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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 geological survey of 
the Wonder Mountain Roadless Area, Olympic National Forest, Mason County, 
Washington. Wonder Mountain Roadless Area was classified as a further planning 
area during the Second Roadless Area Review and Evaluation (RARE II) by the 
U.S. Forest Service, January 1979.

Introduction

During the 1981 field season, R. W. Tabor, Derek Booth, Mark Johnson, and 
S. A. Sandberg collected stream sediments, panned concentrates from stream 
sediments, and altered or mineralized rock samples from the Wonder Mountain 
Roadless Area in conjunction with the geologic mapping (Tabor, 1982). J. G. 
Frisken participated in the sample collection, and also in data evaluation. 
A total of 40 stream sediments, 45 panned concentrates from stream sediments, 
and 22 rock samples were collected for analysis. The localities of these 
samples are shown in figure 1.

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 400 cm/year, most streams were flowing. 
Sediment samples were sieved through a 2-mm stainless-steel screen at the 
sample site, and 10-x-15-cm cloth bags were filled with the sieved sediment. 
The samples were air dried. Panned concentrates of stream sediments were also 
taken. 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. Duplicate samples were taken in several locations. Duplicate 
stream-sediment samples (102 and 104) were taken in the northernmost fork of 
the Le Bar Creek drainage. Duplicate panned concentrates from stream sediments 
were taken at five sites. These samples are numbers: 3, 4; 9, 101; 19, 21; 
29, 31; 32, 217; and 34, 205.

Sample Preparation

Stream-sediment samples were sieved through a 177 ym stainless-steel sieve 
and the -177 ym fraction (-80 mesh) was ground for analysis. The panned 
concentrates from stream sediments were sieved through a stainless-steel screen, 
and the -590 ym (-30 mesh) concentrate was retained for further separation. The 
magnetic fraction of the panned concentrate was removed using an electromagnet, 
and the low-density fraction (specific gravity <2.8) was separated from the 
heavy-mineral fraction by flotation in bromoform. A final magnetic separation 
of the heavy-mineral fraction was made on a Frantz isodynamic separator at a 
setting of 1.0 amp with forward slope of 25° and a side slope of 15°. Under 
the conditions used for the separations, a nonmagnetic heavy-mineral fraction 
is separated from a more magnetic fraction. The magnetic fraction included 
many rock fragments and most of the mafic silicates. The nonmagnetic fraction

1
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contains sulfides, nonmagnetic iron oxide, tungstate and sulfate minerals, 
apatite, sphene, zircon, and minor accessory minerals that may be indicative 
of mineralization. This nonmagnetic fraction was ground under acetone in an 
agate mortar for analysis.

Analytical Methods

The method used and limit of detection for each element reported in this 
study are given by element in table 1. Analytical results for stream sediments 
are presented in table 2, analytical results for the nonmagnetic panned 
concentrate from stream sediments and for six selected samples from the magnetic 
fraction from panned concentrate from stream sediments are given in table 3. 
Analytical results for the rock samples are given in table 4 and are broken down 
by rock type.

Spectrographic results were obtained by visual comparison of spectra 
derived from the unknown sample against spectra obtained 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).

Prior to analysis of the nonmagnetic fraction from the panned concentrate 
samples, mineralogical examinations were performed under a binocular microscope. 
The recognized mineralogy of the nonmagnetic fraction the fraction analyzed to 
give the results shown in table 3~is given in table 5. Also shown in table 5, 
column 1, is a visual, qualitative estimate of the abundance of red limestone 
or argil!ite rock fragments in the stream drainage. A one (1) in this column 
indicates many of red rock fragments were observed. A two (2) signifies only 
a few red rock fragments present. A three (3) indicates no red rock fragments 
were seen in that stream drainage.

Complete 31-element spectrographic determinations were made for all the 
samples analyzed. Only those elements detected are reported. In addition, 
some elements, such as lanathanum and yttrium showed little spread in the 
concentrate data and were also omitted from the raw data tables. However, 
means and ranges can be obtained for these elements from the Fisher-K tables 
summarizing the data.

Discussion

All 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 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 6-14. 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.

Comparison of the data from duplicate samples indicates that the sample 
collection technique is not a major source of variation in the study. With 
the exception of the two panned concentrates from stream-sediment samples 
collected at stations 34, and 205, the analytical results generally agree 
within two spectrographic reading intervals (Motooka and Grimes, 1976, one 
sigma). Only values for copper in samples Wm3 and Wm4 (70 ppm and 1000 ppm 
respectively, see table 3) and barium in samples Wm9 and WmlOl (500 ppm and 
5000 ppm respectively, see table 3) fall outside the one sigma analytical 
precision. These variations are explained by the particulate problem 
encountered in this type of sampling and do not affect the conclusions of the 
geochemlcal survey.

The analytical results from stations 34 and 205, however, are not compatible, 
The results from sample 205 are more consistent with the geological observations 
and with the geochemical data from adjacent drainage basins, and whereas we 
suspect a sample location error, we have not been able to eliminate the 
possibility that these samples were collected from the same location. The 
results from both samples have therefore been reported although the data from 
sample 34 will not be heavily weighted in any interpretations.

Based on the distributions of the geochemical data, the abundances of 
elements 1n the rocks collected from the area (table 5), and geochemical 
coherence as defined by the correlation coefficient analysis of the data, the 
geochemical data indicate three rock components which contribute to the stream 
sediment in the drainage basins. Each of these rock units have a distinctive 
signature and are assumed to contribute to the stream-sediment data in 
proportion to their exposure within the drainage basin. The oceanic basalts, 
which form most of the igneous rock suite in this area (Tabor, 1982; Cady, 
1975} have a distinct suite of elements, as shown by the correlation coefficient 
data, that reflects partitioning of elements into mafic silicate phases during 
basaltic differentiation processes. These include magnesium, iron, titanium, 
scandium, vanadium, chromium, cobalt, nickel, and copper. Manganese is 
noticeably absent from this suite. A second suite of elements, which is 
particularly pronounced In the correlation coefficient analysis of the data 
from the panned concentrates from stream sediments, is the sedimentary suite 
iron, manganese, barium, vanadium, chromium, nickel, copper, and lead. These 
elements are typical of bedded manganese deposits (Roy, 1981). The data from 
the magnetic, heavy-mineral fraction given in table 3 also reflect this suite 
and provide evidence that the magnetic separation process used resulted in 
splitting the manganese minerals between the two fractions. This mineral 
separation process has resulted in the lower values observed in the panned 
concentrate from stream-sediment data, but comparison of the data from these 
two sets shows that the same metal suite is observed in both the magnetic and 
nonmagnetic heavy-mineral separate. No anomalous basins have been overlooked. 
A third suite, which may represent a granitic component, is shown by the suite: 
boron, beryllium, strontium, barium, molybdenum, zirconium, lanthanum, and 
yttrium. Zircon and apatite (table 5) are found only along the west edge of 
the study area and may reflect a granitic source region west or northwest of 
the main area of interest 1n the Olympic core rocks (Tabor, 1982; Cady, 1975).



Comparison of the histograms with background rock values (Cady, 1975 and 
unpublished data) indicates that the basaltic and sedimentary components 
account for the two modes generally seen in the stream-sediment histograms 
(table 7). High values are indicated for Mn, Cu, and Ba in stream drainages 
having a high contribution from the sedimentary terrane (tables 7 and 10).

Data from altered rock samples give the spread of geochemical values found 
in rocks where bedded manganese deposits are possible and reflect the process 
of ocean-floor alteration and sediment deposition as shown by high boron and 
barium in basaltic rocks.
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Table 1. Summary of the spectrographlc method used for samples analyzed from 
the Wonder Mountain Area 1

Element Sediment and Concentrate Detection 
rock samples and ore limit 
weight (g) samples (sediments and 

weight (g) rocks)

Mg O.C 
Ca
Fe
Ti

Sc
V
Cr
Mn
Ni
Co
Cu
Zn
Mo
Pb
Au

B
Be
Sr
Ba
La
Y
Zr

no o.c 05 0.022 
.05
.05
.002

5 3
10
10
10
5
5
5

200
5

10
10

10
1

100
20
20
10
10

Nb * * 20

Detection 
limit 

(concentrate 
and ores)

0.052 
.10
.10
.005

10 3
20
20
20
10

10

10
20
20

20
2

200
50

20

Direct current (D.C.) arc-spectrographic method (Grimes and Marranzino, 1968) 
2Results given in weight percent. 
3 Results given in ppm (micrograms/gram).
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