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Studies Related to Wilderness

The Wilderness Act (Public Law 88-577, Sept. 3, 1964) and related Acts 

require the U.S. Geological Survey and the U.S. Bureau of Mines to survey 

certain areas on Federal lands to determine their mineral resource 

potential. Results must be made available to the public and be submitted to 

the Administration and the Congress. This report presents the results of a 

geochemical survey of the Golden Trout Wilderness, California.

INTRODUCTION 

Purpose of Study

Samples of stream sediment, heavy-mineral concentrate, rock, and water 

were collected as part of the mineral resource appraisal of the Golden Trout 

Wilderness, Tulare and Inyo Counties, California in the summers of 1979 and 

1980. The sediments, heavy-mineral concentrates, and rocks were analyzed by 

semiquantitative emission spectrographic methods. The water samples were 

analyzed by emission spectrographic and atomic absorption spectrometry. 

Plate 1 shows sample site locations. Chemical data for all samples are 

tabulated in the following sections. In addition, a summary of selected 

statistical estimates for the elements is presented. No data interpretation 

is included in this report. The purpose of this report is to make the data 

available to the public in a timely manner and to provide sufficient 

information for users of the data to make their own interpretations.

Location of the Golden Trout Wilderness

The Golden Trout Wilderness occupies 1,184 km in the southern Sierra 

Nevada of California, south of Sequoia National Park (fig. 1). The study area 

includes at least a part of the Kern Peak, Olancha, Mineral King, Hockett 

Peak, Camp Nelson, and Monache Mountain 15-min quadrangle maps. It is
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contained totally within lands belonging to the Inyo and Sequoia National 

Forests.

Geology

The Golden Trout Wilderness is characterized by extreme relief, ranging 

from Cirque Peak (3,932 m), Florence Peak (3,789 m), and Olancha Peak (3,695 

m), down to 1,493 m at the junction of the Kern and Little Kern Rivers and 

1,219 m at the eastern base of the Sierras. One percent of the wilderness 

area is at elevations above 3,415 m and 65 percent of the wilderness exceeds 

2,440 m.

The study area is centered around the Kern River Canyon, the only major 

north-south drainage in the Sierra Nevada. The Kern River originates at the 

Kings River-Kern River Divide, 42 km north of the wilderness area. Where the 

Kern River enters the wilderness area from the north, vertical relief exceeds 

518 m and the canyon follows the north-trending Kern Canyon fault. This fault 

cuts the youngest intrusives in the area (emplaced 80 m.y. B.P.), but does not 

cut a basalt flow generated 3.5 m.y. B.P. (Burnett, 1976). To the south, the 

Kern River flows east around Hockett Peak, leaving the fault zone and 

eventually joining the Little Kern River at the south-central tip of the 

wilderness area. West of the Little Kern River, the headwaters of the North 

Fork of the Middle Fork of the Tule River drain the area. Golden Trout Creek, 

the South Fork of the Kern River, and various small streams flowing down the 

eastern escarpment drain the region east of the Kern River.

Much of the northern section of the study area is dominated by glacially 

carved topography. During the El Portal Glacial Stage, the terminus of ice in 

the Kern Canyon lay at 1,740 m, lat. 36°14', and was probably the southernmost 

extent of glacial ice in the Sierra Nevada (Matthes, 1965). The headwaters of 

Pecks Canyon, the Little Kern River down to its junction with Rifle Creek,
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Whitney Meadows west to the Boreal Plateau, Upper Cottonwood Creek, Olancha 

Peak, and the northern side of the Toowa Range also were glaciated during 

Pleistocene time.

The rocks exposed in the Golden Trout Wilderness are principally Jurassic 

or Cretaceous plutons of the Sierra Nevada batholith. Metamorphosed country 

rocks and Cenozoic volcanic rocks cropout in 10 to 15 percent of the area. 

Christensen (1963) studied the metamorphic rocks in the Mineral King area and 

Saleeby and others (1978) reported on the metamorphic rocks of the southern 

Sierra Nevada. Du Bray and Dellinger (1981) mapped the geology of the Golden 

Trout Wilderness as part of the resource evaluation study. Much of the 

following description of the geology is summarized from the map.

The oldest rocks in the Golden Trout Wilderness are metavolcanic and 

metasedimentary country rocks of the Sierra Nevada, occurring as isolated roof 

pendants and large xenoliths. Part of the Mineral King roof pendant extends 

from Farewell Gap, at the northern edge of the wilderness, to Mountaineer and 

Clicks Creeks at the southern border. These contact metamorphic rocks 

comprise the upper quartzite unit within the southeastern margin of the 

Calaveras Complex, as used by Schweickert and others (1977). The unit is 

characterized by quartzite, quartz-mica schist, marble, calc-silicate rocks, 

and silicic metavolcanics, all partly bedded and partly chaotic. Metamorphism 

ranges from low-rank green schist to high-rank amphibolite facies. Recogniz 

able parent material consists of rhyolite-dacite tuffs, ash flow and tuff 

breccias, limestone, mudstone, marl, quartzite, and volcanic clastic flysch 

(Saleeby and others, 1978).

Four additional exposures of metamorphic rocks of smaller extent are 

found in the Golden Trout Wilderness. On the western edge of the wilderness, 

rocks of hornblende-hornfels metasedimentary facies crop out along the North



Fork of the Middle Fork of the Tule River. These fine-grained rocks are 

composed of quartzite, siliceous hornfels, pelitic schist, and calc-silicate 

rocks. Similar assemblages are found between Indian Head and Jordan Hot 

Springs, to the west of Redrock Creek. To the north and southwest of Kern 

Peak, metamorphosed dacite and andesite tuffs and flows occur. Along the 

southeastern escarpment of the Sierra Nevada, both metasedimentary and meta- 

volcanic rocks are widespread. For the most part, these are undifferentiated 

schist, quartzite, marble, and calc-silicate rocks (Saleeby and others, 1978).

Plutonic rocks that underlie the vast majority of the wilderness were 

intruded roughly continuously during two or three long periods between 80 and 

210 m.y. B.P. Du Bray and Dellinger (1981) recognized 7 different alaskite 

bodies, 6 distinct granites, and 12 granodiorite masses. The western region 

of the wilderness is dominated by the granodiorite of Pecks Canyon, but also 

contains a large area underlain by the medium- to coarse-grained alaskite of 

Maggie Mountain.

In addition to the Mineral King roof pendant, three intrusives underlie 

the Little Kern River watershed. The northwestern headwaters, centered around 

Wet Meadows, is occupied by the granodiorite of Quinn Peak. It is a medium- 

grained intrusive, distinguished by abundant euhedral hornblende grains as 

much as 1 cm in length. The granite of White Mountain is exposed in much of 

the central and southern Little Kern River Basin. It is notably light 

colored, medium to coarse grained, and strongly porphyritic with respect to 

K-feldspar. The alaskite of Coyote Pass crops out along the Great Western 

Divide. It is a medium-grained, heterogeneous alaskite with inclusions of 

mafic plutonic rocks.



The Kern Canyon is bounded on the west by the alaskite of Coyote Pass, 

granite of Little Kern Lake Creek, the granite of Grasshopper Flat, and the 

granodiorite of Doe Meadow. The granite of Little Kern Lake Creek is a 

medium-grained granodiorite with phenocrysts of K-feldspar. The granite of 

Grasshopper Flat is a fine- to medium-grained porphyritic granodiorite 

containing euhedral phenocrysts of K-feldspars. The granodiorite of Doe 

Meadow is a medium-grained, equigranular rock with abundant euhedral horn 

blende. The region along the northeastern flank of the Kern Canyon is 

underlain by the fine- to medium-grained granodiorite of Volcano Falls 

containing abundant euhedral hornblende. The light-colored, coarse-grained 

alaskite of Hells Hole borders the Kern River to the southwest and contains 

numerous small bodies of mafic plutonic rocks.

The Paradise pluton is the dominant rock type within the Golden Trout 

Creek catchment. It is a porphyritic granodiorite, with minor amounts of 

granite. The medium-grained granite of Window Cliffs occupies a large area 

within the wilderness south of Golden Trout Creek. It is a porphyritic gran 

ite with pinkish-purple K-feldspar phenocrysts. To the west of Kern Peak, the 

granite is nonporphyritic, finer grained, and contains more mafic minerals. 

The area south of the Toowa Range contains the medium-grained granodiorite of 

Redrock Meadow, locally porphyritic. In the vicinity of the Toowa Range, the 

alaskite of Kern Peak is the dominant intrusive.

The most extensive rock in the Golden Trout Wilderness is the Whitney 

pluton, covering much of the high country in the east. The granodiorite is 

coarse grained and porphyritic. K-Ar dates of the rock range from 78.4-84 

m.y. B.P. (Everndon and Kistler, 1970). The coarse-grained granite of Carrol! 

Creek crops out in the northeastern part of the wilderness area. The area 

between Brown Mountain and Olancha Peak is underlain by the fine- to coarse 

grained alaskite of Olancha Peak.



Cenozoic volcanic rocks crop out in four areas of the Golden Trout 

Wilderness. Tertiary cinder cones and the aa Malpais lava flow occupy about
o

13 km along the lower reaches of Golden Trout Creek. These rocks are olivine 

basalts and basaltic agglomerates (Webb, 1946), and represent several 

different stages of eruption. Dalrymple (1963) determined the K-Ar date of 

the basalt to be 3.5 m.y. B.P. Tertiary olivine basalt also comprises the
o

Flatiron, an area of approximately 10 km above the junction of the Kern and

Little Kern Rivers.
p Tempieton Mountain and the surrounding 5 km area is composed of Tertiary

rhyolite with a K-Ar date of 2.4 m.y. B.P. (Bacon and Duffield, 1980). The 

rhyolite of Long Canyon forms a porphyritic, pumiceous dome, with associated 

pyroclastic flow lobes located at the head of Long Canyon. Bacon and Duffield 

(1980) give a K-Ar age of 0.185+0.15 m.y. before present for the rhyolite.

Other Quaternary units in the Golden Trout Wilderness include alluvium, 

colluvium, glacial moraines, gravel, landslide deposits, and unglaciated grus 

weathered in place.

Mineral Occurrences

The potential for gold, silver, and base metal sulfide deposits in the 

southern Sierra Nevada was first recognized through the discovery in 1873 of 

the Mineral King District, at the northern boundry of the wilderness. On 

August 26, 1873, J. A. Crabtree, A. Luke, and S. Belden of Porterville 

discovered argentiferous galena and sphalerite in limestone near a granite 

contact, approximately 4 km southwest of Mineral King and 6 km west of 

Farewell Gap. Other findings of sulfides of copper, lead, and zinc, 

associated with arsenopyrite and argentite, led to a silver rush into the area 

during 1879-1880. The small size of the deposits and the complex geological 

relationships prevented much production from the deposits.
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There are 38 recognizable mineral occurrences and mining claims in the 

Golden Trout Wilderness Area, containing silver, gold, Fe-Mn oxides, and base 

metal sulfides (Nicholus Zilka, U.S. Bureau of Mines, oral commun. 1980). 

Three occurrences also contain tungsten minerals. The majority of the mining 

claims are located within the Little Kern River watershed; along the South 

Fork of the Kern River, to the east of Tempieton Mountain; along the eastern 

escarpment of the Sierra Nevada, between Ash and Cartago Creeks; and southwest 

of Maggie Mountain.

The mines and prospects in the Little Kern River drainage system are 

associated with the contact between the metamorphic rocks of the Mineral King 

roof pendant and the intrusive rocks of the Sierra Nevada batholith. One of 

these mines, the Pine Tree Mine, is presently producing small amounts of 

tungsten.

SAMPLE COLLECTION AND PREPARATION

Sampling Plan

All sites were chosen on first- or second-order drainages as defined by 

1:62,500 topographic maps. All sites on second-order drainages were chosen at 

least 100 m below any first-order junctions. Stream-sediment sampling sites

were selected at a density of one site per cell with the cell having an area
o 

of approximately 2.6 km . Some cells do not contain a sample site because of

various factors including lack of small-order stream drainage or extreme 

relief and inaccessibility. Five percent of the cells were randomly chosen 

for duplicate sampling. The duplicate samples were collected 100 m downstream 

from the original site to provide an estimate of intrastream compositional 

variation. The duplicate samples were split into 2 samples to provide an 

estimate of analytical variations. Nine of the cells chosen for intrastream
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variation study contain an additional two samples collected on other first- 

order streams to provide an estimate of intracell variation (stream-to-stream 

within the same cell).

Stream Sediments

At least 5 grab samples were collected at each site along a 10 m streach 

of the active stream channel using a polyethylene or aluminum scoop. The grab 

samples were composited into a single sample and then were air dried. The 

composited sample was sieved using a stainless steel 80-mesh (180 urn opening) 

screen. The material passing through the 80-mesh screen was pulverized for 

analysis. The discussion that follows uses "stream sediment" as synonymous 

with the minus-80-mesh fraction.

Heavy-Mineral Concentrates

A heavy-mineral concentrate sample was collected at most sites using a 

standard gold pan. Commonly, 3 to 4 kg of composited sediment were necessary 

to yield the desired 30 - 60 gm of concentrate. At the laboratory, the sample 

was air dried, and the highly magnetic material was removed by a magnet. Any 

light-weight material remaining in the concentrate was then separated by 

allowing the heavier fraction to settle through bromoform (specific gravity 

2.82). The resulting heavy-mineral fraction was then separated into a 

nonmagnetic and magnetic fraction using a Frantz Isodynamic Separator at a 

setting of 0.6 ampere, with 15° forward and 15° side settings. The 

nonmagnetic fraction was pulverized in an agate mortar before analysis.

Rock Samples

Most of the rock samples were collected by Edward du Bray and David 

Del linger of the U.S. Geological Survey. The rock samples were collected from 

outcrops of all the major rock units mapped by Du Bray and Del linger (1981).



When necessary, each sample was hand cobbled to remove any obvious weathered 

material. All samples were crushed and pulverized before analysis.

Water Samples

Eighteen stream and spring-water samples were collected in the Little 

Kern watershed, in an area where iron-oxide precipitation was observed. The 

area sampled lies within a zone of tungsten and base metal occurrences asso 

ciated with the Mineral King roof pendant. At each of the 18 sites, pH and 

water temperature were measured, and two 250-ml samples were collected. One 

water sample was filtered through an 0.45 urn filter and acidified to a pH <1.0 

using high purity nitric acid. The acidified sample was analyzed at the 

laboratory for selected trace metals whereas the untreated unfiltered sample 

was analyzed for selected anions, electrical conductivity, and total 

alkali nity.

ANALYTICAL PROCEDURES 

Methods for Stream Sediments, Heavy-Mineral Concentrates, and Rock

Each rock, stream sediment, and nonmagnetic heavy-mineral concentrate 

sample was analyzed semi quantitatively for 31 elements using an optical 

emission spectrograph, according to the method outlined by Grimes and 

Marranzino (1968). The semiquantitative spectrographic values are reported as 

the approximate geometric midpoints: 1.0, 0.7, 0.5, 0.3, 0.2, 0.15 (or 

appropriate powers of ten) of ranges whose respective boundaries are: 1.2, 

0.83, 0.56, 0.38, 0.22, 0.18, 0.12 (or appropriate multiples).

The precision of the results of the semiquantitative spectrographic 

analyses varies from rock type to rock type and from element to element within 

the various sample media. In general, the precision of the results of the 

method is plus or minus one reporting value of the actual value given
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approximately 83 percent of the time or with two reported intervals 96 percent 

of the time (Motooka and Grimes, 1976). It has been the experience of the 

laboratory that analyses performed by one analyst over a relative short period 

of time exhibit a degree of precision greater than that quoted. Reference 

samples were used to insure the quality of the analyses.

The lower limits of determination for the 31 elements determined in 

rocks, sediments, and concentrates are given in table 1.

11



Table 1.--Lower limits of detection for samples of rock, stream

sediment, and heavy-mineral concentrates 

[Limits calculated either in percent or in parts per million (ppm)]

Element Percent

Calcium 0.05

Iron 0.05

Antimony

Arsenic

Barium

Beryllium

Bismuth

Boron

Cadmium

Chromium

Cobalt

Copper

Gold

Lanthanum

Lead

Manganese

ppm

 

--

100

200

20

1

10

10

20

10

5

5

10

20

10

10

Element Percent

Magnesium 0.02

Titanium 0.002

Molybdenum

Nickel

Ni obi urn

Scandium

Silver

Strontium

Thorium

Ti n

Tungsten

Vanadium

Yttrium

Zinc

Zirconium

ppm

 

 

5

5

20

5

0.5

100

100

10

50

10

10

200

10

In addition to semiquantitative emission spectrographic analyses, selected 

samples of stream sediments and rocks from the most major rock units in the 

wilderness were analyzed for uranium by neutron activation analysis-delayed 

neutron counting.



Methods for Waters Samples

The acidified water samples were analyzed for 32 elements using an 

inductively coupled plasma emission spectrograph. The elements detected by 

this method for the waters from Golden Trout include Fe, Mg, Ca, Ba, Zn, and 

Sr. The lower limit of detection for the 32 elements are given in table 2.

Table 2.--Lower limits of detection in parts per billion (ppb) for emission 

spectrographic analysis of water samples

Element

Aluminum

Antimony

Arsenic

Barium

Bi smuth

Beryl lium

Boron

Cadmium

Calcium

Ceriu

Chromium

Cobalt

Copper

Germanium

Gold

Iron

ppb

6

2

500

1

600

1

8

10

40

100

20

200

10

200

70

20

Element

Lanthanum

Lead

Magnesium

Manganese

Molybdenum

Nickel

Ni obi urn

Phopphorus

Silver

Strontium

Titanium

Tin

Tungsten

Vanadium

Ytt n* urn

Zinc

PPb

50

200

80

2

60

40

10

300

20

1

6

400

100

10

4
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Acidified water samples were also analyzed for Cu and As by flameless atomic 

absorption spectrophotometry using a Perkin El kin Elmer 360 and a Perkin Elmer 

603, respectively. Unacidified water samples were analyzed for three anions 

SO^, CT, and F", using a Dionex System 14 ion chromatograph. Alkalinity was 

determined for these samples using the electrometric titration method (Brown 

and others, 1970) to obtain pH values and the Gran's Plot Method (Stumm and 

Morgan, 1970) to determine the actual alkalinities. Conductivity was measured 

using a Barnstead Conductivity Bridge.

STATISTICAL SUMMARY OF THE GOLDEN TROUT DATA

In this report, no data interpretations is presented. Therefore, to 

assist users of the data we have included several univariate statistical 

estimates and graphical displays of the data.

To conveniently show the range of observed concentrations for the 

elements reported, we used the "boxplot" (Tukey, 1977). The boxplots for the 

stream sediment, heavy-mineral concentrate, and rock data are shown in figures 

2,3, and 4, respectively. For each boxplot, the ordinates of the horizontal 

bars denote the maximum, the upper 5 percent, the upper quartile, the median, 

the lower quartile, and the minimum value. For a number of elements, the 

detection limit for the emission spectrographic analysis was above the con 

centration of many samples; therefore, some of the boxplots are abbreviated. 

Reported qualified concentrations for a particular element are indicated by 

an arrow at the top of the boxplot to show greater than (G), or at the bottom 

to show less than (L) or not detected (N) qualified data. In addition, 

because of the reporting intervals for semi quantitative emission spectro 

graphic analysis, it may not be possible to distinguish between the median 

value and either the upper or lower quartile concentrations for certain 

elements. For these boxplots, one of the quartile boxes is omitted. For

1/1
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Figure 2. Boxplot of the stream-sediment data
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example, see the Fe boxplot for the sediment data (fig. 2) where it was not 

possible to distinguish between the median and the upper quartile value. For 

Fe, the 0.7 percent reporting interval contains both the 50th percentile and 

75th percentile of all observations.

Using the spectrographic intervals as class width, histograms of most of 

the elements are shown in figures 5 through 7. Elements which contain highly 

censored data are not plotted. The histograms conveniently show the range of 

the log data, the modes for each, and the general form of the density distri 

bution. The number of either right or left censored values has been set equal 

to "n."

Tables 3, 4, and 5 present some univariate statistics which help describe 

the distribution of the data. Many of the elements analyzed were singly cen 

sored, either above or below the spectrographic sensitivity levels. Detection 

ratios, the amount of uncensored values divided by the total amount of samples 

analyzed for a given element, describe the degree to which the data were 

censored (Miesch, 1976). Generally, univariate statistics were computed for 

those elements with detection ratios greater than 0.50.

Mean logs, log variances, and log standard deviations were obtained 

through the use of the USGS STATPAC program for Fisher K-Statisties 

(VanTrump, G., Jr., unpub. computer program, 1978). This program allowed the 

mean log and log variance to be calculated using Cohen's (1959) method for the 

maximum-likelihood estimate for normal and singly censored distributions. 

Geometric mean and geometric deviation were taken as the antilogs of the mean 

log and log standard deviation. An option in the STATPAC program enabled 

calculation of arithmetic means using Sichel's (1952) maximum-likelihood 

method for lognormal populations. The application of both Cohen's and 

Sichel's techniques to geochemical distributions is discussed by Miesch

18
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Table 3.--Some univariate statistical estimates for semiquantitative emission spectrographic data for
495 stream sediments

[Geometric mean, geometric deviation, expected range, and arithmetic mean values for Fe, Mg, Ca, and Ti 
are in terms of percent. Data for other elements are expressed in parts per million. Leaders (--) denote no data]

Element

Fe
Mq
Ca
Ti
Mn

Ag
As
Au
B
Ba

Be
Bi
Cd
Co
Cr

Cu
La
Mo
Nb
Ni

Pb
Sb
Sc
Sn
Sr

V
W
Y
Zn
Zr
Th

Detection 
ratio

0.99
0.99
1.00
.99
.99

.02

.01

.00

.72
1.00

.99

.01

.01

.93

.90

.96

.98

.19

.26

.84

.99

.01

.98

.03

.97

1.00
.01
.99
.02
.93
.13

Mean 
log

0.7439
- .0826

.1838
- .3097
2.9309

 
 
 

1.1039
2.4087

.2575
 
 

1.1289
1.4060

1.2556
1.8810
 
 
.8224

1.4952
 

1.1800
 

2.4583

2.2844
 

1.6687
__

2.5781
 

Geometric 
mean

5.5
.8

1.5
.5

853

 
 
 

13
256

1.8
 
 

13
25

18
76
 
 
6.6

31
 

15
 

287

192
 

47
 

379
 

Log 
variance

0.0962
.1263
.1049
.0473
.0468

 
--
--
.1257
.0575

.0355
 
 
.0749
.1540

.1127

.0721
 
 
.2778

.0505
 
.0669
 
.0527

.0544
 
.0614
 
.0879
 

Log 
standard 
deviation

0.3101
.3554
.3239
.2175
.2163

__
 
 
.3545
.2398

.1884
 
 
.2737
.3924

.3358

.2686
 
 
.5270

.2248
 
.2587
 
.2295

.2332
 
.2479
 
.2966
 

Geometric 
deviation

2.0
2.3
2.1
1.7
1.6

--
 
 

2,3
1.7

1.5
 
 

1.9
2.5

2.2
1.9
 
 

3.4

1.7
 

1.8
 

1.7

1.7
 

1.8
 

2.0
--

Expected 
range

1.3-23
.2-4.3
.3-6.8
.2-1.3

315-2310

 
 
 

2.5-65
85-773

.8-4.3
 
 

3.8-47.
4.2-155

3.8-85
22-262
 
 

.6-75

11-88
 

4.6-50
 

100-827

66-563
 

15-146
 

97-1483
 

Arithmetic 
mean

7.2
1.2
2.0
.6

966

 

 
18

298

2.0
 
 

16
38

24
92
-_
 

14

36
 

181
 

330

222
 

55
 

478
--



Table 4. Some univariate statistical estimates for semiquantitative emission spectrographic data for 348
pan concentrates

[Geometric mean, Geometric deviation, expected ranne, and arithmetic mean values for Fe, Mg. Ca, Ti are in 
terms of percent. Data for other elements are expressed in parts per million. Leaders ( ) denote no data]

Element

Fe
Mq
Ca
Ti
Mn

Ag
As
Au
B
Ba

Be
Bi
Cd
Co
Cr

Cu
La
Mo
Mb
Ni

Pb
Sb
Sc
Sn
Sr

V
W
Y
Zn
Zr
Th

Detection 
ratio

1.00
.97

1.00
.02

1.00

.17

.03

.01

.20
.78

.56

.18

.00

.17

.83

.99

.53
.64
.97
.12

1.00
.01

1.00
1.00
.06

1.00
.12
.96
.01
.53
.84

Mean 
log

-0.6633
-1.2080

.6522
 

2.9131

__
 
 
 

1.4624

__
 
 

1.2939

1.1069
3.0163
.6721

1.5466
 

1.5707
_-

1.0993
1.6476
 

2.1335

2.8221
 

3.0205
2.4937

Geometric 
mean

0.2
.06

4.5
__

819

__
 
 
 
29

__
 
 
 

20

13
1038

4.7
35
 

37
__

13
44
 

136
 

664
 

1048
312

Log 
variance

0.0213
.2595
.0234
__
.0227

__
 
 
 
.1172

   
 
 
-_
.1575

.0584

.1190

.0417

.0389
 

.1095
 
.0122
.0572
 

.0531

.0629
 
.0998
.2253

Log 
standard 
deviation

0.1461
.5094
.1530
__
.1505

__
 

 
.3424

  _
 
  .

.3968

.2417

.3449

.2041

.1973
 

.3309
 
.1104
.2392
 

.2304
__
.2508
 
.3158
.4746

Geometric 
deviation

1.4
3.2
1.4
__

1,4

__
 
 
 

2.2

  _
 
 
 

2.5

1.7
2.2
1.6
1.6
 

2.1
 

1.3
1.7
 

1.7
 

1.8
 

2,1
3.0

Expected 
range

0.1 -0.4
0-0.6

2.2 -9.1
__

409-1637

__
 
 
 

6.0 -140

.._
 
 
 

3.2 -122

4.2 -39
212-5084
1.8 -12
14-87
 

8.1 -171
 

7.6 -21
1 5-1 34
 

47-393
__

209-2107
 

245-4490
35-2773

Arithmetic 
mean

.1
4.8
 

869

.._
 
 
 
 

_  

__
 

30

15
1423
 

39
 

50
 

13
52
 

__

784
...

1365
566



Table 5.--Some univariate statistical estimates for semiquantitative emission spectrographic data for 111
rock samples

[Geometric mean, geometric deviation, expected range, and arithmetic mean values for Fe, Mg, Ca, and Ti 
are in terms of percent. Data for other elements are expressed in parts per million. Leaders (--) denote no data]

Element

Fe
Mg
Ca
Ti
Mn

Ag
As
Au
B
Ba

Be
Bi
Cd
Co
Cr

Cu
La
Mo
Nb
Ni

Pb
Sb
Sc
Sn
Sr

V
W
Y
Zn
Zr
Th

Detection 
ratio

1.00
.98
.98

1.00
1.00

.07

.00

.00

.29

.95

.90

.04

.00

.60

.37

.69

.90

.10

.07

.59

,96
,00
.83
,09
.87

.94

.05

.89

.05
1.00
.00

Mean 
log

0.1981
- .3900
- .0158
- .0962
2.6990

__
 
 
_.

2.6134

.1356
 
 
.7826
--

.8786
1.6428
 
 
.7586

1.4092
-_
.8718
 

2.4770

1.8822
 

1.2246
 

1.9333
 

Geometric 
mean

1.6
.4

1.0
.2

500

__
 
 
_.

411

1.4
--
 
6.1
 

7.6
44
--
-_
5.7

26
--
7.4
 

300

76
 

17
-_

86
 

Log 
variance

0.1272
.2921
.1825
.0894
.0736

__
 
 
 
.2129

.0360
 
 
.1443
--

.2437

.0532

 
.1884

.0569
 
.0613
 
.1181

.2197
 
.0503
 
.0617
 

Log 
standard 
deviation

0.3567
.5404
.4272
.2991
.2712

__
 
 
 
.4614

.1898
 
 
.3798
--

.4936

.2308
 
 
.4340

.2386
 
.2476
 
.3437

.4688
 
.2242
 
.2484
 

Geometric 
deviation

2.3
3.5
2.7
2.0
1.9

_
 
 
 

2.9

1.5
 
 

2.4
 

3.1
1.7
 
 

2.7

1.7
 

1.8
 

2.2

2.9
 

1.7
 

1.8
   

Expected 
range

0.3 -8.2
.03-4.9
.1 -6.9
.05-0.8
143-1744

__
 
__
__

49-3437

.6 -3.3
 
 

1.1 -35.
~

.8 -73
15-127

__
.8 -42

8.6 -77

2.4 -23
__

62-1460

8.8 -660
 

6.0 -47
 

27-269
 

Arithmetic 
mean

2.2
.9

1.6
.3

608

__
 
 
--

720

1.5
--
--
8.9
--

14
51
__
 
9.4

30
__
8.8
__

410

136
--

19
 

101
--



(1967). For "lognormal data, 95 percent of all values fall within an expected

range from:   Geometric Mean  to G eometric Mean x (Geometric Deviation) 2 . 
(Geometric Deviation)

Table 6 summarizes the data for samples of the major rock units in the 

Golden Trout Wilderness. A complete listing of the data for each sample is 

given in table 11.

ANALYSIS OF VARIANCE (ANOVA)

To evaluate the data in terms of variability at different scales, an 

unbalanced, four-level, nested analysis of variance (Anova) design was 

constructed (fig. 8). The total variability was partitioned among the four 

levels using the STATPAC System Program D0038--Analysis of Variance 

(VanTrump, G., Jr., unpub. computer program, 1978). The program follows the 

technique of Anderson and Bancroft (1952) for computation of variance com 

ponents. Estimates of variance components for 20 elements in stream-sediment 

samples and for 21 elements in heavy-mineral concentrate samples are given in 

tables 7 and 8 and compared graphically in figures 9 and 10. All elements in 

the heavy-mineral concentrates and all elements, excluding Ti in the stream 

sediments, have significant variability between cells as defined by the use of 

the F-test at the 95 percent confidence level (Snedcor, 1956).

These results are useful for more detailed evaluations of the data in the 

following ways:

(1) The results of ANOVA may be used to evaluate the relative value of a 

particular element, either in the heavy-mineral concentrate or 

stream-sediment data, to detect broad-scale geochemical features 

relative to the sampling density chosen for the Golden Trout 

Wilderness. Only if a significant proportion of the data variance 

is at the intercell level can one be confident that the observed
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Figure 8. Sample design for ANOVA
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Table /.--Analysis of variance for stream sediments

Variance components are expressed as 
percent of total variance

Element

Fe
Mg
Ca
Ti
Mn

B
Ba
Be
Co
Cr

Cu
La
Mo
Ni
Pb

Sc
Sr
V
Y
Zr

Total 
log 

variance

0.0801
.0915
.0867
.0305
.0358

.0941

.1374

.0339

.0835

.1065

.1483

.0822

.0739

.0576

.0591

.0820

.0589

.0884

.0854

.1173

Intercell

17*
36*
42*
0

28*

21*
20*
33*
56*
34*

66*
64*
89*
39*
26*

33*
46*
33*
55*
14*

Intracell

39
39*
30*
36
13

29*
0

15
21*
29

21*
2
2

30*
26*

17
33*

1
11
34

Intrastream

21*
4
5
8
0

0
0
0
6

12

2
0
5*
4
0

0
1
0
0
0

Analytical

23
21
23
56
59

50
80
52
17
25

11
34
4

27
48

50
20
66
34
52

*Significant as defined by the F-test at the 95 percent probability level.



Table 8.--Analysis of variance for heavy-mineral concentrates

Variance components are expressed 
percent of total variance

Element

Fe
Mg
Ca
Mn
Ag

Ba
Be
Bi
Cr
Cu

La
Mo
Nb
Pb
Sc

Sn
V
W
Y
Zr
Th

Total 
log 

variance

0.0544
.4367
.0301
.0218
.0954

.1547

.0058

.3850

.0755

.0500

.1319

.1219

.0526

.1932

.0127

.0902

.0960

.0503

.0833

.0857

.2243

Intercell

64*
72*
51*
28*
29*

68*
25*
54*
22*
23*

86*
66*
77*
51*
36*

58*
54*
45*
52*
71*
51*

Intracell

3
20*
0

19
0

19*
5

23*
47*
0

7*
13
4
38*
0

32*
0
0

34*
0

32*

I ntra stream

12
4*
6
0

60*

3
0
0

11
32

0
0
3
0
9

0
0

42*
2

10
8*

as

Analytical

21
4

43
53
11

10
70
22
20
45

7
21
15
11
55

10
46
13
12
19
9

*Significant as defined by the F-test at the 95 percent probability level.
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variability is due to broad-scale features rather than local 

variability. This would permit some degree of confidence in 

defining possible anomalous areas. For example, Pb or W in the 

heavy-mineral concentrates may better define areas of skarn mineral 

ization in some of the roof pendant rocks than would Cu or Ag which 

have lower intercell variability and higher intracell variability.

(2) The results of ANOVA also provide some estimate of the adequacy of 

the selected sampling density to detect broad-scale geochemical fea 

tures for particular elements. For example, if a particular element 

of interest shows a significant variability at the intracell level, 

additional samples from other streams within the cells would have 

improved the definition of broad scale geochemical features. 

However, if a large amount of variation is at the intrastream level, 

i.e. Ag and W in the heavy-mineral concentrates, the variation in 

the data may provide little information about broad geochemical 

features and will indicate only very localized geochemical factors.

(3) The ANOVA may also be used to compare the analytical variation for 

each element relative to the natural variation observed in the data 

for the Golden Trout Wilderness. For many elements, the analytical 

variance is significantly less than the variance at the intercell 

level. However, some of the elements have analytical variances that 

are significantly greater than expected for the analytical 

techniques used in this study. Part of the apparent analytical 

error includes uncertainties in sample preparation. In addition, 

the apparent high analytical variances for some elements is the 

result of the low natural variation for these elements in the Golden 

Trout Wilderness with respect to the spectrographic reporting
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intervals. For example, 50 percent of the concentrations of Ba in 

stream sediments fall within two spectrographic reporting intervals 

(fig. 5), which is also reflected in the low variances calculated 

for the levels above the analytical level. Therefore by default, 

the analytical variance for Ba in stream sediments is high relative 

to the variances at higher levels. This should not be interpreted 

as a criticism of the analytical techniques; rather it reflects the 

lack of significant variation in the concentration of certain 

elements

DESCRIPTION OF DATA TABLES

Data in tables 9, 10, and 11 are arranged so that column 1 contains the 

assigned field number that is plotted on the location map (plate 1). An R 

following the field number indicates the sample is a replicate sample col 

lected 100 m downstream of the sample with the identical preceding digits. Rl 

and R2 indicate that these samples are analytical splits of the replicate 

sample. Latitude and longitude (in degrees, minutes, and seconds) are given 

in columns 2 and 3. The remaining columns contain the concentrations of the 

elements reported. All determinations were made by semiquantitative emission 

spectrometry with the exception of the data for uranium in the last column 

which were determined by neutron activation analysis-delayed neutron 

counting. [All element concentrations are given in parts per million (ppm) 

except for Fe, Mg, Ca, and Ti, which are given in percent.]

If an element was looked for in the spectrographic analysis but not 

detected in the sample, an N is given in place of an analytical value. If an 

element was not detected because of spectral interferences, an H is given in 

place of an analytical value. If data does not exist for a particular element 

in a sample, a B is given.
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Table 12 summarizes the analytical data for the water samples. Column 1 

gives the assigned field number that is plotted on the location map (plate 1). 

Sample numbers with an Sp indicate samples collected from a spring, whereas 

all other samples were collected from small-order streams.
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