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STUDIES RELATED TO WILDERNESS

The Wilderness Act (Public Law 88-577, September, 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 survey of the Goat Rocks Wilderness and adjacent roadless areas in
the Gifford Pinchot and Snoqualmie National Forests, Lewis and Yakima
Counties, Washington. The Goat Rocks Wilderness (NF032) was established by
Public Law 88-577, September, 1964. The Goat Rocks Roadless Areas (06036)
were classified as Further Planning areas during the Second Roadless Area
Review and Evaluation (RARE II) by the U.S. Forest Service, January 1979.
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INTRODUCTION

The Goat Rocks Wilderness (NF032) and adjacent Roadless areas (06036A, C,
and D) straddle the crest of the Cascade Mountains in southern Washington.

The study areas, located between Mt. Rainier and Mt. Adams, cover 107,920
acres of rugged mountainous terrain. Elevations range from 2,930 ft. (893 m)
to 8,184 ft. (2,494 m) at Gilbert Peak. Much of the area is above timberline,
but the stream drainages are heavily forested, especially on the west side of
the Cascade Mountains. There is also a dense undergrowth of Tow deciduous
brush in the drainages. There is good access to the study area by unpaved
roads from U.S. Highway 12 (see figure 1), and there is a good system of
trails in the study areas maintained by the U.S. Forest Service, including the
Pacific Crest National Scenic Trail, which parallels the crest of the Cascade
Range.

The Yakima Indian Reservation borders the study area on the southeast
side and is closed to the general public. Although it is a general practice
to extend our studies slightly outside the boundaries of the study area in
order to adequately sample the terrain, no samples were taken inside the
Yakima Indian Reservation.

Stream-sediment, water, and some of the rock samples were collected in
July, 1981, by S. E. Church, J. G. Frisken, W. M. Kemp and R. S. Werschky.

The remaining rock samples were collected by D. A. Swanson and G. A. Clayton
during the course of the geologic mapping. Stream-sediments constituted the
primary sample medium utilized in the study, although this data base was
supplemented by data from rock samples representing specific geologic units
mapped with the study area, from waters taken from streams within the
drainages, and from panned concentrates from stream sediments. Sample
localities are shown in plate 1.

A special sampling problem was encountered in the Goat Rocks study area
because of the heavy blanket of pyroclastic and air-fall volcanic deposits
that cover the area as a result of the May 18, 1980 eruption of Mount St.
Helens. The thickness of these deposits in the study areas is shown in Figure
2 (data from Figure 355, Waitt and Dzurisin, 1981, p. 604). Descriptions of
these deposits can be found in Waitt and Dzurisin (1981) and in Sarna-Wojcicki
and others (1981a). The thickness of the volcanic deposits in the study area
ranged from about 5 cm at the southwest corner to less than 1 cm on the
northeast corner on the east side of the Cascade Range crest. Erosional
processes have concentrated these deposits in the stream drainages. We
conducted several experiments in the study area in an attempt to evaluate and
to reduce the dilution effect caused by the presence of the volcanic debris in
the stream-sediment samples. The results of these experiments are discussed
in a later section of this report.

FIELD METHODS

Stream-sediment samples were collected from all active streams draining
areas of 5-10 km~, w}th the exception of one sample that represents a drainage
basin of about 20 km“. The sediment samples are composites collected from
several sites within the streambed, usually within a distance of 100 ft. The
samples were sieved to pass a 10-mesh stainless steel screen (2 mm) and
air-dried; 141 stream-sediment sites were sampled. An ash sample was also
collected in the study area (GR1016A) and was treated as if it were a
stream-sediment sample. In addition, an ash sample from the May 18, 1980
eruption, collected on June 16, 1980, by Carolyn Driedger and Jerry Kendall



from a picnic table near Takhlakh Lake, about 10 miles southwest of the study
area (see figure 2), has also been studied to evaluate the sampling problem
caused by the presence of the volcanic deposits.

Panned concentrates from stream sediments were taken from about 2/3 of
the sites (91); generally, they were taken from the larger drainages within
the study area. The concentrate was panned in the field and air dried.

Water samples were collected from the streams at all sites as well as
from some lakes over a five-day period. Two water samples were taken at each
site. A 250 mL sample was taken for the determination of anion concentrations
and pH. This sample was collected in a 250 mL, polypropylene bottle, and the
pH was determined with a Fisher model 107 pH meter within 24 hours of
collection in the field. A1l the samples had pH values within one pH unit of
7.0. A second water sample was filtered through a 0.4 micron filter into a 50
mL, polypropylene bottle that had been previously soaked in 1.0 N nitric acid
for 24 hours or longer before use. This sample was acidified with 4 drops
(approximately 0.1 mL) of concentrated, high purity nitric acid immediately
following collection in the field.

SAMPLE PREPARATION

The stream-sediment samples from the study area were sieved in the
laboratory and three sample splits for each site were prepared: Sample A,
minus-80 mesh (<177 microns); sample B, minus-30 mesh to plus-80 mesh (>177
microns but <590 microns); sample C, minus-10 mesh to plus-30 mesh (>590
microns but <2000 microns). These three stream-sediment data sets will be
referred to as stream-sediment data sets A, B, and C in the text. A 30-mesh
(590 microns) stainless steel screen was used to sieve the panned concentrate
from stream-sediment samples and the minus-30-mesh fraction was retained for
further separation. The most magnetic fraction was removed using an
electromagnet. - This fraction contained magnetite and rock fragments having a
high magnetite content. This fraction was discarded. The low-density
fraction (specific gravity <2.8) was separated from the heavy-mineral fraction
by flotation in bromoform and was discarded. A final magnetic separation of
the heavy-mineral fraction was made on the Frantz isodynamic separator at a
setting of 0.6 amperes with a forward slope of 25° and a side slope of 15°.
Under these conditions, a nonmagnetic, heavy-mineral fraction is separated
from a more magnetic fraction. The magnetic fraction included many rock
fragments and most of the more magnesian mafic silicates. Mineralogically,
the nonmagnetic fraction contains the high-specific gravity rock-forming
accessory minerals such as apatite, zircon, rutile and sphene, in addition to
minerals possibly indicative of mineralization such as epidote, tourmaline,
fluorite, barite, scheelite, and the sulfide minerals. The heavy-mineral
separations for the samples were incomplete and a substantial component of
feldspar remained in the nonmagnetic, heavy-mineral fraction resulting in a
dilution of the geochemical results from this sample medium. Following
mineralogical examination of the nonmagnetic, heavy-mineral fraction, the
sam?1es were ground under acetone in an agate mortar prior to spectrographic
analysis.

Mineralogical examinations and estimates of the volume percent of the
total nonmagnetic, heavy-mineral fraction of the panned concentrates were
performed visually using a binocular microscope. Minerals not readily
recognized were identified using X-ray diffraction. The visual mineralogical
identifications should be considered tentative because rigorous X-ray
techniques were not applied to all samples.



Rock samples were crushed and then ground to about minus-200 mesh
(74 micron) prior to analysis.

No further sample preparation work was done on the water samples prior to
analysis.

ANALYTICAL METHODS

The analytical Timits of detection for spectrographic analysis of stream
sediments, rocks, and panned concentrates of stream sediments are given in
table 1. Analytical limits for the determinations made from aqua regia
leaches of the samples using ICP (Inductively Coupled Plasma) methods are
summarized in table 2. Additional studies and discussions of ICP methods are
given in Church (1978; 1979; 198la; Church and others, 1982) and a complete
discussion of spectral interference corrections is given in Church (1981b).
Analytical methods and 1imits of detection for waters are given in table 3 and
discussions of the use of these data are given by Miller and Ficklin, (1976).

Emission spectrographic results obtained from rocks, ores, stream
sediments, and panned concentrates from stream sediments are obtained by
visual comparison of spectra derived from the unknown sample against spectra
determined from standards made from pure oxides or carbonates using a d.c.
(direct current) arc emission spectrographic method (Grimes and Marranzino,
1968). Standard concentrations 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 naturally occurring samples are bracketed.
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).

A complete semiquantitative 3l-element set of spectrographic
determinations was made for all samples analyzed. Only those elements
detected are reported in the data tables, but the analytical data from all
elements are summarized in the Fisher-K statistical tables for each data set
(VanTrump and Miesch, 1977). Interpretation of the means, variance, skewness,
and kurtosis of data sets which are 30 percent or more censored must be made
with caution. Methods for estimating the means of censored populations are
available; the applications of these methods are left to the reader.

Analytical results from ICP methods are obtained by comparison with
gravimetric standard solutions and are accurate to + 1-3% at levels 10 times
the Timit of detection if no significant interference is present. For further
discussions of the calibration, matrix effects and analytical error caused by
spectral interferences, see Church (1981b).

Analytical results obtained from the water samples are made by comparison
of measured intensities against linear curves defined by gravimetric standard.
Metal concentrations were determined using flameless atomic absorption methods
whereas fluoride, nitrate, chloride, and sulphate were determined by ion
chromatography. For further discussion of the analytical methods used for the
water samples, see Miller and Ficklin (1976) and Smee and Hall (1978).

The analytical data presented below are arranged by sample type and by
analytical method. Statistical treatments of the data will also be presented



following the analytical data tables, but the discussion and interpretation of
these summaries will be presented in a separate report. Tables 4 through 11
present the analytical data and statistical treatments of the stream-sediment
data. Tables 12 through 15 present analytical data, mineralogy, and
statistical summaries of the data from the nonmagnetic, heavy-mineral fraction
from panned concentrates. In table 15, the columns Pyroxene/Amphibole
(Px/Amph), Rock Fragments (Rk. Frag), Realgar/Cinnabar (Real/Cin), and
Scheelite (Schelite) were abbreviated for ease of handling in the computer.
Tables 16-18 contain the data from the water samples. The results from the
various studies of the volcanic ash samples are presented in tables 19 and

20. Finally, analytical and statistical results from both altered and fresh
rock samples are given in tables 21 to 30.

Distributions of selected metals in the stream sediment, panned
concentrates from stream sediments, and water samples are shown in figures
3-35 and 39-44. Mineralogy of the nonmagnetic, heavy-mineral fraction from
panned concentrates from stream sediments are shown in figures 36-38. These
plots are computer generated with a separate symbol used for each
spectrographic reporting interval or for each class of data defined by the
histograms. Specific details for each plot are given in the figure captions.

Analytical results, sample descriptions, and locations have been entered
into a computerized rock storage system (RASS) used by the U.S. Geological
Survey. The data have been processed using computer programs in a statistical
package (STATPAC, VanTrump and Miesch, 1977) to provide statistical summaries
and histograms of observed elemental abundances. All raw analytical data for
each data set are summarized in the Fisher-K data tables. Log transforms were
made of all unqualified values in the data sets to prepare the histograms and
the correlation coefficient tables of analytical values. Mineralogical
abundances (table 13) are defined on a geometric scale. Only those
correlations that are significant at the 95-percent confidence level, as
indicated by the Z-statistic, have been included in defining geochemical
coherence patterns in these data sets; a minimum of 10% of the total number of
samples analysed must be included in paired data sets in the correlation
tables before the correlation can be considered part of a plausible
geochemical signature.

DISCUSSION OF THE VOLCANIC ASH PROBLEM

Approximately 2 ft3 of St. Helens ash sample collected from near Lake
Takhlakh was split into 10 equal fractions and two fractions were analyzed
(EKRO90 & EKR091). The remaining eight fractions were recombined and panned
to produce the remaining samples. Sample EKR0O92 is the pumice fraction from
the separation. Sample EKR093 is a light colored fraction; sample EKR094 is a
dark colored, more dense fraction. EKR095 is the nonmagnetic, heavy-mineral
fraction of the panned concentrate. This sample contained predominately
fine-grained pyrite. Spectrographic data (table 19, data set 1), indicate no
measurable difference between the first five samples. Trace element
compositions of ash as reported here agree favorably with those reported
earlier from the Yakima/Tieton area (Taylor and Lichte, 1980; Fruchter and
others, 1980; Hoblitt and others, 1981; Sarna-Wojcicki and others, 1981b).
Several metals of interest to geochemical exploration are reported from
unconcentrated ash samples in Taylor and Lichte (1980); all occur at one part
per million or less (table 3, p. 951). Concentration levels of trace elements
present in the ash are insufficient to cause anomalies in the stream-sediment
medium represented by the spectrographic results in tables 4-6.
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Secondly, the ash samples (table 19, data set 2) were also analyzed using
the aqua regia leach/ICP technique described above. Concentrations obtained
from these experiments fall below the 25th percentile for all elements except
for strontium (see table 11).

Examination of the spectrographic values determined for the nonmagnetic
concentrate obtained from the ash indicates a potential for contamination of
concentrate samples collected in the Goat Rocks area if these samples were
dominantly composed of ash concentrate. This is due to the relatively high
analytical values for iron, manganese, cobalt, copper, chromium, and nickel
(two to ten times the corresponding values in the unconcentrated ash). A
strong statistical correlation does occur between the pyrite in the Goat Rocks
samples and iron, cobalt, copper, and nickel but visual examination of the few
concentrates that contain more than 50% pyrite shows that the source of most
of the pyrite is not the ash. This is indicated by the pyrite being coarser
grained, more oxidized, enclosed in rock fragments, or stalactitic in form.
Although some ash concentrate is no doubt incorporated in all of the Goat
Rocks concentrates, it appears that geochemical anomalies in the Goat Rocks
area are not attributable to this source.

Finally, the two bulk ash samples (ERK090 & EKR091) were leached with
warm (60°C) distilled water (solution A), in an acidic solution buffered with
sodium acetate and acetic acid, and acidified with hydrochloric acid to a pH
of 2.5 (solution B), and in a second buffered solution that was acidified with
sulfuric acid to a pH of 2.5 (solution C). Twenty-five grams of each sample
were leached in 100 mL of each solution for a period of 24 hours at 60°C.

Both the leachate and the residue were analyzed. Element concentrations
obtained from the leaching solutions are given in table 20. Values measured
in the residues are given in table 19 (data set 3). Comparisons of the two
data sets (1 and 3) in table 19 do not indicate any major change in the
chemistry of the samples as a result of the leaching process except that the
concentrations of both magnesium and calcium decreased in the leached
samples. Comparison of the concentrations of metals leached by distilled
water are similar to those given by Fruchter and others (1980), Taylor and
Lichte (1980), and by Smith and others (1982). Studies by Smith and others
(1982) indicate that leaching of water-soluble components from the ash occurs
quickly, in much less time than the one year elapsed time between the ash fall
and the sampling (May, 1980 to July, 1981). We conclude from these studies
that anomalies observed in the water samples collected could not have come
from leaching of the ash.
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Figure 1.--Index map of the Goat Rocks Wilderness and adjacent roadless areas.
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Figure 3.--Plot of spectrographic analytical data for vanadium from stream
sediments (Data Set A) collected in the Goat Rocks study area.
Concentrations for each spectrographic interval are as follows:
A-500 ppm, B-300 ppm, C-200 ppm, D-150 ppm, E-100 ppm, G-70 ppm,
H-50 ppm, I-30 ppm, J-20 ppm. Refer to table 10 for frequency
distributions by spectrographic class.
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Figure 4 .--Plot of spectrographic analytical data for chromium from stream
sediments (Data Set A) collected in the Goat Rocks study area.
Concentrations for each spectrographic interval are as follows:
A-200 ppm, B-150 ppm, C--100 ppm, D-70 ppm, E-50 ppm, G-30 ppm, H-20
ppm, I-15 ppm, J-10 ppm. Refer to table 10 for frequency
distributions by spectrographic class.
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Figure 5.--Plot of spectrographic analytical data for manganese from stream
sediments (Data Set A) collected in the Goat Rocks study area.
Concentrations for each spectrographic interval are as follows:
A-2000 ppm, B-1500 ppm, C-1000 ppm, D-700 ppm, E-500 ppm, G-300
ppm. Refer to table 10 for frequency distributions by
spectrographic class.
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Figure 6.--Plot of spectrographic analytical data for ccbalt from stream
sediments (Data Set A) collected in the Goat Rocks study area.
Concentrations for each spectrographic interval are as follows:
A-50 ppm, B-30 ppm, C-20 ppm, D-15 ppm, E-10 ppm, G-7 ppm, H-5
ppm. Refer to table 10 for frequency distributions by
spectrographic class.
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Figure 7.--Plot of spectrographic analytical data for nickel from stream
sediments (Data Set A) collected in the Goat Rocks study area.
Concentrations for each spectrographic interval are as follows:
A-100 ppm, B-70 ppm, C-50 ppm, D-30 ppm, E-20 ppm, 6-15 ppm, H-10
ppm. Refer to table 10 for frequency distributions by
spectrographic class.
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Figure 8.--Plot of spectrographic analytical data for copper from stream
sediments (Data Set A) collected in the Goat Rocks study area.
Concentrations for each spectrographic interval are as follows:
A-150 ppm, B-100 ppm, C-70 ppm, D-50 ppm, E~30 ppm, G-20 ppm, H-15
ppm, I-10 ppm, J-7 ppm. Refer to table 10 for frequency
distributions by spectrographic class.
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Figure 9.--Plot of spectrographic analytical data for molybdenum from stream
sediments (Data Set A) collected in the Goat Rocks study area.
Concentrations for each spectrographic interval are as follows:
A-7 ppm, B-5 ppm, L-detected, but present at a concentration less
than 5 ppm, N-concentration <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>