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STUDIES RELATED TO WILDERNESS
Bureau of Land Management Wilderness Study Area

The Federal Land Policy and Management Act (Public Law 94-579, October
21, 1976) requires the U.S. Geological Survey and the U.S. Bureau of Mines
to conduct mineral surveys of certain areas to determine the mineral values,
if any, that may be present. 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 Browns Canyon Wilderness Study Area
(C0-050-002), Chaffee County, Colorado.
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INTRODUCTION

This investigation was designed to complement the evaluation of the
mineral resource potential of the Browns Canyon study area in Chaffee County,
Colorado (Leibold and others, 1976), and to illustrate the effectiveness of
exploration geochemical methods in mineral resource evaluation. The study
area includes a Bureau of Land Management (BLM) Wilderness Study Area and two
known mineralized areas adjacent to the wilderness study area, the Browns
Canyon fluorspar district and the Railroad Gulch-Stafford Gulch precious— and
base-metal area.

A regional geochemical survey using heavy-mineral concentrates and the
minus—-80-mesh fraction of stream sediments was conducted in the Browns Canyon
area. More detailed surveys were conducted over the Browns Canyon fluorspar
district and the Railroad Gulch—Stafford Gulch area to characterize the
geochemical responses of these deposits. Identification of a district
geochemical signature related to known areas of mineralization is beneficial
in the recognition of similar undiscovered areas of mineralization within the
surrounding region, and in future reconnaissance-scale exploration programs in
similar geologic terranes., This report summarizes the procedures, results,
and conclusions of the geochemical survey.

Location and physiography

The Browns Canyon study area, located about 6 miles south of Buena Vista
and 7 miles northwest of Salida, covers approximately 32 square miles along
the Arkansas River in Chaffee County, Colorado (fig. 1). The entire area is
included in the Nathrop 7.5-minute topographic quadrangle. About 13 square
miles (6,614 acres) are contained within the Browns Canyon Wilderness Study
Area. The Browns Canyon fluorspar district includes approximately 3.5 square
miles in the southwest corner of the study area, and the Railroad Gulch-
Stafford Gulch area includes about 5 square miles in the southeast corner of
the study area (pl. 1).

Rugged, mountainous terrain characterizes the study area, with elevations
ranging from approximately 7,400 feet along the Arkansas River to 9,082 feet
in the eastern portion. Many intermittent streams drain the study area and
flow into the Arkansas River. The climate is arid, and the sparse vegetation
includes sage brush, cacti, juniper, oak, and pinon. The area is accessible
by foot from dirt roads, and by boat along the Arkansas River.

GEOLOGY

The geology and known mineral deposits of the study area were mapped and
described by Van Alstine (1969). Most recently, Scott and others (1975)
mapped the study area at 1:62,500. The following geologic description is
summarized from these works, and supplemented by observations of A.M. Leibold.

Browns Canyon lies on the western flank of the Mosquito Range, adjacent
to the Arkansas Valley (fig. 1). Regional Basin-and-Range-style block
faulting along a general north trend during the Miocene and Pliocene periods
probably formed the Arkansas Valley structural depression. This graben is
considered a northern extension of the Rio Grande rift and is now filled with
thick sediments (Van Alstine, 1969; Epis and others, 1980). Proterozoic
metamorphic and igneous rocks, Tertiary volcanic and sedimentary rocks, and
Quaternary alluvium are exposed in the study area (p. 2 and fig. 2)
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Figure 1. Index map of the Browns Canyon study area, Chaffee County, Colorado.














































































(fig. 6) and factor 5 (Mg~Ca-Cr) (fig. 10), as well as single-element
anomalies for gold and silver (fig. 8), and zinc (fig. 7). Factor 3 is a
classic mineralization suite, and factor 5 was attributed mainly to favorable
host lithology (i.e., Precambrian gneissic rocks containing an abundance of
magnesium, calcium, iron, and aluminum silicates). Mineralogical examination
of samples from this area revealed the presence of chalcopyrite, gahnite,
gold, molybdenite, pyrite, scheelite, and secondary copper minerals, as well
as several diagnostic gangue minerals (e.g., the magnesium—amphiboles
anthophyllite and eckermanite, muscovite, and sillimanite). The geochemical
response and assemblage of minerals noted in samples taken downstream from the
Independence mine and the Ace High-Jackspot prospect are consistent with the
corresponding copper—zinc deposit model described by Sheridan and Raymond
(1977; 1978). Of particular significance is the identification of
anthophyllite, chalcopyrite, gahnite, pyrite, and sillimanite, which are
characteristic of this type of deposit.

Mineralization attributed to secondary dispersion of metals in the Dry
Union Formation is reflected by scores for factor 5 (Pb—Be-Zn-Ba-Cu) of the
minus—-80-mesh stream—-sediment data (fig. 16) and mineralogically substantiated
by the presence of pyrite and gold flakes in the heavy-mineral concentrates.
The mineralogical study of three follow—up heavy-mineral concentrate samples
provided evidence to support the hypothesis that the Dry Union Formation in
this area was the source of these anomalies.

Several geochemical anomalies within the wilderness study area boundaries
were evaluated. With one exception, the anomalies were attributed to
variations in lithology and did not indicate the presence of mineralized
rocks. One sample from within the wilderness study area (113, pl. 2)
contained an anomalous concentration of tungsten (1,000 ppm) in the heavy-
mineral concentrate fraction, and scheelite was noted in this sample. This
anomaly was attributed to accessory scheelite in the bedrock, as described by
Tweto (1960), and is considered economically insignificant. Tungsten values
for all other samples in this drainage were near or below the detection limit
(100 ppm).

For this investigation, detailed-scale sampling (every 1/4 mile in well-
developed drainages) was conducted over the Browns Canyon fluorspar district
and Railroad Gulch-Stafford Gulch precious— and base-metal area to insure the
geochemical definition and characterization of these areas, while the
wilderness study area was covered by reconnaissance—~scale sampling
(approximately 3 samples per square mile). To test the effectiveness of
detecting the known mineralized areas at this sample spacing, maps were
constructed based on only those samples which would have been collected at the
reconnaissance scale. This recompilation of the data indicates that anomalous
geochemical responses would have been detected over these mineralized areas
had they been sampled at the reconnaissance scale, and supports the
effectiveness of the sample design used to evaluate the wilderness study area.

CONCLUSIONS

This study demonstrates the utility of stream—sediment geochemistry as an
efficient and effective mineral exploration tool in a mineral resource
assessment of the Browns Canyon study area. Known mineralized areas, the
Browns Canyon fluorspar district and the Railroad Gulch-Stafford Gulch
precious— and base—-metal area, were characterized by coherent geochemical
responses, and a previously unrecognized source of metal in the Dry Union
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Formation was identified. This study provided no evidence of undiscovered
mineral resources in the Browns Canyon Wilderness Study Area.

Techniques found to be effective in this geochemical program include:
(1) multi-media sampling, (2) multi-element analyses, and (3) multivariate
statistics. These techniques are particularly important when evaluating large
areas with geologic terranes favorable for a variety of types of
mineralization, such as the Browns Canyon study area.

The composite nature of stream—sediment samples enables efficient
coverage of large areas, and the collection of multiple sediment fractions
assists in the recognition of a variety of types of mineralization. In
addition, multi-media sampling may help identify the source of a geochemical
anomaly or false anomalies. Information from both the minus-80-mesh fraction
and the nonmagnetic fraction of heavy-mineral concentrates was necessary to
geochemically identify both known and previously known mineralized areas in
the Browns Canyon study area.

While both sample media identified the Browns Canyon fluorspar district
with calcium anomalies, mineralogical studies of the heavy-mineral
concentrates provided information regarding the habit and relative abundance
of the fluorite, in comparison with accessory fluorite in Precambrian igneous
and metamorphic rocks of the area.

The parsimonious geochemical response of the Railroad Gulch-Stafford
Gulch mineralization in the minus-80-mesh stream sediments, in contrast to the
strong response seen in the data from the heavy-mineral concentrates from this
area, strongly supports the effectiveness of multi-media geochemical
surveys. Using only the minus—-80-mesh stream—sediment information, this area
would not have been identified as a likely target for further exploration.
This is probably due to the mode of occurrence of the metallic constituents in
these deposits. In general, the deposits in this area contain discrete blebs
of gold, or metals contained in heavy minerals such as gahnite and
chalcopyrite. This supports the utility of heavy-mineral concentrates for
this and similar geochemical programs.

However, the minus-80-mesh stream—sediment samples provided a base-metal
geochemical response just north of the fluorspar district which was not
detected in the heavy-mineral concentrates. This response was from sample
sites in arroyos predominantly draining Tertiary volcanic rocks and the Late
Tertiary Dry Union Formation. Although little geochemical response was seen
in the heavy-mineral concentrates, mineralogic studies of this fraction
revealed gold flakes and pyrite in several samples from this area. High
analytical detection limits and the '"nugget effect' probably prohibited
geochemical detection of gold in either sample fraction. Three follow-up
heavy-mineral concentrate samples were taken from the Dry Union Formation in
this area; each sample contained gold flakes and pyrite, and two of the
samples contained secondary copper minerals. This mineralogical study
provided evidence to support the hypothesis that the geochemical anomalies in
the stream sediments and the mineralogical anomalies in the heavy-mineral
concentrates could be attributed to the secondary dispersion of metals in the
Dry Union Formation. Thus, the need for additional chemical analyses was
eliminated.

Complementary use of both sample fractions was effective in locating and
characterizing the geochemical response of the Browns Canyon fluorspar
district, the Railroad Gulch-Stafford Gulch area, and the Dry Union Formation,
as well as background variations due to lithology. Whereas the minus-80-mesh
stream sediments are easy to collect and prepare for chemical analysis, the
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heavy-mineral concentrates are highly effective in the enhancement of
background/anomaly contrast and in identifying the geologic source of
geochemical anomalies. These are achieved primarily through: (1) the removal
of dilutent materials (especially quartz and feldspars), and (2) the ability
to identify the mineral phases present. The concentration of accessory
minerals and ore-related minerals may also raise the element concentrations
above the analytical limits of detection.

Rapid multi-element chemical analyses of geochemical samples provides
data for a large number of elements. Trace element anomalies and assoclations
may assist in the identification of background lithology, mineralization, or
alteration zones associated with mineralization. With the use of improved
mineral deposit models and data interpretation techniques, more subtle
coincidence of trace elements with geologic features has been used to detect
concealed or low grade, disseminated mineral deposits.

Computer—aided data processing, machine plotting, and multivariate
statistical techniques have greatly facilitated interpretation of these multi-
element data sets. R-mode factor analysis was used to simplify the Browns
Canyon data by identifying element associations which could then be plotted
for evaluation with respect to underlying geology and known mineral
deposits. Without the use of the computer, plotter, and R-mode factor
analysis, data interpretation in the study area would have been slow and
cumbersome, and subtle element associations probably would not have been
identified. 1In addition, a large portion of the data from the multi-element
analyses would have been neglected, as emphasis is normally placed on the
"classical" suite of elements most directly associated with mineralization.
The application of multivariate statistics to the data from the Browns Canyon
study area assisted in full utilization of the data obtained in the
geochemical program.

Transportation to the sample sites is normally the greatest expense of
stream—-sediment geochemical surveys, making multi-media sampling, multi-
element chemical analyses, and multivariate statistics important tools in
providing maximum exploitation of this initial expense. In the Browns Canyon
area, all of the types of mineralization would not have been identified
without the complementary use of the minus—80-mesh fraction and the heavy-
mineral concentrates. The mineralized districts were targeted by anomalous
concentrations of a limited number of elements, suggesting that extensive
multi-element analyses, multivariate statistics, and machine plotting were
unnecessary in this study. These geochemical techniques, however, were useful
in identifying variations in lithology and in the identification of suitable
host rocks, sparing the expense of detailed mapping over large ''grassroots"
areas. Efficient and effective identification of exploration targets is
particularly important in the study of extemsive or complex geologic terranes
which are favorable for the presence of a variety of deposit types, as is
often the case in regional mineral resource evaluation studies,
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Table Al.--Approximate lower limits of detection for inductively
coupled plasma atomic emission spectroscopy (ICP-AES)
analyses of minus-80-mesh stream sediments and semi-
quantitative emission spectrographic (ES) analyses of heavy-
mineral concentrates, in parts per million where not
specified as percent. (-- indicates element not determined)

ELEMENT ICP-AES ES
Al 0.15 -
Fe 0.60 0.10%
Mg 0.60 0.05%
Ca 0.15 0.10%
Ti 0.20 0.005%
Mn 0.80 20
Ag 1.20 1
As 8.00 500
Au - 20
B 0.40 20
Ba 0.02 50
Be 0.04 2
Bi 32.00 20
Ccd 0.80 50
Ce 3.60 -
Co 8.00 10
Cr 4.00 20
Cu 0.60 10
La 4,00 50
Mo 1.60 10
Nb 4,00 50
Ni 4,00 10
P 16.00 -
Pb 8.00 20
Sb 10.00 200
Sn 8.00 20
Sr 0.16 200
v 0.60 20
W 12.00 100
Y 0.16 20
Zn 0.30 500
Zr - 20
Th - 200
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Table A2.--Data from the inductively coupled plasma atomic emission
spectroscopy analysis of minus-80-mesh stream—-sediment samples. All
values are reported in ppm. Samples having element contents not
detectable or above upper detection limits were reported with the
designations N and G, respectively. Samples having detectable element
contents below stated detection limits were reported with the designation
L. Relevant limits of detection are listed in table Al.

Table begins on next page.
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Table A3.--Summary statistics for minus-80-mesh stream—-sediment data.
"Valid" = number of uncensored values; "N" = not detectable.

<
>
=

WP NN E WN =

COLUMN
AL,
CcA
FE
MG
AC
AS
B
BA
BE
BI
CE
cp
co
CR
cu
LA
MN
HO
NB
NI
P
PB
SB
SN
SR
TI
v
W
Y
ZN

MINIMUM
4.600E+03
2.600E+03
9.600E+03
2.200E+03
1.200E+00
8.000E#*00
4.000E+01
6.600E+01
2.700E+01
3.200E+01
2.900E+01
8.000E=01
8.000E+00
1.100E+01
6.000E=01
1.700E+01
2.800E+02
1.600E+00
4,000E+00
4.500E+00
3.200E+02
9.900E+00
1.000E+01
8.000E+00
1.000E+01
6.400E+01
2.100E+01
1.200E+01
1.600E+01
3.000E+0!1

UNIVARIATE STATISTICS

MAXIMUM
2.200E+04
5.700E+04
2.200E+05
1.400E+04
1.200E+00
1.000E+01
4.000F=01
3.700E+02
1.700E+400
3.200E+01
1.800E+02

-2.400E+00

2.600E+01
2.000E+02
9.500E+01
8.300E+01
7.000E+03
4.200E+00
2.700E+01
2.900E+01
4.900E+03
1.000E+02
1.000E+01
8.000E+00
2.200E+02
2.100E+03
3.500E+02
4.900E+01
6.900E+01
1.600E+02

MEAN
'1.298E+04
1.209E+04
4.340E+04
6.777E+03
1.200E+00
8.017E+00
4.000E+01
1.437E402
7.318BE+01
3.200E+01
7.676E+01
8.430E+01
1.363F+01
3.853E+01
2.052E+01
3.801E+01
6.460E+02
1.693E400
1.141E401
1.289E+401
1.583E+403
3.849E+01
1.000E+01
8.000E+00
3.443E401
8.842E+02
7.011E+01
1.292E+01
2.342E+01
8.279E+01
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DEVIATION
4,0336E403
6.5710E+03
2.9552E+04
2.1534E403
1.0000E+35
1.B182E+01
1.0000E+35
6.558BE+01
3.3345E+01
1.0000E+35
3.2113E401
1.8860E+01
4,2701E+00
2.7725E+01
1.2255E401
1 ¥4192E+01
6.1159E+02
3.0364E+01
3.9574E400
4,9796E+00
1.0143E+03
1.7942E+01
1.0000E+35
1.0000E+35
3.2838E+01
4.3658E+02
5.0092E+01
4.6808E+00
1.6321E+01
2.h966E+01

VALID
121
121
121
121
0
1
0
121
121
0
121
12
103
121
120
121
121
25
118
121
121
121

121
121
121

10
118
121

OO0 O0VDO0O0O0OO0O0OCOO0ODDODDO0O0O0CO0OOOOLDOODODOD ™

OO O0OO0O0O0OO0DD D000 CODODOOO0O0ODOOOOOOD0OO ™

-3

——
NN
QWem D00 =~ OO0ODWOADO =D

—
-

CODO0ODOD0O0ODO0OOODO0DDO0OO0DO0O02D2DO0COOODD2000

[=]
-

f= Rl R e e e Jo i R s o Be o E- - R-E- N - Jo i - N N o B N R lo Jo R 3~

m™m
=

At



Table A4.--Data from the emission spectrographic analysis of heavy-mineral
concentrates. All values are reported in ppm, except those for Fe, Mg,
Ca, and Ti, which are in percent. Element concentrations are reported on
a six-step nominal scale in the series 2, 2.5, 3, 4, 6, 7, 10, etc.
Samples having element contents not detectable or above upper detection
limits were reported with the designations N and G, respectively.
Samples having detectable element contents below stated detection limits
were reported with the designation L. Relevant limits of detection are
listed in table Al.

Table begins on next page.
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Table A5.--Summary statistics for heavy-mineral concentrate data. '"Valid" =
number of uncensored values; "L" = detectable but below stated detection
limits; "N" = not detected; "G" = above stated detection limits.

UNIVARTIATE STATISTICS

MEAN

VAR COLUMN MINIMUM MAXIMUM DEVIATION VALID B L N G OTH
1 S*FEX 5.000E+01 1.000E+01 1.608E+00 1.0534E+00 123 () 0 0 0 0
2 S*MGX 1.000E*01 5.000E+00 6.146E-01 9.9626E+01 123 0 0 0 0 0
3 S+CAZX 7.000E+D0 5.000E+01 2.064E+01 9.2383E+00 123 0 0 0 0 0
4 S*TIX 2.000E+00 2,000E+00 2,000E+00 1.0000E+35 2 0 0 0 121 0
5 S*MN 7.000E+02 5.000E+03 1.697E+03 5.3084E+02 123 0 0 0 0 0
6 S*AC 1.000E+00 2.000E+02 2,.805E+00 1.8011E+01 3 0 0 120 0 0
7 S*AS 5.000E+02 5.000E+02 5.000E+02 1.0000E+35 0 0 0 123 0 0
8 S*AU 2.000E+0! 1.,000E+03 2,.943E+0l 8.9711E+01 2 0 0 121 0 0
9 S-B 2.000E+01 .3,000E+02 3.902E+01 3,8120E+01 112 0 11 0 0 n

10 S*BA 1.000E+02 1.000E+04 2.854E+03 3,8236E+03 105 0 0 0 18 0
11 S*BE 2.000E+00 5.000E+00 2.049E+00 3,0978E-01 40 o 71 12 0 0
12 S*BI 2.000E+01 2,000E+02 2.171E+01 1.6432E+01 2 0 1 120 0 0
13 S+CD 5.000E+0! 5,000E+01 5.000E+01 1.0000E+35 0 0 0 123 0 0
14 S=CO 1.000E+01 5.000E+01 1.252E+01 4.8067E+00 121 0 0 2 0 0
15 S=CR 3.000E+01 1.000E+03 8,545E+01 B,8403E+01 1213 0 0 0 0 ]
16 S*CU 1.000E+01 1.000E+03 3.215E+01 9,.8848E+01 63 0 44 16 0 0
17 S-LA 1.500E+02 2.000E+03 8.179E+02 5.9075E+02 111 0 0 0 12 0
18 S+MO 1.000E+01 5.000E+02 2,150E+01 4,9774E+01 49 0 4 70 0 0
19 S=NB 5.000E+01 5.000E+02 1.568E+02 9.2730E+01 118 0 4 1 0 0
20 S»*NI 1.000E+01 7.000E+01 1.,098E+0! 5.5684E+00 53 0 0 70 0 0
21 S=PB 5.000E+01 5.000E+03 3.514E+02 5.8123E+02 121 0 0 0 0 0
22 S*SB 2.000E+02 2.000E+02 2.000E+02 1.0000E+35 0 0 0 123 0 0
23 S*SN 2.000E+01 1.500E+03 1.592E+02 1.4839E+02 122 0 0 1 0 0
24 S- SR 2,000E+02 2,000E+03 2.976E+02 2.8269E+02 39 0 0 R4 0 0
25 §» 1.000E+02 7.000F+02 2,943E+02 1,2839E+02 123 0 0 0 0 0
26 5- W 1.000E+02 3.000E+03 2.508E+02 4.4868E+02 36 0o 12 75 0 0
27 S»*Y 7.000E+02 5.000E+03 2.417E+03 1,2450E+03 122 0 0 0 1 0
28 S+*IN 5.000E+02 1.000E+03 5.130E+02 7.0081E+01 8 0 4 111 0 0
29 S*ZR 2.000F+03 2.000FE+03 2.000E+03 1,0000E+35 0 0 0 0 123 0
30 S*TH 2.000E+02 2.000E+03 2.764E+02 2.1580E+02 82 0 32 9 0 0
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APPENDIX B
Data Reliability Program

A control program was designed to assess data reliability. By
determining data precision, data interpretation may proceed with an
established confidence, and a knowledge of possible errors may be
incorporated.

The data control program for this investigation involved the analysis of:

(1) blank samples to detect analytical contamination

(2) reference-material samples to measure analytical precision

(3) sample splits, or analytical duplicates, to measure analytical

precision

(4) field (within-site) duplicates, to measure within-site precision

For the minus-80-mesh stream-sediment samples, analyzed by ICP-AES,
acceptable precision limits were +15%Z at the 90% confidence level. Acceptable
precision limits were +50% at the 95% confidence level (Rose and others,
1979). The expected precision limits for the heavy-mineral concentrate data,
analyzed by semiquantitative emission spectrography and reported on a "step"
scale (intervals of .10, .15, .20, .30, .50, .70, 1.0...), were *2 steps at
the 967 confidence level and +1 step at the 837 confidence level (Motooka and
Grimes, 1976). These acceptability criteria are reasonable because the data
generally showed large regional variation so that high (anomalous) element
concentration could be readily distinguished from background concentrations.
The goal of distinguishing element concentrations related to mineral deposits
from background concentrations was preserved.

Data for elements not detected, rarely detected, or greater than the
upper limit of detection were not included in the precision control program.
For the stream sediments, these include Ag, As, B, Bi, Cd, Sb, Sn, V, and W.
For the heavy-mineral concentrates, elements eliminated from this program
include Ti, Ag, As, Au, Bi, Cd, Sb, Sc, and Zr. At least 90% of the values
for these elements were censored.

Blanks

Nine blank samples were submitted for analysis by ICP-AES. Only boron
was detected in these samples. This contamination may be due to an
instrumentation problem on the ICP-AES machine, or may be due to the use of
boron—-silicate glass test tubes as sample containers. Regardless, boron was
not detected in any of the minus-80-mesh stream—-sediment samples, so the
contamination is insignificant.

Reference-material samples

Eight GXR-6 reference—material samples, routinely used by the USGS, were
submitted for emission spectrographic analysis and nine GXR-6 samples were
submitted for ICP-AES analysis.

Precision was acceptable for the emission spectrographic method. 1In the
ICP-AES data P, Ti, and V were acceptable only at the 667 confidence level,
and arsenic data were inconsistent. Because arsenic was not detected in any
of the minus-80-mesh stream-sediment samples, the poor arsenic precision is
insignificant in this investigation.
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Analytical duplicates and field duplicates

Analytical and within-site precision were assessed using data from
duplicate samples. Data listings, X-Y plots, and one-way analysis of variance
(ANOV) were utilized. Nine minus-80-mesh stream-sediment samples (every 15th
sample) and 20 heavy-mineral concentrates (randomly chosen) were split in the
laboratory and analyzed to assess analytical precision. Twenty field
duplicates were analyzed by each method to measure within-site
reproducibility.

Minus-80-mesh stream sediments

The stream—sediment sample splits showed good analytical precision for
all elements except Fe, Mg, Cr, Ni, and Ti. One of the split samples, sample
45 showed poor precision for several elements including Fe, Mg, Cr, and Ti. A
greater than average amount (based on visual estimation in the field and
laboratory) of magnetite was noted in this sample. It contained high
concentrations of Fe, Cr, and Ni, and average concentrations of Mg and Ti.
With the elimination of this atypical sample, the ICP analytical precision is
considered adequate; regardless, the data for these elements was considered
suspect in subsequent data interpretation. It should be noted that Fe, Mg,
Cr, Ni, and Ti were among the elements having poor within-site precision. For
these elements, the dubious analytical precision may have contributed to the
poor within-site precision. Other elements having less than desirable
precision, both analytical and within-site, include Co, P, and Y.

Heavy-mineral concentrates

Examination of data listings and X-Y plots for the heavy-mineral
concentrate sample splits showed that analytical precision was good for all
elements except Pb. ANOV, using log (base 10) transformed data, was applied
to help determine the source of the data variation. Davis (1973) describes
the ANOV technique in detail. In this case, ANOV was used to distinguish
regional variation from analytical variation for the elements having
unacceptable precision. Large regional variation may contribute to, and
reduce the significance of, apparently poor analytical precision. ANOV for
this data indicate that the precision for Pb is acceptable due to high
regional variation (table B2).

Examination of data listings and X-Y plots showed that within-site
precision was unacceptable for Fe, Mg, Ba, La, Nb, Pb, and Sn. ANOV results
indicate that precision for Ba and La is acceptable due to high regional
variation of these elements. Significant within-site variance and an F-ratio
near or below the critical value is shown in the data for Fe, Mg, Nb, Pb, and
Sn. These elements were considered suspect in subsequent data interpretation.
It should be noted that a portion of the variance can be attributed to
difficulty in sample preparation, particularly in the case of Fe, Pb, and
Sn. These elements can reside in minerals which are subject to the '"nugget"
effect when the sample is split and ground.
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Table Bl.-—Analysis of variance results, heavy mineral concentrates.

Element VCP-1 VCP-2 F-ratio n_

Fe 41.91 58.09 2.44 40

Mg 13.21 86.79 1.30 40

within- Ba 90.22 9.78 19.44 40
site La 72.40 27.60 6.25 40
duplicates Nb 6.58 93,42 1.14 40
Pb 47.95 52.05 2.84 40

Sn 37.10 62.90 2.18 40

analytical Pb 71.02 28.98 5.90 40

duplicates

VCP-1: Regional variation component, expressed as
percent of total variance

VCP-2: Within-site variation component, expressed
as a percent of total variance

n: number of samples

Critical value of F = 2.12 at the 95% confidence level
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Table B2.--Data from the emission spectrographic analysis of field duplicate
samples, heavy-mineral concentrates. All values are reported in parts
per million, except those for Fe, Mg, Ca, and Ti, which are in percent.
Element concentrations are reported on a six—step nominal scale in the
series 1, 1.5, 2, 3, 5, 7, 10, etc. Samples having element contents not
detectable or above upper detection limits were reported with the
designations N and G, respectively. Samples having detectable element
contents below stated detection limits were reported with the designation
L. Relevant limits of detection are listed in table Al.

Table begins on next page.
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Table B3. Data from the emission spectrographic analysis of analytical
duplicate samples, heavy-mineral concentrates. All values are reported
in parts per million, except those for Fe, Mg, Ca, and Ti, which are in
percent. Element concentrations are reported on a six—step nominal scale
in the seriers 1, 1.5, 2, 3, 5, 7, 10, etc. Samples having element
contents not detectable or above the detection limits were reported with
the designations N and G, respectively. Samples having detectable
element contents below stated detection limits were reported with the
designation L. Relevant limits of detection are listed in table Al.

Table begins on next page.
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Table B4.--Data from the inductively coupled plasma atomic emission
spectroscopy analysis of field duplicates, minus-80-mesh stream—-sediment
samples. All values are reported in parts per million. Samples having
element contents not detectable or above the upper detection limits were
reported with the designations N and G, respectively. Samples having
detectable element contents below stated detection limits were reported
with the designation L. Relevant limits of detection are listed in table
Al. Stream-sediment blanks (B), reference material (GXR-6), and
analytical duplicates are included in the total data listing, Appendix A.

Table begins on next page.
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VAR

OO NI NS WN -

Table C3.--Summary statistics for minus-80-mesh stream-sediment data

COLUMN
AL
CA
FE

MINIMUM
4.600E+03
2.600E+03
9.600E+03
2.200E+03
6.600E+01
2.700E=*01
2.900E+01
4.000E+00
1.100E+01
3.000E-01
1.700E+0!
2.800E+02
8.000E+0!
2.000E+00
4.500E+00
3.200E+02
9.900E+00
1.000E+01
6.400E+01
2.100E+01
8.000E+02
3.000E+01

used in R-mode factor analysis.

UNIVARIATE STATISTICS

MAXIMUM
2,200E+04
5.700E+04
2.200E+05
1.400E404
3.700E+02

.1.700E+00

1.800E+02
2.600E+01
2.000E+02
9.500E+01
8.300E+01
7.000E+03
4.,200E+00
2.700E+01
2.900E+01
4.,900E+03
1.000E+02
2.200E+02
2.100E+03
3.500E+02
6.900E+01
1.600E+02

MEAN
1.298E+04
1.209E+04
4.,340E404
6.777E+403
1.437E+02
7.318E+01
7.676E+01
1.303E+01
3.853E+01
2.052E+01
3.801E+01
6.460E+02
1.058E+00
1.136E+01
1.289E+01
1.583E+03
3.B49E+01
3.443E+01
8.842E+02
7.011E+01
2.342E+01
8.279E+01

88

DEVIATION
4,0336E+03
6.5710E403
2.9552E+04
2.1534E+03
6.5588E401
3.3345E%01
3.2113E+01
5.1988E+00
2.7725E+01
1.2259E+01
1.4192E+01
6.1159E402
5.6255E+01
4,0620E+00
4.9796E400
1.0143E+03
1.7942E+01
3.2838E+01
4.3658E+02
5.0092E+01
1.6324E+01
2.6966E+01

VALID
121
121
121
121
121
121
121
121
121
121
121
121
121
121
121
121
121
121
121
121
121
121
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Table C4.--Communalities for factor analysis,
minus-80-mesh stream-sediment data

FAC1 FAC2 FAC3 FAC4 FACS FAC6 FAC7 FACS8 FACY9 FAC 10

CA
FE
MG

BE
CE

CR
LA
MO
NB
NI
PB

SR
TI

ZN

WVOONOWVMEWN -

0.29 0.52 0.66 0.80 0,89 0.89 0.90 0.92 0.93 0.95
0.09 0.16 0.48 0.66 0.84 0.88 0.8 0.91 0.91 0.91
0.60 0.72 0.82 0.85 0.88 0.94 0.95 0.96 0.96 0.96
0.25 0.29 0.31 ., 0.63 0.81 0.8 0.92 0.92 0.93 0.94
0.00 0.52 0.87 0.87 0.87 0.87 0.88 0.91 0.92 0.92
0.00 0.66 0.71 0.71 0.79 0.82 0.93 0.93 0.93 0.94
0.09 0.22 0.64 0.92 0.93 0.94 0.94 0.96 0.96 0.97
0.63 0.66 0.67 0.68 0.70 0.86 0.86, 0.86 0.87 0.87
0.59 0.70 0.90 0.90 0.94 0.94 0.94 0.95 0.95 0.95
0.03 0.14 0.14 0.58 0.61 0.61 0.68 0.86 0.86 0.98
0.1} 0.28 0.68 0.92 0.93 0.94 0.94 0.96 0.97 0.97
0.00 0.20 0.37 0.49 0.67 0.69 0.87 0.90 0.92 0.95
0.00 0.02 0.04 0.06 0.41 0.93 ""0.94 0.94 0.97 0.97
0.70 0.73 0.74 0.78 0.78 0.78 0.83 0.84 0.91 0.94
0.36 0.36 0.39 0,55 0.55 0.55 0.69 0.79 0.87 0.98
0.66 0.67 0.69 0.75 0.75 0.76 0.77 0.77 0.93 0.93
0.00 0.65 0.65 0.68 0.80 0.84 0.85 0.88 0.88 0.91
0.02 0.30 0.67 0.81 0.86 0.86 0.86 0.88 0.90 0.94
0.28 0,28 0.60 0,67 0.81 0.81 0.87 0.93 0.94% 0.94
0.56 0.7} 0.88 0.91 0.93 0.96 0.97 0.97 0.97 0.98
0.10 0.15 0.69 0.87 0.89 0.90 0.91 0.92 0.92 0.92
0.07 0.58 0.59 0.68 0.71 0.73 0.84 0.84 0.88 0.92
EIGENVALUES CPM

5.4184 0.2463

4.,1099 0.4331

3.6661 0.5997

2.5542 0.7158

1.5981 0.7885

1.0320 0.8354

0.8314 0.8732

0.5723 0.8992

0.4904 0.9215
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Figure Cl.~-Eigenvalues vs. factor models, minus-80-mesh stream-sediment data.
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Table C5.--Factor loadings for 3-factor model, minus-80-mesh
stream-sediment data

VX 1 VX 2 VX 3

AL 0.2509 0.2251 0.7408
CA 0.4160 0.5177 «0.1871
FE 0.8909 +0.1400 +0,0873
MG 0.3684 0.1030 0,4009
BA 0.0745 0.9219 +0,1119
BE <0.1036 0.8103 0.2047
CE +0.0399 «0.0231 0.7961
co 0.6461 0.0980 0.4973
CR 0.9268 +0.0596 +0.1897
cu +0.2272 0.2958 0.066]1
LA *0.0108  0.0259 0.8246
MN 0.0040 “ 0.5911 =0.1360
MO +0.0872 0.0629 0.1743
NB 0.8319 +0.0999 0.1861
~ NI 0.5877 0.1586 0.1518
P 0.8030 +0.0248 0.2019
PB ©  +0.1260 0.6929 0.3938
SR +0.0119 0.7716 +0.2797
TI 0.2704 +0.2783 0.6732
v 0.9110 «0.1127 +0.1927
Y. £0,0274 +0.1867 0.8105
ZN 0.13460 0.6659 0.3593

Table C6.--Factor loadings for 4-factor model,
minus-80-mesh stream—-sediment data

VX I VX 2 VX 3 vX 4

Al 0.1208 +0.0237 0.3626 0.8111
CA 0.6417 0.6613 0.0299 +0.1564
FE 0.9208 +0.0367 +0.0193 +0.0555
MG 0.2316 +0.1440 +0.0234 0.7438
BA +0.0100 0.8765 =0.1551 0.2749
BE «0.1864 00,7250 0.1330 0.3624
CE 0.0157 0.0282 0.9575 0.0316
co 0.6058 0.0644 0.3853 0.3987
CR 0.9186 +0.0107 +0.2241 0.0700
CuU »0.3687 0.0435 +0.3224 0.5783
LA 0.0297 0.0544 0.9488 0.1050
MN 0.0151 0.6860 0.0493 +0.1247
MO +0.0742 0.0780 0.2286 +0.0081
NB 0.7794 +0,1676 +0.0087 0.3753
NI 0.4826 0.0065 +0.1504 0,5458
p 0.8223 0.0480 0.2585 0.0715
PB *0.2365 0.5296 0.1996 0.5469
SR «0.0055 O0.8853 +0.0624 +0.1650
TI 0.2122 +0.4422 0.4048 0.5154
) 0.9410 0,0013 +0.1162 =0.0903
Y 0.0225 *0.1643 0.9127 0.0706
ZN «0.0017 0.4710 O0.0784 0.6696

91



Al
CA

MG
BA
BE
CE
co
CR
ch
LA
MN
MO

NB
NT

PR

SR
Tl

ZN

Table C7.--Factor loadings for 5-factor model,
minus~-80-mesh stream-sediment data

AL
CA
FE
MG
BA
BE
CE
co
CR
Cu
LA
MN
MO
NB
NI

PR

SR
TI

ZN

vX 1 VX 2 VX 3 VX 4 VX 5
0.0743 +«0.0084 0.3335 0.8157 0.3268
0.3205 0.8563 0.0330 0.0351 *0.0330
0.9279 0.0256 0.0056 +0.0192 *0.1256
0.1526 =0.0033 «0.0449 O0.,8784 0.1140
0.0046 0,6627 +0.1818 0.0185 0.6299
*0.0924 0.3286 0.1021 *0.0R826 0.8084
0.0205 «0.0310 0.9553 +*0.0177 0.1201
0.6338 *0.0413 0.3835 0.2815 0.2640
0.9444 0.0009 +0.2041 D.04842 +0.0226
«0.2780 +0.2380 +0.3532 0.2649 0.5305
0.0388 +0.0251 0.9437 0.0307 0.1793
«+0.0913 0.8095 0.0406 0.0030 0.0726
0.0688 *0.2673 0.2271 +0.3823 0.3741
0.7813 +0.1256 +*0.0015 O0.3889 0.0324
0.4952 +0.0393 *0,1598 0.4650 0.,2547
0.8094 0.1070 0.2742 0,1092 +0.0248
*0.1159 0.0839 0.1641 0.0505 0.8685
*0.0564 0.8574 <0.0730 +0.2073 0.2707
0.1260 *0.2275 0.3966 0.7487 +<0.1418
0.9491 0.0637 *0.0900 »0.0563 +0.1313
*0.0341 «0.0539 0.9120 0.2089 +0.1000
0.0764 0,1392 0.0445 0.2864 0.7755
Table C8.--Factor loadings for 6-factor model,
minus-80-mesh stream—sediment data
VX 1 vX 2 VX 3 VX 4 VX 5 VX 6
0.0722 *0.0126 0.3213 0.8119 0.3358 «0.0994
0.2941 O0.8861 0.0053 0.0615 «0.0659 0.0150
0.9555 +0.0098 0.0570 +0.0609 *0.0803 +0.1213
0.1194 0.0410 +«0.0994 0.9210 0.0567 0.0231
0.0075 0.6624 +0.1908 0.0205 0.6268 0.0410
*0.0696 0.3017 0.1223 +0.0982 0.8379 0.0386
0.0022 +*0,0156 0.9548 0.0224% 0.1047 0.1191
N.5539 0,0782 0.3042 0.4391 0.0984 0.4999
0.9511 0N,0010 *0,1831 0.0435 *0.0288 0.0N0209
*+0,2649 +0.,2457 *0.3599 0.2585 0.5317 0.0313
0.0253 +0.0164 0.9474 0.0632 0.1722 0.0960
+0.1026 0.8158 0.0226 0.0027 0.0718 *0,058R8
*0.0553 *0.0735 0.0950 +0.1238 0.1004 00,9302
0.7819 +0.1217 0.0071 N.3931 0.0239 «0.0089
0.4945 +0.0319 +0.1656 0.4723 0.2398 0.00R4
0.7798 0.1506 0.2592 0.1675 *0.0843 0.,1704
*0.0969 0.0642 0.1787 0.0470 O0.RR&S5 0N,DR]12
*0.0503 0.R444 +0.0704 *0.2260 0.2917 +0.0583
0.1136 +«0.,2208 0.3811 0.7527 *0.1436 +0.1098
0.9666 0.0445 *0.0512 +«0.0800 *0N.1088 +0.0591
*0.,0452 +0.0546 0.9156 0.2201 *N.0892 +0.0337
0.0934 0.1214 0.0539 0.2773 0.7924 0.0203
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AL
CA
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NG
BA
BE
CE

AL
CA

MG
BA
BE
CE
co
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NI
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SR
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ZN

Table C9.--Factor loadings for 7-factor model,
minus—-80-mesh stream-sediment data

vX 1
0.,0559
0.27132
0.9632
0.0897
*0.0133
+0.1024
*0,0009
0.5409
0.9456
*0.2395
0.0238
*0.0762
“0.0469
0.7966
0.4532
0.9646
+0.0878
*0.0675
0.1346
0.9696
+0.0348
0.1183

VX 2
+0.0168
0.8737
0.0066
0.0127
0.6780
0.3044
*0.0221
D.0743
0.0065
+0.1931
*0.0174
0.8603
+0.0600
+0.0943
+0.0619
0.1386
0.1156
0.R485
*0.2061
0.0557
+0.0549
0.1917

vX 3
0.3506
0.006)
.0.0475
*0.0775
*0.1601
0.1636
0.9600
0.3154
*0.1R60
*+0.3381

. 0.9557

0.0192
0.0957
0.0076
+0.16411
0.2584
0.2150
+0.0581
0.3809
«0.0613
0.9127
0.0852

VX 4
0.8114
0.1102
*0.0601
0.9481
0.0868
0.0121
0.0240
0.4620
0.0778
0.1871
0.0601
+0.0779
«0.1300
0.3477
0.5728
0.2105
0.0378
*0.16713
0.6456
*0.0647
0.1667
0.2129

vx 5
0.3237
+0.1517
+0.0701
0.0450
0.5098
0.6430
0.0397
0.0616
£0.0476
0.6429
0.1131
0.1487
0.1012
0.1071
0.1260
20,1453
0.8568
0.1757
0.0046
+0.1122
£0.0674
0.8533

vX 6
+0.1097
0.0086
+0.11139
0.0038
0.0348
0.0179
0.113R
0.4933
0.0196
0.0529
0.0924
*0.02R7
0.9464
0.0049
+0.0208
0.1613
0.0921
«0.0626
+0.0945
+0.0546
s0.0289
0.0459

Table 10.--Factor loadings fdtr 8-factor model,
minus-80-mesh stream—sediment data

VX 1 X
0.0626 0.2904
0.2667 0.0667
0.9642 -0,0555
0.0876 0.0027
-0.1070 0.9095
0.0010 0.1064
0.5399 0.0893
009401 -0.0454
-0.2344 0.2142
0.0270 0.1596
-0.0657 0.0977
-0.0476 0.0670
0.8045 -0.0403
0.4378 0.1292
0.7589 -0.0533
-0.0761 0.8498
-0.0685 0.4965
0. 1520 "0.2009
0:9682 “0.0681
=0.0270 -0.1174
0.1333 0.6504

2 WX
0.3200
0.0193
0.0318

-0.0761

-0.2173
0.1234
0.9632
0.3019

=0.1715

-0.2176
0.9599
0.0476
0.0962

-0.0052

-0.0710
0.2623
0.1704

-0.1124
0.,3373

-0.0768
0.9198
0.0959

3 WX

93

0.8355
0.0268
-0.0448
0.9057
0.0769
-0.0461
0.0196
0.4471
0.0270
0.1288
0.0590
-0.0514
-0.1185
0.4003
0.3951
0.1574
0.1014
~0.1766
0.7864
-0.0644
0.2061
0.2616

4 VX

0.0930
-0.1703
-0.0761

0.0623
-0.0328

0.0038
-0.0828
-0.0428

0.0070

0.8141
-0.0346

0.1849

0.0451

0.1241

0.1784
-0.1388

0.2786
-0.2232

0.0541
-0.1088
-0.0289

0.5309

5 VX

~0.0963
-0.0137
-0.1077
=0.0002
0.0523
0.0257
0.1051
0.4948
0.0116
0.0269
0.0850
-0.0366
0.9507
0.0192
-0.0583
0.1498
0.1218
-0.0530
~0.0654
-0.0504
-0.0338
0.0602

6 VX

VX 7
«0.0010
N0.0899
+0.0437
*+0.0176
0.3512
0.6175
N.0776
0.0304
0.0609
s0.1455
0.0723
+0.3075
0.0117
+0.2315
0.3354
0.0808
0.1998
0.2692
*0.4873
*0.0065
«0.18R99
*0.0R76

7 VX 8
-0.0515 0.0783
0.8702 0.2154
0.0039 -0.0448
0.0356 0.2781
0.5259 0.0719
0.1199  0,2400
-0.0371 0.0246
0.0642 0.1420
0.0171 0.1707
-0,1117 0.1422
-0.0360 0.0199
0.8998 -0.1865
-0.0673 -0.0277
-0.0687 -0.0991
-0.0470 0.6223
0.1443  0,.1982
-0.0236 -0.1375
0.7280 0.0032
-0.1538 -0.3232
0.0507 0.0009
-0.0145 -0.1112
001429 -001225



Table Cll.--Summary statistics for log (base 10) transformed heavy-mineral
concentrate data used in R-mode factor analysis

VAR COLUMN
FE
MG
CA
MN
B
BA
co
CR
cu
LA
MO
NB
PB
SN
SR
v
W
Y

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19 TH

-~
MINIMUM
-3.010e-01
-1.000E+00
8.451E-01
2.845E+00
1.146E+00
2,000E+00
6.990E-01
1.477E+00
6.990E-01
2.176E+00
6.990E-01
1.398E+00
1.699E+00
1.000E+00
2.000E+00
2.000E+00
1.699E+00
2.845E+00
2.000E+00

I3

UNIVARIATE STATISTICS

MAXIMUM
1.000E+00
6.990E-01
1.699E+00
3.699E+00
2,845E+00
4.155E+00
1.699E+00
3.000E+00
3.000E+00
3.456E+00
2.699E+00
2.699E+00
3,699E+00
3.176E+00
3.301E+00
2.845E+00
3,477E+00
3.854E+00
3.301E+00

MEAN
1.590E-01
-4.372E-01
1.279E+00
3.211E+00
1.496E+00
2.987E+00
1,073E+00
1.870E+00
1.085E+00
2,815E+00
9.602E-01
2,119E+00
2.375E+00
2.114E+00
2.185E+00
2.431E+00
1.959E+00
3.329E+00
2.324E+00

94

DEVIATION

1.8388E-01
3.7011E-01
1.7240E-01
1.2691E-01
2.8976E-01
7.2752E-01
1.2760E-01
1.9610E-01
4- 24615-01
3.4781E-01
3.9017E-01
3.6582E-01
3.1847E-01
1.6769E-01
3.2423E-01
1.7901E-01
4.5189E-01
2,2474E-01
2.3093E-01

VALID
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123

COO0OO0O0O0O0OO0O0OO0OOO0OO0COCCOOO™

OCOO0O0CO0CO0OOO0OO0COOODOOCOOCOT™

CO0O0O0O0O0CO0OO0CO0OO0OODODOCOO0CODOOCO0OCO=Z

CO0OO0OO0O0OO0OO0O0OOCOOCOOOOO0M

o

OOOOOOOOOOOOOOOOOOO;
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Table Cl2.--Communalities for factor analysis, heavy-mineral
concentrate data

FAC1l FAC2 FAC3 FAC4 FACS5 FAC6 FAC7 FACS8 FAC 9 FAC 10

FE
MG
CA

BA
co
CR
cu

MO
NB
PB
SN
SR

TH

—

QWO NIV WN-

0.39 0.47 0.69Y 0.73 0.73 0.73 0.80 0.82 0.83 0.85
0.35 0.3> 0.40 0.65 0.77 0.82 0.83 0.83 0.83 0.83
0.04 0.12 0.22 0.246 0.59 0.72 0.85 0.85 0.87 0.92
0.05 0.40 0.41 0.66 0.70 0.73 0.75 0.75 0.75 0.84
0.29 0.29 0.32 0.35 0.47 0.66 0.67 0.91 0.9l 0.92
0.19 0.63 0.67 0.68 0.80 0.80 0.80 0.80 0.81 0.82
0.26 0.27 0.43 0.48 0.56 0.58 0.65 0.66 0.83 0.92
0.33 0.37 0.58 0.68 0.70 0.70 0.75 0.76 0.80 0.83
0.29 0.31 0.57 0.58 0.58 0.65 0.74 0.74 0.8l 0.83
0.38 0.53 0.54 0.74 0.74 0.77 0.83 0.8 0.87 0.87
0.31 0.51 0.53 0.54 0.61 0.72 0.75 0.75 0.77 0.78
0.04 0.36 0.40 0.41 0.45 0.68 ~ 0.75 0.85 0.87 0.95
0.11 0.16 0,57 0.58 0.63 0.76 0.78 0.81 0.86 0.86
0.00 0.56 0.63 0.68 0.69 0.70 0.70 0.70 0.78 0.78
0.24 0.61 0.61 0.67 0.68 0.68 0.68 0.80 0.82 0.83
0.13 0.30 0.40 0.40 0.52 0.64 0.64 0.76 0.80 0.84
0.18 0.18 0.28 0.69 0.74 0.74 0.76 0.76 0.8l 0.88
0.15 0.56 0.57 0.65 0.72 0.73 0.76 0.76 0.83 0.83
0.34 0.36 0.42 0.57 0.63 0.66 0.88 0.88 0.88 0.88
EIGENVALUES CPM

4.0666 0.2140

3.2891 0.3871

1.8830 0.4862

1.7413 0.5779

1.3174 0.6472

1.1759 0.7091

0.8807 0.7555

0.6951 0.7921

0.6755 0.8276

0.5238 0.8552
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Figure C2.,--Eigenvalues vs. factor models, heavy-mineral concentrate data.
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Table Cl3.--Factor loadings for 3-factor model,
heavy-mineral concentrate data

v 1 \'2 G vx 3

FE 0.8247 -0.0244 0.0905
MG 0.5559 -0.2111 0.2085
CA 0.1632 0.3259 -0.2924
MN 0.4121 0.4476 0.1958
B 0.2573 -0.1713 0.4752
BA -0.0369 -0.7710 0.2630
co 0.6484 -0.0916 0.0442
CR 0.7575 -0.0609 0.0524
cu . 0.0747 -0.0644 0.7482
LA 0.3527 -0.5993 0.2302
MO 0.4345 0.2101 0.5455
NB 0.1771 0.4602 0.3964
PB -0.1148 0.1281 0.7364
~ SN 0.0930 0.6932 0.3741
SR 0.1325 -0.7518 0.1774
v 0.5934 0.2171 0.0715
W 0.1034 -0.1066 0.5097
Y -0.1179 0.7447 -0.0259
TH 00’.969 "003460 --5123

Table Cl4.--Factor loadings *for 4-factor model,
heavy-mineral concentrate data

VX 1 VK 2 VX 3 VK 4

FE 0.8352 0.1537 0.0676 -0.0011
MG 0.4460 0.0471 0.1112 0.6591
CA 0.1777 -0.4288 ~0.1565 -0.0104 .
MN 0.5180 ~0.0891 0.3415 -0.5155
B 0.1977 0.2322 0.3779 0.3403
BA ~0.0967 0.7944 -0,0333 0.2073
co 0.6600 0.2005 0.0020 -0.0343
CR 0.6899 -0.0484 -0.0185 0.4523
cu 0.0359 0.2688 0.6731 0.2201
LA 0.3508 0.7825 -0.0050 -0.0735
MO 0.4160 -0.0355 0.5799 0.1805
NB 0.1918 -0.2992 0.5341 0.0097
PB -0.1069 0.1684 0.7342 -0.0375
SN 0.1815 -0.3639 0.5992 =0.3936
SR 0.0872 0.7918 -0.1077 0.1391
\ 0.5999 -0.1518 0.1392 0.0491
W -0.0179 -0.0133 0.4341 0.7077
Y -0.0010 -0.5174 0.2473 -0.5673
TH 0.2045 0.6293 0.3511 -0.0976
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Table Cl5.--Factor loadings for 5-factor model,
heavy-mineral concentrate data

FE
MG
CA

BA
co
CR
cu

MO
NB
PB
SN
SR

TH

VX 1 VX 2 VX 3 VX 4 VX 5
0.6925 0.2640 0.0122 0.2330 0.3590
0.2310 0.1285 0.2498 -0.2367 0.7635
-0.1494 -0,2387 -0.2148 -0.3512 0.5806
0.3757 0.0263 0.1361 0.7302 0.0553
0.0411 0.2689 0.4624 -0.0102 0.4221
-0.2369 0.8159 0.1260 -0.1813 0.1565
0.7175 0.2092 -0.0404 0.0221 0.0032
0.5393 0.0388 0.0740 -0.1196 0.6236
0.0456 0.2067 0.7289 0.0022 0.0783
0.2983 0.8062  0.0384 0.0238 -0.0273
0.5281 -0.1042 ° 0.5604 0.0009 0.0410
0.2957 -0.3556 0.4597 0.1432 -0,0429
-0.1397 0.1334 0.7198 0.,2644 -0.0133
N 0.1355 -0.3268 0.4097 0.6324 -0.0366
0.0254 0.7959 0,0203 -0.2028 0.0434
0.6986 -0.1665 0.0759 0.0117 0.0408
0.1359 -0,1537 0.6000 -0.5589 0.1712
-0.1217 -0.4210 0.0261 0.7249 -0.0413
0.3268 0.5487 0.3647 0.0045 -0.2928

Table Cl6.-—-Factor loadings f8r 6-factor model,
heavy-mineral concentrate data

v 1
0.7255
0.2723
0.0630
0.3037
-0.0367
-0.2069
0.6481
0.6265
0.0826
0.3204
0.5625
0.1129
-0.0802
0.0799
0.0328
0.7551
0.1184
-0.1525
0.1941

VX 2
0.2586
0.0884
-0.1442
0.0204
0.1982
0.8011
0.1705
0.0291
0.1705
0.7978
-001373
-0.4404
0.1264
-0.3365
0.7761
-0.1655
-0.2302
-0.3876
0.4757

vX 3
-0.0158
0.0599
0.0042
0.0331
0.1732
0.1222
-0. 1 509
0.0301
0.7580
0.1044
0.6056
0.1368
0.8320
0.3461
0.0178
0.1758
0.4646
0.0181
0,2224
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VX 4
0.2625
-0.1450
0.1891
0.7921
0.1423
-0.1905
0.1145
~0.0925
0.0061
0.0049
0.0163
0.3431
0.2136
0.6749
=-0.1977
~0.0080
-0.4601
0.7128
0.1197

VX 5
"'0-07‘.5
~0.1567
-0.8076

0.0529

0.1680

0.0221

0.2856
-0.2275

0.0853

0.1245

0.1153

0.4573
-0.0412

0.0392

0.1328

0.2477
-0.1716

0.5703

VX 6
0.2574
0.8312
0.0670
0.0871
0.7383
0.2430
0.1061
0.4998
0.1813
-0.0283
0.0565
0.3632
-0.0073
0.0200
0.1309
-0.1137
0.4338
0.0603



