DEPARTMENT OF THE INTERIOR
UNITED STATES GEOLOGICAL SURVEY

Analytical results for stream sediments and panned concentrates
from stream sediments collected from the Monte Cristo and

Eagle Rocks study areas, Washington

By

S. E. Church, E. L. Mosier, J. G. Frisken,
B. F._Arbogast and C. M. McDougal
Open-File Report 82-303
1982

This report is preliminary and has not been edited or reviewed
for conformity with U.S. Geological Survey editorial standards.
Any use of trade names is for descriptive purposes only and
does not imply endorsement by the USGS.



Contents

the Monte Cristo-Eagle Rocks study areas, Washington---------

Page
Introduction=====-me e m oo e e e 1
Field Methods========= oo e e 1
Sample Preparation---—-=== s oo e e 1
Analytical MethodsS-=====-= s oo o e 2
DiSCUSSTON= === === m e e e e e e e o 2
References Cited--==-=em oo oo e e e - 4
I1Tustrations
PTate 1. Map showing sample localities, Monte Cristo and
Eagle Rocks study areas, Washington---------ceceee-—- In pocket
Tables
Table 1.--Summary of analytical methods used on samples from
StUdY Ar@a=--=—=—======= === e mm oo 5
2.--Analytical data for stream sediments from the
Monte Cristo-Eagle Rocks study areas, Washington------------- 6
3.--Analytical data for panned concentrates from
stream sediments from the Monte Cristo-Eagle Rocks
study areas, Washington------eecemmmm oo 17
4,--Mineralogy of some panned concentrate samples from
the Monte Cristo-Eagle Rocks study areas, Washington--------- 20
5.--Fisher K statistics on analytical data from
stream sediments from the Monte Cristo-Eagle Rocks
study areas, Washington-=-====eeoeom oo 21
6.--Frequency tables and histograms of analytical data
from stream sediments from the Monte Cristo-Eagle Rocks
study areas, Washington-=--=--ooommm oo - 22
7.--Correlation coefficients for analytical data from
stream sediments from the Monte Cristo-Eagle Rocks
study areas, Washington-----===-e--mmmmmom oo 49
8.--Fisher K statistics for analytical data from panned
concentrates from stream sediments from the
Monte Cristo-Eagle Rocks study areas, Washington---------oo-- 53
9.--Frequency tables and histograms of analytical data
from panned concentrates from stream sediments
from the Monte Cristo-Eagle Rocks study areas, Washington---- 54
10.--Correlation coefficients for analytical data from
panned concentrates from stream sediments, from 80



Studies Related to Wilderness

The Wilderness Act (Public Law 88-577, September 3, 1964) and the related
acts require the U.S. Geological Survey and the U.S. Bureau of Mines to survey
certain areas on Federal lands to determine their mineral resource
potential. Results must be made available to the public and submitted to the
President and the Congress. This report presents the results of a geochemical
reconnaissance survey of the Monte Cristo and Eagle Rocks Roadless Areas in
the Mt. Baker and Snoqualmie National Forests, Snohomish and King Counties,
Washington. The Monte Cristo and Eagle Rocks Roadless Areas were classified
as further planning areas during the Second Roadless Area Review and
Evaluation (RARE II) by the U.S. Forest Service, January 1979.

Introduction

During the 1978 field season, samples were collected primarily from the
Eagle Rocks area by R. W. Tabor and assistants. Samples collected during that
field season are denoted by a leading GX in tables 2 and 3. Additional
samples collected in the Monte Cristo area in the 1979 and 1980 field season
by R. W. Tabor and assistants are denoted in the data tables by a leading G or
trailing GX. Samples collected during the 1979-1980 field season by
S. E. Church and assistants are denoted by a leading GP. A total of 229
stream sediments and 55 panned concentrates from stream sediments were
collected and analyzed. Plate 1 shows the sample localities in the study
area. No field numbers are shown for the panned concentrate samples. Leading
and trailing letters have been dropped from the field numbers shown on the map
for clarity.

Field Methods

Stream-sediment samples were collected from active_streams, or across
active stream channels, draining areas as large as 8 km2. As the annual
precipitation in the area exceeds 254 cm per year, few streams were not
flowing. Sediment samples were sieved through a 2 mm stainless-steel screen
at the sample site and a 10cm x 15cm cloth bag filled with the sieved
sediment. The samples were air dried.

Concentrate samples were also taken from larger drainages. A 35-cm-
diameter gold pan was filled with sediment sieved through a 2 mm stainless-
steel screen and panned at the site. The heavy-mineral concentrate was
transferred to a paper sample bag and oven dried at 105°C for several hours.

Sample Preparation

Stream-sediment samples were sieved through a 177 um stainless-steel
sieve and the -177 um fraction (-80 mesh) was ground for analysis. A 30 mesh
stainless-steel screen was used to sieve the panned concentrates, and the
-590 um concentrate was retained for further separation. The magnetic
fraction of the panned concentrate was removed using an electromagnet, and the
Tow-density fraction (specific gravity <2.8) was separated from the heavy-
mineral fraction by floatation in bromoform. A final magnetic separation of
the heavy-mineral fraction was made on a Frantz isodynamic separator at a
setting of 0.6 amp with a forward slope of 25° and a side siope of 15°. \Under
these conditions, a nonmagnetic heavy-mineral fraction is separated from a
more magnetic fraction. The magnetic fraction included many rock fragments
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and most of the mafic silicates. Mineralogically, the nonmagnetic fraction
contains sulfides, nonmagnetic oxides, apatite, sphene, zircon, and minor
trace minerals. This nonmagnetic fraction was hand ground in an agate mortar
under acetone for analysis.

Prior to analysis of the nonmagnetic fraction from the panned concentrate
samples collected during the 1980 field season, mineralogical examinations
were performed under a binocular microscope. These data are given in
table 4. The recognized mineralogy of the nonmagnetic fraction, that is, of
the fraction analyzed to give the results shown in table 3, is given in table
4. 0f the panned-concentrate samples systematically examined for mineralogy,
only sample GP3029 comes from a drainage basin where mining activity has
occurred. Sulfide minerals, including arsenopyrite, were seen in this sample
and probably represent a contribution from the mine dumps. Three other
samples that contain both sulfides and(or) scheelite are from drainages on the
northeast side of Sloan Peak where there is no evidence of previous mining
activity.

Analytical Methods

The methods used in this study are given by element in table 1.
Analytical results for stream sediments are presented in table 2 and
analytical results for the panned-concentrate from stream sediments are given
in table 3. Elements for which only a few data were reported are not included
in the data tables.

Spectrographic results were obtained by visual comparison of spectra
derived from the unknown against spectra obtained from standards made from
pure oxides or carbonates (Grimes and Marranzino, 1968). Standard concen-
trations are geometrically spaced over any given order of magnitude of
concentration and are prepared in such a way that the range of concentrations
normally found in nationally occurring samples are bracketted. When
comparisons are made with sample films for semiquantitative use, reported
values are rounded to 100, 50, 20, 10, and so forth. Those samples whose
concentrations are estimated to fall between the above values are arbitrarily
given values of 70, 30, 15, 7, and so forth. The precision of the method is
approximately plus or minus one reporting unit at the 83 percent confidence
level and plus or minus two reporting units at the 96 percent confidence level
(Motooka and Grimes, 1976). Values determined for the major elements
(magnesium, calcium, iron, and titanium) are given in weight percent; all
others are given in parts per million (micrograms/gram).

Discussion

A11 analytical results, sample descriptions, and locations have been
entered into a computerized rock analysis storage system (RASS) used by the
U.S. Geological Survey. The data for stream sediments and panned concentrates
have been processed using computer programs in a statistical package (STATPAC)
to provide the histograms and statistical distribution data given for each
sample medium in tables 5 and 10. Histograms and statistical data given are
derived only from unqualified data contained in the data set. Log transforms
of the data set were used to prepare the histograms and the correlation-
coefficient tables.



Results from the stream-sediment survey may be interpreted to show a
bimodal occurrence for calcium, manganese, nickel, boron, and Tanthanum, which
reflect the different 1ithologic units present in the area (Tabor and others,
1981). In addition, copper, arsenic, and perhaps gold show positively skewed
distributions with sporadic high values. Comparison of the distribution of
these highs with mining activity as indicated by the presence of adits and
prospect pits suggests that these high values are a reflection of the mining
processes (Spurr, 1901). The remaining elements show essentially log normal
distributions with median values for many elements that are less than the
crustal averages of Lee and Yao (1970). Zinc, lead, arsenic, and copper have
mean or censored mean values that are greater than the average crustal
abundance and reflect the mineralization of the Monte Cristo mining district.

Chemical results from the panned concentrates from stream sediments
collected from the area are more difficult to interpret in the absence of a
systematic study of the mineralogy. Bimodal populations are suggested for
iron, manganese, chromium, cobalt, copper, molybdenum, lead, tungsten, silver,
zinc, arsenic, and mercury, and highly skewed distributions are seen for
manganese, titanium, and barium, which may also reflect mineralization. The
1ithophile elements generally show several modes that are interpreted to
reflect the mineralogy of the source lithologies.

Correlation coefficients have been examined for relationships that would
reflect mineralization. Only those correlations that are significant at the
95 percent confidence level as indicated by the Z statistic (Hoffman and
others, 1979) have been included in the analysis. The suites of elements that
may reflect mineralization are: copper, molybdenum, tungsten, gold, lead,
zinc, and silver; and iron, manganese, cobalt, copper, nickel, and arsenic.
The first suite of elements is the common porphyry copper suite associated
with mineralization found in the Canadian cordillera (Pilcher and McDougall,
1976). The second suite reflects the high arsenopyrite occurrence associated
with the mineralization of the Monte Cristo district (Spurr, 1901).

Associations found in the 1ithophile elements reflect the mineralogy of
the tourmaline-bearing garnet gneiss unit on the east side of the study area
(Tabor and others, 1981) and granodiorite association of the Index and Grotto
batholiths, which underlie the mining districts in the Eagle Rocks and Monte
Cristo study areas. In addition, localized ultramafic pods also have a
distinctive signature of iron, chromium, cobalt, and nickel which is shown in
the correlation-coefficient analysis.
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Table 1. Summary of analytical methods used on samples from the study erea

[The following qualifiers are used in reporting the spectrographic data: --, no determinstion made;

N, concentration less than the detection 1imit; L, detected, but present at & concentration less than
the vatue reported; G, element present at a concentration greater than the upper calibration 1imit; and H,
interfering spectra render analytical lines unusable.]

Column Sediment Concentrate Detection Detection
designation Analysts sample sample Jimit timit Anatytical method Reference
weight (g)  weight {g) {sediments)  (concentrates)
S-Mg% Mosier/Cooley 0.010 0.005 19,02 19.08 D.C. arc/spectrographic analysis Grimes and Marranzino {1968).
s-Coty - .010 .005 1.0 1o
S-Fey .010 .005 Yo.05 10
S-Ti% .010 .005 1p.002 Loos  coeeemeeeee- S T
S-Mn S 1 . .010 .005 210 220 e [ T
S-v ===-Do----nnuen .010 .005 10 {0 it L e L
§-Cr R .010 .00% 10 20
S-N{ 010 .005 5 10
$-Co -e-DO-c-c-cnee .010 .005 $ 10
S-Cu B L R .010 .005 5 10
S-Mo -e=2DO-enenman .010 .005 § 10 aeeeeas Do-------- -
AA-Mo-P Arbogast .2 .2 1 1 K25207 fusion/leach with H3P04--HZDZ/
extract into MIBK3-aliquat 336
solution/atomic absorption
analysis using N0 Unpublished procedure.
CM-N-P cemaDOrereenann .4 .4 1 1 K,5,0, fuston/leach with 1D N HCI/
transfer to 20 percent Sn(11)/add
dithiol solution/extract into Modified from Quinn and
heptane/colorimetric determination Brooks (1972).
S-Sn Mosier/Cooley .01D .005 10 20 D.C. arc/spectrographic analysis Grimes and Marranzino (1968).
S-Bi wem=DOe-cccenen .010 .005 10 20 0 eeeemeeeeed Do-- .- Do
A-Ay-P Arbogast/Romans  1.0-10.0 - 4(0.5-0.05) -- 3uBr+8r? digestion/extract into Ward and others (1969).
MIBK/atomic absorption analysis
Frisken 10.0 - .002 -- 3uBr+BrZ digestion/extract into
MIBK/flameiess atomic absorption
analysis Meler (1980).
S-Pb Mosier/Cooley .010 .005 10 20 D.C. arc/spectrographic analysis Grimes and Marranzino (1968).
S-Ag cmaaDOememmenan .010 .005 .5 1
AA-In-P Sharkey 1.0 -~ 5 -- HNO; digestion/atomic absorntion Ward and others (1969).
analysis
S-As Mosier/Cooley .010 .00% 200 500 D.C. arc/spectrographic analysis Grimes and Marranzino (1968).
S-Sb N7 SR .010 .005 100 200 eeeeceeceeen DOmnrmmmmemmmmmmamees emacemeacea- DOm-ammmmmmem e
INST-Hg Frisken -- .10 -- .02 Volatile extraction/atomic Modified from Vaughn and
absorption analysis McCarthy (1964),
s-B Mosier/Cooley .010 .005 10 20 D.C. arc/spectrographic analysis Grimes and Marranzino (1968).
S-Be .010 .008 1 H
S-Sr .0lo0 .005 100 200
S-Ba .010 .005 20 50
S-La .010 .005 20 50
S-y .010 .005 10 20
S-Ir 010 .005 10 20

lle!ght percent.
2parts per milifon.

3MIBK 15 methyl {sobutyl ketone.

'Yhe 1imit of detection is dependent on the weight of the sample availabie. The usefulness of data from samples determined by this method is therefore

sample limited.
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FREQUENCY TA3LE Fok VARIABLE

17 (AA-AU-p )

LOG LIMITS ous
LOMER - UPPER FREQ

N 154

L ?

T o]

=2.750£+00 - ~da583L+00 1
=2,583c400 - =2 4176400 1
=2 41 7E4Y0 - ~24250L+00 1
=2,25C:400 - =2, U83E+U0 3
=2.083:+00 - ~1.9176+00 4
=1.917:400 - =1.750E+00 ¢
17508400 - =1.583€+00 1
=1.5838400 - ~1,4178400 ¢
=1.47178400 -~ ~1,2500+00 4
=1.25Ce+00 - =1.033¢+00 0
~1.083€+400 - =9.167e-01 11
=9.167€E-01 - =7.50UE-01 3
=7.500e-01 - =5.833¢-01 5
=5.833¢-01 - ~4.1678-01 [
“6.167¢-01 - ~2,.5006-01 3
=2.5006~01 - ~8.333¢-0¢ 1
=8.333¢-02 - 8.334e~y2 0
84334E~02 -  2,5008-01 1
2.500E~01 - 4a187E~01 0
4.1676-01 - 5.8336-01 0
5.8336-01 - 7. 50UE-01 0
7.4500E~C1 - §,167¢-01 0
9.167-01 ~ 1. 033€+00 g
1.0835400 - 1,250e+00 0
12506400 = 1.4178+400 ¢
1.617€400 - 1.583C+00 0
1.583e+00 =~ 1.750€+00 0
1.750£+00 - 1.9170+00 0
1a917E400 - 2.083£+00 1
6 0

H 0

8 23

TOTALS LESS « AND B 207

HISTOGRAY FyRr VARTAGLE
MIDPOINTS ARE EXPRES

2.154E-23
3.162E~-03
6.642E-03
6.813E~03 x
1.000E~02 xx
1.468L-02
2.154E~92
3.1628-02
4.642E-02 xx
6.8136-02
1.000E~01 £xxxx
1.468€-01 x
2.154E~01 xx
3.1028~01 xxx
be642E-01 4
6.8136~351

1. 000E+00
TeboB8E+00Q
2.154£+00
3.162€40¢0
G.662E+0C
6.813E+9y
1.000E+01
1.668E+01
2.154E+ 01
3.102¢6 411
bob62L 1)1
6.8136+01
1.000E+uy2

Cun
FREQ

154
161
161
162
163
164
167
171
171
172
172
176
176
187
190
195
201
204
205
205
206
206
206
206
206
206
206
206
206
206
206
207
207
207
230

17 (AA-Ay~p )
SED AS ANTILOGS

PERCENT
FREQ

74,4y
3.38
0.00
0.48
0.48
0.48
1.45
1.93
0.00
0.48
0.0¢
1.93
0.00
S.o1
1,45
2.42
2490
1465
0.48
0.00
0.48
0.00
0.00
Q.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.48
0.00

PERCENT
CUM FREQ

74,40
77,78
77.78
78,26
78,74
79,23
80.68
82.61
32.61
83,09
83.09
85.02
85.02
90.3¢
91.79
94,20
97.10
98.55
99.03
99.03
99.52
99.52
99.52
99.52
99.52
99.52
99.52
99.52
99.52
99.52
99.52
100.00
100.00

THE FOLLOWING STATISTICS AR

MINIMUM ANTILOG
MAXIMUM ANTILO0G
GEOMETRIC MEAN

GEOME TRIC DEVIATION

VARIANCE OF.LQGS

THIOR FREQ
(NORMAL DIST)

6.150E~02
1.627€-01
4.,964E-01
1.325E+400
3.U93E+0U
6.316E+00
T.128E+01
Te703E+01
2.410E401
2.882¢+01
3.015€+01
2.7598+01
2.209€+01
1.547E+01
9.474 E+00
5.077e+00
2.380€+00
$.757&-u1
3.499€-01
1.098e-01
3.013€-02
0.000€e+00
0.000€+00
0.000€E+00
C.000E+00
0.000E+0Q
C.000€+00
L.000€E+00
0.000¢€+00
9.082e-03

2.070E+02

2.00000€-03
$.5u000€+01
8.97149E-02
0.63403E+00
6.75318€~01

nononon oy

36

6,212E4+05
L.309€E+00
5.109€-01
7.9656~-02
2,796E~03
8.4956-01
1.128t401
1.569E+01
2.610E+01
2.138E+01
3.015€e+01
9.977E+00
1.649E401
7.083£+00
1.274E+00
8.496€-01
7.999€~01
9.757E~01
1.208E+00
1.098e~01
3.013e~02
0.000e+00
0.000€+00
0.000E+00
0.000E+00
0.000€+00
0.000€+00
0.000€+00
0.0G00E+00
1.081€+02

4.214€405

E COMPUTED FOR THE UNWUALIFIED VALUES ONLY

(THEOR FREQ =- 0BS FREQ) *#2/THEOR F REQ
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