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STUDIES RELATED TO WILDERNESS

Under the provisions of the Wilderness Act (Public Law 88-577, September 3, 1964) and related acts, the
U.S. Geological Survey and the U.S. Bureau of Mines have been conducting mineral surveys of wildermess and
primitive areas. Areas officially designated as "wilderness," "wild," or "canoe" when the act was pas<ed were
incorporated into the National Wilderness Preservation System, and some of them are currently being studied.
The act provided that areas under consideration for wilderness designation should be studied for suitability for
incorporation into the Wilderness System. The mineral surveys constitute one aspect of the suitability studies.
The act directs that the results of such surveys are to be made available to the public and submitted to the
President and the Congress. This report discusses the results of a mineral survey of the Goat Rocks Wilderness
and adjacent roadless areas in the Gifford Pinchot and Snoqualmie National Forests, Lewis and Yakima Counties,
Wash. The Goat Rocks Wilderness (NF032) was established by Public Law 88-577, September 3, 1964. The Goat
Rocks Roadless Areas (06036 A, C, D) were classified as proposed wilderness additions during the Second Roadless
Area Review and Evaluation (RARE II) by the U.S. Forest Service, January 1979.

MINERAL RESOURCE POTENTIAL SUMMARY

The mineral resource potential of Goat Rocks Wilderness and adjacent roadless areas has been stulied by a
multidisciplinary team of geoscientists from the U.S. Geological Survey and the U.S. Bureau of Mines. The
potential for mineralization in the Goat Rocks study area has been classified based on a study of part mining
activity and recent geologic, geochemical, and geophysical studies. A porphyry-copper model (A. S. Brown, 1976)
was used to evaluate the observations and to define areas of favorable mineral potential. Two areas (A,B) within
the Goat Rocks study area have moderate potential for the occurrence of mineral resources and two areas (C,D)
have favorable geologic conditions for mineralization and show geochemical anomalies of base metals. On the
basis of available data, areas C and D are defined as areas of low potential for base~-metal resources.

Area A, located north of Old Snowy Mountain, is classified as having moderate potential for occurrence of
base-metal resources in a porphyry-copper deposit. It has a pronounced color anomaly, hydrothermally altered
(phyllic) rocks are exposed at the surface, and geochemical anomalies (copper, molybdenum, cobalt, nickel, lead,
silver, and zinc) for a porphyry-copper suite are present in both the altered rocks and the stream sediments.
Hydrothermally alterated rock is mapped in a volcanic pile within an old volcanic center on the southeast side of
a cupola on the Goat Rocks pluton as defined by the gravity data. A pronounced magnetic low is coincident with
the geochemical anomaly, suggesting the presence of a hydrothermal system at depth.

Area B, located in the headwaters of the Klickitat (on the Yakima Indian Reservation) and the South Fork of
the Tieton River, is also classified as having a moderate potential for the occurrence of base-metal resotrces in a
porphyry-copper deposit. Area B is defined by a pronounced color anomaly, a sizable area of hydrothermal
alteration, and a substantial geochemical anomaly similar to that for area A. Field studies were not conducted in
the Yakima Indian Reservation, and therefore, the complete outline of the anomaly is not defined by geologic
mapping and geochemical studies. Although we classify area B as having moderate potential for the occurrence
of base~-metal resources in a porphyry-copper deposit, the area is less favorable than area A because area B has no
associated magnetic low.

Area C, a large geochemical anomaly along the Clear Fork of the Cowlitz River, is interpreted to represent
possible mineralization along the intrusive contact between the Goat Rocks pluton and the Ohanape~osh and
Russell Ranch Formations to the east. The geochemical anomalies of a large suite of base metals in the stream-
sediments, occurrences of pyrite, cinnabar, and barite in the heavy-mineral suite, and large geo~hemical
anomalies in water samples from these drainages suggest mineralization associated with the emplacement of the
Goat Rocks pluton. Area C is classified as an area of low potential for the occurrence of copper, lead, and zinc
resources in veins associated with a porphyry-copper deposit.

Area D, defined by a small geochemical anomaly in the stream sediments from the outcrop of the Russell
Ranch Formation in the roadless area 06036D, may have volcanogenic massive sulfide mineralization (Franklin



and others, 1981), but such mineralization is not supported by geochemical anomalies in the water samples from
these drainages. On the basis of currently available data, we assign a low potential for the occurrence of copper,
lead, and zinc resources in volcanogenic massive sulfide deposits associated with the submarine basalts of the

Russell Ranch Formation.

Outside the study area, there is a small, inferred resource for coal in the Cowlitz Pass coal field located
north of the study area, and potential for coal resources in the Packwood coal field located west of the study area
(U.S. Bureau of Mines and U.S. Geological Survey, 1980). However, the coal-bearing rocks do not crop out in, or
appear to extend into, the Goat Rocks study area; there is low potential for the occurrence of coal resources in

the study area.

A small quarry near Dog Lake, northeast of the study area, is in andesite suitable for building stone for local
markets. The Goat Rocks study area has a high potential for building stone resources; however, the demand can
be readily supplied from the existing quarry. Abundant sand and gravel deposits suitable for construction purposes
exist in the study area, but alternate sources occur closer to local markets.

The potential for geothermal resources in the Goat Rocks study area is low because there are no active hot
springs or evidence of Holocene silicic volcanism. A low potential for oil and gas resources in the thick section of
pre-Tertiary marine sediments on either side of the Goat Rocks study area is indicated by available data.

INTRODUCTION

The Goat Rocks Wilderness and adjacent Goat
Rocks Roadless Areas (06036, A, C, and D) straddle
the crest of the Cascade Range in Lewis and Yakima
Counties, south-central Washington (fig. 1). The
wilderness (82,680 acres) and roadless areas (eight
separate units totalling 25,240 acres) lie in the Gifford
Pinchot National Forest west of the Cascade crest and
in Snoqualmie National Forest east of the crest. The
Yakima Indian Reservation borders the southeastern
and southern parts of the wilderness. Mount Rainier
National Park is about 5 mi north of the area, and the
Mount Adams Wilderness about 6 mi south of the
area. Elevations range from 2,930 ft along Upper Lake
Creek to 8,184 ft at Gilbert Peak. Acgess to the study
area is provided by good unpaved roads leading south
from U.S. Highway 12. Travel within the area is
facilitated by the Pacific Crest National Scenic Trail
and connecting trails.

This report summarizes studies by the U.S.
Geological Survey and the U.S. Bureau of Mines,
designed to evaluate the mineral potential of the Goat
Rocks study area. Studies by the U.S. Geological
Survey focused on geology (Swanson and Clayton,
1983), geochemistry (Church and others, 1983 and in
press), and gravity and aeromagnetics (Williams and
others, 1983). The U.S. Bureau of Mines searched
courthouse records (Lewis and Yakima Counties) for
mineral lode, coal, and quarry claims, and examined
the U.S. Bureau of Land Management and the U.S.
Bureau of Mines files and records for information on
mineral prospects. Prospects were examined and
hydrothermally altered zones were sampled. Analyses
of these samples are on file at the U.S. Bureau of
Mines, Western Field Operations Center, Spokane,
Wash. Areas of mineral potential were evaluated, and
resources were classified according to the terminology
of U.S. Geological Survey Circular 831 (U.S. Bureau of
Mines and U.S. Geological Survey, 1980).
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GEOLOGY, GEOCHEMISTRY, AND GEOPHYSICS
Geology

The Goat Rocks study area contains Cenozoic
volcanic rocks overlying pre-Tertiary rocks. The
oldest pre-Tertiary rocks belong to the Russell Ranch
Formation (Simmons, 1950); the main rock types are
graywacke, argillite, minor pillow basalt (now
greenstone), chert, and thin tuffaceous units. The
rocks are intensely deformed, but their metamorphic
grade is below the prehnite-pumpellyite facies.
Carbonaceous detritus (up to 10 volume percent) and
radiolarians of Late Jurassic age (D. L. Jones, USGS,
written commun., 1979) are well preserved.

The Ohanapecosh Formation, the thickest of the
Cenozoic formations (fig. 1), is of Eocene age (Fiske,
Hopson, and Waters, 1963). It rests unconformably on
the Russell Ranch Formation, is 7,540 ft to 10,000 ft
thick, and consists mostly of altered basaltic and
andesitic lava flows and bedded andesitic and dacitic
volcaniclastic rocks. The depositional environment of
the volcaniclastic rocks is uncertain. Water depths
were probably not great. All lava flows appear to be
typically nonpillowed, subaerial types with rubbly basal
and upper zones and vesicular tops.

Quartz-bearing silicic ashflow tuff, rhyolite, and
related volcaniclastic rocks commonly overlie the
Ohanapecosh Formation in the northwestern part of
the mapped area and are assigned to the Stevens Ridge
Formation (fig. 1). The contact is poorly exposed and
commonly obscured by intrusions, but the Stevens
Ridge Formation appears to dip somewhat less steeply
than the Ohanapecosh Formation, and the contact may
be an angular unconformity. The Stevens Ridge
Formation is a maximum of about 590 ft thick in the



























No magnetic low was observed in association
with area B although, admittedly, it was not as readily
visible in the magnetic data due to the steep relief of
the terrain. Our data suggest that area B has a
moderate potential for the occurrence of base-metal
resources in a disseminated porphyry-copper deposit.
Further evaluation of area B cannot be made without
additional sampling, subsurface exploration, and access
to exposures in the headwaters of the Klickitat River
on the Yakima Indian Reservation.

Area C, Clear Fork of the Cowlitz River, is
outlined by a widespread geochemical anomaly along
the Clear Fork of the Cowlitz River and small south-
draining tributaries of the North Fork of the Tieton
River (fig. 4). Area C is underlain by the Ohanapecosh
Formation with beds dipping about 40° west-
southwest. Rock exposures in this area are poor,
landslides are common, and the area is covered with
brush. The gravity data suggest a subsurface contact
between the Goat Rocks pluton and the sediments to
the east (figs. 1 and 2), but the nature of this contact,
be it an intrusive contact or a fault, could not be
discerned during geologic mapping (Swanson and
Clayton, 1983).

Evidence of mineralization along this contact
can be seen in both the geochemical and the
mineralogical data. Anomalous metals in stream-
sediment samples were leachable copper, cobalt,
manganese, barium, =zinc, lead, nickel, and
molybdenum. Water samples contained anomalous
fluoride, chloride, copper, and molybdenum. Pyrite
was ubiquitous in the nonmagnetic, heavy-mineral
concentrates. Barite was identified in four samples:
two from tributaries along the North Fork of the
Tieton River, and two from the upper reaches of the
Clear Fork of the Cowlitz River. Two of these same
sites, and two others from the Clear Fork of the
Cowlitz River, also contained cinnabar. Metal values
in the nonmagnetic, heavy-mineral concentrates
indicated anomalous values for lead, barium, cobalt,
copper, zinc, nickel, boron, arsenic, tin, niobium, and
mercury. A few samples of altered rock collected in
area C contained anomalous levels of leachable zinc,
manganese, molybdenum, arsenic, and lesser amounts
of lead.

Indications of mineral resources in area C are
ambiguous. If the contact between the sedimentary
rocks and the pluton is intrusive, mineralization could
occur along the intrusive contact, along fractures in
the intruded sedimentary rocks, along the truncated
bedding planes of the Russell Ranch and Ohanapecosh
Formations, or along the unconformity between the
Russell Ranch and the Ohanapecosh. The lack of a
magnetic anomaly neither suggests nor precludes a
large-scale hydrothermal system. No mineralized
veins were seen in the area during the field evaluation
of the geochemical anomalies or during the geologic
mapping. Area C (fig. 4) is classified as having a low
potential for the occurrence of base-metal resources
in hydrothermal veins associated with a porphyry-
copper system.

Several localized geochemical anomalies exist in
drainages in the Goat Rocks study area, but they have
not been designated in this report as areas of potential
for mineral resources. The strong geochemical
anomaly in the stream sediments from the outcrop belt
of the Russell Ranch Formation east of Hogback
Mountain, area D, in roadless area 06036D may suggest
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a volcanogenic massive sulfide deposit (Fra~klin and
others, 1981). The Russell Ranch Formation is
dominantly a marine sedimentary unit contairing some
submarine basalts. No field studies of this anomaly
were made, because no sulfate anomalies were
detected in the water samples; no zinc anomalies and
only small anomalies of leachable barium and lead
were seen in the stream-sediment sample medium.
Area D has low potential for the occurrence c¥ copper,
lead, and =zinc resources in volcanogenic massive
sulfide deposits within the Russell Ranch Formation.

Coal resources

Outside the study area, coal, discover=d along
Summit Creek in the Cowlitz Pass coal field, occurs in
beds of the Spiketon Formation (Gard, 1968, p. 11) and
similar rocks also occur in the Packwood coal field
(Culver, 1919, p. 125). The formation is disccntinuous,
but where present, it consists of as much as 3.600 ft of
repeated arkosic sandstone, carbonaceous siltstone,
mudstone, and anthracite coal beds. Maximum
thickness of the coal-bearing beds exposel in the
Packwood coal field occurs in 600 ft of workings near
the summit of the ridge between Coal and Lake
Creeks, west of the Goat Rocks study area. Only 3 ft
of the 18-foot-thick coal-bearing section contains pure
coal. The beds dip steeply away from the study area
(strike N. 5° E., dip 30° W.) and the coal-bea~ing units
do not crop out in the study area. Attempts were
made to mine coal in the Cowlitz Pass coal field, but
the coal proved too shaly to be used for fue! (Green,
1947, p. 14). Beikman and others (1961, p. 103)
estimated that the Summit Creek area contains an
inferred coal resource of less than 4 million tons. No
coal or outcrops of the Spiketon Formation w2re found
in the vicinity of the Buckeye coal claim (fig. 3, no. 6)
or elsewhere in the Goat Rocks study area. It is
unlikely that there are any significant coal resources
in the Goat Rocks study area.

Stone resources

The only mineral commodity produced in the
vicinity of the Goat Rocks study area is store. Small
amounts of andesite-flagstone are intermittently
quarried from deposits at Dog Lake (fig. 3, no. 7).
Basalt and andesite are periodically produced from
quarries along Johnson Creek for construction and
maintenance of macadam-surfaced logging r~ads (fig.
3, no. 8). Similar stone deposits occur in the study
area; however, demand can be met more reaily from
existing quarries. Abundant alluvial deposits along
streams draining the study area contain sand and
gravel suitable for construction, but alternat~ sources
are closer to local markets.

Geothermal resources

The Cascade Range contains a number of hot
springs associated with Recent volcanic activity
(Washington Department of Natural Resourczs, 1982).
Muffler (1979) classified the Cascade Range s an area
of potential geothermal resources. However, there are
no hot springs within the Goat Rocks study area and
the most recent volcanism found in the area, the
basaltic flows from a subglacial volcano near Walupt
Lake, occurred about 14,000 years ago. Th= nearest



hot springs are the Ohanapecosh hot springs located
about 5 mi north of the Goat Rocks study area (fig. 3,
no. 9). Emplacement of the Goat Rocks pluton may
have occurred throughout the lifetime of the Goat
Rocks volcano, from about 3 m.y. to less than 1 m.y
ago. A single fission track age of 1 m.y. has been
obtained for the Cispus Pass pluton (Clayton, 1983).
No heat flow measurements were made during the
study. The lack of Holocene silicic volcanic activity
and absence of hot springs suggest that the Goat Rocks
study area has a low potential for geothermal
resources.

Oil and gas resources

Specific investigations for oil and gas potential
were not made for this study; however, there is cumu-
lative evidence that oil and gas may exist in the study
area. Drilling indicates marine sedimentary rocks
beneath the Columbia River Basalt Group just west of
the study area (Lewis, 1982), and oil and gas are
currently being produced from Eocene marine sedi-
mentary rocks in the Mist field about 40 mi north of
Portland, Oreg. W. D. Stanley (unpub. data, 1983)
presented the results of a regional magnetotelluric
study across the north-central Cascade Range in Wash~
ington; the study included an east-west cross section
north of the Goat Rocks study area. The implications
for oil and gas potential cannot be dismissed. Stanley
interprets his data to reflect a sedimentary section as
much as 6 mi in thickness just east of the study area.
Stanley's interpretation is supported by the gravity
data from the work of Williams and others (1983),
which suggests that low-density sediments occur on
both the east and west sides of the Goat Rocks pluton
to a depth of several thousand feet. The marine
Russell Ranch Formation may also be underlain by a
thick series of pre-Tertiary marine sedimentary rocks
that strike N. 20°-30° W. and pass very near the
present location of the Clear Fork of the Cowlitz
River. If a marine sedimentary section underlies the
Russell Ranch Formation, this melange may contain
numerous structural and stratigraphic traps on either
side of the Goat Rocks pluton. The lack of data con-
cerning the presence of adequate marine source rocks,
the effect of the thermal aureole surrounding the Goat
Rocks pluton, and the nature of the geologic contact
between the pluton and the sedimentary rocks pre-
cludes a definitive evaluation of the potential for oil
and gas resources in the study area. Further definition
of the oil and gas potential can only be addressed by
subsurface exploration methods and possibly by drill-
ing. On the basis of available data, the oil and gas
potential of the Goat Rocks study area is low.
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