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STUDIES RELATED TO CUSMAP

This report presents the results of a geochemical survey of the Challis 
1° x 2° quadrangle, Idaho. Geochemical samples were collected as one of 
several multidisciplinary studies associated with the Conterminous United 
States Mineral Appraisal Program (CUSMAP).

INTRODUCTION

During the summers of 1979, 1980, and 1981, we conducted a reconnaissance 
geochemical survey of part of the Challis 1° x 2° quadrangle, in portions of 
Boise, Custer, Lemhi, and Valley Counties, Idaho.

The Challis 1° x 2° quadrangle comprises about 7000 mi 2 (18,000 km2 ) in 
the center of Idaho, and lies about 50 mi (80 km) northeast of Boise, Idaho 
(fig. 1). Access to the vicinity of the quadrangle is provided on the east by 
U.S. Highway 93, on the west by Idaho Highway 55, and in the center by Idaho 
Highway 75.

The maximum topographic relief in the study area is about 7000 ft 
(2134 m), with a maximum elevation of 10,832 ft (3303 m). Rugged topography 
is common in the quadrangle, a consequence of Pleistocene glaciation. The 
climate varies from semiarid in the eastern portions to subhumid in most of 
the rest of the area.

The geology of the Challis 1° x 2° quadrangle is described by Fisher and 
others (1983). Much of the western half of the study area is underlain by the 
Cretaceous Idaho Batholith and Tertiary intrusives. Tertiary volcanics 
associated with several caldera complexes are the dominant lithologies in the 
eastern portion. Paleozoic sediments and metasedimentary units are common in 
the southeastern one-fourth of the quadrangle. Precambrian metasediments, 
mainly argil lites and quartzites, and gneisses and schists crop out in the 
northeastern one-fourth of the quadrangle. Dike swarms, ranging from felsic 
to mafic in composition, mainly of Tertiary age, are common in several 
areas. Quarternary sediments, much of them of glacial origin, fill the 
broader valleys in the region. Several major grabens are located in the 
quadrangle.

Sample Collection

We collected samples at 2516 sites (plate 1). At most sites, we 
collected both a stream-sediment sample and a heavy-mineral concentrate. 
Where suitable outcrop was available, we collected rock samples, and where 
water was available, we collected water samples. We analyzed 2516 stream- 
sediment samples, 2354 heavy-mineral-concentrate samples, and approximately 
1300 water samples, for a sampling density of about 1 sample per 2.9 mi for 
the stream sediment and heavy-mineral concentrate. The rock samples were for 
reference only, and were not analyzed. Few samples were collected in the 
Sawtooth Primitive and Recreation areas and the Idaho Primitive area as these 
areas have been covered in other stream sediment reconnaissance studies: 
Cater and others, 1973; Kiilsgaard and others, 1970; and Tschanz and others, 
1974.
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Figure 1. General location map of the Challis 1° x 2° quadrangle, 
Boise, Custer, Lemhi, and Valley Counties, Idaho.



Stream-sediment samples

The stream-sediment samples consisted of active alluvium collected 
primarily from first-order (unbranched) and second-order (below the junction 
of two first-order) streams as shown on USGS topographic maps 
(scale = 1:24,000; 1:62,000). Each sample was composited from several 
localities within an area that may extend as much as 100 ft from the site 
plotted on the map.

Heavy-mi neral-concentrate samples

We panned heavy-mineral-concentrate samples from the same active alluvium 
as the stream-sediment samples. Each bulk sample was passed through a 2.0-mm 
(10-mesh) screen to remove the coarse material. The sediment passing through 
the screen was panned until most of the quartz, feldspar, organic material, 
and clay-sized material was removed. The samples were air dried in the field.

Hater samples

We collected water samples from springs and stored them in untreated 
plastic bottles. The pH and conductivity of the water samples were determined 
later using a Markson Model 88 pH meter and a Horizon Model 1481-10 meter, 
respectively.

Sample Preparation

Water samples required no preparation beyond that done in the process of 
collecting them. Only the stream-sediment samples required extensive 
preparation.

The stream-sediment samples were air dried and sieved, through a nest of 
screens, to 0.074 mm using stainless steel sieves. The portion of the 
sediment passing through the 200-mesh sieve (0.074 mm) was saved for analysis.

The heavy-mineral-concentrate samples were air-dried and sieved through a 
35-mesh (.50-mm) sieve. The fraction was further separated using bromoform to 
separate and remove the remaining quartz and feldspar from the heavy-mineral 
concentrate. The heavy minerals, specific gravity >2.85, were separated into 
three fractions using a large electromagnet (in this case a modified Frantz 
Isodynamic Separator). The most magnetic material, the C-l fraction (largely 
magnetite and some ferromagnesian silicates) was saved for future work. The 
second fraction, C-2 (largely ferromagnesian silicates and iron oxides), was 
saved for analysis/archival storage. The third fraction, C-3 (the least 
magnetic material including nonmagnetic ore minerals, zircon, sphene, etc.), 
was divided into two splits using a Jones splitter. One split was hand ground 
for spectrographic analysis; the other split was saved for mineralogical 
reference.

The magnetic separates discussed are the same separates that would be 
produced by removing the magnetite (C-l) with a hand magnet and then using a 
Frantz Isodynamic Separator set at a slope of 15° and a tilt of 15° with a 
current of 0.6 ampere to split the remainder of the sample into magnetic (C-2) 
and nonmagnetic (C-3) fractions.



Analytical Methods 

Spectrographlc method

We analyzed the stream-sediment, heavy-mineral-concentrate, and rock 
samples for 31 elements using a semiquantitative, direct-current arc emission 
spectrographic method (Grimes and Marranzino, 1968). Spectrographic results 
were obtained by visual comparison of spectra derived from the sample against 
spectra obtained from standards made from pure oxides and carbonates. 
Standard concentrations are geometrically spaced over any given order of 
magnitude of concentration as follows: 100, 50, 20, 10, and so forth. 
Samples whose concentrations are estimated to fall between those values are 
assigned values of 70, 30, 15, and so forth. The precision of the analytical 
method is approximately plus or minus one reporting interval at the 83 percent 
confidence level and plus or minus two reporting intervals at the 96 percent 
confidence level (Motooka and Grimes, 1976). Values determined for the major 
elements (iron, magnesium, calcium, and titanium) are given in weight percent; 
all others are given in parts per million (micrograms/gram) (table 1).

Mineraloglcal analyses

The nonmagnetic fraction, prior to being split and ground, was examined 
with a short-wave ultraviolet light for all fluorescent minerals. The 
relative proportion of fluorescent zircon to all other fluorescent minerals 
was noted. A binocular microscope was used to examine the split for gold and 
sulfide minerals. Both the magnetite, from the C-l fraction, and the 
fluorescent zircon, from the C-3 fraction, will be used in a future study 
relating the occurrence of these minerals to specific lithologies or 
mineralizations.

Computer Entry

Upon completion of all analytical work, the analytical results were 
entered into a computer-based file called RASS (Rock Analysis Storage 
System). This data base contains both descriptive geological information and 
analytical data. Any or all of this information may be retrieved and 
converted to a binary form (STATPAC) for computerized statistical analysis or 
publication (VanTrump and Miesch, 1976).

EXPLANATION OF TABLES 1-3

Table 1. The limits of determination are based on a 10 mg sample for 
stream-sediment samples, and a 5 mg sample for the heavy-mineral-concentrate 
samples. The spectrographic method for heavy-mineral-concentrate samples was 
modified in the following way to reduce spectral interference caused by the 
high concentration of heavy minerals; 5 mg of prepared sample was mixed with 
20 mg of pure graphite powder and 5 mg of pure Arkansas quartz. Standard 
samples were prepared in the same manner. The spectrographic lower limit of 
determination for heavy-mineral-concentrate samples are two reporting 
intervals higher than the limits given for the stream sediments.

Table 2. Columns 1 and 2 are the site location. Columns 3 through 33 
are the spectrographic analyses. Column 34 is the specific conductivity and 
column 35 is the pH of the water sample taken at the site.



Table 3. Columns 1 through 33 are the same as in Table 2. Column 34 
the sample weight (grams) of the C-3 fraction. Column 35 is the number of 
pyrite grains found in the C-3 fraction. Column 36 is the number of gold 
grains found in this fraction.

EXPLANATION OF TABLE 4 

Sample characteristics and site environment

i s

Column Headi ng Value Meaning of value

1 sample site
This is a cross reference to the 
heavy-mi neral-concentrate 
and sediment-samples.

2 field identification of lithology 
at nearest outcrop

3 stream width (meters)
when water was present

4 stream depth (meters)

Site A0001 refers to 
sediment sample AS0001 
and concentrate sample 
AP0001.

.5

.5 to 1 
1. to 3 
3. to 6

.5

.5 to 1 
1. to 2

flow rate/gradient

texture of sediment 
The 1st value describes the 
dominant constituent, the 2nd 
value describes the 2nd most 
common constituent.

rapid/steep
moderate/moderate
slow/gentle
stagnant/boggy
damp or seep only
dry/steep
dry/moderate
dry/gentle

gravel
sand
silt
clay
humus
organic muck



EXPLANATION OF TABLE 4 

Sample characteristics and site environment (continued)

Column Heading

7 color of sample

8 manganese coati ng
This will be black or steel gray 
in color and the intensity is 
i ndicated.

Value

1 
2
3
4 
5
6
7 
8 
9

0
1 
2 
3

9 iron coati ng 
This will be brown, red, yellow, or orange 
intensity is listed the same as manganese.

10 water color
when available

These columns apply to the heavy-mi

11 relative zircon abundance
determined from short-wave
ultraviolet lamp analysis in 
the C-3, non-magnetic, fraction.

1
2 
3
4

Meaning of value

green 
red
brown
grey 
black
tan
orange 
yel 1 ow 
white

absent
slight 
moderate 
pronounced

and the

clear
yel 1 ow 
brown
red

neral -concentrate samples only.

T
M
A 
V

trace
moderate
abundant 
very abundant

12 relative magnetic abundance
The abundance of strongly magnetic minerals in the 
C-l fraction, total concentrate sample, as determined 
by visual inspection. 
This is listed the same as the zircon values.
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TABLE 1. Limits of determination for the spectrographic analysis of stream 
sediment samples and for the nonmagnetic heavy-mineral-concentrate samples

Elements Lower determination limit Lower
for minus 200-mesh limit
stream sediments heavy-mi

determi nation
for nonmagnetic
neral concentrates

Upper
detection

limit

Percent

Iron (Fe)
Magnesium (Mg)
Cal cium (Ca)
Titanium (Ti)

0.05
.02
.05
.002

0.1
0.05
0.1
0.005

20
10
20

1

Parts per mil lion

Manganese (Mn)
Silver (Ag)
Arsenic (As)
Gold (Au)
Boron (B)
Barium (Ba)
Beryllium (Be)
Bismuth (Bi)
Cadmium (Cd)
Cobalt (Co)
Chromium (Cr)
Copper (Cu)
Lanthanum (La)
Molybdenum (Mo)
Niobium (Mb)
Nickel (Ni)
Lead (Pb)
Antimony (Sb)
Scandium (Sc)
Tin (Sn)
Strontium (Sr)
Vanadium (V)
Tungsten (W)
Yttrium (Y)
Zinc (Zn)
Zirconium (Zr)
Thorium (Th)

10
0.5

200
10
10
20

1
10
20

5
10

5
20

5
20

5
10

100
5

10
100

10
50
10

200
10

100

20
1

500
20
20
50

2
20
50
10
20
10
50
10
50
10
20

200
10
20

200
20

100
20

500
20

200

5,000
5,000

10,000
500

2,000
5,000
1,000
1,000

500
2,000
5,000

20,000
1,000
2,000
2,000
5,000

20,000
10,000

100
1,000
5,000

10,000
10,000
2,000

10,000
1,000
2,000
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