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STUDIES RELATED TO WILDERNESS

The Wilderness Act (Public Law 88-577, September 3, 1964) and 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 be submitted to the President and the Congress. This report
presents the results of a geochemical study using a new analytical technique for stream-
sediment samples collected in the Glacier Peak Wilderness and adjacent Roadless Areas
in the Mount Baker-Snoqualmie and Wenatchee National Forests, Chelan, Skagit, and
Snohomish Counties, Washington. The Glacier Peak Wilderness (Forest Service number
NFO031) was established by Public Law 88-577, September 3, 1964. The Glacier Peak
roadless areas (06031) were classified as either further planning or proposed wilderness
during the Second Roadless Area Review and Evaluation (RARE 11) by the U.S. Forest
Service, January 1979.

INTRODUCTION

During the reconnaissance geochemical evaluation of the Glacier Peak Wilderness
and adjacent areas, an aqua-regia leach/inductively Coupled Plasma (ICP) method was
evaluated as a rapid analytical tool for reconnaissance geochemistry. Stream sediments
collected from these areas, for which adequate sample was available, were analyzed and
the results are given in this report. Sample localities are given on the plates in the
reports on the Glacier Peak and Eagle Rock roadless areas (Church and others, 1982a)
and the Glacier Peak study area (Church and others, 1982b). The areal distribution of the
samples analyzed in this study are shown in figure 1.

Previous investigations on the application of ICP analytical techniques to
exploration geochemistry focused on leaching techniques. The USGS geochemical
exploration standards (Allcott and Lakin, 1978), GXR-1-6, and the Canadian Geological
Survey Standards, (Bowman and others, 1979), SO 1-4 were used to evaluate the leaching
approach. Of the three leaching methods studied, that is a leach in oxalic acid (Motooka
and Sutley, 1982), a feach in hot, concentrated nitric acid, and a leach in hot aqua regia
(Church, 1978), the aqua-regia leach was most effective. Analytical recoveries of most
ore metals, when ratioed to the concentrations of the element determined in an HF
digestion of the same aliquat of the GXR standard, show recoveries of 85 percent or
better. By comparison, the lithophile elements, that is, those elements found primarily
in silicate lattices (magnesium, calcium, aluminum, barium, strontium, titanium,
chromium, and so forth), often show recoveries of about 50 percent. Similar recoveries
would be expected for the lithophile elements from stream sediments from this area
because of the high relief, high rainfall (greater than 100 inches/year), and small amount
of weathering of silicate minerals that has occurred. Recovery data for the GXR
samples are summarized in figure 2. Replicate analyses of the standards indicate a
precision of about + 10 percent. Application of the aqua-regia leach technique results in
selective digestion of elements bound in sulfide and oxide phases, as well as those
elements released by weathering and hydromorphic processes. Thus, the chaicophile and
transition metals are enhanced in the analyte at the expense of the metals bound in the
silicate lattices.

ANALYTICAL METHOD

One gram of stream-sediment sample (minus-80 mesh) was weighed on a
top-loading, electronic balance having a weighing precision of + 1 percent (limited by the
two-digit decimal readout of the electronic balance). Samples were transferred to a



precleaned 50 mL pyrex beaker for digestion. The sample was first wetted with 10
percent HCI to react with any carbonate present. Following the completion of this
reaction, 15 mL of aqua regia (1:3; HNOg:HCI, freshly prepared) was added to each
sample. The initial oxidation of the nonsilicate phases present in the sample usually
occurred as a vigorous reaction, often before, or as soon as the sample was placed on the
hot plate. The reaction was contained by quenching with distilled water from a squirt
bottle. This procedure also served to break up the emulsion that formed during this
initial reaction and prevented expulsion of sample that would occur if the reaction were
left unattended. Following the initial oxidation process (the vigorous reaction is
complete after about ten minutes), the sample was moved to a second hotplate at about
80°C. At this temperature, the aqua-regia leach continued to oxidize the sample as the
solution was taken slowly to dryness overnight. The low temperature is necessary to
prevent spattering of the samples during the evaporating process.

The following morning, about 5 mL of 6M HCIl was added to each sample and the
sample was gently heated until the acid soluble residue was dissolvede The acid-soluble
portion was decanted into a pyrex graduated cylinder, and the sample residue was washed
with 6M HCI to give a final volume of 10 + 0.5 mL. A total of three rinses of each
sample residue was made during the sample transfer process. The samples were filtered
through Whatman #41 filter paper that had been equilibrated with a 10-percent HCI
solution. (This solution was brought to 25 mL volume with distilled water.) The final
solution used for analysis was a 20—percent HCI solution (V/V). Samples were processed
in a batch mode, and blanks and check samples (GXR-1-6 standards) were run routinely.
About 60 samples per man-day were processed, and only limited chemical training is
needed.

The sample preparation procedure used here is laborious, however, it is necessary
that the initial sample dissolution step take place at the azeotrope of the acid used to
maintain constant acidity in the final solution analyzed. At the acid concentration used
in this study, the relationship between signal intensity (that is, element concentration)
and acidity (that is, the transport effect curve), has a slope of —0.5 for the concentric
nebulizer (see fig. 2; Church, 1981b). The slope of the transport effect curve (Motooka
and Church, unpublished data) for the Babington nebulizer (Garbarino and Taylor, 1980)
used in this study is nearly identical to that of the concentric nebulizer. At this slope (-
0.5), a2 2-percent error in acidity of the analyte will cause a 1-percent analytical bias
between the unknown and the gravimetric standard solutions. Careful control of the
acidity of the sample solution is necessary to eliminate this source of determinate
error. Filtering the sample was included in the analytical scheme to prevent partial or
complete clogging of the small orifice of the Babington nebulizer. Any change in the
rate of sample delivery to the ICP will introduce a relative error in the analytical results
because the rate of sample delivery is assumed to be a constant in the calibration scheme
(Church, 1981a).

The ICP instrumentation used during this study is a commercially available ICPQ
model-137000 from Applied Research Laboratories (Ajhar and others, 1976). The
instrumental array is given in table 2. Corrections made for spectral interferences were
determined using the procedure described by Church (1981a, 1981b). Analytical results
are calculated in real time by the dedicated DEC PDP 11-04 mini-coumputer that
controls the instrument, and the results are stored on a floppy disk. Following the
analysis of .the samples, the ICP data were transferred from the DEC computer files to
an HP1000 computer via a hardwired RS232 unit (Bigelow, 1982). The data were then
transferred via magnetic tapes from the HP1000 computer to the Multics, 2 Honeywell
computer system, in which a STATPAC binary file was created for use in this system
(VanTrump and Miesch, 1977). All data were rounded to two significant figures.

Analytical results from this study for all elements having either positive or
qualified data are presented in this report and have been corrected for spectral
interferences (table 3). Lower limits of determination are variable, and are dependent



not only on the dilution (that is, the amount of sample leached, for example, 1 g/25 mL)
but also on the magnitude of spectral interferences present in each sample. This
phenomenon is array dependent; the instrumental data and the calculated limit of
determination for an "average" sample from this study are given in table 1. Note that
the limit of determination is a term applied to the lowest value measurable in the sample
whereas the limit of detection is an instrumental parameter measured using pure, single-
element gravimetric standards, free of spectral interference.

Analytical results from the study are presented in table 3. Concentrations present
at values below the limit of detection are indicated by a "less than" carot followed by the
limit of detection for that sample (for example, <10). Qualitative values, that is, those
determined between the limit of detection and the limit of determination, are noted by
an L followed by the value measured. Data on a number of elements are severely limited
by the interferences present on the analytical line used in the instrument (see table 1 for
the instrumental array used). Studies of interferences on instrumental arrays from
several instruments (Church, 1981b) have been made and the results do not differ
significantly from instrument to instrument where the same analytical line is used.
Normally, the uncertainty on the slope term of spectral interferences can be determined
to within + 5 percent (Church, 1981b). The effect of interference corrections on
analytical accuracy, however, is another matter and is shown diagrammatically in
figure 3. Consider the cases shown graphically in figure 3A; when the percentage of the
residual signal decreases, the analytical uncertainty increases dramatically as the
contribution to the raw signal changes. In fact, the percent analytical error is a
hyperbolic function of the percent residual signal as shown in figure 3B. In table 3, the
data that include a 25-percent or less residual signal are only qualitative and are
designated by an L; the data that include a 10-percent or less residual signal are
designated with a M"less than" carot. Data on gold provide a good example of this
problem. Because of the magnitude of the interference correction of manganese on gold,
and because of the large abundance ratio of manganese to gold (<2.5 x 105, Erickson,
1973), the number of gold determinations given in table 3 is small.

The test of the geochemical method described here comes from the interpretation
of geochemical patterns and their relationship to known geochemical anomalies. In
figure 4 we summarize the locations of known deposits in the Glacier Peak study area.
These areas are the hachured patterns shown on the stream drainage base. The stream
drainage base was taken from the Concrete and Wenatchee 1:250,000 topographic maps.
The geochemical signature and deposit type of each of the mineralized areas is given in
table 2. Plots of the geochemical data obtained by this method are presented in figures
5-24. Contour plots were chosen to show the shape and extent of the geochemical
anomalies relative to known deposits. The three contours were chosen to represent the
shape of the highs in the geochemical landscape. The isopleths for each element
represent approximately the 60th, 90th, and 97th percentile of the data for that
element. In the case of molybdenum (Mo), tungsten (W), and lead (Pb), qualified values
were used to define the lower isopleth surfaces. Percentile represented by each isopleth
are given in the figure captions.

Statistical summaries of the data, with the exception of antimony (Sb), bismuth
(Bi), and tin (Sn) are given for this data set in table 4, correlation coefficients are in
table 5, and frequency distributions and histograms for each element are presented in
table 6 (VanTrump and Miesch, 1977). Comparisons of the isopleth values chosen for the
elemental plots should be made with the histograms of the data to determine the portion
of the data that lie above the various isopleths chosen for each element. ’
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Localities of stream-sediment samples digested in aqua regia and analyzed
by ICP methods. Sample numbers and exact locations can be obtained from

the map plates in Church and others (1982a, 1982b). Mineralized areas are
indicated by the hachured pattern (see fig. 4 and table 2).
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Figure 5. Plot of aqua-regia-soluble magnesium (Mg) data from stream sediments.
Isopleths were chosen to approximate the 60th (1 = 7500 ppm), 90th (2 =
10,000 ppm), and 97th (3 = 15,000 ppm) percentiles (see data, table 6).
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Plot of ~aqua-regia-soluble calcium (Ca) data from stream sediments.
Isopleths were chosen to approximate the 50th (1 = 5000 ppm), 6&th (2 = 7500
ppm), and 90th (3 = 10,000 ppm) percentiles (see data, table 6).
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Figure 7.

Plot of aqua-regia—soluble iron (Fe) data from stream sediments. Isopleths
were chosen to approximate the 60th (1 = 2.5 wt. %), 90th (2 = 3.5 st. %),
and 97th (3 = 5.0 wt. %) percentiles (see data, table 6).
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Plot of aqua-regia-soluble titanium (Ti) data from stream sediments.

Isopleths were chosen to approximate the 60th (1 = 1500 ppm), 90th (2 = 2000
ppm), and 97th (3 = 2500 ppm) percentiles (see data, table 6).
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Figure 9.

Plot of aqua-regia-soluble chromium (Cr) data from stream sediments.
Isopleths were chosen to approximate the 60th (1 = 20 ppm), 90th (2 = 50
ppm), and 97th (3 = 100 ppm) percentiles (see data, table 6).
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Isopleths were chosen to approximate the 60th (1 = 300 ppm), 90th (2 = 500

ppm), and 97th (3 = 700 ppm) percentiles (see data, table 6).
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Figure 171.

Plot of aqua-regia-soluble cobalt (Co) data from stream sediments.
Isopleths were chosen to approximate the 60th (1 = 10 ppm), 90th (2 = 20
ppm), and 97th (3 = 30 ppm) percentiles (see data, table 6).
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Figure 12. Plot of aqua-regia-soluble nickel (Ni) data from stream sediments.
Isopleths were chosen to approximate the 75th (1 = 30 ppm), 90th (2 = 50
ppm), and 97th (3 = 100 ppm) percentiles (see data, table 6).
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Plot of aqua-regia-soluble copper (Cu) data from stream sediments.
Isopleths were chosen to approximate the 75th (1 = 30 ppm), 90th (2 = 50 1
ppm), and 97th (3 = 100 ppm) percentiles (see data, table 6).
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Plot of aqua-regia—soluble zinc (Zn) data from stream sediments. Isopleths
were chosen to approximate the 50th (1 = 50 ppm), 85th (2 = 75 ppm), and
95th (3 =100 ppm) percentiles (see data, table 6).
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Figure 15.

48°00'

Plot of aqua-regia—soluble molybdenum (Mo) data from stream sediments.
Isopleths were chosen to approximate the 60th (1 =1 ppm, qualified data),
90th (2 = 2 ppm), and 97th (3 = 5 ppm) percentiles (see data, table 6).
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Figure 16.

48°00'

Plot of aqua-regia-soluble tungsten (W) data from stream

sediments.

Isopleths were chosen to approximate the 75th (1 = 5ppm), 90th (2 = 7

ppm), and 97th (3 = 10 ppm) percentiles (see data, table 6).
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Plot of aqua-regia-solubie lead (Pb) data from stream sediments. Isopleths

Figure 17.
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were chosen to approximate the 85th (1

20 ppm) percentiles (see data, table 6).
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Figure 18.

48°00"

Plot of aqua-regia-soluble arsenic (As) data from stream sediments.
Isopleths were chosen to approximate the 75th (1 = 20 ppm), 90th (2 = 40
ppm), and 97th (3 = 100 ppm) percentiles (see data, table 6).
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Figure 109.
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Plot of aqua-regia-soluble strontium (Sr) data from stream sediments.
Isopleths were chosen to approximate the 75th (1 = 30 ppm), 90th (2 = 50
ppm), and 97th (3 = 70 ppm) percentiles (see data, table 6).
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sediments.

75 ppm), 90th (2 = 150

stream
ppm), and 97th (3 = 200 ppm) percentiles (see data, table 6).

Plot of aqua-regia-soluble barium (Ba) data from

Isopleths were chosen to approximate the 60th (1

Figure 20.
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Figure 21.

48°00'

Plot of aqua-regia-soluble lanthanum (La) data from stream sediments.
Isopleths were chosen to approximate the 60th (1 = 5 ppm), 90th (2 = 7.5
ppm), and 97th (3 = 10 ppm) percentiles (see data, table 6).
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‘Plot of aqua-regia—soluble cerium (Ce) data from stream sediments.

Figure 22.

S ppm), 90th (2 =10

ppm), and 97th (3 = 15 ppm) percentiles (see data, table 6).

Isopleths were chosen to approximate the 60th (1
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yttium (Y) data from stream sediments.
Isopleths were chosen to approximate the 75th (1 = 1 ppm), 90th (2 = 3
ppm), and 98th (3 = 5 ppm) percentiles (see data, table 6).

Figure 23. Plot of aqua-regia-soluble
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Figure 24,

[=)
%
v
Plot of aqua-regia-soluble phosphorous (P) data from stream sediments.

Isopleths were chosen to approximate the 60th (1 = 750 ppm), 90th (2 = 1500
ppm), and 98th (3 = 2000 ppm) percentiles (see data, table 6).
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Table 1.—ICP-137100 instrumental array, sensitivities for elements, and limits of
determination of elements reported in this study

Element Wavelength LQD1 Lower limit of determination2
(nm) (ug/mL) (ng/g)
Mg 279.0 0.200 5.0
Ca 422.7 .030 0.75
Fe 259.9 .025 6.1
Ti 334.9 .001 1.6
Al 396.1 052 1.5
\% 311.0 012 0.3
Cr 283.5 010 3.6
Mn 257.9 .002 1.0
Co 345.3 .100 6.0
Ni 231.6 .050 3.0
Cu 324.7 .007 4
Zn 202.5 015 4
Mo 287.1 .031 2.0
w 239.7 130 8.5
Cd 226.5 .010 .75
Ag 328.0 015 .60
“Au 242.8 .050 - - .. 3.0
Pb 220.3 150 : 10.0
As 193.7 75 : 20.0
Sb 217.5 .250 20.0
Bi 306.7 400 30.0
Sn 189.9 .130 6.0
B 249.8 .007 1.3
Be 313.0 .001 0.05
Sr 407.7 .0003 0.01
Ba 455.4 .008 0.2
La 398.8 018 1.0
Ce 418.6 072 4.5
Y 371.0 .002 0.1
Nb 309.4 .013 0.8
P 213.6 .300 10.0

1Lowest quantitative determinable concentration is defined as that concentration of the

element that will give a net signal equal to approximately 10 times the standard
deviation of the background. The values given are those determined for the voltage
biases and calibration used in this study.

2The lower limit of determination is the LQD times the dilution factor. For this study,
one gram of sample was leached and the final solution diluted to 25 mL. Uncertainties
due to interference corrections are also included for the level of uncertainty and
concentrations found in an average sample. Empirical data have been used to evaluate
the accuracy of the values given. Higher limits of determination are encountered when

different dilution factors are used.
29
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