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EXPLANATION

SAMPLE SITE

DRAINAGE BASIN WITH ANOMALOUS ELEMENTS(S)--Ag, silver; Au,

gold; Ba, barium; Bi, bismuth; Co, cobalt; Cr, chromium; Cu
copper; Mo, molybdenum; Ni, nickel; Pb, lead; Sn, tin; Th,

thorium; W, tungsten; Zn, zinc

ROCK ANOMALIES

Barium, > 1,500 ppm

Cobalt, > 100 ppm

Chromium, > 3,000 ppm

o g O =

Copper, > 20u ppm

Manganese, > 2,000 ppm
Molybdenum, > 5 ppm
Nickel, > 2,000 ppm
Lead, > 30 ppn

Silver, > 0.5 ppm

Tin, > 10 ppm

+ X0 XD O 8

Tungsten, > 50 ppm

s o o ¢ =mme= APPROXIMATE BOUNDARY OF ROADLESS AREA

CORRELATION OF MAP UNITS

o9 | QUATERNARY
Tv
— TERTIARY
Ts
KJp [~ CRETACEOUS AND JURASSIC
sp mgb [~ JURASSIC TO DEVONIAN
Rs [ TRIASSTE
Pcv Pcs Pcm — PENNSYLVANIAN

DESCRIPTION OF MAP UNITS

Qg GLACIAL DEPOSITS (HOLOCENE)--Unconsolidated morainal material
Tv VOLCANIC ROCKS (PLIOCENE AND MIOCENE)--Basalt and andesite
Ts STREAM DEPOSITS (EOCENE)--Locally auriferous cobble, pebble, and

sand deposits

KJp PLUTONIC ROCKS (CRETACEOUS AND JURASSIC)--Mostly quartz diorite and
granodiorite according to Streckeisen (1973)

sp SERPENTINE AND ASSOCIATED ULTRAMAFIC ROCKS--(JURASSIC TO
DEVONIAN)--Peridotite, pyroxenite, and olivinite, generally
altered to serpentine, soapstone, and talc schist

mgh METAGABBRO (JURASSIC TO DEVONIAN)--Metagabbro, locally grading to
hornblendite and quartz diorite

RS SEDIMENTARY ROCKS (TRIASSIC)--Phyllite and metachert
CALAVERAS FORMATION (PENNSYLVANIAN)--In this area, divided into:
IPcv Volcanic rocks——Northwest of North Fork of Feather River, pillow
greenstone and volcanogenic sedimentary rocks. Elsewhere,

meta-andesite, metadacite, and metatuff, all formerly assigned
to the Franklin Canyon Formation

Ikcs Sedimentary rocks—-Phyllite, quartzite, and metachert
IPcm Marble
CONTACT

== == e== FAULT--Dashed where approximately located

STUDIES RELATED TO WILDERNESS

The Wilderness Act (Public Law 88-577, September 3, 1964) and related
acts require the U.S. Geological Survey and the U.S. Bureau of Mines to survey
certain areas on Federal 1lands to determine their mineral resource
potential. Results must be made available to the public and be submitted to
the President and the Congress. This report presents the results of a
geochemical survey of the Chips Creek and Bucks Lake Roadless Areas in the
Lassen and Plumas National Forests, Butte and Plumas Counties, California.
Chips Creek (5099) and Bucks Lake (5168) Roadless Areas were classified as
further planning areas during the Second Roadless Area Review and Evaluation
(RARE II) by the U.S. Forest Service, January 1979.

INTRODUCTION

The Chips Creek Roadless Area comprises 31,000 acres in Lassen Natiomnal
Forest and 13,900 acres in Plumas National Forest, Butte and Plumas Counties,
Calif. The Bucks Lake Roadless Area consists of 19,400 acres in Plumas
National Forest, Plumas County, Calif. Both are on the west slope of the
northern Sierra Nevada near Quincy, Calif. The two areas are separated by
California Highway 70 and the canyon of the North Fork of the Feather River
(fig. 1). Terrane in the Chips Creek Roadless Area consists of gently rolling
uplands dissected by narrow steep-walled drainages. Terrane in the Bucks Lake
Roadless Area consists of a generally northwest- to north-trending ridge
flanked by steep north and east slopes and somewhat more gentle south and west
slopes. Altitudes range from 2,200 ft in the canyon of the North Fork Feather
River to 7,017 ft at Spanish Peak.

This paper summarizes and interprets semiquantitative emission
spectrographic analyses of 51 rock samples and 215 samples of nonmagnetic
heavy-mineral streamsediment concentrates as presented in Sorensen and others
(1982) .

GEOLOGY

The Chips Creek and Bucks Lake Roadless Areas are underlain by Paleozoic
metasedimentary and metavolcanic rocks that are bordered on the east by a
major fault zone, intruded by Mesozoic granitoid plutons, and partially
covered by flat-lying Cenozoic volcanic rocks (Sorensen and Pietropaoli,
1982).

Hietanen (1973) assigned metasedimentary and metavolcanic rocks in the
Bucks Lake-Chips Creek area to the Calaveras Formation of Paleozoic age.
Later, Hietanmen (1981, p. 4) reported a conodont fauna of Pennsylvanian or
Permian age from the Calaveras west of the Melones fault and south of the
Bucks Lake—Chips Creek area. Because these rocks are continuous with the
Calaveras Formation in the Bucks Lake area and are intruded by a Permian
amphibolite, the Calaveras Formation here is considered to be Pennsylvanian in
age (Hietanen, 1981, p. 17).

In the Bucks Lake-Chips Creek area, the Calaveras Formation consists of
phyllite, metachert, and metavolcanic rocks. It is overlain on the west by
metavolcanic rocks of the Franklin Canyon Formation and bordered on the east
by ultramafic rocks coincident with the Melones fault zone. The Calaveras
Formation, Franklin Canyon Formation, and ultramafic rocks were intruded by
granitoid ‘plutons during late Mesozolc time. The area was elevated above sea
level, eroded, and to some degree covered by volcanic deposits by late
Tertiary time. In places, the Tertiary volcanic rocks cover gravels that were
deposited in streambeds during the early Tertiary and which locally contain
placer gold.

GEOCHEMICAL SURVEY

Rock and streamsediment-concentrate samples were collected and analyzed
as described in Soremsen and others (1982). They were collected to provide
background values of elements analyzed and to provide chemical data about
known areas of mineralization. Semiquantitative data for 31 elements were
presented for both rock and streamsediment-concentrate samples. Selected
rock samples from areas of suspected or known gold occurrences were analyzed
for gold by atomic-absorption methods, and selected streamsediment-concentrate
samples from streams draining ultramafic units were analyzed for gold,
platinum, paladium, rhenium, ruthenium, and iridium by fire-assay methods.

Information presented here includes box diagrams depicting chemical
abundance, element correlation charts, and a map showing the locations of
samples with possibly anomalous concentrations of certain elements. These
graphical representations of the data were generated on the Honeywell Multics
system in Menlo Park, Calif., and plotted on a Zeta 36008 drum ;;tlottelr1 using
programs adapted for data formatted for the STATPAC system (VanTrump and
Miesch, 1976).

The box diagram program (Carlson, 1982), which provides graphical
representation of chemical abundances for each data set, directly accesses a
STATPAC file to produce its results. Of the several options available, we
chose those that could be used with qualified data, that is, nonnumerical data
elements such as those less than or greater than the limits of analytical
determination. Box diagrams were constructed differently for elements from
each data set depending upon the number of samples in the data set and the
number of qualified values for the element. If a data set consisted of at
least 20 samples and if at least 30 percent of the values for an element were
unqualified, means and standard deviations of the logged data were computed
using methods for treating truncated data (see Cohen, 1959, 1961). The upper
and lower edges of the box for each element represent one standard deviation
from the mean of the logged data and the horizontal line in the middle of the
box represents that mean. Values greater or less than one standard deviation
are represented by lines extending away from the box. In some instances, the
maximum and minimum values are less than the computed standard deviation, in
which case lines extend into the boxes from either end. The curved 1line
accompanying some of the boxes indicates the determination limits for that
element. Portions of the box and minimum value lines extending below the
determination limit are estimated using the assumption that the trace-element
abundances follow a log-normal distribution (Ahrens, 1957). If, however, less
than 30 percent of the values for a given element are unqualified, the values
above the determination 1limit are represented by a line with bars at either
end. For data sets having less than 20 samples, the median, 16th, and 84th
percentiles were calculated. These values constitute the box and higher or
lower values are represented by lines extending above or below the box. When
values extend below the determination limit, the boxes or lines are truncated
at the limit.

Spearman rank correlations were computed using the STATPAC program d0136
(Correlation Analysis — Spearman or Kendall) and put into graphical form using
an unpublished correlation-diagram program written by Carl A. Carlson of the
U.S. Geological Survey. Correlations shown are significant at the 95-percent
level or better. Diagonal ruling iIndicates positive correlation and
horizontal or vertical ruling indicates negative correlation. Single ruling
shows correlations of 0.3 to 0.5 and crosshatching shows correlations of 0.5
or greater. Numbers in the diagram indicate the number of element pairs used
in determining the correlation. Because many of the data are qualified, some
significant correlations may have been omitted due to the lack of a means of
handling such qualified data.

1Any use of trade names is for descriptive purposes only and does not imply
endorsement by the USGS.

Rock geochemistry

Rock samples were divided into five groups: ultramafic rocks, mafic
volcanic and intrusive rocks, intermediate and felsic volcanic and intrusive
rocks, sedimentary rocks, and quartz veins and gossan. Box diagrams were
constructed for each element having at least one unqualified value and the
results are compared with reported crustal abundances.

Ultramafic rocks.—— The distribution of elements is shown for ultramafic rocks
(fig. 2) that 1include serpentinite, peridotite, pyroxenite, and
hornbléndite. Most of the elements have values close to that expected for
ultramafic rocks (Turekian and Wedepohl, 1961)2. Boron and barium values are
higher than those expected (3 and 0.4 ppm) in ultramafic rocks and may reflect
a superimposed hydrothermal event. High values for titanium, vanadium, and
yttrium occur in the hornblendite sample which 18 less ultramafic than the
other samples in this group, where the elements may be incorporated into the
hornblende's crystal structure.

Mafic volcanic and intrusive rocks.--The distribution of elements for mafic
rocks (fig. 3) includes data for gabbro, diabase, basalt, andesite, and
greenstone. Except for slightly high amounts of boron, as much as 30 ppm, the
element abundances are close to those reported in Turekian and Wedepohl
(1961). The boron may represent a hydrothermal overprint.

Intermediate and felsic volcanic and intrusive rocks.—--Rocks in this group
include diorite and felsite (fig. 4). Most of the elements have a narrow
range of values that are close to the expected averages. Boron, however, is
higher than expected (70 ppm) and may have resulted from hydrothermal
activity.

Sedimentary rocks.—-—Several sedimentary rock types are represented in this
group, including phyllite, quartzite, marble, tillite, and chert. Several
elements, including chromium, cobalt, manganese, and nickel, have higher
values than 1in most sedimentary environments (fig. 5). These high values
occur in the tillite and phyllite samples and the source of the elements is
unknown. Several of the samples contain 1,000 ppm barium which may indicate a
hydrothermal event.

Quartz veins and gossan.-— The element distributions for quartz veins and
gossan are shown in figure 6. Vein sample 81P203A contains 1,000 ppm lead, 30
ppm molybdenum, and detectable yttrium. Gossan sample 81S203A and quartz vein
samples 81P202, 81S251A, and 81S251B contain high amounts of cobalt, chromium,
nickel, and vanadium. Additionally, the gossan has 20 ppm yttrium and 150 ppm
zirconium. Vein samples 81S251A and B contain detectable tungsten and sample
815251B has 5 ppm tin. These high values suggest low-grade mineralization in
the vein system with possible contamination by elements derived from
ultramafic terranes.

Correlations of elements

Positive correlations between elements demonstrate their mutual
occurrence in similar geologic and 1lithologic environments and negative
correlations demonstrate occurrence of the elements in different, mutually
exclusive geologic environments. Because most of the rock groups contain only
a few samples, they were combined to produce the correlation chart (fig. 7),
which providesgeneralized information.

The correlations of calcium, iron, and magnesium with several elements
represent the occurrences of these elements in the major rock-forming minerals
from varied geologic environments, such as those represented by the rock
samples of this study. Negative correlations between calcium and barium and
calcium and zirconium reflect the tendency of calcium to occur in more mafic
environments than do barium and zirconium. Because titanium can replace
aluminum, it too would be expected to have high correlations with a number of
elements from diverse geologic environments, as shown in figure 3. Elements
such as cobalt, nickel, chromium, and manganese that occur in ultramafic rocks
have significant positive correlations. Pyroxenes and amphiboles can
incorporate a variety of elements, including copper, vanadium, scandium,
yttrium, and manganese; these show positive correlations. The positive
correlation between boron and barium may indicate the occurrence of both
elements in potassium feldspar. Zirconium 1is positively correlated with
barium and beryllium because they are more abundant in felsic environments.
Negative correlations seen in figure 7 occur between elements that are found
in dissimilar geologic environments.

The above correlations and element distributions suggest several suites
of elements. First is an olivine-spinel association in which iron, cobalt,
and chromium may be present in spinel, and nickel, iron, and magnesium may be
present in olivine. The second association involves the incorporation of
iron, magnesium, copper, vanadium, scandium, yttrium, and manganese in the
structures of pyroxene and amphiboles in ultramafic to intermediate igneous
rocks. Third is a boron—barium association in potassium feldspars in felsic
environments. Another probable boron-barium association is as a hydrothermal
imprint on the rocks of other geologic enviromments, noted particularly in the
element abundance diagrams (figs. 7, 9). Last is a silver, lead, molybdenum,
tin, and tungsten association iIn quartz veins suggested by the distribution of
elements, but not determined on the correlation chart because of the few
number of samples with detectable molybdenum and tungsten. Occurrences of the
above-mentioned elements in the structures of major rock-forming minerals are
based on iInferences made on evidence from Rose and others (1979) and Wedepohl
(1969-1978). Complete chemical analyses are not available for the minerals
mentioned above.

Stream—sediment-concentrate geochemistry

Element distributions in streamsediment concentrates show a wider range
of values than do distributions for individual rock types; this represents
input from diverse geologic terranes. Most notable in the panned-concentrate
distribution chart (fig. 8) 1is the presence of gold, silver, and paladium,
which are frequently found in placer deposits in the wvicinity. The
correlation chart (fig. 9) reemphasizes correlations noted in the rock
samples. Cobalt, chromium, and nickel show high positive correlations that
are indicative of ultramafic detritus. A boron-barium association indicates a
possible hydrothermal overprint. A lead-tin correlation supports the
hypothesis of a veiln system containing low-grade mineralizatiom.

DISCUSSION OF ANOMALOUS VALUES

Several methods are available for determining threshold values of
anomalies. Lepeltier (1969) and Sinclair (1974) present techniques for
examining frequency distributions. When few values are greater than or equal
to the determination limits, these values may be considered anomalous. Visual
inspection of histograms may indicate anomalous wvalues, and map plots may
delineate geographic areas in which high values cluster. A combination of
these techniques was used in evaluating the Bucks Lake and Chips Creek
Roadless Areas, but emphasis was placed on visual methods because of the
geologic diversity of the rocks underlying the areas.

Ahrens (1957) demonstrates that in many cases trace elements show a log-
normal distribution. Departures from this theoretical distribution could
indicate multiple populations or mineralization (Lepeltier, 1969), sample
contamination, widespread low-grade mineralization, or analytical error (see
Miesch, 1967, for discussion of errors).

Threshold values for geochemical anomalies were determined using the
combined data for the Bucks Lake, Chips Creek, and nearby (20 mi south) Bald
Rock and Middle Fork Feather River Roadless Areas. Values for anomalies
plotted on the map represent approximately the upper 5 percent of analytical
values for each element (table 1). Potential anomalies were then evaluated
with respect to the geologic setting from which the samples were collected.

Various rock samples from the Chips Creek and Bucks Lake Roadless Areas
(80pP127, 80P132, 80Y154, 80Y165, 81S203A, 815204, and 81S251B; see Sorensen
and others, 1982, for sample locations) contain 100 ppm cobalt, as much as
3,000 ppm chromium, and 2,000 to 3,000 ppm nickel. These high values all
occur in ultramafic rocks and are not considered to be anomalous for this type
of rock. Silver values of 0.5 ppm (samples 80Y120, 80P202, and 81P203A) and
molybdenum values between 5 and 30 ppm (samples 80P139B, 80Y138, 81P202, and
81P203A) occur in samples from the Calaveras Formation and probably represent
normal fluctuations in background values due to the widespread geographic
distribution and random occurrence of high values for these elements.

Three samples (815S203A, 81S251A, and 81S251B) containing high values for
silver (3 and 10 ppm) were collected from quartz veins and gossan in a large
serpentine body at the west edge of the Chips Creek area near Spring Valley
Mountain. Gossan sample 81S203A also contains 2,000 ppm manganese, 100 ppm
cobalt, 2,000 ppm nickel, and 3,000 ppm chromium, and sample 81S251B also
contains 5 ppm tin and 50 ppm tungsten. The high cobalt, chromium, and nickel
values in the gossan represent material derived from the host serpentine,
whereas silver, tin, tungsten, and manganese represent material introduced
with the flulds that formed the veins.

Geochemical data for stream—sediment concentrates indicate that gold and
silver, cobalt, molybdenum, thorium, and nickel occur in possibly anomalous
amounts within the study area.

Several samples from streams that drain the Grizzly and Oliver Lake
plutons have thorium values between 500 and 1,000 ppm. Most streamsediment
concentrates have thorium values of 200 ppm or less. The locally high thorium
values are probably due to high contents of thorium-bearing accessory minerals
such as sphene, allanite, monazite, and zircon in the Grizzly and Oliver Lake
plutons.

Areas of high gold and silver values indicated by both spectrographic and
fire-assay analyses include the north and west edges of the Chips Creek
Roadless Area and the north edge of the Bucks Lake Roadless Area. Auriferous
Tertiary stream deposits occur north and west of the Chips Creek area (Haley,
1923), and samples with high gold and silver values were collected from
streams that drain these areas. One sample with a high silver value was
collected in the western part of the Chips Creek area near Spring Valley
Mountain from a stream that drains the serpentine body containing silver-
bearing quartz veins. Gold in samples from streams emptying into Chips Creek
may also have been derived from auriferous Tertiary stream gravels.
Similarly, 1in the northeast corner of the Bucks Lake Roadless Area, gold
occurs in samples from streams that drain an ultramafic body east of Mill
Creek that contains silver-bearing quartz veins. Although it is possible that
the gold in the stream sediménts came from the argentiferous quartz vein, it
is more probable that the gold has been recycled from auriferous Tertiary
gravels, small patches of which lie along Mill and Fales Creeks. South of
Rich Bar, in Kellog Ravine and French Creek, stream sediments yielding gold
and silver may have been derived from known gold-quartz veins, although the
sample from Kellog Ravine may have come from perched bars of the Feather
River.

Cobalt values of 150 to 1,500 ppm occur in samples collected from streams
that drain areas underlain by the Calaveras Formation. Hietanen (1973)
describes the Calaveras Formation as consisting of predominantly phyllite and
metachert, with subordinate metavolcanic rocks and limestone. Throughout the
area studied, the metasedimentary and metavolcanic rocks of the Calaveras
Formation commonly contain less than 50 ppm cobalt. We assume that the high
cobalt content in streamsediment concentrates in areas underlain by the
Calaveras Formation results from concentration of cobalt-bearing
ferromagnesian minerals during sediment tramsport.

A few samples from Chips Creek and North Fork Feather River contain 30 to
50 ppm molybdenum; one sample contains 1,000 ppm. Concentrations of 500 to
3,000 ppm copper and 700 to greater than 20,000 ppm lead are commonly
assoclated with the high molybdenum values. Because many of the streams
ylelding these high values originate in the silicic plutons, the material may
have originated there. High molybdenum values are also reported in samples
from streams that drain the Calaveras Formation. The molybdenum may occur in
phyllite in small ts in sory minerals such as pyrite, which might
have small amounts of associated copper and molybdenum.

Concentrations of 700 to 1,500 ppm nickel and 1,500 to greater than
10,000 ppm chromium occur 1in many samples from streams that drain areas
underlain by ultramafic rocks. Although these values are high relative to the
values for, all of the samples, they are close to the average value for
ultramafic rocks and thus are not anomalous.

CONCLUSIONS

Examination of rock and panned-concentrate samples shows that some quartz
veing within ultramafic rocks contain anomalous values of manganese, gold, and
silver. Low-level thorium anomalies 1in streamsediment concentrates
apparently are the result of iIncreased abundance of thorium—bearing accessory
minerals in the Grizzly and Oliver Lake plutons. These and the Bucks Lake
pluton apparently have slightly higher than normal copper, molybdenum, and
lead contents-. High copper, molybdenum, and lead values also occur in
sediments derived from the Calaveras Formation. Slightly anomalous cobalt
values are present In a widespread area underlain by the Calaveras. Gold-
bearing Tertiary gravels that crop out on the periphery of the roadless areas
have contributed gold and silver to many of the streams running through these
areas. High boron values from samples in a variety of geologic terranes
scattered throughout the area may reflect a late hydrothermal event, possibly
related to the intrusion of the granitic »lutons.
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Table 1l.--Lower limit of anomalous values shown on map and percentage of
samples falling above those values for combined Bucks Lake, Chips Creek, and
nearby Bald Rock and Middle Fork Feather River Roadless Areas
[Au-8, analyzed by emission spectrography; Au—as, analyzed by fire assay;
values are given as parts per million]

Stream-sediment concentrates

Lower limit of Percentage of samples Number of samples
Element anomalous values that are anomalous that are anomalous
Ag 30 4.47 17
As 500 1.32 5
Au-s 200 5.00 19
Au-as 1 29.17 16
Ba 3,000 3.42 13
Bi 20 3.68 14
Co 150 4.74 18
Cr 1,500 3.16 12
Cu 500 4.47 17
Mo 30 4.47 17
Ni 700 4.74 18
Pb 700 3.42 13
Sn 150 3.95 15
Th 500 4.47 17
W 100 6.05 23
Zn 500 1.05 4

Rock samples

Ag 0.5 5.10 8

Ba 1,500 4.46 7

Co 100 4.46 7

cr 3,000 3.18 5

Cu 200 1.91 3

Mn 2,000 2.55 4

Mo 5 5.10 8

Ni 2,000 5.13 8

Pb 30 5.10 7

Sn 10 1.91 2
W 50 1.27 1
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Figure l.--Index map showing location of Chips Creek (5099) and Bucks Lake
(5168) Roadless Areas, California.

EXPLANATION FOR ABUNDANCE DIAGRAMS
(Figs. 2-6, 8)

Greater than 20 samples;
less than 30 percent qualified data

CR ———— Element

—— Maximum abundance
Plus one geometric deviation
___ Sample detection limit

Geometric mean

—— Minus one geometric deviation

Minimum abundance--calculated
if below detection limit

Number of samples’

34

Greater than 20 samples;
greater than 30 percent qualified data

MO —— Element

]: —— Maximum abundance
— Detection limit

834 — Number of samples

Less than 20 samples

CA

Element
Maximum of samples

84th percentile value

16th percentile value

Minimum of samples

—— Sample median

5

Number of samples

EXPLANATION FOR CORRELATION DIAGRAMS (Figs. 7, 9)

High positive correlation--Equal to or greater than 0.5
Low positive correlation--Between 0.3 and 0.5

Low negative correlation--Between -0.3 and ~0.5

High negative correlation--Equal to or less than =-0.5

Number of sample pairs used in computing correlations
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Figure 2.--Distribution of elements in ultramafic rocks.
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Figure 3.--Distribution of elements in mafic volcanic and intrusive rocks.
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Figure 4.--Distribution of elements in intermediate and felsic volcanic and
intrusive rocks.
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Figure 5.--Distribution of elements in sedimentary rocks.
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Figure 6.—-Distribution of elements in quartz veins and gossan.
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Figure 7.——-Correlation of elements for rocks in and adjacent to the Chips
Creek and Bucks Lake Roadless Areas.
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Figure 8.—-Distribution of elements in stream-sediment-concentrate samples. 529
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Figure 9.-—Correlation of elements for streamsediment-concentrate samples in
and adjacent to the Chips Creek and Bucks Lake Roadless Areas.
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