A RECONNAISSANCE OF THE COTTONWOOD-AMERICAN
FORK MINING REGION, UTAH.

By B. S. Burcer and G. F. LovcHriv.

INTRODUCTION.

The data on which this report is based were obtained in the summer
of 1912 during a reconnaissance of the mining districts of Utah made
in a general study of the ore deposits of the State, and it was origi-
nally intended to publish the description in the general report,
which is now nearing completion and which will include an account
of the region herein described. Owing to the unusual interest now
being shown in the region, however, it seems desirable to issue this
description in advance of the report on the entire State.

The report is based on a reconnaissance quite insufficient to permit
a thorough study of the very complicated geology, but the attempt
was made to determine the main features of stratigraphy, structure,
and ore deposition, and it is hoped that the results here presented
will be of assistance to those engaged in mining. It should be borne
in mind that both the descriptions and the map, though expressing
the general features of the district, lack the detail desirable for the
laying out of mining development. Such detail can be procured only
by very careful mapping. A portion of the Park City district,
mapped by Boutwell, Irving, and Woolsey, is shown on the map
(P1. VI) to indicate the relation of the region discussed to that dis-
trict. The map of the Park City district as a whole is published in
Professional Paper 77 of the Survey.

The Cottonwood-American Fork mining region includes the Big
Cottonwood, Little Cottonwood, and American Fork districts, which
are situated in the central part of the Wasatch Mountains just south-
west of the Park City district. Its approximate limits are parallels
40° 30" and 40° 40" and meridians 111° 34" and 111° 45”. Alta, the
principal town, is centrally located, near the head of Little Cotton-
wood Canyon, about 20 miles southeast of Salt Lake City. Each of
the three districts is named from a prominent canyon, which heads
near the main divide and extends westward to the front of the range.
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The districts are separated from one another by the divides bound- :
ing the canyons.

The Big Cottonwood district is the northernmost of the three and
is reached in summer by automobile stage from Salt Lake City to
Brighton (Silve1 Lake), a summer resort near the head of the can-
yon. Ore is hauled by wagon down the canyon to the smelters in
Salt Lake Valley. :

The Little Cottonwood district is between the other two and in-
cludes Alta, the principal settlement of the region, which is reached
by stage from Sandy, 16 miles to the west, in Salt Lake Valley. Ore
from most of the Little Cottonwood mines is conveyed by aerial
tramway about 5 miles to Tanners Flat, and thence about 2 miles by
wagon to Wasatch, the terminus of a spur line which connects with
the Denver & Rio Grande Railroad at Midvale. The railroad fol-
lows the course of the old tramway, which was abandoned years ago. |

The American Fork- district, the southernmost of the three, is
reached by wagon from the town of American Fork, on the Denver
& Rio Grande and the San Pedro, Los Angeles & Salt Lake rail-
roads. The town is about 20 miles from the more important mines,
which are grouped near the head of the canyon. A stage has been
operated intermittently between the town and the mining district.
In the early days a railroad was built for a distance of about 16
miles up the canyon, but it was demolished in 1878 and its iron sold.

A few notes on the Alpine mining district, which lies about 5
miles north of the town of American Fork, west of the area shown
on Plate VI, are given on pages 223-224.

PREVIOUS WORK.

No detailed geologic work covering the entire region has ever been
undertaken. The first geologic mapping was done by the geologists
of the Fortieth Parallel Survey in 1869,' and their map, published
in 1877, has been of great assistance to all engaged in the study of
the region since that time. The general geology of the middle
Wasatch Range was briefly described by Boutwell.? Descriptions of
certain mines studied in 1880 were published in the report of the Tenth
Census of the United States, extracts from which are quoted in the
following pages. The glaciation of the region has been described by
Atwood.> No recent study of the geology of the region as a whole
was undertaken until the writers’ reconnaissance in 1912. In that
year a study of the stratigraphy and structure of the Cottonwood spe-

cial quadrangle, which covers the area between the meridians 111° 34’

17. 8. Geol. Expl. 40th Par. Rept., vol. 2, pp. 342-366, 1877.

2 Boutwell, J. M., Geology and ore deposits of the Park City district, Utah, with con-
tributions by L. H. Woolsey : U. S. Geol. Survey Prof. Paper 77, p. 41, 1912.

3 Atwood, W. W., Glaciation of the Uinta and Wasatch mountains: U. 8. Geol. Survey
Prof. Paper 61, 1909.
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and 111° 40’ shown on Plate VI, was made by F. F. Hintze, jr.
Hintze’s results in part duplicate and in part supplement those of
the writers. Additional confidence in the accuracy of the interpre-
tation of the general stratigraphic and structural relations is felt
from the fact that Hintze and the writers, studying the area inde-
pendently, arrived at substantially the same conclusions.? Other
papers which deal with certain features of the geology of the region
are cited in the following pages.

Since the beginning of the recent activity in mining around Alta,
several articles on the new developments have appeared in mining
journals and newspapers. Among the more important of these are
the following: C

Ryan, G. H., The strike in the Cardiff: Salt Lake Mining Review, Nov. 30,

1914, p. 15.  Describes the relatlon of the newly found ore body to local
geologic structure.
Some Alta activities [special correspondence]: Eng. and Min. Jour.,
- Apr. 17, 1915, pp. 689-690. Shows the replacement ore bodies along limestone-
quartzite contact to be’connected with ore-bearing fissures, and describes de-
velopments in the Cardiff, Columbus Extension, and South Hecla mines.

Howard, L. O., Mining in Utah: Min. [and Sci.] Press, Sept. 18, 1915, pp.
445-446. Describes conditions existing in the Big and Little Cottonwood dis-
tricts, especially as regards the intrinsic value of mining shares. Accompanied
"by map showing claim- boundaries of principal properties.

TOPOGRAPHY.

The region extends from the crest of the Wasatch Range to the
edge of Salt Lake Valley and is therefore one of strong relief. The
west base of the range has an approximate elevation of 5,000 feet,
and the highest summits, between the upper parts of Little Cotton-
wood and American Fork canyons, attain altitudes of almost 11,500
feet above sea level. Alta, around which are located the principal
mines in Little Cottonwood Canyon, is at an elevation of 8,700 feet
and lies just north of Mount Baldy and Twin Peaks, the highest
summits of the region. Brighton, or Silver Lake, also has an ele-
vation of about 8,700 feet and is surrounded by summits attaining
over 10,000 feet. Similar contrasts in elevation are found in the
American Fork district.

The effects of recent glaciation are strongly expressed. The slopes
are usually steep and smoothed ; many of them include considerable
areas of bare, polished rock, and others contain extensive deposits
of drift that effectively conceal the bedrock geology. The canyons
have the U shape, branch canyons are of the “hanging” type, and

1 Hintze, I. I, jr., A contribution to the geology of the Wasatch Mountainé, Utah: New
York Acad. Sci. Annals, vol. 23, pp..85-143, pls. 1-6, 1913.

3 Loughlin, G. I., Reconnaissance in the southern Wasatch Mountains, Utah : Jour. Geol-
ogy, vol. 21, pp. 436452, 1913.
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the heads of canyons have the basin or cirque form—all characteris-
tic of glaciated areas. A

The region is one of considerable precipitation, including heavy
snowfall which greatly interferes with winter operations. Since
the removal of the timber, which was abundant in the early days,
snowslides have been a menace to life and property. It is stated that
in the Little Cottonwood district alone about 300 lives have been lost
and much property destroyed as the result of snowslides.! At the
higher elevations the snow remains until late in summer, and in years
of especially heavy fall it may not entirely disappear before the
snows of the next autumn begin to accumulate.

Water is abundant and of excellent quality. The creeks in the
three main canyons furnish hydroelectric power which is used by
several of the mines and is sufficient to supply any requirements of
the mining region and of the neighboring towns in Salt Lake and
Utah valleys. :

GEOLOGY. .

GENERAL FEATURES.

The formations of the Wasatch Range as a whole represent practi-
cally all the geologic periods from Archean to Tertiary. The sedi-
mentary formations have a general northerly strike, and their pre-
vailing dip is eastward, but they are affected by north-south folds,
as in many of the ranges of western Utah, and in places by over-
thrust faults of moderate to great extent. Within the Cottonwood-
American Fork region, however, the stratigraphic succession is
present only in part and is interrupted by unconformities. The
prevailing northerly trend of the formations is obliterated by a local
doming around a prominent intrusive stock. The rocks have also
been displaced by an overthrust fault, which appears to have been
produced by pressure from the east, whereas those in northern Utah,
southern Idaho, and southwestern Wyoming are attributed, in large
part at least, to thrust from the west.?

SEDIMENTARY ROCKS.

A ge.—The sedimentary formations within the Cottonwood-Ameri-
can Fork region are of pre-Cambrian, Cambrian, Devonian, Carbon-
iferous and Triassicage. They may be divided into two main groups—
the quartzite and shale series, of pre-Cambrian and Cambrian age—
and the great limestone series, the “ Wasatch limestone” of the

1 Palmer, Leroy, Modern milling at Alta, Utah: Salt Lake Min. Rev., vol. 8, p. 17, 1906.

2 Richards, R. W., and Mansfield, G. R., The Bannock overthrust: Jour. Geology, vol. 20,
No. 8, pp. 681-709, 1912. Blackwelder, Eliot, New light on the geology of the Wasatch
Mountains, Utah: Geol. Soc. America Bull, vol. 21, pp. 517-533, 1910.
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Fortieth Parallel Survey geologists, which is mostly of Mississip-
pian (lower Carboniferous) age, but also includes strata of De-
vonian, Cambrian, and in some places, perhaps, of other ages. Owing
to the overthrust fault which has caused a part of the quartzite and
shale series to override the lower limestone beds, the stratigraphic
sequence in Little Cottonwood Canyon appears to be as follows: A
thick basal series of quartzite and shale, a “lower-limestone,” an
“upper quartzite,” and the great upper limestone covered by later
formations. The “lower limestone” and “upper quartzite” were
called, respectively, the “ Ute limestone ” and the “ Ogden quartzite »
by the geologists of the Fortieth Parallel Survey, but the work of the
writers and of Hintze has shown that these formations ‘are not con-
tinuous throughout the region, also that the “lower limestone” con-
tains Mississippian fossils, and, therefore, can not be the same as the
Ute limestone, which is of Middle Cambrian age, whereas the top-
most shaly beds of the “upper quartzite” contain fossils of Middle
Cambrian age.

Pre-Cambrian rocks—The pre-Cambrian rocks of the region con-
sist of a series of quartzite, schist, and slate, or shale, about 11,000
feet thick. They make up the peaks north and south of Big Cotton-
wood Canyon and form the north boundary and part of the east
boundary of the granodiorite stock along Little Cottonwood Canyon.
Their strike is generally parallel to the granodiorite contact. They
dip very steeply to the north, with numerous contortions, in the

western part of Big Cottonwood Canyon, but the dip becomes less
" steep farther east and is as low as 30° along the divide northwest
of Alta. The quartzite members of this series are prevailingly light
gray, though some are reddish and purplish brown. The slate and
shale members are black, drab, greenish, and purplish, and some of
them have a strong slaty cleavage. Mud cracks and ripple marks
are commonly present.

Near or at the top of the pre-Cambrian section is an unusual con-
glomeratic bed in which pebbles and bowlders are embedded in a
very fine matrix. The character of this conglomerate strongly sug-
gests that it is of ancient glacial origin, as suggested by Hintze, who
has studied the rock in some detail.*

Cambrian quartzite and shole—The Cambrian strata are sepa-
rated from the pre-Cambrian by aslight angular unconformity, which
is marked by a basal conglomerate. These strata include quartzite,
shale, and limestone. The quartzite and shale band extends from a
point north of Big Cottonwood Canyon southeastward to-the upper
part of American Fork canyon. In the area north and south of
Alta it appears as two parallel bands, separated by a band of shale -

1 Hintze,'F. I, jr., op. cit., pp. 99-101.
10427°—Bull. 620—16 12 '
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and limestone along the course of the overthrust fault. Southwest-
ward from the head of American Fork the Cambrian quartzite and
shale, as well as the pre-Cambrian strata, are cut off by the grano-
diorite intrusion. Along the lower half of American Fork Canyon
and in the frontal hills east of Alpine the Cambrian quartzite is
exposed at three localities, where small, f'mlted domal uplifts have
brought it above the present surface.

The dip of the quartzite in the Big Cottonwood district is, as a
rule, rather low (about 30°) eastward or northeastward, but just
northwest of Alta and also near the American Fork divide it is
locally steepened and contorted along two reverse faults, the more
prominent of which extends along Superior Gulch. Just south of
Alta, around Mount Baldy, the dip is unusually flat, owing to local
warping along the west end of the Clayton Peak stock. South of
the American Fork divide the dip is at a uniform low angle (15°
to 20°) to the east-southeast. :

The Cambrian quartzite as a whole is of very ho'ht gray color on
fresh surfaces and yellowish on weathered surfaces. Its lower part
contains many beds of fine conglomerate. Its upper part is thinner
bedded than the average and grades upward into a dark sandy shale,
which contains thin intercalated beds of quartzite and which in turn
grades upward into the argillaceous limestone that forms the basal
beds of the great limestone series.

- In Big Cottonwood Canyon at two horizons in the shale Walcott*
found Lower and Middle Cambrian fossils. In Little Cottonwood
Canyon fossils were collected by the writers from the shale ex-
posures a little south and east of the Flagstaff mine. On this col-
lection L. D. Burling made the following report: “ Contains Zacan-
thoides cf. Z. spinosus and Obolus (Westonia) ella and is almost
certainly to be correlated with the Spence shale of the lower portion

" of the Middle Cambrian.” Another collection was made at a hori-

zon about 100 feet higher, of which Mr. Burling says, ¢ Contains

Micromita (Iphidella) pennmula and is probably to be referred to

the lower part of the Middle Cambrian.” A collection was alsc

made from the shale on the divide between Little Cottonwood and

American Fork canyons. Of this Mr. Burling says, “ Contains

Obolus (Westonia) ella and is probably to be referred to the lower

part of the Middle Cambrian, though this species is not very diag-

nostic.”

The thickness of the Cambrian quartzite is given by Hintze? as
700 feet, and that of the overlying shale as 150 to 200 feet.

Cambrian limestone—The limestone overlying the Lower and
Middle Cambrian shale and having the same geographic extent

1 Walcott, C. D., Correlation papers—Cambrian: U. 8. Geol. Survey Bull. 81, p. 319, 1891,
2 Hintze, F. F., jr., op. cit., pp. 103-104,
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consists for the most part of shaly and dolomitic beds, the latter
occurring mostly in the upper middle part. The following section
of this limestone was measured by Hintze:*

Section of Cambrian limestone on Mill D South Fork.

Feet.
Alternating blue shale and limestone conglomerate in beds
1 inch to 6 inches thick__ -~ 10
Alternating shale and limestone, passing into shale__________ 20
Thin fissile blue shale : 6
Dark-blue thin-bedded limestones, partings exceedingly ir-
regular ___ 55
Dark-blue heavy-bedded limestone, with a wormy appearance,
holes far apart 45
White limestone, thin bedded S 10
Dark-blue wormy-looking limestone, greatly resembhng typical
bird’s-eye limestone of the East 85
Thin-bedded brown shale, strongly jointed toward the top_-___. 60
Finely intercalated lime and shale.__ - 10
Light-blue streaky limestone; weathers white_..______________ 15
Blue heavy-bedded limestone, with wormy appearance toward
top - 60
Brown shale; blocky appearance from extreme jointing____-__ 75
Blue limestone intercalated with seams of clay, giving a banded
appearance ___.__ 30
. 481
Subformation: Alta shale______________________________-___ 200

Hintze tentatively assigned this limestone to the Ordovician, but
Burling,? in a more recent paper, states that he and F. B. Weeks
found Middle Cambrian fossils in the type section of the limestone,
at the south end of Reed and Benson Ridge. The limestone has a
character typical of the Middle Cambrian in other parts of Utah,
but its thickness, less than 500 feet, is much less than the thicknesses
of other Middle Cambrian sections that have been measured in the
State.

Unconformzty at top of Mzddle Cambrian—The oldest strata rec-
ognized in the Little Cottonwood district above the Middle Cam-
brian limestone, and resting in apparent conformity upon it, are of
Lower Devonian age. The Upper Cambrian, Ordovician, and Sila-
rian are therefore not present in this district and may be absent from
the entire Cottonwood-American Fork region. The general uni-
formity of strike and dip and the lithologic similarity of beds at
different horizons throughout the great limestone series prevent. a

1 Hintze, F. F., jr., op. cit., pp. 105-106.

2 Burling, L. D., Early Cambrian stratigraphy in the North American Cordillera, with
discussion of the Albertella and related faunas: Canada Geol. Survey Mus. Bull. 2, p. 101,
1914.
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more positive statement until the series has been studied in great
detail throughout the region. . '

Devonian limestone—Devonian fossils in the region were first
found by Tenney! in 1873. In 1912 fossils of this age were also
found by Hintze? on Montreal Hill, a small area not traversed by
either of the writers. Hintze’s section is as follows:

Section of Devonian (Benson l'iméstone) found on Mill D South Fork.

' Feet

Hard dark-blue cherty coralline limestone___.._____________ 100
" Massive dark-blue limestone______________________________ 300
Fossiliferous blue limestone __.__________ __ ____ ___ ___ _____ 3
Thick-bedded blue limestone______________________________ 100
Dark-blue cherty and brecciated limestone_________________ 200
Dark-blue limestone_..____ S 100
Dark porous limestone, very fossiliferous_._______________ 21
Thick-bedded blue limestone, extensively bored_____________ 120
Thick-bedded light-blue limestone____________ S 43
Thin-bedded blue limestone__ . 45
1, 032

The Devonian limestone is stated by Hintze to rest unconformably
upon the Middle Cambrian limestone. Its base “is marked by a
limestone conglomerate which rests upon a thin bed of yellowish-
green shale, which in turn rests on a thick limestone member. This
condition is best shown on the Reed and Benson Ridge, just above
the old mine workings of the same name. It is also exposed on the
ridge between Days FFork and Little Cottonwood Canyon, just west
of Flagstaff Mountain.” Hintze proposes the name Benson lime-
stone to designate the Devonian strata.

These exposures suffice to show that the Devonian limestone is
continuous to the northwest of Alta. It may well be present south
of Alta also, but its extent in this part of the region is not known.
In American Fork Canyon south of the Pacific (Blue Rock) mine,
limestone of probable Mississippian age lies only a few hundred
feet above the Middle Cambrian shale, and if any Devonian lime-
stone is present at this place it will doubtless prove to be much
thinner than the exposures northwest of Alta.

" Mississippian limestone.—The Mississippian limestone is the most
extensive limestone in the region, and stretches in a continuous broad
belt from the hills north of Big Cottonwood Canyon to the southern
limits of the region and several miles beyond. It forms a continuous
eastward-dipping belt, except at Alta, where it is interrupted by the
quartz diorite stock. Mississippian beds also form the uppermost
part of the “lower limestone” at the head of Mill D South Fork.

1Tenney, Sanborn, On Devonian fossils in the Wasatch Mountains: Am. Jour. Sci., 3d
ser., vol. 5, pp. 139-140, 1873.
3 Hintze, F. F.,, jr., op. cit., pp. 108-113,
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The lower beds consist of massive dark-blue limestone containing
abundant fossils. The upper part is also of dark color and fossilifer-
ous and is, in addition, characterized by prominent lenses and nodules
of black chert. At or near the top of the cherty horizon is a light
yellowish-gray limestone exposed on both sides of Mill D South
Fork.

The following lots of fossils were identified by G. H. Girty, of the
United States Geological Survey:

South end of “lower limestone ” spur, head of Mill D South Fork:

Syringopora sp. Syringothyris (?) sp.
Zaphrentis sp. - Composita sp.

Amplexus sp. Cleiothyridina crassicardinalis.
Spirifer centronatus, Euomphalus sp.

Mr. Girty states that the Madison (lower Mississippian) age of
these fossils is highly probable.

West slope of Mill D South Fork, near crest of ridge, about a quarter of a

mile north of the Carbonate mine: '
Syringopora sp. Spirifer centronatus. -
Zaphrentis sp. :

Northern part of Reade and Benson Ridge, about one-tenth of a mile north
of latitude 40° 38’. Bed just above light-gray limestone bed, at approximate
base of intercalated limestone and qu'u tzite horizon:

Spirifer centronatus,

These two lots are also stated by Mr. Girty to be of Madison age.

Above this light-gray bed is a considerable thickness of argilla-
ceous limestone with intercalated beds of limy quartzite, which passes
upward into the Weber quartzite. These intercalated beds have been
noted by the writers along the northern part of Reed and Benson
Ridge and along the narrow ridge just north of Ant Knolls, along
the Wasatch County-Utah County boundary. The one fossil already
listed as found in its lowest beds at the first-named locality determines
its basal beds as within or just above the Madison limestone. The
following fossils collected from the upper beds, at the small low
knob just northwest of Ant Knolls, were determined by Mr. Girty
as follows and assigned by him to the upper Mississippian :

Fenestella sp. Martinia? sp.
Chonetes sp. Composita sp.
Diaphragmus elegans. : Cliothyridina kirsuta.

According to Hintze, a cream-colored sandstone 250 feet thick and
overlain by 35 feet of brown and red shales is present in the middle
of the Mississippian limestone section. These beds were not noted
on the ground covered by the writers. Hintze states that the Mis-

1 Hintze, F. I, jr., op. cit.,, p. 109.
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sissippian has a total thickness of 940 feet and is overlain uncon-
formably by the Weber quartzite, of Pennsylvanian age. The writers
did not attempt to estimate the thickness of the Mississippian and
gave practically no attention to formations of later age, beyond
indicating their approximate locations on the map.

Post-Mississippian formations—The post- MlSSlSSlpplan forma-
tions within the Cottonwood-American Fork region include the
Weber quartzite, Park City formation, Thaynes formation, Ankareh
shale, and Nugget sandstone. The Weber quartzite forms the slopes
of Big Cottonwood Canyon and the summit of the ridge east of
American Fork canyon. The Park City formation is mostly con-
cealed by glacial drift and therefore is not separated on the map
from the Weber quartzite. Its approximate position should be along
the floor or lower east slope of Big Cottonwood Canyon from Brigh-
ton (Silver Lake) northwestward. The Thaynes formation extends
along the northeast slope of Big Cottonwood Canyon, and the over-
lying Ankareh shale forms the crest of the ridge which marks the
boundary between Salt Lake and Summit counties. The Nugget
sandstone is exposed only in a small area at the north edge of the
area mapped.

These formations are all more e extensive and more important com-
mercially in the Park City district, and full descriptions.of them
will be found in Boutwell’s report on that district.

IGNEOUS ROCKS.

The extensive east-west zone of intrusion of the central part of
the Wasatch Mountains crosses the area under discussion. Within
this area at the west is the Little Cottonwood stock of granodiorite,
and at the east, extending from Alta into the Park City area, is the
Clayton Peak stock of quartz diorite. These two main intrusive
bodies are separated by about a mile of sedimentary rocks. The size
and relation of these bodies can be best understood by reference to
the accompanying map (Pl VI). Although there is no surface con-
nection between the two masses, the similarity of the rocks and the
presence of numerous dikes of similar rock in the area between the
two bodies make it seem very probable that they are of common origin
" and are connected beneath the surface.

As already mentioned, the sedimentary rocks are cut by numerous
dikes of a porphyritic rock similar in composition to the intrusive
masses and also by some much more siliceous dikes. A few small
pegmatitic dikes were noted, and detailed study of the area may
reveal other types of intrusive rocks.

1 Boutwell, J. M., op. cit.
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Little Cottonwood stock of gramodiorite—The Little Cottonwood
intrusive body is composed of a rock of rather uniform composition.
This stock was designated Archean by the geologists of the Fortieth
Parallel Survey, but their interpretation was questioned by Geikie,?
who pointed out features indicative of the intrusive relations of the
rock. Its intrusive character was later verified by Emmons,? one of
the Fortieth Parallel Survey geologists, who revisited the district
in 1903. The interior of the stock has been exposed to a depth of at
least 5,000 feet in Little Cottonwood Canyon, and so far as observed
there is but little change in the rock from the portion adjacent to
the intruded rocks to the deeper exposed portions of the mass. Typi-
cally it is a rock of granitic texture, locally porphyritic, with light-
gray groundmass containing rather abundant dark minerals. Quartz,
feldspar, hornblende, and biotite are readily recognized, and usually
small yellowish-brown crystals of sphene can be detected. Under
the microscope, in addition to the above-mentioned minerals, magne-
tite and apatite are seen to be rather abundant accessory minerals and
.a few crystals of zircon are noted. Both plagioclase and orthoclase
feldspar are present, the former being far more abundant than the
latter. The plagioclase is mostly oligoclase but scattered crystals as
basic as andesine are.present. Orthoclase and albite form micropeg-
matitic intergrowths, but such intergrowths are of small amount in
the specimens examined. Biotite and hornblende are present in
about equal amounts. - Both are the common varieties. '

A rather notable feature observed at numerous points is the pres-
ence of kidney-shaped portions distinctly darker than the main body
of the rock. These range from a fraction of an inch to several inches
in length and for the most part show a distinct gradation to the
normal rock. In mineral constituents they are identical with the
main rock, the difference being due to a relative increase ‘in the
amount of certain minerals, notably plagioclase, biotite, hornblende,
and apatite and probably titanite and magnetite. The similarity in -
mineral constituents and the gradation to the main rock type suggest
that these darker portions have resulted from a segregation of the
more basic minerals during the process of crystallization. It may
readily be imagined, however, that portions of the magma which had
already crystallized were torn loose as the magma was intruded and
disseminated through the mass, and that they were later partly
dissolved and recrystallized and thus show now a gradation to the
normal rock.

1 Geikie, Archibald, Archean rocks of the Wahsatch Mountains: Am, Jour. Sei., 3d ser.,
-~ vol. 19, pp. 363-367, 1880.

2 Emmons, S. I, The: Little Cottonwood granite body of the Wasatch Mountains: Am.
Jour. Scl., 4th ger., vol, 16, pp. 139-147, 1903,

~
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A chemical analysis of a specimen of the granodiorite collected near
the wagon road about one-third of a mile below the power house in
Little Cottonwood Canyon shows the following composition :

Analysis of granodiorite one-third of a mile below power house, Little Cottonwood Canyon.

[R. C. Wells, analyst.]

S10g. i 67.02 | TiOg... ..., 0.37
ALOgo o 15.78 | Zr0yge oo .04
1 O O S 156 | 00g . .o U .00
LYo S 218 | PyOgoveeeii e .26
MgO...ooii i 109 | S .03
(o7 o O ceee 331 (MnO..... .02
NagOoooor i 3.8 [ BaO.............ooLl .13
0 S 3.67 :

;0 TP .2 100.23
5 K0 63

No analyses of the hornblende and biotite of the rock are available,
so that it is not possible to calculate the mineral composition accu-
rately. From the chemical analyses and microscopic study it is
believed that the following closely represents the mineral composition
of the rock:

Approzimate mineral composition of granodiorite, Little Cottonwood Canyon.

Quartz - ____ 20 | Hornblende _____.____. . _________ 7
Orthoclase molecule_____________ 20| Magnetite . __________________ 2
Albite molecule___._____________ 30 | Titanite .- __________________ 1
Anorthite molecule_.____________ 12| Apatite - ______ 3

Biotite - —— T

Clayton Peak stock of quartz diorite—The Clayton Peak mass
of quartz diorite is very similar to the Little Cottonwood stock of
granodiorite in its relations to the sedimentary rocks, though more
linear in outline. The mineral constituents are the same, but in gen-
eral quartz is less abundant and plagioclase and the dark minerals
form a larger percentage of the rock. This mass extends into the
Park City area and has been described by Boutwell and Woolsey.*
It contains many dark inclusions, especially near the northern con-
tact at the pass between Alta and Brighton (Silver Lake). Along
the southern contact, due south of Brighton, a considerable body of
darker augite-biotite diorite has separated from the main mass.

Quartz diorite porphyry dikes—Numerous dikes cut the sedi-
mentary rocks in the area between and around the two main in-
trusive masses and have been found throughout the area from its
northern limit as far south as the Dutchman mine, in American
Fork canyon. They vary considerably in appearance and doubtless

~ 1 Boutwell, J. M,, op. cit,, p. 79.
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in composition. Commonly they are dark rocks with rather abun-
dant phenocrysts of plagioclase, hornblende, and biotite in a ground-
mass of the same minerals, together with orthoclase and some quartz.
In mineral constituents they are similar to both of the large in-
trusive bodies but for the most part, at least, are more basic than
either. Some of the dikes are probably true diorite porphyries;
others are of distinctly monzonitic character. Although none of
these dikes were found to be directly connected with the main in-
trusive bodies, it is believed that they are offshoots from these larger
bodies and are connected with them below the surface.

Granite porphyry dikes—Dikes of granite porphyry were noted
on the north side of Little Cottonwood Canyon. Such a dike is well
exposed a short distance north of the Columbus Consolidated plant,
where it can be traced for several hundred feet, striking several de-
grees north of east and apparently standing nearly vertical. Similar
dike rocks were noted farther east in the direction of the strike of
this dike.

The dikes are light fine-grained rocks containing scattered phe-
nocrysts of quartz and feldspar and usually iron-stained cavities
“where some mineral has oxidized and been partly removed in solu-
tion. Under the microscope the phenocrysts are seen to be quartz,
plagioclase, and orthoclase in a groundmass of quartz and ortho-
clase, the orthoclase forming a very large percentage of the rock.
Sericitic muscovite is rather abundant as an alteration product of
the feldspars.

Aplitic and pegmame dikes. —Aphtlc dikes are numerous, and a
few of pegmatite were noted. A small vein of pyroxene and quartz
is associated with one of the small aplitic dikes on the slope north-
west of the pass between Silver Lake and Snake Creek. The pyrox-

_ene occurs in dark greenish-black crystals as much as 1 inch in length
and is near diopside in character. Some crystals are partly altered
to a greenish-gray fibrous amphibole. The aplite also contains simi-
lar crystals of fibrous or multiple-twinned amphibole. This vein,
though small, is of interest as an indication that the mineralizing
agents which developed diopside and associated minerals in the
limestone at the contact near by were also active within the granite,
where they represented the latest phase of the intrusion.

STRUCTURE.

The structure of the district is complex, and detailed mapping is
necessary to work it out with the accuracy desirable for the direction
of mining operations. Notes on the general relations are presented
below, and it is hoped that they will prove of assistance in working
out the detailed structural relations at the individual mines.
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FOLDING.

The north-south folds that were apparently one of the earliest
structural developments of this general region are not conspicuous
in the Cottonwood area; at least their importance has not been recog-
nized in the reconnaissance work. The area has, however, been
affected by minor folding, which was a result of faulting.

OVERTHRUST FAULTING.

The earliest important structural disturbance in this part of the
range seems to have been overthrust faulting. It is possible that this
was contemporaneous with the folding farther east.! The main
thrust fault extends along an irregular but generally north-north-
west course and has been traced from the vicinity of Big Cottonwood
Creek to the head of American Fork Canyon, where is-disappears
among a complex of reverse and normal faults.

South of Little Cottonwood Canyon it is well seen on both the
~ east and west sides of the Mount Baldy mass, where several hun-
dred feet of the great limestone has been overridden by Cambrian
quartzite and shale. It is shown similarly north of the canyon,
especially just east of Superior Gulch, and has been traced over the
divide into Mill D South Fork as far as the north-south ridge south
of the Carbonate mine. Its course is marked by the contact between
the “lower limestone” and “upper quartzite” as far as Vena Flat,
beyond which" the “upper quartzite” overlaps on the main or
“lower quartzite.” ‘ ‘

The amount of the overthrust has not been determined, but is
considerable. The Cambrian strata are considerably above their
normal position in the vicinity of the Alta Consolidated mine.
Whether the position of the strata at this locality is due wholly to
the overthrust faulting or in part to later faulting and the effects
of intrusion has not been determined. The shale beds within the
“upper quartzite” and between it and the great limestone series
were most complexly folded, crumpled, and faulted during the
overthrust movement. This result is especially well shown on the
south slope of Flagstaff Mountain above the Columbus Consoli-
dated mine. The movement on the fault was apparently from the
east toward the west, and at the time of the faulting the plane
probably had a rather gentle eastward dip that was increased by
later movements. .

Owing to the unknown extent of the overthrust and the irregu-
larity of its contact, the depth and extent of the “lower limestone ”
east of its outcrop can not be closely calculated, a fact to be borne

1 Hintze, F. I., jr., op. cit.,, p. 135.
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in mind by companies planning to prospect the “lower limestone ”
at depth. Whether or not the “lower limestone” exists east and
south of its outcrop at the head of the American Fork canyon can not
be proved until the complex of faults there has been thoroughly
worked out. From the meager evidence at hand it seems probable
that the overthrust dies out in this vicinity and that the existence of
the “lower limestone ” in the American Fork country is improbable.
(See section B-B’, Pl. V1.)

STRUCTURES FORMED DURING THE INTRUSION OF THE IGNEOUS BODIES.

Doming.—The igneous material that forms the Little Cottonwood
and Clayton Peak masses, on being forced into the sedimentary
series, in part broke across the strata and in part raised the over-
lying beds, forming a broad dome in which the sedimentary beds
dip away from the intrusive rock. The doming is especially well
shown around the Little Cottonwood mass, where the sedimentary
formations crop out in concentric semielliptical form around the
north and east boundaries of the intrusive mass. On the south the
granodiorite broke completely through both the pre-Cambrian and
Cambrian quartzites and is now exposed in contact with the great
limestone series, which also dips radially away from the intrusive
rock. On the west the dome structure is partly preserved but is
mostly cut off by the great Wasatch fault. The small faulted domes
along the lower part of American Fork canyon and east of Alpine
may have been caused by the upward thrust of minor intrusive bodies
connected with the granodiorite mass.

The same relation is true in a general way for the Clayton Peak
body of quartz diorite east of Alta. The doming effect of the Little
Cottonwood mass of granodiorite, however, was much more pro-
nounced and conceals that of the Clayton Peak body except at the
west contact of the latter south of Alta, where the eastward-dipping
overthrust plane has been.bent upward into a faulted synclinal
attitude. :

Reverse faulting—In addition to the general doming of the sedi-
mentary rocks adjacent to the intrusive bodies, the strata in places
have been broken and thrust upward and outward from the in-
trusives, reverse faults being produced. The best exposed of these
reverse faults is that in Superior Gulch, where the quartzites have
been thrust up in contact with the overlying limestone. (See sec-
. tion A-A’, PL. VI.) A smaller one is exposed along the quartzite,
shale, and limestone contact at the south end of Reed and Ben-
son Ridge. Similar faults were observed to the south, near the
American Fork divide, and others are probably present in the
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area. Those recognized have a concentric arrangement with respect
to the intrusive granodiorite. - _

Mineralized fissures and faults—The mineralized and other closely
related fissures also appear to have been formed during or just after
the intrusion of the main bodies. Those noted in the Mill D South
Fork area, in the Cardiff and Branborg mines, strike about N. 35° E.
and dip 60°-65° NW. The Silver King fissure zone of the Branborg
mine can be followed southwestward through the quartzite and down
into the granodiorite of Little Cottonwood canyon. The mineralized
fissures in the principal mines around Alta strike N. 60°-70° E., in
general parallel to the trend of the quartz diorite body, and dip
rather steeply (60°-65°) to the north. Those in the American Fork
district, so far as seen, appear to belong to two systems, one of north-
easterly and one of about easterly trend. The stopes of the famous
Miller mine lie in both directions, though the longest stope extends
about N. 85° E. The Live Yankee also has veins in both directions.
The Pacific and Dutchman veins belong to the northeasterly system.
In the Barry-Coxe mine, on the north slope of the pass between
Brighton and Park City, the mineralized fissures strike about north
and east. The northerly fissures are the more heavily mineralized.
These fissures lie at right angles to and parallel to the north boundary
of the Clayton Peak body of quartz diorite. '

Prominent barren fissures were noted following both the north-
easterly and the easterly direction, and some with northwesterly
trends were also seen. :

The porphyry dikes follow the same general directions as the
mineralized fissures. Those near Alta extend mostly north of east.
Those in the Dutchman, Live Yankee, and Miller mines of the Amer-
ican Fork area extend northeasterly, and for a part of their course
form one wall to the veins. The dikes, however, were introduced:
before the veins were formed. The fissures are distinctly later than
the overthrust, but the presence of the dikes is proof that some of
these fissures were formed before the cessation of igneous intrusion.
The presence of veins along some of the dikes is proof that the same
fissures, or fissure zones, were reopened shortly after the dike intru-
sion, and the presence of mineralized fissures within the main intru-
sive bodies is evidence that some of the fissures were not formed until
the intrusive rock had become solid enough to undergo fracturing.
There has been movement along at least some of these fissures, but
the amount of movement is in most places not readily determined.
Here and there it is known to have been slight, and nowhere has it
been demonstrated to have been very great.

It is believed that the fissures were formed at the time of intrusion
as an effect of the doming of the sedimentary rocks. It should be’
expected that the strongest fissures would lie parallel and near to the
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‘common major axis of the intrusive bodies. This direction further-
more coincides essentially with the axis of the principal fissures of
the Park City district, which are also closely associated with the
Clayton Peak stock of quartz diorite. The northeasterly fissures of
the Cardiff and Branborg mines and the easterly fissures of the
American Fork mines are radial with respect to the granodiorite
stock. The northeasterly fissures of the American Fork mines are
concentric with respect to the same body. Radial and concentric
fissures are the ones most.likely to be formed as a result of doming,
and also the contraction of the domed area during the cooling of the
newly intruded igneous bodies. The observations made, however,
are too few and localized to give more than a suggestion of these
structural relations. Settling of the area at intervals throughout the
cooling stage may account for the displacements noted along these
fissures, some displacements preceding and others following the depo-
sition of the vein minerals.

FAULTS DISTINCTLY LATER THAN IGNEOUS INTRUSION AND ORE
DEPOSITION.

~ Faults distinctly later than igneous intrusion and ore deposition

may be conveniently classified into two groups—local faults, inti-
mately associated with ore bodies, and those of great extent, associ-
ated with the formation of the mountain range. The only proved
member of the first group, so far as the writers-know, is the normal
fault that offsets the vein in the Pacific mine of the American Fork
district. This fault trends N. 70° W. and has a horizontal displace-
ment of 18 feet. The abrupt terminations of some of the larger ore
bodies of the region, such as the Miller body, in the American Fork
district, may be due to faulting, but in none of these places, so far as
the writers are aware, has the existence of a fault been proved, nor'is
it known in places where faulting is supposed to have occurred
whether the ore body terminates against the impervious wall of a
premineral fault or whether it has been displaced by a postmineral
fault. It was stated by the managers that one of the large ore bodies
of the Columbus Consolidated (Wasatch) mine gave out against a
fault, and recently it has been reported that the ore body has been
located on the other side of the fault. This fault was not accessible
underground at the time of visit. '

Other normal faults of small displacement are present in the
region, but as they are not intimately associated with mineralized fis-
sures their age can not be closely determined. Examples of such
faults may be seen on the divide north of the Toledo mine and
around the head of American Fork canyon. These were evidently of
later origin than the overthrust and probably later than the reverse
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faults and the concentric and radial fissures that are believed to have
been closely associated with the igneous activity of the region. They
are possibly to be correlated with the northerly fissuring and faulting
in the Park City district and may have been contemporaneous with
the great Wasatch fault.

The latest large. structural feature of the region is believed to be
the great normal fault that extends along the front or west edge of
the Wasatch Range. Its vertical displacement is doubtless to be
measured in thousands of feet. This displacement probably pro-
duced an eastward tilting of the great Wasatch block, so that the
eastward dip of the strata was somewhat steepened. The growth of
this great fault was gradual and may well have been accompanied by
the development of many minor faults in the region, but, as already
shown, a definite correlation of most of these minor faults is impos-
sible at present. '

Evidence in the Park City region! indicates that the igneous
intrusions took place in late Cretaceous or early Tertiary time, and
evidence in the southern and northern parts of the Wasatch Moun-
tains? indicates that the faulting along that range occurred after
the depositions of Ecoene sediments and that, in some of the “ Basin
Ranges” faulting had ceased before the deposition of Pliocene sedi-
ments. G. K. Gilbert has shown that faulting along the Wasatch
Range has occurred in very recent times. The normal faults that
preceded and followed ore deposition may well have been in process
of formation throughout the period that followed the igneous intru-
sion, and even the most detailed mapping may not produce evidence
on which the normal faults may be classified into distinct groups.

ALTERATION OF THE SEDIMENTARY ROCKS RESULTING FROM
THE INTRUSION OF THE GRANODIORITE AND QUARTZ DIORITE.

The reconnaissance work was not extended over sufficient territory
or pursued with sufficient detail to establish definitely the types of
alteration that were due to regional metamorphism and those that
are to be attributed to the influence of the intrusive bodies. Regional
metamorphism, however, has been comparatively slight in the great
limestone and overlying rocks, and the cause of changes in these
rocks can be more certainly determined.

The Little Cottonwood stock of granodiorite in the area examined
is in contact with the Cambrian and pre-Cambrian quartzites and
schists. Both have undergone considerable regional metamorphism,

1 Boutwell, J. M., op. cit., p. 43.

2 Loughlin, G. F., Reconnaissance in the southern Wasatch Mountains, Utah: Jour.
Geology, vol. 21, No. 5, p. 451, 1913. (Eocene conglomerate is displaced by  Basin
Range ” faults.) Mansfield, G. R., unpublished map of the Montpelier quadrangle, U. 8.
Geol. Survey. (Pliocene lake beds lie undisturbed in the valleys between faulted ‘ Basin
Ranges.”) .
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and they were not examined with sufficient care outside of the zone
influenced by the intrusive body to determine what the changes have .
been within that zone. Specimens of schist collected at the contact
in a gulch west of Superior Gulch are composed of quartz, orthoclase,
some plagioclase, rather abundant zoisite, abundant magnetite, and
small amounts of muscovite and biotite. The rocks near the contact
appear to contain more magnetite and less mica than those at a
greater distance. The effect of the intrusion on the Cambrian
quartzite does not appear to have been great but was not closely
studied. Its effect on the great limestone series along the southern
boundary of-the area mapped is expressed by a general bleaching and
recrystallizing of the originally dark limestone into white marble
and by the development of such typical contact minerals as pyroxene,
tremolite, brown garnet, epidote, quartz, and pyrite—the same gen-
eral effect as those that accompanied the intrusion of the quartz
diorite.

The Clayton Peak mass of quartz diorite is almost wholly in
contact with the limestone and its metamorphic influence has re-
ceived more attention, but by no means detailed study. Alteration
of the “contact” type associated with the main body of intrusive
rock was noted especially in the vicinity of the Alta Consolidated
and City Rock mines and associated with lesser intrusive bodies
north of Lake Solitude and in the workings of the South Hecla
mine. Much of the limestone near the intrusive mass has been re-
crystallized and bleached, but the development of abundant contact
silicates has occurred only at certain points and was apparently
associated with certain beds in the limestone. Some of the replaced
beds could be traced for several hundred feet from the contact, but
other replacement bodies were noted several hundred feet from an
observed igneous contact and with no apparent direct connection
with an igneous rock. The principal contact minerals noted were
diopside, a light yellow and a beautiful green garnet, monticellite,
muscovite, ludwigite, green phlogopite, magnetite, hematite, and iron
and copper sulphides. Other contact minerals are probably present,
such as vesuvianite and spinel, which have been noted farther east
in the Park City area.

ORE DEPOSITS,
HISTORY AND PRODUCTION.!
LITTLE COTTONWOOD DISTRICT.

Ore was first discovered in the Little Cottonwood district by Gen.
Conner’s soldiers in 1864, and the Wasatch district was then organ-
ized, but it was soon abandoned owing to the great expense of work-

1 The section on history and production (pp. 183-199) was written by V. C. Heikes,
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ing. In 1867 most of the claims were “ jumped ” and a new district -
organized, called the Mountain Lake, which included a large area in
the Wasatch Range. It was divided in 1869-70 into the Little
and Big Cottonwood, American Fork, and Uinta districts. The min-
ing claims recorded in the Little Cottonwood district covered an area
about 2} miles square. Most of the principal mines of the Little
Cottonwood district are on the northern slope of the Little Cotton-
wood Canyon. Alta, the principal camp, is 16 miles east of Sandy, a
station on the Denver & Rio Grande and San Pedro, Los Angeles &
Salt Lake railroads. A railroad was completed to the district in May,
1873, but was discontinued a few years later. In 1913 the grade was
repaired and rails laid as far as Wasatch for the transportation of
building stone to Salt Lake City. The mine operators in the district
took advantage of this renewed method of transportation, thus saving
a wagon haul of 9 miles to the smelters. The most productive period
was between 1871 and 1877, and at the time of Huntley’s visit*
(October, 1880) the district was very dull and but two mines—the
Vallejo and the City Rock—were working regularly. This idleness
of the mines was due to several causes, including legal troubles, the
exhaustion of working capital of several large prospecting companies,
the giving out of surface bodies, the finding of pyrite and water in
the lower levels, and the low price of lead. '

Very little metallurgic work was ever done in the district, as most
of the ore was sold in the Salt Lake market. In 1866 the owner of
the North Star mine built a Scotch hearth furnace and ran out about
3 tons of lead. In the following year he erected a reverberatory
furnace and a cupel furnace. The former was a success, but the
latter failed. The Jones smelter, about 4} miles from the mouth of
Little Cottonwood Canyon, was operated in 1871, and ran on custom
ores for two years. In 1872 or 1873 the Davenport smelter was
started at the same place. In addition to the ore from the mine it
worked some custom ore, but was shut down in 1875. The Flagstaff
Co. also erected three stacks in this vicinity. Several unsuccessful
attempts were made to leach ores on a small scale. Concentration
works were built for the Emma mine and were financially successful,
though the percentage obtained was low.

The history of the Emma mine is given by Huntley,® who ve-
ported on it and other mines as follows:

The Bmma mine is situated halfway up the southern slope of a high, steep

ridge called Emma Hill. It was located in 1868 by Woodman, Chisholm, Wood-
hull & Reich. Little work was done until the autumn of 1869, when the ore

1 Huntley, D. B., The mining industries of Utah: Tenth Census U. 8., vol. 13, p. 422,
1880. )
2 Idem, p. 423,
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body was struck. Some ore was shipped and sold prior to the sale of the mine
to the Emma Mining Co., of New York, in 1870. This company worked the
mine quite vigorously and shipped a large amount of ore. The f’ollowi‘ng'yem'
the property was sold to the Emma Silver Mining Co. of Utah (Ltd.) for
$5,000,000 cash; another authority placed the price at $3,500,000. The mine
was then worked by English managers, paid $300,000 in dividends (one authority
"says $1,300,000) until September, 1874, when it was attached by T. W. Park
and others for an indebtedness of $300,000. It was then idle until October,
1877, when the American Emma Mining Co. was incorporated and work re-
sumed.* The second ore body failed in the autumn of 1873, up to which time
most of the ore had been shipped to Swansea, Wales. During the years 1873,
1874, 1878, and 1879 much low-grade ore was concentrated by jigs. :

‘When the American Emma Co. began work it first prospected the old ore
bodies and then leased the Bay City tunnel, which was 1,700 feet long and 90
feet below the lowest old workings of the Emma. This tunnel had been run
by a St. Louis company at a cost of $75,000 and had been abandoned in 1876.
Since making the connection a small ocher-stained seam, in an incline or winze
130 feet below the tunnel level, has been followed. * * “* About 3,500 gallons
of water per hour is raised. During the census year about 14 men were em-
ployed. The property of this company consists of the Emma, 2,400 by 100 feet,
and the Cincinnati, 1,200 by 100 feet. One hundred thousand dollars was paid
for the latter, but, the claim having been jumped, the title is in dispute. * * *
From Mr. Charles Smith, of Salt Lake City, whose accounts included all but
the first few hundred tons sold, the writer learned that the sales of ore to
June 1, 1880, amounted to 27,451 tons, for which $2,637,727.44 was received.
The mine had been developed below the discovery only about 500 feet ver-
tically and 350 feet horizontally. The openings of the old workings were esti-
mated at something less than 4,000 feet, and those of the new workings at about
700 feet.

The IFlagstaff mine is situated a quarter of a mile north of Alta, halfway up
the southern slope of a high ridge which separates Big from Little Cottonwood
Canyon, from 700 to 800 feet above the valley. It was located in 1879 by Groes-
beck, Schneider, and others, who worked it under the name of the Salt Lake
Mining Co. until February, 1872, when it was bonded to one Davis for $300,000,
who sold it to English capitalists for $1,500,000. They organized the Flagstaff
Silver Mining Co. of Utah (Ltd.) and worked the mine in a very expensive
manner until December, 1873, when the ore bodies in sight gave out. The com-
pany was then found to be in debt to Davis for money advanced, some $300,000.

Davis took the mine and worked it under agreement with the company until

December 24, 1876, when he was dispossessed by the United States marshal un-
der orders from the English directors. Heavy lawsuits with small results fol-
lowed. Since 1876 the mine has béen leased and subleased many times, but hél'S;
been idle since the summer of 1880. At the time of examination it was owned
by Seligman Bros., of New York, who took it for debt. * * '* The English
company erected the Flagstaff smelter (three stacks) at the mouth of Little
Cottonwood Canyon and ran it until November, 1873, when they leased the Last
Chance smelter near Sandy. Smelting was not as profitable as selling the ore.
which, after April, 1876, was disposed of in the Salt Lake market. The divi-

1There has been a great amount of litigation between the English stockholders and
T. W. Park and others, but these differences have recently [about 1880] been amicably
adjusted.

10427°—Bull. 620—16——13
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dends paid to the English company amounted to about $350,000. The property
consists of the Flagstaff, South Star and Titus, Virginia, and Nabob. The Flag-
staff is 2,200 by 100 feet, but it extends across and not along the belt. In
early times, before the suits, the right to “ swing their patent” was insisted on,

and the workings extended 1,000 feet or more on the belt. * * *
The total product was estimated by the superintendent to be as follows:

Tons.
Prior t0 1872 - o e 6, 000
1872 ot 8,000
1878 e 17, 000
1874 t0 1876 o —.__ 35,000
1877 and 1878 e 30, 000
1819 e 4, 000

100, 000

Of this, 30,000 tons probably assayed $10 gold, 60 ounces silver, and 40 per
cent lead and sold for or was worth $30 per ton. The remainder probably as-
sayed $4 gold, 30 ounces silver, and 20 per cent lead and was worth $30 per ton..

The mine is developed by a 530-foot tunnel, from which there is an incline
515 feet in length, at an angle of 49°. From this incline there are six levels,
from 700 to 1,400 feet in length. The lower level is about 700 feet vertically
below the discovery croppings. The total cuttings, exclusive of stopes, are vari-
ously estimated at from 9,000 to 14,000 feet. ' From the mouth of the tunnel the
ore is sent to the foot of the hill on a tramway 2,800 feet in length. * * *

The South Star and Titus, an older location than the Flagstaff, has been con-
stuntly harassed by lawsuits. Several hundred thousand dollars’ worth of ore
has been extracted. It is developed by'tuunel and shaft to the extent of several
thousand feet. Active work ceased in 1878.

The Nabob was located in 1876. A large body of ore, lying partly in the
Virginia ground, was struck in the winter of 1876-77, which yielded about
$100,000. Little has been done since. The mine is a part of the mineral belt
of Emma Hill. An ore body, 30 by 25 by 4 feet, was found not 50 feet from the
surface. The average assay of this ore was $74.76, of which $26 was gold.
The-developments consist of a 115-foot incline and 300 feet of other cuttings.

The Joab Lawrence Co., the principal actively working company on Emma
Hill at the time of the writer’s visit, was organized in the spring of 1879. Its
propefty consists of the Vallejo and the North Star, adjacent.claims, situated
between the Emma and the Flagstaff. The North Star was one of the earliest
claims of the distriet, having been located in 1865, and has yielded largely.
There are said to be large bodies of low-grade. oxide of iron ore In the lower
levels, but little had been done for some time excepting a-small amount of
“tribute ” work. The Vallejo was worked in 1872, 1873, 1874, 1875, and 1877
by several companies, and much ore was extracted. It was being worked on an
extensive scale at the time of the writer’s visit. * * * It [the ore] was
fine and contained from 20.to 45 per cent lead and from 15 to 90 ounces silver,
from 20 to 35 per cent iron and from 9 to 14 per cent of moisture. It was in
great demand among the smelters owing to the lack of silica and the presence
of so much iron. A low grade of ore containing from 40 to 50 per cent of iron,
no lead, and a few ounces of silver was also shipped. The following table
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shows the price received per, ton for some lots of ore in February and March,
1880: -

‘ Assay value., R
. Price
Weight. received

Lead. Silver, | Der ton.

111,855 5 $10. 00
76,225 . 41 48 66. 50
56, 877 42 65 85.10
54,376 35 39 52.25
74,011 12 15 17. 50
130, 304 43 54 73.75

140, 525 6 9 12.00

The ore was transported from the mine to the tramway of the Wasatch &
Jordan Valley Railway by a wire-rope tramway.

The Toledo-Utah Silver Mining & Smelting Co. bought the Toledo mine
shortly after its discovery in 1872 and worked it quite extensively until April,
1880. The property consists of the Toledo and the Fuller claims. On the
latter most of the ore has been found and most of the work done, * * *
The mine is operated through a shaft 455 feet deep, vertical for part of its
length. The horizontal development of the vein is 350 feet, and the total
cuttings are estimated at 2,000 feet. * * * The total product of the mine
and its output during the census year were large. The exact figures can not
be given, owing to the confidential character of the information furnished.

The Emily mine is situated in a small ravine between the Toledo and Emma
Hill. It was discovered in 1870. It is owned by the BEmily Mining Co., of
Pittsburgh, Pa. They ceased regular work in 1874, and the mine has been
leased since at one-fifth royalty. It is a hedded vein of clay slate in quartzite,
dipping about 60° I8, The ore is from 1 to 6 inches wide and consists of quartz
containing pyrite, sphalerite, galena, and tetrahedrite. When sorted it assays
from $80 to $100. Mine is opened by three tunnels on the vein. The total
length of cuttings is 800 feet. The mine is very wet and has no machinery.
The total yield has been $15,000 or $20,000.

City Rock and Utah group is situated at the head of Little Cottonwood
Canyon and comprises the Utah, 100 by 1,000 feet; City Rock, 100 by 1.000
feet; West Wind, 100 by 495 feet; King of the West, Utah No. 2, Utah No. 3,
and Freeland. The first three are on the Utah vein, and the others are on the
parallel King of the West vein, 200 feet distant, and have but little development.

Most of these claims were located in 1870. In 1872 much work was done. .

Between 1872 and 1876 the mines were involved in litigation. Twelve men
were employed during the census year. * * * The mine was being thor-
oughly opened at intervals of 100 feet by levels and winzes through the ore
bodies. Very little stoping has been done. The developments consisted of two
inclines and three tunnels on the vein. The lower one, which was to be the
main working tunnel, is 5 by 7 feet, well timbered, has an iron rail track, and is
600 feet long. The middle tunnel, 490 feet vertically above the lower one, is
1,300 feet long. One hundred feet below this is the water level. The upper
tunnel is 600 feet long and 201 feet above the middle one. These tunnels have
a grade of half an inch in 12 feet. The total cuttings amount to 4,800 feet.
During the census year 385 tons of ore were sold for $25,480.67. The previous
product was estimated at $50,000.

’
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The other mines of the Little Cottonwood district are:

CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1915, PART TI.

Total it
Total Condition at close of
Mine. length of Remarks.,
openings. product. the census year.
Feet. .
Cincinnati group........... 1,500 $10,000 | Worked irregularly....| Ore, a sulphuret containing
R considerable zinc.,
Enterprise........... tevees 500 [oeuunnnnnnn Idle...cocviviaieninnnn, One ore body yielded $10,000
. or more.

Dexter Consolidated. ...... 300 Small. |..... [+ o S :

Brian lode..... PO I @ fee-.- d0cceenniiannnnnnn

Marion group . .

Manitoba Vein not well defined.

Emily... .| Oreassays $80 to $100 per ton.

Caledonia. (01 PPN AP L 1/ S .| Several = thousand  dollars
have been extracted.

Highland Chief............. Ore assays 20 ounces silver
and 25 per cent lead. Many
hundred tons have been
shipped.

Ohio River group .......... 500 ..

Savage and Montezuma 3,000 .| Ore 35 per cent lead and 35

group. to 150 ounces silver.

170) L) 450 Ore medium grade.

McKay and Revolution. ... 1,000 A few hundred tons have
been extracted.

Grizzly and Lavinia... ... 3,000 Contains large bodies of low-

: grade ore.

Darlington................. 500 '

Davenport. ......cooeva... 4,800

Island.......cooevemnnnn.n. 1,000 Do.

Siskiyou....coeiieiaiaiat. 500 R

Alpha. .. oooveeieinnnnaaa.. 500 Average assays: 200 ounces
silver, 10 per cent lead, $10

. gold.
Evergreen..........oooooi]evennaa... . .
North Pole................ 300° Ore, galena in small seams in

. limestone.

Albion and Rising Sun..... 1,800 100,000 | Idle............coeenn.

Oxford and Geneva........ 1,910 20,000 | Worked on lease...... Ore assays 30 to 90 ounces
silver, 40 to 60 per cent
lead, 83 gold.

Lowisa. ceeennnanenacannnnn. 600 8,000 | Idle......coevvnnnn.... Ore, 10 to 12 ounces ochery
carbonate and 40 to 50
ounces galena,

Sedan....c.ccvieinenninnnn. 300 Small. .. ..ot Ore, cerusite, galena, and
pyrites, containing 16 to 60
ounces silver,

Fritz.. ...l 460 Small, | Veilk 20 feet; soft, low-grade

. ocher.

Peruvian.................. 700 133117:1 1 T PN A few tons shipped, assaying
40 to 60 ounces silver, 40 to
701 or cent lead, and $6

old.
enosha...........co.o.... 500 13 127:1 | DO PO &

Highland Boy............. 500 Nomne. |.oeeuemiiiiiinininann, Small stringers of carbonate

ore in limestone.

a A few thousand dollars.

TUNNEL SITES.

The topography of this district is very favorable for the location of tunnel

sites.

Accordingly, in early times, work was begun upon a great many. They

have cost fortunes, but have rarely been successful in finding ore; and though
all are still claimed, few are worked more than is sufficient for assessment
work. These tunnel sites, in a legal way, are a great drawback to the district.
They were located before many of the present claims; they ran in all directions,
and, in case large and rich ore bodies should be found, some of them might be
used to make serious legal difficulties. The following are the principal tunnel
sites in the order of their situation, beginning at the west, on the north side of
Little Cottonwood, and continuing in a semicircle around the head of the

canyon:

The Brederick tunnel.—This was driven to develop the Frederick and Crown
Point claims. These are parallel veins, 70 feet apart, 3 and 44 feet wide, dip-

3
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ping 54° N, in limestone and between limestone and quartzite. The ore is a
carbonate, 18 inches wide, and averages 60 ounces silver and 35 per cent lead.
The claims were located in 1870 and were worked until 1873, when water and
galena were encountered at a depth of 337 feet. The value of the ore sold
was estimated at $35,000. The mines were leased until May, 1876, when the
tunnel was begun. It is 1,300 feet long and has to be driven several hundred
~feet farther before cutting the veins, which are expected to be reached at 980
feet below the croppings. Its size is 6 feet 6 inches by 4 feet 4 inches. Tim-
bering is unnecessary. * *  * .

The Howland tunnel.—Work was begun on this several years ago. It has
been relocated several times and was, at the period under review, known as
the Solitary. Its length is 600 feet. Only assessment work is being done,

The Geneva tunnel.—Abandoned. Length unknown.

The Lady Emma tunnel.—Length, 370 feet. Relocated and called the Prince
of the Hills. Only assessment work is being done. '

The Chicago tunnel.—Length, 600 feet. Relocated and called the Fitzgerald
tunnel.

The Vallejo tunnel—Used in the early development of the Vallejo mme

" The Utah tunnel.—Relocated as the Burgess and used to work the Vallejo
mine.

The Gladiator tunnel—Length, about 1,000 feet. Used to work the North
Star mine.

The Great Salt Lake Tunnel & Mining Co. ———Thxs is better known as the
Buffalo tunnel. It was located in 1871, is 600 feet in length, and is regularly
worked, 275 feet having been run the preceding year. This company has located
two claims, the Buffalo and another, having 9-inch veins, containing galena
and pyrites. Three small bodies were found. The ore sold for about $80 per
ton and yielded a few thousand dollars. The Allegan mine, operated through
this tunnel, has about 550 feet of cuttings and yielded a few thousand doll;u's
some years ago.

The Bay City tunnel.—Length, 1,700 feet, * * *

The Illinois tunnel—Length, 800 feet. * * *

The Equitable Tunnel & Mining Co.—This company’s tunnel is about 1,500
feet in length, with side drifts and winzes amounting to 900 feet, and is situated
above the Bay City. Three small claims, Bolles & Collins, Equitable, and
Bquitable No. 2, as well as the Phoenix and the Lady Esten tunnel site, in other
parts of the district, are owned by this company. * * #

The Little Cottonwood tunnel.—Relocated and called the Buckland. It is
600 feet long and was run to tap the Savage and Montezuma group. '

The Reliance tunnel.—Abandoned. Little work done.

The Manhattan tunnel.—Abandoned and relocated as the McKay and Revo-
lution. Length, 500 feet.

The Ely tunnel.—Abandoned.

The Phoeniz tunnel—Owned by the: Equitable Tunnel & Mining Co. Length,
700 feet.

The ‘Herman tunnel, known as the Tilden.—Length, 500 feet.

The Emme Hill tunnel. —Length, 900 feet.

The Victoria tunnel.—Length, 900 feet. Used to work the Victoria, Imperial,
Emma Msdy, and Alice mines. These have a large amount of cuttings, have
shipped considerable ore, and are being worked upon lease.

The Christiana tunnel, known as the Oneida.—Length, 250 feet.

The Brewer & Lapham tunnel.—Length, 150 feet. Located to develop the
Darlington mine. )
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The Lady Esten tunnel.—Length, 300 feet. Owned by the Equitable Tunnel
& Mining Co. :

The Iris Tunnel Co~This was a San Francisco company which began work
in the spring of 1872 and failed in the autumn of 1877 having spent about
$100,000. The tunnel was taken by one of the creditors for debt. The prop-
erty consists of eight locations and two tunnel sites on Emerald Hill. The upper
tunnel is 1,165 feet in length and has 600 feet of drifts. Two veins, from 6
inches to 2 feet and from 2 to 4 feet wide, were cut. Some galena and pyrite
ore was extracted. Water is very plentiful, and the lower tunnel, 300 feet
below, was run to drain the ledges. The lower tunnel is 635 feet long and has
to be run 300 feet farther before cutting the first vein. The tunnels are large
and straight and are ventilated by means of a water blast driven by the waste
water.

. The Etna, St. Joseph Wasatch, Silver Belt, and Rothscluld tunnel sites are
of varying lengths and have all been abandoned.

Besides the tunnels above mentioned, there are many others having more or
less development.

In recent years (1901-1913) the most nnportant producers in the
Little Cottonwood district, named in the order of greatest output,
have been the Columbus Consolidated group; the Continental-Alta,
reorganized as the Unity and later as the Michigan-Utah Mining
Co. (this included the early producing claims known as the Darling-
ton, Grizzly, Regulator, and Lavinia); the City Rocks, now part
of the Michigan-Utah group (this included the Utah, an early
producer) ; and the South Hecla (includes the Alta Hecla, South
Columbus,; and Wedge). The Flagstaff and the Columbus Consoli-
dated are now owned by the Wasatch Mines Co. For several years
the Columbus Consolidated operated a concentration mill, but it was
destroyed by fire in September, 1914.

The Little Cottonwood district has yielded a regular production
of metal annually since 1867 and may be expected to continue pro-
ductive for many years to come. - Unfortunately, no complete records
were kept of the annual production in the early period of operation,
but enough data are available to make very close estimates possible.
Such data are found in the statistical reports on mines and mining
in the States and Territories west of the Rocky Mountains for the
years 1867 to 1876. Between 1875 and 1880 statistics were not com-
piled by the Government, and for these years the mining journals
and the Salt Lake Tribune furnish statistics. The operations and
statistics of many of the most prominent producers from 1870 to
1880 were ably reviewed by D. B. Huntley in volume 13 of the
Tenth Census report. During the succeeding years the reports of the
Director of the Mint give fragmentary figures until the year 1901,
and the statistics from that year to the end of 1913 have been com-
piled by the United States Geological Survey. In the tables of pro-
duction (pp. 198-194) the statistics are combined with those for the
Big Cottonwood district.
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BIG COTTONWOOD DISTRICT.

The Big Cottonwood district, organized July 11, 1870, is in Cot-
tonwood Canyon, in Salt Lake County, north and east of the Little
Cottonwood district, its boundaries being the summits of the ridges
on each side of the canyon. Most of the mines are on the southern
ridge. Most of the ore, from the earliest days, has been hauled by
wagon down the canyon to Sandy, at present a station of the Denver
& Rio Grande and San Pedro, Los Angeles & Salt Lake rallroads,
or directly to the smelters and samplers in that vicinity.

The Maxfield mine, on the north side of Cottonwood Canyon, is
14 miles east of Sandy. Argenta, in the seventies the principal min-
ing camp of the district, is but a quarter of a mile from the-Maxfield
mine. This property, up to the year 1880, was mostly patented and
only slightly developed. During 1880, according to Huntley,' it
produced about 90 tons of lead ore, containing 30 to 100 ounces of
silver, which was sold for $4,518. The value of the product prior
to 1880 was roughly estimated at $20,000. Transportation costs in
1880 to Sandy were $4 to $4.50 a ton. The shipments made in 1880
averaged 60 ounces of silver to the ton and 35 per cent of lead. The
most productive period of the mine was in 1892 and 1893. No
records are available of the total quantity of.silver and lead pro-
duced from the mine, but it is reported 2 that $1,053,000 would cover
the total yield of the property from 1875 to the end of 1906. Since
1906 lessees have produced some lead ore each year. The total divi-
dends paid by the Maxfield Co. amounted to $118,000. The mine
was pumped out early in 1915, with a view to further development.

On the south side of Cottonwood Canyon there are several side
ravines or forks, including Mill, South, Honeycomb, Silver, Days,
Mill D South, and Mineral. Between Honeycomb and Silver forks,
2% miles northeast of Alta, is the Prince of Wales group, consisting
of the Antelope, Prince of Wales, Wandering Boy, Highland Chief,
Wellington, and Warrior claims. . All were discovered about 1870.
Very important lawsuits were pending between 1871 and 1875, in
which the owners of the Highland Chief were defeated and a com-
promise was effected with the owners of the Wellington. The Prince
of Wales group is credited with a production of 10,121 tons of ore®
to the end of 1890. Since that time a very little has been produced
by lessees, who in 1909, 1910, and 1911 made shipments of ore con-
taining 0.01 ounce of gold and 90 to 144 ounces of silver to the ton,
1.25 to 3.75 per cent of copper, and 12 to 21 per cent of lead. Assays
made on shipments in 1879 show the lead to have averaged between
25 and 48 per cent and the silver between 61 and 224 ounces. Mining

1 Huntley, D. B., op. cit., p. 428.
2 Personal statement of A. L. Thomas, jr., Salt Lake City.
3 Compiled from reports of Director of Mint and commissioners, 1870-1890.
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by lessees was discontinued because of the large amount of water
present in the lower workings, to which the ore is said to extend.
The total value of the ore produced from the Prince of Wales group
between 1870 and 1890, including a few shipments since, is variously
estimated from $1,012,000 to $2,000,000. According to Huntley,'
about 30 men were employed in 1880, many of them working under
contracts or leases. He says:

The mine is opened by several tunnels, the main one being 2,200 feet long and
running on the vein entirely through the ridge, and an 1,100-foot incline, on
which there are hoisting works, on the crest of the ridge. The cuttings are said
to be 1,300 feet in extent.

The Richmond and Theresa claims, south of the Prince of Wales,
had about 1,400 feet of openings and produced lead-silver ore valued
at $150,000 to the end of 1880. The Reed and Benson claims are
often mentioned in early reviews as producers of rich ore. Subse-
quently these and other claims in the vicinity were incorporated into
the Kennebec group, whose record as a producer was not important.
Huntley ? estimates the total product to 1880 at $600,000.

The Ophir, discovered in 1870, according to Huntley, had pro-
duced about $30,000 worth of ore to 1880.

The mines of the Kessler Mining Co., later purchased by the Car-
bonate Co., are estimated by Huntley to have produced ore valued at
about $380,000 previous to 1880. ‘

Other mines active in the district previous to 1880 are mentioned
by Huntley as follows:

Total g iy
’ Total Condition at close of
Mine. L;ng&gsf product. | the cex-15us year (1880). Remarks.
. . , Feet, '
Silver Mountain Mining Co. 500 | © 810,000 | Active..........n..... Ore assays 50 ounces silver
. &)er cent lead, and $3
Thor and Bright Point.... 500 2,000 |..... [ [ P S, Ore assays 60 to 100 ounces
. . ?ﬂvder and 40 to 60 per cent
ea
Elgin Mining Co........... 700 Small. | Prospected irregularly.| Veins small.
Puterbaugh................ 300 B840 |ieveeeironenuninanennns
Imperial Mining, Milling & |.......... Small, |.oceiieiiiiiiaaaaaaa.. A few hundred feet of cut-
Smelting Co. tings. Worked irregularly
' for two other years.
Dolly Varden.............. 1,400 | © 25,000 | iiceiieiieiieniaeiaaaa. Property in litigation.

@ During 1880.

In recent years very few properties in the Big Cottonwood district
have produced any ore. The more productive have been the Black
Bess group of the Michigan-Utah Mining Co., the Maxfield, and
the Cardiff. It is impossible to segregate the production of the dis-
trict from that generally credited to the Little Cottonwood district;
therefore, all the statistics available for the Big Cottonwood district
have been combined in the table with those of the Little Cottonwood
district in the table below.

* Huntley, D. B., op. cit., p. 428, 2Idem, p. 429.

\
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AMERICAN FORK DISTRICT.

The American Fork district, at the head of American Fork canyon,
is separated from the Little Cottonwood district by a sharp divide.
It was organized July 21, 1870, and has an area of 6 square miles.
The mining town, called Forest City, was 18 miles from the town of
American Fork. In later years, since the decline of the Miller mine,
the district has ylelded only a small production.

Huntley * reviews the conditions as they existed in 1880 as tollows

The Miller mine, formerly the principal mine of the district, was discovered
in September, 1870, and was sold the following year for $120,000 or over. The
Sultana smelter (three stacks) was erected in 1871-72, and ran irregularly until
the spring of 1875. In 1871-72 a narrow-gage railroad was built up the canyon
to within 4 miles of the smelter, costing $240,000, if report is correct. At the
same time 25 stone charcoal kilns, 15 at the smelter and 10 at the end of the
railroad, were constructed. Everything was done on a grand scale. At times
200 men were employed. The ore bodies gave out, and the company shut down
the mine in December, 1876, since which time it has only been worked on lease.
The charcoal Kkilns, which were of the beehive pattern and held about 25 cords
each, ran almost continuously from 1872 to 1877, making coal for the Salt Lake
smelters. The track was taken up in 1878 and the iron sold. The bottoms of
the old furnaces were torn up to get the large amount of lead contained in them,
and the old slag dumps were profitably picked over four times to find scraps of
lead, unreduced ore, and matte. * * * Various estimates are given of the

- total product and the average grade of the ore of the Miller mine. The range
of these is between 13,000 and 15,000 tons, assaying from 40 to 54 per cent lead,
from 30 to 47 ounces of silver, and from $2 to $10 gold ® ook K

The Wild Dutchman mine is a quarter of a mile east of Torest Olt} It was
discovered in 1872 and sold to the Omaha Smelting & Refining Co. of Nebraska,
who worked it until September, 1876, when it was leased. * * * TFive large
bodies [of ore] have been found, one 20 feet from the surface, one 300 feet from
the surface, and others between these. The ore is the usual ochery carbonate of
lead found in a lime formation and contains small amounts of heavy spar.
* % % 'Phe mine is opened by seven working tunnels from the hillsides at
various levels. * * * The total product of the mine to 1880 was estimated
at 7,900 tons, averaging 45 ounces of silver and 40 per cent lead.

The other mines of American Fork district are:

! Huntley, D. B., op. cit., pp. 444-445.
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Total Total Condition at close
Mine. length of | - o976t of the census Remarks.
openings. p . year.
e Feet. .

Pittsburg. .....coeeeeiinnn... 1,185 | 2,000 tons.| Active............ Ore assays 13 ounces silver, 44
per cent lead, and $2 gold,

Sundaﬁ. .- 300 | $17,000....! 5 men tunneling...

Silver Bell. .. 120 | 130tonsof | Active............

100-ounce
ore.

Excelsior Silver Mining Co.._|..........]oeeeeiaii et do........... DeveloPments limited; ore ar-
gentiferous ﬁa.lena, assaying
60 ounces silver and 50 per
cent lead and a trace of gold.
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