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SUMMARY

The rocks of the Wood River region comprise sedimentary beds of Algon-
kian(?), Ordovician, Silurian, Devonian(?), Mississippian, and Pennsylvanian
age, granitic masses probably intruded in Cretaceous time, and lava flows
with small amounts of interbedded tuff, and gravel of Tertiary (probahly
Miocene) age. There are also glacial and alluvial deposits of Pleistocene and
Recent age and a small amount of basalt of Quaternary age. The following
table and Figure 2 (p. 10) give, in descending order, the sedimentary forma-
tions of the region, with their general character and thickness. Because of
the complexity of the structure, the thicknesses given are only approximate.

Quaternary:
Valley alluvium.
Gravel and sand in terraces.
Glacial material.
Basalt flows.

Tertiary : Feet
. Miocene(?) lava flows interbedded with tuff and
gravel —— 2, 500-3, 0004
Pennsylvanian :

‘Wood River formation:
Thick-bedded calcareous and quartzitic sand-
stones. '
Thin-bedded limestones.
Massive blue sandy limestone.
Massive conglomerate.
Total ——_—— 8, 000
Mississippian and Devonian(?) :
Milligen formation: Shales and slates with in- :
terbedded linrestone ant quartzite._.__..___. 3, 000+

Silurian 500
Trail Creek formation: Siliceous argillite and
sandstone.
Ordovician:

Phi Kappa formation :
Chiefly black shale and interbedded yellow

shaly sandstone 4,600
Aphanitic quartzites and interbedded quartz-
itic sandstones 4, 71650+

Barly Lower Ordovician rocks (carbonaceous

argillite carrying Beekmantown graptolites). Few hundred.

Algonkian(?) :

Bast Fork formation: Crystalline limestone and

interbedded vitreous quartzite______________ 1, 560
Hyndman formation: Massive quartzites with

an interbedded schist member in the lower

part and a green hornfels member in the

upper part 6, 600+

32, 000
1X



X SUMMARY

Igneous rocks ranging in composition from granite to diorite were intruded
into the sedimentary rocks of the Wood River region, probably in the later part
of the Mesozoic era, and these igneous rocks now occupy several areas. The
largest of these areas is on the east side of the Hailey quadrangle, chiefly in
upper Wildhorse Creek. Smaller areas occur west of the Big Wood River.
These rocks are of the same age and similar in kind to those which make up
the great granitic area of central-western Idaho, the eastern edge of which lies
within 7 miles of the western border of the Hailey quadrangle. The small
granitic areas of the Wood River region are believed to be outlying parts of
this great central Idaho batholith.

During and shortly after the batholithic intrusions orogenic movements
took place and produced the dominant structural features of the region. Forces
acting from the southwest formed a series of overturned folds, which in places
pass into overthrust faults. There are also numerous normal faults, both
parallel and transverse to the strikes of the folds and thrust faults. Some are
clearly later than the Tertiary volcanism, but others are probably related to the
thrust faulting and folding, and still others can not be definitely dated. Two
of the granitic masses are rimmed with faults at and beyond the contact with
the surrounding sedimentary beds. These faults are probably closely related to
the intrusion of the granite.

A long period of erosion followed the granitic intrusions and associated
orogenic movements. Then during Tertiary time numerous lava flows with
minor amounts of pyroclastic material accumulated to a total thickness of
several thousand feet. Most of the lava is of latitic and andesitic composition,
but rhyolite and basalt were also extruded. Such evidence as is available indi-
cates that these volcanic rocks are of Mioccene age. To-day the flows cover
less than a third of the region, but in Miocene time they must have been
continuous over most of it. Intrusive rocks related to the lava are abundant
in the northwestern part of the region and a few similar dikes exist elsewhere,

The lava has almost everywhere been tilted, generally eastward. Dips of
80° to 50° are common, and in places the beds are vertical. The disturbance
of the lava is probably largely attributable to normal faulting. In some locali-
ties the presence of faults can be proved add in many others they are inferred
on good evidence. The almost geometrical regularity of the dramage pattern
may result from faults not otherwise evident.

The rocks later than the Miocene (?) lava include flows of basalt in the
lower valley of the Little Wood River, glacial moraines, and alluvium in the
valleys, all of Quaternary age.

Ore was first discovered in 1864, and the boom days of the region were in
1880 to 1887. The total production has amounted to more than $25,000,000, most
of which came from lead-silver ore, with minor amounts from gold, copper,
and zinc ore. Most of the lodes of commercial importance occur on shear zones
and are characterized by argentiferous galena with some sphalerite and tetra-
hedrite and subordinate pyrite and other sulphides in a gangue that consists
of altered and crushed country rock, carbonates, principally siderite, and quartz,
A few lodes contain much arsenopyrite, and others contain ruby silver. There
are also contact-metamorphic deposits, which have not yet been profitably
exploited ; veins consisting of barite, calcite, or quartz with negligible amounts
of metallic minerals; and some evidence of mineralization in the Tertiary
lava. All the commercially important types of lodes are believed to be geneti-
cally related to granitic intrusions, probably of Cretaceous age.

Fine ore bodies have been found in many places in this region, but the greater
part of those now known have been practically worked out. Few of them
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extended to depths of more than a few hundred feet below the surface. The
hope for future success lies in the discovery of other ore shoots at greater
depth. There is no reason to suppose that original deposition was confined to
the shallow zone in which all the mining has so far been done. Some sugges-
tions are given as to the reasons for localization of ore shoots, but unfortunately
these are not of much assistance in the search for new ones. No evidence has
been found to support the idea, held by some, that a great fault, the “ Wood
River fault,” underlies the region and cuts off the lodes at shallow depth. The
lodes persist, but valuable ore in them is localized in shoots, and the problem
is simply to find new shoots of commercial value.
Graphitic coal is present but has not yet been proved to be of value.
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GEOLOGY AND ORE DEPOSITS OF THE WOOD
RIVER REGION, IDAHO

By Josepr B. UmrLesy, LEwis G. Wesrteatk, and Crype P. Ross .

INTRODUCTION
OUTLINE OF THE WORK

The principal source of geologic information on the Wood River
region, Idaho, since 1900 has been a report by Lindgren,* which has
been out of print for several years. About 1912 urgent requests for a
resurvey were made by people interested in the mining industry of
the region. They were actuated by the hope that detailed studies
over a larger area and in the light of mining developments since
1900 would aid in solving some of the practical problems of the
district. In response to these requests work was begun in September,
1912, by J. B. Umpleby, who spent two weeks in a study of ore
deposits in the northern part of the Hailey quadrangle and in the
vicinity of Ketchum. Between July 28 and September 10, 1913,
Umpleby, assisted by E. H. Finch, completed his examination of the
ore deposits. Many of the mines were idle and inaccessible during
these two years when mining was inactive and data on mining
geology were correspondingly incomplete. During 1913 and 1914
the areal and structural geology of the Hailey quadrangle was
studied by L. G. Westgate, assisted in 1913 by R. S. Knappen and
A. C. Bevan and in 1914 by Knappen and E. V. Shannon. The
Minnie Moore and neighboring mines had been examined in 1908
and 1910 by D. F. Hewett before he joined the United States Geo-
logical Survey. In 1913 and 1926 Hewett reviewed his work with a
view to contributing the account that forms Part 3 of this report.

Umpleby and Westgate had made some progress on their reports
when emergency requirements due to the World War interrupted
the work. In 1919, shortly after the end of the war, Umpleby re-
signed from the Geological Survey, and it was not feasible at that
time to assign anyone else to complete the report. In 1921, however,
the then newly organized Idaho Bureau of Mines and Geology ar-

1 Lindgren, Waldemar, The gold and silver veins of Silver City, De Lamar, and other
mining districts in Idaho: U. S. Geol. Survey Twentieth Ann. Rept., pt. 3, pp. 190-231,
1900,

1



2 WOOD RIVER REGION, IDAHO

ranged to cooperate financially with the United States Geological
Survey to complete the report. As there had been a revival of min-
ing in the region and requests for geologic information were again
being received, C. P. Ross, of the Geological Survey, was sent to
study recent developments. He spent from July 9 to August 20,
1923, in the district and visited a number of mines that were inactive
or undeveloped when Umpleby made his examinations. Ross has re-
visited the region annually since 1923, to study the latest mining de-
velopments as well as certain details of the general geology. He has
revised and coordinated the manuscripts of Westgate and Umpleby
in the light of the new data.

SCOPE OF THE REPORT

The region studied includes the Mineral Hill and Warm Springs
Creek mining districts and part of the Little Wood River district
and thus essentially corresponds to the “ Wood River region” as
‘usually defined by the mining men of Idaho, although wider limits
are sometimes assigned to the Wood River region. It lies in Blaine
and Custer Counties in south central Idaho near the middle of the
southern border of the great mountain mass that occupies most of
the area of the State, and most of the region is.included in the Hailey
‘quadrangle. Its position is shown on the index map of the State
(fig. 1). The topography and geology of the part of the region
included in the Hailey quadrangle, 864 square miles in area, are
shown in Plate 1. The map of the Mineral Hill district (pl. 9)
shows the geology of an area that extends 5 miles south of the
‘boundary of the quadrangle.

The report contains three parts: The first part, which is based
principally on Westgate’s work, describes the geology of the Hailey
quadrangle, with incidental references to the part of the Mineral
Hill mining district that lies just south of the quadrangle; the
second part deals with economic geology and describes about 70
deposits, more than twice the number mentioned in Lindgren’s
report; the third part describes the geology of the Minnie Moore
and neighboring mines studied by Hewett.

ACKNOWLEDGMENTS

The authors are indebted to the mining men of the region for
innumerable courtesies extended throughout the investigation.
Umpleby particularly expresses his indebtedness to Mr. Raymond
Guyer for numerous mine maps and records and for the use of his
office and engineering equipment while in Hailey; to Mr. J. G.
Sawyer, whose thorough acquaintance with the Red Elephant
mine enabled him to point out numerous significant relations; to
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Mr. H. J. Hardess, manager of the Elkhorn, Bald Eagle, and Star-
light groups of claims; to Mr. W. A. Wilson, of Salt Lake, who
supplied maps of the mines near Bullion; and to the late Dr. W. P.
Jenney, formerly of Washington, D. C., who for several years was
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4 WOOD RIVER REGION, IDAHO

manager of the Parker mine. Ross’s work was greatly facilitated
by Mr. Stewart Campbell, State inspector of mines, who contributed
his time and detailed knowledge of the region and supplied numer-
ous mine and claim maps; and by Messrs. J. J. Beeson, E. Daft,
J. W. Gwinn, Charles Peter, A. E. Ring, and numerous others, who
supplied maps and information and extended courtesies. Informa-
tion furnished by Messrs. G. M. Fowler and S. A. Steier, geologists
of the International Smelting Co., aided materially in the study of
several deposits.
EARLIER WORK

In 1894 Eldridge ? made a geologic reconnaissance across Idaho,
in the course of which he visited the Wood River region. He placed
the sedimentary rocks, on lithologic grounds, in the Paleozoic, from
the Cambrian to the Mississippian, and supposed that they rested
on the older granite. He indicated the structure in a large way as
anticlinal, the rocks dipping to the southwest in the Wood River
region and to the northeast in the Lost River region, although he
recognized the complexity of the folding and faulting. The lavas
he barely mentioned. He gave a brief description of the method .
of occurrence of the ores.

In 1898 Lindgren completed a study of numerous mining districts
in south-central and southwestern Idaho by making a detailed recon-
naissance examination of the ore deposits of the Wood River region.?
He described the mines south of Deer Creek in considerable detail
and discussed at length the replacement phenomena which the
deposits illustrate. He recognized the intrusive character of the
granitic rocks and studied the results of the metamorphism that
accompanied the intrusion of the main granitic mass. He also rec-
ognized and laid emphasis upon the distinctive characteristics of the
Wood River ore deposits.

Other sources of information are the annual reports of the State
inspector of mines,* which contain miscellaneous information on the
Wood River mines, and Bancroft’s History of Washington, Idaho,
and Montana, which contains information largely of a historical
nature. The reports of the inspector of mines for 1922 and follow-
ing years contain essentially complete bibliographies on geology and
mining for each of the counties of the State. The principal pub-
lished source of statistical data for the early years consists of the
annual reports of the Director of the Mint, and for later years the

2 RBldridge, G. H., A geological reconnalssance across Idaho: U. S, Geol. Survey Six-
teenth Ann. Rept., pt. 2, pp. 211-276, 1895.

2 Lindgren, Waldemar, Gold and silver veins of Silver City, De Lamar, and other min-
ing districts in Idaho: U. S. Geol. Survey Twentieth Ann. Rept., pt. 3, pp. 190-231, 1900,

4 Annual report of the mining industry of Idaho, for each year from 1898 to 1925,
published at Bolse, Idaho.
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volumes of Mineral Resources issued annually by the United States
Geological Survey and, since 1923, by the Bureau of Mines. Brief
references have been made from time to time to particular mines in
the technical journals, but most of these are of value only in sup-
plying historical data. The more comprehensive articles are listed
in the bibliographies prepared by the inspector of mines mentioned
above.

Blackwelder ® has published a list of graptolites from a locality in

 the Hailey quadrangle which shows the presence of Ordovician

shales.

Several reports on near-by mining districts have been prepared
by Umpleby.® They deal chiefly with the mineral deposits but give
some account of the general geology.

5 Blackwelder, Eliot, New or little known Paleozoic faunas from Wyoming and Idaho:
Am. Jour. Sci., 4th ser., vol. 36, pp. 174-175, 1913.

¢ Umpleby, J. B., Geology and ore deposits of Lemhi County, Idaho: U. S. Geol. Survey
Bull. 528, 1913; Some ore deposits in northwestern Custer County, Idaho: U. 8. Geol.
Survey Bull. 539, 1913; Ore deposits in the Sawtooth quadrangle, Blaine and Custer
Counties, Idaho: U. 8. Geol. Survey Bull. §80, pp. 219-249, 1914; Geology and ore
deposits of the Mackay region, Idaho: U. 8. Geol. Survey Prof. Paper 97, 1917,

62467—30——2



Parr 1. GENERAL GEOLOGY
By Lewis G. Westeate and Crype P. Ross

INTRODUCTION
TOPOGRAPHY

The Wood River region is near the southern border of the great
mountain mass of central Idaho and comprises the Hailey quadrangle
and an area south of it. It is a rugged region of marked relief, in
which the only level tracts are the terraces and alluvial flats along a
few of the larger streams, such as the Big Wood River and the Big
Lost River.

All the drainage from the Wood River region ultimately reaches
the Snake River but by quite different routes. 'About 55 square miles
in the northwest corner of the region is drained by West Pass Creek
and other streams into the East Fork and the Salmon River and
thence to the Snake River, on the west boundary of the State. The
remainder of the area north of the main divide, nearly 240 square
miles, is drained through the Big Lost River, first northeast and then
southeast past Mackay to the Snhke River Plains, where the water
sinks beneath the lava floor. In the southeastern part of the Hailey
quadrangle an area of about 120 square miles lies in the drainage
basin of the Little Wood River and is drained south to the Snake
River. The rest of the area south of the main divide, nearly half of
the region mapped, drains south through the Big Wood River to the
Snake River. The main divide, which separates the northern third
of the Hailey quadrangle from the rest of the region, extends in an
irregular line diagonally across the quadrangle with a trend of about
N. 60° W.

The lowest part of the region is near Bellevue, on the Big Wood
River, where the altitude above sea level is somewhat over 15,100
feet. From that locality as far north as the vicinity of Ketchum
few peaks attain 8,000 feet in altitude, and the relief between moun-
tains and valleys is in general from 2,000 to 2,500 feet. Farther
north the relief is greater, and many of the summits along the main
divide stand 3,000 and 4,000 feet or more above the valleys of the
major streams. The summits along most of this divide in the Hailey
quadrangle attain altitudes above the sea of over 10,000 feet, and they

6
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culminate near the east border of the quadrangle in Hyndman Peak,
which is 12,078 feet above sea level.

The mountain slopes rise steeply from the valley bottoms to narrow
interstream divides, as can be seen from Plate 2 and some of the
other views. The larger streams have flood plains even well up in the
mountains. An example of such flood plain is shown in Plate 3, B.
There are breaks in the slopes of valley sides which probably are due
to interruptions in the continuity of erosion. Level or gently sloping
summit or high-level tracts, such as have been interpreted elsewhere
in Idaho and other mountainous regions as remnants of old erosion
plains or peneplains, are absent in this region.

The valleys are comparatively open at a distance from the main
divide, particularly south and southeast toward the Snake River
Plains. (Seepls. 3, 4, and 8, B.) They become much narrower and
more gorgelike nearer the divide, but many open out at their very
heads into glacial cirques with precipitous walls. The steepest slopes
and most rugged areas in the region are found at the heads of these
glaciated valleys. (See pl. 2, 4.) Broad basin-like mid-valley ex-
pansions, which are common in neighboring regions, do not occur;
the nearest approach to them is found north of the divide, at the head
of the North Fork and the lower end of the East Fork of the Big
Lost River.

CLIMATE

The climate of central Idaho has been described by Henry?! as
follows:

Adjacent to the district just described, comprising almost a third of the area
of the State, lies what has been designated the central plateau region. This
area includes several large valleys and many smaller ones. All of these valleys
lie at considerable elevations, and they are separated from one another by
irregular ranges of mountains, among which may be mentioned the Sawtooth
Mountains, * #* * gome of which rise to a sufficient height to enable them
to maintain a perpetuul covering of snow. In this region periods of extreme
cold are frequently experienced, when temrperatures of 30° or more below zero
are recorded in the mountains, while in summer there are times when the day-
time temperatures in the valleys are oppressively high. Here lie a number of
comparatively level prairies, producing an abundance of wild grass and, in some
sections, good crops of grain and domestic grasses. A considerable area is also
under cultivation in some of the more sheltered valleys, though the danger of
killing frosts in the summer nronths and of extreme cold in winter prevents the
successful growing of other than the most hardy crops. * * #* The low tem-
peratures prevailing in this region, resulting in heavy precipitation of snow in
winter and slow melting of this snow in spring, make it an ideal place of storage
for the waters of several streams. * * *

High winds are of more or less frequent occurrence in exposed portions of
the State but are seldom destructive and in many sheltered valleys are almost

1 Henry, A. J., Climatology of the United States: U. 8. Dept. Agr. Weather Bureau
Bull. Q, p. 810, 1906.
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unknown. Hail storms occur frequently. Thunderstorms occasionally occur,
being usually very light but sometimes attaining a degree of violence in limited
localities. The loss from lightning is very slight.

The records of temperature and precipitation at Hailey, furnished
by the United States Weather Bureau, are as follows:

Records of temperature and precipitation at Hailey, Idaho

Average | Average Average { Average
Jmean | mean Averago jJean | mean Average
empera- | precipi- empera-| precipi-
ture tation | Snowfall ture tation | SnOWfall
°F. Inches Inches °F. Inches Inches
20 3.72 40.4 || Augustooeoooooooo 67 0.3 1]
24 1.79 14.1 || September.. 56 .81 Trace.
31 1.57 6.1 ctober____. 46 1.17 1
44 101 1.9 || November.. - 34 130 10.8
52 1.47 1.1 || December.......... 20 1.72 22.2
59 .97 .3
67 .62 0 Annual...... 43 16.48 97.9

The records of temperature and precipitation cover a period of
13 .years, the record of snowfall a period of 8 years. Of the total
precipitation of 16.48 inches, only 3.39 inches fall in the months of
May to August.

About Hailey the hilltops in May still carry heavy drifts of snow
in many places, though the weather is warm and the valleys are
open. Snowstorms are frequent at the higher altitudes in early
June. The earliest autumn snows come in September or the first
part of October, after which there is likely to be a long season of
clear, open weather. In the comparatively low country near and
south of Hailey the daytime temperature in summer is frequently
rather high, but uncomfortably hot nights are rare. In the moun-
tains north of Hailey the summer temperature is usually delightful.

VEGETATION

The general character of the vegetation changes with the altitude.
The valley bottoms and the lower slopes of the hills, especially in the
less rugged and lower sections, are mostly treeless and are covered
with sagebrush and grasses. The streams are lined with willows.
Trees become more abundant at middle altitudes. Up to 8,000 or
9,000 feet patches of aspen are common. Evergreen trees predom-
inate at higher levels than the aspens, especially in the deeper and
more shaded valleys and on the northern slopes of the hills. Over
much of the region they grow singly or in scattered groups and
do not make a continuous forest. Above 9,000 feet the forest growth
becomes more and more sparse, and the timber line lies at about
10,000 feet. About two-thirds of the area is included in national
forests, that south of the divide in the Sawtooth National Forest
and that north of the divide in the Lemhi National Forest.

o
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POPULATION AND INDUSTRIES

The only towns in the Wood River region are Hailey, Bellevue,
and Ketchum. Hailey is the county seat of Blaine County and the
principal supply center for the ranches and mines of the upper
Wood River Valley. In 1920, according to the census, Hailey pre-
cinct had a population of 1,316. Bellevue, nearly 5 miles south of
Hailey, had a population of 526, and Broadford precinct had a
population of 74. Ketchum, which had 252 people in 1920, in the
boom days of mining in the region was a place of considerably
greater size and business activity than at present. During this
period the Pittsburgh & Idaho smelter was in operation for a number
of years.

Ranches, devoted mainly to the raising of hay and stock, are
operated wherever water for irrigation is available, mostly on the
level lands along the Big Wood River, its East Fork, and Deer, Green-
horn, and Croy Creeks. There are no ranches north of the divide
in Custer County nor in the valley of the Little Wood River in the
Hailey quadrangle. In summer large numbers of sheep from the .
ranches along Big Wood River and from those on the lower plains
above Shoshone graze on the forest range, and many sheep have been
shipped from Ketchum. A little timber is being cut in the national
forest.

Mining has in the past. been the largest industry in the region.
After a period of depression it experienced a revival in 1923. Several
score of mines and prospects were being worked in the ‘summer of
1923, but in August only one of these was shipping ore with any
regularity. In the summer of 1924 there was comparatively little
activity, and no ore shipments were being made except small ones
by lessees at a few of the old mines.

SEDIMENTARY ROCKS
ALGONKIAN (?) ROCKS

The oldest sedimentary rocks in the region (see fig. 2) are a
series of quartzites, limestones, and schists of probable Algonkian
age that occupy an area of about 20 square miles in the east-central
part. This area, which has a length of 10.5 miles from northwest
to southeast and a maximum width of 3 miles, lies mainly south of
the divide between the Big Lost and the Big Wood Rivers, although
for a distance of nearly 3 miles near Hyndman Peak its northeast
border crosses the divide. These old rocks form the summits of
Hyndman Peak and the high mountains a mile to the southeast and
are well exposed in the upper parts of all the valleys heading against
the divide on the south, from Wilson Creek to the Little Wood River.
They dip in general steeply southwest. On the northeast the old
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rocks adjoin an area of intrusive granitic rocks, and their base is
therefore unknown. On all other sides they are separated from
comparatively unmetamorphosed Paleozoic rocks by faults.

These rocks have been divided into two formations. The lower,
named the Hyndman formation, consists mainly of quartzite and
has a thickness of about 6,600 feet. The upper, named the East Fork
formation, consists dominantly of limestone but has conspicuous
interbedded quartzites and is at least 1,560 feet thick.

HYNDMAN FORMATION

Distribution and subdivisions.—The Hyndman formation is named
from Hyndman Peak, the highest point in the Hailey quadrangle,
(12,078 feet). The rocks are excellently exposed in the peak itself
(see pl. 2, A) and in the cirques at its southern base. They occupy
the larger part of the area of ancient sedimentary rocks, forming a
belt along its northeast side which widens southeastward. East of
the area shown on the map a narrow band of these rocks extends
along the border of the granodiorite nearly to the east boundary
of the Hailey quadrangle. The formation has a thickness between
6,000 and 7,000 feet and is dominantly composed of quartzite but
contains two conspicuous intercalated members, a schist member in
the lower part and a green hornfels member in the upper part.
The presence of numerous strike faults introduces an element of °
uncertainty into all measurements of the thickness of the forma-
tion. The marked differences in the thickness of the subdivisions
as exposed may result from such faults. In considering the estimates
of thickness given below this qualification should be borne in mind.

Lower guartzzte member.—The lowest member of the Hyndman
formation is a light-gray quartzite with thick, even bedding.

It ranges from a nearly pure quartzite to a quartzitic gneiss, which
is locally banded and laminated. A few of the bands may even be
considered schist. In many beds nine-tenths of the rock consists
of quartz with hornblende, biotite, and minor amounts of sericite,
microcline, plagioclase, titanite, and apatite. The quartz grains
average 0.5 millimeter in diameter. Near the granodiorite border
layers of the intrusive rock, in places as narrow as a foot or 6 inches,
have been injected along the bedding planes of the quartzite. On
the north slope of Hyndman Peak (pl. 2, 4) and also in the cirque
at the head of the East Fork of the Big Wood River a thickness of
1,500 feet of the lower quartzite member is exposed, but in both
places the lowest beds are cut out by the granodiorite. Conse-
quently the original thickness of the member can not be determined.

Schist member—Above the lower quartzite member is the schist
member, which crops out in a narrow belt, about 5 miles long, from
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the valley of the East Fork northwestward to and beyond Hyndman
Peak. It is an evenly bedded rock and commonly breaks into slabby
blocks. It is a fine-grained gray schist composed of quartz, anda-
lusite, biotite, muscovite, and small amounts of magnetite, tourmaline,
and hematite. The schist attains a thickness of 1,100 feet on the
divide between the East Fork of the Big Wood River and Hyndman
Creek. On the west branch of Corral Creek a dark mica schist lies
below and grades upward into the strata at the base of the middle
quartzite member. As it is in the same stratigraphic position this
schist is probably the equivalent of the one just described, which is
exposed farther east. It is a fine-grained banded and well-foliated
schist, which weathers rusty and is composed of quartz, biotite, silli-
manite, muscovite, and garnet with minor amounts of oligoclase,
magnetite, and zircon. Some of the sillimanite occurs in fine threads,
and many of the larger rods are frayed at the ends.

Middle quartzite member—The next higher member is the middle
quartzite, which forms a band southwest of the schist member that
extends northward nearly to the Devils Bedstead. On Corral Creek
it comprises 500 feet of white quartzite or quartzitic gneiss consisting
largely of quartz, biotite, and plagioclase with a little colorless mica.
It grades downward into the dark mica schist mentioned above and
upward into a banded and contorted schistose rock 250 feet thick,
which in turn is succeeded by the green hornfels member. Schistose

"beds intercalated in the more massive quartzite consist of quartz
with abundant muscovite, green and brown biotite, magnetite, and
scattered grains of tourmaline. The rock is banded in a manner
which suggests cross-bedding. On the east branch of Hyndman
Creek a thickness of 2,400 feet of the middle quartzite member is
exposed.

Green hornfels member—The next succeeding member of the for-
mation is a peculiar rock which may be designated a green banded
hornfels. This rock crops out in a narrow zigzag band between the
Devils Bedstead and Hyndman Peak and in irregular areas south-
east of Hyndman Peak. The rock is made up of alternating light
and dark layers. In places there are as many as 25 layers to the
inch, but some layers are several inches thick. On weathered sur-
faces the rock appears green, but on fresh fractures much of it is
almost black, with a blue or purple cast. The banding is in general
remarkably even and permits the breaking of the rock into flat slabs
from an inch to a foot or more in thickness. Some of these slabs have
several square feet of surface.

The rock varies in mineral composition from place to place and
from bed to bed. A specimen from upper Corral Creek consists of
a greenish-gray fine-grained rock that has about 15 bands to the
inch. On weathered pieces, along bands that consist largely of cal-



U. 8. GEOLOGICAL SURVEY BULLETIN 814 PLATE 2

A. VIEW SOUTHEAST FROM HYNDMAN PEAK ALONG THE MAIN DIVIDE ABOVE
THE CIRQUE AT THE HEAD OF WILDHORSE CREEK
Shows the glaciated topography of the summit region. The sharp peak at the right is Hyndman

Peak. The rock in the upper partof the mountains to the right of the middle of the view belongs
to the Hyndman formation, chiefly quartzite; the rest is granodiorite.

B. VIEW NORTH UP TRAIL CREEK

Shows the deep valley of the creek, the mountain topography near the main divide, and (on the
right) the low pass to the Big Lost River.
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A. VIEW NORTHEAST ACROSS THE LITTLE WOOD RIVER, AT THE SOUTH
BORDER OF THE HAILEY QUADRANGLE

In the foreground is Quaternary basalt trenched by the river—two flows exposed. The low
hills in the middle ground consist of Miocene (?) lava.

B. VALLEY OF WILDHORSE CREEK

Hyndman Peak in the distance. Shows a level flood plain in the midst of the mountains.



U. S. GEOLOGICAL SURVEY BULLETIN 814 PLATE 4

4. SOUTH WALL OF UPPER WILSON CREEK

The dark bed forming the dip slope is the quartzite member of the East Fork formation.
The rock below it is the limestone member of the same formation.

B. WEST SIDE"OF HYNDMAN CREEK BELOW HYNDMAN PEAK

Shows alternating layers of coarsely crystalline limestone and tremolite rock in the lower
limestone member of the East Fork formation.



U. S. GEOLOGICAL SURVEY . BULLETIN 814 PLATE 5

A. BANDED HORNSTONE OF THE PHI KAPPA FORMATION ON THE HILL
NORTH OF PARK CREEK

B. CONGLOMERATE AT THE BASE OF THE WOOD RIVER FORMATION WEST
OF HAILEY

Stands vertical.
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cite, narrow reentrants have been produced by leaching to a depth
“of as much as half an inch. The microscope shows the rock to be
composed of calcite, epidote, augite, orthoclase, and quartz, with
small amounts of titanite. None of the minerals have crystal out-
lines. The average size of grain is between 0.5 and 1 millimeter.
The constituents are grouped in layers; some composed largely of
calcite with abundant grains of pyroxene and scattered grains of
feldspar and quartz alternate with others that consist more largely
of feldspar and quartz with augite and some calcite. One layer
noted is composed largely of augite and epidote.

A second specimen from the same locality shows an alternation of
coarser light-green and dark-green layers. Under the microscope
the light-green bands are seen to consist of epidote with a little
quartz, and the dark-green bands to consist of orthoclase, green horn-
blends, considerable epidote, and a small amount of quartz. Small
quantities of apatite, titanite, and calcite are present.

On the east side of the cirque south of Hyndman Peak the rock
is on the whole dark but has numerous greenish-white or gray bands.
The darker part of the rock shows under the microscope an
allotriomorphic mixture of quartz and orthoclase, with abundant
biotite, a little nearly colorless amphibole, and a little magnetite.
The light-colored bands are themselves banded, owing to the varying
amounts of calcite, green augite, scapolite, quartz, and epidote which
they contain. Some garnet and a little magnetite are also present.

The mineral composition of the green hornfels suggests that it
originally consisted of alternating beds of calcareous shale and im-
pure limestone. Augite and epidote, which are the most common
accessory minerals in the lighter calcareous layers, are common in
metamorphosed limestones, and this is true also of the hornblende,
scapolite, and garnet, which occur in much less abundance. With
less calcium carbonate and more clay and other impurities in the
other beds of the series, there would come about, as a result of
metamorphism, that increase in amount of quartz, feldspar, and
mica which is found in the darker and less calcareous layers. The
original calcareous rock does not seem to have been notably
magnesian,

The hornfels is much contorted, and its irregular distribution may
result from faulting. On the east branch of Hyndman Creek it is at
least 600 feet thick, but the thickness may differ in different places.

Upper quartzite member.—The uppermost member of the Hynd-
man formation is a quartzite. It is best exposed southeast of Hynd-
man Peak but continues in a narrowing band northward to the Devils
Bedstead. On the Roaring Fork of the Little Wood River it is a gray
to white rock, well bedded, in beds 2 to 6 feet thick. Some layers have
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pebbles as much as an inch in diameter, and in places there is a
coarse cross-bedding. This cross-bedding and pebbly character is
common in the upper quartzite but was not noticed in the lower mem-
bers of the Hyndman formation. About nine-tenths of the rock con-
sists of quartz in irregular grains that average 0.5 millimeter in
diameter. The original form of the quartz grains has been ob-
literated through metamorphism. Locally pale-green augite is
abundant between the quartz grains. Small amounts of plagioclase,
biotite, titanite, calcite, and chlorite are present; the last two are
alteration products. The augite gives to the rock a minute pale-
green mottling.

The patches of quartzitic material along the border of the
granodiorite near the head of the Little Wood River contain con-
glomerate beds and are therefore assumed to belong to the upper
quartzite member. They are thoroughly recrystallized rocks and
consist dominantly of quartz, with biotite, muscovite, chlorite,
diopside, epidote, and andalusite in varying amounts.

EAST FORK FORMATION

Distribution and subdivisions.—Above the Hyndman formation lie
beds of limestone and quartzite which have been grouped as the East
Fork formation. They form a belt on the west side of the area of
metamorphosed rocks as far south as the divide between Hyndman
Creek and the East Fork of the Big Wood River, and also crop out in
two small areas farther east. They are best exposed on the east side
of the headwaters area of Hyndman Creek. The formation com-
prises a lower and an upper limestone member with quartzite between
them and has a minimum thickness of 1,560 feet.

Lower limestone member—The lower limestone member occurs
along the east side of the outcrop of the East Fork formation, imme-
diately west of the border of.the Hyndman formation. It extends
in an almost continuous belt from the area north of the Devils Bed-
stead southward and southeastward to a point 3 miles south of
Hyndman Peak. In the north, as a result of faulting, the apparent
thickness of the limestone is less than in the south. In the east wall
of the Corral Creek Basin this member is completely cut out, and
the quartzite member of the East Fork formation rests directly on
the Hyndman formation. South of this area the exposed thickness
of the lower limestone increases, and its greatest mapped width is
along the dip slopes on the southwest ends of the ridges between the
different branches of Hyndman Creek.

The lower limestone member consists largely of beds of nearly
pure limestone alternating with beds that contain diopside. Quartz-
ite is intercalated in places but is everywhere subordinate in amount.
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The succession of beds differs in different localities. Two charac-
teristic exposures of the member are shown in Plate 4.

Several hundred feet of the lower limestone is exposed in the
west wall of the basin of Cérral Creek. Most of the beds are 2 to 3
feet thick and consist of buff or cream-colored limestone, and some
of them contain diopside. Alternating with these beds are layers
of diopside rock that range in thickness from a fraction of an inch
to 2 feet. The most abundant beds consist of calcite with very small
amounts of phlogopite, pyrite, pyroxene, and serpentine. Others
contain gray knots or lenses of diopside, some of which are as much
as 10 millimeters in greatest diameter, in a fine-grained calcite matrix
with some muscovite and chlorite and a little quartz and pyrite. The
diopside rock is white and fine grained and contains an average of
over 95 per cent of diopside together with varying amounts of chlor-
ite, calcite, and quartz and a little magnetite.

An excellent exposure of the lower limestone member, including a
greater thickness than that in the west wall of Corral Creek, is found
at the end of one of the divides that separate the upper branches of
Hyndman Creek, about 114 miles S. 50° W. of Hyndman Peak. The
section here is as follows:

Section of lower limestone member of East Forlk formation southwest of
Hyndman Pealk '

Feet
Light-gray or white limestone in massive beds 2 to 4 feet
thick, containing thick beds of massive pyroxene rock_____ 140
Heavy-bedded blue limestone__.- 70
‘White vitreous quartzite 120
White, coarsely crystalline thick-bedded limestone, stained on
the weathered surface to a brownish yellow and easily
crumbling to a calcite sand (see pl. 4, A) oo 200

Quartzite member.—Above the lower limestone member is a mas-
sive vitreous quartzite (see pl. 4, A) which can be traced from a
locality north of the Devils Bedstead a little south of east for about 7
miles. Its apparent thickness differs from place to place, presumably
because of faulting. The maximum thickness measured was 350 feet,
above the section of the lower limestone member just described. On
the west side of the Corral-Hyndman Creek divide the quartzite is re-
duced to a few feet, and in places it is probably cut out entirely. On
account of its hardness it forms the dip slope of some of the south-
westward-facing hills. The most conspicuous of these is the hill on
the divide between Corral and Wilson Creeks. The upper part of
the quartzite here contains pyrite and is stained red by oxidation.
This conspicuous red slope is easily recognized for miles to the south.

The rock is a massive vitreous quartzite, completely recrystallized,
with rounded grains and crystals of pyrite. It contains small
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amounts of muscovite, hematite, and magnetite, and small inclusions,
both solid and liquid.

Upper limestone member.—The quartzite member is overlain by a
series of limestone beds of variable thickness, comprising the upper
limestone member. They lie in a belt that extends from the vicinity
of the Devils Bedstead south and east to the basin of Hyndman Creek,
and in a few isolated localities to the southeast. They are best ex-
posed on the divide between Corral and Hyndman Creeks, where the
section is as follows:

Section of upper limestone member of the East Fork formation on the Corral-
Hyndman Creek divide
Feet
Grayish-white, rusty, thinly banded limestone___________ ___
Massive blue-gray, thinly banded limestone, rather coarsely
crystalline and nearly pure caleite_ . _______________
Beds of thinly banded gneiss, usually dark, in some places
calcareous and in others not. Interbedded in this are
seams of medium to coarse grained cream-colored lime-
stone, indistinetly banded, 1 to 2 feet thick. A hand speci-
men of the first rock shows it to be fine grained, with
alternating blue-gray and white bands from one-tenth to
one-half inch in thickness. Quartz and colorless pyroxene
are the abundant minerals. Orthoclase is common. Mag-
netite and a little calcite are present___________________
Blue-gray, coarsely crystalline limestone___________________ 150
Heavy-bedded but thin-banded blue-gray limestone. The
hand specimen shows a blue-gray rock, through which
run white bands, commonly six or seven to the inch.
Calcite and diopside are the more common minerals, the
diopside most abundant in the white bands. Magnetite,

400

pyrite, and orthoclase are also present__________________ 200
Gray-black thin-bedded slaty rock_ . oo . ___.__ 30
Vitreous quartzite, massive below, thin-bedded and banded

above .. __ e m e e 10
Thin-bedded light-gray or whitish gneissoid rock, an impure

quartzite e e 15

AGE OF THE HYNDMAN AND EAST FORK FORMATIONS

The Hyndman and East Fork formations appear to be older than
any of the other rocks exposed in the Wood River region. The East
Fork, the younger of the two, is separated by fault contacts from all
younger rocks, so that its exact relations to them can not be ascer-
tained, but with due allowance for the probable throw of these
faults it would seem to belong stratigraphically below the Phi Kappa
formation (Ordovician). Available data regarding the formations
above the Phi Kappa offer no suggestion that the Hyndman and
East Fork formations, with combined thickness of 8,000 feet or
more, belong at any higher horizon.
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These formations are much more metamorphosed than the strata
above them. However, the fact that this alteration is probably in
part of igneous rather than dynamic origin makes it of doubtful
value as an indication of age. The strata lie in a narrow belt border-
ing the largest mass of granitic rock in the region, and hence are in
a favorable position to be contact-metamorphosed. Many of the min-
erals developed are the same as those formed by igneous agencies in
younger rocks in several places in the region, and some of them, such
as diopside, are typical of igneous and not of dynamic origin. These
facts make it highly probable that the Hyndman and East Fork
formations have been contact-metamorphosed. However, it is of
course possible that they had previously been subjected to regional
metamorphism. The highly schistose character of one member of
the Hyndman formation and the fact that the degree of metamor-
phism in the Hyndman and East Fork formations is markedly
greater than in the adjoining strata belonging to other formations
both favor such a hypothesis. The contrast in metamorphism is
noted wherever the formation boundaries are crossed, irrespective of
the distance from intrusive rocks. -

Recently C. P. Ross has worked in the Custer quadrangle, imme-
diately northwest of the Hailey quadrangle. Here limestone with
some quartzite similar in lithology and degree and character of
metamorphism to the East Fork formation appears to be strati-
graphically well above dolomite containing Silurian fossils.

The weight of present evidence in the Hailey quadrangle is in
favor of Westgate’s conclusion that the Hyndman and East Fork
formations are probably Algonkian. However, this evidence is not
conclusive, and in the light of the data obtained in the Custer quad-
rangle the possibility that these formations may be of post-Silurian
age should be borne in mind.

ORDOVICIAN ROCKS

Ordovician sediments occur in the north-central part of the region
in a belt that stretches southeastward from the North Fork of the
Big Lost River for 12 miles and has an average width of 2 to 3 miles.
For most of this distance they crop out along the principal divide
of the Wood River region. The Ordovician rocks in most places are
separated from the other sedimentary formations by faults. They
are themselves cut by numerous faults, which form a complex struc-
tural mosaic within this great mass of sandstone and argillite, and
are intruded by the quartz monzonite of the Big Lost River and
overlapped in places by the Miocene (%) lava. The Ordovician sedi-
ments consist of sandstone and argillite. Practically the only fos-
sils found are graptolites, and these occur at irregular intervals in
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the series. The graptolites indicate that the sediments range in age
from Lower to high Middle or to Upper Ordovician.

EARLY LOWER ORDOVICIAN ROCKS

Along the Trail Creek road about 114 miles south of the pass is a
narrow block of carbonaceous argillite carrying an early Lower Ordo-
vician graptolite fauna. This block is bounded on the north and
south by fault planes. The occurrence of this Lower Ordovician
fauna was first noted by Blackwelder.? The presence of these Lower
Ordovician sediments is of so great scientific interest that the out-
crop has been mapped separately. No formation name has been ap-
plied, however, as the section consists of but a few hundred feet of
sediments and is incomplete at the top and bottom. These beds are
the oldest fossiliferous sediments in the region. They contain the
following fossils, determined by Edwin Kirk:

Didymograptus bifidus ‘Hall, Tetragraptus woodi Ruedemann.

Didymograptus caduceus (Salter) | Phyllograptus ilicifolius Hall.
Ruedemann, Phyllograptus typus Hall.

Didymograptus extensus Hall. Dichograptus octobrachiatus (Hall).

Didymograptus gracilis Tornquist. Goniograptus perflexilis Ruedemann,

Didymograptus nanus Lapworth. Goniograptus thureaui (McCoy) var.

Didymograptus nitidus Hall. Schizograptus sp.

Didymograptus similis Hall. Bryograptus sp.

Tetragraptus amii Bllis and Wood. Dendrograptus sp. &

Tetragraptus serra Brongniart. ‘| Lingula sp.

Tetragraptus similis Hall. Caryocaris sp.

Tetragraptus quadribrachiatus Hall. Sponge spicules.

The age of the argillite as determined by these fossils is Deepkill
(Beekmantown).

PHI KAPPA FORMATION

General features—The Phi Kappa formation, named from ex-
posures along Phi Kappa Creek, which enters the Big Lost River
from the south, 314 miles down the valley from the divide, consti-
tutes the greater part of the Ordovician mapped in this region. The
formation has a thickness of more than 9400 feet. It may be di-
vided for convenience of description into an upper and a lower por-
tion. The separation of these two portions as distinct formations
would have been desirable if the scale of mapping had permitted.
An attempt to do so in the field, however, proved impracticable. The

3 Blackwelder, Eliot, New or little known Paleozoic faunas from Wyoming and Idaho:
Am. Jour. Sci.,, 4th ger., vol. 368, pp. 174-175, 1913. :
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lower portion of the Phi Kappa consists of medium and fine grained
quartzitic sandstone and flinty argillite, commonly black, which
weathers to rusty slabs. The upper portion of the formation
comprises a series of dark shale with interbedded yellow shaly
sandstone. :

The lower part is best exposed on the Big Lost River, on the nose
between Park Creek and the next creek north, where an apparently
continuous section of nearly 4,800 feet was measured. This section
from above down is as follows:

Bection of lower part of Phi Kappa formation on west side of upper Big Lost

River
Feet
Upper hornfels, steel-gray and dark when fresh, with uni-
formly and closely alternating dark and light bands; thin-
bedded. (See pl. 5, 4.)
Black argillite; in the middle breaks into flat rectangular
fragments; generally hard and in places flintlike_____.._ 200
Lower hornfels, similar to the upper hornfels__.___________ 300

Flinty argillite, black, dense, fine-grained or aphanitic rocks,
in places spotted with the incipient development of meta-
morphic minerals ; breaks with a conchoidal fracture; ends
above, just below the lower hornfels with a 25-foot massive
layer.
Heavy black to gray quartzite in beds, 1 to § feet thick,
alternating with black flinty argillite, which is more abun-
dant in the upper part 800
Black fine-grained massive argillites, thinner-bedded below
but becoming more massive in the middle portion; in the
upper part intercalated beds of quartzitic sandstone ap-
pear. They are mainly black, but here and there gray
and white. The rocks are thin and even-bedded and
break into slabs on weathering, but on fresh outerops
the beds are likely to make massive ledges. They pass
gradually into the preceding division, with increase in
quartzite 1,700

‘I'he black quartzite in the hand specimens is crowded with minute
rounded glassy grains of quartz. With the microscope quartz is
seen to occur in abundant rounded grains as large as 1.5 millimeters
(average 0.5), in a fine mosaic of recrystallized quartz. Black dust
composed of iron oxide is abundant in the cement, and this gives the
black color to the rock. Pyrite and small flakes of colorless horn-
blende are present.

The finer-grained rocks (flinty argillite) differ from the quartzite
in the smaller size of the quartz grains and in the presence of larger
amounts of accessory minerals, but they are still essentially quartz-
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ites. They are black aphanitic rocks, with nearly the color and
luster of cannel coal and with a rude conchoidal fracture. The
microscope shows scattered irregular grains of quartz 0.05 to 0.1
millimeter in diameter in a groundmass consisting of quartz and
abundant fine ferruginous dust. Pyrite, scattered prisms of tour-
maline, and some colorless hornblende are present. Scattered irregu-
lar patches 0.5 to 1 millimeter in dimension mark the incipient
development of unidentified metamorphic minerals which in some
beds gives a spotted appearance to the hand specimen.

The hornfels is a dense quartzitic rock that shows alternating light
and dark bands. (See pl. 5, 4.) The black bands are gray-black
and aphanitic and under the microscope show quartz grains as much
as 0.04 millimeter in diameter. The quartz composes not over half
the rocks; hornblende, iron oxide, and probably other minerals not
identified compose the remainder. The light-gray bands are much
the same in composition except in the small amount of iron oxide
and, in the slide examined, in the presence of pyroxene instead of
hornblende. Where the hornfels is composed of thin alternating
bands these differ in the kinds and relative amounts of the acces-
sory minerals.

Sections of the lower portion of the formation in other parts of
the Phi Kappa area match the one which has been described..
Whether the whole thickness of the lower division is greater than
4,750 feet is not known, as no definite beds identifiable in the differ-
ent areas were recognized, unless the hornfels which caps the lower
division in the section given is such a bed.

The hornfels and interbedded argillite are well shown along the
east side of upper Trail Creek, from the northwest end of the Phi
Kappa outcrop to a point a mile south of the Big Lost River-Trail
Creek Pass. Good exposures of the hornfels occur just south of
the pass. The beds are evidently repeated by faulting, though it
has not been possible to decipher the details of the structure.

The upper portion of the Phi Kappa occupies the north half
of the Ordovician belt and also crops out along its southern border.
The two areas are separated by a belt of the quartzite of the lower
Phi Kappa. The upper part of the formation is well exposed in
the hills east of upper Trail Creek, where it turns southwest and
leaves the Ordovician belt. It is variable in character, as is shown
m the section below, 4,600 feet in thickness, which was measured
at the head of the creek northeast of Park Creek. It is possible
that this section may be faulted, yet it gives an excellent idea of the
kind of rocks that make up the upper part of the formation and
probably does not give an exaggerated idea of their thickness.
Indeed, it appears that this section does not represent the maximum
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thickness of the upper division because beds that are stratigraph-
ically higher than any in it are exposed along the upper reaches of
Trail Creek.

Incomplete section of the upper portion of the Phi Kappa formation, measured
on the ridge projecting from the west into the head of the valley northeast
of Park Creek

Feet
Yellow shaly sandstone and gray, fine-grained argillaceous
sandstone, in part calcareous, weathering to rusty brown.
They are well banded and evenly bedded, breaking into
slabs about 6 inches thick. Parting planes show a blotchy
color mottling._ 350
Dark shale, weathermg to gray, brown, and black débus---- 600
Yellow sandstone, like highest member. Some clear quartz-
itic sandstone near the base. Abundant black flintlike
layers commence 75 feet above the base and extend up-
ward for 100 feet_ 400
Dark or black shale and sandy shale, passing at base into
earthy sandstone 250 feet thick____ 275
Dark well-laminated thin-bedded shale, weathering gray in
upper part, brown below. Intercalated dolomite bands,
1 to 2 inches thick, in lower part 450
Gray shale and quartzitic sandstone, the latter in massive
layers as much as 10 feet in thickness 100
Black laminated shale, weathering gray, passing down into
alternating gray flinty shale and yellow shale.__________ 325
Black laminated shale with graptolites, passing down into
shales with interbedded dark flint layers— - ______ 400
Yellow sandstone, like highest member 175
Flinty shale and flint, succeeded below by coal-black shale
and gray-brown shale. 90
Shaly sandstone, passing down into black laminated shale
which weathers light gray and contains indistinct grapto-
lites 250
Gray thin-bedded sandy shale with some yellow sandstone__ 225
Coal-black laminated shale with indistinct graptolites—-____ 210

Dark shale with thin-bedded flinty layers (mostly covered). 750

4,600

The two outstanding lithologic elements of the upper part of the
Phi Kappa formation are the black laminated shale and the yellow
shaly sandstone. The shale contains the graptolite-bearing beds.
It is well shown on the east side of upper Trail Creek and at points
north of the divide as far as the North Fork of the Big Lost River.
The yellow shaly sandstone is found east of upper Trail Creek and at
intervals southeastward along the divide between Trail Creek and
the valley next north. Excellent exposures are found above the
Ketchum road about three-quarters of a mile south of the pass and
again at the head of Phi Kappa Creek. Here, on the north slope of

62467—30——3
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the divide from the upper Big Lost River, the following partial
section appears:

Section of upper part of Phi Kappa formation at the head of Phi Kappa Creek

Feet
Yellow shaly sandstone. 300
Dark shale _ _— — 250
Yellow shaly sandstone 285

Dark shale, containing graptolites, several hundred feet.

A sill of rhyolite cuts the lower part of the lower shale. The lower
yellow sandstone consists in the lower part of massive beds, 4 to 6
feet thick, of dark, spotted argillaceous sandstone, weathering rusty
brown, followed by thin-bedded layers, 12 inches to 4 feet thick, of
quartzitic sandstone with thin partings, passing up into broad, thin
flags of shaly sandstone.

Fossils and age—With the exception of a fauna collected from the
uppermost 25 feet of the formation and unknown elsewhere in North
America all the graptolite faunas found in the Phi Kappa formation
are referable to the Normanskill (high Lower Ordovician or Chazy).

The graptolites are rare and as a rule poorly preserved in the
lower half of the formation. The following list of fossils identified
by Edwin Kirk is a composite fauna representing several small col-
lections obtained at different horizons:

Diplograptus (Orthograptus) calcaratus Lapworth var.

Diplograptus (Glyptograptus) teretiusculus (Hisinger).
Diplograptus (Glyptograptus) teretiusculus var. euglyphus Lapworth,
Diplograptus (Amplexograptus) cf. D. coelatus (Lapworth).
Dicellograptus gurleyi Lapworth.

Dicellograptus sextans Hall.

Climacograptus bicornis (Hafl).

Glossograptus ciliatus Emmons,

Dicranograptus cf. D. rectus Hopkinson.

These fossils indicate lower Normanskill age. As represented by
the collections, essentially the same graptolite fauna ranges through-
out the upper 4,600 feet of the Phi Kappa formation, with the excep-
tion of the fauna at the extreme top, as noted above. In the 400
feet of shale 1,680 feet above the base of the first section described
a rich graptolite fauna was found. This fauna includes all the
species found elsewhere in the upper portion of the formation ex-
cept that at the top. The following species were determined
from this horizon by Kirk:

Diplograptus (Orthograpms) calcaratus Lapworth.
Nemagraptus sp.

Odontocaulis sp.

Corynoides gracilis Hopkinson var.

Cryptograptus tricornis (Carruthers).

Dicellograptus gurleyi Lapworth. _
Dicellograptus sextans cf. var. exilis Ellis and Wood.
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Dicellograptus c¢f. D. elegans Carruthers.
Lasiograptus bimucronatus (Hall).

Lasiograptus (Thysanograptus) cf. L. harknessi var. costatus Lapworth.
Glossograptus ciliatus Emmons var.

Climacograptus bicornis Hall.

Climacograptus bicornis var. peltifer Lapworth.
Climacograptus ¢f. C. scharenbergi Lapworth.
Dicranograptus contortus Ruedemann.

Dicranograptus nicholsoni Hopkinson var.
Dicranograptus ziczac Lapworth var.

Dicranograptus spinifer Lapworth.

Dicranograptus ramosus cf. var. longicaulis Lapworth.
Leptobolus sp.

The highest fauna found in the Phi Kappa formation came from
about 25 feet of black shale immediately underlying the Silurian.

The locality is on the west bank of Trail Creek, about a mile south
of the point where the creek swings abruptly to the west. The fol-
lowing species from this locality have been determined by Kirk:

Diplograptus (Orthograptus) calcaratus Lapworth var.
Diplograptus (Orthograptus) truncatus var. socialis Lapworth.
Diplograptus trunecatus var. abbreviatus Ellis and Wood.
Diplograptus var. intermedius Ellis and Wood.
Diplograptus (Glyptograptus) cf. D. crassitestus Ruedemann.
Diplograptus (Glyptograptus) type of D. teretiusculus Hisinger.
Diplograptus carnei T. S. Hall,

? Mesograptus multidens var. compactus Lapworth.
Mesograptus sp.
Climacograptus hastatus T. S. H‘lll
Climacograptus cf. C. medius Tornquist.
Climacograptus scalaris var. miserabilis Ellis and Wood.
Retiolites (Plegmatograptus) caudatus T. S. Hall.
Retiograptus type of R. geinitzianus Hall.
Dicellograptus elegans Carruthers,
Dicellograptus cf. D. pumilus Lapworth.
Dicellograptus cf. D. affinis T. 8. Hall.

This fauna is of considerable interest in that it has not hitherto
been found in America. It is correlatable approximately with the

Hartfell of Great Britain and probably is of either high Middle:
or Upper Ordovician age.

SILURIAN ROCKS
TRAIL CREEK FORMATION

The Silurian, so far as known, is represented in this region by
a series of siliceous argillite and thin-bedded quartmtlc sandstone,,
to which the name Trail Creek formation is here given. These rocks.
are confined to a strip on the west side of the upper portion of Trail.
Creek and thus occupy only a small area.

General features—The best exposure of the Trail Creek formationr
is on the west bank of Trail Creek about a mile south of the place
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where the creek swings abruptly to the west. Here there is about
500 feet of siliceous argillite and quartzitic sandstone. The contact
with the underlying Phi Kappa formation is clearly shown. The
upper part of the formation is found on receding slopes largely
covered with talus and a heavy growth of forest.

Fossils and age—In the basal 60 feet of the formation the quartz-
itic sandstone layers are separated by thin seams of carbonaceous
argillite, in which was found an abundant graptolite fauna. The
following list as determined by Kirk gives the more characteristic
graptolites of the formation.

Monograptus priodon Bronn.

Monograptus flemingi Salter var.

Monograptus vulgaris Wood var.

Monograptus cf. M. turriculatus (Barrande).

Monograptus cf. M. planus Barrande.

Monograptus near M. crinitus Wood.'

Monograptus cf. M. spiralis Geinitz.

Monograptus cf. M. dextrorsus Linnaeus.

Monograptus cf. M. acus Lapworth.

Monograptus type of M. scanicus Tullberg.

Monograptus c¢f. M. marri Perner,

Monograptus cf. M. convolutus Hisinger.

Monograptus griestoniensis Nicholson.

Cyrtograptus, 3 or 4 species.

Climacograptus, 2 species.

Gladiograptus geinitzianus Barrande.

Gladiograptus sp.

This fauna is of Silurian age and is comparable with some of
the graptolite faunas of Great Britain and western Europe. It
seems to be of early Wenlock age or possibly somewhat older, and
thus the rocks are correlated approximately with the Niagaran of the
eastern United States.

DEVONIAN (?) AND CARBONIFEROUS ROCKS

Strata believed to be principally if not wholly of Carboniferous
age, masked in places by Tertiary lava and cut by stocks of granitic
rock, spread over more than half of the Wood River region. With
the exception of the Ordovician and Silurian of the vicinity of
Hyndman Peak and the upper part of the valley of Trail Creek they
are the only Paleozoic rocks exposed southwest of the main divide.
They also crop out over extensive areas in the valleys of the Big
Lost River and its tributaries. These are the rocks to which Lind-
gren® appears to have intended to apply the name Wood River

® 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. 193-194,
1900.
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formation. He considered them to be of Carboniferous age but rec-
ognized the fact that older rocks might be included. On his general
map the formation is made to include the pre-Carboniferous rocks
described in this report, but in the part of the Wood River region
containing the mines which he studied the older formations are
absent. As a result of more detailed studies not only have older for-
mations been recognized but the rocks believed to be of Carboniferous
age have been divided into two formations, to the lower of which
the name Milligen formation is here applied and to the upper
Lindgren’s name Wood River formation is here restricted. The
upper formation contains Pennsylvanian fossils, but the lower one is
tentatively assigned to the Mississippian and Devonian(?) on less
definite evidence, as explained on pages 26-29.

MILLIGEN FORMATION (DEVONIAN ? AND MISSISSIPPIAN)

Distribution and thickness—The fine-grained argillaceous rocks
that underlie the Wood River formation as here restricted are named
the Milligen formation, from Milligen Creek, near the center of the
largest exposure of the formation 6 miles east of Ketchum. The
formation crops out in three irregular belts that trend northwest and
in'a few small areas outside of these belts. One narrow belt lies
along the southwest side of the head of the valley of Trail Creek.
The largest belt extends from the head of the Little Wood River
across the Hailey quadrangle for nearly 30 miles. It widens north-
westward to a maximum width of about 6 miles. The exposures are
interrupted by areas of Pennsylvanian (Wood River) beds and a few
patches of lava. Northwest of Lake Creek the exposed Milligen beds
are divided into two interrupted belts by a synclinal mass of Penn-
sylvanian rocks with irregular bodies of similar rock southwest of it.
The third belt of the Milligen formation lies on both sides of the
Big Wood River from a place near Hailey southeastward for several
miles. Most of this belt is south of the area covered by Plate 1 but
is shown on Plate 10.

The Milligen formation weathers easily and therefore does not
offer continuous sections. It lacks outstanding and recognizable
members and is folded and faulted. For these reasons it has been
impossible to construct a detailed columnar section for it or to de-
termine its thickness. In the central part of the quadrangle the
formation covers exclusively a considerable area within which the
vertical relief is between 2,500 and 3,000 feet, and it seems improbable
that its thickness can be less than several thousand feet. A thick-
ness of 3,000 feet is arbitrarily assigned to it for use in the tables
and columnar sections.
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Lithologic character—The Milligen formation varies consider-
ably in lithologic character, but most of it is a black carbonaceous
argillite. " Some beds are dominantly quartzitic and others cal-
careous. The argillite consists in general of fine-grained quartz and
muscovite with abundant carbonaceous dust. Some of the rocks are
more or less distinctly laminated, largely as a result of the grouping
of the carbonaceous matter in wavy lenses approximately parallel to
the bedding. In many exposures no lamination is visible, but there
is a rather poorly developed cleavage which may be parallel to the
original bedding. Many cleavage faces are coated with films of
graphitic material. Much of the argillite has a texture resembling
that of cannel coal. The rock weathers readily, first, into small platy
fragments and then into black soil. The carbonaceous matter in the
argillite is so abundant that mine dumps composed of it resemble
ithose of coal mines.

In a few places actual beds of coal are intercalated in the argillite.
"The so-called “ graphitic anthracite ” in the old Parker mine on Elk- |
‘horn Creek is probably metamorphosed coal. In the Evelyn pros-
pect on Trail Creek coal is exposed in several tunnels. (For further
.data on the coal, see pp. 113-114.)

In places characteristic beds of quartzite, limestone, and dolomitic
Iimestone are intercalated in the argillite. As soon as one has be-
.come familiar with these beds they are of great assistance in identify-
ing the formation. Unfortunately, it has not been found possible to
use any of them as marking definite horizons. The quartzite occursin
beds from 1 to 6 inches thick and is commonly exposed in massive
outcrops. It is fine grained, and much of it has a dense chalcedonic
or flintlike appearance. In places laminations are visible on
weathered surfaces. The limestone is a blue-black fine-grained thin-
bedded rock, which weathers to a characteristic light blue-gray. It
forms distinct ledges, in places a hundred feet or more thick, and
weathers into thin rough slabs. Such limestone appears to occur at
several horizons. The third type of rock is a thick-bedded dark-
blue impure dolomitic limestone in beds as much as 4 or 5 feet thick.
It weathers to a rusty brown color. All ‘three rocks are compara-
tively resistant to weathering and stand out in prominent outcrops
on the débris-covered slopes resulting from the weathering of the
argillite, which makes up by far-the greater part of the formation.

Age~The presence of thick seams of impure metamorphosed coal
is strong evidence that the Milligen formation is not as old as De-
vonian. No such coal beds are known in Devonian rocks elsewhere
- in the western United States, and in all the rare occurrences of coal in
rocks as old as this anywhere in the world the deposits are smaller
than those in the Milligen formation appear to be. The Milligen
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formation is stratigraphically below the Wood River formation, of
Pennsylvanian age. In most places the exact character of the contact
between the two formations is not clear. Conglomerate is almost
_universally present at the base of the Wood River formation, and in
places the bedding in the Milligen formation near the contact does
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FIGURE 3.—Geologic map of upper Lake Creek

not appear to be parallel to the contact. These facts suggest that
there may be an unconformity between the two formations. How-
ever, at the head of Lake Creek, where the contact is well exposed,
the two formations grade into each other with no stratigraphic break.
At this point, as can be seen from structure section 4 in Plate 1, the
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strata are overturned. Consequently in Plate 6, which shows two
outcrops near the contact, the younger beds are on the left and below
the older ones. Some details of the geology in the headwater basins
of Lake and Eagle Creeks are shown in Figure 3. In the first ex-
posure in this vicinity (pl. 6, 4) most of the rock is the soft argillite
characteristic of the Milligen formation. As the contact with the
Wood River formation is approached beds of massive quartzitic
limestone like those which make up a large part of the Wood River
formation increase in abundanpce and thickness, and finally the argil-
lite disappears almost entirely., At this place the conglomerate usu-
ally found at the base of the Wood River formation is a little higher
in the section and is underlain by quartzitic and calcareous beds.
The locality where the views in Plate 6 were taken is marked in
the right-hand part of Figure 3 by the symbol indicating a general
dip of 70° SW. At this locality the only interruption to the regular
sequence of beds noted is the one shown in Plate 6, B, which appears
to be a slip fault of small displacement.

Wherever the Milligen formation is in contact with sedimentary
formations other than the Wood River rocks it is separated from
them by faults. Consequently its exact relations to the other forma-
tions can not be determined. However, from the general relations
it is evident that all the other Paleozoic strata except the Wood
River formation are older than the Milligen formation.

In view of the relations just described and of the presence of coal
the Milligen formation is regarded as at least in the main of Missis-
sippian age. There is insufficient evidence of a time break at the
base of the Wood River formation to account for the absence of any
equivalent fo