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Geochemical analyses of copaer-siIver-bearing rocks in 
the Spokane Formation (Belt Supergroup)* 

Lewis and Clark Count/A Montana

By

J* J. Connor*- a» Pt» McMeal*- and J. G» Crock

The Spokane Formation* (Belt Supergroup) in the Rogers Pass area of wester 
Wontana (fig* t) contains widely scattered deposits of quartzitic 
copper si I ver b earing rocks* one of which (in Alice Creek) has beerr mined fo 
its stiver content. In t9T7-78* 30 samples were collected from seven of thes 
deposits in outcrop (table T)*> and 37 more were collected from the Alice Cree 
wine (table 2>» All were analyzed for a large number of elements as part of 
general survey of the mineral potential of the Rogers Pass area* In addition t 
the quartzitic occurrences* three samples of copper-silver-bearing siltite fro 
the transition zone between the Spokane and overlying Empire Formation and fou 
samples of a Proterozoic I diabasic sill were also collected and analyzed* 
geologic map of the Alice Creek mine is given in figure 2* and samplin 
localities in the mine are shown in figure 3*> We thank the operator of the mine 
Mr* Leonard Orr*> Lincoln** Montana* for permission to publish the map arrd th 
mine data*

Many of the samples were split into two parts prior to chemical analysis 
In table 1* duplicate analyses are noted by an R. instead of a Q in the fourt 
character of the sample identifier; in table 2V the duplicate analyses are note 
by art X added to the sample identifier or*- for the last nine samples* an 
instead of a £ in the fourth character* In table T*> the fifth character (firs 
number) in the sample identifier is the locality number which appears in figur 
1*. Most of the tabled data contain rro more than two significant figures*

The analytical methods used in the analysis of these materials are liste 
in table 3*. The analysis for ''soluble'* copper was adapted from an unpublishe 
procedure developed by 6* M*. Chaplin* a student metallurgist at Duva 
Corporation* Tucson* Arizona*^ in 1967; Sloan (1934) discussed in detail variou 
methods used in such determinations* The procedure adapted here follows:

1) Solution (1): Add 100 ml concentrated HCl to 700 ml distilled 
water* Add 25 g hydroxylamine hydrochloride and mix. 
Bring to a volume of 1000 ml with distilled water.

2) Prewarm shaking water bath to 96 degrees C*

3) Weigh 1.000 g of 100-mesh ground sample and 10.0 g of 100-mesh ground* 
copper free sand in 125-ml plastic Erlenmeyer flask. Mix by swirling.

4) Add 40 ml of solution (1); cap tightly with a plastic thimble.

5) Place in shaking water bath. Heat and mix for 40 minutes at 
96 degrees C.

6) Transfer with water to a 25 X 200-mm culture tube; 
centrifuge at 2500 rpm for 5 minutes.



7) Filter through 40 Whatman filter paper into a 100-wl volumetric 
flask and bring to volume with water.

8) Determine percent acid-soluble capper by atomic absorption.
Turn 10-cnr burner .30 degrees away from straight alinementf use 30 arrd 
50 parts per million set to 0.303 and 0.500 percent copper* 
respectively. (1 ppnr in solution equals 0.01 percent 
acid-soluble copper).

The geochenrical data in tables T and 2 are- listed under the standard symbols 
far the chenncal element or compound in aercent <%) or parts per million (ppnr). 
Column headings not readily interpretabls- ares:

LON6ITUD * Longitude
Cu Sol * Acid soluble copper
T-C * Total carbon
Org C 9 Organic carbon
C03-C * Carbonate carbon
T-Fe205 » Total iron as ferric oxide

A geochewical label ending in tr-S" means the element concentration was measured 
by emission spectrography; a geochemical label ending in  * A f* means the element 
concentration was measured by atomic absorption. Special letters affixed to the 
concentration data in these tables mean:

N » Constituent not detected at lower limit of determination
L * Constituent less than given value
G; * Constituent greater than givert value
& * Blank* no data*

The sample locality is given by north latitude and west longitude in degrees* 
minutes* and seconds.

The analysts who performed the work are (in alphabetical order): J. W. 
Baker* A. Barthel* C. Bliss* P. Briggs* G. Burro** M. F. Coughlin* J. G. Crock* 
C. M. Ellis* K. E. Koran* J. McDade* C. *cFee* V. Merrit* H. T. Millard* Jr.* F. 
Perez* S. Prelipp* G. Riddle* V. Shaw* M. W. Solt* J. A. Thomas* W. L. Tuttle* 
R. B. Vaughn* J. S» Uahlberg* and B. Walz.
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Figure 3- Sampling localities in the Alice Creek Mine. 
(Geology from fig. 2).
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Table 3^ LliJt ol 4JUl*ti£Al

Constituent Method

ia ai tte aaa*rs Ea&s axsa I/
Reference

Aluminum (AI)
As A1203
As A I

Antimony (Sb) 
Arsenic (As) 
BaHunr (Ba> 
Beryllium (Be) 
Boron CB) 
Cadmium (Cd) 
Calciunr (Ca)

As CaO
As Ca 

Carbon CO
Total
As carbonate
As organic 

Ceriunr CCe)

Chr-omium- <Cr) 
Cobalt (Co) 
Copper (Cu)

Soluble
Total

Dysprosium COy) 
frbiuir CEr) 
Europium- CEu) 
Gadolinium (Gd) 
Gallium (Ga) 
German i urn (Ge)

Iron (Fe) 
As Fe203 
As FeO 
As Fe

Lanthanum (La) 
Lead CRb) 
Lithium (Li) 
Magnesium (Mg) 
Manganese (Mn) 
Mercury (Hg)

Molybdenum (Mo) 
Neodymium (Nd) 
Nickel (Ni) 
Niobium (Nb)

X ray fluorescence 
Emission- spectrography 
X-ray fluorescence

do 
Emission spectrography

do
do
da

X-ray fluorescence 
Emission? spectrography

Leco gasometric
Gasometri c
&i fference
Emission spectrography

do 
do

A tonne absorption 
Atonric absorption 
EwtssioiT spectrography 
Emission- spectrography

do
do
do
do

X-ray fluorescence 
Emission spectrographic

X-ray fluorescence
Ti tration
Emission spectrographic

do
do
do
do
do

Atomic absorption 
(f tameless) 
Emission spectrography

do
do
do

1975 
Sutton* 1976 
tfahlberg*- 1975

do 
Sutton* 1976

do
do
do

Wahlberg, 1975 
Sutton* 1976

Huffman and Oinnen^ 197d
do
do 

Sutton^ 1976

do 
do

See tex-t 
Unpublished 
Sutton^ 1976 
Sutton/' 1976

do
do
do
do

Wahlberg^ 1975 
Sutton* 1976

Wahlberg^ 1975 

Sutton* 1976

do 
do 
do 
do 
do 

Huffman, 1975

Sutton* 1976 
do 
do 
do



Table

Consti tuent Method Reference

Phosphorus (P)
As P205 

Potassium (K)
As K20
As K

Praesodymium (Pr) 
Samarium CSnr) 
Scandium (Sc) 
Selenium CSe) 
Sili con (Si)

As Si 02
As Si 

SiIver . (Ag)

Sodium (Na) 
Strontium (Sr)

Sulfur CS)
Total
As sulfide 

Terbium (Tb) 
Thorium (Th) 
ThuAiunr (Tnr) 
Tin (Sn) 
Titanium CTi)

As: Ti02
As Ti

Uranium (U) 
Vanadium CV) 
Ytterbium (Yb) 
Yttrium CY)

Zinc (Zn) 
Zi rconium (Zr)

X-ray fluorescence

do 
Emission spectrography

do
da
do 

X-ray fluorescence

do
Emission spectrography 
Atomic absorption 
Emission spectrography

do
do

X ray fluorescence

Emission spectrography 
Neutron activation 
Emission spectrography 
X-ray fluorescence

do
Emission spectrography 
Neutron activation 
Emission spectrography

do
do

do 
do

Wahlberg* 1975

do 
Sutton* T976

do
do
do 

Wahlberg* 1975

do
Sutton* 1976 
Unpubli shed 
Sutton^ 1976

da
do

Wahlberg^ 1975

Sutton* 1976 
Millard^ T975 
Sutton* 1976 
Wahlberg* 1975

do
Sutton* 1976 
Millard^ 1975 
Sutton* 1976

do
do

do 
do

I/ Elements looked for by emission spectrography but not found are listed 
here along with their approximate limits of determination (in ppm):

Arsenic (As) 
Bi smuth (Bi) 
Gold (Au) 
Hafnium (Hf) 
Ho I mi urn (Ho) 
Indium (In) 
Iridium (Ir) 
Lutetium (Lu) 
Osmium (Os)

220
10
4.6

100
10
50
46
10
22

Palladium (Pd) 
Platinum (Pt) 
Rhenium (Re) 
Rhodium (Rh) 
Ruthenium (Ru) 
Tantalum (Ta) 
Thallium (Tl) 
Tungsten (W)

1
10
20
2

10
500

4
46


