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FOREWORD

One of the functions of the Montana Bureau of Mines and Geology is to foster the development
of mineral resources in the State. To this end, the Bureau has conducted field work and published
reports on the geology of mining districts, oil and gas fields, and ground water resources in many
parts of the State.

In order to promote mineral development, the Bureau contributes to the development of new
exploration techniques. One of these is geochemical prospecting. This is a relatively new prospecting
tool which has been developed principally since World War II. It offers unusual promise of helping
the geologist to find mineral deposits, especially in regions where the bedrock is not exposed. It
depends on the fact that soils over an orebody contain abnormaly large traces of metal derived from
the orebody ; these traces can be measured by various analytical methods. This bulletin presents the
findings of the Bureau in its investigation of soil sampling and analysis in many known mineralized
areas of western Montana. The study shows that the method is highly useful under certain condi-
tions existing in Montana, and less so under certain other conditions ; these are described in this bulletin.

The United States Geological Survey, which has been investigating geochemical prospecting
methods for a number of years, has been a leader in developing colorimetric methods of analysis of
sufficient accuracy to distinguish abnormal metal concentrations in the soil from normal or background
concentrations. The Survey has generously permitted two of its chemists, Messrs. J. H. McCarthy,
Jr., and H. W. Lakin, to write a part of this bulletin (Chapter VII) on these analytical techniques. The
chapter has been written for the field man rather than the laboratory chemist; step-by-step descriptions
of the authors’ analytical methods are given and can be used in the field by anyone who is willing to
exercise the required care.

The Montana Bureau of Mines and Geology has also investigated the use of X-ray spectography
as a means of making the necessary soil analyses. F. A. Hames of the Bureau staff has used this
technique in making many analyses for this report, and has contributed new information on the
application of X-ray spectography to geochemical exploration.

Like every new technique, geochemical prospecting will eventually find its rightful place in the
search for minerals. Geologists of leading exploration companies are using it in many parts of the
world and are learning by experience what results can or cannot be expected from it. The present
bulletin will help prospectors and geologists, especially in Montana and geologically similar areas, to
know where and how to use this method. At this stage of development, we can at least say that geo-
chemical prospecting is a powerful tool in the geologist’s kit, and that it can deliver full value only
when used in conjunction with other geological techniques. It supplements rather than replaces the
older, more familiar methods of prospecting.

The professional geologist or prospector who is seriously interested in geophysical prospecting
probably will wish to study this entire report. The “week-end prospector,” and others who wish to
get a less comprehensive view, will be able to learn the essentials of geochemical prospecting by
studying Chapters I, II, and V1.

J. R. VAN PELT
Director
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16 GEOCHEMICAL PROSPECTING

The fact that no appreciable quantity of base
metals is in the soils over so strong a structure is
significant. It seems apparent that the alteration
of the quartz monzonite present in the strong
structure was not produced by hydrothermal solu-
tions containing important amounts of base metals;
rather, lead and zinc were introduced later and
localized in individual ore shoots.

The Comet-Gray Eagle structure has been care-
mapped in detail by recent work by the U. S.
Geological Survey. It is possible that a systematic
geochemical soil-sampling program over the entire
structure would serve to pick the tops of the ore
shoots, or to indicate “highs” which may be re-
lated to mineralization at depth.

Figure 8 illustrates the difference in intensities
of the geochemical anomalies over known ore
shoots and a barren part of the structure. Even
in the barren zone near the Gray Eagle mine
(Table 5), however, a small amount of arsenic is
present over the vein structure. Lead occurs in
very minor amounts in the wall rock south of the
alteration zone, but not in the core of the struc-
ture. Zinc and copper are conspicuously absent.
The manganese roughly follows the arsenic pat-
tern, but is more erratic.

Table 6 gives the data for the barren zone tra-
verse between the Comet and Gray Eagle mines.
Arsenic does not appear to show any consistency
at all relative to the zone of alteration; lead, zinc,
and copper are all absent. More revealing, Table
4 shows a strong lead, zinc, arsenic, and manganese
over the vein structure. Copper is not present.

BUTTE DISTRICT

The Butte district is the most important mining
district in the State. Popularly known as the
“Richest Hill on Earth,” it is a major copper, silver,
zinc, and manganese producer of world-wide fame.
The geology of Butte is complex, and much has
been written on the subject. The reader is re-
ferred to the works of Weed, Sales, and Meyer fotr
the details that may be desired. (Weed, 1912.)
(Sales, 1914). Sales and Meyer (1938 and 1949).

Quartz monzonite of the Boulder batholith com-
prises the country rock at Butte. Aplite and quartz
porphyry dikes predate the veins occurring in
three major groups, the most important if which
are the east-west veins of the Anaconda group.
The ore minerals have a definite zonal arrange-
ment with copper in the center, and zinc and man-
ganese toward the margins. The wall-rock altera-
tion varies in intensity from the central zone out-
ward, and consists of pervasive sericite alteration
in the innermost zone. Rhyolite dikes are younger
than the mineralization.

The main part of the hill is so cut up by mine
dumps, railroads, roads, and mine buildings that
soil traverses of any significance in uncontam-
inated areas are really out of the question. One
group of traverses were made at the Marget Ann
mine in the northern part of the district.
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Marget Ann Mine.—One long traverse was
made across three veins as shown on the map
in Figure 9, which is a sketch map of the surface
at the mine showing the line of traverse. Figure
10 shows the anomalies recorded by the soil sample
traverse. The soil is thin and granular. Table 7
shows the copper, zinc, and manganese chemical
analyses. The north vein shows only a minor
zinc concentration, and it is doubtful whether the
vein could be picked up by geochemical methods
in an area of such a high background of copper,
zinc, and manganese. The middle vein gives a

ppm

4,000

3000

2,0004 -

1,000

o
oS tmient Lo a-a\'ZINC Load \’"‘o’"‘“n-." g

b

50 100 150 200 250 300 350 11
Middle Vein
5 South Vein zone N

Soil

Figure 10 SAMPLE PROFILE , MARGET ANN MINE, BUTTE DISTRICT

P T e g T T T

S

S

GEOCHEMICAL PROSPECTING BY SOIL ANALYSIS
IN MONTANA

By
FORBES ROBERTSON

CHAPTERI

INTRODUCTION

Most of the metalliferous mineral deposits which
have been or are being mined were found by the
prospector who tramped the hills searching for
“float” pieces of ore, or the sourdough who, with
his gold pan, systematically panned the creeks for
“colors” of gold. From the original discovery on
the surface, further exploration has often led to
continued uncovering of mineral wealth, both lat-
erally and at depth.

But these surface discoveries are becoming more
and more difficult to make. Probably most of the
large base metal (copper, lead, zinc) deposits
which crop out conspicuously at the surface have
already been found, at least those in this country.
As population grows and technology advances, the
need to find new mineral deposits increases. To
meet this increasing demand new methods are
needed which will aid in finding deposits which
do not crop out on the surface. Geochemical pros-
pecting is just such a method.

Geochemical prospecting may be used in two
different ways. One is to aid in finding deposits
close to the surface which are buried under a few
feet of soil. The prospector can conduct this type
of search, especially in and around known mineral-
ized areas. He can do this without detailed geologic
knowledge of the area, though much time, effort
and expense will be saved by basing the work on
a knowledge of the local geology.

The other method is to outline new “favorable”
areas suitable for deep testing in the search for
blind orebodies hidden at depths of several hun-
dreds or thousands of feet. This type of exploration
is important, but requires the greatest possible
coordination of geologic, geochemical, and geo-
physical skills, and usually demands large capital
outlay.

This report covers only the first of these two
uses. It is written as an aid to the prospector or
geologist who wishes to add geochemical methods
to others at his disposal.

What is Geochemical Prospecting?—In its
broadest sence, the term geochemical prospecting
includes any chemical method which may be used
in the search of mineral deposits. These include
the sampling of stream waters, soils, and vegeta-
tion for metals. Stream water samples have been
collected and analyzed for such metals as zinc
and copper. Zinc is especially soluble in surface
water, and the test for zinc is very sensitive. It is
reported that in one instance, systematic sampling
of stream waters has led to a galvanized iron tub.
The high sensitivity of the zinc test sometimes
presents difficulties in areas where there are dumps
from small mines or prospects, but offers possibili-
ties for exploration in virgin territory.

Leaves and stems or twigs from shrubs and
trees have been collected and burned and the ash
analyzed for zinc, copper, lead, and other metals.
The sap carries the metals in solution from the
soils through the roots to the leaves. Particularly
high concentrations of metals in a given area may
indicate an ore deposit at depth. Many factors,
however, influence the results, such as the age of
the plant, the season of the year, and even the
time of day when the sample is collected.

Probably the most successful of the geochemical
methods to date has been the sampling of surface
soils which are analyzed for lead, zinc, copper,
manganese, silver, tungsten, cobalt, nickel, arsenic,
and other metals. In thisreport, attention is given
only to the application of soil methods to the dis-
covery of metallic mineral deposits. Soil sampling
has already led to important discoveries in this
country and many foreign countries. These meth-
ods can be used wherever soils of suitable depth
and nature exist.

What is the Basis of Geochemical Prospecting
by Soil Analysis?—Modern soil sampling is a
natural outgrowth of older, simpler methods long
used by prospectors. In their search of the “mother
lode”, these men systematically panned upstream
for “colors” and then panned hillslope soils from
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the stream uphill. As a result of weathering, gold
is set free from the vein or mineral deposit, and
then migrates downhill. Long ago the prospector
learned the principle that gold (along with the
other material released by weathering) creeps
downhill and downstream. The same principle,
with variations, can be used in geochemical pros-
pecting for other metals. Gold is easily recognized
in the gold pan, but such metals as lead, zinc, and
copper are not so readily detected nor so easily
concentrated; yet, above any important mineral
deposit, traces of the metals found in the deposit
are usually present in minor amounts in the soils.
In geochemical prospecting, the method is similar
to that employed by the gold prospector as far as
sampling is concerned, but the detection of the
metals is a chemical operation. Since some of the
tests are very simple, they can be carried out on
the spot in the field; others, requiring a consider-
able amount of equipment as well as skill, are the
job of the chemist or assayer.

The difference between older methods and mod-
ern geochemical methods is in the quantity of
metal detected. Modern geochemical analysis will
reveal small differences in metal content between
soils over a mineral vein and those over barren
rock. Geochemical methods make it possible to
extend the search for metals to areas where bed-
rock is covered by grass or forest.

Even where buried by thick soils, mineral de-
posits usually leave telltale traces of their where-
abouts. In the search for new ore deposits both
physical and chemical clues are important. When
a mineral deposit is exposed at the surface by
weathering and erosion, the minerals in the deposit
may be released from the deposit physically as
mineral particles (such as quartz or gold) and
start slipping or creeping downhill. When the pros-
pector recognizes such clues as boulders of vein
quartz, gossan or “iron capping” in the float on a
hillside, he systematically endeavors to locate the
deposit in place by tracing the float to their
highest point on the hillside.

The metals such as lead, zinc and copper may
be liberated from the ore minerals by the chemical
action of surface and ground-water solutions which
likewise trickle or seep downhill. As some of the
solutions evaporate, soluble salts are deposited, or
as the solutions percolate through the soils, small
traces of the metals are commonly “caught” (ad-
sorbed) by clays and decayed vegetation. Where
soils obscure all traces of the bedrock, panning of
soils may reveal such chemically stable minerals as
gold ; but chemical tests may be necessary to show
traces of chemically active metals such as lead,
zinc, and copper.

Most of the work described in this bulletin rep-
resents the testing of soils over known mineral
deposits to determine the presence of metals, their
concentration, and the distance they may extend
downhill from their source. Thus the tests enable

us to determine how effective the method would
be in areas where the mineral deposits are un-
known.

How Do Metals Get Into Soils?—At some time
in the geologic past some parts of the earth’s crust
were soaked to varying degrees by solutions con-
taining valuable metals. The ore minerals were
deposited in favorable spots, such as in open spaces
in fissures, thus forming veins; in replacement
bodies in limestone; in breccia zones; or in in-
trusive stocks. In some places, the amount of
metals deposited was sufficient to form a valuable
mineral deposit.

‘When the bedrock weathers and forms soil, some
of the metal content in the mineralized rock remain
in the soil. The quantity of metal may be much
reduced by leaching, but enough remains to be
detected by sensitive analytical methods. This de-
tection of metals in soils is the main point in geo-
chemical prospecting.

Small quantities of metal are present in the soil
even if there are no mineralized zones in the region.
These minor amounts of metal in the soil of the
region are known as “background.” Background
values for a given rock may vary from one region
to another, but within a distance of a few miles
they are fairly uniform,

In Montana, the background for lead, for exam-
ple, might be 10 or 20 parts per million (10,000
parts per million is one per cent). Near ore, the lead
content may increase from 30 to 50 ppm (parts per
million) and over ore, 500 to 1000 ppm. Zinc, on
the other hand, may have a background of from 50
to 100 ppm and may have 500 to 1000 ppm over
ore. Copper may be only 10 ppm in the background
and from 100 to 200 ppm over ore.

After the prospector has received some analyses
and plotted them on his map, he selects an upper
limit to the local background, usually two or
three times as high as the higher background
values. IHe calls this the “threshold” wvalue
(Hawkes, 1954, p. 56). In the example just given,
he might place the zinc threshold at 300 parts per
million. Analyses below this threshold are re-
corded on the map, but are not considered signifi-
cant as a guide to ore.

When a line of sample points approaches a min-
eralized area, the analyses become higher and
finally cross the threshold. Over or just downhill
from an ore deposit, analyses may reach ten or
more times the average background (three or more
times the threshold). These high values indicating
a nearby mineralized area in bedrock, are an abnor-
mal condition or “anomaly.” This word is a con-
venient term used in geochemical literature to
describe any unusually large or abnormally high
metal concentration in the soil being tested. An
anomaly in the soil usually points to mineralization
in the rock, but this mineralization may or may
not be great enough to make valuable ore. Dis-
covery of an anomaly in the soil in a favorable
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Heavy Metals Lead Zinc Copper Arsenic Manganese
Sample [ ocation of Sample (2 ) (b) (b) (b )
o ppm ppm ppm  ppm ppm ppm
14 S side of zone? 50 0 0 0 77 1,450
15 20 ft S of structure 50 0 0 0 61 1,395
16 40 * 2 2 = 50 0 0 0 77 1,860
17 60 ”” 7 ” 50 0 0 0 0 1,770
18 0 100 0 0 0 61 3,110
19 100 = # = = 50 21 0 0 58 1,800
2 1207”7 » ”» 100 52 14 0 85 2,460
21 1490 7 2> » ” 100 52 0 0 54 1,730
22 160 ¥ 2 50 30 0 0 0 1’220
23 18”7 ”» 50 31 0 0 0 1,350
24 2007”7 ” 50 0 0 0 0 1,070
25 220 %% » & 50 60 0 0 0 1,040
26 24077 »? ”» 50 12 0 0 23 947
27 260 » % » » 50 18 0 0 38 1,110
28 280%»#» » @ 50 40 0 0 97 1,070
29 3007”7 » 50 23 0 0 0 989
30 3202 v » 50 0 0 0 38 885
31 340 39 33 9 $3] 50 37 O 0 16 962

*Not shown in Figure 8.

Table 6—Between Comet and Gray Eagle Mines, Basin

Analyses of soil samples collected over strongly fractured and altered zone between Comet and
Gray Eagle Mines. Sample interval 20 ft. Slope variable from 20° to 25°. Strike of structure ap-
proximately N. 80° W. Bearing of traverse N. 20° E. Thick soils for 500 ft., then thin granite sands.
a. Chemical analyses
b. X-ray spectrographic analyses

Heavy Metals  Lead Zinc  Copper Arsenic Manganese

Sample 1 ,cation of Sample (a) (b) (b) (b) (b) (b)
“ ppm ppm ppm ppm ppm ppm
1 240 £t N of bulldozer cut 50 0 0 0 60 952
2 220 2 » ” ”» ”» 50 0 0 0 127 1,030
3 200 »® ? ” »» ”» 50 0 0 0 100 1,240
4 180 » » » 2 ) 50 0 0 0 60 1,020
5 160 » »” » ’” ”» 100 0 0 0 100 1,105
6 140 2 » » Y 1 100 0 0 0 97 966
7 120 » » » i 7] 50 0 0 0 10 923
8 100 » » 9 »» 50 0 0 0 100 1,055
9 80 P2 I LI} ] 2 » 50 O 0 0 0 958
10 60 ” » ”» 3] ” 50 0 0 0 18 1,170
11 40 ? 7 » 3 » 100 0 0 0 18 1,060
12 20 39 33 3 i3] i 100 0 (0] O 68 1,240
13 Edge of bulldozer cut 50 0 0 0 62 874
14 20 ft S of bulldozer cut 50 0 0 0 71 972
15 40 7 7 7 ” » 50 0 0 0 117 902
16 60 3 2 i) 50 0 O 0 85 1,015
17 80 Py BT T 7] » 50 0 0 0 97 1,030
18 100 39 3 W » 3 50 O O O 67 916
19 120 2 » » ] ] 50 0 0 0 110 511
0 lgrEa w  ow 50 0 0 0 112 1,070
21 160 9 2] 3] 50 O 0 0 52 818
22 180 7 7 ”» 2] 2] 50 0 0 0 46 784
23 Zm 3 9 ” i3 50 0 0 O 43 720
24 220 3 i3] ” 50 0 O 0 77 1,010
25 240 7 7 7 ” ”» 50 0 0 0 31 930
2 260 »? 7 " 39 3] 50 0 0 0 68 1,055
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Table 4—Comet Mine, Basin

Analyses of soil samples collected over mined out area near the Comet shaft. Sample interval 20
feet, slope variable to 5°. Bearing of Structure N. 70° W, traverse bearing N. 20° E.

a. Chemical analyses
b. X-ray spectrographic analyses.

Heavy Metals Lead Zinc Copper Arsenic Manganese
Saﬁnple Location of Sample (a) (b) (b) (b) (b) (b)
o ppm ppm ppm pPpm ppm ppm
1 120 ft N of N vein 150 565 112 0 343 2,000
2 loon®» » » 2 200 589 215 0 384 1,910
3 By * o s 250 1,050 99 0 793 1,910
E 60" " 250 1,350 357 0 1,040 1,790
5 4077 7 77 175 897 25 0 581 1,000
6 R 300 1,850 335 0 1,460 1,940
7  Over north vein 400 1,720 1,310 0 830 2,030
& 20 ft S of N vein 400 3,490 494 0 1,870 1,670
9 4 7 2 250 2,180 988 0 1,270 4,190
10 50 B 400 2,620 751 0 1,685 4,340
11 S0r%E & 28 B 200 577 530 0 1,130 4,380
12 Over middle vein? 250 1,365 518 0 969 5,000
13 ? & ” 250 1,360 514 0 685 2,590
14 140 ft S of N vein 200 866 988 0 400 1,760
15 160 ** » » » 300 2,170 341 0 369 2,020
16 189 » > » » @ 200 350 152 0 146 1,570
17 20077 » »” 7 150 123 120 0 108 1,760
8 22077 7”7 100 100 90 0 69 1,660
19 24077 7 »” 7 100 62 74 0 82 1,705
20 260> ¥ 2 ¥ 100 127 144 0 172 2,200
21 2077 77 7 100 96 98 0 128 1,380

Table 5—Near Gray Eagle Mine, Basin

Analyses of soil samples collected across strong fracture zone, but an area of no known commercial
mineralization, north of Grey Eagle Tunnel. Sample interval 20 feet, 315 feet N. 28° W. to dis-
covery shaft. Slope variable from horizontal to 5° as shown in Figure 8. Strike of structure N. 70°
W. Traverse bearing approximately N. 15° E. Grassy slopes, soil 4 to 6 in.

a. Chemical analyses

b. X-ray spectrographic analyses

. Heavy Metals Lead Zinc Copper Arsenic Manganese
Sample 1 ocation of Sample ) (b) (b) (b) (b) (b)
i ppm ppm ppm ppm ppm ppm
1* 200 ft N of structure 50 0 o7 0 0 1,040
2% 18077 7 7 100 38 31 0 0 1,200
3* 16077 7 7 50 0 0 0 0 902
4% 1407 7 7 7 50 0 0 0 0 1,130
5 12077 ” ” 100 0 0 0 0 1,420
6 100”7 ” ” 100 0 0 0 0 1,170
7 g ” 7 50 0 0 0 0 1,360
8 6o 2 2 A 50 0 0 0 0 1,630
9 Ay ey ox 50 0 0 0 42 1,430
10 B[R v » 50 0 0 0 85 1,560
11 N side of zone? 50 19 0 0 61 1,420
12  Over fracture zone 50 12 0 0 25 1,315
13 Over fracture zone 50 13 0 0 85 1,090

INTRODUCTION

indication, but it takes more than this to make a
mine. The prudent prospector will not jump to
conclusions when he finds an anomaly, but will
follow up this information with other types of
data-gathering, such as drilling, before he con-
cludes that he has a workable deposit. Figure 1
shows a typical metal curve based on analyses of
soil samples collected over an ore deposit which
crops out at the surface.

PpmH x 10
+ background
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ot

Unmineralized "Country Rock"

Weakly %

\:*~Mineralized—~ 7
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+ + +
Buried Primary Ores

Primary Ores

Figure | . IDEALIZED GEOCHEMICAL HIGH (ANOMALY)
OVER EXPOSED AND BURIED ORE

Over a deeply buried ore deposit which does not
crop out at the surface, but which is surrounded
by a weakly mineralized zone that does crop out
under soil cover, a series of soil samples may reveal
a background value for the valuable metal away
from the deposit and an anomaly over the buried
deposit. As stated in the preceding paragraph, the
increase in metal content must be several times
the normal background to indicate an anomaly
over a buried deposit. See Figure 1. It should be
kept in mind that finding an anomaly should not
make the prospector unduly optimistic since a
similar pattern will result from a weakly miner-
alized area which has no commercial mineralization
below. The presence of an anomaly does not al-
ways mean an ore deposit at depth; it does, how-
ever, indicate some mineralization. Metal values
running into the thousands of ppm over tens of
feet in an area where the background is 100 to 200
ppm are suggestive of a minable deposit.

The curves in Figures 1 and 2 representing geo-
chemical anomalies over primary ores are examples
of the simplest kind of situation. Most mining dis-
tricts contain a variety of types of rock which are
brought into complex relationships by faulting and
folding, the whole being complicated by a long
and eventful geological history. For this reason,
it is desirable, and in most cases essential, to un-
derstand the geological structures in a mining
district in order to evaluate fully the geochemical
results. Likewise, knowledge of the basic geologi-
cal structures in a mining district will make it
possible to sample soils most economically.

Ppm Heavy Metals
X10+Background

o

Mineralized vein 5
oil
: \ barren
\ of
\\\\\ heavy metals]
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Figure 2. IDEALIZED GEOCHEMICAL HIGH (ANOMALY)
OVER MINERALIZED VEIN ON HILLSIDE

metals in soil

Where mineral deposits or veins crop out on a
hillslope, the metals are not only contributed to
the soil through normal weathering, but as the
soils creep downhill, some of the heavy metals
migrate downhill with them. Under these circum-
states, the geochemical anomaly is spread out
downhill, as shown in Figure 2.

Where Has Geochemistry Been Successful?—
Geochemical exploration is so new that not many
case histories appear in published literature. The
United States Geological Survey has developed
methods which have contributed to the success of
the methods in this country. Important deposits
are reported to have been discovered geochemically
in Europe, Africa, Australia, South America, as
well as in the United States and Canada.

At Tintic, Utah, geochemical anomalies were
found to occur in rhyolite containing pyrite up-rake
from blind ore bodies in sedimentary rocks below
the rhyolite (Lovering, 1948). At Johnson, Arizona,
silicified and altered limestones and dolomites
contain relatively high concentrations of copper
over blind ore bodies at depth (Cooper and Huff,
1951). In the dolomite replacement bodies of
zinc ores in southwestern Wisconsin, it has been
found that abnormally large concentrations of
zinc may be detected by geochemical methods in
dolomite as much as 50 feet above ore. A number
of geochemical spot surveys in Iowa, Arizona,
Idaho, Colorado, and North Carolina were re-
ported by Huff (1952). Geochemical investiga-
tions for zinc in the Appalachian states have been
successful (Hawkes, 1949 and Robinson, 1947).

Where Can Geochemical Methods Be Used?—
Soil sampling may be used under a very wide
range of conditions. Primary residual soils pro-
vide the usual and most favorable environment,
but geochemical methods may also be successful
under certain favorable conditions in regions
covered with glacial drift and in areas of trans-
ported soils. Much research on this subject re-
mains to be done. Soil sampling is especially
successful in hilly or mountainous regions, for
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soil-covered veins may be detected because of soil
creep up to several hundred feet downhill from a
vein. Relatively insoluble metals such as gold
may occur as mineral grains in the soil, whereas
the soluble minerals such as sphalerite may leave
traces of metal absorbed into clay particles. See
Fig. 2.

In regions where the soil cover is thick, and
where chemical weathering is important, it has
been found necessary, for best results from geo-
chemical methods, to collect samples from a spe-
cific soil zone several feet below the surface. In
western Montana, however, most of the moun-
tain soils are very thin, and it has been found
that grass-root samples are just as suitable for
geochemical studies as are samples collected at
the base of the soil zone, which in most cases is
rarely more than a foot.

The methods were successfully applied even in
regions above timber line, where soils are merely
disintegrated rock or gravel and sand particles
derived from the parent rocks. Under these con-
ditions, traces of the metals were detected over
known mineral deposits, as shown in Figure 22.
Apparently the decomposed or disintegrated rock
particles of very immature soils will give repro-
ducible results in western Montnaa.

In general it is found that the highest anomalies
for soil sampling are present in areas of limestone
and dolomite rocks. The anomalies are generally
smaller in areas of volcanic rocks. Good anom-
alies are obtained over known ore bodies regard-
less of whether the wall rocks are in igneous,
sedimentary, or metamorphic rocks.

How Are Analyses of Soils Made?—Both chem-
ical and physical methods of analyses have proved
satisfactory. The most widely applied, and the
least expensive (considering initial cost of equip-
ment), are chemical.

The United States Geological Survey has de-
veloped colorimetric chemical tests for zinc, cop-
per, nickel, cobalt, molybdenum, tungsten, man-
ganese, and “total heavy metals” (total of zinc,
copper, lead, nickel, and cobalt as a group) in
soils. Other metals are under investigation, in-
cluding silver, tin, mercury, barium, and titanium.
The chemical methods may be applied in the
laboratory or in a mobile field laboratory. In gen-
eral, the field determinations lack the precision
of the laboratory tests, but have the obvious ad-
vantage of reducing the time interval between
collection and determination. This is important
because it permits further checking of promising
areas before the party has moved to some distant
location. Details of the chemical methods devel-
oped by the U. S. Geological Survey may be found
in Chapter VIL

X-ray spectrographic methods have been de-
veloped by F. A. Hames of the Montana Bureau
of Mines and Geology. The X-ray spectrometer

yields more accurate analyses in a much shorter
time than do the chemical tests. An Xrray spec-
trometer can handle about as many samples in
an hour as the chemist can process in a day. A
considerable number of analyses of this type are
published herein. The method is to be described
in a forthcoming publication by Hames. The
principal drawback for the method is the initial
cost of the equipment, about $15,000. The saving
in time and the high degree of accuracy will
serve to find a place for the equipment in large
geochemical exploration ventures.

Spectrographic methods using the visible part
of the spectrum were developed by the Russians,
and work along this line is being carried out in
the United States.

Sampling Procedure.—Sampling the soil is very
simple. Two different methods were used in this
investigation. The first method is to dig holes to
shovel depth where possible (9 to 12 in.) and to
sample the fine material from as near the bottom
of the hole as is possible. In a great many places
it is almost impossible to dig holes to this depth
without considerable pick work. In such spots,
the deepest easily dug hole is made, often with
the aid of a geologist’s pick to remove some rocks.
The somewhat rigid “shovel depth” hole is im-
posed in the field to avoid the natural tendency
to take undependable samples from the surface,
and for ease in tracing traverses where necessary
or desirable. After one year it is usually possible
to find the original sample holes from which soil
samples had been obtained.

The second method is even simpler. A very
shallow hole is dug with a geologist’s pick, and
soil collected just below the grass roots. Pebbles,
roots, leaves, and other debris are first removed
from the sample before it is put into a sample
sack. This method is used where speed is a sig-
nificant factor in collecting a purely reconnais-
sance group of samples. In some localities, sam-
ples were collected both at shovel depth and by
the surface method, and reproducible results were
obtained as shown in Figure 14.

The samples were place in 3- by 5-inch Kraft
paper envelopes, which were carefully labeled at
the sample site in the field. About an ounce of
sample (a small handful) was collected. The sam-
ples should be screened in the field with an iron
or steel screen, or plastic window screen. A tea-
spoonful of sample is adequate for a simple test
if it is a screened sample. No bronze, copper, or
galvanized iron screens should be used, since such
screen may lead to contamination of the sample.

What Is the Purpose of the Montana Project?—
The principal objective of this investigation is to
determine whether geochemical methods may be
successfully applied to the discovery of mineral
deposits in Montana. The purpose of this report is
to present to prospectors, mine operators, and
other interested persons the results of the geo-

BANNACK AND BASIN DISTRICTS

BASIN DISTRICT

Geological Setting.—The Basin district is about
25 miles north of Butte. The geology is briefly de-
scribed by Pardee and Schrader, (1933, 286-299),
and Billingsley and Grimes (1918) who published
a map of the district. The recent work by Klepper,
Becraft, and others of the U. S. Geological Survey
is not yet available. The rocks of the district in-
clude Cretaceous andesites, which were intruded
by quartz monzonite of the Boulder batholith.
Dikes of dacite and rhyolite cut the batholithic
rocks. Mineralized veins in the quartz monzonite,
which are older than the dacites, have been mined
for silver, lead, zinc, and copper. The wall-rock
alteration adjacent to some mineralized veins is
intense, and in the Comet-Grey Eagle zone, the
alteration zone is as much as 100 feet wide.

Comet-Grey Eagle Lode.—Outside of the Butte
district, the Comet-Grey Eagle lode is probably
one of the largest mineralized structures in the
Boulder batholith. It represents a fracture zone
from 20 to 100 feet in width, in a broad intensely
altered zone extending for several miles in an east-
west direction. Mineralization occurs in ore shoots
along the vein, some of which have been very pro-
ductive as at the Comet and Grey Eagle mines.
Three geochemical soil sample traverses were
made, one close to known mineralization at the
Comet mine, another in an area of no known base-
metal mineralization—near the Grey Eagle mine,
and a third across a strongly fractured and altered
zone between the Grey Eagle and Comet mines.
In the traverses across the structure at localities
where little or no commercial ore is known, it was
anticipated that the vein structure and strongly
altered zone would be detectable by a moderate
combined heavy-metal anomaly. Only in the vicin-
ity of the Comet mine was a strong anomaly re-
corded which served to show the location of the
mineralized structure. Figure 8 and Table 4 give
the data at the Comet traverse. At the Grey Eagle
barren zone traverse, arsenic is found over a great
distance and reveals the approximate position of
the altered zone, but, as shown in Table 5, no base
metals were found over the main structure. It
should be noted that some lead does occur at the
margin of the structure. Table 6 lists the analyses
on the third traverse which crossed the structure
but this structure was not detected chemically.
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ing anomaly is shown in the soil samples. At this
point, there is no surface indication of mineraliza-
tion.

Although no conspicuous lead anomaly is re-
corded in the barren zone traverse, it should be re-
ported that the backrogund over the area is about
200 ppm lead, which is a higher background than
is commonly found in truly barren limestones. In
other districts, the lead background in soils is com-
monly less than 50 ppm.

From the data shown in Figures 5 and 6, it is
obvious that geochemical methods reveal the pres-
ence of anomalous lead concentrations adjacent
to the ore shoot which crops out at the surface,
whereas no significant lead concentrations are
found in the barren areas.

BANNACK DISTRICT

Geological Setting. — Upper Paleozoic and
Mesozoic sedimentary rocks, as well as Tertiary
volcanic rocks, are found in the region. The older
rocks are cut by an intrusive quartz monzonite
stock. Most of the ores in the district are gold-
silver ores, with very minor amounts of base
metals. Some lead and zinc veins do occur, one of
which was sampled. The geology of the district is
described by Shenon (1931). The more recent map-
ping by W. B. Meyers, of the U. S. Geological Sur-
vey, is available on open file at Montana School of
Mines Library.

Pomeroy Claim.—A single soil sample traverse
was made across the Pomeroy vein, which strikes
N. 85° E. and dips 75° N. in limestone. Samples
were collected from the north side of the vein
adjacent to an ore shoot exposed at the surface.
By means of the grass-root method, samples were
collected on a bearing N. 10° E. downslope. Partly

covered with a light stand of small fir, the top
soil of the area is moderately deep, up to 10 in. or
more. The hillslope is moderately steep north of
the vein, as shown in Figure 7. A distinct, com-
bined heavy-metal (lead-zinc-copper anomaly of
300 ppm is shown, but individual chemical tests
for lead and zinc show much more striking anoma-
lies. Note especially that the metals in the soil are
lost about 100 feet downhill from the vein on the
fairly steep thick soilcovered slope. Table 3 shows
the chemical analyses of the samples collected at
the Pomeroy claim.
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Figure 7. POMEROY VEIN, BANNACK

Table 3—Pomeroy Vein, Bannack

Chemical analyses of grass root soils collected from north edge of open stope on the Pomeroy
Vein Sample interval 20 ft. Strike of vein No. 85° E. dips 75° N., traverse bearing N. 10° E., slope
variable to 25° as shown in Figure 7. Thick soils support a small stand of Lodgepole pine.

Saﬁ':fle Location of Sample Heavgpl\n’{etals I!;;‘a: gl‘:: Remarks
1 North side ore shoot 300 1,200 1,000 5 ft from center of vein
2 20 ft north 300 250 350
3 40 7 7 200 300 350
4 60”7 ” 200 250 300
5 8”7 100 100 150
6 100”7 ” 0 100 150
7 120* » 0 50 100
8 140” 0 20 100
9 160”7 7 100 20 100

10 180”7 ” 50 20 100
1 200”7 7 50 20 100
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chemical investigations made in western Montana.
Sampling was conducted in 20 mining districts in
the State; the results indicate that geochemical
prospecting should be of service to the prospector
in the discovery of ore deposits.

Soil samples were collected over a wide variety
of deposits in many kinds of rocks; the metals
in the deposits investigated include zinc, lead, cop-
per, tungsten, arsenic, gold, and silver. The types
of deposits include fissure veins, disseminated de-
posits in massive replacement lodes, and contact
and magmatic deposits associated with igneous,
sedimentary, and metamorphic rock. Principal at-
tention was paid to lead and zinc deposits in fissure
veins and replacement deposits in limestones.
Three different tungsten occurrences were tested,
along with two copper deposits and several gold-
silver deposits, several of which contain arsenic.

Summary of the Results of the Montana Work

The analyses of soil samples collected over ore
deposits known to contain base metals (lead, zinc,
copper) show the presence of much higher concen-
trations of metal than do samples collected a con-
siderable distance away from known ore.

The best results are obtained from soils over
fissure veins and replacement lodes in limestones
and dolomites. Examples of this are shown in the
Philipsburg, New World, Radersburg, and Elk-
horn districts. Good results are obtained from
fissure veins which contain known ore in many dif-
ferent types of rocks, including volcanic and gran-
itic igneous rocks, metamorphic rocks, and a va-
riety of sedimentary rocks. Successful results were
obtained in the Zozell, Boulder, Wickes, Neihart,
Heddleston, Philipsburg, and Radersburg districts,
to mention but a few. Less conclusive results are
obtained over some veins in andesitic rocks in the
Elliston district. In some places, known deposits
give good geochemical anomalies, whereas incon-
clusive results over known but small mineral de-
posits are likewise recorded. It is not definitely
known why the results are less satisfactory over
some veins, especially those in andesitic rocks.

One of the important findings of this investiga-
tion is that the metals from commercial ore shoots
do not appear in the surface soils for any consider-
able distance downhill. That important ore shoots
are frequently not detected more than 100 to 200
feet down the slope below a vein constitutes both
an advantage and disadvantage in prospecting. It
is a disadvantage in that prospectors cannot ex-
plore a region simply by collecting a group of
samples near the valley floor, hoping to pick up
important mineral deposits a quarter of a mile
or more up the hillslope. It has the advantage of

tending to pinpoint more nearly the location of a
commercial ore shoot.

The major mining districts usually show a high
metal content over a wide area. For example, the
Argenta, Philipsburg, and New World districts
contain abnormally high metal content in soils
sampled through the district. Thus the presence
of a high “background” over an area in which no
mining had been done might serve to indicate the
presence of important mineralization heretofore
undiscovered.

Because insufficient data are available on blind
undeveloped ore bodies, no attempt has been made
to try to discover buried ore bodies. This will un-
doubtedly be an important field for future study.
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Frank Antonioli, L. E. Brooks, Wade V. Lewis,
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CHAPTER II

SOILS

FORMATION OF SOILS

Rocks exposed at the earth’s surface are subject
to weathering by chemical and mechanical agents.
To these, the work of organisms both micro- (bac-
teria) and macro- (plants, insects, animals) con-
tribute to the breakdown of the rocks and the de-
velopment of soils. The rock-forming minerals in
the rocks are broken down, the chemical constitu-
ents being leached or concentrated in the soil
zones, dependent upon the soil-forming factors. A
considerable amount of mixing will occur even
where transportation is involved.

The ore minerals are likewise weathered, and
the metals have become distributed throughout
the soil zones. Elements such as copper, lead, and
zinc are dispersed in the soils or removed by
chemical solutions. It is the distribution of the
heavy metals in the soils which is the primary
concern of this report.

Mechanical weathering or disintegration involves
the breakdown of rocks by the action of freezing
and thawing of water in joints and cracks in rocks;
the burrowing of animals; and the prying loose
of particles by root action. Of these, the work of
freezing water in confined cracks is by far the
most important. Disintegration of this type is
especially pronounced in the mountainous regions
in the western part of Montana, where granular
igneous rocks (such as granite and quartz mon-
zonite) show disintegration to many feet, with but
a slight amount of evidence of chemical change.

Chemical decomposition results from weak car-
bonic acid solutions of atmospheric derivation and
organic acids produced by the decomposition of
plant and animal remains in the soils. In warm,
humid climates, feldspar decomposes to clay min-
erals; and hornblendes and pyroxenes yield insol-
uble iron oxides, which produce the rust colors in
soils. However, in western Montana, chemical
weathering is relatively minor.

MOUNTAIN SOILS IN WESTERN MONTANA

On mountainous slopes in western Montana,
mechanical disintegration predominates over chem-
ical decomposition. In the granitic rocks, feldspars
are very incompletely altered to clay minerals, and
limestone is very slowly weathered to produce a
thin layer of soil of insoluble clay minerals. In
both kinds of materials rock fragments are found
even at the surface and are abundant in the soils.
Quartzites and related rocks show even less
weathering.

The immature soils of the mountain slopes do
not have well-developed soil horizons. A typical

soil developed on a granitic rock (quartz monzon-
ite) is covered with a few inches of vegetable
debris (pine and fir needles, twigs, and roots). Just
below the organic matter is about a foot of brown
loam containing some clay. Incompletely decom-
posed boulders and pebbles are common. Below,
the parent material is lighter in color and distinctly
granular, grading to a granitic “sand,” which
shows oxidation around mineral particles and along
joints. The characteristic texture of the granite or
quartz monzonite appears a few feet below the
surface, but the mineral grains have been very
largely separated from each other by mechanical
means. About 3 feet below the surface, the bed-
rock shows prominent weathering along joints. The
cores of many boulders near the surface are com-
pletely disintegrated, whereas at a depth of sev-
eral feet, the cores are composed of nearly fresh
quartz monzonite.

The granitic “sand” and the disintegrated gran-
itic boulders show remarkable fresh mineral grains.
Plagioclase feldspar appear to be fresh, or at the
most, show a chalky whiteness on the surface of
the grains. Orthoclase is not noticeably affected
by chemical action. Hornblende appears to be
fresh. Thus, only in the uppermost part of the
soil zone, where surface water action has been most
active and where organic acids have been most
potent, have any clay minerals formed. The deeply
weathered zone, commonly more than 6 feet thick,
is dominantly mechanically produced.

The uppermost horizon of soils developed on
limestone is a dark brown, humus-laden soil with
some clay which is about 10 in. in thickness, con-
taining many pebbles and boulders of relatively
fresh rock. Below, a pale-brown to white “lime
sand” composed of disintegrated mineral grains
liberated from the parent rock, and some silt and
sand grains occur for the next few feet. For the
next few feet, the soil is composed of boulders
and cobbles of limestone or dolomite, with de-
creasing amounts of lime sand between the rock
particles. Massive limestone is commonly encoun-
tered at depths of 5 feet or less.

Even shallower, less-weathered soil profiles are
characteristic of other rocks such as argillites,
quartzites, and fine-grained igneous rocks such as
rhyolite, andesite, and basalt. The thickness of
the soil profile varies ; but usually the thin top soil,
a few inches to a foot thick, immediately overlies
boulders of the parent rock. In general, basalt
develops a somewhat thicker soil profile than does
andesite. Rhyolite usually has a very shallow soil,
comparable to the very thin soils found over most
quartzites. In these soils, the parent rock is poorly
weathered to rock fragments with the liberation
of few mineral particles.

ARGENTA DISTRICT 11

Table 2a—Governor Tilden Claim, Argenta

Chemical analyses of soil and rock chip samples collected from edge of ore shoot at Governor
Tilden claim. Sample interval 10 and 20 ft. as shown in Figure 5. Strike of structure N. 70° E.,, trav-
erse bearing S. 20° W., slope variable from 5° to 10°. Grassy and small sage brush on slopes. Soil

6"-8” with pebbles of limestone.

Sa}rlnolee Location of Sample leag,oxl)lpm Il.:;?faggge Remarks

1 240 ft south of open pit 200 50

2 220 ”» » » » » 3% 50

3 Z(X) ” » » ”» » sw 30

4 180 »” » » b2 » 250 150

5 la) » » » » » 800 130

6 140 » » » » ” Sm 20

7 120 ” »” ” » 2 l’w) 20

8 lm 1 » » » » l’cm 20

9 90 »” 2 ” ”» » 800 800

10 80 »” ”» » » » l’om 500

11 70 » » 3 ”» » 1’200 40()

12 a) » » » ” ”» l’mo 6%

13 50 7”7 o2 3,000 800 Subsidiary structure?

14 40 ” »” » » 2” 3,0% 150

15 30 3 ” ”» 3 ” 2,%0 300

16 20 » ” ”» ”» » l,cm 3m

17 10 ” » » 1 » 3,(xx) 300

18 At south edge of open pit 5,000 400

Table 2b—Governor Tilden Claim, Argenta saﬁnolfle Location of Sample Lead,ppm Remarks

Chemical analyses of soil samples collected across | 17 275+  » 250 »
strike of fracture system at barren zone 200 feet | 1o 375 »  » 250 »
west of traverse at 2a. Sample interval 25 and 50 | 1g% 495 » » 250 ”
feet as shown in Figure 6. Strike of structure N. 20% 525 » 250 %

70° E. traverse bearing S. 20° W. Slope variable
from 5° at south end to horizontal to 10° or
12° at north end. South end of traverse on quartz-
ite. Grassy slopes with small sage and juniper
bushes: Soil 6 to 8 in. with many pebbles.

Sal{;:;?le Location of Sample Lead,ppm  Remarks
1 275 ft south 150 Quartzite float
2 225 » »” 250 » »
3 175 » ”» 150 » »
4-125 7 2 200 Limestone
5 lm » 2 2% »

6 175 * 130 2

7 50 » » 150 »

8 25 » » 150 2”

9 On strike of fracture zone? 300 ”

10 25 ft north 200 a

11 50 » b2 zm »

12 75 29 » Zw »

13 100> * 150 2

14 125 ” 150 2

15 175> ¥ 200 2

16 225" * 200 .

*Not shown in Figure 6.

In addition to the soil samples, rock chips were
also collected and analyzed for lead. Figure 5
shows the results of lead analyses from the rock
samples (chips of limestone taken from outcrop).
The anomaly for rock samples is much less pro-
nounced than for soil samples. Figure 5 illustrates
a lead anomaly in the limestone traverse about 50
feet south of the lip of the open cut. A correspond-

ppm
1,000
g LEAD , 18
W
0 100 200 300 400 500ft
Fractured zone on strike of
S Gov. Tilden pipes N

Tilden Limestone

Figure 6. GOVERNOR TILDEN CLAIM OVER
BARREN ZONE , ARGENTA »
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Table 1b—Hand Mine, Argenta

Chemical analyses of grass-root samples of soil
collected over barren zone of Vein No. 6, Hand
Mine.

Sample interval 25 and 10 feet as shown in Fig-
ure 4. Strike of vein approximately north, traverse
bearing east. Slope 0°.

Salr\?gle Location of Sample Il')‘;:g’ Remarks
1 50 ft west of vein 1,000
2 25 » 1 2 »” l,(x)o
3 over vein? 1,600 over vein?
-+ 10 ft east of vein 1,000
5 20 » 2 » 2 1’000
6 30 2” » »” b3 800
7 40 » ”» » ’ 1‘000
8 S@rer = R 1,000
9 6() ”» 1 bRl »” 1‘000
10 85 bR »” EE] » 1,000
11 1w0” » 7 1,000

The more comprehensive sampling done in 1954
revealed some very strong lead anomalies (from
5,000 to 30,000 ppm), where it is demonstrable
that ore shoots extend to the surface. However,
many strong anomalies were recorded along por-
tions of veins where no ore shoots are known.
Over stopes which have been mined at depth,
but which are not known to reach the surface,
lead anomalies are not strong. Almost all samples
collected over the veins ran 1000 ppm or more
lead. In those places where the strike of the vein
is not detectable on the surface, and where the
position of the vein is projected from underground
development, it is probable that the location of
the vein may have been missed by 10 feet or more.
Figure 4 shows that a sample collected 10 feet or
more from the vein may indicate a high metal con-
tent, but may fall far short of the maximum pos-
sible anomaly that would be recorded if the sample
had been collected directly over the vein.

The results of the work at the Hand mine seem
to indicate two important points:

1. That soil sampling serves to indicate a metal-
lized area, and that individual ore shoots
along veins may be detected where the shoots
reach the surface.

2. That the systematic exploration of ‘“high”
areas may be significant for subsurface or
even open-pit development.

In an area such as at the Hand mine, two types
of sampling are recommended. A series of system-
atically spaced traverses at about right angles to
the veins would serve to locate the position of the
veins; then, systematic sampling over the tops of
the vein would aid in indicating the tops of ore
shoots. Or, systematic grid sampling would serve

to outline the “high” spots, which might then be
useful for exploration underground, or, in favorable
situations, for exploration of the possibilities of
open-pit operations.

Governor Tilden Claim.—The Governor Tilden
and Tuscarora claims contain pipes of lead ore,
which occur along a fracture zone in limestone,
Argentiferous galena occurs in open-space fillings
and in replacements in the Tilden limestone (Cam-
brian). Two soil-sample traverses were made on
the property. One begins at the south edge of an
ore shoot which had been completely mined out;
the other is across the strike of the structure along
which the pipes occur, but in an area of no known
deposits about 200 ft west of the open stope. Sam-
ples were collected along a traverse line S. 20° W.
from the stope, along the open hillslope. The soil
cover is thin, from 6 to 8 in. The angle of slope
along the line of traverse is from 5 to 10 degrees.
Figure 5 shows a strong lead concentration adja-

ppm
5,000 — =
. 18
Soil Samples
~=w== Rock Samples
4,000
3,000 S —
2,000.
1000 B D\(/
I\ /A\
] k\/ [} »
| l' \ pmomo
O o-—-th--ov"c---m‘ I:EA—D-J .
50 100 150 200 250 ft

Tilden Limestone

Figure 5. GOVERNOR TILDEN CLAIM ADJACENT TOQ
ORE SHOOT, ARGENTA

cent to the known ore shoot. (See Table 2a.) The
anomaly persists about 150 ft down the slope, but
is not detectable 200 ft from the deposit on the
downslope side. Table 2b shows the analyses of
samples collected across the barren zone at the
Governor Tilden claim. As shown in Figure 6, no
significant lead anomaly was found in the barren
zone.

SOILS

In many areas, particularly on steep, forested
hillslopes, the fine-grained top-soil matter is only
a few inches in thickness. In some cases, the
boulders of the parent rock are merely covered with
a veneer of soil under the layer of organic debris.
On grass-covered slopes, the surface soils are
commonly darker and thicker than on comparable
forested slopes, but the depth of weathered mate-
rial is no greater.

HEAVY METALS IN THE SOILS

In the weathering of mineral deposits, the heavy
metals such as copper, lead, and zinc become dis-
seminated in the soil. The distribution of the
metals in the soil is not precisely known. This
report has undertaken no special research on the
subject. From the data available, and from the
known chemistry of the minerals, the following
notes are offered as a partial explanation for the
distribution of the heavy metals in the soil.

Lead—Galena (PbS) is the only important pri-
mary lead mineral. It is commonly oxidized at the
surface to lead sulfate (PbSO,) (anglesite) or lead
carbonate (PbCO,) (cerussite). Since all of these
minerals have high specific gravities, it is probable
that they tend to settle into the lower horizons,
where they become disseminated between broken
rock fragments at a depth not easily accessible to
soil sampling. The analyses for lead obtained in
soils undoubtedly represent the lead chemically
adsorbed onto the surface of clays in the soils and
do not indicate discrete particles of lead minerals.
The amount of such lead is greatest near the de-
posit, and least away from the deposit. The de-
creased in the lead content in soils away from a
mineral deposit is probably due, at least in part,
to dilution with other soil particles. Background
values in soils vary from 10 to 20 ppm to as much
as 100 ppm. The higher lead background values
are found in soils derived from limestones in which
lead deposits are found. Under exceptional condi-
tions, the background within a mineralized area is
ever greater. (See Argenta and New World mining
districts.)

Over the deposit itself, oxidized mineral particles
may be encountered in the soils. Analyses of more
than 30,000 ppm (more than 3% lead) have been
recorded. Similarly high analyses have been re-
ported from samples obviously contaminated by
ore mineral particles.

Adjacent to mineralized veins, particularly in
areas of limestone rocks, lead anomalies are meas-
ured by analyses of several thousand parts per
million. Soils from granitic rocks record lead
anomalies over veins with as few as 500 ppm lead.
The background in such cases is correspondingly
less. Thus, in granitic rocks and in sedimentary
rocks other than limestone and dolomite, anomalies
for lead were recorded with 500 ppm, or less with
backgrounds of 50 ppm or less. In limestone areas,
the background in a strongly mineralized area may

be more than 1000 ppm, and an anomaly registered
in such an area is correspondingly greater with an
analysis of 5000 or more ppm lead.

Zinc—Sphalerite (ZnS) is the only important
primary zinc mineral found in the State. Unlike
lead, zinc is readily soluble (especially in the pres-
ence of pyrite) and is easily lost in solution by
surface and ground waters. Although it is probable
that much of the zinc is lost in solution from ma-
ture soils, significant traces become adsorbed onto
clay mineral particles, and possibly onto other
minerals, including iron oxides. The relatively
larger amounts of zinc compared to lead, adsorbed
onto clay minerals accounts for the larger traces
of zinc detected in the soils adjacent to mineral
deposits. The zinc is leached, and zinc-bearing
clays are diluted by barren clays downhill from a
mineral deposit. Zinc is commonly detected at
greater distances from a deposit than is lead, even
when the amount of zinc in the deposit is appre-
ciably less than the lead content.

In the granitic rocks, zinc analyses in soils com-
monly exhibit a wider range than lead and in lime-
stone areas, a range equivalent to lead. Zinc back-
ground values commonly range from 50 to 100
ppm. Zinc anomalies are reported from a few
hundred to many thousand parts per million.

Copper—Copper occurs most commonly in sul-
fide minerals such as chalcopyrite and bornite in
the primary deposits. In the presence of pyrite,
copper minerals are taken into solution by surface
waters and easily removed by ground waters. Cop-
per is carried to below the water table, in granitic
rocks, whereas in carbonate rocks (limestone and
dolomite) copper minerals may become oxidized
to copper carbonates (azurite and malachite) and
may not move from the zone of oxidation to any
appreciable extent. In the leaching process, some
copper is adsorbed onto limonite in the oxidized
gossans which are found over so many copper de-
posits. Copper may likewise be adsorbed onto other
minerals in the soils. In general, the amount of
copper retained in the surface soils adjacent to a
copper-bearing deposit is significantly less than
zinc or lead.

Copper background values, measure in 10 or
20 ppm, are less than lead and zinc in the deposits
investigated. Copper anomalies may be recognized
with concentrations as low as a few hundred ppm.
Rarely were values of more than 1000 ppm re-
corded. No copper deposits in limestone were
investigated so that no comparison between car-
bonate and silicate rocks can be made as in the
case of lead and zinc.

Manganese — Manganese - bearing carbonates
(rhodochrosite, MnCO,, and manganiferous anker-
ite) are the principle manganese minerals found
in many of the primary mineral deposits. They are
easily oxidized to manganese oxides of different
compositions. The manganese oxides are very in-
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soluble, and persist in the soils in much the same
way that iron oxides do. Small mineral particles
of the manganese oxides, and manganese oxide
coatings on mineral rock fragments, are found in
the soils wherever manganese minerals are found.
The fact that the manganese occurs in the soils as
particles of manganese oxides seems to account for
the erratic high manganese content found in many
soils which have been tested for manganese. (See
Philipsburg district.) It is difficult to tie a specific

group of high manganese analyses to a specific
manganese-producing horizon. On the other hand,
in those areas where manganese is relatively minor
in amount, manganiferous zones are easily detected
by geochemical methods.

Arsenic—Arsenical gold deposits yielded strong
arsenic anomalies over the deposits. Arsenic ap-
parently is adsorbed onto mineral particles in the
soils in much the same way that zinc is.

CHAPTERIII

GEOCHEMICAL PROSPECTING IN

Geochemical soil-sampling tests were conducted
in 20 mining districts in the State to determine the
applicability of the method to different types of
deposits distributed over as wide an area as feas-
ible with the time and funds available. Figure 3 is
a map of western Montana, showing the location
of districts in which geochemical tests were made.

In this chapter, a brief geological setting is given
for each district to indicate the general conditions
at the properties where samples were collected.
References are made to published literature for

MONTANA MINING DISTRICTS

those who wish additional information on the geol-
ogy of the districts.

ARGENTA DISTRICT

Geological Setting — The Argenta district is
about 12 miles northwest of Dillon in Beaverhead
County. Paleozoic and Beltian sedimentary rocks
exposed in the district were intruded by a stock of
quartz monzonite of probable early Tertiary age.
The mineralization is thought to be related to the
intrusive. The general geology of the district was
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Figure3 . MINING DISTRICTS IN WHICH GEOCHEMICAL SOIL SAMPLING WAS CONDUCTED
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described by Shenon (1931). The result of more |
recent work by W. B. Meyers, of the U. S. Geolog-
ical Survey, should soon be available. An open file
report is in the library of Montana School of Mines.

A considerable amount of geochemical work was
done at the Hand mine. In addition, two geochem-
ical traverses were made at the Governor Tilden
claim, about 2 miles north of the Hand mine.

Hand Mine.—The Hand mine on the Anaconda
claim consists of a number of more or less north-
striking veins in the Amsden (Mississippian) lime-
stone. Lead ores occur in fissure veins and replace-
ments in the limestone. Silver and gold occur in
minor amounts. Pyrite and a manganiferous car-
bonate mineral are the principal gangue minerals.

During the 1953 field season, three soil sample
traverses were made at the property, the results
indicating the possibility that this area is well
suited to a more thorough sampling program which
might lead to the discovery of additional ore de-
posits. Consequently, Bill Hand, guided by Bureau
personnel, collected a considerable number of
samples, the locations of which were carefully
marked on maps, and their relations to the vein
structures described.
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Strong geochemical anomalies were obtained
over known ore shoots, which are easily distin-
guished from the “background” against which the

veins stand out, as shown in Figure 4, is exceed-
ingly high, about 1000 ppm lead. (ppm—parts per
million.) Thus the background in the vicinity of
the mine is a district anomaly when compared to
50 to 100 ppm, which is common in unmineralized
limestones elsewhere.

Concerning the initial work in the area, two soil
sample traverses were made, one across a known
ore shoot which crops out at the surface, and an-
other across a barren part of the same vein. The
sample traverses are nearly horizontal in an area
where the soils are very thin, averaging but a few
inches in thickness. Both soil and “rock” samples
(chips of limestone from the outcrops) were col-
lected. The extraordinarily strong anomaly over
the ore shoots, more than 30,000 ppm (over 3%)
lead, is shown in Figure 4, Table la, whereas the
vein structure is barely detectable in the barren
part of the vein. (See Table 1b.) This example
suggests that careful sampling along vein struc-
tures of this type should aid in discovery of hidden
ore shoots which crop out at the surface, but which
may be covered by soil.

Table la—Hand Mine, Argenta
Chemical analyses of soil samples collected over
ore shoot on Vein No. 6, Hand mine. Sample in-
terval variable as shown in Figure 4. Strike vein
approximately north, traverse bearing east. Slope
0°+. Very thin rocky soils.

- Barren zone in vein Salr\ﬂfle Location of Sample g;?: -
| 1 70 ft W of vein 250
30‘000 2 50 » ”» » ”» 1,2%
/ LEAD 3 40 » 0w » 2’000
4 30 » » » » 6m
20,000 5 207 » B 9 3,000
6 10 o » » 5’000
7 Over vein 30,000+ Contaminated?
8 10 ft E of vein 30,000+ Contaminated?
I0,00n 9 20 » oy 0w 15,000
10 30 » » ”» »” lo’w)
|9 11 40 » » » 2 3’000
o ! . - ) . 12 50 B 3 1 » 4’(”0
50 100 150 200 250ft 13 60 ” ” » ” 2,000
w Vein No.6 Soil E 14 70 2 » 1’200
ILeud Ore Shoot 15 &» » » ”» 2,000
Amsden Formation 16 Q0 ” 7 4,000
17 lcx) » oy 4’000
Ore Shoot in vein 18 125 » » » » 3,000
19 150 » ”» ”» ”» I’CXX)

Figure 4. HAND MINE , ARGENTA
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Table 20 (Continued)

Sample . Heavy Metals Lead Zinc Arsenic Manganese

No Location of Sample ppm ppm ppm ppm ppm Remarks

: a. b. b. b. b.

21 400 ¢ N " 200

22 410 “ ¢ “ “ 50 42 16 138 357

23 420 < “ “ 100 41 112 115 686

24 430 ¢ oo 100 0 25 77 615

25 440 ¢ N N 100 26 63 100 462

26 450 « ¢ “ H 200

27 500 «“ ¢ v t 300

28 600 “ ¢ “ “ 250 Vein
29 700 “ ¢ “ "‘ 300

30 80 “ ¢ “ N 300

NEIHART DISTRICT

The Neihart mining district is in the central
part of the Little Belt Mountains on the head-
waters of Belt Creek in Cascade County, Montana.
The region is mountainous and the veins crop
out at elevations between 4,000 and 7,000 ft. on
steep, timber-covered slopes. Though the district
was developed principally for silver-lead, zinc,
copper, and gold have been recovered. Molyb-
denite is present in large amounts but is sparsely
disseminated. Some antimony and arsenic are
present in the richer silver ores, and the veins con-
tain a considerable amount of zinc. Both siliceous
silver veins and complex carbonate gangue mineral
veins occur in the district. The total value of the
production for the district is estimated at about
$20,000,000.

All of the rocks in the district are pre-Cambrian
in age. A red syenite gneiss, host rock for many
strong fissure veins, is the most prominent mem-
ber of the pre-Beltian rocks. Included with the
older rocks are dark biotite and hornblende schists,
which are reported to have been intruded by the
Pinto diorite. The veins are general barren in
the diorite. The Neihart quartzite is of Belt age,
resting unconformably on the old metamorphic
rocks.

Early Tertiary (?) dikes, sills, and laccoliths
cut the pre-Cambrian rocks. The Snow Creek
porphyry occurs in dikes, which are frequently
encountered in the principal mines. The Carpenter
Creek porphyry is a granite porphyry, which oc-
curs in a large number of dikes. Schafer (1935)
has described the geology of the district.

Galt Mine—The Galt mine is on the Queen-Galt
vein, which was one of the principal producers
in the district. Striking N. 20° to 30° E., the vein
is vertical, and ranges from 1 to 5 ft. in width in
the most productive workings. Productive in the
syenite gneiss, the vein pinches to a non-produc-
tive structure in the Pinto diorite. The principal
ore minerals are argentiferous galena, sphalerite,
and complex sulfantimonides and sulfarsenides.
The gangue minerals are ankeritic carbonates,
rhodochrosite, and barite.

A soil-sample traverse was run in syenite gneiss
and biotite schist at a locality where the vein was
stoped through to the surface. The vein is from

3 to 4 ft. in width and nearly vertical. The soils
were sampled on a course N. 60° W. across the
vein at a locality where ore minerals were stoped
to within a few feet of the surface. Just to the
south of the traverse line, a stope holed through
to the surface for more than 50 ft. along the vein.
The traverse was made on contour, where the
hill slopes about 25°. The soil is thin, with many
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Figure 20. GALT VEIN, NEIHART
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BUTTE AND ELKHORN DISTRICTS

very strong geochemical anomally for zinc and
manganese, but only a slight anomaly for copper.
The south vein shows a prominent zinc and man-
ganese anomaly.

Table 7—Marget Ann Mine, Butte District

Chemical analyses of soil samples collected
across three veins at the Marget Ann Mine.
Strike of veins, traverse bearing, and sample in-

terval shown in Figure 9.
Sample Location Copper Zinc l\:ligga- Remarks
No. of Sample ppm ppm ppm

1 See FigureY 150 100 200
2 50 200 1000
3 50 200 1000
4 20 100 1000
5 50 200 1000
6 50 100 1000
7 50 250 1600
8 70 300 1600

9 50 200 1600
10 50 300 1000 North Vein
11 50 150 1000
12 50 150 1000
13 50 150 600
14 50 150 600
15 50 300 1600
16 50 200 1600
17 70 300 1000
18 50 300 1000
19 50 300 1600
20 50 200 1600
21 100 350 1600
22 50 300 2400
23 50 300 2400
24 70 350 2400
25 70 400 2400
26 70 350 2400
27 70 400 4000
28 70 400. 4000
29 70 800 4000
30 70 800 4000 Middle Vein
31 70 350 2400
32 70 400 4000
33 70 250 1600
34 70 200 1600
35 50 200 1600
36 50 300 1600
37 50 250 1000
38 130 400 2400
39 130 400 2400
40 100 500 4000 South Vein
41 150 700 4000
42 150 600 2400
43 150 400 4000
44 100 300 2400
45 100 400 2400
46 ) 100 400 2400
47 100 400 1600

17
Table 7 (Continued)
. . M 5
WL i ol o mese  Remaria
48 100 400 1600
49 - 100 400 1600
50 100 250 2400
51 100 200 1000
52 100 200 1000
53 100 200 1000

ELKHORN DISTRICT

Geological Setting.—In the IElkhorn Mountains
east of Boulder, the Elkhorn district was one of
the former important mining districts in the State.
The geology of the Elkhorn mine is described by
Barrell (1901:511) and Weed (1901:300) ; its geo-
logic setting is described by Pardee and Schrader
(1933:300). The recent mapping by Klepper, of
the U. S. Geological Survey, is available in open-
file reports in the library of Montana School of
Mines.

The district is near the east side of the Boulder
batholith. Paleozoic and Mesozoic sediments are
overlain by late Mesozoic volcanic rocks, which
were intruded by early Tertiary diorite porphyry
and younger quartz monzonite. The sedimentary
rocks were folded, and subsequently differentially
metamorphosed, by the intrusives. The district
is cut by many faults.

Elkhorn Mine.—The most important mine in
the district is the Elkhorn mine, opened in about
1875. A minor fold in the sedimentary rocks ap-
pears to comprise the principal structural control
for a large replacement ore shoot that contained
silver, gold, lead, and some copper.

In 1952, the U. S. Geological Survey collected
a series of soil samples across the mineralized
zone which showed a strong combined heavy-
metal anomaly*. Two additional detailed traverses
were made during this investigation. The lead
and zinc content of soils on the Pilgrim formation
(Cambrian) is large, however, in detail, the anom-
aly is erratic, as indicated in Table 8. One of the
traverses was re-sampled, and all of the analyses
re-run by chemical and X-ray spectographic meth-
ods. The erratic character of the anomaly was
definitely confirmed. A nice correspondence be-
tween chemical and Xrray spectographic analyses
is shown. The metal content in the soil appears
to be related to specific stratigraphic units within
the formations; and as the rock layers are differ-
ent chemically (dolomites, shales, etc.), the lead
and zinc follow specific beds rather precisely, a
selectivity manifested in the metal content of the
soils. Evidence suggests but little lateral mixing
of soils on the gentle hillslope along which the
sample traverses were made.

The data in Tables 8 and 9 do not lend them-
selves to a readily understood curve. The tables
need to be studied from several viewpoints: one,

*Klepper, personal communication.
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the reproducibility of the chemical results; an-
other, the erratic results along the lines of traverse
which are at right angles to the strike of the beds.

The precise position of the contact between the
Pilgrim and Red Lion formations is not deter-
mined, though the approximate position is indi-
cated in the tables. The contact is better defined
in Table 9 by projection of the contact exposed
in a cut about 200 ft. away. Geochemically, the

contact may be indicated between samples 12 and
13. The Pilgrim is in the first part of the table;
the Red Lion, in the last part of the table.

Table 9 is of special interest, because along this
traverse line a duplicate set of samples was col-
lected from the same sample holes, but a year
elapsed between sampling dates. There is a reason-
able agreement in order of magnitude of the chem-
ical assays. :

MARYSVILLE DISTRICT 31

Table 19 (Continued)

Table 8&—Elkhorn Mine, Elkhorn

Chemical analyses of soil samples collected along line of traverse across zone which is mineralized
at Elkhorn mine. Sample interval 10 ft and 20 ft. Strike of sedimentary beds approximately N. 20° E.
Traverse bearing N. 70° W. Slope variable but mostly horizontal. Traverse about 350 ft. north-
west of main incline of Elkhoru mine. Area of traverse wooded. (a) Chemical analyses; (b) X-ray
spectographic analyses.

Lead, ppm (a) Zinc, ppm (a)

Sal:Ir:)ple Location of Sample Original Check Orriginal Check Remarks
» Analysis Analysis Analysis Analysis

1 300 ft. W of contact 800 800 400 400 Pilgrim Formation
2 280 «“ <o« & 400 400 1000 1000 . i
3 260 13 1 “ 13 600 600 1000 locx) (11 (13
4 240 ¢« b 600 600 1400 1200 o .
5 220 «“ o« o 200 200 500 500 “ =
6 200 «“ o« “ 200 200 500 600 5 £
7 180 13 3 ““ 13 6(X) 700 800 800 13 3
8 160 * = = 800 700 1200 1000 “ -
9 140 13 ““ 3 43 300 400 6(X) 600 13 €«
10 120 = « « - 800 800 1000 00 “ .
11 100 = *= &« “ 150 150 250 250 B -
12 90 [0 13 13 (43 100 100 4% 400 (13 [
13 80 « « « N 1000 1000 1600 1000 £ =
14 7w & 130 130 200 200 & “
15 60 “ o« - 50 100 150 150 ¢ 4
16 5Q & & “ 200 250 1000 500 " -
17 40 [ [ g 3 Sm 300 4m 6% (13 [
18 30 (13 “ 3 43 20 20 200 200 (13 (43
19 200 ¢ ¥ & “ 200 400 400 400 e &8
20 10 « « « 4 150 600+ 200 600 “ “
21 Contact 300 400 400 400 Contact

22 10 ft. E of contact 150 150 200 200 Red Lion Formation
23 ) L & 200 200 400 400 “ “
24 e & = 200 300 400 400 “ “
25 40 113 13 (13 113 lw) 150;1: 3m 3% 13 (13
26 50 13 (13 [ 143 s(x) 600 IO(X) Sm €« (13
27 60 «“ « « N 800 800 1200 1000 B £
28 70 13 13 13 113 Sm 600 800 800 [13 (13
29 80 «“ o« & 200 200 300 300 “ %
30 90 « © = £ 500 500 800 800 “ <
31 100 < = = “ 300 300 300 250 “ i
32 120 = * « “ 800 800 1000 1000 < £
33 140 « « « - 70 70 100 100 o L
34 160 « “ « e 20 50 100 100 & “
35 180 «“ « « o 30 50 100 100 o £
36 200 13 (13 (13 €« lm 200 4(x) 400 13 (13
37 220 13 (13 13 ‘ 3m 200 4% 4m (13 (13
38 24() € [ 3 (13 Sm 8% 8% 800 (13 (13
39 2060 & ® @ N 300 300 700 500 £ N
40 280 *« « & = 500 500 1200 1000 & 69
41 300 ¢ « « “ 1000 1000 1600 1200 “ ks

*Poor check analysis.

Saﬁx:)ple Location of Sample Gold, oz. Silver, oz. Remarks
19 90 “ e = o .02 .05
20 100 “ “ . “ .04 .02
21 120+ - & “ .03 .02
22 140 “ i “ - 04 .16
23 160 “ . i ¢ .04 .05
24 180 - N = .04 .18
25 200 © ¢ “ “ 04 .02
26 220 “ & o = .02 .36
27 240 “ B B & .005 .03
28 260 “ . # £ .02 .04
29 280 i £ - .005 .04
30 300 “ ¢ “ e .005 .05
31 320 « # 5 5 .005 .02
32 340 “ “ e i nil .02
33 360 “ “ “ B nil 02

Towsley Gulch.—Two veins strike nearly par-
allel to Towsley Gulch on the south slope of the
gulch. A sample traverse was run at about right
angles to the gulch, in an attempt to pick up the
two structures at from 330 to 350 ft. and 675 ft.
from starting point near the power line close to
the Nile shaft. The purpose of this traverse was
to note the effect of metal anomalies superimposed
over one another by several veins on the same

hillslope. Table 20 lists the chemical heavy-metal

tests and X-ray spectographic data for lead, zinc,
arsenic, and manganese. Copper was checked, but
none was found in any sample.

The heavy-metal analyses show a single, isolated
“high” analysis at 250 ft. and a single high lead
analysis at 340 ft. Otherwise, lead is present, but
quite erratic; zinc likewise shows no consistent
high over the vein zone. Arsenic and manganese
give no results which are useful for delimiting pros-
pecting. These data are very largely negative.

Table 20—Towsley Gulch, Marysville

Analyses of soil samples collected on south slope of Towsley Gulch from power line close of Nile
shaft, across two veins but at locations where there is no known base metal mineralization. Sample
interval 10 and 50 ft. Slope variable from 10° to 20°. Thin, rocky soil. Sparse lodgepole pine cover.

a. Chemical analyses.
b. X-ray spectographic analyses.

S Heavy Metals Lead Zinc Arsenic Manganese
Nop Location of Sample PpPm ppm ppm ppm pPpPm Remarks
' a. b. b. b. b.
1 At Power line (lost sample) Nile vein
2 50 ft. from power line 200
3 ]_OO 13 (4 11 [13 200
4 150 13 i 43 4 Zm
5 200 (13 (43 13 13 Zm
6 250 [ 43 13 {3 2%
7 260 “ ¢ % e 100 0 114 65 945
8 270 ¢ ©« . 5 100 39 172 146 895
9 280 “ ¢ = 5 100 0 204 62 713
10 290 «“ « “ i 100 40 104 38 1220
11 300 13 13 13 13 200
12 310 ¢ * = = 100 40 117 77 706
13 320 * ¢« £ & 100 40 110 108 637
14 30 ¢ = “ N 100 25 143 92 685)
15 340 “ “ “ 100 115 104 77 700) Vein zone
16 350 " 0 (1 [ 400 )
17 360 “ 0« s . 100 15 116 10 595
18 370 « « “ = 100 54 75 31 706
19 380 “ s % 100 12 79 10 594
20 390 “ - “ i 100 0 &9 62 538
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Figure 19. DRUMLUMMON  MINE , MARYSVILLE

At the Drumlummon mine, 15 samples were
analyzed for combined heavy-metals. The analyses
average 100-ppm “heavy metals,” with a few 50-
and a few 150-ppm samples. The absence of
heavy-base metals is manifested in the soil over
a mine in which base metals are virtually unknown.
The soil samples were treated by normal (fire)
assays for gold and silver, results of which are
shown in Figure 19 and recorded in Table 19.
Note the high gold assays in the granodiorite at
the contact of the stock, a completely unsuspected
result of the sampling. This situation is somewhat
similar to that found in the Philipsburg district,
except that here the gold and silver heavy metals
are concentrated in the contact zone of the igneous
intrusive.

Bald Butte Mine.—The Bald Butte mine is in
the SW1 NWi4 sec. 10, T. 11 N, R. 6 W. A
traverse, totaling 1,650 ft. in length, was made from
above the vein outcrop downhill in a western direc-
tion to the bottom of the drainage. The soil is thin,
averaging from 6 to 8 in. of loose soil in rocky
float composed principally of metamorphosed
Helena dolomite. Timbered with lodgepole pine,
the region has almost no undergrowth. The slope
is variable to maximum of about 20° parallel to
the traverse. After the negative “heavy-metal”
assays of the Drumlummon samples, only 9 sam~
ples, presumably over the main vein structure,
were analyzed, with results from 100 to 200 ppm.
There is no indication of an anomaly which could
be definitely correlated with any vein structure.

Table 19—Drumlummon Mine, Marysville

Fire assays of soil samples collected across Pickley No. 3 stope of Drumlummon mine on N. 45° W.
traverse. Stope strike approximately N. 45° E. Sample interval 10- and 20-ft. as shown in Fig-
ure 19. Slope 30°. Closely spaced small lodgepole in thin soils, from 6 to 8 in. Heavy with rock

chips.
SaI\rIr:’ple Location of Sample Gold, oz. Silver, oz, Remarks
1 100 ft. uphill above stope .001 05
2 90 * “ - = .001 05
3 80 ‘¢ £’ “ ‘é 1,1i1 .05
4 70 “ N N N nil .05
s 60 113 g “ “ nil .05
6 50 “ “ “ “ nil 05
7 40 “ “ “ " 002 .05
8 30 “ “ “ N .002 05
9 20 13 [ 13 ““ 002 ‘05
10 10 “ N “ “ .002 05
11 0 - “ “ = .002 05 Uphill side of caved stope
12 10 ft. downhill below stope 005 .08 Downbhill side of caved stope
about 70 ft. from sample stope
13 20 “ . “ s .005 12
14 40 “ “ ; “ .01 03
15 50 “ “ b “ 01 03
16 60 13 “« « 11 01 05
17 70 “ " “ “ 01 .05
18 80 “ “ i “ 02 42 Contact?

ELKHORN DISTRICT

Table 8 (Continued)
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Lead Zinc Copper
Sz}f‘r:)ple Location of Sample ppm ppm pg& Remarks
: (b) (b) (b)
1 300 ft. W of contact 0 41 170 Pilgrim Formation
) 280 IO TETS 13 0 11 138 3 113
3 pp*r wom = 250 110 182 g
4 YT =R & 950 917 216 «“ e
5 220 13 [T 6 315 312 O « «
6 200 <« « . 710 735 O+* ; e
7 I 265 318 0%+ . “
8 160 15 {13 i« 685 615 150 13 6
9 140 €@ [T “ 980 979 77 1 13
10 120 « *« “ 760 820 30 “ i
11 100 « o« 175 262 50 ; #
12 QO A TR T @ 250 351 140 @ 113
13 30 ¢ “ 270 452 150 : =
14 70 T I3 « 155 164 220 11 143
15 60 ¢ “ 510 450 205 “
16 g = & 560 598 195 «“ “
17 40 IS ATl i 280 310 205 13 113
18 30 11 [T 11 11 O** 0*:{: 185 13 113
19 e E o E 730 830 380 i ’
20 10 « o« 460 500 300 " "
21 Contact 5 46 110 Contact
22 10 ft. E of contact 165 148 180 Red Lion Formation
23 20 ¢ “ 1425 1385 325 i >
24 30 = - = 420 338 250 “ “
25 40 « o« ol 260 238 260 “ “
26 50 ¢ “ 970 930 340 “ “
27 ) “ 650 614 205 “ “
28 74 B " 990 850 460 “ N
20 8() I T T 13 1125 920 240 13 13
30 9 « o« “ 510 427 180 “ -
31 100 “ “ 570 516 240 “
32 120 = =« “ 550 780 300 N N
33 146« <« “ 1135 985 2490 ‘ £
34 160 < “ 880 770 300 ‘ N
35 180 113 [Tt ““ 820 730 240 6« 13
36 200 « “ 210 366 312 = £
37 220 « ¢« “ 155 179 240 “ “
28 249 « o« - 775 792 182 « N
39 260 « ¢ “ 290 429 43 ) £
40 280 = e “ 270 1028 2%% ! i
41 300 ¢« o N 1270 1325 182 - i

#**Below level of detection.

Table 9—Elkhorn Mine, Elkhorn

Chemical analyses of soil samples collected along line of traverse across the zone which contains
mineralization at the Elkhorn Mine. Strike of sedimentary beds about N. 20° E. Traverse bearing
N. 70° E. Slope variable about 5°. Soil thin, dense sagebrush cover, 90 ft. northwest of railroad
cut, 100 ft. northwest of shaft. Sample interval 10 ft.

Zinc, ppm

Sample .

No. Location of Sample
1 100 ft. W of contact
2 90 3 (13 [0 ‘"

3 80 3 [ 13 3

4 70 1 13 Qg [0

Lead, ppm
Original Check Original
Sample Sample Sample
3000
2000 600 * 1200
400 600 200
200 400 100

Pilgrim Formation
“ g
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Table 9 (Continued) Table 17 (Continued)

Lead, ppm Zinc, ppm Arsenic Arsenic Heavy Metals Tungsten

Saglx:’ple Location of Sample Original Check Original Check p Sagl'nple Location of Sample ppm ppm PPm ppm Remarks
. Sample Sample Sample Sample * 0 a. b. a, a.
5 60 13 i Qg [ Sm 150* 150 4(x) 43 (13 9 400 [ “ 4m 1026
6 50 « € & “ 1600 1000 1200 1600 N N 10 450 « « 600 1179 50
s 40 « « o« “ 300 150 100 250 “ ® 11 500 “ 300 972
8 30 & 16 e o 2000 1000 2000 1400 “ K 12 550 «“ 300 819 50
9 20« &= £ 2000 800 1200 800 “ ¢ 13 600 “ “ 200 802
10 10 « « « « 3000 1200 1200 3000 & X 14 650 ¢ © 400 864 50
11 On contact 2000 600" 3000 1200 Contact 15 700 « “ 100 639 Offset 175 ft. S 16° W
12 10 ft. E of contact 2000 1000 1000 2000 Red Lion Formation 16 750 « ¢ 200 802 100
13 20« o« 2 2000 1000 1200 1400 « 4 17 775 © © 400 963
14 3Q = = o N 400 800 200 10007 ¢ # 18 800 «“ “ 400 666
15 40 « « « - 1000 1000 600 1200 “ L 19 825 « « 100 873
16 50« o« . 1200 500 600 800 o G 20 850 “ 300 837 100
17 60 « « « « 1200 1200 600 1500 « “ 21 875 « 100 999 W edge of road on bank 15
18 JQ e s “ 400 500 400 500 z “ ft. E of road
19 80 “ «“ « “ 1600 2000 1200 1400 “ e 22 900 “ “ 200 927 '
20 90 o« « 1400 1000 1200 1200 o % 23 925 “ “ 1200 1107
21 100 « « « = 200 1000* 200 1000* “ “ 24 950 « ¢ 800 1161 100
22 120 *« = = N 200 150 € L 25 975 « ¢ 1600 1702
23 140 43 113 113 13 1200 locx) 3 (13 26 1000 “ ‘@ 800 900
24 160 “ « « N 1600 1200 “ “ 27 1025 « « 800 990
25 180 «“ « “ - 400 300 “ N 28 1050 « 800 900 100 0
2% 200 ¢« « « 400 300 « “ 29 1075 “ “ 400 603 5 ft. E, 4 ft. N road junction
*Poor check analysis. 30 1100 * * 200 594 0
31 1125 « “ 200 612 100 0
Elkhorn Queen Mine.— The Elkhorn Queen | al ore shoots along the veins. Mineralization is 32 1150 “ 200 405 0
mine appears to be in a breccia pipe, which con- | not pervasive, but the vein structures and wall- . _
tains important amounts of silver and lead. A | rock alteration are persistent. A considerable Table 18—Conrad Incline, Crevasse Mtn. MARYSVILLE DISTRICT
series of soil samples was taken at the Elkhorn | amount of sampling was undertaken because of Chemical analyses of grass-root samples col- One of the premier gold-silver camps in Mon-
Queen mine; but because of buildings, roads, and | the writer’s familiarity with the district, and be- lected over ore shoot from 225 ft. northeast of | tana, the Marysville district, is about 20 miles
dumps, it was not possible to collect the samples | cause of the variety of sampling conditions offered. portal of incline shaft southwest to 475 ft. below | northwest of Helena. The geology of the district
immediately adjacent to, and downhill from, the Ontario Mine.—Located in the extreme south- incline. Sample interval 25 and 50 ft. Strike of | is described by Barrell (1907). The Marysville
deposit. A traverse was made N. 35° E. across | eastern part of the district, the Ontario was prob- metamorphic rocks and pods of gold-bearing | stock is granodiorite. Intruded sediments includes
an altered zone at the side of the known deposit. | ably the most productive mine in the area. Gold- quartz, N. 30° W, dip 50° to 60° NE. Slope vari- the Helena dolomite and the Empire shale (Belt
The analyses for heavy metals show 50 to 100 | bearing arsenical pyrite and lead, silver, and zinc able from 12° to 28° as shown in Figure 18. Soils | series), both of which have been extensively altered
ppm, which is normal background. It is evident | minerals comprise the ores. Soil samples were average 6 in., sparsely timbered. to hornfelses around the stock. The important
that no significant concentration of heavy metals | collected from above an ore shoot, which had been : gold-silver fissure veins are in the metamorphosed
pervades the walls of the pipe, a fact indicating | worked by open cut, downhill for 300 ft. on a S%“ple Location of Sample At;er;“c Tung;ten sediments, usually close to, but not at the contact
the necessity of collecting samples in the imme- i —n B L of the stock itself. In the western part of the dis-
diate vicinity of an ore shoot to be able to detect ppm 1 225 ft. NW incline 600 0 trict, west of the intrusive stock, east-west fis-
the presence of the shoot. 2 175 * * “ 600 0 sures occur which contain gold, silver, lead, and
3 125 % * « 600 zinc ores. The Drumlummon and the Bald Butte
ELLISTON DISTRICT /'\ 4 75« 0« 600 veins in the gold-silver part of the district were
Geological Setting.—The Elliston district lies 1000 5 25 ¢ ¢ 1400 0 traversed. Two veins were traversed in Towsley
about 20 miles southwest of Helena at the north- 6 Over incline 2500 Gulch in the base metal-bearing western part of
west margin of the Boulder batholith. Its geology LEAD 7 25 f:c S‘T:i mc{l‘me 2500 the district. .
is described by Pardee and Schrader (1933:262). 500 A 8 0%t 800 0 ~ Drumlummon Mine—The Drumlummon mine
The writer has completed a study on the district iy N 23 9 75 > = 800 is in the NEJ4 SWi4 Sec. 36, T. 12 N, R. 6 W.
which will soon be available. The district can be LA e o ZINC == 10 100 “ 800 The traverse was made downhill N.45° W. from the
divided into two parts: a western part, where 11 125 :: :: :: 800 northwest edge of the Pickley N(}-'3 stope on the
veins occur in Upper Cretaceous andesites; and 0 100 200 300 200 f 12 150 N - " 200 northeast end of Dr-umlummon vein. Samples were
an eastern part, with veins in the quartz mon- 13 175 = = " 200 0 collected at 10-ft. intervals for 100 ft. above the
zonite of the Boulder batholith. In the southern 14 200 o 200 0 caved stope, and 220 ft. north of the vein, then
part of the area, rhyolite of Tertiary age covers . 15 250 ‘ ) 200 down the slope at 10- and 20-ft. intervals as shown
all older rocks. Gold and silver have been the Daitaio 16 300 “ :‘ “‘ 200 in Figure 19. The slope is about 30° and parallel
principal metals produced; but lead, zinc, some Alaskite 17 350 :: ) i 100 to the traverse. The traverse was made in densely
copper, and arsenic are present in the veins, which 18 400 - " 100 wooded lodgepole pine, where the soil is thin
in some places are long and persistent. The pre- 19 450 v . 100 (from 6 to 8 in.) and contains abundant chips of
cious and base metals are concentrated in individu- Figure Il ONTARIO MINE, ELLISTON 20 500 100 metamorphosed Helena dolomite.,
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Figure.17. JARDINE MINE , JARDINE

arsenic anomaly suggests that geochemical tests
for arsenic may be applied in the search for arsen-
ical gold ores. The heavy-metals and tungsten
assays were of no value for prospecting.

Crevasse Mountain.—At Crevasse Mountain a
700-ft., pace-and-compass traverse was made from
225 ft. northeast of the portal of the Conrad incline
southwest to 500 ft. below the incline on a slope
angle of about 15°, which ranged from 12° to
28°, as shown in Figure 18. The cummingtonite
schist zone, with stringers and pods of auriferous
quartz, strikes N. 30° W. and dips 50° to 60°

NE. It exhibits many rolls and pinchings and
swellings in an open cut at the surface. The soils
are thin, averaging about 6 in. in depth. Grass-
root samples were collected. The hill slopes are
sparsely timbered with spruce and some aspen.

Arsenic analyses show a strong anomaly over
the vein, as shown in Figure 18 and Table 18.
Tungsten was not detected chemically. The strik-
ing arsenic anomalies in this district, as well as
in other districts (see Ontario mine, Elliston Dis-
trict, and Emery Mine, Zosell District), indicate
that the arsenic test may be successfully employed
for prospecting arsenical gold ores. As many gold
deposits of the State contain arsenopyrite, this
test offers the possibility of tracing gold veins in
the search for ore shoots obscured by soils.

ppm
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Figure I8, CONRAD INCLINE , CREVASSE MOUNTAIN

Table 17—Jardine Mine, Jardine

Chemical analyses of soil samples collected along the “cc section” of plate 9 (Seager 1944) from

1215 portal on course S. 75° E. Sample interval

25 and 50 ft. Slope variable from 25° to 35°,

soils thick, 12 to 16 in. covered with lodgepole pine. See Figure 17.

a. Chemical analyses.
b. X-ray spectrographic analyses.

Sample . Arsenic Arsenic Heavy Metals Tungsten
No Location of Sample ppm ppm pPpm ppm Remarks
' a. b. a, a.
1 Over 1215 portal 400 945
2 50 ft. S 400 1026
3 100 “ “ 400 1044 100
4 150 «“ 400 1008 Offset 90 ft. S. 16° W. to by-
pass dump of 1014 adit.
5 200 “ ¢ 300 864
6 250 “ 300 1170 100
7 300 “ 300 1026
8 350 « 400 936 50 Offset 190 ft. N. 16° E

ELLISTON DISTRICT 21

gentle grass-covered slope. The soil is moderate-
ly thick; the country rock is an alaskitic phase of
the Boulder batholith.

Figure 11 shuws a conspicuous anomaly for lead
and zinc. Arsenic also yields a strong anomaly.
The analytical data are recorded in Table 10.

Samples were originally collected at 20-ft. inter-
vals, as indicated in Figure 10. Resampling for
arsenic assays was made at 10-ft. intervals from
the vein downhill for 100 ft. For convenience the
two sets of data are incorporated into one table.

Table 10—Ontario Mine, Elliston

Chemical analyses of soil samples collected across ore shoot at the Ontario mine. Sample interval
10 ft. and 20 ft. Strike of vein about N. 60° E. Traverse about S. 20° E. Thin soils uphill from vein
to moderately thick downhill. Slope about 10°. Lodgepole pine upper end of traverse, grassy slopes

lower end.
Sm{’le Location of Sample 2;?:3 ggg A;;egic “Heavgprll\jl{etals” Remarks
1 300 ft. S of vein 150 200
2 280 ¢ W 200 250
3 2060 < w e 300 250
& 2 300 250
5 220 « « = 300 250
6 20004« % & & 300 250
7 180 «“ « « 500 250
8 11570 A 500 250
9 140 % « @ 600 250
10 120 % & & 500 200
11 300 = == B 600 200
12 g« o 1000 250 400 150
70 ¢ o ; 1200 250
13 GO " % v ® 1000 200 1000 250
50 <« ¢« 800 250
14 40 < s 800 500 3000 250
o e 2500 250
15 20 ¢ o 800 400 1800 225 S side open cut on vein
10 s & s & 2500 250
16 Center of vein 1200 600 1400 250
17 10 ft. N of vein 1200 400 1800 250 N side open cut on vein
18 P& e 0 600 300
19 O o 300 250
20 70 ¢ 300 250
21 90 « o« 300 250
22 11g < <« = 200 300
23 1305 & & 150 300

Lilly Mine.—The Lilly mine is on a large vein,
which contains gold, silver, lead, and zinc in local-
ized ore shoots. The vein is steep, striking about
N. 50° E. within the quartz monzonite of the bath-
olith.

It was found that the depth at which the sample

is taken in the thin mountain soils makes little or
no difference. (See Table 11.) Duplicate samples
from the same hole gave reasonable reproducible
results. In this suite of samples, lead appears to
be somewhat erratic. No significant change in
concentration was noted for zinc.
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Table 11—Lilly Mine, Elliston

Chemical analyses of soil samples collected along traverse north from vein structure at bull-

dozer cut several hundred feet east of Lilly Shaft.
a, Grass-root samples.

Sample interval 10 ft. Slope about 10°.

b and c. Duplicate samples collected &7 to 10”.

Sample

N Location of Sample Lead, ppm Zinc, ppm Heavy Metals, ppm
&. b. C. a. b. Cs a. b. C.
1 N side of vein 600 1200 800 400 400 400 300 400 400
2 10 ft. N of vein 500 600 400 400 400 400 250 250 300
3 20 ¢ v w o« 400 600 600 400 400 400 250 200 250
+ 30 = & % 500 600 1000 300 300 600 250 250 250
5 40 « ¢« 500 800 600 300 300 300 150 150 150
6 S0 o W s o 600 800 1000 400 300 300 150 150 150

In addition to the traverse across the known
ore shoot, a series of samples was taken along the
strike of the vein for about 400 ft. east of the portal
of the mine. Along this zone, no known commer-
cial mineralization exists. The analyses of the
samples ran from 125 to 250 ppm total heavy
metals, whereas the normal background in the
area is from 50 to 100 ppm heavy metals. Sys-
tematic sampling along the strike of the structure
should serve as a means of exploring the pos-
sibilities of ore shoots which crop out at the
surface. There appear to be sufficient base
metals in the structure generaily to determine its
position by geochemical means.

Copper King Claim.—The vein on which the
Copper King claim is located is one of the long-
est vein structures in the district, extending from
the Elliston district east into the Rimini district,
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Figure 12. COPPER KING CLAIM, ELLISTON

a distance of several miles. The vein is typical of
the structures in the eastern part of the district
in that it is steeply dipping, striking somewhat
north of east; it is a strong quartz-tourmaline vein
with pyrite; and it has localized ore shoots of
gold and base metals. At the Copper King shaft,
a small amount of copper mineralization may be
noted (as shown in Figure 12). A distinct but
small copper anomaly was recorded at the site
of a caved stope. Table 12 shows samples collected

edge of an old stope northward for 30 ft., and then
at 10-ft. intervals to 100 ft. The area has moderate-
ly thick soils and is timbered with small lodgepole
pine.

Table 12—Copper King, Elliston

Chemical analyses of soil samples collected from
edge of ore shoot at shaft northward. Sample inter-
val 10 ft. and 20 ft. as shown in Figure 11. Strike
of vein approximately N. 70° E. Traverse bearing
N. 20° W. Slope 5°. Thick lodgepole pine cover.

Salr\Ingle Location of Sample C;ggler Remarks
L 170 ft. N of vein 20 Very thin soil
2 150 % & e 10
3 130 - =« 20
4 11Q « « ¥ # 40
5 90 « « « o« 20
6 70 '« e s 50
7 SO W 100
8 40 ¢ oo« 50
9 IO s 100

10 740 100

11 10 =« &« o« 150

12 N side of vein 100

13 250

at 5-ft. intervals from a point 5 ft. north of the

Bullion Claim.—The Bullion claim is on another
of the long east-striking veins in the district.
Samples for geochemical study were collected
about 200 ft. east of the shaft in an area not known
to be mineralized. They were collected at 10-ft.
intervals from 100 ft. north to 100 ft. south of the
presumed strike-position of the vein. There are
no outcrops, and the soil is quite deep on the
gentle grass covered slopes on the west side of,
but virtually astride, the Continental Divide. The
sample point on the projected strike of the vein
shows no anomaly for lead or zinc; however, a
distinct anomaly is noted about 40 ft. south, as
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Table 16—Mike Horse Mine, Heddleston

Chemical analyses of soil samples collected adjacent to holed-thru area, presumed to have been
stoped on ore shoot. Sample interval 10 ft. Strike of fissure vein N. 50° W. dip 75° S. Course of
traverse N. 70° E. on steep, timber-covered slope, approximately 30°. Soil coverage 10 to 12 in.
with pebbles of metamorphosed shale. See Figure 16.

Sample

No. Location of Sample Lead, ppm Remarks
1 80 ft. E of vein (uphill) 180
2 70 “ 130
3 60 “ o« “ 200
4 B o e N 200
5 40 oo & 250
6 30 o “ 250
7 20, % = W G N 150
8 West side of vein 800 Caved stopes east and west
9 Over vein? 250
10 10 ft. W of vein (downhill) 250
11 20 ¢ o i 250
12 30 ¢ . 250
13 40 < oo “ 100
14 50 « o o 250
15 60 ¢ o “ 100
16 70 IR . 150
17 80 « o “ 150
18 90 « «“ “ 200
19 100 “ « = i 200
20 110 « « =« « “ 1100

JARDINE-CREVASSE MOUNTAIN DISTRICT

Geological Setting.— The Jardine-Crevasse |
Mountain mining district is in the extreme south- |
ern part of Park County at the southern end of
the Snowy Mountains of the Absaroka Range,
very close to the northern boundary of Yellow-
stone National Park. Jardine is at an elevation
of about 6,500 ft.; the deposits at Crevasse Moun-
tain are about 2,000 ft. higher. The region is
mountainous and the mineralized structures crop
out on steep forested hillslopes. The geology of
the district was described by Seager (1944).

Gold occurring with arsenopyrite, is the prin-
cipal valuable metal, although some tungsten has
been produced. Large reserves of both gold and
tungsten are reported. The total production for
gold, silver, and tungsten is in excess of $5,000,000.
Some arsenic, copper, and lead have been recov-
ered from the ores.

The deposits occur in pre-Cambrian granite and
diabase. The ore occurs in quartz stringers and
pods in cummingtonite schists. In many particu-
lars, the geological setting resembles the Home-
stake deposits of South Dakota.

Broadly speaking, the structural situation is
relatively simple. In detail, the structures which
control the ore deposits are “infinitely complex”
(Seager 1944:38). At Jardine the schists dip at
very steep angles, where at Crevasse Mountain
the dips are relatively much shallower to verv
nearly flat-lying. i

Two geochemical traverses were made: one at
the Jardine mine, along a line which corresponds
to the “cc section” illustrated and described bv
Seager (1944, plate 9); the other, at the Conrad
incline at Crevasse Mountain.

Jardine Mine.—At the Jardine mine the trav-
erse was begun at the 1215 portal on a course
S.75° E. Several offsets were required in the trav-
erse to avoid mine dumps and open cuts. The
slope ranges from 25° to 35°, and the area is quite
heavily timbered with lodgepole pine. The soils
are quite deep, averaging from 12 to 16 in. Soil
samples were taken from holes 10 to 12 in. deep,
and all distances were measured with a steel tape
17 and tabulated in Table 17. The conspicuous

along the slope. The results are shown in Figure
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fined to a breccia zone in which sphalerite was
observed. The series of samples collected in 1953
revealed the highest zinc analysis recorded in the
district. In 1954, a grid layout for samples was
set up by pace and compass, and samples were
collected at 25-ft. intervals. Figure 15 shows the
shape of the geochemical anomaly, indicating a
distinct northwesterly trending concentration of
zinc. With this information and the available
underground data, an intelligent continuation of
the soil-sampling program could be expanded to
aid in delimiting the size of the anomaly for pos-
sible underground exploration.

GRANITE DISTRICT

The Granite district is on the west side of the
Philipsburg batholith about 5 miles southeast of
Philipsburg. The Granite-Bimetallic mine was
once a famous producer and the only important
mine in the district. The vein system is in grano-
diorite of the batholith, and comprises a group of
parallel veins. It was not possible to collect soil
samples over known ore shoots near the principal
workings; however, a suite of samples was col-
lected from just east of the Fanny-Parnell shaft
across the Fanny-Parnell and the Elizabeth veins.
The traverse was nearly 500 ft. in length, and no
heavy metal analysis in excess of 100 ppm was
recorded. The analyses did not indicate the posi-
tion of either of the two veins, although the tra-
verse passed within 50 ft. of the Elizabeth shaft.
This information seems to add further evidence
that the large veins in the granitic rocks, although
they may be strong quartz-filled fractures and
have intense wall-rock alteration, did not neces-
sarily contain important amounts of base metals
at the time the veins were formed. The base metals
are principally confined to distinctly younger ore
shoots; and at the time of their introduction, the
veins were not open through-going fissures along
which the base metals could migrate.

HEDDLESTON DISTRICT

The Heddleston district is about 33 miles north-
west of Helena on the west side of the Continental
Divide at the head of Blackfoot River. The Pre-
Cambrian rocks of the Belt series exposed include
argillite, slate, quartzite, and colomite. The sedi-
mentary beds dip northerly and are intrdued by
a diorite sill reported to be about 500 ft. in thick-
ness. The geology of the district is briefly de-
scribed by Pardee and Schrader (1933:87).

Mike Horse Mine.—One geochemical soil-sample
traverse was made, the sampling being performed
over a well-defined fissure striking N. 50° W.
and dipping 75° S. The wall rocks are im-
pregnated with pyrite near the vein. The diorite
wall rock is altered to quartz and sericite. A dense
spongy gossan of iron oxide containing crystals
of cerussite and some galena was noted in a cut
along the line of traverse. A traverse was made
about 325 ft. in length on a course N. 70° E. down
the slope of the hillside. It began about 60 ft. up-
hill above the vein, and samples were collected
to a point about 300 ft. below the vein on the
downhill side. The slope is steep, approximately
30°, and is densely timbered with small lodgepole
pine. The soil averages 10 to 12 inches in depth,
with many pebbles of metamorphosed shale in
the deeper parts of the holes. Figure 16 and Table
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Figure 16. MIKE HORSE MINE , HEDDLESTON

16 show a distinct lead anomaly, which was re-
corded only over the vein. It was anticipated that
the intensity and spread of the anomaly would
have been much greater, especially on the down-
hill side. As there was no activity at the mine at
the time the sample traverse was made, the pre-
cise location of the vein and ore shoots could not
be determined in the heavy timber, and no infor-
mation as to the location of favorable sampling
areas was available. A group of several soil tra-
verses across the vein at locations of important
ore shoots and “barren” parts of vein would have
been very useful in determining the applicability
of the methods in the areas of the Belt argillites.
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ppm by faulting to the south somewhere east of the
shaft. Additional sampling would serve to show
the true relationships.

At this locality, samples were collected from
the grass roots and at about 10 in. in depth, and
the samples assayed for total heavy metals. The
grass-root samples contain a somewhat larger
concentration of combined heavy metals than do
the samples collected at a depth of 10 in. The
heavy-metal analyses are likewise given in Table
13a, and are shown graphically in Figure 14.
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later, a second group of samples was collected in 0
a southerly direction from the collar of the shaft,
which is on the vein. A strong lead and zinc con-
centration exists at, and just south of, the shaft;
a single 15,000 ppm zinc analyses is reported 50 ft.
south (as shown in Table 13). This may be a
contaminated sample. From the two traverses
run, it is suggested that the Bullion vein is offset
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Table 13a—DBullion Mine, Elliston

Chemical analyses of soil samples collected across strike of vein about 200 ft. east of shait. Sample
interval 10 ft. as shown in Figure 13. Strike of vein N. 80° E. Strike of traverse N. 10° W. Slope
horizontal. Thick soil on grassy park.

a. Grass-root sample.

b. 10-inch depth sample.

Heavy Metals

Sample Lead Zinc

No. Location of Sample ppm ppm ) ppm " Remarks
1 80 ft. N of vein 10 200 150 125
2 70 A 10 100 125 125
3 60 * ¢ w = 100 300 125 125
4 50 ¢ ¢« 100 200 200 125
5 40 ¢« «« 300 200 125 125
6 308 w "« 70 300 150 100
7 20 « w w 70 100 150 125
8 Jnssl & & 9 100 500 250 125
9 On vein? 100 400 250 125 No outcrop
10 10 ft. S of vein 150 300 250 150
11 0 I 250 500 200 150 On strike of vein by
12 T e 130 500 250 175 projection
13 ) 40 «“ oo 1200 1000 250 300
14 50 * % v & 400 1000 400 350
15 G == Ea 800 600 400 250
16 70 R S 600 600 250 150
17 80 « .« 400 400 250 125
18 90 «“ ¢ 600 400 ) 200 125
19 10,0 T 20 100 125 125
20 1yIg = . s e 10 100 150 125

21 2 » K 5 o« 30 100 125 100
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Table 13b—Bullion Mine, Elliston

Chemical analyses of soil samples collected from collar of Bullion shaft southward. See Table 13a.

Sei:]r;ple Location of Sample Lead Zinc Remarks

1 10 ft. S Bull. shaft 30,000+ 6,000

2 30 113 113 11 ‘“ 30,000+ Z,O(X)

3 5@« “ 30,000+ 15,000 Contamination?
4 70 3 X3 “ 3 8(x) 400

5 90 «“ o« “ 150 200

Hubcamp Claim.—A group of samples were
taken at the divide uphill east of the Hubcamp
workings, the nearest place to the principal work-
ings from which uncontaminated samples could
be collected. The Hubcamp vein is another east-
striking fissure in the quartz monzonite. It is,
however, rather narrow at this locality, being
only a foot or less in width. Lead and zinc are
known to be present in the vein, although no im-
portant shipments have been made. No signifi-
cant anomalies were shown by the soil samples.
The background is about 100 ppm heavy metals.
Three samples, which probably indicate the posi-
tion of the vein, contain 150 ppm heavy metals.
It would probably be difficult, by geochemical
methods, to trace the position of this small vein
in granite.

Julia Mine.—One of the longest vein structures
known in the district, the Julia vein is a very
strong quartz-pyrite structure in the quartz-mon-
zonite. Wall-rock alteration is intense, having
converted feldspars to sericite, and the iron min-
erals to pyrite. The trend of the vein is about
east-west. It is a wide vein, which, however, splits
into a group of stringers in the andesites west of
. the contact of the batholith. The mine has a con-
siderable production record principally in gold,
with lesser amounts of silver and lead. The ore
contains some zinc. Three soil-sample traverses
were made across the structure: one west of the
andesite-quartz monzonite contact; one virtually
along the contact, and another about 2000 ft. east
of the main shaft in the quartz monzonite. Dumps
and mine workings prevented traverse across an
ore shoot. In each traverse area, no known com-
mercial ore is known to be present, but it was
anticipated that it would be possible to detect the
presence of the vein by geochemical sampling.
However, no detectable anomaly was recorded by
the combined heavy-metals analyses from the three
sample traverse lines and the more than 100
analyses. The background is about 100 ppm, which
is the analysis for most of the soil samples. A
few individual samples contain from 125 to 150
ppm combined heavyv metals.

These data from the three traverses add further
evidence that the presence of a large vein struc-
ture with strong wall-rock alteration does not
mean that the vein-forming solutions contain sig-

nificant amounts of base materials. In this case,
as at the Comet-Grey Eagle structure, it is doubt-
ful whether the vein structure can be traced by
geochemical methods. However, the strike of the
vein is quite well marked by numerous prospect
pits and small shafts. Thus it would be possible
to collect soil samples along the strike of the vein,
with the hope of picking up the top of an ore
shoot which does not crop out at the surface.

Nigger Mountain.—On Nigger Mountain are a
number of veins in andesites, which are older than
the quartz monzonite of the batholith. In the
vicinity of the Big Dick and the Little Dick mines,
several soil-sample traverses were made. The
“Flat vein” at the Big Dick mine is a low-angle
structure, varying from a few inches to about one
foot in width, but containing gold, silver, lead,
and zinc. The vertical veins in the district trend
in nearly east-west directions and cut the ‘“flat”
vein.

The Big Dick, Black Jack, and Little Dick mines
are probably all on the same nearly vertical vein.
A few hundred feet uphill from the Black Jack
shaft, a shallow bulldozer cut revealed a few
stringers of mineralization at the probable out-
crop of the vein. A group of soil samples col-
lected along a horizontal line across the structure
shows a small but distinctly “high” analysis over
the vein, with relatively higher lead values on
each side 10 {t. from the oxidized stringer, as shown
in Table 14.

Table 14—Black Jack Mine, Elliston

Chemcial analyses of grass-root samples col-
lected from side of bulldozer cut which exposed
small mineralized stringer veins. Sample interval
10 ft. Strike of vein approximately east, traverse
bearing north, slope 0°. Thin, rocky, grass-cov-
ered soils.

Smx?le Location of Sample {)‘;?: g;?: Remarks
1 10 ft. S of stringers 50 150

2 Over stringers 130 150

3 10 ft. N of stringers 70 100

4 20 &« " 13 13 20 I(X)

5 30 113 113 [ 13 20 I(X)

6 40 “ 113 (3 13 20 lm
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At the Big Dick shaft, east of the Black Jack
shaft, a series of soil samples was collected across
the vein at the site of an open stope. Samples from
100 ft. north of the vein (uphill) to 1800 ft. south
of the vein do not show any indication of the vein
structure or any anomaly. A remarkably uniform
100-ppm heavy metals, with a few samples 50
and 125 ppm, persist throughout the line of tra-
verse.

Two traverses across the vein near the Little
Dick shaft west of the Black Jack shaft show twice
as much heavy-metal value over the vein as the
barren soils away from the vein. As shown in
Table 15, a background count of 100-ppm heavy
metals is present at both ends of the traverse for
about 150 ft. on each side of the vein. The anom-
alies appear to be small, but are probably signifi-
cant; for in all cases where a “total heavy-metal”
anomaly has been recorded, the anomaly shows up
much more convincingly when separate assays
for lead and zinc are made. (See particularly the
Emery vein traverse, Zozell District.)

Table 15—Little Dick Mine, Elliston
Chemical analyses of soil samples collected
across vein in area presumed to have been mined
underground close to surface. Strike of vein
S.48° W. Traverse line S. 40° E. Sample interval
10 ft., slope 8° to 9°. Grassy slope, thin soils.

Sal\rlngfle Location of Sample Heavgpxetals
1 40 ft. SE of vein 100
(downbhill)
2 30 ft. SE of vein 100
3 20 ¢ o 125
4 19« =® « @ 150
5 Over vein 200
6 10 ft. NE of vein 125
7 20 & 125
8 30 vt o o 100
9 gy ® o = 100
(uphill)

Above the adit on the same vein below the Little
Dick shaft, about 100 ft. above the Little Blackfoot
River, zinc was recorded in the soils to 150 ppm
for 40 ft. across the vein structure. Other samples
had no zinc except traces. Many chunks of ore
containing massive sphalerite may be found on
the dump of this project.

The small magnitude of the geochemical anom-
alies in the andesites of Nigger Mountain is not
understood. The most probable explanation is
that at no place was the top of a base metal-bear-
ing ore shoot sampled. However, in those places
where base metal-bearing minerals were observed
in oxidized vein structures, the anomalies are sur-
prisingly low.

Hopkins Mine.—The Hopkins mine is located on
the Little Blackfoot River on the west side of
Nigger Mountain and is one of the most important
preducers in the district. Silver, lead, and zinc,
and some gold have been recovered from the prop-
erty. A series of north-east-striking veins dipping
steeply to the northwest crop out on the steep
hillslopes. The first geochemical traverse was
made at the Hopkins mine below an ore shoot in
which 30 in. of massive galena had been seen by
the writer in a bulldozer cut. It was not possible
to collect an uncontaminated sample less than 26 ft.
downslope from the ore shoot. Samples were
taken on the steep, heavily timbered slope; and
an anomaly was recorded, with 250-ppm heavy
metals in the first sample below the ore shoot, 150-
ppm heavy metals persisting for 90 ft. downhill in
an area where the normal background is from 50 to
100 ppm. It is probable that samples collected closer
to the ore shoot, would show more spectacular
anomaly, and if separate lead analyses had been
prepared, the anomaly would undoubtedly be very
pronounced. As there are a number of veins on
very steep, timber-covered hillslopes, systematic
soil sampling up the hillslopes might prove useful
in detecting the presence of the veins, and detailed
sampling along the veins might reveal the tops of
covered ore shoots.

Monarch Mine.—Two vein systems are present
at the Monarch mine. One vein strikes about east
and contains gold and some copper. A second
vein, which strikes N. 20° E. and dips steeply to
the west, contains lead and zinc ore rich in silver.
This structure is in the shaft uphill from the adits.
One series of soil samples was taken across the
vein in an area where gold was reported but no
lead and zinc were known, and no detectable base
metal anomaly was recorded. This traverse sub-
stantiates the observations that vein structures
are detected by any specific geochemical tests
only when the specific metal is present in the vein
structure at the location of the traverse.

Clark Prospect.—The Clark prospect is on the
west side of Little Blackfoot River in the pre-
batholithic andesites. The mineralization is con-
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Replacement Lodes in Sediments, Silver Hill
Formation.—On West Algonquin hill a specific
bed in the Silver Hill formation has been replaced
along the intersection of the narrow east-west
Bernard vein. The zone has been mined and ex-
tensively prospected on the south side of the hill.
Geochemical sample traverse was made just west
of a stoped area across the zone in an area that
had been extensively explored by bulldozer cuts,
which revealed the vein and the replaced beds in
the Silver Hill formation. It is not possible to
locate the traverse at right angles to the structure.
The traverse bears S. 20° E. on about a 20° hill-
slope, which is parallel to the structure. The soil
averages from 8 to 10 in. deep and includes large
blocky float boulders of hornfelsed shales. Sam-
ples were collected every 10 ft. for 170 ft. across
the vein. Figure 33 shows a strong, definite man-
manese anomaly; as shown in Table 31, lead and
zinc each show an anomaly related closely to the
narrow vein structure. Note that the lead and zinc
anomalies are displaced by about 10 ft.
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Table 31—West Algonquin Mine, Philipsburg

Chemical analyses of soil samples collected across Bernard vein, west of West Algonquin mine.

Sample interval 10 ft. on bearing S. 20° E. about at right angles to the mineralized structure. Slope

variable from 0° to 27° as shown in Figure 33. Soil averages 80 to 10 in. with much blocky float.

Sample

Lead Zinc Manganese Heavy Metals

No, Location of Sample ppm ppm ppm -l Remarks
1 65 ft. S of vein 70 150 1,600 125
2 55 @ wowe 250 350 2,400 200
3 45 & w ow 250 350 1,600 175
4 35 & 0 e 70 200 4,000 100
5 25 * w w W 500 300 2,400 100
6 S side of vein 20 30 25,000 0 Center bulldozer cut, very
7 N side of vein 130 250 2,400 0 thin soil.
8 10 ft. N of vein 500 600 2,400 250
9 20) 5 e El 500 600 2,400 300
10 30 « « o« 200 250 2,400 75
11 40 « <« 200 250 1,000 100
12 R B 150 100 1,600 25
13 60 «“ «“ « 150 300 1,000 100
14 70 ¢« o« 30 50 600 25
15 8Oy & 250 100 2,400 25
16 90 «“ « « o« 250 200 1,000 150
17 100« « w 200 200 1,000 100

NEIHART DISTRICT 33

small rock chips; yet it supports a fairly heavy
timber cover. Sampling was done at 20-ft. inter-
vals for 80 ft. to the northwest and 260 ft. to the
southeast. Two small structures were encountered
east of the principal Galt lode. Samples from
the Galt No. 2 adit indicate maganiferous oxide
with some iron oxide and barite in a brecciated
zone. Some galena was noted, but no other sulf-
ides are present in the oxidized material. Figure
20 shows the lead and zinc anomalies over the
Galt vein and one of the structures to the east.
Figure 20 and Table 2la indicate an anomaly at
the location of the second vein east of the Galt
veln.

A second traverse was made on the north side

of a bulldozer cut in disintegrated Pinto porphyry
about 250 to 300 ft. north of the Galt No. 2 adit.
Just below grass roots, the bulldozer cut exposes
a small drift, which exposes a rather barren-look-
ing fracture zone. The fracture zone is about 4
ft. wide, strikes N. 20°E. and dips 75° to 80° W.
Soil samples for geochemical analysis were taken
at 20-ft. intervals along the north side of the
cut for 80 ft. to the west and 80 ft. to the east of
the vein. The sample line is about on contour,
the east end approximately ten feet lower than
the west end of the traverse. The soil is thin, av-
eraging from 3 to 4 in., below which are several
feet of small rock chips. Sparse timber covers the
hillslope above the bulldozer cut.

Table 21a—Galt Vein, Neihart

Chemical analyses of soil samples collected across stoped area of Galt vein, and two other veins,
in syenite gneiss and biotite schist country rock. Sample interval 20 ft. Strike of vein N. 20° E,,
course of traverse N. 60° W., approximately on contour. Slope of hillside 25°. Thin soils with many

small rock chips.

Sample

Lead

Zinc

No. Location of Sample ppm ppm Remarks
1 80 ft. NW of Galt vein 150 600
2 60 (43 (13 [ (13 (13 3% 1200
3 40 43 (13 13 < (3 250 1400
4 2 (13 13 (13 113 113 400 1600
5 Over Galt vein 600 2000 Galt vein
6 20 ft. SE of Galt vein 400 1600
7 40 “ oo “ 130 400
8 60 113 3 {3 43 43 70 400
9 80 (13 “ 13 13 113 100 m
10 100 '3 i 113 13 13 150 600
11 120 “ = el £ 3000 2000) Vein in caved adit
12 140 “ s £ 2000 3000)
13 160 “ il “ 300 800
14* 180 13 (4 ““ [ (13 70 400
15* 200 13 [ “ g 113 300 800
16%* 220 “ “oe “ 3000 1600 Caved adit
17* 240 o« “ 800 1200
18* 2& (13 13 3 (43 113 300 400

*Not shown in Figure 20,

Table 21b—Galt Vein, Neihart

Chemical analyses of soil samples collected across 4-ft. wide barren zone in Galt vein exposed in
small adit in Pinto Diorite about 250 to 300 ft. north of Galt No. 2 adit. Vein structure strikes
N. 20° E., dips 75° to 80° W. Sample interval 20 ft. collected along contour. Slope 15° to 20°.
Three to four inch soils with abundant rock chips. Grass covered.

Salz\;gfle Location of Sample {;;Ia‘f‘l g;l:!r:; Remarks
1 80 ft. W of vein 70 400
2 a) (13 13 13 [ 120 1000
3 40 « o« o« 250 2000
4 2p %« & o 250 2000
5 Over vein 1000 3000 Vein structure
6 20 ft. E of vein 300 600
7 40 [0 43 g g 150 1000
8 60 (3 € 13 [ z(x) 600
9 80 * ¢ [T 70 400
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The geochemical traverse across the Galt vein
structure in the Pinto diorite, at a locality where
no commercial ore is known, shows a strong geo-
chemical anomaly, as recorded in Figure 20. This
strong anomaly suggests that metal-bearing solu-
tions passed through the vein structure but that
insufficient amounts were deposited to produce
an ore shoot.

The principal workings in the district are in
steep ravines on the mountain slopes just north of
the town of Neihart. So abundant are the dumps
and that application of geochemical prospecting
within the main part of the district may be limited.
On the other hand, the forested area south and
north of Carpenter Creek, as well as the area south
of Neihart, may be considered favorable areas for
geochemical exploration. The data from this dis-
trict suggest that it may be possible to trace vein
structures even in relatively barren zones, which
would be of great value in the solution of struc-
tural problems in the heavily forested areas.

NEW WORLD (Cooke City) DISTRICT

The New World (Cooke City) mining district is
in Park County just northeast of Yellowstone
National Park in a region remote from rail trans-
portation. Mineral deposits crop out at elevations
from about 7,500 to over 10,000 ft. in the Beartooth
Mountains. At the lower elevations this region
is heavily timbered, but in the higher country,
the timber is sparse and soil cover very thin. The
total value of the production of the district to date
is probably not over one million dollars.

General Geology.—Pre-Cambrian rocks crop out
over a wide area and include high-grade schists,
gneisses, and granites, all of which are unconform-
ably overlain by lower Paleozoic sediments, except
where the sediments have been stripped off by
subsequent erosion. During Laramide time, the
region was bowed into a gentle anticline and sub-
jected to erosion, which removed the sedimentary
cover over a large area. Tertiary volcanics and
their derived sediments were deposited onto the
erosion surface. Tertiary intrusives include a large
laccolithic intrusion and stocks of monzonite por-
phyry, and sills and dikes of gabbro, quartz mon-
zonite, and syenite. Sills of monzonite porphyry
are abundant in the sedimentary rocks throughout
the region. The mineralization in the district is
thought to be related to the Tertiary intrusives.

The lower Paleozoic formations include a con-
siderable amount of limestone with interbedded
shale. The limestones are particularly susceptible
to replacement. The lower Gallatin formation, a
massive, oolitic limestone from 130 to 150 ft.
thick, is locally known as the “Republic reef.” Ac-
cording to Lovering, ““The massive lower limestone
is little affected by contact metamorphism but is
the favorite horizon for ore deposits of the vein
and replacement type and contains the most prom-
ising lead-silver-zinc ores of the district.” (Lover-

ing 1921:23). The Bighorn dolomite of Ordovician
age is likewise the host to some replacement min-
eral deposits.

Mineral Deposits.— In the district are found
varied mineral occurrences, including magmatic
segregation deposits of copper-gold-platinum ; con-
tact copper deposits; high-temperature, pyritic-
copper fissure veins; and fissure veins and lode re-
placements of lead-silver in limestone. The lead-
silver replacements and veins in limestone, and
the contact copper deposits have been responsible
for the principal production. (Lovering 1921).

Geochemical Investigations.—Geochemically, the
Cooke region is one of the more favorable districts
for this type of prospecting. Several deposits
were tested with generally promising results. The
thick soil cover on the forested hillslopes offers
especially favorable conditions for this method.

Copper King.—(Magmatic Segregation). The
Copper King property includes a group of patented
claims at the north end of Goose Lake in the ex-
treme northern end of the district. The deposit
is at about 10,000 ft. elevation. The country rocks
include pre-Cambrian granite, schist, and gneiss
which have been intruded by Tertiary gabbro,
granodiorite, and syenite. The deposit is reported
to be associated with coarse-grained syenite. No
outcroppings of mineralized syenite were seen at
the property. The attitude of the deposit could
not be ascertained. A 75-ft. trench is reported
to have exposed ore minerals which assayed 20
per cent copper, 2.85 ounces silver, and 0.1 ounce
platinum per ton. (Lovering 1929:60).

Two traverses were run on the property, and
the soil samples assayed for copper. The soil is
several inches thick, underlain by disintegrated
rock fragments. The mine workings are on the
flat wvalley floor, which is littered with glacial
debris.

One traverse line was run on a north-south
trend about 150 ft. east of the main shaft, and
roughly parallel to a trench which may be the
one to which Lovering referred. The copper con-
tent in the soils varies from 100 ppm at the ex-
treme south end of the traverse to 800 ppm just
north of the cut. Along the cut, 500 and 600 ppm
analyses were obtained.

The second traverse was made immediately
north of the shaft, in a N. 60° E. direction for
125 ft. west of the shaft to 150 ft. east. The copper
content of the soil samples ranges from 100 to
500 ppm, the average of all samples collected
being about 335 ppm. These are the highest con-
sistent copper analyses encountered in this inves-
tigation.

From the very limited amount of sampling done
at the property, because of the fact that the region
did not at first appear to be favorable for geo-
chemical prospecting, it now seems probable that
a systematic grid would serve to focus attention
on the most promising areas for prospecting.

PHILIPSBURG DISTRICT

True Fissure.—The True Fissure vein extends
into the granodiorite of the batholith east of the
Horton vein. A single traverse was made across
the vein east (uphill) from the True Fissure shaft.
The soils are quite deep by rocky, and the steep
hillslope heavily timbered with lodgepole pine.
A conspicuous anomaly was recorded in the zinc
assays across the vein. Lead and heavy-metal
determinations failed to indicate the position of
the structure. Figure 32 shows the nature of the
anomaly, revealing a rather broad spread, which
may be due, in part, to fanning out of zinc in the
soils from the weathering of the vein farther uphill.
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Table 30—True Fissure Vein, Philipsburg

Chemical analyses of soil samples collected across True Fissue vein 50 ft. east of adit which ex-
poses vein uphill and east of shaft. Sample interval 10 ft. on bearing N. 5° W. over vein which strikes
N. 85° to 90° E. Slope of traverse nearly on contour on steep hillslope of 20°. Traverse through

lodgepole pine forest. Soils moderately thick.

Sample Lead Zinc

Heavy Metals

No. Location of Sample ppm ppm ppm Remarks

1 100 ft. S of vein 80 500 400

2 g = % ® & 50 600 400

3 80 «“ o 50 1000 400

4 70 « ¢« 200 1200 400

5 60 ¢ o« 200 1200 400

6 50 « o« 200 1600 400

7 40 ¢ o« 200 1600 400

8 S0 ¢ - 250 1600 400

9 20 « « o« 200 2000 250

10 10 « = # < 100 1200 400

Ll Over vein 250 2000 400 Adit exposes vein.

12 10 ft. N of vein 200 1200 600

13 204 w6 250 1000 400

14 SO e wE 100 800 400 Small stringers on same bear-
15 40 « o 30 400 200 ing as True Fissure vein ex-
16 50 « « o« 30 400 400 posed in small shaft.
17 6o * @ W 100 500 500

18 ) S 100 200 200

19 80 « «“ o« 100 250 200

20 9p « « « 50 300 300

21 100 «“ « « 50 200 200
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Horton Vein.—In the early days of the Philips- ppm
burg district, the Horton vein was one of the im-
portant producers. It is in the Hasmark forma-
tion west of the contact of the batholith. Because
of the extensive mine dumps below the vein, the
downhill traverse below the vein is short, as shown 3,000
in Figure 31. Table 29 lists analyses for lead, zinc,
and heavy metals. The heavy-metal determina-
tions were made first, and it was very surprising
to the writer that the anomaly for the vein struc-
ture was so poorly demonstrated. Lead and zinc

4,000

2,000

. LEAD
analyses proved to be much more satisfactroy.

1,000 \
14
0 v

150 ft

s N
Area of

Vein

confuminufion

Limestone

Figure 3. HORTON VEIN ,
PHILIPSBURG

Table 29—Horton Vein, Philipsburg

Chemical analysis of soil samples collected across Horton vein which strike approximately N.
80° E. Traverse line N. 15° W. from point uphill from vein. Sample interval 10 ft. and variable
as shown in Figure 31. Slope about 27° parallel to traverse line. Soils thick, 12 to 16 in. Dense
cover of underbrush.

Sz}'a‘fle Location of Sample I;;arg g;lynn: Heaxg;)ﬁ etals Remarks
1 100 ft. uphill from vein 250 600 400
2 9 “ L 50 300 350
3 & «“ oo 70 300 250
4 70« oo 50 200 300
5 60 «“ “ S 150 300 250
6 50« « oo« 130 250 300
7 40 «“  “ S 50 150 200
8 30« = == 80 120 300
9 20 “ 0« e = 500 1,200 400
10 10 « ¢ CI. 1,200 8,000 400
11 Over vein 2,000 4,000 300
12 10 ft. downhill from vein 6,000 25,000 300
13 20 “ “ Sl 1,000 3,000 300
14 60 “ = S 5,000 25,000 300 Probable contamination,

Dumps below.
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McClaren Mine (Estelle and New Year’s Gift
Claims)—(Contact Metamorphic).—The McClaren

above the pit area. The soil consists of thin gravel
and disintegrated country rock of coarse and par-

open-pit copper mine is on the northwest side of | ticle size. Table 22 lists the analyses.
Henderson Mountain at an elevation of about
9600 ft. The deposit is along a contact zone be- ppm
tween a fine-grained intrusive monzonite porphyry,
in large part sericitized, and Cambrian sediments
which metamorphosed, in part, to lime sili- /\
cate hornfelses. Chalcopyrite and pyrite occur as 500

replacement stringers and pods in the metamor- V §3o
phosed sediments, and fine-grained disseminations | COPPER
in the monzonite porphyry.

1750 ft

A series of soil samples was collected at about -y . . : | Lime
50-ft. intervals for 17,500 ft. along the west side Sad.eozc" Wetiutized, Manzanie | Menzenie | o e
of Henderson Mountain above the highest work- S Farghyey Porehy"y |Hornfels
ings. Figure 21 shows the traverse line and the
conspicuous geochemical anomaly which was found Figure 21. McCLAREN MINE,NEW WORLD

Table 22—McClaren Mine, Cooke City

Chemical analyses of grass-root soil samples collected on hillside above open pit at McClaren
Mine. Approximate position of traverse line shown in Figure 21. Soil consists of gravel of granitic
and metamorphic rocks. Sample traverse about on contour, hillslope variable to 30°.

Sample Copper

No Location of Sample ppm Remarks

1 1000 ft. NW McClaren pit 40* Paleozoic sediments

2 950 (43 3 13 13 20* 113 (13

3 900 [ [ 13 (13 1501( 113 (13

4 850 113 “« [ {3 70* i 113

5 800 “ 113 13 [ 70 13 13

6 750 43 (43 [ [ 70 (13 (13

7 700 13 3 13 113 30 [ (13

8 650 g 13 [ (43 70 43 13

9 600 113 14 113 [ 70 13 113

10 550 113 113 (13 13 ;0 [13 13

11 500 «“ “« ¢ £ 0 Sericitized monzonite porphyr
12 450 113 “ 13 (13 70 [ (13 p I‘)‘ y y
1‘§ 400 “ 13 3 43 50 13 3 “
14 350 [ [ g i’ 130 [ 4 (13
15 300 13 113 [13 13 70 13 143 (13
16 250 (13 (13 ¢ 4 180 [ [ (13
]7 200 13 4 [ 13 180 6 é“ [
18 150 13 ‘“ 113 3 70 13 13 13
1() 100 (13 ““ (13 13 lm (13 “ ({3
.31) 50 i 13 (g 43 500 {3 13 [
21 Above edge of pit 50 X . “
23 13 I3 113 (13 70 113 113 113
2 ; o “ (4 13 180 13 13 {3
24 & S 130 Monzonite porphyry
35 X3 13 13 (13 400 43 [13
26 c [ 13 (13 400 i (13
27 13 ‘“ (13 (13 600 (43 (13
23 50 it. SE of pit 700 s -
29 100 ‘e € [ <6 800 g (13
30 150 4 [ [ 3 300 [ (13
31 150 (13 “ [ 13 sm g 13
32 250 % *w ® & 500 Lime silicate hernfels (Metamorphosed
33 300 ¢ o« 500 Paleozoic sediments)
34 350 (X3 (4 (43 13 400 43 (13
35 400 9 (4 43 13 250 “ (13

*Not shown in Figure 21.
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The fact that anomalies of about 20 times back-
ground were obtained over this porphyry-type de-
posit from very immature soils suggests that
similar areas above timber line may be success-
fully explored by this method.

Glengarry Mine. (Contact Metamorphic).—The
Glengarry properties include a number of claims
near the headwaters of Clark Fork of the Yellow-
stone River between Red and Scotch Bonnet Moun-
tains. A group of trenches on the east side of
Red Mountain are along a contact zone between
fine-grained, sericitized monzonite porphyry and
metamorphosed Cambrian sediments. Some evi-

ppm
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Figure 22. GLENGARRY PROSPECT, NEW WORLD

dence of quartz-pyrite mineralization was noted
in development workings, and some massive
limonite gossan was observevd, but indications of
extensive mineralization are sparse.

One line of samples was run on the south side
of the valley from a small cabin near the divide
northwest of the workings across and above the
workings, as shown in Figure 22. Note that in
the sedimentary rocks, the background for cop-
per is low, from 20 to 30 ppm; but as the contact
is approached, the copper content increases 4 to
5 times. The copper content in the soils over the
altered monzonite porphyry is erratic but some-
what higher, but in no case reaches the copper
content found at the McClaren mine. These data
are given in Table 23. The soils consist of dis-
integrated rock fragments a few inches in thick-
ness. Sampling conditions are similar to those
found at the McClaren mine.

A second traverse was made on the north side
of the valley, north of the open-pit area of the
Glengarry prospect across a zone of reported
higher-temperature quartz-pyrite veins. No an-
omaly was found along the traverse to indicate
the position of the veins. Seventeen samples col-
lected at 50-ft. intervals across this mineralized
zone average 50 ppm with analyses from 30 to
150 ppm in no pattern obviously controlled by
the geology.

Table 23—Glengarry Mine, Cooke City

Chemical analyses of soil samples collected above open-pit workings at Glengarry prospect. Sam-
ple interval 50 ft. and variable as shown in Figure 22. Traverse line approximately SE from rear of
log cabin on divide NW of workings. Soils thin, immature, composed of gravel of rock and mineral

fragments. No vegetational cover.

Sample

Copper

No. Location of Sample ppm Remarks
1 950 ft. SE of cabin 180 Seriticized monzonite porphyry
2 850 « «# ¥ & 150 “ & -
3 800 « « « o« 70 = “ ¢
4 7510 I 130 & % “
5 700 «“ o« 100 “ . B
6 650 « « « o« 50 & & 4
7 600 «“ « « o« 40 “ “ “
8 5500 % # & @ 70 Monzonite porphyry

9 500 « oo« 70 “ <

10 450 « ¢ o« 70 # “

11 400 «“ « ¢« 70 N &

12 350 #* & " & 70 = &

13 300 « « « o« 100 Paleozoic sediments

14 250 * v o« o« 100 “ “

15 200 « « o« 100 “ “

16 150 « « « o« 100 & =

17 100 <« = « « 20 “ “

18 50 « « o« o« 20 N “

19 Above cabin 30

[ €«
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anomaly. Tables 27 and 28 list the analytical data
for Figures 29 and 30. Note how the combined
heavy-metal analyses do not increase proportion-
ately to lead and zinc analyses. Manganese, which
is probably present as a carbonate gangue mineral
in the vein, shows a widespread anomaly on both
sides of the vein. This occurrence could repre-
sent, in part, the spread of manganese from uphill
sources, with the manganese fanning out from
the vein at elevations higher on the hillslope.

ppm
3,000
— LEAD
—.=ZINC
== HEAVY METALS
2,500
2,000
1,500 — L, [
R,
1y
1,000 ! i
I
AL ’
T AR\ . ]
500 1A ;'!'\‘\,,_,,.;:f
/\‘ ¢ Va s ~ \‘
l "-\. ./'o-‘/ J L—-—:
o-ﬁ-l Yao!
0 T y * :
50 100 150 200ft
s Soil Yein N
FWW
Granodiorite G

Figure 30. PEARL VEIN EAST OF SHAFT,
PHILIPSBURG

Table 28—Pearl Vein, Philipsburg

Chemical analyses of soil samples collected across Pearl vein 400 ft. uphill from lower traverse.
Sample interval 10 ft. on bearing N. 10° W. about at right angles to the vein. Hillslope about 20°,
but the traverse line practically on contact. Soils 10 to 12 in. in area of lodgepole pine.

Salfﬁfle Location of Sample {)‘;?f Iz’g:g Max;gan?ese Heavg'plxlletals Remarks
1 100 ft. S of vein 30 20 600 200
2 90 « «“ « o« 20 200 200 200
3 80 « e ¢« 20 200 200 200
4 0 s e 50 400 600 300
5 60 « «“ o« o« 30 300 600 300
6 L L 20 200 200 200
7 40 « « « o« 20 300 200 200
8 30 « o« o« 80 500 600 300
9 20 « o« 60 800 600 300
10 [ AL S 60 800 600 400
11 Over vein 130 600 200 400
12 10 ft. N of vein 3000 800 200 600
13 20 <4 1w e 250 500 600 400
14 30 « o« 70 500 200 400
15 40 ¢ ¢ o« 70 1400 200 600 Subsidiary strike?
16 50 « « « o« 60 1200 200 600
17 6 ¢ £ o 50 700 200 500
18 70/ e 50 500 200 400
19 8 « « « o« 50 500 200 500
20 QO « ¢« ¢« « 50 600 200 500
21 100 ¢ « « « 20 800 200 400
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Table 27—Pearl Vein, Philipsburg

Analyses of soil samples collected across caved stope on vein. Sample interval 10 ft. on contour
in area of 20° slope. Vein strike N. 80° E. Traverse beari

of traverse in lodgepole pine.
(a) Chemical analysis.
(b) X-ray spectrographic analyses.

ng S.10° E. Soils moderately thick. Area

Sample . Lead Zinc Manganese Lead Zinc Manganese Copper

No Location of Sample ppm ppm ppm pPpm ppm ppm pPpm
: (a) (a) () (b) (b) (b) (b)

1 110 ft. S of vein 30 150 200 55 65 636 230
2 100 = = @ @ 50 200 200 75 99 710 210
3 gy =« e« 20 150 600 55 79 726 240
4 8p « o« 30 150 200 30 45 1045 80
5 {0 B 30 100 200 40 0* 673 250
6 60 oo 30 100 200 75 0% 795 250
7 50 ¢ o« 20 100 200 10 O* 700 400
8 40 « ¢« o« 40 300 200 75 68 820 85
9 30 % ¥ uw & 50 200 200 90 52 633 330
10 20 € e w0« 50 300 300 100 127 733 150
11 L <= e s 100 250 200 150 223 543 240
12 Over vein 20 1200 200 55 1225 726 180
13 10 ft. N of vein 50 1000 600 35 990 1080 310
14 20« 7o = 50 800 200 105 647 616 0
15 30: ¢ & W 50 800 200 105 676 560 210
16 40 «© o 50 600 200 75 462 536 o*
17 S e o 50 700 200 165 676 800 260
18 GO * W W 50 600 200 140 450 610 80
19 70 & s we 50 600 600 270 540 1170 180
20 80 « « « o« 130 800 200 250 508 783 285
21 90 « « « o« 70 400 200 190 185 580 330

*Below level of detection.
Pearl Mine.—Two geochemical samples trav- ppm

erses were made across the Pearl vein, one east

of the Algonquin shaft low in the valley and a sec- 1,500

ond well up on the hill above the uppermost work-

ings. Figure 29 shows a traverse which began

about 20 ft. uphill from a caved stope, exposing .'-\ Dumps uphill

the vein (one to two feet wide), which strikes 1,000 | from somples

S. 80° 'W. and dips nearly vertical. Samples were zmcl! ‘q\‘ A

collected from an initial point nearly over the i "W/ A

vein at 10-ft. intervals 100 ft. southeast and north- 500 e 3

west. Lodgepole pine and somewhat grassy areas !',:‘\‘ ;E:‘}th 3

free from underbrush comprise. th.e _vegetation o T 4 ‘*.-o.o-.,..vl-z"l

along the traverse, the slope of which is indicated in o_,xkk,,i’\y_,‘_ LEAD A\

Figure 29. Between 30 and 70 ft. north of the vein, ) = = =S e

some contamination may be expected as a result
of dumps above the traverse line. A strong an-
omaly is reported in the zinc and heavy-metal
analyses. The zinc anomaly is conspicuous for
more than 100 ft. downhill from the vein; a lead
anomaly is also suggested. Table 27 lists’assays
for lead, zinc, manganese, and “heavy metals.”
The analyses of the second traverse line are
shown in Figure 30 and record a conspicuous zinc

“TSlope 20

Granodiorite

N

Figure 29. PEARL VEIN EAST OF TROUT MINE,
PHILIPSBURG
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Duke and Big Blue Claims. (Lead-silver fis-
sures and replacements in limestone).— These
adjoining claims on the south slope of Miller
Mountain are about 34 miles northwest of Cooke
at an elevation of about 8300 ft. They lie on a
relatively steep hillslope, which is heavily tim-
bered and covered with thick soil and rock mantle.
A number of old mine workings and prospect pits
were found, representing the exploration for veins
and replacement bodies in the Bighorn dolomite.
Because of the complex faulted structures, and the
scarcity of outcrops, the stratigraphy has not been
worked out in detail. The sedimentary rocks are
intruded by monzonite porphyry sills. The min-
eral deposits may be closely related to them.

The soil samples collected from a single trav-
erse in the summer of 1953 reveal high concentra-
tions of lead and total heavy metals throughout
the line of traverse, and conspicuous anomalies
associated with prospects, especially those on
north-south vein structures. As the area is so
heavily timbered and there are virtually no out-
crops, a systematic soil-sampling program on a
100-ft. center grid was laid out.

A plane-table survey was made along the road,
and the position of each 100-ft. traverse line was
indicated. From these points, the location of the
sample points was determined by pace-and-com-
pass traverse. Figures 23 to 26 show the grid
sample layout, with analytical data generalized
by contour lines for lead, zinc, coppér, and man-
ganese. (See pages 38 and 39.)

There is a rather close correspondence of lead
and zinc concentrations, with distinct anomalies
related to the known mineralization, as shown in
Figures 23 and 24. One of the strongest anomalies,
however, is in a timbered area with no prospect
pits. The strong copper anomaly has a conspicu-
ous north-south trend and corresponds to some
degree with the westernmost lead anomaly. (See
Figure 25.) In the area of the most active lead
exploration, no copper anomaly occurs. The in-
crease in copper south of the Big Blue prospect
is of interest, indicating a possible separation of
copper and lead mineralization.

Manganese appears to be dispersed over the
lead, zinc, and copper anomaly areas. The strong-
est anomaly is in the extreme western part of the
area and does not correspond to any base-metal
anomaly, as shown in Figure 26.

The geology is not known in sufficient detail
to explain adequately the metal anomalies found.
The south slope of Miller Mountain, on which the
claims are located, is intensely faulted, and the
stratigraphy is not known in any detail. Mon-
zonite porphyry sills occur in the section, and

fissure veins and replacement deposits occur in
favorable host rocks. Careful geological mapping
might well indicate the primary control for geo-
chemical anomalies and aid in further prospecting
and developing in this area.

Republic Mine. (Lead-silver fissures and re-
placements in limestone.)—The Republic mine con-
sists of fissure veins and replacements of argen-
tiferous galena and manganiferous carbonate in
the lower Gallatin limestone formation about a
mile south of Cooke City. One soil-sample trav-
erse line was made across the vein at a locality

ppm
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Figure 27. REPUBLIC MINE, COOKE CITY

where the vein minerals had been mined to the
surface. North across the mine road, the hillslope
is very steep, about 30°, and covered with dense
jungle of small lodgepole pine. Figure 27 shows
the strong anomaly recorded over the vein and
likewise illustrates how the anomaly disappears
100 ft. downhill from the vein on a steep hillslope.
Table 24 lists the assays for lead and manganese
obtained from the soil samples.

Note a close correspondence in the lead and
manganese assays. At the Big Blue and Duke
claims it is indicated that manganese and lead
may show similar anomalies—yet lead does not
necessarily go with manganese, as shown in Fig-
ure 26.

The soils in this area are nearly a foot deep,
but contain abundant float pebbles and cobbles.
In the mine area, the soils are somewhat thinner.
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the traverse range from 5° to 10° to the south.
A conspicuous anomaly was noted both in heavy-
metal and manganese analyses; however, the an-
omaly does not persist more than 60 ft. downhill
from the vein. Table 26 lists assays for heavy-
metals and manganese, as well as for lead and
zinc.
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Figure 28. ALGONQUIN VEIN WEST OF MAIN
WORKINGS, TROUT MINE, PHILIPSBURG

Table 26—Algonquin Vein, Philipsburg

Chemical analyses of soil samples collected across the Algonquin vein which strikes N. 83° E.
Sample interval 10 and 20 ft. as shown in Figure 28. Traverse bearing N. 2° W. Slope 5° to 10°
parallel to traverse. Soil averaged 8 to 10 in. with small pebbles of float. Open park and small fir

43

and cedar.

Sangle Location of Sample 1')';:;1 gg;:; Magg:l:ese %E%i
1 100 ft. downhill from vein 70 200 600 100
2 90 “ - A 70 150 600 100
3 80 “ L S 20 100 600 50
4 70 “ = oo 30 100 600 50
5 60 “ “ S 20 300 1000 150
6 30 “ “ oo 130 400 1600 150
7 20 “ “ W o 200 400 2400 150
8 10 “ “ S 250 600 2400 150
9 Over vein 1000 1600 4000 500
10 10 ft. uphill from vein 600 1400 2400 300
11 20 ¢ ¢ ® M 130 400 1600 150
12 30 ¢ S 250 800 2400 300
13 40 “ SRS 100 600 1600 200
14 50 ¢ S 100 600 1000 200
15 Wt oo 250 700 1000 200
16 90 “ S 150 500 1000 150
17 110 “ “ S 200 500 1000 125
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lying the Flathead is the Silver Hill formation,
about 320 ft. in thickness, composed of thinly
bedded, nearly pure, limestone, with alternate
layers of brown silty shales. Near the contact
with the granodiorite, the limestone beds have
been marbleized, and the shale bands have been
altered to calc-hornfels rocks composed principally
of diopside, epidote, and garnet. Ranging from
800 to 1200 ft. in thickness, the Hasmark dolomite
overlies the Silver Hill formation. Where not
metamorphosed, the formation is a bluish-gray,
medium-to-fine-grained dolomitic limestone; but
in the ore-producing area and adjacent to the con-
tact of the batholith, the rocks are metamorphosed
to a medium-grained, white-to-buff marble. A
discontinuous shale layer is sometimes found near
the middle of the formation. Overlying the Has-
mark is the Red Lion formation, which is from
225 to 350 feet thick. This formation is composed
chiefly of thinly bedded shaly limestone, with
wavy discontinuous bands of yellowish shale.
Shale bands, from a fraction of an inch to an inch
apart, are more abundant in the lower part of the
formation and decrease upward to a massive gray
limestone. The upper 2 to 8 ft. of the formation
resembles the Hasmark dolomite. The Red Lion
formation is commonly metamorphosed to banded
calc-hornfels somewhat similar to the Silver Hill
formation. Possibly Silurian in age, the Maywood
formation is from 210 to 490 ft. in thickness, and
is composed of fine-grained, marbly, thin-bedded
sandy limestone, which is greenish to brownish
gray when fresh and weathers to a brownish soil.
At the base of the formation is a 5-ft. banded,
white-and-greenish-gray shale, which metamor-
phose to a fine-grained siliceous hornfels near
the contact.

Of special importance is the “Headlight bed,”
a stratigraphic unit probably in the Red ILion
formation immediately adjacent to the Maywood
formation. This is the most important zone for
replacement ore bodies. Overlying the Maywood
formation is the Jefferson formation of Devonian
age; of from 1,000 to 1,300 ft. in thickness and
composed of massive blue-gray limestone with
some chert near the top of the formation. In the
metamorphosed area, it alters to a white, medium-
grained marble, which is yellowish to buff colored
on weathered surfaces.

The granodiorite of the Philipsburg batholith
intruded the sedimentary rocks on the east side
of the anticline. The contact of the batholith dips
to the east, presumably at an angle somewhat
steeper than the sedimentary beds, although in
some localities it is though to be very nearly con-
cordant. The attitude of the contact has been de-
termined from the underground workings at the
True Fissure and the Algonquin mines.

The ore deposits are found in east-west, and
to a lesser extent, northwest striking fissure veins,
which are quite abundant in the district, but

many of which are very small. The veins are very
steep, but the dip is variable at depth as the veins
intersect the different sedimentary horizons. The
cast-west fissures in the sedimentary beds have
yielded important amounts of battery-grade man-
ganese oxides in the oxidized zone, and manganese
carbonate in the primary zone, as well as silver
and zinc. Some lead is associated with these de-
posits. In the granitic rocks the east-west veins
rarely make commercial ores, although traces of
silver, lead, and zinc are common. This situation
is somewhat in contrast to the large important
veins which made ore in the Granite district south-
east of Philipsburg.

At the intersection of favorable horizons in the
sedimentary series and the vertical fissures, man-
ganese deposits carry minor amounts of zinc and
silver, in contrast to the mineralogy of the east-
west fissures. In some areas even small veins have
produced good ore shoots at their intersection
with favorable horizons in the sedimentary rock.
In addition to the favorable beds in the sedimentary
rocks, the Jefferson formation at the contact with
the granodiorite has localized mineral deposits
in the eastern part of the camp.

Geochemical Sampling. — The objective of the
geochemical sampling in this district was to test
the method over different types of structures
which have localized ore deposits. The Algonquin
vein, a strong east-west fissure in the sedimentary
rocks in the southern part of the district, was
traversed, as well as the Pearl vein in the granite
cast of the Algonquin. The intersection of a vein
and a favorable horizon in the Silver Hill forma-
tion on west Algonquin Hill was sampled. Trav-
ersed also was the Headlight bed adjacent to a
productive area at the Headlight workings and
near the Two Percent workings at a place which
has not been mined and which is considered of
no economic significance. The contact between
the Jefferson dolomite and the intrusive grano-
diorite was sampled at three localities: one near
a glory hole, from which manganese was produced
at the Scratch All property; a second at a locality
north of the True Fissure shaft, where no com-
mercial ore is known; and a third along the ridge
north of the San Francisco mine,

Algonquin Mine. — The Algonquin vein was
traversed, and a series of soil samples taken just
west of the Algonquin shaft between two glory
holes which indicate that an ore shoot along the
vein was stoped through to the surface. Veins
exposed in the open stopes strike N. 88° E. and
are in the Hasmark dolomite. Samples were col-
lected at 10-ft. intervals north and south of the
vein on a bearing S. 2° E. for 100 it. and N. 2° W.
for 120 ft. The soil, generally free from dolomite
float, averaged from 8 to 10 inches in depth. Small
stands of fir and cedar cover part of the area,
whereas other parts traversed are open grassy
slopes. As indicated in Figure 28, the slopes of
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GEOCHEMICAL PROSPECTING

Table 24—Republic Mine, Cooke City

Analyses of soil samples collected across ore shoot on vein at Republic mine. Sample interval
20 and 50 feet as shown in Figure 26. Slope variable, above vein approximately 10°, below wood, 30°
in dense jungle of lodgepole pine.

(a) Chemical analyses

(b) X-ray spectrographic analyses

L
Saﬁrg:le Location of Sample p;?r‘xl Magg:‘: ese Remarks
(@) (b)
1 260 ft. below vein 20 200
2 210 * £ 50 600
3 160 (13 “ ({3 lm 600
4 140 « “ . 150 600
5 120 i 250 600
6 100 ¥« “ 200 600
7 80 13 113 [ 600 m
8 60 * 2,000 1,000
9 40 “ “ “ 30,000 45,000 Contamination at roadside
10 20 « <8 600 1,000 In wood—not soil sample
11 Over vein 15,000 12,000
12 20 ft. above vein 600 1,000
13 40 « « . 150 1,000
14 60 «“ = 130 1,000
15 Spss M % 130 600
16 100 « ¢ “ 100 200
17 120 <« . 70 600
18 140 « “ e 50 600
19 160« “ 50 200
20 180 «“ « . 20 600
21 200 « 0« = 20 200
Table 24 (Continued)
Lead Zinc Manganese Arsenic 0
Sal\.txr:’ple Location of Sample ppm ppm pgm ppm Cpggfr Remarks
* (b) (b) (b) (b) (b)
1 260 ft. below vein 5 1,770 1,160 234 130
2 210 * i o* 381 854 225 80
3 160 « “ 50 330 1,110 288 170
4 140 « « . 150 428 1,400 378 47
5 120 = “ 260 415 1,530 324 12
6 100 * “ 460 566 1,430 441 240
7 & “ “ 440 474 1,700 243 58
8 60 “ . 445 440 1,370 306 140
9 40 “« 0« e 19,550 9,710 15,960 2,763 160 Contam. at roadside
10 20 % “ 10,200 4,280 5,440 1,134 O* In wood—not sample
11 Over vein 6,725 2,435 3,990 981 190
12 20 ft. above vein 615 268 1,498 243 90
13 40 ¢« s 150 202 1,703 288 280
14 60 “ e 150 195 1,122 321 170
15 80 “ o 130 177 759 126 200
16 100 “ i 105 216 858 279 1,960 Prospect pit
17 120 ¢ ¢ = 105 167 841 243 80
18 140 « ¢ e 55 194 851 423 60
19 160 = = “ 40 233 927 414 210
20 180 “  “ “ 60 172 798 306 210
21 200 “ « = 70 143 947 198 320

*“Below limit of detection.
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Bunker Hill Claim. (Lead-silver fissures and
replacements in limestone.)—The Bunker Hill
claim is on the southeast slope of Miller Mountain
uphill from the Big Blue claim. Seven samples
were collected from a point uphill from two pros-
pect pits, in which mineralization was noted, across

the presumed strike of a lead- and zinc-bearing
structure downhill for about 135 ft. Distinct an-
omalies are shown for lead and zinc across this
structure. Downhill 100 ft. from the deposit, the
lead anomaly is gone. However, the limit of high-
zinc concentrations in the soils was not reached.

Table 25—Bunker Hill Claim, Cooke City

Chemical analyses of grass-root soil samples collected across vein structure at Bunker Hill claim.

Sample interval 25 ft. Bearing of traverse N. 55°

E., approximately at right angles to mineralized

structure. Slope variable 15° to 25°. Soil averaged 18 in., samples taken at 10 to 12 in.

Saﬁno‘fle Location of Sample %;;:1 gg:; Remarks
1 50 ft. uphill 300 600
2 25 ft. uphill 300 600
3 uphill side of vein? 400 2000
4 25 ft. downhill from vein 500 4000
5 50 “ i " 400 4000
6 75 ¢ - e 150 1200
7 100 “ & SR 150 1200
8 125 “ “ S 150 800 5 ft. SW of road

OPHIR DISTRICT

The Ophir district lies northeast of Avon and
about 25 miles west-northwest of Helena. Minor
amounts of copper with gold have been produced
from veins and numerous placers. Recent atten-
tion has been given to the district because of the
discovery of scheelite in a tactite (contact lime
silicate rock) zone at the contact between Paleo-
zoic limestones and an intrusive quartz diorite.

One traverse was made at the Arnold mine
across two vein structures, one of which is ap-
proximately parallel to the quartz diorite-limestone
contact, and the second just east of the contact.
The purpose of the traverse was to determine
whether it is possible to detect the presence of
tungsten by geochemical methods and also to de-
termine the copper content in these soils over the
veins.

The soil-sample traverse was made on a fairly
steep hillslope, which is sparesly timbered with
lodgepole pine and fir. The soil is deeper than
average, ranging from 12 to 16 in. )

The copper background is from 10 to 30 ppm.
Along the line of traverse, individual spot anal-
yses of from 150 to 250 ppm copper were noted,
with an isolated 600-ppm assay directly over the
vein at the portal of the main workings. The
600-ppm assay is flanked 10 ft. to the west by a
40-ppm analysis, and 10 ft. to the east by a 10-
ppm analysis. The very erratic nature of the cop-
per anomalies suggests only spotty concentra-
tions of copper minerals. The results at this prop-
erty suggest, however, that such limestone areas
may be successfully prospected by geochemical
methods.

Thirty-two tungsten analyses were run, with
negative results throughout. No tungsten was
detected over the portal of the mine tunnel on the
structure.

PHILIPSBURG MINING DISTRICT

East of the town of Philipsburg is the Philips-
burg mining district, in the mountains on the
west side of the Philipsburg batholith. The prin-
cipal deposits lie near the contact of the batholith
in the Paleozoic sedimentary rocks in veins and
favorable limestone beds. A mountainous region
with sharp relief, the principal mines in the dis-
trict are at an elevation of about 6,000 ft. The
soils are uniformly rather thin and immature.
The dominant vegetational cover is lodgepole pine.

Geologic Setting. The geology of the region
is described by Emmons and Calkins (1913). The
most recent geological map of the district is by
Goddard (1940). Sedimentary rocks from the Belt
series of pre-Cambrian age, to Jefferson limestone
of Devonian age, are folded into a north-plunging
anticline, which has been subsequently intruded
by the Philipshurg batholith. The granodiorite
of the batholith altered the sedimentary rocks to
hornfels. The region has been cut by east-west
striking fissures, in which ore deposits are found.
Replacement lodes are localized where veins in-
tersect the favorable horizons in the sedimentary
rocks.

The Spokane formation (Belt series) is char-
acterized by red argillites, which frequently show
conspicuous ripple marks and mud-cracks. The
Flathead quartzite of Upper Cambrian age rests
disconformably upon the Spokane formation. Over-
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Gregory Vein.—The Gregory vein is at the north

ppm
end of the district. It is a strong, nearly east-west Bed.—The Headlight bed had been extensively
vein in which lead and zinc occur with quartz and et stoped in the area north of the Norton vein at the
pyrite in intensely altered andesite. Headlight mine. A long traverse was run from
A geochemical traverse was made across the 000)_ N 150 it. uphill above the Headlight bed for about 1,000
vein in an area that had been mined underground. LEAD 700 ft. on the slope to about 550 it. below the vein. HEAVY [ ® | METALS
The traverse is east of the eastern-most principal The soil is from 12 to 16 in. deep, free of pebbles
mine dump and on the south side of a transverse SN, near the start of the traverse at the top of the 500
east-west valley. Figure 47 shows strong lead — i S A e hill, but contains many rock chips in shallow soils
and zinc anomalies in contrast to the rather incon- V_\/ HEAVY METALS © ¥ downhill. The traverse at the north end is nearly ; 2
spicuous heavy-metal anomaly. Table 45 lists N """‘"-a""jro*#\,..,.o.,,_oa°'°'°2' flat, with the slope increasing to 27° near the S
analyses for copper, arsenic, manganese, lead, zinc, P oo south end of the traverse. Figure 34 shows a 0 = = 56 <50 =501
and heavy metals. 50 100 150 200 ft strong “heavy-metal” anomaly. Assays for lead

It is of interest to note that some copper is pres-
ent in the soils but that the copper anomaly does
not correspond with the lead-zinc anomalies. The
manganese and arsenic anomalies show corres-
pondence but do not follow the base metals.

Quartz

Monzonite

N

= - 5, a0 Ty
o

PHILIPSBURG DISTRICT

Replacement Lodes in Sediments, Headlight

and zinc would undoubtedly be very large; as
shown in Table 32, manganese is very large in
amount. It is, however, present in such discrete
mineral particles that its use in geochemical work

) Red Lion

Headlight Bed

Maywood
N \ Formation

Formation

A much more detailed investigation of the metals
and their distribution with regard to mapped
geologic structures would be valuable in piecing
together the history of metalization in the large
complex veins in the Boulder batholith.

:a is probably limited at such a locality.
Y
{

Figure 34, HEADLIGHT BED IN MINERALIZED ZONE
AT HEADLIGHT MINE , PHILIPSBURG

Figure 47. GREGORY VEIN , WICKES

i Table 32—Headlight Bed (near Headlight Mine), Philipsburg

Table 45—Gregory Mine, Wickes # Chemical analyses of soil samples collected across Headlight Bed near Headlight Mine. Samples
collected on bearing S. 25° W. approximately at right angles to mineralized bed which dips approx-

imately 40° NE. Sample interval 10 and 20 ft. Soils thin and rocky.

Analyses of soil samples collected across vein about 800 ft. east of vein shaft but in area which
apparently was stoped to the surface. Sample interval 10 ft. on bearing S. 10° E., approximately at

i'lzg?; angles to the vein structure. Slope 25° in area of dense fir and juniper. Soil approximately 6- i Sa.rﬁlg.le Loatlon of Sampls Heavps;getals Ma:g;nese Rernake

(a) Chemical analyses. 1 300 ft. below Headlight Bed 150 1600 Red Lion Formation

b) X-ray spectrographi - f - 2 290 * " y y 150 1600 ) . )

( ) y p c Og a’p 1c analyses' 3 280 “« 113 113 113 150 1600 [ 13 13

- Le d z. C A - M H M tal 4 270 113 143 “ 113 300 1600 “° 3 [

a mnc opper rsenic anganese Heavy lMetals & £ £ LD = € €

Saﬁx:)ple Location of Sample ppm ppm pgrlx)—x ppm ppm ppm ? %gg « “ « “« :13(5)8 ;}46188 1 « “

: (b) (b) (b) (b) (b) @) 7 510 ¢« “ ’ 200 1000 « “

1 60 ft. S of vein 280 214 0 0 1082 100 8 D2 = # & 200 2400 4 & &

2 510 192 192 0 0 805 100 9 220 ¢ = “ s 150 4000 3 £ &

) 4« e W 192 198 95 0 902 100 10 g & @ G “ 150 2400 o o i

-+ 90 & o R K 315 216 0 38 875 100 11 200 ¥ ¢ &% & 150 2400 € £ “

5 20 @ “ow 3 308 227 85 20 825 100 ]2 190 11 “ 143 “« 150 1600 3 13 113

6 10 A T 1] ‘@ 250 130 O 0 567 100 1% 180 i i “ 1 150 4000 11 13 11

7 S side of vein 407 229 0 38 601 100 14 170 « “% @ 150 1000 & “ «

8 N side of vein 1020 257 0 0 454 125 15 160« = “ “ 100 1000 “ “ “

9 10 it. N of vein 1065 545 85 61 755 250 16 150 = £ 5 100 1600 8t “ .

10 20 R 800 673 120 0 783 250 17 140-% @ & i 400 2400 “ B &

11 30 * e o 838 666 0 85 1062 250 18 130 ¢ % ¢ « 150 2400 = & “

12 40 o« 774 673 0 38 1280 250 ‘ 19 120 «  « “ . 150 1600 “ “ “

13 5Q) ¢ e o 708 600 0 70 1280 250 20 110 « ¢ ES N 100 1600 - N ¢

14 60 e R - 842 551 O 100 1390 150 P 21 100 1 113 « 125 2400 ¢« [ “«

15 70« « « .« 823 551 0 61 1730 150 29 gp ¢ = # o 125 2400 “ ¢ “

16 80 [ [ [ [ 646 457 0 46 896 150 23 80 113 ‘¢ F{4 13 150 2400 “ 3 <

17 90 «“ ¢« o« 646 394 0 0 784 150 24 70 & “ = 150 1600 “ “ “

18 100 = < == o 689 535 0 23 1110 150 « ¥ 25 60 = = B “ 600 2400 “ “ it

19 110 « « « « 685 509 0 0 1378 200 | 26 50 ¢ ¢ . & 600 2400 = “ =

20 12 “© i« [ (3 731 570 O 246 1545 200 . 27 40 i [ “ o 600 2400 [ €« [

21 130 “« {1y € 604 321 O O 1405 200 28 30 13 13 “« ““ 700 4000 “« [14 €@

- 5 29 20 © “ 3 ‘“ 600 2400 113 [ 13

ﬂ 30 10 « « 13 13 700 5000 113 113 “«

|
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acs dations, and re-
pairs and services are limited along
the highway. Among centers offering
the most complete overnight accom-
modations are Dawson Creek, Fort
St. John, Fort Nelson, Lower Post,
Teslin, Whitehorse, Burwash Landing,
and Fairbanks. Public camp-grounds
are maintained at several locations
in the Yukon Territory for the con- ol
venience of travelers equipped for - ! Lumaia LY\

mile high altitude in a bend of the Continental divide, and its mine
workings extend to a depth of a mile below.

LAKE COMO Located in the Bitterroot valley, this
is a typical Montana mountain lake. Altogether there
are over 1,200 lakes in the Treasure State and they
provide any angler with a diversity of fine fishing.
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