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STUDIES RELATED TO WILDERNESS
PRIMITIVE AREAS

In accordance with the provisions of the Wilderness
Act (Public Law 88-577, September 3, 1964) and the
Conference Report on Senate bill 4, 88th Congress, the
U.S. Geological Survey and the U.S. Bureau of Mines
are making mineral surveys of wilderness and primitive
areas. Areas officially designated as “Wilderness,”
“wild,” or “canoe” when the act was passed were incor-
porated into the National Wilderness Preservation Sys-
tem. Areas classed as “primitive” were not included in
the Wilderness System, but the act provides that each
primitive area be studied for its suitability for incorpo-
ration into the Wilderness System. The mineral surveys
constitute one aspect of the suitability studies. This
bulletin reports the results of a mineral survey in the
Salmon-Trinity Alps Primitive Area, California. The
area discussed in the report includes the primitive area,
as defined, and a contiguous tract that may come under
discussion when the area is considered for wilderness
status. ‘
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STUDIES RELATED TO WILDERNESS — PRIMITIVE AREAS

MINERAL RESOURCES OF THE SALMON-
TRINITY ALPS PRIMITIVE AREA,
CALIFORNIA

By Preston E. Horz, U.S. Geological Survey, and Horace K.
THURBER, LAWRENCE Y. MARrks, and RoBeErT E. LEvans, U.S.
Bureau of Mines

SUMMARY

A mineral survey of the Salmon-Trinity Alps Primitive Area and vicinity
in the southern Klamath Mountains, northern California, was made in 1968,
1969, and 1970 by the U.S. Geological Survey and the U.S. Bureau of Mines.
An aeromagnetic survey of the area was made by the U.S. Geological Survey
in 1969. The area studied consists of approximately 450 square miles of the
officially designated primitive area, plus an additional 118 square miles in
adjoining areas. The fieldwork was accomplished by several hundred miles of
traverses on foot. A helicopter was used to supply base camps and to transport
personnel. Approximately 80 man-months was spent in field investigations.

The mineral survey consisted of reconnaissance geologic mapping, a geo-
chemical sampling program, studies of known mineral occurrences including
lode mines, prospects, and placer deposits, and determination of mineral pro-
duction. Stream-sediment samples were collected from all the principal streams
and most tributaries. Panned-concentrate samples of streambed material
were also collected, at regular intervals, to check for heavy minerals. All the
representative rock types were sampled, and in addition stained or altered
samples were collected from contacts, joints, fractures, shear zones, and
material that showed any indication of mineralization. Quartz veins in natural
exposures and in accessible mines and prospects were sampled, as well as
the dumps of many mines and prospects. More than 2,100 samples were
analyzed by semiquantitative spectrographic, atomic absorption, and colori-
metric methods. Approximately 290 samples from veins were tested by fire-
assay and chemical-assay methods. Over 270 samples from placer claims and
gravel deposits were tested by amalgamation to determine recoverable gold
content.

Geologically, the area includes two lithologic belts. On the west is the
western Paleozoic and Triassic belt underlain by fine-grained metasedimentary
rocks and mafic to intermediate metavolcanic rocks. In the central part of the
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B2 STUDIES RELATED TO WILDERNESS — PRIMITIVE AREAS

area the Salmon Hornblende Schist and the Abrams Mica Schist, whose meta-
morphic age is approximately 380 million years (Devonian), occupy a plate
of rocks which has been thrust westward over rocks of the western Paleozoic
and Triassic belt. Windows in the thrust plate expose metamorphosed rocks
of the western Paleozoic and Triassic belt. In the eastern part of the area a
large body of serpentinized ultramafic rock is thrust westward over the Salmon
and Abrams Formations. Belts and lenticular bodies of serpentinite also occur
along faults in the western Paleozoic and Triassic belt. Plutonic rocks of
Jurassic age ranging in composition from gabbro and diorite to granodiorite
occur throughout the area. Medium-sized to large plutons of quartz diorite
and granodiorite are abundant in the eastern part of the area, where glacia-
tion of some of the closely jointed granitic bodies has resulted in spectacular
alpine scenery.

The study area is in a part of the Klamath Mountains where gold has been
extensively sought and mined from both lode and placer deposits. Recorded
production from lode deposits in the area totaled slightly over 152,900 ounces,
approximately $5,350,000 at today’s base price of $35 per ounce. The largest
producers were the Globe mine in the Dedrick—-Canyon Creek district, with a
recorded production of more than $3,980,000, and the Alaska mine in the East
Fork district, which reportedly produced approximately $600,000 in gold. The
greatest concentration of mines is in the Mary Blaine Mountain-Old Denny
district, where a total of approximately $500,000 in gold was produced. The
most important mine, the Boomer, produced approximately $136,000. The
Dorleska mine, south of Coffee Creek, is an old property from which about
$310,000 worth of gold has been produced. Numerous small mines and pros-
pects, scattered throughout the study area, have produced less than $100,000
in gold at the base price of $35 per ounce, and many have yielded less than
a few thousand dollars. All the lode mines have been idle for more than 30
years, but some exploration and development have recently been carried
on at the Globe and some small mines in the Coffee Creek area. Globe and
Dorleska are economically marginal deposits, but the other lode gold deposits
cannot be profitably mined now or in the foreseeable future.

Significant but smaller production is recorded from placer mines within
the study area. The recorded production totals approximately 16,200 ounces,
worth $567,000 at the present price of gold. This total is believed to be low
because much of early day placer production was not recorded. The principal
placer mines have been the Bayles and King hydraulic mine in Rattlesnake
Creek, the Nash placers in Coffee Creek, and the Holland placers in East Fork
Coffee Creek. Placer mining is currently confined to one- or two-man opera-
tions on some of the streams and recreational prospecting by summer visitors
to the study area. Limited, small-scale placer operations are probably feasible.

Deposits of other metals of interest in the study area include silver, copper,
mercury, and chromium. A small amount of silver production has been re-
corded (approximately $60,000) as a refining product of gold ore. Copper
minerals occur in minor quantities in many of the gold veins, and a few
minor copper prospects are known, but no copper has been mined commercially
in the study area. A few flasks of quicksilver have been produced from the
Cinnabar mine in the Mary Blaine Mountain-Old Denny district, the only
known significant deposit of mercury in the area. A small amount of chromite
has been produced, but no extensive deposits are known.

Small quantities of copper, lead, zinc, silver, and mercury were detected
in many of the samples collected for the geochemical study, and anomalously
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high quantities were found in some places, most commonly in the western
part of the area. Patterns of samples containing anomalous copper, lead, and
silver indicate that further exploration might result in the discovery of
mineral deposits in the vicinity of Soldier Creek and the East Fork New
River. A fault zone on the upper East Fork New River, where samples con-
tained anomalous quantities of lead, silver, molybdenum, zinc, and mercury,
may warrant further prospecting. A mineralized fault zone is exposed on
the South Fork Whites Creek, where samples are enriched in copper, lead,
silver, and molybdenum and trace amounts of lead. Small amounts of coarse
placer gold have been found near there in recent years. Samples containing
gold and anomalous amounts of copper were obtained throughout the drainage
of the North Fork Trinity River and in the vicinity of the McClaron and
Alaska mines, where there may be other small undiscovered mineralized veins,
but it is doubtful if this part of the area has any important mineral potential.

Bismuth occurs in several samples from the northwestern part of the area,
in the vicinity of the Salmon Summit mine. The metal is restricted to this
region, where it probably is uniquely associated with the gold mineralization.

In the eastern half of the study area, anomalous quantities of metals are
found in very few samples, and these are from widely scattered localities.
The presence of gold, however, has long been recognized, particularly in the
Coffee Creek drainage. A weakly mineralized north-south-trending zone may
extend from Stuart Fork into the drainage of Caribou Creek, as the distribu-
tion of samples containing molybdenum, silver, and lead suggests.

The study area has no potential for combustible fuels. Granitic rock for
decorative stone is plentiful, and sand and gravel could be produced from the
area. Limestone is also fairly abundant in the western part of the region.
These commodities are, however, more accessible elsewhere at localities closer
to markets.

INTRODUCTION

The Salmon-Trinity Alps Primitive Area is in northern Califor-
nia and includes parts of Trinity and Siskiyou Counties and parts
of the Shasta-Trinity and Klamath National Forests (fig. 1). The
officially designated primitive area includes approximately 450
square miles (288,000 acres). An additional 118 square miles
(75,520 acres) was studied at the request of the U.S. Forest Ser-
vice. The total area investigated is about 568 square miles
(363,520 acres).

The area is in the southern part of the Klamath Mountains
geologic province, an elongate north-trending mountainous region
in northwestern California and southwestern Oregon which em-
braces several poorly defined individual ranges. The Salmon Moun-
tains, Trinity Alps, and Scott Mountains are included within the
study area. The Salmon Mountains, in the northwestern part of
the region, form the high divide between the Trinity River drain-
age on the south and the South Fork Salmon River and its tribu-
taries on the north. In the northeastern part of the area the Scott
Mountains form the divide between the Trinity and Scott River
drainages. Trinity Alps is the name given to the rugged terrain
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FIGURE 1. — Location of the Salmon-Trinity Alps Primitive Area (shaded)
and additional areas studied (line pattern).

in the central part of the region. Other prominent ridges and per-
sistent divides, generally trending north-south, also individually
named, are shown on plate 1.

Drainage in the western three-fourths of the area is mainly
southward and tributary to the Trinity River, a major westward-
flowing stream south of the study area. Many southeast-flowing
streams drain the eastern part of the study area, finally emptying

into Clair Engle (Trinity) Lake. The major stream in the north-:

eastern part of the area, also in the Trinity River drainage, is
Coffee Creek, which commences as a north-flowing stream and,
after a right-angle bend, flows eastward, augmented at frequent
intervals by many major tributaries from the north and south.
'The upper part of Coffee Creek valley is a fine example of stream
capture by the South Fork Salmon River which, in its first 414%
miles, flows northward in the southern extension of Coffee Creek
valley, then turns abruptly west and plunges through a spectacu-
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SALMON-TRINITY ALPS PRIMITIVE AREA, CALIFORNIA B5

lar water gap. The extreme northeastern part of the study area,
north of the Scott Mountains divide, is drained by many small
tributaries of the Scott River and the East Fork of the South Fork
Salmon River.

The many stream valleys and intervening ridges contribute to
the extremely dissected, rugged aspect of the region. The relief is
great, with deep, steep-sided, narrow-bottomed canyons and sharp
ridges. The relief between ridge and stream in many parts of the
area is 2,000-3,000 feet. Maximum relief is in the Trinity Alps,
where the vertical distance between ridge crests and valley bot-
toms is 3,000-4,000 feet. The highest point, Thompson Peak in
the Trinity Alps, is 9,002 feet high (frontispiece) ; the lowest
point, at the junction of Virgin and Slide Creeks, is approximately
2,000 feet.

The most spectacular part of the area is in the rugged glacial
terrain of the Trinity Alps (fig. 2), where Pleistocene glaciers
carved many typical U-shaped valleys, created beautiful lake-filled
rock basins at the heads of the valleys, and formed sawtooth

FIGURE 2. — View southward over Bear Basin, a glaciated tributary of Swift
Creek. The foreground and middle ground are underlain by ultramafic
rocks. The snowy ridge and peak at upper left are part of the Gibson Peak
granitic pluton.

472-784 O - 72 - 2
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ridges, matterhorn peaks, areas of ice-scoured bedrock, moraines,
meadows, and other scenic alpine features (fig. 3). Two small
vestigial glaciers remain. One is at the head of Grizzly Creek on
the north side of Thompson Peak (frontispiece). The other is in
a cirque on the north side of an unnamed peak (8,966 feet) on
Sawtooth Ridge, 0.6 mile east of Thompson Peak. The upper parts
of valleys in the northeast part of the study area, particularly on {

FIGURE 3. — View northeastward from the glaciated head of Stuart Fork.
Emerald Lake (above) and Sapphire Lake (below) are in the center, and
the U-shaped valley of Stuart Fork is in the upper right. Note Sawtooth
Ridge on the left of the valley. The volcanic peak of Mount Shasta is on
the skyline.
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the north side of the Scott Mountains, are also glaciated and offer
scenic areas of relatively easy access.

The area is heavily timbered, except for the higher glaciated
terrain in which bedrock has been scoured by ice (fig. 4). Oak,
laurel (or bay), maple, madrone, and other deciduous trees grow
on the lower slopes. Pine, fir, cedar, spruce, and other evergreens
grow at higher elevations and predominate above 4,000 feet. Many
south-facing slopes, especially in burned-over areas, are covered
with dense growths of manzanita, scrub oak, and other forms of
brush.

The climate of the study area is moderate, although in detail it
varies widely, depending on altitude. At Weaverville, a few miles
southeast, the average July temperature is 71°F; the maximum
daily summertime temperature is often in the 90’s. The average
temperature in January is 37°F; the daily minimum is well below
freezing. Precipitation at Weaverville averages 36 inches of rain-
fall, most of it during late fall, winter, and early spring; snowfall
averages 27 inches, with much more at higher elevations.

FIGURE 4. — View northward up Canyon Creek toward the Trinity Alps. The
lower part of the picture is south of the study area but illustrates the
rugged wooded terrain that is typical of the southern and western parts of
the region. The road to the Globe mine is visible on the right.
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The study area is accessible by several roads (fig. 1). On the
south, access roads from State Highway 299 extend to the New
River country, via Denny, and reach Hobo Gulch camp on the
North Fork Trinity River, and Ripstein Camp on Canyon Creek.
On the east, Highway 3 along the west side of Clair Engle (Trin-
ity) Lake and the Trinity River affords access to trail heads on Stu-
art Fork, the East Fork Stuart Fork, and Swift Creek. A good road
up Coffee Creek provides access to many trails north and south
of Coffee Creek. The Coffee Creek road extends to Big Flat, where
the Caribou Lake country and the head of Union Creek can be
reached by good trails. Several good dirt roads extend to the north
boundary of the primitive area from a paved road that extends
from Callahan to Cecilville on the South Fork Salmon River.
Maintained Forest Service trails from road ends cross the area,
usually following major streams, except where the trails cross
major divides. The trails can be traveled on foot or horseback
most of the year, except in the high country, where they are cov-
ered by snow during the winter.

PREVIOUS STUDIES

Some of the earliest geologic studies in the Klamath Mountains,
including that part occupied by the Salmon-Trinity Alps Primitive
Area, were by Hershey (1901, 1903), who also reported on gold
deposits in what is now the eastern part of the study area (Her-
shey, 1899, 1900). Gold deposits in the eastern part of the area
were also discussed by MacDonald (1913). Brown (1916) and
Averill (1941) briefly described mineral deposits, chiefly gold, in
all parts of the study area. Aside from work on the fringes of the
area by Hinds (1932, 1933, 1935), no substantive geologic studies
were made until after modern base maps became available in the
1950’s. Irwin (1960) described the results of geologic reconnais-
sance in the southern Klamath Mountains and northern Coast
Ranges. The study area was included in the geologic map accom-
panying that report. The most recent mapping of the complex
geology in the central and eastern parts of the study area have
been studies of the Helena quadrangle (Cox, 1967), parts of the
Trinity Dam and Coffee Creek quadrangles (Davis and others,
1965), and the Cecilville quadrangle (Davis, 1968). The area ex-
amined is included in geologic maps compiled by Strand (1962,
1963) for the Redding and Weed sheets of the Geologic Map of
California. The most recent geologic summary of the region is by
Irwin (1966). The geologi¢ environment in which lode deposits
of gold occur in the Klamath Mountains has been summarized by
Hotz (1971).

S
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PRESENT INVESTIGATION AND ACKNOWLEDGMENTS

Investigations in the study area by the U.S. Geological Survey
were made during the field seasons of 1968, 1969, and 1970. In
1968 the investigations were made by W. P. Pratt and D. P. Cox,
assisted by D. Elley and W. C. Wickboldt; in 1969 by P. E. Hotz
and D. P. Cox, assisted by C. R. Bacon, D. M. Hitchcock, and L. E.
Catton; and in 1970 by P. E. Hotz, assisted by T. C. Herman, J. C.
Matti, and M. H. Allen. An aeromagnetic survey of the area was
made by the U.S. Geological Survey in 1970.

Approximately 23 man-months was spent in field investigations.
The fieldwork was accomplished by several hundred miles of foot
traverses through the area. Extensive use was made of a helicopter
to supply base camps and to transport personnel.

Fieldwork by the U.S. Geological Survey included reconnais-
sance geologic mapping, which consisted of new mapping in the
western one-fourth of the area by Pratt and Cox in 1968, and
checking and updating existing maps in the rest of the area during
1969 and 1970. Many of the prospects and abandoned mines were
also visited and studied. The major effort, however, was the col-
lection of samples for a geochemical survey of the study area.
Stream-sediment samples and panned concentrates were taken at
regular intervals from nearly all the principal streams. All the
common rock types were sampled, including those with visible
alteration and evidence of possible mineralization. More than 2,000
samples of all kinds were collected and analyzed by spectrographic,
atomic absorption, and colorimetric methods. Most of the samples
were analyzed in Geological Survey mobile laboratories under the
direction of C. L. Whittington ; some were analyzed in laboratories
of the U.S. Geological Survey in Denver, Colo. Data from aero-
magnetic survey were interpreted by Andrew Griscom, U.S. Geo-
logical Survey.

Investigations by the Bureau of Mines were concerned mainly
with the economic aspects of the mineral resources in and adjacent
to the study area. Information was obtained from the records of
the U.S. Forest Service and the records of Trinity County in
Weaverville, Siskiyou County in Yreka, and Humboldt County in
Eureka, which were examined for the locations of patented and
unpatented mining claims. Data on mineral production were com-
piled from U.S. Bureau of Mines records and from various reports
of the California Division of Mines and Geology.

Fieldwork by U.S. Bureau of Mines personnel was conducted in
the mining districts and mineralized areas in and near the study
area during the summers of 1968, 1969, and 1970. In 1968, inves-
tigations were made by H. K. Thurber, Paul V. Fillo, and James L.
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Miller. During the 1969 field season, the studies were conducted
by Thurber, Robert K. Evans, and Lawrence Y. Marks. The re-
mainder of the study area was examined by Thurber, Marks, and
Evans, assisted by Donald Sanders. Approximately 57 man-months
was spent by Bureau of Mines personnel in field investigations.

The objective of the investigation was to determine the nature
and extent of mineral resources in the study area and its potential
for economic production. A thorough study was made of all known
mines and prospects and of their relationship to the geologic set-
ting, and an extensive search was made for potentially mineralized
areas and for undiscovered mineral resources.

The mineral appraisal of the Salmon-Trinity Alps Primitive
Area has benefited from the cooperation of many local residents,
resort operators, mine owners, and county officials. Particularly
helpful in the work were Mr. Henry Carter, Mr. George Jorstad,
Mr. and Mrs. Gilbert Gates, Mr. Warren Gilzean, Mr. and Mrs.
M. L. Benoist, Mr. Grover Ladd, Mrs. Margaret Desch, Mrs. Ger-
trude Whitton Barrett, and Mr. Robert J. Muir. The work could
not have been carried forward with dispatch without the coopera-
tion and assistance of U.S. Forest Service personnel in the various
district ranger offices. Both routine and emergency radio commu-
nication was very efficiently handled by Mrs. Betty Carlson of the
Bonanza King Lookout and Mrs. Rita Maupin of the Weaver Bally
Lookout. Mr. Burt Train of Redding Air Service and his pilots
greatly expedited examination work in remote areas by supplying
prompt and efficient helicopter service to the field crews as re-
quired.

GEOLOGY

SETTING

The Salmon-Trinity Alps Primitive Area embraces two infor-
mally designated geologic subprovinces or lithic belts of the
Klamath Mountains (Irwin, 1960, p. 16, 21; pl. 1) : (1) On the
west, the western Paleozoic and Triassic belt, and (2) on the east,
the central metamorphic belt. These two belts occupy three-quar-
ters of the area; the eastern quarter is underlain by a large body of
ultramafic rock and several granitic plutons. Lithologic units and
most of the principal faults and folds in the western and central
subprovinces strike north-south. The contact between the western
Paleozoic and Triassic belt and the central metamorphic belt is a
thrust fault of regional extent, and the central metamorphic belt
is on the westward-directed upper plate. The large ultramafic body
in the eastern part of the area is believed to have been thrust
westward over rocks of the central metamorphic belt. Granitic
plutons intrude rocks of both belts and the eastern ultramafic body.
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Dike rocks, mostly oriented in an east-west direction, are abun-
dant throughout the area. The region has been extensively dis-
sected by eroding streams, and the higher parts have been carved
by glacial ice.

WESTERN PALEOZOIC AND TRIASSIC BELT

The western part of the area is underlain by an assemblage of
metavolcanic and metasedimentary rocks which includes several
lithologic units whose stratigraphic and structural relationships
are in doubt. The belt includes rocks to which formational names
have been given in different parts of the Klamath Mountains in
California and Oregon; however, because of their uncertain rela-
tionships, Irwin (1960) assigned them to one subdivision, which
he called the western Paleozoic and Triassic belt. The western
Paleozoic and Triassic belt in the study area (pl. 1) is part of a
broad continuous north-south-trending terrane throughout the
Klamath Mountains province.

In the study area, metasedimentary rocks of the western Paleo-
zoic and Triassic belt consist mostly of metachert and fine-grained
slaty to phyllitic and schistose rocks formed by the metamorphism
of fine-grained detrital sediments. Fine-grained metavolcanic rocks
are interbedded with the metasedimentary rocks. Lenticular, dis-
continuous bodies of metamorphosed limestone (marble) are
widely distributed throughout the belt.

The metacherts are commonly thin bedded. Layers of very fine
grained to microscopic quartzite, an inch or less to as much as 4
inches thick, alternate rhythmically with thinner partings of
commonly slaty argillaceous material. The siliceous beds are gray
to greenish gray, less commonly reddish brown; the argillaceous
partings are dark gray to black. Many exposures show complex
tight folding in the rhythmically bedded metachert.

Argillite, slate, phyllite, and fine-grained schist are plentiful
in the western half of the western Paleozoic and Triassic belt
encompassed by the study area. Generally, these are very fine
grained rocks whose constituents are only visible under the micro-
scope. Commonly the rocks have a poor to moderately well defined
cleavage, and cleavage surfaces have a silky sheen imparted by
finely divided mica. Original bedding is indistinct or obliterated
by penetrative metamorphic foliation. Microscopic examination of
these rocks shows them to be composed of fine-grained quartz,
commonly some untwinned albite, fine-grained colorless mica, and
variable minor amounts of chlorite and actinolite. Gray to black
translucent to opaque submicroscopic dust is abundant in some of
the very fine grained rocks.
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Marble, formed by the recrystallization of limestone, ranges
from massive to moderately well bedded and from fine grained to
coarsely crystalline. Generally, it is relatively pure, but some con-
tains knots and lenses-of chert and variable amounts of volcanic
debris. Although some of it has a distinetly fetid odor when freshly
broken, organic remains are almost never apparent.

The metavolcanic rocks are greenish gray to black, and fine
grained to microcrystalline. Many are apparently massive and
structureless, but faint to obvious pillow structures can be seen
in some exposures. Some of the rocks have recognizable porphy-
ritic textures, with small subequant phenocrysts of greenish
amphibole, pseudomorphs of pyroxene, and less commonly with
phenocrysts of unaltered pyroxene. Others are amygdaloidal, with
calcite-filled cavities. The more soluble carbonate amygdules are
leached out, and so weathered exposures have a vesicular appear-
ance. Some of the metavolcanic rocks are obviously fragmental
volcanic breccias; these commonly contain fragments and intersti-
tial fillings of recrystallized limestone. Under the microscope thin
sections of metavolcanic rocks reveal sodic plagioclase (albite to
sodic andesine) intergrown with pale-green actinolitic amphibole
and chlorite. Relict clinopyroxene (augite) occurs in some of the
phenocrysts. Common minor accessories are epidote and (or)
clinozoisite, fine-grained sphene or leucoxene, and magnetite or
magnetite-ilmenite. The rocks probably were originally of basaltic
composition ; some were undoubtedly spilites.

Rocks of the western Paleozoic and Triassic belt have been re-
gionally metamorphosed under the relatively low-grade conditions
of the greenschist metamorphic facies. In this area this facies is
typified by incipient recrystallization of the volcanic rocks, with
the formation of new minerals but without destruction of the
essential features of the original fabric and structure of the rocks,
and development of microcrystalline quartzite and micaceous phyl-
lite from the original chert and mudstone. Adjacent to some of the
intrusive bodies, for example, in the western part of the area near
the Ironside Mountain pluton, some of the metasedimentary rocks
are coarser grained, owing to contact metamorphism, and the
rocks are brownish to purplish because of the development of bio-
tite. Metavolecanic rocks are locally metamorphosed to amphibolite
adjacent to some of the intrusive bodies. Lawsonite-glaucophane
schist, typical of the blueschist facies, occurs in the eastern part of
the subprovince in scattered outcrops along Limestone Ridge adja-
cent to the thrust fault contact with rocks of the central meta-
morphic belt. '

Metasedimentary and metavoleanic rocks which underlie a
thrust plate of Salmon and Abrams Formations are exposéd in the
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core of isoclinal antiforms in the valley of the Stuart Fork Trinity
River and near Caribou Lake, in the upper part of the valley of
the South Fork Salmon River, and in upper Coffee Creek (pl. 1).
These rocks, called the Stuart Fork Formation by Davis and Lip-
man (1962), are correlated with rocks of the western Paleozoic
and Triassic belt (Davis, 1968, p. 915). The metasedimentary
rocks include complexly folded phyllitic to schistose micaceous
quartzite and some interbedded graphitic quartz-mica phyllite.
Scattered lenses of marble are also present. Minor amounts of
fine-grained greenstone and foliated actinolitic schist interfinger
with the siliceous rocks. Adjacent to the plutons southwest of
Caribou Lake, the mafic rocks are metamorphosed to hornblende
hornfels. The highly deformed and recrystallized character of the
metasedimentary rocks is attributed to shearing by westward
thrusting of the plate bearing Salmon and Abrams Formations
over rocks of the western Paleozoic and Triassic belt (Davis, 1968,
p. 915).

The age of rocks in the western Paleozoic and Triassic belt is
only approximately known. Some poorly preserved fossil remains
of crinoids and corals were found in a few places in the study area.
Small collections from limestone lenses on Fawn Creek and Eagle
Creek indicate middle or late Paleozoic age (C. W. Merriam, writ-
ten commun., 1969). Age determinations on fossils from elsewhere
in the belt range from middle and late Paleozoic to Triassic
(Irwin, 1966, p. 21-24). Isotopic ages obtained on the highly de-
formed rocks below the thrust plate of Salmon and Abrams For-
mations range from 133 to 150 m.y. (million years) and suggest
that metamorphism occurred during the Jurassic (Lanphere and
others, 1968).

CENTRAL METAMORPHIC BELT

Rocks of the central metamorphic belt are divisible into two
units: the Salmon Hornblende Schist and the Abrams Mica Schist
(pl. 1). The Salmon Hornblende Schist occurs mainly in the region
between the North and Stuart Forks of the Trinity River, and also
in a smaller area west and northwest of Big Flat at the head of
Coffee Creek. A narrow belt of the Salmon crops out east of Stuart
Fork and east and north of the upper part of Coffee Creek in con-
junction with the Abrams, which occupies a narrow zone adjacent
to the west boundary of the eastern ultramafic body. The Abrams
also occurs in a small area near the county-line ridge in the head-
waters of the North Fork Trinity River.

The Salmon Hornblende Schist is a rather uniform dark fine-
grained well-foliated hornblende-epidote-albite schist formed by
metamorphism of what were probably mafic igneous rocks. The
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foliation is defined by a cleavage parallel to well-oriented horn-
blende prisms and by light-colored quartzo-feldspathic and epidote-
rich layers. A pervasive lineation is made apparent by weakly to
strongly oriented hornblende prisms in the foliation plane (Davis
and others, 1965, p. 943). The Abrams Mica Schist, composed pre-
dominantly of metasedimentary rocks, includes quartz-mica
schists, calcareous schists and impure marble, and intercalated
amphibolite.

The Salmon and Abrams Formations constitute a metamor-
phosed generally coextensive sequence that overlies metamor-
phosed rocks of the western Paleozoic and Triassic belt on a
folded thrust sheet. Valid stratigraphic evidence of the age of the
Salmon and Abrams Formations is lacking. They may be meta-
morphosed equivalents of Paleozoic rocks in the eastern Klamath
belt (Irwin, 1966, p. 21; Lanphere and others, 1968, p. 1034). A
rubidium-strontium age of 380 m.y. (Devonian) was obtained
(Lanphere and others, 1968, p. 1034) for initial metamorphism
of the Abrams Mica Schist.

GABBRO

Gabbro is a fairly common type of plutonic igneous rock in the
area and occurs in several different ways.

In the western Paleozoic and Triassic belt a sill-like north-trend-
ing body of gabbro 0.2 to 1 mile wide extends from southeast of
Thurston Peaks to the Salmon Mountain divide and into the Plum-
mer Creek drainage, a distance of about 18 miles, and it extends
south of the area studied for another 4 miles (Cox, 1967). The
body intrudes diabase and metavolcanic rocks and is intruded by
a granitic pluton in the vicinity of Dees Peak and Mary Blaine
Mountain. Its relationship with the serpentinite belt to the east is
not clear, but Cox (1967) noted that to the south of the Helena
quadrangle the gabbro was cut off by the North Fork fault zone, in
which the serpentinite belt occurs. A smaller, lenticular body of
gabbro, bounded by faults and surrounded by metasedimentary
rocks, trends northeastward from Virgin Creek Buttes. Typically,
the gabbro in the western Paleozoic and Triassic belt is consider-
ably to thoroughly altered. It is medium to fine grained; some
rocks have a hypidiomorphic-granular texture, with clearly dis-
tinguishable intergrown feldspar and dark-green to black horn-
blende and augite; others are composed of splotchy masses of
greenish fibrous amphibole with intervening areas of gray chalky
feldspar. In many exposures the gabbro obviously is strongly
fractured, and in some places, for example, in upper Slide Creek
near the Boomer mine, it is intensely sheared and crisscrossed by
a myriad of white veinlets of clinozoisite.
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Gabbro is associated with some of the granitic plutons. Horn-
blende gabbro occurs as a border facies in some places, but masses
of hypersthene-hornblende gabbro and augite-hornblende gabbro
are also found well within dioritic parts of some composite plutons,
as at Gibson Peak (Lipman, 1963).

Two large masses of gabbro in the northeastern part of the
study area are enclosed in the large body of ultramafic rocks (pl.
1). Gabbro in these masses is very heterogeneous, ranging from
fine grained to pegmatitic, with hornblende crystals several inches
long and coarse interstitial gray plagioclase. In places the bodies
are obviously layered, with streaky coarse-grained layers alternat-
ing with medium- to fine-grained material. The rock commonly is
composed of subhedral to euhedral crystals of grayish-brown py-
roxene rimmed by black hornblende and irregular interstitial
masses of anhedral plagioclase. Locally, the rock grades into py-
roxenite. In contrast to gabbro in the western Paleozoic and Tri-
assic belt, the gabbro of these bodies in the ultramafic rock is
“cleaner” and unaltered. Potassium-argon age determinations of
hornblende from these gabbros gave apparent ages ranging from
33316 to 43918 m.y. (Lanphere and others, 1968, p. 1043).
These gabbros, which are probably syntectonic with the enclosing
serpentinite, were possibly crystalline prior to emplacement of the

ultramafic body.
y GRANITIC ROCKS

Granitic rocks occur throughout the study area. They range in
composition from diorite to granodiorite and intrude rocks of the
two lithologic belts and the large ultramafic body in the eastern
part of the area (pl. 1).

Several scattered small plutons of granitic rock intrude rocks
of the western Paleozoic and Triassic belt. They tend to be sub-
circular to slightly elongate in plan and are mostly dioritic in com-
position but range from hornblende gabbro to quartz diorite. The
east edge of a large pluton, the Ironside Mountain batholith, is
partly enclosed by the west boundary of the study area. This
pluton is poorly known, but limited sampling (Lanphere and
others, 1968, p. 1038) indicates that it is a mafic body of unusual
composition compared with other Klamath Mountains plutons. Its
predominant rock types are pyroxene diorite and syenodiorite.
Two age measurements of 165 m.y. and 167 m.y. (Lanphere and
others, 1968, p. 1038) indicate that the Ironside Mountain pluton is
older than the granitic plutons in the east-central and eastern
parts of the study area. _

Several large and a few small granitic plutons crop out in the
east-central and eastern parts of the study area, where they in-
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trude rocks of the central metamorphic belt and the large ultra-
mafic body. The larger bodies are composite or zoned (Davis and
others, 1965, p. 962). Their outer parts are mafic—gabbro, diorite,
and quartz diorite—while their central, commonly younger, parts
are composed of quartz diorite, granodiorite and, typically,
trondhjemite or rocks with trondhjemitic affiliation. Trondhjemite
is a light-colored granitic rock in which sodic plagioclase is the pre-
dominant feldspar and potassium feldspar is scarce or absent.
The Caribou Mountain pluton consists almost entirely of trondhje-
mite (Davis and others, 1965, p. 962).

The eastern plutons commonly have a moderately well defined
roughly concentric planar foliation. Mostly, the exposed bodies are
elongate north-south parallel to the regional structural trend.
Bedding and foliation of the country rocks are deflected around
the plutons. Only the small Gibson Peak pluton is oriented east-
west, across the regional strike. Some of the most rugged, scenic
parts of the Trinity Alps are in areas underlain by granitic plu-
tons where erosion, guided by prominent joint systems, has formed
deep, steep-walled canyons separated by narrow serrate divides.

Potassium-argon age determinations of hornblende and biotite
from some of the plutons in the eastern part of the area range
from 127 m.y. to 136 m.y. (Lanphere and others, 1968).

ULTRAMAFIC ROCKS
The ultramafic rocks consist mostly of serpentinized peridotite

(a rock originally composed of olivine and enstatite) and small

amounts of serpentinized dunite (a rock made up almost entirely
of olivine). Both are commonly called serpentine or serpentinite
by geologist and layman alike. The serpentinites are green to
nearly black rocks which weather to shades of brown. Where
strongly sheared, as they commonly are along fault zones, they
form pale-green to bluish-green flaky masses cut by innumerable
braided shiny slip surfaces. This rock is sometimes called ‘“‘slicken-
tite” by prospectors. The unsheared rock forms massive strongly
jointed outcrops. Weathered surfaces of serpentinized peridotite
are commonly rough owing to crystals of enstatite which protrude
from their more readily weathered serpentinized matrix; in con-
trast, exposed surfaces of serpentinized dunite are smooth. Pyroxe-
nite and hornblende are relatively uncommon in the study area.
As the name implies, the serpentinites are composed predomi-
nantly of serpentine minerals, which have formed by alteration
of original olivine. The serpentinites may, however, also contain
highly variable amounts of unaltered olivine and pyroxene, accom-
panied by small, scattered grains of chromite. In a few places,
where the original rock is only partly serpentinized, original oli-

G

-3



SALMON-TRINITY ALPS PRIMITIVE AREA, CALIFORNIA B17

vine is the predominant constituent, and the rock has a light-
colored glassy appearance on freshly broken surfaces. Where
undisturbed by later shearing, the ultramafic rocks have in some
places a prominent foliation and compositional layering which
have been interpreted (Davis and others, 1965, p. 961) as primary
structures formed by flowage of the igneous rock.

Two narrow, persistent north-south-trending belts of serpen-
tinite occur in the eastern part of the western Paleozoic and
Triassic belt (pl. 1). They are believed to occupy major eastward-
dipping fault zones (Cox, 1967; Davis, 1968, p. 918) east and west
of the unit composed predominantly of metavolcanic rocks, dia-
base, and gabbro, and separate it on either side from areas under-
lain predominantly by sedimentary rocks. The eastern fault has
been named the North Fork fault, the western one, the Twin Sis-
ters fault (Cox, 1967). A few other smaller lenticular bodies of
serpentinite bounded by faults occur in the western Paleozoic and
Triassic belt. Near the northwest boundary of the study area,
four thin slivers of serpentinite occur along a sinuous eastward-
dipping fault in metasedimentary rocks.

Ultramafic rocks in the eastern part of the area (pl. 1) are part
of a large body that has been interpreted by Irwin and Lipman
(1962) to be a folded sheet that separates rocks of the central
metamorphic belt from Paleozoic rocks in the eastern Klamath
Mountains, beyond the limits of the study area. A thin septum of
metamorphic rocks which are correlated with the Abrams Mica
Schist is enclosed by the ultramafic body near its west border from
Coffee Creek southward to the vicinity of Granite Peak. Serpen-
tinized peridotite is the predominant rock type; dunite and pyroxe-
nite are subordinate. Gently dipping planar structures are visible
at many places, and sharp folds are evident locally. Fine-grained
foliated to schistose serpentinite crops out along the edge of the:
ultramafic sheet adjacent to the contact with rocks of the central
metamorphic belt. Unlike the sheared serpentinites, these rocks
are hard, with a metamorphic fabric due to recrystallization.

DIKE ROCKS

Dikes are plentiful in the study area, but, except for a conspicu-
ous dacite porphyry southeast of Preachers Peak near the Dor-
leska mine, they are too small and discontinuous to be shown on
the geologic map (pl. 1). They range from about 1 foot to several
tens of feet in thickness, but most commonly are from approxi-
mately 5 to 25 feet thick. Most have not been followed along strike,
so their lengths are uncertain. Most commonly the dikes have an
east-west orientation at right angles to the structural trend of the
enclosing rocks. Recorded strikes range from N. 60° W. to N. 65°
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E., and most dips are steep, ranging from vertical to 60° north
or south. A few gently inclined bodies with dips as low as 15° to
30° were also observed.

Three varieties of dike rock are most commonly seen. Two of
these are dark ‘“mafic” types, the other is a light-colored “felsic”
porphyry. The most common dark variety is gray to dark-gray
very fine grained nonporphyritic to porphyritic andesite. Pheno-
crysts are mainly plagioclase, less commonly pale-green horn-
blende. The microscopic groundmass is composed of euhedral to
subhedral -plagioclase and pale-brown to pale-green hornblende.
These dike rocks commonly are altered in varying degrees and
contain epidote-clinozoisite and chlorite.

Somewhat less common but nonetheless abundant are gray fine-
grained nonporphyritic hornblende diorite dikes that appear brown
on weathered surfaces. Abundant acicular hornblende is clearly
visible with a hand lens. The principal components, euhedral
brown hornblende and subhedral to anhedral plagioclase, can be
distinguished under the microscope. Small amounts of colorless
pyroxene occur in some specimens, and a few pyroxene grains
contain small rounded grains of quartz.

The felsic porphyry is light gray and porphyritic, with con-
spicuous phenocrysts of euhedral zoned plagioclase in a fine-
grained equigranular grouridmass. Some quartz occurs as lobate to
rounded phenocrysts. Pale-green chloritized hornblende and chlo-
rite pseudomorphs of hornblende also occur as less abundant
phenocrysts. The groundmass is composed of anhedral grains of
altered plagioclase and chlorite, and small amounts of potassium
feldspar, quartz, and epidote-clinozoisite. In the field, the term
dacite porphyry was applied to these rocks. They are probably
the same as “birdseye” porphyry, a term used by prospectors and
miners and mentioned in earlier reports on the area.

Other dikes include gabbro and metagabbro, diabase, and aplite.
Previous reports on this general region commonly mention the
occurrence of lamprophyre dikes, a term that seemingly was used
at times indiscriminately for dark fine-grained rocks. No lampro-
phyres were recognized for certain during this study, although
some of the dikes of hornblende diorite may be equivalent to the
lamprophyres of other authors.

UNCONSOLIDATED DEPOSITS

Unconsolidated deposits in the Salmon-Trinity Alps area are of
Pleistocene and Holocene ages. Pleistocene deposits include glacial
detritus, debris flows, and stream terrace deposits. Deposits of
Holocene age include alluvium along stream courses, talus, and
_slope wash on the valley sides. The unconsolidated deposits shown
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on the geologic map (pl. 1) are not distinguished as to age or type.
Most are Pleistocene glacial deposits.

PLEISTOCENE DEPOSITS

Deposits of glacial origin are plentiful in the eastern half of
the area where glaciers once occupied the upper parts of most val-
leys. Sharp (1960) recognized four episodes of Pleistocene glaci-
ation in the Trinity Alps. The three youngest are probably of
Wisconsin age, and the oldest is presumably pre-Wisconsin. The
major glaciated areas are in the drainages of Coffee, Swift, and
Canyon Creeks and the Stuart Fork. Less extensive areas of gla-
ciation are in the drainages of the South Fork Salmon River, East
Fork Stuart Fork, Rush Creek, and North Fork Trinity River.
Small glaciers also occupied the uppermost parts of several small
streams tributary to the Scott River and East Fork of the South
Fork Salmon River on the north side of the Scott Mountain divide.
Material deposited during the glacial episodes includes till, sand
and gravel, and coarse bouldery lateral and terminal moraines.

A special kind of deposit seen at a few places where serpentinite
is the principal bedrock is a cementlike material which Sharp
(1960, p. 332) called debris flow. The debris flows formed at the
snouts of glaciers that ecarried principally serpentinite detritus
and moved like mudflows down the valleys. Boulders and smaller
stones are firmly embedded in a greenish-gray matrix of silt and
clay. Faint stratification can be distinguished dipping gently
downvalley, and imbrication of cobbles and boulders can be seen
in places. Remnants of debris flows, which may have attained a
thickness of 500 feet in Deer Creek, are plastered on the walls of
that canyon, and another remnant approximately 300 feet thick
forms a prominent ridge called Cement Banks between East and
West Boulder Creeks north of the Scott Mountain divide. Sharp
(1960, p. 333) also reported remnants of debris flows on lower
Swift Creek.

A small rock glacier, composed of serpentinite blocks as much
as 10 feet long, occurs on the south side of Red Rock Mountain
at the head of Sunrise Creek, a tributary of Swift Creek. Its
blunt-nosed form, with longitudinal ridges that join concentrically
near its distal end, distinguish it from the usual talus slopes seen
elsewhere. It would not be surprising to find other rock glaciers
in the Trinity Alps, but none were seen.

Many of the Pleistocene stream terrace deposits, or terrace
gravels, were mined for their placer gold. The terrace deposits
are unconsolidated stream-deposited sand and gravel overlying a
rock surface-in the bottom of the valleys, but standing above the
level of the present stream. Most deposits range from approxi-
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mately 5 to 15 or 20 feet in thickness, and some are more than 100
feet wide, although most are probably no more than 25-50 feet
wide from inner edge to valley wall. At most places there are
only one or two obvious terraces, which may stand from 10 to 25
feet above the stream. Sharp (1960, p. 335), however, recognized
six terrace levels in lower Canyon Creek, whose bedrock surfaces
ranged from 10 to 300 feet above the present stream.

HOLOCENE DEPOSITS

The sand and gravel over which the present streams flow are
derived in part from older stream terrace deposits in which the
streams are incised, in part from previous glacial deposits, and in
part from debris from the adjacent slopes and derived by erosion

“of bedrock along the stream courses. Some gold is found in the

modern alluvium, derived in part from erosion of the terrace
gravels and in part from wash from the adjacent slopes and ero-
sion of bedrock along the stream channel.

Undoubtedly, the most extensive Holocene deposit is the debris
commonly called colluvium or slope wash that mantles many of
the slopes throughout the area. These deposits, composed of angu-
lar fragments of bedrock as much as 10 inches to a foot across
loosely bonded by soil and vegetative material, are as much as
15-25 feet thick. The colluvium gradually creeps and washes down
the slopes into the streams and in places overlaps the stream ter-
race deposits.

Talus piles composed of coarse rock fragments accumulate
below cliffs and steep bedrock slopes throughout the area.

STRUCTURE

The distribution of lithologic units in the study area reflects
the fundamental structural features of the region. In general
terms, rocks of the western Paleozoic and Triassic belt underlie
a thrust plate occupied by rocks of the central metamorphic belt,
while the ultramafic body in the eastern part of the area is inter-
preted as part of a large tabular peridotitic mass separating the
central metamorphic belt from a higher plate of Paleozoic rocks
that lies east of the study area. The peridotite is the lower part of
the eastern plate and was thrust westward over the rocks of the
central metamorphic belt.

Structural details within the western Paleozoic and Triassic
belt are poorly known. Primary bedding is preserved and readily
recognized in the metasedimentary rocks, and original pillow
structures and layering are identifiable in some of the metavol-
canic rocks. Strikes are predominantly northward; dips are both
east and west and usually moderate to steep. Small-scale folds are
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common, with axial planes steeply inclined, most commonly to the
east. At many places the rocks have obviously been subjected to
intense shearing and cataclasis, which has resulted in pronounced
lithologic intermixing.

As previously mentioned, two major north-south-trending faults
or fault zones in the western Paleozoic and Triassic belt are
marked by two parallel bands of serpentinite. The easternmost
one is the North Fork fault; the western one, the Twin Sisters
fault (Cox, 1967, p. 54). The North Fork fault is estimated to dip
eastward from 25° to 75°; the Twin Sisters fault, from 40° to
50° east (Cox, 1967, p. 54; Davis, 1968, p. 918). The Twin Sisters
fault separates metasedimentary rocks on the west from meta-
voleanic rocks and diabase on the east. The. southern part of the
North Fork fault is the boundary between an eastern band of
metasedimentary rocks and the belt of metavolecanic rocks, but
northward the fault transgresses westward into the metavolcanic
unit. South of the study area the two faults converge and cut out
the metavolcanic rocks.

Rocks of the Salmon and Abrams Formations in the thrust
plate of the central metamorphic belt have a well-developed folia-
tion and lineation, and no primary textures and structures are
preserved. The rocks are complexly folded, with axial planes of
folds commonly inclined eastward. The fold axes plunge gently
to moderately north-northwest and south-southwest. Rocks of the
Abrams Mica Schist overlying the Salmon Hornblende Schist are
preserved in a synform in the northwestern part of the central
metamorphic belt. The contact between rocks of the central meta-
morphic belt and the western Paleozoic and Triassic belt is a
thrust fault with the more highly metamorphosed rocks of the
central metamorphic belt in the upper plate. The thrust fault is
folded, and rocks of the western Paleozoic and Triassic belt are
exposed in a window eroded in a north-trending antiform in the
vicinity of Stuart Fork and northward. The window terminates
against an east-west normal fault, the Browns Meadow fault,
“bringing the Salmon Hornblende Schist against highly deformed
rocks of the western Paleozoic and Triassic unit. A smaller win-
dow in the upper plate occurs in upper Coffee Creek in the vicinity
of Adams Creek.

The contact of the eastern ultramafic body dips steeply east for
most of its length. At many places within the ultramafic body,
planar structures shown by mineral foliation .and compositional
layering are interpreted as due to lamellar flowage in a crystalline
mass during emplacement (Davis and others, 1965, p. 961). Near
the margins of the body, the planar structures parallel the contact
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with rocks of the central metamorphic belt. Subsequent shearing
and folding have modified the original structures. Shear zones are
marked by zones of soft slickensided serpentinite. Earlier planar
structures have been folded locally. The two narrow subparallel
belts of the Abrams Mica Schist north and south of Gibson Peak
mark the limbs of an isoclinal antiform Wlthln the ultramafic body
(Lipman, 1964, p. 218).

Most of the granitic plutons in the eastern part of the area have
a moderately well defined primary magmatic planar foliation, as
well as radial and concentric cross joints formed at a later stage
during emplacement of the plutons (Davis and others, 1965, p.
963) . The plutons are also cut by a set of generally east-west late
joints, some of them very close spaced, which guided much of the
erosion that resulted in some of the jagged, sharp ridge crests in
the Trinity Alps.

MINERAL RESOURCES APPRAISAL
HISTORY AND PRODUCTION

The Klamath Mountains province has a long history of mineral
production, beginning in 1848 with the discovery of placer gold in
Clear Creek, Shasta County, by Major Pearson B. Reading soon
after the discovery of gold in the Sierra Nevada. The chief metal
produced has been gold, and the province ranks second in the
amount mined in California; however, it never attained the im-
portance of the Sierra Nevada as a gold-producing region. Other
metallic commodities that have been produced from the Klamath
Mountains of California (Albers, 1966) are copper, zinc, pyrite,
lead, silver, chromite, quicksilver, iron, platinum, and manganese.
Nonmetallic products include limestone (for cement), sand, gravel,
building stone, and crushed rock. No combustible fuels are known
within the Klamath Mountains, except for small quantities of
lignite in continental sediments of Tertiary age preserved in down-
faulted blocks (Irwin, 1960, p. 46, 78).

The study area is in the midst of a region where gold has been
sought extensively and mined from both lode and placer deposits.
Major Reading’s discovery of gold on the Trinity River in July
1848 stimulated prospecting in the streams of the Trinity River
drainage, including the parts of the streams now included within
the study area boundaries. The ‘“quartz” or lode mines were first
located in the early 1880’s, starting in areas close to the estab-
lished villages and stage roads.

Estimated gold production from Trinity County, in which most
of the study area is situated, is $75 million (Clark, 1970, table 3,
p. 9). Recorded production from lode deposits in and immediately
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adjacent to the study area totals approximately $5,350,000. Placers
have a smaller recorded gold production, on the order of $567,000
or approximately 10 percent of the total production. Not all placer
gold produced in the study area was recorded, because the un-
refined product—nuggets or ‘“dust”—was commonly traded for
goods. Most small placer mines were loosely run operations in
which accounting was nonexistent. An additional 20 to 30 percent
in value of gold may have been produced but not recorded.

The gold mining history in Trinity County parallels that of the
rest of the Klamath Mountains. This applies to the county’s major
underground mines, such as the Globe-Chloride group and the Dor-
leska mine, and to the larger and easily reached placer deposits
as well. After the early discoveries, production reached a peak
around the turn of the century, then gradually declined until 1934,
when the industry was stimulated by an increase in the price of
gold from $20.67 to $35 an ounce. In general, production again
peaked from 1937 through 1942. The onset of World War II and
consequent rising costs, loss of manpower, and War Production
Board Order L-208 forced most of the operations to close. The
end of World War II and the rescinding of Order L-208 in 1945
resulted in a temporary increase in production, chiefly from
placers, but with continued increase in mining costs, gold mining
again declined. In contrast, production from the more remote de-
posits within the study area was highest between 1900 and 1914
and declined until the early 1920’s, with only sporadic activity at
individual mines after that time. '

Production of other minerals in the study area has been small.
Approximately $60,000 in silver was produced as a byproduct
from the refining of gold ores, and a few flasks of quicksilver have
been recovered from one property. Copper minerals occur in minor
quantities in the lode gold deposits, and a few copper prospects are
known in or near the area. Byproduct copper production has been
small. Some showings of chromite are known, but no production
is recorded.

GEOCHEMICAL STUDIES

The main objective of the geochemical study was to identify
areas that possibly contain undiscovered or concealed mineral de-
posits which might be economically exploited in the future. More
than 2,100 samples, including 1,311 stream-sediment samples, 479
panned concentrates of stream sediments, and 357 rock samples,
were collected, analyzed, and evaluated in terms of their metal
content and geologic environment. The sample locations are shown
on plate 2.
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SAMPLING AND ANALYTICAL PROCEDURES

Sediment samples were taken from all the major streams and
their tributaries. An effort was made to collect the samples at in-
tervals of 2,000 feet in the main streams and tributaries and
within 1 mile of the head of short branches or at their junction
with larger streams. Wherever possible, the finest grained sedi-
ment free of visible organic debris was collected. The samples were
collected in 414 %6 inch sand sample bags; the volume of sediment
averaged approximately 30 cm?®. At approximately 1-mile inter-
vals along main streams and tributaries, and on minor streams a
short distance above their mouths, sand and gravel collected near
or on bedrock in natural riffles or behind and beneath stream
boulders were panned and the heavy-mineral concentrate was
saved.

Samples were collected of all representative rock types. In addi-
tion to fresh, unaltered material, samples of bleached and iron-
stained zones along contacts, joints, fractures, and shear zones
were collected. Quartz veins in natural exposures and in prospect
pits were sampled, and vein material and altered rocks were
collected from the dumps of many of the mines and prospects,
which were inaccessible owing to caving.

The samples were dried, pulverized, and analyzed by semi-
quantitative spectrographic, atomic absorption, and colorimetric
methods similar to those described by Ward, Lakin, Canney and
others (1963). Semiquantitative six-step spectrographic analyses
for 30 elements were made on all samples. The spectrographic
analyses are within 30 to 60 percent of the correct value. Uncon-
centrated sediment samples were analyzed for citrate extractable
copper (CxCu of table 1) and heavy metals (CxHM of table 1),
which include copper, lead, zinc, and cobalt, reported as equiva-
lent zinc, to determine the quantity of weakly held metals ad-
sorbed from stream water by the clay fraction of the sediment.
The sediments were also analyzed for copper and zinc by atomic
absorption methods (Ward and others, 1969). The panned concen-
trates and rock samples were analyzed for gold by atomic absorp-
tion methods. Analyses for mercury by instrumental methods were
also performed on rock samples. The spectrographic and chemical
analyses were made in mobile field laboratories -and at the U.S.
Geological Survey laboratories in Denver, Colo. The analytical
data are reported (table 1) in parts per million (ppm). For the
reader’s convenience, table 2 is included, showing the conversion
of parts per million to percent and to ounces per ton and vice
versa.

%
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TABLE 2, — Conversion of parts per million to percent and to ounces
per ton and vice versa
[Conversion factors: 1 lb avoirdupois =14.583 ounces troy; 1 ppm=0.0001 percent=0.0291667
ounce troy per short ton=1 gram per metric ton; 1 ounce per ton (Au or Ag) =34.286 ppm=
0.0034286 percent]

Parts per million to percent to ounces per ton Ounces per ton to percent to parts per million
Ppm Percent Ounces per ton Qunces per ton Percent Ppm

0.01 0.000001 0.0003 0.01 0.00003 0.3.

.02 .000002 .0006 02 .00007 A

.06 .000005 .0015 .06 .00017 1.7

10 .00001 .003 .10 .00034 3.4

.20 .00002 .006 .20 .00069 6.9

.30 .00003 .009 .30 .00103 10.3

40 .00004 012 40 .00137 13.7

.60 .00005 015 .50 00171 17.1

.60 .00006 017 .60 .00206 20.6

.70 .00007 020 70 .00240 24.0

.80 .00008 023 .80 00274 274

90 .00009 .026 .90 .00309 30.9

1.0 .0001 029 1.0 .00343 34.3

10.0 .001 292 10.0 .03429 342.9

20.0 002 .583 20.0 .06857 685.7

50.0 .005 1.458 50.0 17143 1,714.0

100.0 .01 2917 100.0 34286 3,429.0

500.0 .05 14.583 500.0 1.71 17,143.0

1,000.0 10 29.167 1,000.0 3.43 34,286.0

10,000.0 1.00 291.667 10,000.0 34.29 342,857.0

EVALUATION OF SAMPLE DATA

The diversity of rock types in the study area requires that the
geochemical data be considered in the context of the geological
environment from which the samples were collected. Therefore, the
analytical results are evaluated on the basis of four areas whose
geology in terms of source rocks is relatively uniform. From west
to east these are (pl. 2) : area I, the drainage systems of New
River and Plummer Creek, which are underlain by rocks of the
western Paleozoic and Triassic belt; area II, the drainage system
of the North Fork Trinity River and the East Fork of the North
Fork, underlain by rocks of the western Paleozoic and Triassic
belt and the central metamorphic belt; area III, encompassing
several drainages in which rocks of the central metamorphic belt
are intruded by granitic plutons; and area IV, covering several
drainages where ultramafic and granitic rocks predominate. For
convenience in handling the large volume of sample data, the prin-
cipal areas are subdivided into smaller, arbitrarily defined sub-
areas which encompass sample groups of approximately equal size,
or minor geographical units, or both, and which may or may not
contain similar source rocks. Subarea divisions are shown in fig-
ures 5 through 11 and on plate 2, and analytical results of samples
are identified by subarea in table 1.
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Data from stream-sediment samples are useful for detecting
areas in which the source rocks may contain mineral deposits.
Anomalous quantities of a metal in the sediments may signal the
occurrence of bedrock that contains important amounts of that
metal. Anomalous values for elements in stream-sediment samples
- were selected by plotting cumulative frequency curves of the ana-
lytical data on log normal probability paper to determine the
range and geometric median of the values (Tennant and White,
1959; Lepeltier, 1969). The higher values for which there was
a sharp upward inflection in the curves were regarded as anoma-
lous. Where there was no clear upward inflection, the upper 5
percent was considered anomalous.

Selection of threshold values for elements in rock samples is
highly subjective because of the selective method of sampling.
After inspection of the analytical data, values were chosen which
seemed reasonable in terms of the element under consideration, the
nature of the sample, and the rock type involved.

The distribution of several elements was selected for investiga-
tion because of the possible economic potential or usefulness of
these elements as indicators of undiscovered mineral deposits.
Figures 5-11 show the distribution of stream-sediment and rock
samples containing anomalous amounts of gold, silver, copper,
zine, lead, mercury, and molybdenum.

All sediment and rock samples containing quantities of gold
detectable by atomic absorption methods are regarded as anoma-
lous (fig. 5). Because gold occurs in the form of discrete particles,
the samples may not be representative of the material sampled,
for the same reason, the laboratory subsample may not necessarily
be representative of the bulk sample. The atomic absorption
method of analysis is, however, a reliable measure of the gold
content of the subsample. Many of the rock samples containing
gold are from veins in abandoned mines and prospects or from
their dumps. Some are from veins and fractures in rocks where

there has been no previous mining or exploration, but the amount

of gold in these samples is only a few hundredths of a part per
million.

The lower limit of determination for silver by semiquantitative
spectrographic methods is 0.5 ppm. Most of the samples did not
contain detectable silver ; some that did contain detectable amounts
contained less than the limit of determination. A few samples con-
tained 0.5 ppm or more silver, and these are considered anomalous
(fig. 6).

Data from the cold extraction test (CxCu) were used for deter-
mination of anomalous copper values, because the consistently

‘s
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high values obtained by the spectrographic method tend to mask
weak anomalies. The threshold value for copper in stream sedi-
ments is 8 ppm in areas I and II, 5 ppm in area III, and 2 ppm
in area IV. Spectrographic values of 150 ppm or greater in rock
samples are considered anomalous (fig. 7).

Because the lower detection limit for zinc is a high value (200
ppm by spectrographic methods), any determinable zinc in stream-
sediment and rock samples is considered anomalous (fig. 8).

Lead occurs in most stream-sediment samples in amounts deter-
minable by semiquantitative spectrographic methods (lower limit
10 ppm). It is determinable in many bedrock samples; in many
others it is detectable but below the limit of determination; and
in some none is detected. The threshold value chosen for lead in
sediment samples is 20 ppm, for rock samples 15 ppm (fig. 9).

All bedrock samples were analyzed for mercury. Most contain
trace amounts, but only values greater than 0.75 ppm are consid-
ered anomalous (fig. 10).

Molybdenum is so rare in stream-sediment or rock samples from

 the Salmon-Trinity Alps area that all detectable amounts (5 ppm

or more) are considered anomalous (fig. 11).

: GEOCHEMICAL PATTERNS

Stream-sediment and rock samples that contain anomalous
amounts of several metals are more abundant from the western
half of the study area, especially west of Limestone Ridge (areal),
than from the eastern half. The values are generally only slightly
above background levels, or slightly anomalous. Many of the
anomalous samples are unevenly distribufed and make no con-
sistent pattern, but in a few areas samples with metal contents
noticeably above background are clustered together.

One of these areas is in the northern parts of subareas A and C,
in the headwaters of Virgin Creek and Eightmile Creek. Some
sediment samples from this area contain barely anomalous amounts
of citrate-extractable copper, and rock samples contain barely to
distinctly anomalous amounts of copper, silver, and molybdenum.
Moreover, most rock samples from the upper Virgin Creek drain-
age contain detectable bismuth. The upper Virgin Creek area,
extending to the county-line ridge, is the site of several small gold
mines and prospects.

On the west edge of the study area, subareas B and E, samples
from the Soldier Creek drainage and, to a lesser extent, from the
drainages of Sixmile and Fawn Creeks contain copper, lead, zinc,
silver, molybdenum, and mercury in higher than background
amounts. Copper and lead anomalies are the most common. Lead,
especially, is consistently above the upper limit for background,
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