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OUTLINE OF PRINCIPAL RESULTS.

The Mackay region, in southeastern Idaho
north of Snake River, is well known to geog-
raphers through Big Lost and Little Lost
rivers, which sink from sight near the margin
of the Snake River plains, and to mining men
through the White Knob (now the Empire)
copper deposits.

Most of the ore deposits of the region were
discovered by the army of prospectors that in-
vaded eastern Idaho about 1880 and within a
few years passed on to other regions. The
wave of mining activity in the northern part of
the area rose and fell with the Nicholia enter-
prise, active during the decade preceding 1890,
and the history of the Muldoon district is simi-
larly related to that of the Wood River camps,
which attained the acme of their prosperity
during about the same period. The copper de-
posits near Mackay, though known to these
early prospectors, have been most actively ex-
ploited since 1900. The total production of the
region is about $3,750,000, of which $2,300,000
has come from copper, $100,000 from gold,
$700,000 from silver, and the remainder from
lead. :

The region comprises a high, mountainous
area traversed in a northwest course by three
deep valleys, which merge into the Snake
River plains on the southeast. The elevations
range from 5,000 to 12,000 feet above sea level,
the relief being commonly about 5,000 feet.
Near the close of the Eocene epoch the area was

.elevated from a lowland of moderate relief to a
plateau about 12,000 feet high, which has since
been intricately and deeply dissected by ero-
sion. During Pleistocene time the highland
areas were covered by glaciers and many of
their beauties are due to the diverse activities of
moving ice.

The rock formations of the region include
more than 20,000 feet of strata ranging in age
from Algonkian to Pennsylvanian. The Al-
gonkian rocks comprise intensely metamor-
phosed schists, slates, and quartzites, exposed
only in the Lemhi Range. Overlying these
unconformably are Cambrian (%) quartzites,

Ordovician quartzite and dolomite, Devonian
dolomite, limestone, and calcareous shale, Mis-
sissippian limestone, and Pennsylvanian lime-
stone and calcareous sandstone and shale. The
Mesozoic era is not represented by stratified
rocks, but intrusions of granite invaded the
older strata in late Cretaceous or early Eocene
time. In the Miocene epoch of the Tertiary
period vast volumes of andesitic and related
lavas flooded deep valleys that had developed
after the elevation of the Eocene surface, which,
asits remnants show, was of gentle topographic
form; and behind these flows lakes formed, in
which Miocene sediments accumulated. After
the lapse of a long time, during which erosion
was the dominant process, igneous activity
again became rife and extensive sheets of
basalt were poured forth upon the Snake River
plains. ‘»

Three major epochs of deformation are re-
corded in the rocks of the region. Great
movements in the earth’s crust near the close
of the Algonkian period crushed and crumpled
the pre-Cambrian rocks to an extent far greater
than that of the Paleozoic beds. Throughout
the Paleozoic era there were no movements of
sufficient extent to cause marked angular un-
conformity of the strata, but after its close the
beds were thrown into folds that show aver-
age dips of about 45°. Still later compres-
sional stresses are recorded in the local tilting
of Miocene beds to angles of 35°, although in
general the post-Eocene movements have re-
sulted in broad crustal warpings rather than
sharp folding.

The principal ore deposits of the region are
contact-metamorphic replacement deposits and
lead-silver veins and tabular replacements.
Silver-gold veins were worked at one time and
tungsten has recently been reported.

Two periods of mineralization are repre-
sented, one following closely the granitic in-
vasion and the other subsequent to the erup-
tions of andesitic and related lavas.

The contact deposits, now the most pro-
ductive in the region, are of particular scien-
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tific interest because their relations show that
the granite magma supplied vast quantities of
iron, alumina, and silica to the contact rocks
as well as the constituents of the sulphide
minerals, and that it did so after the outer few
hundred feet of the magma had solidified.
They also indicate that there were two stages
of metamorphism, one coincident with intru-
sion and one subsequent to the fracturing of a
solid magma shell; of the second stage there
can be no reasonable doubt.

The lead-silver deposits of the Dome dis-
trict include considerable bodies of plumbifer-
ous quartzite, a type of lead ore which, so far
as the writer is aware, has not heretofore been
described. The impregnation of the quartzite
by lead was accompanied by the extensive in-
troduction of some manganese-bearing min-
eral,” probably siderite. These bodies of ore
and the veins connected with them are now
the principal source of lead in the area.

The deposits of the Era and Lava Creek dis-
tricts, which have not been actively exploited
for years, belong to a rare group of late Terti-

THE MACKAY REGION, IDAHO.

ary veins in which base metals occur in con-
siderable amounts. A notable feature of the
deposits is the occurrence in them of wurtzite,
the hexagonal form of zinc sulphide. This
mineral has been believed to form only in an
acidic environment, and in all deposits, with
one or two exceptions, it has been described as
a product of descending solutions. Here, how-
ever, it is unmistakably a primary mineral,
and all other observed features of the deposits,
except possibly a small amount of barite, sug-
gest primary acidic solutions.

Sixty-seven mineral species are recognized
in the ores of the Mackay region, one of them,
custerite, being new to science.

The region comprises eleven mining dis-
tricts, at least three of which are of more than
ordinary promise to the prospector, and it is
hoped that they will be more carefully searched
for outcrops of ore. Under the heading “ Prac-
tical conclusions and suggestions to the pros-
pector” observations are made which it is
believed will assist in leading to new dis-
coveries. (See p. 91.)



GEOLOGY AND ORE DEPOSITS OF THE MACKAY REGION, IDAHO.

By Josepa B. UMPLEBY.

INTRODUCTION.
SCOPE OF THE REPORT.

This report embodies the results of a three-
months’ reconnaissance made by the writer,
with the aid of one nontechnical assistant, of
about 3,200 square miles in southeastern Idaho
north of Snake River. '(See fig. 1.) A base
map on the scale of 1 : 250,000, with 1,000-foot
contour intervals, was prepared, section corners
along the larger valleys being used to establish
base lines, from which control was spread, by
plane-table triangulation, into the high moun-
tainous areas. Only in the southwestern part
of the region was it necessary to carry the con-
trol more than 10 or 15 miles from section cor-
ners. It is believed that for the major features
of most of the region, therefore, the map pre-
sents about the same order of accuracy as the
General Land Office plats of agricultural lands.
Altitudes were determined by aneroid readings
and by vertical angles taken from points in the
larger valleys.

Six geologic units were mapped—Algonkian
schists, Paleozoic beds, late Cretaceous or early
Eocene granite and granite porphyry, Miocene
andesites and rhyolites, Snake River basalt
(probably chiefly Pliocene), and Quaternary
alluvium. Their contacts, where definitely
known, are represented on the map bysolid lines,
but where the boundaries were not traced or are
concealed the division lines on the map are
dotted. (See Pl. I, in pocket.)

Special topographic and geologic maps were
prepared of a part of the Alder Creek district
and of a part of the Dome district, both on a
scale of 1 to 12,000. The study in these two
districts may be classed as detailed reconnais-
sance; that of the others as rapid reconnais-
sance.

Paleozoic rocks are predominant in the area
and include thick formations, ranging in age
from probably Cambrian to early Pennsylva-
nian, inclusive, but they have been so greatly
disturbed by crustal movements that to map
them, even approximately, would require se¥-
eral seasons. So complex are the structural
relations that a complete section was not ob-
tained, although several partial sections, which
should be of value in future work, are described.

The physiographic history of the region is
also difficult to decipher, but its major features
are believed to be understood, and it is thought
that future work will supplement rather than
seriously change the conceptions here presented.

FIELD WORK AND ACKNOWLEDGMENTS.

Field work began June 29, 1912, and contin-
ued until October 10 of the same year, except
for the interval from August 28 to September
22, which was spent in a preliminary examina-
tion of the Hailey and Sawtooth quadrangles,
west of the Mackay district. In June, 1913,
while the writer was outfitting for work in areas
farther west, he spent three days in reviewing
certain important features of the copper de-
posits near Mackay. Again, in September,
1913, he spent three days in collecting fossils
east of Mackay; also, in the fall of 1913 E. H.
Finch, assistant to the writer during that year,
spent three days in collecting the notes on the
Muldoon district, herein presented.

During the general reconnaissance C. H. Gray
rendered valuable assistance in preparing the
topographic maps, nearly all the triangulation
and most of the topography being the result of
his work. During the writer’s last visit to the
area G. H. Girty, one of the paleontologists of
the Geological Survey, accompanied him for
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three days in collecting fossils and studying the | Mr. C. 1. Huddle, supervisor of the Lemhi Na-
Paleozoic stratigraphy east of Mackay. The | tional Forest, furthered the work by innumer-
writer is also indebted to the mining men of the | able courtesies, both personal and official.

region for their courteous cooperation through- | The writer is indebted to George Steiger,
out the investigation. Particularly does he de- | Chase Palmer, W. C. Wheeler, W. T. Schaller,
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FIGURE 1.—Index map showing location of Mackay region, Idaho.

sire to express his appreciation of the generous | and R. C. Wells for chemical determinations;
assistance rendered by Messrs. Frank M. Le- | to G. H. Girty, Edwin Kirk, and E. M. Kindle
land and Ralph R. Osborn, of the Empire Cop- | for the determination of fossils; and to his sev-
per Co., and Messrs. Harry K. Knight and | eral colleagues in the Geological Survey’s sec-
Charles A. Peet, of the Wilbert Mining Co. | tion of metalliferous deposits, particularly
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Adolph Knopf, with whom he freely discussed
the problems of the contact deposits. Grateful
acknowledgment is made for kindly criticism
and suggestions by Waldemar Lindgren, under
whose supervision the work was begun, and by
F. L. Ransome, who succeeded Mr. Lindgren
as geologist in charge of the section of metal-
liferous deposits.

LITERATURE.

The literature on the geography, geology,
and ore deposits of the area herein described is
very scant, although adjacent regions have been
the subject of reconnaissance studies. The
principal map of the area is that compiled by
the Forest Service and known as the Lemhi
folio. It was compiled by H. S. Meekham in
1909 and incorporates all information available
at that time. The only additional informa-
tion consists of a few township plats of more
recent date and unpublished sketches in the
local Forest Service office.

In 1907 the copper deposits near Mackay
were described by J. F. Kemp and C. G. Gun-
ther, and in several of the annual reports of the
State inspector of mines mention is made of
different deposits in the region.

The following is a list of the more important
publications and articles on this and near-by
areas:

Emmons, S. F., Livingston to the Snake Plains: Cong.
géol. internat., 5th sess., Compt. rend., pp. 367-374, 1893.
Describes the geology along the route of travel and the
geologic history of the Snake River plains.

~ Eldridge, G. H., A geologic reconnaissance across Idaho:
U. 8. Geol. Survey Sixteenth Ann. Rept., pt. 2, pp.
211-276, 1895. Describes the geologic features and some
of the ore deposits along a route from Boise to Salmon and
thence by way of Challis to Hailey and west to Boise.

Lindgren, Waldemar, The gold and silver veins of Silver
City, De Lamar, and other mining districts in Idaho:
U. 8. Geol. Survey Twentieth Ann. Rept., pt. 3, pp.
75-256, 1900. Describes the character and occurrence of
the igneous and sedimentary rocks and the occurrence and
nature of the ore deposits of a large area lying west of the
Mackay region.

Russell, I. C., Geology and water resources of the Snake
River plains of Idaho: U. S. Geol. Survey Bull. 199, 192
pp., 1902. Discusses the topography, the basement series
of rocks, the lacustrine deposits, the lava flows, and the
water resources of the area. Describes many interesting
features along the southeast side of the Mackay region.

Kemp, J. F., and Gunther, C. G., The White Knob cop-
per deposits, Mackay, Idaho: Am. Inst. Min. Eng. Trans.,
vol. 38, pp. 269-296, 1908 (Am. Inst. Min. Eng. Bi-
monthly Bull. 14, pp. 301-328, March, 1907). Describes
the copper deposits near Mackay and discusses their origin.
Believes that the ‘““uprising gases and vapors passing
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through a molten or viscous mass have at least established
the lines for the development of the garnet, diopside, and
other minerals’’ that occur within the granite porphyry
mass.

Stephens, H. J., The Copper Handbook, vol. 8, pp.
664-665, 1426-1428, Houghton, Mich., 1908: Ou#lines the
history of the several White Knob companies which pre-
ceded the Empire Coppér Co. in the Alder Creek district
and gives considerable information concerning the equip-
ment of the Empire mine and the occurrence and tenor of
the ore. ;

Umpleby, J. B., Geology and ore deposits of Lemhi
County, Idaho: U. 8. Geol. Survey Bull. 528, 182 pp., 23
pls., 1913. Describes physiography, general geology, and
ore deposits of the county. In the final chapter the nine-
teen mining districts are treated separately.

Umpleby, J. B., Some ore deposits in northwestern Cus-
ter County, Idaho: U. 8. Geol. Survey Bull. 539, 104 pp.,
10 pls., 1913. Describes the physiography, geology, and
ore deposits of the Loon Creek, Yankee Fork, and Bay
Horse districts.

MINING HISTORY AND PRODUCTION.

Mining activity in the Mackay region began
soon after the discovery, in 1880, of the rich
lead-silver deposits in the Nicholia district,
which is a few miles north of this region. In-
spired by the profitable exploitation of those
deposits prospectors spread into the surround-
ing country, searching for lead-silver ore with
a thoroughness that has never since been
equaled in the region. Few of the deposits now
known were early unknown to them. Small
shipments of ore were made to the Nicholia
smelter from the Skull Canyon, Birch Creek,
Dome, Era, and Lava Creek districts, but with
the abandonment of the Nicholia enterprise,
about 1890, mining activity in the northern
part of the region ceased. The history of the
Muldoon district, to the south, is similarly
bound up with that of the Wood River camps,
which attained the acme of their prosperity
late in the eighties of the last century.

The copper deposits near Mackay and Kauf-
man were discovered during this early period of
mining activity but were not exploited until
more than a decade later, when the mining
industry of the region to some extent revived.
Since 1900 the history of the mine now owned
by the Empire Copper Co. has been essentially
the history of mining in the region. Operations
on this group of claims began on a large scale in
1901 with the building of a smelter with two
125-ton blast furnaces at Mackay. The suc-
cession of White Knob companies which owned
this property during the next five years is noto-

rious in the annals of mining, each being a drain




14

on the investing public and a failure more dis-
astrous than the one preceding it. After an
expenditure of about $3,000,000 without a
cent of profit the enterprise passed into the
hands of the Empire Copper Co., an entirely
new organization, which has operated the
mine on a leasing system at a noteworthy
profit. The deceit and mismanagement that
characterized its early history have been a seri-
ous detriment to the development of the min-
eral resources of the region, but its present
management is conservative, and the company
is encouraging the local industry in every
legitimate way.

Recently the profitable exploitation of the
lead-silver deposits of the Wilbert mine has
given impetus to this branch of the industry.
This mine, formerly known as the Daisy Black,
made its first production in 1906, but not until
the erection of a 100-ton concentrating mill in
the fall of 1911 was it actively exploited. Dur-
ing 1912 and 1913 the mill was operated most
of the time, but in the first half of 1914, owing
to the low price of lead, it was closed, although
development of the ore bodies proceeded.

The production of the Mackay region can be
only roughly estimated, as a considerable part
of its output was made during the early period
of activity, of which there is no satisfactory
record. Even in recent statistical reports the
county is the unit, and as this region includes
parts of several counties but not all of any one
county it is impossible to assemble accurate
figures for the region from these reports. The
total production of the region up to January 1,
1914, was probably not far from $3,750,000, of
which $2,300,000 came from copper, $100,000
from gold, $700,000 from silver, and the re-
mainder from lead. The Alder ,Creek and
Dome districts, for which the record of produc-
tion is more accurate than for the others, pro-
duced approximately $2,500,000 and $500,000,
respectively, to January 1, 1914. Next follows
the Era district, with an estimated production
of $300,000; the Muldoon district, with $200,-
000; Copper Basin, $90,000; Birch Creek and
Skull Canyon, each about $65,000; .and Lead
Belt district, with $25,000.

GEOGRAPHY.
SITUATION AND ACCESS.

The Mackay region as herein defined is in
southeastern Idaho, north of Snake River, and
includes parts of Custer, Blaine, Lemhi, Jeffer-
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son, Fremont, and Bingham counties. Mackay,
the principal settlement in the region, is cen-
trally situated and is reached from Blackfoot
by a 96-mile branch of the Oregon Short Line
Railroad. The railroad leads up the broad
valley of Big Lost River past the settlements
of Powell, Arco, Moore, Darlington, and Leslie.
Stages run from Arco three times a week to
the upper valley of Little Lost River and once
a week to Martin in the Lava Creek district.
A stage line, with weekly service, connects
Darlington with Grouse post office. From
Mackay stages run daily except Sunday west
to Challis, the county seat of Custer County.
Mail is carried into the Birch Creek valley by
triweekly stage from Dubois, on the Butte
branch of the Oregon Short Line, and until
recently was taken into the Muldoon district
from Hailey, the county seat of Blaine County.

SETTLEMENTS.

Mackay, which has a population of perhaps
1,500, is the largest settlement in the region
and is the supply point for its central and
northwestern parts. Smaller settlements, most
of them consisting only of a general store, a
post office, a blacksmith shop, and a few resi-
dences, are distributed along the large valleys.
There are post offices in the Birch Creek valley
at Kaufman; in the Little Lost River valley
at Howe, Bernice, and Clyde; in the Big Lost
River valley at Mackay, Arco, Moore, Darling-
ton, Leslie, and Dickey; in Antelope Valley
at Grouse; and in the Lava Creek district at
Martin. Arco, which has a population of per-
haps 500, is, next to Mackay, the principal
settlement in the region.

The valley of Big-Lost River, a broad and
fertile intermontane depression, is rather
thickly settled, and perhaps most of the avail-
able land is under irrigation. In the valleys
of Little Lost River and Birch Creek, however,
a smaller proportion of the land is cultivated,
because of the inadequate supply of water. An
attempt recently made to irrigate a large tract
of land about the mouth of Little Lost River
has met with only moderate success because
of leakage from the canals, which traverse
many miles of gravel terraces; and a similar
attempt to put water on large tracts in the
vicinity of Powell and Arco has been a total
failure and financially disastrous to many of
the settlers, who were required to make heavy
initial payments before the canals were com-
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pleted. In Antelope Valley the supply of
water is more abundant and much of the land
is under cultivation.

LINES OF TRAVEL.

The principal lines of travel within the
region follow the margin of the Snake River
plains and the valleys of Birch Creek, Little
Lost River, Big Lost River, and Antelope
Creek. There are also three excellent wagon
roads across the Lost River Range—one
through the canyons of Pass and Wet creeks,
east of Mackay; another over Double Springs
Pass, north of Dickey; and a third across the
south end of the range, north of Arco. There
is also a passable road leading from the valley
of Big Lost River up Lehman Creek over the
summit into Copper Basin, and another from
Antelope Valley across to Era and Martin.
Trails and wood roads extend into the moun-
tainous parts of the area at many places, but
large portions of it can be traversed only on
foot and with extreme difficulty.

CLIMATE AND LIFE.

The Mackay region has a great range in
climatic conditions coordinate with its great
range in altitude. From high tracts deeply
covered with snow throughout a long winter
season the climatic transition is gradual to the
lowlands, where snow seldom persists for
more than a few weeks at a time. The open
season is from May to October, inclusive,
although May is a rainy month and October
has wusually one or more snowstorms. On
the north slopes of the higher peaks snow
lies throughout the summer, forming a strik-
ing reminder of the larger perennial fields of
snow and ice which, in late geologic time,
carved and molded the upland topography.

The area as a whole is one of abundant
precipitation, and most of the canyons are
occupied by streams which live throughout
the year, though they sink beneath the sur-
face beyond the canyons. After uniting to
form the major streams, they approach the
Snake River plains. The major valleys are
floored with loose gravels covered thickly with
fertile soil, through which, however, the water
sinks, making its conveyance through artificial
canals very difficult and not feasible for long
distances. For this reason the vast tracts of
fertile basalt soil along the margin of the Snake
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River plains in large part lie unreclaimed and
support a scrubby growth of sagebrush where
otherwise any of the crops of this latitude
would flourish. Recently dry farming with
winter fallowing and crops in alternate years
has been attempted in these areas and gives
some promise of success.

The principal industry of the region is stock
raising, and the crops consist mainly of hay
and grain for the winter feeding of the
thousands of sheep and cattle which range
widely in the open seasons. Mining is of local
importance in the area and supports a small
part of the population. Lumbering has not
been developed beyond the requirements of the
moderate local market.

The mountainous parts of the Mackay region
support many different kinds of wild game,
although game is less abundant than in the
more inaccessible country to the west. Many
deer, coyotes, several mountain sheep, goats,
bobcats, and an occasional bear, wolf, and
lynx are killed each year within the region.
Several bands of antelope roam the uninhabited
parts of the lower country, but these animals
and beavers are protected by State laws.
Grouse and sage hens are abundant, and great
numbers of ducks frequent the lakes near
Dickey.

A thick forest growth covers most of the
northern slopes between the altitudes of 6,500
and 9,500 feet, but the vegetation on the
southern slopes is principally grasses and
scrubby sagebrush. The trees are predomi-
nantly of the evergreen variety and include the
Douglas fir (Pseudotsuga taxifolia), lodgepole
pine (Pinus contorta), Englemann spruce (Picea
engelmanns), limber pine (Pinus flexilis), alpine
fir (Abies lasiocarpa), and juniper (Juniperus).
Mountain mahogany (Cercocarpus ledifolius) is
locally abundant and is of great value to the
residents for firewood. The most valuable tree
of the forest is the Douglas fir, which supplies
the lumber for local consumption. It grows
in fairly pure stands between altitudes of
6,500 and 8,000 feet, and the individuals
average perhaps 16 to 18 inches in diameter.
Above 8,000 feet lodgepole pine occurs with the
fir in mixture and as separate stands. The
limber pine and Douglas fir are intermixed
with alpine fir at altitudes of 9,000 to 9,500 feet,
above which the mountains are bare of trees.
Below 6,500 feet and on southern slopes up to
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higher levels “the ground cover is made up of

sagebrush and kindred shrubbery, drought-
resistant species, as well as early maturing
grasses and herbaceous plants.” !

PHYSIOGRAPHY.
EXISTING TOPOGRAPHY.
GENERAL FEATURES.

The Mackay region is a high, mountainous
area, traversed in a northwesterly course by
three deep valleys which open on the south-
east into the Snake River plains. The alti-
tudes range from 5,000 to more than 12,000
feet above sea level, but the common relief is
about 5,000 feet. The area constitutes a border
portion of the great interior plateau of Idaho,
and although the old erosion surface which
is conspicuous in that area is not clearly dis-
cernible here, yet it is believed that the rough
accordance in summit levels of the upland
tracts is a feature inherited from a surface
coincident with the plateau. The two areas
are separated only by the deep, narrow canyon
of Salmon River, which flows northward west
of the area represented by the map (Pl I, in
pocket).

The drainage of the region presents many
interesting features. In the three major val-
leys which traverse it streams flow in opposite
directions. Birch Creek and Little and Big
Lost rivers debouch upon the Snake River
plains, there to disappear beneath the lava
surface; and in the opposite ends of the same
intermontane depressions, mostly beyond the
limits of the area shown on the map (PL I),
flow Lemhi and Pahsimeroi rivers and Warm
Spring Creek, tributary to Salmon River.

VALLEYS.

The major valleys are deep, flat-floored de-
pressions bordered by rugged slopes and in
places by precipitous cliffs. Throughout their
courses they are of remarkably uniform width
and in general follow the strike of the formations
that constitute the adjacent uplands. To this,
however, there are a few notable exceptions.
The great valley of Snake River, floored with
sheets of basalt over an estimated area of 20,000
square miles, traverses almost at right angles

1 The above notes on the forest growth are taken principally from a
manuseript in the files of the Forest Service, entitled ‘‘ General silvical
report, Lemhi National Forest,” by A. L. Bower, Jan, 13, 1912.
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the prevailing structural axes of the region.
Similarly, the valley of Antelope Creek. a large
tributary of Big Lost River near Darlington,
and the upper valley of Big Lost River itself
(PL. II, B) cut directly across the strike of
the formations. Other noteworthy features of
the valleys are the local extensions of the val-
ley floors back into the mountain masses in
places where no streams of importance flow and
the projection of the uplands into the valleys.
A striking instance of a reentrant valley occurs
northeast of Arco, where an embayment floored
with broad alluvial fans but containing no per-
manent stream extends 7 miles into the Lost
River Range. A similar embayment is drained
by the upper waters of Wet Creek, on the north
side of the range. The most conspicuous ex-
amples of capes or peninsulas from the uplands
into the valleys occur west of Darlington and
south of the Wilbert mine. The features
south of the Wilbert mine may be due to a great
landslide about which alluvial fans have formed,
concealing the base except next to the Lemhi
Range, but those west of Darlington present no
internal suggestion of such an origin.

Copper Basin, at the headwaters of the East
Fork of Big Lost River, is a large intermontane
depression 8,000 feet above sea level. It is
about 10 miles long and widens headward from
1 mile to about 6 miles in the vicinity of the
Reed & Davidson mine. It drains westward,
and in that direction merges into a narrow -
canyon which continues to the main valley of
Big Lost River. There is a similar but smaller
highland basin about the head of Pass Creek,
in the Lost River Range. :

The divide which separates the drainage of
Birch Creek from that of Lemhi River, a stream
flowing in the opposite direction in the same
general depression, is imperceptible.? The
divides between Little Lost and Pahsimeroi
rivers and Big Lost River and Warm Spring
Creek are more pronounced, although neither
is higher than 7,200 feet, the altitude of the
Lembhi-Birch divide.

UPLANDS.

The uplands of the region may be grouped as
three well-defined ranges and one mountainous
area of irregular outline. Each of them con-
nects on the west, except for the deep, narrow

2 Umpleby, J. B., Geology and ore deposits of Lemhi County, Idaho:
U. S. Geol. Survey Bull. 528, pl. 1, 1913.
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canyon of Salmon River, with the greatinterior
plateau of Idaho, with which the summit to-
pography is correlated.

The range northeast of the Birch Creek val-
ley is a southward spur from the Beaverhead
Mountains, which form the continental divide
from the Bitterroot Range southeastward to
the low pass at Monida. It lies between the
valleys of Medicine Lodge and Birch creeks and
is probably a sufficiently distinct topographic
unit to warrant specific designation, but as only
one side of it has been mapped it is, perhaps,
best to await the results of subsequent work
before suggesting a name. Along its western
face smooth grass-covered slopes, broken here
and there by precipitous cliffs, rise to the sum-
mit, 9,000 to 9,500 feet in altitude. The range
is carved from steeply folded limestone, slate,
and quartzite beds of Paleozoic age.

Between the broad valleys of Birch Creek and
Little Lost River a narrow, rugged range rises to
heights of 10,000 or 11,000 feet. On the north,
without being broken by a single pass lower than
9,300 feet, it continues as the Lemhi Range
between the valleys of Lemhi and Pahsimeroi
rivers. The southern part (P1. III, 4) has been
called the Little Lost River Mountains and the
northern part the Lemhi Range, but as it has
now been mapped on both sides throughout
its extent! without revealing any logical basis
for the division, it is proposed to use the term
Lemhi Range for the entire mass from the
Snake River plains on the southeast to the can-
yon of Salmon River on the northwest. This
range, which is far more rugged than that to
the east, is carved from Paleozoic quartzites,
dolomites, and limestones, and, locally, from
Algonkian schists, slates, and quartzites.

The most rugged and forbidding of the
mountain units of the region, however, is that
between the valleys of Little Lost and Big
Lost rivers. (See Pl. II, A.) From the Big
Lost River valley the range rises by precipi-
tous slopes, many of which can not be scaled,
to a height of 10,500 to 11,000 feet, but on the
northeast side the slopes are less rough and
afford grazing for sheep and cattle. Narrow
box canyons that have been cut across steeply
folded, in many places vertical, beds of lime-
stone and dolomite extend into the range from
the southwest and locally head against long

1 Umpleby, J. B., Geology and ore deposits of Lemhi County, Idaho:
U. 8. Geol. Survey Bull. 528, pl. 1, 1913.
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valleys from the opposite side, thus affording
low divides easy of passage. Pass Creek sum-
mit and Double Springs Pass, at altitudes of
7,500 and 8,200 feet, respectively, are so situ-
ated. There is also a low pass northeast of
Arco. The range, except for these three
passes, extends as an unbroken unit from the
Snake River plains northwestward about 75
miles to the canyon of Salmon River at a point
north of Challis, the county seat of Custer
County. In its southern part it separates the
valleys of Little and Big Lost rivers; on the
north it rises between those of Pahsimeroi
River and Warm Spring Creek. The name
Lost River Range is here proposed for this
entire mountain unit, the northern part of
which was formerly known as the Pahsimeroi
Mountains and the southern part as the Lost
River Mountains. The name Pahsimeroi
Mountains, first applied in 1891, is retained
for that portion of the range which lies between
the headwaters of the Pahsimeroi and the
valley of Big Lost River, because many
biologic species have been referred to it.2 As
seen from the valley of Pahsimeroi River, these
mountains seem to be a separate ‘‘group of
lofty, rugged, snow-marbled peaks, arranged
in the form of a double or triple amphitheater,”
but more extended observation shows them to
be merely a local feature of the continuous
mass to which the name Lost River Range is
here applied. N

The fourth mountain unit lies south of Big
Lost River. Farther west its central divide,
which separates waters flowing north into Big
Lost River and south into Little Wood River,
merges into the well-defined Sawtooth Range,
but within the Mackay region there is no axis
of pronounced development. Copper Basin, in
which rises the East Fork of Big Lost River,
lies well within this mountain area,and the val-
leys of Antelope Creek and its tributaries extend
far into it. That portion of the mountains
which lies between East Fork and the North
Fork of Antelope Creek on the southwest and
Big Lost River on the northeast might be
considered a separate range, but there is at
present nothing to be gained by specific desig-
nation. In this report this entire tract is
simply called the mountainous area south of

2 Merriam, C. H., Results of a biological reconnaissance in south-
central Idaho: U. 8. Dept. Agr. Div. Ornithology and Mammalogy
Bull. 5, p. 14, 1891.
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Mackay. The older rocks in it are Paleozoic
beds cut by batholithic masses of granite, and
these are concealed in many places by andes-
ites and related lavas and tuffs. The sum-
mits rise to about 10,000 feet above sea level.

SNAKE RIVER PLAINS.

Along the southeast border of the Mackay
region the mountains break off abruptly and
the valleys expand as they unite with the great
basalt-flooded valley that constitutes the Snake
River plains. As seen from a point near Arco,
the level sagebrush-covered surface extends
east and south to the horizon, the only relief
from the monotony being afforded by Big, Mid-
dle, and East buttes, which rise several hun-
dred feet above the basalt surface. The eleva-
tion of the Big Butte above the plains is said
by Russell to be 2,350 feet; the other buttes
are lower.

During the present reconnaissance these
buttes were not visited, and but few observa-
tions of the phenomena of the plains were made.
Russell,* however, describes this portion of the
region so vividly, as he saw it from the summit
of Big Butte, that an extract from his paper
will give an adequate idea of the western mar-
gin of the plains, the part adjacent to the
Mackay region.

On reaching the summit of Big Butte on a clear day
there is a far-reaching view in all directions, and much of
the history of the Snake River plains may be easily read
in the splendid panorama. * * *

The mountains to the east are fully 50 miles distant,
and the nearest peaks to the west are from 30 to 40 miles
away; to the southwest and northeast the flat plain ex-
tends indefinitely, and no bordering shore is in sight. In
spite of their remoteness, the Lost River Mountains to the
west are clearly and even sharply defined. The upward
sweep of alluvial fans can be easily traced to where they
narrow at the mouths of strongly cut gorges. Above their
summits are the outlines of bare crags, where angular rocks
form bold convex curves, which replace concave curves
due to stream deposition on the lower slopes. Still higher
is a dark band of forest which encircles the mountain like
a shadowy wreath. Far above the timber line are bare
serrate peaks, all of them light gray and suggesting the
presence of limestone or quartzite, except the highest pin-
nacles of all, which gleam silver white. A recent storm,
which brought light showers to the plains, covered the
higher mountains with snow. Roads on the plain appear
as fine lines radiating from the spring at the northern base
of the mountain. Each curve in the yellow line leading
west can be clearly followed to Arco, 24 miles distant,

1 Russell, I. C., Geology and water resources of the Snake River plains
of Idaho: U. 8. Geol. Survey Bull. 199, pp. 36-38, 1902.
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where clumps of bushes and a few houses tell of the pres-
ence of water. Other clumps of bushes and here and there
a field of alfalfa, a rectangular patch of green on the gray
expanse, reveal the curves of Big Lost River as it flows
through the plain, bends northward, and in winter main-
tains its existence for about 50 miles to where it spreads
out in a small lake. To the northeast, and seemingly
close at hand, although 15 and 20 miles distant, Middle
and East buttes rise abruptly. The nearer butte is black;
its sloping surface is inclined to the southeast, in con-
formity with the dip of the hard-rock layers of which it
is composed. The western border is abrupt at the sum-
mit, but below it has much more gently inclined lines,
due to talus slopes. East Butte is white, rises sharply on
all sides, is without conspicuous talus slopes, and termi-
nates above in two sharp angular peaks, between which
there is a smooth saddle-shaped depression, suggestive of
a broken crater. * * % §till farther to the northeast
and, as one is surprised to learn on referring to a map, 46
miles away, the outlines of Market Lake craters are clearly
visible. Their characteristic conical forms, with flat sum-
mits, leave no doubt that they are extinct volcanoes.
From personal examination I know they are tuff cones
with craters in their tops. When the eye has become
adjusted to the novel conditions it perceives that the vast
plain is not absolutely flat and featureless; and as evening
approaches and a strong side light causes even small eleva-
tions to castshadows, many cone-shaped prominences rise
from the previously flat surface. That these are extinct
volcanoes is clearly shown by an example, only 3 or 4
miles distant to the southeast, from which a black stream
of lava with a bare, rough surface, evidently of recent date,
extends northward and expandsinto a belt a mile or more
wide before terminating. This recent addition to the
rocks of the plains resembles a great withered and black-
ened leaf, with its petiole still attached, laid on the flat
surface. Another black lava stream, starting from an
elevation a few miles to the eastward, also flowed north-
ward and expanded into a leaf-like form several square
miles in area. These two recent lava streams indicate
that the plain of which they form a part has not been pro-
duced by a single vast outpouring of molten rock but isin
reality highly compound and consists of many widely
expanded and overlapping lava sheets. A small eleva-
tion, the summit of a low cone with an immensely ex-
panded base, occurs about 8 miles to the south. It is
similar to those from which lava was recently poured out
but is much older. The lava has evidently flowed away
from a small opening in all directions so as to form a cone,
with a diameter at the base of certainly 8 and probably as
much as 10 miles. When this old volcano is seen in pro-
file from the surface of the surrounding plain it presents
the appearance of another similar cone * * * about
15 miles to the west of Big Butte. The cone just referred
to, together with two companions, is also in sight from the
summit of Big Butte, and still others of similar shape, all
broad, low cones, usually with flat summits, may likewise
be distinguished. To the west * * * are the Cinder
Buttes, among which a score or more volcanic cones are
known to exist. Not including the Cinder Butte, or East
Butte, about 20 craters can be counted on the broad plain,
and still others occur which can not be readily recognized
from a distance. Evidently a very large portion of the
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lava occurring as a surface covering on the Snake River
plains came from small and inconspicuous craters, many
of which have escaped burial by later eruptions and still
exist as elevations.

BIG LOST AND LITTLE LOST RIVERS.

Big Lost and Little Lost rivers and Birch
Creek emerge from their mountain valleys as
streams of considerable size, but their waters
sink beneath the surface soon after reaching
the Snake River plains, and not even during
the spring freshets do they cross its surface and
join Snake River. Thelavasnext to the moun-
tains are somewhat lower than those farther out,
and on reaching them the streams bend their
courses in conformity to the topography, Big
Lost River flowing northward in times of high
water to a point near the mouth of the Little
Lost River valley and Birch Creek turning
southward to the same place. Here there are
a number of shallow silted basins which in the
spring are covered by an ephemeral sheet of
water that is gradually reduced to a number of
smaller bodies as the season progresses and that
finally disappears.

Along the upper courses of these streams
there are also noteworthy “sinks,” or places
where the water sinks into the stream bed.
These are most clearly discernible late in the
summer. A large sink occurs near ‘“the nar-
rows” a few miles above Mackay. In the
vicinity of Darlington a considerable strip of
the river’s bed is dry at times, but a short dis-
tance downstream the river again attains nearly
its full size and flows to a point above Arco;
here much of the water again sinks, but it re-
appears in the vicinity of the town only to dis-
appear entirely a few miles below. Similar
sinks said to occur along the course of Little
Lost River and Birch Creek were not examined
by the writer.

PHYSIOGRAPHIC DEVELOPMENT.
GENERAL FEATURES.

The Mackay region may be described briefly
as a highland area of profoundly folded rocks,
traversed by a complex system of valleys, most
of which lie athwart the structural axes.
Some of the valleys are clearly older than the
present drainage cycle; for instance, the valley
extending northward from Arco and devoid of
any stream, the pronounced depression of Cop-

“per Basin, whose outlet is through a narrow
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canyon, and the basin near Pass Creek summit,
which is similarly drained. Each of these val-
leys lies within a lava belt. That near Arco
extends - northward and is probably an old
erosion valley locally flooded with lavas. Cop-
per Basin is a depression in a lava belt which
extends southeastward from the vicinity of
Challis and joins the Snake River plains at
Martin. The Pass Creek basin is near the head
of a lava belt which extends across the Lost
River Range and along its eastern flank to a
point beyond the limits of the area mapped,
where its identity is lost beneath the alluvial
fans that form the floor of the Pahsimeroi Val-
ley. North of the Pass Creek summit is a con-
siderable area of lacustrine deposits, which are
bordered on the south, west, and northwest
by the lava rocks. These beds represent an
inclosed basin that existed within the lava
area during the later stages of eruption, as is
shown by thin sheets of lava interbedded with
the stratified rocks northeast of Warren Peak.
Copper Basin may also have existed as such
during the later stages of lava eruption and
may merely represent part of a larger depres-
sion where the lava rock did not accumulate
to as great a depth as elsewhere. On this
hypothesis it is not very remarkable that in
this region, where ‘“sinks’” are so abundant
even along the major streams, there are
few lacustrine deposits. The isolated basins
might perhaps be accounted for by downfault-
ing or by downfolding, but no evidence has
been found suggesting that either of these pro-
cesses has taken place. The valley near Arco
heads against a mass of lava rock 800 feet
high and 5 miles across, beyond which a similar
but smaller reentrant, in perfect alignment
with the one from the south, extends from the
valley of Little Lost River. It seems quite
obvious that Little Lost River once flowed out
past Arco and that the waters were diverted to
their present channel by the eruption of lavas
in the vicinity of Arco Pass. Similarly the
other basins are believed to be unfilled seg-
ments of much larger depressions whose origin
must be studied in the light of preexisting
topography.
EARLIER TOPOGRAPHY.
The lava belts in the main occupy valleys of

erosion which are parts of an older surface
recognized at many places in east-central
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Idaho.! The lava-flooded valley that crosses
the Lost River Range north of Leslie is a nar-
row gorge where it comes down to the floor of
the Big Lost River valley, but it widens north-
ward and finally continues as the open valley of
Pahsimeroi River. The contact of the eruptive
rocks with the older formations along its course
is clearly exposed in many places where canyons
cross it. The surface beneath the lavas in
many such exposures is covered by rubble,
much of which is inclosed in the eruptive rock;
elsewhere the lavas abut the eroded edges of the
steeply folded sedimentary beds. The depth
of this old valley can not be definitely deter-
mined, but it certainly attained a much lower
level than the present stream channels. From
the vicinity of Leslie, where it comes down to
the floor of the Big Lost River valley, it pre-
sumably increases in depth toward the north,
where it widens greatly.

The ancient valley of which Copper Basin is
an unfilled segment is less clearly defined than
the one that crosses the Lost River Range.
The lava that occupies it in large part extends
as a belt to the northwest well beyond the limits
of the area mapped and on the south joins the
Snake River plains in the vicinity of Martin
and possibly also east of Muldoon. An exten-
sion from this lava belt reaches eastward into
the present drainage basin of Alder Creek and
thance connects on the south with the Snake
River plains east of Timber Mountain. In this
part of the area the lavas seem to have accumu-
lated above the level of many of the divides,
thus making the delimitation of the old valleys
less definite here than elsewhere.

Closely related to these old lava-flooded
valleys are others which hava remained unfilled
throughout their history. The valley occupied
by Birch Creek and Lemhi River is fully as wide
at the divide, where for a distance of about 8
miles there is no running water, as at any other
place. This valley, which is believed to be due
principally to erosion, certainly is not the
product of the present streams. As was con-
cluded in the study of its northern end 2 it was
developed by a stream flowing southeastward

1 Umpleby, J. B., An old erosion surface in Idaho; its age and value
as a datum plane; Jour. Geology, vol. 20, No. 2, pp. 139-147, 1912. Black-
welder, Eliot, The old erosion surface in Idaho; a criticism: Jour.
Geology, vol. 20, No. 5, pp. 410-414, 1912. Umpleby, J. B., The old
erosion surface in Idaho; a reply: Jour. Geology, vol. 21, No. 3, pp.
224-230, 1913.

2 Umpleby, J. B., Geology and ore deposits of Lemhi County, Idaho:
U. 8. Geol. Survey Bull. 528, p. 29, pl. 1, 1913,

GEOLOGY AND ORE DEPOSITS OF THE MACKAY REGION, IDAHO.

from a point north of Salmon City. At a time
comparatively late in the history of this valley
the stream was tapped by Salmon River and
the divide thus formed was driven back by
the headward erosion of one of its tributaries,
Lembhi River. The north end of the old valley
is filled deeply with Miocene lacustrine depos-
its, which are well exposed in the vicinity of
Salmon City.? These are believed to extend
southward beneath the alluvial mantle that
covers the floor of the Birch Creek valley and
probably beneath the Snake River lavas.

The Little Lost and Pahsimeroi valleys seem
to have been developed by streams that flowed
in opposite directions and occupied channels
whose upper ends were nearly parallel and only
a few miles apart. The many interesting phys-
iographic features about the heads of these
two streams were not studied in detail, but it
appears that Mill Creek occupies the head of
the old Little Lost River valley and that the
former Pahsimeroi Valley headed north of Les-
lie. It is not unlikely that the lower part of
the latter valley was the site of a lake during
the interval between the outpouring of the lava
and the cutting of Salmon Canyon up to the
mouth of Pahsimeroi River. Such alake would
have drained out through the valley of Little
Lost River, but it is possible that this basin
also held a body of water, for there is no evi-
dence of cascades or the work of a rapidly flow-
ing stream on the east side of the divide, and
it seems not improbable that the Snake River
valley at this time was a lake basin. If, how-
ever, there are lacustrine deposits beneath the
alluvium that floors these open valleys no ex-
posures of them are known, unless the lake beds
north of Pass Creek summit, at an altitude well
above that of the valley floors, represent an
elevated portion of beds elsewhere concealed
by alluvium. These beds crop out over an
area of a few square miles as thinly laminated
deposits clearly laid down in standing water.
(See p. 35.) The beds are interleaved along
their west margin with lava sheets and them-
selves contain large quantities of volcanic ash
intermixed with sedimentary débris.

The valley of Big Lost River, more nearly
than any of the other large valleys, can be ac-
counted for by the stream that now flows in it,
though it was possibly assisted by faulting, as
suggested by triangular facets on its eastern

3Idem, pp. 35-40.
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wall. In places it cuts across areas of erup-
tive rocks, indicating that much of its de-
velopment was later than the extrusion of
the lavas, and possibly these areas mark a
second stage of broad wvalley development.
Alluvium covers its floor deeply through its
- entire extent. At the Mackay dam drill holes
100 feet deep did not reach the base of loose
débris. Itwould not be at all surprising if lake
beds several hundred feet thick separate the
alluvium from the underlying Paleozoic forma-
tions. This is suggested by the relation of the
Birch Creek valley, which certainly held a lake,
to the Snake River plains, beneath which Rus-
sell supposed the Payette formation, a lacus-
trine deposit, to extend.! From what is known

of the early Tertiary topography of southern

Idaho there is no reason for supposing that the
lake at Salmon was separated from the lower
end of the Snake River valley in which the
Payette lake existed. If there was a contin-
uous body of water between these localities
the valleys of Little Lost and Big Lost rivers
were very likely arms of the same lake. If
lakes existed here, however, direct evidence of
them is well concealed beneath the thick sheet
of alluvium that is spread over the lowlands.

., VALLEY GRAVELS AND ALLUVIUM.

The major valleys of the region are being
slowly deepened at present, but in no place do
the larger streams occupy inner channels more
than a few feet deep. In other words, the
principal present-day streams are almost in
adjustment, the slight variation from it being
on the side of degradation. In comparatively
recent geologic time, however, aggradation
along the larger valleys was the dominant
process, gravels from the adjacent mountains
accumulating to depths of more than 100 feet,
at least in some places. Prior to this period of
aggradation and possibly separated from it by
alacustral stage there was a period of active ero-
sion during which the great valleys were carved
out. The cause of the marked change from
conditions of active erosion to those of deposi-
tion is not altogether clear. The immediate
cause was probably the reduction in velocity of
tributary streams from the mountains on reach-
ing the valley flats along the trunk channels,
but it is not apparent why this reduction in
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velocity was greater than before the period of
aggradation or much greater than immediately
after that period. It would seem that the
streams must either have been supplied with
more material in their upper courses during
this period than at other times, or that the
annual precipitation was so distributed as to
cause many temporary torrents. At about the
time the gravel was deposited the mountains
above 8,000 feet and the larger canyons down
to possibly 7,000 feet were covered with peren-
nial fields of ice. The margins of these fields
advanced each winter, carrying forward vast
loads of rock débris, and retreated each sum-
mer, exposing this loose material to erosion
and at the same time supplying water for its
transportation. This seems a reasonable ex-
planation for the deposits of this area, but the
phenomena in Utah, where similar aggradation
has taken place adjacent to low nonglaciated
mountains, either during a low stage of Lake
Bonneville or before it was formed, are ex-
plained by Gilbert ? as the result of arid con-
ditions. If this interpretation is adopted for
the Mackay region it must be concluded that
the gravel deposits are pre-Pleistocene, as there
is no evidence of arid conditions after that
epoch and as the Pleistocene was obviously not
lacking in precipitation. It follows that if the
age of the gravels were known the uncertain-
ties of their genesis and correlation would be
greatly reduced, but there is no known evi-
dence defining their age more closely than post-
Miocene (because they cover Miocene beds in
Lemhi Valley) and earlier than late Pleistocene.

RELATION TO ADJACENT TYPES.

In preceding sections it has been shown (1)
that the mountains of the Mackay region com-
prise extensions from the great plateau area
of central Idaho; (2) that the old lava-flooded
valleys of adjacent regions extend into this
one; and (3) that lake beds similar to those in
Lemhi Valley probably underlie the Birch
Creek valley and possibly also the valleys of
Big Lost and Little Lost rivers. Clearly, the
area has had the same general physiographic
history as that to the north and west, with
which it agrees in general aspect. An old
erosion surface believed to be of Eocene age
extends over much of Idaho and is a valuable

1 Russell, I. C., Geology and water resources of the Snake River plains
of Idaho: U. 8. Geol. Survey Bull. 199, p. 59, 1902.

2 Gilbert, G. K., Lake Bonneville: U. S. Geol. Survey Mon. 1, pp.
"220-223, 1890.
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datum plane in broad areas where the time
relations between the Algonkian and the
Pleistocene are otherwise obscured. In this

region the dissection of the upland is so far

advanced that the former existence of a high-
level surface of even contour would scarcely be
suspected, except for the proximity of areas in
which it is clearly defined and the similarity in
the relations and distribution of the lava-
flooded valleys here and there.

PHYSIOGRAPHIC HISTORY.

The record of the physiographic history of
the Mackay region, as interpreted largely in
the light of what is known of adjacent areas to
the west and north, is legible for only that
comparatively small portion of geologic time
since the late Mesozoic. Near the end of the
Cretaceous period great crustal movements
raised the surface to an altitude of several
thousand feet, rejuvenating the streams and
initiating a period of rapid erosion, which by
the end of Eocene time had reduced the sur-
face nearly to the base level for the area,
possibly 1,000 feet above sea level. At this
time an even surface of degradation extended
across the intricately folded strata of the
area, the resistant and nonresistant rocks
alike having about the same relief.

Late in the Eocene or early in the Oligocene
this lowland was raised to a height near the
present summit level, a total uplift, possibly
as a continuous movement but more likely as
a succession of movements, of about 10,000
feet. The streams once more became active
agents in reducing the surface, the larger ones
developing broad, deep valleys, many of
which received lava flows and lacustrine de-
posits in Miocene and possibly also in part of
Pliocene time.

Then followed another period of dominant
erosion during at least the early part of the
Pliocene. Valleys as much as 4,000 feet deep
were carved in the Miocene rocks and later
shaped by ice. During the later part of this
epoch the lowlands may have been aggraded,
because of special climatic conditions, although
the thick alluvial deposits along the larger
valleys may have been formed in late Pleis-
tocene time, when glacial ice was retreating to
higher levels and delivering vast quantities of
loose débris to the mountain torrents.
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Ice fields covered the uplands during the ,
Pleistocene epoch and extended down the
larger valleys to altitudes of about 7,000 feet.
Many of the scenic features of the region—the
great cirques at the heads of the canyons, the
beautiful mountain lakes, the grassy valleys
near the divides, and the general conspicuous
contrast between rounded contours where gla-
ciers worked and ragged surfaces where they
were absent—date from this epoch.

GENERAL GEOLOGY.
LEADING FEATURES.

The rock formations of the Mackay region
include several thousand feet of widely dis-
tributed Paleozoic beds comprising Cam-
brian (?) quartzite, Ordovician quartzite, and
dolomite, Devonian dolomite, limestone, and
calcareous shale, Mississippian limestone, and
Pennsylvanian limestone, calcareous sandstone,
and shale. (See Pl I, in pocket.) In the
northern part of the area these formations rest
upon a series of intensely metamorphosed
schists, slates, and quartzites, but in the
southern part their base is not exposed. The
Mesozoic era is not represented in the area by
stratified rocks, but intrusive granite and re-
lated rocks that are probably of late Cretaceous
age occur in the central and southwestern
parts.

An Eocene erosion surface is believed to
have extended across this region before the
formation of the great lava-flooded valleys that
traverse the region. Fields of glacial ice occu-
pied the highlands in Pleistocene time and ex-
tended down the larger valleys to altitudes of
about 7,000 feet. Gravels, at least in part de-
posited during the retreat of this ice, mantle
the floors of the larger valleys and possibly con-
ceal lacustrine deposits of Miocene age.

The structural relations in the region are so
complex that it was not possible to work out
a complete section in the time available for the
stratigraphic part of the reconnaissance. In
a great many places 2,000 to 3,660 feet of beds
occur in normal sequence, but as these are only
small segments of a section monotonous in the
similarity of its formations, it is believed to be
impossible to correlate them satisfactorily
except by detailed observations and careful
study of the many fossil horizons. In the fol-
lowing pages many partial sections and lists
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of fossils are presented, more for the purpose
of making the material available for future
investigators in the region than as a basis for
present interpretation and correlation. Indeed,
most of the attempts at correlation in this
paper are made only for their suggestive value.

PROTEROZOIC ROCKS.
ALGONKIAN SYSTEM.

Rocks believed to be of Algonkian age crop
out m the vicinity of Bell Mountain, on
the west flank of the Lemhi Range. They are
well exposed in the lower mile of Basinger
Canyon, where they comprise fine-grained seri-
citic schists and micaceous quartzites of dark-
gray color. ‘They are uniformly though not
intensely metamorphosed. Crumpling is not
common, and in most of the quartzitic members
the original bedding planes may be clearly
traced almost at right angles to the planes of
schistosity. - On the east the Algonkian rocks
are separated from fine-grained white quartzite,
tentatively referred to the Ordovician, by a
normal fault which crosses the canyon about a
mile from its mouth. '

Similar rocks ‘were observed in the first
canyon south of Basinger Canyon. Here, how-
ever, there is some suggestion of a depositional
contact between the Algonkian and the over-
lying white quartzite, although the exposure is
poor.

To the north the Algonkian beds are widely
exposed in the Lemhi Range, the contact with
the Paleozoic beds gradually mounting the
range and finally descending to Lemhi Valley
in the vicinity of Stroud station.! The beds
are believed, from their advanced metamor-
phism and their lithologic similarity, to be part
of the Belt series, which is widely exposed in
Idaho and western Montana.?

PALEOZOIC ROCKS.

CAMBRIAN (%) SYSTEM.
DISTRIBUTION AND LITHOLOGY.

Rocks believed to be of Cambrian age are
exposed in many parts of the Mackay region,
but only in the vicinity of Wilbert were they
carefully examined, and here neither the top nor

1 Umpleby, J. B., Geology and ore deposits of Lemhi County, Idaho:
T. 8. Geol. Survey Bull.-528, pl. 1, pp. 30-32, 1913.

2 Emmons, W. H., and Calkins, F. C., Geology and ore deposits of the
Philipsburg quadrangle, Mont.: U. 8. Geol. Survey Prof. Paper 78, p. 35,
1913.

23
the bottom is exposed. Their upper members
are faulted against massive-bedded blue dolo-
mite and their basal members disappear
beneath Tertiary (% alluvium. The fine-
grained white quartzite that occurs in the
Gilmore section and was assigned to  the
Cambrian in the report on Lemhi County *
crops out at several places in the Mackay
region, but is here tentatively assigned to the
Ordovician. i

The supposed Cambrian quartzites in the
vicinity of Wilbert, in the Lemhi Range,
include four fairly distinct formations that are
designated lower quartzite, shale, middle
quartzite,and upper quartzite. (SeePl.IIL, B.)
The lower quartzite is a massively to semi-
massively bedded white rock that has a wide
range in texture but is in most places pebbly,
containing subangular pebbles of quartz as
much as a quarter of an inch across, firmly
cemented by finer siliceous material. The
base is not exposed, but 200 feet of beds
appear in the canyon side below the Wilbert
mill.

A shale formation, intricately folded in the
vicinity of the mill but apparently about 150
feet thick, overlies the lower quartzite. The"
rock is greenish gray and has been so greatly
compressed that it breaks readily into irregular
plates with curved faces. Its metamorphism
was accompanied by the development of con-
siderable chlorite and sericite.

Above the shale formation is the middle
quartzite, which, as exposed in nearly vertical
beds along the canyon above the Wilbert mill,
is 475 feet thick. The rock has a maroon
color that contrasts sharply with the prevalent
light grays of the other quartzite formations.
The lower part of it is made up of thick beds, -
some of which are intricately cross-bedded,
but the upper layers are thin and regularly
stratified.

Overlying this formation is an assemblage
of quartzite beds that were grouped and
mapped as the upper quartzite. They are at
least 800 feet thick, although, as there is a
strong fault on the east, their full thickness
was probably not observed. The lowest beds
consist of 25 feet of milky-white fine-grained
quartzite, overlain by 6 feet of dark-gray
medium-grained quartzite, then 10 feet more

3 Umpleby, J. B., op. cit., pp. 32-33.
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of the milky-white variety, which grades into
a brownish facies containing numerous annelid
borings, the total to this horizon representing
a thickness of about 170 feet. Above this
lower group of beds is 80 feet of thin-bedded
clear-white fine-grained quartzite, which from
local evidence might be considered a distinet
unit. This is overlain by 550 feet of massive
quartzite beds of light-gray color and fine-
grained texture.

AGE AND CORRELATION.

These rocks are clearly ancient sediments,
and, as there appears to be no place for them
higher in the section, they are believed to be
most likely of Cambrian age. If they are
Cambrian, however, the section is very differ-
ent from that in northern Utah described by
Richardson.! The lower quartzite here cor-
responds fairly well in lithology with the
Brigham quartzite of the Utah section, but if
the shale corresponds to the Hodges shale
member of the Bloomington formation, then
the Blacksmith, Ute, and Langston lime-
stones are absent. Also if the middle and
upper quartzites correspond to the Worm
Creek quartzite member of the St. Charles
limestone of that section, then the Nounan
limestone and upper part of the Bloomington
formation are absent. The correspondence of
the Mackay section with the Cambrian section
of western Montana is even less close, for if the
lower quartzite is considered the equivalent of
the Flathead quartzite, and the shale equal to
the Silver Hill formation, the magnesian lime-
stones and shale of the Hasmark formation and
the limestone and shale of the Red Lion forma-
tion have their equivalent in the middle and
upper quartzites of the Wilbert section.?

ORDOVICIAN SYSTEM.

Three Ordovician formations, the lowest of
which is, however, only tentatively assigned to
that system, are recognized in the Mackay re-
gion. The upper two are fossiliferous dolo-
mites; the lower is a fine-grained white quartz-
ite not known to contain fossils. The base of
the system is not exposed, but in Elbow Can-
yon there are 1,600 feet of quartzite beds over-

1 Richardson, G. B., The Paleozoic section in northern Utah: Am.
Jour. ‘Sci., 4th ser., vol. 35, pp. 406-407, 1913.

2 Emmons, W. H., and Calkins, F. C., Geology and ore deposits of the
Philipsburg quadrangle, Mont.: U. S. Geol. Survey Prof. Paper 78, pp.
51-60, 1913.

lain apparently conformably by 420 feet of
dark-blue dolomite, above which is 530 feet of
white dolomite, and the two dolomites yield a
Richmond fauna.

QUARTZITE FORMATION.

The quartzite formation is exposed in Elbow
Canyon on the east limb of an anticline into
which the stream has not cut sufficiently to
reveal the base. The rock throughout is uni-
formly so fine grained that with the unaided
eye individual grains can not be distinguished.
As measured in thin section with a microscope
they are seen to average about 0.4 millimeter in
diameter, the largest one measured being only
0.7 millimeter. They are rounded to subangu-
lar in outline and interlock closely.

Similar rock occurs in the second ridge east of
Arco,but hereithasbeen minutely fractured and
the openings sealed by cryptocrystalline quartz.
About 800 feet of beds are exposed at the head
of a small canyon on the west slope of the ridge.
Upon them rest thick-bedded dark-blue dolo-
mite that continues to the summit, 200 feet
above. Similar quartzite is abundant in the
alluvial gravels near Dickey—a fact which,
with the occurrences at the other localities
mentioned, suggests that the formation is
widely distributed in the Lost River Range.

In the Lemhi Range what seems to be the
same formation crops out in Basinger Canyon
about a mile from its mouth. Above it are
massive beds of blue dolomite lithologically
similar to those yielding the Richmond fauna
in Elbow Canyon; below it, separated by a
normal fault, are schists and quartzites, prob-
ably of Algonkian age. Farther north along
the Lemhi Range a similar quartzite formation
occurs at the head of Meadow Lake, near Gil-
more. This rock was assigned to the Cam-
brian in the report on that area,® but for reasons
presented on page 25 it is now believed to be
Ordovician. Its stratigraphic relation to thick-
bedded dolomite yielding Richmond fossils is
exactly the same as that of the similar quartzite
in Elbow Canyon.

DOLOMITE FORMATION.

The upper Ordovician comprises two distinct
lithographic units, both thick bedded—an up-
per white dolomite and a lower dark-blue dolo-

3 Umpleby, J. B., Geology and ore deposits of Lemhi County, Idaho:
T. 8. Geol. Survey Bull. 528, pp. 32-33, 1913,
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mite. The rocks were seen at several places in
the Lemhi and Lost River ranges, but were ex-
amined in detail only in the Elbow Canyon sec-
tion east of Mackay. The lower dolomite
rests, with apparent conformity, upon the fine-
grained white quartzite above described. It
forms cliffs many feet high, in which the more
resistant beds are separated by thin, platy
layers that contain abundant poorly preserved
fossils. Near the base of the blue dolomite fos-
sils collected by the writer and G. H. Girty
were identified by Edwin Kirk as a cephalopod
siphuncle, genus undetermined, Halysites gra-
cilis, and Streptelasma sp. About” 400 feet
higher in the section, but still in the blue dolo-
mite, the beds contain abundant fossil frag-
ments, none of which were determinable, al-
though Mr. Kirk ventures the opinion that the
material is ‘‘probably some sort of stromatopo-
roid.” The blue dolomite, as measured in
this section, is 420 feet thick. Above the
blue dolomite is massive white dolomite 530
feet thick. Its surface is spotted with clear
marble-like patches and is horny and nodular
whereweathered. The characteristics and com-
position of the different beds are very similar.
They seem to be conformable with the blue
dolomite below and the lower Devonian beds
above. ~ Fossils were found sparingly at several
horizons, and among the material collected Mr.
Kirk identified Dinorthis subquadrata (Hall)
var., Hormotoma sp., Maclurine sp., and Strep-
telasma sp.

Mr. Kirk concludes from his examination of
the fossils that the material from the base
of the blue dolomite and that from the white
dolomite “are certainly Richmond in age.”
He found nothing of diagnostic value in the
material from the top of the blue dolomite,
but as this is definitely between the other
two, the entire section must be considered as
representing the Richmond epoch of the

Ordovician.
CORRELATION.

The dolomite portion of the Ordovician of
this region, Mr. Kirk states, “should be corre-
lated with the Fish Haven dolomite of Rich-
ardson.” The Fish Haven consists of 500
feet of medium-bedded bluish dolomite and
is overlain by 1,000 feet of light-gray to white
dolomite (the Laketown dolomite) that con-
tains a meager Silurian fauna.! In the Gil-
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more section, to the north, the beds of Rich-
mond age are also about 500 feet thick and
similar lithologically. Above them is a light-
gray dolomitic limestone 200 feet thick. On
lithologic and stratigraphic evidence, there-
fore, it would seem that the light-gray to white
beds overlying the dark-blue formation yield-
ing Richmond fossils in the three areas should
be considered of contemporaneous origin. In
one of the areas (Utah) fossil evidence points
to the Silurian; in another (Gilmore) doubt-
fully to the Silurian; and in the third (Mackay)
definitely to the Ordovician. It is to be hoped
that other. localities in the general region will
afford more extensive fossil collections.

The fine-grained quartzite beneath the dark-
blue dolomite should possibly be correlated
with the Swan Peak quartzite of Richardson,?
which is similar in lithology and stratigraphic
position, although only 500 feet thick. It is
quite certainly the same quartzite formation
that is exposed at the head of Meadow Lake,
near Gilmore. This was considered to be Cam-
brian, at the time the Lemhi County report was
written, because of ‘“the general presence of
quartzite at the base of the Cambrian in many
localities to the south and east and its absence
in the Ordovician.” The recent change in
the assignment of the formation is based purely
on the following stratigraphic relations and
must be considered tentative, as no fossils
have been collected from it in the Mackay
region: (1) Quartzite of the same uniform
texture has recently yielded Ordovician
(Chazy ?) fossils in the Bear River Range
of northern Utah. (2) If the quartzite is
Cambrian it is most reasonably assigned to the
basal Cambrian, which in other areas is litho-
logically similar. It is, however, immediately
beneath the dark-blue dolomite in each.of the
four sections where the contact has been
studied, but this leaves no room above it for
the 1,600 feet of Cambrian (?) beds near
Wilbert, and to put those beds below it means
that it is either near the base of the Ordo-
vician or near the top of the Cambrian. To
give it the latter position makes it contem-
poraneous with limestone of regions to the
south and east, whereas its lithology agrees
closely with that of the Ordovician Swan
Peak quartzite. This correlation therefore
seems more probable.

1 Richardson, G. B., op. cit., p. 410.

2 Idem, p. 409.
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DEVONIAN SYSTEM.

DISTRIBUTION AND CHARACTERISTICS.

The Devonian system is represented in the
Mackay region by about 3,950 feet of beds
comprising three distinet formations and so
far as observed is conformable with the Ordo-
vician below and the Mississippian above.
The upper 500 feet, yielding fossils of Three-
forks age, rests upon 1,500 feet of beds from
which fossils were not collected, and the
basal 1,950 feet yields a fauna with Jefferson
affinities. The Devonian rocks were studied
in detail only in Elbow Canyon, east of Mackay,
but are believed to crop out widely in the
Lost River Range, where the middle formation
feeds the long talus slopes of fine material
that extend as a girdle along the west side of
the range near the summit. In the Lembhi
Range also rocks that resemble the Devonian
in lithology were seen at several places.

The basal formation of the Devonian, as
exposed in Elbow Canyon, where the beds
stand almost vertical, comprises massive dark-
blue and gray dolomite separated by thinner
beds of similar but less resistant material.
Throughout 300 feet of beds, beginning about
250 feet above the base, there are vast quan-
tities of Stromatopora? sp., this fossil making
up most of the mass of some of the beds.
Near the top of this lower Devonian formation,
through 100 feet or more of beds a fossil sponge
is fairly abundant. Mr. Kirk, in referring to
these collections, says:

Although the fossils in these two lots are indeterminable
generically, they point conclusively to the Devonian
(Jefferson) age of the containing beds. These fossils are
characteristic throughout the extent of the Jefferson.
So far no material sufficiently well preserved for micro-
scopic examination has been obtained, and in conse-
quence it has not been possible to identify the fossils
accurately.

Above the dolomite containing the Jefferson
fossils are about 1,500 feet of beds which make
grassy slopes. Fragments in the soil and piled
about gopher holes are rather uniformly of
brown calcareous slaty material. These beds
did not yield fossils.

The uppermost Devonian formation consists
of massively bedded blue and dark-gray lime-
stone and dolomite, of which a few beds stand
in much stronger relief than the others,
though all are strongly resistant to erosion.

At several horizons there are layers of reddish-
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brown shaly limestone that contain abundant
fossils. These were examined by E. M. Kindle,
whose report follows: g

I have been able to recognize the following species in
the collection of Devonian fossils from Elbow Canyon,
Mackay, Idaho, which you [G. H. Girty] recently sent me
for study:

Productella sp.

Camarotoechia sp.

Schizophoria striatula var. australis.
Athyris parvula.

Reticularia sp.

Spirifer utahensis.

Spirifer whitneyi.

Meristella cf. M. barrisi.
Euomphalus eurekensis.

The fauna represents an Upper Devonian horizon. This
assemblage of species shows resemblances both to the
Jefferson limestone and the Threeforks shale fauna. The
presence in it, however, of a large species of Productella
appears to indicate that it represents a horizon later than
that of the Jefferson fauna. I am inclined to regard it as
a calcareous facies of the Threeforks shale fauna, although
it is not a typical fauna of this horizon.

CORRELATION.

Devonian rocks are well known in areas to
the north, east, and southeast of the Mackay
region, and with them the Devonian beds of
this region are correlated on fossil evidence.
In the Randolph quadrangle, in northern Utah,
the system is represented by the Jefferson
dolomite, 1,200 feet thick, and by 200 feet of
Threeforks limestone.! To the northeast, near
Three Forks, Mont., the Devonian comprises a
very dark dolomite formation 840 feet thick,
known as the Jefferson limestone, and a shale
formation, the Threeforks shale, 135 feet thick.?
In the Philipsburg quadrangle, to the north,
the Threeforks is absent, but the Jefferson is
about 1,000 feet thick and consists predomi-
nantly of rather thick bedded, somewhat mag-
nesian limestone.?

In the southeastern part of Lemhi County,
Idaho, the Devonian is at least 2,000 feet thick
up to a stratigraphic horizon that “contains
corals hitherto referred by Kindle to the Jeffer-
son limestone.” Above this horizon the sec-
tion was not measured, because of structural
complications,* and fossils were not found.

From the above citations of areas near by
it appears that the most noteworthy feature

1 Richardson, G. B., op. cit., pp. 411-412.

2 Peale, A. C., The Paleozoic section in the vicinity of Three Forks,
Mont.: U. S. Geol. Survey Bull. 110, pp. 27-32, 1893.

2 Emmons, W. H., and Calkins, F. C., op. cit., p. 65.

4 Umpleby, J. B., Geology and ore deposits of Lemhi County, Idaho:
U. 8. Geol. Survey Bull. 528, p. 34, 1913.
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of the Mackay Devonian section is its great
thickness. It is not possible to know from
data now available whether the thickening
toward the west is due to an .increase princi-
pally in the Threeforks or in the Jefferson,
because the middle part of the Devonian sec-
tion in the Mackay region, comprising 1,500
feet of beds, did not yield fossils. Litholog-
ically this part of the section seems to fall with
the Jefferson rather than with the Threeforks,
which would make the Jefferson about 3,450
feet thick—more than twice its thickness in
any of the other localities. It is also worthy
of note that in its type locality in Montana the
Threeforks is a shale formation lying between
resistant limestone beds, and that in northern
Utah it is a soft limestone between harder ones,
but that near Mackay it appears to be repre-
sented by predominantly resistant beds with a
soft formation below and presumably with
thick-bedded Mississippian limestone above.
This difference affords some suggestion that
the middle shale member of the Elbow Canyon
section should be considered a part of the Three-
forks, but that would make the Threeforks ten
times as thick in the Mackay region as in either
of the other localities.

CARBONIFEROUS SYSTEM.
MISSISSIPPIAN SERIES.

DISTRIBUTION AND LITHOLOGY.

Mississippian beds that have yielded exten-
sive fossil collections at many places are widely
distributed and of great thickness in the
Mackay region. A complete section has not
been found, and the fragmentary information
collected during the reconnaissance does not
warrant the piecing together of even a tenta-
tive section. In general the series consists of
a monotonous succession of thick-bedded and
thin-bedded limestones, with variations in the
color of widely separated beds as the principal
present basis of correlation. In several locali-
ties partial sections including from 1,000 to
4,000 feet of beds are exposed, and some of
them quite certainly comprise beds at horizons
not represented in others; but all that can be
said now is that the series is very thick, proba-
bly much more than 6,000 feet.

The beds from which fossils were collected
are all of upper Mississippian age, the lower
Misissippian or Madison limestone, which is so

widely distributed in the Rocky Mountain
region, apparently being absent. J

The most detailed section was measured in
Joggle Canyon, east of Mackay, where east of a
disturbed zone about 4,300 feet of beds are ex-
posed in the upper third of the canyon. The
beds dip about 80° E. in the lower part of the
exposure, but flatten to 25° toward the head
of the canyon. The lower beds exposed are
1,500 feet of thin-bedded fine-grained calca-
reous slate, which becomes somewhat thicker
bedded near the top. Conformably above
these beds is 400 feet of buff and pale-maroon
shale with a few thick beds of fossiliferous lime-
stone (1140, 541 1) near the base. Above the
shale beds is 200 feet of dark limestone in thin
beds, which become thicker upward and lie -
beneath a medium-bedded limestone (536) of
distinctive reddish-buff and blue color. Above
this limestone is 300 feet of massively bedded
dark-blue limestone (1136, 540), which grades
upward into 100 feet of buff sandstone. Then
follows 100 feet of clayey limestone (1137),
which weathers a bright red. Above this 1,050
feet of thick-bedded blue limestone remarka-
bly free from partings along the bedding con-
tinues to the summit; fossils were found only in
the lower 200 feet (1138).

The section east of the Empire mine, repre-
senting, perhaps, 4,000 feet of beds, is very dif-
ferent from the one just described, comprising
a monotonous succession of limestone beds of
almost uniform dark-blue color, rather pure in
the upper part, but with notable amounts of
chert in the lower members. The chert occurs
as nodules, lenses, and apparently also as thin
beds, locally making up 25 per cent of the mass.
Fossils were collected from beds about halfway
up in the section (79) and near the top (542).

A section about a mile above the lower en-
trance to Pass Creek canyon (see Pl. IV) pre-
sents about 2,000 feet of strata. The lower
part consists of beds of dark-blue limestone as
much as 20 feet thick, through which are
sparsely scattered lenses and nodules of chert.
This series grades upward into a shaly lime-
stone in beds 1 to 2 feet thick, in the upper
third of the section. Abundant fossils occur in
the lower beds (1141, 1141a, 1141b, 1141¢) and
a few were found in the upper beds (1142, 1143).

t The numbers in these descriptions refer to the lots of fossils collected
from the particular strata described and correspond to the permanent
numbers of the lots in the Survey record of Carboniferous invertebrate
collections. The fossils are listed on pages 29-30.




Neither the top nor the base of the Mississip-
pian is known to be exposed in any of the above-
described sections. In Elbow Canyon, the only
place where Devonian fossils were collected, a
fault probably separates beds yielding an upper
Mississippian fauna from those of Devonian age.
The top of the Mississippian, however, may be
exposed near the summit of the range east of
Moore, where above a fairly distinet lithologic
break were collected fossils (539) which G. H.
Girty refers tentatively to the lower Pennsyl-
vanian. This section comprises about 2,000
feet of dark-blue Mississippian limestone (534),
inclosing some thin beds of gray color. It
forms cliffs 5 to 30 feet high, separated by ter-
race-like benches, except in the middle 500 feet
_ or so, where the slopes are smooth. The over-
lying Pennsylvanian affords smooth slopes
broken by one cliff 30 feet high, made up of
alternating layers of cherty limestone and nod-
ular sandstone, and another 15 feet high, made
up of thin-bedded sandy and cherty limestone.
These cliffs, which are separated by about 200
feet of concealed beds, both yield the fauna
tentatively assigned to the lower Pennsylvanian,

AGE AND CORRELATION.

The Mississippian beds of the Mackay region
are highly fossiliferous. Many collections were
made from that part of the Lost River Range
east and south of Mackay, where alone time
was given to a search for them. The collec-
tions have proved to be of unusual interest,
and as the correlation of Carboniferous forma-
tions in the Rocky Mountain region are in
process of gradual revision, G. H. Girty, who
identified and helped to collect the fossils, has
kindly supplied the subjoined brief statement
concerning the special features of the Missis-
sippian of the Mackay region with respect to
some of the general problems he has been in-
vestigating for a number of years:

With but few exceptions, all the Carboniferous collec-
tions made in the Mackay region can be assigned to the
upper Mississippian. None of them possesses the charac-
teristic Madison (Jower Mississippian) facies, and as the
Madison limestone is usually recognizable with ease, both
faunally and lithologically, that horizon may with reason-
able safety be regarded as unrepresented among the fossil
collections. There are, however, a few lots containing
faunas so small and poorly characterized that their evi-
dence is as inconclusive negatively as it is positively.
The Pennsylvanian series, on the other hand, is repre-
sented by a few characteristic faunas. These are lots 538,
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539, and 544, all the rest being assigned to the upper
Mississippian.

Faunally these collections are of unusual interest.
Some of them show a distinct alliance with the faunas of
the Mississippi Valley (for example, lots 1140 and 1141 es-
pecially recall the fauna of the Moorefield shale of Arkan-
sas), while others are more nearly allied to the Mountain
limestone or Productus giganteus zone of Europe and Asia
(lots 1141a and 1145), an alliance shown in the large Pro-
ductus identified as P. latissimus, in the abundance of
corals of the genus Lithostrotion, and in other species.
There is no apparent reason why these two facies should
not be considered to belong to essentially the same geologic
period.

Over extensive areas in the West rocks of upper Missis-
sippian age appear to be lacking, so that the Pennsylvanian
rests directly upon the Madison limestone or upon older
strata. Upper Mississippian rocks are, however, known
in Montana, Utah, Idaho, California (Baird shale), and
Alaska (Lisburne limestone). It is probable that the typ-
ical Quadrant formation is of that age, though this is not
certain. Evidence also exists for believing that the Madi-
sone limestone itself is in part upper Mississippian, or at
least that upper Mississippian rocks have been included
in mapping with the abundantly and characteristically
fossiliferous Madison strata. The Brazer limestone of
northern Utah is also regarded as of upper Mississippian
age, and to the same formation has been assigned a much
thicker and more richly fossiliferous series of rocks in the
Montpelier region, in southeastern Idaho. In the Eureka
district of Nevada the White Pine shale, the Diamond
Peak quartzite, and the ‘‘lower Carboniferous” limestone
are all tentatively assigned to the upper Mississippian, and
if so they constitute one of the thickest sections known,
comprising nearly 9,000 feet of strata. In point of thick-
ness at least the Mackay section is more comparable to that
of the Eureka district than to any of the others mentioned.

The great thickness of the upper Mississip-
pian of the Mackay region is its most striking
feature as compared with sections in near-by
areas. In northern Utah the upper Mississip-
pian is represented by the Brazer limestone,
which consists of 800 to 1,400 feet of massive
to thin-bedded light-gray siliceous limestone,
including some sandstone beds, and rests on
highly fossiliferous Madison limestone of about
equal thickness.! The overlying Pennsyl-
vanian beds consist of 300 to 600 feet of thin-
bedded quartzite and limestone, grading up-
ward inte massive quartzite. In the Philips-
burg area the upper Mississippian is absent, an
unconformity (%) separating the Madison lime-
stone from the Pennsylvanian rocks.

The fossils collected from the Mississippian
of the Mackay region by the writer in 1912 and
by the writer and Mr. Girty in 1913 are listed
below with approximate localities. The num-

1 Richardson, G. B., op. cit., pp. 412-413.
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bers at the head of the lists, with the exceptions
of Nos. 1, 2, 5, 8, 55, and 79, which were given
in the field, correspond to the permanent num-
bers in the Survey record of Carboniferous col-
lections.

533. From semimassive limestone near head of Rams-
horn Canyon:

Derbya kaskaskiensis (?). Spirifer aff. S. peculiaris.
Chonetes aff. C. burlington- Spiriferina sp.
 ensis.

534. From massive blue limestone forming lower part of
range east from Moore, near top of lower 1,200 feet of ex-
posed beds:

Rhombopora sp. Cliothyridina hirsuta.
Streblotrypa sp. Nucula levatiformis?
Cystodictya sp. Nucula rectangula?
Batostomella sp. Cypricardella oblonga.
Stenopora sp. Sphenotus sp.

Derbya kaskaskiensis? Euomphalus similis var.
Productus pileiformis. planus.

Productus inflatus? Platyceras sp.

Holopea proutana?
Holopea n. sp.

Loxonema yandellanum var.
Aclisina turritella?
Pleurotomaria, 3 n. sp.
Kirkbya sp.

Girtyella turgida var. elon-
gata. x

Spirifer keokuk var.

Spiriferina sp.

Martinia sp.

Composita subquadrata.
535. From massive blue limestone about halfway up

Elkhorn Canyon:

Campophyllum? sp. Diaphragmus elegans.

Anisotrypa sp. Girtyella turgida?
Batostomella? sp. Spirifer keokuk var.
Fenestella sp. Composita trinuclea.
Lingulidiscina? sp. Cliothyridina hirsuta.

Crania? sp. Conocardium sp.
Derbya kaskaskiensis? Aviculipecten, 2 sp.
Chonetes sp. Paraparchites sp.

- Productus punctatus. Bairdia sp.
Productus pileiformis. Griffithides sp.

536. From buff and blue limestone 350 feet thick near
head of Joggle Canyon:
Lithostrotion, 3 sp.

537. From slide rock, 8,300 feet elevation, on slope 3
miles northeast of Mackay:

Syringopora sp.

Zaphrentis multilamella? Rhombopora sp.
Batostomella sp. Chonetes sp.
Fenestella sp. Productus sp.
Cystodictya? sp.

540. From massive blue limestone, 400 feet exposed at
head of Joggle Canyon:

Zaphrentis sp. Syringopora sp.

541. From arenaceous shale and blue limestone, 400
feet thick, which lies next below buff and blue limestone
near head of Joggle Canyon:
Batostomella sp.

Productus pileiformis.
Productus arkansanus.
Productus n. sp.
Productus inflatus?

Pustula aff. P. moore-
fieldana.

Productella hirsutiformis?

Spirifer arkansanus?

Paraparchites nicklesi?
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542. From massive blue limestone near Empire mine,
Alberta portal:
Campophyllum? sp. Zaphrentis sp.

543. From limestone at quarry near Arco:

Crincidal fragments. Spirifer keokuk var.
Stenopora? sp. Composita? sp.
Productus inflatus.

545. From limestone beds about 4 miles east of Arco:
Zaphrentis multilamella?

546. From massive limestone exposed in 1,000-foot sec-
tion, 6 milesnorth-northeast of Arco:

Zaphrentis multilamella? Syringopora sp.

1. From limestone bed, 100 feet thick, 5 miles east of
Mackay: ‘
Fenestella sp.
Polypora sp.
Rhombopora sp.

Cystodictya? sp.
Productus cora. -

2. From limestone 5} miles east of Mackay:
Syringopora aff. S. surcu- Crinoid stems.

laria.

5. From massive limestone 1} miles west of Pass Creek
summit:

Syringopora aff. S. surcularia. Productus aff. P. inflatus.
Campophyllum? sp. Spirifer keokuk var.

8. From medium-bedded limestone, about 1,000 feet
thick, 14 miles west of Pass Creek summit; stratigraphi-
cally above 5:
Syringopora sp.
Campophyllum? sp.

Derbya kaskaskiensis.
Composita subquadrata.

55. From massive limestone 35 miles northeast of Arco
(in central partof T.9N., R. 31 E.):
Zaphrentis sp. Productus aft. P.
Productus aff. inflatus. sanus?

arkan-

79. From limestone exposure 1,000 feet east of Alberta
portal, Empire mine:
Syringopora sp. (like that

in lot 8).

1136. From massive siliceous limestone near head of Jog-
gle Canyon:!

Fistulipora sp.
Fenestella sp.

Syringopora sp. Productus sp. =
Lithostroticn whitneyi. Camarophoria explanata?
Melonites? sp. Spirifer keokuk var.
Crinoid. Cliothyridina aff. C. subla-
Rhipidomella nevadensis. mellosa.

Productus aff. P. parvus. Paraparchites sp.

Productus aff. P. setiger.

1137. From about the same horizon as 1136 but 1,000
feet away along the outcrop:

Lithostrotion whitneyi. Lithostrotion sp. a.

1138. From massive limestone above 1136:
Zaphrentis stansburyi?

1139. From limestone forming summit at head of Joggle
Canyon:
Zaphrentis sp.
Batostomella sp.

1 Lots 1136-1140 were collected in 1913 from the same section which in
1912 yielded lots 536, 540, and 541.

Spirifer keokuk var.?
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1140. From limestone about 200 feet below 1136:
Batostomella sp.
Cystodictya sp.

Bactropora sp.
Chonetes aff. C. illinoisensis.
Productella  hirsutiformis
var. batesvillensis?
Preductella hirsutiformis?
Productus subsulcatus?
Productus moorefieldanus?
Productus biseriatus? ~
Productus aff. P. longi-
spinus.

1141. From talus in lower 500 feet of 2,000-foot section
exposed in Pass Creek Canyon. The collection was
separated into four lots according to probable stratigraphic
‘horizons:

Zaphrentis? sp.
Lithostrotion whitneyi?

Productus ovatus?
Productus tenuicostus.
Productus sp.
Girtyella? sp.
Camarotoechia? sp.
Spirifer keokuk var.?
Reticularia setigera?
Aviculipecten 2 n. sp.
Platyceras sp.
Paraparchites nicklesi.

Camarophoria thera?
Girtyina brevilobata.

Ptilpora sp. Dielasma aff. D. formosum.
Fenestella several sp. Spirifer arkansana?
Cystodictya lineata? Spirifer keokuk var.

Rhombopora? sp.
Bactropora sp.
Batostomella sp.
Stenopora sp.
Crania sp.

Spirifer sp.

Spiriferina sp.

Martinia sp.

Composita trinuclea?
Cliothyridina sublamellosa?

Chonetes aff. C. illinoisen- Hustedia sp.
sis, Myalina aff. M. sanctiludo-
Productus punctatus. vici.

Productus inflatus?
Productus arkansanus?
Productus parvus?

Aviculipecten morrowensis?
Schizodus? sp.
Solenospira aff. S. attenu-

Productus sp. ata.
Productus aff. P. indianen- Griffithides sp.
sis. Bairdia sp.

1141a. Insame section principally above 1141:

Zaphrentis stansburyi?

Lithostrotion? sp. b.

Amplexus sp.

Cyathophyllum subcaespito-
sum?

Cystodictya lineata?

1141b. Principally higher in the section than 1141a:
Dielasma sp.

Spiriferina sp.
Cliothyridina sublamellosa?

Batostcmella sp.

Schizophoria aff, S.
pinata.

Productus latissimus.

Cliothyridina sublamellosa?

resup-

Fenestella sp.
Batostomella sp.
Productus aff. P. parvus.
Productus aff. P. inflatus.

1141c. Principally higher in the section than 1141b:
Productus sp.

Dielasma sp.

Spirifer keokuk var.?
Cliothyridina sublamellosa?

Zaphrentis sp.
Stenopora sp.
Schuchertella? sp.
Diaphragmus elegans?

1142. From about two-thirds of the way up in the Pass
Creek section:

Batostomella sp. Productus latissimus?

Dielasma sp.

1143. From near the top of the Pass Creek section:
Zaphrentis sp. Cliothyridina? sp.
Dielasma sp.

THE MACKAY REGION, IDAHO.

1145. From limestone talus about 3 miles above the
mouth of Elbow Canyon; occurs adjacent to the Devonian
but probably the two are separated by a fault:

Zaphrentis excentrica? Productus latissimus.
PENNSYLVANIAN SERIES.

DISTRIBUTION AND LITHOLOGY.

The Pennsylvanian series attains its maxi-
mum development in the Mackay region in
the vicinity of Muldoon, although small areas of
Pennsylvanian rocks occur in the east end of
the Lost River Range and rocks of the same
age probably crop out in the Lemhi Range and
east of Birch Creek. The only considerable
section measured is well exposed a few miles
west of the area mapped, on the north rim
of Muldoon Canyon about 2 miles east of
Bellvue. Here the rock exposures are good
and the structure involves only regular easterly
dips. The section was measured in 1913 by the
writer in company with G. H. Girty and E. H.
Finch. Measurements were made by pace
traverse, lock level, and aneroid, and record
was kept of the surface slope, the course of the
traverse, and the dips of the beds. The sec-
tion is not complete, as erosion has removed
the top of the series in this locality, but it is
believed to contain the base of the Pennsyl-
vanian, although its exact stratigraphic position
has not been determined.

Section of Pennsylvanion series east of Bellvue, Idaho.

Feet.
Sandstone, brown and fine grained, in beds from 1

foot to 6 feet thick; top not exposed....: e 240
Limestone, siliceous, coarse textured, of blue color,
weathering dull gray with horny surface fossilif-
orous (020). J Tt s L e 25
Sandstone, thin bedded, bluish gray, weathering
reddigh gray; contains small lenses of limestone.. 2, 690
Sandstone, steel gray, weathering rusty brown;
thimibedss oS Ssiy o oln. 770
Limestone, gray, alternating with brown sandstone
in-thinehedser e e i = R e T 190
Sandstone, fine grained, dense, brownish gray, in
bed&:2:toi6deet thicla: "o 2 >i0 b o oo s o 1, 400
Same, inclosing several beds of limestone 1 foot to
6:or rarely 10 dpetaifieksist s o - o LTt 620
Sandstone, calcareous, laminated, becommg thicker
bedded and firmer toward the top............... 780
Limestone, blue, fossiliferous (228), thin bedded, in-
closing some thin layers of calcareous shale... ... 80
Conglomerate, well-rounded chert pebbles 1 inch
or less in diameter with interstices filled with
coarselyieranulapibiea. 0T Ty o s e 10
Sandstone, calcareous and in some bedsargillaceous,
bluish gray and steel gray, weathering buff....... 100
Conglomerate similar to that above described...... 210
7,115
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It seems most reasonable to consider the base
of this lower conglomerate as the base of the
Pennsylvanian series, but until other sections
have been studied the determination can only
be tentative. Below the conglomerate is 380
feet of fine-grained bluish-gray thin-bedded
sandstone which rests upon 30 feet of chert
including thin lenses and partings of shale.
Between this and the valley floor is about 100
feet of material which affords smooth slopes
and talus of intensely fractured dark-gray
slate. = Possibly the cherty formation that rests
upon this slate is the basal member of the
Pennsylvanian.

Three small lots of fossils assigned to the
lower Pennsylvanian were collected in the
Lost River Range about 50 miles east-north-
east of the Muldoon section. Here, in the
principal section examined, only 500 feet of
Pennsylvanian beds, resting upon fossiliferous
upper Mississippian limestone, are preserved
from erosion. They form smooth grassy slopes
broken only by two cliff-forming members, one
30 feet and the other 15 feet thick. The 30-foot
member comprises alternating bands of lime-
stone, chert, and sandstone and is about 250
feet above the base of a thin-bedded siliceous
series that is very different in character from
the underlying thick-bedded upper Mississip-
pian limestone. Above it smooth slopes con-
tinue through 200 feet of beds to the second
cliff-forming member, which is highly fossilif-
erous but otherwise similar in character to the
lower one. This forms the crest of the divide.

The Pennsylvanian rocks here exposed ap-

pear to rest conformably upon the Mississip-

pian beds, but in this section there is nothing
closely comparable to the cherty conglomerate
thought to represent the base of the Muldoon
section. To harmonize these observations is
one of the many problems suggested by the
reconnaissance of the Mackay region.

AGE AND CORRELATION.

The determination of the seriés exposed in
Muldoon Canyon as of Pennsylvanian age is
based principally upon two lots of fossils, re-
ferred to in the detailed section:

No. 228.

Campophyllum sp.

Rhombopora sp.

Productus aff. P. gruennovaldti.

Productus aff. P. porrectus.

Productus aff. P. lineatus.

Ambocoelia sp.

.Productus cora.
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No. 229.

Fusulina secalica.

Echinocrinus sp.

Batostomella sp.

Concerning these fossils George H. Girty,
who identified them, says: ,

Experience has shown that Fusulina, which occurs in
lot 229, is a reliable index of the Pennsylvanian. Lot
228, although not perfectly diagnostic, also shows Penn-
sylvanian affinities, and collateral facts of lithology and
stratigraphy also support a reference to the Pennsylva-
nian. Thisis clearly not a Madison fauna nor the upper
Mississippian of near-by areas.

Three lots of fossils, referred to the Pennsyl-
vanian by Mr. Girty, were collected in the
Lost River range. These fossils, with the
approximate location of the outcrops where
they were collected, are listed below.

538. From massive blue limestone which forms the
divide at head of Ramshorn Canyon:

Productus semireticulatus.
Marginifera lasallensis? (may
be Productus).

539. From thin-bedded, cherty, sandy limestone, 15
feet exposed on summit east of Moore:

Chaetetes milleporaceus.
Zaphrentis sp.

Batostomella sp.
Productus semireticulatus.

Productus symmetricus?
Spirifer rockymontanus.
Composita subtilita.

544. From limestone in first point east of Arco:

Batostomella sp. Productus nebraskensis?

Productus semireticulatus.

Concerning these three lots Mr. Girty says
that ‘‘the collections are probably of lower

Pennsylvanian age, though the faunas are not

quite as varied and distinctive as might be
desired.”

The Pennsylvanian is widely distributed in
areas to the north, east, and southeast, but
in no reported section does it attain the thick-
ness found in the vicinity of Muldoon. In
southeastern Idaho and northern Utah the
series is well developed, being represented by
2,400 feet of sandy limestones, calcareous sand-
stones, and quartzites of somewhat variable
character.! To the north, in the Philipsburg
quadrangle, Mont., the Pennsylvanian is rep-
resented by a quartzite member 400 feet thick
and below it a shaly member from 50 to 600
feet thick.? In view of the apparent variation
in the character of the series in different parts
of the Mackay region this accordance with

1 Richards, R. W., and Mansfield, G. R., The Bannock overthrust, a
major fault in southeastern Idaho and northern Utah: Jour. Geology,
vol. 20, No. 8, pp. 689-693, 1912.

2 Emmons, W. H., and Calkins, F. C., op. cit., p. 67.
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sections in near-by regions is perhaps as close,
lithologically, as might be expected, but it
seems quite certain that the Pennsylvanian
formations, like the upper Mississippian, De-
vonian, and Ordovician, show a pronounced
thickening in this part of Idaho.

MESOZOIC ROCKS.

GRANITIC INTRUSIONS.

GENERAL FEATURES.

An intrusive igneous mass crops out in the
vicinity of White Knob, and a much larger one
is exposed southwest of Copper Basin. The
rock near White Knob has about the compo-
sition of a soda granite, but that southwest of
Copper Basin, as suggested by the only two
specimens oollected from it, seems to range
from quartz monzonite to normal granite.
Both are batholithic intrusions, having trans-
gressive contacts on all sides, and are believed
to be outliers of the great granite batholith of
Idaho that crops out to the west over a con-
tinuous area of more than 20,000 square miles.

WHITE ENOB BATHOLITH.

Distribution and form.—The eastern half of
the White Knob intrusion was studied in con-
siderable detail, and a few specimens from the
other half indicate that it presents essentially
the same relations and characteristics. The
~ rock is well exposed in the vicinity of the Em-
pire mine and along the canyon of Cliff Creek,
where it is conspicuously sheeted and the part-
ings in most places have a general north-south
trend and stand almost vertical both parallel
to the contact and at right angles to it. The
limestone beds are not noticeably deformed by
the igneous rock, which lies against them with
extreme irregularity. In general, the area of
the batholith increases with increased depth,
but in the Empire workings the contact is
almost vertical for 700 feet below the surface.
On White Knob a great projection of the lime-
stone extends over the igneous mass, which
is a portion of the roof of the batholith
about 1 square mile in area and 1,000 feet
thick, and about its border the contact is very
irregular. There are several protrusions of
the limestone into the general area of the gran-
ite porphyry, many apophyses of granite por-
phyry into the limestone, and, particularly in
the vicinity of the Empire mine, numerous
engulfed blocks of limestone. . g
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Petrography.—The rock of the batholith has
a wide range in texture and hence in general
appearance. Along the periphery a zone from
a few feet to a few hundred feet in width is
much finer grained than the main part of the
mass, although it has essentially the same
composition as the coarsely porphyritic part.
In it the groundmass is microcrystalline and
the feldspar and quartz phenocrysts are small
and widely spaced.

The normal rock is a dark-gray granite por-
phyry containing phenocrysts of feldspar from
a quarter to half an inch in length and rounded
crystals of quartz about a quarter of an inch in
diameter that stud rather thickly a ground-
mass composed of flecks of biotite and needles
of hornblende along with considerable amounts
of feldspar. Orthoclase is the most abundant
feldspar, but albite, microcline, and oligoclase,
one or all, occur in most of the thin sections.
Quartz is next to orthoclase in amount, and
much of it is embayed to an unusual extent.
Micropegmatite is abundantly developed lo-
cally. Biotite is usually present in noteworthy
amounts, and hornblende and diopside are not
uncommon, although nowhere abundant. Ti-
tanite, magnetite, and apatite are present in
most of the thin sections as accessories, and
rutile occurs in some of them.

A complete analysis of the granite porphyry
appears on page 61.

None of the rock seen in place can be con-
sidered a typical granite, because of its dis-
tinctly porphyritic texture. It is noteworthy,
however, that specimens on the dump of the
Darlington shaft, said to have come from a
depth of 700 feet below the surface, are almost
equigranular, as are also boulders along Cliff
Creek. These few specimens that have a gran-
itic texture and the considerable size of the in-
trusion suggest that the part now exposed is the
marginal portion of a granite mass which is
only slightly eroded—that is, that only the
shell of the batholith is now visible.’

The intense metamorphism that both accom-
panied and followed the invasion of the lime-
stone series by this magma presents many fea-
tures of particular interest, which are discussed
elsewhere (p. 55).

GRANITE AREA SOUTHWEST OF COPPER BASIN.

Beyond the low timbered hills of lava rock
west of Copper Basin rise precipitous slopes of
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light-gray color that contrast sharply with those
of the .other rock formations in the vicinity.
Boulders along streams flowing from this area
show that the rock is a gray granite of medium
texture. For a distance of 6 or 8 miles east-
ward from the edge of the area mapped it forms
the divide between streams that flow north-
ward and those that flow southward. West-
ward it continues for several miles into the
area of the Hailey quadrangle, where bold out-
crops were observed about the head of Wild-
horse Canyon.

‘Along its eastern margin the batholith has
been cut extensively by the erosion which
formed the large valleynow occupied by the Ter-
tiary lavas. East of these lavas, however, the
granite again appears in the point of the second
ridge north of the Starr Hope mine. Here it is
a fine-grained medium-gray holocrystalline
rock, made up of oligoclase, less orthoclase,
some albite, quartz, hornblende, and biotite,
with accessory magnetite, apatite, and zircon.
Another specimen from the same locality is of
closely similar appearance, but does not con-
tain plagioclase. Thus it seems that the rock
ranges in composition from quartz monzonite
to granite, but it is believed that the granitic
phase is predominant.

AGE OF THE BATHOLITHS.

The age of these large intrusive masses is not
determinable from local evidence, but it seems
quite reasonable to assume that they represent
the same general period of intrusive activity
as does the great central batholith of Idaho.
The rocks of both regions are similar, bear the
same general relation to the older mineral de-
posits, cut the youngest Paleozoic rocks of the
region, and extend upward to the level of the
Eocene erosion surface. The great Idaho bath-
olith has been assigned, on fairly safe evidence,
to the late Cretaceous or possibly to the early
Eocene,! and the similar rocks in the Mackay
region are believed to be of about the same age.

DIKE ROCKS.

DISTRIBUTION AND CHARACTER.

Dikes are meagerly developed in the Mackay
region. In the vicinity of Muldoon several
were observed, and locally about the border of
the White Knob batholith they are abundant.

1 Umpleby, J. B., Geology and ore deposits of Lemhi County, Idaho:
U. 8. Geol. Survey Bull. 528, pp. 42-43, 1913.
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In the southern end of the range east of Birch
Creek a basic dike was observed in the Birch
Creek mine, and two or three were seen in the
mines of the Era district.

Near the Empire mine the dikes include
trachyte porphyry, granite porphyry, and ap-
lite; in the Muldoon district quartz diorite por-
phyry, granite porphyry, and aplite; in the
Birch Creek mine basalt; and in the Era district
andesite and possibly quartz diorite porphyry.

GRANITE PORPHYRY.

The granite porphyry, as developed in the
vicinity of the Empire mine is a dense, dark-
gray rock, made up of small phenocrysts of
orthoclase and quartz, together with a little
oligoclase and albite, set sparsely in a micro-
crystalline groundmass, in which, in most speci-
mens, only flecks of biotite and hornblende can
be identified. The rock occurs in dikes, of a
maximum width of 100 feet or more, which are
clearly offshoots from the main batholithic
mass.

APLITE.

The narrow dikes of aplite in the vicinity of
the Empire mine are of particular interest be-
cause they present perfect freshness in areas
where the igneous rock which they traverse is
completely changed to garnet-diopside-magnet-
ite rock. This is interpreted (p. 75) to mean
that the material which formed the aplite dikes
escaped from the magma after the metamor-
phosing solutions were expelled. Similar aplite
dikes occur sparingly in the Muldoon and Cop-
per River districts. The rock is a fine-grained
medium-gray to buff aggregate of idiomorphic
orthoclase and considerable quartz. It con-
tains a very little accessory apatite and here
and there a fleck of biotite or a needle of horn-
blende.

QUARTZ DIORITE PORPHYRY.

Quartz diorite porphyry was not certainly
identified, although two specimens of intensely
altered material from the Drummond prospect
are believed to represent this type of igneous
rock, which in areas to the west is perhaps the
most abundant dike material. In general ap-
pearance the rock is medium gray and made up
of thickly spaced phenocrysts of feldspar and a
little biotite in a minutely crystalline ground-
mass. Microscopic examination shows abun-
dant sericite developed after feldspar, and
chlorite after biotite. A few grains of quartz
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occur in both sections, and as some of the feld-
spars are certainly oligoclase and others may be
orthoclase the rock is either a quartz monzonite
or a quartz diorite porphyry.

TRACHYTE PORPHYRY.

Trachyte porphyry was observed only in the
workings of the Empire mine and others near
by, where it is exceedingly abundant in the
form of dikes that range from a few inches to
perhaps 50 feet in width. These dikes can not
be traced on the surface except in a few places
because of their marked tendency to crumble
into parts too small for identification. Even
several hundred feet below the surface drifts
which cross them are closely lagged, as within
a few months the rock crumbles down in quan-
tities sufficient to block a tunnel.

The trachyte porphyry is made up of large
Carlsbad twins of orthoclase and locally me-
dium-sized quartz and hornblende crystals
embedded in a dark-gray felsitic groundmass.
All the specimens examined microscopically
show in the areas of orthoclase crystals and of
the groundmass an earthy-looking field con-
taining a little chlorite and felted aggregates of
sericite.

These dikes cut across garnet-diopside rock
and are hence younger than the metamorphism.
They are traversed, however, by aplite dikes,
as shown in an exposure north of the ‘‘big
quarry”’ of the Empire mine.

CENOZOIC ROCKS.

ANDESITE ERUPTIVE ROCKS.
GENERAL RELATIONS.

The Eocene and Oligocene epochs, as sug-
gested in the section on physiographic history
(p. 19), seem to have been times of uninter-
rupted erosion, but in the Miocene epoch lavas
flooded many of the larger valleys, forming
great belts of andesite, rhyolite, and related
lavas and tuffs. In places lakes formed behind
lava dams and served as catchment basins for

_débris from adjacent uplands. (See Pl. V.)
DISTRIBUTION.

There are three principal belts of Miocene
eruptive rocks in the region. One belt extends
from the valley of Big Lost River, in the vicin-
ity of Leslie, across the Lost River Range and
northwestward along its northeast flank to a
point well beyond the limits of the area mapped.
Another belt crosses the same range in the
vicinity of Arco and forms the divide at Arco
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Pass. The largest belt, however, lies south
of the valley of Big Lost River. This area
lacks the regularity in outline that character-
izes the others, although it has a general trend
to the - southeast. From Copper Basin a
broad belt leads northward across the summit
toward the settlement of Chilly, another ex-
tends south, and a third passes over the divide
and expands widely in the broad basin of upper
Antelope Creek. This part of the general
area connects with the Snake River plains,
both north and south of Timber Mountain, and
wide arms extend in the direction of Fish Creek,
to the south, and of Big Lost River valley in
the vicinity of Leslie, to the north.

The lavas reach from the level of Big Lost
River valley, at an elevation of about 6,000
feet, to 9,000 feet on Warren Peak and to a
comparable height south of White Knob.
There seems to be no crustal warping or fault-
ing to account for the differences in level, and
as they occupy drainage lines, which presum-
ably have fairly even floors, it is probably
safe to assume that the difference between the
elevations, or 3,000 feet, represents their mini-
mum thickness. The distance to which they
extend below the present drainage lines can
not be determined, and the extent to which
erosion has reduced their upper surface can
be only approximated. Itseems reasonable to
believe, however, that in many places they
accumulated to thicknesses much greater than
3,000 feet. The series forms smooth slopes,
rounded summits, and low cliffs of dark-gray
color, which locally give way to a yellowish
red owing to the oxidation of iron-bearing
minerals, or to a chalky white where consider-
able layers of tuff are included.

PETROGRAPHY.

Perhaps the most common type of rock in the
series is andesite, although rhyolites, trachytes,
latites, and related tuffs all occur in the area.
Although the eruptive sequence is not known,
it appears that in general the andesites are
more abundant in the lower and the tuffs
more abundant in the upper horizons.

A specimen collected near Pass Creek summit
and typical of that vicinity, is a grayish-black
rock studded with many bright needles of
hornblende. In it the phenocrysts exceed the
groundmass slightly in area. The groundmass
is microcrystalline and is composed princi-
pally of minute crystals of feldspar. The
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phenocrysts comprise hornblende, oligoclase,
andesine, a little biotite and much less mag-
netite and apatite. Another specimen from
the same vicinity is pale lavender and contains
noteworthy amounts both of hornblende and
biotite, along with feldspar, in a fine-grained
to glassy groundmass. The feldspars are ap-
proximately oligoclase-andesine in composi-
tion and exceed hornblende, which in turn is
somewhat greater than biotite in amount. The
area of the groundmass greatly exceeds that of
the phenocrysts.

Rhyolite occurs in low exposures east of Arco.
It is a light-gray rock that carries small crystals
of feldspar, biotite, and quartz embedded in
dense material, some of which shows flow lines.
In the same vicinity there occurs a grayish-
green rock, which consists of a fine-grained
groundmass thickly studded with small crystals
of feldspar. The feldspars are much more cal-
cic than in most of the other specimens of the
lava series, ranging from labradorite (Ab,An,,)
to bytownite (Aby,An,). There is much sec-
ondary chlorite in the slide and noteworthy
amounts of augite. Magnetite and hornblende
are accessory. The rock should probably be
considered an olivine-free basalt.

In the vicinity of Era water-laid tuff is al-
most as abundant as andesite. A specimen
from the St. Louis mine is composed of small
angular and subangular fragments, the outlines
of which are shown by rims of iron oxide sur-
rounding a core of minute, diversely oriented
quartz grains. There is much secondary pyrite
as scattered crystals, and a little sericite. The
rock is too altered for identification, but in the
hand specimen it looks like a rhyolite tuff, as is
also suggested by its resemblance to a specimen
from the Hubb mine, in which there are many
remnants of orthoclase.

Basalt was observed in intimate association
with the Miocene lava series at only one local-
ity—at a point about 13 miles due west from
Clyde and at an elevation of 7,500 feet. The
basalt here rests on andesite and is overlain by
tuffaceous material, clearly showing that it is
a part of the Miocene lava series. A thin sec-
tion of the rock shows many crystals of augite
and a few of olivine distributed in a groundmass
of minute plagioclase laths.

Latite has not been recognized from micro-
scopic examination. Experience with the same
lava series in adjoining areas, however, has
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shown that chemical analysis is likely to reveal
potassium oxide in much of the andesite-like
material in amounts sufficient to necessitate
the classification of the rock as latite. In
these rocks the potash evidently occurs in the
groundmass.!

AGE OF THE LAVAS AND TUFFS.

The lavas and tuffs above described are be-
lieved to be of Miocene age because of their
relation to great valleys of erosion developed
after the elevation of the Eocene erosion sur-
face and because a long period of degradation
intervened between their eruption and the
extravasation of the Snake River basalt, com-
monly accepted as chiefly of Pliocene age.

DIKE ROCKS.

Narrow dikes of andesite were observed in
the Era district and of basalt in the Birch
Creek district. Both occur in areas of eruptive
rocks similar to them in composition, and prob-
ably represent fissures along which the lavas
rose. They are very much younger than the
dikes previously described and are believed to
be of Miocene and Pliocene age, respectively.

MIOCENE LACUSTRINE DEPOSITS.
DISTRIBUTION.

Lake beds, contemporaneous with the lava
series, crop out in the vicinity of Pass Creek
summit, and it is not improbable that similar
deposits lie beneath the alluvium in the valleys
of Birch Creek and Big Lost and Little Lost
rivers, as suggested on page 21. Also in the
vicinity of Era there are beautifully stratified
beds of tuff that probably were deposited in a
body of standing water. The beds near Pass
Creek summit are exposed over an area which
extends about 4 miles south and 10 miles north
of Lookout Mountain and is perhaps 3 miles
in average width. On the west the beds in-
terfinger with andesite flows and on the east
they rest against an eroded surface of older
rocks, principally limestone.

CHARACTER AND THICKNESS.

About 2,000 feet of beds are exposed a short
distance north of Pass Creek summit, where
the formation strikes N. 30° W. and dips 35° E.
The beds are tuffaceous throughout, but there
are two layers, about 100 feet apart strati-
graphically, of nearly clean tuff. The upper

1 Umpleby, J. B., Some ore deposits in northwestern Custer County,
Idaho: U. 8. Geol. Survey Bull. 539, pp. 25-26, 1913,
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layer forms a ledge 10 feet high; the lower one,
perhaps 4 feet thick, occupies a saddle. Be-
tween them lie thin-bedded limy shales which
have a particularly carbonaceous layer at the
base. Below the lower layer of tuff lie thin-
bedded shales and beds of limestone fragments;
above the upper layer lie more shale beds,
which characterize at least the next 1,000 feet
of strata. The beds of coarser material differ
markedly in composition from place to place,
according as the adjacent upland is carved
from limestone, shale, quartzite, or older lava

flows.
COAL.

A prospect for coal, comprising a 40-foot
incline shaft, has been opened in the lake beds
at a point a short distance north of the Pass
Creek divide. Here a few thin seams of coal,
not aggregating over 4 or 5 inches in thickness,
have been found in the 4-foot bed of carbona-
ceous shale that lies above the lower bed of tuff.
The prospect has aroused local interest, which
in view of the origin of the lake beds in a small
basin bordered by precipitous slopes, must be
considered as ill founded. It is exceedingly
improbable that any workable bed of coal will
be found in these lacustrine deposits.

AGE OF THE LAKE BEDS.

Determinable leaf remains were not found in
the lake beds. They are, however, of essen-
tially the same age as the lava series, which has
already been assigned to the Miocene (p. 35),
and they present the same geologic and physio-
graphic relations as the similar beds in Lemhi
Valley that yielded Miocene plant remains.

SNAKE RIVER BASALT.
GENERAL FEATURES. :
Long after the extravasation and extensive

erosion of the Miocene eruptive rocks basaltic
lava flooded the Snake River plains and the

lower ends of the three major valleys of the |

region. In general the flow probably came
from fissures, but in many places it came from
low volcanic cones, as at Cinder Buttes, south-
west of Martin, described by Russell.! In the
vicinity of Era and Martin, particularly along
Lava Creek valley, numerous vents were
formed rather high up on the mountain sides

1 Russell, I. C., Geology and water resources of the Snake River plains
of Idaho: U. 8. Geol. Survey Bull. 199, pp. 72-110, 1902,

‘most minute details of surface structure.
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and fed small streams of lava, all but perhaps
two of which never reached the foot of the
slopes. These two wunited and formed a
stream about 300 yards wide, which con-
tinued to the mouth of the valley, about 8
miles away, and there expanded on the plains,
forming a thin covering over similar but much
older sheets. Much of this lava stream pre-
serves at the surface its glassy luster and the
It
is evidently of very recent origin and probably
represents a dying phase of the activity which
earlier found expression in the far more exten-
sive- flows that flooded the great wvalley of
Snake River. In the vicinity of Arco the
flows represent three distinct stages of erup-
tion, separated by periods during which con-
siderable layers of soil were formed.

I. C. Russell’s description 2 of the phenomena
presented by the Snake River basalt is so com-
plete and admirable, however, that it is not
deemed necessary to describe further the basalt
flows in this report.

AGE OF THE BASALT.

The lavas of the plains flowed around the
eroded base of Big Butte, which is composed
of andesitic material similar to that of the older
lava series. There was, therefore, a’ consider-
able lapse of time between the two periods of
eruption. The later period of eruption seems,
however, to have been of great duration, as
suggested by Russell,® who says:

Although the first-formed sheets of the Snake River lava
are perhaps of the same age as the main mass of the
Columbia River lava, by far the greater part of it is much
younger. The latest outpourings of molten rock over the
Snake River plains occurred probably within recent his-
toric times and are perhaps not over 100 to 150 years old.

The great bulk of the Snake River basalt,
however, appears from Russell’s description to
be contemporaneous with the Idaho formation,
which has been assigned definitely to the Plio-
cene, on fossil evidence.*

GRAVEL BEDS AND ALLUVIUM.

Deposits of gravel and alluvium are widely
distributed along the larger valleys, and thick
accumulations of giacial débris occur locally
in the higher mountains, particularly below

2Idem, pp. 59-145.

3Idem, p. 61.

4 Lindgren, Waldemar, and Drake, N. F., U. 8. Geol. Survey Geol.
Atlas, Nampa folio (No. 103), pp. 2-3, 1904.
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the great cirques formed by alpine glaciers.
The extensive valley deposits represent more
than one kind of phenomena. The older de-
posits were possibly formed in pre-Quaternary
time and may be due to special climatic con-
ditions (see p. 21); those of intermediate age
include both glacial moraines and outwash and
the deposits of streams from the mountains
whose velocity is checked abruptly when they
reach the broad valley flats; and the most
recent ones represent in large part material
from the older deposits reworked by present-
day streams. After the process was once well
started perhaps as important a factor as any
other in the deposition of material by streams
tributary to the main arteries has been their
loss in volume in crossing the broad flats of
loosely consolidated débris. '

Nowhere in the larger valleys do the streams
flow on bedrock and in no place have they cut
into the gravels to a depth greater than perhaps
50 feet. In the vicinity of Mackay the de-
posits are well exposed. Here Big Lost River
occupies a shallow channel along the western
side of an alluvial flat, perhaps one-half mile
wide and about 40 feet lower than the main
valley floor. The transition from the alluvial
flat to the gravel terraces is abrupt and is
characterized by excellent exposures of gravels
of angular to rounded form, which in the main
are rather firmly cemented by calcium car-
bonate. In many places they contain well-
sorted sandy layers which separate others of
coarser material, and locally cross-bedding is
beautifully developed. Great alluvial fans of
loosely assembled material rest on the com-
paratively undisturbed upper surface of these
older deposits. One of thesefans, which spreads
conspicuously from the mouth of Big Clear
Creek canyon appears, next to the mountain, to
be at least 50 feet thick. Itis not now building,
however, for the creek, which heads in a great
spring (Pl. VI, A), enters it in a channel
possibly 60 feet deep. The deep trenching of
this fan speaks unmistakably of a reversal of
conditions of gradation, but it is not the only
comparatively recent reversal. The great val-
leys were first excavated, which implies a long
period of degradation; then they were the sites
of extensive deposition or aggradation; and
now, although the streams are almost in adjust-
ment, their activity in the valley flats is on
the side of erosion rather than of deposition.
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HISTORY.

There are suggestions of still other reversals,
but as the study of these phenomena was only
incidental to other work the observations are
too incomplete to serve as a basis of interpreta-
tion.

Glacial ice of the Pleistocene epoch covered
most of the areas above 8,500 feet in elevation,
and tongues of ice extended down the larger
valleys to elevations of about 7,200 feet and in
places on the north slopes to 6,800 feet. De-
posits by the glaciers are nowhere particularly
extensive, but probably many of the gravel
beds adjacent to the mountains comprise ma-
terial washed from the ice front. In a few of
the canyons terminal and lateral moraines are
characteristically developed, but their scarcity
in view of the tremendous erosion accomplished
by the ice is perhaps more noteworthy than
their presence, as it may be considered rigorous .
proof that much of the valley gravel is of
Pleistocene age. Nearly all the canyons join
the main valleys as narrow trenches, which
widen headward to broad, rounded troughs that
lead upward to great cirque basins, the obvious
source of vast quantities of débris.

EPITOME OF GEOLOGIC HISTORY.

The earlier geologic history of the Mackay
region comprises a record of long-continued sedi-
mentation, followed by regional metamorphism
and erosion in pre-Cambrian time. With
the beginning of the Paleozoic began another
era of prolonged sedimentation, during which
more than 20,000 feet of beds was laid down,
apparently in angular conformity. The sedi-
ments differed greatly in composition from
time to time. In the Cambrian (?) period they
weré composed principally of sand, although
one formation of clay was deposited. The de-
position of sand continued well into the Ordo-
vician but ceased abruptly about midway of
the period, and thick layers of magnesian lime-
stone and dolomite accumulated through-
out the remaining part of the Ordovician
and again in the early part of the Devonian.
After this came a long period during which
beds of calcareous clay were spread out on the
ocean floor, soon to be covered by later Devo-
nian limestone and dolomite. In the Missis-
sippian rather pure limestones were again laid
down in formations of great thickness, but in
the Pennsylvanian the sediments changed to a
mixture of calcium carbonate, sand, and clay.
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Some time -after the last of these beds was
deposited great dynamic movements devel-
oped folds whose limbs now commonly dip
45° away from northerly to northwesterly axes.
This compression was so intense that many of
the folds were overturned, and along the axes
of some of them the beds broke and thrust
faults resulted.

So far as the record is legible erosion was
the dominant feature during the Mesozoic, but
near the close of that era great volumes of
magmatic material invaded the Paleozoic for-
mations, locally causing intense metamorphism
both at the time of intrusion and at a time long
_ after the outer part of the magma had solidified.
These invasions of magma may have accom-
panied the pronounced folding, which deformed
the Paleozoic strata; at least their invasion is
believed to have been expressed at the surface
by a pronounced elevation, which during the
Eocene was planed well toward the base-level
of erosion for the region.

The Eocene surface of gentle topographic
forms was soon elevated 8,000 to 9,000 feet, and
broad, deep valleys were developed during the
Oligocene. In the Miocene these valleys were
flooded to depths well below the present drain-
age lines by andesitic and rhyolitic lavas,
which interrupted the drainage and locally
formed lakes behind lava dams. Never since
that epoch has the region been so deeply
trenched, although erosion was again dominant
during the late Miocene and early Pliocene.
Again in the Pliocene volcanic activity was
rife, but this time only the valleys along the
southeast margin of the region were flooded.
The Pleistocene and possibly the late Pliocene
embrace an epoch when destruction of the
highlands exceeded erosion along the main
arteries. Great beds of gravels formed in the
larger valleys, and in these the streams of the
present day are but slightly entrenched.
Glacial ice covered the highlands in the
Pleistocene and carved many of the features
which now lend picturesqueness to the moun-

tains.
DEFORMATION.

GENERAL FEATURES.

Three major periods of deformation are
clearly recorded in the structural relations of the
rocks within the Mackay region. Great crustal
warpings took place near the close of the
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Algonkian, during the Mesozoic, and to a less
extent in the late Tertiary. The period of
most vigorous deformation seems to havé been
that which resulted in the compression of the
Paleozoic strata into sharp folds before or
during’ their invasion by the granitic magmas.
The earliest deformation is recorded in the far
greater crumpling and shattering of the Algon-
kian beds than that of similar near-by Cam-
brian (?) strata. In contrast to these more
ancient deformations the Tertiary movements
were not intense. They: resulted in broad ele-
vations, and only locally did they devslop dips
as steep as 35°.

The dominant structural axes of the region,
which range from north and south to north-
west and southeast, were determined during
the middle period of deformation.

DEFORMATION OF THE PRE-CAMBRIAN ROCKS.

Pre-Cambrian rocks were observed only in
the Lemhi Range, east of Clyde. Here they are
probably separated from younger beds by a
normal fault, so that the only basis for believing
that they have suffered one more period of
deformation than the Cambrian (%) rocksis their
greater metamorphism. They consist of mi-
nutely crumpled and fractured shales and thin-
bedded quartzites so deformed that bedding
planes may be recognized only with great
difficulty. In the Cambrian (%) strata, on the
other hand, the bedding is well . preserved,
except along local axes of particular disturb-
ance, as in the vicinity of the Wilbert mill in
the Dome district. From this it seems that
there must be a marked angular unconformity
at the base of the Cambrian (?) strata in the
Mackay region, but exposures favorable for its
detection were not found.

DEFORMATION OF THE PALEOZOIC ROCKS.

The post-Pennsylvanian pre-Tertiary de-
formation, by far the most conspicuous of any
which is recorded, affected all parts of the
Mackay region. Beds which seem to have been
undisturbed throughout the entire Paleozoic
era were compressed into northerly trending
folds, many of which were overturned and
faulted. The compressional stresses thus ef-
fective were followed by tensional stresses,
which resulted in gravity faults along fractures,
some of which were developed during the
earlier movements.
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The zone of most pronounced bending of the
strata seems to have been along the Lost
River Range from the vicinity of Moore north-
northwest obliquely across the range to a point
near the head of Pahsimeroi River. One part
of it is well exposed in Ramshorn Canyon and
west of Pass Creek summit. In Ramshorn
Canyon the beds rise gently from the valley
- of Big Lost River toward the summit of the
range, attaining a height of 3,500 feet above the
canyon floor at a point about a mile from its
mouth. Here they bend down sharply and
stand vertical for a distance of 750 feet,
beyond which they again assume a westerly
dip of about 30°, which continues to another
zone of vertical beds about equal in width to
the other. Many of the vertical beds are
separated by layers of gouge, indicating con-
siderable movement along these layers. A
thick layer of shale, which extends nearly to
the top of the cliff west of the first zone of
vertical beds, does not appear east of it,
showing that the abrupt downbending here is
more than 2,000 feet in extent. No readily
recognized bed was observed which could be
used in determining the extent of the upper
fold, but it seems to be fully as large as the
lower. The two bends approach each other
toward the north and cross Joggle and Elbow
canyons as one fold, which beyond, to the
north, is concealed by the eruptive rocks of
Pass Creek basin. Farther on it reappears as a
broad zone of most intricately folded beds,
where many exposures show S-shaped bends.
East of Mackay a line of vertical beds, which
joins the fold at an acute angle, leaves the
valley and passes northward between Mount
McCaleb and the summit. In the general zone
of compressed beds there are a great many
small normal faults which traverse the pre-
viously folded strata, and in places along the
vertical beds faulting opposite in throw to the
movements that accompanied the folding is
clearly recorded in shearing planes developed
in the gouge.

In the Lemhi Range structural features were
worked out only in the vicinity of the Wilbert
mine. Here, as shown in Plate XXI (p. 116),
an overturned fold, accompanied by a thrust
fault, has been followed by normal faults. The
relations are somewhat fully described in the
section on the Dome district (pp. 113-118).

the geology of east-central Idaho.
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The age of this general period of profound
compression stresses followed by tensional
stresses can not be definitely determined from
the information now available. It certainly
followed the Pennsylvanian, for strata of that
age are involved, and preceded in the main the
solidification of the granitic magmas, which
are believed to be of late Cretaceous age. The
general folding which developed such sharp
flexures locally and threw all the Paleozoic beds
into folds whose average dips are probably
greater than 40° must have caused a profound
elevation of the surface; but as has been sug-
gested elsewhere ! there is no direct evidence of
profound elevation until the late Cretaceous or
early Eocene, when the granite is believed to
have risen beneath the surface. There is,
therefore, some reason for thinking that the
great deformation of the Paleozoic formations
took place at about the close of the Mesozoic,
and that it and the granitic intrusion of central
Idaho are genetically related. There is about
equal reason for surmising (1) that the granitic
intrusion gave rise to the compressional stresses
which caused the folding, or (2) that the pro-
found crustal movements which resulted in the
folding gave rise to the granitic magma. At
any rate it is believed that the probable genetic
relation betwen the deformation of this period
and the granitic intrusion will present prob-
lems of profound interest to future students of
It is quite
possible that these studies will involve the ori-
gin of the Livingston, Philipsburg, and Ban-
nock overthrusts.

DEFORMATION OF THE TERTIARY ROCKS.

No evidence of deformation in the Mackay
region after the extravasation of the Snake
River basalt has been recognized, but the Mio-

‘cene lake beds and lavas have been tilted and

faulted. In the area of lacustrine deposits
north of Pass Creek summit the beds are nearly
horizontal in most places, but locally they are
inclined as much as 35°. In the mines at Era
the stratified tuff has also been tilted locally to
inclinations as great as 15°. The post-Miocene
tilting in this region seems to have been along
axes nearly parallel to the folds which involve
the Paleozoic beds, but observations to the

1 Umpleby, J. B., Geology and ore deposits of Lemhi County, Idako*
U. 8. Geol. Survey Bull. 528, p. 43, 1913.
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north, in Lemhi County, show that the folds of
this epoch have no constant direction. It is
noteworthy also that in every locality observed
the dips change direction within short dis-
tances.

Normal faulting has taken place during this
epoch of disturbance, as is shown in the St.
Louis mine, where stratified tuff is faulted
against eruptive rocks; but this phenomenon,
like the other deformation, does not seem
to be quantitatively important.

METAMORPHISM.
CLASSES.

The rocks of the area exhibit two great classes
of metamorphism: (1) Dynamic metamorphism,
caused by crustal stresses, and (2) igneous
metamorphism, caused by magmatic injections.
The regional metamorphism was very general
in its effect, transforming all the pre-Cam-
brian rocks to products which were derived
entirely from the original minerals of the rocks;
but the igneous metamorphism was a local phe-
nomenon dependent both upon emanations
from the invading magma and the structure
and composition of the invaded rocks. This
class may be divided into (¢) metamorphism
at the time of intrusion by recrystallization of
material already present, and (b) metasoma-
tism subsequent to the intrusion, in which
vast quantities of material contributed by the
magma played a part. It may also be divided
into endomorphism and exomorphism, accord-
ing as the transformation took place in the
peripheral zone of the igneous rock or in the
adjacent sedimentary rock.

DYNAMIC METAMORPHISM.

The pre-Cambrian rocks exposed in the
Lemhi Range comprise schists, slates, and
quartzites, all of which underwent extensive
molecular rearrangement during the devel-
opment of a marked schistosity not common
in the younger formations. The charac-
teristics of this transformation were not in-
vestigated, but the evidence of regional meta-
morphism before the beginning of the Cam-
brian period is clear.

IGNEOUS METAMORPHISM.

The igneous metamorphism is discussed in
detail in the section on contact deposits; and
the only object at present is to throw in relief

GEOLOGY AND ORE DEPOSITS OF THE MACKAY REGION, IDAHO.

its more important features and some of the
general conclusions deduced from evidence
presented on pages 55-58.

Igneous metamorphism was studied with
care only in connection with the White Knob
batholith, although from the observations near
Muldoon it seems quite probable that contact
silicates were formed to a minor extent also
by the batholithic intrusion southwest of
Copper Basin.

The phenomena at Mackay include the
transformation of limestone into marble and
garnet rock and the transformation of the
igneous rock itself into garnet rock. The
most, notable marmarization is the metamor-
phism of a great segment of a roof of limestone
into the marble that comprises White Knob.
This marble mass, which is about 1,000 feet
thick and 1 square mile in area, is quite uni-
formly metamorphosed throughout and ex-
hibits a very meager development of all min-
erals except calcite. It is believed that at the
time of its metamorphism physicochemical
conditions were essentially uniform throughout
its extent, and therefore that the solutions were
fed to it equally at all points of contact with
the magma.

Contrasted to this phenomenon is a later
one that is characterized by solutions of very
different composition which escaped from the
batholith through fractures in its outer solid
shell. Thesesolutions developed tabular masses
of garnet-diopside-magnetite rock, which cut
as veins across the marble of White Knob.
At this time also engulfed blocks of limestone
and adjacent parts of the inclosing igneous
rock were transformed to masses of lime sili-
cates by solutions which escaped through
fissures and along joints in the solidified shell
of the batholith. As this metamorphism was
unquestionably accomplished after the solidi-
fication of the incasing igneous rock, it is easy
to prove the fundamental proposition that the
derived rock occupies the same space as the
original rock. From analyses and gravity
determinations of the original and derived
rock it is therefore possible to compute with a
reasonable order of accuracy the gain or loss in
each constituent. It is found that iron,
silica, and alumina have been added in large
amounts and that most of the carbon dioxide
and a little of the calcium oxide have been
expelled. (See fig. 9, p. 58.) Proof is pre-
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sented for the conclusion that the magma not
only caused the transformation but that it
supplied in full amount the constituents added
during the metamorphism.

ORE DEPOSITS.
GENERAL FEATURES.

DISTRIBUTION.

The striking feature in the distribution of the
known ore deposits in the Mackay region is their
absence from the Lost River Range and their
wide occurrence elsewhere. The range com-
prises a high mountainous belt, about 15 miles
in average width, which extends entirely
across the area in a northwest course. It pre-
sents exceptional exposures to the prospector
and is more frequently traveled than other
parts of the mountainous region; trails extend
into it in many places from the thickly settled
valleys which border it on both sides, and two
wagon roads cross it. It seems inevitable that
if ore deposits were as widely distributed here
as elsewhere in the region some of them would
have been found. To the northeast along the
Lemhi Range, and along the mountain slope
which borders Birch Creek valley beyond,
mines have been opened at widely separated
localities, and prospects are even more widely
distributed. To the southwest ore deposits are
also known at many places in the mountain-
ous and comparatively inaccessible country.

GEOLOGIC RELATIONS.

The distribution of the deposits is not related
to the type or structure of rock at the sur-
face. In the Lost River Range Miocene erup-
tive rocks similar in structure and composition
to those of the Era and Lava Creek districts are
widely distributed, but ores occur in these rocks
in the Era and Lava Creek districts and are
absent in the Lost River Range. In thisrange
there is also Paleozoic limestone of the same
character and age as the limestone inclosing
ore deposits in the Skull Canyon district, quart-
zite like that of the Dome district, and cal-
careous slates like those of Antelope district.
Granitic rocks are absent from the Lost River
Range, but they are also absent from that part
of the Lemhi Range within the area mapped
and from the range east of Birch Creek valley,
although in the Birch Creek mine effects sug-
gesting contact metamorphism were observed.
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In the southwestern part of the region several
of the deposits are definitely related to igneous
contacts, and it is certain that a granite magma
supplied the material of the ores in the Alder
Creek district at least. From this it is an
easy step to the conclusion that all the deposits
in the southwestern part of the area, except
the late Tertiary veins, are related to an under-
lying granite mass which crops out only locally.
By analogy and because the presence of ore
is not dependent on the composition or struc-
ture of the rocks appearing at the surface, it
is believed that an igneous mass underlies the
Lemhi Range and extends eastward beneath
Birch Creek valley and the mountain range
beyond. (See discussion of genesis.)

CHARACTER AND SPECIAL FEATURES OF THE
DEPOSITS.

The deposits of the Mackay region include
contact deposits and veins. The contact de-
posits are masses of irregular shape, the most
productive of which lie within the intrusive
rock and represent the metamorphism of en-
gulfed blocks of limestone and adjacent parts
of the igneous mass; thus both .endomorphic
and exomorphic phenomena are represented.
The veins represent two periods of mineral-
ization, and, with the exception of one or two
whose age is somewhat doubtful, may be
definitely grouped as pre-Oligocene and post-
Oligocene. The pre-Oligocene deposits may
be further subdivided according as they are
inclosed in quartzite, limestone, or granite
porphyry, but the post-Oligocene deposits
occur entirely in areas of eruptive rock—
andesites, rhyolites, and related tuffs. The
earlier veins include copper, lead-silver, and
tungsten deposits; the latter are worked pri-
marily for silver and associated lead.

In all the deposits replacement phenomena is
a dominant feature, and indeed no vein is
known in the region which, throughout its
extent, is typically a fissure filling.

The contact deposits of the Alder Creek dis-
trict are of particular interest because their
relations show clearly that the granite magma
supplied large quantities of iron, alumina, and
silica to the contact rocks, in addition to con-
stituents to the sulphide minerals, and that it
did so after the outer few hundred feet of the
magmatic mass had solidified. It is believed
also that here there were two stages of meta-
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morphism, one at the moment of intrusion and
one subsequent to the fracturing of the solid
shell of the magma. Of the second stage there
can be no reasonable doubt.

The deposits of the Wilbert mine in the Dome
district contain important bodies of plum-
biferous quartzite, a type of lead ore which
so far as the writer is aware has not been
described from any other locality. The ore
minerals occur as minute grains disseminated
in quartzite, giving the ore a pepper-and-salt
appearance (see Pl. XIX B, p. 82), although
the relative amounts of the light and dark
grains are very different in different places and
locally within distances of a few inches. A
conspicuous and noteworthy feature of these
deposits is the abundance of the oxides of iron
and manganese, which have impregnated the
wall rock for many feet beyond the limits of the
ore bodies. The occurrence of these oxides,
which are oxidation products from some pri-
mary metasomatic mineral, possibly siderite, is
in every particular comparable to the occurrence
of the lead minerals in the disseminated ore.
Both seem to have replaced a siliceous cement
in the quartzite and in places the quartz grains
themselves.

Another noteworthy feature of the ores of
the region is the occurrence of wurtzite in the
post-Oligocene veins. This mineral is believed
to form only in the presence of acid solutions
and has previously been described, except from
Beaver County, Utah,! only as a product of
descending solutions. Here, however, it is
unmistakably a primary mineral, none of the
observed features of the deposits, except its
presence, suggesting primary acidic solutions.
Calcite is locally abundant in the gangue;

and sericite, indicating the presence of pot- |-

ash, is extensively developed in the wall
rock. These deposits are also somewhat ex-

ceptional, because the silver occurs in argen--

tiferous galena associated with zinc sulphide,
whereas in all the other late Tertiary veins in

- Idaho, and in most places elsewhere, base met-
als, if present at all, are accessory.

CLASSIFICATION OF THE DEPOSITS.

The classification of the ore deposits of any
large area is one of the most perplexing prob-
lems that confront the geologist writing an

t Butler, B. 8., and Schaller, W. T., Some minerals from Beaver
County, Utah: Am. Jour. Sci., 4th ser., vol. 32, p. 420, 1911.
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economic report for the general reader. A
classification to be most useful to the miner,
the metallurgist, and the average investor in
mining properties must take into careful ac-
count the substance and form of the ore bodies.
Yet such a grouping of the deposits of most
large areas leads to a treatment that fails to em-
phasize the broad physical and chemical rela-
tions which should be considered in order that
each regional report may contribute to the
permanent advance of the science and to its
ultimate maximum usefulness to the mining
industry. The most important problem in the
study of ore deposits is their genesis, for a
knowledge of the genesis of different types of
deposits and their consequent characteristics
is vitally necessary in their economical ex-
ploitation. A genetic classification, because it
contributes most to our general knowledge of
ore deposits, is clearly most valuable, but to
follow it closely in a report where but few of
the general types of deposits are represented
eliminates subdivisions which otherwise might
well be made.

In the classification followed here the group-
ing is first by age, second by genesis, third by
substance, and fourth by kind of wall rock.
The major grouping might have been accord-
ing to depth of formation instead of by age,
the younger deposits being formed nearer to
the surface, but there is so little local evidence
on this point that age is considered to be more
satisfactory.

PRE-OLIGOCENE ORE DEPOSITS.
CONTACT DEPOSITS.
DISTRIBUTION.

Contact-metamorphic replacement deposits
of copper and a little lead occur in Alder Creek
(Mackay), Copper Basin, and to a very minor
extent in Muldoon district. The deposits of
the Alder Creek district have been extensively
explored to a depth of about 700 feet, and ore
has been extracted in many places over an area
of about a square mile. The Copper Basin
deposits, as now known, are confined to a
much smaller area and far less extensively de-
veloped, although the promise of ore in depth
is here at least equally encouraging. The de-
posits of these two areas were discovered about
the same time, and the differences in develop-
ment are largely the result of the greater diffi-
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culty of access to Copper Basin, which lies be-
yond the range of mountains that borders the
valley of Big Lost River on the southwest.
The Alder Creek deposits may be reached from
Mackay by a short railroad that is owned by
the mining company. In another part of this
paper (p. 106) appear notes on the Muldoon
deposits by E. H. Finch.

GEOLOGIC RELATIONS.
AREAS CONSIDERED.

The rock formations of the areain which the
principal contact deposits occur comprise a
belt about 6 miles wide, composed of Paleozoic
limestones, shales, sandstones, and their meta-
morphic equivalents, which extends from the
valley of Big Lost River above Mackay south-
eastward across the mountain range to Copper
Basin, a distance of 12 miles. Tertiary erup-
tive rocks, principally andesite, border the belt
on the northwest and on the southeast. Gran-
ite porphyry, to which the ore deposits are ge-
netically related, cuts through it in the east-
central part and crops out over an irregular
area of perhaps 10 square miles,

Near Mackay the copper ores occur princi-
pally within the area of the granite porphyry,
and blocks of limestone engulfed in it deter-
mine the centers of metamorphism; but in Cop-
per Basin the lime silicate ores occur in the
sedimentary rocks adjacent to narrow aplite
dikes, which are probably differentiates from a
mass of the granite porphyry not yet exposed
by erosion. These deposits lie about 5 miles
southwest of the area of granite porphyry.

PALEOZOIC BEDS.

The Paleozoic rocks in the vicinity of the
Mackay deposits comprise a monotonous suc-
cession of massive and semimassive blue lime-
stone beds, rather pure above but containing
much chert in the lower members. The beds
here are sharply folded and the dips are gener-
ally greater than 45°. Their most common
strike is N. 10°-20° W., and the dips are 50°—
80° W, or toward the igneous contact. Varia-
tions both in strike and dip are so numerous
and sharp that, though important faults within
the limestone were not recognized, their
presence is not improbable.

The total thickness of the beds in the imme-
diate vicinity of the deposits is somewhat un-
certain, because the absence of faulting was
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not definitely determined. A traverse down
the ridge which extends to the northeast from
the whim shaft of the Empire group suggests
the presence of at least 4,000 feet of limestone
beds, in the middle and upper members of
which fossils of upper Mississippian age were
collected.

In the vicinity of the Copper Basin deposits
the beds include clear white fine-grained quartz-
ite inclosing layers of black quartzite, above
which lie beds of siliceous and calcareous shale
and magnesian limestone.

The mountainous area between the Mackay
and the Copper Basin exposures was not vis-
ited, but not improbably beds of Ordovician
and Devonian ages, corresponding to the sec-
tion measured in Elbow Canyon northeast of
Mackay, occur within it.

GRANITE PORPHYRY,

The granite porphyry as exposed at the sur-
face over an irregular area of perhaps 10 square
miles is for the most part a distinctly porphy-
ritic rock. In most places it presents steep
slopes which terminate in high peaks, but
locally along the margin it is even less resistant -
to erosion than the adjacent limestone. Thus,
in the vicinity of the Mackay mines the gentle
slopes extending back a thousand feet or so
from the contact offer some suggestion that the
marginal facies is a separate intrusion, a view,
however, which is made entirely untenable by
other direct observations.

The normal granite porphyry as seen in the
hand specimen is a dark-gray rock.carrying
phenocrysts of feldspar from one-quarter to
one-half inch in length and rounded crystals of
quartz about one-quarter of an inch in diameter.
These crystals of feldspar and quartz stud
rather thickly a granular groundmass com-
posed of flecks of biotite and needles of horn-
blende, together with much feldspar. As seen
in thin section, orthoclase is the most abundant
feldspar, though albite, microcline, and oligo-
clase, one or all, occur in most of the slides.
Quartz, which is far less abundant than feld-
spar, exceeds biotite in amount. Hornblende
and diopside, though nowhere abundant, differ
in amount from place to place. Titanite, mag-
netite, and apatite are persistent accessories,
and rutile is not uncommon. A grain of fluor-
ite was observed in each of two sections. The
quartz crystals are more uniformly and exten-
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sively embayed than in most of the igneous
rocks of east-central Idaho, and locally micro-
pegmatite is exceptionally abundant.

Near the contact the rock in most places is
essentially of the same composition as the main
. body, though here the groundmass is micro-
crystalline and the feldspar and quartz pheno-
crysts are much more widely spaced and are
smaller. This facies of the rock merges by
imperceptible gradations of texture into the
normal granite porphyry, with which it agrees
closely in composition. Contact effects clearly
have been caused by both the marginal facies
and the normal granite porphyry; the most
notable metamorphism by the porphyry being
the transformation of the great mass of blue
limestone to white marble on White Knob and
its local garnetization, and by the marginal
phase, the development of the garnet shoots in
the Empire mine and in the Copper Bullion
tunnel, whose effects are described in the
discussion of the metamorphic phenomena
(p. 45).

The width of this marginal zone of finer-
textured rock is widely different in different
places along the border of the intrusion. In
the vicinity of the Empire mine it is 2,000
feet wide, but in the canyon of Cliff Creek it is
not more than 10 feet in width. It also is
narrow where the granite porphyry extends
beneath the great marble mountain of White
Knob.

DIKE ROCKS.

Three distinct periods of intrusion are repre-
sented by the dikes of the Mackay area. The
oldest dikes are offshoots from the granite
porphyry mass. The youngest, similar in min-
eral composition but containing less quartz and
large phenocrysts, many of which are Carls-
bad twins of orthoclase, is designated trachyte
porphyry. Aplite dikes are intermediate in
age between these two but are not abundant in
those parts of the area examined. They were
observed near the ‘‘big quarry” of the Empire
mine and on the ridge northwest of the Copper
Bullion tunnel of the same mine. Aplite
dikes occur also in the vicinity of the Reed &
Davidson mine in Copper Basin.

ERUPTIVE ROCKS.

The lavas of this area were poured forth long
after the ore deposits had been formed, and, as
they are well removed from known deposits of
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ore, will not be mentioned further in this con-
nection. For a description of them and their
relations see pages 34-35.

COPPER DEPOSITS.

AREAS CONSIDERED.

The contact copper deposits near Mackay
were studied in considerable detail, as the
several thousand feet of accessible workings
here made fairly comprehensive observations
possible. The Copper Basin deposits, on the
other hand, are poorly exposed at the surface,
and comparatively little development work
has been accomplished. Then, too, they occur
entirely in the sedimentary rocks, well re-
moved from the known granite porphyry mass,
and thus afford much less encouragement for
the fruitful study of contact phenomena than
the Mackay deposits, where the geologic rela-
tions are exceptionally favorable.

A special topographic and geologic map
(PL VII, in pocket) was made of an area of
nearly 4 square miles in the vicinity of the
Empire mine. Beyond this area, however, de-
tailed observations were made in the vicinity
of the Champion group and of White Knob.

‘The following discussion has to do almost
entirely with the Mackay deposits.

These deposits are of particular interest,
because the ore bodies occur well within the
granite porphyry mass; the principal meta-~
morphism is later than the solidification of that
part of the porphyry inclosing the ore shoots;
engulfed blocks of limestone determined the
centers of metamorphism; the garnet rock is
derived both from granite porphyry and from
limestone; and the magma clearly supplied
great quantities of iron, alumina, and silica
to the contact rock in addition to the con-
stituents of the ore minerals.

The deposits were described in 1907 in a
joint paper based on the field work of C. G.
Gunther and the laboratory studies of J. F.
Kemp.! These authors discuss at some length
the contact metamorphism which characterizes
the deposits. As a result of differences in field
observations the present studies have led to
some conclusions fundamentally different from
those of the earlier writers. Their pioneer
work, however, has been of great assistance in

1 Kemp, J. F., and Gunther, C. G., The White Knob copper deposits,
Mackay, Idaho: Am. Inst. Min. Eng. Trans., vol. 38, pp. 269-296, 1908.
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the present investigation, and their analyses
and descriptions of special features have been
freely drawn upon. The present writer differs
from them in believing (1) that the ‘‘quartz
porphyry’’ is unquestionably a marginal phase
of the ‘‘granite,” which is a granite porphyry
and instead of being the ‘‘fundamental rock
of the district”” is of late Cretaceous age; (2)
that the garnetization took place after the
consolidation of at least the outer few hundred
feet of the magma, rather than while it was still
viscous; and (3) that the engulfed blocks of
limestone determined the centers of metamor-
phism.

DISTRIBUTION OF THE ORE BODIES.

The ore bodies, unlike those of most con-
tact-metamorphic replacement deposits, occur
within the main igneous mass, well back from
its border. Most of the production has come
" from shoots of ore situated from 100 to 800
feet out in the granite porphyry, and two car-
loads were obtained from an ore body situated
1, 200 feet back from the main igneous contact.
No deposits of proved importance occur in the
main limestone area. (See Pl. VIII, in pocket.)

The ore bodies, however, are in several places
associated with great blocks of limestone en-
gulfed in the igneous rock. (See Pl IX, B.)
Theshoot of ore farthest within the igneous pass
occurs on the east end of a block of limestone
which crops out over an area about 650 feet
from east to west by 200 feet from north to
south. Each of the stopes from the Copper
Bullion tunnel is bordered on one side either by
limestone or its common equivalent, white
marble, and on the other either by garnet rock
or by granite porphyry. Limestone forms one
end of the north stope above the Alberta tunnel
on several floors (figs. 3, p. 46, and 5, p. 47)
and garnet rock or locally granite porphyry
forms the other. In the north tunnel the
stope near the portal is bordered first by white
marble on the left and granite porphyry on the
right, but the garnet rock appears on both
sides beyond a point 205 feet in. In the south
group of stopes above the Alberta tunnel
limestone is absent altogether, but even here
the garnet rock locally has a faint stratiform
appearance which suggests the bedding of
limestone not completely metamorphosed.

Garnet rock accompanies all the important
ore bodies and in most of the primary ore this
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mineral is the dominant constituent. The ore
shoots are almost invariably bordered on one
side, and in many places are completely sur-
rounded, by garnet rock. Section B-B’ in
Plate I (in pocket), though of necessity gener-
alized in this particular, illustrates the com-
mon relation of the shoots of ore to those of
garnet rock. Wherever it is possible to make
a comparison of the regularity in outline of the
ore body and the adjacent mass of garnet rock,
it appears quite generally true that the outline
of the garnet rock is the more regular.

The apparently heterogeneous distribution of
the ore bodies is perhaps the most striking
characteristic of these deposits, yet careful
observation brings out two very persistent
relations: (1) The margins of included lime-
stone blocks are intensely mineralized in
several places, as is clearly illustrated by all
the larger stopes in the Copper Bullion tunnel
(fig. 4); and (2) the ore bodies for 400 feet above
the Alberta tunnel (fig. 2) are very definitely
related to a fissure which strikes N. 20°-30° E.
and dips 50°-60° SE. The fissure may be
traced by a pronounced gouge wherever it
traverses the granite porphyry, but within
the area of garnet rock it is not discernible in
many places, and within the ore bodies it is
entirely obliterated in the lower stopes in the
north end of the mine. In the south end of
the mine, however, it appears as a smooth
crack accompanied by a little selvage, inter-
preted as postmineral movement along a pre-
mineral fault. The later fault movement has
not been sufficiently great, however, to appre-
ciably offset the ore. This relation is shown
by figures 3 and 4, which illustrate the relation
of different bodies to the same fault in the
north shoot. In the Copper Bullion tunnel
the ore shoots do not appear to be related to
any such dominant feature, although details of
structure definitely bespeak the influence of
joints in directing the movement of the solu-
tions and in shaping the resulting deposits.
Figure 4 illustrates the influence of joints in
shaping the ore bodies in granite porphyry.

CHARACTERISTICS OF THE ORE BODIES.

The ore bodies differ greatly in size and even
more in shape. Three principal groups of ore
shoots are recognized, one in the Copper Bul-
lion tunnel and two above the Alberta tunnel,
each being made up of branching arms which
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commonly diverge upward but in places unite on higher levels. (See Pl. VIII for mine map,
in pocket.) Most of the stopes are circular or elliptical in plan, and most of them pitch to
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FIGURE 2.—Geologic plan and longitudinal section, Empi.re mine. Section somewhat generalized.

the southeast, though exceptions are It
numerous and striking. The greatest 2 “\q,j—,\‘)‘i’é‘
known vertical range of an ore body is SR : i ol
from a point a few feet above tunnel L P g

No. 300 down to the 850-foot level. The
shoot narrows to a few feet between the
500-foot and 700-foot levels, but above it
has an average floor area of perhaps 3,000
square feet and below of 1,500 or 2,000
square feet. On the 450-foot level this
composite shoot consists of the stope
shown in figure 3 and one 24 by 18 feet
situated 50 feet back in the hanging wall.
Eastward and above, a garnet zone sepa-

0 10 20 30 40 50Feet

rates two stopes (fig. 5). On the 500-foot DS

F1cUrE 3.—Plan of stope on 450-foot level, north Alberta shoot, Empire mine.
level tk}ere are three stopes, the same one o ey i TR
shown in figure 2, there somewhat larger,
and two chimneys or pipes, which lead off into the footwall. One of these chimneys is about
7 feet in diameter and the other is 7 by 14 feet in area. The south shoot is similarly irregular
Ak Y g
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in shape; in it the large ore body that was
opened immediately above the tunnel level
splits within a few feet into east and west
shoots. The east shoot dies out within a hun-
dred feet, but the west shoot splits into four
parts, the southernmost alone continuing to
the 300-foot level. The remarkable “pipes”
or ‘“flues’” described by Kemp and Gunther
and verified by Ralph Osborn, the superinten-
dent, occur on the ninth floor of the east
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other minerals. Additional minerals of probably later
origin are siderite incrusting the other minerals, gypsum,
which occurs in a similar manner, and calcite, which has
come in latest of all, filling the open spaces between the
larger crystals and the cracks through the formation.

These pipes vary in size from those which are now closed,
but which exhibit the original structure, to open channels
from 8 to 10 inches across.!

The principal ore bodies in the Copper Bul-
lion tunnel as now known are distributed ir-
regularly along the margins of a great limestone

NE.

[

SECTION

F1cUurE 4.—Plan and section of stope near portal of level No. 3 of Empire
mine. Fault plane can be traced through ore body butis accompanied
by almostno gouge. Itisbelieved torepresent postmineral movement
along a premineral fault.

stope. This stope is no longer accessible,
but the description by these writers seems
adequate.

These [* pipes’’ or ‘‘flues”’] are surrounded, for perhaps a
radius of 20 feet at the point exposed, by an intimate mix-
ture of finely crystallized garnet and specularite, which
carries pyrite and chalcopyrite and their products of
oxidation, and fluorite in small but persistent quantity.
Through this mass are vugs lined with crystalline garnet,
and in several places angular fragments of unaltered quartz
porphyry cemented in the mass, bearing testimony to the
fumarolic process.

The pipes themselves are lined with incrustations of
garnet and specularite. Crystalline purple fluorite is
present and chalcopyrite occupies the spaces between the
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FiGURE 5.—Vertical section of ore body innortheast end of 400-foot level of Empiremine.

inclusion which crops out for 1,000 feet along a
northeast course with an average width of about
200 feet. (SeePl.IX,B.) TheCopper Bullion
tunnel intersects this limestone slab at a depth
of about 200 feet, and development has followed
its margin for 100 feet above and below the
tunnel level and 120 feet to the west and 160
feet to the east. Thus deve<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>