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STUDIES RELATED TO WILDERNESS 
STUDY AREAS 

In accordance with the provisions of the Wilderness 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 Mines have 
been making mineral surveys of wilderness and primitive areas. Studies 
and reports of all primitive areas have been completed. Areas officially 
designated as "wilderness," "wild," or "canoe" when the act was passed 
were incorporated into the National Wilderness Preservation System, and 
some of them are presently being studied. The act provided that areas under 
consideration for wilderness designation should be studied for suitability 
for incorporation into the Wilderness System. The mineral surveys con
stitute one aspect of the suitability studies. This report discusses the results 
of a mineral survey of some national forest lands in the Alpine Lakes study 
area and additions thereto, Washington, that may be considered for 
wilderness designation. The areas studied are on the crest of the Cascade 
Range in west-central Washington. 
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STUDIES RELATED TO WILDERNESS-STUDY AREAS 

MINERAL RESOURCES OF THE 
ALPINE LAKES STUDY 

AREA AND ADDITIONS, CHELAN, KING, AND 
KITTITAS COUNTIES, 

WASHINGTON 

SUMMARY 

The Alpine Lakes area is rugged terrain on the crest of the central part of the Cascade 
Range of Washington State (fig. 1). The original study area of 324 mi2 (square miles) 
(839 km2 or square kilometers) was investigated in the field seasons of 1971 and 1972, 
and eighteen additions to the original area which range from 0.3 mi2 (0.8 km2) to 
62.9 mi2 (162.9 km2) and total275 mi2 (712 km2), were studied mostly in the field season 
of 1973. 

The studies included reconnaissance geologic mapping, geochemical sampling and 
examination of mines, prospects, and claims. 

The Alpine Lakes area is divided into two blocks of diverse geology, an eastern block 
containing dominantly pre-Cretaceous metamorphic, mafic, and ultramafic rocks and 
Cretaceous granitic rock, and a western block characterized by Mesozoic and Tertiary 
sedimentary and volcanic rocks, Tertiary granitic rocks, and minor amounts of pre
Mesozoic rocks. The two blocks are more or less separated by the Deception Creek fault 
zone, a group of anastomosing northwest-trending vertical faults. The Deception Creek 
structure also forms a shear zone in serpentinized peridotite. Thrust faults and major 
north- to northwest-trending high-angle faults transect the rocks of the western block. 
Geochemical sampling was systematically conducted; areas in which anomalous amounts 
of metal were detected were examined in more detail to determine the source of the metals. 
U.S. Geological Survey personnel collected a total 4, 702 samples for analysis: 2,657 
stream-sediment samples, 19 soil samples, 8 panned-concentrate samples, and 2,018 rock 
samples. U.S. Bureau of Mines personnel concentrated on prospected veins, shear zones, 
and mineralized areas and collected about 1,200 samples. The samples were analyzed 
by fire-assay and chemical methods. More than 35 samples from placer claims and gravel 
deposits were analyzed for gold and heavy-mineral content. 

Intensely altered volcanic and granitic rocks that contain anomalous amounts of copper 
occur in several places in the Alpine Lakes area; for example, the drainage basins of 
Gold, Mineral, Van Epps, and Lemah Creeks and the Middle Fork Snoqualmie River. 

County records show that about 1,900 lode and placer claims, 136 of which are patented, 
have been located within and adjacent to the study area since the 1870's. Many of the 
claims lie in groups in established mining districts. For study of the mines and pros
pects, the area was divided into 20 smaller areas that contain most of the claims. Most 
prospects are near the margins of granitic masses in or near the western and southern 
parts of the study area. 

1 
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FIGURE !.-Location of the Alpine Lakes study area. 

Production of about 500 tons (450 metric tons) of gold-silver-copper ore has been re
corded from the study area and a larger but unrecorded tonnage of ore was probably 
produced by exploratory work. 

A poorly defined belt of disseminated copper deposits appears to extend from the 
area of the Middle Fork Snoqualmie River southward through the Gold Creek area to 
the Mineral Creek area. The belt is characterized by anomalously high amounts of cop
per and, commonly, lesser amounts of molybdenum in intensely to moderately altered 
rock. Deposits in the Porter and Crawford Creek zones near the Middle Fork Snoqualmie 
River may contain a potentially large low-grade copper resource; the Porter-Hemlock
Condor mineralized zones may contain a total of 200 million tons (181 million metric 
tons) of mineralized rock having 0. 7 percent copper. The Three Brothers zone of mineral
ized granodiorite and quartz monzonite may contain as much as 2 million tons (1.8 million 
metric tons) averaging 0.8 percent copper. The Red Face zone in the same area con
tains low-grade disseminated copper which may also be a potential resource. A poten
tial resource in Gold Creek valley consists of disseminated sulfide minerals, mainly 
chalcopyrite and molybdenite, in granitic rock. Two drill holes by Phelps Dodge Co. 
intersected 300-ft-wide (feet) (91 m or meter) zones that assayed 0.11 and 0.12 percent 
copper. 
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High-angle faults may have controlled the emplacement of the deposits in several 
of these mineralized areas. 

Several small base-metal deposits and small patches of hydrothermally altered rock 
containing disseminated sulfide minerals occur in the Van Epps Pass area. The deposits 
are in shear zones in ultramafic rock or are associated with intermediate to mafic dikes. 
Rock and stream-sediment samples taken in the area suggest a possible zonation from 
relatively high-copper-low-zinc concentrations near the contact of the Mount Stuart 
batholith and ultramafic rocks, to relatively high-zinc-low-copper concentrations away 
from the contact. Low-grade mineralized rock in the VanEpps adit and in another zone 
explored by drilling may represent a potential copper resource. The weighted average 
of samples taken 242 ft (7 4 m) along the adit was 0.33 percent copper. Mineralized rock 
containing 0.10-0.46 percent copper was disclosed in 226ft (69 m) of drill hole about 
3,500 ft (1,067 m) from the adit. The zones are not evident on the surface. 

The Mineral Creek area contains anomalous amounts of copper and molybdenum which 
occur mostly in volcanic rock and to a lesser extent in adjacent granitic rock and schist 
near a high-angle fault. Copper occurs on the west side of Red Mountain near Snoqualmie 
Pass near the contact of a granitic stock with sedimentary and volcanic rock. 

A shear zone with abundant limonite on the rock surfaces extends southeastward from 
Green Ridge Lake for about 0.33 mi (0.54 km). Surface samples from the zone, however, 
contain only minor amounts of silver and copper. 

An iron-stained altered area of granitic rock in the eastern part of the Alpine Lakes 
area on French Ridge near Turquoise Lake shows anomalies in zinc, copper, silver, and 
tin. Because sparse grains of sulfide minerals are in the altered rocks, the area is con
sidered to have mineral potential. 

Vein-type mineral deposits containing base and precious metals occur in the western 
part of the Alpine Lakes study area and near the eastern part of the area in an arcuate 
belt roughly paralleling the southern and southwestern edge of the Mount Stuart 
batholith. 

Of the several vein-type mineral deposits in the Alpine Lakes area the Dutch Miller 
mine in the Chain Lakes basin near La Bohn Gap is the most promising. One vein is 
exposed at the surface and two are in the subsurface. They may be genetically related 
to the emplacement of a young stock of the composite Snoqualmie batholith. The veins 
are on shear zones that have not been explored at depth. The mine contains an estimated 
3, 700 tons (3,400 metric tons) of copper ore averaging more than 11 percent copper and 
has the potential for additional discoveries of ore. With suitable access, this deposit 
may be a minable copper deposit. Other veins may be present in the subsurface in the 
Chain Lakes basin and possibly other areas surrounding the stock. 

Stream-sediment and rock samples collected in the areas of lower Big Creek, Cougar 
Creek, Lennox Creek, the West Fork of the Miller River, and Gouging Lake contain 
anomalous amounts of metallic elements that may indicate the possible presence of 
undiscovered vein deposits of precious and base metals that are similar in size and metal 
content to known deposits in the area. The deposits are characteristically arsenical and 
contain silver, copper, and molybdenum. Silver was detected in samples from the main 
mineralized areas and, in some localities, constitutes the major resource. Most consis
tent silver values are near a shear zone that extends from the upper West Fork Miller 
River to Paradise Lakes. The Cleopatra mine is estimated to have more than 100,000 
tons (91,000 metric tons) of mineralized rock containing between 6 and 17 oz/ton (ounces 
per ton) (332.9-514.3 g/metric ton or grams per metric ton) silver. Other prospects in 
that area contain lesser tonnages and lower grade rock. 

Vein deposits of arsenopyrite containing consistent silver values are indicated from 
the analyses of samples collected in the Sprite Lake area. They contain as much as 
6.8 oz/ton (233 g/metric ton) silver. Gold, in addition to silver, is a potential resource 
in the Sprite Lake veins. Samples from veins on the Transit, Giant, Silver King, and 
Silver Queen claims, all in the Gold Creek area contain as much as 22.40 oz/ton 
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(768 g/metric ton) silver. The deposits are not currently economic but represent a small 
potential resource of silver. Samples from the Dutch Miller mine contain about 
2-10 oz/ton (69-343 g/metric ton) silver. There, copper would be the primary product 
but silver would be a significant byproduct. 

Veins containing detectable amounts of gold occur in many places in the study area 
but only in the Sprite Lake area do they contain significant concentrations. One vein 
in the Sprite Lake area is estimated to contain more than 2,000 tons (1,814 metric tons) 
of mineralized rock containing about 1. 78 oz/ton (61 g/metric ton) gold The Lennox mine 
in the Lennox Creek drainage has produced some gold ore. Two other mines adjacent 
to the north boundary of the wilderness area contain concentrations of gold, one 
representing a minable resource. The mineralized structures may extend into the study 
area Placer samples from all areas contain only very minor amounts of recoverable gold. 

The Paleocene Swauk Formation near Summit Chief Mountain, which is structurally 
similar to the Swauk which contains the L-D gold deposit near Wenatchee, may have 
mineral potential. 

The study area has no potential for combustible fuels and probably only little poten
tial for fissionable fuels. Small noneconomic iron deposits are present in three, and 
possibly four places. Small lenticular bodies of marblized limestone that are found near 
Snoqualmie Pass are not considered suitable for the manufacture of cement. Granitic 
rock and sandstone, possibly suitable for construction and decorative stone, and sand 
and gravel are present in the study area but are more readily available at other localities 
outside the area. 

The Snoqualmie batholith is of late Miocene age and may retain sufficient heat to 
be considered a source of geothermal energy. The only known hot spring occurs near 
the boundary of the study area but the heat may be generated by the oxidation of an 
adjacent sulfide body. 
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MINERAL RESOURCES OF THE 
ALPINE LAKES STUDY AREA AND ADDITIONS, 

CHELAN, KING, AND KITTITAS COUNTIES, 
WASHINGTON 

GEOLOGY OF THE 
ALPINE LAKES STUDY AREA AND 

ADDITIONS, WASHINGTON 

By J. L. GUALTIERI and GEORGE C. SIMMONS, 

U.S. GEOLOGICAL SURVEY 

INTRODUCTION 

The survey of the Alpine Lakes area, which consisted of 324 m2 

(square miles) (839 km2 or square kilometers) in the scenic, rugged 
Cascade Range east of Seattle, Wash., began in 1971. Work in this 
area was completed in 1972, and a report on it was released in 1973 
(Gualtieri and others, 1973). Many additions to the study area total
ling 275 mi2 (712 km2) were studied in 1972 and 1973, and a report 
on them was released in 1975 (Gualtieri and others, 1975). Both of 
these open-file reports are here brought together as an integrated 
pub~shed report. The additions, identified by letter symbol, are shown 
on plate 2. They are also listed in table 1, and the size of their respec
tive areas is indicated. 

LOCATION AND GEOGRAPHY 

The Alpine Lakes study area is in the central part of the Cascade 
Range of Washington (fig. 1) and is roughly bounded by Interstate 
Highway 90 on the southwest, U.S. Highway 2 on the northwest, and 
U.S. Highway 97 on the southeast. The western boundary lies along 
the South, Middle, and North Forks of the Snoqualmie River. On the 
west, south, and east the boundary lies well back from the main 
highways and follows such natural features as ridge crests and valley 
floors. The boundary of the southeastern part of the area is about 3 mi 
(miles) (5 km or kilometers) southwest of Leavenworth, Wash. The 

5 
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TABLE !.-Additions to the Alpine Lakes study area, Washington 

Symbols Area 
on plate 2 Name Mi2 Acres Km2 Hectares 

A. Chiwaukum Mountains -------------- 54.5 34,880 141 14,100 
B. Icicle Creek ------------------------ 0.6 384 1.6 160 
c. Blackjack Ridge -------------------- 1.0 640 2.6 260 
D. Mt. Cashmere ---------------------- 3.0 1,920 7.8 780 
E. We~e Mountain ------------------- 0.5 320 1.3 130 
F. lng s Creek ----------------------- 4.9 2,956 12.7 1,270 
G. South Fork of Fortune Creek --------- 5.0 3,200 13.0 1,300 
H. Goat Mountain-Polallie Ridge -------- 22.8 14,592 69.0 6,900 
I. Mineral Creek ---------------------- 7.8 4,942 20.2 2,020 
J. Lake Lillian ------------------------ 4.0 2,560 10.4 1,040 
K. Kendall Peak ----------------------- 4.0 320 1.3 130 
L. South Fork-Middle Fork of the 49.7 31,808 128.7 12,870 

M. 
Snoqualmie River 

Middle Fork of the Snoqualmie 38.0 21,920 98.4 9,840 

N. 
River-Taylor River 

Lennox Creek-Miller River ----------- 62.9 41,256 162.9 16,290 
0. Foss River ------------------------- 3.7 2,368 95.8 9,580 
P. Burn Creek ------------------------ 2.0 1,280 5.2 520 
Q. Deception Creek-Tunnel Creek -------- 13.6 8,704 35.2 3,520 
R. Cle Elum River --------------------- 0.3 192 0.8 80 

southwestern part of the area is about 0.5 mi (0.8 km) from the Sno
qualmie Pass Recreation Area and the northwestern boundary is about 
2 mi (3.2 km) from the Stevens Pass Recreation Area. 

The study area is rugged and is characterized by deeply glaciated 
canyons and serrate ridges. In only a few small highland areas does 
relatively flat rolling topography exist. Major streams draining the 
area are Icicle and Ingalls Creeks on the east; the Cle Elum, W aptus, 
and Cooper Rivers on the south; the South, Middle, and North Forks 
of the Snoqualmie River, and Taylor River on the west; Lennox Creek 
and the East and West Forks of the Miller River on the northwest; 
and the East and West Forks of the Foss River, and Deception Creek 
on the north. Mount Stuart, in the southeast-central part of the area 
is the highest peak in the area at an altitude of 9,415 ft (feet) (2,871 m 
or meters). It is one of several peaks in the Stuart Range having sum
mits above 8,000 ft (2,440 m). In the western part of the study area 
the highest peaks exceed 7,000 ft (2,135 m), and in the northeastern 
part they reach almost 8,000 ft (2,440 m); in both parts the lower peaks 
and ridges average 6,000-7,000 ft (1,830-2,135 m). 

Little of the scenery of the Alpine Lakes area is visible from the 
highways either because of obstruction by intervening terrain or 
because of steep relief which permits only upward oblique views. 
Locally, however, parts of the Alpine Lakes area can be seen from cer
tain vantage points: the Stuart Range is visible from places along 
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Interstate 90 as far east as Moses Lake, which is about 85 mi (136 
km) east of the area between Ellensburg and Cle Elum, and from along 
U.S. Highway 2 between Wenatchee and Leavenworth, as well as from 
secondary roads southeast of the Alpine Lakes study area; the 
southwestern part of the area is visible from Interstate 90 near Sno
qualmie Pass and from a secondary road in the Cooper Lake area about 
15 mi (24 km) north of Cle Elum (fig. 2). The southeastern ridge and 
the peak of Cashmere Mountain are visible from the Icicle Creek road 
at a point about 5 mi (8 km) from Leavenworth. 

A secondary road in the Alpine Lakes area starts in Icicle Creek 
canyon and extends about 2 mi (about 3 km) up Eight Mile Creek to 
a short distance above its confluence with Pioneer Creek. Another 
road, which requires a four-wheel-drive vehicle, starts in the canyon 
of the Cle Elum River about 5 mi (8 km) above Salmon La Sac Guard 

FIGURE 2.-Chikamin Peak, Lemah Mountain, and Chimney Rock, part of the rugged 
terrain composing the southwestern part of the Alpine Lakes study area; Pete Lake 
in middlle ground; view looking northwest. Recent rockslide covering snow is visible 
to left of Lemah Mountain. 



8 ALPINE LAKES STUDY AREA AND ADDITIONS, WASHINGTON 

Station and extends up Fortune Creek to a few miles (a few kilometers) 
inside the study area at Van Epps Pass from which the southeast
central part of the area can be seen. 

Many Forest Service trails traverse the Alpine Lakes area. The 
Cascade Crest Trail, perhaps the best known, enters the area along 
the Middle Fork Snoqualmie River, crosses the Cascade crest at three 
places, and crosses the area boundary about 2 mi (3 km) southeast 
of Stevens Pass. A popular side trail takes off from the Cascade Crest 
Trail near the head of the Middle Fork Snoqualmie River and passes 
through the Necklace Valley area and leaves the Alpine Lakes area 
near the confluence of the East and West Forks of the Foss River. 
Snow Lakes Trail is the most used; it starts in Icicle Creek canyon 
about 4 mi (6.5 km) west of Leavenworth, passes between the main 
Stuart Range and The Temple by way of Snow Lakes and Lower 
Enchantment Lakes, and ends near Upper Enchantment Lakes. In 
the distance of about 7 mi (11 km) there is a vertical rise of about 
6,500 ft (1,980 m). 

The Alpine Lakes area has been glaciated and as a result about 30 
small glaciers and more than 600 small lakes remain. Glacial features, 
such as cirques and hanging valleys, are common throughout the area 
and near ·the toes of some of the glaciers small morainal deposits of 
the 19th century glacial advance are evident (fig. 3). The area is mostly 
below timberline, which is at about 6,000 ft (1,830 m). Dense stands 
of Douglas-fir and minor pine and qther types of conifers cover most 
of the area. In the southeastern part, which is appreciably drier than 
the rest of the area, open stands of ponderosa pine grow on the lower 
south-facing slopes. On valley floors, in the northeastern part, are 
groves of aspen. Tamarack, spruce, and white pine grow locally in areas 
near timberline. In areas where fire or snow slides have destroyed the 
trees, bush alder and vine maple have taken over and form dense 
thickets. Equally dense thickets of willow grow along streams on some 
valley floors in the northwestern part of the area. Alpine-type vegeta
tion flourishes where soils have developed. 

There was little industrial activity in the area during the study. 
There was no mining but there was active exploration of several 
mineral deposits. There was no logging because the area is being con
sidered for wilderness status. Highland meadows permit limited 
domestic sheep grazing. The area is an important source of water. 
Streams that flow eastward, notably Icicle Creek, supply fruit or
chards in the Wenatchee River valley below Leavenworth. Other 
streams flow into Keechelus, Kachess, and Cle Elum Lakes, all of 
which are dammed and serve as reservoirs to conserve the spring 
runoff which is drawn from- the Yakima Piver for irrigation of Kit
titas and Yakima Valleys. 
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FIGURE 3.-North side of Mount Daniel. Toe of Lynch Glacier shows from beneath neve 
in lower part of photograph. 

PREVIOUS STUDIES 

Geologic studies of the Alpine Lakes area have been concerned 
mainly with the areal geology and description of the rock units; 
however, there are a few unpublished reports about the mineral 
deposits in the area. 

Russell (1900) sketchily reported on the geology of the Cascade 
Range of northern Washington and made the earliest known mention 
of the geologic character of the Alpine Lakes area; he recognized 
granitic rocks and serpentinized peridotite in the southeastern part 
of the area. 

Smith (1904) mapped the Mount Stuart 30-minute quadrangle, which 
includes the southeastern part of the Alpine Lakes area. Smith and 
Calkins (1906) later mapped the adjoining Snoqualmie 30-minute 
quadrangle which includes the south-central and southwestern part 
of the Alpine Lakes area. The work of these men has remained a 
primary source of the knowledge of the geology of the central Cascade 
Range of Washington, although new studies have modified their 
interpretations. 
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Later work in the area includes several unpublished theses and 
published articles by graduate students of the University of 
Washington and other schools. Pratt (1954, 1958) made a recon
naissance of most of the Alpine Lakes area east of the Cle Elum River 
and Deception Creek where he mapped pre-Tertiary schist, ultramafic 
rock, and the Mount Stuart batholith. Foster (1955, 1960, 1967) 
studied pre-Tertiary and Tertiary sedimentary and volcanic rocks in 
the southwestern part of the area near Snoqualmie Pass. Galster (1956) 
studied the area south of the Skykomish River and west of Decep
tion Creek covering part of the ground along the northwestern bound
ary of the Alpine Lakes area. He mapped parts of several rock units 
including pre-Tertiary schist and Tertiary sedimentary, volcanic, and 
batholithic rocks. Ellis (1959) mapped extensions of Galster's rock 
units in the southwestern and south-central parts of the study area. 

Bethel (1951) studied and mapped rocks of the Snoqualmie batholith 
and older sedimentary and volcanic units in the western part of the 
area. Erikson studied first (1965) the eastern part of the Snoqualmie 
batholith and subsequently (1968, 1969) the whole body. He ·defined 
many textural and mineralogic facies of the body, demonstrating the 
composite nature of the batholith. Plummer (1964) studied the Sno
qualmie batholith and older rocks in the northwestern part of the area, 
and later (1969) he studied the pre-Tertiary schist, ultramafic bodies, 
and the Mount Stuart batholith in the northeastern part of the area. 
Southwick (1962) studied the mafic and ultramafic rocks in the 
Peshastin area and a small part of the southeast corner of the Alpine 
Lakes area. Grant's (1969) study of ore deposition and related altera
tion in the central Cascade Range included the western parts of the 
study area. 

Graduate students at the University of Washington (1972) have 
reported on the environmental aspects of the geology in the central 
Cascades including the Alpine Lakes study area. 

Several mines and mineral deposits in the study area were exam
ined by the U.S. Bureau of Mines and the U.S. Geological Survey dur
ing the Strategic Minerals program in the 1940's, and the Bureau of 
Mines made an unpublished study of copper resources in the Cascade 
Mountains in the 1950's. The reports briefly describe the workings 
and mineral occurrences at the mines examined. The U.S. Forest Ser
vice has made mineral appraisals in various parts of the study area 
notably in the Mineral Creek area and at various prospects on the Mid
dle Fork of the Snoqualmie River. Though unpublished, most of these 
mineral appraisal reports were available to the writers. 

Many unpublished geologic studies have been made of mineral 
deposits in the Alpine Lakes area by mining companies. Some of the 
reports were available to the writers of this report. 
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PRESENT STUDIES AND ACKNOWLEDGMENTS 

Fieldwork for this report was begun by J. L. Gualtieri and George 
C. Simmons in the summer of 1971 and continued through the sum
mer of 1973. Fred W. Cater helped with the work for two weeks in 
1973. F. Michael Krautkramer and Ronald J. Tucker assisted with 
the fieldwork in 1971 and Harvard C. Perron assisted with the field
work in 1973. Approximately 19 man-months were spent by U.S. 
Geological Survey personnel in field investigations. 

Samples of stream sediments were taken along all the major and 
medium-sized stream drainages, and soil samples were collected from 
one mineralized area. Rock samples were collected from the crests and 
flanks of most ridges, especially near mineral deposits and in areas 
of hydrothermally altered rock. 

The analytical work was performed in the field by U.S. Geological 
Survey personnel under the immediate supervision of C. L. Whit
tington. Semiquantitative spectrographic analyses were made by C. L. 
Forn, E. F. Cooley, and K. J. Curry. 

U.S. Bureau of Mines personnel investigated the mining districts and 
mineralized zones during the summers of 1971-73. The investigations 
were done by H. K. Thurber, Michael S. Miller, Arel B. McMahan, and 
Frank E. Federspiel, assisted by Michael B. Whalen, Lanny R. Ream, 
Fred L. Johnson, Alan L. Hart, John Roswell Hill, Guy W. Curtis, and 
Thomas L. Hamilton. Approximately 51 man-months were spent by 
Bureau of Mines personnel in field investigations. 

The work of the U.S. Bureau of Mines was concerned mainly with 
the economic aspect of the mineral resources in and adjacent to the 
study area. Some information was obtained from the U.S. Forest Serv
ice. The records of Chelan, King, and Kittitas Counties were exam
ined to determine the location of patented and unpatented mining 
claims. Data on production and history of mining were compiled from 
records of the U.S. Bureau of Mines and the Washington Division of 
Mines and Geology. 

The computer storage and retrieval program work was completed 
under the direction of Lamont 0. Wilch with the assistance of Steven 
K. McDanal, both with the U.S. Geological Survey. 

An airborne magetometer survey was flown in the summer of 1972 
by Scintrex Mineral Surveys, Inc. The data were interpreted by W. E. 
Davis of the U.S. Geological Survey. 

Because of its precipitous terrain, helicoptors and fixed-wing air
craft were aids in gaining access to much of the area. Motor vehicles 
were used in low-lying areas. 

The mineral appraisal of the study area was aided by the helpful 
cooperation of U.S. Forest Service officials of the Wenatchee and 
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Snoqualmie National Forests. Special acknowledgement is made to 
John Sargentson, Lands and Recreation Officer, and Charles R. Gar
rett, Mining Engineer, both of Snoqualmie National Forest, and to 
Pat lnt-hout, Fire Control Officer, and Charles S. Banko, District 
Ranger, both of the Wenatchee National Forest. James M. Dolan, 
District Ranger, North Bend, materially aided field parties in work 
in his district. Thanks are due the personnel of the Leavenworth 
National Fish Hatchery, notably Henry S. Hosking, Manager, who 
made available a building for the use of field-laboratory personnel and 
hatchery grounds for use as a heliport and a storage place for trailers 
during the winter months. 

A. R. Grant, consulting geologist, provided valuable detailed infor
mation regarding exploration in the mineralized area along the Middle 
Fork Snoqualmie River; permission to use much of these data was 
kindly given by Grant and Gregg C. Macdonald, President, Natural 
Resources Development Corp. Information on the results of under
ground core drilling in the Porter and Hemlock zones of the area was 
furnished by Zoeb Mogri, District Geologist, and Gary Schell, Geolo
gist, Cities Service Minerals Corp. Permission to use the data was 
kindly granted by Robert W. Osterstock, Chief Geologist for the 
corporation. 

No mining but some exploration for mineral deposits in the Alpine 
Lakes area was carried out during the study period. Core drilling from 
underground stations was being co~ducted by a major copper produc
ing company in the Middle Fork area of the Snoqualmie River. Pros
pecting and small-scale exploration was being done in the Paradise 
Lakes and Prospectors Ridge areas, and in the Mineral Creek area a 
continuing. program of geologic studies of copper-resource potential 
was being performed by the property owners. 

GEOLOGY 

GEOWGIC SETTING 

The Alpine Lakes area is underlain by metamorphic, sedimentary, 
and volcanic rocks that have been intruded by granitic plutons. A 
regional northwest-trending fault, the trace of which roughly follows 
the courses of Deception Creek and the upper part of the Cle Elum 
River, divides the area into two blocks of contrasting geology. The block 
to the east consists mostly of metamorphic, ultramafic plutonic, and 
mafic volcanic and related sedimentary rocks that have been intruded 
by a Mesozoic batholith. The block to the west consists mostly of 
metamorphic, arkosic sedimentary, and intermediate volcanic rocks 
that have been intruded by a Thrtiary batholith. 
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The oldest rock in the area is schist that was metamorphosed prior 
to Cretaceous time. Schist that crops out in the eastern part of the area 
is similar to that in the western part, but, because of slightly different 
lithologic and metamorphic characteristics, is divided in this report 
into two formations, the Chiwaukum Schist of Van Diver (1968) and 
the Easton Schist. Similar rock is exposed at numerous other places 
along the axis of the central and north Cascade Range in Washington. 

Greenstone, argillite, metagraywacke, and tuffaceous rock of the pre
Cretaceous Peshastin and Hawkins Formations crop out in a structur
ally complex area in the southeastern and south-central parts of the 
Alpine Lakes area. Other graywacke deposits and andesite flows and 
tuff crop out in the northwestern part of the area. These rocks cannot 
be confidently correlated with similar rocks occurring elsewhere in the 
Cascade Range. 

Associated serpentinized peridotite and gabbro, which may be geneti
cally related to each other, are in contact with metamorphic rocks in 
the southeastern and south-central parts of the study area and form 
roof pendants in the Mount Stuart batholith in the northeastern part. 
A small unmapped body of the serpentinized peridotite is in contact 
with graywacke in the northwestern part of the area The serpentinized 
peridotite is similar to that in several other bodies in the Cascade Range 
of Washington, and it may correlate with them. A period of erosion 
followed emplacement of the peridotite. Weathering of the eroded sur
face led to the formation of iron-rich deposits which were subsequently 
buried beneath arkosic sediment. 

In the eastern part of the Alpine Lakes area the granitic Mount 
Stuart batholith of Late Cretaceous age intrudes the schist and serpen
tinized peridotite. This body extends eastward and northward beyond 
the study area and is the southwestemmost occurrence of a group of 
Mesozoic plutons extending into northeastern Washington and south
em British Columbia. 

During earliest 'Thrtiary time, shortly following intrusion of the 
pluton, a thick blanket of stream-laid arkosic sandstone, the Swauk 
Formation, was deposited over all or most of the Alpine Lakes study 
area, but today it is preserved only in the western part. 

Thrust faulting, probably of a regional scale, followed deposition of 
the arkosic beds after which there was folding and normal faulting. 
A period of erosion followed, locally sculpturing a topography having 
as much as several hundreds of feet (about 200m) of relief. Shortly 
thereafter, still in early 'Thrtiary time, the first of several volcanic 
episodes took place that were to span most of the rest of the 'Thrtiary 
Period in the central part of the Cascade Range and adjoining areas. 
Rocks deposited during two or more of these episodes are believed pres
ent in the Alpine Lakes area but, either because of structural com
plexities, because they have not been mapped in adequate detail, or 
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because of lack of adequate age dating their relative stratigraphic posi
tions and places in geologic time are uncertain. The volcanic rocks are 
present only in the western part of the study area but may once have 
overlapped the eastern part. 'IWo Thrtiary sequences are present in the 
area: basalt and andesite flows interbedded with arkosic sandstone, 
and andesite flows interlayered with andesite pyroclastic units. They 
are part of an extensively exposed belt that lies to the north and south 
of the Alpine Lakes area, and correlative units may be present in the 
Puget Sound lowland. 

One tectonic event, and possibly more, may have taken place either 
during the period of volcanic activity or shortly thereafter and pro
duced the major vertical faults that cut the area. 

The tectonic events that deformed the layered rocks in the western 
part of the Alpine Lakes area had far less effect in the eastern part. 
Only along the southeastern boundary, where there is a west-trending 
zone of sheared and deformed serpentinized peridotite containing inclu
sions of greenstone and gabbro, is such activity evident. 

In middle Thrtiary time, granitic rock (the Snoqualmie batholith) 
intruded the western part of the study area. Some deformation and 
uplift accompanied and followed the emplacement of the batholith. A 
drainage pattern of gently rolling hills and broad valleys was estab
lished at this time, and parts of this old topography are still preserved 
at a few high places in the study area. Final uplift of the eastern part 
of the area probably occurred at the same time. 

Uplift of the Cascade Range on a north-trending southward-plunging 
axis concluded the tectonic activity in the region. Streams became 
entrenched to form the deep canyons that give the Alpine Lakes area 
its steep rugged topography. 

With the onset of the Quaternary Period, developing glaciers followed 
the already existing valley and canyon courses, deepening and broaden
ing them. 'IWo or three major advances and retreats are recorded in 
the deposits of glacial debris, most of which are at canyon mouths out
side the Alpine Lakes area. Very minor advances and retreats are 
recorded as late as the middle of the 19th century. 

ROCKS IN THE EASTERN PART OF THE AREA 

FOLIATED METAMORPHIC ROCKS 

CHIWAUKUM SCHIST 

The pre-Cretaceous Chiwaukum Schist for the most part occurs as 
roof pendants in the Mount Stuart batholith and constitutes one of 
the oldest formations in the Alpine Lakes area. It is most extensively 
exposed in the extreme northeastern part of the Alpine Lakes area, 
also along Icicle Creek, and at several places near the north boundary 
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of the Alpine Lakes area Schist, marble, and quartzite near the 
extreme northwestern boundary are mapped as Chiwaukum. The 
thickness of the unit in the Alpine Lakes area is not known for it occurs 
only as roof pendants in the Mount Stuart batholith. The formation 
was first studied and named by Page (1939) in an unpublished Ph. 
D. dissertation and was subsequently studied by Southwick (1962) 
and Plummer (1969). Van Diver (1968) was the first worker to publish 
using Chiwaukum as a title for the unit. 

The formation consists mostly of quartz-biotite schist and phyllite 
and minor amphibolite. Garnet occurs in felsic layers as crystals 
0.04-0.08 in. (1-2 mm) across and gives the weathered rock a wart
studded appearance. Minerals visible under the microscope include 
staurolite, sillimanite, and kyanite. Where biotite rich, the rock is 
brownish gray to greenish gray; where quartz rich, it is very light gray. 
The folia are about 0.04 in. (1 mm) thick and in most places are 
undulant or intricately folded. The rock is ribbed with limonite-stained 
lenses of white quartz a few inches (10 em) thick and a few feet (1m) 
long that both parallel and cut across the folia. 

The Chiwaukum Schist was affected by two episodes of meta
morphism, an early regional and a later thermal metamorphism. 
The thermal metamorphism is restricted to a narrow zone near the 
contact of the Mount Stuart batholith and is characterized by the 
development of andalusite and cordierite. The Chiwaukum is believed 
to be derived from high-aluminous Paleozoic sedimentary and volcanic 
rocks. 

METASOMATIC ROCK 

Several small bodies of granitoid rock believed to be metasomatized 
Chiwaukum Schist occur in a belt extending from the northern part 
of the Chiwaukum Mountains to the area of upper Cabin Creek. 
Generally characteristic of such bodies is one on the crest of the 
Chiwaukum Mountains. It overlies granitic rock and is in contact with 
Chiwaukum Schist along its southwestern boundary and with coarsely 
crystalline amphibolide along its northeastern boundary. It is layered, 
finely to coarsely crystalline, and although texturally different from 
layer to layer has an overall texture of granitic rock. The mineralogic 
composition of the individual layers ranges from dominantly feldspar 
to dominantly amphibole. In one layer abundant dark-green amphibole 
metacrysts 0.125-0.25 in. (3-6 mm) across and 1-1.5 in. (2.5-4 em) 
long are embedded in a finely crystalline feldspathic matrix. In places 
amphibolite schist is interlayered with the metasomatic rock and in 
one place an interlayered limy layer 8-10 in. (20-25 em) thick was 
noted. 
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INTRUSIVE ROCKS 

SERPENTINIZED PERIDOTITE OF INGALLS CREEK 

Serpentinized peridotite south and southwest of the Mount Stuart 
area was described by Russell (1900, p. 109-111) and later mapped 
by Smith (1904) and Smith and Calkins (1906). Pratt (1958) mapped 
a northwestward extension of the main body as well as many roof 
pendants in granitic plutons. More recently Southwick (1962) made 
an extensive study of the unit in the southeastern margin of the Alpine 
Lakes area; he concluded that the body is essentially serpentinite. 

Serpentinized peridotite crops out along the southeastern boundary 
of the Alpine Lakes area, along the ridge just east of the Cle Elum 
River to a point about as far north as Hyas Lake. It forms a large roof 
pendant in the Mount Stuart pluton in the east-central part of the 
study area and other small roof pendants in the northeastern part. 
The unit is in tectonic contact with the Chiwaukum Schist, greenstone 
of the Hawkins Formation, and the Peshastin Formation. A small un
mapped serpentinized peridotite body in the northwestern part of the 
study area is tentatively equated with that of the Ingalls Creek area. 

The serpentinized peridotite is massive, finely crystalline, medium 
dark gray to greenish black where unsheared, and weathers dark 
yellowish orange to moderate brown. Where sheared, the rock is 
mottled greenish black and light olive or grayish olive, and it is cleaved 
into angular blocks of unequal dimensions ranging from a few inches 
to more than a foot (10-30 em) in maximum dimension. It weathers 
to an irregular crenulated surface 1/8 in. (3 mm) or more in relief. Out
crops form ridge crests and peaks which are rugged but which are more 
subdued than those developed in adjacent granitic rock. 

The proportion of mineral constituents differs from place to place, 
apparently reflecting different degrees of serpentinization. In the 
Wenatchee Mountains, in the south-central part of the study area a 
typical specimen of this unit was called Ingalls Peridotite by Ellis 
(1959) and Scott, Stroh, Burk, and Trammell (1972). It is composed 
of 60-80 percent olivine and about 10 percent enstatite with minor 
clinopyroxene and chrome magnetite. The other 10-20 percent of the 
rock is composed of serpentine minerals (Pratt, 1958, p. 101). Serpen
tinization progressed by stages from initial replacement along frac
tures in olivine grains to more advanced replacement, producing a rock 
having a serpentine matrix that contains numerous partially replaced 
crystals of olivine, to nearly complete replacement with only sparse 
minute remnant grains of olivine. In the lower Ingalls Creek area the 
rock is thoroughly serpentinized and commonly contains less than 3 
percent olivine (Southwick, 1962, p. 137). In addition to serpentine 
minerals, small amounts of picotite, talc, carbonate, and chlorite are 
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present, as is minor tremolite, which occurs most abundantly in the 
peripheral zones of the peridotite. Evidently serpentinization 
progressed further in the tectonically active area along Ingalls Creek. 

METAGABBRO 

Metagabbro bodies along lower Ingalls Creek and on the ridges south 
of the creek were mapped by Smith (1904), who considered them cor
relative with the Camas Land sill which intrudes the Swauk Forma
tion and is of 'Thrtiary age. Southwick (1962) concluded that the gab
bro is not correlative with the Camas Land sill and is pre-'Thrtiary in age. 

The metagabbro occurs as dikelike bodies that crop out as steep
sided ridges and locally form knobs and subordinate spurs. It intrudes 
all formations older than the serpentinized peridotite of Ingalls Creek 
and may have been emplaced at the same time as the peridotite 
(Southwick, 1962, p. 158). The metagabbro is medium to coarsely cry
stalline and contains relict ophitic and hypidiomorphic igneous tex
tures that have been overprinted by metamorphic textures (Southwick, 
1962, p. 162). It is mostly dark grayish green, very dark gray, or black, 
but locally it is very light gray or white and mottled with dark mafic 
minerals. The light-colored bodies are anorthositic and are gradational 
with mafic metagabbro. 

Relict minerals include plagioclase, which has been partially replaced 
by sodic oligoclase and clinozoisite, and diallage, which has been par
tially replaced by uralitic amphibole (Southwick, 1962, p. 163). Th a 
lesser extent plagioclase is replaced by zoisite and epidote and in places 
serpentine minerals and chlorite are present. Accessory minerals 
include magnetite, ilmenite, sphene, leucoxene, prehnite, and carbonate 
(Southwick, 1962, p. 171). 

GRANITIC ROCKS OF THE MOUNT STUART BATHOLITH 

Granitic rocks of the Mount Stuart batholith were first noted by 
Russell (1900, p. 105-107) who sketch mapped the body in the Mount 
Stuart-Leavenworth area. Smith (1904) mapped the southern part of 
the body in the Mount Stuart quadrangle and named it. Various parts 
of the pluton have been mapped by Page (1939), Oles (1951, 1956), Pratt 
(1954, 1958), Galster (1956), and Southwick (1962), whose collective 
efforts essentially outlined the body. The batholith is about 40 miles 
(65 km) long and as much as 15 mi (24 km) wide. The southern and 
southwestern limits lie within the Alpine Lakes area where about 250 
mi2 (650 km2) of the body, including roof pendants, is exposed. The 
batholith may be made up of many plutons that range in composition 
from granite to gabbro and are dominantly quartz diorite. Many 
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satellite bodies of granitic and intermediate composition, too small to 
be shown on plate 1, occur peripheral to the batholith. Yeats and 
McLaughlin (1969) reported a Cretaceous age for one of the plutons 
based on radiometric determination. 

A steep rugged topography was developed on Mount Stuart granitic 
rocks. Dogtooth peaks and serrate ridges steepled with spines char
acterize the Stuart Range. Other areas underlain by the batholith are 
less rugged. Sheeting and jointing are common. 

In some parts of the batholith, foliation is caused by subparallel 
orientation of mafic minerals and in a few places by the alinement of 
elongate lozenge-shaped mafic inclusions. E. H. Erickson (oral com
mun., 1972) believes that the erosion of one of the lesser ranges may 
have been controlled in part by the foliation. 

Sparse to abundant xenoliths occur in many parts of the batholith; 
they are commonly mafic rich and stand out in sharp contrast to the 
enclosing felsic rock. Most xenoliths occur as discrete rounded bodies 
that are in such an advanced state of reconstitution as to obscure their 
original lithology, but abundant unreconstituted inclusions occur 
locally near the border of the stock (Pratt, 1958, p. 178). 

Dikes of aplite and alaskite, too small to be shown at map scale, are 
sparse in the study area; pegmatites are even less abundant. Some of 
the pegmatites contain considerable pink orthoclase. The dikes range 
in size from a few inches (10 em) wide and a few tens of feet (10m) 
long to many feet (3-4m) wide and hundreds of feet long (60-90 m). 
They display distinct, abrupt contacts and are thought to be late dif
ferentiates of the granitic rocks. They were probably emplaced shortly 
after solidification of the batholith. 

The rock is medium crystalline and mottled very light gray and 
black. Megascopic minerals are subhedral feldspar, anhedral quartz 
that is not everywhere discernible, black biotite in books and clots, 
and more rarely subhedral hornblende. In thin section, rocks of the 
Mount Stuart batholith generally show a hypidiomorphic crystalline 
texture. Crystal faces are common on plagioclase and somewhat less 
so on hornblende. Biotite occurs in ragged bodies, and quartz is 
invariably anhedral. 

INTERMEDIATE PORPHYRY 

A small boss of porphyry of intermediate composition about 1,000 ft 
(300m) in diameter is exposed on the ridge near VanEpps Pass. The 
rock contains subhedrallight-pink feldspar phenocrysts 0.04-0.16 in. 
(1-4 mm) across and sparse mafic phenocrysts, possibly an amphibole 
mineral, as long as 0.16 in. (4 mm). The groundmass is a mosaic of finely 
crystalline light and dark minerals that give the rock an overall gray 
color. The body may have borne a significant relation to mineralization 
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that took place in the Van Epps area; other felsic and intermediate 
rocks not shown on plate 1, either exposed at the surface or in work
ings, bear a close spatial relation to mineralized rock. This body and 
the others may be differentiates derived from the nearby Mount Stuart 
batholith, or they may be unrelated and considerably younger. 

AMPHIBOLIDE 

Several bodies of amphibolide, some of them dikelike, occur in the 
area of the Chiwaukum Mountains and the area to the southeast. 
Although regarded here as igneous, they may be metasomatic. The 
bodies are composed of coarsely crystalline amphibole and occur in 
close spatial association with granitic metasomatic rock. A body which 
lies across the crest of the Chiwaukum Mountains is in contact with 
granitic rock on its southwestern boundary and with Chiwaukum 
Schist on its northeastern boundary. The rock there is composed of 
equant grains of subhedral dark-greenish amphibole about 0.50-0.75 in. 
(12-20 mm) in diameter, and, except for slight differences in grain size, 
the rock appears uniform. In thin section it appears to be dominantly 
tremolite, more than 85 percent, which is locally replaced by chlorite. 
No other minerals were identified. The other am phi bolide bodies are 
similar, although not so coarsely crystalline. 

OTHER INTRUSIVE ROCKS 

Many scattered small dikelike bodies and bosses of silicic and interme
diate granitic rock intrude ultramafic rock along the periphery of the 
Mount Stuart batholith. They may be genetically related to the 
batholith. 

Northeast- to east-trending dikes of basalt occur sparsely in the south
eastern part of the Alpine Lakes area Some are as thick as a few tens of 
feet (5-10 m) and are traceable for several hundreds of feet (100-300 m). 

These bodies are considered either too insignificant or too small to 
be shown on the geologic map. 

LAYERED AND STRATIFIED ROCKS 

PESHASTIN FORMATION 

Smith (1903) named the Peshastin Formation for beds of black slate, 
chert, and conglomerate along Peshastin Creek. He mapped (1904) 
isolated bodies of the formation in a belt across the northern part of 
the Mount Stuart 30-minute quadrangle, and later he and Calkins 
(Smith and Calkins, 1906) mapped it in the Snoqualmie 30-minute 
quadrangle. Subsequently, the Peshastin was remapped in the Mount 
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Stuart area by Pratt (1958) and studied in detail in its type area by 
Southwick (1962). The formation crops out just outside the south
eastern boundary of the Alpine Lakes area (pl. 1), where many isolated 
bodies of it occur as inclusions in an ultramafic body. The total 
thickness of the formation is not known but may be a thousand feet 
to several thousand feet (several hundreds or even a thousand meters). 

The Peshastin Formation (Southwick, 1962, p. 65-67) is mostly 
argillite with lesser amounts of metagraywacke, minor amounts of 
metaconglomerate and metavolcanic rocks, which include flows and 
breccias of intermediate composition, and siliceous tuffs. The rocks 
are mildy foliated and have developed imperfect slaty cleavage. They 
weather various shades of gray, green, brown, and black. 

The metasedimentary rocks are mostly finely crystalline. The argillite 
contains sparse megascopic pyrite and graphite and microscopic 
biotite, quartz, and feldspar (Southwick, 1962). The metagraywacke 
contains megascopic rock fragments, and quartz and feldspar grain 
in a microscopic matrix of biotite, graphite, chlorite, and quartz. The 
conglomerate contains mostly pebble-size angular rock fragments in 
a matrix similar to the graywacke. 

HAWKINS FORMATION 

Rocks of the Hawkins Formation were first observed and reported 
by Russell (1900), and later the formation was named by Smith (1904). 
The formation was subsequently defined by Smith and Calkins (1906). 
Pratt (1958) remapped the formation in the Mount Stuart area and 
Southwick (1962) studied it in detail near the southeastern boundary 
of the Alpine Lakes area The formation has been intruded by the 
serpentinized peridotite of Ingalls Creek and split into several large 
and many small bodies which are surrounded by the intrusive rock; 
its total thickness is not known. 

The Hawkins Formation is composed dominantly of altered volcanic 
breccias and flows containing sparse feldspar phenocrysts and some 
fine-grained clastic rocks, all of which have been altered to greenstone 
(Southwick, 1962). It is commonly dark grayish green, weathering 
somewhat lighter. Those flow rocks which are recognizable have 
amygdaloidal fillings of calcite and chlorite. Individual flows are com
monly a few tens of feet thick (about 10m), and volcanic-breccia units 
range in thickness from several feet to more than 100 feet (2-30m) 
(Southwick, 1962, p. 91). The breccias contain rock fragments that 
range in diameter from 0~25 in. to more than a foot (0.6-30 em). The 
original minerals in some of the altered volcanic rocks remain relatively 
intact; whereas, in others they are completely destroyed and replaced. 
Relict minerals seen microscopically were feldspar, augite, sphene, and 
magnetite (Southwick, 1962, p. 94). The alteration minerals are albite, 
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chlorite, clinozoisite, and epidote. Many small isolated bodies of the 
Hawkins Formation that occur in ultramafic rocks, as shown by Pratt 
(1958), were not mapped in this study. 

MAFIC ROCK 

Two bodies of mafic rock of uncertain affiliation occur in the study 
area. One, at Deception Pass near the head of Deception Creek, is a 
sliver of mafic rock in the easternmost fault slice of the Deception 
Creek fault zone. The body can be divided into a lower and upper unit. 
The upper unit is a distinctly thin-layered siliceous sequence 10-20 ft 
(3-6 m) thick that resembles the siliceous tuff in the Peshastin For
mation described by Southwick (1962, p. 67), except that this unit con
tains a dark micaceous mineral which gives the rock a foliated 
character. The lower unit is dominantly a dark-gray to dark-greenish 
gray, aphanitic, mafic or ultramafic rock which is intensely sheared 
near the fault. This lower unit may be the volcanic flow or breccia that 
Southwick (1962, p. 66-67) described as being in the Peshastin, or it 
may correspond to the Trico peridotite, an informal unit that Pratt 
(1954) mapped in this area. 

The second mafic body is near the head of Snowall Creek between 
Highchair Mountain and The Cradle. It is about 0.5 mi (0.8 km) wide 
and occurs as a xenolith in yellowish-orange-weathering ultramafic 
rock of the serpentinized peridotite of Ingalls Creek. The contact be
tween the two rock types is distinct and sharp. The mafic body is 
crudely layered and is cut by sills of the serpentinized rock. This body 
may be an inclusion of the Hawkins Formation, as similar small inclu
sions were interpreted by Pratt (1958) in this area. 

ROCKS IN THE WESTERN PART OF THE AREA 

FOLIATED METAMORPHIC ROCKS 

EASTON SCHIST 

The Easton Schist was named by Smith (1903), who with Calkins 
(Smith and Calkins, 1906) mapped and described extensive outcrops 
in the Snoqualmie 30-minute quadrangle. The formation was later 
mapped and described by Foster (1957), and subsequently by Ellis 
(1959) who demonstrated that the formation extended northward to 
the crest of the Cascade Range. The formation, whose thickness in 
the Alpine Lakes area is not known, is exposed in a fault-bounded 
belt about 6 mi (10 km) long and 0.5 mi (0.8 km) wide. The character 
of the rock differs along the belt; in the northern part the rock is 
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quartz-graphite phyllite and in the southern part, according to Ellis, 
it is blueschist and greenschist. 

The quartz-graphite phyllite is brownish gray and finely crystalline 
having undulant to contorted folia less than 0.04 in. (1 mm) thick. 
Graphite occurs as wispy films together with sericite, chlorite, quartz, 
and feldspar (Ellis, 1959). Quartz lenses, commonly a few inches (8 
em) thick and a few feet (1-2 m) long, parallel the folia. 

The greenschist and blueschist are composed of interlayered 
actinolite and soda amphibole, and minor amounts of quartz-graphite 
phyllite. Epidote, chlorite, quartz, feldspar, stilpnomelane, and sphene 
are also present in the schist (Ellis, 1959). The rock is greenish gray 
to dark green. It is thinly foliated, the folia locally contorted or 
crenulated. Quartz lenses and pods, a few inches (about 20 em) thick 
and several inches to 40 in. (20 cm-1 m) long, lie parallel to the foliation. 

The Easton Schist is altered in places where it has been intruded 
by granitic rock; hornfels, characterized by the development of biotite, 
occurs in a zone as much as 1,000 ft (300m) wide at the north end 
of the outcrop belt where schist is cut by the Snoqualmie batholith. 
In places along its western margin the schist is bleached white to light 
gray and intensely silicified in a zone 20-100 ft (6-30 m) wide. 

CHIWAUKUM SCHIST 

The Chiwaukum Schist in the western part of the area is similar 
to that in the eastern part except that the several bodies north of the 
Snoqualmie batholith and west of Deception Creek appear more 
graphitic than the type Chiwaukum. The rocks in these bodies are more 
like the Easton Schist that occurs just south of the Snoqualmie 
batholith, but the Chiwaukum is used here in deference to the 
precedence set by previous workers. 

INTRUSIVE ROCKS 

SERPENTINIZED PERIDOTITE OF INGALLS CREEK 

Several small exposures of serpentinzed peridotite occur along the 
Cle Elum River. The rock there is not appreciably different from that 
in the eastern part of the area and will not be discussed further except 
to point out that along the Cle Elum River sedimentary iron deposits 
derived from weathered serpentinized peridotite overlie the rock to 
a thickness of as much as several tens of feet (about 10m). 

DACITE DIKE 

A dacite dike intrudes the Swauk Formation in the area of Cone 
Mountain and the lower Waptus River. The dike is inferred to be 
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emplaced along a fault along the Waptus River. The dike parallels the 
strike of adjacent beds of the Swauk but is not concordant with them. 
Near Cone Mountain the dike widens from a few hundred feet (60-90 
m) to about 2,000 ft (600 m) and changes from a northwesterly trend 
to a northeasterly one. Northeast of Cone Mountain, in the floor of the 
canyon of the upper Waptus River, the dike is inferred to abut a fault. 

The dike rock was originally mapped as part of the Keechelus Ande
site Series by Smith and Calkins (1906), which here is treated as part of 
a more extensive volcanic map unit. Ellis (1959, p. 63), however, dis
tinguished it from overlying pyroclastic rock of the Keechelus, which, 
prior to erosion, was once continuous with volcanic rock that occurs 
east of the Waptus River. The dike is assumed to be substantially older 
than volcanic rocks occurring in the general area as Ellis inferred. 

The dike rock is light gray to reddish brown and is commonly por
phyritic, containing anhedral quartz phenocrysts ranging from 0.04 
to 0.24 in. (1-6 mm) across. In places the rock is quartz free· but con
tains subhedral feldspar phenocrysts 0.04-0.08 in. (1-2 mm) across and 
more rarely an anhedral mafic mineral. Pebbles and angular fragments 
of the Swauk as much as 1ft (30 em) across are abundant to sparse 
in the wider part of the dike. 

VOLCANIC NECK AT CATHEDRAL ROCK 

A subcircular body of andesite about 1 mi (1.6 km) in diameter 
apparently intruded volcanic rock and the Swauk Formation west of 
Hyas Lake and the Cle Elum River and forms Cathedral Rock. The 
rock is finely crystalline, and, except for being nonfragmental, closely 
resembles the surrounding effusive rock in color and texture. Several 
dikes (too small to be shown on pl. 1) radiate from the body into adja
cent pyroclastic rock and arkose beds. The contact between the 
andesite and the surrounding rock is poorly exposed. Its shape, the 
similarity between its lithology and effusive rocks, and the presence 
of radiating dikes all suggest that the body is a volcanic neck which 
served as a feeder for at least part of the effusive rocks, as Ellis (1959, 
p. 70) pointed out. 

The Cathedral Rock body is the only volcanic neck mapped in the 
Alpine Lakes area. Dikes related to the volcanic unit occur locally near 
the contact of the unit with the Swauk Formation. 

SNOQUALMIE BATHOLITH 

The Snoqualmie batholith is the youngest rock in the area and 
intrudes the Swauk Formation and 'Thrtiary volcanic rocks. It is late 
Miocene in age (Baadsgaard and others, 1961; Curtis and others, 1961; 
and Erikson, 1969). 
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The Snoqualmie batholith was described by Smith and Mendenhall 
(1900), Smith and Calkins (1906), Bethel (1951), and Galster (1956). 
Bethel recognized several intrusive phases; Erickson (1965, 1968, 1969) 
studied the petrology of the rocks of the batholith. 

The Snoqualmie batholith in the Alpine Lakes area ranges in com
position from gabbro through diorite to quartz monzonite. It is 
exposed only in the western part of the Alpine Lakes area where it 
crops out in a lobe that broadens westward and underlies more than 
220 mi2 (570 km2). Several outlying bodies of rock include the Three 
Queens stock, one on the north side of Gold Creek, and one southwest 
of Goat Mountain, between the W aptus and Cle Elum Rivers. 

A steep precipitous topography was developed on Snoqualmie 
granitic rocks, but it is less rugged than that developed on parts of 
the Mount Stuart batholith. The rock is jointed almost everywhere 
and forms copious talus that mantles the flanks of peaks and ridges. 

Snoqualmie granitic rocks are mostly medium crystalline, but rock 
textures vary from one compositional phase to another and also within 
the respective phases. Color and mottling are those commonly char
acteristic of granitic rocks depending how mafic or how felsic the 
individual intrusive phase was. Among the felsic types, one body of 
quartz monzonite has a distinctive pinkish cast. 

Erickson (1965, 1968, 1969) recognized five intrusive phases that 
in the Alpine Lakes area include gabbro and diorite, pyroxene grano
diorite, main-phase granodiorite, quartz monzonite, and late grano
diorite. Main-phase granodiorite is the most extensively exposed. The 
intrusive phases were not mapped as separate units in this study. Most 
of the following descriptions of rock and alteration are from Erickson's 
(1965, 1968) work. 

Gabbro and diorite crop out in areas east and northwest of Garfield 
Mountain and lower Lennox Creek. The primary minerals include 
zoned calcic plagioclase, augite, biotite, hypersthene (En64-En73) and 
small amounts of quartz, olivine, hornblende, spinel, and opaque 
minerals (Erikson, 1968, p.12). Olivine, where present, forms reaction 
rims of granular hypersthene. Hornblende is the dominant mafic 
mineral in diorite and forms primary overgrowths on augite crystals. 
Zoned plagioclase in gabbro ranges from An90 in the core to An50 in 
the rim; whereas, in diorite it ranges from An

85 
in the core to An30_35 

in the rim (Erikson, 1968, p. 19). 
The gabbro and diorite phases were recrystallized by the younger 

emplacement of intrusives. Hypersthene and augite are replaced by ac
tinolite and actinolitic hornblende, and locally hypersthene is prefer
entially replaced by cummingtonite or paragasite (Erikson, 1968, p. 12). 

Pyroxene granodiorite crops out along the eastern boundary of the 
Snoqualmie batholith near Mount Daniel and near the northern 
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boundary south of Money Creek. The primary minerals of the pyrox
ene granodiorite phase include zoned plagioclase (An100 to An10), per
thitic orthoclase, hypersthene (En63 to En68), augite (commonly 
overgrown with green hornblende), brown biotite, and quartz (Erikson, 
1965, p. 9). The rock was thermally metamorphosed by the subsequent 
emplacement of main-phase granodiorite; mafic minerals recrystallized 
into finely crystalline aggregates. Later, an intense low-grade altera
tion, resulting from either hydrothermal activity or contact metamor
phism, changed pyroxene to actinolite, actinolitic hornblende, and 
biotite and changed hypersthene to cummingtonite, grunerite, and 
biotite (Erikson, 1965, p. 10). 

Main-phase granodiorite is present in most areas underlain by the 
Snoqualmie batholith except for an area extending from near Sno
qualmie Pass northwestward to Garfield Mountain, where other 
phases are extensively exposed. The primary minerals include zoned 
plagioclase (An100 to An14), perthitic potassium feldspar, quartz, 
brown biotite, green hornblende, and such accessories as apatite, 
sphene, zircon, and opaque minerals (Erikson, 1968, p. 28). The 
granodiorite in the area around Mount Daniel is complexly altered by 
hydrothermal solutions and by contact metamorphism resulting from 
the later intrusion of quartz monzonite (Erikson, 1965, p. 23). Where 
sulfide mineralization has taken place, as along the Middle Fork Sno
qualmie River, there are halos of propylitized and griesenized rock 
(Erikson, 1968, p. 36-37). 

Intrusion breccia containing fragments many tens of feet (10-30 m) 
in length is near the head of Burntboot Creek (Erikson, 1968, p. 28). 
In the interior parts of the pluton are locally abundant inclusions. They 
are commonly rounded, a foot (30 em) or less in diameter, and most 
are more mafic than the matrix and in advanced states of reconstitu
tion. Some inclusions may be cognate, and none are parallel oriented. 

Quartz monzonite stocks are near Mount Hinman, Snoqualmie 
Mountain, and Preacher Mountain, (Erikson, 1968). In the Mount Hin
man body the primary minerals are zoned plagioclase (An80 to An10), 

perthitic orthoclase, quartz, biotite, hornblende, hypersthene, augite, 
and accessory apatite, zircon, and opaque minerals (Erikson, 1968, 
p. 38-39). In the Preacher Mountain body the primary minerals include 
zoned oligoclase, perthitic orthoclase, quartz, biotite, and accessory 
apatite, hornblende, magnetite, and zircon. This rock is also 
deuterically altered (Erickson, 1968, p. 43). 

Late-phase granodiorite occurs in several parts of the Alpine Lakes 
area including the Mount Roosevelt area the Garfield Mountain area, 
and the Bare Mountain area. The primary minerals are orthoclase, 
zoned plagioclase, quartz, hornblende, and minor amounts of 
disseminated pyrite and chalcopyrite locally (Erikson, 1968, p. 42-48). 
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In addition to the principal intrusive phases, all rocks of the batho
lith are transected by dikes and plugs of aplite, alaskite, and granite 
pegmatite (Erikson, 1968, p. 53). Aplite and alaskite commonly occur 
in dikes from less than a foot (8 em) to as much as 75ft (22m) wide. 
Many of the dikes are in near-horizontal attitudes. Pegmatites are com
monly irregular and tend to be podlike. 

Primary minerals in the aplite dikes include oligoclase, perthitic 
orthoclase, quartz, and accessory apatite, schorlite, sphene, pistacite, 
and opaque minerals. The mineralogy of pegmatites is similar. 

OTHER INTRUSIVE ROCKS 

Northeast- to east-trending dikes of Eocene Teanaway Basalt occur 
very sparsely in the west-central part of the Alpine Lakes area. 
Andesite dikes that intrude the Snoqualmie batholith occur sparsely 
in the northwestern part of the area. Stellated and (or) glomeropor
phyritic sills of basalt as much as several tens of feet (10m or more) 
thick and as much as a mile or more (1.6 km or more) long intrude 
volcanic rock in the southwestern part of the study area. A small boss 
of serpentinized peridotite, tentatively considered the same age as that 
of Ingalls Creek, intrudes graywacke northeast of Lennox Creek in 
the northwestern part of the area. 

These bodies are considered either too insignificant or too small to 
be shown on plate 1. 

LAYERED AND STRATIFIED ROCKS 

LIMESTONE AND HORNFELS 

Several isolated bodies composed mostly of hornfels and lesser 
amounts of limestone are exposed 1-4 mi (1.6-6.5 km) north, north
west, and west of Snoqualmie Pass on Denny Mountain, Cave Ridge, 
and Kaleeten Peak. These rocks were originally mapped as part of the 
Guye Formation by Smith and Calkins (1906), but they were recog
nized as a separate formation by Foster (1960). 

The hornfels is commonly black to dark gray but locally is light gray 
or olive. It is dense or finely crystalline, and locally it displays relict 
bedding or flow banding. In places where it is in contact with granitic 
rock, the hornfels is intensively sheared. 

The limestone is commonly medium gray and is obviously recrys
tallized; on the surface of the rock is a mosaic work of anhedral calcite 
crystals. Locally, the limestone contains lenses or pods of cherty or 
silicified argillaceous rock. Where limestone is intruded by granitic 
rock, tactite, in part composed of epidote and garnet, has developed 
and in a few places podular bodies of magnetite have formed (Shedd 
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and others, 1922). The thickness of individual limestone units is com
monly on the order of several to many tens of feet (10-30 m), but they 
probably have undergone thinning or thickening in the course of struc
tural deformation and recrystallization. 

The total stratigraphic thickness represented by the hornfels
limestone unit is not known; it is not possible to correlate the beds 
of one body with those of another. Further, the individual bodies are 
internally deformed so that no uninterrupted stratigraphic sequence 
can be confidently measured. 

The age of the hornfels-limestone is assumed to be Paleozoic because 
most limestone in the Washington Cascades is regarded as being of 
that age. 

GRAYWACKE AND HORNFELS 

Several isolated bodies of interbedded graywacke and hornfels are 
exposed in areas east and west of Lennox Creek. These rocks have 
been described by Bethel (1951) who mapped them in a broad north
trending belt extending from south of the Middle Fork Snoqualmie 
River to Lennox Creek and beyond. Bethel (1951, p. 22) noted the 
presence of feldspathic graywacke, argillite, tuffs, and tuffaceous 
sedimentary rocks. In the study area the unit is composed of gray, 
fine-grained to very fine grained graywacke that locally displays 
laminations but that in most places is thick bedded or massive. 
Individual minerals are rarely large enough to be discernable without 
a hand lens. The hornfels is commonly gray or black and, rarely, a 
shade of green. It is almost everywhere a dense rock but in places con
tains anhedral crystals of amphibole 0.04-0.06 in. (1-4 mm) long. 

Interbedded volcanic rock is apparently sparse in the area of this 
study; tuffaceous rock overlain by porphyritic flow rock was observed 
in one place just east of the lower part of Sunday Creek. 

The thickness of the unit is not known. Bethel (1951, p. 23) estimated 
that it may be 5,000 ft (1,525 m) or more near the Middle Fork Sno
qualmie River. Probably much less is preserved in the study area. 

The age of the unit is uncertain for it contains no diagnostic fossils. 
However, because it is intruded by a small boss of serpentinized perido
tite (not shown on pl. 1) that is assumed to be the same age as that 
of Ingalls Creek, the graywacke unit is tentatively regarded as 
pre-Cretaceous. 

OLDER VOLCANIC ROCKS 

Older volcanic rocks occur in the areas of Garfield Mountain and 
Sunday Creek around what may have been volcanic centers (Bethel, 
1951, p. 56). In the Garfield Mountain area the older volcanic rocks 
are mostly dark greenish-gray, massive, andesite tuff interlayered with 
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subordinate andesite flows and breccias. Some pyroclastic units 
include fragments more than 2ft (60 em) across (Bethel, 1951, p. 58-
59). In the Sunday Creek area the older volcanic rocks include dark
greenish-gray massive porphyritic andesite flows and light-greenish
gray water-laid tuff which, southeastward, is interlayered with increas
ing amounts of sedimentary rock (Bethel, 1951, p. 61, 66). Near the 
contact with granitic rocks, the older volcanic rocks appear to be 
altered to hornfels. 

According to Bethel (1951, p. 67-75), the flow rock is commonly 
holocrystalline consisting of a finely crystalline groundmass and 
phenocrysts of feldspar. The discernable minerals are andesine, horn
blende, iron-ore minerals, and in places, pyrite. The andesine occurs 
in tabular bodies or laths and is commonly zoned, but the zoning is 
not distinct. Hornblende occurs as bodies about 0.04 in. (1 mm) across, 
either as equigranular or needlelike bodies, and is of the green and 
brown varieties. 

The tuff units are finely granular and Bethel (1951) noted that some 
have glassy basal zones but others that were originally glassy are now 
devitrified. The minerals include finely crystalline feldspar having a 
mosaic texture. The feldspar crystals are penetrated by needles of 
green hornblende. Where tuff units have been altered to hornfels they 
have been recrystallized to holocrystalline rock containing feldspar, 
hornblende, biotite, and sparse quartz. 

The thickness of the older volcanic rocks is not known, but perhaps 
more than 1,000 ft (305m) is preserved in each area. 

The age of the volcanic rock is assumed to be pre-Cretaceous on the 
premise that the sedimentary rocks with which they are interlayered 
are probably equivalent to other pre-Cretaceous rocks in the area. 

SWAUK FORMATION 

Russell (1893, p. 20) included sandstone and shale near Wenatchee 
and coal, sandstone, and shale near Roslyn in a single stratigraphic 
unit. When later it was found that volcanic rock underlies the coal
bearing section, Russell (1900, p. 118-127) revised the stratigraphic 
nomenclature. The Eocene coal-bearing rocks above the volcanic unit 
he called the Roslyn Formation, those below, of Paleocene age, the 
Swauk Formation. Many workers have subsequently studied and 
mapped most of the Swauk in the Alpine Lakes study area (Smith 
and Calkins, 1906; Pratt, 1954; Galster, 1956; Ellis, 1959). 

The Swauk Formation crops out in a northwest-trending belt as 
much as 8 mi ( 13 km) wide in the western part of the Alpine Lakes 
area. The formation is also present east of the Cle Elum River, but 
it lies south of the Alpine Lakes area roughly paralleling the boundary. 
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The formation is folded and faulted and the structures become pro
gressively more pronounced from east to west across the belt (fig. 4). 

The Swauk Formation is mostly fluvial arkose with minor felds
pathic graywacke, conglomeratic arkose, and siltstone. The Swauk is 
about 95 percent sandstone, 3-4 percent siltstone, and 1-2 percent 
conglomerate (Ellis, 1959, p. 18). 

The arkose beds are light to medium gray, commonly massive and 
thick bedded, and well indurated. Sorting is fair to poor. Low-angle 
crossbeds are prevalent but are not commonly distinct. In hand 
specimens, the light-colored minerals blend in an opaque mass in which 
individual minerals are not easily distinguishable and dark minerals 
and rock fragments stand out. Chips of graphitic phyllite 0.04-0.2 in. 
(1-5 mm) long are generally present and locally very abundant. Biotite, 
in light-brown ragged books 0.04-0.08 in. (1-2 mm) long, is abundant 
in places. Where the Swauk Formation is intruded by granitic rock 
the adjacent arkose beds have been recrystallized to pyroxene hornfels. 

Arkose averages about 58 percent quartz, 35 percent plagioclase, 
3 percent biotite, 3 percent graphitic phyllite, and a very small frac
tion of accessory minerals (Ellis, 1959, p. 21). The clasts are tightly 

FIGURE 4.-Swauk Formation on Summit Chief and Bears Breast Mountains, faulted 
and folded into vertical and near vertical attitudes; view looking north. 
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packed, and the rock contains little or no matrix. The tight packing 
is evidenced by biotite which is bent around clasts of quartz and 
feldspar; some biotite books display microscale chevron folds. 

Conglomeratic beds range in thickness from less than an inch 
(2.5 em) to more than 10ft (3m). Well-rounded fragments are about 
1-12 in. (2.5-30 em) long and are composed of granitic rock, quartz, 
schist, and serpentinized peridotite. The pebble- to boulder-size frag
ments rarely compose more than 50 percent of the conglomeratic units. 

Siltstone beds are dark gray, well indurated and nonfissile, and are 
several inches (10 em) to several feet (150 em) thick. Fossil flora 
is common but not abundant. 

A breccia containing blocks of arkose measuring less than a foot 
(30 em) to tens of feet (5-10 m) across occurs locally associated with 
minor amounts of volcanic rocks at the top of the Swauk Formation. 
The brecciation seems to be genetically related to the overlying 
volcanic rock, and hence the breccia is mapped with the volcanic unit. 

The preserved thickness of the Swauk Formation in the study area 
is not known. Pratt (1954, p. 35) measured about 7,000 ft (2,135 m) 
near Marmot Lake, north of Mount Daniel. Ellis (1959, p. 97) mapped 
a thickness of 7,500-10,000 ft (2,290-3,050 m) between Dutch Miller 
Gap and Summit Chief Mountain, but part of this section may be 
repeated by faulting. Smith and Calkins (1906, p. 4) mapped a thick
ness of about 5,000 ft (1,525 m) on Goat Mountain near the Cle Elum 
River. 

Plant fossils collected from the upper part of the Swauk led early 
workers to believe that the formation was Cretaceous, or Cretaceous 
and Paleocene (F. H. Knowlton, in Smith, 1904, p. 5), but more recent 
work indicates it is wholly Paleocene (Jack Wolfe, oral commun., 1973). 

GUYE FORMATION 

The Guye Formation was first described and mapped by Smith and 
Calkins (1906), who included in it sedimentary rocks of several types 
and minor amounts of volcanic rock. Foster (1960) restudied these 
rocks, distinguishing four formations. He restricted the Guye Forma
tion to shale, sandstone, and conglomerate and excluded from it 
volcanic rocks, limestone, and hornfels. In the area of Snoqualmie Pass 
and southwestward from the pass the Guye includes only rocks below 
the Mount Catherine Rhyolite of Foster (1960). 

In addition to the Snoqualmie Pass area the Guye Formation is 
exposed around Denny Mountain, Snoqualmie Mountain, and Snow 
Lake. The two exposed bodies are separated by a septum of the Sno
qualmie batholith. Rocks of the Guye Formation, where intruded by 
the Snoqualmie batholith, have been converted to hornfels. 
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Rocks of the Guye Formation include dense carbonaceous siltstone 
and shale, commonly having poorly developed partings, and car
bonaceous arkosic sandstone, some of it conglomeratic. Shale is the 
dominant rock type, and Foster (1960, p. 113) noted that locally it con
tains an abundant fossil flora. The sandstone ranges from medium 
to coarse grained, and, where conglomeratic, it contains cobbles as 
much as 3 in. (8 em) in diameter. Beds are commonly several feet (1m) 
to more than 10 ft ( 3 m) thick. 

The thickness of the Guye Formation is not accurately known 
because the base is not exposed. Foster (1960, p. 113) estimated that 
the thickness is at least 5,000 ft (1,520 m), barring possible repetitions 
by faulting or other structural complications. The Guye Formation 
is considered to be Eocene, although it was tentatively given a 
Paleocene or Eocene age by Foster (1960, p. 113) on the basis of fossil 
leaves that he collected from along Coal Creek. 

MOUNT CATHERINE RHYOLITE 

The Mount Catherine Rhyolite was described and named by Foster 
(1960) who mapped a horse-collar-shaped body of the rock in the area 
of Snoqualmie Pass, where it is inferred to be truncated by a fault 
at its northern extremity. The unit unconformably overlies the Guye 
Formation and apparently conformably underlies beds of sedimentary 
and volcanic rock, according to Foster (1960, p. 114). 

The rock is greenish or bluish gray and weathers yellowish brown. 
Foster (1960) described the unit as composed of bedded tuff and por
phyritic fragmental rock containing embayed quartz phenocrysts. 
Both rock types contain devitrified glass, according to Foster. Len
soidal bodies of devitrified pumice 1 in. (2.5 em) to 6 in. (15 em) long, 
and as much as 1 in. (2.5 em) thick occur in part of the unit. It is as
sumed that the Mount Catherine Rhyolite consists of one or more ash 
flows. 

The thickness of the unit differs along the belt of outcrop, but in 
and near the study area the mapped thickness is about 100ft (30m). 

The Mount Catherine is probably Eocene (Foster, 1960). 

NACHES FORMATION 

Smith and Calkins (1906) mapped and described the Naches For
mation in the Snoqualmie 30-minute quadrangle. Ellis (1959) and 
Foster (1960) mapped it northward to the Cascade Range crest. Foster 
(1967) remapped part of the area and demonstrated that all volcanic 
rock lying between Kachess and Keechelus Lakes northward to the 
crest is Naches. 
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The Naches is present in the southwestern part of the Alpine Lakes 
area east of Snoqualmie Pass and south of Gold Creek. It extends 
eastward to Lemah Creek where its eastern boundary is faulted and 
intruded by the Three Queens stock (Foster, 1967). In the areas near 
Snoqualmie Pass, Gold Creek, and Rampart Ridge, strata of the 
Naches dip moderately eastward; whereas, in the area of Chikamin 
Ridge and Lemah Creek the strata dip steeply to vertically and most 
are overturned. The two areas of contrasting structure are inferred 
to be separated by a high-angle fault. 

The Naches Formation is composed mostly of flow and flow-breccia 
units of basalt and andesite. Flows appear to be more numerous than 
breccia units, and andesite more abundant than basalt. The basal part 
of the exposed section contains arkose, siltstone, and shale interbedded 
with basalt flows. 

The arkose is light to dark gray, medium to coarse grained, com
monly crossbedded, and occurs in lenses several feet to several tens 
of feet (2-1 0 m) thick. Feldspar is not readily distinguished from quartz 
in hand specimens. Dark-green, grit-size fragments, possibly serpen
tinized peridotite, and sparse white quartz pebbles as much as 0.5 in. 
(1.3 em) in diameter occur in arkose beds at the southwestern tip of 
the study area; whereas, flakes of graphitic phyllite are present in the 
arkose in the eastern part of the area. Ellis (1959, p. 48) identified 
microscopically minor biotite in a groundmass consisting mainly of 
micaceous minerals. 

Siltstone and shale are not abundant nor well exposed. Medium-gray 
sandy subfissile siltstone occurs in lenticular beds a few feet (I m) 
thick; in places it contains plant fossils. No shale was observed in the 
Naches Formation in the Alpine Lakes area although it may be present. 

The basalt flows are dark gray to dark greenish gray and occur in 
layers several inches (20 em±) to many tens of feet (25 m) thick. Lo
cally, the flows contain feldspar phenocrysts 0.04-0.12 in. (1-3 mm) 
long. In a few flows indistinct mafic phenocrysts about 0.04 in. (1 mm) 
across are present. Vesicles and amygdules are common and are less 
than an inch to several inches (2.5-7 em) across. The amygdules are 
composed of quartz, chalcedony, calcite, and possibly zeolite. Ellis 
(1959, p. 46) noted some amygdules of epidote and chlorite. 

Basalt breccias are composed of the same rock types as the flows. 
Fragments are rounded to subangular and commonly are less than 
1 in. (2.5 em) across. 

Ellis (1959, p. 45) noted euhedrallabradorite phenocrysts embedded 
in trachitic or felted microlites of labradorite. He also identified pigeon
ite and augite which occur as phenocrysts and in the groundmass. 

Basalt of the Naches Formation has been metamorphosed at some 
places and silicified at others. Adjacent to the contact with granitic 
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rocks, basalt was replaced by more calcic plagioclase and pyroxene 
minerals were replaced by hornblende, which makes up 30-50 percent 
of the rock (Ellis, 1959, p. 4 7). Away from the granitic contact the basalt 
is locally metamorphosed to a pervasive greenschist facies assemblage 
(Ellis, 1959, p. 46) that is characterized by epidote, chlorite, actinolite, 
and serpentine minerals that replace pyroxene. 

The andesite is light to medium gray, and greenish and brownish 
gray; it is finely crystalline, has a granular texture, and it occurs in 
flows that are commonly tens of feet (5-15 m) thick. Chloritized mafic 
minerals and mafic clots occur in some flows. Vesicles and amygdules, 
commonly filled with quartz, are locally abundant. 

In several areas of the Alpine Lakes area the Naches Formation is 
hydrothermally altered. Where incipiently altered, the constituent 
minerals appear less distinct and the rock locally contains pyrite; where 
in an advanced state of alteration, the rock is silicified and almost 
invariably contains pyrite. On a freshly broken surface the altered rock 
is white or light gray, and sparse, minute, anhedral sulfide grains are 
scattered through it. Relict feldspar and a mafic mineral can be seen 
in some of the altered rock. Outcrops of the altered rock are con
spicuously stained from oxidized pyrite. Along the northern part of 
the fault that bounds the Naches on the east, the basalt is intensely 
silicified, probably the result of hydrothermal activity. The normally 
dark-gray basalt is bleached very light gray, but its textures are 
perfectly preserved. 

The stratigraphic thickness of the Naches is not known; near Sno
qualmie Pass where the base is exposed, the formation rests upon the 
Mount Catherine Rhyolite, but the top, if present in the study area 
is not recognized. The difficulty of estimating the thickness is due in 
part to structural complications and also due to many concordant 
bodies of intrusive rock, which have had the effect of thickening the 
stratigraphic section (Foster, 1967, p. 38-41). 

The age of the Naches Formation is not known definitely. Fossil flora 
led Smith and Calklins (1906, p. 5-6) to correlate the formation with 
both the Paleocene Swauk Formation and the Eocene and Oligocene 
Puget Group. Foster (1960, p. 116) recommended that the Naches be 
tentatively dated Eocene. 

TERTIARY VOLCANIC ROCKS 

Volcanic rocks in the areas of Goat Mountain-Spinola Creek, Mount 
Daniel-Marmot Lake, and the Foss and Miller Rivers are placed in 
a single map unit. Also included in this unit are several small bodies of 
volcanic rock west and northwest of Snoqualmie Pass and near the 
upper part of the Middle Fork Snoqualmie River. Rocks in the unit 
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have been variously mapped as the Keechelus Andesitic Series (Smith 
and Calkins, 1906; Ellis, 1959; Foster, 1960) and Thmple Mountain 
Andesite (Galster, 1956; Scott and others, 1972). All these rocks may 
be part of a single consanguineous unit which once may have been con
tinuous through the central Cascade area. 

The unit is composed of flows, flow breccias, and pyroclastic rocks, 
almost all of which are in massive units many tens of feet (15-30 m) 
thick. Locally, thin tuff beds are present. In the area between Goat 
Mountain and Marmot Lake, Ellis (1959, p. 68) estimated about 75 per
cent of the formation is pyroclastic deposits and 25 percent is flow rock. 

Some layers are amygdaloidal. The amygdules are commonly 1 in. 
or less (1.5-2.5 em) in diameter but some are as much as 2 in. (5 em) 
long and contain quartz, chlorite, and possibly a zeolite mineral. 

The rock is commonly dark greenish gray to dark gray and rarely 
reddish gray or maroon. In pyroclastic units the fragments are com
monly the same color as the matrix but of a slightly different shade. 

Phenocrysts of feldspar occur as subhedral to euhedral laths less 
than 0.04-0.18 in. (1-5 mm) long. The visible feldspar constitutes only 
5-10 percent of the rock (Ellis, 1959, p. 67). Anhedral crystals of augite 
that occur sparsely in some layers appear to be altered and in at least 
one place were replaced by chlorite. Small wispy lenticular bodies of 
epidote occur sparsely. 

The groundmass of the rock is finely crystalline whether the rock 
is flow, flow breccia, or breccia fragment. 

Those rocks which Ellis (1959, p. 68) studied in thin section, he noted, 
have a groundmass composed of felty- to trachitic-textured altered 
plagioclase and chloritic and opaque minerals. The plagioclase where 
fresh is andesine. Ellis (1959, p. 65) considered these rocks to be 
deuterically altered. 

Breccia fragments are of the same general composition and texture 
as the matrix rock. The fragments range from a fraction of an inch 
(1 em) to several feet (1m) across and are subangular to subrounded. 
Fragments of arkosic sandstone are locally present in the basal lava 
flows and flow breccias of the unit where it overlies the Swauk Forma
tion. In places the fragments occur as sparse inclusions but elsewhere 
they occur so abundantly as to constitute a large part or all of basal 
breccias and may be fossil talus deposits (Ellis, 1959, p. 66). On the 
peak east of Deadhead Lake and elsewhere, breccias are composed of 
angular blocks of Swauk that are as much as tens of feet (5-10 m) 
across and have little or no admixed volcanic material. They may be 
in diatremes or in areas of cryptoexplosion activity. Galster (1956, p. 
43-44, 62) noted similar occurrences near Meloney Creek, outside the 
northwestern boundary of the Alpine Lakes area. 

The age of the volcanic rocks is not accurately known. They are ob
viously older than the Snoqualmie batholith of late Miocene age that 
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FIGURE 5.-'Irace of contact (1) of Snoqualamie batholith with (2) 'Thrtiary volcanic rocks 
in saddle north of Mount Daniel, dotted where concealed. View looking north. 

intrudes them (fig. 5). An oreodont collected from the formation several 
miles (about 10 km) south of the study area is suggestive of an 
Oligocene to Miocene age (Grant, 1941, p. 590). 

CLASTIC DIKE 

A clastic dike on the northwest side of Marmot Lake cuts the Swauk 
Formation from about the level of the lake to the ridge crest and is 
about 40-50 ft (12-15 m) wide at its widest point. The dike apparently 
is at the northwest end of a fault which, south of the lake juxtaposes 
Tertiary volcanic rock with the Swauk Formation. The dike is com
posed of angular to subangular fragments of arkose ranging in size 
from a fraction of an inch (1 em) to as much as 2ft (60 em) across, 
embedded in a comminuted matrix of arkosic material. Some dense 
dark-green to olive fragments may be of volcanic origin but are more 
likely derived from siltstone beds of the Swauk Formation. 

An unmapped igneous dike 10-25 ft (3-8m) wide is adjacent to the 
west wall of the clastic dike. The dike rock is dark gray, finely 
crystalline, contains small subhedral phenocrysts of feldspar, and may 
have been a younger feeder for andesite. If the igneous dike is related 
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to the faulted volcanic rocks, then the fault was active during the early 
part of their deposition and may have been accompanied by explosive 
vulcanism which could have fragmented the rock. In any case the 
clasts were not produced solely by fault movement. 

SURFICIAL DEPOSITS 

Glacial, alluvial, and other unconsolidated deposits occur throughout 
the Alpine Lakes area. 

Two and possibly three ages of glaciation are recognized in the 
Alpine Lakes area (Page, 1939, p. 141-180). The only mapped glacial 
deposits are two moraines in the extreme northeastern part of the area. 
Many other glacial deposits, mostly preserved remnants of lateral 
moraines, occur sporadically along the walls of some canyons. Small 
terminal moraines, products of the 19th century glacial advance, lie 
at short distances below existing glaciers. The principal glacial 
deposits lie at the canyon mouths, outside the Alpine Lakes area. 

Alluvial deposits occur as thin mantles of silt, sand, and gravel which 
locally cover the floors of valleys and canyons, commonly where they 
have been overdeepened by glaciers. 

Colluvial deposits, mostly talus but also including a few rock slides 
and rock glaciers, occur generally throughout the area. 

STRUCTURE 

The principal faults in the Alpine Lakes area are part of a regional 
belt of thrust and high-angle faults that extends southward from the 
northern Cascade Range. The continuity of the structures has been 
locally interrupted by the Snoqualmie batholith. 

THE DECEPTION CREEK FAULT ZONE 

The Deception Creek fault zone (pl. 1), which was first mapped and 
described by Pratt (1958, p. 59-61), divides the Alpine Lakes area into 
two blocks of diverse geology. The faults are exposed in only a few 
places; elsewhere, their existence is inferred from the juxtaposition 
of unlike rocks and from topography. In some places the zone con
sists of a single fault, in some it consists of several faults, and in others 
it consists of multiple faults that form a braided pattern. South from 
the Hyas Lake area the eastern fault, as described by Pratt ( 1958, 
p. 60-61), is a zone of sheared serpentinized peridotite and gouge that 
separates rock that is relatively less serpentinized from rock that is in
tensely serpentinized. Total displacement on the structure is unknown 
but may measure thousands of feet (several hundreds of meters), and 
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part of the movement may be lateral, as Pratt (1958, p. 61) noted. The 
structure may have been active over a considerable span of time, but 
the available evidence indicates movement only in the early or middle 
Tertiary. 

AREA EAST OF DECEPTION CREEK FAULT ZONE 

Pronounced foliation in the Chiwaukum Schist strikes mostly north
westward and dips northeastward. In many places the schist is 
intricately folded into tight structures a few inches (15 em) to a few 
feet (3m) in amplitude and length. The axes of the folds, in the few 
places they were measured, plunge northwest and southeast. 
Presumably, the rock has been isoclinally folded for there is no 
evidence of large-scale open folds. Marginal to the Mount Stuart 
batholith a second foliation developed in the Chiwaukum as a result 
of the intrusion of the batholith (Plummer, 1969, p. 57). The two 
mapped bodies of mafic rock, near Deception Pass and Highchair 
Mountain, are foliated and sheared, but the Peshastin and Hawkins 
Formations appear undeformed, probably because deformation has 
been obscured by contact metamorphic effects related to the intru
sion of the serpentinized peridotite of Ingalls Creek. 

The serpentinized peridotite of Ingalls Creek is intensely fractured 
in two separate zones subparallel to the southwestern contact of the 
Mount Stuart batholith. One zone extends from the south flanks of 
Huckleberry Mountain eastward to beyond the Alpine Lakes area 
(Pratt, 1958, p. 60-70). Pratt observed breccia composed of serpen
tinized fragments of greenstone and gabbro that range in size from 
1ft (30 em) to several thousand feet (few thousand meters). A second 
zone extends from the north flank of Hucklebery Mountain northwest 
along the northeast side of the Cle Elum River. The outline of the zones 
is irregular and the contact with relatively undeformed and unaltered 
rock to the east and north is gradational; whereas, to the west and 
south it is more abrupt. The zones apparently developed in response 
to uplift of the block lying east of the Deception Creek fault zone and 
north of Ingalls Creek for the zones are only in areas away from the 
block. As uplift proceeded, peridotite in the zones was sheared, 
hydrated, and reconstituted to serpentinized rock that reacted 
plastically (Southwick, 1962, p. 130). The inclusions of greenstone and 
gabbro, in contrast, generally resisted deformation, although locally 
they were fragmented. As a result, the more mobile serpentinized rock 
flowed by and around the resistant inclusions. 

The total movement in the deformed zones might amount to 
thousands of feet (hundreds of meters). Movement in the zones is 
believed to postdate the deposition of the Swauk Formation and to 
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have occurred in Tertiary time for deformed dikes of Teanaway Basalt 
occur in serpentinized peridotite (Southwick, 1962, p. 131). The de
formed zones, however, are older than some of the movement on the 
Deception Creek fault zone, as shown by the fact that a branch of the 
fault zone separates rock that is relatively less serpentinized from rock 
that is intensely serpentinized (Pratt, 1958, p. 60-61). 

Foliated granitic rocks of the Mount Stuart batholith are evident 
in the areas of lower Eightmile Creek, the Lower Enchantment Lakes, 
and upper Ingalls Creek. The foliation in the Eightmile Creek and 
Enchantment Lakes areas is purely a magmatic feature and is char
acterized by the alinement of mafic minerals and locally by lensoidal 
xenoliths. It trends east to northeast and dips steeply. Some folia
tion also occurs in mylonitized serpentinized peridotite at the margin 
of the Mount Stuart batholith in the Ingalls Creek area. The strike 
parallels the contact-roughly due north. The dip is nearly vertical. 

Jointing in the Mount Stuart granitic rock and nearby rocks was not 
studied systematically but was noted in the vicinity of mineral depos
its. The dominant joint system strikes northwest, but a second system 
striking northeast is indicated by the alinement of Teanaway dikes. 

AREA WEST OF THE DECEPTION CREEK FAULT ZONE 

Foliation is well developed in the Easton Schist. The folia strike 
north and dip steeply to the east and west, but locally, as on Chikamin 
Ridge east of the Three Queens, the folia strike west and dip at low 
to moderate angles to the north and south. In many places the folia 
are folded into tight structures a few feet (0.5-2 m) in amplitude and 
length. The trend of the axial traces is north. 

Several folds, most of them of little known extent, occur in several 
places in the Swauk Formation. The folds appear to have formed both 
previous to and concurrent with high-angle faults. The folds are open 
and plunge moderately to the southeast (pl. 1). The flanks of a typical 
trough are conspicuous on the southeastern face of Bears Breast 
Mountain (fig. 6). 

Many of the southeast-trending synclines, similar to the one lying 
along the east side of the high-angle fault on Summit Chief Mountain, 
are believed to be drag folds formed concurrently with the fault, 
whereas others in the area between Escondido Lake and lower Lemah 
Creek are inferred to be truncated by the high-angle fault cutting Sum
mit Chief Mountain. 

Many northwest-trending, steeply dipping to vertical faults cut the 
Swauk and other formations. The faults are commonly a few miles 
(about 5 km) long but their full extent is not known, either because 
they extend beyond the Alpine Lakes area or because they were cut off 
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FIGURE G.-Steeply dipping beds of Swauk Formation on south face of Bears Breast 
Mountain form a southeastward-plunging syncline. 

by the Snoqualmie batholith, and the separated segments, if part of 
the same fault, cannot be confidently correlated across the batholith. 

The displacement on the faults is unknown because of the absence 
of marker beds, but on many of the more extensive faults it is perhaps 
thousands of feet (hundreds of meters). Ellis (1959, p. 104) estimated 
that at least 4,000 ft (1,200 m) of Swauk section has been eliminated 
on the west side of the high-angle fault that cuts Summit Chief Moun
tain. The age faulting is considered to be early Tertiary; the fault in 
the area of Deep Lake appears to predate Tertiary volcanic rock, and 
several other faults are cut by the Snoqualmie batholith. 

Layered rocks of the Naches Formation in the area of Lemah and 
Delate Creeks strike roughly north to northwest and have steep to 
vertical dips, but the rocks are mostly steeply overturned to the west. 
There, the Naches is inferred to be cut by several high-angle faults. 

The northwest-trending high-angle fault that forms the eastern 
boundary of the Naches Formation was first mapped by Ellis (1959, 
p. 101-104), who called it the Easton-Naches fault. It appears to be 
a continuation of a fault mapped by Smith and Calkins (1906) in the 
area of Kachess Lake; the fault is truncated by the Three Queens stock. 
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A subsidiary fault, branching from the main fault near the head of 
Kachess Lake and rejoining it near Delate Creek, forms a lens-shaped 
horst of Easton Schist that lies between the Naches Formation on 
the west and the Swauk Formation on the east. At the south end of 
the horst a block of volcanic rock, mapped as Naches, but which may 
be another unit, is separated from the Easton Schist to the north by 
a cross fault. Mylonite and other cataclastic rock along the Easton
Naches fault was observed only in the area of the upper Kachess River 
where there is a zone more than 300ft (about 100m) wide composed 
of fragmented schist and lenticular bodies of sandstone recrystallized 
to quartzite. In the area east and southeast of Chimney Rock, the rocks 
along either side of the fault plane are silicified and bleached in a zone 
about 1.5 mi (2.5 km) long and as much as 2,000 ft (610 m) wide. Ellis 
(1959, p. 103-104) estimated a minimum movement of about 2 mi 
(about 3,200 m) on the main fault in the area near the Cascade Crest. 
South of the Alpine Lakes area formations younger than the Easton 
or Naches are locally in contact on opposite sides of the fault and 
indicate the same direction of movement (Foster, 1960). 

The fault is truncated by the Snoqualmie batholith of late Miocene 
age. The silicified zone developed along the fault is considered the 
result of ·hydrothermal activity related to the batholith. 

Jointing in the Snoqualmie batholith and the other rocks was not 
studied systematically but was noted only in the near vicinity of 
mineral deposits. The dominant joint sets strike northwest, parallel 
to the regional structural grain. Dips are to the northeast and 
southwest and are commonly steep to vertical. 

Several thrust faults cut the Swauk Formation in the areas of Sum
mit Chief Mountain and Chief Creek. A major thrust forms most of 
the western edge of the Swauk Formation along Lemah Creek, Cooper 
Pass, and the Three Queens, and it is inferred to be present in the areas 
of the Cle Elum and Foss Rivers and Deception Creek. 

Along Lemah Creek the Swauk has been thrust on Easton Schist. 
The fault is traceable for 2.5 mi (4 km) and is inferred to extend 
southward about another 3 mi (5 km) where it is cut by a high-angle 
fault. The thrust is also evident in the areas of Cooper Pass and near 
the Three Queens stock. Superficially, the contact between the thrust 
sheets appears to be depositional; bedding planes of the Swauk are 
more or less parallel to the fault plane. A zone of deformed or recon
stituted rock, however, is developed along the thrust plane. Dark 
basaltic-appearing pseudotachylite as much as several tens of feet 
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(10 m) thick has formed along the zone, and in places, lenses of Swauk, 
many feet (2-3m) thick and tens of feet (10m) long, have been tom 
from the upper plate and driven into the underlying Easton Schist. 
In other places the schistosity of the Easton has been obliterated near 
the contact with the Swauk, and locally, breccia, composed of 
fragmented quartz lenses and schist, has developed. Neither the 
amount of movement nor the amount of section missing from the base 
is known. Possibly little or no section is missing where the Swauk is 
in contact with the Easton; rather, movement there may have taken 
the form of decollement. 

In the area of the Cle Elum River drainage the existence of the thrust 
is inferred; minor thrusts in or near the base of the Swauk are inferred 
by Lamey and Hotz (1952) on the basis of subsurface information. 
More important, however, the iron formation-iron-rich strata formed 
by the weathering of underlying ultramafic rock-is locally intensely 
sheared and made schistose, which structure Lamey and Hotz (1952, 
p. 44) attributed to the differential movement between the iron 
deposits and the underlying serpentinized peridotite. 

Contrary to what has been previously reported (U.S. Geological 
Survey, 1973, p. 61), the direction of main thrusting appears to be 
eastward rather than westward. This conclusion is based on the obser
vation that the western sandstone facies of the Swauk Formation 
appears to ride over the eastern sandstone-shale facies in the area of 
the Middle Fork Teanaway River, south of the study area. Rocks in 
the upper plates of thrust faults mapped just east of Summit Chief 
Mountain may likewise have moved eastward. The eastward-dipping 
thrust planes of these faults would, in that case, be overturned, 
possibly in response to later folding in the area. Alternatively, the 
thrust faults east of Summit Chief Mountain may have occurred later 
than the main thrust, contemporaneous with folding that on Bears 
Breast Mountain just to the east is the most intense in the area. Rocks 
of the upper plate would, in that case, be considered to have moved 
westward and the thrust planes would not be overturned. This is the 
way it is shown on plate 1. 

In at least one place the Swauk has been hydrothermally altered 
adjacent to the main thrust plane. In a roughly circular area just west 
of Summit Chief Mountain, arkosic sandstone, in part silicified and 
kaolinized, extends from the thrust plane through several hundreds 
of feet (100-150 m) of section. The alteration was probably an effect 
of the intrusion of the nearby Snoqualmie batholith. 
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An aeromagnetic survey of the region between lat 4 7 °24' N. and 
47°45' N. and long 120°40' W. and 121 °24' W., which includes the 
Alpine Lakes area was made by the Scintrex Mineral Surveys, Inc., 
under contract for the U.S. Geological Survey. Total intensity 
magnetic data were obtained along east-west lines flown about 1 mi 
(1.6 km) apart at an average barometric altitude of 9,500 ft (2,900 m) 
above sea level. The data were compiled at a scale of 1:62,500 and con
toured at intervals of 20 and 100 'Y (pl. 1). No laboratory study of the 
magnetic properties of the rocks was made. The magnetic features, 
which were interpreted from the geology of the area, are discussed 
briefly in the following paragraphs. 

The magnetic pattern is dominated by a broad high over rocks of 
the serpentinized peridotite of Ingalls Creek and the Hawkins For
mation along the south-central margin of the area. Although the 
southern flank of the feature was not completely flown, magnetic gra
dients indicate that the high reaches a maximum relief of more than 
1,000 'Y over the greenstone of the Hawkins Formation near Hawkins 
Mountain. The northwest part of the anomaly has a maximum dif
ference of about 600 'Y near the head of Silver Creek and seems to be 
associated mainly with serpentinized peridotite. Steep magnetic gra
dients on the northeastern flank of the broad high correspond with 
the contact between granitic rocks of the Mount Stuart batholith and 
the ultramafic rocks. These gradients suggest that the contact is sharp 
and fairly steep in most places. The magnetic low over Mount Stuart 
granitic rocks northeast of its contact with serpentinized peridotite 
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indicates that the direction of magnetization in the greenstone and 
serpentinized peridotite is similar to that of the Earth's present 
magnetic field. Very likely the main high indicates that the mass of 
greenstone and serpentinized peridotite is thick. 

General low magnetic relief and intensity occur over the Mount 
Stuart batholith and older rocks in the northeastern part of the area. 
Undulations in the contours indicate that a weak magnetic low is 
associated with the schist, but there seems to be no magnetic indica
tion of the serpentinized peridotite in the southern part of the large 
roof pendant. Perhaps the magnetic response of the serpentinized 
peridotite is masked by the bordering dipolar low. The lack of more 
prominent magnetic relief suggests that the roof pendant does not 
extend to great depth. 

In the eastern part of the area a small partly mapped high is in
dicated by a closed contour over Icicle Ridge. This feature is probably 
caused by the elevated position of granitic rocks near the crest of the 
ridge. 

In the western part of the area a narrow arcuate magnetic high lies 
over Chikamin Ridge, the headwaters of Cooper River, and the Middle 
Fork Snoqualmie River. The southern part of the feature is associated 
with volcanic rocks, but it includes granitic rock exposed at the 
southeastern end of the ridge and southwest of Huckleberry Moun
tain. Maximums of about 100 'Y that are probably enhanced by 
topography occur near Chikamin Peak and over the southern part of 
the ridge. Northward the anomaly has a maximum of about 80 'Y and 
appears to be caused by the Snoqualmie batholith. Topography also 
contributes to the magnetic expression of these rocks. The anomaly 
indicates that the pluton extends southward beneath volcanic rocks 
along the ridge to connect with the Three Queens stock and the stock 
north of Silver Creek. Steep magnetic gradients along the eastern flank 
of the anomaly may represent a steep contact of the pluton. Small 
variations in the magnetic pattern probably are related to intense 
deformation in the bordering basaltic and arkosic rocks. 

Part of a magnetic high is shown in the northwestern part of the 
area. The apparent maximum of this feature may be the magnetic ex
pression of subsurface plutonic rocks in the southern part of Maloney 
Ridge. 

Intensity variations in the magnetic pattern are probably caused 
mostly by magnetic contrasts in materials near the surface of the 
ground. None of the anomalies are considered to be of the type com
monly associated with large deposits of magnetite or with metallifer
ous lodes that occur in extensive zones of altered country rock. 
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SETTING 

The central Cascade Mountains constitute the southern extension 
of a metallogenic belt in British Columbia characterized by porphyry 
copper and low-grade molybdenum deposits (Little and others, 1968, 
p. 504). The known mineral deposits are associated with late leucocratic 
biotitic quartz monzonite facies of Mesozoic and Tertiary granitic com
plexes (Little and others, 1968, p. 504) and with transverse shear zones 
(Grant, 1969, p. 39-46). At least 18 major plutonic masses and six 
known or inferred large shear zones are present in the Cascade Range 
of Washington (Grant, 1969, p. 23, 39). The shear zones trend east 
to northeast and their intersection with older northwest-trending 
geologic structures near favorable plutonic rocks are loci for many 
mining districts (Grant, 1969, p. 45). Examples include the copper 
deposit at Holden, gold deposits at Monte Cristo, copper ore bodies 
at Glacier Peak and in the Sultan Basin, and an area explored along 
the Middle Fork of the Snoqualmie River. 

The Alpine Lakes area contains many deposits of copper and other 
base metals, and although many have been prospected and explored, 
few have produced ore. The area is overlapped by five mining districts 
(Washington Division of Mines and Geology, 1971, fig. 2) that are of 
past or current importance: Blewett (southeast), Cle Elum (south
central), Leavenworth (northeast), Miller River (northwest), and Sno
qualmie (southwest) (pl. 2). 
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Alteration haloes have developed around many mineralized occur
rences. Propylitic, quartz-sericitic, potassium-silicic, and silicic are 
important types of alteration (Grant, 1969, p. 49-50). The zones of 
altered rock shown on plate 1 are conspicuously sericitized or silicified 
and commonly contain pyrite and other sulfide minerals. Where 
oxidized, the rock surfaces are stained with limonite. 

LODE DEPOSITS 

Gold was produced from the Blewett district adjacent to the south
eastern part of the Alpine Lakes area. Most production took place near 
the end of the 19th century; the district is essentially idle now. Gold 
ore shoots were along northwest- to west-trending quartz-carbonate 
veins in mafic and ultramafic rock (Weaver, 1911, p. 72-73). The ore 
shoots were irregular lensoidal bodies a few feet to more than 10 ft 
(1-3m) wide, as much as several hundred feet long (100m), and a few 
tens to hundreds of feet (10-100 m) in vertical extent. The ore is 
oxidized near the surface and contains free gold; at depth the ore 
minerals are arsenopyrite and pyrite. In addition to gold the ore bodies 
contain minor amounts of silver, copper, and lead. 

Many other precious- and base-metal deposits occur in an arcuate 
belt that extends westward from the Blewett district through the 
Swauk district and northwestward into the Cle Elum and Leavenworth 
districts. The belt roughly parallels the boundary of the Mount Stuart 
batholith and in most places lies some distance away. Many of the 
deposits in the arcuate belt are gold bearing like those of the Blewett 
district and occur in sulfide-bearing quartz or quartz-carbonate veins 
in ultramafic rock (Huntting, 1955, p. 64, 66-67). The veins were 
apparently emplaced along shear zones or faults. Other auriferous 
deposits are in contact metamorphic zones between granitic and 
ultramafic rock in silicified-carbonatized rock that contains sulfide 
minerals (Purdy 1951, p. 62-66). 

Base- and precious-metal deposits, that contain mostly copper are 
most numerous in the Van Epps Pass area and constitute part of the 
arcuate belt of mineral deposits. The deposits lie in the Cle Elum and 
Leavenworth mining districts. They occur as disseminated sulfide 
minerals deposited along weakly developed shear planes in slightly 
to intensely serpentinized peridotite. In some prospect pits only cop
per carbonate stain is visible. Other copper-bearing deposits consist 
of sulfide minerals sparsely disseminated through dikes of inter
mediate composition. The sulfide minerals may be syngenetic, or they 
may be derived from deposits intruded by the dikes. 
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Locally, along the arcuate mineral belt, west-trending nickelif
erous veins occur in ultramafic rocks (Lupher, 1944, p. 10). The nickel 
in these deposits was apparently liberated from ultramafic rock either 
through weathering, serpentinization, or hydrothermal activity 
and was combined with the vein-formning solutions (Vhay, 1966, 
p. 122). 

Nickeliferous iron deposits occur in an arcuate belt that extends 
from the Blewett mining district through the Swauk district and into 
the Cle Elum district (Lupher, 1944; Lamey and Hotz, 1952). The 
deposits are thin-at the most no thicker than a few tens of feet (about 
10 m)-discontinuous lenses and are in a zone lying between ultramafic 
rock and sandstone of the Swauk Formation. The deposits are residual, 
were formed through the weathering of ultramafic rock, and 
apparently were modified by physical processes. The more soluble con
stituents of the source rock were removed during weathering leaving 
a relatively insoluble residue enriched in iron, nickel, aluminum, and 
chromium. 

Iron deposits containing magnetite occur in the area of Denny Moun
tain at Snoqualmie Pass, and near Goat Basin in the northwestern 
part of the Alpine Lakes area. The deposits near Denny Mountain 
formed in tactite zones along the contact of granitic rock with 
limestone (Smith and Calklins, 1906, p. 13); whereas, those near Goat 
Basin formed in an agmatite zone composed of diabase fragments in 
a granitic matrix (Plummer, 1964, p. 25). 

Gold was mined in the Liberty area (fig. 1) of the Swauk district 
near the end of the 19th century (Smith, 1904, p. 9) from quartz
carbonate veins in narrow, brecciated fissures cutting sandstone or 
shale beds of the Swauk Formation. In places the veins have sharp 
walls, but elsewhere they grade into shattered wallrock. The gold, 
mostly native and containing some silver, commonly occurs in vein 
quartz and in silicified wallrock. Sulfide minerals are rare. The veins 
trend northeastward more or less parallel to older basalt dikes. 

Gold and silver, copper and other base metals have been produced 
in significant quantities from the Miller River mining district. (The 
high prices paid for these metals in 197 4 encouraged exploration in 
this area.) Much of the mining district is in the northwestern part of 
the Alpine Lakes area. Most deposits are in granitic rock of the Mount 
Stuart batholith (Purdy, 1951, p. 78-87), and some are in andesite (Liv
ingston, 1971, p. 144). The deposits occur as veins in faults and shear 
zones that strike northwest and northeast and dip steeply. Ore 
minerals include pyrite, arsenopyrite, chalcopyrite, galena, tetra
hedrite, sphalerite, and jamesonite (Livingston, 1971, p. 137-147). The 
wallrock adjoining the veins is variably altered; in places only the mafic 
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minerals are affected, but commonly the rock is kaolinized or seri
citized; locally, wallrock has been replaced by vein material. 

Other deposits, containing dominantly copper, a little molybdenum, 
and sparse silver and gold, occur in the Quartz Creek area of the Miller 
River mining district (the Snoqualmie mining district of Livingston, 
1971, p. 149-152). The district is on a large east-trending transverse 
shear zone (Grant, 1969, p. 40) that in mineralized areas is recognizable 
as sets of small east-trending shears. The deposits are in elliptical, 
near-vertical breccia pipes in granitic rock (Grant, 1969, p. 79-81). The 
pipes are hundreds of feet ( 100-200 m) across. Angular granitic 
fragments within the pipes are inches to feet (10-100 em) long and 
are cemented with quartz and sulfide minerals. The principal sulfide 
minerals are pyrite, pyrrhotite, chalcopyrite, and arsenopyrite that 
occur as disseminations, veinlets, and lenticular replacement pods. The 
granitic fragments are intensely chloritized and sericitized (Grant, 
1969, p. 81). This alteration was superposed on an earlier biotitic altera
tion of the breccia. 

Copper deposits similar to those of the Quartz Creek area occur in 
the Snoqualmie mining district along the Middle Fork Snoqualmie 
River above Burntboot Creek. The deposits are in breccia pipes, shat
ter zones, and shears which transect granitic rock. They are alined 
along a northeast-trending zone more than 6 mi (10 km) long and 400-
2,500 ft (120-750 m) wide (Grant, 1969, p. 81-88). The mineralized zone 
is cut by a series of northwest-trending faults that subdivide it into 
several separate mineralized bodies (Grant, 1969, p. 85). 

Sulfide minerals, principally chalcopyrite, molybdenite, pyrite, and 
pyrrhotite, occur in veins and fracture fillings and as disseminations 
in the host rock. There were two stages of mineralization: the earlier 
one took place at an upper level and the later, richer one was at a deeper 
level. Biotite-potassium feldspar alteration and quartz-sericite altera
tion accompanied the mineralization. Propylitic alteration also devel
oped during the periods of mineralization but in areas surrounding 
those being mineralized with copper and molybdenum. 

Much of the mineralized ground along the Middle Fork Snoqualmie 
River is in the study area and lies along the transverse shear zone 
described by Grant (1969, p. 40). The zone may extend several miles 
(5 km) into the study area. 

The Mineral Creek area of the Snoqualmie mining district may be 
a high-level equivalent of the copper deposits along the Middle Fork 
Snoqualmie River (Grant, 1969, p. 87). The mineralized zone of the 
Mineral Creek area is on a northeast-trending transverse shear zone. 
Mineralization and accompanying alteration occurred in the upper 
parts of the Three Queens stock and in adjoining volcanic rock and 
roughly correspond to the propylite zones of the Middle Fork area. 
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Copper sulfide minerals have been found by drilling altered country 
rock. 

The geologic setting in the area of Summit Chief Mountain in the 
study area has some characteristics in common with the L-D gold mine 
40 mi (64 km) east near Wenatchee, Wash. According to Patton and 
Cheney (1971) mineralization at the L-D mine occurred in a northwest
trending imbricate thrust zone in the Swauk Formation along which 
small bodies of intermediate and mafic rock were intruded. The miner
alization was accompanized by repeated episodes of silicification. Near 
the ridge of Summit Chief Mountain is a similar zone of northwest
trending imbricate thrust faults, as well as a major vertical fault, cut
ting the Swauk Formation. The Snoqualmie batholith intrudes the 
Swauk a short distance north of the ridge, and a small satellitic body 
of the Snoqualmie intrudes the Swauk near the thrust fault zone. An 
elliptical zone of silicified iron-stained Swauk occurs near a vertical 
fault cutting the upper plate of the westernmost thrust. In other ways, 
however, the two areas differ: rocks of the Snoqualmie batholith are 
more felsic than the intrusive bodies associated with the L-D deposit, 
and the Snoqualmie batholith appears most likely to have intruded 
the Swauk after the period of faulting; whereas, the intrusive rocks 
of the L-D deposit appear to have been emplaced penecontem
poraneously with folding and faulting. Mineralization in and adjacent 
to the Snoqualmie batholith mostly produced base metals; whereas, 
that near Wenatchee produced only precious metals. 

PLACER DEPOSITS 

Placer deposits of gold occur in those areas where significant lode 
gold deposits exist, as, for example, along Peshastin Creek in the 
Blewett district and along Swauk Creek (fig. 1) in the Swauk district. 
The gold is mostly in stream-level gravels, but along Swauk Creek 
it also occurs in older terrace gravels (Smith, 1904, p. 9). Other deposits 
were worked in lower Fortune Creek near its confluence with the Cle 
Elum River. The gold there is assumed to be derived from mineral
ized areas on the west side of Van Epps Pass. 

OTHER COMMODITIES 

Potential resources of some mineral, fuel, or rock products that are 
or might be present in the Alpine Lakes area were also investigated. 

Analyses were made for platinum and platinum-group metals 
because of the known association of these metals with mafic and 
ultramafic rock. Twenty-three samples of serpentinized peridotite, 5 
samples of mineralized rock, and 6 samples of panned concentrates 
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were analyzed by fire assay for these metals. Twenty-two rock samples 
contained traces of platinum and (or) palladium. The highest platinum 
value (0.010 ppm) was in sheared talcose serpentinized peridotite, and 
the highest palladium value (0.008 ppm) was in serpentinized 
peridotite. No other platinum-group metals were detected. None of 
the panned-concentrate samples contained detectable amounts of any 
of the platinum-group metals. 

The Swauk Formation was examined for uranium. Sandstone similar 
to that in the Swauk elsewhere in the United States contains uranium 
deposits of various types that if oxidized contain a conspicuous suite 
of yellow minerals. Nothing observed, however, indicated the presence 
or likely presence of uranium deposits in the Alpine Lakes area. As 
a further check, selected samples from the formation were tested radio
metrically for equivalent uranium (eU) and several samples from the 
Mount Stuart and Snoqualmie batholiths also were tested. All tests 
were negative. 

Nickeliferous iron deposits are outside the Alpine Lakes study area 
and are present in the valley of the Cle Elum River as far north as 
a point about opposite the Fish Lake Forest Service guard station. 
A major high-angle fault, roughly parallel to the Cle Elum River, 
extends through part of the area and juxtaposes the Swauk Forma
tion and volcanic rock on the west against serpentinized peridotite 
on the east. The weathered zone and iron deposits are assumed to be 
present beneath the Swauk on the west side of the fault, and they prob
ably extend into the Alpine Lakes area. Their depth, however, 
precludes them from being economic now or in the foreseeable future. 

Pegmatites occur in parts of the Snoqualmie and Mount Stuart 
batholiths, but they do not contain economic quantities of muscovite, 
valuable feldspar, or other minerals. 

Although coal occurs in a formation equivalent to the Swauk in the 
Bellingham, Washington area, no coal is known to occur in the Alpine 
Lakes area. The Swauk has a very high sandstone-to-shale ratio and 
appears to have been deposited in a piedmont or high-energy floodplain 
environment-environments unfavorable for the formation of coal. 
Only sparse carbonized fragments and imprints of plant fossils were 
observed in the Swauk. 

Granitic rocks, like those in both the eastern and western parts of 
the study area may be crushed for road metal and railroad ballast, 
or blasted or split into large blocks for riprap; however, neither of the 
granitic bodies within the study area can be considered an economic 
resource because they are not accessible to the main routes of 
transportation. 

The arkosic sandstone of the Swauk possibly may be suitable as 
building stone to veneer small buildings, domestic dwellings, and 
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fireplaces. The esthetic attractiveness of the rock as a building stone 
is questionable, however, and because the sandstone is in thick to 
massive beds, it probably cannot be easily cleaved into blocks of 
specified sizes. Further, other more accessible deposits of the sand
stone are outside the study area. 

Sand and gravel suitable as aggregate for concrete occurs in many 
deposits along stream valleys of the Alpine Lakes area. Deposits of 
such material ample for foreseeable needs are available, however, in 
the Puget Sound lowlands and the Columbia River and Spokane River 
basins, near urban and industrial areas where these materials are most 
used. 

Lenticular bodies of marblized limestone interlayered with other 
metamorphic rock occur in several bodies of pre-Cretaceous rock that 
crop out north and northwest of Snoqualmie Pass. The limestone 
layers are regarded as too small or are on slopes too precipitous to 
be amenable to open-pit or quarry-type mining operations, and most 
are too inaccessible for economic development. Further, the rock is 
chemically so variable that additional blending would be required to 
yield a consistent product suitable for the manufacture of cement. 

A possible source of geothermal energy in the Alpine Lakes area 
could be the Snoqualmie batholith. It was emplaced in late Miocene 
time and may retain enough heat to have a greater than normal 
geothermal gradient. A hot spring associated with the batholith occurs 
just outside of the study area but the heat may be generated by the 
oxidation of a nearby sulfide deposit. Other batholithic rock, assumed 
to be as young as that of the Snoqualmie, is extensively exposed out
side the Alpine Lakes area and potential development would probably 
occur outside the area. 

GEOLOGIC APPRAISAL OF MINERAL RESOURCES 

Most of the known mineral deposits in the Alpine Lakes area appear 
to be genetically related to granitic plutons of the Mount Stuart and 
Snoqualmie batholiths. The areas having the greatest potential for 
mineral resources, therefore, lie along or near borders of granitic 
plutons. More mineral deposits are associated with the Snoqualmie 
batholith than with the Mount Stuart batholith. 

A discontinuous mineralized belt roughly parallels the southern and 
southwestern periphery of the Mount Stuart batholith. The deposits 
occur along the border of the batholith; however, some are as much 
as 4 mi (6.5 km) from it. The belt is delineated by gold vein deposits 
in the Peshastin Creek and Paddy-Go-Easy Pass areas and by cop
per vein deposits near Van Epps Pass, along the ridge south and 
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southwest of Ingalls Creek, and near Hawkins and Hucklebery Moun
tains. The VanEpps Pass area also contains a disseminated copper 
deposit. 

Two mineralized areas within the Mount Stuart batholith may be 
near borders of plutons that constitute that body. 

Disseminated copper deposits occur near the periphery of the Sno
qualmie batholith and outlying stocks. The deposits appear to be 
associated with main-phase granodiorite. The most extensively ex
plored disseminated copper deposit lies on the nose of a ridge between 
the Middle Fork Snoqualmie River and Burntboot Creek. Other similar 
deposits occur along the ridge between Hardscrabble Lakes and the 
Middle Fork Snoqualmie River, in upper Gold Creek, and on the north
eastern side of lower Mineral Creek. A hydrothermally altered area 
on Red Mountain suggests the presence of similar deposits. 

Many vein deposits of base and precious metals were emplaced in 
shear zones within or near the Snoqualmie batholith. Most of the 
deposits are concentrated between Lennox Creek and the Miller River. 
They are in or near diorite and pyroxene granodiorite that were in
truded by main-phase granodiorite, which is believed to be the magma 
that generated the deposits. The vein deposits in Gold Creek also ap
pear to be related to main-phase magma; whereas, the deposit in the 
Chain Lakes area appears to be related to an adjacent quartz mon
zonite body. Undiscovered vein deposits may occur associated with 
main-phase or quartz-monzonite bodies of the Snoqualmie batholith 
in the Alpine Lakes area. 
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Middle Fork Snoqualmie River-Hardscrabble Creek area 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Hester Lake area 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Dingford Creek area 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Green Ridge Lake area 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Garfield Mountain Lakes area 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Snoqualmie Lake Potholes area 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Lake Dorothy-Camp Robber Creek-Foss River area 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Chain Lakes area 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Necklace Valley area 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Lake Dorothy area 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Taylor River area 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Big Creek area 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Marten Lake area 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Lake Isabella area 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Sunday Creek area 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Gouging Lake area 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Lennox Creek area 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

East Fork Miller River area 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

West Fork Miller River area 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Goat Creek area 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Other anomalous samples 

III 

Page 

53 
55 
55 
57 
57 
58 
59 
60 
62 
63 
66 
68 
68 
69 
69 
70 
71 
71 
71 
72 
72 
74 
74 
74 
74 
75 
75 
76 
77 
77 
78 
78 
79 
79 
79 
80 
80 
82 
82 
83 
83 



IV CONTENTS 

TABLES 

[Tables 18 and 19 follow chapter E) 

Page 

TABLE 2. Anomalous threshold values in analyzed samples . . . . . . . . . . . . 56 
18. Analytical results of anomalous samples from anomalous areas in 

the Alpine Lakes area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 234 
19. Analytical results of anomalous samples from other parts of the 

Alpine Lakes area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 302 



MINERAL RESOURCES OF THE 
ALPINE LAKES STUDY AREA AND ADDITIONS, 

CHELAN, KING, AND KITTITAS COUNTIES, 
WASHINGTON 

GEOCHEMICAL EXPLORATION OF THE 
ALPINE LAKES STUDY AREA AND 

ADDITIONS, WASHINGTON 

By j. L. GUALTIERI and GEORGE C. SIMMONS, 

U.S. GEOLOGICAL SURVEY 

INTRODUCTION 
During the geologic reconnaissance of the Alpine Lakes area a total 

of 4, 702 samples were collected for analyses: 2,657 stream-sediment 
samples, 19 soil samples, 8 panned concentrates, and 2,018 rock 
samples. Sample localities are shown on plate 2 and selected analytical 
data in tables 18 and 19. The type of sample-stream sediment, panned 
concentrate, soil, or rock-collected is indicated by symbol on plate 
2. The samples are numbered and where two or more specimens were 
taken at the same sample site, the additional samples are indicated 
by letter suffixes in the table. An exception to this, however, is a few 
samples taken from sites in the northwestern part of the study area. 
There, samples having letter suffixes are from separate sites. Where 
more than one worker collected from the same site, different prefixes 
and numbers are shown. Anomalous samples are underlined, and 
anomalous areas are outlined. The anomalous areas are indicated by 
number and title on plate 2, and the samples therein are shown in table 
18 and are discussed in the text. 

Stream-sediment samples may contain anomalous amounts of metals 
carried in solution by stream water. The metals are absorbed in associa
tion with oxides of iron and manganese on clay- and silt-size particles 
in the stream sediments. Stream sediments having anomalously high 
metal content may indicate mineralized rock somewhere in the drainage 
basin. The magnitude of the anomalous values may reflect the volume 
and concentration of metal in the source area, but the magnitude can 
be affected by such factors as availability of the contained metals to 
solution, the distance from the source area, and the volume of the 
stream. For example, tributary streams at the head of VanEpps Creek 

53 
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drain nearby mineralized rock, some of which was exposed by prospect
ing and mining operations. Stream-sediment samples from the 
tributaries are high in metals, but about 1 mi (1.6 km) downstream 
near the mouth of Van Epps Creek no anomalous concentrations of 
metals were detected. 

Stream-sediment samples were collected from most small tributary 
streams, usually just above their confluence with medium or large 
streams. The samples, taken from the finest material available, com
monly clay- and (or) silt-size material, were sieved, and the minus SO
mesh fraction was used for analysis. Sediment samples containing suf
ficient fine material were analyzed by the citrate-soluble heavy-metals 
(cXHM) colorimetric test for combined zinc, cobalt, copper, and lead 
(Ward and others, 1963). Samples in which 3 ppm (parts per million) 
or more of metals was detected by the citrate-soluble method were 
also analyzed for copper and zinc by atomic absorption. 

All stream-sediment samples were analyzed by six-step semiquan
titative spectrographic analysis for a group of 30 elements (Grimes 
and Marranzino, 1968). Samples containing more than normal amounts 
of copper, lead, or zinc were further analyzed for copper and zinc by 
atomic-absorption analysis (Ward and others, 1969). Further testing 
was necessary because the limit of detection of zinc by spectrographic 
analysis is 200 ppm, which in the Alpine Lakes area is considered to 
be an anomalous value. 

Stream gravels were panned from a few streams, and the concen
trates were tested for gold by atomic absorption and for other metals 
by spectrographic analysis. A few such samples collected from areas 
underlain by ultramafic rock were analyzed for platinum and platinum
group metals by fire assay. 

All the soil samples except one were collected from a mineralized 
area near Van Epps Pass. The soil samples were analyzed by the 
cXHM test and by spectrographic analysis, and they were further 
analyzed for copper and zinc by atomic absorption. 

Grab samples of rock were collected throughout the study area. If 
stream sediments contained anomalous amounts of metal, rock 
samples were taken in the drainage basin in an attempt to locate the 
source of the metal. Others were taken from areas of hydrothermal 
alteration or in the vicinity of geologic structures that might contain 
mineral deposits. Some were taken near mines and prospects to deter
mine not only the amount of metal in the visible ore minerals, but also 
to determine other elements which occur in trace amounts and which 
might serve as indicators of as yet undiscovered mineral deposits. 
Most grab samples, however, were taken to check for possible metal 
anomalies or anomalous trends and to establish the normal amounts 
of metal in the different rock formations. The samples were tested by 
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spectrographic analysis, and selected samples were further checked 
by atomic absorption for copper, gold, and zinc. 

Selected samples of arkosic sandstone and granitic rock were tested 
for uranium by paper chromatography, and for uranium or equivalent 
uranium by radiometric instrumentation. Typical samples of ultra
mafic rock were assayed for platinum and platinum-group metals, 
mainly to establish background levels for these metals. These samples 
were further checked by atomic absorption for cobalt, copper, nickel, 
and silver. 

Review of the analytical data especially that from areas of known 
mineralization and hydrothermal alteration, indicates that minimum 
values for anomalous amounts of elements, regardless of rock type 
or stream sediment source, are those shown in table 2. 

In intermediate and mafic dikes 100 ppm of copper may be close 
to the background level, but not many such bodies were sampled. The 
relatively high chromium and nickel content found in samples of 
ultramafic rock is considered to be normal background. 

Only the analytical data for samples regarded as anomalous are 
shown in tables 18 and 19. Other data are on computer tape (Forn 
and others, 1974). 

AREAS OF ANOMALOUS VALUES 

Many parts of the Alpine Lakes area may have a potential for the 
occurrence of mineral deposits. These parts have been designated 
anomalous areas on the bases of the number and distribution of 
anomalous samples, number of elements that are anomalous in the 
samples, and on various geologic factors. Included in the anomalous 
areas are areas known to have been prospected or mined and for which 
there are supporting analytical data. The areas are discussed in a 
roughly east to southwest to northwest order. 

Many samples were analyzed by more than one method, and many 
sample values are anomalous in more than one element. Consequently, 
in the following discussions of the anomalous areas, the number of 
chemical anomalies cited commonly exceeds the number of anomalous 
samples. 

BULLS TOOTH AREA 

One rock sample collected from the Bulls Tooth area (pl. 2, area 1; 
table 18) was anomalous solely in tin-10 ppm-detected by six-step 
semiquantitative spectrographic analysis. The area is underlain by 
limonite-stained granitic rock which otherwise appears unaltered or 
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TABLE 2.-Anomalous threshold values in analyzed samples, Alpine Lakes study are~ 
Washington 

[All of the data for the above elements are shown in tables 18 and 19 for each sample in which one of the elements 
was detected at or above the minimum values considered anomalous) 

Method Element 
Value 
(ppm) 

Stream sediment and soil samples 

Citrate-soluble heavy-metals 
colorimetric test (cXHM). 

Atomic absorption --------------

Six-step semiquantitative 
spectrographic analysis. 

Zn ---------------------------
Co 
Cu 
Ph 

Cu ---------------------------
Zn 

Ag --------------------------
As ---------------------------
Cu --------------------------
Mo ---------------------------

10 

100 
100 

0.5 
200 
100 

5 

Ph --------------------------- 50 
Sn --------------------------- 10 
w ---------------------------- 50 
Zn --------------------------- 200 

Rock and panned concentrate samples 

Atomic absorption --------------

Six-step semiquantiative 
spectrographic analysis. 

Au --------------------------
Cu --------------------------
Zn ---------------------------

Ag --------------------------
As --------------------------
Bi --------------------------
Cd --------------------------
Cu ---------------------------

1 
100 
100 

.5 
200 
100 
100 
100 

Mo --------------------------- 5 
Ph --------------------------- 50 
Sb --------------------------- 100 
Sn --------------------------- 10 
w ---------------------------- 50 

very slightly altered. The stained rock underlies an area about 100ft 
(30m) wide and a few hundred feet (about 100m) long. Samples of 
an aplitic dike and a quartz vein which cut the iron-stained rock were 
not found to be anomalous. 

The Bulls Tooth area is similar geologically to an area on French 
Ridge near Turquoise Lake, about 4 mi (6.5 km) southwest, which is 
also underlain by iron-stained granitic rock. Rock samples collected 
there were anomalous in several metals including tin. 
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FRENCH RIDGE AREA 

Three anomalous stream-sediment samples and eight anomalous 
rock samples were collected from the French Ridge area (pl. 2, area 
2; table 18) west of Turquoise Lake. 

The sediment samples contain 18 and 70 ppm cXHM; the heavy
metals component apparently is mostly zinc for as much as 500 ppm 
zinc was determined by atomic absorption. Two of the stream
sediment samples are from a stream draining the northwestern part 
of the altered area. 

The rock samples contain as much as 500 ppm copper, 1.5 ppm 
silver, and 15 ppm tin, all determined by semiquantitative spec
trographic analysis. The maximum amounts of copper occur in inter
mediate dike rock, but copper is also present in anomalous amounts 
in altered and in some relatively fresh-appearing granitic rock. Silver 
occurs in anomalous amounts in both intermediate dike rock and 
altered granitic rock and is present in a quartz vein. 

The rock samples are from an oval area of iron-stained, slightly 
altered, granitic rock about 1,500 ft (460 m) across that straddles the 
ridge crest. 

The French Ridge area is underlain by altered granitic rock slightly 
more finely crystalline than surrounding granitic rock. Biotite and 
feldspar have been partly altered to sericite. Dikes of intermediate 
composition and at least one quartz vein cut the granitic rock and all 
contain anomalously high amounts of metal. Sparse, minute grains 
of sulfide minerals and traces of malachite were noted in some of the 
more finely crystalline granitic rock. 

This area is clearly anomalous; the contained metals probably occur 
in the sulfide minerals. The area is considered to have mineral poten
tial and is worthy of further investigation. 

LELAND CREEK AREA 

Fourteen anomalous stream-sediment samples and one anomalous 
soil sample were collected from the Leland Creek area (pl. 2, area 3; 
table 18). The sediment samples were taken from tributary streams 
along the course of Leland Creek from a point just above Lake Leland 
to near its confluence with Prospect Creek. Most of the samples were 
from an area just downstream from the lake. The area is wholly under
lain by granitic rock of uniform character. 

Nine sediment samples contain anomalous amounts of molybdenum 
in concentrations that range from 5 to 20 ppm and average 8 ppm, 
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determined by spectrographic analysis. All but one of the samples came 
from the right bank of Leland Creek. '1\vo samples, EG0270 and 
ES0002, contain 10 and 16 ppm cXHM, respectively. Atomic
absorption analysis of sample ES0002 shows concentrations of 
100 ppm copper and 120 ppm zinc. Another sample, ES0004, contains 
110 ppm zinc and some copper. 

Three samples, two from near the head of Lake Leland, EG0258 and 
EG0260, and one from the head of Thdd Lake, EG2300, are minimally 
anomalous in lead. '1\vo other samples, EG0224 and EK0448, from the 
north part of the area are also minimally anomalous in lead. The lead 
may be derived from a different source than the molybdenum. 

The soil sample (EG2292) was collected from what may be an 
unaltered or slightly altered shear zone in granitic rock on a saddle 
about 0.5 mi (about 0.8 km) southwest of Swallow Lakes. The sample 
contains 30 ppm molybdenum and is anomalous in no other metal. 

The basins drained by the streams containing anomalous stream
sediment samples were examined for evidence of mineralization. 
Analyzed rock samples from these areas, including those collected from 
near where the soil sample was taken, showed no anomalous or near
anomalous amounts of molybdenum or other metals. All but one of 
the areas are underlain by unaltered granitic rock that is texturally 
similar to that of the adjoining areas. The one exception is an area 
of limonite-stained granitic rock about 200-300 ft (60-90 m) across 
that lies near the crest of French Ridge, southwest of Thdd Lake and 
north of Klonaqua Lakes. There, biotite books are partly altered, but 
otherwise the rock appears fresh. Analyses of a sample of the limonite
stained rock and stream-sediment samples from around Thdd Lake do 
not show anomalous contents of metals. Nevertheless, this area is the 
only likely source of the copper and zinc anomalies. 

THE CRADLE AREA 

Forty-three stream-sediment samples and 16 rock samples that con
tain anomalous amounts of metals were collected from The Cradle area 
(pl. 2, area 4; table 18). The stream-sediment samples were taken from 
small streams tributary to Meadow, the upper part of French, and 
Snowall Creeks, and from Cradle Lake, and most of them came from 
an area at the heads of Meadow and French Creeks. Most rock samples 
are from veins and country rock in a narrow isthmuslike body of the 
Mount Stuart batholith that intrudes serpentinized peridotite of 
Ingalls Creek near The Cradle. 

Thirty-three sediment samples analyzed by semiquantitative spectro
graphic methods contain molybdenum in concentrations of 5-30 ppm 
and average about 11 ppm. Five of these 33 stream-sediment samples 
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analyzed by a colorimetric method contain 25 ppm or more molyb
denum. An additional stream-sediment sample was found anomalous 
by this method only. 

Four sediment samples, all from Meadow Creek, contain 18-25 ppm 
cXHM. Of the several sediment samples checked by atomic absorp
tion for copper and zinc, four were found anomalous in copper and one 
in zinc; the copper content averages about 120 ppm. 

'l\vo sediment samples, ES0018 from near the head of Snowall Creek 
and EK0172 on French Creek, contain tungsten in concentrations of 
50 and 100 ppm, respectively, as determined spectrographically. U.S. 
Bureau of Mines personnel collected panned-concentrate samples on 
upper Meadow Creek which contain scheelite and 0.015-0.018 percent 
tungsten. 

The search for the source of the anomalous metals in the stream
sediment samples was concentrated on The Cradle, a northwest
trending ridge that is bound by Meadow, French, and Snowall Creeks. 
Four samples of quartz veins and three of granitic rock that were col
lected along the ridge contain anomalous amounts of metals. The 
quartz veins appear barren and are 3-15 in. (8-38 em) wide. They con
tain by spectrographic analysis 300 ppm arsenic, 70-300 ppm tung
sten, 10-15 ppm molybdenum, and 0.5-0.7 ppm silver. Not all the 
elements cited are common to each of the vein samples. Other quartz 
veins were sampled but were not found to contain anomalous amounts 
of metals. Quartz veins containing sparsely disseminated molybdenite 
have been reported from the area at the head of Snowall Creek 
(E. Erikson, oral commun., 1973). 

Of the three anomalous samples of granitic rock collected on The 
Cradle two are from a small limonite-stained area the only such area 
observed on the ridge. Sample EG0840 contains 70 ppm tungsten and 
sample EG0840A contains 150 ppm copper. 

Metal anomalies occurring in other rock samples in The Cradle area 
do not appear to be genetically related to those occuring in the quartz 
veins or granitic rock. 'l\vo samples from near the contact of granitic 
and ultramafic rock are anomalous in lead and tin; two other samples 
from along the crest of Sixtysix Hundred Ridge are anomalous in cop
per. One of the latter samples, EG0417, is from a vein of asbestiform 
amphibole about 1 in. (2.5 em) wide that occurs near a shear zone. 

PADDY-GO-EASY PASS AREA 

One anomalous stream-sediment sample and 15 anomalous rock 
samples were collected from the Paddy-Go-Easy Pass area (pl. 2, area 
5; table 18). The stream-sediment sample, from the outlet of Sprite 
Lake, is anomalous only in lead which was detected by spectrographic 



60 ALPINE LAKES STUDY AREA AND ADDITIONS, WASHINGTON 

analysis. Stream-sediment samples from along French Creek and Cle 
Elum River and from streams draining the Paddy-Go-Easy Pass area 
are not anomalous. 

The rock samples collected from prospect pits and dumps are mostly 
vein and wallrock containing sulfide minerals; the metal content is ex
pectably high and is not necessarily representative of the overall tenor 
of the deposits. Detection of metals in the rock samples was by spec
trographic analysis. Of the 15 samples 9 contain anomalous concen
trations of silver, 0.7-150 ppm and averaging about 23 ppm; 4 contain 
gold, 10-70 ppm and averaging 30 ppm; 12 contain copper, 150-20,000 
ppm and averaging about 4,400 ppm; 8 contain arsenic, 300-10,000 
ppm and averaging about 5,700 ppm; also, 2 samples contain 
anomalous concentrations of lead, 2 contain molybdenum, 3 contain 
antimony, 1 contains tungsten, and 2 contain zinc. Gold was detected 
in 8 sampled by atomic absorption in amounts ranging from 1 to 70 
ppm and averaging about 20 ppm. 

Gossan and copper-stained outcrops in the Paddy-Go-Easy Pass area 
were prospected before 1900. The area is mostly underlain by ultramafic 
rock which is intruded by small bosses of granitic rock. 

The occurrence of arsenic in most of the Paddy-Go-Easy Pass area 
samples reflects the presence of arsenopyrite in the deposits; only two 
of the deposits sampled were rich in pyrite. The association of gold 
with arsenopyrite is common in many mineral deposits. The presence 
of similar mineral assemblages of silver and base metals and the near 
spatial association of small granitic bodies probably related to the 
Mount Stuart batholith are characteristics that the Paddy-Go-Easy 
Pass area deposits have in common with those in the Blewett mining 
district. The Paddy-Go-Easy Pass deposits, however, unlike those of 
the Blewett district, occur in narrow discontinuous veins and have 
neither the tenor nor the volume of those in the Blewett district. 

VAN EPPS PASS AREA 

Seventeen anomalous stream-sediment samples, 14 anomalous soil sam
ples, and 30 anomalous rock samples were collected from the Van Epps 
Pass area (pl 2, area 6; table 18). The stream-sediment samples were col
lected from the drainages of Solomon, Van Epps, and Fortune Creeks. 

Three stream-sediment samples were collected from tributaries at 
the head of Solomon Creek were found by semiquantitative spec
trographic analysis to contain anomalous concentrations of molyb
denum; each contains 5 ppm molybdenum. A fragment of granitic rock 
taken from stream gravel contains 200 ppm copper by spectrographic 
analysis. In addition, a sample from a lensoidal quartz body emplaced 
in a shear zone near the head of Solomon Creek contains 3 ppm silver 
and 200 ppm lead by spectrographic analysis. 
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Seven anomalous stream-sediment samples were collected from the 
upper part of Van Epps Creek drainage basin, six of which contain cop
per ranging from 200 to 1,000 ppm and averaging about 480 ppm. The 
high copper content was expected in most of these samples because 
they were from streams draining areas in which there are copper pros
pects. Three of the samples, however, including the one containing the 
highest copper concentration, were from streams draining an iron
stained hydrothermally altered area on the south and southwestern 
part of the headwall of Van Epps Creek where there is little evidence 
of prospecting activity. Five of the samples from the Van Epps drainage 
basin also contain molybdenum ranging from 5 to 30 ppm and aver
aging 16 ppm, and six contain zinc ranging from 200 to 500 ppm and 
averaging 300 ppm. The cXHM content of the samples and the cop
per and zinc found by atomic absorption more or less parallel the 
concentrations of metals found by spectrographic analysis. Copper 
detected by atomic absorption ranges in concentration from 110 to 
1,300 ppm and averages about 450 ppm and zinc ranged from 120 to 
440 ppm and averages 220 ppm. 

Seven anomalous stream-sediment samples were taken from tribu
taries north and east of Fortune Creek. Five of the seven samples con
tain anomalous concentrations of zinc-200-300 ppm and averaging 
220 ppm-detected by semiquantitative spectrographic analysis. Three 
samples collected from tributaries north of Fortune Creek (EK0358, 
ET0304, and ET0306) contain anomalous concentrations of silver, 
whereas no silver was detected in samples EG1097, EG1100, and 
EG 1107, which were taken higher on the wall of the canyon. The source 
or sources of the metal apparently lies some place between the groups 
of sample sites. 

The soil samples, 14 of which were anomalous, were taken from a 
partly mineralized area a short distance southeast of Van Epps Pass. 
The samples were collected a few feet apart along north-south lines, 
oblique to and crossing the ridge line. 1\velve of the soil samples con
tain anomalous silver, 12 (not the same 12) contain anomalous cop
per, and 10 contain anomalous molybdenum, all detected by spec
trographic analysis. Silver ranges from 0.7 to 10 ppm and averages 
about 1.5 ppm, copper ranges from 150 to 1,500 ppm and averages 
about 820 ppm, and molybdenum ranges from 5 to 70 ppm and aver
ages about 19 ppm. By atomic-absorption analysis the copper content 
of the soil samples is comparable to that found by spectrographic 
analysis. One sample, EP2149, is anomalous only in cXHM and in zinc 
found by atomic-absorption analysis. 

Most of the rock samples collected in the Van Epps Pass area were min
eralized specimens from workings and dumps in drainages of Van Epps 
and Fortune Creeks. The high metal content in the analyses is expectable 
and does not necessarily reflect the average tenor of the deposits. 
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Of the several metals detected in anomalous quantities, copper, 
silver, zinc, and molybdenum are the most common, and tin, lead, 
arsenic, and antimony are anomalous locally. Copper ranges from 100 
to 20,000 ppm, and zinc from 200 to 10,000 ppm by spectrographic 
analysis. Molybdenum ranges from 7 to 500 ppm, and silver from 0.5 
to 100 ppm. Selected samples were checked for gold by atomic absorp
tion, but only one, containing a concentration of 2 ppm, was found 
to be anomalous. 

The metallic minerals are mostly pyrite, chalcopyrite, and sphalerite; 
malachite bloom is evident in many samples. Silver appears to be more 
closely associated with copper than with zinc. The content of silver 
and arsenic in the samples does not correlate well; therefore, it is 
assumed that arsenic is in some mineral other than an arsenic-bearing 
silver sulphosalt, perhaps arsenopyrite. 

The mineral deposits are along shear zones or joints in ultramafic 
rock that is silicified or otherwise altered and commonly iron stained. 
The metallic minerals occur disseminated or in veinlets in the sheared 
rock, and in quartz veins. The shears and veins strike northwest to 
west and dip steeply to the north. Some deposits are closely associated 
with intrusive bodies of intermediate composition. 

The Van Epps Pass area has been extensively prospected over a 
period dating from before 1900, but only minor production is recorded. 
The area is mostly underlain by ultramafic and granitic rock. 

The most intensely mineralized part of the Van Epps Pass area is 
within 2,000-3,000 ft (600-900 m) of the contact zone between serpen
tinized peridotite of Ingalls Creek and the Mount Stuart batholith and 
appears to be dominantly copper bearing and subordinately zinc bear
ing. Westward, in the Fortune Creek area the abundance of both 
metals diminishes, but zinc predominates over copper. This zonation, 
if real, imples that the mineralization process was extensive and may 
have produced other deposits in the area. Areas known to be hydro
thermally altered are shown on the geologic map (pl. 1). The area is 
considered to have unexplored mineral potential. 

ESMERELDA PEAKS AREA 

Two stream-sediment and seven rock samples collected from the area 
around Esmerelda Peaks and Gallagher Head (pl. 2, area 7; table 18) 
contain anomalous values. The area contains two known copper
bearing mineral deposits and was examined for possible extensions 
of mineralized ground. 

The two anomalous sediment samples are from tributary streams 
in the headwaters area of the North Fork Teanwaway River and 
apparently reflect the presence of a known mineral deposit in that area. 
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One of the sediment samples, EG 1071, contains only zinc in anomalous 
concentrations-200 ppm by spectrographic analysis; the other sedi
ment sample, EK0119, contains 12 ppm cXHM. A concentration of 
120 ppm zinc was found in this sample by atomic absorption. 

Two anomalous rock samples were taken from mine dumps in the 
upper Teanaway area. Sample EG1070 ·is an iron-stained silicified 
sulfide-bearing ultramafic rock that contains a disseminated green 
mineral, presumedly malachite; sample EG 1070A is similar but con
tains fewer sulfide bodies and no visible copper minerals. Spec
trographic analysis showed that sample EG 1070 contains 3 ppm silver, 
15 ppm gold, 300 ppm zinc, and 1,000 ppm arsenic, and sample 
EG 1070A contains 500 ppm copper and 3,000 ppm zinc. Atomic 
absorption analysis showed that the two samples contain 16 and 2.5 
ppm gold, respectively. The high arsenic content in EG 1070 indicates 
that the sulfide mineral is probably arsenopyrite, which may account 
for the relatively high gold content. 

Sample EK0114D, collected from gravel about 2,000 ft (600 m) 
downstream from the dumps, is composed of limonite-stained quartz. 
It contains anomalous concentrations of silver and copper and may 
have been carried downstream from dumps that contain vein quartz. 

Samples EG 1081, EG 1081A, and EG 1081B are from a prospect near 
Gallagher Head. Although outside the study area the deposit was 
briefly examined because it may be on a structure related to that in 
the Teanaway drainage. The samples are from malachite-stained 
silicified and pyritized rock occurring in shear zones that cut 
greenstone. In addition to copper, the samples contain some zinc and 
minor molybdenum and silver. 

The mineralized shear zone in the Gallagher Head area trends N. 
70° E., but its extension was not recognized east of the pass. The 
mineralized structure in the upper basin of the North Fork Teanaway 
River may be similarly oriented, although this could not be verified 
because the workings are inacessible. 

GOLD CREEK-DELATE CREEK-MINERAL CREEK AREA 

Fifty-five stream-sediment samples, two panned-concentrate 
samples, and 54 rock samples collected from the Gold Creek-Delate 
Creek-Mineral Creek area (pl. 2, area 8; table 18) contain anomalous 
values. 

Twenty-five of the stream-sediment samples contain anomalous con
centrations of silver (0.5-2 ppm and average about 1 ppm); 30 con
tain anomalous concentrations of copper (100-700 ppm and average 
about 140 ppm); 22 contain anomalous concentrations of molybdenum, 
(5-30 ppm and average about 11 ppm); detected by spectrographic 
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analysis. These samples and some additional ones were further ana
lyzed by atomic absorption for copper and zinc. 1\venty-nine were found 
to contain anomalous concentrations of copper and 25 of zinc; copper 
ranges from 100 to 590 ppm and averages about 185 ppm, and zinc 
ranges from 100 to 390 ppm and also averages about 185 ppm. 

Sixteen of the stream-sediment samples were anomalous in cXHM, 
and these correspond fairly well with samples found anomalous in cop
per and zinc by atomic absorption but correspond less well with sam
ples found anomalous in copper and lead by spectrographic analysis. 

Most of the stream-sediment samples having anomalous values are 
from the drainages of Gold, Delate, Box Canyon, and Mineral Creeks. 
Some of the 28 anomalous samples from the Gold Creek area, especially 
the upper part of the drainage basin, reflect the presence of altered 
and mineralized rock. Other anomalous samples from tributary streams 
west of the altered area may reflect either slightly altered and mineral
ized rock that was not recognized or possibly a body of mineralized 
rock in the subsurface. 

Anomalous stream-sediment samples from upper Delate Creek below 
Spectacle Lake, upper Mineral Creek, and the outlet of Three Queens 
Lake may reflect unrecognized mineralized areas at the northwest, 
north, and southeast sides of the Three Queens stock. It is also possi
ble that the samples from upper Delate Creek below Spectacle Lake 
reflect mineralized rock that may be present along the major north
trending fault crossing the creek there. 

Some of the anomalous stream-sediment samples collected in lower 
Mineral Creek almost certainly reflect the altered mineralized area on the 
northeastern wall of the canyon. The few anomalous stream-sediment 
samples from tributaries to Box Canyon Creek appear unrelated to 
known areas of altered and mineralized rock. 

The panned-concentrate samples were collected from upper Gold Creek 
and lower Mineral Creek. Both samples were anomalous in silver and 
copper by spectrographic analysis. The sample from Mineral Creek con
tains 700 ppm copper. 

Rock samples were collected throughout the Gold Creek-Delate 
Creek-Mineral Creek area and especially from altered or mineralized 
rock. Analysis was by the semiquantitative spectrographic method. 
1\velve of the 54 anomalous rock samples collected were from workings 
driven on vein or other lode deposits, and the metal content of these 
samples is not representative of the tenor of the more extensively 
mineralized areas, nor does it necessarily reflect the tenor of the deposits 
from which they were collected. Excluding those from vein deposits, the 
samples most commonly contain silver in anomalous concentrations 
of 0.5-3 ppm; copper, 100-1,500 ppm; molybdenum, 5-50 ppm; zinc, 
200-7,000 ppm; and rarely lead, tin, and tungsten. The abundance of 
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metals in the anomalous rock was generally similar to that in the 
anomalous stream-sediment samples, with the exception of lead which 
in the rock samples commonly occurs in less than anomalous amounts. 

Samples EG2431, EG2431A, EG2431B, and EG2431C were collected 
from an area of relatively high concentrations of disseminated sulfide 
minerals in granitic rock near a mine on Mineral Creek. All the samples 
contain silver, 0.5-2 ppm; and copper, 500-2,000 ppm; only two are 
anomalous in molybdenum. These few anomalous metals contrast with 
the large number from the vein deposits in the Gold Creek drainage, 
which is expectable considering the differences in the character of the 
deposits. 

Samples EG1396, EG1396A, and EG1396B, and ES1097, ES1097A, 
ES1097B, ES1097C, and ES1097D were collected from the workings 
and dumps that explored two vein deposits on the southeast headwall 
of the canyon of Gold Creek. The veins are confined to shear zones 
and composed of quartz, pyrite, and ore minerals of base metals, and, 
unlike the pervasively altered and mineralized rock of the Gold Creek 
area, they contain proportionally more lead and zinc and less copper. 
In addition, traces of tin, tungsten, antimony, and gold were also 
detected in vein samples. The assemblages of metals and their relative 
abundances are very similar in the two veins, with the exception of 
arsenic, which was found only in samples from the lower vein (EG 1396, 
EG1396A, and EG1396B). 

Parts of the Gold Creek-Delate Creek-Mineral Creek area have been 
prospected and explored from before 1900 to the present. A dogleg
shaped area along Gold Creek, about 15,000 ft (4,600 m) long and 
1,000-3,000 ft (300-900 m) wide, is hydrothermally altered and 
mineralized. The area is at the tip of a lobe of the Snoqualmie batholith, 
and both granitic and volcanic rocks are affected. Several other smaller 
altered and mineralized areas are within volcanic rock southeast of Gold 
Creek (pl. 1). A few veins and other lode deposits that occur in the area 
are more thoroughly discussed in the section dealing with mines and 
prospects. 

The granitic rock in the Gold Creek area has undergone quartz
sericite alteration with the attendant destruction of mafic minerals 
and feldspar. The alteration of the volcanic rocks is less clear, however. 
In many areas it did not go beyond the propylitic stage, and evidence 
of it is not readily recognizable in the field. Only where the alteration 
process reached advanced stages is the rock silicified, and where not 
iron-stained, it appears bleached. 

Sulfide minerals are common throughout the altered areas and com
monly occur as disseminated grains; elsewhere, they occur in veinlets. 
Pyrite was the only sulfide mineral recognized, but evidently copper 
sulfide minerals are also present. 
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The area along Mineral Creek is relatively complex geologically; it 
is underlain by andesite flows, schist, and arkosic sandstone in con
tact with each other along high-angle faults, and all are intruded by 
a granitic stock. In contrast to the Gold Creek area only volcanic 'rock 
is substantially altered; the altered area is about 1.5 mi (2.4 km) long 
by 1 mi (1.6 km) wide. The volcanic rock appears to have undergone 
intense quartz-sericite and propylitic alteration, whereas the schist 
and granodiorite show the effects of only mild alteration. Sulfide 
minerals are rare on the limonite-stained canyon wall on the northeast 
side of the lower part of Mineral Creek, but they are abundant in the 
more intensely mineralized areas near the level of Mineral Creek. 

Although no deposits have been discovered that are economic under 
current conditions, there is a potential for the future discovery of a 
low-grade copper deposit. 

LEMAH CREEK-MIDDLE FORK 
SNOQUALMIE RIVER-CRAWFORD CREEK AREA 

Thirty-nine stream-sediment samples, 1 panned-concentrate sam
ple, and 36 rock samples anomalous in metals were collected from the 
Lemah Creek-Middle Fork Snoqualmie River-Crawford Creek area 
(pl. 2, area 9; table 18). The stream-sediment samples from the area 
were found anomalous in metals by spectrographic analysis. Three 
of the samples are from Lemah Creek and its tributaries, 1 from the 
Summit Chief Lake area, 1 from the Iceberg Lake area, 1 from a small 
stream on the north side of Summit Chief Mountain, 28 from 
tributaries of the Middle Fork Snoqualmie River, 2 from the Crawford 
Lake area, and 3 from the Lake Rowena area. 

Of the 39 stream-sediment samples, 15 samples contain anomalous 
silver in concentrations that range from 0.5 to 3 ppm and average 
about 1 ppm; 14 contain anomalous copper in concentrations that 
range from 100 to 500 ppm and average about 180 ppm; 17 contain 
anomalous molybdenum in concentrations that range from 5 to 20 ppm 
and average 11 ppm; and 15 contain anomalous lead in concentrations 
that range from 50 to 150 ppm and average about 77 ppm. 

Fourteen samples, most of which were from tributary streams along 
the Middle Fork Snoqualmie River, contain anomalous amounts of 
cXHM in concentrations that range from 10 to 50 ppm and average 
about 22 ppm. These and several other samples were analyzed again 
by atomic absorption for copper and zinc; 14 contain anomalous cop
per in concentrations that range from 100 to 460 ppm and average 
about 200 ppm, and 16 contain anomalous zinc in concentrations that 
range from 100 to 350 ppm and average about 176 ppm. 
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Three stream-sediment samples, EG0637, EG0638, and ES0200, are 
from streams along or near known or inferred faults. Samples EG0637 
and EG0638, collected near silicified schist and volcanic rock along 
a high-angle reverse fault, are anomalous in copper. 

Sediment-sample EG 1324 from a small northeastward-flowing 
stream on the north side of Summit Chief Mountain, contains anoma
lous amounts of silver, base metals, tin, and arsenic, probably derived 
from nearby deposits. 

Fourteen anomalous sediment samples, taken along the Middle Fork 
Snoqualmie River from Williams Lake to a point about 2 mi (3 km) 
downstream, cannot be related to know mineralized or altered rock. 
The samples came from tributary streams on both sides of the river 
and the source of the metals is, therefore, assumed to be of con
siderable areal extent. Finely disseminated sulfide minerals associated 
with unrecognized low-grade propylitic alteration may be the source. 
Most samples are anomalous in copper and molybdenum, a few are 
also anomalous in lead and zinc, and very few are anomalous in tin. 

Thirty-six anomalous rock samples were collected from the area and 
most of them came from the area of Lemah Creek or between Lemah 
Creek and the Middle Fork Snoqualmie River. Ten of the samples were 
taken from workings 0.5-0.75 mi (0.8-1.2 km) northwest of Summit 
Chief Mountain. The samples were found anomalous by spectrographic 
analysis. 

Most of the anomalous rock samples collected from sites other than 
at known mineral deposits, but including sites in visibly altered areas, 
contain notable concentrations of copper (100-300 ppm) or zinc (200-
700 ppm). Two samples from the altered area on the west side of Sum
mit Chief Mountain contain anomalous silver (0.5-2 ppm), lead (50-
150 ppm), tin (15 ppm), and zinc (200 ppm). 

Most samples from prospects (EG 1322, EG 1322A, EG 1322B, 
EG1322C, EC1322D, and EG1322E, and ES1100, ES1100A, and 
ES1100B) contain anomalous concentrations of silver (0.7-300 ppm), 
arsenic (300-7 ,000 ppm), bismuth (100-300 ppm), cadmium 
(150-200 ppm), copper (300-20,000 ppm), antimony (100-2,000 ppm), 
and zinc (200-10,000 ppm). Other metals found in anomalous concen
trations in samples from the workings include tin and tungsten. The 
workings are in an area of altered and mineralized sandstone that lies 
along the inferred projection of a high-angle fault. 

The Lemah Creek-Middle Fork Snoqualmie River-Crawford Creek 
area straddles the contact between granitic rocks of the Snoqualmie 
batholith and the older mafic volcanic rocks and sandstone. The 
volcanic rocks are extensively altered by low- to high-temperature ther
mal metamorphism, and the sandstone is similarly affected but to a 
lesser degree. Several areas of propylitic, sericitic, and silicic alteration 
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are known, and in the last 90 years many have been prospected and 
explored. Nevertheless, the exploration that has been conducted to 
date there has not thoroughly tested the area. A fair potential remains 
for the discovery of deposits of precious and base metals. 

BURNTBOOT CREEK AREA 

Six anomalous stream-sediment samples and one anomalous rock 
sample were collected from the Burntboot Creek area (pl. 2, area 10; 
table 18); the area lies approximately along the contact of the Sno
qualmie batholith with volcanic rocks of the Naches Formation. 

Most of the sediment samples contain anomalous concentrations 
of either copper or lead at near minimal levels, determined by semi
quantitative spectrographic analysis. An anomalous amount of 
molybdenum was found in one sample and silver in another. The lead 
anomalies occur in streams draining the area south of Burntboot 
Creek, which is underlain by volcanic rock; whereas, the copper 
anomalies, with one exception, occur in streams draining the area north 
of the creek, which is underlain by granitic rock. 

The samples anomalous in copper by spectrographic analysis were 
analyzed again by atomic absorption; the determinations agree fairly 
well. One of the samples was also found to contain barely anomalous 
zinc by atomic absorption. 

The anomalous rock sample contained anomalous lead by spec
trographic analysis. 

On the basis of these few weakly anomalous samples, the Burnt boot 
Creek area does not appear to have a high mineral potential. 

LAKE LILLIAN AREA 

Three anomalous stream-sediment samples and three anomalous 
rock samples were collected from the Lake Lillian area (pl. 2, area 11; 
table 18). The area is underlain by andesite flows of the Naches For
mation which are intruded by basalt sills. The extreme southern part 
of the area is underlain by granodiorite of an outlying stock of the 
Snoqualmie batholith. 

Two of the three anomalous sediment samples were anomalous solely 
in lead in concentrations of 70 and 200 ppm, detected by spec
trographic analysis. The other stream-sediment sample is anomalous 
solely in cXHM. 

The three anomalous rock samples contain concentrations of 
molybdenum ranging from 5 to 15 ppm found by spectrographic 
analysis, and in addition one of them contains 300 ppm copper, also 
found by spectrographic analysis. 
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The anomalous sample sites occur in a north-trending belt alined 
roughly parallel to the strike of the layered rocks in the area but no 
obviously mineralized rocks were observed. 

RED MOUNTAIN AREA 

Seven stream-sediment samples and three rock samples anomalous in 
metals were collected from the west side of Red Mountain (pl 2, area 12; 
table 18). The rock samples are from altered and iron-stained volcanic 
and sedimentary rocks of the Naches Formation. All the stream-sedi
ment samples are from streams draining the west face of Red Mountain. 

Four of the stream-sediment samples are anomalous in cXHM in 
amounts that range from 10 to 300 ppm; the heavy-metals component 
must be mostly copper as 220-1,700 ppm copper was determined by 
atomic absorption in five of the samples. These determinations check 
closely with the spectrographic analyses that range from 150 to 
1,500 ppm copper in the same five samples. Using spectrographic 
analysis and atomic absorption, other samples were determined to be 
anomalous either in molybdenum or zinc. 

Stream-sediment sample EG2459 is notable both for its high cop
per content (1,500 ppm by spectrographic analysis and 1,700 ppm by 
atomic absorption) and the unusual character of the sampled material. 
The material is an ocherous-colored glutinous clay-sized sediment 
uncommon to the Alpine Lakes study area. It is thought that it may 
have been flushed by circulating ground water from intensely altered 
rocks in the subsurface. 

Stream-sediment sample EP2270, collected from lower Common
wealth Creek and outside the Red Mountain area, is anomalous in cop
per that probably came from the Red Mountain area. 

The rock samples are anomalous only in copper (100-150 ppm), deter
mined by spectrographic analysis. 

The area is considered significantly anomalous. The extent of the 
altered area, the presence of iron-stained rock, the presence of clay-size 
material that may have been flushed from argillic, altered rocks at 
depth, and the nearby existence of a granitic intrusive suggest that 
the area is underlain by a disseminated mineral deposit. 

THUNDER CREEK AREA 

Eight stream-sediment samples and one rock sample anomalous in 
metals were collected from the Thunder Creek area (pl. 2, area 13; table 
18). Most samples are from tributary streams on the south side of the 
valley of the Middle Fork Snoqualmie River. The area is underlain by 
quartz monzonite (Erickson, 1969). 
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The stream-sediment samples are anomalous in copper, lead, molyb
denum, silver, and zinc, as determined by spectrographic analysis. 
Only three of the eight anomalous sediment samples are anomalous 
in more than one metal. Silver is the most prevalent of the anomalous 
metals; it occurs in four samples and its concentrations range from 
0. 7 to 1.5 ppm and average about 1 ppm. One sample is relatively high 
in molybdenum at 100 ppm. 

The only anomalous rock sample collected in the Thunder Creek area 
was a cobble of pyritized granitic rock taken from the stream gravel; 
it is probably extraneous to the area. It is anomalous only in tungsten 
(70 ppm), determined by spectrographic analysis. 

This area, although adjacent to one known to be mineralized, is con
sidered to have low possibilities for the discovery of mineral deposits. 

MELAKWA PASS AREA 

Ten anomalous stream-sediment samples and seven anomalous rock 
samples were collected from the Melakwa Pass area (pl. 2, area 14; 
table 18). The area is underlain by several rock types including quartz 
monzonite (Erickson, 1969), pyroclastic and flow rocks, sandstone, 
hornfels, ·and tactite. 

Nine stream-sediment samples are anomalous in copper and (or) lead, 
detected by spectrographic analysis. Anomalous amounts of the two 
metals occur together in only five samples. Copper ranges from 100 
to 150 ppm and lead from 70 to 300 ppm; they average 130 and 
17 4 ppm, respectively. Anomalous amounts of silver ranging from 0.5 
to 1 ppm occur in four samples, most of which are also anomalous in 
copper and lead. The stream-sediment samples were also anomalous 
in molybdenum (one sample), tin (two samples), and zinc (two samples). 
Two stream-sediment samples are anomalous in cXHM; these samples 
are also anomalous in copper, lead, and zinc as detected by spec
trographic analysis. 

The anomalous sediment samples appear not to be derived from any 
one geologic environment or rock type; the samples were taken from 
streams draining areas underlain by hornfels, and granitic and volcanic 
rocks. 

The rock samples are anomalous in copper, lead, molybdenum, and 
zinc by spectrographic analysis. Most of the anomalies are near 
minimal levels, and in most of the samples the anomalies occur in only 
one metal. Four samples that were checked by atomic absorption were 
found anomalous in zinc, having concentrations ranging from 190 to 
440 ppm and averaging 315 ppm. Most of the anomalous rock samples 
were collected from tactite; others were collected from mylonitized 
hornfels, granite, sandstone, and volcanic rock. 
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The area is considered to have low possibilities for the discovery of 
mineral deposits, although small podular mineral deposits of base 
metals may be present in tactite zones. 

TUSCOHATCHIE LAKE AREA 

'Thn stream-sediment samples and one rock sample that contain 
anomalous amounts of metals were collected in the area of 'fuscohatchie 
Lake (pl. 2, area 15; table 18). The area is underlain by medium
crystalline granodiorite or quartz diorite that is not visibly altered. 

Six of the stream-sediment samples are anomalous in molybdenum 
and five are anomalous in lead, determined by spectrographic analysis; 
in only two samples is there more than one anomalous element. 
Molybdenum ranges in concentration from 5 to 10 ppm and averages 
7 ppm; lead ranges in concentration from 50 to 300 ppm and averages 
120 ppm. Silver and tin are also present in anomalous amounts, silver 
in one sample and tin in another. The sample showing the highest lead 
amount was analyzed again by atomic absorption for copper and zinc 
and was found to contain no anomalous amount of copper and only 
a slightly anomalous amount of zinc (110 ppm). 

The sole anomalous rock sample contains 50 ppm molybdenum. 
The area is considered to have low possibilities for the discovery of 

mineral deposits. 

TALAPUS LAKE AREA 

Four stream-sediment samples that contain anomalous amounts of 
metals were collected from the area east and north of Thlapus Lake 
(pl. 2, area 16; table 18). The area is underlain by medium-crystalline 
granodiorite. 

All of the samples are anomalous in molybdenum which ranges from 
5 to 15 ppm and averages 8 ppm. One sample is also anomalous in 
silver and copper. The determinations were by spectrographic analysis 
and the copper content was verified by atomic absorption. 

The area is considered to have low possibilities for the discovery of 
mineral deposits. 

LAKE KULLA KULLA AREA 

Five anomalous stream-sediment samples and two anomalous rock 
samples were collected from the Lake Kulla Kulla area (pl. 2, area 17; 
table 18). The area is underlain by medium-crystalline granodiorite. 

The stream-sediment samples are anomalous in molybdenum and 
lead, as determined by spectrographic analysis. Lead ranges in con
centration from 70 to 100 ppm and averages 85 ppm. 
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The rock samples are both anomalous in copper, 100 and 150 ppm, 
as determined by spectrographic analysis. 

The area is considered to have low possibilities for the discovery 
of mineral deposits. 

DERRICK LAKE AREA 

Twelve stream-sediment samples and six rock samples collected 
from the Derrick Lake area (pl. 2, area 18; table 18) are anomalous. 
The area is underlain by granodiorite and quartz monzonite (Erickson, 
1968) that in places is cut by lensoidal veins containing schorlite, 
pistacite, and garnet. 

Ten of the sediment samples are anomalous in molybdenum, which 
ranges in concentration from 5 to 30 ppm and averages about 12 ppm. 
Four samples are anomalous in lead and one in silver. Detection was 
by spectrographic analysis. One sample checked by atomic absorp
tion shows a near-minimal anomaly in copper. 

The rock samples are anomalous in lead, molybdenum, tin, and zinc, 
as determined by spectrographic analysis. Anomalies in more than 
one metal occur in only two samples, ES2058, and ES2076. These two 
samples contain relatively high amounts of zinc, 1,500 and 1,000 ppm, 
respectively. When analyzed by atomic absorption, the samples were 
determined to contain 430 and 1,600 ppm zinc, respectively. Sample 
ES2058 is from mafic rock, probably an amphibolite inclusion or 
amphibole-rich segregation in granitic rock. Sample ES2076 is from 
a garnetiferous vein. 

The area, although containing some high zinc values, is considered 
to have low to moderate possibilities for the discovery of mineral 
deposits. 

MIDDLE FORK SNOQUALMIE RIVER
HARDSCRABBLE CREEK AREA 

Nineteen stream-sediment samples and 29 rock samples collected 
in the Middle Fork Snoqualmie River-Hardscrabble Creek area (pl. 
2, area 19; table 18) were found to be anomalous. The area is underlain 
by main-phase granodiorite of the Snoqualmie batholith. 

Spectrographic analysis showed that 10 sediment samples are 
amomalous in copper, having concentrations ranging from 100 to 
3,000 ppm and an average of 715 ppm; 13 are anomalous in molyb
denum, having concentrations ranging from 5 to 70 ppm and an 
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average of about 20 ppm; and 11 are anomalous in silver, having con
centrations ranging from 0.5 to 3 ppm and an average of about 
1.2 ppm. Anomalous lead occurs in eight samples but is not signifi
cantly abundant. A few samples also contain anomalous tungsten and 
tin. 

Sediment sample EG2502 was collected from a stream draining the 
mineralized ground in the central part of the area. It contains 300 ppm 
eX HM, 3,000 ppm copper determined by spectrographic analysis, and 
4, 700 ppm copper determined by atomic absorption. Sediment sam
ple EG2511 was collected from a stream flowing from an exploratory 
adit driven into mineralized ground in the southwestern part of the 
area. It contains 60 ppm cXHM, 2,000 ppm copper determined by 
spectrographic analysis, and 2,200 ppm copper determined by atomic 
absorption. Three other of the 10 sediment samples found anomalous 
in copper by spectrographic analysis were also found anomalous in 
copper and zinc by atomic absorption. 

Twenty-three rock samples are anomalous in copper (100-
15,000 ppm and averaging about 1,150 ppm); seven are anomalous in 
molybdenum (10-70 ppm and averaging about 33 ppm); and 21 are 
anomalous in silver (0.7-200 ppm and averaging about 12 ppm), deter
mined by spectrographic analysis. A few samples are also anomalous 
in lead, tin, tungsten, and zinc. Sample EG2568 is unusual in that it 
contains 5,000 ppm lead and some silver and zinc, but no copper or 
molybdenum. The sample was limonite-stained medium-crystalline 
granodiorite, which appears to be slightly altered; it was from the ridge 
between Bumtboot Creek and the Middle Fork Snoqualmie River. The 
analytical data support the visual impression that parts of the area 
are highly mineralized. 

Part of the anomalous area along the Middle Fork Snoqualmie River 
was being explored for copper in 1973. The anomalous area is about 
4 mi (6.5 km) long and, in places, as much as·1 mi (1.6 km) wide. It 
lies along a northeast-trending shear zone (Grant, 1969, p. 45) that 
in places is offset by cross faults. The shear zone is characterized by 
many breccia pipes and shear structures. The central and south
western parts of the area are mineralized, principally by sulfides of 
copper and molybdenum accompanied by minor amounts of silver and 
other metals. Plutonic rock in the mineralized parts of the area has 
undergone three principal types of alteration: potassic (which is 
characterized by the formation of secondary biotite and potassium 
feldspar), quartz-sericitic, and propylitic (A. R. Grant, written com
mun., 1971). The discovery of any bodies in the area will depend on 
exploration like that conducted in 1973. 
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HESTER LAKE AREA 

Five stream-sediment samples that contain anomalous amounts of 
metals were collected from the Hester Lake area (pl. 2, area 20; table 
18). Two samples are anomalous in lead and three are anomalous in 
molybdenum, determined by spectrographic analysis. All anomalies 
are at or near minimal levels; no sample is anomalous in more than 
one metal. The area is underlain by medium-crystalline granodiorite. 

The area is not considered to have significant mineral potential. 

DINGFORD CREEK AREA 

Four stream-sediment samples and one rock sample collected from 
the Dingford Creek area (pl. 2, area 21; table 18) are anomalous. The 
area is underlain by granodiorite. 

The sediment samples are anomalous in copper, lead, molybdenum, 
and silver, determined by spectrographic analysis. The anomalous 
values do not greatly exceed minimal levels. In sample EG2646 all 
four metals are anomalous. 

The sole anomalous rock sample is anomalous in copper and 
tungsten. 

The area is considered to have very low possibilities for the discovery 
of mineral deposits. 

GREEN RIDGE LAKE AREA 

One stream-sediment sample and one rock sample collected from 
the Green Ridge Lake area (pl. 2, area 22; table 18) are anomalous in 
metals. The anomalies were determined by spectrographic analysis. 
The sediment sample is anomalous only in silver at a near minimal 
level. The rock sample is anomalous in copper (100 ppm), lead (70 ppm), 
molybdenum (30 ppm), silver (2 ppm), and zinc (300 ppm). 

The Green Ridge Lake area appears to be underlain by a limonite
stained northwest-trending shear zone cutting granodiorite. The shear 
planes strike roughly N. 20°-30° W. and dip about 65° NE. Quartz
lined vugs are common and contain crystals as much as 1.5 in. (4 em) 
long and 0. 7 5 in. (2 em) across. The quartz-lined vugs and limonite
stained rock may be indicative of hydrothermal activity, although the 
paucity of anomalous samples does not indicate the presence of large 
amounts of metals. 

GARFIELD MOUNTAIN LAKES AREA 

Two anomalous stream-sediment samples and four anomalous rock 
samples were collected from Garfield Mountain Lakes area (pl. 2, area 
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23; table 18). The area is underlain by andesite flows, quartz monzonite, 
and diorite (Erickson, 1969). 

The sediment samples are anomalous only in lead at minimal or near 
minimal levels determined by spectrographic analysis. The samples 
were collected from the outlet and inlet of Lower Garfield Mountain 
Lake, an area surrounded by volcanic rock. 

The rock samples are anomalous in copper, molybdenum, and silver 
at minimal or near minimal levels, determined by spectrographic anal
ysis. Samples anomalous in copper and silver are from volcanic rock. 

The area is considered to have low possibilities for the discovery 
of mineral deposits. 

SNOQUALMIE LAKE POTHOLES AREA 

Seven stream-sediment samples and five rock samples collected from 
the Snoqualmie Lake Potholes area (pl. 2, area 24; table 18) are 
anomalous. The area is underlain by medium to coarsely crystalline 
granodiorite. 

The stream-sediment samples are anomalous in copper, lead, molyb
denum, and silver, determined by spectrographic analysis. Molyb
denum is present in six samples and ranges from 5 to 20 ppm and 
averages 12 ppm; copper is present in three samples, lead in three 
samples, and silver in three samples. Four of the samples are anoma
lous in two or more metals; two of them are anomalous in all four 
metals. Two samples, EC2030 and EG2671, are from the same site. 

Three of the rock samples are anomalous only in copper, one is 
anomalous only in silver, and one is anomalous only in molybdenum, 
determined by spectrographic analysis. The analysis for sample 
EG2666 shows 1,000 ppm copper. Although one sample is high in cop
per, the area is considered to have only low possibilities for the 
discovery of mineral deposits. 

LAKE DOROTHY-CAMP ROBBER CREEK-FOSS RIVER AREA 

Forty-two anomalous stream-sediment samples and four anomalous 
rock samples were collected from the Lake Dorothy-Camp Robber 
Creek-Foss River area (pl. 2, area 25; table 18). The area is underlain 
by granodiorite. 

Forty of the stream-sediment samples were found to be anomalous 
in metals by spectrographic analysis. Twelve samples contain 
anomalous concentrations of copper (100-150 ppm and averaging 
about 125 ppm), 16 contain anomalous concentrations of molybdenum 
(5-30 ppm and averaging about 9 ppm), and 21 contain anomalous 
concentrations of lead (50-150 ppm and averaging about 62 ppm). Five 
of the samples also contain anomalous amounts of silver (0.5-1 ppm). 
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Two sediment samples, not found to be anomalous by spectrographic 
analysis, contain anomalous eX HM and one of these, further analyzed 
by atomic absorption, also was found to contain an anomalous amount 
of copper. An additional sample was found by atomic absorption to 
contain an anomalous amount of zinc. In general, concentrations of 
copper determined by spectrographic analysis and by atomic absorp
tion were about the same. 

All four of the anomalous rock samples contain anomalous concen
trations of copper. One sample, EG2108, from the north part of the 
area contains minimally anomalous silver, and another, EG2711, from 
the crest of the ridge between Lake Dorothy and Camp Robber Creek, 
contains anomalous amounts of silver and tungsten. 

The anomalous samples, although many, do not contain concentra
tions of metals much above minimal levels. The area is considered to 
have only low possibilities for the discovery of mineral deposits. 

CHAIN LAKES AREA 

One stream-sediment sample and 13 rock samples containing 
anomalous concentrations of metals were collected from and near a 
sulfide vein in the Chain Lakes area (pl. 2, area 26; table 18). The vein 
is in a northwest-trending shear zone cutting granodiorite and was 
mined for base and precious metals. Two other similar veins, which 
do not crop out at the surface, were reached through underground 
workings. The vein at the surface is 15-20 ft (4.5-6 m) wide and several 
tens of feet (about 20 m) long. The properties, workings, and reserves 
are discussed at length in the section on "Mining Claims." 

The sole sediment sample collected from the area was analyzed spec
trographically and was found to contain an anomalous concentration 
of only one metal, lead, and that at a near-minimal level. The stream 
from which the sample was taken flows across the northwestern end 
of the vein where the vein is narrow, oxidized, and probably leached 
of its metal content. This may explain the lack of high concentrations 
of metals in the sample. 

The rock samples include unaltered granodiorite near and distant 
from the vein, tourmaline-rich rock containing quartz, and massive 
aggregates of pyrite, chalcopyrite, covellite, sphalerite, arsenopyrite, 
cerussite, and malachite. They were analyzed spectrographically and 
some of them were further tested for gold by atomic absorption. The 
analytical results do not necessarily reflect the overall tenor of the 
vein. Most of the samples contain anomalous amounts of silver 
(0.7-500 ppm), arsenic (200-10,000 ppm), copper (150-20,000 ppm), 
tin (15-50 ppm), and zinc (700-10,000 ppm). Some samples were also 
found to contain cadmium (150-500 ppm), antimony (150-10,000), and 
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tungsten (50-300 ppm). Some of the samples were further tested by 
atomic abosrption for gold, and anomalous concentrations (1.5-2 ppm) 
of the metal were found in two of them. Gold was detected in those 
samples in which arsenic is high. The gold is assumed to be in 
arsenopyrite, a mineral that in the Chain Lakes area is the sole con
stituent of veins that cut earlier veins containing pyrite, chalcopyrite, 
and sphalerite. 

The veins in the Chain Lakes area may have formed from late-stage 
hydrothermal activity around a young stock in the Mount Hinman 
area (Erickson, 1965, p. 39-40). Undiscovered veins, like those in the 
Chain Lakes area may be present peripheral to the stock. 

NECKLACE VALLEY AREA 

Eleven anomalous stream-sediment samples and two anomalous 
rock samples were collected from the Necklace Valley area (pl. 2, area 
27; table 18). The sediment samples are from tributary streams around 
the lakes and from the lake outlets; both rock samples are from near 
the south end of Locket Lake. 

Ten of the stream-sediment samples were found to contain anoma
lous concentrations of metals by spectrographic analysis; of these, five 
were found to contain anomalous amounts of molybdenum (5-15 ppm 
and averaging 10 ppm) and six were found to contain anomalous 
amounts of lead (50-100 pm and averaging about 60 ppm). Another 
sample was found to contain an anomalous amount of zinc (110 ppm) 
by atomic absorption. Only one of the samples contains more than 
one metal in anomalous amounts. 

The rock samples contain anomalous concentrations of copper and 
are from apparently unaltered granitic rock. Sample EG04 70A, from 
an alaskite dike, contains 150 ppm copper, and sample EG0470B, from 
mafic-rich rock associated with the alaskite dike, contains 100 ppm 
copper. 

The Necklace Valley area is considered to have low possibilities for 
the discovery of mineral deposits. 

LAKE DOROTHY AREA 

Seven anomalous stream-sediment samples and one anomalous rock 
sample were collected from the outlet of Lake Dorothy and the upper 
part of the East Fork Miller River (pl. 2, area 28; table 18). The area 
is underlain by granodiorite. 

The sediment samples, like those along the lower part of the East 
Fork Miller River, are anomalous in copper, lead, and molybdenum 
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at minimal levels by spectrographic analysis. Three of the samples 
are anomalous in more than one metal. 

The sole anomalous rock sample was of apparently unaltered 
granodiorite and was found anomalous in gold in the amount of 
3.5 ppm, as determined by atomic absorption. 

The area is considered to have low possibilities for the discovery 
of mineral deposits. 

TAYLOR RIVER AREA 

Four anomalous stream-sediment samples and one anomalous rock 
sample were collected from the Taylor River area (pl. 2, area 29; table 
18). Most of the area is underlain by granodiorite and a small part 
is underlain by andesite. 

The stream-sediment samples are anomalous in lead, molybdenum, 
and silver as detected by spectrogaphic analysis. The anomalies are 
at or near minimal levels and probably reflect low concentrations of 
these metals in granitic rock. 

The anomalous rock sample, EG2694, is andesite that does not 
appear mineralized or altered. It contains 700 ppm arsenic and 15 ppm 
tin, determined by spectrographic analysis. Arsenic is characteristic 
of sulfide-bearing veins in the Lennox Creek and Miller River areas. 

The area is considered to have low possibilities for the discovery 
of mineral deposits. 

BIG CREEK AREA 

Four stream-sediment samples, anomalous in arsenic, copper, 
molybdenum, tungsten, tin, and silver, were collected from the area 
(pl. 2, area 30; table 18). The area is underlain by medium-crystalline 
granodiorite. 

Molybdenum and tungsten are common to three of the samples; 
molybdenum is present at minimal or near minimal levels; whereas, 
tungsten is 70 ppm in each of the three samples. Arsenic is present 
in two samples in amounts of 200 and 300 ppm. One sample was 
anomalous solely in tin. Determination was by spectrographic 
analysis. 

The arsenic and tungsten in the samples may have been derived from 
a sulfide vein similar to those occurring in the Lennox and Miller River 
areas; however, no such vein is known in the Big Creek area. 

The area is considered to have low possibilities for the discovery 
of mineral deposits. 
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MARTEN LAKE AREA 

Three stream-sediment samples and two rock samples that contain 
anomalous amounts of metals were collected from the Marten Lake 
area (pl. 2, area 31; table 18). The area is underlain by biotite- and 
pyroxene-bearing granodiorite (Erikson, 1968). 

One sediment sample. contains 10 ppm cXHM. The other two con
tain 5 and 10 ppm molybdenum, determined by spectrographic 
analysis. The rock samples are both anomalous in copper in 100- and 
300-ppm amounts, as determined by spectrographic analysis. 

The area is considered to have very low possibilities for the discovery 
of mineral deposits. 

LAKE ISABELLA AREA 

Five anomalous stream-sediment samples and one anomalous rock 
sample were collected from an elongate area extending from Lake 
Isabella east to Mowitch Lake and straddling upper Sunday Creek 
(pl. 2, area 32; table 18). The area is almost entirely underlain by 
granodiorite. 

The sediment samples are minimally or near minimally anomalous 
in lead, molybdenum, and silver, as determined by spectrographic 
analysis. The sole anomalous rock sample contains 200 ppm zinc, also 
determined by spectrographic analysis. 

The area is considered to have low possibilities for the discovery 
of mineral deposits. 

SUNDAY CREEK AREA 

Four stream-sediment samples and three rock samples anomalous 
in several metals were collected from along lower Sunday Creek (pl. 
2, area 33; table 18), which is underlain by granodiorite, andesite, 
graywacke, and hornfels. 

Most of the sedimnent samples are anomalous in lead and zinc, and 
two samples also contain molybdenum and silver, all determined by 
spectrographic analysis. Anomalous zinc was determined in two 
samples by atomic absorption. One sample contains 16 ppm cXHM, 
most of which apparently are lead and zinc. Sample EG2538, collected 
from the outlet of Sunday Lake, is notable in that,it is anomalous in 
seven metals including arsenic and tungsten. 

The rock samples are commonly anomalous in copper and also con
tain anomalous lead and silver, all determined by spectrographic 



80 ALPINE LAKES STUDY AREA AND ADDITIONS, WASHINGTON 

analysis. The most notably anomalous rock sample is EG2535, col
lected from an outcrop of altered porphyritic andesite. In addition to 
anomalous copper and lead, it contains 300 ppm arsenic, 10 ppm silver, 
and 300 ppm zinc; by atomic absorption it contains only 190 ppm zinc. 

The area is considered to have moderate possibilities for the 
discovery of mineral deposits; apparently metals have been introduced 
into volcanic rock in places where it has been intruded by granitic rock. 

GOUGING LAKE AREA 

Three stream-sediment samples and three rock samples collected 
in the Gouging Lake area (pl. 2, area 34; table 18) are anomalous. The 
area is underlain by granodiorite which is locally mineralized along 
joint planes. 

The sediment samples are anomalous only in lead which ranges from 
near minimal levels to 150 ppm, as determined by spectrographic 
analysis. 

Two samples of apparently unmineralized or unaltered rock were 
determined to be anomalous in copper and zinc by spectrographic 
analysis. The other sample, EC2097 A, appears to be mineralized and 
is anomalous in arsenic (10,000 ppm), bismuth (700 ppm), and copper 
(1,000 ppm) as well as in lead, molybdenum, tin, tungsten, and silver. 
Because these elements in general characterize vein deposits in the 
nearby Lennox Creek and Miller River areas, the Gouging Lake area 
is considered possibly to contain similar veins. 

LENNOX CREEK AREA 

The Lennox Creek area covers more than 10 mi2 (26 km2), including 
the drainages of Cougar Creek, Bear Creek, and northward-flowing 
streams tributary to the upper part of the North Fork Snoqualmie 
River (pl. 2, area 35; table 18). The area is mostly underlain by diorite, 
granodiorite, and some graywacke and contains many vein deposits 
of base and precious metals. 

Of the 48 anomalous stream-sediment samples collected from the 
area 9 samples contain anomalous arsenic in concentrations that range 
from 200 to 1,500 ppm and average about 480 ppm; 7 samples con
tain anomalous copper in concentrations that range from 100 to 
500 ppm and average about 260 ppm; 10 samples contain anomalous 
lead in concentrations that range from 50 to 300 ppm and average 
about 120 ppm; 31 samples contain anomalous molybdenum in con
centrations that range from 5 to 30 ppm and average about 11 ppm; 
and 13 samples contain anomalous silver in concentrations that range 
from 0.5 to 3 ppm and average about 1 ppm. All determinations were 
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by spectrographic analysis. Other elements present in anomalous con
centrations include tungsten and zinc. Four samples contain anoma
lous concentrations of cXHM. Five samples further analyzed by 
atomic absorption were determined to contain more of either copper 
or zinc than most of the same samples as determined by spec
trographic analysis. Anomalous zinc was detected by atomic absorp
tion in some samples where none was detected spectrographically 
because of the high detection limit. 

Two samples contain expected high amounts of several metals; 
EG2534 was collected from a stream draining a steep cliff face just 
below a known mine and EP2368 was collected from water draining 
a prospect drift. 

Of the 25 anomalous rock samples collected from the Lennox Creek 
area, most are from mine or prospect dumps, and the high metal 
contents are therefore to be expected; spectrographic analysis 
showed that 9 samples are anomalous in arsenic (300-10,000 ppm, 
averaging about 4,500 ppm), 14 samples are anomalous in copper 
(150-15,000 ppm, averaging about 2,740 ppm), 12 samples are anoma
lous in molybdenum (5-1,000 ppm, averaging about 180 ppm), 13 
samples are anomalous in silver (0.5-300 ppm, averaging about 
28 ppm), and 8 samples are anomalous in zinc (300-7,000 ppm, aver
aging about 1,600 ppm). Other anomalous metals include antimony, 
lead, tin, and tungsten. Atomic absorption revealed anomalous 
amounts of zinc in two additional samples. 

Samples from workings or dumps (EG2524A and EG2524B, 
EG2761, EG2761A, and EG2761B, and EG2762B) reflect in their high 
arsenic anomalies the arsenical character of the mineralized rock in 
the Lennox Creek area although samples EP2368A, EP2368F, 
EP2368G, and EP2368H from a working in the lower part of the 
Lennox Creek drainage apparently contain no detectable amounts of 
the element. Samples EG2738A and EG2738B, which were taken from 
a narrow limonite-stained shear zone in granitic rock near the sum
mit of Goat Mountain, are also high in arsenic. In addition, EG2738A 
contains silver, bismuth, copper, molybdenum, lead, and antimony. 

Samples EG2518A and EG2519A are molybdenite-bearing quartz 
fragments collected along lower Cougar Creek. The samples appear 
to contain no other ore mineral than molybdenite, and this is verified 
by the analyses. 

The many anomalous stream-sediment samples collected along 
Cougar Creek, Lennox Creek, and tributary streams, to the North Fork 
Snoqualmie River may reflect the existence of many undiscovered vein 
deposits, probably similar in mineralogy, size, and tenor to those 
already discovered and worked. Further diligent searching in the area 
may lead to the discovery of new deposits. 
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EAST FORK MILLER RIVER AREA 

Twelve stream-sedimnent samples and one rock sample collected 
from the East Fork Miller River area (pl. 2, area 36; table 18) are 
anomalous. The area is underlain by granodiorite and andesite. 

The stream-sediment samples are anomalous in copper, lead, and 
molybdenum at minimal or near minimal levels, as determined by spec
trographic analysis. Only two samples are anomalous in more than 
one metal. 

The sole anomalous rock sample is from a mafic dike cutting 
granodiorite. The sample is anomalous only in antimony, 100 ppm, 
and also contains 200 ppm boron. 

The area is considered to have low possibilities for the discovery 
of mineral deposits. 

WEST FORK MILLER RIVER AREA 

Nineteen stream-sediment samples and six rock samples anomalous 
in one or more metals were collected from the West Fork Miller River 
area (pl. 2, area 37; table 18). The area includes not only ground along 
the West Fork but also ground west of the main river below the con
fluence of the West and East Forks. The area along the West Fork 
is underlain by granodiorite and that below the confluence of the two 
forks by andesite flows (Galster, 1956). Many vein-type deposits of 
base and precious metals are contained in the area along the West 
Fork. 

Of the 19 anomalous stream-sediment samples, spectrographic anal
ysis showed that 5 samples are anomalous in arsenic (200-1,000 ppm, 
averaging 560 ppm), 9 samples are, with a single exception, minimally 
or near minimally anomalous in lead (50-300 ppm, averaging about 
90 ppm), 7 samples are anomalous in silver (0.5-7 ppm, averaging 
about 3 ppm), and 6 samples are minimally anomalous in molybdenum. 
Other metals in anomalous amounts are copper, tin, tungsten, and zinc. 
Only seven of the samples are anomalous in more than one element. 
Two additional sediment samples were found anomalous in copper by 
atomic absorption; one of these also contains 18 ppm cXHM. 

Most of the six anomalous rock samples were collected from mine 
dumps and workings. All are aresenical; arsenic ranges in concentra
tion from 1,000 to 10,000 ppm and averages about 4,300 ppm. Four 
samples contain anomalous tin in amounts ranging from 10 to 30 ppm 
and averaging about 19 ppm. Determination was by spectrographic 
analysis. Other anomalous elements include lead, antimony, and silver; 
but, in general, the analytical data show the samples collected from 
most of the worked deposits to be barren of valuable metals. The area 
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is, nevertheless, considered to have at least moderate possibilities for 
the discovery of additional mineral deposits. The presence of copper, 
lead, molybdenum, and silver in the stream-sediment samples may 
reflect the presence of undiscovered veins in the area. 

GOAT CREEK AREA 

Three anomalous stream-sediment samples and one anomalous rock 
sample were taken from the Goat Creek area (pl. 2, area 38; table 18). 
The area is underlain by granodiorite. 

Two of the anomalous stream-sediment samples were collected from 
lower Goat Creek and contain anomalous concentrations of arsenic 
(300 and 700 ppm) and lead (100 and 200 ppm), detected by spec
trographic analysis. One of the samples also contains anomalous 
amounts of silver and molybdenum, detected by spectrographic 
analysis. Both samples were found to contain anomalous amounts of 
zinc by atomic absorption. 

Another stream-sediment sample (EC2137) collected from Goat 
Basin contains concentrations of molybdenum and lead that are 
minimally anomalous. 

The anomalous rock sample was a fragment of vein quartz the size 
of a small boulder collected from the gravel of lower Goat Creek. It 
appeared visibly mineralized with arsenopyrite, and that was verified 
by the analysis that shows arsenic (10,000 ppm) and antimony 
(300 ppm), detected by spectrographic analysis. Minimally anomalous 
amounts of silver and lead were also found in the sample by spec
trographic analysis. 

The anomalous concentrations of metal in the stream-sediment sam
ples and the mineralized rock fragment are believed to be derived from 
a mineralized shear zone in the Goat Basin area. The area is considered 
to have moderate possibilities for the discovery of mineral deposits. 

OTHER ANOMALOUS SAMPLES 

Scattered anomalous samples that occur outside the areas just 
discussed are shown in table 19. Some of them are discussed briefly 
here. Determinations were by spectrographic analysis. 

Many stream-sediment and rock samples from the schistose-granitic 
terrane of the Chiwaukum Mountains were found minimally anoma
lous in copper, molybdenum, and zinc. Molybdenite may be present 
in quartz lenses in schist. 

Many stream-sediment samples collected along Icicle Creek and 
some of the major streams tributary to it contain low but anomalous 
amounts of lead. A group of three stream-sediment samples, EG0335, 
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EG0338, and EG0339, collected from the upper part of Eightmile 
Creek contain anomalous amounts of molybdenum. The source of the 
metal was not determined. 1\vo other stream-sediment samples, 
ET0035 from the upper part of Icicle Creek and EK0058 from the lower 
part of Mountaineer Creek, were collected from terranes of unaltered 
granitic rock. The samples may be contaminated; each contains 
1,500 ppm copper and 200 ppm tin. Samples of a malachite-stained 
orthoclase pegmatite dike, quartz vein, and schist from the area around 
Cashmere Mountain contain 100-300 ppm copper. 

A malachite-encrusted, sheared, and serpentinized sample of 
peridotite, EG 1044, collected from a shallow prospect pit between 
Ingalls Creek and the North Fork 'Thanaway River, contains 3 ppm 
silver and 10,000 ppm copper. The prospect pit and surrounding area 
were examined for the presence of sulfide minerals, and none were 
found; it seems unlikely that the high copper content is solely 
attributable to the malachite, whatever its source. 

Mineralized rock samples (EG2809 and EG2809A) from a working 
near Huckleberry Mountain in the Cle Elum River drainage are 
anomalous in silver, arsenic, gold, and copper. The mineralized rock 
lies along northwest-trending fault zones. Other anomalous samples 
in the Cle Elum River drainage include rock from the iron formation 
which contains low but anomalous amounts of copper, tin, and zinc 
and expectably high amounts of ion, chromium, cobalt, and nickel. 
Another sample from that area, EG 1469C, contains a high amount of 
antimony and some silver, lead, and zinc. The sampled rock contained 
visible amounts of stibnite that was apparently deposited along a fault 
or shear zone. 

A few arkosic sandstone and volcanic rock samples were collected 
from the Goat Mountain area (between the Waptus and Cle Elum 
Rivers) and contain barely anomalous amounts of molybdenum. Several 
scattered anomalous stream-sediment and rock samples were collected 
along the periphery of the Snoqualmie batholith in the areas southwest 
of Mount Hinman and north of Mount Daniel. The sediment samples 
contain low to moderate amounts of lead and copper. The rock samples, 
which include granitic rock, arkosic sandstone, and volcanic rock, con
tain low to moderate anomalous amounts of zinc, molybdenum, and 
silver. 

Several scattered anomalous stream-sediment and rock samples from 
outside indicated anomalous areas were collected in the area of the 
South and Middle Forks of the Snoqualmie River. Most of the 
anomalous samples contain copper and zinc at or near minimal levels. 

Several scattered stream-sediment and rock samples collected in the 
areas of Lennox Creek and the Miller River are anomalous in arsenic, 
copper, molybdenum, and lead, elements which are more or less 
characteristic of vein deposits there. 
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HISTORY AND PRODUCTION 

Mining activity near the Alpine Lakes study area began with the 
discovery of placer gold along Peshastin Creek in 1860. Similar 
deposits were discovered in 1868 along Swauk Creek. The first claims 
on the lode sources of the Peshastin placers were located in 1874 
(Patty, 1921, p. 267-268), and vein deposits of gold in the Swauk 
district were discovered in 1881. The combined value of production 
from the Peshastin and Swauk districts before 1901 exceeded $2 
million (Smith, 1904, p. 8). 

The discovery in 187 4 of lode deposits in the Index district near the 
northwest part of the study area stimulated prospecting in that 
vicinity. Claims were staked along Money Creek in 1889 (Hodges, 
1897, p. 39) and in the Miller River drainage in 1892 (Hodges, 1897, 
p. 36). The most significant development in these areas was during 
the period from 1893 into the 1920's but sporadic small production 
from the Miller River drainage has continued to the present. 

Exploration activity in the Buena Vista district, in the Lennox 
Creek-North Fork Snoqualmie River area began about 1896 (Hodges, 
1897, p. 43) mainly on shear zones traced from the Miller River 
drainage. Only minor production has come from the district, mostly 
from the Lennox and Bear Basin prospects. 

A section of the Cle Elum River drainage (the Camp Creek and Big 
Boulder Creek drainages) in the south-central part of the study area 
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was first prospected in 1881, mainly for iron-ore deposits (Hodges, 
1897, p. 61). Prospecting continued eastward along an iron-enriched 
zone extending roughly through Iron Peak, Earl Peak, Navaho Peak, 
and Iron Mountain to the Blewett district. Some of the properties on 
the west end of the zone were explored between 1889 and 1892 (Shedd, 
1902, p. 7). The iron deposits were first studied systematically in 1892 
(Bethune, 1892). The U.S. Bureau of Mines conducted a drilling pro
gram in 1942 on deposits near the Cle Elum River. Sulfide deposits 
in the Gallagher Head Lake area (fig. 7, area 18) were discovered in 
1881. Although many claims have been located, only small tonnages 
for smelter tests have been produced. 

Iron deposits in the Snoqualmie Pass area were discovered in 1869 
on Denny Mountain. No significant work was done until1883 when 
development adits were driven (Hodges, 1897, p. 40-41). The Guye 
iron deposits, approximately 2 mi (3.2 km) northeast of Denny Moun
tain, were discovered in 1881 (Shedd, 1902, p. 7). The only production 
from the iron deposits in the Snoqualmie Pass area has been small 
tonnages for metallurgical testing. The limestone deposits in the same 
area were first noted during the late 1880's (Hodges 1897, p. 40). 

Arsenopyrite veins in the Sprite Lake area (fig. 7, area 14) were 
discovered in t::te mid-1880's. By 1896 a number of workings had been 
completed on both the Aurora group of claims and the American Eagle 
group of claims, and a small stamp mill had been erected near Tuc
quala Lake on the Cle Elum River to treat ores from the various prop
erties (Hodges, 1897, p. 61-62). Later prospecting discovered deposits 
nearer to French Creek. Although there are many scattered workings, 
no production has been recorded from the Sprite Lake area. 

The mineral deposits in the VanEpps Creek-Solomon Creek area 
(fig. 7, area 15) were discovered in the 1880's. Little significant work 
was done on the deposits until1896 when existing properties were 
obtained by the Pickwick Mining and Development Co. Patents were 
granted October 31, 1904, on 18 lode claims covering much of the 
mineralized area. Sporadic exploration on the property continued until 
the 1950's. Production of 13 tons (12 metric tons) of ore is recorded 
(E. A. Magill and W. P. Puffett, written commun., 1955). 

The deposits near Gold Creek (fig. 7, area 12) were first prospected 
in 1890. The first claims were staked mainly in the higher elevations 
near the head of the drainage. By 1896 a number of exploration work
ings had been opened. In the same year the Esther and Louisa mine 
shipped 10 tons (9 metric tons) of sorted ore, valued at $100 per ton, 
to the Tacoma, Wash., smelter (Hodges, 1897, p. 61). 

The Trout Lake area (fig. 7, area 7) was prospected in the late 1890's, 
and by 1902 claims covered most of the area surrounding Trout Lake, 
Copper Lake, and Lake Malachite. A significant amount of exploration 
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had been done by 1906 (Mcintyre, 1907, p. 238-250). Six claims and 
a millsite were patented after 1918, but there has been no recorded 
production from any claims in the Trout Lake area. 

The copper deposits in the Mineral Creek area (fig. 7, area 13) were 
prospected in the late 1800's. Several workings were noted in 1899 
when the area was mapped by Smith and Calkins (1906, p. 14). 
Development work continued, and a mill having a capacity of 25 tons 
(23 metric tons) per day was built in 1920; however, production from 
the district has been minor (Patty, 1921, p. 277-278). 

The mineral deposits in the Middle Fork Snoqualmie River area (fig. 
7, area 9) were discovered in the late 1890's. The copper deposit on 
the Dutch Miller group of claims was discovered in 1896, and by 1901 
several small shipments of ore had been made (Landes and others, 
1902, p. 86). Exploration by a succession of owners and lessees has 
continued to the present time, but there has been little additional pro
duction. Copper-molybdenum deposits on the Clipper group of claims 
and in the Pedro zone were discovered around 1900, and claims were 
located in 1902. A number of claims on the Clipper and Pedro 
mineralized zones were surveyed for patent in 1908, and some patents 
were granted. Although some copper-ore production probably resulted 
from the larger workings, none is recorded. Exploration in the early 
1970's by major mining companies of the southwestward extension 
of the mineralized zone has disclosed potentially large tonnages of 
mineralized rock that may constitute a large copper resource. Explora
tion was continuing as of 1975. 

Claims have elso been located outside of the main mineralized areas 
throughout the study area. Most are on altered iron oxide stained 
zones but some were on quartz-rich zones. Dates of location range from 
the 1900 to recent years. Only a few have even minor development, 
and no production has been recorded. 

MINERAL COMMODITIES 

The search for gold and silver first brought prospectors to the study 
area and some small deposits were found. Discovery of iron deposits 
inside the south boundary stimulated prospecting for iron in other 
parts of the study area but no other deposits were found. Prospect
ing for copper, the most significant mineral commodity within the 
study area continues as of 1975. National and world data for the follow
ing section on economic considerations are from the U.S. Bureau of 
Mines "Commodity Data Summaries" (U.S. Bureau of Mines, 1975) 
and Engineering and Mining Journal (1975). 
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COPPER 

In 197 4 domestic copper consumption, which was estimated at 2.3 
million tons (2.1 million metric tons), approximately equaled domestic 
production from mines and secondary sources including copper from 
U.S. Government stockpiles. With Congressional approval, the 
national copper stockpiles objective was reduced to zero in March 
1973, and all of the 252,000 tons (228,614 metric tons) of stockpiled 
surplus copper was sold during 197 4. The largest percentage of cop
per is used as refined copper metal for electrical applications; some 
is used in alloys. Barring technological changes, demand is expected 
to increase at an annual rate of about 3.5 percent through 1980. The 
price of copper averaged approximately $0.6356 per pound ($1.40/kg 
or kilogram) during the first quarter of 1976. Large disseminated 
deposits containing as little as 0.4 percent copper are now being sur
face mined. 

The Middle Fork Snoqualmie River area in the Alpine Lakes addi
tions and the Dutch Miller mine both contain copper resources along 
the west side of the study area within and near the east edge of the 
granitic rocks of the Snoqualmie batholith. The Mineral Creek area 
to the south also has a potential for copper deposits. 

Estimates based upon incomplete data (B. Thomas, written 
commun., 1907) indicate that more than 800,000 pounds (363,000 kg) 
of copper is contained in approximately 3,700 tons (3,357 metric tons) 
of high-grade copper ore on the dumps and in limited underground 
workings at the Dutch Miller mine. Only small shipments were made 
during early exploration and development work. 

In the Middle Fork Snoqualmie River area copper-rich rock occurs 
as small bodies in a series of brecciated or shattered zones, 400-500 ft 
(120-150 m) wide, some of which have been explored by core drilling 
and adits. One of these-the Clipper zone-is estimated to contain 
250,000 tons (226,800 metric tons) of mineralized rock containing 0.9 
percent copper and significant percentages of molybdenum (A. R. 
Grant, written commun., 1971). Geologic conditions suggest that an 
additional large tonnage of rock of similar copper content may be pres
ent in the zone. In the Three Brothers zone, where brecciation and 
mineralization were somewhat more intense than in the Clipper zone, 
there is a probable additional large tonnage of copper-bearing rock 
that may be of similar grade to that in the Clipper zone. Exploration 
by large companies in the Porter, Hemlock, and Condor breccia zones 
has indicated large copper resources favorably situated for low-cost 
mining. Additional exploration will probably define additional 
resources. 

The main mineralized zone of the Mineral Creek area (fig. 7, area 13) 
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has been explored for copper since the late 1800's, and small produc
tion has come from mines there. Geologic investigations are continu
ing in the Mineral Creek area. 

Small paramarginal and submarginal copper resources exist in other 
prospects in the study area. 

SILVER 

In 197 4 domestic silver consumption, which was estimated at about 
178 million troy ounces (5 billion g or grams), was more than five times 
the domestic mine production. About two-thirds of the domestic pro
duction is a byproduct of base-metal mining. Most imported silver is 
from Canada. Silver is primarily used for electroplated ware, photo
graphic materials, and electrical and electronic equipment. Silver suf
ficient to supply a little over three-fourths of a year's demand is 
stockpiled by the U.S. General Services Administration. The price of 
silver averaged $4.19 per ounce ($0.13/g) during January 1975. 

Significant amounts of silver were detected in samples from the main 
mineralized areas in the study area but only one deposit can feasibly 
be mined solely for its silver content. In some localities, however, the 
silver would contribute to the total value of the ore. The most con
sistent silver values are found in the Cleopatra mine and in the pros
pects on or near the Cleopatra-Bear Lakes shear zone; samples from 
the Dutch Miller mine contain as much as 10.0 oz/ton (343 g/metric 
ton) silver. If it were economically feasible to mine the deposits, cop
per would be the primary metal produced in these areas, but silver 
would be a significant additional value. 

GOLD 

Domestic gold-mine production in 197 4 was about one-fourth of con
sumption, which was estimated at 4.20 million troy ounces (131 mil
lion g); most United States gold imports come from Canada. Jewelry 
manufacturing accounts for most of the domestic consumption of gold. 
Gold prices averaged approximately $132 per ounce ($4.24/g) during 
the first quarter of 1976. In the Alpine Lakes region, gold, if produced, 
would be as a byproduct or coproduct from lode deposits of other 
metals. 

Gold occurs in minor amounts in most of the mineralized areas 
within the study area but the most important occurrences are in the 
Money Creek area. The Apex mine in the Money Creek area is adj a
cent to the study area and contains indicated gold resources. The gold
containing structure explored in the Apex mine might extend into the 
study area. 



90 ALPINE LAKES STUDY AREA AND ADDITIONS, WASHINGTON 

OTHER COMMODITIES CONSIDERED 

There appears to be no potential for the existence of petroleum or 
natural gas in the Alpine Lakes study area; there are no Federal oil 
and gas leases in or near the study area Resources of leasable minerals 
that occur in the study area are more accessible elsewhere at localities 
closer to markets. 

A potential for the production of electricity exists within the study 
area; favorable damsites are available and their utilization would not 
appear to affect mineral resources adversely and would provide a near
by source of power. 

SAMPLING AND ANALYTICAL TECHNIQUES 

Five types of lode samples were taken: Chip, a series of continuous 
rock chips across or along an exposure; random chip, a collection of 
rock chips from an exposure; grab, an unselected assortment of rock 
pieces from a rock pile or exposure; select, hand-picked material of the 
highest grade rock available; trench, a cut of uniform cross section in 
a dump or stockpile sufficiently deep to gather a wide range of sizes 
of broken rock typical of that part of the pile in the vicinity of the 
sample site. 

Most lode samples were fire-assayed to determine their gold and sil
ver contents. Samples containing visible metallic minerals were ana
lyzed by atomic-absorption, colorimetric, or X-ray fluoresence methods. 
At least one sample from each mineralized structure on a property was 
analyzed by semiquantitative spectrographic methods. If anomalous 
amounts of economic elements were detected in a sample by spectro
graphy, the sample was further analyzed by more accurate means. All 
were checked for the presence of radioactive and fluorescent minerals. 

Measured volume stream gravel samples were taken from major 
streams and their tributaries. The samples were reduced by screening 
and hand-panning to rough, heavy-mineral concentrates. They were fur
ther concentrated mechanically and amalgamated to determine their 
free gold content. 

RESOURCE CLASSIFICATION 

Resource classifications developed by joint agreement of the Geolog
ical Survey and the Bureau of Mines are used in this report. A mineral 
resource is a concentration of naturally occurring materials in such 
form that economic extraction of a commodity is currently or poten
tially feasible. A reserve is that part of the identified resource from 
which a usable mineral commodity can be economically and legally 
extracted. The term "ore" is used for reserves of some minerals. 
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Identified subeconomic resources are known resources that may 
become reserves as a result of changes in economic and legal condi
tions. A paramarginal resource is that part of a subeconomic resource 
that (a) borders on being economically producible, or (b) is not com
mercially available solely because of legal or political circumstances. 
Submarginal resources are those parts of subeconomic resources which 
would require a substantially higher price or a major cost-reducing 
advance in technology to become economically producible. 

MINING CLAIMS 

The location of patented and unpatented mining claims in and adj a
cent to the study area was determined by a search of the records of 
Chelan, King, and Kittitas Counties, and of the U.S. Forest Service. 
Many recorded claims could not be found in the field because their 
locations are poorly described. More than 1,900 unpatented lode and 
placer claims within and adjacent to the study area were listed in 
county records, but only a small percentage of these are currently held. 
The majority of unpatented claims are in the areas outlined in figure 
7; the remainder are scattered throughout the study area. 

Approximately 136 patented claims are within or immediately adj a
cent to the study area. Nearly all were patented in the period 1902 
through 1912. The largest group of patented claims is the Kimball 
Creek group (29 claims) which extends across the north boundary of 
the Money Creek area. A large group of patented claims (18 claims) 
is mostly in the VanEpps basin but extends into the Fortune Creek 
drainage. Fifteen patented claims cover most of the workings in the 
Sprite Lake area and a similar size group is contiguous to the study 
area in the Middle Fork Snoqualmie River area (fig. 7, area 9). The 
remaining patented claims are in the Dutch Miller Gap-La Bohn Gap 
area, the Thanaway River-Ingalls Creek area and the 'lrout Lake area. 

In the following section the areas and properties are discussed in 
the order of their importance. 

MIDDLE FORK SNOQUALMIE RIVER AREA 

The most important mineralized zones in the study area are the 
disseminated copper-molybdenum deposits along the Middle Fork Sno
qualmie River (fig. 7, area 9), mainly above the confluence of Burnt
boot Creek (fig. 8). Cities Service Minerals Corp. has explored 15 
patented claims, 225 unpatented claims, and 19 fractions of claims 
which cover the area. Fourteen mineralized zones are known. 

Most of the following geologic descriptions are based on work done 
during 1971 and 1972 by A. R. Grant and T. C. Patton for the Natural 
Resources Development Corp. The material is used with the kind 
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9 . Middle Fork Snoqualmie River 20. Navaho Peak 

10. Big Snow Mountain 

FIGURE 7.-Map of Alpine Lakes study area showing areas of many prospects. 

permission of A. R. Grant, and Gregg C. MacDonald, President, and 
Robert W. Osterstock, Chief Geologist, and other officials of the Cities 
Service Minerals Corp. 

Most mineralized rocks are quartz diorite but range in composition 
from syenite to diorite and locally include aphanitic to porphyritic 
varieties of these rocks. Aplite and porphyritic andesite intrude the 
granitic rocks in areas of intense structural deformation. The miner
alized zones are characterized by en echelon faults, breccia pipes, and 
large shattered zones (fig. 8). The mineralized zones trend northeast 
for a distance of 5 mi (8 km). Widths of the individual zones range 
from 400 to more than 2,500 ft (122-762 m). 

A. R. Grant (oral commun., 1973) suggested that the mineralized 
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FIGURE 8.-Map showing mineralized breccia zones in the Middle Fork Snoqualmie 
River area. 

zones were once a continuous or near-continuous linear body of brec
cia that has been broken into a group of fault blocks by many north
to northwest-trending cross faults (fig. 8). Although a maximum ver
tical displacement of 700ft (213m) has been measured on these faults, 
some evidence indicates a greater displacement. Movement along these 
faults probably occurred before, during, and after mineralization. 
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A. R. Grant (written commun., 1971) observed that the total sulfide 
content is generally directly proportional to the intensity of fractur
ing and brecciation. He believes that "multi-cyclic deformation appears 
to be the key to significant sulfide deposition." Multicyclic deforma
tion is evident in some zones in which early intense alteration has 
healed the original breccia and in which subsequent additional brec
ciation has taken place. Significant sulfide deposition has only oc
curred where host rocks underwent the additional brecciation. 

The degree and type of alteration in the breccia zones are reliable 
guides to copper content in this area. A detailed sampling and 
petrographic study by A. R. Grant (written commun., 1971) of rocks 
from an underground working showed that ''without exception the 
more advanced the wallrock alteration, the more advanced the cop
per mineralization.'' The vertical alteration pattern and increase of 
copper content at depth has been well substantiated by surface and 
underground drilling and geologic mapping. 

The alteration associated with the introduction of copper (as 
chalcopyrite) involved the depletion of silica and the replacement of 
plagioclase by orthoclase in the host rocks. The silica that was removed 
from the copper zones was redeposited in the overlying rocks. 

PORTER, HEMLOCK, AND CONDOR ZONES 

The southwest part of the Middle Fork Snoqualmie River area, 
which includes the Porter, Hemlock, and Condor zones, is considered 
to have the greatest resource potential (fig. 9). The three zones are 
along or near the Copper Queen fault and the less well developed faults 
that intersect it. The Hemlock and Porter zones are believed to be con
tiguous and are discussed together. The 2380 adit is the main work
ing level for the Hemlock zone. 

Surface sampling and shallow core holes in the Porter and Hemlock 
zones indicated areas of copper-rich rock as much as 85 ft (25.9 m) 
wide, mainly in northeast-trending structures. Drilling results in these 
zones show that the disseminated copper is mainly below the 3,200-ft 
(975-m) elevation. 

Two core drill holes, one from the surface outside the boundary of 
the Hemlock zone and one from underground in the 2795 adit (fig. 9), 
penetrated to 2,277-ft and 2,155-ft (694.0- and 656.8-m) elevations, 
respectively, in the downward projection of the Hemlock zone. 
Silicified rock and the disseminated sulfide minerals indicate that a 
deeper zone of copper-rich rock may exist at depth below the bottoms 
of the holes. 

Sampling and petrographic studies of rock from the 1,990-ft-long 
(606. 7 m) 2380 adit confirm the existence of copper there. The Hemlock 
breccia zone was penetrated from the portal of the adit to the 1,365-
ft (416.1-m) point. From that point to the working face, another 625ft 
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FIGURE 9.-Map of Porter, Hemlock, and Condor breccia zones. 

(109.5 m), the rock becomes increasingly brecciated, altered, and min
eralized, and the. ratio of chalcopyrite to other sulfides becomes 
greater. Copper content of the wallrock averages approximately 0.44 
percent from the 1,400-ft (426.7-m) point to the face and increases to 
0.61 percent in the innermost 90ft (27.4 m). Also, in the innermost 
100 ft (30.5 m) of the adit, some 5-ft-long (1.5 m) samples contain as 
much as 1.14 percent copper. 

Samples from a 393-ft-long (119.8 m) crosscut driven (fig. 9) from 
the 2380 level toward the center of the Hemlock zone show an overall 
increase in copper values near the face. Samples taken from a 30-ft
long (9.1 m) interval between 338 and 368ft (103.0 and 112.2 m) have 
a weighted average of 0.78 percent copper. The copper minerals and 
the rock alteration in the crosscut are similar to those in the 2380 adit. 

A comparison of the rocks observed on the surface of the Hemlock 
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breccia zone with those found approximately 1,650 ft (503 m) vertically 
below in the workings shows a pronounced increase in intensity of 
alteration and in the amount of copper with depth. On the surface, 
intensely altered rock and copper sulfide minerals commonly occur 
only within or adjacent to fractures; whereas, at the 2380 level, altera
tion and copper mineralization have been pervasive through large 
volumes of the brecciated rock (fig. 10). A. R. Grant (written commun., 
1971) observed that some large blocks of massive unaltered rock at 
the surface have graded vertically into mineralized and altered rock 
at the 2380 level. Further, because the eastern wall of the breccia zone 
dips steeply eastward, the area of the mineralized zone on the 2380 

FIGURE 10.-Brecciated granodiorite in the 2380 adit, Middle Fork Snoqualmie River. 
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level is larger than on the surface. The core drilling program by a lessee 
in 197 5 confirmed that the altered and copper-mineralized rock con
tinues to lower elevations in the Hemlock breccia zone. The program 
explored the Hemlock zone to the 1,000-ft (305-m) elevation. 

Outcrops within the Porter zone show more intense alteration, 
greater chalcopyrite content, and greater silicification than outcrops 
within the Hemlock zone; hence, the Porter zone is believed to have 
a greater area and copper content at depth than the Hemlock zone. 

The expenditure of exploration money by the present lessee was 
made in anticipation of potential production of about 100 million tons 
(91 million metric tons) of rock containing 0.6-0.8 percent copper and 
0.012-0.03 percent molybdenum from the Porter and Hemlock zones. 
The brecciated character of the mineralized zones and their relatively 
large extent make it possible to exploit them by low-cost block-caving 
mining methods. The probable grade of the ore, the topography, and 
environmental considerations also favor block caving. 

The Condor zone (fig. 9) was considered by A. R. Grant (written com
mun., 1971) to be a wedge-shaped horst displaced from a larger brec
ciated zone occurring at depth and continuing to the south. The cop
per content of the zone, determined from holes drilled from the surface 
and samples from the underground workings, is higher than in the 
Porter and Hemlock zones but is confined to bodies less than 200ft 
(61 m) wide. Mineralized zones sampled in eight core drill holes range 
in thickness from 41 to 192ft (12.5-58.5 m) and in grade from 0.52 
to 0.81 percent copper. A sample from a 50-ft-long (15.2 m) section 
of the 2795 arlit (fig. 9) contains 0.65 percent copper. Molybdenum 
values are erratic. Drilling and sampling by the lessee indicate that 
as much as 2.5 million tons (2.3 million metric tons) of rock contain
ing 0.65 percent copper and minor silver may exist from the surface 
down to the 2,270-ft (692-m) elevation in the Condor zone. 

Poorly exposed mineralized outcrops occur northeast of the Condor 
zone, mostly along the river, following the trend of the general 
mineralized area. They are named, from south to north, the I. P. Gully 
zone, Puff Ball zone, and Nellie Falls zone (fig. 8). Further explora
tion will indicate the spatial relationship of these outcrops to the Con
dor or Clipper zones (fig. 8). 

CLIPPER ZONE 

The Clipper zone (fig. 11) is north of the Middle Fork Snoqualmie 
River, just outside the study-area boundary (fig. 8). The workings are 
on patented claims where several exploratory adits were driven by 
the Snoqualmie Copper Co. between 1908 and 1912. Various lessees 
explored the zone by geophysical methods and diamond core drilling 
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FIGURE 11.-Map of Clipper, Chief, Pedro, East Katie Belle, Katie Belle, Hawk, Three 
Brothers, Red Face, Crawford Creek, and Alp breccia zones. 

intermittently between 1963 and 1969 (A. R. Grant, written commun., 
1971). On the basis of samples taken from underground workings and 
diamond-drill core, Grant has inferred that a relatively small area con
tains a resource of 250,000 tons (226,800 metric tons) of mineralized 
rock which averages 0.9 percent copper and 0.07-0.24 percent 
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Data for samples collected from the Clipper, Pedro, East Katie Belle, 
Katie Belle, Hawk, Three Brothers, Red Face, Crawford Creek, and 
Alp zones, Middle Fork Snoqualmie River area 

[Tr., trace; N, none detected; -- not analyzed; NA, not applicable] 

Sa!!'Ele Gold Silver 
Length (g/metric (g/metric Copper 

No. rxEe (ft) (m) (ozLton) ton) (oz/ton) ton) (Eercent) 

1-- Chip--- s.o 2.4 Tr. Tr. 0.1 3.4 0.24 
2-- do----- 54.0 16.8 tr. tr. .2 6.9 .37 
3-- Grab--- NA NA tr. tr. .2 6.9 .I9 
4-- Chip--- 4.5 1.4 tr. tr. .1 3.4 .05 

5-- do----- .a .2 tr. tr. Tr. Tr. .04 
6-- do----- s.o 2.4 tr. tr. .1 3.4 .36 
7-- Grab--- NA NA tr. tr. .6 20.5 .44 
8-- do----- NA NA tr. tr. .5 17.I .so 

9-- Chip--- s.o 2.4 tr. tr. .02 
10-- do----- 60.0 18.3 tr. tr. .OI 
11-- do----- 20.0 6.1 tr. tr. 2.2 75.3 .86 
12-- do----- 550.0 167.7 0.01 .034 .2 6.9 .06 

13-- do----- 1].0 5.2 tr. tr. .I 3.4 .39 
I4-- do----- 9.8 3.0 tr. tr. .3 10.3 .os 
I5-- do----- 35.0 10.7 0.01 0.34 .5 17.I .2] 
16-- do----- 7.4 2.26 .01 0.34 .5 17.I .I6 

I7-- do----- 70.0 21.4 tr. tr. .3 10.3 .to 
IS-- do----- so.o 15.2 .01 0.34 .3 I0.3 .21 
19-- do----- 2.0 0.6 .OI 0.34 tr. tr. .29 
20-- Chip--- 4.0 I.2 tr. tr. 0.4 13.7 0.20 

2I-- do----- 4.6 1.4 tr. tr. N N .048 
22-- do----- I.O 0.3 Q.OI 0.34 .2 6.9 .81 
23-- Grab--- NA NA tr. tr. N N .Q2 
24-- Chip--- 5.5 I. 7 tr. tr. N .02 

2.5'L- do----- 70.0 2I.4 .2 6.9 .04 
26-- do----- so.o 24.4 N N .1 3.4 .022 
27-- do----- 130.0 39.6 N N .1 3.4 .018 
28-- do----- 62.0 18.9 .2 6.9 .015 

29-- do----- 39.0 ll.9 tr. tr. .3 10.3 .OI 
30-- do----- n.o 23.5 N N tr. tr. .02I 
3I-- do----- 56.0 17.1 N .I 0.34 .OI 
32-- do----- 68.0 20.6 N .2 6.9 .039 

33-- do----- 3I.O 9.4 N N .1 3.4 .OI2 
34-- do----- 23·0 7.0 N N .1 3.4 .012 
35-- do----- 32.0 9.8 N N .2 6.9 .009 
36-- do----- 71.0 2I.6 N .I 3.4 .018 

37-- Grab--- NA NA .07 
38-- Chip--- 8.2 2. 5 tr. tr. .5 17.1 .so 
39-- Grab--- NA NA tr. tr. .2 6.9 .40 
40-- Chip--- 4.0 I.2 tr. tr. N .03 

4I-- Grab--- NA NA tr. tr. .I 3.4 ,QJ 
42-- Chip--- IQ.O 3.0 N N N .039 
43-- do----- I.4 0.4 N N N 0.035 
44-- do----- ].8 2.4 N .035 

45-- do----- IQ.O 3.0 N tr. tr. .026 
46-- do----- 10.0 3.0 N N N N .067 
47-- do----- 10.0 3.0 tr. tr. o.I 3.4 .055 
48-- do----- 5.0 1.5 N N N .027 

49-- Grab--- 112.0 34.2 .1 3.4 .047 
50-- Chip--- ]8.0 23.8 .01 
51-- do----- 90.0 27.4 .OI2 
52-- do----- 121.0 36.9 tr. tr. .017 

53-- do----- 94.0 28.7 .I 3.4 .Oil 
54-- do----- 23.0 ].0 .I 3.4 .OI2 
55-- do----- 50.0 I5.2 .1 3.4 .016 
56-- do----- 44.0 13.4 .I 3.4 .QI2 

57-- do----- 94.0 28.7 N tr. tr. .02 
58-- do----- 17.0 5.2 .1 3.4 .009 
59-- do----- 42.0 12.8 tr. tr. .2 6.8 .020 
60-- do----- 35.0 10.7 N N .1 3.4 .025 

61-- do----- 28.0 8.5 N N .022 
62-- do----- 55.0 16.8 .I 3.4 .OI4 
63-- do----- 100.0 30.5 .1 3.4 .017 
64-- do----- IOO.O 30.5 .1 3.4 .012 
65-- do----- 100.0 30.5 tr. . tr. .2 6.8 .009 
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molybdenum. Some samples contain more than 0.24 percent. The zone 
as a whole has not been adequately enough explored to infer total 
resources. 

PEDRO ZONE 

The Pedro zone is about 1,500 ft (457 m) outside the boundary of 
the study area (fig. 11). A. R. Grant (written commun., 1971) described 
the Pedro zone as an elliptical breccia pipe about 300ft (91 m) wide 
and 600ft (183m) long at the surface. The core of the zone is highly 
mineralized, and it contains 5-10 percent sulfide minerals, mostly 
pyrite, and at least 10 percent quartz. Chalcopyrite constitutes less 
than 20 percent of the sulfide minerals, and, in addition, there are 
minor amounts of sphalerite, galena, and rare molybdenite. 

KATIE BELLE ZONE 

The Katie Belle zone is about 1,600 ft (488 m) outside the study area. 
It was considered by A. R. Grant (written commun., 1971) to be a 
stockwork deposit and is cut by a major shear structure (fig. 11). Minor 
underground workings exist in the vicinity of the major shear zone, 
and two drill holes were completed in the zone in 1963 and 1965. A 
sample (fig. 11, loc. 13) was taken from an exposure of mineralized 
rock in one of the minor underground workings. 

EAST KATIE BELLE ZONE 

The East Katie Belle shear zone cuts granitic rock in the area of 
a steep gulch about 4,000 ft (1,220 m) northeast of Hardscrabble Creek 
and is alined with another similar structure on the ridge northeast 
of Big Snow Mountain. If the two are parts of a single structure, their 
combined length is at least 3.5 mi (5.6 km). Most of the rock along 
the shear structure is slightly crushed, intensely altered grano
diorite(?). In the area of the gulch, the medial part of the structure 
is composed of intensely sheared rock 5-15ft wide (1.5-4.6 m) that 
contains siderite, sulfide minerals, mica, and quartz. Pyrite and arseno
pyrite are the most abundant sulfide minerals. Chalcopyrite and 
molybdenite are less abundant. 

A well-defined zone of altered granodiorite crosscuts the main East 
Katie Belle shear structure and strikes about N. 50°-75° E., is nearly 
vertical, and is 60ft (18.3 m) or more wide. The zone contains pyrite, 
arsenopyrite, chalcopyrite, and molybdenite in quartz lenses as much 
as 3 ft (0.9 m) wide. The lenses constitute 10-25 percent of the altered 
zone. 
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Samples from the Katie Belle and East Katie Belle zones (fig. 11, 
locs. 13-20) contain a maximum of 0.39 percent copper, 0.5 oz/ton 
(17.1 g/metric ton) silver, and 0.01 oz/ton (0.3 g/metric ton) gold; and 
in spite of the low metal content, the existence of intensely altered 
rock and of sulfide minerals suggests that the two zones have poten
tial for discovery of mineral resources of higher tenor. 

HAWK ZONE 

The Hawk zone is within the study area (fig. 11) and crops out on 
subparallel hummocky ridges along a system of north-trending shears. 
The outcrops of the Hawk zone are altered brecciated granodiorite(?) 
and contain less than 10 percent disseminated pyrite, pyrrhotite, and 
other sulfide minerals. Most of the sulfide blebs are less than 1 mm 
across. 

Surface samples contain a maximum of 0.04 percent copper, 
0.3 oz/ton (10.3 g/metric ton) silver, and a trace of gold. However, 
because of the existence of brecciated, altered rock and nearness of 
other zones in which the copper content increases at depth, the zone 
may contain potential resources. 

THREE BROTHERS ZONE 

The Three Brothers zone is mineralized granodiorite and quartz mon
zonite lying between two steeply dipping faults striking N. 75 ° W., 
and N. 80° E., in contrast to the major faults striking N. 15-20° W. 
(fig. 11) mapped in the Pedro and Katie Belle zones. The zone is 
bounded on the east by quartz diorite porphyry and is covered by talus 
to the west. It has been explored by means of a drill hole (drilled in 
1963), a short adit, and three shallow pits. 

The brecciated and altered quartz monzonite in a sample from a 
shallow surface cut made near the probable south edge of the Three 
Brothers zone (fig. 11, loc. 27) contains stringers of vuggy quartz. 
Chalcopyrite, magnetite, hematite, and quartz crystals line or fill some 
of the vugs. Chalcopyrite also is disseminated near fractures and 
quartz veinlets. 

The adit (fig. 11, locs. 38 and 39) crosscuts three parallel steeply 
dipping shear zones striking N. 5o W. The adit was driven N. 38 o W. 
for about 30 ft (9.1 m) through altered granodiorite containing dis
seminated pyrite. The adit ends at the footwall of a 5-ft-wide (1.5 m) 
shear zone where a 6-ft-deep (1.8 m) winze was put down. The zone 
is gouge-like material, highly brecciated, has irregular walls, and con
tains horses of altered granodiorite. Pyrite occurs as blebs and fine 
disseminations throughout the brecciated rock. The other two shear 
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zones are narrower (2-3 ft or 0.6-0.9 m wide) but otherwise resemble 
the major zone; they can be traced on the surface for about 250 ft (76 m). 

Data from surface sampling and drilling suggest the possible 
existence of as much as 2 million tons (1.8 million metric tons) of ore 
containing between 0.7 and 0.9 percent copper. 

RED FACE ZONE 

The Red Face zone is composed of pyrite-rich, closely jointed or brec
ciated granodiorite. A flat-lying shear zone near the portal of an adit 
penetrating the zone (fig. 11, loc. 40) contains many blebs of pyrite, 
arsenopyrite, and marcasite. A sample cut from a length of 4 ft (1.2 m) 
along the flat-lying fracture contains a trace of gold, no silver, and 
0.03 percent copper. 

North of the Red Face zone, a large area of leached rock, 500 by 
1,000 ft (152 by 305m), containing minor secondary chalcocite, yielded 
a significant induced polarization anomaly. In addition, soil samples 
taken downslope from the leached area contain more than 1,000 ppm 
copper. No drilling has been done here. 

CRAWFORD CREEK AND ALP ZONES 

The Crawford Creek and Alp zones (fig. 11) are breccia or shatter 
zones, apparently too low in grade to be a resource. Samples from the 
Crawford Creek zone contain a maximum of 0.067 percent copper, 
0.1 oz/ton (3.4 g/metric ton) silver, and a trace of gold. Those from the 
Alp zone contain a maximum of 0.025 percent copper, 0.2 oz/ton 
(6.8 g/metric ton) silver, and a trace of gold. These zones lack the inten
sity of alteration and brecciation characteristic of zones believed to 
have potential for the discovery of copper deposits. 

DUTCH MILLER GAP-LA BOHN GAP AREA 

The Dutch Miller mine and nearby prospects are near La Bohn Gap 
at the head of the Middle Fork Snoqualmie River (fig. 7, area 8; fig. 
12). The mine and outlying prospects are in rugged cirques and on 
sharp ridges at elevations from 4,800 to 6,000 ft (1,463-1,829 m) at 
the crest of the Cascade Range. The terrain is snow covered for a large 
part of the year (fig. 13). 

Sulfide minerals occur in quartz-tourmaline veins in granodiorite in 
the area. The Dutch Miller mine is the only property believed to have 
potential mineral resources. 
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FIGURE 12.-Map showing mines and prospects in the Dutch Miller Gap-La Bohn Gap 
area. 
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FIGURE 13.-Dutch Miller mine area from the north. 
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DUTCH MILLER MINE 

The small high-grade copper deposit has been the impetus for a 
number of mining ventures since the discovery of the outcrop in 1896 
(Landes and others, 1902, p. 86). The minerals, mainly chalcopyrite, 
tetrahedrite, and arsenopyrite, occur as shoots in a quartz-tourmaline 
vein that also contains minor pink dumortierite. The shoots are wide 
parts of narrow discontinuous branching veins in the jointed granodi
orite. The main vein strikes N. 40 o W. and dips 7 4 <LBO o SW.; it is more 
than 330ft (100m) long and as much as 30ft (9.1 m) wide (fig.14). The 
mine is estimated to have about 3,500 tons (3,200 metric tons) of indi
cated reserves exposed in the workings (B. Thomas, written commun., 
1907), and 200 tons (181 metric tons) of ore is stockpiled. The reserves 
contain from 4 percent to more than 20 percent copper and more than 
5 oz/ton (171 g/metric ton) silver. The 200 tons (181 metric tons) of 
ore stockpiled near the southeast shaft (fig. 15) contain a weighted 
average of 12.8 percent copper and 7.7 oz/ton (264 g/metric ton) silver. 

The major workings on the property are two open adits and two 
inclined shafts not accessible because of water. The two 100-ft-deep 
(30.5 m) inclined shafts were sunk in the plane of the main vein (fig. 
14). The one collared near the portal of the main adit penetrated 
intensely mineralized rock. The other, sunk northwest of the first shaft, 
evidently did not penetrate mineralized rock. One adit was driven from 
an open pit N. 40° W., about 70ft (21 m) through mineralized rock. 
A 25-ft-long (7 .6 m) arlit was driven on a slightly mineralized vein north
west of the northwest shaft, but no ore was found. A recent lessee began 
a long arlit from the vicinity of Williams Lake (fig. 12). It was planned 
to extend 2,800 ft (853 m) and to intersect the ore zone at a point about 
7 50 ft (229 m) below the collar of the shaft, but work on the adit was 
stopped at 88 ft (26.8 m). 

In a 1907 mine-examination report, B. Thomas (written commun., 
1907) reported that workings were opened from the shaft on the 50-
and 100-ft (15 and 30m) levels. On the 50-ft (15 m) level, a 74-ft-long 
(22.6 m) drift was driven southeast on the main vein to intersect the 
extension of the ore shoot found near the collar of the shaft. The drift 
exposed copper-mineralized rock between 43ft (13.1 m) and its face 
as did a 9-ft (2. 7 m) winze sunk near the end of the drift. '1\vo 16-ft
long (4.9 m) crosscuts driven into the footwall exposed only soft decom
posed granodiorite. On the 100-ft (30.5 m) level of the shaft a 50-ft
long (15.2 m) crosscut along a sulfide stringer northeastward into the 
hanging wall intersected copper minerals 30ft (9.1. m) from the shaft 
in a shear zone possibly parallel to the main vein. Drifts driven 25 ft 
(7.6 m) southeast and 35 ft (10.7 m) northwest on the shear zone 
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FIGURE 14.-Map of Dutch Miller mine. 

Data for samples from Dutch Miller mine, Dutch Miller Gap-La 
Bohn Gap area 

[Tr., trace; N, none detected; --, not analyzed; NA, not applicable] 

Sam2le Gold Silver 
Length (g/metric (g/metric Copper Lead 

No. !:He (ft) (m) (oz/ton) ton) (ozLton) ton) (2ercent) (2ercent) 

1-- Grab-- NA NA Tr. Tr. 0. 4 13.6 0.49 0.14 
2-- do---- NA NA tr. tr. .3 10.26 .12 .87 
3-- do---- NA NA tr. tr. 10.3 352.4 15.0 1.56 
4-- Chip-- 12.0 3. 7 N N .08 2. 74 .30 N 

5-- Grab-- NA NA tr . tr. 12.00 410 . 57 13.40 1.97 
6-- Chip-- 6. 7 2.0 tr. tr. 3. 7 126.6 9.83 • 79 
7-- do---- 3. 7 1.1 tr. tr. 8.1 273.1 16.9 2.45 
8-- do---- 7.0 2.1 tr. tr . 4.4 150.5 2.29 1.61 

9-- Trench 8.0 2. 4 tr. tr. 7. 5 256.6 12.2 .95 
10-- Chip-- 3.3 1.0 N N 9.1 311.3 16.2 1.50 
11-- do---- 3.8 1.2 tr. tr. 8.0 273.7 u.s 1. 57 
12-- do---- 5.5 1.68 N N N N .02 .55 
13-- Grab-- NA NA tr . tr. 6.6 225.8 12.4 .92 

Zinc 
(2ercent) 

o. 21 
.21 

2. 73 

1.13 
3.17 
1.05 

• 76 
2.22 
1.05 
.os 
.98 

exposed mineralized rock 1-4 ft (0.3-1.2 m) wide containing a reported 
14-25 percent copper and as much as 11.4 oz/ton (391 g/metric ton) 
silver. Near the face of the crosscut a 0.8-ft-wide (0.2 m) vein contain
ing chalcopyrite assayed 24 percent copper. Thomas also reported that 
copper minerals were found in samples of the brecciated altered 
granodiorite. 
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FIGURE 15.-Dutch Miller mine workings. 

Two distinct assemblages of sulfide minerals were observed by J. W. 
Melrose and W. Carithers of the State of Washington Division of 
Mines and Geology (written commun., 1942), one from surface ex
posures and one from the underground workings. One sample (fig. 14, 
loc. 5) is from an ore pile that is believed to represent the ore exposed 
on the surface. This material is predominantly massive chalcopyrite 
with minor pyrite, arsenopyrite, and little tetrahedrite. The ore from 
the underground workings is mostly tetrahedrite and arsenopyrite in 
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quartz and tourmaline gangue and contains some galena, sphalerite, 
and minor chalcopyrite, pyrite, and siderite. 

The main vein and its ore shoot are probably terminated by a zone 
of cross fracturing marked by a well-defined ravine (Melrose and 
Carithers, written commun., 1942). No evidence of the vein can be seen 
in a granodiorite outcrop on the southeast side of the ravine. This sug
gested to J. W. Melrose and W. Carithers (written commun., 1942) 
that the ore shoot formed a pipe-like structure along the zone of cross 
fracturing and in the adjacent vein. The northwest limits of the ore 
shoot can be seen on the surface and in the adit driven northwest along 
the strike of the vein. 

Small shipments of ore are reported to have been made during early 
development of the mine (Landes and others, 1902, p. 86). A 1,100-
pound (499-kg) shipment for metallurgical testing was made in October 
1960 from ore in a surface stockpile. About 3,500 tons (3,200 metric 
tons) of indicated ore were estimated by B. Thomas (written commun., 
1907), who mapped and sampled the mine during the time of 
underground exploration, to contain from 800,000 to 850,000 pounds 
(362,900 to 386,000 kg) of copper. The grade of the reserves ranges 
from 4 to more than 20 percent copper and more than 5 oz/ton (171 
g/metric ton) silver. The probability of developing additional reserves 
is good because the full extent of the shoots has not been delimited. 
With suitable access the deposit may be minable. 

MISCELLANEOUS PROSPECTS 

Other minor workings are on the unpatented claims of the Dutch 
Miller group and adjacent area (table 3). These are mainly on quartz
tourmaline veins in granodiorite. None contained visible sulfide 
minerals and probably do not contain potential resources. 

UPPER WEST FORK MILLER RIVER-BEAR CREEK AREA 

Claims were first staked in the Miller River drainage (fig. 7, area 
4) in 1892 (Hodges, 1897, p. 36). Exploration began in the Buena Vista 
mining district on the headwaters of the North Fork Snoqualmie River 
about 1896 (Hodges, 1897, p. 43). As access to the district improved, 
lode and placer claims were staked along Lennox, Illinois, Sunday, 
and Bear Creeks. There has been little recent activity. 

The deposits in the upper West Fork Miller River area and in the 
basin at the head of Bear Creek are mostly confined to persistent 
steeply dipping silicified shear zones. A few disseminated deposits ex
ist. The shear zones are mineralized to various degrees by sulfide 
minerals. Silver is the most common valuable metal in these deposits. 
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TABLE 3.-Miscellaneous prospects in the Dutch Miller Gap-La Bohn Gap area, Alpine 
Lakes area, Washington 

Sample 
locality 

No. 
(fig. 12) 

Prospect 

1 ------- Harry's 
adit 

2 ---- --- West adit. 

3 ---- --- Copper 
King 
shaft. 

4-6 ----- Copper 
King adit 
and 
trenches. 

Summary 

Adit, 6 ft long (1.8 m) driven N. 20• W. 
adit. from 10-ft-long (3 m) cut. 
Flat-lying limonite-stained joints in 
granodiorite cut by 0.5-ft-wide (0.015 
m) limonite-stained vertical joints. 

Adit, 8.5 ft long (2.6 m), driven N. 65° 
W. along strike of two parallel quartz
tourmaline veins 1.5 and 2.0 ft (0.46 
and 0.61 m) wide dipping 70°-72° SW. 

Water-filled inclined shaft sunk S. as• 
W. on wide section of quartz
tourmaline vein measuring 0.5- 2.0 ft 
(1.5-0.61 m); vein strikes N. ss• W., 
dips 56° SW. Granodiorite hanging 
wall altered 4 ft (1.2 m) along cross 
fractures. Vein traceable for 150 ft 
(45.7 m). 

Group of minor workings in area of 
narrow irregular fractures in 
granodiorite. Some fractures filled 
with quartz and tourmaline, others 
with narrow aplite dikes. 

Sample data 

Muck-pile grab sample; no gold, silver, 
or copper. 

Chip sample 3.9 ft long (1.2 m) across 
zone at portal; no silver or lead, 
0.03 percent copper. 

Chip sample across vein; trace of gold, 
no silver or lead, and 0.02 percent 
copper. 

Three samples: 5.5-ft-long (1.7 m) chip 
sample at adit portal has trace of 
gold, 0.1 oz/ton (3.4 glt) silver, 0.01 
percent copper; 0.2-ft-long (0.06 m) 
chip sample at adit portal has trace of 
gold, 0.2 oz!ton (6.8 glt) silver, 0.003 
percent copper; grab sample at upper 
trench has trace of gold, 0.1 oz!ton 
(3.4 g/t) silver, trace of copper. 

The mineralized structures are mostly in granitic rocks, but some are 
in roof pendants composed of metamorphosed pre-Cretaceous sedi
mentary and igneous rocks that overlie the granitic rocks and are com
monly exposed on ridges. 

The most persistent shear zone in the area is the Cleopatra-Bear 
Lakes zone, a well-defined structure that can be traced at the surface 
from the Aces Up prospect northwestward to Paradise Lakes, a 
distance of approximately 3 mi (4.8 km) (fig. 16). Other shear zones 
having various strikes occur in the Paradise Lakes, Bear Basin, and 
Cleopatra mine areas and some contain metallic sulfides. 

NAPCO PROSPECT 

The Napco prospect is near Paradise Lakes (fig. 16) and at the 
apparent northwest termination of the Cleopatra-Bear Lakes shear 
zone. Granitic rocks of the Snoqualmie Batholith intrude metamor
phosed sedimentary and igneous rocks near Paradise Lakes. The 
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FIGURE 16.-Map showing mines and prospects in the upper West Fork Miller River
Bear Creek area. 

intruded rocks are partly altered, contain small amounts of sulfide 
minerals, and are cut by subparallel shear zones. 

A 14-ft-wide (4.3 m) mineralized shear zone in granodiorite that 
strikes N. 70 ~90 o W. and dips 55 o SW. to vertical is exposed in a trench 
below the outlet of Paradise Lakes. The zone is composed of four sub
parallel veins which average about 0.5 ft (0.15 m) wide and are separated 
by lenses of altered granodiorite. Sulfide minerals constitute approx
imately 70 percent of the veins and include pyrite, arsenopyrite, galena, 
sphalerite, chalcopyrite, and tetrahedrite. Quartz and mica are also 
present. The altered granodiorite matrix of the veins contains about 
10 percent gray metallic grains 0.004-0.079 in. (0.1-2.0 mm) in 
diameter. The contact of the zone with the surrounding granodiorite 
is sharp; wallrock is nearly fresh. A sample (fig. 16, loc. 7) 13.5 ft (4.1 m) 
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long taken in a trench and across the shear zone contains a trace of 
gold, 28.3 oz/ton (970.3 g/metric ton) silver, and 0.084 percent copper. 
Six other samples, however, (fig. 16, locs. 8-13) ranging in length from 
0.5 to 2.5 ft (0.15-0.8 m), taken across vein material or wallrock, 
averaged only 0.03 oz/ton (1.0 g/metric ton) gold, 2.66 oz/ton (91.2 
g/metric ton) silver, and 0.006 percent copper. 

A 15-ft-wide (4.6 m) shear zone, possibly an extension of the zone 
in the trench, crops out in a cliff 400ft (122m) to the northwest (fig. 
16, loc. 14). A 1.5-ft-long (0.5 m) chip sample (fig. 16, loc. 14) across 
a vein in the zone contains a trace of gold, 0.1 oz/ton (3.4 g/metric ton) 
silver, and 0.029 percent copper. Outcrops of hornfels containing less 
than 5 percent sulfide minerals and weathered shear zones occur in 
the area of the claims. Samples (fig. 16, locs. 1-6, 15-17) from these 
outcrops and zones contain a maximum of 0.02 oz/ton (0.7 g/metric 
ton) gold, 0.3 oz/ton (10.3 g/metric ton) silver, and 0.028 percent copper. 

Deep overburden obscures most of the mineralized zone on the pros
pect. However, submarginal resources of silver amounting to a few 
tens of tons probably exist in the area of the N apco trench. Further 
exploratory work may disclose additional resources of silver. 

BEAR CREEK PROSPECTS 

In the early 1900's, eight adits were driven along steeply dipping 
shear zones that cut granodiorite and alaskite in the cirque at the head 
of Bear Creek (fig. 16). In 1922, 360 ounces (11.2 kg) of silver was 
smelted from concentrates produced in a small flotation mill on the 
property, but little work has been done since 1934 when the mill burned 
(Livingston, 1971, p. 127, 128). 

Two sets of mineralized shear zones occur in the basin. One set 
trends about N. 50° W., parallel to the Cleopatra-Bear Lakes shear 
zone; the other trends about N. 80° W. Intersections of the two sets 
of shear zones have not been explored. 

Adit 3 (fig. 16, locs. 57-73) follows a vein of irregular width in a shear 
zone striking approximately N. 80° W. and dipping 85° SW. to ver
tical (fig. 17). Country rock in the adit is granodiorite, fresh on the 
footwall but altered on the hanging wall. The shear zone can be traced 
on the surface for more than 3,000 ft (1.067 m), but brush and talus 
cover prevented sampling over most of the length. Quartz stringers 
in the shear zone range in width from 0.6 to 5.9 ft (0.2-1.8 m). 

Samples of quartz and mineralized material from adit 3 and the 
exposures on the surface (fig. 17, locs. 58-73) show erratic silver values 
ranging from 0.1 to 33.7 oz/ton (3.4-1,155.4 g/metric ton) and averag
ing 5.6 oz/ton (192.0 g/metric ton). Maximum gold and copper contents 
of the samples were only 0.05 oz/ton ( 1. 7 g/metric ton) and 0.16 percent, 
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FIGURE 17.-Map of Adit 3, Bear Creek prospects. 

respectively. Indicated reserves near the portal of the adit are 
estimated to be small. 

A parallel but wider shear zone lies approximately 400ft (122m) 
south of the structure in adit 3 and extends eastward from the area 
covered by figure 17 into the basin in which the Cleopatra mine is 
located. This large structure contains only a few quartz stringers and 
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apparently is not mineralized at the surface. Smaller intervening 
shears are not mineralized. 

Adits 6 and 7 (fig. 16) are along two minor shear zones paralleling 
the Cleopatra-Bear Lakes structure. The portal of adit 6 is in slightly 
altered and slightly mineralized alaskite, but along the drift the rock 
grades into relatively fresh granodiorite (fig. 18). Adit 7, driven as a 
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crosscut at an elevation approximately 70ft (21 m) lower than adit 
6, is in alaskite (fig. 18). Pods and irregular stringers of sulfide minerals 
as much as 2ft (0.6 m) wide occur in quartz veins within the persist
ent shear zones. The shear zones strike about N. 50° W. and dip 71 o_ 

88 o SW. Pyrite is the most abundant sulfide mineral and minor 
chalcopyrite is present. Locally, the wallrock contains as much as 2 
percent disseminated sulfide minerals. Maximum gold, silver, and cop
per contents of samples of the quartz and mineralized material are 
0.04 oz/ton (1.4 g/metric ton), 1.5 oz/ton (51.4 g/metric ton), and 0.35 
percent, respectively. Sulfide minerals in the shear zones decrease in 
abundance from the alaskite into the granodiorite. 

Other short adits driven on shear zones expose very low grade 
deposits of sulfide minerals. Except for one 1.5-ft-long (0.5 m) sample 
(fig. 16, loc. 55) that contains 2.9 oz/ton (99.4 g/metric ton) silver, 
samples from the shear zones (fig. 16, locs. 18, 19, 47-56) contain a 
maximum of 0.01 oz/ton (0.3 g/metric ton) gold, 30.9 oz/ton (0.9 g/metric 
ton) silver, and 0.05 percent copper. Two grab samples from the ore 
bin (fig. 16, locs. 20, 21) average 0.04 oz/ton (1.4 g/metric ton) gold, 12.6 
oz/ton (432.0 g/metric ton) silver, and 0.05 percent copper. 

The silver resources exposed by the workings and the number of per
sistent intersecting shear zones indicate that places in upper Bear 
Creek are favorable for exploration. 

CLEOPATRA MINE 

The Cleopatra mine workings are in a basin (fig. 19) on the west wall 
of the Canyon of the West Fork Miller River. The workings are along 
a section of the major shear zone that trends northwest into the Bear 
Lakes-Paradise Lakes area (figs. 16, 19). 

The mine produced approximately $250,000 worth of silver-lead
copper ore intermittently between 1897 and 1941 (Livingston, 1971, 
p. 139); in 1942, the operation was terminated by U.S. War Produc
tion Board Order L-208. 

The workings total about 2,100 ft (640 m) and consist of drifts, 
crosscuts, winzes, raises, and a shaft (Livingston, 1971, p. 140); only 
530ft (162m) of drifts and crosscuts were accessible in 1973 (fig. 20). 
Information on the mine, including maps and assay results from inac
cessible parts of the workings, is from Purdy (1951), Livingston (1971), 
and Joseph Cashman (written commun., 1973). 

Three mineralized shear zones in granodiorite were developed 
through underground workings. The zones are nearly parallel, strike 
N. 45 °-70° W., and dip 65 o SW. to vertical. All are intensely kaolinized 
and sericitized. They contain sparse sulfide minerals including pyrite, 
chalcopyrite, j amesonite, galena, sphalerite, and tetrahedrite. 
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FIGURE 19.-Basin containing Cleopatra mine; view from the east. 

The main zone is exposed along a 490-ft-long (149m) drift and two 
short drifts now in the inaccessible section of the adit (fig. 20). Two 
winzes were sunk from the long drift. The main zone is 0.5-37 ft (0.2-
11.3 m) wide and averages 2.4 ft (0.8 m) wide (Purdy, 1951, p. 82, 83). 
Farther southeast, the main zone is exposed in the two short drifts 
off the southwest branch of the lower adit, making the total length 
within the Cleopatra mine 910ft (277m) (fig. 20). A 210-ft-high (64 m) 
raise extends in the zone to an upper adit which was driven 160 ft 
(49 m) along the zone. On the surface, the zone can be traced approx
imately 230 ft (70 m) northwest from the portal of the upper adit (fig. 
20). It is intensely weathered at the surface and only isolated lenses 
of sulfide minerals remain. Samples from the long drift (Livingston, 
1971, pl. 4) have a weighted average of 0.01 oz/ton (0.3 g/metric ton) 
gold and 6.39 oz/ton (219 g/metric ton) silver across an average width 
of 2.2 ft (0. 7 m); samples taken from the raise across a width of 2.3 ft 
(0.7 m) (fig. 20) contain 0.04 oz/ton (1.4 g/metric ton) gold, and 
17.5 oz/ton (600 g/metric ton) silver. 

A second parallel shear zone was intersected by a crosscut extend
ing northward from the long drift. A 190-ft-long (58 m) drift was driven 
along the zone. This zone is probably exposed in the southwest branch 
of the lower adit, bringing the total known length of the zone to 850 ft 
(259m). Samples from the second zone (Livingston, 1971, pl. 4) average 



116 ALPINE LAKES STUDY AREA AND ADDITIONS, WASHINGTON 

a trace of gold and 6.4 oz/ton (219.4 g/metric ton) silver across an 
average width of 3.1 ft (0.9 m). 

Total inferred reserves for the two parallel mineralized zones above 
the lower adit level are about 100,000 tons (91,000 metric tons) con
taining a trace to as much as 0.05 oz/ton (1.7 g/metric ton) gold and 
6-17 oz/ton (206-583 g/metric ton) silver. 

Winzes were sunk in the main zone to as much as 75 ft (22.9 m) below 
the lower adit level and reportedly (Livingston, 1971, p. 140) discovered 
highly mineralized rock. The potential mineral resources may be as 
great below the lower adit level as they are above it. 

A third zone is exposed for 150ft (46 m) along a drift. Samples (fig. 
20, locs. 96-98, 101) contain no gold and a maximum of 0.5 oz/ton 
(17.1 g/metric ton) silver. 
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FIGURE 20.-Map of Cleopatra mine. 
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ACES UP MINE 

The Aces Up adits (fig. 21) are on the apparent southeast end of 
the Cleopatra-Bear Lakes shear zone and near the West Fork Miller 
River (fig. 16). In 1948 the property produced 400 pounds (181.4 kg) 
of ore containing a total of 27 oz (839.8 g) of silver. 

The adits are along three subparallel mineralized shear zones in 
granodiorite. The zones, which are in highly altered granodiorite, strike 
N. 45°-55° W., and dip 60° SW. to vertical (fig. 21). Galena, sphalerite, 
jamesonite, arsenopyrite, and scheelite occur in lenticular masses in 
the zones. Gangue minerals include pyrite, quartz, and calcite. 

Adit 1, caved 220ft (67 m) from the portal, was reportedly driven 
300ft (91 m) along the southernmost shear zone (Purdy, 1951, p. 80), 
which ranges in width from 0.8 to 5.0 ft (0.24-1.5 m) and has an 
average width of 2.4 ft (0. 7 m). Pyrite, sphalerite, and galena are finely 
disseminated in the zone. An outcrop about 425 ft (130 m) northwest 
of the portal of adit 1 (fig. 21, locs. 137, 138) appears to be part of 
the zone. 

Data for samples collected from Cleopatra Mine, upper West Fork Miller River-Bear 
Creek area 

[Tr, trace; N, none detected; --, not analyzed; NA, not applicable; all samples are chip except 84 which is a 
select sample] 

Sample Gold Silver Copper Lead Zinc 
No. (ft) (m) (oz/ton) (g/metric ton) (oz/ton) (g/metric ton) (percent) (percent) (percent) 

78-- 1.0 o. 3 Tr. Tr. Tr. Tr. 
79-- 2.5 0.8 N N 0.1 3.4 
80-- 1.0 0.3 tr. tr. 1.3 10.3 0 .48 0.03 0.21 
81-- 3.0 0.9 N N .1 3.4 

82-- 3. 7 1.1 tr. tr. .1 3.4 
83-- 2.0 0.6 tr. tr. .1 3.4 
84-- NA NA 0.01 0.34 97.8 3,346.1 .62 .03 .58 
85-- 2. 5 0.8 .02 0.69 11.0 376.4 .29 .11 .19 

86-- 2.5 0.8 N N .1 3.4 
87 -- 2.0 0.6 .02 0.69 3.5 119.7 .51 .04 .25 
88-- 2.0 0.6 .02 0.69 1.0 34.2 .37 .02 .17 
89-- 2.0 0.6 .05 1.71 .2 6.9 

90-- 2 . 0 0.6 .04 1.37 tr. tr. 
91-- 2.0 0.6 N N 
92-- 3.5 1.1 tr. tr. .1 3.4 
93-- ~.5 0.8 N N tr. tr. 

94-- 1.2 0.4 N N 
95-- 6. 0 1.8 .2 6."9 
96-- 6. 0 1. 8 .1 3.4 
97-- 4 . 5 1.4 0.1 3.4 

98-- 1.0 0. 3 tr. tr. 
99-- 2. 2 0. 7 N N 

100-- 5.0 1.5 .5 17.1 

101-- 2. 3 0. 7 .1 3.4 
102-- 31.0 9.4 . 1 3.4 
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A middle shear zone is exposed for the entire length of adit 2 (fig. 
21) and probably in a short drift at the end of adit 1. The zone splits 
from the main zone close to the portal of adit 1. It ranges in width 
from 0.5 to 4.0 ft (0.15-1.2 m) and averages 1.5 ft (0.5 m). Minor 
amounts of galena and scheelite occur in lenses and pods in the zone. 

The northernmost shear zone is exposed for 175ft (53 m) in adit 
3. It ranges in width from 0.5 to 5.3 ft (0.2-1.6 m) and averages 2.1 ft 
(0.6 m). Pyrite accompanied by minor amounts of sphalerite, galena, 
and chalcopyrite occurs in lenses as much as 2 in. (5.1 em) wide and 
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Data for samples collected from Aces Up mine, upper West Fork Miller River-Bear Creek 
area 

[Tr., trace; N, none detected; --, not analyzed; <, less than shown; NA, not applicable; all samples are chip ex.cept 103 
which is a grab sample] 

Sample Gold Silver 
Copper Lead Zinc Antimony Arsenic 

No. ~ (oz/ton) (g/metric (oz/ton) (g/metric (percent) (percent) (percent) (percent) (percent) 
(ft) (m) 

ton) ton) 

103-- NA NA Tr. Tr. 0.07 2.39 
104-- 2.5 0.8 tr. 4.5 148.9 0.04 0.66 0.37 0. 3 0.55 

105-- 1.5 0.4 tr. tr. . 9 30.8 
106-- 2.5 o.s 0.03 1.03 .1 3.4 .02 <.01 

107-- 2.8 0.8 N N 6.5 222.3 
108-- 3.5 1.1 .06 2.05 .4 13.9 .02 .06 .82 <.01 . 86 

109-- 3.5 1.1 tr. tr. .3 10.3 
110-- 1.5 0.4 tr. tr. 1.2 41.0 .03 .21 

111-- 5. 3 1.6 Tr. Tr. 
112-- 3.5 1.1 tr. tr. .1 3.4 
113-- .5 0.2 N N 3.2 109.5 
114-- .5 o. 2 N 

115-- 0.5 0.2 0.05 1.71 tr. tr. 
116-- 2.5 0.8 .11 3. 76 .2 6.8 
117-- 2.5 0.8 tr. tr. .5 17.1 0.02 0.04 
118-- .5 0.2 .07 2.39 9.4 321.6 

119-- 2.5 0.8 tr. tr. . 2 6.8 
120-- . 5 0.2 N N 
121-- 1.5 0.4 N N N 

122-- 1.1 0.3 .2 6.8 

123-- 5.0 1.5 tr. tr. .03 
124-- 4.0 1.2 N N .2 6.8 
125-- 3.5 1.1 N N .2 6.8 
126-- 3.5 1.1 .05 1.71 9. 7 331.9 

127-- 1.0 o. 3 .03 1.03 6.6 225.8 <.01 <.01 0.012 <0.01 
128-- .8 0.2 1.27 43.4 .2 6.8 
129-- 3.0 0.9 .05 1.71 11.8 407.1 
130-- 1.0 0.3 N 

131- 1.0 0.3 <0.01 <0.01 0.008 0.015 0.6 
132-- 3.0 0.9 N N N N .6 1.0 0. 7 
133- 1.0 0. 3 0.05 1.71 0. 3 10.3 .3 7 .o 
134-- 3.5 1.,1 

135- 4.0 1.2 
136-- 2.5 0.8 tr. tr. 
137-- • 3 0.1 tr. tr. .3 10.3 
138-- .8 0.2 N N .2 6.8 

1 ft (0.3 m) long. A winze extends downdip from near the portal. Adit 
4 was driven in mineralized rock believed to be an updip continuation 
of the northernmost shear zone. The rock there contains galena pods 
as much as 0.5 ft (0.2 m) in diameter. 

MISCELLANEOUS PROSPECTS 

Other minor prospects and mineralized zones were sampled in the 
area and these are listed in table 4. 

LOWER WEST FORK MILLER RIVER AREA 

The area (fig. 7, area 3; fig. 22) is underlain by granodiorite of the 
Snoqualmie batholith that is cut by strong persistent northwest- and 
west-trending shear zones. Small breccia zones are randomly distrib
uted through the area. The shear zones generally contain pyrite, 
arsenopyrite, galena, sphalerite, j amesonite, chalcopyrite, tetrahedrite, 
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quartz, calcite, and gouge. The highly weathered parts of the shear 
zones are at the surface. Magnetite occurs in veins, pods, and as fine
grained disseminations. 

Many of the northwest-striking shear zones may contain small 
resources. 

TABLE 4.-Miscellaneous prospects and mineralized zones in the upper West Fork 
Miller River-Bear Creek area, Alpine Lakes area, Washington 

Sample 
locality 

No. 
(fig. 16) 

Prospect 

18 ------ Bear 
Mountain 
Ridge 
No.1. 

74 ------ Dawson ---

Summary 

Limonite-stained fine-grained hornfels 
contain less than 5 percent 
disseminated fine-grained sulfide 
minerals, mostly pyrite and 
arsenopyrite. 

Outcrop shear zone on divide 5,000 ft 
(1,500 m) northwest of Cleopatra 
mine. Zone mostly altered to clay 
except for remnants along hanging 
wall. 

75 ------ --- do --- A 2.5-ft-wide (0.8 m) shear zone in 
granodiorite, 4,300 ft (1,310 m) 
northwest of Cleopatra mine. Zone 
near main Cleopatra-Bear Lakes 
shear zone. 

76 ------ Unnamed - A lo-ft-wide (3m) shear zone strikes N. 
65° W. and dips vertically. Shear 
zone in granodiorite, highly altered 
and iron oxide stained. 

77 ------ --- do --- Brecciated rock and granodiorite 
contain pods of pyritic material and 
breccia as much as 1.5 ft (0.5 m) in 
diameter. Pyrite content of pods and 
breccia greater than 10 percent. 

139 ----- --- do --- Shear zone in granodiorite strikes 
N. 50° W., dips 60° SW., is 0.8 ft 
(0.24 m) wide, contains 1 percent 
pyrite and is highly altered. 

140 ----- --- do --- A lo-ft-wide (3.0 m) shear zone in 
granodiorite. Zone strikes N. 50° W., 
dips 70° SW., and contains 20 
percent quartz and finely 
disseminated pyrite. 

Sample data 

Chip sample, 8-ft-long (2.4 m) from area 
of disseminated sulfide minerals; no 
gold, trace of silver, and 0.2 percent 
copper. 

Chip sample, 1.3-ft-long (0.4 m); 0.3 
oz!ton (1.0 g/metric ton) gold and 
trace of silver. 

Chip sample across shear zone; no gold, 
trace of silver. 

Chip sample, lo-ft-long (3 m); no gold or 
silver. 

Chip sample, 1.5-ft-long (0.46 m); no 
gold or silver. 

Chip sample across zone contained no 
gold and 0.1 oz/ton (3.4 glmetric ton) 
silver. 

One chip sample contains trace of gold 
and 0.3 oz!ton (10.3 glmetric ton) 
silver. 
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AKISHIN CLAIMS 

A persistent sulfide-bearing shear zone is exposed in two adits on 
the Akishin claims (fig. 23). The zone strikes N. 70°-90° W., dips 50°-
800 SW., and cuts granodiorite. The zone ranges from 0.5 to 15ft (0.2-
4.6 m) in width and averages 2.1 ft (0.6 m).lt apparently is continuous 
between the lower adit, upper adit, and surface west of the upper adit, 
a total strike length of about 2,000 ft (610 m). 
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Data for samples collected from the Akishin claims, lower West Fork Miller River 
area 

(Tr., trace; N, none detected; --, not analyzed; NA, not applicable, <, less than shown; all 
samples are chip except 168, 189, and 190 which are grab samples] 

Sa!!!I!le Gold Silver 
Length (g/metric (g/metric Copper Lead Zinc 

No. (ft) (m) (oz/ton) ton) (oz/ton) ton) (percent) (percent) (percent) 

134--- 2.5 0.8 Tr. Tr. o. 7 23.9 0.045 0.25 0.35 
135--- .8 0.2 N N N N .006 <.01 .008 
136--- • 7 0.2 N N N N 
137--- 3.0 o. 9 0.03 1.03 4. 7 160.8 .14 .093 .17 

138--- .5 0.2 .15 5.13 2.2 75.3 .01 .01 .014 
139--- 2.5 0.8 tr. tr. .3 10.3 .16 .074 .17 
140--- 10.0 3.0 .03 1.03 2.0 68.8 .62 1.56 1.42 
141--- 1.0 o. 3 .06 2.05 5.8 198.4 1.37 .94 .44 

142--- 2.0 0.6 .01 0.34 .5 17.0 .046 .19 .22 
143--- 1.6 0.5 tr. tr. .2 6.8 .009 .074 .094 
144--- .5 0.2 N N .1 3.4 .01 .05 .074 
145--- 2.4 o. 7 .02 0.68 .5 17.0 .041 .55 .89 

146--- 3.0 0.9 tr. tr. .2 6.9 
147--- .5 0.2 N N N N 
148--- 4.0 1.2 tr. tr. .4 13.7 
149--- 2.0 0.6 N N .1 3.4 .053 .014 .ou 

150--- 2.5 0.8 N N N N 
151--- 2. 4 o. 7 N N .1 3.4 .01 .34 .38 
152--- 3.0 0.9 N N N N 
153--- 4.0 1.2 N N tr. tr. 

154--- 1.2 0.4 tr. tr. 0.1 3.4 
155--- 1.0 o. 3 N N .2 6.8 
156--- 5.5 1.6 tr. tr. .3 10.3 
157--- 10.0 3.0 0.05 1. 71 .5 17.0 

158--- 1.8 0.5 .03 1.03 3.1 106.0 0.56 0.16 0.085 
159--- 1.5 0.4 .01 0.34 • 7 23.9 .12 .097 .36 
160--- 2.5 0.8 .02 0.68 1.5 51.3 
161--- 7.0 2.1 .07 2.39 .9 30.8 

162--- 2.0 0.6 tr. tr. 1.0 34.2 .37 .074 .42 
163-- 2.5 0.8 .03 1.03 1. 9 65.0 
164--- 1.2 0.4 .03 1.03 2.4 72.9 
165--- 1-0 0.3 .01 0.34 1. 3 44.5 .006 <.01 

166--- 4.0 1.2 .05 1. 71 .4 13.7 .2 .1 .35 
167--- 1.5 0.4 .01 0.34 2.0 68.4 .13 .28 .39 
168--- NA NA .01 0.34 .3 10.3 
169--- 6.0 1.8 tr. tr. 1. 1 37.6 .135 .27 1.13 

170--- 3.0 0.9 tr. tr. .2 6.8 .034 .14 .85 
171--- 2.0 0.6 .01 0.34 .4 13.7 
172--- 1.1 0.3 tr. tr. .4 13.7 .022 .26 .38 
173--- .5 0.2 .02 0.68 .3 10.3 .024 .023 .38 

174--- • 7 0.3 .01 0.34 .5 17.0 
175--- • 7 0.3 N N .2 6.8 
176--- 2.0 0.6 N N N N 
177--- 2.2 o. 7 N N 0.2 6.8 0.006 <0.01 0.018 

178--- .8 0.2 N N .2 6.8 
179--- 1.5 0.4 0.04 1.07 1.2 41.0 
180--- .8 0.2 tr. tr. .5 17.0 .021 .33 .17 
181--- 1.0 0.3 tr. tr. .2 6.8 

182--- 1.2 0.4 N N .3 10.3 .015 .05 .045 
183--- .8 0.2 N N N N 
184--- • 7 0.2 N N N N 
185-- 1.6 0.5 tr. tr. .2 6.8 

186--- • 7 0.2 N N .1 3.4 
187--- • 7 0.2 N N .2 6.8 
188--- • 7 0.2 tr. tr. .1 3.4 

189--- NA NA N N 1.8 61.6 
190--- NA NA N N • 7 23.9 .05 .18 .28 
191--- • 7 0.2 N N .2 6.8 



124 ALPINE LAKES STUDY AREA AND ADDITIONS, WASHINGTON 

Sulfide minerals in the zone include pyrite, chalcopyrite, galena, and 
sphalerite which occur with quartz and gouge in erratically distributed 
lenses and pods. The zone is highly altered and stained with copper 
carbonate and iron oxide minerals. 

Another small shear zone about 2,000 ft (610 m) northeast of the 
lower adit is exposed in a 10-ft-long (3.0 m) adit (fig. 23, loc. 191). It 
is 0. 7 ft (0.2 m) wide, strikes N. 52 o W., and dips 55 o SW. A chip sam
ple taken across the vein contains 0.2 oz/ton (6.8 g/metric ton) silver 
and no gold. 

Small areas of the principal shear zone contain as much as 0.06 oz/ton 
(2 g/metric ton) gold, 5.8 oz/ton (199 g/metric ton) silver, 1.37 percent 
copper, and minor amounts of lead and zinc. In general, however, the 
mineralized rock is very irregular and of low grade. 

CONEY MINE 

1\vo adits explored shear zones in granodiorite on the west side of 
the basin south of Coney Lake (fig. 22). Development consists of a total 
of 3,000 linear ft (914 m) of underground workings (Livingston, 1971, 
p. 140). The lower adit is caved. 

The mine produced 86 tons (78 metric tons) of ore intermittently be
tween 1895 and 1941 (Livingston, 1971, p. 141). Undated records of 
the U.S. Bureau of Mines indicate that 46 tons (42 metric tons) of the 
ore contained 26 oz (809.4 g) gold, 598 oz (18,600 g) silver, 400 lb (181 
kg) copper, and 2,461 lb (1,116 kg) lead. 

A sulfide-rich quartz vein in a west-striking shear zone, which dips 
70<L85° S., is followed for about 400ft (122m) by the upper adit (fig. 
24). The quartz vein is 0.3-4 ft (0.1-1.2 m) wide and contains 5-15 per
cent sulfide minerals in lenses and pods. The sulfide minerals include 
pyrite, arsenopyrite, sphalerite, galena, chalcopyrite, and tetrahedrite. 
Assay results from the quartz-vein samples (fig. 24, locs. 15-32) show 
only minor amounts of gold, silver, lead, zinc, and copper, with the 
exception of the sample from locality 32 from the portal at the place 
where the vein is intersected by the main shear zone. This sample con
tains 0.22 oz/ton (7.5 g/metric ton) gold and 4.0 oz/ton (137 g/metric 
ton) silver over a width of 1.2 ft (0.4 m). Samples from localities 3 and 
4 (fig. 24) in this same shear zone contain 0.09 and 0.22 oz/ton (3.0 and 
7.5 g/metric ton) gold and 8.3 and 1.5 oz/ton (285 and 51 g/metric ton) 
silver, respectively, over widths of 4 and 1.4 ft (1.2 and 0.4 m). Addi
tional exploration of this shear zone may disclose a gold-silver resource. 

Shear zones intersected by the adit near the face contain more than 
80 percent fault gouge and 1-3 percent fine-grained sulfide minerals, 
mainly pyrite. Copper carbonate occurs in a shear zone intersected at 
1,260 ft (384m) from the portal. 
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LOWER CLEOPATRA PROSPECT 

The Lower Cleopatra prospect is above the switchbacks on the 
Cleopatra mine road (figs. 19, 22). 

A segment of a northwest-trending shear zone is developed by a 90-
ft-long (27 m) adit (fig. 25, locs. 50-54). The shear zone ranges in width 
from 1.2 to 12.0 ft (0.4-3. 7 m) and contains 3-5 percent sulfide 
minerals, mainly pyrite, arsenopyrite, galena, and chalcopyrite. Quartz 
is the principal gangue mineral. 

Extensions of the shear zone are traceable in the streambed north
west of the adit (fig. 25, locs. 36-49), where highly leached outcrops 
contain altered granitic rock, clay, quartz, and 1-5 percent pyrite. Six 
highly iron-stained shear zones, probably extensions of the main zone, 
crop out along the mine road southeast of the adit (fig. 25, locs. 55-62). 

Average grade of the less altered part of the shear zone explored 
by the adit is 0.02 oz/ton (0. 7 g/metric ton) gold, 5.8 oz/ton 
(198.8 g/metric ton) silver, and 0.19 percent copper. Several tens of 
thousands of tons of similar grade material might be developed by 
exploring along the strike of the shear zone. 

BLACK DIKE PROSPECT 

Medium- to coarse-grained granodiorite cut by northwest- and north
east-trending joints and shear zones underlies the prospect area. Mag
netite is disseminated in a 110-ft-high (33.5 m) cliff near the river (figs. 
22 and 26, locs. 7 5-94) and in rock surrounding adit 1 (figs. 22 and 
26, locs 95-98). It also occurs as coarse-grained blebs, as pods as much 
as 0.4 ft (0.12 m) in diameter, along joint surfaces, and in veins as much 
as 1 ft (0.3 m) wide. Samples were taken continuously up the cliff face 
at two localities (fig. 26, locs. 7 5-84, 85-94). At one locality near the 
top of the cliff, the samples (locs. 7 5-84) are higher in iron than those 
collected from lower on the cliff. Samples of unaltered rock from adit 
1 also contain magnetite. Although iron-bearing float was found be
tween the two locations, no magnetite-bearing outcrops have been 
discovered. A magnetometer survey (Joseph Cashman, written com
mun., 1973), which showed the anomaly above the cliff to be 180ft 
(55 m) long and 120ft (37m) wide, failed to indicate a continuity of 
iron-rich rock between the cliff exposure and adit 1. A total of about 
250,000 tons (227 ,000 metric tons) of rock containing an average of 
20.2 percent iron is estimated to exist in the exposure at the cliff 
(fig. 26, locs. 75-94) and near the adit (fig. 26, locs. 95-98). 

Adits 2 and 3 penetrate a highly altered breccia pipe. Exposures 
indicate that the pipe is at least 25 by 60ft (7.6 by 18.3 m) in cross 
section and extends at least 40 ft ( 12.2 m) vertically. Irregularly 

Continued on p. 128. 
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Data for samples collected from upper adit, Coney Basin mine, lower West Fork Miller 
River area 

[Tr, trace; N, none detected; not analyzed; all samples are chip] 

Sa!!!J2le Gold Silver 
Length (g/metric (g/metric Copper Lead Zinc 

No. (ft) (m) (oz/ton) ton) (oz/ton) ton) (percent) (percent) (percent) 

3---- 4.0 1.2 0.09 3.08 8. 3 284.0 0.04 1.34 
4---- 1.4 o. 4 .22 7. 53 1. 5 51.3 .025 .71 0.065 
5---- .3 0.1 .03 1.03 N N 
6---- • 7 o. 2 .02 o. 68 .1 3.4 

7---- .8 0.2 .03 1.03 N N 
8---- .8 o. 2 .04 1. 37 .1 3.4 
9---- .4 0.1 .03 1.03 N N .012 .01 .oos 

10---- 1.2 0.4 .04 1. 37 .1 3.4 .002 .002 

11---- .4 1.2 .02 0.68 N N 
12---- 3.5 1.1 .03 1. 03 
13---- 3.5 1.1 Tr. Tr. .1 3.4 .006 N .007 
14---- 1.0 0.3 tr. tr. .1 3.4 .008 .011 .007 

15---- .s 0.2 tr. tr. • 7 23.9 .029 .81 .ss 
16---- 4.0 1. 2 tr. tr. .1 3.4 .006 .012 .002 
17---- 1. 5 0.4 tr. tr. .1 3.4 
18---- .3 0.9 .01 0.34 .1 3.4 

19---- 1.8 o.s tr. tr. .1 3.4 
20---- 1. 5 0.4 N N N N 
21---- 1.0 0.3 N N .1 3.4 
22---- 1. 2 0.4 0.04 1. 36 tr. tr. 

23---- 1.5 0.4 N N N N 0.007 N 0.004 
24---- .s o. 2 N N N N .028 0.023 .014 
25---- 2.5 0.8 .01 0.34 1.4 4 7.9 .076 .66 1.38 
26---- 4.0 1. 2 tr. tr. .2 6. 8 .015 .092 .061 

27---- 1.5 0.4 .01 0.34 .4 13.7 .016 .20 .076 
28---- 1. 8 o.s .01 o. 34 tr. tr. .017 .11 .072 
29---- 1.0 0.3 tr. tr. .1 3.4 .016 .11 .042 
30---- 2.5 o. 8 .01 o. 34 .1 3.4 .014 .15 .03 

31---- .3 0.1 .01 0.34 tr. tr. .016 
32---- 1. 2 0.4 .22 7. 53 4.0 136.8 
33---- 2.4 o. 7 .1 0.34 6. 9 236.1 
34---- 2. 5 o. 8 N N tr. tr. 
35---- .s 0.2 N N N N 
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FIGURE 25.-Map of lower Cleopatra prospect. 

distributed pyrite and chalcopyrite occur in the pipe, as do clay 
minerals, micaceous minerals, sericite, and magnetite. About 5,000 
tons (4,536 metric tons) of rock containing 0. 72 percent copper is 
estimated to occur above adit 2. 

LYNN PROSPECT 

The workings in the Lynn prospect are along the West Fork Miller 
River jeep trail (figs. 22, 27). No production has been reported from 
the property. 

Highly weathered northwest-trending shear zones in granodiorite 
are intersected by two adits (fig. 27). The lower adit intersects small 
fractures filled with quartz, pyrite, and gouge in the initial 230 ft 
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(70 m). The mineralized rock that formed along fractures ranges in 
width from 0.3 to 1.5 ft (0.09-0.46 m). Beyond the jointed area the 
drift follows a shear zone containing 15-30 percent quartz, 10-25 per
cent clay, and 3-5 percent sulfide minerals, which include pyrite, 
arsenopyrite, galena, sphalerite, and chalcopyrite. The sulfide minerals 
occur in lenticular bodies. 

The upper adit was driven along two parallel shear zones. Both zones 
strike N. 45 oW. and dip steeply southwest. These zones contain fine
grained pyrite, galena, chalcopyrite, sphalerite, and lenses of quartz. 

On the surface, northwest- and northeast-trending shear zones can 
be traced from the upper adit up the drainage for about 1,150 ft 
(350m). These structures range in width from 0. 7 to 8.0 ft (0.2-2.4 m) 
and contain highly altered granitic rock, quartz, pyrite, galena, 
sphalerite, and arsenopyrite. The northeast-trending cross fractures 
do not contain significant amounts of mineralized rock. 

MISCELLANEOUS PROSPECTS 

Other prospects in the area have no mineral-resource potential or 
the deposits are not sufficiently exposed to indicate a potential. 
Descriptions of these properties are summarized in table 5. 

PROSPECTORS RIDGE AREA 

Many prospects and mineralized zones are on the north end of Pros
pectors Ridge and the adjacent areas of the Illinois and lower Len
nox Creeks drainages (fig. 7, area 1; fig. 28). 

Granodiorite crops out along lower Illinois Creek, on the north end 
of Prospectors Ridge, and at low elevations along lower Lennox Creek. 
Metamorphosed volcanic, sedimentary, and ultramafic rocks crop out 
along upper Illinois Creek and on the south end of Prospectors Ridge. 
Most mineral deposits occur in altered sheared granodiorite. The 
deposits contain abundant quartz, mica and pyrite or arsenopyrite. 
Traces of sulfide minerals also occur in unaltered granodiorite. Sulfide 
minerals also commonly occur in iron oxide stained hornfels, and, in 
places, make up as much as 5 percent. of the rock. 

BEAVERDALE CLAIMS 

The main workings on the Beaverdale patented claims consist of 
three adits. The workings are along an altered shear zone which strikes 
approximately west and dips nearly vertically (fig. 29). The shear 
zone ranges in width from 10ft to more than 100ft (3-30m) and is 
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intermittently exposed for more than 1,000 ft (305 m) on the steep 
west slope of Illinois Creek. The shear zone might extend 6,500 ft 
(1,980 m) west to the North Fork Snoqualmie River in the area of two 
caved adits (fig. 28, near loc. 59). 

Near the upper adit the north contact of the shear zone with the 
granodiorite is sharp and the country rock is unaltered. Large altered 
lenses of granodiorite occur in the zone near the south contact. 
Irregular stringers and lenses of sulfide minerals also occur in the 
zone. 

The upper adit was driven along a continuous sulfide-rich vein that 
averages 1 ft (0.3 m) wide for more than 150 ft (46 m). Pyrite and 
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Data for samples collected from Black Dike prospect, lower West Fork Miller 
River area 

[Tr., trace; N, none detected; -- not analyzed; all samples are chip) 

Sa!!!J:!le Gold Silver 
Length (g/metric (g/metric Copper Iron 

No. (ft) (m) (oz/ton) ton) (oz/ton) ton) (percent) (percent) 

75---- 8.o 2.4 N N o.1 3.4 4.0 
76---- s.o 1. 5 N N .2 6.8 12.5 
77---- s.o 1.5 N N .1 3.4 3.1 
78---- s.o 1. 5 N N tr. tr. 6.1 

79---- s.o 1. 5 N N N N 17.1 
80---- s.o 1. 5 N N .1 3.4 23.2 
81---- s.o 1.5 N N N N 21.3 
82---- 5.0 1. 5 tr. tr. .1 3.4 27.7 

83---- s.o 1. 5 N N tr. tr. 21.7 
84---- 7.0 2.1 tr. tr. .1 3.4 21.9 
85---- s.s 1.7 N N .1 3.4 9. 7 
86---- s.o 1.5 N N N N 12.4 

87---- s.o 1.5 N N tr. tr. 16.3 
88---- 7.0 1. 7 N N .1 3. 4 19.4 
89---- 6.0 1. 8 N N .2 6.8 20.3 
90---- 6.0 1. 8 N N tr. tr. 22.2 

91---- s.o 1.5 N N tr. tr. 19.3 
92---- s.o 1. 5 N N .1 3. 4 18.6 
93---- s.o 1.5 tr. tr. tr. tr. 20.8 
94---- 6.0 1. 8 N N tr. tr. 27.1 

95---- 12.0 3. 7 N N tr. tr. 
96---- s.o 1. 5 N N o. 3 10.3 58.7 
97---- 2. 8 o.s N N .1 3.4 24.4 
98---- 29.0 8.8 N N • 2 6. 8 30.7 

99---- 2.0 0.6 tr. tr. .1 3.4 o.os 
100---- s.o 1. 5 N N • 2 6.8 
101---- 10.0 3.0 N N .3 10.3 3.32 
102---- 10.0 3.0 N N • 5 17.1 .08 

103---- 4.0 1.2 N N .1 3.4 .25 
104--- - s.o 1.5 N N N N 
105---- 20.0 6.1 N N .1 3.4 .06 
106---- s.o 1.5 tr. tr. .2 6.8 .01 

arsenopyrite in nearly equal amounts compose about 75 percent of 
the vein. The remainder is quartz, mica, and altered granodiorite. 
Altered rock south of the vein contains as much as 10 percent sulfide 
minerals. The highest precious- and base-metal contents in the upper 
adit are associated with the sulfide zones. Three samples from the 
sulfide-enriched sections of the vein contain an average of 0.20 oz/ton 
(6.86 g/metric ton) gold and 0.78 oz/ton (26.7 g/metric ton) silver over 
a width of 1-2 ft (0.3-0.6 m). Samples from other parts of the vein 
average less than 0.01 oz/ton gold and less than 0.1 oz/ton silver (0.34 
and 3.4 g/metric ton, respectively) and contain minor amounts of cop
per, lead, zinc, and molybdenum. 

The caved middle adit (No. 25, fig. 29) was driven 55ft (17m) along 
a vein striking N. 80 oW. and dipping 78 o SW. The vein is composed of 
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1.3 ft (0.4 m) of quartz and sulfide minerals next to the hanging wall, 
1.3 ft (0.4 m) of altered brecciated granodiorite in the center, and 1.0 
ft (0.3 m) of gouge next to the footwall (Bethel, 1951, p. 212). Pyrite 
is the most abundant sulfide mineral with lesser amounts of 
arsenopyrite. 

The lower adit is caved. A grab sample (fig. 29, loc. 28) from the 
dump contains 0.34 oz/ton (11.6 g/metric ton) gold and 2.3 oz/ton 
(78.8 g/metric ton) silver. 

LENNOX MINE 

The most extensive workings along Lower Lennox Creek are the 
four adits and many trenches and pits at the Lennox mine (fig. 28). 
Upper adits (fig. 30, locs. 40-42) were driven in the early 1900's shortly 



ECONOMIC APPRAISAL 133 

Data for samples collected from Lynn prospect, lower West Fork Miller River area 

[Tr., trace; N, none detected; --, not analyzed; NA, not applicable; all samples are chip except 
121 which is a grab sample from a dump] 

Sam12le Gold Silver 
Length (g/metric (g/metric Copper Lead Zinc 

No. (ft) (m) (oz/ton) ton) (oz/ton) ton) (percent) (percent) (percent) 

llO---- 0.8 0.2 N N 0.1 3.4 
111---- 4.0 I. 2 o.os I. 71 I. 9 6S.O o.ro 1.4 0.61 
ll2---- 4.0 1.2 N N .I 3.4 .008 .12 .21 
ll3---- r.o 0.3 .or 0.34 4. 6 IS7 .4 .20 s. 74 2. 57 

ll4---- s.o r.s N N .I 3.4 
llS---- • 7 0.2 .07 2.39 2. 8 85.8 .IS .47 I. 79 
ll6---- 4.S 1.4 N N .I 3.4 
117---- 2.0 0.6 N N .I 3.4 

ll8---- 2.0 0.6 .or 0.34 .1 3.4 .OIS .079 .022 
119---- s.o 1.S N N .1 3.4 
120---- .3 o.r N N .I 3.4 
I21---- NA NA Tr. Tr. 2.1 71.8 .2S 1.23 .44 

122---- 3.0 0.9 N N .2 6.8 .007 .ors 
123---- 2.0 o. 6 N N .2 6.8 .006 .oor 
124---- s.o r.s N N .3 10.3 .033 .4S 
12S---- • 7 0.2 .or 0.34 .3 10.3 .02S .018 

126---- .or 0.003 N N .I 3.4 
127---- .s 0.2 N N tr. tr. .023 .015 .027 
I28---- .8 0.2 tr. tr. .9 30.8 .16 .os2 .IS 
129---- 0.4 0.1 N N O.I 3. 4 

130---- r.s 0.4 N N .I 3.4 
I31---- .3 0.1 N N .2 6. 8 
132---- .3 o.r N N .I 3.4 

after the deposit was discovered. The main lower adit (fig. 30, locs. 
43-49} was completed in 1950 (E. A. Magill, written commun., 1951). 
The only recorded production from the mine was approximately 
2,400 lb (1,088.6 kg) of sorted ore from the two upper adits. The 
material contained 1.14 oz/ton (39.1 g/metric ton) gold, 10.42 oz/ton 
(357.2 g/metric ton) silver, and 1.58 percent copper. 

All the adits were started in granodiorite which grades into diorite 
in the upper adits and near the face of the lower adit (fig. 30). Irregular 
shear zones containing lenses and stringers of quartz accompanied 
by pyrite, sphalerite, arsenopyrite, chalcopyrite, and galena trend 
northwest in the granitic rocks. On the surface the shear zones can 
be traced for several hundred feet (about 90-150 m). 

The upper adits were driven along a west-trending shear zone con
taining irregular lenses of pyrite locally surrounded by unaltered rock. 
The middle adit (not showing in fig. 30) was driven along an apparent 
downward extension of the shear zones found in the upper adits. The 
lower adit intersected many small faults and shears as well as a 
sericitic zone containing disseminated sulfide minerals. Holes drilled 
horizontally from the lower adit intersected mineralized structures, 

Continued on p. 138. 
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TABLE 5.-Miscellaneous prospects and mineralized zones in the West Fork Miller River 
area, Alpine Lakes area, Washington 

Sample 
locality 

No. 
(fig. 22) 

Prospect Summary 

1 ------- Unnamed - A 9.0-ft-wide (2.7 m) northwest-trending 
steeply dipping shear zone with three 
0.1-ft-wide (0.3 m) pyrite and 
arsenopyrite veins. 

2 ------- --- do --- A LO-ft-wide (0.3 m) shear zone striking 
west and dipping 80 o S. 

65 ------ Francis A 2.0-ft-wide (0.6 m) iron oxide stained 
Lake. zone in granodiorite. 

69 ------ Magnetite A 15-ft-wide (4.6 m) northwest-trending 
prospect. zone with pods and lenses of 

magnetite. 

70 ------ Unnamed - A 1.0-ft-wide (0.3 m) highly altered 
shear zone in granodiorite. 

71 ------ --- do --- A 7.0-ft-wide (2.1 m) northwest-trending 
shear zone containing quartz and less 
than 1 percent sulfide minerals. 

72 ------ --- do --- A highly silicified shear zone with 
finely disseminated pyrite. 

73 ------ --- do --- A 5-ft-wide (1.5 m) fracture zone 
striking N. 35 o W., dipping vertically. 

107, 108 - --- do ---

63, 64, 66, Placer 
67, 68, prospects. 
74, 109, 
133,192. 

Two northwest-trending shear zones, 2.1 
and 3.0 ft (0.6-0.9 m) wide containing 
less than 1 perce~t pyrite. One 10-ft
long (3 m) adit. 

Placer samples near bedrock exposures 
and favorable gravel deposits in West 
Fork Miller River. 

Sample data 

One chip sample across shear zone: 0.02 
oz/ton (0.7 g/metric ton) gold, and 0.2 
oz/ton (6.8 g/metric ton) silver. 

One chip sample: 0.1 oz/ton (3.4 g/metric 
ton) silver. 

One chip sample: trace of silver. 

One chip sample: 30 percent iron. 

One chip sample: no valuable metals 
detected. 

One chip sample: trace of gold and 0.1 
oz/ton (3.4 g/metric ton) silver. 

One chip sample: 0.2 oz/ton (6.8 g/metric 
ton) silver. 

One chip sample: no valuable metals 
detected. 

Two chip samples: as much as 0.05 
oz/ton (1.7 g/metric ton) gold, 0.2 
oz/ton (6.8 g/metric ton) silver, and 
0.012 percent copper. 

Nine pan samples: no recoverable gold. 
Samples 64, 66, 74, 133: 0.1-0.3 
percent W0

3 
in black-sand 

concentrates. 
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possibly downward extensions of the mineralized structures found in 
the upper adits, but no ore-grade material was found (fig. 30). 

Samples from the upper adits across widths averaging 1.5 ft (0.5 m) 
(fig. 30, locs. 40, 41) contain gold values ranging from 0.07 to 0.39 oz/ton 
(2.4-13.4 g/metric ton), silver values ranging from 0.4 to 43.8 oz/ton 
(14-1,501.7 g/metric ton), and copper values ranging from 0.02 to 2.20 
percent. The shear zone in the middle adit was sampled by E. A. Magill 
(written commun., 1951), who found that across 1.3 ft (0.4 m) the vein 
contains 0.12 oz/ton (4.1 g/metric ton) gold, 4.28 oz/ton (146.7 g/metric 
ton) silver, and 0.35 percent copper. The metal content of samples from 
the lower adit is very low (fig. 30, locs. 43-49). 

A small gold-silver resource exists in the area between the upper and 
middle adits. The prospects have a potential for discovery of additional 
resources. 

MISCELLANEOUS PROSPECTS 

Other prospe~ts and mineralized areas in the Prospectors Ridge area 
either have no resource potential or are not well enough exposed to 
determine the potential. These are summarized in table 6. 

TABLE B.-Miscellaneous prospects and mineralized zones in the Prospectors ridge, 
Alpine Lakes area, Washington 

Sample 
locality Prospect Summary Sample data 

No. 
(fig. 28) 

1-3 ----- Illinois Samples 1 and 2 from limonite-stained Three pan samples: few very small 
Creek gravel downstream from bedrock colors of gold. No resource of gold, 
placers. outcrops near Illinois Creek. Sample 3 silver, or platinum. 

from sandy alluvium above falls on 
lower Illinois Creek. 

4-9 ----- Beaverdale Altered shear zone in granodiorite. Five chip samples from shears and 
claims. Average strike about N. 10° E ., dips veins: trace of gold, less than 0.2 

vertical At least 50ft (15m) wide. oz/ton (6.8 g/metric ton) silver, less 
Estimated 10 percent of rock than 0.25 percent copper, lead, zinc, 
composed of veins 0.25 in. (0.006 m) and molybdenum. One sample from a 
to 1.5 ft (0.46 m) wide. Maximum of pegmatite; 0.2 oz/ton (6.8 g/metric 
10 percent sulfide minerals in shear ton) silver, 0.17 percent copper, and 
zones and veins, mostly pyrite, 0.46 percent molybdenum. 
chalcopyrite, and molybdenite. 
Pegmatite pod 10ft (3m) long and 
3 ft (0.9 m) wide. 

29-33 --- Illinois Hornfels and sheared peridotite. Some Four chip samples: trace of gold, 
Creek orbicular hornblende-talc masses. maximum of 0.1 oz/ton (3.4 g/metric 
peridotite. Maximum of 5 percent black metallic ton) silver, no detectable platinum. 

minerals, disseminated and One select sample of chromite-bearing 
concentrated along joints and veins. rock; 12 percent chromium. 
Concentrations are 0.2 ft (0.6 m) wide 
and 1.5 ft (0.5 m) long. 
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TABLE 6.-Miscellaneous prospects and mineralized zones in the Prospectors ridge, 
Alpine Lakes area, Washington-Continued 

Sample 
locality 

No. 
(fig. 28) 

Prospect Summary Sample data 

34 ------ Unnamed - Small pit in diorite-hornfels complex is One chip sample: 0.021 percent copper. 
limonite stained and contains 1-5 
percent very fine grained disseminated 
sulfide minerals and some segregations 
as much as 0.1 ft (0.03 m) in diameter, 
mostly pyrite and arsenopyrite. 

35-39 --- Langer(?) - Limonite-stained weathered dioritic and 
metamorphic rock. Irregular lenticular 
shears and calcite-filled breccia zones 
0.5-2.0 ft (0.15-0.6 m) wide. Maximum 
of 5 percent disseminated sulfide 
minerals throughout the rock; some 
concentrated along shears. Sulfide 
minerals mostly pyrite, arsenopyrite, 
sphalerite, and chalcopyrite. 402-ft
long (122.5 m) adit. 

50-54 --- Sagmo and Diorite and granodiorite containing 
Stuber. shear zones; one averages 1.5 ft (0.46 

m) wide. Contains 25 percent sulfide 
minerals, mostly pyrite, sphalerite, 
arsenopyrite, chalcopyrite, and galena. 
Strikes N. so• W. and dips so• SW. 

55-56 --- Jack --- -- Thirty-five-foot-long (10.7 m) adit along 
0.5-ft-wide (0.15 m) shear zone 
trending N. 50 •-so• E. and dipping 
72°-85• SE. in granodiorite and 
schist. Sulfide minerals, mostly 
arsenopyrite and pyrite in shear zone. 

57-58 --- Nellis ---- Twenty-foot-long (6.1 m) adit along 
1-2-ft-wide (0.3-0.61 m) shear zone in 
granodiorite. Shear zone strikes N. 
70° W. and dips 69• SW. Maximum 
of 5 percent sulfide minerals, mostly 
pyrite. 

Five chip samples: maximum 0.04 
oz/ton (1.4 g/metric ton) gold, 0.1 
oz/ton (3.0 g/metric ton) silver, and 
0.012 percent copper. 

Five chip samples from shear zones and 
silicified rock: as much as 0.2 oz/ton 
(6.8 g/metric ton) silver, 0.5 percent 
lead in sample from silicified rock 
adjacent to shear. 

Two chip samples: maximum 0.11 
oz/ton (3.8 g/metric ton) gold, 0.2 
oz/ton (6.8 g/metric ton) silver, and 
0.26 percent zinc. 

Two chip samples: negligible values. 

MONEY CREEK AREA 

Part of the Money Creek mining district described by Livingston 
(1971, p. 35) extends into the Money Creek area of the Alpine Lakes 
study area (fig. 7, area 2; fig. 31). The area has been prospected for 
gold, silver, copper, lead, zinc, and antimony since about 1892. Today 
much of the land along Money Creek and the drainages extending 
into the study area is held as mining claims. Patented mineral prop
erty inside the study area consists of about 40 acres (16.2 ha) on 
Kimball Creek. 
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Granodiorite of the Snoqualmie batholith, Tertiary volcanic rocks 
(mostly andesite breccia and andesite flows), and a small amount of 
pre-Cretaceous metamorphic rocks underlie the area. 

Galena, sphalerite, chalcopyrite, stibnite, arsenopyrite, and pyrite 
associated with quartz, calcite, and tourmaline occur in fissures and 
shear zones in all the rock types. Most of the major mineralized zones 
strike in a generally east-west direction. Country rock adjacent to the 
zones is only slightly altered and mineralized. 

The Damon, Apex, and Great Republic properties adjacent to the 
study area have underground workings totaling 7,000 ft (2,134 m), 
and the mineralized structures explored by these workings extend into 
the study area. The Apex and Damon mines contain indicated 
paramarginal resources, and submarginal resources occur at one other 
prospect in the study area. 

Placer samples contain only trace amounts of valuable detrital 
minerals. 

DAMON MINE 

The Damon mine (fig. 31, locs. 1-9) was opened in the 1890's and 
was worked intermittently until1941 (Livingston, 1971, p. 147). The 
only production recorded is of test shipments in 1904 and 1940 which 
totaled 33 tons (30 metric tons) of ore that contained 21 oz (653 g) 
gold, 207 oz (6,438 g) silver, and 1,840 lb (835 kg) lead. The principal 
workings are a 1,400-ft-long (427 m) crosscut adit and 730 ft (223 m) 
of drifts on two shear zones named the Damon and Priestly "veins." 

The crosscut adit was driven S. 5o E. in granodiorite and intersects 
three shear zones, all of which contain brecciated and leached diorite, 
white quartz, and metallic sulfide minerals (fig. 32). A minor poorly 
mineralized shear zone, 3.2 ft (0.98 m) wide, was crosscut 590ft (180m) 
from the portal but was not developed. The Damon "vein" strikes 
N. 80°-85° W., dips 60°-87° SW., and was crosscut at 920ft (280m). 
The zone ranges in width from 1 to 7ft (0.3-2.1 m). The Priestly "vein" 
strikes N. 80°-85° E., dips 55°-75° SE., and was intersected at a point 
1,400 ft (427 m) from the portal. The zone ranges in width from 1 to 
4.4 ft (0.3-1.3 m). 

Metallic sulfide minerals are disseminated in the quartz veins and 
diorite stringers within the shear zones. The minerals in decreasing 
order of abundance are arsenopyrite, pyrite, galena, sphalerite, 
chalcopyrite, and stibnite. The shear zones are highly altered in the 
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underground workings and on the surface. Many of the original sulfide 
minerals have been oxidized or completely removed, and some of the 
gangue minerals were altered to clay by ground-water leaching. 

A summary of results that includes data from the current study, 
a previous U.S. Bureau of Mines investigation, a study by the State 
of Washington, (Livingston, 1971, p. 147), and an evaluation by a con
sulting engineer (J. Cashman, written commun., 1973) indicated 
paramarginal resources for the Damon and Priestly "veins" of about 
340,000 tons (308,448 metric tons) of rock having an estimated average 
grade of 0.16 oz/ton (5.48 g/metric ton) gold, 0.71 oz/ton (24.3 g/metric 
ton) silver, 0.11 percent copper, 0.93 percent lead, 0.35 percent zinc, 
1.35 percent antimony, and 4.59 percent arsenic. The estimate is based 
on an average width of the shear zones of slightly more than 2 ft 
(0.61 m). 

Exploration of the shear zone along the strike and at additional 
depths might substantially increase the potential resource. 

APEX MINE 

The Apex mine (fig. 31, locs. 10-13) was opened in 1892 by John 
Maloney (Livingston, 1971, p. 145). Development consists of more than 
2,240 ft (683 m) of underground workings on four levels and stopes 
between the adit levels (fig. 33). Level 2 is the only part of the mine 
presently open. 

Value of mine production is estimated to be approximately $300,000, 
mainly in gold. The mine was closed by U.S. War Production Board 
Order L-208 in 1942 and never reopened. 

The adits drifted on or intersected a persistent shear zone which 
strikes N. 70 °-80 o E. and dips generally 60 o SE. The zone includes 
quartz veins ranging in width from a few inches to more than 6 ft 
(1.8 m) and averaging 1.2 ft (0.4 m). Arsenopyrite, pyrite, chalcopyrite, 
galena, and sphalerite occur in the shear zone, associated with quartz, 
tourmaline, and calcite. Fault gouge commonly occurs near the foot
wall in the shear zone. 

The stoped areas extend approximately 400 ft ( 122 m) along the 
strike of the zone and more than 500ft (152m) updip from level 4 
(fig. 33) and reportedly are backfilled with low-grade ore (Livingston, 
1971, p. 147; Patty, 1921, p. 305). An estimated 20,000 tons 
(18,144 metric tons) of rock containing between 0.14 and 0.50 oz/ton 
(4.8-17.1 g/metric ton) gold, 0.27 oz/ton (9.3 g/metric ton) silver, and 
0.11 percent lead was used as backfill in these stopes. 
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Indicated resources of the Apex shear zone, based on results 
of the present investigation and previous studies by Livingston 
(1971) and W. K. Beach (written commun., 1972), are 133,000 tons 
(121,000 metric tons) averaging 1.0 oz/ton (34.3 g/metric ton) gold, 
7.16 oz/ton (245.5 g/metric ton) silver, 0.16 percent copper, 0.25 per
cent lead, and 0.18 percent zinc. Samples from the shear zone and 
backfill contain as much as 0.18 percent antimony and 2.6 percent 
arsenic. 

Potential for finding additional resources along projections of the 
Apex shear zone is good. 
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GREAT REPUBLIC PROSPECT 

The Great Republic propsect is on the east slope of Temple Moun
tain (fig. 31, locs. 101-106). The country rock is andesite and argillite 
overlying granodiorite. Underground development totals 780 ft 
(238 m) of workings on two levels and in small stopes. The two adits 
are connected by a 65-ft-long (20 m) inclined raise (fig. 34). 

The workings explore a 1.5- to 3.0-ft-wide (0.5-0.9 m) east-striking 
mineralized fault zone which dips 20°-30° S. The zone is composed 
of iron oxide and antimony oxide stained fault gouge. The gouge con
tains lenses and fine-grained disseminations of stibnite and pyrite. 

The most highly mineralized rock is found in the upper adit, where 
a pod of nearly solid stibnite 2.5 ft (0.8 m) wide and 4.0 ft (1.2 m) long 
occurs on the left wall near the portal. Thin lenses of stibnite remain 
on the walls of the four stopes. Beyond the stopes, the main vein ends 
at a narrow fault zone which strikes N. 70 o W. and dips 45 o SW. The 
narrow fault zone contains disseminated pyrite, stibnite, and thin 
lenses of arsenopyrite. 

The mineralized fault zone in the lower adit contains scattered stib
nite and pyrite. The wallrock is highly kaolinized and sericitized. 

Minor antimony resources may exist along this fault zone. 

GOAT CREEK SHEAR ZONE 

A sinuous 12- to 110-ft-wide (3.7-30.5 m) shear zone cuts grano
diorite on the steep east side of Goat Creek (fig. 31, locs. 42-83; fig. 
35); it strikes generally N. 70° W. and dips 55°-65° SW. The well
defined hanging wall is exposed for 1,100 linear ft (335m). Overburden 
and talus obscure the footwall. 

Most of the shear zone is composed of altered silicified granodiorite 
and quartz veins. Metallic sulfide minerals are disseminated in both 
the altered granodiorite and quartz; in descending order of abundance 
they are pyrite, arsenopyrite, galena, chalcopyrite, and sphalerite. 

Samples of altered surface rocks from the fault zone contain low
grade gold, silver, copper, lead, and zinc values (fig. 35). Higher grade 
material may exist below the leached outcrops. 

MISCELLANEOUS PROSPECTS 

Other prospects and mineralized zones existing in the Money Creek 
area have no potential or are not sufficiently exposed to determine 
their potential. Descriptions of these prospects are summarized in 
table 7. 
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TABLE 7.-Miscellaneous prospects and mineralized zones in the Money Creek area, 
Alpine Lakes area, Washington 

Sample 
locality 

No. 
(fig. 31) 

Prospect 

14-16 --- High 
Tariff. 

17, 18 --- Money 
Creek 
placer. 

Summary 

A 30- to 87-ft-wide (9.1-26.5 m) 
brecciated iron oxide stained zone in 
granodiorite contains pyrite and 
arsenopyrite. 

Stream gradient 18 percent. Ninety 
percent of deposit composed of 
cobbles and boulders 6 in. to 10 ft 
(0.15-3.1 m) in diameter. 

19 ------ Unnamed - A 10.0-ft-wide (3.0 m) shear zone in iron 
oxide stained quartzite. Shear zone 
strikes N. 80° E. and dips 65° SE. 
Zone contains disseminated pyrite, 

and gangue minerals partially altered 
to clay. 

20 ------ Money 
Creek 
placer. 

21 ------ Money 
Creek 
Road 
mine. 

Pan sample from drainage into Money 
Creek. Stream gradient 30 percent. 
Deposit composed of angular rock 
fragments. 

A 2.0-ft-wide (0.6 m) iron oxide stained, 
highly altered shear zone in argillite 
and quartzite. Zone strikes east, dips 
45° S., and contains 10-20 percent 
disseminated pyrite and arsenopyrite. 

22 ------ Goat Creek Stream gradient is 2-5 percent. More 
placer. than 50 percent of deposit composed 

of boulders greater than 6 in. (0.15 m) 
in diameter. 

23 ------ Money 
Creek 
placer. 

24-27 --- Unnamed -

Stream gradient less than 2 percent. 
Estimated thickness of gravel 150 ft 
(45.7 m). Ninety percent of gravel 
greater than 6 in. (0.15 m) in 
diameter. 

A shear zone 1-2 ft (0.3-0.6 m) wide is 
in granodiorite. It strikes east, dips 
south, and is exposed for 200 ft (61 
m). Zone is composed of highly 
altered granodiorite containing 25-50 
percent quartz and 5 percent pyrite. 

28-31 --- --- do --- A shear zone, 0.7-1.8 ft (0.2-0.6 m) 
wide, is in granodiorite. Zone contains 
quartz stringers 1-2 in. (0.02-0.05 m) 
wide, about 1 percent disseminated 
pyrite. Zone is exposed for 300 ft 
(91m). 

Sample data 

Three chip samples across zone: 0.1-0.2 
oz/ton (3.4-6.8 g/metric ton) silver, 0.1 
percent copper, and trace amounts of 
lead, zinc, and molybdenum. 

Two pan samples: trace of black sand. 

One chip sample: 0.19 oz/ton (6.5 
g/metric ton) gold and 0.2 oz/ton (6.8 
g/metric ton) silver across a width of 
10ft (3m). 

One pan sample: trace of black sand. 

One chip sample: 0.2 oz/ton (6.8 g/metric 
ton) silver, 0.1 percent lead and 0.1 
percent zinc. 

One pan sample: trace of black sand. 

One pan sample: trace of black sand. 

Four chip samples and one grab sample: 
trace to 0.07 oz/ton (2.4 g/metric ton) 
gold, 0.1-0.3 oz/ton (3.4-10.3 g/metric 
ton) silver and 0.02-0.12 percent 
copper. 

Four chip samples: two contain 0.1 
oz/ton (3.4 g/metric ton) silver, two 
contain no detectable valuable metals. 
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TABLE 7.-Miscellaneous prospects and mineralized zones in the Money Creek area, 
Alpine Lakes area, Washington-Continued 

Sample 
locality 

No. 
(fig. 31) 

Prospect 

32-39 --- Iron Home 
No.1. 

40, 41 --- Iron Home 
No.2. 

Summary 

Mineralized fracture zones occur in 
argillite, quartzite, and shale. Zones 

explored by 180 ft (55 m) of 
underground workings. Fracture 
zones 0.3-5.0 ft (0.1-1.5 m) wide are 
iron oxide stained and contain as 
much as 50 percent quartz and 1-5 
percent pyrite, chalcopyrite, bornite, 

and galena. 

A 1.3-ft-wide (0.4 m) shear zone strikes 
N. S5• W., dips so• NE., and occurs 
in granodiorite. It was explored by a 
42-ft-long (12.8 m) adit. Zone contains 

quartz stringers 1 in. (2.5 em) wide 
and galena. 

84-89 --- Unnamed - A 0.3-0.5-ft-wide (0.09-0.15 m) shear 
zone in granodiorite trends N. so• E. 
and dips 55 o SE. Zone is exposed for 

35 ft (10.7 m) by an adit that is partly 
flooded. 

90, 91 --- --- do --- A 1G-ft-long (3.0 m) adit explored two 
parallel shear zones in granodiorite. 

The zones are 0.3 ft (10.2 em) and 
1.5-5.0 ft (0.5-1.5 m) wide, trend N. 
so• W., and dip so•-so• SW. Zones 
are composed of altered iron oxide 
stained granodiorite, minor 
arsenopyrite and azurite, and about 5 
percent pyrite. 

92, 93 --- --- do --- A shear zone in granodiorite trends east 
and dips 75 o S. Zone is exposed for 
100 ft (30.5 m). A 4-ft-wide (1.2 m) 
iron oxide stained altered zone 
parallels shear zone on footwall side. 

94 ------ --- do --- An iron oxide stained fracture zone in 
granodiorite is 30 ft (9.1 m) wide, 
trends N. 70° W., and contains minor 
pyrite. 

95 ------ --- do --- A 5.S-ft-wide (1. 7 m) shear zone trends 
N. 10° W. and dips 75• NE. Pyrite 
occurs in 1-in.-1-ft-wide (2.5-30.5 em) 
bands. 

Sample data 

Seven chip samples: trace to 0.2 oz/ton 
(S.8 g/metric ton) silver, trace to 0.53 

percent copper, traces of lead, Zinc 
and antimony, and as much as 0.4 
percent arsenic. 

Two chip samples: 0.2 oz/ton (S.8 
g/metric ton) silver, 0.09 percent 
copper, and traces of lead, zinc, and 
antimony. 

Six chip samples: as much as 0.18 
oz/ton (S.2 g/metric ton) gold, trace to 
l.S oz/ton (54.9 g/metric ton) silver, 

0.01-0.14 percent copper, 0.01-1.41 
percent lead, and 0.01-2.24 percent 
zinc. 

Two chip samples: 0.1 oz/ton (3.4 
g/metric ton) silver, 0.11 percent 

copper, and less than 0.1 percent lead 
and antimony combined, and 0.01 
percent zinc. 

Two chip samples: as much as 0.02 
oz/ton (0.7 g/metric ton) gold, and l.S 
oz/ton (54.9 g/metric ton) silver. 

One chip sample: trace of silver. 

One chip sample: no valuable metals 
detected. 
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TABLE 7.-Miscellaneous prospects and mineralized zones in the Money Creek area, 
Alpine Lakes area, Washington-Continued 

Sample 
locality Prospect Summary Sample data 

No. 
(fig. 31) 

96-98 --- --- do --- A 4.2-ft-wide (1.3 m) shear zone in 
granodiorite trends N. 75° W. and 

Three chip samples: as much as 0.02 
oz/ton (0. 7 g/metric ton) gold, 0.2 

dips 75° SW. It contains oz/ton (6.8 g/metric ton) silver, 
disseminated pyrite and pyrite pods and 0.02 percent lead. 
as much as 0.5 ft (0.2 m) in diameter. 

99 ------ --- do --- A caved adit explored a highly altered One sample: no valuable metals 

100 ----- Kimball 
creek 
placer. 

zone in fractured granodiorite that detected. 
contains about 5 percent 
disseminated pyrite. 

Stream gradient is greater than 20 
percent. Small gravel bars occur on 
lee side of large boulders. 

One pan sample: trace of black sand. 

MINERAL CREEK AREA 

More than 25 underground workings totaling about 1,000 ft (305m) 
were mostly completed before 1930 along lower Mineral Creek (fig. 36). 
A 25-ton-per-day (23 metric ton) mill, now in ruins, was built about 
1920. Production from the lower Mineral Creek area includes 2,443 lb 
(1,108 kg) of copper produced in 1917 and 3,582 lb (1,625 kg) of cop
per and 25 oz (777.6 g) of silver produced in 1922 (U.S. Bureau of 
Mines, written commun., undated). 

Sedimentary, metamorphic, granodioritic, and volcanic rocks under
lie the lower Mineral Creek drainage. The mineralized zone extends 
at least 3,000 ft (914 m) vertically. Sulfide minerals, mostly pyrite, 
pyrrhotite, and arsenopyrite, constitute 5-10 percent of the rocks; 
chalcopyrite and molybdenite commonly compose less than 25 per
cent of the sulfide minerals. The sulfide minerals are scattered 
throughout the rock as small irregular blebs and as concentrations 
in breccias and fracture fillings. 

An area of relatively unexplored mineral potential that occurs far
ther up Mineral Creek and appears to coincide with a magnetic high 
centered over the Park Lakes area is shown on the aeromagnetic map 
(pl. 1). This high, which is part of a larger triangle-shaped anomaly 
that extends from Alaska Mountain through Chikamin Peak to the 
Three Queens, may be caused by mineralized rock near the margin 
of the Three Queens stock. 
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Data for samples collected from Goat Creek shear zone, Money Creek area 

[Tr., trace; N, none detected; -- not analyzed; all samples are chip) 

Sa~le Gold Silver 

~ (g/metric (g/metric Copper Lead Zinc Arsenic 
No. (ft) (m) (oz/ton) ton) (oz/ton) ton) (percent) (percent) (percent) (percent) 

42---- 1.0 0.3 0.03 1.03 0.1 3.4 0.1 o.oz 0.11 
43---- .4 0.1 .05 [. 71 .6 20.5 .02 . 17 .05 
44---- .8 0.2 .[ 3.4 .Q[ Tr • Tr. 
45---- .5 0.2 N .5 17.1 .03 • 30 tr • 

46---- 1.8 0.5 .02 0.68 .5 17.1 .02 • 13 .17 
4 7---- 11.7 3.6 .03 1.03 .2 6.8 0.2 
48---- 6.0 [.8 .03 [.03 .2 6.8 .01 .03 tr. 1.0 
49---- 1.0 0.3 .03 [.03 .4 13.7 1.0 

50---- 2. 5 0.8 tr. tr. .2 6.8 .01 .02 .02 
51---- 1.0 o. 3 tr. tr. .[ 3.4 
52---- 2.8 o.s • 03 1.03 .3 10.3 .03 .03 .06 
53---- 2. 5 o.s N .01 .06 .02 4.0 

54---- [. 7 0.4 .02 0.68 .4 13.7 .20 1.0 
55---- 9.0 2. 7 tr. tr. .[ 3.4 .2 
56---- 2.4 o. 7 .02 0.68 .3 10.3 
57---- .5 0.2 .04 1. 37 .3 10.3 

58---- 3.0 0.9 .05 [. 71 1.2 41.0 .2 z.o 
59---- 3.8 1.2 .04 1. 37 .2 6.8 .02 .03 .06 
60---- 2.4 o. 7 .01 0.34 • 2 6.8 tr. tr. .04 
61---- o. 8 0.2 0.06 2.05 0.2 6.8 o.oz 0.02 0.05 

62---- 3.5 3.4 tr. tr. .1 3.4 o.z 
63---- 14.0 4.3 tr. tr. .2 6.8 .4 
64---- 5.0 1.5 .02 0.68 .1 3.4 .02 .01 .04 
65---- 3.5 1.1 tr. tr. Tr. 1.0 

66---- .3 0.1 N N .3 2.0 
67---- .3 0.1 tr. tr. .1 3.4 .2 .2 
68---- .3 0.1 N N tr. tr. .01 Tr. .01 
69---- 2.5 0.8 tr. tr. .1 3.4 .02 .05 .06 

70---- 2. 5 o.s .01 0.34 .2 6.8 .02 .os .16 .11 
71---- 3.0 o. 9 N N .029 .022 .023 2.4 
72---- 2.0 0.6 tr. tr. .2 6.8 .01 .01 .009 .11 
73---- .3 0.1 N N • 2 6.8 .041 • 79 .035 

74---- 1.0 0.3 N .1 3.4 .021 .018 .051 
75---- 23.0 7.0 .[ 3.4 .018 .015 .024 .62 
76---- .3 0.1 tr. tr. • 2 6.8 .07 1.41 2.24 2.5 
77---- 18.0 5. 5 tr. tr. .3 10.3 

78---- 5.5 [. 7 N N tr. tr. 
79---- .5 0.2 .18 6.16 • 7 23.9 .059 .12 .014 
80---- 4.0 1.2 tr. tr. .8 2 7.4 .14 .025 .038 2.1 

81---- .5 0.2 .07 2. 39 .1 3.4 .055 .022 .003 
82---- 12.2 3. 7 tr. tr. .z 6.8 .024 .038 .094 
83---- 6.0 1. 8 .08 2. 74 1. 6 54.7 1.0 1.0 4.0 
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FIGURE 36.-Map showing mines and prospects in the lower Mineral Creek area. 

DURRW ACHTER PROSPECT 

The Durrwachter prospect is along and north of Mineral Creek. 
Workings and mineralized outcrops are scattered through an area 
extending a few thousand feet (about 1,000 m) north of the creek and 
a few thousand feet (about 1,000 m) along the creek (fig. 37). Sulfide 
minerals are concentrated in brecciated granodiorite, and especially 
in brecciated granodiorite associated with northeast-trending shear 



El. 

ECONOMIC APPRAISAL 

El 

N 

0 30 60 90 FEET 

I I I 
I I 
10 20 METERS 

SURFACE 

80 

uo 

0 

-57 

\ -41 

-f---../ 
-t_--, 

El. 2820 feet 

0 

UNDERGROUND I 
0 

153 

EXPLANATION 

Granodiorite and granodiorite 
breccia 

Fault, showing dip 

Shear zone, showing dip 

Strike and dip of joints 

Winze 

Sample locality 

Sample locality over 
given area 

Underground workings 
caved beyond bracket 

10 20 30 40 50 FEET 
I I 1

1 
I I 

10 METERS 

FIGURE 37.-Map of Durrwachter prospect near Mineral Creek. 



154 ALPINE LAKES STUDY AREA AND ADDITIONS, WASHINGTON 

zones near Mineral Creek. A water-filled winze and short drift in the 
westernmost Durrwachter adit (fig. 37, locs. 36-39) were driven along 
a shear zone about 0.5 ft (0.2 m) wide, striking about N. 60° E. and 
dipping about 30° SE. Pyrite and chalcopyrite are concentrated near 
the shear zone but the zone is composed mostly of altered gouge and 
granodiorite fragments. Most or all of the production from Mineral 
Creek probably came from the 50-ft-deep (15m) winze (E. A. Magill, 
written commun., 1955). The longest Durrwachter adit (fig. 37, locs. 
41-46) was driven into altered granodiorite containing a maximum 
of 5 percent disseminated sulfide minerals. 

A sulfide zone trending N. 50 o W. is at least 200 ft ( 60 m) long and 
80 ft (24 m) wide (fig. 37, locs. 4 7 -54) on the surface. Samples from 
the zone average 0.33 percent copper, no gold, 0.06 oz/ton 
(2.06 g/metric ton) silver and less than 0.01 percent molybdenum. 
Samples from a 1,098-ft-deep (355m) vertical exploratory core hole 
(fig. 37) drilled in the zone by Phelps Dodge Corp. (W. K. Brown, writ
ten commun., 1972) show a 0.2 percent copper content in a 200ft (61 m) 
section of the hole. Surface and near-surface mineralized rock total
ing about 100,000 tons (90,000 metric tons) in the vicinity of the major 
Durrwachter workings along Mineral Creek contains more than 0.2 
percent copper. 

Most samples from workings and mineralized outcrops away from 
the mineralized breccia near the stream contain less than 0.05 per
cent copper. Samples (fig. 36, locs. 6-8, 61) from other breccia zones 
containing sulfide minerals assayed as much as 0.02 percent copper, 
no gold, and 0.1 oz/ton (3.4 g/metric ton) silver. One sample (fig. 36, 
loc. 72) from a quartz vein contains 0.25 percent copper and no gold 
or silver. Samples (fig. 36, locs. 17, 22, 24-26) from shear zones con
taining sulfide minerals assayed as much as 0.068 percent copper, no 
gold, and 0.2 oz/ton (6.8 g/metric ton) silver. Samples from localities 
3 and 4 indicate that hornfels carries as much as 0.049 percent cop
per, no gold, and 0.2 oz/ton (6.8 g/metric ton) silver. Samples (fig. 36, 
locs. 5, 14-16, 18, 27-30, 32-35, 64, 66, 67) from granodiorite contain
ing disseminated sulfide minerals contain as much as 0.099 percent 
copper, a trace of gold, and 0.3 oz/ton (10.3 g/metric ton) silver. Most 
assays of samples of sheared or fractured granodiorite (fig. 36, locs. 
19, 62, 63, 65, 68, 69, 70) show less than 0.072 percent copper, a trace 
of gold, and 0.2 oz/ton (6.8 g/metric ton) silver. One sample (loc. 68), 
however, contains 0.20 percent copper across a width of 15ft (4.6 m) 
but no gold or silver. Samples (fig. 36, locs. 1, 2, 9, 10-13, 20, 21, 23, 
31) from metavolcanic rocks contain as much as 0.0074 percent cop
per, a trace of gold, and 0.02 oz/ton (6.8 g/metric ton) silver. A sample 
of schist (fig. 36, loc. 71) contains 0.013 percent copper and no gold 
or silver. 
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Samples 57 to 60 (fig. 36) were from the mill between the Durr
wachter and Copper Queen areas. Grab samples of crushed ore, 57 and 
58 (fig. 36), contain 0.65 and 1.71 percent copper, respectively. Sam
ple 58 (fig. 36) also contained a trace of gold and 0.5 oz/ton (17 g/metric 
ton) silver. A grab sample of material from the rod mill contains a 
trace of gold, 0.2 oz/ton (6.8 g/metric ton) silver, and 0.27 percent cop
per. Sample 60 (fig. 36), which consists of burlap from the blanket 
table, contained no precious metals. 

A 9-ft-long (2. 7 m) adit near the trail crossing from Park Lakes in 
upper Mineral Creek is in metavolcanic breccia. A 56-ft-long (17 .1 m) 
chip sample from a mineralized outcrop near the adit contains a trace 
of gold, 0.2 oz/ton (6.8 g/metric ton) silver, 0.06 percent copper, and 
0.01 percent lead. 

Further exploration may delineate deep copper-bearing bodies 
similar to those in the zone intersected by the Phelps Dodge drill hole. 

COPPER QUEEN PROSPECT 

Country rocks at the Copper Queen prospect (fig. 38) are mostly 
andesite, basalt, felsite, and felsite breccia. Shear zones and dikes cut 
the rocks. Except for an intensely mineralized zone, where total sulfide 
minerals (pyrite, marcasite, arsenopyrite, and minor chalcopyrite) may 
exceed 30 percent, the rocks contain less than 5 percent sulfide 
minerals. 

The intensely mineralized zone at the Copper Queen workings (fig. 
38, locs. 7 4-77, 82-91) is near the contact of the breccia and andesite. 
Like the major rock units in the Copper Queen area, the zone strikes 
about N. 30 o -45 o W. and dips about 65 o SW. It is irregular but prob
ably extends from the head of the shaft through the upper adit to the 
lower adit, 250 ft (76 m) downdip. Drifts from the upper adit (fig. 38, 
locs. 82-88) were driven about 40 ft (12 m) along the zone. The 
intensely mineralized zone appears to be pipe shaped, is 45ft (14m) 
wide and at least 60ft (18m) long, as measured on the surface and 
in the upper adit, and is at least 300ft (91 m) deep, as indicated by 
the depth between levels. 

Samples 99-101 (fig. 36) are from west of the main Copper Queen 
workings; they contain a maximum of 0.02 percent copper and 
0.3 oz/ton (10.3 g/metric ton) silver. 

Indicated resources of nearly 69,000 tons (62,000 metric tons) of rock 
containing about 0.63 percent copper 0.54 oz/ton (18.5 g/metric ton) 
silver are estimated to occur in the area of the upper and lower adits. 
Additional mineralized rock may be found by exploration of exten
sions of the mineralized zones. 
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SPRITE LAKE AREA 

The Sprite Lake area is along the ridge dividing the drainage of the 
Cle Elum River and French Creek (fig. 7, area 14). The workings are 
distributed over a wide area mainly on veins and shear zones (fig. 39). 
Most of the workings in the southern part of the area are probably 
on patented claims. 

The arsenopyrite-rich vein deposits of the Lake adit, the Snow work
ings, the North area workings, and the Skeeter Creek workings are 
similar. Most are on mineralized fracture zones in small bodies of 
granitic rock or along contact zones between the granitic rock and 
serpentinized peridotite, which is the predominant rock of the area. 
Assays of samples taken from both underground workings and from 
stockpiles on the surface show gold to be the predominant valuable 
metal along with significant silver values in some samples and minor 
amounts of copper. 

Gold values in samples from some veins of the Sprite Lake area may 
represent economically interesting ore; other veins are probably too 
narrow to be workable. The workings examined, however, are too limited 
in extent and too widely separated to establish sufficient horizontal 
continuity or vertical extent to allow calculation of an ore reserve. 

A lineament having a fairly constant westerly strike, as shown on 
aerial photographs, extends between the major workings in the 
Skeeter Creek area and the North area workings and for about 1,000 ft 
(300m) to the east and west beyond both groups of workings. The 
lineament probably represents a fracture containing widely spaced 
deposits of auriferous arsenopyrite, but only the obvious and easily 
found outcrops have been prospected. 

CLAIM NO. 5 ADITS 

The middle and upper adits on Claim No.5 (fig. 39) were driven on 
a 2.8-ft- to 3.0-ft-wide (0.85-0.9 m) fault zone filled with vuggy quartz 
containing some sulfide minerals (including arsenopyrite?) in the most 
intensely sheared parts (fig. 40). This vein, which can be traced be
tween the workings, strikes No. 50°-60° E. and dips 60°-80° NW. 

Samples from the adits (fig. 40) indicate that the gold values prob
ably exist sporadically in the vuggy quartz rather than in the gouge, 
which is less than 1ft (0.3 m) wide on the hanging wall. Sample data 
are not sufficient to allow a valid calculation of grade; however, 
possibly 2,000 tons (1,800 metric tons) having a weighted average of 
1.78 oz/ton (61.0 g/metric ton) gold and 0.16 oz/ton (5.5 g/metric ton) 
silver might be selectively mined. 
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SNOW WORKINGS AND CABIN ADIT 

The Snow workings and the Cabin adit (fig. 39) are southwest of 
Sprite Lake on the south edge of a small mass of granodiorite near 
a contact with serpentinized peridotite (fig. 41). A steeply inclined shaft 
on the Snow workings was sunk along vuggy limonite-stained quartz 
filling a fracture paralleling the contact but within the granodiorite. 
The vein is about 2ft (0.6 m) wide in the area of the caved shaft but 
narrows to a stringer westward. A 2.4 ft (0.73 m) chip sample (fig. 41, 
loc. 1) across the width of the quartz vein assayed 0.8 oz/ton 
(27.4 g/metric ton) gold, a trace of silver, and 0.03 percent copper. 

A vein 0.5 to 0.8 ft (0.15-0.24 m) wide in the Cabin adit (fig. 41) con
sists of quartz and minor pods and stringers of arsenopyrite. A winze, 
now inaccessible, was driven along the hanging wall of the vein. A 
selected sample from a stockpile near the portal contains 1.02 oz/ton 
(38.5 g/metric ton) gold, a trace of silver, and 0.02 percent copper. The 
material on the stockpile is more massive than observed in the adit 
and is probably from the winze. 

LAKE ADIT 

The Lake adit (fig. 39) and associated open cuts (fig. 42) are at the 
north edge of a small granodiorite body about 450ft (137m) west of 
Sprite Lake. The adit, now caved, was driven in a shattered and altered 
zone parallel to a narrow but persistent diorite dike. The pits above 
the adit were excavated along the strike of the shattered zone. No 
sulfide minerals were observed; however, small piles of rock contain
ing arsenopyrite are near the lower pit and on the adit dump. The 
arsenopyrite-rich rock may be from pods or stringers in the shatter 
zone. The occurrence here appears similar to that at the Cabin adit; 
both are near small intrusive masses. Grab samples (fig. 42, locs. 1, 
2) from the stockpile contain 0.5 and 0.96 oz/ton (17 and 33.0 g/metric 
ton) gold and 0.1 oz/ton (3.4 g/metric ton) silver. 

LOWER ADIT 

The Lower adit (fig. 39) was probably driven to find downward exten
sions of veins exposed in the Snow wotkings and the Lake adit. The 
adit is about 1,700 ft (518 m) long in barren serpentinized peridotite 
and probably did not reach the objective. A mineralized fault zone 
(vein) striking N. 85°-89° E. and dipping 39°-70° NW. crosses the 
adit about 1,090 ft (332m) from the portal (fig. 43). A drift was driven 
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Data for samples from Claim No. 5 adits, Sprite Lake area 
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eastward along the fault for approximately 160 ft (49 m). The fault 
zone narrows along the drift and becomes a hairline fracture at the 
end of the drift. Two samples (fig. 43, locs. 1, 2) taken across the vein 
near the intersection of the main adit and the side drift contain 0.37 
and 0.02 oz/ton (12.7 and 0.7 g/metric ton) gold, and one contains 0.2 
oz/ton (6.8 g/metric ton) silver. 

ELSNER ADITS 

Three adits (fig. 39, Elsner adits), now caved, were driven into a per
sistent vertical fault zone which strikes N. 80° W. The fault zone is 
filled with shattered limonite-stained serpentinized peridotite wallrock 
and narrow, widely separated quartz pods. The fault trace is very evi
dent below the workings, where a ravine has formed in the shatter 
zone, and above the workings, where a well-defined trench across a 
saddle extends for about 1,000 ft (300m). The only mineralized rock 
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observed was a pile of vuggy quartz-rich material on the dump of the 
uppermost adit. No sulfide minerals were observed in the rock. A random 
grab sample from this pile contains 0.20 oz/ton (6.8 g/metric ton) gold, 
0.80 oz/ton (27 .4 g/metric ton) silver, and 0.50 percent copper. The spor
adic nature of the quartz pods apparently discouraged additional work. 

PASS WORKINGS 

The Pass workings (fig. 39) are on and near the contact of serpen
tinized peridotite and granodiorite. A vertical shaft, estimated to be 
150ft (46 m) deep, was sunk in serpentinized peridotite about lOU ft 
(30 m) from the contact. Seven shallow pits and trenches were dug on 
or close to the contact, mainly on limonite-stained fractures. Maximum 
values in three selected samples from the area are 0.21 oz/ton (7.2 
g/metric ton) gold and 0.10 oz/ton (3.4 g/metric ton) silver. 
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NORTH LAKE WORKINGS 

The North lake workings (fig. 39) consist of five pits and trenches 
in a wide granodiorite dike cutting serpentinized peridotite. The major 
trench is about 40ft (12.2 m) long on a limonite-stained fracture. The 
other pits were probably dug in unsuccessful attempts to find an exten
sion of the fracture. One select sample from a pile of limonite-stained 
rock near the trench contains 3.2 oz/ton ( 110 g/metric ton) silver and 
4 percent copper. Because of the small size of the mineralized fracture, 
no resource of gold or silver is estimated to exist. 

NORTH AREA WORKINGS 

The North area workings (fig. 39) are along outcrops of veins and 
mineralized zones, mostly in serpentinized peridotite but closely 
associated with small irregular bodies and dikelike masses of intrusive 
granitic and porphyritic rocks. 

Sulfide veins exposed in the southernmost workings (fig. 44) are 
nearly identical to those in the Lake adit and the Snow workings. A se
lected sample contains 0.12 oz/ton (4.1 g/metric ton) gold and 
6.80 oz/ton (233 g/metric ton) silver. A 3.5-ft-long (1.1 m) chip sample 
taken across one vein contains no gold and 0.1 oz/ton (3.4 g/metric ton) 
silver. 

SKEETER CREEK WORKINGS 

The Skeeter Creek workings, consisting of four caved adits and 
several pits and trenches, are near the head of Skeeter Creek (fig. 39). 
The major workings are along quartz-talc veins containing sulfide 
minerals, mainly arsenopyrite, or along limonite-stained shear zones 
containing no sulfide minerals. The veins range from 1 to 5 ft (0.3-1.5 m) 
in width. Six samples were taken from the workings. A 1-ft-long (0.3 
m) chip sample containing 0.39 oz/ton (13.4 g/metric ton) gold and 3.5 
oz/ton ( 120 g/metric ton) silver shows the highest grade. 

GALLAGHER HEAD LAKE AREA 

The Gallagher Head Lake area is near the divide between De Roux 
Creek and the South Fork Fortune Creek (fig. 45). The country rock 
is mostly composed of serpentinized peridotite and greenstone, and 
remnants of felsitic rock cap some of the ridge crests. Copper and minor 
amounts of silver and nickel occur in shear zones in the rock. Prospect 
worJ:sings include six adits (five caved), four pits, nine trenches, and 
two shafts (fig. 45). 
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The shear zones in the area range in width from 3.0 to 13.0 ft 
(0.9-4.0 m) and are composed of compact schistose iron oxide stained 
material. Malachite and azurite occur on weathered surfaces of the 
serpentinized peridotite and felsite. Chalcocite occurs in the unweath
ered parts of the shear zones. Quartz veinlets 0.25-0.50 in. (0.6-1.3 em) 
wide occur in the greenstone and felsite wallrock and as fracture fill
ings in the shear zones. No copper minerals were observed in the quartz 
veinlets. 

An indicated paramarginal resource occurs in a shear zone at the 
west end of the mapped area (fig. 45, locs. 1-4). This shear zone is 
explored by two prospect pits and a caved adit and is intermittently 
exposed for 925ft (282m). The zone averages 6.4 ft (1.95 m) wide and 
contains an estimated 227,000 tons (205,900 metric tons) averaging 
0.3 oz/ton (10.3 g/metric ton) silver and 2.23 percent copper. 

Samples from two other shear zones (fig. 45, locs. 12, 13, 16-19) 
indicate additional submarginal resources. The zones are exposed for 
550 and 500ft (168 and 152m) and average 12 and 5 ft (3. 7 and 1.5 m) 
wide, respectively. Weathered and leached outcrops contain only minor 
copper values; however, unweathered material from prospect dumps 
contains 1 percent or more copper. The inferred combined submarginal 
resource of the two zones is about 200,000 tons (181,440 metric tons). 
Samples taken from the leached outcrops of these two zones average 
0.24 percent nickel, 0.1 percent copper, and 0.02 oz/ton (0.7 g/metric 
ton) silver. 

Exploration of the shear zones in the Gallagher Head Lake area and 
their extensions along the southern belt of mafic and ultramafic rock 
might substantially increase the resource potential. 

VAN EPPS CREEK-SOLOMON CREEK AREA 

Granodiorite intrudes ultramafic, metasedimentary, and metavol
canic rocks in the Van Epps Creek-Solomon Creek area (fig. 7, area 
15). Most shear zones parallel the contacts of the granodiorite with 
these rocks; other shear zones cross the contacts. Quartz, talc, and 
carbonate minerals are especially plentiful in these shear zones. 
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Sulfide minerals occur mostly as accessory minerals in the country 
rock, although pyrite, pyrrhotite, arsenopyrite, chalcopyrite, sphalerite, 
stibnite, and galena fill some pores, fractures, and short shear zones 
distributed throughout the rock. Magnetite and chromite are also 
accessory minerals in the rocks. 

Prospectors have worked in the Van Epps Creek-Solomon Creek area 
since the late 1880's. Richard Klessatel (written commun., 1911) studied 
the economic geology of the VanEpps Creek-Solomon Creek area. A 
report (E. A. Magill and W. P. Puffett, written commun., 1955) on a 
DMEA (Defense Minerals Exploration Admistration) contract on the 
Van Epps area was freely used in this report. 

The mine workings in the area are distributed mainly in the basin at 
the head of Van Epps Creek and at the head of Solomon Creek (fig. 46). 

Some of the samples from the VanEpps Creek-Solomon Creek area 
particularly of disseminated sulfides, represent a large enough volume 
and contain copper values that are high enough to represent potential 
resources, particularly in view of the fact that small production has 
been recorded from the Pickwick shaft and the Van Epps adit and 
possibly from the Ellen mine area. Samples from rock containing 
disseminated sulfide minerals, taken along 242ft (73.8 m) of the Van 
Epps adit, average 0.33 percent copper. U.S. Bureau of Mines DMEA 
drill hole No. 2, about 3,500 ft (1,070 m) west of the adit, in another 
zone, penetrated 226ft (69 m) of mineralized rock containing 0.10-
0.46 percent copper (R.N. Appling, written commun., 1955). Samples 
of leached rock from the surface near the drill hole contained lower 
values. 

VAN EPPS ADIT 

The major working in the area is the VanEpps adit (fig. 47). The 
portal of the crosscut adit is near the north fork of VanEpps Creek 
at about 5,070 ft (1,545 m) altitude. 

The VanEpps adit, which was excavated about 1900, connects with 
the Pickwick shaft. The adit is driven through glacial deposits, diorite, 
and serpentinized peridotite. 

Disseminated sulfide minerals occur in the rocks throughout the adit 
but are more abundant in the first 700ft (213m) from the portal. The 
weighted average of samples taken for 242ft (73.8 m) along this sec
tion of the adit was 0.33 percent copper. Samples selected from the 
dump of the Van Epps adit (fig. 47, locs. 32-34) contain at most 
0.01 oz/ton (0.3 g/metric ton) gold, 0.42 oz/ton (14.4 g/metric ton) silver, 
and 3.85 percent copper. 
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FIGURE 46.-Map showing mines and prospects in the VanEpps Creek-Solomon 
Creek area. 

PICKWICK SHAFT 

The DMEA report (E. A. Magill and W. P. Puffett, written com
mun., 1955) describes much of the Pickwick shaft (fig. 47). The shaft 
cuts serpentinized peridotite, diorite, and several shear zones. Slumped 
overburden and exploratory trenching obscure much of the early work 
near the shaft. The shaft was sunk in 1897 to a depth of at least 110ft 
(33.5 m) with drifts at depths of 50, 80, and 110ft (15.2, 24.4, and 
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FIGURE 47.-Map of VanEpps adit and Pickwick shaft. Modified from E. A. 
Magill and W. P. Puffett (written commun., 1955). 

33.5 m). A raise, completed about 1924, connected the Van Epps adit 
to the bottom of the shaft. Workings on the 50-ft (15.2-m) level of the 
shaft extended to the surface (fig. 4 7). Minor stoping was done on the 
110-ft (33.5-m) level, near the shaft. The sulfide minerals occur in len
ticular concentrations along the shear zones, and most of these con
centrations near the shaft had been mined out before 1957. By 1957, 
operators of the Van Epps property had drilled three vertical 
exploratory diamond-drill holes near the shaft. 

Two samples (fig. 47, locs. 16, 17) from the drift at the 110-ft (33.5-
m) level of the shaft contain low values, but a sample (fig. 47, loc. 18) 
from material thought to represent stoped ore from the 80-ft (24.4-m) 
level contained 0.02 oz/ton (0.7 g/metric ton) gold, 3.10 oz/ton 
(106 g/metric ton) silver, and 4.62 percent copper. 
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Data for samples from VanEpps adit and Pickwick shaft, VanEpps Creek-Solomon 
Creek area 

[Tr., trace; N, none detected; -- ' 
not analyzed; NA, not applicable] 

SamEle Gold Silver 
Length (g/metric (g/metric Copper 

No. Type (ft) (m) (oz/ton) ton) (oz/ton) ton) (percent) 

10--- Chip--- 15 4.6 Tr. Tr. 0.16 5.47 0.42 
11--- do----- 2 0.6 0.02 0.68 .16 5.47 1. 2 
12--- do----- 3 0.9 tr. tr. .16 5.47 .25 
13--- do----- 18 5.5 tr. tr. .34 11.63 .23 

14--- do----- 1. 2 .04 1.37 2.4 82.1 7.69 
15--- Grab--- NA NA .01 0.34 .1 3.4 1.11 
16--- do----- NA NA tr. tr. tr. Tr. .34 
17--- Chip--- 20 6.1 .02 0.68 tr. tr. .19 

18--- Grab--- NA NA .02 0.68 3.10 13.68 4.62 
19--- do----- NA NA tr. tr. 1.0 34.2 
27--- Chip--- 3 0.9 N N .02 0.68 .10 
28--- do----- 20 6.1 .01 0.34 .02 0.68 .26 

29--- do----- 39 11.9 N N .12 4.10 .71 
30--- do----- 100 30.5 tr. tr. tr. tr. .18 
31--- do----- 80 24.4 .02 0.68 .30 10.26 .36 

32--- Grab--- NA NA N N .08 2. 74 .04 
33--- do----- NA NA .01 0.34 .42 14.37 3.85 
34--- do----- NA NA N N .18 6.16 .19 

MEADOW ADIT 

Another large working in the Van Epps area is the Meadow adit 
(fig. 46). The adit was driven through serpentinized peridotite, felsite, 
and felsite porphyry for more than 1,500 ft (457 m) (fig. 48). It was 
apparently intended to intersect mineralized rock beneath gossan. A 
brecciated fault zone containing gouge is about 1,180 ft (360m) from 
the portal. Broken material from the zone has caved into the adit and 
has dammed a flow of water which has filled the adit behind the caved 
area to a depth of 4-5 ft ( 1.2-1.5 m). Only one of the ten samples from 
the adit (fig. 48, locs. 41-50) contain appreciable amounts of metals. 

VANEPPS NO.3 WORKINGS 

Two small pits at the base of a cliff above the Van Epps No. 3 adit 
are in a sulfide-rich vein in serpentinized peridotite (fig. 46, loc. 7). The 
vein is 1 ft (0.3 m) wide, strikes N. 65 o E., and dips nearly vertically. 
The vein is composed of more than 90 percent massive, fine-grained, 
gray, sulfide minerals. A chip sample across the sulfide lens at the 
upper workings (fig. 46, loc. 7) contains no gold, 0.3 oz/ton 
(10.3 g/metric ton) silver, and 0.04 percent copper. 
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Data for samples from Meadow adit. VanEpps Creek-Solomon Creek area 

[Tr., trace; N, none detected; --, not analyzed; NA, not applicable] 

Sample Gold Silver 
Length (g/metric (g/metric Copper 

No. Type (ft) (m) (oz/ton) ton) (oz/ton) ton) (percent) 

41--- Chip---- 1. 3 o. 4 N N N N 
42--- do------ 3.2 1. 0 Tr. Tr. 0.1 3.4 
43--- Grab---- NA NA o. 01 0.34 .27 9.24 0.58 
44--- do------ NA NA tr. tr. .1 3.4 
45--- Chip---- 8.0 2.4 N N N N 

46--- do------ 4.5 1.4 tr. tr. Tr. Tr. 
47--- do------ 100 30.5 N N N N 
48--- do------ NA NA N N .02 0.68 .04 
49--- do------ 3.2 1.0 N N tr. tr. 
50--- do------ so 15.2 tr. tr. .2 6.9 

The Van Epps No. 3 adit (fig. 46, locs. 8-9) did not intersect the 
sulfide vein exposed in the pits or any mineralized structure. Samples 
8 and 9 from the dumps assayed no gold or silver and only a trace 
of copper. 

ELLEN WORKINGS 

The Ellen workings are near the head of the Solomon Creek drainage 
(fig. 46). The Chinook, Silver Fiend, Humbug, and White Star were 
early claims in the same area (Hodges, 1897; Huntting, 1943, Purdy, 
1951). A collapsed cabin, millsite, and traces of several foundations 
are evidence of old surface development near the head of Solomon 
Creek. 

The Ellen adits at sample localities 3, 4, and 5 (fig. 46) are on or 
near a complex shear zone at the contact of ultramafic and granitic 
rocks which are silicified or otherwise altered. Purdy (1951) described 
the geology in detail. The shear zone, 10-15 ft (3.0-4.6 m) wide, strikes 
about N. 60° E. and dips about 80° NW. The zone crops out for about 
150ft (46 m) horizontally, about 100ft (30m) upward to a ridge crest, 
and an estimated additional130 ft (40 m) to the adit on the east side 
of the ridge (fig. 46, loc. 3). Beyond this adit the mineralized zone thins, 
splits, and is offset by cross faults but may extend approximately 
800ft (240m) horizontally and 600ft (180m) downward toward the 
pit at sample locality 2 near where it is obscured under slope wash 
and talus. 

The outcrops along the Ellen shear zone are limonite stained, 
leached, and vuggy. Minor vein minerals in the shear zones, mainly 
at the workings at sample localities 4 and 5, are galena, sphalerite, 
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tetrahedrite, chalcopyrite, pyrite, and arsenopyrite. The major work
ings on the Ellen shear zone (fig. 46, locs. 4-5) are a 12-ft-long (3.7 m) 
adit and a caved adit which Purdy (1951, p. 63) reported to be 210ft 
(64 m) long with five crosscuts driven to explore the width of the zone 
(fig. 49). The shear zone in the vicinity of the workings consists of 
coarse-grained quartz and carbonate minerals, feldspar stringers, 
minor veinlets, and sulfide minerals. The hanging wall of the shear 
zone is granodiorite, and the footwall is serpentinized peridotite (fig. 
49). Samples contain as much as 0. 7 4 oz/ton (25.4 g/metric ton) gold 
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and 3.2 oz/ton (110 g/metric ton) silver. Purdy (1951, p. 64) reported 
that a grab sample of a quartz vein (from the workings at sample 
localities 4 and 5) contains 0.12 oz/ton (4.1 g/metric ton) gold and 5.98 
percent lead. 

A 27-ft-long (8.2 m) arlit (fig. 46, loc. 3) was excavated through 
granitic rock, a lamprophyre dike, limy rock, and into about 8 ft (2.4 m) 
of the sheared rock, which was estimated to be 20ft (6.1 m) wide at 
this point. The zone is composed of about 5 percent gouge, 10-20 per
cent quartz lenses, and 7 5-85 percent lenticular wallrock inclusions 
as much as 3ft (0.9 m) wide. Fine-grained gray metallic minerals occur 
in layers, mostly less than 0.3 ft (0.09 m) wide. 

Several caved excavations and cuts are in granitic slope wash in 
Solomon Creek valley. Sample 2 (fig. 46) contains 0.13 oz/ton 
(4.46 g/metric ton) gold and 1.5 oz/ton (51.43 g/metric ton) silver. 
Granitic rock crops out in large exposures nearby. Fire bricks and 
some slag in this vicinity may be the remains of a small smelter. 

Two caved adits (fig. 46, loc. 6) are probably both on the same 
mineralized zone which may be an extension of the major Ellen shear 
zone. The arlit, caved at 18ft (5.5 m) from the portal, is along sheared 
weathered serpentinized peridotite and decomposed granitic rock. The 
shear zone is 1-6ft (0.3-1.8 m) wide, strikes N. 30°-45° E., and dips 
55°-65° NW. Weathering has probably leached surficial metallic 
minerals at the two workings. A 4-ft-long (1.2 m) chip sample across 
the zone assayed no gold and 0.2 oz/ton (6.8 g/metric ton) silver. Spec
trographic analysis indicated less than 0.01 percent copper and lead. 

MISCELLANEOUS PROSPECTS 

Minor workings in the Van Epps Creek area, listed in table 8, prob
ably have no mineral potential or are not well enough exposed to 
estimate potential. 

FORTUNE CREEK AREA 

Scattered prospects (fig. 7, area 16; fig. 50) at the head of Fortune 
Creek are in an area underlain by serpentinized peridotite and intrusive 
grandiorite. Much of the rock is sheared, and some serpentinized 
peridotite is intensely slickensided. Most significant mineralization 
occurred in sheared zones. Quartz, carbonates, and talc are the most 
abundant vein minerals; pyrite and arsenopyrite fill some of the frac
tures in shear zones. Chalcopyrite, the principal economic mineral, 
occurs in some veins. 
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TABLE B.-Miscellaneous prospects and mineralized zones in the VanEpps Creek
Solomon Creek area, Alpine Lakes area, Washington 

Sample 
locality 

No. 
(fig. 46) 

Prospect 

1 ------- Solomon
Jack 
Creek. 

20-25 --- Blackhawk 

26 ------ Porcupine 

35 ------ Unnamed 
adit. 

36, 37 --- Unnamed 
workings. 

38-40 --- Unnamed 
adit. 

Summary 

Adit and caved shaft in weathered, 
banded, dolomitized and serpentinized 
rock. 

Four caved adits, total length probably 
more than 1,000 ft (305 m), in 
serpentinized peridotite and felsite. 
Disseminated pyrite, arsenopyrite, 
galena, chalcopyrite, and sphalerite, 
some in masses 0.8 ft (0.24 m) wide. 

Adit extends 71 ft (21.6 m) into 
serpentinized peridotite. 

A 20-ft-long (6.1 m) adit into small 
pyrite pod and slightly mineralized 
serpentinized peridotite transected by 
fracture zones. 

Adits extend 32 and 56ft (9.8 and 17.1 
m) into serpentinized peridotite 
containing 0.1-1.0-ft-wide (0.03-0.3 m) 
magnetite-chromite and cuprite veins. 

A 20-ft (6.1-m) adit into pyritized 
silicified felsite and mafic rock. 

51-53 --- --- do --- Adit 47 ft (14.3 m) long in sheared 
contact between silicified felsite and 
serpentinized peridotite. Caved adit 
below road has veins at least 0.5 ft 
(0.15 m) wide containing arsenopyrite 
and pyrite. 

54 ------ --- do --- Caved adit along near-vertical vein 
containing pyrite, arsenopyrite, 
and magnetite. Vein approximately 
1 ft (0.3 m) wide in serpentinized . 
peridotite and felsite. 

55-58 --- Roadcut -- A 100-ft-long (30.5 m) zone of mafic 
rock and felsite cut by mineralized 
shear zones. 

59-65 --- --- do --- Sheared mafic rock for 141 ft (43.0 m) 
along road. 

66 ------ Roadcut -- A 33-ft-long (10.1 m) zone of mafic rock 
cut by shear zones. 

Sample data 

Select dump sample: 0.01 percent 
copper, trace of lead, and 0.02 percent 
vanadium. 

Six select dump samples: as much as 
trace of gold, 2.10 oz/ton (72 g/metric 
ton) silver, and as much as 1 percent 
lead, (lead by spectrographic 
analyses). 

One sample: 0.02 oz/ton (0.7 g/metric 
ton) silver and 0.02 percent copper. 

One select sample: no gold, 0.18 oz/ton 
(6.2 g/metric ton) silver, and 0.19 
percent copper. 

Two chip samples: trace of gold and as 
much as 0.1 oz/ton (3.4 g/metric ton) 
silver. 

Three chip samples: maximum of trace 
of gold and 0.1 oz/ton (3.4 glmetric 
ton) silver. 

Select sample from adit below road: 
trace of gold, 0.2 oz/ton (6.8 g/metric 
ton) silver, and 0.85 percent copper. 
Chip sample from upper adit: 0.03 
percent copper. Grab sample from 
same area: 0.2 percent copper. 

Select sample: trace of gold, no 
silver, and 0.02 percent copper. 

Four chip samples: maximum of 0.02 
percent copper. 

Seven chip samples: maximum of 0.1 
percent copper. 

One sample: 0.06 oz/ton (2.1 g/metric 
ton) silver, and less than 0.07 percent 
copper. 
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TABLE B.-Miscellaneous prospects and mineralized zones in the VanEpps Creek
Solomon Creek area, Alpine Lakes area, Washington-Continued 

Sample 
locality 

No. 
(fig. 46) 

Prospect Summary 

67-70 --- The Goldie Two adits, 68 and 37ft (20.7 and 11.3 
m) long in felsite, serpentinized 
peridotite, and diorite with scattered 
pyrite and pyritized shear zones 
0.25-12 in. (0.6-0.30 em) wide. 

71-93 --- Roadcut -- Five hundred fifty feet (168m) of mafic 
rocks cut by shear zones. 

94 ------ Unnamed 
workings. 

Weathered altered rock. 

95 ------ --- do --- Porphyritic aplitic granodiorite with two 
crosscutting shear zones less than 0.5 
ft (0.15 m) wide. 

96 ------ --- do --- Pit 2-4 ft (0.61-1.2 m) deep in silicified 
felsite containing scattered sulfide 
minerals. 

97 ------ Unnamed 
adit. 

Adit about 20ft (6.1 m) long into 
ultramafic rock and along 0.3-0.8-ft
wide (0.09-0.24 m) shear zone. Pyrite 
along zone. 

98 ------ --- do --- Partly caved adit in serpentinized 
peridotite. Vein containing pyrite and 
arsenopyrite at least 1.5 ft (0.46 m) 
wide. 

99 ------ --- do --- A 25-ft-long (7.6 m) adit along 0.1 to 
0.5-ft-wide (0.03-0.15 m) shear zone in 
serpentinized peridotite containing 
chalcopyrite and pyrite. 

D1 ----- U.S. Drilled in 250ft (76.2 m) of mafic rock 
Bureau and shear zones. 
of Mines 
drill hole. 

D2 ----- --- do --- Drilled in 226 ft (68.9 m) of mineralized 
rock. 

D3 ----- --- do --- Hole in mafic rock and shear zones for 
total depth of 186 ft (56. 7 m). Rock 
mineralized with copper between 
138.8 and 146.0 ft (42.3 and 44.5 m). 

Sample data 

Average of four chip samples: 0.2 oz/ton 
(6.8 g/metric ton) silver, and 
maximum of 0.8 percent copper. 

Twenty samples: average less than 0.3 
percent copper. 

One sample: no gold, no silver, and 0.04 
percent copper. 

One chip sample: no gold and 0.4 oz/ton 
(14 g/metric ton) silver. 

One chip sample: no gold, 0.1 oz/ton (3.4 
g/metric ton) silver, and 0.05 percent 
copper. 

One select sample: trace of gold, and 0. 7 
oz/ton (24 g/metric ton) silver. 

One select sample: no gold or silver. 

One sample along shear zone: 0.4 oz/ton 
(14 g/metric ton) silver and 0.54 
percent copper. 

Highest assays contained 0.12-0.24 
percent copper. 

Values ranged from 0.10 to 0.46 percent 
copper. 

Values ranged from 0.10 to 0.20 percent 
copper. Analyses showed a maximum 
of 0.05 percent wo3. 
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HHY PROSPECT 

The HHY prospect workings (fig. 50, lacs. 1-8) were dug in frac
tured weakly mineralized serpentinized peridotite (fig. 51). Narrow 
dike-like masses of dacite intrude the serpentinized peridotite at widely 
spaced intervals subparallel to the major fractures. Pyrite is 
disseminated in country rock along a few fractures. Most fractures 
are tight and only slightly mineralized. 

A 0.7-ft-long (0.2 m) sample taken across a vein above the adit (fig. 
51, loc. 2) contains 2.9 oz/ton (99.4 g/metric ton) silver and 4.2 per
cent copper. The vein is exposed 24 ft (7.3 m) along the strike. It 
pinches out to the east and is covered by debris to the west. The area 
of the HHY prospect has a small potential for discovery of silver
copper resources. 
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BENITA CLAIMS 

The prospect workings on the Benita claims (fig. 50, locs. 9-22) are 
nearly alined along a silicified zone enriched in sulfide minerals, the 
Benita shear zone, which strikes N. 45 ~55 o W. and dips 65 ~85 o NE. 
The known length of the Benita shear zone is 1,500 ft (457 m), but 
it can be inferred for an additional few hundred feet (100-200 m) to 
the northwest and southeast. Some short adits and pits are along a 
brecciated and mineralized zone northeast of the main Benita zone. 

The main Benita workings are an arlit, two trenches, and a caved 
inclined shaft (fig. 52). The shear zone in the workings is about 8-15ft 
(2.4-4.6 m) wide between walls of serpentinized rock. An irregular 
quartz vein in the center section of the zone averages 0.3 ft (0.09 m) 
wide and contains 5-10 percent pyrite, chalcopyrite, and galena. Near 
the bounding faults are massive pyrite-rich elongate sulfide lenses 
about 0.5 ft (0.15 m) wide and as much as 6 ft (1.8 m) long. 

Debris from the Van Epps road covers the portal of an arlit (fig. 50, 
loc. 10). Serpentinized peridotite on the dump of the arlit contain less 
than 5 percent small disseminated pyrite grains. Masses of pyrite, 
arsenopyrite, and chalcopyrite with quartz and talc as much as 0.5 ft 
(0.15 m) wide are in some of the broken material. 

Samples containing as much as 1.10 oz/ton (37.7 g/metric ton) silver 
and 2.8 percent copper and the persistence of the Benita shear zone 
indicate some potential for the discovery of small low-grade deposits 
of silver and copper. 

MISCELLANEOUS PROSPECTS 

Other prospects in the Fortune Creek area listed in table 9, have no 
potential or are not well enough exposed for a potential to be estimated. 

GOLD CREEK AREA 

The rocks, structural relationships, and mineral deposits of the Gold 
Creek area (fig. 7, area 12) have been described by Smith and Calkins 
(1906), Hammond (1961), Stout (1964), Erickson (1969), and A. R. Grant 
(written commun., 1971). 

Granitic rocks of the Snoqualmie batholith intruded volcanic and 
sedimentary rocks in the Gold Creek area. A. R. Grant (written com
mun., 1971) reported a conjugate system of strong northwest-trending 
shear zones and northeast-trending en echelon shears and sheet joints 
in the Gold Creek area Some shear zones contain quartz, pyrite, chalco
pyrite, pyrrhotite, tetrahedrite, galena, sphalerite, and silver minerals. 
Extensive hydrothermally altered areas, especially in granodiorite, 
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Data for samples from HHY prospect, Fortune Creek area 

[Tr., trace; N, none detected; --, not shown; NA, not applicable] 

Sam2le Silver 
Length Gold (g/metric Copper 

No. Type (ft) (m) (oz/ton) ton) (percent) 

1--- Grab---- NA NA N 0.10 3.42 0.02 
2--- Chip---- o. 7 0.2 N 2.90 99.21 4.20 
3--- Grab---- NA NA N N N .30 
4--- Chip---- 4.0 1. 2 Tr. N N 

5--- do------ o. 7 0.2 tr. N N N 
6--- do------ 3.8 1. 2 N N N N 
7--- do------ 1.2 0.4 N .10 3.42 
8--- do------ 1. 5 0.4 N tr. tr. N 

contain disseminated quartz, pyrite, pyrrhotite, chalcopyrite, 
molybdenite, and mica minerals. Phelps Dodge Co. (written commun., 
1972) has drilled five holes totaling 3,171 ft (967 m) in Gold Creek basin 
(fig. 53). Two holes transected 300-ft (91-m) intervals that assayed 0.1 
1 and 0.12 percent copper. In the summers of 1973 and 1974, geologic 
mapping was done by Grant. 

In the Gold Creek drainage, many short adits and pits on the south 
face of Alaska Mountain have been driven along mineralized shear 
zones (fig. 53). The steeply dipping shear zones on the Tinhorn claims 
strike approximately N.30 o E., subparallal to a possible major fault 
along Gold Creek (Foster, 1960; Hammond, 1961). A dump of an arlit 
(fig. 53, loc. 1 7) is nearly on line with the shear zones at workings on 
the Tinhorn Nos. 3 and 4 claims. They have a difference in elevation 
of about 1,000 ft (305m) and are 0.5 mi (800 m) apart. The intervening 
distance is covered by talus and brush, but the workings probably are 
on the same structure. Linear features on aerial photographs suggest 
that the most extensive zone at the Tinhom workings extends at least 
to the ridge of Alaska Mountain (fig. 53). 

Lode samples from a few prospects in Gold Creek basin contain 
values that represent small potential resources of copper and silver. 

TINHORN NOS. 3 AND 4 CLAIMS 

The Tinhorn Nos. 3 and 4 workings are at about 4,300 ft (1,310 m) 
altitude and are the major workings open on Alaska Mountain (fig. 53. 
locs. 20-26). The country rock in the area of the portal (fig. 54) is altered 
granodiorite containing less than 5 percent sulfide minerals dissem
inated through the rock and concentrated along fractures. The 

Continued on p. 185. 
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Data for samples from Benita claims, Fortune Creek area 

[Tr., trace; N, none detected; --, not analyzed; NA, not applicable) 

Sam2le Silver 
Length Gold (g/metric Copper 

No. Type (ft) (m) (oz/ton) ton) (percent) 

15--- Grab--- NA NA N 1.10 37.63 2.80 
16--- Chip--- 1. 5 0.4 Tr. 1.00 34.21 
17--- do----- 2.9 0.9 N .3 10.3 
18--- do----- 3.0 o. 9 tr. 1.10 37.63 .003 

19--- do----- 0.8 0.2 N .20 6.84 
20--- Grab--- NA NA tr. .so 17.10 
21--- Chip--- 2.5 o.s tr. .10 3.42 

TABLE 9.-Miscellaneous prospects in the Fortune Creek area, Alpine Lakes area, 
Washington 

Sample 
locality 

No. 
(fig. 50) 

Prospect Summary 

9, 10 ---- Roadcut -- Weathered overburden. 

11 - - ---- Adit ----- A 42-ft-long (12.8-m) adit into silicified 
felsite containing scattered sulfide 
minerals. 

12-13 --- Pits ------ Pits in serpentinized peridotite 
containing disseminated magnetite 
and pyrite in shear zones as much as 
1.0 ft (0.3 m) wide. 

14 ------ Pit ------- Pit in slope wash. 

22 ------ --- do --- Caved pit in silicified felsite. 

23-24 --- Silver Bowl Caved adit, two trenches, one caved 
prospect. shaft in serpentinized peridotite 

which is cut by a dolomite-gypsum
quartz-healed shear zone. Evidence of 
placer mining near adit. 

25 ------ Silver 
Treasury. 

Cribbed shaft in serpentinized peridotite 
with very minor iron oxide stained 
fractures. 

26-31 --- Black Bear Altered shear zone as much as 1.7 ft 
(0.52 m) wide in serpentinized 
peridotite. 

32-33 North Fork Small pits at trail crossings. 

34 ------ Jacobson 
Cabin. 

Serpentinized peridotite country rock. 

Pits and one caved adit on 6Q-ft-wide 
(18.3 m) iron oxide stained shear zone 
in serpentinized peridotite. Zone 
strikes N. 11 o E., dips vertically. 
Pyrite and marcasite occur in 15-ft
wide (4.6 m) talcose zone on 
southeast wall of shear zone. 

Sample data 

Grab samples, 170 and 50 ft (52 and 15 
m) long: as much as trace of gold and 
0.04 percent copper. 

Chip samples 40 ft (12.2 m) along wall 
of adit: trace of gold, trace of silver, 
and 0.02 percent copper. 

Three samples: maximum of 0.02 
percent copper. 

Select sample from debris around pit. 
0.2 oz/ton (6.8 glmetric ton) silver, 
and 0.02 percent copper. 

Grab sample: 0.1 oz/ton (3.4 glmetric 
ton) silver and 0.01 percent copper. 

Two chip samples: one contained 0.3 
oz/ton (10.3 glmetric ton) silver. 

Very minor values of metallic minerals. 

Five chip samples: maximum of 0.31 
oz/ton (10.6 g/metric ton) gold, 0.10 
oz/ton (3.4 glmetric ton) silver, and 
1.00 percent copper. 

Samples contained no metallic values. 

Grab sample from pit dump: trace of 
gold, 0.4 oz/ton (13.7 glmetric ton) 
silver, and 0.07 percent copper. 
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FIGURE 53.-Map showing prospects in the Gold Creek area. 

Data for samples from Tinhom Nos. 3 and 4 claims, Gold Creek area 
Tr., trace; N, none detected; --, not analyzed; no gold was detected] 

Sam12le Silver 
Length (g/metric Copper Lead 

No. Type (ft) (m) (oz/ton) ton) (percent) (percent) 

20--- Grab---- NA NA Tr. Tr. 
21--- do------ NA NA 0.1 3.4 
22--- Chip---- 1.2 .4 1. 9 65.2 
23--- Grab---- NA NA tr. tr. 
24--- Chip---- 2.6 .a .1 3.4 
25--- do------ 2.0 .6 .6 20.6 
26--- do------ 7.0 2.1 3.6 123.5 0.03 0.25 
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FIGURE 54.-Map of Tinhorn Nos. 3 and 4 claims. 

workings were driven along two intensely altered w€t gouge zones. 
The adit first was driven along a 1- to 3-ft-wide (30-90 em) shear zone 
composed of 0.5- to 2.0-ft-wide (15-60 em) lenses of granitic wallrock 
containing 5-25 percent gouge. The shear zone strikes approximately 
N. 23 o E. and dips from 60 o NW. to vertical. Grab samples from the 
zone contain no gold and 0.1 oz/ton or less (3.4 g/metric ton) silver. 
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About 320 ft (98 m) from the portal a crosscut was driven eastward 
to a second shear zone which strikes N. 24 o E. and dips nearly ver
tically. The zone is 0.5-2.0 ft (15-60 em) wide and contains 5-10 per
cent sulfide-enriched stringers averaging 0.08 ft (2.4 em) thick. The 
zone contains quartz lenses that average 0.5 ft (15 em) in width but 
is mostly fragments of wallrock. A pit 2.4 ft (73 em) wide (fig. 54, loc. 
24) has been dug on the shear zone about 280ft (85 m) vertically above 
the main adit. A second pit (fig. 54, loc. 26) about 400ft (122m) ver
tically above the main adit exposes the zone, which is about 6ft (1.8 m) 
wide and nearly vertical. The richest sample from the zone contains 
3.6 oz/ton (123 g/metric ton) silver, 0.03 percent copper, and 0.25 per
cent lead. 

The workings in the two shear zones expose highly oxidized sections 
of the veins which contain only low-grade material. No potential 
resource exists above the workings. The persistence of the veins and 
the oxidized weathered surface material that gives only low assay 
values indicate a possible zone of enrichment at lower levels in the shear 
zone and a possible zone of unaltered sulfide minerals at greater depths. 

The veins, if present at depth, are probably narrow, however. 

EAST TINHORN AREA 

'1\vo adits were driven on another smaller shear zone (fig. 53, locs. 
27-30) about 900ft (270m) east from the zones on Tinhorn Nos. 3 
and 4 claims. The lower adit (fig. 53, locs. 27-29) was driven for a total 
distance of 330ft (101m) on two closely spaced roughly parallel faults 
which diverge near the face. Where observed in the adit and on the 
surface near the portal the fractures are tight. A random grab sample 
from a stockpile near the portal contains 11.1 oz/ton (381 g/metric ton) 
silver, no gold, 7. 7 percent copper, and 0.008 percent lead. It is not evi
dent where the ore came from in the workings. '1\vo chip samples taken 
across the zone contain no gold and at best 0.2 oz/ton (6.8 g/metric 
ton) silver . 

. The upper adit, probably along the same shear zone (fig. 53, loc. 30) 
was driven for 20ft (6 m) on a bearing of N. 20° E. The country rock 
is jointed to slightly brecciated granodiorite. In the adit the shear zone 
is 0.5-1.5 ft (15-46 em) wide and is composed of 50 percent intensely 
fractured country rock, 30 percent quartz, and about 20 percent sulfide 
minerals. The sulfide minerals are composed of about 7 5 percent pyrite, 
20 percent chalcopyrite, and 5 percent tetrahedrite. The granodiorite 
between shears intersecting the main shear zone near the portal is iron 
oxide stained and contains about 5 percent small irregular masses and 
stringers of sulfide minerals. A sample (fig. 53, loc. 30) taken across 
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the main shear zone at the portal contains 0.02 oz/ton (0. 7 g/metric 
ton) gold, 4.5 oz/ton (154 g/metric ton) silver, and 1.3 percent copper. 

GIANT LODE AND JACK LODE 

The Giant lode and Jack lode patented claims are east of Gold Creek. 
The lower Giant adit portal is caved, but a map of the workings (fig. 55) 
was obtained from E. A. Magill (written commun., 1971). 

The Giant workings are in granitic rock near the contact with 
volcanic rocks. Disseminated pyrite, chalcopyrite, and galena are con
centrated in north-striking steeply dipping shear zones and total less 
than 5 percent of the mineralized rock. 

The upper Giant adit was driven east in the granitic rock, and short 
drifts were driven north and south along minor shears. A flooded winze 
close to the portal is reported to be more than 32 ft (9. 7 5 m) deep. The 
adit was begun in an iron oxide stained altered shear zone about 6 ft 
(1.8 m) wide. The winze was sunk on an intensely altered 0.5-ft-wide 
(15 em) shear zone that strikes N. 8° W. and dips 76° NE. The shear 
zone consists of 10-25 percent pyrite and silicified rock. At about 27 
ft (8.2 m) from the portal, the adit crosses an iron oxide stained 0.5-
to LO-ft-wide (15-30 em) pyritic fault that strikes N. 15 oW. and dips 
50 o SW. to vertical. The north 8-ft-long (2.4 m) drift of the upper adit 
is along a 0.1-ft-wide (3 em) altered fault that strikes north and dips 
82° W. The south drift was driven on a 0.5- to 1.0-ft-wide 15-30 em) 
fault zone that strikes mainly N. 10° E. and dips 72° W. The zone is 
composed mostly of quartz containing 5-10 percent pyrite. 

Selected samples (fig. 55) from the dump of the lower adit contain at 
most 0.20 oz/ton (8.86 g/metric ton) gold, 12.40 oz/ton (425.13 g/metric 
ton) silver, 0.3 percent copper, and 2.1 percent lead. Samples from the 
upper Giant adit contain as much as 0.14 oz/ton (4.80 g/metric ton) gold, 
14.96 oz/ton (512.9 g/metric ton) silver, 0.08 percent copper, and 0.16 
percent lead. A random chip sample from granitic rock in the streambed 
containing disseminated sulfide minerals contains no gold or silver and 
0.03 percent copper. The extent of the disseminated sulfide minerals in 
the granitic rock on the surface could not be seen because of overburden 

The Jack lode workings are about 1,000 ft (300m) northeast of the 
upper Giant adit on the north and south sides of a small creek along 
which gray granitic rock is exposed. A 3-ft-long (0.9 m) pit undercut
ting the north bank and a caved adit about 30ft (9.1 m) away on the 
south bank are in a 4-ft-wide (1.2 m) shear zone. The zone is nearly ver
tical, strikes about N. 27 o E., and is about 90 percent granitic fragments, 
5 percent gouge, and 5 percent pyrite. Sample 47 (fig. 53) from near the 
Jack workings contains no gold, 0.1 oz/ton (3.4 g/metric ton) silver, and 
no copper. 
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Data for samples from Giant lode, Gold Creek area 

[N, none detected; -- not analyzed, NA, not applicable) 

Sam12le Gold Silver 
Length (g/metric (g/metric Copper Lead 

No. Type (ft) (m) (oz/ton) ton) (oz/ton) ton) (percent) (percent) 

34--- Select--- NA NA o.o8 2. 74 6.2 212.1 0.31 2.1 
35--- Grab----- NA NA .08 2. 74 12.40 424.20 
36--- do------- NA NA .20 6.84 8.04 275.05 
37--- do------- NA NA .02 o. 68 1.04 37.58 

39--- Chip----- 0.5 0.2 .14 4. 79 14.96 511.80 
40--- do------- 1. 0 o. 3 N N 8.9 304.47 
41--- do------- 100.0 30.5 N N 1. 2 41.052 .1 
42--- do------- • 7 0.2 .14 4. 79 .04 

43--- do------ 1.5 0.4 N N .3 10.3 .08 .16 
44--- do------ 1.0 0.3 .08 2. 74 1.46 49.95 
45--- do------ 2.0 0.6 .12 4.10 2.34 80.05 
46--- do------ 1.0 o. 3 .02 o. 68 2.14 73.21 
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TRANSIT WORKINGS 

The main workings on the patented Transit claim (fig. 53) are on 
the east side of upper Gold Creek valley. The crosscut adit (fig. 56) 
on the north side of a steep-sided gulch was driven through mineralized 
rock along faults that bound a fractured zone in blocky andesite. A 
drift was turned from the adit N. 48° E. along the zone. The zones 
converge at a point about 58 ft (18 m) from the intersection of the 
adit and drift, and a winze of undetermined depth was sunk 14ft (4 m) 
from the face of the drift. 

The more northern of the two fault zones consists of a 0.5-ft-wide 
(0.15 m) zone of gouge and a 0.5-ft-wide (0.15 m) vein of pyrite-rich 
quartz. The other fault zone is narrower and consists of gouge but 
not quartz stringers. The intervening andesite is dark, fine-grained, 
intensely fractured, and stained with iron oxides. 

No minable ore was found on the Transit claim. One 0.5-ft-wide 
(0.15 m) sample (fig. 56, loc. 53) from across a mineralized fault zone 
contains 0.08 oz/ton (2.7 g/metric ton) gold, 10.70 oz/ton (367 g/metric 
ton) silver, and 0.56 percent copper. 

SILVER KING AND SILVER QUEEN CLAIMS 

The Silver King and Silver Queen patented claims (fig. 53) are east 
of Gold Creek and on the west side of Alta Mountain. A fault and an 
irregular quartz vein intersect in massive andesite on the property 
(fig. 57). The fault strikes N. 60° E., dips 46° NW., and is evidenced 
by a straight, very steep gully. The quartz vein crops out at the por
tal of an inaccessible adit south of the gully and near a caved inclined 
shaft north of the gully. North of the shaft the vein splits and appears 
to pinch out. The vein was traced a few hundred feet (about 100m) 
south of the adit. 

A random grab sample (fig. 57, loc. 8) from a stockpile on a lower 
dump that appeared to be from the inclined shaft contains 0.07 oz/ton 
(2.4 g/metric ton) gold, 22.4 oz/ton (768 g/metric ton) silver, and 0.063 
percent copper. A second random grab sample (loc. 9) of a stockpile 
near the shaft collar contained much less than that from sample 
locality 8. 

The intersection of the fault and the vein on the surface is covered 
by debris. The moderate dip of the two structures indicates an intersec
tion having a relatively flat rake to the northeast that may have local
ized the emplacement of sulfide minerals. The inclined shaft would 
penetrate this zone a few tens of feet (about 10m) from the collar. 
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Data for samples from the Transit workings, Gold Creek area 

[Tr., trace; N, none detected; all samples are chip] 

Sample Gold Silver 
Length (g/metric (g/metric 

No. (ft) (m) (oz/ton) ton) (oz/ton) ton) 

49--- 1.0 0.3 0.04 1.37 2.86 97.84 
50--- 2.2 0.7 N N 3.20 109.47 
51--- 2.6 0.8 N N Tr. Tr. 
52--- .8 0.2 N N .40 13.68 
53--- .5 0.2 .08 2.74 10.70 366.05 

Copper 
(percent) 

0.37 
.30 
.04 
.23 
.56 
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MISCELLANEOUS PROSPECTS 
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Other lode and placer prospects in the Gold Creek area have no 
potential or are not well exposed (table 10). Placer samples from 
carefully selected sites along Gold Creek contained only very minor 
amounts of gold. 

HUCKLEBERRY MOUNTAIN AREA 

The area is on the west slope of Huckleberry Mountain, between 
Fortune and Camp Creeks and east of the Cle Elum River (fig. 7, area 
17; fig. 58). Greenstone and serpentinized peridotite intruded by 
granodiorite underlie most of the area. A roof pendant of bedded 
silicified volcanic breccia underlies the White Cat prospect (fig. 58, 
locs. 19-27). 

Prospect workings are concentrated along or near the contact be
tween granodiorite and greenstone and along shear zones in the serpen
tinized peridotite and volcanic breccia. Gold, silver, and copper occur 
in the area, but surface exposures in most areas are too sparse to deter
mine accurately the extent of resources. 
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TABLE 10.-Miscellaneous prospects in the Gold Creek area, Alpine Lakes area, 
Washington 

Sample 
locality 

No. 
(fig. 53) 

Prospect Summary Sample data 

1 ------- Kendall 
Peak. 

Iron oxide stained shear zone 0.5-3.0 ft Random chip sample: trace of gold, 0.1 
(0.15-0.91 m) wide in altered volcanic oz/ton (3.4 g/metric ton) silver, 0.02 
rock. 

2-7, Placer Panned samples from bedrock 
10-16. locations. exposures and favorable gravel 

deposits in and near Gold Creek. 

17 ------ Granite 
King. 

18-19 --- Tinhorn 
No.1 
and 2. 

31 ------ Ridge 
breccia. 

Caved adit, estimated 500 ft (150 m) 
long, in porphyritic granodiorite. 

Two adits, 18 and 34 ft (5.5 and 10.4 m) 
long, in granodiorite. Some silicified, 
pyritized, and micaceous country 
rock. 

Pyritized breccia zone in granodiorite. 

32 ------ Adit ----- Brecciated granodiorite containing less 
than 1 percent disseminated pyrite. 
One 11-ft-long (3.4 m) adit. 

33 ------ Pit ------- A pit in 4-ft-wide (1.2 m) pyritized shear 
zone in silicified breccia. 

48 ------ Esther and Open adit 200 ft (61 m) long and caved 
Louisa. adit in andesite porphyry. Pyrite in 

fractures and disseminated in 
porphyry. 

percent copper. 

Thirteen samples tested for recoverable 
gold: calculated on a value of 
$168.92/troy oz., one yielded 
$0.18/yd3 ($0.23/m3

). Others less than 
$0.01/yd3

) ($0.013 m3
) to $0.05/yd3 

($0.065/m3
). 

Grab sample from dump: no gold or 
silver. 

One chip sample and one grab sample: 
maximum of 0.8 oz/ton (24 g/metric 
ton) silver and 0.39 percent copper. 
No gold in either sample. 

One sample: no gold, 0.01 oz/ton (0.3 
glmetric ton) silver, and 0.5 percent 
copper. 

One sample: 0.01 oz/ton (0.3 g/metric 
ton) gold, 1.2 oz/ton (41.1 g/metric 
ton) silver, and 1.9 percent copper. 

One chip sample: no gold or silver, 0.02 
percent copper. 

One sample: no gold, 0.2 oz/ton (6.8 
g/metric ton) silver. 

WHITE CAT PROSPECT 

The White Cat prospect is north of Camp Creek near the Cle Elum 
River road (fig. 58). A total of about 15.5 tons (14 metric tons) of 
silver-gold ore was shipped from the property in 1929 and 1956 (U.S. 
Bureau of Mines, written commun., undated). 
Three adits were driven southeast along steeply dipping shear zones 

that cut silicified extrusive rocks containing calcite stringers (fig. 
59, locs. 11-27). A northeast-trending shear zone was cut by one adit. 
Pyrite, arsenopyrite, galena, sphalerite, and chalcopyrite occur as 
lenses and pods in the shear zones and in fine-grained disseminations. 
Quartz and calcite are common gangue minerals. 
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Adit 1 intersects 1- to 1.5-ft-wide (0.3-0.5 m) shear zones that con
tain randomly distributed lenses of sulfide minerals. Adit 2 intersects 
a 4.5- to 6.0-ft-wide (1.4-1.8 m) sulfide-bearing shear zone that strikes 
N. 55° W. and dips 35°-45° SW. A 20-ft-high (6.1 m) stope 95ft (29m) 
from the portal of adit 2 was driven updip. Adit 3 follows a 3.0- to 
3.5-ft-wide (0.9-1.1 m) shear zone that strikes N. 30°-45° W. and dips 
50°-67° SW. The zone contains from 5 to 20 percent sulfide minerals 
in lenses and pods. 

The mineralized shear zone explored by adits 2 and 3 has an 
indicated submarginal resource of about 15,000 tons (13,600 metric 
tons) averaging about 2.63 oz/ton (90.1 g/metric ton) silver, 0.07 per
cent copper, 0.34 percent lead, and 0.30 percent zinc. 
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Data for samples collected from White Cat prospect, Huckleberry Mountain area 

(Tr., trace; N, none detected; --, not analyzed; <, less than snown; all samples are chip] 

Sam12le Gold Silver 
Length (g/metric (g/metric Copper Lead Zinc 

No. (ft) (m) (oz/ton) ton) (oz/ton) ton) (percent) (percent) (percent) 

11--- 13.0 3. 9 N N 0.3 10.3 0.014 <0.01 
12--- .5 0.2 o. 01 0.34 2. 2 75.2 .12 .22 
13--- 1.4 0.4 .01 0.34 • 5 17.1 .057 .10 0.12 
14--- 1.1 o. 3 Tr. Tr. .3 10.3 .06 

15--- 3.0 0.9 N N .3 10.3 .028 .032 
16--- 1. 5 0.4 N N .1 3. 4 
17--- s.o 1.5 N N .2 6.8 
18--- 5.0 1. 5 tr. tr. N 

19--- 52.0 15.9 N N N N .009 <.01 .008 
20--- s.o 1. 5 N N Tr. Tr. 
21--- 4.5 1.4 tr. tr. 9.6 328.3 • 13 1 • .5 
22--- 4.5 1.4 .01 o. 34 1. 5 51.3 .037 .052 .15 

23--- 6.0 1.8 N N tr. tr. .004 <.01 .009 
24--- 3.0 o. 9 .01 o. 34 • 3 10.3 .13 .15 .18 
25--- 3.5 10.7 tr. tr. 1.5 51.3 .os • 87 .27 
26--- 3. 0 o. 9 tr. tr. 2. 7 92.3 .068 .032 • 93 
27--- 3.5 10.7 .01 0.34 2. 7 92.3 .14 .33 .35 

HUGHES-WAYMAN PROSPECT 

The Hughes-Wayman prospect (fig. 58, locs 29-61) is underlain by 
serpentinized peridotite which is intruded by granitic rock. The coun
try rock is cut by northwest- to west-trending steeply dipping shear 
zones that range in width from 1 to 12ft (0.3-3. 7 m) and by less well 
developed, vertically dipping, northeast-trending shear zones and 
quartz-filled fractures. The shear zones contain pyrite and chalcopyrite 
in association with quartz and gouge. 

Development consists of two open adits, two caved adits, and five 
prospect pits (fig. 60). Arlit 1 cuts 64ft (19.5 m) of intensely silicified 
granitic rock containing disseminated sulfide minerals, a 3.5- to 4.0-
ft-wide (1.1-1.2 m) highly altered shear zone, and intersects three other 
3- to 7-ft-wide (0.9-2.1 m) shear zones. 

Arlit 2 follows a 0.5- to 1.5-ft-wide (0.15-0.46 m) quartz vein con
taining scattered pyrite crystals. The arlit crosscuts four north- to 
northwest-trending, steeply dipping fault zones that are 1.0-3.5 ft 
(0.3-1.1 m) wide and contain disseminated pyrite, arsenopyrite, 
chalcopyrite, quartz, and gouge .. 

North and west of arlit 1, northwest-trending, steeply dipping, highly 
altered shear zones are exposed in prospect pits and on the surface. 
They contain pyrite, arsenopyrite, chalcopyrite, quartz, and clay. 
Malachite coats some rocks in the zones. 

Continued on p. 198. 
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Data for samples collected from Hughes- Wayman prospect, Huckleberry Mountain area 

(Tr., trace; N, none detected; --· , not analyzed; NA, not applicable; all 
samples are chip except 49 which is a grab sample] 

SamEle Gold Silver 
Length (g/metric (g/metric Copper 

No. (ft) (m) (oz/ton) ton) (oz/ton) ton) (percent) 

29---- 4.0 1.2 N N o.1 3.4 
30---- 6.0 1. 8 Tr. Tr. .2 6.8 0.047 
31---- 6.0 1.8 0.01 0.34 .2 6.8 .15 
32---- 6.5 2.0 tr. tr. .4 13.7 .16 

33---- 6.0 1. 8 tr. tr. .1 3.4 .22 
34---- 32.0 9.6 N N .2 6.8 .016 
35---- 32.0 9.6 N N .1 3.4 .012 
36---- 1.0 0.3 N N .1 3.4 .13 

37---- 3.5 1.0 .13 4.45 .1 3.4 .ll 
38---- 2.5 0.8 tr. tr. .6 20.5 .064 
39---- 1.0 0.3 tr. tr. .2 6.8 .052 
40---- 1.0 0.3 .47 16.08 .3 10.3 .019 

41---- 3.5 1.0 N N N N .08 
42---- 4.0 1.2 N N .1 3.4 .13 
43---- 3.0 0.9 tr. tr. .2 6.8 .21 
44---- 4.0 1.2 .01 0.34 .2 6.8 .068 

45---- 3.0 0.9 N N N N .044 
46---- 7.0 2.1 tr. tr. .s 17.1 .13 
47---- 3.0 0.9 N N Tr. Tr. .028 
48---- 1.0 0.3 N N tr. tr. 

49---- NA NA 0.87 29 . 76 1.4 47.9 1. 31 
50---- 6.0 1. 8 N N .1 3.4 
51---- 7.0 2.1 .01 o .. 34 .8 27.4 .31 
52---- 12.0 3.7 N N N N .068 

53---- 6. 0 1. 8 tr. tr . .5 17.1 .38 
54---- 1.0 0.3 N N .1 3.4 
55---- 1.5 0.4 N N N N .013 
56---- 1.4 0.4 tr. tr .. .1 3.4 .01 

57---- 3.5 1. 1 tr. tr .. .1 3.4 .018 
58---- 3.0 0.9 tr. tr .. .1 3.4 .085 
59---- 1.5 0.4 N N .1 3.4 .015 
60---- 1.0 0.3 tr. tr .. .3 10.3 .24 
61---- 2.0 0.6 .01 0 .. 34 .4 13.7 .44 
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The principal shear zone averages 5.8 ft (1.8 m) wide and is traceable 
for a total of more than 350ft (107m) on the surface, in adit 1, and 
in prospect pits (fig. 60, locs 32, 33, 40-42, 51, 53). This zone is 
estimated to have a resource of more than 30,000 tons (27,216 metric 
tons) averaging 0.12 oz/ton (4.1 g/metric ton) gold, 0.27 oz/ton 
(9.3 g/metric ton) silver, and 0.34 percent copper. The deposit has 
potential for the discovery of additional resources. 

COPPER QUEEN CLAIMS 

The Copper Queen claims are on the west slope of Huckleberry 
Mountain, east of the Cle Elum River and near the head of Camp Creek 
(fig. 58, locs. 64-71). Country rock in the area of the claims is sheared 
serpentinized peridotite that has been intruded by an elongate granitic 
body that trends north, is 20-80 ft (6-24 m) wide, and is exposed for 
600ft (183m) (fig. 61). It is traceable for another 800ft (244m) by 
following float. The intrusive rock is intensely silicified, stained by 
iron oxide, and contains narrow veins and pods of quartz and dissem
inated pyrite and chalcopyrite. 

Two adits, 10 and 20ft (3 and 6 m) long, crosscut the upper part 
of the intrusive. A caved adit (fig. 61, loc. 64) estimated to be more 
than 300 ft (91 m) long, probably marks an attempt to crosscut to 
the granite at depth. 

Two adits, 34 and 60ft (10 and 18m) long, crosscut an intensely 
altered shear zone in peridotite (fig. 61, locs. 68-71). The shear zone 
is as much as 20 ft (6.1 m) wide and is exposed for 260 ft (79 m). 
Peridotite near the shear zone is mostly altered to serpentine; the rock 
is silicified and iron oxide stained, and contains pods and stringers 
of calcite and narrow quartz veins. Finely disseminated pyrite and 
chalcopyrite occur in the serpentinized peridotite and quartz. The ex
posed surfaces and joints contain crusts and scales of malachite and 
azurite. 

A minor gold and copper resource is believed to occur at the Cop
per Queen prospect, but the mineralized areas are not sufficiently 
exposed to allow calculation of tonnage and grade. Exploration of the 
granitic intrusive (fig. 61, locs. 65-67) and the quartz-filled shear zones 
(fig. 61, locs. 68-71) may delineate other resources, especially in the 
area of sample 67. 
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FIGURE 61.-Map of Copper Queen claims. 

MISCELLANEOUS PROSPECTS 

Other prospects and mineralized zones in the Huckleberry Moun· 

tain area are summarized in table 11. 
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TABLE I I.-Miscellaneous prospects and mineralized zones in the Huckleberry Moun
tain area, Alpine Lakes area, Washington 

Sample 
locality 

No. 
(fig. 58) 

Prospect Summary 

1-5 ----- Big Dome ---- Pits, trenches, and one 30-ft-long 
(9.1 m) adit explored granitic 
porphyry that intrudes 
serpentinized peridotite. 
Chalcopyrite disseminated in 
granitic rock near contact and in 
joints. 

6 ------- Unnamed ----- One pit explored a 0.3-ft-wide (0.09 
m) quartz vein at a serpentinized 
peridotite-granodiorite contact. 

7-10, 28 - Fortune Creek, Small deposits of stream gravel. 
Camp 
and 
vicinity 
placers. 

62, 63 --- Modog ------- Two caved adits explored a 0.5-ft
wide (0.15 m) quartz vein in 
serpentinized peridotite near a 
diorite contact. The contact zone 
contains chalcopyrite and 
malachite in quartz veinlets. 

72-74 --- Little 
Boulder 
Creek, 
Boulder 
Creek, and 
Cle Elum 
placers. 

Small deposits of stream gravel. 

Sample data 

Five chip samples: 0.1-0.3 oz/ton 
(3.4-10.3 g/metric ton) silver, as 
much as 0.64 percent copper, 
0.02-0.04 percent tungsten, and 
traces of gold, lead, and zinc. 

One chip sample: 0.01 percent 
copper and traces of silver, lead, 
and zinc. 

Five pan samples: minor black 
sand, trace of scheelite, and no 
gold. 

One chip sample across quartz vein: 
0.98 oz/ton (33.6 g/metric ton) gold, 
0.4 oz/ton (13.7 g/metric ton) 
silver, and 0.5 percent copper. 
One grab sample of serpentinized 
peridotite: trace of gold, 0.1 oz/ton 
(3.4 g/metric ton) silver. 

Three pan samples: very little black 
sand, no gold. 

COUGAR CREEK AREA 

Several prospects are along Cougar Creek and on Dog and Goat 
Mountains in the Cougar Creek area (fig. 7, area 5; fig. 62). 
Granodiorite cut by steeply dipping mineralized shear zones crops 
out in the area. Quartz, mica, talc, tourmaline, pyrite, arsenopyrite, 
chalcopyrite, galena, sphalerite, and molybdenite are the principal 
minerals in the mineralized zones. Gold and scheelite are minor 
constituents. Most of the sulfide minerals are confined to or are near 
altered zones and joints. 



1-3 
PENNY PROSPECT 

,:::\~ Goat -5 
Mtn. 

()() ~
/(~ 

~/ 17 ' ,/~ <PJ_ / 
t;-.<6 

56 
\ 

/ 

Mountain 
/_." j \ f.-v; 

// >_,./(.i. DEVILS CANYON / i 
Falls/// co'-'o; PROSPECr"·<2__5- 5 

I )\ \ '"-

·., 
1
58-68 .... ..... r:/ ·87 "" ·, ' ' / 

JAcxPOr·------" 1-72-86 ~ 88::::, 
PROSPECT /_./·

1

-_.J / \ ;-89 , ', ~69-71 r / --
/ \ oO -90 

/ ~ : -~" 91-93 I I ,-...._ 

-96 

~36~ 
I 

I 
I 

I ''~:-·~~-.!~ 
"-,~, '\ 

-9,9 

N 

. \ -, 

''·(}~-~-., _ _/, 
<;><?-f~"" 

-Study area boundary 

>-
Ad it 

8 
Sample locality 

0 1000 2000 FEET 

0 250 500 METERS 

•.• CONTOUR INTERVAL 1200 FEET 
-1 o}----. NATIONAL GEODETIC 

:::::-.._ ..__, 03 VERTICAL DATUM 
-~ OF1929 

FIGURE 62.-Map showing prospects in the Cougar Creek area. 

tzj 
0 
0 z 
0 
~ 
0 

> 
'"d 
'"d 
:::0 
> 
1-< 
en 
> 
t"" 

t..:> 
0 
~ 



202 ALPINE LAKES STUDY AREA AND ADDITIONS, WASHINGTON 

gd 

N I 
I 
9 

&I 

al~siJo". 1-. 2.65 e!If 
85 :,_~daj 

6 '1 
~ 

40 ffET '"o~ 
t----.,b-'~ETERS ~ 

CONTOUR INTERVAL 20 FEET EXPLANATION 
NATIONAL GEODETIC 

VERTICAL DATUM IQdl 
OF 1929 ~ 

Granodiorite 

li;gda I 
Granodiorite, altered 

~ 
Shear, showing dip 

12 

Strike and dip of joints 

Open cut 

79 

Sample locality 

FIGURE 63.-Map of Jack Pot prospect. 

JACK POT PROSPECT 

I 

The Jack Pot workings (fig. 63) are probably along altered en echelon 
shear zones which strike N. 60°-70° W. and dip nearly vertically. The 
width of most zones is 1.5-5 ft (0.5-1.5 m). The most abundant sulfide 
mineral is arsenopyrite; pyrite is the next most abundant. The matrix 
is mostly quartz and mica. 

Overburden obscures the width and length of the shear-zone system, 
but some individual zones are, however, traceable. Narrow shear zones 
were traced over a strike length of approximately 2,000 ft (610 m) (fig. 
62, locs. 58-87). The zones are intensely altered and are sulfide rich. 
The two largest are lenticular, about 140ft (43 m) apart, and crop out 
for at least 240 ft (73 m) along the creek draining Goat Mountain Lake. 
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These two zones average about 2ft (0.6 m) wide, strike N. 65°-70° W., 
and dip 40 o SW. and 82 o SW. Their total content of sulfide minerals 
may be as much as 30 percent, of which pyrite and arsenopyrite con
stitute more than 95 percent. Chip samples (fig. 62, locs. 56, 58-86) 
contain as much as 1.02 oz/ton (85.0 g/metric ton) silver and 0.95 per
cent copper. The average content of the samples, however, is no gold, 
0.1 oz/ton (3.4 g/metric ton) silvt3r, 0.06 percent copper, 0.01 percent 
lead, 0.02 percent zinc, and 0.04 percent molybdenum. 

A 200-ft-wide (61.0 m) shear zone strikes N. 10°-20° W. and dips 
70 °-90 oNE. Overburden obscures the lateral extent. Most of the ex
posed part of the zone is altered granodiorite containing sulfide-rich 
segments averaging 0.1-1.0 ft (0.03-0.3 m) wide and about 2-20ft 
(0.6-6.1 m) apart. A 100-ft-long (30.5 m) chip sample (fig. 62, loc. 57) 
taken across the exposure contains no gold, no silver, and only 0.009 
percent copper. 'Leaching by weathering may have decreased the metal 
content of the sample. 

EXTENSION OF DEVILS CANYON PROSPECT 

A possible extension of the Devils Canyon shear zone is exposed 
on the bank of Cougar Creek (fig. 62, locs. 6, 7). The shear zonE is 
approximately 20 ft ( 6.1 m) wide and is mostly composed of shattered 
iron oxide stained granodiorite containing sulfide stringers. One select 
sample of mineralized rock contains a trace of gold, 1.4 oz/ton 
(48.0 g/metric ton) silver, and 2.64 percent copper. A chip sample (fig. 
62, loc. 6) taken across an 18-ft-wide (5.5 m) section of the shear zone 
contains 0.23 percent copper, 0.~~ oz/ton (6.8 g/metric ton) silver, and 
a trace of gold. 

Deep overburden along the projected strike of the shear zone north
west and southeast of the creek obscures possible extensions. The 
deposit, however, may have potential for discovery of resources. 

Two samples (fig. 62, locs. 88, 89) were taken near the southeast 
limit of the exposure of the Devils Canyon shear zone. Both contained 
only a trace of gold and silver and a maximum of 0.02 percent copper. 

PINE MARTEN PROSPECT 

The prospect is at the north end of Dog Mountain (figs. 62, 64) on 
an outcrop of granodiorite containing disseminated sulfide minerals. 
Only one very short arlit was driven on the prospect, but the sulfide 
minerals are exposed over a distance of approximately 320 ft (98 m) 
in an eastwest direction. The exposure ranges in width from about 
15 to 160ft (4.6-48.8 m). To the north, south, and east the granodiorite 
is covered by talus. 
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FIGURE 64.-Map of Pine Marten prospect. 

Pyrite, chalcopyrite, and molybdenite are disseminated throughout 
the granodiorite in irregular masses as much as 0.2 in. (5 mm) across 
and are concentrated along or near fractures in the granodiorite. Total 
sulfide-mineral content is probably less than 2 percent of the rock but 
locally may exceed 10 percent. Commonly, pyrite is the most abun
dant sulfide mineral, but, in places, chalcopyrite and molybdenite 
predominate. The granodiorite, which is locally moderately stained 
by iron oxide, is pervasively silicified, but the alteration is much less 
intense than in most shear zones in the area. 

The potential resource in the area of the outcrops is estimated to 
be in excess of 400,000 tons (362,880 metric tons). Samples (fig. 64), 
including those taken by earlier investigators (J. R. Me Williams, writ
ten commun., 1956), average a trace of gold, less than 0.1 oz/ton 
(3.4 g/metric ton) silver, 0.17 percent copper, and 0.01 percent molyb
denum. Leaching has probably removed some copper from the out
crops, and the grade at depth is probably higher than in these samples. 
The deposit has potential for discovery of additional resources. 
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MISCELLANEOUS PROSPECTS 

Prospects or mineralized outcrops having no potential or that are 
not well enough exposed to determine their potential are summarized 
in table 12. 

TABLE 12.-Miscellaneous prospects and mineralized zones in the Cougar Creek area, 
Alpine Lakes area, Washington 

Sample 
locality 

No. 
(fig. 62) 

Prospect Summary 

1- 3 ----- Penny Adit about 160ft (49 m) long in 
prospect. altered granodiorite containing 

sulfide minerals. 

4 - - ----- Unknown - Granodiorite containing less than 1 
percent sulfide minerals, 
disseminated in rock and as fracture 
fillings. 

5 ------- Goat 
Mountain, 
east ridge. 

35- 41 - - - Devils 
Canyon 
prospect. 

56, 57 --- Goat 
Mountain 
Lake. 

87 ------ Falls on 
Cougar 
Creek 

88, 89 - - - Devils 
Canyon 
prospect. 

94, 95 --- Cougar 
Lake. 

Altered zone at least Hi ft (4.6 m) 
wide containing sulfide minerals. 
Strike N. 85 o W., dip near vertical. 

A 200-ft-long (61 m) adit along a 2- to 
20-ft-wide (0.6-6.1 m) shear zone 
trending N. 70° W. a:nd dipping 60° 
NE. to vertical in granodiorite. As 
much as 20 percent of zone is quartz 
veins. Zone extends a,t least 2,000 ft 
(610 m) 

Shear zone 2 ft (0.6 m) wide strikes N. 
60° W., dips vertically in limonite
stained granodiorite. 

Limonite-stained granodiorite having 
prominent joint set t1·ending N. 85 o 

W., dipping 65° SW. 

Mineralized granodiorite in and along 
a shear zone. Zone appears to be 
same structure as in Devils 
Canyon prospect. 

Shear zone 1 ft (0.3 m) wide strikes N. 
78° W., and dips vertically in 
granodiorite. 

90, 91-93 
96, 
97-104 

Unknown - Granodionite containing sulfide
quartz-mica-filled shear zones. 

Sample data 

Three chip samples: maximum 0.1 
oz/ton (3.4 g/metric ton) silver. 

One chip sample: no gold, trace of 
silver, and 0.053 percent copper. 

One chip sample: 0.01 oz/ton (0.3 
g/metric ton) gold, trace of silver 
and 0.009 percent zinc. 

Seven chip samples: as much as 0.05 
oz/ton (1.7 g/metric ton) gold, 0.30 
oz/ton (10.0 g/metric ton) silver, and 
0.006 percent copper. 

One sample across shear zone: 0.1 
oz/ton (3.4 g/metric ton) silver, and 
0.11 percent copper. One sample from 
granodiorite: 0.009 percent copper. 

One sample: 0.03 percent copper. 

Two chip samples: trace of silver and 
gold, and maximum 0.02 percent 
copper. 

Sample 94 across shear zone: 0.1 
oz/ton (3.4 g/metric ton) silver, and 
0.062 percent copper. Sample 95 from 
granodiorite: 0.1 oz/tt:Jn (3.4 g/metric 
ton) silver, and 0.1 percent copper. 

Two samples across shear zones: trace 
of gold, less than 1.0 oz/ton (34.0 
g/metric ton) silver, and maximum of 
0.26 percent copper. Eleven chip 
samples (locs. 92, 93, 96, 97-104) 
from granodiorite: 0.01-0.10 percent 
copper. 
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TEANAWAY RIVER-INGALLS CREEK AREA 

Prospects in the Teanaway River- Ingalls Creek area (fig. 7, area 
19) are in two widely separated sections and are described as the east 
and west sections. 

The west section (fig. 65) covers the headwaters of the North Fork 
Teanaway River, De Roux Creek, headwaters of Ingalls Creek, and 
Turnpike Creek. Except for a small area of volcanic rock in the south
west section of the map area the entire area is underlain by greenstone 
and serpentinized peridotite. With one exception, the prospects within 
the map explore structures containing very low grade mineralized 
material and probably have no potential resources. Only at the Tip 
Top prospect (fig. 65, locs. 2-7) was development work of consequence 
done. At this location, an adit and a shaft were driven in a pyritized 
fracture zone in dacite porphyry, which has intruded serpentinized 
peridotite. A small primitive mill was constructed on the claims, and 
tailings from the mill indicate that some ore was treated and some 
metal produced. Table 13 summarizes pertinent geologic information 
and sample results for the west section of the Teanaway River-Ingalls 
Creek area. 

In the east section of the Teanaway River-Ingalls Creek area two 
copper prospects are on the flanks of the ridge dividing Fourth Creek 
and Hardscrabble Creek (fig. 66). Although several adits and pits are 
on the Grandview prospect, sample values indicate no resource poten
tial. The Copper Glance-Clean Sweep adit is on one of two patented 
claims. A shear zone along the adit contains only sporadic pods and 
stringers of sulfide minerals. Because of the discontinuous nature and 

Data for samples from the west section of the Teanaway River-Ingalls Creek area 

[Tr., trace; N, none detected; -- not analyzed; NA, not applicable] 

Sa!!!j!le Gold Silver 
Length (g/metric (g/metric Copper 

No. Type (ft) (m) (oz/ton) ton) (oz/ton) ton) (percent) 

1--- Grab---- NA NA Tr. Tr. 1. 7 58.1 2. 2 
2---- do------ NA NA tr. tr. .2 6.8 
3---- do------ NA NA 0.34 11.63 Tr. Tr. 
4---- do------ NA NA .2 6. 8 .os 1. 71 

5---- do------ NA NA N N .02 o. 68 
6---- Chip---- 0.5 0.2 .04 !.37 1.0 34.2 .02 
7---- do------ • 7 0.2 N N .1 3.4 .oos 
8---- Grab---- 2.0 0.6 N N .003 0.102 .001 

9---- do------ 20.0 6.1 N N .2 6. 8 .ooos 
10--- Chip---- 9.0 2. 7 tr. tr. .1 3.4 
11--- do------ 1.0 0.3 N N .1 3.4 
12---- Grab---- NA NA N N N N 

13--- Chip---- 4.0 1.2 N N N N 
14--- Grab---- NA NA N N N N 
15--- do------ NA NA N N .! 3.4 

15---- Chip---- 20.0 6.1 tr. tr. tr. tr. 
17---- do------ 10.0 3.0 N N N N 
18---- do------ 10.0 3.0 N N N N 
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FIGURE 65.-Map showing prospects in west section of Teanaway River-Ingalls 
CrE~k area. 

limited length of the structures, the deposits are probably of no impor
tance. Details of the workings and sample results are in table 14 and 
in figure 66. 

NAVAHO PEAK AREA 

Serpentinized peridotite, metavolcanic rock, and anorthositic gab
bro are the predominant rock types in the Navaho Peak area (fig. 7, 
area 20; fig. 67). Shear zones pervading most of the rock are subparallel 
to the contact of the diorite. Most highly mineralized rock is in shear 
zones or associated with rock contacts. Quartz, talc, carbonates, and 
minor chalcopyrite, bornite, magnetite, and pyrite occur in veins at 
most contacts and along most shear zones. The prospects are mostly 
south and southeast of Navaho Peak (fig. 67). 
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TABLE 13.-Miscellaneous prospects in the west section of the Teanaway River-Ingalls 
Creek area, Alpine Lakes area, Washington 

Sample 
locality 

No. 
(fig. 65) 

Prospect Summary 

1 ------- Lake Ennis Open cut on narrow irregular iron 
oxide stained zones in greenstone 
on hillside. 

2-7 ----- Tip Top -- Pyritized fracture zone in leucocratic 
gabbro porphyry. 

8-9 ----- Lake Ann - Small shallow pit in shatter zone 
striking N. 25° W. and dipping 60° 
SW. at ridge top. Irregular 
discontinuous quartz and barite 
veinlets in highly altered 
serpentinized peridotite. Grades to 
greenish-black serpentinized 
peridotite on west edge; east edge is 
sharp contact with unaltered 
serpentinized peridotite. 

10-11 --- South side 
of Mount 
Stuart. 

12-13 --- Joe J. 
Morris. 

Caved shafts and pits in intensely 
weathered contact zone of 
granodiorite and ultramafic rocks. 

Shallow pit on ridge and short adit 
150 ft (46 m) east of ridge in 
serpentinized country rock. No 
continuous structure observed. No 
economic minerals observed. 

14-15 --- Hope claim Altered area and area of calcite and 
quartz veins in serpentinized 
peridotite. No economic minerals 
observed. 

16-17 --- Beautiful Discovery pit in serpentinized peri-
Snow. dotite. Irregular vein of highly 

altered, fine-grained white rock, 
0.3-0. 7 ft (0.09-0.2 m) wide, strikes 
N. 50° W. and dips 75° SW. Vein 
parallels foliation of sheared 
serpentinized rock. 

18 ------ Pass at head A 50-ft-long (15.2 m) caved trench 

of along altered serpentinized peri-
Eldorado dotite. 
Creek. 

Sample data 

One select sample from a stockpile: 
trace of gold, 1. 7 oz/ton (58.3 
g/metric ton) silver, 2.2 percent cop
per, and 0.1 percent lead. 

Six samples: as much as 0.34 oz/ton 
(11. 7 g/metric ton) gold, 1.0 oz/ton 
(34.0 g/metric ton) silver, and 0.02 
percent copper. 

Two samples: no gold, maximum of 
0.2 oz/ton (6.8 g/metric ton) silver, 
and 0.001 percent copper. 

Two chip samples: maximum of trace 
of gold and 0.1 oz/ton (3.4 g/metric 
ton) silver. 

Two samples: no gold or silver. 

Two samples: no gold, maximum of 
0.1 oz/ton (3.4 g!metric ton) silver. 

Two samples: maxmum of trace of 
gold and silver. 

One chip sample: no gold or silver. 
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Data for samples from the east section of the Teanaway River-Ingalls Creek area 

[Tr., trace; N, none detected; -- not analyzed; NA, not applicable] 

SamEle Gold Silver 
Length (g/metric (g/metric Copper 

No. Type (ft) (m) (oz/ton) ton) (oz/ton) ton) (percent) 

1---- Chip---- 2. 0 o. 6 N N N N 
2---- do------ 5.0 1. 5 N N N N 
3---- do------ 2.0 0.6 N N N N 
4---- do------ 10.0 3.0 N N 0.1 3.4 1.52 

5---- Select-- NA NA Tr. Tr. • 7 23.9 11.6 
6---- Chip---- 7.0 2.1 N N N N 
7---- do------ NA NA 0.01 o. 34 Tr. Tr. 
8---- do------ 2.5 0.8 N N N N 

9---- Grab---- NA NA .OJ 0.34 tr. tr. tr. 
10---- do------ 15.0 4. 6 N N .1 3.4 4.2 
11---- do------ 7.0 2.1 N N N N 
12---- do------ 3.0 0.9 N N N N 
13---- Select-- NA NA N N .70 23.95 13.20 
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TABLE 14.-Miscellaneous prospects in the east section of the Teanaway River-Ingalls 
Creek area, Alpine Lakes area, Washington 

Sample 
locality 

No. 
(fig. 66) 

Prospect 

1-12 ---- Grandview 
prospect. 

13 ------ Copper 
Glance
Clean 
Sweep 
prospect. 

Summary 

Adits and pits in serpentinized 
peridotite containing a few felsite 
lenses. Subparallel branching shear 
zones 0.5-6 ft (0.15-1.8 m) wide 
containing less than 5 percent cuprite, 
chalcopyrite, magnetite, chromite, and 
pyrite. Workings consist of 40·ft·long 
(12.2 m) trench and adits ranging in 
length from 13 to 113 ft (4.34 m). 

Mineralized shear zone about 5 ft (1.5 
m) wide in serpentinized peridotite. 
One adit 47ft (14.3 m) long. Pyrite, 
magnetite, cuprite, and chalcopyrite 
in lenticular pods, constituting about 
10 percent of shear zone. 

Sample data 

Twelve samples: maximum of 0.1 oz/ton 
(34. g/metric ton) gold, maximum of 
11.6 percent copper (specimen taken 
by an early investigator). Other chip 
samples contained maximum of 0.1 
oz/ton (3.4 g/metric ton) gold and 
silver, and 4.2 percent copper. 
Underground samples contained 
maximum of 0.3 percent copper. 

Select sample from stockpile; no gold, 
0.7 oz/ton (24 g/metric ton) silver, and 
13.20 percent copper. 

Data for samples from Navaho Peak area 

[NA, not applicable; Tr., trace; N, none detected; . not analyzed; <, less than shown] 

Gold Silver 
Sample Length (g/metric (g/metric Copper 
No. Type (ft) (m) (oz/ton) ton) (oz/ton) ton) (percent) 

1-- Chip~-- 4 I.2 N N N N 0.02 
2-- Grap--- NA NA Tr. Tr. O.I 3.4 .35 
3-- Chip---- I5 4.6 N N N N 
4- do----- 4 1.2 tr. tr. .I 3.4 2.24 

5-- Grab---- NA NA tr. tr. .I 3.4 .48 
6-- do----- NA NA tr. tr. .2 6.8 I.24 
7-- do------ NA NA tr. tr. .3 IO. 3 <.02 
8-- Chip---- NA NA tr. tr. .I 3.4 N 

9-- do----- 10 3.0 tr. tr. <.05 <1. 71 <.02 
10-- do------ 10 3.0 tr. tr. <.05 <1. 7I .09 
11-- do------ 4 I.2 tr. tr. .2 6.8 .04 
I2-- Grab-- NA NA tr. tr. .I 3.4 <.02 

13-- Chip---- 3 0.9 tr. tr. .I 3.4 
14-- do---- 4 I.2 0.02 0.38 .I 3.4 
15-- Grab---- NA NA tr. tr. .1 3.4 
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The workings south of Navaho Peak consist of seven pits and caved 
adits along a copper-bearing shear zone and a pit in black sheared 
serpentinized peridotite (fig. 68). The workings are outside the study 
area but the shear zone or similar zones may extend into. the study 
area. A pit at sample locality 4 (fig. 68) exposes an irregular limonite
malachite-stained zone, mostly serpentinized peridotite having an 
average width of 0.3 ft (0.09 m). The zone, striking N. 75 oW. and dip
ping 50° NE., can be traced only 20ft (6.1 m). Fine-grained magnetite 
layers about 0.5 in. (1.27 em) wid•~ compose 10-40 percent of the shear 
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FIGURE 68.-Map showing workings south of Navaho Peak. 

zone. Sample 4 (fig. 68), selected from along 4ft (1.2 m) of the zone, 
contains a trace of gold, 0.1 oz/ton (0.3 g/metric ton) silver, 2.24 per
cent copper, 0.13 percent nickel, and 0.19 percent chromium. 

A caved adit (fig. 68, loc. 5) and the workings to the east are along 
a highly irregular sulfide-rich shear zone near and partly along the 
contact between altered diorite and serpentinized peridotite. The zone 
strikes N. 65° W. and dips 55°-60° NE. The width averages about 
1.5 ft (0.4 m). The zone is composed of about 10-20 percent lenticular 
quartz masses, 0.05-1.0 ft (0.015-0.3 m) wide, that contain 
arsenopyrite and pyrite as grains less than 0.25 in. (0.6 em) in diameter. 
Some massive layers of arsenopyrite and pyrite, however, are at least 
0.25 ft (0.08 m) wide. Sulfide minerals constitute about 5-10 percent 
of the shear zone, and chalcopyrite makes up less than 25 percent of 
the sulfide minerals. Sulfide minerals in rock on the dump weathered 
to produce malachite and azurite. 
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A sample (fig. 68, loc. 5) of stained quartz and massive sulfide from 
the pit contains a trace of gold, 0.1 oz/ton (3.4 g/metric ton) silver, and 
0.48 percent copper. A sample (fig. 68, loc. 6) selected from malachite
stained material on a dump contains a trace of gold, the equivalent 
of 0.2 oz/ton (6.8 g/metric ton) silver, and 1.24 percent copper. 

The persistence of the shear zone and the amount of copper in the 
samples indicate a few thousand tons of potential resources in this 
area. Similar deposits may exist inside the study area. 

MISCELLANEOUS PROSPECTS 

Miscellaneous properties in the Navaho Peak area (table 15) are all of 
minor importance and the results of sampling indicate little if any evi
dence of mineralization; some of the properties are outside the study 
area. 

TABLE 15.-Miscellaneous prospects in the Navaho Peak area, Alpine Lakes area, 
Washington 

Sample 
locality 

No. 
(fig. 67) 

Prospect 

1 ------- Starlite 

2 ------- Pass west of 
Navaho 
Peak. 

3 ------- Area south· 
west of 
Navaho 
Peak. 

7-12 ---- Ball Eagle. 

13-14 --- Copper 
Queen 
1 and 2. 

Summary 

Adit in slightly sheared greenstone 
and altered granodiorite dikes. 

Two caved pits in foliated 
granodiorite having sheared calcite
quartz veins 1-2.5 ft (0.3.-0.8 m) 
wide and 5-15ft (1.54-4 .6 m) long 
containing less than 5 pElrcent pyrite, 
chalcopyrite, chalcocite, and bornite. 

Two caved pits in sheared 
serpentinized peridotite 1md fine
grained granodiorite dike (probably 
outside the study area). 

Irregular quartz stringers 1md lenses 
of pyrite and chalcopyrite in perido
tite dike (outside the study area). 

Two adits about 3 and 14 ft (0.9 and 
4.3 m) long in sheared serpentinized 
peridotite and granodiorite. Sheared 
quartz-carbonate veins less than 5 ft 
(1.5 m) wide containing less than 5 
percent sulfide minerals are exposed 
(outside the study area). 

15 ------ Tip Top -- Adit 570 ft (174 m) long in altered 
peridotitic rock (outside 1:he study 
area). 

Sample data 

One sample: trace of gold and silver, 
0.02 percent copper. 

One sample: Trace of gold, 0.1 oz/ton 
(3.4 g/metric ton) silver, and 0.35 
percent copper. 

One sample: no gold or silver. 

Six samples: maximum values are 
t race of gold, 0.3 oz/ton (10.3 
g/metric ton) silver, and 0.09 percent 
copper. 

Two samples: maximum of 0.1 oz/ton 
(3.4 g/metric ton) gold, and 0.2 
oz/ton (6.8 g/metric ton) silver. 

One sample: no gold, 0.1 oz/ton (3.4 
g/metric ton) silver. 
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FIGURE 69.-Map showing prospects in the Snoqualmie Pass area. 

SNOQUALMIE PASS AREA 

Iron and limestone deposits on Denny Mountain (fig. 69) and Guye 
Peak in the Snoqualmie Pass area (fig. 7, area 11) have been 
investigated by government agencies and private interests since their 
discovery in the 1860's and the 1880's. There has been very small pro
duction of iron and limestone from the deposits for metallurgical 
testing, but paramarginal and submarginal resources of both iron and 
limestone are known to exist in the area. 

Intrusive and metamorphic rocks north and west of Chair Peak (pl. 
1) were examined in the present study. Some concentrations of 
magnetite were found, and most of the rock contains very small 
amounts of metallic sulfides. 
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Data (in percent) for samples collected from prospects in the Snoqualmie Pass area 

[Tr., trace; N, none detected; --, not analyzed; NA, not applicable; <, less than 
shown; NLG, no length given; all samples are chip except 1 which is a grab sample and 
24 which is a select sample. Data for samples 8-23 from Danner (1966), no sample 
1 engt hs given] 

Sample 

No. Type 

Length 

(ft) (m) 

1--- Select NA NA 
2--- Chip--- 14.0 4.7 
3--- do----- 3.0 0.9 
4--- do----- 8.0 2.4 

5--- do----- 23.0 7.0 
6--- do----- 39.0 11.9 
7--- do----- 10.0 3.0 
8--- do----- NLG NLG 

9---
10---
11---
12---

13---
14---
15---
16---

17---
18---
19---
20---

21---
22---
23---
24---

25---
26---
27---
28---
29---

do----- NLG 
do----- NLG 
do----- NLG 
do----- NLG 

do----- NLG 
do----- NLG 
do----- NLG 
do----- NLG 

do----- NLG 
do----- NLG 
do----- NLG 
do----- NLG 

do----- NLG 
do----- NLG 
do----- NLG 
Select- 2.0 

Chip--- 1.0 
do----- 6.0 
do----- 1.0 
do----- 33.0 
do----- 5.0 

NLG 
NLG 
NLG 
NLG 

NLG 
NLG 
NLG 
NLG 

NLG 
NLG 
NLG 
NLG 

NLG 
NLG 
NLG 
6.1 

0.3 
1.8 
0.3 

10.6 
1.5 

Cu CaC03 MgO Fe s p Ti 

0.01 
.021 

.53 

.003 

0.14 

.004 

.12 

.069 
0.01 

.17 

66.3 

95.7 
84.2 
75.5 
90.0 

85.9 
77.4 
90.9 
95.7 

84.3 
89.4 
91.9 
78.4 

81.6 
86.3 
84.3 

13.0 0.58 0.4 

63.7 .014 .007 0.008 
64 .8 .025 < .002 .06 

47.3 

1.4 
1.5 --
5.3 110.5 
5.0 

4.5 
8.0 
2.0 

.91 

4.04 
1.40 
3.12 
6.85 

3.6 
1.7 
4.06 

33.0 
28.0 

.014 

0.94 
.78 

.004 

0.06 
.03 

.03 

DENNY MOUNTAIN PROSPECTS 

Diorite, granodiorite, volcanic rocks, limestone, and clastic sedimen
tary rocks crop out in the Denny Mountain area near Snoqualmie Pass 
(fig. 69). Most of the older sedimentary and volcanic rocks are 
metamorphosed; locally, some have been metamorphosed to tactite. 

A lens of white to gray limestone crops out on the southwest face 
of Denny Mountain (fig. 69). Danner (1966, p. 375) estimated that the 
lens contains 6 million tons (5.4 million metric tons) of crystalline 
medium- to coarse-grained limestone. The main outcrop of the lime
stone is about 2,500 ft (760 m) long and 500ft (150m) wide (Danner, 
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1966, p. 377). Tactite-developed where granitic rock intrudes lime
stone-contains garnet, epidote, amphibole minerals, coarse calcite, 
quartz, specularite, magnetite, and pyrite. Danner (1966, p. 380) sug
gested that the steep slopes would hinder open-pit quarrying of the 
limestone. He also recognized that the sporadic occurrence of mag
nesium in the limestone would make the material less valuable for use 
in the manufacture of Portland cement, because the limestone com
position would be too variable. 

Pods of magnetite and hematite in the limestone have been examined 
by many geologists to evaluate their potential as an iron resource. 
The small size of the deposits has probably prevented the use of the 
high-quality iron-rich rock. Glover (1942, p. 8) estimated more than 
5,000 tons (4,500 metric tons) and possibly as much as 100,000 tons 
(91,000 metric tons) of known iron ore at the Denny property. Zapffe 
(1949, p. 22) estimated a smaller resource. Contorted rock, steep cliffs, 
and poor exposures complicate the measurement of the deposits. Two 
samples of magnetite (fig. 69, locs. 3, 4) from the northwest end of 
the limestone contain about 64 percent iron. Samples containing 
specularite (fig. 69, locs. 1, 7) contain as much as 47.3 percent iron. 
Each sample contains less than 0.1 percent of combined titanium, 
phosphorus, and sulfur. 

Two magnetite-rich samples (fig. 70, locs. 25, 26) from near the 
southeast end of the limestone body contained 33 percent iron, respec
tively. If the two samples are from a continuous pod, the magnetite
rich rock at the site will total 1,300 tons (1,800 metric tons). 

Samples (fig. 69, locs. 24, 29) from two short adits in tactite near 
the contact between the limestone and hornfels contain 0.14 and 0.17 
percent copper. 

Mineral collectors have worked the tactite on Denny Mountain for 
years. Some of the minerals, many well crystallized and of museum 
quality, are calcite, quartz, garnet, epidote, magnetite, pyrite, specu
larite, chalcopyrite, azurite, malachite, and iron oxides. Samples of 
tactite (fig. 69, locs. 2-6) contain very low metal values except for iron. 
One 23-ft-long (6.9 m) sample (fig. 69, loc. 5) taken along the base of 
a cliff, contains 0.53 percent copper. 

GUYE PEAK DEPOSITS 

Between Snoqualmie Mountain and Guye Peak (pl. 1), metamor
phosed limestone and siliceous sedimentary rocks are intruded by the 
granodiorite that occurs extensively on Snoqualmie Mountain. Solu
tion caves of this saddle have prompted the name Cave Ridge. Tac
tite that occurs on Cave Ridge contains magnetite, garnet, diopside, 
epidote, actinolite, tremolite, sphene, pyrite, galena, and sphalerite 
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(Livingston, 1971, p. 171; Pariseau and Gooch, 1960, p. 5-11). Pods 
of magnetite in or near the limestone are believed to be metasomatic. 

Glover (1942, p. 8-9) reported that the Guye Peak magnetite pods 
possibly are larger than those on Denny Mountain. The magnetite 
zone, as surveyed by magnetic dip needle, may be at least 1,000 ft 
(305m) long (W. R. Green, W. J. LaMotte, and C. P. Purdy, written 
commun., 1974?). One magnetite body has an exposed length of 80ft 
(24m) and on average a width of 20ft (6.1 m). Glover (1942) estimated 
the volume of Guye Peak iron deposits to be 10,000-200,000 tons 
(9,000-181,000 metric tons) of iron-rich rock containing about 60 per
cent iron. 

CHAIR PEAK DEPOSITS 

Granodiorite and diorite have intruded and metamorphosed the 
volcanic and sedimentary rocks near Chair Peak (pl. 1). Faulting and 
intense folding have contorted and sheared some of the rocks. Most of 
the intruded rocks contain less than 2 percent pyrite and arsenopyrite 
in small blebs. Two samples from sheared limonite-stained 
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granodiorite and diorite south of Snow Lake contain 0.2 oz/ton (6.8 
g/metric ton) silver. 

Magnetite is present in breccia at Chair Peak Lake. The magnetite, 
associated with epidote, constitutes less than 1 percent of the rock. 
Some masses of magnetite are at least 0.5 ft wide (15 em). 

GREEN RIDGE LAKE AREA 

The Green Ridge Lake area is near the drainage divide between the 
North Fork Snoqualmie River and Taylor River (fig. 7, area 6). Brec
cia zones in quartz diorite as long as 2,500 ft (762 m) are the principal 
hosts for metallic minerals (fig. 71). Smaller masses of schists and 
schistose metamorphic rock and tactite crop out near one brecciated 
area. 

The breccia fragments of quartz diorite are altered in different 
degrees. The material cementing the breccia is quartz, sulfide minerals, 
and mica; the proportions vary from place to place. Much of the 

Data for samples collected from Green Ridge Lake area 

[Tr., trace; N, none detected; all samples are chip except 5 and 16 which are grab 
samples) 

Sa!!!!!le Silver 
Length (g/metric Copper Molybdenum 

No. (ft) (m) Gold (oz/ton) ton) (percent) (percent) 

1---- 26.0 7.9 N 0.2 6.8 0.005 0.006 
2---- 29.0 8.8 Tr. .1 3.4 .005 .006 
3---- 36.0 10.9 tr. .1 3.4 .005 .006 
4---- 15.0 4.6 N .2 6.8 .007 .006 

5---- NA NA N .1 3.4 .004 .006 
6---- 25.0 7.6 N .2 6.8 .005 .006 
7---- 6.0 1.0 N .2 6.8 .015 .006 
8---- 7.0 2.1 N .3 10.3 .005 .006 

9---- 8.0 2.4 N .3 10.3 .007 .006 
10---- 3.0 0.9 N 1.1 37.6 .009 .006 
11---- 1.0 0.3 N .2 6.8 .01 .006 
12---- 7.0 2.1 N .1 3.4 .004 .006 

13---- 24.0 7.2 N .1 3.4 .004 .006 
14---- 37.0 11.1 N .2 6.8 .004 .012 
15---- 23.0 6.9 N .2 6.8 .005 .006 
161--- NA NA tr. .2 6.8 .009 .005 
17---- 10.0 3.0 tr. .3 10.3 .004 .006 

1contains 0.5 percent tungsten. 



EXPLANATION 

0 
Talus 

Sheared quartz diorite 

Quartz diorite breccia 

ECONOMIC APPRAISAL 

\) \\\\\\\\ 
v 

N 
Schist and gneiss 

1 
Contact, dashed 
where inferred 

f--17 
Sample locality over 

given area 

3 
Sample locality 

0 500 FEET 

0 100 METERS 
CONTOUR INTERVAL 400 FEET 

NATIONAL GEODETIC VERTICAL DATUM OF 1929 

ts 

FIGURE 71.-Map of Green Ridge Lake area. 

219 



220 ALPINE LAKES STUDY AREA AND ADDITIONS, WASHINGTON 

cementing silica is euhedral quartz crystals, most less than 0.2 ft (6 em) 
long but some 0.5 ft (15 em) long. Most of the crystals are colorless, 
but a small percentage are amethystine. 

Assay values are low, but, as all samples were taken at the surface, 
some of the metal may have leached during weathering. Chip samples 
from the major granodiorite breccia outcrop, the nearby unbrecciated 
granodiorite, and the smaller breccia mass at its border all contain 
traces, at most, of gold and less than 0.3 oz/ton (10.3 g/metric ton) 
silver; only one sample contains more than 0.02 percent copper and 
molybdenum. A selected sample (fig. 71, loc. 16) of tactite in the garnet 
schist taken over an area 15ft square (4.6 m square) or 225 ft2 (21m2 

or square meters) contains approximately 0.5 percent tungsten. 
Further exploration in the Green Ridge Lake area may reveal a copper
silver-molybdenum resource similar to that in other breccia zones near 
the Middle Fork Snoqualmie River. 

BIG SNOW MOUNTAIN AREA 

The Big Snow Mountain area (fig. 7, area 10) is underlain chiefly 
by granitic rocks cut by shear zones as much as 1 mi (1.6 km) long 
(fig. 72), ~d the longest, the Katie Belle shear zone, extends at least 
another mile (1.6 km) to the Middle Fork Snoqualmie River (fig. 11). 
On Big Snow Mountain the Katie Belle shear zone is made up of three 
shear zone systems: one, a strong steeply dipping system strikes about 
N. 40° W.; a second, intersecting, less extensive system trends mostly 
N. 50°-80° E. and dips nearly vertically; and third, a locally 
mineralized, low-dipping (mostly less than 30 °) centroclinal system 
of partly sheared joints is west of Little Myrtle Lake (fig. 72, locs. 
1-3). The northwest- and northeast-trending shear zones are locally 
mineralized near their intersections. In several areas limonite-stained 
granodiorite (fig. 72, locs. 10-14, 26, 27, 31, 32) contains joints coated 
with material containing as much as 3 percent sulfide minerals. 

The northwest-trending system is made up of many parallel shear 
zones located every few feet (about 1 m) across a belt several hundreds 
of feet (tens of meters) wide. The individual shear zones range in width 
from 0.5 to 2.0 ft (0.2-0.6 m). The poorly exposed medial part of the 
system commonly contains altered granodiorite ranging in width from 
5 to 50ft (1.5-15 m). Quartz, mica and iron oxide minerals are abun
dant along outcrops of most of the individual shear zones. Voids, which 
constitute as much as 15 percent of the sheared rock, formed by the 
leaching of sulfide minerals. Only a few exposures on Big Snow Moun
tain, such as in the area of sample locality 20 (fig. 72), contain 
unweathered sulfide minerals at the surface. Pyrite and arsenopyrite 
are most abundant; chalcopyrite, sphalerite, and galena are less com
mon. Some of the altered zones contain very small amounts of 
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molybdenite and scheelite, notably in the area of sample locality 27 
(fig. 72). In some areas irregular minor shear zones strike N. 20°-
300 E. For example, on the Mudge claims near Little Myrtle Lake such 
zones contain vuggy quartz, pyrite, and pyrrhotite in altered 
granodiorite. Samples (fig. 72, locs. 4-9) from there contained at most 
0.025 percent copper. 

Samples from the shear zones and mineralized areas in the granitic 
country rock contain a trace or less of gold, generally less than 0.2 oz/ton 
(6.8 g/metric ton) silver, and less than 0.05 percent copper. The oxidized 
condition of the outcrops indicates that higher values may exist in the 
shear zones below the leached surface. The area has a potential for the 
discovery of resources of silver, copper, and molybdenum. 

TROUT LAKE AREA 

A group of patented lode mining claims, surveyed in 1918, covered 
most of the east slope of Malachite Peak and the area around Trout 
Lake (fig. 7, area 7). Unpatented lode claims have, at various times, 
covered additional areas around Lake Malachite, Copper Lake, and the 
surrounding ridges. Granitic rocks of the Snoqualmie batholith have 
intruded metamorphic, volcanic, and sedimentary rocks near Trout 
Lake. Shear zones, which are mostly weakly mineralized at the sur
face, are extensive in the volcanic and sedimentary rocks but smaller 
and less abundant in the granitic rocks. Quartz and carbonates are 
the main vein materials in the zones. Weathering has removed metallic 
minerals from many surface exposures, and pyrite, chalcopyrite, 
arsenopyrite, galena, and sphalerite may be more plentiful at depth. 

Figure 73 shows the sample localities in the Trout Lake area. Thble 
16 summarizes the geologic conditions at the sample localities and 
tabulates the sample results. 

No potential mineral resource is known in the Trout Lake area; 
however, a shear zone containing sulfide minerals is partially exposed 
at the Copper Lake ".N' workings and at other scattered locations in 
the area. Weathering probably has decreased the tenor of many of the 
mineralized shear zone outcrops. 

ISOLATED OUTLYING PROSPECTS 

'Thn prospects or claimed areas are outside the areas shown in figure 
7. These isolated prospects either have no potential or the deposits 
are not sufficiently exposed to estimate their potential. The location 
descriptions and assay data for samples from these prospects are listed 
in table 17. 
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Data for samples collected from prospects and mineralized zones in the Big Snow Moun-

tain area 

[Tr., trace; N, none detected; --, not analyzed; NA, not applicable; all 
samples are chip except 2, 6, 7, and 8 which are grab samples] 

Sam2le Silver 
Length (g/metric Copper 

No. (ft) (m) Gold (oz/ton) ton) (percent) 

1--- 225.0 67.5 N N 0.015 
2--- NA NA .015 
3--- .8 0.2 N 0.2 6 • .13 .016 
4--- NA NA .01 

5--- .9 0.3 .Oll 
6--- NA NA .025 
7--- NA NA .009 
8--- NA NA .007 

9--- 69.0 20.7 .017 
10--- 125.0 37.5 N .1 3.4 .02 
11-- 122.0 36.6 N Tr. Tr. .022 
12--- 80.0 24.0 N tr. tr. .014 

13--- 100.0 30.5 Tr. .1 3.4 .016 
14--- 83.0 25.5 tr. tr. tr. .017 
15--- 105.0 31.5 tr. .1 3.4 .016 
16--- 1.0 0.3 N N .027 

17--- 5.0 1.5 N .2 6.8 .027 
18--- 15.0 4.5 N .2 6.8 .015 
19--- 6.0 1.8 N .2 6.8 .019 
20--- 0.5 0.2 N 0.8 27.4 0.043 

21--- .8 0.2 N .2 6.8 .007 
22--- n.o 23.1 N tr. tr. .006 
23--"- 26.0 7.8 n tr. tr. .005 
24--- 65.0 19.5 N .1 3.4 .008 

25--- 2.7 0.8 N .1 3.4 .008 
26--- 74.0 22.2 N N .006 
27--- 31.0 6.2 N .1 3.4 .01 
28--- 6.0 1.8 N .1 3.4 .005 

29--- 14.0 4.2 N N .006 
30--- .7 0.2 N .1 3.4 .012 
31--- 9.5 2.6 N .1 3.4 .007 
32--- 1.0 0.3 N .2 6.8 .012 
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EXPLANATION 

1000 2000 3000 FEET 

0 500 METERS 
CONTOUR INTERVAL 600 FEET 

NATIONAL GEODETIC VERTICAL 
DATUM OF 1929 

FIGURE 72.-Map showing prospects and mineralized zones in the Big Snow Mountain 
area. 

TABLE 16.-Miscellaneous prospects in the Trout Lake area, Alpine Lakes area, 
Washington 

Sample 
locality 

No. 
(fig. 73) 

Prospect Summary 

1-4 ----- Glacier Hill Pit and outcrops on 1- to 50-ft-wide 
and (0.3-15.2 m) mineralized shear 
Crystal. zones in metavolcanic and 

sedimentary rocks. 

5 ------- Jumbo A 1- to 3-ft-wide (0.3-0.9 m) 
No. 1. mineralized shear zone in 

metavolcanic rock. 

Sample data 

Four grab or chip samples: 
maximum values of no gold, 0.1 
oz/ton (3.4 g/metric ton) silver, and 
0.01 percent copper. 

Chip sample across zone: no gold and 
0.3 oz/ton (10.3 g/metric ton) silver. 



224 ALPINE LAKES STUDY AREA AND ADDITIONS, WASHINGTON 

TABLE 16.-Miscellaneous prospects in the Trout Lake area, Alpine Lakes area, 
Washington-Continued 

Sample 
locality 

No. 
(fig. 73) 

6 -------

7-8 -----

9-11 ----

12 ------

13 ------

14 ------

Prospect Summary 

Orphan Boy A 1- to 5-ft-wide (0.3-1.5 m) 
No. 1. mineralized sheer zone in 

metavolcanic rock. 

Vine Maple A 112-ft-long (34.1 m) adit 
Discovery. driven along a 4- to 5-ft-wide 

(1.2-1.5 m) mineralized shear zone 
in metasedimentary and 
metavolcanic rock. 

Imperial A 772-ft-long (235m) adit in 
No. 2. metavolcanic and metasedimentary 

rock crosscut by many mineralized 
shear zones. 

West Fork From fine gravel downstream from 
Placer 10-ft (3.0-m) diameter boulder. 
No. 1. 

West Fork Coarse iron oxide stained, bouldery 
Placer gravel. 
No. 2. 

Southwest A 456-ft-long (139 m) adit in schist, 
Trout gneiss, and granodiorite. Adit 
Lake. started on 0.05- to 0.7-ft-wide 

(0.015-0.21 m) mineralized shear 
zone which terminated in zone of 
crosscutting shears. 

Copper Lake One mile (1.6 km) south of Lake 
"A" Malachite on ridge west of Copper 

Lake. One caved pit and a caved 
adit in 10- to 15-ft-wide (3.0-4.6 m) 
tourmalinized shear zone in 
granodiorite. 

1Not shown in figure 73; no sample numbers. 

Sample data 

Chip sample across shear zone: trace 
of gold and 0.2 oz/ton (6.8 g/metric 
ton) silver. 

Two chip samples, one from face of 
adit, one from adit wall: no gold, 
maximum of 0.2 oz/ton (6.8 
g/metric ton) silver, and maximum 
of 0.08 percent copper. 

Samples from shear zones at 142ft 
(43.3 m), 390 ft (119 m), and 570 ft 
(174m) from portal. Maximum 
values: 0.1 oz/ton (3.4 g/metric ton) 
gold, 0.2 oz/ton (6.8 g/metric ton) 
silver, and 0.001 percent copper. 

Value in recoverble gold: less than 
$0.01/yd3 ($0.013/m\ calculated 
using a gold price of $168.92/troy oz. 

No recoverable gold. 

Chip sample across shear zone 20 ft 
(6.1 m) from portal: trace of gold, 
and 0.2 oz/ton (6.8 g/metric ton) 
silver. 

One grab and two select samples 
from dumps: trace of gold 
maximum of 3.3 oz/ton (113.1 
g/metric ton) silver, maximum of 
5.85 percent copper, and maximum 
of 0.76 percent lead. 

TABLE 17.-Isolated outlying lode and placer prospects, Alpine Lakes area, Washington 

Prospect Location 

Galena group. Near the head of Miles 
Creek, tributary of 
Middle Fork 
Snoqualmie River, 
near Williams Lake. 
Property is 2. 7 mi 
(4.3 km) s. 32° w. 
from Dutch Miller 
mine. 

Summary 

Main working is 75-ft-long 
(22.9 m) adit in quartz- and 
pyrite-filled breccia zone in 
schist. Other workings are two 
short adits and one open cut 
in felsite dike in the schist. 
Portal of another, now 
inaccessible, adit driven in an 
altered zone is on north slope 
of summit of Chief Mountain. 

Sample data 

Five samples: maximum of 
0.03 oz/ton (1.0 g/metric 
ton) gold, 3.4 oz/ton 
(117 g/metric ton) silver, 
and 1.02 percent copper. 
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TABLE 17.-Isolated outlying lode and placer prospects, Alpine Lakes area, 
Washington-Continued 

Prospect Location Summary Sample data 

Chiwaukum On the we:3t side of A lower adit is 87 ft (26.5 m) Assays show no economic 
Mountains Ewing Basin at the long in shear zone in gran- minerals. 
workings. head of Chiwaukum odiorite near mass of schist. 

Creek. Shear zone contains pyrite. An 
upper prospect cut is in schist 
near contact with a tongue of 
granodiorite. Graphite in frac-
tures and small 6-in.-long (15 
em) pods parallel to the 
schistosity of the rock. 

Elvira claim. On ridge north of An open cut and possibly caved Two samples: no gold, trace 
French Creek and adit in 20-ft-wide (6.1 m) of silver, and less than 0.1 
approximately 0.75 120-ft-long (36.6 m) quartz percent copper. 
mi (1.2 km) from lens which strikes N. 74° W., 
junction with Icicle dips so• NE., roughly parallel 
Creek. to foliation of enclosing schist. 

Sparse sulfide blebs observed 
in quartz. 

Skookum In a draw on the north Caved adit and ruins of cabin. Select sample from quartz 
group. side of Ben Creek, Dump of caved adit indicates on dump contained 0.04 

0.5 mi (0.8 km) from a 300-ft-long (91 m) working percent copper. 
junction with Jack in a vuggy limonite-stained 
Creek. quartz vein. Vein strikes N. 

20 o E. and dips vertically. 
Vein estimated to be approx-
imately 3ft (0.9 m) wide in 
serpentinized peridotite 
country rock. 

Meadow Creek Three claims on Gravel deposits in present Six pan samples: less than 
placers. Meadow Creek stream. Stream gradient $0.01/yd3 (less than 

beginning 2 mi (3.2 uniform and low with no $0.013/m3
) (calculated 

km) upstream from bedrock exposures in length using gold price of 
confluence with Jack of stream samples. Boulders $168.92/troy oz.) All 
Creek. as much as 2 ft (0.6 m) in samples contained 

diameter. anomalous amounts of 
scheelite. 

Addie and Pau Two placer gold claims One gravel bar approximately Seven samples: $0.03/yd3 

Hana placer on south side of 16 acres (0.065 km2
) and ($0.039/m3) of gold 

claims (Icicle Icicle Creek another bar 26 acres calculated at a price of 
Creek downstream from (0.105 km2

) in area plus $168.92/troy oz). 
placers). mouth of Eightmile smaller gravel deposits along All samples contained 

Creek. Icicle Creek. Edges of bars garnet. 
were sampled at seven 
favorable locations near creek. 

June Bug- Vicinity o£ Windy Subparallel irregular quartz No significant values. 
Washika Pass, approximately veins and masses striking 
group. 2 mi (3.!! km) southwest about N. 10° E. and dipping 

of Cashmere Mountain. nearly vertically. Veins are 5-
50 ft (1.5-15 m) wide in schist 
and serpentinized peridotite. 
No sulfide minerals observed 
in quartz. Minor narrow pods 
of asbestos (chrysotile) in ser-
pentinized peridotite. Fibers 
are coarse, brittle, and short. 
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FIGURE 73.-Map showing prospects in the Trout Lake area. 

TABLE 17.-Isolated outlying lode and placer prospects, Alpine Lakes area, 
Washington-Continued 

Prospect 

Garfield 
Mountain 
claims. 

Location 

Near confluence of 
Middle Fork 
Snoqualmie River 
and Taylor River. 

Summary 

Granitic rocks intrude volcanic 
and sedimentary rocks. 
Sulfide minerals disseminated 
in volcanic and sedimentary 
rocks and concentrated in 
fracture fillings. Sulfide 
minerals, mostly less than 
2 percent of rock, are mostly 
pyrite, arsenopyrite, and 
pyrrhotite. 

Sample data 

Five samples of hornfels: 
less than 0.2 oz/ton 
(6.8 glmetric ton) silver, 
and less than 0.02 percent 
copper, and traces 
of molybdenum and 
gold. 



ECONOMIC APPRAISAL 227 

Data for samples collected from prospects in the Trout Lake area 

[Tr., trace; N, none detected; --, not analyzed; NA, not applicable] 

Sam~l e Gold Silver 
Length (g/metric (g/metric Copper 

No. Type (ft) (m) (oz/ton) ton) ( oz/ton) ton) (percent) 

1---- Grab------ NA NA Tr. 0.1 3.4 0.007 
2---- Random chip 30 9 tr. Tr. Tr. .006 
3---- do-------- NA NA t r. .1 3.4 .008 
4---- do-------- 4.0 1.2 tr. N N .01 

5---- do-------- 1.0 0.3 N .3 10.3 
6---- do-------- 3.0 0.9 Tr. .2 6.8 
7---- do-------- 4.0 1.2 t r. .1 3.4 .01 
8---- do-------- .5 0.2 tr. .2 6.8 .08 

9---- do-------- 7.0 2.1 0.01 0.34 .1 3.4 .008 
10---- do-------- 2.0 0.6 tr. .2 6.8 .01 
11---- do-------- 1.5 0.4 .01 .34 t r. t r. .01 
121--- Placer 

channel 1.5 0.4 NA 
132 ___ 

do-------- 1.5 0.4 NA 
14---- Random 

chip---- • 7 0.2 tr. .2 6.8 

1calJulated using a gold price of $168.92/oz. 
( $0 .026/m ) • 

($5.43/g). Gold value is $0.02/yd3 

2No values in gold. 

TABLE 17.-Isolated outlying lode and placer prospects, Alpine Lakes area, 
Washington-Continued 

Prospect 

Trail Creek 
prospect. 

Sunday Creek 
claims. 

Park Lakes 
trail. 

Location 

Along Trail Creek 
about 300 ft (90 m) 
east from the 
junction of Trail 
Creek and W aptus 
River. 

In Sunday Creek 
drainage, a tributary 
of North Fork 
Snoqualmie River. 

Trail crossing from 
lower Park Lake. 

Summary 

A 3.5-ft-wide (1.1 m) shear zone 
is exposed in 10-ft-long (3.1 m) 
adit driven in quartzite. A 
1.3-ft-wide (0.4 m) shear zone 
occurs nearby. Shear zones 
contain 1-5 percent sulfide 
minerals with minor 
chalcopyrite. Shear zones 
trend east. 

Several claims were located in 
Sunday Creek drainage 
mostly during early 1900's. 
No workings were found in 
area and no significant 
mineralized outcrops were 
observed. 

A 9-ft-long (2.7 m) adit in 
metavolcanic breccia. 

Sample data 

One 3.5-ft-long (1.1 m) chip 
sample: no gold, 0.1 oz/ton 
(3.4 g/metric ton) silver. 
One 1.3-ft-long (0.4 m) chip 
sample: trace of gold, 
0.3 oz/ton (10.3 g/metric 
ton) silver, and 0.5 percent 
copper. 

No samples collected. 

One 56-ft-long (17.1 m) chip 
sample: trace of gold, 0.2 
oz/ton (6.8 g/metric ton) 
silver, and 0.01 percent 
lead. 
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TABLES 18 AND 19 



TABLE 18 

[Analytical data are separated into categories on the basis of type of sample taken: stream 
sediment, soil, panned concentrate, and rock. Data in table 18 are further classified 
on the basis of 38 areas containing anomalous amounts of metal. 

Letter symbols at heads of columns of analytical data are the following: S, six-step 
semiquantitative spectrographic analysis; AA, atomic absorption analysis; P, par
tial digestion; CM-CX-HM, citrate-soluble heavy-metals colorimetric test; CM, col
orimetric test; AS, fire assay-spectrographic analysis; and EU, radiometric uranium. 
Letter symbols at right of analytical data are these: N, looked for but not detected; 
L, detected but below limit-of-determination value shown; G, detected in quantities 
greater than value shown; B, not determined. Elements determined are reported to 
the nearest number in the series 1, 0.7, 0.5, 0.3, 0.2, 0.15, 0.1, and so forth. 

All elements are reported in parts per million, except iron, magnesium, calcium, 
and titanium, which are reported in percent. Citrate-soluble heavy metals are reported 
in parts per million. 

This table is a high-speed computer printout obtained after extensive program 
manipulation of a large Rock Analysis Storage System data file. Though legibility, 
style, and format do not meet customary U.S. Geological Survey standards, they are 
as close as time and the data body allowed] 
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TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area and additions 

SAMPLe I•FE• S•MG' s.cu s.rn I•IIN II•AG •S.4S S•AI/ .S•B S•IIA 11•111=; S•Bl I>•CD SeCO 

ROCK 8A04Pt.l': • BULwSTOUTH • AlitA 

IGU44 so.oo l,oo l,oo 1,000 500 0,5 If ~00 N 10 N 10 " !IOO 1,0 L 111 N ao H 10 

ROCK SAIIPL£8 • JI'RENCH RIDGE • AREA 

EGU66A s,oo :z,oo l,on ,500 200 0,!5 200 N lU ~ 10 I; 500 1,0 " IV N 40 t• u 
I!GUU s,oo l,oo J,oo ,!500 Jon o, 7 aoo "' 10 N 10 L )OO loU 1'1 111 L au ,. 1S 
IGU67A 1t50 OolO 0,0'7 oUO 700 o. 7 :iiOO " 10 , Ill lou lou I. 111 N au " 7 
!GU6'78 2,00 1,50 1,0(1 ,300 200 1,5 200 " 10 " IO L lou 1,0 10 1'4 20 N 10 
I:GU68 2,00 t,5o 2 ,oo ,200 ton o, '7 200 •• 10 ~ IU ~ 10011 1, 0 L Ill 1'1 au "' 5 

I!GUU 5,00 2,00 5,00 ,loo lOO 0 1 !1 N 200 N 10 N Ill L l~il 1,0 " 1 u ~~ au N 15 
I!GU69A 5,00 2,00 l,OO ,1500 ]00 0 1 !1 N aoo "' 10 " 10 L 100 1,0 ~ Ill"' ao "' 7 ~ 
I:GU69B 2,00 1,00 !1,00 ,!100 1!10 0,!1 Ill 200 N 10 .... 10 L 20V 1,u L lU " au "' 5 > 

STREAM-IIICPII!E'l.T SAMPLES • rREIICH PID<iE • AREA 2 t::d 
~ 

ICU72 1o50 o,Jo o, 7n ,uo !!OO o, 7 :iiOO N 10 N 10 1, 100 1 1 0 L 10 " 20 ~ !I 
t_:r:j 

lliOOO!! 5,00 1,00 a,oo 0 !100 2000 0,!1 ll 200 N 10 " 10 L JOO 1,0 1U " ao " 1 00 
1:10006 5,oo o, '70 1,10 .soo uoo O,s N 200 " 10 N 10 50U 1, 0 lV " 20 " 7 ...... 

00 

8TH!AM-8£D1M!NT SAI4PUI • Lf:LAND CHEEK • AHEA l > 
100218 J,oo s,oo 1,50 • 200 soo 0 0 !! N 200 ll 10 N 10 1000 1,0 u 10 N 20 N 7 z 
100260 2,oo o, '70 1,oo ,aoo 700 0 1 5 N 200 N 10 .'II 10 L 200 1, 0 10 " au N 1 t::l 
10026'7 J,oo s,oo 1,!!0 ,500 1000 0 1 5 N aoo " 10 PI 111 L sov 1,0 10" ao " 10 ...... 
100218 3tOO 1100 1ol(l olOO 1500 Oo!! N aoo "' 10 N 10 1, 201) 110 1U to :iiO ~ 10 cc 
1:00270 J,oo o, '70 1.110 ,soo 3000 0 0 1 N 200 I; 10 N 10 L 200 1,0 1, 10 N au" u 
!00273 5,oo 1,50 2,00 I 700 1000 0 0 1 N 200 ~~ 10 " 10 L 200 1,0 1, 111 N ao N u 
1:00274 J,oo 1,110 1,5o ,!!100 700 0 0 !! N 4100 N 10 II 10 1, lOO 1 1 0 u 10 N au N 10 
100276 2,oo 1,00 2,00 ,Joo 700 0 0 1 H 200 ~~ 10 .~ 10 L lOO 1 1 0 L 10 " au " 5 
IGUOO J,oo o, 70 J,oo ,200 1500 0 1 5 L 200 I~ 10 N 10 aoo 1,0 10 H ao " 7 
IK0441 2,00 o. '70 1 ,oo ,100 !000 0 1 5 N 200 N so I; 10 L 100 l ,o tu· N ao " u 
110002 5,00 1 1 00 J,oo • '700 1000 0 1 5 N :iiOO H 10 N 10 L JOO loU L lU N ao N 10 
11000) •• oo s ,so ,,oo s,ooo uoo o,5 N aoo N 10 N 10 L auo 1 1 o L lU li au ll 10 
110004 s,oo o,7o a,oo 1 JOO '700 0 1 1 N 200 N 10 N 10 .. 100 1 1 0 L 10 N ao " 7 .,.a. OJ 2o00 1,50 ',eo o)OO 500 0 1 1 N aoo " so ~ 10 )00 s,o 10 " ao " 10 

SOIL SAMPLE • LELAND CREEK • ARf.A 

IGI212 s,oo o, 70 0 0 10 ,Joo 200 01 !1 N 200 N 1U N 50 ~00 1ol UN ao N I L 

ROCK SAMPLES • THE CRADLE • AREA 4 ~ 

IGOJ16 7,oo a,oo '7 ,oo ,700 1100 0 1 1 N 200 H 10 N 10 L aoo 1 1 0 L 10 N ao N 20 
~ 

IGOJU J,oo J,oo 5,00 ,JOO 1000 0,'7 aoo N SO N 10 N 700 1 1 0 L 1U N ao " ll 
01 



TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area ~ 

and additions-Continued ~ 
0) 

SAMPLE a•cR S•CU S•LA S•MO S•Na S•NI S•PB 8•18 
> 

S•SC S•SN S•SR I•V S•w 1•¥ I•Zill ~ 
'"tl 

ROCK lAMPL£ • RULLIITOOTH • AREA l 1--4 z 
11:01144 150 70 70 5 N 10 N u 15 100 N JO 10 500 0100 ao N 50 a11o L t:z:j 

ROCK SAMPLES • FRI!!HCH RIDGE • AREA a ~ 
> 

I:GU66A 10 L 500 20 N 15 N tO N IS L lOL tOO N 20 111 N JOO 1110 so ,. 20 aoo N ~ 
IGU67 10 L 500 20 N 15 ... SO N 5 L 10 100 N 20 10 N 300 150 llo N ao 201) N t:z:j 
I:GU67A 20 50 20 N 5 N tO N I 10 L 100 N 7 15 100 N 50 50 N 10 aoo "' 00 
IGU678 30 soo 20 N 5 N 10 II 10 10 100 ill 7 10 N JOO 70 50 N so " aoo " 00 
IGU68 so 200 20 L I 10 N 10 10 1011 N 7 10 N JOO 70 SO N 10 aoo "' ~ 

IOUU 20 5 N to N !S11 N 
c::: 

200 20 N 10 N I L 10 100 N 20 JOO tSO 15 200 N tj 
IGU69A lO L soo 20 N I 1'1 10 N 15 L 10 " 100 N 20 to N 300 uo llo N 15 200 " t-< IGU698 10 " tOO 20 N 5 N iO N I 10 L SOO N 10 lO t; lOO so llo 11 10 200 N 

> ITREAM-lii:DIMEN'l' SAMPLES • FRENCH 1\lDGE • AREA 2 ~ 
101172 10 L 10 20 N 5 N 10 N 5 L 15 100 H !I 10 N 115 50 N 10 L 200 

t:z:j 
100 > 1100015 7o JO 20 N 

15 " 
SO N 115 15 100 II 15 10 N :too 100 150 H 15 aoo N 

110006 150 50 20 L 5 L 10 N to JO tOO N 15 10 ~ lOO 100 00 N 15 lOO > 
STRI!:AM-SI:t"lMENT SAMPLU • LELANP CREEK • AREA 3 z 

tj 
1002158 7o 7 20 L 15 N 10 N u 70 100 N 10 10 N lOO 7o 50 N tO 200 H > 100260 30 u 20 N I ·N 10 N 10 50 lOU N !I 10 N aoo so SO N 10 L aoo N tj 
IG0267 so 15 20 10 10 N 20 15 100 II l!l 10 N 300 70 50 N ll5 200 N tj IG0268 5o 15 20 N 15 10 N u 15 lOll N 10 10 N 300 70 50 H 15 200 N 1--4 
IG02'70 Jo u 20 ., 20 10 II u l5 100 N 15 111 ~ 200 100 50 "' 111 aoo "' ~ 

1--4 
EG02'1) 10 15 20 N '7 10 N 20 15 100 N u tO N 300 100 SO N 15 aoo N 0 
1:00274 '10 20 20 N 10 10 N 20 5(1 100 N 15 10 N 300 100 SO N u aoo H z 
100276 30 u 20 N 5 10 N 10 10 100 N 10 10 1\1 aoo 70 llo N ll aoo N sn IIOUOO Jo 20 20 L 5 N ao r.. 7 '10 100 N 7 10 1\1 300 70 So N u aoo "' 
EXOtU 30 10 20 N 10 10 N 10 so 100 tf 7 10 N 100 70 5o N 10 aoo "' ~ 
1110002 :to 70 20 N 5 Ill 10 N 1s 10 tOO N 15 10 N lOO 100 50 N 15 200 N > 
111000) 20 u 20 N 5 10 N u ll 100 N 15 to r. 100 100 5o N HI aoo N 00 
EIOOOt Jo 30 20 N 5 N 10 N 5 u 10Q N 10 10 N 200 711 So N 10 aoo N ::X:: 
IT040) 30 7 20 N 7 10 N to 20 tOO N 10 10 1\1 ]00 70 50 N t5 aoo "' -z 

SOIL SAMPLE • LP.:LAND CREEl< • AREA ) 0 
~ 

EG22U 10 10 20 L 30 20 L I 15 100 N 7 10 "' 100 70 5o N 10 L 200 N 0 z 
ROCK SAMPLES = THE CRADLE = AREA 4 

IGOla6 300 150 20 N 5 N 10 N 7o 10 N 100 N 30 10 N 300 150 5o N ao :aoo L 
!GOUt 1150 70 20 N !I N 10 N 30 10 lOU N 20 10 N soo 100 50 N 20 200 N 



TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area 
and additions-Continued 

SAMPLE S.ZR AA•AU.P AA•C'U•P AA•ZN•P AA•AG,.P AA•CO•P llA•NhP CM=CXHM CM•SB CM•MO AB•PT AS•Pil AI•Kii AS•RU AII•IIt i:U 

ROCK BAMPt.E • BULUTOOTH • AREA 

!0114. 100 0 1 0!1 N 0 8 0 8 ,o 8 0 8 0 8 0 8 0,0 8 0 8 ,000 8 ,ooo 8 ,oo~ e ,o 8 ,oo 8 0 It 

ROCK SA'!PLr;S • P"Ri!!t.ICH RlOGE • AREA 

!GU66A 70 0 1 0!1 N 0 8 0 8 ,o 8 0 8 0 8 0 8 o,o 1!1 0 8 ,ooo 8 ,ooo 8 ,ooo 8 ,o 1:1 ,oo 8 0 8 
I!G116'7 70 0 1 0!1 N 0 8 0 8 ,o 9 0 9 0 9 0 B o,o 8 0 8 1 000 B ,ooo 8 ,oou 8 .o 8 ,oo 8 0 8 
I!OU67A so 0 1 0!1 N 0 8 0 8 ,o 8 0 8 0 8 0 8 o,o e 0 8 0 000 B ,ooo 8 1 000 B ,o 1:1 ,oo 8 0 8 
1:011678 so 0,0!1 N 0 8 0 B ,o ~ 0 8 0 8 0 8 o,o 8 0 8 ,ouo ij ,ooo 8 ,ooo 8 ,o 8 ,oo 8 0 8 
101168 !10 0,0!1 h 0 8 0 I! ,o 8 0 8 0 8 0 8 o,o 8 0 8 ,ooo 8 ,000 II ,coo 8 ,o 8 ,oo It 0 8 

!01169 70 o,oo 8 0 8 0 8 ,o 8 0 8 0 8 0 8 o,o 8 0 8 ,ooo 8 ,ooo 8 ,ooo 8 ,o 8 ,oo 8 0 II 
t:GU69A 7o OoOO B 0 8 0 8 ,o 8 0 8 0 8 0 9 o,o 8 0 d ,ooo d .ooo 8 ,oou 8 .o 8 ,oo 8 I) 8 

t-3 I!GU698 7o o,oo 8 0 8 0 B ,o 1'1 0 8 0 8 0 8 o, 0 8 0 8 ,ooo 8 1 000 II .ooo 8 ,o 8 ,oo 8 0 8 
> 

STREAM S!DIM!:'lT sUIPt.ES • P'R&:NCK RlDGP.: • ARI£11 :1 tJ:l 
~ 

t:GU7a 111 0 1 00 B 45 500 ,o 8 0 8 0 8 70 o,o 8 0 B ,ooo I! ,ooo I! ,ooo 8 ,o 8 ,oo 8 0 8 t_%j 
uooos 150 0 1 00 B 20 180 1 0 II 0 8 0 d 18 1,0 0 8 ,ouo 8 ,ooo 8 ,ooo 8 ,o 8 ,ou 8 0 8 en 
1:10006 150 0 1 00 B )!I 400 ,O A 0 8 0 8 40 1,0 0 8 ,ooo 8 ,ooo 8 ,ooo il ,o 8 ,oo 8 0 B ..... 

00 
STREAM S!:Ol'lt;"T SAMPLES • t.ELANP CREEK • AREA 3 > 

!G0218 70 0,00 R 
!I " 

l5 ,0 II 0 8 0 8 1 L o,o 8 0 1:1 ,ooo li ,ooo tl ,ooo 8 ,o 8 ,oii 8 0 1:1 z 
100260 20 o,oo a 0 8 0 8 1 0 B 0 8 0 8 • o,o 8 0 8 ,ooo 8 ,ooo 8 1 00U B ,o 8 ,oo It o a t;j 
1!0026'7 100 0,00 8 0 8 0 8 ,0 II 0 8 0 tl 1 " o,o 8 0 ll ,ouo 8 1 000 II 1 000 B 1 0 B ,uo 8 0 8 ..... 
100268 '7o 0,00 II 1!1 60 1 0 II 0 B 0 8 3 o,o 8 0 8 ,ooo 8 1 000 B ,ouo 8 ,o 8 ,oo 8 0 8 tO 
100:1170 1!10 o,oo 8 10 55 ,0 A 0 8 0 il 10 0 1 0 B 0 8 1 000 B 1 000 B ,0011 8 ,o 8 ,uo 

1!002'73 7o o,oo 8 10 30 ,o B 0 8 0 8 3 0 1 0 II 0 8 ,ooo 8 ,ooo 8 1 000 II ,o I! ,oo 8 0 8 
100274 7o o,oo 8 10 3!1 ,o 8 0 8 0 8 2 o,o 8 0 B ,ooo 8 ,ooo a ,ooo 8 ,o b ,oo 8 0 8 
100276 lo o,oo 8 20 40 ,0 II 0 8 0 8 5 0 1 0 B 0 B ,OUO B ,ooo 8 1 000 B 1 0 B ,uo 8 0 8 
1102300 70 o,oo 8 0 8 0 8 1 0 II 0 A 0 8 1 o,O B 0 8 ,ooo 8 1 000 B ,ooo tl ,o il ,uo a 0 8 
EK0448 30 0 1 00 B 20 80 ,0 II 0 8 0 8 2 n,o 11 0 8 1 000 B ,ooo 8 ,000 B ,o 8 ,oo 8 0 B 

!10002 soo o,oo 8 100 120 1 0 R 0 8 0 8 16 0,5 0 8 ,ooo 8 ,ooo 8 1 000 B 1 0 B ,oo 8 0 8 
110003 1!10 o,oo 8 10 50 1 0 II 0 8 0 II 6 0 1 0 B 0 8 ,ooo 8 1 000 B ,o~u a ,o 8 ,oo 8 0 8 
110004 200 o,oo 8 2!1 110 ,o 8 0 8 0 8 3 o,s 0 8 1 000 B ,ooo 8 1 000 B ,o 8 ,oo 8 0 8 
1!'1'0403 100 0,00 ll 0 8 0 8 1 0 II 0 8 0 8 1 L o,o ll 0 B ,ooo 8 0 000 B ,ooo 8 ,o 8 ,uu 8 0 il 

sniL 8AMPLI!; • LE!.AhO CREEK " AREA 3 

II022U 30 0 1 00 B 10 60 ,o 8 0 8 0 8 1 L 0 ,o b 0 8 ,ooo tl ,ooo 8 ,oou !I 1 0 B ,oo 8 0 8 

ROCK SAMPLES = THE CRADLE = AREA 4 
~ 

ICOU6 7o o,oo 8 0 8 0 B ,o 8 0 8 0 8 0 8 0 1 0 B 0 1:1 ,ooo 8 1 000 B 1 0110 8 1 0 B ,oo 8 0 8 ~ 
IIOOU4 7o 0,02 N ,, 0 ll ,o l\ 0 8 0 8 0 8 1 1 0 L 2 L ,ouo 8 ,ooo 8 ,ooo 8 1 11 8 ,ou 8 0 8 -.:] 



TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area ~ 

"" and additions-Continued 00 

SA"lPLI: S•r':' S.MG' s.cu a.rn I•MN •·u l•d .. ,u ••• . .. , 1•11 1•11 I•C:D leCO 5 ROCK SAMPLES • THE CRADLE • AREA 4 
rao4l7 J,oo 10,00 0 1 0! L ,ooa t. uo 0,!1 w aoo ,. 10 N 10 N ao L ',o " Ult ION 10 2: I!:CIOR40 .s,oo J, 00 J,oo 1 )00 700 0,1 Ill aoo ,. 10 If 10 N 700 a,o L UN 10 N ,. 

1:;1;:1 ECIOUOA ,,oo 3 1 00 s,oo 1 300 100 0 1 1 H 200 H tO H !OL JOO a,o L UN ION 7 
1!:(;01142 7,1)0 10,00 s,oo ,!100 JOO 0 1 !1 N 1oo N lO H 2000 10 a,o • UN 10.1 10 ~ EGOA4al:l 5 0 O" 7,00 !1,00 ,500 100 0 1 5 II aoo H 10 N uoo ao a ,o • UN ao 10 

EG0842D 7 ,oo 10,00 ., ,oo ,300 100 0 1 5 N aoo ~ 10 N 20 ao a ,o • ao 1 10 10 ~ EGttl7 5 ,oo ) 1 00 7 .oo t.ooo tiOO 0 1 1 N 200 H ao • lOL aoo a,o • UN IO 10 rn !l:llt2!1 t,oo 1,00 2 ,oo ,too :aoo 0 1 5 N 200 N 10 N u 500 a ,o L UN ao I 
I!:Gll ~7 o,!lo o,ol o.o!l ,ooa L 100 0 1 !1 N )00 10 N 10 N ao a,o z. UL ao I § l!:tHt29 t,oo 1100 o,tn ,uo 100 0,7 JOO 10 N lOll 700 ~.o • u• 10 I 

I!:Gttll l,oo 3100 7 .oo o300 t!IOO o,s aoo N 10 N lOL 1000 1,0 11 10 " :ao .. 
r.G1ll6 s,oo 3,00 s.oo ,500 t!IOO 0 1 5 N aoo N 10 N 10 L 700 leO L 10 I 10 at t< l!:t:ll41 5oOO to,oo G o,5o .ooa L 500 0 1!1 N :aoo H 10 N tO L ao L 1,0 N Ull 10 aoo > I!:St041 lOoOO 2o00 3,00 I 700 2000 Oo!l H 200 H 10 N tO L tO hO N !.0 II 10 10 

STREAM-SEDIMENT SAMPLES = THE CRADLE = AREA 4 ~ 
ECOt76 7 .oo )100 s,oo 1700 t!IOO 0,!1 H aoo N tO N 10 L 200 a,o " lON 10 70 > 
r.r:ot78 7 101) a,on 5,00 • "100 t000 0,5 N aoo rf 10 N lOll uo 1,0 " lON ao '70 > 
EGOt81 3100 t.oo 2,00 1500 700 0 1 1 N 300 H tO If tO " 200 1,0 " lOll ao 7 2: 
EGOt90 5oOO 1,50 a.oo ,500 700 0 1 1 II aoo " lQN 10 " :too 1,0 " lOll ao 10 t;:j 
~GOt91 !l,oo a.oo l,OO ,!100 t!IOO 0,!1 N 200 "' 10 N 10 L :too 1,0 " 10 N 10 u > 
I!!GOt92 5100 2100 3,00 1700 1000 0 1 !1 N 200 " 10 N 10 L JOO ',o " lOll 20 lO t;:j 
EGOt97 s,oo a,oo J,OO 1700 t000 0 11 II aoo 11 10 N lO :too ',o 10 .. ao u t;:j 
I!:G021l2 '7 ,oo 7,00 3,00 ,!100 1100 0 1 5 N aoo H 10 N 10 :too ,,o "' lON 20 10 1-4 
I!G020l 7 .oo 3,00 J 1 oo • 700 &000 0 1 5 II aoo H 10 N 10 L :too &,o L 10 N ao 70 ~ 
I!!G0216 s,oo ),00 2,00 ,500 tiOO 0 1 !1 N aoo H 10 N 10 L uo t,o " lOll 20 10 1-4 

0 
I!CI0228 7 .oo 3,00 3,00 ,500 t100 0,5 II :aoo • 10 N lOL 200 1 1 0 L 10 II ao 10 z 
!G0237 7 ,oo l,OO 3,00 • 700 1000 0 1 5 N aou N 10 N 10 " :too 1,0 L 10 N ao :to Sll 
!C10299 7 .oo !1,00 3,00 ,500 1000 0,5 N aoo H tO N tO 300 1 1 0 L 10 N ao 10 

~ EGOJOO 7 ,oo J,oo l.oo ,soo 1500 0,5 N aoo • tO N 10 L IOO 1 1 0 L 10 N ao 10 
!GOU4 5,oo 5,00 1,50 ,200 tiOO 0,5 N :aoo H 10 N lOll uo a,o L 10 lf 20 70 

i!:G078l s,oo 7,00 11!11) ,500 700 0,11 N 200 N 10 II 10 " uo 1 1 0 L 10 N ao 10 
rn = EK01a4 7100 15 1 00 !1,00 • 700 t5oo 0 1 5 N 200 II 10 N 10 L 200 1 1 0 L 10 N ao 70 1-4 

EK0t25 7100 3 1 00 7 ,oo t,ooo 2000 0 1 !1 N 200 N 10 N 10 L 200 leO L 10 II 20 70 z !KOt26 5,00 3 1 00 7_,00 • 700 2000 0 1 5 N 200 N tO N 10 "' )00 a,o L 10 II 20 70 0 UOt27 !l,oo 1,oo 2,00 ,300 !000 0 1 !1 N 200 N 10 h 10 200 a,o L 10 II 10 :ao 
~ !KOt28 s.oo 3,00 3,00 1 ]00 t!IOO 0 1 11 N aoo 11 10 N 10 L 100 1 1 0 L tO " 20 10 

EK0U9 1,oo 3,00 ),00 ,700 t500 0 1 5 N aoo H 10 N tO uo leO L ao 11 20 10 2: 
!KOt30 7,oo s,oo 3,00 o300 11100 0 1 5 N 200 N tO N 10 200 1,0 " 10 N 20 70 
!KOt.H 5,oo ) 1 00 5~00 .soo tiOO o,a N aoo 11 10 N lO aoo 1 1 0 L 10 N ao 10 
SKOt32 5,011 7 ,oo l,OO ,300 1000 0 1 5 N 200 N 10 N 10 uo 1,0 L 10 lf 10 ao 



TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area 
and additions-Continued 

SAMPLE I•CR I•CU I•LA .... o 1•11111 1•1111 I•PB 1•11 
ROCK SAMPLES =THE CRADLE = AREA 4 

... c I•IN Iaiit a.v laW I• I I•IN 

IC:OU'7 1000 JOO 20 N 
5 " 

SO N 1500 toN SOO N '7 10 N SOON SO 50 N lOL 200 • 
100840 sao so ao r.. S N SO N so lO 100111 u SO N JOO soo 70 u 200 II 
IC0840A JOO uo 20 N 11 10 N 7 10 L soo Ill 20 SO N uo 200 ISO N u aoo 11 
1!00842 7o JOO 20 N I Ill SO N 70 10 Ill 100 Ill JO 10 II 100 N uo IO N ao aoo • 
t:C08428 so 150 ao N 5 N SO N JO 10 N SOO N JO SO N &00 N uo ION u 100 N 

ccol42o 5o 200 ao N S N SO N 110 10 N tOO N 20 SO N SOO N uo 10 " so aoo N 
t:C:tU7 JOO ISO 20 N S N 10 N '70 10 N 100 Ill 10 SO N aoo aoo IO N JO aoo 
EGU21 so ao 20 N s Ill 10 N 10 10 L soo " I SO N JOO JO 70 SOli 100 N 
ICUU'7 10 L JO 20 N I Ill 10 N I 10 " 100 N I L 10 N lOON SOli JOO UN 100 N 
llGU28 so 70 ao N I N 10 N 10 10 100111 ' SO N 100 L 10 IO N SO II 200 ,. 

IGUU JOO 100 20 N 10 10 N so 10 lOO N 20 lON '700 uo JOO lO 100 • 
IGUl6 JOO 110 20 N I N so "' 70 ll 100 II 20 UN 100 110 IO N 20 200 .. 

~ ICU41 2000 7 20 N I N 10 N 2000 10 N 100 N 10 ao SOO N 10 10 N 10 II aoo 11 
tl1o47 '70 100 20 N S N 10 N 11 10 soo Ill so ao 111 100 JOO IO N JO aoo " 

~ 
STREAM-SEDIMENT SAMPLES = THE CRADLE = AREA 4 ~ 

t;rj 
llCOt76 1100 100 ao N S N SO N 100 lO 100 N JO SO N 200 uo 10 N JO 200 • r.n 
ccos71 JOO 100 10 N I Ill 10 N JOO 10 100 Ill 10 10 II JOO liO IO N 20 200 Ill ..... 
l(i018S IO 7 ao 111 l5 10 N 11 10 " SOO H so 10 II 100 70 50 N so 200 N 00 
IGOS90 '70 10 20 N 7 10 N Jo 10 L 100 Ill u so Ill JOO 70 50 N 10 200 N > llG019l :JOO 20 20 N 10 10 N 70 10 " soo Ill liS 10 N 100 100 IO N .. 2oo 111 z 
IGOt92 200 10 20 N s JO N so 1011 lOON ll so JOO 100 IO N 11 100 • t::l 
llGOJ 97 100 so 20 N 10 JO N Jo JO 100 N 20 10 JOO 110 so Ill ao 200 • ..... 
l!li0202 2ooo :JO 20 N 20 10 N 1000 so " SOO N 10 10 200 110 10 Ill 20 200 N <C 
t:G020:J 700 70 20 N 7 10 N 700 20 100 N 20 so JOO uo 10 Ill u 200 
I!G0216 1500 so 20 N 5 N 10 N 700 u 100 N u lO 200 100 IO II ,. :aoo 

cooua 700 70 20 N S N 10 N 200 10 L lOON 10 lO JOO uo lo ao 100 
cco2n llo 20 20 n I SO N 10 u 100 N Jo so IOO 110 10 JO 100 
11:00:191 1000 so 20 ·N 10 10 N 100 10 100 tl 10 10 JOO aoo lo )0 200 
100100 500 70 20 N 7 10 N soo 10 &00 N IO lO 100 aoo 10 ao 100 
IGOU4 2000 so 20 " ' " 10 N 1000 10 L &00 " u &0 uo 70 10 u 200 

100713 1000 10 ao N u 10 N 1000 10 100 N u lO aoo &00 IO so aoo 11 
IICOt24 1000 u 20 N I 10 N JOO toll 100 N JO &0 too 100 10 u 100 • 
IKOUS 100 30 20 N 11 10 N &10 SO L 100 N 10 &0 H JOO 200 IO 70 IOO Ill 
IKOU6 100 u 20 " ll 1·0 N 110 &OL &00 N JO 10 N IOO &00 IO u IOO N 
IKOlll' 300 u 20 N tl 10 N uo 10 " 100 N 10 10 N aoo 100 IO 100 N 

IKOUI 700 20 20 N 11 10 N 100 10 L 100 N 10 &0 N 100 110 10 ao 200 • 
IICOI29 uoo :ao ao N u lO N 100 lOL SOO N 10 10 N JOO uo IO u 200 N 
IK01JO :aooo JO ao N 10 lO N 100 lOL 100111 10 10 N 100 uo IO 10 200 N 

~ IK01.11 700 :ao 10 N so 10 N 200 lOL lOO N 10 10 N 100 &10 10 10 100 II 
IKOP2 uoo JO 20 N 10 &O N 100 10 " SOO H 20 10 N aoo 100 IO u 200 • ~ 

co 



TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area ~ 
,j::o.. 

and additions-Continued 0 

> 
t'"4 

SAMPLE S•ZR AA•AU•P AA•CU•P AA•ZN•P ,J.A•AG•P AA•CO•P AA•,..I•P CM=CXHM CM•IB CM•MO AB•P'l AII•PD AI•MH AB•RU Al•lR EU '1:1 
ROCK SAMPLES = THE CRADLE = AREA 4 ~ 

EG0417 10 L 0 0 02 N 270 0 !I oO B 0 0 8 0 8 1 1 0 L a L 1 000 I .ooo 8 ,ooo 8 .o 8 ,oo 8 0 z 
!G0840 70 o.oo 8 0 8 0 8 ,o 8 0 0 8 0 8 o,o 8 0 8 ,ooo 8 ,ooo 8 ,ooo 8 ,o 8 ,oo 8 0 tzj 
I!!G0840A 70 0,05 N 0 8 0 8 ,o 8 0 0 8 0 8 o.o 8 0 ,ooo 8 ,ooo 8 .ooo 8 ,o 8 ,oo 8 0 t'"4 !G0842 30 o.oo 8 220 0 8 o2 N 45 30 0 8 o,o 8 0 ,ooa 11 ,oo;z N 1 00ll N 1 1 N 1 01 II 0 > EGO BUB 30 o,oo 8 0 B 0 8 ,o 8 0 0 8 0 8 o,o 8 0 1 000 I ,ooo 8 ,ooo 8 ,o 8 ,oo 8 0 

~ 
EG0842D 30 0,00 8 0 8 0 8 ,o 8 0 0 8 0 I! o.o 8 0 ,ooo 8 1 000 I ,ooo 8 ,o 8 1 00 I 0 tzj 
EG1117 150 o,oo a 0 8 0 B oO B 0 0 8 0 II 0 1 0 B 0 ,ooo 8 ,ooo 8 .ooo a ,o 8 1 00 I 0 r:n 
&:cuas 50 0,05 ,. 0 B 0 B ,o (I 0 0 B 0 8 o,o tl 0 1 000 I 1 000 B 1 000 B ,o 8 1 00 I 0 r:n ltG1127 10 N 0 0 05 N 0 R 0 8 1 0 B 0 0 I 0 B o,o 8 0 1 000 B ,000 I ,ooo 8 1 0 B 1 00 I 0 1-3 !GU28 7o 0 1 05 N 0 B 0 B 1 0 B 0 0 II 0 B o,o 8 0 1 000 B .ooo 8 1 000 B 1 0 B 1 00 I 0 c::: 
!Gl1l1 100 0 1 05 N 0 8 0 8 ,o I! 0 0 B 0 B 0 1 0 II 0 1 000 B 1 000 B ,ooo 8 ,o 8 1 00 I 0 t:l 
!Gltl6 70 o.oo 8 0 B 0 8 ,o 8 0 0 8 0 8 o,o 8 0 ,ooo 8 ,ooo 8 1 000 I ,o 8 1 00 I 0 to< 
!Glt 41 10 ~ n.o!! n () 8 0 B ,o !l 0 0 8 0 8 o,o 8 0 1 000 B ,ooo 8 ,ooo 8 ,o 8 1 00 I . 0 > Uto47 100 o,o!! N 0 8 0 8 1 0 A 0 o a 0 B o,o 8 0 1 000 I .ooo 8 ,ooo 8 1 0 B ,oo a 0 ~ 
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!G0176 150 o,oo 8 55 sn ,o 8 0 8 0 6 o,o 8 0 8 ,ooo 8 ,ooo ,ooo ,o ,oo 0 > EGO t78 ?o 0,00 B too 25 ,0 R 0 8 0 18 o,o 8 0 A ,ooo 8 .ooo ,ooo ,o ,oo 0 z p;GOt81 100 o,oo 8 10 20 ,o 8 0 !I 0 a o,o 8 lO ,ooo 8 ,ooo ,ooo ,o ,oo 0 t:l !G0190 100 o,oo 8 10 211 ,o 8 0 8 0 1 L o,o 8 0 B ,ooo 8 ,ooo ,ooo ,o ,oo 0 
EG011l1 70 0,00 R 10 30 ,O R 0 8 0 2 0 1 0 B 0 8 ,ooo 8 ,ooo ,ooo ,o ,oo 0 > 
EG0192 150 n,oo ~ 5 25 1 0 B 0 8 0 a 0 1 0 B 0 8 ,ooo 8 ,ooo ,ooo ,o ,oo 0 t:l 
!G0197 100 0,00 8 20 20 .o 8 0 8 0 1 L o,o 8 0 B ,ooo 8 .ooo ,ooo ,o ,oo 0 t:l 

~ EG0202 150 o,oo 8 211 45 ,o 8 0 8 0 :a 0 1 0 I 20 ,ooo ,ooo ,ooo ,o ,oo 0 1-3 !G020l tOO 0,00 R 50 40 ,O R 0 8 0 ll5 o,o 8 0 B ,ooo ,ooo ,ooo ,o ,oo 0 io-o-4 
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!IC0132 so 0 1 00 B 0 A o e ,o " 0 8 0 8 :1 0 1 0 B 0 B ,ooo ,ooo ,ooo ,o ,oo 



TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area 
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UMPLE •·rn S•MGt &•cat S•Tit S•MN S•aG 8•118 S•t.U 
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TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area 
and additions-Continued 

SAMPLE hZR AA•AU•P AA•CU•P AA•ZIII•P u,•AG•P AA•CO•P AA•Jiol•P CM=CXHM CM•88 C14•MO Ali•PT AS•PD Ali•MII AS•RU AS•IR !U 
STREAM-SEDIMENT SAMPLES = THE CRADLE = AREA 4 

IKOSU 100 o,oo 8 0 8 0 8 ,o 8 0 8 0 II 1 L o,o 8 0 8 ,ooo 8 oOOO II ,ooo 8 ,o b .ou 8 0 8 
IKOlU 70 0 0 00 II 0 8 0 8 .o 1\ 0 8 0 8 1 L 0 1 0 B 0 • .ooo 8 .ooo 8 ,ouo 8 ,o 8 ,oo 8 0 8 
IKOt56 200 0 1 00 B 20 JO .o 8 0 8 0 8 2 o,o 8 115 ,000 II .ooo 8 0 000 B ,o 8 ,oo 8 0 8 
IKOtl7 100 o,oo 8 1!1 l!l ,o 1\ 0 B 0 8 a o,o a 15 .ooo 8 ,000 II .ooo 8 ,o 8 1 00 II 0 8 
1110118 7o o,oo 8 1!1 )!I 1 0 B 0 8 0 8 a 0 0 0 B 10 .ouo 8 1 000 II ,oou 8 ,o 8 ,oo 8 0 8 

IKOtlt 100 o,oo 8 1!1 )!I .o 8 0 8 0 8 2 0 0 0 B 1!5 ,01)0 8 ,ooo 8 ,ouo 8 .o 8 ,uo 8 0 8 
IK0160 70 o.oo 1:1 )O 40 1 0 II 0 8 0 II 2 0 .o 8 20 ,ooo 8 ,oou I! .ouo 8 ,o 1:! ,ou 8 0 8 
IKOJ61 70 o,oo 8 0 B 0 8 1 0 II 0 8 0 8 a o,o 8 0 8 ,ooo 8 .ooo 8 ,ouo B 0 0 II 1 00 B 0 8 
II!Ol6J 150 o,oo 8 :lO liS ,o 8 0 8 0 8 1 o,o 8 1!5 ,ooo 8 ,ooo 8 ,ooo 8 ,o 8 .oo 8 0 8 
IICOt 71 100 o,oo 8 uo 110 ,o 8 0 8 0 8 1 o,o 8 0 8 ,ooo 8 ,ooo 8 ,ouo 8 ,o 8 .uo 8 0 8 

IIC0172 100 o,oo 8 140 4!1 ,o II 0 II 0 8 2 o,o 1\ 0 8 ,ooo 8 .ooo 8 ,oou 8 ,o 8 ,oo 8 0 8 
11!0173 uo o,oo 8 100 )5 0 0 II 0 8 0 8 1 o,o ll 0 II ,oou 8 .ooo 8 ,ooo 8 ,o 8 .oo 8 0 8 ~ 
IIOOU 150 0,00 8 0 8 0 p ,o II 0 8 0 II 2 0 0 0 R 0 8 ,ooo 8 ,ooo 8 ,ouu 8 ,o 8 ,oo 8 0 8 > nooao 1110 o,oo 8 0 8 0 8 1 0 II 0 8 0 8 1 L 0 0 0 B 0 B • 000 8 ,ooo 8 ,ouu 8 .o 8 .oo 8 0 8 t:l:j 
180022 10 o,oo 8 0 8 0 !I ,o 1'1 0 B 0 8 1 L 11 1 0 B () ll 1 0UO B 1 000 B 0 000 B ,u 8 1 ou 8 I) B t"" 
180023 150 o,oo 8 0 8 0 B ,o 8 0 B 0 8 1 L 0,0 8 0 B 1 0UO II ,ooo 8 1 000 B 0 0 B ,uo 8 0 8 

t_:l:j 

1500118 100 0,00 B 10 40 ,o ll 0 8 0 8 2 0,0 B () 8 ,ooo 8 0 000 II ,ooo 8 ,o B ,oo I! 0 I! 
00 

150244 7o o,oo 8 20 35 1 0 II 0 8 0 B 1 L 0 0 0 B 2!1 ,ouo li ,ooo t:l ,ouo 8 1 0 B ,ou I! 0 8 ...... 
00 
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I!GU49 10 N 0,0!1 0 8 0 8 ,0 II 0 8 0 B 0 B (1 0 0 R 0 B 1 000 II ,000 B 1 0110 R ,o 8 .oo 8 0 il c.o 
ICU49A 10 N 0 0 011 L 0 B 0 B ,o 8 0 8 0 8 0 B o.o 8 0 R 1 01l0 B ,ooo 8 0 000 B ,o 8 ,ou 8 0 d 

IGU51 10 N 10,00 0 8 0 8 ,o 1!1 0 8 o a 0 8 o,o 8 0 8 ,ouo 8 ,000 II ,ouo 8 1 0 B .ou 8 0 8 
I!GUIIU 10 N o,to 0 8 0 8 0 0 B 0 8 0 It 0 8 o,o 1.1 0 8 1 000 B ,ooo 8 .ooo 8 ,o 8 ,ou II 0 8 
IGUitC 10 N 0,15 0 8 0 8 ,o 1\ 0 8 o a 0 8 o,o 8 0 B .ooo 8 .ooo 8 1 1lUO 8 ,o 8 1 00 8 0 8 
IG141lD so N 2,oo 0 8 0 8 ,o 8 0 B 0 8 0 8 u,o 8 0 8 ,ouo 8 ,ooo 8 0 000 B 1 0 e ,uo 1:1 0 8 
IGUU 10 t.so 0 8 0 8 ,tl II 0 8 0 8 0 8 o,o 8 0 8 ,ooo 8 ,ooo 8 ,ooo ll ,o 8 ,oo 8 0 il 

IG1413A to N t.oo 0 8 0 8 ,0 B 0 8 0 8 0 8 0 0 0 II 0 8 1 000 II ,ooo a 1 000 B .o 8 ,oo 8 0 8 
IIC0474 7o o.oo 8 0 8 0 8 .o 8 0 8 0 8 0 II o,o 8 0 8 ,ooo 8 ,ooo 8 .ouu 8 ,o 8 ,ou 8 0 8 
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IGtoltB uoo 10000 20 N 5 N 10 N 700 10 N 100 t; 15 SO N 100 N so SO N 10 L 200 r:n 
lt1COU4D to L :aoo 20 N S N SO N 20 to N 100 N S L 10 N tOO N 10 5U N tO L 2oo N ::I: 

~ 

STRIAM-a!DIMEN'l' SAMpLES • EsMERELDA PEAKS • AREA 7 z 
0 

IG1o7t looo Jo ao N 5 N SO N 700 15 tOO N ao toN lOO SIO SO N 11 aoo 6 IKOSU sooo 50 ao N !I N 10 II uoo tO L 100 N 1!5 SO N 2oo 100 so N 10 L 200 N 

ROCK SAMPLES • GOLD CRI!!IK • DELATE CREEK • MINIMAL CREEK • ARIA 8 z 
IGOU7 ao t!IO 20 N I N tO N 5 lOL 100 N 10 10 N soo 50 50 N 10 aoo 
IGOS4S 10 L 150 20 N 5 N SO N I L 10 L 100 N 7 10 II lOO rto 10 N 10 L aoo 
100606 SO L 70 ao L S N 10 N 5 '70 tOO N 7 10 300 70 SO H 10 IOO 



TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area 
and additions-Continued 

SAMPLE I•ZR AA•A.U•P AA•CU•P AA•ZN•P AA•AQ•P AA•CO•P AA•NI•P CM=CXHM CM•Se CM•MO ~·Pr AS•PD AS•RH AS•RU A.S•IR EU 
STREAM-SEDIMENT SAMPLES = VAN EPPS PASS = AREA 6 

I!IC015!1 lO 0,00 B 1!1 ]!I ,o 1\ 0 8 0 8 3 3,0 0 8 .,ooo a ,ooo 8 ,ouo ll ,o 8 ,oo 8 0 8 
IIC0318 Uo 0,1!1 l40 95 ,o 8 0 8 0 8 6 o,s I) II ,ooo 8 ,1)00 1:1 1 01/11 8 ,o 8 ,oo 8 0 8 
I!PUU :to o,oo 8 :uo 440 1 0 A 0 A 0 8 60 o.o 8 0 8 ,ooo 8 .ooo 8 1 0110 ll ,o 8 ,uo 8 u 8 
I!P21U Jo o.oo 8 400 li!IO ,o 8 0 8 0 8 3!1 o,o 8 0 8 ,ooo 8 .ooo 8 ,ooo 8 .o 8 ,oo 8 0 8 
!pU48 '7o o,oo 8 90 140 ,o 8 0 8 0 8 30 0 1 0 B 0 II ,ooo 8 ,ooo 8 1000 B ,o 8 ,uo 8 u 8 

1!!'0304 '7o 0,02 L 2!1 50 ,o II 0 8 0 8 2 1,0 0 II 1000 l\ ,ooo 8 ,ooo a ,o 8 ,oo 8 0 8 
1!0306 70 0,02 50 190 10 1\ 0 8 0 8 I 2,0 0 8 .ouo 8 1 000 B 1 000 B ,o 8 ,oo • 0 8 

SOil. IAMPLEI • VAN 1:PP8 PASS • ARIA 

!pU4!1 Uo o,oo 8 180 45 ,o 8 0 B 0 8 4 o.o 8 0 8 • ouo 8 ,ooo 1:1 ,01)0 8 1 0 B 100 B 0 B 
IPU46 200 o,oo 8 ]O ]!I ,o 8 0 8 0 8 1 o.o 1'1 0 8 ,ooo 8 ,ooo 8 ,ooo 8 ,o 8 ,uo 8 0 8 
IPU4'7 Uo o,oo 8 1000 210 1 0 A 0 Fl o a 250 010 B 0 8 1 0(10 8 1000 8 • ouu 8 ,o 8 100 II 0 8 t-3 1!PU49 '70 o,oo 8 90 220 ,o 8 0 8 o a 30 o,o 8 0 II ,ooo li ,ooo 8 ,ooo li ,o 8 ,oo i:l 0 8 > IP21U 7o o,oo 8 440 6!1 10 R 0 8 0 8 1li o,o 8 0 8 ,ooo 8 1000 B 10110 8 1 0 B ,oo 8 0 8 o:l 
IPU!S!S :to o, 00 8 !520 40 1 0 B 0 8 0 8 6 o,o 8 0 8 I 000 B ,ooo 8 , ouo a ,o 8 ,oo 8 0 8 t"'4 
I!PU56 lo o,oo 8 1700 5!1 oO II 0 1:\ 0 II & o,o 8 0 8 oOOu 8 .uoo 8 .ooo ~ .o 8 ,oo 8 0 II t_:l:j 
l!pU!I7 30 o,oo 8 1'700 !I!S ,o 1\ 0 8 0 1:1 & o,o 1!1 0 8 1 0110 8 ,ooo 8 ,000 8 ,o 8 1011 I 0 8 r:n 
I:PUS8 lo o,oo 8 1700 60 1 0 II 0 8 0 8 8 o,o 8 0 !! ,ooo 8 ,ooo 8 ,ooo 8 ,0 B ,oo 8 0 B ....... 
nun so o.oo 8 1800 60 ,o !\ 0 8 0 8 4 o,o I! 0 h , 000 B • 000 8 • 000 8 oO B ,oo 8 0 8 00 

IP2160 lo o,oo 8 1800 60 ,O II 0 8 0 8 3 0 0 0 II 0 8 1 000 B ,000 II ,ooo 8 10 B 100 II 0 8 > z IP:U61 200 o,oo 8 100 30 ,o 8 0 ll 0 8 1 11 o,o a U II ,ooo 8 ,ooo il ,ouo 8 ,o 8 ,oo 8 0 8 t::l 1!PU62 100 o,oo 8 1200 9!1 ,o 8 0 8 0 8 2 0 10 A 0 B ,ooo 8 ,ooo 8 ,ooo 8 ,o & ,oo 8 0 II 
EPU63 l!io 0 1 00 B 160 l!S ,0 II 0 A 0 8 2 o,o ~ 0 8 ,ooo J:l 1000 B ,OU\1 8 ,o 8 ,uo 8 0 8 ....... 

co 
ROCK 8AHPLE8 • E81'1ERELOA PEAKS • ARf;A 7 

I!Glo7o 10 16,00 0 8 0 J:l ,o !\ 0 8 0 8 0 8 o,o 8 0 8 ,ooo 8 ,ooo 8 100\1 B 1 0 B ,uo 8 0 8 
IG1070A lO 2,!50 0 8 Q II ,o 8 0 8 

0 " 
0 8 o,o 8 0 8 ,ouo 8 ,ooo b 1000 II ,o 8 ,uo f) 0 8 

IGlOIO 7o o,oo 8 0 8 0 B ,o !\ 0 8 0 8 0 8 o,o 1\ 0 8 1000 B ,ooo 8 1000 II .o 8 ,oo 8 0 8 
!Gl081 7o o,oo 8 0 8 0 8 10 II 0 8 0 8 0 II o,o 8 0 8 ,ooo 8 ,ooo 8 1000 B ,o 8 ,uo 8 0 8 
!GlOIU 10 N 0 1 0!1 N 0 8 0 8 1 0 II 0 8 0 8 0 B o,o 8 0 B ,000 B ,ooo I! ,ooo 8 ,o 8 100 B 0 B 

I!GilOIU 10 N o,o!l N 0 8 0 !! ,0 8 0 8 0 8 0 8 0 10 B 0 8 1000 B ,ooo 8 1000 B ,o 8 ,oo 8 
IICOI14D lO L 0 1 02 N 360 0 B ,0 II 0 8 0 .8 0 8 1,0 L 4 ,ooo 8 1000 II ,ooo 8 ,o 8 ,oo 8 

STREA~-I&:DlMfi'N~ 8AMPU8 • e:&Mii:RELOA PEAKS " ARU 7 

IGlO'H 70 0 1 0!5 N JO '70 ,o I! 0 8 0 8 3 o,o ll 0 8 ,ooo 8 ,ooo 8 ,000 B ,o 8 ,oo 
IKOU9 7o o,oo 8 !10 120 ,o 8 0 8 0 8 12 o,!i L 0 I! 1 0\iO B ,ooo b 10110 8 ,o I! ,ou 

ROCK S.MPI.ot& • GOI,D CREEK • DELATE CREEK • HI'-ERAL CREEK • AREA 8 

IGOU'7 '7o o,oo 8 0 8 0 8 0 8 0 8 o,o 8 0 8 ,ooo 8 ,ooo 1:1 1 001.l B ,o 8 ,oo 8 0 8 
t-:> 

,o ft 0 B ~ !G0$41 30 o,oo 8 0 8 o a ,o !\ 0 8 0 8 0 8 o,o 8 0 8 ,ooo 8 ,ooo 8 ,ouo 8 10 B ,oo e 0 II 1:.0 
I!G0606 '7o 0,02 N uo o e ,o fl 0 B o e 0 8 110 L a L ,ooo 8 ,uoo 8 ,ooo i .(1" ,ou 8 0 il 



TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area ~ 
01 

and additions-Continued 0 

> 
SAMI'LE s•rr.• S•llt;' S•CA' &•TU I•MN I•AG I•AS 1•111 1•8 I•Bl I•BE ... , I•CD ••co tot 

"tt ROCK SAMPLES = GOLD CREEK-DELATE CREEK-MINERAL CREEK = AREA fl -!G1J08 7 ,oo 3,00 s,oo 1,000 700 O,S N 200 ~ 10 N 10 L 20 L leO N 10 If ao " 70 z 
!GU09 to,oo 3,00 ., ,oo 1 1 000 G tOOO 0 1 5 N aoo N 10 N 10 " ao L 11 0 N 10 .. :iiON 70 t:zj 
EG13l2 1o,oo o,1n o,Jn ,500 5000 G J,o 200 " 10 N 10 JOO 1,o 10 N 10 II 
!1:1349 s,on 3,00 5,00 1,000 1000 0 1 !1 N aoo N 10 N 10 N 110 1,0 " 10 N ao N 10 ~ EGU7l ?,oo J,Ou !1,00 ,!100 t500 0 1 5 N aoo N 10 N 10 L 200 1 1 0 N 10 .. ao N u 

~ 
EGU83 5,00 3,00 s,on 1 1 000 G 500 0,!5 N aoo N 10 N 10 L uo 1 1 0 L 10 , ao N 10 t:zj 
!G13114 s,oo 2,00 J,oo t ,ooo ?oo 0 1 5 L aoo 11 10N lOL 100 1,0 lON 3011 10 00 
!GU&!i '7 ,oo J,oo s,oo 1,000 700 0 1 5 N aoo 11 10 N 10 JOO 1,0 " 10 N ao ,. 10 00 EG1388 5 .oo 1,so 3,oo , ?oo 7oo o,s aoo " 10 N lOL aoo 1 1 0 L 10 N ao • u t-3 !GUllO 3,oo o,so o, 7o • 700 100 0 1 !1 L aoo N 10 N 10 500 1,0 10 N ao ,. 10 q 
!c;U93 l,oo 1,00 1,!10 ,300 uo 0,!1 N aoo N 10 N 10 N JOO 1,0 10 N ao ,. I ~ 
EGU94 3,oo 1,oo 1,50 1,000 lOO 0 1 !1 N aoo ,. 10 N lOL 100 1,0 " 10 N ao N ao ~ 
EG1396 ] 1 011 o,3o o,so ,150 1000 70,0 '7000 10 N 10 !10 1 1 0 L 10 " no I > £Gll96A 3,00 1,00 2,00 ,aoo aooo u.o 1000 tO H 10 uo 1,0 10 N ao 11 u 
EG1lll611 3 ,oo o,Jo 1,50 .uo JOO '70,0 2000 10 N 10 150 1 1 0 L 10 70 10 ~ 

t:zj 
EG2413 1o50 t ,on 1,50 ,uo aoo 0 1 !1 N 200 N 10 N 1!1 1!10 1,0 lON ao 11 15 L > 
II!G2420 7 .oo a,oo o,2o ,300 aoo 0 1 11 H 200 N 10 N 10 aoo s,o 10 , 20 N ., 

> !G2420A 1!5,00 t,oo 0 1 0!5 L ,1150 70 0 1 5 N aoo N 10 N 10 1150 s,o 10 N ao N I 
!G2421 7t00 a,oo o,1o ,]00 JOO 0,5 H aoo N 10 N ao 1500 1 1 0 L 10 N ao ,. I L z 
!Ga4:1!5 7 ,oo 3 1 00 5,oo ,300 soo 0 1 !1 II aoo N 10 N 10 N 70 1 1 0 N 10 N ao "' 10 ~ 

P:G2426 to,oo t,!lo 3,00 ,300 1!50 0 1 !5 L aoo H 10 N 10 H 70 1 1 0 H 10 N 20 N u > 
I!:C2UOA 5,oo t,so 2,00 ,1!10 7o 0,5 H 200 ,. 10 .. 10 L 150 1,0 " 10 N ao "' 7 ~ 
EG24l1 3,00 o, 7o 1,50 ,200 7o 0,1 aoo 11 10 N 10 10 1 1 0 L 10 N ao • 7 ~ 
!G24llA 7 ,oo 1,50 1,50 ,300 7o 2,0 aoo " 10 N 10 L 10 1 1 0 N 10 N ao " 10 ~ 

!GU318 3,00 t,lo t,5o ,sao 7o 0,'7 aoo " 10 N 10 " 100 1 1 0 L 10 N ao 11 7 t-3 
~ 

I!:G2431C !5 ,oo 1,!50 t',l5o ,1!10 ?o 1,0 aoo N 10 N 10 " JOO 1 1 0 N 10 N ao " 
., 0 

I!:G2432 JoOO 1,00 0 1 05 L .,500 70 0 1 1 N 200 H 10 N 10 lOO leO L 10 N ao ,. I L z 
I:G2441 2•00 Dt 70 o, 7o .uo 110 Ool N aoo H 10 N 10 L lOO ItO 10 N ao " I N sn 
I:G2460 1,10 o, 70 1 ~so ,100 110 0 0 !1 H 200 H 10 " 10 L uo leO L 10 N 20 N II L 

~ !G:I464A 1o,oo 3,00 5,00 • 700 7oo. 0 1 1 N 200 II 10 N 10 N 70 a,o N 10 N ao 11 II L 
> I:G248!1B 10,00 3,00 10,00 1,000 G tloo 0 1 5 N 200 N 10 N 10 N JOO s,o " 10 N ao 11 JO 00 

II!G2486A 10,00 ) ,oo s.o11 1,000 1000 0 1 !1 N 200 N 10 " 10 H aoo 1 1 0 L 10 N ao • 30 = EG2784l 7,00 3,00 1 1 0o , 7oo soo 0 1 5 N aoo ,. 10 .. :to 700 1 1 0 L 10 N ao " 11 -1:027848 3,00 o, 70 o,to ,soo Uo 0,!1 N aoo " 10 N 11 ?oo s,o 10 N 20 N I L z 
E80161A s,oo 2,oo !5,00 ,300 lloo 1,0 aoo ,. 10 N 10 N aoo 1,0 10 ao ,. 10 0 
EIS0166 7 ,oo 2,00 3 1 0(1 ,JOO 700 1,5 aoo H 10 N 10 N JOO s,o 10 N ao "' 10 

t-3 
0 

1:501661 ao.oo G 0,]0 0,]0 ,100 50 0 1 1 N aoo H 10 N 10 " 700 1,0 " 10 N ao "' 10 z I:S0166B 7,oo 1 1 10 2,00 • 700 JOO 1,0 200 N 10 N 10 L aoo leO L 10 N ao "' 10 
1:110166C 2t00 OelO 1 1 oo eJOO ?o Ool N aoo N 10 N 10 " 700 hOL 10 ,. 20 N 10 
£aot698 2,oo 1,oo J,OO ,uo JOO 0 1 1 N aoo H 10 N 10 N JOO s,o 10 N ao ,. 5 

EsOt908 3,00 o, 70 o, 7o ,aoo 70 0 1 5 N aoo ,. 10 N 10 N '700 1,0 10 N ao 111 lO 



SAMPLE 

cauoe 
EGU09 
EGUU 
EGUt9 
EGU'IJ 

EGUU 
EGU84 
EGUU 
EGUIB 
EGU90 

EG139l 
EG1l94 
EGU96 
EG1J96A 
EGU968 

EG2U3 
EG2420 
I:GU20A 
EG242l 
EGU2S 

EG2426 
EG2430A 
£G24U 
EGUUA 
EGUUB 

EGU:JlC: 
EG24U 
IG2441 
EG2460 
I:GU6U 

EG2485B 
EG2486A 
EG2184A 
EGU84B 
ICIOt6SA 

ESOt66 
ES0l66A 
EsOt668 
EBOt66C 
ES0l696 

£10190& 

TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area 
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20 
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70 
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20 L 
20 L 
30 L 

30 
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20 N 
20 N 
20 N 
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30 
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30 
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20 N 

20 N 
20 N 
ao t. 
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20 N 

30 

I•MO I•NB a•NI 8•P8 8•18 I•IC I•IN 8•111 I•V 
ROCK SAMPLES = GOLD CREEK-DELATE CREEK-MINERAL CREEK = AREA 8 

S It 20 N 70 10 N 100 N '70 lO N 200 JOO 
S It 20 N '70 10 N 100 N 50 10 N UO 300 
!I N 20 L SO 500 100 L 20 10 N 100 N 110 
5 It 20 N 70 10 L 100 N JO 10 N JOO 200 
5 1'1 20 N 70 10 L 100 N 20 10 N 300 150 

S N 
'7 
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s " 10 

s 
!I II 
!I 
5 N 
5 L 
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20 L 
10 N 

10 N 
10 tl 
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10 N 

10 L 

110 
20 

110 
10 

7 

!I N 
so 

I L 
I 
I 

10 
so 
20 
20 
so 

!I 
I 
I 
I L 
a L 

II L 
30 

II N 
I L 

100 

30 
100 

70 
30 
11 

15 
1!1 
30 
10 
I 

20 

10 N 
11 
10 L 
JO 
JO 

lOL 
10 L 

2000 
110 
soo 
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10 N 
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14 L 
10 N 
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10 N 
10 N 
10 N 
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10 L 
10 N 
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100 N 
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100 II 
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' I L 

20 
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20 
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UN 
10 H 
10 N 
10 L 
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10 N 
10 N 
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10 tl 
10 N 
lO H 
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1100 
JOO 
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aoo 
2oo 
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200 so 
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lO 100 
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U 200 N 
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70 
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TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area t..:l 
01 

and additions-Continued t..:l 

> 
SAMPLE s.ZR AA•CU•P IIA•ZN•P AA•AG.P AA•CO•P AA•NleP CM=CXHM CM•IB CM•MO AlePT AI•RU 

~ 
AA•AU.P &laPO AI eMil AllelR t:U ~ 

ROCK SAMPLES = GOLD CREEK-DELA'l'E CREEK-MINERAL CREEK = AREA 8 ~ 

tG1308 70 0 0 0!5 N 0 !l 0 B .o B 0 8 0 0 B o,o 8 0 8 ,ooo • 1 000 II 0 000 I 1 0 I ,oo 0 z 
r:G1309 100 o.oo 8 0 8 0 8 1 0 II 0 8 0 0 B 0 1 0 B 0 II ,ooo • ,ooo ,ooo 8 1 0 II ,oo 0 t;rj 
EGUJ2 1 oo 0 0 0!5 N 0 8 0 8 0 0 II 0 8 0 0 8 o,o 8 0 ll ,ooo 8 ,ooo ,ooo ,o 8 ,oo 0 

~ EG1349 150 o.oo 8 0 8 0 f; 0 0 B 0 0 0 8 o.o 8 0 ,ooo • ,ooo ,ooo 1 0 II ,oo 0 > tG1373 100 0 1 0!5 N 0 8 0 B 1 0 II 0 0 0 8 o,o 8 0 ,ooo 8 ,ooo ,ooo ,o ,oo 0 
~ 

!:Gl383 150 0 0 00 B 0 B 0 B .o 1\ 0 0 0 8 o,o 8 0 1 000 B ,ooo ,ooo ,o ,oo 0 t;rj 
EG1384 uo 0 0 05 N 0 8 0 II .o (I 0 0 0 8 0,0 8 0 ,ooo 8 ,ooo ,ooo ,o ,oo 0 r:n 
EG1385 100 o.oo 8 o a 0 8 1 0 II 0 0 0 B 0 1 0 B 0 ,ooo 8 ,ooo ,ooo ,o ,oo 0 r:n EG1388 100 0 1 05 N 0 8 0 B ,o l' 0 0 0 B o,o 8 0 ,ooo 8 ,ooo ,ooo ,o ,oo 0 t-3 EGl)!IO 200 0 0 05 N 0 8 0 B ,o "' 0 0 0 II o.o l\ 0 1 000 B ,ooo ,ooo ,o ,oo 0 c:: 
EGU93 200 0 1 05 N 0 B o e 1 0 B 0 0 0 8 o.o 8 0 ,ooo 8 ,ooo ,ooo ,o ,oo 0 t:1 
EGU94 tOO 0 0 00 A 0 8 0 8 1 0 B 0 0 0 8 o,o 8 0 1 000 B ,ooo ,ooo ,o ,oo 0 ~ 
EGt396 70 2,00 0 B o. B ,0 8 0 0 8 0 8 o,o !l 0 ,ooo a ,ooo ,ooo ,o ,oo 0 > !G1396A 70 o, 45 0 fl 0 B ,0 II 0 0 8 0 8 o,o 8 0 ,ooo 8 ,ooo 8 ,ooo ,o ,oo 0 ~ EG1396ll 70 o.so 0 8 0 8 .o 1\ 0 0 & o a o,o 8 0 ,ooo 8 ,ooo a ,ooo ,o ,oo 0 t;rj 

r.c:uu 100 o.oo ll 0 8 0 ll ,o 8 0 0 B 0 B 0 1 0 B 0 ,ooo 8 ,ooo 8 ,ooo ,o ,oo 0 > 
EG24aO t!IO o,oo 1\ 0 8 220 ,o 8 0 0 8 0 8 u,o 8 0 ,ooo 8 ,ooo 8 ,ooo ,o ,oo 0 > EG24<10A so o,oo Fl 0 B 2!10 .o 1\ 0 0 8 0 8 o,o 8 0 8 1 0uO 8 ,ooo £1 ,ooo ,o ,oo 0 z EG2421 ISO o.oo 8 0 Fl (l .. ,o 1\ 0 0 8 0 8 o,o 8 0 ,ooo 8 ,ooo 8 ,ooo 8 ,o ,oo 0 t:1 !C2425 tOO o,oo 1\ 0 Fl 0 8 ,o Fl 0 0 £1 0 8 o,o fl 0 ,ooo 8 1 000 B ,ooo 8 ,o ,oo 0 

EG2426 100 o,on 11 0 B 0 B 1 0 II 0 0 8 0 8 0 1 0 B 0 ,ooo ,ooo 8 ,ooo 8 ,o ,oo 0 > 
t:1 !G24JOA 70 0 1 00 B 0 8 0 8 .o Fl 0 0 8 0 B 0 1 0 II 0 .ooo ,ooo .ooo 8 ,o ,oo 0 t:1 EG24lt 'o o,oo a 0 B 0 ll ,0 B 0 8 0 8 0 B 0 1 0 II 0 ,ooo ,ooo ,ooo ,o ,oo 0 
~ !G2431A 150 o,oo 1\ 0 B o a 0 0 B 0 fl 0 8 0 8 o,o 8 0 ,ooo ,ooo .ooo ,o ,oo 0 t-3 F.G24l18 30 o,oo Fl 0 A 0 B ,o B 0 8 0 8 0 B o,o 8 0 ,ooo ,ooo ,ooo ,o ,oo 0 ~ 

EG24l1C 7o 0 8 
0 o,oo ,. 0 8 ,o "' 0 8 0 8 0 B o,o 8 0 ,ooo ,ooo ,ooo ,o ,oo 0 z EG24l2 t!io o,oo 8 0 B o a 1 0 II 0 8 0 B 0 B o,o 8 0 ,ooo ,ooo ,ooo ,o ,oo 0 r:n EG2441 200 o,oo 8 0 8 0 8 ,o 8 0 8 0 8 0 8 o,o 8 0 ,ooo ,ooo ,ooo ,o ,oo 0 ~ 

EG24110 100 o,oo ll 0 fl 0 B 1 0 B 0 8 0 8 (J 8 0 1 0 II 0 ,ooo ,ooo ,ooo ,o ,oo 0 ~ !G2464A !50 11,00 8 0 fl 0 8 1 0 II 0 8 0 8 0 8 o,o 8 0 ,ooo .ooo ,ooo ,o ,oo 0 > 
EG24!15S 200 0,00 fl 0 1\ 0 II ,o " 0 B 0 8 0 8 o,o 8 0 ,00(1 ,ooo ,ooo ,o ,oo 0 r:n 
[G2486A 200 0 1 00 B 0 8 0 B 1 0 R 0 8 0 8 0 8 01 0 B 0 ,ooo ,ooo ,ooo ,o ,oo 0 ::r::: 
EG2784A 200 0 1 00 II 0 8 0 8 ,o 8 0 8 0 8 0 B o,o 8 0 ,ooo ,ooo ,ooo ,o ,oo 0 ~ 

!G27848 300 0 0 00 B 0 B 0 8 ,o 8 0 8 0 • 0 8 o,o 8 0 ,ooo ,ooo ,ooo ,o ,oo 0 z 
ESOt65A 20 0,00 B 0 8 0 8 ,o 8 0 8 0 8 0 8 o,o 8 0 ,ooo ,ooo ,ooo ,o ,oo 0 0 

t-3 
F.&Ot66 30 0,02 " 430 0 8 1 0 II 0 8 0 8 0 8 1,0 L 4 1 001 N ,ooa ,ooa N It 1 01 N 0 0 
F.S0166A 70 o.o2 N 75 0 l:\ .o 1\ 0 8 0 8 0 8 1,0 60 ,ooo 8 1 000 B ,ooo 8 ,o ,oo 8 0 z 
tsOti>M.l ICIO 0,02 L t ROO 0 8 1 0 B 0 8 0 8 0 9 1,0 6 1 01111 N ,002 ,ooa N ,1 ,o1 N 
r.sot~>f>c 200 0 ,C•2 r. )00 0 8 1 0 A 0 8 0 8 0 8 1,0 L 15 ,ooo 8 ,ooo 8 ,ooo 8 ,o ,oo 8 
f:Stl1 1>9!1 100 o,oo El 0 9 0 B 1 0 A 0 II 0 B 0 8 0 0 0 B 0 8 ,ooo 8 ,ooo 8 ,ooo 8 ,o ,oo 8 
1:5011108 150 Cl,02 110 40 i) 8 ,o 8 0 8 0 8 0 II 1,0 L as ,ooo 8 ,ooo 8 1 000 B ,o ,oo 8 
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TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area ~ 
01 

and additions-Continued ~ 

llMPLI: I•CR I•CU I•LA 1•140 I•NB I•Nr aePB 1•88 I•IC 8•11\1 S•Sll 8•V 8•W 8•¥ 8•ZN > 
IIUIOC 

ROCK SAMPLES = GOLD CREEK-DELATE CREEK-MINERAL CREEK = AREA 8 t"'l 
700 10 20 N I N 20 N 100 10 N 100 N .10 IO 100 200 5u N .10 200 ""C 

IIUIJ 70 110 20 L I N 20 N 70 10 N 100 1'1 .10 10 N .100 ISO 50 J\1 20 200 If ~ 

11&011 lOL )0 20 I N 20 N I 10 100 N .10 10 "' 100 uo SO N .111 200 L z 
IIUII 20 100 20 N I N 20 N 5 L 10 100 II 20 10 J\1 200 100 50 N 20 200 tzj 
11&017 10 " 110 20 N 5 II 20 N I 10 &00 N .10 10 PI 300 110 ISO N .10 300 t"'l 
11&0171 20 1110 20 L I N 20 N I L JOO aoo L u 10 N UO PI 70 So L 30 1000 > 
11!0171 lO L JOO 20 N I N 20 N I L 1000 200 7 iON 100 .. JO 50 N 10 L 10000 G ~ 
lltoi7C 20 1000 10 I H 20 N 5 L 20000 G 100 II 10 II 100 N 50 7o 10 10000 tzj 
lll017D ao L 1000 20 N 11 20 N 5 1000 100 L 10 ao w 100 PI 10 50 11 10000 G en 
II lOll 10 L 20 20 L 30 20 N 5 L 10 L 100 N 20 10 N )OO &50 IO N 20 200 L en 

l'l'REAM-8EDIMENT IAMPLr:8 •· GOLD CREEK • DELATE CRICK • MINERAL CREEK • AREA 8 
1-3 

EGOII7 2o 110 20 11 10 N 10 70 100 N II 10 N 200 !ISO SO N 20 200 II 
§ 

IGOUI 20 50 20 N I N 10 N 10 20 '&011 If 5 10 J\1 100 20 to N au aou N !-( 
110129 2o &50 20 L 10 10 N 10 10 &00 II u 10 J\1 100 1110 10 N 15 200 N > IGOIIO IO &50 20 L II 10 N u .10 100 II u 10 J\1 )OO 110 10 N ao aoo ,. 

~ IGOIU lo uo 20 L 5 10 N 20 JO 100 .. 10 10 J\1 100 70 IO N Sl 200 N 

IGOIU IO 100 20 L 10 10 N Ul 20 100 N 10 10 PI 100 100 10 N 11 200 N > 
IGOIJI 5o 100 20 " 

N 10 N JO 100 100 N u 10 N 200 110 50 N 111 200 .. > IGOUI 20 70 20 " 
,. 10 N 7 II 100 J\1 7 10 N aoo 70 50 N II 200 N z IGOUI )0 110 20 N 10 N u 10 100 N 7 10 N 100 70 50 N ll aoo 11 

~ IGOS40 20 70 20 N N ION 10 no 100 N II 10 N 300 100 50 II u 200 N 

IGOI41 Jo 100 20 lO N ll JO 100 N as 10 N 200 uo 50 N 111 200 N > 
~ IGOS46 7o 70 20 N N 10 N II 20 SOO N u 10 N 100 200 50 N ll aoo N 
~ IGOI49 7o 70 20 N N SO N 30 30 100 N u &ON 100 100 50 N 11 200 II 
~ IGOIII 7o 100 20 L N 10 N 30 10 SOO N u 10 N uo 70 50 N 20 aoo ,. 1-3 IGOIIB '7o 100 30 H 10 N 30 )0 100 N u 10 N 100 '10 50 N ao 200 N ~ 

0 
IGOI66 20 tl 20 N H 10 N I 10 100 N I L IO N 100 " lO 50 N 10 " 200 N z 110171 IO 100 20 N If 10 " u 10 100 11 10 lO N 110 aoo so Jl 10 200 N Sll 1:10111 :so 10 20 N N 10 N 11 50 100 N u 10 N lOO 150 50 [01 u 200 N 
IGOIIP lo 11 20 N N 10 N 10 50 100 N 7 10 I" 300 70 50 N 11 200 N ~ 1110600 20 10 20 N N 10 N 10 JO 1011 N ., 10 r. 100 L '10 50 N u 200 N > 
100602 20 100 20 N " 10 N u 20 100 II u 10 N uo 100 50 N 20 200 N r:n 
IG0604 lo 15 20 N N ao " 10 70 100 N I 10 N 100 IO IO II u aoo N ::t: 
I!G0641 20 20 20 " 

Ill 10 N u so aoo 111 ., 10 .. JOO 7o Ill II 10 200 N ~ 

110644 IO 20 20 N II 10 .N u 30 100 J\1 10 so J\1 JOO 100 IO N u 200 N z 
I!G0661 20 u 20 N N 10 N ., 50 100 .. 7 10 N uo 70 IO N 11 200 N 0 
IGSJ64 30 10 20 L N 10 N u 20 100 N 10 10 N 200 10 50 II so 200 N ~ 
IG20U 110 100 20 N 20 L soo 70 100 II JO 10 II 110 200 50 N lO 500 z 
102427 JO 100 20 L 20 L u 10 100 II u 10 N 110 100 50 N u 200 N 



TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area 
and additions-Continued 

sAMPLE I•ZII AA•AU•P AA•CU•P AA•ZN.P AA•AG•P AA•CD•P AA•Nl•P CM=CXHM Cloi•SB CM•MO A&•PT A&•PI> AS•RH AI•JIU Al•lR EU 
ROCK SAMPLES = GOLD CREEK-DELATE CREEK-HINERAL CREEK = AREA 8 

utoloc 7o o,o5 L 0 8 0 8 ,o 8 0 8 0 • 0 8 0,0 II 0 8 ,ooo 8 ,ooo 8 ,ooo 8 ,o ~ ,oo 8 0 8 
lEI lOU 100 o,oo 8 0 8 0 8 ,O II 0 8 0 8 0 8 o,o 8 0 II ,ooo 8 ,ooo 8 ,ooo 8 ,o 8 ,uo 8 0 8 
lEal Oil 150 0,0!1 .. 0 B 0 8 1 0 II 0 8 0 8 0 8 o,o a 0 8 ,ooo 8 ,ooo 8 1 000 II 1 0 II ,oo 8 0 8 
181016 70 0,05 tol 0 8 0 8 1 0 II 0 8 0 I 0 8 o,o 8 I) 8 ,ooo 8 ,ooo 8 ,ooo • ,o 8 ,oo ll 0 8 
1Eal017 100 0 1 0!5 N 0 8 0 il ,O II 0 8 0 8 0 8 o,o 8 0 8 ,ooo 8 ,ooo 8 ,ooo e ,o i ,oo 8 0 8 

IEII097A 150 o,ao 0 8 0 R ,o 8 0 8 0 8 0 B o,o 8 0 8 ,ooo 8 ,ooo 8 ,oou & ,o 8 ,oo B 0 8 
11:1101'78 70 3,00 0 8 0 8 ,o 8 0 8 0 8 0 8 o,o 8 o B ,ooo 8 ,ooo 8 1 uuo I ,o I! ,oo I 0 8 
IEI1097C 30 o,n 0 R 0 B ,o ~ 0 II 0 B 0 8 0 1 0 I 0 II ,ooo 8 ,ooo 8 ,ooo 8 ,o II ,oo 8 0 D 
IE810UD 70 1,00 0 B 0 8 1 0 II 0 II 0 B 0 8 o,o 8 0 I ,ooo 8 ,ooo 8 ,ooo 8 ,o 8 ,oo 8 0 8 
IEU091 110 0,0!1 1'1 0 8 0 8 ,o 8 0 B 0 8 0 8 o,o 8 0 8 ,ooo 8 ,ooo 8 ,ooo 8 1 0 II 1 011 II 0 D 

ITRUM-S&:oll'!t!T 8AMPL!I • GOLO CREEK • tl!LATt CRJi:!J( • MINERAL Ci<EEK • ARU 

!G0527 150 0 1 02 H 180 180 1 0 II 0 8 0 8 2!1 1,0 15 ,ooo 8 ,ooo IJ ,ooo ll ,o I! 1 00 II 0 II t-3 
> !GOUB 20 o,oo 8 0 B 0 8 1 0 II 0 8 0 8 35 0 1 0 B 0 8 ,ooo 8 ,ooo 8 ,ooo 8 ,o 8 ,oo 8 0 8 C:l !GOU9 Uo o,oo 8 150 110 ,o 8 0 8 0 8 16 a,o to ,ooo 8 1 000 B ,ooo 8 ,o 1:1 ,oo 8 o a t'-4 IEQOUO 150 o,oa L 140 55 ,o I! 0 8 0 8 6 2,0 15 ,ooo 8 ,ooo a ,oou 8 ,o 8 ,oo 8 u a 

IEGOIU '70 o,oo 8 100 75 ,o 8 0 I! o a 8 o,o 8 4 ,oou 8 ,ooo 8 1 0011 8 ,o 8 1 110 I 0 8 t;rj 
en 

IEGOU2 tOO o,oo 8 t40 90 ,o ~ 0 8 0 8 !i o,n 8 8 1 000 B oOOO B ,000 8 ,o 8 ,oo 8 0 8 1-' 
IEGOUI uo 0 0 04 N 100 280 ,o 8 0 8 0 8 14 l, 0 41 ,ooo ,ooo a 1 00U II ,o 8 ,uu • 0 i 00 
IECOUI tOO o,oo 8 uo 45 ,o 8 0 8 0 8 li o,5 L a ,ooo ,000 II ,ooo 8 ,o I! ,oo 0 8 > IEQOUII 100 0 1 04 N 280 110 ,o 8 0 0 8 18 1,0 tO ,ooo ,ooo 8 1 0011 8 

·"' 8 
,ou 0 i z IEGOUO uo o,oo 8 55 lbO ,o 8 0 0 16 o,ll 4 ,ooo ,ooo 8 ,ooo 8 ,o 8 ,go I) 8 

t:' 
IEGOI41 tOO 0 1 02 L 110 120 ,o 8 0 0 2 t,o 6 ,ooo ,ooo 8 ,ooo 8 1 0 II ,oo 0 8 1-' 
IEGOSU uo 0 1 02 L 40 30 ,o 8 0 0 2 0 15 L a L ,ouo ,ouo ll ,ooo 8 ,o 8 ,ou 0 8 <C 
IEGOS49 100 o,oo 8 55 tOO ,u 8 0 0 2 o,o 8 2 L ,ooo ,ooo ,ouo 8 ,o 8 ,oo 0 8 
IEGOSII 100 0 1 00 B t60 75 ,o 8 0 0 a o,5 L 0 ,ooo ,ooo ,uoo 8 ,o 8 ,oo 0 8 
IEGOSII 150 o,oo 8 tOO t90 ,o 8 0 0 3 o,5 0 ,ouo ,ooo ,ooo il ,o 8 ,oo 0 8 

IEGOS66 20 o,oo 8 JO 25 ,o I! 0 0 3 o,o 8 0 ,ooo ,ooo ,ooo 8 ,o 8 ,oo 0 8 
!GOSH '70 o,oo 8 30 45 ,o 8 0 0 t " o,o 8 0 ,ooo ,ooo 1 000 I 1 0 B ,oo 0 8 
IGO!III uo o,oo 8 35 '75 1 0 II 0 0 a 2,0 0 ,ooo ,ouo ,ooo 8 ,o 8 ,oo 0 8 
100519 70 o,oo 8 ao 55 ,o 8 0 0 l o,o 8 0 ,ooo 8 ,ooo ,ooo 8 ,o 8 ,oo 0 • 
EG0600 7o o,oo 8 u 95 ,o 8 0 0 3 4,0 0 ,ooo 8 ,ooo ,ooo 8 ,o 8 ,oo 0 8 

IG0602 uo 0 1 04 N t50 tOO ,o 8 0 0 1 L 1,0 0 ,ooo 8 ,ooo ,ooo 8 ,o 8 ,oo 0 I 
100604 70 o,oo 8 0 I 0 8 ,o 8 0 0 6 o,o 8 0 ,ooo 8 ,ooo ,oou 8 ,u 8 ,oo u I 
IG064l 70 o,oo 8 20 ao ,o 8 0 0 3 o,o 8 0 ,ooo 8 ,ooo ,ooo 8 ,o 8 ,oo 0 I 
IG06U uo 0 1 02 N ll 6!5 ,o 8 0 0 1 0 1 5 L 0 ,ooo 8 ,ooo ,ooo 8 ,o 8 ,oo 0 8 
IG0661 50 OoOO 8 21 80 oO 8 0 0 • o.o 8 0 tOOO 8 oOOO oOOO 8 oO 8 oOO 0 8 

IEGU64 70 o,oo 8 20 8!1 ,o 8 0 0 16 o,o 8 0 ,ooo 8 1 000 B ,ooo 8 
·" 8 

,ou 8 
IEG20U t!IO 0 1 00 B 100 390 ,o 1!1 0 0 3!5 o,o 8 0 1 000 B ,ooo 8 ,ooo 8 ,o I! 1 UO II U D ~ 
IEG2U7 l!lo o,oo 8 140 90 1 0 A 0 0 6 0 1 0 B 0 1 000 B ,ooo 8 ,ouo 8 ,u 11 1 0U II Q a CJ1 

CJ1 



TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area ~ 
<:.11 

and additions-Continued ~ 

> 
SaMPLE s•rn S•MG' S•CA' S•TI' I•MN S•AG S•AI I•AV I•B I•BA ... , ... , I•CD ••cc. t"" 

""C STREAM-SEDIMENT SAMPLES = GOLD CREEK-DELATE CREEK...;MINERAL CREEK = AREA 8 ~ 
tG24:1S !I ,ov 1,50 a,oo ,500 7oo 0 1 5 L ;;oo N lO N 30 200 1,o lO I ao • u z tG24lO 10,00 2,00 2,00 • 700 1000 0,1 aoo N 10 N 10 L aoo I ,o lOll ao • '70 tJj 
EG24l4 2 ,oo 0,30 1 ,so ,l!iO 5000 G 0 1 1 N 200 N 10 N 70 uo a,o 10 " 

ao ,. u 
EG24h s,oo 1,50 1,50 • 300 700 0 1 5 N aoo "' 10 N 30 uo l 1 0 lOll ao ,. u t"" 
EG2486 15,00 1,00 t,sn • 300 SOOO G 0 1 5 N 200 H 10 N '70 uo 1,1 lOll ao • aoo > 
£80164 1,!10 1,5(') 200 N 10 N 10 L 300 1,0 UN ao • 30 

~ l,oo ,500 )000 1,o tJj 
ES0167 l,Ofl 1,00 2 ,oo .soo 1000 a,o :100 N 10 N 10 L 200 1,0 10 II 20 N 1 00 
r.so1 u 5, oo 1,00 1,5('1 ,500 7oo 0 1 5 N aoo N 10 N 10 L 200 1,0 10 N ao " lO 

00 ES0169 3 1 0<1 o, 70 1,00 0 200 700 0,5 N aoo N 10 h 10 L aoo i,o 10 II ao 11 11 t-3 1:50170 s.oo 1,00 1,00 o300 1000 Dol N 200 N 10 " 10 L JOO I ol 10 II ao 111 u c::: 
r.sOI71 5, oo 1,00 1,50 ,300 1000 0,5 N aoo ~~ 10 N 10 L 300 1,0 10 N 20 II u t;:j 
r.sot72 5,01') o, 71') t,oo ,201) 700 0,5 aoo " 10 N 10 L :zoo 1,0 10 N ao 11 IS ~ 
1:50173 s,oo 1,00 l,SO • 300 700 loS aoo N tO N tO L 200 a,o lO N 20 • u > E$0174 7 ,oo s,oo o, 7o ,soo 1000 1,0 200 N 10 N 10 301) I 1 0 lO N ao 11 10 
F.S0175 s,oo 1,50 .J,oo ,500 1000 l,o aoo " tO N 10 L lOO 1o0 lO tl ao 11 u ~ 

tJj 
F.S0176 3 1 0f• 1,00 l,So ,lOO 700 0,5 200 N SO N SO L :zoo 1 1 0 10 .. 20 II 10 > £110117 ],00 o, 70 1,10 olOO 2000 S,5 ~00 N SO N 10 L 300 lol ao N ao ,.. u > r.sot7B s,oo 1 1 00 1,511 ,500 700 0,'7 ZOO N lO N 10 L :too ••• 10 N ao " ll 
!80182 3,00 o, 70 1,!!0 • 300 1000 0,!5 aoo H 10 N 20 200 '·' 10 II ZO N ao z 
1:50183 s,oo 1,00 1,50 ,500 tOOO 0,5 N ZOO N 10 N 20 JOO &,o 10 II ao " u t;:j 

ES0184 5,oo z,oo 1 ~so ,700 tiOO o, 7 200 N 10 N 100 JOO 1,1 10 tl ao " ao > 
r.sosa6 J,oo ,,so 1~50 ,500 1500 0,!1 N aoo 11 10 N 100 500 1,1 10 N ao N ao t;:j 
ES0187 5o00 s,oo o, 7n o700 uoo 0 1 !1 N aoo " 10 N tOO 700 1ol SO II 2o " ao t;:j 
r.sosllo 3,00 o, 70 1,50 ,aoo Joo 0 1 5 N ZOO N 10 N 10 L 100 1,0 tO N 20 N 10 1-4 
F.S0192 ]oOO o, 70 1,00 ,:zoo )00 Oo5 N aoo N 10 N 10 L 100 1,0 SO N 2o • ll t-3 

1-4 

E$01 113 J,oo s,oo t,!lo ,Joo IOO 0,5 N aoo N 10 N to L uo 1,0 10 N ao N 11 0 
ESOt94 3,00 s,oo 1,50 ,300 700 S,5 200 N tO N tO :too 1 1 0 L 10 N ao N ao z sn 

PAIHlftD-CDNCr.N'l'RATr. SAMPLES • GOLD CREEK • DELATE CREI:K • MlliEFilL CR!IIC • ARI:l I 
~ 

ts1o99 ., ,oo 1 ,oo 3,00 ,500 7oo I,S aoo N 10 N 10 L uo l,O L ao ao H 10 > EG:Z783 :zo,oo 1,so :z,OO 1,000 G uoo o,, aoo H SO N 10 II tao 1,0 N 10 N ao " 70 00 

ROCK SAt.!PL£8 • LEMAH CREEK • MloDt.E FORK SNOQUALMIE RIVER • CftAWFDRD CREEK • Al'l:l 9 ::r: 
1-4 

EG0655A s,oo 7,00 0,5 N 
z 3,00 1,000 1000 aoo H SO N 11 200 l,O L 10 N ao N ;JO 0 !G0657 s.oo 3,00 s.oo 1,000 1000 0 1 5 N :ZOO N 10 N 10 L aoo S,O L ao ,. ao ,. 30 t-3 F.G0671 s,oo 1,50 2,00 ,200 1000 0,5 N 200 N 10 N 10 500 1 1 0 L 10 • ao ,. 10 0 F.G0672 s,oo a,oo o, 7n ,soo 11oo 0 1 1 N 200 H 10 N aoo 1000 s,l 10 .. ao H ., z EG0672A 5oOO )oOO o.so o500 300 OoS N aoo N 10 II aooo c; 10 "' 10 N ao " so 

EG067l J,oo 0,50 0,01 ,2oo 70 l,ll aoo 11 lO II 20 700 1 1 0 L 10 N ao " 30 
EG0674 15,00 1,150 o. 7o ,500 soo 0,5 N aoo N 10 N 100 700 1,1 1U II 20 N ll 
I!G0675 :z,oo 1,00 2,00 ,uo tiOO 0,5 N 200 .. 10 II 10 L 100 1,0 lO II ao " • 



TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area 
and additions-Continued 

SAMPLE I•CR S•La S•MO S•Na S•N! I•IN I•IR I•Cll •••• •••• I•IC 
STREAM-SEDIMENT SAMPLES = GOLD CREEK-DELATE CREEK-MINERAL CREEK = AREA 8 

I•Y .... 1•¥ .. ,. 
EG2428 50 150 ao N 30 20 L 20 10 100 II ll 10 N 100 100 10 u aoo • 
ECJU:JO 10 100 20 20 20 L 30 30 100 N 20 10 N 200 uo to )0 200 N 
102414 20 20 ao L 5 N ao L u )00 100 N 1 10 N uo 70 10 10 aoo • 
ICJ2464 7o 150 20 N 15" 20 L 10 ll 100 II ao 10 fi uo &10 IO u lllOI 
EG2486 30 200 20 L 10 20 L IO 100 lOO N 11 10 .. no uo 10 ~0 aoo L 
E80t64 20 100 JO ' 10 N u 100 100 N u 10 H 200 &00 10 10 100 
ES0167 30 100 r20 L 15 10 N 1 10 100 .. u 10 N 200 100 10 n 200 N 
Eao1u 30 150 20 L 11 10 N 10 20 100 N u 10 N 200 100 IO u aoo • 
1:10169 20 150 ao I 10 N 11 30 100 N ., 10 N 100 70 10 u aoo • 
110170 30 uo ao 1r 10 10 N 11 10 100 N 10 10 N uo 70 10 ao aoo L 

1:10171 so 100 20 1r I 10 N 11 JO 100 N 10 10 N 200 70 10 .I aoo L 
1:10172 20 100 20 N 10 10 N lO JO 100 N ., 10 N uo 'io 10 20 aoo 11 

~ ES0173 20 200 20 N 15 ION 115 JO lOO N &0 &0 N aoo 100 10 ll 200 L 
Ea0114 30 70 20L !I L 10 N ll '70 &00 N u 10 N &00 uo 10 20 100 > 
1!10175 30 100 20 N I " 10 N 10 JO 100 N u 10 N IOO &10 lo u :aoo • t:C 

t"'4 
EIOt76 so 10 20 I L &0 N ll 10 100 N u 10 N 200 100 IO 20 100 N tz:j 
EI0-177 so 10 20 N I N &0 N 11 10 100 N 11 &0 N uo 100 10 20 200 N 00 
180178 70 150 ao N I N 10 N 115 30 100 N u 10 N JOO uo 10 II 20 200 L 1-' 
EI0182 IO 30 ao N 5 N 10 N 111 !50 100 N 11 10 N uo &00 ION 20 200 L 00 
ESOlfll 30 50 20 L 5 H 10 N l!5 !50 100 N u 10 N uo 1150 1011 20 100 " > 
ES0184 70 50 30 I N 10 N 30 '70 100 N u 10 N 200 uo 10 N ao 200 z 
ESOt86 tso 10 30 I N &0 N IO JO &00 II 20 10 N 200 uo IO N JO 200 L t:l 
taOS87 100 10 2o I N 10 N 50 JO 100 N ll 10 N 100 uo 10 N 20 200 H 1-' 
Esot9o 10 L 10 20 Ill 5 N 10 N 10 lO &OQ N ., 10 H 110 10 10 N 10 200 N tC 
EI0192 lo 200 20 Ill :10 10 N u 20 100 .. 10 10 N 100 70 IO N 10 200 N 

ES0193 so so 20 L 15 10 N 20 10 100 N ll lO N 200 100 10 N 11 aoo " 
1:10!114 70 150 20 L 10 10 N 30 ,o 100 H u 10 N aoo uo 10 N ,, aoo ,. 

PANNED-CONCENTRATE IIAMPLt:S • GOLD CREEK • DELATE CRt:t:K • MINERAL CREEK • AREA I 

1'!11099 50 100 20 H IS N 10 N 111 11 100 N u 10 N lOO aoo IO II 20 aoo " 
EGZ'7113 uo 700 20 N !I L 20 L so 10 L &00 N 30 &0 N :aoo 300 IO N :10 200 N 

ROCK SAMPLES • LEMAH CREEK • MIDDLE FORI!. SNOQUALMU: RIVER • CRANFORD CREEK • AJEA 

I!GOUU 200 100 20 L 5 N 10 N 100 10 100 N JO 10 N JOO 110 lo N 20 200 " 
EG0617 JOO 150 20 L I N 10 N 100 10 100 N 20 10 N soo 110 10 N 20 aoo " 
1!00671 30 so 20 L I N 10 N 10 10 100 N 11 10 N 200 100 50 N 11 200 
EG0672 1lo 50 20 I N lO N 10 11 100 H 20 &0 N 100 ilo IO N JO aoo 
!G0672l 200 lO 10 10 10 lr lO lO 100 N 10 IO 100 &10 IO fi )0 aoo • 
IG0673 7o 50 20 N !I N 10 " 10 10 L 100 N 11 10 N 100 N 100 IO fi 10 L 200 N t-.:> 
EG0674 100 soo 20 5 H 10 N 70 11 100 N u 10 N 110 uo 10 N 20 aoo 01 
!G067!5 30 ' :ao L 5 N 10 N 10 30 100 H ., 10 N JOO IO 10 N 11 '700 -.1 



TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area 1:..:> 
Ol 

and additions-Continued (X) 

> 
SAMPLE .S•ZR '-A•AU•P AA•CU•P AA•ZN•P AA•AG•P AA•C:O•P AA•NI•P CM=CXHM C:M•III C:M•MU AI•P'l' AI•PD AI•MH AI•RU AI•IR cu tot 

""C' STREAM-SEDIMENT SAMPLES = GOLD CREEK-DELATE CREEK-MINERAL CREEK = AREA 8 1-4 
1!:G:l4ll8 150 0,00 B 150 45 1 0 II 0 8 0 I a o,o 8 0 8 .ooo 8 .ooo ,ooo ,o .oo 0 z EG24lO t$0 o.oo 8 190 80 .o 8 0 8 0 8 40 0 10 II 0 8 1 000 II ,ooo ,ooo .o ,oo 0 tzj 
!G24H lO o,oo a 40 75 ,o 8 0 8 0 8 20 0 1 0 I 0 8 1 000 I ,ooo ,ooo ,o ,oo 0 
EG24b4 70 o,oo 8 0 8 0 11 ,o 8 0 8 0 B 1 o,o 8 0 8 .ooo 8 ,ooo .ooo ,o ,oo 0 tot 
!GZ486 70 o,oo 8 220 90 10 II 0 8 0 8 :to 0,0 8 0 8 ,ooo ,ooo ,ooo ,o ,oo 0 > 
!SOt64 150 o,oo I! 120 350 ,o 8 0 8 0 B u o,s 6 ,ooo ,ooo ,ooo ,o 0 

p::: 
,oo tzj 

&:50167 100 0 1 00 B 140 70 ,o 8 0 8 0 8 2 o,s 6 ,ooo ,ooo ,ooo ,o ,oo 0 00 
ES0168 150 o,oo 8 160 95 ,o 8 0 8 0 8 3 o,o 8 l5 ,ooo ,ooo ,ooo ,o ,oo 0 

00 ~~:so169 70 o,OO 8 240 200 ,o 8 0 8 0 8 so o,o 8 8 ,ooo ,ooo ,ooo ,o ,oo 0 
1!:80170 1!50 o,oo 8 uo 220 ,o I! 0 8 0 8 2 o,o 8 u ,ooo ,ooo ,ooo ,o ,oo 0 t-3 

c::: 
UOt71 100 0 1 00 R 130 230 1 0 R 0 8 0 8 6 o,o 8 10 ,ooo ,ooo ,ooo ,o ,oo 0 t=' 
!SOt 72 100 o,oo ll 220 95 ,o 8 0 8 0 8 .1 o,s u ,ooo ,ooo ,ooo ,o ,oo 0 to< 
I!:SOt73 t!iO o,02 L 3~0 140 ,o 8 0 8 0 8 20 2,0 so ,ooo ,ooo 8 ,ooo ,o ,oo 0 > ES0174 150 0,02 9!1 :no 10 8 0 8 0 B 2 !5,0 8 ,ooo ,ooo 8 ,ooo ,o .oo 0 
ESOt7S 100 o,OO B uo uo ,o 8 0 8 o a 6 1 1 0 15 ,ooo 1 000 B .ooo ,o ,oo 0 ~ 

tzj 
!501'76 100 o,oo 8 70 110 ,o !I 0 8 0 8 2 110 6 ,ooo ,ooo 8 ,ooo ,o .oo 0 > 
ES0177 100 0,00 B 90 200 .o 8 0 B 0 8 a 3,0 6 ,ooo ,ooo l! ,ooo ,o ,oo 0 > I!:SOt"'8 150 0,02 ~ u 110 1 0 B 0 8 0 8 2 s.o 2 ,ooo ,ooo 8 ,ooo ,o ,oo 0 
ES01&2 ltiO o,o4 110 60 240 ,0 II 0 B 0 8 12 e,o 0 8 ,ooo ,ooo 8 ,ooo ,o ,oo 0 z 
U0lll3 uo o,oo 8 !10 190 ,0 8 0 8 o a 3 o,o 8 0 8 ,ooo ,ooo 8 ,ooo ,o ,oo 0 t=' 
@:80184 150 0,04 N so 210 ,o 8 0 I 0 8 3 ao.o 0 8 .ooo ,000 B ,ooo ,o ,oo 0 > 
E50ti6 l!lO o,oo 8 85 190 0 0 B 0 8 0 8 2 0 1 0 I o B ,ooo ,ooo 8 ,ooo ,o ,oo 0 t=' 
ES0U1 1!50 0,00 B '7!1 150 1 0 B 0 8 0 B 3 0 0 0 I 0 B ,ooo ,ooo ll ,ooo ,o ,oo 0 t=' 
ES0t90 70 0 1 00 B 140 20 .o 8 0 8 0 8 3 0 1 0 B 0 8 .ooo ,ooo 8 ,oou ,o ,oo 0 ~ 

ES0192 70 0,00 R 440 J5 0 0 II 0 8 0 8 l8 0 10 8 60 ,ooo 1000 B ,ooo ,o ,oo 0 t-3 
1-4 

I!:S0t93 150 O, 00 II !l!l JO .o 8 0 I 0 B 1 L o.o 8 25 ,ooo ,ooo 8 ,ooo .o ,oo 0 0 z !50194 100 0,02 L tBO 120 .o 8 0 B 0 8 3 6.o 8 .ooo ,ooo 8 ,ooo ,o ,oo 0 J1J 
PA~Nil:O-C0 1~C[NTRATE IA!IPLES • GOLD CR!I!K • DELATE CREeK • MINERAL CREEK • AREA I 

~ 1!:111099 tOO o,1o 0 B 0 8 ,o 8 0 I 0 8 0 8 0 10 B 0 8 1 010 H 1004 H 1 004 N ,2 tl ,ao 11 0 I 
I!:G:l7U 150 0,25 0 8 0 8 .o ~ 0 B 0 8 0 I o,o ll 0 I 1 000 I ,ooo 8 1 000 I ,o I ,oo • 0 I 00 

0::: 
RocK SAioiPLES " LEM'-H C:RI!:EK • "llnDL! FORK INOQUALMl! RIVER • cRAIIFORO Cllt;Eit • ARIA 9 1-4 z 

Ec;065!5A 1 oo o,oo 8 0 B II 8 1 0 A 0 8 0 B 0 8 0 1 0 B 0 8 ,ooo 8 1000 I ,ooo 8 1 0 I 1 00 I 0 I 0 
I!:G0657 100 0,00 B 0 8 0 B ,o B 0 B 0 8 0 8 o.o 8 0 B ,ooo 8 ,ooo • 1000 I 1 0 I 1 00 I 0 I 

C5 EG067l so 0,00 B 0 8 0 B ,o 8 0 8 0 8 0 8 0 1 0 I 0 8 1 000 I 1 000 I 1 000 I 1 0 I 1 00 I 0 I 
!G0612 t!lo 0,00 K 0 B 0 8 .o 8 0 B 0 8 0 8 o,o 8 0 B 1 000 I ,ooo • 1 000 I ,o • ,oo • 0 I z EG06 72A 150 0,02 N 10 0 B .o 8 0 8 0 • 0 8 2.0 2 1 000 I 1 000 I 1 000 I 1 0 I 1 00 I 0 I 

!G0673 100 0,02 'i 55 0 8 .o 8 0 • 0 8 0 8 a,o 6 1 000 I 1 000 I 1 000 I 1 0 I ,OO I 0 I 
!G0674 150 0,00 8 0 8 0 B ,o 8 0 8 0 8 0 8 o,o 8 o a .ooo a .ooo • ,ooo • 1 0 I 1 00 I 0 I 
r.G06 75 150 o,oo il 0 B 0 8 ,o 8 0 B o a 0 8 o.o 8 0 B 1 000 I ,ooo • ,ooo • 1 0 I ,oo • 0 • 



TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area 
and additions-Continued 

IAMPLE a•rn I•MG. a.cA• I•TU I•MN I•AG 8•A8 I•AU l!l•b 5•BA l!l•Bt S•Bl li•CD S•Cil 
STREAM-SEDIMENT SAMPLES =GOLD CREEK-DELATE CREEK-MINERAL CREEK = AREA 8 

EG06'71A a,oo s,oo l,oo ,200 t!!Oo 2,0 200 N 10 "' 20 700 t,o tiJ" :IIU N )5 
EGOIOI 1,oo 2,00 7 ,oo ,!100 700 0 1 5 N 200 tl tO I' 10 700 t,O L lU 1\1 ao " 20 
EGUUA 10,00 3 1 00 1,00 0 700 1000 0 1 5 N 200 N 10 N so soo 1 1 0 M Sv N :.10 N 70 
IGUU 20t00 2o00 2,00 t oOOO G 700 Ooll H :.zoo " 10 " so :too loO L tv ~ :.10 "' 100 
EGtUU u,oo 2,00 7 ,oo 1 1 000 G 1100 0 1 5 N 200 N 10 N 10 1, ~00 1 1 0 N SU i'o :.zu "' 70 

IGU22 10,00 o,Jo o,2o ,200 !5000 G J,o 200 tj 10 "' 1000 !IOO 1,0 " 111 " 20 N 5 N 
IG&U2A 1,oo o,Jo o,ao ,150 !1000 G JOoO 200 ·~ 10 N 200 !IQO 1,0 lll " :IV N 7 
EGUUI 2o,oo s,oo o,Jo ,0]1) !1000 G '70,0 300 10 N 10 1, :zo 1, 1,0 1, 7u :.10 N 410 
EGlU2c a,oo 2,00 2,00 ,!loo t!IOO o, 7 200 " 10 ~ 100 !500 loV I,. lU loo 20 .~ Su 
EGU22D ao,oo a 0 1 70 0,10 ,O!IO 1!100 :too,o 300 10 tl 15 av loU I.. 3ou 7u lii.HI 

EGUUE 20,00 0 o,so o,oa 1. ,002 sooo '70,0 200 H 10 II 10 20 1.. 1 1 0 N 20 !100 G soo 
EGU211 J,oo 2,00 s,oo ,soo 700 o, 7 200 N SO N 10 1.. 700 1o il t. lV N ao N 10 t-3 EG1U6 3,00 J,oo ) 1 00 1,000 700 0 0 5 H 200 h tO N 10 N ]00 1,0 L 10 h :.zo " 50 > IGUU a,oo 2,00 l,on 1,000 100 0 1 1 N aoo " SO ~I SO N Sou t 1 0 1.. SO N <~u N 1li 
IGU40 1,oo 3,00 7 ,oo s.ooo 700 0 1 1 N ~00 N 10 ,, so h tou 1,0 ~ 10" <IU ~ 70 Ill 

t-t 
EGSJ40A J,oo J,oo 1,00 • 7oo 700 0 1 !1 N 301) I~ 10 t; 10 h 70 1,0 t; SIJ N 20 N lO t_:l:j 
IGUU JoOO s.oo J,oo ol!OO 31100 a,o 4100 N SO N 50 lou loO tu N ~0 ,. 10 00 
101400 2,oo 2,oo 2,oo ,Joo 700 0 0 5 N 200 N SO II 50 300 So 0 I. 111 " ao " so ..... 
IGUOOJ SolO 1,oo 2,00 ,200 300 0,1 200 H tO N 20 lou So 0 10 " 20 N 1!5 00 
1!01402 ,, oo :a, 00 1, 0~ ,soo 300 0 1 1 N aoo N so I. so J.. aoo loO L lU N 40 ,. 1!1 > 
IGUOJ J,oo t ,50 1-!50 ,300 300 o, '7 200 H 10 N 20 200 s,o 1.. SO N ao N 10 z 
IGU04 J,oo s,5o J,oo ,300 !IOO 0 1 5 N 200 II 10 "' so 300 1 1 U L tU h au r. 10 t:l 
EGUIJ 7 ,oo J,oo s,oo ,300 7oo 0,1 N aoo " tO ~ 10 !500 1 1 0 N 1U N ao 11 10 ..... 
IOUU 7 ,oo J,OO s,oo ,300 7oo 0 1 1 N aoo /II ,, /II 1!1 loo 1 0 11 /II lU N au "' 10 c.o 
110140 a,oo t ,so s,oo ,soo 7oo 0 1 5 N :ZOO N so N S!l 7oo 1 1 0 L 1U N ao N t!l 

111100 ao,oo o,so 0,07 ,001 1100 20,0 2000 SO N 10 N ao L 1,0 1, 111 ,. uo u 
IIHOOA ao,oo a o,u o,so ,01!1 1100 JOoO '7000 SO N SO H ;tO t,o 1.. 20 au N 15 
I!IUOOI ao,oo o,so 0~30 o100 5000 G '70,0 !IOOO 10 ~ SO N 20 loO L lOU 200 ao 

ITRUM-IEDJM!NT IAMPLE!I • L.EMAH C:R!EK • MIDDL.I: FORK INOI.lUAL.MI£ RIVER • CRAWF0k(l CREEK • ARt;A t 

IG0479 J,oo 1,00 a,oo ,3oo 7oo 0 1 !1 N 200 N 10 N !10 1100 1,0 1U ,. ao ~~< ss 
IG0411 l,oo 1,10 2,00 ,300 tiiOO 1,1 300 tO N 100 500 1,0 1U N ao " 111 
IG0416 ',oo 1,1o a,oo ,soo sloo 1,0 :zoo SO N tOO 1100 1,0 10 N au ~'~ ao 
EG0417 s,oo s,oo 2,oo ,500 1000 0 1 !1 N 200 N tO N 30 300 1,0 1, to N ao " 111 
100411 a,oo o. 70 1,110 ,300 100 0 1 5 N 200 II 10 N 10 200 1,0 SIJ H au N tO 

I!C:0419 s,oo o. 70 3,00 ,aoo 1000 0 1 1 N 200 N 10 N 10 w uo 1 1 0 1.. so ,. 20 N 111 
IC:04t'7 3,oo s,oo 2,oo ,Joo 700 1,0 aoo N 10 N 30 300 s,o 10 ,.. :.zo , lll 
IG04tl a,oo a,oo l,oo ,Joo 1000 1,!1 200 II tO N ]0 1100 1,0 10 N ao " t5 
IG04U J,oo o. 70 1,50 oliO 700 1,0 :ZOO N 10 )I 20 JOO 1,0 10 ,. ao " 10 

too:) 100100 l,oo t ,so 2.oo ,300 700 0,15 200 H 10 N so 700 s,o SO N ao " 111 c.n 
100101 l,oo 1 1 10 J,oo ,200 700 0 1 1 aoo N 10 N 20 1100 s,o SO N ao N ao <.0 



TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area ~ 
~ 

and additions-Continued 0 

IAMPLI: I•CR I•CU I•La I•MO I•Nll 11•1111 I•PB 1•11:1 I•IC I•IN 8•8R 8•V I•W II•Y I•ZI'I > t-t ROCK SAMPLES = LEMAH CREEK-MIDDLE FORK SNOQUALMIE RIVER-CRAWFORD CREEK = AREA 9 ""C IG0671A IO '0 20 N I 14 10· N u 70 100 N u 10 N uo 70 ISO 1'1 100 300 ...... 
IG0801 70 uo 20 r.. II 10 N JO u 100 H 20 10 N aoo uo to N 20 200 L z 
I!OUUA 100 10 20 N I 1'1 20 N 100 10 N 100 N ISO 10 N 200 aoo lo H :to aoo t:rj 
t:OUU 10 100 JO I Ill 20 Jo tO 100 N 70 10 II 100 L 300 IJO H 100 300 

t"'l IGU2U 7o 70 20 I H ao r.. IO 10 100 N 10 10 N 150 aoo ISO N 70 200 > 
1!01112 10 L 700 ISO 10 20 N I 1!10 100 L u so 100 N 50 10 " 30 100 ~ 
IGUUA 10 L JOO 20 H 20 N I 100 100 10 30 100 N ao lo L ao 200 t:rj 
I!G1U21 20 7000 20 N ao N 10 10 N 100 I 10 N 100 "' 20 70 ao 700 00 
IGUUC 7o 10 20 .. 20 N JO 20 100 " 20 10 1'1 Joo 150 IO H ao aoo L 00 IGUUD 10 L 10000 20 N N 20 N 100 10 1500 I L 10 H 100 N 10 IO L 10 10000 G t-3 
IOU221! 10 L 20000 20 N N 20 N 10 10L 200 !I N 10 N 100 N 10 IO N 10 L 10000 G c:: 
I!OUlll '70 IO 20 N H 20 N Jo 10 100 N u 10 N 1000 110 IO 1'1 u 500 tj 
I!GUJ6 JOO 70 20 N N ao N '70 10 N 100 " 10 10 .. IOO 200 IO N 30 200 to<! 
I!GUII 7o 100 20 N 20 N IO 10 L 100111 10 10 N 100 aoo IO II 30 aoo L > I!OU40 100 70 20 N 20 N 100 10 N 100 N JO 10 N IOO :too lo N 30 2oo 

~ 
IGU40A 200 JOO 20 L N 20 N 100 tO N 100 N :to 10 " 300 110 50 N u 200 N t:rj 

I!GUtt so )0 20 L N 20 N 20 uo 100 " lS u 100 100 501'1 11 200 > 
IGUOO 100 20 20 N N 20 N 110 110 100 N ll 10 N 100 100 IO N 10 aoo N > IGUOOB IO '7 20 N 20 N 20 10 100 H 7 10 N JOO 70 lioN 10 aoo " z IGU02 JOO JO 20 N N 20 " 70 10 100 N 20 10 .. 100 70 so "' 10 200 tj 
I!GUOJ 100 u 20 L N ao N JO 20 100 N u tO N 200 100 50 N 111 200 N > 101404 lo 100 20 L .. 20 N u 10 100 N 20 10 N aoo 1110 lo N 20 200 N tj IGUIJ IO 100 20 L N 20 L u 10 L 100 H 11 10 " 200 uo 110 N u aoo H 
IGUU :to Jo 20 L 1 20 r.. ll 10 100 N u 10 l'j 300 100 IO II 11 200 N tj 
1!10140 to 200 20 N I N 10 ll 10 lO L lOO N u 10 N 200 110 &o N 20 aoo L ...... 

t-3 
I N Jo 10 N tOO N 10 L 50 N 

...... 
IIUOO 10 L uoo 20 N 20 N uo 200 I N 10 10000 G 0 
IIUOOA lO L aooo 20 N II N ao N ao 10 L 2000 5 L 10 N 100 N 10 " 50 N 10 uoo z 1111001 20 2000 20 N I N 20 N 20 1100 .)00 ' 10 N 100 N ao 50 11) 10000 G sn 

IT~EAM-II!DIMENT IAMPLEI • LIMAH CREEK • MIDDLE FORK INOUUALM:tE RIVER • CRAWFORD CREEl< • AI<U 9 

~ 1!00471 JO 1100 20 N I N 10 N lO 50 100 H u 10 N JOO 100 IO N u 200 N 
1!004111 lo 100 20 I L 10 N 20 100 100 N 11 11 300 100 IO N 111 300 00 
100416 7o 70 20 7 10 N 20 70 lOll N 11 10 300 150 10 N ll 2(10 ::I: 
~:oo•n Jo JO 20 N 10 10 N 11 30 100 N u 10 N 200 100 110 N 11 aoo N 1-4 

IG0488 lO L u ao N I 10 N ' 20 lOON 10 10 II aoo 70 5o N 10 aoo " z 
0 

1!00419 10 L 7 20 N II 10 N 7 u lOll N 1 10 N 200 70 50 N 10 aoo N d I!G049'7 20 100 ao r.. u 10 N lO 11 100 N u 10 ,.. 300 7o 50 N 20 a110 H 
100491 IIO 70 ao L I L 10 N 15 110 100 N ao 10 tl 200 110 50 N ao aoo z 
1!00499 20 70 ao N t5 10 N ' ]0 100 H 10 10 H 100 70 50 N u aoo N 
1!00500 IIO uo 20 L u 10 N 10 30 100 N 111 10 .. uo 110 5o N 20 aoo r. 
I!COI01 Jo 70 20 N II N 10 N 10 JO 100 H 11 10 .. 200 100 50 N 20 200 " 



TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area 
and additions-Continued 

SAMPLE II.ZR U•AU•P AA•CU•P u,•ZN•P AA•AG•P AA•CO•P AA•NI•P CM=CXHM CM•88 CM•'40 AS•P'l' AII•PIJ AI•Rii AI•RU AI•IR ,;U 

CG06'71A 
ROCK SAMPLES = LEMAH CREEK-MIDDLE FORK SNOQUALMIE RIVER-CRAWFORD CREEK = AREA 9 

10 o,oo 8 0 0 8 ,o 8 0 0 0 8 o,o 8 0 8 ,ooo 8 ,ooo 8 ,ooo s ,o fj ,00 B 0 B 
CGOIOl 100 o,oo l'l 0 0 8 ,o l'l 0 0 0 8 0 10 I 0 B 1 000 II 1 000 II 1 000 B 1 0 B ,oo 8 0 B 
CGUUA 7o 010!5 N 0 0 8 1 0 A 0 0 0 8 o,o 8 0 8 ,ooo 8 1000 B 1 0110 B ,o 8 ,oo 8 0 B 
EGtUl 200 OoOS N 0 0 8 oO A 0 0 0 8 o,o e 0 B oOOO 8 ,ooo 8 ,ooo 8 ,o 8 ,oo 8 0 8 
ECUUU 300 o,os t; 0 0 8 ,o I! 0 0 0 8 o,o 8 0 8 1000 8 ,ooo I! ,ooo 8 ,o 8 ,oo 8 0 8 

EG1U2 uo 0,05 N 0 0 8 ,o 8 0 0 0 8 o,o 8 0 B ,ooo 8 1 000 B 1 000 B ,o 8 ,oo 8 
CGSU2A 1!50 0 10!5 N 0 0 8 ,o 8 0 0 0 8 o,o I! 0 B ,oou 8 ,ooo fj 1000 B ,o 8 ,ou s 
I:GlU28 70 0,15 0 0 8 ,o I! 0 0 0 B o,o 8 0 8 ,ooo 8 ,ooo 8 1 00U B ,o 8 ,ou 8 
EGSU2C 100 0 1 0!5 N 0 0 8 ,o 8 0 0 0 B o,o 8 0 8 ,ooo 8 1000 B ,oou 8 10 B ,oo s 
EGIU2D 10 L 1,00 0 0 8 I 0 B 0 0 0 8 o,o 8 0 B ,ooo 8 ,ooo 8 ,ooo 8 ,o 8 ,oo 8 

CGU32E 10 o,os 0 0 8 ,o 8 0 0 0 8 o,o 8 0 8 ,ooo 8 1000 B 1000 B 1 0 B 1 oo 8 0 8 
!GUlli so 0 105 N 0 0 8 10 A 0 0 o B 0 10 B 0 8 ,ooo 8 ,ooo 8 1 000 B ,O B 1UO B 0 8 t-3 
EGU36 100 OoOO 8 0 o a oO A 0 0 0 8 o.o 8 0 8 oOOO 8 oUOO B oOOO 8 ,o 8 oOO 8 0 8 > EGUJ9 uo 0 100 B 0 0 II 10 A 0 0 0 8 0 1 0 II 0 8 oOOO B ,ooo 8 ,ooo 8 .o 8 ,oo 8 0 B IJj 
EG1340 100 0 1 00 B 0 0 II ,o 8 0 0 0 8 0 1 0 B 0 8 ,000 B 1000 B ,ooo 8 10 II ,oo 8 0 8 t-t 
EGU40A 70 0 105 N 0 0 8 10 A 0 0 0 8 o, 0 I! 0 II ,ooo 8 1000 II ,ooo ll ,o 8 ,oo 8 0 8 tz:::l 

00 EGiJ99 100 0 105 N 0 0 8 10 II 0 B 0 8 0 8 o,o 8 0 8 ,ooo 8 ,ooo ll ,ooo 8 ,o B ,oo 8 0 8 
......... I:GS400 70 o,oo 8 0 0 1\ ,o 8 0 8 0 8 0 8 0,0 II 0 8 ,ooo 8 ,ooo 8 ,ooo 8 ,o 8 ,oo 8 0 8 00 CGUOOB 100 0 105 N 0 0 1:1 10 B 0 8 0 11 0 8 0 10 B 0 B ,ooo 8 ,ooo 8 10110 B 1 0 B ,oo 8 0 8 

CGU02 1150 0 100 B 0 0 8 ,O B 0 8 0 II 0 8 o,o 8 0 B ,ooo 8 ,ooo 8 ,oou 8 ,o 8 ,oo 8 0 8 > 
EGUOJ 150 0 10!5 N z 

0 II 0 8 ,o 8 0 8 0 8 0 8 o,o 8 0 8 ,ooo 8 ,ooo b 1000 II ,o 8 100 B 0 8 tj 
EGU04 70 o,oo 8 0 B 0 B ,o 8 0 8 0 8 0 B o,o 8 0 6 ,ooo 8 ,ooo 8 1000 II ,o 8 ,oo 8 0 II cauu so o,oo 8 0 8 0 8 ,o 8 0 8 0 8 0 B 0 10 II 0 ll 1000 II 1 000 B 1001) B ,o ll 100 B 0 B ......... 

CGUU tOO o,oo 8 0 B 0 8 10 B 0 B 0 B 0 8 o,o a 0 8 10110 II ,ooo 8 ,ouo 8 ,o 8 ,oo 8 ~ u t&> 

EIOS40 100 0 100 B 0 8 0 8 ,o 1\ 0 8 0 8 0 1\ o,o 8 0 8 1000 fj ,ooo 8 ,ooo 8 ,o 8 ,uo 8 

1:11100 20 o,u 0 8 o B ,o 8 0 B 0 8 0 B 0 ,o 8 0 8 ,ooo 8 1 000 II ,ooo 8 10 B 100 B 
I:IUOOA 10 0,20 0 8 0 8 ,o ll 0 8 0 8 0 8 0 10 B 0 1:1 ,ouo 8 ,ooo s ,ooo 8 10 B ,1)0 8 
1:111001 so 2,00 0 B 0 8 ,o 8 0 B 0 8 o a o,o 8 0 8 1000 II 1000 II 1000 B 10 II ,ou 8 

l'l'REA!o!-IEDIMF.NT SA'IPLES • LEMAH CREJi:l( • M.lnOLE FORK SIVOQUALMit: RIVER • CRAWFOJtO CREEK • AREA 9 

EG0479 soo o,oo 8 440 45 ,o 8 0 8 0 8 !SO o,o 8 0 B ,ooo 8 1000 II 10011 II ,o I! ,oo 8 0 8 
EG04U soo o,oa L 90 :290 ,o 8 0 B 0 8 30 8 ,o 0 B ,ooo 8 ,ooo 8 ,ooo 8 ,o 8 100 B 0 II 
IG0416 '10 0 1 02 N 85 350 1 0 A 0 8 0 B 14 1o,o 0 8 ,ooo 8 0 000 II ,ooo 8 ,o 8 ,oo 8 0 8 
IG0417 100 0 100 B 40 75 ,o 8 0 8 0 8 5 o,o 8 0 8 ,ooo 8 ,ooo & 1000 B ,o 8 ,oo 8 0 " t:G0411 100 o,oo 8 u 30 10 II 0 8 0 8 l o,o 8 0 8 1000 II 1000 II ,ovu 8 ,o 8 ,oo e 0 8 

I:G041t 70 0 1 00 B 10 20 ,0 II 0 8 0 8 3 0 10 R 0 B 1000 B ,ooo 8 ,ooo 8 ,o 8 ,oo 8 0 8 
EG0497 100 o,o• L 95 100 10 B 0 B 0 8 16 o,5 2$ ,ooo 8 1000 B ,oou 8 ,o 1:1 ,oo ll 0 Jj 

IG0491 100 0 102 N 90 160 10 B 0 8 o B 5 1,0 0 8 ,ooo 8 ,ooo 8 ,ooo 8 ,o a ,uo 8 0 8 
CG0499 tso o,oo 8 uo 85 ,o 8 0 8 0 8 8 2,0 t5 ,ooo 8 1000 II ,ooo 8 ,o e ,oo a 0 8 ~ 
CGOI500 150 0 102 N 100 100 ,o 8 0 B 0 8 !I 1,0 15 ,ouo 8 1000 B ,ooo il 1 0 B ,oo 8 (I 8 0') 

""""" CGOSOl 70 0 102 N 91 140 10 B 0 8 0 8 to 0 15 L 0 8 1 01,10 B ,ooo • ,oou 8 ,o " ,ou Ill 0 8 



1!,\Mi'LE 

EC05Q2 
!GO SOl 
ECOS04 
EC0505 
r.r.o507 

!G0631 
I!G06l9 
!G0646 
EGOA2l 
EG08l5 

ECt 272 
I!G13H 
EIC04ll0 
U0t29 
!SOtlll 

uo1ll 
!&0137 
U0138 
E&01l9 
uo 141 

!80142 
!80147 
@:80148 
E&OtU 
!110151 

!80200 
180)14 
U0]41 

EG14018 

!G2467 

!G2465 
EP2271 
EPU79 
!p2280 
!P2213 

TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area 
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8•f"' 
7 ,OC' 
5e0(l 
5 ,oo 
1,!10 
a, oo 

le 00 
s, oo 
l,oo 
:t,oo 
3,00 

3,00 
l,oo 
3,00 
l,oo 
l,oo 

leOO 
s,oo 
leOO 
leoo 
s,oo 

3,00 
leoo 

10eoo 
leoo 
leOO 

7.00 
leSO 
JeOO 

S•IIG\ S•CA\ S•TI\ S•to!JII I•AG I•AS I•AU 1•8 8•8A 1•11: • 
STREAM-SEDIMENT SAMPJ:.ES = LEMAH. CREEK-MIDDLE FORK SN9QUALMIE ~:tVll:R-CRAWFOlU> CRI<!EK = AREA 9 

2,00 5,00 ,500 1000 0,5 H 200 H 10 N 20 600 1 1 0 L 
o,7o 1,so ,aoo 7oo o,s H aoo H 10 N ao :too 1,0 
1,50 J~Oo ,300 700 0 1 !1 N 200 H 10 N 20 IOO 11 0 
0,50 0, '70 ,10!1 '700 l,O 200 H 10 N 10 L 70 110 
0,70 1,00 e150 700 Oes N 200 ~ 10 1\1 11 JOO 1e0 L 

2,00 
3,00 
t,so 
1,on 
1,50 

1,50 
1,50 
1,oo 
o, 70 
1,00 

t,5o 
2,00 
1,00 
1,50 
1,50 

2,00 
1,oo 
1,00 
1,01J 
1,50 

:z,oo 
o,so 
1,!10 

1,50 
5,00 
1,00 
2,on 
2,00 

2,00 
2 ,oo 
2,00 
1,!10 
2,00 

3,00 
2,oo 
1,!10 
1,511 
2,00 

:t,oo 
3,00 
2,oo 
1,50 
1,10 

3,00 
o,!lo 
2,00 

1 50!1 
• 700 
,300 
• ]00 
,soo 

• 700 
• 300 
,500 
,200 
,300 

• ]00 
,500 
,uo 
,uo 
• lOO 

,300 
,300 
,100 
,300 
e 700 

,,00 
elOO .soo 

1000 
1000 

700 
700 
7oo 

700 
tloo 
700 
700 
'700 

700 
t500 
1000 
1100 

700 

1000 
700 
700 
700 
7oo 

700 
IOO 
700 

0,!1 
0,!1 
0,!1 
0,!1 
o,s 

0,5 H 
leO 
o, 7 
o,s 
u.s 

0,5 
o,s 
lei 
0,7 
0,5 N 

o.s 
0,5 
o.s 
o,s 
0 1 5 N 

0,7 
O,S N 
o,s 

aoo H 
aoo H 
aoo ,. 
aoo ~ 
200 1'1 

aoo N 
soo 
aoo N 
aoo N 
200 tl 

aoo H 
aoo N 
aoo ,. 
200 H 
aoo H 

200 N 
200 H 
aoo N 
aoo N 
200 " 
aoo N 
aoo H 
aoo N 

10 
tO 
10 
10 
10 

10 
10 
10 N 
10 N 
10 N 

10 N 
10 N 
10 IIi 
10 N 
10 Iii 

10 II' 
10 N 
10 N 
10 N 
10 N 

10 
10 
10 

110 
JO 
10 

SilO 
70 

10 " 
100 

10 " so 
110 

ao 
10 

aoo 
JOO 
100 

10 
10 
10 
10 L 
lOL 

10 
150 

10 " 

JOO 
JOO 
300 
soo 
700 

aoo 
JOO 
300 
JOO 
:too 
300 
:too 
500 
700 
Joo 

JOO 
JOO 
100 
JOO 
100 

300 
300 
JOO 

'•' 1,0 
1,1 
lei 
leO 

leO 
1,0 
leO 
&eo 
&,o 

1,0 
leO 
&,o 
',o " 

'1e0 " 

1,0 
1,o 
1,0 
leO 
1,0 

leO L 
1,0 
1 1 0 

PA~INED-CONCfNTRA'l'! IIA"'PL! • LEfiiAH CREEk • MIDDLE roRk lhOioiUALMU: RlVEJI • CltllifOitD CltEEk • AREA 

7 eOO 

leoo 

7 .oo 
10e00 
7eoo 
leoo 
:t,oo 

1,110 

t,SO 

2,00 
leOO 
JoOO 
t,oo 
1,50 

:t,oo 

1,110 

1,10 
3,00 
3o00 
5,00 
3,00 

.soo 7oo o,s Jll aoo N 10 N 

ROCK SAMPLE • &URNT&UOT CREEk • ARIA 10 

oliO 7oo 0,5 L aoo N 10 N 

aTREAH-aEDlMENT SAMPLEs • BURNT800T CREI:IC • AREA 10 

,soo 
• 700 
o'700 
,500 
eSOO 

soo 
7oo 

1100 
700 

1100 

o,a N 
0 1 5 N 
Ool L 
o,s L 
1,0 

aoo N 

aoo " aoo N 
200 N 
aoo N 

10 N 
10 N 
10 N 
10 N 
10 N 

100 

lO 

10 
ao 
30 
70 
JO 

JOO 

uo 

uo 
110 
110 
uo 
110 

1,0 " 

leO " 

1e0 
1 1 0 
hOL 
11 0 L 
1el 

1•11 

10 • 
10 N 
ION 
iO II 
10 II 

I•CD 

ao 
ao 
ao 
ao 
ao 

10 11 ao 
u N ao 
10 N ao 
10 ,. ao 
10 " ao 
10 20 
to ao 
10 ao 
10 ao 
10 ao 
10 ao 
10 ao 
Ul ao 
ao ao 
10 ao 
10 ao 
10 ao 
10 ao 
10 ao 
10 " ao 
10 N ao 
10 N 20 
10 N ao 

lON 

lON 

lOll 
UN 
10 II 
10 N 
10 • 

20 II 

ao " 

ao N 
ao 11 

ao " ao N 
ao • 

a-co 
u ,. ,. 
10 
u 
10 
IO 
10 
10 
11 

10 
ao 
11 
u 
I 

11 
11 
u 
11 
11 

11 
u 
u 
11 
11 

JO 
tO ,. 
11 

11 

" ao ., 
10 

~ 
0') 
~ 

~ 
~ 
~ 
> 
gj 
00 

~ 
to( 

> 
~ 
> 
> z 
t:l 

~ 
t:l 
1-1 
1-3 
1-1 

0 z 
sn 

~ 
00 = 1-1 

z 
0 a 
z 



TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area 
and additions-Continued 

SAMPLE s•cR 8•Cl1 I•LA I•MO I•NB 8•NI 8•P8 8•18 I•IC I•IN I•IR I•V .... .., .. , . 
STREAM-SEDIMENT SAMPLES = LEMAH CREEK-MIDDLE FORK SNOQUALMIE RIVER-CRAWFORD CREEK = AREA 9 

EG0!102 so '70 20 N 10 N 10 50 100 N 20 10 N JOO 110 10 N 10 200 L 
EG0503 so !10 20 N N 10 N li JO &00 N 11 10 N 100 uo 10 N ao aoo N 
EG0!504 so '70 20 N N 10 N l5 !10 100 N 11 10 N 200 100 10 20 2oo L 
EGOS05 20 70 20 L N 10 N I L 20 100 N I 10 N 100 N 20 IO 10 aoo 
I!!GO!I07 20 10 20 N N tO N 7 30 100 If 10 toN tOO L 70 lo 10 aoo 

EG0637 7o 1!10 20 N 10 N 50 30 100 t( u 10 N 200 uo IO 30 aoo 
EGOU8 aoo 100 20 L N tO N 100 30 tOO N ao tO N 300 110 IO »o 200 
!G0646 70 100 20 N N 10 N so 50 1011 H 1li tO N 100 100 IO u aoo 
EGOU3 30 70 20 N L 10 N 11 30 tOO N u 10 N 200 70 IO ao 200 
!GO &all 7o '70 20 H 10 N 20 so 100 N 10 10 N 300 100 IO u 200 

!Gl272 3o 15 20 L N 10 N 20 150 100 N ll 10 N JOO 100 IO tO aoo 
!G1324 ?o 70 20 N 10 N !SO 1!50 100 N 20 10 100 1~0 IO 20 200 1-3 
EK0400 3o 7o 20 N i'l 10 N 11 '70 tOO N 10 tO N 300 &00 10 u aoo N > !SOt29 Jo 300 20 N N 10 N '7 30 tOO N u 10 N 200 100 IO 11 2oo "' txl 
noun 20 u 20 N 10 N 10 20 100 .N 1!5 10 N JOO 100 10 u 200 " ~ 

EIOlU lo !10 20 N l 10 N 1!5 1!5 100 N 11 10 N aoo 100 IO 20 :aoo N 
t_:l:j 

!IIOtl? Jo !50 20 ~~ 5 10 N '7 20 100 N 20 tO N ]00 100 10 20 200 N 00 
ESOU8 20 ]00 20 ~ 20 10 N 10 1!50 100 N 10 10 N uo 70 10 u 200 L 1-' 

E&Ot39 20 200 20 N !5 N tO N 10 10 100 N u 10 )I 1150 '70 IO 11 200 L 00 

tsOt41 30 100 20 L 1!5 10 N u 20 tOO N u tO N tiO tio IO :to aoo " > 
£80142 20 30 20 N !5 10 N 10 10 100 N u tO N 300 70 IO u 200 N 

z 
1!10147 30 100 20 n u 10 N 1!5 20 tOO N u 10 N aoo teiO 10 II 200 • 

tj 

1!80148 30 150 20 N 111 10 N l5 20 100 N u 10 N 200 SIO IO u 200 N 1-' 

!SOt49 2o 200 30 N 10 10 N 10 115 100 N u tO N loo 7g lo u aoo N ~ 

£1101!51 30 50 20 N !5 10 N 1!5 10 100 "' u 10 N )00 100 10 10 aoo N 

E80200 1110 70 20 5 N 1!5 70 30 100 N 20 10 Ill aoo &10 lo JO 200 N 
1:110314 20 '70 20 N II N tO N 7 so 100 N ' 10 N 100 N '70 10 u aoo N 
I!T0)41 30 '70 2o 5 L 10 N 1!5 70 tOO N 11 10 N soo tOO 10 tl 200 N 

PANN!!:D-CDNCEN'l'RA'l'E SAMPLE • f.IENAH CREEK • MIDDLE FORK INQQUALMU: RIVER • CRAifFDRO CRICK • ARIA 

EG1428 110 50 :ION !5 L 10 N 30 10 100 N 20 10 N JOO 200 IO 20 200 L 

ROCK IAMPt.E • BURNT&OO'l' CREEK • ARIA 10 

EG246'7 10 15 20 L 5 N 20 L II 100 100 N 10 10 N 100 to lo N tO aoo L 

8TREA"'-8EDIMENT IAMPLU • BURN'1'8DDT CREEK • ARU 10 

EG246!5 '7o 100 20 L 5 N 20 L '70 ]0 100 N t5 10 N 150 uo 10 N u aoo N 
EP2275 150 100 20 L 

5 " 
20 L '70 30 100 H 20 10 N JOO aoo IO N 20 200 N ~ 

EP2279 100 70 20 N !5 L 20 L "10 !50 100 H ao tO N aoo 110 10 N ao 200 N (j) 
I!P2280 Jo 20 20 N 5 N 20 L 1!5 !!10 100 N u 10 N aoo '70 10 N 11 200 N co 
EP2283 lO ]0 ao 5 ·~ 20 L 20 10 100 h u 10 N 200 100 lo N :to 200 L 



Slt.MPLE 

EG0!502 
!G0503 
EG0!504 
!G0!505 
!G0!507 

!Gil6l7 
EGOU8 
!G0646 
!G0823 
EG0925 

EG1272 
EG1l24 
!K040U 
ESOt29 
11:80130 

!80133 
ES0U7 
ltS0138 
I!S01l9 
!50141 

uo t42 
UOt47 
UOlU 
tsOt49 
1:50151 

U0200 
uol14 
!T0341 

EG1448 

EG2467 

!G:Ub5 
!P227!5 
EP:Z2Hl 
Ep2280 
EP2283 

TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area 
and additions-Continued 

S•ZR 

200 
200 
100 

'7o 
70 

150 
150 

70 
150 

70 

1'>0 
100 
100 
150 
200 

100 
150 
100 

lo 
:zoo 

100 
1!!10 
150 

7o 
150 

150 
100 
100 

AA•AU•P AA•CU•P 
STREAM-SEDIMENT 

0 1 00 B 50 
0 0 00 R 6!5 
0100 ll 4!5 
0104 ~ 140 
0100 8 45 

0 1 00 B 9!1 
0,00 B 95 
0100 8 190 
o,oo 1!1 120 
o,oo 8 so 

0,05 111 15 
0 1 05 N 8!1 
0 002 N 100 
0 1 00 B 460 
0 1 00 B 20 

0,00 B 4!1 
o,oo 8 3!5 
o,oo 8 340 
o,oa N t9o 
o,oo 8 90 

0100 8 ts 
0 1 00 B 120 
o,oo 8 140 
0 1 02 N 2eo 
0 1 00 B 50 

o,o:z 'l so 
0,00 II 160 
0 1 02 N 110 

AA•ZN•P 
SAMPLES 

130 
uo 
110 

60 
100 

95 
70 

uo 
!10 
!55 

2!5 
2!10 
uo 
50 
40 

)5 
60 

190 
140 

!15 

20 
50 
40 
lO 
2!1 

120 
uo 

30 

u,•AG•P . AA'"CO•P AA•NI•P CM=CXHM CM•IB CM•MO A8•PT AI•PD .li•RK 
LEMAH CREEK-MIDDLE FORK SNOQUALMIE RIVER-CRAWFORD CREEK = AREA 9 

10 8 0 8 0 8 6 0 10 8 0 8 1000 8 0 000 8 1000 
10 8 0 8 0 8 12 0 1 0 B 0 8 1 000 I 1 000 I 1 000 
10 8 0 8 0 8 5 0 1 0 8 0 B ,000 I 1 000 a 1000 
10 II 0 a 0 8 l6 0 1 !1 L 0 8 ,000 I 1 000 I 1 000 
10 8 0 8 0 8 U 0 1 0 8 0 8 1 000 I 1 000 8 1 000 

10 
10 
10 
10 
,o 

10 B 
10 II 
,0 B 
1 0 B 
1 0 8 

,o 
10 
10 
10 
,O II 

10 "' 
I 0 8 
,O II 
1 0 II 
10 8 

10 
10 
,o 

8 
8 
8 
8 
8 

0 
0 8 
0 8 
0 8 
0 8 

8 
8 
8 
8 
8 

8 
8 
8 

2 
12 

3 
311 

2 

1 
2 

25 
30 
16 

1 
6 
6 

25 
2 

110 
0 1 0 B 
010 8 
010 8 
o,o fl 

o,o 8 0 
o,o 8 0 
015 0 
010 8 0 
010 8 0 

010 11 
010 8 
Jlo 
JIO 
010 8 

010 8 
010 8 
o,o 8 
015 
0 1 0 II 

0 
0 

:as 
0 
8 

o a 
15 
ao 

0 8 
0 8 

,ooo 
,ooo 
,000 
1000 
,ooo 

,ooo 
,ooo 
,ooo 
,ooo 
,ooo 

1000 
,ooo 
1000 
,ooo 
,ooo 

1000 
1000 
~ooo
,ooo 
,ooo 

0,!1 
ulo 

0 1 5 L 

0 8 ,ooo 
0 II 1000 
0 8 ,ooo 

,ooo 
,ooo 
,ooo 
,ooo 
,ooo 

1000 
1000 
,ooo 
,ooo 
,ooo 
,ooo 
,ooo 
,ooo 
,ooo 
,ooo 

,ooo 
,ooo 
,ooo 
,ooo 
,ooo 
,ooo 
1000 
1000 

,ooo 
,ooo 
,ooo 
1000 
1000 

,ooo 
,ooo 
,ooo 
1000 
,ooo 
,ooo 
,ooo 
,ooo 
,ooo 
,ooo 

,ooo 
,ooo 
,ooo 
,ooo 
,ooo 

,ooo 
1000 
1000 

PAN~'ED-CONCF:NTII!IT! !AMPLE • t.I!!MAH C:REt!!K • MIDOLE FORK 81\iOCIUALMlE RJ:VER • CRAWFORD CREEK • ARIA 9 

15(1 

100 

7o 
70 

1!io 
1o 

100 

0,05 N 

0100 8 

o,oo 8 
0,00 fl 
0100 8 
0 1 00 B 
0100 9 

o. 8 

0 B 

180 
0 8 
0 8 
0 8 

4o 

0 8 10 I! 0 B 0 8 0 8 0 10 B 0 8 100S N 1002 N 1 002 N 

ROCK lllMPLE • BURNTBOOT CREEK • AREA 10 

0 B 10 II 0 8 0 B 0 8 010 

sTREA"'-sEDl"'ltl't SAMPLE& • BURIJT8UOT CREEK • AREA 10 

100 
0 8 
0 B 
0 8 

85 

,o 
I 0 
ID 
10 
,o 

8 
B 
8 
8 
8 

4 
1 
1 L 
1 
4 

0 1 0 II 
010 8 
o,o B 
0 1 0 B 
o,o 8 

0 8 1000 8 .ooo 8 ,ooo Iii 

8 
8 
8 
8 
8 

,ooo 8 
,ooo 8 
oOOO 8 
,ooo 8 
,ooo 8 

,ooo 8 
1000 8 
oOOO II 
1000 8 
,ooo 8 

,ooo 8 
,ooo 8 
.ooo 8 
1000 B 
,ooo 8 

AI•RU 

,o 
10 
10 
,o 
,o 

,o 
,o 
10 
10 
10 

10 
,o 
10 a 
,o 
,o 
,o 
,o 
,o 
,o 
,o 

,o 
,o 
,o 
,o 
,o 
,o 
,o 
10 

1l II 

,o 8 

,o 8 
,o 8 
.o 8 
,o 8 
,o 8 

AI•IR I:U 

100 8 0 
1 00 II 0 
1 00 I 0 
,oo 8 0 
,oo 8 0 

1 00 I 
,oo 8 
,oo 8 
,oo 8 
1 00 B 

,oo 8 0 
,oo 8 0 
1 00 I 0 
,oo 8 0 
,oo 8 0 

100 8 0 
,oo 8 0 
,oo 8 0 
,oo 8 0 
,oo 8 0 

,oo 
,oo 
,oo 
,oo 
,oo 

1 00 I 0 
,oo 8 0 
1 00 I 0 

,to • o 8 

100 8 0 8 

1 00 I 0 8 
1 00 8 0 I 
oOO I 0 I 
1 00 I 0 8 
1 00 B 0 8 

t.:> 
0) 
~ 

> 
~ z 
t_%.1 

~ 
~ 
t_%.1 
en 

~ 
t:l 
"<'! 
> 
gj 
> 
> z 
t:l 

~ 
t:l 
1-4 
1-3 
1-4 

0 
z sn 
~ 
~ z 
0 
~ z 



TABLE !B.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area 
and additions-Continued 

UMPLI: a•rn 8•MG\ 8•C.l' I•'U\ 8•1o!N S•AG ..... &•All .... S•llA s•sg S•t!l .s•co s•cu 
STREAM-SEDIMENT SAMPLE = BliRNTBOOT CREEK = AREA 10 

IP2216 7,00 2,00 2,00 ,:too 700 0 0 $ N :.100 ,. 10 ,, ~0 aoo 1, 0 10 .• iiO ,, 15 

ROCK SVtPLEI • LAKE LILLIAN • AR!A 11 

1Cat46 u,oo J,oo J,oo t,noo 7oo 0 1 11 N 200 N 10 N 10 N !!IOO lo 0 L 10 r. 20 N au 
1122449 7 ,oo ,,so !!1,00 1,000 7oo 0 1 5 N aoo 11 10 N ltt L 20 1,!!1 su ,, iU N 10 
EPUU 7 ,oo J,oo l,oo ,300 7oo 0,!!1 H :zoo " 10 "' 1u L 100 1 1 0 N 10 ~ 410 ~ 10 

8'1'REAM-8EDIMENT SAMPLE& • LAKE LlLLU~ • AI!U 11 

1:122HS 10,00 J,oo !1,00 1,000 tOOO 0,!1 N 200 N 10 "' 1V L 150 1 0 0 L 10 N 20 "' 15 
IPU49 7 ,oo a,oo l,OO • 700 tOOO u,!!l H 200 ~ 10 N ]() :zoo 1,0 " lU N ao " 15 
EPU57 hOO 1• oo J,oo olOO t!!IOO Oo5 N 200 ... tO N 7v 150 loU IU N :.10 " 7 

t-3 
ROCK SAMPLES • RED MOUNTAIN • AREA 1:Z > c:; 

IG2411A 10,00 J,oo 11,00 ,!100 500 0 0 5 N 200 r. I 0 'I to L 150 1 0 0 L tv " 20 N 20 t"' 
11221142 7 ,oo 1,110 o,u ,soo 1100 0 1 5 N aoo N 10 " 70 700 1,!1 1V 1'1 au N 10 tzj 
IP2261 aeoo 1e00 1,11n ,200 1110 0,!!1 N 2UO N l 0 .~ lu <~ov 1,5 1u ~ ao " )0 00 

..... 
STREAM-SEDI'41:~T 8AI4PLE8 • RI!!O MOUilolAIJ'l • AREA 12 00 

1Gat19 ll,oo 1,!!10 0,1!1 ,1!10 aoo 0,5 111 200 N 10 N 15 '100 1eli 111. ao "' 7 > 
CP2262 s,oo 1,50 3,00 ,:zoo aoo 0,!!1 ~ aoo N tO ~ 30 150 1. 0 10 ,, ao " 5 z 
IP226J JeOO leOO 1.1o oJOO aoo Oe5 H aoo " 10 ~ 31) lSu ltO lV " :IU " 7 t1 
IP2264 leoo t,oo 1,50 ,loo aoo 0 1 5 H 200 N 10 N 10 150 1ell " 111 N ao "' 5 L ..... 
IPU65 5eOO ,,so 2,00 elOO lOO Oo5 H aoo ·~ 10 N 70 30\i loO 10 " 20 N 10 (,C) 

1£pU67 Jeoo 1,00 2 ,on ,loo :Joo 0,!5 ,. aoo " 10 N so loo 1,u 10 " au " 7 
EPU69 leoo 1,50 2,00 ,300 t!loo 0 1 5 H aoo " 10 N 300 300 lol 10 I; ao ~~ 15 

ROCK IAf'tpt.f. • T!iliND!R CA!tK • AREA l3 

1122574 SeOO 1e00 1,00 ,200 3oo 0 1 !5 H aoo ~'~ 10 N lU L 100 1 1 0 N 10 N 20 " 5 L 

8fREAi4-II!!OIN!NT 8A'1PL!Ii • THUNDER CREEK • AREA 1l 

IG2472 Jeoo t,SO J,on ,!!IOO 1100 Oe 7 :ZOO r; 10 N 30 300 1,0 1U rl au " 10 
IC247J leOO 2,o·o 2,00 e500 1000 Oe5 H aoo " 10 N :zo liOO lell 10 N :lilu N 15 
IG2474 J,oo 2e00 3,00 , 7oo 7oo 0,!1 " aoo N 10 N 15 loo 1e0 10 H ao " 10 
IC2475 s,oo aeoo 2,00 ,500 1100 1e0 aoo N tO N 30 soo leO L 10 "' ao ,. 111 
IP2290 J,oo 1e50 3,00 ,300 tiOO le5 aoo " 10 N 20 300 t,o L 10 N ao "' 10 

IP2U7 ,,so o, 70 2,00 ,loo soo Oe5 " 200 H 10 N 10 " uo leU t. lU N ao "' 5 L 
IP:UU Jeoo Oe70 1,!10 elOO uoo Oel L aoo H 10 N 70 :JOO '•' 10 H 20 N 7 

~ IP2UO leiO Oe50 7 eOO eUO tOOO Oe7 aoo N 10 N IO 110 1,11 10 N 20 N 5 L 0') 
C11 



TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area to.:) 

and additions-Continued 0) 
0) 

> 
UNPilE I•CII I•CU I•LA I•MD ld& I•N! S.PB 1•18 •·•c I•IN ···" I•V Seil 5•¥ li•ZN t"' 

STREAM-SEDIMENT SAMPLE = BURNTBOOT CREEK = AREA 10 "'C -I!P2286 Jo t,so 20 L 7 20 L 30 20 100 N u 10 Ill 200 100 50 II u :zoo Ill z 
ROCK IAMPL!I • LAH: LILLIAN • ARIA. 11 t:z:j 

t"' 
1!02441 7o 50 JO 5 20 L so 10 N 100 N 20 10 II 150 150 50 N 50 :ZOO N > IGU .. so 300 JO 15 20 L 30 30 1011 N 15 10 " 150 150 5(1 Ill 30 aoo N ~ I PUll Jo '70 20 N 5 20 L 11 10 N 1011 Ill 20 10 N 100 110 50 N 15 200 N t:z:j 

ITRUM-IEDIMEN'I' IAMPLEI • LAKE LILLIAN • AREA 1l 00 
00 

IGU•I 15 JO 20 L I L 20 L u IO 1011 N 15 10 N JOO 150 Su N u 2UO N d IPUt9 1o so 20 N s !I 20 L ao '70 100 N 20 10 N Joo tSo IO N 2o :ZOO N 
IP221'7 20 JO 20 L 5 Ill 20 L 10 200 100 N 15 10 "' 300 70 lo 111 )0 :ZOO N t:::l 

to< ROCK llMPLES • RED .. OUN'I'liN • AREA U 
> !GUill '7o uo 20 L II L 20 L 20 10 N 100 N 20 10 .. 150 110 50 H u 200 N ~ IG21U "o 100 20 5 L 20 L so tO N 100 Ill 20 10 N 100 L <100 5o H 20 200 N 

IP226& Jo 100 20 S N 20 t. 15 10 N 100 N 10 10 N uo 50 So N u 200 N > 
ITRI!AM-SIDIMI:N'I' IAMPLEI • RID MOUtiTUN • AREA U > z 

IGUI9 Jo uoo 20 L I L 20L 70 S5 100 N ., 10 N 100 L 70 50 N 10 L 200 N t:::l IPU62 u liO JO I L 20 L to 10 N 1011 N ., 
10 " 200 70 SO N 10 aoo N 

> IEPU63 11 JOO 20 L I 20 L ., 10 1011 Ill to 10 II )OO 1o So N 10 L aoo 111 
IEPU6t 10 10 20 L 5 20 L II L 10 L 100 N 5 lO N 150 so 5o N 10 L aoo 111 t:::l 
IEP2261 20 1100 JO 

., 
20 L 111 111 100 II u tO N 300 100 so tl 11 2oo 111 t:::l -IEPI26'7 20 200 20 N I L 20 L 15 10 N 100 N 10 10 tl lOO 70 llo N 10 200 N 1-3 

EPU69 'lo 70 20 I H 20 L JO JO 100 N 11 1U N 200 100 5o N )O 200 -0 
ROCK 1&14PLI • 'l'MUNDI!II CIII!EK • Alll:l U z 

Yl 
IEG257. Jo JO 20 I N 20N 111 10 N aoo N u lU N 110 7o 711 lS aoo N 

~ 
ITREAM-IEDIM!N'f IAMPL!EI • THUNDEit CREI!It • AREl U > 

IG2t7a so I L 1S 100 N 10 tl u 00 100 20 L 20 L 111 u )OO 100 110 N 200 N ::r:: IGUH 7o 100 20 L 5 L 20 L 20 11 100 Ill 30 10 N 110 100 50 " 20 aou N -I!Gat'J• Jo 10 20 L l5 20 L 10 11 100 N 20 10 li JOO 100 110 N 11 aoo ,. z IEGU15 so '70 JO II N 20 L 111 70 aoo ,. u 10 N uo 100 50 t.l JO 200 L 0 nuto 20 'JO 20 N 5 L 20 L 10 100 100 II ll 10 II 110 100 110 II l5 aoo 

~ nun 20 11 20 L 100 20 L I L 10 L 100 N '7 10 N 150 50 !IO N 10 aoo N 
IEP2U9 Jo '70 20 L S N ao L 15 30 100 N 10 10 Ill uo 70 50 N )0 aoo z 
IEP2:t20 1!1 10 JO I L 20 L ' JO 100 ll 7 10 N :tOO 50 110 II 30 200 N 



TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area 
and additions-Continued 

lAMPL! I•ZII IIA•AIJ•P AA•CU•P aa•ZN•P U•AQ•P AA•CO•P AA•NI•P CM=CXHM C~•Ss CI'I•MO A8•Pf AS•PD AS•RII AI•RU AB•III e:u 
STREAM-SEDIMENT SAMPLE = BURNTBOOT CREEK = AREA 10 

IP2216 70 0 1 00 B 180 70 ,o 8 0 8 0 8 6 0 0 0 B 0 8 1 000 B ,ooo 8 1 000 B 0 0 B ,oo 8 0 8 

ROCK llMPLES • t.AK! LILLUII • AIIEA 11 

IG24t6 aoo 0 1 00 B 0 B 0 8 ,0 II 0 B 0 8 0 B o,o a 0 8 ,ooo 8 1 000 B ,OOU B ,o I! 1 00 II 0 B 
IC2649 aoo o,oo 8 0 B 0 8 ,o Po 0 B 0 B 0 6 o,u l:l 0 ~ ,ooo 6 ,ooo 8 ,ooo 6 ,o 8 ,110 B 0 B 
IPUU 100 0 1 00 B 0 8 0 8 ,0 II 0 8 0 8 0 8 o,o 8 u 8 ,ooo 8 ,ouo 8 ,uoo B ,o 8 ,oo 8 0 8 

ITR!AM-S!;DI!IENT SAMPLES • LAKE LILLIAN • AR!A 11 

IG24t5 500 o,oo 8 10 4!5 ,o " 0 8 0 8 10 0 1 0 B I) £1 ,ouo !! ,ooo 8 ,uuo 8 ,o 8 ,uo 8 0 I! 
KP3269 uo o,oo 8 0 8 0 8 1 0 1\ 0 8 0 8 1 L o,o 8 0 B ,oou 6 ,ouo 8 ,ooo 8 ,o 8 ,uo 8 0 8 
IP221'7 7o o,oo 8 as n oO B 0 8 0 8 4 o,o 8 0 8 oOUQ 8 oOOO II oOIIO B .o I! oliO II 0 8 

IIOCK IAIIPLI!:I • RED MOUNTAI~ • AIU:A 12 t-3 
> 

IG24111a 1!10 0 1 00 B 0 8 0 8 ,o I! 0 8 0 8 0 8 o,o e 0 8 ,uoo 8 1 000 II 1 000 B ,o 8 ,1111 II 0 1:1 ttl 
1GaS4a 100 o,oo 8 0 1\ 0 8 ,o 1\ 0 8 0 8 0 B 0,0 ~ 0 B ,ooo I! 1 000 B ,ooo 8 ,o 8 ,ou 8 0 8 t"4 
IP2261 110 o,oo 8 0 II 0 8 ,o 8 0 B 0 8 0 A o,o 8 0 8 • 000 !l ,ooo 1:1 ,ooo 8 ,o 8 ,oo 8 0 B tzj 

00 
ITRI:AM-S!Oliii!NT SAMPLES • 111!:0 MOUf\oTUN • AREA U ..... 

00 
IG2651 so o,oo 8 1700 taO ,o 8 0 8 0 8 300 o,o p. 0 B ,ooo 8 ,000 II 0 000 II ,o I! ,ou b 0 B > IP2262 100 o,oo 8 a:ao aa ,o 8 0 B 0 B 10 o,o 8 0 B ,ooo 8 1 000 II ,ooo b 1 0 B ,oo 8 0 8 
IP226J 70 OoOO B 450 ao .o 8 0 B 0 8 14 o,o 8 0 B oOOO B oOOO II oOOU 8 oO 8 oOU II 0 B z 
lp2266 100 o,oo 8 0 8 0 B ,o Ill 0 8 0 8 l o,o 8 0 I 1 000 II 1 000 B ,ouo 8 1 0 B ,ou 8 0 B t:! 
IP22615 10 0,00 8 uo as ,o 8 0 8 0 8 10 o,o 8 0 8 ,000 8 1 000 II ,ouo 8 1 0 B ,uo 8 0 s ..... 
IP2267 '70 

c.o 
o,oo 8 220 as ,o 8 0 8 ·0 8 6 o,o 8 0 8 0 000 B 1 000 II ,ooo I! ,o 1:1 1 00 II 

IP2269 t5o OoOO 8 !10 140 .o 8 0 8 0 8 4 OoO 8 0 8 oOOO 8 oOOO 8 oOOU II oO b tOO B 

ROCK SA~PLE • THU"'oEFI CIIEe;J( • AREA 1l 

1825'74 Jo o,oo 8 0 8 0 B ,o p. 0 B 0 8 0 8 o,o 8 0 8 1 000 B 1 000 II ,ouo 8 ,o 8 ,uo 8 0 8 

U'REAI'I-SEDl~P:i'<T UMPLEII • THUNDEP CREEK • AREA 13 

1826'72 200 o,oo 8 0 8 0 B 1 0 B 0 B 0 8 1 o,o 8 0 !l .oou 8 ,ooo 8 1 0110 B ,o 1:1 ,ofl a 
IG247J JOO o,oo 8 o a 0 B ,o 8 0 8 0 B 2 o,o 8 0 8 1 000 B 1 000 II 1 0110 B ,o 8 ,uo 
1826'74 l!IO 0 1 00 B 0 B 0 B ,o 8 0 B 0 B 1,.. 0 ,o 1:1 0 8 ,ooo d ,ooo 8 0 000 B ,o 1:1 ,uu 
IG26'78 JOO 0 1 00 B 35 100 ,o e 0 8 0 B 12 o,o 8 0 8 ,ouo 8 ,ooo 8 ,ooo 8 ,o 1:1 ,oo 
IP2290 '70 0,00 B 40 170 ,0 B 0 8 0 8 16 o,o p. 0 8 ,oou 8 ,ooo 8 1 000 B 1 0 B ,uu 

IP2U'7 JOO o,oo 8 0 8 0 8 ,o 8 0 8 0 8 1 N o,o 8 0 8 ,ouo 8 1 000 II ,ouo 8 1 0 B ,oo 8 0 
IP2Ut IO o,oo 8 '70 180 ,o 8 0 8 0 8 14 0 1 0 B 0 8 ,ooo 8 ,ooo 8 ,ooo 8 ,o 8 ,oo 8 0 
IP2J20 Jo 0,00 B 0 8 0 8 ,o 8 0 • 0 8 1 N o,o 8 0 8 ,ooo 8 1 000 B ,ooo 8 ,o 8 ,uo 8 0 I! 

t..:l 
0') 
-:J 



TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area t-.:) 

and additions-Continued 
0') 
00 

s~·•PLI!: S•FE' S•MG' I•CA' S•TU li•MN I•AG I•AI &•AU 1•5 Sol lA •·ac 1•11 I•CD ••co > 
t"' 

ROCK Sr.I'IPL!:I • P4ELAlliKiriA Pr.SB • AREA U '"d 
1-4 

tG25U l,oo t,5o o, 10 ,uo 1000 0,!1 L aoo w 10 N 10 L JOO 1 1 0 N ION ao ,. 7 
z 

r:a25•s 5 ,oo 3,00 10,00 ,300 t500 0 1 !1 L aoo N tO N tO uoo 11 0 N lO N ao N 7 
tz:j 

EG2!H5A to,oo 2 1 00 10,00 ,'700 2000 0 1 5 rl aoo ,. 10 N 10 L 70 1,0 N &0 II ao " ao t'-4 
!G2!147 2 ,oo o.!lo 0,0'7 ,200 150 0 1 5 H 200 N 10 N u aoo 1 1 0 II ION ao ,. 7 > t:G25!)0 10,(10 1,50 l,On ,700 2000 Oo5 H aoo ,. 10 N 101.o JOO 1,0 10 ao " u ~ 
!P2417 l, oo , JOO 700 0,5 H aoo w 10 N 10 l.o soo 1,0 1o tO Ill ao "' 

tz:j 
2, 00 1, 00 10 00 EPHiO to,oo 2,00 7 ,oo ,300 5000 0 1 5 N aoo r1 tO N tO L 100 J,o 10 N ao • u 00 

STREU-8EDIM£j'j'f IAMPLEI • MJ:LAWKWA PAll • ARIA U 1-3 
c::: 

!Pa30l 5,oo 2, 00 J,oo ,500 1100 t,o 200 N 10 N 10 JOO '·' 10 II ao "' II t:l 
EP2)04 5 oOO to 50 a.oe~ .soo '700 Oo!l N aoo ,. 10 N 10 L aoo leO 1o lON ao w 10 ~ 
Ep2)09 7 t Q0 t, so 2.oo ,500 700 0,5 N 200 N 10 N 10 aoo 1,0 1011 ao w 10 > EP2l10 5,oo 2,00 l,on • 700 1000 0,5 aoo N tO N ao uo l,o a. lO N ao " 10 
EP23U 3,oo 1,50 2,00 ,300 1000 0,5 L aoo H tO N JO aoo ~.o ION ao • 7 ~ 

tz:j 
EP241lA 5 ,oo 1 ,so 1 ,oo ,300 '700 0 1 5 N 200 N 10 N 10 aoo 1,0 " lO N ao " II > EP24l4 l,oo t ,oo 1,110 ,JOO 1500 0,7 200 N 10 N 10 uo 1,1 lO N ao N 10 > 1!112419 2,00 o,7o 1,50 .uo 1000 0,5 " 200 N tO II ao 110 1,0 1o lO N ao w u 
[p2420 l,OO 2,00 3,00 ,500 100 o, 7 200 N 10 II 20 JOO s,o 10 N ao " II z 
EP248l ., ,oo 2,00 1,00 ,500 1000 0,11 N aoo 11 tO H 10 !IQO 1 1 0 10 N ao 11 u t:l 

ROCK IAMPt.r: • 'fUSCOHA'fCHII LAKE " l~EA 15 > 
t:l 

1:52002 s.oo 2o00 3,00 olOO 100 Oo5 N 200 N tO N 10 100 leO L tO H :ION 10 t:l 
~ 

STRUM-I!DIMEHT SAMPL!S "' TUIIcOHATCHU: l.AK!: • ARU l5 1-3 -EG2496 7 ,oo 2,00 3,00 • 700 1000 0,5 N aoo N tO N 10 200 1,0 10 N ao " II 0 
!G2497 s,oo 1,110 3,00 ,300 1000 0,!1 aoo N SO N lO 200 1,0 tO N 20M II z 
!G24'il8 11,00 2,00 J,oo ,lOO 11100 0 1 !5 N aoo N tO N tO " lOO 1 1 0 10 N ao 11 u sn 
I!P2384 2,00 o, 70 1,00 ,200 11100 o,s l.o aoo " 10 N so uo 1,1 10 H ao " II ~ !P2)87 loOO Oo70 lloOO •200 1100 Ooll N aoo w 10 N 20 200 ltO 10 H ao ,. , 

> J:p23il8 J,oo 1,110 3,00 ,500 IOO 0 1 1 H aoo N 10 N JO aoo 1,0 ION ao N , 00 
1:52004 7 ,on 2,00 a.oo • 700 700 0 1 5 N 200 N 10 N to l.o 150 t 1 0 L 10 N ao ,. II = r:s:zoos 7 ,oo 2 ,oo ),00 o500 700 0 1 15 H ;,DO N 10 N 10 L 100 1,0 SO N ao 111 Ia 1-4 
Eaaou9 5,00 2,00 l,oo ,soo 100 0 1 !1 II 200 N tO N 10 " uo 1,o L iO N ao • lO z 
£12011 s,oo 1,50 2,00 ,200 5000 G 0 1 1 N aoo • 10 N ao aoo '·' lO • ao " 70 0 

81'RU'I-SI!DIMI!IIT IAMPLitl • TALAPUS l.oAKI • AREA 16 
1-3 
0 

1:12022 1o,oo 3,00 2,00 1,000 1000 0,1 N aoo N !ON 10 " 200 1,0 " ION ao " u 
z 

l!ll!Dal ,,oo 2 1 00 ,,oo e]OO 1100 1,a aoo • 10 N 10 " 200 1,0 SO N ao 11 JO 
ts2oH s,oo 2,00 J,OO ,500 700 0 1 !!1 N 200 N 10 N 10 L 110 a,o &0 II ao N 10 
w:noa6 J,oo o. 70 2,00 ,200 tiOo 0 1 !1 N aoo N 10 N tO L 110 1 10 L 10 II ao " 10 



TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area 
and additions-Continued 

SAMPLE s•cR S•CU I•L~ S•MO I•Na I•Nl S•PB •••• •·•c I•IN I•IR I•V ••• I• I I•ZN 

ROCK SAMPLES • MELAWKW~ PAll • ~RIE~ U 

!02!143 20 100 20 L 7 20 L JO toN iOO II ' 10 N 100 L 70 IO N u 100 
E02!14!1 100 JO 20 w !I N :10 L 30 70 100 N 20 lO N zoo 1110 Ill N u 200 N 
E0254!1A 1!10 ao 20 L !I L 20 L '70 so 100 N ao 10 N 300 liO lo N ao aoo 
EG2547 30 7 ao L 10 ao N 30 10 N 100 N ' 10 N 100 L 70 IO N &0 aoo • 
EG:I5110 ao 50 20 L 5 N ao L u 50 100 H 20 lO N 300 70 SO N lo :aoo 

EP2417 so 100 20 5 L ao N 50 JO 100 N 11 10 N 100 100 10 N 20 200N 
EP24110 70 '10 20 7 ao N ISO 50 100 N 11 10 N 100 100 10 N ao '700 

ST~EA14-IEDlMEN'I' IAMPt.EI • MELAWKWA PUS • AREA 14 

EP230l 150 100 ao N 5 L 20 t. 30 150 100 N u 10 N aoo 100 IO N 30 100 
EPU04 so 150 20 L 5 N ao L 20 70 1011 N 10 10 N uo 100 So N 20 aoo " ~ EPU09 30 20 20 L 7 ao L 11 uo 100 N lO :ao 300 '70 10 N 10 aoo N > EPUlO l5 50 20 " 5 L ao L l5 20 100 N u 10 H 100 tOO lo N 10 aoo N 
EP231l 20 JO 20 N 5 N ao L ll 300 100 N 10 10 N JOO 70 lo 11 u aoo N ttl 

t-t 
EP24UA 30 100 20 L 5 N 20 L 30 30 100 N 10 10 N uo 70 IO N &I aooN t;lj 
EP:Hl4 Jo 100 20 N 5 L ao N JO )00 100 N u 10 aoo iOO loll ao aoo " r:n 
EP2419 15 30 20 N S N ao N ll uo 100 N ., 10N lOO 10 IO N 10 200111 ....... 
l!lP2420 so 100 20 N S N 20 N 50 200 100 II u 10 N uo 100 10 N :ao JOO lXl 
!P24ill 100 100 20 S N ao N so 70 100 H u 10 N uo 1!10 IO N u aoo " > 

ROCK SAMPLE • TUscOHA'fCHU: LAKE • AREA U z 
t1 

:tsaoo2 30 s 20 L so 20 t. zo 10 N iOO N u 10 N JOO 70 IO N u 2oo N ....... 
co 

STRCAOI-SEDIMEN'I' SAMPLES • TUSCOHATCHU L~K& • AR&A U 

1:024911 lo 30 20 L 7 20 L u 10 100 H u SON JOO 100 10 N u 200 H 
I:CZ497 so 20 20 N S L 20 r.. u 30 100 N u 10 N Joo 100 IO N u 200 N 
1!:02498 3o 20 20 L 7 20 L 10 u 100 N lS 10 N lOO 100 IO H u ZOON 
EP2384 lO lO ao N 5 L ao r.. 10 70 100 N ' 10 N aoo 70 loN ll 200 H 
EPU87 1!1 20 ao N 7 ao to 7 70 100 N ' 10 N 200 '70 IO N ll 200 N 

EP2388 lo 30 20 N !I 20 L ll 30 iOO H ll 10 N aoo iOO 10 N u 200 N 
IS3004 20 15 20 r.. 7 ao L 20 )0 100 N u 10 N 300 70 10 N 10 aoo N 
182008 lO 20 ao t. !I L 20 L 20 50 100 H 11 10 H 300 100 10 H 11 aoo N 
Es2009 lO 20 20 L 10 20 L 15 20 100 N 15 10 N lOO 70 IO H 10 200 N 
1!!12011 lO 50 20 N !I L 20 N 20 300 100 N lS uo 200 100 IO N u 2oo N 

.STREAM-SEDIMENT SAMPLES • TALAPUS LAKE • AREA U 

!1120;112 30 20 20 L ' 20 L )0 10 100 H lS 10 N )00 uo SO N u 200 R 
!52023 20 150 20 L 7 20 lo 20 30 100 N u 10 L JOO 70 IO N u 200 N 

~ !82024 20 20 20 r.. 1!1 ao r.. 20 10 100 N 15 10 N )00 70 10 H ao aoo • ~ !820211 ao u 20 t. 5 20 L 10 30 100 N 7 10 N 100 70 10 N 10 200 N co 



TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area t-:) 
-::1 

and additions-Continued 0 

> 
SAMPLe: S•ZR AA•AU.,p AA•Cli•P AA•Z'I•P AA•AG•P AA•CO•P AA•NI•P C~l=CXHM Clt•la CM•MO AI•PT AI•PD AI•RII AI•RU AI•IR !U tot 

"tt -ROCK IAMPLE8 • M!LAWKWA PASS • AREA U z 
ICG:t54l 7Q 0,05 N no o a 0 B o,o 8 0 8 ,ooo a ,ooo a ,ooo 8 ,o 8 ,oo 8 0 8 

t_:z:j 
0 8 ,o 8 0 8 

P!G:t545 50 0 1 05 N 0 8 0 8 0 0 B 0 8 0 B 0 8 o,o 8 0 8 ,ooo 8 ,ooo 8 1 000 B ,o 8 ,oo 8 0 8 tot 
CG:t5•5A 70 0 1 05 L 0 8 190 1 0 R 0 8 0 8 0 8 o,o a 0 8 1 000 B ,ooo 8 ,ooo 8 ,o 8 1 00 B 0 B > CG:t5t1 5o 0,00 8 0 8 0 8 ,o 8 0 8 0 8 0 8 o,o 8 0 B ,ooo 8 ,ooo 8 1 000 II .o 8 ,oo 8 0 8 ~ 
EG:t550 200 0,05 L o B 260 ,o 8 0 8 0 8 0 8 o,o .8 0 8 ,ouo 8 .ooo 8 .ooo 8 .o 8 .oo • 0 8 t_:z:j 

00 
BP:t417 100 0,05 N 0 8 0 8 ,n a 0 B 0 8 0 8 0 1 0 B 0 8 ,ooo 8 ,ooo 8 ,ooo 8 ,o 8 ,oo • 0 8 

00 P!P24110 70 OoOO B 0 8 440 t 0 B o a o a 0 8 OoO B 0 II ,ooo 8 .ooo a ,ooo a .o 8 ,oo • 0 8 t-3 
&TR&:A~SI':DlMp;NT SAMPLES • Mf!LAIIKWA PASS • ARIA U c 

t;j 
t:PUOl 100 0,00 B 0 8 0 B ,o 8 0 II 0 8 1 o,o 8 o a ,ooo • ,ooo • ,ooo a ,o 8 .oo 8 0 8 ~ 
EP2304 100 o,oo 8 170 55 ,o 8 0 8 0 8 12 o,o a 0 B ,ooo 8 ,ooo 8 ,ooo a ,o a ,oo 8 o a > !P2]09 70 o,oo 8 u )5 ,o B u 8 0 8 10 o,o 8 0 B ,ooo 8 ,ooo a ,ooo 8 ,o 8 ,oo 8 0 • 
p;p2l.LO 150 o,oo 8 0 8 0 ll ,o 8 0 8 0 8 1 L o,o 8 0 8 .ooo 8 ,ooo 8 .ooo 8 ,o 8 ,oo 8 0 I ~ 
!P:Ull 100 0,00 B 0 s 0 8 ,o 8 0 8 0 8 2 o,o 8 0 8 ,ooo 8 ,000 B ,ooo 8 ,o 8 ,oo • 0 • t_:z:j 

> !!PaUlA 7o 0 1 05 N uo 150 1 0 II 0 8 0 8 4 o,o 8 0 8 ,ooo 8 ,ooo 8 ,ooo 8 ,o 8 ,oo 8 0 8 > !!P2414 7o 0,55 90 65 ,o 8 0 8 0 8 6 o,o 8 0 B ,ooo 8 ,ooo 8 ,ooo 8 ,o 8 ,oo • 0 8 
EP2U9 10 o.ao 111 0 8 0 8 oO A 0 8 0 8 1 L o,o 8 0 8 eOOO I eOOO 8 oOOO B .o 8 ,oo 8 0 8 z 
!!P2420 70 o,1o 1v 0 8 0 8 ,o 8 0 8 0 8 1 L 0,0 B 0 8 ,ooo 8 1 000 I ,ooo 8 ,o 8 ,oo 8 0 8 1::' 
EP:t411l 100 o,oo 8 0 8 0 8 ,0 B 0 8 0 8 1 o,o 8 0 8 1 000 B ,ooo 8 ,ooo 8 ,o 8 ,oo 8 0 I > 

ROCK SAMPt.E • TUSCOHATCHIE LAKP: • AREA 1!1 1::' 
1::' 

Es2oo2 150 o.oo 8 0 8 0 8 1 0 R 0 8 0 8 0 8 o,o 8 0 8 ,ooo 8 ,ooo 8 ,ooo 8 ,o 8 ,oo 8 0 8 -t-3 
STREAM-SEDIMENT sAMpLES • TUSCOHAtCHIE LAKE • AREA U ~ 

0 
!!G2496 lOO o,oo 8 15 65 ,o Fl 0 8 0 8 4 o,o 8 0 8 ,ooo 8 ,ooo 8 ,ooo 8 ,o 8 ,oo 8 0 8 z 
EG2497 lOO o,oo 8 0 8 0 8 ,o 8 0 8 0 8 2 o,o 8 0 8 ,ooo 8 ,ooo 8 ,ooo 8 ,o 8 ,oo 8 0 8 sn 
f!G2498 150 o,oo 8 0 8 0 i\ ,o Fl 0 8 0 8 a o,o 8 0 B ,ooo 8 1 000 B ,ooo 8 ,o 8 ,oo a 0 • :E tP2lli4 7o o,oo 8 0 8 0 8 ,o 8 0 8 o a 1 o,o 8 0 8 ,ooo 8 ,ooo 8 ,ooo 8 ,o 8 ,oo 8 0 • 
EP2387 150 o.oo 8 0 8 0 8 • o 8 0 8 0 8 1 L o,o 8 0 B .ooo 8 tOOO 8 .ooo 8 eO B • oo • 0 • > 

00 
p;p2]811 150 o,oo 8 0 8 0 8 ,o 8 0 8 0 B 1 L o,o 8 0 8 ,ooo 8 ,ooo 8 1 000 B ,o 8 ,oo 8 0 8 :I: £52004 150 o,oo 8 0 8 0 8 ,o 8 0 ll 0 8 1 II o,o 8 0 8 ,ooo 8 ,ooo 8 ,ooo 8 ,o 8 ,oo • 0 • ~ 

!82008 100 o.oo 8 0 B 0 8 ,o Fl 0 8 0 8 l L o,o 8 0 8 ,ooo 8 ,ooo 8 1 000 B ,o 8 1 00 I 0 8 z 
Ea2o09 200 o,oo 8 0 8 o B ,o 8 0 8 0 1'1 1 H o,o 8 0 B ,ooo 8 ,ooo 8 ,ooo 8 ,o 8 ,oo • 0 • 0 
r.saou 70 o,oo 8 l5 110 ,o !! 0 8 0 8 8 o,o 8 0 • ,ooo a ,ooo 8 ,ooo 8 ,o 8 ,oo • 0 • ~ 

sTREAM-s£DlME»T SAI'IPLES • TALAPUS LAKE • AREA l6 0 z 
£82022 1!10 o,oo 8 0 8 0 B 0 0 A 0 B 0 B 1 N 0 1 0 B 0 8 ,ooo 8 0 000 II ,·000 8 ,o 8 1 00 I 0 8 
ES;zO.U )00 o,oo 8 :J60 40 ,o 8 0 8 0 8 9 o,o 8 0 8 .ooo 8 ,ooo 8 ,ooo 8 ,o a ,oo 8 0 8 
ts2o24 150 o,oo I! 0 8 0 8 1 0 II 0 8 0 8 1 N o,o 8 0 8 ,ooo 8 ,ooo I ,ooo • ,o 8 .oo • 0 8 
£52026 lo OoOO 8 0 8 0 I! .o p 0 8 0 B 1 OoO B o II oOOO 8 eOOO 8 .ooo 8 .o 8 oOO I 0 • 



TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area 
and additions-Continued 

SM•PJ,t: S•rE, S•MG' s.c,., S•TU S•MN S•AG S•AS &•All 1•8 a. a A ... , hll I•C:D I•C:O 

POCK 8AMPLEI • LAKE KULL~ KULI.IA • AREA 1 '7 

r.112a28 5 ,oo 2, 00 :z,on ,:zoo '700 0,5 N aoo N 10 II 10 L lOO loO N 10 N ao N 
ES20.JO s,oo 2 ,oo a,on o200 :100 o,a N aoo H SO N 10 " )00 1,0 N 10 " ao " 

8TREA~8EDIM!!NT SAMPLES • LAKE KULLA KULLA • AREA 17 

tP2396 l,oo :z,oo t,!ln ,500 !IOO 0 1 5 N aoo N 10 N ao lOO 1,0 10 H ao " 11 
EP:Z3'17 (1, 70 o,lo :z,oo .uo uo o,!l L 200 N 10 N 70 uo 1,0 ... 10 H ao " I N 
t:P23118 lo50 o, 70 :z,oo .:zoo JOO o,a N aoo N 10 N 50 uo loO II &0 N ao " '7 
Ep2400 1,00 o,sn 1,00 ,100 7o 0 1 5 L 200 N SO N 50 uo 1,5 &ON ao N I N 
ES20l5 l,on t,5o 3,00 ,300 2000 0,5 L 200 N 10 N 15 200 1,0 lON 20 N 20 

ROCK IAMPIIII:S • DERRICK LAKE • AREA 11 --3 
EG2562 0,03 o, 7o 1!10 200 N '700 I N > 1100 ,070 0 15 N 10 N 10 II 1,0 N 10 N ao " ttl 
EG2Sol3 3, oo 0,10 0170 ,050 7o U15 N aoo N 10 " lO 1000 1,0 10 N ao N 7 t"" 
EG25~eA o,o7 0,02 O,O!'i L ,007 10 N 0,5 H aoo ,. 10 N 10 ao 1 0 0 N 10 N ao " I N tz:j 
EG2622 2oOO o.so o, 70 o100 300 Oo!l N :100 N SO II 10 II 700 1o0 II 10 N ao ,.. I N 00 E.S20!IR 15, ao o, 30 0,07 ,100 sooo 0 0,5 N 200 N SO N :ZO lOO 1,0 10 H ao " I N 

t-' 

Es2a76 15,00 o,lo 2,0!) ,070 !ltlOO G 0 1 5 N aoo " 10 N 300 100 1,o 11 10 H ao " II 00 

> 
STREAM-SEDIMENT SAMPLES • DERRICK LAKE • AREA 18 z 

P.:G2588 l, oo 1,50 2,00 ,300 sooo 0,5 N 200 N 10 N 10 " uo 1,0 " 10 N ao H ll 
t::J 

t:P2]12 ),00 1o50 ],00 ,]00 2000 0,7 200 N 10 N 100 uo loS 10 N ao N u t-' 

!!P2315 7. 00 l.oo 3,00 1,000 700 0 1 5 H 200 N 10 N 10 L aoo 1 0 0 N 10 N ao H 10 
~ 

t:S205!5 5oOO o.so 1,11o .uo ]000 Oo!l N 200 N 10 N 1!1 300 loS 10 N ao 11 u 
P.:s2o6o 7 ,oo 2 1 oo l,oo • 700 700 0 0 5 N aoo N 10 N 15 150 &,o " 10 II ao 11 ao 

!!82061 l,oo o. 70 1,11!) ,300 '700 0 1 !1 N 200 N 10 N 10 L 200 1,0 10 N 20 H I 
!82064 7o00 So 50 ),00 1,000 G 700 0,5 N :zOO N 10 N lOL 70 1,0 II 10 N ao 11 u 
!82066 ] ,oo o. 70 1,!10 olOO soo 0 1 !1 N 200 II 10 N 10 uo loO 10 N ao " I 
1!52067 lo,oo a,oo 5.oo 1,000 1000 0 0 !1 N aoo 11 10 N 10 110 1,0 10 N ao 11 ao 
!82070 l,oo 1 0 50 1,00 ,lOO lOO 0 1 1 N 200 N 10 N 20 100 1,0 10 N ao N I 

e:sao71 l,on o,so 1,110 ,aoo tOOO 0,5 N 200 N 10 N JOO 700 1,0 10 N 20 N I II 
ES:Z072 l,oo o,so 1,50 ,:zoo tOOO 0,5 N aoo H 10 N 1000 JOO 1,0 r. 10 N ao N 

ROCK &AMPLr,S • MIDDLI!: P'tiRK SNOQUALMIE RIVER • HARDICRAaeLE CREEK • AREA l9 

EG140'7 l,oo 1, !Ill 2,00 .2oo 300 0 1 5 N 200 N 10 N 10 " :zoo 1 0 0 L 10 H 20 N I 
EG14U8 l,oo 1,50 o,1o ,lOO llOO 1,0 aoo " 10 N lO lOO leO II 10 N ao 11 10 
EG1408A 0,50 0,10 0 1 05 L ,020 100 0,7 aoo H 10 N 10 II 10 1 0 0 L 10 II ao " II 
EC1409 l,oo 0,50 0,0!1 1 ]00 1000 7 .o 200 N SO N ISO JOO 1,0 " 10 H 20 N 100 1:-.:l 
IP!G14l0 s,oo 1,50 o,:zo ,lOO 200 as,o aoo N 10 N 10 II IOO leO r, ION ao 11 u -.:] 

1--' 
EG1410A J,oo 1,50 0,07 ,Joo 100 a,o aoo N 10 N UL 700 1 1 0 N ION ao 11 10 



TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area 1:>:) 
-:J 

and additions-Continued 1:>:) 
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SAMPLE a•cR 8•CU &•LA 8•MC &•Na I•NI I•PB •••• •·•c I•IN 8•81\ I•V 1•11 1•1 I•ZN t-t 
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1PaJ96 
t?:j 
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ES2061 10 L 15 20 L 10 20 r.. 7 30 100 N ' 10 N 1110 IO to N u 200 N z 
ES2o64 30 30 20 L 7 20 L 11 10 100 N 10 10 N JOO 100 to N ll aoo 11 sn 
1:1:&066 15 ., zO L 10 20 r.. 15 30 100 II 7 iON aoo 70 10 N &o aoo ,. 

~ Es2o6'7 30 ]0 20 L !I ao L Jo 10 100 N ll 1011 JOO 200 10 If u :100 N 
EUo70 l5 10 20 L 5 N 20 L 10 70 100 N 7 10 N aoo 1o to N 10 aoo " > 

00 
ES2o71 10 L 20 '20 N 

5 " 
20 N 5 L 70 100 N ' 10 N uo lO IO N ao aoo 11 ::I: 
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101408 30 500 20 r, 5 N 2o N 10 100 100 II u 10 N 100 L 110 IO r. 11 JOO z f!G1408A 10 L 30 20 N 5 N 20 N 5 10 L 100 N !I L 10 N 100 N 10 IO N 10 L aoo N 
IC1409 :to 1()000 20 L 5 N 20 N 11 10 100 H 11 10 L 100 N 110 lo L 20 100 
EG1410 so 15000 20 N 10 20 N u 10 L 100 H 11 11 100 H Uo to L 10 100 

!C1410A 30 2000 20 N 50 10 N 5 10 L 100 II u u 100 N uo IO L 20 aoo 
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UMPLE 

I!CUU 
EC14UA 
ECU71A 
I!CUOOA 
!C25008 

I!G2568 
1!02569 
E02!169A 
ECU70 
ICU70A 

I!C2117l 
p;c257U 
102!172 
EGU72A 
EC2573 

!K0392 
IK0)98 
I!K0)988 
EP3218 
1Sll01A 

ESU02 
llTOJ40 
ET0340A 

EGUOO 
1:02102 
102104 
I!GUO!I 
EG2106 

I!G2508 
1!02!109 
EG2Sl0 
I!CUU 
IKUII 

EKO)IO 
IKUU 
I!KOJ94 
EKOJ96 
EKOJt7 

EP2211 
EPU89 

TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area 
and additions-Continued 

s-rr., 

2,00 
J,oo 
1,oo 
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7,00 
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7,00 
s,oo 
'7,oo 

10,00 

10,00 
10,00 
10,00 
10,00 

., ,oo 

:a,oo 
!1,00 
!!ieOO 
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s,oo 
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!1,00 
:z,oo 

'7,00 
1o,oo 
!l,oo 
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7,oo 
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'7,oo 

lo,oo 
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s.oo 
3,oo 
lo!IO 
J,oo 

so,oo 
'7o00 

S•MG' &.Ca' 8•TI' 8•MII 8•AG S•AS S•AU li•ll SaBA 
ROCK SAMPLES = MIDDLE FORK SNOQUALMIE RIVER-HARDSCRABBLE CREEK = AREA l9 

0,50 0~05 t. ,200 20 0 0 5 II :100 N 10 N 10 JOO 
1,110 1,5o ,3oo Joo 1,5 :zoo ~'~ 10 'N 10 " 2oo 
2,00 !1 1 0(1 ,500 700 0 1 7 200 N 10 N 10 t. lOO 
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TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area 
and additions-Continued 

sAMPLE s•CR S•CU a•LA ··1110 S•IIB s•llt a•PS S•Sii •·•e •·•"' S•SM II•V 11•1'1 l•l 8•ZII 

!GUll 20 30 ROC~O S~LES 5 :-roo~g ~ORK SN~Of?ALMIE rJVfR-HARf8i~BBLfs CREEK ao AREA tZo N 100 150 H u 200 
I!GUUA Jo 100 20 N 5 II ao N I 10 L 100 "' u 10 N 200 100 50 H 15 aoo 
I!G247lA so 1!10 20 L I II 20 L 10 10 II 100 H 20 10 "' JOO uo 150 " 111 200 
I!GUOOA lO uoo 20 L II II 20 L 10 10 II 100 N u 10 N 200 150 IIU II u 200 
IEGUOOI !50 1SOO 20 L II L 20 L 30 10 II 100 II 20 10 N uo 150 50 N 15 200 

IG2568 20 20 20 L I N 20 L 10 1000 100 N l!l 10 "' 1!10 100 110 N 11 JOO 
I!G2169 Jo liOO 20 L 10 20 L I N 20 100 N u 10 100 L 1111 110 "' 20 200 N 
I!GU69A 20 150 20 L 70 30L I L lOL 100 "' u 10 100 L 100 SO N 111 L 200 
I!GU70 ao JOO 20 L I N 20 L I L 20 1011 N u 10 L 200 150 50 N 10 200 
I!G2570A 30 700 20 L 15 20 L I L 10 L 100 "' u 10 L 100 L 150 So H u 0100 

IEG:U7S llo JOO 20 L II L 20 L 111 10 N 100 II 20 10 N 150 150 50 II 10 200 N 
IG217U 20 100 20 L 50 20 L II N 10 N 100 N u 10 100 L 100 50 N 10 200 N t-3 
IEGal72 lO 110 ao L I L 20 L 10 10 N 100 N u 10 N 1511 uo 5o N HI aoo H > IGU7aA Jo uo 20 L I N 20 L 11 10 N 100 II 20 10 N uo 150 511 N 15 aoo "' ttl 11121173 20 200 20 L I L ao L 5 L 10 N 100 H 15 10 Ill 200 1110 10 N 111 aoo N t"" 
IKOliU 20 70 20 L t N 10 N 10 20 100 II 15 10 N 200 100 110 N 20 200 L 

tz:j 

IKOI91 so 70 20 L I N 10 N 20 70 100 II u 10 "' 300 10U 150 "' 20 200 L 00 
IJCOJ98e so 2000 20 L II N 10 N 15 )00 100 II 15 10 "' 1!10 100 70 1!1 200 L 1-' 

IPUU 11 100 20 5 N ao L II L 10 "' 100 N 10 10 "' 700 70 70 l(j aoo 11 00 
IIU01A 30 uoo 20 N JO ao N 10 10000 100 "' u 20 150 100 5o N 20 200 L > 
11:11102 Jo 10 ao N I N 20 II 10 50 100 II 1!5 10 h 150 100 50 N 10 200 N z 
l!'lOJtO Jo 100 20 L t N 10 N 11 10 L 100 N 15 10 h aoo 150 lio N u aoo L t:::l 
ITOJ40A 20 100 20 L II H 10 II 5 L 10 100 ... 15 30 100 I< 70 50 ... u 200 ... 1-' 

~ 

ITRJ:AM-It:DIM!NT IIAMPLE8 • MIDDLE FORK IINOQUALMIE RIV!:It • HAlt08CRA8!1L&: CRE&:K • AREA 19 

tG21100 so 110 20 L II 20 L :ao 10 L 100 N u 10 II lOO 150 50 N 15 200 
IG2502 ao 3000 20 L 70 20 L u 11 1011 N u 10 I'; 100 L 100 5u 20 aoo 
IC2504 so uo 20 L 10 20 L Jo liO 100 N 15 to r; 200 100 50 N 111 200 
IG2101 7o 700 20 L 111 20 L JO 30 100 II u 10 N 200 150 50 N 30 aoo 
IG2506 30 JO 20 L I 20 L 15 JO 100 N u 10 N 200 150 5o N 15 200 N 

I!C2101 Jo 70 20 L u 20 L 15 20 100 II 15 10 N 150 150 110 u 200 N 
I!C250t 30 JOO ao L I L 20 L 10 15 1011 II 1!1 10 N 2ou 100 5o N 111 :ZOO N 
IC25t0 so JOO 20 N 7 20 L u 70 100 N JO 10 )\1 4100 aoo so 11 30 200 N 
IG21U 30 2000 20 L 150 20 L u 15 100 ~ 15 10 "' 100 150 50 L 15 200 
IJCOJU 20 30 20 II 10 N 5 70 100 N 10 10 h uo 50 SO N 15 aoo 

IKOJtO 3o uo 20 N 15 10 N u 100 lOU N 10 u 300 70 150 "' 15 200 N 
I!Ko:atJ llo 300 20 5 L 10 N 11 70 100 ... 11 10 N 200 lOll So N 20 200 
IEICOJt4 so 50 20 L 5 N 10 N u !50 100 N l!l 10 N lOO 100 !50 N u 200 
IK0)96 20 70 20 N 5 N 10 N 7 70 100 N 5 10 N too lO 5o N 10 200 .. t-:) 
IIC03t7 lo 70 20 N !I N 10 N 10 JO 100 ~ 1!5 10 "' 200 100 50 "' u 0100 II -.:] 

EPUI7 30 100 20 L !50 20 L 10 30 100 N u 10 L 200 1!50 50 N 20 
01 

aoo 
I!PU8t Jo 70 20 L 7 20 L 10 20 100 "' u 10 N 200 100 50 N u 2oo 



TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area ~ 
-.1 

and additions-Continued 0') 

> 
UHt'LE S•ZR AA•AU•P AA•CU•P ~A•Ztl•P U.•AG•P AA•CO•P AA•NI•P CM=CXHM CM•Sa CM•MO A8•PT AS•PD AS•I<It A8•RU A8•IR EU t"' 

ROCK SAMPLES = MIDDLE FORK SNOQUALMIE RIVER-HARDSCRABBLE CREEK = AREA 19 "tt 
~ 

!GUll 150 0,05 "' 0 8 0 8 1 0 II 0 8 0 8 0 8 0 1 0 II 0 II ,ooo 8 ,000 II 1 000 B 0 0 II ,oo 8 0 B z IGUllA 70 0 1 05 N 0 8 0 II 0 0 R o a 0 B o a o,o 8 o a ,ooo 8 ,ooo 8 ,oou 8 ,o 8 ,oo 8 o s tr:l EG2471A ]O n,oo e 0 8 0 8 ,o 8 0 8 0 8 0 8 o,o 8 0 8 ,ooo 8 ,ooo 8 ,ooo 8 ,o ll 1 00 II 0 II 
EG3500A 7o o,oo 8 0 8 0 8 ,o "' 0 8 0 8 0 8 o,o 8 0 8 ,ooo 8 ,ooo 8 ,ooo 8 ,o 8 ,oo 8 0 8 t"' 
1Ga!I008 100 o,oo 8 0 8 0 B ,o 8 0 8 0 8 0 B o,o 8 0 B ,ooo 8 ,ooo 8 0 000 B ,u ll ,oo a 0 8 > 
EGU68 100 o,oo 8 0 8 200 • 0 8 0 8 0 1:1 () 8 o,o 8 0 8 ,ooo 8 .ooo 8 ,ooo 8 ,o 1.1 1 00 II 0 8 ~ 

tr:l IEG2S69 150 o,oo 8 0 B 0 B ,o p 0 B 0 1:1 0 B 0 1 0 B 0 8 1 000 B ,ooo tl 0 0UO B ,o b ,oo 8 0 8 00 IEGU69A 30 0 1 00 B 0 8 0 8 0 0 1'1 0 8 0 8 0 II 0 1 0 II 0 II ,ooo 8 1 000 B ,oou 8 ,o 8 ,ou 8 0 8 
EG2570 30 o,oo 8 0 8 0 8 0 0 1'1 0 8 0 8 0 8 0 0 0 R 0 II ,ooo 8 eOOO II ,ouo 8 ,o 8 1 00 B 0 II 00 
EG2S70A aoo o,oo 8 0 8 0 8 ,o 8 0 8 0 8 0 II o,o 8 0 B 1 0UO B oOOO II 0 000 B ,o 8 ,ou 8 0 8 ~ c:: 
EG257l 70 0,00 B 0 B 0 8 0 0 B 0 8 0 B 0 8 o,o 8 0 8 0 000 B ,000 B 0 000 B ,o I! 0 00 B 0 I! t:l 
EGU7U so 0,00 8 0 8 0 B ,o 8 0 II 0 il 0 8 o,o 8 0 8 ,ouo 8 1 000 II ,ouo 8 0 0 B ,oo B 0 II ~ 
1Ga572 70 0 1 00 II 0 8 0 B ,o 8 0 B o B 0 II o,o 8 0 8 ,ouo 8 0 000 B ,oou 8 ,o 8 ,oo 8 0 8 > IEC21172A 10 "' o,oo 8 0 B 0 B ,o 8 0 8 0 8 0 B o,o !I 0 8 0 0(10 B ,ooo 8 1 0UO B 0 0 B ,uo 8 0 8 
IEGa573 10 o,oo [\ 0 B 0 8 ,o 8 0 8 0 8 0 8 0,0 B I) 8 1 000 B ,ooo 8 ,ooo 8 ,o b ,ou 8 0 II ~ 

t:;rj 
EK0392 'lo o,oo 8 0 8 0 8 0 0 II 0 8 0 8 0 8 o,o 1\ 0 8 ,ooo 8 oOOO II ,ooo 8 ,o I! 1 00 B 0 8 > IK039B 100 o,oo i+ 6S o a 0 0 II 0 B 0 8 0 8 o,o 8 0 l:l ,ooo ~ ,ooo 8 ,ouu 8 ,o II ,uo b u 8 

> IEK03988 :so o,oa L 1900 0 8 ,o 1'1 0 8 0 B 0 8 1,0 L 6 1 010 N ,004 ,ou4 "' ,2 "' ,1u N 0 II 
r.P2288 70 o,oo 8 0 8 0 II 1 0 B 0 8 0 B 0 8 o,o 8 0 8 ,ooo 8 oOOO II 0 000 B ,o 8 ,oo 8 0 B z 
IIIUOU so 0,40 0 8 I) 8 ,o 8 0 8 0 B o a o,o 8 0 8 .ooo 8 oOOO B ,ooo 8 oO B oOO II 0 II t:l 
111102 100 0 1 05 N 0 8 0 8 ,O II 0 B 0 B 0 8 o,o 8 0 8 ,ooo 8 oOOO II ,ooo 8 ,o 8 ,oo 8 0 il > 
1'1'0]40 150 o,oo 8 0 8 0 8 ,o 8 0 II 0 8 0 II o,o 8 0 II ,ooo 8 ,ooo 8 ,ouo 8 ,o 8 ,oo II 0 8 t:l 
I£'1'0]40A 50 o,oa N 150 0 1\ 0 0 II 0 8 0 8 0 8 1 1 0 L () ,ooo 8 oOOO II 1 000 II ,o 8 ,Oil II 0 8 t:l 

~ 

STR!AM-SF:OHU:NT SAMPLES • MlDDLE FORJ( SNOQUA:LMIE RlVFR • ll.t.ROSCR.l88LE Cii~EI\ • AREA 19 ~ 
~ 

IG2500 100 o,oo 8 0 8 0 8 ,0 II 0 8 0 tl 1 o,o 8 0 8 ,ooo I! ,ooo i:l ,ooo 8 ,o 8 1 00 B 0 8 0 
IEG2502 700 0 0 00 B 4700 140 0 0 II 0 8 0 8 300 0 1 0 B 0 s 0 000 B ,ooo 1:! 1 000 8 ,o 8 ,ou 8 0 8 z 
IEG21J04 100 o,oo 8 0 8 0 8 ,o 8 0 B 0 8 a o,o 8 0 8 ,ooo 8 ,ooo I! 1 0UU B ,o 8 ,uo B 0 II sn 
IEG21J05 700 o,oo 8 S30 2:20 1 0 II 0 8 0 8 8 o,o ll 0 8 0 000 II ,ooo It ,ouo fl ,o 8 ,uu 8 0 B :;:: EGU06 1!10 o,oo 8 2!1 70 ,o 8 0 B 0 B 4 0 0 0 B 0 8 ,ooo 8 ,ooo !I ,ouo 8 1 0 II ,uo i:l 0 B 

EG2508 0 8 ,ooo 8 0 0 B > 100 o,oo 8 0 8 0 0 II 0 B 0 B 1 ... 0 1 0 B 0 8 0 000 B 0 000 B ,oo 8 0 8 00 
1£1:2509 300 0 1 00 B 0 8 0 fj ,o 1'1 0 8 0 B l" o,o 8 0 B ,ooo 8 ,ooo 8 ,ouu 8 0 0 II ,ou 8 0 8 :I: IEG2510 100 0 1 00 B 0 8 0 8 ,o p 0 8 0 8 1 ~ o,o 8 0 B 0 000 B ,ooo e; ,uuu 8 ,o 8 1 00 B 0 8 ~ 

IEC:a5U 100 o,oo 8 2:200 10 1 0 II 0 8 0 8 60 o,o 8 0 8 ,ooo 8 ,ooo 8 ,ooo 8 ,o 8 ,uu B 0 8 z I!KOJ88 110 0 1 02 N ]!5 60 ,o 8 0 8 0 il 2 u 0 5 L 0 B ,ooo I! 1 000 II ,ouo b 0 0 II ,oo f) 0 8 0 
IEK0390 100 0 1 04 N 140 ,. 

0 0 8 0 8 0 B 6 o,5 L 2S ,ooo 8 ,ooo 8 ,ooo 8 0 0 B ,uo 8 I) 8 ~ 
0 11(0393 150 o,oa t. 390 llO ,o p 0 R 0 8 10 o,5 L 0 B ,ooo 8 ,ooo 8 ,ooo 8 ,o b 0 00 B 0 8 z IEKOI94 7o 0,00 B 40 60 ,o 1\ 0 8 0 B 3 o,o ll 0 tl ,ooo 8 ,ooo tl 0 000 B ,o ti ,ou 8 0 tl 

IEK0396 :so o,oo 8 0 8 0 B ,o "' 0 8 0 B 1 L 0 1 0 II 0 8 ,ooo 8 ,ooo 8 ,oou 8 1 0 B ,uO B 0 8 
IEK0197 200 0,02 N 68 40 ,o .. 0 8 0 B 1 L o,s L 0 8 ,ooo 8 0 000 II 0 0\lU B ,o 8 0 00 B 0 II 

IEP2287 150 o,oo 8 90 50 ,o 1\ 0 8 0 8 4 o,o 8 0 I! ,ooo 8 0 000 B ,ooo b ,0 II 0 UO II 
IP2289 uo 0 1 00 B 0 8 0 B ,o 1\ 0 8 0 8 1 L o,o 11 0 8 ,0(10 8 ,ouo 8 ,ooo 8 1 0 B ,ou B 



TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area 
·and additions-Continued 

SAMPLE .s-n;, S•MG' s.c .... S•TI• B•MIII S•AG S•AS S•AU S•l a.u ... , S•ll .. CD I .CO 
STREAM-SEDIMENT SAMPLES = MIDDLE FORK SNOQUALMIE RIVER-HARDSCRABBLE CREEK = ARE}). 19 

U033l 2,00 o, 70 1 ~00 ,1!10 500 017 200 N 10 N 10 L JOO 1,11 10 N ao H I 
I!:T(Jl34 3,00 0,70 1,50 11!50 700 0,7 200 N 10 N 10 L 100 1,1 lON ao • &C) 

STREAM-IIEDIME~T SAMPLES • HEITEII LAKE • AREA 20 

t:G26ll ] 1 QQ 1,00 1,0() 1300 700 015 N 200 N 10 N 10 L 200 110 10 N ao • 
EG2635 21oo 1100 1,00 ,200 tlloo 0 15 N 2oo N 10 N 10 L 100 1 1 0 lON ao N 
EG21!152 !1, no t ,oo 1,00 1200 500 0 15 N 200 N 10 ~ 10 L 200 1,0 UN ao • 
EG2654 5 ,oo 2 100 1,on 1)00 700 0,5 N aoo r1 10 N 50 500 l,o 10 N 20H 
EG26!:15 5100 t ,oo l ,00 ~aoo 1000 0,5 N aoo N 10 N 10 lOO 1,0 io N 20 H 

POCK SAMPLE • DlNGrORD CREEK • AREA :ill 

EG2650 3, Oil 1,00 o, 7n 1200 lOO 0 15 N 200 N 10 N 10 L JOO 1 1 0 N 10 N ao • I L ~ 
> 

STPEAM-S!':DlME~T S,t.'IPLES • DINGrORO CREEK • ARU 21 IJ:j 
t""' 

EC:201!i 2 ,oo 0. ,,) 1,00 1 )00 !loo 0 1 5 N :200 N 10 N 10 L 200 a,o 10 N ao " I tlj 
EG264b 3' Q() 0. 30 o, 7o ,uo 700 115 200 N 10 N ao 150 1 1 0 10 N ao N 1 00 
EG26'<9 2,ov o, 30 o, 70 ,too loo 0 1 5 N aoo r. 10 N 10 L 100 1,0 10 N ao H • t-' 
t:P24b8 l,oo 1,511 2,00 ,500 5()0 0,7 2oo H 10 N 15 lOO 1,0 10 N ao • 1 00 

ROCK IIAMPJ,E • G~!l::li RioG& LAKE • AREA 22 > z 
I'!C:20l9 15,00 o,:zo 0,05 L 1070 '70 2,0 200 H 10 N 110 700 1,0 II 10 N 20 .. JO t:l 

t-' 
STRr.A14-SEDlMENT SA!IPLP: • GREEN RinGE IIAKE • AREA 22 CC> 

t:c:2o27 2,oo 0170 1,50 1 )00 soo 017 200 H 10 N lO JOO a,o 10 N ao N 

ROCI'. SAMPLES • GARFIELD MOUNTAIN LAKES • AREA a:t 

EG26H2A 3,00 o, )0 o, 7o ,200 loo o,a N 200 N 10 N 10 L 500 1,0 10 H ao N I N 
EG2683 7 ,oo 1,00 2 1 0o 1300 aoo 1,0 aoo N 10 ~ 10 L 500 1,0 N lO N 20 N 7 
EG26848 3,00 t,oo 0,20 ,200 1000 1,0 aoo N 10 N 70 100 1 1 0 10 H ao " u 
!G~691A to,oo 2,00 2,00 1300 Joo 0 1 5 N 200 N 10 N 10 110 1 1 0 L 10 N ao N 11 

ITR!AM-IIEDlMENT IIAMPLES • QARriELD MOUNTAIN LAKES • AREA U 

EG2684 ll,oo t,oo t,oo ,JOO 1000 0 15 N aoo N 10 il 10 " 
JOO 1 1 0 lON ao 

EG2685 loOO o1sn o, 7o .zoo 1000 Oel N aoo N 10 N 10 L 150 1t0 10 N 20 

ROCK SAMPLES • SNOQUALMIE t.AKEI POTHOLES • AREA U 

EG2662 s.oo o,1o 0,05 L ,070 10 L 1,1 aoo N 10 N 70 uo 1,0 10 L ao N I N 
t-:) EG26U a,oo o, 70 1,oo ,zoo lOO o,a N 200 N 10 N to L aoo 1 1 0 N 10 N ao ,. I L -.:J t:G2666 3,00 1,00 0170 ,zoo lloo 0,5 N zoo N 10 N 100 JOO a,o 10 H ao " I -.:J EG26b7 s,oo 1,00 1,00 ,200 5oo o,a " 200 N 10 N 10 L IOO 1 1 0 N 10 N UN I 

EG:Z668 l,oo 1,00 1100 ,200 lOO 0 1 5 N aoo N 10 N 10 L 100 1 1 0 L 10 .. ao ,. I 



TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area ~.'-:) 
and additions-Continued ~ 

> 
t-t 

SAIIPLE S•CR S•C:U &•LA 1•140 I•N.l\ I•Nl I•PI 1•11 I•IC I•IN I•IR l•f I•W 1•1 1•111 '"'0 
STREAM-SEDIMENT SAMPLES = MIDDLE. t'ORK SNOQUALMIE RIVER-HARDSCRABBLE CREEK = AREA 19 -

ITOJU 20 20 50 5 N 10 N S 50 100 N '7 10 N 100 10 SO N 10 200 N Z 
1!03)4 20 )0 50 10 10 N '7 70 100 N U 10 N lOO 70 10 II 20 200 N trl 

8TRJ:AM-I£DIMENT IAMPLI!I • HEITift LAIC£ • ARIA 20 ~ 

EG26.U 10 N 20 JO 5 N 20 H 10 70 &00 II 10 10 N UO '70 10 II 10 100 N C 
IG26l5 10 N U 20 5 N 20 N '7 '70 100 N I 10 N 100 70 IO N iO 200 N L.-~ 
IG265a 10 N 50 50 7 20 N 5 20 100 II 7 10 II UO 100 10 N U :1100 N 00 
IG2654 20 '70 20 7 20 N 10 JO 100 N &0 10 N 100 100 10 N U 200 II 00 
EG2651l 15 70 20 7 20 N '7 20 100 H 10 &0 N 100 70 IO J1 U 200 N ~ 

ROCK lAMPL! • JUNGrORD CRI:IK • ARIA a& § 
IG2650 10 N UO 20 5 Ill 20 N 5 10 L 100 II II 10 N 100 70 70 10 :1100 N ~ . > 

STREAM-IEDIM£NT IAMPL£8 • DINGFORO CREEK • AREA U ~ 

IC20U 20 10 70 7 :iiO N '7 lO 100 N '7 10 N 100 70 IO N 10 200 N s; 
IG2646 10 100 20 r.. 5 20 N 7 UO 100 N 7 10 II 110 IO IO N 11 200 N 
IG2649 10 N 10 30 I 20 N 7 10 100 II S 10 N 100 N IO IO N &0 :iiOO N > 
IP2468 U '70 20 L 5 " 20 N 10 :iiO 100 N U 10 N JOO 70 lo II ll :1100 II z 

ROCK lAMPL! • GREEN RIDGE LAKE • ARIA U 0 
> IC20:J9 10 N 100 20 L lO 20 N I '70 100 N ll L 10 N 100 N 10 IO N 10 :JOO 0 

STR!AM-IIDIMI!!NT lAMPL! • GREIN RIDGE LAKI • Afti:A 21 ~ 

IC20ll7 10 30 70 S ~ 20 N 7 :JO 100 N U 10 N 100 IO IO N '70 100 N :j 
0 

1\0CK SAMPLES • GARFIELD MOUNTAIN LAKII • AREA 2J Z 
r:n 

IG2682l 10 N 100 20 5 N 20 N S L U 100 N U lO N &00 10 10 If J0 100 N • 
1!02683 10 N 100 30 5 N 20 N 15 10 100 N 30 10 M 110 100 IO II 10 200 II ~ 
I!G26i48 30 200 20 I H 20 N 70 lO 100 H lll lO II 100 II 100 10 N U 100 II > 
I!G2691A JO '70 30 7 20 N 30 10 100 N IO &0 N UO 100 IO N 10 300 II OO 

ITRUM-SIDIHEN'f la.MPLES • GARFIELD MOUNTAIN I.IAKEI • ARIA U ::I: 
a:a:uu so 7o 20 5 · 11 20 N :to so 100 N so 10 N aoo 7o ao N u aoo " ~ 
I!G26811 20 20 30 5 II 20 N 7 70 100 N '7 10 N 100 10 10 N U 200 N ~ 

POCK IAMPUI • INOOUALMII! LAKII POTHDLI:I • ARIA at 0 
z 

1!02662 10 N 20 20 N 5 N 20 N 5 H JO 100 N I N JO 100 H 20 SO N 10 II 200 N 
IG2664 10 N JO 20 N II 20 N S 10 L 100 N 7 10 II lOO 70 IO N 10 300 N 
CG2666 20 1000 20 I H 20 N 10 10 L 100 N 11 10 H 100 N &00 IO N U 200 M 
!G2661 20 100 50 5 H 30 N '7 10 100 H U lO N UO &00 IO N 20 200 N 
!Ga668 10 N 150 20 5 N 20 N 5 10 100 H lO &0 H UO 70 10 H 10 200 II 



TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area 
and additions-Continued 

SAio!PLE S•ZR u•AU•P AA.•CU•P u•ZII•P AA•AG•P AA•CO•P AA•NI•P CM=CXHM CM•Sa cM•MO AI•PT IIS•PO AI•RH AI•IIU 111•!11 EU 
STREAM-SEDIMENT SAMPLES = MIDDLE FORK SNOQUALMIE RIVER-HARDSCRABBLE CREEK = AREA 19 

!!Olll 150 0 1 02 L 40 40 1 0 8 0 8 0 I J a,o 0 B ,000 I 1 000 8 1 000 8 ,O B 1 00 I 0 B 
!TO:U4 150 0 1 02 L 50 70 1 0 8 0 B 0 8 J 0 1 5 L 0 8 1 000 B 1 000 8 1 000 8 0 0 I 1 00 I 0 I 

IG26U 
EG:i16U 
EG261i2 
EG2654 
EG2655 

!G2650 

IC201!1 
EG2646 
EG2649 
!P2468 

EC20l9 

e:c2o:n 

!G26112A 
EG2683 
I:G26114B 
EG2&91A 

EG26114 
!G2611!1 

EG2662 
t:G2664 
I:G2666 
1:«;2667 
EG26611 

500 
150 
500 
100 
)00 

so 

lOO 
70 

200 
200 

ISO 

150 

300 
200 
100 
200 

70 
70 

50 
70 
70 
70 

l(lO 

o,oo 8 
0,00 A 
o,oo a 
o,oo 9 
o,oo 9 

o,oo 9 

o,oo 8 
o,oo 
0,00 
0 ,oo 

o,oo 8 

o,oo 8 

o,oo 
o,oo 
o,oo 
o,oo 

o,oo fl 
o,oo 9 

0 1 00 B 
o,oo 8 
o,oo 8 
0,00 B 
0,00 fl 

B 
B 
8 
B 
8 

0 B 

8 
8 
8 
8 

0 8 

0 8 

0 8 
0 II 
0 8 
0 8 

STRIUM-IEOIM!~T SAMPLES • HEITER LAKE • ARIA 20 

8 
8 
8 
8 
8 

0 8 

,o 
,o 
,o 
,o 
,o 

8 
B 
8 
B 
8 

0 B 
0 8 
o a 
0 8 
0 8 

N 
N 
L 

o,o 8 
o,o 8 
o,q e 
0 0 0 B 
0 1 0 B 

ROCK lAMPL! • DlhGFORD CRUK • AREA 21 

,o 8 0 8 0 B 0 8 o,o 

STREAI4-aEDfMI!:~'<T SAIIPLiiS • OIIIGf'ORD CREEK • AII!A 21 

190 

,o 
,o 
,o 
,o 

8 
8 
8 
8 

L 0,0 8 
o,o fl 

L o,o 8 
L o,o 8 

ROCK SAMPL! • GREEN RIDGE LAKE • AREA 22 

,o q 0 8 0 8 0 8 o,o 8 

&TRI':AM-S!DIMENT IAMPLP' • GREEN RIDGE L~KE • AREA 22 

B 
8 
8 
8 
8 

0 B 

8 
8 
B 
8 

0 8 

,ooo 8 
,ooo 8 
,ooo • 
0 000 B 
,ooo 8 

,ooo 8 

0 000 B 
,ooo 8 
0 000 B 
,ooo 8 

,ooo 8 

,ooo a 
,ooo a 
,ooo 8 
,ooo 8 
,ooo 8 

,000 B 

,000 B 
,ooo 8 
,ooo 8 
,ooo 8 

,ooo 8 

,ooo 8 
,ooo 8 
,ooo a 
,ooo 8 
,ooo 8 

,ooo 8 

,ooo 8 
,000 I 
,ooo 8 
,ooo 8 

,ooo • 

,o 8 
,o 8 
,o 8 
,O B 
,O B 

,o I 

,o B 
,o B 
,o 8 
,o 8 

,o • 

,oo • 
,oo 8 
,oo • 
,oo 8 
,oo • 

a 
8 
I 
8 
8 

0 00 8 0 B 

,oo • 0 8 
,oo 8 0 8 
1 00 I 0 8 
,oo • 0 8 

1 00 I 0 8 

0 8 ,o !I 0 8 0 B 1 N 0 1 0 B 0 B ,000 B 1 000 8 1 000 8 1 0 8 0 00 8 0 8 

ROCK SAMPLES • GARP'U:LD MOUNTAit<i LAKES • AREA aJ 

B 
B 
8 
B 

,o 8 
,o 8 
,o 8 
,o 8 

8 
8 
II 
8 

8 
8 
8 
8 

o,o 8 
o,o 8 
o,o 8 
o,o 8 

8 
8 
8 
8 

,ooo a 
,ooo 8 
,ooo 8 
1 000 B 

,ooo 8 
,ooo I 
,ooo 8 
,ooo 8 

,ooo 8 
,ooo 8 
,ooo • 
,ooo 8 

,o 8 
,o 8 
,0 B 
,o 8 

1 00 I 0 8 
,oo • 0 8 
,oo • 0 8 
,oo • 0 • 

8TRU~-Sil:Dl14ENT UIIPLts • GAilrlELD MOUNTAIN LAKEs • ARI!!A 2l 

B 
8 

B 
8 

n B 

0 Fl 
0 B 

,o !I 
,o 8 

0 8 
0 8 

1 N 0 1 0 B 
l " o,o 8 

!lOCI( SAMPLI!:S • INOQUALMIE LAKil:l POTHOLES • ARIA :114 

1:1 
8 
8 
8 
8 

,o !I 
,o 8 
,o !I 

,o "' ,o 8 

8 
8 
8 
8 
8 

8 
8 
8 
8 
8 

8 
8 
8 
a 

"' 

o,o 8 
o,o 8 
o,o a 
o,o a 
o,o 8 

0 000 I 1 000 8 1 000 8 1 0 8 1 00 8 0 I 
,ooo 8 ,ooo 8 ,ooo 8 ,o 8 ,oo • 0 • 

B 1 000 8 
B 1 000 8 
8 ,ooo 8 
8 ,ooo 8 
8 1 000 I 

,ooo 8 
,ooo • 
,ooo 8 
,ooo • 
,ooo 8 

,ooo 8 
,ooo 8 
,ooo • 
,000 I 
,ooo 8 

,o 8 
,o • 
,o 8 
,o I 
,o 8 

,oo • 0 • 
,oo • 0 8 
,oo • 0 • 
0 00 I 0 8 
,oo • 0 • 

~ 
t:C 
~ 
trj 
r::n ,_. 
00 

> z 
t:l ,_. 
~ 

1::-.j 
-.:] 
co 



TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area ~ 

and additions-Continued 00 
0 

> 
SAMPLE a•nt 8•MG' B•CA' I•TI\ I•MN B•AG S•AI .S•AU 5•8 S•BA S•RE ~>•s1 S•CD S•CU t:""' 

'"C 
IITREAM-ItDl"'ENT SAMii'LEI • SIIIOQUALMU: LAK~S POlHOL~S • AREt. 24 ~ z 

IC::ZOU 5,00 1,00 1,00 I ]00 '700 0 1 5 N :zoo ·~ 10 11 10 200 1,0 111 N ao r. 7 tz:j 
ICZOJO J,oo 1 1 00 :a,oo ,JOO 500 o, '7 :ZOO N 10 N 30 !IOO 1,5 I 0 H 20 to 7 t:""' IG:Z669 a,oo 1,00 1 ,oo ,)00 700 o,S M 200 II 10 /II 10 L 150 1,0 10 II 20 " 7 > IG:1670 7 ,oo a,oo t.oo ,soo 1100 o,!l L :zoo ~ 10 N 10 L 100 t 1 o L 10 N ~0 " 1 

~ IG2671. s,oo a,oo 2,00 ,!100 tiOO 1,0 2uo 11 10 " 20 500 1,0 Iii N ao "' 15 tz:j 

IPU62 J,oo o,lo 1. 00 .uo 700 1,11 200 N 10 'II 10 1!10 1,5 10 N liO N 7 r:n 
IP24U 5,00 1,00 1.oo ,300 1000 0 1 !5 N 200 H 10 N 10 )00 1,0 10 N 20 " 7 r:n 

~ 
ROCK SAMPLES ~ LAKE DOROTHY-CAMP ROBBER CREEK-FOSS RIVER ~ AREA 25 c 

1c;UU 2o00 1,!10 3~00 • 200 IOO 0 0 !1 N aoo H 10 N 1 'JO 300 1, 0 10 N :20 N 10 
t:l 

IG2l08 s,oo 2,00 2,00 ,soo 700 o,s 200 N 10 ~ 50 700 1,0 L 10 " 20 ~ 30 to<! 
IG271l '7,oo 2,00 2,00 ,200 500 2oll :zoo ~ 10 " 1Q 300 1 1 0 L 10 N au N 1U > ETOJ48 5,00 2,00 2, 00 '300 7('10 0 0 !1 N aoo ~ 10 .. t!IO 700 1,0 L 10 N 20 .. 10 ~ 
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and additions-Continued 

SAI-IPLE S•ZR AA•AU•P AA•CU•P AA"'Z~•P AA•AG•P AA"'CO•P AA•NI•P· CM=CXHM CM•I8 CM•MO AII•PT AI•PD AII•RH AI•RU AI•IR EU 
STREAM-SEDIMENT SAMPLES = LAKE DOROTHY-CAMP ROBBER CREEK-FOSS RIVER AREA 25 

~K0405 150 0 0 00 II 4!1 !10 ,0 II 0 8 o a 1 0 1 0 II 0 8 ,ooo ,ooo ,ooo ,o 8 ,oo 
!110207 1!50 0 1 00 B 70 45 ,o 8 0 8 0 8 5 o,o 8 0 8 ,ooo ,ooo ,ooo ,o 8 ,oo 
£50209 1!10 o.oo ~ 70 45 ,O II 0 8 0 8 2 o,o B 0 8 ,000 ,ooo ,ooo ,o 8 ,oo 
£80210 150 o,oo 8 130 JS ,o ll 0 8 0 8 3 0,0 B 0 8 ,ooo ,ooo 1 0110 ,o 8 ,oo 
U0211 100 o.o. 140 60 ,o 8 0 8 0 8 3 o,a L 0 8 ,ooo ,ooo ,ooo ,o 8 ,oo 

!11021!5 150 o.oo ll 170 50 ,o !I 0 8 0 8 6 o,o 8 0 8 ,ooo ,ooo ,ooo ,o 8 ,oo 
!110216 100 o,oo Fl 180 4!1 1 0 A 0 8 o a II o,o 8 0 8 ,ooo ,ooo ,ooo ,o 8 ,oo 
£Ttl27 3 70 0,02 N AS 40 o 0 II 0 8 0 B II 0,11 L 0 8 ,ooo ,ooo ,ooo ,o 8 ,oo 
!T0277 100 o.oo I! 40 30 ,0 B 0 8 0 8 ao o,o 8 0 B ,ooo ,ooo ,ooo ,o 8 ,oo 
!T0279 Jo 0 1 00 B 55 30 ,o 8 0 8 0 8 2 0 1 0 II 0 8 ,ooo ,ooo ,ooo ,o 8 ,oo 

!T02Bfl :20 o.oo 8 150 25 ,o 8 0 8 0 8 12 o,o 8 0 8 ,ooo ,ooo ,0011 ,o 8 ,oo • II It 1-3 £T0290 100 o.oo 8 30 !10 ,o 8 0 8 0 8 z o,o 8 0 8 ,ooo ,ooo ,ooo ,o 8 ,oo 8 0 8 > F.T02'ill 150 0 1 00 R 55 95 ,o 8 0 8 0 8 3 o,o 8 0 II ,ooo ,ooo ,ooo ,o 8 ,oo • 0 8 
ET0293 7o n.oo R 65 110 1 0 II 0 8 0 8 3 3,0 0 8 ,ooo ,ooo ,oou ~8 ,oo 8 0 8 txJ 
F.T0]44 70 0 0 00 R 0 1\ 0 II .n R Q 8 0 8 2 o,o 8 0 8 ,ooo ,ooo ,ooo ,o 8 ,oo 8 0 8 t"' 

tr:.:t 
£TOl49 100 0 1 00 B 2!1 2!1 ,o 9 0 A 0 8 l 0 1 0 B 0 8 ,ooo 1:1 ,ooo ,ooo ,o II ,oo 8 0 8 00 
~TOlSO 150 0 0 00 R !lO l!l ,o 8 0 8 0 8 2 o,o 8 0 8 ,ooo 8 ,ooo ,ooo ,o 8 ,oo 8 0 8 ...... 

00 
ROCK SAMPLES • CH-'IN !JAI(!S • AREA 26 > 

F.C1229 300 0 .os ,; 0 8 0 8 ,o 8 0 8 0 8 0 8 o,o 8 0 8 1 000 B ,ooo 8 ,ooo ,o ,oo • 0 8 z 
f:C1229A so o. 05 "' 0 B 0 II ,o !I 0 8 0 8 0 8 o,o 8 0 8 ,000 II ,ooo 8 ,ooo ,o ,oo 8 0 8 t::j 
f:G1229B soo I ,so 0 ~ 0 B 1 0 A 0 8 0 8 0 B o,o 8 0 8 ,ooo 8 ,ooo 8 ,ooo ,o 1 00 I 0 8 ...... 
EG1229C 10 ~ a. 35 0 B 0 8 ,0 B 0 8 0 8 0 8 o,o 8 0 ll ,ooo 8 ,ooo 8 ,ooo ,o 1 00 I 0 a co 
M12290 200 o.us I" 0 B o a 0 0 II 0 8 0 8 0 8 0 1 0 A 0 8 ,ouo B ,ooo 8 ,ooo ,o ,oo 8 0 

F.GI229F. 7o 2 .oo 0 8 I) II 1 0 II 0 B 0 8 0 8 0 1 0 B 0 B ,ooo 8 ,ooo 8 ,ooo ,o ,oo 8 0 
EG1229f 150 0 1 05 N 0 8 0 B , 0 R 0 8 0 8 0 8 o,o 8 0 B 1 000 8 ,ooo 8 ,ooo ,o ,oo I 0 
!Gt 229G 10 0,10 0 8 o a 1 0 II 0 8 0 8 0 8 o,o 8 0 II ,ooo 8 ,ooo 8 ,ooo ,o ,oo 8 0 
F.G122!11-I 15o o.os Ill 0 B 0 8 ,o Fl 0 8 0 8 0 8 o,o 8 0 8 ,ooo 8 ,ooo • ,ooo ,o ,oo • 0 
F.G1229J 300 o,oo II 0 B 550 ,o il 0 8 0 8 0 B o,o 8 0 B ,ooo 8 ,ooo 8 ,ooo ,o ,oo 8 0 

F.G1229t<. 30 0 ,(IO ~ 0 8 1600 ,o 8 0 8 0 8 0 8 o,o II 0 8 ,ooo 8 .ooo 8 ,ooo ,o ,oo 
P:G1229M 10 :-1 0 1 00 B 0 8 0 & ,o Fl 0 8 0 8 0 8 o.o 8 0 II ,ooo 8 ,ooo 8 ,ooo ,o ,oo 
EG122'1N 10 N o. 00 8 0 B o a .o 8 0 8 0 B 0 8 o,o & 0 8 ,ooo 8 ,ooo 8 ,ouo ,o ,oo 

STRf:AM-SEt'IIMEN'f SAMPt:.E • cHAIN LAKES • AREA :211 

EGI229L 150 0 .oo ll 0 I! 0 ll ,o I! 0 8 0 8 1 L 0 0 0 B 0 B ,ooo 8 ,ooo 8 ,ooo 8 ,o 8 ,oo • 0 8 

ROCK SA~PLES • NECKLACE VALLlC • AREA a? 

£G04 70A so o, 00 ll 0 B 0 II ,o 1\ 0 8 0 8 0 8 o,o 8 0 8 ,ooo 8 ,ooo 8 ,ooo 8 ,o 8 ,oo • 0 8 ~ 
00 !Go4708 70 o, 00 ~ 0 s 0 II 0 0 R 0 8 0 8 0 8 o,u 8 0 8 ,ooo 8 ,ooo 8 ,ooo ll ,o 8 ,oo • 0 I 01 



TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area ~ 

and additions-Continued 00 
0) 

> 
SAMPLE s.re:• S•MG' s.cA' s.n, a.Mlll 5•AG I•AS S•AU S•lt S.i!A S•lif: S•IH &•CLl s.cu t'-4 

'"C 
8TRIU!oi-II!:DIM!!:IoT IIA!o~PLEII • lo!CKLACI: VALLY • A~EA :a? 1-4 z 

1&:0459 J,oo 1,00 t,so ,soo t!!OO 0 0 5 N aoo N 10 II :.10 lOU 1,0 1U N au 111 15 t:r.:l 
IG0464 s,oo 1,00 2,00 ,300 t500 O,!i N 200 ~ 10 !II 100 7ou 1,5 10 Ill ao N ao t'-4 IG046S 2,00 o, 7o 1, so ,soo 500 0,5 " 200 N 10 N 10 sou 1,5 1U '' au N 7 > IG0468 1,50 o, 30 1,oo , too 1500 0,5 N aoo N 10 N 10 L 1 OJ 1,0 1U 14 20 N 7 

~ IG0478 JoOO 1e00 2,00 o!!OO 7oo Oo!! N aoo N 10 N 10 lOO leU 10 ... :.ill ... u t:r.:l 
IG0671 7,oo ,,so 2,011 • 700 700 0 1 !5 N 200 N 10 N to Joo 1,0 1U Ill <IU N 15 00 
I!K0407 s,oo t,OO 1,!50 • '700 700 0 1 !1 N 4100 ~ 10 N lo lou l,o 10 N 20 " 15 00 
IK0408 2,00 t ,oo 1,5o ,200 700 0,5 N aoo ., tO N 10 301) 1,0 1U N 40 N 7 1-3 
I!IOUJ 2,00 o,llo o, '70 ,1!10 7oo 0,5 II aoo N 10 ~ 70 200 t,u 1U N :.10 t. 10 c:: 
IIOU5 3o00 1,110 !5,0(1 ,!500 700 O,s N aoo " 10 N 10 L lOU 1,0 10 N :.10 "' 10 tj 

1!10128 2,00 o,llo 1,50 ,1!10 IOO 0 1 5 N aoo N 10 N 10 200 1,0 11.1, ao .~ 5 to<: 

> ROCK SAMPLE - LAKE DOROTHY = AREA 2 8 
~ IG2827A :J,oo o, 10 t,5o ,uo )00 0,!5 N 200 II 10 , 10 7ou 1,0 L 10 N ao N 5 > 

STREAM-SEDIMENT SAMPLES = LAKE DOROTHY = AREA 2 8 > 
102595 10,00 2,00 2 1 00 • 700 t!IOO 0 1 !5 N 200 ... 10 M 200 t 1 o L 11.1 N ao " 15 

z 
10 tj 102!196 u,oo 2,00 :~.oo ,soo t500 0 1 5 N 200 ... 10 N 100 300 1 1 0 L 10 N au N 15 

10259'7 10,00 2 1 00 t.oo 1 JOO 1000 U,!l N aoo N 10 1\1 7u 300 1,0 1U N :.!U N 15 > IG2610 s,oo 2,00 2,00 ,500 tOOO 0,!1 N :.100 ft 10 "' 1!1 aoo 1o 0 I; 1~ ,. :.10 II 7 tj 
IG26U l,oo 1,00 l,Oo ,200 3000 0,5 N 200 H 10 .. 10 )OO 1.,0 10 N :.10 1'4 15 tj 
IG26l2 s,oo 0 1 5 N 200 N -1 1 00 1.oo ,300 tOOO 10 "' 10 lou 1 0 0 N 10 N 20 N 7 1-3 
1Gat27 :a,oo 1,50 2,00 ,300 '700 0 1 5 N aoo H 10 N u lOO 1 1 0 L 10 ill 20 N 7 1-4 

0 
ROCK SAMPLE • TA¥t.0R RIVER • AREA 29 z 

IG2694 2,00 1,00 o,ao ,loo so 0 1 11 N 700 10 N 200 200 a,o 111 N 20 PI 
sn 

20 
~ STREAM-III:DIMEIIT SAMPt.EI • TArLOR RIVER • AREA 29 > 

IGUU 2,00 o, 10 3,011 ,200 100 0 1 5 N 200 H 10 N u 150 1,0 I; 10 N 20 N 7 00 
:I: ICU66 s,oo 1,10 l,OO ,300 tiOO o.5 200 H 10 N IO uu 1o0 L 10 N :ilU N 15 -IGU7o 7,oo 1,50 2,oo ,500 700 o,!l N 200 N 10 Ill 7o 200 ,,o L 1\l N •o " 5 z IGU7l s,oo s,so t,so ,300 700 0,!1 200 N 10 N 20 lOO 1,0 10 N 20 l\1 1!1 0 

STR!AM-II:OIMENT SAMPLES • UG CRUK • AREA 30 1-3 
0 

102720 7 ,oo 2,00 2~00 ,2011 1000 0 1 5 II aoo N 10 N aoo JOO 1,0 10 I; ao " 15 z 
10:1122 !loOO 2o00 1e00 elOO 7oo 0 1 5 II aoo 10 N 10 lOO 1o0 10 L ao N 15 
IG27U s,oo a,oo a.on ,300 700 0,!5 300 10 N 10 aoo 1, 0 L lll tt au "' 7 
102124 7,00 2,00 2,00 ,300 to no 0 0 5 N 200 II 10 N 10 300 1,0 10 N ao , 10 



TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area 
and additions-Continued 

UMPLt: 8•CR I•CU 8•L~ 8•140 I•NI'I I•NI I•PB 1•18 I•IC I•IN •·•~' ••v I•W 6•1 5•ZN 

ITRCA!I-81:DIM!!N'1' UMPLCI • ~!CKLACI: VALLI • AREA :11 

lOot II 20 10 20 N 5 N SO N 7 !10 100 N 10 10 N JOO 70 !10 N 10 2011 
!00464 Jo ]0 20 10 10 N 1!1 !10 &OO H 111 111 N 1!10 100 SO N ao aoo 
100461 20 10 20 N 10 10 N !I 20 100 II 10 10 N JOO 10 SO N 15 aoo N 
100461 10 L 30 :ZO N !I N 10 N 10 50 100 II ., 10 N 100 JO 50 r. 10 200 
IG0411 ao 10 :ZO N !I 10 N 10 ao 100 • 11 10 .. sou so so N 15 200 

100611 Jo JO 20 N !I N 10 N 1!1 so 100 N u 10 N 500 100 50 N 15 aoo N 
IK0407 so JO 20 L 5 N 10 N u so 100 N 1!1 10 N )00 1!10 !10 N u aoo 
IK0401 20 so 20 N !I,. 10 N 10 100 100 H 10 10 N Joo 70 !IO N u aoo 
1801U ao ]0 ao N !Ill 10 N I 15 100 N 7 &0 N 100 L 10 !IO N 10 aoo 
IIOlU 20 1 20 N 10 10 N 7 u 100 N 10 10 N !100 70 150 H u 200 

180121 ao 7 20 N 1!1 10 N !I 10 L 100 N 7 10 N 150 70 50 N 10 aoo N :;; 
ROCK SAMPLE : LAKE DOROTHY : AREA 2 8 IJj 

IG:U21A 10 u ao N !I N 20 L I 15 100 H 
~ 

7 10 N uo 50 50 N ao 200 N tz:j 
00 

STREAM-SEDIMENT SAMPLES : LAKE DOROTHY : AREA 28 ...... 
IG2S9!1 Jo 70 

00 
20 10 20 N 20 20 100 N 20 111 N 300 1!10 !lo N 20 aoo N > IC;lJ!I96 7o 100 20 !I II 20 N 20 !10 100 N )0 10 N 1!10 200 50 N !10 200 N 

10259'1 100 100 20 1!1 ao N 7u 20 100 N ao 10 N l!IU 150 50 N 20 200 N z 
IG2610 1!1 20 20 7 ao N 10 20 100 N 1!1 10 N )00 100 SO L 15 200 N t::l 
102611 20 70 ao 7 ao N 10 100 100 N 115 10 N 100 100 so " ao aoo N ...... 
102612 so 7o 30 7 20 N 10 10 L 100 N 1!1 10 N uo 100 so 20 aoo N 

~ 

IG2U7 Jo 10 ao L I L ao r.. 7 !10 100 N 15 &0 " aoo 100 50 N ao 2110 N 

ROCK SAMPLE • TAlCLOR RIVIR • AREA 29 

IG2694 10 N 10 20 L !I tf ao N 1!1 toN 100 N JO 11 lOO N 7o 50 N so aoo N 

ITRUM-IEDIMENT 8AMPLIEII • 'rULOR ~IVER • AREA 29 

ccuu u u 20 5 N ao N I 70 1011 N u 10 ill 150 70 ISO N 15 aoo N 
COU66 20 JO 20 N !I N 20 N 10 70 100 N 15 10 N 200 100 50 N 15 200 N 
EGU70 JO JO 20 N 5 20 N 5 30 100 N 1!1 10 N 1!10 1!10 50 N 20 aoo 
IGU11 7o JO 20 N 15 L ao N 30 l!l 100 N 115 10 N uo ~00 IO N u aoo 

ITREAM-IED!M!N'l' SAMPUS • lUG CREEK • AREA :JO 

IG2UO lo 70 20 II N 20 N 10 JO 100 N 20 15 zoo 150 50 N 20 200 
IG21:il2 so 200 20 7 20 N 20 10 100 N JO 10 N 1150 150 70 ao 200 
102723 !lo !IO 150 7 20 N 115 10 " 100 N 20 10 N 200 150 7o ao 200 H t\:) 
EG2'724 !lo JO 20 15 20 N 1!1 10 L 100 N 30 10 N 200 :zoo 7o 20 200 N 00 

-.1 



TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area 1:\:) 

00 
and additions-Continued 00 

> 
SAMPLE &.ZR AA•AU.P AA•CU•P AA•ZIII•P AA•AG.P AA•CO•P AA•Nl•P CM=CXHM CM•S!I Ctoi•MO AS•PT AS•PO AII•RH AoS.R\J AlldR EU t"'4 

'i:l 
STRIEAM-IIEOIM£NT SAMPLES • NECKLACE VALL¥ • AREA 27 

~ z 
IGO.S9 100 o,oo 9 10 25 ,o 8 0 II 0 8 8 o,o !I 0 8 ,ooo 8 ,ooo 8 1 000 II 1 0 II ,uo 8 0 II 

t;r:j 

IG0464 70 o,oo 8 35 6S ,o 8 0 8 0 8 l 0 1 0 B 0 8 ,ooo 8 ,ooo 8 1 0011 II ,o 8 ,oo 8 0 8 t"'4 
IG0465 150 0 1 00 B 10 10 ,o 1!1 0 B 0 8 1 L o,o 8 0 8 ,ooo 8 ,ooo 8 ,OIIU II ,o 8 ,oo 8 0 8 > 100468 100 o,oo 8 so 5!1 ,o "' 0 8 0 8 8 o,o 8 0 1\ .ooo tl 0 000 II ,oou 8 ,o 8 ,oo 8 0 8 ~ IG0478 100 0,00 8 s 10 ,o 8 0 8 0 8 1 0 1 0 B 0 8 ,ooo 8 1 000 II ,ooo 8 ,o 8 ,uu 8 0 8 t;r:j 

100678 150 0 1 00 B 30 lO 0 0 R 0 8 0 8 2 o,o !I 0 8 ,ooo 8 ,ooo 8 1 0110 II ,o 8 ,oo 8 0 8 rn 
IIK040'7 200 o,oo 8 u 45 .o 8 0 8 0 II 1 0 1 0 II 0 8 ,ooo 8 0 000 II ,ooo 8 ,o tl ,uO II 0 8 rn 
I!K0408 100 o,oo 8 so JO ,o 8 0 8 0 8 3 o,o 8 0 8 ,ooo 8 1 000 II 1 0110 8 0 0 II 1 011 II 0 II ~ 
1!10133 20 o,oo 8 55 110 ,o 8 0 8 0 8 1 l,O 0 8 ,ooo 8 0 000 B ,ooo 8 .o 8 ,oo 8 0 8 c::: 
110125 '150 o,oo 8 !I lO 1 0 II 0 8 0 8 2 o,o ij 0 8 ,000 II 0 000 B .uoo 8 1 0 II ,uo 8 0 8 t:l 
caoua 100 o,oo 8 20 4!1 ,o "' 0 8 0 8 1 0 0 0 R 35 1 000 R ,ooo a ,ouo 8 ,o 8 ,ou 8 0 8 ....:: 

> 
ROCK SAMPLE = LAKE DOROTHY = AREA 2 8 ~ 

I!G3827A 200 ],50 0 8 0 8 1 0 R 0 8 0 8 I) ll o,o 8 
t;r:j 

0 8 ,000 B ,ooo 8 ,0110 B ,o 8 1 00 B 0 8 > 
STREAM-SEDIMENT SAMPLES = LAKE DOROTHY = AREA 28 > z 

102195 200 0,00 R 0 8 0 8 ,o 8 0 8 0 B l N 01 0 B 0 8 ,ouo 8 ,000 II 1 000 B ,u 8 ,oo 8 0 8 tj 
1!03!196 300 o,oo 8 0 8 0 B ,o 8 0 8 0 8 1 1, o,o 8 0 8 0 000 B ,000 B ,ouo 8 .o 8 1 UO B 0 8 
I!G2597 300 o,oo 8 0 8 0 8 1 0 R 0 8 0 8 1 N o,o a 0 8 ,ooo 8 ,ooo 8 ,oou 8 ,o 8 ,uo 8 0 8 > 
IG2610 aoo o,oo 8 0 B 0 8 ,o 8 0 8 0 B 1 L o,o 1\ 0 8 ,ooo 8 ,ooo 8 1 000 B 0 0 II ,oo 8 0 8 t:l 
I!Ga6U aoo o,oo 8 0 Fl 0 8 ,o ~ 0 8 0 8 2 o,o s 0 8 1 000 B ,ooo 8 0 0UU B ,o 8 ,uo 8 0 II t:l 

~ 

EG26U :soo o,oo 8 0 8 0 I! ,o 8 0 8 0 8 1 N 0 1 0 II 0 8 ,ooo 8 0 000 B ,ouo 8 ,o 8 ,uo 8 0 8 1-3 
!G2U? 300 0 0 00 B 0 8 0 8 0 0 R 0 8 0 B l o,o "' 0 B ,ooo 8 1 000 B 0 00U B ,o ll ,oo 8 0 8 ~ 

0 
ROCK SAMPLE • TAYLOR RIVER • AR!A 29 z 

sn 
IG2694 JOO o,oo 8 0 B 0 B 1 0 II 0 II 0 8 0 8 o,o " 0 I! ,ooo 8 1 000 B ,000 B 1 0 B ,oo 8 0 B 

:El 
STREAM-sEDhlENT sAMPLES • TAYLOR p IV&:R • ARI!:A :19 > 

t:onu :so o,oo ll 0 8 1 000 B 0 B 
rn 

0 8 1 0 B 0 8 0 8 l o,o 8 0 B ,ooo 8 ,ooo 1:1 ,o 8 ,uo 8 :I: IOU66 100 o,oo 8 0 8 0 8 1 0 B 0 s 0 s 1 0,0 8 0 B ,ooo tl ,OOU B ,ouo 8 ,o 8 ,uo 8 0 I! ~ 
1023'70 150 o,oo 8 0 8 0 8 ,o 8 0 8 0 B 1 o,o 8 0 8 ,ooo 8 ,ooo 8 1 000 B 1 0 B ,ou 8 0 B z 
1£02371 150 o,oo 8 0 8 0 8 ,o 1\ 0 8 0 d a o,o 8 0 8 ,ouo ll ,000 B ,oou 8 ,o 8 ,oo 8 0 8 0 

.stR!AM-SF.OtM!NT SAMPLES • RIG CREEK • AREA lO 1-3 
0 

102'720 70 0 1 00 II 0 B 0 8 ,o Fl 0 8 0 8 1 N o,o 8 0 B ,000 B 1 000 II 1 000 B 1 0 B ,oo 8 0 8 z 
t:oana 1!10 o,oo 8 0 8 0 8 1 0 R 0 B 0 8 1 N 0 1 0 B 0 B ,ooo 8 ,ooo 8 ,oou 8 ,u 8 ,ou 8 0 B 
EG2'7U 300 o,oo 8 0 8 0 8 1 0 II 0 8 0 8 1 N 0 1 0 B 0 B ,ooo s ,ooo 8 ,ouo 8 ,o 8 0 01) 8 
102'7:114 300 0 1 00 II 0 8 0 8 1 0 R 0 8 0 8 1 N 0 1 0 B 0 B 1 000 II ,000 II ,ooo 8 ,o 8 1 0U B 



TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area 
and additions-Continued 

SA"'PLr. s.rE' S.MG' s.cA' a.tn looMN S.AG S•AI I•AU 8•8 leBA I•BIE •·•l hCD a.co 
ROCK SAMPLES • MARTEN LAKE • AREA .H 

rc2'72f> 5,00 l,O(l 2100 1 )00 700 0 15 N 200 N 10 N 10 L lOO 1 0 0 L 10 N ao 
EG27 49A 7 ,oo 1 100 2 ,on ,200 700 0,5 N aoo N 10 N 10 L lOO 1 0 0 L 10 N ao 

STHEAM--8£0H1ENT SAMPLE&> • MARTEN LAJ(E • AREA U 

EG272~ 10,01' 2 ,on 2,oo ,!500 1000 0,5 h 200 h 10 N 10 )00 1,0 10 N ao N 10 
EP2221 3 oOO 2o 00 l,OO oUO lOO Oo!l h 200 N 10 N 10 aoo 1o0 L 10 II ao 11 7 
r.P2722 5. oo 1, 50 3,00 ,300 t500 0 0 5 II 200 li 10 'N 20 lOO 1 1 0 L 10 N ao • u 

ROCK hMPL!: • LAKE l6A8i:LLA • AREA J2 

r:c2119 10 .o~ 3, 00 2 ,on ,!'100 2000 0,5 "' aoo 11 10 N 10 L 1!10 loO 10 N ao ,. 10 t-3 
STREA..,_St:DI~~~;~T SAMPJ,£8 • LAKE ISABELLA • AREA 3ll > 

ttl 
rc2t05 7100 o,!lo 1,00 ,200 1!10 0,5 N aoo N 10 N 10 L 100 1,0 10 N 20 N II t-t 

tz:j 
EC2tli7 7100 1,00 2,00 • 300 1 ooo 0,5 lOO N 10 "' 10 aoo 1,0 li)N ao N u 00 EC21 08 7 I Oll 1,00 2 ,oo ,300 soo 0 1!5 N :.100 N 10 " 10 lOO 1,0 10 N ao H 7 
[('2112 51 Q') 1,00 1,00 ,300 300 0,5 N aoo t1 10 N 10 L 300 1,0 L 10 N ao " 7 

,_. 
EC2U3 3 ,oo o, 70 2 ,on ,300 lloo 0,5 h aoo N 10 N 50 aoo 1,0 10 N ao ,. 7 00 

ROCK SAMPLES • SUNI)AY CREEK • AREA U > z 
EG25l5 7100 1,50 l, 00 ,300 I 000 10,0 lOO 10 N 10 L aoo 1 1 0 L u ao ,. u tj 
!G25l6 7 ,oo 2,00 1,00 1 ]00 100 0,!5 N aoo H 10 N 10 L uo 1 1 0 N SO N 20 N u ,_. 
EC:2536A 5, O\l a,oo 2 ,oo ,Jon Joo o, 7 aoo ~ 10 ~ 500 aoo i 0 0 L 10 ,. ao 11 I L co 

&TRI:AM-SEDIH!:NT SAMpLES • SUND.AY CR!:EK • AREA U 

EC21 15 !l,oo 2,00 s,no ,300 1100 0,7 aoo N 10 N ]0 200 1,0 ... 10 N ao N 11 
EC21l6 10, oo 1, 00 a,oo ,soo 7oo 0,5 N 200 II 10 II 10 ... 150 1,0 10 N ao N 10 
EG2S38 5o 00 1,50 2,on ,)00 700 1,5 500 10 N ]0 300 loll SO N ao 11 ao 
!:G2766 5,00 1,00 1,50 ,300 tSoo 0,5 N 2oo N 10 N 10 Joo 1,0 lll N ao N u 

ROCK SAMPLES • GOUGit'G LAKE • AREA 34 

EC2o93 ., ,oo :z,oo a,oo ,300 500 0,11 N 200 N 10 II' 10 L .JOO 1 1 0 L 10 N ao N 10 
Ecao97A u,oo o,50 0,07 .:zoo 70 5,0 10000 G 10 N 100 500 1o0 N 100 ao N I N 
EC2o98 7,oo a,oo 2, 00 ,300 t5oo 0 1 5 N 2oo N 10 N lO 500 1 1 0 L 10 N 20 N 7 

8TREAM-S!:!:'I"1ENT SAMPLES • GOUGING LAKE • AREA 34 

r:eao7a 3,00 o, 70 1,50 ,uo 100 0,5 L 200 N 10 N 70 150 1,5 10 N 20 N ., 
EC2oso 7 ,oo 1,00 1,00 ,300 '700 0 1 5 N aoo N so "' so aoo 1,0 10 N ao N 10 t-.:) 
r:eao96 7,oo s,oo 1,00 ,300 7oo 0 0 5 N 200 N 10 N ao 200 1 1 0 L 10 N 20 N 7 00 

co 



TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area ~ 
~ 

and additions-Continued 0 

SAMPLE S•CR 8•CU S•t.A 8•1110 S•NB I•NI 8•P8 8•18 S•IC ...... I•IR I•V l•il 1•1 I•IN > 
t"'4 
1-C 

ROCK SAMPI.EI • MARTEN LAKE • ARIA U ~ z 
EG2726 10 N tOO ao 5 ao N tO tO t. tOO N 10 10 ... uo lOO IO N u aoo N t_:rj 
I!027a9A 10 N 300 20 I M ao N to lOL 100 N 10 10 N 200 100 110 N u 200N t"'4 

STREAM-SEDIMENT IAMPLEI • MARTEN LAKE • AREA U > :;s:: 
EG27a8 30 70 20 5 ao N u u 100 N JO 10 N 200 liO 10 N 10 aoo N t_:rj 
EP2:1<11 10 115 30 10 20 L 5 L u 100 N 10 10 1\o uo 10 10 N ll 200 H 00 
EPa222 30 70 70 5 !, ao N 7 lO 100 N 20 10 N uo lBO IO H 10 aoo N 00 

ROCK IAMPLE • LAKE ISABELLA • AREA U 
t-3 
~ 

I!C:2119 lO 10 20 I N 20 N 30 to L tOO N 20 10 N 200 200 IO N 110 200 
tj 
to<: 

ITREAM-II!DlMI!h'l' IAMPLEI • LAKE liABELLA • AREA U > 
EC:2105 1!1 tOO ao 7 20 N I 10 L 100 N 10 10 N 100 70 IO N u 200 N ~ 

t_:rj EC:210'7 lo 70 30 5 N 20 N 10 70 100 N 20 10 N uo 110 IO L 10 200 N > EC:2108 lo 70 20 7 ao 'N so 20 tOO N u 10 N uo liO lo L ao 200 N 
I!C:2tU 10 N 30 20 5 N ao H 7 50 100 N u 10 N uo &10 lo N u 200 N > EC:2Ul :to 20 20 a H 20 L 111 50 aoo N u 10 N 200 100 IO N u 200 N z 

ROCK' IA14PLU • lUNDAY CREEK • AREA U tj 

ra:asn lO N 150 20 N 5 L ao L 7 200 100 N 10 10 N 30.0 100 IO N 11 300 > 
1(;35)6 t5o 100 ao N I N 20 L 10 10 100 N 11 ao H 200 &10 IQN u 200 N 

tj 
r.:Gauu 1so t50 ao N 5 N 20 L I '70 100 N 20 &5 JOO 200 IO N u aoo N tj 

~ 

ITREAM-atDIMENT SAMPLES • SUNDAY C:REEK • AREA U t-3 
~ 

7 
0 

EC:2tU lo '70 ao L 20 L 20 100 100 N u 10 N 100 uo SO N 20 200 L z I!:C:2tl6 lo 70 50 5 N 20 N Jo !50 100 N u 10 N uo 100 SO H 20 aoo L 00 
EG:UU 7o :zoo 30 7 20 L IO &00 100 N 111 10 N 100 J,OO 70 ao JOO ~ 

1!02766 7o )0 20 5 L ao r. Jo lO lOON 11 10 N uo 100 50 N ao aoo ., ~ 
~OCK IAfiiPL!S • GOUGING LAKI! • AREA l4 > 

00 
IC209J lo 200 20 L S H 20 N 10 10 L lOO N 20 10 N uo 100 110 N 20 200 N :I: 
Ec:ao97A 10 N 1000 20 L 70 20 N I 110 100 N ' 11 too N 70 IO 10 200 N ~ 

rcao9e u 50 20 L 5 N 20 "' 10 30 100 N 11 tO N uo &10 SO N u 700 z 
0 

B'REAM-81:0IMEN'I' SAMPLES • GOUGING LAKE • AREA U t-3 
0 a:e:ao78 15 15 30 5 L 20 J, 10 150 100 N 10 lO N uo 70 SO N u 200 N z 

e:e2oeo 10 N 30 20 5 N 20 N 10 70 J,OO N 10 10 N uo 100 IO N u :zoo • 
!C2096 :zo 70 ao 5 N 20 Ill 10 70 100 N ll 10 H 150 uo 10 • u 200 N 



TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area 
and additions-Continued 

&Aif!PLE s-z~ AA•AU•P AA•CU•P AA•ZN•P AA•AG•P AA•CO•I' AA•NI•P CM=CXHM CM•IB CM•MO AI•PT AI•PD AI•RH A8•RU AI•IR I:U 

ROCJC SAMPLES • MA~TEN LAKE • AREA :u 

EG2'726 70 0 1 00 B 0 8 (I B 1 0 II 0 8 0 8 0 8 o,o e 0 8 ,ooo 8 ,ooo 8 ,ooo 8 ,o 8 ,oo 8 0 8 
EG2'729A !IO o,r~o a 0 1!1 0 ll ,o ,. 0 8 0 8 0 8 o,o 8 o· e ,ooo 8 ,ooo 8 .ooo 8 ,o 8 ,oo 8 0 B 

STR!:AM-UOIIII!"T SAMPLE& • MARTEN LAKE • AREA 31 

!G2728 300 o,oo a 0 8 0 8 1 0 R 0 8 0 8 1 N o,d 8 0 8 1 000 B 1 000 B ,oou 8 ,o 8 ,oo 8 0 8 
EP2221 7o 0,00 8 0 El 0 8 ,o !I 0 B 0 B 1 H 0 1 0 II 0 8 ,ouo 8 1 000 B ,ooo 8 ,o 8 1 00 B 0 8 
EP2242 t!lo OoOO 8 '7o 415 .o !\ 0 8 (,) 8 10 0 0 0 II 0 8 oOOO 8 oOOO ll .ooo 8 oO B .oo 8 0 8 

ROCK IAioPLE • LAKE ISABELLA • AREA U 

!C2119 1!50 o,oo 8 0 8 50 ,o !I 0 8 0 8 0 8 o,o 8 0 8 ,ooo 8 1 000 B ,ooo 8 ,o 8 ,00 8 0 8 

~ STREA·~- BEDl'l[NT SAMPJ,r;S • LAKE ISABELLA • AREA l2 
t:Jj 

EC2105 70 0 0 00 II 0 B 0 fl ,o a 0 8 0 8 1 N o,o 8 0 8 1 0110 B ,ooo 8 ,oou 8 ,o 8 ,oo 8 0 B ~ 
r.c2t07 300 O,CIO 8 0 8 0 B • 0 !I 0 8 0 I 1 L 0 0 0 II 0 8 ,ooo 8 1 000 II ,ooo 8 ,o 8 1 00 B 0 8 tz:j 
!C21 OH 300 0 0 00 B 0 1'1 0 1;\ ,o 8 0 8 0 8 1 H 0 1 0 II 0 8 ,ooo 8 ,ooo 8 ,ooo 8 ,o 8 1 00 B 0 8 00 
EC4il12 100 o,oo ll 0 8 0 8 ,o Fl 0 8 0 8 l N o,o 8 0 8 ,ooo 8 ,ooo 8 ,ooo 8 1 0 B ,oo 8 0 8 ~ 

[C2113 70 0 ,oo 8 o e o a ,o 1\ 0 B 0 8 1 o,o 8 0 8 ,ooo 8 ,ooo 8 ,0011 8 ,o 8 ,oo 8 0 8 00 

ROCK U,MpUs • stri<OAY CREEl<: • ARI!:A U > z 
EG2535 150 0,00 8 0 8 190 ,o 8 0 8 0 8 0 B o,o 8 0 8 ,ooo 8 1 000 II ,ooo 8 ,o· 8 1 00 B 0 8 tl 
t:G25l6 70 0,00 II 0 8 0 8 ,0 B 0 8 0 8 0 8 o,o 8 0 8 ,ooo 8 ,ooo ll ,ooo 8 ,o 8 ,oo 8 0 8 ~ 
!G2!536A 150 0,00 B 0 8 0 8 1 0 B 0 II 0 8 0 II o,o 1.1 0 8 1 000 B 1 000 II 1 000 II ,o 8 ,oo 8 0 8 ~ 

STREAM-St:rlMENT BAMPt.ts • SUNDAY CREEK • AREA U 

EC2115 100 o,oo fl 80 1410 1 0 R 0 8 0 8 16 o,o 8 0 8 ,ooo 8 ,ooo 8 ,ooo 8 ,o 8 ,oo 8 0 B 
I!:C4!116 100 o,oo Fl 0 8 o e ,o (I 0 8 0 8 1" o,o 8 0 8 ,ooo 8 ,ooo 8 ,ooo a ,o a ,ou a 0 8 
!G2S38 200 0,00 1:\ 0 8 0 8 • 0 Fl 0 8 0 I l N o,o 8 0 8 ,ooo • ,ooo 8 ,ooo a ,o 8 ,oo a 0 8 
fG27flf 300 0 0 00 B !'lo 14C'I ,o Fl 0 8 0 8 .. o,o 8 o e ,ooo 8 ,ooo 8 1 000 B 1 0 II ,oo 8 0 I 

flOCK ST<MPLES • G0UGl"G LAKI: • AREA U 

!C2flll3 70 o,oo ll 0 8 0 8 o 0 PI 0 B 0 • 0 8 o,o 8 0 B ,ooo 8 1 000 I ,oou 8 ,o 8 ,oo 8 0 • 
!C2097A 30 o,oo f\ 0 1:\ 0 II ,o 1.1 I) B 0 8 0 8 o,o 8 0 I ,ooo 8 ,ooo 8 0 000 I ,o 8 ,oo 8 0 8 
EC2o9~ 70 0 1 011 R 0 8 soo 1 0 II 0 8 0 8 0 16 o,o 8 0 • ,ooo 8 ,ooo 8 ,ooo 8 ,o 8 ,oo 8 0 B 

STREAM-8l!!Dl"!E'IT sAMpUS • GOUGING LAKE • AREA lt 

!C2078 70 0 1 00 A 0 8 0 8 ,o !I 0 8 0 8 1 L o,o 8 0 8 ,ooo 8 ,ooo 8 .~oo 8 ,o 8 ,oo 8 0 • 
F.C21180 1 no 0 1 00 B 0 8 0 8 ,o 8 0 8 0 8 1 N 0 1 0 8 0 8 ,ooo 8 1 000 I ,ooo 8 .o 8 ,oo 8 0 8 

~ EC2o96 150 o, 00 8 0 B 0 8 ,o. e 0 B 0 B 1 L o,o 8 0 8 ,ooo 8 ,ooo 8 ,ooo 8 1 0 B ,oo 8 0 8 c.o ...... 



TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area 1:\:) 
(.0 

and additions-Continued 1:\:) 

> 
UMPLI: II•FE\ II•MG\ II•CA\ S•TU S•MN 8•AG I•AS li•AU i•l:l S•8A li•HE S•t!l S•Cll S•cu t"'4 

'"C 
ROCK SAMPL!I • Lt:hNOX CREEK • AUA 35 -z 

1:02!118l o,ao o,o3 0,011 L ,007 1!5 0 1 5 H 200 N 10 N 10 N ]U 1, 0 "' 1U N 20 ~ 5 ~ 
t_:rj 

I:C2!119A 0 1 05 L 0,02 L 0,05 L ,00!1 10 L 0 0 !1 N ~co "' 10 r· 10 " 20 1,0 1\0 1U " 4U N 5 ~ t"'4 
ECU198 ll,oo 1,so l,oo ,2no !loo 0 0 5 N 200 N 1U r. 10 J., 700 1, u J., 1U I< 20 " 5 > 102!131 !l,oo 1,so 3,00 ,200 300 0,5 " 200 N 10 t. 1U &. 500 loU IJ HI I< 20 ~ !!I ~ 1025<14 s,oo o, 70 1,!io ,200 700 JO,o 200 N 10 .. 50 300 1 1 0 L 11) ,; 20 N 1 t_:rj 

IC2!524A 7 ,oo s,so 7 ,oo ,100 1000 to,o tsoo 10 N 1!l 200 1 0 0 N 2U 20 N 15 
r.n 

1:02!12411 l,oo o, 70 2,00 ,200 100 0,!1 N loo 10 I' 20 soo 1 1 0 N lU i> ~u N 5 ... r.n 
1!02!129 10,00 5,00 !1,00 ,500 1000 O,!S N 200 ~ 10 .. 10 " 15u 1, U N 111 ,, 211 ~ 30 ~ 
!02718 u,oo 1,00 0 1 0!1 L ,300 11100 ll,o uoo 10 ~ 7u !IOU 1, 0 1\l" 20 " 5 c:: 
E027Ul u,oo 0,20 0,0!1 L ,too 1!50 so,o 1 oooo a 10 N 70 1011 1, u •• 151) 20 .~ 5 N tj 

1027.188 
to<: 

10,00 2,oo 2,00 ,300 soo o,s 1000 10 N 21) 300 1, 0 ... 1 u ,, 2U ~ 15 > 1:02761 2,oo o,5o l,So ,050 !1000 G 7 ,o 10000 10 "' 30 20 L 1 1 0 L 111 N 20 II 5 N 

102761l JoOO o, 70 1,00 ,uo !!000 G 20,0 Juoo 10 " 70 70 1, u ... lU II 20 " 5 ~ 
EG21618 ,. 00 o, 7o l, 00 • 030 !1000 G 300,0 10000 10 " ]0 300 1, 0 J., 1U N :10 ~ 5 N t_:rj 
1!02762 :t,oo o,u 0,0!1 L ,030 p1o 1,1 300 H 10 tt lO 200 1 1 0 L 10 N 2U ~ 1 > 
E02762l 3,oo o,u 0,0!5 L ,030 70 1,!1 :100 N 10 ~I so 200 1, 0 J., 15 20 " 7 > 
IC21621 J,oo 0,10 0 1 0!1 L ,0]0 30 20,0 3000 10 ~ 50 1!50 loU I. 3u 20 .~ 1 z 
1:02763 :a,oo 0,15 0,0!1 L ,030 u 0,5 L :100 N 10 ~ lu 150 l,IJ ... 1U I< ;&o "' !i L tj 
1:02761l o, 70 0,10 O, )O ,olio 30 0,!1 II :.100 N 10 N 10 "' J0\1 loU 111"' :.iU II 5 N 

> lp2368A 10,00 J,oo 5,00 ,300 tiCIO 1,o 200 " 10 N 10 L lou 1 1 0 N 1U I< 20 ~ 10 
tj 

lp2J68E u,oo J,oo s,oo , 7oo 1500 0,!1 II 200 N 10 ll 10 "' 200 1 1 0 N 10 N au 11 30 tj EPuur ao,oo J,oo 1,!5n , too !100(1 0,1 " ~ou H 10 t< 10 N Jo 1,0 " lU ~ :to " 30 ~ 
lp2J61G 20,00 s,oo 1,1o ,0'70 1000 7 ,o 200 N 10 N 1U N 20 L 1 1 0 N 111 ~ 20 ,., 300 ~ 
IP2J68H u,oo 3,00 2,00 ,200 3000 0 1 5 N :100 N 10 N 10 N lUll loU N 10 r. 20 "' 15 ~ 

I:PU73 10,00 3,00 5,00 ,500 ?oo 0 0 11 I. 200 N tO N 10 J., 150 1,o " 10 N 20 II 2U 0 z 
aTR!AM-Sii:OIHENT U"'PU8 • LENNOX CREEK • AREA 3!1 S/J 

IC2l24 e,oo s,oo 1,oo ,200 300 0,!1 N 300 10 N 20 200 1,0 10 N 20 N 7 $J 
1:02!1U 3,00 t ,00 1,50 ,:too IIOO 0 1 5 N 200 N 10 ~ )0 20() 1 1 0 L 10 N :10 "' 7 > 1:02U4 e,oo 1,10 t,lo ,!100 !loo 0 1 5 N 200 N 10 N 10 200 1,0 " 10 20 " 7 r:n 102518 loOO 1o00 1oiO t300 100 Oo!l H 200 ... 10 N 15 Joo lou " 1U N 20 " 1 ::r: 1:02!119 5,oo 1 1 00 o~ 7o • ]00 700 o,s "' :100 N 10 j\1 so 300 1,!1 11) ... :10 H 7 ~ 

102!120 ?,00 1o50 2,00 1 )00 ?00 0 1 5 N 200 l'i 10 N 10 300 1,0 1U N 20 N 7 
z 
0 I:G2U2 5,oo 1,50 2,00 ,500 700 0 05 H aoo N 10 N 1!1 21)0 1 1 0 10 " <to ,. 7 
~ 1021!123 5o00 1,00 2 ,oo o)OO '100 0 0 5 N aoo 11 10 ·~ 10 )00 1,0 1U h l!U "' 7 0 1aane s,oo 1,!10 ),00 .soo 700 0 1 5 N 200 N 10 " 10 2(10 1,0 L lU N 20 N 1 z 102!111 s,oo 1,so 3,00 ,soo 700 0 1 !1 N aoo N 10 N 10 L 200 1 1 0 N lU N ao N 7 

1c21132 ., ,oo 2,00 3,0(1 ,!100 700 0,5 N 200 N 10 N 15 aoo 1,1) "' 11) N ao "' 7 
I!CUU '7,00 2,00 5,00 ,soo 1000 0,5 N 300 N 10 N 10 100 1 1 0 N 10 N ao N 1!1 
1:02534 7 ,oo 1,50 a,oo ,soo 7oo 1,!1 1500 10 N ]0 1!11) 1,0 L 1U lo 410 N 2u 
I:Oa?U 1,50 o, J(l 1,00 ,100 300 1,5 aoo N 10 N 30 1110 1,11 1U N au N 7 



TABLE !B.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area 
and additions-Continued 

SAMPLE &•c:R I•C:U I•LA I•MO S•NII S•NI B•PB 8•88 •·•c: ···~ 
,Se&R II•V 11•1'1 S•lC S.ZN 

ROCK IAMPLE8 • LENNOX CREEl< • AREA l5 

llG2!UIA 10 N 15 L 20 N 700 20 N 15 N 10 N 100 N 5 N 10 N 100 N 10 " !10 N 10 N 200 N 
IC21519A 10 N I 20 N 1000 20 " 5 ~ 10 N 100 N 5 N 10 N 100 " 10 " 50 N 10 N :.100 
I:G215118 u 70 20 15 20 L 5 L 30 100 N 10 10 N 200 70 !IO N 10 200 
I:G2U1 u 200 20 L 15 20 L 5 L 10 100 " 10 10 N 1!10 10 !10 N u aoo N 
llG2U4 20 10000 20 L 15 L 20 L !I N JO 100 Iii 10 JO 100 Iii '70 50 N 1!1 1!100 

EG252U 10 L 7000 20 L 300 20 L '7 100 100 Iii 8 N )0 100 N ao 150 N 15 :100 
IC2U4B 11 110 20 L 5 20 L 15 L 10 100 N 10 JO 100 N 7() 10 10 L aoo N 
IC2UI 300 sao 20 tl 70 20 L 70 10 N 100 N 20 111 N JOO 200 !lu N 11 :.100 N 
IG2UI ao 1150 20 L !I N 20 N !I N 700 100 N l!l 10 t; 100 N aoo 50 N 20 700 t-3 
I!G2'7JIA 10 N 1000 20 L 5 ao N !I H 700 100 " 10 lO 100 N 100 !IO N 10 t; 2oo N > 
EG2UU Jo JO !0 I H 20 ~~ 10 20 100 H 20 10 N 150 4100 50 N 3U aoo N 

ttl 
t"4 llG27U 10 N 7 20 N 5 N 20 L I L 200 &00 5 N SO N 100 N :.10 !Ill N 10 N 500 tz:j 

I:GU6U u 30 20 N :10 20 L ' 20 150 7 15 100 N so IO N 10 N 200 N r:n IG2'761B 10 N '700 20 N 5 N 20 L li L 1500 3000 !I N 300 100 N 30 50 N 10 li 7000 
IG2'762 10 N 70 20 N 7 20 L 5 10 100 N !I Ill 10 100 N 10 L 50 N 10 L 200 N ~ 

00 

IG2'762A 10 N uo 20 N 5 H 20 L !I JO 100 ~ IS N 50 100 ~ 10 " 50 N 10 N 200 N > 
I:G:a?UB 10 N uooo 20 N 7 20 L !I 70 100 L !5 N u 100 N 111 L 50 N 10 N 200 N z 
EG27U 10 Iii 70 :20 N 5 N ao L 5 10 N 100 L 5 N 50 100 N 10 110 ~ 10 N :200 N t::l llG276U 10 N 20 20 N ' 20 L 5 L u 100 N 1i L 10 l\1 100 L 10 L 110 N 10 L 2oo N 
IPU61A 10 L 11 20 L !I N 20 L 5 L 10 100 N 20 10 N JOO 2110 50 H 15 auu N ~ 

~ 

IPU68! 11 200 20 N !I L 20 L u '70 100 N 31) 10 " 300 aoo 50 N 20 200 N 
IPU68F 10 500 20 N 5 L ao L 5 10 L 100 N 30 10 N 100 L aoo 5(1 H 30 aooo 
EPU68C 10 N 3000 20 N II L ao L 70 10 H 100 N 10 10 Ill 100 70 50 N u 500 
llP2J68H 10 L 111 20 N !I L 20 L !I 10 100 N 20 11l ~ 150 l!IO 50 N 20 500 
EPU'73 7o 150 20 N 5 N 20 L lo 10 N 100 N 20 10 N :too 200 50 N 15 auo N 

8TAEAM-IIEDIMit~!T SAMPLEI • LltNNOX CREEK • AREA )II 

ECU24 10 N 70 20 5 N 20 N 7 lO iOO N " 10 N 150 70 110 L 10 200 
EtJ25U 20 70 20 L 5 20 L 10 20 100 N 10 10 N 100 70 50 H 10 200 
I:G:I5l4 20 so 50 I 20 " I t. 10 100 N 1S 10 N uo lOU 50 N 15 aoo 
IC21518 ao '70 20 L 15 ao r. !I L 20 100 N 10 10 N 100 7o 50 L 10 ;,JOO 
I:G:I519 20 150 20 L 20 ao L 5 20 100 ,.. 10 1U L 100 100 50 L 20 :ilOO 

EG2120 20 '70 20 L 5 20 L 5 20 100 1\1 u 10 1\1 200 100 50 L 15 200 
I:G252:1 liS lO ao L 30 20 L 15 u 100 N u 10 N 200 100 50 L 20 200 
EG2!1:U 20 70 20 L 30 ao L 5 JO 100 N 10 10 N 200 100 50 N 15 4100 N 
Ec2n• u 7 20 L 5 L 20 L ' 10 100 Ill u 10 t; aoo 70 100 u 200 N ~ 
EG25ll 30 20 20 L 1!1 ao L 7 10 100 H 20 10 too aoo 150 lio N 20 200 N (.0 

EG2532 Jo lo 70 7 20 L 1!1 10 100 N 
C.A:l 

20 SO N 200 150 50 N 2U 2110 N 
EC2!13l 7o 50 20 L 5 L ao L 30 70 100 ~ 20 10 I< 200 HlO 50 N 15 200 " 
EG:U34 :Jo 150 :20 5 L 20 r, Jo 150 lllll N 15 10 " 150 100 50 N 20 aoo 
IG27.U u 300 20 N 5 " 20 N 5 JOO 100 N 7 10 ~ uo lO 50 N 10 200 N 



TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area ~ 
c.o and additions-Continued ~ 

SAMPLE I•ZR AA•AU•P AA•CU•P AA•Z~•P AA•AG•P AA•CD•P AA•Nl•P CM=CXHM CM•Ia CM•MD 
> 

AI•PT AI•PD AI•RH AI•RU AI•Il~. e:u t"'4 
~ 

ROCK hi'IPU8 • LEIIINOX CR!EI( • AREA .tS ~ z 
t:G2!118A 10 N 0 1 05 lo 0 I! 0 8 ,o II 0 8 0 I 0 Fl o,o 9 0 II 1000 I ,000 II 1000 8 10 8 100 II () 8 tzj 
I!G25l9A 10 N o,os "' 0 II 0 8 ,(!II 0 II o e 0 II o,o 8 0 8 ,ouo II ,000 II 1000 II 10 8 100 8 0 8 t"'4 I!GU1 98 100 0100 8 0 8 0 8 ,o 8 0 A 0 i 0 8 o,o 8 0 8 1000 B 1000 B ,ooo 8 ,o 8 1UU B 0 8 > EC2Ul 100 0100 8 0 B 0 B 10 II 0 8 0 8 0 8 0 1 0 R 0 II 1 000 B ,ooo 8 1000 ll II) ll ,uo 8 0 B 

~ I!CI21524 50 0 1 00. II 0 8 uoo 10 8 0 8 0 8 0 I o,o 8 0 B 1000 8 ,000 II 1 000 II 10 B lou 8 0 8 tzj 
tc2!124A lO o,oo 8 0 8 400 1 0 II 0 8 o a 0 II 0 1 0 B 0 B 1000 8 1000 B 1000 8 10 8 100 8 0 8 00 
EG25a411 150 0 100 II 0 8 0 8 10 I!! 0 8 0 8 I) 8 0 10 II 0 II ,ooo 8 101)0 8 ,oou 8 ,o 8 ,oo 8 0 8 00 
ECU29 so o,oo 8 0 II 0 II 1 0 II 0 B 0 8 0 II o,o 8 0 II ,ooo 8 1000 tl ,ooo II ,o 8 100 8 0 II t-3 
EG27U 150 o,oo 8 0 8 650 10 8 0 8 0 8 0 8 u,o 8 0 8 1000 B ,ooo i:l louo 8 10 II 1 00 II 0 8 c::: 
EG27Ul 50 0100 8 0 8 0 8 ,o !I 0 II 0 8 0 8 0 1 0 B 0 8 ,ooo 8 louo 8 1000 8 10 ll lou ll 0 8 t:l 
EG273811 70 o,oo 8 0 8 0 B 10 !I 0 8 0 8 0 8 o,o 8 0 8 ,ooo !I 1000 tl 1000 8 10 B ,uo 8 0 II ~ 
!Ga76S 10 L 0,30 0 8 85 10 A 0 8 0 8 0 8 0 1 0 B 0 II 1000 B ,ooo B 1000 8 10 b 100 B 0 8 > EG2761A 70 0,50 0 B tlO 10 R 0 I! 0 8 0 8 o,o 8 0 8 ,ooo 8 ,ooo 8 ,ooo 8 II) 8 1 UO B 0 B ~ 
I:G2761B 10 L o,ao 0 8 10000 10 A 

0 " 
0 II 0 B 0 10 B 0 8 1000 B ,ooo ll 10011 8 10 8 100 B 0 B tzj 

EG27U 50 0 105 L 0 B 0 8 10 A 0 8 0 8 0 8 o,o 8 0 8 ,ooo 8 1000 II louo 8 1 0 B ,uo 8 0 II > 
EG2762A 10 0 105 L 0 8 0 8 10 II 0 8 0 8 0 II 0,0 II 0 II ,ooo 8 1000 B 1 000 B 10 8 ,oo B 0 8 > EG276a& 70 o,os 0 8 160 ,0 II 0 8 0 8 0 8 o,o 9 0 " ,ooo 8 1 000 II louu 8 10 B lou 8 0 8 z !G27U lo o,os 0 8 0 8 ,o 8 0 8 0 8 0 8 010 8 0 ll ,ooo 8 1000 b ,ouo tl 10 II 100 II u 8 t:l EG276lA lO 0 1 0!1 N 0 8 0 8 10 A 0 8 0 8 0 8 o,o 8 0 8 ,000 II 1000 b ,ooo 8 10 B 1011 B 0 8 
EP2368A 10 L 0 105 N 0 8 0 fl ,o !I 0 8 0 8 0 B 0 1 0 A 0 8 1000 II 1000 B 1000 1.1 ,o 1;1 lou 8 0 8 > 
!PUU! so o,oo 8 210 190 0 B 0 8 10 o.o ll 0 B ,ooo 8 1000 " 1000 8 10 8 0 B 

t:l 
10 R ,oo 8 t:l EPU68F 10 N OoO!I L 0 B 1800 eO R 0 B 0 8 0 B 010 B o II .ooo 8 tOOO II 10UO II 10 ll 1UU 8 0 B -I!P2368G 10 tl 0,20 0 8 uo 10 8 0 B 0 8 0 8 o,o 8 0 8 ,ooo 8 ,ooo 1.1 1 000 II ,o 8 ,oo 8 0 8 t-3 

EP2]68H so 010I N 0 8 uo tO 8 0 B 0 8 0 B OtO 1\ 0 8 1000 B 1000 1.1 .ooo 8 .o 8 100 II u 8 -!PU7J !IO 0100 8 0 !I 0 8 ,0 II 0 8 0 8 0 II 0 10 II 0 II 1000 !I 1 000 B 1 000 B 10 8 ,oo 8 0 8 0 z 
STRUM-SEP1'1ENT IIAMPLEii • LEI'UIOX CREEK • AREA 35 sn 

IC:2U4 7o 0,00 B 0 B 0 1.1 ,o !I 0 8 0 8 1 L 0 1 0 B 0 8 1000 8 ,ooo 1.1 ,uou 8 ,o !I 100 8 0 B 

~ EGUU 70 0100 8 0 1'1 0 B 10 !I 0 II 0 8 1 L 0 10 II 0 8 1 000 B 1000 8 ,ooo 8 10 II luu 8 0 8 
IG2Sl4 :too 0100 8 0 8 o e 10 8 0 II 0 8 1 010 8 0 II 1 000 II ,uoo !I ,ooo 8 ,O B 100 8 0 8 00 IGU18 7o 0 1 00 B 0 II 0 B 10 !I 0 B 0 8 1 0,0 !I 0 I! ,ooo 8 1000 II loou 8 10 8 100 8 0 8 :I: IG2519 300 0,00 8 220 110 1 0 R 0 B 0 8 6 010 fl 0 8 1000 II ,ooo 8 1.000 8 ,o fl 1 01J 8 0 8 

~ 

EG2!120 100 0 100 B 0 B 0 8 1 0 R 0 8 0 8 1 o,o 8 0 II 1000 tl 1000 8 1000 8 10 II 100 8 0 II z 
tGasaa 150 0 1 00 B 0 8 0 8 I() 8 0 8 0 II 1 0 10 R 0 8 1000 8 ,ooo I! 1000 8 10 8 luu I! 0 8 0 
IG252:J 100 0,00 B 0 8 0 8 10 II 0 8 0 8 1 o,o 8 0 R 1000 B ,ooo 8 ,uou 8 10 II ,uo 8 0 B 6 IEC2UI 300 o,oo 8 0 8 0 8 10 8 0 8 0 II 1 N o,o t\ 0 8 ,ooo 8 ,ooo 8 1 01)0 B 10 B lou 8 0 8 
IGUU 700 o,oo 8 0 8 0 II ,o !I 0 8 o B 1" o,o 8 0 8 1000 B 1000 II 1ouu a ,o 8 lou 8 0 8 z 
I!G25U 300 0 100 II 0 8 0 8 ,o 8 0 8 0 8 1 fol 0 10 B 0 B 1000 8 1000 El ,ooo 8 10 1:\ 1 UIJ 8 U II 
IG2Ul 100 o,oo 8 9!1 zoo 10 !I 0 8 0 8 6 010 F! 0 8 ,oou b 1000 tl louo 8 ,O B lou I! 0 II 
EGUU 100 0 100 B aao 390 ,o Fl 0 !I 0 8 )5 o,o ll 0 B ,ooo 8 ,ooo 8 loou 8 10 8 ,ou B 0 8 
I:G37U 100 0100 8 400 25 10 8 0 8 t) 8 12 0 1 0 B 0 El 1ooo B ,ooo 8 1000 B ,O B 1 0(1 B u 8 



TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area 
and additions-Continued 

llMPLE a•n• 8•MG. s.cl• 8•TI• I•MN II•AG l•lS S•AU S•tl I•BA s•tu; S•tll s•co I•CU 

102'136 
STREAM-SEDIMENT S~LES = LENNOX CREEK = AREA 35 

7 ,oo 3,00 2,00 ,soo 3000 0 1 5 H 200 N 10 ~ 10 " 200 1,0 " 10 " ~0 N :ao 
E027.J7 7 ,oo s,oo 1,00 ,:soo 700 0,5 N aoo ,. 10 N 10 50i) 1, 0 " 10 N 20 N ao 
102740 s,oo o, 70 1 ,oo ,:soo 300 0,5 N aoo N 10 N 10 )00 a,o lll N :lU N 7 
1onu 3,00 s,oo a,oo • 700 700 o, 7 200 N 10 ~ 20 lOO :a,o 10 " 20 ,. 10 
102755 :s,oo o, 70 1,50 ,200 7oo l,o aoo ·~ 10 N lO 300 1,0 10" 410 N 1 

1:02756 J,oo o. 70 1,!10 • ]00 I 000 o, 7 aoo N 1\J N lO )00 1,!1 11l H 20 N 
102717 loOO 1o00 a,oo • ]00 700 01!l 1.. aoo '" 10 ~ 20 lOO 1o5 10 N 20 N 
102711 loOO o, 70 1 1!10 1loo tOOO 01!1 ~ 200 N 10 ~ 1!i 30il 1,0 10 N 2u 
102760 s,oo 1,10 2100 ,!loo ?oo 1,0 200 N 10 l< 20 lou 1,0 1U N au 
102769 l,oo 1,!10 2,00 • 300 7oo U1 5 H lOO 10 !; 15 lOO l1u 1U " 410 

IP2l26 7 .oo a,oo 1,110 ,soo 700 0,5 N aoo N 10 N 10 JOO 1 10 L 10 N 2\1 II 7 
IP2:U2 s,oo 2,oo 2,00 ,200 700 015 200 Ill 10 N 10 lOU 110 10 " 20 N 1 
IP2U3 3,oo 1,00 1,50 ,)00 500 Jlo 200 N 10 tJ 15 lOO l10 1U N 

"" l'j 
5 L ~ IP23J6 7 oOO 1o!IO a,oo eJOO 7oo 0,5 N aoo N 10 N 10 Ho l10 L 10 N '" "' lU 

lpU42 ao,oo o, 70 1,!10 ,150 ~000 0 1!1 H 700 10 .. 20 lOO 1,u L 10 N ~,,_ H 20 t:C 
IPUU 5,oo t ,so 1700 7oo 1,!1 200 I~ 10 ~ 1!1 lOO 1,0 " 1(J N 20 N 7 ~ 

2101) t_:l:j 
EP:U46 s,oo a,on J,oo • 700 !100 015 N :200 N 10 N 10 loo 1 10 N 10 N 20 N 7 00 IP2347 ll,oo 1 1 00 1,50 1300 700 o, 7 aoo t1 10 N 10 lOo 1,0 1.1 10 N <10 ~ 7 
nU49 7 1 00 1,50 11!10 '700 1000 0 1 !1 H aoo " 10 " 10 150 1,0 L 10 H 20 N 10 ...... 
IPUI2 J,oo 1,!50 2100 ,300 700 0,5 N aoo N 10 I 20 lOO 1 1 0 L IV I> 2U ·' 10 

00 

> EPUU s,oo a,oo 2,00 ,!100 500 0,5 200 iC N .>u lVO l 1 U l\i" iu n iu z 
!P:UII4 loOO So!IO J,oo 13on '700 Oe!l N :100 N 10 "' 30 aoo 1o 0 L 10 N 2U N 7 tl lpUIIS s,oo 1,00 a,no 1300 700 0 1 5 N 200 N 10 !; 10 l!IO 1,0 10 N 20 " 10 
IPU58 s,oo s,oo 1,00 1!500 500 0 1 5 II 200 tl 10 N 15 150 1,0 L 111 N 20 N !I ...... 
!PU6!1 s,oo 1,00 1,sn l!loo too 0 1!1 N aoo N 10 N 10 L Uv 1 1 0 N lll N 20 N 7 ~ 

EPU66 7 ,oo 1,50 3,00 ,500 7oo 0 1 !1 N 200 N 10 N 10 r.. aoo 1 1 0 L 1U rl 20 N 7 
EPU68 1o,oo 1,50 2,00 ,300 1000 0,5 N 500 10 N 10 r.. 1!10 1 1 0 N 10 II au N 15 
EP237!1 lloOO 1o!IO s~so I lOO 100 Oo!l N 200 N 10 N 1!1 ]00 loO L 10 N <!O N 7 
lpU77 s,oo 1,00 J,oo 1200 3no 015 N 300 10 N 10 l,o ]00 110 to N 20 N 5 
IPU78 7,oo 1,so l 100 ,500 5oo 0 1 !1 N aoo N 10 N 10 auu 1,0 HI rl 410 N 7 

IPU79 !l,oo t,oo 2,00 ,300 300 0,!5 N 200 tO N 10 200 110 10 N 20 N 7 
EPUI1 lloOO a.oo J,oo oi500 7oo Oo!l N 200 N 10 t., 10 100 leO L 10 N ao H 15 
lpUI2 7,oo S,!IO 2,00 1500 700 0,5 300 10 1\1 15 200 1,0 " 111 N 20 N 1 
EPUiJ J,oo 1 ,!lo 1,50 • 300 lloo O,!l 200 N 10 1'1 10 70 1. 1 0 L 1.0 N ao N 7 

MOCK IANPLt • !UT ,ORK MILUR RIVER • AREA 36 

IG2601 :t,oo o,1o 2,00 ,200 lloo 0 1 5 N aoo N 10 "' 200 ao t,u ~~ 10 N ao H 5 N 

8TR!AM-U01M!NT SAMPLES • EAU ,ORK fULLER RIVER • AREA 36 

IG2602 10,00 a,oo a,oo ,soo 2000 0 15 N 200 ·~ 10 N 
~ 

100 Joo 1,0 " 10 N 20 N 20 c.o 
01 



TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area ~ 
c.o 

and additions-Continued ~ 

> t-t 
""0 

lAMPL! I•CR I•CU ll•V II•¥ 
~ 

I•LA I•MO S•N!! S•NI I•PII 5•811 8•11_C 8•8111 8•8R II•W S•ZH z STREAM-SEDIMENT SAMPLES ~ LENNOX CREEK ~ AREA 35 trl llG27J6 lo 30 20 !I ao 11 30 30 100 N 20 10 N .100 100 !IO N 15 aoo N 
IG2U7 150 JOO 20 S N 2-0 N tso JO 100 N 30 10 N aoo aoo !IO N ;J() aoo L t-t 
llG2740 10 N 30 ao !I N 20 N 7 70 100 H 10 10 N aoo 100 So N 15 aoo N > 1Ga746 Jo 100 20 L 10 20 t. 1!5 300 100 N 15 10 N 300 1!10 !IO N 15 auo N ~ IG2151 10 u 20 L !I N 20 L 5 JO tOO N 7 10 h 200 110 50 N 10 aoo r. trl 
IG2716 u 30 20 II 20 L ., 70 100 N 10 10 N aoo 70 50 N 15 :iiOO N 

en 
IG2711 20 u !10 !I :ZO L 7 30 100 N 10 10 N 300 70 50 N 1!1 :ZOO N en 
EGa? II u !10 20 L !I L ao t. !I !10 100 N 10 10 N aoo 70 50 N u :ZOO N 1-3 
102760 Jo 30 20 N ., 20 t. 10 50 100 t; 1!1 10 h lOll lOU 50 N u aoo N c::: 
102769 111 10 20 S L ao L u 15 100 N 15 10 N 200 70 50 N 15 :.roo N t:! 

~ 
IPU26 lo 30 20 L s " ao L ., 100 100 N u 10 N 1!10 150 50 N 15 auo N > IP2U2 20 20 ao 15 20 L 10 10 100 N u 10 N 1!10 100 50 N 10 200 N 
IPUU u 10 10 !I L ao N I L 10 L 100 N 10 10 N 100 70 50 H u :ZOO N ~ 
IPUU 3o !100 20 L tO ao L 20 10 100 N 15 lU N 200 100 SO N 15 :ZOO N trl 
IP:U42 u 30 20 N 5 20 L !I 20 100 N 10 10 N no 70 !10 N 15 :zoo > 
IPUU u 10 20 L S N 20 L !I 1!1 100 N 1!1 HI N 200 70 !10 N u aoo r. > 
llP2U6 1SO 20 20 L 10 20 L 30 t!l tOO N 15 tO N JOO 100 !10 fj u aoo N z 
lpUU 20 u 20 L u 20 L !I L 30 100 N 10 10 N 150 70 50 N 15 2oo N t:! 
1!PU49 3o 20 20 t!l 20 L u 1!1 100 N 1!1 10 N 200 1511 So N u aoo r. > IPUU uo 30 30 !I 20 L 20 20 100 H 15 10 N 300 100 !lo N u aou N 

t:! 
I:PUIJ sso 30 ao N 30 ao L 70 30 100 N ao 10 Ill 1!10 uo 70 2(1 200 N t:! 
IPUU sso 15 20 L !I 20 L 70 1!1 100 N 1!1 10 N 200 100 !Ill N 20 200 N I-I 

I PUIS !IO til ao L 1!1 20 L 30 10 100 N 10 10 N uo 100 !10 N 1!1 aoo N 1-3 
I:PU&8 lO u 20 L 10 20 L 20 10 L 100 N 10 10 N uo 10(1 !10 N 10 200 N 

~ 

0 I:P:U65 aoo u 20 L 7 20 L 1!1 10 100 H to 10 N uo 100 SO N 10 20(1 N z 
IPU66 Jo 15 20 5 L 20 L 10 10 100 N 1!1 10 N 200 tOO 100 20 200 N sn 
1:PU68 ao 500 20 L 7 20 L 10 70 100 N 15 10 N 1!10 uo SO H 10 1000 

~ llPU715 70 30 ao L 10 ao L 30 10 100 N 10 10 N 200 70 50 N 10 200 N 
llP2177 ao 30 20 5 ao L 7 20 100 H 10 10 N 150 100 !Ill N lO aoo N > llPU71 ao 10 ao L s 20 L ' 20 100 H 1!1 tO Ill 200 uo eo N u aoo N en 
I:PU79 30 so 20 L S L ao L 10 20 100 N 1!1 10 N uo 100 50 N u 200 N 

::r: 
~ 

IPUI1 100 3o 20 L II ao L 30 20 100 N 20 10 " :too 100 So N ao aou N z 
1:PUI3 3o u 20 L s " ao L 1!1 :JO 100 N 1!1 10 N aoo uo 50 N 15 200 N 0 IPUIJ Jo 70 20 L II N 20 L :.JO 20 100 N 1!1 10 N 100 100 50 N 10 200 N 1-3 

ROCK lAMP!.!! • EAST FORK MILLER RIVEA • AREA 36 0 z 
IG260l 10 N 10 20 5 N 20 N 5 L 10 L tOO u 10 N uo 70 50 N 15 aoo N 

STR!AM-SEDl!'IENT IIAMPLEII • EAST FORK MILLER RIVER • AREA 36 

IG2602 70 70 20 S N :.JO II 20 !10 100 N 20 10 1'4 1!10 :aoo 5o N ao 200 N 



TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area 
and additions-Continued 

SAMPLE S•ZR AA•AU•P AA•CU•P f1A•ZN•P AA•AG•P AA"CO•P AA•IH•P CM=CXHM CM"SH CM•MO AS•Pl AS•PD AS•.kli AS•RU All•lR e:u 
STREAM-SEDIMENT SAMPLES = LENNOX CREEK = AREA 35 

!G27l6 70 o,oo 8 0 8 0 8 1 () fl 0 8 0 t.l 1 N o,o a 0 I! ,ooo 8 ,ooo 8 ,ooo 8 ,o 8 ,oo 1:1 0 8 
EG:IU7 70 o,oo 8 0 9 0 8 ,o 8 o a 0 8 1 N 0 1 0 B 0 8 ,ooo 8 ,ooo 8 ,ouo 8 ,o 8 ,oo 8 0 8 
!G2740 :zoo o,oo 8 0 8 0 8 ,o 8 o a 0 8 1 N o,o 8 0 8 ,ouo 8 ,ooo 8 .ouo 8 ,o 8 ,uo 1:1 0 8 
EG2'746 100 o,oo I! 0 8 0 8 ,o 8 0 B 0 8 1 L oto 8 0 II ,ooo 8 ,ooo I! ,oou 8 tO II ,oo 8 0 8 
EG2155 :zoo o,oo 8 40 !15 ,o !I 0 8 0 8 10 o,o 8 0 8 tOOO 8 ,ooo 8 ,ouo 8 ,o 8 ,oo 8 0 8 

!G:Z756 7o o,oo ·a o a 0 II ,o 8 0 8 0 8 1 o,o 8 0 B ,ooo I! ,ooo 8 ,ooo 8 1 0 II 1 00 II 0 8 
!G275'7 200 OtOO 8 0 8 0 8 tO B 0 8 0 8 1 o,o 8 0 8 tOOO 8 1 000 II ,ooo 8 ,o 8 ,uu 8 0 8 
I:G27U 300 o,oo 8 0 B 0 8 to !I 0 8 0 8 2 o,o El (I 8 ,ooo 8 ,uoo 8 ,ooo 8 tO 8 1 00 II u 8 
!G2'760 uo otoo 8 0 B 0 II ,o 1\ 0 8 0 8 1 L o,o 1\ 0 8 tOOO tl ,ooo 8 ,ooo 8 ,o 8 ,oo 8 0 8 
!G2'769 200 otoo 8 0 8 0 II ,o 1\ 0 8 0 8 1 L 0 ,o fl 0 8 ,ooo 8 ,ooo 8 tOOO B 1 0 B ,uo 8 0 8 

EPU26 200 o,oo fl 0 8 0 8 1 0 B 0 8 o a 1 N o,o 8 0 B tOOO B • 000 8 1 0011 B ,o I! ,oo 8 0 I! 
~ EP2U2 200 otoo 8 0 8 0 8 1 0 B 0 8 0 II 1 OtO B 0 B tOUCJ 8 1 000 II ,ooo 1:1 1 0 B ,uo 8 0 8 > EPUU 70 o,oo 8 0 8 0 8 ,o 8 0 8 0 B 1 L o,o 8 u B tOOO 8 ,ooo • ,ouu 8 ,o 8 ,uo 8 0 8 

EP2336 :iiOO OtOO B 0 8 0 B ,o 1\ 0 8 0 8 1 L o,o 8 0 8 oOOO 8 oOOO 8 tOOU 8 ,o I! oOO & 0 8 I:D 
!PU42 1!10 OtOO B 0 8 0 8 ,O B 0 8 0 1:1 1 o,u 8 0 B tOUO 8 ,ooo !I tOOO 8 tO h tOO 8 0 8 t"'' 

t;j 
EP:il343 uo o,oo 8 (I 9 0 B ,0 B 0 B 0 B 1 OtO R 0 ll ,ooo 8 1 000 II ,oou 8 ,o 8 ,oo 8 0 II r:n 
!PU46 100 o,oo 8 0 8 0 8 1 0 B 0 II 0 8 1 N 0 1 0 II 0 B ,ouo 8 ,ooo 1:1 ,ouu a ,o " ,uu " 0 8 1-' 
!P:U4'7 200 OoOO B 0 8 0 8 ,o 8 0 8 0 li 1 N OtO 8 0 II oOUO 8 oOOO 8 oUUU B oO & oliO 8 0 8 00 
IIP2349 200 o,oo I! 0 B o a 1 0 R 0 8 0 8 1 L 0 1 0 B 0 8 1 000 II ,ooo 8 tOOU 8 ,o ll ,uo 8 0 8 > EPU52 70 0,00 B o a 0 i! tO R 0 8 0 8 1 1\ o,o 8 0 1:1 ,oao 8 tOOO 8 1 000 B 1 0 B ,oo 8 0 I! z 
!PUll uo o,OO B 0 B 0 B ,o B 0 8 0 II 1 N OtO B 0 II ,ooo 8 ,ooo 8 ,ooo 8 1 0 II ,oo a 0 8 tj 
!PU54 300 0 1 00 B 0 II 0 B ,o 1\ 0 8 0 8 1 N oto 8 0 fl ,ouo 8 1 000 B ,ooo a tO 8 ,oo 8 0 8 1-' 
EPUII!I 70 o,oo 8 0 8 0 8 ,o I! 0 8 0 8 1 N o,o 8 0 8 tOUO 8 oOOO II ,ouo 8 ,o 8 ,ou 8 u 8 ~ 
EpU58 100 o,oo 8 0 8 0 8 to !I 0 8 0 8 1 N 0,0 B 0 B 1 000 B 1 000 B ,oou 8 ,o 8 ,ou 8 0 B 
EPU65 l!IO 0,00 8 0 II 0 8 1 0 II 0 fl 0 8 1 o,o 8 \) 8 ,ouo 8 ,ouo 8 ,ooo 8 ,o 8 ,uo 8 0 8 

EP2J66 200 o,oo 8 0 8 0 ll 1 0 R 0 8 0 8 a Ot\l B 0 8 tooo 8 ,ooo a ,ooo 8 tO II tOO 8 0 II 
I:PU68 !!O o,oo 8 620 1 ?oo ,u 1\ 0 8 o a 40 oto !I 0 8 ,ooo 8 1 000 B ,ouo 8 ,o e ,uo 8 u 8 
IIP2J75 '70 o,oo 8 0 8 0 8 oO 8 0 8 0 8 1 N OoO B 0 8 tOOO 8 oOOO 8 oUUU 8 tO B tOO 8 0 8 
I!P2377 uo o,oo 8 0 8 0 1:1 1 0 R 0 8 0 B 1 N o,o 8 0 8 tOOO 8 ,ooo 8 ,ooo 8 ,o 8 tOO II 0 II 
EP2378 200 OoOO 8 0 8 0 8 oO A 0 8 0 8 1 N OoO II 0 8 tOOO tl oOOO 8 oOOO B oU B oOU 8 u B 

!PU79 150 o,oo 8 0 8 0 8 t() I! 0 8 0 8 1 N oto 8 0 8 tOOO 8 ,ooo 8 ,ooo 8 ,o 8 ,oo il 0 8 
llPU8l JOO otoo 8 0 8 0 B ,o fl 0 8 0 8 l 1'1 o,o 8 0 8 ,ooo 8 tOOO 8 ,ooo 8 ,o 8 tOO 8 u 8 
IPUU :aoo o,oo 8 0 8 0 8 1 G B 0 8 0 d 1 .. 0 1 1) B 0 8 ,ooo 8 1 000 II tOIIII 8 ,u 8 ,uo 8 0 8 
!P231J 70 o,oo 8 0 8 0 8 oO R 0 8 0 8 1 ~ OoO B 0 8 oOOO 8 tOOO d oOOO B oO 8 tOO 8 0 8 

RUCK SAMPt.JO: • EAs·r rORI( ~ILLER RIVER • AR~A 36 

!02601 70 0 1 00 B 0 8 0 8 ,o 8 0 B 0 B 0 8 o,o p. 0 8 1 01)0 8 ,ooo 8 tooo 8 1 0 B ,oo 8 0 8 

STREAM-SEDIMENT sAMPLES • UsT P'ORK Mlt.LER RIVER • AREA lf> 
t-:) 
(.0 

102602 200 o,oo 8 0 8 0 8 1 0 B 0 8 0 8 1 N o,o I\ 0 B ,ooo 8 1 000 B 1 0QU K 1 0 B ,oCJ 8 0 B -:J 



TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area ~ 
~ 

and additions-Continued CX> 

> 
SA"I>J,I!; S•rE\ S•MG' S•CA' S•TU S•Mil S•AG B•AS I•AU 8•8 S•BA ... , t"" ... , I•C:O B•C:O "tt 

STREAM-SEDIMENT SAMPLES = EAST FORK MILL.ER RIVER = AREA 36 t-4 
EG2~03 lo,on 2, 00 s,on ,300 2000 0 1 !1 H aoo 11 10 , 100 500 aeo L 10 H ao " u z 
EG2MII• 1 o, oo 2,or• 1, 00 ,300 1000 U0 !1 N aoo H 10 N 30 lOO leO N tON ]0 II &0 tr.l 
I':G2614 to, uo 2 ,oo 2 ,on ,Joo t000 u,5 II aoo H 10 N 50 lOO 1 1 0 N 10 H :ao ,.. 10 t"" I':P24~t> 5, oo 1,oo 1,0n , aoo 500 0 1 5 II aoo H 10 N 30 300 leO " 10 H ao 11 ., 

> J!!P24J0 7 1 Oil t, on 1,00 ,)00 500 0 0 5 N aoo N 10 If u aoo l,O L 1011 2011 ., 
~ 

EP2433 s ,oo 1,0<) l, 0() ,son 1000 0,5 N aoo N 10 N 10 JOO a eo 10 N ao N u tr.l 
r.P24lb 5. uo 1,00 o, 1o ,Jon I 000 0,5 N aoo N 10 N 20 lOO 1,0 10 H ao H 7 en 
P:P2440 !1, 00 t,oo o, 7o 1 100 100 1) 1 5 H aoo N 10 N 10 )00 1 1 0 10 H ao H 7 en 
EP2443 So 01'1 Oo!IO t,oo .son 5oo Oo5 H aoo N 10 1\j 10 lOO leO L 10 " ao " I ~ EP2447 10 1 0•1 2o 00 2,0(1 o300 t!iOO Oo5 N aoo N 10 N 50 300 leO N 10 " ao 111 u c:: 
J!:P244b !1, O<l t,oo 1,00 ,300 tOOO 0 1 5 N aoo H 10 N 50 aoo 1e0 H lON ao H ., I::' 

~ 
ROCK SAMPLES • Wa:ST rORK MU.I.oii:R RIVER • ARIA 37 > 

e:G2834 2, 00 fl, 70 20,00 ,015 5000 G O,!i N 1500 10 N 10 N 20 N 1e0 N 10 H ao N I N 
~ 
tr.l F.G28HA 1,50 o,lo 0, 3" ,too 300 0,!1 N 3000 10 Til 30 70 1,0 L 10 " ao N 5 H > EG28l4ll 2,00 o, 70 0, 30 .uo soo 0 1 !1 N 3000 tO N 50 100 &eo " 10 N ao N 5 Ill 

r.G38HC 3 ,oo 1 ,oo a ,oo ,uo 3000 0,!1 l'j lOOO 10 N 70 1110 1,o L 10 N :IJOIII 10 > !:G2Al5 3 ,oo o,so 1),15 ,uo !100 7 ,o 10000 10 N so liO 1e0 L 10 N ao N ., z 
!S2o92 5 ,oo 0,30 0 1 05 L ,lOO 3000 0,5 N 1000 10 N 200 1110 1 10 L 10 N ao N &0 I::' 

STRUM-8EOIM!NT SA ~PLa:S • .WU'l roRK MILLER RIVER • AI'£ A J7 > 
I::' 

I!:C2tl4 !! • 00 t ,so l,!!o ,300 7oo 0 1 5 N aoo " 10 N lO lOO 1 1 0 10 H ao 11 u tj -EG261f> 3, oo 1,00 1,00 • 300 7oo 0 1 5 N aoo N 10 N 10 Joo &,o 10 N ao " 7 t-3 P:G2618 5oOO 1o00 loOO olOO t000 Oo!l h aoo N 10 ,.. 20 200 leO L 10 H ao N 10 t-4 
!G2817 7 ,oo ;z,oo l,oo • 700 1!100 0 1 5 N 200N 10 N 30 300 1,0 L 10 N ao N 11 0 ttc:aue 7 eOO a ,oo a,oo ,soo 700 0 1 5 N aoo ~ 10 N lO JOO 1 1 0 L 10 N ao H ll z en !G2819 7 ,oo 1,!10 2,00 ,!100 I Soo 0,5 Jl 200 If 10 N 10 JOO 1,0 " 10 • :ao N ao ~ 

!G2821 7 ,oo 1,!10 2,00 ,!lOr) 1000 0 1 !1 N aoo " 10 N 30 JOO 1 1 0 L 10 H ao " u ~ tP2451 3, oo 1,00 1,00 ,500 ?oo o,s aoo N 10 N 10 300 1 1 0 10 H ao " 7 > EP2452 5,00 1,00 1,00 • 300 1000 7 .o 1000 10 N 50 300 1,0 10 J,. ao ,. 7 
P:P24$3 7. 00 2o00 l ,oo olOO 1000 1o5 aoo " 10 N 10 loo loO 10 a. ao 11 10 en 

::r: 
1!:P2454 7 ,oo 2,00 1,0() .soo 1000 0,5 N :100 H 10 N 20 lOO 1,0 111 N 20 N 10 t-4 

!P3456 5,00 1,00 1,00 ,100 10()0 7 ,o :too 10 H 20 lOO 1,0 10 H ao ,. ., z 
EP2417 5oOO ltOO loOO olOO t000 Oo5 H 200 N 10 N JO lOO leO 10 N 20 ,. ., 0 
Ep2458 to,oo 2,00 t ,oo 1,ooo tOOO 0,5 H aoo ,. tO N 50 lOO 1,0 " 10 N :ao 11 u t-3 
EP2460 1o.oo 2,oo 1,00 • 300 1000 J,o 1000 10 H 200 loo 1eo L 10 " ao 11 u 0 z !112085 5 ,oo 0,110 o, 70 ,300 2000 0 1 5 N aoo " 10 N 70 JOO a,o 10 H ao ,. ., 
1:82089 7 ,oo 1,00 t.oo ,soo 1000 0 1 5 II aoo H 10 N 100 JOO &,o " 10 H ao N 'I' 
ES2091 J,oo l ,oo 1.oo ,200 700 1,5 300 10 N ao :aoo t,o 10 N :ao 11 7 
!82093 5.oo 1,00 2.oo ,200 '700 1,0 aoo 10 N 20 )OO 1,0 10 N ao ,. ' 



TABLE !B.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area 
and additions-Continued 

sAMPLE S•CR S•CU S•LA I•MO I•Ne 1•NI a•PB 1•18 I•IC ..... I•IR I•V 1•1! 1•¥ .. , .. 
STREAM-SEDIMENT SAMPLES = EAST FORK MILLER RIVER = AREA 36 

!GUOl 20 10 20 5 ~ 20 " 11 so SOO H JO 10 N JOO uo 10 • 10 aoo L 
EG2606 so 70 20 5 N ao N u 50 S00 N 15 10 N uo aoo 1.0 }r " aoo N 
I:G:II6S4 lo 70 20 7 20 II u ao 1011 N ao 10 N no uo IOL 20 lOON 
I:P2U6 so 100 ao u ao N 20 30 100 N 15 10 N 100 110 10 H u aoo H 
!P24l0 so so 20 1 20 N 20 JO 100 N u lO N uo lOO SO N u aoo N 

t:P24U 30 70 ao !I ao "' 20 '70 100 N u 10 N 110 100 10 N ao aoo " 
!P24:J6 lO 100 ao 5 N ao N 10 10 100 N so UN 100 7o 10 N u aoo N 
!P2440 7o 30 20 5 20 N '70 10 L 100 H 10 UN 100 70 10 N 10 aoo N 
!P2443 10 N lO 20 1 20 N 7 10 100 N u 10 N &00 '" ION u aoo N 
EP2447 lO 70 20 II l'f ao N u 70 100 H ao 10 N 100 &10 10 H ao aoo L 

EP2448 lO 70 20 5 N 20 N so 50 100 H u 10 N soo uo 10 N 20 aoo L ~ 
ROCK SAMPLES • WEST FORK MILLER RIVEJit • AJitEA J7 > 

1:0 
EG28l4 SO N 5 20 N 5 N 20 N 5 N 15 SOO N 5 N 10 N 300 II 10 II 10 200 N t-t 
EG2834A 10 II 20 N I N 20 r.. II L 10 N 100 N ' 10 100 H 10 IO N lO N aoo N tzj 
!G28l48 20 I 20 N 5 ~ 20 L 7 10 N 100 H 10 :ao \00 N ?u 10 N 10 N 200 N 00 
!G21l4C 20 10 20 N I H 20 L 7 SO L 100 " u u too N ?o 10 N u 2oo N t-' 
EGa US 1!1 50 20 N II N ao r.. I 2000 uoo so 30 SOO M 10 IO N 10 L 200 H 00 

11:120112 30 t5 20 S L 20 N II 10 L soo u 10 N 100 N uo 10 N 10 200 N > z 
STRI!AM-IEDIMENT SAMPLI:I • WI!IT FORK MILLER RIVER • AJit&:A U t:J 

EC21l4 lO lO 20 N 5 L 20 L 15 70 100 H 
t-' 

20 10 N 200 &110 lo " 11 aoo N c.c 
EG26U 30 70 ao 5 N ao N 10 so 100 H 10 SO N lOO no 10 L 20 aoo H 
11:02618 3o 70 20 S N 20 N 15 110 100 H 10 SO N soo uo 7o 20 200 N 
EG21l17 30 20 20 N II 20 L u 111 100 H 20 10 " :100 &50 to N 20 200 H 
II:G21l18 5o 70 20 N 5 20 L 15 20 100 N 20 10 N uo uo ID N lO 200 N 

II:G2Uil so 70 20 N s ao L u 30 &00 N 20 SON uo &50 so N 30 200 N 
toaea1 30 50 20 L 5 ao r. 11 70 100 H 11 SO N uo 110 IO N 20 200 N 
IP241il 70 50 20 5 N 20 N I 30 100 N u 10 N uo &00 So N u 200 N 
II:P24112 20 100 20 5 N ao N II '70 SOO N 111 10 N 100 100 IO N 11 200 L 
EPadl so 70 20 5 N 20 N u 30 100 N 20 &ON uo 110 IO N 20 200 N 

EP24114 ao 50 20 '7 20 N u 20 100 N u 10 Ill 1150 150 IO N 20 200 N 
II:P24511 '70 100 30 S N 20 N '7 70 100 N u SO N 100 100 10 L ao aoo " 
EP2417 lo 70 20 II H 20 N 15 70 100 N u SO N 110 100 to " 20 aoo L 
IP2418 to 70 '70 5 N 20 N 15 30 100 H 20 10 uo aoo IO L lO 200 N 
EP2460 20 200 20 I N 20 N 20 300 100 N 20 10 N 100 uo IO N 20 100 

maaoes lo so 20 7 ao N 11 30 100 H 10 10 II 100 70 SO N 10 aoo •• 
Eaaon 10 N 70 20 I H 20 N 15 50 100 N 111 10 N 110 auo IO N 30 aoo N J:o.:) 

11:82091 111 70 ao 5 N 20 N 7 20 100 H u 10 Ill 100 70 10 N u 200 N cc 
Ea2oll3 10 N !50 20 5 N ao N 7 30 100 H 11 10 N uo 100 So N 20 aoo .. cc 



TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area CJj 
0 

and additions-Continued 0 

> 
SAMPLE s.zR AA•AU•P ••·CU•P 1\A•Z~'<•P AA•AG.P AA•CO•P AA•I'<l•P CM=CXHM 

t-t 
CM•SB CM•HO AI•PT AI• PO AI•RH AS•RU AI•XR EU 1-0 

S'l'REAM-SEDIMENT SAMPLES = EAST FORK MILLER RIVER = AREA 36 ~ 

&:G2e.03 100 0 1 00 B 0 8 0 8 ,o ll 0 I 0 1 N o,o 8 0 8 tOOO 8 tOOO B tOOU 8 tO 8 tOO 8 0 8 z 
!G2606 70 o,oo 8 0 8 0 8 ,o ll 0 8 0 1 L o,o 8 0 8 ,ooo 8 tOOO 8 tOOO 8 1 0 B tOO 8 0 I tzj 
&:G<l614 200 o,oo e o e 0 8 1 0 B 0 8 0 1 N OtO B 0 8 tOOO 8 tOOO 8 ,ooo 8 tO 8 tOO B 0 8 t-t &:P242b 200 o,oo 8 0 II 0 8 tO 8 0 B 0 1 If OtO II 0 8 1 000 B tOOO 8 tOOO 8 tO B tOO B 0 8 > !P24l0 '70 o,oo 8 0 8 0 ll ,O R 0 R 0 1 N 0 1 0 B 0 B ,ooo 8 tOOO 8 tOOO B tO 8 tOO B 0 It 

~ 
EP24l3 150 0 1 00 B 0 1.1 0 8 ,o 8 0 B 0 l N o,o a 0 8 1 000 B tOOO B tOOO 8 ,o 8 ,oo 8 0 8 t_:l:j 
!P:11436 100 OtOO B 0 8 0 8 ,o R 0 8 0 1 N o,o 8 0 8 tOOO 8 tOOO 8 tOOO B .o 8 tOO 8 0 8 00 
!P2440 '70 o,oo 8 0 8 0 II ,o 8 0 8 0 1 N o,o 8 0 8 ,ooo 9 tOOO 8 tOOO 8 ,o 8 ,oo 8 0 8 00 
&:P2443 200 o,oo 8 0 8 0 B 1 0 A 0 8 0 1 o,o 8 0 8 ,ooo 8 tOOO B ,oou 8 ,o 8 tOO • 0 8 ~ 
EP:U47 100 o.oo 8 0 8 0 8 eO A 0 8 0 1 L o,o 8 0 8 .ooo 8 .ooo 8 .ooo 8 .o 8 tOO 8 0 8 c:: 
&:P244R 70 o,oo 8 0 B 0 B tO R 0 8 0 1 L 0 1 0 B 0 8 ,ooo 8 ,ooo 8 tOOO 8 tO B tOO I 0 8 tl 

...::: 
ROCK 8AMPLP:S • W&:ST FORK MIL ER RIVER • AREA J7 > 

EG2RH 10 N o,oo 8 0 8 0 B 1 0 R 0 8 0 8 0 8 o,o 8 0 II 1 000 II tOOO 8 tOOO 8 tO B tOO 8 0 8 ~ 
tzj 

EG28HA 30 0,10 0 8 0 8 .o ll 0 8 0 8 0 B o,o 8 0 II ,ouo 8 ,ooo 8 ,ooo 8 tO 8 tOO 8 0 8 > tG:il8l4H lO o,lo 0 8 0 8 tO R 0 8 I) 8 0 8 O,O II 0 8 tOOO 8 tOOO B ,ooo 8 tO 8 tOO B 0 8 
I:G28l4C 200 0 1 I 0 0 8 0 8 1 0 II 0 8 0 8 0 II o,o 8 0 8 tOOO 8 ,ooo 8 ,ooo 8 1 0 B tOO 8 0 8 > F.G2A)5 so o, 2!1 0 8 0 8 1 0 R 0 8 0 8 0 8 o,o 8 0 8 ,ooo 8 tOOO 8 tOOO 8 tO 8 tOO 8 0 8 z 
ES2o92 70 o,oo 8 0 8 0 B 1 0 II 0 8 0 II 0 8 oto 8 0 B ,ooo 8 ,ooo 8 1 000 B ,o 8 tOO 8 0 8 tj 

ITREAM-Sli:OIM!N'I SAMPLES • llii:IT FORK MILLER RIVER • AIIIEA J7 > 
tj 

r.c21H 100 o,on 8 0 8 0 8 ,o 8 0 8 0 8 1 N OtO 8 0 8 tOOO 8 tOOO ,ooo ,o tOO 0 tl 
&:G2616 200 o,oo 8 0 B 0 II 1 0 A 0 8 0 8 1 oto 8 0 8 tOOO 8 ,ooo ,ooo tO ,oo 0 ~ 

1-3 !G:II618 7o 0 1 00 B 0 8 0 8 ,o l!l 0 8 0 8 1 .. 0 1 0 B 0 8 ,ooo 8 ,ooo ,ooo ,o ,oo 0 ~ 

EG2817 200 o,oo 8 0 li 0 8 to 8 0 8 0 8 2 OtO 8 0 8 ,ooo 8 tOOO tOOO tO tOO 0 0 
F.G28l8 200 o,oo 8 0 8 0 II ,o l!l 0 8 0 8 1 OtO 8 0 8 ,ooo 8 tOOO tOOO ,o tOO 0 z 
EG28 19 200 o,oo 1\ 0 B 0 8 tO R 0 8 0 8 2 oto 8 0 II tOOO 8 tOOO tOOO ,o tOO 0 sn 
EG2821 70 o, 00 8 0 8 0 8 ,o 8 0 8 0 1 o,o 8 0 B tOOO II tOOO tO Oil tO ,oo 0 ~ EP2451 500 o,oo 8 0 8 (I 8 to 8 0 B 0 2 0 1 0 II 0 8 tOOO I ,ooo tOOO tO tOO 0 
EP2462 100 o,on 8 0 8 0 B ,o 8 0 8 0 1 N o,o 8 0 B ,ooo 8 tOOO ,ooo ,o tOO 0 > 
EP2453 lOO o.oo 1\ 0 8 0 B .o 8 0 8 0 1 N o,o 8 0 B tOOO 8 tOOO tOOO tO tOO 0 00 

::I: 
IP2454 lOO 0 1 00 8 0 B 0 8 ,o 8 0 8 0 1 0 1 0 II 0 II ,ooo 8 tOOO ,ooo tO tOO 0 ~ 

EP2456 7o 0 1 00 II 0 8 0 8 tO 8 0 8 0 1 " o,o 8 0 8 ,ooo 8 ,ooo ,ooo tO ,oo 0 z 
EP2457 300 o,oo 8 140 270 1 0 A 0 8 0 11 o,o 8 0 8 ,ooo 8 tOOO ,ooo tO tOO 0 C'} 
EP2458 soo o, 01) 8 0 8 0 8 tO B 0 8 0 1 N 0 1 0 B 0 8 tOOO 8 tOOO tOOO tO tOO 0 1-3 
EP241>0 70 o,oo 8 0 8 0 8 tO 8 0 I 0 1 o,o 8 0 8 ,ooo 8 tOOO ,ooo ,o tOO 0 0 
U2085 200 

z 
o,oo !I 0 8 0 8 ,o 8 0 8 0 1 l'l OtO 8 0 8 tOOO 8 tOOO tOOO ,o ,oo 

EU089 lou 0, 00 B 0 8 0 e. ,o 8 0 8 0 l N oto • 0 I tOOO • tOOO tOOO ,o ,oo 
1:52091 70 0 1 110 II 100 50 ,o I§ 0 B 0 4 0 1 0 B 0 8 ,ooo • ,ooo tOOO ,o tOO 
!S209l 200 0 1 00 R 0 B 0 8 ,o 8 0 8 0 1 L OtO 8 0 8 tOOO 8 tOOO tOOO tO tOO 



SAMPLE 

EG2f!:U 

t:C2tl7 
EG~822 
EG282l 

SAMPLE 

I!C21134 

EC2137 
EOU22 
102823 

sAP'IPLI: 

EG2824 

EC2tl7 
EG2922 
EG38al 

TABLE lB.-Analytical results of anomalous samples from anomalous areas in the Alpine Lakes area 
and additions-Continued 

S•I"E' S•MG' s.cA' a.ra ll•~l\l .S•AG 8•A8 .S•AU S•tl s .. ~. 8•lll S•tll S•CD 

ROCK. s,MPLE • GliAT CPEEJ< • ARU l8 

7 ,oo 0 0 OJ 0 1 05 L ,015 10 L 1 ,s 1 ouoo G 10 N 10 L !Ill 1 ,o ~ 1U N ao N 

STPHM- SEOl Mw;lll'f .~JI"PLES • GOAl C~t.EK • AREA 311 

5 ,oo 1,0•) 2, oo , lOO lOO 0,5 ~ 200 r. 10 " 10 :zoo 1 ,o L 10 N au 11 
7 ,oo 1, !iO 2,00 ,loo 1000 0. 7 ]00 10 N 30 100 1 ,o L 10 N au N s, ou 1. so 2,00 • ]00 1000 0 1 5 L 7oo 10 N ]0 ]00 1 ,o L lU N ao N 

8•CII a.cu 8•LA 8•140 S•NS S•Nl S•P8 1•811 a.ac 8•8N ···" a.v 1•111 I•Y 

ROCK SAMPLE • GOAT CREEK • AREA U 

10 L 30 20 N 5 L 20 L 5 70 JOO !I N 10 N 100 N 10 " to N 10 N 

STRUiol-le:OJM!NT 8AMPL!8 • GOAT CREEK • AREA U 

30 70 20 7 20 ~ 20 50 100 N u 10 N aoo uo ao N u 
so lO 20 "' s 20 L 15 200 100 N 20 10 N uo aoo 50 N )0 
50 30 20 N 5 L 20 L l5 100 100 .. ao 10 N uo 110 50 N )0 

S•ZR AA•Ail•P AA•CU•P AA•ZN•P AA•AG.P AA•COeP AA•NI•P CM=CXHM CM•&B CM•MO U•Pf A8•PD Al•itH AI•IIU Ai•lfl 

ROCK 8AfiiPLt • GOAT CRttK • AREA :U 

10 L o,oo 8 0 8 0 B ,0 R· 0 8 0 8 0 8 0 0 0 B 0 8 ,ooo 8 ,ooo 8 .ooo 8 ,o 8 ,oo 8 

STREAM-SEDIMENT 8At<:PLI:8 • GOAT CII!:EK • ARM 38 

1!50 o,oo 8 0 l\ 0 8 , 0 R 0 8 0 8 1 II o,o 8 0 B .ooo 8 oOOO II ,ouo 8 ,o 8 ,oo • 300 0 1 00 A 4!1 120 ,o II 0 B 0 tl 8 o,o s 0 8 ,ooo 8 ,ooo 8 ,ouo 8 ,u lj ,uo 8 200 o,oo 8 !lO 100 ,o 8 0 B 0 I 6 0 1 0 B 0 I ,ooo 8 ,ooo 8 0 000 B ,o 8 ,og 8 

I•CO 

10 
20 
111 

I•ZN ~ 
t::C 
~ 

aoo N 
trj 
00 
~ 

00 

aoo N > 200 N z aoo N t::l 
~ 
co 

EU 

0 8 

0 8 
0 • 
0 8 

Col:) 
0 
1-' 



TABLE 19 

[Analytical data are separated into categories on the basis of type of sample taken: stream 
sediment, soil, panned concentrate, and rock. Table 19 shows no classification by area. 

Letter symbols at heads of columns of analytical data are the following: S, six-step 
semiquantitative spectrographic analysis; AA, atomic absorption analysis; P, par
tial digestion; CM-CX-HM, citrate-soluble heavy-metals colorimetric test; CM, col
orimetric test; AS, fire assay-spectrographic analysis; and EU, radiometric uranium. 
Letter symbols at right of analytical data are these: N, looked for but not detected; 
L, detected but below limit-of-determination value shown; G, detected in quantities 
greater than value shown; B, not determined. Elements determined are reported to 
the nearest number in the series 1, 0.7, 0.5, 0.3, 0.2, 0.15, 0.1, and so forth. 

All elements are reported in parts per million, except iron, magnesium, calcium, 
and titanium, which are reported in percent. Citrate-soluble heavy metals are reported 
in parts per million. 

This table is a high-speed computer printout obtained after extensive program 
manipulation of a large Rock Analysis Storage System data file. Though legibility, 
style, and format do not meet customary U.S. Geological Survey standards, they are 
as close as time and the data body allowed] 

Col:) 
0 
!:..:> 

> 
t'"4 
'"0 z 
tz:j 

t'"4 
> 
~ 
tz:j 
00 
00 

d 
tj 
~ 

> ;; 
> 
> z 
tj 

> 
tj 
tj 
~ 

~ 
~ 

0 z sn 
~ 
> 
00 
:I: z 
0 
6 
z 



TABLE 19.-Analytical results of anomalous samples from other parts of the Alpine Lakes area and additions 

sAMPLE a•FEt a•MCOt I•C:At I•Tlt a•MN I•AG I•AI I•AU 8•1 I•BA 1•11 1•11 I•CD I•CO 

ROC:K IAMPLII 

cc:2o1u s,o 1,00 1,00 ,2oo 200 01 5 N 200 N 10 N 10 L JOO 11 0 L 10 II JOII I 
EG0092A s,o 2,00 1,50 ,soo '700 01 5 N 2oo N 10 H 100 700 1,0 10 II ao • 10 
EG0607 leO 1,10 s,oo elOO 1500 01 5 N 200 N 10 N 10 L uo 1,0 10 " ao • ao 
EG0609 s,o 2,oo J,oo ,500 700 0 1 5 H aoo N 10 N ao 500 '·' 10 N ao ,. lO 
I!G061l leO 2,oo leoo ,soo 700 01 1 N 200 N 10 N 100 700 lei 10 N :ION il 

IGOU4 ItO 2,oo leOO eJOO 1000 01 1 N 200 N 10 N 10 H JOO leO 10 N UN '7 
IGOUl leO 2,oo 1,!10 eloo 700 01 1 N aoo " 10 N 10 H IOO leO L 10 II 20 II ' IG06ai5A o,J o,ao &eoo ,ou JO 01 5 N 200 ,. 10 N JOO '700 '·' UN ao • I 'I 
IGOUOA leO !5,00 '7,oo ,Joo 1000 o.l N 200 N 10 N 10 uoo leO L 10 .. ao • II 
ICI0'7UA SeO J,OO '7,oo ,'700 1500 01 5 N aoo H 10 N 10 100 leO L 10 • ao ,. u 
EG0714 s,o J,oo s,oo ,500 '700 01 1 N 200 N 10 N 20 IOO leO L 10 N ao " 10 ~ 100711 7e0 J,OO '7,oo ,'700 1000 01 5 N aoo H 10 N IO '700 1,0 10 N ao 1 ao ll'J I!G0717A leO 0,70 l,oo eUO 100 o,s 200 H 10 N 10 JOO leO L 10 N ao 111 lO t"'l IG0'797 '7e0 1,00 u,oo ,'700 1500 01 1 N aoo H 10 N 10 L 150 leO L 10 N ao • 10 t:.j EGl042 10,0 2,oo J,oo 1,000 G 11500 01 15 H aoo N 10 N 10 L aoo 1eO 10 N IOJII IO 00 

ECS044 ItO 10,00 G leiO .ou 1000 J,O 2oo H 10 N 10 ao " loO N 10 N ao uo 
..... 
<» I!GU49A to,o J,OO 1,50 ,700 '700 01 5 N 200 N 10 N '70 '700 1o0 to N 10 ... > IGU498 lei o,oJ 0,10 ,JOO 300 0,5 aoo N 10 N '7o 50 11 0 L 10 L 20 11 

ICU64 s.o 2,00 1,!10 ,soo 2000 o,l5 H aoo N 10 H l5 uoo 1,0 L 10 N ao ,. z 
ICU66 '7,0 2,oo s,oo ,700 1000 01 5 N aoo 111 lO N 10 1000 leO L lON ao ,. t::! 

..... 
IGU14 2,0 o,ao o,ao ,uo 1000 01 5 N 200 N 10 N JO '700 1,0 10 N ao I (C) 

IGU02 to,o J,OO '7,oo ,soo 1!100 01 5 N aoo 111 10 N 10 L 100 11 0 N 10 N ao .,. 
IGU028 UeO J,OO 15eoo e'700 '700 01 1 N aoo N 10 N 10 L '70 leO N IO H ao &00 
101469 leO 2,oo :t,oo ,oo2 L 1000 o,s N 1000 10 N 10 ''700 leO L 10 N ao lOO 
IGU691 ItO loOO OoJO .soo '700 Ool N 200 N 10 N 200 :too ltO UN 20 ao 

IGU69c o,a o,o2 o,os ,oso JO J,O aoo N 10 N 20 aoo leO L lO II ao I N 
1020078 2o,o G 1,00 o,os L ,100 1!100 01 5 N aoo N 10 N 10 H 20 L 11 0 N 10 " ao uo·o 
IGlOO I 20•0 G loOO 0o05 L tOU 500 Oel N 200 N 10 N 10 N JO hi 10 N 10 •oo 
IOIOlU 10,0 !1,00 1,oo ,soo '700 01 1 N aoo N 10 N 10 L 100 l•O 'N 10 .. 10 10 
102051 lOeO 11 00 2,oo ,'700 '700 01 15 N aoo 111 10 N 10 700 1•0 10 N Ill ao 

10205'7 10e0 s,oo to,oo ,'700 1000 01 5 N aoo 11 10 N IOL 100 1e0 N 10 II :ao '70 
102061 '7,0 1,50 0,'70 ,700 500 0,1 N 200 N 10 N 100 500 1,0 10 N ao ao 
IG2o79 7,0 J 1 00 s,oo ,'700 '700 01 5 N aoo " 10 N l5 :too leO L J.O N ao ao 
IGil L4 10,0 10 1 00 G 10,00 ,soo '700 o,s N 200 N 10 N 10 L 20 leO N lON 20 ., 
IGUtaA OtJ Oe'70 Ool!l t00'7 10 L Ool N 200 H 10 N 10 N 200 !tON :to ao I N Cl:) 

102268 s.o 2,oo J,oo ,2oo 500 01 5 N 200 N 10 N 10 L 50 leO L 10 N ao 7 
0 
Cl:) 

IGU6t J,O 1,00 01 30 ,200 110 01 5 N 200 111 10 N u uo 1,0 " 10 N ao . .. 
IGU'7U 1,5 0,'70 1,50 ,100 100 o,s N 200 N 10 N 10 L JOO leO io 11 ao • • IGUII leO OeU 0,'70 ,0'70 100 01 5 N 200 N 10 N u 500 1,0 L 10 N 20 I N 
IGU4t a,o 2,00 1,!10 ,Joo 300 01 5 N 200 N 10 N 10 L 100 1,0 10 N ao ' 



TABLE 19.-Analytical results of anomalous samples from other parts of the Alpine Lakes area 
and additions-Continued 

Cl:l 
0 

SAMPLE s•cR I•CU I•LA I•MO S•I\IB S•NI S•Pa S•SB S•SC S•SN S•SR S•V S•W li•Y S•Z.ill S•Z.R ~ 

ROCK SAMPLES > 
t"'l 

tC::I051A 10 N 5 :zo r.. 5 N 20 N 7 10 L 100 tj 10 N 150 100 100 lfl :ZOO N '"tl 7 70 ~ 

EGOOi2A 150 100 ao N 5 L 10 N 50 10 100 N 15 10 N :zoo 150 50 N :!U :lCIO L 100 z 
EG0607 100 100 ao N 5 N 10 N 100 10 L 100 N 15 10 N uo 150 1.'10 H ao 209 " 70 t_:l:j 
EG0609 100 50 ]0 5 N 10 N 50 1!5 100 N 15 10 1\1 lOO 150 50 lv 15 :zoo 100 t"'l EG06ll 300 50 ao 5 lv 10 to. 70 15 100 N 20 10 ~ 200 150 !)O lv 20 aoo 100 > 
EG0614 7o 150 ao L 5 N 10 N ]0 15 100 N 15 10 1\1 lOO 100 50 1\1 111 aou N 70 ~ 

t_:l:j EG06U 50 tOO :10 N 5 N 10 N 10 10 100 N 15 10 N :zoo 150 50 ,. u 200 !; 70 00 EGOUIIA 10 L 5 L 20 N 5 N 10 N 5 r.. 50 100 N 5 N 10 N JOO 10 50 N 10 l.. 2UU llo 15 00 EGOUOA 500 200 20 N 5 Ill 10 N 100 20 100 N ao 10 ,. 500 uo 50 ,.. ao 200 " 70 t-3 EG07UA so 70 20 N !I N 10 N 10 15 100 N 15 10 Ill :.r:oo uo !iO II au aoo 100 c 
EG0'714 100 1!50 20 N !I N 10 N 50 10 100 l'j 10 10 N 500 150 50 .N 10 aou L 211 t:! 
EG0'785 150 100 20 L 5 N 10 N 70 10 100 Ill 20 10 "' 700 200 50 N 15 auo L 70 ~ 
EG0'71'7A 7o 300 :10 N 5 N 10 N t5 10 L 100 N 5 L 10 300 50 1.'10 N 11l L 21111 N 70 > EG0'797 '700 100 20 N 5 N 10 N 1!10 10 N 100 N lO 10 N 200 aoo 50 N 20 :ZOO L 70 ~ EG1042 50 so 20 L !I N 10 N 10 10 100 N 50 10 N 150 100 50 N 50 200 100 t_:l:j 

> EtH044 lOOO 10000 ao N !I Ill 10 N aooo 10 Ill 100 N 10 10 Ill 1tl0 N 50 50 N 10 N aou 1.1 10 N > EGU49A 200 lO ]0 5 N 10 Ill ]0 15 100 N ]0 10 N :zoo aoo 50 N au 2011 150 
I:GU498 20 50 20 N !I Ill :ZO N 5 10 L 100 N 10 10 N 100 N 70 50 N 10 1, 200 N 70 z 
EGUfl4 ]00 50 20 L !I N 20 Ill 150 l5 100 N HI 10 ,. 300 150 50 N 'tO :zoo 150 t:! 
EGU66 so lO 20 N 5 N :ZO N 5 L 10 100 N lo 10 N 500 JOO 50 N ao 200 70 > 
EGU84 10 L ]0 20 N 5 1\1 20 N 5 L l5 100 N 5 10 Ill 100 20 50 N 15 aoo 70 t:! 

t:! EGU02 150 70 20 N 5 N 20 i> 70 10 1,. 100 N 50 10 " :zoo 200 SO N 50 :zoo 100 ~ 
EGU02B JOO 150 20 N 5 N 20 N 150 10 Ill 100 N 70 10 ,. 100 300 50 IIi 50 200 100 ~ 
I:Gl469 1500 10 ao N 5 N 20 N 1!500 10 L 100 N 5 10 N .JOO ao 50 N 10 N :zoo 1.1 10 L ~ 

I:Gl469B t5o 20 50 5 .N 20 N 100 :zo 200 20 10 "' 100 70 50 N JQ :ZOO N aoo 0 
z 

EG1469C lO N 50 20 N !I N 20 N !5 L 100 10000 G 5 L 10 Jll 100 L 10 L !50 N lfl :ZOO N 100 sn 
EG:I007B sooo G t50 20 N 5 N 20 "' sooo 10 Ill 100 N 7o 10 "' <IOU 200 so ,. 20 500 50 ~ EG2oos 5000 G 30 20 N 5 N :zo L 5000 10 N 100 N so 10 N 100 N Uo 50 N 15 lOll 10 N 
EG2o19A '7o 100 20 N 5 N 20 L )0 10 Ill 100 Ill lo 10 N uo 150 50 N au :ZOO N 70 > 
EG:Zo55 300 100 50 5 I'< 20 N !10 20 100 N lO 10 /II aoo 200 50 N lO :zoo " 200 00 

:Il 
EG205'7 1000 100 ao L 5 N 20 N 150 10 L 100 N 100 10 N 700 Joo 50 ,. 21) 201) N ~~~ 

~ 

z EG2061 200 100 50 !I Ill 20 Ill 50 :zo 100 N lo 10 N aoo aoo SO N .JO 200 1.1 200 0 EG2079 lOO 200 20 N 5 N 20 N 50 :zo 100 "' 20 10 N 700 150 !iO N u 200 " 100 t-3 EG2114 700 100 20 N 5 N 20 L 200 10 Ill 100 N 20 10 1\i 100 100 t'IO N 15 :ZOil N so 0 EG2262A 10 Ill 10 20 N 7 20 N 5 N 10 N 100 N 5 N 10 "' 100 10 L 50 N 10 N 200 N 10 N z 
EG2268 100 20 20 L !I 20 1,. 70 10 L 100 N 10 10 N 200 100 50 "' 15 200 N 2CJU 
EG2269 lo 7 :10 N 50 20 L 15 10 N 100 N 7 10 ,. 100 70 50 N 111 " 200 ,. 100 
EG2279A 10 N 5 20 L !5 20 N 5 L 15 1()0 N 5 L 10 IIi :ZOil 15 50 N 10 1'1 l!OO N 50 
tG2335 10 N 5 L 20 L 100 20 N 5 ~~ 10 100 N 5 N 10 t.! too 10 L 50 H 10 2CJO N lOU 
EG2]49 50 15 20 L !I 20 1,. 50 10 100 N 10 10 ,. ~00 70 !iO N 10 200 Ill 100 



SAMPLE 

EC20!I1A 
EGOOUA 
EG0607 
EG0609 
EG0611 

EG0614 
EG0621 
EG06:l5A 
EGOUOA 
EG0711A 

EG0784 
EG0711S 
EG07ii7A 
EG0797 
EG1042 

EG1044 
EG1149A 
EC1249B 
EG1264 
EG1266 

EG1284 
EG1302 
EGU028 
EGt469 
ECUUB 

EG1469C 
1!020078 
EG2008 
EG2019A 
EG2055 

EG2017 
EC2061 
EG2079 
EG21l4 
EG226aA 

EG2268 
EG2269 
EG2279A 
!GUU 
EG2349 

TABLE 19.-Analytical results of anomalous samples from other parts of the Alpine Lakes area 
and additions-Continued 

AA•AU•P AA•CU•P AA•ZN•P AA•AG•P AA•CO•P ~A•Nl•P CM•CX•HM CM•&B CM•MO AS•fiT AS•fiLl AS•HH 

o,oo 
o,oo 
o,oo 
o,oo 
o,oo 

0 1 00 B 
0 1 00 B 
o,oa ~ 

0 1 00 B 
0 1 00 II 

o,oo 
o,oo 
o ,oa ~~ 

o.oo 8 
0 1 00 B 

0,20 
o,oo 
o,os 
o,os Ill 
o,oo 8 

o,oo 
0 1 05 N 
0 1 05 N 
0 1 0!5 N 
o,oo 8 

0,05 
o,oo 8 
o,oo 8 
o,oo 8 
o,oo 8 

0 1 00 B 
0 1 00 B 
o,oo 8 
0,00 8 
o,oo 8 

o,oo 8 
o,oo 8 
o,oo 8 
o,oo 8 
0 1 00 II 

B 
8 
8 
ij 

8 

0 8 
0 8 
5 
0 !! 
0 B 

0 B 
0 8 

10 
0 
0 

8 
8 
8 
8 
8 

8 
8 
8 
8 
8 

0 8 
0 8 
0 8 
0 8 
0 8 

0 8 
0 B 
0 8 
0 8 
0 8 

0 8 
0 8 
0 B 
0 8 
0 8 

8 
R 
II 
II 
B 

R 
II 
II 
E\ 
8 

0 F\ 
0 R 
0 p 
0 II 
0 A 

B 
B 
~ 
fl 
8 

B 
II 
fl 
II 
II 

0 !I 
110 
110 

0 B 
0 8 

0 B 
0 B 
0 8 
0 8 
0 8 

0 B 
0 B 
0 B 
0 B 
0 8 

1:1 
a 
d 
a 
a 

8 
a 
8 
e 
a 

0 B 
0 1:1 
0 8 
I) 8 
0 8 

1:1 
1:1 
8 
ll 
a 

0 8 
I) 

0 
0 d 
0 .; 

0 K 
0 8 
0 8 
0 8 
0 1:1 

0 8 
0 d 
o a 
0 d 
0 8 

0 8 
0 8 
0 I! 
0 8 
0 8 

B 
B 
8 
A 

0 8 
tl R 
0 l! 
0 
0 

R 
II 
R 

0 R 
0 A 

0 R 
0 A 
0 II 

R 
8 

0 8 
0 A 
0 
0 
0 fl 

0 8 
0 B 
0 R 
0 B 
n a 

0 B 
0 A 
0 B 
0 8 
0 fl 

o a 
0 ~ 

0 8 
(') R 
0 B 

ROCK SAMPLES 

B 
t! 
a 
8 
a 

8 
8 
8 
tl 
1:1 

8 
8 
1:1 
8 
1:1 

0 B 
0 8 
0 1:1 
0 8 
0 tl 

8 
8 
1:1 
1:! 
1:1 

0 8 
o a 
0 8 
0 8 
0 B 

0 1:1 
0 8 
0 tl 
0 8 
0 I! 

0 8 
0 tl 
0 8 
o a 
0 !\ 

R 
R 
R 
R 
A 

II 

B 
R 
B 
E\ 

B 
B 
fl 
I; 

R 

0 II 
0 R 
I) 1:1 

0 B 
0 b 

0 A 
.0 II 
0 B 
0 1:1 
0 1:1 

0 B 
0 tJ 
0 il 
0 f\ 
0 A 

0 B 
0 8 
0 8 
o a 
0 B 

0 f\ 
0 !' 
0 B 
0 8 
0 II 

,o tl 
.u ., 
,v 1:1 

·"' t! .u lt 

1 0 H 
,v tl 

1,0 J.. 
.u 8 
.o tl 

,U t1 
,o 8 

l,U I.. 
.o li 
,v t! 

,u t! 
,u 1:1 
.o 8 
,o t! 
,o tl 

,u B 
,u tl 
,o t! 
,o r:l 
,u H 

,o 8 
.u d 
,o i:l 
,o t! 
,o 1:1 

,o 8 
,o r:l 
,u d 
,o 1:1 

.u tl 

,o 
,o d 
,u t! 
.u r:l 
.u 1:1 

R 
B 
8 
B 
6 

B 
B 
L 

A 
8 
L 

0 B 
0 R 

0 B 
0 1:1 
() B 
0 8 
0 8 

0 R 
0 8 
0 
0 
0 8 

0 8 
0 B 
0 8 
0 8 
0 B 

8 
A 
B 
8 

0 1:\ 

0 B 
0 1:\ 
0 8 
0 1:\ 
0 B 

,oo 1:\ 
,00 H 
,OU B 
,oo I' 
,oo 8 

,ou 1:1 
,oo II 
,ou 8 
.oo 8 
,ou B 

,00 B 
,oo 8 
,uu 8 
oOO B 
,oo 8 

,oo b 
,ou 1:1 
.oo ll 
,00 b 
,oo I' 

,00 B 
,oo e 
,oo !:1 
,oo 8 
,OU B 

,00 II 
,ou t\ 
,OU B 
,00 B 
,oo 8 

,ou 1:1 
,oo tl 
,00 B 
,00 H 
,00 H 

,00 II 
,ou B 
,oo b 
,oo t! 
,oo B 

,oou a 
.ouu 8 
,ouo 8 
,000 B 
,000 B 

,oou 8 
.oou 1:1 
1 0UO II 
.ouu 8 
oOOO B 

,ouu a 
,ooo 8 
,ooo 8 
.oou 8 
0 000 B 

,ouo B 
,ouo 8 
,QUI) 8 
,oov 1:1 
,ooo 1:1 

,ouo 8 
,ouu tl 
,ouo tl 
,Oul) II 

0 000 B 

,oou 
1 000 B 
1 000 B 
,ooo 8 
,ooo 8 

,000 B 
.oou il 
,OOU II 
1 000 B 
.ooo tl 

,ooo 8 
,oou tl 
,ooo 8 
,oou 8 
,ooo 8 

.ooo 1:1 
,000 B 
,ouo 8 
,ooo !I 
,ooo b 

,cuo t:l 
,(IUU 1:1 
,oou 8 
oOUO B 
,uuu 1:1 

.ouo t' 
,ooo b 
,ouo IJ 
oUOO t> 
,ouo 8 

,ouo 1:1 
,uuu 1:1 
,uuo !I 
,ooo ij 

oOOO II 

,000 B 
,uoo b 
,ouo II 
,uuo b 
,ovu ,., 

,uuo 1:! 
,ouo 1:! 
,ooo ll 
oOIIO b 
,ooo ll 

,ooo ti 
,ooo 1:\ 
o0\10 t1 

,ooo 1:! 
oOOO B 

,ouo 1:1 
,ooo t) 

,ouo b 
,ooo i:! 
,ooo ti 

A~•RU A.S•lR 

,u II 
.o tl 
til K 
.o 1:1 
,o 1:1 

.o s 
,u tl 
,o 6 
oO 6 
.o b 

.u tl 

.u 1:1 

.o 1:1 

.u j:j 

.o 8 

.u tl 
,o I< 
.u b 
.o 8 
,o t! 

.o 1:1 

.u 8 
,o tl 
.o d 
.o l:l 

oO II 
.o 1:1 

.o t! 

.o lt 
oO II 

.u 1:1 

.o c; 

.o t! 

.u 1:1 

.o t! 

,o Cl 
.o 1:1 
oU H 
,O II 
.u t> 

,o 8 
,u 8 
.u 8 
oO B 
,o 8 

,u 
oO 1:1 
,o 8 
oU 1:1 
,o 8 

,o 1:! 
,u 8 
.o 1:! 
oO 8 
,0 B 

,u 8 
oU B 
oU B 
oU B 
.o 8 

.u fj 

,u II 
,u B 
,u B 
,u 8 

,u ~ 
,u 8 
,o 8 
.u 1:1 
,u 8 

,o B 
,o !\ 
,o tj 

,u 8 
,u 1:1 

oO B 
,o 1:1 
,u B 
,u 1:1 
,u a 

EU 

8 
II 
8 
e 

0 B 

0 II 
u li 
0 II 
o a 
0 8 

0 B 
!I 
II 
8 
a 

t! 
8 
8 
8 
a 

0 B 
0 tl 
0 r.l 
0 d 
0 d 

0 tl 
0 8 
0 II 
0 B 
0 8 

8 
tl 

u tl 
0 tl 
0 cl 

0 8 
I) fj 

0 1:1 
0 8 
0 B 

~ 
t:l:l 
t"' 
tlj 
00 
...... 
(X) 

> z 
tl 
...... 
tO 

<:~-' 
0 
01 



TABLE 19.-Analytical results of anomalous samples from other parts of the Alpine Lakes area 
and additions-Continued 

~ 
0 

IAMPLE •·ra:• S.MG' a.c:u a.rn a.MN a.u .... a. AU a.a I .SA 1•11 a. II I•CD I•CO ~ 
ROCK SAMPLES > I:GUI6 1,0 a,oo 1,50 ,aoo 500 01 5 H aoo N 10 N 2000 aoo 11 0 L 10 N 20 N u ~ I:CIUIU J,o 0,'70 0,10 ,aoo 500 01 5 N aoo N 10 N 10 70 a,o L 10 N 20 N I L ~ IGIIIJ 1,0 s,oo s,oo ,100 1000 01 1 N aoo N 10 N 10 L 100 S,O II UN 20 II 20 ~ 

1:01710 u,o J,oo 7,oo ,300 1000 01 5 N 200 N 10 N 10 N 70 t,o N io N 20 .. to z 
IGII01 2o,o a 0,70 o,ol L ,uo 5000 G 01 1 N aoo N 10 N 10 L 20 L 11 0 L ao 11 20 • Ute trj 

~ 
IGUOt u,o 2,00 o,ao 1 003 150 Jo.o 10000 G JO 10 N ao H 11 0 N 100 20 N 20 > IGUOtl ao,o G 1,50 0,30 ,oao 200 1,0 10000 G 30 10 N ao ,. 11 0 N so 20 N 10 ~ IGIUO J,o 2,00 1,50 ,uo 100 01 5 H uoo 10 H 50 100 11 0 L 10 II ao ' trj 
IGIIU 1tl o,2o 1,oo ,100 300 01 1 N 700 10 N ao 500 11 0 L 10 N ao • Jl 00 
IIC00718 5,0 a,oo J,oo ,Joo 100 01 5 N aoo H 10 N UL 5oo 1,0 " &ON 20 ... 00 

t-3 
IIC0211 1,0 l,OO 1,50 ,soo 1500 01 5 N aoo N 10 N 10 L '700 a,o L UN ao " c::: I:ICOI12 3,o a.oo ll,oo ,soo 1000 0,5 N aoo N 10 N 10 L 100 a,o L iON 20 so t::l IICOIII Ot5 o.o2 o,so t010 150 01 5 N aoo H 10 N 50 ao L ltl 10 ao I ~ IICOIIIA 1,0 1,50 1,00 ,aoo 5ooo G 01 5 N aoo ,. 10 N 10 L 1000 1,0 10 20 10 > IJtOII'P '7,0 J,OO t!i,oo ,soo 1!500 0,5 N 200 H 10 N 10 " 150 a,o L 10 20 u 

~ 
IICO•Ial 1,0 2,oo l,oo ,500 1000 o,s N aoo N 10 N 500 700 1,a 10 20 " 

trj 

1•aou 1,0 2,00 J,oo ,7oo 1000 01 5 N 200 N 10 N 10 N soo 1,0 " iO ao 10 > 
1•1o1o u,o 2,oo 1,50 ,aoo 5000 G 0,5 N 200 N lO H 10 " ao " 1,0 N lO 20 10 > I'IIU 7,0 31 00 J,oo ,700 500 01 5 N aoo H 10 N 10 L 200 11 0 N 10 10 ., z IPU15 lOtO 2,oo a.oo t'700 700 01 5 N 200 H 10 N 10 N soo hON 10 ao ,. 

t::l 
I:PUU 5,0 0,10 2,oo ,no 300 0,5 H aoo N 10 N 10 200 1,0 L 10 ao I > 
IU2U 1,0 2.oo 1,50 ,aoo 300 01 5 N aoo N 10 N 15 uo 11 0 L 10 ao 1 t::l 
IP1124 1tO a.oo 2.oo tiOO 100 Oo5 N 200 N 10 N 10 " uo ItO N 10 ao ., t:l 
lpUl4 ),0 1,50 1,50 .uo 300 o,5 N 200 H 10 N 10 200 1,0 " 10 ao ' 

~ 

t-3 IPUJ6 5,0 J,oo 1,50 ,Joo 500 01 5 N 200 N 10 N 10 200 a,o " 10 ao ' joooo4 

0 
110211 J,o t,IO 5,oo ,aoo '700 01 5 N aoo H 10 N 10 L 300 1,0 lO 20 lO z 110302 0,5 0,10 0,30 ,on 70 01 5 N 200 N 10 N 10 N 1000 leO N IO 20 I N sn 111001 1o,o :t,oo 5,00 e700 1soo 01 5 N 200 N 10 N 10 L ao " a,o N 10 20 u 

$l 1110U 7,0 ) 1 00 J,oo ,700 2ooo 01 5 H 200 N 10 N 10 L uoo 11 0 L 10 20 JO 
111071 10,0 0,'70 a,oo ,uo 300 01 5 N aoo H 10 N 10 L 200 1,0 " '0 N ao 1 > 

00 
noooa 7,0 1.oo 1,50 ,700 1500 0,5 N 200 N 10 N 10 L 1000 1,0 10 N ao 11 ao ::t: l'l'OOOV 1,0 5,00 1,50 ,soo 500 0 1 5 N aoo N 10 N 10 L aooo 11 0 L 10 N ao " ao joooo4 

1!0100 J,o 2.oo 2,oo ,Joo 1000 01 5 N 200 N 10 N 10 100 1,0 10 " 20 N I z 
1'1'0242 a,o 0,70 0,'70 ,no '700 t.o aoo H 10 N 10 N Joo 1,0 L 10 N 20 N I ~ 
1'1'0266A 2.o 1,00 1, 5o e1110 300 0 1 15 N 200 N 10 N 10 N 700 11 0 10 N 20 Ill I 6 
noue 1,0 31 00 s.oo ,:too 2ooo 0 1 5 N aoo N 10 N 10 L 700 11 0 L 10 N ao 1 ao z 
1:'1'0386 5,0 1o!i0 1.oo ,Joo 100 01 5 N aoo N 10 H 10 L 500 1,0 lO H 20N 10 

STREAM-SEDIMENT IAMPLEI 

EC2009 J,o 1.oo 1,00 ,200 :zoo O,IS aoo N 10 H 10 200 1,0 10 N 20 Ill . " Eeaoao 7,0 :z.oo 1,oo ,500 1000 01 5 N aoo H 10 N 10 L aoo 1,0 10 N ao " 10 



TABLE 19.-Analytical results of anomalous samples from other parts of the Alpine Lakes area 
and additions-Continued 

SAMPLE S•CR S•Cll S•LA S•'W S•N8 S•NI S•PB 5•88 8•1C S•SN S•IR I•V 1•111 1•11 I•ZN S•ZR 
ROCK SAMPLES 

t:G:U56 10 10 20 L 5 20 L 10 10 N 100 N 15 10 N aoo 70 10 N u 200 H 100 
EGH82A 10 N 7 20 L 15 20 N 5 L 10 L 100 N 10 10 N 100 ao 10 " u aoo " uo 
EG2553 200 100 20 L 5 N 20 L 50 70 100 N 20 10 1\o JOO uo 50 N u aoo N 70 
EG27110 1500 300 20 N 5 L 20 L 70 10 N 100 N lO 10 N JOO 150 50 N u 200 N JO 
EG2807 5000 G 100 :10 N 5 L 20 L 5000 10 L 100 N 50 u 100 H uo 110 .N 10 Ill aoo ,. 10 

EG2809 300 7000 20 M 5 L 20 L 150 lO 500 5 L u 100 N liS IO N 10 N :JOO ao ,. 
EG2809A 500 300 20 N 5 20 L 100 10 L 500 5 N 10 N 100 H 15 110 H 10 N 200 N 10 N 
EG2810 7o 10 20 N 5 II' 20 N 30 10 N 100 N 7 10 N 500 70 110 N 10 " aoo ,. 100 
t:G2813 15 7 20 fli 5 N 20 L 7 10 100 N 7 10 N 150 ao 110 N 10 L aoo N 50 
EK0077B 10 L 150 20 N 5 , 10 N 10 10 L 100 N 115 10 N 300 uo 50 N u aoo L 70 

EJC0255 150 100 20 N 5 N 10 N 70 10 100 N 20 10 N aoo 200 110 N JO aoo L 100 
EK0372 10 L 100 20 N !5 N 10 " 7 10 100 N 10 10 N 700 100 50 N u aoo L 100 t-3 EK0383 20 II L 20 N 5 N 10 , 5 50 100 N 5 L 10 N 100 N 10 L 50 Ill 10 aoo N ao > EK03ii6A 70 100 20 5 N 10 " 70 10 100 N l5 10 N 100 L JOO 50 N JO aoo 100 t:O EK0387 300 150 20 N II ~' 10 N 70 10 L 1UO N 30 10 N 500 aoo SO N 15 200 L 30 t"'4 
EK0428 15o 100 20 5 N 10 , 30 15 100 N ao 10 N aoo uo 110 N 

tlj 
ao aoo uo 00 

EP2013 200 300 20 5 N 20 N 100 20 100 N ao 10 N 300 uo 50 ~ 20 aou H 100 to-' 
!!P2080 20 150 20 5 L 20 L 70 10 N 100 N l5 tO N 100 L uo 50 H lO aoo H 110 00 
EP2131 100 100 20 L 5 N 20 L 20 10 1'1 100 N l5 15 uu uo 110 H u aou " aoo > EP2t75 15 30 2o n !5 20 L 15 tO L tOO N 410 tO N uo tOO 50 N 30 aoo ,. 100 z 
EP2211 10 N 10 20 L 5 20 L 5 L 10 L 100 N 10 10 N 150 30 50 H 15 aoo N 100 

t;j 
t:P2215 70 15 20 t. 7 20 L 70 10 100 N 10 10 H aoo 7U 50 ~ 10 aoo ,. 70 to-' 

EP2224 10 N 7 20 L 10 20 L 5 " 10 N 100 N 15 tO N 150 70 110 N 15 aoo ,. '70 ~ 

EP22l4 Jo 5 20 L 7 20 L 30 10 L 100 N 7 10 N 300 110 110 N 10 L aoo " Ill 
EP2236 70 7 20 L 7 20 L 70 10 L 100 N 10 10 N JOO 100 SO N 10 aoo ,., 70 

£50225 7o 100 20 N 5 N 10 N 30 10 L 100 N 10 10 N aoo 70 50 H 10 2()0 L 7U 
ES0302 10 L 100 20 N 5 l'l 10 t.l 5 L lo 100 N 5 L 10 N tOO L 10 L 50 N 10 200 N ao 
ES1001 200 100 20 N 5 N 10 N 70 10 L 100 N 110 10 N aoo aoo 50 H Jll aoo N 70 
1:81042 ]00 150 20 N 5 t. 10 N 70 15 100 N 50 10 N 300 200 &0 N lO aoo 110 
Es1o11 10 L 30 20 N 10 20 ,. 5 10 L 100 Ill 10 10 N aoo 7o 5o H 1u 200 L 70 

tTOOU2 tSo 150 20 5 ~ 10 1\1 too 10 100 N 20 10 N aoo aoo 50 N u aoo 100 
ET0009 300 150 ao r, 5 N 10 ~ 100 15 100 N ao 10 N lOU aoo 50 N ao aoo 100 
ET0100 70 100 20 N 5 1\1 10 N 10 15 1UO N l5 10 N lOU 100 50 N ao aoo L 70 
E:T0242 7o 15 20 N 5 " 10 N 7 10 L 100 N 10 10 N 100 70 110 N 10 aou ,. 30 
ET02&6A 50 100 20 N 5 N 10 N 7 15 100 N II N 10 N 300 ao 1§0 N 10 aou N 70 

f:TOJ211 100 tSO 20 5 N 10 N )0 10 L 100 N l5 10 N aoo 150 50 N au aoo L 70 Cl:) tT038& 150 100 20 N 5 ,., 10 N 20 15 100 N 15 10 N 150 100 50 N ao 200 L 70 0 
-1 

STREAI1-SEP1MICNT SAMPuEII 

EC20U9 10 N so 30 5 20 N '7 20 100 N 7 10 N 150 70 110 N u aoo N uo 
EC2020 20 20 20 5 N 20 ~ 1!S 70 100 N 15 10 N ~00 uo 10 N u aoo N soo 



SAMI-'Lg 

EG2356 
I!:G2lb2A 
EG2!"ibl 
EG27ll0 
EG2907 

P:G2809 
EG2809A 
EG2810 
EG28ll 
EK00771l 

EK0255 
EKOJ72 
EK0)83 
EK03bbA 
F.K0]~7 

F,f(0428 
EP2013 
EP2080 
EP21l1 
Ep2t75 

EP2211 
EP2215 
F.P2224 
EP2234 
EP2236 

ES0225 
ES0]U2 
...:stoOl 
ES10~2 
ES1071 

F.T0002 
ETO!l09 
&:T0100 
I!:T0242 
U02b6A 

I!:T0]21l 
ETOJI:Ib 

EC2009 
EC2020 

AA•AU•P 

o,oo 1'\ 

0 1 00 B 
o,oo il 
0 1 00 B 
o,oo !< 

lil 1 00 
J2,oo 
o,oo 8 
0 1 00 B 
o,oo il 

o,oo 
o,co 
•) 1 02 N 

0 1 00 R 
<} 1 00 H 

0 1 00 il 

o,ov rl 
0,01) f\ 

0,0() 
o,oo 

o,oo f\ 

o,ou 8 
n,uo k 
Oo00 h 
0 1 00 B 

o,uo 8 

0. 02 '" 
0 1 00 R 
0 1 05 N 

0,0!; ' 

0,0(> 
o,oo 
o,oo 1-\ 

0 I 02 '> 

1',00 "' 

o,oo ll 
0 1 00 R 

'l,fl!J 
,),OL) 

TABLE 19.-Analytical results of anomatous samples from other parts of the Alpine Lakes area 
and additions-Continued 

AA•CU•P 

0 ll 
0 ~ 

0 8 
() ll 
0 1:! 

0 B 
0 8 
0 1\ 
0 13 
0 8 

ll 
L 
ll 
B 

0 8 
0 l:l 

0 ll 
0 !I 
0 !; 

0 ll 
0 
0 
0 
0 

0 !< 
;]0 

o B 
0 B 
0 ,; 

~ 

0 8 
0 l' 

15 
ton 

B 
b 

,., t; 

0 fol 

AA•ZN•P 

0 ~ 
0 l\ 
Cl 8 
0 fl 
0 l\ 

250 
0 B 
0 B 
0 B 
0 A 

0 1'1 
0 R 
0 

0 Fl 
0 !I 
0 R 
0 1\ 
0 A 

0 R 
0 A 
0 B 

II 
p 

0 H 
0 1\ 
0 R 
(\ A 
(I I' 

0 A 
0 I' 
0 A 

0 1\ 
l' A 

B 
B 

0 p 
() R 

AA•AG•P 

0 
0 
0 
0 
0 ll 

0 B 
0 ii 

l! 

0 B 
0 fj 

0 M 
0 t; 
0 ll 

0 13 
0 ll 
0 

0 ll 
0 ll 
0 t:l 
o a 
0 ~ 

0 ti 
\) ll 

0 
0 
(J d 

AA•CO•P 
ROCK 
() Fl 
() ~ 

0 B 
0 R 
I) R 

0 A 
I) R 
0 R 
0 A 
Cl R 

Fl 
A 
R 

n A 
0 R 

R 

13 
A 

0 q 

0 B 
n A 
0 R 
0 A 
n A 

R 

R 

.6A•Nl•P 
SAMPLES 

0 8 
0 8 
0 d 
0 8 
0 l:l 

II 
tl 
8 
tl 
8 

8 
8 
1:! 
B 
1:1 

0 1:1 
0 1:1 
0 8 
0 tl 
0 1:1 

0 II 
0 tl 
0 8 
0 b 
0 1.1 

0 8 
0 l! 
0 !I 
0 1:1 
0 1:1 

0 8 
0 1.1 
0 1:1 
0 8 
0 1:1 

8 
ll 

CM•CX•HM 

0 B 
0 8 
0 B 
0 !\ 
0 8 

0 8 
0 B 
0 1\ 
0 8 
0 B 

f.l 
a 
8 
!\ 
8 

0 8 
0 1\ 
0 l\ 

B 
F! 

B 
8 
1\ 
1\ 
!I 

H 
II 
!! 

0 8 
0 1:1 

B 
B 
8 
B 
b 

A 
B 

ST~EAM-SEDl~E~T SA~PI..~S 

0 A 
0 R 

0 1:1 
0 8 

N 

1 111 

CM•Sl! 

,o 1:1 
.u 1:1 
,o 1:1 
.o 8 
.o 1:1 

.o 8 
,o tl 
,o l:l 
,o tl 
,v l:l 

,o 8 
,o b 

loll 1.. 
.o 1:1 
,o 8 

,u a 
,o 1:1 
.o 1:1 
oU 1:1 
,o 1:1 

,v 1:1 
.o tl 
,o 8 
,u ll 
,o tl 

,o II 
1,0 1, 

,o 8 
oil d 
,u tl 

,o 8 
,o 1:1 
,o tl 

loU 1.. 
,o a 

.o 8 
,o 8 

.u 8 
,o ll 

CM•MO 

0 R 
0 1:1 
0 B 
0 8 
0 8 

8 
8 

0 8 
0 8 
0 8 

0 8 
0 8 
2 L 
0 8 
0 8 

0 8 
0 8 
0 8 
0 8 
0 B 

0 8 
0 8 
0 B 

B 
8 

0 8 
2 L 
0 II 
0 B 
0 B 

8 
B 
B 

8 

fl 
8 

8 
B 

AS•PT 

,oo 8 
.oo 8 
,oo 8 
,oo 8 
,oo 8 

,oo 8 
,oo 8 
,oo 8 
,oo fl 
,oo 1:1 

,oo 8 
,oo 8 
,oo 8 
,oo 8 
,oo 8 

oOO II 
,oo 8 
,ou 8 
.oo 8 
,oo 8 

,oo 8 
,00 B 
,oo B 
.oo 8 
,oo l:l 

,oo 8 
,ou 8 
,00 B 
,oo 8 
1 00 B 

,oo 8 
,oo 8 
,oo 8 
,oo 8 
,oo 8 

,oo 8 
,ou 8 

1 00 B 
,oo 8 

A8•PD 

,ooo 8 
,000 B 
,ooo 8 
.ooo 8 
,ooo 8 

.oou 8 
,ooo 8 
,ooo 8 
,ooo 8 
1 000 B 

,ooo 8 
,ooo 8 
,ooo 8 
,ooo 8 
.ooo 8 

,000 B 
,ouo 
.ooo 
.ooo 
,ooo 

,oou 
.ooo 
,ooo 
oOOO 
,ooo 

,ooo 
.ooo 
,ooo 
.ooo It 
,ooo 8 

.ooo 8 
,ooo 8 
,ooo 8 
,ooo 8 
.ooo 8 

.ooo 8 
,ooo 8 

,000 B 
.ooo 8 

AliiRH 

,ooo 8 
,ooo 8 
eOOO II 
,ooo 1:1 
,000 II 

,ooo 8 
,ooo 8 
,oou 8 
,ooo 8 
,ooo 8 

,ooo 8 
,ooo tl 
,ooo 8 
,ooo 8 
,000 II 

,000 II 
,ooo 1:1 
,ooo 8 
.ooo 8 
,ooo l:l 

,ooo 1:1 
,ooo 8 
,ooo 8 
.ooo l:l 
,ooo 8 

oOOO II 
,ooo 8 
,ooo 8 
,000 II 
,ooo 8 

,ooo 8 
,ooo 8 
,000 II 
,ooo 8 
,ooo 8 

,ooo 8 
,ooo 8 

,ooo 8 
,ooo 1:1 

A.S•HU 

eO II 
,o 8 
,o a 
,o 8 
,o 8 

,o s 
eO II 
,o 8 
,o II 
,o 8 

,o 8 
,o a 
,o 8 
,o 8 
.u 8 

,o 8 
,o 8 
,o 8 
.o 8 
,o 8 

,o a 
,o 8 
,o 8 
.o 8 
.o 8 

,o a 
,o i 
.o 8 
,o a 
,o 8 

,o 8 
,o 8 
eO I 
.o 8 
,o B 

,o 8 
,o 8 

.u 8 
,o 8 

Al•lR 

,o 8 
,o 8 
,o 8 
,o 8 
,u 8 

,o 8 
,o 8 
,o B 
,o 8 
,o 8 

,o 8 
,o 8 
,o I 
,o 8 
,u 8 

,o 8 
,u 8 
,o 8 
,o 8 
,o 8 

,o • 
,o I 
,o 8 
,o 8 
,o 8 

,o 8 
,u 8 
,o I 
,o 8 
,o 8 

,o 8 
,o 8 
,o I 
,o 8 
,o 8 

,o 8 
,o 8 

,o 8 
,o 8 

EU 

0 8 
0 8 
0 8 
0 8 
0 8 

0 8 
0 8 
0 8 
0 8 
0 8 

0 8 
0 8 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 

0 8 
0 B 

CA:> 
0 
00 

> t-t 
'"C z 
tz:j 

t-t 
> 
~ 
tz:j 
00 
00 
~ c:: 
tj 
t-<! 
> 
~ 
trl 
> 
> z 
tj 

> 
tj 
tj 
~ 

t-3 
~ 

0 z sn 
~ 
00 
::I: z 
0 

6 
z 



TABLE 19.-Analytical results of anomalous samples from other parts of the Alpine Lakes area 
and additions-Continued 

SAMPLE s•rn S•MG\ s.cu S•TU S•MN li•AG li""AS S•All S•!:l S•SA .S•Bt. ll•l.H 6•CD S•CU 
STREAM-SEDIMENT SAMPLES 

1eaon 3,0 0,70 1,50 ,JOO !501) 0,5 J.. 200 N 10 ,. Jo 300 :l,O 10 ro 2U N 1~ 
lt:ao47 5,0 2,00 :z.oo .500 1000 u,s 200 , 10 .... :ii.O 15l) t,u lU N 2U N 10 
IC2011 3,0 1,50 2,oo ,Joo 700 0,5 200 N 10 r. 20 Juo 1,0 " lO N 21J "' 1 
1eaou 5,0 1,00 1,00 ,:zoo 700 0 0 5 N 200 N 10 ,.., :.!() 15v l 0 U l\1 ~ 2V r.. 7 
11:2066 10,0 :z.oo :z.oo ,500 lnOO 0 1 5 N 200 N 10 N 15 15·1 1,0 L 10 ,, 211 "' 1~ 

tea on 1.o 1,00 1,00 ,300 toot' 0,5 N 200 N 10 ,; 30 <!ov l 1 iJ L lll " 211 I' I 
11:2136 7,0 t.oo 2,00 ,700 !500 0 0 5 N 200 "' 10 ,., 10 L 200 1,V 1V N 21J "' 7 
IGOOl4 10,0 7 1 00 l,oo .7oo 1!500 o,s "' 200 ~ 10 1<. 10 L 150 1,0 f>! lU N 2u ,. 70 
IGOOU 7,0 5,00 :z,oo ,soo tooo 0,5 )\o 200 I, 10 N 10 L Juo 1,0 ... 10 ,, 21l ;, 71J 
IG0064 5,0 J.oo 3,oo .1oo 1500 o,!:l ,. :zoo I'< 10 I· 10 I; ~O•J 1,u L 1v " 211 "' 15 

EGOOii5 3,0 1,50 2,00 ,soo 11'100 0,5 N 200 i'J 10 .~ 10 L Juo t,o 1 u .~ 20 "' 10 1-3 
EG0071 5,0 :z.oo :z.oo ,700 1500 o,5 ,.. 200 "' 10 li to 30'1 1,0 1 IJ ' 20 " Ju > EG0073 7,0 3,00 2,oo ,700 700 0,5 N 200 N 10 1'1 i>O 300 loU 1 II I> <IV " 30 t:C 
EGOt40 7,0 1 1 50 2,00 ,soo 700 o,!:l N aoo r.. 10 /'o 10 J(J(j 1 1 (1 L lll • 2v '' ~() t"' 
IG02U leO 1,50 2,oo .soo 1000 0,5 N 200 r. 10 t. 10 L 5u'' 1. u l (I ,, :IV r• lll t_':l:j 

rn 
EG0290 2,0 0,70 1,!50 ,lOO 500tl 0 1 5 N 200 N 10 " 10 L 30'.l 1.~ 10 " 20 .~ 15 ..... 
I!:G03l5 5,0 2,00 3,oo ,soo 1(100 0,5 "' 200 Ill 10 ~· 10 J.. tU•) 1 1 0 L lu N 2u N 10 00 
IG03ll a,o 1,00 1,!10 ,200 700 0

0
5 N 2c.o ~ 10 r. 10 L l~t) 1 0 \l t. 10 N 2U N 7 > EG03l9 l,o 1,!50 3,oo ,500 1000 0,5 N 200 N 10 .. 10 " 400 lot) lt) ,\j 20 r. 15 z EGOJ91 :z,o 1,00 0,70 ,JOO 300 0 1 5 N 200 )I 10 N 10 !luv 1.~ 1 u , .• <!v N 10 t:l 

tG0393 2,0 o,7o 1,!50 .:zoo 500 o.~ N 200 N 10 N 10 J.. 500 loU 10 '" :to •• 7 ..... 
~ EGOJ94 1,5 o,7o 0,70 ,1!50 300 0 1 5 N 200 N 10 " 10 500 1,0 10 ,, :.Ill "' i) 

EG0440 a,o 1.oo t.so ,JOO 300 0 1 5 N 200 N 10 " 10 500 1,v L 10 N 21.1 Ill 10 
EG0442 1 1 0 1,50 :z.oo ,300 700 o,s N AIOO N 10 /II Jo sou 1 1 0 lU ·~ <~v ~~~ 15 
I!:G0697 s.o 1,00 1,50 ,500 3ooo o,5 "' :.too ~ 10 "' 10 L 300 t.o 1tJ N tV N 1~ 

IG0698 3,0 0,70 1.so olOO 700 0,5 N 200 N 10 N 10 lOU 1,S 10 I' 2U N 10 
EG0699 3,0 0,70 1,50 ,Joo 2000 o,s 111 200 ·~ 10 "' 10 L 300 1,5 10 .. 20 to< lU 
EG070!5 7.0 3 0 00 l,oo ,700 1500 0,5 N 200 !'I 10 N 10 L ~Ot) 1 1 0 L 10 N 20 N au 
EG0706 7,0 :z.oo 1,50 ,500 700 0,5 N :.tOO N 10 N so 300 1,0 10 N ao N 20 
EG0708 7,0 1,!50 2,oo 1,000 1500 o,!i N :.100 N 10 ,, 200 500 11 0 L lCJ N ao ,. 15 

EG0717 leO 1,50 1,50 ,300 700 0,5 "' :ZOO N 10 N 10 " Joo 1,0 10 1\j 2U N 10 
IG07U 3,0 1,50 2.no 1 300 31)00 0 0 5 N 200 N 10 N 10 5oo 1,u lO " 20 N 20 
EG07al !5,0 2,00 2,oo ,loo 700 0 1 5 N 2CtCJ N 10 N 10 L 300 1,1.1 ll.l N 4iu N 15 
EG0740 loO 1o!iO 1o!50 olOO 700 0 1 5 N 200 N 10 N 10 300 loU 10 N ao N 10 
I!:G0770 3,0 1,50 1,50 ,3oo 1000 0 1 5 N 200 N 10 N 10 J.. !iOO loO 10 ... :zo ,.. l\1 

tG0775 2,0 o.7o G,70 ,200 700 0 0 5 N 200 N 10 1'1 10 100 1,0 10 " 20 N 
Cl:) 

lU 0 
IG0802 J,o 3,00 l,oo ,700 700 o,!i N :ZOO N 10 l\1 10 Juv t,o lU " ;.!0 "' 15 c.o 
EG0810 3,0 1,00 1,50 ,soo 2000 0 1 5 N 200 N 10 N 10 300 loU 1 t) .~ 20 r. l!i 
IG0812 3,0 o,7o 0,70 .lao 700 0,5 "' :.100 N 10 " :zo :Joo 1,0 111 ,, 20 ~ 15 
EG0820 J,o 1,00 1,!50 0 lOO ]1)00 o,!i N 200 N lCJ Ill 70 500 1 1 S 10 1'1 20 f< lO 

tGOU2 7,0 1,50 l,oo 1,000 1500 o.5 N 200 N 10 tv 50 500 loU 10 N 20 " 1!1 



TABLE 19.-Analytical results of anomalous samples from other parts of the Alpine Lakes area 
and additions-Continued 

C/.:) 
~ 

llMPLE S.CR S.Ctl S•LA S•ltO SeN8 S.NI IJ•PA 8•58 s-se S•SN S•SR 8•V S•W S•ll 1:1•~/11 S•~R 0 
STREAM-SEDIMENT SAMPLES 

> I!C20U 15 30 ao L !5 L 20 lol 10 70 100 N 10 10 N :zoo 70 50 IIi 20 aoo N uo 
EC2047 30 '70 ao !5 20 N 10 15 100 N 15 10 ,. aoo 100 50 N au 2QU t< 500 ~ 

""0 EC2051 15 30 20 L 5 1, 20 " 7 30 100 N 15 10 "' Jou 70 50 N 1U 2UU N 150 -EC2o56 10 N 50 ao !l N 20 N 7 50 100 N 15 10 ,. aoo 100 50 ,. 15 2uo "' 150 z EC2066 30 100 30 !5 N 20 N 15 3o 100 N 20 10 ,. aoo 100 50 "' au 200 " lOU tz:j 

EC2083 30 70 20 !l N 20 ,.. 7 50 100 N 15 10 N 150 aoo 50 N 20 200 N 300 ~ 
> EC21.J6 20 50 20 5 N 20 N 20 50 100 N 10 10 N .)OO 150 50 tt u auo tt 20U 
~ EGOOH 3000 7 20 N 5 N 10 r. 1500 10 100 N 15 10 N aoo 100 !SO N 10 I. 200 .. 100 t::z:j I:GOOU 2000 50 20 N 5 N 10 h 1000 10 100 N 15 10 N aoo 150 !10 N 10 211() ,... 70 00 I:G0064 1110 20 20 N 5 N 10 N 50 100 100 N 20 10 N 300 lUO 50 N ;tu auo .~ 100 
00 

EGO OilS 100 10 20 N !l N 10 N ]0 50 100 N 20 10 lol 200 100 50 N 20 200 " 2ou ~ 
I:G0071 300 30 20 L 10 10 ,.. 1!50 15 100 N 15 10 "' .JOO 150 50 N 20 200 N uo c 
EGoo7J 300 70 20 L 5 N 10 N 100 15 100 N ]0 10 N .)00 aoo 5u N 20 aoo "' uo t:! 
I:G0140 150 150 20 L !l N 10 N 50 20 100 N 20 10 N 200 uo 50 N 3o 200 "' 100 ~ 
cGo2&9 70 u 20 N s 10 t; 1!5 15 100 N 15 10 N JOO 100 ISO 1'1 15 aoo ~ 70 > 
EG0290 30 20 !l ao 100 N 70 50 )II 15 

~ 20 L 10 N 10 5 10 N 200 21.1() "' 70 t::z:j 
EGOJ.U 150 20 20 L s 10 N lO 15 100 N u 10 1>1 lOll 100 50 N 15 auu ~~ 70 > I:GO)l8 !lo 15 20 1, 5 10 N 15 115 100 N 7 10 )II 300 70 50 N 15 200 "' 50 

> EGOU9 100 30 20 N 10 10 N 20 10 100 N 20 10 l\1 1500 1!10 50 II :to 200 .~ 700 
EGOl91 100 100 30 5 N 10 h 50 20 100 N 15 10 N 150 70 150 N 20 2UO ~ HIO z 

t:! 
EG0393 70 20 20 N 5 10 N 1!5 15 100 N 7 10 N 300 70 50 N 10 20U N 150 > I:GOJ94 7o 30 20 Ill 7 10 N 1!5 15 100 N 10 10 N ~00 70 50 "' 10 200 /'1 uo t:! EG0440 30 30 50 !l 10 11 10 20 100 N 115 10 N ~00 70 SO II 15 200 Ill 150 tl I:G0442 ]0 7 :zO 5 10 N 15 20 100 1\1 15 10 Ill 200 100 50 "' 30 aoo r. 100 -EG0697 30 70 20 1, !l N 10 N 15 200 100 N 15 10 N lOO 100 so 1\1 20 200 II! 150 t-3 -EG0698 30 20 20 5 N 10 N t!l 150 100 !I 15 10 N 200 70 50 N 20 200 N 150 0 
EG0699 lo 20 20 N 5 N 10 ,.. 10 70 100 N 10 10 N aoo 10 50 N 20 200 N 100 z 
EG0 '70S 7o 115 20 N !I N 10 "' 30 5n 100 N 115 10 lol 300 150 5o N 15 2UO Ill 100 sn 
I:G0706 200 100 20 N !l "' 10 "' 50 30 100 N 15 10 )II 20U 150 50 )II 15 200 N 150 $l tG0108 100 100 20 !5 N 10 N 10 1!5 100 N 15 10 N :iiOU 200 50 N lO 200 N 2ou 

> 
tG0717 so 15 20 N 5 N 10 N 1!5 so 100 N 15 10 N 300 70 50 N 15 aou "' 150 00 
EG0718 70 1!1 20 N 5 N 10 N 20 200 100 N 15 10 Ill lOO 100 50 N 20 200 )II 1(10 ::I: -I:G072l 100 20 20 1\1 !l Jll 10 f'j 30 so 100 N 15 10 N 300 150 ISO N au aoo N 150 z I:G0140 50 20 20 5 N 10 N 15 70 100 N 15 10 N 300 1110 50 N 15 aoo 111 70 0 EG0770 so ]0 20 L 5 N 10 Ill 1!5 :zoo 100 N 15 10 N lOO 100 !50 N u 200 N 150 6 tG077!1 20 JO 20 N !5 N 10 N 10 70 100 N s lll 1\1 !f)O 50 50 N 1() 1, 200 " uo z EG0802 7o 50 20 L 5 N 10 N 30 70 100 ~ 15 10 N 300 100 !10 ·~ 15 20() N 150 
EG08l0 so 20 20 5 Ill 10 "' 20 so 100 N 15 10 " 200 70 15(1 ·~ u aou N 70 
I:G08l2 5o 150 20 L !5 "' 10 1\1 1!5 3o 100 N 115 10 I'; 200 100 flO I'; 115 auo N 200 
EG0820 100 70 20 1, 10 10 N lO !50 100 N 15 10 N 20U uo !SO N lO aoo N 70 

EG0822 100 !50 20 N !5 tO N tS 3o 100 N 15 10 )\j 2uo 200 50 N 3() 200 " aoo 



SAMPLE 

EC2023 
!C2047 
EC20iil 
EC2056 
I:C20b6 

EC20B3 
I:C21l6 
EGOOl4 
EG0043 
EGOOb4 

!G0065 
I:G0071 
EG0073 
EG0140 
EGO:Zil9 

EG0290 
EGOll!l 
EG03l8 
EG03l9 
!G039l 

EG03U 
EGOJ94 
EG0440 
EG0442 
I:G0697 

!G0698 
EG0699 
EG070!5 
EG0'706 
EG0708 

I:G0'717 
EG0'718 
EG07:1U 
IG0'740 
EG0'770 

EG0'775 
EG0802 
IGOUO 
IG08U 
EGO&aO 

EGO&a2 

AA•AU•P 

0 1 00 A 
o,oo 8 
0 1 00 B 
o,oo I! 
o,oo 8 

o,oo ~ 

o,oo !I 
0 1 00 B 
o,oo 8 
o,oo 8 

o,oo I! 
o,oo 8 
0 1 00 B 
o,oo 1:! 
o,oo 8 

o,oo 
o,oo 
o,oo 
o,oo 
o,oo 

0 1 00 B 
0,00 B 
0 1 00 II 
o.oo 8 
o.oo 8 

o.oo a 
o,oo 8 
o.oo I! 
o.oo 8 
o.oo 8 

o.oo 8 
0 1 00 B 
o.oo 8 
0 1 00 B 
o.oo 8 

o,oo 8 
o.oo 8 
o,oo 8 
o,oo 8 
o,oo !I 

o,oo 8 

TABLE 19.-Analytical results of anomalous samples from other parts of the Alpine Lakes area 
and additions-Continued 

AA•Cli•P AA•ZIII•P AA•AG•P AA•CO•P AA•Nl•P 
STREAM-SEDIMENT 

I"M•CX•rll" 
SAMPLES 

CM•Sti Cl1•1'10 AS•PT AS•PD AS•JotH Ab•RIJ 

8 
1:1 
8 
B 
B 

0 1:1 
0 1.1 

10 
20 
15 

10 
10 
4!5 
40 

0 8 

15 
20 

0 B 
0 8 

95 

0 B 
0 8 
0 8 
0 B 

20 

25 
10 
15 

0 8 
30 

15 
15 
20 
10 
30 

0 8 
20 

0 8 
20 
80 

8 

B 
B 
8 
p, 
B 

0 R 
0 !I 

45 
40 
60 

4!1 
4!1 

us 
60 

0 El 

30 
35 

0 B 
0 B 

40 

B 
R 
B 

0 f\ 
55 

65 
30 
30 

0 II 
20 

35 
100 

liO 
40 
55 

0 s 
35 

0 I! 
70 

110 

!I 

ll a 
\) 1:1 
0 8 
0 tl 
0 i:l 

0 8 
0 1:1 
0 1:1 
\) tl 
0 li 

0 
0 
0 
0 
0 ~ 

0 
0 
0 
0 
0 1:1 

0 
0 
0 
0 
0 

0 8 
0 8 
0 d 
0 
0 

d 
a 

0 i:l 

0 1:1 
0 II 
0 i:l 
0 1:1 
0 8 

0 tl 

0 R 0 8 
n B 0 B 

R 0 II 
F\ 0 1:1 
8 0 8 

R 
B 
8 
R 
8 

I! 
8 
R 
8 

0 p, 

II 
R 

0 B 
0 8 
0 El 
0 p, 

0 A 

R 
R 
R 
8 

n B 

8 
8 
B 
B 
II 

R 
R 
B 
R 
8 

o a 

B 
i:l 
8 
t! 
8 

8 
a 
I! 
B 
8 

8 
1:1 
a 
I! 

8 

il 
8 
1:1 

0 8 
0 t! 

0 8 
0 1:1 

0 !:1 
0 tl 
0 8 

8 
8 
1:1 
il
l:! 

0 8 
0 8 
0 8 
0 8 
0 I! 

0 8 

1 
1 
1 
1 
1 

1 L 
1 N 

10 
10 

5 

3 
25 

2 
1 
l 

L 
L 
L 
L 

L 

,o 1:1 
,o 1:1 
.u il 
.u tl 
,u 1:1 

.o 8 
,u tl 
,o d 
,o 1:1 
,u 1:1 

,o tl 
,v b 
,5 l.t 
,o 1:1 
,ll B 

,u 1:1 
.u 1:1 
,o 1:1 
,o 1:1 
,o tl 

,II 1:1 
,o 1:1 
,u ., 
.u 1:1 
,u 1:1 

,ll tl 
,u 1:1 

,O II 
,u II 
.o 1:1 

,o b 
,o 1:1 

oU II 
.o 1:1 
.o 1:1 

,v 
,u il 
.u 8 
,o ~ 

2 1 0 

,u 1:1 

~ 

b 
8 
8 
8 

8 
8 
8 
fl 
8 

8 
B 
8 
8 
8 

A 
8 
!\ 
H 

() " 
0 1:\ 
0 
0 
0 b 
0 li 

0 1\ 
0 I! 
0 R 
0 R 
0 A 

0 ll 
0 H 
0 R 
0 8 
0 B 

0 1\ 
0 R 
0 B 
0 8 
0 B 

0 B 

,oo 8 
,oo a 
,oo 8 
,oo 8 
,oo 8 

,oo 8 
,oo 8 
,oo 8 
,oo 8 
,oo 1:1 

.oo 8 
,ou 1\ 
,ou 8 
,oo 8 
,oo 8 

,oo 8 
,011 !\ 
,oo 1:1 
,oo i\ 
,oo 8 

,ou 1:1 
,oo l\ 
,oo s 
,oo B 
1 00 B 

,00 1:1 
,ou 6 
,oo 8 
.oo 8 
.oo 8 

,oo 8 
,oo fl 
,00 B 
,oo 1\ 
.oo 8 

,oo 1:1 
,oo 1:1 
,oo 8 
,oo 8 
.ou 8 

,oo 8 

,ooo 8 
.ouu I! 
,ouu 8 
,ooo I! 
.ooo 8 

oOOU II 
oOOO II 
0 0011 II 
,ooo 8 
,ooo 8 

,ooo 8 
,ooo 8 
,ooo I! 
1 0\lO 8 
,ooo 8 

,000 B 
1 0UU B 
.ooo 8 
,ooo 8 
.ooo b 

,ooo 1:1 

,oou 8 
.ooo 8 
,ooo 8 
,oou 8 

,ooo 8 
,ooo 8 
1 000 B 
0 000 B 
,ooo 8 

,ooo 8 
,ooo 8 
,oou 8 
,000 B 
.uoo 8 

.oou 8 
1 0\lU I! 
oOOU 8 
.ovo 8 
,ooo 8 

1 0\lO 8 

,ooo !l 
,ooo 8 
,ooo 1:1 
,ooo 1:1 
,ooo t! 

,000 B 
,ooo 1:1 

.ooo 1:1 
,ooo il 
oOOO d 

.ooo 8 
,ooo !:1 
,ooo l:l 
,ouu 1:1 
.ooo 1:1 

,ooo 1:1 
,ooo !:1 
.oou tl 
,ooo b 
oOOO B 

oiiiiU b 
0 000 II 
,ooo 1:1 
,ooo b 
,ooo tl 

,ooo tl 

,0011 tl 
oOUO II 
,ooo 8 
,ooo 8 

,ooo 1:1 
,ooo 1:1 
,ooo 8 
.ooo t! 
,ooo l'l 

.ooo 
,ooo 
,uoo I! 

.oou tl 
,ooo ti 

,ooo 8 

,o 8 
,u 1:1 
,o li 
.o It 
.o 8 

,o d 
,o tl 

oO II 
,o d 
.o I! 

,o 1:1 
.u 1:1 
.o 1:1 

,u tl 
,u ll 

,o 8 
.o ll 
.o 8 
,o ll 
.o ~ 

.o b 
,o 1:1 
.o !! 
,o 8 
,o 8 

,o B 
.o ll 
.o 8 
.Q & 
.o IJ 

,o 8 
.o 8 
.o &I 
oO II 
oO II 

oO II 
,u tl 

.u tl 
,o tl 

•"' il 

.u 1:1 

Ab•lR 

.o 8 
,u 1:1 
,u a 
,u 8 
.o 8 

.o 8 

.u 1:1 
,u 1:1 

1 0 B 
.u 8 

,o 8 
,V B 
,u tl 

,u i:l 
,u 8 

,o 8 
,o 8 
,u tl 
.v 8 
,u 8 

,o B 
,o 8 
,u I! 
,u 8 
.u 8 

,u 8 
,o b 
,u 8 
,o IS 
.o 13 

,0 B 
,o B 
,o B 
,o 8 
,o El 

•"' 1:1 ,u 1:1 
,o 8 
.u s 
,u tl 

oU K 

gU 

ll 
cl 
It 

0 1:1 
0 1:1 

a 
0 1:1 

I! 
<I 
d 

tl 
tl 

0 B 
0 1:1 
0 tl 

0 tl 
0 tl 
II II 

8 
8 

0 1:1 
d 
1:1 
ll 
1:1 

u ., 
0 B 
0 tl 
I) 8 
0 8 

tl 
B 

0 " 
0 d 
0 l:l 

0 1:1 
ll tl 

~ 

B 
u d 

0 1:1 

~ 
t:D 
t-'4 
tz:j 
00 
1-1 
00 

> z 
tl 
1-1 
~ 

~ 
1--1 
1--1 



TABLE 19.-Analytical results of anomalous samples from other parts of the Alpine Lakes area 
and additions-Continued 

Col:) 
~ 

SA''~-'H: s•n:\ S• 1·1G!I! S•CA\ s-rn S•~'N .S•AG S•AS S•AU S•B I•BA 1•81 1•81 I•C:D .. co ~ 

STREAM-SEDIMENT SAMPLES > EGOQ31 3,0 0,70 1,00 ,soo 1500 0,5 N 200 N 10 N 50 700 1,5 10 N 20 N 11 ~ EG11b2 l,v I ,oo 0,70 ,JOO 500 O,fl to 200 N 10 N 20 200 leO 10 N ao N u ~ F.G20ti4 10,0 3,00 3,00 ,700 1500 0 1 5 N liOO t4 10 N 10 uo leO L 10 N 20 1'<1 JO ~ 

EG2t1':12 10,0 s ,•10 s,no 1,000 G l!iOC> 0 1 5 N :ilOO N 10 N 10 150 leO L 10 N ao ,. 10 z 
P:G2137 !),0 2,00 3,00 ,loo 10()0 0 1 5 N 200 ,. 10 N 30 150 leO L 10 N ao N lO trj 

t-t 
~G2!'S2 s,n 3,00 1,50 ,soo 500 0 1 5 N 200 N 10 N 15 l50 11 0 N 10 N 20 N lO > EG2to7 j oli t.so J.oo .~oo 1500 0,!!1 jlj 200 t. 10 N lO lOO leO L 10 H 20 N u ~ ~G2212 s,n 1,00 1,50 ..too lnoo O,S N 4100 N 10 N 50 lOO 1,0 10 N 20 l'i '70 trj 
EG22l4 7,u 3,00 J,oo ,soo 1500 0,5 N liOO N 10 N 10 150 leO L 10 N ao 11 '70 r:n 
F.G22l'O J,O 1,50 1,50 ,suo 100 1,0 200 N 10 N 15 100 1 1 0 L 10 N ao N 7 r:n 

0,5 N 150 
~ EG2J21 7,0 1,50 1,50 ,500 700 200 "' 10 N 10 1 1 0 N 10 N 20 N 7 c EG2H1 1,ti 3,00 3,oo ,700 1'500 0,5 N 200 N 10 N 10 150 1,0 " 10 H ao ,. 11 !:' I!:C.23t>0 s,v 1,50 l,oo ,31)0 100(\ 0 1 5 N 200 N 10 N 10 150 1,0 10 H 20 H 1 ~ EC2l73 s,o 1,su ;~,oo ,soo 1500 ·o,s N 20u N 10 N 15 300 1,0 10 N 20 ~ 15 > EGH99 7 tl' 1,50 3,oo ,soo 1000 0 1 5 N aou ill 10 r. 10 L )OO 1,0 " 10 H 20 N u 
~ 

EG21>44 3,!1 1,00 1.oo ,200 50(1 0,5 N aoo "' 10 ill 10 2oo 1,0 10 N ao N 7 trj 
EG27P 3,0 !,OJ 1,110 ,200 1500 o,s "' 200 N 10 N 10 100 leU 10 N 20 H 15 > ~:G214R 1,0 1,00 1,oo ,300 700 o,s ill :ilOO t. 10 "' 20 liOO 1 1 0 10 fi 20 N 10 > EG27!1v 7. f) 2,00 2,oo ,soo 51)00 o,s "' 200 N 10 N 10 200 1,0 10 N ao ,. 15 z I!:KOO!i9 1. 0 o,70 1,00 ,070 100 0,5 N 200 ·~ 10 N 10 100 1 1 0 N io N :ao tt 5 tl 
1!:1<02410 3,0 !_,so 1,50 ,loo 100 0,5 N 200 N 10 N 10 L lOO leO L 10 N 20 l'i u > EK02B2 3,() 1,50 2,oo 1,000 11)11 0 1 5 N 200 1'1 10 N 10 300 leO L 10 N ao H u tl EK02d5 3,0 1,50 2,00 ,soo 100 0 1 5 N ;,ou r- 10 N 10 300 laS 10 N :ao ,. 15 !:' F.K0312 3,0 t,5o 2,oo ,500 1500 0,5 ill 200 N 10 ,., 10 500 1,5 10 N ao N 15 ~ 

EK031!i J,n 1,50 3,oo .aoo son 0,5 N 200 N 10 "' 10 200 1,0 10 fi ao ,. 10 ~ 

""'" I!:K0414 0,7 0,30 1,50 ,0'70 50(\ O,S N 200 1'1 10 N 10 L 70 1 1 0 10 N 20 N 5 
0 z f:K0444 2,0 1,00 1,50 ,150 sooo o,s "' 200 N 10 N 10 200 1,& 1\l N 20 H ao r:n P.:K04[)1 l,O o,7o 1,50 ,200 700 0 1 5 N 200 N 10 N 10 uo 11 0 10 N ao N 10 ~ 

EK0492 2,0 0,70 1,oo ,200 1000 0 1 5 Ill 200 N 10 N 10 L 200 1,0 10 N ao N 7 

~ I!:P2017 10,0 2,00 2,oo ,500 700 o,e~ N 200 N 10 N 10 lOO 1,0 10 N ao " ao 

I!:P2029 15,0 3,00 l,oo 1,ooo G 1500 0 1 5 N 200 N 10 N liO 150 leO N 10 N ao N 10 
r:n 
::I: EP2270 s,o 1,00 2,oo ,300 500 0 1 5 N 200 N 10 N &o 200 1,5 10 N 21l N 10 ~ P.:P2274 10,0 1,50 3,00 ,300 700 0 1 5 N 200 N 10 H 50 liOO 1,0 10 N 20 N 10 z EP22'H 3,0 1,50 2,00 .:.zoo 700 0 1 5 N 200 N 10 N 15 JOO 1,0 10 N 20 14 1 0 EP22115 s,o 0,70 1,50 ,2oo 700 0 1 5 N 2oo N 10 Ill 10 L lOO 1,0 10 N 20 N 5 L ~ 
0 EP2H2 3,0 0,70 2,oo ,2oo 1500 0,5 200 N lO N 30 300 1,5 lO N llll H 7 z EP2325 3,0 1,00 1,50 ,200 700 0 1 5 N liOO N 10 Ill ao 150 leO L lll N 20 N 5 L 

r.P2394 loS Oe20 l,oo olOO 500 o,7 200 N 10 fl lO uo ltD L 10 N ao N I L Epa408 2,0 n,7o 2,oo 0 ]00 1500 0 1 5 L 200 N 10 h so 150 leO 10 N 20 N 7 
EP2474 5,0 1,00 1,oo ,200 1500 0 1 5 N liOO N 10 N 10 L 200 1,0 10 N ao N 7 

P.:SOOliO 3,0 1,00 1,50 ,.too 1500 0 1 5 N 200 N 10 N 10 300 1 1 0 10 N 20 ,. u 



TABLE 19.-Analytical results of anomalous samples from other parts of the Alpine Lakes area 
and additions-Continued 

SAMPLE s•cR S•CU S•LA S•MO S•NB S•Nl I•PB 8•88 s .. ac I•SN S•SR I•V I•W 1•¥ I•ZN I•ZR 
STREAM-SEDIMENT SAMPLE~ 

EG08l1 70 lO 20 S N 10 N 20 so 100 N 15 10 N aoo 70 50 N JO aoo ,. 110 
f:G1 162 100 30 20 ~ 5 l'i 10 N 50 10 100 N 15 10 N 150 100 eo H 10 aoo ,. 70 
EG20il4 300 JO 20 N 5 , 20 N 70 15 100 N 30 10 N 300 300 50 H 20 aoo 70 
EG20i2 700 20 20 5 N 20 t'i 150 10 100 N 30 10 N soo 200 to N 30 aoo uu 
I!:C21l7 7o 7 20 N 5 20 N 20 15 100 N 10 10 N 100 70 SO N lo aoo ,. 10 

EG2152 100 20 20 N 5 N 20 1, 70 10 L 1110 N 10 10 N uo 100 100 10 aoo ,. 70 
EG2t67 70 lO 20 N 5 20 N JO 15 100 N 15 10 N :100 1110 50 N 15 aoo ,. 70 
f!G2212 ?o so 20 5 L 20 L 70 70 1011 N 15 10 N 150 100 50 H 111 200 N 10 
EG2214 1so 10 20 N 5 L 20 L ]0 15 100 N 20 10 N ]00 uo 50 H u aoo ,. 110 
EG221i0 20 10 :zo r, 5 1, 20 L 10 10 L 1UO N 10 10 N 200 10 eu N 10 aoo H uo 

EG2321 15 10 20 L 7 20 L 7 10 100 N 15 10 N uo 70 10 H u 200 N uo t-3 
ECl2H1 15 )0 20 N 5 L 20 N 15 50 100 N 15 10 N 1100 70 50 N 111 200 N uo > EGaJ60 15 15 20 L S L 20 L 5 L :10 100 N 10 10 N uo 70 10 N 10 200 N 100 t::tl 
I!:G2373 so 70 ao ~~ 5 L 20 N 20 70 100 N 15 10 N 150 1(10 50 N ]0 aoo uo t"' 
ICG24!19 30 so 20 L 5 L 20 L 15 so 100 N 15 10 N 200 1110 50 N 20 200 N 100 trj 

en 
EG2644 10 N 70 20 5 20 N 7 ]0 100 N 10 10 N 100 70 SO N u aoo ,. 200 ~ 
EG:Z717 20 50 20 5 L 20 ill 10 70 100 N 15 10 N 100 70 10 N u aoo N 70 00 
r:c:z?4B 3o 10 20 S N 20 ill 30 150 100 N 15 tO N 300 100 50 N 20 200 N :zoo > EG:Z750 lO lO 50 5 /li 20 N ]0 50 100 N 11 10 Ill JOO uo 50 ,. 50 200 100 z I!:IC0058 so 1!100 20 ~ 5 N 10 N u 10 100 N 5 200 100 f,l ao 50 N 10 L aoo ,. 10 t:l 
EK0220 so 10 20 L 5 10 N 15 10 100 N 10 10 N Joo 70 50 N 10 aoo N 70 ~ 

EK02ii2 10 30 20 5 10 N 20 10 100 N 11 10 N JOO 100 !ill H JO 200 N 1110 c.o 
tK02~5 so 10 20 5 10 ill 15 20 100 N 10 10 N :100 70 IO N 11 aoo ,. uo 
EK0312 70 lO 20 L 5 10 1'1 20 50 100 N 15 10 N JOO 100 150 N 111 200 flj 1110 
EK0315 70 15 20 N 5 10 fit ao 20 100 N 1!1 10 N JOO 110 50 N u 200 N uo 

EK0414 20 7 20 M 5 N 10 Ill 5 Jo 100 N 5 10 N uo u 10 II 10 aoo N 10 
EK0444 7o 15 20 Ill 5 N 10 N 15 70 100 N 10 10 N uo 100 10 H 10 2110 H JO 
EK0451 20 lO 20 N 5 Ill 10 111 10 so 100 N 7 10 N uo 10 10 N u aoo ,. 110 
EK04112 20 15 20 Ill 5 N 10 1'1 5 so 100 N 7 10 N aoo 70 eo N 11 200 N 70 
EP:Z017 15o 30 20 L 10 20 N 70 !iO 100 N 15 10 Ill 300 uo 10 H u aoo "' uo 

e:Paoas 700 lO 20 Jll 5 N 20 N 200 u 100 N JO 10 N soo :zoo 10 N 30 aoo 1000 G 
EP2270 3o 150 2(1 L 5 L 20 L 30 ao 100 N 10 tO N 200 70 SO N 15 aoo N 10 
EP2274 30 70 20 L 5 20 L 15 lO 100 N 15 10 N 200 110 50 N u 200 N 70 
EP229l 30 70 20 N 5 N 20 L 15 100 100 N 15 10 N 150 70 50 N u 200 N 70 
EP2295 15 10 20 L 30 20 L "7 30 100 N 7 10 N 100 110 10 N 70 aoo N aoo 

EP23<12 15 so 20 r, '5 L 20 L 10 lo 100 N 10 10 N 150 70 150 N ao 200 "' uo 
(J.:) 
~ 

EP:U25 20 30 20 L 7 20 L 5 L 10 100 N to 10 N 100 70 50 N 10 200 N 300 (J.:) 
EP:Z394 10 15 20 N 5 L 20 L 5 100 100 N 5 30 uo 10 IO N 10 aoo ,.. JO 
tP2408 10 100 20 N 5 20 N 10 10 100 N 10 10 N 200 10 10 N 11 200 N 70 
t:P2474 to N 20 20 5 N 20 N 7 50 100 N 10 10 1'1 100 100 10 j\1 111 200 N 300 

Esoot:lo so 20 20 jl1 5 N 10 N 20 10 100 N 10 10 N 300 100 10 N ao 200 N 100 



ST\"I'LI!; 

EGORll 
EG11b2 
EG20il4 
EG20II2 
EG2tl7 

EG21!i2 
EG2tt>7 
EG2212 
EG2214 
EG'2ijO 

EG2321 
!C23111 
EG23t>O 
!G2373 
EG2499 

EG2644 
EG2717 
EG2711~ 
!G2750 
EK005i! 

EK0220 
I!:K02~2 
EK02!>5 
1!:1<0311 
El< 0 315 

EK0414 
EK0444 
EK0451 
EK0492 
EP2017 

EP20'~ 
EP2270 
EP2274 
P.:P;!293 
P:p2295 

EP2322 
EP2l25 
EP:.J394 
Ep240>1 
EP24 74 

F.SllOijO 

AA•All•P 

0,00 R 
ii,OO 
o,oo 
0 1 00 R 
0 1 00 ;; 

o,oo 
r,oo 
o) 1 00 <' 
o,oo 
o,oo 

t•. oo " 
''• 00 ... 
ll,oo 
•). 0(1 

o,oo !; 

0,00 ;; 
o,oo 
o,oo 
0 1 00 R 
o,oo "' 

o,oo " 
l). 00 f' 
,j 1 00 R 
0. ;:>(I ~~ 

f). 01,) ,\ 

r., oo 
o,oo 
(> 1 00 H 

o,oo 
o,oo 

0 1 00 R 
0,00 R 
o,uo 8 
o.oo k 
0 1 00 H 

.1,00 ;; 
•) 1 0(1 H 

0. •)Q 
(I I QQ 
0,0(1 

{.J ,oo ;; 

TABLE 19.-Analytical results of anomalous samples from other parts of the Alpine Lakes area 
and additions-Continued 

AA•CU•P 

15 
30 

0 
0 

15 

0 
(• 

30 
20 

0 8 

0 
0 ti 

15 
0 fl 
0 1:\ 

0 8 
0 B 
0 B 
0 8 
oi 8 

0 
0 
0 1:1 

15 
0 8 

15 
0 8 
0 8 

B 

0 J; 

150 
o e 

0 k 
\) 

0 

10 

!I 
il 

AA•Z~.p AA•AG•P AA•CO•P 

70 0 ij 0 R 
100 0 tl 0 B 

0 P. 0 f:l 0 B 
01.1 08 OR 

30 0 ij 0 II 

(I (\ 

0 B 
ss 
)() 

0 B 

0 B 
0 F\ 

80 

"' 0 "' 

0 R 
0 R 
0 R 
0 R 
0 F\ 

" p 
(\ p 

55 
0 !\ 

45 
() I' 
0 R 

A 

R 

0 R 
&5 

0 I' 

o ro 
0 R 
0 !\ 
0 p 
C• R 

l2C1 

0 
0 
0 i! 

tl 
tl 
i.l 

0 8 
0 li 

8 
B 
B 

0 

i.l 
rl 

0 d 

n 
tl 

B 
1:1 
n 
I~ 

B 

0 ij 

0 d 
0 ,i 
0 ~ 

0 d 

0 tl 

R 
R 

0 B 
0 R 
o B 

0 R 
0 I! 
0 

R 
R 
R 

0 R 
0 R 
0 R 
0 B 
0 R 

0 
0 
0 R 

R 
F\ 

n R 
0 A 

,r:o R 

() 

0 
0 R 
() 

0 

0 A 

AA•NI•P rM•~X•Hk rM•Sa CM•MO 
STREAM-SEDIMENT SAMPLES 

A5•PT 

0 8 2 ,o 8 0 8 ,oo 8 
,oo 8 
,oo 8 
,00 B 
,00 B 

0 1:1 2 ,o it 0 1:1 
0 8 2 1 0 II 0 8 
0 8 1 L 1 0 8 o 8 
0 ll 4 ,u 8 0 8 

0 8 
0 8 
0 8 
o. 1:1 
0 8 

0 8 
0 B 
0 II 
0 8 
0 8 

0 8 
o a 
o a 
0 8 
0 II 

0 8 
0 tl 
0 i; 

tl 
8 

I! 
0 1:1 
0 I! 

0 8 
0 1:1 
0 8 
0 il 
0 1:1 

0 1:1 
0 8 
0 1$ 

0 8 
0 B 

1:1 

1 
2 

10 
12 

1 

1 
1 

1b 
1 
1 

1 
1 N 
1 
1 L 
2 

L 

10 
1 L 
1 
5 
2 

l L 
10 

1 
1 
1 

12 

L 

,o 8 
,o s 
,o I! 
,o s 
,o 8 

,o 8 
,o 1:1 
,o 8 
,o s 
,o 8 

,o s 
,O B 
,o 1:1 
,0 B 
,o 8 

,o s 
,o 1:1 
,o 1:1 
,o 1:1 
,o I! 

,o 8 
,o 1:1 
,o 8 
1 0 II 
.o 1:1 

,o 1:1 
,o 8 
1 0 B 
.o 1:1 
,o 1:1 

.o 1:1 
,o 1:1 
,o 1:1 
,o 1:1 
,o 8 

,5 " 

II 1 00 8 
8 ,oo fl 

0 8 ,oo 1:1 
0 8 ,00 B 
0 B 1 00 1:1 

8 ,oo a 
8 1 00 B 
8 ,oo 8 
fl ,oo 8 
8 ,oo 8 

0 B 1 00 II 
0 8 ,oo 8 
0 8 ,oo 8 
0 B 1 00 8 
0 B 1 00 8 

0 8 • oo 8 
0 8 1 00 B 
0 8 ,oo 8 
0 8 1 00 8 
0 8 1 00 8 

0 B 1 00 8 
0 8 ,oo 8 
0 8 ,oo 8 
0 8 1 00 8 
0 8 ,oo 8 

0 B 1 00 8 
0 8 ,oo 8 
0 8 1 00 B 
0 8 .oo 8 
0 8 ,oo 8 

o 8 ,oo II 
0 8 ,oo 8 
0 B oOO B 
0 8 ,oo 8 
0 8 1 00 B 

8 ,oo 8 

A8•PD 

,000 B 
.ooo 8 
,ooo 8 
,000 B 
1 000 B 

,ooo 8 
,000 B 
,oou II 
1 000 B 
1 000 B 

,ouu 8 
,ooo 8 
,ooo 8 
,ooo 8 
,ooo 8 

,ooo It 
,oou B 
,oou 8 
,ooo 8 
,ooo 8 

,ooo 8 
,ooo 8 
,01)0 8 
.ooo 8 
.ooo 8 

,oou 8 
,ouu 8 
oOOO II 
,ooo 8 
,ooo 8 

,ooo 8 
,ooo 8 
,ooo 8 
oOOO 8 
,ooo 8 

,ooo 8 
,ooo B 
oOOO 8 
,ooo 8 
,ooo 8 

1 000 B 

AI•MH 

,000 B 
,000 B 
,000 II 
,ooo a 
oOOO B 

,000 B 
,000 B 
,ooo 8 
,000 B 
0 000 B 

,ooo il 
,OOU B 
.oou 8 
,ooo 8 
,000 II 

,ooo 8 
1 000 B 
eUOO 8 
,000 B 
,ooo 8 

,000 II 
,ooo 8 
,000 II 
,ooo 8 
,ooo 8 

,ooo 8 
,ooo 8 
,ooo 8 
,ooo 8 
,ooo 8 

,000 II 
,ooo 8 
,ooo 8 
.ooo 8 
,ooo 8 

,ooo 8 
,ooo 8 
.ooo 8 
,ooo 8 
,ooo 8 

,ooo tl 

Ali•RU 

oO B 
,u It 
,O II 
,U II 
.o 8 

.o 8 

.o 8 

.o 8 
,o 8 
.o 8 

,u 8 
,o It 
,o 8 
,o 8 
,o 8 

,o 8 
.o 8 
.o 8 
.o 8 
.o 8 

.o 8 

.o 8 
,o I 
,o 8 
.o 8 

,O I 
.o 8 
,o B 
.o 8 
,o 8 

,O B 
,o I 
,O I 
eO I 
.o 8 

,o 8 
,o 8 
oO i1 
.o 8 
.o 8 

,o 8 

Al•l~ 

,o 8 
,u 8 
,o II 
,u 8 
,o 8 

,o 
,u 
,o 
,u 
,u 

,o 
,o 
,o 
,o 
,o 

,o 
,o 
,u 
,u 
,o 

,u 8 
,o B 
,o B 
,u 8 
,o 8 

,o 8 
,o 
,o 
,o 
,u 

,o 
,o 
,o 
tO 
,o 
,o 
,o 
.u 
,o 
,o 

,o 

a;U 

0 B 
0 8 
0 8 
0 8 
0 B 

0 8 
0 B 
0 8 
0 8 
0 j 

0 II 
0 8 
0 8 
0 II 
0 8 

0 8 
0 s 
0 8 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 B 
0 8 
0 8 

0 8 
0 8 
0 8 
0 8 
0 I 

0 8 

CJ.:) ..... 
~ 

> 
t'"4 
'"0 z 
t;lj 

~ 
~ 
t;lj 
rn 
rn 
d 
tj 
to<: 

> ;; 
> 
> z 
tj 

> 
tj 
tj 
....... 
t-3 
~ 

0 
z sn 
~ 
> rn 
::c: 
z 
0 

C5 
z 



TABLE 19.-Analytical results of anomalous samples from other parts of the Alpine Lakes area 
and additions-Continued 

SAMPLJI: s•rn S•MG\ s.cu I•TI\ S•MN I•AG l•.lS 
STREAM-SEDIMENT SAMPLES 

S•AU 8•8 hBA I•BE 5•81 

!10241 leO t.so t.so elOO '700 0,5 N 200 N 10 N 10 lOO leO 10 N 
EI20U '7e0 2,00 leoo ,soo 1000 Oe5 N 200 N 10 N 10 L 1110 11 0 L 10 N 
1:52071 lloO 1,00 leoo e500 ,oo 0 1 5 N 200 N 10 Ill 70 JOO 1,0 L 10 N 
IT00l5 5e0 1.oo l,oo ,soo 2ooo 0,15 N 200 N 10 N 10 300 leO L 10 N 
noon '7,0 3,00 a,oo ,700 1000 0 1 5 N 200 H 10 N 70 500 11 0 L 10 N 

ETOt04 5eO J,OO 3 1 oo ,500 1500 0 1 5 N 200 N 10 N 10 500 11 0 L 10 N 
IT0137 s.o t,so 2eoo ,700 1000 0 1 5 N aoo N 10 H 10 L JOO 1,0 10 N 
IT0170 7,0 2,00 3,oo ,50Q 1500 0 1 5 N aoo H 10 N 10 lOO t,o L 10 N 
ITOt71 3,0 1,00 a,oo ,300 1500 0 1 5 N aoo H 10 N 10 L aoo 11 0 L 10 N 
ET02l9 1e5 o,so 1~00 .uo soo 0 1 5 N aoo N 10 N 10 lOO 1,0 10 N 

ET0230 t,o o,ao 0,70 ,070 3000 0 1 5 N aoo N 10 N 10 L 70 leO 10 N 
ET0271 leO J,OO 3,oo ,Joo 1000 0 1 5 N aoo H 10 N 10 L 300 1,0 10 N 
ET0296 s,o 0,70 a,oo ,500 1000 0 1 5 N aoo H 10 N 10 300 leO 10 N 
ET0302 JoO 0,70 o,,o e)OO tsoo 0 1 5 N aoo N 10 N 70 1100 leO 10 N 
IT0371 leO 0,70 1,50 ,700 '700 0,5 N aoo N 10 N 10 lOO 1,0 10 N 

IT0387 leO 0,70 t,so ,300 '700 00 5 N 200 N 10 N 10 L lOO leO 10 N 

PANNED•CONCENTRATE SAMPLE 

EC:1t59 to,o 5,00 3,00 ,100 1000 0,5 N aoo N 10 N 10 100 leO N 10 N 

I•CD s-co 

20 H 111 
20 H u 
ao H 7 
ao H u 
ao ~~; '70 

ao N 10 
ao N 111 
ao N 11 
ao N 1 
20 N 10 

20 N 10 
20 N 111 
ao ,. 10 
ao N u 
ao N 10 

20 ti 10 

~0 N 50 

t-3 
> 
t:O 
t-t 
t;l:j 
00 
~ 

00 

> z 
tl 
~ 

tC 

Cl:) 
...... 
01 



Cl,j 
1-" 
~ 

> 
~ 
1-C 
1-t 

z 
t;rj 

~ 

TABLE 19.-Analytical results of anomalous samples from other parts of the Alpine Lakes area > 
~ and additions-Continued t;rj 
en 
en s•~PLE S•CR S•CU S•LA S•MO s·~·s S•NI S•PR .or.•AA S•SC: S•SN S•SR li•V S•W o•V S•ZN S•ZR t-3 

STREAM-SEDIMENT SAMPLES c::: 1!:50241 50 7 :ZO N 5 I\ 10 N 15 70 100 N 10 10 Ill )00 70 !50 N 10 aoo N 150 tj 
ES20U 20 70 20 L 7 20 L 15 70 100 N u 10 N aoo 1UO !50 N au 200 N 200 to<: 
w:a:o~o7& 30 20 20 10 20 N ]0 10 L 100 N 15 10 PI 150 70 !50 N 11:1 200 N 150 > ETOOl!S 150 1500 20 N 5 lV 10 N 50 20 100 N 20 200 700 1110 50 N 15 200 " 70 
ETOO'llll 300 100 20 L 5 N 10 N 151) 15 100 N 30 10 ftl :100 300 50 N lO 200 N 150 ~ 

t;rj 
ET0104 200 30 20 !II 5 10 N 70 15 100 N JO 10 N 300 300 50 N 15 200 N 100 > 
t:T0137 70 15 20 15 10 N 30 10 100 II :IQ 10 N 500 uo 50 li ao aoo ,. 200 > ET0170 150 20 20 N 5 f\1 10 N 50 50 100 N 20 10 N 500 aoo 50 N 15 aoo N 70 z U0171 50 15 20 5 1> 10 N 20 50 100 N 10 10 N lOO 100 50 N 10 200 N 70 tj I!:T0219 20 30 20 N !\ N 10 N 5 30 100 N 7 10 N aoo 50 50 "' 11) 21111 N 70 

> ET02l0 10 L 7 20 ~~ 5 N 10 N 5 !SO 100 N 5 10 N 100 L ao 50 N 1\1 auo N 10 tj 
ET0271 150 30 20 N 5 N 10 N 70 50 100 N u 10 N 500 100 50 N u aoo N 70 tj 
f:T0296 20 20 20 N 5 N 10 N 10 50 100 N 15 10 N 200 70 50 N ao 200 N 100 -t-3 ET0302 30 30 30 5 N 10 N 15 50 100 N 15 10 N aoo 100 50 N 5U 200 N 150 1-t 
ET0l71 3o 20 20 N 5 N 10 ~~ 15 100 100 N 10 10 t; aoo 10 !10 H u 200 1!1 100 0 
ET0387 20 10 20 N 5 N 10 N 10 10 100 H 7 10 N aoo 70 50 N 10 

z 
200 N uo ~en 

PANNED-CONCENTRATE SAMPLE $l 
EG1459 5ooo G 15 20 N !I N 20 1\i 500 10 L 100 N 20 10 N 200 uo !SO H 20 200 100 

> en 
::I: 
1-t 

z 
0 
t-3 
0 z 



TABLE 19.-Analytical results of anomalous samples from other parts of the Alpine Lakes area 
and additions-Continued 

SAMPLE AA•AU•P A.A•Cl'•P AA•ZN .. P A.\•AG•P AA•CO•P 11-A•Nl•P 1"1'•CX•H," c~·ss CM•I10 A.S•PT AS•Pl) A.S•kH A5•l<U AS•ll< e;U 
STREAM-SEDIMENT SAMPLES 

!S0241 0 0 (!0 R lS ss 0 t; 0 R 0 B j ,1) ~ 0 8 ,ou !l ,oou a ,ooo 1:! oU 1:1 ,u 8 0 8 
~82043 0,00 R o a 0 R 0 B 0 R 0 l:l 2 ,o 8 0 8 ,oo 1:1 ,oou 8 ,ouu I! .o 1:1 ,u 8 0 I! ES20H 0 0 00 R 0 13 0 R I) d 0 f\ 0 I! 1 N ,o 1:1 0 ~ ,oo tl o0\11) 8 ,ooo I! ,o 8 ,o 8 0 8 t-3 Er0035 n,oo 8 0 !l 

0 "' 
0 f:j 0 R 0 8 3 ,o 8 0 R 1 uu B ,ooo 8 ,000 B oil 8 ,o 8 0 I! > E'I'00!/8 0 1 00 R 0 !.1 0 R IJ !i 0 R 0 8 1 L 0 11 B 0 B ,uo l'l ,oou a 0 000 B .u l:l ,o 8 0 8 0::1 

ET0104 0 1 00 R 0 B n R 0 ~ I) P, 0 8 1 ,u I! ,ou El .ooo 8 ,ooo ll oil B 
t-t 0 I! ,u 8 0 8 t_:rj I!:T01J7 0 1 00 R 10 )5 0 8 tl ~ 0 !I 1 L ,u B 15 ,ou i.' ,000 B ,uoo b .o ill ,o 8 0 8 00 ~:}- ET0170 o,oo ~ 15 40 0 B 0 Fl 0 8 2 ,u t! 0 B ,ou b 1 000 B ,ooo 1:! ,u i! ,u B 0 8 
~ c ET0171 o,oo f:' to 45 I) 6 () R 0 !'I 3 ,u t! 0 B 1 00 B .uou 8 ,ooo I! ,1) 1:! ,o 8 0 8 00 0 ['1'0219 o,oo fl 2!1 140 l) tl 0 R 0 tl 20 .s () I; ,oo I' ,ouo 8 ,oou t! .o tl 0 0 B 0 l.i > (j) 

z 0 !:T0230 ll,ll(l" 0 I; 0 fl 0 ti 0 P, 0 t! 3 ,o 8 0 B ,oo 8 ,ouo 8 ,ooo tl .o l.i ,u 1:1 Q 8 
t:::l < ET0271 O,llO 1-' )0 70 0 8 () A U B 3 .s o a 1 00 B ,000 B ,ooo tl .o 8 ,11 8 0 8 m 

:Il ET029b o,oo ~ 20 110 0 8 0 II 0 B 2 ,ll d 0 A .ou 8 ,ouu 8 ,ooo 1:1 .o tl ,u 8 u 1:1 ~ z ET03U2 0 1 00 R 20 ijl1 0 Q 0 i\ 0 B 1 l· ,v tl 0 fl 1 00 B .ooo 8 ,ooo 1:1 .o 8 1 0 B 0 8 ~ s:: 
m ET0371 o,ou " 20 bO 0 ~ () 5 0 t; b ,o 8 0 1-\ ,oo ll ,oou 8 ,ooo 1:1 .o l! ,u 8 0 0 z 
-I 

ET03ti7 "'C o,oo "' 10 20 0 B 0 R 0 8 
:Il 

3 ,o t! 0 8 ,oo 8 oOOU 8 ,oou t! ,o 8 .u 8 0 B 

z PAli'Nf~D-CONCt;~;TRArE: SAMPLE 
-I z EG14!9 0,05 Ill 0 B (j) 0 1\ 0 d 0 q 0 8 0 1'\ ,ll d IJ B ,01 Ill 0 004 N ,004 Ill o2 N ,a N 0 1:1 
0 
"T1 
"T1 
() 
!"':1 

cO 
co 

i 
(J) 
...... 

~ """ ./:. 
1--' 0 

(J) -:] 








