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ABSTRACT

This report is concerned with the factors resposible for ore
deposition Qithin certain mining districts underlain by or adjacent
to the Idaho batholith, see Plate (6). These districts are of economic
value due chiefly to two types of ore deposits: 1) base metal
deposits related to Mesozoic intrusives and; 2) precious metal deposits
related to Tertiary intrusives. Of the two types, the precious metal
deposits are the most important and occur throughout a greater portion
of the area, see Plate (6), consequently they have received the
greatést amount of attention.

The precious metal deposits which are associated with the Tertiary

intrusives, chiefly porphyritic dikes, have been guided to their
present locations by major north-east trending fracture patterns.
These fracture patterns have resulted from antithetic faulting which
has roughly paralled a north-ecast trending dome or arch. This great
dome, the exact magnitude of which is not known, is Mioceng or early
Pliocene in age and has resulted from vertical forces acting from

within the batholith.
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INTRODUCTION

The state oi Idaho has long been recognized as one of the West's
foremost mining states. Mining operations have been active, at wvarious
times, in almost every portion of the state. The central part of the
state, see Plate (6), that part underlain by the Idaho batholith, has
been the site of more mineral discoveries than any other individual
sector. These minerglized areas are located throughout the batholithic

region but are especially predominant near the perimeter or bordering areas.

PURPOSE

The purpose of this paper will be to analysize the features relating
to ore deposition, in the above mentioned areas, and to attempt an
interpretation of the factors which have controlled the deposition. With
this thought in mind, geologic information on a number of the better
known mining camps will be analyzed. This analysis, together with a
study of the more important structural features of the area, will
perhaps shed some light on & problem which has here-~to-fore received

8 minor amount of attention.

DESCRIPTION OF THE AREA UNDER CONSIDERATION
The Idaho batholithl, now exposed over about 16,000 square miles,
extends from the vieinity of Boise northward through the central portion
of Idaho into the western part of Montana., It comprises a more or
less solid rock body of guartz monzonite composition. Some facies,

mainly marginal, are granodiorite with other types of granitic rocks

included,



Most of the western, all of the southern and much of the eastern

borders of the batholith are rimmed with Tertiary strata, mainly Miocene
volcanic rocks, Near its southeastern end, the batholith intrudes a
thick series of Paleozoic strata. In this vicinity, isolated granitic
magses, probably satellites, cut Paleogzoic stréta ranging in age up to
Pennsylvanian., Farther north, on the east border of the batholith, the
inclosing formations are mostly #Algonkian Belt rocks and Tertiary

volcanic {lows,

Age of the Idaho batholith

The age of the batholith has been listed, by numerous writers, to
range from Archean to Focene. However, recent workers2 in the field
have narrowed this range down to be definately post-Triassic and pre-
Miocene. Further research has placed the age as upper Jurassic or
lower Cretaceous. Since batholiths ol such magnitude are generally
related to major disturbances, it is reasonable to regard the batholith

as one of the products of widespread diastrophism which occured in

the Cordilleran region near the end of the Jurassic period.

Relation of Tertiary Granitic Rocks to the batholith

In the central and south-eastern parts of the batholith there are
numerous masses of granitic rock, clearly younger in age than the host
rock. The largest of these bodies occurs along the Middlg Fork of the
Salmon River, where it is exposed along the axis of a broad anticlinal
or domal arch,

In addition to the larger masses of Tertiary granitic rocks there are
several large discontinuous belts of Tertiary dikes which trend along
shear zones cutting through the batholith. Most of these belts have a
definate northeast trend and appear to have resulted from structural

readjustment within the batholith.



Challis volcanics

In addition to Tertiary granitic intrusives there occurs, in the
central and south-east section, a large series of volcanic flows, mainly
andasites and rhyolites of Oligocene (?) age. In places these flows
completly cover the older batholith, but other locations, where the
upper-most flows have been eroded away, show that the structural deform=—
ation which has accounted for dike injection throughout the batholith
has also effected the Challis volcanics and allowed the Miocene dikes to

penetrate the lower lying flows.

SUMMARY OF THE GEOLOGY

Pre-Cambrian Time

The occurrence of Belt rocks as cappings and roof pendants throughout
the higher regions in the batholithic area suggests that in pre-Cambrian
time all of the present exposed area was the depositional site of a
tremendous thickness of sediments. Evidence also points to orogenic
disturbances at the close of that periocd.

Paleozoic Time

The deposition of Paleozoic sedimentary beds in the south-eastern
section, proves that Paleozoic seas were present in some parts of the
area. It is not known how far to the north these seas advanced, since
all evidence was destroyed by the later intrusion. In the northern part
of the region large flows of Permian volcnics give evidence to extensive
volcanic activity during this period.

Mesozoic Time

During Jurassic or early Cretaceous time, enormous masses of magma
invaded the underlying rocks of the area and formed the Idaho batholith,

i A



This intrusive mass was associated with great disturbsnces in the
surrounding rocks end resulted in large scale uplift of the entire region.
Following the uplift, vigorous erosion set in and by early Tertiary times
had reduced the area to one of relatively gentle topography.

Tertiary Time

The ewact orogenic disturbances which have transpired in Tertiary
time are highly controversive, many writers having different opinions
on this subject. The complexity of the situation is further augmented
by the smell amount of detailed field mapping that has been done in the
region. The general consensus of opinion is that the batholithic ares
was reju.venated4 in early Tertiary time as a result of the structural
disturbsnces caused by the lLarsmide revolubion. These disturbances
were followed by the out-pouring of great thicknesses of Challis vol=-
canics in the central and south-eastern sectors.

During or shortly after the volcanism, granitic magma again invaded
the batholithic area, eslthough on a smaller scale than the previous
intrusion, This 'intrusion was accompanied by regional uplift in the form
of a broad north-easterly striking arch or dome., Erosion along the
axis of this dome has exposed large afeas of these mid-Tertiary,
probably Miocene, granitic rocks, in the Casto quadrangle. Countless
numbers of smaller intrusions, chiefly in the form of dikes, occur
throughout the entire area. These granitic intrusives follow zones
of shemring, and evidence indicates that these shear zones, while
they may have been pre-Miocene in age, were reactivated in Miocene
tire by the deformation, thus providing avenues for the migration of
material which formed the above mentioneddikes. In places the dikes
were accompanied by mineralization forming many of the well known

Idaho mining districts.




In a general way these dike—shear zones follow definite trends in

a.north—easterly direction, in some localities they may strike north

or north-west but the regional trend is to the north-east. They do

not occur as a continuous belt but rather in an En-echelon fashion.
Individual dikes and faults may vary in trend but taken as a group

they comprise definite patterns which mey be traced over long distances.

In addition to the Miocene intrusives, there occured in upper
Miocene time, a tremendous outpouring of Columbia River basalt around
the western and north-western borders of the batholith. The effusion
of the basalt was followed by a period of guiescence during which the
region was again eroded to a moderate level.

In Pliocene time tbere occured another period of uplift with struc-
tural disturbances expressed mainly by normal and block faulting along
already established fractures. The uplift may have continued with
diminishing vigor until fairly recent times. This uplifted, so~called
nIdaho peneplain®, has been the site of intense erosion, which has re-
sulted in the extremely rough topography characteristic of the area
at the present time.

Concurrent with the Pliocene uplift and continuing into Pleistocene
times was a vast effusive flow of Snake River lavas around the southern

border of the batholith, This thick series of flows, according to

5

Kirkham , resulted in a depression or the Snake River downwarp, whose
axis roughly parsllels the trend of the Smake River across the southern

part of Idaho,

MINERALIZATION

C.P. Foss, one of the well known workers in Idaho geology list the
ore deposits of the batholithic arca in two broad classes based on a
6
genetic classification . These are:

-



1. Deposits related to Mesozoic Igneous KRock

A. Deposits in shear zones in siliceous rocks.
. B. Irregular replacement deposits in calcareous rocks.

C. Contact Metamorphic Deposits.
D. Pegmatite Veins

2. Banded Veins in Tertiary Igneous Rock
A. Lodes without sharp boundaries in Tertiary rock.
B. Contact Metamorphic Deposits.
C. Deposits related to Tertiary dikes.

In addition to the above menticned types of ore deposition, Ross
postulates a rough zonal theory in which he notes the presence of
precious metal ores within the borders of the batholith and the occurrence
of base metal ores in the sedimentary zones surrounding the batholith.

This theory will be referred to in a later parsgraph.

PRECIOUS METAL MINING DISTRICTS
In a discussion of the following mining districts, the writer will
attempt to summarize the various cherscteristics and similarities which
. exist between the different districts. Perhaps a summation of these
cheracteristics will yield some clues on the factors which controlied

the ore deposition,

Boise Basin (see Plate No. 6)

Introduction

The Boise Basin, one of the most famous mining districts in Idaho,
due to its early day placer gold production, is located in the central
part of Boise County, Idaho7. It is underlsin by the Idaho batholith,
which is cut locally by related aplite, lamprophyre and pegmatite dikes,
Younger porphyritic dikes, many accompanied by mineralization, also cut
through the area,

The "Porphyry belth

. The most striking geologic feature in the area is the "porphyry belth,



This belt is composed of six varities of Miocene dike rocks listed below
in order of age; dacite porphyry, rhyolite porphyry,granophyre porphyry,
and granite porphyry. Diabase and diorite porphyry are of doubtful age
but are definately later than the more acidic dikes. 4ll but the last
two dikes were intruded before deposition of the Miocene mineralized lodes.
Ross, dates the dikes as Miocene in age largely bys
1. The close accord between the dikes and fissures that are
structurally discordaent with the Idaho batholith but. cerrespond

to fissures of known Tertiary age eleswhere.

2. 'The petrographic dissimilarity between most of the dikes
and any known to be related to the Idaho batholith.

%. The petrographic resemblance between many of the dikes and
rocks eleswhere in Idaho that are known to be of Miocen age.

Mapping in the Boise Basin plus reconnaissance in neighboring areas
reveals that the belt, as a whole, trends about N 60°E. It was traced
along a strike length of 35 miles and was commonly found to be 1 to 2
miles in width. Most of the dikes, although irregular, curved and branch-
ing, have an average trend of N 70°E. Some dikes vary in trend, especially
the younger more basic ones.

Relations of Structure to Mineralization

Most of the ore deposits in the basin are found to be associated with
the porphyry belt. In attitude, like the dikes, they closely approach
the general trend of the belt but rarely coincide wifh that of the zone
ss a whole. The size and persistance of the zone of fracturing followed
by the dikes shows that it is one of the major components of the regional
structure. The fracturing'that furnished the openings for the mineralizing
solutions subsequent to the intrusion of the dike% is probably due to re-
current movement along this zone of major structural weakness.

Some of the ore deposits do not comply with the regional N 70° E trend;
two subordinate fracture systems are noted, both of minor size and with

o~ P



irregular trends. The first set strikes N 30° to 60°W with e near vertical

dip or slightly inclined to the south-west. The second set comprises
small discontinuous seams, jagged in detail, which lie at slight angles
to the seccend set of fractures. FEvidence indicates that-all these sets
of fracures are pre-mineral and have controlled the localization of
the deposits.

The ore deposits are of economic value cheifly due to thelr precicus
metal content. Soie mines contain base metal sulfides but of such a low
concentration as to be of no economic importance. The lodes are classed

as mesothermel in type.

Horseshoe Bend District (see Plate No. 2.)

Introduction

The Pearl-Horseshoe Bend gola belt lies partiy in Gem County and
partly in Boise County, about 18 miles north-northwest of Boise, Idaho.

Geology

The geology of the Pearl-Horseshoe Bend gold belt is much like that
of the Quartzburg, Grimes Pass and Boise Basin districts a few miles to
the east. Fach district has a prominent dike swarm or "porphyry belt®
controlled by zones of structural weakness in the older batholithic
rock and each contains mineralized lodes in association with the younger
dikes.

At Horseshoe Bend the Tertiary porphyry dikes are numerous, complex
in composition, and occur throughout the entire area. The dikes range
from dacite porphyry to lamprophyre and are concentrated in a belt of
east-northeast trend. They vary in size from those too small to map to
others 400 feet in width and 8,000 feet in length. The belt covered in

Anderson's report is approximately 2 miles in width and 9 miles long.
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While the general trend of the belt is east-northeast, individual dikes

vary in strike and often cut obliguely scross the belt,

Near the close of the dike.intrusions, minerslization action was
prevalant, the depositional sites being controlled by the fracturs
petterns which preceeded thz dikes. In a few places lamphrophyre dikes
have been intruded, following the mineralization, and some of these
dikes have cut across the veins.

A close accordance exists between the diks and lode patterns. The
strikes of the largest and most persistent of the mineralized fractures,
like those of the dikes, approach but rarely coincide with the zone as
a whole. The lodes are more or less parallel to the dikes in their
jmmedizte vicinity, see Plate (2). Some dikes as well as veins and small
fgults have a definite north-west strike almost at righ angles to the
general trend of the belt. This would indicate that other component
stresses were active during the period of structual adjustment which
gave rise to the belt. The fracturing that furnished the channels for
the ore bearing solutions is doubtless to be attributed to a recurrence
of movement along this zone oif major structural weakness which earlier
provided for the intrusion of the dikes.

Anderson, believes the age of the porphyry intrusives to be lMiocene.
He bases this assumption partly on field inforﬁation within the district
and partly on known information on sifilar dikes in other parts of the
state., He also notes that the character of the ores indicates that
mineralization is of the Mesothermal type, and that the source of min-
eralization is related to the Tertiary intrusives and not to the older

Idaho bstholith.
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The Atlanta District (see Plate 6)

Introduction

The Atlanta district is located in Elmore County about 80 miles
north of Mountain Home, the county seatls.

The district has an interesting history which began with the dis-
covery of rich gold-silver ores in 1864 by placer miners,who where
prospecting the streams in the area. However, due to the regions
remoteness,'cost of mining operations and erratic deposition of the ore,

the district has Imd an intermittent mining history. The total prod=-

uetion values are listed at somewheres near $6,000,000,

Character of the Deposits

The ore deposition is characteristically epithermal and features an
abundance of finely crystalline quartz and minute particles of sulphides,
enclosed by granitic country rock. The deposits have been extensively
brecciated and recemented by later deposition of quartz and sulphides,

The main ore bearing veins have a general N 50 - 70°E strike, dipping
to the north-west. Some minor veins transverse the major structure

striking north-west and dipping to the north-east,

Structure

The Atlanta district appears to lie along a broad zone of marked
structual weakness in which the Idaho batholith has been thoroughly and
repeatedly shattered. The zone has a general north-east trend and appears
to have originated from two major periods of structual adjustment. The
first period was initiated during the early stages of magma consolidation
and is evidenced by the present dike pattern of aplites and pegmatitesy

which accompanied this period of crustal failure.
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4t a later date, after the emplacement of the aplite and pegmatite dikes,

the region was again subjected to shearing stresses of regional extent.
These shear and fracture zones, in the main, conform with the earlier
pattern both in strike and dip, but may be difierentiated by the presence
of mineralized lodes and porphyry dikes which locally trangress and dis-
place the older aplites and pegmatites.

The major shear zone, which varies from 40 feet to 1R0 feet in width,
has been traced along a strike length of several miles. It is composed
of & multitude of fractures, the more prominent trending parallel to
the gemeral strike. Smaller fractures cross at oblique angles and con-
form with a general north-west trend.

Perhaps the most prominent features of the district are the porphyry
dikes which have accompsnizd mineralization. These dikes, described by
Anderson as a "broad porphyry belt" composed chiefly of' pink granophyre,
others having the composition of granite porphyry and dacite porphyrye.
They have been traced along a strike length for over 10 miles and may
extend for an indefinate distance into the unmepped areas on either side
of the Atlanta district. Most of the dikes are from 50 to 300 feet thick
and vary from several hundred to several thousand feet in length.
Anderson reasons:thattithese mid-Tertiary porphyry dikes have resulted
from regional structural adjustment-along the longitudinal axis of a
broad north—east trending dome. He explains that the collapse oi such

a dome could account for the zone of fracture and subsequent dike intrusion.



Rocky Bar District

Introduction

The Rocky Bar district is located in northern Elmore County, a few
miles south-west of the Atlanta mining distriets. This small gold-silver
producing district, formerly an important mining camp, is now abandoned.,
As 8 mining camp it was typical of the early day "boom towns". High
grade ore was mined right up to the "grass roots" but the deposits
did not prove to be economical as mining went down to lower levels.

Geology
9

Ballard , in his report on the district, was impressed by the close
relationship between the trend of the quartz veins, the igneous dikes
and the major faults, all of which made up a belt whose general strike
varied from N 60°E to due east and which dipped to the north. Cutting
across this dike belt,:at intervals, are a series of minor north-west
trending faults, which in a few places, have been mineralized, forming
small ore bodies. Ballard calls attention to the number and magnitude

of dikes, which vary in composition from acidic to basic and he points

out evidence which indicates that quartz vein deposition occured concurrent

with dike intrusion and possibly even before the more basic dikes,

He roughly sums up the dike and vein relationship as: "basic dikes and
veins both occupy fissures of the same period of diastrophism, that is,
of nearly contemporaneous age and thus are structually related."

He further reasons that, during dike intrusion, magmatic differentiation
had proceeded to such a point that at one extreme there was a basic
segregate available for dike intrusion and at the other extreme an acid

segregate available for vein filling.
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The "Gold Belt" Region

Introduction

An interesting region, the so-called "Gold Belt", is located in Idaho
County, Idaho. It is composed of the Elk City, Orogrande, Buffalo Hump,
Warren, Florence and other smaller mining districts. These districts have,
in past times, been the sites of intense placer mining activities, the

placer gold being derived from near by lodes.

Geology

The area has never been throughly investigated and detailed information
such as time relationship, structural control, ect. is lacking. The
strucure of the area is exceedingly complex and on}y partly understood,
many of the geologic problems remain to be solvedlo.

The rocks of the region are chiefly north-west trending pre~Cambrian,
metamorphosed sediments and intrusive granitic rocks of the Idaho batholith.
Cutting obliquely across the regional trend of the older rocks, is a major
north;south trending fracture system which is accompanied by several
types of iuneous dikes and occasional gold bearing quartz veins. Msny
of the quartz veins do not conform with the general north-south trend.

A few quartz veins strike almost due east, dipping both to the north
and south af stéep angles.

The "Gold Belt" is roughly ©5 miles in length and 3 to 4 miles in width.
In a general way it represents a pre-mineral fracture system which, at a
later date, presumably mid-Tertiary time, has been intrudedAEy igneous
dikes with accompanying mineralized quartz veins. These veins are

typically epithermal in character. 3
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The Yellow Pine District

Introduction

A district which is becoming increasingly important in!the Idaho
mining industry is located near Yellow Pine in northern Valley County,
Idaho.ll Within recent years large deposi.s of antimony, tungston, and
low grade gold ores have been brought into production in this area.

Geology

The area is underlain by granitic rocks oi the Idaho batholith,
however, locally there are large exposures of pre-Cambrian metamorphosed
sediments, These pre-Cambrian exposures occur as roof pendants above
the underlying granitic rocks. The region is cut by several, large;
pre-mineral, .north-south trending,,eastidipping shear zones. One of
the faults in this zone, the Meadow Creek fault, has been traced along
the strike for several miles. Following the trend of the regional
shear zones and of later age are two and possibly more distinct sets
of fractures; one striking N 15°E,and dipping 40-80° east, the other
striking N 2-32°E and dipping steeply west. Both of these fracture
zones contain minor amounts of gouge and show evidence of inter-mineral
and post-mineral faulting.

The ore deposits occur along complex fracture patterns following
major shear zones in the granitic batholith. The mineralization occurs
in two ways; as small high grade lenticular veins and as disseminated
deposits, both of epithermsl character., Two periods of mineralization
are represented in the area; the first by pyrite, arsenopyrite and gold,
the second by antimony and silver. The two periods are believed to be

genetically related and to have been deposited in mid-Tertiary time.
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Casto Quadrangle

Introduction

This region is located, for the moat part, in north-western Custer
County, Idaho. During the early days in wes?&rn mining history it was
the site of severalmining booms", none of which lasted for more than
a few years. Due to the regions remoteness and inaccessability, it
has received very little attention from mining men durirg recent years.

Geology

The quadrangle,12 is located along the south-eastern side of the
Idaho batholith; however, the dominent rocks within the quadrangle
are a complex series of Miocene intrusives and Qligocene (?), Challis
volcanics., The entire region has Been repeatedly faulted and folded
until an exact time relationship of the variocus structures is rather
difficult to determine.

The most interesting geologic features of the area are the complex
Miocene intrusives and the structuasl deformation which these intrusives
have imparted to the region during the time of their implacement. The
Miocene intrusives vary widely in composition, in direct contra;t to the
more stable and uniform batholith. This would imply that conditions,
during intrusion of the two rock itypes, were fundamentally different.
The batholith must have been intruded and cooled under conditions that
permitted the mass to attain uniform composition and textures throughout.
On the other hand, the wide range of composition and texture of the
Miocene intrusives would point t6 comparatively rapid and irregular
movement during intrusion. This would indicate lower pressures and

shallower depth at the time of formation.
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The movem:znt and deformation efiect of these Miocene intrusives
is further emphasized by the manner in which they have dei'ormed the
.overlying Chéllis valcanics. These volcanics have becn warped into
broad folds, striking to the north-east. The major structure is a
broad arch or dome wihose axis roughly parallels the north-eastward
trend of the liddle Fork of the Salmon River, and whose outer flanks
lie well beyond the limits of the quadrangle. Paralling the longit—
udinal trend of this regional dome are &= a discontinuous series of
Miocene dikes and large normal faults, most of whom dip to the north-
west. Transversing the broad dome are a series of no;th-west trending
faults of minor size and displacement. The two sets of faults appear
to be complimentary and to have formed a fracture system, which has given
relief to tensional stresses that were active during the period of

mid-Tertiary deformation.

Mineralization

Two broad types oi ore deposits are recognized in the area: 1)
shear gones containing copper and lead sulphides with minor amounts
of gold and silver in a gangue containing large amounts of sideritej
2) veins and breccia zones characterized by the presence of fine
grained ribbon-banded qusrtz, valuable for their gold-silver content.
Type 1 is thoug?t to be genetically related to the intrussion of the
Idaho batholith. The deposits occur wainly as replacements in
Paleozoic sediments. Type 2, occurs along shear zones in the volecanic

extrusives and are, for the most part, associated with the Miocene dikes.

- 17 -



Yankee Fork District

Introduction

During the summer of 1947, the writer, while employed. by the Idaho
Bureau of Mines and Geology, was a member of a field party, which made
a geological examination of the Yankee Fork Mining district in north-

western Custer County, Idaho. This region, the scene of many eary day

"mining booms", has produced an estimated $15,000,000 in gold-silver values.

Geology

The area is entirely underlain by Challis volcanics.::nItiisceut.in
several places by strong shear zones whose strikes varies from N 60°E
to due east. These shear zones are locally accbmpanied by porphyritic
dikes, whose strikes closely follows the trend of the shear zones.

These shear zones, due to their striking red-brown colors, are the most
outstanding geologic features within the area. When viewed from s
commanding vantage point they may be visually traced for miles across
the country side. The rock within these shear zones is highly altered
and oxidized, thus accounting for the unusual colors.

All of the mines and prospects that were visted, occured either within
or adjacent to the zones of shearing end all were similar in their
characteristics. They were narrow, ribbon-banded quartz lenses and
veins of short strike length, steep dip, and had been mined to shallow
depths. The deepest working place encountered, in the district, was 900
feet, measured down the dip. The positions of profitable ore shoots
are unpredictable, in these epithermal "bonanze like" deposits, and no

definite structural control has so far been establighed, Suffice it to

say that, mineralizing solutions have migrated along these zones of fracture

and where the proper temperature-pressure conditions and openings were
encountered, at the correet time, have resulted in mineral deposition.
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No means of determining the age of the faults or the dikes was avail-
able within the Yankee Fork district; however, by comparing the observed
structural features with those of similar charscter in other, better
known districts, some tenative classifications were made. It was decided
that the fault zones, both the major:eagternly and the minor northward
trending zones, were mid-~Tertiary ih age and had resulted from some
type of structural adjustment. &n attempt was made to determine the
direction of movement along the fault planes; however, due to the lack
of "marker beds" and the wniform similarity of the volcanic country
rock, the effort was unsuccessful., That the faulting was pre-mineral,
thus providing channelways for the migration of the subsequent minerel- '

izing solutions, is proven by the present position of the ore deposits.

BASE METAL MINING DISTRICTS
The following districts are typical of the base metal producing districts
located in the area under consideration, (see Plate 6). These districts
differ from those previously discussed in several ways, among others ares
types of ore, structural control, and compesition of the enclosing country

rock.

The Bay Horse District

Introduction
The Bey Horse district is located in the upper drainage basin of the
Salmon River, in Custer County, Idahco. The district formerly was one
of the most important base metal mining districts in the state of Idaho,
Geology
The region is underlein by s thick sequence of Paleozoic sedimentary

rocks whieh are intruded from the west by the Idaho batholith,
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The Paleozoic strata are complexly folded, the folds having a general

north-northwest trend. The folds have been highly distorted by thrust
and normal faults. Ross,le believes that the Idaho batholith played an
active part in thevdeformation end that folded and faulted structure re-
sulted from igneous intrusion.

The overlying Tertiary strata are only gently folded and are locally
displaced by north-east trending normal faults that dip to the north-west.
The general dip of the Tertiary strata is a few degrees to the south-east
suggesting that the strata has been subjected to some broad regional
warping. Some smaller north-~west and north-south faults also displace

the Tertiary strata. They appear to be complimentary to and of the

same approxiamste age as the major north—east faults.

Mineraslization

The Bay Horse region conteins several mines that formerly were im-
portant producers of lead, silver, copper, zinc, gold, and antimony.
A study of these mines reveals two interesting features: 1) the high
base metal content of the ores, 2) the irregular trend and disposition
of the lodes within the Paleozoic host rocks. Field evidence indicates
that these deposits are directly related to the intrusion of the Idaho
batholith., MAmong other characteristics the deposits show, irregular
attitudes, massive replacement "kidneys" of diverse shapes and sizes,
abundant siderite gangue, and the presence of galena, sphalerite,
chalcopyrite and other sulphides not found, in commercial quanities,
in the precious metal bearing districts. Tﬁe location of the deposits
appear to have been controlled by two factors; 1) those deposits
formed by replacement of more calcareous members of the host rock,
and 2) deposits which roughly follow the complex folded structure
developed during intrusion. Another interesting feature of the area
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is the reiatively deep zone of oxidation as compared to other nearby
areas. At Besyhorse, oxidation has progfessed to depths of several hundred
feet, in some mines. In the near by precious metal districts, oxidation
has rarely progressed more then a few feet below the surface,

In the Bayhorse region, no important commercial deposits are found in
the Challis volcanics. In places the volcanics contain small quartz veins

but these veins do not contain any ore.

Wood Liver District ( see Plate 6)

Introduction

The Wood River region, located in Blaine County, Idaho, is one of the
oldest base metal producing mining camps in the state of Idsaho.
This region, like the Bay Horse district to the north-east and the Mackay
district to the east, is underlain by Palecozoic sediments. These sed-
imentary'forméfions have been folded and faulted into very complex
fracture patterns. Some of these fracture patterns have controlled the
locztion of the ore deposits. Westgatel7, notes the presence of five
distinct periods of faulting within the district, most of which have
resulted from structural deformation caused by the intrusive force of
the near by Idaho batholith. »
, Structure
The batholithic intrusion has resulted in folding and overturning of
the Paleozoic rocks with a general northwest trend of the folded axis,

The overturning has resulted in thrust and reverse faults of a large size.

Mineraligzation

The base metsl minerslization is associated with the intrusion of the
Idaho batholith. The solutions were guided to their present positions
by fracture resulting from structural deformation. Inter-mineral and
post-mineral fesulting are common in the area and have increased the

complexity of the structure, thus creating difficult exploration problems.
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The Mackay District

Introduction

Another well known mining district in Idaho is the Mackay district.
This district has received close attention from Umpleby? regulting in a
well written U.5.G.S. Prof. Paper. Since the area is to complex to be
adequately described in this paper, only the broad regional charicter-—
igtics will be discussed.

Geology

The region is underlain by pre-Cambrian and Paleozoic sediments that
are locally intruded by Mesozoic granite, Idaho batholith, and younger
Tertiary rocks. Three major periods of deformation are observed in the
areas 1) near the close of the Algonkian period; 2)during the Mesozoic
period, probably as a result of the batholithic intrusion; 3) during
Tertiary times.

Umpleby classes the mineralization in two ways; pre-~Oligocene and
post=0Oligocene. A1l the important mineral deposits in the district are
pre-0Oligocene., They are valuable for their base-metal content and
appear to be geneticélly related to the intrusion of the Idaho batholith.
The deposits have varying trends, many of them being of contact-metamorphic
typre. Umpleby reasons that structural readjustment of the Paleozoic rocks,
due to the ﬁesozoic intrusion has set up the fracture pattern allowing
the minerslizing solutions to migrate into the Paleozoic rocks, thus

forming the deposits.

OTHER MINING DISTRICTS

Other mining districts, located within the area under.consideration,
have been studied but not presented in this discussion. Such a presentat-—
ion would only be a repetition of data alfeady observed. Among others,
these would include; Shoup, Leasburg, Venice, Silver City, Hailey Gold

Belt, Blackbird, and Sea Foam.
o O



REGIONAL STRUCTUFAL DEFORMATION

4 review of the various mining districts immediately points out many
of their similar characteristics. One of the common geologic fesatures
noted in practically all of the precious metal districts was the occ-
urrence of porphyry dikes. In almost every case, these dikes have
occured in belbts or dike zones, which have had a constant regional trend.
Further examination reveals that these dike zones have followed major
zones of shearing, whogse regional trend has been ih a general north-—
east direction, These discontinuous shear zones indicate that the
deformation which originally caused the shearing was not of a local
nature but has extended over a large part of the batholithic area.
Several workers have advanced theories attempting to account for the
deformation within local areas, papers dealing with this subject have
already been discussed, e.g., Foss (12), and Anderson (15). Other
workers have attempted & more regional explanation for the deformation.

Capps, (18), in his paﬁer on faulting in western Idaho, notes the
presence of several periodé of active faulting and u;1ift during Tertiary
times., The major fault zones, one of which has been traced along a
strike length of 150 miles, occurs along the western border of the
Idaho batholith. These zones of shearing have nortb-west to northerly
strikes and dip to the east, (see Plate %). Capps places the most
active period of faulting in late Miocene or Pliocene times, when large
scale domal uplift of the Salmon end Clearwabter Mountains resulted in
lerge north-south, east dipping block faults with the down thrown side
to the east. O(me of these, the Long Valley fault, has a measured dis-
placement of 3000 feet. He notes that these faults disrupted the
dreinage system and accounted for the present ocecurrence of high lewel

placer deposits.
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Plate No., 3
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As a partial explanation to this periocd of structural readjustment,

Capps, points out that during a period of mountain growth, the borders
of the batholithic area would yield to stress before the center portion;
however, he further notes‘that the central portion must also have
suffered by faulting during the uplift,

Moving to the north-eastern side of the batholith, and momentarily
stepping outside the ares under congideration, we find an interesting
paper by C.H. Langtonl4, in vhich he discusses the structure of a region
in western liontans, (see Plate 4). Of special interest is the occurrence
of a series of lerge curved overthrust faults which are concentric about
the batholith., These faults dip towards the south-west, the western side
in each case, being the upthrown side. FKelated to these thrust faults
are a series of intrusive dikes which in places conform closely with the
fault plenes and in other places have been sheared and disylace@}indicat—
ing that dike intrusion wes concurrent with feulting, Closely connected
with, and resulting from the thrust faulting, is an irregularly folded
area, many of the folds being nearly clesed or overturned to the north-
east. Iangton attributes the folding end thrusting to intrusive action
by the batholith. From & correglation of these observations, together
with other field data, he dates the age of the batholith as upper
Cretaceous or Kocene,

The writer doubts Iangton's age classification of the batholith. His
deductions as to the thrusting forces initiating from within the bath-
olithic area are undoubtedly true. However, from his descriptions on the
faulting and on the intrusive dikes, one cannot help but wonder if: the thrust-
ing hasn't resulbd from large scale domal uplift in Tertiary times and

has no relation to the initial intrusion of the batholith,
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The type of faulting which ILangton describes may be tied in very closely

with erustal disturbances in other parts of the batholith and one wonders
if further field investigations might not show a close relationship to
the mid=-Tertiary disturbances previously discussed. To go one step
farther, if the longitudinal axis, of a domal upwarp, which may have
caused the thrust faulting is traced to the south-west, it may be tied

in with the broad arch described by Ross in the Casto Quadrangle. An
arch of such a trend and megnitude could very easily account for the

constant trend of the regional fracture patterns.



A THEORY CONCERNING STRUCTURAL DEFORMATION

On Plate 5, the writer has diagrammatically attempted to depict a
type of structural deformation which could have resulted in the
fracture patterns and accompanying intrusions that occur in the ares
under consideration. The diagram is not drawn to scale but merely to
illustrate the type of forces which could have produced the
structural features located throughout the area.

The most important forces involved have been those which have
produced vertical uplift. These vertical forces have resulted from
the action of the igneous intrusions, occurring in Miocene or early-—
Pliocene times. The force exerted by the intrusions has been regional
in extent and has resulted in a broad elongated domal arch whose
longitudinal axis trends north-east. The arch is not symmentrical
but contains many irregularites. Present information indicates that
the northeastern end of the arch has been uplifted to higher elevations
than has the south-western end, thus giving the dome a slight plunge
to the southwest. In some local areas, the configuration of the dome
has been further distorted by minor north-west trending transverse
folds and faults. The exact size of this domal arch cannol be deter—
mined from present available information; however, its longitudinai
axis probably extends from western Montana inté south~western Idaho.
The limbs of the arch are extended to include most of the present

exposed batholithic grea.
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The effects of Tensional Forces

The tension which was developed during crustal stretching of the
arched area has exceeded the elastic limit of the rocks within this
ares and has resulted in fracture. These fractures have not formed
as continuous faults but as discontinuous shear zones, in an en=-
eschelon manner, pavalleling the longitudinal axis of the domsl srch.
In almost every case the faults dip towards the exial plane, i.e., the
site of maximum stress. Several factors are responsible for the
distribution of the shear zones. A factor of prime importance is
the location of the sites of maximum stress created by the intrusion.
The more highly stressed areas would create more fractures within their
adjacent areas. Another fuctor which should be considered is the
composition of the affected rocks. Incompetent beds tend to yield to
plastic flow before they rupture. Competent rocks, such as the granitic
rocks in the batholithic area would fracture before they would flow,.
Thus, the occurrence of sheared areas along the margin of the dome
would be expected. Still another factor which governs the position
of fractures, is the attitude of pre-fracture joints and faults.
Jointing undoubtedly exerts a control on fractures in certain localites;
however, there is such a limited amount of information on jeinting in
this area that it hés been ignored. The continuous trend oi the mid-
Tertisry shear zones suggests that they may have followed older and al-
ready established belts of structural weakness. If guch is the case
the mid-Tertiary uplift has reactivated these shear zones as evidenced
by the present presistant fault patterns.
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The attitude of the master shear zones, on both sides of' the dome,
indicates that the faults sre probably antithetic in type. They have
resulted from the effects of vertical stresses. These stresses have
uplifted the rocks, producing crustal stretching. When the crustal
elongation has exceeded the elastic limit of the rocks, rupture has
occurred and the center blocks, lying between‘the fault planes have
been down-dropped, see Plate 5, The actual fault displacement is hard
to determine, due to the unifiorm nature of the rocks and the lack of
distinctive marker beds. The down-dropped blocks may not-have moved
directly down the dip of the fault planes. Evidence in some localities
indicates strike slip faulting on some master fault planes. Such
occurrences are easily explsined by a consideration of the forces which
have controled faulting. If a faulted block, in moving down the dip
of a northwestward dipping fault plane, encountered fréctional resistance,
it would move toward that direction offering the least resistance.

Thus the block might move either to the northeast or the southwest,
in either case leaving evidence of oblique strike slip faulting,

The consistani appearance of miunor northwest trending fracture systems
suggest that these faults are complimentary to the master, northeast
trending faults. They appear to be contemporaneous with the master
faults and to have resulted from the same stresses. In most cases they
show little recognizable displacement and a small amount of gouge.

Many of these faults are quite permeable and have provided sites for

ore deposition,

Association of intrusive dikes with fracture patterns

The fact that mid-Tertiary uplif't was concurrent with igneous intrusion
is sugrested by the continuous repetition of Miocene dikes occurring in and
along the shear zones.
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In places these dikes conform closely with the shear zones, in other places

they are cut and displaced by the faulting. The dikes, even in widely

separated districts, show similar characteristics,

1.

Qe

They are structurally controlled by zones of shearing.

Their porphyritic textures and other petrographic features indicate
irregular periods of crystallization and movement.

They exhibit the same time order of deposition; i.e., acidic dikes
followed successively by more basic dikes.

Within mining districts, they are invsriably related to minerslized
deposits, especially the precious metal deposits. In most cases
ore deposition has been precélded by the more acidic dikes and

followed by the more basic dikes.

MINERALIZATION RELATED TO STRUCTURAL DEFORMATION

s previously noted, page (7), Ross places the ore deposits of the

region in two broad classes:

1.

e

Deposgits related to Mesozoic intrusives.

Deposits related to Tertiary intrusives.

The writer doubts Ross! theory on ore zouning in which he advocates

a zonal control for the deposition of precious metals within the bath-

olithic area and base metals in the surrouwnding sedimentary rocks. It

is difticult to imagine any genetic connection between base metal ores

of lMesozoic age and precicus metal ores of mid-Tertiary sge, both

separated, in most cases, by miles oi barren country rock. It seems

more probuble that these two types of deposits represent deposition in

two distinct and different metallogenetic epochs.

The older Mesozoic deposits are probably directly related to the

betholith. That they have resulted from deeper sources and st higher

temperatures is evidenced by:
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Their mineral sssociations, galens, s;halerite, copper sulphides, siderite,
ect; the coarseness and uniformity of grain size; the luck of fine banding;
their lack of characteristics commonly found in epithermal deposits.

The younger mid-Tertiary precious metal deposits are related to the
"porphyry dikes" and have no relationship to the older batholith. These
epithermal déposits have originated from mineralizing solutions which
initially had lower temperatures. The solutions, in their vertical ascent,
have had to travel farther before the overlying pressures have been
decreased enough to permit beiling to occur, Once the boiling point

has been reached, the volume and the thermal gradient has been increased.
Since the function of boiling willi be to drive ofi a certain percentage

of the rising solutions as steam, supersaturation of the remaining
solutions and resulting mineral deposition will foliow. The above
mentioned funciions result in the features so typical of the epithermal
deposits located in the area, e.g., fine banding, the presence of mineral-
ized vugs and drusy cavities, variation in mineral grain size, presence

of chalcedony and other micro-crystalline forms of silica, a preference in
the deposition oi precious metai minerals, and relativély shallow depth

. . ’ -~
of mineralization.
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CONCLUSIONS

The following conclusions are based on research of the publicaticns

listed in the bibliography of this paper plus actual field studieg

within the area under congideration.

1.

7.

Regional uplift has resulted from verticel stresses acting from

within the batholithic area.

The regional fault patterns are chiefly of the antithetié@ype,

resulting from rock failure due to surface tension. They dip
towards the area which has been subjected to the greatest vertical
forces.

The fracture patterns are of mid-Tertiary age, probably upper liocene
or Pliocene. They have resuited from a regional upiift or a broad
doming effect, see Plate (5).

Fracture patterns following definsate regional trends have provided
the openings which were later filled by igneous intrusives. These
intrusives, in local cases, were accompanied by mineralization.

The "porphyritic dikes" represent products of magmatic differentistion,
This fact is brought out. by their time order of deposition, i.e.,
acidie dikes followed by progressively more basic dikes.
Hydrothermal mineralization hus accompanied dike injection, usually
deposition has followed the more acidic dikes and preceaded the

more bagic dikes.

The epithermal precious metal deposits located in or near the
"porphyry dike!" zones are related in origin to the igneous dikes and
not to the older Idaho batholith.

The deposits of precious metals, associated with the Wporphyry
dikes", are structurally controlled by the regional fracture patterns
whose trend is alrost always to the northeast.
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9.

. 10.

Deposition of these metals has occurred when openings were present

at a time when the physico-chemical corditions were suitable for ore
deposition.

The characteristics of the epithermal "bonanze deposits", within the
Idaho area, are similar in all respects to epithermal deposits in other
mining districts throughout the western states. In none of these precious
metal epithermal districts has mining proved profitable beyond the
depths of a few hundred feet. For this reason it is doubtful if
continued deep level exploration, in the Idaho districts, will reveal
any downwaré extension of the present precious metél ore bodies.
Deepblevel exploration may reveal profitable base metal ore bodies

but the continuence of the precious metal ores beyond their present
non~-profitable limits is doubtiul,

Only minor amounts of post-mineral fasulting has occurred in the epither-
mal deposits. This is in disagreement with most of the prospectors

in the area who contend that the termination oi ore deposits has
resulted from"faulting", As previously mentioned ore deposition has
been guided by the major fracture patterns and in some areas containing
heavy ground, a false impression of the time relations between ore
deposition and faulting has resulted.

Future precious metal exploration work should pay close attention

to the master northeast trending faults and their minor, compliuentary
northwest faults. All available field evidence indicates that these

fracture tterns have been the dominent controiling factors in
va

precious metal ore deposition.
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Alluvial nmr...,.zx_.(_“m Late lake sediments

(Unconsolidated and poorly consolidated sand, silt, and gravel, (Chiefly silt)
mainly in flood plains, fans, ete.; landslide deposits included
locally. Windblown deposits included where bedrock is masked )
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rlacial deposits
(Gravel, boulders, and sand, gla-
cially worn and deposited.
Only the largest masses shown ) (Chiefty b i o) Clbbeln |
allied rocks included locally.
Drstinctly recent flows distin-
guished as Qrb where possible) .
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include some Pliocene)
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Salt Lake formation and associated strata,
%.;5%&&5&& sand, silt, and gravel of lacustrine
origin, including fan deposits. Minor quantities
s and welded tuffs and of basalts are inciuded.
sediments are tuffaceous, and fresh-water limestone

is locally t)
RS

|
: ]
formation and related strata,

SRS : ; Columbia River basalt
TP . rdated d, silt, a ra; - 3
Si :o.~.n «ALGS_.:G rocks as- «EMMM\@&M‘@E X%ﬂwm MWMMMW&H&? Memwh \WM«.&&M%&WF QMVM.MMGMN x (Includes all .\?\S..m and intercal- |
sociated with the Snake arkosic, and tuffaceous material is abundant locally. Some ated pyroclastic beds that are
River basalt diatomaceous earth and lignite are included. Small bodies of regarded by recent workers in
basalt flo lded tuffs, and other volcanic rocks are included) Idaho as parts of the Columbia
(Welded tuffs and flows of

River basalt)
rhyolitic appearance)

older rocks)
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(May

45° :

ra R ara et
4% V' e

% 7
\w‘wm‘m% %\& 7%

NN

e

R
R

R

i Tarvits o
KX

rar
LA A A ) A

SRS 5 i

i PELH

g
KRR & A %
O s X 0%

7 PR
ownﬁﬁ voleanics and associated rocks

(Includes Challis vol ics, Kamiah vol, ics, and other rocks,
mostly near the Snake River Plain, that are similar in composi-
tion und apparent stratigraphic position to these formations. |
Mostly of intermediate composition, but some rhyolite and basalt |
are included. Germer tuffaceous member and related strata |
(Teg), derately lidated tuff, and sediments with variable |z
tutl content are shown only in areas mapped in comparative I
detail; elsewhere grouped with Challis volcanics)
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; Wasatch formation . |
« Largely gl ate; some Ly tone,) |

EOCENE
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JURASSIC CRETACEOUS

(Includes Gannett group and Wayan formation. g A.u.ou..&ea:hinna.
limestone, sandstone, largely of fresh-water origin. Some age
assignments tentative)
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; ~ D (Includes Nugget, Twin Creek, Preuss, Stump, and other units.
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Triassic sedimentary rocks
(Includes Wood, Dead . Higham, Timothy, Portneuf, Fort
Hall, Ross Fork, Wouodside, and other units. Varied marine
rocks, locally associated with volcanic strata. Schistose in a o
JSew places) . i +
s Permian and Triassic
voleanie rocks
(Seven Devils and Casto voleanics
and related rocks. Some sedi-
3 S mentary rocks are mﬁm?&a&.
3 ¥ 1 Age assignments are largely
WEC.@GFO%—S,‘ »O_:ES,S:: tentative, 8o some rocks may be
(Phosphatic shale, limestons, and ohept ) younger than here indicated )
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Carboniferous sedimentary rocks

(Brazer, Madison, Milligen, Wells, Wood River, and other units.
\ Dominantly marine and containing a large proportion of cal-
A : careous rocks, with some quartzite, etc. May include some

5 Devonian beds)

i : e
i Devonian sedimentary rocks

’ . | (Threeforks, Grand View, and Jefferson formatione  Idaseswemsie
. ! " calcareous marine beds)
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% Silurian sedimentary rocks
( Laketown dolomite, Trail Creek formation, the latter largely

; shale and sandstone)
’ i 4

TRIASSIC

7

~
PERMIAN

&
4.5,
i

CARBON-
IFEROUS

ot o
(5

ot AT s

3 N : o . : &
Y ﬂﬂ —‘ pal
2 3 & =

¢ - Undifferentiated Paleo- L —— ’
, AR AR ¢ zoic sedimentary rocks 7

7/

L

A e AL
DEVONIAN

SILURIAN

2

i1 A G

N 72 7 o ereif T

N :
N, %\&&f o’ AL ; A

2 27, .“.\‘.twwf\

Y 2rass e -

/- A A
7 \m\m\\\ K
i 008 P

Ownoiag sedimentary rocks

2 % ; (Fish Haven, Swan Peak, Saturday Mountain, Kinnikinic and

ol B other units, some of which are of doutful age. Marine beds in

x R RIS k! which quartzite and argillaceous rocks are plentiful,; some cal-
AN » careous beds are included )
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ORDOVICIAN

] Cambrian sedimentary rocks

(St. Charles, Nounan, Bloomington, Blacksmith, Bayhorse, Garden
Creek, and other units. Marine beds in which limestone is
plentiful, but quartzite and other rocks are also present. Some

i age assignments are tentative)

CAMBRIAN

Belt series

, (Numerous formations; correlations and subdivisions not yet estab-
Z 1 lished in large parts of Idaho. Largely quartzitic and argil-
5 laceous; includes some calcareous rocks and, locally, some lava)

, Pre-Cambrian (?) m:.si not correlated with the
Belt series #

(Hyndman formation, East fork formation, Albion Range group, o
and other units. Mostly metamorphosed limestone and other —— A@
sedimentary rocks, but igneous rocks are included locally.
Most age assignments are tentative)
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: Tertiary granitie rocks Tertiary dikes and other
(Largely granite, but includes some masses of other compositions) small intrusive bodies
(Granophyric rocks abundant,
| but diverse other rocks are in-
| cluded. Age of dikes in
Shoshone County &w.sop\.ﬁt
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MOSTLY OLIGOCENE
TO MIOCENE
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and

Idaho batholith and broadly related stocks

(Largely quartz m ite, but includes granodiorite, quartz dior-
ite, granite, etc. There may be a considerable range in age

among the rocks here grouped together)

as8ic

nelude Jur
early Tertiary rocks)
i

Border zones w._.cE_a the
S Idaho batholith and
related bodies

(Largely gneissic, and in part
stratified. An assembiage of
1gneous masses and of sedimen-

& tary rocks impregnated with 19~
neous material. Prevalent rock
has composition of quartz diorite

ks N:-M shows JS:..; variation.
A tkes of aplite, pegmatite, ete.
; locally plentiful ) e

e
JURASSIC(D)-
CRETACEOUS

Pre-Cambrian intrusive rocks
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