Creek and its tribu-

taries, Bear Creek, and the western tributaries of the
Mancos River, afford good trout fishing.
FIELD WORK AND ACKNOWLEDGMENTS

The field work on which this report is based was
begun in June 19385. A total of 50 weeks was devoted

to field work during the seasons of 1935, 1936, and 1937.

F. W. Galbraith, of the University of Arizona, acted
as fiéld assistant for all but the last few weeks of the
first two seasons, and he and the writer mapped most of
the mines together. Galbraith, and A. C. Spencer of
the- Geological Survey, who was associated with the
party in 1936 and 1937, took almost full responsibility
for the mapping of large parts of the district, and it is
difficult to express adequately the writer’s indebtedness
to both of them. Others who ably assisted for certain
periods were R. S. Moehlman, who replaced Galbraith
toward the close of the first season; V. H. Steele, who
acted as rodman and guide durmg 1937; and A. W.
Parker, Jr., and his associate, E. A. Bennett who sup-
plied horses and acted as packer and cook, respectlvely,
when the party was in camp in 1937. James Steele Wil-
liams, of the Geological Survey, spent 6 weeks in the
field at the beginning of the project. His stratigraphic
and paleontologic studies provided a working basis for
recognition. and differentiation of the sedimentary
formations in the metamorphic area. -

Except for the sections on paleontology, mineralogy,
and the chalcocite deposits of Bear Creek, contributed
by J. S. Williams, F. W. Galbraith, and E. N. Goddard,
respectively, the report was prepared by the writer.
Few people—including many writers of official reports
—realize the contributions made by others to a work of
this kind, nor do they sense the complex evolutionary
process by which the author’s ill-formed field notes,
maps, and ideas are given form and palatibility.
Throughout his office. work, the writer had the advan-
tage of constant advice from and discussion with Mr.
Spencer and other members of the Survey’s professmnal
staff. W. S. Burbank read the entire manuscript and,
during thé writer’s absence on other field work, gener-
ously assumed many of the burdens of putting it in final
form. F.C. Calkins edited the final manuscript ; to him
is due most of the credit for any virtues of readability
that the report may possess. To these men, and to the

" illustrators, typists, editors, and others who in various

ways furthered the preparation of the report, hearty ac-

" knowledgment is due. Mrs. LaCharles G. Eckel as-

sisted materially by giving constant encouragement
throughout the project.

Mining men and others in the district and i in. nearby
towns without exception were hospitable and courteous
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and cooperated in every way possible. Among those
who deserve special thanks are R. M. Wheeler, W. A.
Fleming, and W. F. Allen, Jr., successive managers of
the Gold King mine, who generously provided accommo-
dations for the party throughout most of the field work
and rendered many other services.
Bowman, and L. B. Graff of the Doyle mine, I. E. Good-
ner and Orville Bates of the Idaho mine, and R. H. Toll
of the Comstock mine were very helpful, as were the
officials of nearly all the other operating mines and pros-
pects. The following mining and business men were

particularly helpful: A. M. Camp, J. P. Channel, A. L.

Kroeger, and Robert Yeager, of Durango ; T. R. Mahan,
of Mancos; and William Barlow, Dan Cason, August
Ekburg, R. D. McCausland, and Peter and Joseph
Minoletti, of Hesperus. J. F. Beckstrom, in charge of
the State Planning Commission’s Mineral Resources

project, gave access to the reports and mine maps col-

lected by that organization in 1935 and 1936.
Asindicated by recent production figures for individ-
ual mines, there was little activity in the district during

the war years, and it was not revisited by the writer.

The Copper Hill, Allard, and Honeydew deposits were
later examined, however, by G. M. Schwartz and D. J.
Varnes, of the Geological Survey, and were sampled and
partly explored by the Bureau of Mines. The results
of these investigations are included herein.

PREVIOUS GEOLOGIC WORK

The La Plata Mountains were studied by geologists
of the Hayden Survey shortly after the discovery of the
ore deposits. The most complete report upon the geol-
ogy, however, is contained in the Geological Survey’s
La Plata folio, prepared by Whitman Cross and his as-
soclates in 1896-97 and published in 1899. This report
was used as a starting point in all the present work, and
large parts of plate 2 are taken without essential change
from Cross’ map ; but the larger scale used by the writer,
the great increase in underground exposures due to the
discovery and development of new mines, and advances
in knowledge of the stratigraphy of southwestern Colo-
rado during the past 40 years, made extensive revision

. and refinement of Cross’ maps both desirable and pos-

sible. No detailed maps of the part of the district
within the Durango quadrangle have been published,
but an unpublished field map prepared by Cross and his
associates for the Geological Survey during the years
1897-1905 was very helpful, and parts of it are repro-
duced here with little change. The following publica-
tions include all those known that relate significantly
to the geology and ore deposits of the district.
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GENERAL GEOLOGY
GENERAL RELATIONS

The La Plata Mountains have been long known as an
example of the laccolithic type of mountain group.
They were carved from a domal uplift of sedimentary
rocks into which numerous stocks, dikes, and sills of
igneous rock were intruded.

In general the strata, which range in age from Penn-
sylvanian through Upper Cretaceous, dip away from
the central higher areas. A horseshoe-shaped hinge
fold along which the dips are very steep nearly encircles
the central part of the mountains. On both sides of
this fold the dips are relatively flat. Several faults of
rather large displacement cut the outer parts of the
dome, and in the main body of the dome there are many
other fractures and small faults.

The igneous rocks vary widely in composition and in
form, but all of them can be grouped in two general
types—porphyritic and nonporphyritic. The most

3 Cross, Whitman, The laccolitic mountain groups of Colorado, Utah,
and Arizona: U. S. Geol. Survey 14th Ann. Rept., pt. 2, pp. 157-241,
1893. Gilbert, G. C., Report on the geology of the Henry Hountains:
U. S. Geog. and Geol. Survey, Rocky Mountain region (Powell Survey),
160, pp.; 1877.

abundant igneous rock in the district is diorite-monzo-
nite porphyry. The rock occurs as essentially contem-
poraneous sills, stocks, and dikes, which were emplaced
largely by forcible intrusion. The nonporphyritic
rocks, in general younger than the porphyry, consist of
syenite, monzonite, and diorite and occur as irregular
stocks associated with many dikes. The extensive meta-
morphism of the sedimentary rocks in the central part
of the district is related to these stocks. The stocks
were formed in large part by replacement or assimila-
tion of the older sedimentary and igneous rocks.

The most productive of the ore deposits are veins and
replacement bodies that yield gold and silver tellurides,
but there are also deposits of pyrite and chalcopyrite
enclosing native gold, of base-metal sulfides, and of
chalcopyrite enclosing platinum. Many of the deposits
are clearly related to the hinge fold and associated faults
mentioned above.

The principal object of this study was to obtain and
record up-to-date information on the ore deposits of
this little-known mining camp, but the attainment of
the object required comparatively detailed studies of
the areal geology and revision of the stratigraphy in
accordance with modern knowledge of the geology
of southwestern Colorado. The study has therefore
yielded a more complete picture of the geology of this
highly complex laccolithic mountain group than was
previously available.

PRE-CAMBRIAN BASEMENT ROCKS

Very little is known about the pre-Cambrian base-
ment rocks beneath the La Plata Mountains, as they are
buried under 8,000 to 8,000 feet of later rocks. The
nearest exposure of the pre-Cambrian complex is on
the Animas River near Baker Bridge and Rockwood,
14 to 16 miles north of Durango and 13 miles east of the
center of the mountains.* The pre-Cambrian rocks
there consist of schists and gneisses, with several large
bodies and many dikes of coarse granite. The pre-
Cambrian is much more extensively exposed farther
east and south, especially in the Needle Mountains,?
where there is a great diversity ot pre-Cambrian rocks,
including schists and gneisses, metamorphosed volcanic
rocks, granite of several kinds, conglomerates, and
quartzite.

Presumably the pre-Cambrian rocks beneath the La
Plata Mountains are similar to those of the Needle
Mountains. The only actual clue to their character,
however, is afforded by the inclusions in the later igneous
rocks. Most of the inclusions that were seen consist of
coarse granite or of hornblendite, similar in almost
every respect to the granite along the Animas River
and to the Irving greenstone of the Needle Mountains.

4 Cross, Whitman, and Larsen, E. 8., A brief review of the geology of
the San Juan region of southwestern colorado: U. S. Geol. Survey Bull.
843, pp. 17-22, pl. 1, 1935.

8 Cross, Whitman and -others, U. 8. Geol. Survey Geol. Atlas, Needle
Mountains folio (no. 131), 1905.
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This fact suggests that these two rocks underlie much of
the La Plata area, but there may be others that for one
reason or another are not adequately represented by in-
clusions in the later rocks.

SEDIMENTARY ROCKS
. GENERAL SECTION

The sedimentary rocks exposed in the La Plata Moun-
tains, as shown in the following table and in plate 2,
range from the Hermosa formation, of Pennsylvania
age, to the Mancos shale, of Upper Cretaceous age.
Only the uppermost layers of the Hermosa formation

are exposed within the district, but these are underlain-
by more than 2,000 feet of Hermosa beds and by sev- -

eral hundred feet of Cambrian, Dévonian, and Missis-
sippian sediments.
" shale is overlain by a great thickness of Upper Cre-
taceous and Tertiary beds, which formerly covered the
entire region and were involved in the uplift of the La
Plata dome. They have since been removed from the
mountainous area by erosion, and mnone of them was
studied elsewhere during the present investigation.

The stratigraphic section described below differs con- .

siderably from that given by Cross in the La Plata
folio.* The Rico and Cutler formations had not been
distinguished at the time of Cross’ field work, and he
grouped them with the Dolores. The Hermosa beds on
the La Plata River and Hermosa Creek were not recog-
nized during the earlier work. Much confusion has
existed regarding the terminology applied to the Juras-
sic rocks, and the La Plata sandstone originally de-
fined by Cross in the La Plata folio is now subdivided
into three formations. As these stratigraphic names
are not yet all in general use in the district, the widely
used local terms for the various stratigraphic units
are used parenthetically throughout the report.
~ In the central part of the district intense metamor-
phism makes it difficult to distinguish some of the for-
mations, or, in places, to determine whether a rock is of
igneous or of sedimentary origin. The prevailing red
colors have lightened to pale purplish and greenish
tints or to gray, shale has been altered to hornfels, and
sandstone to dense quartzite, and bedding has locally
been -obliterated. Contact-metamorphic minerals such
- as garnet, epidote, hornblende, specular hematite, and
magnetite, have been formed in the calcareous beds.
Fortunately all the formations occur unmetamorphosed
and in their normal sequence not far outside the district,
notably along the Animas River. * Studies of these un-
metamorphosed rocks by J. S. Williams and by the
writer and his other associates resulted in the finding
‘of good marker beds, diagnostic fossils, and other dis-
tinguishing characteristics. A sufficient number of
beds thus identified could be correlated with their meta-

8 Cross, Whif:man, Spencer, A. C., and Purington, C. W., U. S. Geol.
Survey Geol. Atlas, La Plata folio (no. 60), 1899. .

Outside of the district the Mancos

© 22, pp. 222-240, 1931.

morphosed equivalents within the district to make it
possible to distinguish the formations with some degree
of certainty, even where they were strongly metamor-
phosed. o

The sequence and general character of the sedimen-
tary rocks of the district are summarized in the table
on page 9.

PRE-HERMOSA ROCKS

‘The sedimentary rocks that lie between the pre-
Cambrian complex and the base of the Hermosa forma-
tion are buried so deeply beneath younger beds in the
La Plata area that they are of little economic interest.
They include the Upper Cambian Ignacio quartzite,
the Upper Devonian Elbért formation and Ouray lime-
stone, the Mississippian Leadville limestone, and the
Pennsylvanian Molas formation. All these formations
are well exposed along the Animas River, in the Needle
Mountains, and elsewhere, and they have been described
and mapped by several geologists.”

The Molas formation lies between the Leadville lime-
stone and the base of the Hermosa in the Needle Moun-
tains and Engineer Mountain quadrangles. It appar-
ently pinches out toward the southwest, however, and
was not recognized during the present navigation in
the vicinity of Baker Bridge and Pinkerton Hot
Springs along the Animas River. It may be repre-
sented there by beds concealed in an interval of poor
exposures at the base of the Hermosa, but no red
shales similar to those of the typical Molas were seen.

PENNSYLVANIAN SERIES
HERMOSA FORMATION

CHARACTER AND DISTRIBUTION

The Hermosa formation, typically exposed along
Hermosa Creek and the Animas River a few miles east
of the La Plata Mountains, consists chiefly of several
thousand feet of interbedded sandstones, grits, limy
shales, and limestones, with some black shales and gyp-
sum. Many of the limy beds contain abundant Pennsyl-
vanian fossils. Within the area shown in plate 2, expo-
sures of the formation are confined to a small area along
the La Plata River and Lewis Creek, and to an even
smaller area, not examined in the course of this study,
along Clear Creek in the extreme northeast corner of
the area mapped.  As the limestone beds of the Hermosa
almost certainly underlie the whole of the district, and
as they are the chief ore-bearing beds in the neighbor-

7 Cross, Whitman, A new Devonian formation in Colorado: Am. Jour-
Sci., 4th ser., vol. 18, pp. 254-252, 1904. Cross, Whitman, and Howe,
Ernest, U. 8. Geol. Survey Geol. ‘Atlas, Silverton folio (no. 120), 1905.
Cross, Whitman, and Howe, Ernest, Red beds of southwestern Colorado
and their correlation: Geol. Soc. America Bull,, vol. 16, pp. 447-498,
1905. Cross, Whitman, and others, U. S. Geol. Survey Geol. Atlas,
Needle Mountains folio (no. 131), 1905; Cross, Whitman, and Hale,
A. D, U. 8. Geol. Survey Geol. Atlas, Engineer Mountain folio (no.
171), 1910. Cross, Whitman, and Larsen, E. S., on cit. (Bull. 843).
Kirk, Edwin, The Devonian of Colorado: Am. Jour. Sci. 5th ser., vol.
Spencer, A. C., Devonian strata in Colorado
Am. Jour. Sci., 4th ser., vol 9, pp. 125-133, 1900.
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Sedimentary rocks of the La Plata district, Colorado

Age

Formation names in
current _use by Geo-
logical Survey

Member Name in local use

Name used in La Plata
folio 60

Thickness
(feet)

Character

Upper Cretaceous.

Mancos shale.

Mancos shale.

Mancos shale. -

1,200

Soft dark-gray to black carbunaceous
shale with thin lenses and concre-
tions of impure limestone. Only the
lower part is exposed within the
La Plata district.

Dakota(?) sandstone.

Dakota sandstone.

Dakota sandstone.

100-150

Gray or brown sandstone with variable
conglomerate at or near base. Carbon-
aceous shale partings and coal at
several horizons, Forms cliffs,
Should be favorable to ore, but little
of it occurs in the mineralized area.

Upper Jurassic.

Morrison formation.

McElmo formation.

McElmo formation.

400-625

Alternating friable fine-grained yellow-
ish-brown to gray sandstones and
variegated shales, with one or more
lenses of conglomerate near top.
Largely altered to dense light-colored
quartzite and hornfels in central part |
of district. Generally unfavorable to
ore deposits.

Junction Creek sand-
stone.

Upper La Plata sand-
stone.

‘Wanakah formation.

Marl and Bilk Creek
sandstone. shale.

Middle La Plata

La Plata sandstone.

Pony Express lime-
stone member.

'La Plata limestone.

Entrada sandstone.

Jurassic(?) and
Upper Triassic.

Unconformity

Lower La Plata sand-
stone.

160-500

Massive friable white sandstone, dis-
tinctly crossbedded. Altered to hard
white to brown quartzite in central
part of district. Contains much ore
in several places.

25-125

Alternating pink to red sandy marls
with lenses of friable white or light-
colored sandstone. Similar to Mor-
rison formation where metamor-
phosed. Generally unfavorable to
ore deposits.

0-25

Medium-gray to black massive un-
fossiliferous limestone. Locally re-
placed by pyrite or by tellurice
minerals. Largely altered to contact-
metamorphic minerals in central part
of district. Contains much ore in
several places.

100-265

Similar to J unction Creek sandstone.

Dolores formation.

Dolores formation;
‘“‘red beds.”

Dolores formation.

Permian.

Cutler formation.

Cutler formation;
“red beds.”

500~750

Salmon-pink to bright-red mudstones
and fine-grained sandstones. Several
beds and lenses of limestone-shingle
conglomerate and of light-gray
slabby sandstone at or near base.
‘Where metamorphosed it has same
character as shale of Morrison forma-
tion. Limestone conglomerate beds
altered to contact-metamorphic min-
erals in places. Generally unfavor~
able to ore deposits.

1, 500-2, 200

Alternating dull-red arkosic sand-
stones, congolmerates, limy shales,
and mudstones. Similar to Morrison
where metamorphosed. Nodules of
limestone, unaltered in places but
elsewhere represented by garnet,
epidote, etc. Favorable to ore de-
posits where rocks are silicified.

Rico formation.

Rico formation.

Not técognized; in-

Pennsylvanian,

Hermosa formation.

Hermosa formation.

cluded with Dolores
in mapping.

100-300

Dull-red shale, sandstone, and thin
beds of sandy fossiliferous lime-
stones. Similar to Morrison where
metamorphosed. Contains ore de-
posits in places. :

2, 800

Alternating green to gray and occa-
sionally dull-red arkosic sandstone,
shale, fossiliferous limestone, and
gypsum. Only the upper 500 feet is
exposed within La Plata district.
Favorability to ore deposits not
known.

Molas formation.

Mississippian.

Unconformity

0-75(?)

Red limy shale. May not be present
- beneath La Plata district.

Leadville limestone.

60(?)

Fossiliferous massive to laminated
Jimestone. -

Upper Devonian.

Ouray limestone.

75(2)

Fossiliferous limestone, sandy lime-
stone, and quartzite.

1 Elbert formation.

Upper Cambrian.

‘Unconformity

0-130(?)

Shale, limestone, and sandstone.

Ignacio quartzite.

‘Unconformity

50-100(?)

.Massive to thin-bedded quartzite,

with some conglomerate at base.
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ing camp of Rico, the question of their probable ore-
bearing character in the La Plata Mountains was con-
sidered an important part of the present investigation.
For this reason much effort was made to obtain a com-
" plete section of the beds at the type locality and to find
criteria that could be used for distinguishing the Her-
mosa formation within the mining district. - ‘

LITHOLOGY ALONG THE ANIMAS RIVER

The following composite section of the Hermosa was
measured in 1935 by J. S. Williams, F. W. Galbraith,
and the writer. Only a little more than half the beds
are well enough exposed to permit detailed study of

their character, but the measurements are believed the .

most accurate and complete that have been made at the
type locality. The section was pieced together from
several incomplete sections most of which are on the
west bank of the Animas River between Pinkerton Hot
Springs and the mouth of Hermosa Creek. A few
parts of the section were measured on the east bank
of the Animas River and along the lower reaches of
Hermosa Creek. Some of the incomplete sections were
tied together by “walking out” prominent beds; others,
especially those on opposite sides of the Animas River,
were united by projecting prominent beds or zones.

Composite section of Hermosa formation as exposed along the
Animas River and the lower part of Hermosa Creck
[Measured by J. 8. Williams, F. W. Galbraith, and E. B. Eckel]

Top of section. .
Rico formation, red mudstones, sandstones, and thin limestones.

Hermosa formation: Feet

1. Limestone, dark blue, containing Hermosa fos-
'sils, in beds up to 2 feet thick, separated by
thinner layers of limy shale (fossil collections

8574 and 8575) . __________________ 26

2. Sandstone, greenish-gray, slabby, cross-bedded_- 26

3. Covered interval_____________________________ 16
4. Sandstone, . brown to light-gray, arkosic and

coarse-grained —____________________________ 28

5. Shale and mudstone, maroon__________________ 50

6. Siltstone, gray with ill-defined green nodules____ 15

7. Shale and siltstone, red_______________________ 11
8. Sandstone, green, micaceous. Forms bench

(fossil collection 8573) _____________________ 25

9. Mudstone, maroon_____._______________________ 60

10. Grit, white. TForms prominent ledge. ________ 5

11. Shale, limy, gray___ o ___ 2

12. Covered interval ____________________________ 9
13. Grit, pink to gray, containing fragments of pink

feldspar and green shaly particles___.________ 15

14. Sandstone and interbedded mudstone, maroon__ 15

15. Limestone, blue, fine-grained-_..______________ 9

16. Limestone, gray, coarsely crystalline___________ 4
17. Shale, green, limy and sandy, with thin beds of
fossiliferous limestone (fossil collection

8572) 11

18. Sandstone, green, micaceous__________________ 8

19. Covered interval_____________________________ 52

20. Sandstone, coarse, arkosic—___________________ 15

21. Covered interval, probably red micaceous mud-

Composite section of Hermosa formation as exposed along the
Animas River and the lower part of Hermosa Creek—Continued

Hermosa formation—Continued

Feet
22. Sandstone, micaceous, fine-grained to medium-
grained_____________________ 6
23. Sandstone, gray, coarse-grained, and somewhat
arkosie____ . ______ . 3
- 24, Covered interval, probably gray shale__._______ 14
25. Limestone and shaly micaceous sandstone in thin
alternating beds. Some layers are made up
almost entirely of fossils, especially crinoid
stems (fossil collection 8571) ______________ 26
26. Covered interval________ U 20
27. Grit, pink to brown, with several thin beds of
coarse congloimerate. Forms box canyons__.. 70
28. Sandstone, green micaceous, with thin partings of
shale . ____ __ ________ o ___ 10
29. Shale, red and purplish-maroon, alternating with
beds of shaly, limy sandstone containing no-
dules of limestone___ _— - 16
30. Sandstone, greenish-gray, with limy lenses_____ 16
31 Limestone, drak-gray, carbonaceous, fossiliferous
(fossil collection 8368) _____.________________. 8
32. Sandstone, greenish-gray, micaceous, and shaly_ 814
33. Sandstone, brown, coarse, arkosic___________.___ 21

34. Sandstone, green, fine-grained, in 30-inch beds
separated by beds of shale 8 to 10 inches thick;
lenses of limestone and limy nodules—________ 30

35. Limestone, fossiliferous, in beds 8 to 15 inches
thick, alternating with beds of shale 1 foot to

3 feet thick (fossil collection 8567) ___________ 25
36. Covered interval, underlain in part if not wholly
by black shale-.__._________________________ 65
37. Shale, black and dark-gray__ - ____________ 11
38. Shale, light bluegray_ - _______________ 9
39. Covered interval, may be largely underlain by
black shale__ . __ 200
40. Shale, black, poorly exposed__________________ 65
41. Sandstone, green, micaceous_.____.___________ 23
42. Limestone, -black to blve_________ ____________ 1
43. Covered interval . ____________________________ 24
44, Shale, black____—____________________________ 4
45, Limestone, in three beds_____________________ 414
46, Sandstone, micaceous, shaly_______________ - 2
47. Shale, gray to black, with thin layers of
limestone ___ o ___ 1T
48. Limestone, in two thin beds, separated by
black shale __________ - 514
49, Sandstone, green, coarse-grained, arkosic__.____ 7
50. Sandstone, green, micaceous, shaly; some beds
relatively hard . __________________________ 44
51. Covered interval ___________________________ 100
52. Sandstone, greenish-gray, micaceous, shaly____ 20
53. Gypsum—__________________ . 12
54. Covered interval ____________________________ 6
55. Grit, fine-grained, brown_____________________ 8
56. Sandstone, green, micaceous-_________________ 5
57. Limestone, black, fossiliferous (fossil collection
8566) 3

58. Shale, black and fossiliferous shaly limestone;
poorly exposed in lower part (fossil collec-

tion 8565) - ____________ o __ 65
59. Shale, black, with several layers of limestone up

to 2 feet thiek . ____________________ 20
60. Limestone, fossiliferous, interbedded with black

shale ____ . 8
61. Partly covered interval, occupied in part by thin- ‘

bedded limestone (fossil collection 8564)____ 15

7/
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Composite section of Hermosa formation as exposed along the
Animas River and the lower part of Hermosa Creek—Continued

Hermosa formation—Continued

Feet
62. Sandstone, micaceous, and sandy grit; contains :
: plant remains_____________________________ 25
63. Sandstone, green, micaceous__________________ 10
64. Grit, fine-grained____________________________ i
65. Shale, micaceous, sandy, with limestone lenses__- 8
66. Sandstone, green, micaceous, with some fine grit.
- Limestone 6 to 8 inches thick at top. TForms .
box canyons and eliffs_____________________ 50
67. Sandstone, .coarse, arkosic.._________________ 17
68. Shale, green, micaceous—— - _____________ 4
69. Shale, black___________ U
70. Limestone, black [ 1
T71. Sandstone, green, shaly______________________ 4
72. Covered interval___________________________ 352
73. Sandstone, brown, coarse-grained, and grit.
) Contains some fragments of red feldspar____ 14
¢ T74. Covered interval_______ —— 27
75. Sandstone, grayish-green_____ S, 12
76. Covered intevval.___________ ________________ 5
77. Grit, brown —— e 22
78. Sandstone, poorly exposed____.____.___________ 3
79. Covered intervalo____________________________ B
80. Limestone, dark-blue, in three to four beds,
separated by sbale partings________________ 12
81. Covered interval__ e 12
82, Grit, with some quartz pebbles up to 34
inel e 25
83. Limestone in thin beds, with shale partings_____ 8%
84, Sandstone, green, micaceous, . fine-grained to
medivm-grained____________________-________ 3
85. Grit, fine-grained__ . __________________ 7
€6. Covered interval, underlain in past by green
sandstone__________________________________ 12
87. Limestone, blue to black, in three beds________ 9
88. Sandstone, micaceous. . __________________ 20
89. Sandstone and grit, green to greenish gray.____ 35
90. Shale, dark gray, with thin beds of limestone_._ 8
91. Limestone, blve_ . ___________ 4314
92. Shale, grayish-green_..________________________ 4
93. Sandstone, coarse, arkosico__________________ 20
94. Sandstone, green, shaly___.______________._____ 19
95. Shale, maroon and black, with 1-foot layer of
limestone at top__——-—— - 19
96. Sandstone and shale, mterbedded _____________ 8
97. Covered interwal, underlain in pa1t by sand-
stone and slnle ____________________________ 20
98.. Sandstone, green to maroon_____________.______ 11
99. Grit, finely conglomeratic_ . __________ Tl
100. Sandstone, maroon to green, shaly____________ 13%
101. Grit, green______ o __ 414
102. Sandstone, green, shaly __._.________ e 11
~ 103. Sandstone, gréen_____ . ______ 414
104. Covered interval, underlain in part by limy
sandstone_—___ . _____ 5
105. Limestone -and black shale, interbedded________ 4%
106. Sandstone, micaceous, with shale partings._____ 6
107. Sandstone, greenish-gray, shaly______._______ 5
108. Grit—__.__ U U 1
109. Sandstone, green, shaly____ . ________ 5%
110. Sandstone, coarse, with some red feldspar ______ 8
111. Sandstone, coarse, green-°1ay, showing current
ripple marks._ S 11
112. Covered interval, probably underlain by shale_. 12
113. Gypsum 1
114. Limestone and black shale in thin beds________ ' 5
115. Covered interval, underlain in part by black *
shale_ . e 1

H

Composite section of Hermosa formation as exposed along the
Animas River and the lower part of Hermosa Creek—Continued

Hermosa formation—Continued

Feet
116. Sandstone, micaceous, and fine erit.___________ 8
117. Covered interval, underlain by some green to
- medivm-gray shale and sandstone______ ___ 48
118. Limestone_______ .. 2
119. Sandstone, arkosic._ . ____________________ 4
120. Nearly all covered. A few thin beds of lime-
stone and of green micaceous sandstone near
base and scattered ones above. May be Molas |
‘formation in part, but no red or black shales '
were noted. Fusilinids were observed in some
thin limestone beds in the lower third of this
interval, but none were collected____________ 290
2,7151%

Leadville limestone :

121. Limestone, light-gray, fuable and finely crys-
talline, in beds at top of Leadville___________ 5
122. Covered interval . _____ - ______________ 12
123. Limestone, dark-gray to white, fossiliferous, and
somewhat cherty (fossil collection 8563)_____ 31
124, Limestone, blue, dense, fossiliferous__________ 12
125. Mudstone, mMarooN ... _________ 3
126. Limestone, blue to lead-gray-—- . ______ 8
127. Remainder of Leadville not measured at the lo-
cality at which the section was begun. For- .
mation consists largely of light-cream, buff,.
and light-grey limestone. It is exposed in
cliffs and benches along the Durango-Ouray
highway a few feet above the road level west
and north of Pinkerton Hot Springs________ 2,8141%

According to the foregoing section, the Hermosa is
about 2,750 feet thick on the Animas River. It can
there be sepamted on lithologic grounds into five divi-
sions.

The lowest d1v151on, which includes beds 100-120,
is about 450 feet thick. It weathers to form compara-
tively smooth slopes. The lower half of it is very
poorly exposed in most places and is probably made up
of shale in large part. The upper half is composed of
alternate thin beds of greenish shaly sandstone, arkosic
sandstone, and green, maroon, and black shale. A few
beds of limestone from 1 foot to 2 feet thick and at least
one thin bed of gypsum are interbedded with the shales.

The second lowest part of the formation, which con-
sists of beds 73-99 and is about 850 feet thick, weathers
to form prominent cliffs, benches, and box canyons. It
is characterized by thick beds of green and brown sand-
stone and grit, some of which are conglomeratic, but it
includes a few thin shaly beds between the beds of
sandstone, and several 4-foot to 12-foot beds of dark-
blue to black fossiliferous limestone.

The third division, which is about 1,225 feet thick
and includes beds 86-72, is characterized by black bitu-
minous shale, but it contains one or more thick beds of
gypsum and a few thin beds of fossiliferous limestone;
and thick beds of green micaceous and shaly sandstone,
like those in the third division of the formation, occur
near the base of the black shale series. In most places
the.rocks weather to form smooth slopes. '
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The fourth division is about 450 feet thick and in-
cludes beds 13-35. The lower third of it weathers to
form slopes that blend into those of the underlying
division, but the upper two-thirds commonly forms
prominent cliffs and steep-walled box canyons. This
fourth division is characterized by several beds of blue-
gray fossiliferous limestone, from a few inches to 10 feet
thick, and by almost equal quantities of maroon arkosic
grits and sandstones in thick beds and of red to maroon
shales, mudstones, and limy shales. Exclusive of limy
shales and mudstones, a total of 21 feet of limestone was
measured. Most of the beds of grits and sandstones
are coarse-grained, and some of them are conglomer-
atic.

The fifth and uppermost d1v1s1on of the Hermosa

formatlon, about 270 feet thick, includes beds 1-12.
It is marked by dull-red or maroon colors that con-
trast with the gray, brown, and green colors of the
lower beds, by an absence of thick beds of limestone,
and by a predominance of shales and mudstones. The
top of the formation is marked in the sections examined
by a 25-foot zone of interbedded shale and fossiliferous
limestone, underlain by a 50-foot bed of massive
medium-grained arkosic sandstone.

The section described above represents the Hermosa
formation in the particular area where it was studied,
but it may not represent the formation as exposed in
some area many miles distant. Many individual beds
pinch out entirely, or change markedly in character,
within a short distance along the strike. Spencer’s
statement ® as to the general chmracter of the Hermosa,
is significant. He says: :
throughout the area of its occurrence it [the Hermosa formation]
is not in general divisible, since individual beds and groups of
strata change greatly in character from place to place, so that
horizons cannot be definitely recognized in localities separated
from one another by more that short distances.

Comparison of the section at Rico with that given
above lends point to this statement. At Rico it is pos-
sible to divide the 1,800 feet of Hermosa beds into three
approximately equal parts.® The upper third consists
of black to gray shale alternating with green grits and
sandstones. The middle third consists largely of blue
bituminous limestone, and the lower third is made up
of alternating beds of grit and dark shale and one or
‘more thick beds of gypsum.

It may be said, nevertheless, that enough of the beds
persist for fairly long distances without material
change of character to permit accurate correlatlon
between separate exposures.

LITHOLOGY IN LA PLATA DISTRICT

The uppermost Hermosa beds crop out not far from
the center of the dome, along the bed and lower valley

walls of the La Plata River and extend up Lewis Creek -

8 Cross, Whitman, and Spencer, A. C., Geology of the Rico Mountains,
Colo. : U. S. Geol. Survey 21st Ann. Rept. pt. 2, p. 48, 1900.
® Cross, Whitman, and Spencer, A. C., idem, pp. 48-59. *

“part of the Hermosa formation.
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a little more than a mile (pl. 2). The relations are ob-
scured in most places by the poor exposures and by
sills and crosscutting bodies of porphyry. A thick-
ness of somewhat less than 500 feet is exposed in this
area. The formation here consists in large part of more
or less highly silicified mudstone and sandstone in-
distinguishable from much of that in the overlying
Rico and Cutler formations, but two or three beds of
light-gray limestone, which have a maximum thick-
ness of about 5 feet and contain characteristic Hermosa
fossils, are exposed in several places along Lewis Creek.
According to R. D. McCausland, who made a careful
study of the Rico and Hermosa rocks in connection
with the development of the Ashland-Ten Broeck vein
by the Brawner tunnel, a bed of limestone 20 feet or
more in thickness was formerly exposed in an open cut
on the south bank of Lewis Creek, about 1,800 feet above
its mouth,’ but most of this exposure was covered over
in 1935, and only about 8 feet of limestone could be
seen. Many of the limestone beds are surprisingly
free from alteration considering the marked silicifica-
tion of other beds in the section, and in at least one
place on the road up Lewis Creek determinable fossils
occur in a limestone bed at its contact Wlth the top of
a porphyry sill.

The highest fossiliferous horizon was mapped as the
top of the formation, but at many places where no ex-
posures of fossiliferous beds were found, the top of the
formation was taken to lie just above a thick bed of
arkosic sandstone similar to that which occurs near the
top of the Hermosa along the Animas River (bed 2 of
section on page 10).

A diamond-drill hole that was sunk in search of ore
at the mouth of Madden Creek in 1913-14 gives addi-
tional information as to the character of the. upper
The complete core
from this hole is on display in the Colorado Museum
of Natural History at Denver. It was not studied in
detail by the writer, but the exhibit is accompanied by
a log and correlation prepared by R. C. Hills, who was
responsible for the boring. This log and the original
driller’s log, the latter having kindly been lent to the
Geological Survey by the museum, were checked against
the core and appear to be approximately correct. The
writer has taken the liberty, however, of substltutmg
the term “mudstone and shale” for “schlsts, as recorded
in the logs. ‘

The“quartzites” noted in this log are largely silicified
sandstones and grits, although they doubtless include.
some metamorphosed mudstones and siltstones. Most
of the mudstones and shales recorded are mottled in
color, more or less thoroughly silicified, and similar.in
most respects to the same rocks where seen in surface
exposures. The “limestone’} probably includes beds
that once were limy shale, but much of it consists of

10 McCausland, R. D., personal communication.
o
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v Log of diamond-drill hole at mouth of M adden Creek

[Formation names indicate probable approximate correlation]

Thickness | Depth
‘(feet) (feet)
Cutler formation: .
Fractured quartzite_ .- _________________ 70 70
Variegated mudstone, shale, and quartzite_ 140 210
Gray to mottled, ﬁne-gramed quartzite_ . . 180 390
Variegated mudstone and shale with 33-
foot bed of quartzite near top. ... _. 208 860
POrphYTY - o oo 335 | 1,195
Rico formation:
Mudstone, shale, and quartmte .......... 168 | 1,363
. Porphyry . - ____ 42 | 1, 405
Quartzite, partly coarse grained__________ 23 | 1,428
Impure limestone_ .. .______________ 1] 1,429
Dark quartzite with some shale and mud-
stone__ __ . ________ o _____ 26 | 1,455
Hermosa formation: '
Gray quartzite and shale________________ 18 | 1,473
Impure limestone_ ... ____________ 8 | 1,481
Shale, mudstone, and impure limestone. . - 13 | 1,494
Porphyry _____________________________ 11 | 1, 505
Gray quartzite, with a little shale at top
and bottom._ _ _______________________ 69 | 1,574
Sandy limestone, with 1 foot of pink :
quartzite and a little shale_ ... ________ 47 | 1,621
Dark shale and mudstone____ ____________ 15 | 1,636
Sandy limestone__ ... ... ________ 11 | 1, 647
Shale, mudstone, and quartzite, with a
little coarse pmk standstone_____._.____ 44 | 1,691
Sandy limestone, with several l-foot, to
5-foot beds of shale___ .. ______.____ 63 | 1,754
Shale, mudstone, and quartzite_._____.___ 18 | 1,772
Varlegated impure limestone_ - . _._______ 48 | 1, 820
Shale and mudstone, with some quartzite_ 74 | 1,894
Porphyry_ ... 92 | 1,986
Quartzite_ - _____________ . ____ 20 | 2, 006

marble and represents true limestone. . Whether or not
the correlations are correct, the log shows clearly that
a part at least of the district is underlain by more
limestone than is anywhere exposed on the surface, and
by even more than is known to occur in the type section
of the Hermosa.

PERMIAN SYSTEM

RICO FORMATION

CHARACTER AND DISTRIBUTION

The Rico formation, named for the nearby mining
camp of Rico, where a typical section of it is exposed,*
lies between the Hermosa and. Cutler formations and
.is about 300 feet thick. It is made up chiefly of dull-
red, maroon, or chocolate-colored sandstones, arkoses,
and conglomerates and includes a minor proportion of

interbedded shales and sandy or shaly fossiliferous -

limestones. In many respects it is transitional between
the Hermosa and Cutler beds, but it resembles the Cut-
ler more closely than the Hermosa. The top of the
Rico at the type locality is of merely local significance,
being defined by the highest known occurrence of Rico
fossils and not by any recognizable lithologic or strati-
graphic break. The base of the Rico was taken to lie
just above the highest beds that were found to contain
Hermosa fossils. Exposures of the formation are poor,

11 Cross, Whitman, and Spencer, A. C., Geology of the Rico Mountains,
Colo.: U. 8. Geol. Survey 21st Ann. Rept., pt. 2, pp. 59-66, 1900.

however, in most places, many of its beds are more or
less thoroughly silicified, and the occurrence of fossils
is decidedly discontinuous, so that the boundaries as
drawn on plate 2 are based on only a few actually de-
termined points with interpolations that conform to
known structural relations.

There is much uncertainty among paleontologists and

~ stratigraphers as to the true character and age of the

Rico, but for present purposes the formation is here
classified as Permian, in accordance with previous Geo-
logical Survey reports on this area. The rocks mapped
as Rico on plate 2 locally form a readily recognizable
lithologic unit, characterized by red colors and by thin
beds of impure limestone that contain a more or less
characteristic assemblage of fossil forms. Recognition
of this unit has been of much value in working out
the structure of the La Plata dome.

There are three comparatively small exposures of the
Rico within the district here described. One of them
is on Clear Creek and is indicated in the northeast
corner of plate 2; this exposure was not examined dur-
ing the present investigation.- All but the lowest beds
of the formation are exposed along Junction Creek and
Flagler Fork, and its full thickness is present above
the Hermosa outcrops on the La Plata River and Lewis
Creek.

LITHOLOGY

The following section, measured in the first gulch
south of Basin Creek on the west side of the La Plata
River, gives the best obtainable picture of the character
of the Rico in the central part of the district. It is
shown diagrammatically in figure 2. All the rocks are
metamorphosed to some extent, and several beds that are
normally red are brown here.

Section 1 of Rico formation in first gulch south of Basin Creek,

west of La Plata River

[Measured by E. B. Eckel]

Feet
- 1. Shale, red, limy, containing a few fossils, and capped by
a thin layer of impure, richly fossiliferous limestone.. 2
2. Shale, red and gray, with a few limetone nodules. Beds
are more limy and more massive in upper half.
Medium-grained sandstone forms an 11-foot bed 50
. feet below the top and a 6-foot bed in lower half____ 126
3. Sandstone, gray to brown, coarse, arkosic______.___.__ 23
4. Porphyry, sill-like at base, upper contact vertical____ 112 .
5. Sandstdne, brown, coarse, arkosic--— . ______________ 19
6. Shale, red to brown, sandy, with a 4-foot bed of coarse
sandstone near the middle ' 22
7. Mudstone, red to brown, sandy_ . _______________ 28

8. Sandstone, brown to red, medium-grained to coarse-
grained, arkosic. Several shaly beds from 1 foot to

4 feet thick in lower 25 feet__ 73

9. Poryhyry sill, base unexposed, lecal structural relations
indicate that sill is almost certainly underlain by

. Hermosa formation______________________________

Total thickness exclusive of porphyry_____.______ 291
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F16URE 2.—Sections of Rico formation in La Plata distri¢t, showing tentative correlations.

The only other place in the central part of the district
where the Rico is even moderately well exposed is along
Amethyst Creek, one of the larger tributaries to Lewis
Creek. Here the base is not exposed, being located in
plate 2 by projection from other places. The beds as-
signed to the Rico are 275 to 300 feet in total thickness
and do not. differ materially in character from those
described in the section above. About 170 feet above
the base there is a 10-foot bed of red shaly limestone
containing abundant Rico fossils of white calcite. The
uppermost bed, about 15 feet thick, consists of red
shale that becomes increasingly limy toward the top.
At the top of this bed is a 3-inch layer of light-gray
impure limestone which contains abundant fossil frag-
ments and is similar to the layer that marks the top

‘in the two most complete exposures.

of the formation in the section given above.. The limy
shale is underlain by a 10-foot bed of conglomerate
characterized by the presence of many large pebbles.
This bed is entirely similar to the conglomerate beds in
the overlying Cutler formation. v

The top of the Hermosa formation and the lowermost
beds of the Rico do not appear to be exposed along
Junction Creek and Flagler Fork. The incomplete
sections described below and shown diagrammatically
in figure 2 indicate thie character of the upper Rico beds
Section 2 was
measured in the cliffs west of Junction Creek, 2,000
feet south of Flagler Fork; section 3 is a composite of
several exposures along Flager Fork and above Gaines
Gulch.
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Section 2 of upper part of Rico formation on west side of Junction
Creek, 2,000 feet south of Flagler Fork

[Measured by E. B. Eckel and F. W. Galbraith]

Top of section.

Diorite-monzonite porphyry sill.

Rico formation: . Feet
1. Sandstone, dull purplish-red, shaly, micaceous—- 13
2. Sandstone, massive, micaceous, in two layers sep-

arated by a 1-foot bed of nodular limestone_.__. 5
3. Shale, red, sandy, micaceous_—_____.___________ 6
4. Arkose, fine-grained to medium-grained, cross-
bedded, streaked in maroon and white. Con-
tains a few quartz pebbles. -‘This bed may
possibly represent the base of the Cutler
formation —________________ . . 14
5. Limestone, dull maroon, shaly and somewhat
nodular, unfossiliferous_——__________________ 214
6. Poorly exposed, probably dull-red sandy shale
' with limy noduwles._______________-_________ 3
7. Mudstone, dull red, sandy,. micaceous, with thin
shaly partings_—________ -~ b
8. Shale, dull red, micaceous, fissile______________ 3
9. Limestone, dull maroon, massive, unfossiliferous_ %
10. Mudstone, dull red, micaceous, limy sandy in mid-
dle 5 feet__ - S 19
11. Arkose, white to gray, ﬁne gramed micaceous,
cross-bedded, with a few thin shaly partings_.. 5
12, Mudstone like bed 10 but not limy.__________ 4
13. Arkose, light gray, fine-grained to medium-

grained, with streaks and lenses cf dark-maroon

sandy shale. Contains several thin lenses of

conglomerate with shale and chert pebbles up

to 1 inch in diameter_ . ___________________ 614
14. Sandstone, maroon to dark-grey, shaly, micaceous,

poorly consolidated_________________________ 314
15. Arkose, like bed 13- _______________________ 16
16. Shale, dull-maroon, very sandy, micaceous, limy__ 8
17. Limestone, dull-maroon, shaly near base and un-

fossiliferous throughout - - - 6

18. Sandstone, light-colored, micaceous, alternating
with dull-maroon sandy shale in beds 6 inches to .
2 feet thiek_________________________ 8
19. Limestone, dull-maroon to blue-gray, somewhat
nodular, in 2 or 3 massive irregular beds. Ap-
parently fossiliferous, but no determinable fos-

sils were obtained__________________________ bl
20. Shale, dull-maroon to dark-brown, micaceous, with
many limy nodules_________________________ 414

21. Sandstone and shale like bed 18. Beds range up
to 4 feet in thickness. A 6-inch to 18-inch bed
of coarse arkose, sparingly fossiliferous, and
containing many flakes of green shale, o_écm;s )
10% feet below top_______ - ______________ 21-
22. Arlkose, massive, light-gray, poorly cross-bedded,
medium coarse. Contains a few pebbles up to

3 inches diameter._______ S, 13
23. Sandstone, dull-maroon, micaeous, somewhat

shaly, shabby_______________________________ 16
24, Arkose, fine-grained to medium-grained. Mas-

sive when fresh but weathers slabby__________ 18
25. Limestone, like bed 19_________._____________ 20
26. Limestone, impure, gray, sparingly fossiliferous__ 2
27. Mudstone, red, micaceous______________________ 214
28. Limestone like bed 26, exposed thickness________ 2

Lower beds not exposed.
Total thickness exposed up to base of
porphyry sill ________________________.___ 233

Section 3 of lower part of Rico formation along Flagler Fork
and above Gaines Gulch

[Measured by A. C. Spencer]

Top of section. Feet
1. Arkose in alternating red and gray beds, with
layers of finer sandstone__._________________ 30
2. Sandstone, micaceous, shaly, with discontinuous
layers of limy mudstone____________________ 10
. 3. Mudstone, limy, grading upward to earthy lime-
stone with sparse fossil fragments__________ 2
4. Diorite-monzonite porphyry sill, about___.____ 50
5. Limestone, earthy . _______________________ 2
6. Covered ‘interval_.___________________________ 23
7. Arkose, gray——..______._ _ - _—— 12
8. Sandstone, shaly_________________________.____ 4
9. Limestone, earthy, unfossiliferous____________ 214
10. Arkose, gray, flaggy, with some red fine-grained
sandstone in upper 8 feet__________________ 13
11. Shale, silvery-gray, and red micaceous thin-
bedded sandstone_.__ . ____________________ 9
12. Limestone, gray, earthy, unfossiliferous_______ 5
13. Shale, red, micaceous, grading downward into
" lead-gray shale__________________________ 14
14. Sandstone, limy; forms a definite ledge_.______ 314
15. Shale, 4 feet, underlain by 7 feet of dense blue '
limestone in five layers. Exposed below falls
above road crossing., These beds, though they
contain no fossils, are probably to be corre-
lated with the fossiliferous gray limestone ex-
posed near mouth of Flagler Fork (base of
section 2) . ________ - 11
16. Arkose, massive, gray, and conglomerate, “71th~
one parting of fine-grained micaceous sand-
stone __ - —— 23
17. Shale, black, limy, with layers of blocky, dense,
black: limestone. Poorly exposed; thickness
estimated _________________________________ 40
18. Limestone, black, platy, with abundant crinoid
stems; exposed thickness___________________ 3
Lower beds not exposed.
Total thickness exposed, exclusive of
porphyry sill — ——- 207

Comparison of the overlapping parts of these sections,
and of both of them with the above-described Rico
section near the La Plata River, brings out strongly
the marked and rapid changes in lithology that charac-
terize the Rico formation wherever it is known. Beds
26-28 of section 2 are tentatively correlated with beds
14 and 15 of section 3. If this correlation is correct,
the total thickness measured is 259 to 297 feet, depend-
ing on whether the top of the Rico is placed at the base
of the porphyry sill in section 2 or 38 feet below it.
This sill clearly cuts across the beds at a slight angle
and rises toward the southwest, but because of the un-
certainties as to the position of the top of the Rico the
sill is represented in plate 2 as marking the contact be-
tween it and the Cutler formation. Several layers of
dark-gray to black shale containing abundant Rico fos-
sils are exposed along the Junction Creek road near the
mouth of Flagler Fork. No such accumulation of fos-
sils was found at the places where the sections were
measured, but bed 15 of section 2 above is probably the
stratigraphic equivalent of the fossil-bearing beds.
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CUTLER FORMATION

CHARACTER AND DISTRIBUTION

The Cutler formation, of Permian age, consists of
1,400 to 2,200 feet of typical redbeds made up of un-
fossiliferous mudstone, shale, sandstone, grit and con-
glomerate. It apparently thins rather rapidly toward
the west and north. The section along the Animas

River was not fully measured, but in the Durango .

quadrangle, to judge from Cross’ manuscript map, the
formation is about 2,200 feet thick. Its estimated
thickness along Junction Creek is about 1,700 feet. As
shown in the section below, it is 1,500 feet thick along
the La Plata River, and in the Rico district, 20 miles to
the north, it is only about 1,100 feet thick.'?

Where the rocks are not metamorphosed the alter-

nations of shaly and sandy beds generally produce step
like topographic forms, made up of gentle slopes alter-
nating with cliffs or steep slopes. In the central part
of the district, where the rocks are metamorphosed and
almost equally hard and durable, the slopes are more
uniform and are commonly steep.

The Cutler formation is underlain by the fossiliferous
Rico formation and overlain by the Dolores. It has
the broadest distribution of any of the sedimentary for-
mations in the La Plata district, being almost continu-
ously exposed in the central and eastern parts of the
district (pl. 2), except for its interruptions by many
bodies of intrusive igneous rock. In this area it is
bounded by the overlying Dolores except in the north-
eastern corner of the district, where the Cutler extends

- far to the north in the adjacent Rico and Engineer
Mountain quadrangles.® Two comparatively small
inliers of the Cutler are exposed along the East Mancos
River and Bear Creek in places where the Dolores for-
mation has been removed by erosion.

As explained above, the contact between the Rico.and

Cutler formations is arbitrarily placed at the top of
the highest fossiliferous horizon. The beds now known
as Cutler were included in the Dolores by Cross, al-
though he recognized a marked lithologic difference
between the upper and lower parts of the Dolores and
foresaw the possibility of subdivision in the future.*

In the field work on which this report is based, the
Dolores-Cutler contact was commonly drawn. at the
base of the limestone conglomerate and associated gray
flaggy sandstone which characterize the lower- Dolores.
In some places, however, the top of the uppermost con-
glomerate of the Cutler was mapped as the base of
the Dolores. According to Burbank,® the base of the
Dolores in the San Miguel valley is in many ‘places

12 Cross, Whitman, and Spencer, A. C., op. cit. (21st Ann. Rept), p. 68.

13 Cross, Whitman, and Ransome, F. L., U, S. Geol. Survey Geol. Atlas,
Rico folio (no. 130), 1905. . Cross, Whitman, and Hole, A. D., Descrip-
tion of the Engineer Mountain quadrangle: U. S. Geol. Survey Geol.
Atlas, Engineer Mountain folio (no. 171), 1910.

14 Cross, Whitman, Spencer, A. C., and Purington, C. W., op. cit. (La
Plata folio), pp. 2-3.

18 Burbank, W. S., personal communication.

marked by a conglomerate‘with pebbles of quartz and
chert or by a coarse crumbly grit, composed mainly
of quartz. As shown by exposures at Ouray where

there is an angular unconformity between the two for-

mations, this bed belongs to the Dolores and not to
the Cutler, although ordinarily it somewhat resembles
the Cutler, especially where it is crumbly or iron-
stained. This bed attains a thickness of 30 feet in the
San Miguel valley. In the La Plata district it was
not recognized but may well be present at least locally.
Because of the uncertainty regarding the position of
the base of the Dolores, the boundary as shown on plate
2 may range stratigraphically through as much as 100
feet.

Section of Qutler formation oh ridge east of Babcock Pealk
[Measured by E. B. Eckel]

Top of section.
Dolores formation.
Porphyry sill . ___ o ___ 193
Cutler formation: )
1. Sandstone, red to gray, coarse-grained, arkosic,
with a few pebbles and many flakes of red shale.
Contains one 3-foot bed of very limy mudstone-— 114
2. Mudstone, chocolate-brown to brick-red, limy in

part—_______ 17
" 8. Sandstone, coarse-grained, arkosic, with a few

small-sized to medium-sized pebbles___________ 12
4. Mudstone, dull-red, sandy_ ... _________ i __ 431
5. Conglomerate, light-buff, coarse-grained, arkosic

at base, grading upward to dull-red, medlum-

grained shaly sandstone ) |
-6. Mudstone, dull-red, sandy — 37
7. Sandstone, light-buff, arkosic, containing very few

pebbles 47
8. Mudstone and shale, chocolate-brown to dull-red,

with a few thin beds of shaly sandstone______._ 135

9. Conglomerate, light-gray, coarse-grained, arkosic_. 33
10. Porphyry sill . .___ ___ 680
11. Conglomerate, very coarse-grained, arkosic, con-
taining many small pebbles, 15 inch to 2 inches
in diameter___._._ - b2
12. Mudstone, dark-brown to dark- -gray, silicified, con-
taining nodules of contact-metamorphlc min-

13. Covered interval_. e 250
14. Sandstone, gray to reddish-purple, streaked, ar-
kosic, containing a few pebbles of quartz and -
many flakes and fragments of red shale__.._.____ 17
15. Mudstone and shale, dull-red to chocolate-brown,
sandy. A few beds are verylimy_ ____________ 70
16. Sandstone, light-gray to brownish-gray, coarse-
grained, arkosic, containing a few quartz
pebbles____ e 29
17. Mudstone, dull-red, in part very sandy and in part
very limy o ___ 47
18. Sandstone, brown to light-gray, arkosm contain-
ingafewpebbles_.__________-_______________ 19
19. Porphyry sill, about two-thirds exposed_________ 420
20. Sandstone, gray to brown, medium-grained, ar-
kosic, containing no pebbles__________________ 11
21. Mudstone, brown to gray, silicified, cut by a ver-
tical porphyry dike 8 feet wide_______________ 16
22. Conglomerate, reddish-brown, arkosic___________ 58
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Section of Cutter formation on ridge east of Babcock

Peak—Continued.
Cutler formation—Continued. . Feet
23. Mudstone, dull-red, limy___ . ______ 18

24, Conglomerate, dull-red, coarse-grained, arkosic_- 37
25. Mudstone, dull-red to dark-gray and green, partly
silicified. Very limy in upper 3 feet__________ 34
26. Porphyry sillo . __ 1814
27. Conglomerate, dull-red, coarse-grained, arkosic. i
(May not be true thickness, somé confusion
being caused by northeastward-trending por-
phyry dike.) - ____ - 81
28. Shale, red, grading upward to red mudstone,
which is in part very limy, with several thin
beds of shaly sandstone_ . ___________ 35

29. Porphyry sill e 87
30. Conglomerate, coarse-grained, arkosie, contammg
many large pebbles_______ e 4614
31. Poorly exposed. Rocks largely red shale and red
mudstone but include several thin beds of shaly
sandstone_._____ . __ __ ____ 70
32. Sandstone, brown, coarse-grained, arkosic, con-
taining a few small pebbles_ . ______ 39
33. Shale, red, sandy, micaceous. ... ___.__ 1614
34. Porphyry sill — I - 13
85. Mudstone, red, sandy_— ..~ ___________ 6

36. Sandstone, greenish-gray to brown, medium-
grained to coarse-grained, arkosic; no pebbles__ 26

37. Shale, red, limy, containing no fossils. . Assumed
baseof Cutler-- . _____________________ .6

Total thickness of Cutler sectibn, exclusive
of porphyry sills 1,505%

Rico formation ; red and gray shales containing Rico fossils.

_As exhibited in this section and elsewhere, the Cutler
is characterized by a succession of massive grits and
conglomerates, which are interbedded with finer-
grained sandstone and with shale and mudstone. With
good exposures some strata could undoubtedly be traced
for long distances, but as most of the beds are discon-
tinuous and as the relations are obscured in most places
by igneous rocks, by vegetation, or by talus, no subdi-
vision of the Cutler can be made.

Dull-red and maroon colors prevail in the fresh
rocks, though some beds are brown or greenish gray.
In general there is a tendency toward a gradation up-
ward from dull red near the base toward the brighter
reds of the overlying Dolores. No beds of true lime-
" stone are known, but most of the shaly beds are limy,
and in many places the lime carbonate is segregated into
nodular masses of relatively pure limestone. Nearly
all the beds are micaceous.

Grits, sandstones, and conglomerates are more abun-
dant in the lower half of the formation, but there are
two or more rather persistent layers near the top. One
‘of them is immediately beneath the Dolores in places,
but elsewhere the highest conglomeratic layer is 50 to
75 feet below the typical Dolores beds. The grits and
conglomerates occur in massive beds up to 80 feet in
thickness, but most of them are less than 50 feet thick.
Being generally rich in pink feldspar and white quartz,
they are lighter colored than the other beds. Some

v

layers are gray or pink, but most of the grits is charac-
terized by irregular streaks of red and white. Pebbles
are scattered through all of them and are very abun-
dant in some of the conglomeratic beds. Most of the
pebbles are less than 3 inches in diameter, and most of
them consist of quartzite or of granitic rocks, though
a few are of limestone. Cross®® notes the presence of’
dull, altered porphyry pebbles, but none were seen by
the erter.

 PALEONTOLOGY OF THE LEADVILLE, HERMOSA, AND

RICO FORMATIONS
By JAMES STEELE WILLIAMS

Invertebrate fossils weére collected in the course of
the present study from three formations—the Lead-
ville limestone, the Hermosa formation, and the Rico
formation. Only the last two were recognized in the
La Plata quadrangle itself. Because many of the beds
are there highly metamorphosed and unfossiliferous,
unmetamorphosed beds were studied, and a section of
them measured, along the Animas River in the Durango

“quadrangle, which adjoins the La. Plata quadrangle

on the east. The section was studied in order to dis-
tinguish, if possible, faunal or lithologic zones or se-
quences that would enable the formations, and perhaps
even zones within formations, to. be identified in the
metamorphosed rocks within the La Plata district. Un-
metamorphosed or slightly metamorphosed beds belong- .
ing to the Rico formation also were studied along
Junction Creek in the Durango quadrangle.

. The identifications of the species were made in 1941,
and changes in species names madé since that date are
not shown in this report.

COLLECTIONS FROM THE LEADVILLE LIMESTONE

Several collections were made from the Leadville
limestone along the Animas River, in an effort to locate
the Mississippian-Pennsylvanian contact in the section
measured. The highest collection stratigraphically
that was recognized as Leadville came from within
15 or 20 feet of the top of a series of limestone beds.
All these beds are considered to be pre- Pennsylvaman,
and the Mississippian-Pennsylvanian contact is placed
at the top of the highest one. Two of the collections
made from the Leadville limestone are described below.

Collection 8563 —This collection is from a bed about
15 to 20 feet below the top of the Leadville limestone,
in the section measured along the Animas River. Itis
the highest collection made in the Leadville.

The locality is about 13 miles northeast of Durango,
along the west side of the Animas River, in NW1,-
NW1; sec. 25, T. 837 N., R. 9 W. The fossils were taken
from the upper 10 feet of a 35-foot bed of tan crystal-
line limestone, which is cherty near the base. This
limestone is exposed about 500 feet north of Pinkerton
Hot Springs, on the west side of the highway, east of
and about 60 feet vertically below the railroad track..

18 Cross, Whitman, Spencer, A. C., and Purington, C. W., op. cit. (La

Plata folio), p. 3.
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~ The collection was made on June 25, 1935, by J. S.
Williams, E. B. Eckel, and F. W. Galbraith.’

The following species were identified :
Schuchertella? sp. indet., fragmeﬁt

Cranaena subelliptica hardingensis Girty?
Spirifer centronatus Winchell var. A

This collection is clearly Mississippian and probably
of the same age as the Madison limestone.

‘Collection 8678 —This collection came from a bed of
light tannish-gray crystalline limestone, about 80 feet
below the top of the Leadville limestone. The locality
is on the west side of the Animas River, about 1314
miles northeast of Durango and about 34 mile north
of Pinkerton Hot Springs at the top of the cliffs along
the west side of the Durango-Silverton highway, due
west of Baker Bridge over the Animas River. Collected
by J. S. Williams, E. B. Eckel, and F. W. Galbraith,
July 2, 1936.

The only two specimens collected were identified as
Schuchertella? of S. inaequalis (Hall) and “Productus”
(Linoproductus) sp. indet. Taken by itself, the col-
lection clearly indicates post-Devonian age and suggests
Mississippian, but the specimens are not complete
enough to be positively identified as of Mississippian
age. The stratigraphic position of the collection, being
below that of collection 8563, makes it certainly Missis-
sippian or older.

COLLECTIONS FROM THE HERMOSA FORMATION

Collections from the Hermosa formation were made
along the Animas River in the Durango quadrangle,
and along Lewis Creek within the La Plata quadrangle.

" SECTION ALONG THE ANIMAS RIVER

Ten: collections were made from beds described in
the measured section along the Animas River. Four
other collections were made from exposures along the
Animas Valley that were not in the direct course of
the section, but the stratigraphic positions of these ad-
ditional collection can be estimated rather closely. The
collections from the measured section are located in the
description of the section on pages 10-11 of this report,
and they are discussed in stratigraphic order below.

Collection 8575 —This collection is from the hlghest
zone in the Hermosa, bed 1 of the section.

The locality is along the east side of Animas River,
about 8 miles northeast of Durango and about 11/ miles
due east of Trimble, in SW14,NE} sec. 14, T. 36 N.,
R. 9 W., 470 feet (by hand level) above the road, in a
series of shaly limestones and calcareous shales which
is 18 feet thick. The collection was made by J. S.
Williams, E. B. Eckel, and F. W. Galbraith on
July 29, 1935. '

The species identified were:

Campophyllum? sp. indet.

Crinoid columnals
Productus (Dictyoclostus) hermosanus Girty

Collection 8574 ~—This collection is from float. It is
thought to have come from the same beds as collection
8575 and thus is probably from the uppermost 26 feet
of the Hermosa.

The locality is the same as that of collection 8575 ex-
cept it is 450 feet (by hand level) above the road, in
float from limestone beds exposed above a series con-
sisting mainly of greenish-gray sandstones and brown
grits, but including at least one 30-inch layer of maroon
mudstone. Collected by J. S. Williams, E. B. Eckel,
and F. W. Galbraith, on June 29, 1935.

The collection consists of the following forms:

Lophophyllum? sp. indet.
Crinoid columnals -
Buconospira sp. indet., fragment

Collection 8678 —This collection is from float that is
thought to have come from bed 8 of the section along
Animas River. This bed is about 170 feet below the
top of the Hermosa formation.

The locality is the same as that of collection 8575,
except that it is 310 feet (by hand level) above the road,
in a 25-foot bed of green micaceous sandstone, which -
stands out as a prominent bench and which is 50 feet
above a prominent 50-foot bed of white quartz and
feldspar grit. The collection was made by J. S.
Williams, E. B. Eckel, and F. W. Galbraith on
June 29, 1935. '

The collection contains the following:

Rhombopora? sp. indet.

Crinoid columnals

Composita sp. indet., young

Collection 8578.—This collection came from bed 17 of
the section along Animas River, about 316 feet strati-
graphically below the top of the Hermosa formation.

The locality is the same as that of collection 8575,
except that it is only 200 feet above the road (by hand
level). It is from 2-inch to 3-inch limestone beds, in
an 11-foot zone of green shaly sandstone, stained pink
immediately above a prominent bench-forming bed of
sandy grit, below which is a 40-foot brush-covered in-
terval.” The collection was made by J. S. Williams,
E. B. Eckel, and F. W. Galbraith on June 29, 1935.

Forms identified were:

Fenestrellina? sp. indet.

“Productus” (Juresania) nebraskensis Owen

“Productus” (Linoproductus) prattenianus Norwood and
Pratten

Spirifer (Neospirifer) dunbari (King)

Punctospirifer kentuckyensis (Shumard)

Cleiothyridina orbicularis (McChesney)

Composita subtilita (Hall) ,

Lima retifera Shumard

Collection 8571—This collection came from bed 25
of the section along Animas River stratigraphically
about 475 feet below the top of the Hermosa forma-

tiom.
The locahty is the same as that of collection 8575
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except that collection 8571 came from a 26-foot series
of hard and soft, shaly and micaceous black limestones
exposed 50 feet above the road, at a place where 25-
foot cliffs of grit are exposed along the road. The col-
lection was made by J. S. Williams, E. B. Eckel, and
F. W. Galbraith on June 29, 1935.

The following forms were identified: -

Fenestrellina? sp. indet.

Crinoid columnals' and plates

Derbya? of D. crassa (Meek and Hayden)

“Productus” (Linoproductus) pmttemanus Norwood and
Pratten

“Productus” (Linoproductus?) platjumbonus (Dunbar and
Condra) 7, incomplete specimen

Spirifer occidentalis (Girty)

Spirifer (Neospirifer) dunbari (King)

Punctospirifer kentuckyensis (Shumard) -

Composita subtilita (Hall)

Astartella? sp. indet.

Aviculopecten? sp. indet.

Collection 8568 —This collection came from bed 31
of the section along the Animas River, about 630 feet

stratigraphically below the top of the Hermosa forma- -

tion. According to the map, the locality is at an alti-
tude of about 8,000 feet in the canyon shown on the
topographic shieet as having its mouth in the NW1-
NW1, sec. 36, T. 37 N., R. 9 W., about 11 miles north-
east of Durango and 1.7 miles south of Pinkerton Hot
Springs. The fossils came from an 8-foot bed of hard
neutral-gray limestone, below greenish-stained and
reddish-stained grits and shales, about 50 feet below
the bottom of the second “box canyon” tributary to
this canyon. The collection was made by J. S. Wil-
liams, E. B. Eckel, and F. W. Galbraith on June 26,
1935

The collection is a small one.
lowing forms:

It includes the fol-

Crinoid columnals and plates :
“Productus” (Dictyoclostus) hermosanus Girty
Composite subtilita (Hall)

Spirifer sp. A

Collection 8567 —This collection is from bed 35 of
the section along Animas River (p. 10) about 700 feet
stratigraphically below the top of the Hermosa forma-
tion.

The locality is nearly the same as that of collection
8568 but farther down the canyon in a series of thin-
bedded light-blue limestones with shale partings,
directly above a thick zone of black shale and about
100 feet below the mouth of the second “box canyon”
in this canyon. The collection was made on June 26,
1935, by J. S. Williams, E. B. Eckel, and F. W. Gal-
braith.

The following forms were identified :

Fenestrellinoid bryozoan
“Productus” (Dictyoclostus) hermosanus Girty
“Productus” (Juresania) mebraskensis Owen

“Productus” (Linoproductus) platyumbonus (Dunbar and
Condra) .

“Productus” (Linoproductus) prattenianus Norwood and
Pratten var. A .

-Squamularia perplexa (McChesney)

Spirifer (Neospm,fer?) sp. indet., fragment

Spirifer sp. A.

Cleiothyridina orbicularis (McChesney)

Composita subtilita ovata Mather

Bellerophontid gastropod fragment

Collection 8566 —This collection is from bed 57 of
the section along Animas River described on page 10
about 1,350 feet stratigraphically below the-top and
about 1,400 feet above the.base, of the Hermosa for-
mation.

The locality is the same as that of collection 8568
but in a muddy dark-blue limestone bed in place at
the top of the black-shale zone, about 660 feet strati-
graphically below collection 8567. The collection was
made on June 26, 1935, by J. S. Wllhams, E. B. Eckel,

“and F. W. Galbralth

The following forms were identified :

Lophophyllum? sp. indet.

“Productus” (Dictyoclostus) hermosanus Girty

“Productus” (Lmoproduotus) prattenieanus. Norwood and
Pratten var. A

Spirifer sp. A

Composite sp. indet., immature individual

Collection 86656.—This collection came from float
probably derived from bed 58 of the section along

"Animas River (p. 10), 1,360 feet stratigraphically be-

low the top of the Hermosa formation.
The locality may be described in the same terms as
that of collection 8568, but the fossils were in float from

‘a bed of black shale about 665 feet stratigraphically

lower than collection 8567. The collection was made
on June 26, 1935, by J. S. Williams, E. B. Eckel, and

F. W. Galbraith.

The following forms were identified :

Bryozoans, several species

Cleiothyriding orbicularis (McChesney)

Spirifer sp. A

Gastropod fragment, possibly Worthenia sp. indet.

Collection 8564.—This collection came from float
probably derived from bed 61 (p. 10), which is about
1,450 feet stratigraphically below the top, and 1,300
feet above the base, of the Hermosa formation.
* The locality is the same as that of collection 8568.
The fossils are in float from a series of thin limestones
and black shales in a zone consisting predominantly of
shale, exposed upstream from the first “box canyon”
above the mouth of the main canyon. The collection
was made on June 26, 1935, by J. S. Williams, E. B.
Eckel, and F. W. Galbraith.
The forms identified are:

Bryozoan, probably Rhombop,qm

“Productus” (Dictyoclostus) sp. indet., fragments

“Productus” (Linoproductus) prattenianus? fragments

Norwood and Pratten
Squamulaerie perpleza (McChesney)
Spirifer sp. A
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Spiriferina? sp. indet. : :

Cleiothyridina orbicularis (McChesney)

Composite sp. indet., immature individual

" Four collections from two areas not in the direct

course of the section measured along Animas River are
nevertheless from localities close enough to the course
of this section to be rather definitely assignable to zones
within it. One of these collections is from a locality
on Buck Hollow, a tributary to Hermosa Creek. The
remaining three collections are from a single locality,

the Knapp ranch, on the west side of Animas River,

about three-quarters of a mile below Hermosa Creek.
Collection 8570.—This collection is from Buck Hol-

low. Itisfrom a bed regarded as approximately equiv--

alent to bed 31 of the Animas River section (p. 10) and
therefore about 630 feet stratlgraphlcally below the top

" of the Hermosa.
The locality is about 11 niiles due north of Durango
and 134 miles northwest of Hermosa, in beds exposed
on a flat shown on the map as about 7,400 feet altitude,

almost due north of the end of the road up Buck Hol-

low, and about 50 feet below the top of the first steep

grade up Buck Hollow trail west of Hermosa Creek.

The fossils came from a thin bed of limestone above a
bed of massive grit 150 to 200 feet thick and below an
unexposed zone that is probably of shale. The collec-
tion was made by J. S. Williams and F. W. Galbraith
. on June 28, 1935.

The forms identified in the collection are as follows:

Fenestrellinoid bryozoan

Chonetes (Mesolobus) mesolobus ewampygus Girty

“Productus” (Dictyoclostus) hermosanus Girty

“Productus” (Juresania) nebraskensis Owen

“Productus’” (Ixmomoductus) platyumbonus (Dunbar and
Condra) ?

“Productus”
Pratten

i Spirifer (Neosmmfer) dunbarz (King) n. var.
Composita subtilita (Hall)
Aviculopecten? sp. indet., fragment

(Linoproductus) prattenianus Norwood and

The three collections from the Knapp ranch are num-
bered 8579, 8583, and 8593. As they are from the same
rather circumscribed outcrops and from a small thick-
~ ness of beds (most of the speciments in all the collec-
tions having come from the same bed), they are
consolidated here. The horizon is believed to be that
of bed 58 in the section along Animas River, which is
about 1,360 feet below the top and about 1,400. feet above
the base of the Hermosa formation. ‘ ‘

‘The locality is on the west side of the Animas River,
about 9 miles northeast of Durango and about three-
quarters of a mile southwest of the place where the
Durango-Silverton highway crosses Hermosa Creek,
about a quarter of a mile southwest of a house on A. E.
Knapps’ farm in SE1,SW7Y; sec. 3, T. 36 N., R. 9 W.
The fossils are from dark-gray limestones in a shale
zone, in an east-facing cliff on the west side of a small
tributary of Hermosa Creek.

Collection 8579 was made by J. S. Williams, E. B.
Eckel, and F. W. Galbraith on July 3, 1935. Collection
8583 was made by J. S. Williams on July 12, 1935, and

collection 8593 by E. B. Eckel and A. C. Spencer in 1936.

The forms in the three collections are listed below:

Fusuline n. sp. (identified by L. G. Henbest)

Campophyllum? sp. indet.

Fenestrellinoid bryozoan

Crinoid columnals and plates

Chonetes granulifer Owen?

“Productus” (Dictyoclostus) cf. P. hermosanus Girty

“Productus” (Echinoconchus) semipunctatus Shepard?

“Productus” (Echinoconchus) sp. indet., fragment

“Productus” (Juresania) nebraskensis Owen

“Productus” (Juresania?) sp. indet.

“Productus” (Linoproductus) pr uttema/nus Norwood and
Pratten

“Productus” (Linoproductus) pratienianus Norwood and
Pratten var. A

Marginifera wabashensis (Norwood and Platten)

Rhynchopora magnicosta Mather

- Squamularia perplexa (McChesney)
Spirifer (Neospirifer) dunbari (King)
Cleiothyridina orbicularis (McChesney)

The collections made from beds that can be placed
in their stratigraphic position in the section measured
along the Animas River are either too small, or contain
too few diagnostic forms, to allow the Hermosa to be
divided into faunal zones that could be used with con-
fidence. ' Taken collectively, however, they enable one
to refer all but the uppermost four or five hundred
feet of the formation definitely to a position low in the
Pennsylvanian, and they give little reason to suppose
that the uppermost beds are younger than lower Penn-
sylvania. The occurrence of Spirifer occidentalis
Girty in a collection that came from beds within 475
feet of the top strongly suggests that all beds below
this one are of Des Moines age or older. Other species
collected in connection with this investigation that sug-
gest a Des Moines age are Chonetes mesolobus euampy-
gus Girty, which occurs within 630 feet of the top, and
Fusulina n. sp., which occurs in beds about the middle
of the formation, 1,360 feet from the top. Henbest "
reﬂards the Fuaulma as indicating middle Des Moines
age. Glrty 8 had previously reported the two brachio-
pod species listed above from the upper Hermosa, but
had not stated precisely from which beds they came.
Roth * has reported Fusulina meeks as occurring within
450 feet of the top of the Hermosa along the Animas
River, Fusulina hartvillensis within 467 feet of the top,
and Prismopora within 332 feet of the top. All of
them suggest Des Moines age. In the absence of forms
above these in stratigraphic position suggesting a
younger age, the whole of the Hermosa is considered to

17 Henbest, L. G., memorandum dated March 7, 1941.

18 Girty, G. H., The Carboniferous formations and faunas of Colorado:
U. 8. Geol. Survey Prof. Paper 16, 1903.

12 Roth, Robert, Type section of Hermosa formation, Colorado: Am,
Assoc. Petroleum Geologists Bull., vol. 18, No. 7, pp. 944-947, 1934.
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be Des Moines. Roth * considered the Hermosa to be
“not younger than Cherokee.” However, the occur-
rence in our collections of Marginifera wabashensis
(Norwood and Pratten), Chonetes mesolubus euampy-
gus Girty, and Fusulina n. sp. suggests, if it does not
prove, that the upper part of the Hermosa may be as
young as upper Des Moines, p0551b1y as young as the
Fort Scott limestone.

LOCALITIES IN THE LA PLATA QUADRANGLE

All the collections from the Hermosa formation in the

La Plata quadrangle came from along Lewis Creek be-
low Ashland Gulch. Three collections made along this
creek are thought to have come from beds about 100
feet stratigraphically below the top of the Hermosa.
. These are collections 8587 and 8588. The other collec-
tion, 8589, is thought to have come from beds about
200 feet lower
Collection 8584 —This collection came from a lo-
cality about 2 miles north of La Plata, on the road
that goes along the north side of Lewis Creek up to
the Gold King mine, about half a mile above the place
_ where this road leaves the La Plata River, about 114

miles below the mine, and about half a mile below -

Ashland Gulch. The fossils are from a 114-foot to 2-
foot bed of altered limestone that is cut by a porphyry
sill and is exposed along the side of the road at the
steepest part of the switch-back where the road goes

eastward. The collection was made by J. S. Williams

on July 15, 1935.
The forms identified in it are as follows:

Branching bryozoan, probably Rhombopora

Crinoid columnals )

Derbya? crasse (Meek and Hayden)

“Productus” (Juresania) cf. P. ovalis (Dunbar and Condra)

“Productus” (Linoproductus) prattenianus Norwood and
Pratten

Spirifer (Neospirifer) dunbari (King)

Punctospirifer kentuckyensis (Shumard)

Collection 8587 —This collection came.from a locality
about 2-miles air line northeast of La Plata, on the
switch-back road to the Gold King mine, at the switch-
back 2,250 feet northeast of the junction of Lewis Creek
and the La Plata River. The fossils are from a 5-foot
to 10-foot bed of bluish-gray limestone that directly
overlies a porphyry sill alongside the road. The col-
lection was made by E. B. Eckel and R. Wheeler on
August 11, 1935. :

The forms identified are:

Fenestrellinoid bryozoan

Rhombopora? sp. indet.

Crinoid columnals
~Derbya? crasse (Meek and Hayden)

“Productus” (Juresania) sp. indet.

“Productus” (Linoproductus) prattenianus Norwood and

Pratten? var. A

Punctospirifer keaptuqlgye1wis . (Shumard)

Astartelle sp. indet., fragment

Sevillia? trinucleata (Herrick)

20 Roth, Robert, op. cit.

. Collection 8588 —This collection came from a 10-
foot zone of interbedded limestone and limy shale ex-
posed below the road to the Gold King mine, about 2
miles northeast of La Plata and 3,000 feet N. 74° E.
of the junction of Lewis Creek and the La Plata River
at an altitude of 10,250 feet. The collection was made
by E. B. Eckel and R. Wheeler on August 11, 1935.

The species identified are:

“Productus” (Dictyoclostds) hermosanus Girty ‘

“Productus” (Juresania) cf. P. ovalis (Dunbar and Con-
dra

“Prodzwtus” (I/moproductus) sp. indet., two fragments.

Composita subtilita (Hall)

Collection 8689 —This collection was made in the
same general vicinity as collections 8584, 8587, and
8588, but about 200 feet lower stratigraphically. It
came from a hard silicified limestone, sometimes cov-
ered with water, in the bed of Lewis Creek, at an alti-
tude, as shown by the map of 10,000 feet. The locality
is about a mile northeast of La Plata and about 800
feet west of the junction.of Ashland Gulch and Lewis

‘Creek. The collection was made by E. B. Eckel in

August 1935.
The following forms are identified :

Crinoid columnals )

“Productus” (Dictyoclostus) cf. P. hermosanus Girty, frag-
ments

“Productus” (Juresaniaf) sp. indet., fragment

“Productus” (Linoproductus) prattenianus?, Norwood and
Pratten

Although the collections from beds referred to the
Hermosa in the La Plata quadrangle are all definitely.
of Hermosa facies, only one of them contains a species-
that definitely restricts it to a Des Moines or older age,
the age of the Hermosa in the typical area. This is
collection 8587, which contains the trilobite Sewillia?
trinvclesta (Herrick). The geographic and strati-
graphic relations between the zone yielding this collec-
tion and the beds yielding the other collections rein-
force the grounds afforded by general faunal facies and
composition for referring all these beds to the Hermosa.

COLLECTIONS FROM THE RICO FORMATION
SECTION ALONG THE ANIMAS RIVER \

No fossils were collected from rocks known to be in
place in the part of the stratigraphic sequence desig-
nated Rico along the Animas River in the Durango
quadrangle. Only two collections, both from float,
could possibly have come from beds younger than
Hermosa. The faunal data are inconclusive, however,
and it seems highly probable that some mistake was
made in labeling the locality for collection 8577.

Collection 8576 —This collection was made by F. W.
Galbraith on June 29, 1935, along the east side of the
Animas River, about 114 miles due east of Trimble and
in NE1,NW1, sec. 14, T. 36 N., R. 9 W. The fossils
came from float in an interval without exposures, about
480 feet above the road on a hillside a few feet above
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The soil here is reddish and is
Red

beds mapped as Rico.
thought to be underlain by red shale or mudstone.
mudstones are exposed about 25 feet above.
This collection contains only three species:
“Productus” (Linoproductus) prattenianus Norwood and
Pratten
Composita subtilita (Hall)
Myalina, indet. fragment

This assemblage is of no value in distinguishing Rico

from Hermosa.

Collection 8577 —According to the records this col-
lection was made by J. S. Williams, E. B. Eckel, and
F. W. Galbraith on July 1, 1935, at the same general
locality as 8576 but about 1,800 feet above the road, and
is supposed to have come from float in and above a thick

-series of light-red and maroon mudstones and pink and
brown arkoses, from a knob probably in the SW1,SW1/
sec. 13, T. 36 N, R. 9W. The locality described would
be 1,788 feet stratigraphically above the top of the
Hermosa in this section, and-the float therefore would
have been found presumably above beds in place that
are almost certainly Cutler as mapped. As the fossils
suggest a Hermosa or Rico fauna——certainly not the
unfossiliferous Cutler of southwestern Colorado—it is
believed that an error must have been made in labeling.

The forms in this collection are:

“Productus” (Echinoconchus) semipunctatus Shepard
“Productus” (Dictyoclostus) hermosanus Girty
Marginifera? sp. indet. -

Spirifer sp. A

BEDS MAPPED AS RICO ALONG JUNCTION CREEK AND ITS TRIBUTARIES

Four collections referred to the Rico formation were
made in unmetamorphosed beds along Junction Creek
-and its tributary, Flagler Fork. None of these collec-
tions is from the measured sections 2 and 3 described
on page 15, but all are from beds that would be
within the limits of these sections. ‘

Collection 8581 —This collection, the oldest of the
four, was made at a locality about 12 miles northwest
of Durango, on the east side of Flagler Fork of Junction
Creek, about 114 miles above Junction Creek and a few
hundred feet below mouth of Gaines Gulch. The fos-

sils are from a 5-foot limestone zone made up of beds"

6 to 8 inches thick, below a 12-foot cliff of shaly mud-
stones and grits exposed at or near the level of the trail.
The collection was made by J. S. Williams on
July 9, 1935.

The followmg species have been 1dent1ﬁed :
“Productus” (Juresania) mebraskensis Owen?
“Productus” (Linoproductus) prattenianus Norwood and

Pratten
Spirifer (Neospirifer) dunbari K_ing?
Edmondia gibbosa Swallow
Allorisma terminale Hall

Colléction 85695.—This collection, made in 1936 by
E. B. Eckel, is from a bed exposed along Flagler Fork
of Junction Creek, about 1,500 feet below the mouth of

trail about 10 feet above water level.

Gaines Gulch. It is from a horizon stratigraphically
above that of collection 8581 and below that of 8580
The following forms were identified :

Fenestrellinoid bryozoan

Rhombopora? sp. indet.

Crinoid columnals

Derbya? cf. D. crassa (Meek and Hayden)

“Productus” (Dictyoclostus) sp. indet., fragments

“Productus” (Juresamia) cf. P. symmetricus McChesney

Productus (Linoproductus) prattenianus Norwood and
Pratten

“Productus” (ILinoproductus) prattenianus Norwood and
Pratten var. C '

Sprifer (Neospirifer) dunbari (King)?

Punctospirifer kentuckyensis (Shumard)

Schizodus meekanus Girty

Acanthopecten sp.

Myaling subquadrate Shumard )

Myalina sp. indet, crushed. (This may be M. perattenuata
Meek and Hayden.)

Collection 8580.—This collection came from beds
stratigraphically above those that yielded collection
8595. The locality is about 11 miles airline northwest
of Durango, on the northeast side of Junction Creek
about 200 feet below mouth of Flagler Fork, along a
The fossils were
in a dark-blue dense limestone in a thin zone of lime-
stone and shale, opposite a prominent sill in redbeds.
The collection was made on July 9, 1935, by J. S.
Williams.

The forms identified are:

Fenestrellinoid brybzoans

Rhombopora? sp. indet.

Crinoid columnals

Derbya? crassa (Meek and Hayden)

“Productus” (Juresania) cf. P. symmetricus McChesney

“Productus” (Linoproductus) prattenianus Norwood and
Pratten

“Productus” (Linoproductus) prattenianus Norwood and
Pratten var. C

Punctospirifer kentuckyensis (Shumard)

Schizodus cuneatus, Meek?

Schizodus meekanus Girty

Acanthopecten? carboniferus (Stevens)

Pseudomonotis equistriata Beede :

Myalina cf. M. perattenuata Meek and Hayden

Myalina cf. M. perniformis Cox

Myalina subquadrate Shumard

Collection 85694 —This collection is the highest strati-
graphically of the four made in the Rico along Junc-
tion Creek, but it is lower than any of the beds in sec-
tion 3 described on page 15. It came from exposures
of a single hard calcareous bed on Junction Creek,
about 500 feet below the mouth of Flagler Fork and
about 300 feet downstream from the locality of col-
lection 8580. The collection was made by E. B. Eckel
in 1936,

The forms recognized are as follows:

“Productus” (Dictyoclostus) hermosanus Girty
“Productus” (Dictyoclostus) n. sp. A o : .
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“Productus’
" crushed
“Productus” (Jureania) sp. indet., fragments

(Echinoconchus) semipunctatus Shepard,

“Productus” (Linoproductus) platyumbonus (Dunbar and

Condra)?
Spirifer (Neospirifer) dunbari (ng)
Composita subtilite (Hall)
Bellerophontid gastropod

ILOCALITIES IN THE LA PLATA QUADRANGLE

Fossils were collected from beds referred to the Rico
in two areas in the La Plata quadrangle: along
upper Lewis Creek and its tributaries, and along
Lucky Strike Gulch, the first gulch south of Basin
Creek entering the La Plata River from the west.

Four collections were made in the headwater basin

of Lewis Créek. The two largest, 8585 and 8586, were

made-at a single locality, on Amethyst Creek, the first,

by J. S. Williams on July 15, 1935, and the second by
Williams, E. B. Eckel, and F. W. Galbraith on July 20,
1935. The two collections are combined in the follow-
ing description :

Collections 8585 and 8686 —The locahty that yielded
these collections is about 214 miles airline northeast of
La Plata, on Amethyst Creek, which, as shown on the
topographic sheet, is the first tributary entering Lewis
Creek from the north above Ashland Gulch. ' It'is op-
posite the lower part of a waterfall on the east side of
Amethyst Creek and about 400 feet above its mouth.
The fossils were in an olive to maroon limy sandstone,
" which immediately underlies a maroon micaceous mud-
stone and overlies red mudstoné and grits.

The species identified are as follows:

. Branching bryozoa,. probably Rhombopora
Derbya? cf. D. crassea (Meek and Hayden), fragment
“Productus” (Lmoproductus) prattenianus Norwood and
Pratten var. A
“Productus” (Juresania) nebraskensis Owen
Spirifer (Neospirifer) sp. indet., fragment
Composite subtilita (Hall)
Edmondia cf. E. mortonensis (Geinitz)
Myaling cf. M. perattenuate Meek and Hayden
Myaline subquadrate Shumard

Collection 8691 —This collection, made by E. B. Eckel
in August 1935, came from beds thought to occupy about
* the same stratigraphic position as the bed that yielded
collections 8585 and .8586. Tt was made on the south
side of Lewis Creek, 1,700 feet airline N. 6 6214° E. of
the junction of Amethyst Creek and Lewis Creek, at
a map altitude of 10,900 feet. It contains only crinoid
columnals and indeterminate branching bryozoans.
Collection 8592.—This collection, made in August
1935 by E. B. Eckel, came from a 2-foot bed of red,
micaceous, sandy and limy shale exposed in the Gold
King mine, on the south wall of a drift of level number
two, 120 to 165 feet east of the big raise. Its strati-
graphic position is thought to be about the same as
that of collections 8585, 8586, and 8591.

The forms identified are as follows:
Crinoid columnals
Fenestrellinoid bryozoan
Rhombopora? sp. indet.
Orbiculoidea sp. indet.
Derbya? cf. D. crassa (Meek and Hayden), fragment
Composite? sp. indet., immature individuals only
Myaline cf. M. perattenuatae Meek and Hayden, fragment

Collection 8590—This collection, made by E. B.
Eckel on July 30, 1937, came from a 2-foot bed of red
mudstone regarded as being at the top of the Rico for-
mation (see stratigraphic section given on page 13).
The locality is at an altitude of 10,025 feet according
to the map, in Lucky Strike Gulch, which is the first
one entering the La Plata River from the west below
the mouth of Basin Creek.

The following forms were recognized :

Indeterminate bryozoa, both fenestrellinoid and branching
types )

Derbya? gf. D. crassa (Meek and Hayden), fragment

“Productus” (Juresania) nebraskensis Owen?

“Productus” (Linoproductus) prattemanus Norwood and
Pratten var. B

Composita subtilita (Hall)

Myalina? sp. indet., fragment

Aviculopecten? sp. indet.

Other indeterminate pelecypods, possibly Edmondia and
Aviculopecten -

INTELPRETATION OF THE RICO COLLECTIONS ‘

The age of the Rico formation has long been and still
remains a matter of disagreement and uncertainty.
The advisability of even recognizing the Rico-as a for-
mation has been questioned. It seems useful, however,
for purposes of mapping and of deciphering structure,
to recognize the Rico formation as a lithologic unit,
characterized by red or maroon shales, grits, and thin
limestone distinct from the typical Hermosa. But it
must be borne in mind that this unit as defined in terms
of lithology, may vary in stratigraphic position and in
age limits from region to region. For this reason, a
cautious investigator would feel safer in using a datum
other than the Rico for long-distance correlations.

The collections made in connection with this report
suggest that the exposures designated as Rico along
Junction Creek are either of late Pennsylvanian or of
early Permian age. A similar age is suggested, though
less strongly, by the collections from upper Le\us
Creek. The collections from Lucky Strike Gulch are
not distinctive. Few of the invertebrate fossils col-
lected, however, are restricted in range, and some of
those that are supposedly restricted have been obtained
so seldom, and from so few areas, that it is impossi-
ble to be certain that their stratigraphic ranges as pub-
lished -are really established. Only three of the species
recognized in the collections suggest that the Rico in the
Junction Creek and upper Lewis Creek areas is younger
than the Hermosa of the type region. They are Mya-
lina perattenuate Meek and Hayden, Pseudomonotis
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. equistriata Beede, and Edmondia gibbosa Swallow. All
of them occur in the collections from Junpction Creek.
Only the first is in the upper Lewis Creek collections.

. None of these species, nor all of them together, suffice
to determine whether the Rico, as exposed in the areas
here considered, is Pennsylvanian or Permian. In
other areas, paleontologic or stratigraphic evidence has
been regarded as proving that the beds classified there
as Rico were at least as young as the typical Wolfcamp

"beds of Texas and other formations that are of disputed
Permian or Carboniferous age. To the writer, how-
ever, the evidence afforded by invertebrate fossﬂs has
seemed insufficient to justify so definite a reference even
in these areas. It consists largely of the occurrence in
the Rico strata of a few species of pelecypods that gen-
erally have been considered more characteristic of beds

‘correlated with the Wolfcamp than of beds regarded
as older.

From the type area of the Rlco, Chonetes mesolobus
Norwood and Pratten and other fossils that are gen-
erally considered to be characteristic of Des Moines
(lower Pennsylvanian) age were recognized by Dr.
G. H. Girty and recorded in the literature as early as
1900.%* Subsequently, both Girty and the writer have
identified comparable lower Pennsylvanian assem-
blages in rocks assigned to the Rico in some other areas
in Colorado. One might cite other areas, however, in
which beds referred to the Rico formation have yielded
species or genera that are definitely considered to be
of post-Des Moines age, though it is impossible to be
certain whether they are as young as Wolfcamp.

Beds exposed at certain localities have often been
referred to the Rico, and beds at other localities to the
Hermosa, mainly on the basis of the general character
of the faunules, those containing a relatively larger pro-
portion of pelecypods being called Rico, and those com-

* posed mainly of brachiopods being called Hermosa.

But the use of this criterion when applied to isolated

exposures and unsupported by species of restricted

range, has resulted in misinterpretations. This is true
because of the well-known effects of facies influences
on the distribution of these classes, especially of the

pelecypods, and because similar facies conditions at

some time or other existed in both formations. Recog-
nition of the Rico as a formation must be based on its
lithologic uniformity and characteristics and on its
general stratigraphic position. Beds in isolated ex-

posures that cannot be identified by lithologic compo--

sition must, unless very close to definitely placed beds,
be correlated with ‘Rico or Hermosa sections on the
basis of individual diagnostic species, and not merely
on the basis of the general aspect of their faunules.
During this investigation, faunas of so-called Hermosa
aspect (consisting largely of brachiopods) have been

20a Spencer, A. C. .The sedimentary forrdations, in Cross, Whlfman, and
Spencer, A. C., Geology of the Rico Mountains, Colorado U. 8. Geol.
Survey 21st Ann. Rept., pt. 2, p. 66, 1900.

L)

collected above faunas of so-called Rico aspect—con-
sisting largely of pelecypods and other mollusks.

JURASSIC (?) AND UPPER TRIASSIC ROCKS
DOLORES FORMATION

The Dolores formation, which lies between the Cutler
formation and the Entrada sandstone, is made up of
soft redbeds. It can locally be distinguished from
the Cutler by the presence of characteristic limestone
conglomerates, which contain vertebrate fossils, and by
the absence of coarse grits except at the base. Asnoted
on page 16, the position of the Cutler-Dolores con-
tact as mapped during this investigation may range
stratigraphically through as much as 100 feet. Fur-
thermore, grit or conglomerate beds that are here in-
cluded in the topmost part of the Cutler may actually
belong to the basal Dolores. In parts of southwestern
Colorado an angular unconformity marks this contact,
but if the unconformity is present in the La Plata dis-
trict the angular discordance is too small to have been
found.

The formation ranges from about 400 to more than
700 feet in thickness. Along the Animas River it is
about 660 feet. According to unpublished detailed
field notes made by W. H. Emmons in 1904, the forma-
tion is only 440 feet thick along Falls Creek west of
Trimble. The section on Junction Creek, described
below, shows a thickness of 610 feet. H. S. Gane’s un-
published field notes of 1896 contain sections measured
near the main forks of Lightner Creek and on Indian -
Trail Ridge that indicate a total thickness of about 750
feet, but for both sections the thickness was in part esti-
mated. Along the East Mancos River the formation is
about 550 feet thick.

The formation crops out in a belt that nearly encircles
the central and northeastern part of the district and that
ranges from a few hundred feet to more than a mile in
width. Outliers cap Monument Hill, the ridge between
Cumberland Mountain and Lewis Mountain, the north-
west spur of Baker Peak, and Deadwood Mountain.
Small inliers are exposed on the lower East Mancos
River, on Bear Sign Creek, and near the head of the
West Mancos River.

The Dolores formation is almost perfectly exposed in
a cliff on the west side of Junction Creek, 1.3 miles below
the mouth of Castle Creek. This exposure, which is
shown in plate 3 B and somewhat fully described be-
low, may be considered typical of the Dolores forma-
tion as it occurs in the La Plata district. ’
Section of Dolores formation exzposed in cliff on Junction Creek

1.3 miles below mouth of Castle Creek

[Measured by E. B. Eckel and F. W. Galbraith]
Entrada sandstone.

Dolores formation : Feet
1. Mudstone, crumbly, brick-red very shaly _______ 14
2. Mudstone, massive, brick-red__________________ 11
3. Mudstone, red, crumbly, shaly, with many nodules

of red limestone %4 to 3 inch in diameter____ 10
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A. VIEW OF TYPICAL EXPOSURE OF ENTRADA SANDSTONE ON WEST SIDE OF JUNCTION CR

The thin Pony Express limestone member of the Wanakah formation caps the sandstone. This vi Iso shows the character of the vegetation in much of the La Plata district.

View 215 miles below mouth of Castle Creek.

B. VIEW OF DOLORES FORMATION ON WE SIDE OF JUNCTION CREEK

The white cliff at the top is Entrada sandstone. This is the best exposed section of the Dolores in the district and is described in the text. View 1.3 miles below mouth of
Castle Creek.
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Section of Dolores formation exposed in cliff on Junction Creek
1.8 miles below mouth of Castle Creek—Continued

Dolores formation—Continued. Feet
4, Mudstone, massive, brick red—___ - _____ 171%
5. Mudstone, mostly shaly and like bed 3, but in part
more or less massive 15
6. Mudstone, massive, brick-red. . ____ 25
7. Mudstone, -shaly, like bed 3 : 5

8. Mudstone, massive, brick-red, in two thick layers,
separated by a 3-foot bed of shale that weathers
easily 50,

9. Mudstone, dull-maroon to brick-red, very crumbly,
in beds 3 inches to 8 feet thick. A 3-foot to
6-foot bed of massive, resistant mudstone occurs

15 feet above base - — 66
10. Arkose, coarse-grained, lenticular, grading within

short distances to fine-grained arkose________ L7
11. Mudstone, massive, brick-red 5

12. Mudstone and shale, brick-red, sandy, micaceous,
in alternating beds 2 to 6 feet thick. Small
nodules of limestone distributed throughout.
An 8-inch bed of limestone conglomerate, with
red mudstone matrix, occurs 7 feet above base_

13. Mudstone, massive, brick-red. Westward the bed
pinches to 214 feet thick; eastward it thickens
to 15 feet and is continuous across face of cliff. 7

14. Mudstone, brick-red, sandy, micaceous, and red
shale in alternating beds 2 to 6 feet thick. All
beds are lenticular and grade from mudstone to
shale within relatively short distances. Mud-
cracks are fairly abundant, ripple marks rare_. 52

15. Sandstone, dull-maroon, shaly, micaceous, in beds
8 to 12 inches thick alternating with red shale
and mudstone. Several sandstone beds are -
nearly white. Color grades to brick red in

" upper 20 feet 72

16. Sandstone, light-gray to buff, slabby, fine-grained
and even-grained, micaceous throughout, abun-
dantly .so on bedding planes. Becomes some-
what more shaly near top, where a few beds
contain smail flakes of green shale_____._.____ 49

17. Sandsfone, massive, light-colored, fine-grained,
in beds 234 feet or more thick. Poorly exposed- 25

18. Mudstone, dull-maroon, sandy, micaceous, in large
part fissile. Most beds are minutely cross-
bedded, which causes slabs to break with
hackly surfaces. Contains at least one, and
probably several, 3-inch to 6-inch beds of yel-
lowish-green limestone and shingle conglomer-
ate. Poorly exposed

19. Sandstone, light-gray, slabby, micaceous, fine-
grained and even-grained, locally cross-bedded.
Fairly massive near base, in beds 1 foot to
2 feet thick, but progressively thinner bedded
toward top 27

20. Limestone conglomerate in beds 1 inch to 10
inches thick. Lower 214 feet contains many
rounded limestone pebbles in sandy matrix ; up-
per 414 feet resembles bed 19 but containg small
scattered pellets of limestone________________ 7

5114

100

Total thickness
Cutler formation, coarse-grained, arkosic conglomerate.

610%

The following section was measured along the east
side of the Animas River, opposite Animas City Moun-
tain. It is incomplete, but comparison with the Junc-
tion Creek section serves to bring out some of the

827630—49——3

25

variations.in lithology that characterize the formation
from place to place. The most significant difference
perhaps is the fact that the upper part of the Junction
Creek section is almost entirely mudstone, whereas the
Animas City Mountain section contains much sand-
stone and a little limestone in its upper part..

Section of Dolores formation exposed on east side of Animas
River opposite Animas City Mountain
i [Méasured by J. S. Williams] )
Entrada sandstone.
Dolores formation: Feet
1. Sandstone, massive, fine-grained, salmon pink_. 22
2. Mudstone and siltstone, red and purplish-red,
with 10-inch to 12-inch bed of limestone con-

glomerate near middle 68
3. Limestone conglomerate, lenticular—__________ 1%
4. Siltstone, red i 2
5. Mudstone, purplish-maroon and red in alternating
beds 68
6. Siltstone, red — . 6
7. Sandstone, fine-grained, salmon to pink to cream. 6
8. Siltstone, massive, mottled gray-green___.______ 72
9. Interval of poor exposures; contains 18-inch bed

of limestone conglomerate 22 feet above base_- 118
10. Mudstone and siltstone, red, with thin bed of con-

glomerate, containing clay pellets in lower part. 27
11. Sandstone, gray, with lenses of limestone con-

glomerate __ 28

' 12. Unexposed ; probably red and purple shale______ 54
13. Siltstone, red mottled with green, with two 3- to

6-inch beds of limestone conglomerate______.__ 30

14. Unexposed; dominant rock probably purplish-red
shale, but there are at least two 2-foot beds

of limestone conglomerate in.lower 20 feet____ T6
15. Sandstone, greenish-gray, slabby, with lenses of

limestone conglomerate 36
16. Limestone, shingle conglomerate 3

17. Sandstone, greenish-gray, fine-grained, underlain
by Cutler formation

. 657%

As seen in the two exposures just described, and in
other places throughout the district, the Dolores is made
up in large part of mudstone, siltstone, and shale, with
a few beds of sandstone and several lenses of limestone
conglomerate. The color of the unaltered rock is dis-
tinctly brighter, in general, than that of the underlying
Rico and Cutler beds, ranging from salmon pink
through various shades of red and purplish red to
maroon. A few beds are gray. In most places there

Total thickness_. -

-is a gradation from dull colors near the base to bright

brick red and vermillion red near the top.

. The most distinctive feature of the Dolores. is the
presence of thin beds and lenses of limestone conglom-
erate, made up of round to rather angular pebbles and
pellets of dense bluish-gray limestone, set in a matrix
of earthy, sandy limestone or of limy shale. Small
flattened pebbles of shale are not uncommonly present,
and a few pebbles of quarzite, granite, and other rocks
occur in places. Fragments of bones and fairly well
preserved teeth of belodont crocodiles and megalosau-
roid dinosaurs, which have caused the enclosing rocks to
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be called “saurian conglomerates,” are widespread
though nowhere abundant, in the exposures examined.
The limestone conglomerate beds are commonly less
than a foot thick and rarely more than 5 feet thick;
most of them are lenticular. Though several of them
occur near the top of the formation, they are most com-
- mon in the lower part, particularly in the lowest 100
feet. These beds are of the utmost importance in field
-mapping, because even where they have undergone

extreme metamorphism they retain a distinctive texture .

and are easily recognized.

The lower half of the formation contains much more
sandy material than the upper half, which is made up
predominantly of mudstone and siltstone. The lowest
25 to 60 feet of the formation is characterized in most
places by light-gray, micaceous, slabby sandstone, which
contains several beds and lenses of limestone conglom-
erate.
in the sandstone. At some places, as in the Animas
River section described above, the top of the forma-
tion is marked by a thick bed of fine-grained salmon-
pink sandstone, which passes abruptly to the typical
white sandstone of the overlying Entrada. Elsewhere
along the Animas this salmon-pink sandstone is sep-
arated from the Entrada by a discontinuous bed of red
shale. In still other places, as in the Junction Creek
section given above, the sandstone is absent.
east side of Bear Creek, a short distance north of the
area shown in plate 2, a heavy white s‘mdstone, similar
in most respects to the Entrada, occurs in the upper
part of the Dolores, but it was not seen elsewhere.

UPPER JURASSIC SERIES
GENERAL FEATURES AND NOMENCLATURE

The Upper Jurassic rocks include those that lie be-

tween the Dolores formation and the Dakota (?) sand-
stone. 'The subdivisions are shown in the table on
page 27 and are described in the following paragraphs:
Confusion has existed for many years regarding the
correlation of these rocks and the nomenclature to be

applied to them. The table shows the nomenclatures .

that have been applied in parts of the San Juan region.
The classification adopted by the Geological Survey for
use in this report and applicable to the San Juan region
in general is shown in the first column. As none of
these names are yet in general use in the district, the
widely used local terms “McElmo formation,” “
La Plata sandstone,” “middle La Plata shale,” “La
Plata limestone,” and “lower La Plata sandstone,”
shown in the second column, are used parenthetically
throughout the report. No attempt is made here to
correlate these units with Upper Jurassic beds in Utah
and elsewhere. .
ENTRADA SANDSTONE :

The Entrada sandstone,” formerly known as the
lower part of the La Plata sandstone * and still called
the “lower La Plata sandstone” locally, is from 150 to

Poorly preserved plant remains occur locally

On the

upper

265 feet thick within and near the La Plata district.
It is one of the most distinctive and easily recognized
formations in the district and contains valuable ore
deposits in several places. It is prominent on the
divide between the La Plata River and the Bear Creek-
East Mancos River drainage systems, and along both
the last two streams. It is also well-exposed in a nar-
row but almost continuous band extending around the
south and east sides of the mountains. Remnants cap
Slide Rock Mountain, two of the ridges near the main
forks of Lightner Creek, and Deadwood Mountain.
The sandstone is also well-exposed in inliers along the
lower East Mancos River and near the head of the
West Mancos River. Along the Animas River it is 262
feet thick, on Junction Creek 235 feet, and on Jackson
Ridge about 275 feet. Near the forks of Lightner Creek
it is only 100 feet thick, and in the vicinity of the May
Day and Idaho mines it ranges in thickness from 150
to 225 feet. The Entrada characteristically weathers
to form sheer cliffs or smooth faces of bare rock, which
present a striking contrast to the more rounded or
terraced slopes assumed by the redbeds below it. (See
pl. 3 4).

The lowest 40 to 50 feet of the formation consists
in places of somewhat slabby buff to grayish-white or
pinkish-white fine, even-grained sandstone. Elsewhere
the slabby structure is poorly defined and the beds are
massive and cross-bedded. The remainder of the for-
mation is made up of massive, somewhat friable sand-
stone that is strikingly cross-bedded. Locally there
are a few very thin partings of shale. The sandstone
is mostly light gray or white, but in places it is pale
cream to buff. Locally the uppermost 5 feet consists
of slabby fine-grained beds.

A distinctive feature of the Entrada is that all but
the bottom and topmost beds are largely made up of
well-rounded, relatively coarse grains of glass quartz,
in the interstices of which are much finer sand grains. -
Not uncommonly the coarser grains are arranged in
more or less distinet layers, parallel to the cross bed-
ding. A little calcareous cement is almost universally
present, and in a few places an intricate pattern of sec-
ondary quartz veinlets appears, but this feature is less
prominently displayed here than in the Junction Creek
sandstone (upper La Plata sandstone of former re-
ports).

The upper limit of the Entrada is marked almost
evelywhere in the La Plata Mountains by the basal
Pony Express limestone member of the Wanakah (La
Plata limestone of former reports). In most of the

21 Gilluly, James, and Reeside, J. B. Jr., Sedimentary rocks of the
San Rafael Swell and some adjacent areas in eastern Utah: U. S. Geol.
Survey Prof. Paper 150-D, pp. 76-78, 1928. Baker, A. A, Dane, C. A,,
and Reeside, J. B., Jr., Correlation of the Jurassic formations, C. A,
of Utah, Arizona, New Mexico, and Colorado : U. S. Geol. Survey Prof.
Paper 183, pp 66., 1936.

22 Cross, Whitman, Spencer, A. C., and Purington, C. W., op. cit. (La
Plata folio).
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few places where this limestone is absent there is an
- abrupt transition from white cross-bedded sandstone
below to the red marl of the Wanakah formation (mid-
dle La Plata shale of former reports); but in some
places the Entrada sandstone is overlain by 10 to 20
feet of even-bedded or nodular sandstone representing
the Bilk Creek sandstone member of the Wanakah
formation.

WANAKAH FORMATION
‘GENERAL FEATURES

The term Wanakah formation is here applied to the
beds between the Entrada and Junction Creek sand-
stones. This definition of the term has been adopted by
the Greological Survey for use in official reports on the
San Juan region. The formation is equivalent to the
La Plata limestone and the middle La Plata shale as
these terms are applied by local miners; and to the mid-
dle part of the La Plata sandstone as defined in the La
Plata folio and other early reports on parts of south-
. western Colorado. In the La Plata district and else-
where the rocks here placed in the Wanakah were
formerly regarded as part of the Morrison formation.?

Throughout the district and the surrounding area the
formation as now defined consists in most places of two
easily recognized members, the Pony Express lime-
stone and an overlying thicker marl member, which is
unnamed. A thin sandstone member, the Bilk Creek
sandstone, lying between the marl and the limestone,
can be distinguished in a few places, and the limestone
-is locally absent. The two lower members are too thin
to be shown separately in plate 2.

The formation as a whole is 25 to 150 feet thick. Its
main belt of outcrop, which is 200 to 1,000 feet wide,
skirts the southeastern and southern edge of the moun-
tains and thence follows the west side of the East Man-
cos River and Bear Creek. Inliers are exposed on the
West Mancos River and its north fork in the extreme
northwest corner of the district. Remnants, some of
them capped by the Junction Creek sandstone, occur on
Indian Trail Ridge northward from Diorite Peak, on
a summit just north of Gibbs Peak, on the ridge between
the forks of Lightner Creek, and on Slide Rock
Mountain. -

PONY EXPRESS LIMESTONE MEMBER

Because it is the most distinctive and easily recognized
horizon marker in the La Plata Mountains, and because

28 Burbank, W. 8., Revision of geologic structure and stratigraphy in
the Ouray district of Colorado, and its bearing on ore deposition: Colo-
rado Sci. Soc. Proc., vol. 12, No. 6, 1930; Structural control of ore
deposition in the Uncompahgre district, Ouray County, Colo.; U. S.
‘'Geol. Survey Bull. 906-E, 1940; Structural control of ore deposxtion
in the Red Mountain, Sneffels, and Telluride districts of the San Juan
Mountains, Colo.: Colorado Sci. Soc. Proc., vol. 14, No. 5, 1941. Gold-
man, M. I, and Spencer, A. C. Correlation of Cross’ La Plata sandstone
of southwestern Colorado: Am. Assoc. Petroleum Geologists, Bull. 25,

pp. 1745-1767, 1941. Eckel, E. B, Resurvey of the geology and ore de-
posits of the La Plata mining district, Colorado: Colorado Sci. Soc.
Proc., vol. 18, No. 9, 1936.

it contains rich ore deposits in several places, the Pony
Express limestone member, at the base of the Wanakah
(locally called the “La Plata limestone”) is one of the
most important stratigraphic units in the district. It
is a thin stratum of dense dark-blue or gray to nearly
black relatively pure limestone. It is absent along the
west side of Bear Creék and on Indian Trail Ridge
between Fall Gulch and a point about a mile north of
the mapped.area (pl. 2). North of this point it reap-
pears for at least a short distance but is only 6 inches.
thick. It is not present along the West Mancos River
north of Jackson Ridge. Elsewhere in the district it
varies in thickness from 6 inches to 30 feet, averaging
about 3 feet. Its variations in thickness are irregular
and were probably controlled by irregularities in the
upper surface of the Entrada sandstone, on which the
limestone was deposited.

In places the limestone consists of a single massive

bed, but elsewhere it comprises three or more beds, each

about a foot thick. In these places the upper beds are
commonly massive and the lower ones thinly laminated.

“The top and bottom of the member are everywhere

sharply defined, although in places the limestone shows
a slight tendency to grade into the sandstone below and
the shale above. In some layers there is a suggestion
of oolitic or pisolitic structure, but this feature is by
no means widespread and nowhere well-defined. Some,
if not all, of the limestone is bituminous and gives forth
a noticeable fetid odor when freshly broken.

The only place where the member is known to be more
than 10 feet thick is on the ridge between the forks
of Lightner Creek, where it is 25 to 30 feet thick. Here,
according to H. S. Gane’s field notes of 1896, the upper
part is a massive gray limestone. This rock grades into
an underlying series of limy shales, that become more
sandy downward and rest upon the thin-bedded sand-
stone layer at the top of the Entrada. Gane found one
fragment of a blue bone, probably that of a fish, in the
limestone. This is the only recorded fossil from the
Pony Express limestone in the La Plata district, but.
farther east, on the Piedra River, many fish scales and
a few fish skeletons have been found.* No gypsum is
associated with the limestone.

 MARL MEMBER AND BILK CREEK SANDSTONE MEMBER

The Pony Express limestone member -of the Wana-
kah is, as a rule, successively overlain by the Bilk Creck
sandstone member and the marl member, and the marl
member is everywhere overlain by the Junction Creek
sandstone (upper La Plata sandstone of former re-
ports). In the northern part of the distriet, the lime-
stone member is not present. According to Goldman
and Spencer, the sandstone that there underlies the
marly beds is in most places the Bilk Creek sandstone
and is 20 to 25 feet thick. In plate 2, however, it has
been mapped as a pait of the underlying Entrada.

' 24 Cross, Whitman, and Larsen, E. §., op. cit. (Bull. 843), p. 40.

‘
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The Bilk Creek sandstone is described by Goldman
and Spencer as a sandstone or a succession of sandy
beds, generally about 20 feet thick, rather soft, with
prevailingly horizontal and locally nodular bedding;
it is finer grained than the Entrada. The uppermost
- layer, about 114 to 2 feet thick, is a hard calcareous
sandstone, generally containing grains of red chert,
scattered through it to some extent but more charac-
teristically on its upper surface. ,

The mar] member is 25 to 100 feet thick and consists
of light pinkish-red to greenish-gray marls, mudstones,
and sandstones in lenticular beds. In places, as on
Jackson Ridge and in the Incas mine on Ohlwiler Ridge,
a 4-foot to 6-foot bed of massive sandstone (possibly
Bilk Creek) marks the base of the member, but in many
places there is almost no sandstone in the entire section
above the base of the marls. Some of the marly beds
are concretionary, and in places these beds contain thin
lenses of relatively pure limestone. Flakes of bright-
green shale, small grains of carnelian, and cencretions
of red chert thinly coated with material of a rich dark-
green color, are all characteristic of this member, as
they are of the Morrison. It is difficult, therefore, to
distinguish the marly member of the Wanakah from

the Morrison formation (McElmo formation of former

reports), except by noting its relation to the interven-
ing Junction Creek sandstone (upper La Plata sand-
stone of former reports) or to the diagnostic cherty
layers and the “carnelian sandstone” at the top of the
Bilk Creek sandstone, as described by Goldman and
Spencer.* ‘

The accompanying section of beds between the En-
trada sandstone and.the Junction Creek sandstone,
illustrates certain diagnostic features that are widely
recognizable in southwestern Colorado. The following
descriptive matter is taken from the notes of Goldman
and Spencer and from their paper cited above, with ap-
propriate changes to conform to the nornenclature used
in this report.

Section of Wanakah formation exposed on Animas City
; Mountain
[Measured by M. I. Goldman and A. C. Spencer]‘
Top of section. | C
Junction Creek sandstone.

Wanakah formation :
Marl member:

1. Marl, sandy, red, with limy concretionary Feet
layers and thin sandstone ledge .. . _____ 15
2. Sandstone, yellow-white, hard, massive,

" . " ledge-forming .1
3. Marl, sandy, red, with concretionary layers_. 13
4. Sandstone, yellowish-white, hard_____...___ 3
5. Marl, red, with concretionary and red sand-

- stone layers - 30
6. “Green chert” layer; a bed containing con-
cretions of red chert associated with green
glauconitic mineral__ .2
7. Marl, red, sandy, with layers of concretionary
red sandstone . 11

2 Goldman, M. I., and Spencer, A. C., op. cit. (Bull. 25), pp. 1749-
1750. :

Section of Wanakah formation exposed on Animas City
Mountain—Continued
Wanakah formation—Continued -
Bilk Creek sandstone member :
8. “Carnelian sandstone:” coarse sandstone
with rounded grains; concretions of red
chert near top. X .5
9. Marl, sandy, red, concretionary_.__.________
10. Sandstone, grayish'white to dull-red, soft,
with hard concretionary layer at base__.. 8
Pony Express limestone member :
11. Limestone, oolitic and sandy, having irregu-
,lar wavy contact with overlying sandstone-. 4

Total thickness : —
Entrada sandstone.

97.2

~ As shown by this section, the division between the
Bilk Creek sandstone and the marl member of the Wa-
nakah is defined as the top of the “carnelian sandstone.”
From 10 to 15 feet above this sandstone there is usually
found the “green chert” layer, containing a concretion-
ary zone of authigenetic chert coated with associated
dark-green glauconitic mineral. This relation is so
nearly constant throughout the region from the San
Miguel valley south to the La Plata Mountains that it
is unquestionably diagnostic of the type “middle La
Plata shale” sequence of Cross.

On Bear Creek, on the north flank of the La Plata
Mountains, the Bilk Creek sandstone is 24 feet thick
and includes a foot or two of “carnelian sandstone” at
the top. The “green chert layer” lies 10 feet above this
sandstone. On the west flank of the mountains, in the
cliffs west of the East Mancos River, south of Helmet
Peak, the Bilk Creek sandstone member is 25 feet thick
with a foot or two of massive sandstone, carrying car-
nelian concretions, at the top. Seven feet of marly beds
separate this sandstone from the overlying zone con-
taining typical “green chert” concretions.

JUNCTION CREEXK SANDSTONE

The Junction Creek sandstone (“upper La Plata
sandstone” of former reports) lies between what were
formerly reported as the two shaly members of the Mor-
rison formation. It ranges in thickness from 200 to
nearly 500 feet and is made up in large part of massive

- white cross-bedded sandstone closely resembling the En-

trada. In most places the sandstone forms smooth
cliffs, but they are rarely as steep or as prominent as
those formed by the Entrada sandstone (pl. 3 4). Its

* outcrops along Junction Creek and the East Mancos

River are marked by a multitude of spires and pin-
nacles of various shapes and by jumbles of great de-
tached blocks of rock. 4
The greater part of the formation is typically com:
posed of massive white to light bluff friable sandstone,
which is strikingly cross-bedded. Thin lenticular beds
of arkosic sandstone occur throughout the section, being
especially numerous in the somewhat slabby uppermost
part. Thin partings of greenish-gray or light-red
shale are numerous in some places but absent in others.
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Apart from stratigraphic position, no certain means
of distinguishing between this sandstone and the En-
trada have been found. Numerous local minor differ-
ences exist, however, and taken in combination they are
often helpful. The Junction Creek tends to be more
friable and less distinctly cross-bedded than the En-

trada. Its quartz grains, though clear and glassy like

those in the Entrada, are somewhat more angular. Fur-
thermore, distinction between two dominant sizes of
sand grains is not as marked in the Junction Creek sand-
stone, which contains more specks of dull-white mate-
rial, possibly altered feldspar fragments. In places
the Junction Creek sandstone contains a few minute
grains of red or orange carnelian, none of which were
found in the Entrada. Weathered surfaces of the
Junction Creek are more likely than those of the En-
trada to be marked with black specks or with small
white to brown spheroidal protuberances.

Along the East Mancos River the Junction Creek
has a different character from that which it exhibits
elsewhere. On Jackson Ridge its appearance is typi-
cal. Toward the west end of the ridge, however, in
the vicinity of the Lady Stafford mine, it interfingers

with the shaly beds of the overlying Morrison (Me-

Elmo) ; there the slopes blend into those of the shales
above and below, and nearly all distinction between
the Junction Creek and the adjacent shaly rocks is
lost. Farther to the southwest, about a mile north-
east of Schubert Flat, the.shales finger out and the
sandstone resumes its normal character. Still farther
southwest, below the Red Arrow mine, several lentic-
ular sandstone layers that are prominent in the over-
lying Morrison merge with the Junction Creek and ren-
der it thicker than in most other places. )

MORRISON FORMATION

Above the Junction Creek sandstone lie the shales
and sandstones of the Morrison formation, formerly
known as the McElmo formation or as the uppermost
member of the Morrison. The formation as now de-
fined is 400 to 625 feet thick and is made up of thin
alternating layers of varicolored shales and sandstone.
Flakes and lenses of brilliant-green shale are wide-
spread and locally abundant and serve to distinguish
the Morrison from all other units except the marl mem-
ber of the Wanakah. The sandstone beds are light-
colored and are similar in most respects to the Junction
Creek sandstone. They are all lenticular, and some,
like those on the lower East Mancos River that merge
with the sandstone member, are rather thick. The
Morrison is overlain by the conglomeratic Dakota (?)
sandstone, and in most places the contact between the
two is -sharply distinct. On both sides of the lower
‘East Mancos, however, the appearance of a lenticular
bed of conglomerate about 75 feet below the top of the
Morrison causes much confusion. This conglomerate,
unlike that in the Dakota, contains much shaly material,

however, and all the pebbles in it are coated with a dark-
green substance. These features are sufficiently dis-
tinctive to permit the separation of the Dakota (%)
from the Morrison, except where the rocks are altered
and the green color has been obliterated.

The following section is representative of the member
as a whole, but it must be emphasized that detailed
matching of widely separated sections is not possible,
since all the beds, so far as known, are rather lenticular.

Section of Morrison formation exposed on Animas City
Mountain
[Medsuréd by A. C. Spencer and F. W. Galbraith]

Top of section.
Dakota (?) sandstone.

Morrison formation: . Feet
‘1. Mudstone, greenish gray___._______ S 21
2. Mudstone, maroon, grading into bed 1__________ 34
3. Mudstone, greenish gray, poorly exposed.____.__ 41
4, Sandstone, white to brownish-white, massive___.. 6
5. Mudstone, greenish gray_ - ______ ‘13
6. Grit, fine-grained to medium-grained, with small

angular pebbles scattered throughout. Con-
taing several thin lenses of conglomerate and
beds of brilliant-green sandstone., Fragments
of silicified wood abundant near the base.___ 76
7. Conglomerate, coarse, arkosic. Pebbles up to 1
inch in diameter, well rounded, largely of
“quartzite _________________ 4-6
8. Sandstone, fine-grained, white base not exposed.
Thickness of exposed portion________________ 4

9. Unexposed. Slope wash contains many frag-
ments of green sandstone and nodular concre-
tions of limestone______ __ __________________ 120
10. Sandstone, coarse-grained, white with abundant
inclusions of green shale; stained green along

fractures and jointS.__ .. ____________ 28

11. Unexposed. Slope wash contains fragments and
blocks of green and brown sandstone__________ 28

12. Sandstone, white, cross-bedded, fairly massive,
stained green along fractures near top_______ 43

13. Sandstone, greenish-gray, massive in lower 12
feet 30
14. Unexposed—__ 48
15. Sandstone, gray to purple, gnarly_______________ 1
16, Mudstone, red___—________ e 4
17. Sandstone, blocky.___ . _______________________ 4
18. Unexposed_ o ___ 10
19. Sandstone, thin-bedded, shaly__._______________ 43

, 20. Poorly exposed. At least half of thickness is
made up of red siltstone___._________________ 61

Total thickness. . _______________ 621
Junction Creek sandstone. * '

UPPER CRETACEOUS SERIES
DAKOTA (%) SANDSTONE
The Dakota (?) sandstone is generally regarded as
the basal formation of the Upper Cretaceous series.
In parts of western Colorado, coal-bearing rocks re-

garded as the middle members of the formation-have
yielded plants of Lower Cretaceous age, but as no such

‘evidence was found in the La Plata district, the cus-

tomary age assignment has been accepted in this paper.
As it has little relation to the known ore deposits of the
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: ’ .
district, the formation was not studied in detail. It
crops out in an irregular band near the south edge of
the mapped area (pl. 2),yand it is almost continuously
exposed along the western and northwestern sides of the
dome. Small inliers are exposed along the West Man-
cos River and its tributaries, and one small outlier
occurs near the top of Parrott Peak. The Dakota (?)
is only about 100 feet thick within or near the district,
but elsewhere it is 200 to 250 feet thick.?

The formation consists of conglomeratic sandstone

with several layers and lenses of shale and impure coal.
In general the lower part consists of a layer, from 5 to
50 feet thick, of white to gray or brown medium-grained
to coarse-grained, cross-bedded, pebbly sandstone. Tr-
regular lenses of cherty conglomerate dare most abun-
dant near the base of the layer. The white color and
cherty composition of the pebbles serves to distinguish
this horizon from the conglomerate layer that occurs
locally near the top of the underlying Morrison forma-
tion (McElmo of former reports). This basal Da-
kota (%) sandstone is overlain in most places by 8 to
15 feet of carbonaceous shale, which contains abundant
plant remains and one or two layers of impure coal a
few inches to 3 feet thick. Some of the shale is sandy.
Above this coaly parting is a bed of sandstone 25 to
40 feet thick that resembles the lower sandstone, but
contains fragments and a few thin lenses of coaly ma-
terial. Above the saridstone is a layer, 30 to 40 feet
thick, of interbedded shale and sandstone with a little
coal; the lower half of this.layer is more shaly than
~ the upper.

MANCOS SHALE

The Mancos shale, which is the youngest formation
that occurs within the La Plata district, is extensively
exposed in the northwestern part of the mapped area
(pl. 2) and also crops out along its southern edge. Be-
ing even less directly related to the ore deposits than the
Dakota (?) sandstone, it received but little attention
during the present investigation, and its distribution
as shown in plate 2 is largely taken from Cross’ map
of the La Plata quadrangle. Reeside? has described

the lithology, fossils, and correlation of the Mancos in
some detail.

Within the La Plata quadrangle the Mancos shale, so
named because of its typical exposures near the town
of Mancos, Colo., is about 1,200 feet thick, but near
Durango it is 2,000 feet thick. It is an almost homo-
geneous body of soft dark-gray to nearly black clay
shale. It contains a few thin layers, lenses, and con-
‘cretions of shaly fossiliferous limestone, especially near
the base and top. The concretions are characteris-
tically yellow brown in color. A few thin beds of gray
sandstone occur in places. '

2 Reeside, J. B., Jr., Upper Cretaceous and Tertiary formations of the
western part of the San Juan Basin, Colo.,, and N. Mex.: U. 8. Geol.
Survey Prof. Paper 134, p. 9, 1924.

27 Idem, pp. 9-13, 49.

POST-MANCOS UPPER CRETACEOUS AND TERTIARY
ROCKS

To the west, south, and east of the La Plata Moun-
tains the Mancos shale is overlain by a thick series of
strata of Upper Cretaceous, Paleocene, and Eocene age.
None of these strata occur within the district, although
most if not all of them were doubtless present when the
igneous rocks were intruded and the ore deposits
formed. Detailed descriptions of all the post-Mancos
formations are given by Reeside,? but the beds assigned
an Eocene (?) age by him are now assigned by the
Geological Survey chiefly to the Paleocene and partly
to the Cretaceous. It will suffice here to say that they
consist predominantly of shale and sandstone and in-
clude some layers of coal, conglomerate, and andesitic
tuff. The post-Mancos Cretaceous rocks, as shown in
the general sections given by Reeside in eastern La
Plata County, have a total thickness of 4,100 to 4,300
feet. In southern La Plata County, and.in northern
San Juan County, N. Mex., they are 4,100 to 4,700 feet
thick. The rocks 1s51gned to the Tertiary are 3,670
feet thick in the eastern part of La Plata County and
1,400 to 2,450 feet thick in the southern part. The total
thickness, therefore, of the rocks that once overlay the
Mancos shale in the La Plata Mountains can hardly
have been less than 4,100 feet or more than 8,000 feet.

QUATERNARY DEPOSITS

Unconsolidated deposits of Quaternary age obscure
the bedrock in large parts of the La Plata area. They
consist of glacial till and outwash gravels, landslide
debris, talus, and alluvium. None of these deposits
were studled in detail, and except for one large land-
slide body none have been shown on the geologic map
(pl. 2). Most of the following description is based on
the report of Atwood and Mather # and of Cross * and
his associates.

GLACIAL DEPOSITS

In the La Plata Mountains, as in the main San Juan
Mountains, there were three glacial stages during Qua-
ternary time, but the first of them is not represented by
any known deposits.

Three small bodies of till and other glacial deposits
are ascribed by Atwood and Mather * to the second, or.
Durango, glacial stage. The largest is on a bench 200
to 500 feet above the valley of the West Mancos River,
near the mouth of Echo Creek, at an altitude of about
10,000 feet. The other two bodies of Durango drift are
on the sides of the valley of the La Plata River near
Mayday. They are remnants of lateral moraines and
are at an altitude of about 9,000 feet, or about 300 feet .
higher than the Wisconsin moraine on the valley floor.

28 Reeside, J. B., Jr., op. cif., Prof. Paper 134.

20 Atwood, W. W., and Mather, K. F., Physiography and Quaternary
geology of the San Juan Mountains, Colo.: U. S. Geol. Survey Prof.
Paper 166, 1932,

30 Cross, Whitman, Spencer, A. C., and Purington, C. W.,

Plata folio). -
31 Atwood, W. W, and Mather, K. F., op . cit., p. 129. -

op. cit. (La
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The floors of many of the basins in which the streams
head contain masses of stony till left by the Wisconsin
ce. These masses are now largely buried beneath talus
and alluvium. The interstream ridges west of the La
Plata River and south of Babcock Peak are largely
covered with fairly thick accumulations of glacial de-
bris, which probably -represents ground moraines as
well asindistinct lateral moraines. Boulders of diorite,
which could have come only from Lewis Mountain or
. Diorite Peak, occur as far south as Madden Creek.
Similar but less well defined glacial deposits occur on
the east side of the La Plata River. The small termi-
nal moraine of the La Plata glacier is near Mayday. It
dammed the valley and forced the stream to cut a
narrow trough along its eastern edge. About a mile
below Mayday the front of the moraine is bordered by
the outwash gravel of a valley train, whose surface is
about 30 feet above the modern flood plain of the river.

Several small and inconspicuous lateral moraines lie on

the slopes of Townsend Basin at altitudes of 9,000 to
10,500 feet, but no terminal moraine has been found in
the East Mancos valley. The valleys of the twin forks
at the head of the West Mancos River were occupied by
. Wisconsin ice, which left several morainal deposits
near their junction, The ridge between the forks of
Lightner Creek is covered by a medial moraine, and a
small terminal moraine is plainly exposed on Lightner
Creek about 114 mlles south of the mapped area. -

LANDSLIDE DEBRIS

Small landslides have occurred in many places
throughout the mountains, but the most conspicuous
one is on the north side of Hesperus Peak (pl. 2).
Cross # describes this slide as follows:

The sliding has taken place, as is usual throughout this
regiop, on the Mancos shale. The materials which now lie in
an irregular mixture upon the shale comprise the igneous rock
occurring in the ridge above the Dakota sandstone, and
fragments from the McElmo formation. This anomaly is ex-
plained by the great fault which crosses the landslide area.
The eastern part of the area is characterized by almost complete
lack of drainage, little ponds being formed by crescent-shaped
dams. Here large blocks are of infrequent occurrence, To the
west of this there is an area where the whole surface is covered
by huge blocks of Dakota in confused relation. On the north
side of the ridge west of Mount Hesperus the talus covers the
lower part of the Dakota sandstone,

Similar masses of debris are present in several places
on the west side of the Sharkstooth and along the ridge
northwest of it. The slopes near the headwaters of
the Middle Mancos River, particularly to the northwest
of Helmet Peak, are also marked by landslides.

TALUS, ALLUVIUM, AND SOIL

.Except for the grass and flower-carpeted upland
meadows, the greater part of the district above tim-
berline consists of bare rock or of accumulations of

® Cross, Whitman, Spencer, A. C., and Purington, C. W., op. cit.
(La Plata folio), p. 6.

coarse, angular talus. The talus forms a conspicuous
feature of the landscape and conceals the lower slopes
of most of the high basins. (See pls. 4, 5 C, and 6 B.)
A boulder crashing from the cliffs, or a little avalanche
rushing down a ravine, reminds one, now and again,
that vigorous erosion is constantly adding to the talus.
A small lake near Babcock Peak that was.shown on the
original topographic map of the La Plata quadrangle
in 1896 had been completely obliterated by talus prior
to 1935.

Large parts of the main stream valleys are filled with
coarse gravel boulders, and sand deposited by the
streams - since the last glaciation. Most of the side
streams, because of their steeper gradients, are com-
paratively free from alluvium, although in places they
flow between banks cut in older valley fill. Torrential
fans have been formed at the mouths of several of the
side streams,

Below timberline the soil is comparatlvely thin in
most places, but it suffices to make bedrock exposures
rare and to support heavy stands of vegetatlon (See
pls. 3, and 21.)

LATE CRETACEOUS OR TERTIARY IGNEOUS ROCKS
GENERAL FEATURES

The igneous rocks of the La Plata Mountains are of
late Cretaceous or Tertiary age and are all intrusive.
They vary widely in composition and in form, but all
of them can be grouped in two general types—porphy-
ritic and nonporphyritic. The porphyritic rocks,
which are thé more abundant, occur as more or less con-
temporaneous stocks, sills, and dikes. For the most
part they are intermediate between diorite and mon-
zonite in composition, but some bodies are syenitic
or mafic. The nonporphyritic rocks, which are in
general younger than the porphyries, consist of syenite,
monzonite, and diorite and occur as irregular stocks
accompanied by dikes. The porphyritic bodies were
intruded forcibly between the layers of sedimentary
rock and were thus a major factor in the uplifting of the
La Plata dome, whereas the nonporphyritic rocks cut
across the sedimentary formations and the sills, few of
them having disturbed the preexisting attitude of the
beds. There is clear evidence that the nonporphyritic
rocks replaced or assimilated their wall rocks during
invasion.

The intrusion of the porphyrles was not accompamed
by any considerable metamorphlsm, whereas the group

of nonporphyritic stocks is surrounded by an aureole
of rather 1ntensely altered sedimentary rocks.

PORPHYRITIC ROCKS
DIORITE-MONZONITE PORPHYRY

CHARACTER AND DISTRTBUTION
Intermediate in composition between the typical dio-
rite porphyry and typical monzonite porphyry are
closely related rocks.that might be given many varietal
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VIEW AT HEAD OF BOREN CREEK SHOWING MONZONITE STOCK.

Dashed lines show approximate boundary of stock. Spiller and Burwell Peaks are in upper left and right corners. The jagged pinnacles along the gulch in the foreground are due to erosion of strongly altered and
pyritized rocks of various kinds. View looking north from the ridge east of Burwell Peak.
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4. FROM MILLER TUNNEL OF INCAS MINE.

B. FROM DAISY MINE.

Black fragments are Pony Express limestone member of Wanakah formation; light .
TAR my: Lxp : - Fragments consist of mudstone, sandstone, and altered porphyry.

fragments are porphyry.

TEXTURES OF INTRUSIVE BRECCIAS, COMPOSED OF VARIOUS ROCK FRAGMENTS IN A MATRIX OF FINE-GRAINED
ROCK.

W0 b o & g s ok ‘}&’ L

C. VIEW OF WESTERN CUMBERLAND BASIN, LOOKING DOWN COLUMBUS BASIN.

In the foreground a typical U-shaped glaciated valley, somewhat modified by talus accumulations. Indian Trail Ridge, in the background, is formed by the Entrada sandstone.
Cumberland Basin is carved from unmetamorphosed red beds of the Cutler and Dolores formations. View from near Columbus mine.
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nowstorm Peak

A. PANORAMIC VIEW OF CUMBERLAND AND COLUMBUS BASINS.

The sharp hinge fold that characterizes the La Plata dome passes down the left side of Columbus n but is obscured by the large porphyry mass on Snowstorm Peak. 'These basins, and the one at the head of the South Fork Hermosa Cree
shown in the left foreground. have been strongly glaciated. View looking southeast from Indian Trail Ridge.

B. VIEW OF UPPER PARTS OF TOMAHAWK AND BEAR CREEK BASINS.

The rugged forms of Babeock Peak and of Mount Moss are due to erosion of monzonite. Several porphyry sills show clearly on Banded Mountain. dimentary rocks, all of them metamorphosed, belong to Upper Jurassic and Upper Cretaceous formations.
The glaciated rock floors of the basins are exposed in a few places through the characteristically heavy accumulations of talus. View looking west from Diorite Peak with Tomahawk Basin on the left.
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names; they have been grouped, however, for purposes
of mapping and description, as diorite-monzonite por-
phyry. The rocks thus designated vary in texture, but
all of them are porphyritic and contain phenocrysts of
white feldspar and of dark-green to black hornblende,
set in a gray to brown dense groundmass.

As shown in plate 2, the porphyry bodies are thickest
and most numerous near the center of the dome, dimin-
ishing outward both in number and in individual thick-
ness. Fully 98 percent of the porphyry related to this

center lies within an oval area 12 miles wide and 17

miles long, elongate from east to west. The greater
part of this area is included in plate 2, but Cross’
maps ** show that one large laccolithic body and sev-
‘eral smaller ones crop out as much as 5 miles farther
west and that several of the sills near the north edge
of the area represented in plate 2 extend 1 mile to 4
miles farther north. The northwestward-trending
dike on lower Bear Creek (p. 71), the dike near the
Lost and Mason mines near Trimble on the Animas
River, and one or two thin dikes on the east slope of
Animas City Mountain, are also probably related to the
La Plata center.

GEOLOGIC RELATIONS

The irregular shapes of the porphyry bodies are
indicated in a general way in plate 2, but in places
this map is highly generalized and represents many of
. the porphyry bodies in merely diagrammatic fashion.
The good underground exposures afforded by the mines
and the large scale of the mine maps on which these
exposures are plotted serve better than surface out-
crops to show the extreme complexity of the rock
masses. This fact may be appreciated by comparing
the mapping of the surface geology in the vicinity of
some of the mines (pl. 2) with the underground maps,
particularly the Gold King (pl. 22), Neglected (pl.
27), Durango Girl (fig. 24), Wheel of Fortune (fig. 50),
and the Miller tunnel of the Incas mine (fig. 28). To
project the irregular igneous bodies in these mines to
the surface or to represent them on the scale of plate
2 would obviously be impossible. :

Four stocklike masses of porphyry are exposed in
the mountains. The one on Silver Mountain presents
the largest uninterrupted exposure of this rock; it is
roughly 114 miles in diameter and is exposed through-
out a vertical range of nearly 3,000 feet. The mass
on Silver Mountain wedges out into sill-like bodies
locally, as on the west side of Baker Peak, but it is

obviously crosscutting on the east side of the same peak -

and in some other places. Cross® thought that this

body was more nearly laccolithic than stocklike.

Along its east side it conforms in places to the bedding

of the sedimentary rocks, but along the ravine a few

hundred feet northwest of Baker Peak the enclosing
3 Cross, Whitman, and others, op. cit. (La Plata and Rico folios).

3 Cross, Whitman, Spencer A. C,, and Purington, C. W., op. cit. (La
Plata folio), p. 9.
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rocks are locally turned up almost on edge. There is
no evidence in the surrounding rocks, however, of a
steep-sided local dome such as would necessarily be
formed by a laccolith with dimensions of this mass.
The irregular bodies of porphyry at the head of Light-
ner Creek are probably offshoots of the main Silver
Mountain mass. In plate 2 several bodies.are repre-
sented as directly connecting the Silver Mountain stock
with the igneous complex exposed in the area between
Burnt Timber Creek and Baldy Peak; but as the rocks
of this complex appear to be somewhat younger than
most of the other porphyries of the district, there is
reason to suspect that good continuous exposures might
reveal a definite contact between the two types.

The relations of the diorite monzonite porphyry body
to the enclosing rocks near Gibbs Peak on the divide are
not clear, because the pdrphyry grades into syenite on
its east 31de and because it is rather poorly exposed.
The western and southern extremities of this body are
certainly sill-like, but the central _part is probably cross-

. cutting.

No single large mass of porphyry is exposed in the
area-northeast of Lewis Mountain, but the predomi-
nance of crosscutting bodies over sills suggests that
this area may contain one of the centers from which
many of the sills in the northeastern part of the district
were fed, and that it may be underlain by a larger
stock of porphyry

The porphyry masses that characterize the region
between Burnt Timber Creek and Baldy Peak are
vastly more complex than the others in the district, their
representation in plate 2 being highly diagrammatic.
Most of these closely related bodies cut across the sedi-
mentary layers, but some have the form of sills or
small laccoliths. They are made up of rock that is
noticeably different in texture from most of the por-
phyry in the district, and they seem to be somewhat.
younger than the other bodies of porphyry.

Most of the porphyry bodies in this district are sills
or sheets. They range in thickness from a few inches
to more than 500 feet, and in lateral extent from a few
yards to at least 5 miles. Some have a nearly uniform
thickness throughout; others pinch and swell and lo- -
cally assume laccolithic form and proportions. Dikes
of varying thickness and extent occur throughout the
district. Most of them are similar to the sill rocks in

general make-up, and many can be seen to connect one

sill with another. Some of them have comparatively
great vertical as well as lateral extent; many reach the
surface, but a few like the small one exposed in the .

_ Neglected mine (pls. 27, 28) have not yet been exposed

by erosion. In one or two places dikes were seen to
end abruptly at some bedding plane or other structural
feature of sedimentary rocks.

Some of the porphyry bodies are unquestionably older
than others, and in several places dikes can be seen to
cut through sills or irregular intrusive bodies. There



34 GEOLOGY AND ORE DEPOSITS, LA PLATA DISTRICT,

is little doubt, however, in view of the general similarity

in form, texture, and composition of the various bodies,-

that all the masses of diorite-monzonite porphyry are
closely related genetically and were intruded during a
single epoch. Through what channels the sill-forming
magmas rose is not fully known. Some of the sills cen-
ter about the stocklike masses, but others are apparently
related to channels now occupied by nonporphyritic
stocks. The great thickness and number of sills in the
middle of the dome suggests that many of them are
related to some undiscovered center in that area. Many

sills apparently are connected with one another enly -

by narrow dikes.

The porphyries are older than the nonporphyritic
rocks, but clean-cut relations between rocks of these two
types are seen in only a few places. Many of the con-
tacts are obscured by talus, and many of those exposed
are gradational. There are reasons, to be presented
later, for believing that this gradation’is due at least
in part to incomplete replacement of the, porphyries
by the later rocks.

Porphyry cuts all the sedlmentfmry beds in the district
from the lowest ones exposed to those at a horizon a
few hundred feet above the base of the Mancos shale.
Similar bodies probably once existed in the higher
strata that have been removed from the center of the
dome, and they probably occur also in the Hermosa and
older sedimentary rocks that have not yet been exposed
by erosion. The porphyry bodies are most numerous
in the Cutler and Dolores beds and least so'in the thick
Entrada, Junction Creek, and Dakota (?) sandstones.
The Cutler-Dolores contact, presumably because it is
marked by an unconformlty, seems to have been par-
ticularly favorable to sill intrusions, though sills have
in many places been injected along other contacts be-
tween formations.

Most of the sills were intruded between the sedunen-
tary strata and domed them upward, but some cut across
the beds, and others, notably the complex sill near the
mouth of Tirbircio Creek, on the La Plata River, un-
questionably pushed the underlying beds downward
instead of lifting the overlying beds. Local thickening
of sills is marked in some places by small domes in the
enclosing rocks.

Near the sides of some of the crosscutting stocklike,

bodies the sedimentary rocks are bent upward; the
bending is particularly well shown at the head of
Lightner Creek, along the northern part of the Silver

Mountain stock, where the Cutler beds are locally

vertical or even overturned. In most places, however,
the stocks and thick dikes have not v131b1y disturbed the
immediately adjacent rocks.

Injection of great quantities of porphyry magma was
largely responsible for the forming of the La Plata
structural dome. The stresses were relieved mainly by
doming of the sediments, but locally, especially in brittle
beds, by faulting. Some of the fault fissures were filled

COLORADO

with dikes of porphyry ; others deflected the magmas or
caused them to stop abruptly, causing differences in
the shapes of the intrusive bodies on opposite walls.
Instructive examples of this effect may be observed in
the Durango Girl and Gold King mines (fig. 24, pl. 22).

The magma in the Burnt Timber Creek-Baldy Peak
area was intruded after the main period of porphyry
intrusion and structural uplift. The location and shape
of the bodies then formed were thus a result rather than
a cause of the domal structure.

. PETROLOGY

Ordinary type—The ordinary diorite-monzonite
porphyries that make up nearly all of the porphyry
bodies (except those between Burnt Timber -Creek and
Baldy Peak) are closely similar to rocks that occur in
many parts of the Rocky Mountains and that have been
exhaustively studied in several Colorado mining dis-
tricts. They are characteristically light gray to green-
ish gray or brown in color and contain abundant pheno-
crysts of white feldspar and of dark-green to black
hornblende embedded in a dense groundmass. Folia
of biotite and rounded phenocrysts of quartz occur in
a few places. Augite with or without hornblende is
present locally.

A great variety of texture is seen even within single
masses. In some places the phenocrysts are so small
that the rocks appear to be almost equigranular; in
general, however, porphyritic texture is well-developed,
all the feldspar phenocrysts in a given rock mass being
commonly from 2 to 8 millimeters in length and the
grains in the groundmass very much smaller. The phe-
nocrysts of dark minerals are generally somewhat
smaller than those of feldspar and similarly restricted
in range of size.

Many of the sills and dikes contain numerous angular
inclusions of foreign rocks. They range from coarse

. granite through hornblendic schists and gneisses to dark

granular masses of amphibole. Fragments of the ad-
jacent sedimentary formations are very rare. There
is no observable relation between the size of a body
of porphyry and the size or number of the inclusions it -
may contain. Most of the inclusions, including all
types of gneiss and granite, were almost certainly de-
rived from the pre-Cambrian basement rocks through
which the porphyry magmas were forced. The horn-
blendic inclusions closely resemble in megascopic ap-
pearance the Irving greenstone of the Needle Moun-
tains, but without petrographic study it is impossible
to be certain whether they were derived from that rock
or are genetlcally related to the porphyry.

The microscope reveals that although there are great

“differences in appearances and texture between porphy-

ries of different bodies and wide variations even within
single bodies, the mineral composition of these bodies as
a group is comparatively uniform. Labradorite and
orthoclase are the most abundant minerals. Labrador-
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ite is much the more abundant of the two; to the un-
aided eye it may appear to be the only feldspar in the
rock, for it forms phenocrysts whereas the orthoclase is
largely confined to the groundmass. The groundmass
is actually a granular mixture of orthoclase with quartz
and the accessory minerals, magnetite, sphene, and ap-
atite.” Of the ferromagnesian minerals common horn-
blende is the most abundant in most specimens, though
a few specimens contain augite with or without horn-
blende. Biotite, the only other dark mineral present,
is absent in many bodies and rare in all of them. A
little hornblende is found in the groundmass of some
specimens, but the dark minerals occur mostly as
phenocrysts. In some bodies these hornblende pheno-
crysts are larger but less numerous than the plagioclase
feldspar phenocrysts; in others the hornblende forms
numerous small needles that provide a dark-gray back-
ground for the larger feldspars. Quantitatively, the
rocks range in composition from those in which ortho-
clase and labradorite occur in nearly equal amounts to
those in which labradorite is predominant. The pro-
portion of hornblende to the feldspars varies to some
extent,-but most of the apparent variation is due to dif-
ferences in texture rather than in composition.

In the central part of the district the porphyries are
more strongly altered than elsewhere—much more so
than the nonporphyritic igneous rocks. There the
feldspars are partly or completely altered to sericite or
to kaolin in many places, and the ferromagnesian min-
erals are locally altered to chlorite or to limonite. In
the vicinity of some of the ore-bearing veins, the rocks
are completely or partly silicified, but silicification of
the porphyries is by no means as widespread as that of
the sedimentary rocks. Calcite, ankerite, and pyrite
are widely distributed, but in general they are wbundnnt
only near ore deposits.

Porphyry of Baldy Peak-Burnt Timber Creek area.—
The chief observable difference between the ordinary
porphyry and that of the Baldy Peak-Burnt Timber
area is that the latter rock is characterized by sparse,
comparatively large, plagioclase phenocrysts scattered
here and there between smaller ones, which are far more
numerous. There is little or no gradation in sizes be-
tween the large and small phenocrysts. This rock has
a distinctly spotted appearance that is easily recog-
nized in the field. It is not greatly different from the
ordinary porphyry in mineral composition or in the
character of its inclusions.

INTRUSIVE BRECCIA DIKES

The district contains small dikelike or veinlike bodies-

of intrusive breccia that are more closely related to
igneous dikes than to fault breccia. Except for one
small dike in the Daisy mine at the head of Lightner
Creek, observations on these bodies were limited to
the southern part of the district, and especially to the
area between the Parrott and May Day-Idaho fault sys-

ahead of porphyry magma.

tems. These bodies are too small to show on the areal
geologic map, but a few are shown on maps of the
Lucky Discovery, Incas, and other mines (pl. 24, fig.
28). ' ,

The breccia bodies are very irregular. None of those
seen. is more than 1 foot in width, and none could be
traced for more than a few feet, even with the perfect
exposures.afforded by the mines. They vary greatly
in appearance from place to place, but all are made up

. of rounded to angular fragments of sedimentary rocks

and of porphyry, embedded in finely comminuted rock.
Two illustrative examples are shown in plate 5 A and
B. Some of the breccias contain veinlets of quartz or-

carbonate, as well as veinlets and disseminated grains
of pyrite and other sulfide minerals. The ore-bearing
vein of the Daisy mine definitely cuts thr oucrh the
breccia.

Every breccia of this kind that was seen contains two
or more kinds of rock. - The breccias cannot, therefore,
have been derived from adjacent wall rocks but must
have been forced into the spaces they now occupy. In’
a few places, notably in the Lucky Discovery mine and
in the Miller tunnel of the Incas mine, breccia bodies
can be traced laterally to the extremities of thin por-
phyry sills or dikes. It therefore seems probable that
the breccias are intrusive and that they were pushed
along fractures or bedding planes in the country rocks

’

SYENITE PORPHYRY

CHARACTER AND DISTRIBUTION

Cross % drew a distinction between the diorite-mon-
zonite porphyries described above and a series of rocks
that range from syenite-porphyry to monzonite-por-
phyry. He designated this series collectively as sye-
nite-porphyry, and that term will be used here. The
rocks thus classed are more feldspathic than the diorite-
monzonite porphyry and contain very large phenocrysts
of feldspar, which as a rule are subordinate in bulk.to
the groundmass. They were not studied closely by the
writer, and both the representation of their boundaries
in plate 2 and the following descriptions are based
Jargely on Cross’ work.

The syenite-porphyries are best exposed along the
west side of the East Mancos River between Helmet
Peak and Jackson Ridge. As shown by the geologic
map and by section AA’ (pl. 2), the sheet exposed on
Jackson Ridge is inclined to the bedding of the sedi-
mentary rocks and cuts across most of the Morrison
(McElmo) and into the Dakota (?) sandstone. The
body on the ridge north of Helmet Peak is dikelike to-
ward the southeast, but near the top of the ridge it is
a sill and follows the Morrison-Dakota (%) contact.
The mass on Helmet Peak itself is irregular in form

8 Cross, Whitman, Spencér, A. C., and Purington, C. W., op. cit. (La
Plata folio).
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but probably has the general shape of a small laccolith,
as does the one that crops out near the head of Starva-
tion Creek, southwest of Parrott Peak. The only other
bodies of syenite porphyry shown on the map are the
sill along the north side of the West Mancos River, 114
miles west of Hesperus Peak, and the dike that cuts the
Silver Mountain stock on its east side. Other small
dikes are present on the ridge south of Spiller Peak, on
Tirbircio Creek near its mouth, and on the slopes just
west and southwest of La Plata.

The relations of the syenite-porphyry bodies to the

other igneous rocks of the district and to one another
are not fully known. The larger bodies do not come
into contact with any other igneous rocks. The dike
that cuts the Silver Mountain stocks is clearly younger
than the diorite-monzonite porphyry but in several
* other dikes the two types of rock apparently grade into
each other. It may well be that some of the rocks
classed as syenite-porphyry represent local variants of
the diorite-monzonite porphyry, that some are younger
than this rock, and that some are genetically related
to the nonporphyritic stock-forming rocks.

<
PETROLOGY

As a general rule the groundmass of the syenite-por-
phyries is much greater in volume than the phenocrysts,
but in some places the reverse is true, the rock being
made up in greater part of comparatively large pheno-
crysts. As a class these rocks are lighter in color than
the diorite-monzonite porphyry, from which they differ
also in beéing more thoroughly decomposed and in con-
taining augite rather than amphibole as the chief dark
mineral. '

The feldspar phenocrysts, consist mainly of plagio- .

clase similar to that of the diorite-monzonite porphy-
ries. Some of the rocks also contain tablets of pink
-orthoclase. Many of the plagioclase crystals, all of
which are presumably rather rich in the albite molecule,
are surrounded by an oriented rim of orthoclase. Py-
roxene is more abundant than hornblende, and biotite
is rare. The ferromagnesian minerals are almost
wholly decomposed and are replaced by limonitic ma-
terial in most places. Several of the bodies are char-
acterized by honey-yellow tablets of sphene that are
easily distinguished by the unaided eye.

The groundmass of these rocks is trachytic, and in
the narrower dikes the microlites are nearly parallel
to the walls, producing a noteworthy lamellar structure.
The groundmass feldspar is commonly impregnated
with pyritic dust, but it is presumably soda-rich ortho-
clase or possibly in part anorthoclase. Most of the
pyroxene is very strongly green in color, is distinctly
pleochroic, and has a large extinction angle. It is
classed as aegirite-augite. The amphibole associated
with the pyroxene is olive-green in transmitted light

and has partly resorbed rims.

‘occurrences are considered in detail by Cross.
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FERROMAGNESIAN INTRUSIVE ROCKS

Dark fine-grained aphanitic rocks, classed as ferro-

_magnesian intrusive rocks in the geologic map (pl.-2),

occur sparingly as dikes and sills throughout the La
Plata Mountains. They have but little observable bear-

_ing on the ore deposits and were not closely studied dur-

ing the present investigation. The following déscrip-
tion is based on that of Cross,* to which the reader is
referred for further details:

“These rocks are mostly in the form'of dikes, but they
form a few sill-like bodies. The largest masses seen are
the dikes on the north rim of Cumberland Basin and
the laccolithic sheet on Indian Trail Ridge a short dis-
tance north of the area shown in plate 2. Both of these
Thinner
dikes, only a few of which are shown in plate 2, crop
out in the north-central part of the district; they are

“most numerous in the general vicinity of the diorite and

monzonite stocks. A thin sill of ferromagnesian rock
is shown in the extreme northwest corner of plate 2, and
a highly biotitic, amygdaloidal mass, which does not
crop out at the surface, exists near the Barr-Menefee
mine between Horse Creek and the East Mancos River.

The rocks of this class are made up of the same min-
erals as the lighter-colored porphyritic and nonpor-
phyritic rocks, but here the dark silicates are character-
istically predominant. For the most part the rocks are
fine-grained throughout, but in places hornblende,
augite, and less commonly biotite, form prominent phe-
nocrysts. Microscopic examination and chemical
analysis show that although the rocks are much less
silicic than the ordinary diorite-monzonite porphyries,
the feldspars are less markedly subordinate to the dark
silicates than the appearance of the rocks in the field
suggests. The alkali and lime-soda feldspars together
are nearly as abundant as the ferromagnesian minerals
and are commonly present in roughly equal amounts.
Most of the rocks can be classed as vogesite, kersantite,
and allied types.

NONPORPHYRITIC ROCKS

MONZONITE

Character and distribution—The long irregular
stock in the vicinity of Spiller and Babcock Peaks and
Mount Moss (pl. 2) consists chiefly of monzonite. The
mass is about 2 miles long and a half a mile to three-
quarters of a mile wide and is exposed through a verti-
cal range of 2,500 feet. The irregularity of its outline
is inadequately expressed in plate 2, largely because of
the predominance of poor or inaccessible exposures, such
as those illustrated in plates 4, 7, and 6 B. In addition
to the larger tongues and dikes shown on the map there
are many smaller ones on all sides of the main stock.
Some of them have been grouped with the diorite-

3 Cross, Whitman, Spencer, A. C., and Purington, C. W., op. cit. (La
Plata folio), pp. 7, 11.
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monzonite porphyry, but others are not shown. They
are especially numerous on the ridge that connects Dio-
rite Peak and Mount Moss and near the southern ex-
tremity of the stock at the head of Boren Creek. The
main body is in general distinctly stocklike in form, but
locally it spreads out in the form of sills. Examples are
exposed on both sides of Banded Mountain and in the
rugged peaks west of Babcock Peak, where the mon-
zonite is underlain by metamorphosed sedimentary
rocks. = The relations of the monzonite to the enclosing
rocks are further discussed below in the section on geo-
logic relations of the nonporphyritic rocks.
Petrology.—The monzonite is a light-gray to pinkish-

gray medium fine-grained equigranular rock.- The.

pink tinge is due to the color of the orthoclase in partly
weathered rock and is not seen in the freshest parts of
the mass:. Two kinds of feldspar make up the greater
part of the rock as seen in hand specimen, but dark-
green to black crystals of augite and a few of horn-
blende and biotite can also be identified. Aplitic veins
and narrow dikes composed of orthoclase, microper-
thite, quartz, and a little hornblende or biotite cut the
monzonite in places. On the east side of Banded
Mountain and in Tomahawk Basin there are a few nar-
row, lenticular, drusy veins containing crystals of ortho-
clase, quartz, epidote, magnetite, specular hematite, and
apatite. Some of these veins contain a little gold.

As seen under the microscope, alkali feldspar (chiefly
orthoclase) and lime-soda feldspar (chiefly labradorite)
are present in nearly equal quantity in the typical rock
and together predominate over the dark ferromagne-
sian silicates.
abundant, but hornblende and biotite are present in
places and are locally intergrown with the augite. The
augite, fresh in most specimens, forms imperfect rag-
ged prisms. Interstitial quartz is widespread but no-
where abundant. Of the accessory minerals, sphene
is more abundant than apatite and much more so than
magnetite. Except near veins the rock is very fresh;
almost the only alteration being slight sericitization of
the feldspars. '

Most of the rock is even-grained, but locally it ex-
hibits a poikilitic fabric, owing to the growth of large
grains of orthoclase around numerous small grains of
the other constituents.
in thin sections than in specimens.

At two places observed by Cross, the monzonite
grades toward diorite by an increase in the lime-soda
" feldspar and a decrease in orthoclase.
places is just south of Banded Mountain ; the other is in
the wedgelike arm of the stock at the head of the West
Mancos River.
phyritic structure. It contains more hornblende than
augite and more quartz than any of the typical mon-
zonite.

“diorite are exposed in the district.

Of these, pale-green augite is the most -

This fabric is more noticeable-

One of these -

Here the rock has a somewhat por-

DIORITE

Character and distribution.—Two irregular stocks of
The typical rock
is commonly finer grained and somewhat darker gray
than the monzonite and contains a slightly larger quan-
tity of ferromagnesian minerals and more lime-soda
feldspar. :

The larger stock, which is about 11/2 miles in diam-
eter and is exposed through a vertical range of 2,800
feet, extends southward and eastward from Diorit,e Peak
to the valleys of the La Plata River and Basin Creek.
The small body of diorite at the head of Fly by Night
Gulch is ‘almost certainly an offshoot from the main
stock and is probably connected with it in depth. The
smaller of the two stocks is exposed on Lewis Mountain
for a total length of about 4,000 feet and a width of 500

-to 1,500 feet. Many dikes and a few sills are associated
* with both stocks.

Most of them are of typical diorite,
but a few seem to grade into diorite-monzonite por-
phyry. Dikes are most numerous in the areas north-

-.east of the Lewis Mountain stock and between the two’

main stocks—a fact suggesting.that in these places
diorite lies at no great depth below the surface. In

- some places, particularly in the Lewis Mountain stock,

the diorite encloses small fragments of coarse granite
and of hornblende gneiss, probably derived from the
pre-Cambrian basement rocks, and a few rounded peb-

‘bles of quartz and quartzite, but these 1nclus,10ns are

nowhere abundant.

Petrology.—Except for the difference in color and
grain size noted above, the diorite is similar megas-
copically to the monzonite. Augite is commonly more
abundant than hornblende, but locally near the border
of the Lewis Mountain stock (in the vicinity of the
Columbus mine, for example) the rock grades within
a few feet from an augite-bearing rock to one in which
hornblende is almost the only dark mineral.

Microscopic examination reveals that the rock-form-
ing minerals are the same as those in the monzonite
but that labradorite is considerably in excess of ortho-
clase. The total amount of the feldspars is greater

* than that of the dark minerals, which are somewhat

more abundant than in the monzonite. In addition to
the augite and hornblende the rock contains variable
quartz than any of the monzonite. Asin the monzonite,
apatite is unusually abundant and magnetite unusually
scarce. One specimen taken from the Small Hope tun-
nel, which penetrates the Diorite Peak stock, is closer

‘to monzonite than to diorite in composition. This sug-

gests that here, and possibly elsewhere, the composition
quantities of biotite and considerably more interstitial
of the diorite may vary from place to place.

SYENITE

Character and  distribution.—Two compa,rativelj
large stocklike bodies of augite syenite crop out in the
central part of the district, south of the stocks of mon-
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zonite and diorite described above. The rock ‘is
strongly altered in many places, is characterized by
gradational contacts, and is as poorly exposed as any
in the district. For these reasons the relations of the
syenite to other rocks are obscure, and the shapes of
the stocks shown in plate 2 are highly diagrammatic.
The larger, more westerly stock extends from near La
Plata to Gibbs Peak, a distance of 214 miles, and ranges
from a few hundred feet to 114 miles in width. It is
exposed through a vertical distance of 3,000 feet. The
smaller but similar stock on the east side of the La
Plata River, between Tirbircio Creek and Bragdon
Ridge, is about 114 miles long and as much as three-
quarters of a mile wide. One or more bodies connect-
ing these.two stocks may be concealed on the slopes be-
tween them, as bedrock is there exposed in but few
places. Some of the rocks along the La Plata River
between Boren and Tirbircio Creeks appear to be related
to the syenite, but they are here mapped as porphyry.
The metamorphic zone extends southward far beyond
the outcrops of syenite, and much of it may be underlain
by syenite at no great depth.

" Petrology.—Rarely can two specimens of syenite be
found that possess the same appearance or texture, but
most of the rock is sufficiently different from the other
1gneous rocks to be readily distinguishable and mapped
separately. ‘The rock is characteristically light brown
to brownish gray in color, but some of it is pinkish gray.
In general, it is moderately fine-grained and nearly
. equigranular, although on the outcrop the altered con-
dition of the feldspars tends to obscure the individual
grains. Some of it has a marked porphyritic texture
and is therefore not readily distinguished from that of
. the diorite-monzonite porphyries. .

Except in the border facies, which is described below
under the heading “Geologic relations of the nonpor-
phyritic rocks,” most of the variation in the syenite is
apparently textural rather than compositional. Feld-
spars, of which there are several species, greatly pre-
dominate over the dark minerals. Dark-green augite,
in irregular prisms, is the chief dark mineral, but a
little hornblende and biotite are locally associated with
it. Much of the augite of the original rock is replaced
by ocherous to dark-brown limonitic material.

In the vicinity of the Allard tunnel on Bedrock Creek
the syenite is traversed by innumerable veins and dikes.
They trend and dip in all directions; many of the
~ strongest trend from northeast to east and have steep
to vertical dips. The most impressive of these bodies
consist of coarsely bladed dark-green augite, intergrown
with microcline feldspar. Coarsely crystalline calcite,
" white to clear crystalline quartz, and blue chalcedony
form the inner parts of many of the veins. Chalcopy-
rité and pyrite occur-in irregular masses interstitial to
‘the nonmetallic minerals.  Individual veins range from
less than an inch to more than 2 feet in width. Many of
them can be traced for several hundred feet; others

pinch out within short distances. The largest com-
posite vein or dike seen is 15 feet wide and consists of
seven alternate sheets of medium-grained syenite and
of coarsely crystalline feldspar and augite. The finer-
grained sheets are 6 inches to 3 feet thick and are cut by
many small quartz veins. Individual crystals of feld-
spar and augite in the coarse-grained layers range from
half an inch to more than 6 inches in length. These
layers contain much quartz, chalcedony, calcite, chal-
copyrite, and some pyrite.

Microscopical examination shows that the normal
syenite.is made up very largely of alkalic feldspars.
Orthoclase, anorthoclase, and microperthite are present
in various proportions in different parts of the stocks.
Anorthoclase tends to form large grains surrounded by
zones of microperthite and orthoclase. The latter two
minerals are commonly predominant. The augite that
remains in the rock is pale green under the microscope
and is locally intergrown with biotite. Quartz forms
only a small proportion of the syenite on the whole,
though it predominates in some of the border facies.
Sphene is found in nearly every specimen examined
and is even more abundant than in the diorite or mon-
zonite rocks; some crystals of sphene are visible to the
naked eye. Apatite is sparingly scattered through the
rock as relatively large, clear prisms.

The porphyritic facies of the rock are similar in min-
eral composition to that described above. Though
megascopically very similar to the ordinary porphy-
ries, they can quickly be distinguished from these rocks
under the microscope. The syenite contains less soda-
lime feldspar and ferromagnesian minerals and more
alkalic feldspar than the diorite-monzonite porphyry.
It varies more widely, also, in grain size, and its larger
phenocrysts, which are commonly of anorthoclase, are
set in a distinctly granular groundmass of orthoclase
and microperthite crystals. The phenocrysts are less
well formed than those in the true porphyries; they ex-
hibit highly irregular boundaries and commonly contain
small inclusions of other feldspar crystals or of augite.

The syenite is almost everywhere more strongly al-
tered than the diorite and monzonite. The feldspars
are sericitized, though usually not beyond recognition,
and, as noted above, the dark minerals are altered to
limonitic material. Calcite is present in many places,
but so far as observed it is nowhere so abundant as to
be megascopically visible.

GEOLOGIC RELATIONS OF THE NONPORPHYRITIC ROCKS

MUTUAL RELATIONS

As indicated in the brief descriptions given above,
the nonporphyritic rocks—syenite, monzonite, and dio-
rite—have many features in common. Additional
points of ‘similarity are brought out in the following
paragraphs. Since none of the five stocks or their
associated dikes is visibly connected to any other, the
mutual relations of the different kinds of nonporphy-
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ritic rocks are not apparent. It seems probable, how-
ever, that all of them were emplaced about the same
time and in the same manner and that all were derived
from a common source. They are all similar in appear-
ance and in form and contain the same minerals, though
in variable proportions.
of the monzonite stock grade into diorite, and at least
one of the diorite bodies contains some monzonite. The
variability of the syenite, both in texture-and in com-
position, has also been commented upon. If there is
any difference in age between the different types, the
more highly altered condition of the syenite would sug-
gest that it is the older rock; but this alteration may
well have been due to an especially high proportion of
volatile constituents in the syenite magma rather than
to alteration after its emplacement.

RELATIONS TO ENCLOSING ROCKS

Most of the contacts of the stock-forming rocks with
the country rocks are obscured by talus, soil, and glacial
material ; other contacts are well exposed but in inacces-
sible cliffs that defy close examination. In the few
places where they can be studied, however, the contacts
exhibit a variety of highly significant features. These
features are summarized in the following paragraphs,
and the conclusions drawn from them are stated in
discussing the origin of the nonporphyritic rocks.

Asnow exposed, the stocks are largely in contact with
the Cutler and Dolores red beds. Although these for-
mations are made up of several different kinds of rock,
individual beds in them have very little visible effect
on the character or shape of the intrusive bodies.

The monzonite stock is especially notable for its large
~ inclusions of sedlment;‘uy rock. Several of the larger
ones are shown in plate 2 in the vicinity of Babcock
Peak and Banded Mountain, and many smaller ones
not mapped were seen in the same places.
mass of Dolores formation in the floor of Tomahawk
Basin may possibly be an inclusion, but it may well be
an island in the igneous rock mass, not underlain by
monzonite. Except for this body and the small mass
of Morrison formation south of Banded Mountain, all
the inclusions that were seen belong to the Entrada
sandstone or to the Junction Creek sandstone.

the monzonite stock narrows where it crosses thick beds
of sandstone. This narrowing is indicated in plate 4
and figure 3, and, as may readily be seen from an ex-
amination of plate 2, tlie large block of these sandstones
that crops out at the head of Tomaliawk Basin is nearly
surrounded by monzonite. Of no less significance than
the siliceous character of the inclusions is the fact that
every observed inclusion, whether it is only a few inches
or several hundred feet in length, retains the attitude
and position of the beds from which it was derived.
At no place were adjacent blocks seen to differ widely
in dip and strike.' Similar inclusions are known to oc-

As already pointed out, parts’

The oval -

This
fact is significant and fits well with the observation that

cur in the syenite and diorite stocks. It may be
pointed out that on Diorite Peak, where the larger stock
cuts the Entrada sandstone, the diorite contains much
more quartz, and is less even-grained, than it is else-
where. The rounded pebbles of quartz and quartzite
included in the diorite afford further evidence that the
granular rocks were antipathetic to highly siliceous
country rocks.

Three types of contact between the stocks and the.
enclosing rocks have been observed; sharply defined,
brecciated, and gradational.

In many places the contacts between the c1101 ite and
monzonite and the host rocks are sharply defined and
of a character that is normal for crosscutting intrusive
bodies. Examples can be seen on the surface in parts
of Columbus Basin, on and near Diorite Peak, and near
the head of Tomahawk Basin, and good underground
exposures are visible in the lower tunnel of the Colum- -
bus mine and in the Brawner tunnel of the Ashland-
Ten Broeck mine.

In at least two places, the Little Kate mine on ‘Basin
Creek and on the east slope of Lewis Mountain, the con-
tact of the diorite with the enclosing rocks is marked
by a coarse breccia that is unlike any other seen in the
district. Similar breccia may occur in other places
where it is not exposed. The distribution and areal
relations of the Little Kate breccia body are shown in
figure 47, and a polished specimen of the material is
pictured in plate 8C. This irregular body is 2,200
feet long and 200 to 650 feet wide and is exposed through
a vertical range of more than 600 feet. The breccia is
chiefly composed of angular to slightly rounded frag-
ments of sedimentary rocks and of porphyry, in a ma- -
trix of similar but finely comminuted rocks. Frag-
ments of diorite are present locally but are less abun-
dant than the other rocks. In some places the contact
between breccia and countr y rock is sharply defined or
is marked by a vein, but in most places it is gradational.
Most of the breccia is made up of fragments of the im-
mediately adjacent country rock. Several large un-
broken blocks of rock occur within the breccia mass,
and.dikes and irregular bodies of diorite cut it in places.

Dark-green chlorite is more abundant in the breccia
than it is at any other place in the district. Some of
it forms flakes and veinlets in interstices between the
breccia fragments, but some of it replaces the dark min-
erals of the diorite and porphyry. All the fragments

of sedimentary rocks seen in the breccia are silicified

or otherwise metamorphosed; the other fragments are
not silicified except near veins.

Hematite, magnetite, chalcopyrite, and pyrite are
widely disseminated throughout the breccia and are
especially abundant between the breccia fragments.
They occur for the most part as minute crystals or
irregular masses, but the crystals of chalcopyrite and

" hematite are locally as much as half an inch in diameter.
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In some places, calcite forms 1rregular lenses as much
as 6 inches thick. »

The breccia on Lewis Mountain is similar to that
described above, but there much of the matrix consists
of unbrecciated diorite. _

A large body of metamorphic rock that represents a
border phase of the syenite stock is exposed in and near
the Copper Hill mine workings, between Boren and
Bedrock Creeks. This rock contains platinum-bearing
chalcopyrite and constitutes the ore of the Copper Hill
mine, described on pp. 64-65. It is a dark greenish-
brown to gray, massive and tough rock with a some-
what greasy luster. In places its distinct layering gives
it the appearance of a stratified sedimentary rock
(pl. 8 4). TUnder the microscope it is found to consist
of fairly distinct alternative layers of finely to coarsely
crystalline feldspar and of small bladed augite crystals.
Grains and crystals of quartz, apatite, and sphene occur
in subordinate amount, but all are much more abundant
than in the typical syenite. Except for grain size and
thickness of the individual layers this rock is similar to
the augite-feldspar dikes-and veins that cut the main
mass of the syenite (p. 88).

The relations between a large tongue of the mon-
zite stock and the country rocks are excellently exposed
near the head of Boren Creek (pl. 4). When the al-
.nost barren exposure is viewed from a distance it seems
to consist mainly of sedimentary rocks, for it shows a

.well-marked layering that resembles “stratification”
and accords with the regional structure. Closer exami-
nation reveals, however, that at least half the mass is
made up of a network of dikes, sills, and irregular bodies
of monzonite, which have not disturbed the attitude of
the beds. In some places the contacts are sharply de-
fined, but in several places the country rock is cut by a
network of highly irregular veins of monzonite (pl 9).
Some of the feldspar crystals that make up these veins
are minute, while others are nearly as wide as the veins.
Many of the veins pinch out within short distances along
the projected continuation of several of the veins. Nu-
merous microscopic feldspar crystals are scattered
through the silicified sedimentary rock.

Relations similar to those just described were also
observed along the south edge of the Lewis Mountain
diorite stock and near the syenite body on the ridge be-
tween Bedrock and Madden Creeks, close to the La
Plata River. On the upper part of this ridge, above an

~ altitude of 10,700 feet, the rock mapped as syenite con-
tains much fine- gramed to medium-grained quartz, and
locally it consists of quartzite enclosing scattered crys-
tals of feldspar

As seen in the field, both diorite and monzonlte seem
in places to grade imperceptibly into diorite-monzonite
porphyry. This gradation may be observed in one large
sill on the east side of Banded Mountain, and in several
of the dikes and sills south of Babcock and Spiller
" Peaks. It is shown also in the thick sill that crops out
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a few hundred feet north of Diorite Peak and in the
larger dikes that extend east of the Lewis Mountain

“stock. Similar gradations probably occur in other

places. An apparently distinct gradation in texture also
can be made out in the field. Thin sections, however, of
a series of specimens taken from two of the larger sills
that exhibit these gradations in composition and texture,
all proved to be of typical diorite, typical monzonite,
or typical porphyry, none of them exemplifying inter-
mediate varieties. Such varieties might be found by
studies of a more complete suite of specimens.

Both of the syenite stocks are shown in plate 2 as cut-
ting many bodies of porphyry. So far as could be de-
termined, however, all these contacts are gradational;
no clean-cut contact of syenite and porphyry was seen
anywhere. A specimen that exemplifies the usual re-
lations between these rocks is illustrated in plate 8 B.
The specimen was taken near the east bank of the La
Plata River, opposite the town of La Plata. At this
place a gradational zone, 200 feet or more in width,
intervenes between porphyry on the downstream side
and typical syenite on the upstream side. In most ex-
posures it is difficult to determine whether the rock is
syenite or porphyry, but in the rock shown in plate 8 B
the porphyry obviously forms rounded residual masses
that grade into the finer-grained and more even-grained
syenite by which they are surrounded. Several ghosts
of original phenocrysts can be seen in the syenite.

ORIGIN

Mouch of the evidence presented in the preceding para-
graphs indicates that the nonporphyritic rocks made
room for themselves in part by replacing or assimilating
the country rocks, rather than wholly by mechanical
intrusion. The mere presence of numerous dikes or
even of veinlets of intrusive rocks in any one area is
not in itself a proof of a replacement origin, as it would
be perfectly reasonable to infer that the country rocks
were forced apart by the intrusive magma. For stocks
the size of those under discussion, however, the latter
mode of origin would necessitate enormous dilation of
the country rocks. The relations of the igneous rocks
to the regional geologic structure are described in a
later section, but it can be stated here that preexisting

‘structures were not disturbed by the intrusion of the

syenite, monzonite, and diorite stocks as they were by
the intrusion of porphyries. The effects of the two
types of intrusion on the structure are shown schema-
tically in figure 8. Many of the veinlets of igneous
rock contain crystals too large to have been forced in
along the narrow fissures, and in many places the silici-
fied sedimentary rocks contain scattered feldspar crys-
tals. Neither of these facts can be explained as the
result of simple physical intrusion ; both imply chemical
action.

Gradation between diorite-monzonite porphyry and
syenite is clearly established, and there is much evidence
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A. VIEW SHOWING A PART OF THE STEEP FOLD THAT CHARACTERIZES THE LA PLATA DOME.

At the extreme right, the beds dip steeply toward the west but on Jackson Ridge they are nearly horizontal. View looking northeast from Helmet Peak toward Spiller and Hesperus Peaks.
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B. SKETCH OF THE VIEW SHOWN IN PLATE 7 4, EMPHASIZING IMPORTANT GEOLOGIC FEATURES.

JRd, Dolores formation; Jg, Entrada sandstone; Jw, Wanakah formation; )j¢, Junction Creek sandstone; Jm, Morrison formation; mz, monzonite; s disimegraied syenite porphyry.
i 3 1 Ji ’ ’ Py



GEOLOGICAL SURVEY PROFESSIONAL PAPER 219 PLATE 8

A. POLISHED SLAB OF LOW-GRADE COPPER-BEARING AND PLATINUM-BEARING METAMORPHIC ROCK FROM COPPER HILL GLORY HOLE.

The light-colored layers consist of feldspar, the dark ones of fine crystalline augite. The veinlets and the disseminated grains are largely chalcopyrite. Two-thirds natural size.

B. PHOTOGRAPH OF SPECIMEN OF DIORITE-MONZONITE PORPHYRY PARTLY REPLACED BY SYENITE.

dmp, Diorite-monzonite porphyry; sy, syenite. Ghosts of original feldspar phenocrysts can be seen in several places, especially in the indistinct “vein” of syenite that appears
in large porphyry remnant at right. Specimen from near La Plata River, opposite La Plata.

C. POLISHED SLAB FROM BRECCIA BODY NEAR LITTLE KATE MINE ON BASIN CREEK.

Fragments of diorite (di), porphyry (p). and sedimentary rock (s), in a matrix of fine-grained rock. The dark grains are largely chlorite, magnetite, and specular hematitc.
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FI1GURE 8.—Schematic sections showing relations of igneous rocks to
structure and to country rocks.

A, Section through porphyry stock and associated sills.
been dragged upward in walls of stocks and domed by sills.
sill in lower left depressed the beds beneath it.

B. Section through monzonite stock. Existing structures are not dis-
turbed and stock narrows where it passes through thick bed o
sandstone, :

Beds have
The

of similar gradation between porphyry and monzonite
or diorite. These relations, too, can best be explained
by chemical replacement; especially as in all observed
rocks the porphyry is more strongly altered, and hence
presumably .older, than the nonporphyritic rocks.

As most of the inclusions are of sandstone, and as
the stocks narrow where they cut sandstone beds, it is
clear that siliceous rock was not easily digested by the
stock-forming magmas. The rounded pebbles of
quartz and quartzite that are found in parts of the
stocks could only have been derived from conglomerates
such as those that characterize the Cutler formation;
the fine-grained matrix has been removed, having evi-
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dently been attacked more freely by the magmatic ema-
nations than were the siliceous pebbles. This difficulty
in digesting silica might be expected in view of thor-
ough silicification of the country rocks that accom-
panied the formation of the igneous stocks. ] '

Fragments - of granite and hornblende gneiss of pre-
Cambrian origin are less abundant in the diorite stocks
than in several of the porphyry bodies, although many
of the latter contain no inclusions. - No genetic signifi-
cance, therefore, can be attached to these inclusions on
the basis of available data. .

In places the monzonite stock enclosed large inclu-
sions of sandstone that retain the position and attitude
of the beds from which they were derived. In these
places, at least, it seems evident that the country rock
was not pushed aside or upward by the invading
magma. Thisrelation also indicates that the monzonite
was not emplaced by stoping, for if stoping had taken
place on a large scale there surely should be some in-
‘clusions that do not accord in attitude with the im-
mediately adjacent country rock.

The chief evidence against the suggested replace-

‘ment origin is found in the breccia that borders the
- diorite stock near the Little Kate mine.

The rounded
shape of most of the breccia fragments and the presence
of fragments of porphyry, diorite, and sedimentary
rock indicate clearly that the breccia was formed by
mechanical means. The fact that the breccia is cut by
diorite dikes shows it to have been formed at the same
time as the diorite stock. Perhaps this brecciation’is
evidence of structural conditions that controlled and
guided the replacing solutions; recurrent brecciation
of the country rocks, caused by pressure from the under-
lying magma, may have played an important if not vital
part in allowing access of the magmatic solutions.
Further field and laboratory studies would doubtless
add much information regarding the origin of the non-
porphyritic rocks, but the facts now at his disposal
lead the writer to the belief that these rocks were formed
in large part by reactions between the country rocks
and liquid magmatic emanations. Mechanical disrup-
tion of the preexisting rocks, though subordinate in

.importance to the chemical processes, was probably a

highly necessary adjunct to them.
METAMORPHISM OF COUNTRY ROCKS

Widespread metamorphism of the country rocks ac-
companied the emplacement of the nonporphyritic rocks
and even affected the syenite itself. Except near veins,
the diorite and monzonite are very fresh, alteration
being essentially confined to slight kaolinization and
sericitization of the feldspars, The syenite, on the other
hand, is strongly altered in many places. As noted
above, the feldspars are nearly everywhere cloudy, and
locally they are almost completely altered to sericite or
to calcite. The augite and other dark minerals are
frequently represented only by spots of limonitic ma-
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terial. Whether this alteration is due to endometa-
morphism during formation of the syenite or indicates
that the syenite is somewhat older than the diorite and
‘monzonite, and so has been weathered longer, is not
known. '

The area within which most of the country rock is
metamorphosed 1s indicated on plate 2. The northern
part of this irregular area is obviously closely related
to the diorite and monzonite stocks. Southward it en-
closes the syenite stocks and extends down the La Plata
River nearly 2 miles below the most southerly exposure
of syenite. The only pronounced reentrant in the meta-
morphic area includes the greater part of the Lewis
Creek drainage basin. Outside of this area the rocks
are bleached and slightly altered in places, but other-
wise they are generally unaltered.’

Within the metamorphic area the porphyries are
more strongly sericitized than elsewhere, though locally
the sericite is displaced by chlorite or calcite. Fine-
grained quartz, pyrite, and clay minerals have been
developed in many places, but they are almost without
exception related to the ore deposits rather than to
the metamorphism.

Nearly all the sedimentary rocks in the central part
of the district have been strongly metamorphosed. The
prevailing red colors have been lightened to pale pink,
or brown gray, the rocks have been rendered hard and
erosion-resistant, and many of the distinguishing fea-
tures of the formations have been almost obliterated.
Silicification has been the dominant process, and the
sandstones have been changed to dense, hard, light-
colored quartzite. Shales and mudstones have been
altered to hornfels made up chiefly of. fine-grained
quartz, intergrown with varying porportions of sericite,
epidote, pyroxene, and other silicates.
ceous shales of the Mancos and the coaly beds of the
Dakota (%) have locally become graphitic. Limestone
beds and limy nodules in the redbeds are characteristi-
cally represented by intergrowths of coarse calcite with
typical “contact-metamorphic” minerals. In some
places these minerals are chiefly dark reddish-brown
garnet and green augite, hornblende, and epidote; else-

_ where magnetite and specular hematite predominate, al-
most to the exclusion of silicates. A little pyrite and
less chalcopyrite are locally associated with the iron
oxides. Tremolite, apatite, wollastonite, and probably
vesuvianite are present in places. Widespread intro-
duction of pyrite followed the metamorphism whose
results have just been described. The places at which
pyrite is most abundant are on Jackson Ridge, near the
heads of Boren and.Bedrock Creeks, and on the west-
-ward slopes of Deadwood Mountain. As gold is asso-
ciated with most of the pyrite, discussion of these oc-
currences is reserved for the section on ore deposits.

A close relation between metamorphism and the em-
placement of the granular stocks is indicated by several

emanations.

The carbona-

lines of evidence. That the metamorphism took place

- after the intrusion of the porphyries is proved by the

facts that the porphyries themselves are altered,
whereas, except in the central part of the district, the
sedimentary rocks in contact with the porphyries are
unaltered. Furthermore, the extensive silicification of
the sedimentary rocks, attended by greatly increased

- competence, must have taken place after the formation

of the La Plata dome, for otherwise the stresses oc-
casioned by the dome-forming intrusions of porphyry
would have resulted in faults instead of in folds. If,
as the writer believes, the later stocks were formed by
replacement of the country rocks, it seems hardly pos-
sible that the silicification could have preceded the in-
trusion of the stocks, for there would then have been
little opportunity for replacement by the magmatic
Some of the metamorphism of the enclos-
ing rocks may have been accomplished merely by heat,
rangement of the chemical constituents of the country
rocks. Thus it seems possible that much of the iron
in the magnetite and specularite was derived from the
redbeds themselves and that the silica in the metamor-
but the process of replacement must have been attended
by much transfer of material, either in liquid or in
gaseous form. There was probably also much rear-
phic rocks may have been released from the sedimen-
tary rocks that were replaced by syenite, monzonite,
and diorite. The pyrite deposits probably represent a
late, low-temperature phase of the general metamorphic
process, which was closed by the introduction of the
telluride ore deposits. The platinum-bearing chalcopy-
rite deposit of Copper Hill may have been formed con-
temporaneously with the pyrite deposits.

AGE OF IGNEOUS ROCKS

" There are no means of dating the La Plata intrusive
activity more closely than by saying that it took place
during late Cretaceous or Tertiary time. The similar-
ity in form and composition of the rocks in both the
La Plata and the Rico domes with the late Cretaceous .
or early Tertiary rocks at Ouray ¥ strongly suggests
that all three groups are of the same age. It is almost
as likely, however, that the several intrusive groups are .
of greatly different ages, and that the intrusions of the
La-Plata Mountains took place in Miocene time, during
the main period of volcanism in the San Juan region.
It certainly preceded the formation of the San Juan
peneplain, which took place at the end of the Tertiary
period, for pebbles of porphyry that must have come
from the La Plata Mountains occur in the gravel on
remnants of this peneplain far to the southwest.®

37 Burbank, W. 8., Revision of geologic structure and stratigraphy in
the Quray district of Colorado and its bearing on ore deposits: Colorado
Seci. Soe. Proc., vol. 12, pp. 193-206, 1930.

38 Atwood, W. W., and Mather, K. F., Physiography and Quaternary
geology of the San Juan Mountains, Colo.: U. 8. Geol. Survey Prof.
Paper 166, p. 67, 1932. - .
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STRUCTURE
GENERAL FEATURES

The most pronounced structural feature of the La
Plata Mountains (pl. 2) is a domal uplift of the sedi-
mentary beds, about 15 miles in diameter, which blends
somewhat into the southwestern flank of the much
broader San Juan uplift. This dome is partly bounded
by a steep, horseshoe-shaped hinge fold, open at the
south, which nearly encircles the central part of. the
mountains. On the south side of the hinge, and along
the northern and northwestern margins of the dome,
" there are several strong faults along which the rocks
in the central part of the dome were uplifted. The for-
mation of these major structural elements was contem-
poraneous with and resulted from the porphyry intru-
sions, and it preceded the emplacement of the granular
stocks and the metamorphism. Numerous short, dis-
continuous faults of small displacement were formed
during the doming process. Many of them trend east,
but some radiate from the center of the dome. After
the emplacement of the nonporphyritic stocks, some
-of these faults were reopened and other similar faults
were -formed, which became the loci for many ore de-

" posits.
FOLDS

The domal structure of the La Plata Mountains is
apparent from the areal distribution of the sedimentary
rocks (pl. 2) and is clearly shown in the cross sections.
Beyond the limits of the dome, which is roughly 15
miles in diameter, the beds dip about 5° toward the
south and southwest. This regional dip is a‘' part of
the main San Juan uplift, which centers far to the
northeast. _ )

In plan, the La Plata dome is somewhat elongate
toward the northeast. It appears also to be unsym-
metrical in section, as the beds are higher in the north-
ern and eastern parts of the district than they are in
the southern and western parts. This asymmetry is
due to the fact that the dome is superimposed on the
gentle southwestward regional dip just mentioned. If
the sections are rotated through this small angle, they
are more nearly symmetrical with respect to the horizon.

As can be seen in the cross sections (pl. 2), the base
of the Dolores formation has been elevated in the center
of the dome nearly 6,000 feet above its normal position.
The lower formations have been domed less than the
upper ones because each of the por phy1y sills has raised
all the beds above it.

Although the dome i is nearly symmetmcal in section
when viewed broadly, it is not so in detail. From the
outskirts of the dome, the rocks rise gradually toward
the center, with dips of 5° to 20°, until they reach the
steep hinge fold that is the most striking feature of the
structure. The position and shape of this fold can be
made out on the geologic map (pl. 2) by noting the rela-
tions of the sedimentary rocks to the topography and to

‘the head of Walls Gulch:

the distribution of symbols that show steep ~dips..

. Views of parts of it are shown in plates 6 4 and 7. The

zone involved in this hinge fold is 1,000 to 3,000 feet in
width, is irregular in plan but has the general shape of
a horseshoe, with the open end toward the south. It
follows the east bank of the East Mancos River from
the vicinity of Madden Peak to Rush Basin, passes
through Babcock Peak, and crosses the divide between
Basin and Bear Creeks a short distance east of Mount
Moss. There it swings eastward, crossing Indian Trail
Ridge at the head of Fly by Night Gulch, and it can be
traced through the central part of Columbus Basin.
Just northe‘mst of the Columbus mine it turns abruptly
south along the east slope of Lewis Mountain and crosses
It is well-marked on the ridge
between this gulch and Lightner Creek but dies out

" between that ridge and the Silver Mountain stock.

Along this hinge zone the beds generally dip outward
at angles of 25° to 60°. Individual beds are thus ele-

- vated as much as 1,000 feet in horizontal distances of

2,000 feet or less. Both inside and outside of the hinge
the beds flatten abruptly, and locally there is a minor
syncline along the outer edge. In places the rocks are
sheared and brecciated along the fold and, as shown on
the geologic map, many of the ore-bearing fractures
are concentrated within or near it. The hinge fold is
most strikingly exposed on the ridge between Spiller
and Burwell Peaks (pl. 7) and on the east side of Lewis
Mountain, but it can be made out rather clearly through-
out its extent. It shows clearly in some cross sections,
such as AA’ and CC’, plate 2, but it does not show in
some others, such as BB, plate 2. This difference in
expression is partly due to the fact that the steepness of .
the fold varies from place to place, and partly to in-
accuracies in the topographic base map, which preclude
accurate plotting of the geologic features.

The hinge does not continue as a structural unit along
the south edge of the dome. There, the upward rise of
the rocks toward the center is distributed between mod-
erately steep dips and several strong east-west fault
systems, and the structural relations are further com-
plicated and obscured by numerous highly irregular
bodies of porphyry.

In general, the rocks inside the hinge fold rise grad-
ually toward the center of the dome, which lies near
the junction of Lejvis Creek with the La Plata River.
Within the dome, however, there are many local folds '
of varying degrees of magnitude. Most of them, if not
all, can be attributed directly to the influence of por-
phyry bodies.

- ' FAULTS

GENERAL RELATIONS

Most of the ore deposits are closely associated with
faults, which are thus of the greatest economic impor-
tance. Compared with folding, however, faulting
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played a minor part in the growth of the La Plata dome.
In general, nearly all of the faults fall into two groups:
one is classed here as “barren” and the other as “ore-
bearing.” Members of the first-group, though mineral-
ized in places, are not known to contain workable bodies
of ore, whereas the second group contains most of the
district’s ore deposits. The essentially barren faults
are older than the ore-bearing faults and are character-
ized in general by much larger displacemernts. They
are almost entirely confined to the northwestern and
southern outskirts of the dome, while the ore-bearing
fractures are widely distributed.

All the known faults are shown in plate 2 or on the
various mine maps. The mapped faults are believed
to include nearly all of those in the district, but some
faults, even of large displacement, may have been over-
looked because they failed to displace any prominent
horizon marker. With two exceptions, all the “barren”
faults shown in plate 2 are in places where the Pony
Express limestone member of the Wanakah or some
other easily recognized rock unit is exposed.

BARREN FAULTS

Central part of district.—Of the two so-called barren
faults in the central part of the district that are shown -
in plate 2, only one (the one on the ridge southwest of
Diorite Peak) is definitely known to be barren. As this
fault is unimportant except for its effect on the ore de-
posits of the Black Diamond mine, it will be described
in connection with that mine. The other of these two
faults is on the ridge between the La Plata River and
Lewis Creek. As it is poorly exposed and has never
been explored by prospectors, nothing is known of it .
except that its downthrow is on its northwest side.

Northwestern part of district.—A group of strong
faults extends along the northwest and north sides of
the dome (pl. 2). The most prominent of them strike
northeast to due east; some of them can be traced for
several miles. Along most of them the downthrow is
on the north side away from the center of the dome.
Vertical displacements on them range from several tons
to several hundreds of feet. These main faults are con-
nected by a few cross faults. Little is known as to the
character of the faults of this group except that they
are nearly vertical and that the curving courses they
show on the map are due to actual changes in direction
rather than to the influence of topography. Most of
them are probably similar to the fault explored by the

- Euclid mine near Sharkstooth (No. 25, pl. 1). That
fault is marked by a 1-foot to 3-foot zone of gouge
and breccia, and its wall rocks are sheared and fractured
over a width of at least 50 feet. As noted in the de-
scription of the Euclid mine, some ore occurs along and
near this fault zone. The other faults of this system
show no evidence of mineralization so far as known, but
they have received scant attention from prospectors. -

Southern part of district—A series of strong faults
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trending nearly due east crosses the southern part of the
dome and closes the open end of the horseshoe-shaped

_hinge fold described above. The most prominent mem-
-bers of the series fall into two parallel systems, known

as the May Day-Idaho and the Parrott faults. A
strong tendency toward parallel alinement here charac-
terizes all the structural features; most of the porphyry
dikes trend east and west, probably along faults of com-
paratively small displacement. There may be many
other small faults here that were overlooked in mapping
because they are not marked by porphyry or ore de-
posits. As a group, these faults raise the beds toward
the center of the dome, thus having the same general
effect as the hinge fold. :
The Parrott fault system is strongest and best ex-
posed on the ridge between Parrott and Madden Peaks,
where it has a downthrow on the south of about 1,000
feet and brings the Dakota (?) against the upper beds
of the Dolores formation. Two main splits can be
traced westward to the divide between the East Mancos
River and Starvation Creek, but the displacement di-
minishes rapidly in this direction, and no fault of any
considerable displacement can be found along the East -
Mancos. West of the mapped area, however, the Mene-
fee fault, as mapped by Cross,* is almost directly in line
with the Parrott system. In the interval between the
Menefee and Parrott are a few small step-faults, such as
the one followed by the Red Arrow vein, but their ag-
gregate displacement probably amounts to only a small
percentage of the displacement near Parrott Peak.
The two main splits of the Parrott fault can be traced
eastward for several thousand feet from the type local-
ity, but in this direction also the displacement dimin-
ishes greatly within a short distance. The most exten-
sive branch can be traced eastward to the lower part of
Bragdon Ridge, east of the La Plata River, where it

clearly dies out for it cannot be traced any farther east

despite the relatively good exposures in many parts of
the Burnt Timber Creek drainage basin. A strong
shear zone that cuts the large porphyry mass along
Burnt Timber Creek is probably a continuation of the
Parrott system, though the displacement along it is
certainly less than 200 feet (section BB’, pl. 2).

Much of the ore produced by the Lucky Discovery
mine was taken from a split of the Parrott system
known as the Nettie fault. The showings of gold ore in
the Kiabab and Billings properties farther west are
closely related to this fault; and so, probably, is the
Comstock deposit, though it occurs in a northward-
trending vein. No other ore deposits are known to be
associated with the Parrott system, unless the Red Ar-
row and nearby veins also be considered parts of it.

The actual fault contacts are poorly exposed in most
places, and little is known of their character. Their

'

8 Cross, Whitman, Spencer, A. C., and Purington, C. W,, op. cit. (La
Plata folio). . .
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dips are certainly steep if not vertical. By analogy
with the May Day-Idaho system it may be supposed that
they are marked in most places by abundant gouge and
breccia. This supposition is confirmed in part by ob-
servations of the Nettie fault in the Lucky Discovery
mine and of the heavy ground in and near some of the
-Kiabab openings. As noted in the section on igneous
rocks, intrusive breccias are present in at least two places

. along the fault system, but their origin and significance

are not entirely clear.

The reason for the abrupt termination of the major
faults is not fully known. Some of the displacement
was doubtless absorbed by compression of soft beds,
and some of it by folding. An unknown proportion

of the total displacement was almost certainly distrib-
None of them were’

uted along bedding-plane slips.
seen along the Parrott system, but they are definitely
associated with the similar May Day system. It seems
possible, too, that preexisting eastward extensions of
the Parrott fault were sealed or obliterated by later in-
trusions of porphyry. If that is true the shear zone is
porphyry noted along Burnt Timber Creek must repre-
sent a fault that was reopened after the porphyry was
emplaced.

The May Day-Idaho fault system, named for the
mines in which it is most strongly developed and has
been most thoroughly explored, trends nearly due east
along the south side of the La Plata dome.
the f’LultS of this system are barren of ore deposits, but
for reasons that will be discussed in the description of
the May Day and Idaho mines (pp. 143—149) they are

believed to have played an 1mp0rtant part in the locali-

zation of ore.

The block diagram of plate 26 A gives a generalized
representation of the major aspects of the system as
exposed in the mine workings. Many details of the
structure are also shown on the structure sections (pl.
26 B) and on the geologic maps of the mine levels
(pl. 25). Inits type locality the system comprises two
strong eastward-trending faults, the Idaho and the
May Day. Their dips vary widely but are generally
steep and toward the north. Both are reverse faults

displacing the rocks downward to the south; a strong

horizontal displacement, the south wall having moved
east, is also indicated by the relations shown on the
mine maps. The rocks have been dropped 50 to 100 feet
along the Idaho fault and 300 to 875 feet along the May
Day. '

The system can be traced for a total distance of 10
miles or more, but nowhere is it as strongly developed
as in the immediate vicinity of the May Day and Idaho
mines. So far as can be determined, the two named
faults die out completely a few hundred feet east of the
May Day workings, but the movement is transferred
to a parallel fault a short distance to the north. This
fault, which dies out to the west of Ohlwiler Ridge, can
be traced as far east as Deadwood Creek and locally

Most of

contains a little ore and much carbonate. Between
Deadwood and Lightner Creeks it is represented by an
apparently discontinuous series of porphyry dikes,
which clearly follow a single definite fracture zone,
along which the displacement is almost certainly small.
The several veins and faults in the Lady Maurine pros-
pect on Lightner Creek are on the eastward extensions

"of the same fault zone.

West of the La Plata River the faulting appears to
die out rapidly; in that direction, however, exposures
are poor and there are no recognizable marker horizons
except the base of the Dakota (?) sandstone. In and
near the Jumbo-Morovoratz mine, several segments of
the faults have been found, but all of them have small
displacement. On the southeast slope of Parrott Peak,
segments were identified and mapped with certainty and
several probable faults were mapped on the basis of
physiographic evidence (pl. 2). The land surface is
characterized by a series of eastward-trending ledges,
separated by horizontal steps or by swampy depressions. -
It seems likely that this topography expresses a series of
step faults, each of which has dropped the beds a few
feet to the south. Subsequent erosion has carved the
ledges from the basal Dakota (?) and from sandstone
beds in the upper part of the Morrison formation.-

On the ridge east of Starvation Creek, only one fault,
with a displacement of 30 feet, cuts the Dakota ( ¢) sand-
stone. Between Starvation Creek and the East Mancos
River, west of the area shown in plate 2, several prospect
pits expose eastward-trending shear zones in the Da-
kota (?) and Mancos beds. - These zones line up with

‘the projection of the May Day-Idaho fault system, but

no actual displacement of the beds could be discovered.

Several irregular dikes and sills of porphyry are ex-
posed in the May Day and Idaho mine workings and on
the surface. They are shown on plate 25 but not in
plate 26. The most continuous of these bodies follows
the Idaho fault for at least half its length and is known
as the Idaho dike. It consists of typical diorite-mon-
zonite porphyry, which is nearly everywhere sheared
and strongly altered. Itishighlyirregular in form,and
most of its exposed contacts are faults marked by more
or less abundant gouge.

In places the displacement along the May Day-Idaho
faults, as seen in the mines, follows single fracture
planes; elsewhere it is distributed along several splits.
Near the junction of the fault with the May Day vein,
where the faults are only a few feet apart, the rocks be-
tween them are much broken and jumbled. In other
places the fault planes are more distinct and are marked
by zones of gouge or breccia from an inch to more than
10 feet in width. As would be expected, brecciation is
most extensive where the wall rocks are brittle sandstone
or limestone and least so ‘where they are soft shale.
There is considerable evidence that the structure is lo-
cally complicated by bedding-plane slips, but their dis-
tribution and relative importance has not been deter-
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mined. A good example of such a slip is exposed near
the portal of the Idaho No. 1 tunnel (pl. 25, in-
sert sketch).:

Nearly all the slickensides seen on the fault planes
indicate that the last movement was horizontal, with
the south walls moved east, but there are many reasons
for believing that the main movement was vertical or
inclined steeply to the east on the south walls of the
faults. Since the evidence for this belief rests largely
in the relations of the ore deposits to the faults, further
discussion is reserved for the description of the mines.

The structural relations are not completely under-
stood. Nearly all the slickensides seen on the fault
planes indicate that the last movement was horizontal
and that the south walls moved relatively eastward,
but there are reasons for suspecting that the main move-
ment may have been vertical or inclined steeply to the
east. Further discussion is reserved for the description
of the mines.

Evidence presented in the mine descriptions indicates
clearly that the May Day-Idaho faults are older than
the ore deposits and nearly contemporaneous with the
porphyry intrusions that formed the La Plata dome.
The Idaho dike is mineralized in places and certainly
was intrenched before the last period of movement
along the Idaho fault. It may have been intruded
dumng the main period of east-west faulting and its
irregular shape may be due in part to movements that
took place while the magma was still semimolten.

ORE-BEARING FAULTS AND BRECCIA ZONES

Many faults and fractures along which the rocks are
displaced from a few inches to 75 or 100 feet occur
throughout the district, and two broad breccia zones oc-
cur in the central part. The effect of these features on
" the structural pattern is relatively slight as compared
to that of the folds and the strong barren faults de-
scribed above. They are, howevel, of much greater
economic importance than the other structural features,
for, though relatively few of them contain workable
deposits of ore, most of them are mineralized to some
extent.

These faults and mineralized fractures, which are
designated in plate 2, are comparatively few and far
between in the central and outer parts of the district,
but they are numerous and closely spaced along and
near the hinge fold that encircles the central part. They
show a slight tendency toward radial arrangement with
respect to the La Plata dome. The majority trend
northeast to east, though several of them, particularly
in the southern part of the district, trend nearly due
north, and a few on Jackson Ridge and elsewhere trend
northwest.

Most of the faults of this class are considerably less
than a mile long, and many of them extend only a few
hundred feet. A few individual veins, such as the
Black Diamond vein and several of those in the upper

‘Elmo).

part of the Bear Creek Basin, can be traced for more
than a mile. More commonly, however, the longer
fault zones are made up of a series of overlapping frac-
tures. This kind is best exemplified by the Cumberland
vein system, characterized by the presence of ruby silver
ores, which extends from the head of the La Plata River
as far east as Fassbinder Gulch. The same tendency
toward overlapping arrangement can be seen in the
groups of fractures explored by the Ashland-Ten
Broeck, Gold King, and Durango Girl mines along
Lewis Creck and in Walls Gulch, by the May Day,
Idaho, Lady Eleanora, and other mines in the southern
part of the district, and by the Daisy-Hibernia group at
the head of Lightner Creek. Some individual faults
in these and other groups die out completely along their
strike, or fray out in a series of minor fractures, or pass
into local folds. The displacement on others is trans-
ferred, along cross faults, to parallel members of the
system. :

So far as can be determined, displacements of more
than 30 feet are rare along any of the ore-bearing faults,
and no displacements of more than 100 feet are known.
Most of the faults are normal, but there are a few re-
verse faults. There is some reason to believe that the
fault followed by the Columbus vein is a hinge fault,
having displacenients in opposite directions at the two
ends, but it is possible, as shown in the description of
the Columbus mine, that the ore deposit follows seg-
ments of two separate faults that cross each other at a
small angle.

Like the barren faults, the ore-bearing faults cut
every kind of rock that occurs in the district, but they
are more numerous, and are characterized by stronger
shear zones, in the harder and more brittle sandstones
and igneous rocks than they are in the less competent
shaly beds The difference is due largely to the fact
that the shaly rocks yielded to stresses by folding rather
than by faulting. The Century vein offers an extreme
example in this regard. This Vem, which follows a
strong breccia zone, cuts the massive Entrada and Junc-
tion Creek sandstones but stops abruptly at the contact
of the overlying shale members of the Morrison (Me-
This example is particularly illuminating be-
cause all the rocks near the Century are now thoroughly
silicified and hence almost equally brittle. Clearly,
therefore, the Century fault was formed before the
period of silicification. The age relations of the faults
to other structural features ave further discussed below.

Because of the generally small displacements along
these faults it is difficult or impossible to recognize them
in places where they are not mineralized or where good
marker beds are lacking. Many faults may therefore
have been overlooked, but plate 2 probably gives a
fairly true picture of their general distribution.

There are many differences in character between one
fault and another, and even between parts of the same
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fault. The characteristics of many faults are described  preceded the emplacement of the porphyry sills and of

and illustrated somewhat fully in the mine descriptions
in the latter part of this report. All the known faults
range in dip from 35° to 90°, and most of them dip at
angles of 65° or more. Abrupt changes of dip and of
strike ave characteristic.of many of them. Some of
them split in places, and in the Gold King and Neglected
‘mine and elsewhere the splits reunite within short dis-
tances, enclosing blocks or “horses” of country rock.
Other splits diverge from the main faults and die out
in the walls. _

Although a few faults are marked by clean-cut frac-
ture surfaces, most of them consist of zones of sheared
or brecciated country rock from a few inches to more
than 15 feet in width. Gouge is present along one or
both walls of many of them and is especially abundant
along some of the strong barren faults described above.
It is a somewhat remarkable fact that throughout the
district most of the slickensided surfaces seen-on fault
planes indicate nearly horizontal movement. This is
so even where there is direct evidence that the main dis-
placement was nearly or quite vertical. Well-exposed
slickensided surfaces are indeed so few and so widely
scattered that no reliable conclusions can be drawn, but
1t seems likely that the last disturbance in the La Plata
Mountain area took the form of slight horizontal quiv-
ers, principally in an east-west direction.

Two extensive breccia zones have been observed in
the central part of the district, and a smaller one is
exposed in the Gold King mine. The two larger ones
are ill-defined and are not shown on plate 2, although
many of the stronger fractures within them have been
mapped. One of the zones extends northeastward
along the ridge between Gibbs Peak and Spiller Peak
and includes the upper parts of the Bedrock Creek and
Boren Creek drainage basins. The other extends from
Burnt Timber Creek to Baker Peak, crossing Bragdon
Ridge a short distance below the top of Deadwood
Mountain. Within these zones the rocks are weakly
sheared and brecciated along numerous fractures and
minor faults, a few of which are very extensive. Most
of them trend northeastward. Pyrite and chalcopyrite
are widely distributed throughout the breccia zones,
being particularly abundant in and near the fractures.
Some of the fractures contain sufficient gold to be work-
able, at least in their oxidized parts. ‘

Some of the most productive deposits in the district,
including the Gold King, Incas, May Day, and Idaho,
lie along the continuations of the Baker Peak-Burnt
Timber Creek breccia zone. It seems likely, therefore,
that this zone, and perhaps the Gibbs Peak-Spiller Peak
zone, are upward extensions of major rifts in the base-
ment rocks through which the ore solutions gained ac-
cess to the higher rocks.

Little is known about the shape of the breccia body in
the Gold King mine. Evidence is presented in the de-
scription of the mine that the formation of the breccia

S

the ore deposits.
ORIGIN OF STRUCTURAL FEATURES

The greater part of the structural doming in the La
Plata Mountains was caused directly by the intrusion
of sills and other bodies of porphyry. Local evidences
of this relation can be seen in innumerable places
throughout the district. Nearly everywhere the sedi-
mentary layers are domed above individual sills (fig. 3).
Locally the sills swell downward rather than upward,
and the underlying rocks are depressed, but this type
of displacement occurred on a smaller scale than the
doming. Some crosscutting bodies turned the sur-
rounding beds upward very steeply before breaking
through them. The.cumulative effect of the intrusion

- of all the porphyry masses resulted in the formation of

the La Plata dome.

As shown in section BB’, plate 2, the sills exposed in
the central part of the dome have a total thickness of
about 2,500 feet. Nearly half of the 6,000-foot uplift of
the base of the Dolores is thus accounted for by sills that -
are actually exposed. Presumably the Hermosa and
lower sedimentary beds that have not yet been exposed
by erosion also contain intercalated sills. If the pro-
portion of sills to sedimentary rocks is constant through-
out the stratigraphic section, the aggregate thickness of
porphyry is ample to account for the entire uplift. If,
on the other hand, less porphyry is associated with the
Hermosa beds than with the Cutler and younger ones,
it is necessary to suppose that before or during the por-
phyry intrusions the basement rocks were pushed up-
ward by some localized force. The latter supposition
gains some weight from the fact that an upthrust of
this sort might readily produce the steep hinge fold,
whereas it is more difficult to understand how the simple
intrusion of porphyry bodies could achieve such
an effect. ‘ : _

In places the rocks yielded to the uplifting forces by
faulting rather than by folding. This faulting resulted
in the strong barren faults in the northwestern and
southern parts of the district. Many minor faults were
formed at or about the same time as a result of the ten-
sional stresses set up by the doming. These faults,
some of which were later filled with ore in places, are
most numerous along the horseshoe-shaped hinge fold,
where the stresses were greatest. Some of them dis-
placed all the rocks that they crossed, but others broke
only the brittle rocks and produced folds or died out
altogether in the softer, less competent rocks. The
minor faults must have been formed about the same
time as the major, barrven faults. Had they been later,
some of them should have crossed and displaced the
barren faults.

Although most of the faults and fractures were formed
contemporaneously with the folding and are thus of
the same general age as the ordinary diorite-mozonite '
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porphyry, faulting certainly preceded the emplacement
of some of the porphyry bodies. - As was pointed out in
the description of the porphyry, the shapes of the por-
phyry bodies fail to match along the walls of many
veins. The discrepancy may be large even where the
dlsplacement along the faults amounts to only a few
feet. It is hardly necessary to add that all the dikes
must have followed fractures of some kind. There is
nothing to indicate that any considerable time elapsed
between faulting and intrusion,

The spotted porphyry of the Burnt Timber Creek-
Baldy Peak area is believed to be somewhat younger
than the ordinary porphyry that occurs.elsewhere in
the district. The chief evidence in support of this view
is that the largest and most numerous bodies of spotted
porphyry occur along the southward continuation of
the steep hinge fold, whlch dies out in this direction.
They must. therefore be younger in the main than the
domal uplift caused by the ordinary porphyries. Fur-
ther evidence that the spotted porphyry of the Burnt
Timber Creek area is younger than the major structural
features is afforded by the fact that many dikes of this
trend eastward, parallel to the major faults in this part
of the dome and that many bodies of the same rock ap-
pear to have obliterated traces of other fault zones.

The nonporphyritic rocks are unquestionably younger
than the folds and faults that  produced the La Plata
dome. The attitudes of the country rock near the
stocks were not disturbed by the intrusion, and more-
over, the positions of the monzonite and diorite stocks
and the west edge of the larger syenite body were ob-
viously controlled in part by the steep preexisting hinge
fold. The relations of minor, “mineralized” faults to
the porphyry bodies and to the strong “barren” faults
proves that many, if not most, of the minor faults also

must have been formed before the emplacement of the .
In places where the country -

nonporphyritic rocks.
rocks-are thoroughly silicified, as in the Century mine,
some faults affect only rocks that were originally brittle.
If all these rocks had been silicified before the faulting
occurred, the faulting would have affected them all in
the same way ; and as the regional silicification certainly
accompanied and followed the formation of the non-
porphyritic stocks, it follows that the faults are older
than the stocks.

Renewed movement must have taken place along
many faults and fractures after the formation of the
stocks, probably because of slight settling and other
crustal readjustment at the close of igneous activity.
Many old fractures were reopened and new ones were
formed, both within the stocks and elsewhere, and
openings were thus prov1ded for access of ore-bearing
solutions. .

Apart from very slight shearing, which locally .re-
sulted in slickensided surfaces along which ore min-
erals have been smeared, there is no known evidence of
post-ore faulting. Several ore bodies stop abruptly
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where the veins that contain them intersect faults, but
in nearly all such cases it can be shown that the faults
were in existence before the ores were deposited, and
that this guided and controlled the ore—bearlng s0-
lutions.

PHYSIOGRAPHIC HISTORY

The carving of the present La Plata Mountains from
the La Plata structural dome occurred in large part dur-
ing Quaternary times. The form of the mountain mass
has been determined by several factors, the most im-
portant of which were probably the domal structure of
the rocks, the erosion-resistant nature of the central
core and glaciation. By the beginning of the Quater-
nary, late Tertiary erosion had obliterated the greater
part of whatever topographic expression the structural
dome may have had. Erosion had cut deeply enough
to expose some of the porphyry masses and to contribute
pebbles and boulders thereof to the gravels that were
spread far to. the south on the gently sloping surface
of the San Juan peneplain. Masses of resistant rock
may have stood as monadnocks on the plain. A radiate
stream system, consequent on the structural dome, had
probably been initiated, and the La Plata River may
already have become the dominant stream.

Early in Quaternary time a broad uplift of the entire
San Juan region rejuvenated the streams and caused
them to begin active downcutting, which they have con-
tinued, with interruptions, to the present day. The
general form of the La Plata Mountains was probably
blocked out rather early in Quaternary time, and the
three glaciations only reinforced the work of the

- streams without producing a new drainage pattern.

The first, or Cerro, glacial stage was the most wide-
spread, but it left little record in the La Plata area.
Atwood and Mather # say of it:

The record of Cerro glaciation on the southwestern front of
the mountains is very meager. It is possible that no large
bodies of ice were present there, although it is more likely that
the apparent absence of glaciation is only apparent, being due
to gaps in the record. On the west slope of the La Plata Moun-
tains a.piedmont glacier must have moved westward in the

“valley of the Middle Mancos River to a point at least 4 miles

west of Helmet Peak.

The second, or Durango stage, is described by Atwood
and Mather # as follows:

The glaciers that formed in the La Plata Mountains during
the Durango stage were in general somewhat more extensive
than those of the Wisconsin stage, although in certain valleys,
such as that at the head of the East Mancos River, no record
of Durango ice was recognized by us. The glacier in the La
Plata Valley was large enough to spread widely south of Parrott
during Durango time; during the Wisconsin stage the glacier
was a narrow tongue reaching less than a mile beyond Parrott.
Again, the great basin southwest of Jackson Ridge and north.

‘of Helmet Peak [Echo Creek basin, pl. 21 was occupied by

Durango ice, although it was not affected by glaciation during
the Wisconsin stage.

49 Atwood, W. W., and Mather, K. F., op. cit. (Prof. Paper 166), p. 83.
41 Atwood, W. W., and Mather, K. F., idem., p. 81.
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The largest Wisconsin glacier was that in the La Plata
valley. It filled the whole central part of the moun-
tain mass except for the highest peaks and ridges, and
it carved all the cirques at the heads of the tributary
streams. Ice also filled the valley of the East Mancos
River at least as far downstream as Gold Run. Both
forks of the West Mancos valley were glaciated at the
same time, and so was the valley of Bear Creek, down
which the ice extended several miles past the edge of
the mapped area. The cirques at the head of the South
Fork Hermosa Creek were partly excavated by ice. The
basins at the heads of the Lightner Creek forks were
carved by ice, and there is some reason to believe that
the valleys of Junction Creek and its tributaries were
glaciated. The drainage system of the Middle Mancos

was not glaciated during the Wisconsin epoch, and the

same is probably true of the headwaters of Starvation
Creek. :

To some extent, glacial sculpture has been modified by
post-Wisconsin erosion, but it still dominates the topog-
raphy in most of the district. The steep-walled cirques
at the heads of many of the streams, the typical
U-shaped cross sections of the main valleys, and the
faceted spurs and hanging valleys along these valleys
are all typical results of glaciation. Examples of these
features are shown in plates 5, 6, 7, and 23. Glacial
striae appear on many bare rock surfaces, particularly
in the northern part of the district. The principal
results of erosion since the retreat of the glaciers are
the extensive accumulations of talus, the gorges cut in
the glaciated floors of several of the main valleys, and
deposits of stream gravels.

Relatively smooth surfaces cap the peaks and ridges
in several parts of the La Plata Mountains. They were
mapped by Atwood and Mather # as remnants of the
warped San Juan peneplain. It seems more probable,
however, that these surfaces resulted from ordinary
processes of differential erosion, for almost all of them

are dip slopes of resistant rocks, and the La Plata dome,

formed before the peneplain, has since only moved as a
part of the general San Juan uplift. The age relations
of these surfaces to the glacial epoch are not known.

LATE GEOLOGIC HISTORY
SAN JUAN REGION AS A WHOLE

In order to understand the late geologic history of the
La Plata Mountains, it is necessary to have some idea '

of the sequence of events that took place in the San Juan
region as a whole. The following summary is based on
the reports of Cross and Larsen* and of Atwood
and Mather.*

‘42 Atwood, W .W., and Mather, K. F., idem, pl. 2.

4 Cross, Whitman, and Larsen, E. S., A brief review of the geology of
the San Juan region of southwestern Colorado: U. §. Geol. Survey Bull.
843, 1935. , "

4 Atwood, W. W., and Mather, K. F., Physiography and Quaternary
geology of the San Juan Mountains, Colo.: U. S. Geol. Survey Prof.
Paper 166, 1932.

1,000 feet or more in height.

Regional uplift that took place near the close of the
Cretaceous period resulted in the formation of a broad
dome, which was soon incised by erosion that cut deeply
enough to reach the Paleozoic rocks and perhaps even
to cut through them in places. Volcanoes first became
active in very late Cretaceous or early Tertiary time.
The intrusive quartz monzonite and associated ore de-
posits near Quray ** are the only known direct evidence
of this volcanism, but volcanic rocks make up much of
the fragmental matter in the McDermott formation
(upper Cretaceous) and in the Animas formation (Cre-
taceous and Paleocene). The gradual decrease in the
proportion of volcanic material in the formations ob-
served as they are followed southward away from the
mountains indicates that the main volcanic area was
near the center of the San Juans. The overlying
Wasatch formation contains few or no volcanic frag-
ments, which indicates that the volcanic rocks were al-
most entirely destroyed by erosion after renewed uplift
early in the Paleocene. Glaciers were present in parts:
of the area during the latter part of this erosion cycle,
which was closed during the Paleocene by deposition of
the Torrejon beds, '

The region was again elevated and locally folded,
and was then eroded to a surface of low relief, which in
places cut across the beveled edges of the Cretaceous
rocks. Along the southern slopes erosion reached at
least as low as the Jurassic rocks and probably exposed
the pre-Cambrian in places. The sands and gravels of
the Blanco Basin formation and Telluride conglomerate
were laid down on this surface, most probably during
the Oligocene. _

Volcanism again became active in Miocene time and
continued, with many interruptions, into the Pleisto-
cene or possibly even into Recent time. This later ac-
tivity, which in many places was accompanied by ore
deposition, built up a great complex volcanic pile, more
than 100 miles across and many miles high, composed
mainly of rhyolitic and andesitic lava flows. These
rocks have been faulted, tilted gently to the east and
north, domed, and deeply incised by erosion, to form
the present San Juan Mountains.

The Miocene and post-Miocene volcanic activity was
broken by several long intervals without eruptions, dur-
ing which the lavas were actively eroded and canyons
were cut. The longest of these intervals permitted for-

" mation of the San Juan peneplain, above whose gently

rolling surface rose a few mountains or monadnocks
The main uplift of the
San Juan region, which followed the development of
this peneplain, marked the beginning of Pleistocene
(Quaternary) time. It took place in two main stages
and a third minor stage and may not yet be complete.

4 Burbank, W. 8., Revision of geologic structure and stratigraphy in
the Ouray district of Colorado and its bearing on ore deposition :*Colo-
rado Sci. Soc. Proc. vol. 12, No. 6, pp. 151-232, 1930 ; Structural con-
trol of ore deposition in the Uncompahgre district, Quray County, Colo. :
U. S. Geol. Survey, Bull. 906-E, pp. 189-244, 1940.
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The first stage, called the Florida cycle of erosion, raised
the central part of the region about 8,000 feet. Uplift
was relatively slow so that the main streams were able
to maintain their courses. They were rejuvenated and
‘began to cut deep canyons and later to broaden their
valleys, depositing their loads near the margins of the
dome. A mature topography with broad valleys and
low hills was gradually developed. Normal stream
~ erosion was then interrupted by the Cerro glacial stage.
The main valleys were filled with ice, and large glaciers
moved outward from the central part of the region.
These glaciers deposited moraines which have been
much modified and for the most part removed by later
erosion. Their outwash contributed to the Florida
gravel, which now caps mesas and terraces lying half-
way between the higher summits and the present
streams. The Cerro stage was followed by the Canyon
cycle of erosion, during which the range was again
elevated and many great canyons were cut. The can-
yons were again filled with ice during the Durango gla-
cial stage, and again moraines and outwash were
deposited. The Dura.ngo stage was followed by slight

uplift or doming, in consequence of which these Du-

rango deposits now appear on terraces that are 100 to
300 feet above the streams. A third glacial stage, the
Wisconsin, closely followed the Durango. The mo-
raines that represent it are commonly upstream from
those of the Durango glaciers and are well-preserved.
Since the last glaciation, erosion has been active, but
its results have been slight except for the local cutting
of deep canyons.

LA PLATA DISTRICT

. Many details of the ¢complex Tertiary and Quater-

nary history of the La Plata district are now known,
but it is difficult to correlate them exactly with the
history of the San Juan region as a whole. At the
close of the Cretaceous period the area was covered
by 11,000 to 14,000 feet of horizontally bedded sedi-
mentary rocks. When the ancestral San Juaif dome
was formed these beds were tilted upward toward the
northeast. The tilting was followed by the deposition

of several thousand feet of Paleocene and Eocene sedi-

ments in nearby areas; no record is preserved to show
whether they ever covered the La Plata area.
Volcanism began either very early in the Tertiary or
during the Miocene. For some reason not now appar-
ent the crust was weaker, or the load of sedimentary

rocks lighter here than elsewhere, which led to the local- -

ization of activity in this particular place. Before and
probably during this stage, the basement was almost
~ certainly pushed upward by deep-seated, highly local-
ized forces. Great quantities of diorite-monzonite
porphyry magma were intruded into the basement
rocks, along one or more comparatively small conduits.
“Upon reaching the sedimentary layers, the magma grad-
ually spread out and pushed the sediments upward.

“the underlying rocks.

- country rocks.

As the magma followed paths of least resistance, much
of it followed bedding planes, forcing the overlying
rocks upward, thus forming sheets or small laccoliths.
Fractures in the beds were filled by dikes of porphyry,
and where the rate of injection became too rapid to al-
low development of sheets stocks of porphyry were
formed and the country rocks were turned up around
their margins. Some magma worked out laterally
from these stocks and formed additional sheets. The
magma may possibly have approached the surface or
even spread- out on it as lava flows, but it seems more
probable that very little of it rose above the lower
parts of the Mancos shale.

The intrusion of the porphyries went on very slowly
and in a gentle, but forceful manner. The magma ‘was
relatively low in temperature and poor in content of
volatile materials. The country rocks were soft and
they yielded to the intrusive forces largely by bending.
On the outskirts of the dome, however, the stresses were
partly relieved by faulting. Some of these faults
transected soft and hard beds alike; others, like those
in and near the Century mine on Bear Creek, broke only
the brittle beds and passed into local folds in the softer

‘strata.

The aggregate effect of the porphyry intrusions, of
the upward thrust of the basement, and of the faults
was the formation of the structural dome that charac-
terizes the La Plata Mountains. Apart from the effects
of erosion, this dome had essentially the same shape
and size at the close of the period of porphyry intrusion
that it has at present. The doming must have been re-
flected in the surface fopography, although the surface
slopes were probably much less steep than the dips of
The dome was welded into a
unit, supported, and strengthened by a complex frame-
work of solidified porphyry bodies, and was destined
to move as a unit throughout its later history.

Soon after the intrusion of porphyry had ceased, or
possibly even a little before it had ceased entirely,
stocks of diorite, monzonite, and syenite began to form.
The magmas of which they were made possibly followed
some of the same channels as the preceding porphyry
magmas, but they were guided in large part to weak
places that had developed along the sharp hinge line
of the dome. These magmas were in a liquid condi-
tion, and, though they may have opened parts of their
paths by pushing the country rocks aside and upward
with explosive violence, a large part of the space they
were to occupy was provided by replacement of the -
| Some sills of nonporphyritic rock were
formed by processes similar to those by which the por-
phyry was emplaced, but some sills that consist partly
or wholly of nonporphyritic rock were formed by par-
tial or complete replacement of older porphyry. Possi-
bly, as with the porphyries, some of the magma that
formed nonporphyritic intrusive bodies broke through



ECONOMIC GEOLOGY : ' 51

to the surface, but no vestiges of volcanoes thus formed

are preserved.

The emplacement of the holocrystalhne stocks was
accompanied by silicification, baking, and metamor-
phism of the surrounding country rocks.
and size of the metamorphic aureoles were largely con-
trolled by the stocks themselves, but in most places the
hinge line of the dome limited its area. The pyritic-
gold deposits of Jackson Ridge and elsewhere and the
disseminated platinum-bearing copper deposits of
Copper Hill appear to have been formed during the
general metamorphism of the rocks in the central part
of the district. :

The silicification of the country rocks, together with
the additional support of the newly emplaced stocks,
made the central part of the dome a coherent, brittle
mass, which could yield to further stresses only by fault-
ing. Toward the close of the igneous cycle, a certain
amount of subsidence probably took place, owing to
crustal readjustment incident to the removal of large
quantities of magma from the underlying rocks. Sub-

- sidence thus caused would account for the minor syn-
cline noted along the outer edge of the hinge fold, and
for slight sags in the central part of the dome. Move-
ment was renewed along the faults that had formed dur-
ing the rise of the dome, and many new faults were
formed. Hydrothermal solutions rose along many of
the fractures, and quartz deposited early in this process
was sheared and brecciated by renewed fault move-
ments, thus leaving open channelways for the ore-bear-
ing solutions. Slight movement took place along some
of the veins after the ores had been deposited, and a few
new minor faults were formed.

There are some reasons for believing that the series
of events which have been described above as occurring
mn definite chronologic sequence followed one another
in rapid succession, and even overlapped to some ex-
tent. The most definite break in the sequence seems

“to have occurred between the intrusion of the porphy-
ritic rocks and that of the nonporphyritic rocks.

Erosion must have attacked the La Plata dome as
soon as it rose above the surface of the surrounding
plains, but subsequent erosion has been intermittent
in character, having been governed by alternating
changes in base level of the region. By the close of
the Tertiary the La Plata dome had already been eroded
deeply enough to supply pebbles of porphyry to the
gravels that were being strewn on the peneplain surface
to the south. The Quaternary history of the La Plata
Mountains was essentially the same as that of the San
Juan Mountains, since both ranges were affected by the
same series of uplifts. Many of the ore deposits in the
La Plata district may have been enriched by downward-
circulating waters during late Tertiary and early

Quaternary time, but the glaciers which carved many"

of the present features removed nearly all of the weath-
ered ore and even cut deeply into the primary deposits.

The shape

"Comstock lode and millsite.

Weathering has been going on ever since the retreat of
the ice, but post-glacial time has been too short and
erosion too vigorous to permit the formation of new
zones of enrichment.

ECONOMIC GEOLOGY

HISTORY AND PRODUCTION

Spanish explorers visited the La Plata Mountains in .
the 18th century and reportedly found mines already
in operation. Bancroft,* in telling of Escalante’s ex-.
pedition of 1776, says:

The eastern section of the La Plata range was called by
Escalante Sierra de la Grulla. The La Plata River he called
the San Joaquin, and in the eanyon, says his narrative, were
the mines sought for by Cachupin’s explorers (circa 1750-60.
E. B. E.) and which gave the name to the mountains, supposed
to contain silver. . . . At the Rio Mancos, or San Lazaro, he
again heard reports of mines.

There is no other record of ‘the early history but
placer gold was found on the Animas River in 1861,
near the present site of Durango. Mining in the La
Plata. district itself began in 1873. In that year, placer
gold was discovered along the La Plata River by men
from California and eastern Colorado. The miners
immediately began construction of a large ditch to
provide water for sluicing gravels near the mouth of
the La Plata canyon.” They recovered enough gold -
to maintain their interest for several years, but the
outcome of their operations is not known. The Com-
stock vein also was discovered in 1873. According to’
Toll,®® A. K. Fleming, one of the discoverers, exhibited
some of the ore during the following winter in Del
Norte, where Capt. John Moss, an old California miner,

" was so impressed by it that he went with Fleming to
the La Plata Mountains the following spring. On

June 22, 1874, Captain Moss and Harry Lightner lo-
cated the South Comstock lode, and A. K. Fleming,
Almarion Root, and Robert James located the North
In 1875, Moss bought
Fleming’s interest for $5,000 and then sold both claims
to Tibircio Parrott for $10,000. The names of several
of these pioneers were later given to prominent geo-
graphic features in the dlstrlct

La Plata County was organized in 1874, and Parrott
City, whose site is now oecupled by Mayday, was
founded in the same year. Chittenden * describes it
thus: '

In 1874 the only settlement in the whole district (San Juan
Basin) was on the La Plata at its head. It was at that time a

very embryotic mining town, containing two log houses and a
third in process of erection. It is called Parrott City, and

16 Bancroft, H. H., History of Nevada, Colorado, and Wyoming, 1540—
1888, p. 340, San Francisco, The History Co., 1890.

4 Lee, H. A., Report of the Colorado State Bur. Mmes (for 1897), .
p. 71, 1898.

4 Toll, R. H., personal communication.

4 Chittenden, G. B., in Ha}yden, F. W., U. S. Geol. and Geog. Survey
Terr., 9th Ann, Rept. (for 1875), p. 359, 1877.
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since that time has grown quite considerably, having been
made the county seat of La Plata County and supplied with a
regular mail. Its support comes from the mines at the head
of the stream, which consists of both quartz lodes and placer
diggings, and have been pronounced quite valuable.

The nearest supply point was Del Norte, 100 miles
east of the district, and separated from ‘it by rugged
mountains. In addition to this small settlement of
" miners on the La Plata River, there were a few ranches
along the Animas River and in other parts of the San
Juan Basin. Most of the ranchers, however, had been
driven off by the Ute Indians about the same time that
gold was discovered in the La Plata Mountains. Cap-
tain Moss, leader of the mining operations, must have
been a competent diplomat as well as a miner, to judge
from the following comment by Jackson ® on his meet-
ing with Moss in September 1874, durmg the unrest
among the Indians:

Moss explained his own security in this threatening situation
by saying that when he had brought in his party of miners a
year earlier, he had made his own treaty with the head chiefs
of this region. By this treaty he had acquired mining rights
over 25 square miles along the La Plata, through the payment
of -a liberal annuity in sheep, horses, and some other things.
This purchase had placed him and his companions on frlendly
terms with all the Indians of the region.

- In spite of all difficulties, the prospectors persisted in
their efforts. Holmes,’ in 1875, notes that “ a great
number of veins, many of which carry silver and gold,”
have been discovered, and mentions the placer opera-
tions at the mouth of the La Plata valley. He says:

Until the summer of 1875 but little was done toward the ex-
ploration of the localities from which the ore-bearing gravel
came. During that summer many hundreds of claims were 10-
cated on lodes both of gold and silver. . But little is
known . . .

The Comstock . . . shows some very fine silver ore.

By 1880 Mancos had been established, Parrott City
had grown to a town of 40 to 50 houses, and a weekly
newspaper, the La Plata Miner, was being published.
The general character of the ore deposits had become
fairly well known. In addition to the Comstock sev-
eral other mines, including the Ashland, the Century, the
Cumberland, and the Morovoratz had already produced
some ore. In 1880 Durango was founded also, just
south of the older town of Animas City, its growth be-
ing stimulated by the completion of the Denver & Rio
Grande Western Railroad in 1881. It grew rapidly and
soon replaced Animas City and Parrott City as the com-
mercial center of southwestern Colorado.

In 1884 the county wagon road was extended to the
head of the La Plata River. The town of La Plata, or
La Plata City as it is called locally, was probably
founded about the same time. For some years it had a

50 Jackson, W. H., The pioneer photographer; p. 231, Yonkers-on-

" Hudson, N. Y., World Book Co., 1929.

51 Holmes, W. H., in Hayden, E. W., U. 8. Geol. and Geog.' Survey
Terr., 9th Ann, Rept. (for 1875), pp. 271-272, 1877.

of the value of more than a very few of the lodes.

population of more than 200 and possessed several stores
and saloons, a livery stable, and a hotel. A small Cath-
olic convent occupied log buildings about a mile south
of the La Plata at some period during the early history
of the. camp. La Plata gradually declined in impor-
tance, and in 1937 it contained only about a dozen

' fam1hes

By 1885 two unsuccessful attempts at milling the ores
had been made. Freeman mentions the original
5-stamp Cumberland mill and an arrastre mill, the lo-
cation of which is not known. The Cumberland mill
was designed for extraction of free gold, although the .
Cumberland ore yielded only ruby silver.

Montezuma County, formed from the western part of
La Plata County, was organized in 1889. The comple-
tion of the Rio Grande Southern Railroad branch line
between Durango and Rico in 1891 may possibly have
had something to do with the increased production from
the district during the next decade. = In 1897 the follow-
ing mills were in existence, although some of them had
already been abandoned

Mills in La Plata district, 1897 1

. - Capac
Name Kind ity
. ~ (tons)
Little Kate____.__.____ Amalgamation, 20 stamps____ 60
Cumberland.___________ Amalgamation and concentra- 60 -
tion, 25 stamps.
Pret (Small Hope)_____ Bromination___.________.____ 10
aker________________ Amalgamation, 10 stamps_ ___ 20
Fairfield______________[_____ doo L. 20
Columbus. oo oo oo Amalgamation and concentra- 40
tion.
Lewis_ - - ____.________ Amalgamation and concentra- 50
tion, 20 stamps.
Oro Fino__________.___ Amalgamatlon and concentra- | 25
) tion, 10 stamps.
Snowstorm.____________|.____ Ao .. 25

1 Lee, H. A., Report of Colorado State Bureau of Mines (for 1897), pp. 70-72, 1898.

Between 1897 and 1901 attention was temporarily di-
verted from the high-grade telluride deposits to the
low-grade pyritic-gold deposits on Jackson Ridge and
at the heads of Bedrock and Boren Creeks. At the turn
of the century, hundreds of locations had been recorded
and more than 200 claims had been patented. Many
of the mines had produced some ore, but the total pro-
duction of the district up to 1900 was comparatively
small. Some of the mines discovered during the early
years of the district had produced, intermittently, up to
1937, but not one of the mines opened before 1900 had
then produced as much as $100,000.

The failure of the district to live up to expectations
was variously attributed to high mining and transpor-
tation costs, poor judgment as to milling methods, liti-
gation, and excessive royalties. Urndoubtedly several
of these were and still are, contributing factors, but

82 Freeman, H. C., The La Plata Mountains:
Trans., vol. 13, pp. 681-684, 1885.

Am, Inst. Min. Met. Eng.
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then as now the chief factor was the character of the ore
deposits.

With the coming into production of the Neglected
mine in 1901, the dlstrlct entered upon a new era of real
discoveries. The Valley View or Idaho vein was lo-

cated in 1902 and the May Day deposits in 1903. These _

mines began production in 1904, reached a peak about
1907, and, in spite of many legal and other difficulties,
remained the leading mines for many years. The Incas

deposit was discovered in 1909 and yielded $260,000

within 3 years. No other large deposit was found until
about 1923, when the Gold King vein, an extension of
the old Eureka-Bulldozer vein, was uncovered. It did
not begin large-scale production, however, for several
years. In 1933 the sensatlonal Red Arrow discovery
was reported.

The latter half of the history of the camp has thus
been characterized by discovery and exploitation of a
few relatively large deposits. Each discovery stimu-
lated exploration in other parts of the district for a
few years, but few of the many efforts were rewarded.
All the deposits that were to become largely produc-

tive were discovered at irregular intervals after the .

district had been combed by prospectors for more than
80 years. This fact tends to justify a hopeful view of
the future of the district; its bearing is discussed in
a later section. More than half of the nearly $6,000,-
000 total production of the camp was taken from two
mines, the May Day and the Idaho, and four others,

the Neglected, Gold King, Incas, and Red Arrow, have

together yielded more than $1,000,000 worth of ore.
More than two-thirds of the dlstrlct’s production has
thus come from six mines.

Mining activity was at a low ebb in 1937 except for
work at the Tdaho, Red Arrow, and Gold King, which
was shut down in June. Some work was being done

by lessees and prospectors in various places, and sev-
eral small exploratory programs were being carried

on. At the close of the year only two mills were in
operation. These were the Pioneer, which was treat-
ing ore from the Idaho mine and dump, and a small
amalgamation mill treating high-grade ore from the

Red Arrow. The Gold King mill, which ran for sev-

eral months on ore previously broken at the mine, was
shut down indefinitely on October 15, 1937. The May
Day and the smaller Monarch and Lady Eleanora mills
were in good condition but were not being operated.
The Cumberland, Euclid, Doyle, Neglected, Oro Fino,
Texas Chief, and Tomahawk mills were either in ruins
or in bad repair.

. The production of the district for 1878-1937 is sum-
marized in the table on page 54. Some ore is now
known to have been produced during the years 1874-
77, but there are no authentic records for this period.
An estimate of $15,000 total value for metals produced
during these years is probably very liberal. No ex-
planation can be found for the tremendous increase in

silver production in 1894, and it WOuid seem that the

- figures are.in error.®® As 1892-94 were years of very

large production in the neighboring camp of Rico,*
it seems reasonable to suggest that much of the ore
represented by these figures originated in that camp.

. MINERALOGY
By F. W. GALBRAITH

MINERALS OF THE ORE DEPOSITS

The following descriptions of the minerals closely
assoclated with the ore deposits are grouped according
to Dana’s system. In the alphabetical list which pre-
cedes the descriptions a question mark indicates that
presence of the mineral in the district has not been
definitely established. In addition to the listed min-
erals, a few that occurred in particles too small for
positive identification are described under the general
group headings to which they belong. The methods

" used in identifying the telluride minerals have been de-

scribed elsewhere.’®

Orthoclase
Palladium (native?)

Copper (native)
" Cosalite (?)

Aikinite (?)
Amalgam (?)

Andradite Covellite Pearceite (?)
Anglesite Dickite Petzite

Ankerite - Enargite Platinum (native?)
Argentite Epidote Polybasite (?)
Arsenopyrite Fluorite Pyrargyrite
Augite Galena Pyrolusite
Azurite Gold (native) Pyrite

Barite Gypsum Realgar
Benjaminite (?) Halloysite Quartz

Bornite Hematite Roscoelite
Calaverite Hessite Siderite

Calcite Krennerite Silver (native)
Cerargyrite (?) Limonite- Stephanite
Cerussite Magnetite Sylvanite
Chalcanthite . Malachite Tellurium (native)
Chalcocite - Marcasite Tetrahedrite
Chalcopyrite Mercury (native) Tourmaline
Chlorite _ Miargyrite Tremolite
Cinnabar Muscovite, var. Troilite (?)
Coloradoite sericite :

NATIVE ELEMENTS

Gold, Au—~Native gold is an important ore mineral
throughout the district and is the only valuable product
of some of the mines. Finely divided free gold is as-
sociated with pyrite in the Doyle “blanket” and in many
veins, such as those worked by the Century, the Timber-
line mine of the Doyle group, and the various mines
and prospects along Boren and Burnt Timber Creeks,
notably the Boren Gulch, May Rose, and Monarch prop-
erties. It is also associated with pyrite and chalcopy-
rite in contact-metamorphic deposits worked.at the Bay

52 Henderson, C. W., Mining in Colorado, a history of discovery, de-
velopment, and production: U. S. Geol. Survey Prof. Paper 138, pp. 52,
177, 1926.

54 Henderson, C. W., idem., p. 117,

5 Galbraith, F. W., Identxﬁcation of the commoner tellurides Am,
Mineralogist, vol. 25, pp. 868-371, 1940.
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Production of gold, silver, lead, and copper from La Plata district, 1878-1937, in terms of recovered metals !
Silver Copper Lead
Ore treated
Year | (short tons) Lode gold 2 Average Average Average Total value .
. Fine ounces| price per Value Pounds price per Value Pounds price per Value
ounce pound . pound

1878 e 3 $1, 000 31,934 $1.15 $3, 224
32,500 33,867 1.12 - 6, 831

35,000 37,734 1.15 - 13, 894

5, 000 7,734 1.13 - 13,739

10, 000 23,203 1. 14 - 36, 451

13, 000 3, 867 .11 - 17,292

4, 641 .1 - 5,652

45,000 ¢ 5 000 1.07 - 10, 350

10, 225 4, 671 .99 . 100, 000 19, 449

12,473 7,126 .98 - 21, 355

3,574 2,294 .94 - 5, 730

4,465 1,118 .94 - 5, 516

3,729 2,011 1.05 - 5, 841

23,054 3, 207 .99 - 26, 229

34, 881 3,335 .87 - 37,782

37,872 928 .78 - 41,716

114, 264 417,465 .63 - 377, 267

3,682 99 .65 _ ) 746

10, 741 41 . 68 10, 769

36, 944 1, 514 . 60 37,933

38, 653 5, 219 . 59 42, 369

41,092 3,389 . 60 43, 304

24,927 7,187 .62 30,079

30, 819 5, 588 . 60 34, 460

127, 182 7,416 .53 | 131, 583

____________ 145, 331 7,716 .54 149, 736
130, 200 31, 086 . 58 148, 513

254, 007 93, 258 .61 311,379

304, 633 121,721 .68 387 616

413, 034 217, 579 . 66 556, 796

101, 584 71, 592 . 53 139, 619

127, 205 74, 160 .52 165, 959

399, 608 141, 752 .54 476 212

286, 953 69, 444 .53 333, 065

135, 391 47,948 . 615 165, 334

312, 891 121,122 . 604 403 899

126, 498 , 244 . 553 163, 721

72,024 46, 472 507 97, 411

33, 055 29, 380 658 56, 572

27,952 15, 512 824 48, 791

7,378 6, 415 1. 00 14,171

5,966 6,075 1.12 12,922

11,020 10, 578 1.09 22, 625

45,181 20,327 1.00 65, 676

32, 261 10, 656 1. 00 42,917

15, 905 17,138 82 30, 204

23, 502 11, 597 .67 31,367

24,074 22, 831 . 694 40, 093

6, 472 2,681 .624 8, 145

23,103 8, 912 . 567 28, 156

47,433 24,103 . 585 65, 254

116, 511 83, 107 . 533 165, 280

8,482 2 969 .385 9, 655

12, 752 2,317 . 290 13,431

530,397 6, 968 . 282 32,571

643 958 14, 889 . 350 49, 541

7116, 344 17, 523 . 646 128,012

8 85, 876 17,490 .718 12,571 99, 383

1936 13 331 997,923 14, 465 774 11, 203 . . 109, 922
1937 .. 18 161 143, 311 34 242 L773 26, 486 2, 000 .121 242 257, 000 . 059 15,163 185, 202
Total ... .| o ... 4,362,792 | 2,003,497 |________.__. 1, 289, 238 283,876 | 45, 590 715,183 | ... 38, 095 5,741, 711

1 Figures for 1878-1923 are from C. W. Henderson, Mining in Colorado: U. S. Geol.
derson, Supervising Engineer, Bureau of Mmes Denver.

Survey Prof. Paper 138, p. 178, 1926. Figures for 1924-37 were compiled by C. W. Hen-

2 Gold valued at $20.67+ per ounce 1873~ 1032 at $25.56 for 1933, at $34.95 for 1934, and at $35 for 1935-37.

3 Estimated by C. W. Henderson, by subtractmg from figures for San Juan region.

Production-for 1874-77 unknown but probably small.

4 Interpolated by C. W. Henderson to correspond with total production of the State.

5 Includes $86 placer gold.

6 Includes $111 placer gold.

7 Includes $367 placer gold.

§ Includes $460 placer gold.

9 Includes $646 from 7 tons of ore from Valleclto district.

City, Lady Eleanora, Silver Falls, and other mines.
These deposits are characterized by sulfides and by gar-
net, augite, epidote, magnetite, and other silicates and
oxides. Elsewhere, as in Tomahawk Basin and on
Baker Peak ridge above the Bonnie Girl mine, sulfide-
free garnet or magnetite bodies that have replaced limy
beds and lenses are reported to contain small quanti-
ties of gold. In most of the deposits mentioned above
the primary ore is too low grade to be workable, but
in some of them weathering and oxidation have con-
centrated the gold near the surface, largely by removal
of other constituents, and have resulted in the forma-
tion of workable deposits, some of them rich.

The most notable occurrence of free-gold is at the
recently discovered Red Arrow mine, which has pro-
duced much coarse gold in crystals, wires, and irregu-
lar masses. The largest “nugget” found weighed more
than 5 pounds. This gold is associated with quartz,
coarsely crystalline barite, ankerite, chalcopyrite, tet-
rahedrite, and pyrite. Some of it is intergrown with
tetrahedrite, minute crystals of which are perched on
gold crystals in one specimen. Telluride minerals are
extremely rare in the deposit; only one small mass of
hessite, replacing tetrahedrite, was seen in the specimens
examined. The observed relations between gold and
tetrahedrite show the gold to be primary, but some of
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the “nuggets” may have been enlarged by supergene

agencies. ‘

Native gold was seen in polished sections of ores from
the Bess1e G., Durango Girl, Neglected, Lucky Discov-
ery, and Eagle Pass mines. It is relatively abundant
in several parts of the Gold King vein and is probably
present in the telluride ores at many other places. In
nearly every section the gold is intimately associated
with the tellurides of gold, silver, and mercury; it se-
lectively replaces tetrahedrite, coloradoite, and hessite
(pl. 10 A) and is of hypogene origin. In one section
from the Bessie G. mine, native gold occurs with cin-
nabar deposited in vugs lined with very late quartz.
This occurrence probably represents the final stage of
hypogene ‘mineralization.

In a section of ore from the Eagle Pass vein much of
the gold fills tiny fractures and follows minute capillary
cracks along the cleavage of hessite (pl. 12 D). This
is the only occurrence of native gold believed to be of
supergene origin that was observed in the polished sec-
tions. Several occurrences of gold in association with
native mercury and amalgam have been reliably re-
ported, however, and free gold is said to have been

“abundant in the near-surface workings of the Neg-
lected,” May Day-Idaho, Comstock, and other mines.

Most of this gold probably represents residual concen-

tration of metal originally intergrown with the telluride
“‘and other hypogene minerals. Some of it may have
been dissolved, transported, and reprecipitated during
the weathering process, but the apparent absence of
“rusty” and “mustard” gold, which are the usual weath-
ering products of gold tellurides, argues against this
mode of origin. '

Free gold is said to be associated in small quantity
with the ruby silver ores of the Cumberland and other
mines, but as none of it was seen in the specimens ex-
amined ‘the relation of gold to the silver minerals is
not known. )

" Tellurium, Te—~Native tellurium is possibly as-
sociated with the tellurides in several deposits but has
been identified only in one polished section of ore from
the Gold King mine (pl. 11 4). It therefore occurs
in contemporaneous intergrowth with krennerite, hes-
site, and coloradoite and is of hypogene origin. Ac-
cording to R. M. Wheeler, native tellurinm is fairly
abundant in the Mountain Lily mine, where much of the
ore that appears to be rich in tellurides fails to yield
commercial quantities of gold or silver.

Silver, Ag.—Native silver has been reported only as
an oxidation product in some of the copper mines on
Bear Creek (see p. 71), but it may have been present
in the oxidized parts of other deposits; it is scarce
throughout the district.

Uomm’ Cu.—Native copper has been reported from
the Copper Age and Bonnie Girl mines and from sev-
eral of the mines along Bear Creek. A little may be
present in the oxidized zones of other deposits, but it

is not abundant anywhere, and, in view of the general
scarcity of primary copper minerals, it is probably ab-
sent in most places. The Copper Age vein is said by
Wallace ® to have been 8 feet wide and rich in red
copper oxide (cuprite ?) and native copper. Both
minerals were doubtless derived from original chalco-
pyrite by weathering processes. Local reports credit
the old Bonnie Girl mill with recovering a fairly large
quantity of copper amalgam by milling the oxidized
ores from the Bonnie Girl mine. No copper was seen

-in these deposits, but as the rocks contain partly oxi-

dized pyrite and chalcopyrite they may well. contfun
native copper.
The most interesting occurrence of native copper is

‘in a recent swamyp deposit on the west side of the La

Plata River, just below the town of La Plata. Here
the soil in a depression half an acre or so in extent is
kept moist in part by surface waters from Boren Creek
and in part by small seep springs in the immediate
vicinity of the swamp. All of this water drains through
or-over rocks that contain appreciable quantities -of
disseminated chalcopyrite. The black muck of the
swamp, which is 5 feet thick or more in places, contains
many irregular nodules and grains of native copper,
the smallest of which are less than a millimeter and
the largest more than a centimeter in diameter. With
them are associated similar nodules of fine-grained
ferrous sulfide, described below as troilite (?). Both
copper and troilite (?) are doubtless precipitated by
reactions between organic matter and copper and iron
sulfates in the swamp waters.

Mercury, Hg—Native mercury was not seen during
the present investig atlon, but it has been reliably re-
ported from several mines. It may have been wide-.

~spread in many of the early, near-surface workings.

It was formed by supergene processes, most of it prob- -
ably by the breaking down of the mercury telluride,
coloradoite, though some may have come from cinna-.

bar. According to Wallace, mercury and gold amal-
gam were relatively common in the Iridos mine and
mercury was associated with the telluride minerals in
the old Ashland vein. W. H. Emmon’s field notes of

1903 remark that mercury was associated in consider-

able qu‘mmtv with free gold, silver, and amalgam in
the Ruby mine. It is said to have been associated with
gold and copper in the Gold King-Swamp Angel work-
ings and to have been found in some of the wall rocks
of the Neglected vein. Lakes ® reports the association

“of free mercury with amalgam, gold, and tellurides in

the Mason mine.
Amalgam, Au, Ag, Hg—Native amalgam is said to
occur in nearly all the deposits that are mentioned above

56 Wallace, J. P.,, La Plata County, in Burchard, H. C., Report of
Director of the Mint, 1883, pp. 368-376, 1884.

5 Wallace, J. P., op. cit. .

% Lakes, Arthur, A peculiar occurrence of native mercury, free gold,
and telluride minerals near Trimble Springs, Durango : Mining Reporter,
vol. 54, pp. 389-390, 1906.
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as containing native mercury. It is certainly a super-
gene mineral. The relative proportions of gold and
silver in the amalgams are not recorded, but as free
silver is relatively scarce in the district gold is probably
the more abundant.

Platinum, Pt. and palladiwm, Pd.—As noted below in
the description of the ore deposits (pp. 63-64), small
quantities of platinum and palladium are associated
- with chalcopyrite-bearing rock on Copper Hill, between
Boren and Bedrock Creeks.
discovered and proved by chemical methods. Micro-
scopic examination of a few sections by Horace Fraser,
of the California Institute of Technology, and by the
writer have failed to disclose how these metals occur.
They may be in solid solution in the chalcopyrite, or
they may form discrete particles intergrown with the
chalcopyrite or with the iron-oxide minerals. A report
that platinum occurs in the Barr-Menefee prospect has
not been confirmed.

SULFIDES

Realgar, AsS—C. W. Purington’s field notes of
1896 refer to small crystals of supposed realgar in the
Greenhorn prospect, on the upper part of the La Plata
River. They were enclosed in calcite that was asso-
ciated with quartz and barite in a silver-bearing vein.
The field identification does not appear to have been
confirmed, and no other occurrences of realgar in the
district have been reported.

Galena, PbS.—Galena is widely distributed through

the La Plata district, both in the telluride and the sul- -

fide ores, but it is abundant in only a few of the deposits
studied, the Gold King, Jumbo-Morovoratz, and Puz-
zle being almost the only mines that have produced it
in commercial quantity.

The galena commonly occurs as small grains asso-
ciated with sphalerite, tetrahedrite, and the tellurides.

In some of the ores it fills open vugs and fissures in a’

gangue of quartz or barite, but more commonly it re-
places sphalerite, tetrahedrite, and chalcopyrite. In
ore from the Gold King and Daisy properties sphal-
erite replaces galena (pl. 12 4), and in the Iron King

green sphalerite are surrounded by narrow aureoles of
galena, but such relations are unusual. Galena is ear-
lier than the tellurides but is not extensively replaced
by them,

Galena is replaced to a hmlted extent by supergene
anglesite and cerussite (pl. 12 B).

Galena with perfect octahedral cleavage was found
by Hills ® on the north side of Bedrock Creek, possibly
in the vicinity of the Copper Hill mine but more prob-
ably in the vicinity of the Allard tunnel, farther up the
creek. According to Hills, the galena did not occur
in a vein but in bunches irregularly distributed through

5 Hills, R. C., Notes on rare mineral occurrences: Colorado Sci. Soc.
Proc., vol. 11, pp. 203-205, 19186.

The platinum meta]s were

a metamorphosed sedimentary rock. The gangue was
siliceous in some places and calcareous in others, but all
of it contained a mineral that Hills called chlorite; it
seems possible, however, that this mineral was really
augite, which is found in the metamorphic rocks and
the syenite along Bedrock Creek. The galena was
heated to 325° C. for 45 minutes but did not develop
cubic- cleavage. Hills suggests that the octahedral
cleavage may have been due to the relatively large
amount of antimony and bismuth sulfide shown in his
analysis, given below. Similar galena has been noted
by McCausland at  several places in the vicinity of the
Allard tunnel, but none was seen by the writer.

Analysis of galena with octahedral cleavage, Bedrock Creek
R. C. Hills, analyst

Percent

Lead (Pb) . _ oo e~ 82.06
Bismuth (Bi)!_ - .l IIIIII 1.78
Antimony (Sb)2. . e .65
Tron (Fe) . e . 58
Zine (Zn)_ _____________.___ e e o .36
Sulfur (S) . oo e 13. 65
Calcium carbonate (CaCOs) - - ____________ .41
Silver (Ag) o e .02
Gold (Au) - _ e Tr.
Water (Hq0) at 105° C___ .. . 05
Total - 99. 56

1The 1.78 percent‘ of bismuth corresponds to 2.19 percent of BisSs.
1 The 0.65 percent of antimony corresponds to 0.91 percent of SbsSs.

Argentite, Ag,S—Small quantities of argentite are
associated with sphalerite, tetrahedrite, pyrite, and
ruby silver minerals in the coarse-grained galena of the
Daisy mine. Argentlte has also been reported from the
Hidden Treasure mine near the Daisy, and a few very
small grains of supposed argentite were seen in a pol-

-ished section of table concentrates from the Neglected

mine. It is not known to occur elsewhere in the dis-
trict and is almost certainly rare.

Chalcocite, Cu,S.—Aside from the copper deposits
along Bear Creek (p. 70), the only known occurrence
of chalcocite in the district is in the Red Arrow Exten-
sion prospect, where small rounded grains of the min- -
eral, partly altered to copper carbonate, are associated
with calcite and a little quartz in shattered sandstone

prospect relatively large masses of pale yellowish- - and shale.

Sphalerite, ZnS.—With the exception of pyrite, the
most abundant sulfide mineral in the La Plata district
is sphalerite.

Sphalerite has been deposited in open vugs and fissures
in quartz, and it also has replaced quartz, pyrite, and
carbonate gangue. Sphalerite and chalcopyrite are es-
sentially contemporaneous, tiny blebs of chalcopyrite
being contained in much of the sphalerite. Sphalerite
is replaced by tetrahedrite and galena, appearing in -
some sections only as small residual areas within the
replacing minerals. As already noted, irregular masses
of light yellowish-green sphalerite are surrounded by
aureoles of galena in the Iron King prospect. In ores

® McCausland, R. D., personal communication.
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B. SEDIMENTARY ROCK PARTLY REPLACED BY MONZONITE.

The sedimentary rock (dark gray), probably a shale originally, contains numerous veinlets of monzonite (light gray). From exposure near head of Boren Creek.

CLOSE-UP PHOTOGRAPHS OF IGNEOUS ROCKS AND PARTLY REPLACED SEDIMENTARY ROCK, BOREN CREEK AREA.
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A. IRREGULAR MASSES AND VEINLETS OF NATIVE GOLD IN B. TETRAHEDRITE REPLACED BY HESSITE.

HESSITE. oy 5 s N - .
2 t. Tetrahedrite; I, hessite; gangue is quartz (q). Durango Girl mine.
g, Native gold; h, hessite. Lucky Discovery mine. Reflected light, X 150. Reflected light, X 60.

C, D. SUBGRAPHIC PATTERNS OF CALAVERITE AND SYLVANITE IN HESSITE.

¢, Calaverite; sy, sylvanite; h, hessite. These textures may indicate replacement of hessite by the gold tellurides, but owing to its rarity, such replacement is not believed to be
important in La Plata ores. Gold King mine. Reflected light, X 250.

PHOTOMICROGRAPHS OF POLISHED SECTIONS OF ORE.

All photographs by F. W. Galbraith.
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A. INTERGROWTH OF KRENNERITE (k) AND NATIVE TELLURIUM B. BOXWORK STRUCTURE OF MAGNETITE.
g (te). Chalcopyrite (cp) has filled spaces (o) in boxwork and veinlet of pyrite (py)

Specimen etched with concentrated HNOj. Cleavage pattern produced by etch- cuts magnetite (m). Bay City mine. Reflected light, X 80.

ing is characteristic of krennerite. Gangue is quartz (¢q). Gold King mine.
Reflected light, X 180.

PHOTOMICROGRAPHS OF POLISHED SECTIONS OF ORE.

Photographs by F. W. Galbraith.
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. ‘ k. o
X75 L7 N
A. GALENA REPLACED BY SPHALERITE ALONG CLEAVAGE B. GALENA REPLACED BY SUPERGENE CERUSSITE.
TRACES.

Replacement by supergene cerussite (ce) along boundaries between grains of
gn, Galena; s, sphalerite. Gold King mine.. Reflected lizht; X 75. galena (gn) and quartz (¢), and along cleavage traces of galena. Gold King
mine. Reflected lizht, X 60.

C. HYPOGENE CHALCOPYRITE REPLACED BY SUPERGENE D. SUPERGENE GOLD VEINLETS (g) DEPOSITED IN FRACTURES

BORNITE. IN HESSITE (h).
cp, Chalcopyrite; b, bornite. Neglected mine. Reflected light, X 175. Surfuce.elche(l with 1:1 HNO3. Large area of white mineral unaffected by

acid is coloradoite (co). Gangue is quartz. Eagle Pass mine. Reflected
light, X 157.

PHOTOMICROGRAPHS OF POLISHED SECTIONS OF ORE.

Photographs by F. W. Galbraith.

12
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from the Gold King and Daisy mines, sphalerite is
clearly later than galena, which it replaces along grain
boundaries and cleavage planes (pl. 12 4).

Cinnabar, HgS.—Cinnabar was observed in a single
specimen of ore from the Bessie G. mine, where it forms
globular incrustations in a vug lined with very-late
quartz. It is believed.to be hypogene, but it probably
represents the last stages of hypogene mineralization.
Associated with the cinnabar is a small amount of na-
tive gold believed to have been deposited contempora-
neously with the cinnabar. Mercury sulfide, probably
cinnabar, was noted by Emmons ® in the Durango Girl
mine associated with tetrahedrite and the telluride min-
erals. Cinnabar has also been reported from the
Mason mine.

Troilite (?), FeS.—Small irregular grains and nod-
ules of a dark-grey to black ferrous sulfide are asso-
ciated with native copper in a swamp at La Plata. The
nodules are very fine-grained aggregates of a mineral
doubtfully identified as troilite, an end member of the
pyrrhotite series. The occurrence has no bearing on
the ore deposits of the district.

- Oovellite, OuS.—The very small quantity of covellite
in the district is all of supergene origin. The mineral
replaces hypogene bornite, chalcopyrite, and tetra-
hedrite along minute fractures and grain boundaries.

Bornite, CusFeS,—A little bornite, partly of hypo-
gene and partly of supergene origin, has been found in
several mines of the district. Hypogene bornite oc-
curs in contemporaneous intergrowth with chalcopyrite,
tetrahedrite, and enargite. Supergene bornite replaces
chalcopyrite along minute capillary cracks (pl. 12 C).

Chalcopyrite, CuFeS,—Chalcopyrite is recognizable
in about half the ores studied. In most of them it is
scarce, very little being present in the ores that contain
telluride minerals. It is the most abundant sulfide,
however, in the vicinity of Copper Hill and Bed-
rock Creek.

In most polished sections of the ores the chalcopyrite
is associated with either sphalerite or tetrahedrite.
Where chalcopyrite occurs in tiny blebs in sphalerite,
the two minerals are believed to be essentially contem-
poraneous. In general the chalcopyrite is earlier than
the tetrahedrite. Some of its fills open spaces in the
gangue, and in one or two polished sections it was seen
to have replaced pyrite. The chalcopyrite is replaced
to a slight extent by supergene bornite and covel-
lite (pl. 12 C).

Py Jmte, FeS. —Pyrlte 'is the most abundant sulfide
mineral in the district and is present in most of the
ores.
enclosed in quartz gangue, where crystal outlines of
the cube and pyritohedron can be recognized under the
microscope. Pyrite occurring in this way is the earli-

St Emmons, W. H., The Neglected mine and near-by properties, Durangd
quadrangle, Colorado : U. S. Geol. Survey Bull. 260, pp. 121-127, 1903.

827630—49——>5

Scattered euhedral to subhedral grains of it are .

_ est of the sulfides and is believed to have been deposited

at the same time as the early vein quartz. A second
generation of fine granular to massive pyrite fills open
spaces and veinlets in vein quartz and is intimately
intergrown with ‘arsenopyrite in some places. Kven -
this later pyrite is in general earlier than the other
sulfides, and, although in one or two polished sections
of ore it has replaced sphalerite, it has been extensively
replaced by sphalerite and to a limited extent by chal-
copyrite. Some supergene alteration of pyrite to “li-
monite” has taken place. '

Pyrite is the chief constituent of some massive ores
of the replacement type, such as are found at the Doyle
and Bay City mines. It is the chief metallic mineral
in the pyritic-gold deposits of the Century and Little
Kate mines and of the gulches along Burnt Timber and
Boren Creeks. It is-widely disseminated in the wall
rocks of many deposits.

Marcasite, FeS,—Marcasite, accompanying chalce-
dony in striking concentric structures, was observed in
a polished section of ore from a prospect near Boren
Creek, where it probably was formed in connection
with the colloidal deposition of the silica. Its relation
to other sulfides is not known.

Arsenopyrite, FeAsS.—Arsenopyrite is rather widely
distributed in the La Plata ores, though nowhere abun-
dant.” The mineral is a component of the complex
sulfide ores of the Lady Eleanora and other properties
and is intergrown with pyrite and chlorite in the Peer-
less deposit on the West Mancos River. It occurs in
nearly all ores that contain abundant telluride min-
erals. '

The arsenopyrlte 1s not closely associated with the
tellurides, however, but occurs with pyrite, with which
it is believed to be virtually contemporaneous. In one
polished section from the Lucky Discovery mine both
pyrite and arsenopyrite appear to be earlier than or
contemporaneous with the early vein quartz; both ex-
hibit euhedral to subhedral outlines. In most of the
other sections the two minerals form granular inter-
growths and are later than the early vein quartz.

In a section from the May Day mine a tiny veinlet of
arsenopyrite in fine-grained sandstone contains several
small masses of hessite, Which have replaced arsenopy-
rite.

TELLURIDES

Sylvanite, (Aw, Ag) Te,—According to local report
and to most of the published descriptions of the district
sylvanite is by far the most widespread telluride min-
eral in the La Plata deposits and is commoner there
than any other telluride. Speaking absolutely, how-
ever, it is actually very rare in the many polished sec-
tions of representative ores that have been studied.

A little hypogene sylvanite occurs in the ore of the
Lucky Discovery mine, where it forms a contempora-
neous intergrowth with hessite, coloradoite, and petzite.

. The mineral has filled open spaces in the quartz gangue
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and has replaced sphalerite and tetrahedrite. It is in
turn replaced to a small extent by hypogene native gold.
Sylvanite is present also in ore from the Gold King
mine (pl. 10 D).

Calaverite, (Au, Ag) Te,—Calaverite is a minor con-
stituent of ores from the Gold King and Bessie G.
mines. In the Gold King ore it forms a subgraphic pat-
tern of tiny wormlike inclusions in hessite (pl. 10 C) ;
in the Bessie G. ore small masses of calaverite are inter-
grown with krennerite, petzite, hessite, and coloradoite.

Krennerite, (Aw, Ag) Te,—XKrennerite occurs
sparsely in ore from the Gold King, Bessie G., Neg-
lected, and Idaho mines, where it forms contemporane-
ous intergrowths with the other telluride minerals and,
in the Gold King ore, with native tellurium (pl. 11°-4).

Hessite, Ag, Te—Hessite is by far the most abundant

. telluride of the La Plata district and occurs in consider-

able quantity in the ore of the Bessie G., Durango Girl,
Gold King, Idaho, Lucky Discovery, and May Day
mines. It is intimately associated with the other tel-
lurides in contemporaneous hypogene intergrowths.
. Hessite and the associated tellurides fill open spaces in
the gangue, and they extensively replace tetrahedrite
(pl. 10 B), which in many polished sections is found
only as corroded residual grains in the tellurides.
Sphalerite, pyrite, galena, and chalcopyrite are also re-
placed by the tellurides but to a much smaller extent.
In ore from the Gold King mine, calaverite forms a
subgraphic pattern of tiny wormlike inclusions in hes-
site (pl. 10 €), and in ore from the Durango Girl a
similar pattern is formed by hessite and petzite. Hes-
site is replaced by hypogene native gold in the Lucky
Discovery and Durango Girl ores (pl. 10 4) and by
supergene gold in one polished section from the Eagle
Pass vein (pl. 12 D). v
Petzite, (Ag, Au), Te.—Petzite is a minor constituent
of ores from the Bessie G., Durango Girl, Idaho, Neg-
lected, and Lucky Discovery mines. It is much less

abundant than hessite, krennerite, and coloradoite but .

more abundant than sylvanite or calaverite.

Petzite is intimately associated with the other hypo-
gene tellurides in a contemporaneous intergrowth and
forms a subgraphic pattern of tiny wormlike inclusions
in hessite, in ore from the Durango Girl and Lucky
Discovery mines.

Coloradoite, HgTe—Coloradoite, heretofore unre-
ported from the district, is more abundant there than
any telluride except hessite, and is probably a constitu-
ent of all ores that contain tellurides. It forms con-

temporaneous intergrowths with the other tellurides

and is of hypogene origin. In some polished sections
it is extensively replaced by hypogene native gold. It
is doubtless the source of most of the supergene native
mercury that is reported from several mines. :

. SULFOSALTS -
Aikinite, 2Pb.Cw,S.Bi,S;.—See cosalite.

Miargyrite, Ag,S8.806,8,, and Pyrargyrite,
34.9.8.80,8;—Pyrargyrite was identified only in ores
from the Gold King and Texas Chief mines, and miar-
gyrite only in ore from the Gold King mine. These
minerals, however, with proustite (3Ag,S.As,S;), are

. doubtless among the principal ore minerals in the Cum-

berland, Muldoon, Kennebec, and other mines of the
belt that crosses the northern part of the district, since
that is known as the “ruby silver” belt. Ruby silver
minerals have also been reported from the Shoo Fly on
Tirbircio Creek, and from the Euclid mine west of the
Sharkstooth, and they may be present, though scarce,
in ores of other mines.

A contemporaneous intergrowth of miargyrite and
pyrargyrite, believed to be of hypogene origin, is re-
vealed in a ‘polished section.of ore obtained between
the main and 100-foot levels of the Gold King mine.
These minerals have filled open spaces and to a small
extent have replaced the quartz and pyrite in their
quartz gangue, which contains abundant euhedral crys-
tals of pyrite. A very small amount of chalcopyrite
and sphalerite occur with the ruby silvers, but their
relations to one another are not clear. A little pyrar-
gyrite is associated with galena and chalcopyrite in ore
from the Texas Chief mine, and a few grains, too small
for positive identification, of ruby silver mineral are
intergrown with stephanite in ore from the Muldoon.

Benjominite (Cu,Aq),8.2Pb8.28%,8,—See cosalite.

Cosalite, 2PbS.B(,S;.—Hillebrand ¢2 has described
cosalite from the Comstock mine. He found it in irreg-
ular masses, rarely as much as an inch long, with no
cleavage or recognizable crystallization but with a sug-
gestion of fibrous structure. It was associated with
pyrite, sphalerite, sylvanite ( ?), and native gold. Cal-
culating the iron found in this analysis as pyrite; Hille-
brand deduced the general formula 2R8.B%,S;, with B=
Pb, Ag,, and Cu, Since theoretically pure cosalite
contains neither silver nor copper, the mineral analyzed
either is a mixture or was incorrectly classified. As
shown in the table below, the chemical composition as

© Analyses of ‘“cosalite’” from Comstock mine and of benjaminite 1

Cosalite 2 Benjaminite 3
Found | Theory

42. 93 48-53 49. 18
8. 43 3-4 4. 25

7. 50 -3-7 5. 01
22. 49 23-27 24. 50
LT0 -

4 S P IR

17. 11 15-16 17. 06
99.16 |._.______ 100. 00

19124$hannon, E. V., Proc. U. S. Nat. Mus. (1925), vol. 65, art. 24; No. 2537 (June 17,

)
1+ W, F. Hillebrand, analyst,
3 E. V. Shannon, analyst.
62 Hillebrand, W. F., Miscellaneous mineral notes: U. S. Geol. Survey
Bull. 20, pt. 6, p. 95, 1895. Also in Colorado Sci. Soc. Proe., vol. 1, p. 52,
1884. '
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" given by Hillebrand corresponds well with that of
benjaminite, and it may well be that the Comstock
material consisted largely of that mineral.

George ® says “some of the ore from the La Plata
Mountains, called cosalite, is clearly aikinite.” "But
analytical data given above fit aikinite little better than
they fit cosalite, and unless new material can be found
and studied microscopically the identity of the mineral
or minerals in the material analyzed by Hillebrand
must remain in doubt. : :

Tetrahedrite, 5Cu,8.2(Cu,Fe)S. 282} S;. — Tetrahe-
drite is one of the most widely distributed sulfide min-
erals in the district and is abundant in ‘most of the tel-
luride ores. In composition the mineral is closer to
tetrahedrite than to tennantite, though all the specimens
tested by microchemical methods contain an apprecia-
ble quantity of arsenic. Few of the specimens gave a
reaction for silver by the ammonium blchromate
method.®

The tetrahedrite is of hypogene origin. It was de-
posited soon after sphalerite and chalcopyrite, and in
most sections it -is clearly earlier than galena. The
periods of deposit:ion of the four minerals overlapped,
however, so that in some places two or more of them

~were deposn;ed contemporaneously.

Tetrahedrite has been more extensively replaced by
the tellurides than any other mineral (pl. 10 B), and in
many sections it is seen only as embayed remnants in
the tellurides. It has also been selectively replaced
by native gold. In some specimens from the Red Ar-
row vein, gold is intergrown with tetrahedrite ; in a few,
minute crystals of tetrahedrite are perched on the sur-
face of gold crystals. Supergene alteration of tetra-
hedrite along minute fractures has produced a little
covellite in a few places. _

Polybasite, 849.,5.8b,8;,, and pearceite,
84¢.8.45.8;—Polybasite was not found during this in-
vestigation, but C. W. Purington, in his field notes for
1896, stated that the ores of the Daisy-Hibernia work-
ings contained polybasite and possibly other silver min-
erals. They were associated with galena, chalcopyrite,
pyrite, and free gold in a gangue of quartz.

Pearceite was found only in ore from the Cumberland
mine. A polished surface of this ore reveals an inter-
growth of a pinkish isotropic mineral with a white
anistropic mineral. Both minerals yielded nearly
identical etch tests and are shown by microchemical
tests to be silver sulfarsenides. The white mineral is
believed to be pearceite, although the etch tests do not
exactly conform to those given by Short.®* The results
of etch tests and chemical analysis suggest that the
pinkish mineral is a variety of pearceite, but as the

% George, R. D., Common minerals and rocks, their occurrerices and
uses: Colorado Geol. Survey Bull. 12, 463 pp., 1917.

& Short, M. N., Microscopic determination of the ore minerall 24. ed. :
U. S. Geol! Sur\ey, Bull. 914, pp. 200, 201, 1940,

6 Short, M. N., idem., p. 135. .

- for specific identification.

mineral is isotropic, this determination is questionable.
Its relations to the other ore minerals are not known.

Enargite, Ou,S.40uS.45,8;—The ores of the Neg-
lected and Tomahawk mines contain very small quan-
tities of enargite, intergrown with chalcopyrite and
tetrahedrite. The enargite in the Tomahawk ore is of
the pink variety known as luzonite.

. Stephanite, 54¢,8.8b,8;—Stephanite, or “brittle
silver,” was observed only in polished surfaces of ore
from the Muldoon mine but is reported from the May
Day mine by several mining engineers. That in the
Muldoon ore is of hypogene origin and was deposited
in open spaces in the quartz gangue. Intergrown with
the stephanite is a little ruby silver in masses too small
Supergene anglesite replaces
the stephanite along minute fractures.

HALOIDS

Cerargyrite, AgCl.—Cerargyrite has not been posi-
tively identified in any of the ores, but the rich oxidized
silver ores of the Little Nona and Jumbo-Morovoratz
mines probably contain this mineral, and so possibly,
do the weathered portions of other silver-bearing de-
posits. “Chlorides and bromides of silver” (cerargy--
rite, embolite; and bromyrite) are said by miners to
occur in the May Day-Idaho ores, but they have not been
identified with certainty.

Fluorite, CaF,—Fluorite has been observed in the
Copper Hill-Bedrock Creek area and in the Gold King
mine, and it also has been reported from the Mason
mine near Trimble. Small quantities of fluorite are
associated with the platinum-bearing chalcopyrlte ores
of Copper Hill, but there the mineral is seldom visible
megascopically. Comparatively large lenses and veins
of very silicepus lavender to dark-purple fluorite occur
in many places along the upper part of Bedrock Creek,
especially in the vicinity of the Allard tunnel. Many
of these bodies contain disseminated crystals of pyrite
and chalcopyrite.

Clear cubical crystals of pale-violet fluorite line vugs
at many places of the Gold King vein. The largest ones
observed are about half an inch in diameter, but most
of them are much smaller. Fluorite was one of -the
last minerals to form in this vein.

OXIDES

Quarts, SzO —Quartz is by far the most abundant
gangue mineral in the veins of the district and at many
places the only one.

Most of the quartz in the veins is of a rather coarsely
crystalline, clear, colorless variety and contains abun-
dant vugs, which are lined wholly or in part with pro-
jecting crystals or crystal faces. Fine-grained trans-
lucent quartz was found in some veins and chalcedony
in a few. In places the quartz is rendered dark gray
to black by finely disseminated pyrite, and in much of
the high-grade telluride ore it is tinted green by roscoe-
lite.
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Quartz was being formed throughout the period of
ore deposition. The clear, coarsely crystalline variety
was deposited during the early stages of vein formation
‘with some of the pyrite. Quartz of several later gener-
ations, most of it fine grained, cuts all the hypogene ore
minerals in tiny veinlets and replaces them along grain
boundaries and cleavage traces.

Cuprite, Cu,0.—The red copper oxide cuprite has
been found only along Bedrock Creek, where it forms
veins and veinlets that cut the metamorphic rocks in
the border zone of the syenite stock. The only one of
these veins that has been worked is the Copper Age,
which according to Wallace ® was very rich in red
copper oxide and native copper. The mineral is doubt-
less a weathering product of the chalcopyrite, which is
disseminated in most of the rocks in this area.

Hematite Fe,0,—Specular hematite is a prominent
constituent of many of the “contact-metamorphic”
bodies that have been formed by replacement of lime-
stone beds and nodules. It iscommonly associated with
magnetite, garnet, augite, hornblende, and epidote.
The only places where these bodies have been worked
as ore are in the Bay City, Gold Farm, Lady Eleanora,
and Silver Falls mines. Polished surfaces of ore from
the Bay City mine reveal radiating plates of hematite
that penetrate boxwork intergrowths of magnetite and
quartz. In this ore all three minerals were probably
deposited contemporaneously, or nearly so. In some
ore from Copper Hill, however, magnetite is pseudo-
morphic after hematite and magnetite and is associated
with platinum-bearing chalcopyrite.

Magnetite, FeO.Fe,0;—Magnetite has the same
general distribution as hematite, some of it being pseu-
domorphic after hematite, but it is more abundant than
that mineral in many places. On the northeast slope
of Diorite Peak the “Lia Plata” limestone has been en-
tirely replaced by massive granular magnetite over.a
comparatively large area. In a few places the mag-
netite is weakly magnetic.

The abundant magnetite in the ore of the Bay City
mine (pl. 11 B) forms a-striking boxwork structure and
appears to be contemporaneous with the clear, glassy
quartz of the early stage. It is earlier than pyrite,
veinlets. of which cut both quartz and magnetite. Ra-
diating plates of- hematlte penetrate the mftgnetlte and
quartz.

Pyrolusite, MnO,—Pyrolusite and possibly psﬂo-
" melane are widespread but nowhere abundant. They
form stains, films, and veinlets in and on weathered
rocks and were doubtless formed by oxidation of man-
ganese-bearing carbonate minerals, here grouped under
the term ankerite.

- Limonite—A mixture of unidentified hydrated fer-
ric oxides, commonly referred to as limonite but prob-

8 Wallace J. P, La Plata County, in Burchard H. C, Report of
Director of the Mint, 1883.

ably consisting largely of goethite (Fe,0,H,0), is
present in small amount in the outcrops of many of
the veins, though observed in only a few of the polished
sections. It is of supergene origin and replaces pyrite
and siderite.

Limonite that has been dulved from gold-bearing
pyrite is comparatively rich in gold in places, and it
forms most of the ore in the Monarch, Bay City, and
some other mines. Limonite containing a little gold
is even now being deposited in a bog in Rush Basin,
near the Doyle mine, but it is not rich enough to con-
stitute ore.

CARBONATES

Calcite, Ca0.00,—Calcite is fairly widespread in
the district but is generally not abundant as a gangue
mineral. By far the greatest concentration of calcite
seen occurs along the eastward extension of the May
Day-Idaho fault system, in the general vicinity of the
Oro Negro prospects, where there are solid bodies of
white calcite 10 to 20 feet in width. In the few polished
sections in which calcite has been found, it fills open
spaces in the quartz gangue and is clearly later than
both the early quartz and the associated pyrite. Its
relation to the later minerals is not clear, but it prob-

‘ably was being formed throughout a long period. It

appears to have been deposited contemporaneously with
the sulfides of copper, lead, and zinc, and in places
it has been replaced by them A little late crystalline
calcite lines vugs in several veins.

Ankerite, CaO.(Mg.Fe)0.2C0,—Carbonate miner-
als are present in many ores-throughout the district
and are relatively abundant in some of them. Most
of the carbonate approaches ankerite in composition,
but some of it is probably closely allied to rhodochro-
site; much ore contains so much manganese that it is
stained black when weathered. :

Ankerite is abundant in polished sections from the
Neglected, Florence W., and Red Arrow properties. It
has filled open spaces in the quartz and extensively re-
placed the pyrite, and it has in turn been replaced
by chalcopyrite, bornite, and tetrahedrite. Ankerite
probably was being formed, however, throughout. the
period of deposition of the copper sulfides, for in one
polished section of ore from the Neglected mine a car-
bonate deposited at a later stage forms a network of
tiny veinlets in the sulfide areas.

Siderite, Fe0.00,—Siderite appears to be rare in’
the district, having been seen in only two polished sec-
tions. It is the chief gangue mineral in the Texas
Chief ore, where it has replaced pyrite extensively and
has in turn been replaced by sphalerite, chalcopyrite,
and galena. In ore from the Lady Eleanora rine,
chalcopyrite, tetrahedrite, and galena are intimately
associated with siderite. It was not possible to deter-
mine whether these minerals were all contemporaneous
or whether the sulfides replaced older siderite.
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Oerueszte, Pb0.00,—Small quantities of cerussite
are found in most of the ores that contain abundant
galena. The mineral is of supergene origin and has
replaced galena along minute fractures and grain boun-
daries -(pl. 12 B). It apparently was. formed only
near the surface.

Malachite, 20u0.CO.H,0 and azurite,
3Cu0 200, H,0 —Green and blue films of malachite
and azurite stain the oxidized parts of many deposits
that contain copper, but neither mineral is anywhere
abundant.

* SILICATES

Orthoclase, K,0)41,0,.6840,—Except the dissemi-
nated chalcopyrite deposits of ‘Copper Hill and Bed-
rock Creek, orthoclase is rare as a gangue mineral.
Coarsely crystalline orthoclase is intergrown with vein

. quartz in base-metal ore from the Honeydew mine, al-
though the sulfides are in. general younger than the
quartz and feldspar. Several small veins that cut mon-
zonite in the upper part of Tomahawk Basin contain
orthoclase and quartz, together with a little gold, but
none of them is of any economic importance. :

The host roek on Copper Hill is a massive metamor-

- phic rock formed by partial replacement of sedimentary
rocks by syenite. It is composed of rather distinct
layers of fine-grained to coarsely crystalhne orthoclase
alternating with layers of augite in small bladed crys-
tals. Platinum bearing ch'mlcopyrite magnetite, and
hematite are d1ssem1nmted through the rock and fill
numerous veinlets. Similar but much more coarsely
crystalline rock of the same type crops out along Bed-

rock Creek (see pp. 65-66).

Augite, silicate of calciuwm, 'Wbagnes'zum, zron, and
aluminum.—The most important occurrence.of augite
as a gangue mineral is the one on Copper Hill noted
above in the paragraph on orthoclase. - Augite is wide-
spread in the contact-metamorphic bodies in the central
" part of the district, where it is associated with andra-
dite, epidote, magnetite, hemfmtlte, and other minerals.
It has not been identified, however in any of the deposits
of this type that have bgen worked for ore.

Tremolite, 5M g0 .20a0.8810,.H;O0 —Tremolite was
seen only in ore from the Camp Bird prospect, near
Diorite Peak, where it forms small, clear to white,
rodlike crystals intimately intergrown with pyrite and
- chalcopyrite in a quartz gangue.. It is here accom-
panied by ankerite, cmlmte, fmd barite.

‘ Garnet, var. cmd’) adite, 3Ca0. Fe,04.885:0, —Yellow
" to brown rmdh adite is abundant in many of the contact-

metamorphic bodies formed by replacement of lime-
stone. It makes up a large proportion of the primary
gangue material in the Bay City and Silver Falls de-
posits and in several others that have been worked.

Most of the andradite is massive and is intergrown with

other silicates and with iron oxides, but well-formed
crystals occur in many places.

E’pzdote, H,0.40a0.3(AlFe),0. 6’87,02 —Yellowish-
green to bright-green epidote is a widespread constitu-
ent of the contact-metamorphic deposits, but it is not
very abundant except in the Bay City mine, where it is
closely associated with garnet. It is present in the al-
tered wall rocks of a few veins.

Tourmaline, complex borosilicate of alwminum and’
other elements.—Tourmaline has been observed only as
a product of wall-rock alteration in the Neglected mine.
but it may occur in other deposits and have been over-
looked. In the Neglected mine, the hornblende phe-
nocrysts in the most thoroughly altered porphyry, close
to the vein, have been replaced by intergrowths of tour-
maline, sericite, and chlorite, named in order of abun-
dance. At greater distances from the vein these min-
erals give way to chlorite with a little epidote and car-
bonate. Other products of wall-rock alteration in this
mine are silica, pyrite, and halloysite.

Muscovite, var. sericite, 2H,0.K,0.341,0,68:0,—
Sericite, the fine-grained variety of muscovite, is wide-
spread as an alteration product of feldspars in the por-
phyritic rocks. It is also a constituent of altered wall
rocks near many of the ore deposits, particularly where
these rocks are igneous, and of some fault gouges, which
are largely made up of very finely comminuted rock.

Roscoelite, 2H,0.K,0.3(ALYV),0.658:0,~The green
vanadium-bearing mica, roscoelite, is a widespread as-
scciate of the telluride minerals. It commonly occurs
in small quantities in microscopic intergrowth with
fine-grained quartz, to which it imparts a dull-green
color. This green quartz is an almost certain indica-
tion of high-grade ore, even where no telluride minerals
are visible to the naked eye. In a few deposits roscoe-
lite forms easily visible felted aggregates of small platy
crystals It is much more abundant in the Durango Girl
mine than anywhere else. It was not seen underground
there, but the dump contains several tons of material
extremely rich in roscoelite. One relatively pure sam-
ple, analyzed qualitatively by J. J. Fahey in the Geo-
logical Survey laboratory, was estimated to contain 4
to 8 percent vanadium.

Chlorite, hydrous silicate of aluminum, ferrous won,
and magnesium.—Chlorite is widespread as a product
of wall-rock alteration. It is most abundant in the
general vicinity of Diorite Peak and Tomahawk Basin,
but even there it does not occur in large quantities. In
the Silver Falls mine a little chlorite is intergrown with
the garnet and sulfide minerals, and in.the Peerless

_mine chlorite is closely associated with pymte and

arsenopyrite.

. Dickite, 2H,0.41,0.25:0, —chklte, one of the clay
minerals, is widespread in the veins of the district. It
commonly forms white pulverulent masses of micros-
copic platy crystals, many of them stained yellow or
brown with limonitic material, but in a few places it is
dense and relatively hard and somewhat resembles mas-
sive alunite. So far as known it was the last mineral to
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form in the telluride-bearing veins, and it fills vugs and
other openings in the vein matter. It is probably most
abundant in the Neglected and Wheel of Fortune de-
posits, but it is rather prominent in many others. Pur-
ington, in his field notes of 1896, notes the discovery in
. the Cumberland mine of a large vug filled with white
clay (probably dickite) that was rich in free gold.

Halloysite, A1,0;.28:0, with water—Halloysite, one
of the clay minerals, has been identified in the altered
wall rocks of several deposits and is probably rather
widespread, though it is nowhere very abundant.
Other minerals of the kaolin and hydrous aluminum
silicate groups may be present in places, but have not
been identified. '

SULFATES

Baprite, Ba0.80,;.—Barite is rather widely distributed
as a gangue mineral in the veins of the district but is
everywhere subordinate to quartz in abundance.
Deposition of barite followed that of quartz and early
pyrite and preceded the main period of sulfide min-
. eralization. On some polished surfaces of ore from the
Gold King and Bessie G. mines, small veinlets of barite
appear to cut the sulfides and tellurides, which suggests
a late stage of barite deposition; it seems likely, how-
ever, that these veinlets consist of early barite originally
having walls of quartz, and that solutions depositing
the metallic minerals replaced the quartz but did not
affect the relatively nonreactive barite. A little late
barite in clear or light-blue crystals lines vugs in some
deposits. Coarsely crystalline barite characterizes the
coarse-gold ore of the Red Arrow mine and is also pres-
ent in the Kiabab property.

Anglesite, PbO.S0O;—Anglesite in small amount re-
places galena in a few of the sections studied. It is
of supergene origin:

. Gypsum, Ca0.80,2H,0.—A little gypsum is present
in highly oxidized ore from the Bay City mine. It ac-
companies porous limonite and is clearly supergene.

Melanterite FeO.S0,.7H,0 and chalcanthite, CuO.
80,.56H,0.—Melanterite, chalcanthite, and other soluble
sulfate minerals occur in many mines as postmining .
oxidation products, but they are nowhere abundant or
economically important.

SEQUENCE OF HYPOGENE ORE MINERALS

The ores of the La Plata district are of several dif-
ferent types which differ in age. Although the charac-
ter of these types varies in detail from place to place,
the general sequence of vein mineral formation shown
in figure 4 is characteristic of the district as a whole.

The main stages in the history of ore formation are
deposition of (1) quartz and pyrite, (2) barite and
ankerite, (3) vein sulfides in the order pyrite and ar-
senopyrite, sphalerite and chalcopyrite, tetrahedrite
and galena, (4) tellurides, all believed to be of contem-
poraneous origin, (5) native gold, and (6) cinnabar and
native gold.

There are many exceptions, however, to this order.
Although most of the vein quartz was found early,
quartz continued to be formed throughout the period
of ore deposition, some veinlets of fine-grained quartz
being clearly later that the tellurides. Euhedral to
subhedral grains of pyrite are contemporaneous with
quartz and accompany it in nearly every specimen stud-
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FIGURB 4.—QGeneral paragenetic sequence of the vein minerals, exclusive of disseminated chalcopyrite and contact-metamorphic deposits.



ORE

ied. Barite is later than the early quartz and was
formed before the sulfides. Ankerite is closely asso-
ciated with barite in several specimens, and most of
the ankerite is believed to be later than the barite, but
the relations of the two minerals are not entirely clear.
Ankerite is extensively replaced by sulfides, yet in some
places the carhonate is later than the sulfides. The
most variable relations are exhibited by the sulfides.
The relations most commonly observed indicate the or-
der of deposition given above, but the occasional re-
placement of sphalerite by pyrite, of tetrahedrite by
chalcopyrite and sphalerite, and of galena by sphalerite
suggests an overlapping sequence of deposition. The
rarer sulfosalts, such as the ruby silvers and stephanite,
were also deposited during the sulfide stage of mineral-
ization, but their place in the sequence could not be
clearly determined from the small quantity of these
minerals present in available specimens. Calcite prob-
ably was being formed throughout the sulfide stage.
The tellurides are clearly later than the sulfides.
Tetrahedrite is the mineral most extensively replaced by
them, although pyrite, sphalerite, chalcopyrite, and
.galena are all replaced in lesser degree. No evidence

of the replacement of one telluride by another was ob- .

served in any of the polished sections studied, so that

the tellurides are believed to have been formed contem- -

poraneously.

With the exception of cinnabar, which was observed
in only one section, the latest hypogene mineral is native
gold. The minerals most extensively replaced by it are
tetrahedrite, hessite, and coloradoite.

SUPERGENE ALTERATION

- Little alteration of the primary ores by surface wa-
ters has taken place. Limonite is the most abundant
supergene product, especially in ores containing much
pyrite. Anglesite and cerussite in small amount were
formed from the alteration of galena, a little covellite
replaced chalcopyrite and tetrahedrite, and supergene
bornite filled capillary cracks in chalcopyrite. Native
gold is believed to have replaced a little of the hessite.
A little gypsum accompanies the limonite in the oxi-
dized zone of the Bay City mine. :

ORE DEPOSITS
GENERAL FEATURES

' As indicated by the production figures given above,
more than 98 percent of the production of this district
has been of gold and silver. The district is best known
for its veins and replacement deposits of gold-bearing
and silver-bearing telluride ores, from which the
greater part of the production has come. In addition
to them, however, it contains a surprising variety of
types of ore deposit within a small area. They include
deposits of disseminated platinum-bearing chalcopy-
rite, gold contact-metamorphic deposits, deposits in
which base-metal sulfides or pyrite and native gold pre-
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dominate, and deposits characterized by the ruby silver
minerals. They include disseminations and bed re-
placement bodies as well as veins. Some of these vari-
ous classes of deposits are relatively unimportant
commercially, and none of them probably will ever
approach the telluride veins in total production. From
the scientist’s viewpoint, however, they form an inter-
esting group, and some of them bear promise of having
greater economic value in the future than they have
had in the past.
CLASSIFICATION

Because of their diversity the ore deposits of this
district do not lend themselves to simple classification.
The classification given below is based primarily on
mineral content and secondarily on form. This treat-
ment seems best suited to an objective discussion of the
economic geology, though it leaves much to be desired
from the scientific standpoint. Discussion of the mu-
tual relations of the several types is reserved for a
separate section, where it will be seen that this classi-
fication corresponds in general to a genetic one; that
is, the deposits high in the list were formed closer to
their source and at higher temperatures and pressultes
than those farther down in the list. .

Classifieation of ore deposits of La Plata dlstrlct is
as follows: :

1. Disseminated chalcopyrite with. platinum and palladium.

2. Gold with sulfides:

a. Contact-metamorphic replacemernt bodies.

b. Gold-bearing pyrite :

Veins.
Replacement bodies.
Breccia bodies.
~ ¢. Mixed sulfides with silver and free gold.
Chalcocite veins.
Ruby silver veins.
Telluride deposits:
a. Veins,
b, Replacement bodies.
6. Gold placers.

ot e

DISSEMINATED CHALCOPYRITE WITH PLATINUM AND
PALLADIUM -

By G. M. SCHWARTz, D. J. VARNES, and E. B. ECKEL
INTRODUCTION

Disseminated deposits of chalcopyrite, rich enough
in a few places to constitute copper ore, are associated
with both of the syenite stocks in the central part of the
district. As a result of Eckel’s study ¢* small amounts
of palladium and platinum were found to be associated
with the chalcopyrite in one of these deposits on Copper
Hill, and the general similarity of all the deposits of this
type in the district made it seem possible that these
precious metals are present in other places. In 1943
the Bureau of Mines sampled the entire workings of the

T Eckel, E. B., Copper ores of the La Plata district, Colorado, and
their platinum content: Colorado Sci. Soc. Proc., vol. 13, No. 12, pp.
657-664, 1938. .
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Copper Hill mine and the Allard tunnel for the pur-
pose of determining the commercial importance of the
deposits, and in the summer of 1944 B. S. Butler, G. M.
~Schwartz, and D. J. Varnes of the Geological Survey
" spent several days in the area. The descriptions of the
deposits at the Copper Hill mine and the Allard tunnel
are based on the results of all this work.

DEPOSIT ON COPPER HILL

The Copper Hill mine is situated on the ridge between
Boren and Bedrock Creeks, at an altitude of 10,250 feet.
It has yielded 2,336 tons of ore that contained 223,865
pounds of copper, over 4,000 ounces of silver, and a very
small amount of gold. Most if not all of the ore pro-
duced was taken from a single small glory hole.

The deposit is situated within the larger syenite stock
and near its northeast border.. The geologic features
are in large part obscured by moderately hedavy timber
and by soil, talus, and glacial debris, which cover most
of the hill. As seen in the excellent exposures afforded

by the glory hole, the country rock is a dark, greenish-.

brown to gray massive metamorphic rock that resulted
from partial replacement of sedimentary rocks and por-
. phyry by a syenitic mineral aggregate. The rock is
hard and tough, has a somewhat greasy luster, and in
some -places shows distinet layering (pl. 8 A). The
layered rock, which probably is a metamorphosed sedi-
ment, is associated with rock having a relict porphyritic
texture and with rock having a simple granitoid texture.
The later doubtless represents the result of rather com-
plete replacement of the porphyry or sediment by the
syenitic mineral aggregate. All these types of rock
have gradational contacts and show very complex rela-
tions in space with each other. Their general distribu-
tion in the workings around the glory hole is shown
in figure 20.

Thin sections of the rocks around the mines show the
various types to be somewhat similar in mineral com-
position. The most abundant constituent is feldspar,
mainly orthoclase. Perthitic intergrowths with albite
are common. Residual cores of the original feldspar
form cores of many of the present grains. Generally
the original plagioclase is clouded with sericite, kao-
linite, zoisite, and carbonates. Augite and its alteration
products, hornblende and chlorite, are important in all
the rocks. Inclusions of metamorphosed sedimentary
rocks have a hornfels texture in which hornblende is an
essential mineral instead of augite. Some of the augite
in the metasediment is clearly along veinlets and is
accompanied by sulfides. Apatite is a common con-
stituent in most of the thin sections. Its irregular dis-
tribution in clusters, and as veinlets in one specimen,
suggests that much of the apatite was introduced dur-
ing the replacement and mineralization of the original
rocks. Magnetite and titanite are common, some as
accessory minerals in the host rock and some as intro-
duced material.

/

Small irregular grains and masses of chalcopyrite
are disseminated abundantly through the rock and are
accompanied by minor quantities of specular hematite,
and magnetite. The rock is cut by innumerable closely

spaced veinlets, the thinnest of which are mere irregular

films and the thickest are gash veins more than 2 inches
in maximum thickness. These veinlets trend in all
directions, but the dominant trend seems to lie between
north and northeast. They are composed in large part
of chalcopyrite, which is intimately intergrown in
places with hematite, magnetite, and pyrite. In the
few polished sections of the veins that have been made,
the iron oxides were found to be the.oldest of the metal-
lic minerals, pyrite second in age, and chalcopyrite
latest. Nonmetallic minerals are much less abundant in
the veins than the metallic minerals. Garnet, ankerite,
and quartz are the chief gangue minerals; a little
fluorite occurs in places.

These deposits have undergone only slight oxidation,
the chief products of which are green and blue films of
malachite and azurite and veinlets of limonite.

The better ore zone in the vicinity of the glory hole

“appears to be the result of intense fracturing at a late

stage in the alteration of the rock. Solutions circulat-

ing along the fractures rather completely replaced the

adjoining rock with orthoclase and deposited the ore

minerals. The original porphyry is generally highly

sericitized and contains much pyrite, whereas the feld-

spathized rock is now largely orthoclase. Vein quartz

occurs in some places in the upper workings, but it is
not common. In the lower tunnel, and particularly

on the dump, vein quartz is more abundant, but it ap-

pears to have no relation to the sulfides.

Efforts to work out a system of fracturing which may
have controlled the mineralization were not successful.
A well-marked series of joints in the glory hole strike
N. 65° W. and dip 20° to the northeast. There are also
strong joints that have a strike of N. 65° W. and dip
75° to the northeast, and a great many other fractures
of irr egular strike and dip. However, the intense local
fracturing in the ore zone does not seem to be related
to any of the larger systems of joints. The lower tun-
nel, which was driven directly under the glory hole
and 180 feet lower, did not encounter ore (fig. 20).

A sample of relatively high-grade chalcopyrite ore
from the Copper Hill dump was submitted by the writer
to E. T. Erickson, of the Geological Survey, to be as-
sayed for gold and silver. - Cupellation yielded a metal-
lic button whose character indicated that it contained
metals of the platinum group; that is, the button had
a peculiar frosted appearance and showed a tendency
to flatten out toward the close of cupellation. Deter-

. mination of gold and silver in this button by special -

methods left a remainder that was at first thought to
represent platinum metals. Platinum was identified,
but the content of platinum indicated by difference
was later found to be too high, owing to the fact that
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cupellation had failed to remove all the lead from the
button. This difficulty in completely removing lead
is commonly met with in treating buttons that contain
relatively high proportions of the platinum group
of metals. Spectographic examination of this sample
by George Steiger, of the Survey Laboratory not only
confirmed the presence of platinum but also showed the
presence of palladium.

Although samples representative of the dump as a
whole had not been collected, the material discovered
above and a second large sample from the same dump
were studied further. The second sample, which con-
sisted of many small pieces and chips of ore that con-
tained a comparatively large proportion of chalcopy-
rite probably represents fairly well the grade of copper
ore that could be recovered by careful hand sorting.
Copper was determined in the-usual way. Silver was
separated in a separate assay as silver chloride, from
the other constituents that remained after cupellation,
and was reduced to a button and weighed as metallic

‘silver. Gold was removed by solution of its chlorides
in ethyl acetate; about 0.01 ounce per ton was found.

For determination of the platinum metals, separate
samples were assayed in the regular way, except that
they were scorified to lower the copper content. For
cupellation, 3 milligrams of silver was added. The
final button was heated for a long time in aqua regia.
The silver was removed by precipitation as chloride,
and any remaining silver chloride that separated from
the combined filtrates overnight was also filtered off.
The filtrate, worked down to a very dilute hydrochloric
acid solution, was yellow, indicating platinum metals
of the order of some tenths of an ounce per ton. Pal-
ladium was determined by precipitation with dimethly-
glyoxime under control conditions, in which the effect
of platinum would be eliminated. Platinum metals
were then precipitated with formic acid ‘and ammonium
formate, and platinum was determined colorometrically,
By separate assay, the other metals of the platinum
group—osmium, iridium, rhodium, and ruthenium—
were determined to be present only in negligible quan-
tities. The results of the determlnatlons are summa-
rized below.

Assa/ys of selected samples rich in chalcopyrite from Copper Hill

mine dump
[E. T. Erickson, assayer]
Copper Platinum | Palladium Gold - Silver
Sample (percent) (ounces (ounces (ounces (ounces
per ton) per ton) per ton) per ton)
... e 17. 66 0.24 10.30 20.04 1.21
s 13.1 .14 312 .01 2.52
i

1 Platinum and palladium determined on one- ha]f assay ton sample.
1 Maximum' value, may be considerably too high.
3 Platinum and palladium determined on: 1 assay ton sample.
Thorough microscopic examination of a few pol-
ished sections of ore rich in chalcopyrite has failed to
disclose the mode of occurrence of the platinum metals.
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They .may exist in solid solution in the chalcopymte,
or they may form extremely small discrete partlcles n-

‘tergrown with the chalcopyrite or with the iron oxide

minerals.

Thorough sampling by the Bureau of Mines shows
that in a'small area immediately surrounding the glory
hole the rock averages 1.87 percent copper, 0.49 ounce
of silver, and 0.005 ounce of the platinum metals. These

.values fall off sharply away from the glory hole so that

the average copper content in the workings outside of
the glory hole is only 0.14 percent Samples taken from
5-foot cuts at 10-foot intervals for the entire length of
the lower tunnel average 0.08 percent copper and 0.0034
ounce of platinum metals. A comparison of the content

-of the platinum metals of the samples collected by the

writer with.that for the deposit as a whole shows that
the relative proportion of platinum metals increases
markedly with higher copper content.

OTHER COPPER DEPOSITS

Chalcopyrite is widely distributed in the central part
of the La Plata district, though with few exceptions it
is present only in minute amounts at any given locality.
Every specimen collected from the two syenite stocks
during the writer’s investigation contains a little chal-
copyrite, which occurs as disseminated grains and in
threadlike veinlets. However, the data available in-
dicate that the other copper-bearing areas contain less
copper than the Copper Hill deposit and little or
no platinum.

A large area near.the head of Bedrock Creek between
the Allard tunnel and the divide (pl. 2), shows evidence
of mineralization similar to that at Copper Hill.
area was more or less thoroughly prospected for gold
deposits in the early days of the district, and many
claims were staked. The results of that prospecting
were not encouraging, however, and there has been no

“activity in the area for several years.

The slopes are rugged, and exposures are better in
general than in most other parts of the district. The
bedrock is completely bare.over large areas near the
tunnel. Much of the rock exposed on the surface and
in the tunnel is porphyritic, but syenite, metamorphosed
sedimentary rock, and pegmatitic dikes are also present.
Along parts of their contact with the syenite the sedi-
mentary rocks are strongly brecciated, but elsewhere
the contact is vague and indistinct, largely because of
incomplete replacement of the country rock by syenite.

The fresh-appearing syenite has a granitoid texture -
and consists of highly perthitic feldspar with later al-
bite and microcline. Ferromagnesian minerals are al-
most: wholly absent, but a little magnetite occurs
scattered throughout. Calcite occurs in-areas between .
feldspar crystals and as veinlets with pyrite. Inclu-
sions of sedimentary rock have a hornfels texture and
consist mainly of hornblende and feldspar. Quartz is
not common, but a few grains, accompanied by cherty

The -
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or cryptocrystalline silica, were seen in some thin
sections.

Pyrite and chalcopyrite are sparsely disseminated
through the syenite. Near the Allard tunnel the rock
is traversed by numerous veins and dikes. They trend

and dip in all directions, but many of the strongest have

trends between northeast and east and are nearly verti-
cal. Most of them consist of coarsely bladed dark-green
augite intergrown with orthoclase.
is clearly later than the feldspar and carries pyrite and
chalcopyrite. Individual veins range from less than

an inch to more than 2 feet in width. Many of them can

be traced for several hundred feet; othérs pinch out
within short distances. The large dlke on the surface
above the tunnel has offshoots to the south at an acute
angle which form a horsetail structure.

In addition to the dikelike bodies described above,
there are many quartz veins that contain chalcopyrite
and pyrite. - Also, the rock is cut by a number of discon-
tinuous veins, from one-sixteenth of an inch to 5 inches

"in thickness, made up of dense, siliceous fluorspar in-
tergrown with rather coarsely crystalline quartz. The

fluorspar is dark blue to purple when freshly broken,.

but weathering lightens its color to pink or lilac. Some
of it contains a few grains of pyrite. Galena, in veins
or lenses, is reliably reported to occur near the Allard
tunnel. , ,

Near the head of Bedrock Creek weathering and
oxidation have made more headway than on Copper
Hill. Much of the pyrite in the rocks has there been
altered to limonite, and the outcrops are prevailingly
red or yellow to brown. In places the primary cop-
. per minerals have been converted to malachite, azurite,

~and chrysocolla, and a few large rock surfaces are
coated with films of these green and blue minerals. The
Copper Age mine, situated near the present Allard tun-
nel, developed a vein rich in the red copper-oxide cuprite
and in native copper.

Five specimens representing different types of mate-
rial in and near the Allard tunnel were submitted to
E. T. Erickson for assay. They consisted, respectively,
of nearly pure pyrite, of chalcopyrite, of cuprite, of
augite with a little chalcopyrite and quartz, and of an
intergrowth of feldspar, quartz, fluorite, and sulfide
" minerals. The samples were treated precisely like
those from Copper Hill (p. 65). It was found that
platinum and palladium, if present, each amounts to
less than 0.01 ounce per ton.

Near the crest of the divide, at the head of Bedrock
and Boren Creeks, the geologic features and ore deposits
are similar in general to those near the Allard tunnel.
In places the rocks contain considerable chalcopyrite,
both disseminated and in quartz veins, but in most of
the area pyrite is much more abundant than chalco-
pyrite. This ground as a whole therefore holds out
even less promise than that in Copper Hill and near
the Allard tunnel of becoming a source of copper. Lo-

At places the augite

cally, as in the Boren Creek group, it contains deposits
that have been worked in a small way for gold.

The type of mineralization in both the Allard tunnel
and the Copper Hill workings is somewhat similar to
that in the New Cornelia mine at Ajo, Ariz.®

GOLD WITH SULFIDES
CONTACT-METAMORPHIC DEPOSITS

Most of the limy beds in the highly metamorphosed
central part of the district have been altered to minerals
that are commonly regarded by geologists as products
of contact metamorphism. Many of these deposits
contain a little gold, and a few have yielded workable
bodies of ore. Their most abundant and widespread
minerals are andradite, garnet, augite, magnetite, and
hematite, which commonly form coarse-grained inter-
growths that have nearly or quite replaced the original
limy material of the country rocks; but hornblende,
epidote, and probably several other silicates may be
found in many places. Quartz and calcite are wide-
spread but generally much less abundant than the sili-
cates. Chalcopyrite and pyrite, which are intergrown
with the silicates and iron oxides in many places, are
later than the other minerals but seem. to belong to the
same general period of mineralization. Pyrite is lo-
cally abundant, forming deposits transitional toward
the pyritic-gold deposits exemplified in the Doyle mine,
but chalcopyrite is commonly rather scarce. Galena
is present in the Bay City mine and possibly elsewhere.

The size and shape of these contact-metamorphic
bodies depend in large part on the size and shape of
the parent limestone bodies. Thus the basal Pony Ex-
press limestone member of the Wanakah formation
(La Plata limestone of former reports) has been re-
placed by extensive layerlike bodies of mixed silicates
or of magnetite and hematite ; so too have the limestone
conglomerates (locally called “Bay City lime”) in the
lower part of the Dolores formation in places where
their pebbles consisted mainly of limestone. On the
other hand, the more shaly limestone conglomerates and
the lenses and nodules of limestone in the Cutler and
other formations have been replaced only by scattered
nodules and irregular knots of the silicate minerals.

Gold in small quantities is widespread in these de-
posits. Most of it is probably contained in the sulfides,
but according to reliable reports some bodies of essen-
tially pure magnetite and of garnet contain appreciable
quantities of gold. No gold was seen in any of the pri-
mary ores that were examined. Whatever gold these
deposits contain must be very finely divided. Most of
it probably occurs in discrete particles, intimately in-
tergrown with the sulfides and iron oxides, though some
of it may be in solid solution.

Though contact-metamorphic bodies occur through-
out the metamorphic area outlined in plate 2, all those

% Gilluly, James, Geology and ore deposits of the Ajo quadrangle,
Arizona : Univ. of Arizona, Bur. of Mines Bull. 141, 1937.
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that are known to have been mined lie near the edges
of this area. They include the ore bodies in Bay City
mine, which is the most productive of this class, the
Gold Farm and Silver Falls mines and several pros-
pects in Tomahawk Basin and near Diorite Peak. Sev-
eral of the near-surface ore bodies worked in the past
in the Lady Eleanora and Bonnie Girl mines weré of
this type, but more recent work in the Lady Eleanora
has explored deposits that are more closely allied to
the mixed sulfide and telluride deposits.

All the contact-metamorphic gold-bearing depos1ts
have several features in common. Their 1elat10n to the
edge of the metamorphic area has been mentioned.
With all of them, except one low-grade gold-bearing
magnetite body that has replaced the Pony Express
limestone near Diorite Peak, have been formed by re-
placement of limestone conglomerates at or near the
base of the Dolores formation. All of them are com-
paratively small, and though pockets of high-grade
oxidized ore have been found in several of them, none of
these deposits has produced any notable quantity of ore.

Of greater practical import than any of the above

generalizations, however, is the fact that all known
workable ores are partly or entirely oxidized. The

oxidized ore bodies that have been worked are similar

in most respects to the unoxidized ones described above,
except that the copper and iron sulfides are largely
altered to limonite, and that they have been enriched
in gold. Available information suggests that much of
the gold in the weathered zone is residual, and that it
has been concentrated by removal of other materials
rather than by solution, transportation, and redeposi-
tion of the gold itself.

As stated above, the gold in the primary deposits is
widely distributed but apparently not concentrated
anywhere in commercial quantities. The fact that
none of the stopes in the mines mentioned above ex-
tend more than 25 to 30 feet below the surface, although

the mines expose primary contact-metamorphic bodies.

at greater depths, is cogent evidence in this regard.
The fact that great numbers of other deposits of this
type have been only superficially explored by prospec-
tors is proof that they have not been found to contain
encouraging quantities of gold.

GOLD-BEARING PYRITE DEPOSITS
GENERAL FEATURES

Many deposits in the central part of the district con-
tain pyrite and minor quantities of quartz almost to the
exclusion of other minerals. Sericite, chlorite, and
kaolin found at some places in'the wall rocks appear
to be genetically related to the ores. Finely divided
gold is commonly associated with the pyrite, but in
only a few places is it sufficiently abundant to render
the plim‘vv deposits workable by present methods of
mining and metallurgy. Weathering and oxidation,
howevel have concentrated the gold in the near-surface
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portions of several of the deposits. One of them, the
Century, contained a comparatively small but very rich
body of oxidized ore, and many others have yielded
ore containing from 0.25 ounce to 2 ounces of gold
to the ton.

Except the Mancos View and nearby prospects on
Helmet Peak and the Barr Menefee property south-
west of Schubert Flat, which is doubtfully referred to
this class, the known pyritic-gold deposits are all con-
fined to the area of metamorphism in the central part
of the district. They are especially numerous on Jack-
son and Bragdon Ridges and near the heads of Bear
and Boren Creeks. As the rocks in the central area
are all rather thoroughly silicified, the character of the

“original rocks in this area has controlled the deposi-

tion of these ores in but few places. The deposits fall
into three closely related groups—veins, bed-replace-
ment bodies, and breccia bodies.

VEINS

The most instructive examples of the pyritic gold
veins are to be seen in the Century, May Rose, and

Monarch mines and in the Timberline workings of the

Doyle mine. As seen in these mines and elsewhere,
the veins generally follow narrow, steeply dipping shear
zones, in which the rocks are broken or brecciated along
series of closely spaced overlapping fractures. Some
of these zones have sharply defined walls, but others
have gradational limits. The zones range from several
inches to 10 feet or more in width, and not many of
them are continuous for more than a few hundred feet .
along their strike. The chief minerals in most of them

are fine-grained massive pyrite and granular to

coarsely crystalline quartz, pyrite being commonly

much more abundant than quartz. Chalcopyrite and

barite are widespread but nowhere abundant. A few

veins, notably those of the Boren Creek group, contain

a little galena, sphalerite, and marcasite. The vein

minerals were deposited largely in open spaces; they

fill interstices between breccia fragments or form veins

and veinlets within the shear zones. A few veins,

notably those of the Monarch mine, were formed by

replacement of the country rocks.” :

The veins near the head of Bear Creek and those on
Jackson Ridge, exemplified by the Century and Tim-
berline deposits respectively, form distinct units and
cut rocks that are themselves but slightly brecciated or
pyritized. On the other hand, the “veins” on Bragdon
Ridge and Tirbircio Creek—for example those of the
Monarch, May Rose, and Bonnie Girl properties—all
lie within an extensive breccia zone. A northeastward-
trending belt of veins at the head of Boren Creek, which
has been exposed by the workings in the Boren Gulch
group of prospects, forms a connectmg link between
these two types. Some of the veins in this belt are in
the ill-defined zone of alteration and breccia that ex-
tends from Gibbs Peak to Spiller Peak (see p. 47) ;



68 ‘ GEOLOGY AND ORE DEPOSITS, LA PLATA DISTRICT, COLORADO

others, particularly those toward the northeast end of
the belt, are in relatively unbroken monzonite or silici-
fied sedimentary rocks. The Timberline and other veins
on Jackson Ridge are closely allied to the bed-replace-
ment body described below and resemble it in character
except that they commonly contain a higher proportion
of quartz. '

Except for the Century and nearby veins, which are
productive only where they cross beds of sandstone that
was originally brittle and which become barren or die
out in shaly beds, the character of adjacent wall rocks
seems to have had little effect on the size or distribution
of these deposits. This fact is not surprising in view
of the restriction of the deposits to the metamorphic
area, where most of the rocks are equally brittle; but
it serves to distinguish the pyritic-gold veins from most
other deposits in the district.

Many of the deposits have been enriched by weather-
ing agencies near the surface. The weathered zone
ranges in depth from a few inches to several feet. In
none of the developed mines is it known to extend more
than about 50 feet below the surface, but oxidation may
conceivably have extended to greater depths in some
places, particularly where the veins are open and hence
favorable to penetration by surface waters. In the
oxidized ores, the pyrite has been partly or entirely
altered to soft, pulverulent limonite, which is mixed
with residual quartz of the vein filling. So far as
known, the gold is everywhere finely divided and in-
timately mixed with the limonite. The enrichment of
gold is doubtless due to residual concentration incident
to removal of lighter and more soluble constituents of
the vein matter by the weathering agencies.

Too little development has been done on any of these
veins to permit confident statements as to tenor or
distribution of ore bodies. It seems probable that gold
is rather evenly distributed through the pyrite in most
of the unaltered ore bodies. In the Century, however,
there is good evidence that the best primary ore was
deposited immediately beneath a structural trap formed
by the relatively tight shale of the Morrison and that
oxidation later formed an even higher-grade body of
ore in that place. The same relations may possibly oc-
cur elsewhere. It seems safe to say that few if any
of the primary ores contain more than 0.2 ounce of gold
to the ton, and many of them certainly contain much
less. Most of the oxidized ores that have been explored
or worked have contained from 0.2 ounce to 2 ounces
of gold to the ton, but the rich shoot in the Century

.mine yielded nearly 14 ounces.

~ REPLACEMENT BODIES

Only two places are known where gold-bearing pyrite
has extensively replaced a bed or layer of rock, and
only one of the resulting deposits is of economic impor-
tance. This is on the south side of Jackson Ridge and
constitutes the “blanket vein” explored by the various

ness of 2 feet.

‘openings of the Doyle mine. The other deposit was

worked in the Peerless mine, on the north slope of Jack-
son Ridge, near the West Mancos River. Little is
known of the Peerless deposit, but it apparently con-
sisted of a nearly horizontal tabular body of pyrite,
arsenopyrite, and chlorite at the contact between the
Dolores formation and the Entrada (lower La Plata)
sandstone. This body probably replaced a lens of lime-
stone such as those that occur at or near this horizon in
other parts of southwestern Colorado. As the Doyle
deposit is described in detail in the paragraphs on the
mine, a brief summary of its more important features
will suffice here. The sedimentary rocks on Jackson
Ridge, which range from the upper Dolores through the
Dakota (%), dip to the northwest at angles of 7° to 10°.
With the exception of the Pony Express (La Plata)
limestone member of the Wanakah, all the rocks have
been altered to quartzite or to hornfels.. The limestoné

 has been almost completely replaced by fine grained to °

coarse-grained pyrite, with a varying but commonly
small proportion of sugary quartz and a little chalcopy-
rite. On the south slope of the ridge and beneath the
floor of Rush Basin, the bed ranges from 6 inches to
more than 5 feet in thickness and has an average thick-
It thins toward the northwest and ap-
parently pinches out entirely along the West Mancos
River. _

According to company reports, the entire bed consists
of rock that contains from 0.20 to 0.35 ounce of gold to
the ton. It is said, also, that the gold content is es-

“pecially high in proximity to the several pyrite-bearing

veins and fault fissures that cut the bed but, as pointed
out in the mine description, the stope maps and other
evidence do not entirely bear out this relation. The
gold is believed to be distributed through the pyrite as
finely divided particles of native metal, though none
was seen in the specimens of primary ore that were ex-
amined. Nearly all the ore within 250 feet of the sur-

.face is oxidized to soft spongy limonite, but no ore was

seen that was either completely oxidized or entirely
unoxidized. Ore produced in the past, largely from
near-surface workings where it was rather thoroughly |
oxidized, yielded from 0.75 ounce to 2.5 ounces of gold
to the ton. A

The similarity in areal distribution and in mineral
content of the pyritic veins of Jackson Ridge and the
“planket” replacement deposits indicates a close genetic
relation between the two types, and it seems probable
that the limestone bed was replaced by solutions that
rose along the fissures now filled with pyritic vein mate-
rials. The Doyle type of deposit also, except for the
presence of pyrite instead of telluride minerals, is simi-
lar in many respects to those worked by the Incas mine
(pp. 125-129). Tt is even more closely related, however,
to the contact-metamorphic bodies in the central part of
the district, some of which contain much pyrite asso-
ciated with silicate and iron oxide minerals. Silicate
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minerals were not formed in the deposit on Jackson
Ridge, probably because the solutions and emanations

that produced the metamorphism there were farther

from their source than those that produced the contact-
metamorphic bodles

" BRECCIA DEPOSITS

The district contains several extensive breccia zones
in which pyrite is widely distributed but almost no-
where abundant. All these zones contain a little gold,
but none of them, with the possible exception of the
Little Kate deposit in Tomahawk Basin, seem rich
enough to constitute a workable ore body under present
methods of mining and milling.

Two broad northeastward-trending breccia zones
that extend, respectively, from Gibbs Peak to Spiller

Peak and from Burnt Timber Creek to Baker Peak -

ridge, have been noted in the section on structural geol-
ogy. Within these zones the rocks are.sheared and
brecciated along numerous northeastward-trending
fractures. Pyrite, which contains a little gold, is widely
distributed, but it is abundant only along the stronger
fractures, wheie it constitutes the bodies that have been
described above as gold-bearing pyritic veins. None
of the rock between these veins seems likely to contain
much more than 0.03 to 0.05 ounce of gold to the ton,
though a few small bodies of rock may be found to
contain more, particularly where the pyrite has been
thoroughly oxidized. -

The Little Kate breccia body in Tomahawk Basm is
considerably different from those just mentioned. As
described on pages 39, 136 and illustrated in plate 8¢
and figure 47, this is an irregular mass of breccia along
the southefvst side of the d10r1te stock, 2,200 feet long,
200 to 650 feet wide, and at least 600 feet deep. 'The
kreccia consists of angular to.rounded fragments of
sedimentary and igneous rock, set in a matrix of more
finely comminuted rock. Chlorite is more abundant
than elsewhere in the district. and pyrite, chalcopyrite,
magnetite, and hematite are widely distributed. The
breccia is cut by numerous steeply dipping veins, few

of them more than a foot wide, which fill parts of silic-

ified fracture zones from 6 inches to 10 feet in width.
The veins contain quartz, pyrite, chalcopyrite, and
some calcite, in addition to gold that is probably asso-
ciated with the sulfides. The breccia body, exclusive of
vein matter, appears to contain from 0.01 to 0.04 ounce
of gold to the ton and is possibly somewhat richer in
places. The veins contain more gold than the breccia.

MIXED SULFIDES WITH GOLD AND SILVER .

In point of past production, the class of deposits de-
scribed here is second in importance only to the telluride
deposits, but the total value of mixed sulfide ore pro-
duced through 1937 is less than $250,000, against a
total production of several million dollars’ worth of
telluride ores. The deposits are closely similar to the

- are widely distributed but seldom abundant.
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telluride deposits except in mineralogy, and even in
this respect the distinction is one of degree rather than
of kind, for many of the mixed sulfide deposits contain
small quantities of the telluride minerals, and all the
telluride deposits contain sulfides.

The Red Arrow and adjoining Outwest mines are
the most productive and important of the group, which
also includes the district’s discovery mine, the Comstock,
as well as the Daisy-Hibernia, Florence W., Lucky
Four, Jumbo-Morovoratz, and the Little Nona. Less
productive deposits include those of the Black Diamond,
Honey Dew, Kentucky, Kiabab, Iron- King, Lady
Eleanora, Lady Maurine, Lucky Strike, Texas Chief,
and Thunder mines and prospects. The mines listed
above, as shown in plates 1 and 2, are almost-as widely
distributed throughout the district as the telluride de-
posits, but all the more productive ones lie outside of
the metamorphosed central area and are most numerous -
on and near the hinge fold that bounds this area.
Nearly half of the deposits are in the Entrada and Junc-
tion Creek (lower and upper La Plata) sandstones, and
most of the remainder are in the Cutler formation. -

All but one of the known deposits of this class con-

_ sist of irregular veins that range in thickness from less

than an inch to about 5 feet and that occupy steeply
dipping breccia zones. The zones range from a few
inches to more than 10 feet in width and less than 200
feet to more than 1,000 feet in length. In the Lady
Maurine prospect however, the ore minerals are scat-
tered throughout a 40-foot breccia zone. Along the
Red Arrow, Comstock, and several other veins are
measurably displaced country rocks, but elsewhere the
breccias represent shear zones along which there was
little or no fault movement. In most places the walls
of these veins are more shfu“ply defined than those of
the telluride veins.

- The deposits are characterized by the relative
abundance of base-metal sulfides. Pyrite, chalcopyrite,.
galena, and sphalerite are the most abundant and wide-
spread metallic minerals, but gray copper (tetra-
hedrite) is conspicuous in many places. Arsenopyrite

is present in ore from at least one mine, the Lady Elea-

nora, and cosalite or a related mineral and native
amalgam are reported from the Comstock. Sulfosalts
of silver occur in the ore of the Daisy-Hibernia and
Texas Chief mines, and small quantities are possibly
present in the ore from several others where these
minerals appear to indicate a genetic relation to the
ruby silver deposits exemplified by the Cumberland
mine. Telluride minerals are sparingly present in
several of the breccia deposits.

The predominant gangue mineral in most of these
deposits is quartz, but coarsely crystalline barite is
characteristic of the Red Arrow and of several similar
veins, notably the Kiabab, Kentucky, and Florence W.
Carbonates, including calcite, siderite, and ankerite,
Irregu-
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lar and relatively small masses of the metallic minerals
are commonly distributed through massive crystalline
quartz, and they fill interstices between intergrowths
of the gangue minerals. Crystals of sulfide minerals
occur in a few vugs, but in general the sulfides are
massive.

Native gold is by far the most valuable constituent
of most of these ores, though many of them contain
sufficient lead and copper to increase their value. In
the Red Arrow and Qutwest mines much of the gold
occurs as coarse “nuggets” and irregular, partly crystal-

* . lized masses up to 5 pounds in weight, which are inter-

grown with quartz; barite, and tetrahedrite. Similar
but much smaller masses, together with irregular vein-
lets of gold, are present in ore from the Comstock,
Daisy, and other mines, though much of the gold in
nearly all the ores of this class is intimately intergrown
with the sulfides, particularly with chalcopyrite and
tetrahedrite. So far as known, the greater part of this
gold is “free milling”—that is, it can be separated from
the enclosing sulfides by mechanical processes.

Except in a few mines, silver is a decidedly less valu-
able constituent of thé ores than gold. Most of the sil-
ver ore produced by the Jumbo-Morovoratz and Little
Nona was oxidized, and the silver is believed to have
been in the form of cerargyrite and argentiferous
cerussite. The primary silver-bearing minerals are not
certainly known, but some of the silver was doubtless
derived from argent_lfel ous galena and tetrahedrite.
Some if not most of the silver in the Daisy-Hibernia and
Texas Chief mines is in the form of silver sulfosalts,
such as pyrargyrite, associated with ar, Oentlte and

. argentiferous tetrahedrite.

The several veins that form the Honeydew deposit
are so different from others of the mixed sulfide group
that they might almost be regarded as a separate class.
They contain little or'no gold and silver and are char-
acteristically very coarse textured. The vein matter
consists of intergrowths of clear and glassy to opaque
quartz, orthoclase feldspar, and accessory barite and
ankerite. Galena, chalcopyrite, and pyrite fill inter-
stices in the gangue. The Honeydew deposit deserves
special mention, not because of its past or present eco-
nomic importance but because of its bearing on the
possibility of finding replacement bodies at depth in the
limestones of the Hermosa formation. This possibil-
ity is discussed in the sect1on on the future of the
district.

The deposits of the base-metal sulﬁde group vary so
widely in mineral composition that no general state-
ment can be made as to their tenor. In some of the
mines the ores contain only negligible quantities of the
precious metals; in others, such as the Red Arrow mine,
where ore containing several hundred ounces of gold
to the ton has been produced, 1-ounce to 2-ounce ore is
considered to be of “medium” grade. Except in the

Little Nona and Jumbo-Morovoratz mines there is little

evidence that any of the deposits has been greatly
enriched.

Because of the similarity of these deposits to the
telluride deposits, certain features of both classes of
deposits will be discussed together after the telluride
deposits have been described. Among these features
are ore shoots and their control, wall-rock alteration,
relations to deposits of other kinds, and outlook for
the future.

COPPER DEPOSITS OF THE BEAR CREEK DISTRICT
By E. N. GODDARD
INTRODUCTION

A group of four small and relatively unproductive
copper deposits lies on the north side of the La Plata
Mountains, along Bear Creek and near the junction of
that stream with the Dolores River. They are closely
associated with monzonite porphyry dikes, but except
for a likeness to the Red Arrow extension prospect, on
the East Mancos River they do not seem to resemble
either the ore deposits of Rico to the north or those of
the La Plata district to the south. They appear rather
to belong to the “Red Beds” type of copper deposits,
which are widely scattered through southwestern Colo-
rado, New Mexico, southeastern Utah, Texas, and
Oklahoma,® and which are considered by most geolo-
gists who have studied them to be of common origin.”

In the summer of 19382 the writer, assisted by C. D.
Hier, spent 3 days in studying these deposits. As these
ore deposits are generally included in the La Plata dis-
trict and have not been previously described, it seems
advisable to include a brief description of them with
this report. The Bear Creek copper desposits are in
the northeast corner of Montezuma County, from 11 to
13 miles south and southwest of Rico. Two of them
are readily accessible from a good automobile road and

.from the narrow-gage Rio Grande Southern Railroad,

both of which follow the Dolores River, but two can be
reached only by way of trails 3 miles long in one direc-
tion and 9 miles in the other.

Few data are available on the history of these prop-
erties. Burchard ™ noted in 1882 that the Bell Hamil-

ton mine was one of the most thoroughly developed
properties in the La Plata district.

Irving ™ visited

% Fischer, R. P., Sedimentary deposits of copper, vanadium-uranium,
and silver in southwestern United States: Econ. Geology, vol. 32, No. 7,
fig. 1, p. 907, 1987. Bastin, E. S., The chalcocite and native copper
types of ore deposits: Econ. Geology, vol. 28, figs. 1 and 2, pp. 412—413,
1933.

" Emmons, S. F., Copper in the Red Beds of the Colorado Plateau
region: U. S$. Geol. Survey Bull. 260, pp. 221-232, 1905. Lindgren,
W., Graton, L. C., and Gordon, C. H., The ore deposits of New Mexico:
U. 8. Geol. Survey Prof. Paper 68, pp. 7679, 1910. Butler, B. 8., and
others, The ore deposits of Utah: U. S. Geol. Survey Prof. Paper 111,
pp. 152-158, 1920. Finch, J. W., Ore deposits of the western states,
Am. Inst. Min. Met. Eng. Lindgren volume, pp. 481-487, 1933. Bastin,
E. 8., op. cit., pp. 407-443. Fischer, R. P., op. cit., pp. 906-951.

7 Burchard, H. C., Report of the Dxrector of the Mint for 1882, p.
508, 1883.

2 Irving, J. D., Notes on. the Rico, La Plata, and Durango quadrangles
(manuseript report in files of U. S. Geol. Survey).
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the mines in 1897, but at that time they apparently were
not being worked. No records of their production
have been found, but according to Jess Robinson, a
rancher and prospector in the region for many years,
- about 6 carloads of ore containing from 4 to 30 percent
of copper have been shipped from the district.

GEOLOGY

Rocks—The geology of the area has been mapped and
described .by Cross, Ransome, Spencer, and Puring-
ton ™ and plate 13 has been compiled from their maps.
The rocks are essentially the same as those in the La
Plata district proper, described above in detail by Eckel.
The sedimentary rocks, which range from the upper
part of the Cutler to the top of the Mancos shale, are
intruded by sills and dikes of monzonite porphyry. The
Dolores River and Bear Creek are deeply entrenched
in the nearly horizontal beds, and the formations are
fairly well exposed in the canyon walls. The sills
shown in plate 13 are mierely the northward extensions
of those shown in plate 2. One 50-foot dike of mon-
zonite porphyry can be traced southeastward from near
the mouth of Bear Creek diagonally across its valley for
a distance of about 314 miles. A much shorter dike,
about 40 feet wide, which trends northeast, is exposed
at the Bell Hamilton mine. These two dikes, with
which the known copper deposits are associated, are
composed of a brownish-gray felsitic groundmass con-
taining small white phenocrysts of plagioclase and

‘rather scarce limonite-filled cavities that probably rep- -

resent original augite, or possibly hornblende.. Cross
. described the rock as a pyroxenic monzonite porphyry.
The groundmass appears to be made up chiefly of
orthoclase with very little quartz. It is partly altered
to sericite or to sericite and clay minerals.
Structure—In the southern part of the district, the
sedimentary rocks dip 20° to 25° NW., reflecting the
structure of the La Plata dome, but farther north they
swing to a regional dip of 2° to 7° SW. Only a few
faults are found in the Bear Creek region. The four
shown in plate 13 are taken from Cross’ maps and were
not visited by the writer. Along the borders of the
dikes are many small faults, slips, and fracture zones of
small displacement. Most of them are parallel to the
dikes, but some are parallel to the bedding of the sedi-
ments. One of the most prominent of the faults is on
the east side of the dike at the Missouri Girl mine (see
fig. 38), in the northern part of the district. The fault
zone here is about an inch wide and dips steeply east;
the displacement of the bedding and the grooving on the
wall seem to indicate that the east wall moved up almost
vertically. Perhaps this and other faults and slips

1 Cross, Whitman, and Ransome, F. L., U. 8. Geol. Survey Geol. Atlas,
Rico folio (no. 130), 1905. Cross, Whitman, Spencer, A. C., and Puring-
ton, C. W. U. 8. Geol. Survey, Geol. Atlas, La Plata folio (no. 60),
1899. .

% Cross, Whitman, and Ransome, F. L., op. cit. (Rico folio), p. 7.

‘mation, exposes copper minerals.

were formed as a result of readjustment after the i in-
trusion of the dikes. :

COPPER DEPOSITS

The copper deposits are without exception associated
with the monzonite porphyry dikes, in which respect
they differ from all but one of the “Red Beds” copper
deposits that have been described. The only other re-

. ported occurrence of a “Red Beds” copper deposit as-

sociated with an igneous rock is in the Tularosa district,
New Mexico, described by Graton.” Here the copper
deposits are associated with.a mass of diorite porphyry.
Three mines or prospects, the Missouri Girl, the Dixie
Queen, and the Brown Bear, are along the persistent
dike in the northern part of the district and the Bell
Hamilton is on the smaller dike in the southern part
(pl. 13).

The chief ore mineral is chalcoclte, but native silver
is reported from the Bell Hamilton mine, and a little
pyrite is locally associated with the ore. Ma]achite is
a common oxidation product and forms thin films on
chalcocite and on fracture surfaces, but it is nowhere
abundant.

The copper deposits are limited to the.lower part of -
the Dolores formation and lie within 40 feet of the
borders of the monzonite porphyry dikes. Where the
dikes penetrate formations other than the Dolores, the
rocks appear to be entirely barren. This fact is best
ilustrated at the Dixie Queen mine, where the lower
tunnel, which is in the Cutler formation and extends
along the wall of the dike, shows no ore whatever,
whereas the upper tunnel, which is in the Dolores for-
The lower part of
the Dolores formation is made up chiefly of gray and
red sandstone and sandy shale and subordinate lime-
stone conglomerates. Plant remains, mostly stems,
fragmental leaves, and thin lenticular layers of coaly
material are numerous in these beds. The copper ore
occurs along carbonaceous layers within 2 or 3 feet of
the faults, fracture zones, and slips that border or
parallel the monzonite dikes. Most of the chalcocite
occurs in small seams, lenses, or nodules in or bordering
the layers of coaly material (see fig. 5), but in places

¥ oaly materlal .

(o] . sinches
1 1 1 1 | 1

Ficure 5.—Sketch showing chalcocite veinlets in a layer of coaly ma-
terial; from point marked ‘“a” in figure 22 (upper tunnel, Dixie
Queen mine).

7 Lindgren, Waldemar, Graton, L. C., and Gordon, C. H., op. cit., pp.

187-190. ’
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chalcocite forms small crosscutting veinlets or fine dis-
seminations in the sandstone near plant remains, and
here and there it has replaced limestone pebbles in the
limestone conglomerate. In the Missouri Girl mine the
border of the dike encloses small nodules of chalcocite,
each one surrounded by a small halo of bleached, seri-
citized porphyry. Beds of red sandstone have turned
gray alongside fault fissures and dikes that cut them;
the gray zones are mostly a few inches to several feet in
width, but in places they extend as much as 40 feet
* from the dikes. Minute grains of pyrite are commonly
" disseminated in the gray Sandstone. It seems probable
that this alteration has been caused by hydrothermal
solutions that followed the intrusion of the dikes.
Similar phenomena have been described by Bastin
as associated with the silver veins in the Dunton district,
15 miles to the north, where, as Bastin wrote, “thermal
" waters accompanied by gaseous emanations” were still
" issuing from the rocks. Bastin suggests that the dis-
seminated pyrite has resulted from a reduction of the
ferric iron in the red beds to the ferrous state by
“mineralizing solutions,” and this seems also to be the
most reasonable explanation for the disseminated pyrite
in the Bear Creek copper deposits. . ’

The grade of ore produced in the past was variable,
depending largely on the degree of sorting that was
done. Ore that was carefully hand-picked contained
as much as 25 to 30 percent of copper, but shipments of
unsorted ore are reported to have contained 4 to 5 per-
cent. No records are available as to the silver content
of the ore. ‘

Little ore of shipping grade was seen by the Survey
party. The deposits appear to be very small. As
will be seen from the mine descriptions, the mine work-
ings are not extensive, and the showings of ore hardly
encourage further development. It ispossible that with
a high price for copper, leasers operating on a small
scale could hand-sort the ore and make a small profit,
but it seems unlikely that any large-scale operations can
ever be successful in the Bear Creek district.

ORIGIN OF THE COPPER DEPOSITS

The copper deposits at Bear Creek have a number of
features in common with the “Red Beds” type of copper
deposits; the ore is exclusively in a “Red Beds” forma-
tion, the ore mineral is chalcocite and is associated with
plant remains and .coaly material, and the ore and
gangue minerals commion in hydrothermal copper de-
posits are scarce or absent. However, the Bear Creek
deposits differ markedly from most deposits of the
“Red Beds” type in being closely associated with mon-

-zonite porphyry dikes and related fault fissures.

Three theories have been advanced for the origin of
the “Red Beds” type of copper deposits. The sedi-
mentary or syngenetic theory was once generally ac-

" Bastin, E. S., Silver enrichment in the San Juan Mountains, Colo. :
U. 8. Geol. Survey, Bull. 735, pp. 116-117, 1922. -

_ the fissures and dike walls.

cepted, but later it was more generally believed that
the copper originally disseminated in the rocks was
concentrated by meteoric waters.”” More recently,
Fischer ™ has favored. the sedimentary theory for de-
posits of this type in southwestern United States.
Graton,™ as a result of his study of the Tularosa dis-
trict, New Mexico, where copper deposits of the “Red
Beds” type are associated with a mass of diorite por-
phyry, came to the conclusion that some, at least, of
the “Red Beds” deposits have had a hydrothermal

“origin.

A sedimentary or syngenetic origin for the Bear
Creek deposits can be eliminated at once, for the ore

. is clearly concentrated along the porphyry dikes, which

were intruded long after the sediments were deposited.
It might be argued, however, that the dikes and their
related fissures acted as a structural control for down-
ward-percolating waters, or for rising artesian waters
as suggested by Emmons® and by Butler® Such
waters might have dissolved sparingly disseminated
copper from the “Red Beds” and concentrated it along
The fact that there is an
almost total lack of ore minerals other than chalcocite
and of gangue minerals other than calcite lends support
to this theory. However, the fact that the copper de-
posits are found only in association with the dikes and
not along any other fissures far from the dikes suggests
a close genetic relation between the deposits and the
dikes. In addition, the rather strong alteration of the

dikes and the bleaching of the red sandstone bordering

the dikes are rather characteristic of alteration by hy-
drothermal solutions. For these reasons, the writer is
inclined to favor a hydrothermal origin for the Bear

Creek copper deposits though it is admitted that the

evidence is far from conclusive.
RUBY SILVER VEINS

A class of deposits that is relatively distinct, both

‘geographically and geologically, from all other deposits

in the district consists of the ruby-silver bearing veins.
They are characterized by relatively abundant proustite
and pyrargyrite accompanied by other sulfosalts of
silver. They lie along a belt 3 miles long and less than
half a mile wide, that extends eastward from the central
part of Cumberland Basin to Fassbinder Gulch. The

“Cumberland mine contains the best example of the ruby-

silver deposits—the only one, indeed, that is sufficiently
déveloped and accessible to provide an adequate picture

 Emmons, S. F., Copper in the “Red Beds” of the Colorado Plateau
region : U. S. Geol. Survey Bull. 260, pp. 223-225, 1905.

7 Fischer, R. P., Sedimentary deposits of copper, vanadium-uranium,
and silver in southwestern United States: Econ. Geology, vol. 32, No. 7,
pp. 940-941, 1937.

" Lindgren, Waldemar, Graton, L. C., and Gordon, C. H,, op. cit.,, pp.
187-190, 1910. .

%0 Emmons, W. H., The Cashin mine, Montrose County Colo.: U. 8.
Geol. Survey Bull, 285, p. 127, 1906. )

81 Butler, B. S., and others, The ore deposits of Utah: U. S: Geol.
Survey Prof. Paper 111, p. 157, 1920.
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of the type; other deposits of this class are worked in
the Kennebec, Mineral Wonder, Muldoon, Ruby King,
and Tippecanoe mines. The total production from
mines of this group is not known, but it is doubtless less

than $100,000 and probably less than the amount that

has been spent in their development.

The country rocks consist of nearly horizontal red-
beds of the Cutler and Dolores formations, into which
several comparatively thin sills and a few dikes of dio-
rite-monzonite porphyry have been intruded. In gen-
eral, the rocks are soft and unmetamorphosed, for the
entire belt lies outside the central area of metamor-
phism. The veins occupy a series of rather closely
spaced fractures that strike from N. 60° E. to due east.
Several individual veins can be traced for distances of
more than 2,000 feet. More than half of them dip
steeply. toward the north, but along most of the indi-
vidual fractures the dip varies considerably or even
changes direction. Along parts of several of the frac-
tures the country rocks have been displaced as much as
5 to 10 feet vertically; elsewhere there is no measurable
" displacement.

‘The fracture zones within which the rocks are sheared
and brecciated range from less than 6 inches to more
than 12 feet wide. In most places the fractured rock
is rather thoroughly silicified. So far as has been ob-

served, the variations in width of the fracture zones,
and hence of the ore deposits, are closely related to the
character of the wall rocks. In the sedimentary rocks,
particularly in shale and mudstone the veins are nar-
row, but in places where the fractures traverse bodies
of relatively brittle porphyry they widen abruptly.

The veins and veinlets consist principally of white
massive to coarsely crystalline vuggy quartz that con-

-tains the ore minerals and that was formed largely
by partial replacement of the breccia fragments and
of early barite. In places a single quartz vein was

formed an inch or more in width; elsewhere, particu-

larly where the fracture zones are wide, several irregu-
lar veins were formed, all of them roughly parallel to
the walls of the zone and separated by lenses or.layers
of silicified breccia. In a few places the entire frac-
ture zone was replaced by vein matter.

The ore consists mainly of the ruby silver minerals,
proustite and pyrargyrite, but contains stephanite, ar-
gentite, and probably other sulfides and sulfosalts of

‘silver. Gold was relatively abundant in the Snow-
storm vein, which is regarded as an extension of the
Cumberland vein, and most of the other veins contain
a little gold. Most of the gold is probably free, though
tellurides are reported from the Cumberland. Pyrite,
chalcopyrite, sphalerite, and galena are widespread but
nowhere abundant. In the ore seen, the metallic min-
erals form small irregular grains and imperfect crys-
tals embedded in massive white quartz. White to clear
crystals of quartz, some of them very large, and a little

827630—49—6

“clear crystals implanted on quartz.

calcite were formed later than the ore minerals; so also
was white dickite, which fills vugs and cavities in the
vein matter in many places. Barite, which is second
in abundance to quartz, occurs as irregular masses en-
closed in and partly replaced by quartz and as small
Two generations
of barite are thus represented, one earlier and one later
than the quartz. Some of the quartz encloses negative
pseudomorphs that retain the shape of earlier barite
crystals. The wall rocks are bleached and partly silici-
fied for distances of a few inches to 5 feet or more on
each side-of the veins. In general the width of the
zone of alteration varies directly with the thlckness of
the veins,

Slight oxidation of the deposits has resulted in fairly .
abundant green and blue stains of malachite and azu-
rite. Doubtless other secondary minerals, including
those of silver, were formed, but none were seen during
the present study. - No essential change in the primary
mineral composition of the Cumberland vein takes place
within the 1,000 feet that it has been developed verti--
cally ; the workable ore shoots, however, evidently are
of very small vertical extent as compared to their length
along the strike. This follows from the fact that the
veins are in general widest, and also richest, where they
transect porphyry, which is mostly in the form of thin
sills.

The Snowstorm mine, fxccordmg to available pr oduc-
tion figures, produced some ore in which gold nearly
equaled silver in weight. In all the other mines of the
group, however, silver is commonly by far the more
abundant, the weight ratio of silver to gold ranging
from 12 to 1 to nearly 1,000 to 1. Available informa-
tion indicates that the tenor of the ore varies even
more widely than the gold-silver ratio. Some small
lots of ore that contained several hundred ounces of
silver to the ton have been produced in the past, and
more may be found in the future. Most of the ore

_produced up to 1937, however, had yielded somewhat

less than 100 ounces of silver to the ton, and much of

_that then exposed in the accessible workings certainly

contained less than 20 ounces.

TELLURIDE VEINS AND REPLACEMENT BODIES
DISTRIBUTION

The telluride veins and replacement bodies are by far
the most important commercially of the various types
of ore deposit in the La Plata district and have yielded
more than 95 percent of its total production. With
the exceptlon of the Red Arrow, all of the mines that
have yielded more than $100,000 worth of ore, the May
Day, Idaho, Neglected, Incas, Gold King, and possibly
the Small Hope, are in deposits of this c]ass.

Although known telluride deposits, large and small.
are scattered throughout the district, they are most
numerous, in three rather localized areas. One of them
is in the northeast part of the central mountain mass,
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centering near Lewis Mountain and extending from
near Baker Peak to Snowstorm Peak. It includes the
Gold King, Bessie G., Eagle Pass, Ashland-Ten Broeck,
Jennie Lind, Western Belle,-and many other mines and
prospects. A second area lies south of Madden Peak
and Deadwood Mountain, near the south edge of the
district. There are fewer known telluride deposits in
this area than in the one just mentioned, but these few
include the May Day, Idaho, and Incas, besides the
Lucky Discovery and several others. It is thus by far
the most productive area in the district. A third group
of deposits, somewhat different from most of the others,
centers about Diorite Peak, in the north-central part
of the district. The Small Hope is reportedly the
largest producer of this group, which also includes the
Mountain Lily, Tomahawk, and Black Diamond mines
* and many other deposits, some of which have been only
superficially explored.

The Lady Stafford and nearby deposits, between
Helmet Peak and Jackson Ridge are the farthest west
of any of the known telluride veins, and the May Day
and Idaho are the farthest south. The Neglected mine,
5 miles from the center of the district is the farthest
northeast, whereas the Lost and Mason mines, near the
Animas River, are 10 miles east of the La Plata River
and far outside the area shown in plates 1 and 2. All
the known telluride deposits in or near the district lie
within a roughly rectangular area, 14 miles long fromi
east to west and 5 miles wide. :

With certain exceptions, no deposits of any commer-
cial importance occur within the central metamorphic
core of the mountains, but a glance at plate 2 shows that
two of the main groups of deposits lie along and near
the hinge fold that encircles this core while the third,
most southerly group, lies within the belt of east-west
faults that takes the place of the hinge fault across the
southedge of the La Plata dome.

. The exceptions noted above are nearly all in one or
the other of the two diorite stocks. They are on the
inner side of the hinge and.close to it, and, even more sig-
nificantly, they are in rocks that have escaped the ex-
tensive silicification which characterizes most other
rocks in the metamorphic area. No deposits are known
to occur in syenite, syenite porphyry, or monzonite,
though many of them are associated with bodies of
diorite-monzonite porphyry. Each of the sedimentary
formations in the district contains some telluride de-
posits, but the Cutler formation and the beds formerly
called La Plata formation (Entrada sandstone, Wana-
kah formation, and Junction Creek sandstone) contain
many more than the others. As will be shown later,
this general geologic distribution is in large degree
related to the phiysical character of the rocks, but other
conditions also had an important effect in controlling
. the localization of the ores.

- distance.

" veins.

VEINS

Telluride veins occupy parts of many of the “ore-
bearing” faults and fractures that are described in the
section on structure (pp. 46-47) and shown in plate 2,
and they share many of the characteristics of these
structural features.

Many fault zones are somewhat mineralized through-
out their extent, whereas others are virtually barren.
In nearly all of them workable ore bodies are separated
by long stretches that contain little or no ore, even
though they may contain large or small quantities of
quartz and other worthless minerals.

In general the deposits consist of irregular and com-
monly discontinuous veins and veinlets that traverse
the breccia and sheared rock composing most of the
fault zones. Some deposits consist of single, well-
defined but highly lenticular veins, but most of them
are vein zones made up of belts of interlacing small
veins and veinlets, similar in most essentials to that
sketched in figure 11. Some of these veins and veinlets -
merely fill interstices in the sheared country rock;
others follow fractures or replace the country rock, as
is shown by the presence in the vein matter of rounded
masses of “ghosts” of the original rock fragments.

Some veins fill the fault zones completely, having
clean-cut walls, marked by gouge or by mere slips,
beyond which the vein matter does not extend. Most
of the veins, however, are narrower than the enclosing
shear zones. They may occur anywhere within the
zones, exhibiting no preference for either wall, and may
swing from one wall to the other within a short
In this type of deposit, or where the breccia
zones themselves grade into unfractured wall rocks, the
vein walls are indefinite, and it is commonly necessary
to resort to careful assay control to determine stope
widths as well as lengths.

Quartz is the predominant mineral in all the known
Its color ranges from white through green to
dark gray, and its texture from extremely fine grained
and dense to rather coarsely crystalline. Much of it is
mottled or rudely banded. Quartz that has a sugary
texture and is tinted various shades of green by inter-
grown roscoelite is highly regarded as an indication of
good ore in many deposits, and most of it is of shipping
grade even where no ‘ore minerals are visible to the
unaided eye. In at least one mine, however, the
Durango Girl, ore rich in roscoelite is of comparatively
low grade and ore minerals are associated with white or
colorless quartz in many places. It is unsafe, there-
fore, to judge grade of ore from the color of the quartz
aione. Black and gray quartz commonly owe their
darkness to finely divided pyrite, which is rarely asso-
ciated with the better-grade ores.

- The quartz of many if not of most veins contains
subordinate quantities of barite, ankerite, and calcite
crystals, all of which line vugs extensively. White
powdery dickite, a clay mineral, is widespread and is
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abundant in many deposits, most notably in the Neg-
lected. It commonly fills vug and other openings in the
veins and adjacent breccias or forms late veinlets in the
ore. Light-colored fluorite has been seen in vugs in the
Gold King and is said to be present in the Mason veins.

The ore minerals, which include most of the known
telluride minerals and free gold, are very erratically
distributed even within definite ore shoots. The gold
and tellurides and the associated sulfide minerals-pyrite,
arsenopyrite, tetrahedrite, galena, and sphalerite—
commonly form small, highly irregular masses and
blebs intergrown with the quartz. Locally, however,
the ore minerals form comparatively large masses that
are nearly free of gangue, and in many places they form
distinet though short and irregular threads and vein-
lets in the quartz. As a general rule percentage of
tellurides, and hence of gold and silver, decreases with
increase in the percentage of sulfide minerals, particu-
larly of pyrite. ;

The higher-grade ore in the veins worked at the May
Day and Idaho mines is like the common type described
above, but the low-grade and medium-grade ore of these
mines is entirely different in appearance. It consists of
rather friable mineralized sandstone that has been
weakly fractured but that is relatively unaltered.
Fracture planes in this material are coated with dark
films of ore minerals, consisting at least in part of tell-
urides intergrown with pyrite and arsenopyrite. Only
long experience or actual assay will enable one to dis-
tinguish workable ore of this kind from barren rock.

The veins in the vicinity of Diorite Peak also differ
considerably from that of the more usual kind. They
generally have hard silicified cores, flanked by zones of
very soft “gougy” material, which grades into unaltered
wall rock. The cores that have been formed by replace-
ment of the diorite country rock of dense, finely crystal-

line quartz contain small irregular masses of telluride-

and halloysite and other minerals. The soft walls are
composed in large part of chlorite. As this material
can be removed with hand tools in most places, mining
is relatively simple and inexpensive.

In many of the smaller mines telluride veins that
averaged less than 1 foot in thickness and that were
locally less than 2 inches thick have been profitably
worked. The workable parts of most of the more pro-
ductive veins are considerably wider, however, ranging
from 1 foot to as much as 15 feet in width. The average

_stope width in most of the larger mines is probably in
the neighborhood of 3 to 5 feet. Almost without ex-
ception the ores are richest where the veins are widest,
even though the ore minerals may be confined to a small

- part of the vein zones. Some veins split and enclose

wedges or “horses” of country rock between the splits.

In some of the mines, such as thé Gold King, the ore

commonly follows only one of the splits; but in others,
such as the Neglected, the ore occurs along both splits,

“tive veins.

‘ren faults.

and the wedge of rock between is sufficiently mineralized
to constitute workable mill ore.

Discussion of wall-rock alteration, of ore shoots and
their control, and of the vertical range of the telluride
deposits is reserved for later sections, as these features
are similar in most respects for two other classes of

‘deposit—the mixed sulfide and the ruby silver veins.

REPLACEMENT BODIES

. Some of the richest ores that have been produced
in the district have been taken from replacement bodies
in limestone, though the total production from this kind
of deposit has been far smaller than that from the
veins. Workable deposits are known to occur only in
the May Day,.Idaho, and Incas mines, and since the
limestone ores in these mines either have been worked
out or were inaccessible, little first-hand knowledge of
the type could be obtained.

All the known replacement deposits are in the Pony
Express (La Plata) limestone member of the Wanakah
formation, and all are closely associated with produc-
Few of them extend more than 50 feet
on either side of the veins, and the values in them com-
monly decrease rather uniformly away from the veins.
In the May Day and Idaho mines, the replacement
bodies, like the productive portions of the related veins,
are close to intersections of the latter with strong bar-
In the Incas, the best ores were found in
the limestone at and near its common intersection with
ore-bearing fractures and a porphyry dike. In thismine

a layer of sandstone immediately above the limestone

was also ore bearing in places. With the exception of
the above-named mines, the only known telluride mine
in which the Pony Express limestone is present is the
Lucky Discovery.. No ore-has been found in the lime-
stone there, but this bed has not been explored close
to its intersection with the more productive veins.

So far as can be determined, the replacement bodies
are made up largely of calcite, ankerite, and other mixed
carbonates ; they contain some barite in places, but very
little quartz anywhere. The ore minerals, which com-
prise the tellurides and native gold with minor amounts
of sulfides, are apparently scattered through the car-
bonate gangue, but locally they are concentrated, and
solid masses of mixed tellurides several feet in diameter
have been found in some places.

TENOR

The tenor of the La Plata telluride ores ranges be-
tween such wide Iimits in different deposits and even
within individual deposits that few valid generaliza-
tions can be drawn. Ores that have been produced in
the past have contained from less than 1 ounce to more
than 400 ounces of gold to the ton, and there have been
some small shipments that yielded several thousand
dollars to the 100-pound sack. The silver content of
the ores ranges between even wider limits than that of
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gold. Gold exceeded silver by weight in most of the _

ore produced by the Neglected mine, and in several

others, such as the Ashland-Ten Broeck, Bessie G.,
- and Incas, the weight ratio of gold to silver has ap-

proached unity. In most of the ores, however, silver
surpasses gold in weight though seldom in value. Ix-
‘clusive of the year 1894, for which the production rec-
ords are of doubtful accuracy, the ratio of gold to silver
in all the ores produced from 1878 to 1937, inclusive, has
been about 1 to 8 by weight. The May Day and Idaho
are the only important mines in which the average
ratio has been much greater than this.

Like gold and silver, the base metals, lead, copper and
zinc, range between rather wide limits in the ore as
mined. With few exceptions, none of the crude ore
-contains enough of any of these metals to add to its
smelter value, but some of the flotation concentrates
have contained fairly high percentages of one or more
base metals. ‘

Generalization of available data on tenor is made -

more difficult by the general practice of hand sorting
the ores to bring them up to shipping grade. Until
recently no ore that contained less than about $50 worth
of gold and silver to the ton could be shipped profitably,
and in some of the smaller and more inaccessible mines
~ $75 to $100 has been considered the lower limit for
shipping ore. During the past several decades, the
modern milling methods that have been adopted at the
Gold King, May Day, Idaho, and other mines have per-
mitted the production of much lower grade ores. The
‘ore is usually hand sorted before milling, the better
grade being shipped crude and only the lower-grade ma-
terial put through the mills. ,

PLACER DEPOSITS

Although the first gold discovered in the district
was in the form of placer deposits along the La Plata
River, placers have never played an important part
in the district’s mining history, and the total pro-
duction from them is negligible. Considerable atten-
tion was given to placer mining in the early days of the
- camp ; several placer claims were patented (pl. 14), and
a little gold was produced. During the present century,
there has been comparatively little interest in placer
mining; although desultory prospecting has been car-
ried on from time to time. The Red Arrow lode deposit
was discovered as a direct result of a prospecting
campaign. '

Plate 1 shows the distribution of all deposits of
alluvial material that are known or reliably reported
to contain gold. Nearly all of them are situated on the
La Plata and the East and West Mancos Rivers, or on
their tributaries. Small deposits are known on Junc-
tion Creek, but much of the gold in these streams
- probably represents metal that was lest by mills at the
Neglected, Durango Girl, and other mines. '

With one exception, that of the Gold Bar, the known
placer deposits are stream gravels in present stream
beds. They range from a few inches to 80 feet or more
in thickness and are made up of sand, gravel, and
boulders; some of the boulders are very large. The
gold is relatively coarse and rough in most places and
is very unevenly distributed; although as usual it is
commonly most abundant at or near bedrock. Some
cracks and fissures in the bedrock contain appreciable
quantities of gold, particularly along the East Mancos
River.

Gold Bar, which extends southward from Mayday
to Hesperus, is composed in large part of glacial out-
wash gravels. No thorough tests have been made of
the Bar and only small-scale, sporadic attempts have
been made to work it. Available information suggests,
however, that it is the largest and perhaps the most
promising placer deposit in the district. Most of the
gold is in fine particles, but some coarse gold and a few
worn masses of vein matter that contained-tellurides
are said to have been recovered. The gold is irregu-
larly distributed, and the many large boulders would
interfere with economical handling of the.material.
South of Hesperus the high benches along the La Plata
River are reported to contain very fine flour gold at least
as far south as the New Mexico line, but they are not
known to contain workable concentrations.

The placer gold in and near the La Plata Mountains
is obviously derived from the eroded parts of the local
ore deposits and has been concentrated by Quaternary
streams draining the mineralized area. As it seems
highly probably that much gold was present in the parts
of the ore deposit that have been removed by erosion
since Tertiary time, it is fair to ask why the resulting .
placer deposits are so few and in general so low in grade.
Part of the explanation seems to lie in the fact that
much of the gold in the primary deposits is in the form
of tellurides. The telluride minerals themselves show
little tendency to concentrate in placers, partly because
they are relatively light, but also because they break
down to fine particles as a result of physical weathering
processes. Chemical weathering, which has played a
minor role in alteration of the La Plata ores, produces
fine-grained “mustard” gold, which would tend to move
far from its original source. The gold in the placer
deposits therefore must represent native metal that has
been concentrated from primary-deposits of several
kinds.

The low grade of the placer deposits is probably also
due in part to the fact that heavy glaciation, the com-
paratively great widths of some of the valleys during
the glacial epoch, and the continued reworking of

.placer material all tended to collect the gold into small

pockets that were spread over large areas.
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WALL-ROCK ALTERATION

The immediate wall rocks of the platinum-bearing
chalcopyrite deposits and the contact-metamorphic de-
posits, as well as of the pyritic veins, replacement bodies,
and breccia deposits, are not appreciably different from
the surrounding country rocks. With the exception of
the syenitic rock that contains the chalcopyrite deposits
and the limestone beds and nodules that enclose the con-
* tact metamorphic deposits, both of which are relatively
fresh in most places, the host rocks had already under-
gone the extensive metamorphism that characterizes the
central part of the district. The sedimentary rocks are
largely silicified, whereas the porphyry bodies, though
locally silicified, are generally sericitized or kaolinized.

Most of the other ore deposits of the district are com-
monly surrounded by envelopes of altered wall rock.
The zones of alteration are too narrow to serve as useful
guides to ore, but in many places they have had much
to do with localizing the ore deposits. The intensity of
alteration varies widely from place to place. Silica,
sericite, chlorite, and halloysite characterize the three
most important alteration products, but other kaolin
minerals, tourmaline, epidote, and ankerite have been
formed in places. Small quantities of fine-grained
pyrite are disseminated through all the altered.wall
rocks, regardless of the mode of alteration, which de-
pends in large part on the character of the original rock
and seems to bear no direct relation to the character of
the ore deposit with which it is associated.

In many places, particularly where the veins are very
narrow or otherwise weakly developed, the alteration
halo is less than an inch thick. More commonly, how-
ever, it is from 6 inches to 2 or 8 feet thick. Nowhere
is the wall-rock alteration known to extend much more
than 10 feet from the vein walls.
is limited to the zones of brecciated and sheared rock
that enclose the veins, but elsewhere it extends for some
distance into the unfractured walls. :

Silicification is the dominant kind of alteration,
particularly of the sedimentary rocks. Its intensity
ranges from a minor addition of fine-grained silica, ac-
companied by some lightening of color in the red beds,
to nearly complete replacement of the rocks by silica.
The thoroughness with which shales, mudstones, -and
sandstones are silicified depends more upon the struc-
ture than upon-the character. of the rock. In many
places the ground-mass of the porphyry is silicified, but
silicification seldom affects the phenocrysts. In the
Neglected mine the porphyry closet to the vein is silici-

fied, but this gives way outwardly to rock in which

chlorite and sericite are abundant. This gradation has
not been noted in other deposits. The principal effect
of silicification is to render the rocks more brittle, and
hence more subject to fracturing, than they were
originally.

Sericite and various subordinate quantities of associ-
ated carbonates, halloysite, and other kaolin minerals

Locally this alteration

. rocks and by structural features.

are the most common alteration products of the igne-
ousrocks. Sericite has commonly replaced the feldspar
phenocrysts first but locally it has replaced phenocrysts
of hornblende and auglte and even the groundmass.

In the Neglected mine the fragments ‘Lnd pebbles. of
feldspar in arkosic sandstone beds of the Cutler forma-
tion have been strongly sericitized near the vein, so that
these rocks are very soft as compared with the inter-
bedded shales, which have been silicified. Sericitiza-
tion of the igneous rocks commonly produces soft and
incompetent rocks, and the veins are therefore com-
monly narrow where the wall rocks contain much
sericite. , ‘ A

In the vicinity of Diorite Peak the most characteristic
product of wall-rock alteration along the veins in chlo-
rite, which is accompanied by halloysite and other clay
minerals and a little epidote. In the Small Hope,
Tomahawk, Mountain Lily, and other mines of this area
the hard siliceous cores of the veins that contain the
ore minerals are flanked by zones of ‘very soft chloritic
material, which grades within short distances to un-
altered rock.. Weak alteration of this kind also charac-
terizes the Little Kate breccia deposits in Tomahawk
Basin, but elsewhere it is decidedly rare.

An unusual type of alteration characterizes the Neg-
lected deposit, but it has not been observed elsewhere.
In the more strongly altered zone next to the vein the
groundmass of the diorite porphyry dike has been silici-
fied and its feldspar phenocrysts altered to sericite and
a little halloysite. The hornblende phenocrysts are
represented by intergrowths of tourmaline, sericite, and
chlorite. Tourmaline and sericite give way outward
to chlorite mixed with a little epidote and carbonate.

Wall-rock ‘alteration seems to have preceded and ac-
companied ore deposition in most veins, but clear-cut
evidence of the age relations is largely lacking. In
nearly all the veins the width of the altered zone varies
directly with the width of the veins. Part of this vari-
ation was due to variations in width of the original
fracture zones through which both the altering solu-
tions and vein matter were introduced, and this width
was controlled in turn by the character of the original
But in many veins,
notably the Gold King and the Neglected, there is much
evidence that silicification.and other alteration preceded
the deposition of vein quartz and-of ore minerals. Silic-

-ification was followed by a reopening of fractures prob-

ably caused by relatively minor earth movements.
Where the rocks had been silicified they were extensively
brecciated, and this brecciation provided access for the
ore solutions, which arose during the reopening or im-
mediately afterward. Where they were sericitized or
kaolinized the fissures remained relatively tight, and
vein matter was deposited only in a few especially fa-
vorable places. '

In the Diorite Peak déeposits the mutual relations be-
tween vein material and wall-rock alteration are not
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entirely clear. All the evidence indicates that the
quartz vein matter was formed by replacement of di-
orite rather than of chlorite or of clay minerals. The
soft altered rock alongside the veins, moreover, would
tend to prevent rather than to favor the development
and maintenance of open fractures that would permit
entrance of siliceous ore-bearing solutions. It seems
likely, therefore, that the alteration of the wall rocks
was contemporaneous with, or later than, the formation
of the veins. :

ORE SHOOTS AND THEIR CONTROL
' GENERAL STATEMENT

Ore shoots, or parts wide enough and rich enough
to be workable, constitute a small proportion of nearly
all of the deposits. Many ore shoots are mere “pockets”
only a few feet long and yielding but a few pounds or a
few tons of ore, though some of these pockets are
phenomenally rich. Others extend for several hun-
dreds of feet in one or more dimensions. The hori-
zontal extent of the shoots in the May Day and Idaho
mines is comparatively small, but a shoot in the
May Day has beeri mined continuously from the
surface to a depth of 450 feet.

two shoots in the Gold King is 250 to 350 feet long
parallel to the strike and has been opened for 200 feet
vertically; its lower limit apparently has not been
reached. A second stope in the Gold King is approxi-
mately horizontal, with a height of 60 to 150 feet and a

The richer:of the-

length of 900 feet. Shoots in several other mines are
nearly as large as those just mentioned. All the shoots,

- both large and small, are much shorter in one dimen-

sion than in others, and nearly all are much elongated
in one direction. Some are elongated essentially in a
vertical direction, others pitch at various angles and
directions, and a few are horizontal.

In every known place the ores are richer where the
veins are wide than where they are narrow. All the
ore shoots, moreover, that have been sufficiently well
explored to permit thorough study have resulted from
a combination of one or more favorable structural fea-
tures with rocks that were either originally favorable to
ore deposits or were made so by areal or local metamor-
phism. These two main influences on localization of
ore shoots are discussed separately below, and the effects
of individual structural and lithologic features on the
veins are shown diagrammatically in figure 6.

INFLUENCE OF STRUCTURAL FEATURES

Changes in dip and strike, splits in the veins, and
intersections of the veins with various kinds of fracture
zones have all played parts in the formation of ore
shoots. Difference in local characteristics of the ore-
bearing veins themselves have influenced distribution
of ore shoots to a marked degree, regardless of what
kind of rock they traverse. All the known veins are
wider and contain richer and more abundant ore in
places where they dip steeply than where their dip is

FI1GURE 6.—Diagrams showing influence of rock character (A) and of structurél features (B) on ore shoots along veins.
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low. This relation is perhaps best shown in the Gold ‘

King and Durango Girl mines. It follows directly
from the fact that nearly all of the ore-bearing faults
~ in the district are normal faults, along which the steeper
- parts of the walls are more widely separated and more
brecciated than the other parts. Reversed dips are rare,
but the few known examples are associated with ore
shoots. ' . o
Several ore shoots are clearly associated with slight
changes in strike of the veins. This relation is most
apparent in the veins near Diorite Peak, where all the

country rock is diorite, but it can also be seen in the -

Ashland-Ten Broeck and otheér veins.

Places where the vein splits and reunites within a
comparatively short distance, enclosing a horse of
country rock, are merely a special example of change
in dip and strike. Two very productive ore shoots were
partly controlled by splits, and evidence of other splits
may have been obliterated by more or less complete re-
placement of horses by vein matter. In the main ore
shoot in the Gold King, both parts of each split are
mineralized to some extent, but most of the workable
ore is in the split with the steeper dip. Both splits of
the Neglected vein, on the other hand, contain high-
grade ore and the horse of rock between them is strongly
altered and contains much low-grade mill ore and a
few stringers of high-grade ore.

Intersections of the ore-bearing veins with other frac-
tures, with breccia zones, and with barren faults—all
known collectively as ‘“cross actions” by the local
miners—have determined the location of shoots in many
deposits. Intersecting fissures that for the most part
are not mineralized owe their favorable effects on the
ore-bearing veins largely to the fact that more breccia
and larger openings form near the intersection than
elsewhere. Instructive examples include the Ashland-
Ten Broeck and Camp Bird veins. It seems probable,
also, that the intersection of the Eagle Pass vein with
the Jennie Lind is responsible for ore shoots on both
veins. _

The only good example of an intersection of a pro-
ductive vein and a strong breccia zone is afforded by the

Gold King vein.. There, the richer of two ore shoots is

clearly related to a body of breccia, whose shape is not
fully known but within which the vein widens, splits,
and contains'much more ore than elsewhere. The physi-
cal conditions that control the shoot are clear. The
breccia is silicified and hence more brittle than the other
wall rocks; and the vein fracture was naturally more
irregular where it traversed the breccia than in the rocks
that were not shattered.

The most productive veins in the district (the Idaho
and May Day) are at intersections of veins with strong
barren faults. Similar control of ore shoots is evident
in the Black Diamond and is strongly indicated in the
Comstock and Lucky Discovery, though the relations
are not as clear.cut in any of these mines as in the May

Day. The localization of ore deposits at such intersec-
tions seems to be due in very large part to the fact that
most of these barren faults contain much clay gouge.
The gouge was impermeable and prevented the lateral
movement and dispersion of the ore-bearing solutions
by damming them as they rose along the fissures. '

INFLUENCE OF ROCK CHARACTER

The Pony Express limestone member of the Wanakah
formation (La Plata limestone of former reports),
which contains telluride deposits in the May Day, Incas,
and other mines, and pyritic-gold deposits in the Doyle
mine, clearly owes its importance as a host rock to the
fact that limestone is especially favorable to chemical
replacement by ore-bearing solutions. The same state-
ment is true of the limy beds near the base of the Dolores
formation, which contain contact-metamorphic deposits
in several places. The control exerted on ore deposits
by the noncalcareous rocks is physical and structural
rather than chemical.

The original character of the country rocks exerts far
more influence on the distribution of ore shoots outside
of the central metamorphic area than within it. The
reason for this difference obviously is that all the rocks
in the central part of the district have undergone silici-
fication, which renders all kinds of rock equally brittle
and hence equally easily fractured. Good examples .
are afforded by the veins of the Doyle mine on Jackson
Ridge, which seem to be as wide and as well mineralized
in the silicified shale of the Morrison formation as
they are in the underlying Junction Creek sandstone.
The Century vein on Bear Creek is an exception to
the general rule, for the vein is strongly developed in
the Junction Creek (Upper La Plata) sandstone but
pinches out completely where it enters the overlying
silicified shale. The explanation seems to be that the
main period of fracturing on the vein preceded regional
silicification. ' '

Outside the metamorphic area, rocks that were
originally competent or that were silicified along frac-
ture zones prior to ore deposition are more favorable to
ore deposits than those that were originally soft or that
were rendered so by processes of wall-rock alteration.
Sandstone, arkose, and limestone are favorable host
rocks for ore deposits in most places because they
brecciate easily and favor the formation and main-
tenance of wide, pervious fracture zones. The only
notable exception to the rule is in the Neglected mine,
where feldspars in the arkose layers of the Cutler for-
mation have been sericitized. As a result, the vein is
weaker and less well mineralized between walls of
arkose than between those of partly silicified shale.
Porphyry, whether or not it has been silicified, is rela-
tively brittle, so that fractures tend to remain open in it.
It is therefore favorable to ore deposition, and many
shoots throughout the district are associated with
porphyry. Examples include the Neglected, Durango



80 GEOLOGY AND ORE DEPOSITS, LA PLATA DISTRICT, COLORADO

Girl, Cumberland, Comstock, and one of the shoots in
the Gold King. Porphyry that has been strongly
sericitized -or kaolinized is soft, and fissures that trav-
erse it are commonly tight. An extreme example of
this condition may be observed in the Lucky Discovery
mine, in which the veins pinch markedly where they
cross porphyry dikes. _ .

Shales and mudstone are soft and are rarely favorable
to ore deposits. This is so in general even where the
rocks have been locally metamorphosed, and in most
mines the ore shoots become narrow or pinch out com-
pletely where the veins enter these rocks. As noted
above, however, special circumstances render the shale
in the Neglected mine more competent and favorable
than the arkosic beds:

As to the relative favorability of the various forma-
tioms, it is difficult to generalize because the boundaries
between formations are not determined wholly by litho-
logic differences. The Entrada sandstone, the Wana-
kah formation, and the Junction Creek sandstone
(La Plata of Cross) are by far the most favorable units
in the district and contain many of the most productive
deposits, including the May Day, Idaho, Incas, Red
Arrow, Lucky Discovery, and Century. Structural
features have partly controlled the ore shoots in all
these mines, but all the shoots are essentially limited in
vertical extent by the thickness of the rock formations
listed above. Judging by the number of productive de-
posits that it is known to contain, the Cutler formation
appears to stand next to the formations named above.
This good record is doubtless due in part to the fact
that the Cutler is exposed at the surface in much of
the productive area, but it is also due in part to the
relatively great number of brittle sandstone and arkose
beds that this formation contains. Exposures of the
Rico and Hermosa formations, which are physically
similar to the Cutler, are very small. Even so, they
are known to contain two deposits, the Gold King and
the Lucky Strike. No deposits are known to occur in
the Dakota (%) sandstone, though rich float ore in rock
of Dakota aspect is reported to have been found near
the May Day mine. The formation is brittle and
should be favorable to ore deposits. Its generally bar-
ren character is therefore probably due to the fact that
most of its exposures lie outside the mineralized area.

The shale of the Morrison formation (McElmo of -

former reports) and the marl of the Wanakah forma-
tion (middle La Plata shale of former reports) contain
"but few deposits anywhere in the district. True, the
* ore shoots in the May Day and Idaho mines continue
though these rocks, but the veins that contain them are
unusually strong and fault displacements along the

veins are such that at least one wall is composed of

brittle rock in most places. Aside from the contact-
metamorphic deposits of the Bay City, Lady Eleanora,
and other mines, the red shales and mudstones of the
Dolores formation seem to be the least favorable to ore

_the original character of the rocks.

cut into the sides of the ore shoots.

deposits of any rocks in the mineralized part of the
district. The Mancos shale, which for the most part
lies outside the mineralized area, contains very few de- -
posits. The Dolores formation is the country rock of
much of the ruby silver-bearing belt of veins in Cumber-
land  Basin and eastward, but most of the known ore
shoots in that belt are clearly related to bodies of
porphyry. ‘

All the igneous rocks appear to be about equally fa-
vorable to ore deposits, and the presence or absence of
ore shoots in veins that traverse those rocks depends
more on the character of local metamorphism than on
Diorite-monzonite
porphyry is associated with more ore deposits than other
igneous rocks though there are many productive veins
in diorite. Disseminated chalcopyrite deposits occur
in syenite, as do several pyritic-gold bearing fissures and
breccia zones. No productive veins are known to oc-
¢ur in monzonite, but many small veins, some of which
are fairly promising, traverse the monzonite stock be-
tween Mount Moss and Babcock Peak.

BLIND ORE SHOOTS

Several blind shoots, shoots that did not crop out at
the surface, have been found and worked in the May
Day and Idaho mines. The ore body exposed in the
Grassy Hill tunnel of the Small Hope mine (see pp.
165-167) is probably blind and is on an entirely differ-
ent. vein from that which was developed by the upper
workings. No other examples of totally blind shoots are
known, but several highly productive deposits have
been exposed by erosion only because of particularly
favorable circumstances. In general, shoots whose tops
are limited by shale or other unfavorable rocks cannot
be located by surface prospecting unless these upper,
unproductive beds have been removed by erosion, or
unless lateral extensions of the shoots have been exposed
along stream valleys. Such deposits as the Red Arrow
and Century, whose upper limit is largely controlled by
the shale above the Junction Creek sandstone, might
never have been discovered had not erosion happened to
The original up-
ward extent of the Neglected shoot is not known, but
it is clearly related to a dike that does not reach the
present surface and has a nearly horizontal top. . The
deposit may not have been'exposed at the surface when
the level of Gaines Gulch was only a few feet higher
than it is now. :

SUMMARY OF CONTROLLING FACTORS

From the facts presented in the preceding para-
graphs, it seems clear that the “favorability” or “un-
favorability” of structural features and of rocks de-
pends almost entirely on the extent to which the rocks
were able to produce or maintain open spaces along the
fractures. It is likewise clear that ore shoots can only
be formed in places where favorable structural features
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are combined with favorable rocks. For example, a
vein that cuts soft unmetamorphosed shale can hardly
be expected to contain an ore shoot, no matter how
steeply it dips nor how much it changes in strike. In
some places, three or more favorable factors-have com-
bined to determine the location of an ore shoot. Thus,
the Incas deposits occur at the common intersection of
“the Pony Express limestone with a porphyry dike and
with mineralized veins. '‘So too with the replacement
bodies in the May Day, which were formed along veins
in limestone where they intersected barren faults. The
great diversity in shape and inclination of ore shoots
depends on a variety of factors, foremost of which are
the shapes of favorable rock bodies and the patterns

formed by the intersections of these bodies with various .

structural features. It is hardly necessary to add that
not all open, brecciated zones along veins contain work-
able deposits of ore. Ores were necessarily formed
only in fractures that not only were accessible to ore-
bearing solutions but were actually traversed by them.

VERTICAL RANGE OF ORE DEPOSITS

The main ore body on the May Day vein extended to
a depth of 450 feet below the surface and thus had the
greatest vertical range of any single ore shoot that had
been developed up to 1937. The over-all vertical range,
however, of all the shoots in this and the adjoining
Idaho mine, exceeds 1,250 feet. The only place in the
district where deposits are known to have a greater
range than this is on the south slope of Lewis Mountain.
There, openings'on the parallel Ashland-Ten Broeck
and Gold King veins have demonstrated a range of
2,500 feet without material change in grade and char-
acter of ore.

Workable deposits have been found near the tops of
several of the highest peaks in the district, or at alti-
tudes of approximately 13,000 feet. The lowest alti-
tude reached by mine workings is in the May Day, from
which ore has been mined at an altitude of less than

8,400 feet. For the district as a whole, therefore, the:

total vertical range of developed deposits is slightly
more than 4,500 feet.

An increase in content of free gold in near-surface:

ore has been reported from several mines and was
doubtless due to secondary enrichment. Other than
this, no visible differences in composition or texture of
the various types of ore can be correlated with altitude
or with depth below the.present surface. Deposits
occur, moreover, throughout the stratigraphic section
from the Dakota (?)
formation.

sandstone down to the Hermosa
These - observations, together with the
knowledge that blind shoots can and do exist in places,’

MUTUAL RELATIONS AND ORIGIN OF THE ORE
DEPOSITS

While relations between the different types of deposits
are far from clear, it seems certain that they were
formed through a wide range of temperature and, pos-
sibly, of pressure. Probably, however, they were all
formed during one general period of hydrothermal ac- |
tivity, which followed closely on the emplacement of
the nonporphyritic rocks.

There is some evidence of zoning in the depos1ts
Thus, the platinum-bearing chalcopyrite, the contact-
metamorphic, and most of the pyritic-gold deposits are
confined to the central, metamorphosed, part of the dis-
trict. The telluride, ruby silver, chalcocite, and base-
metal sulfide deposits, on the other hand, are widely
distributed, though most of-them, including all the
more productive ones, are outside the metamorphic area.

The contact-metamorphic deposits, whether gold-
bearing or not, and the platiniferous chalcopyrite of
Copper Hill and Bedrock Creek were almost certainly
deposited at high temperatures and relatively close to
the source of the emanations from which they were
formed. The pyritic-gold deposits all appear to be
genetically related to one another, as they are closely
similar in composition and exhibit all gradations be-
tween different forms. There is much similarity be-
tween the pyritic “blanket” body of the Doyle mine and
some of the contact-metamorphic bodies, indicating that
the two types are related, though the pyritic bodies must
have been formed at somewhat lower temperatures or
slightly farther from the source of the solutions.

The gold and silver-bearing mixed sulfide deposits
are so similar to the telluride deposits in form, distribu-
tion, and mineral composition that there can be little
doubt that- the two types are genetically related and
essentially contemporaneous. The presence of fairly
abundant orthoclase in the Honeydew ores suggests a
link with the contact-metamorphic and disseminated
copper deposits; this deposit is more closely allied to
these classes than it is to the other mixed-sulfide deposits
or to the tellurides.

Some features of the Black Diamond vein, which is
richer in sulfides than most other veins in its vicinity,
is suggestive of a transition from the gold-bearing py-
rite deposits through the mixed-sulfide deposits to the
telluride deposits. At the Black Diamond mine itself
the vein contains appreciable quantities of telluride.
In its southwestward extension, along Boren Creek, it .
seems to grade into the pyritic type of vein filling that
characterizes the deposits of that area. ,

The ruby silver veins are in a separate belt from all
the other deposits. Their general structural relations,
the presence in them of gold and of mixed sulfides in a

.gangue of quartz, barite, and dickite, and the reported

go far to justify further exploration of many veins at } presence of tellurides, all indicate that.they are closely

lower levels.
section on the future of the district (p. 82).

The subject is-further discussed in the |
+ the gold and silver-bearing sulfide deposits.

related genetically both to the telluride deposits and to .
Sporadic
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occurrences of the sulfosalts of silver in the Ashland-
Ten Broeck, Gold King, Daisy, and other mines point
in the same direction. The reason for the restricted
. ares] distribution of the ruby silver ores is not known.

The telluride, sulfide, and ruby silver veins were
doubtless deposited from hydrothermal solutions that
rose along fault fractures and other conduits. The so-
lutions must have been highly ténuous, else they could
not have passed throuah the extremely tight spaces that
_characterize fissures in the softer rocks; and viscous
solutions could not have traveled the long distzmces from
their source that is evidenced by the wide vertical and
horizontal distribution of these deposits. The solu-
tions were richest in silica but contained appreciable
quantities of various metals and other elements. The
chemical nature of the solutions is not known. The
widespread occurrence of sericite as an alteration prod-
uct of the igneous rocks near veins indicates that the
earliest solutions were alkaline, or at least neutral, in
character, for sericite is commonly believed to be de-
posited from alkaline solutions. On the other hand,
the occurrence-of halloysite in many of the wall rocks,
and of abundant dickite and a little fluorite in the veins,
would be considered by most geologists as evidence that
the solutions were acid during some parts, at least, of
the ore-forming period.

Whatever the character of the ore solutions, it is clear

that the vein minerals were deposited in open places in
the veins, largely because of relief of pressure. Change
of temperature was also an important factor in places.
Tightening of the veins above open places, owing to
difference of rock or to other causes, may also have been
a factor in localizing some shoots by obstructing flow
and allowing time for the solutions to cool and deposit
their load of mineral matter. ,

The difference in relative quantities of sulfides, native
gold, and tellurides between the two most important
types of deposit may mean that there were original dif-
ferences in the relative abundance of the elements in the
ore-depositing solutions, or that in certain places condi-
tions of temperature and pressure prevented precipita-
tion of the telluride minerals in appreciable quantity.

The telluride ores are commonly regarded as epi-
thermal deposits—that is, deposits formed relatively

- close to the surface and at low temperatures and pres-
sures. The La Plata deposits certainly possess many
of the characteristics of the epithermale class. The
known vertical range of the telluride deposits is more
than 4,500 feet, however, and the cover of sedimentary
rocks over the now exposed ore-bearing rocks at the
time of ore deposition could not have been less than
5,000 feet and may have been as great as 9,000 feet.
The ores must therefore, have been formed at far greater

depths below the surfaceé than is considered character-

istic of typical epithermal deposits.

- shoots.

FUTURE OF THE DISTRICT AND SUGGESTIONS FOR
PROSPECTING

The ore hitherto produced by the La Plata district
has come from a very few comparatively large deposits.
supplemented by small shipments of usually high-grade
ore from a large number of minor deposits. The devel-
oped parts of nearly all the known ore bodies, both
large and small, had been largely worked out when the
district was studied in 1935-37. Yet even though the
visible reserves of ore are negligible, the available facts
appear to justify the hope that the future production of
the district is relatively bright.

Such hopes derive support from the fact that the
productive life of most individual mines has been short.
The history of a mine has usually consisted in the dis-
covery, development, and exhaustion of single ore shoots
or of several closely spaced and thus easily discoverable
Exhaustion of the shoot usually meant tempo-
rary or permanent abandonment, or at best a desultory
attempt to find more ore. ‘In a few mines, such as the
May Day and Idaho, where the returns from the ore
body first found appeared to justify it, further develop-
ment was prosecuted vigorously. In the May Day and
Idaho this later work was rewarded with discovery of
several additional ore bodies, but elsewhere, as in the

Lucky Discovery and Neglected, the results of this later

development work were discouraging. In some places
failure to find new ore can be traced to ill-advised ex- -
ploration methods arising from ignorance of the geo- '
logic conditions. In others it has been proved that no -
other ore bodies exist within the explored ground.

In a few mines the lower limit of development has
been set by such obstacles as a heavy flow of water, but
as a general rule the lowest workings mark a local dis-
continuity if not the actual bottom of the ore shoot
that was being mined. As related in the foregoing
pages, the known vertical range of ore deposits in the
district as a whole is far greater than that of the ore
shoots hitherto developed in any one mine, and the
lower limits of the productive zone are not yet known.

It seems clear, moreover, that favorable conditions for
ore shoots are produced by a large variety of geologic
conditions, that many veins contain several ore shoots,
separated by nearly barren stretches, and that some ore
shoots do not crop out at the surface. The outlook for
dlSCOVGI‘X of new ore bodies along many of the known
veins is therefore promising, providing the exploratory

work is mtelhgently undertaken

Not only may new v shoots be Tound in known deposits,
but new deposits may be discovered. None of the
really productive deposits was found until after 1900,
and the new discoveries made since then have occurred
at widely separated intervals. There is no apparent
reason for believing that 1933, the year the Red Arrow
was found, marked the end of the discovery period for
new ore bodies, particularly in view of the poor ex-
posures that characterize much of the district.
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Although determinable quantities of platinum and
palladium have been proved in the disseminated. ores
from the Copper Hill mine, the content of copper and
the platinum metals and the quantity of ore now show-
ing would not encourage further mining. Possibly,
however, the ore body mined at the glory hole dips in
such a way that it was missed by the lower tunnel.
Also, in the large area near the Copper Hill workings
that is covered by glacial drift, talus, and soil, scattered
exposures indicate that the geologic relations are simi-
~ lar to those near the known deposit. Exploration at or
near the glory hole, possibly by means of drilling, might
reveal additional ore.

-The contact-metamorphic deposits offer little hope of
‘any_important_new. dlscoverles As has been pointed
out above, most of them are small and irregular, and
few of them contain primary ores rich enough to be
workable. Most of the richer oxidized ore bodies have
doubtless been discovered and either exhausted or
abandoned. There is of course a possibility that some
oxidized bodies have been overlooked, or that workable
deposits of primary ore may yet be found. They
should be looked for along and just inside the borders
of the central metamorphic area. /

The pyritic-gold deposits . have produced com-
paratively little in the past, though fairly large ex-
penditures have been made in developing some of them.
Most of the richest, those that were enriched by second-
ary processes, have presumably been found and mined
out. Some possibility remains that small rich oxidized
shoots, like the one worked in the Century mine, may
have been overlooked. The best hope of further pro-
duction from these bodies, however, appears to be in
large-scale, low-cost operations on primary ores. Such
methods would call for extensive prospecting and de-
velopment of the deposits as well as careful research
on metallurical processes. The possibility of finding
other pyritic replacement bodies like that of-the Doyle
mine cannot, be entirely discounted, but it seems to be
remote. They can be expected to occur only along or
close to the edge of the central metamorphosed area.
All of the few remnants of limestone beds that are
exposed in this zone, however, are either replaced by
contact-metamorphic deposits or are essentially un-
altered, and it does not seem possible that any extensive
bodies like that of the Doyle mine can have been over-
looked in the past.

The ruby silver veins of the Cumberland type offer
little hope of important future production as compared
with the telluride deposits and those of some other
classes. Comparatively small bodies of high- grade\
silver ore may yet be found by further development
of known veins or in new deposits. Search for such
deposits would best be confined to the known ruby "

silver belt; it seems most likely to be successful in the

eastern part of the belt, where, because exposures are

poorest, deposits are most likely to have been overlooked :

"metamorphic area.
especially near its borders, further exploration in many
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in the past. As is noted ‘under the description of the \\

Cumberland mine, more complete development of that
deposit, either in depth or in the ground that is already |
partly developed, may prove the existence of a large }

body of low-grade silver ore, which might be workable :

with modern methods of mining and milling.

By far the greater part of the ore produced in the
past has come from deposits of the telluride and the
gold-bearing mixed-sulfide classes, and these bid fair
to retain their leading position in the future.

' Many of the principles that control the location and
extent of ore shoots are set forth in a preceding section,
but unfortunately the presence or absence of favorable
conditions cannot always be foretold in advance of
actual exploration and part development. At many
places, however, knowledge of the significance of vari-
ous geologic features can give help in judging the
probability of finding ore bodies. So far as possible
the descriptions of individual mines in the latter part of
this report contain suggestions for further prospecting,

‘based on application of these principles.

Except in the vicinity of Diorite Peak the distribu-
tion of known deposits of these classes offers little
encouragement to further exploration within the central
Outside this area, however, and

A,

it

-

places would appear to be justified. Most of the Veins"\

that-characterize the hinge fold encircling the central
area have probably been found, but much of the explora-

tion has been only superficial, and many ore shoots may

possibly remain undiscovered. The strong faults in |

the southern and northwestern parts of the district
probably deserve more exploration than they have al-
ready received. The faults themselves are commonly.
barren; search for ore should be confined to inter-
sections of the faults with mineralized veins.

As most of the eastern part of the district is heavily

covered with vegetation and its rocks are poorly ex-

~posed, it probably has been less thoroughly explored

than any other part. The widespread distribution of
known telluride deposits within this area, notably those
in the Neglected and Mason mines and the Ohio-In-
diana prospect, offers hope that other deposits remain
undiscovered.

Although workable ore deposits will seldom be found
in soft or incompetent rocks, any signs of mineraliza-
tion in shale or other rock of similar character deserve
investigation, as they may point the way to larger or
richer deposits in underlying, more brittle rocks.

Largely because the rich silver-lead deposits in the
neighboring camp of Rico replace limestone beds in
the Hermosa formation it is widely believed locally
that similar deposits should underlie the La Plata dis-
trict. Unfortunately, no geologic evidence of such de-
* posits has been found, but the comparison cannot be

ignored, and cautious exploration in areas of known

mineralization would appear to be warranted. The
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lower levels of the Gold King mine are along a vein
in or just above the upper beds of the Hermosa, so that

" deeper exploration of that vein might reveal any re- -

placement deposits in the limestones. Other favorable
ground for prospecting is in the vicinity of the Honey-
dew mine, near which veins of base-metal sulfides crop
out at the surface. There, however, the top of thé Her-
mosa must lie at least 500 feet below the surface. It
should be remembered that limestone beds are thickest
and most numerous in the lower and middle parts
of the Hermosa, at least 1,000 feet below any exposures
of the Rico formation in the district. The uppermost
part of the formation, however, contains a few thinner
beds of limestone. . .

Even though some of them are very rich, most of
the district’s deposits are small and “pockety.” It is
therefore expensive and difficult to explore and develop
them completely, and unless a vein is developed by
mine openings that are very closely spaced both hori-
zontally and vertically, worth-while ore shoots may be
entirely missed. Few single mines will repay large-
company operations, and in the future as in-the past
‘most of them will probably be worked in a small way
by owners or lessees. It seems possible that consolida-
tion of several deposits with a single overhead to cover -

management and " technical guidance would prove

profitable.

Many of the older dumps appear to warrant thorough
examination and sampling. The mines from which
they came were operated at a time when ores that con-
tained less than $50 to the ton could not be handled at
a profit, and much ore of moderate grade was wasted.
The results of random sampling of several dumps, as
recorded in the mine descriptions, indicate the presence

of much easily accessible material that should yield a

profit under modern methods of treatment.

MINES AND PROSPECTS

Nearly all the mines of the district are shown in plate
1, and all patented mining claims, both lode and placer,
areshown in plate 14. All available data regarding the
mines and the more important prospects are given be-
low. Much essential information is lacking, particu-
larly for the older mines that have been inactive for
many years. The writer’s observations on many mines
have been supplemented by published and unpublished
reports by other geologists and mining engineers.
Field notes by C. W. Purington, of the Geological Sur-
vey, who examined most of the mines that were-open in
1896, were especially helpful. Large parts 6f some of
the mine descriptions are based on reports and maps
collected in 1934-36 by the Works Progress A dministra-
tion Mineral Resources Project, which was under the
direction of the State Planning Commission. A few
descriptions of old and now inaccessible mines are.
drawn from the annual reports of the Director of the -
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Mint, even though some of the information contained
therein is known to have been overly optimistic.

The results of sampling in some of the mines were
made available by interested engineers and operators.
Those recorded below or summarized in the text are

“believed to be fairly reliable, but it should be borne in

mind that the telluride ores are in general so spotty
and irregular that even the most careful sampling may
give misleading results. Chiefly as a guide to further
studies, a few samples were taken in the course of this
work. Methods of sampling varied with conditions,
but, with certain limitations described below, the
samples are believed to be representative. They were
assayed by E. T. Erickson in the chemical laboratory
of the Geological Survey. The methods recommended
by Hillebrand and Allen # for assay of gold telluride
ores were followed for the samples that appeared to
contain tellurium.

~ The mines are described in alphabetical order; their
probable place in the scheme of classification adopted
on page 63 is indicated by the numbers 1 to 5 following

" the name of the mine.

(1) Disseminated chalcopyute with platinum

and palladium.
s (2a) Contact-metamorphic deposits

gold in sulfides.

(2b) Gold-bearing pyrite deposits.

(2c) Deposits of mixed sulfides with silver and free
gold.

(3) Chalcocite veins.

(4) Ruby silver bearing veins.

(5) Telluride deposits. -

‘Wherever possible, formation contacts and other ge-
ologic features shown on the mine plans are projected
to floor level. Where the directions of these features
are not known, they are arbitrarily mapped as normal
to the walls of the workings.

Production figures prior to 1902, where available,
have been taken from the annual reports of the Director
of the Mint and from the reports of the Colorado State
Bureau of Mines. In a few places other sources of in-
formation have been used. The figures for the years
190243 are taken from the mine production figures of

containing

" the Geological Survey and the Bureau of Mines, which

were generously made available by C. W. Henderson,
Supervising Engineer, Bureau of Mines, Denver.

ALLARD (1)%®

The Allard tunnel is near the bank of a tributary to
Bedrock Creek, at an altitude of about 10,250 feet.
An abandoned wagon road of uniform grade connects

82 Hillebrand, W. F., and Allen, E. T., Comparison of wet and
crucible-fire methods for the assay of gold telluride ores with notes on
the errors occurring in the operations of fire assay and parting: U. S.
Geol. Survey Bull. 253, 31 pp., 1905. See also Bugbee, B. E., A textbook
of fire assaying, p. 201, New York, John Wiley & Sons, 1922.

8 Numbers. in parentheses refer to classification of deposits (see
above).
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the workings with La Plata, 11/ miles to the east. The

tunnel was driven before 1921 on an unpatented claim
by the Allard Mining Co. No ore was ever produced,
and the property has been inactive for many years.
The main tunnel extends N. 31° W. for 740 feet. Five
hundred feet from the portal a side drift trends S. 74°
W. for 100 feet, then turns to N. 45° W. and continues
90 feet. All equipment had been removed, but the mine
workings were in good condition in 1944 (fig.-7). The

l(?O [
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Fidure 7.—Plan of the Allard tunnel.

tunnel is within the border of the larger of the two
syenite stocks shown in plate 2 and was driven to ex-
plore the disseminated copper deposits, which crop out
in the vicinity. These deposits have been described on
pages 63-66. The tunnel merely serves to provide an-
other exposure of the deposits, which are almost per-
fectly exposed on the surface over a large area. Miner-
alization of the type seen in the tunnel appears to
extend at least 1,500 feet westward from the Allard

tunnel and to altitudes 400 to 500 feet above the tunnel.

In 1943 the Allard tunnel was sampled by the Bureau

of Mines. . A summary of the results of this work
follows: :

Copper Silver Plétinum

(percent) (ounces) (ounces)
From portal to 280 feet.___.___... 0. 147 0.14 [._-_____
From 200 to 580 feet_ ... ______ . 543 .23 0. 003
From 580 to 740 feet______.______ . 192 .24 | ______
West, drift along 212 feet_..______ . 486 .22 .

|

ASHLAND-TEN BROECK (5)

The Ashland and Ten Broeck mines explore parts of
one vein on the south slope of Lewis Mountain. The
Ashland workings are at an altitude of 12,400 feet and
lie 1,500 feet northeast of the central peak of the Lewis
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group. The old Ten Broeck openings are on the south-
east slope of the mountain facing Junction Creek, 1,000
feet from the central peak and at an altitude of about
12,000 feet. They can be reached over a good trail frém
Eagle Pass. The Brawner crosscut tunnel, whose
portml is 1,000 feet north of the Gold King mme, 1s 770
feet below the lower Ten Broeck adit.

The Ashland-Ten Broeck vein was discovered before
1880. In the report of the Director of the Mint for
1881, Burchard ® mentions the Ashland, Sylvan Nos. 1
and 2, Ten Broeck, and T. T. T. as in the telluride belt.
He says “the mass of the vein matter is low grade,
averaging about $40 per ton, which will not, of course,
pay for handling at present.” Some ore was taken
from these claims now and then between 1881 and 1890,
but -there is no further record of activity until 1908,
when the Ashland produced a small lot of ore. The
Ashland was active until 1913. In that year, also,
the Ten Broeck was reopened, and it produced ore in
1913, 1914, and 1917. Between 1917 and 1921 the
Brawner tunnel was driven to develop the vein at
depth. George F. Brawner, who was also responsible .
for the development at Copper Hill, was in charge of
the operations. After the tunnel was completed and
the vein drifted on, the mine closed down, and it had
not been reopened up to 1943.

The recorded production of the Ashland and Ten
Broeck mines is about $10,000. This figure includes a
shipment of one carload of ore in 1883 that assayed
$136 in gold and silver to the ton and probably yielded
about $1,400.8* The recorded production is shown in
the following table, but the figures for the years prior
to 1902 are probably not complete : '

Recorded production of Ashland-Ten Broeck mines, 1883—-1943*

N Ore Gold Silver
Year Mine (dry tons) (ﬁneounoes)](ﬁneounces
1883 Ashland ............................ 210 68 |oceecio.
1887 [0 el 12.5 12
1888 [.._.- d ______________________ 20.0 15
1890 | Ten Broeck. ... .o oo femiaaaas 13.5 78
1908 | Ashland..._.__ 3.5 8.6 17.5
1910 |...-. doo___._..__. 14 58.32 103
1911 |..... do__.._. 30 53.14 137
1912 ... do__ . ________ 17 34.09 92
1913 | Ashland and Ten Broeck. 15 48.26 92
1914 | Ten Broeck 3. ... ______. 160 242. 47 462
1917 ... Aol 21 64. 82 107
Total recorded production. .. ... _____| ... 623. 70 1,115.5

1 No production figures avallable for 1884-86, 1889, 1891-1901; no productlon 190243
except during years listed.
2 Estimated. '
3 Also produced 34 pounds of copper and 316 pounds of lead.
The principal Ashland workings consisted of several
open-cuts, a shaft 40 or 50 feet deep, and a short adit

from which a 100-foot drift was opened on the vein.-

" Most if not all of the the ore produced was taken from

the open-cuts. None of the workings were accessible in
1935. A vertical section through the old Ten Broeck -

8 Burchard, H. C., Report of the Director of the Mint upon the
production of the preclous metals in the United States, 1881, p. 418,
1882,

8 Burchard, H C op. cit. (for 1883), p 374, 1884.
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adits, a plan map of these workings, and the drifts on
the Brawner tunnel level are shown in plate 15. The
Ten Broeck adits were caved and inaccessible in 1937;
the Brawner tunnel was open, but bad air made it im-
possible to reach the drift on the Ten Broeck vein.

The country rock in and near the Ten Broeck adits
and the drift on the Brawner tunnel level is largely
diorite; that in the Ashland workings and the Brawner
crosscut consists of flat-lying red beds of the Cutler
formation and a few sills of diorite-monzonite porphyry.
The sedimentary rocks' are silicified except in the
Brawner crosscut, where they are soft and generally
unmetamorphosed.

The outcrop of the Ashland-Ten Broeck vein shows ‘

clearly on the drab slopes of Lewis-Mountain as a light-
colored band, which follows a zigzag course owing to
irregularities in the topography. The vein strikes
about N. 55° W. and can be traced continuously for a
distance of 3,500 feet. Toward the northwest the vein
stops at its junction with the Columbus vein, but the
Euclid vein, which follows. the same course, appears a
short distance farther west. As shown in plate 15, the
vein system is composed of several overlapping seg-
ments, which are broken by several cross fractures.
The vein was lost in the west drift on the Brawner level.
It may have been displaced along the strong Parole
vein, and if so, its westward extension probably could
be found with but little work. In the Ten Broeck adits
and near the eastern extremity of the Brawner workings
the vein swings to the east. This part of the vein may
really be a split from the main vein, the southeastward
extension of which might be found to underlie the slide-
rock between the Ten Broeck and Durango Girl mines.
Like the nearby Gold King vein, the Ashland-Ten
Broeck vein dips toward the north at an average angle
of 70°. Doubtless there are local irregularities in
the dip.

The ore is said to be similar to that of the Gold King
mine, and most of the gold and silver probably occurs as
tellurides. Galena and chalcopyrite are locally abun-
dant. According to early reports the Ashland ore con-
tained some native mercury.®® The vein matter on the
Ten Broeck dumps is chiefly dense quartz, with a little
white to dark-gray chalcedony. Small irregular masses
of pyrite are scattered through the quartz, and crystals
of white barite are moderately abundant in vugs. The
quartz encloses ghosts of feldspar crystals, and most of
it undoubtedly was formed by replacement of the dio-
ritic country rock. The following sampling record
shows clearly that in general the richest ore occurs at
or near places where the vein changes in direction or at
its intersections with cross fissures.

The ore shipped from the Ashland in 1908-13 con-
tained from 1.53 to 59.54 ounces of gold and 4.29 to
44.26 ounces of silver to the ton, and the Ten Broeck

8 Burchard, H. C., op. cit. (for 1883), p. 374, 1884,

shipments of 1918-17 contained from 1.47 to 21.56 ounces
of gold and 4.88 to 57.10 ounces of silver to the ton.
The higher figures represent shipments of only a few
hundred pounds

Sampling record, Ten Broeck mine!

Width o i1
S%r:)ple (oGun]gss ((S)_lln‘l’gs Remarks
’ Feet, inches| PeFtom) | per ton)
Upper levels
1 2 0.15 0.15 | Northwest fault.
2 1 0 .14 | . 66 Do.
3 5 2 .2877 1.06 Do.
-4 5 0 . 98 . 86 Do. :
5114 3 . 58 1. 42 | 2% feet of quartz and
© 10 feet of wall rock.
6 2 2 .32 1. 68
71 3 0 . 50 1. 20
8 2 0 1.70 2. 00
9 3 0 . 60 . 60
10 2 6| .7 . 50
11| 2 6 .44 | 216
12 2 0 .29 3. 08
13 2 6 .08 . 62
14 3 9 .24 1.12
15| 5 9 .07 . 53 | Footwall gouge.
16 2 0 1. 30 1. 70
17 2 0 . 82 2.19
18 3 0 .62 2. 38
19 2 0 1. 60 4. 40
20 2 0 .48 .52
21 2 0 1.22 . 28
221 3 0 . 64 1. 26
23 3.0 .32 .90
24 2 6 . 68 5. 32
25 10 28 2. 52 | Part of vein in hanging
wall.
26 2 6. .48 2. 53 Do.
27 1 0 1. 30 8. 00 Do.
28 1 6 . 56 3. 04 Do.
29 1 2 .74 2. 86 Do.
30| 1 4 .86 | 5.94 Do.
31 1 2 .34 2. 86 Do.
3211 0 .12 . 58 | 25 feet up raise.
33 1 4 12 1. 08 Do.
34 1 4 .70 2. 40 | 82 feet up raise.
35 8 .34 8. 66 | Part of vein in hanging
wall.
36 8 1. 08 3.72 Do.
37 10 . 82 16. 00 Do.
38 - 6 . 98 7. 62 + Do.
39 1 2 ~ 30 9. 20 -
40 1 6 .30 2. 30
41 1 6 .02 .98
421 2 6 2. 44 1. 96
43 2 0 .09 .7
44 1 4 . 58 1. 92
45 1 6 .16 1. 24
46 1 0 .20 1. 80
47 9 44 4. 76 | Part of vein in hanging
wall.
48 1 2 .36 2. 94 Do.
49 1 2 .16 8 24 Do.
50 6 .02 . 68
51 1 0 .16 3. 04 | Includes 6 inches of wall
rock.
52. 1 0 14 3. 16
53 1 0 16 4, 44
Average 1 0 55 2. 86
Brawner tunnel level
54 2 0 0. 05 0. 60
55 2 6 .18 4. 20
56 1 8 .08 | 1.36
571 20 .03 .37

See footnotes at end of table,
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Sampling record, Ten Broeck mine 1—Continued

\

Sampling record, Ten Broeck mine l—Continued

Width Qold Silver Width Gol Silver :
S%’:’plo (ounces (ounges Remarks SaI\Irerle (ou.ngas (ounces Remarks
’ Feet, inches| Pertom) | per ton) : Feet, inches| PeT tom) | per ton),
Brawner tunnel level—Continued Brawncr tunnel level—Continued
58 1 4 0. 26 4. 02 119 1 0 0. 92 18.60 [
59| 2 6 . 06 2. 34 120 1 6 .72 2. 12
60 1 4 .07 .33 121 1 6 .40 4. 00
61 1 0 .08 1. 22 122 1 6 .65 3. 00
62 10 .10 1. 30 123 1 6 .20 1. 54
63 8 .18 2. 50 124 10 .10 .34
64 6 .08 1. 62 125 10 .12 . 30
65 6 .10 1.10 126 10 . 09 .41
66 1 0 14 . 36 127 1 0 .10 .90
67 1 0 .04 . 46 128 8 . 08 1. 45
68 1 2 . 06 54 129 8 . 20 .75
69 1 0 .07 .53 130 6 .42 4. 16
70 10 . 04 . 96 131 6 .15 1. 50
71 1 0 .07 . 53 132 6 | .10 1. 60
72 1 0 .08 . 62 133 4 .10 . 60
73 10 .12 2. 78 134 2 0 .16 . 50
74 10 .21 5.09 135 2 0 .14 . 50
75 1 0 .08 .92 136 8 .78 9. 50
76 1 0 . 08 .72 137 6 .30 3. 55
77 1 2 .10 1.10 138 1 0 . 84 .90
78 1 0 . 50 1. 10 139 2 0 .25 1.10
79 1 2 .10 2. 80 140 3 0 . 60 2.25
80 1 0 . 08 3. 62 141 3 0 .10 1.20
81 1 0 0. 09 1.11 142 3 0 .10 1. 90
82 1 0 .15 .85 143 | 3 0 .55 .85
83 1 2 .07 .93 144 | 2 6 . 06 . 62
84 1 0 .12 1. 88 145 2 6 .21 . 50
85| 3 0 .08 1. 32 146 2 6 .62 1. 30
- 86 1 4 .14 1. 96 147 2 6 . 60 1. 32
87 10 10. 91 1. 92 148 2 0 .10 .40
88 2 0 .44 2. 56 149 1 6 .04 1. 00
89| 1 2 .74 1. 80 150 | - __ 2.50 | 12.08 | 30-foot grab sample.
90 1 0 . 60 1. 81 : 151 3 0 .14 . 80 :
91 6 0 .24 4.16 | Contains 1.2 percent 152 5 0 .12 2. 68
copper. 153 4 6 .12 1. 86
92 1 2 .20 14. 90 154 3 0 .18 2. 32
93 1 0 .32 1. 58 155 3 0 .10 9. 20
94 1 4 .08 3. 42 - 156 2 0 .12 6. 08
95 1 4 .76 3. 24 157 | .1 6 . 06 14. 05
96 1 6 .20 1. 30 158 3 0 .17 4. 44
971 2 0| .38 1.72 159 3 0 .08 8. 48
98 1 2 .35 1. 05 160 3 0 .10 2.10
99 1 4 .18 1. 22 161 2 6 L 11 6. 30
100 8 .16 1. 94 162 10 .05 5.37
101 8 . 08 1. 32 163 1 6 .11 3.19 | _
102 8 .44 1. 56 164 .. .10 | 48.72 | Assorted quartz.
103 1 4 .12 2.18 165 .. . 08 16. 58 Do.
104 1 6 .12 2.48 166 - e .26 | 120. 36 Do.
105 2 O .08 2. 92 167 e . 06 30. 30 Do.
106 1 6 .11 2. 59 168 N .10 | 67.94 Do.
107 8 .08 1.22 169 1 6 .12 7.40
108 8 .15 . 55 170 2 0| .05 1. 00 '
109 4 . 08 .62 171 2 0 . 05 1. 10
110 1 2 . 08 1. 02 172 2 0 .05 3. 80
111 3 0 - 16 1. 04 173 2 0 .01 1. 00
112 3 0 .40 | -+ .60 174 | 2 0 . 06 13. 60
113 6 0 .08 2. 62 . 175 2 0 15 .98 [
114 | 4 0 . 16 . 83 176 1 6 06 .74
115 1 0 .11 1. 89 177 1 0 10 .70
116 6 .16 2. 64 .
117 6 .10 1. 30 Average?| 1 7 .29 2.43
118 6 22 .48 ’

The sample record given above shows that on the
Brawner level the vein is slightly narrower than it
is in the upper levels and only about half as rich.

+ Whether this condition is local or indicates an approach
to the bottom of the ore shoot is not known. Nothing
is known of the block of ground between the upper
and lower levels. The uppermost workings are 1,400,

1 From private report by V. C. Perini and R. D. McCausland, 1921. See plate
15 for location of sample stations. .
2 Samples 150 and 164-168 excluded from average.

feet above the Brawner level, and there is said to be
little visible difference in the character of the ore in
different workings. A large body of medium-grade
ore is indicated by available datd, but cannot be re-
garded as blocked out. Further exploration of the
property appears to be justified.



88

Aside from the large body of apparently workable
ore, the chief interest of the Ashland-Ten Broeck de-

posit lies in the fact that it demonstrates a great ver- .

tical range for the telluride ores. If the nearly parallel
Gold King vein be considered a sort of downward ex-
tension of the Ten Broeck vein, it means that ore of
similar character and grade occurs through a vertical
range of at least 2,500 feet.

AURORA (5

The Aurora group, which consists of the Aurora, Jim

-Smith, and Jewel patented claims, is on the east slope
of the ridge between Snowstorm Peak and Lewis
Mountain, about 1,000 feet southeast of the Bessie G.
mine. The Aurora vein was discovered in the early
eighties and was worked intermittently by the owners
and by lessees from then until about 1900, since when
the mine has been inactive. The total production was
small. In a report prepared for the Works Progress
Administration Mineral Resources Project in 1936,
L. M. Wayt, the present owner, notes several small
shipments of ore that contained 5 to 12 ounces of gold

. to the ton. All the ore produced was taken from a
27-foot shaft. In addition to the shaft, which was
caved in 1937, the vein is developed by two crosscut
adits about 125 and 350 feet, respectively, below the
shaft collar, ' .

Nfofa\'ém

ein % ft. shear zone with quartz,

pyrite and a little barite

TR Caved at vein, N\
much water

UPPER CROSSCUT ADIT
£/ /4002

61in-20 in. shear zone wit Wall rock diorite throughout

quartz and pyrite

S I:)Xn.:sin.

© 4ft.shear zone with much uartﬁ ‘It’;u:artzAand
and pyrite and considerable white gouge with
clay and crystalline barite invugs ~ Some barite

From pace-compass survey.
Relative position of adits, approximate.
All veins are essentially vertical in dip -
Q 25

100 Feet

LOWER CROSSCUT ADIT
E1. 1,180 %

FIGURE "8.—Plan of Aurora mine.

As shown in figure 8, the upper adit reached the
Aurora vein, at which a drift was turned to the west.
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In 1937 this drift was caved 50 feet from the adit and
its total length is not known. The lower adit was caved
at its junction with drifts to the east and west. The

relations shown in figure 8 make it seem likely that

these drifts followed the Aurora vein, but as the rela-
tive positions of the adits are based only on compass
and aneroid measurements the correlation is not cer-
tain. Wayt says in his report, “it is not definitely es-
tablished that the lower tunnel reached the main Aurora
vein.”

The country rock in the vicinity of the mine consists
in large part of crosscutting bodies of slightly por-
phyritic but otherwise typical hornblende diorite. This
grades imperceptibly into diorite porphyry, and all
the rock is mapped as porphyry in plate 2. The dio-
rite is somewhat kaolinized and pyritized, and is mod-
erately soft in most places. Small masses of silicified
redbeds of the Cutler formation are exposed at the sur-
face, but none were seen underground..

At the surface the Aurora vein is marked by a nar-
row zone of iron-stained and decomposed rock, which
contains some pyritic vein quartz. It there strikes N.
58° to 72° E. and is poorly exposed in general. Its
eastward extension is probably the vein known as the
Golden Wedge. Where exposed in the drift from the
upper adit the vein is vertical. Near the adit its strike
is N. 72° E., but 35 feet to the west it turns sharply
N. 85° E.; it is 1 foot to 2 feet wide and consists of
strongly sheared diorite containing much. quartz and
pyrite and a little barite.

The owner states in his report that “the ore in the
shaft was 6 inches to 2 feet wide and consisted of tel-
luride minerals in greenish-black quartz.” Specimens
from a half-ton pile of ore on the dump of the upper

adit, taken from a part of the vein that was not ac-

cessible at the time of visit, consist of mottled to rudely

banded gray, green, and white quartz, which is fine- -

grained to medium-grained. No ore minerals are vis-
ible, but the green quartz is typical of veins that con-
tain tellurides. Vugs are lined with clear érystalline
quartz and a few small crystals of barite and pink
carbonate. Minute crystals of pyrite are perched on
the quartz in places. The color "of the gray quartz
is due to finely disseminated pyrite, which also forms
discontinuous veinlets that cut the quartz. A few small
blebs of chalcopyrite are present. No evidence of re-
placement of country rock by quartz was seen in the
specimens at hand, which, however, resemble specimens
from other veins in which it ‘is clear that the vein
matter has replaced sheared country rock. A repre-

sentative sample of this ore assays 0.16 ounce gold and

0.36 ounce silver to the ton.

The upper adit follows a broad, weakly sheared,.

pyritic zone, which trends northwest. A similar paral-
lel shear zone, along-which the diorite is strongly kaolin-
ized and which contains a few lenses of vuggy quartz
with some pyrite, was followed by the lower adit in
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the latter part of its course. Three northeastward-
trending fissures and one fissure that trends due east
are partly developed by a side drift from the lower
adit. They range from 6 inches to 5 feet in width and
consist of strongly sheared diorite, much gouge, pyrite-
bearing quartz, and some barite.
Present information is too limited to serve as a guide
to further prospecting. It should be noted, however,
. that several unprospected fissure intersections, any of
which might contain small bodies of ore, are indicated
on figure 8.
BARR-MENEFEE (2°)

The Barr-Menefee group of unpatented claims is on
Horse Creek, about 114 miles west of Schubert Flat.
The claims are held by the Barr-Menefee M1n1ng Co.,
which was organized in 1933 and which has since done
a large amount of exploratory work. Development in
1937 consisted of two adits, 105 and 165 feet long, re-
spectively, and a 100-foot shaft, in addition to numerous
diamond drill holes and prospect pits.

As exposures are poor or lacking in the vicinity of
the property, the geology of the deposit is not fully
understood. Much of the development work has been
done along or mnear a strong northeastward-trending
fault zone. The rocks on the northwest side of the
fault have been dropped down, bringing Mancos shale
against Dakota (?) sandstone. The fault zone is 5
to 15 feet in width and consists largely of brecciated
sandstone with much gouge. Pyrite is widely dis-
tributed, but vein quartz is not abundant. There seem
to be several other mineralized fissures near the main
fault.

A dark-gray to dark-green mafic dike, allied to others
in the district, is exposed in a few places and appar-
ently parallels the fault zone. It contains much fine-
grained brown mica, but it is noteworthy chiefly be-
cause of the abundant spherical amygdules of calcite
that it contains. These range from 2 millimeters to 1
centimeter in diameter. Small irregular grains of
pyrite are sparingly distributed throughout the rock
but are most abundant in the calcite. Sphalerite is
rarely present. Near the fault zone and dike the Man-
cos shale is indurated and resembles porcelain.

Numerous assays for gold and silver, particularly of
samples from diamond-drill cores, have given en-
couraging results. The shaft was sunk largely on the
strength of a widely reported drill-core assay, which
indicated the vein matter had a high silver and plati-
num content, and the intention was to explore further
by means of a short crosscut to the vein at the bottom
of the shaft. According to the local newspapers, the
objective had not been reached in the summer of 1938,

_ BAY CITY (22) _
. HISTORY, PRODUCTION, AND DEVELOPMENT

The Bay Clty mine, on the west bank of the La Plata

River and just south of Bay City Gulch, was discovered

827630—49——17

in 1876. It produced some rich gold ore shortly after
its discovery and has since been intermittently active.
According to Fossett,*” “the mine was opened on an 8-
foot bed of ore in 1876. Samples from this bed were
milled at Denver and yielded gold at the rate of $800
to the ton.” The most recent work was done in 1934-35
by the Bay City Mines Co., Inc., a stock company. The
new adit shown in figure 9 was driven by this company,
but work stopped in the summer of 1935. It is re-
ported locally that the Bay City has produced $100,000

from the old workings, but this figure is probably much -

exaggerated. The total production since 1902, as
shown in the following table has been less than $3,000:

Production of Bay City mine, 1902—43 1

O Gold Sil C . Lead
Year (toﬁas) (ﬁneo(:mces) (ﬁneloggx;:es) (pooli)xlx);g) (ponglds)
1913 ___.._ 24 | 24.27 68| 1,086 | 148
1017 __________ 84| 73 34 154 2,600 |______..
1918 _________ 28 6. 60 55 385 jocooo--

formation.

1 From mine production figures compiled by U. 8. Geological Survey and U. S.

‘Bureau of Mines. No production for years not listed. Early production unknown.

- The principal openings are shown, in figure 9. The
original workings consisted of a flat stope, about 75 feet
long, which was open to the surface in several places
and extended only about 30 feet into the side of the hill.
The old adit opens off the stope and extends northwest-
ward for 300 feet. The new adit, driven in 1934-35, is
200 feet long and extends westward. In addition to
these openings, there are several short adits and open-
cuts along the outcrop of the Bay City bed-vein between
the mine and Bay City Gulch. - The extension of the
same deposit north of Bay City Gulch was formerly
worked in a small way as the Gold Bug mine.

GEOLOGIC RELATIONS

The Bay City deposit is in a limy bed, locally called
the “Bay City limestone,” at the base of the Dolores
Near the portal of the old workings this
bed is about 10 feet thick and consists of mottled light-
gray to white massive limestone. Some of it has been
altered to coarse-grained marble. The bed grades later-
ally from massive limestone to the limestone conglom-
erate, which is more typical of the lower Dolores beds, -
or to sandy mudstone. The gradation is well shown
in the old adit. Northwest of the place marked “A”
in figure 9, the limestone grades into limy mudstone;
beyond point “B” the bed consists of red sandy mud-
stone and contains very little lime. Below the new
adit the “Bay City” bed is covered with slide rock. In
the prospect near Bay City Gulch it is almost completely

" replaced by contact-metamorphic minerals, but there

the texture of the ore suggests that the bed was origi-
nally a limestone conglomerate. The rocks in the vicin-

8 Fossett, Frank, Colorado: A historical, descriptive, and statistical
work on the Rocky Mountain gold and silver mining region, pp. 428-429,

~ Denver, 1876.
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FIGURE 9.—The original workings, Bay City mine.

ity of the mine dip 10° to 20° southwest. The shaly and
sandy beds are slightly silicified and bleached, though
in general the beds are much less altered than those
exposed farther north.

Several dikes of diorite-monzonite porphyry, which
trend nearly due east, are exposed in the vicinity of
Bay City Gulch. The south wall of one of them is
exposed in the breast of the old adit.

ORE DEPOSITS

Although the ore and gangue minerals have replaced
parts of the “Bay City” limestone bed, the contacts be-
tween ore and barren rock are sharply deﬁned Asseen
in the walls of the old stope, the ore body ranges from
2 to 3 feet in thickness and lies in the lower part of the
limestone. At point “A”, figure 9, the ore gives out
completely along the strike. Although this edge of the
ore body was probably controlled in part by a decrease
in purity of the limestone, the unreplaced limestone
that overlies the ore bed is apparently rather pure.
Evidently the replacement process was selective and was

EL. 8975°
e

~governed by conditions that are not fully understood.

The metallic minerals in the ore bed are magnetite,
specular hematite, pyrite, chalcopyrite, and galena.
Yellow to brown andradite and yellowish-green epi-
dote are the most abundant gangue minerals, quartz
is moderately abundant, and there is some barite and
calcite. The minerals are intergrown with one another,
most of them.being fine-grained to medium-grained.
Crystal faces are rare. Nearly pure masses of galena,
of chalcopyrite, and of the iron oxide minerals can be
found in places. :

Near the surface the ore is oxidized and consists
largely of dark-brown limonite enclosing some residual
masses of sulfides and much quartz and garnet. Al-
though no gold was observed in the polished sections
examined, it seems probable that gold in the primary
ore was free and intimately associated with the sulfides.
Most of the ore produced in the early days was almost
certainly oxidized ore in Wthh the gold had been
concentrated to some extent.

NEW ADIT

Although the new adit is at a lower altitude than
the old workings, it is stratigraphically at some dis-
tance above the “Bay City” horizon, because of the
southward dip of the beds. The wall rock in this adit
consists of comparatively unaltered red mudstone,
which is silicified and slightly pyritized for distances
of 6 inches to 2 feet away from each side of a steep fis-
sure vein. The vein followed by the inner part of the
adit strikes N. 75° E. and dips 80° S. Definite slicken-
sides are not found on the walls, but other structural
features indicate slight normal faulting. The vein
ranges from 2 to 18 inches in thickness and averages
about 4 inches. The vein matter consists of brecciated
and silicified wall rock and contains considerable quan-
tities of barite, pyrite, and chalcopyrite. The gangue
minerals, none of which are abundant, are barite, anker-
ite, calcite, crystalline quartz, and white to brown gouge.
The tenor of the ore is not known. The most logical
places for further prospecting appear to be the inter-
section of this vein with the “Bay City” limestone or
with the limestone conglomerate lenses that occur higher .
in the section, but there is no indication that large or
commercial ore bodies exist there.

BELL HAMILTON (3)
by E. N. GODDARD

The Bell Hamilton mine is on the northeast side of
Bear Creek, 1,500 feet from the creek and 914 miles
southeast of Robinson’s Ranch, at an altitude of about
10,100 feet. The workings consist of two crosscut tun-
nels, 100 and 300 feet long, both caved in 1932, and a
25-foot tunnel along a fault.

The mine was first opened about 1882. In the Mint
report for 1882, Burchard ¢ noted that the Bell Ham-

8 Burchard, H. C., op. cit (for 1882),"p. 508, 1883.
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ilton was “among the most developed properties” in
the La Plata district and that a crosscut adit, then 164
feet long, was being driven.

The workings are in red sandstones, shales, and grits

of the Dolores formation, and one tunnel penetrated a
bed of limestone conglomerate. These sediments are
cut by a dike of monzonite porphyry about 40 feet wide,
striking N. 25° to 30° E. and dipping 78° to 87° SE.,
which appears to play out southwestward in the vicin-
ity of the Bell Hamilton workings. The dike rock
is very similar to that forming the larger dike at the
Missouri Girl mine, but has larger and fewer feldspar
phenocrysts and very few phenocrysts of pyroxene.
The borders of the dike are much fractured, and small
faults and fractures parallel to the dike occupy a zone
10 to 20 feet wide on either side. The red sandstones
are bleached for a width of from 1 foot to 3 feet on either
side of these fracture zones and fissures.

Chalcocite occurs in small flat lenses, seams, or pebble-
like masses in or adjacent to seams of coaly material
along the fracture zones. In places chalcocite is dis-
semmated along the bedding close to carbonaceous mate-
rial, and locally it rephces pebbles. in limestone
001wlome1ate Malachite commonly coats the chalco-
cite and fracture surfaces. Pyrite is disseminated in
the sandstone alongside the fracture zones, and calcite

fills numerous cavities and fractures in the sandstone. -

The 25-foot tunnel follows a fault zone of sheared and
brecciated sandstone 6 to 18 inches wide. Small slips
branch from the fault and turn into the bedding. Small
specks of malachite, probably derived from chalcocite,
are disseminated in the bleached sandstone bordering
the fault.

Burchard ® stated that the lode was reported to be
30 to 40 feet wide and that one assay “gave over $3,000
in silver” to the ton. The ore was supposed to have con-
tained “native and wire silver,” but none was found by
the writer. Jess Robinson stated that the copper ore
was found on one side of the dike and the silver ore on
the other, and that considerable sorted copper ore con-
taining 25 percent copper was at one time stacked on the
dump but was carried away by a cloudburst. Appar-
ently no ore was ever shipped from the property, and
no minable ore was observed by the writer.

BESSIE G. (5)

One of the best-known mines in the district is the
Bessie G., on the steep east slope of the divide between
Columbus Basin and Heffernan Gulch. The workings
are 1,900 feet S. 20° E. of Snowstorm Peak and at an
altitude of about 11,750 feet. The mine is most easily
reached by the trail from Columbus Basin, though it
can also be reached by a very steep and poor trail from
Junction Creek. Called the Egyptian Queen when first
opened about 1880, the mine was renamed the Bessie G.

8 Burchard, H. C., op. cit., p. 508.

when the claim was patented in 1891. Two other pat-
ented claims, the Cleveland and the Big Four, lie east
of the Bessie G. From its discovery to the present time
the mine has been worked at various times by ‘several
successive owners and by many lessees. The mine is
directly in the path of snowslides, so that attempts to
work it during the winter have usually failed. It was
idle in 1937. The following table shows its recorded
production to have been nearly $120,000, half of which
was produced in 194043, after the field work for this
report was completed. The figures are probably in-
complete for the years prior to 1902, and they do not
include some ore that is known to have been “high-
graded” from the property.

Recorded production of Bessie Q. mine, 1887-1943 1

T old i
Year (shog fons) (ﬁneoounces) (ﬁns 1clnvx‘xeirces)
1887 .. 0. 83 76. 70 112
1888 e 28. 95 102
1889 .. ) .84 28. 76 74
1891 . P F P 403. 15 825
1892 |l __ 524. 55 765
12. 11 46. 73 ‘102
2.23 99. 55 86
9. 88 105. 70 303
. 6.82 177. 97 337
4 17 43. 71 103
.21 5. 54 5
3.95 9. 24 40
.28 ‘2. 88 6
12 1. 43 3
3 26. 19 40
3 119. 28 95
6 427. 38 291
67 43. 79 41
3.03 120. 50 103
10 17. 50 28
3 54. 40 57
1 25. 60 21
2 99. 68 82
1 9.20 |. 19
20 47.12 31
58 92. 81 95
57 82. 29 78
1. 30 3. 70 13
3 29. 23 35
3 74.0 71
32 438. 89 2 406
32 660. 30 2 565
46 245. 53 2230
25 245. 78 2194

1 Figures for 1887, 1889, 1894-1907, and 1917 compiled from records of individua
shipments furmshed by Reese Mc loskey, Durango, Colo.; those for 1888, 1891, and
1892 are taken from annual reports of the Director of the Mmt and those for 1910-16
and 1019-37 from mine records of the U. 8. Bureau of Mines. No records are availa-
ble for other years from 1880 to 1901; there has been no production for years since 1902
except as noted.

. 2 I}ISO produced 88, 13, 25, and 61 pounds copperm 1940, 1941, 1942, and 1943, respec-
1vely.

Except for a few small open-cuts along the outcrop of
the vein, all the workings of the Bessie (¢. mine are
shown in figure 10. The upper adit was open for a
short time in 1936 but was caved at the portal when
the mine was revisited in 1937.

The country rocks in the vicinity of the mine are
silicified redbeds of the Dolores formation cut by a
complex mass of irregular dikes and sills of diorite and
of porphyry. The vein follows the south wall of a



92 GEOLOGY AND ORE DEPOSITS, LA PLATA DISTRICT, COLORADO

-z

J
UPPER TUNNEL o :/’ -
ELI700t o/ -~
¥ “LOWER TUNNEL
. ELIL625%’
NE.

UPPER TUNNEL

EXPLANATION

3
D

AN

(Outlines approximate)

= .
Bottom of raise or winze S ECT ' O N
7]
Top of raise ar winze
100 0
Tl N L |

7ZZ %/

"LOWER TUNNEL \

200 Feet
| [ ]

Chute

Surveyed with tape and compass

FiGUurE 10.—Plan and section of Bessie G. mine, showing approximate size and shape of stopes.

porphyry dike about 50 feet thick, strikes approxi-

mately N. 75° E., and is nearly vertical. The wall of .

the dike is less sharply defined than that of most dikes
in the district, and in most places it is difficult to
locate the contact precisely. ,

The Bessie G. vein strikes N. 75° E. and dips steeply
toward the north. At its outcrop on the ridge above
Columbus Basin it consists of a 2-foot to 8-foot shear
zone along which the porphyry and redbeds are altered
and pyritized but which contains little or no vein
quartz. Near the crest of the ridge the vein intersects
a fissure of northwesterly trend, known as the Bessie
G. and apparently stops. From the top of the ridge
the vein can be traced about 1,000 feet northeasterly to
a point in Heffernan Gulch where it crosses the Cleve-
land-Big Four vein, which trends nearly due east. A
short prospect adit near this junction, 2000 feet below
the main workings, exposes a strongly sheared zone
that contains a 6-inch to 12-inch vein of pyritic quartz.
The vein ‘can,be traced several thousand feet farther
to the northeast but is poorly exposed, and little is
known of its character. '

In the main workings, the vein follows the south
wall of the dike in general but leaves it in a few places.
Where the vein is in sedimentary rocks it is only 4 to
6 inches wide, but where it is on the contact or in
porphyry it consists'of a shear zone 2 to 3 feet in width
that contains innumerable veinlets of dark-colored

quartz and much disseminated pyrite. The central part
of the shear zone is traversed by a quartz vein that
ranges from less than %4 inch to 6 inches or more in
thickness. In some places the vein matter is confined

EXPLANATION
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Fxcunm'11.~Sketch of Bessie G. vein, as exposed in breast of lower adit,
1937.

to a single narrow vein, elsewhere it is more broadly
distributed in a belt of interlacing veins and veinlets
(fig. 11). The vein matter consists of sugary white
and pale-green quartz in which tetrahedrite, chalco-
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pyrite, arsenopyrite, and pyrite are locally abundant.
Tellurides and free gold are visible to the unaided eye
in many specimens and a few specimens contain cinna-
bar. The porphyry within the shear zone is locally
silicified, but most of it is altered to soft white sericite
and a clay mineral, possibly dickite. Beyond the walls
of the shear zone the wall rock is generally unaltered.
Figure 11 shows the character of the vein at the breast
of the lower adit in 1937. At this place both the vein
quartz and the shear zone are wider than at most other
places where they were seen.

The structural control of the ore shoots is not known. -
The best ore seems to have occurred in narrow vertical
pipes, but.as these pipes have been stoped or lagged
over, little could be learned about them. The history of
the mine has been one of the discovery and removal of
several pockets of rich ore, followed by extension of the
workings through essentially barren rock in hope of
_ finding other pockets. Several changes in ownership

have taken place on the basis of rich ore left in the
face. :

As shown by the production figures cited above, the
Bessie G, ore is very rich. The ratio of gold to silver,
about 2:3 by weight, is far higher than in most other
known telluride deposits in the district. Most of the
ore shipped up to 1937 had been carefully picked vein
quartz. The altered rock in the shear zone is reported
to contain from 0.15 to 0.40 of an ounce of gold to the
ton. Much of it, however, is not amenable to sorting,
and, as transportation costs are high, it cannot be
shipped crude. A channel sample taken by the writer
in 1937 across the shear zone in the breast of the lower

adit (fig. 11), where it was 414 feet wide, was found

to contain 1.56 ounces gold and 5.04 ounces silver to the
ton. The vein quartz was not sampled separately.

The two dumps probably contained 4,000 tons or less
of ore. They have been worked over several times, and
considerable ore recovered from them by screening,
‘washing, and hand sorting has been shipped. They are
said to contain about 0.5 ounce of gold to the ton, which. /

appears likely in view of the fact that many pieces of \

P4

El. 10,550

50 0

| I | L
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ore containing visible free gold and tellurides can be
found by casual search of the dumps.

It seems to be unlikely that the mine is exhausted, and
prospecting in any direction along the vein appears to
be justified. The conditions are favorable for finding
small, high-grade pockets, though not for finding large
bodies of ore. Besides prospecting on the vein, it would
seem worth while to drive short crosscuts into the walls
to search for possible parallel veins.

BILLINGS (2c)

The Billings prospect is on Bear Sign Creek, at an
altitude between 10,500 and 11,000 feet. Development
consists of at least four northeastward-trending adits,
only the lowest of which was open in 1936 (fig. 12).
No production has been recorded.

All the workings are in the J unction Creek sandstone
(upper La Plata sandstone of former reports) and on
the south side of the main Parrott fault. Possibly the
fault zone was the objective of most of the work. The
regional dip of the beds is southwestward, but in the
lower adit they dip west near the portal and southeast
near the breast (fig. 12). Four weak fracture zones
from 1 foot to'3 feet wide, characterized by pyrite, were
cut in the lower adit. Some coarse-grained barite was
found on the dump, but none was seen underground.
According to some local residents, the sandstone close
to the surface contained free gold that could be re-
covered by panning, but farther underground the rock
was essentially barren. Possibly the gold was derived
from ‘some nearby undiscovered vein and was washed
into crevices of the sandstone by meteoric waters.

BLACK DIAMOND (5)

J
s

The Black Diamond mine, which explores the Black
Diamond and White Diamond veins, is situated above
the Tomahawk mine, in Tomahawk Basin, near the
crest of the divide between Basin Creek and Bear Creek.

s It is owned by August Ekburg, of La Plata, the original

locator, who has held a group of nine unpatented claims
since the late nineties. The workings are at altitudes

EXPLANATION
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FIGURB 12.—Plan of lower adit, Billings prospect.
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F16URE 13.—Plan of Black Diamond workings.

of 11,700 to 12,100 feet. They can be reached by a steep
switchback trail from the ruins of the Tomahawk Mill,
which is connected with the road in La Plata canyon by
an abandoned wagon road. Much of the following
description is based on an unpublished professional
report prepared in 1936 by R. D. McCausland and on
other information supplied by Mr. McCausland and Mr.
Ekburg. ' o
The total production of the mine is not known, but
it is small. Mr. Ekburg states that he shipped 8 nar-
row-gage cars of ore from the White Diamond vein
" during the period 1900-1906. All this ore was taken out

Incomplete production of Black Diamond mine

Year Ore (tons) (ﬁne%ﬂgces) (fing oaces)
1920 o 1 2. 50 4
1921 CCIIIIIIIIIIIIII 1 3.00 | 2
1935 e .15 290 Lo
1938 oL 4 9. 79 27
1939 IIIITITIIITIIIIIT 9 855 |-

The mine workings are shown in figure 13. When
the property was examined at various times in the years
1935 to 1937 only the Black Diamond drift on the No. 3

during development work. Two carloads were paid for  level, the No. 1 tunnel, and part of the Fault tunnel

at the rate of $67 per ton and the other at $99 per ton,
not including treatment charges of $12 to $14 per ton.
If the cars each contained 10 tons of ore, the gross value
of these shipments was about $3,700. The only produc-
tion recorded by the Bureau of Mines is as follows:

were accessible.

The local geology and the relation of the Black Dia-
mond to other mines in Tomahawk Basin are indicated
in figure 47. The mine is several hundred feet away
from the northwest border of the Diorite Peak stock.
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The country rocks consist of the upper part of the
Cutler formation and the lower Dolores beds, which
dip toward the northwest at angles of 10° to 20°. The
sandy and shaly beds are strongly silicified. The limy
beds, particularly the limestone conglomerates of the
lower Dolores, are replaced by garnet, magnetite,
hematite, and some pyrite. Near the upper workings
there is one thick sill of diorite-monzonite porphyry.
All the rocks, including the sill, are cut by several later
dikes of diorite and of diorite-monzonite porphyry,
which form part of the complex network that character-
izes the ridge between Diorite Peak and Mount Moss.

- The workings are near the intersection of the Black
Diamond and White Diamond veins with an unnamed
barren fault. The space relations of the two veins
and the fault are shown diagrammatically in figure 14. -

IF'IGURE 14.—Diagram showing space relation of Black Diamond and
White Diamond veins and fault. Relative age of veins is uncertain.

The Black Diamond vein strikes N. 85° to 40° E. and
dips 60° to 65° NW. Its outcrop on the steep slopes
trends in general northeastward, with pronounced
changes in direction at ridges and valleys. The vein .
zone can be traced northeastward from the mine to a
point in the headwaters of Bear Creek three-quarters
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of a mile north of Diorite Peak. Below the lower mine
workings it is covered by slide-rock, but it reappears in
Basin Creek and can be traced southwestward across
the ridge east of Babcock Peak and into the head of
Boren Creek. It is thus almost continuously exposed
for a distance of more than 214 miles. The White Dia-
mond vein strikes N. 65° E. and dips 80° to 85° SE.
In the vicinity of the mine its outcrop is parallel with
that of the Black Diamond. It has not been recognized
below the lower workings, but it can be traced north-
eastward for several thousand feet into the head of
Shoebeck Gulch. o ' o

The unnamed fault strikes N. 85° to 40° E., parallel -
to the Black Diamond vein, and, as it is almost vertical,
its surface trend is nearly the same as its strike. As it
isexposed in and near the mine workings and from there
to the top of the ridge, it can be traced for about 1,000

. feet, but it is lost beneath slide-rock both to the north

and south. The beds on the west side of the fault are
dropped down from 35 to 50 feet, and their contacts are
displaced several hundred feet horizontally ; there is no
horizontal displacement, however, of the veins that
cross the fault. As exposed in the fault tunnel and on
the surface, the fault is characterized by a gougy zone
from 2 to more than 10 feet wide. The relative age of
the fault and of the two veins is not known, but as both
veins widen in the vicinity of the fault it may be sup-
posed that the fault was in existence before the ores were
deposited and acted as a dam for the ore-bearing solu-
tions. The broken condition of the veins and the great
amount of gouge near the fault indicate clearly, how-
ever, that there was also some postmineral movement
along the fault. -

The No. 3 tunnel is tightly lagged in most places, and
but little of the Black Diamond vein is exposed. Ac-
cording to McCausland, the vein consists of a zone of
sheared and altered rock and much gouge and is 5 feet
to more than 15 feet in width. In places it contains ore
streaks and pockets, some of them rich in gold, consist-
ing of coarsely crystalline pyrite-bearing quartz, con-
siderable barite, and some galena and chalcopyrite.
Where exposed on the surface the vein is narrower than
in the No. 3 tunnel, being only 6 inches to about 4 feet.
It is characterized throughout its extent by sporadic
galena and chalcopyrite, which are generally scarce in
this part of the district.

In the No. 1 tunnel the White Diamond vein has a
core of brecciated and thoroughly silicified country rock,
from 18 to 30 inches thick, flanked on both sides by 1
foot to 4 feet of soft, gougy, kaolinized and chloritized
wall rock. The breccia core commonly contains streaks
and veinlets of olive-green, finely granular quartz, a
few specks of chalcopyrite and pyrite, and scattered ir-
regular masses of visible free gold. On the dump of
the No. 3 tunnel there are many pieces of ore that came
from a vein 2 to 6 inches wide, and according to Mec-
Causland they are typical of the White Diamond vein
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on the No. 3 level. They consist df finely granular
quartz, streaked in white, green, and dark gray. Blue
chalcedony forms streaks and irregular blebs in the
vein matter. Very small grains of pyrite and arseno-
pyrite are irregularly distributed throughout. Al-
though no gold-bearing minerals were seen in the
polished sections examined, some of the ore of this
description is rich in gold, as shown by the assay of
sample 890. The green color of the quartz and the
_ similarity of the vein structure with that of the Moun-
tain Lily, Small Hope, and other nearby telluride
veins, strongly indicate that some of the gold is in
tellurides. o ‘

As the underground exposures of the veins have not
been systematically sampled little information on their
average tenor is available. Scattered samples indicate
that both veins, particularly the White Diamond, con-
tain some very rich ore and that gold and silver occur
in nearly equal proportions by weight. Forty-three
samples of the White Diamond vein, taken by R. D.

* McCausland, contained from 0.10 ounce to 12.0 ounces
of gold to the ton, with an average of 1.5 ounces. Most
of the samples were taken from surface exposures or
from the dumps. McCausland states, that the last 200
feet of the No. 3 tunnel exposes a 4- to 6-inch vein
averaging 3 ounces of gold to the ton, and that the
altered wall rock will assay 0.08 to 0.20 ounce in gold
over a width of 2 to 10 feet. Sixteen samples taken
by McCausland across the Black Diamond vein where
it is exposed in the No. 3 tunnel carried 0.08 ounce to
1.1 ounces of gold to the ton and averaged 0.33 ounce.
Assays of three random samples taken by the writer
agree closely with McCausland’s results.

The mine is difficult to reach, transportation costs of
materials and ore are high, and there are few places
in Tomahawk Basin where buildings or other struc-
tures are safe from snowslides. The production to date
has been very small partly because of the owner’s
limited means, which necessitated hand labor, and
partly because of difficulty experienced in holding heavy
ground. In spite of these adverse circumstances the

mine seems to deserve further exploration. The high- -

grade streak in the White Diamond vein is at least as

wide as that of the Bessie G. and other veins that have

yielded noteworthy amounts of gold. There also.seems

to be a strong possibility that proper development

would disclose relatively large quantities of milling
" ore in both veins.

' BONNIE GIRL (2b)

The Bonnie Girl mine, formerly known as the Baker
Contact, is above Tirbircio Creek, on the west slope of

. Baker Peak at an altitude of about 10,800 feet. A
narrow road, which was passable for automobiles in

© '1936-37 connects it with the Gold King mill, 1 mile to ’

- the northwest. A large amount of money has been

>spent on the mine, but the production has been very

small. The deposit was discovered in 1895 or earlier.
Petre ® says of it: '

On a tributary of the La Plata River * * # is the Baker
Contact, a series of sedimentary beds capping the diorite over
which has flowed a porphyritic mass containing possibly $1.25
in free gold to the ton, though, as on the Mancos, some small
vertical fissures run as high as $12. Three years ago Smith
and Moffat erected a 10-stamp mill to treat this body of low-
grade material, then supposed to be worth $6 per ton; but very
soon, finding it impossible to.pay expenses, closed the works.

An elaborate 50-stamp mill was built at the mouth
of Tirbircio Creek about 1904 It used electricity
generated from water power and was connected with
the mine by an aerial tram. The mill ran for a few
years, but the operation was not successful. There is .
a persistent rumor in the camp that at one time during
this period great excitement was created by the pro-
duction of a large quantity of amalgam in the mill.
Much ado was made over this apparent success until

‘the amalgam was sent to the mint, where it was found

to consist of copper amalgam rather than gold. The
mill stood idle for many years, but it was finally re-
modeled in part.and is now known as the Gold King
mill. Several unsuccessful attempts have been made
in the past 30 years to reopen the mine. The produc-
tion prior to 1902 was doubtless small. That since
1902 is shown in the following table:

Recorded production, Bonnie Girl mine, 1902431

0 Gold 8

Year (drytons) | (Gne ounces) | (Ane %Yl?lrces)

1906 _ .. 750 25. 06 152
1908 .. 30 33. 67 15
1919 _ o _____ 1 2. 30 2

1 Compiled from mine records of the U. S. Geol. Survey and the Bureau of Mines.
Production prior to 1902 unknown; no production for years 1902-43, exceptas shown.

Most of the ore produced was apparently taken from
a small open-cut in the side of the hill above the tram
terminal and ore bins. This cut is barely 30 feet in
diameter and 12 to 15 feet deep. Several adits with
an aggregate length of about 700 feet were driven at
various places in the search for ore. Just east of the
open-cut, at an altitude of 10,800 feet, there is a 225-
foot adit that trends N. 80° E. A short crosscut was
opened in each wall 80 feet from the portal. There are
no stopes or other openings. A lower adit, shown in
figure 15, is situated below and a few feet east of the-
tram terminal.

The country rock in the vicinity of the mine consists
of the upper part of the Cutler formation, which is cut
by one thick sill and several narrow dikes of diorite-

% Petre, R. W., Mines of the La Plata Mountains, Colo.: Eng. and Min.
Jour., vol. 66, pp. 667-668, 1898. :

o Toll, R. H., La Plata Mountains, Colo.: Min. and Sci. Press, vol. 97,
pp. 741-744, 1908. :
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monzonite porphyry, offshoots from the great porphyry
mass that forms Silver Mountain and the upper part
of Baker Peak. The sedimentary rocks are strongly
metamorphosed, and garnet, specularite, and magnetite
are abundant, particularly in beds and nodules that
were originally limy. Chalcopyrite and pyrite are
widely but not abundantly distributed. The mine is

N

EXPLANATION

Diorite- monzomte porphyry

L ACuHer formation
(Silicified sandstone and shale)
. 75

Gontoct,showing dip

—_—
Vertical contact

100Feet
]

FiGURE 15.—Plan of lower adit, Bonnie Girl mine.

located on a broad, weak shear zone that extends north-
eastward from Bragdon Ridge into the head of Light-
ner Creek. No strong veins were seen in any of the
mine workings, but there are many zones and lenses

of brecciated and altered rocks containing a good deal

of pyrite and a little quartz. . One strong northeast-
ward-trending vein is exposed on the crest of the Baker
Peak ridge, above the mine. The southwestward ex-
tension of the same vein was apparently explored by
a now inaccessible adit below the mine, at an altitude
of 10,500 feet. At the altitude of the principal mine
workings, however, this vein is represented only by a
zone in which the shearing is somewhat stronger than
elsewhere.

All the gold that has been produced is believed to have
been free gold in thoroughly oxidized, near-surface ore.

In the primary ore the gold is probably in the iron and -

copper sulfides. A little free gold can be recovered by
panning surface samples taken from any place in the
vicinity of the mine. Although no native copper was
seen, the occurrence of chalcopyrite and the above-men-
tioned rumor that copper amalgam was found in the mill
make it seem possible that there is some natlve copper
in the oxidized material.

The property appears to contain a very large body of
rock in which gold is widely distributed. The failure
of the early operations and the tenor of the ore noted
by Petre * suggest that even the oxidized material was
too lean to yield a profit, and the primary ore is pre-

9 Petre, R. W., op. cit., pp. 667—668.
827630—49——8
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sumably even lower in grade. The deposit should
therefore be examined and tested very thoroughly be-
fore any further attempt at large-scale production
is made.

BOREN GULCH GROUP (1?7, 2b)

The Boren Gulch group consists of a large number
of unpatented claims situated at the head of Boren
Creek, at altitudes of 11,000 to more than 13,000 feet.
Atone time the area at the head of the creek was entirely
covered by claims, but now only a few claims are held

_ by annual assessment work, and the property has been

idle -for some years. Most of the area is above timber
line, and some of it is virtually inaccesible (pl. 4). It
can be approached over trails up Boren Creek or Shaw
Gulch, but in 1935-37 the upper parts of both trails,
near the mine workings, were inaccessible to horses.
There was some activity in this region before 1900, and
a little ore may have been produced at that time. The

. production of the group since 1902 is shown in the fol-

lowing table:

Production of Boren Gulch mine, 1902-431

Ore .
: Oresold | Gold Silver :
d Copper | Lead Zing.
Year ?;&E;% t((gitg) o&gg:s) Oégggs) (poungs) (pounds) (pm]llxll%s)

1904_______ 2, 000 2.4 20 10 30 80
1905 . ___|-_____ % 1. 02 /2 R DR S
1906 .. _|--___ }4 77 2 [ 7 16
1920 .o ___|-_____ 3. 40 > J0% [ IR S,

1 Compiled from mine records of U. S, Geological Survey and the Bureau of Mines.
No production 190243 except for years listed.

" The development work consists of 10 or more adits
from 10 to 200 feet in length, said to have an aggregate
length of nearly 2,000 feet. Most of them were caved
in 1935-37.

The head of Boren Creek is in the southern part of
the Spiller Peak monzonite stock, which has intruded
and partly replaced the country rocks. The relations
are described on page 40 and pictured in plate 4.
Like the rocks near the head of Bedrock Creek, the
rocks in the western and southwestern part of the basin,
except the monzonite, are sheared and brecciated and
in places are rather thoroughly sericitized and kaolin- .
ized. Pyrite, and to a less extent chalcopyrite, are
widely distributed, particularly along certain zones of
fractures. From this area of relatively thorough alter-
ation several strong veins, 1 foot to more than 10 feet
wide, extend northeastward through the monzonite and
the rocks east of it. Some of these veins can be traced
for several thousand feet, and one of them is the south-
westward extension of the Black Diamond vein. In
most places they consist mainly of brecciated and
silicified country rock enclosing a minor proportion
of vein quartz. Galena, sphalerite, marcasite, and
barite are sporadically distributed through them; py-
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rite and chalcopyrite are much more abundant. The
gold content of the veinsis said to range from 0.05 ounce
to 1.10 ounces to the ton. The tenor of the pyritic brec-
cia in the western part of the basin is not known but
is probably low.

Not enough data are in hand to indicate the value

of the deposits on Boren Creek. They are unquestion--

ably of low grade on the whole, but thorough prospect-
ing might reveal enough gold in the rocks to Justlfy
large-scale, low-cost mining and milling operations.
None-of the ore has been tested for platinum, although
‘its general similarity to the ore on Bedrock Creek and
" its content of chalcopyrite indicate that small quantities
of platinum may be present.

BROWN BEAR (3)
By E. N. Gopparp

. The Brown Bear property is on the southwest side

of Bear Creek, 21/ miles southeast of Robinson’s Ranch,
at an altitude of about 8,700 feet. It is a mere prospect,
from which no ore has been shipped. The workings
consist of a tunnel 55 feet long (fig. 16).

Slips "and : r;?pid.'gttone
fractures :

St porphyry?
”""dlkey )’

o 50 Feet
|

Lt 3 1

FIGURE 16.—Plan of the Brown Bear tunnel.

The tunnel is, in the Dolores formation about 300
or 350 feet below the base of the Entrada sandstone.
The Dolores here consists of red limy sandstone and

~ shaly shale, both of which contain a little carbonaceous
plant material. The tunnel is on the east side of the
same monzonite porphyry dike that is exposed at the
Missouri Girl; the dike here strikes N. 33° W., is verti-
cal, and is about 50 feet wide. The sandstones are gray
for as much as 30 feet on each side of the dike.

The northeast border of the dike is much fractured,
and about 18 feet from it is a nearly parallel fault fis-
sure, 1 inch to 12 inches wide, that strikes N. 30° W.
and dips 80° E. Between these two principal fractures

* are numerous slips and fractures that strike approxi-
mately N. 80° E. and dip 80° N.

Chalcocite occurs rather sparingly in plant material
m the fault and in fractures in the sandstone and the
dike rock. Pyrite is finely disseminated throughout
the shattered and bleached zone.. Thin coatings- of
malachite and limonite occur along many of the frac-

tures, and many fractures both in the sandstone and in
the dike are filled with calcite.

Apparently no ore has been shipped from the Brown
Bear claim, and no minable ore was in sight in 1932.

CAMP BIRD (2b?)

The Camp Bird prospect, on the patented Camp Bird
claim, is at the junction of the La Plata canyon road
with the old road to Tomahawk Basin, at an altitude
of 9,900 feet. Aside from its somewhat unusual min-
eral composition, it is of interest chiefly as an example

.of the dependence of ore pockets on cross fractures.

No production has been recorded. A considerable

- quantity of sulfide ore, which had doubtless been found

too low grade to pay for shipment, was on the dump in
1935-37. The principal mine opening, shown in figure
17, is a northwestward-trending adit 110 feet long. A
15-foot adit was driven below the main adit near the
La Plata River, and several small open-cuts have been
dug along the outcrop of the vein. The vein trends
northwest. It has not been found on the east side of
the La Plata River, and has been traced only -a few
hundred feet northwest of the river. The relations -
shown in plate 2 indicate that the vein should intersect
the westward extension of the Mountain Lily vein about
half a mile from the portal of the main adit.

The prospect is situated near the southeastern ex-
tremity of the Diorite Peak stock of diorite. “The wall
rock in the main adit is dense, hard biotite diorite; that
in the short lower adit is silicified shale of the Hermosa
formation. For distances of 2 to 24 inches on each side
of the vein the diorite is soft and contains much chlorite
and sericite. In the main adit, the vein fills a shear
zone in the diorite. The zone trends N. 50° W. and dips-
80° to 85° NE., and is 1 inch to 5 feet wide. Most of the
vein matter consists of quartz and pyrite that forms
veinlets in the sheared and altered diorite. Blebs of
chalcopyrite, most of them associated with pyrite, are
fairly abundant, and a few crystals of chalcopyrite
occur in vugs. In addition to quartz, the gangue min-
erals comprise both massive and scalenohedral calcite,
mixed carbonate, some of which is brown and some pink,
and delicate rosettes of barite in vugs. Tremolite forms
clear to white rodlike crystals intergrown with pyrite.

As shown in figure 17, the vein is widest 35 to 50 feet

- from the adit portal near its intersection with a strong

fracture zone. The fractures, which are most numer-
ous on the northeast or hanging-wall side of the .vein,
trend and dip in all directions; the most important
ones, however, are nearly vertical and fall into three
groups that trend north, northeast, and east. At this
place the Camp Bird vein widens, becoming 2 to 5 feet
in width, and it contains much pyrite and chalcopyrite.
Past the fracture zone it narrows again until near the
breast of the adit, where it intersects a network of cross
fractures. Here the vein becomes 6 to 18 inches wide
but contains less vein matter than in the wide place
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FIGURE 17.—Plan of main adit, Camp Bird prospect.

nearer the portal. In the short lower adit the vein
strikes N. 55° W. and dips 73° NE. There it consists of
1 to 4 inches of pyrite-bearing quartz in a very weak
shear zone.

" CENTURY (2b)

The Century mine is on the west side of Bear Creek,
half a mile east of Banded Mountain, at an altitude ot
11,750 feet. It can be reached from the La Plata valley
over the Fall Gulch trail, most of which was in poor
condition in 19387. The mine was discovered before
1882 and yielded one lot of high-grade ore when first
opened, but it has produced- no ore since. Burchard *
listed. it as the leading mine of the district in 1882, but
he had not then received any information as to its con-
dition or production. In his report for 1883 he states
that the development consisted of three drift adits, 78,
86, and 78 feet long, respectively, and a 45-foot shatt,
which intersected the first level. The mine had pro-
duced 46.2 tons of ore, which when shipped to Denver
had yielded $12,928.61, or an average of $279.84 a ton.
Nearly all the value was in gold. _Seventy-five tons of
ore remained on the dump, and there is no record of
its ever having been shipped. Some development work
was done in later years, but the results apparently were
discouraging, at the time of Purington’s visit in 1896
the mine had already been abandoned, and no work has
been done since.

The mine workings are shown in figure 18. The up-
per tunnel was caved in 1937, but the size of the dump

- %8 Burchard, H. C., Report of the Director of the Mint upon the pro-
duction of precious metals in the United States, 1882, p. 506, 1883.

indicates that it was from 50 to 75 feet long. The stope
indicated on the map may have been worked in part as
an open-cut from the surface, though probably at least
part of it was overhand work from the upper adit. No
vestige was seen of the third adit noted by Burchard
in 1883.

The rocks are well-exposed near the head of Bear
Creek and in the vicinity of the Century mine. They
include beds of the Dolores, generally unmetamor-
phosed, and of the Entrada, Wanakah, Junction Creek,
Dakota (?) and Mancos, which in contrast to the Dol-
ores, are much metamorphosed, the sandstones- being
altered to quartzite and the shaly beds silicified or al-
tered to hornfels.

All the workings are in the Junction Creek sandstone
(upper La Plata sandstone of former reports). The
base of the overlying shale member of the Morrison,
“here a dense hornfels, is about 50 feet above the upper
adit. The Century vein strikes N. 70° to 80° E. and .
dips 85° S. It is strongest in.the Junction Creek sand-
stone, but its eastward extension can be traced down-
ward through the Entrada sandstone. Toward the
west it stops abruptly at the contact between the sand-
stone and shale members, and not even a trace of shear-
ing can be found in the shale. Inthe lower adit the vein
consists of a 2-foot to 5-foot zone of strongly brecciated
quartzite. The breccia fragments are cemented with
sugary to crystalline white quartz, which also occurs
abundantly as films and veinlets throughout the breccia
zone. Pyrite is widely but rather sparingly distributed.
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F1GURE 18.—Plan and section of Century mine.

The vein walls are sharply defined and are vertically
slickensided. In the open-cut above the upper adit the
vein is 18 to 30 inches wide. A similar but somewhat
narrower parallel breccia zone is exposed in the breast
of the south side drift. The wall rocks are slightly
sheared over a width of at least 80 feet. Near the portal
two northward-trending vertical fissures are exposed.
The one nearest the portal, which is from 1 inch to 7
inches Wlde, is partly filled with light-colored clay, but
~ most of it is open and yields abundant water. The

-second fissure, which is about 1 foot wide, consists, like
the Century vein, of brecciated quartzite laced ‘with
-veinlets of quartz.

Part of the ore piled on the dump consists of brec-
ciated quartzite containing seams of limonite and a few
seams and irregular masses of pyrite. Most of it, how-
ever, is sugary honeycomb quartz with much limonite.
A few clear crystals of quartz, up to a quarter of an
inch in length, and minute tabular crystals of barite
are widely distributed in openings in the breccia. The
limonite contains a little remnant pyrite, which proves
its derivation from pyrite that was originally inter-
grown with the quartz. Finely divided free gold can
be panned from the ore on the dump. According to
old reports, the ore shipped from the Century was free-
milling gold ore and contained some pyrite even near
the surface. The lack of stoping in the lower adit,
together with the assay results given below, indicate
that the vein does not contain workable ore at that

level. Although the ore in part may have been formed
by surface enrichment, the greater bulk of the quartz
and limonite in the upper workings as compared with
that of the vein quartz in the lower ones indicates that
the ore shoot was a primary feature of the vein. It
was perhaps localized by the overlying shaly beds,
which may have dammed the rising ore solutions.

" Three samples collected from the Century workings

were assayed in the laboratory of the Geological Sur-
vey with the following results:

Samples from Century mine

(E. T. Erickson, assayer]

ilver
Saﬁlop]e Location (ﬁneG g{ldiwes (ﬁn% ounces
’ to the ton) | to the ton)
421 | From dump of lower adit__.________ 0. 02 0. 01
423 | From twenty-five-ton pile of ore on
upper dump.- . __ ... ______ .74 . 40
424 | From small pile of ore on platform
near upper dump_______________ .24 .72

"Sample 421 is believed to be representative of the

_surface part of the whole dump, nearly all of which

came from the Century vein itself. - There is some
possibility that the fine material on the dump is not
adequately represented and that thorough sampling -
would show a somewhat higher gold content for the
dump as a whole. Many tons of material similar in
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appearance to sample 423, and possibly containing as
much gold, could be sorted from the upper dump.

DEPOSITS NEAR THE CENTURY MINE

Several veins and breccia zones that occur in the
vicinity of the Century vein are similar to it in most
respects. Some of these deposits have been explored
by means of open-cuts or short adits, but there is no
record of their ever having produced ore. Like the
Century vein they are strongest and widest in the En-
trada sandstone and in the Junction Creek sandstone.
A few veins and shear zones that are strong in a thick
sandstone bed higher in the Morrison section are with-
out exception weak or nonexistent in the shaly beds.
The deposits consist of brecciated quartzite containing
pyrite and a little barite and cemented with a varying
proportion of vein quartz. Near the surface most of
the pyrite is altered to limonite. All the thick sand-
stone beds are well-exposed, and consequently there is
little likelihood that any very rich deposits have been
‘overlooked. A few representative samples, assayed in
the laboratory of the Geological Survey, indicate that
- gold and silver are widespread but generally in too
small quantity to constitute workable ore. In order
to provide a basis for definite statements, however, far
more extensive exploration and sampling of the de-
posits, particularly of the parts below the oxidized zone,
is necessary.

Samples from veins near Century mine

[E. T. Erickson, assayer]

?ﬂ(ﬁd S(%ver '
e ne .
Saﬁlgle Location ounces | ounces
‘ to the to the
ton) ton)
425 | N. 80° W. vein, 12 feet wide, 2,500 feet S. 84° E. of
Mount Moss, altitude 12, 400 {00t ... oo 0.01 0.07
426 | N. 70° E, vein, 1,800 feet S. '25° W. of Century mine, .
altitude 12,300 feet. Sample represents middle 10
feet in & 20-foot zone .. ... ..o . .__..__. .05 .23
462 | N. 73° W. vein, 2,000 feet north of Century mine; 2-4
feet quartz in 10-12 foot, breccia zoune; from 50-foot
adit at altitude 11,600 feet...- ... .03 .99
463 | N. 28° E. vein, 500 feet S 45" E. of Century mine;
15-foot vein in very broad shear zone__._.______.___ .01 L1
464 | N. 50° E. vein, 20 feet wide, 900 feet S. 23° W. of Cen- . '
tury mine, altitude 11,800 feet._..___..______.._.. .08 1.74
465 uartz only, from same veinas46d. ... ... .. .25 4.19
466 57° E. vein, 20 feet wide, 350 feet S. 23° W, of
Century mine, altitude 11,750 feet. . ...._..______. .03 .05
467 | N. 58° E. vein, 10-15 feet coarse quartz, 1,600 feet :
8.15° W, of Century mine, altitude 12, 000 feet ... .02 .06
468 | N. 50° E. vein, 10 feet wide, 2,000 feet S. 5° W. of
Centurymine. . .01 Tr.
CHARLENE

The Charlene prospect, held by Charles Hepworth
on an unpatented claim of the same name, is on the
north side of Twin Canyon Basin, at an altitude of
9,600 feet and 1 mile southwest of the Red Arrow mine,
It is reached most easily over a trail that branches from
the La Plata-Montezuma County line trail. Although
it has produced no ore, the prospect is noteworthy be-
cause it illustrates an unusual mode of occurrence of
gold.
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When the property was visited in the fall of 1936
the development consisted of a 40-foot adit, the course
of which averaged N. 15° E., but it was so irregular that
it swung back and forth across a zone 15 to 20 feet wide.

The prospect is 70 feet below the top of the Junction
Creek sandstone (upper La Plata sandstone of former
reports), which locally strikes N. 75° W. and dips 18°

S. No real vein is exposed. Several minor slips

marked by a little gouge are exposed in the breast of
the adit; they trend N. 50° to 70° W. and dip 40° to
45° S. No other fissures or faults were found in the
vicinity of the prospects, where exposures are poor, but
one or more unrecognized parallel fissures may well oc-
cur near the Charlene, because the westward extension
of the Parrott fault should pass within a few hundred
feet of the claim. The sandstone in which the adit is
driven is soft and friable, as the Junction Creek sand-
stone generally is where it is unmetamorphosed. The
rock is not visibly mineralized, but all of it yields con-
siderable free gold when panned. The west wall of
the adit is said to be somewhat richer than the right
wall, and, according to the owner, representative sam-
ples contain ‘about 0.30 ounce of gold to the ton.
this much gold is found in rock at some distance from
any known vein, thorough prospecting of the sandstone
exposures along both sides of the East Mancos River is

1dv1sgble

COLUMBTUS (5)

One of the better known mines of the district is the
Columbus, near the head of Columbus Basin, which
was formerly known as Silver Lake Basin. The shaft
through which the deposit was originally worked is at
an altitude of about 11,850 feet; the Lucky Boy tunnel
is 350 feet lower. Although the road to the mine work-
ings was not accessible to automobiles in 1935-37, it
could have been made so with a small amount of work.
The Columbus or Maverick vein traverses parts of the
patented Maverick, Columbus, Gold Cup, Lorrillard
No. 1, Legal Tender, and Crete claims. The mine was

-being actively developed at the time of Purington’s

visit * in 1896, but as the vein is well-exposed it was
doubtless known long before that date. There is no
record of its having been worked between 1900 to 1911.
In 1912 and 1918 the Lucky Boy crosscut tunnel was
driven, and two small lots of ore were shipped. De-
velopment and exploratory work continued until 1917,
but since then no work has been done. The production
prior to 1901, though unknown, was probably small.
According to the Annual Report of the Colorado State
Bureau of Mines, the Columbus produced 50 tons of ore
in 1901, which yielded 91.10 ounces of gold and 168
ounces of silver. The production since 1902 is shown
in the following table:

% Purington, C. W., La Plata quadfangle field notes, 1896. Unpub-

lished.
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Recorded production Columbus mine, 1902-431

Ore Gold Silver Copper Lead
(dry tons) ((fineounces) .(ﬁne ounces)| (pounds) | (pounds)
1912_________. 14 20. 45 | 32 ||
1913 _ ... 6 4. 91 33 26 70

! Compiled from mine records of U. 8. Geologlcal Survey and the Bureau of Mines.’

No production except for years listed.

As shown in plate 16, the mine was worked through
a 350-foot shaft, from which drifts 50 to 650 feet long
were opened at five levels. Some ore probably was
taken from one small stope near the surface and several
open-cuts along the outcrop of the vein. They are not

_shown in plate 16. The Lucky Boy crosscut, 1,070 feet
long, connects with the shaft. It was driven to provide
drainage and safety from snowslides. The aggregate
length of the workings, two-thirds of which are on the
vein, is nearly 8,000 feet. When visited in 1935-37 the
shaft was caved and all the upper workings were full
of water, which was held up by a bulkhead near the
bottom of the shaft. The crosscut tunnel was open
and in good condition.

All the workings of the Columbus mine proper are
in a tongue of hornblende diorite extending north-
westward from the Lewis Mountain stock. Northeast
and southwest of the mine the vein cuts thoroughly
silicified beds of the Cutler formation and several as-
sociated sills. On the southwest side of the basin the
beds are nearly horizontal, but to the northeast, where
they form part of the hinge fold that characterizes the
La Plata Mountains, they dip steeply to the northeast.

The vein can be traced from the northeast side of the
Columbus Basin into Ashland Gulch, a distance of
4,500 feet. - Its strike varies from N. 50° to 62° E., and
its dip from 59° to 70° N. Owing to the dip and to-
pography, its surface outcrop is irregular and has a
general course of N. 60° to 70° E. The vein follows
a fault, which is possibly of the hinge type. On the
divide between Columbus Basin and Ashland Gulch
the rocks on the north wall of the vein have been faulted
down a vertical distance of 70-feet. On the northeast
side of the basin the beds that appear to be on the south
wall of the vein are thrown down about 50 feet. Scis-
sors faulting thus appears to have occurred along the
vein, but it is possible that this interpretation is incor-
rect, and that sufficiently good exposures would serve
to show that the Columbus vein actually comprises
parts of two faults downthrown in opposite directions
and intersecting at a small angle. This interpretation
is shown graphlcally in figure 19.

On the Maverick claim, on the northeast slope of the
basin, the vein zone is less than 5 feet wide; elsewhere
it consists of a 30-foot to 60-foot zone of sheared, py-
ritized, and partly sericitized wall rock. The last drift
on the crosscut level provides a good exposure of the
vein zone, which here trends N, 60° E. and dips 55° to
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FI1cURE 19.—Hypothetical interpretation of fault relations along the

Columbus vein. The vein comprises parts of two intersecting faults,
AA’ and BB’, which are downthrown in opposite directions. Another
possible interpretation is that the vein follows a scissors fault.

66° N. The zone extends past the breast of the cross-
cut and is therefore at least 55 feet wide. It consists
of soft, sericitized diorite, which contains much dis-
seminated pyrite and a few thin irregular veinlets
of dark-gray quartz. Purmgton, Who saw the upper
workings, describes the vein thus:

The vein of the Columbus, called the Maverick vein, is the .
largest I have seen in this district. With its belt of impregnated
porphyry [diorite—E. B. E.] it is some 30 feet in width in the
tunnel, but of solid vein matter there is, on an average, 10 feet.

Where the vein is exposed on the face of the sandstone
cliff between the shaft house and the ridge of Lewis Mountain
there are on each side of it countless little quartz stringers
which penetrate the sandstone in every direction. The vein stuff
consists of dark quartz and contains pyrite which is
not thought to carry gold, but no tests of the auriferous char-
acter of the pyrite have been made. The gold is thought to occur
mostly in the telluride form, and a paystreak is exposed in the
bottom of the shaft 2 to 3 feet wide. Free gold is found in
association with the telluride. The gangue minerals are cal-
cite, quartz, and chlorite. Sometimes a small amount of silver
occurs, but the largest content is in gold. The ore is said to
run from $25 to $40 to the ton, and nothing under this will pay
if the ore is shipped; if concentrated in a mill $15 ore will pay.
No attempt at working the ore by a stamp mill has ever been
made.

Ore on the dump near the shaft consists in large part
of light- to dark-gray fine-grained quartz containing
pyrite. Much of _the quartz replaced the brecciated
diorite and porphyry, and in it ghostly outlines of
original phenocrysts and breccia fragments are wide-

spread. Much pyrite occurs as tiny veinlets, crusts, and

vug fillings. Most of it is fine-grained and has the meg-
ascopic appearance of marcasite. Porcelainlike crystals
of barite are conspicuous in material on the dump, and
minute clear tablets of it are implanted on small quartz
crystals in a few vugs. No ore minerals were seen in
the specimens examined.

The average. tenor of the ore is not known. Petre’s
description % is in accord with that given by Purington
and cited above. = The west-pitching shoot of low-grade
ore shown on Burdick’s map (pl. 16) includes that part
of the vein in which his samples indicate a tenor better
than 0.15 ounce of gold to the ton.

% Petre, R. W., Mines of the La Plata Mountains, Colo.:
Min. Jour., vol. 66, pp. 667—668, 1898.

Eng. and
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The O’Rourke tunnel, formerly known as the Grand
Duke, on the south slope of Lewis Mountain, explored
the southwestern extension of the Columbus vein. It
was not accessible in 1935-37 and has produced little
or no ore. Where the vein crosses the divide above the
tunnel it strikes N. 62° E. and dips 59° NW. It con-
sists of a 40-foot pyritized shear zone. The vein itself,
which traverses the central part of the zone, is 12 to 24
inches wide. It consists of wall rock, mostly porphyry,
that has been almost completely replaced by quartz.
It contains considerable fine-grained pyrite, which is
itself veined and partly replaced by quartz and a little
barite. Two other short tunnels near the O’Rourke
explore northeastward-trending shear zones which
cross the Columbus vein and which contain - quartz,
pyrite, barite, and a little chalcopyrite and calcite.

COMSTOCK (2¢)

The Comstock was the discovery mine of the district
and has been intermittently productive ever since its
discovery. It is situated near the west bank of the La
Plata River, at the mouth of Root Creek. It has been
owned by R. H. Toll of Pasadena, Calif., since about
1904. Some details of the mine’s early history are in
doubt. The first specific mention in the literature is by
‘Fossett,” who says that some of the ore had yielded
gold at the rate of $43,000 to the ton. According to
Toll,”” the discovery was made by A. K. Fleming, in
the fall of 1873. During the following winter Fleming
showed specimens of the ore, in Del Norte, Colo., to
Captain John Moss, an old California miner in the
employ of John and Tirbircio Parrott, San Francisco
bankers. Moss returned with Fleming in the spring
of 1874, and the two men located the North and South
Comstock claims. Moss soon acquired Fleming’s claim
for $5,000 and turned the property over to his em-
ployers. Other writers ®® state that Moss was already
operating a placer mine on the La Plata River in 1873,
and it seems possible that the Comstock deposit may not
have been discovered until 1874.

The vein was worked through a shaft, which was

sunk on the common end line of the two claims, and by |

1881 three drifts with a total length 150 feet had been
opened on the vein.®® A pocket of rich ore near the
shaft was gouged out in a short time, and the mine was
inactive from about 1885 until the late nineties, when
control of the property was acquired by George Bauer
of Mancos, who began development work. On his

% Fossett, ., Colorado: A historical, descriptive, and statistical
work on the Rocky Mountain gold and silver mining region, pp. 428—429,
Denver, 1876. )

97 Toll, R. H.,, La Plata Mountains, Colo.: Min. and Sci. Press, vol.
97, pp. T41- 744 1908 ; Comstock mine, Mancos [Colo] Times Tribune,
Oct. 1, 1937. Also personal communication.

% Lee, H. A., Annual report of the Colorado State Bureau of Mines
for 1897, p. 71, 1898. Jackson, W. H., The plioneer photographer, pp.
228, 243, New York, 1929.

% Burchard, H. C., Report of the Director of the Mint upon the produc-
tioy of the precious metals in the United States, 1881, p. 418, 1882.
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death in 1904 development ceased, and the mine has
since been operated intermittently by various lessees.

The production of the mine is not known. Burch-
ard* states that the total production to the end of
1883 was $10,000. Toll 2 says that the early produc-
tion amounted to $60,000 to $70,000. Since 1904 the
Comstock has produced about $4,500.

Production of Comstock mine, 190843 1 '

r Gold i r Lead
Year (drg L?ms) (fine ounces) (ﬁn%ltl)‘lﬁ{ces) (gg!glp;s) (pounds)
1904 ____ ... 10 30 500 ool
1910 _____.._ 3| 26.32 63 31 ... ~.
1911 ____._ 7 25. 68 202 217 337
1912 _________ 4 15. 37 79 157 76
1914 _________ 12 6. 66 199 267 330
1918 ... 7 8. 90 147 252 |______._
1930 . _______ 11 31. 20 243 | |eeoool
1931 ... 9 19. 90 157 |- 190

' From mine records of the U. 8. Geological Survey and the Bureau of Mines. No
production for years not listed.

The mine workings are shown in plate 17. The 40-
foot level, the drift on the adit level, and part of the
stope above the 92-foot level were open in 1937.

As shown in plate 2, the mine lies between two
branches of the Parrott fault. The country rocks con-
sist of relatively unmetamorphosed redbeds of the Cut-
ler formation, which dip toward the south at low angles
and are intruded by several irregular bodies of diorite-
monzonite porphyry, most of which are dikelike bodies
that trend east, parallel to the Parrott fault.

Most of the 40-foot level is driven in porphyry, but
shale appears near the east end of the drift. The por-
phyry contact is vertical on the north wall of the vein
but sill-like on the south wall. In this particular place
the porphyry. must have the general form of a sill, for

‘there is no porphyry in the top of the stope above the

92-foot level. Surface exposures near the shaft are
adequate to show that the porphyry does not extend
very far to the north or south, and it therefore must be
classed as an irregular dike that sills out in places. On
the adit level two irregular, westward-trending por-
phyry dikes are exposed. Except for a thick bed of
coarse arkosic sandstone exposed in the eastern part of
the lower drift, all thie sedimentary rocks in the mine
are shale.

The Comstock vein follows a fault that trends
slightly east of north and dips steeply east. The dis-
placement of igneous and sedimentary contacts (pl. 17)
shows that the east, or hanging wall, moved downward
and to the north at an angle of about 35°. The vertical
displacement is only about 5 feet. The walls are sharply
defined and are slickensided in places. The vein can-
not be traced northward past Root Creek because there
are no exposures, but it probably continues north as far

1 Burchard, H. C., op. cit. (for 1883), p. 875, 1884.
2 Toll, R. H,, op. cit. (Min. and Sci. Press), p. 741.
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as the main branch of the Parrott fault. It hasnot been
identified north of the fault. South of the mine it has

" been exposed in several places by means of shallow test
pits and shafts and has been traced for a distance of 800
feet or more. Several minor splits of the vein appear in
the underground workings, but they have not been thor->
oughly explored.

In the upper workings the vein consisted of a 1-foot

to 8-foot zone of brecciated and silicified rock. The pay
streak, which lay near the footwall of the breccia zone,
ranged from 1 inch to 18 inches thick, and averaged 10
inches. At the north end of the drift on the adit level
the vein is 314 feet wide and consists of brecciated and
pyritized arkose, much stained by copper salts. The
southeastward-trending split at the north end of the
drift contains more quartz and sulfides than the main
vein. Wherever on this level one or both walls are of
shale, the vein narrows to a mere crack, marked by a film
of gouge, but near the porphyry dike at the south end
of the drift it widens to a 2-foot breccia zone. The rock
~ is most strongly brecciated near the .footwall, along
which there is a 1-inch vein of sulfides. The influence
of the wall rocks on the size and character of the vein
is obvious from the map. Slight changes in dip or
strike of the vein probably also influenced its width.
- The ore from the upper workings is composed of vein-
lets of quartz and irregular masses of silver-bearing
galena, dark sphalerite, pyrite, chalcopyrite, free gold,
and the telluride minerals. Tetrahedrite, covellite, and
limonite were found in specimen$ of ore from the old
dumps, and the writer was shown a specimen of dense
white quartz from there that contained much pyrite and
sphalerite and was crowded with seams and irregular
masses of free gold. As noted in the section on min-
eralogy, cosalite, or a related mineral, and native amal-
gam have also been reported from the old workings.
Near the south breast of the drift on the adit level, in-
terstices in the silicified breccia are filled with quartz
and a little brown ankerite. Pyrite, black sphalerite,
and galena are the principal ore minerals, but some
tetrahedrite and chalcopyrite are also present.

“More ore might possibly be found in the Comstock\
either at lower levels or along any of the unexplored
splits off the main vein. Analogy with the May Day
and Idaho mines, where north-south veins contain ore
at their intersection with east-west barren faults, sug-
gests that the intersection of the Comstock vein with
the main branch of the Parrott fault would be worthy
of exploration. This intersection is only about 250
feet north of the present workings, and a northward

"_extension of the lower drift might prove interesting. P

There is no way of telling in advance whether the wall
rock near the fault would be sandstone or porphyry,
and hence favorable to ore, or shale, which would be
unfavorable.
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SOUTHERLY EXTENSION OF COMSTOCK VEIN

A few shallow shafts and cuts have been opened on
the southerly extension' of the'Comstock vein, which
can be traced past the center of the South Comstock
claim, but no extensive development work has been done.
The discovery cut on the South Comstock is 750 feet
S. 14° W. of the main shaft and is near the center of
an east-west porphyry dike about 125 feet wide. The
discovery cut and others both north and south of it
provide almost continuous exposures of the vein for a
distance of about 75 feet. The vein is there 12 to 18
inches wide and in addition to quartz it contains much
greenish-yellow sphalerite and some galena and pyrite.
A narrow streak of white quartz enclosing considerable
tetrahedrite lies along the east wall of the zinc-lead
ore. According to Mr. Toll, a large sample of the zinc-
lead ore that was sent to Salt Lake City in 1937 for a
mill test yielded a lead concéntrate that contained very
appreciable amounts of gold, silver, lead, and copper.

Seventy-five feet south of the discovery cut and a
few feet south of the porphyry dike the vein is cut by
a fault, which trends nearly due east and whose south
wall has moved west about 3 feet. This fault is prob-
ably a weak branch of the Parrott fault system. The
claim map (pl. 14) indicates that the Washington vem,A
which trends N, 55° E., intersects the Comstock vein
750 feet south of the discovery cut on the South Com-
stock claim. There are few exposures in this area,
and the writer did not find the Washington vein.

VEIN NORTH OF COMSTOCK MINE

So far as the writer was able to determine the Com-
stock vein has never been recognized north of the main
Parrott fault. It may have been displaced by the fault,
or it may never have extended beyond the fauit.
Twelve hundred feet north of the Comstock shaft an
entirely different vein, erroneously regarded by local
miners as the Comstock, has been explored in an open
cut 100 feet long, two adits 35 and 50 feet long, and
a shaft of unknown depth within a few feet of the
country road. The vein strikes N. 31° W. and is nearly
vertical. The wall-rocks are largely porphyry, which
is silicified near the vein. In places there is a little
silicified mudstone. The vein is a 5-foot shear zone,
which contains discontinuous lenses of ore as much as
5 inches thick. The ore is made up of quartz, barite,
pyrite, galena and light-brown sphalerite. Its tenor
is not known, and no production has been recorded.

COPPER AGE

‘The patented Copper Age claim trends N. 45° E
and extends across Bedrock Creek just southeast of
the Allard tunnel (pl. 14).

According to the Mint Report for 1883,2 150 feet of
development work had then been done on an 8-foot

3 Burchard, H. C., op. cit. (for 1883), p. 375, 1884.
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~ vein of red copper oxide and native copper, which car-
ried considerable gold. The vein must have consisted
largely of copper minerals, for its copper content was
said to average 25 percent. The production of the mine
is not known.

COPPER HILL (1)*
_ LOCATION AND HISTORY
The Copper Hill mine, which explores the only known

platinum-bearing deposit in the district, is situated on
the ridge between Boren and Bedrock Creeks, at an

altitude of about 10,250 feet. Several good horseback,

trails and an abandoned wagon road connect the work-
ings with the town of La Plata, half a mile distant.
There are no patented claims on the hill, but some of
the ground is covered by unpatented claims, the names
of which are not known.

. Little is known of the history of the mine.
as 1902, two claims the Gold Eagle and the Deleware,
had been located in the vicinity of the present mine,
but no production has been recorded. The Copper Hill
mine was worked by the Copper Hill Mining Co. from
1911 to 1917, and considerable copper ore was produced.
Thereafter, it apparently remained idle until some time
between 1927 and 1932, when the La Plata Mines Co.,

¢ Eckel, B. B.,, Copper ores of the La Plata district, Colorado, and
their platinum content: Colorado Seci. Soc. Proc., vol. 13, No. 12, pp.
657-664, 1938. ' ’

D TUNNEL NO./
£l 10,383 F1.

TUNNEL
NO.2_—
£1. 10,200 Ft.

As early -
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operators of the Gold King mine, took up a large group
of claims on Copper Hill. This company erected a
steam power plant at the mouth of Bedrock Creek,
designed to supply part of the power for both the
Copper Hill and the Gold King workings. Part of
the machinery has since been removed, but some of it
was still in good repair in 1937. This company did
some development work on Copper Hill but. produced
no ore.

DEVELOPMENT AND PRODUCTION

The chief mine workings consist of a small glory hole
and a 600-foot tunnel. The location of the glory hole
is shown in plates 1 and 2. It is a rudely oval open pit, -
roughly 50 by 75 feet in greatest dimensions and 30 to
50 feet deep (fig. 20). The flat floor of the pit is about.
150 feet below the crest of the ridge. Several short
tunnels at different altitudes have been driven into the
walls of the pit. Ore was removed from the pit
through-a tunnel about 72 feet long at the level of the
pit floor.

Between 500 and 700 feet southeast of the open pit
and 250 feet lower, there is a tunnel that was evidently
intended to serve as a low-level haulage way for ore
from the glory hole (fig. 20). About 700 feet east of -
the glory hole there are several caved tunnels, possibly
on the old Deleware claim. In addition to the work-
ings described above there-are several short adits, most

f(RaIsE 20 FT.

100
| DT

O

100 Feet
J

Ficurp 20.—Plan of tunnels 1 and 2, Copper Hill mine.
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" of which are caved, and a few small open-cuts scattered
over the hill. g
The recorded production of the Copper Hill mine is
as follows:

Production of Copper Hill mine, 1902—43 1

0 Gol il Copper
Year (dry ;gns) (fine o?xgces) (ﬁngloﬁgrces) w(gtog?sgi;)
198 . 464 |_____.___ 1, 271 73,133
1912 .. 36 11. 62 54 82
19183 .. 1,347 | ___ 2, 468 110, 602
1914 . 235 .18 295 13, 503
1917 .. 254 . 46 390 26, 545
Total_____.__ 2, 336 12. 26 4, 478, 223, 865

' 1 Compiled from mine recdrgls of U. 8. Geological Survey and the Bureau of Mines.
No production for years not listed. i

GEOLOGIC FEATURES AND ORE DEPOSITS

The geologic features and ore deposits of the Copper
Hill mine have been described in the general section on
ore deposits, page 64, and are not repeated here. Suffice
it to say that the deposit is situated near the border of
the larger syenite stock, and that the ore consists of
veinlets and disseminated grains of chalcopyrite, mag-

netite, and hematite in an augite-orthoclase metamor- .

phic rock.
TENOR OF COPPER HILL ORE

The tenor of the ore shipped from the Copper Hill
mine, calculated from the figures cited above, is shown
in the following table. The gold ore shipped in 1912,
being obviously different in character from the copper
ore produced in other years, is not included in this
table.

Tenor of crude ore shipped from Copper Hill mine

silver Silver and

Copper s
Year (ourtlg]ejs; per (percent) cgl;pve;; igggo
1911 . 2.74 7.9 1:887
19%3 ... 1. 83 4.1 1:653
1914 .. 1. 25 2.9 1:665
1917 .l ... 1. 54 5. 2 1:982

The ratio of silver to copper by weight in the ore
shipped was thus of the same order of magnitude for
each of the 4 years of record. The average content was
1.97 ounces of silver and 4.8 percent copper. Sampling
by the Bureau of Mines (p. 65) shows that the ore re-
maining is of much lower grade than that already
mined.

POSSIBLE EXTENT OF CbPPER HILL DEPOSITS

It is impossible under present conditions to make

reliable estimates of the extent or shape of the Copper -

Hill deposit. The glory hole workings show that the
fairly high grade ore body was about 60 by 80 feet in-

GEOLOGY AND ORE DEPOSITS, LA PLATA DISTRICT, COLORADO

horizontal dimensions and about 50 feet deep. Nearly
all of it has been mined. The tunnel southeast of the
glory hole shows that ore of the same type but of very
low grade covers a larger area and extends to consider-
ably greater depths.

Exposures are too poor and scattered to allow pre-
diction of extent on the basis of field mapping alone.
The presence of the main deposit in a zone of meta-
morphic rock near the border of the stock suggests that
extensions of the ore body might be found along or near
the contact of the syenite with the intruded rocks. This
contact is irregular and ill-defined and its position as
shown in plate 2 is only approximate. Some of the
similar but apparently nonplatinum-bearing deposits in
the vicinity of the Allard tunnel are well within the
body of the stock, so it would be unwise to confine pros-
pecting entirely to the contact zones. Available data
do not lead to optimism regarding extensions of the
deposits.

CUMBERLAND (4)

The Cumberland mine is in the eastern part of Cum-
berland Basin and on the western slope of Cumberland
Mountain. It explores the most productive part of the
eastward-trending belt of silver-bearing veins which
characterize the northern part of the district, and it also
provides an excellent illustration of the dependence of
ore on character of wall rock. The workings range in
altitude from 11,520 to 12,350 feet. The mine can be-
reached over an abandoned wagon road that leads into
Cumberland Basin from the end of the La Plata canyon
county road. North of Fly by Night Gulch the road
was not accessible to vehicles in 1937.

" The deposits worked in the Cumberland and the adja-
cent Snowstorm mine were discovered in 1878. Little or
no ore was produced until 1884, but from that year until
1890 both mines attained their greatest activity. All
the important workings were opened, a 30-stamp mill
(which was entirely unsuited to the ore) was built, and
a considerable quantity of rich ore was produced. Both
mines were idle during the nineties, but the Cumberland
was revived in 1900 and again in 1909, since when it was
worked intermittently until 1921. Both mines were in-
active from 1922 through 1937. The early develop-
ment was elaborate, particularly on the surface. In -
addition to the stamp mill, a well-equipped machine
shop, jig-back tram, and steam plant, a wagon road, and
several dwellings that would do credit to a prosperous
city were constructed. Purington says in his 1896 field
notes that $175,000 had been spent on the property, and
from all appearances this figure is conservative. Sev-
eral of the buildings were in a fair condition in 1937,
but the mill, power plant, and machine shop were rep-
resented only by a tangled mass of rusting scrap metal.
The recorded production of the Cumberland, shown in
the following table, amounts to about $32,000. The
production figures for 1884-87 are from a private en-
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gineer’s report and are summations of returns from in-
dividual shipments. They are said to include all the
data available but to be incomplete, and similar figures
for supposedly different lots of ore together with other
internal evidence in the report, make it seem possible
that the source figures are inaccurate.

Recorded production, Cumberland mine, 18841943

'Ore sold or

0O ined Gold Sil
Year (sll;?)r%l :;ggs) (s}f;?t?tfélns) (ﬂneo?mces) (ﬁneloggl;:es) Net value
1884 L |aoo-. 97 120.37 | 4,592 |._______
18851 |- 56 17.31 | 6,041 | _______

! Private engi

2 Kimball, Jg P., Report of the Director of the Mint for 1888 and 1889. .

3 Compﬂcd from mine recerds of the U. S. Geological Survey and the Bureau of
Mines (for 1902-43). No production recorded for years not listed.

neer’s report, unpublished.

The uppermost working consists of an open-cut, 100
feet or more in length, near the top of Cumberland
Mountain. Considerable ore is said to have been re-
moved from stopes above the first level, which is 130
feet below the top of the mountain; this level is said to
be 200 feet long, but only 50 feet was accessible when
the mine was visited in 1936. The second level, 140
feet below the first, is said to be 220 feet long. It was
caved at the portal in 1936. The third and fourth
levels, which are 270 and 720 feet, respectively, below
the second, are shown in plate 18. One of the raises
from the third level connects with the second level.
The vein has thus been partly developed through a
vertical range of 990 feet. The portals of the upper
workings are wsually blocked with ice the year round.

The country rocks consist of soft, unmetamorphosed
redbeds of the Cutler and Dolores formations, which

here dip to the north and northeast at low angles, and -

a few irregular sill-like bodies of diorite-monzonite
porphyry. The Cutler-Dolores contact lies between
the second and third levels.

The Cumberland vein strikes N. 60° to 80° E.; its dip
varies both in direction and amount, but a steep north-
ward dip prevails. This vein extends eastward past the
top of Cumberland Mountain. The Muldoon vein,
farther to the east, is either the same vein or a closely
parallel one. The Cumberland vein has not been ex-
plored in the floor .of Cumberland Basin below the
fourth level. The Snowstorm vein, on the southwest
side of the basin, is supposed to be the westward exten-
sion of the Cumberland. The eastern part of the
Snowstorm vein strikes N. 70° to 80° E., like the Cum-
berland, but the western part swings sharply toward
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the south and follows a course that is S. 35° W. For
this reason and because the Snowstorm ore differs from
that of the Cumberland, it is uncertain whether the
Snowstorm is an extension of the Cumberland or a
different vein.

Two porphyry dikes exposed in the open-cut on the
Cumberland vein near the top of the mountain are offset
about 5 feet to the west along the south wall of the

- vein, but this small displacement is not revealed in the
" lower workings. The vein is poorly exposed in the

open-cut because the sides of the cut caved. The vein
matter seen there is like that on the lower levels, de-
scribed below, but contains less barite. The wall rock
is red fine-grained micaceous sandstone.

The first level was driven at the contact between a
porphyry sill above and redbeds below. The part of
this level that was open for examination in 1936 was
not on the vein, but it seems probable that the porphyry
sill may have been responsible for the ore shoot above
this level.

The third level presents one of the clearest. examples
of dependence of ore shoots on character of wall rock
that is to be found in the district. The vein follows a
strong fracture, which traverses soft red shale and
mudstone, sandstone, and two masses of porphyry.
The smaller of these masses (pl. 18) is clearly a dike,
which trends northwest and dips to the northeast at an
angle of about 60°. The southwest wall of the larger
mass is sill-like and dips north at an average angle of
17°; its other wall dips steeply northeast and cuts
across the sedimentary strata. There is no apparent
displacement along the vein. The redbeds are partly
silicified and bleached for several feet on each side of
the vein. Where the vein traverses the redbeds, it is
commonly only 4 to 6 inches wide and consists of comb
quartz containing small quantities of silver and copper
minerals. On entering the porphyry masses, the vein
widens abruptly to 5 to 10 feet and contains minable
ore. Both in and near the porphyry the vein is a broad
zone of silicified breccia, which, depending on. the
character of the adjacent 'wall rock, consists either of
sedimentary rocks or of porphyry. Replacement of
breccia fragments by quartz is evident in places. The
character of the vein filling does not differ materially
in the two types of wall rock and is similar to that in
the fourth level and on the dump, described below.
There is no stoping on the vein except very close to the
porphyry masses. :

The wall rocks on the fourth level consist largely of
red mudstone. In the crosscut to the level the beds
are fresh, but in the drift they are partly silicified and
bleached for 2 to 6 feet on each side of the vein. Several
sill-like masses of porphyry are exposed along the south
wall of the vein. They are not shown in plate 18, be-
cause the north wall of the vein is not exposed and thus
the true distribution of porphyry cannot be shown for
both walls. The vein consists of sheared and altered
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wall rock in a zone 5 to 12 feet wide. Within this zone
are one or more veins of vuggy, crystalline to massive
vein quartz from 1 inch to 15 inches thick. In places
the quartz contains visible specks and blebs of ore
minerals, but otherwise it. appears to be barren.

As seen on the dumps and in the mine workings, the

vein filling consists of fine to very coarsely crystalline, .

white to clear drusy quartz. Some of the quartz crys-
tals are 4 inches long and 1 inch thick. Large negative
pseudomorphs of barite crystals are rather numerous.
Much of the quartz forms rosettes. A fine-grained
black mineral, possibly a silver' mineral, occurs near
the base of the rosettes. Barite is next in abundance
to quartz. Most of it consists of white, colorless, or
light-blue tabular crystals, implanted on quartz crys-
tals in cavities or on fracture planes in altered wall
rocks. A light-pink, massive variety of barite forms
irregular veinlets along the walls of crustified quartz
-vein matter and is clearly older than the barite that
occurs in vugs. Many vugs are filled with white dick-
ite. Purington notes the discovery of a large vug or
“cave” that contained an unusually large amount of
white clay rich in free gold. Pyrite and chalcopyrite
are rather rare, but in places they form small masses
and tiny specks. Most of the chalcopyrite is altered
to azurite and malachite. Sphalerite, galena, and cal-
cite occur in small quantities. As gold can be panned
from the dumps, some of the gold is undoubtedly free,
but tellurides also are said to be present. Although

ore minerals visible to the unaided eye are decidedly -

rare, small specks of red and black silver minerals em-
bedded in quartz can be seen in some specimens. Ruby
and “brittle” silver minerals (proustite, pyrargyrite,
and stephanite) and argentite are all said to have been
~ found in the ore.

The minable ore is described as having been 12 to 18
inches thick in most places but locally much thicker.
For example, the ore body was 7 feet thick in the stope
above the third level, and in some other places as much

as 12 feet of ore was mined. As the vein has not been

thoroughly developed by means of raises or sublevels
between the main levels, little information on the shape

or extent of ore shoots is obtainable. But the occurrence

of vein matter, uniform in character, at intervals
through a vertical range of nearly 1,000 feet is amply
demonstrated. Available information indicates that
the vein is wider and richer in porphyry than in red
beds, and as most of the porphyry is believed to form
relatively thin sills, it is likely that the ore shoots are
nearly horizontal and of small vertical extent. Twenty-
five lots of ore shipped in 1884 and 1885 contained, on
the average, 1.2 ounces of gold and 77 ounces of silver to
the ton. Purington notes, however, that the average
silver content of the ore in the mine as a whole was
only 9 ounces, and that figure is in keeping with the
results of recent sampling with which the writer is
familiar.

_an altitude of 10,350 feet.
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It seems possible that a large tonnage of minable ore
can be proved, but further development and sampling
are necessary to block it out and to determine its tenor.
The bottom of the ore has apparently not been reached,
and exploration at lower levels might expose more ore,
particularly in places where the vein cuts porphyry or
the thick sandstone beds of the Cutler formation. But
it would seem wise to direct attention first to thorough
exploration of the ore body that is already partly
developed.

DAISY-HIBERNIA GROUP (2¢)
GENERAL FEATURES

The Daisy-Hibernia group of mines, which also in-
cludes openings on the Joe Graff, Lida May, Bluff, and

‘Nellie Bly claims, is in the basin at the head of Light-

ner Creek. The Hidden Treasure, described separately,
was probably in the same group, all the mines of which
explore a series of quartz veins that contain galena,
silver minerals, and free gold. The altitude of most
of the workings is near 10,500 feet. They are in one
of the most inaccessible parts of the district; part of it
is heavily timbered, the slopes are rugged, and rock
exposures are poor. Although the mines can be reached
over a poor trail that follows Lightner Creek from the
end of the old road on Deep Creek, the most ready
access in 1986-37, was by means of a steep trail that
leads downward from Puzzle Pass, on the west edge
of the basin. ‘ A '

The veins were discovered in the early eighties, and
much work was done on them in the following 15 to
20 years, after which they were only worked intermit-
tently by a few lessees. The total production is un-
known, and since 1902 no production is credited to any
of the claims. According to reports of the Director
of the Mint, the Hibernia produced $5,787 in gold and
$481 in silver during 1891. The Joe Graff produced.
$413 in gold and $129 in silver in 1891, and $1,090 in
gold and $342 in silver in 1892. -No other figures than
these are available, but it seems probable that the pro-
duction from the Daisy claim exceeded that from the
Hibernia.

There are one or more adits on each of the claims
in the group and shafts on several of them. In 1937
the only accessible workings except a short crosscut on
the Joe Graff claim, which had not been driven to the
vein were those of the Daisy mine. The latter are the
westernmost of the openings on the Daisy-Hibernia
vein zone and are on a tributary of Lightner Creek, at
The workings consist of a
shaft in the middle of the gulch and two adits that
extend due east and due west. Each adit is 100 to 150

~ feet in length. Much underhand and a little overhand

stoping has been done in the west adit; the east adit has
much overhead stoping, some of it reaching the surface.
The sedimentary rocks at the head of Lightner Creek

are part of the Cutler formation and are but slightly



MINES AND PROSPECTS

metamorphosed. The beds dip in general toward the

south, but there is no uniformity in their attitude, be-
cause of the disturbances caused by the intrusion of
the Silver Mountain stock and the complex network
of dikes and sills that charactenze the head of Light-
ner Creek.

The workings on the Daisy, Joe Graff, H1bern1a, and
Nellie Bly claims are all on a single vein zone, which
trends a few degrees north of east. The zone can be
traced in discontinuous exposures from a point west of
the Daisy mine nearly to the divide between Lightner
Creek and Chicago Gulch, a distance of about 1 mile.
A vein in Chicago Gulch, several thousand feet farther
east, is apparently on the continuation of the same
zone. The Lida May and Bluff claims are on closely
parallel fractures that are similar to the main vein.

There are probably several other eastward-trending

veins in the general vincinity of the Daisy.

The Daisy-Hibernia zone is composed essentially of
two nearly parallel veins from 20 to 50 feet apart.
Only the north, or Daisy, vein is well-explored at the
Daisy workings. Farther east, both veins contain some
ore, but the southern one, or Hibernia, is the stronger
and has received the most attention from prospectors.
The vein zone is nearly vertical but locally dips toward
the north. In the Daisy mine its dip is 63°, in the
Hibernia it is vertical at the surface but swmgs to a
70° northerly dip a few feet below.

More of the workings were accessible to Purington in
- 1896 than were seen in 1937. In his field notes he states
that the veins he saw averaged 18 inches in width and
consisted of sets of stringers or veinlets with an average
width of 3 inches. They were composed of quartz that
contained various quantities of galena, chalcopyrite,
pyrite, free gold, and some polybasite and possibly
other silver minerals. The average yield of the veins
was reported to Purington to be about $35 a ton in gold
and silver.

DAISY MINE

In and near the Daisy mine the red beds strike N. 80°

W. and dip 19° S. A 20-foot porphyry dike, which

strikes N. 60° to 70° E., crosses the east adit about 75
feet from its portal.

As shown in figure 21, the vein zone consists of veins
of intrusive breccia and of ore-bearing quartz that
traverse a shear zone in the country rocks. The shear
zone is 4 to 5 feet in width and consists of strongly
fractured and sheared country rocks, which are light-
ened in color and partly silicified. The intrusive brec-
cia is irregular and somewhat discontinuous and ranges
from 1 inch to 18 inches in thickness. It contains
angular to subrounded fragments of shale, sandstone,
and porphyry, set in a'matrix of more finely com-
minuted rock. The variety of materials in the breccia,
which are different from the immediately adjacent wall
rock, show that it was forced in along openings in the

‘vug-filling, are the other gangue minerals.
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(Ore bearing) .
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FIGURE 21.—Diagrammatic cross section of Daisy vein, showing relation
of vein to intrustive breccia and to shear zone.

fracture zone and was not formed in place. The brec-
cia vein is thoroughly silicified and contains much dis-
seminated pyrite.

The quartz vein, which contains the ore minerals and
ranges from 1 inch to 12 inches in thickness, traverses
the central part of the fracture zone. In places it cuts
the intrusive breccia. The most abundant mineral is
rudely banded and crustified white to clear quartz.
Most of it is coarse-grained, but some is so fine as to
resemble chalcedony. Some bands are almost black,
owing to abundantly disseminated pyrite. Pink car-
bonate and a little barite, most of which occurs as late
The most
prominent ore mineral is coarse-grained galena, which
forms irregular masses an eighth to three-quarters of
an inch in diameter throughout the quartz. Minor
amounts of dark-brown sphalerite, tetrahedtite, py-
rite, argentite, and one or more of the ruby silver min-
erals are intimately associated with the galena. Free
gold was found in several specimens on the dump and
is said to have been visible in ore from several parts of
the mine. That seen was partly in the form of hackly
teeth and partly in irregular veinlets cutting both quartz
and galena. Some masses of galena are bordered with
narrow shells of anglesite and cerussite.

DARBY (57)

Several adits, now caved, explored a vein on Darby
Creek, east of the La Plata River. There are no pat-
ented claims along the creek, and hence the name of the
property is not known; it is here called the Darby for
convenience. There are three adits between altitudes
of 10,500 and 10,750 feet, the longest probably not much
more than 50 feet in length. The northernmost of them
is probably a crosscut to the Darby vein or to a closely
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parallel fracture; the other two are drift adits. Fine-
grained to coarse-grained sandstone and shale of the
Cutler formation make up the country rock. South of
Darby Creek the rocks are only slightly altered, but in
the vicinity of the prospect, and northward, the sand-
stone has been metamorphosed to quartzite and the shale
to hornfels. Two thin sills of porphyry are exposed
near the workings, and a very thick sill occurs several
hundred feet above them. The vein follows a fracture
zone 18 inches to 20 feet in width. It trends toward
the southeast and dips steeply north. The amount of
displacement along the fracture zone is undetermined
but it probably small. The vein filling, which forms
narrow streaks in brecciated country rock, consists of
massive quartz, comb quartz, and a little pyrite, which
is the only metallic mineral seen.
phyry sill the whole fracture zone narrows to 18 inches
and contains a 2-inch to 4-inch vein of barren quartz.
In the porphyry the fracture zone is wider but contains
no quartz. © The vein is parallel to the Euclid vein, and
it seems to be a continuation of the general fracture
zone that is occupied in part by the Good Hope and
Ashland-Ten Broeck veins farther southeast. The
showings on Darby Creek, however, cannot be regarded
as encouraging. )

DIXIE QUEEN (3)
By E. N. GODDARD

The Dixie Queen mine is on the south side of the
Dolores River, half a mile east of Robinson’s Ranch,
along the same dike as that of the Missouri Girl. Ac-
cording to Jess Robinson, who worked the mine for
several years, it was first opened in 1905 or 1906, and
2 or 3 tons of sorted ore containing 30 percent of copper
were shipped.

The workings consist of two tunnels on the east side
of the dike, about 150 feet apart vertically and 300
feet horizontally. Only the upper tunnel was ac-
cessible at the time of the writer’s visit. The geology
of the tunnel is shown in figure 22.

The lower tunnel explores the upper part of the
Cutler formation. Red and gray sandstone are on the
dump, but no plant material and no evidences of min-
eralization were seen. . The upper tunnel explores the
same plant-bearing horizon as that exposed in the Mis-
souri Girl mine. The drifts expose three nearly verti-
cal fracture zones, which trend northwest, parallel to
the- dike, and are 15 to 20 feet apart, as well as two
small fracture zones that are nearly at right angles to
the dike. (See fig. 22.) Chalcocite forms veinlets
and lenses in seams of fractured coaly material in or
bordering the northwest-striking fracture zones. (See
fig. 5.) Chalcocite is not concentrated at the junctions
of fracture zones; its distribution seems rather to be
controlled by that of the carbonaceous material.
Chalcocite does not appear to be abundant enough to

Below the thick por-
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TF1GURE 22.—Plan of the Dixie Queen upper tunnel, showing the distribu-
tion of chalcocite

form minable ore, though possibly a small amount of
ore could be produced by sorting.

DOYLE GROUP (2b)
LOCATION AND HISTORY

The Doyle, or Hesperus group, which comprises a
large number of claims and mine workings on both sides
of Jackson Ridge (pls. 14 and 19) is typical of those
deposits-which consist of gold-bearing pyrite in veins
and replacement bodies. Except that the ore contains
pyrite rather than tellurides, they are similar in most
respects to those of the Incas mine. The deposits have
been known for many years, and several attempts have
been made to exploit them. Most of these attempts
were unsuccessful, partly because of metallurgical
difficulties. ’

The property is 8 miles southwest of Jackson Ridge.
It is connected with Mancos, 12 miles distant, by a good
county road which is open most of the year. The near-
est railroad connection is at Brayton switch, near the
place where the Rio Grande Southern line crosses the
East Mancos River. All the mine workings are above
timber line, at altitudes of 11,000 to 12,000 feet. The
water supply is limited and is drawn from a small snow-
fed lake in a natural depression near the head of Rush
Basin. . _ .

The Hobo claim, the first claim in the East Mancos
area to be recorded, was located about 1888, and the
Timberline group of claims was located in 1890. In
1890, also, George A. Jackson began. development of
the “Jackson contact” along the West Mancos River, the
available information on which is given below in the
description of the Peerless mine.

During the nineties the pyritic replacement body at
the Pony Express limestone horizon was discovered.
About 1896 or 1897 James Doyle, a former Cripple
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Creek operator, formed the Mancos Consolidated Gold
Mines & Development Co., which began extensive de-
velopment and exploratory work and consolidated
most of the properties. A 10-stamp amalgamation and
concentration mill was erected and ran for several
years, producing a considerable amount of gold. Be-
tween 1902 and 1934 various other attempts were made
to operate the property, and two or more successors to
the original stamp mill were built. At least one of

them was designed for roasting and cyanidation of the

ore. In 1934 the Hesperus Mining Co. was formed and
acquired control of nearly all the land on Jackson
Ridge. A small pilot mill was erected and produced a
small quantity of ore. It was replaced in 1935 by a
larger flotation mill, and much development work, prin-
cipally on the surface, was done. Early in 1936 most of
the new buildings and equipment were carried away by

a snowslide with a loss of eight lives. The property -

was idle in 1936 and 1937, but plans were under way
to resume development. An affiliated company, the
San Juan Milling & Refining Co., was organized in
1937 and began erection of a 200-ton flotation mill near
Brayton switch. It planned to handle custom ore as
well as that from the Doyle mine. :

PRODUCTION

The production prior to 1902 is unknown, but from
various published figures it seems possible that the
Doyle group produced $40,000 or more between 1890
and 1901.° Most of the ore came from the North Star
and Sundown mines. According to Lee} the group
produced $22,500 in 1902. The production included 300
tons of crude ore, containing $40 in gold to the ton, and
$10,500 in bullion, 900-fine, recovered by milling 700
tons of $15 ore. The following tigures include all the
recorded production since 1902:

Recorded production of Doyle group, 1902-43 1

Ore Ore Silver Copper
Year Producer milled | sold Gold | (fine (pounds)
(tons) | (tons) ounces)

19007 | Mancos Consolidated Gold

Mines & Development Co_._|..______ 4| 13.69 3 PR,
1910 | Doyle Consolidated Mines....|.....__- 445 | 423.10 178 97
1934 | Hesperus Mining Co.......... 500 82 | 3L.24 | |-
1934 | Sasser mine (E. C. Sasser)..._{-cecaco- 94 | 65.30 | |oeeoaaan

| Compiled from mine records of the U. S. Geological Survey and the Bureau of
a/[incig.goNo production 1903-43 for years not listed; no authentic records for produc-
on -1902. .

DEVELOPMENT

The south slope of Jackson Ridge has been prospected
by means of dozens of adits, from a few feet to several

hundred feet in length, and a few adits were driven -

on the north side of Jackson Ridge and on the slope

% Petre, R. W., Mines of the‘La Plata Mountains, Colo.: Eng. and Min.
Jour., vol. 66, pp. 667-668 (1898). Anonymous Min. and Sci. Press,
" vol. 79, p. 581, 1899, and vol. 84, p. 209, 1902. Lee, H. A., Colorado
Bur. of Mines Ann. Rept. for 1901-2, p. 130, 1902. Toll, R. H., La Plata
Moqntains, Colo. : Min. and Sci. Press, vol. 97, pp. 741-744, 1908.
% Lee, H. A., op. cit., p. 130.
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south of the East Mancos River. A few shafts, also,
from 10 to 80 feet deep, have been sunk, mostly in Rush
Basin. Only the more important mine openings are
shown in plate 19, and comparatively few of these were
accessible in 1935-37. The two most important mines,
the Timberline and the North Star-Sundown, are shown
in figure 23 and plate 20.

GEOLOGIC FEATURES
GENERAL GEOLOGY

Sedimentary rocks—As shown in plate 19, the sedi-
mentary rocks expésed in the vicinity of Jackson Ridge
range from the Dolores formation through the Da-
kota(?) sandstone. Except in small areas along the
West Mancos River and near the Georgia Girl mine, in
the extreme southwest corner of the area shown in plate
19, all the rocks are rather thoroughly metamorphosed.
The Entrada sandstone, the Junction Creek sandstone
(upper La Plata sandstone of former reports) and the
Dakota (%) which is represented only by a few small
outliers, have been converted in most places into hard,
relatively coarse grained quartzite. The Dolores, the
marl member of the Wanakah, and the shale of the
Morrison formation consist largely of dense light-col-
ored fine-grained quartzite and hornfels. Despite the
general similarity of the metamorphosed rocks, the dif-
ferent members have not been equally resistant to ero-
sion ; the two thick sandstone layers stand out as promi-
nent cliffs, whereas the other beds form benches or steep
but nearly uniform slopes (pl. 7).

+ The Pony Express limestone member of the Wanakah
formation (La Plata limestone of former reports) is
poorly exposed on the slope south of Rush Basin, where
it is probably about 2 feet thick and is largely if not
completely replaced by sugary quartz, intergrown with
a little pyrite. On the south side of Jackson Ridge this
limestone is exposed in numerous mine openings and
ranges from 4 inches to more than 5 feet in observed
thickness. Its average thickness in the North Star-
Sundown mine is 2 feet, and it is certainly no greater
for the entire south side of Jackson Ridge. There the
limestone is almost completely replaced by massive
gold-bearing pyrite in most places, but locally it con-
tains much sugary quartz. The pyrite is largely altered
to limonite near the surface and where it is exposed
in the Narrow Gauge shaft in Rush Basin. A little
unreplaced limestone was seen at one place in the North
Star-Sundown mine.

On the west side of Jackson Ridge the limestone ap-
pears to be absent in most places, or at best very thin;
it was seen in only two places. Where the West Mancos
River crosses it, at an altitude of 10,900 feet, it is ex-
posed in outcrops and in several prospect cuts. Here
the bed, which is almost entirely replaced by pyrite and
quartz, ranges from 5 to 14 inches thick. A 5-inch to
6-inch bed of black soft shaly material, probably al-
tered limestone, is exposed at the breast of a short adit
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1,500 feet to the southwest. Along the north slope of
Jackson Ridge are several prospect openings, all of
them caved, which were evidently driven in search of
the blanket vein. None of their dumps contain pyrite
or limestone, and, as these openings are all at or near
the Pony Express limestone horizon, there is a strong
presumption that the limestone bed is not present on
this slope. There is indeed a widely held local belief

that the main ore bed underlies all of Jackson Ridge and
crops out on the West Mancos River, where it is said to -

be 5 feet thick; this belief, however, is thought to be
based on a misinterpretation of the stratigraphic rela-
tions, for the ore bed at the base of the Entrada sand-
stone, exposed in and near the Peerless mine, has been

erroneously correlated with the ore body replacing the

Jimestone at the top of the Entrada.
Igneous rocks—Numerous dikes, sills, and irregular
masses of porphyry (offshoots from the large bodies of

Spiller and Gibbs Peaks) cut the sedimentary rocks.

Some of the porphyry, particularly in the southwestern

part of the area shown on plate 19, has a marked syenitic

aspect, but most of it is diorite-monzonite porphyry.
" With two exceptions all the bodies of porphyry are
short, irregular, and discontinuous, and range in trend
from. due north to due east. One of the exceptions is
the sheet of syenite porphyry that caps the northwestern
part of Jackson Ridge ; the other is the northward-trend-
ing dike shown near the center of plate 19. This is ex-
posed at only three places, but the correlation indicated
is believed to be correct. ‘

Structural geology.—Jackson Ridge lies just north of
the steep hinge-fold which encircles the central part of
the La Plata Mountains and which parallels the East
Mancos River at this place. On the slope south of Rush
Basin, between Spiller and Gibbs Peaks, the rocks dip
30° to 60° NE. Near the river they flatten abruptly,
and on Jackson Ridge they dip 5° to 20° NW. . (See
pl. 7.) Where the beds. are steeply tilted, they are
strongly sheared and brecciated. Shear zones, which
contain much varicolored chalcedony and some quartz
and pyrite, trend in all directions, but the strongest sys-

tem trends northeast, parallel to the axis of the fold. -
Throughout this area the breccia fragments are ce-’

mented with quartz and chalcedony and pyrite and some
chalcopyrite are widely disseminated. The shaly beds
of the Jurassic are less well exposed than the sandstones,
- but presumably they are less strongly brecciated.
North of the river, where the beds are more nearly
horizontal, the rocks are not brecciated. Instead, they
are cut by a large number of steeply dipping fractures,
most of which strike northwest, normal to the strike of
the hinge fold in this area. Most of these fractures
are faults having displacements that range from a few
inches to about 30 feet. There is no uniformity in di-
rection of dip or of displacement. Most of the indi-
vidual fractures can be traced only for a few hundred
feet, but several fracture belts are continuous for a mile

or more. The relation between dikes and fractures is
clearly shown in plate 19.

ORE DEPOSITS
. BRECCIA DEPOSITS

Ore deposits of three general types occur in the area
covered by the Doyle group—breccia deposits, blanket-
vein or bed-replacement deposits, and fissure. veins.
So far as could be learned, the brecciated and mineral-

ized sandstone south of Rush Basin has received little =

attention from prospectors. It is in general more
strongly mineralized than any of the shear zones near
the Century mine, on Bear Creek, some of which con-
tain appreciable quantities of gold. Hundreds of
thousands of tons of breccia are available, and thorough -
sampling and examination appears to be justified on the
chance that the material will be found to contain enough
gold to be amenable to large-scale operations.

BLANKET-VEIN DEPOSITS

Most of the development work done on the Doyle
properties has centered on the “Doyle blanket,” or
pyrite replacement deposit in the Pony Express lime-
stone. The limestone has been almost completely re-
placed by fine to coarsely granular pyrite containing
gold and a little chalcopyrite. Ore produced in the
early days yielded from $15 to $50 to the ton in gold.
Nearly if not quite all of this ore was oxidized. The
whole bed of ore is reported by several engineers to
have an average gold content of 0.20 to 0.35 ounce to
the ton. The blanket-vein is exemplified by the deposit
worked at the North Star-Sundown mine, described in
detail below. o '

North Star-Sundown mine—~The North Star-Sun-
down mine, shown in plate 20, is the largest mine on -
Jackson Ridge and affords the best opportunity for
study of the Doyle “blanket,” a deposit of the bed-re-
placement type. The workings consist of a maze of
interconnected drifts and flat stopes, or rooms, which
penetrate the ridge to a maximum distance of 700 feet
from the surface. Large parts of the stopes are back-
filled. As nearly all the workings follow the north-
westward-dipping replacement deposit, none of them is
level. The altitudes of various points on the drift .
floors, as plotted in plate 20, indicate the irregularity of
the floor and show that in general the workings slope
downward toward the north, or away from the mine
portals. ,

The top of the Entrada sandstone, here a hard quartz-
ite, forms the floor of most of the workings. The Pony
Express limestone member of the Wanakah, here repre-
sented by pyrite and quartz, is 4 inches to more than 5
feet thick. In this mine, and indeed in all the ex-
posures on the south side of Jackson Ridge, the “lime-
stone” bed is overlain by a 3-foot to 4-foot bed of
medium-grained to fine-grained shaly sandstone repre-
senting the Bilk Creek sandstone member of the Wana-
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kah formation. This bed, which is silicified, is over-
lain by a thin parting of soft and but slightly
metamorphosed shale, which is overlain in turn by dense
hornfels, the metamorphic equivalent of the marl mem-
ber of the Wanakah. In a few places the shale parting
is partly replaced by pyrite. The practical effect of this
succession of beds is to allow subsidence of the sand-
stone bed soon after removal of the pyritic ore.
- hornfels above the parting seems to stand well and
forms the roof of most of the stopes. The beds dip in
general 7° to 10° NW. A porphyry dike, which is
about 20 feet wide and trends to the northwest, has
been exposed by two crosscuts in the easternmost part
of the mine. In one of the crosscuts both the dike walls
are vertical ; in the other, the southwest wall is vertical
but the northeast wall is partly sill-like.

Two parallel northwestward-trending fault zones are
exposed in the workings. One of them, called the
North Star fault, is marked by a series of discontinuous
fractures, which contain vein quartz, pyrite, and gouge.
The zone ranges from 10 inches to 2 feet in width, and

-its dip ranges from vertical to 60° NE. It is a reverse
fault, the beds on the southwest side of the fault hav-
ing been faulted down from 1 foot to 4 feet. The Sun-
down fault zone, 400 feet west of the North Star fault
and 1 foot to 10 feet wide, consists of a series of strong
shear zones, filled in part with pyrite and quartz. Its
dip, also, ranges from vertical to 60° NE. Itisa normal
fault, the beds on the northeast, or hanging wall, being
faulted down from 9 to 1314 feet. Several other faults
with slight displacement are shown in plate 20.

The main ore bed, or blanket vein, ranges from 4 to
62 inches in observed thickness. The 84 recorded meas-
urements of thickness shown in plate 20 average almost
exactly 24 inches. In most places the primary ore con-
sists of massive pyrite, which locally contains enough
chalcopyrite to pr'oduce green copper stains on oxida-
tion. The pyrite -is slightly schistose, with lamina-
tions parallel to the bedding. Locally the ore contains
considerable quantities of white sugary quartz inter-
grown with the pyrite, and in a few places quartz makes
up more than half the ore by volume. In one of the
drifts that expose the porphyry dike mentioned above
(section A’, pl. 20) the bed of pyrite continues through
the porphyry. The relation indicates that after por-
phyry was intruded, but before the ore was deposited,
there was some movement parallel to the bedding
planes.

The gold contained in the primary ore is probably /

in the form of extremely fine, free particles intergrown -
with the pyrite. One specimen that was said to con-
tain several ounces of gold to the ton was examined
microscopically, but no gold was found under the re-
flecting microscope. Within 250 feet of the surface
nearly all of the ore is oxidized to spongy limonite ; oxi-
dation is nowhere complete, however, and all the ore
contains some residual pyrite.

The

. (pl. 20).
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face the ore is largely primary pyrite, though no
place was seen in the. mine where limonite was en-
tirely absent. Most of the ore found in the stopes was
oxidized, and some of it yielded considerable fine, free’
gold when panned. The horizontal limits of the stopes
were probably determined in part by diminution in
gold content of the pyritic ore and in part by difficul-
ties in treating the heavy sulfide ore. The uphill haul
to the surface was doubtless also a factor.

The best ore is said to occur near the faults, but this
statement is only partly borne out by the stope map
Furthermore, the unreplaced limestone at
the breast of the North Star fault drift shows that in at
least one place no ore was deposited close to a fault.
The faults themselves have received little or no atten-

. tion from the operators, although some high-grade ore
. occurs along them.

FISSURE VEINS

Only a few of the veins have been explored to any
considerable extent. They contain pyritic vein matter
which is similar to that in the limestone replacement .
body except in containing much more quartz. The vein
zones range from less than 6 inches to more than 10
feet in width. The Timberline mine, the best developed
of the group, is described lrere as a type example
(fig. 23).

Timberline mine—The walls of the Timberline vein
consist of shale of the Morrison formation (McElmo
of older reports) and are highly silicified. The shale
dips about 15° W. - The vein strikes N. 70° E. and
dips 68° to 85° N. It can be traced for about 700 feet
eastward from the mine, nearly to the point where it
should intersect a strong northward-trending fault,
but the actual intersection is not exposed, and the vein
has not been identified east of the fault. Westward the
vein can be traced several hundred feet past the crest
of Jackson Ridge, where it has been prospected to some
extent. Asseen in the mine workings, the vein occupies
part of a 5-foot to 10-foot shear zone, filled with a
breccia that contains pyrite, quartz, and a little calcite.
The vein itself is not continuous but forms a series of:
slightly overlapping fractures, from 3 inches to 4 feet
thick, filled with white quartz intergrown with consider-
able pyrite. Gouge is locally abundant. Some of the
pyrite is oxidized to limonite, and in places the whole
vein is made up of limonite. The mine had not been
adequately sampled when visited in 1935; the ore, how-
ever, is said to be comparable in tenor to that in the
main bed-replacement deposit, contalnmg 0.02 to 0.35

.. ounce of gold to the ton.
' As the upper drift is less than 100 feet below the

crest of Jackson Ridge, it would seem advisable to
confine further development to lower levels, particu-
larly in the Junction Creek sandstone. The probable\

Farther from the sur- < intersection of the vein with the northward-trending '
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/" fault mentioned above would appear to be a particu-
- larly favorable place for prospecting.

FUTURE OF THE DOYLE GROUP

A large aggregate tonnage of low-grade to medium-
grade ore is unquestionably present in the Doyle
“blanket vein.” To extract this ore would be relatively
difficult and expensive, however, because of variations
in the thickness of the ore bed, its small average thick-
ness, and its northwesterly dip, which would necessitate
an uphill haul for ore from any of the present workings.
Much further development work would be necessary to
determine the average thickness and tenor of the blanket
ore, the relation of tenor to the vertical fractures, and

the distribution of ore beneath the whole of Jackson

Ridge. The future of the property appears to depend
somewhat on the finding of minable ore in the steeply

. tion, particularly where they cut the thick sandstones,.

" Adequate sampling might possibly show that the brec-
ciated and silicified sandstone on the hill south of Rush
Basin contains enough gold to justify large-scale min-
ing and milling operations. Treatment of the pyritic
ore, none of which is either entirely fresh or entirely
oxidized, has been found difficult or impossible by vari-
ous operators in the past, and further study of ore
dressing and metallurgical practice may still be
necessary.

DURANGO GIRL (5)

The Durango Girl mine, which has been briefly de-
scribed by Emmons,” is on the north bank of Walls
Gulch, 114 miles above its junction with Junction Creek,
at an altitude of 9,800 feet. It is best reached over the
good Eagle Pass pack trail from the Junction Creek
road. The property, which is owned by the Durango
Girl Mining & Milling Co., comprises the Durango
Girl, Durango Boy, and New Hope patented claims,

together with several unpatented claims. Tlie mine
was discovered in 1893 and was intermittently active

until 1926. It was idle throughout the period 1927-43
except for 1939. Most of the mining work was done by
hand. Some of the ore produced in the first few years
of the mine’s history is said to have been concentrated
in a small mill at the mouth of Walls Gulch, but by far
the greater part of the output consisted of high-grade
hand-sorted ore that was shipped direct to the smelter.

Since 1893 the mine has produced about $55,000 in
gold and $8,000 in silver. The production figures for

1893~99, shown in the table below, are taken from the

records of the Durango Girl Gold Mining & Milling Co.,
as reproduced in a prospectus issued in 1924. The com-
pany’s figures for the period 1902-21 check closely with
those of the United States Geological Survey and the
Bureau of Mines, and it is believed that the earlier
figures are essentially correct.

TEmmons, W. H., The Neglected mine and near-by properties, Durango
quadrangle, Colorado: U. S. Geol. Survey Bull. 260, pp. 121-127, 1905.

dipping veins.  Many of them deserve further explora- -

~ adit, the beds dip west.
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Recorded production, Durango Girl mine, 1893—-1943 !

old - Silver

Year (prgll;?ds) (ﬁm? ou?lces) (fine oueﬁces)
1893 - e 417 5. 57 91
1894 o ___ 20, 010 96. 70 270
1895 14,977 °{ 117. 89 376
12, 282 29. 93 195
12, 186 36. 59 546
18, 490 54. 47 849
1116 6. 05 17
26, 500 652. 00 6, 000
51, 076 403. 23 818

33, 354 364. 54 1, 440
1906, ... IIIIITIIT 188,911 | 339.01 | 2 497
1007 IITTTIIITTIITT 6, 428 3. 43 44
1910 . 353 .32 2
911 .. 442 2. 93 26
1912 .. 980 3. 81 31
1914 ... 11, 673 68. 81 561
1916 ool 5, 348 58. 51 787
8. 06 32
11. 40 176

3. 90 43 .
3. 60 24
. 50 32
30 18

1 Figures for 1893-1901 from records of Durango Girl Gold Mining & Milling Co.,
those for 1902-43 compiled from mine records of U. S. Geological Survey and the Bu-
reau of Mines. No production for years not listed.

The mine workings are shown in figure 24. The
deepest work is less than 200 feet from the surface.

The sedimentary rocks in the vicinity of the Durango
Girl mine are soft, relatively unaltered redbeds of
the Cutler formation. The regional dip of the rocks is
10° to 15° east, but locally, as at the breast of the upper
The sedimentary rocks are
cut by a rather complex network of diorite-monzonite
porphyry sills and dikes. A dike of dark-green por- -
phyry, 5 to 10 feet wide, crops out near the mine work-
ings. It.strikes N. 70° W., parallel to the vein, and
cuts all the rocks with which it comes in contact within
the short distance it can be traced. It is doubtless an
offshoot from the Lewis Mountain diorite stock.

The vein strikes N. 75° W. except near the breast of
the upper adit, where it turns due west, and its course
on the surface is about N. 70° W. It dips 54° to 78°
N. It can be traced on the surface for several hundred
feet west of the mine and is possibly the eastward ex-
tension of the Ashland-Ten Broeck vein system.

Slickensided surfaces in several places indicate that
the fault followed by the vein is normal, with down-
throw on the north. This view is borne out by the
upper adit relations at the breast sketched in figure 24
where the porphyry is dragged down on the hanging
wall, and by the tightness of the vein in places where
the angle of dip is low. The amount of displacement is
not known. The marked difference between the rocks
on the walls of the vein (fig. 25) suggests a displacement
of several hundred feet. Surface exposures, however,
do not indicate a fault of this order of magnitude, and
it therefore seems likely that here, as in the Gold King
and Neglected mines, the fissures existed prior to the
porphyry intrusion and controlled distribution of the
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FIcURE 24.—Plan and sections, Durango Girl mine.

porphyry masses. If that istrue, the displacement may
amount to only a few feet.

As the richer parts of the vein have been removed
and other parts are hidden by lagging, much of the fol-
lowing description of the vein is based on unpublished
field notes by Purington and Emmons, and on Emmons’
published summary.®

The vein zone varies in thickness from a fraction of
an inch to 5 feet. In general it is wider in porphyry
or sandstone than in other rocks. Where both its walls
are shale, or where it follows the contact between shale
and porphyry, the vein is tight. In places it is repre-
sented only by a tight fissure, with no gouge or vein
matter; elsewhere it contains a foot or more of gouge.
The gouge is most abundant near the breast of the upper

8 Emmons, W. H., op. cit. (Bull. 260), p. 126.

adit, where the vein has a low dip. The wall rocks are
altered from 2 inches to 6 feet on each side of the vein.
They are lightened in color and partly silicified, and
they contain much disseminated pyrite.

The vein matter consists of a belt of quartz stringers
that traverse the fracture zone. Individual stringers
are rarely more than half an inch wide; the belt as a
whole is represented by a mere seam in some places,
but attains a thickness of 8 feet; its average thickness
is about 1 foot. Green roscoelite is more abundant in
this vein than in any other seen in the district. Much
of the quartz is colored in various shades of green by
intergrown roscoelite and closely resembles the high-
grade shipping ore of the Gold King mine. The only
other nonmetallic minerals common in the vein are
white dickite and opaline silica. Pyrite is relatively
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abundant in the vein zone but is rarely found in the
high-grade vein quartz. The metallic minerals are
intergrown with the quartz, and according to Emmons
they make up in places as much as a quarter, by volume,
of the pay streak. Tetrahedrite, the telluride minerals
(hessite, coloradoite, and petzite) and free gold are
most abundant. A mercury sulfide, probably cinna-
bar, was noted by Emmons.

The shoots that yielded the ore produced were clearly
controlled in part by the character of the wall rock and
in part by the steep dip of the vein. Both Purington
and Emmons note that the richest ore mined lay between
sandstone walls, but that by far the greater part of the
shipping ore had walls of porphyry. The latter state-
ment is amply demonstrated by the stope map (fig. 24
sections). Little or no ore has been found where the
walls are shale.
the Neglected mine, where shale is far more favorable
to ore than sandstone. The difference lies in the degree
of silicification of the wall rocks in the two mines.
Little or no pay ore was found where the vein has a low
dip. Although the mine, as now developed, is obviously
nearly “worked out” so far as high-grade ore is con-
cerned, a large quantity of mill ore is said to remain in
the stopes. Further exploration along the strike of the
vein might reasonably be expected to reveal other ore
shoots. Likewise, there is no indication that the.bot-
toms of the ore shoots already exploited have been
reached, and exploration at lower levels would appear

EAGLE PASS (5)

The main adit of the Eagle Pass mine on the patented
Eagle Pass claim is at the head of Lewis Creek, about 150
feet below Eagle Pass. The vein was found compara-

_tively early in the history of the camp and was worked
intermittently until 1922, but little is known of its his-

“tory or early production. Local residents, some of
whom have worked in the mine, estimate its total pro-
duction as between $10,000 and $25,000. The recorded
part of the production, amounting to about $8,800, is
shown below: '

Recorded production, Eagle Pass mine, 1887-1943

- Eagle Pass vein.

These relations contrast with those in

r Gold Silver [ 5, or Lead
Year (shogs gons) o&ﬂ:llc‘:s) oégg:s) (pou?:l;ds) (pounds)
1887 |- 209 1,800 |-
1888 e 10 - 20 D R
1911 _____ 9 9. 63 287 |-
1913 ... ___ 4 2. 89 104 63 171
1914 ________._ 10 7. 87 7% R S [
1917 . ___.. 20. 5 11. 56 476 |_...__.. 420
1919 __ ... __. 12 5. 80 267 23 208
1922 ... 10 6. 10 165 |- oo .

Figures for 1887-88 from reports of the Director of the Mint; those for 1902-43,
compiled from mine records of the U. S. Geological Survey and the Bureau of Mines.
No production for years not listed since 1902.
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None of the workings were accessible in 1935-37. Un-
successful efforts to reopen the main adit, which is about
200 feet long, were made in 1936 by the operators of the
Gold King mine. Two short adits on Jennie Lind
ground, on the east side of Eagle Pass, at altitudes of
about 11,650 and 11,700 feet, are probably driven on the
The upper one is estimated to be
about 75 feet long ; the lower is probably not more than
40 feet long.

The chief rocks near the mine are redbeds of the

“Cutler formation, which lie nearly horizontal and are

moderately silicified. Several dikes and sills of por-
phyry cut the sedimentary rocks.

The vein strikes slightly north of east and dips 57°
to 62° N. Although it can be traced only about 700
feet west of Eagle Pass, a vein that it probably its
westward extension has been opened on the hill between
French Gulch and Lewis Creek. Because of the north-
erly dip, the outcrop of the eastern part of the vein
has a course of about N. 65° to 75° E. It is largely
obscured by soil and talus and can be traced only about
500 feet from the top of the pass. The northwestward
extension of the Jennie Lind vein appears to intersect

the Eagle Pass vein a few feet below the workings on .

the east side of the pass, but the actual intersection, if it
exists, has apparently not been explored. The eastward
extension of the Good Hope vein intersects the FEagle

' Pass vein in or near the main adit on the west side

(of the pass. "All these veins probably belong , to the

! same fracture zone.
to be justified. o/

At Eagle Pass, the Eagle Pass vein cons1sts of a 10-
foot fracture zone containing a little quartz and barite
but no visible metallic minerals. The ore on the dumps
of the two eastern adits is much like that of the Gold .
King mine; it consists of gray to greenish-gray dense
quartz, clearly formed by replacement of the brecciated .
wall rocks. Vugs in the fine-grained quartz are partly
filled with white to clear crystals of quartz and a little
barite. Galena, pyrite, coloradoite, and hessite, inter-
grown with free gold, are scattered through the quartz
in small irregular masses and as veinlets. Some of the
gold is primary, but some of it appears to be secondary.
A representative sample of vein matter from the upper
dump, with wall rock excluded, was assayed by E. T.
Erickson and found to contain 0.72 ounce of gold and
3.82 ounces of silver to the ton. Neither the shape of
the ore shoot nor the character of the ore exposed in

~ the mine workings is known, but the ore was probably

very similar to that just described. It seems likely that \
the ore shoot lay close to the intersection .of the Good
Hope and Eagle Pass veins. The intersection of the
Jennie Lind and Eagle Pass vein also should have been
favorable to ore deposition, but so far as could be deter-

mined ng work has been done on it. Further prospect-

" ing of the vein near the two intersections, particularly

in depth, would appgar to be justified.
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EUCLID (EUCLID GULCH)

The Euclid mine on Euclid Gulch, a westward flow-
ing tributary of the La Plata River, was opened on the
westward extension of the Ashland-Ten Broeck vein
system early in the history of the district. The prop-
erty comprises three patented claims, the Euclid, Euclid
No. 2, and Sylvanite No. 2. It has not been Worked
for many years, and nothing is known of its production
or history. It was worked through several adits at dif-
ferent altitudes, all of which were caved when the mine
was visited. ‘The vein is exposed at the portal of a
caved adit at an altitude of 10,650 feet. It there strikes
N. 70° W. and contains a 2-inch to 5-inch seam of white
to green quartz in a 3-foot fracture zone. The véin as
a whole is probably similar in character to the Ashland
and Ten Broeck veins which are in the same vein
system. '

EUCLID (NEAR SHARKSTOOTH)

The Euclid group of nine unpatented claims is situ-
ated on a ridge north of the north fork of the West
. Mancos River. It is approximately half a mile west of
the Sharkstooth and three-quarters of a mile north of
Hesperus Peak-(pl. 1). The mine was briefly examined
by the writer in 1936 in company with the owner, Clay
Q. Williams, of Cortez, Colo. Time was not available
to remap the topography and geology in the vicinity
of the mine, and much information essential to a com-
plete picture of the geologic setting is lacking. As
plotted in plate 2, the mine is at an altitude of about
11,000 feet, but aneroid observations indicate that its
altitude is actually at 11,500 feet or more, the topo-
graphic base being inaccurate. The mine is 20 miles by
road and trail from Mancos. A fork of the West Man-
cos road ends near an abandoned lumber camp, known
as Spruce Mill, and from there a good pack trail, 4 miles
long, leads to the mine.

The deposit was discovered in 1912, and exploratory
work has been carried on intermittently since that time.
A 5-ton mill, built of logs and equipped with grinding
and flotation machinery, was constructed in 1929, but
the machinery was sold two or three years later. No

ore has been produced. The most extensive working |

is a 235-foot adit (fig. 25).
adits and shallow open-cuts.
The most prominent geologic feature in the vicinity
of the mine is a strong east-striking fault, which passes
through the gap between the Sharkstooth and Banded
Mountain (pl 1), and along which the beds on the north
side are downthrown more than 100 feet. The contact
between the Dakota (%) and Morrison beds is exposed
just above the Euclid mine on the north side of the fault,
whereas all the rocks on the south side belong to the
Morrison (McElmo of former reports). The rocks,
which are soft and unmetamorphosed, strike N. 20°
W. and dip 25° W. A diorite-monzonite porphyry

There are also several short
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FIGURE 25.—Plan of main adit, Euclid mine, on North Fork West
Mancos River.

dike at least 45 feet wide follows.the south wall of the
fault.

In the main adit the fault is marked by a 5-foot to
10-foot zone of strongly brecciated rock, which is partly
silicified and contains veinlets of quartz and pyrite.

For at least 40 feet on each side of the fault the rocks
are weakly sheared and contain scattered streaks and
veinlets of pyrite and of quartz intergrown with pyrlte
and arsenopyrite. Most of the quartz, both in the
main fault zone and in the sheared wall rocks, is white
and coarse-grained. Some of it contains angular frag-
ments of altered wall rock, and some has a rude comb
structure and encloses a few small crystal-lined vugs.
The pyrite, with which is intergrown a small quantity
of arsenopyrite, is later than the quartz. The vein
matter contains some gold. Representative samples
from the entire width of weakly sheared rock are said
to have contained 0.07 ounce and more of gold to the
ton, and Mr. Williams states that he found one small
specimen of gold-bearing telluride. A few minute
specks of ruby silver and of galena occur in places.

Several hundred feet west of the mill, an 8-foot to

10-foot pyritized fracture zone is exposed in altered
shale on the bank of a small stream. This zone, which
is probably a split from the main fault, strikes N. 75°
E. and dips 60° N. A porphyry dike follows the south
wall.
The Euclid deposit is of interest chleﬁy because 1ts\‘
ore is'localized along one of the strong faults that char-
acterize the northwestern part of the district. It seems
possible that along this and other faults worth-while
ore deposits might be found where the wall rocks are
more favorable than the Morrison shales. At the
Euclid mine, however, the top of the sandstone is more
than 500 feet below the surface.
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EUREKA-BULLDOZER (5)

The Eureka-Bulldozer mine, on Lewis Creek, was the
first mine to develop what is now known as the Gold
King vein. The patented Eureka claim adjoins the east
end of the Gold King claim, which covers the ground
that formerly fell within the unpatented Bulldozer
claim (pl. 14). The vein was discovered early in the
eighties and was worked intermittently until 1914.

In 1883 the Bulldozer was developed by two open-
cuts, 20 and 25 feet long. The Eureka was worked by
a 40-foot drift at the bottom of a 50-foot shaft.® When
the mine was visited by Purington in 1896 the workxngs
amounted to 700 or 800 feet.

The main Bulldozer workings, now part of the Gold
King mine and known as the Davie and Water tunnels,
are shown in plate 22. The Eureka shaft and adit are
just east of the Bulldozer, near the bed of Lewis Creek.
They were caved in 1935-37.

The mine is reported to have produced a compara-
tively large amount of high-grade ore during the first
20 years of its existence.
shown in the following table amounts to about $14,000,
but it may represent only a minor part of the total
production:

Incomplete production, Eureka-Bulldozer mine, 1887-1943 1

Or i
Year Mine (@ry bons) |(Bneoumees?)|(Bnoomares?)
1887 | Bulldozer_ . ______..______|._._____ 276. 5 3,220
1887 | Eureka.. .. . ______ | __ 90 375
1888 (._... do. . e 27. 8 132
1889 |._... do __________________________ 33 208
1890 |.__-_do_ e 30 370
1904 Eureka-Bulldozer _________ 15 40 200
1913 |.____ Ao o 1 1. 14 7
19144 _.__ doo o ___ 20 8. 62 63

! Figures for 1887-90 from annual reports of Dlrector of the Mint; figures for 1904,
1913, and 1914 compiled from mine records of the U. S. Geologlcal Survey and the
Bureau of Mines. No production records for 1891-1901 no productlon 1002-43 for
years not listed.

1 Computed from dollar value, using gold =$20 to the ounce.

3 Com ({)uted from dollar value, using silver=$0.98, $0.94, $0.84, and $1.05 for 1887~ 88,
1889, and 1890, respectively.

‘ Also included 30 pounds of copper and 724 pounds of lead.

According to Burchard,!° the near-surface part of the
Bulldozer vein was 5 feet wide, with 4 feet of quartz
vein matter. He also says that on the Eureka claim
the vein was 5 feet wide and had a 12-inch streak of
high-grade ore on one wall. Purington, who saw much
more of the vein in 1896 than was exposed in 1883, noted
that it ranged from almost nothing to 8 feet in thickness
and averaged 18 inches. He also noted that the vein
was nearly vertical in the Bulldozer tunnel but dipped
50° N. in the Eureka. The ore, like that of the Gold
King vein, contained tellurides of gold and silver,
galena, pyrite, and a little chalcopyrite, in a gangue
consisting of quartz, chlorite (roscoelite?), and a little
fluorite. Some of it contained visible free gold.

? Burchard, H. C., Report of the Director of the Mint upon the pro-

duction of the precious metals in the United States, 1883, p. 375, 1884.
1 Burchard, H. C., op. cit (for 1888), p. 375, 1884.

The incomplete production
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The Florence W. mine, on the Gold Dollar patented
claim, is in a ravine on the west side of the East Mancos
River, 1 mile north of Gold Run. The upper adit is
less than 100 feet below the county road. Little is
known of the mine’s history except that it was worked
from 1914 to 1916 and had been idle for some years
when examined in 1936. It was probably discovered
during the present century as it does not appear on
claim maps ‘prepared in 1903. The production shown
in the following table amounts to about $3,700:

Production of Florence W, mine, 1902-43 *

o | Copper | .Lead
Ore Gold | Silver
Year Mining company (short | (fine | (fine (D‘)Wu;d& (D%l;l;dsy
tons) - [ounces) jounces) assay) | assay)
1914__| Gold Dollar Gold Mining Co. 103 | 79.27 105 |occonenes 422
1915..{ Florence W. Gold Mining Co. 14| 23.94 105 {ccccoocaefmmmecman
1916__|___._ [ 1 S, 60 | 67.34 146 85 116

1 Compiled from mine production records of the U. S. Geological Survey and the
Bureau of Mines. No production for years not listed.

The main workings are shown in figure 26. A 100-
foot inclined raise follows the vein from the lower drift
and lacks only about 15 feet of connecting with the
upper level. An underhand stope of unknown depth
was opened from the upper drift. Most of the ore pro-
duced is said to have come from the discovery shaft,
whose location is not known but which is presumably
near the present workings.

ASJ ‘66

Raise on vein, 100 ft.

Wail rock
. Junction Creek sondstone

i

& : £ pd £

L
|« Underhand |
stooe

N
\_ Upper Adit
53
— €1.10,000 ft.
Vein, ghowing Wall rock,
dip Entrada sandstone
50 o 100 Feet
s 1 S i

Relative positions of adits approximate only Lower Adit
E1. 9900 ft.

T'GURE 26.—Sketch map of Florence W. mine.

- The vein strikes due east, but because of its northerly
dip of 53° to 64° its outcrop has a course of about N.
80° E. The claim map (pl. 14), indicates that.it in-
tersects the Doctor-Jack Pot, or Kentucky vein, some
distance west of the mine. The vein follows a normal
fault with a downthrow on the north of between 20 to
30 feet. The lower adit is entirely in Entrada sand-
stone; the upper adit is in the Junction Creek sandstone.
(upper La Plata sandstone of former reports). At the
top of the raise, according to G. W. Gilmore, Jr., the
hanging wall is sandstone and the footwall is shale,
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so that on the footwall side of the fault the contact
between the Wanakah formation and the Junction

-Creek sandstone must be less than 15 feet below the
upper drift.

- The vein zone consists of 214 to 5 feet of brecciated
country rock, and particularly near the east end of
the present workings it contains much gouge. The
vein proper, which is 6 inches to 3 feet in width, is
very similar to the Red Arrow vein. It was formed
partly by replacement of the breccia and partly by
open-space filling. It consists of a coarse intergrowth
of quartz, barite, and ankerite containing pyrite and a°
little tetrahedrite, chalcopyrite, and bornite. The gold
in the ore is probably free, though none was seen in the
specimens examined. The lead produced in 1914 and
1916 was probably derived from galena.

The tenor of the ore is not known. The production
figures cited above indicate that the shipping ore con-
tained from 0.8 ounce to 1.7 ounces of gold and. 1 ounce
to 7.5 ounces of silver to the ton. Although too httle\

-is known of the deposit to throw much light on its '
poss1ble extent or value, its similarity to the Red Arrow
vein would seem to ]ustlfy thorough re-examination //

GEORGIA GIRL (2b)

The Georgia Girl mine is southwest of the Doyle
mine, on the slope between Jackson Ridge and Helmet
Peak (pl. 19). It was discovered between 1890 and
1895 and was worked for a few years. It produced little
ore, however, and has been idle for many years. In
addition to the main adit, which is now caved but which
must have been less than 100 feet long, there are several
shallow open-cuts and very short adits on the vein.

The main workings are in the Junction Creek sand-
stone, which is here interfingered with several lenses
of shale. The vein follows a strongly sheared and kao-
linized porphyry dike, from 5 to 10 feet in thickness.
This dike is evidently an offshoot from the irregular
mass of porphyry that crops out where the East Mancos
‘River crosses the vein, and this mass in turn is probably
_ connected in depth with the Gibbs Peak porphyry stock.

The Georgia Girl vein is part of one of the most per-
sistent fracture zones in the vicinity of Jackson Ridge.
This zone trends nearly due east and can be traced for
more than a mile. It is probably not a single continous
fracture but a series of closely spaced overlapping frac-
tures. At the main adit the vein strikes N. 86° E. and
the dip ranges from 70° SE. to vertical. According to
Purington ** the vein exposed in this adit was 5 feet.
wide and occupied the whole width of the dike. The
sandstone walls were silicified and somewhat impreg-
nated with pyrite. The vein itself consisted of a net-
work of white quartz veinlets, whose interstices were
" filled with clay and pyrite. Although the ore is said to
have been of high grade, it seems likely, from compari-

11 Pyrington, C. W., unpublished field notes, 1896. .
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son with the better-known pyritic deposits of the Doyle
group that the high-grade ore was oxidized and occurred
relatively near the surface. Where it cuts the Entrada
sandstone below the main county road, the vein trends
due east and consists of a 4-foot breccia zone with con-
siderable quartz and a little pyrite; and it is of like
character as far east as it can be traced.

GOLD FARM (22)

The Gold Farm prospect, at altitude 11,750 feet on
the north spur of Deadwood Mountain, deserves notice
only because it adds to the available knowledge of the
distribution of replacement deposits in limy beds. The
adit, which was caved in 1936 but is probably not more
than 100 feet long, can be reached over the trail between
the Bonnie Girl mine and the top of Deadwood Moun-
tain. The workings are at the contact between the
Dolores and Cutler formations, which dip toward the
north. They expose a replacement deposit in the 7-
foot limestone conglomerate bed at the base of the
Dolores. In the vicinity of the mine this bed is largely
replaced by chalcopyrite, specularite, and garnet. The
ore is very similar to that of the Bay City mine. A
strong northeastward-trending shear zone intersects
a north-south vein near the workings, and this inter-
section may have been responsible for localization of
ore in the limy bed. The northward-trending vein,
which is explored by a 100-foot adit at an altitude of
11,910 feet, is a weak fracture zone, 2 to 4 feet wide,
containing a 2-inch to 5-inch seam of pyrite-bearing
quartz near the middle.

GOLD KING (5)
LOCATION AND HISTORY

The Gold King mine, which did not begin large-scale -
production until 1927 , presents a good example of a tel-
luride vein in altered redbeds and illustrates the rela-
tion of the ore deposits to the degree of silicification of
the wall rocks, to porphyry sills, and to vein structure.
It is situated on the north bank of Lewis Creek, at an
altitude of about 10,500 feet. A fairly good road and
an aerial tramline connect it with the Gold King mill
on the La Plata River, less than 2 miles to the southwest.

The Gold King vein, which is an extension of the
vein formerly worked by the Bureka and Bulldozer
mines, was discovered by Basil Caramouzis in 1921.
During the following five years he did much explor-
atory work and made several small shipments of high-
grade ore. In 1927 the La Plata Mines Co. bought the
property and began comparatively large-scale develop-
ment and production. The old Bonnie Girl or Baker
Contact mill, which had not been operated since 1908,
was acquired and rebuilt, flotation machinery being
added to the original stamp-mill equipment. Several
water-power and steam-power plants were tried out
unsuccessfully, and a power line carrying electricity
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VIEW OF GOLD KING MILL

Shows tailings pile in left foreground and glacial cirques of Silver Mountain in the distance.
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- supplied by the Western Colorado Power Co was
finally installed. After several years of successful
operation the company fell into difficulties, and from
1933 to the end of 1935 the mine was operated on a
cooperative basis under a trusteeship. In 1936 it was
taken over by the Fawn Mining Co., a Canadian cor-
poration. This company worked it under several man-
agements until the autumn of 1937, when, the developed
ore having been exhausted, mine and mill were shut
down. )

The Gold King mill (pl. 21) was first used in 1928,
the ore shipped in 1927 having been hand-sorted:crude
ore. From 1928 on, both sorted crude-ore and concen-
trates were shipped. The original mill had been
equipped with fifty 1,000-pound stamps, supplemented
by six Wilfley tables. The operators of the Gold King
added jaw crushers at mine and mill, tube and ball mills,
classifier, thickener, and flotation cells Various com-
binations of these machines were tried by successive mill
superintendents. The mill has a rated capacity of 250
tons, but it was seldom operated at more than one-third
capacity. Most of the tailings were retained in five
small ponds, two near the mill and three near the mouth
of Boren Creek. '

The Gold King production is given in the follow-
ing table:

Production of Gold King mine, 1921-43*

Crud Crud(:1
rude | ore an .
. ore pro- | concen- Gold Silver | %gg?is ( Z()lll;g(;s
Year d‘klxce%' traltgs (fine ) (fine ) D wet p et
shor S0 ounces) | ounces
tons (short assay) assay)
tons)
5. 60 | F B,
16. 09 {1 N B,
16. 90 87 500 O]
520 14 1,850 cceeie oo
1, 390. 26 12, 813 69, 630 46, 288
5, 523. 14/ 81, 364/ 71, 000, 99, 298
48, 31 887 721 1,081
320. 00 3, 166 8, 283 9,126
564. 61 4, 516/ 7,000 F)
582. 80 2,884 6, 461 4)
1,034.10 4,756 22, 900 §‘;
219. 30 1,883 e ‘
1, 529. 80 25,395 250, 000 5‘)
225. 90 1,351 4,393 4)
117. 70 544 .. (O]
13. 80 90 2 ¢
Total through 1043 .. ... ... 12,137.45] 141,349 440, 900 e

n olt(llzggiled from mine records of the Bureau of Mines. No production for years
:Iz\;g ggggldesrft made for zine.
4+ Not recorded.

The mine workings, including the Davie and Water
tunnels of the old Eureka-Bulldozer mine, are shown
in plate 22. The mine is worked through a.600-foot
crosscut adit, which connects with the east-west Main
level about 350 feet below the surface. There are two
long drifts above the Main level, known as the Inter-
mediate and Second levels. Four shorter drifts below
the Main level were worked through a 400-foot winze.
Including principal raises and winzes there are about
6,000 feet of workings in the mine. At the time of
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examination the two lowest levels were under water,
and the Water tunnel and most of the 100-foot level
were inaccessible because of caved ground.

GEOLOGIC RELATIONS

Rocks—The sedimentary rocks exposed in the mine
are interbedded shales, mudstones, sandstones, and
grits, which dip 2° to 20° W. As shown in plate 2, the
main adit of the mine lies above the base of the Rico
formation. Although the contact of the Rico and Her-
mosa formations must lie not far below the Main level,
it has not been recognized in the lower workings. One
small exposure of red sandy and shaly limestone con-
taining Rico fossils was found on-the footwall of the
No. 2 level, 130 feet east of the Big winze, but no fossils
were found in the hanging wall, and the top of the
Rico formation has not been accurately located either
underground or in the immediate vicinity of the mine.
All available evidence indicates that most of the ore
came from the Rico formation, though some was found
in the lower Cutler and some almost certainly in the
uppermost Hermosa beds. Along most of the vein the
rocks are relatively unaltered.

Several porphyry sills, from 1 foot to nearly 200
feet in thickness, are exposed. As shown.in plate 22,
most of them are very irregular in shape and swell out
or cut across the sedimentary strata in many places.

Geologic structure—A body of breccia, the shape
and character of which are not entirely clear, is ex-
posed near the latitude of the main adit on all access-
ible levels but the No. 2. The breccia is composed of
angular fragments of sedimentary rocks. It is thor-
oughly silicified, and pyrite is abundant in the inter-
stices between the breccia fragments. Its contacts with
the adjacent sedimentary strata are gradational in some
places, but elsewhere they are marked by fairly well
defined fractures. The breccia mass is 75 to 230 feet
wide and appears to trend north, at right angles to the
course of the Gold King vein. TIts walls are nearly ver-
tical, and according to miners who worked in the lower
parts of the mine it extends at least as far down as’
the 300-foot level. -Whether it is a pipelike body or
represents a northward-trending crushed zone is un-
known. The porphyry sills appear to be later than the
breccia and to cut through it. This explains the absence
of the breccia on the Intermediate level and the presence
in several places of intrusive contacts between porphyry
and breccia.

The Gold King vein follows a fault that strikes nearly
due east and dips 35° to 85° N., its average dip being
about 60°. The outcrop has been traced northwestward
from Lewis Creek as far west as Amethyst Creek, the
first above Ashland Gulch. It should be noted that the
Lucky Strike vein, on the west side of the La Plata
River, follows the same course. The Sadie vein is al-
most certainly the eastward extension of the Gold King.
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In and near the breccia mass the fracture zone takes
an irregular course and is much split up; elsewhere its
course is regular, and only a few minor fractures split
" off into the walls. The main fracture consists of a zone
of crushed and brecciated country rock, thoroughly ce-
mented and more or less completely replaced by dense
to finely crystalline quartz. In and near the breccia
the zone may attain a width of more than 10 feet, though
‘it locally pinches down to 2 inches; away from the

breccia its width rarely exceeds 6 inches.

On each side of the breccia mass the wall rocks are
lightened in color and silicified for 2 to 10 feet away
from the fracture plane, but in other places the silicified
zone is less than a foot wide or is entirely absent.

The amount and even the direction of displacement
along the Gold King fault have not been determined, be-
cause the ¢only recognizable marker bed, the one contain-

ing fossils, could not be found on the hanging wall.

The difference in form of the porphyry masses exposed

in the two walls is such as to suggest a possible vertical .

displacement of 400 feet or more. But, as there is no
other evidence of such a displacement, the writer be-
lieves that the fault is probably a small one and that
the difference in the shapes of the porphyry masses was
governed in part by an older, or preporphyry, fault
zone which guided the porphyry magma to some extent.

In summary, the sequence leading to the formation of
the vein seems to have been about as follows: Forma-
tion of the breccia mass and of an eastward-trending
fracture zone; silicification of the wall rocks, particu-
larly of the breccia; intrusion of porphyry; renewed
movement along the east-west fault zone; deposition of
ore and silica.

ORE DEPOSITS

Ore mz'?wmls.;The principal ore minerals of the
Gold King mine are tellurides of gold and silver and
native gold. The rather high ratio of gold to silver in
most of the ore mined suggests that gold-bearing tellu-
rides (krennerite, calaverite, and perhaps sylvanite and
petzite) are more abundant than in the specimens ex-
amined. In them hessite is by far the most abundant,
but one large specimen is rich in krennerite, and small
quantities of calaverite and coloradoite are widespread.

Other metallic minerals are native tellurium, pyrite,
sphalerite, tetrahedrite, galena, chalcopyrite, myargy-
rite, pyrargyrite, and cerussite.
white to dark green or gray quartz, accompanied by
small quantities of barite, calcite, ankerite, and fluo-
rite. The ore minerals form small irregular masses
scattered through the gangue; only in exceptionally
rich specimens do they make up more than a small pro-
portion of the ore. Sulfides are the most abundant,
the tellurides are next in abundance, and the silver sul-
fosalts are scarce. Small veinlets and irregular masses
of free gold have been found even on the lower levels.

The gangue is largely
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Galena is abundant in places, particularly in the flat
ore shoot above the No. 2 level.

Ore shoots—Most of the ore that has been produced
was found in an ore shoot closely associated with the
breccia mass (pl. 22). Above the Main lével this shoot
was 250 to 350 feet long and at least 200 feet high.
Stope and company assay maps suggest that below the
Main level it pitches a little toward the east, but little
is known as to its downward extent. No reliable method
of predicting where ore is likely to be found within
the shoot is known. Wide places in the vein appear
to be thore favorable than narrow ones. The vein splits
and encloses large wedges or horses of wall rock in

* several places, and thus far minable ore has been found

along only one of these splits at any one place. It
displays no consistent preference for either the foot-
wall or hanging-wall splits but nearly always follows
the steeper of the two.

A smaller ore shoot, which has yielded ore containing
more lead and somewhat less gold than the one de-
scribed, has been exploited above the No. 2 level, east
of the breccia mass. ‘This shoot was only 60 to 150 feet
high but was about. 900 feet long. In and near this
shoot the vein is narrower than in the larger shoot, and
the wall rocks, which include porphyry, shale, and
sandstone, are only slightly metamorphosed. The
available evidence indicates.that a sharp steepening of
the dip of the vein has been a controlling factor in caus-
ing localization of ore. This dip ranges from 40° to 60°
below the No. 2 level and from 65° to 80° above it.

Tenor—Few detailed records of the tenor of the ore
produced are available. The average gross value of
all the ore mined to the end of May 1935 was $13.46 to
the ton (gold valued at $35 to the ounce). Some of the
ore was much richer than this; for example, one 25-ton
carload of sorted crude ore shipped in the spring of
1935 yielded a net smelter return of $9,952. The mill
record for 1935 shows that 3,284 tons of ore milled con-
tained 0.11 ounce of gold and 1.00 ounce of silver to the
ton, 0.44 percent lead, 0.40 percent zinc, 0.85 percent
iron, and 85.0 percent insoluble. This ore yielded 103
tons of concentrates containing 2.95 ounces of gold and
25.40 ounces of silver to the ton, 12.1 percent of lead,
12.0 percent of zinc, 23.0 percent of iron, and 15.9 per-
cent of insoluble. The tails contained 0.016 ounce of
gold and 0.20 ounce of silver to the ton. Ore from the
smaller shoot that was being milled toward the close of
operations in 1937 had a gross value of $5 to $10 per
ton. The great increase in lead production for that
year probably reflected an improvement in milling
methods, as well as a difference in-the mined ore. The
unmined portions of the vein have not been thoroughly
sampled, and the results that have been obtained at
different times have been conflicting. One set of rec-
ords available to the writer -and believed to be fairly
reliable show that 24 samples taken below the 100-foot
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level contained from 0.08 ounce to 5.31 ounces of gold
to the ton over widths of 8 to 30 inches, and averaged
0.92 ounce of gold over about 20 inches.

SUGGESTIONS FOR FURTHER PROSPECTING

The ore developed by the present workings is etl
dently almost exhausted, but-in view of the relatively 1
large production per foot of development work, search ! 4
for other ore shoots is tempting. The two ore shoots
that have already been discovered and worked occurred
at places where the wall rocks were brittle and the vein
was steep, and it is reasonable to suppose that other
shoots, if they exist, will be found at similar places.
Unless geophysical methods can be brought to bear on
the problem, it will be difficult, if not impossible, to
foretell the location of the most likely places in advance
of actual development.

The breccia mass described above is the most brittle
and hence the most favorable wall rock known in the
mine. ]
possible splits of the Gold King vein would seem to be
justified. Further exploration in depth, particularly
within and near the breccia, would also seem to be
justified. The Hermosa beds should certainly prove to
be at least as favorable as the overlying Rico beds which
have yielded most of the ore produced in the past. It
is not known positively that the vein iS continuous
between the productive Eureka-Bulldozer and the Sadie
mines, but available information justifies a search for
this part of the vein. The possibility of finding ore at
the junction of the westward extension of the Eagle
Pass and the Gold King veins should be investigated,
and so should the probable westward extension of the

Gold King vein itself. If any such exploratory cam-

paign is undertaken, it should be done with the full
realization that it is highly speculative and that ore
shoots, if they exist at all, may be small and therefore
likely to be missed entirely.

GOLD KING-SWAMP ANGEL

The Gold King-Swamp Angel group of claims is-
between Fassbinder and Leavenworth Gulches. Its
relation to the Wheel of Fortune group is shown in
figure 49. The Gold King, Swamp Angel, and Bobtail
claims, which make up the group, were among the first
claims to be patented in the district. According to
Dan Cason, of Durango, the mine produced some native
gold and copper and a little native mercury, but in what
quantity is not recorded. In 1902, shortly after the
discovery of the Neglected mine, the Gold King was
reopened and somewhat developed but produced no
ore.? The country rocks in the vicinity of the mine
are unmetamorphosed redbeds of the Cutler formation,
with which several thin sills of porphyry are associated.
The vein was developed by several adits, but all of them
were caved in 1936, so that the vein' could not be

12 Min. and Sci. Press, vol. 85, p. 136, 1902.

Exploration in this breccia in search of other -
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examined. Its'course, according to the claim map (pl.
14),is about N. 80° E., and it is apparently an extension
of the Oro Fino vein.

GOLD WEDGE (5)

The Gold Wedge vein, on the patented Gold Wedge
and St. John claims, is apparently the northeastward
extension of the Aurora vein. The workings are on the

‘ north slope of the ridge between the Bessie G. and

Aurora mines, at an altitude of 11,475 feet. They can

1 be reached over a branch from the Bessie G.-Columbus

Basin trail. The vein was discovered early in the his-
tory-of the district and produced an unknown quantity
or ore. Purington does not mention it in his notes for

1896, and it had been idle for many years when visited
'in 1937. It was worked by at least two adits, both of

which are caved.

On the north slope of the ridge near the mine, the
outcrop of the vein trends N. 55° E. At the top of the
ridge its course swings to S. 80° W., but how much of
the swing is due to dip and how much to actual change
in direction is not known. The continuation of the
vein west of the ridge is known as the Aurora vein.

According to Burchard,® the mine was worked in
1883 by two drifts, 60 and 70 feet long. He states that
the vein contained 11 inches of ore that yielded from
$75 to $190 gold and silver to the ton in carload lots, 80

. percent of the value being in gold. Blocks of ore now

on the dumps show that parts of the vein are at least a
foot wide. The vein matter consists of white to green-
ish-gray granular quartz containing specks of galena,
pyrite, arsenopyrite, and telluride minerals. A few
tiny vugs are lined with clear quartz crystals and with
minute crystals of light-brown ankerite. A: represent-
ative sample of vein matter from the dumps was col-
lected for assay. It yielded 0.90 ounce of gold and 7.28

- ounces of silver to the ton.

GOOD HOPE (5)

The Good Hope mine, on the patented Good Hope -
claim, is about, 1,200 feet west of Eagle Pass, on French

' Gulch, a tributary to Lewis Creek. The principal

workings are 50 feet below the Eagle Pass trail, at an
altitude of 10,400 feet. These, or other workings on
the westward extension of the vein, have been known
at various times as the Excelsior, Yankee Boy, and Jes-
sie May. The Good Hope is an old mine, and almost
nothing is known of its production except that it pro-
duced $183 in gold and $187 in silver in 1887 ** and pro-
duced nothing from 1902 through 1940. In 1941 it pro-
duced 3 tons of ore that yielded 4.90 ounces of gold, 164
ounces of silver, and 68 pounds of copper. There was

13 Burchard, H. C., Report of the Director of the Mint upon the
production of the precious metals in the United States, 1883, p. 370,
181844Munson G. C, in- Kimball J. C., Report of the Director of the Mint

upon the productlon of the precious metals in the United States, 1887,
p. 172, 1888.
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an open-cut on the vein, and a short crosscut adit from
which drifts were probably opened on the vein.

The country rock is largely sandstone and shale of
the Cutler formation, but.a porphyry sill is exposed just
north of the open-cut. The rocks are unaltered except
close to the vein, where they are silicified.  The vein
strikes N. 80° W. and dips steeply north. As was noted
in describing the Eagle Pass vein, the Good Hope is

probably on the extension of the Jeénnie Lind vein sys- -

tem. In the open-cut it occupies a fracture zone 10
feet wide. The country rocks in the fracture zone are
iron-stained, indicating the former presence of pyrite,
and the vein matter consists of a few streaks of quartz
and barite. According to Purington, the vein exposed
in 1896 consisted of four stringers of quartz in the
sandstone, thought to be of promising width. He
states that the ore was similar to that from the Durango
Girl and other mines in Walls Gulch, consisting largely
of gold telluride in quartz and containing a little sulfide.

GRAND VIEW (2b)

According to Purington,’® the Grand View prospect
was situated on Bragdon Ridge at an altltude of 11,250
feet. It was 1,500 feet east of the Tip Top clfum of
the present Monflrch group, and occupied part of the
area that is more fully described here as the May Rose
mine.
northeastward-trending zone of pyritized and decom-
posed porphyry, which was referred to as a “vein.”
According to information given to him by local miners,
the altered porphyry as a whole was said to average
$0 05 to the pan in gold.

GRAVES (2¢)

The Graves mine is east of and above the Southern
Boy, on the east side of the La Plata River and south
of Burnt Timber Creek. Much work has been done on
the property over a period of several years, but very
little ore has been produced.

Two veins have been explored. One of them strikes
N. 10° to 20° E. and is nearly vertical. It is developed
by a series of adits and open-cuts on the.south side of
Burnt Timber Creek that expose the vein at several
places between altitudes of 9,200 and 9,700 feet. None
of these openings is more than 200 feet long. The vein
occupies part of a 3-foot to 10-foot silicified fracture
zone. The main zone sends off several branches that
strike about N. 830° E. In some places the vein is a mere
film but parts of it are as much as 12 inches thick. It
consists of dense quartz, much pyrite, some chalcopy-
rite, galena, tetrahedrite, and large quantities of an-
kerite, which weathers dark brown or black. Crystals
of quartz and calcite line vugs. In places the quartz,
ankerite, and sulfides occur in alternate bands; else-
where the sulfides and ankerite form irregular masses in
the quartz. '

16 Purington, C. W., unpublished field notes, 1896.

Purington states that the prospect explored a -
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The second vein strikes N. 38° E. and dips steeply
northwest. It probably intersects the first about 1,500
feet south of Burnt Timber Creek. It is either the
northeastward extension of the_Little La Plata-Red
Cloud vein, developed by the Lady Eleanora mine, or
a closely parallel one. It lies within a 5-foot fracture
zone and is 1 foot to 2 feet wide. It is made up of
strongly sheared country rock, traversed by streaks and
veinlets of cream to light-brown dense quartz inter-
grown with coarsely crystallized barite. Galena, py-
rite, and ankerite fill interstices in the barite. Some of
the ore is oxidized and contains free gold.

GREENHORN

The Greenhorn prospect is close to the La Plata River
and about 500 feet north of the mouth of Darby Creek.
It has been inactive for many years and apparently
never produced any ore. It was developed by two short
adits, one on each side of the river. The country rocks,
believed to belong to the upper part of the Hermosa
formation, are strongly silicified. Several eastward-
trending dikes of diorite and of diorite-monzonite por-
phyry are exposed near the prospect. The vein is
vertical and strikes N. 81° E. According to Purington,
it consists of a 6-inch to 18-inch belt of stringers of
dark-gray quartz, associated with calcite and barite.
Purington noted very small crystals of what he took to
be realgar enclosed in the calcite. The vein matter was
reported to contain $19 worth of silver to the ton. Sev-
eral other parallel veins and fracture zones occur near
the Greenhorn, but none of them have been prospected
to any extent, and none appear to be partlcularly
promising.

HIDDEN TREASURE .

One of the mines called the Hidden Treasure is
believed to have been near the Daisy-Hibernia group
of mines, already described. According to the report
of the Director of the Mint for 1883, it was on the center
fork of Lightner Creek and was worked along a 5-foot
vein in a porphyry dike. The ore-bearing part of the
vein, said to have been 4 feet wide, consisted of white
quartz enclosing galena, sphalerite, pyrite, and argen-
tite. The deposit was worked through a 25-foot shaft
and a 12-foot adit, and the ore is reported to have
yielded from 20 to 300 ounces of silver and 0.1 to 0.6
ounce of gold to the ton.

HIDDEN TREASURE (TIRBIRCIO CREEK) (57)
The Hidden Treasure mine on Tirbircio Creek, near

"the mouth of Schurman Creek, can be reached by a trail

which follows that stream from the Gold King mill.
This is believed to be what Burchard,® in the report
of the Director of the Mint for 1883, called the Heck
mine. The deposit was worked by two adits on the
north bank of Tirbircio Creek. Both adits are now

16 Burchard, H. C., op. cit. (for 1883), p. 375, 1884,
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caved, but they must have had a total length of several
hundred feet.

The lower adit is near the top of the thick porphyry
sill that is exposed near the mouth of Tirbircio Creek,
and the upper adit is in silicified redbeds of the Cutler
formation that overlie the porphyry. The vein follows
a strong, eastward-trending fracture zone that is prob-
ably an eastward continuation of the Honeydew zone.
All the rock on the dumps is brecciated and iron-stained,

" and there is much soft gouge. White to gray quartz
- with pyrite and a little galena can be seen in places.
According to V. H. Steele, of Hesperus, the workings
followed irregular courses through a broad breccia zone
in search of the vein, which was never found. He’
states that only the gouge contained values. A large
sample of the gouge, taken by Mr. Steele was concen-
trated 10:1 by panning, and this concentrate yielded
170 ounces of gold to the ton; that is, the original sam-
plé must have contained about 17 ounces of gold to the '
ton. These figures are in accord with those reported
by Burchard for the Heck mine. He says that the mine
worked a 3-foot pay streak rich in tellurides. Ship-
ments in several-ton lots are said by Burchard to have
yielded $537 to the ton for first-class ore and $135 for
second-class ore. There are several other veins between -
Schurman Creéek and the mouth of Tirbircio Creek.
They all trend nearly due east and probably are similar
in character to the Hidden Treasure, but the little pros-
pecting that has been done on them has apparently been
disappointing. .
' HONEYDEW (2c)

The Honeydew prospect, originally known as the Del\\
Rey, is in some respects one of the best situated in the
district for exploration of possible replacement deposits
in the Hermosa formation. It is on the west bank of
the La Plata River, opposite the mouth of Boren Creek
and just north of the town of La Plata. It has been -
worked several times since its discovery in the early
nineties but has produced only a few dollars worth of
ore.

The deposit has been explored by means of several
short adits and by two shafts, 60 and 100 feet in depth.
A 100-foot crosscut was run from the bottom of the
100-foot shaft. Both shafts were full of water in
1985--37.

The country rock near the mine is diorite-monzonite
porphyry, part of the thick crosscutting body that is
. exposed along the La Plata River from La Plata to a
point above the Gold King mill. A thin wedge of
silicified shale, believed to belong to the lower part of
the Cutler formation, is exposed near the mine. The
_thickness of the porphyry is not known. It is an ir-
_ regular crosscutting body in places and may indeed be
stocklike in the vicinity of the Honeydew. (See pl. 2.)
Even if the base is sill-like, there is no reliable informa-
tion regarding the depth to the Hermosa formation,
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which, however, must be at least 500 feet below the.
surface

Above the mine, on the ridge between Spencer Gulch
and Schurman Creek, there are several porphyry sills,
interlayered with metamorphosed rocks of the Cutler
formation.

The Honeydew is in a broad eastward-trending frac-
ture zone. Most of the fracture strike N. 70° E. to due
east and are nearly vertical. The rock is thoroughly
brecciated along some of the major fractures, a few of
which give evidence of minor faulting with downthrow
on the south. Throughout a belt several hundred feet
wide the porphyry is strongly sericitized and contains
innumerable fractures, many of them filled with vein-
lets of pyrite-bearing quartz enclosing a little galena
and chalcopyrite in places. The stronger fissures,
which are from 6 inches to 2 feet in width, contain
quartz veins comparatively rich in pyrite, “steel”
galena, chalcopyrite, sphalerite, and tetrahedrite. The
quartz is cut by veinlets and veins of pink to buff
ankerite up to 1 inch in width. Most of the quartz is
white like the quartz typical of pegmatites, but some is
clear and some is mixed with dense chalcedony. In
places irregular masses of white to pink orthoclase as
much as 2 inches in diameter are intergrown with the
quartz and give the vein matter a pegmatitic aspect.
Locally, sulfides make up more than 50 percent of the
vein matter.

The 60-foot shaft was sunk on one of the veins men-
tioned above. This vein is said to have been 2 feet wide
near the bottom of the shaft and to have yielded a small
lot of sorted ore that contained copper, lead, silver, and
a little gold. A nearly horizontal fault was cut near
the bottom of the shaft, and the vein was lost. The
100-foot crosscut from the 100-foot shaft traversed a
complex series of fault fractures and found little or
no ore.

Too little is known of the Honeydew deposit or of = "

its general geologic relations to justify predictions as
to the possibility of finding workable ore bodies in
depth. The presence of base-metal deposits in a strong
fracture zone in rocks not far above the Hermosa forma-
tion indicates, however, that replacement bodies may
hwe been formed in the Hermosa limestone, and cau-
tious exploration, either by shaft or by diamond
drilling, seems justifiable. It should be clearly under-
stood, however, that there is at least an even chance that
the porphyry body is stocklike in character and may
extend to great depths. Whether or not there are re-
placement bodies in the limestone, it is possible that
workable deposits of base-metal ore might be found at
favorable places along some of the vertical veins.

INCAS (5)
HISTORY AND PRODUCTION

The Incas mine, known also as the Van Emmett
property, is on the southeastern slope of Ohlwiler

P
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Ridge, most of the workings being between 10,500 and
11,000 feet in altitude. The mine can be reached over
a good pack trail from the May Day mine. Although
it has been one of the heaviest producers in the district,
the mine was not discovered until 1909. The greater
part of its total production of more than $250,000 was
taken out before 1913, and no ore has been produced
since 1922. During 1936 and 1937 a 500-foot crosscut
adit was driven by the Nugget Gold Mines Co., of
Denver, in an effort to develop the Incas veins at lower
levels.

None of the productive workings were accessible in
1936, and the following account is.based in part on a
private report by C. A. Chase.and on conversation with
Dan Cason, who made the first discovery. Cason’s
work was confined to a shaft sunk at the intersection of
a northward-trending vein with the north wall of an
east-west porphyry dike. The results were encourag-
ing, but none of the bonanza ore that characterized the
Incas deposit was uncovered. Later a Mr. Avery,
working on a lease from Cason, .drove an adit on the
south side of the dike and discovered a rich “blanket”
deposit in the Pony Express limestone in a raise above

OPEN CUT
£1395 FT

1
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the adit. At the height of the mine’s activity, 100 head
of horses and mules were used to transport ore and sup-

REECR°ZBLY

plies. The total production is shown in the following
table: '
Production of Incas mine, 1909-43*
Ore sold (¢! Lead ?vm'ge
Te SO. n opper 31 enor 1n
Year or treated ?ﬂl;ig S%;gr (pounds, | (pounds, | gold
(short ounces) ounces) wet wet (ounces
tons) assay) assay) to the
ton)
9 11.02 1
1.579 |  2,350.66 1
4008 | 6 44151 1
1109 | 1,697.77 I
N 22, 58 .
519 744. 47 I
33.62 )
84 94.70 1
305 576. 50 I
236 242,10 I
7,074 | 12,205.92 imene

1 Compiled from mine records of the U. 8. Geological Survey and the Bureau of
Mines. No production for years not listed. .
% Includes a small production from Gold Coin claim.
The main workings are shown in figure 27. In addi-
tion to them, the whole southeast slope of Ohlwiler
Ridge is dotted with the dumps of caved prospect adits

NEW PRICE
TUNNEL

LOWER PRICE TUNNEL

.\\ TUNNEL NO.3
E1.300FT.

L
From map by C.AChase, 1912

El 402 FT
" EXPLANATION
COMBINATION TUNNEL
E1.358 FT. Porphyry
70
Fault, showing dip
73
.... L N
, Contact, showing dip
7]
Top of.raise or winze
100 Feet
4 2

Foot of raise or winze

F16UuRrE 27.—Plan of principal workings, Incas mine.
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and shafts, which are especially numerous along and GENIGAT SGHOLOGIC,RELATIONS

near the outcrop of the Pony Express limestone. The As the smooth, grass-covered slope of Ohlwiler Ridge
only old adit that was accessible in 1936, known as the reveals but little as to the underlying geologic relations,
Miller tunnel, is shown in figure 28. The adit recently those shown in plate 2 are highly generalized. In es-
driven by the Nugget Co. is at an altitude of 10,700 feet. sence, it may be said that the normal succession of beds
It was 500 feet long in 1937 and trends N. 5° W. ranges from the upper part of the Dolores formation

‘%\\g:\\\lft.
brecci
’g \\U‘\ cecca

gouge and

p.13" incline

Porphyry

7

Marl membe
Middle La Plata shale)

Pony Express limestone member
(La Plota limestone)

Wanakah formation

aise 43 ft. at 80°incline
fo upper level . Entrada sandstone
(Lower La Plata sandstone)
Formation names in local use in parentheses
60

Barren fault, showing dip
——yfh
Vein, showing dip
(Dashed where inferred)
—
Vertical vein
T b
Intrusive breccia dike,
showing dip
(Several small breccia dikes
and sills not shown)

65
oy

Contact, showing dip

=4

e
Vertical contact
22

> ~LZ
Strike and dip’of beds

a
Top of raise or winze
F f & i
.Top of limestone | ft  Foot of raise orwinze

-+
5 Delow floor Chate

Sill resting on

10 ft. raise limestone

7, Top of limestone 2 ft. below
s, floor of drift.

Base of limestone 10 ft. above
floor. 1%2 in. intrusive breccia
sill in limestone bed

Base of limestone
2 ft. above floor

50 0
[ ET R0 O] 1

Surveyed with tape and compass

Fi1GURE 28.—Plan of Miller tunnel, Incas mine. The complex geologic regulations shown on the map are probably typical of a large part of
Ohlwiler Ridge.
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through the Junction Creek sandstone. The beds dip
about 20° SW. A series of porphyry dikes, from 5 to
100 feet in thickness and having a general northwesterly
trend, cut the sedimentary rocks. At least 10 such
dikes are exposed in the bed of Little Deadwood Gulch,
but, as other exposures are largely lacking, most of
them are not shown on plate 2. A large number of frac-
ture zones, some of them well mineralized, also cut the
rocks. Most of them trend northwestward and are
nearly vertical. The rocks along several of these zones
are faulted, but there seems to be no uniformity in the
direction or amount of displacement and it seems prob-
able that the net fault displacement in the area is
negligible. :

MAIN INCAS MINE

Nearly all the ore produced from the Incas mine was -

taken from the south side of a porphyry dike (fig. 27).
Three types of deposit were worked—veins, altered
limestone, and the mineralized sandstone that immedi-
ately overlies the limestone.

There are five main veins or mineralized fault zones.
Four of them, known as the East, Burris, Blount, and
No. 8 faults, strike northwest. The fifth, the No. 1
fault, strikes north and crosses the others. The veins
. consisted of brecciated and sheeted sandstone contain-
ing a few seams of vein quartz. They averaged about
8 feet in width but were locally as much as 15 feet wide.
The walls were well-defined. Gold was finely dissemi-
nated throughout the breccia. Locally it was asso-
ciated with pyrite, but in general this mineral was re-
garded as unfavorable. The shipping ore in the veins
was found in short vertical shoots. The remainder of

the vein material, most of which was of milling grade, |

-was not mined. All mining was done by assay control

The Pony Express limestone member of the Wanakah
formation yielded much of the ore that was taken from
the Incas. The character of the shipping ore has not
been recorded, though presumably the ore contained
free gold and gold-bearing tellurides. The altered
limestone seen on the Incas dumps is characterized by
an abundance of ankerite and other mixed carbonate
minerals, and much of it is entirely recrystallized to
brown marble. A little pyrite is present in places.
‘Several carloads of the limestone ore are said to have
yielded 10 ounces of gold to the ton. The dumps con-
tain much unaltered limestone, some-of which, if not
all, was taken from north of the porphyry dike.

A bed of sandstone immediately above the limestone
and known as the “sandstone to the parting” was
crushed and mineralized in many places and yielded
much ore. . Presumably it was mined with the lime-
stone. It is overlain by the marl member of the Wana-
kah formation and probably corresponds to the Bilk
Creek sandstone member as defined by Goldman and
Spencer (pp. 28-29).
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The following table shows average assay of samples
taken by C. A. Chase in 1912 from the different deposits.
Some of the ore represented by these samples was doubt-
less removed between 1912 and 1922.

Average results of samﬁling, Incas mine?!

ber
Ig;] sualuzle Place or type of deposit Th(if‘élégess Value ?
ples

21 | Altered limestone__.____..__.______ 1.8 $9. 75
15 | “Sandstone to the parting”_______ 3.0 5. 60
26 | No.3fault_ __________.________. 3.5 39. 60
10 | No. 1fault.  _________.________. 3.7 18. 00
19 | Stope M _ _ L |oiaoo-- 10. 40
31 | Burrisfault ... ______ 3.2 15. 00

1t Compiled from private report by C. A. Chase, 1912.
3 Gold at $20.67 per ounce, silver about $0.61.
3 One sample showing $164.40 excluded from average.

The writer took a representative sample consisting of
several hundred chips from various parts of the la<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>