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INTRODUCTION 

General statement 

The Coeur d'Alene district in Shoshone County in the panhandle of 

northern Idaho has yielded a prodigious amount of metal since the beginning 

of mining there in the early 18801 s. By 1944 the gross value of the lead, 

silver, and zinc, and to a lesser degree, gold, copper, antimony, cadmium, 

and tungsten produced had passed the 4,000,000,000 mark, and the gross 

value of the metal produced during the year 1951 amounted to $63,779,925. 

Periodically, personnel of the U. S. Geological Survey have investigated 

this important mining area and reported on their findings. The first 

project was a district-wide study which was described in Professional 

Paper 62 (Ransome and Calkins, 1908). The next was incorporated into a 

survey of the mineral deposits of Shoshone County by Umplety and. Jones 

(1923). In 1935, in cooperation with the Iaaho Bureau of Mines and 

Geology, a detailed re-examination was undertaken which resniteri in a 

report on the Murray area (Shenon, 1938) and a preliminary one on the 

Silver Belt (Shenon and McConnel, 1939). This project was interrupted. 

and it was not until after World War II, in 1947, that it was taken up 

again by the Geological Survey. It is believed that a valuable contri-

bution on the ore deposits and their environment can be made, based upon 

the great mass of data compiled by the mining companies, and the large 

amount of additional information that can be obtained from a more de-

tailed study which has the advantage of many miles of underground work-

ings and numerous exposures not heretofore available. As the investiga-

tion will continue over a considerable period of time. it was decided 
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that preliminary reports and maps would be issued from time to time as 

units of work were completed. This paper on the Canyon—Line Mile Creeks 

area is one of these reports. 

The primary purpose of the initial part of the investigation is the 

mapping of the areal geology, with which this paper is mainly concerned. 

The notes on the ore deposits which are included in this report are based 

upon observations made during the areal mapping, the company maps from 

which a great amount of data was acquired, and upon literature. They are 

not intended to be complete, tut in order to bring into sharper focus the 

many problems which need to be studied in greater detail, it seemed ad— 

visable to record them while the observations are yet comparatively fresh 

in the writer's mind. The discussion includes a description of the 

general setting of the deposits, followed by observations on their rela— 

tion to the area]. geology. Detailed descriptions of individual deposits 

will be included in the final report on the entire district. 

In addition to a surface geological map (pl. 2) and accompanying 

cross sections (pl. 3), a geological map (pl. 4) showing the underground 

geology projected to an irregular plane constructed to intersect the 

principal mine workings also has been prepared. Roughly it coincides 

with a plane sloping up from an elevation of 3,000 feet on the west to 

near 4,000 feet on the east side of the map. With so many extensive 

underground workings near stream level, it was believed advantageous to 

portray the geology they exposed. 

The region dealt with here is contained within the northern half of 

the Mullen and Vicinity, Idaho, special topographic sheet, which is 



3 

bounded by meridians 11 ° 471 and 115° 551 west longitude, and parallels 

47° 30' and 47° 331 45" north latitude. The name, Canyon—Nine Mile Creeks 

area, has been used rather thqn that of the special quadrangle, for al— 

ost all of the drainage of Nine Mile Creek and a large part of Canyon 

Creek is within the region. This name is more descriptive and lass 

cumbersome. The boundaries of the area encompass one of the important 

centers of mining activity in the northeastern corner of the Coeur d'Alene 

district. 

Wallace, the chief city and transportation center of the district, 

lies two miles south of the southwestern corner of the area at the con— 

fluence of Canyon Creek and Nine Mile Creek with the south fork of the 

Coeur d1 Alene River. East—west U. S. Eighway 10 goes through Wallace, 

and branch lines of the Union Pacific R. R. from the west and Northern 

Pacific R. R. from the east join there. Spurs of these railroads extend 

up Canyon Creek to Burke and up Nine Mile Creek to the Dayrock mine. 

Starting from Wallace, two roads traverse the area. One goes up Canyon 

Creek and continues eastward over Glidden Pass to Thompson Palls, Montana; 

the other goes up Nine Mile Cre:s:,,, and continues north beyond the mapped 

area to Murray, Idaho. Mountain roads take off from these main roads 

and E. to many mines and prospects. 

Field work and acknowledgments 

The present study of the Coeur d'Alene district began in 1947. 

However, the work in this area wad pct bee:un until the middle of the 

slimmer of 1948. From then until tl-e fral of 190 an equivalent of a 

and a half was spent mapping the surface and underground geolcgy.year 



	

More than_ a third of this time was spent mapping mine workings. In all, 

over 35 miles of them were traversed. For the most part these were the 

larger crosscuts, and the ore deposits were - isually studied on one level 

only. All work on the maps and resorts was in recess for the first six 

months of 1951. 

The wholehearted cooperation received from the minim; comoanies of 

the district during the present st-Id:), has been most helpful and provided a 

very pleasant association. Amon: those to which the nroject is ncrticularly 

indebted for furnishing maps and data for this phase of the work end 

allowing access to mine workings are H. L. Day, President and General 

Manager, Rollin Farmin, Superintendent, and P. M. Galbraith, Chief 

Geologist, Day Mines, Incorrorated; J. E. Berg, General Mnreger, Federal 

Mining and Smelting Company; Keith Whiting, Chief Geologist, Western 

Division, American Smelting and Refining Company, and L. E. Hanley, 

President and Manager, and R. E. Sorenson, Chief Engineer and Geologist, 

Hecla Mining Company. Many additional geologists and engineers on the 

staffs of these mining companies also were helpful in assisting And in 

Living advice. The owners or managers of a number of other properties 

were likewise courteous and helpful in allowing access and furnishing 

data. ThP.-ks is also due to the U. S. Bureau of Mines for furnishing 

production figures for the mines of the area. 

To S. Warren 7oobs, the nroject chief under whom this work was done, 

.end to co—worker Robert E. Wallace, special thanks are due for advice and 

guidance. Much credit is also due Henry C. Rainey III, James A. Noel and 

Pen Bowyer, who assisted in the mapping of the area. T}-arks are due to 
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Charles Milton for making the photomicrographs. The writer is deeply 

inoebted to Professor Charles F. Park, Jr. for his encouragement and 

advice. 

Climate and vegetation 

The records of the United States Weather Bureau for a 22—year period 

show the mean annual precipitation at Wallace to have been 38.5 inches, 

and at the Burke substation on Canyon Creek just beyond the east edge of 

the map to have been 44 inches. The elevation at Wallace is 2,770 feet, 

and at the Burke substation, 4,082 feet. An indication can be gained from 

this of the greater amount of precipitation at 'nigher elevations. J the 

Burke substation much of this falls as snow, whereas at Wallace it is con— 

siderably less. 

Most of the precipitation comes between October and April, and much 

of the area is mantled with snow for from 4 to 5 months. 

The maximum range in temperatures for the same period at Burke sub— 

station was from a low of —21° F. to a high of 950F. Such extremes are 

rare, and the mean average at the Burke substation was 40.4° F., showing 

that the climate is not rigorous even though the area is located in the 

northern Rocky Mountains. 

At least 75 percent of the 1.rea is covered by timber and brush. The 

remainder consists of the flatlands within the narrow valleys, of scree 

covered slopes and of rock outcrops. The trees are firs, pines or other 

conifers. Most of those that were useful for mining or lumbering have been 

logged off. Part of the logged off country has grown back to brush, Lit 

most is covered by a second growth, some of which has ratured svCciciently 

to be suitable for minirg timbers. 
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Physical features 

The area drained Canjon and Nine Mile Creeks lies within the 

Coeur drAlene Mountains, a part of the northern Rocky Mountain physio— 

;1-.6Lphic province. The main crest of the range lies a few miles to the 

east. Sharp ridges, running west from it in general, seprrate the 

drainages of Canyon and Nine Mile Creeks from each other and from the 

drainages to the north and south. The streams have cut narrow, deep and 

steep sided valleys, maturely dissecting the region. The ridge crests show 

a rather uniform elevation (see pl. 6A) of plus or minus 6,000 feet, which 

indicates that the area was formerly one of low relief. Here and there 

these ridge crests rise to summits somewhat above the general level. 

Sunset (elev. 6,423 feet) and Goose Peaks (elev. 6,363 feet)(see pl. BA) 

near the north edge of the map, and Tiger (elev. 6,626 feet) and Custer 

(elev. 6,423 feet) Peaks, capping the ridge bust northwest of Burke are 

examples. The low points, somewhat below 3,000 feet, are along Canyon 

and Nine Mile Creeks at the south and Beaver Creek at the north, making 

te maximum relief about 3,500 feet. 

A number of small cirques on the north sides of the ridges bear wit— 

ness to the mountain glaciation which took place Ouring Pleistocene time. 

The best developed one, however, is an anomaly, for it faces eastward. 

It lies near the sum-nit of Tiger Peak and debauches into Gorge Gulch. 

Unlike many of the well defined cirques in the Coeur d1Alene region, it 

contains no lakes, but is floored by small meadows and intervening rocky 

ribs. 



7 

Several erosional surfaces are evident on the lower pert of the ridge 

between Canyon and Nine Mile Creeks. The highest caps the ridge bet:•reen 

elevations of 3,500 and 4,125 feet. Remnants of a terrace near an eleva— 

tion of 3,800 feet lie on the Nine Mile Creek side. Part of another 

terrace is evident on the Canyon Creek side at an elevation of 3,400 feet, 

just south of the mapped area. All of these are capped by gravels. 

SEDIMENTARY ROCKS 

The consolidated sedimentary rocks, which underlie approximately 

80 percent of the Canyon—Nine Mile Creeks area, all belong to the pre 

Cambrian Belt Series, They consist of a thick group of conformable fine— 

grained sediments, regionally metamorphosed to a minor degree, and ranging 

in composition from argillite to quartzite with some carbonate—bearing 

zones. They have undergone a complex structural }'istory of folding and 

faulting, have been intruded by monzonite stocks and dikes of different 

compositions, and have been hydrothermally altered in places. Many im— 

portant lead—zinc—silver ore bodies have been deposited within them. 

All six subdivisions of the Belt Series named by Calkins (Fansome and 

Calkins, 1908, pp. 23-25) are represented in this area. 

Unconsolidated sediments include terrace deposits, glacial material 

and alluvium. Remnants of the gravels, some of which probably date back 

to Tertiary time, cap ridges or occur on terraces along their sides. 

The glacial material includes both till and fluvio—glacial deposits. 

The alluvium is confined to the narrow valleys of Canyon, Nine Mile and 

Beaver Creeks. 
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Belt Series 

General features 

The Belt Series comprises a group of conformable, fine—grained sedi— 

ments of late pre—Cambrian age underlying much of northern Idaho, western 

Montana and southeastern British Columbia. These sediments have been 

estimated to have attained a thickness of over 40,000 feet. In the Coeur 

d'Alene district, however, the total thickness has been calculated as 

ranging from 21,000 to 27,000 feet ,:ith neither the top nor bottom of the 

section exposed. Here the series consists of argillite, quartzite, and 

all gradations between these two types, with some zones of carbonate— 

bearing rocks. So far as is known the Belt Series are ur.fossiliferous 

in the Coeur d'Alene district, but fossil algal -.,-efs have been found in 

the Libby cuadrangle to the north (Gibson, 1948, n. and fossil re— 

mains of simple life forms have been reported as occurring in Belt rocks 

at several other places. 

In the Coeur d'Alene district the subdivisions of the Belt Series, 

as described by Calkins, are from oldest to youngest: Prichard, Burke, 

Revett, St. Regis, Wallace and Striped Peak formations. In the absence 

of fossil markers, these subdivisions have been made on lithologic features; 

these hold true and are diagnostic when considered for an entire formation. 

However, duplications of rock types, in some instances over fairly thick 

sections, make it difficult to distinguish some formations from others, 

or at least from parts of formations. This is particularly true of the 

St. Regis and Striped Peak, which duplicate each other over large thick— 

nesses; to a lesser extent, it is true of parts of the upper Prichard 
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and upper Wallace. The boundaries between some formations are trrnsitional, 

and no sharp contact can be shown. The transition zone between Burke and 

Revett is the thickest, where the change from one type of rock to another 

takes place over several hundred feet. Also, in many nlaces the hydro— 

thermal alteration has been intense enough to mask the identity of the 

rock. 

During this investigation the Prichard and Wallace have been sub— 

divided into upper and lower Prichard, and upper and lower Wallace. 

Fairly distinctive lithologic characteristics have been found widespread 

enough to warrant the splitting. The scarceness of any marker beds and 

the great thickness of the formations warrant any possible refinements 

which are helpful in unraveling the complex structure. 

In general, workers in the surrounding country have used the same 

subdivisions for the Belt Series. Some whose work has been more nearly 

reconnaissance have lumped some formations together. Others have had to 

group formations because of the disappearance of distinguishing features. 

A table showing these discrepancies and correlating the formations of the 

Belt Series in the neighboring region to those of the Coeur dtAlene dis— 

trict follows. 

This table points up some marked changes in thickness and indicates 

some losses of characteristic lithology. To the north and east the .13urke, 

Revett and St. Regis formations lose their individual identity and become 

an undivided group of predominantly quartzitic rocks. Collectively they 

are called the Ravalli formation. To the north and northwest in the 

Clark Fork and Pend Oreille districts the same formations also lose some 
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of their identifying characteristics. The purplish hues so characteristic 

of the St. Regis continue down into the Revett, and the massive white 

ouartzite of the Revett has graded into a heterogeneous section of quartzitic 

rock. This group of rocks also becomes notably thicker to the northwest, 

north, and northeast. A comparison of the Avery, Coeur dtAlene, Trout 

Creek and Libby sections shows a nrogressive thickening of the Wallace 

formation from south to north. Even so, the sections do indicate that 

similar environments remained fairly constant for a widespread region 

over long periods of time. 

Some changes have been noticed in the Coeur dtAlene area. The most 

marked is the thickening and coarsening of the sediments in the Burke, 

Revett and St. Regis formations in going from east to west. In the eastern 

part of the district the upper Prichard is 1,800 feet thick, whereas 

about 25 miles to the west in the Pine Creek area it is only 600 to 800 

feet thick (Forrester and Nelson, p. 6). Near the Montana border the St. 

Regis formation is thicker south of the Osburn fault than it is to the 

north; most of this thickening is within the upper argillaceous part. 

The greater thickness of the Striped Peak formation in the neighboring 

regions indicates that a considerable amount of the Belt Series has been 

eroded a..!ay in the Coeur d'Alene district. Whether it amounted to the 

maximum of 30,000 feet of upper Belt sediments that overlies the equivalent 

of the Wallace in parts of western Montana is highly doubtful, as no evi— 

dence of such has been found in the adjacent areas. A possibility exists 

that the region may have been capped by Cambrian rock, as small remnants of 

Cambrian limestone occur in down faulted blocks in the Pend Oreille and Clark 

Fork districts to the north and northwest. 
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Shallow water features 

Shallow water features are common throughout the upper half of the 

Belt Series in the Coeur d'Alene district. The contact between upper 

and lower Prichard marks the break between sediments deposited wholly 

under water and those deposited in an area which was awash or exposed 

to the sun and air at intervals. A good balance between deposition 

and subsidence must have been maintained over a long period of time to 

have had shallow water features so prevalent throughout 10,000 feet plus 

of sediments in a basin many thousands of square miles in extent. The 

quartzitic beds exhibit cross lamination, ripple marks and pseudo— 

conglomerates, whereas mud cracks, mud breccias and rain pits are 

characteristic of the argillaceous rocks. 

The cross laminated layers, or perhaps more properly, continuous 

inclined bedded strata, are most abundant in the upper Burl7e and the 

Revett, and are restricted to the purer quartzites (see pl. 11A). Such 

beds are a foot or more in thickness. The inclined layers, which range 

from a fraction to an inch plus in tl_ickness, are sharply truncated at 

the top, are usually slightly curved at the bottom, and show good partings. 

These partings commonly occur along very thin laminae containing concen— 

trations of heavy minerals. Calculations based on 20 observations show 

that originally the inclined layers dipped around 30 degrees, the majority 

towards the northeast. These are far too few observations, however, on 

which to base any conclusions or current directions. The persistence and 

uniformity of these beds and the other layers associated with them are 

brood evidence that they all were deposited under water. 
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Both oscillatory and current ripple marks have been observed, with 

the former much more abundant. Interference ripples, where one set has 

*been imposed on another, are not uncommon. The ripple marks are nsuelly 

found capping the impure quartzite strata. 'or this reason they are most 

characteristic of the upper Prichard, Burke, St. Pegis, lower Wallace and 

Stri.ped Peak formations. Their wave length is usually from 1 to 3 incises. 

The pseudo—conglomerates, or ovoid structures, have been found capping 

iLdure quartzite to fairly pure quartzite beds in the upper Prichard and 

in the Burke formation. They are irregular in shape, rounded, and flat— 

tened parallel to the bedding. They are usually less than an inch thick 

and two inches plus or minus in otter directions. A thin micaceous coating 

gives their surfaces a sheen, and causes them to part cleanly from the 

surrounding rock. The manner in which they originated is puzzling. They 

resemble flow casts (Shrock, 1948, p. 156), but differ in that they are 

of the same composition as the beds in which they are found. They were 

undoubtedly formed during the depositional stage. Whether, as Calkins 

suggested, they were due only to waves rolling up masses of water—soaked 

sands, which flattened horizontally due to their weight (Ransome and 

Calkins, 1908, p. 91), is questioned. That wave act ion plus a bonding 

agent caused the sandy naterial to ball up seems more plausible. 

Mud cracks may be found in any argillaceous rock from the upper con— 

tact of lower Prichard on up the section, but they are particulprly abundant 

in the upper parts of the upper Prichard end St. Regis as well as within 

a number of zones in the Wallace and Striped Peak (see p1. 12B). The 

cracks are closely spaced; the irregular polygonal blocks bounded by them 
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usually are not more than an inch or two across. They extend down 4'rom 

a fraction of an inch to several inches, and are filled with lighter 

colored sandy material (see pl. 17A). Their crenulation is most liLely 

due to compaction during lithification. Where fracture cleavage is well 

developed, the mud cracks tend to align parallel with the cleavage. 

The mud breccias are most common in the upper part of the St. Regis, 

where they occur in layers usually only a fraction of an inch thick. 

They consist of accumulations of chips formed from thin layers of mud, 

vIdch cracked, curled and parted from the underlying sandy material when 

the surface was exposed to the sun. They lie at random orientations 

indicating they were washed about with the next flooding. They were not 

moved far, however, as their outlines are still aagular. 

Raindrop irpressions observed by Calkins (Ransome and Calkins, 1908, 

p. 31) and casts of salt crystals seen by Gibson (1948, p. 16) are shallow 

water features that were not seen by the writer. Cross lamination, ripple 

marks and mud cracks together with gradational bedding are of great 

assistance in determining tons and bottoms of beds. 

Mineralogy 

Mineralogicall, the rocks of the Belt Series consist primarily of 

quartz and sericite, except for those containing appreciable amounts of 

carbonate minerals. The quartz content ranges from somewhat less than 25 

percent in the most argillaceous varieties to over 95 Dercent in the 

purest quartzite, with sericite making up most of the rest of the rock. 

the quartz grains are ancular to subangular; this is true even of these 

within the coarser grained quartzites. They range in size from 0.01 mm. 
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in the argillite to a maximum of 0.5 mm. in the qilartzite, with the 

average sizes for these end members being about 0.02 and 0.25 mm. The 

sericite 1-as en elongate flaky habit. Most of it is very small, 0.05 

mm. or less ir length and averaging about 0.02 mm. A scattering of much 

longer flakes, however, is observed in many of the thin sections; most of 

these are from 0.1 to 0.2 m71. in length and are probably in °art secondary. 

In the argillaceous rocks the sericite with the small quartz grains forms 

a felted mass, which makes a matrix in the less pure quartzites, and 

occurs interstitially in the purer quartzites. 

Feldspar grains are present in the quartzitic rocks, where they 

usually make up about one or two percent, at most five oercent. They 

are somewhat rounded, and are similar in size to the associated quartz 

grains. They consist of both plagioclase, which is mostly oligoclase, 

and potash feldspar, which is mostly microcline. 

Black opaque grains are sparsely scattered throughout the rocks. 

They range from magnetite to ilmenite in composition. Many, where altered, 

are partially or entirely replaced by leucoxene, or, in the case of some 

in weathered rock, are rimmed by a rusty red staining. Irregular grains 

and octahedra, which are larger than the associated Quartz grains, must 

be secondary. Tourmaline, zircon, and to a much lesser extent rutile, 

occur in minor amounts scattered within the rock. In some quartzite beds 

these heavy minerals -,re concentrated within very thin dark laminae. A 

rosette of tourmaline which was observed in one thin section is undoubtedly 

secondary, and this is also probably true for many of the larger well 

developed tourmaline prisms. Magnetite octahedra are more numerous in 

the purple and pink tinted quartzites. 
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Pyrite and to some extent pyrrhotite are characteristic of the 

Prichard formation. In the upper Prichard pyrite occurs as cubes or 

shapeless blebs up to 5 mm. across. In the lower Prichard, however, 

the greatest amount occurs concentrated along thin laminae in grains a 

millimeter plus or minus in size. In some places pyrrhotite is found 

in the laminae, instead of pyrite. 

The carbonate minerals in the Belt Series occur both es a primary 

constituent and as one introduced secondarily by hydrothermal solutions. 

By far the greatest amount used deposited when the sediments were formed. 

The primary carbonate minerals occur in all formations, but in the older 

rocks up through the lower half of tle St. Regis, they are ,)resent in 

minor amounts only, or are restricted locally to narrow zones or thin 

beds. As an important rock—forming mineral they bulk large only in the 

lower Wallace and in a carbonate rich zone in upper Wallace. In the re— 

mainder of the upper Belt rocks they occur in many beds and zones, but 

percentage wise are not important. 

During the "bleaching" alteration, varying amounts of carbonates 

were introduced, replacing the sericite and quartz. Some carbonate 

minerals were undoubtedly dissolved by lvdrothermal solutions from Belt 

rocks at one Place and deposited at another, but most are probably from 

some primary source, for in this area the solutions traveled up through 

the older carbonate—poor formations. 

Most of the primary carbonate mineral in the Belt Series is A ferroan 

dolomite. Although no chemical determinations have been made, such evi— 

dence as the -rusty brown limonitic rind or stain on the weathered surfaces 
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of the carbonate rock shows the presence of a fair rercentage of iron. 

Furthermore, the index of refraction of the carbonate Tineral is higher 

than dolomite and lower than siderite. The only calcite—bearinP• rocks 

are some limestone beds in the upper Wallace and the cores in the "molar 

tooth" structures. Both of these reacted vigorously to cold dilute hydro— 

chloric acid. 

Prom studying thin sections of lower Wallace rocks, the carbonate 

mineral content was found to vary widely. Most of t;lese contained from 

5 to 50 percent and averaged about 25 percent of ferroan dolomite. The 

quartzitic rocks generally contain a greater amount than the argillaceous 

ones. A dark—bluish gray, dense dolomite contained on17 A few percent 

of quartz and sericite impurities. Beds of this purity are rare. 

The carbonate mineral occurs in irregular grains or crystals of 

rhombic form. The latter are more common in the quartzitic rock where 

they are as much as 0.2 mm. in size. The usual range in size is from 

0.02 to 0.1 mm. The dense dolomite is made up of irregular grains, 

most of which are under 0.01 mm. 

Rust speckles due to the oxidation of an iron—bearing carbonate 

are common in the more qucrtzitic rocks. These speckles range in size 

from 1 to 5 mm. There appears to be a ratio between the size of the 

speckles and the purity of the auartzite; the more quartzitic the rock 

the larger the speckles. 

Color 

The colors of the Belt sediments are different shades of gray ranging 

almost to black, and pinks, purples and greens. These colors are due 
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primarily to iron—bearing minerals, cprbonaceous material, sericite and 

chlorite. The pink tints are imparted by hematite, which is found in the 

rocks in exceedingly small hexagonal scales. The various tints of purple 

are the result of a combination of colors, the red of hematite and green 

of sericite or chlorite, and the tints of green are from sericite or 

chlorite or a combination_ of the two. The various shades of gray are due 

to extremely minute opaque particles that can be made out only under high 

magnification. These are probably mostly carbonaceous material. However, 

in the Prichard they may be in part iron—bearing material, as the rusty 

staining on weathered surfaces cannot ell be explained by the oxidation 

of iron sulfides. 

Rock types 

During the field studies, the series of rocks grading from argillite 

to quartzite were sub—divided into the following types: argillite, 

siliceous argillite, imnure quartzite, fairly pure quartzite, and quartzite. 

With this breakdown a more systematic description of the rock has been 

achieved, and these terms are used in the descriptions that follow in the 

text. It is based upon mineral composition, color, hardness and grain 

size, all of which are more or less recognizable in the field. The 

argillites are extremely fine grained, consisting predominantly of 

sericite, which makes them relatively softer. They are more colorful, 

being medium to dark shades of gray, or medium to dark tints of purple, 

or l'_ght tints of green. The siliceous argillites are also very fine 

grained, consisting predominantly of quartz, making them harder than the 

argillite. They are somewhat less colorful. The impure quartzites fre 
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fine grained, consisting predominantly of quartz, a fair proportion of 

which is in grains of fine size which are coarser than the very fine matrix 

of sericite and quartz. They usually are light to medium gray in color, 

but some may have a light greenish to purplish tint. The fairly pure 

quartzites are fine grained, and are 75 plus percent auartz, most of which 

is of a fine to medium sand grain size, in a very fine—grained matrix 

of sericite and quartz. They are usually light gray in color, although 

some have a nale purplish or green tint. The quartzites are fine 

grained, are 95 plus percent auartz, almost all of which is of a medium 

to fine sand grain size, and are light gray to almost white in color. 

A few are of a pale Pink to purple tint. A small amount of very fine— 

. grained sericite and ouartz fill interstices in the quartzites. 

Lower Prichard formatien 

The largest area of lower Prichard rock lies east of the Dobson Pass 

fault, where it forms a part of the southeastern limb of a broad, northeast— 

trending anticline. These rocks represent the greatest thickness of lower 

Prichard exposed in the area. An estimate of 5,000 feet for the thickness 

of this section is fairly accurate, as the structure is relatively simple. 

At leas* 3,000 additional feet of lower Prichard is exposed to the north 

in the Murray area (Shenon, 1938, p. 4). Two other exposures of lower 

Prichard rock in the area are small; one occurs in the crest of an anti— 

cline in Granite Gulch in the northeastern corner of the area, and the 

other is in the crest of a complex fold bounded on the north by the 

southern Gem stock anc on the south by the Mexican fault. 
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The lower Prichard rocks in the Canyon—iCine Mile Creeks area range 

from argillite to muddy quartzite it comoosition. These range in color 

from medium to dark gray, with the slaty varieties slowing slight blr.ish 

hues. In weathered outcrops the rocks usually have a faded appearance, 

making it difficult to distinguish one type from another. :Excellent sec— 

tions of parts of the lover Prichard are exposed in long cross cuts at 

the Interstate, Red Monarch and Carlisle mines. In mapping these it was 

found that a major amount of the rock is a siliceous argillite, with 

argillite next most frequent. The bedding is fairly regular; individual 

beds are usually under 12 inches, with the great majority between 2 and 6 

inches in thickness. At many places they show faint to good lamination. 

Pyrite, or to a less extent pyrrhotite, is found concentrated along many 

bedding partings, or in thin, sandy laminae which are a millimeter or two 

in thickness. Irregular grains of these iron sulfides may also be sparsely 

disseminated through the rock. In some places the iron sulfide rich seams 

are so frequent that the pyrite or pyrrhotite must make up over five per— 

cent of the rock. 

A well—defined zone of interbedded quartzite and argillite occurs 

about 3,000 feet below the unrer cc)ntact of the lower Prichard. Many o' 

the quartzite beds it this zone are fairy- pure and light 4_n colcr. They 

range up to five feet in thickness and predominate over the arA7illaceous 

rock in the upper and lower parts of the zone. In the Red Monarch adi.t 

the upper p-Jartzite rich part is 150 feet thick, the central argillite 

rich zone is 75 feet thick, and the lower quartzite rich part is 100 feet 

thick; in the main Carlisle adit the similar series of beds have thick— 
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nesses of 20, 140 and 120 feet. Similar tersistent quartzite zones in 

t,ae lower Prichard have been found in the Pine Creek area, in the vicin— 

ity of Kellogg, and it the Murray area.. Whether they are all parts o' flle 

same zone is problematical; the location of the zone in the lower Prichard 

section at the Murray and Kellogg localities is not known, but the Pine 

Creek occurrence has an estimated additional r,,000 feet of argillite over— 

hying it. 

Lower Prichard rocks are usually easily distinguished in the field. 

A reddish—brown, rusty iron oxide stain, :lich is mostly due to the oxida— 

tion of the iron sulfides, covers most weathered surfaces. This plus the 

regular bedding, blocky jointing and characteristic lithology distinguishes 

lower Prichard rocks from the rest of the Belt Series. However, the 

monotonous similarity of the rock makes it difficult to unravel structure. 

Many faults have not been recognized because of this, and the direction 

and amount of movement on others cannot be estimated. This makes valuable 

mny marker beds such as the middle quartzite zone. 

Upper Prichard formation 

Upper Prichard rocks crop out An a scattered pattern east of the 

Dobson Pass fault. The largest area is along the northwestern side of 

the Gem stocks, where they occur in a discontinuous manner, in part as 

large inclusions within the southern stoc. Sharply folded upper Prichard 

rocks are also exposed in both limbs of an anticline south of the southern 

stock. In the vicinity of the town of. Burke, the top of an irregular domal 

structure has Upper Prichard beds exposed in its eroded cap, and nearby a 

wedge shaped area is exposed east of the OtNeill Gulch fault. Upper 
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Prichard rocks also rim Granite Gulch in the northeastern corner of the 

mapped area. 

This formation consists of a heterogeneous collection of interbedded 

argillite and quartzite, forming the transition zone between the argillaceous 

rock of the lower Prichard Lnd impure quartzite of the Burke. But as they 

-Ire consistent in their heterogeneity throughout the section and persistent 

throughout the Coeur dtAlene district, they have been split off from the 

rest of the P,'ichard. These rocks are well exposed along t.!-Ie crest of the 

ridge rurning northwest from Goose Peak, where the followirb section was 

measured, 



	 	

	

	

	

	

	

	  

	

	

	

Section from top of Goose Peak northwest along ridge crest 

Rock description Feet 

Light— to mediam—gray, impure quartzite interbedded with light— 
gray, purer quartzite. All spotted with green biotite speckles. 127 

Burke — Upper Prichard contact 

Laminated light— and dark—gray argillite interbedded with impure 
quartzite. 

Light—gray, fairly pure quartzite interbedded with sole medium— 
gray, impure quartzite; some argillaceous partings. 79 

rredominantly laminated argillite with interbeds of impure to pure 
quartzite; mud cracLs ripple marks ere common. 86 

InterbedLe'3 light gray, fairly pure quartzite and medium—gray, 
Tare quartzite; a few argillaceous partings; 12—foot zone of 
laminated argillite near center. 166 

Laminated argillite interbedded with siliceous argillite and some 
impure to fairly pure quartzite. Shallow water features are common. 47 

Dominantly medium gray, impure quartzite; interbeds of fairly 7ure 
quartzite and some laminated argillite near base. 1L5 

Argillit73, dark—gray with slight "tallish hue interbedded with 
laminated argillite; a few interbeds of quartzite. 112 

Medium—gray, impure quLrtzite interbedded with light—gray, fairly 
pure quartzite; all speckled with green biotite spots, a few beds 
of laminated argillite, 223 

Interbedded laminated. argillite and rgiliite, dark— to medium'-gray; 
coated with rusty staining; shallow water features are common. Lif; 

Interbedded fairly pure to impure quartzite with siliceous argillite 
to argillite; the latter laminated in part; green biotite speckling 
is common. 268 

Dark: bluish—gray argillite interbedded with some laminated argillite 
and impure quartzite; latter is speckled with green biotite spots. 
Rusty stain occurs on surface. 192 

Predominantly medium—gray, impure quartzite; some argillite and 
laminated argillite. 172 
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Feet 

Medium—gray siliceous argillite grading down into interbedded impure 
quartzite and lainated argillite. 94-

Medium— to dark—gray, intu2-e quartzite with a few argillaceous part— 
ings. 87 

Interbedded impure quartzite, siliceous argillite and argillite. L8 

Upper Prichard — lower Prichard contact 1,918 

Less lower Burke 

1,791 

About five miles southeast of this locality near Glidden Pass another 

section of upper Prichard measured somewhat less than 2,000 feet in thick— 

ness, which checks closely with the Goose Peak section. However, as al— 

ready mentioned, some 25 miles to the southwest in the Pine Creek area, 

the upper Prichard is only 600 to 800 feet thick. In the Libby quadrangle, 

Gilson (1948, p. 11) noted that the transitional zone between 1.-iurke and 

Prichard was 300 to 500 feet thick. As here defined, the upper Prichard 

includes those rocks in the transitional zone between Burke and lower 

Prichard. The upper limit is determined by the first argillite, usually 

laminated, and the bottom limit is determined by the disappearance of 

the quartzite. 

In the Goose Peak section almost two—thirds of the rock is quartizitic, 

of which one—third is fairly pure quartzite and the remainder impure 

quartzite. About two—thirds of the argillite is thinly laTnated. the 

thinly laminated (1 mm. plus or minus) argillite layers become less 

frequent toward the base. This is also true of the purer quartzite beds. 

Generally the more quartzitic the rock, the thicker the beds, and some of 

the purer quartzites are over three feet in thickness. The impure quartzite 

127 
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beds are usually less than one foot thick, and the argilite beds are a 

matter of inches in thickness. Shalloll water features such as ripple 

marks, mud cracks and pseudo—conglomerates gradually die out downward. 

Gradational bedding, for thicknesses of a fraction of an inch to several 

inches is characteristic of the entire section. The redAsh—brown rusty 

surface staining becomes more noticeable towards the base. 

The characteristic features of the upper Prichard are the interbedded 

dark gray argillite and light— to medium—gray quartzite, the finely 

laminated nature of much of the argillite and the regularity of bedding. 

The presence of pyrite in fine grain along bedding in the lower parts, 

and sparsely diSseminated crystals or irrefular blobs in the upper part 

are also characteristic. The lack of carbonate—rich beds with their 

usual rusty—brown weathered rind differentiates the upper Prichard from 

similar rocks in the upper Wallace formation. The middle quartzite zone 

in the lower Prichard, with which the upper Prichard might be most easily 

confused, contains no shallow water features. 

T. 

Burke formation 

The Burke formation underlies almost a third of this region, which is 

much more than that of any other member of the Belt Series. The largest 

area of Burke rocks crops out on either side of Canyon Creek from Gem to 

the eastern edge of the map. It underlies most of the ridge between 

Canyon Creek and the east fork of Nine Mile Creek and the lower portions 

of the ridge to the south. The strata usually are at high angles of aip, 

having been sharply folded or ti-sped to these attitudes in faulted blocks. 

Lower Burke rocks are exposed in the trouE7h of a small syncline on the 
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southwestern slope of Goose Peak. They also outcrop east of the Dobson 

Pass fault north of Beaver Creek and just south of the east fork of Nine 

Mile Creek. At the latter place the rocks are troken and shattered, and 

outcrops are fer and Poor. One of the large xenoliths .within the northern 

end of the southern stock consists of recrystallized quartzitic rock and 

is undeniably Burke; the other mapped as upper Prichard may also be lower 

1,37Irke in part. 

The best acquaintance with the Burke as well as the Revett and St. 

Regis formrtions can be gained from studying an almost uninterrupted 

section of these rocks exposed in the glaciated country near the heild of 

Canyon Creek. This region is from 2 to 4 miles east of the edge of the 

map in the vicinity of Military Gulch and Glidden Lakes. The writer 

assisted S. Warren Hobbs in making detailed measurements on this section 

in 1947. The thickness of the Burke calculated from these measurements is 

2,670 feet. However, this may be off several hundred feet because of dis-

placement along a fault which cuts the section near the center of the 

Burke formation. A similar thickness was estimated for Burke rocks lying 

between the Revett, capping Tiger Peak, and the upper Prichard—Purke con— 

tact in the Hercules mine No. 5 crosscut. The Burke formation is almost 

1,000 feet thicker to the west in the Pine Creek area, where it was 

measured by Good and Campbell (1952). At the type locality at Burke the 

rock is faulted to such an extent that no accurate measurements of thick— 

ness can be made. 

The preponderant rock in the Burke formation is an impure quartzite. 

The beds are usually from 2 to 6 inches thick and platy in character. 
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These rocks are typically light greenish gray in color. The basal part 

of the formation consists of the tyrical variety with some interbedded, 

more massive Quartzite and fairly pure quartzite. From the base to the 

center the number of -ourer quartzitic beds diminishes progressively. 

Near the center several zones of quartzite as much as 2C feet or more in 

thickness occur. Some of these quartzite zones have a faint rurplish tint, 

but most are light gray to almost ,:rite in color. In going on up in the 

section, the rocks are found to be more and more ouartzitic. Also the 

individual beds become thicker, being in general from 1 to 4 feet thick. 

The boundary between the Burke and Revett is a transitional zone several 

hundred feet thick, and the contact is placed where the massive quartzite 

beds become predominant. This contact is difficult to determine and is in 

marked contrast to the relatively sharp upper Pricnard—iurke contact. 

Some of the more argillaceous beds, even though light— to medium—gray 

in color, might more properly be classified as siliceous argillite, and 

some perhaps even as argillite. A 100—foot thick lenticular zone of 

interbedded dark gray argillite and gray impure quartzite occurs strati--

graphically several hundred feet above the upper Prichard contact on the 

ridge between the head of the east fork of Nine Mile Creek and Granite Gulch. 

Carbonate—bearing beds are sparsely scattered through the Burke in this area. 

An almost universal characteristic of the Burke is the good development 

of sericite on bedding planes and partings, which gives them a decided 

sheen. This criteria, plus the general impurity of the quartzite, the 

platiness of the bedding, shallow water features and the gray color with 

slight greenish cast, are diagonostic for the lower part of Purke. With 



the exception of sericite sheen on. partings, these characteristics 

gradually diminish in the upper part, and the predominance of impure to 

fairly pure quartzite becomes the guiding criteria. Thin interbeds of 

more argillaceous rock, which are fairly cor.-Ion, help distinguish the 

upper part from 2,evett rocks. 

Revett formation 

As the Revett formation consists mainly of massive quartzite, it is 

a most resistant rock and forms numerous bold outcrops ',ordered at the base 

with talus. Even more characteristic are the piles of scree, formed of 

blocks of massive quartzite, which cap ridges or trail down their slopes 

(see pl. 10B). In these forms it is found at, or near, the crest of the 

ridge south of Crnyon Creek and in the small remnant forming the ton of 

Tiger Peak. It also occurs along Canyon Creek for a short distance at the 

east edge of the map, and is ex-nosed within several faulted blocks west 

of the Dobson Pass fault in the vicinity of Blackcloud Gulch. Like other 

rocks at this latter locality, it is badly shattered. 

The section of Revett measured on the east side of Military Gulch 

was calculated to be 2,400 feet thick. However this section is broken by 

a long din slope in which there are no exposures, and by a fault of large 

displacement, so that the measurement is not reliable. Just east of the 

southeast corner of the map the entire formation is fairly well exrosed 

at the head of a cirque, where it is approximately 1,200 feet thick. 

This thickness is in close agreement with the estimates of Calkins (Pansome 

ane Calkins, p. 35, 1908) for the eastern part of the district. Some 15 

miles to the southwest near the head of the east fork of Pine Creek 
CD• 

measured section is 3,400 feet thick. 
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The succession of massive li6ht—colored quartzite through much of the 

formation makes the Revett the most easily recognized unit of the Belt 

Series in the Coeur d'Alene district. Except for the transition zone at 

the case and a similar group of rocks at the top it is also the most uni— 

form. The interbeds of fairly pure to impure qmartzite at the base rapidly 

diminish in number within a few hundred feet. Then follows the great bulk 

of the formation consisting of beds of fine— to medium—grained quartzite, 

usually from 1 to 6 feet in thickness. The rocks are white to very light 

gray in color. These in turn are capped by a zone several hundred feet 

thick containing appreciable amounts of interbedded impure to fairly nure 

quartzite. Interspersed at rare intervals through the formation are thin 

interbeds of much more argillaceous rock, sothe of which has a rust stained 

rind, indicating a fair carbonate content. Fire, dark laminae, a milli.-

meter or less in thickness, and containing a concentration of heavy 

minerals, are common in some beds. They are usually spaced an inch or 

less apart. The well developed cross lamination so characteristic of 

many of the beds is commonly made more evident because of similar laminae 

of heavy minerals. Iron oxide speckling on weathered surfaces like those 

in ell the other purer quartzites in the Belt Series is common. 

St. Regis formation 

The largest exposed area of St. Regis rce:s lies west of the Dobson 

Pass fault and north of Blackcloud Gulch. Much of it is altered so that the 

characteristic purplish and green hues of the rock appear in an irregular 

patchy pattern among those which are rust:- tan to white in color. In the 

vicinity of the Dobson Pass fault these rocks are much faulted and 
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shattered. Just to the south of this area a narrow strip of St. Regis, 

which is faulted off to the north, crops out on the crest of the ridge. 

Other areas of St. Regis are found in the fault blocks alcng the crest 

of the ridge south of Canyon Creek; the largest exposed area 1-ere is witir-

in a synclinal trough pitching steeply to the southeast. 

Eecause of poor exposures, alteration, and incomnlete sections of the 

rod -, a complete understanding of the char,tcteristii!s of the St. aegis 

formatiTq cannot be Lained in this area. To refer again to the section 

at Military Gulch, here the entire formation is well exposed end is found 

to be 1,390 feet thick. However, like other formations of the Belt Series 

in the Coeur d'Alene district the St. Regis shows a fairly wide latitude 

in thickness from place to place. In the vicinity of Stevens Lake the 

formation is at least 2,000 feet thick (Hobbs, 195o, 2). At the western 

end of the district it is even thicker. 

Characteristit purplish and green colors have been nsed to define the 

1-ound7ries of the St. Regis. Because of this, massive white quartzite beds 

identical to those In the underlying Revett are Interbedded with the purple 

hued quartzitic rocks in the lower hund-ed or so feet of the St. Regis. 

On up in the section, purple Prgillaceous rocks begin to occur more and 

:lore frequently. The lower several hundred feet of the formation is a 

transitional zone between the quartzite of the Revett and the heterogeneous 

assemblage of rocks in the remainder of the formation. The great bulk of 

these rocks are argillaceous, usually thin-bedded or lazinated. This is 

well illustrated by an analysis made y Hobbs (1950, p. 2) of the upper 

1,200 feet of the formation measured in the vicinity of Stevens Lake and 

which follows: 
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approximately 60 percent is classed as argillite containing 
less than 25 percent of interbedded or interlaminated quartzite; 
35 percent is classed as interbedded cuartzite and argillite 
containing more than 25 nercent but less than 75 percent quartz— 
ite; the remaining 5 nercent is classed as quartzite containing 
less than 25 percent argillite." 

In the present rapping rrogram a persistent zone of thinly bedded 

to finel3, laminated, greenish to cream—white siliceous argirite has 1:een 

included in the St. Regis. Formerly it had been included in the oye,-1:!ing 

lower Wallace. Lithologicall;s: these rocks have a closer similarity to 

the underlying St. aegis, and locally they are interbedded with purplish 

rocks. Their lamination stands out because of the alternation of cream— 

white and tight—green colors. Some of the beds weather an ocher color due 

to the oxidation of the included carbonate. This zone ranges from 5C to 

450 feet in thickness. Float of this type of rock was found at the top 

of the St. Regis north of Blackcloud Gulch, but no attempt was made to 

map it separately because of lack of outcrops and because its identity 

has been partly masked by hydrothermal alteration. 

The amount of carbonate—hearing beds within the St. 1-.egis varies from 

one locality to another. In this region they were sparse, ,rhereas in the 

partial section measured in the vicinity of Stevens Lake many were coated 

with the tell—tale rusty rind on weathered surfaces. 

Locally, lenses of breccia which are in part chloritic in composition 

have been found within the St. Regis. None of these is exposed within 

this area. 

Mar*, exposures of St. Regis and Striped Peak rocks are identical 

and cannot be told ppart except by their position in the Belt Series 

section. Both display the same purple, red, and green colors, both are 
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heterogeneous groups of rock, rnd both contain similar shallow water 

features. Several characteristics, though, do make parts of them differ— 

ent. None of the massive quartzite beds found near the base of the St. 

Regis are known to occur in the Striped Peak, and the upper part of the 

St. Regis is generally more argillaceous than any part of the Striped Peak 

section. Furthermore the purer carbonate—bearing beds of the Striped Peak 

are not duplicated in the St. Regis. 

Lower Wallace formation 

All of the lower Wallace rocks in this area cror, out on the western 

side of the Dobson Pass fault. The narrow, northwest trerding block in 

31a&cloud Gulch is a faulted graben—like segment. To the north a much 

larger area is exposed in a broad, gently arched structure. The axis of 

this anticline strikes northwest. The dip of the northeast limb steepens 

way from the axis, and in the ridge just south of Beaver Creek the lower 

Wallace rocks give way to the overlying upper Wallace. To the southwest a 

sharp synclinal flexure brings St. Regis rocks to the surface. This area 

underlain by lower Wallace is heavily covered by timber and outcrops are 

extremely rare. Therefore most all of the structural eviuence and ideas 

on lithology are based on findings gained from the underground workings of 

six prospects scattered along the headwaters of Nine Me Creek, and from 

a few outcrops in the Beaver Creek drainage to the north. 

No good estimate of the thickness of the lower Wallace could be gained 

from this area. Furthermore, no complete section of well exposed lower 

Wallace, not interrupted by faults, is known in the Coeur dtAlene district. 

However, the greater part of it is laid bare on the northern glaciated 



sloees 0± Stevens Peak, about 10 miles to the southeast. Here SI-Jenon nd 

VcConnel (1939, pp. )-5) measured this section between the top of the St. 

Regis and the summit of Stevens Peak and found it to be 3,270 feet thick. 

In 1947 S. W. Hobbs, with the writer, measured the lower 1,500 feet of the 

same section. Their measurements checked well with the earlier work, 

as far as their study went. Si-enon and McConnel did not believe there 

was a great gap between this lower member and the upper part which they 

measured at Striped Peak, 7 miles to the southwest, which they found to 

be 1,400 feet in thickness. They estimated the total thickness of the 

formation at from 4,500 to 6,000 feet. This would make their estimate 

of the thickness of the lower Wallace from 3,000 to 4,500 feet. 

The Wallace formation, and particularly the lower part, is charac— 

terized by minor folding and crumpling over tnc entire district. Earlier 

investigators have considered this crumpling to hare thickened the 

formation by as much as 20 to 35 percent. This may well be tr1:e where the 

deformation was intense. At such °laces the responsible forces may have 

caused a shortening laterally that would have compensated for the thicken— 

ing vertically. But in areas of relatively simple structure it is doubtful 

that such a thickening has taken place. From what has been observed in 

the field it seems more logical to believe that local thickening by crumpling 

at one place has been compensated by thinning at others, or at least in 

part. In this way the cumulative effect has been nil, or only slight, 

at many places. 

The SteveLs Peak area is ane of relatively simple structure. The 

rocks are in the limb of an open fold, having a regional dip of 30° to 50° 



to the south. Even though the rocks do show crumpling, it is doulAful 

whether the section has been appreciably thickened. If this is true, 

the entire lower Wallace must be at least 9,500 feet thick and may be 

over 4,500 feet. 

The lower Wallace as here defined includes only the lower subdivision 

of the formation described by Shenon and McConnel (1939, p. 5) and con— 

for::,s fairly closely to the lower two subdivisions that Wagner (1949, 

p. 12) set up for the St. Joe country to the south. The break from the 

green argillaceous St. Regis to the alternating arcilleceous and quartziiie 

rocks at the base is usuall:, sharp as is the break into laminated argillite 

at the top. 

Alternating beds of light gray quartzitic rock and dark gray argillite 

make up a very large part of the lower Wallace (see Dl. 12A). Carbonate 

minerals, almost always in amounts considerably less than the combined 

quartz—sericite content, are present in most of them. Ir the section at 

Stevens Peak which is probably representative of the formation in the dis— 

trict, the lower nart is a monotonous succession of such rocks. Most of 

the beds are under 6 inches in thickness. Some of the ouartzitic beds, 

however, are thicker, a few being from 1 to 3 feet. The alternation of 

carbonate—bearing argillaceous and arenaceous rocks continues in the upper 

part, but is interrupted by many zones in which one type of rock pre.-

dominates. These include zones of quartzite which are impure to fairly 

pure, and almost all carbonate bearing; zones of argillite, in part finely 

laminated, and zones of carbonate—rich rock. A few of the carbonate—rich 

beds are of sufficient purity to be termed ferruginous dolomite. These are 
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dense, bluish—gray rocks which occur in beds up to several feet in thick— 

ness. The carbonate—rich zones, some of them tens of feet in thickness, 

stand out in the cliffs because of The rusty ocherous color of their 

weathered surfaces. 

A fen+:'Ire peculiar to the lower Wallace is the "molar tooth" struc— 

tures (Gibson, 194R, ). 16 (see pl. 13P). They are irregularly conical 

or cylindrical masses rim:nee with quartz—rich material and with cores of 

calcite. They are usually from half an inch to 3 inches in diameter and 

somewhat longer in the other dimension. Their orientation, although variable 

in some ways, is consistent in that they lie in groups parallel to the 

bedding. Some are flattened parallel to the bedding and others may be 

flattened parallel to the plane of fracture cleavage. It is possible they 

are an original sedimentary feature, but it seems more plausible that their 

1:resent shape has resulted in part from deformational effects. 

The same characteristics typical of the lower Wallace at Stevens Peak 

are found in the Canyon—Nine ;file Creeks area. The preponderance of 

carbonate—bearing rocks, the r,lternation of argillaceous and cuartzitic 

rock, and the crumpling are the same. In addition "molar tooth" structure 

and shallow wpter features are also found there. 

Upper Wallace formation 

The upper Wallace formation is exposed on either side of Beaver Creek 

at the northwest corner of the mapped area. Here the beds have a general 

northwesterly strike and dip moderately to steeply to the northeast. Tl-ey 

overl3e lower Wallace and in turn are capped by Striped Peak, so that the 

entire section is exposed. However, its estimated thickness, over 3,000 
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feet, is about double that of the upper Wellace as measureC by Shenon and 

McConnel (1939, n. 5) at Striped Peak. I).enetitien of part of the formation 

may occur here due to faulting. Such faults could easily be masked by the 

alluvium in the valley of Bever Creek or might occur on to the north where 

outcrops are scarce. If there has been no appreciable dislocation, a 

marked thickening has occurred. Credence is given to this possibilitzr by 

Gibsonts (1948, p. 13) remarks that in the Trout Creek and Libby quadrangles 

to the east and north of here the entire Wallace formation going from 

south to north thickens from an estimated 7,000 feet to a possible 16,000 

feet. 

At this locality the most typical rock in the upper Wallace is a fine— 

ly laminated argillite, made up to a great extent of alternating muddy and 

more or less sandy laminae, of a millimeter plus or minus in thickness. 

Their colors range from clerk gray for the argillite to light gray for some 

of the more sandy laminae. The laminated rock e-ives way at many places to 

thin—bedded argillite. Intercalated with both the laminated and thin—bedded 

argillite are some quartzitic layers. The latter are usually carbonate 

bearing rocks, as are some of the argillaceous beds. The amount of carbonate— 

bearing rocks is distinctly less than in the lower Wallace. 

The central zone of dark colored, areraceous, ankeritie limestone 

in the Striped Peak section was not found here. Such a zone, several 

1--urdred feet thick, was found near the top of the upper Wallace in the 

next ridge north of the mapped. area. It undoubtedly occurs here, hut was 

rot recoeized due to lack of witcrops. 

These rocks could most eesily he eonfused with the upper Prichard. 
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They differ in several ways, however. The upper Wallace has been crumpled 

on a minor scale t]erolerhout, has a rusty brown to buff colored weathered 

sexface where it iF ca rate hearing, an is irrecularlz- bedded. In con-

frest, the reme- Prichard shows little crumpling, is coeted with P rliety 

red stni- due to oxidation of iron sulfides on weathered yetcrops, and as 

regular bedding. 

Strie)ed Peak formation 

The ton of the Belt Series in the Coeur dtAlene district, the Striped 

Peak formation, is poorly exnosed at two localities in this area, both along 

the western eoLee of the Dobson Pass fault. At the northernmost locality 

a remnant of the lowest few hundred feet lies coilformabl: on unper Wallace. 

At the other an elone;ete block of Striped Peak rocks is bounded on either 

side by faults that dip at angles of 300 towards one another, „,:iving it a 

wedge shape. The ''lock bottoms against the fault planes somewhat over 

1,0GC feet below its top. At neither of these localities is more than 

several hundred feet of the Striped Peak section exposed. The ton of the 

tyne section at Striped Peel has been eroded away, leaving the lower 

1,500 feet. To the south Wagner (1949, 7. 9) measured 2,000 feet of 

'1,rined Peak rocks, but again, as at Striped Peak, part of the top has been 

eroded away. TTowever, to the north in the Libby quadrangle Gibson (194P, 

n. 1(..) estimates the thickness of the entire formatice rt **I-0m 2,000 to 

2,5Ce feet. 

The most common rock ir he Striped Peak formation in this area is a 

purplish impure Tiartzite, which grades in color into gray or dark red. 

It is usually in beds from 1 inch to 4 Inches thick and is somewhat flaggy. 

Not infre quently dark red to gray argillite is intercalated with them. 
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The argillite occurs in thin beds or as partings between the ouartzitic 

layers. I,iud cracks and mud chip brecelas occur in many of the argillaceous 

rocks and ripple marks occur in the quarteitic beds. Mesey of the rocks 

are now light green to almost crear in color, due to the bleaching of 

hyarothermel solutions. 

A close siedlarity to the St. Regis formrtion is apparent, and in— 

divieual outcrops could easily be mistaken for it. But the greater over— 

all percentage of quartzitic rock distinguishes it from the upper dart 

of the St. 7'.egis, which these Striped Peale rocks most closely resemble. 

ulder gravels 

The older gravels are Sc designated because of their location on 

ridge crests or on higher terraces. These bre in contrast to similar de— 

pcsits on lower terraces 1,:'orderint, the South Fork of the Coeur d'Alene 

River, which are definitely much younger in age. The older gravels have 

been found at four widely scattered localities in this area. The highest 

is at an elevatior of about 5,800 feet on the divide just east of Gorge 

Gulch, where Calkins (2ansome and Calkins, Pm(9, p. 56) found a number of 

stray quartzite boulders. In the northeastern corner of the mapped area 

on the ridge crest north of Beaver Creek, pebbles and cobbles of quarteite 

were found scattered over the surface for several hundred feet, near an 

elevation of 9,675 feet. Two small patches of gravel remain on the top of 

the ridge between the East Fork of Nine Mile Creek and the main stream.. 

The largest deposit caps the ridge between Canyon and Nine Mile Creeks, 

between elevations of 4,125 and 3,500 feet, for a distance of over a mile, 

and to widths of 1,500 feet. A number of bulldozer cuts made in the 
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southern end of this deposit expose unconsolidrAed material ranin,s from 

clay and send to boulders, and show that it is well over 100 feet thick. 

Although some of the material has been bro:::en down by weathering, most 

of the purer quartzitic gravel has net been affected. Some rude strati— 

fication was noticed. 

All of these deposits are from 500 to 1,000 feet above tie present 

neighboring streams. In contrast, those lower and bordering the South 

Fork of the Coeur dtAlene River are from a few to 200 feet above stream 

level. 

Higher terraces along the St. Joe River, the next main stream to the 

south, are nearly equivalent in age to the older ones 1- ere, as they are 

around 700 feet above the river. Some of these are capped by remnants 

cf 1.asa1t flows, Miocene in age (Wagner, 1949, p. 17) which indicates 

that the older gravels were deposited during 2ertiary time. 

Glacial deposits 

Several small occurrences of glacial material, most probably Wiscon— 

sin in age, are found within the area. The largest is a thin veneer of un— 

consolidated boulder debris which extends from beloi- the lip of the 

cirque on the east side of Tiger Peak down to Gorge Gulch. As observed 

in several road cuts, it consists mostly of angular fragmerts of quartzite, 

generally coarser than cobble size. A small remnant of boulder till lies 

at a break in gradient in the upper part of Granite Gulch. Fluvio— 

glacial mrterial occurs at two places along Canyon Creek, one at the east 

edge of the map and the other just below Gem. The one below Gem rims the 

east side of the valley from the ridge point where the stream turns to the 



39 

south for almost 3,000 feet downstream. The lower adits of the Formosa, 

just south of the map, and Verda May prospects both cut this deposit. 

The first coee through 140 feet of tills glacial material before inter— 

secting bedrock, and the second 200 feet. In these workings the material 

consists of fine angular quartzitic material in a sandy matrix with a 

few scattered thin lens of sandy silt. It contains rone of the arE:illite 

that crops out in the adjacent slate above, nnd is found up to 75 feet 

above stream level. 

All of these deposits are tie result cf local glaciation. The lack 

of any evidence in this area of encroachment by continental ice sheets 

confirms the idea that they terminated farther north (GP-son, 19L;, 

50). 

Alluvium 

liecent silt, sand and gravel cover the valley .floors of Canyon, 

Nine Mile and Beaver Creeks. Although the thickness of this cover is 

not known, it is considered to be relatively shallow because of the t;ood 

gradients of these streams. A veneer of jig tailings was deposited 

along parts of Canyon and Nine Mile Creeks, but now the thicker and 

richer portions have been mined. 



IGNROUS ROCKS 

In the Coeur dtAlene district all of the igneous rocks are intrusive. 

They include a number of small monzonitic stocks, and diabase, lamproplIre, 

ronzonite, nplite and diorite dikes. 

The two largest monzonitic stocks in the Coeur dtAlene district 

and several adjacent apophyses crop out within the Canyon-Ni-e Mile Creeks 

area, and have been named the Gem stocks. They are the southernmost of a 

group of such igneous bodies which is aligned along a northeasterly trend-

ing zone for a distallce of slightly over 9 miles. They extend from Canyon 

Creek near Gem north to beyond Prichard Creek. About 3 miles west of the 

southern end of tnis group is a cluster of similar intrusive bodies. 

Somewhat similar monzonitic stocks outcrop 18 Tiles to the southwest 

along the St. Joe River (Wagner, 1949, p. 17) and 20 miles to the north-

east on Vermillion Creek, which is a tributary of the Clark Fork River 

(Calkins, 1909, p. 47). Whether all have had a common origin or rot is 

questionable, but their good alignment and lithologic similarity would 

so indicate. They may have been ii-Aruded along a zone of weakness not 

now apparent. 

Dark greenish-gray fine- to medium-grained diabase dikes are found 

scattered throughout the Coeur d'Alene district. However, only three 

were observed within the area studied. If the evidence found in underground 

workings is indicative, the dike-like apophzrses (monzonitic to dioritic in 

composition) are numerous around the stocks. Other dikes of similar com-

position, having no apparent connection with the stocks (e.g., the one ex-

posed in the Interstate workings and the one in the Fourth of July 
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crosscut of the Hercules mine), are undoubtedly contemporaneous 14ith the 

stocks. Lamprophyre dikes are numerous within the area, but ')ecause of 

the ease with which they weather, they are seen underground or in man— 

made surface cuts only. A few aplitic dikes cut the 71onzonite or the 

sediments near the intrusives. 

Monzonitic rocks 

The Gem stocks, though the largest igneous bodies in the district, 

are relatively small in areal outcrop. The southern one, underlying a 

pnrt of the ridge between Canyon and Nine Mile Creeks and a part of the 

vane': of the East Fork of Nine Mile Creek, is only 2.8 square miles in 

extent. The northern one, underlying a part of the southern and eastern 

slopes of Sunset Peak and the upper valley of the East pork of Tine Mile 

Creek, is considerably smaller, having an areal extent of only 1.0 square 

mile. Elongate in a northeasterly direction, they vary in width from 

slightly o7er a mile near the south end of the southern stock to a few 

hundred feet at the north end of the northern stock. Mine workings, which 

at many places have intersected the contact of the stocks with the Belt 

seliments, show that they increase in size with depth at a gradual to 

- oderate rate. A comparison of the surface map (pl. 2) end the under— 

ground map (pl. 5) will give an idea of this increase. 

The contacts of the stocks are irregular, both in gross -onttern and 

in detail. The embayments, projections, apophyses and larger inclusions 

(the latter undoubtedly in cart roof pendants) all point up this fact. 

Underground one sees an even more intricate pattern in the border zone, 

where a maze of dikes and apophyses extend out from the igneous rock, 



	

and numerous xenoliths occur near the aontect. On a still crosser 

tattern it is evident that all of these stocks tre au-olas of the same 

batholith. Their outcrop pattern, their close similarity litholovically 

and the findings of an aeromr:;netic survey are almost incontrovertible 

evidence of such a fact. 

The complex fold pattern of the Belt sediments at their margin attests 

the intrusive n-itu-e of the stocks. These have intruded the southeast 

limb of a large anticlinal fold; their trend parallels its axis. The 

beds of urper and lower Prichard rock which are exposed to the northwest 

of the Gem stocks in tnis limb have s general dip of 300 southeast. How-

ever, at the margin of the stocks they are intricately folded and nearly 

vertical in attitude, or even overturnec. year the head of Granite Gulch 

just the can of an apophysis of the northern stock is exposed. At and 

around it, the Burke q-tzite has been broken irto blocks, some 10 feet 

or more on a side. Apparently these blocks were jostled about by the 

intruding magma, since they no are at random orientation to one another. 

The space between the blocks is filled with monzonite and hybrid rock 

formed through varying degrees of replacement. The large number of dikes, 

which are similar in composition to the stocks, plus the type of contact 

metamorphism in the aureole sround the stocks, also indicate the intrusive 

nature of these rocks. 

The manner of intrusion is probably the result of several factors. 

The folding of the Prichard rocks along the northeast side of the stocks 

indic-Ites that the magma made room for itself, at least in part, by forcing 

the sediments aside. The feldspathization of the sediments immediately 



pdjacent to the contact, and the partial digestion of inclusions of sedi-

ments (see pl. 16B) show that, in part, it invaded by replacement and 

fusion. That "overhead stopine as suggested by Calkins (Ranscme and 

Calkins, 190P, p. 72) is also partly res)onsible, seems nlausible. 

The Gem stocks vary both in composition and texture. The great bulk 

of the rock is a monzonite; from this it grades into srenite and diorite 

facies. It is usually a somewhat coarse-grained no-p)vritic rock. Fob:-

ever, it ranges from a not uncommon eauigranalar medium-grained varlet-, to 

a strikingly porrlayritic type, which is a syenitic fades. Because of the 

lack of outcrops over most of the Prea underlain by the stocks, and because 

of the unusuall: complex nature of the gradations, both in composition and 

texture, -Prom one kind of rock into another, the varieties have been shown 

mn the map as a single unit. 

The usual rock is a massive, light-gray, medium- to coarse-grained 

monzonite, in wl-ich nrismetic potash feldspar pherocrysts give it a por-

phyritic character. Its predominant constituents nre feldspnr with which 

pre scattered greenish-black hornblende needles. Other minerals that may 

Le present in minor amounts, and which can be discerned without the aid 

of a microscope, are quartz, sphene, epidote, pyroxene, and a rare flake 

of biotite. In tie fresh rock, usurlly found underground only, the light 

gray to flesh-colored unstriated potash feldspar can be distinguished 

from the milky white plagioclase, but in the weathered surface exposures 

both have the same dull white appearance. In some places, particularly 

along the northeast margin of the southern stock, the weathered rock has a 

dull brownish appearance; this is due to numerous minute specks of rust-



'crown iron oxide along the margin and along the cleavrges of the mineral 

grains. 

The diorite facies, which makes up but a minor amount of the rock, is 

restricted to the margins of the stocks. Some of the more mafic inclusions 

-re also '!ioritic. Part of the offshoots and dikes at the margin are made 

up of diorite. These generallzi contain a higher mz.fic mineral content Pnd 

are therefore darker. Some should more properly be classified as grano— 

diorite, because of their higher quartz content. 7-is latter phenomena 

is probably the result of partial assimilation of silica—rich wall rock. 

Almost a third of the southern stock is syenite. Most of it is at the 

south end where it underlies almost a sauere mile beteen Can:,-or Pnd Nine 

Creeks. It ;=_lso rims the norti,ern part of the same stock, oarticulprly 

along the northeastern side. Croppings and float of similar rock have 

plso been observed at the northern end of the north stock. The s7enitc 

is usually a light—gray, coarse—grained porphyritic rock. Mafic minerals 

are a minor constituent in this preponderantly potash feldspar rock. 

However, in some places it grades into a rock in which either hornblenue, 

or hornblenOT end augite is equal to or dominates over the felcspar. 

An interesting type of the porphyritic syenite is that in which the 

potesh feldspar occurs in flat tabular crystals, which measure up to a auarter 

of an inch in thickness and to as much as two inches in the other dimension. 

In this type the potash feldspar usually makes up 75 percent or more of the 

rock. It is well exposed in the old railroad cut just at'l- ove the noirt at 

which the Dobson Pass road starts up grade out of the valley of NiAe Yile 

Creek. Here the feldspar phenocrysts have a markedly preferred orientation. 



They strike from west to northwest and dip from near vertical to 350 to 

the north and northeast. A sirrila- orientation of the feldspar nI:enocr;) sts 

in mt:,rz: other outcrops of sz'enite at the southern end of the south stock 

was noted. 

The inclusions of hornblende- or augite-rich rock in the syenito vary 

in size from small clots to '',odies which are several hundred feet in 

length. The are nrobably partly assimilated xenoliths of Felt sediments, 

for several thin sections made from them contain granular aggregates of 

6arnet and small remnants of undigested quartzite, vhich occur both in the 

groandmass and in the feldspar phenocrysts. These mafic inclusions are 

rich in the accessory minerals such as titanite, magnetite and apatite. 

In some, magnetite and titanite may make up as much as five percent of 

the rock. 

Although these monzonite rocks differ in composition axlc,. texture, 

the kinds of minerals in them are the same. It is the varied ratio and 

size of the grains which causes the different types. The essential min-

erals a-e the potash feldspars, orthoclase and microcline, plus plagioclase, 

hornblende, augite, and small amounts of quartz. Accessory minerals in-

clude titanite, magnetite, apatit, zircon, and allanite. Epidote, 

sericite, clinozoisite and actinolite as well as several of the minerals 

already mentioned are probably deuteric in origin. Other minerals found 

in some specimens are biotite, muscovite, pyrite, albite and calcite. 

Two potash feldspars, orthoclase and microcline, usually make up over 

50 percent of the rock. Orthoclase commonly predominates over the micro-

cline. Potn occur in the groundmass as well as in the form of phenocrysts, 



 

and both vary in shape from irregular grains to well formed crystals. 

The phenocrysts are typically microperthitic, and contain as much vs 30 

riereent exsolved albite, which is included in an irregular pattern. 

Inclusions of earlier formed augite, hornblende, plagioclase Pnd ortho— 

clase, which commonl:, occur PS oriented remnants, ake it evident that 

part of the potash feldspar phenocrysts are very late in the crystallizse. 

tion cycle. 

The placioclase (An20to An.35), on the oligoclase—andesine border, 

makes up 20 Percent or more of the rock; in the dioritic facies it pre— 

dominates. The usual subhedral grains vary in size from a fraction of a 

millimeter to as much as a centimeter. Many of the larger grains are 

zoned and the more cicic centers are intensely clouded by alteration. 

A large nroportion of unzoned grains are also clouded, although to a 

7uch less degree. Almost all show good albite twinning. Some of the 

grains are irregularly indented by potash feldspar; all that remains of 

others are remnants within the potash feldspar. 

Hornblende is the most consistently numerous mafic mineral, -asunlly 

making up at least five percent of the rock and in a few of the darker 

inclusions it predominates. Its characteristic occurrence is in elongate 

prisms a few millimeters in length, which have a well developed six 

sided cross section. They have corroded edc.es and in many instances are 

on14 skeletvl, having been partly replaced by potash feldspar, magnetite, 

chlorite and epidote. A faint green augite is present in minor amounts as 

remnants or irregular grains in much of the rock. In some of the pore, 

nhyritic sycnite it is the only mafic mineral present. Some of the augite 



has been partly replaced by hornblende, in which it can be observed ns 

remnants; to a lesser degree it has been replaced by a bladed ectinolite, 

chlorite or epidote. The grains are usually a millimeter or eore ir 

size. flakes of Tictite, usually at leest partly replaced by chlorite, 

are of rare occurrence. 

Of t1-..e accessory minerals, titarite is the most cormon, in some in— 

stances it makes up from 2 to 3 rercent or even more of the rock. Charac— 

teristically, the titanite occurs in well developed lance—shaped crystals, 

ranging in size from a fraction of a millimeter to 2 or 3 mm. Next most 

common is magnetite, which occurs in small irregular grains or octahedral 

crystals. A few small hexagonal prisms of apatite were observed in all 

the slides, and in some they were quite numerous. Zircon in doubly 

terminated prisms less than a millimeter in length was occasionally ob— 

served under the microscope, and en irregular grain of allanite was seen 

'-ere and there in some of the thin sections. 

Secondary minerals of a probable deuteric origin are universally 

present. Sericite, in minute flakes, clouds much of the plagioclase, 

particularly the more calcic centers of the zoned variety; it is els() 

scattered through some of the potash feldspar. Present also are clino— 

zoisite, in granular aggregates replacing feldspar; epidote, in the sue 

form Deplacin, both the feldspar and mafic minerels; and chlorite replacing 

,augite, biotite and to a minor degree hornblende, 

quartz is usually a minor constituent making up only a few percent 

of the rock; specimens taken from the marginal Idarts of the stock are the 

only ones having a higher percentage. The latter are granodioritic and 



well be hybrid types. The quartz occurs, interstitially among theacy 

other minerals, as small irregular :rains, or in a myrmekite of which the 

ost is small orthoclase grains on the margins of the potr.sh feldspar 

rhenocrysts. 

Some of the syenite and, to a lesser extent, the mo.lzonite contain 

ninor amounts of snail irregular albite grains, which rim or indent the 

mar6ins of the potash feldspar phenocrysts. 1)7:rite is common in the 

vicinity of ore deposits, where it replaces hornblende and magnetite. 

Granular aggregates of a pink garnet were observed in some thin sections, 

tut these are probably within hybrid rocks. Calcite, occurring in small 

amounts in veinlets which cut all minerals and replace some, is undoubtedly 

very late. 

Ileplacement and alteration phenomena are clearly in evidence through— 

out the rock of the Gem stocks, and, are most probably due to deuteric 

effects occuring ver:, late in the magmatic stage. The most striking of 

tnese is replacement by the potash feldspar phenocrysts of earlier 

hornblende, plagioclase, orthoclase, and quartz, remnants of ynich can 

be seen poikilitically included within the large -;rains of orthoclase and 

microcline or embayed by them. The allite both in the perthitic arrange— 

ment in the phenocrysts rnd as small grains along and embaying the large 

grains o notash feldsnar, end the ryrmekitic quartz and orthoclase in a 

similar arrangement, are all nrobably related to the same late processcs. 

All of the accessory minerals are found enclosed within the potash feldspar 

phenocrysts, but with the exception of the titanite and magnetite, which 

probably formed relatively late in the magmatic sequence. The titanite and 



magnetite are diffeent in that some are enclosed within pyroxene and 

hornblende, and, at least in part, are consioered early in the sequence. 

The most .1.early deuteric minerals, probably hydrothermal in origin, 

and most likely formed after consolidrtion of the ra m , are epidete, 

chlorite, clinozoisite ant. sericite. The epidote is seea ,'eplacing the 

feldspar or ferromagnesian minerals as small invading veinlets or granular 

aggregates. Chlorite encroaching on the ferromagnesian minerals and to a 

7inor degree on the feldspar has clearly resulted from alteration; the 

sericite and clinozoisite have slnilarly replaced the felospar. Pyrite 

in the stock rocks is restricted to the vicinity of the ore deposits and 

Is logicall:: eonsidered to have been formed at the same time Ps the ore 

bodies. 

Whether the minerals discussed above under deuteric effects are the 

resrlt of endomorp:lic changes of a post—mEgmatic stage as suggested_ by 

Anderson (1949, p. 179) is questioned, as the field evidence favors more 

strongly the above suppositions. If potash—rich emanations had invaded 

the stocks after they had become solidified, and had brought about such 

profound changes right out to their 'rorders, it is hard to believe that 

the adjacent country rock would nct exhibit similar effects. Ye evidence 

of any such changes could be found in them. Furthermore, the preferred 

orientation of the Potash feldspar in the porphyritic syenite is most 

plausibly explained by 4aowaee of the magma before it had entirely- crystal-

1i7;ed; further evidence is that they do not show any strain effects. 

Whether the gem stocks are outliers of the Idaho batholith or not is 

a matter of conjecture. Most authors hare so considered them, but 
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Anderson (1951, D. 597) believes them to Ice of a different Detrogeric 

n,ovince. Analyses of rocks from the Idaho batholith and the Gem stocks, 

ivich are given on the following page, differ in some respects. 7hese 

eifferences are not so great, however, that they might not be explained 

by differentiation of a common source magma, or by a change caused by the 

pertial digestion of the rock invaded. 
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Analyses of rocks from Gem stccks an Idaho batholith 

1 2 3 

SiO2 61.41 58.53 69.154- 69.56 

1,12o3 17.99 16.85 14.49 15.29 

Fe2°3 2.93 3.49 .93 .6 

Fe0 1.39 2.97 2.62 2.06 

Mg0 1.20 1.46 .IJ2 .69 

co LL.75 3.93 

ra20 L.01 4.05 

K20 2 .f9 7.12 

H20- .11 .12 

H204- .6Q .49 

Ti02 .53 .71 .30 .55 

P205 .19 .24 .10 .16 

S03 .05 .04 

MnO .16 .19 

BaO .11 .10 

Sr0 .14 .14 
100.24 99.83 99.64 100.17 

1. Ransome and Calkins, 190, p. '4,7, quartz monzonite from near Gem, 
Coeur d'Alene district, Idaho. G. Steiger, analyst. 

2. Eansome and Calkins, 1908, p. 49. Po.rnh:,-ritic syenite from near 
Bradyville, Coeur dTAlene district. G. Steijer, analyst. 

3. Ross, C. P., 1934, p. 37. Idaho batholith, quartz monzonite from 
Mayfield Creek, CEsto Q2Jadrang1e, Idaho. J. C. Fairchild, analyst. 

Lindgren, Waldemar, 1900, 7. 81. Idaho batholith, granitic rock, 
Shafer Butte, Boise County, Idaho. G. Steif:er, ana17st. 

2.1L 2.81 

3.8L 3.97 

3.98 3.36 

.20 ( 
( .86 

1.47 ( 



Diabase aftes 

Only three diabasic dikes were observed in this area. Others are 

undoubtedly present, but as they weather relatively easily, they have 

escaped attention. One is alcng the Luth fault at Blackcloud Gulch, 

another is along the San Jose fault near the West Star workings, and the 

other is exposed in the Verda May prospect. The largest, along the Ruth 

fault, is up to 50 feet wide and has been traced for 2,b00 feet. Where 

exposed in the No. 2 adit of the Jest Star, the one along the San Jose 

fault is 20 feet wide. The diabase dike in the Verda May prospect 

averages less than five feet in thickness. All have been intruded intm 

fissures along which there has been subsequent movement, and, in the case 

of the Ruth and San Jose faults, the later movement may have amounted te 

hundreds of feet. The dikes along the San Jose fault and in the Verda 

May prospect strike east—west, and the one along the Ruth fault strilres 

N. 700 W. All dip to the south or southwest from 70° to 75°. This simie. 

larity is striking, hut these three are far too few examples for general— 

izations on attitude. 

The rock in these dikes is a fine— to medium—grained green diabase. 

All of it shows some chloritic alteraion, with that in the dike in the 

7.rda May prospect intensely chloritized. Calkins (Shenon, 1938, p. 

describes similar diabase rock consisting predominantly of zoned plagio— 

clase lathes (An55—An20 ), which are now mostly saussuritized. It also 

contains augite, now Tostly replaced by a pale amphibole, rather abundant 

Slightly greenish—brown biotite enveloping ilmenite, and some needles of 

apatite. 



Monzonite and diorite dikes 

A number of dikes, dioritic to monzonitic in composition are found 

in this area. Their geographic location and composition show them to be 

offshoots of the monzonitic stocks. The porphyritic monzonite dike exposed 

in the Interstate-Callahan mine is an alLast exact replica of the pre-

dominant variety of the stocks. It varies from 10 to 40 feet in width, 

';as an average strike of east-west, and dins from 650 to 700N. In the 

lower part of the mine it divides the Interstate vein into two narts, 

cutting across it at an acute angle. The dike is pra-ore since veinlets 

of sphalerite -Jenetrate it, but later faulting along the dike has offset 

:he vein over 100 feet (McKinstry, 1942, p. 229). The more cioritic 

varieties are exemplified by the dike exposed in the Fourth of July 

crosscut on the No. 5 adit level of the Hercules. It is also porphyritic, 

but the plagioclase makes up more of the rock than the potash feldspar, 

and hornblende is more abundant. Similar dikes much closer to the stocks 

occur in the Tamarack, Rex, apsic and Ambergris workings. 

A rather unusual monzonite dike occurs in the ridge just south of 

Beaver Creek near the west edge of the map. It is a gray porphyritic rock 

with a fine groundmass. Although it is not apparent in the hand speci-,:en, 

microscooic inspection shows that it has been largely altered to a mixture 

of altite, clinozoisite, epidote and chlorite. iie phenocrysts are up to 

2 millimeters in size and make up almost half of the rock. They were 

originally mostly orthoclase, but are now albite clouded with sericite and 

clinozoisite. Hornblende in small prismatic needles, which made UD about 

20 percent of the rock, is now almost entirely replaced by a mixt-l-e of 
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enidote, sericite, and chlorite. The groundmass is a felted mass of the 

alteration minerals. Small crystals and grains of magnetite are a common 

accessory. Less common are titanite, apatite, and allanite. 

Anlite dikes 

Aulitic dikes cut all the intrusive rock types and extend oat into 

the sediments. They are characteristically a fine—grained, whitish, 

sugary rock. Mineralogically they differ from the monzonite in that they 

have a higher quartz content, contain miner amounts of muscovite, and have 

almost no mafic ana accessory minerals in them. They are equigranular 

rocks in which the mineral grains are usually under one millimeter in 

size. All the aplite dikes seen were small in size, being less than 12 

inches in width. They could be traced for only a few tens of feet. A 

typical aplite dike cuts monzonite above and to the west of the Success 

mine. In it orthoclase, in irregular microperthitic grains, makes up half 

of the rock. Plagioclase (An25) in clouded grains, microperthitic micro— 

cline, and quartz are present in nearly equal amounts. A few percent of 

muscovite in irregular shred—like flakes makes 11..) the remainder. Calkins 

(nansome and Calkins, 1908, D. 46) reported that the stocks are cut by 

some pegmatite dikes. The only one observed was a small dike—like body, 

associated with quartz veins, which occurred in metamorphosed sediments 

near the edge of the southern stock. 

Lamprophyre dikes 

A large nuAber of dark—colored, fine—grained dikes, which are charac— 

terized by either biotite or h:7)rnblende phenocrysts, have bee:1 observed 

underground and in surface cuts. The relative ease with which they weather 



has preclued the probability of seeing them in many natural outcrops. 

Although the one in the Black Bear and Black Bear Fraction workings was 

over 20 feet in thickness, they usually are less than five feet thick. 

Individual dikes are apparently seldom over a few hundred yards in strike 

length. Like ore—shoots, they tend to branch, split, and occur in groups 

in an echelon pattern. Shannon (1921, D. 478) noted that they were most 

numerous in the Prichard and that they became orogressively scarcer in the 

overlying rocks. In the Canyon—Nine Mile Creeks region the same generaliza— 

tion can be made, but this may be more apparent than real as most of the 

mine workings are within older rocks. They apparently are more numerous 

where the structure is complex, which here coincides with an area underlain 

by older rocks. 

In mapping underground it has been found that a large majority of the 

lamprophyre dikes strike near N. 20° W. and dip steeply to the southwest. 

This makes the angle between the dikes and a great number of the veins 

about 500. This fact indicates that a different set of stresses was in 

effect during the forming of each group. The lamprophyre dikes are clearly 

younger than the ore deposits as they have been observed crosscutting veins 

in the Rex and Black Bear Fraction workings. Ransome (1908, D. 35) and 

Shannon (1921, pp. 480-492) also noted that they cut the ore at a number 

of deposits, among them the Hecla, Frisco, Standard—Mammoth and Marsh. 

The most discussed of these dikes cuts the Hecla ore body; it was intruded 

along the shoot, and replaced part of the ore. Sometimes it was found on 

one side, sometimes on the other, or in the middle, and persisted itilti&wfia 

through the entire ore body. 
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During field investigations the lamprophyre dikes were divided into 

two groups. In one biotite phenocrysts were the dominant mineral; in the 

other it was hornblende. Usually these are the only two minerals that can 

be determined megascopically, but coarser grained varieties in which the 

feldspar is evident have been observed. Microscopic inspection shows that 

they fall into three types depending upon the ferromagnesian ohenocrysts 

and the dominant feldspar. The groundmass of the biotite—bearing rock is 

characteristically potash feldspar—rich, whereas the groundmass of the 

hornblende—rich rock may have either plagioclase or orthoclase predominating. 

From specimens studied it appears that those in which orthoclase nredominates 

far outnumber the Plagioclase varieties. To indicate more clearly their 

relationship it is better to call them biotite and hornblende syenite 

lamprophyre, and hornblende diorite lamproohY re rather than minette, 

vogesite, and spessartite. 

The biotite and hornblende phenocrysts stand out from the fine—grained 

gmundmass and usually range in size from somewhat less than 1 up to 2 

millimeters. The orthoclase in the syenitic varieties is usually in 

irregular grains. It sometimes contains inclusions of other minerals, 

is less than a millimeter in size, and not uncommonly has a rolling extinc— 

tion. The plagioclase occurs in small irregular lathes, usually poorly 

twinned; it may be zoned, varying in composition from labradorite out to 

oligoclase. Other minerals common to many of the dikes are: aucite, 

wiich is usually in part altered to chlorite; dionside, which occurs less 

frequently than nugite but which is similarly altered; olivine, which is 

almost without exception replaced by other minerals, such as antigorite, 
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talc, magnetite, and in one specimen by an iron—stained acgregate of cal— 

cite and quartz (see pl. 23); quartz, which occurs in rounded grains 

which are probably foreign particles of the country rock; and accessol:, 

cr:stals of magnetite and apatite. In some, the groundmass is partly 

glassy. Shannon (1921, pp. 483-48.5) noted a selvage sample as being 

glassier and finer grained than the central portion of a dike in the 

Marsh mine. 

STRUCTURE 

The complexity of the pattern of folding, faulting, and cleavage 

over much of this area is well illustrated by the mapping. The Belt 

Series has undergone a great amount of deformation, from which the 

intrusives have not escaped; they have been shattered, sheared and dis— 

placed along numerous faults. The amount of disturbance in a large part 

of this area is greater than that which is found in much of the surrounding 

country. This center of disturbance roughly coincides with the occurrence 

of alteration and larger mineral deposits. 

A part of the deformation, particularly the faulting, was observed 

underground only. Some of these structures would have escaped detection. 

Because of the lack of outcrops over large areas, the sameness of lithology 

throughout great thicknesses, and the obliteration of diagnostic character— 

istics of the sediments by widespread alteration, the position and attitude 

of many of the faults and folds could have only been inferred. The regions 

containing few mine workings and those in which outcrops are rare, such 

as that underlain by Wallace along the northwestern edge of t're manned 
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area may have a somewhat more cohiolex structure than depicted. Even so, 

this region would not co-mare in complexity of structure with the altered 

and mineralized areas. Mapping and reconnaissance in the st 'retndinc 

country, parts of which are well exposed, :as borne out the belief that 

simplicity of structure generall/ means lack of mineral deposits and 

plteration. 

Only those faults which appeared to be persistent laterally for several 

thousand feet or mon, and along which the movement was considerable, were 

plotted on the maps. Likewise, numerous local folds have not been show-1. 

Folding 

Folding has played an important but not the dominant role in the 

deformation of the Belt sediments in the Canyon—Nine Mile Creeks area. 

Many small irregular folds occur in the region, none of which however can 

te traced for much more than a mile. An exception to this is a large 

onen anticline, a part of whose southeast limb lies along the eastern 

edge of the Dobson Pass fault. The majority of the folds have a north 

to northwesterly trend, but the strike of others lies in the northeast 

quadrant. The heterogeneity of their trends is indicative ,)f the many 

different stresses brought to tear on the rocks of the region. 

The oldest traceable deformation of Belt sediments in northern Idaho 

was the forming of north to northeastern trending large open folds. A 

part of the southeast limb of an anticline, which is mentioned above, is 

the best representative of this period of deformation in the Canyon—Nine 

Mile Creek area. It continues north more than 10 miles beyond the edge 

of the map, trending N. 350 E. Later disruption by the intrusion of the 
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stocks and subsequent folding and faulting has masked it in part. Even 

so, it is evident that this fold continued to the southern edge of the 

map. The anticline exposed in Granite Gulch at the northeast corner of 

the map is probably a subsidiary fold formed by the same comnressive 

forces. It pitches to the south and dies out near the head of Gorge 

Gulch. The same holds true for the ill—defined syncline between these 

anticlines. Before later disturbances altered the structural nicture, 

this large anticline and its satellites probably occupied the entire 

area, Ls the rocks became progressively younger towards the southeast. 

With the intrusioq of the stocks, bordering Belt rocks were contorted 

and folded. This deformation is well illustrated underground in a number 

of workings including the Succe, Rex, Kipsic, Laclede, Gem, and Frisco, 

where the border zones are exposed. At the Rex, where lower Prichard 

rock is c-mesed at many places for almost 1,500 feet along the c3nt4ct with 

the stock, the 'eds trend fror east to northeast, In general mere or less 

paralleling the edge of the stock. The folds are tight as the beds usually 

din at angles greater than 650 and are overturned in some pLces. 

The asymmetrical syncline alonc; tYe northern edge of the northern 

stock is the largest fold that might be ascribed to intrusive forces. For 

most of its length the syncline strikes about 65° E., roughly paralleling 

the edge of the stock. The limb next to the stock is decidedly steeper 

than the one to the northwest. This fold may be older than the Puritan 

fault as it extends south for a short distance beyond the fold. The 

shallow syncline whose axis coinciees with the top of Tiger Peak also hiay 

have been formed at the time of intrusion. 
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A do-:.al structure along Canyon Creek at Burke dips away in all direc— 

tions in an irreEular manner, being decidedly steeper to the east. As 

the attitude of the beddinL: is similar on opposite sides of the faults 

that cut it, the dome must be older than the faulting. The northeastern 

corner is warped into a small sharp anticline, which underground mannin6 

has shown up much better than surface work (see pl. 5). 

Some folds are restricted to iJaividual fault blocks and are believed 

to be contem-)oraneous with the faultirlb. The best example is the well 

developed syncline bounded by the Frisco, Banner, and Standard faults. 

No continuance of it to the north aniwest beyond the Frisco and Banner 

faults is evident, and the abrupt change in attitude of bedding across 

these breaks is striking. To the east the attitude of the bedding on 

either side of th.,1 Standard fault is somewhat similar, so that the evi— 

Cence is not so clear cut. The syncline dies cut to the south as the 

Frisco and Standard faults diverge. This evidence is believed to indicate 

that the fold was formed during the period of movement along the faults. 

The anticline south of tlae southern Gem stock ends abruptly against 

the Mexican fault. Again it is more logical to believe that the fault 

and fold c&me il-to being more or less at t'ie same time, rather than the 

folC being formed earlier. 

Other folds have no definite relLti)nship to other structural elemeA;s 

baad thus may have occurred at most any time during the period of struc— 

tural disturbances. 

Cleavage 

Cleavage, which is so widespread in the Belt rocks of the Coeur 

dt Alene district, has resulted from two different sets of circumstances. 
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One was the compression of the rocks into folds, and the other was wide— 

spread shearing. Under Loth circumstances a true cleavage was formed 

in some of the argillaceol;s rocks. The rock, which has a true cleavage, 

will split along numerous parallel nitnes, because of tile good orientation 

of the sericite flakes. In most of the rocks, :lowever, the cleavage is 

not so well developed; in them it is a false cleavage, and the rocks split 

along certain planes only. The associated quartzitic rocks are jointed, 

or sheared. 

The cleavage formed during folding is described as fracture, or 

false cleavage and flow, or axial plane cleavage (Billings, 1946, and 

Hills, 1940). The fracture cleavage which has developed along the limb 

of the folds wed is most common. Its strike is parallel to the axial 

plane of the folds, but its dip differs from that of the axial nlane; 

their intersection is at an acute angle. The dip of the fracture cleavage 

is most commonly steeper than that of the beds, where the beds are right 

side up; where the beds are overturned, the reverse is true. The axial 

plane cleavage develops parallel to the axial rlane, near the crests of 

the folds. 

In the •7anyon—N1ne Mile Creeks area the cleavage, which has resulted 

from folding, is not so widespread or as well developed as in adjacent 

areas, particularly in those to the south (Hobbs et al, 1950, D. 8). 

Here most of the compressed folds nre restricted to areas in which quartzitic 

of 
rocks outcrop, which probably accounts for the poor development, or even 

lack of, fracture cleavage. 

Shear foliation or cleavage occurs in two settings. One is local, 
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being restricted to definite zones of shearing or accompanying faults. 

The other is regional in distribution, and may show no relation to 

earlier folds or faults, which it may cross without any deviation from 

the general attitude. The latter type is the most interesting in this 

N. 300
area. It has one dominant trend, varying from ebout W. to N. 600 

W., and generally dips between 60°SW. and vertical. It is most highly 

developed in the southeastern corner of the mapped area along the crest 

of the main ridge between Canyon Creek and the South Fork of the Coeur 

dtAlene River. Here the more argillaceous varieties of the St. Regis 

have been changed into a purplish phyllite, which at places exhibits a 

true cleavage. The quartzites of the lower St. Regis and upper Revett 

are also foliated. In them, however, a shear has developed in a suc— 

ceedingly grosser pattern with an increase in auartz content in the rock. 

This knot of intense deformation is elongate in an indefinite pattern 

parallel to the strike of the foliation, and it decreases in intensity 

to the northwest and southeast. To the southwest it apparently dies out 

In a seri4s of small tight folds. But to the northeast it ends abruptly 

against the OtNeill Gulch fault; little or no similar effects can be seen 

in the Burke rocks on the east side of it. Shear folie,tion with similar 

pttitudes occurs on to the northwest beyond the stocks. 

As the folding took place during several periods of deformation, the 

accompanying cleavage likewise was formed at different times. The shear 

foliation must be relatively late as it cuts across many other structures. 

The fracture cleavage is unusually helpful (Shenon and McConnel, 

1940, p. 440) in determining tops and bottoms of beds. However, care 
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sho"Uld be taken in using cleavage to make such deteriAnations; a false 

interpretation could result from using shear foliation. 

Faulting 

Faulting has been the major resalt of the deformation in this area. 

There are numerous persistent faults along which the movement has been in 

landreds or thousands of feet. However, these larger ones are relatively 

few in comparison to those along which the movement may be mensured in 

inches to tens of feet. The mapping of thousands of feet of underground 

workings has made this fact apparent. One also realizes how pervasive 

the stresses must have been. 

The faults in this area are unusual in several respects, and their 

:node of origin is perplexing„ Both normal and reverse faults are atundE.nt. 

They are also interspersed, one among another. furthermore, those of 

reverse movement are steeply inclined, most of them dip at Lngles of 600 

or more. In addition, the largest, the Dolmon Pass fault, is normal in 

movement with a low angle of dip of around 300. 

The high—angle reverse faults and the low—angle normal fault have 

come into being through stress systems different from the usual ones set 

up within the earthTs crust. Hubbert (1951) has deLlonstrated and supported 

by good evidence that the average dip of reverse faults is near 25° and 

that the average of normal faults is near 60°. Billings (1946, p. 188) 

has pointed out that the forming of a reverse fault formed by thrust 

movealent, with an angle of dip of more than 35, is impossible, as the 

force necessary to move the thrust block would be beyond the crushing 

streneJ: of rock. If horizontal ;ressure had -played En important part, 

https://atundE.nt


the disruption along the reverse faults would be markedly greater than on 

the associated normal faults formed due to tension. From numerous observa— 

tions no appreciable difference was apparent in the amount of goaLe ano 

shear along these two kinds of faults. The possibility that the high—angle 

faults are essentiall a strike slip variety, as one might conclude from 

Anderson (1942, pp. 12-20), does not seem likely for most of them. The 

irregularity of their strike and their relative shortness horizontally, 

together with a noticeable lack of buckling cf the strata, rules out this 

hypothesis. A possible exception is the Mexican fz!ult, where a fold on 

the north may be due to a strike movement along the fault. The stresses 

responsible for the pattern of steep reverse and normal faults must have 

'een due to forces, the large component of wi_;ch was vertical. The move— 

nent along these faults was intermittent and it continued over a consider— 

able period of time. Because of the variety of stresses that affected 

them, the movements were undoubtedly in many directions. The cumulative 

movement, ILowever, must 'lave been mostly along the dip, with varying 

decrees of obliqueness. If this hypothesis is correct, the reverse and 

normal faults need not have come into being through a sequence of thp 

reverse faults first, during a period of compression, followed by the 

lormal faults later, during a period of relief and tension. Generally 

contemporaneity between the two types,the field evidence supports a 

although those with a west to northwest trend, which are Kostly normal, 

probably came into being somewhat later than the north—trending faults. 

Much of the adjustment along these faults is probably related to the 

large horizontal disple..cement along the neart;; Osburn fault. A movement 
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of as r.ruch as 12 miles, with the south side .noving west in relation to the 

north side, has been suggested (Umpleb,-,, 1924). Calkins (Ransome and 

Calkins, 1908, p. 73) has noted that the Dobson Pass fault, where the dip 

is low and the movement much extended, cannot be explained by the force 

of gravity alone. The differential _ovement along the Osburn fault at 

least offers a partial answer to how the Dobson Pass fault may have formed. 

The mechanics were right for setting up the great tension necessary for 

the formation of the Dobson Pass fault. 

ro strict division of faults by age can be made. They do, however, 

fall into two groups based on strike directions. One has a near north 

trend and the other a west to northwest trend. 

North strikir4K faults 

A group of near north—trending faults are the most persistent and 

largest in the area. These are the Dobson Pass, Puritan, Frisco, Standard 

and OtNeill Gulch faults. Along two of these, the 1:lovement has been 

normal, and along the other three, it has been reverse. Although no 

?ositive proof can be found, most field evidence suggests that they are 

the earlier faults in thB area. This is based primarily on their per— 

sistence, as well as on the fact that no evidence could be found of their 

off—setting the many faults that end against them. Of the others having 

the sarie general trend, some are prcbably contemporaneous, but still 

others are considered to be either older or younger. 

Dobson Pass fault 

The most notable structure within the area is the Dobson Pass Ault, 

clong which the movement has been normal and which has a dip of about 300. 
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It has been easily traced across the mappe6 area, continues for a n.ile 

beyond the edge of the map to the south to its termination against tie 

Osturn fault, anC was mapped an additionifour miles to the north by Calkins 

(Ransome and Calkins, 190S, p. 6q. This makes it at least 10 miles long. 

The Dobson Pass road, going over the divide from Nine Mile Creek to 

Beaver Creek, crosses the fault nine times in five miles, the fault shows 

up in the road cuts at all of these crossings. It has also been inter-

sected in the workings of the Panhandle mine, and in the east crosscut 

of the Nine Mile Mining Company. It was also cut by a vertical diaiAond 

drill hole from the 800 level of the Dayrock mine. 7rom this evidence, 

as well as other good surface indications, its position and attitude are 

well established. The surface trace is highly irregular, but this is due 

to the faultts low-angle of dip and the uneven relief along its course. 

Upon projection to a Lurizontal plane (see pl. 5) the strike is found to 

be nearly north to Beaver Creek-, where it turns sla,roly to a N. 40° W. 

trend. 

At one -:lace the youngest and oldest formations of the Belt Series 

are in contact across the fault. This mutual relationship between lower 

Prichard and Striped Peak, however, is in part due to another low-angle 

normal fault to the west, along which the now remaining wedge of Striped 

Peak rocks were drooped down to the east. This fault is older than the 

Dobson Pass fault for it ends abruptly at their intersection. :Discounting 

this older fault, upper Wallace would be in contact 'bith _lower Prichard 

here, so the vertical displacement amounts to at least 14,000 feet. The 

amount of moveL-ant decreases towards the south. 
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The rock in the hanging wall of the fault is shattered and broken, 

and to some extent it is sheared for many hundreds of feet away fro- the 

fault. This is particularly true. of the quartzitic rock of the Revett and 

St. Reg is formations to the north and south of Blackelvid aulch. At some 

places this shattering is intense; a bulldozer cut below the Pan}- rindle 

workings exposed Revett quartzite so shattered that it can be pulverized 

in the hand. Across Nine Mile Creek in the workings of the Drzrrock mine 

the brecciation gradually dies out to the west. In the footvall, the lower 

Prichard in the vicinity of the fault is contorted and folded, and the 

monzonite is shattered and sheared. The shattered condition of the rock 

In the hanging wall, as well as the contortion of the lower Prichard and 

shearing of the monzonite in the footwall, substantiates the belief that 

the fault is due to much more than the force of gravity alone. It is 

Ivondered if the cohesivenesof the rock in the hanging wall was great 

enough to keep it from rupturing as it moved down off the footwall block. 

For this reason the suggestion is made that the footwall block was the 

active one, and that the motion was rotational on a fault plane that 

steepened with depth. However, no evidence was found to show any increase 

in dip. 

Puritan fault 

The Puritan fault, so named in the workings of the Tamarack mine, 

is about four miles long. It has been traced with a fair amount of con-

fidence from its convergence with the Standard fault north beyond the 

mapped area. At the southern end it strikes about N. 20° W. and dips 55°-

From this it changes to a north strike and vertical attitude at600 NE • 
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the northern edge of the map. In the Tamarack workings it is normal in 

character, with Burke dropped down on the east. To the north, however, 

because of the oosition of the monzonite in the hancing wall, it wo-ald be 

more logical to corcl&:e that the movement was reverse. The contact of 

the stock must have dipped inward here, for farther north, displacement 

of the contact between upper and lower Prichard also is normal. This 

is the same fault that McKinstr,- - (19/-2, n. 228) described as the Wallace 

fault in the Interstate—Callahan mine. 

Mine workings make it possible to follow the fault as its surface 

trace is questionable for long distances. At the soathern end, the 

Puritan fault has been cut on moist le4els of the Tamarack mine and, in 

acidition, is exposed on the 200 and 1,200 foot levels some distance from 

the veins. The lack of metamorphism of the sediments along the contact 

of the stock farther north is indicative of the fault. However, there is 

no question of its nresence, as the Interstate 1,500 foot level adit follows 

along it for 900 feet, and cuts it acain 2,000 feet farther north. Some 

4,000 feet north of the Interstate workings it is cut again on the 1,000 

foot level of the Idora, about 200 feet in from the portal. Occasi')nal 

marked changes in the attitude of bedding and shattered rock in a road cut 

are the only evidence to mark its surface trace in the intervening dis— 

tance. Beyond the map's edge on the north side of Beaver Creek recent 

tulldozing has exposed a probable extension of the Puritan fault. 

The Puritan is one of the few large faults along which any mineraliza— 

tion occurs. At the TL -arack mine, ore minerals occur along the fault over 

a vertical distance of more than 1,000 feet, locally, they were in sufficient 
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concentrations to be mined. In the lower part of the mine the ore de-

posits are in the footwall, but in the upper np.rt they are in a different 

group of veins in the hanging wall. Any post-ore movement is considered 

to laave been small. 

Frisco fault 

The Frisco fault is named after the Frisco mine where the veins end 

against it on tLp east. On to the north it is exposed in the No. 4 adit 

of the Black Bear mine and near the portal of the main adit of the Black 

Bear Fraction. In all of these workings it shows up as a strong structure. 

It contains 6 to 18 inches of gouge and a number of small subsidiary faults 

and shears which occur for several feet in one wall or the other. On 

to the north across Canycn Creek, what is most likely its continuation 

is evident from the great contrast in the attitude of the bedding on either 

side of the fault. There is also a marked change from hydrothermally 

altered rock on the east to unaltered rock on the west. A nit on the crest 

of the ridge between Canyon Creek and the East Fork of Nine Mile Creek 

has been dug into the sheared zone alone- it. The fault is again picked 

up underground where it is crossed by the No. 5 adit and 200 level of the 

Tamarack mihe. The manner in which the block of upper Pr.' chard wedges 

out indicates t2..J.t the Frisco ends aeainst the Puritan rault on the north, 

near the knob just south of the portal of the Interstate-Callahan 1500 

level. South of the Frisco mine no evidence could be found to show that 

it continued beyond the Star fault, thus its length is about 21- miles. 

The average strike of the Frisco fault is N. 5° E., but due to ir-

regularities it varies from N. 20° E. to N. 1.0') W. In the 7risco workings 
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the fault has an average dip of about e50 w., but in the Eta& rear Frac— 

tion the dip is 800E., and at the Tamarack it is 70° and (50 E. At the 

southern end the movement is apparently not much over 100 feet, but on 

the north it must be many times that to account for the large duplica— 

tion of Burke rocks. Like manzi other cross faults along which veins end, 

the Frisco fault is ')re—ore in age. The south (Frisco) vein strikes near 

N. 65° W. and ends abruptly against the fault, but the North vein curves 

from a position al:ost parallel to the South vein to one almost Tiarallel 

with the Frisco fault, sLowing that the North fissure was formed contempor— 

aneously with the fault. Furthermore, the associated Gem fault had ore 

deposited along it. 

Standard fault 

Because of the obvious discordance in the attitude of the bedding 

Df the upper Prl.cl-ard rock on the east and :Burke rocks on the west, the 

Standard fault is most evident at the surfece where it crosses Canyon 

Creek. This relationship continues or, the sa:!e trend for 1,000 fFet to 

the south, aria because of marked changes in dips of Burke rocks the fault 

can be followed farther. It must (lie out shortly beyond, however, as no 

evidence could be found to indicate that the break continued into the 

cirque at the head of the teully which was eroded along it. Few surface 

indications could be found to the north of Canyon Creek, but its position 

is well established by the many exposures in the Standard—Mammoth mine, 

and again on the 1200 and No. 5 tunnel levels of the Tamarack. From 

plotting the position of the fault in the underground workings, it is 

seen to strike into the Frisco fault at the north. As no trace of the 
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Standard has been found beyond the Frisco fault, it must end at their 

junction. Thus the Standard fault is estimated to be about 12,0U 

lonc. 

The strike of the Standard fault averaces about Y. 300W. alont, an 

irregular trend. T'rough the Standard—Mammoth workings it consistently 

dips 75° YE., and the dips are similar in the Tanarack mine. The movement 

has been reverse with the maximum vertical displacement at least 500 feet 

at Canyon Creek and probably somewhat more to the north. Where exposed 

in the To. 5 tunnel of the Tamarack, the fault contains 12 inches of gouge 

and the rock is sheered for 8 feet. Ransome (1908, pp. 119-121), who 

named the fault, wrote thnt in the Standard—Mammoth mine it contained 5 

inches of dark ciay ouge, with 10 to 12 feet of sheared ouzrtzite in 

the langing wall. He also stated that the evidence strongly suggested 

that the fault was older than the ore deposit, end thus acted as a dam 

at the eastern end of the Standard—Mammoth lode. 

The mutual relationship of the Standard, Frisco and Puritan faults 

is Peculiar. The manner in which they join--the Standard against}the 

Frisco, the Frisco against the Puritan, and the Puritanzgainst the 

Standard--suggests that they are more or less contemporaneous. However, 

it would seem more logical if the wedge of upper Prichard between them 

had been brought into its present position by reverse movement along the 

Standard and Frisco, and lrter isolated by subsidence of the block t* 

the east of the Pu-itan. 
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OtNeill Gulch fault 

Tie OTNeill Gulch fault, so named by Calkins (Ransome and Calkins, 

1908, p. 64), is ancther of the strong north—trending structures in the 

area, extending be„- - ond the boundaries of tie map in both directions. To 

the south in a short distance iu apparently swings into a northwestern 

trending structure. To the north, however, its lirobable extension forms 

a fault contact between mcizonite and Prichard rocks about two miles down 

Granite Gulch from the edge cf the map. Altogethtr it may be considered 

to be at least 8 miles long. 

The strike of the O'Neill Gulch fault changes abruptly from Y. 30° W. 

to almost ncrth at the junction with the cross fault from the Standard 

fault, and continues from there with a northern trend to the north. It 

is a steep reverse fault, which was observed to dip 75° E. in the Tiger— 

Poorman mine (2ansome and Calkins, 1908, p. 173); to the south the dip 

is similar in part of the Reda workings, but at the above mentioned 

junction with the cross fault the dip steepens to vertical. In the Ajax 

workings to the north the dip is not known as the fault is tightly lagged. 

Because of the irregularities in strike, the displacement along the 

fault must have Leon mostly up dip. This aulcunted to over 3,C00 feet 

vertically at the southern end of the map where altered Burke is in contact 

with unaltered but sheared St. Eegis. At Canyon Creek, where the bedding 

is almost as steel,a the au1t, a large section of Burke is duplicated 

and some upper Prichard exposed. The movement here must have been 

almost as great. At the head of Granite Gulch, however, the displaceLent 

is only a few hundred feet at most. 
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No other fault in the area is so well expressed by the topograuhy. 

The streams in Granite, Gorge and OT.Neill Gulches follow elosel along 

the falat's surface trace, end saddles rerk where it crosses divides. In 

Granite Gulch the Gulch fault coincides wit% Le axis of the anti— 

cline exposed there. 

Ra,lsome (1908, n. 173) noted that the Tiger—Pocrmr.r_ vein ended against 

the Oireill Gulch fault, and that there had bee_a some post—ore 'Qovement 

along it. Other similar relations t.-.1-tt the fault is pre—ore End 

acted as a dam to the ore solution. 

Cther north striking faults 

Among the lesser faults of tlis group are the Russell and Gertie 

faults east of and parallel to the O'Neill Gulch fault. They dip 850W. 

or eounter to the O'Neill. They also Fre reverse in nature, as they cut 

out al,c1,t 500 feet of Burke. This reverse movement is also substantiated 

ty steepening of bedding at the faults. The Gertie is the much more per— 

sistent one, and therefore the cne alcng which the movement WPS probably 

greater. It continues south beyond the edge of the map, and the Cougar 

and Elite faults apparently end against it. If the next fault to the 

east, which parallels these two, has a similar dip, it is normal in charac— 

ter. It ends against a northwestern—trending fault, and therefore may be 

later in the sequence. 

The Fracti,n and Gem faults, (just ;vest of the southern end of the 

Frisco fault, are apparently supplementary to that fault. They have 

similar attitudes and the direction of movement ix's been the sa-lc on all 

three. The attitude at which they have been found at a number of °laces 
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in the Gem and Frisco workirge, indicates the probability of tneir joining 

south of these nines. Furthermore, only one fault was found along their 

trend in the adjacent Betty Lou workings. Farther south this fault must 

6ie out, as no trace of it could be found south of the Star fault. The 

Frisco and Gem faults apparently die out a short distance north of Canyon 

Creek. The Gem feult has had ore deposited ilcng it for a short distance, 

sho:dine that along with others of this eroup, it is Dre—ore in age. Te 

Fraction fault acted as a dam on tie_ east fcr the Fraction ore body. 

The Carlisle fault at the northern edge of the map also mae belong 

to this group. It strikes Y. 2C° W. aee sips 750SW. The movement alone 

it is reverse and has amounted to approximately 20C feet. Cn the main 

haulage level of the Carlisle mine tl- r fruit has been drifted alone: for 

almost 1,400 feet, where 6 to 36 inches of clay gouge and sheared rock are 

found Alcng it. Sulfide minerals associated mainly with quartz, but also 

witY some siderite, occur in short lenticular sleeped bodies which are 

found either in the hanging wall or in the footwall of the fault. Al— 

though there has been some post—mineralization movement, the relatively 

'Inshattered coeditiol of the quartz and sulfides indicates it has been minor. 

A group of north trending, normal faults, includint the Zanetti, 

Upper and Lower Murray, Faff, and an unnamed one to the east, lie just west 

of the Dobson Pass fruit at Blackcloud Gulch. They have been intersected 

in the Dayrock and Cclifornia mines and associated wee" ligs, where their 

dips have been found to ranLe from near vertical to 500W. They are be— 

lieved to be contemj;oraneous with one another and their accumulated move— 

ment has emounted to well over 1,000 feet. As two of them, the Upper and 
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Lower Murray, displace the Ruth fault, they are considerd to have been 

formed at a relatively late stage of the deformation. A logical conclusion 

is that they have resulted from the movement along the Dobson Pass fault. 

Some of them cut either the California or Dayrock ore bodies. There has 

been some -,00st—ore movement, but this is apparently small. 

The fault, boundin6 the western side of the Striced Peak rocks ex— 

posed alonp; the Dobson 111-7s road in the northwest corner of the map, has 

already been mentioned. It strikes about N. 200 W. and dips 3C0 N. 

Undeniably older than the Dobson Pass fault, it may well be the oldest 

fault in the area. 

West—northwest striking faults 

The west—northwest striking faults are the more numerous group, but 

they are generally less persistent than the others, and the displacement 

along most of them is less than along the larger north trending faults. 

As a group they are considered to be younger than the north trending ones. 

The large majority of these faults dip 600 or more to the south or south— 

west, and the movement along most o^ then has been normal. A few which 

are exceptions either dip in the onposite direction or the movement along 

them has been reverse. Superficially the Banner fault, the cross fault 

between the Standard and O'Neill Gulch faults, and the Cougar fault, appear 

to be displaced segments of an older fault. However, this is imoossible; 

the cross fault dips in the oprosite direction, and the Cougar and the 

Banner are Probably normal faults, whereas tYe cross fault is reverse in 

nature. 
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The Elite and Cougar faults in the southeastern corner of the area, 

which strike west and 1. 70 W., undoubtedly join before ending against the 

Gertie fault on the east. The large offset of the rocks makes the Cougar 

fault apperent at the surface, but the only evidence of the Elite is 

sheared rock on the dumps of two prospects aloag it. They both, however, 

nre strong structures where they have been cut in the Gertie workings. 

The movement along the Cougar fault is normal and the vertical displacement 

must be near 1,000 feet. The movement along the Elite is probably in the 

same direction, but considerably less in amount. 

The San Jose, Mexican, Ocemander, Star, and Omaha faults form Ft con— 

temporaneous group near the southern edge of the area. They are all 

normal and the rocks are seeccese!_Yely dropped down to the sol,thwest along 

them. They vary in strike from N. 45° W. to west and in dip from 600 to 

850 SW. or south. The 600bend in the strike of the Star fault mi:_t be 

questioned if the true relations were net so evident in the Black Bear 

Fraction workings. At the shexpest bend in the curve some aat;ustment has 

taken place by bedding plane slips on to the northwest, but the main break 

swings to the southwest. Southeast beyond the edge of the map the Star 

fault and Star—Morning vein are cofncident for some distance. Here some 

Post—ore movement has occurred, but aglii the major displacement was 

proball.), pre—ore. Where lower Prichard is in contact with Burke along 

the Mexican fault, the vertical displacement ie et least 2,000 feet; the 

movement on any one of the others was not more than a few hundred feet. 

The Oreano and Mart faults together with a number of other northwest 

to west—trending faults lie north of Canyon Creek between the Standard 
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and O'Neill Gulch faults. Along three of these, which are exnosed in 

the Hercules crosscut, the movement has been reverse; along all the others 

it has been normal. With the exception of just one, all of these dio to 

the southwest or south at angles greater than 60. The disnlacellent alo 

any one of them has probably not amounted to more than a few hundred feet. 

The Mart fault cuts off ;he ore shoots at the Sherman mine cn the west. 

What may be a continuation of the joined veins to the west contains mostly 

cuartz, pyrite and hematite. The fault apparently acted as a dam to the 

later lead and zinc carrying solutions. 

The Silver Star and Blackcloud faults in the southwest corner of the 

area west of the Dobson Pass fault are both reverse faults. The Silver 

Star strikes west and dips vertically to 85° south; the Blackcloud strikes 

/ 0 
05  W. and clips steeply southwest. The Blackclaud is by far the larger 

structure. It continues for more than three miles beyond the map, and the 

displace7r.ent along it is at least 2,000 feet, whereas the Silver Star is 

not much more than two miles long, the displacement alon,; it being only a 

few hundred feet. The Ruth fault just north of these two is normal in 

movement. It strikes N. 70
o 

W. and dins 70° SW. The maximum vertical Li-is— 

placement along it must be at least 1,000 feet. All three of these fnults 

apparently end against the Dobson Pass fault. 

In the Coeur d'Alene district a number of sliver—like blocks 5 rock 

lie between more or less parallel faults along which the movement has been 

in opoosite directions. However, in so far as the writer is aware, the 

block of upper Wallace rock between the Blackcloud and Ruth faults is the 

only one that is grabcn—like in form. All the others are horsts. 
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Structural interpretation 

In order to interpret the structure found within this area it is 

necessary to go afield and examine the pattern thet ma:, be observed there. 

The dominant structural element of the entire adjacent region is the 

Osburn fault, which lies fro.r. 1 to 3 miles south of the Canyon—Nine Mile 

0
Creeks area. It trends about N. 75  W. and dips almost vertically to the 

south. Down—dropped to the soaLh with an apparent maximu:L vertical dis— 

rlacement of over 8,500 feet, it is r sheared zone several hundred feet 

wide with multiple planes of movement rather than F_ single break. The 

Osburn fault has been traced for 35 miles to the west—northwest (Anderson, 

1940), and for a further distance to the east—southeast, making it one of 

the major breaks in the earthts crust. A large number of faults sub— 

parallel to the Osburn occur within the next 15 miles to the south, and 

most have a similar attitude (Hobbs, 1550, p. 6, and WagLer, 1949, p. 37). 

The majority of these, i_,_cluding the largest and most persistent, the 

Placer Creek and St. Joe faults, are normal faults, hut interspersed among 

them are others reverse in nature. The major folds within is same 

region have nearly the same trend as the faults. 

Immediately north of the Osburn fault the great majority of the 

stractures are still nearly parallel to it, but within a mile or so t'eese 

either end or change to a more northern trend. This change takes rlacc 

in the southern part of the Canyon—Nine Mile Creeks area. From here, for a 

number of miles to the north, the major structures, both folds and faults, 

have a northern trend, varying from north—northwest to north—northeast. 

The Osburn fault has been considered to be a large tear slip with 
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the horizontal component amounting to aboat 12 miles. This large dis— 

placement is based on the matchin,.- of somewhat similar structure and 

lithology on either side, and is substantiated the relatio:1Fhin to it 

cf the adjacent faults to the south. Many of these join at small ailgles, 

as if formed Ly tension caused by the movent along the Osburn fault. 

The northeast block has moved to the southeast in relatior to the south— 

west block. 

Some of tYe structural elements north of the Osburn f—ult appear to 

te the older ones. This is particularly true of the large open folds, 

especially if credence is given to their matching on opposite sides of the 

Osburn fruit. Similar structural relationships exist along the Hope 

fault, r-;(1) miles to the north. Whether north—trending faults were next 

in the sequence is not nearly so clear, but it is logical to belieVe some 

were intitiated by the sane compressive forces that formed the folds. 

The sequence for the remaining structural events is much more un— 

certain. If the horizontal movement alonc the Osburn fault ia as large 

as suggested—and the evi:,ence seems to be convincing--the deformation 

in the adjacent country, including the Canyon—Nine Mile Creeks area, 

3robal,ly resulted from the same stresses that caused it. The movement 

must have been intermittent and continued over a considerable length of 

time. Although these stresses must have been similar for the greatest 

part of this time, at intervals they had to be different to cause the 

complex structure that has resulted. 

Whether the stocks were intruded after much of the structural dis— 

turbances of the region had taken -)lace is not clear. Their parallelism 
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with the earlIer northeastern trendi,L folds would see.p. to be more than a 

happenstance, and indicative of the fact the,t they were at least intruded 

after this early folding. The evidence is good thst some of the folding 

Is related to their intrusion, and undoubtedly some of the faulting was 

4so caused by it. The fact that they are cut by the Dol-son Pass and 

Puritan fr,ults shows that they had been emplaced and solidified long 

before the deformation was complete(.. 

The persistent north trending faults probably were formed First, 

with the west-northwest trending group sebsequentl./ coming into being. 

However, intermittent movt-ment along the faults continued throuehout the 

period of deformation. The diabase dikes, intruded into early breaks, 

have had later faulting along tile-a. That there was post-ore movement 

along the north trending faults is a well established fact. In addition 

some movement has occurred along many veins since the deposits were formed. 

Even some of the lamprophyre dikes, the latest igneous rocks to be intruded, 

are sheared and faulted. 

The bleaching alteration might be interpreted as being pi'-faulting 

in age because of its abrupt ending at some faults. A good exaTiple of this 

occurs at the Frisco fault. For almost half a mile the fault forms a 

sharp boundary between altered and unaltered rock. The trend of the altera, 

tion here is at a large angle to the fault. For this reason it is highly 

doubtful that the movement was great enough to bring unaltered rock into 

the relationship shown. Furthermore, the mineralization is believed to 

have occurred as a somewhat continuing phase of tLie alteration, and no 

large post-ore movement along faults is evident. 
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There is no good evidence that an, faulting has occurred since the 

present physiography was formed. Furthermore, most of the movement 

along the fadlts probably had ceased before the period of erosion during 

which the country was worn down to the level of the accordant summits 

of the 1)resent ridge crests. With the beginning of the present cycle 

of erosion the country must have been raised a considerable distance, 

as the bottom of the valleys are usually 3,000 or more feet below the 

present summit levels. 

The sequence of events suggested by the evidence is as follows: 

1. Formation of north trending folds and probable 

starting of some north trending faults. 

2. Beginning of movement along the Osburn fault and 

some of the other faults. 

3. Intrusion of monzonite stocks with related dis— 

turbances. 

4. Continued faulting, folding, and shearing, much of 

it after the solidification of the intrusives; in— 

trusion of Cdabase dikes. 

5. Hydrothermal alteration; distwxbances still continuing; 

setting up of system of west—northwest tension shears 

and fissures, in which mineral deposits were formed. 

6. Continued faulting; setting up of a system of to 

N. 20° W. fractures dipping steeply to southwest into 

which lamprophyre dikes were intruded. 

7. Faulting and other disturbances continue; erosion of 

country down to accordant level of present ridge crests. 



R. Regional uplift; faulting apparently minor. 

9. Lejuvenated erosion which was temporarily disturbed 

by flooding of valleys by basalt flows ir mid—Miocene 

time, 

'Recent age determinations made of uraninite fro:a the Sunshine mine 

in the Silver Belt of the Coeur d'Alene district (Kerr and Kulp, 1952, 

p. e7) indicate that it is 750 million years old (late pre—Cambrian). 

This uraninite comes from veins that are younger than the major deformai-

tion in the Coeur d'Alene district, as they cut the large overturned Big 

Creek anticline which lies ju,z,t south of the Osburn fault, south and west 

of the town of Osburn. This would make the deformation, the intrusion 

of igneous rocks, and the mineralization pre—Cambrian in age. This differs 

sharply from the usually held idea that they occurred in late Mesozoic to 

early Tertiz.r:, 

In spite of this new data the writer believes that the age of the 

deformation, the related igneous intrusion and formation of the ore de— 

posits is logically Laramide (late Mesozoic to early Tertiary). Eardley 

(1951, pp. 308-314) has shown rather conclusively that the Coeur d'Alene 

area lies well within the region affected by both the Nevadan and Laramide 

orogenies. It is difficult to understand how this area could have remained 

relatively undisturbed through these two great periods of deformation. 

If the uraninite is the same age as the veins that contain it, this must 

be the ease, as there has been little disturbance since the veins were 

formed. If the age determinations are correct, it is more likely that 

the uraninite in the veins has resulted from the reworking of pre—Cainbrian 

deposits by later solutions. 
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REGIONAL KET.AMOP.PHISM 

Regional metamorphism, though relatively slight, has affected all the 

rocks to some extent. The quartz has been recrystallized to angular trains 

in which the original rounded form is rarely observable under the micro— 

scope. Much new sericite must also have been formed. Chlorite, which is 

7ostly a product of this metamorphism, is a minor constituent of many rocks. 

The accumulation of ankeritic dolomite, or some closely allied carbonate, 

into irregular patches which dot most of the purer ouartzites -orobally 

took place during the same time. Their presence is startlingly apparent 

on weathered surfaces, where the oxidation of the carbonate res-llts in a 

rusty speckling. Magnetite and ilmenite were also newly formed or enlarged, 

as the octahedra and irregular particles are up to 0.5 mm. in diameter, 

which is much larger than the associated quartz grains. Tourmaline in 

elongate prisms and rosettes larger than the associated grains is of the 

same history. The pyrrhotite in the lover Prichard may have been formed 

at the expense of pyrite during the regional metamornhism. 

Heat and pressure must have played the dominant role in transforming 

the deeply buried sediments, but the effects of dynamic forces are also 

evident. In many thin sections of argillaceous rocks, reorientation of 

the sericite flakes is apparent. They now are parallel to directions of 

ease and are at angles to the bedding. The deformation was great enough to 

cause a slaty cleavage to develop in some of the more deeply buried Prichard 

rocks. South of Burke, in the vicinity of East Grouse Peak, shearing of 

sufficient force has changed argillaceous St. Regis rock into purplish 

phyllite. In the same general area deformed and tightly folded quartzite 



	

is cut by an anastomosing net of quartz veinlets, the formation of which 

must be related to the same dynamic forces (see pl. 11B). 

CONTACT METAMORPHISM 

Contact metamorphism around the stocks and of the inclusions of 

country rock engulfed within them is mainly due to the effects of heat. 

Immediately adjacent to the intrusives, however, the sediments have been 

feldspathized for a distence which can be measured in inches, or at most, 

a few feet. The rocks grade imperceptibly from the metamorphosed sediment 

into the igneous rock with a eradual change in mineral assemblage. 

Within this feldspathized rock plagioclase usually dominates over the 

potash feldspar. Recrystallized quartz is plentiful. The reddish—brown 

tiotite and colorless muscovite of the metamorphosed seLiment has been 

replaced by hu'd,ilende and augite. Agreates of a reddish garnet 

irregular grains are four—: in :,ome thin secto s. Sphene, iagnetite, 

and zircon occur in this selvage; the sphene is abundant enough In some 

places to make up several percent of the rock. A colorless diopside is 

present at places and was particularly noticeable in the selvage zone 

pround carl,onateerich rock in the large western inclusion at the north 

end of the southern stock. Such minerals as epidote, 

chlorite and sericite are also present, all having the same secondary 

relationships as obterved in the igneous rocks. 

The effect of tlie magma on the Prichard and Burke sediments, around 

the Gem stocks, grades from marked changes near the contact to a mere 

coarsening of the mice within a few hundred feet. Even in the most 

argillaceous rock, little or no change can be detected at distances of 
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1,000 feet or so from the contact, and in the purer quartzites the effects 

Jade out much more rapid. In spite of the general lack of good outcrops 

a marked irregularity in the contact aureole is evident. This probatly 

is mostly a reflection of the irregula-ity of the outline of the intrusives, 

although the type of rock invaded and its attitude are cJntributing factors. 

The cnly effect of the metamorphism on the purer quartzites is to recrystal— 

lize them, which coarsens the grain, giving the rock a sugary appearance. 

T: 2 first change, found farthest from the stocks, is the recrystalliza— 

tion of the sericite into muscovite, which gives the rock a micaceous 

sheen, particularly on partings. Next is the development of biotite which 

has light—brown to reddish—brown pleochroic colors. It forms in aggregates 

of irregular plates, replacing the muscovite and, anparently to some ex— 

tent, the quartz. These speckle the rocks or form as layers. The argil— 

laceous rock near the contact, which has undergone the most intense meta— 

morphism, contains garnet, andalusite, sillianite, zoisite, and hornblende, 

in addition to the micas and recrystallized auartz. These new minerals 

usually OCCUT in aggregates of irregular grains in a patchy or tanded 

appearance, apparently replacing both the micas and quartz. Garnet is 

relatively mre, but where observed it is in aggregates of irregular grains 

which are brownish—red o almost colorless in transmitted light. Anda— 

lusite is found in irregular grains, some having a faint red pleochroism. 

Much of this mineral contains incluions of c:uartz. It is a common 

,I.neral in tills zone, arC where abundant imparts a pinkish color to the 

rock. Sillimanite occurs in short needles which are in plumose arrane— 

ments, in wavy bands through the rock, or in felted masses in the quartz 



grains. aisite is i. colorless fine-grained aregates. Ho-nblende, 

which is relr.tively rare, occurs in patclies of irrei;ular grains. It 

exhibits a light-green to almost colorless pleochroism and has the 

characteristic amphibole cleavage. Minerals that occur in minor amounts 

in the sediments such es zircon, tourmaline, and magnetite or ilmenite 

L.re also found in the metamorphosed ..areole. The zircon al,parently is 

unaffected, as it is found in the usual milor amounts throughout, commonly 

Es inclusions in the other minerls. In the more h5gh1y metamorphosed 

roc;.- s, tc:Armaline and the black opaque o:ddes of iroa and titanium are 

rare. 

The effect of the intrusives on carbonate-bearing rocks extends much 

farther from the contacts. This has been observed in the northwest corner 

of the mapped area, near the head of the szall tributary which flows north 

into Eaver Creek along the extreme western edge of the map. Here lower 

Wallace rocks have been changed to a fine-grained banded green hornfels. 

The nearest exposed monzonitic stc,;k is fully a half mile to the west 'ee-

yond the edge of the map. The roc::s consist predominantly of Luscovite 

and quartz, recrystallized from the se original :linertls, ricl newly 

formed eiopside, hornblende and green biotite. The varying abundance of 

the latter three minerals gives th-: rock its banded green appearance. 

Most of the contact metamotphic roe7s are best described as hornfels, 

although some have schistose characteristics. They range from fine to 

tedium grain v,ith many having a granular texture. Many of the rocks hPve a 

pseudo-schistosity due to concentration of different minerals in bands 

parallelint, the lamination. Others, however, have a well-developed 
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foli;,etion due to orientation of the mica flakes parallel to bedding. 

At a few places a decided sheen parallel to cleavage indicntes a foils 

tion in that direction. From this evidence it would. seem that stresses 

mere not too important factors during the period of contact metamorOlism. 

ALTERATION 

Several types of 1,ydrothermal alteration have left their effects on 

the Eelt sediLients in the Coeur c1lene district. The most widespread 

has been given the name "'bleaching", as its most apparent effect on the 

rocks is to change their darker :,ues to pale green tints, even where the 

alteration is ol-viouslz- slight. L, marked chloritic alteration (Boees, 

1950, p. 9) is found in the rocks at the Atlas mine near Mullan. It also 

occurs in several narrow east—west zones for a mile or so to the east and 

west of the Atlas mine. So far as is now krown, it is restricted to that 

locality. In the underground workings of a number of mines surrounding 

the Gem stocks, still another kind has been found, which is typified by 

the presence of green biotite, chlorite, and garnet. 

The bleaching that has been investigated and reported upon (Shenon, 

1939, Sorenson, 19J,7 and 1948; Hobbs, 1950) lies within an east—west zone 

a mile or more wide and 10 miles long. It lies just south of the Osburn 

fault, and extends from Big Creek east to the Montana border. is 

within the Silver Belt and its eastward extension. Here the intensity of 

the alteration varies from a slight phase, ir which there has been a .ere 

loss of color, to one in which all the sedimentary features are obliterated. 

The resulting rock is a green phyllite appearing rock consisting aln.ost 

sericite. The changes in the rock have been attributed toentirely of 
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sericitization and the introductioL of iron-carbonate minerals, pr 

dominantly siderite, an, to a lesser degree, of -.rite and quartz. The 

alteration closely parallels the structure, having workee out from 

shear zones, and in some places along bedding and cl2vvage. Thus the 

alteration occurs in an anastancrinz pEttern enclosing blocks of unaltered 

rock, large small. Mapping, both underground and on the surface, 

shows that this alteration tends to fan out upward. A lessening of 

pressure has probably allowed a more widespread permeLtion of the hydro-

Cflerinal solutions near the surface. Recently in his work on the altera-

tion problem, Mitcham (1952) doubts that there is any appreciable e.lrichli.ent 

in sericite in the altered rocks. 

An alteration, sinilar in most res-oects to the bleaching, has been 

:napped in the Cr.nyon-Kine Mile Creeks area. Its areal extent is shown 

on an overlay sheet tc the surface map (pl. 14). By necessity the out-

crop pattern on this overlay sheet is diagratic. It is a gross pattern, 

because of the lack of detail in Lapping and the paucity of outcrops. 

The difficult;; of Cifferentiating between alteration and regional metal-

morphism has ',lade it impossible to draw definite boundaries. The largest 

areb of altered rocks lies in the soll:-least quarter of the mn-0. On the 

west they are beended in part by the Frisco fault. This zone has a general 

northwest trend except where it extends north along faults, particularly 

the O'Neill fault. The next largest area lies west of the Dobson 

Pass fault in the vicinity of Blackeloud Gulch, where it has spottily 

affected rocks ranging in age from Burke through Wallace. On to the 

nert the faulted wedge of Striped Peak rock west of the Lobs*n Pass fault 
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is bleached in several tlaces. The only area of contact metamorpLic 

rocks affected lies within the small zone along the northwester,: edge 

of the northern stock. 

of the bleached rocks in this area are quartzttic sediments 

of the Burke formation. These, plus so , revett quartzite ark. upper 

Prichard rocks, exhibit var:ing degrees of the alteration. At the sur-

face the most noticeable effect is the brown staining "c,y iron oxide of 

the weathered rocks. Blocks as much as a foot thick are permeated with a 

rusty stain; talus areas and scree slopes of such rock show a marked con— 

trast to the gray and w' ite quartzite of unaltered areas. Such weathered 

rock has a punky appearance, and gives a hollow sound when struck by a 

hammer. In some areas the quartzite has a tan to Cead white appearance, 

and here 'Grown staining occurs alonc joints, fractures and bedding planes 

(see pl. 114). A copmon weathering feature of these rocks is a brown 

limonitic staining an inch or so thick bordered on the interior by narrow 

red hematitic selvage (see pl. 1413). In some of the more argillaceous 

rocks the same tell—tale greenish color of the usual bleaching is apparent. 

Underground where the rocks are not weathered, this light greenish color 

is the most aoparent effect, but a thin rusty rind on much of the rock 

is also typical. The more argillaccous the rocks, the more apparent is 

the alteration. 

In studying thin sections, no evidence could be seen to indicate an 

appreciable addition of sericite. However, a smell amount may have been 

a0Ced through the alteration of the feldspars, no trace of which could 

be seen in the altered rocks. noticeable change in the rocks was the 
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alteration of the black opaque minerals. A cream—colcred opaque, which 

is probably leucoxene, has replaoE-C most of them. The porousness of the 

weathered rock must be due to the leaching of iron carbonates that were 

-present, but are now gone; the iron staining remains as evidence. 

It is believed that the greatest change effected by the alteration 

was the introduction of iron carlid.ftes and leaching out of iron. Here, 

as elsewhere in the district, the bleaching occurs in areas of comolex 

structure, and is usually more noticeable adjacent to faults and their 

related disturbances. A relationship betvieen the alteration and ore de— 

posits e;,.ists to the extent that they occur LI the same general area. 

However, many ore deposits are outside bleached zones, or at least in part 

so. Apparently the bleaching preceded the ore deposits by an interval 

sufficient to allow the opening of some additional new fractures. These 

together with older ones became the channelv!ays for part of the ore 

solutions. 

Over and beyond the contact metamorphism in the Belt rocks surround— 

ing the stocks are changes undubtedly due to hydrothermal solutions. On 

the outer fringes, as much as a mile from the nearest contact, a black 

speckling is evident at many places in the more quartaitic rocks. These 

dark speckles are a millimeter or two in size. Nearer the contact the 

rock is darkened by splotches or layers parallel to the bedding. In the 

.iost intense phase the entire rock is dark in color; along fraatures or 

bedding plane partings, a reddish garnet :las formed in layers usually 

less than a centimeter wide. In addition a narrow bleached seam on either 

Side of the break, or parting, through the center of the garnet layer, is 
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common at many places. The dark color is imparted by a liotite, green in 

transmitted light which replaces both sericite and quartz. It apparently 

Dreferablz, starts forming around magnetite or ilmenite. In places the 

biotite in turn is partizlly replaced by chlorite. 

The areal distribution of this type of alteration indicates a relttion 

to the stocks, as it has been found in their general vicinity only. 

However, it does -1ct occur in a uniform halo around them, being entirely 

absent at some places, and at others exterding far beyond the usual effects 

of contact metamorphism. The more intense phases have been seen under— 

ground only, in the vicinity of the ore deposits, and mapping indicates a 

spatial relationship between the two. There is also a suifLestion that this 

type of alteration is found in greater intensity around the lower portions 

cf so,ne ore bodies than in the upper portions. However, more mapping 

:,eeds to Jone to co:.firr this relationship. Thotite, garnet and 

chlorite are found in replacement selves along a number of the sulfide— 

bearing veins, which indicates close relationship to the ore deposits. 

It is probable that the solutions responsible for the silicates were fore— 

runners of the metal—bearing ones. It is also a possibili* that tnese 

solutions were one and the same, and that as ohysico—cheidical conditions 

changed, sulfide minerals were deposited. But the much more widespread 

occurrence of the silicate mineral replacement indicates that the solutions 

responsille for them were of a more permeating character than those re— 

sponsible for the sulfides. 

As will be elaborated upon in the secUon on contact metamorphic Oe— 

;osits, evidence indicates that this alteration occurred after the stocks, 
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as presently e:Aposed, had solidified. An explanation that seems plausi-,Ile 

is that the stocks, hydrothtrmal solutions and ore deposits had s common 

source, and that the disturbances cased by the emplace.nent of the Ftccks 

and, still later, by the deformation around them formed the Crannels which 

the later silicate—forming fluids and ore solutions followed. 

NOTES ON TEE ORE DEPOSITS 

Thc Coeur d'Alene mining district has had a rich and interesting his— 

tory, dating back to 1882 when gold was discovered along Prichard Creek 

near Murray.. The first lead—silver mine opened wps the old Tiger at Burke 

in 1984. In the years that followed, the carp developed quickly and Ly 

la90 the value of the metal produced annually was over $4,000,000; by 1900 

it was over ',;10,CC0,000; and in 1949 it was $50,700,000. Production from 

the rich but sl-aall gold placers and lodes in the Murray area soon dropped 

to minor importance. Within a few years lead and silver becalle the im— 

portant prodacts, to be joined by zinc in 1905. DiJring the period of 

1903-1915, when the Snowstorm mine was active, copper was an important 

commodity; as a result of the discovery of more silver—copper ore in the 

Silver Belt, it is now resuming its importance. 

As has been the case in the rest of the Coeur d'Alene country, Erest 

nines have come and gone in the Canyon—Nine Mile Creeks area. The Tiger— 

Poorman, Standard—Mammoth, Hecla, Interstate, Success, Marsh, and Sherman 

are inactive or worked on a small scale only. Periodically the surface 

du:nps or gob within some of the mines are reworked. The Hercules and the 

Triscc have again become active mines, after being dormant for years. 

These two, plus the Tamarack, Gem (a part of the original Felena.-Frisco), 
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Dayrock, Lir,azon, Success, and various pro-perties on the Sunset vein system 

new furnish the bulk of the ore produced in the area. 

The following table summarizes much of the information on the proper— 

ties in the Canyon—Nine Mil, Creeks area that hrve produced rt -;re time or 

another. In addition tc the total production of the mines, the table 

,resents data on the size, shape, attitude, ane position e the lodes in 

;he nines. Many interesting comparisons can be made, based on the data. 

The preponderance of leed to zinc in most of the mines is apparent. Before 

1505, Lowever, no attempt as made to save zinc, and since ti.en the emphasis 

in some mines has been to mine out the more valuable lead—silvcr ore. What 

the table does not show is the general increase in the amount of zinc re— 

covered, in comparison to lead as the depth of mining increased. In ever:, 

case the vein or shoot is longer than horizontally. The general 

similarity in the strike of the veins is noticeable. Although the veins 

dip in either direction, almost all are steep. One of the most in— 

teresting and puzzling features of the deposits is their relation to one 

another spatially in the vertical plan. The TTecla has worked almost down 

to sea level, whereas the nearby Sher.,lan bottomed almost 5,00C feet above 

that. 

Description of ore deposits 

Ore deposi ts in the Coeur d'Alene district are characteristically re— 

placement veins in fractured and sheared zones along which the rovement 

has been relatively small. Some ore bodies are attributecao fissure 

filling or at least ir part to fissure filling; others replace beds, 

usually in a disseminated pattern; and another has been described as a 



contact metamorphic deposit (see discussion that follows); still others 

lave been considered transitional between the contact deposit and replace— 

eent veins. Some deoosits occur in and along major faults, lut these are 

in the minority. The known ore deposits in the Cenyon—Yine !file Creeks 

area are replf-cement veins, of which some may be in small mart Cele to 

fissure filling. 

District wide, the verintions in :Ireral assemblages, 'both in ore 

minerals and gangue, are notable. The deposits include ones in which gold, 

gold—tungsten, lead—oilver, lead—ziLe—silver, copper, silver—copper, 

silver—leed—coeeer, and antimony are or were of prime importance. The 

amounts, ratios, and kind of gangue rainerals present also wire from ueposit 

to deposit. Siderite, or aekerite, which has usualL been considered tl, e 

characteristic gangue mineral in Coeur d'Alene deposits, is not always 

dominant; in man', Quartz, which Is universally present, bulks .mch larger 

and eiderite may be absent or present in only minor cu.:Aunts. Pyrite is 

elways present in varying ameants. Sericite is a common associate. 

Pyrrhotite, barite, garnet, Lreen biotite, and chlorite are eresent in some 

deposits. As has been pointed out (Umpleby, 1923, p. 19) the variations in 

mineral content are prebably in part explained by continuing disturbances 

during the period of deposition, causing the damming of some channels. 

others remained open, consequently varying concentrations resulted. Another 

factor, dependent in part on the above, is the amount of replacement of 

one mineral by another or others that took place during the period of 

mineralization. Zontng has also played an importent part in the variations. 

More than one period of mineralization Is indicated at the Success by one 



shoot in which the sphalerite was much lower ie iron than the marmatitic 

variety found in the other associated ore 1- odies. Almost all of the grada— 

tions in the ratios of lead, eiec, silver, and copoer are represented in 

different deposits or different parts of aeposits within the district, and 

the same is true for the gan6ue minerals, all of which IS stronLId inoicates 

a common source. The gold and gold—tun6sten oeposits of the Murray rec;ion 

and the scettered antimony veins Tay have no relation to the others, but 

may be the result of differentiation at the source. All of the Obl%/on— 

Nine Mile Creeks deposits are of the lead—zinc—silver variety; in scwe, 

lead is the chief commoditzi, whereas In others it is zie.c. 

The ore occurs in tabular bodies which are best described as lodes. 

They are irregular both in plan ere section and are cenerally steeply 

dipping (700 plus). However, they ray flatten at minor rolls or ir a 

few instances have a gentle inclination over the entire ore body. In 

most instances they are longer in the vertical plane than in the horizontal, 

end although irregular, the rake varies only slightly from 900 in the 

plane of the structure. In most of the lodes the ore is not restricted to 

any one fractlIre or sl-enr, but forms numerous seams within a zone of neerly 

parallel, irregular breaks and shears, most of which do not have much con— 

tinaity. Individual ore seams pinch and swell in an irregular fashion 

both horizontally and verticallL, and althouh they may attain widths of 

several feet, they are usually only a few inches wide. Some seams have 

enlaeded into bonanza proportions, as at the Hercules, where a large amount 

of rich lead—silver ore was taken out; others were selectively mined in 

some of the deposits in the early days. The amount of country rock included 



	

within the vein may bulk large. Horses large enoach to cause splits in 

the vein have been found. Other irregularities, such as branches and 

parallel or en echelon lodes are not unusual. The individual ore shoots 

within a lode show the sale irregularities. They vary in horizontal 

length from 100 feet or less to over 2,00C feet, and in vertical le:gth 

from a few hundred feet to over 6,000 feet. The width of shoots vnries 

from 2 feet plus or minus up to over 50 feet, ,:dth the great bulk averaging 

between 5 and 10 feet. The boundaries are usually vnLue, depending in 

many instances upon the frequency and size of the ore filled seams.. In 

others, however, one wall or another will be a sharp bonrldary lir]ited by 

gangue or a slickensided surface. Although Irregular, the great persistence 

of many deposits in length, both horizontally and vertically, and in width, 

has made the Coeur dtAlene district a large producer. 

The primary ore minerals, ich are important production—value wise,* 

include galena, sphalerite, tetrahedrite, and to a much lesser degree, 

chalcop;,-rite. A large number of other minerals, both primary and secondary, 

have been listed by Ransome (1908, pp. 90-103), and still others are de— 

scribed by Shannon (1926) and Willard (1941). 

Ore controls 

Structure has been a prime factor in location of ore deposits in the 

Coeur dtAlene region. District wide, it has been found that areas of com— 

plex structure are more favorable loci than those of gently dipping rocks 

which contain few faults. As has already been stated, however, the great 

lie 
"najority of the deposits do not,along the major faults, but in the associated 

minor fractures and shears along which the movement has been relatively small. 
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A great nulLber of veins strike from west to northwest, more or less parallel 

to a part of the major structural pattcrn. Others occupy the position of 

gash fractures in a modified S shape betweer two parrilel faults, 1:i1ng at 
• 

pri acute angle to each. 

Apparently litLology has had little control on localizing the ore 

deposits in the sense that certain beds were more sasceptible to replace— 

ment. The marked exception to this is the Snowstorm type of capper de— 

posit where the mineralization is restricted to certain massive quartzite 

beds. Iiis general lack of localization, however, would be expected, 

where the rocks containing the deposits are a monotonous repetition of 

argillaceous and quartzitic sediments many thousands of feet tlick. 

:he interbedded carbonate—bearing rocks which are comiAon in the upper 

')art of the section have had no apparent localizing effect in this regard. 

Shattering has made the rocks more susceptible to replacement, and for 

this reason the quart7itic rocks may be more favorable to it. 

In the earli days of the district a c,eneral belief was held that the 

Prichard, Wallace and Striped Peak formations were poor hosts for economic 

ore shoots. The basis for this 1,yoothesis was the aopprent (,ottomin6 of 

some deposits which extended into the Prichard, and the general lack of 

hood deposits within these formations. However, in the case of the 

Prichard, this has been disproved many times over; some ore has been ex— 

tracted from deposits in the Wallace, but an economic deposit is yet to be 

found in Striped Peak rocks. In the case of the upper two formations, the 

lack of deposits is undoubtedly mostly due to their position at the top 

of Vie section. This is particularly true for the Striped Peak, in which 
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ti.c rocks are almost ext)ct replicas of those in the St. Feels formation, 

which has been the most prolific ore producer. 

In the Canyon—Fine Mile Creeks breA, an alignment of deposits within 

somewhat indefinite zones is apparent. They show up best on the under— 

ground map (pl. 5) where five may be seen. The deposits grouped along 

them from south to north are: 

1. Black Pear Fraction, Black,Bear, Frisco, Gem, Success, 

American, Treasure Vault, and to the soutl- -=,ast off of 

the map, the Morning—Star vein system. 

2. Ec.st Hecla, Hecla, Anchor, Standard—Mazmoth, Rex, Red 

Monarch, and Blue Sky. 

3. Marsh, Tiger—Poorman, Union, Sherman, Humming Bird, and 

Tamarack—Custer. 

Hercules, Ambergris, I:Itersfrte—Callahan, Blue Grouse, 

Amazon, and Carlisle. 

5. C. & F, St. James, Sunset, Silver Tip, SittirP. Bull, 

Tuscumbia, Parrot, and Idora (last six on Sunset vein 

system). 

The American, Treasure Vault, Anchor, Red Monarch, Blue Sky, Humming 

Bird, C & R, and St. James are all prospects. Some of these co-..tain COA-. 

siderable s-)11a1eritc and galena, but little ore has been taken out of any 

of them; the others have had no production. 

The Tiger—Poorman, Union, and Sherman, and also the Sunset vein system 

deposits are along two more or less continuous shears, or set of related 

shears, which show little interraption by cross faults. Many of the others, 



	

however, are separated by pre-mine-al, 1:.ajor faults, or in the case of a 

number of them, lie on opposite sides of the monzonitic stocks. Most of 

the deposits have steep to vertical dips, but within individual zones son,e 

may dip one le.ay, vihereas their neighLors dip in the opposite direction. 

In spite of these inconsistencies, one -ay infer that some rolationship 

exists; the pattern is too good to Ie more than happenstance. Th e most 

plausible explanation is that the strL.ss sstem, which was force during 

the period of mineralization, caused the openin6 of more or less continuous 

zones of shear of considerable length. These cut across many nre-existing 

structures, and the different dips represent complements formed by the same 

streSses., It may also be true that such patterns are consistent within 

only certain blocks of ground bounded by very large faults, as this one 

may be by the Osburn fault on the south and the Dolson Pass fault on the 

west. 

The large faults must have yielded some influence in the location of 

the ore deposits, at least more than is apparent at the surface, for eo:a-

plexity of structure and ore depcsits go hand in hand. rew have been 

major channels of ore r:.incralization, at least not to the level to which 

they have been explored. Several exceptions to this are found within the 

Canyon-Nine Mile Creeks area. These are the lodes along the Carlisle, 

Puritan, Gem and Banner faults. In the case of the Gem, the fault apparently 

was used for a reltively short distance, as the shoot along it is not con-

tinuous. In a number of Instances in this area, faults have acted as dams 

to ore solutions. Examples of this are the Standard fault at the east end 

of the St&ndard.-Mammoth lode, OrNeill Gulch fault at the east end of the 
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Tiger—Poorman lode, the Mart fault at the west end of the Sherman, and the 

Frisco fault at the east en,*. of the Frisco veins. 

Irregularities alon shears both in strike and dip have undoabtedly 

had some coritrol in the localization of shoots. But to here other shoots 

re,'sistent over distances of 1,000 feet or more along the strike, and from 

2 to 3 times as far down dip, as a number of the larger deposits hnve been 

found to be, there must be other causes. They must have been under rela— 

tive tension over a large area at the same time. 

Structural control of other types has also been noted within the region. 

One of the most interesting was that which localized the rich zinc bonanza 

of the Interstate eline. The structural setting has been explalned by 

McKiestry (1940). It consists of a local flexure on which stresses were 

imposed, with subsequent fracturing and shearing on an irregular pattern 

of the flat—lying beds, and, with folding and bedding plane sliege of the 

'more steeply dipping strata. This set up a favorable location for the 

deposition of ore minerals in the sheared and fractured zone of the disturbance. 

The deposit lies within lower Prichard rocks and its discovery helped dispel 

cle idea of this formatiei s being barren of gooc deposits. 

There interbedded competent and incompetent rock have been under 

differential stresses, some have become fractured and sheared rather than 

folded. This has set up loci for ore deposits. Examples of thin occur 

within the middle quartzite zone of the lower Prichard at the Amazon, Blue 

Grouse and Blue Sky mines. Several other deposits in the Pine Creek dis— 

trict, which lie within the middle quartzite zone of the Prichare, are also 

similarly located. Al excellent example of this t;,-pe has been determined 
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by the detailed rapping of T. Gillingham J at the Constitution mine. 

AfliddlC criartzites of the Pricierd were the ccymetentHere the massive 

rocks which formed a buttress. With deforrption, n fracturcd and shefIred 

zone fp.vorable to ore deposition was formed. Undoubtedly many other 

places exist within the Belt Series where rocks of different competency 

1,ave caused similar effects. 

Contact metamorphic deposits 

The Success (Granite) mine lies within e deep embayment of upper 

Prichnrd rocks within the southern Gem stock. It was first described as 

Ltn example of a contact metamorphic de, osit by Ransome (190S, p. 184) be— 

cause the evidence at that time indicated that it lay wholly within the 

sediments, and that the ore minerals were contemporcnecus with ell of the 

contact metamorphic silicate minerals. Umpleby (1923, pp. 32-44) who 

wrote in more detail on the Success, agreed on the type of deposit but 

found a more complicated history than Ransome. Kis findings were: (i) 

intrusion of the stock and contact metamorphism of the enclosed sediments 

by recrystalIization of the cuartz End the formation of foliated muscovite 

and tiotite; (2) crystallization of at least the marginal part of the 

stock; (3) disturbances which caused shearing whtch extended into the 

stock; and (4) further alteration of the sedlents by the forming of 

sericite, epidote, pyroxene and garnet, and contemporaneous deposition 

of the ore minerals along the sheared zone both within the metalaciphosed 

sediments and cutting across apsphyses of the stock. 

I/ Personal co:nmunication. 
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-he evidence found now is pal- tl, in ac-eement with that of Unoleby. 

It indicates that two distinct )hses of alteration took place. The first 

was the contact metamorphic phase which incl-,zded the forming of the horn-

Ms and micaceous rocks, plus the feldepatizatioa of the sedihient at the 

selvoge of the stocks. The second occurred after the solidification of 

the stocks and their deformation by faultinL. It was then that 1.drothermal 

solutions altered part of the rocks by forming oiotite, garnet, and chlorite. 

The solutions worked up along fractuees and faults wlich were also used 

by the ore solutions. The length of the tilne gap between intrusion and 

the formation of the ore deposits is best indicated by the history of the 

Puritan fault. This fault cuts the north stock, and from the relatio:ls,hips 

seen must have done so after the stocks had solidified, Pt least as much 

of them as are now exposeC; furthermore, the movement along it was large. 

Men the Tamarack-Custer ore bodies were formed in pext along this fault 

in a position that i)recll:des the - 1Lige post-ore moveLlert)ossibilqty of an 

along the Puritan. The Tamarack-Custer deposits, clong with the rest in 

the Canyon-Nine Mile Creeks area, are undoubtedly contemporaneous to the 

Success deposit, beoz-_,:,se of the close si;ilarity in mineral assertlage. 

From this evidence it be concluded that the Success dencsit had no 

immediate source in the adjacent stock, was deposited much later than the 

intr,,,sion and therefore much later than the colLtact metamorphism. 

The deposits, which were described as transitional, included the 

Frisco, Rex and Sunset. To these can now be added the Hercules, Tamarack, 

Interstate, Amazon, others in the Sunset vein system, and several other 

smaller ones around the periphyry of the stccks. The reason for this 
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croaping was the assooi-tion of silicate minerals w:t' t:le ore. This 

association is best seen where the veins pinch of near their elids, where 

a definite order of formation Is evident. At the outer edge of the vein 

is 6reen biotite, and in order toward the center are pink garnet, auartz, 

Drrhotite, pyrite, sphalerite and galelr%. Other minerals frirly, early 

in the sequence, which are found in some of the deposits include magnetite, 

barite and siderite. 

Bectuse they lie within shears, the Success deposits should probal)1 

le classed as repl—cement veins, in spite of their location and us,ual 

breater irregularity. They, along with the other deposits with which 

silicate minerals are associated, were andoe'Jtedly formed under different 

ol-i sical and chemical conditions than those, or parts of those, which do 

not contain such minerals. It is clear that the silictes were the first 

minerals to form, and it is also evident that the silicate .11inera1s pre 

restricted to those d-,csits adjacent to the stocks. 

Zoning of ore deposits 

A fairly orderly zoning of the ore deposits, upward_ and outward, 

occurs around the stocks in the CaL4on—Nine Mile Creeks area. Those de— 

posits near the intrsi7es are characterized by the presence of garnet, 

biotite, and chlorite, and usually pyrrhotite and/or magnetite; in 'hem 

sphalerite is usually more abundant than galena, at lest in the lower 

parts of the deposits. They include the Success, Rex, Interstate, Amazon, 

.3,:_set vein system, Ambergris, Hercules, Tamarack—Custer, Gem, Frisco( 

and several prospects. Those farther awar lack the associated silicates. 

They may have magnetite or pyrrhotite present, the latter usurlly more 
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abandant at depth, and 1:: them Liclena is —ore abund3rt than sp'.1alerite. 

They include the Slack Bear Fraction, Standard—Mammoth, Sherman, Tiger— 

Poorman, Hecla, and Marsh. Peculiarities and discrepancies do exist. 

The most notable of these is that the deposits on the northwest side of the 

stocks are generally zinc rich, whereas those or the southeast side nre 

lead rich. Exceptions to this are the California anr., D3z-rock deposits 

In which the ore is of a lend—silver variety with very little zinc; 

these deposits, though, lie to the west of the Dobson Pass fault in what 

appears to be an altogether different province. An increase in zinc content 

with depth is almost universal for the deposits on the southeast ,;ide of 

the stocks, and the a_cunt of p-jrrhotite increased on Cie lower levels of 

some of the ore bodies. 

In going farther away from the stocks the zonal pattern breaks down 

and a group of different mi.leraloLic types of deposits distributed in a 

geographic pattern Ere found. In the southwestern part of the Coeur d'Alene 

mining region are the Pine Creek deposits in which zinc predorhinates; lead 

and silver are less valuable, with pyrrhotite and ul.rtz as the associated 

gangue minerals. North of these in the Wardner area are a grout) of lead 

silver deposits, in which zinc is less C.,undant and the principal gengue 

mineral is siderite. The Silver Belt running east from Big Creek to 

Wallace nnd ling south of the South Fork of the Coeur dtAlene River con— 

tains s group of deposits id which silver, lead and copper are the important 

:letals, zinc is practically absent, and the major gangue is siderite or 

ankerite. Those deposits in the area continuing southeast over the Canyon 

Creek—South Fork of the Coeur dtAlere River divide to the vicinit:s, of 
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Yullan coulc well it into the zonal arra:Ige:aent a-GAnd ti stocks. Bat 

somewhat over a mile north of thE last—named deposits are II group of copper 

ore bo6ies. To the north in the Murray area are soh.e zinc—lead depo:'ts 

which might well fit into the zoJal pattern, but the ,;old and gold—tungsten 

deposits do not. The scattered antimony .4eposits are also pecuntir to a 

zonal pattern. To try to fit all of these deposits into ui oi zonal 

arran6ement is impossible, and some other hypothesis is needed to explain 

their distribution. 
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Plate 6 

A- Looking northwest across Canyon Creek, showing accordant 
summits of ridges. Custer Peak at right. 

B- Looking north up Gorge Gulch along the trace 
of O'Neill Gulch fault. 



Plate 7 

A— Looking west down Canyon Creek; Burke 
in the foreground; headframe of Hecla 
shaft at far left. 

B— Looking south down Nine Mile Creek; Dayrock 
mine in middle distance. 



Plate 8 

A- Goose Peak, Burke-upper Prichard contact just to 
right of summit; small glacial cirque partly 
obsured by rocky knobs in foreground. Photo by 
H. C. Rainey. 

B- Lower Prichard middle quartzite interbedded 
with argillite. 



Plate9 

A- Dobson Pass fault exposed in road cut; dark 
colored rock - lower Prichard, light colored 
rock - Striped Peak. 

B- Impure quartzite of lower Burke exposed in road 
cut along Canyon Creek. Photo by H. C. Rainey. 



Plate 10 

A- Fracture cleavage in lower Prichard argillite, 
along Beaver Creek. 

B- Scree slope of quartzite from transition zone 
between Burke and Revett formations. Tree at 
far left is eight inches at butt for scale. 



Plate 11 

A- Cross laminated Revett quartzite 
near head of O'Neill Gulch. Bed-
ding surface at top dips at slight 
angle to right. 

B- Highly contorted Revett quartzite near crest of 
ridge south of Burke. Numerous uuartz veinlets 
not visible. 



Plate 12 

A— Contorted, interbedded quartzite and argillite, 
lower Wallace formation, in road along Canyon 
Creek. Photo by a. E. Wallace. 

Bv Mud cracks in argillite right side up. Photo by 
R. E. Wallace. 



Plate 13 

A- Ripple marks in upper Prichard Quartzite 
near Goose Peak. 

B- "Molar tooth" structure in carbonate rich 
argillite interbedded with quartzite of 
lower Wallace from head of Boulder creek 
south of Mullan. 



It e 12, 

A- Hydrothermally altered impure quartzite of Burke 
formation below Sherman mine. Streak of brown 
limonitic staining runs up to right from hammer 
head; beds dip steeply in opposite direction. 

B- Hydrothermally altered Burke quartzite from 
near portal of No. 2 tunnel of Standard-Nammoth 
mine. Dark streak throughout center is oxidized 
sjderite veinlet. Dark color due to limonitic 
staining bordered on right by red hematitic 
selvage. Photo by H. C. Rainey. 



	

Plate 15 

A— Two partly digested fragments of quartzite 
in monzonite rock from above Success mine. 
Bedding almost at right angles indicates 
jostling at time of intrusion. Photo by 
H. O. Rainey. 
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B— Sphalerite veinlet cutting porphyritic monzonite 
from Success mine. Photo by H. C. Rainey. 



	

Plate 16 

A- Contact between monzonite and Burke 
rocks in No. 4 tunnel at Tamarack 
mine; brecciation is post-intrusion 
as dark hydrothermally altered layers 
are broken. Photo by S. Hobbs. 

B- Partly digested zenolith of sediments in 
porphyritic monzonite in No. 4 tunnel of 
Tamarack mine. Photo by S. W. Hobbs. 



i-jiate 17 

Photomicrograph of argillite with sand filled mud 
crack, lower Wallace. handing due to orientation 
of sericite parallel to cleavage. Crossed nicols, 
X 20. 



Plate 18 

Photomicrograph of carbonate rich quartzite, lower 
Wallace. Mottled grain - ferroan dolomite, black 
and white - quartz. Crossed nicols, X 50. 



Plate 19 

4 

Photomicrograph of tuartzite, Revett. Note microcline 
graili in upper right-hand corner. tirosned nicols, X 50. 



Plate 20 

Photomicrograph of altered impure quartzite, Burke. 
Iron stained on right. Plain light, X 50. 



Plate 21 

Photomicrograph of porphyritic monzonite. Orthoclase 
phenocryst, microperthitic and rimmed by exsolved albite. 
Crossed nicols, X 50. 



}'late 22 

or% 

Photomicrograph of monzonite, p-plagioclase, o-ithoclase, 
h-hornblende, q-quartz. Crossed nicols, X 50. 
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