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STUDIES RELATED TO WILDERNESS 

WILDERNESS AREAS 

Under the 'Vilderness Act (Public La,w 88-577, Sept. 3, 
1964) certain areas within the National forests previously 
classified as "wilderness," "wild," or "canoe" were 
incorporated into the National Wilderness Preservation 
System a.s wilderness areas. The act provides that the 
Geological Survey and the Bureau of Mines survey these 
wilderness areas to determine the mineral values, if any, 
that may be present. The act also directs that results of 
such surveys are to be made available to the public and 
submitted to the President and Congress. 

This bulletin reports the results of a mineral survey 
of the Pasayten Wilderness, Washington. The area dis
cussed in the report is somewhat larger than the Pasayten 
Wilderness. This is because work began in the area before 
the boundaries of the wilderness became established. 

This bulletin is the first of a series of reports on 
wilderness areas. 
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STUDIES RELATED TO WILDERNESS-WILDERNESS AREAS 

MINERAL RESOURCES OF THE 
PASAYTEN WILDERNESS AREA, 

WASHINGTON 

By J\1oRTI:l\IER H. SL\ATZ, PAuL L. 'VErs, RowLA~D ,V. TABOR, and 
JACQUES F. RoBERTSON, U.S. Geological Survey, and RoNALD M. 
VA~ NoY, ELDON C. PATTEE, and DEAN C. HoLT, U.S. Bnrean of 
l\1ines 

SUMMARY 

The Pasayten Wilderness Area occupies approxirnately 900 square 
miles of rugged rnountainous terrain in northwestern Washington. It 
extends for 541h rniles along the International Boundary from Ross 
Lake eastward to Goodenough Peak. The U.S. Geological Survey 
and the U.S. Bureau of Mines spent 2 years making a mineral survey 
of this area. 

Geologic mapping, an extensive geochmnical sampling program, 
an aeromagnetic study, and exarnination of rnines, claims, and pros
pects were carried out as a part of the investigation. During the 
eourse of the work, 1,208 stream-sediment samples, 90 panned con
centrates, and 681 roek and vein samples were collected for analysis. 
Areas where anomalous amounts of metals were found were investi
gated further, known areas of mineralization and rock alteration 
were sampled, and all known prospects and workings were sampled 
and mapped. A search was made for all recorded claims. As a part 
of the geologic investigation, major rock units and structures were 
mapped in order to associate mineral occurrences with particular 
rock types. 

Geologieally, the area is divided into two contrasting parts by the 
northwesterly trending Eightmile Creek fault, a major structure 
that crosses the entire width of the wilderness area. The area east 
of the fault is underlain by igneous and rnetamorphic rocks that 
contain fmv rnineral showings. 

1 
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2 MINERAL RESOURCE'S, PASAYTEN WILDERNESS AREA 

West of the fault a broad medial belt of plagioclase arkose and 
argillite is underlain and overlain on the east by volcanic rocks and 
faulted on the west against the greenstones and cherts of the Hozo
meen Group of Cairnes ( 1944). In the southwest is a small area of 
hornblende and biotite gneiss (Custer Gneiss of J\icTaggart and 
Thompson, 1967). Numerous bodies of diverse intrusive rock have 
intruded the rocks west of the fault, and mineral showings are rela
tively abundant. 

Structure in the older metamorphic rocks east of the Eightmile 
Creek fault has largely been obliterated by large intrusions. West of 
the fault the rocks are folded about north- or northwest-trending 
axes and are broken by several large north-trending faults and a few 
transverse faults. 

Since the 1870's, 605 lode and placer claims have been recorded in 
the Pasayten Wilderness Area. J\Eneral production has been small, 
and is limited to only a few areas. J\Eneral showings can be found in 
many places, but only four areas appear to have potential for the 
discovery of economic deposits. These areas are the 1\ionument Peak 
stock, the Billy Goat ]\fountain area, a narrow band along the north 
edge of the Slate Peak mining district, and the drainage basin of 
Tungsten Creek. 

The J\ionument Peak granite stock underlies an area of about 50 
square miles in the south-central part of the study area. No ore 
deposits are known here, but numerous geochmnical anomalies in and 
around the stock indicate that copper and molybdenum occur in dis
seminated zones that may have economic potential. Geochemical 
anomalies around Lake of Woods are particularly encouraging. 

Veins near Billy Goat ]\fountain, at the southeast edge of the study 
area, contain fairly abundant eonper and silver minerals. The veins 
with greatest apparent potential lie within half a mile of the wil
derness area boundary. 

Small, discontinuous quartz veins with erratic gold values occur in 
a band about 1-2lj2 miles wide along the south boundary of the study 
area between Beauty Creek and Chancellor. This area comprises the 
north edge of the Slate Creek mining district. Judged from surface 
indications, these veins appear submarginal, but new mining tech
niques and exploration at depth might conceivably permit economic 
exploitation in the future. 

The Tungsten Creek basin, near the Canadian border in the eastern 
part of the study area, contains tungsten-bearing quartz veins. 
Attempts to mine these veins in the past apparently proved uneco
nomic. However, total tungsten resources in the area are probably 
great enough to ·warrant further investigation. 
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INTRODUCTION 

Pursuant to the vVilderness Act (Public Law 88-577, Sept. 3, 
1964) and the. Conference Report on Senate Bill 4, 88th Congress, 
the U.S. Geological Survey and the U.S. Bureau of l\1ines began a 
mineral survey of the North Cascades Primitive Area, Washington, 
in 1965. The purpose of the survey was to evaluate the mineral 
resources of the primitive area. Three field seasons were devoted to 
the "\Vork. In the fall of 1968, the eastern part of the North Cascades 
Primitive Area was incorporated into the National '\Vilderness Pres
ervation System q,s the Pasayten '\Vilderness, through Public Law 
90-544 (90th Congress). The present report describes the mineral 
resources of the _Pasayten Wilderness, the eastern part of the Ross 
Lake National Recreation Area, and certain adjacent lands south 
and east of the wilderness area. 

LOCATION AND GEOGRAPHY 

The study area, which comprises the entire Pasayten Wilderness, 
the eastern part of the Ross Lake National Recreation Area, and cer
tain adjacent lands, occupies about 900 square miles along the north 
border of the State of '\Vashington (fig. 1 ; pis. 1, 2). It extends 541h 

FIGURE 1,- Location of the area considered in this report (stippled), 
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miles east from Ross Lake, and as much as 231h miles south from 
the Canadian border (fig. 1). The Cascade divide runs roughly north
south across the area and splits it into approximately an eastern 
two-thirds and a western one-third. The divide also forms the bound
ary between Okanogan and vVhatcom Counties, and the boundary 
between Okanogan National Forest to the east and Mount Baker 
National Forest to the \Vest. 

Rugged mountains and deep, steep-walled canyons form 1nost of 
the area. Ridge crests commonly have elevations of 7,500 to 8,500 
feet above sea level, and adjacent valley bottoms are commonly 4,000 
to 5,000 feet lower. The maximum relief is in the southwestern part 
of the area, where Jack :i\Iountain ( elev 8,928 ft) towers 7,328 feet 
above Ross Lake ( elev 1,600 ft), only 3 miles away. l\1ost ridge crests 
are above timberline, and many are steep, rough, and craggy (figs. 2, 
3). Valley sides are also steep. Valley bottoms and lower slopes are 
mostly densely forested (figs. 4, 5). :Many valleys are narrow and 
V-sh31ped, such as those of Monumelllt Creek, Three Fools Creek 
and its tributaries, Devils Creek, and Lost River. Others, such as the 
l\fiddle and vVest Forks of the Pasayten River (fig. 16), Cathedral 
Creek, upper Drake Creek, and Chuchuwanteen Creek, have been 

FIGURE 2.- N ortheast side of Mount Lago rising above thickly forested Ptarmigan 
Creek. 
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FIGURE 3.-Pinnacles on the ridge to the west of Shull Creek tower above virgin 
forests that cloak the valley sides. 

glaciated and now have U-shaped cross sections and broad, near1y 
flat floors. One of the most rugged parts of the area lies between 
Eureka Creek and Lost River (frontispiece), where hare, jagged 
peaks more than 8,000 feet high are bounded by deep valleys with 
steep to vertical walls. The Jack Mountain-Crater Mountain area and 
the region around Hozomeen Mountain are also unusually rough 
country. 

The northeasternmost part of the study area, between Ashnola 
River and l-Iorseshoe Basin, is in marked contrast to the mountainous 
terrain elsewhere. Here, gently rolling upland lies between scattered 
high peaks and ridges. Relief in many places is 500 feet or less. Steep 
slopes or cliffs are found only on the north or northeast sides of the 
highest ridges. 

Glaciers once occupied much of the study area, but today they 
remain in only four places. Jack ~fountain, the highest peak in the 
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FIGURE 4.-Shull Creek, one of many beautiful streams in a heavily forested 
valley. 

area, has three, the largest nwre than half a mile across (fig. 17). 
Nearby Crater ~fountain has a glacier on its northwest side. A small 
glacier lies on the north side of Castle Peak near the Canadian bor
der, and another small glacier clings to the north side of ~fount Lago. 
Elsewhere, the higher peaks may have snowfields in protected areas 
that persist throughout the summer, but usually the snow disappears 
in August. 

The climate in the western part of the wilderness area is wetter 
and more temperate than in the eastern part. Average annual precipi
tation ranges from 75 inches per year near Ross Lake to as little as 
16 inches at the east edge of the area. ~iost of the precipitation falls 
as snow, ·which commonly reaches depths of 10 feet in the higher 
parts of the area, with drifts up to 30 feet deep on the lee sides of 
ridges. Snow covers most of the area from October to late ~fay, and, 
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FIGURE 5.-Lake of the Pines, a small tarn high on the south shoulder of Rock 
Creek. Rocks exposed in foreground and on the north side of Rock Creek belong 
to the plagioclase arkose and argillite sequence; qunrtz diorite underlies the 
forest in the center of the picture. 

in most summers, patches remain on north slopes until mid-July. As 
a result of the prolonged period of snowmelt, the springs, streams, 
and rivers maintain their flows throughout the relatively dry sum
mer. Although all the area has in summer warm days and cool nights, 
winter temperatures are as n1.uch as :wo colder on the east side. 

Roads extend to the edge of the study area at several places (p1s. 
2, 3). On the northwest, the north end of Ross Lake is at the termi
nus of a 40-mile secondary road from Hope, British Columbia .. Ross 
Dam a,nd Ruby Creek are accessible from the south by means o£ 
Washington State Highway 17. This highway, which runs just south 
of the wilderness area, connects the Skagit Valley on the west with 
the Methow Valley on the east. The south margin of the study area 
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can be reached in several places by a road from the Methow Valley 
that leads to Harts Pass, Slate Peak Lookout, and the old mining 
town of Chancellor on Canyon Creek. A logging road north of 
Mazama reaches the south boundary of the area on Goat Creek. 
One branch of a road north from 'Vinthrop leads to the headwaters 
of Eightmile Creek, and another branch parallels the area boundary 
along the Chewack River for about 5 miles southwest from Thirty
mile Camp. The easternmost part of the area can be reached via a 
road up the Middle Fork of Toats Coulee Creek, 21 miles west :from 
Loomis. 

Numerous trails provide access within the wilderness area. Several 
trails east o:f the Cascade crest are o:f easy grade and well main
tained; trails west o:f the crest are :fewer and generally steeper. 
Among the better and 1nore extensively used trails are (1) the 
Cascade Crest trail, which extends along or close to the Cascade 
crest :from the Canadian border south to the Columbia River on the 
~iV ashington -Oregon border; ( 2) the trail :from Eightmile Creek 
to Hidden Lakes; (3) the Lake Creek-Ashnola River trail; (4) the 
Andrews Creek trail to Cathe;dra.l Lakes; and ( 5) the Boundary 
trail, from Horseshoe Creek to the headwaters o:f Tungsten Creek, 
thence \Yestward to Castle Pass and Elbow Basin, and then down 
Three Fools Creek to Ross Lake. Several other trails, generally less 
used and not as \Yell maintained, :follow other major canyons and 
ridges. 

PREVIOUS STUDIES 

Very little geologic work has been done in the Pasayten Wilder
ness area, and the geology is incompletely known. Russell (1900) 
made a traverse along part o:f the south boundary o:f the area in 
1898. This work \-vas followed in 1901 by a geological reconnaissance 
by Smith and Calkins (1904) across the northern part o:f the area 
:from its east edge to the Pasayten River and up the Pasayten to 
the south edge o:f the area. Between 1901 and 1906 Daly ( 1912) 
mapped the geology o:f a strip across the entire area approximately 
4 miles wide centered on ~the International Boundary. Misch (1952, 
1966) has studied the part o:f this area west o:f the Cascades and has 
published two .rreologic mans at scales o:f 1: 713,940 and 1: 533,550. 
Most o:f the eastern part o:f the study area ha.s been studied by J. D. 
Barksdale. His 1napping in this area is shown on the geologic map 
o:f W ashingt<Yn at a scale o:f 1 : 500,000. In addition, two theses 
cover the easternmost part of the area: Hibbard (1962) described 
the crystalline rocks of the ~township east of longitude 120°00', and 
Hawkins (1963, 1968b) described the crystalline rocks :from the 
120°00' meridian west to a line along Ashnola River and Lake Creek. 
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PRESENT STUDY AND ACKNOWLEDGMENTS 

The purpose of this study is the evaluation of the mineral resources 
of the Pasayten Wilderness Area. The study includes the results 
of the examination and sampling of all known prospects and a 
detailed geochemical sa1npling program. More than 1,200 stream
sediment samples "\Vere taken; 1nost of the streams of the area were 
sampled (pls. 2, 3). In addition, sa1nples of panned concentrates were 
collected along many of the larger streams, and rock samples were 
taken from all known altered or 1nineralized zones (pls. 2, 3). A re
connaissance geologic map was prepared (pl. 1) in order to relate 
rock units and structure to mineral deposits. Ground traverses were 
made along all the principal ridges and valleys. By use of a helicop
ter for transportation into working areas and for reconnaissance, this 
rugged area was covered in a 1nuch shorter time than otherwise 
would have been possible. 

Various planimetric and topographic maps of the area, at several 
different scales, are available. Two topographic maps at a scale of 
1 : 62,500 (the Horseshoe Basin and Mazama quadrangles) cover 45 
and 37 square miles, respectiv~ly, of the extreme eastern and south
eastern parts of this study area. Five topographic maps at a scale 
of 1: 24,000 (Robinson Mountain, Slate Peak, Azurite Peak, Crater 
Mountain, and Ross Dmn quadrangles) encompass 28, 4, 4, 15, and 
2 square miles, respectively, of the western part of the south edge 
of the study area. About 765 square miles is not included in any 
existing large-scale topographic maps, but is included on the U.S. 
Geological Survey Concrete sheet at 1: 250,000; this map, enlarged 
to 1:200,000, is the base for the geologic n1ap (pl. 1). The whole 
area, however, lies within all or parts of 10 U.S. Forest Service 
planimetric maps at a scale of 1: 62,500. These maps were used for 
plotting sample localities (pls. 2, 3) and for field mapping. 

The geological fieldwork was done from July to September 1965, 
and .June to September 1966, by M. H. Staatz, J. F. Robertson, R. \V. 
Tabor, and P. L. Weis. We were assisted in 1965 by B. 0. Culp, 
D. A. ~1c \Vhorter, E. G. Hasser, and l{. Y. Lee, and in 1966 by 
R. G. Smith, E. E. Loeb, Russell Robinson, Jr., and B. 0. Culp. For 
a n1onth in the latter part of the summer of 1965 we were joined by 
E. V. Post, W. L. Lehmbeck, and \V. P. l\1cKay, who analyzed our 
stream sedilnents by colorimetric 1nethods for selected elements in a 
mobile geoehe,mical laboratory. They also aided us in the collection 
of sediment samples and n1ade geochemical tests in the field. For a 
week during rthis sa1ne period we were joined by A. P. ~1arranzino, 
G. C. Curtin, and D .• J. Grimes, who analyzed panned concentrates. 
altered and mineralized rock, and selected strea.1n-sediment samples 
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in a mobile spectrographic laboratory. For most of the summer of 
1966 C. L. Whittington and W. H. Raymond, Jr., with the mobile 
geochemical laboratory analyzed the stream-sediment samples. l\:Ir. 
Raymond also made geochemical tests in the field. In addition, other 
spectrographic analyses \vere made in the Geological Survey's 'Vash
ington, D. C., laboratories by W. B. Crandell and Joseph Harris, and 
in the Geological Survey's Denver laboratories by H. G. Neiman, 
Arnold Farley, ,Jr., and K. C. 'Vatts, ~Jr. Samples of Yein material 
were assayed for various metals in the Denver laboratories of the 
U. S. Geological Survey by 0. l\f. Parker, Claude Huffman, Jr., 
.T. D. l\fensik, G. T. Burrow, Luther Dickson, T. A. Roemer, S. l{. 
:McDanal, Gary Dounay, George Andrews, and H. H. Lipp. 

Rock sa~nples were analyzed for gold by E. E. 1\:Iartinez, R. L. 
l\filler, T. A. Roemer, ,T. G. Frisken, .T. E. Troxel, and .J. A. Thomas. 

Fieldwork by the lT.S. Bureau of l\1ines was started during the 
summer of 1965 and terminated at the end of the summer of 1967. 
Van Noy, Pattee., and Hole were aided in the field by the following 
Bureau men : Robet~t 'Vel din, 1 .Joseph Coffman ,t 'Vi lliam Rice, 2 

Errol ICramer,3 .John .Johnson,·1 and .Joseph l\L Roche. 4 

Acknowleclgn1ent is made to the l\It. Baker and Okanogan National 
Forests personnel for providing assistance. Special recognition is 
given 1\:Ir. Paul Schauffer, District Rangm·, 'Vinthrop, 'Vashington. 

For this investigation, geological mapping, geochemical sampling, 
and analyses and studies of alte-red areas \vere by members of the 
U.S. Geological Sun'ey. Information on mines, prospects, and min
eralized areas were compiled by both the U.S. Geological Survey 
and the -u.S. Bureau of l\1ines. Examinations of mining claim rec
ords and economic appraisals of properties in the area were by the 
lT.S. Bureau of l\Iines. 

GEOLOGY 

The geology of the Pasayten 'Vilderness is diverse and includes a 
variety of sedimentary, igneous, and metamorphic rocks of several 
ages. Precise ages are known for only a few of the units. 'Vhat little 
is known indicates that most of the rocks are Cretaceous or Tertiary 
in age, although a fe.\v are undoubtedly much older. 

The wilderness area is divided into geologically dissimilar parts 
by the northwest-trending Eightmile Creek fault (pl. 1). The rocks 
east of this major fault consist principally of intrusive igneous rocks 

1 Mining Engineer, Spokane Office of Mineral ResourceH. 
2 Geologist, Spokanp Office of .:\fineral Re~wurces. 
3 Physical Science Technician, Spokane Office of Mineral Resources. 
4 :Mining Engineer, formerly assigned to the Spokane Office of l\Iineral Resources. 
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w,ith some metamorphic rocks. The rocks west of the fault are more 
va.ried. Those in the eastern four- fifths of this 'vestern area consist 
of a thick detri,tal sedimentary series, some volcanic units, several 
moderate-sized bodies of intrusive rocks, and nmnerous dikes. Those 
in the western one-fifth consist of a thick sequence of slightly meta
morphosed volcanics, some highly metamorphosed rocks, and some 
clastic sedimentary rocks. The rocks on either side of the Eightmile 
Creek fault are parts of different sequences, and, as their relative ages 
are unknown, the.y will be discussed separately. 

ROCKS EAST OF THE EIGHTMILE CREEK FAULT 

The oldest rocks of the area east of the Eightmile Creek fault are 
schists, gneisses, and quartzites of sedimentary and volcanic origin. 
These rocks have been largely engulfed and obliterated by younger 
intrusive igneous rocks. The metamorphic rocks make up all or the 
greater part of the three oldest rock units : ( 1) qua.rtzites, gneisses, 
and schists of the Horseshoe Basin area., (2) hornblende gneisses 
of the Sheep Mountain area, and (3) the granodiorite gneiss com
plex of the Quartz Mountain area. They also occur as isolated pods, 
layers, and screens in the adjacent igneous rocks. In order of decreas
ing age, the younger igneous rocks are: ( 1) gneissic quartz diorite 
of the Middle Fork of Toats Coulee Creek, (2) Ashnola Gabbro, 
(3) quartz monzonite, granodiorite, and quartz diorite, and ( 4) 
light-colored quartz monzonite dike of the Cathedral Peak area. 
Small coarse- to fine-grained light- to dark-colored dikes are scat
tered throughout this area. 

QUARTZITES, GNEISSES, AND SCHISTS OF THE 
HORSESHOE BASIN AREA 

Three small areas of older metamorphic rocks (pl. 1; fig. 20) 
are found in or near Horseshoe Basin in the easternmost part of the 
study area. These rocks are surrounded and intruded by younger 
intrusions (fig. 6) and are probably roof pendants, as suggested by 
Daly (1912, p. 432). Rock types noted are quartzite, feldspathic 
quartzite, quartz-biotite-orthoclase schist, hornblende-quartz-augite 
gneiss, and plagioclase-hornblende-biotite gneiss. Except for the 
quartzites all these rocks are thinly laminated; layers and foliation 
dip steeply. Some of these rocks were derived from sedimentary 
rocks, although the hornblende-bearing ones were probably derived 
from mafic volcanic rocks. Their age is not known, but similar
appearing rocks to the south and east have been dated as Permian 
and Triassic (Hibbard, 1962, p. 8; U.S. Geological Survey, 1965, 
p. A96). These rocks were metamorphosed before they were intruded 
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by the gneissic quartz diorite of the Middle Fork of Toats Coulee 
Creek, which has a minimum age of Early ,Jurassic a.ccording to 
potassium-argon detenninations by J. E. Engels (C. D. Rinehart 
and K. C. Fox, Jr., unpub. data, 1970). 

HORNBLENDE GNEISSES OF THE SHEEP MOUNTAIN AREA 

Hornblende-rich gneisses cut by numerous dikes underlie an 
irregular area of about 41h squar,e miles along the International 
Boundary. This unit lies north of Sheep Mountain and extends 
roughly from Peeve Creek to Ashnola River (pl. 1). These rocks 
were called the "Basic Complex" by Daly ( 1912, p. 436-439). The 
hornblende gneisses are surrounded by rocks of the granodiorite 
gneiss complex. 

The gneisses consist principally of amphibolite, interlayered with 
less abundant black hornblende-biotite-qua.rtz gneiss and hornblende
augite gneiss. Minor minerals in the gneisses a,re magnetite, quartz, 
chlori,te, epidote, and apatite. The proportions of these minerals differ 
grea,tly from one layer to another. Dark-green gneisses are generally 
hornblende rich, black layers are biotite rich, and the lighter layers 
have more plagioclase. Grain size ranges from fine to coarse, both 
frmn one layer to the next and within any one layer. The foliation 
strikes generaily N. 65° \V. and dips steeply to the northeast, although 
locally it exhibits tight folds or swirls. A semiquantitative spectro
graphic analysis of hon1blende gneiss (92, table 1 ~ pl. 2) indicates 
th3!t this rock has the highest iron, magnesium, calcium, and cobalt 
content of the 39 samples of fresh rock analyzed from the wilderness 
area. 

The hornblende gneisses are cut by numerous crisscrossing fine
to coarse-grained dikes. These dikes a:re most numerous to the 
northeast, near a granodiorite stock from which they were probably 
derived. The gneisses are also cut by other dikes containing olivine, 
plagioclase, pyroxene, and amphibole. A distinctive 40-foot-thick 
dike that crops out on the main ridge west of the Ashnola River 
eonsists of olivine nodules in a felted matrix of amphibole (Daly, 
1912, p. 437-439). 

The hornblende gneisses of the Sheep Mountain area are probably 
among the oldest rocks in the study area and have gone through a 
period of high-grade metamorphism. Rocks of this composition 
could have been formed by metamorphism of mafic volcanic rocks. 

GRANODIORITE GNEISS COMPLEX OF THE QUARTZ 
MOUNTAIN AREA 

A lar_ge irregular mass of gneissic rock lies across the International 
Boundary from a point three-qua.rters of a mile east of the Pasayten 
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River on the west to Cad1edral Lake on the east-a distance of 14 
miles (pl. 1). This mass extends 3-5%~, miles south from the bound
ary. It surrounds the hornblende gneisses of the Sheep Mountain 
area, the Ashnola Gabbro, and a quartz monzonite intrusive, and 
is surrounded by qua.rtz monzonite, granodiorite, and quartz diorite. 
Similar gneiss, surrounded by quartz monzonite, granodiorite, and 
quartz diorite, occurs about 12 miles to the southeast where it 
e~tends for 31f2 miles along the Chewack River from a point 1 mile 
no:vth of Andrews Creek. 

The granodiorite gneiss complex is a compound rock unit that 
consists of hornblende gneisses (equivalent to the hornblende 
gneisses of the Sheep Mountain area) that have been extensively 
injected and partly replaced by gneissic granodiorite. Thus, the con
tact between the hornblende gneisses of the Sheep Mountain area 
and the gra,nodiorite gneiss comple·x is gradational, and layers of 
hornblende gneiss extend from one unit into the other. The predom
inant rock of th~ complex is gneissic hornblende-biotite granodiorite. 
The subordinate hornblendic gneisses of the complex are mainly 
amphibolite, but hornblende-biotite-quartz gneiss, biotite-quartz 
gneiss, and pyroxene-quartz gneiss are present locally. These rocks, 
like similar ones in the Sheep Mountain area, probably had a vol
canic and sedimentary ancestry. The crosscutting nature of some 
layers of granodiorite and the presence of hornblende gneiss inclu
sions in granodiori,te indicate that much of the granodiorite is 
intrusive. Daly (1912, p. 443---,448) recognized the predominant 
intrusive character of this rock and called it the Remmel batholith, 
but the term "batholith" does not seem apt to indicate this unit's 
varied rock types. 

The hornblende gneisses of the complex commonly show swirling 
of the foliation and folding of the various layers, which range from 
thin streaks to zones several hundred feet thick. In the gneissic 
granodiorite, plagioclase, generally andesine, is the most aibundant 
mineral and cmnmonly makes up :1bout half the rock; quartz content 
ranges from about 10 to 25 percent, and orthoclase content ranges 
from 5 to 35 percent although commonly it is about 10 percent. Gen
erally, those rocks containing the greatest proportion of orthoclase 
contain the smallest proportion of dark minerals, and vice versa. The 
dark minerals, hornble,nde and biotite, make up from about 2 to 35 
percent of the rock In a few places 1nuscovite is the principal 1nica. 
Accessory minerals are apatite, sphene, 1nagnetite, chlorite, epidote, 
garnet, and zircon. A semiquantitative spectrographic analysis of a 
specimen of the granodiorite gneiss (81, table 1; pl. 2) is similar to 
those of the granodiorit~ and quartz diorite intrusives west of the 
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Eightmile Creek fault ( 183, 194, 195, 289, 315, 316, 402, 433, and 507, 
table 1), although it contains a little more iron and manganese, pos
sibly reflecting the higher proportion of hornblende and biotite in 
the gneiss. 

The granodiorite gneiss cmnplex is also cut by dikes of pegmatite, 
aplite, unmetamorphosed quartz monzonite, rhyolite, and andesite. 

GNEISSIC QUARTZ DIORITE OF THE MIDDLE FORK 
OF TOA TS COULEE CREEK 

An irregular north-trending band of gneissic quartz diorite extends 
across the eastern part of the area in the vicinity of Horseshoe Basin 
and the J\1iddle Fork of Toats Coulee Creek (pl. 2). The gneissic 
quartz diorite is a dark-speckled medium- to coarse-grained rock 
containing about 25 percent dark 1ninerals. In many places it has a 
faint to distinct foliation of diverse orientation. 

The principal minerals in the gneissic quartz diorite are plagio
clase, orthoclase, quartz, hornblende, and biotite. Feldspar makes up 
about half the rock and plagioclase makes up about nine-tenths of 
the total feldspar. Quartz occurs in small, inconspicuous grains; 
hornblende and biotite generally occur in clots, with hornblende 
being more abundant. J\1inor amounts of magnetite, sphene, apatite, 
zircon, and chlorite are also present~ A semiquantitative spectro
graphic analysis of typical quartz diorite gneiss (15, table 1; pl. 2) 
is similar to that of the gneissic granodiorite of the granodiorite gneiss 
complex of the Quartz J\1ountain area. 

The gneissic quartz diorite of the J\1iddle Fork of Toats ·Coulee 
Creek intruded the quartzites, gneisses, and schists of the Horseshoe 
Basin area, but it is older than the nonfoliatecl quartz monzonite, 
granodiorite, and quartz diorite which surround it. Potassium-argon 
age determinations by J. E. Engels on hornblende and biotite from 
this unit southeast of the study area indicate a probable Early Juras
sic age (C. D. Rinehart and l{. C. Fox, Jr., unpub. data, 1970). 

On the east side of Pick Peak the gneissic quartz diorite is cut by 
a 60-foot-thick north-trending rhyolite dike at least half a Inile long. 

ASHNOLA GABBRO 

A lenticular northwest-trending body of gabbro crosses the Inter
national Boundary just east of Beaver Creek, where it forms a promi
nent ridge (pl. 1). It was named the Ashnola Gabbro by Daly (1906, 
p. 341) after the Ashnola River. The body, which is 4%, miles long 
and as 1nuch as half a mile wide (Daly, 1912, p. 434), intrudes the 
granodiorite gneiss complex of the Quartz Mountain area. 
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The Ashnola Gabbro is easily distinguished from the surrounding 
rocks by the distinctive tan color of the weathered rock. Fresh gabbro 
is dark gray and medium to coarse grained. Faint compositional 
layering has a consistent northeast strike and a northwest dip 
(Hawkins, 1963, p. 117). Rock types in the various layers are 
olivine-hypersthene gabbro, olivine gabbro, hypersthene gabbro, and 
pyroxene-hornblende gabbro (Hawkins, 1963, p. 120-121). Accessory 
minerals are rutile, sphene, apatite, zircon, magnetite, and quartz. 
Some of the primary mjnerals have altered to serpentine, talc, chlo
rite, biotite, and sericite. 

Primary minerals in the gabbro are conspicuously alined north
easterly in the plane of the compositional layering, which is at right 
angles to the foliation in the adjacent gneisses. These structures, 
together with igneous texture, indicate that the Ashnola Gabbro 
intruded the gneisses after their metamorphism, not before, as con
eluded by Daly ( 1912, p. 436). The lineation probably formed by 
movement of the magma during crystallization. The age of the gab
bro relative to the other igneous rocks of this area is not known, but 
lack of metamorphjsm suggests this rock is at least as late as 
Cretaceous. 

Streams that drain the area underlain by the Ashnola .Gabbro con
tain relatively high concentrations of magnetite compared with 
streams draining surrounding rocks. 

QUARTZ MONZONITE, GRANODIORITE, AND QUARTZ DIORITE 

Intrusive igneous rocks ranging in composition from quartz mon
zonite to quartz djorite underEe approximately three-quarters of the 
area "east of the Eightmile Creek fault (pl. 1). The intrusion occurred 
after the regional metamorphism. that formed the lineation and folia
tion in the older metamorphic rocks, which have been cut and re
placed (fig. 6). 

Several plutons are grouped together in this unit even though 
they are not all of the same age. Included are rocks in the eastern 
part of the Horseshoe Basjn, which are continuous with the Similka
meen batholith of Daly ( 1912, p. 455-459). Farther west, but also in 
this group, is a porphyritic quartz monzonite, which along the Inter
national Boundary between longitude 119° and 120°10' was named 
the Cathedral Peak batholith by Daly (1912, p. 459-464). He corre
lated the Catl1edral Peak batholith with the Similkameen batholith 
and with the Park stock- an isolated quartz monzonite body west of 
the Ashnola River. At least some of the Cathedral Peak batholith of 
Daly, as mapped by Hawkins (1963, pl. 1), has been shown to be 
much younger than the Similkameen. A potassium-argon date on 
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FIGURE 6.-Windy Peak in the easternmost part of the areu is made up of 
granodiorite (1), which on the south side of the peak has intruded quartzites, 
gneisses, and schists of the Horseshoe Basin area (2). 

biotite from granodiorite near Thirtymile Camp (Hawkins, 1968b, 
p. 1789) is 94.0 ± 2.8 m.y. (million years). 

The quartz monzonite and quartz diorite are generally light gray 
or light pinkish gray, medium to coarse grained, and locally por
phyritic. The principal minerals are plagioclase ( 30-50 percent), 
quartz (20--40 percent), and perthite (3--40 pe.rcent). Biotite (1-10 
percent) and muscovite ( trace-3 percent) are the most common acces
sory minerals. Biotite is ubiquitous, but muscovite is common only 
west of Andrews Creek. Small red garnets are locally abundant. Apa
tite, magnetite, and chlorite are found in most places in minor 
amounts, and zircon, epidote, sericite, and sphene are found locally. 
Four semiquantitative spectrographic analyse.s (10, 64, 77, and 161, 
table 1 ; pl. 2) of specimens ranging from quartz monzonite to quartz 
diorite indicate that these rocks are less mafic than either the grano
diorite gneissic complex of the Quartz Mountain area or the quartz 
monzonite, granodiorite, and quartz diorite 'Yest of the Eightmile 
Creek fault. 

Although most of the rocks are massive, foliation is found locally. 
Foliation in a zone 1-3 miles wide along the Eightmile Creek fault 
strikes roughly parallel to the fault and dips steeply. Close to the 
fault the rock is granulated and veined with calcite, but the foliation 
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gradually dies out to the northeast. This foliation was formed by the 
deformation of the brittle quartz monzonite, granodiorite, and quartz 
diorite during faulting. Foliation unrelated to faulting is found in 
several places in the central part of this unit, where older metamor
phic rocks have been incompletely replaced by the younger intrusive 
rocks and the foliation is inherited from the older rocks. In some 
places, where replacement is almost complete, faint streaks of darker 
minerals can be seen ; in other places bands of biotite schist and 
hornblende gneiss a.re surrounded by the quartz monzonite, granodio
rite, and quartz diorite. Partly replaced older rocks can be seen in 
this unit on the west side of Remmel ~;fountain, Reed Peak, and along 
Ram Creek. 

Several types of dikes are widely scattered in the quartz monzonite. 
Most dikes are narrow and fairly short. They are of rhyodacite, 
andesite, basa1t, and granitic pegmatite. The pegmatites in this area 
consist principally of perthite, quartz, and n1uscovite with accessory 
plagioclase, tourmaline., and garnet that have an average grain 
diameter of about 1 inch. These pegmatites are too small and too fine 
grained to permit the economic recovery of perthite, quartz, or mus
covite. Furthermore, very little if any of the muscovite could be 
classified as sheet mica. 

LIGHT-COLORED QUARTZ MONZONITE DIKE OF THE CATHEDRAL 
PEAK AREA 

A northwesterly trending d ikeEke body of light-colored quartz 
monzonite that intruded the older quartz monzonite, granodiorite, 
and quartz diorite lies across the Canadian border northeast of Ca
thedral Peak (pl. 1). This dike is about 1,400 feet wide and 31j2 

miles long (Daly, 1912, p. 461), about 2 miles of its length being 
south of the border. The light-gray quartz monzonite weathers white. 
It is bounded by a thin fine-grained border zone that grades inward 
to a medium-grained porphyritic rock. Phenocrysts of perthite as 
much as an inch long are set in a finer grained matrix of plagioclase, 
perthite, and quartz with minor biotite, muscovite, apatite, and mag
netite. This rock differs from the olcle,r quartz monzonite in being 
lighter colored, finer grained, and more uniformly porphyritic, and 
in having a generally higher perthite-to-plagioclase ratio. 

The light-colore.d quartz monzonite may be the youngest major 
intrusion east of the Eightmile Creek fault, as it intruded the quartz 
monzonite, granodiorite, and quartz diorite unit, which is partly Late 
Cretaceous. 

424-547 0-71-3 
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ROCKS WEST OF THE EIGHTMILE CREEK FAULT 

Contrasting with the intrusive igneous and metamorphic rocks 
east of the Eightmile Creek fault are the dominantly sedimentary, 
volcanic, and low-grade metamorphic rocks \Vest of the fault. The 
bulk of the area west of the fault is underlain by sedimentary rocks, 
dominantly plagioclase arkose and argillite of mid -l\fesozoic age, 
that are locally metamorphosed. On the west side along Ross Lake 
and in the southwest corner of the study area, the l\fesozoic sedimen
tary rocks are in fault contact with two separate sequences of meta
morphic rocks. Along the Eightmile Creek fault and in the south
central part of the area volcanic and associated sedimentary rocks 
underlie, intertongue with, and overlie the arkose-argillite sequence. 
The youngest unit of the volcanic rocks overlaps the Eightmile Creek 
fa.nlt and is not, itself, faulted. 

A variety of igneous rocks in small- to medium-sized bodies~ rang
ing from dunite to granite, have intruded the depositional units west 
of the fault. 

These rock units will be described in order of decreasing age, 
although the relative age of some units is poorly known. Rock units, 
in order of description, are: ( 1) Custer Gneiss of McTaggart and 
Thompson (1967), (2) Hozomeen Group of Cairnes (1944), (3) 
volcanics of Billy Goat Mountain, ( 4) plagioclase arkose and ar
gillite sequence, (5) Midnight Peak Formation, (6) granodiorite, 
quartz diorite, and quartz monzonite, (7) plagioclase porphyry stock 
and dikes, (8) dunite and serpentine, (9) hornblende diorite, (10) 
granodiorite dike and sill complex, (11) granite of Monument Peak, 
and ( 12) volcanics of Island Mountain. 

CUSTER GNEISS OF MeT AGGAR T AND THOMPSON ( 196 7) 

The biotite gneiss exposed on Roland Point and along Ruby Arm 
near the south end of Ross Lake (pl. 1) is probably the oldest rock 
west of the Eightmile Creek fault. It occupies only a few square 
miles of the study area, but is part of a widespread rock unit that 
extends northwesterly across the North Cascades from the Columbia 
River to Yale, British Columbia. 

The unit was originally named Custer Granite Gneiss by Daly 
( 1912, p. 523-526), but the name was later modified to Custer Gneiss 
by McTaggart and Thompson ( 1967, p. 1205-1210). These gneisses 
can be .traced southeastward to the norrth shore of Lake Chelan~ 
where they have been correlated with the Swakane Biotite Gneiss 
(Cater and Wright, 1967; Cater and Crowder, 1967). The biotite 
gneiss in the study a.rea has also been called the Skagit Gneiss 
(l\tfisch, 1952, p. 12-14), but the name Skagit has previously been 
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used for a sequence of volcanic rocks along the Canadian border on 
the west side of Ross Lake (Daly, 1912, p. 528-531). 

In the study area, the northeast margin of the unit is in fault 
contact with rocks of the granodiorite dike and sill complex and 
the phyllite facies of the plagioclase arkose and argillite sequence. 
Along Ruby Creek, it has been intruded by a small quartz diorite 
stock. 

"\Vithin the study area the Custer Gneiss is well foliated, and the 
foliation has a general northerly strike. In places small folds in the 
foliation and compositional layering plunge at moderate angles to 
the south. Although biotite gneiss makes up the greater part of this 
unit in the study area, there are also layers of hornblende-biotite 
gneiss, hornblende gneiss, marble, and chlorite schist, particularly 
south of Ruby Arm. The biotite gneisses are mainly plagioclase
quartz rocks conta.ining 5 to 20 percent biotite and lesser amounts 
of hornblende, chlorite, apatite, magnetite, and sphene. These 
layered gneisses are intruded in some places by dikes, sills, and 
irregular masses of a light-colored quartz diorite which contains 
less than J percent dark minerals. 

HOZOMEEN GROUP OF CAIRNES ( 1944) 

From a point about 6 miles east of Ruby Arm a thick sequence 
of greenstone with minor chert, marble, and shale extends in a 
northwest-trending belt into Canada (pl. 1). East of Ross Lake this 
belt is approximately 31h miles ·wide and is bounded by faults. 

This sequence was originally named the Hozomeen Sel'lies by Daly 
(1912, p. 500). The name was later modified to Hozom.een Group 
by Cairnes (1944). 

The greater part of the Hozomeen Group is made up of slightly 
metamorphosed mafic lavas (greenstone). These fine-gra.ined rocks 
are generally dark greenish gray, but locally are light greenish 
gray, dark purplish gray, reddish gray, or brown, and are made up 
of plagioclase, actinolite, and hornblende, with lesser amounts of 
chlorite, epidote, calcite, quartz, ilmenite, and apa.tite. Prehnite is 
common in some places, and quartz, calcite, a.nd zeolites fill veinlets. 
The greenstone is sheared and brecciated. Fracturing, though most 
common along the borders of this unit, is found even in the center 
of the mass. Shearing in places has given the rock a streaked appear
ance. The original volcanic texture is visible in a few places, and 
near its south end above Canyon Creek well-developed pillow struc
ture indicates that at least some of the lavas were deposited under 
water. 
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Further indications of deposition in an aqueous environment are 
given by discontinuous layers and lenses of banded gray, light
pinkish-gray, and white chert, by lesser amounts of light-gray 
marble, and by a few bands of black phy llitic argillite that are inter
layered throughout the greenstone. The bedding in these less common 
rock types indicates that the Hozomeen Group has been folded into 
a broad syncline plunging to the north west. In the north western 
part of the study a.rea the Hozomeen Group has been intruded by 
two bodies of quar.tz diorite that are part of the Chilliwack batholith 
(fig. 7). The Hozomeen is also cut by many small quartz diorite and 
diabase dikes. 

A minimum age of 30 m.y. for the Hozomeen is provided by a 
radioactive date from qua.rtz diorite (lVIisch, 1966, p. 139) that has 
intruded the Hozomeen south of Silver Creek on the west side of 
Ross Lake. Aside from this, little is known of the age of the Hozo
meen, as no fossils have been found in it and nwst of its contacts 
with other rocks are along faults. In the study area the Hozomeen 
Group is faulted against the surrounding arkose-argillite sequence, 
and its east contact is marked by intense brecciation and shearing. 
West of Ross Lake, howeve-r, i·t apparently grades downward intq1 
phyllite and metasediments that may be the eqnivalent of the arkose 
and argillite sequence to the east. The Hozomeen Group, on the basis 

FIGURE 7.- EaSit side 01f rugged Hozomeen Mountain, showing a small quartz 
diorite intrusive (1) cutting greenstone (2) of the Hozomeen Group of Oairnes 
(1944). 
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of lithologic similarity, has been tentatively correlated with the Cache 
Creek Series in south-central British Columbia (Smith and Calkins, 
1904, p. 23; Daly, 1912, p. 502; l\fisch, 1966, p. 116) and with the 
Chilliwack Series of Daly (1912), which crops out about 24 miles 
w·est of Ross Lake (Daly, 1912, p. 504; Cairnes, 1924, p. 42). The 
Cache Creek Series is mostly of Perinian age, although the lower 
part may be Pennsylvanian (Armstrong, 1949, p. 40). Fossils indi
cate that the Chilli wack Series ranges in age from Middle Devonian 
to l\fiddle Permian (Danner, 1965; McGugan and others, 1964, p. 
109). The overall sinuous contact of the Hozomeen Group suggests 
that the Hozomeen is separated from the surrounding rocks by a 
thrust fault, as postulated by l\fisch ( 1966, p. 133), and therefore 
could possibly be older. However, the topographic expression of the 
sheared eas~t contq,ct suggests a near-vertical fault rather than a thrust. 
If that is so, the· Hozomeen could also be younger than the surround
ing Lower Cretaceous rocks. The synclinal form of the Hozomeen 
above the arkose and argillite sequence and the apparent interbe,dding 
with these rocks west of Ross Lake lend support to this hypothesis. 

VOLCANICS OF BILLY GOAT MOUNTAIN 

A thick sequence of volcanic tuffs and breccias, lava flows, and 
minor clastic sedimentary rocks forms a northwest-trending belt as 
much as 3 miles wide along the southwest side of the Eightmile Creek 
fault (pl. 1). In several these rocks dip steeply to the west beneath 
the plagioclase arkose and argillite sequence. Graded bedding in 
some tuff beds indicates that they are right side up. The bottom of 
the unit is not exposed in the wilderness area. The upper contact is 
faulted in some places, but in the central part of the area it appears 
to be depositional. Near the center o{the belt a pile of younger vol
canic rocks (volcanics of Island l\1ountain) unconformably overlies 
the volcanics of Billy Goat Mountain. Dikes ranging from pyroxenite 
to rhyolite cut these older volcanic rocks. 

Total exposed thickness of this unit at its widest part near Billy 
Goat l\1ountain is not less than 14,000 feet, but along the Canadian 
border, where the volcanics have been thinned by faulting, Daly 
(1912, p. 489) estimated them to be only 1,400 feet thick. 

The volcanics of Billy Goat Mountain along the Canadian border 
were assigned to member A of the Pasayten Series by Daly (1912, 
p. 481). To the south near Twisp, Barksdale's Newby Formation 
( 1948, p. 167-169) is lithologically similar and underlies a thick se
quence of plagioclase arkose, black siltstone, and scattered conglom
erate beds. Barksdale (1960) traced the Newby Formation northward 
into marine beds that contained fossils of Early Cretaceous age. 
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The greater part of the volcanics of Billy Goat l\iountain is made 
up of somber-hued, more or less altered andesitic tuffs and breccias. 
Andesite and basalt flows are scattered through the section, but are 
most common in the upper part. Several layers of light-greenish-gray 
to yellowish-gray rhyolitic or dacitic tuff and breccia occur within the 
more mafic rocks. Mudflows, made up of a jumble of andesite boul
ders,.are also found in this sequence. Thin lenticular beds of coarse- to 
fine-grained impure sandstone, reddish-gray to dark-gray siltstone 
and mudstone, and pebble to boulder conglomerate are interlayered 
with the volcanic rocks. 

Andesitic tuffs, which grade into breccias, range from very fine 
grained rocks, like the diabase-appearing rock in the Billy Goat mine 
(loc. 16), to breccias with fragments as much as 8 inches across 
(fig. 8). Rock fragments are angular to sub rounded; most are ande
site, although a few are sedimentary rocks or are other kinds of 
volcanic rocks. Crystal fragments are principally plagioclase and 
hornblende, with some olivine, apatite, magnetite, and very minor 
amounts of quartz. These minerals are commonly altered to calcite, 
chlorite, sericite, clay minerals, zeolites, chalcedony, and iron oxide 
minerals. 

Flows and flow breccias are generally 'fine-grained massive rocks 
(fig. 8) that rarely exhibit flow structure. Though dominantly ande-

FIGURE 8.- Volcanics of Billy Goat Mountain at the crest of Billy Goat Mountain 
showing a_,n andesite flow breccia ( 1) overlying a rhyolite volcanic breccia 
and tuff (2). 
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site, these rocks range from -alivine basalt to dacite. They contain 
phenocrysts of plagioclase, hornblende, pyroxene, and olivine, with 
minor amounts of biotite and apatite. These phenocrysts have largely 
been altered to secondary minerals that include chlorite, epidote, 
sericite, magnetite, quartz, albite, and clay minerals. 

Rhyolitic or dacitic tuffs and breccias form several lenticular 
layers, each 100- 300 feet thick. These rocks range from moderately 
well sorted water-deposited crystal-lithic tuff to coarse massive brec
cia with fragments as much us a foot across. Son1.e of the tuff 
exhibits graded bedding. These rocks consist mainly of angular frag
ments of a light-greenish-gray to yellowish-gray fine-grained vol
canic rock with sparse quartz phenocrysts set in a matrix of small 
,·olcanic rock chips, volcanic ash, and broken crystals of quartz, 
plagioclase, and altered hornblende. Like the more n1.afic rocks, these 
tuffs and breccias have been altered to chlorite, sericite, epidote, 
albite, calcite, hematite, and clay minerals. 

PLAGIOCLASE ARKOSE AND ARGILLITE SEQUENCE 

A thick sequence of interlayered elastic rocks, mainly argillite and 
arkose, underlies the greater part of the area between Ross Lake and 
the volcanics of Billy Goat ]\fountain (pl. 1). Argillite is dominant 
in some parts of the sequence, and plagioclase arkose in others 
(fig. 9), and in still others both are common (fig. 10). Conglomerate, 
generally in thin laye'rs, is scattered through parts of the sequence, 
and at least one thick conglomerate forms a prominent marker 
(fig. lOB). This thick group of sediments is folded about northerly 
trending axes (fig. 9), and is broken by several large faults. 

A similar thick clastic sequence to the south near Twisp has been 
divided by Barksdale ( 1948, p. 169-173) into the Virginia Ridge 
Formation and the ~rinthrop Sandstone. Along the Canadian border 
similar rocks were described by Daly ( 1912, p. 4 79~89) as members 
B to L of his Pasayten Series. Rice (1947, p. 15-24) divided Daly's 
Pasayten Series into two groups: the Pasayten Group for those rocks 
east of the fault that crosses the Canadian border along Chuchuwan
teen Creek and the Dewdney Creek Group for those rocks west of the 
fault. The Pasayten Group is of late Early Cretaceous age (Rice, 
1947, p. 23; Coates, 1967, p. 57); the Dewdney Creek Group is of 
Early Jurassic to Early Cretaceous age (Coates, 1967, p. 56; Rice, 
1947, p. 18- 19). The Dewdney Creek Group at its type area 30 miles 
north of the Canadian border (Cairnes, 1924, p. 56-66) consists 
largely of volcanic tuff. Southward the volcanic component decreases, 
and applicable volcanic material was recognized only in the northern 
part of the study area ; but little was noted in the central and south-
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FIGURE 9.-Thin-bedded plagioclase arkose on ridge no·rth of ·wildcat Mountain. 

ern parts of this area. Our mapping was not sufficiently detailed to 
permit subdivision of this very thick sequence. 

Fossils are rare in the plagioclase arkose and argillite sequence in 
the study area. vV e found some poorly preserved fossils in two areas 
along its south edge, and Rev. Robert Dabritz of Winthrop collected 
some along the north shore of Dead Lake. The following were identi
fied by D. L. Jones of the U.S. Geological Survey (written commun., 
1966): 

1. Along roadcut 1;4 mile east of Harts Pass : 
Ammonites-M elchiorites ( ? ) sp. 

2. Ridgetop 1 mile SSE. of Slate Peak: 
Large Acteonellid gastropods 

3. North side of Dead Lake : 
Pelecypod fragments, n1.ainly Trigonias 

All are of probable latest Early Cretaceous age. 
As Coates (1967) identified fossils ranging from Early Jurassic to 

latest Early Cretaceous in the same sequence in British Columbia, 
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the fossils listed above are evidently from only the upper part of this 
sequence. 

East of the Chuchuwanteen fault the arkose and argillite sequence 
consists of (fig. lOA) : ( 1) thick plagioclase arkose beds with inter
calated dark argillite beds, and (2) thin to medium beds of argillite 
intercala;ted with rubout equal amounts of thin to medium beds of 
arkose and scattered thin to thick beds and lenses of conglomerate. 
West of the Chuchuwanteen fault the unit consists of the above two 
assemblages plus ( 3) black argillite beds with a few thin beds of pla
gioclase arkose, and ( 4) massive conglomerate (at least 1,000 ft thick) 
(fig. lOB). In places these rocks contain volcanic debris. 

The plagioclase arkose that makes up a large part of the sequence 
is a distinctive-looking fine- to coarse-grained sandstone consisting 
of plagioclase and quartz in about a 1- to 20-percent matrix. The rock 
contains about 20 to 55 percent plagioclase, 15 to 60 percent quartz, 
1 to 15 percent orthoclase, and a trace to 30 percent dark minerals. 
Accessory minerals are chlorite, pyroxene, biotite, muscovite, magne
tite, apatite, sphene, garnet, epidote, and calcite. Chlorite generally 
occurs in the matrix. In addition, a few percent of rock fragments, 
mainly argillite and volcanic rocks, occur in some of these rocks. The 
arkose is generally well sorted, and the grains are angular to sub
angular. Graded bedding and crossbedding are present in some 
layers. These arkoses range in color from light gray to dark gray, 
greenish gray, and brownish gray. 

The argillite is dark-gray to black carbonaceous rock that com
monly weathers to dark brown. In a few layers graded bedding was 
observed. The argillite is fairly well indurated and has a moderately 
well developed cleavage. 

Conglome-rate occurs in layers or lenses from less than an inch to 
at least 1,000 feet thick (fig. lOB). Though mostly poorly sorted, 
thinner layers are generally made up of small pebbles; thicker layers 
may have boulders as large as 11/2 feet across. Conglomerate com
monly forms prominent, generally massive, outcrops. Most conglom
erate consists of well-rounded pebbles, cobbles, and boulders of 
plag-ioclase arkose, granodiorite, chert, and fine-grained dark volcanic 
rock embedded in a matrix of greenish-gray feldspathic sand. The 
layers shown on plate 1 may represent several conglomerate layers or 
one layer repeated by faulting. A second type of conglomerate is 
generally finer grained and is composed almost entirely of gray chert 
pebbles in a finer matrix of chert fragments. In a few places graded 
bedding was observed. This type of conglomerate is most common in 
the western part of the area and is especially well exposed west of 
the Anacortes mine (fig. 53, loc. 59). 

}[etamorphism of argillite on the southeast side of Ross Lake 
has produced dark-gray to silvery-gray phyllite. Reconstitution of 
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A 

FIGURE 10.-PLagioclase arkose and argillite seqUience. A, Sequence expo·sed where 
Grizzly Creek h:as cut down along strike of beds; view looking south. B, :Massive 
thick conglomerate makes up precipitous Holman Peak; view looking south
west. 0, Contact between plagioclase arkose and argillite sequence (1) and 
granodiorite (2) om the west side of Many Trails Peak above scenic Dot Lake. 

the argillite appears to begin with the growth of sericite in some 
layers. 'Vhere metamorphism has proceeded further, a!S along Canyon 
Creek about a mile east of its junction \vith Granite Creek, layers of 
phyllite and argillite are interlayered. Farther west most of the 
argillite has been converted to phyllite. A fe,v thin beds of bleached 
and foliated arkose are interbedded with the phyllite. 

MIDNIGHT PEAK FORMATION 

The Midnight Peak Forma.tion is preserved in several major 
northwest-trending synclines in the Methow River area, where it was 
named by Barksdale ( 1948, p. 178-17 4) for exposures on J\1idnight 
Peak 15 miles west-northwest of T'visp. Only the northernmost syn-
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Last Chance Mountain 

l!""rGURE 11.-Voleanic rock facies (2) and red-bed facies (3) of the Midnight Peak 
Formation overlie the plagioclase arkose and argillite sequence ( 4) and are 
partly covered by a landslide ( 1) on Last Chance Mountain. View looking 
west-north west. 

cline in the vicinity of Robinson Creek is in the study area. The Mid
night Peak Formation is generally made up of a lower red-bed unit and 
an upper volcanic unit (figs. 11, 32). Locally the red beds and the 
volcanic rocks interfing·er near their con tact, and isolated layers of 
either rock occur in the other. The volcanic rocks are more wide
spread than the underlying red beds, and on the north side of Robin
son ~1ountain red beds are n1issing. Local unconformities are common 
beneath the volcanic rocks. The red beds of this area were originally 
named the Ventura Formation by Russell (1900, p. 113-114), 
but Barksdale (1948, p. 174) included them in the Midnight Peak 
Formation. 

The red-bed unit in the wilde.rness area is 0 to about 3,000 feet 
thick. It is made up of dark-red to purple argillite interbedded with 
pink to dark-red sandstone and pink to gray conglomerate. The 
red beds are conformable to, and locally interfinger with, the under
lying plagioclase arkose and arg-illite sequence. Arg·illite makes up 
more than 60 percent of the red beds, but the thickest part of the 
section, on the southwest shoulder of Robinson ~fountain (fig. 32), is 
mostly dark-brown to purple argillite interbedded with purple lava 
flows at the top. The argillite consists of small angular grains of 
quartz, plagioclase, altered volcanic rock, chert, and epidote. Cement 
is mostly hematite, but chlorite, calcite, and sericite are also common. 
In many places, the argillite is cut by irregular veinlets of chlorite, 
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quartz, and calcite. The sandstone and conglomerate crop out in beds 
2 t.o 15 feet thick. The sandstone consists predominantly of quartz 
grains but is rich in volcanic and metamorphic rock fragments. It is 
mainly cemented by hematite, but also by calcite, clinozoisite, and 
chlorite. The conglomerate consists of well-rounded pebbles, most of 
which are chert and many of which are about 1 inch in diameter. The 
rock is cemented mainly by silica, although in places some hematite. 
chlorite, and calcite are present. 

The volcanic unit is made up of mottled dark-greenish-gray mas
sive volcanic breccia and tuff and some flows. These rocks appear to 
range from dacite to pyroxene andesite. The tuffs consist of tiny 
fragments of devitrified glass, quartz, feldspar, and a little argillite. 
Alteration minerals are calcite, clinozoisite, and zeolite. Flows are 
generally porphyritic, consisting of plagioclase and pyroxene phe
nocrysts set in a glassy matrix. Most of the original pyroxene, 
however, is altere-d to epidote or chlorite. 

Semiquantitative spectrographic analysis shows that the tuff ( 473, 
table 1; pl. 3) contains about three times as much iron and calcium 
as the flow ( 452, table 1; pl. 3). 

Numerous quartz porphyry and plagioclase porphyry dikes cut 
the Midnight Peak Formation. 

The Midnight Peak Formation conformably and gradationally 
overlies the plagioclase arkose and argillite sequence (fig. 11). Inas
much as the Midnight Peak Formation caps the mountain tops, it 
seems to be entirely younger than the plagioclase arkose and argillite 
sequence; another possibility is that it is a local unit in the upper 
part of this thick clastic sequence. Though no fossils have been 
found in the Midnight Peak, indirect evidence supports a Cretaceous 
age. Near Harts Pass, only about 1112 miles northwest of exposures 
of the Midnight Peak Formation, the plagioclase arkose and argillite 
sequence contains late Early Cretaceous fossils. A mile northeast 
of the Midnight Peak Formation (pl. 1), quartz diorite cuts regional 
folds in the arkose and argillite sequence that also flex the Midnight 
Peak Formation and, hence, must be younger than the Midnight 
Peak. The quartz diorite gives a potassium-argon age of 86 ± 2 
m.y. (Late Cretaceous). 

GRANODIORITE, QUARTZ DIORITE, AND QUARTZ MONZONITE 

Five intrusives each, at least a square mile in area and ranging 
from quartz monzonite to quartz diorite, cut the plagioclase arkose 
and argillite sequence (fig. 100) or the Hozomeen Group of Cairnes 
(1944) in the west half of the study area (pl. 1). In addition, there 
are several smaller stocks· and numerous dikes. The five principal 
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FIGURE 12.-Granodiorite exposed on steep cirque wall rising above small tarn on 
the east side of Pass Butte. 

intrusives, from east to west, are the Lost Peak stock, the Pasayten 
dike, the Rock Creek stock, the Castle Peak stock, and the Chilli wack 
batholith. 

The Lost Peak stock (figs. 100, 12) is a generally oval shaped 
body with an area of 12.6 square miles. Lost Peak is near its south 
end. The south tip of this stock is separated from the main body 
by an arm of the younger granite of Monument Peak (fig. 19). On 
the northeast side of Mount Lago, near its southwest end, the Lost 
Peak stock is cut by many quartz porphyry dikes. On the northeast 
corner of this stock, however, granitoid dikes derived from the Lost 
Peak stock cut the surrounding plagioclase arkose and a,rgillite 
sequence, which has been 1netamorphosed adjacent to the stock. 

The Pasayten dike, the largest of these intrusives (pl. 1; fig. 13), 
has an area of 16.6 square miles. It is tabular, with an average width 
of 1.1 Iniles and a length of 12.4 miles. Its contact is generally sharp, 
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~'lGURE 13.-·west end of quartz diorite intrusive (1), which cuts plagioclase 
arkose and argillite sequence (2), is exposed on the east side of the "\Vest I!'ork 
of the Pasayten River. Vimv looking northeast. 

and the arkose and argillite adjacent to it are commonly partly 
recrystallized by heat from the intrusive. Along Eureka Creek on 
the south margin of the dike the country rock is cut by numerous 
small. quartz diorite dikes derived from it. In this same area the 
Pasayten dike contains numerous inclusions of metamorphosed 
country rock. 

The Rock Creek stock (pl. 1) trends northwesterly across Rock 
Creek and is 5.30 square miles in area. In places this stock contains 
numerous inclusions of metamorphosed country rock. 

The Castle Peak stock (pl. 1) was named and studied by Daly 
(1912, p. 492-499). It has a generally oval shape and lies across the 
Canadian border with about three quarters of_ it-7.4 square miles
lying within the United States. This stock has walls that in general 
dip steeply outward, and in places dikes extfnd from it into the 
country rock. ·The surrounding sedimentary rocks are recrystallined 
within several hundred feet of the border of the stock. 

Stretched along the east shore of Ross Lake for 4 miles, but 
exposed over only 1 square mile of the rna pped area, is the east 
margin of the Chilliwack batholith (pl. 1). This body intrudes the 
Hozomeen Group. Its contacts on the east side of Ross Lake are not 
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well exposed. Sn1aller stocklike bodies occur on Hozomeen Mountain 
(fig. 7) and on Ruby Creek. The fonner is apparently connected at 
depth with the Chilli wack batholith along Ross Lake (see aero
Inagnetic contours on pl. 1). 

All these intrusives are sin1ilar in appearance. In general they 
are medimn-grained gray speckled rock that consist of plagioclase 
( 40-65 percent), orthoclase ( 1-25 percent), quartz ( 12- 26 percent), 
and da.rk minerals (2-25 percent). Dark minerals a.re principally 
hornblende and biotite, although in some places these minerals are 
altered to chlorite. Biotite generally predominates in the Lost Peak 
and Castle Peak stocks, and hornblende is generally more common 
in most of the others. Minor accessory minerals include magnetite, 
ilmenite, apatite, sphene, zircon, and, in the Lost Peak stock, augite 
and allanite. The Castle Peak and Lost Peak stocks are mainly gran
odiorite, although some of the Lost Peak stock is a qua.rtz monzonite. 
The other intrusives are mainly quartz diorite, though some grade 
into granodiorite. 

Eight semiquantita,tive spectroscopic analyses were Inade on these 
rocks: three samples (316, 433, and 507, table 1) from the Pasayten 
dike, three (194, 195, and 289, table 1) from the Lost Peak 
stock, and two (315 and 402, table 1) fron1 two small intrusives lying 
about 1112 miles west of the Lost Peak stock. All eight analyses were 
similar. This group of analyses is also similar to those made on 
plagioclase porphyry dikes to be described later (119, 193, 506, and 
535, table 1), two volcanic rocks of the l\1idnight Peak Formation 
( 452 and 4 73, table 1), and an arkose ( 439, table 1) from the plagio
clase arkose and argillite sequence. They were in most respects similar 
to the quartz diorite in the quartz diorite gneiss complex except that 
they contained a little less iron and manganese. 

The similarities in mineralogy, texture, minor-element composition, 
and structural relation to the country rock might suggest that these 
intrusives formed at the same time, but potassium-argon age deter
minations on samples fron1 four of them indicate that they were 
emplaced during at least three different times (Tabor and others, 
1968). A san1ple fron1 the Pasayten dike collected near its center on 
the ridge just east of the "\Vest Fork of the Pasayten River gives ages 
of 87.7 ± 2.6 m.y. and 85.3±2.6 m.y. on biotite and 86.0±2.6 m.y. on 
hornblende. A sample from the Rock Creek stock .collected in a small 
cirque northwest of Soda Peak on the south side of Chuchuwanteen 
Creek gives an age of 86.1 ± 2.6 m.y. on hornblende-the same age as 
the Pasayten dike. A sample from the Castle Peak stock collected 
near it's center on the ridge three-quarters of a mile northeast of 
Castle Peak gives ages of 49.8 ± 1.5 m.y. on biotite and 49.5 ± 1.5 m.y. 



GEOLOGY 33 

on hornblende. Hence, these plutons were intruded in Late Cretaceous 
and Eocene times. 

PLAGIOCLASE PORPHYRY STOCK AND DIKES 

A small stock of plagioclase porphyry lying across the International 
Boundary north of Frosty Creek can be traced for 1.1miles along the 
boundary and extends south of it for 1 mile (pl. 1). The rock is well 
jointed and porphyritic; crystals increase in size toward the center of 
the stock. A thin section of this light-gray rock consists of 63 percent 
plagioclase, 20 percent orthoclase, 7 percent quartz, 5 percent brown 
biotite, 3 percent green hornblende, and 2 percent magnetite. Some 
of the plagioclase has been altered to calcite, chlorite, and magnetite. 
Compositionally this rock might be a porphyritic quartz diorite or a 
porphyritic granodiorite. Daly ( 1912, p. 499-500) referred to this 
rock as a syenite porphyry, but, as his description is similar to ours, 
the difference in names appears due to c~1anges in tenninology in the 
intervening years. 

Th1any plagioc.lase porphyry dikes, which are similar to the stock 
near Frosty Creek, crop out throughout the area but are commonest 
near the granodiorite, quartz diorite, and quartz monzonite intrusiYes, 
from \Yhich the dikes were probably derived. Except near the Thionu
ment Peak granite stock (Tabor and others, 196R), these are the 
most common dikes in the Pasayten 'Vilderness. In a few places the 
plagioclase porphyry dikes are so numerous that little is left of the 
country rock. Dikes are less than a foot to several hundred feet thick 
and have been traced as far as a mile. They are steeply dipping and 
have diverse strikes, although northeast trends are most common. In 
general these gray dikes are spotted \vith 'vhite rectangular plagio
clase phenocrysts, one-sixteenth to one-quarter of an inch long, and 
slightly smaller dark needles of hornblende. Hornblende phenocrysts 
in many places have been changed to chlorite, and the groundmass 
commonly contains chlorite and calcite and, in a few places, prehnite. 

DUNITE AND SERPENTINE 

Dunite, a rock consisting principally of the mineral olivine, forms 
several narrow intrusives on and around tTack Thiountain in the south
western part of the area. The largest of these is a northwest-trending 
sill that intruded phyllite on the steep w.est face of Jack Mountain 
(pl. 1). The tabular body is about 400 feet thick and more than a mile 
long. The dunite is dark gray, light-brown \Veathering, and medium 
grained. It consists of about 75 percent olivine, nmnerous branching 
veinlets of antigorite containing a few specks of limonite and sheaths 
of chrysotile, and some small pockets of talc and minor scattered 
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pyrite. The outer 40 feet of the intrusive along its southwest side has 
been sheared and altered to serpentine. 

Four steeply dipping dunite dikes, each 100 to 200 feet thick (not 
shown on pl. 1) , crop out on the ridge •that trends southeast from Jack 
~1:ountain at elevations ranging from 5,800 to 7,000 feet. These dikes 
resemble the large dike just described, and consist of medium-grained 
dunite that is sheared and partly serpentinized. 

A body of serpentine which trends N. 35° ,iV. lie.s across Canyon 
Creek just southwest of the mouth of Nickol Creek. On the north 
side of Canyon Creek this body forms a knoll several hundred feet 
across. Other serpentine bodies occur on Nickol Creek (loc. 70, pl. 3) 
and in upper Roland Creek. 

HORNBLENDE DIORITE 

Hornblende diorite forms numerous dikes or irregular intrusions 
into the plagioclase arkose and argillite sequence in two places in 
the western part of the area. The largest body is a small stock, 1 
square mile in area, 3 miles east of Hozomeen ~1:ountain and about a 
mile south of Boundary Creek (pl. 1). This stock has intruded the 
sedimentary rocks without markedly disturbing them. Satellite dikes, 
sills, and irregular bodies are separated from the main mass by septa 
of sedimentary rocks. ~1any of the smaller satellite bodies lying 
northwest of the main body are separated by narrow slivers of sedi
mentary rocks and have not been differentiated from the. main body 
on plate 1; however, the lar~est along Lightning Creek is shown 
separately. The diorite near Boundary Creek may be a part of the 
Chilliwack composite batholith, because similar diorite is common in 
the batholith 'vest of Ross Lake and because a positive magnetic 
anomaly (pl. 1) indicates that the diorite is adjacent to a quartz 
diorite body that is part of the batholith. Hornblende diorite also 
occurs in a small generally east-trending body between upper Grizzly 
and ~fiddle Creeks (pl. 1), and about 200 feet north of this small 
intrusive is a parallel 25-foot-thick hornblende diorite dike. 

The hornblende diorite is gray to dark-gray entirely crystalline 
speckled rock that may be either fine grained or medium grained. It 
consists mainly of labradorite and hornblende, with less than 2 percent 
quartz, orthoclase, magnetite, ilmenite, apatite, and sphene. The 
hornblende is in some places partly altered to chlorite, e.pidote, and 
calcite, and the labradorite to sericite. The stock near Boundary 
Creek has a dark-green hornblende that makes up about 40 pe-rcent 
of most of the rock, but at the contact is a border zone having a 
higher proportion of hornblende. The small hornblende diorite body 
between Grizzly and ~Liddle Creeks differs from that just described 
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in having brown hornblende and having layers with varying propor
tions of hornblende to plagioclase; the hornblende makes up about 
20 to 70 percent of the different layers. 

GRANODIORITE DIKE AND SILL COMPLEX 

Along the southwest side of Jack ~!fountain a northwest-trending 
zone is made up of numerous dikes and sills of granodiorite intruded 
into the phyllite facies of the plagioclase arkose and argillite sequence 
(pl. 1). The dikes and sills make up at least 70 percent of this 

zone, and in places the intrusive bodies are separated only by thin 
septa of phyllite. This zone is 6 miles long and 200 to 4,000 feet 
wide. Where the zone is thickest, it is entirely granodiorite on the 
west and grades into a series of 100-foot-thick sills on the east. The 
granodiorite intrusives have an average trend of about N. 40° vV. 
parallel to the foliation of the phyllite, although in a few places they 
cut across it. 

The granodiorite ranges from tan to gray and from porphyritic to 
equigranular and fine grained. The rock is generally stained by iron 
oxides and in places is brecciated and sheared. The porphyritic types 
consist of numerous plagioclase crystals and a few quartz, biotite, and 
hornblende crystals about one-sixteenth of an inch in diameter set in 
a fine-grained matrix. In the equigranular types all grains are about 
one-sixteenth of an inch across. The granodiorite contains about 65 
percent plagioclase, 20 percent quartz, 10 percent orthoclase, and 5 
percent hornblende, biotite, and chlorite, \vith trace amounts of mag
netite, ilmenite, sphene, and zircon. The dark minerals make up from 
less than 1 to 15 percent of the rock. 

GRANITE OF MONUMENT PEAK 

A circular stock about 7 miles in diameter is exposed between 
Eureka Creek and Lost River in the south-central part of the study 
area (pl. 1). From the gorge of Lost River to the top of Lake Moun
tain (fig. '14A) this granite is exposed over a vertical distance of 
5,100 feet, an exposure which shows clearly the blunt, dmned shape 
of the stock. Along its southeast side the stock is exposed only in the 
bottoms of the deeper valleys. 

The contact of the granite with the adjacent plagioclase arkose and 
ttrgillite sequence is sharp. Beyond its margin, many granite por
phyry sills and dikes intrude the sedimentary rocks, especially along 
the west bor.der of the stock and in the Lost River gorge. The sedi
mentary rocks have commonly been metamorphosed by the adjacent 
granite. Along the north and south borders of the stock the granite 
cuts granodiorite and quartz diorite. 
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A 

B 
FIGURE 14.-Granite of Monument Peak. A, Lake Mountain and 

the adjoining ridge are composed of gramite. !T;he source orf high 
copper an.d molybdenum anomalies near Lake o;f Woods is 
concealed by the forest in right center; view looking north
northwest. B, Flat jointing in granite at a small falls on Monu
ment Creek ; view looking north-northwest. 
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The granite is for the most part yellowish pink, fine grained, and 
porphyritic, but in a small area near 1\{onument Peak it is medium 
grained and nonporphyritic. Platy jointing (fig. 14B) subparallel to 
the contact is ubiquitous. The porphyritic granite consists of 10 to 50 
percent phenocrysts of microcline, plagioclase, and quartz set in a 
finer grained matrix of the same minerals and a few percent biotite. 
Nine modal analyses indicate that the granite has a uniform compo
sition; it consists of 35 percent quartz, 43 percent microcline, 20 per
cent plagioclase, and 2 percent accessory minerals. The microcline is 
commonly perthitic and in places is graphically intergrown with 
quartz. Plagioclase is mainly oligoclase. Biotite makes up most of 
the accessory minerals, although small amounts of apatite, sphene, 
and zircon are present. Fluorite, though sparse, is present in most 
specimens. 

Biotite from granite of Monument Peak collected 0..4 mile northeast 
of Monument Peak was dated by the potassium-argon method by 
J. C. Engels (in Tabor and others, 1968) as 47.9 ± 1.4 m.y., which 
dates this rock as Eocene. 

Also seemingly related to the l\1onument Peak stock, in addition to 
the granite porphyry dikes rrnd sills that extend out from the Inar
gins of the stock, are some quartz veins and quartz porphyry dikes. 
Vuggy quartz veins are commonly found in the margins of the stock 
and in the adjacent country rocks. Along the northwest side of Lost 
River, fluorite is also found in some of these veins. Near Lost River, 
quartz porphyry dikes extend from the granite into the country 
rocks (fig. 15). l\!Iany similar dikes are found in the older rocks sur
rounding the stock, but 1nost of them are concentrated southwest of 
the stock. They generally have a near-vertical dip and a northeast 
strike, although a few strike north or northwest. The dikes are com
monly branched and irregular. In width they range from several feet 
to several hundred feet, and a few have been traced for more than a 
mile. The quartz porphyry dikes are generally yellowish pink to 
cream colored, and consist of clear quartz, white orthoclase, and white 
plagioclase phenocrysts set in a very fine grained matrix. Dark min
erals consist of a few . percent of biotite, chlorite, hematite, and mag
netite. Fluorite in trace amounts was found in a few dikes. 

Two semiquantitative spectrographic analyses of the main intru
sive (290, 348, table 1) and four of the quartz porphyry dikes (179, 
278, 451, 505, table 1) indicate that their compositions are very simi
lar. They differ from other intrusives in the eastern part of the study 
area in -having the lowest content of titanium, manganese, vanadium, 
cobalt, chromium, scandiu!fi, barium, strontium, iron, and magne
sium, and the highest content of beryllium and yttrium. 
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FIGURE 15.-Many quartz porphyry dikes (underlying the small gullies) cut 
large granodiorite intrusive on ridge east of Dot Mountain. 

VOLCANICS OF ISLAND MOUNTAIN 

An oval area of some 7 square miles of younger volcanic rocks 
overlaps the Eightmile Creek fault in the vicinity of Island ~foun
tain (pl. 1). These rocks also unconformably overlie the volcanics of 
Billy Goat ~,fountain, the plagioclase arkose and argillite sequence, 
and the qua.rtz monzonite, granodiorite, and quartz diorite east of 
the Eightmile Creek fault. Although they lie in a shallow northwest
trending syncline (pl. 1), as a result either of folding or of original 
dip, the younger volcanic rocks were deposited after the strong de
formation that folded the underlying rocks and after development of 
the two faults that bound the volcanics of Billy Goa;t ~fountain. They 
are one of the youngest rock units in the area and probably are only 
a remnant of a formerly more extensive volcanic field. 

The volcanics of Island ~fountain consist of a thick series of light
gray to black lava flows, volcanic breccias, and tuffs that range from 
olivine basalt to dacite or possibly rhyolite. The flows are porphy
ritic. Phenocrysts are inconspicuous in the darker rocks, but they 
give the lighter ones a speckled appearance. Where unaltered, the 
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basalts and andesites contain phenocrysts of plagioclase, clinopyrox
ene, hypersthene, and olivine set in a glassy to fine-grained crystalline 
matrix. \Vhere altered, the ferromagnesian minerals are commonly 
changed to calcite and chlorite, and the plagioclase, in part, from_ 
andesine to albite. l\1any of these rocks contain scattered xenocrysts 
of quartz surrounded by conspicuous dark-colored reaction rims. 
Vesicles are common and many are filled with calcite or zeolites. 

The dacites and other light-colored volcanic rocks consist of pheno
crysts of plagioclase, hornblende, biotite, and in some places quartz 
and potassium feldspar in a fine-grained light-gray matrix. The 
hornblende in some roeks is altered to calcite, mica, and a clay 
mineral. 

GLACIATION 

Most of the Pasayten \Vilderness Area has been intensely glaciated. 
The consistent freshness of exposed glacial features throughout this 
area suggests that they vvere formed in late Pleistoeene or I-Iolocene 
time. 

The effect of glaciation differs in the eastern and \vestern parts of 
this area. East of most of the Lost River drainage, three periods of 
glaciation can be recognized. In the oldest period, probably during 
middle Pinedale time ( 15,000-20,000 years ago), most of the area 
was covered by a broad ice sheet. This was followed by a second 
period in which large valley glaciers formed-probably in late Pine
dale 6me ( 8,500-10,000 years ago). During the third period, probably 
within the last 4,000 years, small glaciers occupied many of the high 
Cirques. 

\ iV est of the Lost River drainage no large areas were covered by 
continuous ice sheets, and evidence of different glacial periods cannot 
easily be recognized. Glaciers here accumulated around high areas~ 
from which they extended downward as large valley glaciers. 

The broad ice sheet that covered most of the eastern part of the 
w]derness area reached elevations as high as about 7,800 feet. Ridges 
and mountains below this elevation, such as Bauerman Ridge, Cole
man Ridge, Ka,y Peak, and Sheep l\Iountain, were smoothed and 
rounded. The ice also scoured and smoothed large areas in between, 
shaping the beautiful rolling upland meadows in the Remmel Lake
S-panish Creek area. This terrain retains its subdued topography, 
partly on bare, fresh, unweathered quartz diorite, as evidence of its 
youth. Peaks that stood above 7,800 feet, such as Cathedral Peak and 
Remmel l\fount.ain, are sharp and narrow crested, and show none of 
the gentle sloping surfaces of the lower ridges that surround them. 
'Vithin the area covered by the massive ice sheet, ice moved both 
southward and northward, down the gradients of preexisting valleys. 
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The larger valleys, which carried the most ice, show the greatest 
change. Such valleys as the southwest-flowing Chewack River, 
Andrews Creek, and Lake Creek and the northward-flowing Cathe
dral Creek and Ashnola River were deepened, and their valley walls 
steepened and smoothed. 

Evidence of the second period of glacial a.ctivity in this eastern 
part is found in numerous cirques and local moraines. All the 
ridges higher than about 6,800 feet are cut by steep cirques on their 
north, northeast, or east sides. The cirques provide a striking contrast 
in topography to the many gently sloping, smoothly rounded, south
facing ridges. Th1ost of these ridges have abrupt, nearly vertical north 
faces that plunge 1,000 to 2,000 feet to the cirque floors below. Gla
ciers heading in these cirque basins followed the same drainages that 
were occupied by the thicker ice sheet of the earlier period, and they 
caused relatively little change in the already ice-sculptured valleys. 
These later glaciers, however, did not extend as far down the valleys, 
and forme,d prominent end moraines in pla.ces, as can be seen on the 
Chewack River a short distance above the Thirtymile Camp on Lake 
Creek just below Black Lake, and on Andrews Creek just above its 
mouth. 

During the third glacial period, small glaciers formed in n10st of 
the higher cirques. :Most of these glaciers did not flow far from the 
cirque basin, as the lovver ends of many of these cirques are now 
blocked partly or completely by low end moraines. Small cirque lakes, 
such as Glory Lake, Peepsight Lake, Four Point Lake, Kidney Lake, 
and the lake on the north side of Bauerman Ridge, occur behind these 
dams ( pls. 2, 3) . 

Other lakes in this area, such as Remm.el Lake, Tungsten Lake, and 
Upper and Lower Cathedral Lakes, owe their existence entirely to ice 
scour, and occur in rock-rimmed basins formed during the first two 
periods of glaciation. 

'Vest of the Lost River drainage and south of the large ice sheet, 
ice accumulated around major high areas such as Robinson :Moun
tain, McLeod Th1ountain, ~Iount Lago, Shull Mountain, Castle Peak, 
Hozomeen Th1ountain, and Jack M:ountain. Ice from these major high 
areas occupied the larger valleys and was joined by smaller glaciers 
formed along most ridges at elevations above about 6,000 feet. Barks
dale (1941, p. 725-726) has shown that ice in the Middle and West 
Forks of the Pasayten River did not always flow north, as might be 
expected, but apparently either was joined by southward-flowing 
Canadian ice or was sufficiently blocked to the north so that a part 
of the ice flowed southward. 'Vhatever the cause, ice in the upper part 
of these two drainages crossed divides to the south and southwest, 
contributing to the glaciers that occupied the valleys of Robinson 
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Creek, Rattlesnalte Creek, Trout Creek, Slate Creek, and Ruby Creek. 
Passes between these valleys and the Pasayten drainage clearly were 
occupied by ice, and the distribution of erratics shows that at least 
for a time ice must have flowed southward and westward from the 
upper Pasayten. Elsewhere, ice also must have been continuous 
across low divides between drainages for a tim_e, as at Castle Pass 
(between Castle Creek and Castle Fork of Three Fools Creek), at 

Deception Pass (between Shull Creek and the North Fork of Canyon 
Creek), and at Devils Pass (between Cinnamon Creek and Devils 
Creek). In these places, however, we can offer no comment as to the 
probable direction of flow. 

Ice from the major centers of accumulation forn1ed wide, deep 
valleys with prominent U-shruped cross sections. Parbicularly in 
areas of relatively less resistant rocks, the effect of glacial erosion 
was striking, as in the upper ~1ethow Valley, the valleys of the 
l\fiddle and "'Vest Forks of the Pasayten (fig. 16), and the Skagit 
Valley (Ross Lake). The more effective erosion: \l abilities of the 
larger glaciers left many hanging tributaries, particularly well 
shown along part of the l\1ethow Valley and along Ross Lake. 

Subsequent erosion of the smaller hanging tributaries has changed 
their shape but little, and they now enter the larger strean1s in a 

FIGURE 16.-Glaciated U-shaped valley of the West Fork of the Pasayten River. 
View l-ooking north. 
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series of cascades. Some of the larger stream valleys were high 
enough, had their lo·wer courses deglaciated long enough, and had a 
streamflow great enough to have incised their formerly broad, flat 
floors and formed steep, narrow canyons. Several examples of this 
are seen on the east side of the Skagit Valley, where the lower 2 or 3 
miles of Lightning Creek, Devils Creek, and Ruby Creek flow 
through narrow, steep-sided valleys. Similarly, the lower part of 
Lost River, above its entrance into the broad Methow River valley, 
has cut a spectacular narrow, steep-sided gorge. Headward erosion 
will continue to steepen these stream valleys until normal stream 
gra;dients are established. 

Only four peaks in the a.rea have retained glaciers to the present. 
Castle Peak,_:Mount Lago, and Crater l\1ountain all have small gla
ciers on their north sides. Jack l\iountain, the highest peak in the 
study area, has three; the largest, on the northwest side, covers more 
than half a square mile (fig. 17). On all four peaks, the glacier mar-

FIGURE 17.-Large glacier on northwest side of Jack Mountain is 0.6 mile wide. 
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gins lie well inside low fresh moraine, indicating a recession of a 
few tens to a few hundred feet in the recent past. 

STRUCTURE 

The structure of the area differs in type and age on opposite sides 
of the Eightmile Creek fault. Structure of the rocks to the east was 
formed principally in pre-Early Cretaceous time; that to the west, 
in post-Early Cretaceous time. 

STRUCTURE EAST OF THE EIGHTMILE CREEK FAULT 

The metamorphic and igneous rocks east of Eightmile Creek fault 
do not seem to be deformed by large faults or folds. However, as the 
rock units are large and the igneous rocks mostly nonfoliated, faults 
or folds could be easily overlooked in the field. Foliation in the older 
rocks is locally swirled or tightly folded, generally dips steeply, and 
strikes parallel to the contuct of the major rock units (pl. 1). The 
foliation in the metamorphic rocks was formed prior to the intrusion 
of the nonfoliated quartz monzonite, granodiorite, and quartz diorite, 
which are at least 94-+- 2.8 m.y. old (Hawkins, 1968a). These plutonic 
rocks are foliated only adja.cent to the Eightmile Creek fault; this 
foliation parallels the fault and was evidently formed at the time of 
faulting. 

STRUCTURE WEST OF THE EIGHTMILE CREEK FAULT 

Rocks west of the Eightmile Creek fault are folded and broken by 
several large north-trending faults and a few transverse faults. Folds 
in the plagioclase arkose and argillite sequence are easy to discern, 
but only the larger faults were found because of the similarity of 
most of the rocks in this sequence. In a few places, however, faults 
can be distinguished where they cut thick conglmnerate beds or intru
sive bodies. lVIost folds trend either north or northwest, although 
adjacent to Robinson Creek in the southern part of the area two 
folds trend west-northwest. Fold ·crests are generally fairly sharp, as 
the limbs commonly dip 60° to 80°. Although some folds can be 
traced for only a few thousand feet, several have been traced for at 
least 12 miles. 

N!ajor faults include at least four northerly or northwesterly 
trending steeply dipping faults and a northeast-trending fault. The 
easternmost of these northwardly trending faults is the Eightn1ile 
Creek fault (pl. 1), which divides the area into geologically dissimi
lar parts and is one of the major structural features in the State. It 
averages about N. 30° W. in trend across the entire study area, a dis
tance of nearly 20 miles, continues to the south at least 30 more miles 
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(Huntting and others, 196i), and extends northward into British 
Columbia, where it becomes part of the very extensive Frazer River 
fault system ( vVhite, 1966, p. 188, fig. 10-1). 'Vi thin the wilderness 
area the fault dips steeply to the west. Rocks on both sides are conl
monly sheared and brecciated, and on the east side the rocks are 
foliated in a zone as much as 3 miles wide parallel to .the fault. The 
throw on this fault is unknown but must be large. 

The Chuchuwanteen fault in the central part of the area (pl. 1) 
has been traced into southern British Columbia (Rice, 1947, p. 15), 
where it separates the Dewdney Creek Group, which conta.ins vol
canic debris, from the younger Pasayten Group, which does not. The 
amount of volcanic debris decreases to the south, and the differences 
between the b-vo formations are. less clear. Hence, ·south of the 
Canadian line the position of this fault is located on the basis of 
topographic expression and the offset of the large Pasayten · dike. 
The west side of the Chuchuwanteen fault mo-ved up and to the 
north, relative to the east side. 

In the western part of the. area a north-trending fault in the 
arkose and argillite sequence crosses both Three Fools and Freezeout 
Creeks (pl. 1; fig. 18). On the ridge west of Castle Peak, it dips 
80° ,V. Farther south the fault is indicated by bending of beds, 
topographic depressions, and the abrupt ending of a, thick conglom-

FIGURE 18.-Fault on ridge southwest of Freezeout Lake cuts the pl~gioclase 
arkose and argillilte sequence. View looking southwest. 
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erate unit. If the thick conglomerate bed to the west of the fault is 
the same as a similar-appearing conglmnerate bed 6 miles to the east, 
the throw must be large, and the east side 1noved down. 

In the southwest corner of the are::t a northwest-trending fault 
separates the Custer Gneiss of J\fcTaggart and Thompson (1967) 
from the phy llitic facies of the plagioclase arkose and argillite 
sequence and the granodiorite dike and sill cmnplex (pl. 1). This 
fault cuts off a smaller crosscutting fault separating the two younger 
rock units. The presence of entirely different rock suites on opposite 
sides of this fault suggests a large throw. The west side of this fault 
1noved up relative to the east side. 

A large northeast-trending fault (pl. 1) has been inferred to 
extend southwest\vard along Chuchuwanteen Creek to Grizzly Creek. 
Although the fault plane was not observed, we have mapped this 
fault on the basis of a 1najor disturbed zone, offset fold axes, and 
the abrupt termination of conglmnerate beds and intrusives. The 
north side of this fault has moved to the northeast. 

Faulting that bounds the Hozomeen Group of Cairnes (1944) is 
subject to various interpretations. The contact was first described as 
a thrust in British Columbia by Rice (1947, p. 52), and it was simi
larly interpreted by 1\Iiech ( 1966, pl. 7-1) in the study area. This 
interpretation was based largely on the overall sinuosity of the con
tact and on the supposed correlation of the Hozmneen with rocks 
older than the surrounding arkose and argillite sequence-which 
were believed to underlie the Hozomeen block. 

Despite these lines of evidence, other interpretations are possible. 
At many places along the east contact of the Hozomeen the fault 
dips 75°-90° ,V. over vertical distances of thousands of feet. At one 
place on the south end, a dike of serpentine has been squeezed 
in above the contact, suggesting a deep-seated, probably steep 
fault. Thus, the detailed information does not support the thrust 
hypothesis. 

Regional considerations suggest that the Hozomeen block 1nay be 
part of the large graben about 25 1niles to the southeast (Huntting 
and others, 1961 )". The fault marking the west side of the graben 
trends toward the Hozomeen block and, except where it is obliterated 
by intervening younger intrusive bodies, may continue as two steep 
faults-one on each side of the Hozomeen outcrop. Nevertheless, if 
the Hozon1een is older than the underlying rocks, a thrust is required. 
If it is younger, as suggested by the lithology on the west side of 
Ross Lake, existing relationships could be explained without the need 
of a thrust. In either alternative, steep normal or reverse faults along 
the east contact are required. 
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MINERAL RESOURCES AND ECONOMIC APPRAISAL 

l\{etalliferous resources of the Pasayten Wilderness are of two 
types: placers and lode deposits. Indications of mineralization are 
widespread in the area, and much of the area is geologically favor
able for the occurrence of ore deposits. 

A search of mining records at the Okanogan and Whatcom Court
houses revealed that over 605 claims have been recorded since 1891 
in the study area ; 171 are placer claims. According to county and 
Bureau of Land Management records, there are no patented claims 
within the study area. 

l\{ost of the claims are in the following areas : Horseshoe Basin, 
Tungsten Creek, Sheep l\iountain, Billy Goat }\fountain, l\{onument 
Peak stock, northern part of Slate Creek inining district, Hozomeen 
l\iountain, and Lightning Creek-Three Fools Creek drainage. 

Recorded 1nineral production frmn lode mines in the area has been 
inconsequential, amounting to only a few carloads of hand -sorted 
tungsten ore, but production has been recorded from deposits close 
to the wilderness ::trea. Mines in Allen Basin in the Slate Creek 
mining district outside but contiguous to the wilderness area have 
produced at least $1.5 1nillion in gold and silver; placers in the 
Ruby Creek-Canyon Creek drainage, also just outside but contiguous 
to the area, may have produced as much as $150,000 in gold at $20.67 
per ounce. J\iost of the gold was recovered before 1910 from gravel 
near the mouth of Ruby Creek. This area is now covered by water 
impounded by Ross Dam. J\iines in the Copper Mountain-Princeton 
and Redly districts in British Columbia only a few miles north of 
the wilderness area have produced more than 32 million tons of 
copper, nickel, and gold ores. 

Four localities in the wilderness area show particular potential for 
mineral production : ( 1) 1\!Ionument Peak stock, ( 2) Billy Goat 
l\{ountain area, ( 3) a strip of terrain 1-21h 1niles wide along the 
north edge of the Slate Creek mining district, and ( 4) Tungsten 
Creek drainage basin. These four areas are described in detail in later 
sections of the report. 

PLACER DEPOSITS 

In most of the study area the steep gradients of the streams and 
the narrow V-shaped valleys in which they run have precluded the 
formation of all but very small placer deposits. In the few wider 
U-shaped valleys such as 1thrut of ,the Pasay,ten River, recent glacia
tion has undoubtedly removed nearly all the placer deposits that 
might have fonned. Consequently, the possibility that the study area 
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eontains signifieant deposits of plaeer gold must be regarded as small, 
even though 171 plaeer elaims have been loeated in the area. 

LODE DEPOSITS 

Lode deposits in the study area are of two types : vein deposits, 
and zones with sulfide minerals disseminated through the roeks. The 
first were attractive to the early prospeetors, and most of the existing 
lode elain1 loeations were made on deposits of this type. Deposits of 
the seeond type received some attention but are generally too low 
grade to h::we been of 1nueh interest to the early prospeetors. They 
may, however, prove to be of more significanee in the future than 
the vein deposits. Deposits of this type 1nay have very large tonnages 
and are the targets of intensive seareh throughout the world by min
eral exploration eompani~s. 

DISSEMINATED DEPOSITS 

Outcrops of deposits of disseminated sulfides in the study area 
are eharacterized by eonspieuous iron -oxide-stained rocks, and the 
presenee of sulfide 1ninerals is shown as diserete grains disseminated 
in the roek. Oxidation is generally shallow, so that the sulfide min
erals normally are found within a few feet of the surface. Sulfide 
minerals are mostly pyrite and pyrrhotite, with a little chaleopyrite 
or molybdenite and rarely other base-1netal sulfides. Iron-oxide
stained zones sueh as these are exposed in numerous places west of 
the Eightmile Creek fault. Some ~re fairly aeeessible; others are 
exposed only in steep, nearly unscalable walls or are almost com
pletely eovered by talus or glacial debris. Zones of disseminated 
sulfides are particularly abundant in and around the l\ionument Peak 
stock (pl. 1) and probably reflect a genetic relation to the stock. 
Some may be of potential value. The occurrence with perhaps the 
greatest promise is indicated by highly anomalous strean1-sediment 
samples from along the west side of Lake of Woods (pl. 2; fig. 
19). The source of these anomalous samples is covered by glacial till 
but must underlie an area at least 1,000 feet long. Other occurrences 
along Pinnaele Creek and Eureka Creek are better exposed; samples 
yielded as much a:s 0.1 percent copper and 0.02 percent molybdenum. 
These and other iron-oxide-stained sulfide zones from below which 
anomalous stream-sediment samples have been collected are described 
in detail in this report. Most are probably too small or contain too 
Jittle eopper or molybdenum to be of interest, but a few, including 
those in an area along Boundary Creek, may warrant further 
investigation. 
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VEIN DEPOSITS 

Vein deposits can be found in many places in the study area, but 
most of then1 are small; the ore 1ninerals tend to be sporadically dis
tributed within the veins, and the deposits generally are economically 
unattractive. Three_areas which may have some potential for produc
tion are: 
1. The Billy Goat Mountain area on the south boundary of the study 

area, where there are lead-zinc-copper veins in volcanics just 
west of the Eightmile Creek fault (pis. 1, 2; fig. 28). 

2. A band 1-21h miles wide surrounding the Slate Creek mining dis
trict on the south border of the study area (pl. 3; figs. 32, 39, 
45, 53). 

3. The Tungsten Creek drainage basin adjacent to the International 
Boundary between Cathedral and Horseshoe Creeks (pl. 2; 
fig. 23). 

BILLY GOAT MOUNTAIN AREA 

On Billy Goat 1\iountain, copper minerals occur principally in two 
are.a:s: on the New Hope property just north of the wilderness area 
boundary above Billy Goat Pass, and on the Billy Goat property at 
the end of the Eightmile Creek road (fig. 28). 

On the New Hope property an adit, now caved, explored a 
northeast-trending shear zone in volcanic flow breccia. The zone is 
made up of several bifurcating shears containing calci~te, barite, chal
copyrite, covellite, and bornite. Four of five surface samples taken 
from shear zones 4 inches to · 2 feet wide above the portal yielded 
from 2.2 to 9.9 ounces of silver per ton and 0.33-4.20 percent copper 
(fig. 29). Sa1nple RV-66-12A, from a small ore pile at the portal of 
the adit, contained 10.2 percent copper and 20.6 ounces of silver 
per ton. This prospect is one that deserves further investigation. 

The Billy Goat property has been developed by about 700 feet of 
underground workings (fig. 31) and is reported to have produced 
a few tons of copper ore that was sent to the Tacoma smelter for 
tests. Although it is in the study area, the property is south of the 
wilderness area boundary. Further exploration 1night reveal other 
adjacent areas tha~t contain s1nall workable deposits south of the 
wilderness area boundary. 

BORDER OF THE SLATE CREEK MINING DISTRICT 

The boundary of the Pasayten 'Vilderness excludes most of the 
Slate Creek mining district. Gold-bearing veins with minor base 
metals, however, are found within the wilderness area in a broad 
arc 1-2112 miles wide around the north edge of the district. This arc 
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extends from Beauty Creek west to the junction of Mill Creek and 
Canyon Creek, an east-west distance of about 10 1niles (pl. 3). 

The most promising areas appear to be along Beauty Creek, a trib
utary of Robinson Creek; on Buckskin Ridge between the Middle and 
West Forks of the Pasayten River between Haystack J\1ountain and 
Pasayten Peak; in the Jim Peak-Windy Pass area north of Barron; 
and near Anacortes Crossing northwest of Chancellor (pl. 3). These 
areas are described in detail in the text that follows. 

Although the known veins bordering the north end of the Slate 
Creek mining district probably are not 1ninable under present condi
tions, they outline an area around the north end of the district tha.t 
appears favorable for exploration for gold. 

TUNGSTEN CREEK AREA 

In the drainage basin of Tungsten Creek (fig. 23), 11j2-3 1niles 
south of the Canadian border, there are several narrow gently dipping 
wolframite-bearing quartz veins. These veins have an average thick
ness of between 5 and 10 inches. Wolframite is distributed erratically 
and ranges in content from a trace to as much as 10 percent in the 
richer pockets. The average grade of the ore shoots on the two best
developed properties-the Boundary group and the Last Chance 
claim-is estimated at 0.5 and 0.85 percent W03 , respectively. A 
little ore, mostly from rich pockets, has been shipped from the 
Boundary group, but there has been no production since 1938-not 
even between 1951 and 1956, when tungsten was at a high priee. The 
flat dip and narrow width of the veins and the oceurrenee of the 
tungsten 1nostly in small widely scattered poekets make mining ex
pensive, and the veins eam1ot be mined successfully under present 
conditions. Nevertheless, the overall tungsten eon tent is sufficient :for 
the veins to be considered as a resouree. 

INDUSTRIAL MINERALS 

Two mining claims have been loeated on fluorite veins near the 
east edge of the lVIonument Peak stock, but the small size and low 
grade of the veins indicate that they have little potential as future 
produeers of fluorspar. 

Stone suitable for building stone undoubtedly abounds in the Pa
sayten Wilderness Area, but equally good material can be found in far 
more accessible and convenient localities. No deposits of other indus
trial minerals suitable for exploitation are known within the study 
area. In general, the rugged terrain preeludes the develop1nent of 
industrial minerals, 1nost of which have a low unit value and require 
cheap transportation if they are to be exploited suecessfully. 

424-547 0-71-5 
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FOSSIL FUELS 

The area seems to hold little promise for the development of de
posits of coal, petroleum, or natural gas. The sedimentary rocks there 
are not of the type generally associated with coal beds, and their low 
porosity makes them unfavorable for the accumulation of oil or gas. 

PROBLEMS OF MINERAL APPRAISAL 

Appraisal of the Inineral resource potential of any large area is at 
best a difficult task. The task differs markedly from the appraisal of 
resources such as timber, which are visible on the surface and can be 
measured with a high degree of accuracy. Except in rare eases, even 
the grade and tonnage of an exposed ore body can be determined 
accurately only after it has been opened to observation by drill holes 
or mine workings-usually at great expense. Any appraisal should 
include as a first step a study of the geologieal environment of the 
area and examination of all the known 1nines and prospects and their 
past production records. A geochemical survey, including panning of 
streams for their heavy-1netal content and collection of stream
sediment samples, 1nay disclose the presence of undiscovered or hidden 
mineral deposits, as may the applieation of geophysical methods of 
prospecting. All these methods were used in evaluating the Pasayten 
Wilderness. 

Appraisal of the mineral potential of the Pasayten Wilderness is 
thus based on several lines of approach. The general geologic environ
ment has already been discussed under the geology section of this 
report. The purpose, eX!tent, and methods of taking the geochemical 
samples, together with a summary of the results of the geochemical 
sampling, are set forth in the next section; subsequent sections present 
the results of an aeromagnetic survey and describe the known mines 
and prospects. 

No appraisal can pinpoint all ore bodies within the appraisal area. 
Nor, without greatly exceeding the scope of the work devoted to this 
project, is it possible to determine whether oceurrences examined dur
ing our investigation could be mined profitably under existing condi
tions or under conditions that might reasonably be expected to pertain 
in the foreseeable future. Nevertheless, our work has shown that 
within the study area there are areas where more detailed investiga
tion by mining companies searching for ore bodies 1night be justified. 

GEOCHEMICAL EXPLORATION 

Geochemical exploration for minerals may be defined as any Ineth
od of 1nineral exploration based on systematic measurement of one or 
more propevties of a naturally oecurring 1naterial. The property 
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measured is most commonly the trace content of some element or group 
of elements; the naturally occurring 1naterial is rock, soil, gossan, 
glacial debris, vegetation, stream sediment, or water. The purpose of 
the measurements is to discover abnormal distribution pa:tterns or 
geochmnical anomalies related to 1nineralization (Hawkes and Webb, 
1962). 

Two types of geochemical samples were ~taken along the strean1s in 
the Pasayten Wilderness: heavy-mineral concentrates panned frmn 
stremn gravels, and stream-sediment samples. The p1~rpose, extent, 
and methods of taking these samples are discussed below. 

HEAVY-MINERAL CONCENTRATIONS FROM STREAM GRAVELS 
AND SANDS 

Ore minerals that have a high specific gravity and are resistant 
to chemical and 1nechanical attack can be coneentrated with a gold 
pan fron1 strean1 sands and gravels. Gold, n1onazite, and the tung
sten minerals, schee}ite and wolframite, may be carried 1nany miles 
downstream. In many places these n1inerals ean be traced back 
upstream to their souree. l\fetallie sulfide minerals Inay also be found 
in the stream gravels, but these 1ninerals tend to disintegrate and are 
not carried so far by the streams. Under favorable conditions stremns 
may concentrate gold, eassiterite, 1nonazite, and certain other minerals 
into workable placers. 

In our examination, samples for heavy-1nineral study were col
leeted from the sand and gravel of strean1 bars at 2- to 5-mile inter
vals along many of the n1ajor streams (pls. 2, 3). A total of 90 
samples were ~taken and carefully eoncentrated by panning. Panned 
concentrates eonsisted of about 70-95 percent heavy minerals. Smni
quantitative spectrographic analyses were run on all these samples. 
Gold was determined on samples frmn the western part of the area 
by the atomie-absorption method (table 1). 

Stream sediments throughout the study area contain only a small 
fraction of heavy 1ninerals. In part, this reflects the low heavy-mineral 
eontent of the roeks from which the sediments were derived. Al
though n1ost of the area is unfavorable for placers, a few occur in 
protected areas, sueh as along Canyon Creek, where glaciation oc
eurred long enough ago that sand eonld aecumulate subsequently. 

The principal heavy Ininerals found in panned coneentrates are 
magnetite and hornblende and, in lesser amounts, ihnenite, garnet, 
sphene, zircon, and epidote. In a few san1ples tourmaline, monazite, 
and pyrite occur; gold was not noted. This 1nineralogy is reflected in 
the semiquantitative spectrographic analyses (table 1). In cmnpari
son with the unpanned strea1n sedi1nents, the panned concentrates are 
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high in iron and titanitml. J\;fany are high in chromium and zirco
nium, and some are high in vanadium, lanthanum, and yttrium. The 
mineral content of the panned concentrates varies frmn one place to 
another. It was found that an increase of smne particular element 
cmnmonly reflects differences in the mineral content of the rock type 
drained by the stream from which the sample was taken and does not 
indicate upstrea1n deposits of that eleinent. However, there were 
several exceptions, which will be discussed below. A comparison of 
the ele1nental content of all 90 panned concentrates with the rock types 
from which they were derived shows several correlations: (1) 1nost 
sa1nples containing any detectable tin and all samples containing 
100 ppm (parts per million) or more of tin ca1ne from streams which 
drained the granite of l\fonument Peak; (2) lanthanum and yttrium, 
'vhich probably occur in the rare-earth 1nineral monazite, are most 
abundant in panned concentrates derived frmn the igneous plutons 
and are least comn1on in panned samples derived from the plagioclase 
arkose and argillite sequence of the I-Iozomeen Group of Cairnes 
( 1944) ; ( 3) cobalt content tends to be high in the Midnight Peak 
Formation; and ( 4) sa1nples derived at least in part from the Hozo
meen Group are high in copper, nickel, cobalt, and vanadium and 
low in lanthanum, yttrium, molybclenmn, and tin. 

l\1ost minerals containing copper, lead, zinc, molybdenum, and 
silver are not resistant to stream wear. Hence, anomalous amounts of 
these elen1ents in panned samples are likely to occur only fairly near 
their source. Panned sa1nples proved unreliable in testing for these 
metals. Of all 90 panned san1 pies, none could be considered anoma
lous for lead or zinc, only two for 1nolybdenum, three for silver, and 
11 for copper. The two anomalous molybdenum samples were from 
the 1nouth of Gabril Creek and the headwaters of Lease Creek. 
Strean1-sediment samples collected at these localities also were high 
in molybdenum. The three anomalous silver samples were also anom
alous for copper. Four samples with anomalous copper were taken 
frmn Robinson Creek and probably reflect smne small copper pros
pects on the southwest ridge of Robinson Mountain. Two from 
Freezeout and two from Lightning Creek probably reflect either the 
prospect on the ridge south of Boundary Creek or several sulfide
bearing altered zones on the ridge to the west. One anomalous sample 
frmn the headwaters of l\fiddle Creek lies just below several iron
oxide-stained sulfide-bearing zones on the ridge to the south. The 
highest anomaly ( 300 ppm copper) is at the n1outh of May Creek, 
and although part of this high value may be a result of the stream's 
draining the Hozomeen Group, the copper content is much higher 
than in other samples taken from the greenstone. Furthermore, the 
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sample is anmnalous in silver and gold. A zone of shearing contain
jug short irregular veins of qu::trtz crosses 1\1ay Creek near its 1nouth. 
Some. of these small veins contain pyrite, chalcopyrite, and a little 
gold. This type of occurrence is described in more detail under 
locality 79. The anomalous copper, silver, and gold content of sam
ples taken at the mouth of 1\Iay Creek was probably derived from 
this source. The source of the copper ( 70 ppm) found in two samples 
frmn Frosty Creek and the North Fork of Devils Creek is not known. 

In summary, the heavy-mineral content of panned concentrates 
frmn stream gravels was only of limited use in our appraisal of the 
study area. Smne areas anmnalous in base metals were indicated by 
this method, but we found that stream-sediment samples are easier 
to take and show anomalous values at gre::tter distances from the 
~ource. In spite of the negative results in this particular study, pan
ning is one of the silnplest and most effective 1nethods of prospecting 
for gold. 

STREAM-SEDIMENT SAMPLES 

Stream-sediment sampling consists of collecting the finer fraction 
of the strea1n sediments and testing it for various metallic elements. 
These elements cn,n occur as adsorbed materials on fine particles, pre
cipitates of various kinds, or residual mineral particles. After drying 
and screening, all stream-sediment samples collected in the Pasayten 
Wilderness that contained enough fines were analyzed for citrate
soluble heavy metals 5 ( cxHlH) t~nd for cold acid extractable copper 
( cxCu) by standard methods described by Ward, Lakin, Canney, 
and others ( 1963, p. 25-29). These techniques measure only the 
readily soluble metals and not the total content of the metal in the 
sample. In both cases this is essentially only the metal content of the 
udsorbed material. The pattern revealed by these tests, however, is 
often more significant than the total metal content of the sample. 

In this report a stream-sediment anomaly is a stream-sediment 
sample that contains a higher amount of a metal than samples from 
most adjacent areas of similar bedrock. A stream-sediment anomaly 
is but a reflection of unusual concentrations of metals somewhere in 
the basin drained by the stream. The anomalous values in many of 
the stream-sediment samples from the study area can be traced to 
zones of disseminated sulfides ; others have been derived from sulfide
bearing veins. The magnitude of a stream-sediment anomaly is con
trolled by the size and concentration of the metal source, the distance 
from the source, the amount of water flowing in the stream, and the 
availability of the metal ions to solution. The anomalies tend to 

5 The heavy-metals test is for oombined zinc, cobalt, copper, and lead. It is most sen
sitive for zinc and less sensitive, in decreasing order, for cobalt, copper, and lead. 
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decrease in size downstream, and they tend to disappear entirely 
where a tributary enters a large stream. 

Topography somewhat affects 1the availability of the n1etal ions. In 
areas of steep slopes and great relief, as in much of this area, the out
crops are better exposed to oxidation, and water has easy access to 
the outcrops. Probably the best exa1nple of availability of metal ions 
is a mine dump, where broken rocks frmn mineralized zones are ex
posed to ready leaching. ~fetal content of samples from streams fl?w
ing past mine dumps is many times higher than that of samples from 
streams draining areas of unbroken or poorly exposed Inineralized 
rock. For example, 15 ppm cxCu is in sample 601 (table 1; pl. 3) 
frmn the tributary flowing across the dump of the Minnesota. mine. 
On other evidence this area appears to contain only insignificant 
amounts of copper. 

Stream-sediment samples were taken at intervals of about a Inile 
along all the 1najor and many of the smaller streams; we also sa.m
pled n1any of the s1naller tributaries coming into these streams 
(pis. 2, 3,). In all, we took 1,208 strean1-sediment samples. J\<lany 
small tributaries that appear on plates 2 and 3 were not sampled 
because these are not actually streams, but are steep chutes filled 
with scree. Because of the large nmnber of san1ples, only those con
taining 6 ppm or more of cxHM:, cxCu, or molybdenmn are listed in 
table 1. However, all san1pling points are shown on plates 2 and 3 as 
dots. Samples shown in the table are numbered on the two maps. 
Those samples that have been analyzed for 1nolybdenun1 have a 
vertical line above the locality dot. Those that have been qualitatively 
tested for gold have a horizontal line to the right of the dot. The 
table also includes all sediment samples on which semiquantitative 
spectrographic analyses were made. 

Semiquantitative spectrographic analyses were made of 1nany of 
the stream-sediment samples collected during the first year of work 
in the eastern part of this area to check the chemical analyses, and 
t-o insure that 1netals of potential economic value were not 1nissed. 
Such analyses were also made in a few instances where not enough 
fines were present in the sample to be analyzed by the standard geo
ehmnical methods. The cold eopper content agrees rather well with 
the total eopper eontent as determined by semiquantitative spectro
graphic analyses of 193 stream sediments (table 1). As expected, the 
total eopper contents are considerably greater than the cold copper 
content. The two methods, however, check well in showing the rela
tive abundance of copper in various samples. The greatest percentage 
variation is generally in those samples in which the copper content 
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is near background. In this range the sensitivities of the two n1ethods 
are not as good. 

A total of 344 samples were analyzed for 1nolybdenum. The total 
molybdenum content was determined by a carbonate fusion method 
('Vard and others, 1963, p. 59-61). 

Gold was analyzed in smne samples by the spectrophotometric 
method of Lakin and Nakagawa (1965). This method uses 0.5-gram 
splits of the smnples. Checks of second, third, and even fourth splits 
of the sa1ne sample gave widely varying results. Further work 
showed that only the 1nost complete grinding would disperse the 
gold evenly through the sample. A positive analysis is indicative of 
gold in the sample, but the actual amount may be very different 
from the amount indicated by the analysis. Hence, gold analyses are 
not shown for strean1 sedi1nents in table 1. Gold~s presence in various 
areas is discussed at appropriate places in the text. 

GEOCHEMICAL RESULTS EAST OF THE EIGHTMILE CREEK FAULT 

As previously noted, the mineral potentials of the areas east and 
west of the Eightmile Creek fault are different. East of the fault 
only one analysis for cold copper and six for heavy 1netals show 
6 ppn1 or n1ore. The cold copper analyses and all heavy-1netal values 
over 7 ppm are frmn the headwaters of Tungsten Creek, and repre
sent 1ninor quantities of zinc and copper in a tungsten vein. All 
other cold copper and heavy-1netal values are negative in this area. 
l\Iolybdenum, however, shows several small anomalies ranging from 
6 to 12 pp1n in a belt 5 miles wide lying south of and along the 
Canadian border. The sources of some of these anmnalies are known; 
others are not. They have probably been derived frmn s1na1l pegma
tites with scattered molybdenite sin1ilar to the peg1natite in the 
Horseshoe Basin prospect on Arnold Peak north of Long Draw 
( loc. 2, fig. 20). 

Four anomalous n1olybdenmn smnples are fr01n drainages in the 
headwaters of Tungsten Creek (fig. 23). One containing 12 ppn1 
came from a small tributary that drains the clumps of the Boundary 
tungsten mine. The molybdenum anomalies in this drainage are 
believed to be derived frmn small mnounts of n1olybdenum in the 
tungsten-bearing quartz veins. 

Five othe~ anomalous san1ples came from tributaries draining 
Sheep lVIountain, where there are several prospects on quartz veins 
that contain a small amount of 1nolybdenite. Other anomalous analy
ses from this area are thought to reflect still other small quartz veins 
or pegmatites. Those near known prospect workings are described in 
more detail later. 
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Only three zones of disseminated sulfides were noted east of the 
Eighhnile Creek fault, and the zinc, copper, lead, 1nolybdenum, and 
silver contents of all three are low ( 357, 358, 359, table 1; pl. 2). 

GEOCHEMICAL RESULTS WEST OF THE EIGHTMILE CREEK FAULT 

West of the Eightmile Creek fault, in contrast to the east, 1nany 
anomalous stream-sediment samples were noted. One hundred eighty
four samples contained 6 ppm or more cold copper; 136 samples con
tained 6 ppn1 or more heavy metals; and 41 samples contained 6 ppm 
or more 1nolybdenum. Furthermore, 25 of these samples contained 
at least 30 ppm cold copper, 25 contained 30 ppm or n1ore heavy 
metals, and 15 contained 12 ppn1 or n1ore molybdenum. 

J\fost of the anomalous values in the sa1nples frmn this area are 
derived from one or more zones of disseminated sulfides. Some, such 
as anmnalous heavy-metal values along Jinks Creek, have their 
source in small veins, and those in the J\1iddle Creek drainage are in 
part derived frmn mineralized breccia zones. However, more than 
90 percent of anmnalously high metal values appear to be derived 
fron1 zones of dissmninated sulfide 1ninerals. 

Disseminated sulfide zones are scattered across this whole area west 
of the Eightmile Creek fault and concentrations of thmn occur in 
some localities. Some of these concentrations occur adjacent to the 
contacts of intrusives with their country rocks. But some concentra
tions, as along parts of Canyon Creek, could not be related to any 
particular intrusive. The mineralized areas range in width frmn less 
than 1 inch to at least 1,000 feet and in length from a few feet to sev
eral thousand feet. They 1nay be ejther tabular or irregular. Pyrite and 
pyrrhotite are the 1nost abundant sulfide minerals, but small amounts 
of copper sulfides are found in some of the disseminated zones. 
Anmnalous amounts of zinc, lead, and n1olybdenmn are also found 
but are less comnwn than copper. Gold was either not found or found 
only in trace a1nounts. Samples taken of the disseminated zones were 
all far below ore grade, but none of the zones were san1pled except 
on the surface. J\fost of the disseminated zones are small, but a few 
are quite extensive. 

Three localities having the greatest metal values in stream-sediment 
samples are of special interest. The,se localities are on a tributary of 
Boundary Creek, on the north side of Lightning Creek, and near 
Lake of Woods. The first, which contained 300 pp1n cold copper and 
200 ppm heavy mertals, is from a very small strea1n that drains sev
eral large zones of disseminated sulfides on the n1ountain im1nedia.tely 
above it (709, table 1; pl. 3). Five rock samples fron1 these zones 
contained 100 to 500 ppm copper and <200 to 1,000 ppm zinc. 
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Although the rock-sample analyses are low, at least parts of the 
zones of disseminated sulfides 1nay contain more copper than these 
smnples indicate. The sources of the 1naterial at the other two local
ities are covered by talus and glacial debris. The stream-sediinent 
sample frmn Lightning Creek (753, table 1; pl. 3) was probably col
lected close to the source of the sediment; the ano1naly is at least 100 
times background, and ~the area warrants further prospecting. Anom
alies at the third locality, which lies west of Lake of Woods (fig. 19), 
are not quite as large. Three parallel tributary streams gave samples 
containing 45 to 180 pp1n cold copper, 12 to 120 ppm Inolybdenum, and 
40 to > 45 ppn1 he.a vy metals over a distance of 1,000 feet. This locali
ty is one of several anomalous localities that lie in and adjacent to the 
~ionnment Peak stoc,k. Anomalies at other localities around this stock 
have been traced to disseminated zones containing as 1nuch as 0.3 per
cent copper. As the Lake of Woods anomalies are several times larger 
than these and oc,cur over a distance of at least 1,000 feet, this area 
appears to be favorable for further prospecting. 

ANOMALOUS AREAS 

~'fany of the geochemical sa1nples gave analytical results high 
enough to be considered anomalous. In the following discussion ~these 
anomalies are explained in light of our know ledge of the geology and 
the mineral deposits of the area. 

Anomalous samples are described by specific areas of collection. 
Those areas covered by separate maps outlined on plates 2 and 3 are 
grouped together. vVithin these general groups the anomalous samples 
are divided aecording to separate sources, all the anomalies frmn one 
source being grouped :together. The areas are discussed in order from 
east to 'vest across the wilderness area. 

HORSESHOE BASIN AREA 

Plate, 21; figure 20 

Three stream-sediment smnples (1, 2, and 3) colle.eted along Long 
Draw and from tributaries draining into it frmn the north contain 
anomalous amounts of n1olybdenmn. Other samples from the Long 
Draw drainage contain <6 ppn1 molybdenmn. The highest value (12 
ppm) came frmn the headwaters of Long Draw south of the Horse
shoe Basin prospect (loc. 2, fig. 20), a small irregular nlolybdemun
bearing pegmatite on Arnold Peak. Similar pegmatites occur in 
other places on Arnold Peak, and some float therefrom contained 
molybdenite. 

Gold was detected in a qualitative test of stremn sediments at lo
calities 1 and 4. Its presence at locality 1 suggests that gold oceurs in 
the molybdenum-bearing pegmatites, though none was found in a 
sample frmn the Horseshoe Basin prospect (Huntting, 1956, p. 270). 



58 MINERAL RESOURCEtS, PASAYTEN WILDERNESS AREA 

The prospect at locality 4 (fig. 20) exposes a 4-foot chalcedony vein. 
A sample (l\1H8-153-65, table 2) cut across this vein had no gold, but 
gold may occur in other parts of this vein or in other concealed veins 
in this area. 

TUNGSTEN CREEK AREA 

Plate 3 ; ,figure 23 

Several of the 18 stream-sediment samples tha<t were taken from 
the drainage of Tungsten Creek are anomalous. Quartz veins that 
contain tungsten minerals, pyrite, and sphalerite are the source of 
the anomalies. One sample (19, table 1) of sediment from a stream 
issuing frmn the main adit on the Boundary group contains 12 pmn 
molybdenum, 17 pp1n heavy metals, and 6 pp1n cold copper. The 
molybdenum -content of this and other samples (17, 18, 23, 24, 26) 
from this area suggests that molybdenmn minerals occur in the 
tungsten veins, even though none have been reported to date. The 
anomalous content of heavy metals in several of the samples was 
probably derived from sparse, widely scattered sphalerite in the 
quartz-tungsten veins. Of special interest are the two samples taken 
from the small tributary that drains Little Tungsten Lake (fig. 23) . 
One sample (22, table 1; pl. 3) taken just below ~the lake contained 2 
ppm molybdenmn and 9 ppm heavy metals, and the second sample 
(23), taken just above the tributary's junction with Tungsten Creek, 
contained 12 pp1n molybdenum and 27 ppm heavy metals. The known 
veins on Apex l\1ountain lie above Little Tungsten Lake. Hence, 'this 
larger anmnaly near the mouth of the creek suggests that there may 
be another vein on the slope between the two samples. 

CATHEDRAL CREEK AREA 

Plate 2 

Of seven samples ·taken along Cathedral Creek, which flows off 
the west side of Apex }\fountain, two contained anomalous amounts 
of molybdenum (table 1). One of the anmnalous san1ples ( 29) is from 
the 1nain stream and contains 6 ppm molybdenmn, the other (31) is 
frmn the east tributary draining Apex Mountain and contains 16 
ppm. As in the Tungsten Creek area, the source of the anmnalous 
molybdenum Is believed to be ~the quartz-tungsten veins on Apex 
l\fountain. 

SHEEP MOUNTAIN AREA 

Pla:te 2 

Five samples collected fron1 the area that drains the east and south 
sides of Sheep l\1ountain have anomalous amounts of molybdenum. 
The three highest molybdenmn values ( 12 ppm each in samples 89, 90 
and 91, table 1; pl. 2) eome from the headwaters of lVIartina Creek, 
which drains the cirque on the east side of Sheep l\Iountain. In this 
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cirque (fig. 27) pits and trenches of the Sheep :.Mountain prospects 
expose several quartz veins containing sparsely scattered molybde
nite. The prospects extend in a S. 40° E. direction across the cirque 
[tncl down on the south side of Sheep Th1ountain. Two samples (104, 
105, table 1), which were collected on tributaries that drain this side 
of Sheep :1\Iountain, contained 6 ppm molybdenum. All five anomalies 
reflect the metal content of the veins, which are described in the sec
tion on veins and shear zones. 

BILLY GOAT MOUNTAIN AREA 

Plate 2; figure 28 

Forty-seven strean1-sediment samples and four samples of rock 
containing disseminated sulfides were collected in the Billy Goat 
:1\Iountain area. Eight localities containing veins or shear zones 
occur in anclesitic volcanic rocks along the west side of the Eightmile 
Creek fault. Copper is the principal metal in the veins and shears 
in the southern part of this area; lead is dominant north of this 
point. 

Stream.-sediment samples -vvere collected along Eightmile, Jinks, 
Pat, and Drake Creeks. The first two drain the heart of the area; 
the latter two, the flanks. Four stream-sediment samples were taken 
from the small tributaries that enter Eightmile Creek within half a 
mile of Eightmile Pass, and from scattered points farther south 
along the creek. The four samples (113, 114, 115, 120, table 1) near 
Eightmile Pass are from tributaries that drain the area in which 
the Lead Horse deposit is found. These samples all contain more 
than 45 ppm. heavy metals but are lmv in cold copper and n1.olyb
denum. The high heavy-metal values are probably clue mainly to 
lead, but also to zinc. The samples taken farther south on tributaries 
of Eightmile Creek have 3-5 ppm he.a vy metals, indicating that the 
anomalous lead area does not extend that far south. One sample ( 121, 
table 1) tha1t was taken on Eightmile Creek, 1.2 miles south of the 
end of the road, had 7 ppm heavy n1.etals, reflecting downstream dilu
tion. Cold copper content of these low-grade heavy-metal smnples 
varies from 0.5 ppm for sample 121 to 11 ppm for two samples-one 
from high on a tributary draining Isabella Ridge (117) and one 
from a tributary on the Billy Goat mine ridge ( 118). The latter value 
is surprisingly low, in view of the amount of chalcopyrite found 
scattered in various shears on that ridge. In general, the geochemical 
analyses from Eightmile Creek conform to the mineralogy of the 
known deposits, lead being dominant to the north and copper to the 
south. 

Eleven strea1n-sediment samples wt>.re taken on Jinks Cre.ek. The 
sample taken at the mouth of this creek (144) contained 14 ppm 
heavy metals. This anomaly was traced headward, and in the upper 
part se.veral tributaries showed high heavy-metal values. The highest 
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values came from a north-flowing tributary that drains the north 
end of Isabella Ridge. Anomalous sediments were found to its upper 
end, where the tributary emerged from under large rubble blocks 
that fill a high cirque. The source of the anomaly is hidden under 
the rubble but is probably caused by small lead veins similar to those 
that occur at the head of Eightmile Creek. Only one sample (141) 
from the Jinks Creek drainage shows more than background in 
copper. It was collected near Eightmile Pass, and the source of this 
copper is not known. Six samples from Jinks Creek were analyzed for 
molybdenum; all were low. 

Seven stream-sediment samples were collected from Pat Creek 
along the southwest side of the Billy Goat Mountain area. They all 
had a low heavy-metal content, and the highest copper value (6 
ppm) came from a small south tributary. Hence, the southwest edge 
of the lead and copper mineralization appears to be somewhere along 
Isabella Ridge. 

Seventeen stream -sediment sam pies were collected from_ along 
Drake Creek and its tributaries, which botmd the northwest, north, 
and northeast sides of the Billy Goat Mountain area (pl. 2). Only 
two contained as much as 7 ppm heavy metals. One of these samples 
( 155) came from Drake Creek, below its junction with Jinks Creek, 
and represents heavy-metal values derived fron1 the latter creek. The 
other (151) came from a small 1tributary that drains the nprth side 
of a ridge to the east of Billy Goat Pass. None of the cold copper 
values are above background. These samples indicate that the north 
edge of the lead mineralization is probably _along the south side of 
Billy Goat Mountain. 

Samples (112a, 112b, 145, 147, table 1; pl. 2) of iron-oxide-stained 
rock from four zones of disseminated sulfides were analyzed spectro
graphically. Two (112a, 112b), which were collected near a prospect 
pit (loc. 13), contained 1 ppm and 15 ppm silver, and 100 ppm and 
150 ppm lead, respectively. Their content of copper, zinc, and 
molybdenum, however, was not anomalous. The other two samples 
(145, 147) gave negative results on all five metals, demonstrating that 
not all iron-oxide-stained zones conta.in anomalous amounts of base 
and precious metals. 

GOAT CREEK AREA 

Pla:te 2 

Fifteen stream-sediment san1ples and two samples of iron-oxide
stained rock with disseminated sulfides were collected on Goat Creek. 
None of the stream-sediment samples contained anomalous amounts 
of cold copper, and only one (128) contained anomalous heavy 
metals. This sample, which was the farthest downstrean1 of those 
collected, contained 11 ppm heavy n1etals. \Ve attempted to trace 
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this anomaly upstream with a field kit but were unable to find any 
other anomalous values. Furthermore, a spectrographic analysis of 
sample 128 did not show anomalous amounts of lead, zinc, or copper. 
If the heavy-metals analysis is not faulty, then the high heavy-metal 
content is probably due to zinc, as its limit of sensitivity in the 
spectrographic analysis is 200 ppm. 

About half a mile upstream from sample 128, two samples of iron
oxide-stained rock with disseminated sulfides were collected, one 
(126) of arkose and the other (125) of a quartz porphyry dike. 
Spectrographic analyses were made of both rocks (table 1). The 
quartz porphyry ( 125) contained 70 ppm of lead, which is slightly 
anomalous for this type of rock. The lead content for the arkose was 
not high, nor was the copper, zinc, or silver content of either rock 
significant. A qualitative gold test showed small amounts in both 
rocks. 

LITTLE WILLY CREEK 

Plate 2 

Little Willy Creek flows eastward into Ptarmigan Creek just south 
of First Hidden Lake. A sample (177, table 1) taken at the mouth 
of this stream contained 15 ppm cold copper. Seven additional sam
ples collected upstream indicate that the anomaly disappears above 
sample 178, which contained 20 ppm cold copper. One hundred feet 
above this sample a 15-foot-wide zone of iron-oxide-stained arkose is 
exposed along the south bank of the stream. This rock contains con
siderable disseminated pyrite and a little chalcopyrite. A chip sample 
( 178a, table 1) taken across this zone contains 150 ppm copper by 
spectrographic analysis. This zone of disseminated sulfides is prob
ably too small and contains too little copper to be significant. 

MONUMENT PEAK STOCK 

Plate 2 ; figure ~9 

The lVIonument Peak stock is a roughly circular granite body of 
Tertiary age that intruded the plagioclase arkose and argillite 
sequence and older intrusive rocks. The center of the stock is about 
8 miles west of Eightmile Pass. ~1any sediment samples from streams 
that drain the stock were anomalous in cold copper and some in 
heavy metals and molybdenum. The sources of most of these anoma
lous samples are zones of disseminated sulfides that contain some 
copper and, locally, some n1olybdenum. Some of these zones are in 
the granite, and some are in the intruded sedimentary rocks. Sam
ples from these copper-bearing zones contain 0.01-0.3 percent total 
copper, except for one that contains >0.5 percent copper. However, 
the source of the copper found in the most anomalous samples is 
covered by glacial debris. The source is probably a disseminated 
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deposit of higher grade than those seen in other parts of the Monu
ment Peak stock. This area, which is near Lake of Woods, has not 
been extensively prospected because of the lack of access and ex
tremely rugged terrain, but it warrants further investigation. If 
exploitable 1nineral deposits are found, road building into the area 
would be a formidable and coetly task. 

Only two claims are known in the vicinity of the stock. These 
were staked on narrow fluorite veins above Lost River near the east 
edge of the pluton. They contain at the most only a few hundred tons 
of fluorite. 

Geochemical anomalies in the vicinity of the 1\fonument Peak 
stock are in six areas : ( 1) Pinnacle Creek, ( 2) west side of Lost 
River, (H) east side of l\Ionnment Creek, (4) Lake of 'Voods area, 
( 5) west side of l\Ionnment Creek, nnd ( 6) upper Eureka Creek. 

PINNACLE CREEK 

Pinnacle Creek is a small eastvmrd-flo,ving tributary of Lost 
River. A stremn-sedi1nent snmple (:HO, pl. 2) collected at the mouth 
of Pinnacle Creek 9ontained 22 ppm heavy Inetals, 11 ppm cold 
copper, and 8 ppn1 molybdenum. Four sedin1ent sam.ples (205, 206, 
208, 20D) from small tributaries in the high basin at the headwaters 
contained anomalous amounts of cold copper, heavy metals, or Inolyb
denum. Sample 205 frmn a small rill that emerges from talus on the 
south side of the basin g.rwe the highest heavy -metal ( 35 ppn1) and 
cold copper content ( 22 ppm). Some of the tal us blocks show light 
iron oxide staining along fractures, but not the deeper red-brown 
staining that marks most disseminated zones. Pyrite and chalcopyrite 
are common in some of the blocks, and molybdenite is found in 
plaees. A chip sample (207) of material frmn the talus south of sedi
ment sample 205 yielded 1,000 ppm total copper and 200 ppm nlolyb
dennm. Although this chip sample did not contain anmnalous 
amounts of lead or zinc, the high heavy-1netal content (35 ppm) of 
the neighboring sediment sample suggests that these metals are pres
ent in other nearby roeks. 

The anomalies in the other brnnehes of Pinnacle Creek probably 
represent several other low-grade disseminated deposits. The molyb
denmn content of the two northernmost branehes sampled was higher 
than that of the southern branch; the reverse was true of copper. 
Qualitative analysis of the sediment samples and the chip sample 
also indicates a little gold. 

WEsT SmE oF LosT RIVER 

Down the steep east side of the Three Pinnaeles, four short tribu
taries flow eastward into Lost River (fig. 19). All four are narrow 
V-shaped gullies tha1t in some places are filled with talus and in 
other places are cut into bedrock. These gullies have several water-
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falls, and their upper ends and sides are bounded by cliffs. Many 
samples from these four tributaries have anomalous amounts of cold 
copper; some also yield anomalous amounts of heavy metals or molyb
denum. These high values are not reflected in four samples taken in 
Lost River near where the tributaries enter. Here, as in the other 
larger streams, large waterflow quickly dilutes unusual amounts of 
metals brought in by adjacent tributaries. 

The lower parts of the tributaries are in the granite of l\{onuinent 
Peak, and the upper parts are in the plagioclase arkose and argillite 
sequence that has been 1netamorphosed by the intruding granite. 

Near this contact on the southernmost stream is the Lost River 
fluorite prospect (loc. 19, fig. 19). Above this prospect, float of a 
narrow quartz vein containing molybdenite was found. A stream·· 
sediment sample (242) in this same area had 11 ppm cold copper. 

About halfway up the second tributary to the north, malachite is 
exposed on the north wall along seams in metamorphosed arkose 
containing disseminated sulfides. A chip sample ( 239) across a nar
row seam and its bounding zone of disseminated sulfides had 300 
ppm zinc, 2,300 ppm total copper, and 5,000 ppm arsenic ('table 1). 
Several other small seams that contain copper minerals and small 
irregular disseminated sulfide zones were noted in this area. Strea.m
sedilnent samples on two branches of this tributary give slightly 
anomalous cold copper values along the southernmost branch. 

Four strean1-sedin1ent samples (234-237) along the third tributary 
to the north show anomalous cold copper (fig. 19); the downstream 
two also have anomalous heavy-metal content. A chip sample (231) of 
highly iron-oxide-stained metamorphosed arkose taken just above the 
granite contact did not contain anomalous amounts of lead, zinc, or 
silver. The source of the heavy-metals anomalies evidently lies close 
to but below the granite-sedimentary rock contact, as the stream
sediment samples above it were negative. The source of most of the 
cold copper anomaly, however, is in the sedimentary rocks in the 
cliffs above the san1ple collected nearest the headwaters, as all the 
stream-sediment samples yield anomalous amounts of cold copper. 

The two sediment samples taken in the headwaters of rt:he fourth 
tributary to the north have anomalous amounts of cold copper. The 
copper, like that of the third tributary to the north, must come from 
cliffs that bound the upper part of this tributary. 

In summary, the geochemical anomalies of the four tributaries 
on 1he west side of Lost River are moderate in value and are formed 
in fairly short strea1ns with small flow. This suggests that the copper 
collltenit of their sources is not high. In the southern pa~t orf the 
area small seams and disseminated zones containing copper minerals 
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and n1olybdenite have been found, and similar seams and dissemi
nated zones are the probable sources for the other anomalies found 
in this area. 

EAsT SmE oF MoNUMENT CREEK 

Monument Creek is a major southerly flowing tributary of Lost 
River. Samples 257 and 304 collected near the mouths of two tribu
taries west of the Three Pinnacles yielded 11 ppm cold copper 
(fig. 19). The contact between the granite and the overlying sedi
mentary rocks crosses the middle and upper parts of these two 
tributaries. 

Two other sediment samples were collected in the southernmost 
of these two tributaries; one came from a few hundred feet below the 
contact, and the other, a little above the contact. The lower one ( 305) 
had 15 ppm cold copper and the upper one 3 ppm. Along the contact, 
disseminated pyrite was noted both in the granite and in an adjacent 
bed of conglomerate. Chip samples of the granite (306) contain 
100 ppm total copper, and of the conglomerate (307), 500 ppm. The 
molybdenum content of the two rocks was 20 ppm and 30 ppm, re
spectively. These low-grade disseminated zones are the source of the 
1netals found in this stream. 

In the northernmost of the two tributaries, three samples were 
collected from a different branch of this tributary, 1,000-1,500 feet 
west of the granite-sedimentary rock contact (fig. 19). All three 
were low in cold copper. Hence, the source of the cold copper anom
aly found at the mouth of this tributary is assumed to be in the 
grailite a short distance east of the mouth of the stream. The near
ness of the source to the anon1alous sample and the relatively low 
1netal content (11 ppm) suggest that the source is small or low 
grade, or both. 

LAKE OF Wooos AREA 

Along the west side of Monument Creek a tributary drains a high 
broad basin that contains Lake of Woods, where the source of one of 
the strongest geochemical anomalies seems to lie buried under glacial 
deposits. A sample (256) taken near the mouth of this creek yielded 
14 ppm heavy 1netals and 11 pp1n cold copper (table 1). Traced 
upstream, the values point toward several separate sources or to a 
single fairly large source in the upper basin. A small rill coming out 
of the upper basin (sample 265) and the outlet of the Lake of Woods 
(sample 266) contain, respectively, 30 and 90 ppm cold copper, 7 and 
35 ppm heavy metals, and 24 and 12 ppm molybdenum. Two samples 
( 267, 268) of the sediment taken along the west shore of Lake of 
'V"oods had 45 and 120 ppm cold copper. 

424-547 0-71-6 
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Lake of Woods lies in a basin filled with glacial debris, which 
covers the slope for about 1,000 feet above the lake. Four samples 
(269, 271, 272, 273, table 1) were taken from three small rills that 
cross the glacial debris. They ranged from 45 to 180 ppm cold copper, 
40 to >45 ppm heavy 1netals, and 12 to 120 ppm molybdenum 
(table 1). Cold copper and molybdenum values were highest on the 
southernmost rill (fig. 19). Qualitative analysis indicates small 
amounts of gold in son1e of these sa1nples. Above the covered slope 
the main ridge rises abruptly and exposes prominent granite out
crops. Smne of the granite is slightly iron oxide stained, but no sul
fides were noted. A small rill draining the iron -oxide-stained granite 
to the west of the area covered by glacial debris had only 1 ppm 
each of cold copper and heavy metals. Lack of exposures prevents 
sa1npling the area due west of the lake, but four other iron-oxide
stained zones were sampled. One sa1nple (270) was frmn a small out
crop of granite east of the lake; the other three samples ( 27 4, 27 5, 
276) represented iron-oxide-stained zones in granite 2,000-3,000 feet 
south of the lake (pl. 2). None contained anmnalous a1nounts of 
copper, lead, zinc, or n1olybdenum (table 1). 

These data indicate that the source of the anomalously high metal 
values is hidden by glacial debris west of the lake. This is one of the 
highest grade anomalies in a favorable area. Physical exploration or 
soil sam.pling n1ight be the best technique to further localize this 
source. 

The anomalies around Lake of Woods all have a considerably 
higher cold copper content than heavy-metal content; those found in 
the lower part of the basin generally have a slightly higher heavy
metal content. This change in the metal content probably does not 
reflect different sources, but probably is due to zinc's traveling far
ther in solution than copper; thus zinc makes up a greater propor
tion of metal in those samples collected at greater distances frmn 
the source. 

WEsT SmE oF MoNUMENT CREEK 

South of Lake of Woods, two small tributaries that lie east of 
Pistol Peaks (fig. 19) give geochen1ical anomalies caused by low
grade disseminated sulfide zones. The north tributary gave a cold 
copper anomaly that increased gradually upstream fron1 about 20 to 
50 ppm (samples 296, 297, 299, table 1). The heavy-metal content is 
only 7 to 10 ppm and the molybdenmn content, 2 to 3 ppm. Most of 
the country rock is granite, but between the granite and the plagio
clase arkose and argillite is a thick dike of quartz diorite (the quartz 
diorite is 1napped together with the granite in fig. 19). For several 
hundred feet below the granite-quartz diorite contact the granite is 
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sheared and iron oxide stained. Sulfides were not noted, but a sample 
(298) of this rock had 70 ppm copper and 70 ppm lead. The copper 
content of these disseminated zones is not large enough to produce 
the cold copper anomalies found. Hence, the source of much of the 
copper must be on the steep n10untain face above the contact with 
the sedimentary rock, most likely in one or more disseminated zones. 

The south tributary gave 15-20 pp1n cold copper and 10-15 ppm 
heavy 1netals. The source is probably an iron-oxide-stained zone 
several hundred feet thick that contains disseminated pyrrhotite and 
a little chalcopyrite. The zone is in the granite 500 feet below the 
quartz diorite dike. A sample ( 301) of this granite with visible dis
senlinated sulfides showed 300 pp1n copper and 50 ppm lead, but 
chalcopyrite in this zone appears to be erratically distributed. 

UPPER EUREKA CREEK 

A prominent anomaly was found in a small north-flowing tribu
tary of upper Eureka Creek (pl. 3; northwest corner of fig. 19) that 
drains the north side of Blackcap ]\fountain. Samples taken at the 
mouth of this tributary and in Eureka Creek 100 feet below its junc
tion with the tributary contained 11 ppn1 (sample 324) and 15 ppm 
(sample 323) cold copper, respectively (table 1). However, a sa1nple 
from Eureka Creek above this tributary yielded only 4 ppm. Up
stream, about 1,400 feet fron1 the n1outh of the tributary draining 
the north side of Blackcap ]\fountain, a stream-sediment sample 
(325) contained 50 pp1n cold copper, 10 pp1n heavy metals, and 
15 pp1n molybdenum. For 2,000 feet farther upstream, several iron
oxide-stained zones (pl. 2; table 1) are in plagioclase arkose and 
argillite that have been1netamorphosed by the adjacent granite stock 
and cut by numerous quartz porphyry dikes. Chip samples taken 
across five altered zones in this area contain widely differing amounts 
of copper, molybdenum, or silver but no unusual amounts of lead 
or z1nc. 

About 500 feet south of stream-sediment sample 325 a 3-foot-wide 
fault zone that strikes N. 60° W. and dips 50° SW. is exposed in the 
creek bottom. This fault zone is 1nainly in arkose but also cuts several 
quartz porphyry dikes. A sample ( 326) taken across this fault zone 
in the arkose had 100 ppm total copper and 50 ppm molybdenum 
(table 1); a second sample (327), taken across 15 feet of iron-oxide
stained quartz porphyry dike adjacent to the fault had only 50 ppm 
copper and 5 ppm molybdenum. At the head of the stream, near 
where the stream emerges from beneath the talus, a 6-foot-wide 
zone of iron -oxide-stained argillite contains disseminated pyrite and 
sparse chalcopyrite. A sample ( 328) taken across it yielded 500 ppm 
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copper and < 5 ppm molybdenum. Farther uphill is a 15-foot-wide 
iron-oxide-stained zone in a quartz porphyry dike. A sample (329) 
from across this dike contained only 50 ppn1 copper and 10 pp1n 
Inolybdenum. Above this dike on Blackcap l\Iountain is an iron
oxide-stained quartz porphyry dike containing irregular inclusions 
of metamorphosed arkose 2-4: feet in diameter. These altered inclu
sions are speckled with disseminated chalcopyrite and a little molyb
denite. Fractures are commonly coated with chrysocolla. A sa1nple 
(330) from across a 4-foot inclusion had >5,000 ppm copper, 50 ppn1 
molybdenum, 30 ppm silver, and 300 ppn1 tin. 

Several small disseminated zones occur in the metamorphosed sedi
mentary rocks adjacent to the ·west side of the l\Ionument Peak stock 
on the north side of Blackcap l\Iountain. None of those seen appear 
large enough to warrant economic interest, but larger disseminated 
zones nmy occur in the vicinity. 

UPPER LEASE CREEK 

Plate J3 

The headwaters of Lease Creek consist of a fan-shaped group of 
converging tributaries that drain the north side of Osceola Peak, 
l\ft. Carru, and l\lt. Lago. Cold copper anomalies of 7 to 15 ppm 
were found in the stream-sediment samples from some of these 
tributaries, and ~the sources of several of these anmnalies were trac-ed. 
None of the zones tested in this area are of high enough grade to be 
of economic interest. 

This area is underlain by rocks of the plagioclase arkose and argil
lite sequence that has been intruded by small granodiorite bodies 
satellite to the Lost Peak s~tock to the east. Zones of disseminated sul
fides, many only 10 to 15 feet. across, contain pyrite and minor 
chalcopyrite. The copper of the stream sediments comes from several 
disseminated sulfide zones bounding the tributaries. Hence, the cop
per content ('table 1) of 1nost tributaries remains fairly constant 
( 10-20 pp1n cold copper) throughout their length. Chip samples of 
the iron-oxide-stained disseminated zones bounding these tributaries 
commonly contain 70-150 ppm total copper. At the headwaters of a 
small tributary draining ~the northeast side of Osceola Peak, a streain
sediment sample (396) had 150 pp1n cold copper, and chip samples 
( 397 and 398) frmn disseminated zones nearby yielded 500 and 300 
pp1n total copper, respectively. 

ROCK CREEK AREA 

Plate 3 

Rock Creek, an eastward-flowing tributary of Pasayten River, 
bisects the Rock Creek stock. Stream-sediment samples from several 
tributaries of Rock Creek that drain the edge of this granodiorite 
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body contain anomalous amounts of cold copper; some also yielded 
anomalous amounts of heavy metals and molybdenum. No gold was 
found in the several samples that were analyzed qualitatively for 
this element. Samples from two small northwestward-flowing tribu
taries that drain the west side of the stock also have anomalous 
amounts of copper. The largest of these was sampled southward for 
about a mile; the two sample.s ( 485, 486) farthest upstream contained 
50 and 20 ppn1 cold copper. Disse.minated zones adjacent to these 
sample sites contain abundant pyrite and a httle chalcopyrite. These 
zones occurred both in the stock and in the adjacent arkose and 
argillite. About 100 yards west of sample locality 486 at the head of 
the creek, talus boulders of quartz diorite contain pyrite, chalcopy
rite, malachite, and chrysocolla. 

Two sn1all southward-flowing tributaries that also drain the west 
side of the stock contain anomalous highs of 20 and 22 ppm cold 
copper. Iron-oxide-stained quartz diorite adjacent to these samples 
appears to be the source of the copper. Along the east side of the 
stock a sample ( 491) from a small northward-flowing tributary 
yielded anmnalous amounts of cold copper. Several zones containing 
disseminated pyrite we,re found in the quartz diori~te in this area. 

The deposits in the Rock Creek area do not appear to be of economic 
significance, because (1) sedi1nent samples do not exceed 50 ppm cold 
copper and generally are less than 20 ppm and (2) the sulfides, 
especially chalcopyrite, are sparse in the dissemina:ted zones. 

ROBINSON CREEK AREA 

Plate 3 ; figure 32 

The Robinson Creek area lies al~mg the northwest side of the 
Slate Creek mining district. ~fany veins and mineralized shear zones 
have been prospected for gold or copper in this area, and although 
numerous anomalies might be expected, few were found. All 48 
strean1-sediment samples collected in the area were analyzed for 
heavy Inetals, 47 of them for cold copper, and 27 qualitatively for 
gold. 

The only stream sediments with a,nomalous amounts of heavy 
metals were found in the headwaters of a tributary south of Midnite 
Creek, where two ( 437, 438) of six closely spaced samples contained 
11 and 7 ppm, respectively. As these anmnalous values are small and 
the samples were collected near the headwaters of the tributary, the 
source or sources of this anomalous heavy metal content is likely to 
be a small vein or sparsely disseminated zinc or lead minerals. 

Samples frmn four parts of the area have anomalous cold copper 
values (fig. 32). One is on the south side of Devils Peak, where sam
ples ( 444, 445) from two s1nall tributaries yielded 11 pp1n copper. 
Samples from the second contained 6 and 7.5 ppm copper derived from 
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drainage coming off the ridge on which are several small copper 
prospects (locs. 30, 31, 32, 33). The third part of the area is on 
Robinson Creek just southeast of Beauty Creek, where several short 
tributaries that drain both sides of the valley show small anomalous 
values ( 6-7 ppm). The sources of the samples from these three areas 
do not appear promising, as the anomalous values are low, the maxi
mum distance the copper traveled was less than a mile, the flow of all 
·tributaries was small, and the known copper-bearing prospects are 
small. The fourth part of the area, near a little tarn to the northeast, 
is in the headwaters of a small tributary draining a fractured quartz 
diorite ridge. Short high-grade chalcopyrite veinlets are erratically 
scattered in the quartz diorite. These veinlets (loc. 25) are described 
on page 122. 

Gold was detected in four of the samples analyzed for this element. 
One (sample 430) was collected in the headwaters of Beauty Creek; 
the other three samples ( 459, 463, 464) came from the central part 
of Robinson Creek. Although the sample from Beauty Creek, which 
came frmn just south of the quartz diorite intrusive, contained dstect
able gold, four other samples collected downstream from it did not. 

With the exception of those samples from below the chalcopyrite 
veinlets in the quartz diorite near the tarn, the anmnalous values in 
the samples are generally low, even in the headwaters of the streams. 
These results are substantiated by analyses of adjacent veins and 
shear zones, which are small in size or show only s1nall a1nounts of 
gold, silver, copper, lead, zinc, or molybdenmn. 

BUCKSKIN RIDGE 

Plate 3; figure 37 

Buckskin Ridge is a steep-sided mountain between the West and 
J\1iddle Forks of the Pasayten River. Many of the drainage lines 
shown in figure 39 are steep scree-filled gullies, and, therefore only 
a few san1ples were collected from tributaries draining Buckskin 
Ridge. Much sediment, however, is carried directly down the steep 
mountainsides into the West and Middle Forks of the Pasayten 
River. Interpretation of samples taken from these two rivers is conl
plicated by the fact that more than half the sediment in these two 
rivers comes from the somewhat larger drainage areas on the west 
side of the West Fork and the east side of the J\1iddle Fork. Seven
teen sediment samples from the two rivers and the tributaries that 
drain the Buckskin Ridge area (fig. 39) were analyzed either chemi
cally for heavy Inetals and cold copper or spectrographically for 26 
elements, or both. Five of these samples were also qualitatively ana
lyzed for gold. None of these analyses showed anomalous a1nounts of 
zinc, lead, copper, silver, or molybdenmn. Three of the samples ( 501, 
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502, 510), all from the West Fork of the Pasayten River, contained 
a little gold. The gold in these samples n1ay have come from either 
side of the river. One of the samples ( 502), however, came from just 
below the adits at locality 45. 

On Buckskin Ridge eight localities containing veins and shear 
zones are known. Some veins, like those at locality 45, have few 
sulfides other than sparse pyrite; others, like the New Hope ( loc. 41), 
contain massive sulfides, Inainly pyrrhotite and pyrite. Analyses of 
the veins and shear zones indicate that they contain little copper, 
lead, zinc, Inolybdenum, or silver. Assays from only one small area 
showed substantial amounts of gold. The lack of geochemical anoma
lies of heavy metals and cold copper, though due partly to the sparse
ness of tributaries draining this ridge and partly to the large flow 
of the two rivers on either side of the ridge, is also the result of the 
low content of these metals in the veins and shear zones. The quali
tative nature of the analysis makes the gold difficult to trace. 

JIM PEAK-WINDY PASS AREA 

Plate 3 ; figure 45 

The ridge connecting Jim Peak and vVindy Pass separates the 
drainage of the "\Vest Fork of the Pasayten River to the east from 
that of Canyon Creek, Barron Creek, and a tributary of Slate Creek 
to the west. Barron and Slate Creeks lie wholly outside the wilder
ness area. Likewise, numerous ·gold 1nines and prospects of the Slate 
Creek mining district lie outside the area. No known production has 
come from within the wilderness area, but 10 prospects dug on veins 
or shear zones (figs. 45, 46) were exa1nined. Nineteen sediment sam
ples were taken within the wilderness area from the West Fork of 
the Pasayten River, Canyon Creek, and the tributaries draining into 
them frmn the ,Jim Peak-Windy Pass ridge. Iron-oxide-stained dis
seminated sulfide zones are comn1on in this area, and 13 chip samples 
were collected from them. 

Though no anmnalous stream-sediment samples were found on 
either of the 1najor streains, one sample from a tributary on the east 
side of the ridge, from an area below the Ptomigan prospect (loc. 
56, fig. 45), contained 9 ppm heavy metals. A qualitative analysis 
of one sample (511) from a tributary that drains the east side of 
Tamarack ,Peak contained gold. Of the seven stream-sediment samples 
colleoted from tributaries draining the west side of the Jim Peak
Windy Pass ridge, only two ( 581, 584) had anomalous amounts of 
heavy metals and cold copper. S-ample 581 yielded 9 ppm heavy 
metals and 11 ppm cold copper. It came from a tributary that drains 
the west side of the ridge directly downslope from a mineralized 
shear zone at locality 48. Sample 584 yielded 20 ppm heavy 1netals 
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and 45 ppm cold copper. It was collected at the mouth of a small 
tributary that drains the ridge a little soufh of Jim Peak. At its 
headwaters this tributary splits into rthree branches. From this junc
tion a zone of iron -oxide-stained arkose and argillite that trends 
N. 60° E. and lies parallel to a well-developed joint set can be traced 
down the creek for 600 to 800 foot. It is generally 6 ~to 8 foot wide burt 
in the westernmost part thickens to 20 foot. In part, the zone is heavily 
stained with iron oxide, but in the upper part, where erosion has 
boon rapid, only a little staining was noted. The zone contains finely 
disseminated pyrite and locally thin pyrite veinlets. Four chip 
samples ( 585, 586, 587, 588, table 1) of this zone were taken : one 
(588) from across the entire 6-foot zone at the tributary junction; 
the second ( 587) from across an arkose bed 200 feet lower and rt:o the 
west; the third ( 586) from the same locality but in black argillite; 
and the fourth ( 585) from near the west end of the zone, where it 
widens to 20 feet. These four samples had small amounts of copper, 
ranging from 20 to 100 ppm, but no measurable gold. Other small 
disseminated zones and veins (loc. 50) occur in the northernmost of 
the tributary's three small branches. The anomalous copper values 
obtained in this area appear to have come both from the low-grade 
disseminated sulfide zone and from the many smaller low-grade zones 
and veins at locality 50. 

A group of disseminated sulfide zones from less than a foot to sev
eral hundred feet wide is clustered on the north and east sides of 
Tamarack Peak (pl. 3). Two of the zones near the top of Tamarack 
Peak contain anomalous amounts of copper. One consists of widely 
scattered spots of heavily iron-oxide-stained rock in apparently unal
tered arkose. A sample ( 528) cut across one of these small iron-oxide
stained areas had 3,000 ppm copper, 70 ppm molybdenqm, and 15 ppm 
silver (table 1). At the other, a small 2-inch-wide sheared zone con
tains disseminated sulfides and has a thin coating of malachite or 
azurite on some of the fractures. A sample ( 529) cut across this thin 
sheared zone yielded 2,000 ppm copper, <2 ppm molybdenum, and 
1 ppm silver. The other four samples from wider disseminated zones 
have from 20 to 70 ppm copper, <2 ppm molybdenum, and <1 ppm 
silver. 

Three disseminruted zones along the east side of Canyon Creek (pl. 
3) contain from 100 to 700 ppm copper ( 582, 583, 589). 

HEADWATERS OF CANYON CREEK 

Plate 3 

Sixteen sediment samples were collected on Canyon Creek and its 
tributaries from just west of Holman Pass downstream into the Jim 
Peak-Windy Pass area. Here Canyon Creek is bounded by steep 
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valley walls that rise to ridges 2,000-3,000 feet above the creek. Six of 
these samples had slightly anomalous amounts (7-11 ppm) of heavy 
metals or cold coppe,r, or both. As the anomalous values are small 
and all came from small tributaries not Inore than a mile long, the 
sources of the anomalous metal content are probably low grade or 
small in size, or both. 

CANYON CREEK AREA 

Plate 3; figure 53 

The Canyon Creek area lies southwest of the Jim Peak-Windy 
Pass area. The samples discussed in this section came from ridges 
and tributaries on the northwest side of Canyon Creek. The two 
principal tributaries in this region are Cascade Creek and the North 
Fork of Canyon Creek. In the upper part of Cascade Creek is the 
old Anacortes gold mine (loc. 59, fig. 53). Several old gold placers 
lie along Canyon Creek below Chancellor. Zones of disseminated sul
fides are common, especially along Canyon Creek below its junction 
with the North Fork of Canyon Creek. Within this area 14 stream
sediment samples and 13 chip samples frmn disseminated zones were 
collected. 

Anomalous amounts of cold copper were found in samples taken 
at the mouths of Cascade Creek ( 6 ppm) and the North Fork of 
Canyon Creek (11 ppm). Strea1n-sediment samples collected above 
Cascade Creek on the North Fork of Canyon Creek and on Cascade 
Creek, three-fourths mile west of its mouth showed no anomalies. 
Several iron-oxide-stained disseminated zones are exposed on the 
west side of the North Fork of Canyon Creek below the mouth of 
Cascade Creek. Samples ( 565, 566) of two of these zones yielded 150 
and 50 ppm total copper. Three samples that had cold copper anoma
lies were collected from small tributaries draining the northwest side 
of Canyon Creek. Two of them ( 597, 598), containing 20 ppm cold 
copper, drain areas in which are large disseminated zones. Two sam
ples (599, 600) from adjacent iron-oxide-stained zones contain 150 
and 200 ppm total copper. The third anmnalous (15 ppm) cold cop
per sample ( 601) was taken on a small tributary of Canyon Creek 
just below the adit of the 1\finnesota 1nine (loc. 68, fig. 53). Similar 
disseminated zones are also common along Canyon Creek above 
Chancellor. Six samples from these zones contain from 70 to 300 
ppm total copper. 1\iost of the copper in this a:rea occurs in low-grade 
zones of dissen1inated sulfides; very little copper occurs in the veins. 
Most of the samples from the disseminated zones had no detectable 
gold; one sample ( 593) had 0.02 ounce per ton. 

Heavy-metal anomalies were found just below the adit of the 
Minnesota mine ( 15 ppm) and in the headwaters of a small tribu-
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tary on the south side of Cascade Creek ( 10 ppm). The source of the 
latter anomaly is not known. 

The veins in this area are principally gold -quartz veins. Pyrite is 
generally the only sulfide mineral present. Veins of this type are not 
likely to be found by geochemical sampling for associated metals 
such as copper, zinc, lead, molybdenum, and arsenic. 

LOWER CANYON CREEK AREA 

Plate 3 

The Lower Canyon Creek area lies downstream from the Canyon 
Creek area, between the mouths of Boulder and Granite Creeks. In 
the east half, Canyon Creek has cut cliffs in black argillite and a 
few beds of arkose. Iron-oxide-stained disseminated zones 10 to more 
than 300 feet wide are numerous. Pyrite is the principal sulfide. 
Three adits and a trench have been dug into three of these zones at 
localities 72, 73, and 7 4 (pl. 3). Ten chip samples were taken of the 
disseminated zones and 13 sediment samples from tributaries drain
ing into Canyon Creek. Samples of the disseminated zones had from 
< 5 to 200 ppm total copper (table 1). Anomalous amounts of lead, 
zinc, molybdenum, or silver were not found. Two samples (606, 613) 
yielded 0.003 ounce of gold per ton; the others did not contain any 
detectable gold. 

Seven of the sediment samples were collected from the lower parts 
of the tributaries, six from the upper parts. Five of those collected 
from the lower parts h~d anomalous amounts of cold copper, ranging 
from 7 to 20 ppm. None of those from the upper parts contained 
anomalous amounts of cold copper. 

Anon1alous stream-sediment samples in the Lower Canyon Creek 
area probably are due to nearby zones of disseminated sulfides. Cop
per is the only metal of potential interest in the numerous dissemi
nated zones, but its content seems too low to have commercial 
possi hili ties. 

MIDDLE CREEK 

Plate 3 

l\1:iddle Creek is a northerly flowing tributary of Cinnamon Creek 
about 6 miles east of Ross Lake. It cuts rock of the plagioclase arkose 
and argillite sequence. A stream-sediment sample (673) at its mouth 
had 9 pp1n heavy metals, 3 ppm cold copper, and 2 ppm molybdenum. 
An additional 20 sediment samples and four chip samples of dissemi
nated zones were taken along this creek. Twelve of these samples had 
anomalous amounts of heavy metals, and seven also had anomalous 
amounts of cold copper. Tributaries that flow into both the east and 
west sides of l\1:iddle Creek contain anon1alous amounts of heavy 
metals. Sa1nples (675, 684) fron1 two tributaries that flow into the 
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east side of ~fiddle Creek yje1ded the largest amounts of heavy 
metals (>50 and 50 ppm) and cold copper ( 20 and 20 ppm). The 
two heavy-metal anomalies were traced upstream; these anomalies 
were due mainly to zinc in disseminated sulfide zones. 

The northernmost of these two tributaries leads to a steep basin 
about a mile to the southeast .. The basin is densely vegetated, and 
much of it is covered with talus. Iron -oxide-stained disseminated 
zones form much of the north half of the basin. These zones have a 
general northwest strike and a stoop northeast dip. A sample (678) 
from a small tributary that drains the northern part of the basin 
had 20 ppm heavy metals, 3 ppm cold copper, and 3 ppm molybde
num; one ( 676) from a tributary that drains the eastern part of the 
basin had >50 ppm heavy metals, 10 ppm cold copper, and 2 ppm 
molybdenum (table 1). Samples ( 679, 680) from two small altered 
zones exposed along the tributary that drains the northern part of 
the basin yielded 50 ppm total copper, <10 ppm lead, and <200 
ppm zinc. Float of iron -oxide-stained breccia consisting of argillite 
and arkose fragments cemented by quartz from the head of the trib
utary that drains the eastern part of the basin (sample 677) yielded 
700 ppm zinc, 50 ppm lead, and 30 ppm copper. Some iron-oxide
stained zones extend to the ridge bounding the east side of the basin, 
but in most the staining is light. A sample ( 681) from one of these 
zones did not yield anomalous amounts of zinc, lead, copper, molyb
denum, or silver. All samples of altered rock were analyzed for gold; 
none was found. 

The southernmost of the two tributaries that enrt.er 1\fiddle Creek 
from the east also heads in a steep basin about a mile to the south
east, where it divides into three branches. A stream-sediment sample 
( 685) collected just above the junction of the middle one contains 
100 ppm cold copper, 20 ppm heavy metals, and 2 ppm molybdenum. 
In the streambed above this sample is a small exposure of iron-oxide
stained breccia of argillite and arkose cemented by quartz thalt con
tains abundant pyrrhotite, some pyrite, and a little chalcopyrite. A 
sample of this breccia (685a) yielded 1,500 ppm total copper, >200 
ppm zinc, 30 ppm lead, and 5 ppm silver. A second source of heavy 
metals between the mouth of this tributary and the upper basin is 
suggested by the higher heavy-metals anomaly that occurs in the 
sample (684) collected at the mouth of the tributary. 

The rocks of the Middle Creek drainage basin contain many iron
sulfide-bearing disseminated zones, some of which are brecciated. 
These zones are believed to be the source of the anomalous metal 
content found in the stream sediments on Middle Creek. 
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BOUNDARY CREEK AREA 

Plate 3 ; figure 62 

A hornblende diorite stock underlies an area of a little more than 
a square mile between Boundary Creek and Lightning Creek; a satel
lite body is exposed about half a mile to the west along Lightning 
Creek. Parts of the stock and the surrounding plagioclase arkose and 
argillite are silicified and iron oxide stained frmn weathering of 
disseminated sulfides. Sediment samples collected from streams 
draining this area showed a number of anomalies. 

Ten of the stream-sediment samples (706, 707, 709, 710, 726, 727, 
728, 731, 732, 733) contained anomalous amounts of heavy metals; 
four (709, 710, 726, 727) also contained anomalous amounts of cold 
copper; and one ( 732) contained an anomalous amount of molybde
num (table 1). 

Four chip samples (711, 712, 713, 714) were taken from the ridge 
at the northwest end of the stock, and five chip samples (715, 716, 
717, 718, 719) were taken from a large iron-oxide-stained zone on 
the west-facing slope of a north-flowing tributary of Boundary 
Creek. These samples had 70-500 ppm total copper. Three of them 
(712, 713, 714) yielded 70 to 150 ppm cobalt; four (713, 714, 715, 
719), 15 to 70 ppm molybdenum; and one (717), 1,000 ppm zinc. 
All samples were also analyzed for gold; the only gold detected 
was in five samples (715-719) from the area that bounds the trib
utary to Boundary Creek. Nine of the 10 stream-sediment samples 
were several times higher in heavy metals than in cold copper. This 
preponderance of heavy metals over ·cold copper is probably due 
primarily to zinc and, to a somewhat lesser extent, to cobalt. Al
though zinc was reported in only one of the spectrographic analyses 
of the iron-oxide-stained rock, the sensitivity of this analysis is 200 
ppm and only a large anomaly of zinc would be detected. 

The stream sample that had the highest metal content came from 
a small seep at the base of a talus slope about 500 feet below a small 
adit (loc. 85, fig. 62). This sample (709, pl. 3; ,table 1) had 200 
ppm heavy metals and 300 ppm cold copper. A sample (710) from 
another small tributary several hundred feet southwest yielded 30 
ppm heavy metals and 7 ppm cold copper. These small tributaries 
drain a large iron -oxide-stained zone extending to the ridge above. 
Pyrite is common 'throughout this zone, and in one place sphalerite 
was recognized. Five chip samples (715, 716, 717, 718, 719) taken 
across this zone contained 100-500 ppm total copper, <200-1,000 
ppm zinc, <5-70 ppm molybdenum, and 0.03-0.3 ppm gold. Metal 
values appear to be quite erratic. The high cold copper value obtained 
from the stream-sediment sample (709) probably was derived at least 
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in part from a more copper-rich part of this zone than 'the part 
sampled by us. Further exploration of this area may disclose its 
location. 

Four samples (726, 728, 731, 732) from westward-flowing streams 
that drain the ridge east of Lightning Creek contain 10-30 ppm heavy 
metals. One (726) also had anomalous cold copper (10 ppm), and one 
(732), anomalous molybdenum (7 ppm). Two other samples (706, 
707) from southeastward-flowing streams that drain the southeastern 
part of the stock are somewhat lower in metal content, having 10 and 
7 ppm heavy metals. 

The results of the mapping and sampling indicate that zones of 
disseminated sulfides occur in and adjacent to the hornblende diorite 
stock. These zones in places contain anomalous zinc, copper, molybde
num, gold, and cobalt. The metal content of the disseminated zones 
tested was low and somewhat erratic, but the concentration of the 
disseminated zones in this area and the high metal content of one 
sediment sample suggest that other disseminated zones may have a 
higher metal content. 

HOZOMEEN MOUNTAIN 

Plate 3 

Hozomeen Mountain lies just west of the Boundary Creek area and 
consists of two prominent peaks connected by a high saddle. This 
mountain is carved principally in rocks of the Hozomeen Group of 
Cairnes (1944) that here are mainly greenstone with some inter
bedded chert, argillite, marble, and quartzite. A small quartz diorite 
stock has been intruded along the southeast side of Hozomeen 
Mountain (fig. 7), metamorphosing the country rock. An eastward
trending ridge that crosses the south end of this intrusive exposes a 
heavily iron-oxide-stained zone for at least 3,500 feet. AHhough this 
altered zone is exposed on both sides of the intrusive, most of it lies 
to the east. This zone contains disseminated sulfides. Pyrrhotite is 
the most common sulfide; pyrite is found in some places; and chal
copyri,te was seen in a few places. Four sa1nples were taken along 
this ridge. Two samples (734, 735) taken adjacent to and on either side 
of the intrusive yielded 100 and 150 pp1n total copper (table 1). Two 
samples (736, 737) taken farther east on the ridge had 100 ppn1 cop
per. All these samples were low in zinc, lead, molybdenum, and silver. 

Four sediment samples (725, 729, 738, 739) were collected at the 
mouth of tributaries that drain this area. They yielded 2-10 ppm cold 
copper and 7-30 ppm heavy metals. The cold copper and perhaps the 
heavy-1netal anomalies found in the stream sediments could have 
been derived from the big disseminated zone just described. 
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LOWER LIGHTNING CREEK 

Pla:te 3 

Eight stream-sediment samples were taken from Lightning Creek 
and its tributaries below its junction with Three Fools Creek. 

The major tributary is on the north side of Lightning Creek about 
1 1nile southwest of the 1nouth of Three Fools Creek. This area is in 
the Hozomeen Group. A sample (753) collected here from a small 
tributary less than an inch deep contained 300 ppm cold copper, 
30 ppm heavy metals, and 2 ppm molybdenum. One hundred feet 
vertically above this sample site this tributary emerges from beneath 
talus that covers the steep slopes. A field test made on a second small 
tribuary a few yards to the west showed 60 pp1n cold copper. A small 
outcrop of argillite exposed through the talus near this sample site 
contains disse1ninated pyrite. A soil sample (751) of limonitic green
stone yielded 100 ppm total copper. A sn1all rill that drains outcrops 
above the talus yielded < 1 ppm cold copper and 10 ppm heavy 
metals. A small zone of disseminated sulfides in this area had 100 
ppm total copper. The source of the high copper in the sample taken 
at the mouth of the tributary apparently lies hidden under the talus 
in the lower part of the slope. 

A second, lesser anomaly of 20 ppm (sample 755) cold copper was 
obtained frmn a tributary on the north side of Lightning Creek 
about 2,300 feet above its 1nouth. This tributary was but a trickle 
that drained the central part of the greenstone mass. Its source (or 
sources) is most likely one or more small disseminated zones. 

JACK MOUNTAIN AREA 

Plate 3 

This area extends along the east side of Ross Lake. It consists 
mainly of a thick sequence of greenstone that is faulted against 
phyllite along its southwest side. Shearing occurs on both sides of 
the fault. Scattered in this zone of shearing are many small zones 
of disseminated sulfides a few feet to several hluldred feet long and 
less than a foot to about 100 feet wide. In the greenstone these zones 
are generally irregularly shaped, but in the phyllite they are gen
erally tabular. Pyrrhotite is the most common Inineral in most 
places; pyrite, in some. Chalcopyrite has been noted in a few places. 
Small irregular quartz veins are also found in the greenstone. Some 
of these veins do not contain visible sulfides, but in son1e, scattered 
sulfides, chiefly pyrite, can be noted. 

l\!Iost of the anmnalous samples were collected in the ~fay Creek
Roland Creek and Crater Creek areas. 

MAY CREEK-ROLAND CREEK AREA 

This area drains the west side of Jack l\fountain. Dissmninated 
zones are irregularly distributed in the area. Just below the glacier at 
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the head of May Creek and on the cirque wall (fig. 17) to the east, 
small disseminated zones are common. Four of the zones that were 
sampled ( 642, 643, 645, 647) contain 500, 200, 10, and 300 ppm total 
copper, respectively. Three stream-sediment samples were taken from 
tributaries draining various parts of the cirque. Two ( 644, 646), 
from tributaries draining the eastern and southeastern parts of 
the cirque, had 20 and 50 ppm cold copper and 15 and 10 ppm heavy 
metals. The third, from a tributary draining the southwest side of 
the cirque, yielded only 5 ppn1 cold copper and 3 ppm heavy metals; 
disseminated zones were not observed along this tributary. Two other 
stream -sediment samples ( 648, 649) were taken from the lower part 
of :May Creek. Each contained 50 ppm cold copper and 10 ppm heavy 
1netals. The consistency of the metal content of these samples down 
the length of the stream, despite an increase in flow, points toward 
continued additions of metals ~to the stream system ; that is, copper 
and other heavy metals are probably derived from many small 
disseminated zones scattered along the drainage basin of this stream. 

Four small streams between lVIay and Roland Creeks were sam
pled. Three samples had a low cold copper content, but the fourth 
(766) contained 10 pp1n cold copper. Samples also were taken at 
least a mile above the mouths of the two longest streams. These two 
samples (767, 768) had 10 and 15 ppm cold copper; this represents 
at least a fivefold increase over the content in samples taken at their 
mouths and i\ldicates that the metal content of the sediments has 
been diluted downstream by addition of material with low metal 
content. As the streams are small here and the distance to their 
headwaters is short., the source of the copper is probably small or low 
grade, or both. 

Along most of its course Roland Creek crosses phyllite. Seven 
sediment samples from along 1.7 miles of its length contained 15-20 
ppm cold copper and 10-30 ppm heavy metals. The uniformity of the 
metal content of these samples along a strea1n of constantly increasing 
flow suggests multiple sources. Four disseminated zones 100-400 feet 
long and as much as 50 feet wide were sa1npled along the main stream. 
The samples ( 631, 633, 635, 638) yielded 10-200 ppm total copper. 
Sample 631 also contains 3,000 ppm nickel. 

CRATER CREEK AREA 

A suite of 16 samples was collected over a distance of 4.5 miles 
along Crater Creek and its tributaries. The metal content of these 
samples ranged from 1 to 20 ppm cold copper and from 1.5 to 20 
ppm heavy metals. On most samples the cold copper content exceed
ed the heavy-metal content by at least 2 to 1. No particular distribu-
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tion pattern of the metal content was noted in samples from various 
parts of this drainage basin. Samples collected along the main 
stream contained 3-20 ppm cold copper; those from tributaries that 
drain the west side of the basin, 1-20 ppm cold copper; and those 
from tributaries tha.t drain the east side of the basin, 3-20 ppm cold 
copper. The erratic distribution of high and low metal content 
found in Crater Creek and its tributaries points to numerous small 
scattered sources. 

AEROMAGNETIC INTERPRETATION 

By GORDON P. EATON and MORTIMER H. STAATZ 

In September 1968 the U.S. Geological Survey flew an aerial 
magnetic su.rvey of the entire study area. The aeromagnetic data com
piled from these results are shown on the geologic map (pl. 1). Direct 
correlations occur between the magnetic data and several of the rock 
types; these are briefly described below. Inasmuch as no laboratory 
study of rock properties was n1ade, the following description is based 
entirely on magnetic relations apparent from the map. 

The magnetic patterns shown on plate 1 vary, like ~the geology, on 
either side of the Eightmile Creek fault. The more heterogeneous 
metamorphic and plutonic rock units east of the fault are character
ized by many positive and negative anomalies at least 1 mile across 
with appreciable magnetic relief. The more homogeneous rocks west of 
the Eightmile Creek fault are characterized by the regional gradient 
of the earth's main magnetic field interrupted by several positive 
anomalies associated with quartz diorite intrusives and some of the 
more mafic volcanic rocks. 

The irregular magnetic pattern east of the Eightmile Creek fault 
is attributed partly to the absence of large areas of nonmagnetic 
rocks which provide stark magnetic contrasts with more magnetic 
rocks, and partly to the composit.ional variations in the ~two largest 
units : ( 1) the quartz monzonite, granodiorite, and quartz diorite, 
and (2) the granodiorite gneiss complex of the Quartz Mountain area. 
The largest positive anomalies are in the northwest and northeast 
corners. The highest anomaly to the northwest is centered on the 
Canadian border, 2 miles northwest of Sheep 1\fountain. This 
anomaly-650 gammas-is underlain by the hornblende gneisses of 
the Sheep l\fountain area, the most mafic rocks in the area. This unit, 
however, cuts across the magnetic high, and the east end lies along 
the northwest side of a well-defined magnetic low. The lack of corre
spondence between the e.astern part of the hornblende gneisses and the 
magnetic pattern could be due to the presence of less magnetic min
erals in the eastern part or ~to an abrupt eastward thinning of the 
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hornblende gneisses. The presence of numerous dikes derived from the 
adjacent quartz monzonite, granodiorite, and quartz diorite unit in 
the hornblende gneisses of the Sheep l\fountain area to the east makes 
this rock less magnetic and suggests that this area is near the lower 
edge of the hornblende gneisses. 

The highest anomaly in the northwestern part of this area is sur
rounded by several other anomalies of high amplitude and short 
wavelength. These anomalies are underlain by the granodiorite gneiss 
complex of the Quartz l\fountain area. The granodiorite gneiss com
plex, though predominantly a hornblende-biotite granodiorite gneiss, 
includes some hornblende gneiss, and lesser amounts of hornblende 
biotite quartz gneiss, biotite quart,z schist, and pyroxene-quartz 
gneiss. The diverse character of this unit is reflected in the magnetic 
pattern. A small intrusive of Ashnola Gabbro intruded the granodi
orite gneiss complex in the eastern part of the area. This gabbro 
lies on the steep flank of a positive magnetic anomaly. Depth 
estimates On the anomaly indicate that the SOUrce COUld be as lllUCh as 
1,000 feet below the surface. Thus, the exposures of gabbro could rep
resent only the higher part of a larger body, and this rock type could 
be in pa~t responsible for the high magnetic anomalies in this area. 

In the northeast corner of the study area two positive magnetic 
anomalies connected by a ridge forn1 a rough hourglasslike pattern. 
The extent of this anomaly corresponds roughly with the gneissic 
quartz diorite of the l\fiddle Fork of Toats Coulee Creek. The center 
of the southen1 positive anomaly, however, lies about 1 mile to the 
east of the east border of the gneissic quartz diorite. This offsetting of 
the center of ~the anomaly to the east of the exposed gneissic quartz 
diorite suggests that this rock thickens to the east beneath a cover 
of the less Inagnetic quartz Inonzonite, granodiorite, and quartz dio
rite unit. 

The greater part of the rest of the Ina pped area east of the Eight
mile Creek fault is underlain by the quartz monzonite, granodiorite, 
and quartz diorite unit (pl. 1). The rocks in this unit vary in com
position from place to place, and these changes in composition may 
well be responsible for much of the variable character of the magnetic 
pattern. 

Several distinct positive anomalies occur west of the Eightn1ile 
Creek fault. A prominent northwest-trending n1agnetic ridge under
lain by the volcanics of Billy Goat Mountain lies adjacent to the 
west side of this fault. This magnetic field is typical of that of a 
steeply dipping tabular body having relatively high susceptibility. 
The gross form of this anmnaly is essentially the same frmn the 
south end of the area to where these volcanics are overlain by the 
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less magnetic volcanics of Island }\fountain to the north. North of 
the volcanics of Island }\fountain the magnetic ridge is virtually 
absent. This diminution and loss of signature result partly from the 
northward thinning of the volcanics of Billy Goat Mountain, partly 
from the overriding effect of the Siteep magne6c gradient associated 
with a strong positive anmnaly overlying the western part of the 
granodiorite gneiss complex of the Quartz }\fountain area, and per
haps partly from decreased 1nagnetic susceptibility of the volcanics. 
The steep-flanked magnetic low at the south edge of the map area 
probably is due to reversed polarization, a cmnmon feature of volcanic 
rocks of mafic and intermediate composition. The only apparent anom
alous feature on this magnetic ridge is the northeast-trending high 
over Billy Goat l\fountain itself. The trend of this subsidiary high is 
nearly perpendicular to the outcrop belt of the volcanics, as well as 
to the axis of the principal magnetic anomaly. A crude depth esti
mate suggests that the top of the anomaly source is close to the top 
of Billy Goat l\1ountain; if so, the rock mass causing it must be part 
of the volcanic unit itself, rather than a different ·rock unit. 

The two most conspicuous anomt~ lies west of the Eightmile Creek 
fault overlie the quartz diorite Rock Creek stock and the Pasayten 
dike. The anomaly over the Pasayten dike is principally over its 
northwest half, where it is as much as 300 gammas. This anomaly 
is only about 40 gammas over the southeast end of the Pasayten dike. 
This change in the magnetic pat.:tern over the intrusive may be ·due 
either to a change of magnetic susceptibility of the roek or to a 
thinning of the intrusive to the southeast. Three subtle magnetic 
feaJtures associatted with this large dike suggest possible extensions 
of the surface of this body at depth: ( 1) a plunging magnetic nose 
that trends westward from the Pasayten Peak to a point llh miles 
west of Center l\fountain, (2) a somewhat more subtle nose tha~t 

trends southwestward from Pasayten Peak through Tamarack Peak, 
and ( 3) a closed magnetie high of low amplitude, trending north
westward, in the Devils Peak-Robinson }\fountain area. The last 
feature is assoeia,ted with small exposures of quartz diorite that prob
ably represent a eupola of a larger body at depth. Alternatively, this 
latter anomaly might in part. be due to the red-bed and volcanic se
quences of the l\ficinight Peak Formation, which are exposed here, 
although there is no anomaly over similar rocks exposed to the south. 

We had previously thought (Tabor and others, 1968, p. C46) that 
the Rock Creek stock and Pasayten dike were connected at depth. 
The sharp valley between the positive magnetic anomalies overlying 
the Rock Creek stoek and the Pasayten dike suggests that the two 
are not connected, unless the connection is quite deep. 
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Somewhat less conspicuous is an east-northeast-trending anomaly 
in the northwest corner of the study area, which crosses four sepa
rate exposures of intrusive rock. To the west, along the east side of 
Ross Lake, exposures of quartz diorite were the easternmost known 
outcrops of the Chilliwack batholith. Another small stock of quartz 
diorite is also exposed on Hozomeen Mountain near the center of 
the anomaly, and two hornblende diorite intrusives occur near the 
east end of the anomaly. This latter rock type is rather rare east of 
Ross Lake but is quite com1non ·west of it, where similar rock is a 
mafic facies of the Chilliwack composite batholith. The anomaly 
probably reflects the presence of a large pluton at very shallow 
depth consisting of rocks with a composition like that of a quartz 
diorite or diorite. This pluton is thought to be an eastward extension 
of the Chilliwack batholith. The magnetic data seem to support this 
interpretation, for the elongate east-northeast-trending positive 
anmnaly appears to be an eastward extension of a large positive 
feature centered west of Ross Lake. 

Three other plutonic bodies west of the Eightmile Creek fault 
that have a more siliceous composition have only a weak n1agnetic 
expression. These bodies, which range in cmnposition from horn
blende-biotite granodiorite to biotite granite, are the Castle Peak, 
Lost Peak, and 1\ionument Peak stocks. Their magnetic expression 
consists of broad magnetic noses that project in a southerly or west
erly direction down the regional gradient. If this regional gradient 
were ren1oved, the anomalies would appear as broad magnetic highs 
with closures of only 20 gammas or so. The 1nagnetic data. over the 
various plutons semn to reflect compositional contrasts between them. 
All three have positive magnetic expression, but their amplitudes, 
which reflect 1najor differences in magnetic susceptibility, are strik
ingly different. 

A small broad anmnaly occurs just east of the south end of Ross 
Lake beneath Jack 1\iountain and Crater 1\fountain. Small intrusives 
of serpentine are exposed in various parts of ~this area (mostly too 
small to be shown on pl. 1). As these rocks cmnmonly contain mag
netite, a larger buried intrusion of this roc.k could be the cause of 
this anomaly. 

The rest of the western area is, apart from the southwest-sloping 
regional gradient, nearly featureless, magnetically speaking, which 
reflects the nonmagnetic character of both the areally extensive plagio
clase arkose and argillite sequence and the Hozomeen Group of 
Cairnes ( 1944). 

The aeromagnetic survey, though of considerable aid in making 
geologic correlations, was of little direct use in locating unknown 
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mineral deposits in this area. Veins are too small to be located by this 
type of survey. Large disseminated deposits in many districts in the 
Western lJnited States are associated with plutons having magnetic 
anomalies like those of the Rock Creek stock and the Pasayten dike. 
The magnetic anomalies in the Pasayten Wilderness, however, lack 
adjacent magnetic lows that characterize extensive rock alteration 
associated with mineralization. 

MINES AND PROSPECTS 

Claims have been recorded in the Pasayten Wilderness area since 
about the 1880's. Most of the prospecting was done prior to 1920, and 
since that time exploration pits have sloughed in, tunnels caved, trees 
grown up, and claim posts rotted away. Hence, in many areas in 
which claims were located we w~re unable to find any sign of their 
existence. Not all the claims were found or recognized because of 
vaguely recorded location descriptions or lack of recognizable dis
covery work. In some areas where we found prospect pits we are 
uncertain as to what claim they are on. It was particularly difficult 
to find claims in the western part of the study area because of dense 
vegetation. 

To simplify the following descriptions, each prospect or locality 
is given a locality number, which is followed by the name of the 
claim, if known. All mineralized veins and shear zones were sampled, 
and all that were found are described in following parts of the report. 

HORSESHOE BASIN AREA 

Four properties (fig. 20} were located for gold and molybdenum on 
the north side of Horseshoe Basin in and adjacent to roof pendants 
of metamorphic rocks surrounded by younger granitic rocks. All lie 
along the north side of the basin, and the only workings are trenches 
and small cuts. 

LOCALITY 1 (CALEDONIAN CLAIM) 

Locality 1 (fig. 20) is on a black andesite porphyry dike cutting 
light-tan quartz diorite. No workings were noted, but, according to 
the discovery notice on the dike, the property is the Caledonian mining 
claim located on July 1, 1939, by E. J. Doherty. According to records, 
the Caledonian claim is a relocation of the Windy Pass claim. The 
dike is 12 feet wide, and can be traced for about 200 feet north of 
the discovery notice. It strikes N. 4° W. and dips 86° SW. The dike 
consists of small phenocrysts of hornblende and plagioclase set in a 
glassy matrix. No sulfides or signs of alteration were noted. 

LOCALITY 2 (HORSESHOE BASIN CLAIMS) 

Locality 2 comprises Horseshoe Basin No.1 and No.2 claims on the 
southeast side of Arnold Peak (fig. 20). These claims were located 
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by Paul Loudon, Robert Curtis, and Loy McDaniels, all of Loomis, 
"\Yash., in July 1951 (Purdy, 1954, p. 46--47). The principal workings 
(fig. 21) consist of three opencuts, the largest of which is 16 feet 
long and 10 feet wide, and has a depth of about 12 feet at the back. 
These workings are on an irregular pegmatite that contains molybde
nite. The pegmatite is exposed for 110 feet and ranges in width from 
about 1 to 7.5 feet. This rock is made up mainly of perthite and 
quartz and a little fine-grained biotite. Molybdenite and pyrite are 
erratically scattered through it. Molybdenite was seen only in the 
central and northern cuts (fig. 21), where it occurred in the wider 
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parts of the pegmatite in narrow lens-shaped areas a few feet long. 
One 6-foot chip sample was taken in the central pit (fig. 21). This 
sample (MHS-159-65, table 2) contained only 0.039 percent molyb
denum. The molybdenum is concentrated principally in the central 
part of the pegmatite. Copper content of 0.039 percent in this sample 
may be due to chalcopyrite. 

A few specimens on the dump contained at least several percent 
molybdenum. An assay fron1 this property containing 1.12 percent 
~:foS2, or 0.67 percent 1nolybdenum, was reported by Huntting (1956, 
p. 270). 

The molybdenum-bearing pegmatite is intruded near the edge of a 
roof pendant of gneiss (fig. 20), which, near the pits, consists prin
cipally of plagioclase, hornblende, and biotite, but farther west is 
made up of quartz, hornblende, and augite. The roof pendant is sur
rounded by a large quartz monzonite body. In places dikes of quartz 
monzonite also cut the gneiss. Several other similar-appearing 
perthite-quartz pegmatites occur in the vicinity of the pegmatite 
described above. Purdy ( 1954, p. 48) reported that some molybdenite 
had been found in a pegmatite about 300 feet northwest of the central 
pit shown on figure 21. Emmett Smith (oral commun., 1965), a local 
sheepherder, found a piece of pegmatite float containing molybdenite 
on a ridge about 1,000 feet west of the central pit. Other molybdenite
bearing pegmatites could probably be found in this same area. A few 
pounds of molybdenite can probably be produced from some of the 
higher grade lenses within the pegmatites. 

Because of their small size, generally low molybdenum content, and 
erratic distribution of the molybdenum minerals, the deposits have 
no economic potential under present conditions or in the foreseeable 
future. 

LOCALITY 3 (MELA NO. 7 AND MELA NO. 8 CLAIMS) 

Two partly caved trenches at locali1ty 3 cross a quartz vein (fig. 22). 
New claim posts indicate that the trenches are on the Mela No. 7 
and Mela No. 8 claims located by J. Healan on July 21, 1965. As 
the trenches were dug many years ago, these claims are evidently a 
relocation of an earlier claim or claims. The two trenches are approxi
mately 450 feet northeast of .the saddle on the west side of Arnold 
Peak. The country rock is a dark-green finely banded gneiss that con
sists principally of hornblende, quartz, and augite. Although the 
quartz vein was not observed in the trench, float indicates that the 
vein trends about N. 50° E. and is at least 30 feet long. Pieces of 
vein material on the dump indicate that at least part of the vein was 
1 foot wide. The vein is more than 99 percent white opaque quartz; 
it is in part vuggy. The quartz has many irregular fractures stained 
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FIGURE 22.-,Vorkings on the Mela No.7 and Mela No.8 claims (loc. 3). 

with limonite. The only other mineral noted was pyrite, occurring as 
a few scattered crystals. A sample was taken by breaking small chips 
off many pieces of quartz vein found on the dumps (MHS-156-65; 
table 2). The analysis showed only 0.03 ounce of silver per ton and 
no gold. 

LOCALITY 4 

A trench at locality 4 (fig. 20) is approximately 800 feet north of 
Louden Lake and 210 feet northwest from the .common corner of 
sees. 3, 4, 9, and 10, T. 40 N., R. 23 E. A discovery post is beside the 
trench, but no locrution notice was found. Records in the Okanogan 
County Courthouse indicate that the Windy and Valley View claims 
were located in this area by R. R. McPherson in 1937. 

A vertical vein trending N. 32° W. is exposed in this trench and 
on the hillside above; total exposed length of the vein is 18 feet. The 
vein cuts gneissic quartz diorite and ranges in thickness from 0.6 to 
3.3 feet. It consists principally of very fine grained greenish-gray 
chalcedony with small scattered cubes of pyrite. Two chip samples 
were taken across the vein and analyzed for gold and silver (MHS-
153-65, P-NC-7; table 2). They contained 0.06 and 0.1 ounce of 
silver per ton and one showed a traee of gold. 

A second trench, 174 feet S. 27° E. from the section corner, exposed 
a siliceous lens-shaped vein containing pyrite. The vein trends N. 65° 
W. and dips vertically. It is 8 feet long and has a ma,ximum thickness 
of 1.3 feet. Cubes of pyrite as much as one-sixteenth of an inch across 
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were observed. A sample (P-NC-9; table 2) of the vein contained 
only a trace of gold and silver. 

In addition to the two veins, siliceous rock containing small cubes 
of pyrite is exposed on a rounded knoll 56 feet south from the dis
covery trench. This is probably a different n1ineralized body, as it is 
not on the projected strike of either vein. The known length is 29 
feet, the exposed width 11 feet, and the exposed depth 9 feet. A ran
dom chip sample (P-NC-8, table 2) taken from the exposure con
tained 0.1 ounce of silver per ton and a trace of gold. 

TUNGSTEN CREEK AREA 

The Tungsten Creek, or Wolframite Mountain, area is 11h to 3 
Iniles south of the Canadian border. The Boundary group, Last 
Chance, Whistler Lode, and Thunder claims are the principal pros
pects in the area. Wolframite-bearing quartz veins cut coarse-grained 
porphyritic biotite quartz monzonite on the south side of Wolframite 
!fountain and on the north and east sides of Apex Mountain, at ele
vations of 6,500-8,000 feet (fig. 23). 

The early history and production of the area was described by 
Culver and Broughton (1945, p. 41). Tungsten minerals were dis
covered in 1898 by the staff of the International Boundary Commis
sion. The first mining claims were not located until about 1906, when 
the Tungsten Consolidated Co. drove a 60-foot tunnel (Mining and 
Scientific Press, 1907, p. 11). Since that time, more than 40 claims 
have been located in this area. Several have been restaked as many 
as four times, commonly under different names; the actual number of 
properties represented is not known. ~lost development on the claims 
was done in 1915 and 1916 .. A._ total of six cars of handpicked ore was 
produced from the area before 1920, and about 30 tons was shipped 
at a later date. 

The deposits are in a rugged mountainous area at altitudes where 
winter weather is severe-with snow on the ground from October to 
May or J nne. Most of the prospects are on the slopes of the glaciated 
valley of Tungsten Creek. Adequate water for mining and milling is 
available in the valley; however, supplying water to the Last Chance, 
"'Vhistler Lode, and Thunder claims on the slopes would require 
pumping. Soil, talus, and underbrush make prospecting relatively 
difficult on the lower slopes and in the valley bottom. 

The properties are about 50 miles from the nearest rail shipping 
point at Tonasket, Wash., by way of the Loomis and Toats Coulee 
Creek road and an 18-mile jeep trail. This trail would require widen
ing, grading, replacement of culverts, and graveling of most sections 
in order that concentrates and supplies could be hauled during rainy 
periods. 
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FIGURE 23.-Looation of mines, prospects, and samples in the Tungsten Creek 
area. After Daly (1912) and S. W. Hobbs (unpub. data, 1942). 

Exposures, sample data, and other information are not adequate 
to completely define the grade and tmmages of vein material in the 
area. If the veins persist and their grade is as consistent as indicated 
by available data, the vein material at the prospects would amount 
to 300,000 to 400,000 tons containing 0.4 to 0.6 percent tungsten ( 0.5 
to 0.8 percent W0 3 ). The gross value at 1968 prices would be between 
$6,450,000 and $13,760,000. Small sections of the veins may contain 1 
to 3 percent vV03 • Total resources of the area may approach a mil-
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lion tons or more if the veins extend between prospects. The deposits 
are submarginal at present because the costs of mining, milling, and 
marketing are estimated to be three ,to six times the contained values. 

LOCALITY 5 (LAST CHANCE CLAIM) 

The Last Chance claim (figs. 23, 24) is developed by three adits 
and six small pits. Two of the adits, totaling 27 4 feet in length, are 
accessible. The prospect was described as part of the Wolframite 
~fountain area by Culver and Broughton (1945, p. 40). Hence, a 
s1nall part of the produotion reported from the Wolframite Mountain 
area in the early days might have come from these workings. This 
claim was relocated by Loy McDaniels and others in 1955. 

The deposit consists of flat-lying quartz veins containing wolframite 
ancl1ninor values of silver. Sa1nples contained a trace to 2.77 percent 
tungsten (3.50 percent wo3) ; the veins probably average 0.8 ounce 
of silver per ton and. 0.6 percent tungsten ( 0.8 percent W03). The 
veins are 4-17 inches wide and can be traced intermittently for 950 
feet. Float indicates that the veins may extend eastward for another 
920 feet. The veins may also extend 1,800 feet westward beneath the 
overburden to the workings of the Boundary Group. 

The main adit (fig. 24) exposes a white quartz vein that strikes 
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northeast and dips 15°-20° NW. Faulting has displaced the vein in 
places and changed the strike. The vein is exposed for 200 feet along 
the strike in the walls of the adit. A 21-foot-long lateral to the east 
and a 45-foot-long lateral to the west provide exposures for 71 feet 
along the dip. Width of the vein ranges from 4.5 to 12 inches and 
averages 10 inches. The vein splits into three branches at the face; 
the largest is 6 inches thick. Wolframite is scattered through the vein, 
and a small amount of scheelite was observed at one point in the adit 
and at another point in the east lateral. Chip sample W-NC-8 (fig. 
24; table 2), taken across the veins at a point 16 feet from the face, 
contains a trace of gold, 0.65 otmce of silver per ton, and no tungsten. 
Sample W-NC-9 (table 2) taken near the face of the east lateral has 
a trace of gold, 1.1 ounces of silver per ton, and 0.87 percent tungsten. 
Sa1nple W-NC-10 (table 2), taken from the north side of the west 
lateral and near the face, yielded a trace of gold, 0.5 ounce of silver 
per ton, and 2.76 percent tungsten. 

At the portal the vein is split into two parallel veins by 10 inches 
of silicified quart.z monzonite. The upper vein is 2--3 inches thick and 
the lower vein, 6-8 inches. On the surface these veins are exposed for 
25 feet downdip. They contain scattered particles of wolframite and 
a small amount of limonite, hematite, and manganese oxide stain 
along fractures. A chip sample (W-NC-12, table 2) from the surface 
exposures assayed a trace of gold, 0.3 ounce of silver per ton, and 0.33 
percent tungsten ( 0.42 percent wo3). 

Three hundred and twenty feet west-southwest of the main adit is 
a small 15-foot adit (fig. 24). A quartz vein is exposed in the back 
of the adit and for 25 feet on the surface. It strikes northeast, dips 
21° NW"., and may be located on the same structure as the vein exposed 
in the main adit. The vein in the small adit is 12 inches wide and 
contains minor wolfra1nite. A chip sample (W-NC-11, table 2) taken 
along the exposure assayed 1.6 ounces of silver per ton and a trace of 
gold and tungsten. 

A vein exposed 300 feet nort,heast. of the portal of the main adit 
contains wolframite. The exposure is 9 feet long, and the vein is as 
much as 17 inches thick. A chip sample (W-NC-14, table 2) of the 
exposure assayed a trace of gold, 0.3 ounce of silver per ton, and 0.31 
percent tungsten ( 0.39 percent wo3). 

The quart.z vein or veins can be traced by minor shows and float 
to the portal of a caved adit 240 feet farther east. On the surface 
above the portal, a vein 8-14 inches thick is exposed for 15 feet down 
its 10° -NW. clip. The vejn is predmninantly white quartz with small 
amounts of wolframite. Limonite, hematite, and manganese oxide 
stain occurs along fractures. A chip sample (W-NC-15, table 2) of 
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the vein assayed a trace of gold, 1.0 ounce of silver per ton, and 0.07 
percent tungsten ( 0.09 percent wo3). 

Sixty feet northeast of the caved portal, a quartz vein dipping 
12° NW. is exposed in a trench. The vein is exposed for 14 feet; it 
has a maximum thickness of 12 inches, but pinches to 4 inches at its 
east end. A chip sample (W-NC-16, table 2) taken from the exposure 
assayed 1.17 percent tungsten (1.48 percent W03 ) and a trace of gold 
and silver. 

The flat-lying veins would be expensive to mine. The ratio of vein 
material to waste would be about 1: 5. 

The workings are at the top of a steep talus slope that lies below an 
escarpment. There is no flat area on the property that is suitable for 
construction of a mill or ~tailings pond. For servicing the workings 
to a suitable road site below, an inclined tramway 300-400 feet long 
would be required. The ore could then be trucked to a millsite near 
the Boundary group. 

The costs of mining, marketing, and milling at present are esti
mated to be about three to four times the average value in the quartz 
veins. Exploration might disclose higher grade ore bodies. 

The resources of the deposit are estimated to total170,000 to 220,000 
tons o£ vein material containing about 0.8 ounce of silver per ton and 
0.6 percent tungsten ( 0.8 percent wo3). 

LOCALITY 6 (BOUNDARY GROUP) 

At locality 6 (fig. 23) there is a group of three claims, generally 
known as the Boundary mine but a1t various times also known as the 
Border Lord, Wolframite Mountain, and Hatfield tungsten deposits 
(Huntting, 1956, p. 346). At this property, on the north side of 
Tungsten Creek, are an old 10-ton mill and several buildings. The 
property is developed by about 1,600 feet of workings and many small 
open cuts (fig. 25). Most of the workings are in two principal adits, 
several hundred feet above the stream. In 1962 the property con
taining- the buildings along the stream was relocated by Loy and 
Jim McDaniels, and in 1963 the property containing the principal 
workings was relocated by W. B. McPherson, F. L. Monohan, E. L. 
Bracket, and Henry Dammann as the Wolframite Mountain claim. 

Most development, including construction of a steam-driven gravity 
coneentrator and sawmill, was done in 1915-18. A total o£ six ears 
of handpicked tungsten ore had been packed out and shipped before 
closure of the mine in 1920. A forest fire destroyed the sawmill and 
concentrating plant in 1930. In 1936, 30 tons of material was shipped, 
reportedly at a financial loss (Culver and Broughton, 1945, p. 41). A 
10-ton-per-day mill was constructed at the property in the late 1930's 
or early 1940's, and 300 pounds or more of concentrates were produced 
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FIGURE 25.-Location of underground workings of the Boundary group (after 
S. W. Hobbs, unpub. data, 1942). 

( S. W. Hobbs, written commun., 1942). There has been no production 
since that time. 

The deposits were mapped and. studied by S. W. Hobbs, U. S. 
Geological Survey (written commun., 1942), by Culver and Brough
ton (1945, p. 36-41), and by W. P. Puffett and E. A. Magill (written 
eommun., 1952). At the time of our visit, the underground workings 
were inaccessible, and most of the trenches and pits were badly 
slumped. Detailed description of the deposit!S therefore draws exten
sively on previous work, supplemented where appropriate by infor
mation and analyses obtained during the present study. 

The deposit at the Boundary group o:f claims consists o:f one or 
more white to clear, massive and vuggy quartz veins that strike north
easterly and dip generally 10°-20° NW. The attitude o:f the veins is, 
in general, parallel to a prominent joint set in the country rock The 
veins pinch, swell, split and rejoin, and are offset a :few :feet by many 
high-angle and low-angle normal faults. As many as five parallel 
quartz veins have been noted at one place in the underground work
ings. No vein has been traced continuously :for more than 300 :feet, 
small :faults are numerous and most o:f the surface exposuroo may be 
part o:f one interconnected vein system. Maximum vein thickness is 
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about 2 foot, the average thickness is about 5 inches, and many of the 
veins are only 2 to 3 inches thick. 

The quartz veins contain wolframite, scheelite, sphalerite, pyrite, 
and possibly galenobismuthinite. The prineipal ore Inineral is wolf
ramite, which oecurs as blades, grains, and small patches scattered 
erratically in the quartz. In a few small areas it makes up as much as 
12 percent of the vein, but in many places the veins are barren or 
contain only a fraction of a percent of wolframite. Sphalerite is not 
common and is difficult to distinguish from the wolframite in hand 
specimen. Pyrite is locally scattered through the veins. Scheelite and 
galenobismuthinite ( ? ) were reported by Culver and Broughton ( 1945, 
p. 37), but none was found during our 1965 examination. A com
posite grab sample (W-147, table 2), composed of the richest frag
ments found on the dumps and at the mill, contained 0.34 percent 
tungsten, 0.10 percent zinc, 0.85 ounce of silver per ton, 0.03 percent 
copper, and traces of lead. No gold was found. The operator of the 
property in 1952 reported to S. W. Hobbs (written commun., 1942) 
that ore picked from the dumps and surface pits and run through his 
mill had an average grade of 0.34 percent and 0.49 percent tungsten 
on two separate runs. Certain shoots and patches of high-grade ore 
have been found in this mine. Zellweger (1939) packed out two small 
lots of handpicked high-grade ore to do millwork on. These two lots 
contained 3.72 and 6.90 percent tungsten. 

The upper adit (fig. 25), now mostly inaccessible, was described 
as follows by Culver and Broughton ( 1945, p. 38-39) : 

This is the principal adit of the ·wolframite Mountain area, as it produced 
most of the ore shipped. 

An 8-inch vein with three narrow split~ below is exposed in the main adit at 
130 feet; it carries some wolframite here but the mineral is particularly con
spicuous 10 to 15 feet farther along in the adit where blades 1 to 3 inches long 
are inclined to the plane of the vein. At 200 feet the vein retains a 6- to 7-inch 
width * * *. Between 240 and 280 feet the vein widens to 1 foot in one place 
then starts to narrow, finally splitting in two parts that terminate beyond the 
fifth side drift; at one place there is a relatively high tenor in wolframite with 
22 clusters of crystals along 10 feet of surface. * * * At some 330 feet from 
the portal four veins each 1 to 2% inches wide and 6 to 8 inches apart are 
visible, and the remainder of the· adit shows no vein of greater width. Another 
vein, or a faulted segment * * * appears at the head af the 35° incline * * * 
which leaves the main adit at 340 feet from the portal; its width is only 5 to 6 
inches, but the wolframite reaches a maximum estimated at 4 to 5 percent of 
the volume of the vein. * * * The stope on the northeast side of the third 
side drift shows * * * three veins that are 6, 1lf2, and 1 inches wide * * *. 
The southeast side of the stope shows the vein widening to 10 inches. close to 
the surface. The vein in this stope shows considerable wolframite, particularly 
next to the adit, together with scheelite. 
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This main adit is now caved 80 feet from the portal. A vein in the 
adit, however, is visible at two places 15 and 30 feet from the portal. 
The vein strikes N. 3°-20° E. and dips 10°-20° N"\V. It is composed of 
white quartz with dendritic manganese oxides along fractures. No 
wolframite or scheelite was observed in the vein. Chip samples taken 
across the vein at 15 feet and 30 feet from the portal assayed a trace 
of gold, silver, and tungsten. 

The lower adit (fig. 25) is caved, but a vein is exposed at the east 
side of the portal. Pits, now sloughed, have been dug on the general 
trend of the vein 370 feet southwest from the portal. Very little vein 
material is on the dumps. The vein at the portal strikes N. 60° E. and 
dips 70° NW. It is composed predominantly of whiite quartz with 
some wolframite. One 1nass of wolframite was 3.5 inches long and 
1.7 inch in diameter. A representative chip sample (W-NC-6, table 
2) of the vein assayed 1.90 percent tlmgsten (2.40 percent WOs) and 
0.1 ounce of silver and 0.01 ounce of gold per ton. 

Culyer and Broughton (1945, p. 38) described the vein in the lower 
adit as follows: 

The vein is first seen at about 70 feet from the pol'ltal where it is cut by 
one or more dikes * * *. Much wolframite occurs in the vein where it lies 
close to the floor of the first drift southeast. At 115 feet from the portal in 
the main adit the vein is faulted up 3 feet above the floor and shows a width 
of 6 to 7 inches with considerable wolframite; it strikes north and dips 15° 
west. In the second side drift southeast there is sparse mineralization of 
wolframite and pyrite. * * * The width remains at 6 to 8 inches along the 
adit up to the northwestward drift along which the vein decreases to 2 or 3 
inches * * * until faulted out close to the face of the adit. In general wolf- -
ramite occurs as occasional blades from 1 to 2 inches long in both the main 
vein and splits therefrom. 

A caved adit betwee~ the upper and lower adits was reported by 
Culver and Broughton (1945, p. 38) to be 40 feet long and to follow 
a 6- to 8-inch-wide vein. The vein is said to strike N. 40° E. and dip 
10°-15° NW. Sparse pyrite and wolframite was present in the face 
of the adit. 

Pits and trenches, now sloughed, have been dug at intervals along 
the trend of the veins to a caved adit ( adit no. 3, fig. 25) 700 feet 
northeast from the portal of the upper (principal) adit. Veins were 
not exposed in these workings, but material on the dumps indicates 
that widths vary from 2 to 12 inches. Crystals of wolframite a maxi
mum of llh inch long, lh inch wide, and 1fs inch thick were observed 
in the quartz vein. Some pieces contain as much as 20 percent com
bined wolframite and pyrite. The average content is probably near 
0.5 percent wolframite. The last 10 feet of the adit exposed a vein 
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that, according to Culver and Broughton (1945, p. 39), was 4 inches 
wide, split into two parts, and contained no wolframite. 

Information necessary to permit accurate calculation of reserves 
is not available. The grade of the vein varies widely from place to 
place. Miners reported to S. W. Hobbs (written commun., 19.42) that 
much high-grade ore was removed from the mine in 1915 and 1916, 
and that in 1936 hand -sorted ore was packed out without concentra
tion. No such ore is exposed. Systematic sampling of the underground 
workings has not been done, and the above vague information is the 
only clue to the tenor of the ore removed in previous operations. Most 
of the better ore, developed by past ventures, has probably been 
removed, and the vein material left is either too low grade or too 
narrow to be mined ( S. W. Hobbs, written commun., 1942). The 
possibility always exists that other richer ore shoots, similar to the 
one now stoped out in the old workings, will be found. 

Most of the existing milling equipment was still usable in 1965, 
but considerable repairs and a new powerplant would be needed to 
put the mill in operating condition. The flowsheet is as follows: 

8" jaw crusher 
! 

14" -wide by 24" -diameter rolls 
! 

L__ _______ vibrating screen 
! 

bin 
! 

Humphrey spiral---, 
! ! ! 

concentrates middlings tails 

The Boundary group has no minable ore reserves in sight because 
the vein material left is too low in grade and too narrow to be mined. 
From previous reports and present samples, 0.5 percent WOa appears 
to be a good estimate of the grade of ore material left. Higher grade 
shoots, similar to those mined in earlier days, probably occur in the 
veins. Total resources of overall mineralized material are estimated to 
total100,000 tons. 

The cost of mining, milling, and marketing the average vein 
material at present is estimated at more than five times the contained 
value. Exploitation of higher grade shoots, if present, would probably 
be on a relatively small scale, as in the past. 

LOCALITY 7 (WHISTLER LODE~ CANADA LODE) 

The Whistler lode (fig. 23) on the east side of Apex Mountain was 
staked by Paul Loudon, Loy :McDaniels, and Robert Curtis on 
~Tune 27, 1951. 

424-547 0-71-8 
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The Whistler lode is a quartz vein that strikes N. 10° E. and dips 
10°-22° NW. It contains wolframite and minor quantities of silver
bearing minerals. The vein outcrop is nearly parallel to the contour 
and is intermittently exposed in small pits for approximately 350 
feet along the slope. The vein is a fraction of an inch to 40 inches 
thick. Near the south end it splits into three parts, 8, 24, and 8 inches 
thick. Float was found 400 feet southwest and 100 feet northeast along 
the projected strike of the vein (fig. 26). 

Vein material is almost entirely white massive to vuggy quartz. 
Gray to dark-gray zones, which may contain finely disseminated 
metallic minerals, are present in a :few exposures. The only recogniz
able meta1lic minerals noted were a few widely scattered grains of 
pyrite, generally less than one-eighth of an inch in diameter. The 
wallrocks are slightly weathered and stained with iron oxides; locally 
they are kaolinized. 

A composite grab sample of gray quartz was collected for analysis 
(W -152, table 2). It contained 0.15 percent tungsten, < 0.09 ounce 
of silver per ton, a trace of copper and tin, and no gold. A 24-inch 
channel sample from the 15-foot cut near the north end of the vein 
(W-150, table 2) contains 0.19 percent tungsten, 0.013 percent zinc, 
traces of tin and copper, and no gold: Two samples taken during a 
Defense Minerals Exploration Administration study in 1951 con
tained 0.12 and 0.18 percent tungsten (0.15 to 0.23 percent WOa) and 
0.3 and 0.!) ounce silver per ton. 

The flat-lying veins would be expensive to mine. Long-wall retreat
ing or room -and-pillar methods could be used in mining. The ratio 
of vein material to waste would be about 1 : 4. The cost of mining, 
milling, and marketing at present would be more than five times the 
values in the quartz veins. 

The resources of the deposit are estimated ~to total 30,000 to 80,000 
tons of vein material containing about 0.16 percent tungsten (0.2 per
cent WOa). 

LOCALITY 8 (THUNDER? CLAIM) 

Locality 8 (fig. 23) is about one-fourth mile west of locality 7 
along the crest of the ridge trending east from the highest point on 
Apex Mountain. It was not specifically identified, but may be the 
Thunder claim. 

Three pits at this locality are about 8 feet wide and extend 12 
feet into the slope of the hill. No vein material was found in place, 
but fragments of white vuggy vein quartz are among the rock frag
ments in all three pits. Maximum thickness of the vein material 
was 6 inches. No other minerals were noted in the quartz veins, but 
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some of the quartz and adjacent parts of the country rock are stained 
with iron oxide. 

LOCALITY 9 

Locality 9 is north of locality 8 and south of Little Tungsten 
Lake (fig. 23). Here quartz veins crop out in a few places. No prospect 
pits or claim notices were found, but scattered rock and vein frag
ments indicate that some blasting has been done, most probably on 
float boulders that lie close to their original positions. Fragments of 
vuggy white quartz, apparently from veins as much as 6 inches thick, 
were noted on the slope, and some are associated with sericitized 
quartz monzonite. A sample of the vein material (W-148, table 2) 
contained 0.010 percent tungsten, 1.38 ounces of silver per ton, and 
a trace of lead. 

LOCALITY 10 (SHEE'P MOUNTAIN AREA) 

Trace amounts of molybdenite occur in the Sheep Mountain area. 
which is 1 to 2 1niles southeast of International Boundary ~.fonumen1 
No. 90 (pl. 2; fig. 27). This area is ·accessible via a steep 5-mile trail 
from the end of a road in Canada, or by way of a 15-mile trail from 
the end of the Eightmile Creek road to the south. 

The area is underlain by quartz-hornblende-biotite gneiss and 
granodiorite, which are cut by quartz veins and quartz-rich pegmatites 
that contain minor molybdenite and pyrite. Prospect pits, trenches, 
and short adits are scattered along a N. 40° W. trend from the ruins 
of the Barker Brown cabin to a point about 11h miles north of the 
summit of Sheep Mountain (fig. 27). The elevation of the workings 
ranges slightly less than 7,000 to 8,150 feet above sea level. 

The workings were staked as two separate groups. One group con
sists of the Barker Brown claims. The other is considered to be the 
Sheep Mountain (Dodd) group. According to courthouse records, 
nine of the Sheep l\:fountain claims were recorded in 1906 by S. 
Walters, J. M. Dodd, and C. E. Perry. Huntting (1956, p. 271) listed 
the owners as of 1942 as J. J. Sullivan of Pateros, and Orin and 
Lester Dodd of Wenatchee. 

The workings on the Barker Brown claims consist of a trench and 
several small pits scattered along the southeast slope of Sheep Moun
tain near the main trail just north of the Barker Brown cabin ruins. 
They expose short, nearly parallel quartz veins in a quartz-hornblende
biotite gneiss. 

A 50-foot trench near the trail just above the cabin (fig. 27) exposes 
a quartz vein 2 to 3 feet thick. The vein strikes N. 35° W. and dips 
vertically. The vein pinches out a fe:w feet beyond the ends of the 
trench. Quartz fragments along the trench contain minor pyrite and 
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molybdenite. No metallic minerals were found in place. A grab 
sample (RV-66-26A, table 2), contained only a trace of gold and 
silver. Several very narrow quartz lenses containing traces of molyb
denite are exposed in small pits along the slope above the trench. 
These veins strike N. 30°-50° ,V., are 6 to 30 inches thick, and pinch 
out within a few feet. 

The southernmost working of the Sheep Mountain group is a 65-foot 
trench with a 5-foot adit at its west end (point A, fig. 27). A 6-inch
to 5-foot-thick quartz lens is exposed at the west end of the trench 
and in the adit. The lens strikes N. 65° W. and dips vertically. Minor 
n1olybdenite and pyrite are scattered along limonite-stained fractures 
and in vugs within the quartz. The metallic minerals are found near 
the edge of the quartz body. A 30-inch chip sample (86R-65, table 2) 
taken across the quartz, in which a few specks of molybdenite and 
pyrite were visible along one edge, assayed less than 0.02 ounce of 
gold per ton and 0.014 percent molybdenum. A 4-foot chip sample 
(WR-66-6A, table 2) across the quartz vein in the adit contained 
only a trace of gold, silver, and molybdenum. 

Most of the other workings of the Sheep Mountain group are in 
the large cirque just to the north. 

Two pits at B and C (fig. 27) near the north shore of Sheep Lake 
expose two roughly parallel northwest-trending white quartz veins. 
At locality B the vein ~s 3 feet thick, and appears to pinch out within 
10 feet. At pit C a quartz vein is exposed for 2 feet along sloughed 
walls of the pit. The veins are slightly stained by limonite, but no 
sulfide minerals were found. A sample (WR-66-5A, table 2) cut 
across the vein at pit C showed ·a trace of gold and silver, but no 
molybdenum. 

About 770 feet to the northwest is another small pit which exposes 
a quartz vein 12 to 14 inches thick (point D, fig. 27). The vein is 
stained with iron oxides. Minor pyrite and molybdenite were observed 
on joint planes. A grab sample (WR-66-1A, table 2) from a small 
stockpile of the quartz vein yielded a trace of gold and silver and 
0.01 percent molybdenum. 

At the base of the cirque wall about 420 feet to the northwest, 
there is a 20-foot adit at the end of a 50-foot trench (pointE, fig. 27) 
dug in medium-grained granodiorite. A quartz lens, 4 feet thick at 
its widest part, feathers into thin stringers in the adit. The lens 
trends N. 50°-70° W. and dips 30° SW. It contains some feldspar and 
sparsely disseminated blebs of pyrite and molybdenite along fractures 
and in minor vugs. Although free gold has been reported (Huntting, 
1956, p. 271), none was observed during our examination. A chip sam
ple (WR-66-3A, table 2) across the thickest part of the lens shows 
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only a trace of gold and silver and 0.02 percent molybdenum. A grab 
sample (vVR-66-2A, table 2) of stockpiled quartz vein at the portal 
assayed only a trace of gold, silver, and molybdenum. 

Another trench located just northeast of the adit (point F, fig. 
27) exposes a 2112- to 3-foot-thick body of quartz that might be the 
same body as in the adit. The quartz body contains minor feldspar, 
is stained with iron oxides, and contains a little pyrite. A grab sam
pie (WR-66-4A, table 2) from a 5-ton stockpile of quartz showed 
only a trace of gold and silver and 0.02 percent molybdenum. 

About 130 feet higher, along the cirque wall, is a slumped pit 
(point G, fig. 27). A grab sample (RV -66-25A, table 2) of stock
piled vein quartz at the end of the trench had only a trace of gold, 
silver, and copper, and 0.02 percent 1nolybdenum. 

A quartz lens exposed in a pit (point H, fig. 27) 126 feet northeast 
of point G is composed of quartz and some feldspar; it trends N. 10° 
W. and dips 30° SW. The lens can be traced only a few feet beyond 
the trench to the north. Some pyrite and molybdenite were observed 
in the quartz, but assays of a grab sample (RV-66-24A, table 2) 
from a small stockpile yielded only a trace of gold, silver, and 
molybdenum, and 0.02 pereent copper. A 5-foot chip sample (RV-
66-23A, table 2) cut across the lens at its widest part showed only 
a trace of gold and silver, and 0.01 percent molybdenum. 

A small pit 100 feet N. 80° E. of the summit of Sheep Mountain 
(point I, fig. 27) exposes a small limonite-stained quartz vein. A 
grab sample of the vein 1naterial (RV-66-21A, table 2) contained 
only a trace of gold and silver. 

The northernmost working in the Sheep :M.ountain area is a small 
slmnped pit about 2,300 feet N. 25° ,V. of the summit of Sheep Moun
tain (point J, fig. 27). The pit is just below the crest of the ridge 
southwest of the Ramon Lakes. A s1nall stockpile of limonitic vein 
quartz beside the pit was sampled. The grab sample (RV-66-22A, 
table 2) contained a trace of gold, silver, and molybdenum. Some 
small quartz veins are exposed west of the pit but no other workings 
were found. 

In summary, all the prospecting activity in this area has exposed 
generally narrow and discontinuous quartz-rich pegmatites, quartz 
veins, and quartz lenses. Assays of material from exposures of these 
bodies in place and frmn selected material in numerous small stock
piles show the mineral values to be wen below levels required 'for 
economie exploi~tation. 

LOCALITY 11 (LOST MINE) 

The Lost "mine" is located northeast of Billy Goat ~fountain on 
Drake Creek about 2 n1iles upstream frmn its confluence with Jinks 
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Creek (pl. 2). This prospect is accessible by way of the trail to Hid
den Lakes as far as Drake Creek, then upstream on an unmaintained 
trail. 

The prospect is si,tuated on the south edge of the creek at the west 
side of a grass-covered avalanche scar on the north slope of the valley. 
The workings cannot be seen from the trail. The prospect was staked 
in 1919 by C. R. Nelson and was worked several ti1nes by others. No 
production is known. The prospect consists of a caved adit which is 
about 40 feet long and two cuts. The cuts are 25 to 50 feet west of the 
adit. 

Country rock is mostly rhyolite and dacite tuffs and breccias that 
are part of the volcanics of Billy Goat 1\;fountain. A narrow shear 
zone cutting a gray andesitic mudflow is exposed rut the portal. It 
strikes east and dips 25 ° N. The ad it does not follow this structure, 
and what, if any, structure was followed is not known. The rock 
along the shear is highly kaolinized and contains finely disseminated 
pyrite. The adjacent unaltered dacite porphyry also contains sul
fides. Rock exposed in the pits is not kaolinized but does contain 
minor pyrite. The sulfide-enriched rock could not be traced beyond 
the workings because of the thick overburden. 

Chip samples (table 2) were taken of the shear zone on the west 
side of the portal (EVI{-67-13B) of unaltered pyrite-bearing rock 
adjacent to the shear zone (EVI{-67-14B) and of the rock exposed 
in the pit 25 feet to the west (EVI{-67-15B). All contained a trace 
or less of gold, silver, copper, and molybdenum except for sample 
EVI{-67-14B, which contained 0.05 ounce of silve.r per ton. 

Judged from what is exposed, this prospect has no economic 
potential. 

BILLY GOAT MOUNTAIN AREA 

The Billy Goat Mountain area is about 68 miles north-northwest of 
Pateros, Wash., the nearest rail shipping point. Access from Pateros 
is by State Highway 16 and county and Forest Service roads. The 
area (fig. 28) lies along the south flank of Billy Goat ~fountain and 
on ~the north end of Isabella Ridge. It is drained by the headwaters 
of Eightmile, Jinks, and Drake Creeks. 

Numerous prospects are situated along the ridge between Billy 
Goat Pass and Eightmile Pass (fig. 28). Most of the prospects are 
at the end of the Eightmile Creek road just outside the wilderness 
area boundary, but some are within the wilderness area. The terrain 
js very rugged, total relief being 3,000 feet between the end of the 
road and Billy Goat ~fountain, the highest point on the ridge. 

Weather is severe, with the road usually closed until late J nne. 
Snow stays in the shadowed cirques and upper ridges into July. 
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The Billy Goat Mountain area is underlain by a thick sequence 
of volcanic rocks. Most of these are andesite tuff, breccia, and flows, 
although some rhyolite tuffs and flows are present. All the volcanic 
rocks strike northwest, and most of them dip steeply to the south
west. These rocks are overlain by a thick sequence of interbedded 
plagioclase arkose and black argillite. To the east the volcanic rocks 
are separated from plutonic rocks (quartz monzonite, granodiorite, 
and quartz diorite) by the northwestward-trending Eightmile Creek 
fault. 

Copper, lead, and silver are the important metals present. They 
occur as sulfide minerals along shears and fractures in the volcanic 
rocks. All known occurrences are within three-quarters of a mile of 
Eightmile Creek fault. Copper deposits are generally in the south
ern part of the district, and the lead deposits, in the northern part. 
A copper-silver property (loc. 12, fig. 28) however, occurs in broad 
shears in the northern part of the district near Billy Goat Pass. The 
copper deposits in the southern part of the area near the end of the 
Eightmile Creek road (locs. 16, 17, fig. 28) contain pyrite and chal
copyrite along many small shears in shattered andesitic pyroclastic 
rocks that are cut by several plagioclase porphyry dikes. A few tons 
of ore have been shipped from the southern part of this area. Cop
per also has been produced 21;2 miles south of here, outside the 
study area, at the small Copper Glan~e mine. 

The lead deposits at the north end of this district (locs. 12, 13, 14, 
15, fig. 28) are in the headwaters of Eightmile Creek and on the 
northeast side of Jinks Creek, but high anomalies in the stream
sediment samples (fig. 28) indicate that some may occur on the 
south side of Jinks Creek as well. 

LOCALITY 1 2 (NEW HOPE PROSPECT) 

The New Hope prospect consists of one caved adit located about 
3,100 feet N. 40° E. of Eightmile Pass. The portal is at an elevation 
of 6,460 feet, 300 feet below the crest of the knife-edged Billy Goat 
ridge on a large active talus slope. The claim may be reached ·from 
the end of the Eightmile Creek road, by way of the Hidden Lake 
trail to Eightmile Pass, a distance of about 21;2 miles. From the 
pass an indistinct trail to the southwest crosses a major slide to the 
caved portal of the ad it. 

Development of the property would require extending the Eight
mile Creek road to a point near the pass, and probably construction 
of a 1,000-foot tram systmn up the talus slope. 

The nearest water supply is from intermittent streams which feed 
Eightmile and Jinks Creeks. Water could be impounded during the 
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spring runoff. Potential impounding sites would be at about the same 
elevation as Eightmile Pass. 

The working season in this district would normally be from late 
J nne through November. The prospect is in a location which holds 
snow well into the summer. 

This prospect was probably located originally as the Peacock 
claim, which, according to Huntting ( 1956, p. 69), was staked in 1946 
by Charles 1\::enny of "\Vinthrop, \V ash. Huntting reported that the 
Peacock was developed by a 60-foot drift along a 2- to 5-foot-thick 
mineralized zone. A claim notice shows that the property was re
staked as the New Hope by Glen( n Parker, Thomas W. l\1artin, and 
C. A. Hotchkiss in 1960. No production is known. 

The area in the vicinity of the adit is underlain by andesitic mud
flows, flow breccias, and tuffs, and rhyolitic and dacitic tuffs. The 
mudflow consists of angular to subangular fragments of andesite, less 
than 1 inch to 5 feet in-diameter, in a fine-grained matrix. Where best 
exposed on the ridge above, these rocks strike approximately N. 75° 
E. and dip 40°-45° NW. 

The portal has been closed by talus blocks, but the trend of the 
mineralized zone is apparent from the topography. The zone consists 
of several calcite- and barite-filled, essentially parallel, shear zones 
that trend eastward and dip 40°-60° northward (fig. 29). One 
hundred feet above the portal the zone is 15 feet wide and is made up of 
three main shears, 4 to 24 inches thick, separated by somewhat less 
brecciated slightly altered andesite. At the crest only one of the 
shear planes is exposed. It contains orange to brown limonite-rich 
gouge with no apparent metallie minerals. The main trend of the 
shea:r zone can be traced down the east slope of the ridge toward Billy 
Goat Pass. Calcite, comprising a 6-inch vein, is the only visible sec
ondary mineral in a wide zone of harren breeciated andesite. No 
metallic minerals were seen. 

Six samples were cut aeross the mineralized zones, and one was taken 
of a small stoekpile on the dump near the portal of the adit. 

Just above the portal a sample (RV-67-1A, table 2) was chipped 
across 5 feet of :the main shear and 3 feet of eountry rock. No copper 
was detected and no gold or silver was found. Four other samples 
were ehi pped across three branches of the zone as shown on figure 
29. Sample JM-67-2A (table 2) represents 4 inches of sulfide
enriched sheared material. It contained a traee of gold, 4.6 ounees of 
silver per ton, and 2.89 percent copper. Sample JM-67-3A (table 2) 
represents 12 inches of sheared material that assayed 2.1 ounees of 
silver per 'ton, 1.11 percent copper, 0.2 pereent zinc, and no gold. 
Sample Jl\I-67-4A (table 2) was cut across 2 feet of sheared material. 
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FIGURE 29.-New Hope prospect (loc.12). 

It contained no gold, 9.9 ounces of silver per ton, 4.20 percent copper, 
and no zinc. A 4-inch chip sample (14-R-65, table 2) of the shear at 
the crest contained 0.05 ounce of gold and 5.83 ounces of silver per 
ton, 2.2 percent lead, 0.30 percent zinc, and 0.33 percent copper. 

The main zone on the other side of the ridge at an elevation of 
6,140 feet was also sampled. A chip sample (RV-67-2A, table 2) from 
a 0.5- to 1.0-foot-wide calcite-rich vein contained no gold or silver, 
and only a trace of copper. A sample (RV-66-12A, table 2) was 
chipped from pieces of rock on the small stockpile that presumably 
came from the adit. These rocks are highly bleached and contain co
vellite, bornite, chalcopyrite, azurite, malachite, and a trace of molyb
denite set in a gangue of calcite and barite. This sample yielded a 
trace of gold, 20.6 ounces of silver per ton, 10.2 percent copper, and 
no lead or zinc. 

The average tenor of sulfide zones sampled on the surface is 2.9 
percent copper and 6.9 ounces of silver per ton. Indicated marginal 
reserves with a dilution factor of 4 is about 100,000 tons. Inferred 
reserves would be in 1:he order of 400,000 tons. 
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Much of the zone above the porta,l could be mined by surface meth
ods. It is not known to what depth the zone extends below the portal, 
but if large tonnages were found by exploration, they could be mined 
by combined shrinkage stoping and selective mining from a haulage
way below. 

A small mill could be construoted near the pass, but concentrates 
would have to be hauled about 70 miles to the railhead at Pateros. 

LOCALITY 1 3 (ANGEL GROUP) 

Locality 13 is half a mile due north of the crest of the trail at 
Eightmile Pass, at an elevation of about 6,500 feet (fig. 28). This 
locality is probably the north end of the Angel group of six claims 
that were located in 1956 by Lyle Hosier, R. W. Reneau, and Lloyd 
Farmer. Rocks in the area are gray, greenish-gray, and dark
greenish-brown andesitic volcanics. 

At locality 13 a prominent outcrop of iron-oxide-stained, altered, 
and locally brecciated andesite is about 500 feet long and 30-50 feet 
wide. The outcrop forms a cliff 10-30 feet high that trends about 
N. 35 ° W. At the northwest end, an adit 10 feet long has been driven 
into the rock. No veins, shears, or sulfides were noted. Two samples 
collected from the adit ( 1602, 1603, table 2) contained 0.007 percent 
and 0.02 percent copper, 0.03 and 0.03 percent lead, 0.01 and less 
than 0.005 percent zinc, and no gold. 

About 500 feet northeast of the adit are three smaller irregular 
iron-oxide-stained zones along a narrow trail to a small cabin. These 
altered zones, in locally silicified andesite, have a general en echelon 
trend of N. 65° W. and dip 65° NE. Tiny grains of disseminated 
pyrite and hematite were the only metallic minerals noted. 

A composite sample (RV-66-10A, table 2) composed of 5-foot chip 
samples from each of the three altered zones contained only traces 
of gold, silver, and copper. 

LOCALITY 1 4 (LEAD HORSE CLAIM) 

The Lead Horse prospect consists of one unpatented claim on the 
steep southwest flank of Billy Goat l\fountain near the top of a 
great talus slide at an altitude of 6,500 feet (fig. 28). It is reached 
by 2 miles of generally narrow and precipitous trail from the end 
of the Eightmile Creek road. The Lead Horse was held in 1965 by 
Fred Floyd, l\fr. Eddy of Twisp, and a man named Star. The pros
pect has been developed by two short adits and several cuts (fig. 30). 

The country rock is a multicolored steeply dipping andesite brec
cia which is jointed and faulted. Most of th~ joints show at least 
slight movement and some bleaching. Two nearly parallel steep 
faults are exposed in the main adit, and their surface trace is appar-
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FIGURE 30.-Lead Horse prospect (loc. 14). 

ent to the southwest for at least 100 feet. The north fault contains 
4 to 8 inches of vein material and the adjacent country rock is 
brecciated and bleached. The south fault is less mineralized and con
tains only minor secondary ore minerals. In the adit and near the 
surface the vein along the north fault is made up of malachite, azur
ite, cerussite, galena, and anglesite, set in a gangue of quartz, calcite, 
barite, and limonite. 'in a small channel cut along this fault south
west of the adit, pods of galena are surrounded by anglesite and 
quartz. The ore minerals are irregularly scattered along the fault. 
A sample (3R-65, table 2) of the highest grade rock exposed, a pod 
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of galena 6 inches wide, contains 31 percent lead and 6.71 ounces of 
silver per ton. The main fault was also sampled (RV-66-11A, 
table 2) along the north side of the adit. This sample had 0.01 ounce 
of gold and 4.3 ounces of silver per ton, and 0.37 percent copper. A 
grab sample (RV-67-13A, table 2) of a small stockpile near the 
portal of the adit contained a trace of gold, 12.4 ounces of silver per 
ton, 0.90 percent copper, 7.85 percent lead, and 0.90 percent zinc. 

LOCALITY 15 (EIGHTMILE PASS PROSPECT) 

A prospect pit about 1,100 feet east of Eightmile Pass, in an inter
Inittent strea1n (fig. 28), is reached frmn the end of the Eightmile 
Creek road by the Hidden Lake trail. Although no claim notice was 
found, this prospect might be the southern part of the Angel group 
(six claims) staked in 1956 by Lyle Hosier, R. W. Reneau, and Lloyd 
Farmer. The pit is 7 feet in diameter and partly caved. In it is ex
posed a 3.5-foot-thick slightly limonitic shear zone which trends from 
due north toN. 15° E. and dips 30°-50° W. This same shear zone is 
also exposed to the south where it crosses the trail. The shear zone 
cuts porphyritic andesite. The only metallic mineral observed in it 
is a little specular hematite. 

A chip sample (RV-66-14A, table 2) of the shear zone in the pit 
contained only a trace of gold and copper and 0.2 ounce of silver 
per ton. 

LOCALITY 16 (BILLY GOAT PROPERTY) 

A group of eight unpatented 1nineral claims that constitute the 
Billy Goat property are clustered near the southeast end of the ridge 
from Billy Goat Mountain and near the north end of the Eightmile 
Creek road (fig. 28). The original Billy Goat property consisted of 
four claims (Huntting, 1956, p. 62)-the Billy Goat and Billy Goat 
Nos. 2 to 4. The owners in 1965, J. J. Adams, l\1. M. Moore, and 
Frank O'Shea, had consolidated these with a Billy Goat No. 5 claim, 
two claims that were formerly part of the Carr claims, and one that 
was formerly a part of the ]\;fountain Beaver claims. The status of 
the four other former claims that belonged to the Carr and Mountain 
Beaver groups is uncertain. The No Dice or Hanks claim, owned by a 
l\1r. Parker of Winthrop, lies adjacent to, and is almost surrounded 
by, the Billy Goat claims (fig. 28). These claims are at altitudes that 
range frmn 4,500 to 5,300 feet above sea level. All the claims have 
been prospected for copper, gold, and silver. 

The Billy Goat property is underlain by andesite tuff and flow 
breccia with minor interbedded red to black shale and siltstone. The 
bedding strikes generally N. 30° W. and dips westerly 70° to vertical. 
A plagioclase porphyry dike or sill is discontinuously exposed along 
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the west edge of the area. Pyrite and copper minerals occur locally 
in %, - to 2-inch-wide quartz veinlets, which are closely associated 
with steeply dipping nort]n\'est-trending faults and fractures. The 
veinlets are disseminated through fractured and layered andesite 
and plagioclase porphyry. 

Workings consist of at least four shallow shafts, a partly open 
700-foot adit, and a dozen smaller adits, all but two of which were 
caved in 1965. The l\fountain Beaver clain1 is reported to have rtwo 
adits with 275 feet and 200 feet of workings. No maps of those work
ings, caved at the ti1ne of the visit, were available. 
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FIGURE 31.-Billy Goat Tunnel No. 1, Billy Goat claim (loc. 16). (From 
notes by J. F. Robertson in 1965, and by M. T. Huntting in 1946.) 

The 700-foot adit on the Billy Goat claim (fig. 31) penetrates 
altered, sheared, and fractured andesite tuff and breccia. The main 
drift was examined for 400 feet; beyond that point tim'hers block 
passage. One hundred feet frmn the portal a drift branches off to 
the right and follows a fault for nearly 200 feet. 

Along the Inain adit frmn the portal •to the right-hand drift, 
(fig. 31) and then along the right-hand drift, pyrite, chalcopyrite, 
and minor bornite and tetraheclrite are found locally along faults 
and fractures. Minor amounts of chalcocite, Inalachite, azurite, quartz, 
calcite, and ankerite occur with the primary ore minerals. Along the 
northeast wall of the aclit, 20 to 50 feet from the portal, the sulfides 
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occur in coarse-grained clots. Beyond the right-hand drift in the 
main adit the rock is unfractured and largely barren of ore minerals. 

The andesite wallrock has been altered. Most of the original min
erals and glass shards have been replaced by chlorite, sericite, albite, 
magnetite, epidote, calcite, and quartz. Only remnants of the original 
plagioclase and olivine remain, and only crystal outlines indicate that 
the original rock contained smne pyroxene. 

Three chip samples were taken along the northeast wall of the 
drift, 37 to 41.5 feet from the portal, in the most highly mineralized 
area exposed (table 2). The first sample ( 4R65-1), 9 inches long, 
is from the footwall side of a small fault. It contained 3.4 percent 
copper. The other two samples ( 4R65-2, 4R65-3) are 2.5 feet and 1.5 
feet long and are progressively farther from the fault. They have 
1.9 and 1.5 percent copper, respectively. The weighted average of the 
mineralized rock over the combined length of 4. 7 feet is 2.0 percent 
copper, 0.21 ounce of gold per ton, and 0.26 ounce of silver per ton. 
These values might be inferred for a ~total length of 15 feet along 
the adit. 

Various opencuts and pits northwest of the long adit on the Billy 
Goat claim expose fractures and shear zones in weathered andesite. 
M. T. Huntting (written commun., 1965), during his 1946 visit, 
investigated an opencut and a 10-foot-deep shaft about 1,000 feet 
northwest of the 700-foot adit. The cut and shaft exposed a vertical 
15-foot-wide mineralized shear zone that strikes N. 50° W. He found 
that chalcopyrite and pyrite are abundantly but irregularly dissemi
nated in the sheared rock and occur in stringers less than half an inch 
thick. Huntting estimated that the copper content from these work
ings would run 3 percent. 

The lower or "base level" adit of the Billy Goat .property is at 
the level of the Forest Service road 0.2 mile south of the 700-foot 
adit on the Billy Goat claim. The lower ::lldit was caved in 1965, but 
from the outcropping of bedrock on the ridge above the adit, it 
appears to be in altered plagioclase porphyry. This adit was open 
in 1946 when Huntting visited the property, and he reported (writ
ten commun., 1965) that it trends N. 16° \V. and extends 85 feet to the 
face; very li;ttle evidence of any mineralization was seen, but he noted 
some 1,4-inch stringers of quartz and pyrite in country rock on the 
dump. One specimen also had a little n1olybdenite along the stringer 
walls. In 1965, pieces of a bleached medium-grained plagioclase por
phyry that contained disseminated pyrite and sparse grains of chal
copyrite and bornite were found on the dump. 

The old Carr prospects now make up the northwestern part of 
the Billy Goat property and are half a mile from the main 700-

424-547 0-71-9 
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foot adit. Workings scattered across a southeast-trending spur 
ridge include two shallow shafts and three short adits, only one of 
which was open in 1965. 

The open adit is adjacent to the trail to Billy Goat Pass on the 
southeast side of the ridge. It trends northeast for 26 feet, exposes 
fractured and iron-oxide-stained andesite breccia, and contains 
minor disseminated pyrite and chalcopyrite. The two caved adi ts 
are about 850 feet northwest of the open adit; one is 30 feet above 
the other. They trend northeast and appear to be at or near the 
contact between andesite breccia and a pyritic plagioclase porphyry 
dike. Huntting ( 1956, p. 63) reported chalcopyrite, sphalerite, 
galena, and 1nolybdenite from these workings, and stated that the 
assays are similar to those of the Billy Goat. A caved shaft occurs 
approximately 600 feet west and downslope from the open adit. 
This shaft is about 30 to 40 feet deep and appears to have been 
started in glacial drift. Bedrock waste on the dump is andesite 
breccia; sulfides were not noted. The other shaft is near a cabin 
on the northeast side of the ridge; it was sunk in dark-gray, 
steeply dipping siltstone interbedded with andesite tuff and breccia 
that strikes generally north. No ore minerals were found on the 
dump around the shaft, but interest may have been aroused by the 
discovery of scattered sulfides at the surface nearby and by the 
proxi1nity to the Eightmile Creek fault several hundred feet to the 
northeast. 

The Mountain Beaver workings are at the end of an access road 
that branches northwest 0.35 mile from the end of the Eightmile 
Creek road (fig. 28). Now part of the Billy Goat property, the 
workings consist of four adits (Huntting, 1956, p. 155)-one 275 
feet long, another with 200 feet of workings, and two shorter ones. 
The main adits were caved when Huntting visited the area in 1946, 
and were still inaccessible in 1965. Country rock is andesite tuff 
and breccia, highly weathered around the portals of the workings, 
and in the material found in the dumps. Ore minerals include 
pyrite, chalcopyrite, bornite, and chalcocite. Small shipments of 
ore were made to a smelter from these workings in 1922, 1931, 
1934, and 1935 and represent the only production known from any 
of the present Billy Goat properties. One shipment of 3,639 pounds 
made in 1934 assayed 4.1 percent copper, and 2.08 ounces of gold 
and 1.9 ounces of silver per ton, and returned $57.50 per ton to the 
owners (M. T. Huntting, written commun., 1965). Another ship
ment of crude ore gave 1.81 percent copper, and 1.53 ounces of 
gold and 1.13 ounces of silver per ton; a minor amount of bismuth 
was also reported ( Huntting, 1956, p. 144). 
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LOCALITY 1 7 (NO DICE CLAIMS) 

The No Dice claims, which were formerly called the Hanks 
claims, adjoin the Billy Goat property on the west and consist of 
three unpatented claims owned by Mr. Parker of Winthrop (fig. 
28). Principal workings are two adits 20-30 feet long, near the 
beginning of the Hidden Lakes trail and south of the old Moun
tain Beaver workings. The first adit is about 250 feet northwest of 
the trail head, and the second is about 300 feet farther to the 
northwest. Both adits trend slightly east of north, but were barri
caded at their portals at the ti1ne of our visit in 1965. Rock 
material on their dumps show that the country rock is lnedium-dark
greenish-gray fine-grained andesite. Sparsely disseminated pyrite 
and some chalcopyrite are found along small fractures and in 
quartz veinlets. Sphalerite, galena, and n1olybdenite have also been 
reported (Huntting, 1956, p. 65), although they probably occur 
in small amounts. Several small prospect pits in the immediate 
vicinity were sunk in weathered andesite. No 1nineralized rock of 
ore grade has been reported from the No Dice claims, despite the 
proximity of the former productive Mountain Beaver claims and 
the fact that they are in the same country rock. 

LOCALITY 18 

Locality 18 consists of three limonite-stained zones located on 
the north end ~f Isabella Ridge about 4,200 feet S. 18° W. of 
Eightmile Pass (fig. 28). 

No claims are known in this locality, nor is there any evidence 
of ·any prospecting. 

The limonitic zones are in rhyolitic volcanic breccia that is inter
layered with andesitic volcanic rocks. The zones are 100 to 300 
feet thick, trend northwest, and dip to the east. 

Of six samples (JJ-67-1A, -2A, EVI\::-67-6A, -7A, -SA, -9A, 
table 2) collec.ted from these zones, none contained detectable 
quantities of copper, lead, zinc, or molybdenum; only three con
tained a trace of silver, and one contained a trace of gold. 

LOCALITY 19 (LOST RIVER CLAIM) 

Locality 19 is at an elevation of 4,500 feet on the southwest side 
of the fourth canyon south of Drake Creek on the northwest side 
of Lost River,· and 1.8 miles below the mouth of Drake Creek 
(fig. 19). The Lost River claim was located here by Howard E. 
Culp and C. B. Wilhem in 1951. A shallow discovery pit in a 
solution cave exposes a 2- to 4-inch vein of calcite, quartz, and 
fluorite cutting altered hornfels not more than 10 feet above the 
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gently southeast-dipping roof of the Monument Peak stock. The 
vein is along a shear zone that strikes N. 30° E. and dips 55° NW. 
On the northeast side of the canyon the shear zone is 8 feet wide 
and contains large vugs bearing drusy quartz and 1-inch fluorite 
cubes. A second 10- to 15-inch-wide fluorite vein crops out about 
30 feet to the northwest of the discovery pit, and the entire area 
is cut by tiny veins of calcite and fluorite.. No sulfides were noted 
in place in any of the veins, but vein quartz bearing coarse flakes 
of molybdenite was found as float in the canyon. A chip sample 
(RWT-49-65, table 2) across the vein and 8 feet of altered rock 
exposed in the cave yielded 0.002 ounce of gold and 0.09 ounce of 
silver per ton. Eight other large chip san1ples (EVI<::-67-1A, -2A, 
-4A; RV-67-3A, JJ-67-3A, -4A, -5A, -6A, table 2) of this vein 
contained a trace or less of gold and silver. 

This fluorite is not in sufficient quantity to be of commercial 
interest. 

LOCALITY 20 

Locality 20 is at 7,500 feet elevation on the ridge southwest of the 
sum1nit of vVildcat Mountain (pl. 3). No name was given to the 
prospect, loeated by R. C. l\Iartinez, Gordon Johnson, and Fred Blake 
in 1958. The eountry rock is thiek-bedded arkose with minor thin 
beds of black argillite and has been thermally metamorphosed by the 
thick Pasayten dike 1that erops out 2,000 feet to the southwest (pl. 1). 
The arkose strikes N. 42° vV. and clips 80° S,V. Three shallow pits 
are dug in a 4-inch bed of graphitic. argillite which eontains small 
quartz veins. The bed is bordered on the south side by a 10-foot-thick 
hornblende dacite dike. A second, very thin graphite-rich bed lies 8 
feet to the north, and thin lenses of graphitic argillite border the dike 
on the south. The graphitic rock extends at least 100 feet down the 
southeast side of the ridge. This deposit is too small and too low 
grade to merit consideration as a source of graphite. 

NORTHERN PART OF THE SLATE CREEK MINING DISTRICT 

The northern part of the S.late Creek district, for purposes of this 
report, is that part of the Pasayten vVilderness between the Ana
cortes mine-about Slh miles northwest of Ha:vts Pass-and Beauty 
Creek-about 6 miles to the southeast of the pass. 

The easternmost edge of this district is accessible from Winthrop : 
to the east by about 25 miles of well-maintained county road. Harts 
Pass, located in the center of the district, may be reached by an addi
tional 12 miles of 1nountain road which is only open for travel from 
July through most of October. The 'Yest end of the district is reached 
by an addi1tional 12 miles of narrow road extending beyond Harts 
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Pass to Chancellor, a former mining camp. Chancellor is about 7 
1niles up Canyon Creek from the new north cross-State highway 
route. Nearly all the prospects mentioned in the following section are 
accessible only by trail. Future development of the prospects would 
require construction of access roads. 

Quartz veins and narrow mineralized shears relwted to intrusive 
bodies are common in this district. The most valuable metal in the 
district is gold; silver, copper, lead, and zinc are of secondary 
importance. 

No mineral production is known from lode prospects within the 
Pasayten Wilderness area in this district. Several mines located just 
cutside the wilderness area west of Harts Pass have produced gold 
and silver. These are in Allen Basin in which the old mining settle
ment of Barron is located. The principal mines here are the Mam
moth and the ·New Light. Production figures are vague, but according 
to Huntting ( 1956), at least $1,500,000 in gold and silver is estimated 
to have been produced from this basin during 1900-42. The New 
Light property has an operable 500-ton-per day flotation mill which 
could be activated should the price of gold become favorable to the 
miner. 

Some production is claimed for placers along Ruby and Canyon 
Creeks. In this study, no significant placer gold values were found, 
but placered areas are near Chancellor. The prospects within the 
wilderness that have apparent mineral potential will be discussed 
in four subareas. From east to west they are the Robinson Creek 
area (fig. 32) ; Buckskin Ridge area (fig. 39) ; the Jim Peak-Windy 
Pass area (figs. 45, 46) ; and the Canyon Creek area (fig. 53) . 

ROBINSON ~REEK AREA 

The Robinson Creek area stretches along the northeast side of the 
Slate Creek district. Within this area deposits are found mainly 
from Beauty Creek northwest to the headwaters of Robinson Creek 
(fig. 32). Part of a thick plagioclase arkose and argillite sequence 
is exposed along Robinson Creek. This rock sequence is overlain by 
red beds and volcanic rocks of the Midnight Peak Formation, which 
are best exposed along the ridges. The Pasayten dike, a long 
northwestward-trending quartz diorite intrusive a little more than 
a mile wide, is at the head of Beauty Creek. Many plagioclase and 
quartz porphyry dikes, most of which have a northeasterly trend, 
crop out in the area. A total of 17 claims have been filed in this area 
according to the records in the Okanogan County Courthouse. Some 
claims are not sufficienpy described in the courthouse records to be 
recovered in the field. The first daims were located in 1906, and the 



118 MINERAL RESOURCES, PASAY'TE'N WILDERNESS AREA 

EXPLANATION 

LS1D 
Quartz diorite 

Andesitic volcanic rocks 

Red argillite and inter
bedded volcanic rocks 

(f) 

::::> 
0 
I.J..I 
u 
<( 
1-
I.J..I 
0:: 
u 

D }
~~ 
<(0 

UI.J..I 
-u 

Arkose interbedded with ~;:: 
black argillite ~ ~ 

:;u 
Contact, approximately located 

Fault, approximately located 

Anticline 

50 
____!__ 

Syncline 

Strike and dip of beds 

@x 
Prospect locality and number 

@• 
Sulfide locality and number 

Stream-sediment sample 
Showing parts per million cold copper 

Trail 

FIGURE 32.-Location and general geology Oif prospects in tfu.e Robinson Creek 
area. Base from U.S. Forest Service planimetric map, 1955. 



MINE1S AND PROSPECTS 119 

most recent in 1956. }fost of the claims are in a belt parallel to and 
within 2 miles of the southwest contact of the Pasayten dike. No 
production is known from the area. 

Many veins and mineralized shear zones occur in the area, some of 
which are explored by small workings. Pyrite, chalcopyrite, mala
chite, azurite, and covellite are the common ore minerals in quartz 
veins. Traceable length of individual veins is between 37 and 220 
feet; width is bBtween 2 inches and 3.5 feet. Assays of samples from 
the best propenies contain a trace to 0.93 ounce of gold per ton, a 
trace to 3.06 ou:1ces of silver per ton, and 0.04 to 4.0 percent copper. 
Only the better prospects are described below. 

The known c.eposits are submarginal, but some would be nearly 
economic :for s:nall-scale mining. Submarginal vein material of the 
better prospects in the district is estimated to be 4,000 to 5,000 tons 
containing 0.11 to 0.93 ounce of gold per ton and 0.18 to 1.37 ounces 
of silver per ton. The copper would only be a byproduct. The Beauty 
Creek area has a good potential for discovery of deposits of similar 
grade and possibly some of higher grade. 

The nearest rail shipping point is at Pateros, which, from the 
point where the Methow Valley-Harts Pass road crosses Robinson 
Creek, is about 70 ,miles to the southeast. Access to prospects in the 
vicinity of Beauty Creek would require construction of about 5 miles 
of road. 

LocALITY 21 {RED MouNTAIN? CLAIM) 

Locality 21, :).4 mile south west of Robinson Pass (fig. 32), has 
two circular pits about 10 feet in diameter and as much as 7 feet 
deep. They may be on the Red Mountain claim, which was located in 
this general area in 1955 by Dallas Hanes. 

Two parallel veins exposed in the deepest pit are 3 feet apart, 
strike N. 85° "'\Y., and dip from 80° N. to vertical. The northernmost 
vein is 0.3 to 0.6 foot thick and the southernmost is 1.3 to 3.8 feet 
thick. The sma:Jer vein is exposed only on the east side of the pit; 
the larger vein can be traced for 45 feet west of the pit. The veins, 
which are in or along the south contact of a 200-foot-thick plagio
clase porphyry dike, consist principally of white opaque quartz with 
many irregular limonite-stained fractures. In places a little pyrite, 
sphalerite, and galena were found. Two 3-foot chip samples were cut 
across the larger vein (MHS-55-65, NC-P-71, table 2). These sam
ples yielded none and a trace of gold, and only 0.06 ounce per ton 
and a trace of silver. 

One hundred twenty-three feet west of the deep pit a shallow pit 
exposes a vein of similar composition. This exposure is on the pro
jected strike of the larger vein and may be on the same structure. 
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The vein in the shallower pit strikes N. 80° E. and dips 65 ° N. It 
is exposed for 4 feet and has an average thickness of 2.5 feet. A chip 
sample (NC-P-72, table 2) taken across the vein assayed only a 
trace of gold and silver. 

LOCALITY 22 ( GREYLING CLAIM) 

A cut 28 feet long and 7 to 16 feet wide (figs. 32, 33) and a small 
pit are found at locality 22. These workings are on the east side of 
Robinson Creek, 160 feet above the trail to Robinson Pass. This is 
probably the Greyling claim, located south and east of Robinson 
Pass by Frank Jenks and Charles l{enny in 1924. As stated in the 
courthouse records, this is a relocation of a very old clain1, probably 
staked 30 years before. 

EXPLANATION 
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FIGURE 33.-Workings at the Greyling claim (loc. 22). 

The cut exposes a shear zone in interbedded plagioclase arkose and 
argillite that is 1.4 to 2.5 feet wide and can be traced for 18 feet 
beyond the cut to the south (fig. 33}. The shear zone strikes N. 18° W. 
and dips 36°-42° E. Along the shear zone lenses of quartz ranging 
from 0.3 to 1.0 foot thick lie in country rock. The quartz contains 
disseminated pyrite, chlorite, pyrrhotite, chalcopyrite, sphalerite, and 
covellite. 

Two chip samples 1.5 feet long and 3 feet apart were cut across the 
shear zone near the south end of the cuts (fig. 33). Roughly half the 
zone here is sulfide-bearing quavtz. The north sample (l\1HS-75-65, 
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table 2), contains 0.13 percent copper and no gold. The south sample 
(J~1-67-1A, table 2) yielded 0.01 ounce of gold and 0.25 ounce of 
silver per ton, 0.06 percent copper, and 0.1 percent zinc. A 20-foot 
sample (JC-66-16A, table 2) was also taken along the strike of this 
zone. It assayed 0.01 ounce of gold per ton and 0.03 ounce of silver 
per ton. 

The small pit is 125 feet south of and upslope from the main cut. 
No bedrock is exposed in this partly sloughed pit. Adjacent to it is a 
small stockpile of sulfide-bearing rock. A sample (JC-66-17 A, table 
2) from this stockpile assayed only a trace of gold and 0.3 ounce of 
silver per ton. 

LocALITY 23 

There is a short adit at locality 23, about 1,200 feet N. 50° E. of 
the Greyling claim (loc. 22). This working is about 480 feet vertical
ly above the Greyling pit, at an elevation of 6,720 foot. The prospect 
may be reached from Robinson Pass either by following the main 
trail to a point below the adit and then ascending a vertical distance 
of 700 feet, or by climbing to the pass and traversing the open slope 
direct! y to the adit. 

The name of this claim is not known. Presumably the claim was 
staked before the turn of the century, probably by the same people 
that staked the original Greyling claim. 

The adit has no prominent dump and is only 5 feet long, with an 
8-foot cut leading 1to the portal (fig. 34). The country rock is black 
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argillite and intercalated buff-colored arkose, which strike N. 15° ,V. 
and dip 34° W. The adit exposes a fault zone as much as 15 inches 
thick that strikes N. 85° W. and dips 76° S. It is eomposed of breccia 
cemented with quartz and calcite with a high limonite content and 
minor pyrite. The adjacent country rock also contains scattered 
crystals of pyrite. At the north edge of the portal along a bedding 
plane is a layer 2-3 inches 1thick, of iron-oxide-stained rock with minor 
pyrite. 

A 15-inch chip sample (RV-67-21B, table 2) was cut aeross the 
fault zone at its widest part near the 1nouth of the adit (fig. 34). It 
contained a trace of gold and 0.045 ounce of silver per ton, but no 
copper. A second sample ( RV -67 -22B, table 2) representing 4 feet 
of the adjacent country rock was taken on either side of the fault. 
No gold or eopper was detected, but the sample assayed 0.05 ounce 
of silver per ton. A randmn chip sample of the iron-oxide-rich rock 
along the bedding plane ( RV -67 -23B, table 2) had no copper or 
gold, and only a traee of silver. 

LOCALITY 24 

Locality 24 (fig. 32) is at 6,750 feet elevation on the ridge between 
Robinson Creek and Rattlesnake Creek, 2.3 miles southeast of Harts 
Pass, and adjacent to an old sheep trail' skirting the northeast side of 
the ridge. No notice of a claim was found, but a shallow discovery 
pit has been dug in an altered zone whieh crosses the contact of the 
plagioclase arkose with red argillite and sandstone. This zone is cut 
by small calcite veins. Southeast of this zone is a large southwest
trending quartz prophyry dike. A 25-foot chip sample (RWT-24-65, 
table 2) cut across the strike of the most altered rock exposed in the 
prospeot yielded <0.002 ounce of gold and 0.06 ounce of silver per 
ton. 

LOCALITY 25 

Locality 25 is on the northwest side of the ridge south of the tarn 
that lies at the headwaters of a tributary of the South Fork of Eure
ka Creek (fig. 32). No workings were noted in this area. The country 
rock along the ridge is quartz diorite which is cut by shear zones 
every hundred feet or so. The shear zones consist of closely spaced 
joints that strike N. 25° W. and dip 45° SW. :Many of them have rthin 
chlorite-rich seams along them. About 300 feet below the ridgetop in 
a small northwest-trending gully, smne of the joints are coated with 
crusts of chrysocolla generally less than one-thirty-second of an inch 
thick. There is also a vein one-thirty-second to three-quarters of an 
inch thick made up principally of chalcopyrite and pyrite. The vein 
is only 10 feet long. Other minerals noted in this vein are chrysocolla, 
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malachite, and a little azurite and molybdenite. Several cross frac
tures have thin coatings of chalcopyrite or, more commonly, of mala
chite, chrysocolla, and pyrite. A sample (RWT-225-65, table 2) of 
the vein where it was three-quarters of an inch thick, contained 10.6 
percent copper, and 2.36 ounces of silver and 0.002 ounce of gold 
per ton. 

A second group of copper veinlets on cross fractures is 100 feet 
farther down the gully. The longest of these veinlets is 10 feet long 
and as nnlCh as 1 inch thick and consists of crushed quartz diorite 
that was impregnated with pyrite and chalcopyrite and stained with 
chrysocolla. Several irregular lenses, as much as 6 inches thick but 
only 6 inches to 2 feet long, are in this sa1ne area. A little Inolyb
denite was also fotmd on some pieces. Along this north-facing ridge 
slope several other small areas of copper minerals were seen. 

A stream-sediment sainple from a small gully draining the ridge 
several hundred feet west of where these copper-bearing veinlets 
were found contained 100 ppm copper. As no copper minerals were 
noted in this area, the copper probably comes from veinlets hidden 
by· glacial debris. 

Although parts of the veins seen are rich in copper, they are of 
little economic value because of their s1nall size. Hidden veinlets may 
be larger, but it is unlikely that they represent either a large vein 
or a large disseminated deposit, as the fractures in the quartz monzo
nite are fairly tigh~ and no altered rock is found in the vicinity of 
the geochemical anomaly. 

LocALITY 26 

Locality 26 (fig. 32) is at the headwaters of Beauty Creek, 1,000 
feet east of a saddle separating Beauty Creek frmn a tributary of 
Eureka Creek. It is at an elevation of approximately 6,900 feet. 
"\V or kings were not noted in this area. The country rock is a light
gray arkose. At this locality an irregular northeast-trending shear 
zone 0.7 to 2.0 feet wide is exposed for a distance of 6 feet. The 
arkose in this zone is darker than that in the surrounding rock, and 
contains sparse pyrite. A 1-foot chip sample (MHS-65-65, table 2) 
was taken across this zone. The sample did not contain appreciable 
gold. 

LocALITY 27 

Locality 27 (fig. 32) is on the south side of the ridge about 1,800 
feet northeast from the top of Robinson l\1ountain. Here a small 
quartz vein cuts a plagioclase porphyry dike. The vein, lh-2 inches 
thick, has a general north strike and a 80° E. dip, and can be traced 
for 40 feet. Toward its south end it splits into several small 
veins. No minerals other than quartz were noted. A chip sample 
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(:~iHS-79-65, table 2) taken across the vein did not contain any 
gold. 

LocALITY 28 

Locality 28 (fig. 32) is on the south side of the ridge 3,500 feet 
west of the top of Robinson l\fountain. No workings were noted in 
this area. Country rock is an andesite flow. In this rock a lens-shaped 
area 2 feet by 1.5 feet is impregnated with pyrite and iron oxides. 
A chip sample (l\fHS-8:3-65, table 2) was taken of this small area. 
It contained 0.12 ounce of silver per ton and traces of copper and 
ZinC. 

LOCALITY 29 

Locality 29 is a quartz-cemented breccia zone on a fault 2,400 
feet northeast of Robinson l\fountain. A 15-foot chip sample (RV-
66-16A, table 2) taken across the lower part of the breccia body con
tained a trace of gold and 0.1 ounce of silver per ton. 

LocALITY 30 

Locality 30 (fig. 32) is on the crest of the main southeast ridge of 
Robinson l\fountain, 0.85 1nile from the summit, at an elevation of 
7,800 feet. There are no workings. Azurite and Inalachite stain a 
dark-green argillite along the contact of an underlying feldspar 
porphyry flow. A grab sample of stained material from the talus 
(R"'\VT-142-65, table 2) contained 1.2 percent copper and 0.15 ounce 
of silver per ton. 

LocALITY 31 

Locality 31 (fig. 32) is 800 feet southeast of locality 30, at an ele
vation of 7,500 feet. A small caved pit about 3 feet deep might possi
bly mark either the Blue Queen, a clai1n located by Dallas Hanes in 
1955, or the Storm IGng claim. The pit was dug in thin-bedded gray 
arkose and purple argillite and is cut by a. granite porphyry dike 
just up the ridge. Rock on the dump contains small seams of covellite 
and malachite, but only a 1ninor amount of the copper-bearing rock 
was seen in place. A grab sample of the rock with the copper-bearing 
sea1ns from the dump (RvVT-144-65, table 2) contained 4.0 percent 
copper and 3.06 ounces of silver per ton. 

LOCALITY 32 (BLUE QUEEN OR STORM KING CLAIM) 

Locality 32 is on the crest of the ridge west of Beauty Creek, at an 
elevation of 7,150 feet, 1,200 feet southeast of locality 31 (fig. 32). A 
claim, marked by an old post, may be either the Blue Queen, located 
by Dallas Hanes in 1955, or the Stonn l(ing. Fifty feet southwest 
and directly downslope from the post are two caved adits along a 
vertical fault that strikes N. 40° E. The fault is covered by talus 
below the workings, but can be traced to the east side of the ridge, 
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a distance of about 100 feet. The zone is no more than 6 inches wide. 
The country rock is argillite, which is bleached along the structure. 
Pyrite and minor amounts of other metallic minerals are present 
along the fault in a limonitic quartz boxwork with some manganese 
oxide staining. A grab sample (RWT-145-65, table 2) from a small 
stockpile of altered pyrite-bearing material near the claim post con
tained 0.72 ounce of gold and 1.37 ounces of silver per ton. A chip 
sample (RV-66-20A, table 2) taken between the upper adit and the 
ridge crest yielded 0.93 ounce of gold and 0.5 ounce of silver per ton, 
0.5 percent lead, 0.05 percent zinc, and a trace of copper. 

Vein material of this deposit is submarginal in grade, and is esti
mated to aggregate only a few hundred tons. 

LOCALITY 33 

Locality 33 (:fig. 32) is at an elevation of 6,200 feet on the ridge 
1.1 miles N. 15° W. frmn the mouth of Beauty Creek. 

A mineralized shear zone 2.5 feet wide extends obliquely across 
the ridge, cutting red argillite and interbedded volcanic rocks. The 
zone strikes north and dips 60° W. It can be traced for 80 feet and 
is exposed over a slope relief of 20 feet ; overburden covers each 
end. 

The zone is highly silicified and contains about 15 percent com
bined hematite and limonite. A grab sample (NC-P-65, table 2) 
taken along the exposure assayed 0.8 ounce of gold and 0.4 ounce 
of silver per ton. 

On the basis of one assay, this deposit appears to approach min
able grade, although its small size and difficult access preclude 
development at this time. The submarginal reserves are estimated 
to be between 1,000 and 2,000 tons, but additional work would be 
required to delineate the deposit. 

LocALITY 34 (RELIANCE CLAIM) 

The Reliance claim was located by W. B. Robinson in 1906, 
along Robinson Creek 6 miles by trail from the Harts Pass road 
and ]ess than 100 feet northeast from the ruins of Robinson's cabin 
(fig. 32). 

Dacite porphyry at its contact with argillite is silicified and 
pyritized. The mineralized rock is exposed in a small trench and 
in the creek bank (fig. 35). Thickness of the zone ranges from 2.5 
to 7 feet, and the exposed depth is less than 10 feet. 

The silicified rock contains less than 1 percent pyrite in 0.1-inch 
cubes where it is exposed in a trench 32 feet long and 1.5 feet deep. 
A 20-foot chip sample (NC-P-69) taken along the exposure con
tained only a trace of gold and silver. 
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FIGURE 35.-Reliance claim (loc. 34). 

Similar mineralized rock is exposed in the creek bank at a point 
58 feet northeasterly from the trench. The exposure is 14 feet long, 
2.5 feet thick, and 4.5 feet deep. ·A random sample (NC-P-70) of 
the exposure contained only a trace of gold and silver. 

LOCALITY 35 (BEAUTY CREEK QuARTZ LODE) 

Locality 35 is on the west side of Beauty Creek at an elevation 
of about 5,750 feet. At this locality two trenches 8 feet wide and 
12 feet long are a few hundred feet north of a small tributary to 
Beauty Creek (fig. 32). This locality may be covered by one of 
the following claims: W am pus Cat 1 to 6, located by Allen I ves, 
W. A. Darlington, and Arch Fuller in 1938; Miracle 1 and 2, 
located by Gene Yost, Dale G. Hill, and Jack H. Hill in 1940; or 
Nonpariel, located by W. B. Robinson in 1906; all were located in 
this general region. The two trenches are cut in a light-gray fine
grained arkose, which has a northerly strike and a gentle westerly 
dip (fig. 36). A shear zone cutting the arkose strikes N. 50° E. and 
dips 80° SE. It is exposed only in and between the two pits, a 
distance of 34 feet, and varies from 0.5 to 2.0 feet in width. Small 
grains of pyrite are scattered along the zone, most commonly in 
the north trench where the zone is 2 feet wide. Two 2-foot chip 
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samples (MHS-68-65, NC-P-66, table 2) were taken across the 
shear zone in the north trench. One contained only a trace of cop
per; the other, a trace of gold and silver. 

LocALITY 36 

Locality 36 is approximately 1,000 feet south of locality 35 at 
an elevation of 5,650 feet (fig. 32). A trench here is 15 feet long, 
6 feet wide, and as much as 6 feet deep. This working, like those 
at locality 35, might be on one of the following claims: Wampus 
Cat 1 to 6, Miracle 1 or 2, or the N onpariel. The country rock is 
light-gray fine-grained arkose. It is cut by a shear zone that strikes 
N. 70° E. and dips 80° SE. This zone is exposed for only 8 feet 
and is not 1nore than 0.3 foot wide. Small grains of pyrite are 
scattered along the zone. Two chip samples (MHS-71-65, NC-P-
63, table 2) were taken across the shear zone. One sample did not 
assay any precious metals, but the other assayed 0.26 ounce of gold 
and 0.3 ounce of silver per ton. 

LocALITY 37 

Locality 37 is about 1,000 feet southeast of the Beauty Creek 
Lode at an elevation of approxin1ately 5,750 feet (fig. 32). At this 
locality there is an irregular opencut whose maximum dimensions are 
12 feet by 12 feet (fig. 37). At the north end of this cut an inclined 
shaft 28 feet deep was sunk on a shear zone 1.5 to 3.5 feet wide. 
Eight feet below the top of the shaft on its south side is a level 
that is probably only a short crosscut. Water fills the shaft to 
within 20 feet of its top. As at locailities 3.5 and 36, these workings 
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FIGURE 37.-Geology of the workings at locality 37. 
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may be on one of the following claims: W am pus Cat 1 to 6, Mir
acle 1 and 2, or N onpariel. 

The opencut is in light-gray fine-grained arkose. This rock is cut 
by two parallel shear zones that strike N. 65° E. and dip 68° NW. 
The larger one, on which the shaft was sunk, can be traced for 37 
feet on the surface and is visible to the water level in the shaft. Along 
the sides of the shaft it is 1.5 to 3.5 feet wide, and it thins laterally. 
The smaller shear zone can only be traced for 8 feet and is 0.2 to 1.0 
foot wide. In the shear zones are quartz veinlets and scattered pyrite, 
pyrrhotite, possibly arsenopyrite, and a little chalcopyrite; sulfides 
are much commoner in the large shear zone. A 1-foot chip sample 
(MHS-72-65, table 2), taken across the large shear zone on the east 
side of the shaft (fig. 37), yielded 0.05 ounce of gold and 0.23 ounce 
of silver per ton, and 0.04 percent copper. A similar sample (NC-P-
64, table 2) taken a few feet to the northeast contained 0.17 ounce of 
gold and 0.4 ounce of silver per ton. 

The deposit cannot be mined economically at present because of its 
small size and low grade. 

LOCALITY 38 

Locality 38 is on the west side of Beauty Creek approximately 600 
feet southwest of locality 37 at an elevation of about 5,600 feet 
(fig. 32). At this locality are two trenches, 32 feet apart. The north 
one is 12 feet long and 6 feet wide; the south one is not quite as long 
and is filled with slope wash. Like the workings at localities 35, 36, 
and 37, these trenches ma.y be on one of the following claims: Warn
pus Cat 1 to 6, Miracle 1 and 2, or the Nonpariel. Country rock is 
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light-gray fine-grained arkose. A 2-foot-wide shear zone is exposed 
in the north trench and can be traced to the filled south trench; it is 
exposed for a total distance of 38 feet. This zone strikes N. 15° E. 
and dips 16° N,iV., parallel to the bedding of the arkose. Sparse 
pyrite and pyrrhotite are scattered along this zone. A 2-foot chip 
sample (MHS-74-65, table 2) was taken across the shear zone in the 
north trench. The sample contained no gold and only a trace of 
silver. 

LocALITY 39 (BEAUTY CREEK LooE) 

Locality 39 is along Beauty Creek about 750 feet southeast of 
locality 35 (fig. 32). The Beauty Creek claim was relocated in 1956 
by William Parson, but the vein probably was discovered in the early 
1900's. The discovery pit is at an elevation of 5,200 feet on the west 
edge of Beauty Creek, 1.3 miles from its mouth. 

A vein that cuts light-gray fine-grained arkose, in the bottmn of 
a cleft occupied by the creek, is exposed intermittently for a distance 
of 220 feet from the discovery pit northeastward (fig. 38). The vein 
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strikes N. 46° E., dips vertically, and ranges in thickness from 2 to 
18 inches. It pinches to 2 inches at the northeast end of the cleft, 
where any extension is obscured by overburden. The south end of 
the vein probably extends 20 feet beyond the discovery pit to a 
sloughed trench. The vein is not exposed in the sloughed discovery 
pit, but mineralized materia.! on the dump is predominantly quartz 
and silicified gangue with pyrite, pyrrhotite, hematite, and limonite. 
One piece of massive sulfides found on the dump was 4 inches long, 
3 inches wide, and 1.5 inches thick. A grab sample (NC-P-62, table 
2) of the mineralized material on the dump assayed 0.68 ounce of 
gold and 0.7 ounce of silver per ton. 

A 10-foot exposure of the vein 110 feet northeast of the discovery 
pit is under water and was not sampled, but the vein appears to be 
4 to 18 inches 'vide, and the country rock is altered for a few inches 
along it. 

The vein as exposed at the northeast end of the cleft is 2 inches 
wide, 2 feet long, and 3.2 feet deep. At this point it is composed 
predominantly of quartz and limonite but contains about 1 percent 
pyrite. A chip sample (NC-P-61, table 2) of rthe vein assayed 0.06 
ounce of gold and 0.3 ounce of silver per ton. 

The deposit n1ay contain a few thousand tons of ore, but the grade 
is too low and the vein too narrow 'to permit mining economically 
at present. 

BUCKSKIN RIDGE AREA 

Buckskin Ridge trends north from Slate Peak and lies between 
the West and Middle Forks of the Pasayten River (fig. 39). The 
western faulted segment of the Pasayten dike forms the central part 
of the area. This quartz diorite dike intruded mainly .arkose on the 
north and black argillite on the south. The sedimentary rocks., espe
cially those south of the intrusive, are cut by numerous plagioclase 
porphyry and quartz porphyry dikes.. Contact metamorphism adja
cent to the intrusive caused recrystallization of feldspar and quartz 
and formation of biotite. Sulfide-bearing quartz veins are found in 
the sedimentary rocks; most are to the south and within 2 miles of 
the quartz diorite. 

Two groups of workings are found in this area: one, a group of 
seven adjacent adits (loc. 45), is on the west side of the ridge; the 
other consists of several small pits (locs. 41, 42, 43, 44, fig. 39) that 
extend along the ridge crest and down its east flank toward Silver 
Creek. 

The main workings of both groups are accessible by good trails 
from the Slate Peak road. If these prospects are further developed, 
a road to each group would have to be constructed. A road to the 
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western group f,rom Slate Peak 1'\'ould be about 3 miles long; an 
access road to the general area of the other prospects would be along 
the opposite side of the ridge and would be about 4 miles long. 

No production has been recorded from any prospect in the Buck
skin Ridge area. 

LocALITY 40 

Locality 40 (fig. 39) lies on the ridge between Threemile Creek and 
the Middle Fork of the Pasayten River, approximately 3,000 feet 
north of the quartz diorite intrusive. No workings were noted at this 
locality. Gray fine-grained arkose, which strikes about N. 30° W. and 
dips 50° S"\¥., is cut by a fracture that trends N. 20° E. and dips 
70° SE. Along this fracture, which can be traced for 30 feet, is a 
vein 1;4 -3 inches thick that consists of iron oxides, chrysocolla, 
quartz, malachite, and pyrite. This vein is not well exposed, so a grab 
sample (MHS- 100-65; table 2) was taken of pieces of it from the 
talus. The sample contained 11.7 percent copper, 0.67 ounce of silver 
per ton, and small amounts of lead, zinc, and gold. 

LocALITY 41 (NEw HoPE CLAIMs) 

Locality 41 is on the southeast side of a small ridge on the east 
side of the south branch of Silver Creek (fig. 39). It is 2,000-3,000 
feet south of the Pasayten dike. vVorkings consist of six cuts and 
trenches on three or four principal veins. These workings are on the 
New Hope property, which, according to Huntting ( 1956, p. 68) , 
consists of seven :claims located in 1951 by R. C. Matney and R . A. 
Morgan. Courthouse records show that other claims in the area were 
recorded in 1950 and 1951. Country rock is arkose with some inter
bedded argillite that strikes N. 38° E. and dips 25° SE. In places 
these older rocks are cut by plagioclase porphyry dikes. 

The northernmost vein, which is exposed in two opencuts 15 and 
23 feet long, is enclosed in a quartz porphyry dike and can be traced 
for about 100 feet (fig. 40). In the two cuts, the vein is from 1 to 1.4 
feet thick; west of the cuts, it thins to about 0.5 foot. The dip is 
75° N. The vein consists principally of quartz, but in places pyr
rhotite and chalcopyrite make up most of the vein. A chip sample 
(l\1HS 107-65, table 2) taken across 1 foot of vein rich in sulfides in 
the northernmost cut (fig. 40) contained 1.1 percent copper and 0.05 
ounce of gold per ton. Another sample (JC-66-18A, table 2), cut 
along the strike of the zone in the southernmost cut (fig. 40) , had 
0.60 percent copper, and 0.04 ounce of gold and 0.3 ounce of silver 
per ton. A sample (JC- 66-19A), from a narrow gouge zone 0.5- 1 
inch thick in the northernmost cut, yielded 0.48 ounce of gold and 
0.3 ounce of silver per ton. 
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0 1 MILE 

FIGURE 39.-Location and general geology of prospects in the Buckskin Ridge 
area. Base from U.S. Forest Service planimetric map, 1955. 
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About 200 feet south of the northernmost vein and at about the 
same elevation, a second shear zone is exposed in an opencut 6 feet 
wide, 13 feet long, and 5 feet deep . at the back. The cut is in brown 
arkose. The shear zone strikes N. 68° E., dips 70° NE., and is as 
much as 5 feet wide. Along the shear zone are found lens-shaped 
veins 1 to 4 inches thick and 2 to 3 feet long. The veins are princi
pally of quartz but also contain pyrite, pyrrhotite, chalcopyrite, and 
chalcocite. A 5-foot chip sample (MHS-105-65, table 2) was taken 
across the shear zone, and included three 1- to 4-inch-thick veins. 
This sample contained 0.14 percent copper and 0.08 ounce of gold 
per ton. 

About 700 feet southeast of the northernmost vein and about 200 
feet below it a third vein is exposed principally in a trench 25 feet 
long and 10 feet wide in brown arkose. The vein can be traced for 
an additional 18 feet above the trench. It varies in thickness from 
1.5 to 8 feet, strikes N. 65° W., and dips 48° NE. The vein consists 
principally of quartz, pyrrhotite, and some chalcopyrite. An 8-foot 
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FIGURE 40. -Northernmost vein on the New Hope property (loc. 41). 

chip sample (:~fHS-108-65, table 2), taken across this vein in the 
trench, had 0.27 percent copper and less than 0.02 ounce of gold 
per ton. 

About 400 feet northwest and 170 feet above the last described 
vein is another vein exposure in a trench. These two may or 1nay not 
be the same vein. This trench is in arkose and is 26 feet long and 
8 feet wide. In the trench a 1- to 4-foot-thick vein is exposed for 
22 feet. It strikes N. 80° E. and dips 65° NvV. This vein consists 
principally of quartz, pyrrhotite, and a little chalcopyrite. Two 
4-foot chip samples (l\fHS-110-65, RW-66-1B, table 2) taken across 
the vein contained 0.16 percent copper and less than 0.02 ounce of 
gold per ton, and 0.13 percent copper and a trace of gold and silver, 
respectively. A spectrographic analysis of the second sample showed 
nickel in the range of 0.03 to 0.3 percent. 

The uppermost cut is located about 450 feet upslope, northwest of 
the last working. It exposes a small limonitic breccia zone in a dark 
arkose. The breccia zone contains sparse sulfides. 

LocALITY 42 (SILVER BELLE No.2 CLAIM) 

Locality 42 (fig. 39) lies on the ridge between the West and Middle 
Forks of the Pasayten River, approximately 2,000 feet southwest of 
locality 41. A small caved pit 4 feet long, 3 feet wide, and 1 foot deep 
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is on the ridgetop, and a second pit, which is 6 feet long, 3 feet wide, 
and 1 foot deep, lies 50 feet to the east. These pits are on the 
Silver Belle No. 2 claim, which was located by Robert W. Mullen, 
July 9, 1951. 

Both pits are in arkose. A bleached quartz-plagioclase porphyry 
dike cuts the arkose just north of the two pits. On the dump of the 
first pit are a few fragments of vein quartz with scattered pyrite 
grains, and much iron-oxide-stained arkose; on the dump of the 
second pit only iron-oxide-stained arkose was found. A grab sample 
(l\:fHS-91-65, table 2) was taken of iron-oxide-stained quartz vein 
from the dump of the first pit; it contained only 0.12 ounce of silver 
per ton and no gold. 

LocALITY 43 

Locality 43 (fig. 39) lies on the main ridge between the West and 
Middle Forks of the Pasayten River, about 500 feet north of locality 
44. This locality is marked by two slumped pits 6 feet long by 3 feet 
wide that are now only 1 to 2 feet deep. These pits are about 6 feet 
apart in platy iron-oxide-stained arkose. Plagioclase porphyry dikes 
lie about 10 feet north of and about 75 feet south of the pits. The 
pits are on a 4- to 8-foot-wide iron-oxide-stained zone that contains 
finely disseminated pyrite. This zone dips steeply and trends approxi
mately N. 70° W. In places the altered zone contains a 1- to 4-inch 
quartz vein. Exposures are poor, and the altered zone and quartz 
vein crop out only on the ridge about 50 feet east of the easternmost 
pit. A chip sample (1739, table 2) across the altered zone and a chan
nel sarnple of the vein (1740, table 2) were taken on the outcrop 
50 feet east of the pits. The quartz vein was barren, but the altered 
rock contained 0.09 ounce of gold per ton and s1nall amounts of cop
per and zinc. Four grab san1ples of the rubble in the pit were taken: 
one of the iron-oxide-stained quartz vein (1741, table 2) and three of 
iron-oxide-stained arkose (1742, l\IHS-90-65, RV-66-7B, table 2). 
The quartz vein yielded 0.79 ounce of gold and 0.17 ounce of silver 
per ton; the three samples of altered arkose had 0.12, 0.77, and 0.25 
ounce of gold per ton, and a trace, 1.63 ounces per ton, and a trace 
of silver. 

LocALITY 44 ( ALFRINE CLAIM) 

Locality 44 (fig. 39) is on the top of the main ridge between the 
West and Middle Forks of the Pasayten River, about 1.2 miles north 
of Haystack l\1ountain. The claim is marked by a small caved pit 
roughly 3 feet long and 1 foot wide. This clai1n is the Alfrine, 
located by Williarn Brant on June 16, 1936. Rock around the pit is 
iron-oxide-stained argillite. About 40 feet north of the pit is a 
bleached quartz-feldspar porphyry dike. Vein quartz can be traced 
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for 100 feet downslope to the east and 10 feet downslope to the west. 
Width of vein, as indicated by size of float pieces, is lh-1 inch. 
Quartz was the only mineral other than a little limonite noted in the 
vein material. A sample of the quartz float (MHS-88-65, table 2) 
contained small a1nounts of silver, copper, zinc, and lead, but no gold. 

None of the veins observed at localities 41, 42, 43, and 44 contain 
economic quantities of ore minerals. Further prospecting in the area 
may disclose higher value extensions of the veins or other zones of 
value. 

LocALITY 45 

A group of adits about 1.7 miles north of Slate Peak is com
monly referred to as the Gold Ridge claims. They were recorded 
prior to 1900 (fig. 39). According to the location given by Landes, 
Thyng, Lyon, and Roberts (1902, p. 48-49), there is some doubt as 
to whether these are the original Gold Ridge workings. 

Seven adits have been driven in north-striking moderately east
ward dipping interbedded arkose and argillite that forms several 
small bluffs (fig. 41). The workings expose several narrow sulfide
bearing joints and shear zones that strike nearly normal to the 
ridge and to the strike of the country rock and strike parallel to 
the contact of the Pasayten dike about 11h miles to the north. The 
structures contain quartz and calcite with sulfide minerals and iron 
oxides ; gouge is common. The chief sulfides are pyrite and pyr
rhotite, and there are minor amounts of chalcopyrite, galena, and 
sphalerite. The mineralized veins are as much as 1.5 feet wide, but 
the maximum width of shear zones exposed is 5 feet. 

Seven adits are near the trail, and a pit, probably a more recent 
effort, is about one-fourth mile north of the group and about 500 
feet above the trail. The main group is shown in figures 41 to 44. 

Adit A is 14 feet long and follows a fracture zone in iron-oxide
stained arkose (fig. 42). The zone is 2 feet or less in width and 
contains an iron-oxide-stained quartz vein as much as 0.7 foot 
wide that strikes N. 67° E. and dips 84 ° S. A chip sample (MI-IS-
57-65, table 2) showed no gold and only traces of silver, copper, 
and zinc. 

Adit B is 148 feet long and was driven to intersect a mineralized 
shear zone exposed in ad it C (fig. 42). Adit B was driven through 
light-gray arkose for 60 feet, then into black silicified argillite to 
the face. Two narrow calcite veins that trend normal to the line 
of the adit contain minor sulfides. An inclined raise from adit B 
probably gives access to an intermediate level that is caved. 

The biggest shear zone of the group is exposed in adit C (fig. 
42) . Adit C is 45 feet long and follows a shear zone that varies in 
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FIGURE 42.-Adits A, B, ·and C of property in the upper part of the basin of the 
West Fork of the Pasayten River (loc. 45·). 

width from 5 feet at the portal to 2112 feet at the face. Within the 
zone is a 6-inch-wide vein that contains iron-oxide-stained quartz, 
pyrite, and minor galena and sphalerite. Overall, the zone strikes 
N. 62° W. and dips 55° NE. An inclined winze at the heading 
follows the zone downdip for 25 feet to the supposed intermediate 
level. 

A 40-foot chip sample (R\V-NC-60, table 2) was taken along 
the back of adit C. It showed 0.08 ounce of gold and 2.0 ounces of 
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FIGURE 43.-Adits D and E of property in the upper part of the basin of the 
West Fork of the Pasayten River (loc. 45). 

silver per ton, 2.5 percent lead, 1.55 percent zinc, and a trace of 
copper. An 18-inch chip san1ple (R\V-NC-62, table 2) was cut 
across the sulfide-rich portion of the shear zone at the portal. It 
yielded only a trace of gold, 1.4 ounces of silver per ton, 1.1 per
cent lead, and a trace of zinc and copper. Two samples were taken 
of a small stockpile that contained sulfide-rich quartz and calcite. 
Sample RW-NC-61 (table 2) shows 0.14 ounce of gold and 1.9 
ounces of silver per ton, 2.1 percent lead, 2.0 percent zinc, and a 
trace of copper. Sample :MHS-58-65 showed 0.10 ounce of gold 
and 1.08 ounces o£ silver per ton, 1.1 percent lead, 1.0 percent zinc, 
and 0.064 percent copper. 
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Pasayten River (loc. 45). 

The chip samples represent a zone of sulfide-rich quartz-calcite 
vein that is 1.5 feet wide at the portal but averages 0.5 feet toward 
the face. The mineralized zone was not intersected by the lower 
adit; therefore its downward extension is not known. It appears, 
however, that there is limited tonnage of the grade of rock repre
sented by the sam pies. 

Adits D and E (figs. 41, 43) are located 450 feet north of C and 
B. Adit E, the lower working, is 245 feet long, and follows a shear 
zone that averages 1 foot in width. It is composed of iron-oxide
stained gangue, iron sulfides, some quartz and calcite, and frag
ments of bleached shale. The zone of sulfide minerals within the 
shear zone averages 0.5 foot in width along the total length of the 
adit. The mineralized shear zone parallels the trend of the major 
jointing (N. 80° E., 80°-90° S.) exposed in the working and at 
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the surface. Two samples were taken. A chip sample (JR-NC-34, 
table 2) taken along the mineralized structure from the face to 
portal showed 0.60 ounce of gold and 0.25 ounce of silver per ton, 
no lead, 0.15 percent zinc, and a trace of copper. A representative 
sample (JR-NC-35, table 2) of the dump shows 0.03 ounce of gold 
and 0.1 ounce of silver per ton, no lead, 0.05 percent zinc, and a 
trace of copper. 

Adit D, 97 feet above adit E, exposes the same mineralized zone 
(fig. 43). It is 40 feet long, including an 8-foot opencut to the 
portal. The adit follows the trend of the mineralized fracture zone, 
which strikes N. 85° W. and dips 80° SE. The zone is 1.5 feet 
wide at the portal and branches at the face. The upper part of the 
zone at the face is 0.4 foot wide, and each branch near the floor is 
0.4 foot wide. Intervening gangue is 0.2 foot wide. Sample MHS-
60-65 (table 2) cut across the zone near the portal contains 0.03 
ounce of gold and 0.15 ounce of silver per ton, 0.01 percent lead, 
and 0.054 percent zinc. A chip sample (RW-NC-64, table 2) of 
the mineralized material taken at the face showed only a trace of 
gold and 0.1 ounce of silver per ton, no lead, and a trace of zinc 
and copper. A sample (RW-NC-63, table 2) of a small stockpile 
contained only a trace of gold, 0.2 ounce of silver per ton, a trace 
of lead, 0.85 percent zinc, and 0.06 percent copper. 

Five hundred and fifty feet farther north is a short adit (adit F) 
in a well-jointed iron:.oxide-stained arkose (figs. 41, 44). The work
ing is 25 feet long and has a 10-foot opencut to the portal. The adit 
follows a 1- to 2-foot fracture zone, which includes a 0.4-foot vein of 
sulfide-rich quartz and calcite. It strikes about N. 80° E. and dips 70° 
SE. A chip sample (RW-NC-71, table 2) taken along the vein from 
the portal to the face contained 0.28 ounce of gold and 0.3 ounce 
of silver per ton and 0.08 percent copper, but no lead or zinc. 

Adit G is 230 feet north of adit F. This working consists of a 20-
foot cut followed by a 76-foot adit, and a 50-foot drift that intersects 
the adit 4 7 feet from the portal (fig. 44). The adit follows an east
striking south-dipping group of quartz and calcite veinlets within an 
ill-defined shear zone. The veinlets are 0.1-0.3 foot wide and contain 
some sulfides. A small stockpile on the dump contains iron-oxide
stained quartz with pyrite and a small amount of pyrrhotite and 
chalcopyrite. A sample (RW-NC-73, table 2) of this material yielded 
0.05 ounce of gold per ton and a trace of silver. A 40-foot chip sam
ple (RW-NC-72, table 2) cut westward along the south wall of the 
shear zone from the intersection of the drift contains only a trace of 
gold, silver, and zinc, and no lead or copper. A 0.4-foot chip sample 
from the zone at the portal (MHS-62-65, table 2) contained less 
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than 0.02 ounce of gold and 0.06 ounce of silver per ton, and 0.04 per
cent copper. 

The drift -v.-as apparently driven on a bleached zone along the con
tact between black argillite and light-gray arkose. The bleached zone 
trends parallel to the north strike of the country rock. No sulfides 
were seen. 

A pit about 1,700 feet northeast of adit G is about 10 feet wide 
and exposes serpentinized iron-oxide-stained argillite. A grab sample. 
(RW-NC-74, table 2) of the iron-oxide-stained rock contained only 
a trace of gold and silver. This pit is probably more recent than the 
others, and it may not be on the same group of claims. 

Submarginal material in veins explored by the adits is estimated 
at 5,000 to 8,000 tons averaging 0.06 ounce of gold and 1.4 ounces of 
silver per ton, and 0.24 percent copper. 

Geochemical sampling and drilling would be necessary to deter
mine the extension of the known zones. 

No 1nineral production fron1 the area is known. 

LOCALITY 46 

Locality 46 is on the north side of a small basin northeast of Slate 
Peak and 1,400 feet south of Haystack 1\:lountain (fig. 39). At this 
locality a shallow caved pit 12 feet long by 7 feet wide has been dug 
in light-gray arkose. Along the back of the pit the rock is irregularly 
fractured, and the fractures are filled with limonitic material in 
which are casts of pyrite. A grab sample (J\;IHS-147-65, table 2) of 
arkose with limonitic seams was taken from the dump of the pit. The 
sample was barren of gold. 

LocALITY 47 (H. AND S. CLAIM) 

Locality 4 7 is on the north side of a small basin northeast of Slate 
Peak and about 350 feet southeast of locality 46 (fig. 39). At this 
locality a trench 6 feet wide, 12 feet long, and 2 feet deep exposes a 
2-foot band of limonitic arkose that contains numerous scattered 
cubes of pyrite. A prominent outcrop of arkosic conglomerate 100 
feet S. 70° E. of the trench is in part silicified and stained with iron 
oxides. A discovery post at the conglomerate outcrop indicates that 
this is the H. and S. claim located by Dallas Hanes and Gerald Snell 
on August 4, 1955. One 20-foot and two 50-foot chip samples 
(MHS-149-65, RW-NC-91, JR-NC-45, table 2) were taken across 
iron-oxide-stained conglomerate outcrops, and a 2-foot chip sa1nple 
(MHS-148-65, table 2) was taken across the arkose exposed in the 
trench. The samples contained only traces of silver and gold. 
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JIM PEAK-WINDY PASS AREA 

The Jim Peak-Windy Pass area (fig. 45) lies along a high ridge 
that separates the West Fork of the Pasayten River from Canyon 
Creek. This ridge forms part of the Cascade Divide and also serves 
as the boundary between vVhatemn and Okanogan Counties. South 
of Foggy Pass the ridge is also the boundary of the Pasayten Wilder
ness (figs. 45, 46). Only the part within the wilderness area will be 
considered here. The area is 4 to 6 miles northwest of Harts Pass. 
Access to 'Vindy Pass frmn Harts Pass is by way of the Chancellor 
road for 2.8 miles, then north through Barron on the Windy Pass 
road for 3.2 miles. The snow-free season is from July to October . 
.i\fost of the prospects exmnined are above ti1nberline, usually along 
talus slopes. Water is available frmn intermittent creeks and springs. 

Barron is situated in Allen Basin, the site of considerable past 
mining activity. Several 1nines in the basin have had an aggregate 
production of gold and silver in excess of $1,500,000. 

The ridge is made up of a thick sequence of plagioclase arkose 
interbedded with black argillite, which has a general northerly strike 
and a 1noderate eastward dip. These rocks form the east limb of a 
northerly trending antieline (fig. 45). The sedimentary rocks are cut 
here and there by various dikes, 1nostly of plagioclase porphyry. The 
west edge of the quartz diorite Pasayten dike is about 2 miles east of 
the ridge (pl. 1). The small mining district around Barron, south 
of the wilderness area (pl. 3), is also in arkose interbedded with 
black argillite. 

The prospects in the wilderness area expose iron-oxide-stained 
shear zones with quartz veins that contain pyrite and arsenopyrite 
and minor sphalerite, galena, and chalcopyrite. The mineralized 
structures in the wilderness area may be northern extensions of some 
of the productive structures in the Allen Basin. 

Only the Clearview, Windy Basin, and Hmnestake prospects are 
thought to have future economic potential. The values found in sam
ples are marginal at best; these prospects probably will not be 
exploited unless the price of gold increases enough to allow activation 
of the mines in Allen Basin. 

Ore from the prospects could be custom milled at the New Light 
n1ill in Allen Basin. Concentrates could then be shipped to the rail 
siding at Pateros, a total distance of 85 1niles. To develop the better 
prospects, a llh-mile road probably would have to be constructed 
from Windy Pass to Oregon Basin. 
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0 2 MILES 

FIGURE 45.-Location and general geology of prospoots in the Jim Peak
Windy Bass area. Geology not shown south olf the wilderness area 
boundary. Base from U.S. Forest Service planimetric map, 19,55. 

LocALITY 48 

Locality 48 is 2,300 feet north of Jim Peak on the ridge that forms 
the Okanogan-W,hatcom County boundary (fig. 45). No workings 
were noted in this area. Country rock is arkose that strikes N. 50° E. 
and dips 40° SE. On the ridge a shear zone, 0.5 to 1 foot wide, is 
exposed that strikes N. 86° W. and dips 65° NE. This zone can be 
traced for 40 feet. Rock in the zone is altered and impregnated with 
iron oxides. A grab sample (lVIHS-150-65, table 2) of pieces of the 
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shear zone was taken; it contained 0.056 percent copper and 0.02 
ounce of gold per ton. 

LocALITY 49 

Locality 49 is 3,500 feet east of Jim Peak and several hundred 
feet below the Cascade Crest trail (fig. 45). It is on a partly refor
ested avalanche scar, about 120 feet from its south eage. At this 
locality is a partly caved trench, 30 feet long, 7 feet wide, and as 
much as 6 feet deep .... -\.n 8-inch-diameter alpine fir growing on the 
dump indicates that no work has been done in this trench for many 
years. The trench is in arkose and follows a shear zone that strikes 
N. 85° E. and dips 80° SE. to 80° N,V. Only about 10 feet of shear 
zone is exposed. Float on the dump indicates that in places a quartz 
vein occupies part of the shear zone although it ~s not exposed. The 
vein is principally opaque quartz and a little pyrite heavily stained 
with limonite ... A. grab sample (MIIS-111-65, table 2) was taken of 
the vein material on the dump; it contained 0.02 percent copper and 
less than 0.02 ounce of gold per ton. 

424-547 0-71--11 
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LocALITY 50 

Locality 50 is on the west side of the ridge between Jim Peak and 
~Tim Pass, at the headwaters of a s1nall tributary of Canyon Creek 
(fig. 45). A stream-sediment sample taken at the mouth of this trib
utary contained 45 ppm cold copper. The stream was followed head
ward to a point where it flowed through a 600- to 800-foot-long 
iron-oxide-stained zone. Farther upstream the tributary is derived 
from three smaller tributaries. Along the northernmost are five joint 
sets, which locally contain iron-oxide-stained zones and brecciated 
quartz veins, with calcite and considerable limonite. None of · the 
veins or surrounding zones of alteration could be traced for 1nore 
than 50 feet, and 1nost are less than an inch thick, although, at the 
junction of three joints, an altered zone widens to 2 feet for a dis
tance of 5 feet. In the next 6 feet, however, it pinches down to an 
inch in thickness. These altered and n1ineralized joints are generally 
about 50 to 100 feet apart. A sample (1738, table 2) was taken from 
the float of the brecciated quartz vein; it had no measurable gold 
and only 0.004 percent copper. The large iron-oxide-stained zone in 
the main tributary that does not contain veins is described on page 
72. 

LocALITY 51 

Locality 51 is on the ridge about 2.00 feet west of the trail along 
the Cascade crest, about 400 feet north of Jim Pass (fig. 45). The 
name of the claim and the names of the owners are unknown. 

The pr~spect has been developed by a trench 26 feet long, 4 to 8 
feet wide, and .about 5 feet deep. The trench trends N. 65° W. and 
exposes a mineralized shear zone as much as 3 feet wide which in 
places is bounded along both edges by limonite-stained quartz veins 
4 to 6 inches wide. Arsenopyrite is scattered through the quartz 
veins. The wallrock is light-gray silty arkose, which is well frac
tured and stained with iron oxides along the fracture surfaces. 

Two chip samples (Th:IHS-140-65 and JR-NC-42, table 2) cut 
across the veins contained less than 0.02 and 0.08 ounce of gold per 
ton. A third sample (JR-NC-41, table 2), cut across the two veins 
and the sheared material between, contained 0.16 ounce of gold per 
ton. 

LocALITY 52 

Locality 52 is about 1,200 feet north of Foggy Pass on the west 
side of the ridge below the Cascade Crest trail (figs. 45, 46) . At this 
locality two adits about 85 feet apart vertically follow a shear zone 
in arkose and blaek argillite that is cut by a westward-trending 
plagioclase porphyry dike. A 0.2- to 0.5-foot-wide shear zone cuts 
the dike. It is exposed above the upper adit, which is caved. This 
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zone strikes N. 70° vV., dips 84° SW., and consists of iron-oxide
stained and sheared dike, rock that contains lenses and veins of 
quartz. In places the veins contain a little arsenopyrite. A 0.5-foot 
channel sample (~IHS-136-65, table 2) was taken across the shear 
zone. A chip sa1mple 2.5 feet long (JC-66-1A) was cut across the 
zone and adjacent altered and brecciated material. The 0.5-foot sam
ple contained 0.07 4 percent zinc, 0.025 percent copper, and 0.48 ounce 
of gold per ton. The 2.5-foot sample contained a trace of gold and 
0.1 ounce of ·silver per ton. 

The lower adit is 145 feet long and is connected to a 45-foot cross
cut (fig. 47). The country rock is arkose; the plagioclase porphyry 
dike is about 10 feet north of the portal and strikes N. 85° W. and 
dips 86° N. The adit follows a steeply dipping shear zone that in 
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places divides into several anastomosing shears (fig. 47). Width of 
the shear zone-· is highly variable and ranges from half an inch to 
2 feet. The zone generally consists of iron -oxide-stained sheared 
arkose and some quartz. In pl,aces the quartz is brecciated, indicating 
late shearing. In addition to quartz the zone also contains arsenopy
rite and a little pyrite, sphalerite, galena, and chalcopyrite. Six chip 
samples ( JC-66-4A, 1730, JC-66-5A, 1731, JC-66-6A, 1732, table 
2) were cut across the shear zone along the drift, and two grab sam
pies (J\fHS-138-65, JC-66-3A, table 2) of quartz were collected on 
the dump and from a small stockpile near the portal. The eight sam
ples yielded 0.06, trace, trace, 0.21, trace, 0.009, 0.16, and 0.12 ounce 
of gold per ton, respectively. The maximum silver content is 0.1 
ounce per ton in two samples. 

LocALITY 53 ( MmAs? CLAIM) 

Locality 53 is about 300 feet northeast of Foggy Pass (figs. 45, 46) 
where two adits were driven on a shear zone. The upper working is 
at about the swn1e elevation as Foggy Pass and consists of a 38-foot 
drift at the end of a 14-foot opencut (fig. 48). The second adit is 
S. 80° E. of the first adit and about 200 feet below it. The lower adit 
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is now caved, but as its dump is a little larger than that of the first, 
the working probably is longer. Both adits were driven in arkose 
that strikes about N. 45 o '""· and dips 50° NE. These adits may be on 
the old Midas claim, which was located in this general region prior 
to 1899. 

Several branching shears or faults are exposed in the upper adit 
(fig. 48). The principal shear, which parallels the drift, strikes 
N. 87° "\V. and dips 75° S. An undulating vein follows this shear in 
the eastern part of the adit. This vein is as much as 8 inches thick 
but averages 3 inches. It consists mainly of quartz, with some calcite 
and scattered pyrite. Fragrnents of arkose are present in some parts 
of the vein. An 8-inch channel sample (MHS-134-65, table 2) was 
taken across the vein near the portal (fig. 48); it contained traces 
of zinc and lead, but no gold. A chip sample (RW-NC-57, table 2) 
taken for 38 feet along the strike of the vein contained only a trace 
of gold and silver and no lead or zinc. A 6-foot chip sample (RW
NC-59, table 2) cut across the face of the adit showed 0.1 ounce of 
silver per ton, a trace of gold and .copper, and no lead or zinc. 

A grab sample (R,V-NC-58, table 2) of quartz and minor calcite 
taken from the lower dump contained only a trace of gold, silver, 
and copper, and no lead or zinc. 

LocALITY 54 (CLEAR VIEW? 1 AND 2 CLAIMS) 

A shaft, four trenches, and two pits are located in Oregon Basin, 
about 1 mile northwest of Windy Pass via the Cascade Crest trail and 
about 2,400 feet north of Tamarack Peak (figs. 45, 46). These work
ings may be on the Clearview 1 and 2 claims, which were located in 
this general area in 1940 by L. A. Gourlie and M. F. Behnke. The 
eastermost pit is at A (fig. 49), about 60 feet below the trail and 
about 250 feet west of the trail summit on the divide between Oregon 
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Basin and Windy Basin to the east. The pit is 10 feet wide, 15 feet 
long, and about 15 feet deep. It exposes a shear zone in an altered 
plagioclase-hornblende porphyry dike. The dike is silicified along the 
shear zone, whose apparent width is 6 to 12 inches. The zone strikes 
N. 65° E. and dips 75° SE. A 3- to 5-inch quartz vein with pyrite and 
minor galena and sphalerite occurs in the shear zone. A 4-inch chip 
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sample (MHS-121-65, table 2) was taken across the vein. It yielded 
2.1 percent lead, 0.67 percent zinc, and 5.34 ounces of silver and 0.13 
ounce of gold per ton. A chip sample (RW-NC-80, table 2) repre
senting the zone exposed in the pit contained a trace of zinc, 0.5 per
cent lead, and 1.1 ounces of silver and 0.13 ounce of gold per ton. A 
grab sample (RW--NC-81, table 2) of quartz sulfide debris on the 
dump had 0.24 ounce of gold and 3.4 ounces of silver per ton, 1.75 
percent lead, and 0.15 percent zinc. 

vVorking B is an opencut that has a shaft filled with water to 
within 32 feet of its collar. This working is located 165 feet N. 
15 o W. of pit A, on a s1nall rocky ridge 60 feet east of a trail 
switchback (fig. 49). 

The cut is 17 feet long and about 14 feet wide, and exposes a 
plagioclase porphyry dike and a shear zone that strikes N. 65° E. 
and dips 45 ° SE. The zone is exposed on both sides of the shaft 
and in the back of the cut; it can be traced for a distance of 22 
feet along strike. The shear structure apparently has controlled 
the emplacement of a quartz vein, which has been essentially mined 
out, but judged by material in the dump it was at least 1.2 feet 
thick. The vein material consists principally of white opaque 
quartz, some calcite, and minor pyrite, chalcopyrite, arsenopyrite, 
galena, and sphalerite. The vein is banded in places and commonly 
contains angular pieces of partly replaced wallrock. 

A chip sample (l\1HS-131-65, table 2) was taken across the 
shear zone where it is exposed above the shaft (fig. 49). It con
tained only a trace of gold, silver, lead, and zinc. A grab sample 
(MHS-133-65, table 2) was taken of the vein material found on 
the dump, and another (RW-NC-55, table 2) was taken of a smaH 
sulfide-rich stockpile. The dump sample yielded 0.37 percent lead, 
0.36 percent zinc, and 1.08 ounces of silver and 0.08 ounce of gold 
per ton. The stockpile sa1nple contained only a trace of lead and 
copper, 2.2 percent zinc, and 0.01 ounce of gold, and 0.4 ounce of 
silver per ton. 

Two smaller cuts, a short distance west of the shaft, are slumped, 
and no mineralized material was noted. 

The uppermost workings at C are 850 feet S. 85° W. of shaft 
B, and about 100 feet higher (fig. 49). They consist of an adit, an 
opencut, and a small pit. The adit is 17 feet long and follows a 
mineralized shear zone that strikes N. 80° W. and dips 76° S. The 
country rock exposed in the adit is arkose, but granitic rock is 
common in talus in the cirque below. The shear zone has an averag·e 
thickness of 18 inches in the adit but is only 6 inches thick at the 
surface above the portal; it reaches a maximum thickness of 23 
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inches at the lower part of the adit face. Sulfide minerals are 
concentrated in layers about 3 inches wide along each side of the 
zone. A chip sample (RW-NC-69, table 2) representative of the 
total length of the zone (17 feet) exposed in the adit (fig. 49) con
tained 0.05 ounce of gold and 0.9 ounce of silver per ton, 0.6 per
cent lead, and only a trace of zinc and copper. 

Two other opencuts, about 85 feet south of the adit, are 
sloughed ; mineralized material or significant geologic structure~ 
were not seen. 

All the zones described at this loca1ity probably continue beyond 
their exposures, but because of talus and other overburden in the 
cirque area, their extent is not known. 

The country rock that encloses the veins stands well, and no 
unusual mining problems would be expected. The ore-to-waste 
ratio for normal mining methods would be about 1 : 5. If the two 
mineralized structures are continuous between the workings, which 
are 850 feet apart, then there is from 20,000 to 40,000 tons of mar
ginal material present, averaging about 0.1 ounce of gold and 2.0 
ounces of silver per ton, 0.6 percent lead, and 0.6 percent zinc. 

LOCALITY 55 (WINDY BASIN PROPERTY) 

Two groups of workings are located on a cirque headwall north
west of Windy Pass (figs. 45, 46). The first group is about 2,000 
feet northwest of the pass via the Cascade Crest trail; the other 
group is about 450 feet farther northwest. The mineralized zones 
in both groups are poorly exposed. 

The first group consists of five sloughed pits on a line trending 
N. 55 ° E. ; the lowest pit, E, is about 90 feet · (slope distance) 
above the trail (fig. 50). The difference in elevation between the 
upper and lower pits is 120 feet. The upper two pits, A and B 
(fig. 50), expose a series of narrow quartz veins in arkose. The 
veins average less than half an inch in thickness and follow the 
two predominant fractures in the country rock which trend N. 
6go E., 80° NW., and N. 25°-35° E., 85° W. Some of the vein 
material on the. dump of pit A, however, is as much as 4 inches 
thick. Pyrite was the only metallic mineral observed and consti
tutes as much as 2 percent of the vein 1naterial. A grab sample 
(RW-NC-65, table 2) of quartz vein from the dump of pit A con
tained 0.12 ounce of gold and 0.4 ounce of silver per ton, 0.1 percent 
lead, 0.35 percent zinc, and a trace of copper. A sample (RW -NC-
66, table 2) of the vein between pits A and B yielded a trace of 
gold, 0.2 ounce of silver per ton, a trace of lead, 0.2 percent zinc, 
and a trace of copper. 
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Jj"rGURE 50.-Workings on the eastern group of the ·windy Basin property 
(loc. 55). 

Pit C (fig. 50) is partly sloughed; limonitic-stained argillite is 
exposed in the west wall of the working. A chip sample (RW
NC-68, table 2) taken across the iron-oxide-stained roc}: contained 
only a trace of gold and silver. 

Above and slightly to the west (fig. 50) is a small sloughed cut 
which is on the trend of the mineralized zone exposed in the upper 
workings. No bedrock is exposed here, but pieces of quartz vein 
in a small stockpile are as much as 3 inches thick. A grab sample 
(RW-NC-67, table 2) of the stockpiled rock had 0.08 ounce of gold 
and 2.5 ounces of silver per ton, 0.85 percent lead, 2.8 percent zinc, 
and a trace of copper. 

Pits D and E (fig. 50) are caved, and no bedrock is exposed. 
The second group of workings, to the northwest, consists of three 

trenches and three small pits (fig. 51). The cuts are along a line 
that trends N. 40° E. across a steep debris-covered slope about 250 
feet above the Cascade Crest trail. The workings are quite old. 
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FIGURE 51.-Workings on the western group of the Windy Basin property 
(loc. 55). 

The largest cut is at G (fig. 51). It is 30 feet long and as much as 
12 feet wide; before sloughing it was probably about 12 feet deep. 
Other workings are caved, although bedrock is exposed in trench 
H. 

A 6- to 12-inch shear zone, containing quartz veins with pyrite 
and galena, is exposed between trenches G and H. Some pieces 
of quartz float were found in trench I, but they probably came from 
above. The shear zone is conformable to the bedding of the arkose, 
which strikes N. 42° E. and dips 68° NW. 
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A grab sample ( JR-NC-36, table 2) of sulfide-bearing quartz 
from the dump of trench G (fig. 51) yielded 0.32 otmce of gold and 
12.8 ounces of silver per ton, 6.35 percent lead, 0.2 percent zinc, and 
a trace of copper. A second sample (JR-NC-37, table 2) from a small 
stockpile at the end of trench H (fig. 51) yielded 0.2 ounce of gold 
and 8.7 ounces of silver per ton, 4.95 percent lead, 0.3 percent zinc, 
and a trace of copper. 

LOCALITY 56 ( PTOMIGAN CLAIMS) 

Locality 56 is about 1,500 feet north of Windy Pass (figs. 45, 46). It 
can be reached from Windy Pass by an old bulldozer track clown 
the West Fork of the Pasayten River that passes the discovery pit. 
The property consists of four claims : p,tomigan 1, 2, 3, and 4. They 
were located by l\frs. Florence A. Gourlie in J nne 1948. The area 
around the discovery pit is a relocation of the Quartz Lode No. 1 
claim. The property has been explored by an opencut about 30 feet 
long and 10 feet wide in fine-grained gray arkose. At the back of 
the cut two steeply clipping veins are exposed several feet apart 
that strike N. 76° E. The northernmost is 0.4 to 0.6 foot thick and 
clips 75° NW.; the southernmost is 0.5 to 0.6 foot thick and clips 
65° N,V. This property was visi,tecl in June 1952 by J. 8-. Vhay of the 
U.S. Geological Survey. At the time of :.M:r. Vhay's visit the cut was 
about 20 feet long. l\fr. Vhay (written commun., 1952) stated that 
there was only one vein, 0.5-2.0 feet thick, then exposed. 

The two veins consist mainly of quartz and pyrite, some pyrrhotite, 
sphalerite, arsenopyrite, and chalcocite, and a little chalcopyrite and 
galena. One 0.5-foot chip sample was taken across each vein. The 
sample from the northernn1ost vein (:MHS-43-65, table 2) contained 
0.082 percent copper and only small amounts of zinc, gold, and silver. 
The sample from the southernmost vein (l\fHS-44-65, table 2) yielded 
0.39 percent copper, 2.2 percent zinc, 0.033 percent lead, 0.26 ounce 
of silver per ton, and a trace of gold. 

LOCALITY 57 (HoMESTAKE GROUP) 

Locality 57 is on a broad ridge about 100 yards west of Windy 
Pass (figs. 45, 46, 52) . Here a shear zone crosses the ridge, along 
which are se:veral trenches, three pits, two adits, and an inclined 
shaft. The boundary of the Pasayten Wilderness follows the crest of 
this ridge. Although the grewter part of the workings are along the 
south side of the ridge and are. not in the wilderness area, smne of 
them extend across the boundary. According. to W. C. Moen (oral 
cmnmun., 1965), these 'vorkings are on the Hon1estake group of 
claims-11 claims staked on July 1, 1956, by E. H. Spafford. The 
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principal workings are on the Homestake claim. The westernmost 
working is a 78-foot bulldozer cut made during the summer of 1965 
(fig. 52) . Here the shear zone trends east and is exposed along the 
full length of the trench. At the wes:t end of the cut the vein is 0.7 
foot thick. The vein undulates along the trench and is as 1nuch 
as 3.9 feet thick. The shear zone consists of bleached argillite con
taining galena, pyrite, and sphalerite. A 3.9-foot chip sample (MHS-
167-65, table 2) was taken across the shear zone 60 feet east of its 
west end. This sample contained 0.31 percent lead, 0.10 percent zinc, 
and 0.29 ounce of silver and 0.06 ounce of gold per ton. 

Seventy-five feet east of :the east end of the bulldozer trench is a 
6-foot adit (fig. 52) that cuts the shear zone, which is in arkose. Along 
the shear zone is a 0.4-foot vein of quartz with pyrite that strikes 
N. 63° E. and dips 55° NW. Two chip .samples were taken across this 
vein. Sample :MHS-116-65 (table 2) contained 0.02 ounce of gold 
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and 0.06 ounce of silver per ton; sample JR-NC-40 (table 2) yielded 
0.03 ounce of gold and 0.10 ounce of silver per ton. 

Twenty feet northeast of this small adit is an inclined shaft sunk 
on the same vein. The vein in. the shaft is about 0.3 foot thick and 
consists principally of banded vuggy quartz and pyrite with some 
galena and sphalerite, and a little calcite and covellite. Two grab 
samples of vein material were taken from the dump. One sample 
(:MHS-118-65, table 2) contained 8.0 percent zinc, 3.8 percent lead, 
and 1.92 ounces of silver and 0.25 ounce of gold per ton; the other 
sample (JR-NC-39, table 2) yielded 6.1 percent zinc, 1.8 percent lead, 
0.95 ounce of silver and 0.17 ounce of gold per ton. 

The samples probably represent a small tonnage; however, the 
structure is prmninent, and more prospeoting might disclose addi
tional material of similar or higher grade. 

A short distance northeast of and below the shaft is a caved adit 
that connects to the shaft. We reopened the adit and sampled it. Two 
samples were taken at the face. The first (R\V-NC-76, table 2) was 
a chip sa1nple taken across a 44-inch shear zone consisting of silicified 
and sheared arkose with some calcite and pyrite. The pyrite occurs in 
a band only 2 to 4 inches thick. The sample contained 0.02 ounce of 
gold and 0.1 ounce of silver per ton, and a trace of zinc. The second 
sample (RW-NC-77, table 2) was from the pyrite-bearing band 
included in sample RW -NC-76. It yielded a trace of gold and silver, 
but no copper, lead, or zinc. A third chip sample (RW-NC-78, table 
2) taken from the shear zone 12 feet from the adit face contained a 
trace of gold and silver. 

Several hundred feet northeast of the caved adit, on the center of 
the ridge, are three pits. The largest (pit A, fig. 52) is 15 feet in diam
eter, at least 8 feet deep, and pa~tly slumped. Although no vein 
material is exposed in the pit, the dump contains pieces of opaque 
white quartz as Inuch as 1.5 feet thick, with scattered pyrirte. A grab 
sa1nple (MHS-115-65, table 2) was taken of pieces of vein on the 
dump. It contained 0.003 percent lead, 0.015 percent zinc, 0.010 
percent copper, and 0.02 ounce of gold per ton. A second grab sample 
of vein material (JR-NC-44, table 2) yielded only a trace of gold 
and silver. The other two pits were not dug through the overburden. 

A bulldozer trench is on the same trend several hundred feet to 
the northeast (trench D, fig. 52) and a few feet below the Cascade 
Crest trail. The trench exposes iron-oxide-stained hornfels but no 
vein material. 

Sixty feet noi.1theast of trench D and about 25 feet below it is 
pit E. An area 2 feet by .2 feet of iron-oxide- and manganese-oxide-
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stained rock is at the southwest end of this pit. A sample (R,V-NC-
88, table 2) of this rock had only a trace of gold and silver. 

The shear zone at localirty 57 is at least 300 feet long and ranges 
in thickness frmn a few tenths of a foot to at least 3.9 feet. The metal 
content of the zone is variable, but generally low. 

CANYON CREEK AREA 

The Canyon Creek are,a lies along the northwest side of Canyon 
Creek, from about 2 1niles north of Chancellor to a little more than 
a mile southwest of the mouth of l\1ill Creek (fig. 53). It is accessible 
only by the Chancellor road. 

The region is underlain by an arkose and argillite sequence that 
cont.ains local conglomerate beds. In the upper part of Cascade Creek 
and west of Chancellor these rocks are cut by several northwest
trending dikes of hornblende-quartz diorite. The sedimentary rocks 
are folded into nortlnvest-trending anticlines and synelines. 

Numerous iron-oxide-stained sulfide-bearing zones are found along 
both sides of Canyon Creek. The 1nost extensive workings in the 
study area are at the Anacortes 1nine on Cascade Creek and the 
l\Iinnesota Inine on Canyon Creek These mines and other prospects 
in the area are on steeply dipping quartz veins that contain a little 
pyrite. The veins differ frmn most veins farther east in the Sla1te 
Creekdistrict in that they are almost entirely quartz and lack sulfides 
other than pyrite. 

LocALITY 58· 

Locality 58 is on a nortlnvest-1trending spur ridge 3,000 feet south
west of Anacortes Crossing and about 3,000 feet west of the old Inill 
on the Anaeortes property (fig. 53). This locality may be on the old 
'Vhatcmn claim that "\vas located in the 1890's. Here a 20-foot trench 
that trends S. 77° Y\1. was dug into the ridge. A short adit, now 
caved, continues from the west end of the trench. The east end of 
the 1trench is in chert pebble conglomerate, part of a layer at least 
500 feet thiek, and the west end is in plagioclase arkose; the beds 
strike N. 20° ,V. and dip 55° NE. The trench is in the center of a 
strongly limonite stained oval area about twice the size of the 
trench. Although no veins were noted in place, fragments of quartz 
veins, as much as 6 inches thick, 'vere found on the dmnp. The vein 
material contains, in addition to quartz, sparse ankerite and pyrite. 
Keither a grab sainple (l\1HS-49-66, table 2) of the quartz found on 
the dump, nor a chip sample (1263, table 2) of li1nonite-stained 
eonglomerate from the south side of the trench contained any 
measurable gold or silver, nor more than traces of copper. 
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LOCALITY 59 (ANACORTES GROUP) 

The Anacortes group is on the slope north of Cascade Creek, a 
west tributary of the North Fork of Canyon Creek (fig. 53). 

The area is about 4% miles by a steep trail from the end of the 
road at Chancellor. The trail follows the creek for about 11h miles 
and then ascends steeply to the workings. 

The oldest claim in this locality, according to Whatcom County 
Courthouse records, was recorded in 1892 by Henry Benke a11d 
Henry Jaeger. It was restaked 2 years later and an adjacent claim 
recorded. By 1897, at least 10 claims were filed by Douglass 
Almond, J. H. Young, T. B. Childs, P. E. Nelson, D. M. Wood
bury, M. S. Smith, and John Russner. Several other claims have 
been staked, but location descriptions are vague. The most recent 
claims were located in 1955 by John W. Cannon, Jack White, and 
Walter Bortz. They staked three claims which essentially cover 
formerly claimed ground. 

In the early days, according to Douglass Ahnond (Hodges, 1897, 
p. 57), a 10-pound sample taken across a 20-inch vein on the 
Anacortes claims yielded $76.40 in gold. Lyon (in Landes and others, 
1902, p. 49) reported that by 1901 development on these claims in
cluded drifts on three levels. At that t~me the lower drift was 310 
feet long; the second one, 100 feet higher, was 100 feet long; and the 
third, about 1,200 feet above the second, was about 90 feet long. Later, 
several other drifts were driven, and additional work was done in the 
lower drift. In 1935 the property was obtained by the Anacortes 
Gold l\iining Co. fron1 l\irs. Douglass Almond (Mining ~Tournai, 

1935), and in 1936 a 50-ton Harding mill was packed in and erected 
near the dmnp of the main working. The company stated that the 
property then had 3,000 feet of underground workings (Mining 
Journal, 1936). The mill has since collapsed, and the remains are 
scattered down the hill. Huntting ( 1956, p. 175) reported that the 
property was owned by the Anacortes Gold l\1ining Co. until 1939. 

Prospecting activity centered on cleavage-controlled quartz veins 
or quartz-cmnentecl breccia zones as nuiCh as 5 feet thick. The quartz 
is probably related to a quartz diorite i~trusive which is irregularly 
exposed in the lower workings. The veins, according to Huntting 
(1956, p. 175), contained free gold, tellurides, and sulfides. We did 
not observe any metallic minerals in the quartz veins except a little 
pyrite. 

l\iost of the workings are near the Anacortes Crossing trail, which 
switchbacks up the steep ridge (fig. 54). The workings include 10 
adits, six of which are caved and cannot be entered, and numerous 
pits and trenches. 
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Adit A, the lowest working, is on the trail. The overburden is thick 
around the por~al, and the only rock exposed is quartz diorite in the 
walls of a partly caved adit. This adit is about 30 feet long, as esti
mated frmn the size of the dump. A grab sample (l\iHS-146-65, 
table 2) of limonite-stained quartz taken from a s1nall stockpile con
tained less than 0.02 ounce of gold and 0.06 ounce of silver per ton. 

The main arlit, mill ruins, and several collapsed buildings are on 
the trail about 400 yards west of arlit A (fig. 54). The first 100 feet 

424-547 0-71--12 
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of the 1nain adit was timbered, but it is now dangerous because of a 
general collapse of the back. The adit is 565 feet long and has several 
minor laterals and three small stopes (fig. 55). In general, it follows 
the cleavage of the argillite country rock, which strikes N. 40°-55° W. 
and dips steeply southwest. Cleavage and some faulting have con
trolled the localization of small quartz veins and lenses. The veins 
are generally narrow, but wider parts have been stoped. The main 
stope, 225 feet frmn the portal, is 30 feet high and exposes a lens
shaped breccia zone with stringers and lenses of quartz. A 5-foot chip 
sample ( RV -66-3A, table 2) cut across the breccia zone yielded only 
a trace of gold and silver. The second stope is 365 feet from the 
portal (fig. 55), and a 6-foot chip sample (RV-66-2A, table 2) cut 
across the width of a quartz-cemented breccia lens also contained 
only a trace of gold and silver. 

Several narrow quartz veins and lenses associated with an irregular 
quartz diorite body are exposed about 60 feet from the face. A 6-foot 
chip sample (RV-66-1A, table 2) taken along the wall was cut in 
argillite and small quartz veins and lenses as 1nuch as 1.5 inches 
thick. This sample showed only a trace of gold and silver. 

The dump of the main working is composed mostly of argillite 
with minor conglmnerate and vein quartz. The quartz is slightly iron 
oxide stained and contains minor pyrite. A grab sample of the quartz 
(l\fHS-145-65, table 2) had 0.12 ounce of gold and 0.09 ounce of 
silver per ton. A sample (P-NC-50, table 2) was also taken of 
lilnonite-stained quartz from the remains of the ore bin; it contained 
0.40 ounce of gold and 0.30 ounce of silver per ton. 

Above the main working and on the trail at B (fig. 54) is a trench 
that might be part of a caved adit. The trench is 15 feet long and 
exposes a 1ninor :.unount of quartz diorite. A sample (P-NC-51, 
table 2) of vein quartz that contained about 10 percent limonite and 
minor pyrite was taken frmn the dump; it yielded only a trace of 
gold and silver. 

A caved adi t is 80 feet east of B on the trail (fig. 54). This work
ing, which was originally part of the Anacortes claims, was relocated 
in 1955 by Walter Bortz and tTohn Cannon as the Telluride No. 2 
claim. A 15-foot trench leading to the collapsed portal trends 
N. 15° W. Quartz diorite is exposed along the east side of the trench; 
however, the dump consists mainly of black argillite and some quartz. 
A sample (P-NC-52, table 2) of li1nonite-stained quartz frmn a 
small stoc.kpile yielded only a trace of gold, and 0.1 ounce of silver 
per ton. A grab sample (MHS-142-65, table 2) of quartz vein mate
rial on the dump contained no gold. 
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Another caved adit is located at C about 500 feet up the trail from 
B (fig. 54). The dump consists mostly of black argillite; a little of 
the argillite is bleached, and in it are scattered cubes of pyrite. Only 
a few pieces of vein quartz 'vere observed on the dump. 

A 90-foot adit at D lies about 90 feet above and 230 feet northwest 
of the adit at C (figs. 54, 56). This working may be the upper adit 
referred to by Lyon (in Landes and others, 1902, p. · 49). Along its 
entire length, a wide white quartz vein cuts black argillite. The 
quartz body is son1ewhat irregular but trends N. 40°-45° W. and has 
an approximate dip of 70° S\V. The vein, 4 to 10 feet thick, is stained 
with iron oxides and has a little pyrite. Four chip samples ( .JC-66-
12A, l\IHS-144-65, l\fHS-143-65, ~TC-66-13A, fig. 56) cut across this 
vein and a grab sample (JC-66-4A) from a stockpile yielded only 
trace amounts of gold and silver. A sample (JC-66-12A) was taken 
at the face; it contained 0.02 ounce of gold and 0.1 ounce of silver 
per ton. 

The uppermost workings are at E at an elevation of 6,730 feet, 
about 1,200 feet horizontally southeast of Anacortes Crossing and 
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FIGURE 56.-Adit D of the Anacortes group (loc. 59). 
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about 1,700 feet northwest of the main adit (fig. 54). These were 
formerly part of the Anacortes group but were restaked by 'Valter 
Bortz and John Cannon of Winthrop, Wash., in 1955 as the Tellu
ride No. 1 clai1n. According to V\T alter Bortz (oral commun., 1966), 
they found several specimens that contained visible free gold but no 
tonnage of ore. Workings comprise three adits, two of which are 
caved, and two small pits. The three adits have been driven on a 
N. 40° W. trend and follow a shear zone with a near-vertical dip. 
The two adits located above the trail are caved, and their collapse 
has formed two trenchlike exposures. The upper trench is about 70 
feet long and exposes a minor mnount of black argillite and a fault 
gouge seam as 1nuch as 6 inches thick. A sample ( JC-66-15A, table 
2) of the gouge assayed 0.50 ounce of gold and 0.30 ounce of silver per 
ton. A grab sample (1\IIHS-170-65, table 2) of quartz vein material 
with minor pyrite and galena frmn a small stockpile at the lower 
end of the trench contained 0.10 ounce of gold and 0.09 ounce o1: 
silver per ton. The maximmn width of quartz vein material in the 
stockpile was 6 inches. 

Collapse of the 1niddle adit has formed a 40-foot-long trench. Ex
posed above the caved portal is black argillite and conglomerate, nt 
the contact of which is a 0.3-foot-rthick quartz vein. The vein trends 
N. 35° ,V. and dips 85° SW. A grab sa1nple (JC-66-9A, table 2) of 
the quartz from a small stockpile yielded 0.78 ounce of gold and 1.4 
ounces of silver per ton. 

The portal of the third adit lies about 15 feet below the trail. It is 
30 feet long and is lagged along n1ost of its length. A quartz vein on 
the wall of a shear zone is exposed at the face. The vein is 1;2 to ·4 
inches thick and contains some lin1onite staining and thin pyrite 
veinlets. Two chip san1ples (l\IHS-171-65, JC-66-11A, table 2) taken 
across the vein at its widest part contained an insignificant quantity of 
gold and silver. A grab sa1nple (JC-66-lOA, table 2) of quartz !nate
rial frmn a small stockpile on the dump contained 0.06 ounce of gold 
and 0.15 ounce of silver per ton. 

Adit F and two small caved pits above it are located between E 
and B, about 650 feet south of the workings at E (figs. 54, 57). 
The portal is at an elevation of 6,340 feet. The adit is 170 feet long 
and follows a gouge zone that trends N. 30° ,V. and dips 50°-55° S,V. 
The gouge zone pinches and swells erratically and has a quartz vein 
along it. The country rock is black argillite, and near the gouge zonl~ 
it is iron oxide stained. Total widrth of the shear zone plus the iron
oxide-stained argillite is 4 to 6 feet; total width of the quartz vein 
and gouge is 5 inches to 2 fee,t. Two 20-foot random. chip samples 
'vere taken along the structure (fig. 57), one near the end of the 
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adit (WR-66-19A, table 2) and the other (WR-66-20A, table 2) 
about midway in the adit. Neither sample had more than a trace 
of gold or silver. A chip sample (WR-66-18A, table 2) taken across 
a 1-foot-thick quartz vein at the portal assayed 0.01 ounce of gold 
and 0.2 ounce of silver per ton. 

Numerous shallow pits and trenches along this slope provided sev
eral samples of pyrite-bearing roek that. showed only a trace or less 
of gold and silver. 

In summary, apparently gold and silver values are erratically 
distributed and are generally low. Upper workings, where the better 
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values were found, represent relatively small tonnages, and there is 
no reason to believe ~that the tenor of the material will increase at 
depth. The mineralized structures continue southeastward clown the 
slope for an unknown distance beneath heavy soil cover. 

LOCALITY 60 

Locality 60 is on a small north-flowing tributary of Cascade Creek 
(figs. 53, 58), about 21,4 miles by trail from Chancellor. A short dis
tance east of the point the Anacortes Crossing trail crosses Cascade 
Creek is an old cabin site, and the workings are about 250 feet to 
the south. 

The country rock in the vicinity of the prospect is largely argillite. 
The beds trend N. 20°-30° '""· and clip steeply northeast. Quartz 
diorite crops out in a ravine 40 to 50 feet west of the workings. 

The workings consist of an aclit and two shallow pits at higher 
elevations (fig. 58). The adit is 105 feet long and follows a discon
tinuous 8-inch quartz vein that trends N. 20°-30° W. and clips 
75° NE. The pits, which are 40 ancl130 feet south of the adit portal, 
do not expose vein material in place, although small stockpiles con
tain chunks of vein quartz as much as 12 inches thick. 

The quartz vein in the adit is iron oxide stained along fractures; 
the only sulfide mineral observed was pyrite, in minor amount. A 
chip sample (RV -66-6A, table 2) taken across the face of the adit 
nssayed 0.03 ounce of gold and 0.1 ounce of silver per ton and a trace 
of copper. A chip sample (RV-66-9A, table 2) taken across the vein 
66 feet frmn the portal yielded only a trace of gold and silver; a 
grab sample (RV-66-8A, table 2) of vein quartz fron1 the upper 
pit stockpile also contained only a trace of gold and silver. 

LOCALITY 61 

Loca1ity 61 is on the ridgetop at the head of Cascade Creek and 
1,500 feet due south of the top of Jackita Peak (fig. 53). No work
ings were found at this locality. One-half- to two-inch veinlets of 
quartz in a zone of brecciated limonitic arkose parallel the bedding 
in gray Inedium-grainecl arkose that strikes N. 20° W. and dips 
84° E. Two chip samples (1687, 1688, table 2) were taken across this 
zone. Neither contained nwre than a trace of gold or silver. 

LOCALITY 62 (BIRD GROUP-GARDULA GROUP) 

The prospects collectively known as the Bird group and Gardula 
group of clai1ns are for the most part on the west and south walls 
of the cirque at the head of Friday Creek (fig. 53), although the 
western extension of the Bird group oecupies the crest of the ridge 
between Friday Creek and Devils Creek. The prospects may be 



168 

0 

MINERAL RESOURCE'S, P.ASAY'TEN WILDERNE1SS> AREA 

~\\\II;; 
\ ~,gt.O 

\~ 
\ 

\ 
.).-Vein~inches out 4980 
\ \ 

\ \ 
\ 

I 

RV-66-9A 
\ Vein 8 inches thick; minor pyrite 

\~7~5o2o 
\I 
\ 

RV-66-6A 
Vein 3 to 5 inches thick of 

quartz in brecciated argillite 

~\/LRV-66-sA ~ 
so&O 

~\.~·Vein material as much as 12 inches 
\(:l across m small stockpile 

EXPLANATION 
en 
::> 

D I o (g 
Argillite and quartz diorite w 

0:: 
u 

Quartz vein 

N 80 
----L-

20 40 FEET Strike and dip of beds 

c 
Cut or trench 

\\\II! 
Dump 

I--IRV-66-SA 

Sample locality and number 

FIGURE 58.-Locality 60 (Cascade Creek prospect). Overburden is thick and 
outcrops are sparse. The only rocks exposed are in the workings and along 
the creekbed. 



MINES AND PROSPECTS 169 

reached by following the Devils Pass trail for about 1 mile north
eastwa.rd from the Devils Park shelter. 

The Bird group consists of the Red Bird, Blackbird, and Snowbird 
claims located in 1900 by John Siegfried, William Baer, and C. H. 
Clendenin, respectively. The Red Bird and Blackbird were reloca
tions of the Red Cross No. 1 and No. 2, filed in 1885. The Bird 
claims were in turn relocated in 1903 as the Devil, Summit, Cr.ater, 
and Apex claims by P. H. Miller, F. F. Peck, and H. J. Numan. 

The Gardula No. 1 and No. 2 were located by John Siegfried; the 
Ga.rdula No. 2 was a reloeation of the Olyn1pia claim. 

The country rock in the Friday Creek area is interbedded gray to 
black slaty argillite, me,dimn- to dark-gray conglomerate, and tan to 
gray arkose. The bedded rocks strike N. 45°-50° W. and dip steeply 
northeast. In the vicinity of the Bird group workings, the sedi
mentary rocks are intruded by a small complex of dikes or dikelike 
andesitic and later rhyolitic bodies. The Gardula claims, located east 
of two small lakes in the Friday Creek cirque, are on a small stock 
of diorite. 

There are three small pits on the Bird group. One is 30 feet west 
of the Devils Creek-Friday Creek ridge crest; the other two are a 
few tens of feet east of the ridge crest on the Friday Creek side. The 
westernmost pit is about 12 feet long, 4 feet wide, and 3 feet deep; 
the central pit is 10 feet long, 8 feet wide, and 3 feet deep; and 
the easternmost working is a shallow, sloughed-in depression. The 
workings appear to be on a rhyolite dike that can be traced from a 
short distance west of the ridge crest to just above the floor of the 
Friday Creek cirque. The two western pits expose a discontinuous 
6- to 8-inch vertical quartz vein that strikes nearly east. The quartz 
and immediately surrounding country rock, which contain small 
scattered grains of pyrite, are slightly to moderately iron oxide 
stained. A sample (WR-66-10A, table 2) of gray quartz taken 
from a stockpile near the pits contained a trace of gold and silver. 

No workings were found in the area described in courthouse 
records as being the Gardula claims. The southernmost claim 
(Gardula No. 2) apparently covered a mineralized area made up 
of several parallel shear zones. The shear zones trend nearly north, 
are vertical, and vary in width from a few inches to 2 feet. They 
are made up of fractured, iron-oxide-stained quartz diorite and 
quartz. No sulfide minerals were observed. A grab sample (WR-
66-11A, table 2) of quartz float taken from talus below the outcrop 
assayed only a trace of silver and gold. 

The Gardula No. 1 claim adjoins the No. 2 to the north. The 
No. 1 claim covers a small iron-oxide-stained zone that occurs 
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where a body of quartz diorite intrudes slaty argillite. Both the 
intrusive and sedimentary rocks are moderately iron oxide stained; 
the intrusive rock is slightly bleached, moderately silicified, and 
contains several thin quartz stringers. No metallic minerals were 
observed. A chip sample C\VR-66-12A, table 2) taken across the 
iron-oxide-stained zone assayed only a trace of gold and silver. 

LOCALITY 63 

Locality 63 lies on an east-trending ridge between Cascade and 
Friday Creeks and 10,000 feet ·west-northwest of Chancellor (fig. 
53). No workings were noted. Country rock is a plagioclase arkose 
containing a 25-foot-thick layer of chert-pebble conglomerate that 
strikes N. 30°-50° "\V. and dips 75°-85° NE. A 1.5-foot limonitic 
zone that contains thin quartz veins parallels the bedding. A chip 
sample (1719, table 2} cut across the limonite zone yielded a trace 
of gold. 

LOCALITY 64 

Locality 64 is 4,000 feet northwest of Chancellor (fig. 53), on 
the southwest slope of a steep mountain just below its crest. A 
northwest-trending adit about 145 feet long (fig. 59) and a small 
trench were driven in hornblende quartz diorite. The adit follows 
a shear zone that contains one or two white quartz veins (fig. 59). 
The quartz vein is locally vuggy and limonitic and ranges in thick
ness from half an inch to 3 feet. A chip sample (1720, table 2) 
was taken in the. adit 45 feet fron1 the portal, across two 4-inch 
quartz veins; it contained only traces of gold, silver, and copper. 
The trench lies 80 feet uphill, northwest of the adit; it is partly 
slumped, but originally was 8 feet long, 6 feet wide, and 4 feet deep 
at the back. The quartz vein exposed in the trench is llh feet thick. 

LOCALITY 65 

Locality 65 is on the northwest side of Canyon Creek, about 3,500 
feet south west of Chancellor (fig. 53). At this locality a 3-foot 
bleached, iron-oxide-stained zone cuts fine-grained dark-gray arko
sic quartzite. The zone cuts across the strike of the country rock and 
has a N. 40° E. strike and a vertical dip. Within this zone thin 
veins-principally of quartz and a carbonate mineral· (calcite?)
contain sparse pyrite and a few grains of a black opaque mineral. 
A chip sample (1610, table 2) taken across this zone contained 
only traces of co.pper and no measurable amounts of gold or silver. 

LOCALITY 66 

Locality 66 is on the hillside on the northwest side of Canyon 
Creek, about 1 mile southwest of Chancellor (fig. 53). The hillside 
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FIGURE 59.-Adit at locality 64. 

is mainly talus, but there are some exposures of iron-oxide-stained 
massive arkosic quartzite with thin white quartz veins that contain 
scattered pyrite crystals. Similar altered quartzite is found on the 
southeast side of Canyon Creek in two parallel steeply dipping 
iron-oxide-stained zones about 6 to 10 feet wide. A representative 
grab sample (1611, table 2) of the altered rock with the quartz 
veins was collected from the talus on the northwest side of Canyon 
Creek. It yielded only traces of copper and no measurable gold 
or silver. 

LocALITY 67 (NEVADA CITY CLAIM) 

The Nevada City prospect is 350 feet west of Cedar Crossing, 
where the main trail crosses Canyon Creek (fig. 53). The prospect 
consists of a 110-foot ad]t whose portal is about 15 feet above Canyon 
Creek (fig. 60). According to \Vayne lVIoen, Washington State 
Bureau of l\fines and Geology, this claim was located by J. H. Young 
in 1920. No production has been recorded. 

There are two intersecting shear zones at the portal of the adit; 
one strikes N. 40° W. and dips 20° SW., and the other strikes N. 5° 
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E. and dips 30° W. The first is exposed for the length of the adit, and 
a.t the face its dip steepens; it ranges in thickness from 4.5 feet at the 
portal to 2 inches at the face. The composition of the zone also 
changes from a sheared black argillite with iron-oxide-stained gouge 
at the portal to a gouge containing breeciated argillite, calcite, qua.rtz, 
and minor iron oxides near the face. The second zone is 2 feet thick 
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on the west side of the portal; it crosses the first shear zone and dis
appears into the wall. 

Four samples were taken along the adit. A 20-foot chip sample 
(RV-67-24B, table 2) cut along the fault from the face to a point 
90 feet frmn the portal yielded a trace of silver, but no gold or 
copper. A second sample (RV-67-25B, 1table 2) taken along the same 
structure from the end of RV -67 -24B to a point 66 feet from the 
portal had no gold, silver, or copper. A 4.5-foot chip sample (RV-
67 -2C, table 2) from this same shear zone at the portal contained no 
gold, silver, or copper. A 2-foot chip sa.mple (RV-67-1C, table 2) 
from the other shear zone yielded only a trace of copper, hut no 
gold or silver. 

LocALITY 68 (MINNESOTA MINE) 

A tramline extends several hundred feet to the east from an old 
collapsed mill on the north side of Canyon Creek, 2,000 feet west of 
the mouth of Mill Creek, to a small gully where the entrance to a 
485-foot ad it is partly hidden by rock debris (figs. 53, 61). This prop
erty is the Th1innesota mine. The mill was erected in 1908 by the 
Seattle-St. Louis Mining Co. (Yale, 1909, p. 582). It was a four
stamp amalgamation mill, and tests made in it were reported in 1912 
and 1913 (Gerry, 1913, p. 923; Gerry, 1914, p. 801). Whether any ore 
was actually shipped is uncertain, but in 1918 J. T. Voight, president 
of the Seattle-St. Louis Mining Co., reported that there had been no 
shipn1ents (Norman, 1918, p. 201). 

The adit was driven due north for 40 feet to a northwest-trending 
shear zone, which it follows for 445 feet. The tunnel is all in black 
argillite. The shear zone thickens and thins from 0.3 to 4.0 feet (fig. 
61). There are from one to five quartz veins along it, although in a 
few places the shear zone has no quartz veins. 

The quartz veins also thicken and thin and attain a maximum 
thickness of 2 feet at the end of the adit, where the vein fills the 
entire shear zone. The vein is almost entirely white quartz, although 
a little pyrite and calcite were noted. Three chip samples (MHS-53-
66, MHS-54-66, MHS-55-66, table 2) were taken across the shear 
zone (fig. 61). Only one of the three showed any measurable gold, 
and it contained only 0.006 ounce of gold per ton. 

As no stopes are found along this adit, apparently the operators 
did not find any ore. 

LocALITY 69 (SouTH DEVILs PARK PROSPECT) 

A small prospect is loc.ated south. of the ridge crest at the extreme 
southeast end of Devils Park. This prospect is about three-fourths 
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of a mile southeast of the Devils Park shelter and approximately a 
quarter of a mile south of the Devils Pass trail (fig. 53). 

The area is underlain by fresh, unfractured medium- to dark-gray 
slaty argillite. The prospect working consists of a shallow opencut 
measuring 2 feet wide by 6 feet long that trends N. 55° W. Beside 
the small cut is a stockpile of 75 to 100 pounds of vuggy iron-oxide
stained quartz containing sparse pyrite. As none of this material 
was found in place within the prospect cut, the stockpile probably 
represents the entire occurrence. A grab sample (WR-66-14A, 
table 2) of the stockpiled Inaterial assayed a trace of gold and 0.2 
ounce of silver per ton. 

LocALITY 70 (NICKEL CREEK PROSPECT) 

The Nickol Creek prospect is along the Devils Pass trail about 
700 feet north of where the trail crosses Nickol Creek (pl. 3), 
which is about 2 miles upstream from the mouth of this creek. The 
country rock in the vicinity of the prospect is iron-oxide-stained 
serpentine having closely spaced joints. 

The prospect workings consist of a shallow opencut 3 feet wide 
and 10 feet long that trends S. 55° W. and terminates in a 4-foot 
by 5-foot inclined shaft that is 18 feet deep. The workings explore 
a 4-foot-wide shear zone that trends N. 35° W. and dips 60° SW. 
The rock within the shear zone is silicified, and contains numerous 
thin quartz stringers and some iron-oxide-stained siliceous boxwork. 
The quartz stringers and boxwork near the footwall and hanging 
wall of the shear zone contain intermittent stains, streaks, and small 
masses of a light-olive-green mineral, tentatively identified as the 
nickel silicate garnierite. The greater part of the quartz stringers 
and boxwork appears to be devoid of metallic minerals. 

A chip sample (WR-66-13A, table 2) taken across the shear zone 
on the floor of the inclined shaft had 0.12 percent nickel and a trace 
of gold and silver. 

Nickel silicate deposits have economic significance only when of 
far greater size than the prospect on Nickol Creek. 

LocALITY 71 (RAINBOW GRouP) 

A group of four claims staked along Nickol Creek ( ~) in 1938 
about 1112 miles downstream from locality 70 (pl. 3) belongs to the 
Rainbow group. No workings were found except pits and trenches 
associated with placer mining on nearby Canyon Creek. 

Nickol Creek has a steep gradient and cuts through a brown car
bonate body surrounded by phyllite. This body, which is exposed in 
the streambed between elevations of 3,200 and 4,200 feet, is highly 
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contorted, but trends N. 40° fW.-N. 20° E. and dips 30°-50° W. It 
was traced :from 400 :feet east of the creek to 100-200 feet west of it. 
The bulk of this rock is impure magnesite, but it also has the 
earthy green chromium-bearing mica, :fuchsite. 

Three chip samples (not listed in table 2) were cut in this rock 
near the creek. A 26-foot chip sample cut across the lower contact 
had 0.10 percent nickel, but no gold or silver. A spectrographic 
analysis of the rock showed chromium in the range of 0.01 to 0.1 
percent. An 18-:foot chip sample at an elevation of about 3,800 
feet had 0.06 percent nickel, but no gold or silver. A spectrographic 
analysis showed chromium also in the range of 0.01 to 0.1 percent. 
A 100-:foot chip sample taken along the creek near the top of the 
carbonate body had 0.06 percent nickel, a trace of gold, and 0.05 
ounce of silver per ton. 

LocALITY 72 

Locality 72 is on the north side of Canyon Creek 1,600 :feet south
west of the mouth of Nickol Creek (pl. 3). The country rock is 
black argillite interbedded with plagioclase arkose. Here, a caved 
adit is about 20 :feet above the stream. It was driven in a steep 
slide, which now almost completely covers it. The dump is small, 
and the adit was probably no n1ore than 50 feet long. The adit was 
driven into an 80-:foot-wide limonite-stained zone containing pyrite. 
The altered zone strikes N. 40° W., parallel to the strike of the 
bedding, and can be traced :for at least 100 feet on both sides of 
Canyon Creek. No quartz veins were found in the slide or on the 
dump. A grab sample (1272, table 2) of the altered rock was taken 
from the dump. It contained only 0.003 ounce of gold per ton and 
0.01 percent copper. 

LocALITY 73 

Locality 73 is on the north side of Canyon Creek 2,000 feet south
west of the mouth of Nickol Creek (pl. 3). Here, on a small terrace 
about 25 :feet above Canyon Creek, are two caved adits about 200 
feet apart. Both adits are driven into what appears to be the same 
iron-oxide-stained zone in black argillite and plagioclase arkose. A 
little pyrite is scattered through the zone. The hillside into which 
the adits are driven is very steep and is covered by a large slide that 
fills the entrances to the tunnels. From the size of the dumps we esti
mate that the east tunnel had about 200 :feet of workings and the 
west about 100 feet. Two samples of iron-oxide-stained material 
were taken :from the dumps: 1273 (table 2) from that of the east 
adit and 1274 (table 2) from that of the west adit. Neither contained 
any 1neasurable gold; sa1nple 1274, however, contained 0.02 percent 
copper. 
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LocALITY 74 

Locality 7 4 is on the north side of Canyon Creek at a sharp bend 
in the creek about 1 1nile southwest of the 1nouth of Nickol Creek 
and 1.5 1niles northeast of the 1nouth of Granite Creek (pl. 3). Here, 
a 40-foot northerly trending trench was found on a small rock terrace 
between two cliffs. Country rock is black argillite cut by a westerly 
trending plagioclase porphyry dike. This locality lies on the north 
flank of a small anticline. The trench cuts both dike and argillite, 
and one end abuts a steep hillside covered with limonitic argillite 
talus. The trench is in unaltered rock, and appears to have been used 
as a channel along which limonitic argillite was dragged by a slusher 
to some sort of separator at the other end. The old slusher and a 
donkey engine are still on the dump. A sample (1279, table 2) was 
taken of the limonitic argillite from the talus; it contained only 
0.003 ounce of gold per ton and 0.015 percent copper. 

LocALITY 75 (LucKY STRIKE CLAIM) 

The location post and shallow pit of the Lucky Strike claim were 
noted at an elevation of about 2,900 feet on a densely forested south
facing slope of Canyon Creek (pl. 3). The post is approximately 200 
feet south of the Crater l\iountain trail at a point 1.2 miles northeast 
of the Granite Creek guard station. 

The claim was recorded in 1933, as a lode claim, by Tom Reed and 
Harry H. Nixon. Bedrock is not exposed in or near the pit, so the 
claim probably was for high bench-placer 1naterial that underlies an 
area averaging 150 feet in width and extending for 500 feet parallel 
to the contour of the hill. The slope of the placer area is 15 °-20° to 
the south, 1nuch less than the surrounding hillside. The placerahle 
material is as much as 8 feet deep, but would average less than 
5 feet. A stream a few hundred feet to the west could furnish ade
quate water for a placer operation. 

A 30-pound sample of dump material from the shallow pit was 
panned. No gold or other valuable minerals were detected. 

LocALITY 76 ('STRAY HoRSE No.2 CLAIM) 

A claim identified as the Stray Horse No. 2 is located on a spur 
ridge that extends southward from Jack Mountain (pl. 3). The Jack 
Mountain area is reached by following a secondary pack trail north
easterly for about 3 miles from its junction with the Ruby Creek 
trail near the Ruby Creek barn. 

The country rock consists of laminated iron-oxide-stained dark
gray phyllite interbedded with lesser amounts of banded light- to 
1nedium-gray calcareous phyllite. The metasedimentary rocks trend 
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N. 45°-55° W. and dip steeply southwest. They are intruded by 
nmnerous small diverse-trending dikes that are 1nedium grained, 
gray, and of intermediate composition. 

A trench on this prospect is 25 feet long, 5 feet wide, and 5 to 6 
feet deep. It was dug along a 31j2- to 4-foot wide, steeply dipping 
shear zone that trends about N. 40° ,V. Within the shear zone is a 
brecciated and intensely iron oxide stained dike. Adjacent to t.he 
shear zone the wallrock is also brecciated, and iron oxide staining 
extends 3 to 4 feet out from this zone. 

The rock exposed in the opencut varies in color from mottled dark 
reddish brown to black to yellowish brown. It is in part argillized 
and soft and in part hard and silicified. Boxwork structure is com
Inon; veins of quartz, however, were not noted. Partly oxidized 
pyrite and pyrrhotite are present. The rocks are coated with manga
nese oxides and a white sulfate. A 3-foot chip sample (RV-66-4A, 
table 2) was taken across the shear zone at the face of the open cut. 
The assay showed a trace of gold and copper, and 0.1 ounce of silver 
per ton. 

LocALITY 77 

Locality 77 is at the base of a series of vertical cliffs above a long 
talus slope on the steep southwest flank of Jack J\1ountain, at an 
elevation of about 7,000 feet (pl. 3). The country rock is highly 
fractured and sheared greenstone of the Hozomeen Group of Cairnes 
( 1944), which is intruded by a swarm of northwest-trending horn
blende diorite dikes and partly sheared and serpentinized dunite dikes. 
Thin lenses of sedimentary chert are scattered through the greenstone 
and their general orientation indicates that the formation has a north
east strike and a moderate northwest dip. Most of the greenstone con
tains widely dispersed fine-grained pyrite, and most of the fractures 
are limonite stained. The greenstone is cut by a 2-foot-thick limonitic 
shear zone that strikes roughly northeast and has a very gentle dip 
to the northwest. The shear zone is exposed for about 20 feet. Within 
it are sparsely disseminated pyrite, calcite, quartz veinlets, and minor 
malachite staining. Chip samples 2244 and 2291 (table 2) were taken 
across the shear zone at points several feet apart. They contained 
0.025 percent and 0.21 percent zinc, respectively. Sample 2291 also 
contains 0.014 percent copper and 0.009 ounce of silver and 0.008 ounce 
of gold per ton. By semiquantitative spectrographic analysis, sa1nple 
2291 contained, in addition to the elements shown in table 2, 0.07 
percent arsenic, 0.01 percent beryllium, and 0.02 percent yttrium. 
Although the values of all elements are well below economic grade, 
this sample has some of the highest amounts of beryllium, yttrium, 
and arsenic of any samples obtained in the area. 
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LOCALITY 78 

Locality 78 is high on the narrow and serrated southwest-trending 
ridge of Jack ~1ountain (pl. 3). The ridge is underlain by greenstone 
that contains a few thin chert lenses and is crisscrossed by random 
fractures. A gray fine-grained hornblende-plagioclase dike about 3 
feet thick intrudes the greenstone. The dike strikes N. 15° W. and 
dips 75° SW. Closely spaced parallel joints are developed in a zone at 
least 20 feet wide on each side of the dike. The greenstone next to 
the dike is metamorphosed and contains microscopic crystals of horn
blende, actinolite, and magnetite. 

The joints and fractures adjacent to the dike are coated with 
limonite and, in places, chaleopyrite and pyrite. Two chip samples 
(2253 and 2254, table 2) taken of this limonite-stained rock contained 
0.12 and 0.006 percent zinc and 0.03 and 0.028 percent copper. Little 
or no lead, molybdenum, cobalt, nickel, or gold was detected. 

LocALITY 79 

A wide zone of shearing is exposed along a trail that traverses the 
cliffs along the east shore of Ross Lake 1,4 to lh mile south of the 
mouth of Devils Creek (pl. 3). Shears in the zone have a general 
strike of N. 35° W. and dips of 40°-50° NE. The shears mark a 
fault zone that sepa,rates greenstones of the Hozomeen Group of 
Cairnes (1944) frqm dark-gray phyllites. Both of these rocks are 
highly sheared and contorted within the fault zone and are folded 
into minor synclines and anticlines whose axes commonly plunge 
15°-18° S., 75° E. 

Blasting during trail construction exposed many small irregular 
fresh white quartz veins. Some of the veins are vuggy, containing 
fine- to medium-sized quartz crystals, and many are stained by iron 
and manganese oxide. Sparsely scattered through the quartz veins 
are pyrite, pyrrhotite, and traces of chalcopyrite and bornite. One 
such quartz vein contained minute particles of free gold, in a vug. 
The vug was lenticular and approximately 6 inches long by 2 to 3 
inches across. Its walls were lined with well-formed, clear, colorless 
quartz crystals with wires of gold sparsely scattered among them. 
No sample of this gold-bearing vuggy quartz was available for assay, 
but two samples {2272 and 2272A, table 2) of limonite-stained frac
tured quartz from nearby contained no gold or silver. Although a 
diligent search was made among the quartz veins for other signs of 
gold, none was found. Apparently, then, gold occurs very sparsely in 
isolated pockets in the quartz veins but is not particularly associated 
with the sulfide minerals. 
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LocALITY 80 

Locality 80 is at approximately 6,600 feet elevation on the west 
shoulder of Devils Dome and 1,500 feet west-northwest of an old 
lookout (pl. 3). Here a limonitic zone as much as 200 feet wide 
parallels beds of gray plagioclase arkose. This zone, which is best 
exposed on the north side of the ridge, consists of a quartz-cemented 
arkose breccia with rare 4- to 6-inch quartz veins. No workings were 
found in the area. A chip sample (RWT-268-65, table 2) taken across 
7 feet of the most highly altered rock contained no gold, and only 
0.06 ounce of silver per ton. 

LocALITY 81 

Locality 81 is on the east side of Middle Creek, about 1,200 feet 
south of its junction with Cinnamon Creek (pl. 3). The rocks here 
are plagioclase arkose and interbedded black argillite that have been 
tightly folded, sheared, and cut by several quartz porphyry dikes. At 
this locality a 2- to 3-inch quartz vein that strikes N. 25° E. and dips 
65 o N,V. cuts across the arkose. The vein is exposed for a distance of 
about 10 feet. In addition to quartz it contains some pyrrhotite and a 
little chalcopyrite. A chip sample (1337, table 2) taken across the 
vein contained no gold. 

LocALITY 82 

Locality 82 is on the south side of Cinnamon Creek, about 2,350 
feet northwest of its junction with Middle Creek (pl. 3). This locality 
may be on an old claim, as some of the trees have been cut and blazed. 
At this spot several discontinuous 1-foot quartz-calcite veins are ex
posed for about 10 :feet on the steep south wall of the canyon. They 
intruded tightly folded and sheared plagioclase arkose interbedded 
with black argillite. The veins strike N. 20° E. and dip 75° SE., and 
cut obliquely across the sedimentary rocks. Sulfides were not noted 
in the veins. A chip sample (1334, table 2) taken across two of these 
veins contained no gold. 

BOUNDARY CREEK-LIGHTNING CREEK AREA 

The Boundary Creek-Lightning Creek area comprises that part of 
the Boundary Creek drainage south of the Canadian border, the 
upper part of Lightning Creek, and a small part of Freezeout Creek 
drainage (fig. 62). ~fost of the area is underlain by the north
trending plagioclase arkose and argillite sequence, and greenstone of 
the Hozomeen Group of Cairnes (1944) that forms the western part 
of the area. In the north-central part, a hornblende diorite stock 
occupies about 1 square mile, and seve,ral satellite bodies are nearby. 

Intrusion of the diorite stock was apparently accompanied by sul
fide mineralization. Disseminated pyrite is found in many places, and 
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its weathering has formed numerous large brown iron-oxide-stained 
areas, partly in the diorite but mostly ,in the plagioclase arkose and 
argillite sequence, which locally has been silicified. These evidences 
of mineralization attracted the attention of early prospectors, and 
many claims were staked here in 1910 and 1911. Workings were found 
on only one property (fig. 62), and apparently all the claims were 
abandoned many years ago. 

LOCALITY 83 (UPPER LIGHTNING CREEK) 

Iron-oxide-stained canyon walls are found along Lightning Creek 
lj8-1 %t miles south of the International Boundary (fig. 62). At least 
25 claims were filed he.re around 1910, presumably to cover the intense
ly iron oxide stained canyon walls. No workings were found, and 
probably the claims were abandoned shortly after filing. The country 
rock is arkose, which near its contact with the hornblende diorite is 
silicified and contains disseminated sulfides, mainly pyrite. Quartz 
veins and veinlets are common a.t or near the intrusive contact. Fif
teen samples of iron-oxide-stained rock, quartz veins, and pyrite-rich 
veinlets were taken west of the stock (fig. 62; table 2) . A grab sample 
(JJ-67-15A) which had about 10 percent pyrite yielded 0.14 percent 
copper, a trace of gold, a trace of silver, and no molybdenum. Most of 
the other samples were taken from large zones of disseminated sul
fides; none contained more than a trace of gold, silver, copper, 
molybdenum, or lead (table 2). 

LocALITY 84 (RIDGE EAsT oF UPPER LIGHTNING CREEK) 

According to courthouse records, at least eight claims were staked 
between 1910 and 1911 on the ridge that parallels upper Lightning 
Creek on the east. No workings were found during the present study. 
This area is underlain by hornblende diorite, argillite, and arkose. A 
sample (EVIC-67-19A, table 2) taken of hornblende-rich diorite that 
crops out on the northern part of the ridge contains a trace of gold, 
but no silver, copper, or molybdenum. Traces of gold and silver 
were found in two of three random chip sa.mples (JJ-67-16A, 
JM-67-11A, JM-67-12A, table 2) of iron-oxide-stained diorite taken 
from the southern part of the ridge (fig. 62). A trace of copper was . 
found in one; no molybdenum or lead was detected. Three other 
samples ( 712, 713, 714, table 1) of similar rock in the same area 
yielded 0.02-0.05 percent copper and a little molybdenum. 

LocALITY 85 (BouNDARY CREEK PROSPECT) 

The Boundary Creek prospect is on a short spur ridge north of 
the east end of the hornblende diorite stock. The ridge is made 
up of bleached, silicified, and iron-oxide-stained plagioclase arkose 
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(fig. 62). Three workings (fig. 63) have been driven near the ridge 
crest. The largest, about 100 feet west of the ridge crest, consists of 
~ 52-foot adit that trends S. 34° E. The adit follows an irregular 
brecciated silicified zone in the arkose. The zone is apparently for1ned 
along the intersection of two sets of shear planes, one striking about 
north and dipping about 60° '\V. and the other striking about 
N. 60° ,V. and dipping 30°-70° NE. The silicified rock is cut by 
numerous short randomly oriented vuggy quartz veinlets, generally 
less than a quarter of an inch thick. Pyrite is scattered through the 
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veinlets and Inore sparsely in the silicified arkose. Sphalerite was 
found in one sample from the dump. A 5-foot channel sample (1693, 
table 2) taken across the mineralized zone 30 feet from the portal 
contained 0.0025 percent lead, 0.02 ounce of silver per ton, but no 
gold. A grab sa1nple ( 1690, table 2) of the most intensely mineralized 
rock from the dump yielded only 0.03 percent lead, and 0.0075 per
cent zinc. 

One hundred fifty feet southeast of the adit is a second, smaller 
adit, 15 feet long and 4 to 7 feet wide (fig. 63). It is driven on a 
sheared and gouged zone that strikes N. 50° E., dips 55° NW., and 
is 10 to 18 inches thick. A 16-inch channel sample (1694, table 2) 
taken at the portal contained 0.025 percent lead but no detectable 
zinc, silver, or gold. 

Two hundred feet N. 60° E. of the large adit (fig. 63) is a prospect 
pit 5 feet wide, 6 feet long, and 7 feet high at the face, in sheared 
and iron -oxide-stained rock. No sulfides or vein minerals are exposed 
at this pit. 

Two thousand feet downslope and northwest from the workings, 
an overhanging cliff, about 80 feet high, exposes disseminated 
pyrite in silicified arkose. A random sample (RV-67-20A, table 2) 
taken across the cliff face (fig. 62) showed only a trace of gold, a 
trace of silver, and no copper, molybdenum, or lead. 

LocALITY 86 

At locality 86, a 500-foot cliff that consists entirely of hornblende 
diorite forms the head of a southeast-facing cirque on the southeast 
side of the stock (fig. 62). At the foot of the cliff a few blocks of 
talus are cut by quartz veins bounded by iron-oxide-stained zones 
generally less than 1 foot thick. A little pyrite occurs in...some of the 
veins. A sample (1649, table 2) from one of the veins had no detect
able .gold or silver. 

LocALITY 87 (WILD RosE CLAIM) 

Courthouse records show a claim called the Wild Rose, staked in 
1911 at International Boundary Monument 76. The claim includes 
a grass-covered ridge underlain by argillite and plagioclase arkose. 
About 250 feet south of the monument a fault zone crops out that 
trends N. 10° E. and dips 65°-70° W., parallel to the strike of the 
country rock (fig. 62). The fault zone, 100-200 feet wide, is composed 
of iron-oxide-stained gouge and brecciated country rock. Sample 
RV -67 -23A (table 2) cut across this fault zone had a trace of silver 
but no gold or molybdenum. A second sample (RV-67-24A, table 2) 
of the adjacent moderately iron oxide stained country rdck also con
tained a trace of silver but no gold or molybdenum. 
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LocALITY 88 

According to courthouse records, several claims were recorded in 
1910 in an area 1-114 miles south and southeast of International 
Boundary Monument 76. The locations coincide with an iron-oxide
stained fault zone that crops out on the east-trending ridge at the 
headwaters of Boundary Creek (fig. 62). No evidence of workings 
was found. 

The fault zone is about 150 feet wide, strikes north, and has a 
steep dip. It cuts rocks of the plagioclase arkose and argillite 
sequence, some of which are moderately stained by iron oxides. Two 
chip samples (JJ-67-19A, JJ-67-20A, table 2) taken of rock in the 
fault zone had no gold, silver, copper, or lead. Two chip samples 
(EVK-67-24A, EVK-67-25A, table 2) taken across adjacent iron
oxide-stained country rock also had no gold, silver, copper, or 
molybdenum. 

PLACER DEPOSITS 

Placer claim locations have been recorded in the Whatcom County 
Courthouse at Bellingham, Wash., from 1891 through 1960 in the 
Canyon Creek and Lightning Creek-Three Fools Creek drainages. 

Available published records of placer gold production are incom
plete. An estimated $100,000 in gold at $20.67 per ounce had been 
produced from the Slate Creek district placers prior to 1877 
(Hodges, 1897, p. 56). Placer mines in the Slate Creek mining dis
trict produced $14,617 in gold at $20 per ounce in 1906 (Yale, 1907, 
p. 368). The Ruby Creek mine, at the mouth of Ruby Creek, was the 
largest producing placer mine. In 1907 gold production was about 
the same as that in 1906 (Yale, 1908, p. 477). 

Present-day streams with ijjheir V-shaped valleys and steep gradi
ents preclude the formation of anything except "flood" gold deposits 
in most o£ the areas investigated. Placer deposits would be restricted 
to remnants of older stream gravels left as bench placers and to those 
recent stream areas near productive lode mines or at the junctions of 
the larger streams. 

Stream deposits were pan sampled at the most favorable locations 
for heavy minerals. Test pits were dug and a seismic timer device 
used to determine soil depths of both of the major stream drainages. 
An attempt to use a small churn drill at Chancellor failed because 
of numerous large boulders. Cobbles and boulders larger than 6 
inches in diameter represent 20-90 percent of the alluvial material 
in all the deposits sampled. Concentrates £rom 77 samples, represent
ing sample material weighing from 4 to 560 pounds, showed gold 
values ranging from nil to 4.16 cents per cubic yard. Black sand con-
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centrates average less than 2 pounds per cubic yard over the entire 
area studied. 

The sampling in the Canyon Creek area is described under five 
separate geographic localities. The Lightning Creek-Three Fools 
Creek area is described under one general heading; all sample results 
are shown in tabular form in the appropriate sections. 

CANYON CREEK DRAINAGE 

Discovery of placer gold in the Slate Creek mining district, which 
includes all of Canyon Creek and its tributary streams, is credited by 
Hodges (1897, p. 56) to "a man named Rowley." The Whatcom 
County Courthouse records show 1891 as the first year that placer 
claims were recorded in the district. A historical note by Hodges 
( 1897, p. 6) indicates that the placers were the first operated around 
1870 following "the reti1rning tide of 1niners from the Cariboo Dis
trict of British Columbia in the early 60's." 

The early prospectors on Canyon Creek were looking for placer 
gold. Hodges ( 1897, p. 56) further stated : " * * * the placer ground 
was limited, the creeks were difficult to handle, the cost of getting to 
the camp was enormous, and the trip extremely hazardous, the camp 
was short lived, although upwards of 2,500 men went in the first 
season and fully $100,000 worth of dust was taken out. In those days 
the only route to the diggings was through British Columbia." These 
statements were fur.·ther documented by Trimble (1914) in his histor
ical account of "The ~fining Advance into the Inland Empire" prior 
to 1870. 

About 54 individual claims and groups of claims were filed for 
placers on the Canyon Creek drainage within the study area. Many 
of these were found to be relocations. The first five groups of claims 
were recorded in 1891 and 1892. 

The gradients of the placers exa1nined average 2.6 percent, or 133 
feet per mile. The optimum gradient for placers is considered 1 per
cent, or about 50 feet per mile. Digging test pits and reconnaissance pan 
sampling indicated only very fine "flood" gold as being deposited by 
the present fast- rushing stream. Our study of placer deposits in this 
area shows a maximum value of $0.04 per cubic yard of gravel 
(fig. 64; table a) . We estimate that processing the placer material 
would cost $0.50-~2 per yard. 

ELK CREEK PLACER 

Elk Creek, a small eastward-flowing tributary of the North Fork 
Canyon Creek (fig. 64), was examined because it had been located 
for placers in the 1930's. Less than 100 cubic yards of placerable 
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]fiGURE 64.-Plaeer sample localities in the Oan.yOIIl Creek drain:a,ge. Area 
outlined at Chancellor shown in :fi.gure 65. 

alluvial gravel is available in the area examined. Pan concentrates 
from two 1-cubic-foot reconnaissance samples contained no gold or 
silver and less than 1 pound of heavy minerals per cubic yard. 

CHANCELLOR PLACER 

The Chancellor placer deposit (fig. 65) is located approximately 
10 miles frmn Harts Pass at the end of the road near the mouth of 
Slate Creek. ~Ir. Frank M. Carroll, .. Winthrop, Wash., currently 
holds the Lucky claim at the junction of Slate Creek and Canyon 
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Creek. The property examined is thought to be part of the Farrar 
placer ( Huntting, 1955, p. 132). 

The placer ground was explored by test pits and one churn drill 
hole. The use of a seismic timer device indicated an average soil 
depth of 11 feet at the drill-hole site. The churn drill hole was aban
doned at a depth of 5 feet because of numerous large boulders. The 
churn drill samples consisted mainly of ground-up quartz diorite, 
arkose, and argillite rock. In spite of this, a trace amount of gold was 
detected in all samples, and silver in one. Large boulders were broken 
by use of explosives in the test pits. 'Vater prevented putting down 
test pits to bedrock. 

Placer material in the deposit is a mixture of sand, pebbles, and 
rock fragments; about 50 percent of the material ranged from 6 
inches to 1nore than 3 feet in diameter. 

The deposit ·(fig. 65) represents one of the largest placers on 
Canyon Creek. Approximately 75,000 cubic yards of material is avail
able, but it would be difficult to mine without great expense. The 
panned concentrates consisted mainly of ferromagnesian minerals, 
with some quartz, mica, and a trace of magnetite, pyrite, and fine 
gold. Samples 1-1 through 1-21 (table 3) showed a trace to 4.2 cents 
of gold per cubic yard. Concentrates were fire assayed. 

The stream gradient from Chancellor to North Fork Canyon 
Creek averages about 2 percent, or an approximate 100-foot drop 
per mile-about double the optimum for placer formation. 

CHANCELLOR TO CEDAR CROSSING 

Placer claims have been recorded that cover all the canyon between 
Chancellor and Cedar Crossing. 

The present-day creek channel is relatively steep and rugged, and 
is strewn with boulders more than 3 feet in diameter. Reconnaissance 
pan sampling throughout the entire northwest side of the stream 
indicated trace amounts of gold and less than 2 pounds of concen
trate per cubic yard. Remnants of a mined -out bench placer half a 
mile below Chancellor indicate that about 10,000 cubic yards of 
placer material was washed many years ago from a pit measuring 
300 feet long by 75 feet wide and estimated to average 12 feet in 
depth. Numerous boulders larger than 3 feet in diameter stacked 
alongside the trail indicate the great amount of work performed by 
past operators. 

The stream gradient in this area averages about 3 percent. A trace 
to 0.05 cent worth of gold per cubic yard was found by fire assay of 
concentrates from samples 1-22, 1-23, and 1-24 (table 3; fig. 64). 
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CEDAR CRossiNG TO BouLDER CREEK 

About 12 placer claims were located during 1892-1940 between 
Cedar Crossing and Boulder Creek. Samples were not taken in this 
area because of the steepness of the canyon, limited alluvial material, 
and the lack of significant gold values in the canyon above and below 
the area. The gradient in this reach is about 130 feet per mile. 

BouLDER CREEK TO PETE MILLER CREEK 

The first claims in the Slate Creek mining district were recorded 
in 1891 as Boulder Placer Nos. 3 and 4. They were located directly 
opposite the 1nouth of Boulder Creek, which is a quarter of a mile 
northeast of Holmes Creek. Twelve claims or groups of claims have 
been located from 1891 to the present time in the mile of canyon 
below the mouth of Boulder Creek. This area extends to the site 
where the canyon narrows to a rtight V below Perte Miller Creek. 
Mr. Paul Allen (oral commun., 1966) said that his uncle, Herbert J. 
Nunan, 'first worked on the claims in 1895 for a company that 
planned to flume water from Boulder Creek to hydraulic the bench 
placers in the area. Hodges ( 1897, p. 58) stated: "Frank Ledger and 
others built a flume a mile long and worked the Old Discovery claims 
near the mouth of Canyon Creek for about a month, employing 
seventeen men." 

Remnants of the flume can be seen on the south canyon wall above 
Holmes Creek. The planned hydraulic mining was terminated after 
considerable time and expense. 

The New Discovery and Ruby Bar unpatented placer claims are 
between Holmes and Pete Miller Creeks, small tributary streams that 
enter Canyon Creek from the south. These claims are now ( 1967) 
held by Paul Allen of Oak Harbor, Wash. 

Much of the stream in this area was worked for placers many 
years ago. Numerous caved adits, with several waste dumps at the 
edge of an alluvial bench 40 feet above the present stream, indicate 
that a drift-mining operation was in progress at one time. Coarse 
gold was reported to have been recovered in pockets near bedrock 
when drift mining was in progress. The bench, opposite and 400 feet 
downstream from Holmes Creek, is estimated to contain about 10,000 
cubic yards of gravel buried under about 90,000 cubic yards of talus 
and slide rock. No other potential unmined bench placer was observed 
in the area, although other bench placers appear to have been mined 
on the south side of the stream at one time. 

Other evidence of extensive bench-placer mining was investigated 
across from Pete Miller Creek. This mine was reported to have been 
last operated by Walt Woodrich of Sedro Woolley, Wash. (Hunt-
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ting, 1955, p. 133). Very little unworked gravel was found on this 
bench. Samples 1-30 through 1-33 (table 3; fig. 64) taken from this 
property showed a trace to 3.0 cents of gold per cubic yard. 

Sa1nples 1-25, 1-26, 1-27, and 1-28 from the largest potential 
stream placer in the area are listed in table 3. Black sand and con
centrate averaged less than 1 pound per cubic yard. Gold valued at 
1.6 cents per cubic yard was reported in sample 1-27. Sample 1-29, 
taken midway between the mined areas, showed 2.2 cents per cubic 
yard. 

Streamfall of 190 feet from Boulder Creek to below Pete Miller 
Creek gives an average gradient of 3.6 percent which permits forma
tion of only transitory placer deposits. 

LIGHTNING CREEK-THREE FOOLS CREEK AREA 

Courthouse records show that 99 placer claims were located in the 
Lightning Creek-Three Fools Creek area (fig. 66). Eight of these 
claims were recorded from 1895 through 1902. Ninety-one claims were 
recorded in 1932 and 1933, during the difficult years of the "great 
depression." No claim notice or any other evidence of placer mining 
was seen in the area. Ruins of a cabin at the mouth of Shull Creek, 
in addition to the shelters shown in figure 66, were the only signs of 
hmnan habitation seen in the area. 

An attempt was made to sample all the located placer claims, 
though n1any of the locations are vaguely described. 

The depth of gravel was determined by seismic refraction sound
ings near the mouth of Cinnamon Creek and Deer Lick Cabin on 
Lightning Creek. Indicated gravel depth at both averaged 71h feet. 
Bedrock was exposed nearby in the streams. Test pits were not com
pleted to bedrock, owing to large boulders and excessive water, but 
samples panned from bedrock exposures near the test pits showed 
low values. Sa1nple size represented by the pan concentrates ranged 
from 50 to 560 pounds. The larger samples were from gravel con
taining 95 percent cobbles and boulders more than 3 inches in 
diameter. 

One placer claim located on Elbow Creek had less than 50 cubic 
yards of alluvial material. :.Many of the gravel bars were formed 
behind logjams in the creeks. 

Stream gradient in the Lightning Creek-Three Fools Creek area 
averages more than 3 percent, ranging from 2 percent at Deer Lick 
Cabin to 20 percent on Elbow Creek. Table 4 shows that the best 
gold values ( 0.2 cent per cubic yard) were found in sample 2-35 
from the large bar above Deer Lick Cabin, and in sample 2-10 from 
a bar at the junction of Cinnamon and Three Fools Creeks. Sample 
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2-35 contained a trace of pyrite, which had the appearance of gold 
when casually inspected in the pan concentrates. In summary, test 
pits and other sampling indicated trace amounts of fine gold and 
less than 2 pounds per cubic yard of other heavy-mineral concen
trates. Gold content of samples 2-1 through 2-42 from the Lightning 
Creek-Three Fools Creek drainage area is shown in table 4. 

424-547 0-71---14 
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A block of arkose, 6 by 6 by 12 inches, with a l-inch quartz vein 
containing about 5 percent 1nolybdenite crystals, was found one-third 
of a mile above the mouth of Cinnamon Creek. Its source was not 
located. 

CONCLUSIONS 

The Tungsten Creek, Slate Creek, and Billy Goat Mountain areas 
contain submarginal 1nineral deposits or appear to have a potential 
for the discovery of economic deposits. The commodities present are 
tungsten, copper, gold, and silver. 

Submarginal tungsten resources at prospects in the Tungsten 
Creek area are estimated to be 300,000 to 400,000 tons, but the costs 
of mining at present are estimated to be three to six times the con
tained values. Small high-grade sections of the veins may be Inar
ginal. The total tungsten resources of the area, including sections 
between the prospects, may approach a million tons of rock. 

The value of ore produced from those parts of the Slate Creek 
district that are outside the wilderness area but within 2 miles of the 
wilderness boundary totals 1nore than $1,500,000. No recorded pro
duction from prospects within this part of the wilderness is known. 
Known deposits within this part of the wilderness are estimated to 
contain 75,000 to 140,000 tons of submarginal vein material. The 
principal metal of value is gold, but values in silver and copper also 
are present. Most of the deposits are small and could be developed 
only on a small scale, but further prospecting might reveal larger 
or higher grade deposits in the 1- to 21;2-mile-wide belt adjacent to 
the Slate Creek district. 

In the Billy Goat l\fountain area only one prospect with economic 
potential is known within the wilderness area. It is less than a mile 
from the boundary and is estimated to contain 100,000 to 400,000 tons 
of marginal copper, silver, and lead resources. 

Several geochemical anomalies around the Monument Peak stock 
indicate the possible existence of low-grade disseminated deposits of 
copper and molybdenum. Extensive physical exploration, far beyond 
the scope of this study, would be needed to determine the extent of 
the deposits. 
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TABLE 1.-Analyses of samples from stream sediments, panned concentrates, 

[Leaders ( __ ) indicate element not looked for; <,less than the amount shown; >,more than the amount 
D. J. Grimes, A. P. Marranzino, W. B. Crandell, Joseph Harris, H. G. Neiman, Arnold Farley, Jr., 
Post, W. L. Lehmbeck, W. P. McKay, C. L. Whittington, and W. H. Raymond, Jr.; and atomic-absorp
J. A. Thomas. Footnote is given at end of table.] 

Semiquantitative spectrographic 
ana 1 yses (ppm) 

Samp 1 e Ti Zn Mn Zr La Ni Cu Pb Me Sn Co Ag Be Ga As Sb 

Lonq Draw drainage 

Middle Fork of Teats Coulee Creek drainase 

10,000 <100 1, 000 500 1,500 300 <30 <1 <30 70 <3 <3 15 <.1 <1 20 <100 <100 
--- ---- --- --- --- ---
--- ---- --- --- --- --- --- --- ---
Horseshoe Creek drai nase 

7 --- --- --- --- --- ---
8 5, 000 <200 1, 000 150 50 <20 15 30 10 5 20 <2 <10 20 <1 20 <500 <50 
9 5, 000 <200 1, 000 150 20 <20 7 10 10 7 5 <2 <10 10 <1 <1 15 <500 <50 

10 1, 000 <1 00 500 10 150 50 <30 70 7 <30 15 <3 <3 <1 <.1 1 10 <100 <100 
11 700 <200 1,500 20 30 <20 5 3 15 5 5 3 <10 <5 <1 1 10 <500 <50 

12 1, 500 <200 700 70 100 50 3 5 10 5 15 <2 <10 5 <1 15 <500 <50 
13 2, 000 <200 700 30 50 <20 5 7 10 <5 7 <2 <10 5 <1 10 <500 <50 
14 >1 0, 000 <200 1,500 300 500 500 20 10 <10 10 150 <2 <10 10 <1 <1 30 <500 <50 

Small creeks flowins into Canada east of Cathedral Peak 

15 2, 000 <1 00 700 150 150 <30 <30 <1 <30 15 <3 <3 15 <.1 <1 10 <100 <100 
16 
17 
18 --- --- ---

Tunssten Creek drainase 

19 
20 
21 
22 
23 

24 
25 
26 
27 >1 0, 000 <200 1, 500 200 1, 000 500 10 10 <10 15 100 <2 <10 15 <1 <1 50 <500 <50 
28 >1 0, 000 <200 3,000 300 500 500 50 3 <10 20 100 <2 <10 15 <1 <1 30 <500 <50 

Cathedra 1 Creek drainage 

29 
30 
31 
32 1, 500 <200 1,000 50 70 30 15 7. 15 <10 10 <1 15 <500 <50 
33 >1 0, 000 <200 >5, 000 3 00 200 500 <10 15 70 <2 <10 15 <1 <1 50 <500 <50 

Chewack River drainase 

34 1, 500 <200 700 30 50 20 20 10 7 <2 <10 5 <1 15 <500 <50 
35 1, 000 <200 500 50 30 50 10 5 10 <2 <10 <5 <1 15 <500 <50 

Fire Creek drainase 

36 1, 000 <200 300 30 150 <20 20 15 7 <2 <10 5 <1 15 <500 <50 
37 1, 000 <200 300 50 20 300 3 15 30 <2 <10 5 <1 15 <500 <50 
38 2, 000 <200 500 50 200 <20 5 20 10 <2 <10 5 <1 15 <500 <50 

Little Andrews Creek drainase 

39 1, 500 <200 700 70 70 100 15 <5 10 <2 <10 7 <1 <1 20 <500 <50 

Ram Creek 

40 1, 500 <200 700 50 50 <20 15 <5 7 <2 <10 7 <1 <1 15 <500 <50 
41 >1 0, 000 <200 700 200 150 150 <10 10 10 <2 <10 15 <1 <1 20 <500 <50 
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and fresh and altered rocks in the Pasayten Wilderness Area, Washington 

shown; M, greater than 10 percent. Six-step semiquantitative spectrographic analyses were made by 
and K. C. Watts, Jr.; colorimetric analyses for heavy metals, cold copper, and molybdenum, by E. V. 
tion analyses for gold, by E. E. Martinez, R. L. Miller, T. A. Roemer, J. G. Frisken, J. E. Troxel, and 

Semiquantitative spectrographic 
ana I yses--Cont i nued 

(ppm) (percent) 

Chemical analyses 

(ppm) 
Sample Sc Cr Ba Sr Fe Mq Ca cxHM cxCu Au Mo Sample description !J 

7 
8 
9 

I 0 
II 

12 
13 
14 

15 
16 
17 
18 

19 
20 
21 
22 
23 

24 
25 
26 
27 
28 

29 
30 
31 
32 
33 

34 
35 

36 
37 
38 

39 

40 
41 

15 200 200 50 

----- -----
15 50 700 500 7 

7 20 500 300 5 
3 10 I, 500 70 I 

<5 <5 300 ISO I . 5 

5 5 300 200 2 
<5 I 0 300 200 I .5 
20 100 200 70 20 

Long Draw drainage 

<.5 12 Active stream sediment. 
<.5 ----- 8 Do. 
1.5 ----- 8 Do. 

M i dd I e Fork of Toats Cou I ee Creek dra i nag_e 

. 05 I .5 

Horseshoe 

I .5 
I 

. 2 .s 

. 2 . 5 

.3 I 

. 5 . 7 

.2 .s 

7 
II 

Creek 

I 
.s 

<.5 ----- ---
<. 5 -----

dra i nase 

.s -----
I 

----- -----
----- -----
<.5 -----

----- ----- ---
<.5 ----- ---

----- ----- ---

Panned concentrate • 
Active stream sediment. 

Do. 

Active stream sediment. 
Do. 
Do. 

Quartz monzonite. 
Active stream sediment. 

Do. 
Do. 

Panned con cent rate. 

Small creeks flowing into Canada east of Cathedra I Peak 

20 20 2,000 200 I .5 ----- ----- Gneissic quartz diorite. 

----- ----- ----- ----- <.5 Active stream sediment. 
----- ----- ----- ----- <.5 ----- Do. 
----- ----- ----- ----- <.5 ----- Do. 

Tungsten Creek d ra i nase 

--- ----- ----- ----- ----- 17 12 Active stream sediment. 
2 <.5 4 Do. 

--- ----- ----- ------ ----- I <.5 4 Do. 
--- ----- ----- ----- ----- 9 <.5 2 Do. 
--- ----- ----- ----- ----- 27 . 5 12 Do. 

--- ----- ----- ----- ----- <.5 Do. 
--- ----- ----- ----- ----- Do. 
--- ----- ----- ----- ----- <.5 Do. 

50 50 70 100 15 . 7 ----- ----- --- Panned concentrate. 
50 50 200 I 00 15 . s ----- ----- --- Do . 

Cathedra I Creek drainase 

--- ----- ----- ----- ----- <.5 6 Active stream sediment. 
--- ----- ----- ----- ----- I <.5 4 Do. 
--- ----- ----- ----- ----- .s <.5 16 Do. 

5 20 300 200 2 . 5 I 2 <.5 Do. 
30 200 ISO 100 15 I .s Panned cone en t rate. 

Chewack River drainage 

<5 5 300 200 1.5 I ----- ----- ----- Active stream sediment. 
<5 10 300 200 2 .2 ----- ----- ----- Do. 

Fire Creek drainase 

<5 <5 300 200 I .3 I .5 ----- ----- --- Active stream sediment. 
5 7 500 300 I. 5 2 I .5 ----- ----- ----- Do. 
5 I 0 300 200 2 . 5 I ----- ----- ----- Do. 

Little Andrews Creek drainase 

<5 10 500 300 .s I .5 ----- ----- ----- Active stream sediment. 

Ram Creek 

<5 7 500 500 2 .s I .5 Active stream sediment. 
I 0 ISO 300 300 15 I I ----- ----- Panned concentrate. 
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TABLE l.-Analyse8 of sample,<; from 8tream ,<;ediments, panned concentrates, and 

Semiquantitative spectrographic 
ana 1 yses {ppm) 

Sample Ti Zn Mn Zr La N i Cu Pb Mo Sn Co Aq Be Ga As Sb 

42 
43 
44 
45 
46 

47 
48 

49 
50 
51 
52 
53 

54 
55 
56 

57 
58 
59 
60 
61 

62 
63 
64 
65 
66 

67 
68 

69 
70 

71 
72 
73 

74 
75 
76 

77 
78 

79 
so 
81 

82 
83 
84 

1, 000 <200 
1, 500 <200 

500 <200 
1, 000 <200 

700 <200 

1, 000 
700 
500 
700 
700 

30 
50 
30 
50 
30 

3,000 <200 1,500 70 
1, 500 <200 700 50 

1 , 000 <200 1 , 000 50 
2, 000 <200 1 , 000 100 
1, 500 <200 1, 500 70 
1 , 500 <200 1 , 500 70 
2, 000 <200 1, 500 100 

>1 0, 000 <200 2, 000 300 
2, 000 <200 500 50 
1 , 000 <200 300 30 

1 , 000 <200 1 , 000 50 
>1 0, 000 <200 1 00 200 

1, 500 <200 300 30 
700 <200 200 30 

2, 000 <200 300 50 

500 <200 
>1 0, 000 <200 

1,000 <100 
>1 0, 000 <200 
>1 0, 000 <200 

>1 0, 000 <200 

300 15 
2,0GO 100 

300 15 
1, 500 500 
1, 500 300 

1 '500 200 

>1 0, 000 <200 2, 000 300 

300 <1 00 200 <1 
>1 0, 000 <200 5' 000 200 

>1 0, 000 <200 1, 500 500 
2,000 <100 1,000 70 

Peepsiqht Creek drainage 

70 <20 
50 <20 
30 <20 
30 <20 
50 <20 

3 
5 

15 
3 
5 

10 
10 
10 
10 
10 

7 
7 

10 
7 
5 

<5 
7 

<5 
<5 
<5 

<2 <10 
<2 <10 
<2 <10 
<2 <10 
<2 <10 

5 <1 
7 <1 

<5 <1 
5 <1 
7 <1 

<1 
<1 
<1 
<1 
<1 

15 <500 
15 <500 
15 <500 
15 <500 
15 <500 

<50 
<50 
<50 
<50 
<50 

70 <20 7 5 20 1 0 20 <2 <1 0 10 <1 <1 20 <500 <50 
50 3 0 10 15 20 7 1 0 <2 <1 0 7 < 1 <1 15 <500 <50 

30 <20 
50 50 
50 <20 

100 <20 
200 <20 

Andrews Creek d ra i naqe 

10 
30 
15 
15 

2 

10 
30 

7 
10 
7 

15 
15 
10 
10 
10 

20 <5 
10 5 
<5 10 
10 10 
5 15 

<2 <10 
<2 <10 
<2 <10 
<2 <10 
<2 <10 

300 150 
100 30 
30 <20 

5 <10 15 30 <2 <10 
10 <2 <10 
5 ,<2 <10 

2 10 5 
10 15 <5 

Lake Creek drainage 

50 <20 2 10 10 <5 7 <2 <1 0 
300 70 5 <2 <10 30 30 <2 <10 

50 <20 5 3 15 5 <5 <2 <10 
15 <20 <2 5 15 5 5 <2 <10 
70 100 <2 <2 10 <5 10 <2 <10 

20 <20 <2 3 15 <5 <2 <10 
<2 <10 
<3 <3 
<2 <10 
<2 <10 

100 200 3 3 <1 0 10 >200 
100 <30 <30 <3 5 <30 7 
200 150 20 10 <1 0 20 50 
150 200 10 20 <10 15 50 

Spanish Camr area 

Cathedra 1 Fork d ra i naqe 

Beaver Creek dra i naqe 

20 70 10 20 <10 <5 <2 <10 

Bob Creek dra i naqe 

200 50 1 0 5 <1 0 20 1 00 <2 <10 

Spot ted Creek d ra i naqe 

7 <1 
15 <1 
15 <1 
15 <1 
15 <1 

20 <1 
5 <1 
5 <1 

<5 <1 
10 <1 
5 <1 

<5 <1 
5 <1 

<5 <1 
15 <1 
<1 <.1 
15 <1 
15 <1 

10 <500 
15 <500 
10 <500 

<1 15 <500 
<1 15 <500 

<50 
<50 
<50 
<50 
<50 

<1 50 <500 <50 
<I 15 <500 <50 
<1 15 <500 <50 

<1 10 <500 
<1 30 <500 
<1 15 <500 
<1 15 <500 
<1 15 <500 

<50 
<50 
<50 
<50 
<50 

<1 15 <500 <50 
<1 20 <500 <50 
<1 10 <100 <100 
<1 50 <500 <50 
<1 70 <500 <50 

30 <1 <1 15 <500 <50 

20 <1 <1 70 <500 <50 

30 <30 <30 10 <30 10 <3 <3 <1 <.1 10 <100 <100 
200 200 5 1 0 <1 0 15 200 <2 <1 0 1 0 <1 <1 20 <500 <50 

Raven Creek drainage 

150 200 <2 15 <10 10 70 <2 <10 10 <1 <1 50 <500 <50 
150 <30 <30 1 5 <30 20 <3 <3 7 <.1 <1 10 <100 <100 

Gabri 1 Creek drainage 

5,000 <100 1,500 300 5,000 150 <30 10 <1 <30 70 10 10 10 <.1 <1 30 <100 <100 
3,000 <200 700 70 150 <20 <2 3 10 <5 30 <2 <10 '5 <1 <1 10 <500 <50 
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fresh and altered rock8 in the Pasayten Wilderne.ss Area, Washington-Continued 

Semi quantitative spectrographic Chemical analyses 
analyses--Continued 

(~~m) ~~ercent) (~~m) 
descri~tion .!J Sam~ I e Sc Cr Ba Sr Fe Mg Ca cxHM cxCu Au Mo Sam~ I e 

Pee~s i ght Creek drainage 

42 <5 <5 500 500 1.5 .3 1.5 <.5 ----- --- Active stream sediment. 
43 5 7 500 500 2 . 7 1.5 ----- ----- --- Do. 
44 <5 <5 500 500 l .5 .2 1.5 ----- ----- --- Do. 
45 <5 <5 300 500 l .5 .5 l ----- ----- --- Do. 
46 <5 20 700 700 l .5 .5 1.5 ----- ----- --- Do. 

47 20 500 500 3 . 7 ----- ----- --- Do. 
48 50 500 700 1.5 . 7 <.5 ----- --- Do. 

Andrews creek d ra i nase 

49 <5 20 300 300 1.5 l 2 Active stream sediment. 
50 7 l 00 300 300 3 1.5 2 <.5 ----- --- Do. 
51 7 50 30 300 3 1.5 1.5 . 5 ----- --- Do . 
52 5 70 500 500 5 • 7 l .5 ----- ----- --- Do. 
53 10 30 300 500 5 1.5 2 <.5 ----- --- Do. 

54 10 200 300 300 15 l l ----- ----- --- Panned concentrate. 
55 <5 10 300 500 l .5 .5 2 ----- ----- --- Active stream sediment. 
56 <5 10 500 500 1.5 • 3 .2 ----- ----- --- Do. 

Lake Creek drainage 

57 <5 5 500 300 3 .5 2 <.5 ----- Active stream sediment. 
58 7 30 150 l 00 >20 .l .] ----- ----- --- Panned concentrate. 
59 <5 5 300 500 l .3 1.5 <.5 ----- --- Active stream sediment. 
60 <5 <5 300 500 I . 2 1.5 ----- ----- --- Do. 
61 <5 10 700 700 2 .3 I .5 ----- ----- --- Panned con cent rate. 

62 <5 <5 500 500 I . 2 I .5 ----- ----- --- Active stream sediment. 
63 10 150 300 300 15 I I ----- ----- --- Panned concentrate. 
64 <l 3 500 500 1.5 .2 1.5 ----- ----- --- Biotite quartz diorite. 
65 7 20 300 300 20 . 3 l ----- ----- --- Panned concentrate. 
66 10 20 500 I ,000 20 .3 I .5 ----- ----- --- Do. 

S~an ish Cam~ area 

67 ----- ----- <.5 ----- Active stream sediment. 
68 ----- ----- <.5 ----- Do. 

~~tb~dr:~l Fork drain age 

69 --- ----- ----- ----- ----- <.5 ----- Active stream sediment. 
70 --- ----- ----- ----- ----- <.5 ----- Do. 

Beaver Creek dra i na~e 

71 --- ----- ----- ----- ----- <.5 ----- Active stream sediment. 
72 --- ----- ----- ----- ----- <.5 ----- Do. 
73 30 150 150 300 10 I .5 ----- ----- --- Panned concentrate. 

Bob Creek drainage 

74 --- ----- ----- ----- ----- <.5 ----- Active stream sediment. 
75 --- ----- ----- ----- ----- <.5 ----- 12 Do. 
76 100 50 100 20 .I ----- ----- --- Panned con cent rate. 

S~otted Creek drainage 

77 <I <3 700 200 .5 .07 l ----- ----- ----- --- Granodiorite. 
78 10 5 I 00 100 >20 . 3 . 2 ----- ----- ----- Panned con cent rate • 

Raven Creek drainage 

79 --- ----- ----- ----- ----- <.5 ----- --- Active stream sediment. 
80 7 20 300 500 20 . 7 ............... ----- ----- --- Panned concentrate 
81 10 <3 500 700 5 1.5 ............... ----- ----- --- Granodiorite gneiss. 

Gabri I Creek drainage 

82 --- ----- ----- <.5 ----- Active stream sediment. 
83 15 15 70 30 M .07 l .5 ----- ----- Panned concentrate. 
84 7 5 300 500 3 . 7 3 ----- ----- Active stream sediment. 
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TABLE 1.-Analyses of sa·mples from stream sediments, panned concentrates, and 

Semiquantitative spectrographic 
ana I yses (ppm) 

Sam~ I e Ti Zn Mn Zr La N i Cu Pb Me Sn Co As Be Ga As Sb 

S~an ish Creek 

85 >I 0, 000 <200 5,000 500 I 00 200 2 15 <10 15 70 <2 <10 15 <I <I 50 <500 <50 

Timber Wolf Creek drainage 

86 3, 000 <I 00 I, 500 500 500 200 <30 I 0 <I <30 70 <3 15 10 <.1 <I 30 <100 <100 
87 3' 000 <200 I, 000 150 100 <20 3 7 <10 5 15 <2 <10 15 <I <I 20 <500 <50 
88 7' 000 <200 I, 000 300 700 150 <2 10 <10 20 30 <2 <10 15 <I <I 50 <500 <50 

Martina Creek drainage 

89 --- --- ---
90 --- --- ---
91 --- --- ---
92 3, 000 <I 00 I, 000 200 <3 <30 <30 7 <I <30 15 <3 <3 30 <.I <I 10 <100 <100 
93 7' 000 <200 >5, 000 200 50 20 I 0 20 <10 <5 50 <2 <10 20 <I <I 15 <500 <50 

Ashnola River draina9e 

94 I, 500 <200 300 30 20 <20 2 7 I 0 5 <5 <2 <10 <5 <I <I 15 <500 <50 
95 I, 000 <200 700 20 70 20 2 3 15 5 5 <2 <10 <5 <I <I 15 <500 <50 
96 I, 000 <200 I, 500 30 20 <20 3 3 10 <5 <5 <2 <10 5 <I <I I 0 <500 <50 
97 I, 000 <200 500 30 15 <20 5 5 <10 <5 <5 <2 <10 5 <I <I 15 <500 <50 
98 700 <200 700 30 30 <20 2 20 10 5 10 <2 <10 <5 <I <I 15 <500 <50 

99 >I 0, 000 <200 >5, 000 500 I 00 500 <2 15 <10 10 150 <2 <10 15 <I <I 50 <500 <50 
100 I, 000 <200 300 30 15 <20 <2 7 10 5 <5 <2 <10 <5 <I <I 15 <500 <50 
101 I, 500 <200 I, 000 30 20 <20 5 7 10 <5 10 <2 <10 5 <I <I IS <SOD <50 
102 7' 000 <200 1 ,sao 200 150 200 <2 15 <10 7 50 <2 <10 10 <I <I 30 <500 <50 
103 10,000 <200 2,000 300 I ,000 200 5 15 <10 15 50 <2 <10 15 <I <I 50 <500 <50 

104 --- --- ---
I 05 --- --- ---
106 3,000 <100 I, 000 150 I 00 <30 <30 20 <I <30 20 <3 <3 20 <.I <I 10 100 <100 
107 5, 000 <200 I, 500 200 50 <20 15 30 10 <5 30 <2 <10 20 <I <I 15 <500 <50 
108 I 0, 000 <200 2, 000 300 700 150 <2 15 <10 50 70 <2 <10 15 <I <I 30 <500 <50 

Ramon Creek drainage 

109 5, 000 <I 00 I, 000 300 150 <30 30 <I <30 50 <3 <3 30 <.I <I 10 <100 <100 

Peeve Creek drainase 

110 10,000 <200 I ,500 300 200 100 5 10 <10 10 20 <2 <10 15 <I <I 20 <500 <50 
Ill 7, 000 <200 I, 500 200 70 70 I 0 20 <10 5 15 <2 <10 20 <I <I 20 <500 <50 
112 5, 000 <200 I ,000 150 70 30 10 10 I 0 <5 20 <2 <10 15 <I <I 20 <500 <50 

E i gh tm i I e Creek drainage 

112a I 0, 000 <200 200 30 150 <20 <2 50 100 <10 10 <2 <10 <5 I <I <I 0 <200 <10 
112b 7, 000 <200 15 150 150 <20 <2 50 150 <10 <5 <2 <10 <5 15 <I <10 <200 <100 
113 
114 
115 

116 5, 000 <200 300 150 70 20 15 30 15 10 5 <2 <10 15 <I <I 20 <500 <50 
117 I ,500 200 500 70 50 <20 10 70 70 7 20 <2 <10 15 I <I 15 <500 <50 
118 2, 000 <200 I ,000 70 50 <20 10 70 20 15 7 <2 <10 15 <I I 20 <500 <50 
119 2,000 <100 I ,500 70 200 <30 <30 100 7 <30 10 <3 <3 7 <.1 <I 15 <100 <100 
120 

121 --- --- ---
Goat Creek drainage 

122 <10,000 <200 700 200 100 30 10 20 <10 10 5 <2 <10 30 <I <I 20 <500 <50 
123 2, 000 <200 700 20 20 <20 15 30 10 20 10 <2 <10 15 <I I 15 <500 <50 
124 >10,000 <200 I, 000 200 700 30 30 30 70 20 30 <2 <10 30 I <I 20 <500 <50 
125 700 <200 200 10 I 00 <20 7 15 70 7 20 3 <10 <5 <I <I 50 <500 <50 
126 3, 000 <200 300 70 100 30 10 20 30 50 7 <2 <10 15 <I I 30 <500 <50 
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fresh and altered rocks in the Pasayten lVilderness Area, Washington-Continued 

Semi quantitative spectrographic Chemical ana 1 yses 
ana 1 yses--Cont i nued 

(~~m) (~ercent) (~~m) 
Sam~ 1 e descr i ~t ion !J Samp 1 e Sc C r Ba Sr Fe Mq Ca cxHM cxCu Au Mo 

S~an ish Creek 

85 15 50 70 150 20 ----- ----- ----- --- Panned concentrate. 

Timber Wolf Creek drainase 

86 10 15 150 100 M .03 1.5 ----- ----- --- Panned concentrate. 
87 15 20 500 1 '000 7 1.5 3 <.5 ----- Active stream sediment. 
88 7 10 200 200 20 .3 1 ----- ----- --- Panned con cent rate. 

Martina Creek dra i nase 

89 ----- ----- ----- ----- <.5 12 Active stream sediment. 
90 ----- ----- <.5 ----- 12 Do. 
91 ----- ----- <.5 ----- 12 Do. 
92 30 15 300 700 10 ----- ----- --- Hornb 1 en de gneiss. 
93 20 20 300 500 7 ----- ----- --- Panned concentrate. 

Ashnola River drainase 

94 <5 <5 300 300 1.5 :3 1 Active stream sediment. 
95 <5 <5 500 500 1.5 .2 1 Do. 
96 <5 5 300 300 1.5 .3 1 Do. 
97 <5 10 500 500 1.5 . 7 2 <.5 Do. 
98 <5 5 500 500 1.5 .3 1 .5 Do. 

99 20 30 300 300 >20 .5 1 Panned concentrate. 
100 <5 <5 300 700 1.5 .3 1 .5 Active stream sediment. 
101 <5 5 300 700 1.5 .1 2 Do. 
102 10 20 300 700 15 1 1.5 Panned concentrate. 
103 10 30 300 300 20 . 7 1 .5 Do. 

104 ----- ----- ----- ----- <.5 Active stream sediment. 
105 ----- ----- ----- ----- <.5 Do. 
106 20 15 700 700 5 2 5 Biotite hornblende gneiss. 
107 10 20 300 500 7 f .5 3 <.5 Active stream sediment. 
108 10 20 100 100 >20 . 7 1.5 Panned concentrate. 

Ramon creek d ra i nase 

109 50 100 300 500 .5 ----- ----- ----- Panned concentrate. 

Peeve Creek drainase 

110 20 20 200 500 10 1 .5 Panned concentrate. 
111 20 20 300 1,000 10 3 ----- ----- ----- --- Do. 
112 10 30 300 1,000 7 2 .5 Active stream sediment. 

Eishtmi le Creek drainase 

112a 15 10 >5,000 300 .1 .07 ----- <. 003 Iron oxide stained vo1 rocks. 
112b 10 7 2, 000 150 .03 .05 ----- <. 003 
113 ----- ----- ----- ----- >50 <.5 Active stream sediment. 
114 ----- ----- ----- ----- >50 15 Do. 
115 ----- ----- ----- ----- >45 <.5 Do. 

116 10 50 300 300 1 . 7 Do. 
117 5 30 300 150 1 . 7 11 Do . 
118 7 30 500 500 1 . 7 11 Do . 
119 7 10 1,500 500 1.5 2 ----- ----- Plagioclase porphyry dike. 
120 ----- ----- >45 <.5 Active stream sediment. 

121 ----- ----- ----- ----- . 5 ----- --- Do . 

Goat Creek drainase 

122 20 30 200 300 15 1.5 1 .5 ----- ----- Panned concentrate. 
123 10 30 300 300 2 1 1.5 Active stream sediment. 
124 10 70 300 300 15 3 1 ----- ----- Panned concentrate. 
125 <5 15 100 50 5 .05 .05 ----- ----- I ron-stained qtz porphyry dike. 
126 5 20 500 500 3 1 1.5 ----- ----- --- A 1 tered (iron-stained) arkose. 
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TABLE 1.-Analyses of samples from stream sediments. panned concentrates, and 

Semiquantitative spectrographic 
ana I yses (ppm) 

Sam~ I e Ti Zn Mn Zr La Ni Cu Pb Mo Sn Co Ag Be Ga As Sb 

Goat Creek drainage--Continued 

127 >I 0, 000 <200 I, 000 700 I, 000 I 00 70 50 30 20 50 <2 <10 30 <I <I 20 <500 <50 

128 5,000 <200 700 I 00 50 <20 15 20 10 20 10 <2 <10 15 <I <I 15 <500 <50 

Whiteface Creek drainage 

129 2, 000 <200 700 70 ISO 30 7 10 10 20 <2 <10 10 <I <I I 0 <500 <50 

Pat Creek drainage 

130 3' 000 <200 500 100 70 <20 15 20 15 5 10 <2 <10 15 <I <I 15 <500 <50 
131 5, 000 <200 sao I 00 50 <20 10 20 15 7 10 <2 <10 15 <I <I 15 <500 <50 
132 2, 000 <200 500 50 50 <20 10 20 30 15 10 <2 <10 10 <I <I 15 <500 <50 

133 2, 000 <200 300 70 50 20 5 15 15 20 7 <2 <10 15 <I I 15 <500 <50 
134 2, 000 <200 500 50 50 <20 I 0 30 50 10 10 <2 <10 15 <I <I 15 <500 <50 

Jinks Creek drainage 

135 --- --- ---
136 --- --- ---
137 --- --- ---
138 300 <200 200 <I 0 I 00 <20 <2 50 10 50 <2 <10 <5 <.5 20 <200 <I 00 

139 

140 
141 
142 
143 
144 

Drake Creek drainage 

145 3, 000 <200 I, 000 200 30 <20 I 0 20 20 7 20 <2 <10 20 <I <I 50 <500 <50 
146 3,000 <100 700 200 70 <30 50 20 <I <30 15 <3 <3 20 <.I <I 10 <100 <100 

147 I, 500 <200 700 I 00 50 <20 30 30 30 5 7 2 <10 20 <1 <I 15 <500 <50 
148 3, 000 <I 00 300 I 00 I 00 <30 <30 50 <I <30 15 <3 <3 10 <.1 <I 10 <100 <100 

149 >I 0, 000 <200 700 200 700 500 2 5 <10 15 70 <2 <10 10 <I <I 50 <500 <50 

ISO I, 500 <200 2,000 50 ISO 20 15 I 0 <2 <10 7 <I 15 <500 <50 
151 --- --- ---
152 2, 000 <I 00 500 70 70 <30 <30 10 <I <30 10 <3 <3 10 <.1 <I 10 <100 <100 

153 7,000 <100 I, 000 500 I ,500 300 <30 I 0 30 <30 70 <3 10 20 <.1 <I 20 <100 <100 
154 
155 2' 000 <200 700 I 00 50 <20 15 20 20 10 <2 <10 15 <I 15 <500 <50 

Diamond Creek drainage 

156 I, 500 <200 700 30 70 <20 5 20 7 5 <2 <10 5 <I <I 15 <500 <50 

157 I, 500 <200 500 50 70 <20 5 10 15 7 <2 <10 <5 <I <I 20 <500 <50 
158 2,000 <200 300 70 70 <20 <2 5 15 5 <5 <2 <10 <5 <I <I 15 <500 <50 

159 I, 500 <200 300 50 50 20 7 10 10 I 0 7 <2 <10 <5 <I <I I 0 <500 <50 
160 2, 000 <200 300 70 50 20 I 0 7 10 7 5 <2 <10 7 <I <I I 0 <500 <50 

161 700 <I 00 300 10 70 <30 <30 <.3 7 <30 5 <3 <3 <I <.1 <I 10 <100 <100 
162 I, 500 <200 500 30 50 <20 2 7 10 10 10 <2 <10 <5 <I <I 15 <500 <50 
163 I, 000 <200 200 50 70 <20 <2 2 10 <5 <5 <2 <10 <5 <I <I I 0 <500 <50 
164 I, 500 <200 500 50 30 <20 <2 3 10 7 <5 <2 <10 5 <I <I 20 <500 <50 
165 >I 0, 000 <200 700 300 150 150 5 20 <10 10 30 <2 <10 20 <I <I 50 <500 <50 

Deceet ion Creek 

166 3, 000 <200 500 ISO 50 <20 10 30 15 10 <2 <10 15 <I <I 20 <500 <50 
167 3, 000 <200 500 ISO 50 <20 15 30 15 I 0 <2 <10 20 <I <I 15 <500 <50 
168 3, 000 <200 300 150 50 <20 15 20 20 5 <2 <10 15 <I <I 15 <500 <50 
169 3' 000 <200 300 150 70 20 15 20 20 10 <2 <10 15 <I <I 20 <500 <50 

Stub Creek drainage 

170 I, 500 <200 200 70 50 <20 5 2 I 0 5 5 <2 <10 7 <I <I 20 <500 <50 
171 2, 000 <200 300 70 70 <20 20 15 15 7 5 <2 <10 15 <I <I I 0 <500 <50 
172 >I 0, 000 <200 700 300 150 150 5 20 <10 10 30 <2 <10 20 <I <I 50 <500 <50 
173 2, 000 <200 300 70 50 <20 20 20 10 I 0 5 <2 <10 10 <I <I I 0 <500 <50 
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fresh and altered rocks in tlle Pasayten lFilderne.'ss .!rea, ll'ashinyton-Continued 

Semi quantitative spectrographic Chemical analyses 
analyses--Continued 

(~~m) (~ercent) (~em) !J Same l e Sc Cr Ba Sr Fe Ms Ca cxHM cxCu Au Mo Same l e descrietion 

Goat Creek d ra i nase--Cont i nued 

127 15 700 300 300 20 1.5 ----- ----- ----- --- Panned concentrate. 
128 7 30 300 500 3 l ll .o Active stream sediment. 

Whiteface Creek drainase 

129 5 15 300 500 . 7 1.5 1.5 ----- --- Active stream sediment. 

Pat Creek drainage 

130 30 500 300 3 1.5 1.5 . 5 Active stream sediment. 
131 30 300 700 5 l -5 2 2 Do. 
132 15 700 500 2 l l Do. 
133 15 300 200 l .5 . 3 l .s ----- ----- --- Do. 
134 15 500 500 2 . 7 l .5 Do • 

Jinks creek d ra i nase 

135 ----- ----- ----- ----- 10 <.5 Active stream sediment. 
136 ----- ----- 30 2 Do. 
137 ----- ----- ----- ----- 30 3 Do. 
138 <5 <5 150 50 . 3 . 15 20 <.5 Do. 
139 ----- ----- ----- ----- 20 3 Do. 

140 ----- ----- ----- ----- 15 <.5 Do. 
141 ----- ----- ----- ----- 2 15 Do. 
142 ----- ----- ----- ----- ll <.5 Do. 
143 ----- ----- ----- ----- 17 <.5 Do. 
144 ----- ----- ----- ----- 14 <.5 Do. 

Drake creek dra i nase 

145 20 20 200 300 7 2 l 0 ----- ----- Mylonite; small cal veins. 
146 15 200 700 700 5 2 5 ----- ----- --- Andesite tuff. 
147 7 30 300 500 7 l .5 2 ----- ----- --- Al t and breccia near rhy dike. 
148 10 50 700 500 3 . 7 2 Andesite breccia. 
149 5 20 200 300 20 .5 -5 ----- ----- --- Panned concentrate. 

150 500 500 . 7 l .5 <.5 ----- --- Active stream sediment. 
151 ----- ----- ----- ----- <.5 ----- --- Do. 
152 7 15 l ,500 700 1.5 2 ----- ----- --- Dacite tuff. 
153 10 200 300 70 .03 -5 Panned concentrate. 
154 ----- ----- ----- ----- <.5 Active stream sediment. 

155 5 30 500 700 . 7 1.5 Do. 

D i amend creek d ra i nase 

156 <5 5 500 700 . 3 ----- ----- Active stream sediment. 
157 <5 5 700 l '500 . 3 <.5 Do. 
158 <5 <5 500 700 2 .2 2 <.5 Do. 
159 5 20 300 500 l -5 .2 1.5 <.5 ----- Do. 
160 <5 20 300 500 l -5 . 3 2 <.5 ----- --- Do. 

161 <l <3 l '500 300 l . 15 1.5 ----- ----- --- Biotite quartz diorite. 
162 <5 7 700 l '000 2 -5 l 4 <.5 ----- --- Active stream sediment. 
163 <5 15 300 700 3 .l l . 5 <.5 ----- Do. 
164 <5 10· 500 700 2 3 l 2 .5 ----- Do. 
165 7 100 300 700 20 . 7 ----- ----- Panned concentrate o 

Deceet ion Creek 

166 l 0 30 500 500 l l Active stream sediment. 
167 l 0 50 500 700 l 1.5 Do. 
168 7 30 500 500 . 7 l Do. 
169 l 0 50 500 500 l 2 Do. 

Stub Creek d ra i na9e 

170 5 20 500 500 2 l l ----- ----- Active stream sediment. 
171 5 100 300 300 2 l l .s -5 Do. 
172 15 300 200 200 20 5 l .5 ----- ----- --- Panned cone en t rate o 

173 5 50 500 500 2 . 7 1.5 Active stream sediment. 
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TABLE 1.--Analyse.<S of samples from stream sediments, panned concentrates, and 

Sample Ti Zn Mn 

174 
175 
176 

177 
178 
178a 

179 
180 
181 
182 

183 
184 
185 
186 
187 

188 
189 
190 
191 
192 

2, 000 <200 1 , 000 100 
3, 000 <200 700 70 
2, 000 <200 700 70 

3, 000 <200 

3, 000 <200 

300 <1 00 
3, 000 <200 
1, 000 <200 
2, 000 <200 

2,000 <100 
1, 500 <200 
2, 000 <200 
3, 000 <200 
2,000 <200 

2, 000 <200 
7, 000 <200 
1, 500 <200 
2, 000 <200 
1, 500 <200 

500 100 

500 150 

50 <1 
300 150 

1, 000 70 
300 100 

200 50 
700 50 
200 30 
700 50 
300 50 

500 100 
500 70 
200 70 
700 70 
500 70 

Semiquantitative spectrographic 
ana 1 yses (ppm) 

Zr La Ni Cu Pb Mo Sn Co Ag Be Ga As Sb 

Gunbarrel Creek drainage 

50 <20 
50 <20 
30 20 

100 30 

NR <20 

10 
10 
15 

30 <10 15 
15 10 15 
20 <10 15 

Little Willy Creek 

10 <2 <10 
15 <2 <10 
10 <2 <10 

15 70 10 10 15 <2 <10 

10 150 <10 NR 20 <2 <10 

West Fork of Ptarmigan Creek drainage 

50 <30 <30 <.3 10 <30 
50 <20 30 70 <1 0 20 
30 20 5 15 20 10 
50 20 10 10 10 15 

15 
15 
7 
5 

<3 <3 
2 <10 

<2 <10 
<2 <10 

Pta rm i qan Creek drainage 

150 <30 <30 
50 20 3 
50 <20 7 
20 20 7 
50 30 7 

50 <20 
200 200 

50 30 
70 30 
20 <20 

10 
5 
5 
5 
7 

3 <30 10 <3 <3 
5 20 5 20 2 <1 0 

15 30 <5 7 3 30 
15 15 <5 7 2 <10 
20 15 5 7 <2 <10 

30 10 10 10 <2 <10 
15 10 5 20 <2 <10 
7 10 7 10 2 <1 0 

30 20 <5 7 <2 <1 0 
10 15 20 5 2 <10 

15 <1 
10 <1 <1 
15 <1 <1 

IS <1 <1 

10 <1 <I 

<] <1 
30 <1 

7 <1 
10 <1 

<I 
<1 
<1 

7 <. 1 1.5 
5 <1 1 
5 <1 3 

10 <1 <1 
7 <1 <1 

15 <1 
20 <1 
5 <1 

10 <1 
7 <1 

<1 
<I 

1 
1 

<1 

15 <500 <50 
15 <500 <50 
15 <500 <50 

15 <500 <50 

NR <200 <100 

10 <100 <100 
20 <500 <50 
15 <500 <50 
15 <500 <50 

15 <100 <100 
15 <500 <50 
10 <500 <50 
15 <500 <50 
15 <500 <50 

15 <500 <50 
20 <500 <50 
20 <500 <50 
20 <500 <50 
20 <500 <50 

193 1,500 <100 200 30 I 00 <30 <30 15 10 <30 <3 <3 3 <.1 15 <100 <100 

194 
195 
196 
197 
198 

199 

200 

201 
202 
203 

204 
205 
206 
207 
208 

209 
210 

211 
212 
213 
214 
215 

2,000 <100 
2,000 <100 
3, 000 <200 
2, 000 <200 

>1 0, 000 <200 

2, 000 <200 

200 30 
200 30 
700 70 
700 100 

1,000 500 

500 50 

5, 000 <200 1, 000 200 

1, 000 <200 
1 ,500 <200 
2, 000 <200 

2,000 <100 

200 <1 00 

1, 500 300 

2, 000 <200 
3,000 <100 
2, 000 <200 
1, 500 <200 

>1 0, 000 <200 

1,500 20 
100 30 
300 50 

500 150 

70 <1 

500 50 

500 70 
300 50 
500 70 
500 100 
300 300 

100 <30 <30 
200 <30 <30 
150 30 10 
50 <20 10 

150 300 10 

Johnny Creek drainage 

7 5 <30 
2 5 <30 

30 30 5 
30 15 5 
30 <1 0 10 

7 
10 
10 
20 
30 

<3 7 
<3 <3 

2 <10 
<2 <10 
<2 <10 

5 <.1 1 
5 <. 1 1 .s 

10 <I 1 
15 <I <1 
30 <1 <1 

50 70 30 20 <5 2 <10 10 <1 

Rampart Creek 

so <20 30 70 so <5 10 3 <1 0 30 <I 

so 30 
70 50 
50 <20 

Billy Creek drainage 

7 200 
5 15 

15 20 

<5 
<5 

5 

7 
10 
15 

Pinnacle Creek drainage 

30 10 
<2 50 
10 <10 

70 <30 50 10 <1 <30 15 <3 <1 

100 <30 <30 1' 000 30 <30 so 200 20 

70 30 

70 20 
100 <30 

70 <20 
50 <20 

200 <20 

10 
70 
10 
7 

50 

30 30 150 15 30 

Lost River drainage 

30 15 7 10 
30 5 <30 10 
15 20 1 0 10 
20 <1 0 I 0 5 
30 <10 10 <10 

3 <10 
<3 <3 
<2 <10 
<2 <10 
<2 <10 

5 3 
<5 2 

7 <1 

10 <.1 2 

<1 30 

7 1 

10 <1 <1 
15 <.1 <1 
15 <1 <1 
10 <I <1 
15 <1 <1 

15 <100 <100 
10 <100 <100 
30 <500 <50 
15 <500 <50 
30 <500 <50 

15 <500 <50 

15 <500 <50 

20 <500 <50 
20 <500 <50 
20 <500 <50 

15 <100 <100 

20 <100 <100 

15 <500 <50 

10 <500 <50 
10 <100 <100 
15 <500 <50 
15 <500 <50 
30 <500 <50 
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fresh and altered rocks in the Pasayten Wilderness Area, Washington-Continued 

Semiquantitative spectrographic 
ana 1 yses--Cont i nued 

(ppm) (percent) 

Chemical analyses 

(ppm) 
Sample Sc Cr Ba Sr Fe Mq Ca cxHM cxCu Au Mo Sample description .!J 

174 
175 
176 

5 20 
10 20 
5 30 

300 700 
300 300 
500 500 

1 77 1 0 30 500 500 

1. 5 
1 .5 

. 7 

178 ----- ----- ----- -----
178a NR 20 700 500 

Gunbarrel Creek drainage 

1.5 
2 
1 .5 

Little Willy Creek 

Active stream sediment. 
Do. 
Da • 

15 Active stream sediment. 
20 Do. 
----- <.5 --- Lim arkose; sparse pyrite. 

West Fork of Ptarmigan Creek drainage 

179 <1 <3 500 30 . 5 . 02 . 15 ----- ----- Quartz porphyry dike. 
180 15 70 500 700 10 2 3 ----- ----- --- Lim argillite; sparse pyrite. 
181 5 20 500 500 2 5 1 ----- ----- --- Active stream sediment. 
182 5 30 500 700 3 . 5 1 ----- ----- --- Panned concentrate. 

183 
184 
185 
186 
187 

188 
189 
190 
191 
192 

193 

194 
195 
196 
197 
198 

199 

200 

201 
202 
203 

204 
205 
206 
207 
208 

209 
210 

211 
212 
213 
214 
215 

20 1 , 500 500 2 1 
7 300 500 1 . 5 5 
5 300 300 1 . 5 . 2 

15 300 500 1.5 ·7 
20 300 300 1.5 .5 

7 30 500 500 
1 0 50 300 500 

5 30 300 300 
7 20 700 500 
5 300 500 700 

200 I , 000 300 1 . 5 

5 30 1,500 
5 15 1, 000 
7 20 700 

10 15 300 
20 70 300 

300 1 .5 
500 2 
500 3 
300 3 
300 15 

20 500 500 

5 100 300 300 . 5 

1 
1 
5 
1.5 
7 

.5 

.5 

. 7 
1 
1 
1 .5 

. 7 

1.5 

<5 
<5 

5 

500 150 1 .5 . 1 
500 200 3 . 2 
500 300 2 5 

20 100 300 300 1 .s 

<1 15 <3 .007 

<5 200 300 . 5 

7 20 
10 150 
7 30 
7 20 
5 300 

500 
1,000 

500 
700 
500 

424-547 0 - 71 - 15 

300 2 
500 2 
700 3 
500 2 
500 15 

. 7 
2 

.5 
2 

. 3 

Ptarmigan Creek drainage 

2 
1 .5 

. 7 

.2 
1 .5 

1 .5 
1.5 
1 
1 .5 
1 

----- ----- Quartz diorite. 
----- ----- --- Active stream sediment. 

.5 Do . 
3 <.5 Do. 
2 3 Do. 

Do. 
Panned concentrate. 
Active stream sediment. 
Sh 1 im gouge in qtz di stock. 
Active stream sediment. 

Plagioclase porphyry dike. 

Johnny Creek drainage 

1 .5 
1 .5 
3 
1 
1 .5 

1 .5 

1.5 

Rampart Creek 

Billy Creek drainage 

Quartz diorite. 
Do. 

Shear zone in a 1 te red d i ke. 
Active stream sediment. 
Panned concentrate. 

Active stream sediment. 

Active stream sediment. 

. 7 
1 

----- ----- --- Sh qtz di; with chalcedony. 
----- ----- ----- Bleached qtz di near 200. 

1 

Pinnacle Creek drainage 

.2 

. 7 
3 
1.5 
1 

.5 

35 
5 

5 
22 

22 
6 

15 
11 

Lost River drainage 

16 

16 
8 

Active stream sediment. 

Black argi 11 i te. 
Active stream sediment. 

Do. 
Granite; sparse sulfide specks. 
Active stream sediment. 

Do. 
Do. 

Active stream sediment • 
Dac i te f 1 ow. 
Active stream sediment. 

Do. 
Panned concentrate. 
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TABLE 1.-Analyses of samples from streant sediments, panned concentrates, and 

Semiquantitative spectrographic 
ana I yses (ppm) 

Sam~ I e Ti Zn Mn Zr La Ni Cu Pb Mo Sn Co As Be Ga As Sb 

Lost River drainase--Continued 

216 --- --- ---
217 2, 000 <200 300 70 50 <20 15 20 I 0 7 5 <2 <10 10 <I <I I 0 <500 <50 
218 3, 000 <200 300 150 50 <20 15 20 I 0 10 5 <2 <10 15 <I <I 20 <500 <50 
219 2' 000 <200 200 I 00 50 <20 10 10 I 0 5 7 2 <10 15 <I <I I 0 <500 <50 
220 7' 000 <200 500 300 50 <20 5 20 <10 70 20 10 <10 5 <I I 20 <500 <50 

221 >I 0, 000 <200 700 150 150 50 7 15 10 10 15 <2 <10 10 <I <I 20 <500 <50 
222 5, 000 <200 I, 500 500 10 <20 I 0 100 <10 <5 15 2 <10 20 <I <I 20 <500 <50 
223 3, 000 <200 200 I 00 70 <20 7 30 15 7 7 <2 <10 7 <I <I 15 <500 <50 
224 2, 000 <200 200 70 50 <20 7 5 15 5 5 <2 <10 7 <I <I 15 <500 <50 
225 2, 000 <200 700 150 50 <20 20 50 <10 <5 10 2 <10 20 I <I 15 <500 <50 

226 2, 000 <200 500 70 so 20 I 0 20 10 5 10 <2 <10 10 <1 15 <500 <50 
227 >I 0, 000 <200 700 200 150 100 7 30 15 I 0 10 <2 20 15 <I <I 20 <500 <50 
228 2, 000 <200 700 I 00 70 30 10 20 20 10 15 2 <10 15 <I 1 20 <500 <50 
229 
230 

231 5. 000 <200 I, 000 150 150 -<20 30 30 10 <5 10 I 0 <10 20 <I 15 <500 <50 
232 
233 
234 
235 I, 000 200 500 50 150 70 30 200 <5 >200 10 20 <5 I 20 <500 <50 

236 
237 
238 
239 2,000 300 I, 500 100 30 <20 20 2, 300 20 15 5 <2 ISO 50 5 <I 50 5, 000 <50 
240 I, 500 <200 500 70 50 20 5 15 I 0 5 15 <2 <10 7 <I I 15 <500 <50 

241 3' 000 <200 700 100 70 <20 15 30 20 15 2 <10 10 <I 20 <500 <50 
242 3, 000 <200 I ,000 100 50 <20 15 50 20 <5 10 <2 <10 15 <I 15 <500 <50 
243 3, 000 <200 700 100 70 <20 10 15 10 5 20 <2 <10 15 <I 20 <500 <50 
244 3, 000 <200 700 100 50 20 15 50 20 <5 10 <2 10 15 <I 15 <500 <50 
245 3, 000 <200 700 100 70 20 15 30 20 5 15 <2 <10 15 <I 20 <500 <50 

246 3, 000 <200 700 70 50 20 15 20 20 5 10 <2 <10 15 <I 15 <500 <50 
247 3, 000 <200 300 50 30 <20 5 15 15 <5 15 <2 I 0 7 <I 15 <500 <50 
248 3, 000 <200 ISO 70 I 00 20 2 20 20 5 15 <2 <10 7 I 10 <500 <50 
249 3' 000 <200 I, 000 I 00 <50 30 I 0 50 20 5 15 <2 <10 15 <I 15 <500 <~0 
250 

251 3' 000 <200 700 100 70 <20 15 30 20 5 I 0 <2 <10 15 <I <I 15 <500 <50 
252 2' 000 <200 300 30 70 <20 2 7 20 <5 15 2 <10 <5 <I I 10 <500 <50 
253 3' 000 <200 I, 000 70 70 30 15 30 15 10 20 <2 <10 15 <I <I 20 <500 <50 
254 2' 000 <200 500 70 70 <20 10 15 20 5 20 <2 <10 15 <I 2 20 <500 <50 
255 2' 000 <200 500 70 70 30 10 20 15 <5 20 <2 10 7 <I 2 15 <500 <50 

Lake of Woods area 

256 I, 000 <200 200 30 70 20 30 so <5 30 I 0 <5 <I 15 <500 <50 
257 
258 
259 
260 

261 
2b2 
263 
264 
265 

266 
267 
268 
269 
270 200 <I 00 200 <I 300 <30 <30 20 20 <30 50 <3 <3 <I <.I 15 <100 <100 

271 
272 
273 
274 I ,000 <100 70 <1 300 <30 <30 20 <30 70 <3 <3 <I <.I 15 <100 <100 
275 300 <100 300 <I 300 <30 <30 50 <30 70 <3 20 <I <.I 20 <100 <100 
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fresh and altet·ed rocks in the Pwsayten Wildenwss ~!rea, Washington-Continued 

Semiquantitative spectrographic Chemical analyses 
analyses--Cant i nued 

(~~m) (~ercent) (~~m) 
descr i ~t ion !J Sam~ 1 e Sc Cr Ba Sr Fe Ms Ca cxHm cxCu Au Mo Sam~ 1 e 

Lost River drainase--Continued 

216 1 Active stream sediment. 
217 7 30 300 700 0 7 1 .5 1 Do. 
218 10 50 500 700 1 2 0 5 Do. 
219 7 30 300 500 0 7 1 . 5 Do . 
220 15 30 300 300 0 7 1 ----- ----- --- Lim argi 11 i te; sparse pyrite. 

221 7 50 300 500 15 .5 2 ----- ----- --- Panned concentrate. 
222 30 20 300 500 15 7 3 s i 1 pyrite 1 im zone. 
223 5 20 300 500 2 .3 1 .5 Active stream sediment. 
224 7 20 300 700 0 3 1 .5 <2 Do. 
225 10 30 300 300 1 .5 2 Sil 1 im fau 1 t zone in arkose. 

226 20 500 700 2 0 7 <2 Active stream sediment. 
227 100 300 1,000 15 0 7 2 ----- ----- --- Panned con cent rate. 
228 20 500 700 5 1 1 .5 3 Active stream sediment. 
229 ----- ----- 11 12 Do. 
230 ----- ----- 11 ----- 12 Do. 

231 20 70 300 700 Lim hornfels near granite. 
232 ----- ----- 7 15 Co 11 uv i a 1 soi 1 
233 7 15 Do. 
234 40 11 Active stream sediment. 
235 <5 70 200 0 3 1 0 5 >45 11 Do. 

236 ----- ----- 2 11 Do. 
237 ----- ----- 3 6 Do. 
238 ----- ----- :>45 90 ----- <2 Fault gouge. 
239 10 50 70 100 20 7 .3 ----- ----- --- Py seam; 1 im b 1 eached qtzte. 
240 <5 7 500 500 3 .5 1.5 Active stream sediment. 

241 20 500 700 1 1 .5 Do. 
242 20 300 500 1 .5 1.5 11 Do. 
243 20 500 500 1 1.5 4 Do. 
244 30 500 700 1 0 5 2 7 Do. 
245 20 500 500 1 1 0 5 6 Do. 

246 20 500 500 5 1 2 Do. 
247 10 200 300 1.5 0 3 1 .5 Do. 
248 10 300 200 1.5 .2 1 Do. 
249 20 300 300 3 0 5 2 Do. 
250 ----- ----- ----- Do. 

251 <5 30 300 300 3 0 7 2 Do. 
252 10 10 300 200 1.5 .3 1 Do. 
253 7 30 300 300 5 1.5 1 .5 11 Do. 
254 5 30 300 500 5 0 7 1 .5 3 Do. 
255 5 20 300 500 3 1 1 ·5 4 Do. 

Lake of Woods 

256 70 150 1 .5 .2 .5 14 11 Active stream sediment. 
257 ----- ----- 3 11 Do. 
258 ----- ----- 5 7 Do. 
259 ----- ----- 22 7 Do. 
260 ----- ----- 9 <.5 Do. 

261 ----- ----- 7 Do. 
262 ----------- 7 Do. 
263 ----- ----- 6 Do. 
264 ----- ----- 11 Do. 
265 ----- ----- 30 12 Do. 

266 ----- ----- 35 90 24 Do. 
267 ----- ----- 22 45 12 Lake sediment. 
268 ----- ----- >45 120 4 Do. 
269 40 90 24 Active stream sediment. 
270 <1 <3 50 <3 .02 0 15 lron oxide stained granite. 

271 ----- ----- :>45 45 12 Active stream sediment. 
272 45 45 20 Do. 
273 >45 180 120 Do. 
274 10 <3 300 50 .02 .07 1 ron-stained granite. 
275 <1 <3 30 <3 .02 .1 Weathered 1 imoni tic granite. 
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TABLE 1.-Analyses of samples from strefun sediments, panned concentrates, and 

Semiquantitative spectrographic 
ana 1 yses (ppm) 

Sample Ti Zn Mn Z r La N i Cu Pb Mo Sn Co Ag Be Ga As Sb 

Lake of Woods area--Continued 

276 2, 000 <1 00 200 30 150 <30 <30 20 50 <30 20 <3 <3 <1 1.5 15 <100 <100 
277 

278 200 <1 00 7 <1 100 <30 <30 
279 200 <200 2, 000 10 70 20 <2 
280 
281 1 '500 <200 1 '000 50 50 50 
282 

283 
284 
285 
286 
287 

288 
289 
290 
291 
292 

293 
294 
295 
296 
297 

298 
299 
300 
301 
302 

303 
304 
305 

1 '500 <200 
1 '000 <200 
3,000 <200 
2,000 <200 
1,500 200 

1 '000 <200 
1,500 <100 

300 <100 
1 '500 <200 
2, 000 <200 

200 
150 
300 
300 
500 

50 50 20 
20 50 <20 <2 
50 150 70 7 
50 70 30 2 
20 150 20 5 

500 30 30 20 2 
200 30 1 00 <30 <30 
100 <1 150 <30 <30 
300 30 70 20 5 
200 50 70 100 <2 

200 <200 50 <1 0 100 <20 <5 

500 <200 200 <l 0 150 50 <2 

700 <200 200 < 10 1 00 <20 <2 

306 700 <200 300 <1 0 200 <20 5 
307 7' 000 <200 3, 000 500 50 <20 15 

308 
309 
310 3,000 <200 300 70 100 20 
311 3,000 <200 • 200 50 70 20 

Monument Creek drainage 

3 
30 

2 
2 

15 
5 

30 

7 
7 
<.3 

30 
7 

70 

300 

10 <30 30 <3 <3 <1 <. 1 
10 <5 70 150 30 <5 <1 

15 10 150 10 <10 10 <1 

15 
20 
30 
20 
30 

20 <2 <10 
7 <2 <10 

70 2 <10 
15 2 <10 

100 7 <10 

5 <1 
<5 <1 

7 <1 
5 <1 

<5 1 

15 
1 
2 
2 
5 

20 <5 
10 <30 
30 <30 

15 3 <10 <5 <1 5 
10 <3 <3 
70 5 10 

50 <5 20 5 15 
20 5 15 <2 <10 

3 <. 1 1.5 
<1 <.1 5 
<5 <1 2 

5 <1 3 

30 <10 30 <2 10 <10 <1 

70 <10 100 <2 15 <5 <.5 

50 <1 0 70 <2 50 <5 2 

100 30 <10 150 20 10 <5 <.5 3 
500 <10 <10 20 30 <10 15 1.5 <1 

20 
30 

20 <5 15 <2 <10 
20 <5 10 <2 10 

7 <1 
7 <1 

South Fork of Eureka Creek drainage 

312 2,000 <200 
313 2,000 <200 
314 3,000 <200 
315 3,000 <100 
316 3,000 <100 

500 70 
300 100 
500 70 
300 70 
500 70 

30 
50 <20 
50 <20 
70 <30 
70 <30 

15 
2 

15 
50 
50 

20 
50 
20 

7 
3 

10 7 
<10 5 

10 5 
<1 <30 
<1 <30 

7 15 <10 
10 <2 <10 
7 <2 <10 

10 <3 <3 
10 <3 <3 

15 <1 <1 
<5 <1 <J 
15 <1 <1 
15 <.1 <1 
15 <.1 <1 

31 7 2' 000 <200 500 1 00 3 0 <20 15 7 <10 5 7 <2 <10 15 <1 <1 
318 3,000· <200 300 150 50 <20 3 50 <10 <5 10 <2 <10 7 <1 <1 
319 
320 2,000 <200 1,500 150 50 20 15 150 20 10 10 30 <1 0 15 <1 
321 3,000 <200 500 100 50 20 15 15 15 5 10 3 <1 0 10 <1 

Eureka Creek drainage 

322 1 '500 <200 300 70 30 <20 10 20 
70 

100 
323 2' 000 <200 300 70 50 <20 15 
324 2, 000 <200 300 70 50 20 15 
325 
326 5,000 <200 1,000 50 150 <20 50 100 

327 
328 
329 
330 
331 

2, 000 <200 300 50 150 20 
7' 000 <200 1 '500 700 100 <20 

700 <200 100 <l 0 150 <20 
2, 000 <200 1 '000 150 200 <20 
2, 000 <200 500 70 50 30 

5 50 
50 500 

5 50 
10 >5, 000 
5 15 

10 <5 
20 <5 
20 10 

<10 <10 

20 <10 
<10 10 

20 <10 
20 <10 
20 7 

5 <2 <1 0 
15 20 30 
15 15 20 

30 50 <10 

15 10 
20 <5 <10 
70 10 10 
70 50 300 
15 3 300 

15 <1 
15 1 
15 1 

20 <.5 

<5 .5 1 
30 .5 <1 
<5 <.5 5 
50 30 1 . 5 

7 <1 2 

15 <100 <100 
50 <500 <50 

20 <500 <50 

20 <500 <50 
20 <500 <50 
15 <500 <50 
20 <500 <50 
15 <500 <50 

20 <500 <50 
15 <100 <100 
20 <100 <100 
15 . <500 <50 
15 <500 <50 

15 <500 <50 

50 <200 <1 00 

30 <200 <1 00 

50 <200 <100 
10 <200 <100 

15 <500 <50 
15 <500 <50 

15 <500 <50 
20 <500 <50 
10 <500 <50 
10 <100 <100 
10 <100 <100 

15 <500 <50 
20 <500 <50 

20 <500 <50 
20 <500 <50 

15 <500 <50 
15 <500 <50 
15 <500 <50 

20 <200 <1 00 

30 <200 <100 
50 <200 <100 
50 <200 <100 
70 <200 <1 00 
20 <500 <50 
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fresh and altered rocks in the Pwmyten Wilderness Area, Washington-Continued 

Semi quantitative spectrographic Chemical analyses 
ana I yses--Cont i nued 

\22m) (2ercent) \22m) 
descri 2t ion.!.! Sam21 e Sc Cr Ba Sr Fe Ms Ca cxHM cxCu Au Mo Sam21 e 

Lake of Woods a rea--Cant i nued 

276 300 ISO .2 ----- ----- ----- --- Lim soi I on top of granite. 
277 ----- ----- ----- ----- Soi I. 

Monument Creek drainase 

278 <I <3 50 I 0 .07 .01 .2 ----- ----- Quartz porphyry dike. 
279 <5 <5 10 ISO 10 .02 .I ----- ----- --- A I tered I imoni tic granodiorite. 
280 ----- ----- ----- ----- Active stream sediment. 
281 7 10 200 500 1.5 I .5 ----- ----- --- Do. 
282 ----- ----- ----- ----- <.5 ----- Do. 

283 5 I 0 500 500 I .5 5 . 7 I <.5 ----- Do. 
284 <5 5 70 200 I 2 .s .s ----- ----- Do. 
285 7 15 300 300 I .5 .s I .5 4 <.5 Do. 
286 5 10 300 300 2 5 . 7 <.5 Do. 
287 5 10 100 ISO 2 .2 .s 7 Do. 

288 <5 5 300 200 1.5 2 .s 4 Do. 
289 5 15 700 200 I .5 .s I .5 Hornb I en de biotite qtz diorite. 
290 3 <3 15 3 . 7 .015 . 3 ----- ----- --- Granite. 
291 5 5 200 ISO I .5 .I .s I Active stream sediment. 
292 <5 7 200 200 I .5 5 . 7 .s Do. 

293 ---- ... ----- ----- ----- Do. 
294 <5 20 <50 . 7 .01 .2 ----- ----- --- Limonite stained granite. 
295 ----- ----- ----- ----- 7 22 Active stream sediment. 
296 ----- ----- ----- ----- 10 20 Do. 
297 ----- ----- 7 30 Do. 

298 <5 <5 10 <50 .os ----- <.I Lim stained gr; sparse sui. 
299 ----- ----- ----- ----- 50 Active stream sediment. 
300 ----- ----- ----- ----- I 0 Do. 
301 <5 <5 70 <50 .os .1 Lim stained gr; sparse sui. 
302 ----- ----- ........... ----- 10 20 Active stream sediment. 

-303 ----- ----- ----- ----- 15 15 3 Do. 
304 ----- ----- ----- ----- 11 II 2 Do. 
305 ----- ----- 10 15 <2 Do. 
306 <5 <10 <20 <100 2 .os .s Lim. stained gr; sparse pyrite. 
307 50 15 300 500 15 5 10 Lim hornfe I sed cgl; sparse sui. 

308 ----- ----- ----- <2 Active stream sediment. 
309 2 Do. 
310 <5 300 200 1 .s .3 Do. 
311 5 200 200 1 .3 Do. 

South Fork of Eureka creek d ra i nase 

312 7 30 300 300 7 . 7 ----- ----- --- Active stream sediment. 
313 5 20 500 200 1 .I ----- ----- --- Lim arkose; small qtz veins. 
314 7 30 300 300 . 7 1 .s Do . 
315 10 100 I ,000 700 2 3 Quartz diorite. 
316 15 100 I ,000 700 2 3 Do. 

317 so 500 700 7 1. 5 Active stream sediment. 
318 20 I ,500 I, 000 1.5 2 ----- ----- --- Lim qtzte near qtz di stock. 
319 ----- ----- 15 100 5 Quartz diorite stock. 
320 7 50 300 500 I. 5 5 45 ----- 16 Active stream sediment. 
321 7 70 300 500 I. 5 2 4 Do. 

Eureka Creek d ra i nase 

322 20 300 500 . s 1 -5 3 Active stream sediment . 
323 30 300 200 .s . 7 3 15 Do. 
324 30 200 300 . 7 1 2 11 ----- 15 Do. 
325 ----- ----- ----- ----- 10 50 15 Do. 
326 20 100 700 500 15 ----- ----- Lim stained fault zone. 

327 5 15 1,000 300 3 . 7 1 ----- ----- Lim stained qtz porphyry dike. 
328 30 100 I, 000 300 15 5 3 ----- ----- Lim stained argi 11 i te. 
329 <5 <10 100 <100 1.5 .1 . 3 ----- ----- Lim stained qtz porphyry dike. 
330 20 20 500 100 15 I 3 Hornfels inc 1 us ion w/Cu minerals. 
331 5 20 200 200 5 .s I ----- ----- --- Panned concentrate. 
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'J'ABLE l.-Analyses of samples from. 8tream sediments, panned concentrates, and 

Semiquantitative spectrographic 
ana 1 yses (ppm} 

Sam~ I e Ti Zn Mn Zr La N i Cu Pb Mo Sn Co Ag Be Ga As Sb 

Eureka Creek drainage--Continued 

332 I, 000 <200 500 50 20 <20 3 20 30 5 20 7 <10 <5 <1 20 <500 <50 
333 5, 000 <I 00 300 150 100 <30 70 100 <I <30 20 <3 <3 20 <.I <I 10 <100 <100 
334 I, 500 <200 300 50 70 c20 5 20 20 <5 15 10 20 7 <1 1 15 <500 <50 
335 1 '500 <200 700 70 30 <20 10 30 15 <5 10 <2 15 10 <1 1 10 <500 <50 
336 I, 500 <200 300 50 20 <20 5 30 <10 <5 7 <2 <10 5 <I 3 20 <500 <50 

337 I, 500 <200 200 so 70 <20 5 20 20 <5 I 0 <2 20 5 <I 15 <500 <50 
338 2, 000 <200 300 so I 00 <20 5 50 20 <5 15 2 20 5 <I 15 <500 <50 
339 7' 000 <200 500 100 200 30 7 20 15 I 0 15 2 200 10 <I 20 <500 <50 
340 I, 000 <200 300 50 30 <20 7 10 10 <5 10 <2 <10 5 <I 20 <500 <50 
341 I, 500 <200 300 70 30 <20 I 0 5 10 5 10 <2 <10 7 <I 15 <500 <50 

342 2,000 <200 300 I 00 30 <20 15 30 10 5 10 <2 <10 15 <I 15 <500 <50 
343 >I 0, 000 <200 I, 000 700 700 ISO 50 30 10 10 50 <2 70 30 <I <I so <500 <50 
344 I ,000 <200 300 50 20 <20 15 10 20 5 7 <2 <10 10 <I I 20 <500 <50 
345 2, 000 <200 500 30 ISO 20 5 20 so <5 50 2 20 <5 <I 5 20 <500 <50 
346 I, 000 <200 500 20 70 30 2 5 50 <5 30 3 20 <5 <I 2 20 <500 <50 

347 I, 500 <200 700 50 150 70 7 10 30 <5 100 2 15 5 <I 20 <500 <50 
348 300 <I 00 70 <I I 00 <30 <30 3 30 <30 50 <3 <3 <I <.I 20 <100 <100 
349 2, 000 <200 500 70 70 20 15 30 15 5 15 <2 <10 15 <I 15 <500 <50 
350 2' 000 <200 700 I 00 15 <20 20 15 <10 <5 7 <2 <10 15 <I 20 <500 <50 
351 >I 0, 000 <200 700 500 I, 000 ISO 70 20 20 15 70 <2 300 20 <I 50 <500 <50 

352 2, 000 <200 I ,000 50 30 20 10 15 30 <5 15 <2 <10 10 <I 10 <500 <50 
353 2,000 <200 700 100 50 <20 10 15 <10 I 0 I 0 <2 <10 10 <I 20 <500 <50 
354 3' 000 <200 700 100 100 20 I 0 50 10 I 0 I 0 <2 <10 10 <I 15 <500 <50 
355 2,000 <200 I ,000 70 50 20 15 30 20 7 15 <2 <10 10 <1 15 <500 <50 
356 5,000 <200 700 150 500 I 00 20 30 10 5 50 <2 10 15 <I 20 <500 <50 

East Fork of the Pasa:tten River drainage 

357 500 <200 1,500 50 30 20 IO 10 7 20 <2 <10 10 <I 15 <500 <50 
358 700 <200 500 30 50 <20 <2 20 10 5 5 <2 <10 <5 <I <I 15 <500 <50 
359 700 <100 500 15 70 <30 <30 30 10 <30 30 <3 <3 <I <.I I 15 <100 <100 
360 --- --- ---
361 --- --- --- ---
362 2, 000 <1 00 I, 000 500 1,500 100 <30 IO <I <30 30 <3 15 <10 <.1 <1 30 <100 <100 
363 2, 000 <200 700 70 30 <20 10 15 10 5 10 <2 <10 15 <I <I 15 <500 <50 
364 3, 000 <200 700 70 20 <20 7 20 10 <5 10 <2 <10 10 <I <I 15 <500 <50 
365 3, 000 <200 700 100 50 <20 5 10 <10 20 10 <2 <10 15 <I <I 20 <500 <50 
366 1,500 <200 500 50 20 <20 5 30 <10 5 5 <2 <10 7 <I <I 10 <500 <50 

367 2, 000 <200 150 50 30 <20 5 3 10 7 10 <2 <10 10 <1 <I 10 <500 <50 
368 I, 500 <200 700 30 30 <20 2 15 20 <5 70 <2 <10 <5 <I <1 20 <500 <50 
369 7' 000 <200 500 500 1 '000 <20 10 10 <10 20 50 <2 <10 15 <1 <I 15 <500 <50 
370 2, 000 <200 700 70 50 <20 10 7 10 <5 10 <2 <10 15 <1 <I 15 <500 <50 
371 I, 500 <1 00 7 30 150 <30 <30 15 10 <30 7 <3 <3 3 <.I I 10 <100 <100 

372 2, 000 <200 700 150 50 <20 5 7 I 0 <5 15 <2 <10 10 <1 <I 20 <500 <50 
373 I ,500 <200 700 so so <20 10 7 <10 <5 7 <2 <10 10 <1 <I 15 <500 <50 
374 I, 500 <200 500 70 30 20 7 7 <10 15 20 <2 <10 7 <I 1 10 <500 <50 
375 2,000 <200 500 70 so <20 10 5 I 0 <5 10 <2 <10 7 <I <I 15 <500 <50 
376 >1 0' 000 <200 700 300 500 30 10 15 <10 15 20 <2 <10 15 <I <1 70 <500 <50 

377 I, 500 <200 700 I 00 20 <20 7 IO 10 15 10 <2 <10 10 <1 <I 15 <500 <50 
378 >I 0, 000 <200 I, 500 500 300 200 20 20 <10 15 30 <2 <10 20 <I <I 30 <500 <50 
379 I, 500 <200 300 70 so <20 7 7 15 7 5 <2 <10 10 <1 <I 15 <500 <50 

Central Creek 

380 I, 500 <200 300 70 50 <20 7 <10 10 10 <2 <10 7 <1 <I 15 <500 <50 

Lodge~ole Creek drainage 

381 2, 000 <200 500 50 50 <20 15 10 10 <2 <10 10 <I <I 10 <500 <50 
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fre8h and a7tered rocks in the Pa8a11ten Wilderne88 ~-!rea, Wa8llington-Continued 

Semiquantitative spectrographic Chemical ana 1 yses 
analyses--Continued 

(~~m) (~ercent) (~~m) 
.!J Sam~ 1 e Sc C r Ba S r Fe Ms Ca cxHM cxCu Au Mo Sam~ 1 e descri~tion 

Eureka Creek d ra i nase--Cont i nued 

332 <5 10 150 200 1.5 .s Active stream sediment. 
333 20 150 500 150 5 . 7 Black argi 11 ite. 
334 7 10 300 200 2 .2 . 7 .5 Active stream sediment. 
335 5 15 300 200 2 .2 1 1 Do. 
336 5 10 300 300 1.5 7 .s ----- ----- Do. 

337 10 20 200 200 1.5 .3 1 Do. 
338 5 10 200 200 1.5 . 3 1 Do. 
339 7 30 300 300 7 . 7 1 .5 ----- ----- Panned con cent rate. 
340 5 10 300 300 2 5 1 ----- ----- --- Active stream sediment. 
341 5 20 500 300 2 7 1 1.5 ----- --- Do. 

342 5 30 300 300 2 . 7 1 .s Do. 
343 20 700 300 500 20 2 1.5 ----- ----- --- Panned concentrate. 
344 5 30 300 300 1.5 . 7 1 .s ----- ----- --- Active stream sediment. 
345 <5 5 200 100 3 . 3 . 5 Do . 
346 <5 <5 150 50 . 1 . 3 Do . 

347 5 300 200 3 . 7 . 7 Do . 
348 <1 10 70 5 . 7 .01 .3 ----- ----- Qtz por border phase of p 1 uton. 
349 7 30 300 300 2 1 2 ----- ----- Active stream sediment. 
350 10 70 500 700 3 15 2 . 5 Do . 
351 10 700 150 200 15 1 .5 1 ----- ----- --- Panned concentrate. 

352 5 15 500 500 . 7 1 .s Active stream sediment. 
353 7 20 500 I, 000 I .5 3 ----- ----- --- Lim argi IIi te; calcite py. 
354 7 20 500 500 . 7 3 ----- ----- --- Limonitic arg i Ill te. 
355 5 30 500 300 . 7 I .5 Active stream sediment. 
356 15 100 300 300 1 .5 1 .5 ----- ----- --- Panned concentrate. 

East Fork of the Pasa~ten River drainage. 

357 7 <5 500 300 5 .1 .s ----- ----- --- Limonitic biotite gneiss. 
358 <5 <5 500 700 2 -5 5 ----- ----- Lim quartz monzonite gneiss. 
359 7 <3 1' 500 300 1.5 .05 1.5 ----- ----- --- Lim pegmatite near b i gneiss. 
360 ----- ----- <.5 ----- Active stream sediment. 
361 <.5 ----- Do. 

362 7 15 100 100 M . 07 1 ----- ----- --- Panned concentrate. 
363 I 0 30 300 500 3 1 3 <.5 ----- --- Active stream sediment. 
364 5 20 300 700 2 .s 3 <.5 ----- --- Do. 
365 5 10 700 700 5 1.5 5 ----- ----- --- Si I feldspar por dike; cal. 
366 <5 10 300 500 1.5 .5 . 7 .s II Active stream sediment. 

367 <5 10 500 500 I .5 .3 1 ----- ----- Do. 
368 <5 <5 500 I ,000 I .5 .3 3 ----- ----- --- Do. 
369 10 70 150 200 >20 1 2 ----- ----- --- Panned concentrate. 
370 5 20 300 500 2 . 7 3 <.5 ----- --- Active stream sediment. 
371 3 7 I ,000 150 I . 3 . 7 ----- ----- --- Biotite dacite porphyry . 

372 5 15 300 700 7 I 2 .s ----- ----- --- Active stream sediment. 
373 <5 20 300 500 2 . 7 1.5 1 Do. 
374 7 20 300 200 2 . 7 1.5 2 ----- ----- --- Do. 
375 5 20 500 700 3 . 7 2 3 <.5 ----- --- Do. 
376 10 30 100 300 15 .s I ----- ----- --- Panned concentrate. 

377 7 7 300 500 3 .s I .5 ----- ----- --- Active stream sediment. 
378 20 70 200 300 20 I .5 2 ----- ----- --- Panned con cent rate. 
379 5 20 500 500 I .5 . 3 1 .s . 5 ----- --- Active stream sediment • 

Central Creek 

380 5 20 500 700 I .5 .5 Active stream sediment. 

~odge~ole Creek drainage 

381 5 10 500 300 I .5 .3 1.5 <.5 ----- --- Active stream sediment. 
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TABLE l.-Analyses of samples from stream sediments, panned concentrates, and 

Semiquantitative spectrographic 
ana I yses (ppm) 

Sample Ti Zn Mn Zr La N i Cu Pb Mo Sn Co Aq Be Ga As Sb 

382 
383 
384 
385 
386 

387 
388 
389 
390 
391 

392 
393 
394 
395 
396 

397 
398 
399 
400 
401 

402 
403 
404 
405 
406 

407 
408 
409 
410 

I , 500 <200 700 
I, 500 200 I, 000 
3, 000 <200 700 
5, 000 <200 700 

Lease Creek drainage 

I 00 70 <20 I 0 
70 50 <20 5 

I 00 70 <20 15 
70 50 20 I 0 

70 <10 
70 <10 
50 70 
70 15 

5 10 <10 10<1 
I 0 I 0 <2 <I 0 I 0 I 
5 20 5 <I 0 20 <I 
7 I 0 15 <I 0 15 I 

<I 15 <500 <50 
<I 30 <500 <50 
<I 20 <500 <50 
<I 20 <500 <50 

7,000 <200 1,000 300 150 <20 20 150 <10 <10 20 20 <10 15 <.5 <I 30 <200 <100 

3,000 <200 300 150 150 <20 10 100 <10 <10 10 5 <10 5 <.5 <I 20 <200 <100 
3,000 <200 500 150 150 <20 15 150 <10 <10 10 <5 <10 15 <.5 <I 20 <200 <100 

5, 000 <200 I , 500 
I , 000 <200 I , 500 
2, 000 <200 700 
7, 000 <200 500 
I, 500 <200 300 

2,000 <100 
2,000 <200 
I, 000 <200 
2, 000 <200 
2, 000 <200 

300 
300 
300 
200 
500 

3, 000 <200 300 
I 0, 000 <200 700 
2, 000 <200 300 
I, 500 <200 300 

300 50 <20 
500 I 00 <20 

70 50 <20 
200 700 ISO 

50 50 <20 

20 
15 
10 
10 
10 

70 I 00 <30 <30 
70 30 <20 10 
50 30 <20 2 
50 20 <20 10 

I 00 70 20 7 

70 70 <20 
200 150 I 00 

70 70 <20 
I 00 50 <20 

7 
10 
I 0 
10 

500 <10 <10 
300 <10 <10 

50 30 I 0 
30 <10 <5 
30 15 7 

20 
30 
20 
I 0 
30 

20 
30 
15 
I 0 

<I <30 
15 7 
I 0 7 
I 0 10 
15 I 0 

15 7 
10 <5 
15 7 
10 5 

10 
20 
I 0 
15 
7 

15 
5 

15 
5 

I 0 

70 <10 
5 <10 
3 <10 

30 <10 
7 <I 0 

<3 <3 
3 <10 

<2 <10 
<2 <10 
10 <10 

10 2 <10 
15 <2 <10 
10 <2 <10 
10 <2 <10 

Middle Fork of the Pasayten River drainage 

20 1.5 <I 30 <200 <100 
20 .5 <I 70 <200 <100 
I 5 <I I 20 <500 <50 
15 <I <I 20 <500 <50 

7 <I I 10 <500 <50 

7 <.1 
IO <I 
5 <I 

10 <I 
15 <I 

10 <I 
15 <I 
IO <I 
IO <I 

<I 10 <100 <100 
I 15 <500 <50 
I <I 0 <500 <50 

<I I 0 <500 <50 
I 20 <500 <50 

15 <500 <50 
<I 20 <500 <50 

I 15 <500 <50 
<I I 5 <500 <50 

411 >I 0, 000 <200 I, 000 700 700 <20 I 00 20 <10 20 
7 
7 
5 
7 

5 <2 <I 0 20 <I 
15 <I 
IO <I 

<I 30 <500 <50 
412 3,000 <200 700 
413 5,000 <200 500 
414 1,500 <200 300 
415 3,000 <200 500 

416 
417 
418 
419 
420 

421 
422 
423 
424 
425 

2,000. <200 500 
3, 000 <200 300 
2, 000 <200 500 

I 0, 000 <200 300 

I, 500 <200 
3, 000 <200 

>I 0, 000 <200 
2, 000 <200 

500 
700 
100 
700 

70 50 <20 15 
70 70 <20 I 0 
50 70 <20 7 
70 30 20 15 

100 30 <20 15 
200 200 <20 15 
300 20 30 30 
300 200 30 15 

50 50 
100 70 
500 200 
IOO 50 

30 
30 
50 
20 

I 0 
15 
30 
10 

426 
427 
428 
429 

2,000 <200 500 100 70 <20 
50 <20 

150 <20 
20 <20 

15 
10 
20 
10 

I, 500 <200 200 50 
>I 0, 000 <200 I, 000 I, 000 

I, 500 <200 200 50 

30 15 
15 15 
10 15 
10 I 0 

7 <10 
15 I 0 
15 <10 
10 <I 0 

I 0 30 
20 I 0 
20 <10 
15 <10 

20 10 
7 10 

20 <10 
7 10 

5 
10 
7 

20 

5 
5 

20 
7 

7 
5 

30 
5 

10 <2 <10 
10 <2 <10 
15 <2 <10 
10 <2 <.10 

5 <2 <I 0 
5 <2 <I 0 

20 <2 <10 
10 <2 <10 

15 
30 
20 
I 0 

I 0 
5 

I 0 
I 0 

<2 <10 
<2 <10 
<2 <10 
<2 <10 

<2 <10 
<2 <10 
<2 <10 
<2 <10 

Robinson Creek drainage 

430 
431 
432 
433 
434 

435 
436 
437 
438 
439 

I ,500 I ,000 2,000 
2, 000 <200 700 
2,000 <100 500 
2, 000 <I 00 500 

I, 500 <200 
I 0, 000 <200 

3. 000 <200 
I ,500 <100 

700 
700 

700 
500 

I 00 70 50 20 I, 500 
I 00 70 30 I 0 50 
I 00 70 <30 50 300 
70 I 00 <30 <30 30 

70 50 30 7 
300 150 50 30 

70 50 20 15 
70 70 <30 <30 

20 
70 

15 
5 

10 5 
30 7 
<I <30 
<I <30 

10 5 
20 10 

15 7 
I 0 <30 

20 
20 
10 
10 

10 
20 

10 
<3 

7 <10 
10 <10 
<3 <3 
<3 <3 

<2 <10 
<2 <10 

<2 <10 
<3 <3 

5 <I 
20 <I 

15 <I 
15 <I 
30 <I 
15 <I 

<I I 0 <500 <50 
<I I 0 <500 <50 
<I 10 <500 <50 
<I 20 <500 <50 

15 <500 <50 
<I 20 <500 <50 
<I 30 <500 <50 
<I I 0 <500 <50 

5 <I <I 10 <500 <50 
<50 
<50 
<50 

15 <I <I 15 <500 
30 <I <I 20 <500 
15<1 <I 15 <500 

15 <I 
5 <I 

30 <I 
15 <I 

<I 15 <500 
<I 10 <500 
<I 30 <500 
<I 15 <500 

<50 
<50 
<50 
<50 

50 3 <I 15 <500 <50 
15 <I I 20 <500 <50 
20 <.1 <I 10 <100 <100 

7 <.1 <I 10 <100 <100 

7 <I 10 <500 <50 
30 <I <I 20 <500 <50 

10 <I I 10 <500 <50 
7 <.1 <I 15 <100 <100 
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fresh and altere(l rocks in the Pasayten Wilderne.'5s Area, Washington~Continued 

Semiquantitative spectrographic Chemical ana 1 yses 
ana lyses--Cant i nued 

(~~m) (~ercent) (~~m) 
Sam~le descri~tion !J Sam~ 1 e Sc Cr Ba Sr Fe Ms Ca cxHM cxCu Au Mo 

Lease Creek dro i naqe 

382 5 20 70 300 7 . 5 5 ----- ----- Limonitic shear zone in arkose . 
383 7 20 50 50 20 1 .5 ----- ----- Lim argillite near qtz par dike. 
384 10 30 300 500 5 1 .5 2 15 Active stream sediment. 
385 7 20 300 700 5 1.5 2 15 Do. 
386 -- ----- ----- ----- ----- ----- 10 Do. 

387 20 50 1 '000 1,000 Lim stained hornfelsed argillite. 
388 -- ----- ----- ----- 1 10 Active stream sediment. 
389 -- ----- ----- ----- 1 10 Do. 
390 ----- ----- 3 10 Do. 
391 ----- ----- ----- ----- 15 20 Do. 

392 10 20 1,000 700 ----- ----- Lim stained hornfelsed argillite. 
393 10 20 500 700 ----- ----- Do. 
394 --- ----- ----- 20 15 Active stream sediment. 
395 --- ----- ----- 3 10 Do. 
396 --- ----- ----- ----- ----- 20 150 Do. 

397 15 50 1,000 700 15 5 5 Lim stained qtz diorite; pyrite. 
398 20 15 700 1, 500 15 7 7 Lim stained qtz diorite. 
399 5 20 500 300 2 1 1 .5 Active stream sediment. 
400 10 50 500 700 7 1 2 Panned concentrate. 
401 5 20 300 300 1.5 . 7 . 7 Active stream sediment. 

402 7 20 70 500 2 1 .5 2 ----- ----- --- Quartz diorite. 
403 <5 30 300 300 2 . 7 2 -5 Active stream sediment. 
404 5 20 300 150 1 .5 3 1 3 11 Do. 
405 5 10 300 300 1.5 3 1 .5 2 ----- ----- --- Do. 
406 7 30 500 500 3 1 1 .5 1 Do. 

407 5 20 300 300 1 1 Do. 
408 15 50 300 700 2 2 ----- ----- --- Panned concentrate. 
409 5 20 300 300 . 7 1 1 Active stream sediment. 
410 5 15 300 700 . 7 1 .5 -5 Do. 

Middle Fork of the Pasa~ten River drainage 

411 10 1,000 200 200 >20 1 .5 ----- ----- <2 Panned concentrate. 
412 10 30 300 500 3 . 7 1 .5 1 .5 ----- --- Active stream sediment . 
413 7 30 300 300 3 . 7 2 <.5 ----- Do. 
414 7 20 500 700 1.5 . 7 1 .5 ----- ----- Do. 
415 7 50 300 300 2 1 .5 2 -5 <.5 <2 Do. 

416 7 50 300 700 3 1 .5 2 .5 3 Do. 
417 5 150 • 300 300 10 .5 1 2 -5 Do. 
418 7 500 300 300 15 1 1 ----- ----- --- Do. 
419 <5 300 70 50 15 .5 . 7 ----- ----- Panned con cent rate . 
420 --- ----- ----- ----- ----- .5 <.5 Active stream sediment. 

421 --- ----- ----- ----- ----- .5 ----- --- Do. 
422 5 30 300 500 1.5 . 7 1 -5 ----- --- Do. 
423 7 30 300 500 3 1 .5 3 Do. 
424 15 1 '000 300 300 20 1.5 ----- ----- --- Panned concentrate. 
425 7 20 300 700 3 1.5 Do. 

426 5. 30 500 700 5 1 1 1 Do. 
427 5 . 30 300 300 1 .5 . 7 1 -5 .5 Do. 
428 5 2, 000 300 150 >20 .3 . 7 Panned concentrate. 
429 7 20 300 500 1.5 . 7 1 .5 ----- ----- Active stream sediment. 

Robinson creek d ra i nase 

430 --- ----- ----- ----- ----- <.5 ----- --- Active stream sediment. 
431 7 20 70 200 2 ----- ----- --- Limonitic arkose. 
432 7 20 300 300 1 Active stream sediment. 
433 15 100 700 500 1.5 Hornblende biotite qtz diorite. 
434 7 50 500 700 1 ----- ----- --- Plagioclase porphyry dike. 

435 <5 20 300 200 2 . 7 2 Active stream sediment. 
436 10 200 500 200 15 1.5 1 .5 ----- ----- --- Panned concentrate. 
437 --- ----- ----- 11 Active stream sediment. 
438 20 300 200 3 .5 1 -5 7 Do. 
439 70 1,000 500 1.5 1 1.5 ----- ----- --- Arkose. 
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'!'ABLE 1.-~-inalyscs of samples from stream sediments, panned concentrates, and 

Semiquantitative spectrographic 
analyses (ppm) 

Sample Ti Zn Mn Zr La N i Cu Pb Mo Sn Co Ag Be Ga As Sb 

Robinson Creek d ra i naqe--Cont i nued 

440 
441 
442 
443 
444 

2, 000 <200 700 
2' 000 <200 700 
1 '000 <200 700 
2, 000 <200 700 
2, 000 <200 1 '000 

100 
70 
15 
50 

150 

445 2' 000 <200 700 150 
446 2' 000 <200 500 1 00 
447 >1 0' 000 <200 700 500 
448 2' 000 <200 1 '000 150 
449 >1 0' 000 <200 700 700 

450 
451 
452 
453 
454 

1 '000 <200 1 00 
1 '500 <1 00 200 
2, 000 <1 00 500 
5' 000 <200 1 '000 

>10,000 <200 1,000 

10 
15 
50 

150 
500 

70 20 
70 20 

150 <20 
50 <20 
50 <20 

15 
10 
3 

10 
15 

50 <20 10 
50 <20 30 

150 20 30 
50 <20 15 

150 <20 30 

200 <20 <2 
300 70 <30 

70 <30 <30 
50 <20 20 

300 <20 70 

20 
20 
7 

10 
30 

20 
10 
10 
10 
10 

30 15 
30 10 
70 10 
20 10 
30 <10 

10 
5 
5 

10 
10 

10 
10 
10 
10 
10 

10 50 <5 
5 5 <30 
<.3 <1 <30 

30 <1 0 7 
30 <10 15 

455 
456 
457 
458 
459 

2, 000 <200 1 '000 
2,000 <200 500 
3' 000 <200 1 '000 

70 50 20 15 20 30 5 
10 
5 

460 
461 
462 
463 
464 

465 
466 
467 
468 
469 

470 
471 
472 
473 

>1 0' 000 <200 500 
2' 000 <200 700 

2,000 <200 1,000 
3' 000 <200 700 
2, 000 <200 500 

3' 000 <200 500 

2,000 <200 500 
3' 000 <200 500 
3' 000 <200 700 
2, 000 <200 500 
2, 000 <200 500 

100 30 <20 
150 70 100 
500 >1 '000 <20 
100 70 20 

70 
70 

100 

70 

50 
70 

100 
100 
70 

50 <20 
50 <20 
50 20 

100 <20 

50 20 
70 <20 
70 <20 
70 <20 
50 30 

15 20 15 
20 50 10 

100 I 00 50 
15 30 <1 0 

10 
15 
15 

15 

15 10 
30 10 
15 <10 

30 10 

10 30 15 
15 20 <10 
20 30 10 
15 50 20 
15 15 10 

10 
7 

5 
7 

10 

10 

10 
7 
7 
5 
7 

3' 000 <200 700 1 00 100 20 20 30 
20 
70 
30 

15 10 
3,000 <200 1,000 150 70 <20 20 10 5 

>1 0, 000 <200 1 '000 1 '000 1 '000 20 70 50 20 
2' 000 <1 00 700 200 50 <30 <30 7 <30 

10 
15 
20 
10 
10 

<2 <10 
<2 <10 

2 <10 
<2 <10 
<2 <10 

15 <1 
15 <1 
5 <1 

10 <1 
20 <1 

<1 15 <500 
1 15 <500 
2 20 <500 

<1 10 <500 
<1 15 <500 

<50 
<50 
<50 
<50 
<50 

5 <2 <1 0 20 <1 <1 20 <500 <50 
5 <2 <10 15 <1 <1 15 <500 <50 

10 <2 <10 10 <1 <1 20 <500 <50 
15 <2 <10 20 <1 <1 20 <500 <50 
10 <2 <10 50 <1 <1 20 <500 <50 

30 
30 
10 
10 
15 

20 
10 
10 
30 
15 

15 
10 
10 

10 

2 <10 <5 <1 
<3 <3 3 <. 1 
<3 <3 10 <. 1 <1 

20 <500 <50 
15 <100 <100 
10 <100 <100 

<2 <10 20 <1 <1 20 <500 <50 
<2 <1 0 50 <1 <1 30 <500 <50 

<2 <10 10 <1 
<2 <10 15 <1 
<2 <10 20 <1 
<2 <1 0 7 2 

3 <1 0 20 <1 

<1 15 <500 
1 10 <500 
1 15 <500 
1 20 <500 

<1 20 <500 

<10 
<10 

<2 <10 

15 <1 15 <500 
15 <1 15 <500 
15 <1 <1 15 <500 

2 <10 15 <1 <1 15 <500 

<50 
<50 
<50 
<50 
<50 

<50 
<50 
<50 

<50 

10 <2 <10 10 <1 <1 1 0 <500 <50 
10 <2 <10 15 <1 <1 15 <500 <50 
1 0 <2 <1 0 15 <1 <1 1 5 <500 <50 
20 <2 <10 15 <1 <1 20 <500 <50 
10 <2 <10 15 <1 <1 15 <500 <50 

15 
10 
50 
15 

<2 <10 
2 <10 

<2 <10 
<3 <3 

10 <1 <1 15 <500 <50 
20 <1 <1 20 <500 <50 
30 <1 1 30 <500 <50 
20 <.1 <1 15 <100 <100 

Rattlesnake Creek drainage 

474 
475 
476 

477 
478 

479 
480 
481 
482 
483 

484 
485 
486 
487 
488 

489 
490 
491 
492 
493 

2' 000 <200 1 '500 
2' 000 <200 700 
2' 000 <200 700 

150 
100 
70 

100 <20 
30 <20 
50 <20 

20 30 15 
20 20 <1 0 
15 15 10 

10 
10 
5 

Soda Creek drainage 

10 <2 <10 15 <1 <1 20 <500 <50 
7 <2 <1 0 15 <1 <1 10 <500 <50 
7 <2 <1 0 15 <1 <1 1 0 <500 <50 

3' 000 <200 200 1 00 50 <20 15 70 10 10 10 <2 <10 15 <1 <1 1 5 <500 <50 
10,000 <200 700 300 700 20 70 30 <1 0 15 10 <2 <1 0 20 <1 <1 20 <500 <50 

Rock Creek drainage 

5' 000 <200 700 1 00 70 <20 15 30 <1 0 70 <2 <10 10 <.5 <1 20 <200 <100 

7' 000 <200 700 150 70 <20 30 150 <10 20 10 <2 <1 0 20 <. 5 <1 20 <200 <1 00 

3' 000 <1 00 300 70 70 <30 <30 20 <1 <30 15 <3 <3 <.1 10 <100 <100 

3,000 <100 700 70 150 <30 50 50 <1 30 15 <3 <3 10 <.1 15 <100 <100 
20,000 <100 1,500 300 1 '500 70 30 15 <1 <30 50 <3 <3 50 <.1 <1 20 <100 <100 

500 <1 00 500 30 30 <30 <30 10 <1 50 10 <3 <3 <1 <.1 <1 7 <100 <100 
2' 000 <200 500 100 50 <20 10 30 <1 0 7 7 2 <10 15 <1 <1 15 <500 <50 

494 >1 0' 000 <200 1 '000 1 '000 500 20 70 30 <1 0 20 20 <2 <1 0 30 <1 <1 30 <500 <50 
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fresh and altered rocks in the Pasnyten 1ril(lcrHess Area, Washington-Continued 

Semi quantitative spectrographic Chemical ana 1 yses 
ana 1 yses--Cont i nued 

(~~m) (~ercent) (~~m) 
Sam~le descri~tion !J Sam~ 1 e Sc Cr Ba Sr Fe M9 Ca cxHM cxCu Au Mo 

Robinson Creek drainase--Continued 

440 10 50 300 300 1 1 .5 4 Active stream sediment. 
441 5 20 300 300 1 1 .5 4 Do. 
442 <5 5 300 150 .2 .02 Limonitic p 1 ag iocl ase porphyry. 
443 7 15 300 500 1 2 1.5 Active stream sediment 
444 7 70 300 500 1.5 1 11 Do. 

445 7 30 300 500 5 1.5 1 11 Do. 
446 7 30 300 500 2 1 1.5 ----- ----- --- Do. 
447 20 200 200 500 20 1.5 1.5 ----- ----- --- Panned concentrate. 
448 7 70 300 700 5 1.5 1.5 Active stream sediment. 
449 20 300 200 300 >20 2 1 .5 ----- ----- --- Panned con cent rate. 

450 5 5 200 <50 2 .1 .1 ----- ----- --- Limonitic qtz fe 1 dspa r. 
451 5 5 1 '500 100 1.5 . 15 1 ----- ----- --- Quartz porphyry dike. 
452 7 30 500 1,000 2 2 1. 5 ----- ----- --- Pl ag i oc 1 ase porphyry flow. 
453 10 70 300 700 7 1 .5 1 Active stream sed i men t • 
454 15 150 200 300 >20 2 1 .5 ----- ----- --- Panned concentrate. 

455 7 20 300 300 3 1 2 . 5 ----- --- Active stream sediment. 
456 10 30 300 300 3 1 I. 5 6 Do. 
457 10 30 300 300 7 1.5 I <.5 ----- --- Do. 
458 10 700 700 200 >20 1 I ----- ----- --- Panned con cent rate. 
459 10 50 500 300 5 1.5 I Active stream sediment. 

460 7 50 500 300 1 Do. 
461 7 50 300 300 1 2 Do. 
462 10 50 300 300 1.5 .5 Do. 
463 1 <-5 Do. 
464 50 300 300 1 3 Do. 

465 5 20 300 300 . 7 1 -5 6 Do. 
466 7 30 300 300 1 1 .5 3 Do. 
467 10 50 300 200 1 1 .5 6 Do. 
468 10 30 300 700 1.5 2 7 Do. 
469 5 20 300 300 1 1 4 Do. 

470 10 5 500 700 7 1.5 ----- ----- --- Panned concentrate. 
471 10 70 300 300 5 1 Active stream sediment. 
472 10 1,000 200 200 >20 1 ----- ----- --- Panned concentrate. 
473 20 10 300 500 7 1.5 ----- ----- --- Tuff. 

Rattlesnake Creek drainage 

474 10 50 300 200 1 . 7 1 3 Active stream sediment. 
475 7 50 300 200 1 . 5 1 4 Do . 
476 7 30 300 200 . 7 1 .5 4 Do • 

Soda Creek draina9e 

477 10 30 300 300 2 1 . 7 -5 Active stream sediment. 
478 10 200 300 500 10 1 -5 . 7 ----- ----- ----- Panned con cent rate. 

Rock Creek drainage 

479 ----- ----- ----- ----- 22 Active stream sediment. 
480 10 30 1,000 1,000 . 7 1.5 3 <.1 10 Do. 
481 ----- ----- ----- ----- 11 Do. 
482 ----- ----- ----- ----- 20 ----- 15 Do. 
483 ----- ----- ----- ----- 15 ----- 10 Do. 

484 ----- ----- 15 Do. 
485 10 150 2,000 1 '000 1.5 20 50 <.1 Do. 
486 10 20 Do. 
487 4 7 Do. 
488 10 70 1,000 300 . 7 Lim qtz di; qtz veinlets. 

489 10 150 700 100 . 15 . 3 Lim. qtz fe 1 dspar por dike . 
490 20 500 150 100 . 3 3 ----- ----- --- Panned con cent rate. 
491 --- ----- ----- ----- ----- 22 30 Active stream sediment. 
492 10 200 300 1 .5 7 ----- ----- --- Lim breccia in ark and a rg i 11 i te. 
493 30 300 300 1 1 .5 . 5 Active stream sediment • 

494 15 700 150 200 >20 ----- ----- --- Panned concentrate. 
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TABLE 1.- .·ilw7yse8 of Namplc8 from stream sediments. panned concentrates, and 

Sample Ti Zn Mn 

495 
496 

3,000 <100 300 
700 <200 1 '000 

497 3' 000 <200 700 
498 5' 000 200 700 
499 5' 000 <200 700 
500 >1 0' 000 <200 1 '000 

501 
502 
503 
504 
505 

506 
507 
508 
509 
510 

5' 000 <200 700 
2,000 <200 1,000 
2' 000 <200 700 

>1 0' 000 <200 1 '000 
300 <1 00 70 

3' 000 <1 00 1 '000 
2' 000 <1 00 300 
3,000 <200 1,000 
2, 000 <200 300 

511 3' 000 <200 700 
512 >1 0, 000 <200 700 
51 3 3' 000 <200 300 
514 10,000 <200 700 
515 1,500 <200 300 

Semiquantitative spectrographic 
analyses (ppm) 

Zr La Ni 

70 150 <30 <30 
30 10 <20 7 

70 50 <20 
150 so <20 
100 70 <20 
200 500 30 

10 
20 
15 
10 

Cu Pb Mo Sn Co Aq Be Ga As Sb 

Kid Creek drainage 

so <1 <30 15 <3 <3 5 <.1 <1 10 <100 <100 
15 10 20 10 <2 <10 10 <1 <1 15 <500 <50 

Shaw Creek drainage 

20 10 
50 10 
30 <10 
20 <10 

30 
30 
so 

7 

10 <2 <10 
10 <2 <10 
10 <2 <10 

5 <2 <1 0 

15 <1 
20 <1 
15 <1 
30 <1 

1 10 <500 <50 
<1 15 <500 <50 
<1 20 <500 <50 
<1 20 <500 <50 

West Fork of the Pasayten River drainaqe 

150 70 <20 15 
100 50 20 20 
70 30 <20 15 

300 200 <20 so 
<1 100 <30 <30 

100 100 <30 <30 
50 70 <30 <30 
70 so <20 15 
50 50 <20 10 

70 so <20 
300 150 20 
so 50 <20 

300 150 <20 
50 30 <20 

15 
30 
15 
15 
15 

30 15 5 
20 15 5 
15 10 5 
30 <10 15 

2 7 <30 

5 
10 
5 

15 
30 

<2 <10 
<2 <10 
<2 <10 
<2 <10 
<3 7 

15 <1 
15 <1 
15 <1 
50 <1 
<1 <.1 

<1 15 <500 <50 
<1 1 0 <500 <50 
<1 10 <500 <50 
<1' 30 <500 <50 

1 20 <100 <100 

20 10 <30 15 <3 <3 7 <.1 <1 15 <100 <100 
10 <100 <100 7 5 <30 <3 <3 <3 7 <. 1 <1 

20 <10 7 7 <2 <10 15 <1 <1 10 <500 <50 
15 10 5 5 <2 <10 <10 <1 <1 10 <500 <50 

15 <10 
20 <10 
15 10 
30 10 
20 <10 

5 
15 
10 
10 
7 

10 <2 <10 
15 <2 <10 

7 <2 <1 0 
10 <2 <10 
7 <2 <1 0 

15 <1 
20 <1 
10 <1 
15 <1 
10 <1 

<1 15 <500 <50 
<1 30 <500 <50 
<1 10 <500 <50 
<1 20 <500 <50 
<1 10 <500 <50 

516 2,000 <200 500 100 50 <20 10 30 10 
30 <1 0 
20 <10 

5 10 <2 <1 0 10 <1 
30 <1 
10 <1 
10 <1 
15 <1 

<1 15 <500 <50 
517 >10,000 <200 1,500 1,000 500 20 70 20 20 <2 <10 
518 1,500 <200 150 50 70 <20 10 7 5 3 <1 0 
519 3,000 <200 500 100 70 20 10 20 10 10 10 <2 <10 
52o 3, ooo <2oo 3oo 1 oo so· <2o 15 30 10 10 10 <2 <10 

521 
522 

2, 000 <200 500 70 50 <20 10 1 0 <1 0 5 5 <2 <1 0 15 <1 
10,000 <200 1,000 200 150 30 15 20 <10 10 15 <2 <10 15 <1 

523 3' 000 <200 300 
524 1 '500 <200 200 
525 10,000 <200 1,000 
526 7' 000 <200 700 
527 >1 0, 000 <200 1 '000 

528 
529 
530 
531 
532 

533 
534 
535 

536 
537 
538 

539 
540 
541 
542 
543 

2' 000 <200 700 
2, 000 <200 150 
1 '500 <200 500 
2, 000 <200 300 
2' 000 <200 700 

2' 000 <200 700 
1,500 <100 1,500 
2,000 <100 1,000 

3,000 <100 500 
3' 000 <200 700 

>10,000 <200 1,000 

5' 000 <200 700 
3,000 <200 1,500 

>1 0, 000 <200 1 '000 
2, 000 <200 1 '000 
2, 000 <200 700 

100 70 <20 
so 20 <20 

200 200 150 
150 150 70 
300 500 100 

100 30 <20 
70 50 <20 
70 70 20 
70 100 20 
50 50 20 

Pasayten River drainage 

10 
10 
5 
5 

20 

10 10 
30 10 
20 <10 
20 10 
20 <10 

5 
7 
7 

10 
15 

Tamarack Peak area 

20 3, 000 50 5 
5 2,000 10 10 
7 20 <1 0 10 
5 70 15 50 

10 30 10 10 

10 <2 <10 
5 <2 <10 

20 <2 <10 
15 <2 <10 
20 <2 <10 

10 70 <10 
10 <2 <10 
10 <2 <10 
10 <2 20 
10 <2 <10 

70 
70 

200 

30 <20 10 
70 <30 <30 
70 <30 100 

30 
30 

100 

15 70 7 <2 <10 
<1 <30 <3 <3 <3 
<1 <30 . 10 <3 <3 

so 150 <30 
100 50 <20 
500 300 <20 

100 70 <20 
150 50 <20 
300 150 <20 
100 50 <20 
150 70 20 

Frosty Creek drainage 

30 
15 
30 

20 
20 
70 

<1 
70 
10 

70 
30 
15 

<3 
5 

10 

Chuchuwanteen Creek drainage 

30 
20 
20 
10 
20 

30 15 
30 10 
30 <10 
30 <10 
30 <10 

70 <5 
10 10 
10 10 
7 5 

10 10 

<3 <3 
<2 <10 
<2 <10 

<2 <10 
<2 <10 
<2 <10 
<2 <10 
<2 <10 

10 <1 
5 <1 

15 <1 
10 <1 
15 <1 

20 15 
15 1 
5 <1 
7 1 

10 <1 

7 <1 
7 <.1 

15 <.1 

7 <.1 
15 1 
50 <1 

15 <1 
15 <1 
30 <1 
10 <1 
15 <1 

<1 30 <500 <50 
<1 10 <500 <50 
<1 15 <500 <50 
<1 15 <500 <50 

<1 10 <500 <50 
<1 1 0 <500 <50 

15 <500 <50 
<1 15 <500 <50 
<1 15 <500 <50 
<1 20 <500 <50 
<1 20 <500 <50 

<1 20 <500 <50 
<1 15 <500 <50 

1 15 <500 <50 
1 15 <500 <50 

<1 10 <500 <50 

1 15 <500 <50 
<1 15 <100 <100 
<1 15 <100 <100 

1 15 <100 <100 
<1 20 <500 <50 
<1 30 <500 <50 

<1 20 <500 <50 
<1 15 <500 <50 
<1 20 <500 <50 
<1 10 <500 <50 
<1 15 <500 <50 
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fresh and altered rocks in t.he Pasayten Wilderness Area, Washington-Continued 

Semiquantitative spectrographic Chemical ana I yses 
ana I yses--Cont i nued 

(eem) (eercent) (eem) !J Same I e Sc Cr Ba Sr Fe Mg Ca cxHM cxCu Au Mo Same I e descri et ion 

Kid Creek drainage 

495 15 70 500 300 3 I 1.5 ----- ----- ----- --- Sheared I imon it i c arkose. 
496 <5 10 I ,000 200 I .5 .5 5 ----- ----- ----- Limonitic quartz diorite. 

Shaw Creek drainage 

497 10 20 300 100 5 .I .2 Limonitic sheared arkose. 
498 10 50 300 100 7 .I .05 ----- ----- Limonitic arkose. 
499 10 70 700 200 7 .5 .2 ----- ----- --- Do. 
500 10 30 200 300 15 I .5 . 7 ----- ----- --- Panned concentrate. 

West Fork of the Pasayten River drainage 

501 5 30 300 500 3 I 2 3 .5 ----- Active stream sediment. 
502 7 30 300 300 3 1.5 2 4 . 5 ----- Do . 
503 5 20 300 300 2 I 2 3 <.5 ----- Do. 
504 15 150 300 500 15 2 I ----- ----- Panned concentrate. 
505 <I 3 150 50 .5 .01 .03 ----- ----- Quartz feldspar porphyry dike. 

506 10 20 500 700 3 I .5 ----- ----- Plagioclase porphyry dike. 
507 5 30 700 500 1.5 I ----- ----- Quartz diorite. 
508 7 30 300 500 3 I .5 Active stream sediment. 
509 5 20 300 300 2 I ----- ----- Do. 
510 --- ----- ----- ----- ----- . 5 ----- Do . 

511 5 15 300 500 2 I .5 3 4 <.5 ----- --- Do. 
512 20 300 300 700 15 I .5 1.5 ----- ----- --- Panned concentrate. 
513 7 30 300 500 2 . 7 I .5 .5 Active stream sediment. 
514 10 50 300 700 7 1.5 1.5 ----- ----- --- Panned concentrate. 
515 7 20 300 300 1.5 . 7 1.5 .5 Active stream sediment. 

516 5 20 300 500 ? I 2 Do. 
517 20 I ,500 200 300 >20 I .5 I .5 ----- ----- --- Panned concentrate. 
518 5 20 500 700 I .5 .5 I .5 1 4 Active stream sediment. 
519 7 30 500 500 2 . 7 1 .5 1 6 Do. 
520 5 30 300 500 3 1 2 .5 6 Do. 

521 5 20 300 500 1 1 .5 . 5 Do . 
522 15 150 300 500 1 .5 1 ·5 ----- ----- Panned concentrate. 

Pasayten River drainage 

523 7 30 300 700 3 I 1 .5 .5 Active stream sediment. 
524 5 15 300 500 1.5 . 7 1 .5 Do. 
525 15 15 300 500 7 I .5 2 ----- ----- Panned concentrate. 
526 10 10 300 700 5 1 1.5 ----- ----- Do. 
527 15 20 300 500 10 . 7 1.5 ----- ----- --- Do. 

Tamarack Peak area 

528 20 200 70 I 0 I .1 ----- ----- Limonitic arkose. 
529 20 500 500 3 . 7 .2 ----- ----- Ma 1 ach i te azurite in 1 im seams. 
530 10 200 300 2 .2 . 7 Limonitic arkose. 
531 20 50 200 2 .2 .2 Limonitic shear zone in arkose. 
532 <5 20 300 300 2 . 7 I Limonitic arkose. 

533 5 20 500 200 .2 I ----- ----- Limonitic seams in arkose. 
534 7 15 700 500 1 1 .5 ----- ----- A 1 tered (sericitized) por dike. 
535 15 200 1,000 700 2 2 ----- ----- Plagioclase porphyry dike. 

Frosty Creek drainage 

536 7 70 700 200 3 .2 .2 ----- ----- Lim feldspar porphyry dike. 
537 7 100 300 500 5 . 7 I ----- ----- ----- Limonitic arkose. 
538 20 I, 500 500 150 15 2 I ----- ----- ----- --- Panned con cent rate. 

Chuchuwanteen Creek drainage 

539 7 150 300 200 7 . 3 . 05 Limonitic arkose • 
540 7 30 300 500 7 2 2 Active stream sediment. 
541 20 200 300 300 10 3 I .5 Panned concentrate. 
542 5 20 300 500 5 1.5 2 Active stream sediment. 
543 7 50 300 500 5 I .5 1.5 Do. 
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TABLE 1.-A.nalyses of samples from stream sediments, panned concentrates, and 

Sample Ti Zn Mn 

544 3, 000 <200 700 
545 3, 000 <200 I, 000 
546 3, 000 <200 700 
547 2, 000 <200 700 
548 3, 000 <200 700 

549 >I 0, 000 <200 I , 000 
550 2, 000 <200 500 

70 
150 
I 00 
100 
70 

300 
100 

Semi quanti tat i ve spectrographic 
ana I yses (ppm) 

Zr La N i Cu Pb Mo Sn Co As Be Ga As 

Chuchuwanteen Creek dra i naqe--Cont i nued 

50 <20 
50 <20 
50 <20 
50 <20 
50 <20 

150 <20 
50 <20 

I 0 
20 
15 
15 
15 

20 
15 

20 <10 
70 15 
30 I 0 
30 10 
20 <10 

30 <10 
20 10 

7 7 
15 15 
10 •10 
I 0 10 
10 7 

10 10 
15 7 

Castle Creek drainage 

<2 <10 
<2 <10 
<2 <10 
<2 <10 
<2 <10 

<2 <10 
<2 <10 

10 <I 
20 <I 
15 <I 
10 <I 
15 <I 

30 <I 
15 <I 

I 15 <500 
<I 15 <500 
<I 10 <500 
<I 10 <500 
<I I 0 <500 

<I 20 <500 
<I 15 <500 

Sb 

<50 
<50 
<50 
<50 
<50 

<50 
<50 

551 30,000 <I 00 2, 000 200 2, 000 500 30 <I <30 70 <3 <3 20 <.1 <I 15 <100 <100 

552 
553 
554 
555 
556 

557 
558 
559 

560 
561 
562 
563 
564 

565 
566 
567 

568 
569 
570 
571 
572 

573 
574 
575 
576 
577 

578 
579 
580 
581 
582 

583 
584 
585 
586 
587 

588 
589 
590 
591 
592 

593 

2, 000 <200 700 

2, 000 <I 00 700 

2, 000 <I 00 500 
2,000 <100 500 
3, 000 <200 I, 000 

>I 0, 000 <200 3, 000 
I 0, 000 <200 I, 000 

3,000 <200 1,500 

3, 000 <I 00 500 

I ,000 <100 700 

700 <I 00 

5, 000 <200 
5, 000 <200 
3, 000 <200 

70 

500 
500 
500 

I 00 

50 

70 
50 

200 

200 
150 

150 

50 

50 

50 

200 
200 
100 

5,000 <200 300 100 
I, 500 <I 00 700 70 

5' 000 <200 500 300 
7' 000 <200 700 300 

5, 000 <200 I , 000 200 

Slate Creek drainage 

30 <20 15 50 20 <2 <10 

North Canyon Creek drainage 

70 <30 50 50 <I <30 10 <3 <3 

70 <30 150 150 <I <30 
70 <30 <30 50 <I 30 
50 <20 50 50 10 15 

I 00 <20 
50 <20 

50 <20 

Cascade Creek drainage 

70 100 <10 
30 100 <10 

30 50 I 0 

20 
10 

I 0 

Canyon Creek drainage 

10 
10 
15 

I 0 
10 

I 0 

<3 <3 
7 <3 

<2 <10 

<2 <10 
<2 <10 

<2 <10 

70 <30 30 100 <I <30 I 0 <3 <3 

30 <30 <30 100 <I <30 10 <3 <3 

50 <30 

NR <20 
I 00 <20 
100 <20 

70 500 10 <30 

15 I 00 <1 0 NR 
20 I 00 15 20 
20 20 15 30 

15 50 <3 

20 <2 <10 
20 <2 <10 
10 <2 <10 

I 5 <I <I 15 <500 <50 

<.1 <I <100 <100 

15 <.1 
<I <.1 
20 <1 

10 <100 <100 
7 <100 <100 

15 <500 <50 

5 <.5 <I 20 <200 <100 
5 <.5 <I 20 <200 <100 

20 <I <I 15 <500 <50 

<.1 <I 10 <100 <100 

<.1 <I <100 <100 

30 I .5 <I <100 <100 

15 <.5 <I NR <200 <100 
5 <.5 <I 20 <200 <100 
5 <.5 <I 20 <200 <100 

150 <20 20 70 15 10 15 <2 <10 10 <.5 <I 20 <200 <100 
50 <30 <30 700 <I <30 10 7 <3 150 I <I 15 <100 <100 

70 <20 70 100 30 20 15 <2 <10 15 <.5 <1 20 <200 <100 
50 <20 50 200 <I 0 20 I 0 <2 <I 0 30 <.5 <I 20 <200 <1 00 

70 <20 70 100 50 20 10 <2 <10 30 <.5 <1 20 <200 <100 
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fresh and altered rocks in the Pasayten ll7 ilderness A.rea, lVasllington-Continued 

Semiquantitative spectrographic 
ana 1 yses--Cont i nued 

(ppm) (percent) 

Chemical analyses 

(ppm) 
Sample Sc Cr Ba Sr Fe Mq Ca -cx-.-H""M--cx";C:"'u""'-:A-u--.-M,-o Sample description !J 

Chuchuwanteen Creek d ra i naqe--Cont i nued 

544 20 300 500 1 1.5 1.5 Active stream sediment. 
545 30 500 300 1 1 6 Do. 
546 30 300 30 1 1' 4 Do. 
547 20 300 500 1 1.5 4 Do. 
548 30 300 500 . 7 1.5 3 Do . 

549 15 100 200 200 10 1 ----- ----- --- Panned concentrate. 
550 7 30 300 500 5 1.5 Active stream sediment. 

Castle Creek drainage 

551 30 700 200 150 .2 ----- ----- ----- --- Panned concentrate. 

S 1 ate Creek drainase 

552 --- ----- ----- ----- ----- 60 Active stream sediment. 
553 --- ----- ----- ----- ----- 11 Do. 
554 20 300 300 11 Do. 
555 --- ----- ----- ----- ----- 7 Do. 
556 --- ----- ----- ----- ----- 22 Sci 1 sample below Tacoma vein. 

557 --- ----- ----- ----- ----- Active stream sediment. 
558 ----- ----- ----- ----- Do. 
559 --- ----- ----- ----- ----- <.5 Do. 

North Can:ton Creek dra i nase 

560 --- ----- ----- ----- ----- <.5 ----- --- Active stream sediment. 
561 --- ----- ----- ----- ----- . 5 ----- --- Do . 
562 --- ----- ----- ----- ----- <.5 ----- --- Do. 
563 15 100 300 300 I 0 ----- ----- --- Lim ark; calcite veinlets. 
564 ----- ----- ----- ----- Active stream sediment. 

565 30 700 200 500 2 7 Limonitic arkose. 
566 7 30 300 200 .3 1 Do. 
567 10 150 300 200 2 1 .5 II Active stream sediment. 

Cascade Creek drainage 

568 20 700 700 100 10 .5 2 ----- <.1 Limonitic conglomerate. 
569 10 500 700 700 7 3 I 0 ----- ----- --- Limonitic arkose. 
570 --- ----- ----- ----- ----- I 0 Active stream sediment. 
571 10 70 300 300 3 Do. 
572 --- ----- ----- ----- ----- 3 Do. 

Can;ton Creek drai nase 

573 10 50 300 200 1.5 3 Active stream sediment. 
574 --- ----- ----- I .5 2 Do. 
575 --- ----- ----- ----- ----- 6 <2 Do. 
576 --- ----- ----- ----- ----- <.5 2 Do. 
577 --- ----- ----- ----- ----- 1 2 Do. 

578 --- ----- ----- ----- ----- 7 7 Do. 
579 --- ----- ----- ----- ----- 11 11 <2 Do. 
580 --- ----- ----- ----- ----- 3 <.5 Do. 
581 --- ----- ----- ----- ----- 9 II Do. 
582 10 50 1,000 300 ----- ----- --- Limonitic breccia ted arkose. 

583 10 50 150 50 . 3 10 ----- ----- --- Lim arkose; sparse pyrite. 
584 --- ----- ----- ----- ----- 20 45 Active stream sediment. 
585 NR 50 700 500 2 2 <.5 Lim arkose; disseminated pyrite. 
586 20 100 1,000 700 1.5 1 <.I Lim argi 11 ite; disseminated py. 
587 7 15 300 700 I .5 1.5 ----- <.I --- Lim arkose; disseminated pyrite. 

588 10 30 1,000 1,000 7 1.5 2 ----- <.I --- Arkose with disseminated pyrite. 
589 7 70 70 100 >10 .2 10 ----- ----- --- Lim fe 1 dspar per dike; pyrite. 
590 --- ----- ----- ----- ----- <.5 ----- --- Active stream sediment. 
591 ~5 150 700 I ,000 1.5 <.1 Lim qtzte; sparse pyrite. 
592 30 200 500 1,500 I <.I Do. 

593 20 150 300 1,000 . 7 Do. 



224 MINERAL RESOURCES, PASAYTEN WILDERNESS AREA 

TABLE 1.-Analyses of samples from stream sediment8, panned concentrates, and 

Semi quantitative spectrographic 
analyses (ppm) 

Sample T i Zn Mn Zr La N i Cu Pb Mo Sn Co Aq Be Ga As Sb 

594 
595 
596 
597 
598 

599 
600 
601 
602 
603 

604 
605 
606 
607 
608 

609 
610 
611 
612 
613 

614 
615 
616 

617 
618 

619 
620 
621 
622 
623 

624 
625 
626 
627 
628 

629 
630 

631 
632 
633 
634 
635 

636 
637 

Canyon Creek drainage--Continued 

5' 000 <200 500 
5' 000 <200 700 
3, 000 <200 l '000 

3, 000 <200 l '500 
5, 000 <200 300 

200 50 50 
200 50 <20 
300 20 <20 

150 NR <20 
150 70 <20 

l 0, 000 <200 500 l '000 30 <20 
50 <20 
30 <20 
50 <20 
70 <20 

l 0, 000 <200 700 150 
l 0, 000 <200 700 l 00 
10,000 <200 l ,000 150 
l 0, 000 <200 l '000 500 

5,000 <200 
7' 000 <200 
5, 000 <200 

5, 000 <200 

5, 000 <200 

700 
500 
700 

700 

500 

150 
200 
200 

150 

500 

50 <20 
70 <20 
50 <20 

50 <20 

50 <20 

20 70 <10 
15 100 10 
20 300 <10 

15 150 10 
20 200 <10 

20 <5 <l 0 
20 5 <l 0 

5 100 <10 
20 5 <10 
10 200 <10 

10 100 <l 0 
10 200 <l 0 
10 150 <l 0 

5 150 <10 

10 100 <10 

50 10 <2 <10 
70 10 <2 <10 
20 10 <2 <10 

NR 20 <2 <10 
20 10 <2 <10 

70 
l 0 
10 
10 
20 

30 
30 
20 

20 

20 

10 <2 <10 
10 <2 <10 
15 <2 <10 
15 <2 <10 
15 <2 <10 

15 <2 <10 
15 <2 <10 
15 <2 <10 

15 <2 <10 

l 0 <2 <10 

Ruby Creek drainage 

20 <.5 <l 
20 <.5 l 
20 <.5 <l 

15 <.5 <l 
15 <.5 <l 

<5 <.5 <l 
<5 <.5 <l 
<5 <.5 <l 
<5 <.5 <l 
<5 <.5 <l 

<5 <.5 <l 
<5 <.5 <l 
<5 <.5 <l 

<5 <.5 <l 

<5 <.5 <l 

3,000 <200 1,000 20 70 <20 30 150 l 0 70 15 20 <l 0 20 <. 5 <l 

l 00 <200 700 

l 0, 000 <200 l '000 

l 0, 000 <200 700 

Crater Creek drainage 

Roland Creek drainage 

20 <10 100 3,000 10 <10 50 <5 

150 70 <20 

300 70 <20 

l 0 70 <l 0 30 

10 200 <10 <10 

15 

15 

<2 <10 50 <.5 <l 

<2 <10 <.5 <l 

<2 <10 <5 <.5 <l 

638 l 0, 000 <200 300 200 50 <20 10 200 <10 100 15 <2 <10 <5 <.5 <l 
639 
640 

641 

May Creek drainage 

642 5,000 <200 1,000 100 50 <20 150 500 10 20 10 <10 100 <.5 <l 
643 5,000 <200 l ,000 100 200 <20 20 200 <10 <10 70 <10 20 <.5 <l 
644 
645 10,000 <200 500 50 30 <20 10 <10 30 50 <2 <10 <5 l <l 

30 <200 <100 
50 <200 <100 
30 <200 <100 

NR <200 <100 
30 <200 <100 

30 <200 <100 
50 <200 <100 
30 <200 <100 
30 <200 <100 
20 <200 <100 

20 <200 <100 
20 <200 <100 
20 <200 <100 

20 <200 <100 

30 <200 <100 

20 <200 <l 00 

50 <200 <100 

20 <200 <100 

20 <200 <100 

30 <200 <100 

15 <200 <100 
20 <200 <l 00 

30 <200 <100 
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fresh and altered rocks in tl!e Pasayten 1Vilderness Area, Washington-Continued 

Semiquantitative spectrographic 
ana 1 yses--Cont i nued 

Chemical analyses 

(ppm) (percent) (ppm) 
cxHM cxCu Au Mo Sample description !J Samp 1 e Sc C r Ba Sr Fe Mq Ca 

Canyon Creek dra i naqe--Cont i nued 

594 20 
595 20 
596 30 
597 
598 

599 NR 
600 15 
601 
602 
603 

604 20 
605 15 
606 15 
607 10 
608 20 

609 20 
610 20 
611 20 
612 
613 20 

614 30 
615 
616 

617 30 
618 

619 
620 
621 
622 
623 

624 
625 
626 
627 
628 

629 
630 

100 700 1,000 7 1 
50 700 2, 000 7 1.5 

100 300 1,500 10 3 
--- ----- ----- ----- -----
--- ----- ----- ----- -----

50 150 500 1.5 
100 300 700 1.5 
--- ----- ----- ----- -----
--- ----- ----- ----- -----
--- ----- ----- ----- -----
200 2, 000 1,000 10 
200 700 500 10 
150 700 500 10 
200 1,000 500 10 
100 1,000 300 10 

100 1,000 500 10 1 
100 1,500 200 15 1 
100 1,000 200 10 •. 5 
--- ----- ----- ----- -----
100 1 '000 500 10 

200 1,000 500 .5 
--- ----- ----- ----- -------- ----- ----- ----- -----

50 300 500 1 0 1 . 5 

631 
632 
633 
634 
635 

<5 5' 000 <5 <50 15 1 0 

30 100 2,000 500 15 . 7 

20 1 00 1 '000 700 

636 
637 
638 30 
639 
640 

641 

642 30 
643 50 
644 
645 30 

150 1 '000 1 '000 15 

500 300 100 1.5 
30 150 1 00 1 . 5 

50 100 <50 15 .5 

424-547 0 - 71 - 16 

7 
1.5 

15 
3 
3 

1 .5 
10 
10 
10 
10 

10 
10 

• 1 ---
----- <. 1 

Limon i tic b 1 eached quartz i te. 
Lim qtzte; sparse pyrite. 

----- <. 1 Lim hornb I en de di; pyrite. 
Active stream sediment. 20 

20 Do. 

<.05 --- Lim qtzte and breccia; pyrite. 
<. 1 --- Do. 

15 3 Active stream sediment. 
10 3 Do. 
20 ----- <2 Do. 

<.1 Limonitic argi 11 ite. 
<.1 Lim argillite; sparse pyrite. 

.1 Lim argi 11 ite and arkose; py. 
<.1 Do. 
<. 1 Do. 

<.1 Limonitic argillite; sul. 
<.1 Do. 
<.1 Limonitic argillite. 

10 3 Active stream sediment. 
.1 --- Limonitic argillite. 

<.1 --- Do. 
7 <2 Active stream sediment. 

10 3 Do. 

Ruby Creek drainage 

----- ----- <. 1 Lim massive arkose; sc sui~ 

7 2 <2 Active stream sediment. 

Crater Creek dra i naqe 

3 20 
3 20 
3 10 

10 20 
2 7 

7 20 
3 10 
7 5 

10 1 
20 2 

7 15 
1.5 10 

Roland Creek drainage 

.05 ----- <.1 
30 15 

----- <.1 
10 20 

----- <.1 

20 15 
10 15 

----- <.1 
15 15 
15 20 

10 15 

May Creek drainage 

1 .5 
1.5 

----- <. 1 
----- <. 1 

<2 
5 

<2 
<2 
<2 

<2 
2 

<2 
2 
3 

---
2 

---
5 
5 

15 20 5 
1.5 ----- <. 1 ---

Active stream sediment. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 

Limonitic phyllite. 
Active stream sediment. 
Limonitic phyllite. 
Active stream sediment. 
Limonitic phyllite. 

Active stream sediment. 
Do. 

Limonitic phyllite. 
Active stream sediment. 

Do. 

Do. 

Lim sheared greenstone and chert. 
Lim greenstone, sc su 1 . 
Active stream sediment. 
Lim greenstone; sc sul. 
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TABLE 1. -Analyses of samples from stream sediments, panned concentrates, and 

Semiquantitative spectrographic 
analyses (ppm) 

Sample Ti Zn Mn Zr La Ni Cu Pb Mo Sn Co Ag Be Ga As Sb 

May Creek drain age--Continued 

646 
647 10,000 <200 2, 000 300 30 <20 150 300 <1 0 30 20 <2 <10 30 <.5 <1 20 <200 <100 
648 
649 
649a >1 0, 000 <200 1, 500 500 700 <20 500 300 10 100 30 <2 <10 100 1.5 <1 70 <200 <100 

650 1, 500 <200 1, 000 
651 
652 
653 10,000 <200 1, 000 
654 >1 0' 000 <200 1 , 000 

655 
656 
657 

300 15 <20 

500 500 <20 
500 1 '000 <20 

Dev i 1 s Creek drainage 

30 

100 
150 

150 10 

70 <10 
70 20 

70 

50 
50 

10 <2 <10 50 <.5 <1 15 <200 <100 

20 <2 <10 50 <.5 <1 50 <200 <100 
15 <2 <10 100 <.5 <1 >100 <200 <100 

658 >1 0' 000 <200 1 '000 1, 000 1, 000 <20 300 70 <10 70 20 <2 <10 150 <.5 <1 100 <200 <100 
659 

660 
661 
662 
663 
664 

665 
666 
667 
668 
669 

670 

671 
672 

673 
674 
675 
676 
677 

678 
679 
680 
681 
682 

683 
684 
685 
6o5a 
686 

687 
688 

3,000 <100 500 70 100 <30 <30 30 <1 <30 10 <3 <3 7 <.1 15 <100 <100 
3, 000 <1 00 500 30 200 <30 <30 50 <1 70 20 10 <3 10 <. 1 15 <100 <100 

3, 000 <200 500 
30 <1 00 1 '000 

70 
15 

1,500 <100 700 100 

3' 000 <200 1 '000 200 
5' 000 <200 1 , 000 200 

30 <20 
<3 <30 

15 <30 

70 <20 
70 <20 

1 '500 700 1 '000 1 00 1 00 <20 

2, 000 <200 1 '000 150 
3' 000 <200 1 '000 200 
3, 000 <200 1' 000 150 

2' 000 <200 500 1 00 

70 <20 
70 <20 
70 <20 

NR <20 

30 
30 

15 

10 <10 20 5 <2 <10 5 <.5 <1 20 <200 <100 
10 30 <30 10 <3 <3 <1 <.1 <1 <1 <100 <100 

70 <1 200 15 <3 <3 30 <. 1 <1 7 <100 <100 

Big Face Creek drainage 

30 100 15 100 20 <2 <10 10 <.5 <1 50 <200 <100 
70 150 30 70 20 <2 <10 20 <.5 <1 15 <200 <100 

Middle Creek drainage 

20 

15 
50 
30 

30 50 70 

50 <1 0 20 
50 <10 10 
15 <10 10 

<2 <10 <5 <.5 <1 20 <200 <100 

7 <2 <10 <.5 <1 15 <200 <1 00 
10 <2 <10 <.5 <1 10 <200 <1 00 

7 <2 <10 <.5 <1 <10 <200 <100 

30 1, 500 30 NR 10 <2 <1 0 10 <1 NR <200 <1 00 

689 >1 0, 000 <200 1 '000 500 1, 000 <20 1 00 200 20 50 30 <2 <1 0 150 <. 5 <1 1 00 <200 <1 00 
690 
691 

692 
693 
694 
695 

1 '500 <1 00 1 '000 
3,000 <100 1,000 

70 
70 

Grizzly Creek drainage 

70 <30 <30 15 <1 <30 15 <3 <3 10 <.1 <1 10 <100 <100 
70 <30 150 7 <1 <30 10 <3 <3 20 <.1 <1 10 <100 <100 
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fresh and altered rocks in tlle Pasayten Wilderness Atea, Washington-Continued 

Semiquantitative spectrographic 
analyses--Continued 

Chemical analyses 

(ppm) (percent) (ppm) 
-cx...,.H"'M--cx"""c"'"u=-:A-u -...,-M.,..-o Samp l e desc r i p t ion _l_; Sample Sc C r Ba Sr Fe Mg Ca 

646 --- ----- ----- ----- -----
647 50 700 700 200 15 >10 
648 ----- -----
649 ----- -----
649a 100 l ,000 300 150 10 

650 50 70 15 <50 
651 ----- ----- ----- -----
652 --- ----- ----- ----- .......... 
653 70 l '000 70 100 10 2 
654 50 2, 000 l 00 100 15 1.5 

655 --- ----- ----- ----- -----
656 --- ----- ----- ----- -----
657 --- ----- ----- ----- -----
658 70 5,000 200 70 15 
659 --- ----- ----- ----- -----
660 --- ----- ----- ----- -----
661 --- ----- ----- ----- -----
662 --- ----- ----- ----- -----
663 15 30 500 300 .s 
664 20 30 l '000 100 .2 

665 10 30 300 l 00 
666 <l 7 30 l ,000 
667 --- ----- ----- ----- -----
668 --- ----- ----- ----- -----
669 --- ----- ----- ----- -----

670 50 70 l ,000 100 

671 30 200 l ,000 300 2 
672 20 150 100 300 1.5 

673 --- ----- ----- ----- -----
674 --- ----- ----- ----- -----
675 --- ----- ----- ----- -----
676 --- ----- ----- ----- -----
677 10 50 150 100 .5 

678 --- ----- -----
679 15 50 150 300 l .5 
680 20 150 150 150 2 
681 10 100 200 150 l .s 
682 --- ----- -----

683 --- ----- -----
684 --- ----- -----
685 --- ----- -----
685a NR 70 300 100 . 7 
686 --- ----- ----- ----- -----
687 --- ----- ----- ----- -----
688 --- ----- ----- ----- -----
689 30 l '500 200 150 20 
690 --- ----- ----- ----- -----
691 --- ----- ----- ----- -----

692 --- ----- -----
693 10 20 300 100 . 3 
694 15 300 l 00 200 .5 
695 --- ----- -----

May Creek d ra i naqe--Cont i nued 

15 

2 

10 

10 
10 

50 5 
----- <. l ---
so 3 
50 2 
----- ·l .8 

Devils Creek drainage 

<.1 
1.5 l 0 ----- <2 

15 3 2 
----- <.1 ---

.5 ----- <.1 ---
10 

2 
2 

l .5 <.1 ---

5 15 ----- <2 
10 3 2 
3 15 5 

3 ----- ----- ---
. 15 ----- ----- ---

----- <.1 ---
>10 ----- ----- ---

7 
15 

l .s 

Big Face Creek drainage 

----- ----- <.1 
----- ----- <.1 

Middle Creek drainage 

9 3 
ll 3 

>50 20 
>50 l 0 

. 15 ----- <.1 

20 
. 7 ----- <.1 ---
. 7 ----- <.1 ---
. 7 ----- <.1 ---

10 5 2 

10 5 2 
50 20 <2 
20 l 00 2 

. 15 ----- ----- ---
10 

20 7 ----- <2 
l 0 10 10 

. 7 ----- <.1 
3 
5 

Grizzly Creek drainage 

<.5 -----
. 3 ----- ----- ---

7 ----- ----- ---
<.5 ----- ---

Active stream sediment. 
lim greenstone; sc pyrrhotite. 
Active stream sediment. 

Do. 
Panned concentrate. 

Limonitic greens tone. 
Active stream sediment. 

Do. 
Panned concentrate. 

Do. 

Active stream sediment. 
Do. 
Do. 

Panned concentrate. 
Active stream sediment. 

Do. 
Do. 
Do. 

Lim breccia ted arkose. 
Do. 

Lim hornblende plgc por dike. 
Limonitic argillite. 
Active stream sediment. 

Do. 
Do. 

Lim greenstone and chert. 

Limonitic argillite. 
Do. 

Active stream sediment. 
Do. 
Do. 
Do. 

Limonitic breccia. 

Active stream sediment. 
Lim argillite; sc sulfides. 

Do. 
Limonitic arkose . 
Active stream sediment. 

Do. 
Do. 
Do. 

Ark and arg breccia with sul. 
Active stream sediment. 

Do. 
Do. 

Panned concentrate • 
Active stream sediment. 

Do. 

Active stream sediment. 
Limonitic argillite . 

Do. 
Active stream sediment. 
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TABLE 1.-Ana-lyses of samples .from stream sediments, panned concentrates, and 

Semiquantitative spectrographic 
ana I yses (ppm) 

Sam[!le Ti Zn Mn Zr La N i Cu Pb Mo Sn Co As Be Ga As Sb 

Three Fools Creek drainase 

696 --- --- --- --- --- ---
697 --- --- --- --- --- ---
698 --- --- --- --- --- ---
699 --- --- ---
700 --- --- ---
701 --- --- ---
702 --- --- ---
703 --- --- ---
704 5,000 <200 700 150 100 <20 70 I 00 20 70 15 <2 <10 30 <.5 <I 15 <200 <100 

F reezeout Creek d ra i na9e 

705 >I 0, 000 <200 2, 000 300 >I, 000 <20 50 50 <10 50 30 <2 <10 50 <.5 <I 100 <200 <100 
706 
707 --- --- ---
708 >I 0, 000 <200 2, 000 500 >I, 000 150 I 00 50 10 70 20 <2 <10 50 <.5 <I 100 <200 <100 

Boundary Creek dra i na9e 

709 --- --- --- --- --- ---
710 --- --- ---
711 5,000 <200 700 150 70 <20 20 70 10 I 00 15 <2 <10 10 <.5 <I 30 <200 <100 
712 3, 000 <200 700 150 30 <20 15 500 <10 70 7 <2 <10 150 <.5 <I 50 <200 <100 
713 5,000 <200 700 500 70 <20 50 200 10 70 30 30 <10 loa" <.5 <I 50 <200 <100 

714 5, 000 <200 500 300 70 <20 30 300 30 30 30 15 <10 70 <.5 I 30 <200 <100 
715 5, 000 <200 700 150 200 <20 30 150 30 300 50 15 <10 30 <.5 <I NR <200 <I 00 
716 5, 000 <200 500 70 100 <20 20 200 30 30 20 <5 <10 30 .5 <I NR <200 <100 
717 2,000 I ,000 700 30 I 00 <20 15 200 I 0 I, 000 30 5 <10 7 <.5 I NR <200 <100 
718 2, 000 <200 500 50 150 <20 15 100 20 50 30 7 <10 5 .5 <I NR <200 <100 

719 3,000 <200 300 100 150 <20 15 500 70 15 15 70 <10 30 I <I NR <200 <100 

Lishtnins Creek drainase 

720 --- --- --- --- --- ---
721 --- --- ---
722 --- --- ---
723 5, 000 <200 I, 000 200 100 <20 15 70 20 100 20 <10 <.5 <I 20 <200 <100 
724 --- --- ---
725 
726 
727 
728 
729 

730 >I 0, 000 <200 I, 000 I , 000 >I, 000 50 30 100 10 200 20 <2 <10 30 <I >100 I ,000 <100 
731 --- --- ---
732 --- --- ---
733 --- --- ---
734 3, 000 <200 I ,000 300 50 <20 20 100 <10 <10 15 <2 <10 15 <.5 <I <10 <200 <I 00 

735 10,000 <200 700 200 70 50 50 150 <10 30 15 2 <10 30 <.5 <I 15 <200 <100 
736 5,000 <200 I ,000 500 15 <20 50 100 <10 15 15 <2 <10 50 <.5 <I 15 <200 <I 00 
737 5,000 <200 I, 000 200 20 <20 100 100 <10 200 15 <2 <10 50 <.5 <I 20 <200 <I 00 
738 --- --- ---
739 

740 --- --- ---
741 --- --- ---
742 --- --- ---
743 >I 0, 000 <200 I, 000 700 >I, 000 50 70 200 50 200 50 <2 <10 30 <.5 2 100 300 <I 00 
744 --- --- --- --- --- ---
745 --- --- --- --- --- ---
746 --- --- --- --- --- ---
747 --- --- ---
748 --- --- ---
749 --- --- ---
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fresh and altered rocks in the Pasayten Wilderness .!rea, Washington-Continued 

Semiquan·titative spectrographic 
ana 1 yses--Con t i nued 

Chemical analyses 

(ppm) (percent) 
cxHM cx2~pm) Au Mo Samp 1 e desc r i pt ion !J Samp 1 e Sc C r Ba Sr Fe Mq Ca 

696 
697 
698 
699 
700 

701 --- ----- ----- ----- -----
702 --- ----- ----- ----- -----
703 --- ----- ----- ----- -----
704 15 200 150 1,000 1.5 

705 50 500 200 150 15 1.5 
706 --- ----- ----- ----- -----
707 --- ----- ----- ----- -----
708 50 500 150 150 15 1.5 

709 --- ----- ----- ----- -----
710 --- ----- ----- ----- -----
711 15 150 500 700 7 1.5 
712 20 30 700 150 10 1 
713 50 150 200 100 15 1.5 

714 30 150 200 300 10 1 
715 30 50 700 500 7 1.5 
716 15 70 700 300 5 1.5 
717 20 7 300 500 3 0 7 
718 10 20 150 300 3 .7 

719 15 70 700 200 

720 --- ----- ----- ----- -----
721 --- ----- ----- ----- -----
722 --- ----- ----- ----- -----
723 30 15 I, 000 200 0 7 
724 --- ----- ----- ----- -----
725 --- ----- ----- ----- -----
726 --- ----- ----- ----- -----
727 --- ----- ----- ----- -----
728 --- ----- ----- ----- -----
729 --- ----- -----
730 100 2, 000 300 <50 10 
731 --- ----- ----- ----- -----
732 --- ----- ----- ----- -----
733 --- ----- ----- ----- -----
734 30 200 70 100 

735 30 20 ISO 150 
736 50 100 20 100 
737 50 300 200 I 00 
738 --- ----- -----
739 --- ----- ----- ----- -----
740 --- ----- ----- ----- -----
741 --- ----- ----- ----- -----
742 --- ----- ----- ----- -----
743 70 2,000 70 100 15 
744 --- ----- ----- ----- -----

745 --- ----- ----- ----- -----
746 --- ----- ----- ----- -----
747 ----- -----
748 ----- -----
749 ----- -----

Three Fools Creek drainage 

0.5 
<.5 
2 
<.5 
<.5 

Active stream sediment. 
Do. 
Do. 
Do. 
Do. 

2 ~-
4 ~-

10 <2 Do. 
----- <.1 Limonitic arkose. 

Freezeout Creek drai naqe 

0 7 ----- <.I 
I 0 3 
7 <I <2 

----- <.I 

Boundary Creek draina9e 

200 300 
30 7 

<.I 
<.I 
<.I ---

1 <.I ---
1 0 05 ---
1.5 .03 ---
2 0.3 ---
1.5 013 ---

0 04 ---

Li shtn ins Creek drainase 

15 
20 
10 

1.5 ----- <.I ---
10 7 3 

7 5 
30 10 

7 7 
20 5 
30 5 

----- <.I 
30 5 
10 2 
10 2 

<.I 

----- <.I 
----- <.I 
----- <.I 

10 2 
15 I 0 

7 5 
2 10 

I 0 5 
.5 <.I 

<2 

20 
15 

7 
20 
I 0 

Panned concentrate. 
Active stream sediment. 

Do. 
Panned concentrate. 

Active stream sediment. 
Do. 

Lim xenoliths in diorite. 
Lim hornfelsed ark; pyrite. 
Argillite with pyrite. 

Do. 
Lim arg, ark, cgl; brc w/py. 
S i I breccia and argi IIi te. 
Lt gray s i I ark w/ sc py and 
Lt gray s i I ark w/sc PY· 

Do. 

Aet ive stream sediment. 
Do. 
Do. 

Lim argillite; sc pyrite. 
Active stream sediment. 

Do. 
Do. 
Do. 
Do. 
Do. 

Panned concentrate. 
Active stream sediment. 

Do. 
Do. 

sph. 

Lim qtz diorite; sc pyrrhotite. 

Do. 
Lim greens tone; sc py and pyrh. 
Lim greenstone and chert. 
Active stream sediment. 

Do. 

Do. 
Do. 
Do. 

Panned concentrate. 
Active stream sediment. 

~
~
Do. 
Do. 
Do. 
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TABLE 1.-Analyses of samples from stream sediments, panned concentrates, and 

Semiquantitative spectrographic 
analyses (ppm) 

Sam~ l e Ti Zn Mn Zr La Ni Cu Pb Mo Sn Co As Be Ga As Sb 

Lishtnins Creek draina;~e--Continued 

750 --- --- --- --- --- ---
751 3, 000 <200 l ,000 300 20 <20 100 100 <10 100 l 0 <2 <10 50 <.5 <l 20 <200 <l 00 
752 5,000 <200 l' 000 300 70 <20 20 l 00 <10 100 l 0 <2 <10 10 <.5 <l 15 <200 <l 00 
753 --- --- ---
754 --- --- ---
755 --- --- --- --- --- ---

Hozomeen Creek drainase 

756 --- --- ---- --- --- --- ---
757 >l 0, 000 <200 2, 000 l '000 >l '000 50 150 50 <10 300 20 <2 <10 50 <.5 <l >100 <200 <100 

Dry Creek drainase 

758 5,000 <200 l ,000 500 20 <20 50 70 l 0 <10 10 <2 <10 30 <.5 <l 20 <200 <l 00 
759 --- --- ---- --- --- --- ---
760 >l 0, 000 <200 l, 500 700 300 <20 500 200 20 200 30 <2 70 150 <.5 <l 70 <200 <100 

East side of Ross Lake 

761 --- --- --- --- --- ---
762 --- --- --- --- --- ---
763 --- --- --- --- --- ---
764 --- --- ---
765 --- --- --- --- --- ---
766 --- --- --- --- --- ---
767 --- --- --- ---
768 --- --- ---
769 10,000 <200 700 300 300 <20 20 70 10 <10 20 <2 <10 <5 <.5 <l 20 <200 <100 
770 7,000 <200 l ,000 150 300 <20 2 50 10 100 30 <2 <10 <5 <.5 <l 15 <200 <100 

.!J Abbreviations used in Table: 

a l t altered cgl conglomerate l t light rhy rhyolite 
arg argillite cu copper plgc p lag ioc lase sc scattered 
ark arkose di diorite par porphyry sh sheared or shear 
bi biotite gr granite py pyrite sil silicified 
brc breccia grnst greenstone pyrh pyrrhotite sph sphalerite 
cal calcite lim 1 imonitic qtz quartz sul sulfides 

qtzte quartzite val volcanic 
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fresh and altered rocks in the Pasayten Wilderness A_rea, Washington-Continued 

Semi quantitative spect reg raph i c 
ana lyses--Cent i nued 

Chemical analyses 

Sample Sc 
(ppm) 

Cr Ba Sr Fe Mg Ca 
(percent) 

cxHM cxCu Au Mo Samp I e description .!J 
(ppm) 

750 
751 
752 
753 
754 

755 

756 
757 

758 
759 
760 

761 
762 
763 
764 
765 

766 
767 
768 
769 
770 

Li qhtn i ng Creek drainage--Continued 

30 
20 

150 20 I 00 7 
30 I, 000 150 7 

50 3, 000 50 <50 15 1.5 

20 300 I 00 150 7 

-- >5, 000 200 150 20 

----- ----- -----
----- ----- -----
----- ----- -----

--- ----- ----- ----- -----
--- ----- ----- ----- -----
--- ----- ----- ----- -------- ----- ----- ----- -----
·--- ----- ----- ----- -----

50 150 I ,000 700 7 1.5 
30 300 I, 000 700 5 I 

10 <I 
5 
.I 

<.I ---

30 300 
5 I 0 

20 

<.I 
<.I 

Hozomeen Creek drainage 

I. 5 7 
. 7 ----- ----- <.I 

Dry Creek drainaqe 

----- <.I 
I 0 

East side of Ross Lake 

3 I 0 
2 15 
7 15 
5 2 

15 I 0 

10 
I 0 
15 

I 0 <.I 
7 ----- <.I 

<2 
7 
2 
7 
5 

<2 
<2 

2 

Active stream sediment. 
Sci I sample containing I im grnst. 
Argillite; sc pyrite. 
Active stream sediment. 

Do. 

Do. 

Do. 
Panned con cent rate. 

Lim cal plagioclase ark; sc py. 
Active stream sediment. 
Pan ned concentrate. 

Active stream sediment. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 

Limen it i c phy IIi te. 
Limen it i c gneiss. 
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TABLE 2.-Analyses of samples from veins a,nd shem· 

[Leaders ( __ ) indicate element not lookPd for; <, less than 

Semiquantitative spectrographic analyses 

Field Loca 1 i ty Percent 
No. No. Cu Pb Zn Mo w Sn Co Ni 

Horseshoe Basin area 

MHS-159-65 <0.001 <0.02 <0 .005 <0 .001 <0 .0005 0.0002 
H-1-60 
MHS-156-65 .005 <.001 <.02 .0005 <.005 <.001 .005 .0002 
MHS-153-65 <.001 <.02 <.0002 <.005 <.001 .005 .015 
P-NC-8 

P-NC-7 4 
P-NC-9 4 

Tunss ten Creek a rea 

W-NC-8 
W-NC-9 
W-NC-1 0 
W-NC-11 
W-NC-12 

W-NC-14 
W-NC-15 
W-NC-16 
W-147 <.001 <.0005 .0003 
Z-1 

Z-2 
W-NC-6 
W-152 .001 <.0005 <.0003 
W-150 .003 <.0005 <.0003 
W-148 <.001 <.0005 <.0003 

Shee~ Mountain area 

86-R-65 10 
WR-66-6A 10 .05 
WR-66-5A 10 
WR-66-JA 10 
WR-66-2A 10 

WR-66-3A 10 
WR-66-4A 10 
RV-66-24A 10 
RV-66-23A 10 .003 
RV-66-21A 10 .og3 

RV-66-22A 10 
RV-66-25A 10 
RV-66-26A 10 

Bi 11y Goat Mountain area 

EVK-67-136 11 
EVK-67-146 11 
EVK-67-156 11 
RV-66-12A 12 
RV-67-lA 12 

JM-67-2A 12 
JM-67-3A 12 
JM-67-4A 12 
14-R-65 12 <.001 .0005 .0007 
RV-67-2A 12 

1602 13 .007 .002 <.005 .005 <.0005 <. 0002 
1603 13 .02 <.0002 <.005 .0015 <. 0005 <.0002 
RV-66-1 OA 13 
3R-65 14 
RV-66-llA 14 

RV-66-12A 14 
RV-66-13A 14 
RV-66-14A 15 
4R65-1 16 
4R65-2 16 
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zones in the Pasayten Wilderness Area, Washington 

the amount shown. Footnotes are given at end of table.] 

Quantitative analyses 

Field oz/ton Percent 
No. Au A Cu Pb Zn Mo Co Ni w 

Horseshoe Basin area 

MHS-159-65 Zl 0.039 ?J0.039 
H-1-60 ~ .00 ~ .oo ~ .oo ~ .67 
MHS-156-65 ~ .00 !J . 03 
MHS-153-65 

~<:~~5 ~ .06 !J .019 
P-NC-8 .10 

P-NC-7 §}<.005 §; . 10 
P-NC-9 §; <.005 §; <.005 

Tungsten Creek area 

W-NC-8 
~~:~~§ ~ .65 ZJ 0 

W-NC-9 1.10 ZJ .87 
W-NC-10 ~<.005 §; .so ZJ 2. 76 
W-NC-11 ~<.005 §; 1 .60 ZJ <.02 
W-NC-12 t>J<.005 §; . 30 ZJ .33 

W-NC-14 §; <.005 6; .30 ZJ .31 
W-NC-15 §!<.005 ~ 1 .oo Zl .07 
W-NC-16 &<.005 <.005 ZJ 1.17 
W-147 '21 .00 !J .85 !J .030 !J .009 !J . 10 ?J<.003 ?J .39 
Z-1 2.1 .34 

Z-2 §; .49 
W-NC-6 

& 
.01 §; .1 Zl 1.90 

W-152 § .00 u <.09 !J .0010 !J <.005 !J .012 ?J .0007 ?J .15 
W-150 .00 !J <.09 !J .0050 !J <.005 !J .013 ?J <.0003 ?J .19 
W-148 4_; .00 !J 1 .38 .!J .0010 !J .010 .!J .0018 ?J <.0003 ?J .010 

Shee~ Mountain area 

86R-65 4_;<.02 ?J .014 
WR-66-6A ~<.005 ~ <.005 ZJ<.Ol 
WR-66-5A t>j<.005 <.005 Zl .oo 
WR-66-lA §; <.005 ~ <.005 ZJ .01 
WR-66-2A §; <.005 <.005 ?J .01 

WR-66-3A ~<.005 t <.005 ZJ .02 
WR-66-4A t>j <.005 <.005 ZJ .02 
RV-66-24A ~ <.005 ~ <.005 Zl .02 ZJ<.Ol 
RV-66-23A t>j <.005 <.005 Zl .01 
RV-66-21A §/<.005 §; <.005 

RV-66-22A 0<.005 §; <.005 ZJ <.01 
RV-66-25A §; <.005 §; <.005 ZJ .02 
RV-66-26A §/<.005 §; <.005 Zl <.01 

Bi ll:i Goat Mountain area 

EVK-67-138 2/0 2/ <.005 ZJ ZJO 
EVK-67-148 2/ <.1 '2J .05 ZJ ZJO 
EVK-67-158 2/ <.1 '2J <.005 ZJ 0 ZJO 
RV-66-12A ~ <.005 ~ 20.6 ZJ 10.2 ~ .00 ZJ .01 
RV-67-lA t>j .00 t>j .oo ZJ .oo 

JM-67-2A ~ <:~~5 §; 4.6 ZJ 2.89 
JM-67-3A 

~ .00 ~ 2.1 7J 1.11 ZJ .2 
JM-67-4A 9.9 7J 4.20 ZJ .0 
14-R-65 

~ .05 
~ 5.83 '2J .33 '2J 2.2 '2J .30 

RV-67-2A .00 .00 ZJ <.02 

1602 !J <.003 ?J .03 ?J <.005 
1603 !J <.003 ?J .03 ?J .01 
RV-66-1 OA & <.005 §; <.005 ZJ <.02 
3R-65 _} .04 !J 6. 71 !J 31 
RV-66-llA §; .01 §; 4.3 ZJ .37 

RV-66-12A §; <.005 ~ 20.6 ZJ 10.2 
RV-66-13A ~ <.005 ~ 12.4 ZJ .go ~ 7.85 Zl .go 
RV-66-14A ~ <.005 t>j .2 ZJ <.02 
4R65-l ~ .40 !J .70 !J 3.4 ?J .0003 
4R65-2 '21 .14 !J .17 !J J.g ?J .0003 
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TABLE 2.-A.nalyses of samples from t'eins and shear zones 

Semiquantitative spectrographic analyses 

Field Loca 1 i ty Percent 
No. No. Cu Pb Zn Mo w Sn Co Ni 

Bi 11):: Goat Mountain area--Continued 

4R65-3 16 
JJ-67-lA 18 
JJ-67-2A 18 
EVK-67-6A 18 
EVK-67-7A 18 

EVK-67-8A 18 
EVK-67-9A 18 

Lost River area 

RWT-49-65 19 
EVK-67-lA 19 
EVK-67-2A 19 
EVK-67-4A 19 
JJ-67-3A 19 

JJ-67-4A 19 
JJ-67-5A 19 
JJ-67-6 19 
RV-67-3A 19 

Robinson Creek a rea 

MHS-55-65 21 .003 <.001 .0005 <.0 <.001 .0005 .0003 
NC-P-71 21 
NC-P-72 21 
MHS-75-65 22 .001 <.005 <.001 .001 <. 0002 
JM-67-IA 22 

JC-66-16A 22 
JC-66-17A 22 
RV-67-21 B 22 
RV-67-228 22 
RV-67-238 22 

RWT-24-65 24 
RWT-225-65 25 
MHS -65-65 26 
MHS-79-65 27 
MHS-83-65 28 .0015 .0007 <.005 <.001 <. 0005 <.0002 

RV-66-16A 29 
RWT-142-65 30 
RWT-144-65 31 
RWT-145-65 32 
RV-66-20A 32 

NC-P-65 33 
NC-P-69 34 
NC-P-70 34 
MHS-68-65 35 .005 <.02 .0002 <.005 <.001 .001 .0015 
NC-P-66 35 

NC-P-63 36 
MHS-71-65 36 .02 .0015 <.02 <.0002 <.005 <.001 .003 .0030 
MHS-72-65 37 .001 <.02 <.0002 <.005 <.001 .001 .0020 
NC-P-64 37 
MHS-74-65 38 .003 .0015 <.02 <.0002 <.005 <.001 .0015 .0015 

NC-P-62 39 
NC-P-61 39 

Buckskin Ridse area 

MHS-1 00-65 40 <.005 <.001 .007 .0050 
MHS-1 07-65 41 .001 <.02 <.0002 <.005 <.001 .0020 
MHS-1 05-65 41 .003 <.02 <.0002 <.005 <.001 .0050 
MHS-108-65 41 .001 <.02 <.0002 <.005 <.001 .0020 
MHS-11 0-65 41 <.02 <.0002 <.005 <.001 <.0005 <.0002 

JJ-66-18A 41 
JC-66-19A 41 
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in the Pa8ayten TVilderne88 .!rea, Wash ington-ContinuPd 

Quantitative analyses 

Fie I d oz/ton Percent 
No. Au A Cu Pb Zn Mo Co N i w 

8 iII :t Goat Mountain area--Cant i nued 

4R65-3 4j 0. 26 I o. 17 lJ I . 5 2 0.0002 
JJ-67-IA ~I 0 9, 0 7; 0 7j 7j b/ 0 
JJ-67-2A 9; 0 ~I 0 7_; 0 7j 0 7j 'Lo 
EVK-67-6A ~0 9j <.005 
EVK-67-7A 2;' 0 9j <.005 

EVK-67-SA 9}<. I 9j 0 
EVK-67-9A 2/0 9j <.05 

Lost River area 

RWT-49-65 4; .002 lJ .09 '2j .0003 
EVK-67-IA ~0 9j <.05 
EVK-67-2A 9Jo 9j <.05 
EVK-67-4A 9Jo 9j <.05 
JJ-67-3A 2/0 9j <.05 

JJ-67-4A 9Jo 9j 0 
JJ-67-SA ~'<.1 9j 0 
JJ-67-6A 'J.i<.l 9j <.05 
RV-67-3A 'J..' 0 9j 0 

Robinson Creek a rea 

MHS -55-65 4j .00 !J .06 !J lJ .0035 
NC-P-71 §/<.005 §; <.005 
NC-P-72 61<.005 6; .005 
MHS-75-65 4;<.02 ~ . 12 I_; .13 I; .071 '2j .009 
JM-67-IA ~ .01 0 .25 Z; .06 Zl .10 

JC-66-16A §; .01 6_; .03 
JC-66-17A §.!<.005 ~ .3 
RV-67-21 B 9j<.05 .045 ZJ .00 
RV-67-228 9, .00 §; .os 7! . 00 
RV-67-238 ~ .00 9j .os 7J .00 

RWT-24-65 lJ <. 002 1; .06 
RWT-225-65 lJ . 002 D 2.36 lJ 10.6 lJ .006 lJ .0085 '2j .0007 
MHS-65-65 ~<:~~ lJ .09 lJ .006 1_1 .004 lJ .ooss 
MHS-79-65 
MYS-83-65 §<.02 lJ • 12 !J .007 lJ .0086 

RV-66-16A 6!<.005 6t . 10 
RWT-142-65 ~ .02 !) . 15 lJ I .2 
RWT-144-65 ii': .06 !J 3.06 lJ 4.0 
RWT-145-65 _) . 72 !J 1. 37 lJ .060 
RV-66-20A §; .93 §; .s 7j <.02 1J .so ZJ .os 

NC-P-65 ~ .so 6j .40 
NC-P-69 ii':<.l ~ <.05 
NC-P-70 ~<.1 <.05 
MHS-68-65 ~ .oo ~ .09 lJ .008 
NC-P-66 ~<.005 _) <.005 

NC-P-63 6t .26 §; .30 
MHS-71-65 0 .oo lJ .09 
MHS-72-65 4j .os ~ .23 !J .039 
NC-P-64 ~ . 17 .40 
MYS-74-65 .00 !J .06 

NC-P-62 ~ .68 ~ .70 
NC-P-61 .06 .30 

8uckski n Ridge area 

MHS-1 00-65 ii .05 ll .67 lJ 11 -7 ll .0040 ll .044 f/<.0002 
MHS-107-65 ii': .os !J .06 lJ 1.1 '2j .09 
MHS-1 05-65 ~ .08 lJ .06 !J .14 '2j .03 
MHS-1 08-65 ;;;<.02 !J .09 !J .27 '2j .03 
M~S-110-65 ~<.02 !J .06 !J .16 lJ .001 

JJ-66-ISA 6; .04 §; .30 ZJ .60 
JC-66-19A ~ .48 0 .30 
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TABLE 2.-A.nalyses of samples from reins and shear zone8 

---------

Semi quantitative spectrographic ana I yses 

Fie I d Loca I i ty Percent 
No. No. Cu Pb Zn Mo w Sn Co N i 

Buckskin Ridge area--Continued 

RW-66-1 B 41 
MHS-91-65 42 .002 <.02 .0003 <.005 <.001 .003 .003 
1739 43 .02 <.001 .05 <.0002 <.005 <.001 .0003 .0015 
1740 43 .005 <.001 <.02 <. 0002 <.005 <.001 <.0003 <.0002 
1741 43 .07 .007 .2 <. 0002 <.005 <.001 <.0003 .0003 

1742 43 .015 .03 .5 .0005 <.005 <.001 .001 .002 
MHS-90-65 43 <.005 <.001 .0007 .001 
RV-66-7B 43 
MHS-88-65 44 <.0002 <.005 <.001 <. 0005 .0002 
MHS-62-65 45 <.001 <.02 <.0002 .01 <.001 .002 .001 

MHS-61-65 45 .0002 <.005 <.001 <.0005 <.0002 
MHS-60-65 45 .005 <.0002 <.005 <.001 <.0005 < .0002 
MHS-58-65 45 <.0002 <.005 <.001 <.0005 <. 0002 
MYS-57-65 45 .001 <.0002 <.005 <.001 .0005 .0003 
RW-NC-60 45 

RW-NC-62 45 
RW-NC-61 45 
JR-NC-34 45 
JR-NC- 35 45 
RW-NC-64 45 

RW-NC-63 45 
RW-NC-71 45 
RW-NC-73 45 
RW-NC-72 45 
RW-NC-74 45 

MHS-147-65 46 
MHS-149-65 47 .0015 .005 <. 0002 <.005 <.001 .002 .003 
MHS-148-65 47 
RW-NC-91 47 
JR-NC-45 47 

Jim Peak-Windy Pass a~ 

MHS -150-65 48 .001 <.02 <.0002 <.005 <.001 .001 .0003 
MYS-111-65 49 .001 <.02 <.0002 <.005 <.001 .001 .001 
1738 50 <.001 <.02 <.005 <.001 <.0005 <.0002 
MHS-140-65 51 .007 .003 <.02 <.0002 <.005 <.001 <.0005 <.0002 
JR-NC-41 51 

JR-NC-42 51 
MHS-136-65 52 .005 <.0002 <.005 <.001 .0007 .0002 
1730 52 .007 <.001 <.02 <. 0002 <.005 <.001 .001 .001 
1731 52 .015 <.001 <.02 <.0002 <.005 <.001 .0005 .0005 
1732 52 .015 .001 .05 <. 0002 <.005 <.001 .0005 .001 

MHS -138-65 52 .001 <.0002 <.005 <.001 .0007 .0002 
JC-66-IA 52 
JC-66-4A 52 
JC-66-5A 52 
JJ-66-6A 52 

JC-66-3A 52 
MHS-134-65 53 <.0002 <.005 <.001 <.0005 .0002 
RW-NC-57 53 
RW-NC-58 53 
RW-NC-59 53 

MHS-131-65 54 .003 <.0002 <.005 <.001 .001 .0007 
MYS-133-65 54 <.0002 <.005 <.001 .0005 .0002 
MHS-121-65 54 <.0002 <.005 <.001 .0007 <. 0002 
RW-NC-80 54 
RW-NC-81 54 

RW-NC-55 54 
RW-NC-69 54 
RW-NC-65 55 
RW-NC-67 55 
RW-NC-68 55 
RW-NC-66 55 
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in the Pa8a·l!fen Wilderne88 ~!rea, 1Fa8hingtnn-Continued 

Quantitative ana 1 yses 

Field oz/ton Percent 
No. Au Ag Cu Pb Zn Mo Co Ni 

Buckskin Ridge area--Continued 

RW-66-1 B to.oos §!<0.005 7j o. 13 7j 0·00 
MHS-91-65 ':'/<.02 !J • 12 _!! .010 
1739 _!! -09 _!! <.003 
1740 .!J<.0015 !J <.003 
1741 _!! . 79 !i . 17 

1742 0 . 12 1; <.003 
MHS -90-65 .n It 1 .63 !J .036 !J .II !J .093 ?J .0003 
RV-66-7B ~ :;~ 0 <.005 
MHS-88-65 _!! .70 !J .006 !J .023 !J .0035 
MHS-62-65 0<.02 _!! .06 .!J .040 

MHS-61-65 4; . 10 !J • 15 .!J .Oil !J <.0025 !J .0075 
MHS-60-65 ~ .03 !J . 15 ?J .010 !J .054 
MHS-58-65 

~ 
. 10 .!J 1.08 _!! .064 !J 1.1 !J 1. 

MHS-57-65 .oo !J .06 .!J .018 1; .036 
RW-NC-60 .08 0 2 .o 7j <.02 7j 2.5 ?.; 1.55 

RW-NC-62 0<.005 0 1.4 7j <.02 7j 1.1 7; <.02 
RW-NC-61 0 .14 0 1 .9 7j <.02 7j 2.1 ?.; 2 .o 
JR-NC-34 0 .60 §; .25 7j <.02 7j .00 7; . 15 
JR-NC-35 ~ .03 6; . 10 7j <.02 7_j .oo 7_; .os 
RW-NC-64 ~<.005 ~ .10 7_j .oo 7_j <.02 7_j <.02 

RW-NC-63 0<.005 ~ .20 7; .06 7; <.02 7_j .85 
RW-NC-71 0 .28 0 .30 7_; .08 Z; .00 7_j .oo 
RW-NC-73 ~ .os <.005 
RW-NC-72 ~ <.005 0 <.005 ~ .00 ~ .00 ~ <.02 
RW-NC-74 ~<.005 0 <.005 

MHS-147-65 ~ .oo .!J .09 
MHS-149-65 ~<.02 !J . 12 !J .Oil 
MHS-148-65 ':'/<.02 !J . 06 
RW-NC-91 0<.005 0 <.005 
JR-NC-45 §!<.005 0 <.005 

Jim Peak-Wind:t Pass 

MHS-150-65 ~ .02 !J <.03 !I . 056 
MHS-111-65 ':'/<.02 u .09 1: .021 
1738 1;<.0015 11 .004 Lv ~:~002 
MHS-140-65 /j:;<-02 !J .06 
JR-NC-41 ~ .16 §J <.005 7_j <.02 7_j .00 7_j .00 

JR-NC-42 0 .08 6j <.005 7_j <.02 7_j .00 71 .00 
MHS -136-65 .48 .!J . 03 !J .025 ~ .074 
1730 !J<-9015 !J <.003 
1731 1; .21 .!J <.003 
1732 ~ .009 !J <.003 

MHS-138-65 '!! . 16 .IJ .09 .!J .034 .!J .18 
JC-66-1 A §;<.005 0 .I 
JC-66-4A ~ .06 0 <.005 
JC-66-SA ; <.005 0 . 10 
JJ-66-6A ~;<.005 0 <.005 

JC-66-3A 6; . 12 0 . 10 
M~S-134-65 0 .oo 

~ 
<.03 !i .0030 .!J .029 

RW-NC-57 61<.005 <.005 ?_! .00 0 .00 ?_! .oo 
RW-NC-58 '(;', <.005 <.005 ZJ <.02 7_; .00 ZJ .oo 
RW-NC-59 [;<.005 ~ .] ZJ <.02 ZJ .00 7_; .00 

MHS-131 -65 ~<:~~ !J .06 .!J .035 .!J .046 
MHS-133-65 .!J 1.08 !J .009 .!J .37 lj .36 
MHS-121-65 § .13 !J 5.34 u .083 !J 2.1 .!J .67 
RW-NC-80 0 . 13 

~ 
1.1 7j .so 7_; <.02 

RW-NC-81 0 .24 3.4 ZJ 1. 75 ZJ . 15 

RW-NC-55 §J .01 0 .40 ZJ <.02 ?_! <.02 7j 2.2 
RW-NC-69 6: .05 6t .90 lJ <.02 ZJ .60 lJ <.02 
RW-NC-65 6; . 12 t: .4 lJ <.02 7! .I lJ . 35 
RW-NC-67 6; .08 ~ 2 .s 7_; <.02 7_; .85 0' 2.8 
RW-NC-68 b/ < .oos ~ <.005 
RW-NC-66 ~<.005 .20 0' <.02 Zl <.02 0' .2 
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TABLE 2.-l!nalyses of swmple8 from reins and shear zones 

Semi quantitative spect rag raph i c analyses 

Field Locality Percent 
No. No. Cu Pb Zn Mo w Sn Co Ni 

Jim Peak-Wind~ Pass area--Cant i nued 

JR-NC-36 55 
JR-NC-37 55 
MHS-43-65 56 <.0002 <.005 <.001 .0007 <. 0002 
MHS-44-65 56 <.0002 <.005 <.001 .0015 .0015 
MHS-167-65 57 

MHS-116-65 57 .002 .0002 <.005 <.001 <.0005 <. 0002 
MHS-118-65 57 
MHS-115-65 57 <.0002 <.005 <.001 .001 .0005 
JR-NC-40 57 
JR-NC-39 57 

RW-NC-76 57 
RW-NC-77 57 
RW-NC-78 57 
JR-NC-44 57 
RW-NC-88 57 

Canyon Creek a rea 

M~S -49-66 58 .003 .001 <.02 <.0002 <.005 <.001 .001 .002 
1263 58 .01 <.001 <.02 <.0002 <.005 <.001 .0005 .007 
M~S-170-65 59 
M~S-171-65 59 
MHS-146-65 53 .001 <.0? .0002 <.005 <.001 <.0005 <. 0002 

MHS-145-65 59 .0015 .005 <.02 .0015 <.005 <.001 <.0005 .0002 
M~S-142-65 59 .002 .003 <.02 <.0002 <.005 <.001 <. 0005 <.0002 
MHS-143-65 59 .002 .002 <.02 .0003 <.005 <.001 .0005 .0007 
MHS-144-65 59 .002 .003 <.02 .0015 <.005 <.001 .001 .001 
MHS-50-66 59 .005 .003 <.02 .015 <.005 <.001 .0005 .002 

RV-66-3A 59 
RV -66-2A 59 
RV -66-l A 59 
P-NC-50 59 
P-NC-51 59 

P-NC-52 59 
JC-66-l2A 59 
JC-66-l3A 59 
JC-66-4A 59 
JC-66-l2A 59 

JC-66-l5A 59 
JC-66-9A 59 
JC-66-ll A 59 
JC-66-lOA 59 
WR-66-l9A 59 

WR-66-20A 59 
WR-66-l8A 59 
RV-66-6A 60 
RV-66-8A 60 
RV-66-9A 60 

1687 61 .003 .001 <.02 <. 0002 <.005 <.001 <.0005 .0007 
1688 61 .003 .003 <.02 <. 0002 <.005 <.001 .0005 .0005 
WR-66-l OA 62 
WR-66-llA 62 
WR-66-l2A 62 

1719 63 .005 .0015 <.02 <.0002 <.005 <.001 .001 .003 
1720 64 .003 <.001 <.02 <.0002 <.005 <.001 .001 .002 
1610 65 .007 .001 <.02 < .0002 <.005 <.001 .001 .003 
1611 66 .007 <.001 <.02 <.0002 <.005 <.001 .0005 .002 
RV-67-248 67 

RV-67-258 67 
RV-67-l C 67 
RV-67-2C 67 
MHS-53-66 68 .003 .001 <.02 <.0002 <.005 <.001 .0005 .0015 
M'-iS -55-66 68 .015 .002 <.02 <.0002 <.005 <.001 .0007 <. 0002 
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in the Pasayten 1Vilderne88 Area, lFashington-Continued 

Fie 1 d 
No. 

JR-NC-36 
JR-NC-37 
MHS-43-65 
Mi1S -44-65 
MHS-167-65 

MHS-116-65 
MHS-118-65 
M~S-115-65 
JR-NC-40 
JR-NC-39 

Rw-NC-76 
Rw-NC-77 
RW-NC-78 
JR-NC-44 
R..J-NC-88 

M~S-49-66 
1263 
MHS-170-65 
MHS-171-65 
MHS-146-65 

MHS-145-65 
MHS-142-65 
MHS-143-65 
MHS-144-65 
MHS-50-66 

RV-66-3A 
RV-66-2A 
RV-66-1A 
P-NC-50 
P-NC-51 

P-NC-52 
JC-66-12A 
JC-66-13A 
JC-66-4A 
JC-66-12A 

JC-66-15A 
JC-66-9A 
JC-66-11 A 
J:-66-1 OA 
WR-66-19A 

W R-66-20A 
WR-66-18A 
RV-66-6A 
RV-66-8A 
RV-66-9A 

1687 
1688 
WR-66-1 OA 
WR-66-11 A 
WR-66-12A 

1719 
1720 
1610 
1611 
RV-67-246 

RV-67-256 
RV-67-1C 
RV-67-2C 
MHS-53-66 
MHS-55-66 

oz/ton 
Au Ag 

6 1 0.32 6; 12.8 
§J .2 ~ 8.7 

~ .04 l_j .03 
.05 l_j .26 

0 .06 l! .29 

4; .02 l! .06 

?, .25 l! 1.92 

~ 
.02 ~ .06 
.03 . 10 

~ . 17 0 .95 

6; .02 ~ .10 
6;<.005 ~ <.005 
b/<.005 ~ <.005 
~<.005 ~ <.005 
§;<.005 bJ <.005 

.!J<.0015 11 <.003 
1 ;<.003 f) <.003 
I+; . 10 1; .09 
1+;<.02 II .09 
0<.02 _1_; .06 

d :6~ l_j .09 
1; .03 

~<.02 D • 12 
_j .00 l! .09 
_1_; .0 l_j <.003 

6;< .005 §; <.005 
§;<.005 6; <.005 
6,'<.005 bl <.005 
bi .40 0 .30 
0<.005 §; <.005 

6;<.005 6; . 10 

t:~~5 6; . 10 
6; . 15 

§; .06 0 <.005 
~i .02 6; .1 0 

6; .50 6; .30 
fiJ . 78 §; 1.4 
6;<.005 §; <.005 
fiJ .06 6; . 15 
~1<.005 0 <.005 

6;<.005 6; < .. 005 

~/ .01 §; .20 
6: .03 6; . 10 
6;<.005 ~ <.005 
~<.005 bJ <. 005 

.!J .003 
1; .006 l! <.003 
~<.005 6; <.005 
6;<.005 ~ <.005 
~<.005 bJ <.005 

.!J<.003 

.!J .003 l! .006 
l_j<.0015 l! <.003 
l_j<.0015 .!J <.003 
~ .oo ~ <.02 

~ .oo ~ .oo 
~ .oo ~ .oo 
~ .00 ~ .00 
_1_;<.0015 .!J <.003 
.!J .oo6 l_j <.003 

Quantitative analyses 

Percent 
Cu Pb Zn Mo 

Jim Peak-Wind~ Pass area--Continued 

Zl<0.02 ZJ 6.35 ZJ Q.2 
ZJ .02 7; 4.95 ZJ .3 
1; .082 f; <.0025 l! .0015 
I) .39 f; .033 1; 2.2 
l_j . 035 I) . 31 D . 10 

l_j .0077 l! .035 
1; 3.8 l! 8.0 

l! .010 D .0030 l! .015 
ZJ <.02 ?J .00 ?J <.02 
?J <.02 ZJ 1 .8 ?J 6.1 

7! .00 ?J .oo ZJ <. 02 
ZJ .00 ZJ .oo ZJ .oo 

Can~on Creek a rea 

ZJ .0055 

ZJ <.02 

~ .oo 

~ .oo 
'2_! <.02 
~ .oo 

239 

Co N i w 
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TABLE 2.-A.nalyses of snmples from reins and shea.r zones 

F i e I d Loca I i t y 
No. No. Cu 

M.'iS-54-66 
WR-66-14A 

WR ·66-13A 
1272 
1273 
1274 
1279 

RV-66-4A 
2244 
2291 
2253 
2254 

2272 
2272A 

63 
69 

70 
72 
73 
73 
74 

76 
77 
77 
78 
78 

79 
79 

RWT-268-65 80 

1337 
1334 

81 
82 

JJ-67-15A 83 
EVK-67-21A 83 
EVK-67-22A 83 
EVK-67-23A 83 
EVK-67-20A 83 

J,'1-67-16A 83 
JM-67-15A 83 
J'1-67-14A 83 
JJ-67-IBA 83 
JM-67-13A 83 

JJ-67-17A 83 
VM-67-IOA 83 
EVK-67-18A 83 
JJ-67-13A 83 
JI1-67-9A 83 

EVK-67-19A 84 
JJ-67-16A 84 
JM-67-IIA 84 
JI1-67-12A 84 
RV-67-20A 85 

1690 
1693 
1694 
1649 
RV-67-23A 

85 
85 
85 
86 
87 

RV-67-24A 87 
JJ-67-20 88 
EVK-67-25A 88 
EVK-67-24A 88 
JJ-67-19A 88 

0.003 

.003 
.01 
.0005 
.02 
.015 

.007 

.005 

.007 

.007 

.002 

Semiquantitative spectrographic analyses 

Pb 

0.002 

<.001 
<.001 
<.001 
<.001 

<.001 
<.001 

Percent 
Zn Mo w 

<0 .02 <0 .0002 <0 .005 

South Canyon Creek area 

<.02 
<.02 
<.02 
<.02 

<.0002 
<. 0002 
<.0002 
<. 0002 

<.0002 
<.0002 
<.0002 

.0005 

Ross Lake area 

<.02 
<.02 

<.0002 
<.0002 

Dev i l s Dome a rea 

<.005 
<.005 
<.005 
<.005 

<.005 
<.005 
<.005 
<.005 

<.005 
<.005 

!!_oundar:r....f.reek-Lightninq Creek 

.002 

.002 

.0015 

_lj Atomic absorption analysis by the U.S. Geological Survey. 
?J Colorimetric analysis by the U.S. Geological Survey. 
3; Analysis from Huntting (1956, p. 270). 
§ Fire assay by the U.S. Geological Survey. 
2J Analyses from S. W. Hobbs (1942, written communication). 

Sn 

<0 .001 

<.001 
<.001 
<.001 
<.001 

<.001 
<.001 
<.001 
<.001 

<.001 
<.001 

0 
0 

.001 

Co 

<0 .0005 

<. 0005 
<.0005 
<. 0005 
<.0005 

.0005 

.0005 

.01 

.0007 

.0003 
<.0003 

.0007 
0 
0 

Ni 

<0 .0015 

.0005 
.002 
.001 
.0005 

.0015 

.0020 

.007 

.001 

.0015 

.0005 

.0003 
0 
0 
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in the Pasayten Wilderness A.rea, 1Fa8hin,qtnn~Continued 

Quantitative analyses 

Fie I d oz/ton Percent 
___ N~ ____ Au______ Ag Cu Pb Zn Mo 

MYS-54-66 
WR-66-14A 

WR•66-13A 
1272 
1273 
1274 
1279 

RV-66-4A 
2244 
2291 
2253 
2254 

2272 
2272A 

RWT-268-65 

1337 
1334 

JJ-67-15A 
EVK-67-21A 
EVK-67-22A 
EVK-6 7-23A 
EVK-67-20A 

JM-67-16A 
JM-67-15A 
JM-67-14A 
JJ-67-IBA 
JM-67-13A 

JJ-67-17A 
VM-67-1 OA 
EVK-67-IBA 
JJ-67-13A 
JM-67-9A 

EVK-67-19A 
JJ-67-16A 
JM-67-IIA 
JM-67-12A 
RV-67-20A 

1690 
1693 
1694 
1649 
RV-67-23A 

RV-67-24A 
JJ-67-20A 
EVK-67-25A 
EVK-67-24A 
JJ-67-19A 

.!f:O.OOI5 lj cc0.003 
§. <.005 ~· .20 

6!<.005 
!) .003 
IJ<.003 
1;<.003 
D .oo3 

§; <.005 
l/<.003 
1J . as 
lj . 003 
li<.003 

lj <. 0015 
IJ<.OOI5 

~ .oo 

4 .00 
4 .00 

9/<.1 
21<. I 
9!<.1 
~<.1 
2.1<.1 

9; 0 
9;<.1 
21o 
~0 
2/<.1 

~0 
~<.I 
':l)o 
~<.I 
~<.I 

~<.I 
~<.I 
~<.I 
2./0 
~<.I 

1J<.05 
lJ<.05 
IJ<.05 
lJ<.05 
2/0 

~0 
2/0 
2/0 
~0 
~0 

6· <.005 

§. . I 0 

], .009 

B <.003 
<.003 

lj .06 

~ <.02 
9! 0 
~ 0 
9· <.02 
21 0 

~ <.02 
9/ <.02 
~ 0 
2J 0 
~ <.02 

2J 0 
9; <.02 
21 0 
~ <.02 
~ <.02 

9) 0 
9; <.02 
~ <.02 
2,: <.02 
2J <.I 

<.02 
.02 

<.02 
<.02 

~ <.02 

2J <.02 
~ 0 
~ 0 
2J 
~ 

S0uth Canyon Creek area 

Jack Mount~ 

<.02 
!/ . 0035 I; <. 0025 I/ .025 
~ .014 T .02 I, .21 
I; .03 lj < .0025 I . 12 
I1 .028 I. <.0025 D .006 

Ross Lake area 

Dev i Is Dome area 

Cinnamon Creek area 

~e>undary Creek-Lightning Creek 

7_j .14 7_; 
?_; 0 
7_; 0 
Zi 0 
7_j 0 

Zi <.02 
Zl 

Z! <.02 
Z! 0 
Zl 0 

7_; 0 
Zl <.02 
7_j 0 Z! 
Zi 0 v 
Zi <.02 

Zi v v 0 
v <.02 
Zi 0 
Zi 0 7J 0 

. 03 .0075 

.0025 <.0025 
.025 <. 0025 

Zi Zi 
?_; 
71 
7) 

6; Fire assay by Peter Mack of Wallace, Idaho. 
?J Colorimetric analysis by Peter Mack of Wallace, Idaho 
8; Electrolytic analysis by Peter Mack of Wallace, Idaho. 

~ Atomic absorption analysis by the U.S. Bureau of Mines. 

424-547 0- 71 - 17 

?JO 
z; o 
ZJO 
7;0 

7_;0 

Z/0 
Z/0 
?_;o 

7; 0 
Z;o 
Z/0 

Zio 

Vo 

Vo 
Zio 
Z/O 

Z!o 

Zio 
?Jo 
?Jo 
Zio 
Zio 

241 

Co Ni 

Zl . 12 
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TABLE 3.-A nalyses of placer sample concentrates from the Canyon Creek drainage 
(figs. 64, 65) 

[Gold and silver content determined by fire assay; Tr=<0.005 mg Au; <0.05 mg Ag is not reported] 

Depth Gold 
Sam- Type of sampled Gold (cents Silver Gold 
pie sample (feet) (mg) per (mg) colors Remarks 
No. ----- cuyd) 

From To 

1-1 Grab ______ 0 2 Tr ------------------ Bar in stream chan-
nel; 50 percent 
> 3-in.-diameter 
gravel. 

1-2 Test pit ___ 0 3 Tr ------------ 2 Bar; 50 percent 
> 3-in.-diameter 
gravel. Two small 
colors of gold and 

1-3 Drill hole __ 0 1~~ 
some pyrite. 

Tr ------------------ Overburden. 
1-4 ___ do ______ H~ 2 Tr ------------------ Fine sand and gravel. 
1-5 ___ do ______ 2 3 Tr ------ 0. 10 ------ Medium gravel and 

boulders; some 
pyrite. 

1-6 ___ do ______ 3 3~~ Tr ------------------ Boulders and gravel. 
1-7 ___ do ______ 3% 4 Tr ------------------ Do. 
1-8 ___ do ______ 4 5 Tr ------------------ Large boulders. 

1-9 Test pit ___ 0 2 Tr ------------ 10 Bar in stream; 
pyrite and fine 
colors. 

1-10 ___ do ______ 0 1 Tr ------------------ Fine colors at 1 to 
1-11 ___ do ______ 1 2 0. 02 0. 2 3 3 ft; 40 percent 3-
1-12 ___ do ______ 2 3 Tr ------------ 6 to 16-in. diameter 
1-13 ___ do ______ 3 4 . 02 . 1 ------------ consisting of 

argillite, quartzite, 
slate, conglomer-
ate, and granitic 
rock. Pit aban-
doned because of 
water. 

1-14 ___ do ______ 0 1 Tr ------------ 2 Boulders with medium 
1-15 ___ do ______ 1 2 Tr ------------ 3 gravel and fine 
1-16 ___ do ______ 2 3 . 33 1.0 8 sand; 60 percent 
1-17 ___ do ______ 3 4 . 01 . 1 6 3-in. to 3 ft. in 
1-18 ___ do ______ 4 4~~ . 42 4.2 ------------ diameter con-

sisting of quartz-
ite, granodiorite, 
slate, and argil-
lite. Pit aban-
doned because of 
water depth and 
boulders. 

1-19 ___ do ______ 0 1 . 05 1.0 2 Bar in stream; fine 
sand and gravel. 

1-20 ___ do ______ 0 1 . 035 . 6 1 Duplicate of 1-19 . 
1-21 ___ do ______ 1 2 Tr ------------------ Gravel and sand to 

bedrock. 
1-22 Grab ______ 0 1 Tr ------------------ Old bench placer; 

sampled to 
bedrock. 

1-23 ___ do ______ 0 2 . 02 . 05 1 Stream channel; 
75 percent> 
10-in. diameter. 

1-24 ___ do ______ 0 2 Tr ------------------ 50 percent>3-in. 
diameter. 
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TABLE 3.-A nalyses of placer sample concentrates from the Canyon Creek drainage 
(figs. 64, 65)-Continued 

Depth Gold 
Sam- Type of sampled Gold (cents Silver Gold 
ple sample (feet) (mg) per (mg) colors Remarks 
No. ------ cuyd) 

From To 

1-25 Test pit ___ 0 1 . 025 . 13 ------------ Test pit in old 
1-26 ___ do ______ l 27~ . 07 .2 3 stream channel; 

60 percent from 
6-in. to 4-ft 
diameter consist-
ing of argillite, 
serpentine, 
conglomerate, 
granodiorite, and 
arkose. 

1-27 ___ do ______ 0 3 . 16 1.6 2 Do. 
1-28 ___ do ______ 0 2 Tr ------------------ Do. 
1-29 ___ do ______ 0 2 . 22 2. 2 3 Stream bar; sampled 

to bedrock; fine 
colors. 

1-30 ___ do ______ 0 2 Tr ------------------ Unworked gravel 
and clay from edge 
of mined-out 
bench placer; 
sampled to bed-
rock. 

1-31 Grab ______ 0 2 Tr ------------------ Unworked gravel 
and clay from edge 
of mined-out 
bench placer; 
sampled to bed-
rock. 25 ft N. 
45°W. of 1-30. 

1-32 ___ do ______ 0 2 . 73 3. 0. . 05 15 90 percent>3-in . 
diameter; sampled 
to bedrock in 
stream. 

1-33 ___ do ______ 0 2% . 41 2. 0 ------ 12 Same as 1-32, 200 

1-34 ___ do ______ 0 2 
ft upstream. 

------------------------- Elk Creek area; 
1-cu-ft sample; 
fine sand. 

1-35 ___ do ______ 0 2 ------------------------- Elk Creek area; 
1-cu-ft sample; 
coarse gravel. 
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TABLE 4.-Analyses of placer sample concentrates from the Lightning Creek-Three 
Fools Creek drainage (fig. 66) 

[Gold and silver content determined by fire assay; Tr= <0.005 mg Au; <0.05 mg Ag is not reported] 

Sam
ple 
No. 

Type of 
sample 

2-1 Grab ____ _ 

2-2 ___ do ____ _ 

2-3 ___ do ____ _ 

2-4 ___ do ____ _ 

2-5 Trench __ _ 

2-6 Test pit __ 

2-7 ___ do ____ _ 

2-8 ___ do ____ _ 

2-9 ___ do ____ _ 

2-10 Grab ____ _ 

2-11 ___ do ____ _ 

Depth sampled 
(feet) 

From To 

0 

0 

0 

0 3 

0 6 

0 3 

0 

0 3 

0 2 

0 2 

0 2 

Gold 
(mg) 

Gold 
(cents Silver Gold 

per (mg) colors 
cuyd) 

Tr _______________ _ 

Tr _______________ _ 

Tr 

Tr 

Tr ----------------

Tr _______________ _ 

Tr ----------------

Tr ----------- 1 

0. 035 0. 2 2 

Tr ----------------

Remarks 

Stream bar in Upper 
Cinnamon Creek; 
concentrates only a 
trace of original 
sample. 

Stream bar in Middle 
Creek; concentrates 
only a trace of orig
inal sample. 

Sampled to bedrock; 
six pans from 
various locations 
over 600-foot stream
bed. 5 percent 
material < 3-in. 
diameter. 

Fine sand and some 
gravel; 50 cu yd 
reserves. 

Bank cut; 75 percent 
>3-in. diameter; 
concentrates only a 
trace of original 
sample. 

Edge of stream; 
coarse gravel and 
sand; concentrates 
only a trace of 
original sample. 

Composite of three 
samples; coarse 
gravel as much as 
12-in. diameter; 
concentrates only a 
trace of original 
sample. 

Edge of stream; 
medium gravel and 
sand; concentrates 
only a trace of 
original sample. 

Bank cut above 2-8; 
50 percent >3-in. 
diameter; concen
trates only a trace 
of original sample. 

Bar at junction of 
Cinnamon and 
Three Fools Creeks; 
1,500 cu yd. re
serves; 60 percent 
>3-in diameter. 

90 percent >6-in. 
diameter; 200 ft 
above junction of 
Three Fools and 
Castle Creeks. 
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TABLE 4.-Analyses of placer sample concentrates from the Lightning Creek-Three 
Fools Creek drainage (fig. 66)-Continued 

Sam- Depth sampled Gold 
ple Type of (feet) Gold (cents Silver Gold Remarks 
No. sample ------- (mg) per (mg) colors 

From To cuyd) 

2-12 Grab _____ 0 3 Tr ---------------- Predominantly large 
boulders; Upper 
Three Fools Creek. 

2-13 ___ do _____ 0 3 Tr ________________ Bar at junction of 
Three Fools an d 
Shull Creeks; c on-
centrates only a 
trace of originq 1 

2-14 ___ do _____ 0 3 
sample. 

Tr ---------------- Taken 150 yd above 
the mouth of Shull 
Creek; medium 
gravel; concentrates 
only a trace of 

2-15 ___ do _____ 0 2 
original sample. 

Tr ---------------- Bar 100 yd below 
junction of Shull and 
Three Fools Creeks. 

2-16 ___ do _____ 0 2 Tr ---------------- Less than 5 percent < 3-in.-diameter 
gravel; concentrates 
only a trace of 

2-17 ___ do _____ 0 2 Tr ----------------
original sample. 

Do. 
2-18 Test pit __ 0 3 Tr ----------- 1 Coarse gravel; 75 

percent > 6-in. 
diameter. Trace of 

2-19 ___ do _____ 0 3 Tr ___________ 2 
pyrite. 

Fine gravel built up 
behind logjam ; 450 
ft above junction 
Elbow and Three 
Fools Creeks. Trace 
of pyrite and gold 
found in 2lb 
concentrate. 

2-20 Grab _____ 0 2 Tr ---------------- Fish Creek shelter; 95 
percent boulders, 
ranging from 3-in. to 
more than 15-ft 
diameter; concen-
trates only a trace of 

2-21 ___ do _____ original sample. 
0 2 Tr ---------------- Same as 2-20, 1,000 ft 

downstream. 
2-22 ___ do _____ 0 2 . 02 . 01 ---------- Bar at tributary 

junction; 90 percent 

2-23 ___ do _____ 0 2 
>3-in. diameter. 

Tr ---------------- Junction Three Fools 
and Lightning 
Creeks; 50 cu yd 
reserve; concentrates 
only a trace of 
original sample. 
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TABLE 4.-Analyses of placer sample concentrates from the Lightning Creek-Three 
Fools Creek drainage (fig. 66)-Continued 

Sam-
pie Type of 
No. sample 

2-24 Grab _____ 

2-25 ___ do ____ _ 

2-26 ___ do ____ _ 

2-27 ___ do ____ _ 

2-28 Test pit __ 

2-29 ___ do ____ _ 

2-30 ___ do ____ _ 
2-31 ___ do ____ -
2-32 ___ do ____ _ 
2-33 ___ do ____ _ 

2-34 Trench __ _ 

2-35 Test pit __ 

2-36 ___ do ____ _ 

Depth sampled 
(feet) 

From To 

0 2 

0 2 

0 3 

0 2 

0 3 

0 3 

0 1 
1 2 
2 3 
3 4 

5 13 

0 3 

0 3 

Gold 
Gold (cents Silver Gold 
(mg) per 

cuyd) 
(mg) colors 

Tr ----------------

Tr ----------------

Tr _______________ _ 

Tr ----------------

Remarks 

Coarse boulders and 
gravel from bar; 
concentrates only a 
trace of original 
sample. 

Stream bar % mile 
below Deer Lick 
cabin; large 
boulders, narrow 
canyon. 

Deep hole sampled to 
bedrock; 300 ft 
below Deer Lick 
cabin on west side 
of stream. 

Sampled to bedrock; 
27 5 ft below Deer 
Lick cabin on east 
side of stream. 

. 02 . 07 ----- 2 Sampled in stream; 
gravel 50 percent 
>3-in diameter. 
Trace of fine gold 

. 03 . 08 ----- 1 

Tr ----------------

Tr ----------- 1 
Tr ----------------

Tr ----------------

and pyrite. 
Same as above; 20 ft 

north of sample 2-28. 
Pit 160ft northeast of 

Deer Lick cabin; 
medium gravel; 
50 percent >3-in 
diameter; abandoned 
after encountering 
4-ft-diameter 
boulder and water. 
Trace of pyrite 
and gold in 2-32. 

Bench deposit east of 
creek; angular rock 
fragments, gravel 
and decomposed 
granitic material; 
possibly glacial 
origin. 

. 04 0. 2 ----- 2 Coarse gravel and sand; 
trace of pyrite, 
ilmenite, gold, and 
1.2 percent magne-

Tr ----------------
tite. 

Sample of bar and 
streambed; 30 per
cent > 3 in. on bar, 
90 percent in stream
bed; concentrates 
only a trace of 
original sample. 
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TABLE 4.-Analyses of placer sample concentrates from the Lightning Creek-Three 
Fools Creek drainage (jig. 66)-Continued 

:::lam· Depth sampled Gold 
ple Type of (feet) Gold (cents Silver Gold Remarks 
No. sample (mg) per (mg) colors 

From To cu yd) 

2-37 Grab _____ 0 2 Tr ---------------- Bar; 200 ft north of 
2-36; 30 percent >3 
inch; concentrates 

2-38 ___ do _____ 0 1 Tr ----------------

only a trace of 
original sample. 

Small stream about 2 
miles north of Deer 
Lick cabin; concen-
trates only a trace 
of original sample. 

2-39 ___ do _____ 0 1 Tr ---------------- Bar, where trail crosses 
Lightning Creek. 

2-40 ___ do _____ 0 2 ----------------------- Taken at bridge below 
Nightmare Camp 
consisting of angular 
rocks and boulders 
with medium gravel; 
pyrite found in 

2-41 ___ do _____ 0 1 Tr ----------------
quartz fragments. 

Taken 1% miles below 
Canadian bo:;,>der; 

2-42 ___ do _____ 0 1 
7!!-cu-ft sample. 

Tr ---------------- Taken 7~ mile below 
Canadian border; 
7!!-cu-ft sample. 
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