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Multielement chemical and statistical analyses from a uranium
hydrogeochemical and stream—-sediment survey in and near the
Elkhorn Mountains, Jefferson County, Montana
Part I: Surface water
by

Vivian J. Suits and Karen J. Wenrich

ABSTRACT

Fifty-two surface-water samples, collected from an area south of Helena,
Jefferson County, were analyzed for 51 chemical species. Of these variables,
35 showed detectable variation over the area, and 29 were utilized in a
correlation analysis.

Two populations are distinguished in the collected samples and are
especially evident in the plot of Ca versus U. Samples separated on the basis
of U versus Ca proved to represent drainage areas of two differing
lithologies. One group was from waters that drain the Boulder batholith, the
other from those that drain the Elkhorn Mountains volcanic rocks. These two
groups of samples, in general, proved to have parallel but different linear
trends between U and other elements. Therefore, the two groups of samples
were treated separately in the statistical analyses.

Over the area that drains the Boulder batholith, U concentrations in
water ranged from 0.37 to 13.0 ug/f , with a mean of 1.9 ug/2. The samples
from streams draining volcanic areas ranged from 0.04 to 1.5 pg/f, with a mean
of 0.42 ug/f. The highest U values (12 and 13 pg/&) occur along Badger Creek,

Rawhide Creek, Little Buffalo Gulch, and an unnamed tributary to Clancy Creek.



Conductivity, hardness, Ba, Ca, ClL, K, Mg, Na and Sr are significantly
correlated with U at or better than the 95 percent confidence limit in both
populations. For water draining the Boulder batholith, uranium correlates
significantly with akalinity, pH, bicarbonate, Li, Mo, NO,+NO4, PO,, Si0,,
S04, F, and inorganic carbon. These correlations are similar to those found
in a previous study of water samples in north~central New Mexico (Wenrich~
Verbeek, 1977b). Uranium in water from the volcanic terrane does not show
correlations with any of the above constituents, but does correlate well with

V. This relationship with V is absent within the Boulder batholith samples.

INTRODUCT ION

This report presents chemical analyses and preliminary statistical
evaluation of 52 surface-water samples collected in west—central Montana
during July 1977. Geochemical sampling covers an area south of Helena,
Montana located in the Jefferson City and Clancy l15-minute quadrangles,
Jefferson County (fig. 1). Additional samples were collected within the
boundaries of Helena and Deerlodge National Forests to the east and west.
Analyses of stream-sediment samples taken concurrently with these water
samples are reported in Suits and Wenrich (1981).

Uranium was reported in the Clancy mining district in 1949 (Roberts and
Gude, 1953), but the principal prospecting interest and production has been in
silver, gold, lead, zinc and copper. The present study area was combed by U
prospectors in the early 1950°s, and on this basis Smedes (1966) dismisses the
possibility of any major U discovery. However, the following evidence for U

occurrences led to this study:



Sholil
SO

‘98¢ ueTddIsSSTSSTIW ST SW ({28e ueTWIDg 9I®
dg pue sg ¢o8e sno2de3j2i1) JO 2ae AY ‘wbqgy ‘sy fa%e KAietriaal 3o 2ae TL ‘bl ‘il
19pTnog 2yl ur safeureap Ijudsaidea soTdwes 1oylo TIV ~°7S PU® 9y—¢4 ‘0f Q7 ‘€7 ‘1
oueBl1ID] OTUBDTOA JO 98BUTERIP SOIBODTPUT AIISTWAYO093
si9ylo pue aoddaTy

*y3irToyleq
1 @ae

soym soTdwes *(996T) sopaus pue (/S6T)
‘(£96T) SIoY3jo pue 3jeideg woij porjrpow ‘dew OT80T093 pozZTITeIdUdH--

1 @an3t4g

SleCll

,0€.9¢%

R

ot

3

SloB¥

£3TT1eo0T ®Tdumes
. s3Tne;

suraA z3iaenb
(10)pue LuopsoTeyo
S3usuwIpas
uorlrWiog eBTIoydsoyd
*JFIPUN ‘siuswIpes
SOTUBDTOA SIW UAOUMTH
231TUOZUOW 23D 23Ing -
*JITpun ‘sjuSWIPIS
SOTUBDTOA 1) PuUBTMOT]
23113 Z3ienb
23T T0LYyx
NOILVNV'TdXH

0E.9¢

Shotll

SloClt



(1) Uranium occurs as pitchblende and secondary minerals
located near silicified fracture zones in the quartz monzonite
of the Boulder batholith or the younger alaskitic dike rocks.
The uranium minerals are usually in silica stringers, along
fractures, or in pore spaces of the altered host rock (Roberts
and Gude, 1953).
(2) The Warm Springs Creek drainage area showed high
concentrations of U in panned concentrates of stream sediments
(U.S. Geological Survey and U.S. Bureau of Mines (USGS and
USBM), 1978).
(3) High radon (3,000-37,000 pCi/2), among the highest found
in the United States, occurs in hot springs near Alhambra
presumably associated with nearby U occurrences (Leonard and
Janzer, 1977). Surface waters from Dutchman Creek, Warnm
Springs Creek and Muskrat Creek also contain high radon (USGS
and USBM, 1978).
(4) Based on an aerial gamma-ray survey, Duval and others
(1978), suggested possible U mineralization in areas near
Alhambra and Clancy along Warm Springs Creek, Dutchman Creek,
Golconda Creek, Prickly Pear Creek and near the mouth of Lump
Gulch.

The purpose of the present study was to delineate, through

hydrogeochemical sampling, those areas that are favorable for U ore.



GENERAL GEOLOGY

Previous studies in the area include Roberts and Gude (1953), Becraft and
others (1963), Smedes (1966), Klepper and others (1957), and U.S. Geological
Survey and U.S. Bureau of Mines (1978). Most of these studies discuss the
general geology, whereas Roberts and Gude (1953) concentrate on the U
occurrences of the Clancy district, and U.S. Geological Survey and U.S. Bureau
of Mines (1978) present a study of the potential resources of the Elkhorn
Wilderness Study Area.

Most of the area sampled in this survey is underlain by Upper Cretaceous
Butte Quartz Monzonite and intrusives associated with the emplacement of the
Boulder batholith in Iate Cretaceous-Tertiary time. The eastern edge of the
batholith trends approximately north-south along McClellan Creek in the north
(fig. 1). Along most of this boundary, quartz monzonite is in contact with
and intrudes Upper Cretaceous Elkhorn Mountains Volcanics. A roof remnant of
this formation 1s located in the center of the western half of the study area
(Becraft and others, 1963). The Elkhorn Mountains Volcanics consist of
basaltic, andesitic, quartz latitic and rhyolitic tuffs, lavas aand pyroclastic
rocks. Paleozolc sedimentary rocks, including the Permian Phosphoria
Formation, crop out in the southern portion of the study area. Tertiary
rhyolite comprises Lava Mountain, Burnt Mountain, Strawberry Butte and Shingle
Butte in the north. Quartz latite and associated dacite dikes intruded the
area in Tertiary time (Becraft and others, 1963; Smedes, 1966).

A period of major tectonism before emplacement of the Boulder batholith
is manifested in folds and faults in the Paleozoic sedimentary rocks and
Elkhorn Mountains Volcanics. Structure 1s expressed within the batholith
itself as fracture zones and faults which generally trend north-northeast.

Silicic veins and Tertiary dikes are aligned with these structures. Faults in



the batholith are located near the junction of Clancy Creek and Kady Gulch, at
the northern margin of a roof remnant of Elkhorn Mountains Volcanics, in the
Dutchman Creek area, near Alhambra, and evident in east-west alignment across
McClellan Creek, north of Lava Mountain (Klepper and others, 1957, and Smedes,
1966).

Mining districts located in or near the area are the Elkhorn, Tizer-
Wilson, Beaver Creek, Warm Springs, Park, Clancy, Rimini (or Vaughn), and
Wickes districts. Most ore from these districts produced silver and lesser
amounts of gold, lead, zinc, and copper. The metals were mined from quartz
veins associated with zones of shear and brecciation (Becraft and others,
1963). Some U ore was mined from the W. Wilson Claim in the Clancy district
(Roberts and Gude, 1953).

Butte Quartz Monzonite was of primary interest to this study since the
known U occurs in chalcedony and quartz veins and fracture zones located in
the quartz monzonitic areas of the batholith. This rock type has only slight
variations in chemical and mineralogic composition over its exposure (Becraft
and others, 1963). A period of intrusion of alaskite, alaskite porphyry,
aplite and pegmatite dikes occurred during the later stages of emplacement of
the batholith (Smedes, 1966; W. R. Miller, USGS, written commun.,1981). Post-
batholitic silicification of the quartz monzonite and alaskite resulted in
numerous chalcedony and quartz veins. Coarse-grained, metalliferous quartz
veins follow fracture systems and have produced precious and base metals in
economic amounts. The chalcedony veins (locally known as reefs) align
themselves with north-northeast trending fracture systems in a belt
paralleling and extending westward from Prickly Pear Creek. Unlike the
metalliferous quartz veins, the chalcedony veins are almost devoid of

sulfides. Several occurrences of primary U minerals appear in the chalcedony



veins. High radioactivity has been detected in many of these veins and in
some of the metalliferous quartz veins as well (Smedes, 1966; Becraft and

others, 1963; and Roberts and Gude, 1953).

SAMPLING PROCEDURE

This uranium hydrogeochemical survey was designed to follow-up the
results of previous studies. Thus, samples were collected from drainages
known to have high U or Rn concentrations in the water. The resulting
distribution of sample sites is shown on figure 2., A list of the locations by
name appears in table 1.

Water was collected in a flint glass bottle from the thalwegs of
streams. The water was then filtered through 0.45 um membrane into
polyethylene bottles and acidifed with nitric acid to a pH below 2. These
filtered-acidifed samples were used for analysis of U and all elements listed
in table 2 except bicarbonate, alkalinity, organic and inorganic c,

SiOZ, F, C1, 304, PO, and NO, + NO3. Bicarbonate and alkalinity were
determined from a raw sample, 5i0,, F, Cl1 and SO, from a filtered-unacidified
sample, and PO,, NO, + NO3, and inorganic aud organic carbon from a filtered-
unacidified chilled sample. In situ measurements were made to determine
conductivity, water temperature, pH and Eh. Further details on sampling
procedures can be found in Wenrich~Verbeek (1980). Samples were randomized
before submittal to the analytical laboratories to preclude any systematic

bias in data results.
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Table 1.--List of sample site localities and dates of collection.

N0,  (1977) LATITUDE

SITE DATE
1-E77  7/20
2-E77  7/20
3-ETT  T/20
4L-ETT  T/20
5-E77  7/20
6-E77 T7/20
T-E77  1/2%
8-E7T  T/21
9-ETT  T/21
10-E77 7/21
1-E7T 7721
12-E77  7/22
13-E77  1/22
W-E7T 7722
15-E77  7/23
16-E77  7/23
17-E77 .7/24
18-E77  7/24
19-E77  T/24
20-ET7  7/24
21-E77 7/24
22-ETT  7/24
<3-B7T /5
24-E77 /25
25-E77T  T1/25
26-ETT  7/25
27-E17T  1/25
28-g77  7/25
29-E7T  7/25
30-E77  T/26
31-ETT  7/26
32-ETT  T/26
33-E77  T/26
W-ETT  T/26
35-E77  7/26
36-ET7  7/26
37-E77  71/26
38-E7T  7/26
39-E77  7/26
40877  7/27
41-E77  7/27
42-7T  1/27
43-E77 7728
L4-ET77  T7/28
45-E77  7/28
L6-ET7  7/28
NT-ETT  T/29
48-g77  1/29
49-E77  7/29
50-E77  7/29
51-E77  7/29
52-E17  7/29

462251 15"
46%251 12"
46°24 156"
46° 24158
46°25' 4n
46%251 37"
460241 16n

. 46%2y4r21n

460251310
462251 12n
46° 261 39"
46%25121n
46° 26137
460 210 12"
46° 211 4gn
46% 211530
460 23145
460 231 22%
46923125
4E0 27 g»
460 21150
uge 220 20
460 161 41
460 161 4gn
46916 49"
46° 16756
460 16156
462 151 29n
u6° 15030
uﬁo 15! 3"
Ug0 22035
46° 281 10"
460 2643
460 261 36"
uee 251221
460 24 1 45
46° 241 530
40241 yqn
460 171220
46° 181 28"
46018+ 27"
4O 171 41m
460221 43"
460 237 16"
46° 231 10"
46° 23131
46> 28142
46° 291 33"
y46° 291 v
46927153n
46° 271 49m
46° 26'53n

LONGITUDE

111056 42"
111056 47"
111056 38"
111956' 32
1119055 450
111055 4un
1110531352
1119531 52"
111054 51»
1110531 28"
1110541220
11105G'52n
1P 5T U5
111956 T
111059 17"
111055 1t
111057540
ARE - TARLL
11Pe57' 8n
11P 58'54n
111059 1n

ARV

Qrasn

111857 v
111058 '54n
111958 48w
111058 3
111068 10"
111957135"
111057 4yn
111057 lyn

1120

11 26m

111059 8"

1120
nx
1"z
nx
1120
112°
112°
112°
1
1n2
"2
1120
12
n

3'“2"
21450
5153u
AL
8rugn
8152n
3 Qe
1'51n
1042w
3r27n
3rye
7'58n
7!48»
1'4qn

111958 48

"
nx
122
1120

2149
ul 23"
6126
6r22n

111951138"

LOCATION NAME

Warm Springs Creek

South Fork Warm Springs Creek

Unnamed trib to South Fork Warm Springs Creek
South Fork Warm Springs Creek above trib
North Fork Warm Springs Creek

Middle Fork Warm Springs Creek

Trib to South Fork Warm Springs Creek

South Fork Warm Springs Creek

Trib to Middle Fork Warm Springs Creek
Upper part of Middle Fork Warm Springs Creek
Upper part of North Fork Warm Springs Creek
Butchman Creek near mouth

Badger Creek

Upper part of Prickly Pear Creek

Anderson Guleh

Prickly Pear Creek above junction with Anderson Creek
Dutchman Creek above trib at horseshoe curve
Unnamed trib to Dutchman Creek

Dutchman Creek

Warm Springs Creek at Alhambra

Weimer Creek

Golconda Creek

Slaughterhouse Gulch

Ninety Cent Gulch

Turnley Creek

Unnamed trib to Sourdough Creek

Sourdough Creek

Elkhorn Creek

Sourdough Creek

Queen Gulch

Prickly Pear Creek near junction above Jefferson City
Clancy Creek at Clancy

Small trib to Clancy Creek

Clancy Creek above trib

Rowe Gulch

Quartz Creek near mouth

North Fork Quartz Creek

South Fork Quartz Creek

Rawhide Creek

Nursery Creek

Muskrat Creek

Unnamed trib to Muskrat Creek

Spring Creek above Corbin

Kady Gulch

Clancy Creek above junction with Kady Gulech
Spring Creek at Jefferson City

Lump Gulech near mouth

Little Buffalo Gulch near mouth

Buffalo Creek near mouth

Corral Gulch near mouth

Lump Gulch above junction with Corral Gulch
McClellan Creek
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CHEMICAL ANALYSES

Table 2 is a list of variables determined in the waters of the study
area, and shows the analytical method used and the corresponding detection
limit. All water samples were analyzed by the U.S. Geological Survey.
Dissolved solid residues obtained by evaporation of water samples were used
for emission spectrographic analysis. The detection limits for these elements
tend to vary from sample to sample because of their dependence upon the
concentration of dissolved solids in the water--the greater the mg/% of
dissolved solids, the higher the detection limit. Two methods of fluorimetry
were used for U determinations: (1) direct fluorimetry with a detection limit
of 0.4 ug/f and (2) extraction fluorimetry with a detection limit of
0.01 pg/%. The second method was used only on those samples with a U

concentration less than 0.4 ug/%.

PRESENTATION OF CHEMICAL DATA

The results of the chemical analysis of the water samples are shown in
table 3. Those elements which were consistently below the detection limit are
not listed in table 3, but are shown with their corresponding detection limit
in table 2. These elements are: Ag, Al, Be, Bi, Cd, Co, Cr, Ga, Ge, Hg, Pb,
Se, Sn, Ti, and Zr. Columns including the word "norm" are normalized data for
that element. A normalized element is the element concentration of the sample
divided by the conductivity at the site where the sample was collected; then
this result is multiplied by 100 (for ease of comparison).

Normalization reduces the element data to relative values for comparison
over different drainage systems or between periods of fluctuating discharge.
The factor desired to normalize water data must minimize the dilution effect

of periods of high runoff versus low runoff and reduce the concentrating
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effect of differing amounts and kinds of groundwater contributions. Usually
conductivity is used as the normalizing factor since it is a relative measure
of the total dissolved solids (at these low concentration levels) in the water
(see Wenrich-Verbeek, 1977a).

In this study area, there appear to be several different populations of
water types delineated by differences in the geologic terrane, which are
reflected in the conductivity (see table 4 for example). These populations
were divided into two data sets and treated with separate statistical
analyses. The histograms of elements were inspected for a dependence on
conductivity (thus requiring normalization). Normalized data were retained in
the basic statistics for those elements whose histograms acquired a unimodal
character after normalization by conductivity. Both the reported data and the
normalized data (where applicable) are presented side-by-side in table 3.

Figures 3-1 through 3-15 are data maps for the water samples and show
values for those variables that have a significant variation across the
drainage basin. Normalized data are plotted for those elements which
correlate with conductivity over the study area with the exception of Ca and
Mg. Their raw data maps are of more interest since they are elements that
were used to delineate lithologic groups. Maps of normalized data then give a
feel for the relative concentrations of elements in the surface water. U data
as reported from the laboratory as well as normalized values are plotted since
it is the element of primary interest to this study.

Because most of this geochemical data represent lognormally distributed
populations, the data are plotted by approximate geometric intervals based on
those established and used by the Geological Survey of Canada for their

hydrogeochemical surveys. Explanations on each map show the intervals used.
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Because pH values are logarithmic and thus fall within one class, the pH data

are plotted as numeric values.

RESULTS FROM DATA MAPS

High U values (>7.5 ug/%2) occur along Badger Creek, an unnamed tributary
to Clancy Creek, Rawhide Creek and Little Buffalo Gulch (samples 13, 33, 39
and 48, respectively), These samples remain anomalous after normalization
(figs. 3-2 and 3-3).

Previously reported high radon values (USGS and USBM, 1978) corresponds
with high U values in the Warm Springs Creek area (Badger Creek) and Muskrat
Creek (to which Rawhide Creek is a tributary). Although Dutchman Creek has
high radon in its waters, this study shows moderate to low U concentrations
(figs. 3-2 and 3-3) and in the corresponding stream sediments (Suits and
Wenrich~Verbeek, 1980).

The aerial gamma-ray survey conducted by Duval and others (1978)
identifies Warm Springs Creek, Dutchman Creek, Golconda Creek, Prickly Pear
Creek and near the mouth of Lump Gulch as areas of possible and as yet unknown
U mineralization. These areas seem to correspond better to areas of high Th
concentration found in the stream sediments of this study and in the panned
concentrates collected in the Elkhorn Wilderness Study Area (USGS and USBM,
1978) than with U,

High Mo values from the normalized data can be seen in figure 3-11 in
Prickly Pear Creek just below Weimer Creek, Corral Gulch, Buffalo Creek and
Lump Gulch. The only detectable concentrations of Mo in stream sediments
occurred at these sites (except Lump Gulch) and include Warm Springs Creek as
well (Suits and Wenrich-Verbeek, 1980). The U.S. Geological Survey and U.S.

Bureau of Mines (1978) concluded that the entire area has potential for Mo
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mineralization. Their panned concentrates delineated Weimer Creek, Prickly
Pear Creek and Warm Springs Creek, among others, as areas of anomalous Mo, but
did not cover ground west of Alhambra. The Mo potential near Corral Gulch,
Buffalo Creek and Lump Gulch merits further study. High Sr, which remains
high after normalization, was also found in the Prickly Pear Creek just below
Weimer Creek (fig. 3-15).

There was insufficient range in the data for either Zn or V to warrant
data maps. However, a high V value of 2.5 ug/% as compared to an average
value of 0.32 for all samples resulted at sample site 16. High values of
dissolved Zn occur in the water at sample sites 1, 6, 9 and 28 (190, 290, 120
and 160 ug/f%, respectively) while at most other sites, Zn values fall below
the detection limit of 20 ug/f. Samples 1, 6 and 9 were all collected along

Middle Fork of Warm Springs Creek.

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

Sample populations: Based on the scatter diagram of Ca versus U, samples

were separated into two groups representing populations draining different
lithologic areas. The samples selected from figure 4-9 are in agreement with
the generalized geologic map of figure 2. One group represents water which
drains the Boulder batholith, the other represents water from drainage areas
of volcanics and sediments (sample sites 11, 23, 28, 30, 43, 44, 45, 46 and
52). Correlation analyses were run separately for the two groups. Similar

differences based on lithology were previously discovered with panned
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concentrates from this area (USGS and USBM, 1978), and are borne out (to a
certain extent) in the stream-sediment samples collected in conjunction with
these water samples (Suits and Wenrich, 1981).

Problem of censored populations: Some of the data contained qualified

values which censor the data in two different ways: (1) singly censored (a
sample population of one element with values which fall below or above a
certain, fixed limit and are expressed as less than or greater than that
limit), and (2) multiply censored (a sample population of one element with
values below or above certain variable limits). Populations that were singly
censored necessitated use of Cohen’s method of estimation of means and
standard deviations (see Cohen, 1959; Miesch, 1967; Suits and Wenrich-Verbeek,
1980). Populations which are less than 30 percent multiply censored were
treated by the "replacement" method. This method assigns a value at 3/4 of
the lower limit of detection for each qualified data point if the value looks
reasonable with respect to the unqualified data (see Suits and Wenrich-
Verbeek, 1980). FElements with a population that is greater than 50 percent
singly censored or 30 percent multiply censored were discarded before
correlation analysis.,

Histograms: Histograms of most variables exhibited greater unimodal
symmetry using log-transformed data normalized by conductivity. Although the
log-data were used for correlation analysis, normalization was not necessary
because in correlation calculation, fluctuations in the data due to
environmental conditions affect all variables and are cancelled out. The
histograms of U and normalized U are shown for comparison (table 4).
Histograms for the remainder of the chemical species for which correlation
coefficients were calculated are shown for both the Boulder Batholith and

volcanic populations, but only for the raw or log data depending on which was
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most normal. Boulder batholith water data whose histograms were judged to
represent normally distributed populations remain as nonlog data for the
statistical calculations. Those that appear to be from lognormal populations
were transformed to log data. The transformation judgements made for the
Boulder batholith samples were applied to the volcanics samples for
statistical analysis. Histograms not included in this report, such as
chemical species normalized by conductivity, are available from the authors by
request.

Table of means and standard deviations: Tables 5 and 6 give the means,

standard deviations and minimum and maximum data values for the variables
studied in the Boulder batholith samples and volcanic samples, respectively.
Like most geochemical data, the distributions of all variables in water—-—
except alkalinity, Eh, pH, water temperature, bicarbonate, inorganic C, Ca,
Cl, and K~-come from populations that are more closely lognormally distributed
than normally distributed. Thus in most cases (with the exception of those
variables listed above), the log data were used in the statistical analysis.
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 exhibiting lognormal distribution. In addition, elements
were treated differently in the statistical analysis depending on whether they
were uncensored, singly censored or multiply censored.
(1) TUncensored populations: means and standard deviations were
calculated directly. The number of samples used in the
calculations are shown under "valid values" in tables 5 and
6.
(2) Singly censored populations: Cohen’s (1959) method of

estimating statistics in the censored as well as uncensored
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region was used to calculate means and standard

deviations. The number of unqualified data are listed under
"valid values" and the percentage of the sample population,
which is qualified, 1s shown under the "qualified" column
(tables 5 and 6).

(3) Multiply censored populations: means and standard
deviations were calculated using the unqualified data and
the assigned values determined from the "replacement" method
(see the section "Problem of Censored Populations"). The
total number of unqualified and assigned data are listed
under "valid values" and the percentage of that number which
are assigned values 1s shown under the "assigned" column
(tables 5 and 6).

Correlation analysis: Tables 7 and 8 show correlation matrices of

elements determined in water for the two lithologically different

populations. Figures 4~1 through 4-21 are scatter diagrams of U concentration
plotted against those variables appearing in tables 7 and 8. No qualified
values are plotted. The correlation coefficient, r, from tables 7 and 8 and
the corresponding number of data pairs (n) appear on the diagram.

Significance of correlation at the 99 percent confidence level 1s indicated by
a double asterisk next to the value of r, and at the 95 percent confidence
level by one asterisk., A regression line is plotted on the diagram only if it
is associated with a statistically significant r (at least to the 95 percent
confidence level). The calculations of the regression lines did not include

qualified values.
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RESULTS OF CORRELATION ANALYSIS

Evidence for correlation between U and other variables can be found in
the correlation coefficients, r, from tables 7 and 8 and the scatter diagrams
(figs. 4-1 through 4-20). The scatter diagrams provide the best evidence of
correlation trends for this study area as they delineate the two populations.

Two populations were isolated on the basis of U-Ca relationships. The
samples defining the separate trends are related to lithologic differences in
drainage areas. One group of samples come from waters which drain the Boulder
batholith, the other group from those which drain Elkhorn Mountain Volcanics
and (or) Tertiary volcanics. Most of the samples collected fall in the first
lithologic group, with only nine samples in the second. Unfortunately the two
populations are not always well delineated. With only 9 samples draining the
volcanic terrane, any analytical imprecision destroys the trend. Also, the
drainage areas overlap and are not clearcut, The Boulder batholith group,
then, provides better statistical estimates of correlation coefficients than
the volcanics group. Therefore, correlations which are not very strong may be
defined in the former group but not in the latter.

In both lithologic groups, U correlates with conductivity, hardness, Ba,
Ca, K and Mg at the 99 percent confidence level and with Cl, Na and Sr to at
least the 95 percent level. This linearity in the relationships is well-
defined on the scatter plots. Alkalinity, pH, bicarbonate and inorganic C all
correlate significantly (99 percent confidence level) with U in the Boulder
batholith population only. Among the volcanic population, alkalinity,
bicarbonate, and inorganic C appear to form linear trends on the Scatter
diagrams even though they are not statistically significant. Organic C, Eh,
B, Cr, Cu, Fe, Mn and Ni do not correlate with U in either population. In

addition Li, Mo, NO, + NOg, PO, 8102 and SO, correlate with U at the 99
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percent confidence level in the Boulder batholith samples. F correlates at
the 95 percent level. None of these variables show any relation to U in the
volcanic samples although correlation coefficients for 1Li and Mo could not be
determined due to large numbers of qualified values. V correlates
significantly (at the 95 percent confidence level) with U in the volcanics
population but displays no correlation with U in the Boulder batholith
population.

Correlation of U with the alkali and alkaline earths as well as with F in
the Ojo Caliente, New Mexico, area is discussed in Wenrich-Verbeek (1977b).
The U-alkali and U-alkaline earth relationship holds for both lithologically
different areas in this study. While the U-F correlation appears to exist on
the scatter plots for the Boulder batholith samples, it is significant only at
the 95 percent confidence level and is nonexistent for the volcanics
samples. Arsenic and B, which are frequently related to U in surface waters
(Wenrich~Verbeek, 1977b), do not show such a correlation in this study area.
Molybdenum was found to be the only element correlating with U in a previous
surface~water study in the Absaroka Mountains, Montana (Suits and Wenrich-
Verbeek, 1980). The same significant correlation with Mo exists in the
Boulder batholith population, but is undetermined for the volcanics samples

due to small sample-population size.
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Figure 4-12.--Lithium (ug/2) plotted versus U (ug/2).
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