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Chemical and statistical analyses from a uranium
hydrogeochemical and stream-sediment survey in
the North Absaroka study area, Park and
Sweet Grass Counties, Montana
Part II: Stream sediments

by Vivian J. Suits and Karen J. Wenrich-Verbeek

ABSTRACT

Sixty-one stream-sediment samples, collected from a portion of the North
Absaroka study area, Montana in July 1977 were separated into two size
fractions (<88 um, and between 88 and 149 ;m), and analyzed for 80 different
elements. Of these elements, 47 showed some variation over the area; 36 met
the proper statistical criteria and were subjected to correlation analysis.

Uranium values in the fine-size fraction (<88 ym) ranged from 2.1 parts
per million (ppm) to 430 ppm, with a typical sample containing about 42 ppm
U. High values (above 100 ppm U) were observed along Speculator Creek and
Bramble Creek, and in drainages on the northwestern and western side of Mt.
Douglas. Two high values were found in samples from Falls Creek (north of
Boulder Mountain). Fine-size-fraction sediments containing 410 ppm and 430
ppm, the highest U values in the area, were collected from Speculator Creek.

The distribution of U concentration from this study is somewhat bimodal
in both size fractions. Nevertheless, U shows a strong correlation with
organic C (the major component of total C in the area) and good correlations
with Th, —A1203, -Ca, -Fe203, La, -Mg, Pb, -Sc, Se, -Sr, -V, Y, and Yb.
Uranium also correlates significantly (at the 99-percent confidence level)
with As and -Cr, although the trends are not as well defined as with the

elements mentioned above. Uranium decidedly does not correlate with Cu, K,



Mn, NaZO, SiOZ, and Zr. These correlations and the bimodal nature of the U
suggest that much of the U is in a leachable form, hence the extremely strong
correlation with organic carbon, and that some is tied up in resistate
minerals such as xenotime, hence the good correlations with Y, Th, Yb, and La.
High Mo was evident in some of the same samples that contained high U.
However, although Mo is a good pathfinder for U in the water of this area, it

is not a good indicator of U in the stream sediments.

INTRODUCTION

This report presents the chemical analyses and preliminary statistical
evaluation of 61 stream-sediment samples collected in south-central Montana
during July 1977. Sampling covered a part of a proposed primitive area in the
northern Absaroka Mountains referred to as the North Absaroka study area by
the U.S. Geological Survey and U.S. Bureau of Mines (USGS and USBM, 1977), and
located within Park and Sweet Grass Counties (fig. 1). The Absaroka primitive
area is to the south, the Beartooth primitive area to the southeast. Analyses
of surface-water samples taken concurrently with these sediment samples are
reported in Suits and Wenrich-Verbeek (1980).

The North Absaroka study area and vicinity has few known U occurrences
and no previous designation of potential U (USGS and USBM, 1977; Simons and
others, 1973; and Wedow and others, 1975). Therefore, the discovery of U
values in the range 142-427 ppm in stream-sediment samples collected by the
USGS and USBM (1977), in addition to high U-bearing stream sediments collected
by Johns-Manville, Inc. (S. Ellingwood and J. Schutt, oral commun., 1977),
elicited further investigation. The present geochemical sampling study was
designed to provide a basis for delineating the source for the anomalous

stream sediments.
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GEOLOGIC BACKGROUND

The study area is located in the western part of the Beartooth uplift in
the North Absaroka Mountains. The area is sparsely populated and
mountainous. Because access to the high country is limited to a few
footpaths, the use of a helicopter was necessary for this survey.

Several authors have described the geology near this study area in
detail, especially in the vicinity of mining districts located just outside
the area. Reid and others (1975), and Richards (1957) described the geology
of larger regions which encompass the study area. The most extensive
description of the geology as well as the economic history and potential of
this area, was given by USGS and USBM, 1977.

The Precambrian gneisses of Falls Creek and Mt. Cowen are the predominant
formations in the study area. Small areas of Precambrian metasediments occur
in the northwestern and northeastern parts of the area. Tertiary intrusives
and volcanics an well as nonextensive Cambrian sediments are present south of
Meatrack Creek (fig. 1).

Faults generally follow west—-northwest or north-northeast trends. The
M1i11 Creek-Stillwater fault is west—-trending near the southern boundary of the
study area, and the northeast-trending West Boulder fault is traced by the
West Boulder River (Reid and others, 1975).

Southwest of the study area, and associated with the Absaroka—-Gallatin
volcanic province, are several gold, silver, and copper mining districts:
Emigrant-Mill Creek, Boulder, Independence, and Cooke City. Northeast of the
area, the Archean Stillwater Complex hosts platinum, chromium, copper, and
nickel (USGS and USBM, 1977).

The two Precambrian gneisses are of primary interest with respect to U

exploration and to this study. The streams that concentrated the U-rich



sediments derive their material from one or both of these gneisses. USGS and
USBM (1977) found high U as well as high Th in samples of a dark mineral layer
in the gneiss of Falls Creek. Half of the minerals in the zone are biotite
and magnetite, half are quartz, feldspar, and accessories. Among the
accessories, sphene is the presumed host of the U and Th (USGS and USBM,

1977).

SAMPLING PROCEDURE

High U values were discovered by USGS and USBM (1977) and by Johns-
Manville personnel (S. Ellingwood and J. Schutt, oral commun., 1977) in
sediments from Speculator Creek and from a previously unnamed creek now known
locally as "Anomaly Creek" (fig. 1). Therefore, water and stream-sediment
samples for this study were collected near those two drainages, though the
Speculator Creek drainage was favored due to easier access. Figure 1 shows
the location of the study area and the sampling sites; table 1 lists the
sampling sites by location name.

Silt- to clay-size particles were sought in the stream channels to
compose the analytical portion of each sediment sample. The importance of
this size fraction (<88 fm, 170 mesh) for geochemical exploration of U is
discussed in Wenrich-Verbeek (1976). 1In the high terrain of this study area,
such a small size fraction often appeared to be nonexistent due to high stream
gradients. However, sufficient material for analysis was scooped up by hand
from under and behind boulders, and in rare out-of-the-way pools. Sample
sediment was collected and stored in polyethylene plastic bags to avoid

outside contamination and escape of fine material.



Table t.--List of sample localities and dates (1977) of collection.

SAMPLE LAT LONG MO/DAY LOCATION NAME
1 4502243 110019°38" 7/7 Westernmost nprth fork to Speculator Creek
2 45022+ 45m  110019° 38" /7 Westernmost south fork to Speculator Creek
3 45°22050"  113°19' 1" 7/7  North trib to Speculator Creek
y 450220450 110019* 1n 777 Speculator Creek
5 4502153*  110015' 26" 7/8 Bramble Creek below gouthernmost glacial lake
6 45022 gn 1900 14 4gn 7/8 Bramble Creek
7 45022+ 60 110014420 7/8 Trib to Bramble Creek
8 4501grhyn 110010 O" 7/8 Trib from Snowy Peak to Hawley Creek
9 4501947 1100 10* 3" 7/8 Hawley Creek
10 45013°'29" 110011*13" 7/8 Stream from lake on west side of Hawley Mountain
11 4502321 110011753 7/9 Speculator Creek at mouth
12 45023*19"  110011°53" 7/9 Boulder River above Speculator Creek
13 45022+ ym  110012'41n 7/9 Bramble Creek at mouth
14 45022+ 1»  110012°37" 1/9 Boulder River above mouth Bramble Creek
15 45019*10" 110014+ 1 779 Ruby Creek at mouth
16 45919710" 110014+ 5% 7/9 Boulder River above Ruby Creek
17 4s%1839n 1100 14* 12" 7/10 Clear Creek at mouth
18 459187397 110014 16" 7/10  Boulder River above Clear Creek
19 45017+ an  110°14123" 7/10  Creek south of Upsidedown Creek
20 y5097* 14 110014+ 23" 7/10  Upsidedown Creek at mouth
21 45°16°22"  110° 1456 7/10 West fork Boulder River
22 45016 T 110014+ 3un 7/10  East Fork Boulder River
23 45920'20" 1100 13°50n 7/10  Boulder River above Fourmile Creek
24 45022037 110020 26" 7/11  Tarn lake north of head of Speculator Creek
25 45923129n 110021757 7/11  Stream from Kaufman Lake
26 45023152n 110 25* o 7/11  West Boulder River below junction of East Fork & trib
27 45°217'48" 110023 10" 7/11  Stream draining Crystal Lake above junctiocn with trib
28 45021 46 1100230 3 7/11  Trib to stream draining Crvstal Lake
29 4502127 110012* U4» 7/11  Stream draining cirque east of Crystal Lake
30 45021*35"  110020°*59" 7/12  Stream draining Silver Lake
31 ys019* 8n 1100 12'23" 7/12 Headwaters of Ruby Creek
32 4s018745" 1100 10 hun 7/12 West fork of Hawley Creek
33 4501845 110010 40" 7/12  East fork of Hawley Creek
34 45%19' 47" 1100 11'53" 7/12 Drainage above tarn lake on west side of Hawley Mountain
35 4502949 1100 120520 7/12 Mouth of "Anomaly Creek"
36 450201 46" 1100 12755" 7/12 Boulder River above mouth of "Anomaly Creek"
37 45020123 1100 14+ 31n 7/13  Meatrack Creek above junction with Fourmile Creek
38 4502p'28" 1100 14231 7/13 Fourmile Creek above junction with Meatrack Creek
39 45025 28n 1100 24 20" 7/13  Trib into West Boulder River
40 Y5025128n 1100 2424 7/13  West Boulder River at Beaver Meadows
41 45%25712"  110020°55"  7/13  East fork to Falls Creek
42 45025+ 10" 110°20' 59" 7/13 Middle fork to Falls Creek
43 - 45020517 1100 10° 56" 7/14%  North Fork Hawley Creek
4y 450207 49"  110°10°55" 7/14%  Hawley Creek above North Fork
45 45921+ gn 1100 6°'28" - T7/14 Hidden Creek
46 45021 7" 1100 6'24n 7/14  West Fork Stillwater River
LY 450210270 1100 6'28n 7/14  Trail Creek at mouth
48 45921158 1100 5°'54n 7/14  Divide Creek at mouth
4g 45922+ qn 1100 547w 7/14  West Fork Stillwater River above Divide Creek
50 4504847 1100 5055 7/15 East fork of West Fork Stillwater River
51 4504847 1100 5758v 7/15 West fork of West Fork 3tillwater River
52 45922'50" 110918 40" 7/15 Trib from south teo Speculator Creek
53 45023 3 110018 10" 7/15 Trib from north to Speculator Creek
54 450221 60" 113°18* 10" 7/15 Speculator Creek
55 45923* 6" 110017' 16" 7/15 Trib from soath to Speculater Creek
56 45023237" 1100 15' 13" 7/15  Unmarked trib from north to Speculator Creek
57 45023137 1100 15° 15 7/15  Speculator Creek below unmarked trib
58 45923137 110016° 17" 7/15 Trib from south to Speculator Creek
59 450237 16" 110016 20" 7/15  Speculator Creek
60 45918* 7" 1109 8'56" 7/16  Tarn lake south of Mt Douslas
61 45018 2n  t1pe12° 19" 7/16  Clear Creek below Emerald Lake
62 45021127 110012723 7/16  Hawley Creek at mouth

#No sediment sample takena



CHEMICAL ANALYSES

Sediment samples were prepared for analysis by drying them in an oven at
<100°F (38°C); they were then passed through solderless, stainless-steel
sieves into three size fractions: (1) <88 um, (2) between 88 and 149 ;m, and
(3) >149 ym. The >149 ym fraction was discarded. The two finer-size
fractions were then submitted separately to the U.S. Geological Survey (USGS)
analytical laboratories for analysis of the elements listed in table 2. Of
the stream—sediment samples, 10 percent were divided by a sample splitter into
two portions; both of these were submitted as separate samples in order to
measure the analytical precision of laboratory results. All samples
(including replicate samples) were randomly renumbered to insure that the
replicate samples and the two size fractions for one location were treated

without a systematic bias by the chemical analyst.

PRESENTATION OF CHEMICAL DATA

Stream—sediment chemical analyses are listed in table 3; the units are
either parts per million (ppm) or percent (%) and are indicated in the column
header. Abbreviations used in table 3 are explained in table 2.

Figures 2-1 through 2-19 are locality maps for stream—-sediment samples
and show data for those elements that have a significant variation through the
drainage basin or are of special interest. Because most geochemical data
follow lognormal distributions, the data are divided by approximate geometric
intervals. Explanations on each map show the intervals used. The values
plotted for each locality, except for the variable Ca0, are for the finest
size fraction (<88 ym) from that site because the concentration of most
elements is greater in the finer fraction. Rgplicate samples are not plotted.

High U values can be seen on figure 2-1 along Speculator Creek, Bramble

7
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Creek, in drainages on the northwestern and western side of Mt. Douglas, and
along Falls Creek north of Boulder Mountain. Of the other elements plotted on
maps, Sr is notable and appears to be high only in the sediments of the

Boulder River.

STATISTICAL ANALYSIS
The sequence of statistical treatment followed in this report is based on
Meisch (1967, 1976), Cohen (1959), and formulations by the authors. Judgments
throughout the sequence were guided by the character of the sample
populations.

Character of the data: Results from the two size fractions of sediment

samples were treated separately in the statistical analysis. However, the
following characteristics assessed from the analytical results of both
fractions were similar:

(1) Histograms of most variables (table 4) exhibited greater unimodal
symmetry when the logarithms of the data were used than when they were not.
Thus the represented populations were judged to be lognormal and, therefore,
the logarithms of the data were used in statistical calculations. Uranium
obtained the most symmetry after log transformation, although it retained a
bimodal character in both size fractions. Other bimodal elements as well as U
were used in correlation analysis because the scatter diagrams show the trend
suggested by the correlation coefficient, r. A bimodal character was
sometimes observed in only one size fraction; these instances are annotated in
tables 4, 5, and 6.

(2) Histograms that were more symmetrical and unimodal when the
logarithms of the data were not used were deemed to represent a normally
distributed population, and so the untransformed data were used in statistical

analysis.
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(3) Where elements were determined through different analytical methods
(in either element form or oxide form), the results from the most precise
method were chosen for statistical analysis. The oxide forms of elements (if
applicable) were included in the scatter plots and locality maps because the
method by which they were determined was quantitative rather than
semiquantitative.

(4) The analytical results for some variables included qualified values
("less than" a certain number). A less than value, coded with an "L", means
the element concentration was less than the limit of detection. For those
elements determined by semiquantitative emission spectroscopy some data are
coded by an "N". N means the element was not detected at all, as opposed to an
"L" which means the element was in detectable amounts but at less than the
limit of detection. All "less than'" and "N" values are associated with one
number for one variable (singly-censored).

Problems of censored data: Meisch (1967, 1976) discussed the problem of

singly—censored sample populations. In the present study singly-censored
variables were treated in the following ways:

(1) Cohen’s (1959) method was used to estimate means and standard
deviations from the truncated distributions (Cohen, 1959; Miesch, 1967).
Tests conducted during this study on artificially censored data sets verified
the accuracy of Cohen’s method for sample populations that are approximately
unimodal and symmetric. Results from Cohen’s method using bimodal
distribution curves (e.g., Se) are not reliable, but are better estimates than
parameters calculated from only the unqualified data without use of any
estimator.

(2) The "replacement" method was used before correlation analysis. This

method assigns an arbitrary (educated guess) number to qualified values. In
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this report "less than" and "N" values are assigned three-fourths and half of
their corresponding detection limits, respectively. Although this method is
inferior to Cohen’s estimation method for means and standard deviations,
Cohen’s estimation does not apply to calculation of the correlation
coefficient. The censoring tests conducted in the present study revealed the
"replacement" method to be superior to that of omitting all qualified values
from the data matrix before parameter calculation. This conclusion was
emphasized by Miesch (1976).

(3) Based on skepticism of the reliability of any method that deals with
censoring, the authors placed a limit on how many qualified values would be
allowed in the data for one variable before the data were considered
inadequate for statistical analysis. The arbitrary limit was set at 50~
percent qualified values. If more than half the data for one variable were
censored, the variable was not used in correlation analysis.

Frequency distributions: Histograms of the various parameters determined

for the fine-size fraction of the sediment samples are shown in table 4. Like
most geochemical data, the distributions of all parameters in stream
sediments——except A1203, Na20, and SiOz——are more closely lognormally
distributed than normally distributed (in most cases easily determined by
visual comparison of the diagrams), so that the frequency diagram of their
log~data is presented (shown with a prefix of L- before the element name), and
the log-data were used in the statistical analysis.

The qualified data for each element are described in table 4 (directly
beneath the histograms) according to the codes explained at the top of the
table. The histograms themselves comprise the frequencies of the unqualified
data values and do not include replicate samples. An appearance or lack of

bimodality in the coarser size fraction is noted where applicable.
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Some of the histograms indicate that the populations from which the data
were drawn are definitely not normal (e.g., Ni). Other histograms are not
shown in this section because either (1) analytical results are greater than
50-percent qualified values, or (2) the distributions consist of only a few
different values.

Table 4 also shows the maximum and minimum values in the results for the
fine-size fraction and their means and standard deviations. The latter two
parameters were calculated differently depending on (1) the use of the
untransformed data or the logarithms of the data, and (2) the presence or
absence of singly-censored data.

Variables that remain untransformed had means and standard deviations
calculated directly. If singly-censored data were present, Cohen’s (1959)
equations were used to estimate the arithmetic mean and standard deviation.

The geometric mean and geometric deviation (anti-logs of the arithmetic
mean and standard deviation, respectively, of the log—data) were calculated
for sample populations approximating a lognormal distribution. When singly-
censored data are present, Cohen’s equation was used on the logs of the data
values to find the estimated arithmetic mean and estimated standard
deviation. The anti-logs of these values then gave the geometric mean and
geometric deviation.

Correlation analysis: Tables 5 and 6 show correlation matrices of

variables determined in the fine-size fraction (<88 ym) and coarse-size
fraction (between 88 and 149 ym), respectively. Only variables listed in
table 4 which approximate normal or lognormal distributions were used in
correlation analysis. In addition, where an element was determined
analytically by two methods (generally by emission spectroscopy and X-ray

fluorescence), only data acquired by the most precise method (from table 7)
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were used in the calculations. All censored data to be entered into the
correlation analysis were treated beforehand by the "replacement" method, as
described previously.

Scatter diagrams: Scatter diagrams were plotted for several variables

versus U (figs. 3-1 through 3-21). The variables plotted all have
statistically significant correlations with U (to at least the 95-percent
confidence level) or have plots that visually show linear trends. Data from
the coarse fraction for Ni did not appear to be unimodal in its histogram and
therefore does not have a calculated correlation coefficient.

Where the calculated correlation coefficients, r, of the two size
fractions did not differ greatly, a regression line was calculated and drawn
using the data of the two size fractions together. Where the fractions were
plotted with different symbols and separate regression lines (if applicable)
were visually drawn.

Analysis of analytical precision: The variance between replicate samples

(error variance) is compared to the variation in analytical results for all
nonreplicate samples (total variance) in table 7. Both size fractions were
used in the calculations. The percentage of total variation that is due to
analytical imprecision for each variable appears in the third column.

Of the 38 elements studied, 6 showed large analytical problems. Two of
these, Ca0 and Fe, were also determined by alternate methods as Ca and Fezo3
with little analytical imprecision. The latter two were used in
interpretation in place of the former two. The other four elements with
significant analytical variance are A1203, P205, Yb, and Zr. The replicate
samples analyzed for A1203 and P205 closely match their original counterparts
in all but two analyses (see table 3). The discrepancies in these two

analyses cause the expression of analytical error in table 7. In order to use
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these two variables in the geochemical interpretation, one must assume that
amid the consistently precise results, the erratic values are few and

negligibly affect the interpretation as a whole.

STATISTICAL INTERPRETATION

Due to the bimodality of U in both size fractions in this study area, the
correlation coefficlents, r, between U and other elements were treated with
some skepticism. Subjective judgments of the scatter diagrams in light of the
calculated r and amount of analytical imprecision involved, formed the basis
for final interpretation. Often a few extreme values lowered the magnitude of
r, although the linear trend remained quite apparent in the scatter plot
(e.g., the disparity between r’s in the two size fractions for La). For the
most part, as can be observed from the scatter dliagrams, the bimodality of
uranium has little effect on the correlation coefficients. On the other hand,
the appearance of the scatter plot of U versus Ni, for instance, might
convince one that the bimodality of U causes some misleading correlation
results.

Based on all these considerations, U was found to correlate strongly
(significant at the 99-percent confidence level) with organic C (the major
component of total C in the area). Good correlations were apparent between U
and Th, -A1203, -Ca, —Fe203, La, -Mg, Pb, -Sc, Se, -Sr, -V, Y, and Yb. High
analytical imprecision may have caused the scatter of points on the plots of U
versus A1203, P205, and Yb. A1203 and Yb show linear trends despite the
scatter. However, even though a linear trend seems apparent for PZOS as well,
the high analytical imprecision and low variation in P,0g values creates the
possibility of a visually misleading trend.

The correlation coefficient of Th versus U for the fine fraction was not

statistically significant (at the 95-percent confidence level) due to a
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paucity of Th determinations. This paucity was caused by low Th to U ratios
in the samples, which precludes good Th determinations by delayed neutron
analysis. Nevertheless, a good linear trend is evident on the scatter
diagram.

U also correlates significantly at the 99-percent confidence level with
As and —Cr, although the relationships are not as well defined by the scatter
plots as the above-mentioned elements. Uranium correlates at the 95-percent
confidence level with -Ba, -Co and -Ni, but the scatter diagrams show such
scatter and poor trends that there appears to be little basis for the
correlation.

The plot of U versus Ca (fig. 3-8) suggests two different linear
relationships between U and Ca. A low U-high Ca relationship seems to hold
along the Boulder River and Meatrack Creek.

Molybdenum data were too greatly censored to calculate an r versus U, or
to observe any trend on a scatter plot. A comparison of the maps for U (fig.
2-1) and Mo (fig. 2-14) show high Mo at some of the same localities where high
U was found. However, the correspondence is not good and Mo cannot be used as
an indicator of U in stream sediments of this area.

There are several elements that notably do not correlate with U: they are
Cu, K, Mn, Nazo, SiOz, and Zr.

The extremely good correlation between U and organic carbon suggests that
much of the U is in the stream sediments in a leachable form. This, plus the
negative (nonsignificant) correlation between U and Ti, questions sphene,
suggested by USGS and USBM (1977) as a significant host for the U in the North
Absaroka area. The negative correlation between Al and U implies that clays
are not contributing significantly, if at all, to adsorption of soluble U.

Some of the U is tied up in resistate minerals, such as xenotime, as suggested

16



by possible correlations with Y, Th, Yb, and La. The noncorrelation with Zr

shows that zircon is not a significant contributor to the U variation.
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Figure 3-17.--Scatter diagram of selenium versus uranium.
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Table 7.--Standard error of replicates as a measure of the percentage
of total sample variance due to analytical imprecision

[Variances include both the fine- (< 88 um) and coarse- (>88 um but <149 um)
size fractions. A prefix of L- before the element name signifies use of log-
data in the calculations and in this listing. A total of 12 replicate samples
were submitted for ‘analysis. N = delayed neutron analysis; S = semiquanti-
tative emission spectroscopy; X = x-ray fluorescence; A = atomic absorption]

Element Error Total X error
abbreviation variance variance variance Pairs
L-U N 0.00021 0.34894- 0.61 12
L-ThN .00665 .08828 7.53 4
A1203Z X 1.0832 1.49847 73.96% 12
L -As A .04412 .10709 41.20 12
L -Bas$s .01174 .05773 20.34 12
L-TotalC .01458 .12997 11.22 12
L- Org C .01466 .13821 10.65 12
L-CsS .00788 .04248 18.42 12
L - Ca0 .02130 .03286 64.42% 12
L~-C S .00648 .06070 10.72 12
L-CrS .00477 .05972 7.92 12
L-CuS ‘ .01352 .06841 ) 19.63 12
L ~-FeS .01392 .02648 51.92% 12
L-Fe203x _ .00140 .01370 10.20 12
L-K s .00863 .02237 38.57 12
L- K20 X - .00027 .01355 2.00 12
L-Las$ .01141 .04289 26.61 8
L-Mg$S .00617 .05339 11.55 12
MgO X X 26149 .90250 28.97 12
L~-MnS .00756 .04511 16.77 12
. L= MnO X .00208 .05047 4,12 12
L-M S 00000 .00000 .00 2
L ~-Nas$ .00517 .01725 29,97 12
NaZO ZX .00676 39490 1.70 12
L~-NL S .00229 .08723 2.63 12
L-P205 X .01268 .02095 60.56* 12
L-PbS .00334 .04308 7.76 12
L~-SS ’ .00518 .02199 23.54 12
L~-SeX .04982 .15582 31.97 10
3102 ZX 11.511 27.98895 41.13 12
L~-8rS .00582 .10170 5.72 12
L-TLS .10113 .03142 32.19 12
L—T102 X .00171 .01274 13.41 12
L-V § .00329 .03813 8.65 12
L-Y S .01154 04731 24,40 12
L-Y S .02183 .03964 55.07% 11
L-2nA .00016 22577 6.90 12
L-2r S . «04316 .07221 59.78%* 12

*Greater than 50 percent of the variance seen in the data is related to
analytical error rather than geological variation.
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