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GEOLOGY AND ORE DEPOSITS OF BOISE BASIN, IDAHO

By Avrrep L. ANDERSON

ABSTRACT

This report covers a study of the geology and ore deposits of Boise Basin, in
Boise Count§, Idaho, an area of some 300 square miles of relatively low moun-
tainous country set back in the maze of higher mountains that extend across the
central and northern part of the State. Boise Basin is drained by Moore and
Grimes Creeks, tributaries of the Boise River. The center of the basin is about
25 miles in an air line northeast of Boise, the State capital.

Boise Basin has been famed for its rich placer deposits, discovered in 1862, but
is less well known for its lode deposits, which have contributed more than
$10,000,000, principally in gold. These deposits have been fairly actively
exploited in recent years. ‘

The area is underlain chiefly by the granitic rock of the Idaho batholith, of
Mesozoic age, which is cut locally by dikes and stocks of pyroxene-hornblende-
biotite diorite and hornblende-biotite granodiorite of early Tertiary (?) age and
by a host of porphyritic dikes and stocks of lower Miocene age. The Miocene in-
trusives are compesed for the most part of dacite porphyry, quartz monzonite
porphyry, rhyolite porphyry, and rhyolite and are concentrated along certain
zones of structural weakness conveniently designated as “porphyry belts.” In
places the granitic rock is concealed beneath lake beds and voleanics of lower
Miocene age; and in other places with the dikes by flows of Columbia River basalt
of middle or upper Miocene age, by Pleistocene basalt, and by Quaternary bench
" gravels and stréam alluvium.

Apparently stresses transmitted differentlally through the batholith against
the weak trough of sedimentary rocks on the east during the Laramide orogeny
produced zones of structural weakness in the batholith, which facilitated the
intrusion of the dioritic and granodioritic magmas during the early part of the
Tertiary (?) and localized deformation and igneous intrusion during lower
Miocene time. The intrusion of magma along the structural zone during Miocene
time apparently produced a ‘“collapse structure” and provided fractures for the
injection of porphyritic magmas from the deeper source along the cores of the
uplifts. The so-called “porphyry belts” are the most conspicuous and most im-
portant structural features in the region and comprise the zones along which
most of the ore deposits are concentrated. Subsequent crustal movements have
also left their mark. In late Pliocene and Quaternary time the region was up-
lifted, the surface warped and faulted, and the present features of the landscape
developed.

The ore deposits are mainly valued for their precious metals, particularly
gold, but some of them have also contributed small amounts of base metals.

119
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Metalization accompaniéd the igneous activity of both early Tertiary (?) and
lower Miocene time, and the ore deposits therefore fall into two principal groups
based on age., The early Tertiary (?) deposits comprise small lenticular veins
in fissures and larger lodes along complex fissure and fracture zones produced by .
strong reverse faulting. The veins and lodes trend mainly west-northwest, dip
southwest at moderate angles, and contain quartz as their most abundant filling,
The quartz is accompanied by only scant amounts of su]ﬁg]es, namely, pyrite,
arsenopyrite, sphalerite, galena, tetrahedrite, chalcopyrite, and stibnite. Except
for one antimony and two copper, lead, and zinc lodes, the deposits are classed
as gold-quartz veins and lodes. The deposits are structurally complex and many
reveal three main stages of deposition: barren quartz during the first stage;
quartz and scant amounts of base metals during the second; and comb and drusy
quartz, a little pyrite, stibnite, and variable amounts of gold during the third.
Much of the ore is actually a filling in breccias of earlier quartz and consists
largely of the comb and drusy quartz with the gold errvatically distributed in
small though rich ore shoots. The country rock has been altered very little by
the ore-forming solutions; this fact among others brands the deposits as epi-
thermal and formed at no great depth below the original surface. Erosion, how-
ever, has apparently stripped away all but the very roots of the ore shoots and
has concentrated much of the gold in the placers below the owtcrops. These lodes,
which have contributed generously to the placers, are indrectly the source of the
larger part of the gold output in Boise Basin.

The lower Miocene deposits comprise both fissure veins and lodes along more
complex zones of fracturing. The lodes trend in a northeast direction—the most
important and conspicuous lodes about N. 70° E., and the others N. 10°-30° E,
and N. 35°-60° E. The lodes are commonly in or near rhyolite porphyry dikes and
other members of the “porphyry belt,” and occupy fissures and fracture zones
produced by marked horizontal but at the same time some upward components
of movement. These lodes, the most productive in-the area, have not been as
deeply eroded nor have they contributed as much gold to the placers as the early
Tertiary (?) deposits: )

Unlike the early Tertiary (7?) deposits, the Miocene lodes are for the most
part dominated by base metals rather than Dy quartz. The ore in them, how-
ever, is valued and has been mined chiefly for the precious metals it contains.
These deposits are also structurally complex and reflect two prominent stages
of metalization separated by a pronounced structural break during which the
earlier filling was in most places thoroughly broken and in part reduced to gouge.
During the first stage of meta'hzatxon base 'r'netals including variable amounts of

hedrite, chalcopyrite, and galena, and locally scant

pyrite, sphalerite, tetra e deposited; during the second

amounts of pyrrhotite, enargite, and giderite wel o Hhe second-stage
stage the precious metals were added. The composition O ;
solutions varied considerably from place to place, but generally the SOIUUOI]S
deposited appreciable amounts of comb and chalcedonic quartz and small but
variable amounts of pyrite and dolomitic carbonate (in places manganiferous)
and locally arsenopyrite, barite, calcite, and gold. In some veins they also
deposited such minerals as boulangerite, matildite, galenobismutite, bismuth-
inite, native bismuth, ana gold, and in others such Ininerais. as miargyrite,
pyargyrite, andorite (?), and electrum. The minerals of the precious-metal
stage have to Some extent penetrated and incOrporated the earlier shattered
base-metal filling. . : ]
Because of the variable proportions of the minerals contributed during each
stage of metalization, the deposits may be differentiated on the basis or tnete
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mineral content into pyritic lodes, base-metal lodes, gold and base-metal lodes,
gold-bismuth lodes, gold-quartz lodes, silver-gold lodes, and silver lodes, each of
which has certain other distinguishing features of composition. The gold-
bismuth lodes have been the most productive, but appreciable amounts of gold
have been recovered from the gold and base-metal deposits and in recent years
from the silver-gold deposits. Deposition of ore in all deposits has been accom-
panied by intensive as well as widespread wall-rock alteration, which is a
feature among others that sets the lodes apart from the early Tertiary (?) -
deposits. The wall rock has in general been thoroughly sericitized, in part
highly pyritized, and locally somewhat silicified. Some calcite has also been

Most of the deposits are of moderate size, but the lodes are not uniformly
mineralized, and the ore shoots are generally discontinuous and the ore spotty.
The ore shoots are controlled by the effects of movement directed obliguely
upward along irregular fissures and by zones of oblique tension fractures across
and along broader zones of shearing. Structural reopening at the end of the
base-metal stage of deposition has also been an importaut factor in the control
and distribution of the precious-metal ‘ore. Thermal zoning has apparently
limited the vertical range of gold and silver deposition, and few of the ore
shoots appear to have extended downward for more than 500 feet. The lodes
have the general structural, textural, and mineralogical features of the epi-
thermal precious-metal and base-metal deposits. They were obviously formed at
comparatively shallow depths with the precious-metal ore limited to.a narrow
vertical range in spite of tavorable stxuctulal openings below the limits of
present workable ore bodies.

The ore deposits in Boise Basin lack the great vertical extent of the replace-
ment lodes in the Coeur d’Alene district at the other end of the State, but the
outlook is for continued small production from the precious-metal lodes and at
times of favorable metal prices also from the base-metal lodes. Development at.
depths greater than those already reached would more than likely meet with
disappointment. Further development, therefore, should be guided by past
experience and directed toward the search for continuations of known lodes at
present levels and to the discovery of new lodes. Secondary enrichment has
played a negligible role in all deposits, except in those with a notably large
content of primary silver.

INTRODUCTION
° PURPOSE AND SCOPE

Study of the geology and ore deposits of Boise Basin, Idaho, a re-
gion better known for its placer than for its lode production, was
undertaken by the Geological Survey, United States Department of
the Interior, in cooperation with the Idaho Bureau of Mines and Geo-
logy to meet the urgent requests for geologic information on the lode
deposits and particularly to provide data that might bear on the per-
sistence of the ore with depth. Many of the lodes had notable records
of production, but in general the work stopped at relatively shallow
depths. The impression gained ground that the ore had a small
vertical range, and, because the deposits were in the Idaho batholith
or in dikes and stocks thought to be related to the Idaho batholith,
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that the ore deposits themselves were related to the batholith and were .
only the stumps of formerly extensive lodes largely stripped away by
erosion, their .gold content fed to the phenomenally rich placers.
When the Gold Hill mine was reopened in-1927 and the ore was found
_to continue downward to levels not reached in any other mine and to
depths of more than 1,500 feet below the-highest outcrops on the
abandoned Gold Hill lode, interest in the deposits in Boise Basin
reached new heights, and the demand for a comprehensive geologic
study was increased. ' :

In 1930, Clyde P. Ross of the Geological Survey spent 2 weeks in a
study of the lode deposits in the northwestern part of Boise Basin,
principally near Quartzburg. In 1932 the writer was assigned the
detailed study of a much larger area. A summary of the more general
results of Ross’ work was published in 1933 and his official report was
issued in the following year.! :

Although his reports corrected many of the misconceptions concern-
ing the local geology and showed that the recently productive lodes
were of Miocene age and not the stumps of lodes genetically related
to the Idaho batholith, pressure for completion of the investigation
covered by the present report continued. This report is the outgrowth
of several seasons of field work in the Boise Basin and in nearby lo-
calities and is designed to provide the information sought by those
who are engaged in mining or who are interested in the future develop-

~ment of the ore deposits in Boise Basin.

FIELD WORK AND ACKNOWLEDGMENTS

Field studies in the district were started the latter part of June
1932 and were continued through July and August, but progress was
handicapped through lack of an adequate base map, and most of the

time was spent in and around the mines and prospects. Arrange-
ments were then made with the Topographic Branch of the Geologi-
cal Survey for the preparation of a detailed topographic map of the

most smportant area in Boise Basin, & strip along the Quartzburg-

Grimes Pass “porphyry belt,” but work on this special map did not
gety under way until mid-August 1933, and geologic mapping there-

fore was postponed until 1934, Ry ﬂle end Of J UIy 1833 Sﬁlldy of the

mines and prospects not examined the previous year was brought to a
(;]05@, and in August, while awaiting the completion of the topoaraphic

base map, an investigation of the ore deposits in the Pear]-Horseshoe
Bend district was begun and finished within the month. During

1Ross, C. P., The lodes deposits in the Boise Basin, Idabo : Econ. Geology, vol. 28, No. 4,
DD. 329-343, June 1933 ; Some lode deposits in the northwestern part of the Boise Basin,
Idaho ; U. S. Geol. Survey, Bull. 846-D, pp. 239-277,.1934, .
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July and August 1934 full time was given to the geologic mapping of
the Quartzburg-Grimes Pass “porphyry belt,” but much information
of vital importance in the correlation of surface with underground
evidence was not obtained, because relatively few mines were active
at the time and most of the underground workings were inaccessible.
This obstacle prevented prompt completion of the report. Fortu-
nately, however, a marked revival of interest in mining took place in
1935 and many properties were reopened. The writer, therefore,
spent 10 days during July 1938 in a review of the more recent develop-
ments and was able to get much necessary information on the subsul-
face geology.

During 19382 and 1933 the writer was capably assisted in the field
and office by Mr. Charles A. Rasor, then graduate student in geology.
at the University of'Idaho School of Mines, and in 1934 by Mr. Austin
B. Clayton and Mr. Veral Hammerand, both graduates in geology at
the University of Idaho. In 1938 he was accompanied by Mr. Warren
R. Wagner, teaching fellow at the University of Idaho School of -
Mines. Much of the success of the field: work is due to the efficient
and capable services of these field assistants and the aid and hearty
cooperation of the mine owners and operators. This aid is Gratefully
acknowledged, especidlly the services of Mr. Rasor, who, in the ca-
pacity of resident geologist at the Mayflower mine in the summer of
1938, kindly furnished the writer with surface and subsurface maps
of the Mayflower mine and of the two lowest levels of the Gold Hill
mine.

PREVIOUS GEOLOGI‘Q WORK

A summary of previous work in the district is given in the publica-
tions included in the bibliography that follows. Reports that deal
with the general features of the'lode deposits are by Lindgren, Jones,
Ballard, and Ross. ‘Those by Lindgren and Ballard also contain
considerable data on placer deposits.

1897. Hastings, W. L., The Boise Basin in Idaho: Eng. and Min. Jour., vol. 58,
p. 56; Sci. Am. Suppl.,, vol. 38, pp. 15540-15541, Aug. 18. Contains brief
geologic description.

1898. Lindgren, Waldemar, The mining districts of the Idaho Basin and the
Boise Ridge, Idaho: U. S. Geol. Survey 18th Ann. Rept., pt. 3, pp. 625-736.
Discusses the general geology of the Boise Basin, with notes on the lode
deposits. Has the most complete published account of the placer deposits.

1900. Nye, Robert, The Boise Basin mining distriet : Min. and Sci. Press, vol. 81,
p. 400, Oct. 6. Contains-a summary of the history and geology of the
basin. .

1910. Scott, W. A., Boise Basin, Idaho: Min. and Sci. Press, vol. 101, pp. 76-78,
July 16. Gives data on lode- and placer-mining activity.
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1916.

1920.

1921.

1922.

1924.

1926.

1931.

1931.

1933.

1934.

1934,
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.Jones, E. L., Lode i:nining in the Quartzburg and Grimes Pass porphyry

belt, Boise Basin, Idaho: U. S. Geol. Survey Bull. 640-E, pp. 83-111.
Describes the principal lodes near Grimes Pass and Quartzburg and
summarizes the geology of the basin as a whole.

Ballard, S. M., The Boise Basin district in Idaho; Eng. and Min. Jour.,
vol. 109, pp. 881-882, Apr. 10. A summary of the data given later in
Bulletin 9 of the Idaho Bureau of Mines and Geology.

Shannon, E. V., On galenobismutite -from a gold quartz vein in Boise
County, Idaho : Washington Acad. Sci. Jour., vol. 11, No. 13, pp. 298-300,
July 19. Describes a heretofore unrecognized bismuth mineral from the
Belshazzar mine, near Quartzburg.

McDermid, A. J., Ore deposits of the Gold Hill mine at Quartzburg, Idaho:
Eng. and Min. Jour.-Press, vol. 114, pp. 537-540, Sept. 23. An excellent
description of the geology of the Gold Hill mine. .

Ballard, 8. M., Geology and gold resources of Boise Basin, -Boise County,
Idaho: Idaho Bur. Mines and Geology Bull. 9, 100 pp. Summarizes the
general geology and gives fairly complete reports on the placer deposits
and many of the lode mines. Has a generalized geologic map.

Ross, C. P., A disseminated lead prospect in northern Boise County, Idaho:
Idaho Bur. Mines and Geology Pamph. 20, 7 pp., Dec. Contains a de-
seription of a disseminated lead deposit in the Payette River Canyon
at the edge of the Boise Basin along the easterly continuation of the
Quartzburg-Grimes Pass “porphyry belt.”

Burroughs, A. H., Talache Mines, Inc., operations at Gold Hill mine,
Quartzburg, Idaho: Thirty-second Annual Report of the Mining Industry
of Idaho for the year 1930, pp. 51-54. Mainly a summary of methods
employed and results obtained at the Gold Hill mine under his manage-
ment. Contains some geologic information. . .

Ross, C. P, A clagsification of the lode deposits of south-central Idaho:

Econ. Geology, vol. 26, No. 2, pp. 169-183, Mar.—Apr. Lists some of the
~lodes in Boise Basin as type examples in a regional classification of the

ore deposits. - . . ] .
Ross, C. P., The lode deposits in the Boise Basin, Idaho: Econ. Geology,

vol. 28, No. 4, pp. 329-843, June. A summary of the data given later
in U. S. Geol. Survey Bull. 846-D. Summarizes the charaecteristics of the

"lodes in the district, particularly those in active development in 1930,
all of which are in the northwestern part of the basin. Establishes

Miocene age for the main group of deposits.
Ross, C. P.,, Some lode deposits in the northwestern part of Boise Basin,

Idaho' TU. S, Geol, Survey Bull. 846-D, pp. 239—277. Contains a more
detailed account of the data summarized in_vol: Qg()f EOOHOmIC GEOIOS)’-

The report has more accurate descriptions of the rocks than heretofore
publlshea, and has mine maps and n tepographie and geologiec map of

the area near Quartzburg, The most exact account of the structure ana
genetic relations of the lode deposits in Boise Basin yet published. Cor-
rects many of the erroneous concepts of the geology and mineralization,
Wwhich bave done much to hamper development of the district.
Anderson, A. L, and Rasor, A, C,, Composition of a part of the Idano
batholith in Boise County, Idaho: Am. Jour. Sci., 5th ser., vol. 27, pp.
287-294, Apr. Describes the petrography Of the granitic rock in Boise’
Bagin and surrounding region. Recognizes two main rock facies.
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1934. Andérson, A. L., A preliminary report on recent block faulting in Idaho:
Northwest Sci., vol. 8, No. 2, pp. 1728, June. Describes comparatively
recent block faulting (Basin-Range type) in and adjacent to Boise Basin.

1934. Anderson, A. L., and Rasor, A. C,, Silver mineralization in the Banner

: district, Boise County, Idaho: Econ. Geology, vol. 29, No. 4, pp. 371-387,
June-July. Describes the silver lodes a short distance east of Boise
Basin. Has much infounation perfinent to geology and mineralization
in Boise Basin, with many references to Boise Basin.

1934. Anderson, A. L., Some pseudo-eutectic ore textures: Econ. Geology, vol. 29,
No. 6, pp. 577-589, Sept.—Oct. Has descriptions of mineral intergrowths
simulating’ the eutectic occurring in ore of some of the lodes in Boise
Basin and the Banner district. ;

1934. Anderson, A. L., Geology of the Pearl-Horseshoe Bend gold belt, Idaho:
Idaho Bur. Mines and Geology Pamph. 41, 36 pp. Dec. Although the
report covers an area a few miles west of Boise Basin, the geologic
relations- are similar, and the region furnishes much information that
is necessary for an adequate understanding of the geology and mineral-
ization in the basin. Many references to Boise Basin and much data
pertinent to Boise Basin.

1935. Anderson, A. L., The valley of Grimes Creek in the Payette Canyon, Idaho:

- Jour. Geology, vol. 43, No. 6, pp. 618-629, Aug.—Sept. Describes and ex-
plains some of the peculiar topographic features in the district, particu-
larly the unusual course of Grimes Creek where it apparently occupies
a part of the Payette Canyon and then turns aside to Jom the Boise
River.

1938. Metzger, O. H., Reconnmssance of placer mining in Boise County, Idaho:
U. 8. Bureau Mines, Inf. Cire. 7028, Aug., pp. 1-34. Gives a general
outline of the available placer deposits in Boise County, Idaho, together
with a description of cuuent practices and the recovery costs of -the
puncmal producers.

GEOGRAPHY
LOCATION

Boise Basin lies wholly within Boise County, its center about 25
‘miles northeast of Boise, the State capital. It occupies about 300
square miles, but the study was expanded to cover adjoining parts of
the canyon of the South Fork of the Payette River on the north and
Summit Flat and Rock Creek on the east. The district lies in the
Boise and Payette National IForests and is bounded essentially by
meridians 115°85” and 116°35" west longitude and parallels 43°45
and 44°5" north latitude. The general area described in the report is
shown on plate 15, which also shows the main topographic features.
The area shown on the special map of Grimes Pass and vicinity (pl.
~14), upon which the detailed geologic mapping was done, extends
across the northern and northwestern margin of the basin into the
canyon of the South Fork of the Payette River.
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SURFACE FEATURES

The entire area may be described as mountainous. It is a part of
the complexly dissected upland that extends north of the Snake River
Plain and covers much of the central and northern part of the State.
It lies within the part of the mountainous region drained by the Boise
and Payette Rivers and resembles a more or less deeply dissected -
plateau made up of ridges rising to approximate accordant levels
separated by valleys and canyons of considerable depth (pl. 16, 4).
In places the mountainous terrain is interrupted by scattered de-
pressed areas and intermontane basins and by higher blocklike ridges.
The mountains within the Boise-Payette drainage basin extend over
several thousand square miles and merge with the similarly dissected
Salmon River Mountains on the north and with the Sawtooth Moun-
tains on the east. Except for a somewhat higher mass known as the
Trinity Mountains, the dissected upland is without official name.

Boise Basin itself may be described as a relatively low, depressed
mountainous region bounded by higher slopes on all sides, except
on the northwest where it is bordered by the deep canyon of the South
Fork of the Payette River. The lowest part of the basin stands at
an altitude of about 4,000 feet; the encircling ridges on the west rise
above 7,000 feet, those on the south above 6,000 feet, and those on the
north and east above 8,000 feet. The basin is somewhat elliptical in
plan, and its longest dimension, from northwest to southeast, is about
16 miles; the distance across is 10. to 12 miles. A low broad divide
between Grimes Creek and Moore Creek separates the basin into two
parts. Except for minor gr avel flats along the streams in and near

the central part of the basin, the basin is composed entirely of low
hills and ridges whose crests, except on the northwest, rise gradually

to nmierge with the hills and ridges of the surrounding uplands. On
the northwest, its low ridges abut abruptly against a high, steep, scarp-

like slope that borders an asymmetrical tilted mountain block known
as Boise R]dge, which rises as much as 3,000 feet above the basin.

This block has its crest near the margin of the basin, and 1tg 10ng1'

back slope is tilted to the west. .
Ma,ny Of the I'idgcs Of the low mountainous terrain have notably

broad summit flats somewhat carved into low hills with inbervening
shallow valleys much less conspicuous than those occupied by the
main streams and (.;ributaries. Th.ese ridge summits suggest remnants
of a low hilly erosion surface, which may be traced across and up the

flanks of the basin into the summit areas of the higher encircling
mountains (pl. 16). One of these flats at the head of Grimes Creek,
at the east margin of the basin, is known as Summit Flat. The old low

hilly surface is one of the most conspicuous features of the topography
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«nd may be recognized over a wide surrounding region. It does not
reach the same level everywhere but shows evidence of moderate tilt-
ing or warping and appears on the highest summits as well as the
lowest slopes. It serves as an excellent datum plane for recording
fairly recent crustal movements. '

The drainage pattern is of more than usual interest and has been
described in another publication? The South Fork of the Payette
River crosses the mountains in a westerly direction and has carved a
canyon as much as 4,000 feet deep north and northeast of the district
(pl. 17, A) and 2,000 feet below the northwest rim of Boise Basin.
Because of a westerly tilt of the mountain-summit surface north and
northwest of Boise Basin, the.canyon decreases in depth and dis-
appears altogether as the river reaches Garden Valley, an intermon-
tane structural basin several miles northwest of Boise Basin.- Below
Garden Valley the river enters another deep canyon as it crosses
Boise Ridge. :

Boise Basin is dlamed principally by Grimes and Moore Creeks,
both of which head near the Payette Canyon and flow in a southerly
direction to join the Boise River, Grimes Creek first uniting with Moore
Creek a few miles below the district. For part of its course Grimes
Creek appears to flow in a shallow valley parallel to and in the upper
canyon wall of the South Fork of the Payette River, in topographic
nonconformity with the river. The valley of Grimes Creek at this
point strongly suggests a man-made or “high-line” ditch. Trom the
opposite canyon wall the valley resembles a trench carved high on the
upper slope, appearing as an indistinct line marked by somewhat dense
timber growth. (See pl. 17, B.) Grimes Creek, a former tributary
of Payette River, was captured by the Boise River prior to the uplift
that inaugurated the present deep canyon system and has not yet
rejoined Payette River. - Moore Creek has carved a deep valley in the
north flank of Boise Basin and both Moore and Grimes Creeks enter
deep valleys across the south rim. Elk Creek is the principal tributary
joining Moore Creek within the basin, and Granite and Clear Creeks
are the principal tributaries of Grimes Creek. The drainage pattern
as a whole is decidedly one-sided, as the tributaries of the Boise River
reach far north to the very brink of the Payette Canyon, whereas the
tributaries to the Payette likewise extend far north to the headwaters
of the Salmon River. Rock Creek, which lies along the northeast.
border of the district covered in this report, and Alder Creek, in the
northwest part of the area, are the only notable streams joining the
Payette River from the south.

3 Anderson, A. L., The Valley of Grimes Creek in the Payette Can)on, Id‘lho Jour.
Geology, vol. 43, No. 6, pp..618-629, 1935.
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CLIMATE AND VEGE;I‘ATION

Because of its mountainous nature, the district has a lower annual
temperature and receives more precipitation as rain and snow than do
other parts of southwestern Idaho. The summers may be classed as
cool and the winters as cold. Temperature of —20° F. and lower are
not uncommon during December, January, and February but are gen-
erally of short duration. Much of the precipitation falls during the
autumn, winter, and spring months and generally reaches a maximum
during December and January. The summers are usually dry and
the fire hazard great. The snowfall is deep on the higher summits, and
many of the roads that extend over the rim of the basin are closed to
traflic from December to May. Idaho City, in the lower part of the
basin, on Moore and Elk Creeks, has an average annual precipitation
of 21.82 inches ; other parts of the district receive even larger amounts,
some of the higher levels receiving as much as 30 inches.?

The humid climate of the district is reflected in the vegetation, as
all the district, except the southward-facing slope of the Payette
Canyon, is covered with a dense growth of Ponderosa pine and Douglas
fir. Much of this has been cut over by the Boise-Payette Lumber Co.
Most of the timber now consists of second growth, which, though too
small for saw logs, is satisfactory for mining purposes.

POPULATION AND INDUSTRiES

The district is sparsely settled, having an aggregate population of
about 750. Idaho City, the county seat of Boise County, with a popu-
lation of 187, is the largest settlement. It and the villages of Center-
ville, Pioneerville, Placerville, and Quartzburg are the principal min-
ing centers. All except Tdaho City are along Grimes Creek or its
trib_uts.xries, in the northwestern part of Boise Basin (pl. 15). The
bﬂSIH 15 l’ePOI'ted to have had at one time not less than 15,000 people,
but the popu]ation hRS ﬂuctua,ted considerably since the early boom
days fo]lowing the discovery of placer gold in 1862 and has dwmdled
steadily with decline in n\‘ining aCtiVitieso. ’

" Mining has been the principal inausery of ehe district ever since the
discovery of placer gold. During the late twenties and earty thixcios
01 the present century logging was also a major industry, but With
removal 0f the virgin forest groweh mining has again become the single
important industry. There 1910 avallable agricuicura tend, wnd aside
from mining, the grazing of sheep, a summer industry, 18 about the
only other occupation. Most of the area is now confined within the
Boise and Payette National Forests.

8. 8. Dépt. Agri., Weather Bur., Climatic summary of the United States, sec. 8, Southern
Idaho, 1937. : -
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Power is supplied to the mine operators of Boise Basin by the Grimes
Pass hydroelectric plant, on the South Fork of the Payette River; about
5 miles due north of Pioneerville. This power is also available for
domestic uses. -

ACCESSIBILITY

The district is without rail connection. Boise, in Ada County, 42
miles by highway from Idaho City, is the nearest railroad center.
During the summer months some rail shipments are made from Horse-
shoe Bend, on the Oregon Short Line Railroad in the western part of
Boise County. The highways leading to this point, however, are
closed during the greater part of the late fall and winter.

The district, however, is well supplied-with roads, maintained for
the most part by the United States Forest Service, and passable, except
when blocked by snow. The highway from Boise to Idaho City was
oiled in 1938 and may be rated as one of the best highways in the State.
It lies along Moore Creek and the Boise River. Graded and graveled
roads extend from Idaho City and connect with Centérville, Placerville,
Quartzburg, Pioneerville, Grimes Pass, and other parts of the district.
Principal roads leading from the district, other than the oiled highway
from Idaho City to Boise, are the Horseshoe Bend road from Placer-
ville to Horseshoe Bend via Harris Creek summit; the Garden Valley
road from Placerville to the Payette River and Garden Valley; the
Grimes Pass road from Pioneerville over Grimes Pass to the Grimes
Pass power plarit where'it joins a road on the South Fork of the Pay-
ette River with access to Lowman up the River and with Garden
Valley, Banks, and Horseshoe Bend (State Highway No. 15) down
the river; and an improved graded highway (the Lowman road) from

Idaho City to Lowman on the South Fork of the Payette River via
Moore Creek summit.

GENERAL GEOLOGY

~ The area lies far in on the Idaho batholith. . It is underlain chiefly
by igneous rocks, which include not only the granitic rock of the
bathohth which'is of Mesozoic’ age, but also invading dikes and stocks’
of early Tertiary (? ) age and a younger group of porphyritic dikes
and stocks of loweér Miocene age, the last concentrated along certain
zones of strudtural weakness fittingly designated as “porphyry belts.”
In places these rocks are concealed by mlddle Tertiary lake beds and
'voleanics and in other places by flows of Columbia River basalt of
middle or upper:Miocene age, by Pleistocene basalt, and by Quaternary’
bench gravels and stream alluvium. .

The’ area appears to have been one of marked structural weakness,
and the Idaho bathohth the oldest exposed rock, has apparently been
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repeatedly broken by crustal movements, which during early Tertiary
(?) and middle Tertiary time facilitated the intrusion of magmas of
diverse composition. The injection of the early Tertiary (%) magmas
was probably guided by fractures produced by the differential trans-
mission of stress through the batholith during the Laramide orogeny,
whereas the intrusion of the Miocene magmas was localized along the
earlier zones of weakness in fractures probably produced by doming
and collapse. Subsequent crustal movements are more or less directly
reflected in the topography and include moderate differential uplift,
perhaps in the late Miocene, and more marked uplift, warping, and
faulting at the close of Tertiary time and in Quaternary time.

IDAHO BATHOLITH AND ITS FACIES (MESOZOIC)

The Idaho batholith is not uniform in composition but is composed
locally of two principal rock facies. One is marginal and has the pre-
vailing composition of quartz diorite, subordinately granodiorite; the
other, which forms the larger part of the mass, has the composition of
quartz monzonite.* Subordinate facies include aplitic quartz mon-
zonite and minor dikes of aplite and pegmatite. = There is evidence
that the marginal rock consolidated under somewhat greater stress
than existed when the main mass of the batholith congealed, and, as
contacts between facies are in places sharp and apophyses of the quartz
monzonite cut the quartz diorite, that some structural disturbance
intervened between the consolidation of the marginal quartz diorite
and that of the quartz monzonite. ~ .

The age of the Idaho batholith on the basis of evidence from nearby
areas 1s probably late Jurassic or early Cretaceous® but may be late

Cretacéous, according to a 'determination-of-the lead-uranium plus
thorium ratio of pitch-blende from a placer in the Warren district.

The pitchblends is believed to have come from the batholith.e

QUARTZ DIORITE

Most of the quarta diorite occurs west of the district but there is
Some on Boise Ridge and in the Payette Canyon below Garden Vauey.

Tt is rather easily distinguished from the quartz monzonite because
Of ]Dﬁ a,ppl'f}cmbly darker color, a generally conspicuous gneissic struc-

. . '
ture, an szumldance of yellow-brown sphene CI‘ySt&]S, ﬁnd Val‘lable

‘.Aqderson, A. L., and Rasor, A. C., Composition of n part of the Idaho batholith in
Boise County, Idaho: Am. Jour. Sci, 5th ser., vol: 27, pp. 287294, 1934.

5Ross, C. P., Mesozoic and Tertiary granitic rocks in Idaho: Jour. Geology, vol. 36,
No. 8, p. 692, 1928 ; Some features of the Idaho batholith : 6th Internat: Geol. Cong. Rept.,
pp. 382-383, 1936. A T .

®Reed. J. C, Geology and ore deposits of the Warren mining district, Idaho County,

Idaho : Idaho Bur. Mines and Geology Pamph. 45, p. 8, 1938.
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amounts of hornblende and epidote. These are features absent in the
younger facies. ,

The rock is moderately coarse-grained, the average light-colored
grains ranging in diameter from 4 to 7 millimeters and the dark from
2to 4. Its component minerals are andesine feldspar (45 to 70 per-
cent), quartz (25 to 35 percent), biotite (8 to 15 percent), hornblende
(1 to 5 percent), sphefie (1 to 3 percent), and epidote (1 to 2 percent).
Microcline is also invariably present but cannot be distinguished, ex-
" cept in thin section; it forms 1 to 10 percent of the rock and is suffi-
ciently abundant in places for the rock to be classed as granodiorite
rather than quartz diorite.. Other minerals included are less than 1
percent each of zircon, apatite, allanite, magnetite, zoisite, chlorite,
muscovite, and sericite. '

The mineral relations are of special interest, as most of the quartz,
microcline, sphene, allanite, epidote, and biotite and most of the ac-
cessory minerals appear to have been added to the rock after its con-
solidation. (See pls.18,19.) Apparently these postconsolidation ad-
ditions have been accomplished through the action of hydrothermal
solutions that emanated from deeper parts of the batholithic mass.
The addition of these minerals has changed the original quartz-bearing
diorite to a quartz diorite with an unusually high proportion of quartz.
These relations have been discussed in another publication.’ .

QUARTZ MONZONITE

The quartz monzonite underlies most of the district and is similar
to the rock that forms the main part of the batholith through the
central part of the State. Although it has, in part at least, been injected
into the quartz diorite, it shows little or no evidence of having con-
solidated under great stress, such as existed when the marginal facies
was emplaced. It has the prevailing composition of a rather calcic
quartz monzonite, but some of the rock may be classed as granodiorite.
Distinctions can ordinarily be made only upon microscopic study, and
variations therefore are not mappable.

This rock is also moderately coarse-grained, like the quartz diorite,
but its color is light gray to almost white, as the only dark mineral,
biotite, generally forms less than 5 percent of the constituents. The
invariable absence of gneissic structure and of sphene, epidote, and
hornblende, together with the light color, makes it rather easily dis-
tinguishable from the quartz diorite. Some of it is uniformly grained,
but in the western and northern part of the district much of it is
porphyritic and is studded with widely scattered flesh-colored micro-

" Anderson, ‘A. L., Endomdrphism of the Idaho batholith. Geol. Soc. America Bull,
vol. 53, pp. 1099-1126, 1942.
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cline phenocrysts as much as 30 millimeters long. These phenocrysts,
however, are conspicuously abundant only near Quartzburg. TIn addi-
tion to the biotite, which normally forms 2 te 4 percent, the rock also
contains muscovite (1 to 5 percent), oligoclase (25 to 55 percent),

orthoclase and microcline (15 to 40 percent), quartz (30 to 45 percent),

and negligible amounts of zircon, apatite, garnet, magnetite, allanite,
chlorite, and sericite. In much of the rock the muscovite is as abund- -
ant as biotite, and its grains in part are larger. It is of interest to
note that the plagioclase is oligoclase (Abg, to Abg;), whereas in the
marginal quartz diorite it is andesine (Abgs). : , '
The mineral relations. are like those of the quartz diorite. The
potash feldspar is generally partly filled with included remnants of
oligoclase, or shows shadowlike outlines of them, and the quartz com-
monly permeates the rock as vein and lobate masses (see pls. 18, 19)
and appears in wormlike “myrmekitic” masses in the plagioclase grains
hordered by orthoclase or microcline. Most of the potash feldspar
as well as the quartz and accessory minerals appear to have been added
to the rock, after its consolidation, by the action of hydrothermal solu-
tions that emanated from deeper parts of the batholithic mass. Before
these additions, the rock must have had the composition of a quartz-
bearing diorite and granodiorite, but extensive and minute fracturing
of the rock during the late stages of its consolidation apparently per-
mitted the introduction of fluids containing much silicia and potash
and minor amounts of other substances, wWhich reacted with the rock
and changed the composition to a more silicic and alkalic variety,
largely quartz monzonite. The addition of considerable amounts of
potash in places induced the formation of large crystals of microcline,
which has given some of the rock its marked porphyritic texture.

APLITIC QUARTZ MONZONITE

The aplitic quartz monzonite appears east of Idaho City, on the
slopes of Sunset Peak ana Thown Oreck Mountain., 1ts relations to the
dominant quartz monzonite are SOMEWhat obseure, hut the contact be-
tween the two facies is fairly marked, and the gvidence suggests chac
the aplitic variety is slightly younger and represents an upwar d
movement of magma from greater depth. The bodies resemble stock-
like or cupola masses.

The aplitic quartz monzonite differs from the normal varicty in hav-
ing a finer grain and a more granular O Sugary appearance. Biotite
is as abundant as or even more abundant than in the dominant quartz
monzonite, and the rock in part is slightly darker. It differs further
from, the quartz monzonite in that its plagioclase is a somewhat less
calcic oligoclase (Abgs—Abg). Other minerals are like those of the
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quartz monzonite and are present in about the same proportions, and
show similar relationships. The aplitic quartz monzonite has had a
post-consolidation history not unlike that of the prevailing rock.
The composition suggests a source in a deeper part of the batholith,
which had become somewhat less caléic through continued crystal
fractionation, whereas its texture indicates relatively rapid cooling,
as though the magma had later been injected above into the solid
and cooler part of the batholith.

APLITE

. Aplite dikes are conspicuous only in the Gambrinus district, sev-
eral miles north and northeast of Idaho City. Most of the dikes
are small; their thicknesses are usually measured in inches, less com- -
monly in feet. The unweathered rock is light gray to white and
fine-grained, but it may contain some coarser pegmatitic streaks.
It possesses a distinet sugary appearance, like that of medium-grained
to fine-grained light-colored sandstone. Contacts between the aplitic

"rock and the enclosing quartz monzonite are generally sharp.

The minerals of the aplite include irregular grains of uneven size

" of quartz, microcline, and sodic oligoclase (Abgs) and a little musco-

_ vite, biotite, zircon, apatite, magnetite, garnet, allanite, sericite, chlor-
ite, rutile, leucoxine, zoisite, and calcite. Quartz and microcline are
ordinarily the most abundant minerals, but oligoclase predominates
in some dikes; the aplite therefore ranges in mineral composition
from granite to granodiorite. The more abundant minerals are inter-
locked, as in typical aplites. Most of the larger grains are rounded
or are lobate against their neighbors.. The mineral relations are
essentially like those of the aplitic quartz monzonite and indicate
that much of the quartz and microcline, as well as many of the
accessory minerals, was added in large part to the solid rock. _

The rock differs from the surrounding quartz monzonite principally
in its somewhat less calcic composition and its evidence of more rapid
cooling. It is probably related to the magma of the deeper part of the

Idaho batholith, which had become less calcic through continued

" crystal fractionation and, like the aplitic quartz monzonite, was in-

jected upward into the higher parts of the congealed batholithic mass,
1ts position being controlled by deep-seated shearing and fissuring. -

PEGMATITE

The pegmatite dikes are widely scattered through the region but
are notably conspicuous only east of Boise Basin and on Boise Ridge
west and northwest of Quartzburg. The dikes are generally small,
miost of them less than a foot thick, and are commonly smaller than
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the closely affiliated aplites. Some of the pegmatites cross the aplite
seams, but many occur in and along the aplites as though the fractures
that had guided the intrusion of the aplites had been reopened in time
to receive the pegmatites. Most of the contacts between pegmatite
and the bordering rock are poorly defined and gradational, as though
the pegmatite had permeated into and had partly replaced the ad-
jacent walls. '

The pegmatites are coarser and more variable in texture than the
quartz monzonite and quartz diorite, and their minerals commonly
measure from one-half to 3 inches in diameter but locally are as
much as 6 inches. Most of them are coarsely granitic in texture, less
commonly graphic, but many show combinationis of both textures.
- The bodies near Quartzburg and Idaho City are commonly white or
light gray, but those on Boise Ridge below Garden Valley and east
of the basin are distinctly pinkish or show a white, black, and pink
mottling. ' : :

Many of the pegmatites are very feldspathic and are composed
largely of mircocline, but most of them contain variable amounts of
quartz, and some consist predominantly of quartz. They also contain
considerable oligoclase or andesine, and albite and minor quantities
of biotite, muscovite, garnet, zircon, magnetite, apatite, sericite,
chlorite, and pyrite. Some of the oligoclase and andesine has clearly
been inherited from the invaded country rock and occur as remnant
grains and shadowlike inclusions in the microcline. That introduced
with the pegmatite is more sodic than the older oligoclase or andesine.
Some of the quartz, like the plagioclase, has also been inherited from
the confining country rock, but most of it was added later and pene-

trated into and through the microcline and older minerals. With it
~were introduced the garnet, zircon, apatite, magnetite, and scant
pyrite.
The pegmatites clearly show a replacement origin and have ap-
parently been formed from solutions of later age, of greater fluidity,

and probably from deéeper sources than those that produced the aplites.
They have apparently heen produced largely by replacement of the
quartz diorite, quartz monzonite, and aplite.

ROCKS YOUNGER THAN THE IDAHO BATHOLITH
EARLY TERTIARY (7) INTRUSIVE ROCKS

The early Tertiary (?) dikes and stocks have clearly in part been,
emplaced along structural zones of weakness 1n the bilthO]ith, ﬂﬂd,
as they bear evidence of fairly rapid vovling centingent wpon con-
solidation at fairly shallow depth, they were evidently imtruded after

the batholith had been considerably eroded. They commonly have
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the composition of pyroxene-hornblende-biotite diorite, but some

bodies have the composition of granodiorite. The diorite and gran-.
odiorite are probably related genetically, though their outcrops are

separated by a number of miles. Both have been invaded by dikes and

stocks of Miocene age, and both, therefore, had consolidated prior to _
the middle Tertiary crustal disturbance. Their intrusion occurred long
after the consolidation of the Idaho batholith but before the Miocene
igneous activity, and so it is altogether likely that they were intruded
during the period of widespread vulcanism that occurred at the close
of the Laramide disturbance in the early part of the Tertiary, and that
their intrusion was locally guided by fractures produced during the
Laramide orogeny.

Lamprophyric dikes are also conspicuous in the mineralized areas,
and some of those that appear underground associated with veins
and lodes of probable early Tertiary age in the Gambrinus district
are probably related to the early Tertiary (%) magmas and are de-
scribed with the early Tertiary (?) intrusives. These dikes are not;
to be confused with the young dark-colored dikes that are concentrated
in the Miocene “porphyry belts,” which have a somewhat different
composition. A

Subsequent study in the Rocky Bar district in 1938 disclosed some
porphyritic dikes that are older than the early Tertiary ore deposits
and therefore probably belong with the group of early Tertiary (?)
intrusives. It is possible that some porphyritic dikes of rhyolite and
granite and quartz monzonite porphyry north and east of the Gam-
brinus district and some of the rhyolite and fine-grained dikes in the
Cold Springs district several miles below Idaho City might be earlier
than Miocene and belong to the early Tertiary (?) group, but until the
relations of these intrusives are more fully understood they are
~described with the petrographically similar rocks of known lower
Miocene age. -

PYROXENE-HORNBLENDE-BIOTITE DIORITE

The bodies of pyroxene-hornblende-biotite diorite are found in and
along the “porphyry belt” that extends through Quartzburg and
Grimes Pass, and they are cut by dikes and stocks of the younger
“porphyries.” (See pl. 14.) Most of the dioritic dikes extend trans-
versely across the “porphyry belt” in a west-northwest direction, but
the larger stocklike bodies are elongated in a northeast direction, or in
the long diréction of the “belt” itself. The largest body has been
invaded by a stock of Miocene porphyritic quartz monzonite, but its
general outline may be traced by means of detached remnant masses
from a point a mile southeast of Quartzburg to a point at least 2 miles
cast of Grimes Pass, a total distance of 1114 miles. Its width recon-
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structed is as much as 114 miles. Fully two-thirds of the body has dis-
-appeared in the invading porphyritic rock. The largest remaining
remnant may be traced for a distance of 5 miles, the last 2 miles of
which is along the south border of the porphyritic stock. In places

-.this remnant is 114 miles wide. Other bodies of smaller size lie to
either side, one between Ophir and Muddy Creeks about 3 miles north-
east of Placerville, another on the Payette slope at the head of Alder
Creek, and others in the Payette Canyon 14 to 3 miles northeast of
Grimes Pass. Additional bodies also lie southeast of Grimes Pass in
the Clear Creek drainage area.

The dikes have more tabular outlines than the stocks and are more
widely distributed. They are most numerous in the southeast quad-
rant of the “porphyry belt” and near Quartzburg. The dikes range
from a few feet to more than 100 feet in width and may exceptionally
be traced for as much as three-fourths of a mile.. Some appear in
mine workings and have commonly been mistaken for younger “dia-
base” dikes.

Much of the rock has a composition near that of gabbro, but its
plagioclase is a calcic andesine rather than labradorite, and it is placed,
therefore, in the diorite family. Practically all of it contains quartz
which in some places is sufficiently abundant for the rock to be classed
as quartz diorite. Some also contains almost enough orthoclase for it
to be classed as granodiorite. The prevailing composition, however,
is that of a quartz-bearing pyroxene-hornblende-biotite diorite, the
more calcic variations being confined to the dikes and border facies
and the more alkalic and silicic variations to the inner parts of stocks.

Most of the rock is moderately dark gray and medium-grained, the
average grains ranging in diameter from 2 to 3 millimeters, but in
marginal zones and smaller dikes the color is dark gray to black and
the grain size a millimeter or less:. Exceptionally the rock is some-
what porphyritic. Because of its dark color and small grain size
there is generally little likelihood of confusing the rock with the

lighter colored and coarser-grained rock of the Idaho batholith, par-
ticularly as the weathered rock contributes large amounts of biotite
to the soil. The dark minerals normally form 15 to 35 percent of the
rock. )

The rock everywhere has a rather distinctive mineral assemblage
characterized by hornblende, biotite, augite, hypersthene, zoned ande-
sine, and generally minor amounts of orthoclase and quartz. Its ac-
cessory minerals include magnetite, zircon, monazite, and apatite; its
secondary products epidote, chlorite, sericitic mica, and caleite. The
hornblende and biotite are commonly the most abundant of the darker
minerals, the hornblende content ranging from 8 to 30 percent (average
15 percent) and the biotite from 5 to 10 percent. The augite com-
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monly amounts to no inore than 5 percent of the rock, though locally
it may increase to 20 percent. Hypersthene is invariably less abund-
ant than the augite, and in no section did it exceed 12 percent of the
rock. The content of plagioclase feldspar ordinarily ranges from 65
to 70 percent, but limits of 40 and 80 percent were observed. Ortho-
clase and quartz each generally forms less than 5 percent of the rock,
except in' the more- alkalic Tock whére the orthoclase content may
increase to 20 percent, and in the more silicic rock where the quartz
content increases to 10 percent.

The minerals show interesting reaction relations (see pls. 20, 21).
The plagioclase grains are highly zoned (pl. 20 4) and in places have
cores as calcic as sodic labradorite and margins as sodic as calcic
oligoclase, though commonly the core is a calcic andesine (about Abss).
The average composition varies somewhat among the separate in-
trusives and appears to be most calcic in the small stock between Ophir
and Muddy Creeks and in some of the smaller dikes. The dark
minerals likewise ghow striking effects of reaction during crystalliza-
tion, and the pyroxenes, both augite and hypersthene, are invariably
cither cores-within érystals of pale greenish hornblende or have nar-
row to broad rims of hornblende, and ragged mantles of biotite (pl.
20, B). The biotite occurs most commonly around the hornblende
crystals, but it also appears as a mantle on pyroxene, especially
hypersthene. Some independent biotite crystals are also present,
~ mtimately associated with quartz and orthoclase. The quartz and
orthoclase commonly occur as wedge-shaped grains between the
. plagioclase and hornblende crystals, but in places they also occur as
micropegmatitic intergrowths (pl. 21, 4). Less commonly the ortho-
clase occurs as large grains enclosing the plagioclase crystals’ and
dark minerals poikilitieally -(pl. 20, A). The zircon, monazite, mag-
netite, and other accessory minerals accompany the orthoclase and
quartz and are generally alined along grain contacts and cleavages.

The rock affords a striking example of the type of crystallization-
differentiation discussed by Bowen,? in which failure of complete re-
action between early crystals and remaining liquid, as reflected in
marked zoning and mantling, has brought about the formation of a
liquid residue of granitic composition from which orthoclase, quartz,
and some biotite crystallized. In some places, particularly west of
Quartzburg, the partly crystalline magma was apparently injected
into minor fractures in the batholithic rock where more rapid cooling
produced a second generation of small crystals giving rise to small
dikes of porphyriic rock.

8 Bowen, N. L‘; "i‘he evolution of igneous rocks, pp. 63--85, Princeton University
Press, 1928.
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GRANODIORITE.

The granodiorite is confined to small stocklike bodies in the Idaho
batholith on Warm Springs ridge, about 5 miles’' southwest of Idaho
City, and on the upper slope of Thorn Creek Butte, several miles to
the east. The Warm Springs body occupies several square miles;
those on Thorn Creek Butte are smaller. The bodies show chilled
margins against the coarse-grained rock of the batholith.

The granodiorite is much finer-grained than the invaded batholithic
rock and is somewhat darker colored. Its grains ordinarily are be-
tween 2 and 8 millimeters in diameter and those of light color are no
larger than those of dark color.. The dark-colored minerals, horn-
blende and biotite, are about equally abundant and together constitute
8 to 12 percent of the rock. Other abundant minerals.in' the prevail-
ing rock include zoned plagioclase (about 55 percent), orthoclase and
microcline (10 to 15 percent), and quartz: (20 to 25 percent). Ac-
cessory minerals are sphene, apatite, magnetite, zircon, and allanite;
and secondary products are epidote, chlorite, and:§eéricite.

This rock, like the diorite along the Quartzburg-Grimes Pass “por-
phyry belt,” shows striking reaction relations (see pl. 21, B). 'The
plagioclase, an andesine, is highly zoned and generally has cores of
Abg; composition and margins of oligoclase, about -AB;;. In places,
however, the average composition is somewhat less calcic. The horn-
blende commonly has partial mantles of biotite, but each mineral may
also appear as independent crystals, the biotite ordinarily as grains
between the plagioclase laths. Associated with the indépendent bio-
tite crystals are grains of orthoclase and quartz. In addition to the
reaction phenoma that characterize the diorite near Quartzburg and
Grimes Pass, the granodiorite shows end-stage modifications of es-
sentially the same kind as those that characterize the older batholithic
rock. Some unzoned oligoclase and biotite have been added by re-
placement of the earlier minerals, but the most notable contributions
are of microcline and quartz. Remant inclusions of quartz and older
minerals are conspicuous in the microcline, occurring for the most part
in shadowlike outline. The microcline, as well as the other minerals,
is intricately penetrated and veined by lobes of quartz. Most of the
accessory minerals appear to be associated with the younger quartz.

LAMPROPHYRE

The lamprophyric dikes that occur in the areas of early Tertiary ( ?)
ore deposits generally occupy the same fracture and ﬁssure, zones as

the lodes and veins. These bodies are commonly 1 10 9 feet thick
and swell and pinch abruptly. Few appear to be continuous for any
distance:
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They are dark-colored, porphyritic, and generally have large con-
spicuous crystals of biotite and less conspicuous crystals of hornblende
embedded in dark-gray to grayish-black fine-grained to aphanitic
groundmasses. In most dikes the hornblende is actually more abun-
dant than the more conspicuous biotite. Only minor amounts of
biotite ordinarily show in groundmasses, which otherwise are
composed largely of hornblende needles, sodic plagioclase, minor
amounts of orthoclase, and much apatite and magnetite. The horn-
blende is either greenish or brownish.  The plagioclase is a highly
zoned oligoclase or andesine. In only one of the many dikes ex-
amined was orthoclase-more abundant than the plagioclase. Because
of the usual preponderance of hornblende and plagioclase the dikes
for the most part may be classed as lamprophyric diorites and less
commonly biotite-bearing vogesites and hornblendic minettes.
These rocks.are usually much altered, and the primary minerals are
obscured by secondary calcite and chorite.

INTRUSIVE OF THE LOWER MIOCENE “PORPHYRY BELTS”

The “porphyry belt” that extends through Quartzburg and Grimes
Pass is the only one that was mapped and studied in detail. It is
the dominant structural feature of the region and perhaps one of the
largest known “porphyry belts” in the State. It has been traced for
not less than 35 miles, but the mapping was confined to a strip about
16 miles long. The belt is 1 to 2 miles wide across the area mapped
but apparently becomes much wider eastward across Summit Flat,
where it may incorporate several smaller dike zones. -Other belts of
smaller size lie to the south, one midway between Idaho City and New
Centerville, another across Grimes Creek near Holcomb and through
the Cold Springs district southwest of Idaho City, and another across
the head of Moore Creek over Freeman and Pilot Pealks.

The “porphyry belts” contain an interesting assortment of dikes and
stocks of variable size and composition. The instrusives along the
belt that extends through Quartzburg and Grimes Pass are most
numerous and show tlie greatest range in composition. The prevailing
* types; listed in the order of intrusion, may be classed as dacite por-
phyry, quartz monzonite porphyry (variations from granodiorite to
 granite porphyry), granophyre, rhyolite porphyry, granodiorite por-
phyry, rhyolite, and lamprophyre.- They were apparently injected
from a deeper se‘tted magma undergoing differentiation. Other belts
contain the same members but in less complete sequences.

These:intrusives have been correlated by Ross? with similar rocks
that invade the Chalhs volcanics (late Oligocene or eally Miocene)

? Ross, C P., Some lode deposits in the nortliwestern part of the Boise Basin, Idaho:
1. 8. Geol. Survey, Bull. 846-D, pp. 249-251, 1937.
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along the Middle Fork of the Salmon River. They are also in part
similar to dikes in the Challis volcanics studied by the writer 2 in the
Lava Creek district, Butte County, Idaho. Their intrusion, therefore,
evidently occurred no earlier than in late Oligocene or early Miocene
time. That they are not younger than lower Miocene is indicated by
their relations to the Columbia River basalt and Payette formation
(middle or upper Miocene), which covered the belts after they had'
been rather deeply truncated by erosion.**

DACITE PORPHYRY

The bodies of dacite porphyry are most numerous in the vicinity of
Quartzburg but are found along other parts of the “porphyry belt.”
Those near Quartzburg are grouped in clusters, one on the ridge north
of the Belshazzar mine between Fall Creek and the West Fork of
Granite Creek, another north-northeast of Quartzburg extending into
the upper drainage basin of the West Fork of Alder Creek, another
about 2 miles north of Placerville on the east side of Wolf Creek, and
another near the junction of the two main.forks of Granite’ Creek less
than a. mile below Quartzburg. Another ¢luster of cons1demble size
lies several miles northeast of Pioneerville. The bodies within the
clusters near Quartzburg are rather closely spaced, but those northeast
of Pioneerville are scattered.

The dacite porphyries occur as dikes, which are 10 to 200 feet wide
and 200 to 4,500 fest long. The dikes have somewhat diverse trends
and cut both the batholithic rock and the bodies of pyroxene-horn-
blende-biotite diorite. They are not as numerous. nor. as conspicuous
as some of the other members of the “porphyry belt,” but are, neverthe-

less, well represented. Much of the rock is fairly resistant to weather-
ing, and dikes may be traced with little difficulty, especially along

o)
ridge crests, owing to their ledge-forming tendencies.

The dacite porphyries form a well-defined group. Mest of the
rocks are dark greenish gray and spotted by mumerous phenocrysts
of white feldspar, fewer phenocrysts of hornblende and biotite, and
in places widely scattered grains of quartz and augite, all embedded

in aphanitic groundmasses. The rock has been locally: termed diorite
porphyry, but the aphanitic rather than granitoid. charmcter of the

oroundmass and the presence of quartz prompted Ross™* to redesig- .
nate the rock dacite porphyry. The feldspar phenocrysts, which gen-

erally make 40 to 60 percent of the rock, average about 2 millimeters

S ———

 Anderson, A. L., Geology and ore deposits of the Lava Creek district; Idaho: Idaho
Bur. Mines and Geology Pamph. 32, p. 22-25, 1929.

1 Anderson, A. L., Geology of the Pearl-Horseshoe Bend gold belt, Idaho: Idaho Bur.
Mines and Geology Pamph. 41, . 19, 1934 ) -

.12 Ross, C. P., op. cit., p. 246. ’



GEOLOGICAL SURVEY BULLETIN 944 PLATE 16

A. UPLAND SURFACE EAST OF THORN CREEK BUTTE.

Shows a notably broad remnant of the somewhat hilly erosion surface that forms the upland areas in and
around Boise Basin. The deep canyons of the Boise River and its tributaries lie in the background.

B. UPLAND SURFACE NEAR THE EDGE OF PAYETTE CANYON.

Shows the low flat-topped ridges that compose the old upland surface near the head of Grimes Creek adjacent
to the deep canyon of south fork of Payette River.
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[

A. CANYON OF SOUTH FORK OF PAYETTE RIVER.

Shows the canyon of the river deeply entrenched in the high upland surface shown in plate 16, B.

B. VIEW OF SOUTH WALL OF CANYON OF PAYETTE RIVER.

Shows trenchlike valley of Grimes Creek apparently suspended high on the upper slope, in topographic
nonconformity with the river.
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in diameter, though in some dikes a few reach 10 millimeters. Their
composition is that of sodic to calcic andesine, and they are generally
zoned, particularly near margins. The dark-colored phenocrysts
commonly form less than 15 percent of the rock, and of these the biotite
crystals invariably predominate. Quartz phenocrysts occur as widely
scattered, rounded grains, in part rimmed by micropegmatite. - The
andesine and dark minerals are, for the most part, considerably
altered, the andesine to sericitic white mica and the dark minerals to
chlorite, epidote, and caleite.

The aphanitic groundmasses are made up largely of sodic andesine,
or oligoclase, accompanied by variable but small amounts of biotite,
magnetite, orthoclase, and quartz, and such accessory minerals as
widely scattered small crystals of apatite, and zircon (pl. 22, 4). The
quartz content of the groundmass ranges from 2 to 15 percent in the
different dikes, and that of orthoclase is as much as 5 percent. The
magnetite is notably abundant, in some dikes amounting to 3 percent
of the rock. Some of the magnetic grains are large enough to be
classed as phenocrysts. The groundmasses are commonly granular,
and rocks with appreciable quantities of orthoclase may contain
patches of micrographically intergrown quartz and orthoclase. Seri-
cite, chlorite, epidote, and locally calcite are secondary minerals in the
groundmass. The altered condition is a conspicuous feature of the
dacite porphyries and is similar to that described by Singewald in
intrusive sills on Loveland Mountain, Park County, Colo.,** where
the alteration resulted from the action of hydrothermal solutions
agsociated with the consolidation of the dikes.

. QUARTZ-HORNBLENDE-BIOTITE MONZONITE PORPHYRY

Bodies of quartz-hornblende-biotite monzonite porphyry are among
the largest and most numerous as well as among the most conspicuous
members of the various porphyry belts. One of the largest, a stock
less than half a mile to more than a mile wide, extends for 10 miles
through Grimes Pass and over nearly two-thirds the length of the
area shown on plate 14, and continues eastward beyond the mapped
area an undetermined distance. Two other stocks of quartz mon-
zonite porphyry lie along the southeast margin of the “porphyry belt”
that extends through Quartzburg-Grimes P'LSS, but only parts of each
are within the borders of the area mapped. Dikes of quartz-horn-
blende-biotite monzonite porphyry are also widely but not uniformly
distributed throughout this “porphyry belt.” Many are grouped north
of Placerville from the end of the main stock southwest almost to

18 Singewald, Q. D., Alteration as an end phase of igneous intrusion in sills on Lovelnnd
Mountain, Park County, Colo. : Jour. Geology, vol. 40, pp. 16-29, 1932.
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Quartzburg. Another group extends past the Belshazzar mine par-
allel to the cluster of dacite porphyry dikes. Many others occur in
the northeast part of the district in and along the Payette Canyon.
Most of the dikes are little larger than the dikes of dacite porphyry,
ranging from 50 to 500 feet in width (average 100 to 200 feet) and
attaining a mile or more in length. Some of the dikes are short, and
some of apparent great length actually comprise several closely over-
lapping dikes. The dikes and stocks ordinarily have inconspicuous
outcrops, except along ridge crests, and may be traced largely from
weathered fragments in the soil. Massive outcrops with the rounding
more or less characteristic of weathered granitic rock were observed
in a shallow basin on the Grimes Creek slope near the head of Charlot
Gulch. :

The quartz-hornblende-biotite monzonite porphyry resembles the
rock of similar composition described by Ross in the Casto quad--

rangle* It is a mottled pink, white, and green, fine-grained to mod-
erately coarse-grained porphyritic rock, containing in the aggregate
somewhat more plagioclase than orthoclase. It is readily recognized
by its mottled appearance, which has locally prompted the use of the
term “birdseye porphyry.” The mottling results from the admixtures
of numerous white plagioclase phenocrysts and fewer dark green to
black hornblende and biotite crystals in pinkish to pinkish-gray
groundmasses, which are more distinctly granular than the ground-

masses of most of the other porphyries of the same belts. Weathering

has obscured the pinkish color of the groundmasses in some of the dikes
north and west of Placerville and has modified the mottling in such
a way as to make the rock resemble dacite porphyry. In some dikes

the rock shows transitions into dacite porphyry, both in composition
and appearance, but in places quartz monzonitic dikes cut sharply
across the dacitic dikes. Some of the dikes near Quartzburg contain
rotably fewer plagioclase phenocrysts than the dikes elsewhere and
are not so conspicuously mottled, but they are more distinctly reddish
-than the typical rock because of the proportionately larger amount
of pinkish groundmass. Because of the relatively larger amount of
orthoclase, the rock might be classed more precisely as granite
porphyry. Several dikes a few miles east of Grimes Pass also differ
from the type in containing rather numerous quartz phenocrysts and
comparatively few dark minerals in a light-gray groundmass of about
the same color as the none too numerous plagioclase phenocrysts. This
variety appears to be intermediate between the typical quartz-horn-

blende-biotite monzonite porphyry and the rhyolite porphyry. On

14 Rogs, C. P., Geology and ore deposits of the Casto quadrangle, Idaho: U. S. Geol '

Survey Bull. 854, p. 61, 1034, -
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the other hand some dikes have such a preponderance of plagioclase
that they might be classed as granodiorite porphyry.

The phenocrysts in order of their abundance include plagioclase
(andesine to oligoclase), biotite, and hornblende, commonly a little
" quartz, and in some dikes a little augite and orthoclase. Together,
these phenocrysts make up about half the rock, those of plagioclase 35
to 45 percent, biotite about 10 percent, hornblende about 5 percent, and
the augite, orthoclase, and quartz each less than 2 percent. The plagio-
clase phenocrysts are the most conspicuous and are generally not less
than 3 millimeters long and may be is much as 8 millimeters. The
crystals are uniformly large in the stocks and most of the dikes
(average 5 millimeters) but are rather small in a few of the bodies in
which the rock resembles dacite porphyry. The biotite crystals are
also among the most conspicuous minerals of the rock. Ordinarily
black, they are also represented by greenish chloritic pseudomorphs.
Their crystals generally measure 1 to 3 millimeters in diameter. The
hornblende has a dull greenish-black color, and its crystals are slender
and about as long as the plagioclase phenocrysts. Of the less con-
spicuous phenocrysts, quartz is most easily recognized, its crystals and
grains (in part corroded and embayed) ranging from 1 to 8 milli-
meters in length. The orthoclase crystals, which are generaly some-
what corroded, are a little smaller than the plagioclase crystals.

The minerals of the groundmass include mostly orthoclase and
quartz, minor amounts of biotite and hornblende, and here and there
a little sodic oligoclase. Accompanying accessory minerals are apa-
tite, zircon, magnetite, and in some dikes a little allanite, and sphene.
These groundmass minerals are generally arranged in finely granular
to coarsely granular masses, but the quartz and orthoclase may also
occur in micrographic or micropegmatitic intergrowths (pls. 22, B,
23, 4, B, 24, A.) In some bodies the groundmass appears to be en-
tirely granular; in others it is largely micropegmatitic; however much
of the rock shows combinations of the granular and mircopegmatitic
textures. Subdivisions of the intrusives into quartz-hornblende-bio-
tite monzonite porphyry and granophyric, or micrographic, quartz-
hornblende biotite monzonite might be made on the basis of these
groundmass textures, but such grouping could be made only on de-
tailed microscopic study. The size of the groundmass grains is largely
determined by the size of the intrusive body itself, and the chief grains
range from less than 0.1 millimeter in the smaller more quickly chilled
bodies to nearly 1 millimeter in the larger ones (pls. 22, 3,23, A). In
parts of the main stock the groundmass grains are nearly as large as
the phenocrysts. The micropegmatitic intergrowths likewise reflect
the size of the body and its rate of consolidation. In the larger bodies

732858—47——3
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the intergrowths are coarsely graphic (pl. 23, B) ; in the smaller ones
rather finely graphic. In places the intergrowths have assumed the
microspherulitic form (pl. 24, 4), and where cooling apparently was
most rapid, appear as confused, indistinct intergrowths, seemingly in
poorly defined granules, each granule made up of minute graphic or
spherulite combinations, or perhaps combinations of the two. The
orthoclase in all groundmasses is estimated to form 20 to 35 percent of
the rock and quartz 10 to 25 percent. The accessory minerals occur
as euhedral crystals in the orthoclase and quartz, or along cleavages
and fractures of the other minerals. Magnetite is the most abundant
of these minerals and in places constitutes as much as 2 percent of the
rock.

Secondary minerals, such as sericite, chlorite, epidote, and calcite,
are rather abundant in all but the largest bodies. The plagioclase
grains invariably contain irregular patches of sericitic mica or have
irregularly sericitized borders bounding clear centers. The ortho-
clase in turn is clouded by a fine sericitic dust. The hornblende and
biotite as a whole are partly or completely altered to chlorite, epidote,
or both, and in places may be recognized only by crystal outline.
Some of the larger epidote grains and grain aggregates may also
extend into the plagioclase crystals. The chlorite and epidote are
commonly accompanied by variable though small amounts of magne-
tite and calcite. The alteration appears to have been independent of
weathering and changes produced by mineralizing solutions, but seems

to have taken place closely upon the consolldatlon of the rock itself,
probably by the action of hydrothermal end-stage solutions.

GRANOPHYRE .

Bodies of micropegmatite, or granophyre, of variable size are
scattered along parts of the “porphyry belt” that passes through
Quartzburg and Grimes Pass and are fairly numerous in the dike
zones-south of Idaho City. Those along the “porphyry belt” are
associated with and occur in and around the main quartz-hornblende-

hiotite monzonite porphyry stock ag minor geams 4 few inches thick
and a few feet long in joints and other fracture planes in the
quartz monzonite porphyry and as much larger dikelike bodies near
the southwest end of the stock. One of the dikes is about 2,300 feet
~ long and as much as 350 feet wide and forms a conspicuous outcrop
on the ridge and knoll above the Mineral mine on upper Ophir Creek
(see pl. 14). Smaller dikes and seams are fairly numerous in the
vicinity of these larger bodies and are numerous on the ridge above
Charlot Gulch southeast of Grimes Pass. The distribution of the
minor seams along fracture and joint planes within the stock of quartz-
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hornblende-biotite monzonite porphyry suggests aplitic relationships
and implies a close genetic relationship between the quartz monzonite
porphyry and the micropegmatite. The micropegmatite shows some
textural and compositional variations but may be easily distinguished
from all other rocks of the “porphyry belt.” ,

In the larger dikes the rock is light gray to pinkish brown, buff where
weathered, and shows a few inconspicuous phenocrysts in what is
otherwise a fine-grained, apparently granular groundmass. The
. phenocrysts comprise a sprinkling of quartz, feldspar, and biotite
crystals, which together form less than 5 percent of the rock, enclosed
in and corroded by a micropegmatitic groundmass. Some of the feld-
spar crystals (sodic oligoclase to ablite) are as much as 8 millimeters .
long, but most of them, as well as the quartz and biotite crystals, are
1 to 8 millimeters long. The micropegmatitic groundmass varies in
detail. Much of it shows typical micrographic quartz-orthoclase
intergrowths, but some of it is represented by sheaflike and dendritic
intergrowths (pl. 24, B) and also by hemispherulitic forms. The
quartz content is estimated at 25 to 50 percent; the remainder is’
largely orthoclase. Other minerals present include accessory grains
of apatite, zircon, magnetite, and allanite, and some chlorite and mus-
covite, the latter mostly pseudomorphous after biotite.

In the small dikes and seams the rock is pinkish to pinkish gray,
fine-grained, and resembles fine-textured sandstone. Some of the
rock, however, contains coarser streaks of pegmatitic character. Most
of the rock is made up of nearly equal amounts of quartz and ortho-
clase in interlocking anhedra, as in aplites, or partly intergrown, as
in micropegmatite. Some of the intergrowths show striking sheaf-
like and dendritic forms. Less than 2 percent of fresh and altered
biotite is present, and only a few albite crystals may be scattered
through the rock. Other accessory minerals include magnetite, zircon,
apatite, and allanite. The only secondary minerals are sericite and
epidote.

The granophyre in the joint and fracture planes in the quartz
" monzonite porphyry stock has a composition and texture identical
with the composition and texture of the groundmass of the quartz-
hornblende-biotite monzonite porphyry. The occurrence in joint
planes and minor fractures suggests that the granophyre has been
derived from late liquid residues squeezed from the nearly crystalline
quartz monzonite porphyry into nearby openings during slight struc-
tural adjustments. The larger granophyric bodies also have a com-
position and texture that corresponds to the composition and texture
of the quartz monzonite porphyry. The occurrence of the micro-
pegmatite in the largest dikes suggests movement of the residual
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magma from deeper sources within the quartz monzonitic porphyry
stock into larger openings above produced by more pronounced struc-
tural adjustments. :
v RHYOLITE PORPHYRY

The bodies of rhyolite porphyry are more widely and uniformly dis-
tributed along the “porphyry belts” than those of any other members.
They exceed all others in number, though not altogether in size or vol-
ume. Their intrusion appears to have attended a rather general re-
opening of the entire zone of structural weakness, and the dikes along
the “porphyry belt” that extends through Quartzburg and Grimes
Pass are about as abundant at one place as another (pl. 14) and cut
the quartz-hornblende-biotite monzonite porphyry and all earlier
rocks indiscriminately. Most of the bodies are 25 to 200 feet thick and
200 to 5,000 feet long, but two near the east margin of the area mapped,
composed of rock intermediate between the typical quartz monzonite
porphyry and the typical rhyolite porphyry, are as much as 400 feet
thick and more than a mile long. Most of the dikes are comparatively
narrow in proportion to their length, particularly those southwest
of Quartzburg, but some near Quartzburg, though narrow, are rela-
tively short, and one is expanded into a pluglike body 400 feet across.
From Quartzburg to Grimes Pass the dikes are for the most part longer
and thicker than the dikes in other parts of the “belt,” but east and

northeast- of Grimes Pass, where they are spread over a much wider
area, they are short and oval shaped as well as long and narrow. Most

of the dikes have ffbiﬂy conspicuous outcrops, as they are more resistant
to weathering and erosion than the less silicic rocks.

The rhyolite porphyries form a well-defined group and are clas-
sified as rhyolite porphyries, because aphanitic groundmasses give
them a greater resemblance to rhyolite than to granite and because
the designation accords with local usage. Most of the dikes have the

composition of rhyolite, as most of the rock has somewhat more potash
feldspar than plagioclase, but some dikes in which the quantity of
plagioclase equals or exceeds that of potash feldspar might perhaps

be more appropriately classed as quartz latite porphyry. Subdivision
into a group of quartz latite porphyries is not made, however, as such
distinctions are difficult to make without microscopic examinations

]
and would hinder rather than aid the layman.
The rhyolite porphyries are generally studded with prominent

(lua,l‘l)z (;I‘D'scu,ls and less conspicuous crystals of plagioclase and ortho-

clase set in bleached, nearly white aphamtic groundmasses. The

prominence and abundance of the quartz crystals, which range from
11010 millimsters (aVeracée 5 to 8 millimeters) in diameter and from

5 to 15 per cent of the rock, give the rhyolite porphyry its most dis-
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tinctive character and serve to identify it in the field. Orthoclase is
also a diagnostic mineral, although in most of the dikes its crystals
are so widely scattered as to escape notice, but in several dikes at and
near Quartzburg and in many east of Grimes Pass and on Summit
Flat its crystals are so large and abundant that they are more con-
spicuous than the quartz grains. In many of these dikes the orthoclase
phenocrysts are as much as 30 millimeters in length and form more
than 15 percent of the rock. The plagioclase phenocrysts, though
fairly numerous, are inconspicuous; because their color matches that
of the groundmass. The plagioclase crystals are 2 to 8 millimeters
long and normally make up 10 to 20 percent of the rock, though in
the quartz latite porphyries the proportion may nearly double that.
In rocks not as bleached as the typical rock small crystals of biotite -
and fewer crystals of hornblende measuring less than 2 millimeters
and forming less than 5 percent of the rock may also be distinguished
(pl. 25, 4). -

The quartz phenocrysts are generally wellshaped crystals,-com-
monly surrounded by narrow reaction rims composed of minute pene-
trations of groundmass orthoclase. Thesé rims are apparently a re-
action intergrowth simulating the micrographic (pl. 25, B). The
quartz crystals occur either as scattered individuals or are grouped
in clusters. The plagioclase phenocrysts are mainly oligoclase, rang-
ing from sodic oligoclase to sodic andesine in different dikes. The
crystals are euhedral, ordinarily uncorroded, and show albite, carls-
bad, and in places baveno twinning. The crystals, "however, are
generally so thor ouﬁhly sericitized even in the least altered dikes that
the twinning' is only faintly visible. The orthoclase phenocrysts are
also euhedral but are not as highly altered as the plagioclase crystals.
Biotite is ordinarily indicated in outline; in most dikes it has been
bleached or changed to muscovite. '

The groundmass forms a larger part of the rock than the pheno-
crysts and consists mainly of orthoclase and quartz, accompanied in
places by subordinate amounts of oligoclase and invariably by acces-
sory magnetite, apatite, and zircon. The constituents of the ground-
mass .are exceedingly minute in comparison with the phenocrysts and
ordinarily are less than 0.1 millimeter in diameter (pl. 25, 4). In
most of the dikes the quartz and orthoclase form finely granuh1 aggre-
gates (pl. 25, 4) but in some the granular aggregates are accompanled
by granules of rather poorly defined micropegmatitic intergrowths
(pls. 25, B, 26, A) or by patches of hemispherulitic intergrowths. In
some rocks the relations are two confused for precise interpretation,
perhaps because of the tendency for the quartz and orthoclase to occur
in exceedingly minute intergrowths, probably micrographic. The
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orthoclase is estimated to form 45 to 60 percent of the rock, the ground-
mass quartz 15 to 20 percent..

The rock in most of the dikes shows the effects of marked alteration
and is in general much sericitized. The alteration has apparently not
been materially guided by fractures, nor has it been directly affiliated
with sulfide mineralization, although the alteration is more intensified
near lodes than elsewhere. The alteration appears to have accom-
panied the intrusion and consolidation of the rock itself and is prob-
ably a postmagmatic effect resulting from end-stage hydrothermal
solutions. The conditions are similar to those described by Singewald
in the sills on Loveland Mountain, Park County, Colo.** The dikes
of rhyolite porphyry have been more extensively endomorphosed than
any of the other porphyries, and there appears to be a close relation
between the end-stage alteration and the closely following stage of
mineralization and associated hydrothermal alteration.

RHYOLITE

Rhyolite dikes, which differ materially in textural and composi-
tional characters from the rhyolite porphyry, are conspicuously con-
centrated along the northeast part of the “porphyry belt,” east and
northeast of Grimes Pass. These dikes are more or less oval in shape

and are individually small, generally no more than 25 feet thick or
more than 50 to 100 feet long, and are confined to a zone that starts

about 114 miles south-southeast of Grimes Pass and trends about N,
30° E., diagonally across the main “porphyry belt.” This zone crosses
Grimes Creek near Branson’s ranch, about 3 miles above Grimes Pass,
and extends across the Payette River about a mile above Gallager
ranger station. The_dikes southeast and east of Grimes Pass are
widely scattered but are probably more numerous than indicated on
the surface, for of all the different kinds of dikes these have the most
inconspicuous outcrops, and, except in the Payette Canyon, are more
commonly encountered underground than on the surface. Northeast
of Grimes Pass, however, their number greatly increases, and dike
clusters become more closely spaced. They are so closely spaced on the
north side of Grimes Creek that it is not possible to separate the indi-
vidual members, and the entire zone, except for certain prominent
rhyolite porphyry dikes and a small mass of invaded pyroxene- horn-
blende-biotite diorite, is mapped as intrusive rhyolite. Near the
Payette River the dike swarm appears to merge into a single body as
broad as the dike zone,

The rhyolite dikes are composed of a rock that is much more silicie

than the rhyolite porphyry and that has much less plagioclase and dark

1 Singewald, Q. D., op. cit,, pp. 16-29.



GEOLOGICAL SURVEY BULLETIN 944 PLATE 18

A. BIOTITE (b) WITH TONGUES PROTRUDING INTO AN ANDESINE B. ORIENTED REMNANTS OF A POLYSYNTHETICALLY TWINNED
CRYSTAL (a) IN A MANNER INTERPRETED AS REPLACEMENT. ANDESINE CRYSTAL (a) ENGULFED IN A LARGE GRAIN OF
Quartz diorite facies. Crossed nicols. MICROCLINE (m).

The andesine remnants are interpreted as l"c&ldlldlh of rcpld(cmen! Quartz
diorite facies. Crossed nicols.

PHOTOMICROGRAPHS OF THIN SECTIONS OF THE GRANITIC ROCK OF THE IDAHO BATHOLITH

Show mineral relations attributed to postconsolidation endomorphism.



GEOLOGICAL SURVEY BULLETIN 944 PLATE 19

A. POLYSYNTHETICALLY TWINNED OLIGOCLASE CRYSTAL (o) B. OLIGOCLASE CRYSTALS (o) INVADED BY QUARTZ OF TWO GENE-

IRREGULARLY EMBAYED AND INVADED BY QUARTZ (q). RATIONS, A SEAM OF THE YOUNGER QUARTZ (q) CUTTING
Much of t.he quartz in the granitic r?ck of tl?e Idaho batholith shows similar ACROSS A SEAM OF THE SOMEWHAT OLDER QUARTZ (qi).
penetration or lobate relations, which are interpreted as an effect of late The general silicification of the batholithic rock has taken place in two stages
replacement associated with general and widespread silicification of earlier and has been the most active process associated with the end-stage endo-
consolidated rock. Quartz monzonite facies. Crossed nicols. morphism. Potash was also added to the rock in considerable quantity.

Quartz monzonite facies. Crossed nicols.

PHOTOMICROGRAPHS OF THIN SECTIONS OF THE GRANITIC ROCK OF THE IDAHO BATHOLITH

Show mineral relations attributed to posteonsolidation endomorphism.



GEOLOGICAL SURVEY BULLETIN 944 PLATE 20

A. PYROXENE-HORNBLEN

DE-BIOTITE DIORITE COLLECTED FROM B. PYROXENE-HORNBLENDE-BIOTITE DIORITE FROM THE SAME

STOCK NEAR GRIMES PASS. STOCK AS 4.
Shows the typical zoning of the andesine feldspar and the mantling of augite Shows partial mantles of hornblende (h) and biotite (b) on a erystal of augite
(a) by hornblende (h), also the poikilitic character of some of the orthoclase (c). (a). The mantling indicates the incomplete reaction between early crystals
Crossed nicols. and liquid during consolidation of the magma. Uncrossed nicols.

PHOTOMICROGRAPHS OF THIN SECTIONS OF THE EARLY TERTIARY (?) GRANODIORITE AND PYROXENE-HORNBLENDE-
BIOTITE DIORITE.

Show typical mineral and textural relationships.



GEOLOGICAL SURVEY BULLETIN 944 PLATE 21

4. PYROXENE-HORNBLENDE-BIOTITE DIORITE WITH SCATTERED B. GRANODIORITE.
PATCHES OF MICROPEGMATITE. Intrudes the Idaho batholith on Warm Springs Ridge about 5 miles southwest of
The final consolidation product o the magma undergoing differentiation by Idaho City. Crossed nicols.
crystal fractionation. Crossed nicols.
PHOTOMICROGRAPHS OF THIN SECTIONS OF THE EARLY TERTIARY (?) GRANODIORITE AND PYROXENE-HORNBLENDE
BIOTITE DIORITE.

Show typical mineral and textural relationships.
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minerals. In composition and general appearance it is much like ex-

trusive rhyolite. It cannot be distinguished from ordinary extrusive
rhyolite in the hand specimen, particularly as the dike rock commonly
shows flow banding parallel to the dike walls and curving of fluxion
lines around the small widely scattered phenocrysts. The rock, how-

ever, is not conspicuously porphyritic and is chiefly a fine-grained
light gray to pink rock, easily distinguished from the rhyolite por-
phyry. Much of the rhyolite has less than 5 percent of phenocrysts,
which are made up largely of quartz crystals and grains commonly
less than 1 milimeter in diameter but exceptionally as large as 2 milli-
meters. In places the quartz is accompanied by small even more widely
scattered crystals of feldspar. The scattered quartz crystals are gen-
erally somewhat embayed and corroded-by the groundmass and com-

monly have a border zone of minutely interpenetrated orthoclase and
quartz, which might be described as micropoikilitic with the quartz the
host for the minute feldspar laths (pl. 26, B). The few widely dis-
tributed feldspar phenocrysts are similar to the quartz grains in size
and comprise orthoclase and in some rock scant amounts of somewhat
altered sodic plagioclase, near albite in composition. These pheno-
crysts are scattered in finely granular groundmasses of micropoikilitic
habit made up of small quartz granules, in each of which appear to-
be minute orthoclase laths and microlites (pl. 26, B). There are also
granules of pure quartz. On the whole the groundmasses are more
quartzose than feldspathic. Accessory minerals include magnetite and
small scattered crystals of zircon. Most of the dikes have been some-

what sericitized, very thoroughly so in places, and locally silicified and
impregnated with pyrite. ' ‘

GRANODIORITE PORPHYRY

Only a single body of granodiorite porphyry has been found, and it
crops out on the low Grimes Creek-Payette River divide, about 4 miles
northeast of Grimes Pass, near the margin of the main swarm of
rhyolite dikes. The body is bow-shaped in outline, concave to the
southeast. It is about 1,500 feet long and as much as 200 feet wide,
forming a low but prominent outcrop, in part covered by angular
fragments of rock.

The granodiorite porphyry is light gray and superficially resembles
the rhyolite porphyry and rhyolite in the outcrop, but it is coarser-
grained, suggesting the granitoid texture, and is made up largely of
chalky feldspar crystals, which average about 3 millimeters in length.
The rock is composed of more than 60 percent of plagioclase pheno-
crysts (sodic oligoclase) in a finely granular groundmass of inter-
locking quartz and orthoclase grains. The oligoclase (about Ab &) is
eubedral, although many crystals are irregularly indented by the
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quartz grains of the groundmass, and some are broken and the frac-
tures filled with groundmass minerals (pl. 27, 4). The textural
relations suggest a crystal net in which the interstices between the
crystals are occupied by the finer-grained mosaics of quartz and ortho-
clase and scattered accessory grains of magnetite, zircon, and allanite.
The rock is moderately altered, the oligoclase being extensively
sericitized and the biotite or hornblende, which may have formed
between 5 and 10 percent of the rock, being replaced by epidote,
chlorite, and sericite.

The body of granodiorite porphyry-appears to be intimately associ-
ated with the swarm of rhyolite dikes. Its plagioclase has the same
sedic composition as the plagioclase of the rhyolite, and its net of
plagioclase crystals, in part crushed and broken, suggests that the
body is a product of crystal sorting, that the crystals had accumulated,
through settling at depth, and had been intruded as a crystal mush,
or that the crystals had been carried along in the highly liquid rhyo-
lite magma and the liquid filter-pressed from the crystals during the

intrusion.
LAMPROPHYRE

Lamprophyric dikes are widely scattered along the “pbrphyry belts”
but are ordinarily visible only in underground workings, where they

commonly lie in or across the fissures occupied. by the lodes. They
range from a few inches to 10 feet or more in thickness and pinch and

swell abruptly. They may occupy the lode fissures for short or long
distances or may cut sharply across the lodes. Where a dike is in
contact with a lode it is usually somewhat altered but unmineralized.

In places it contains small inclusions of ore. As the dikes cut all the
cther intrusives of the “porphyry belts” as well as the lodes, it is

evident that lamprophyric dikes were the last of the intrusives in-
jected from the magma body and the final product of differentiation.

These lamprophyres are somewhat porphyritic and contain rather
inconspicuous phenocrysts of dark minerals in a groundmass of dark
minerals and plagioclase. Most dikes have been so extensively altered
that original dark minerals are not easily identified and do not stand
out sharply as in the usual lamprophyric types. These dikes have
been classed, as diabase and basalt by Ballard ** and diabase by Ross,”"
although the rock shows no clearly defined ophitic or diabasic texture
and apparently contains no plagioclase as calcic as labradorite.

Where unaltered, the rocks are dark gray to black, fine-grained, and
inconspicuously porphyritic, but in and near lodes they are bleached

= 18 Ballard, S. M., Geology and gold resources of Boise Basin, Boise County, Idaho: Idaho
Bur. Mines and Geology Bull. 9, p. 24, 1924.
17 Ross, C. P., Some lode deposits in the northwestern part of the Boise Basin, Idaho:
U. S. Geol. Survey Bull. 846-D, pp. 248-249, 1933.
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and appear even less porphyritic than in the fresh rock. In thin sec-
tion the small scattered phenocrysts commonly comprise augite and
brown hornblende, or calcite pseudomorphs after augite and horn-
blende, and chloritic pseudomorphs after biotite. Augite is predom-
inant in only a few of the dikes examined. In most dikes it is accom-
panied by as much hornblende and generally by somewhat smaller
quantities of biotite. These phenocrysts are not much larger than the
groundmass grains in the larger dikes but stand out prominently in
the smaller finer-grained bodies.

The groundmasses are composed of fairly well shaped plagioclase
laths and considerable amounts of altered hornblende and biotite,
possibly augite, and relatively large amounts of magnetite and
apatite (pl. 27, B). The plagioclase forms no more than half of the
. rock, although, because of its less conspicuous alteration, it appears
to be more abundant than the dark minerals. Its laths are highly
zoned and the twinning lines rather widely spaced. Its composition
ranges from oligoclase to calcic andesine in different dikes.

Secondary calcite is abundant in most of the dikes, and chlorite and
epidote generally occur in variable but lesser amounts. In some altered
zones the rock is cut by thin seams of calcite and may contain small
widely scattered crystals of pyrite.

TERTIARY LAKE BEDS AND VOLCANICS (LOWER MIOCENE)

Scattered patches remain of what must have been once a continuous
blanket of lake beds and volcanics, preserved only where infaulted
against the granitic rock of the Idaho batholith and carried to levels
not yet reached by erosion. The largest patch of these strata covers
an area of about 7 square miles at and around Idaho City, separated
from the granitic rock of the batholith by marginal faults. Smaller
remnants remain along Grimes Creek near Old Centerville and New
Centerville and on Muddy Creek, a tributary of Grimes Creek about
4 miles above Pioneerville. The strata on Muddy Creek are concealed
beneath terrace gravels and alluvium and therefore are not shown on
the geologic map of the Quartburg-Grimes Pass area.
~ Most of the material consists of fine, well-stratified lake beds, but
some fluviatile deposits are included, and near Idaho City the unit
contains considerable volcanic ash and an intercalated flow of basalt.
Not less than 850 feet of beds remain at Idaho City.*®

The lake beds consist largely of white to gray somewhat consolidated
sand and clay derived from the weathering and erosion of the granitic
rock of the batholith. The beds within a short radius of Idaho City

18 Lindgren, Waldemar, The mining districts of the Idaho Basin and the Boise Ridge
Idaho: U. S. Geol. Survey 18th Ann. Rept., pt. 3, p. 668, 1898
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-are composed mainly of well-stratified gray clay, with sandy streaks
and intercalated beds of black clay, lignitic shale, and locally thin
seams and lenses of gravel. From 1 to 2 miles below Idaho City
most of the beds are of coarse-grained yellow sandstone, the quartz
and feldspathic grains being cemented by opaline material deposited
from hot springs. Near Warm Springs the cemented sandstone forms
a bluff about 300 feet high. Several beds of volcanic ash 10 to 30
feet thick are intercalated in the series about a mile above Idaho
City. This ash is light gray, like the lake beds, and is also well-
stratified and in places admixed with considerable clay. Otherwise
it is composed of fairly coarse rather well compacted glass fragments,
in places mixed with fragments of fossil plants.

The basalt member is intercalated in the lower part of the lake
beds and extends across Moore Creek about 2 miles above Idaho City.
It appears in faulted segments at altitudes 400 feet above the creek
near Pine Gulch and other gulches across from Idaho City. The
flow appears to be about 100 feet thick and consists of a medium-
grained to fine-grained dark-gray to dark-green in part amygdaloidal
rock, in places somewhat porphyritic with phenocrysts of olivine and
magnetite. Its minerals, as seen under the microscope, include also
lavender-tinted augite, small laths of twinned labradorite, and much
brownish-red iddingsite and greenish chlorite. The labradorite laths
are commonly engulfed in the much larger augite grains. The rock
is moderately altered, and practically all the olivine (about 5 percent
of the rock) has been converted partly or wholly to iddingsite and

much of the augite to chlorlte, which commonly shows a stl‘lklng
radial structure.

The exposures along Grimes and Muddy Creeks show only the
well-stratified fine- gr'uned sandy and clayey beds composed of arkosic
and clayey materials, also derived from the weathering and erosion
of the older granitic rock.

Some of the lake beds at Idaho City are fossiliferous and contain
a flora that was interpreted as upper Miocene by Knowlton and
prompted Lindgren to correlate the strata with the Payette forma- -
tion.® This correlation was accepted more recently by Kirkham,*

who in his review of the subject assigns. the bed to the Payette, his

summary of the fossil evidence indicating that the formation is not
older than middle Miocene and is probably mainly upper Miocene.
Roland W. Brown, who visited the Idaho City locality in 1934 and
made more extensive collections than those made by Lindgren and

10 Iindgren, Waldemar, op. cit., p. 666.
20 Kirkham, V., R. D., Revision of the Payette and Idaho formations: Jour. Geology,
vol. 39, No. 3, pp. 232-235, 1931.
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figured by Knowlton, obtained a flora that he assigned to the lower
Miocene. These collections were from two localities half a mile north-
east of Idaho City—one from sandy-clayey beds in an exposure about
75 feet above the level of and on the north side of the road leading
to Lowman and the other_from the same beds on the other side of
the valley. The flora as figured by Brown include the following:

Equisetum sp. ’

Sequoia langsdorfii (Brongniart) Heer

Pinus sp.

Populus eotremuloides Knowlton

Salix sp.

Betula heteromorpha Knowlton

Quercus cognatus Knowlton

Juglans oregoniana Lesquereux .

Ulmus brownelli Lesguereux

Acer osmonti Knowlton

Trapa americana Knowlton

Celastrus lindgreni Knowlton

Rhamnus spokanensis Berry

According to Brown,* Knowlton had rightly pointed out the strik-
ing resemblance of the plants to those of the Bridge Creek flora in the
John Day Valley, Oreg., but erred in assigning them to an upper
Miocene age, as the Bridge Creek flora is now generally conceded on
both stratigraphic and paleontologic grounds to be either upper Oligo-
cene or Lower Miocene, more likely the latter. Brown also wrote that
the lake beds at Idaho City are apparently somewhat younger than the
Challis volcanics in the vicinity of Challis, Idaho, which he states
contain a flora with some species heretofore ascribed to the Eocene .
and Oligocene and which he believes are of upper Oligocene, or, at
most, of lower Miocene age. He infers, however, that the beds at
Idaho City are about contemporaneous with the upper strata of the
Challis volcanics. ‘

Along the Middle Fork of the Salmon River and in other localities
the Challis volcanics are invaded by the “porphyries,” of which those
of the “porphyry belt” that extends through Quartzburg and Grimes
Pass are believed to be representative, but Boise Basin affords little
evidence of the relations beétween the lower Miocene beds and the
Miocene intrusives. As the faults that affect the beds at Idaho City
conform in kind and trend with those that appear along the “porphyry
belt,” the lower Miocene strata were probably deposited shortly before

the intrusive epoch or perhaps more or less contemporaneously with it.

i

~ 2 Brown, R. W., Written communication.
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EXTRUSIVE IGNEOUS ROCKS
COLUMBIA RIVER BASALT (MIDDLE OR UPPER MIOCENE)

Minor patches of basalt, apparently remnants of a formerly con-
tinuous cover, are scattered over the western part of the district from
Grimes Creek to and beyond the western border of the area. Farther
west the patches become larger and more numerous and finally merge -
into a single continuous cover. The most easterly remnant is several
hundred yards west of Grimes Pass and rests on the eroded surface
of a part of the quartz-hornblende-biotite monzonite porphyry stock
(pl. 14). Either the basalt did not extend much east of Grimes Pass,
or subsequent erosion has stripped away all record of its presence. An-
other remnant caps a conical hill about 114 miles northeast of Quartz-
burg and overlies the beveled tops of several dacite porphyry dikes
(see pl. 14). Several others remain between Quartzburg and Placer-
ville. Others not shown on the geologic map lie at the base of Boise
Ridge, about 314 miles southwest of Placerville. Still another blankets
about 3 square miles in the Clear Creek drainage area south of Hol-
comb. The basalt also appears in the crest of Boise Ridge northwest
of Quartzburg and from there extends down the west slope of the
ridge to Jerusalem Valley and Horseshoe Bend, about 5 miles to the
west.

The basalt was apparently spread over a deeply eroded surface,
which had been cut across the “porphyry belts” and infaulted blocks
of lower Miocene beds. Locally this surface had the features of a pene-

plain, for wherever the basalt flows have been examined they appear
to rest on nearly level ground. ‘I'raced westward, the flows in Jeru-

salem Valley and Horseshoe Bend lie beneath and are intercalated in

the Payette formation, which Kirkham regards as no older than Mio-
cene and most likely upper Miocene.”> He correlates these flows with
the Columbia River basalt. :

Within Boise Basin the basalt has apparently been eroded to its
basal flows, and less than 100 feet remain within the area mapped.
On the ridge above Quartzburg, however, the rock is as much as 600

feet thick and has 300 feet-of flows at the base, covered by 200 feet

of tuff and scoria, which are capped by 100 feet of massive basalt.
Westward the series of flows exceeds 1,000 feet in thickness. .
All flows examined, except one, consist of olivine basalt, with dif-
ferences between flows no more marked than differences within the
flows. The rock is dark gray to black, brownish where weathered. It
is generally somewhat vesicular, especially near flow tops, but is
otherwise fine-grained. The rather widely spaced vesicles are less

23 Kirkham, V. R. D., op.cit., pp. 232-235.
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than one-fourth inch in diameter. The rock is ordinarily somewhat
" porphyritic and has a few scattered inconspicuous plagioclase crystals
less than 2 millimeters long, less commonly as much as 5 millimeters
long, and some crystals of olivine distinguishable only with the micro-
scope. The phenocrysts form less than 15 percent of the rock and
in the more central zones where the rock has its coarsest grain are
little larger than the grains of the groundmass. In the fine-grained
marginal rock the phenocrysts appear conspicuously larger.

The plagioclase phenocrysts arve of calcic labradorite and, along
. with the smaller olivine grains and crystals, are embedded in a ground-
mass of smaller sodic labradorite laths, faintly tinted titaniferous
augite, magetite, and ilmenite. The olivine-free basalt also contains
some brownish glass. In the more coarsely crystalline basalt the
augite occurs in large grains enclosing swarms of the labradorite laths,
but in the chilled marginal rock the augite forms small grains between
the plagioclase crystals. The olivine crystals are commonly partly
altered to reddish-brown iddingsite. Many of the labradorite
phenocrysts, particularly in the olivine-free basalt, contain ground-
mass inclusions along cleavages and are, therefore, strikingly mottled.

SNAKE RIVER BASALT (QUATERNARY)

Basalt covers the valley bottoms of lower Grimes and Moore
Creeks and the main Boise River, and the flows extend upon and are
contemporaneous with those of the Snake River Plain near Boise. The
vent from which the basalt was extruded is apparently concealed by
lava, but probably lies a mile or two above the mouth of Grimes Creek.
When the basalt was extruded the valleys had been eroded nearly to
their present-depths, but the streams have since trenched the basalt,
leaving lava-flooded terraces 100 feet high on both sides. Because the
columnar joints of the basalt favored the formation of vertical cliffs,
the streams flow in a canyon within a valley. As the basalt-floored
valleys are believed to have been carved in response to late Pliocene and
early Pleistocene uplift, and as the basalt was extruded during a late
stage of valley cutting, the flows are probably Pleistocene.

The basalt is identical with that which covers much of the Snake
River Plain and may be classed as olivine-rich basalt, somewhat lighter
colored and not as dull in appearance as the older Columbia River
basalt. It ishighly vesicular, and the vesicles are especially large and
numerous near the tops and the bottoms of the individual flows. The
rock is distinctly crystalline and has numerous yellowish-green olivine
crystals and granules 1 to 2 millimeters in diameter and scattered
plagioclase (labradorite) crystals of somewhat larger size in a com-
paratively coarse-grained groundmass of sodic labradorite, augite,
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olivine, magnetite, and ilmenite. The labradorite laths in the ground-
mass are commonly engulfed in large augite grains, except at flow
margins where more rapid cooling and consolidation permitted only
small augite grains to form between the plagioclase laths. The augite
is distinctly titaniferous and has a deep purplish-lavender color in thin
section. The olivine occurs both as rounded and as well-shaped crystals
grouped in part in clusters. These crystals and grains amount to not
less than 20 percent of the rock, and their size and abundance give the
rock a distinctly crystalline and almost granular as well as somewhat
mottled appearance. The ilmenite and magnetite lie among the
plagioclase and augite grains, the ilmenite in the form of well-defined
laths. The ilmenite, the more abundant of the two minerals, ap-
parently forms about 3 percent of the rock. '

OLDER ALLUVIUM (PLEISTOCENE)

The older alluvium is widely distributed over many parts of the
district, mainly along valley sides and low ridge crests in rather well-
defined terraces. Some terraces are not much above the bottoms of
the present valleys; others lie at levels several hundred feet above,
in a place or two as much as 600 feet, above them. Some of these
terraces are not easily recognized, for placer miners have washed
much of the material down the slopes, destroying some terraces and
concealing others beneath tailings. These deposits are most wide-
spread in the lower part of Boise Basin, particularly along Moore
and Grimes Creeks, where they have been extensively washed. They
have yielded much of the placer gold mined in the district. There are
also terrace deposits in the lower part of the Payette Canyon and
in other parts of the district. ]

The deposits along Moore and Grimes Creeks have been described
in considerable detail by Lindgren,** and there is nothing pertinent,
to add to the published data. Several terraces cover the slopes for
a few miles above and below Idaho City at levels ranging from the
valley floor to 300 feet above it. Some of these deposits are as much
as 100 feet thick. Most of the gravel has been worked, but high
remnants of considerable size remain near Idaho City. Other de-
posits extend down Moore Creek for a number of miles, some of them

on ridge slopes 600 feet above the creek, others beneath the basalt
in the lower valley. Placer tailings also indicate low terraces along
Grimes Creek, particularly near New Centerville and Old Centerville
and on the slopes between Old Centerville and Placerville. These
deposits are also Widespread on the slopes north and west of Placer-
ville and on the low ridges below Quartzburg, where they are as

# Lindgren, Waldemar, op. cit., pp. 659-6786.
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A. DACITE PORPHYRY. B. QUARTZ-HORNBLENDE-BIOTITE MONZONITE PORPHYRY,
Phenocrysts of andesine feldspar in a fine-grained erystalline groundmass com- COARSE-GRAINED FACIES.
posed largely of andesine associated with subordinate quartz. Mayflower Shows the coarse crystallization of the groundmass quartz and orthoclase near
Mine. Crossed nicols. the center of the large stock at Grimes Pass. Crossed nicols.
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PHOTOMICROGRAPHS OF THIN SECTIONS OF PORPHYRITIC MIOCENE DIKES AND STOCKS OF THE “PORPHYRY BELT”

IN THE QUARTZBURG-GRIMES PASS AREA.

Show typical mineral and textura lrelationships.



GEOLOGICAL SURVEY BULLETIN 944 PLATE 23

A. QUARTZ-HORNBLENDE-BIOTITE MONZONITE PROPHYRY. B. QUARTZ-HORNBLENDE-BIOTITE MONZONITE PORPHYRY.
Shows normal porphyritic texture characteristic of the rock near the margin of Shows micropegmatitic groundmass, which is typical of much of the rock of the
the stock and in many of the larger dikes. Crossed nicols. dikes and stocks. Crossed nicols,

PHOTOMICROGRAPHS OF THIN SECTIONS OF THE PORPHYRITIC MIOCENE DIKES AND STOCKS OF THE “PORPHYRY
BELT” IN THE QUARTZBURG-GRIMES PASS AREA.

Show typical mineral and textural relationships.
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A. QUARTZ-HORNBLENDE-BIOTITE MONZONITE PORPHYRY. B. GRANOPHYRE.
Shows the microspherulitic type of groundmass so typical of many of the dikes. Dike near Mineral Hill., about midway between Quartzburg and Grimes Pass.
Crossed nicols. Shows the sheaflike pattern of some of the micropegmatitic intergrowths.

Crossed nicols.

PHOTOMICROGRAPHS OF THIN SECTIONS OF THE PORPHYRITIC MIOCENE DIKES AND STOCKS OF THE “PORPHYRY
BELT” IN THE QUARTZBURG-GRIMES PASS AREA.

Show typical mineral and textural relationships.
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A. RHYOLITE PORPHYRY. B. RHYOLITE PORPHYRY.
Dike at Gold Hill Mine. Shows clear quartz phenocrysts and sericitized biotite Oro Mine. Shows reaction rims on quartz phenocrysts, which are embedded
and plagioclase crystals in a finely granular partly sericitized groundmass. in a groundmass composed of indistinct granules of orthoclase and quartz.
Crossed nicols. Crossed nicols.

PHOTOMICROGRAPHS OF THIN SECTIONS OF THE PORPHYRITIC MIOCENE DIKES AND STOCKS OF THE “PORPHYRY
BELT” IN THE QUARTZBURG-GRIMES PASS AREA.

Show typical mineral and textural relationships
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much as 200 feet above the valley bottoms (pl. 14). Other patches
of the older alluvium also occur along Grimes Creek, at and below
Grimes Pass and about 3 miles above. Anofher large patch, which
conceals about a square mile of the “porphyry belt” and a remnant
of the lower Miocene beds, occurs on Muddy Creek not far north of
Pioneerville. Deposits that perhaps are in part as old as some of
the terrace accumulations are spread out conelike from the mouths
of the canyons of Canyon and Trail Creeks southwest of Placerville.
These piedmont deposits extend nearly 8 miles from the base of Boise
Ridge. Alluvium is being added to them at the present time.

Three fairly well-defined terraces remain in the Payette Canyon.
The lowest or youngest occupies the main floor of the canyon and
forms an interrupted strip about one-fourth of a mile wide. This
deposit is comparatively thin and apparently represents a former
graded flood plain left behind as the river carved a narrow rock-walled
gorge 50 to 100 feet deep in the underlying granitic rock. The inter-
mediate terrace is the most conspicuous and may be traced almost con-
tinuously on each side of the river. It rises as much as 200 feet above
the younger graded flood plain. The deposits are as much as 200 feet
thick and are in part made from still older deposits, remnants of which
rise 50 to 100 feet above the level of the intermediate terrace. These
terraces present steep embankments from the valley sides. All are
even better displayed in Garden Valley. A fourth occurs about 600
feet above the river. '

These older deposits are composed of fairly coarse sand and gravel
and have much material of cobble size. Mueh of the sand and gravel
is derived from the weathering and erosion of the granitic rock of the
batholith, but a liberal admixture of “porphyry” pebbles and boulders
is included. The “porphyry” admixture is especially abundant below
the “porphyry belts” and may locally form the larger part of the
gravelly material. Much of the gravel is auriferous, and the placers
have been worked, except in the Payette Canyon. The gold content
of the gravels is notably higher below the mineralized zones than
above, and a large part of the placer production in Boise Basin has
been obtained from deposits below the lodes. The sands and gravels
are all of stream origin, and there is little difference in the size and
character of the materials in the terraces av the different levels.

These deposits blanket all rocks of the district, except possibly the
flows of Snake River basalt on lower Moore and Grimes Creeks. They
rest unconformably on the lower Miocene beds at Idaho City and on
Muddy Creek and are clearly younger than the disturbance that in-
faulted the Miocene beds against the Idaho batholith. There is prob-
ably some difference in the ages of gravels in different parts of the
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district, but all are obviously younger than or are related to the crustal
disturbance of late Pliocene or early Pleistocene time. Gravel depo-
sition has apparently been confined to Pleistocene valleys and to basins
produced by the crustal disturbance at the close of the Tertiary. Some
of the terraces at high levels probably record a pause in the general
uplift of the region during the early part of the Pleistocene when the
streams were permitted to widen their valleys and scatter their de-
posits over the valley floors. Some of'the terraces along Moore and
Grimes Creeks within Boise Basin are probably a reflection of the
basin subsidence, the gravels accumulating near the center of the
downwarp where the lessened stream velocities were unable to handle
the load carried down over the steepened grades above. Some of the’
lowest terraces on the other hand, may have resulted from the damming
action of the basalt on lower Moore and Grimes Creeks.* Deposits on

the lower ridges at the east base of Boise Ridge probably reflect the
faulting by which the ridge has been delineated from Boise Basin and
the rest of the mountainous area (pp. 169-170) and are probably ac-
cumulations resulting from the abrupt change in stream grade at the
base of the fault scarp. As the structural adjustments must have
- covered a considerable period of time and have been intermittent rather
than continuous, recurrent acceleration and retardation of erosion have
yielded deposits that probably range in age from early to late

Quaternary. :
YOUNGER ALLUVIUM (RECENT)

The younger alluvium is confined to present valley floors, and most
of 1t is distributed along the streams in the lower, central parts of
Boise Basin where the valleys are comparatively broad and shallow
and the streams have lessened gradients. These deposits are most con-
spicuous along Moore Creek for several miles above and below Idaho
City, along Grimes Creek between Old Centerville and New Center-
ville and for several miles above and below, and along Granite Creek
and tributaries near Placerville. At these places the streams flow in
broad gravel-filled channels of low gradient, whereas above and below

them the valleys are narrow and the stream grades steep. For a mile
and a half above and below Idaho City the gravel strip is about 1,000
feet wide and the deposits from 15 to 30 feet deep. The valley floor
is nearly as wide and the gravel as deép for almost a mile up Elk Creek.

The strip along Grimes Creek from a mile below New Centerville to
several miles above Old Centerville is 500 to 1,000 feet wide and for

a short distance below and above Pioneerville more than 500 feet wide.
Granite Creek between New Centerville and Quartzburg has a gravel
floor, much of it less than 200 feet wide, except near the mouth of the

2 Lindgren, Waldemar, op. cit., p. 636.
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Creek and its middle course south and west of Placerville, where the
strip is as much as 1,000 feet wide.

Much of the younger alluvium consists of reworked terrace gravels,
overlain in most places by a layer of placer tailings. The gravels
were auriferous and were those first worked during early placer opera-
tions, but because of the low stream gradients and the depth of the
gravel below water level a considerable part of them remained un-
touched until more recent years. Since 1935 dredges have been at
work on the gravel flats along Moore, Grimes, and Granite Creeks, in
part re-treating the tailings left by earlier dredges and draglines.

STRUCTURE ,
GE NERAL FEATURES

The geologic structure of the district is complicated and difficult to
decipher because of the uniform character of the Idaho batholith and
the presence of but few reliable stratigraphic markers. The record
of its complicated structural development however, is reflected in com-
plex dike and lode patterns, in widespread and intricate fracturing, in
faulting, and in abnormal drainage patterns and other features of the
topography. The area apparently has been one of marked structural
weakness ever since the closing stages.of consolidation of the Idaho
batholith, and the rock of the batholith has been repeatedly disturbed
by crustal movements of one kind or another. The main periods of
crustal unrest are fairly easily distinguished, as each structural failure
acted somewhat independently of others and each produced its own
characteristic features influenced only in part by earlier deformation.
It is convenient to treat the structural features in the order of orlgm
and relate them to the specific orogenies.

Some of the structural features are associated with the batholith
itself and are related to forces active during the closing stages of con-
solidation of the batholith. Such structures are reflected in an intricate
system of fractures and a well-defined pattern of aplite and pegmatite
‘dikes. Some of the structural features are apparently affiliated with
early Tertiary (?) diastrophism and are reflected in the position and
relation of the early Tertiary (%) dikes and stocks and in the pattern
of the early Tertiary (%) veins and lodes. Some of the structural
features are apparently associated with lower Miocene crustal unrest
and are indicated by the presence of the “porphyry belt,” by Miocene
lode patterns, and by faults outside the “porphyry belts.” Further
disturbances in the Miocene are indicated by a post-Columbia River
basalt uplift. The structural features associated with the Pliocene and
Quaternary diastrophism are the products of faulting, warping, and
intermittent uplift.

732858—47——4
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" STRUCTURAL FEATURES ASSOCIATED WITH THE IDAHO BATHOLITH
: (MES0Z0IC) -

FRACTURES

The fracturing is the most noticeable and widespread structural
feature associated with the Idaho batholith. Fractures along which
there has been no movement are conspicuous underground and wher-
ever bedrock is exposed on the surface, but, as much of the region has
a thick mantle of disintegrated rock and soil, the fracturing can be
studied only in mine workings and on the steeper slopes west of
Placerville and Quartzburg and around the north and east flanks
of Boise Basin. Scattered exposures are also available in the Payette
~Canyon and in road cuts. ’

The fracturing associated with the consolidation of the batholith
was not studied in detail, because the fractures have had less direct
influence on the mineralization than the subsequent faulting. Over
much of the district the most conspicuous and the most persistent
fractures trend northwest and dip southwest. Those on Boise Ridge .
- strike between N. 60° W., and, although the usual dip is 78° to
80° S., many dip as steeply north. Near Quartzburg and Placerville
the trend is more nearly east, but elsewhere the strike is northwest to
north-northwest, locally north of Idaho City ‘N. 20°-30° W. The
fracture set is in places reflected in the topography, particularly from
Placerville to and beyond Pioneerville, where the short ridges of
northwest alinement are in part an effect of erosion along fracture
planes of the same trend. In most places the fractures are rather
widely spaced, but in some localities they are so closely placed as to
produce a fairly conspicuous sheeted structure. Some of the fracture
planes have polished and slickensided surfaces, which indicate slip-

page under pressure, probably: during later epochs of deformation,
A less conspicuous fracture set trends slightly east of north at about
right angles to the northwest set. A nearly horizontal set is also
visible underground and in weathered outcrops.

There are also many other fractures, especially along the “porphyry
belts.” Some of these define prominent zones of sheeting in which

most of the fractures trend east-northeast, locally northeast, and dip

either northwest or southeast. They presumably are related to the.

shearing along the “porphyry belts” during the Tertiary and are,
stherefore, independent ol the consolidation of the batholith,

APLITES AND PEGMATITES

The pegmatite dikes are widely distributed through the region, but
most of the aplite dikes are confined to a belt that extends threugh the
Gambrinus district in a-northeasterly direction. The high concentra-
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tion of dikes in that part of the district may be regarded as one of
the striking geologic features of the region and at the same time one of
the most conspicuous elements of its structure. Both aplite and peg-
matite dikes strike west-northwest in the same direction as the most
conspicuous fractures in the granitic rock. Most of them occupy re-
opened fractures, but the aplites in the Gambrinus district also appear
to be alined by planes of shearing in part at least independent of the
earlier fracturing. The fractures that served to guide the movement of
the fluid aplite and pegmatite strike for the most part N. 80° W. to N.
50° W. and dip 40° to 60° SW. On Summit Flat the strike is more
directly east and even slightly north of east.”

The pattern of the dikes is such as to suggest that the controlling
fractures have in large part been produced by deep-seated shearing,
acting mainly in a northeasterly direction. Some of the west-north-
westerly fractures were apparently reopened and new fractures or
fissures of similar trend were produced. The aplite and pegmatite
patterns are practically identical, and, as the pegmatites are some-
what younger than the aplite, the stresses active during the later stages
of consolidation of the batholith must have been recurrent and have
acted over a considerable period of time.

STRUCTURAL FEATURES ASSOCIATED WITH THE EARLY TERTIARY (?)
DIASTROPHISM )

RELATION OF THE EARLY TERTIARY (?) DIKES AND STOCKS

The dioritic dikes and stocks are largely confined to the major zone
of structural weakness that extends through Quartzburg and Grimes
Pass and contains most of the younger Miocene porphyry intrusives
(pl. 14). The zone of weakness trends about N. 55° E., and the larger
dioritic bodies extend in the same direction, but most of the smaller
dikes strike obliquely across the zone in a west-northwest direction.
The igneous intrusion was apparently guided by two sets of fractures
(probably faults), a subordinate set of west-northwesterly fractures
and a major set of northeasterly fractures parallel to the direction of
the fracture zone. The larger bodies invaded the more central parts
of the structural zone and were guided largely by the main set of
northeasterly fractures, but those at the margin apparently preferred
the minor west-northwesterly set. Some of the larger marginal bodies
were influenced by both sets; they occupy the west-northwesterly set
for the most part but change to the northeasterly set toward the center
of the structural zone. Some of them, therefore, possess marked
curvature. S .

The dike and stock patterns are significant and suggest a zone of
weakness produced by horizontal shearing stresses acting in the form
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of a northeast-southwest couple, the batholith on the northwest side of
the structural zone having been displaced to the northeast relative to
that on the southeast side. The northeasterly fractures may be ex-
plained as shear fractures parallel to the direction of shearing and the
oblique west-northwesterly fractures as tension fractures resulting
from the elongation of the rock mass incidental to but related to the
shearing. Differential transmission of stress through the massive rock
of the batholith against the weak trough of sediments on the east,
which was undergoing deformation by folding and faulting during
the Laramide disturbance of late Cretaceous and early Tertiary time,
is offered as the cause of the local shearing and the resulting fracture
pattern.

RELATION OF THE EARLY TERTIARY (%) VEINS AND LODES

Most of the early Tertiary (?) veins and lodes, which also mark a
complex set of fault and fracture zones, are concentrated along a belt
that extends through the Gambrinus district from Grimes Creek near
New Centerville east-northeastward to Sunset Peak and Summit Flat,
but others are also scattered over the district, some on the north side
of the “porphyry belt’’ of the Quartzburg-Grimes Pass area and others

along a belt several miles south of Idaho City from Holcomb north--

eastward through the Cold Springs district to Moore Creek (pl. 28).
All the faults and fracture zones show a marked parallelism, and,

except for a few at or near New Centerville, in the Cold Springs dis-

trict, and on Summit Flat, strike west-northwest about parallel to the

west-northwesterly set of diorite dikes and also about parallel to the
west-northwesterly set of fractures. Most of them trend from about

N. 80° W. to N. 60° W. and with few exceptions dip southwest at

angles of from 40° to 60°. Many of the fault and fracture zones have
been mineralized for a mile or more, and further continuation of the

guiding fractures is commonly suggested in the alinement of gulches
and ridges of similar trend. , ‘

The fault and fracture zones are generally marked by zones of
broken rock from a few inches to as much as 40 feet in width. Some
consist of single fractures, but most are accompanied by subsidiary:
parallel and also oblique fractures, and many occupy wide shattered
zones made up of a multitude of fractures of diverse trend, or broad
bands of sheeted granite, each! sheet broken by minor fractures.
Wherever these faults and fracture zones have been observed under-

ground they show evidence of a reverse movement, indicated by verti-
cal grooves and striations, by chatter marks and plucked hollows, or
by the distribution of the ore in lenses along the flatter parts of the

fissure or fracture zones. The faulting is probably of much wider-



ORE DEPOSITS OF BOISE BASIN, IDAHO 163

extent than the vein and lode pattern indicates, for, unless mineral- -
ized, the fractures are not réadily recognized in the massive rock of
the batholith. In places the early fracturing in the batholithic rock
has been considerably accentuated by slippage presumably related to
the same stresses that caused the faulting.

The vein and lode pattern apparently has much in common with
earlier structural patterns. The general west-northwest trend of the
fissure and fracture zones not only conforms with the trend of most
of the diorite dikes but also with the trend of the prominent north-
west fractures and the aplite dikes. The mineralized fissues and frac-
ture zones also show a more notable concentration in the area where
aplite dikes are most abundant, and much of the faulting is in and
along the aplite dikes. These relations suggest that the older trend
lines and zones of weakness initiated during the later stages of con-
solidation of the batholith have had an important influence in direct-
ing a part of the later deformation and that much of the faulting
associated with the later deformation was localized along the earlier
lines of faulting and fracturing that had guided aplite intrusion.

STRUCTURAL FEATURES ASSOCIATED WITH THE LOWER MIOCENE
DIASTROPHISM

“PORPHYRY BELTS”

The porphyry belt that extends through Quartzburg and Grimes
Pass is the largest and most complex and, if projected, would probably
join a zone of even greater deformation and intrusion along the Middle
Fork of the Salmon River.” Other dike zones, one of which passes a
short distancénorth of Idaho City and another several miles south,
are much smaller and have been traced for only a few miles. Similar
. belts are numerous throughout the i*egion. One has been described in
some detail in the Pearl-Horseshoe Bend district? and another at
Atlanta,” but none appear to equal the Quartzburg-Grimes Pass belt
in size and persistence and in the abundance and complex relations
of dikes and stocks.

Most of the dike zones are parallel and appear to have a staggered
alinement, each trending N. 50°-60° E., in part overlapping on neigh-
boring dike zones. The “porphyry belt” that extends through Quartz-
burg and Grimes Pass strikes about N. 55° E. and occupies perhaps
the most pronounced zone of structural weakness of the region, the

% Ross, C. P., Geology and ore deposits of the Casto quadrangle, Idaho: U. S. Geol.
Survey Bull. 854, pp. 54-67, 7782, 1934.

2 Anderson, A, L., Geology of the Pearl-Horseshoe Bend gold belts, Idaho : Idaho -Bur.
Mines and Geology Pamph. 41, pp. 7-12, 1934.

% Anderson, A. L., Geology and ore deposits of the Atlanta district, Elmore County,
Idaho : Idabo Bur. Mines and Geology Pamph. 49, 1939.
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one occupied by the dikes and stocks of the early Tertiary (?) diorite.
The structural relations of the Miocene porphyries are, however,
notably -different from the relations of the early Tertiary (%)
intrusives.

Although the “porphyry belts” trend about N. 55° E., the faults
and fractures that guided the partly ciystallized magmas strike for
the most part across the belts at somewhat oblique angles but largely
in a northeast direction (pl. 14). Only a few of the dikes trend
west-northwest and conform with the older sets of fractures. Most
of those guided by west-northwesterly fractures are on Boise Ridge
and in. areas about a mile south and about 114, miles northeast of
Quartzburg. The position of most of the others is apparently unin-
fluenced by the early Tertiary (?) system of fractures, and the dikes
trend N. 70° E. and N. 10°—45° E. Dikes having a trend of N. 70° E.
are particularly conspicuous between Quartzburg and Grimes Pass
and for'several miles east of Grimes Pass. In the same areas are also
other dikes that are elongated N. 60° E. and locally many that strike
N. 20°-45° E., particularly in and near Grimes Pass. A few are
partly directed by one set of fractures and partly by another. Appar-
ently only the larger stocks extend in the direction of the dike zone,
but even the largest stock of quartz monzonite porphyry is deflected
diagonally across the “porphyry belt” a short distance east of Grimes
Pass. Most of the controlling fractures appear to have had steep
dips, and most of the dikes dip steeply north to vertical, but a few at
least dip steeply in the other direction. , :

The close relation between faulting and igneous intrusion is clearly
indicated by the crosscutting relationships of the dikes¥and stocks and
is evidence that faulting was recurrent throughout the period of
igneous activity. During the early stages of igneous intrusion there

was a tendency for the magmas to occupy apparently reopened west-
northwest fractures, as most of the dacite porphyry dikes are alined
in that direction. The west-northwest set was also reopened at later
times, particularly on Boise Ridge, and younger porphyritic quartz
monzonitic and rhyolitic magmas were admitted. Later adjustments,
however, tended to favor fractures of northeast bearing rather than

northwest, except in the mstances noted. . The northeast fractures,
however, were by no means confined to later adjustments, for dacitic
Rilces seuth of Quuartzbura and for more than a mile to the northeast
are alined along the east-northeast and even sharply north-northeasy
sets. ’

The “porphyry belt” appears to be in part a composite of several
rather well-defined dike patterns, each differing somewhat in age from
the others and each controlled by its own particular set of guiding
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1. RHYOLITE PORPHYRY. B. RHYOLITE.
Oro Mine. Shows minute micropegmatitic intergrowths of quartz and ortho- Intrusive dike that has small widely scattered quartz phenocrysts bordered by
clase grouped to form ill-defined groundmass granules. A textural relation- reaction rims and contained in an abundant groundmass of micropoikilitic
ship common in many of the rhyolite porphyry dikes. Crossed nicols. quartz with minute embedded orthoclase mic mhlo\ Crossed nicols.

PHOTOMICROGRAPHS OF THIN SECTIONS OF THE PORPHYRITIC MIOCENE DIKES OF THE “PORPHYRY BELT” IN
QUARTZBURG-GRIMES PASS AREA.

Show typical textural relationships.

TR
THE
THE



GEOLOGICAL SURVEY BULLETIN 944 PLATE

A. GRANODIORITE PORPHYRY. B. LAMPROPHYRE.
Grimes Creek-Payette divide near Branson’s ranch. Shows sodic plagioclase Dike in Mountain Ch<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>