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GEOCHEMICAL-EXPLORATION STUDIES IN THE
COEUR D’ALENE DISTRICT,
IDAHO AND MONTANA

By GARLAND B. GOTT and JOHN B. CATHRALL

ABSTRACT

The principal ore deposits in the Coeur d’Alene district are lead-
zinc-gilver replacement veins in Precambrian rocks of the Belt
Supergroup. The main ore minerals are galena, tetrahedrite, and
sphalerite. The host rocks are mainly quartzite, siltite, and argillite.
Cretaceous quartz monzonite locally intrudes the Belt rocks.

The geochemical investigations reported here were carried out to
determine if geochemical methods would be useful in the search for
concealed ore deposits. About 8,700 soil samples and 4,000 rock
samples were collected from a 300-square-mile (780 square kilo-
meter) area for this study. The samples were analyzed for 35
elements.

Antimony, silver, lead, manganese, and copper form dispersion
patterns and halos that are related to many of the ore deposits
within the district, and these same elements were found to be most
useful in delineating the known mineral belts that contain most of
the orebodies. The dispersion patterns are probably primary,
having only minor modifications due to secondary redistribution of
the ore-forming elements.

The mineral belts and geochemical-dispersion patterns have been
laterally offset, perhaps as much as 16 miles (26 km), by postore
faulting. Prefault dispersion patterns can be restored by adjusting
the geochemical maps along the postore faults to match the disper-
sion patterns across the fault trace. The reconstructed dispersion
patterns of antimony, arsenic, lead, sulfur, and the ratio of cadmium
to zinc form concentric halos around the restored position of the
Gem stocks. Most of the Coeur d’Alene ore has been mined from
this halo. It appears that the geochemical exploration methods
reported here successfully delineate the major mineral belts and in-
dicate unexplored areas in which to search for new deposits.

INTRODUCTION

The Coeur d’Alene district is in the Bitterroot Moun-
tains in the panhandle of northern Idaho and a small
area in western Montana (fig. 1). The first recorded pro-
duction within the district was in 1884 and since that
time the area has become one of the most important
mining districts in the world, having produced,
through 1978, approximately 28.2X10° g (grams) of
silver, 6,860,101 t (metric tons) of lead, 2,980,733 t of
zinc, and 139,850 t of copper for a total value of
$3,251,827,000 (Donald C. Springer, Consulting
Geologist, Osburn, Idaho, personal commun.). It is one
of the few districts in the world in which a significant
amount of ore is produced principally for its silver
content.

Past exploration for ore deposits within the district
probably has resulted in the discovery of all the
economically mineable deposits that are exposed at the
surface. The discovery of additional ore deposits
within the district has, therefore, become increasingly
difficult and costly. For this reason the geochemical in-
vestigations reported here were carried out to deter-
mine if geochemical methods can be used successfully
in the search for concealed ore deposits of the Coeur
d’Alene type. Geochemical techniques have been suc-
cessfully used elsewhere to investigate large
disseminated deposits concealed under shallow cover,
but the Coeur d’Alene deposits have different
characteristics. They are steeply dipping replacement
veins, many of which are very narrow at their subout-
crop. Many others terminate before they reach the sur-
face. Moreover, the veins are enclosed by structurally
complex rocks in an extremely rugged terrain that is
generally covered by several feet (as much as several
meters) of subsoil and moderately heavy to heavy
vegetation. Exposures of bedrock in most places are
sparse. Nevertheless, the geochemical survey de-
scribed here has revealed dispersion patterns of ore-
forming metals in the soil and weathered rock that are
related to the mineralized rock below. Samples col-
lected at intervals of 300-500 ft (feet) (100-166 m
(meters)) along many traverses show the presence of
zones that contain relatively narrow sulfide-bearing
veins. Some elements, especially lead, silver, an-
timony, copper and manganese, are useful in defining
the known linear mineral belts and their possible
extensions. In addition, the most volatile elements are
zoned in concentric patterns marginal to monzonite
stocks.

The area investigated is centered on the established
Coeur d’Alene district and covers about 300 mi®
(square miles) (780 km? (square kilometers)). Approxi-
mately 8,700 soil samples and 4,000 rock samples were
collected and analyzed for as many as 35 elements. The
resulting geochemical data were evaluated in relation
to known ore deposits, mineral belts, extensions of
mineral belts, and potential mineral belts that are as
yet unexplored.

1
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FiGUure 1.—Index map showing the location of the Coeur d’Alene
district, Shoshone County, Idaho, and Mineral County, Mont.
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GEOLOGIC SETTING OF THE
ORE DEPOSITS

The ore deposits of the Coeur d’Alene district are
confined to rocks of the Belt Supergroup, a huge sec-
tion of fine-grained clastic rocks consisting largely of
quartzite, siltite, and argillite of late Precambrian age
(pl. 1). Disseminated dolomite and limestone occur in
the upper part of the section. These rocks were laid
down in a large geosyncline covering central and north-
ern Idaho, much of western Montana, a large area in
southeastern British Columbia, and adjacent Alberta
(Hobbs and others, 1965, p. 1). The Coeur d’Alene
district lies along the southwestern side of this
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geosyncline. The thickness of the rocks of the Belt
Supergroup in the Coeur d’Alene district is unknown,
but at least 21,000 ft (6,400 m) is exposed. An
unknown amount at the base is buried, and an indeter-
minate amount of the upper part has been eroded
(Hobbs and Fryklund, 1968). Harrison (1972) reported
a thickness of 67,000 ft (20,420 m) of exposed Belt
rocks about 75 mi (121 km) southeast of the Coeur
d’Alene district near Alberton, Mont., where neither
the top nor bottom of the group is exposed. The
sedimentary rocks of the Belt Supergroup have been
divided into six formations. These formations,
together with their major characteristics and general
economic significance as host rocks for the ore
deposits, are given in table 1 (Hobbs and others, 1965,
p. 14). Cretaceous monzonite, known as the Gem and
Dago Peak stocks, intrude the Belt rocks. In addition,
there are two episodes of intrusives represented by
diabase and lamprophyre dikes.

The structure as mapped by Hobbs, Griggs, Wallace,
and Campbell (1965) shows that the rocks in the Coeur
d’Alene district have been folded and faulted into a
complex pattern of blocks and slices. The southeast-
trending Osburn fault, which bisects the district, has
large components of strike-slip and vertical
movements and is the most pronounced structural
feature within the district. The northwest-trending
Kellogg fault, west of the town of Kellogg, may be a
branch of the Osburn fault along which considerable
strike-slip movement occurred. Several geochemical
dispersion patterns suggest that the Paymaster fault
may also be a strand of the Osburn fault. The Placer
Creek fault, roughly parallel to the Osburn and 3~4 mi
{4.8-6.4 km) south of it, also has right-lateral strike-
slip movement. Many other northwest-trending faults
that are steeply dipping to the southwest connect the
Osburn and Placer Creek faults. Some of these con-
necting faults are normal, others are reverse, and still

TABLE 1.—Characteristics of Belt Supergroup, Coeur d’Alene District
[Stratigraphic data from Hobbs and others 1965. p. 14]

Group Formation Lithology () Thickness (m) Ore-bearing
.i-; Interbedded quartzite and argillite with some arenaceous
S | Striped Peak Formation dolomitic beds. Purplish gray and pink to greenish gray. 1,500+ 457+ No.
é Ripple marks, mud cracks common. Top eroded.
Mostly medium- to greenish-gray finely laminated argillite.
° 5 Upper part some arenaceous dolomite and impure quartzite, and minor
5 = gray dolomite and limestone in the middle part. Yes, but
s E 4,500-6,500 1,372-1,981 limited
B = Lower part Light-gray more or less dolomitic quartzite interbedded with ’
greenish-gray argillite. Ripple marks, mud cracks abundant.
Light greenish-yellow to light green-gray argillite; thinly
Upper part laminated. Some carbonate-bearing beds.
n § 1,400-2,000 427-610  Yes.
% = Gradational from interbedded argillite and impure quartzite
~ g at top to thick-bedded pure quartzite at base. Red-purple
& e Lower part color characteristic; some green-gray argillite. Some
. carbonate-bearing beds. Ripple marks, mud cracks, and
% mud-chip breccia common.
>
I
~ Thick-bedded vitreous light yellowish-gray to nearly white
Revett Formation pure quartzite. Grades into nearly pure and impure quartz- | 1,200-3,400 366-1,036 Yes.
ite at top and bottom. Cross-stratification common.
Light greerish-gray impure quartzite. Some pale red and
Burke Formation light yelowish-gray pure to nearly pure quartzite. Ripple | 2,200-3,000 571-914 Yes
marks, swash marks and pseudoconglomerate.
Interbedded medium-gray argillite and quartrose argillite
Upper part and light-gray impure to pure quartzite. Some mud
® 5 cracks and ripple marks.
< 8 12,000+ 3,658+ [ Yes.
= 5 Thin- to thick-bedded, medium gray argillite and quartrose
il Lower part argillite; laminated in part. Pyrite abundant. Some discon-
tinuous quartzite zones. Base buried.
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others have strike-slip components of movement.
There are two sets of high-angle faults north of the
Osburn fault. A northwest-trending set is adjacent to
and subparallel to the Osburn fault, and another is a
north-trending set. The normal Dobson Pass fault
bisects the northern part of the district and dips
westward at an angle of about 30°. To the west of the
Dobson Pass fault, the reverse Carpenter Gulch and
Blackcloud faults dip westward at relatively low
angles.

The aeromagnetic map shown in figure 2 (U.S.
Geological Survey, 1969a, b) strikingly outlines the
position and general shape of the known Gem and
Dago Peak stocks and strongly suggests that a buried
pluton, possibly having a composition similar to that
of the Gem stocks, exists near the Atlas mine south of
Mullan. Lennart Anderson (oral commun., 1971) of the
U.S. Geological Survey has estimated that the top of
this pluton is about 3,500 ft (1,067 m) below the sur-
face. To simplify later discussions the pluton is here
referred to as the Atlas pluton.

PROBLEMATICAL ORIGIN AND AGE
OF THE ORE DEPOSITS

Controversy over the origin and age of the Coeur
d’Alene ore deposits has existed from the earliest
studies of the district to the present (1975) and is still
unresolved. Ransome and Calkins (1908) and Umpleby
and Jones (1923) considered that the ore deposits were
derived from hydrothermal solutions from a magmatic
source related to the Idaho batholith. Fryklund (1964)
believed that major proportions of the sulfides were
derived from a ‘‘deep point source’” that is probably
below the magmatic zone in the mantle. Hershey
(1916) concluded that the source of the lead and zinc in
the ore deposits was from disseminations of these
metals in the upper part of the Prichard Formation. He
expressed the opinion that active circulation of heated
waters started by the intrusion of the monzonite
stocks dissolved the lead and zinc minerals and
transported them upward and deposited them in the
veins. He thereby concluded that the ore deposits were
older than the monzonite intrusives and that the minor
sulfide veins in the monzonite stocks resulted from
reworking and incorporation of some of the preexisting
sulfide minerals. The widespread occurrences of strata-
bound copper sulfides in the Belt Supergroup, recently
described by Clark (1971), Harrison (1972), and others,
provide a possible source for some of the sulfides that
may have been remobilized into vein-type deposits.

Extensive studies of the isotope ratios in lead from
the Coeur d’Alene deposits as well as from numerous

other deposits in the surrounding region by Long,
Silverman, and Kulp (1960), Cannon, Pierce, Ant-
weiler, and Buck (1962), and Zartman and Stacey
{1971) have convinced these workers that most of the
lead is of ancient origin—probably originally derived in
Precambrian time. Assuming the interpretation of the
age of the lead is correct, the problems related to
its original source, its positioning in the various
deposits, the amount of possible remobilization, and
the time of its final emplacement are subject to various
interpretations.

The geochemical data presented here do not unequiv-
ocally resolve this problem although the data do sup-
port Hershey’s (1916) conclusion that some metals
were remobilized and redistributed at the time of
the monzonite intrusions. Antimony, sulfur, arsenic,
cadmium, lead, and possibly other elements form halos
around the original position of the Gem stocks; an-
timony, silver, copper, barium, and manganese form
dispersion patterns directly above the postulated
Atlas pluton. These dispersion patterns clearly formed
in response to the elevated temperatures provided by
the invading magmas.

GEOCHEMICAL STUDIES
SAMPLE MATERIAL

A geochemical study of an area as large as the Coeur
d’Alene district (approximately 300 mi? (780 km?) in-
volves the collection and analysis of a large number of
samples and the interpretation of a large amount of
analytical data. In the Coeur d’Alene district limita-
tions were imposed upon the various sample materials
and the conditions for their collection. The principal
limitations were contamination of soils resulting from
mine and smelter operations spanning the greater part
of a century, dense vegetative cover which greatly
limits the bedrock exposures, leaching and redistribu-
tion of the most soluble metals in the zone of oxidation,
and the steep slopes and rough nature of terrain which
has resulted in the down-slope movement of detrital
material and, locally, large volumes of talus.

Both rocks and roils were sampled in this study (fig.
3, 4). Because of the dense vegetative cover and the
steepness of the terrain the traverses were largely
restricted to jeep trails and ridge lines. Wherever
possible these traverses were oriented normal to the
mineralized structues. The sample interval was 0.1 mi
(0.16 km) on jeep traverses and generally 300 ft (100 m)
on walking traverses.

Special test studies of soil profiles indicated that soil
samples collected in the district from depths greater
than about 6 in. (inches) (15 cm (centimeters)) below the
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TABLE 10.—Percentile distribution (in parts per million) of barium in
soils and rocks in the Coeur d’Alene district, by formation
[Leaders, (...), no data]

TABLE 11.—Percentile distribution (in parts per million) of boron in
soils and rocks in the Coeur d’Alene district, by formation
[Leaders, {—), no data]

Percentile Percentile
Formation Sampl distribution Valid Formation Sampl distribution Valid
medium 25th 50th 75th 90th  obserwvation medium 25th 50th 75th 90th  obserwation
Monzonite ... Soil.... 350 527 705 838 192 Monzonite ... Soil.... 10 15 21 25 192
Rock... 478 675 923 1,661 106 Rock... - - - - 106
Wallace ...... Soil.... 416 586 756 996 2,175 Wallace ...... Soil ... 22 37 66 109 2175
Rock... 171 378 694 1,088 993 Rock... 17 47 109 221 993
St. Regis ..... Soil.... 486 684 979 1,431 1,544 St. Regis ..... Soil.... 19 31 55 145 1,544
Rock... 289 543 924 1,780 839 Rock... 17 47 116 236 839
Revett ....... Soil.... 454 616 812 1,125 693 Revett ....... Soil .... 20 30 48 79 693
Rock... 110 235 575 1,030 455 Rock... 16 38 85 131 455
Burke........ Soil .... 475 647 822 1,065 565 Burke........ Soil .... 19 29 44 74 565
Rock... 161 360 642 903 402 Rock... 11 33 68 110 402
Prichard ..... Soil .... 473 647 828 1,000 1,441 Prichard ..... Soil.... 20 28 41 62 1,441
Rock... 193 343 512 708 727 Rock... 18 35 66 105 727
All All
formations... Soil .... 446 628 824 1,109 8,248 formations ... Soil .... 19 30 50 90 8,247
Rock... 182 383 677 1,085 3,979 Rock... 13 38 84 166 3,979
10000 T T T T TTTT 7T T T 177 3 samples contain 90 ppm and 166 ppm in soils and
o / - rocks, respectively. The highest boron concentrations
3 I .= [ 4 | roughly conform with the distribution of many of the
5 T ook sample kn deposits (pl. 7G, H). Th lative fr
3 0 Soil sample A own ore deposits (pl. 7G, H). The cumulative fre-
E quencies are plotted in figure 11.
& Tourmaline, having 9-11.5 percent B,0;, is the most
- abundant of the boron minerals. It is a widespread
& mineral characteristic of peginatite, granite, and many
z metamorphic rocks. It is resistant to the processes of
2 erosion and weathering and is, therefore, concentrated
z in residual sediments. Ransome and Calkins (1908,
= p. 101) found that tourmaline is widely disseminated
o « as a microscopic constituent throughout the rocks of
A s Y the Bel I . They regarded it, however, as an
o 07 12 5 10 2030405060708 30 % % 99 e Belt Supergroup y regarded it, .

CUMULATIVE FREQUENCY, IN PERCENT

FiGURE 10.—Cumulative frequency plot for barium, from 3,979
rock samples and 8,248 soil samples.

BORON

The crustal abundance of boron was estimated by
Goldschmidt (1954) to be about 10 ppm. The data in
table 11 show that the median concentration of boron
in soils and rocks of the Coeur d’Alene district is 30
ppm and 38 ppm, respectively; 10 percent of the

introduced mineral closely associated with the ore
minerals.

The distribution of boron in soils and rocks leads to a
similar conclusion. Boron in concentrations of 50 ppm
and greater forms a dispersion pattern that coincides
with the eastern part of the Page-Galena mineral belt
(pl. 7G, H). Similar concentrations of boron in the
rocks form dispersion patterns coextensive with part
of the Gem-Gold Hunter mineral belt as well as with
the eastern limb of the Gem-Dago Peak halo. North-
west of the Dobson Pass fault extensions of the Rex-
Snowstorm and Gem-Gold Hunter mineral belts ap-
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F1GURE 11.—Cumulative frequency plot for boron, from 3,979 rock
samples and 8,247 soil samples.

parently are also defined by boron dispersion patterns
in the rocks. Some anomalous boron in concentrations
of 100-200 ppm in the soils east of Kellogg and north
of the Osburn fault occurs where ore deposits are not
known or suspected. Inasmuch as the rocks do not con-
tain similar boron concentrations, it seems likely that
this anomalous boron resulted from emissions from the
Kellogg smelter.

COPPER

Copper is widespread throughout the Coeur d’Alene
district, though it is not as abundant as lead and zinc.
The district produced 139,850 t of copper through
1978; but during the same time it produced 49 times as
much lead and 19 times as much zinc. The principal
copper minerals within the district are tetrahedrite
((Cu,Fe,ZnAg),,(Sb,As),S,;) and chalcopyrite (CuFeS,).

The cumulative frequency plot shown in figure 12 in-
dicates that the threshold of anomalous copper is
about 60 ppm. In soils and rocks the median concentra-
tions of 28 ppm and 12 ppm copper, respectively (table
12), indicate that the unmineralized rocks of the Belt
Supergroup are impoverished in copper as compared to
estimates of the 70-ppm crustal abundance of this
metal (table 2).

The highest concentrations of copper appear to vary
by formation. For example, the 90th-percentile levels
in rock samples from the Wallace, St. Regis, and
Prichard Formations are, respectively, 76, 70, and 69
ppm; whereas the 90th-percentile levels in the Revett
and Burke Formations are 45 ppm (table 12).

The highest concentrations of copper are confined to
a few areas within the district (pl. 77, J). The eastern
part of the Page-Galena mineral belt, where the most
important ore mineral is tetrahedrite, is defined by a
few discontinuous anomalies of copper in the rocks. A
copper dispersion pattern containing as much as 3,000
ppm is present in the vicinity of the Snowstorm copper
mine at the southeast end of the Rex-Snowstorm
mineral belt. The trend of the mineral belt to the north-
west, however, is not well indicated by the copper
distribution. That part of the Moe-Reindeer Queen
mineral belt that is underlain by the buried Atlas
pluton is well defined by a copper dispersion pattern
for a distance of about 6 mi (9.6 km) in an east-west
direction (fig. 13). The other copper-dispersion patterns
occur south of the Moe-Reindeer Queen belt. They are,
in part, associated with the Placer Creek fault and in
part with the Wishards sill. Several chalcopyrite-
siderite veins have been observed in this area. North
and northeast of Kellogg, copper anomalies in the soil
probably were derived from the Kellogg smelter.
Elsewhere, only isolated copper anomalies occur.

LEAD

Lead is the most abundant ore-forming metal in the
Coeur d’Alene district. Through 1978, the mines
within the district had produced 7,563,000 t of lead.
Galena is the overwhelmingly dominant lead mineral
in the ore deposits, and cerussite and anglesite are the
most common oxidation products of galena. Other
lead-bearing minerals that have been identified from
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TABLE 14.—Semiquantitative spectrographic analyses of some sulfides and siderite from the Coeur d'Alene district
{Samples collected by A. P. Pierce, U. S. Geological Survey. N, not detected. Values in parts per million, except iron, in percent. >, greater than]

Lab No. Field No. Fe Mn Ag As Bi Cd Co Cu Mg Ni Pb Sb Zn
Tetrahedrite
D132826 G5T 5 300 70,000 5,000 3,000 300 30 >100,000 13.9 10 30,000 >100,000 70,000
D132828 G6L 7 150 70,000 30,000 5,000 200 30 >100,000 12.3 10 1,500 >100,000 70,000
D132821 G2T 7 1,500 50,000 7.000 3,000 150 30 >100,000 10.4 15 7,000 >100,000 50,000
D132822 G2L 5 15 50,000 5,000 3,000 200 70 >100,000 14.0 15 2,000 >100,000 70,000
D132824 G4T 5 150 70,000 3,000 2,000 200 20 >100,000 10.7 10 5,000 >100,000 70,000
D132829 G6T 10 1,500 70,000 50,000 3,000 300 50 >100,000 109 50 1,000 >100,000 50,000
D132895 G8T 10 30 70,000 50,000 3,000 200 20 >100,000 11.3 15 300 >100,000 30,000
D132838 GOT 7 300 50,000 15,000 3,000 200 20 >100,000 11.4 N 150 >100,000 30,000
D132841 G11T 10 1,500 >20,000 7,000 3,000 150 30 >100,000 10.7 10 5,000 >100,000 30,000
D132850 G16T 10 1,000 50,000 7,000 3,000 200 30 >100,000 11.3 N 10,000 >100,000 50,000
D132852 G17T 7 150 >100,000 10,000 3,000 200 7 >100,000 14.0 10 7,000 >100,000 30,000
D132855 G19L 7 150 100,000 7,000 3,000 100 7 >100,000 124 10 1,000 >100,000 15,000
D132868 G24T 7 700 70,000 15,000 7,000 70 20 >100,000 11.5 10 1,500 >100,000 70,000
D132869 G25T 7 700 70,000 20,000 1,000 70 70 >100,000 12.0 15 150 >100,000 30,000
D132880 LF8A 3 300 70,000 5,000 N 700 50 >100,000 13.0 20 15,000 >100,000 7,000
Galena
D132824 G5G 0.15 20 10,000 N 15,000 N N 5,000 1.0 N >100,000 7,000 N
D132823 G3G 1 300 7.000 N 30 50 N 1,500 6.0 N >100,000 7,000 N
D132840 G10G 5 200 5,000 N N N T 700 2.0 5 >100,000 3,000 2,000
D132845 G13G 2 150 2,000 N 70 50 N 2,000 2.3 N >100,000 3,000 1,000
D132853 G18G 3 2,000 10,000 N 150 N N 5,000 0.6 N >100,000 7,000 1,000
D132856 G20G 1 500 2,000 N 20 N N 1,500 .34 N >100,000 3,000 N
D132857 G21G .015 10 10,000 N 1,500 N N 300 2.0 15 >100,000 5,000 N
D132864 G23G 2 2,000 3,000 N 20 N N 1,500 .32 10 >100,000 3,000 N
D132874 G27G 7 700 1,500 N 700 N N 10,000 25 N >100,000 7,000 7,000
D132876 LF1G T 700 3,000 N 150 N N 2,000 3 10 >100,000 5,000 2,000
D132879 LF8G 2 300 1,500 N N 50 N 5,000 6.5 10 >100,000 10,000 7,000
D132883 LF9G 3 3,000 5,000 2,000 70 50 N 100 1.2 N >100,000 3,000 2,000
D132884 LF11G 2 100 5,000 N N 50 N 1,500 .23 N >100,000 7.000 1,500
Sphalerite
D132847 Gl4H 5 300 50 N N 5,000 30 700 5.0 N 5,000 300 >100,000
D132873 G27H 5 200 300 N N 1,500 15 1,500 5.0 N 3,000 1,000 >100,000
D132885 LF11H 3 1,500 700 N N 3,000 30 1,500 6.1 10 15,000 1,000 >100,000
D132887 CiH 10 1,000 30 N 20 3,000 70 150 2.7 20 30,000 >100,000
Chalcopyrite
D132839 G9C >10 150 700 N 30 50 10 >100,000 6.7 5 100 5,000 2,000
D132833 G7C >10 100 1,500 N 300 N 15 >100,000 9.3 15 5,000 7,000 700
D132836 G8C >10 10 700 N 70 N 50 >100,000 8.2 N 200 3,000 500
D132844 G12C >10 300 100 N N N N >100,000 4.3 5 150 1,000 700
D132870 G25C >10 700 500 20,000 30 N 150 >100,000 2.6 30 100 2,000 N
Pyrite
D132819 Gl1Y >10 200 1,000 3,000 700 N 50 50,000 8.7 100 20,000 15,000 3,000
D132848 Gl4Y >10 500 700 3,000 50 N 5,000 3.0 10 50,000 3,000 3,000
D132859 G21Y >10 700 15,000 2,000 50 N 30 30,000 7.3 500 50,000 30,000 7,000
D132864 G23Y >10 700 70 7,000 20 N 700 1,500 1.2 700 7,000 2,000 N
D132872 G25Y >10 300 500 N 20 50 500 20,000 5.0 15 150 1,500 N
D132885 R1Y >10 150 7 N N N 150 1,500 .36 200 700 N 3,000
Arsenopyrite
D132882 LF9A >10 150 100 >100,000 N N 70 1,000 5.6 30 300 1,500 N
Siderite
D132820 G1S >10 30,000 70 N N N N 5,000 0.15 10 300 N N
D132827 G6S >10 50,000 150 N 20 N N 1,000 .38 10 300 1,500 N
D132831 G7S >10 30,000 200 N 20 N N 2,000 .13 N 150 1,500 N
D132837 G9S >10 30,000 30 N N N 70 700 .36 N 100 500
D132842 G11S >10 30,000 100 N N N N 3,000 17 N 500 700 N
D132849 G15S >10 70,000 7 N N N N 200 12 5 300 N N
D132851 G16S >10 30,000 70 N 20 N N 1,000 18 10 100 700 N
D132845 G18S >10 30,000 100 N 10 N N 500 .14 N 5,000 150 500
D132860 G21S >10 30,000 100 N N N N 1,500 .54 N 300 700 500
D132864 G23S >10 70,000 7 N N N N 150 16 100 2,000 N N
D132867 G24S >10 70,000 50 N 20 N N 700 .25 10 200 N N
D132871 G258 >10 70,000 30 N N N N 1,500 1 300 70 150 N
D132875 G27S >10 50,000 3 N N N N 150 .03 5 700 N N
D132878 LF2S >10 50,000 5 N N N 15 100 .09 20 200 N N

belt and also forms a lead-rich halo around the eastern
side of the Gem stocks. The Rex-Snowstorm, Carlisle-
Hercules, and Sunset mineral belts are partly defined
by lead. Two lead anomalies, north and northwest of
the Dago Peak stocks, probably represent the exten-
sions of the Gem-Gold Hunter and Carlisle-Hercules
belts. The distribution of lead south of the Osburn

fault poorly defines the mineral belts. Anomalous
lead in the soil north and northeast of Kellogg (pl. 7L)
probably is contamination from the Kellogg smelter.
The lead content of the rocks in this area is low rela-
tive to the lead content of the soils, indicating that
the rocks are only slightly if at all affected by smelter
contamination.
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FI1GURE 14.—Cumulative frequency plot for lead, from 3,979 rock
samples and 8,514 soil samples.

" MANGANESE

The ionic radius of bivalent manganese is 0.80 A,
closely comparing to a radius of 0.74 A of bivalent iron,
This similarity permits a substitution of iron by
bivalent manganese in ferrous minerals. Apparently,
the substitution of manganese for iron in siderite oc-
curred to a considerable degree in the Coeur d’Alene
district. As shown by table 14, siderite collected from
mines within the district contain from 3-7 percent
manganese presumably in diadochic substitution for
iron. Ankerite also contains appreciable amounts of
manganese (Fryklund, 1964, p. 21, table 13).

Manganese is relatively soluble in the bivalent state
but is very insoluble in higher stages of oxidation.
Thus, as siderite and ankerite are oxidized, the
manganese that these minerals contain is changed to
the immobile quadrivalent form and becomes in-
creasingly concentrated in the soils. In the Coeur
d’Alene district the median level of concentration of
manganese in the soils is 1,333 ppm as compared to a
median level of concentration of only 366 ppm in the
rocks (table 15; fig. 15).

The region between the Osburn and Placer Creek
faults and between Wallace and Pine Creek may be an
area where the immobilized manganese oxidized near
the surface is coextensive with unoxidized siderite
at depth (fig. 16; pl. 7M, N). The manganese-dispersion
patterns closely conform to the dispersion patterns of
silver and antimony (fig. 16). The high manganese con-
tent of siderite and the close spatial relationship of

TABLE 15.—Percentile distribution (in parts per million) of
manganese in soils and rocks in the Coeur d’Alene district, by

formation
[Leaders, (), no data)

Percentile
Formation Sampl distribution Valid
medium 25th 50th 75th 90th  observation
Monzonite ... Soil .... 473 781 1,340 1,946 192
Rock... 344 610 833 1,130 106
Wallace ...... Soil.... 795 1,377 2,308 3,675 2,175
Rock... 168 360 819 1,883 993
St. Regis ..... Soil .... 993 1,809 3,241 5,198 1,544
Rock... 212 600 1,715 4,760 839
Revett ....... Soil.... 961 1,730 2,504 3,829 693
Rock... 97 381 1,329 4,723 455
Burke........ Soil .... 829 1,373 2,249 3,313 565
Rock... 119 386 978 2,086 402
Prichard ..... Soil .... 766 1,285 2,034 3,010 1,441
Rock... 121 224 475 1,083 727
All
formations ... Seil .... 777 1,333 2,242 3,597 8,248
Rock... 147 366 938 2,508 3,979
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FIGURE 15.—Cumulative frequency plot for manganese, from 3,979
rock samples and 8,248 soil samples.

siderite to the ore minerals suggest that the conform-
ity among manganese, silver, and antimony is con-
trolled by the distribution of siderite and tetrahedrite.

Anomalously high concentrations of manganese also
form a dispersion pattern in the oxidized bedrock that
fits the shape and orientation of the Atlas pluton, as
shown by figure 17. The distribution of manganese in
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mine, however, stimulated much exploration through-
out the eastern part of the Page-Galena belt (Shenon
and McConnel, 1939). This exploration led to the
discovery of many tetrahedrite deposits, all of which
were found at considerable depth.

The mineral belt is traversed by many faults that are
parallel or subparallel to the Osburn and Big Creek
faults. The most important of these faults are the
Polaris, Alhambra, Mineral Point, St. Elmo, Argen-
tine, Killbuck, Fort Wayne, Silver Standard, and
Silver Summit. This complex fault system, which has
cut the Belt rocks into a series of blocks and slices, has
provided numerous conduits along which the mobile
elements could migrate from deeply buried sources to
the surface.

Some of the mine workings that have explored the
Page-Galena belt together with the distribution of
silver, antimony, and manganese in rocks are shown in
figure 16. The distribution of these three elements is
clearly related to the known tetrahedrite ores. In-
asmuch as the most important metals in the silver-rich
tetrahedrite ores are, respectively, copper, antimony,
and silver, it is not surprising that antimony and silver
correlate closely with the tetrahedrite ores. Appar-
ently much of the copper has been leached near the sur-
face. Of 14 siderite samples collected from mines
within the Coeur d’Alene district, the manganese con-
tent ranges from 3 to 7 percent and seems to be
characteristic of the siderite. This large amount of
manganese suggests that the distribution of
manganese shown in figure 16 is largely influenced by
the distribution of siderite, the most abundant gangue
mineral within the district.

As discussed elsewhere, the Page-Galena mineral
belt may consist of segments of several belts. Plates
2-6 suggest that the southern part of the halo sur-
rounding the original position of the Gem-Dago Peak
stocks is superimposed on or constitutes the middle
segment of the Page-Galena belt.

PINE CREEK BELT

The Pine Creek belt is along the East Fork of Pine
Creek at the western end of the district. Sphalerite is
the most abundant ore mineral, galena is the second
most abundant, chalcopyrite is sparse, and tetrahe-
drite is rare. Several stibnite veins have been mined,
mostly at the west end of the belt.

The ore deposits are restricted to the Prichard For-
mation and perhaps for this reason are very similar to
some ore deposits such as the Interstate-Callahan
deposit in the northern part of the district, which is
also restricted to the Prichard Formation.

The Pine Creek belt is not as well defined geochem-
ically as some other belts of the district. The belt is
partly delineated by dispersion patterns within the
soils that contain as much as 500 ppm zinc, 600 ppm
lead, 80 ppm copper, and 70 ppm arsenic. It is also
somewhat better defined by a dispersion pattern of an-
timony in the rocks.

CONCLUSIONS AND POSSIBLE
EXPLORATION TARGETS
SUGGESTED BY GEOCHEMICAL
DISPERSION PATTERNS

As previously described, strong geologic evidence in-
dicates extensive postore movement along several of
the major faults within the Coeur d’Alene mining
district. This movement includes large right-lateral
displacement along the Osburn, Kellogg, and
Paymaster faults, and several miles of dip-slip dis-
placement on the low-angle Dobson Pass fault. Such
faulting has resulted in the apparent offset of some of
the mineral belts by as much as 16 mi (26 km).
Significantly, the geochemical dispersion patterns that
are coextensive with the mineral belts, and the huge
dispersion halos of antimony, lead, sulfur, arsenic, and
the cadmium to zinc ratio (pls. 2-6) that were concen-
tric to the original position of the Gem-Dago Peak
stocks, are likewise offset in direction and distances
compatible with the geologic evidence.

The distribution of the more volatile elements in con-
centric halos surrounding the Gem-Dago Peak stocks
was apparently caused by an event that was indepen-
dent of and subsequent to the implacement of the pro-
ductive veins in the linear mineral belts. Two
mineralizing events that affected the distribution and
shape of the geochemical anomalies are thus suggested
in the Coeur d’Alene district—an early event that
emplaced the major deposits in the mineral belts, and a
later event, related to the intrusion of the Cretaceous
monzonite stocks, that remobilized and redistributed
certain elements from the older deposits to form the
halos. These halos intercept and modify the dispersion
patterns related to the northwest-trending linear
mineral belts. Although these mineral belts are best
developed southeastward from the Gem stocks, they
appear on the basis of the geochemical evidence, also
to continue further northwest beyond the boundary of
the superimposed geochemical patterns that are con-
centric to the stocks.

Where the redistributed metals in the halo related to
the Gem-Dago Peak stocks overlaps the earlier
mineral belts, the older sulfide deposits were
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reconstituted and possibly enriched by the remobilized
and redistributed elements. Production statistics show
that about 85 percent of all the ore mined from the
Coeur d’Alene district to date (1974) has been derived
from mines overlapped by the halos of secondary
geochemical dispersion. This fact strongly suggests
that enrichment during remobilization may have influ-
enced the location of major ore shoots. Consequently,
favorable host rocks within mineral belts that have
been enveloped by the secondary dispersion halos
should be considered to be important exploration
targets.

The possibility of the extension of the known mineral
belts northwest from the Dobson Pass fault is par-
ticularly significant with respect to future exploration
and is based both on geochemical studies and on
geologic deduction. Geochemical data based on the
analyses of soil samples led Gott and Botbol (1975) to
conclude that the known mineral belts extend north-
west beyond the Dobson Pass fault and Dago Peak
stocks, and additional geochemical data based on the
analyses of rock samples and presented in plates 2, 3,
and 7 support this conclusion. When the geochemical
patterns are restored to their original positions around
the Gem-Dago Peak stocks, dispersion patterns of
lead, antimony, and the cadmium to zinc ratio can
reasonably be interpreted to represent the extensions
of the Gem-Gold Hunter and the Rex-Snowstorm
mineral belts. Furthermore, well-documented dip-slip
movement along the Dobson Pass fault has almost cer-
tainly offset many lead-zinc-silver veins whose foot-
wall segments were displaced eastward and which
have been exploited in the many mines in the northern
part of the district and east of the fault trace. The up-
ward extensions of these veins in the hanging-wall
block to the west, however, have been but slightly ex-
plored and more work in this area seems well justified.

Strong dispersion patterns of antimony, copper,
silver, and sulfur in the surficial rocks above the
postulated Atlas pluton (figs. 8, 13, 21, 23) suggest
that ore-forming minerals may be present in signifi-
cant concentrations near the pluton at depth. By
analogy with the Gem-Dago stocks, these crudely con-
centric element-distribution patterns possibly repre-
sent the upper parts of a halo remobilized and
redistributed from deeply-buried vein deposits that
may also have been enriched by the same processes
that are thought to have enhanced the Gem-Dago
Peak deposits.

A southeastward extension .of the Page-Galena
mineral belt from the Galena mine to the Placer Creek
fault is indicated by the dispersion patterns of an-
timony, copper, silver, manganese, arsenic, and boron.
Several similar southeast-trending patterns of ore-
forming metals occur to the west in the area between
the Page-Galena mineral belt and the Placer Creek
fault and are best delineated by the distribution of
antimony, copper, manganese, and silver in both soils
and rocks.

Dispersion patterns in the southeast part of the
district that appear to be associated with the Placer
Creek fault may indicate mineralized veins in that
area.

The foregoing conclusions and potential exploration
targets are based on the prevailing concept of a
primary epigenetic origin for the veins in the Coeur
d’Alene district. In recent years, many strata-bound
deposits and minor mineral occurrences have been
observed within the Belt Supergroup. Clark (1971)
described strata-bound copper deposits in the Revett
Formation which are overlain by a lead-rich zone in the
Idaho-Montana area north of the Coeur d’Alene
district. According to Harrison (1972), strata-bound
copper in concentrations as high as ore grade occurs
locally throughout most of the formations of the Belt
Supergroup over a wide geographic area. Conse-
quently, the possibility may exist that the presence of

‘strata-bound metals in favorable units of the strati-

graphic section may contribute to the geochemical
dispersion patterns. Confusion could exist in an area
such as that northwest of the Dago Peak stocks where
the strike of the formations that might contain strata-
bound metals is nearly parallel to the projection of
several mineral belts. However, the distribution pat-
terns, concentrations, and great variety of metals in
soils and rocks throughout the Coeur d’Alene district,
including the anomalies northwest of Dago Peak, are
considered strong evidence for a source of metals in
veins associated with the recognized mineral belts, and
having little if any direct contribution from strata-
bound occurrences.
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ELEMENTS IN ROCKS AND SOILS, BY FORMATION
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GEOCHEMICAL-EXPLORATION STUDIES, COEUR D’ALENE DISTRICT, IDAHO AND MONTANA

TABLE 5.—Percentile distribution of elements in rocks in the Coeur d’Alene district, by formation

[Values are in parts per million except as indicated.

. Analyses are spectrographic unless otherwise indicated]

Element Monzonite (106 samples) Wallace (998 samples) Element
Valid Valid
Observations 25th 50th 75th 90th Observations 25th 50th 75th 90th

Iron' 106 1.7 2.5 3.4 5.4 993 1 2.4 4 6.8 Iron .
Magnesium' 106 .21 .31 4 .54 993 .16 .48 1.2 2.2 Magnesium
Calcium! 106 5 q 1.0 1.8 993 .05 .43 2.2 Calcium
Titanium 106 12 .16 .25 .39 993 11 .21 31 44 Titanium
Manganese 106 344 610 833 1,130 993 168 360 819 1,883 Manganese
Boron 106 - - - 993 17 47 109 221 Boron
Barium 106 478 675 923 1,661 993 171 378 694 1,088 Barium
Beryllium 106 1.7 2. 993 .89 17 24 Beryllium
Cobalt 106 8.3 13 993 - 3.9 9.1 15.9 Cobalt
Chromium 106 - 10 25 993 10.8 23.8 39.2 55.8 Chromium
Lanthanum 106 32 57 92 993 26 40 54 Lanthanum
Molybdenum 106 - 993 - - - Molybdenum
Nickel 106 - 4.8 9.6 993 5.9 11 21 29 Nickel
Scandium 106 - 6.5 9.8 993 3.8 6.9 10 14 Scandium
Strontium 106 603 891 1,278 1,873 993 - - - Strontium
Vanadium 106 40 57 95 207 993 20 36 60 97 Vanadium
Yttrium 106 9.8 13 20 32 993 12 22 34 51 Y ttrium
Zirconium 106 60 87 120 183 993 100 189 2717 379 Zirconium
Sulfur! 23 12 .002 .006 8 .01 971 .006 .009 .01 .03 Sulfur
Mercury 106 .02 .04 .06 1 988 .02 .04 .08 .19 Mercury
Copper * 105 18 36 69 980 - 1 26 76 Copper
Lead: 106 18 24 34 51 993 10 23 52 188 Lead
Zinc N 106 33 50 72 108 933 16 41 83 209 Zgnc
Silver 106 - 2 5 9 990 - 3 6 1.1 Silver
Cadmium’ 106 42 67 .96 987 5 8 1.3 Cadmium
Arsenic® - 993 17 27 Arsenic
Antimony® 106 - - 1.1 992 11 2.8 7.4 Antimony

Element St. Regis (839 samples) Revett (455 samples) Element

Valid Valid
Observations  25th 50th 75th 90th Observations  25th 50th 75th 90th

Iron' , 839 11 2.4 4.1 7.1 455 0.47 1.4 3.1 5.5 Iron
Magnesium 839 .07 .19 44 1 455 .02 .05 1 .25 Magnesium
Calcium’ 839 - 05 17 455 - Calcium
Titanium 839 1 .19 3 4 455 .06 13 24 .36 Titanium
Manganese 839 212 600 1,715 4,760 455 97 381 1,329 4,723 Manganese
Borpn 839 17 47 116 236 455 16 38 85 131 Boron
Barium 839 289 543 924 1,780 455 110 235 575 1,030 Barium
Beryllium 839 9 1.8 2.5 455 - - 1 1.8 Beryllium
Cobalt 839 - 9 15 455 - 8.8 Cobalt
Chromium 839 - 20 32 50 455 - 8.3 19 31 Chromium
Lanthanum 839 - 25 37 53 455 - 25 40 55 Lanthanum
Molybdenum 839 - 455 - - - Molybdenum
Nickel 839 5 10 20 25 455 - 4.2 9.4 15 Nickel
Scandium 839 5 9 12 455 - - 6.5 10 Scandium
Strontium 839 - - 455 - - - - Strontium
Vanadium 839 20 30 50 75 455 8.6 20 33 50 Vanadium
Yttrium 839 13 20 30 45 455 9 15 25 36 Yttrium
Zirconium 839 123 207 312 477 455 113 244 455 1,095 Zirconium
Sulfur 32 795 .003 .007 .01 025 423 .004 .006 .009 .01 Sulfur
Nbrcurx 828 o .03 .07 .16 453 - .03 .06 15 Mercury
Copper 834 - 9 25 70 449 - 8 20 45 Copper
Lead* 839 - 11 26 111 455 - 10 28 301 Lead
Zinc? 832 10 20 50 920 452 5 15 40 70 Zinc
Silver* 831 - .2 .46 1 452 - 2 5 9 Silver
Cadmium* 834 - 4 6 9 453 3 5 1 Cadmium
Arsenic® 832 - 18 455 - - - 20 Arsenic
Antimony® 830 9 2.2 5 9.5 452 - 1.6 4 10 Antimony

See footnotes at the end of table.



ELEMENTS IN ROCKS AND SOILS, BY FORMATION

TABLE 5.—Percentile distribution of elements in rocks in the Coeur d’Alene district, by formation—Continued

Element Burke (402 samples) Prichard (727 samples) Element
Valid Valid
Observations  25th 50th 75th 90th Observations 25th 50th 75th 90th

Iron' 402 0.8 1.8 3.5 6.2 727 2 3 5 7 Iron
Magnesium' 402 04 1 .29 5 727 13 4 N . Magnesium
Calcium' 402 - 15 727 05 1 Calcium
Titanium! 402 .07 .19 31 46 727 17 3 4 5 Titanium
Manganese 402 119 386 978 2,086 727 121 224 475 1,083 Manganese
Boron 402 11 33 68 110 727 18 35 66 105 Boron
Barium 402 161 360 642 903 727 193 343 512 708 Barium
Beryllium 402 1.3 2.2 727 1.3 2 2.9 Beryllium
Cobalt 402 - - 6.1 11 727 - 5 11 18 Cobalt
Chromium 402 13 27 46 727 15 40 60 80 Chromium
Lanthanum 402 - 28 40 53 727 - 34 50 70 Lanthanum
Molybdenum 402 - - — 727 - — - Molybdenum
Nickel 402 - 5.5 13 21 727 - 10 17 29 Nickel
Scandium 402 - 3.9 8.8 11 727 5 10 15 19 Scandium
Strontium 402 - - - - 727 - - Strontium
Vanadium 399 11 26 43 69 727 27 54 86 128 Vanadium
Yttrium 402 10 21 31 43 727 19 28 37 58 Yttrium
Zirconiym 402 129 266 385 835 727 133 200 300 415 Zirconium
Sulfur’ 394 04 .007 01 04 720 007 .01 02 1 Sulfur
Mercury® 401 - .05 .09 701 - .03 06 1 Mercury
Copper * 401 - 6.2 18 45 726 12 22 38 69 Copper
Lead: 402 - 14 41 216 727 20 34 55 125 Lead
Zinc® | 400 12 31 55 118 724 40 60 90 138 Zinc
Silver 401 17 .36 .67 1.2 125 4 E 1 Silver
Cadmium* 399 - 3 6 8 724 3 5 8 15 Cadmium
Arsenic® 393 19 726 - 21 40 Arsenic
Antimony® 402 11 3.7 11 726 b 1.9 4.2 78 Antimony

Element Belt (446 samples) All Formations (3,979 samples_)—m

Valid Valid
Observations  25th 50th 75th 90th Observations 25th 50th 75th 90th

Iron' . 446 0.8 2.1 3.9 7.2 3,979 1 2.4 4.1 6.9 Iron
Magnesilum 446 .09 .45 11 2 3,979 .07 .25 .65 1.2 Magnesium
Calcium X 446 .04 4 2 3,979 - .08 .86 Calcium
Titanium 446 A2 .21 32 .46 3,979 A1 2 3 4 Titanium
Manganese 446 145 357 845 1,844 3,979 147 366 938 2,508 Manganese
Borpn 446 11 30 61 115 3,979 13 38 84 166 Boron
Barium 446 153 312 597 878 3,979 182 383 677 1,085 Barium
Beryllium 446 - .85 1.3 2 3,979 - .8 1.7 2.4 Beryllium
Coba]t. 446 - 4.8 8.8 16 3,979 - - 8.9 15 Cobalt
Chromium 446 8.6 20 37 61 3,979 - 20 37 60 Chromium
Lanthanum 446 18 26 36 50 3,979 27 41 56 Lanthanum
Molybdenum 446 - 3,979 - - Molybdenum
Nickel 446 4.7 9.9 19 29 3,979 - 9 17 25 Nickel
Scandium 446 3.9 6.4 10 14 3,979 6 10 14 Scandium
Strontium 446 - - 3,979 - Strontium
Vanadium 446 15 31 59 104 3,970 17 34 58 97 Vanadium
Yttrium 446 13 22 33 48 3,979 12 21 33 48 Yttrium
ercon.,l%m 446 94 166 257 361 3,979 108 198 310 489 Zirconium
Sulfur! 3 409 .003 .007 .01 05 3,736 005 .008 .01 04 Sulfur
Nkrcur}; 434 .02 .05 .07 11 3,922 - .03 .06 14 Mercury
Copper 445 8.6 16 38 109 3,950 - 12 29 69 Copper
L.ead’4 446 9.2 14 27 58 3,979 8 19 43 140 Lead
Zinc A 445 9 21 50 100 3,963 12 36 68 130 Zinc
Silver’ . 445 - 2 6 3,961 -— 2 5 1 Silver
Cadmium 445 - 44 79 3,959 4 7 11 Cadmium
Arsenic® 445 - - 20 3,969 - 9 24 Arsenic
Antimony® 446 - 95 1.9 3.5 3,965 - 1 3.5 7.9 Antimony

! In percent.
Leco combustion analysis.

3Mercury vapor detector analysis.

4 Atomic absorption analysis.
3Colorimetric analysis.
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GEOCHEMICAL-EXPLORATION STUDIES, COEUR DALENE DISTRICT, IDAHO AND MONTANA

TABLE 6.—Percentile distribution of elements in soils in the Coeur d'Alene district, by formation
[Values are in parts per million except as indicated. Analyses are spectrographic unless otherwise indicated. Leaders (--). no data]

Element Monzonite (192 samples) Wallace (2,298 samples) Element
Valid Valid
Observations  25th 50th 75th 90th Observations 25th 50th 75th 90th
Iron! 3 192 2.7 3.3 4.1 5.0 2,175 2.8 3.7 5.3 6.9 Iron
Magnesium' 192 .41 52 .68 .80 2,175 4 6 8 1.1 Magnesium
Calcugm' 192 .54 .65 .76 92 2,175 4 6 .8 1.1 Calcium
Titanium’ 192 .29 37 A7 .54 2,175 3 4 6 .8 Titanium
Manganese 192 473 781 1,340 1,946 2,175 795 1,377 2,308 3,675 Manganese
Borpn 192 10 15 21 25 2,175 22 37 66 109 Boron
Barlurp 192 350 527 705 838 2,175 416 586 756 996 Barium
Beryllium 192 1.0 1.3 2.0 2.5 2,175 8 1.2 1.6 2.1 Beryllium
Cobalt 192 8 11 14 17 2,175 - 9.4 14.5 19 Cobalt
Chromium 192 18 25 35 49 2,175 23 32 43 55 Chromium
Lanthanum 192 21 28 36 50 2,175 - 25 35 47 Lanthanum
Molybdenum - — - - - - Molybdenum
Niobium - 2,000 - 8 10 13 Niobium
Nickel 192 13 16 21 27 2,175 17 24 32 43 Nickel
Scandium 192 7 9 11 14 2,175 10 13 Scandium
Strontium 192 182 277 387 518 2,175 104 154 214 265 Strontium
Vanadium 192 55 74 108 153 2,170 71 94 120 155 Vanadium
Yttrium 192 14 18 25 33 2,175 16 22 30 39 Yttrium
Zirconium 192 118 151 198 248 2,175 153 203 269 347 Zirconium
Mercury? 192 .05 .08 .18 .23 2,176 .05 13 .24 .39 Mercury
Copper? 177 14 21 34 65 2,293 22 29 35 47 Copper
Lead: 192 22 34 51 139 2,296 29 45 75 149 Lead
Zinc 192 74 107 181 452 2,295 70 115 203 365 Zinc
Silver? 192 4 .6 8 1.1 2,292 5 6 8 1.1 Silver
Cadmium? 192 6 8 1.1 2.2 2,142 - 5 1 1.7 Cadmium
Arsenic* 192 - 11 21 2,178 10 20 Arsenic
Antimony* 192 4 8 1.6 3 2,178 8 1.1 .8 5.3 Antimony
Sulfur' ° 31 019 029 - - 395 .038 .046 055 .070| | Sulfur
T u - — 1L
Element St. Regis (1,586 samples) Revett (699 samples) Element
Valid Valid
Observations  25th 50th 75th 90th Observations  25th 50th 75th 90th

Iron' 1,544 2.7 3.7 5.1 6.7 693 2.9 3.8 5.3 6.9 Iron
Magnesium' 1,544 4 6 8 1 693 4 5 7 8 Magnesium
Calcium! 1,544 4 6 8 1 693 3 5 N 9 Calcium
Titanium’ 1,544 .3 5 N 1 693 4 5 7 1 Titanium
Manganese 1,544 993 1,809 3,241 5,198 693 961 1,730 2,504 3,829 Manganese
Boron 1,544 19 31 55 145 693 20 30 48 79 Borpn
Barium 1,544 486 684 979 1,431 693 454 616 812 1,125 Barium
Beryllium 1,544 1.1 16 2.2 693 - 1 1. 2 Beryllium
Cobalt 1,644 -~ 9.5 14 19 693 - 8.8 13 17 Cobalt
Chromium 1,544 27 34 46 57 693 27 34 45 54 Chromium
Lanthanum 1,544 25 34 45 693 - 27 36 51 Lanthanum
Molybdenum - - - Molybdenum
Niobium 1,255 — 10 11 553 - 10 11 Niobium
Nickel 1,544 15 21 29 35 693 15 20 25 33 Nickel
Scandium 1,644 8 10 12 15 693 8.5 10 12 16 Scandium
Strontium 1,544 117 164 222 275 693 105 157 220 282 Strontium
Vanadium 1,539 67 90 114 148 693 76 97 117 153 Vanadium
Yttrium 1,544 15 21 27 36 693 14 20 28 37 Yttrium
Zirconium 1,544 179 234 312 374 693 196 269 356 500 Zirconium
Mercury? 1,445 .05 1 .2 4 692 .04 .08 .18 .31 Mercury
Copper? 1,584 22 30 42 60 698 21 29 38 53 Copper
Lead® 1,584 24 39 71 195 698 27 41 76 218 Lead
Zinc® 1,584 57 86 141 250 697 50 77 117 218 Zinc
Silver? 1,583 4 6 8 1.1 697 4 6 N 1 Silver
Cadmium? 1,480 4 N 1.1 2.8 654 4 N 1.1 2.3 Cadmium
Arsenic* 1,544 - - 9.8 20 693 - 10 20 Arsenic
Antimony* 1,544 9 19 3.8 7 693 B 18 28 5.7 Antimony
Sulfur! ° 155 .039 .049 .063 .078 55 044 .053 071 095 | | Sulfur

See footnotes at end of table.



ELEMENTS IN ROCKS AND SOILS, BY FORMATION

TABLE 6.—Percentile distribution of elements in soils in the Coeur d’Alene district, by formation—Continued

Element Burke (573 samples} Prichard (1,705 samples) Element
Valid Valid
Observations  25th 50th 75th 90th Observations  25th 50th 75th 90th

Iron' 565 2.6 3.3 4.4 5.6 1,441 2.5 3.1 3.9 5.1 Iron
Magnesium' 565 45 .60 73 .84 1,441 .46 .61 .74 .86 Magnesium
Calcium' 565 .42 .59 .80 1 1,441 .39 .57 .75 .98 Calcium
Titanium! 565 40 .49 .70 1 1,441 .43 ) 72 .88 Titanium
Manganese 565 829 1,373 2,249 3,313 1,441 766 1,285 2,034 3,010 Manganese
Boron 565 19 29 44 74 1,441 20 28 41 62 Boron
Barium 565 475 647 822 1,065 1,441 473 647 828 1,090 Barium
Beryllium 565 9 1.1 1.5 2.0 1.441 1.1 14 1.8 2.3 Beryllium
Cobalt 562 8 10 14 18 1,436 10 14 20 28 Cobalt
Chromium 565 24 32 43 54 1,441 31 43 50 78 Chromium
Lanthanum 565 20 25 34 47 1,441 22 29 37 51 Lanthanum
Molybdenum - - Molybdenum
Niobium 490 - 9 11 12 1,423 - 9 11 15 Niobium
Nickel 565 15 21 29 35 1,441 20 29 38 51 Nickel
Scandium 565 8 10 12 16 1,441 9 11 14 17 Scandium
Strontium 565 117 178 239 310 1,441 114 159 215 256 Strontium
Vanadium 561 66 90 112 141 1,441 71 98 131 160 Vanadium
Yttrium 565 15 21 30 38 1,441 19 25 33 41 Yttrium
Zirconium 565 179 252 343 472 1,418 187 253 330 395 Zirconium
Mercury? 562 04 .09 .16 .26 1,417 .07 13 24 .50 Mercury
Copper? 476 15 20 24 31 1,586 17 21 28 37 Copper
L‘ead3 449 23 35 54 108 1,642 35 54 107 237 Lead
Zinc? 566 63 89 125 176 1,697 89 140 220 339 Zinc
Silver? 567 4 6 8 1.1 1,632 4 5 N 1.1 Silver
Cadmium? 559 5 1.1 1.9 1,440 8 1.3 2.8 5.7 Cadmium
Arsenic* 565 8.6 11 22 1,441 - 10 21 28 Arsenic
Antimony* 564 5 1 2 4 1,442 8 1 4 8 Antimony
Sulfur' ® 143 023 035 051 07 421 .019 .029 044 .060} | Sulfur

Element Belt (987 samples) All Formations (8,713 samples) Element

Valid Valid
Observations  25th 50th 75th 90th Observations  25th 50th 75th 90th
Iron! 987 2.8 3.7 5.1 7 8,249 2.7 3.6 4.9 6.5 Iron
Magnesium' 987 5 i 1.1 1.5 8,249 47 65 .81 1.1 Magnesium
Calcium' 987 3 5 1 1 8,249 41 .60 .82 1 Calcium
Titanium' 987 3 5 7 9 8,249 .38 52 73 1 Titanium
Manganese 987 599 866 1,387 2,040 8,248 777 1,333 2,242 3,597 Manganese
Boron 987 19 32 55 84 8,247 19 30 50 20 Boron
Barium 987 396 528 696 821 8,248 446 628 824 1,109 Barium
Beryllium 987 9 1.3 1.6 1.9 8,249 9 1.2 1.6 2.1 Beryllium
Cobalt 987 - 10 14 17 8,207 8.5 11 15 20 Cobalt
Chromium 987 26 36 50 66 8,249 27 35 43 64 Chromium
Lanthanum 987 18 27 38 50 8,249 20 26 35 48 Lanthanum
Molybdenum - - - - - Molybdenum
Niobium 987 - - 9.5 11 7,530 - 8.6 10 12 Niobium
Nickel 987 15 21 29 35 8,249 16 23 31 38 Nickel
Scandium 987 7.5 9.5 11 14 8,249 8.3 10 12 16 Scandium
Strontium 987 111 157 214 8,249 109 156 218 276 Strontium
Vanadium 987 64 86 120 156 8,235 69 93 118 154 Vanadium
Yttrium 987 16 22 31 37 8,241 16 22 30 37 Yttrium
Zirconium 987 167 237 319 378 8,226 169 229 310 377 Zirconium
Mercury? 978 .04 .07 1 2 8,124 .05 1 2 3 Mercury
Copper?® 987 20 27 36 49 8,695 21 28 37 53 Copper
Lead? 987 22 31 43 55 8,514 28 43 75 171 Lead
Zinc® 987 , 43 62 85 118 8,684 61 95 161 280 Zinc
Silver? 986 4 5 7 9 8,611 4 6 7 1.1 Silver
Cadmium? 987 4 q 1 1.2 7,167 5 8 1.3 2.7 Cadmium
Arsenic* 987 - - - 18 8,265 - 10 22 Arsenic
Autimony‘ 987 4 8 1.1 23 8,153 8 1.1 2.9 5.8 Antimony
Sulfur! * - 759 .039 047 057 0731 | Sulfur
!In Percent.

ZMercury vapor detector analysis.

3A tomic absorption analysis.
*Colorimetric analysis.
5Leco combustion analysis.
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