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Geology and ore deposits of the Tlk City, Orogrande,
Buffalo Rump, and Tenmile districts, Idaho
County, Idaho

By P. J. Shenon and J. C. Leed
Abstract

This report presents the preliminary results of the authors' field work
in 1931 and 1932 in the drainage basin of the South Fork of the Clearwater
River and just south of the divide between that stream and Salmon River.

The oldest rocks of the area are gneisses, schists, quartzites, and
limestones and appear to belong to the Belt series. These old rocks were
intruded and injected by quartz monzonite and granodiorite of the Idaho
batholith in or before late Crectaceous time. Remnants of a widespread ero-
sion surface cover parts of the area. Feulting and warping of the partly dis-
sected peneplain, possidly in Miocene time, formed certain basinlike depres—
sions in which were deposited gravel, sand, and clay. Only the higher parts
of the area, arouud Bufialo Hump, have been glaciated.

The total production of the area has probably been between $15, 000, 000
and $25,000,000, but records are incompletee. Most of the production has come
from placer mines.

The gold lode deposits are classified as vein deposits, including fissure
veins and bedded veins, and disseminated deposits. The placers comprise the
high-level type, the reconcentrated type, and the recent stream type.

The lode gold has come mainly from fissure veins. The veins in the Elk
City district are arranged radislly within sbout 2 miles of a curving contact
of granodiorite and gneiss. They dip steeply and stand at nearly right angles
to a linear schistosity, or stretching, in the country rocks. The veins of
the Buffalo Hump district are in schist or quartz monzonite at the crest of
a large isoclinal anticline which has been invaded by the batholith. They
apparently bear no structural relationship to the linear schistosity in the
vicinity and in that respect differ from the Elk City veins, although they are
O0therwise similar. The veins in the Temmile and Orogrande districts in many
respects resemble those of the Elk City and Buffalo Hump systems.

The transportation facilities of the districts have been greatly improved
by the completion in the fall of 1932 of a good highway up the South Fork of
the Clearwater River to Elk City. This should be a stimulus to the mining
activity of the region.

About 55 lode mines and prospects and 17 placer properties are briefly
described in this report.
1
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Introduction
Field work and acknowledgments

A cooperative survey by the United States Geological Survey and the
Idaho Bureau of Mines and Geology during thne field seasons of 1031 and 1932
included the Elk City, Orogrande, Buffalo Hump (Robbins), and Tenmile (Golden)
districtse A paper on the geology of the Elk City district, with special
reference to the structural setting of the veins, has been submitted for
publication, and a paper that will include a discussion of the auriferous
gravel of the Elk and Newsome Creek basins is in preparation. The writers
wish to acknowledge the able and energetic field assistence of G. D. Emigh
and Harold Thomas and the courteous and helpful aid of the United States
Forest Service and of many of the inhsbitants of the region, particularly
Messrs. Reuben McGregnr and A. F. and Charles Schultz, all of whom gave freely

of their time on many occasions.
Bibliography

The following list includes the principal papers that bear directly on
the geology and ore deposits of all or parts of the districts covered:

Whittle, C. H., The Buffalo Hump mining camp, Idaho: Eng. and Min. Jour.,
vols A8, pps 215-216, 1899,

Lindgren, Waldemar, A geological reconnaissance across the Bitterroot
Range and Clearwater Mountains in Montana and Idaho: U. S. Geol. Survey Prof.
Paper 27, 1904,

Jellum, S. P., Some central Idsho gold districts, Northwest Min. News,
publishers, 1909, ;

Flagg, Ae L., Buffalo Hump mining district: Min. and Eng. World, vole
38, pp. 813-814, 1913, :

Flage, Ae L., The Elk City mining district, Idaho County, Idaho: Am.
Inst, Min. Eng. Trans., vol. 45, pp. 113122, 1913.

Livingston, D. C., and Stewart, C. A., The geology and ore depos?ts of
the Dixie mining district, Idaho, with metallurgical notest Idaho Univ. Bull.,

vol., 9, no. 2, 1914.

Thomson, F. A., and Ballard, S. M., Geology and gold resources of north-
central Idaho: Idaho Bur. Mines and Geology Bull. 7, 1024. ,

Thomson, F. A., Gold veins of sundry areas in the Idaho batholith: Zng.
and Min. Jour.-Press, vol. 118, pp. 533-540, 1924.

2
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Beckwith, R. H., Geological setting of the Idaho batholith: Pan .—Am.
Geologist, vole. 45, na. 5, pp. 359-376, June, 1926,

Beckwith, R. H., Quartz veins of the Buffalo Hump: Pan-Am. Geologist,
vol. 46, noe. 2, pp. 111-120, Sept., 1926.

Beckwith; R. H., Ore depositisn at Buffalo Hump: Pan-Am. Geologist, vole
48, no. 3, ppe 191~194, Oct., 1927,

Beckwith, R. H., The geology and ore deposits of the Buffalo Hump dis—
trict: New York Acad. Sci. Annals, vol. 30, pp. 263-206, Oct., 1928.

History and production

According to Thomson and Ballardl/ gold was discovered on Orofino Creek
by a trapper named Jack Lassier in 1857. The credit for the discovery of gold
in the Clearwater country, however, is ordinarily given to Capt. E. D.
Pierce,2/ who with a party of less than 40 men returned in the fall of 1860 to
that region, with which he already was familiar, and founded Pierce City, at
the mouth of Canal Gulch on Orofino Creek. Pierce City was the distribution
point from which in the next few years many prospectors spread over the drain-
age areas of the Upper South Fork and even into the Salmon River country.

Placer gold was discovered at Elk City and along Newsome Creek in 1861,5/
and by fall over 2,000 pesple had flocked to the new diggings. By 1872 the
richer and more accessible ground was largely worked out, and most of the
white miners had left the field to the Chinese, who ceme in great numbers.
When the Chinese miners had worked over the ground left by the white miners,
as well as many of the old tailings dumps, they too left the country. Since
1000 some of the more extensive, low-grade placer deposits have been worked by
large~scale mining methods.

The first quartz-vein location (now the Buster) was made in the Elk City
district in 1870, but very little gold was extracted from quartz ore until
after the completion of the American Eagle mill, in 1902. A stampede into the
Buffalo Hump district followed the discovery of high-grade gold ore in the out-
crop of the Big Buffalo vein in the fall of 1898. Before the beginning of
1809 and in spite of deep snow and frigid weather the better-known veins were
located and development work was well under way. By the summer of 1899 well-
housed commnities were established at Humptown, Concord, and Calendar. After
considerable underground development work, mills were constructed at several
of the larger mines and at some entirely undeveloped prospects. The mills at
the larger mines operated from 2 to 15 years. The Big Buffalo was closed by

1/ Thomson, F. A., and Ballard, S. M., op. cit., pp. 13, 14.

2/ Bancroft, H. H., History of Washington, Idaho, and Montana, 1845-89,
pp. 233-255 (Banecreft's Works, vol. 31), 1890.

3/ 1Ildem, pp. 240, 241. PFlagg, A. L., op. cit., pp. 115, 116.

3
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1903, the CrackerJack operated until 1907, and the Jumbo continued to operate
intermittently until 1915, In recent years only a few mines such as the Lone
Pine and the New York, in the Tenmile district; the Venture, in the Buffalo
Hump district; and the War Zagle, a few miles to the south, have been produc—
tive, but interest was reviving at the time of this survey, in 1932, and many
mines, such as the Gnome, Coeur d'Alene, Buffalo~Idsho, and Gilt Edge, either
had started to produce or were exnected to do so in the near future.

No very satisfactory estimate can be made of either the placer or the
lode production, because the early records are incomplete and because no one
will ever know the amount of gold taken out by Chinese miners.

The following table is taken from Thomson and Ballardé/ and represents
their estimates for production from central Idaho. It is based on several
sources of information.

g s LT PO SR $22, 500, 000 Dighess s rannikin .. $1, 500,000
UL T AR S e . 18,500,000 Other districts... _2, 500,000
Plerce CREN csuvibsnss . 10,000,000 57,000, 000
Mo Waores o orsa wit S msd 2,000, 000

These figures are higher than some other estimates: for instance,
Lindgrené/says that the total production for the Elk City district up to 1902
was probably between $5,000,000 and $10,000,00C.

C. N. Gerry, of the United States Burceu of Mines, has kindly supplied
data as to the production of the districts here described and the mines therei:
for the years 1902-3l. These data are of little value as regards placer pro-—
duction, beceuse so much of it was obtained before 1902, and the figures for
the years given may be somevhat incomplete, particularly the earlier figures.
The table below summarizcs Gerry's data by districts:

Robbins (mainly Buffalo Hump district).... $520,452

9wk i 521 ¢ - RO R e Sy S S e St 69,598
Newsome) (104,613
( (Tenmile district of this report) (
Tenmile) ( 69,615
TR IR . ¥ SRR o9 SRS . 682,989

$1,447, 267

Published estimates of placer gold production from the Elk City district
range from $5,000,000 to $1&,500,000, and it is reported that between 19002 and
1032 from $726,000 to $1,000,000 was taicen from about six lode properties.

The mines of the Buffalo Fump district have an estimated production of ?bout
$700,000, although this is considerably higher than Gerry's figure.of $520,452
Gerry's figure does not take into account production before 19202,

4/ Thomson, F. A., and Ballard, S. M., op. cit., p. 13.
5/ Lindgren, Waldemar, op. cite, pe 84.

4



Geography
Location and area covered

As shown en the index insert of figure 1, the area covered lies in nerth-
central Idahs east of Grangeville, the county seat of Idaho County. Thisg
area has been somewhat arbitrarily divided into the Buffalo Hump, Orogrande,
Tenmile, and Elk City districts. These include all or parts of the old Dixie,
Robbins, Tenmile, Newsome, and Elk City mining districts. Most of the area
lies in the eastern part of the Buffalo Hump quadrangle.

The Orogrande district as here defined includes part of the Dixzeimining
district, which centers around the settlement of Dixie, a short distance east '
of the southera part of the Buffalo Hump quadrangles. The Tenmile district
includes part of the Newsome mining district, which lies in the northeastern
part of the quadrangle., The Elk City district joins the quadrangle en the
east, and the War Eagle mine lies about a mile south of the quadrangle.

Transportation

Difficulty ef access has long hampered development ef this region, but .
in recent years transportation facilities have been greatly improved. The
supply point for the whole region is Grangeville, from which all the districts
may be reached by a new highway, opened in the fall of 1932, up the South Fork
nf the Clearwater River. Other roads are shown on figure 1, but they are not
of the same modern construction as the river highway and are open enly during
the summer months. The War Eagle mine and the mines in the vicinity of
Buffalo Hump are accessible by. trail anly.

Before 1904 trails were the only means of access into the Elk City dis-
tricts That year a road was completed from Stites, a railroad point on the
Clearwater River, to Elk City by way of Newsome, a distance of 58 miles, and
a branch road was extended to Golden, on the South Fork. Between Stites and
Elk City this road crosses two divides —- Baldy, at an altitude of 6,280 feet,
and Elk, at 5,700 feet. In 1920 a road was constructed from Grangeville up
the South Fork as far as Castle Creek, a distance of 18 miles. By 1929 the
South Fork road has been completed to Golden, where it joined the old branch
rmad from Stites. After that travelers to and from the district went from
Grangeville to Golden and thence over the old road to Elk City. This route
avoided the higher summit on the o0ld Stites road and thereby considerably in-
Creased the season during which Elk City was readily accessible. Another con-
Nection to the old road was completed from Fall Creek te Mud Springs by way
of Moose Creek in 1931. Late in 1932 the river highway was finally opened all
the way to Elk City. This is a water-grade route except where the road climbs
‘ut of the South Fork Canyon to Camas Prairie, near Mount Idaho. By this route
Elk City is about 60 miles from Grangeville and is accessible by automobile or
“ruck during all menths of the year. The ultimate completion of the highway
down the Clearwater to Lewiston is contemplated.

A fair road connects Elk City and Dixie Meadows ranger station and ex-
tends a mile farther south te a transfer station from which a water—~grade pack

tTail laeads to the War Eagle mine, 9 miles away,

(62
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The Buffalo Hump district in 1933 .was accessible by trail only. The
best route is by way of Crogrande, which is reached from the river highway
near the mouth of the American River by a 1lO0-mile stretch of good road. :
From Orogrande post office to Orogrande Summit, about 7 miles, the road
is in poor condition and can be itraveled by car only about 4 months of a
year. The last 5 or 6 milec of the route from Orogrande Sumit to Hump—
town is over a trail that follows for thc most part an old road, now in
hopeless disrepair, which was constructed during the active days of the
Big Buffalo mine. Another route of entry from Grangeville is by way of
Adems Camp and Moores ranger station., A road readily passable for cars
during about 4 months of the year extends from Grangeville to Moores
ranger station, a distance of 40 miles. The remainder of the route to
Humptown, zbout 13 miles, is by a trail that follows an early—day road
entirely impassable for a car. It is said that the Forest Service plans
to repair both the Orogrande and Moores ranger station roads to Humptown.

Settlements

Flk City, which has a population between 100 and 200, is the largest
settlement in this area. Smaller commuuities include Orogrande, Golden,
and Fall Creek, and post offices are maintained at the first two of these.
The mushroom towns of Calendar, Humptown, and Concord are deserted.

Topography

The Buffalo Hump district (see pl. 1) is very rugged, and yet from
the higher points the surface extends awey on all sides as a flat, dis-
sected plateau. Within the district this old surface lies mostly between
altitudes of 7,000 and 8,000 feet, although a number of high peaks—- for
example, Buffalo Hump itself, which has an altitude of 8,924 feet—rise
above the plateau as monadnocks or erosion remnants. Most of the valleys
are very deep with exceedingly steep walls, and practically all the
large valleys head ia cirques, many of which contain beautiful mountain
lakes. U-shaped valleys are characteristic down to an altitude of about
5,500 feet and in some places to 4,000 feet. Below these altitudes the
valleys have V-shaped cross sections.

Altitudes in the Temmile, Orogrande, and Elk City districts range
between about 3,100 feet along the South Fork below Golden to 7,076 feet
on Nipple Mountain. In general, this part of the area, except where cut
by the steep gorges of the Red, American, and South Fork of the Clearwater
Rivers, is a region of rolling hills, subdued mountains, and wide, flat
valleys. The Elk and Newsome Creek basins occupy parts of these districts
and are the principal topogrephic features. The surface rise; from these
depressions to low mountain ridges a few miles away. The basins them~-
selves are of very moderate relief and lie at a general gltitude of about

4,000 feet.
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The principal streams of the part of the area lying south of the
South Fork of the Clearwater River head on a high divide between the
South Fork and the Salmon. Many of them radiate from the highland area
around Buffalo Fuap; Temmile Creelr flows northward to the South Fork,
Sheep Creek flows into the Salmon River, and Lake Creek, after flowing
northward, makes a horseshoe bend into Crooked Creek, which in turn flows
into "the Salmon River. Big Creek risecs near the Eomesteke mine, sbout 3
miles south of Orogrande, and flows almost directly scuth to form the other
principal tributary of Crooked Creek. The Crooked River is smaller and
is not to be confused with Crooked Creek. It flows northward into the
South Fork., The Elk City district occupies parts of the drainage areas of
the American and Red Rivers, which unite to form the South Fork of the
Clearwater, : :

Elk Creek has a gentle gradient and flows in & wide, flat, gravel-
filled valley. The American River flows around the eastern and southern
parts of Elk Creek Basin and is separated from it by a low rock ridge.

The Red River defines part of the southern boundary of the Elk City
district. The lower courses of the Red and Americen Rivers are in narrow,
steep-walled canyons cut several hundred fect deep into solid rocks.,

This is also true of the South Fork of the Clearwater, whose sharp canyon
contrasts strongly with the basins of Elk and Newsome Creeks.

Newsome Creek itself, throvghout most of its course, is incised in
solid rock about 100 feet below the floor of the basin.

Climate and vegetation

Grangeville, Koogkia, and McCsll are the points nearest the area for
which the United States Weather Bureau has published annual summaries of
climatic data. The climate of much of the area, becuuse of its greater
altitnde, is probably more severe than that of any of these points except
possibly McCall. The annmual precipitation in most years probably exceeds
25 inches and in the higher parts of the area may reach 40 inches. A
large part of this falls as snow. The higher country commonly is covered;
with 5 to 15 feet of snow for 7or 8 months of the year. The mean apnual
temperature approaches 420, and mean monthly temperatures may range from
about 20° in January to about 60° in July and August. Killing frosts may
be expected in any month except July and August and in the higher country
even during those months.

Most of the area is covered with dense evergreen forests, and parts
of it with thick underbrush, so that travel away from beaten paths is
generally difficult. l!uch of the land in the wide, flat wvalleys has beeg
cleared and is utilized for the raising of hay and grazing. The vegetaflon
in the high plateau country between 7,000 and 8,000 feet and.on ?he peaks
is relatively scant. Trees are sparsely distributed in the.1@m9u1ate
vicinity of the Buffalo Hump mines, but enough timber for mining purposes
is available nearby.
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Geology
Cutline

The oldest rocks in the area comprise a thick series of gneisses,
schists, quartzites, and limestones, which are the metamorphic equivalents
of sediments laid down for the most part in fairly shallow water. These
rocks appear to belong to the Belt series, like the quartzitic and
argillaceous formations that are widespread in northern Idaho.

Granodiorite and guartz monzonite of the Ifaho batholith are the
most abundant rocks in the area: The intrusion of the batholith had a
profound effect on the older, sedimentary rocks, but the intense meta-
morphism in them may be partly the result of earlier folding, for granitic
rocks of the hatholith cut folded gneisses and schists. The foliation
of the igneous aand metamorphic rocis in genersl trends northwest, and
steep dips prevail.

Central Idaho was deeply eroded to a surface of low relief after the
intrusion of the batholith, and the thick cover of metamorphic rocks was
removed to expose granitic rocks over large areas. ZErosion was actively
revived by the uplift of this surface, which was greatly dissected, but
portions of it remain, and in places these stand at altitudes of over
8,000 feet. In Tertiary time the Cocluabia River lava and its interbedded
sediments were deposited over the lower parts of the region, which lay
for the most part to the west of the Buffalo Eump quadrangle, and since
then, possibly in part during the time of lava extrusion, faulting and
probably warring formed certain basinlike depressions such as those of
Elk and Newsome Creeks, which were later partly filled with gravel, sand,
and clay.

The drainage was again rejuvenated, and eventually the trunk streams
tapped the enclosed basins or established new diversion channels, and
erosion correspondingly proceeded headward along the valleys and removed
a part of the cediments. Before Wiscousin time the Salmon and Clearwater
Rivers had cut deep canyons well below the base of the Columbia River
lava. In the Wisconsin stage the higher parts of the districts mapped
were extensively glaciated, but it is doubtful if the South Fork of the
Clearwater was ever dammed by Wisconsin ice or its deposits.

The South Fork has incised its narrow, steep-walled canyon headward
to a point a short distance above the confluence of the Red and American
Rivers, and stresm erosion is still very active in the region.

Quartz-mica schist

Considerable areas of schist oceur in the region between North Pole
and the valley of Bull Creek, between Oregon and Quartzite Buttes.
(See pl. 1.) Some of the masses are too small to be mapped on the scale
used here; others, such as that surrounding Shining Butte Lake, cover
several square miles.
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The typical schist is dark gray or brown and fine=grained. It
consists largely of quartz and biotite, but the microscope reveals such
other minerals as muscovite, nearly colorless amphibole, pyroxene,
feldspar, tourmaline, epidote, titanite, sircon, garnet, and epatite.
The proportions of the different minerals vary widely. Some light-colored
marble is interbedded in the more siliceous schists and in places has
been partly or completely replaced by pyroxene or amphibole, or both.
Some parts of the schist formation are gneissic rather than schistose.
They ordinarily are relatively light-colored and siliceous and contain
in many places considerasble quantities of microcline, amphibole, and
brown garnet. Locally the schist is cut by pegmatite and aplite dikes,
some of which show intricate crumpling. In addition to the planar
schistosity of these rocks, a linear schistosity or stretching parallel
to the axes of the minor folds is apparent in many places.

The schist appears to be the oldest rock in the area. Its base was
nowhere recognized, for it is everywhere underlain by the granodiorite
of the batholith. The contact with the thick guartzite that overlies
the schist is sharp and is well cxposed in the vicinity of Buffalo Hump
and in the Shining Butte-Bull Creek region. The thickness of the exposed
part of the schist is not kmown because of its complicated close folds
and because it contains so many dikes and sills of granodiorite. It is
certainly at least 1,000 feet thick and probably much more.

Most of the schist masses, even very small ones, are elongated
roughly parallel to the structural trend of the region, which is defined by
the foliation and original bedding of the schist in these masses, but
many masses both large and small are terminated across their ends and
underneath by sharply discordant intrusive contacts.

Quartzite

The term "quartzite" is here used to include a group of related rocks
that present a considerable range of mineralogic and textural features,
owing partly to original differences in composition and partly to the
varying intensity of dynamic and igneous metamorphism. All gradations
between the different varieties are to be found.

Quartzite is widely distributed, mostly in bands with northwesterly
trend, parallel to the principal structural trends of the region. It is
the prevalent rock near Shining Butte and Quartzite Ridge, in the south-
west corner of the area mapped geologically. Similar rock is abundant
near Gospel Peak, in the western part of the Buffalo Hump guadrangle,
beyond the ares now mapped. A broad band with local interruptions ex-
tends diagonally from Crooked Creek, in the southeast corner of the
mapped area, to the West Fork of Newsome Creek near the northwest corner.
A narrow but continuous band reaches from a point between Orogrande and
Sumnit Flat to a point north of the mouth of Bear Creek. Another mass
lies along the east side of the Crooked River, and several detached bodies
border the granodiorite contact easst of Elk City.

i
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The tvpical quartzite is s srow-white granular rock in which glig-
tening flaltes of white mica are visible. In the purer varieties this
miscovite is the only minerzl except qaartz, but ordinarily minor amounts
of such minerals as plagioclase, microcline, orthoclase, tourmaline,
titanite, zircon, biotite, apatite, amphibole, epidote, and garnet (?)
are presént. In places onc or two of these minerals are so abundant as
to justify such terms as "tourmaline quartzite" or "amphibole quartzite®.
It is believed from the incomplste data at hand that much material was
added to the guartzite in favorchle places by emanations from the Idaho
batholith.

Under the microscope the typical quartzite is seen to be medium—
grained and only partly recrystallized, but locally it is completely
recrystallized, and the granular texture has been entirely destroyed.

In the recrystallized rock the quartz grains have coalesced into larger
masses that show pronounced undulatery extinction and have wavy, lacelike
borders. A few thin sections show that locally even this recrystallized
rock has been finely crushed or pulverigzed.

Some beds in the quartzite series are now muscovite schist and contain
little but mascovite and a minor zmount of quartz.

Bands of hornblende-biotite schist occur in the quartzite series at
several places. The texture of the cuartz greins in the groundmass of
this rock and the scarcity of feldspar crystals indicate that these dark
bends may be recrystallized limy sandstone.

Only the broader features of the stratigraphy have been determined.
More deteiled study of the arca, however, might well lead to definite
results. If the gection is right side up, the light-colored gquartzite
overlies the very mmch darker quartz-mica schist so common in the vicinity
of Hﬂmntown Concord, and Deer Lake. The contact between the two, where
e%po,cd as north of Shining Butte and east of Quartzite Ridge, is sharp.
The upper contact of the gquartzite, however, against one v&-lcty or another
of the overlying banded gneiss is very indefinite. In fact, the quartzite
grades into banded gneiss both across and along the strilke., It also grades
imperceptibly into the guartz monzonite and granodiorite of the batholith,
but the rock was mapped as quartzite even where it contains much granitic
material if quartzite appeared to be the principal constituent of the hybrid.
Several thousand feet of quartzite is exposed in Quartzite Ridge, and here
it probably is not duplicated by isoclinal folds.

Gneiss and related rock

General features

Large areas are occupied by gneiss and by rocks gradational between
gneiss and the granitic rocks and between gneiss and the cedimentary rocks,
especially the quartzite, The tendency for the gneiss and the quartzite
to grade into each other, both across and aslong the strike, is so marked
that distinction in mapping is noc,gsx“llJ somewhat arbitrary. The two
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occur together in most localitvies except in the southwestern part of the
ares, west of Leke Creek, where no gneiss vas mapped. Gneiss is especially
prevalent in the northern part of the Tenmile digtrict and in the Elk

City district. 1In the latter area a variety termed "augen gneigsh

(see p. 14 ) is distinguished on the mep. Similar rock is present, in
much less abundance, in other localitics, as north of the South Fork mine,
but has not been mapped separately.

The rocks mapped as gneiss include a variety of types ranging from
quartz monzonite and grenodiorite with a few irregular dark bands through
well—~banded gneiss, augen gneiss, and quartz-mica gneiss to gneissic
quartzite and poorly banded schistose gneiss and mica schist with a few
imperfect light—colored bands, but in general the rocks included here are
less schistose than the quartz-mica schist that underlies the guartzite.
The term "injection gneiss" is purposely avoided, as its use implies the
manner in which the banding was developed.

Estimates of thickness of the gneiss formations are even more unre-
liable and indefinite than those for the schist and quartzite. Because
of the larger areas underlain by gneiss there is more chance for dupli-
cation of strata by close folding, and no horizon markers were recognized
that might be used to estimate to what extent this factor has operated.
Relatively large volumes of material also have been added to the gneiss
and the section is thereby thickened. Because of the way in which the
quartzite and gneiss grade inte each other, it follows that a section of
quartzite at one locality may be represented by gneiss at another. The
gneiss, however, appears to reach a horizon probably several thousand feet
higher in the section than any reached by the quartzite.

ell-banded gneiss

The well-bended gneiss is made up mostly of oligoclase and quartz.
The oligoclase is cormonly more abundant than quartz, biotite in places
exceeds rmscovite, and microcline, titanite, and apatite are more abundant
than in the schist. The well-banded gneiss has a granular texture. With
the exception of the micas and some of the accessory minerals, none of the
grains approach crystel form. The micas, particularly biotite, show a
marked parallelism in the directiocn of the elongation of the plates. In
general, the grains of quartz and feldspar have cross sections of less
then 1 souvare millimeter, but very large microclire crystals occur here

and there.

Most of the well-banded gneiss is slmost free from alteration.
Sericite has developed along fractures in feldspar, and in places fine-
grained epidote and chlorite replace biotite. Large grains of epidote in
some of the rock appear to have formed earlier than the fine-grained
variety. Near veins there is considerable hydrothermal alteration.

The well-banded gneiss is the most prevalent variety. It is partic-

ularly congpicuous along Lake and Crooked Creeks and is well exposed also
in many places in the canyon of the South Fork of the Clearwater.

13
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Augen gneiss

. The augen gneiss differs from the other varieties principally in
containing numerous large crystals of microcline and knotlike lenses of
aplitic material. No sharp line can be drawn between this rock and well-—
banded gneisec containing a few large microcline crystals, on onc hand,
and gneiscic grznodiorite or quartz monzonite with large phenocrysts of
microcline, on the other hand. Mineralogically the augen gneiss is
nearly the same as the well=banded gneiss just described.

The microcline crystals renge in length from about 0.5 millimeter to
over 100 millimeters but probably do not aversge more than 20 or 30 milli-
meters. They are not crushed around their borders or eclsewhere, although
the other minerals surroundins them are fractured and display pronounced
undulatory extinction. The larger c