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WORK TO DATE

This is the fifth in a series of annual reports describing studies
in environemental geochemistry of the western energy region. A wide
variety of work has been undertaken, much of it focusing on background
geochemical studies in rocks, soils, stream sediments, vegetation, and
water. Collectively, these studies constitute an attempt to define and
quantify the regional geochemical background or baseline in the area.
Most of the summary baseline data have been reported in the two previous
annual reports (U.S. Geological Survey, 1976, 1977). Baseline data for
soils in the San Juan Basin and for rocks of the Fort Union Formation in
the Northern Great Plains and the Garden Gulch Member of the Green River
Formation in the Piceance Basin appear in this report.

A broad spectrum of topical studies continued, many of which were
first conceived during the regional background surveys. Much of this
work has focused on two broad problem areas: 1) geochemical change in
native vegetation due to powerplant opeations or strip-mine reclamation,
and 2) availabiliy to native plants of elements in soils and in rock
materials that may become plant-growth media in areas of mine-spoil
reclamation. Six of the eleven papers in this report cover specific
aspects of these problems. Guidelines developed from both the baselines
studies and these topical studies contribue to environmental impact
evaluation and to effective reclamation and restoration of disturbed
areas.



Spatial Variation in Total Element Content in Soils
in Northwest New Mexico and Differences in Soil
Composition at the Great Group Taxonomic Level

by

R. C. Severson

Samples of A- and C-horizon soils were collected at 47 locations
in northwest New Mexico (fig. 1) from an area underlain by the Kirtland
Shale, Fruitland Formation, and Mesaverde Group of Cretaceous age (Dane
and Bachman, 1965). Sampling locations were selected randomly and fit
into a five-level, unbalanced, nested, analysis-of-variance design
(Leone and others, 1968). The sampling design is as diagramed in figure
2. Within the irregular boundaries of the selected area, cells 50 km on
a side were arranged to provide maximum coverage (fig. 3). Each of the
eight 50-km cells was divided into areas of decreasing size, as follows:
four 25-km cells, each of which was divided into 25 5-km cells, which
were then divided into 25 1-km cells. Cells to be sampled were randomly
selected, as follows: all four 25-km cells, two 5-km cells in a 25-km
cell and one 5-km cell in each of the three other 25-km cells, two 1-km
cells in one 5-km cell and one 1-km cell in each of the four other 5-km
cells. This nested arrangement of cells to be sampled is shown in
figure 3, and it resulted in 48 sampling locations; however, only 47
locations were actually sampled because one location was inaccessable.
A sample of A- and C-horizon soil was collected from each location.

This work was undertaken to (1) provide background information on
element content in soils of the area before large scale surface mining
of coal occurs, (2) assess variability in element content in soils at
various geographic distances, (3) determine the feasibility of preparing
reliable maps of element content in soils on a regional basis, and (4)
assess differences in soil composition at the great group taxonomic
level and to relate, if possible, soil taxonomy and spatial variability.

Variation due to all Tlaboratory procedures was estimated from
replicate analysis of 16 samples selected randomly from the total of 94
samples collected. Eight A-horizon and eight C-horizon samples were
split and randomly placed among the samples. This procedure insures
that any systematic error in analysis would be effectively converted to
random error.

A1l samples were dried at ambient temperature under forced air and
then were disaggregated in a motor-driven ceramic mortar and pestle to
pass a 2-mm stainless steel sieve. The samples were further ground to
minus-100 mesh in a ceramic mill, and splits of this material were used
for all chemical determinations.

A1l analyses were done in the laboratories of the U.S. Geological
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Survey at Denver, Colorado. The analytical methods employed are
described in U.S. Geological Survey (1975) by J. S. Wahlberg (p. 69),
Claude Huffman, Jr. (p. 71), and H. T. Millard, Jr. (p. 79); and in U.S.
Geological Survey (1976) by A. L. Sutton, Jr. (p. 131). Analyses were
performed by J. W. Baker, A. J. Bartel, P. H. Briggs, J. G. Crock, C. M.
E1lis, Carol Gent, K. E. Horan, R. G. Havens, Claude Huffman, Jr., Fred
Lichte, J. G. McDade, C. McFee, H. T. Millard, Jr., V. Merrit, Harriet
Neiman, F. D. Perez, S. E. Prelipp, George Riddle, V. E. Shaw, A. L.
Sutton, Jr., J. A. Thomas, M. L. Tuttle, R. E. Van Loenen, J. S.
Wahlberg, and W. J. Walz.

Concentrations of some elements in some samples were below the
limit of determination by a given analytical method. When more than
one-third of the determinations for an element were below this 1imit the
element was omitted from analysis of variance. For elements with less
than one-third censored values, the censored values were replaced by
small, arbitrary values. The use of replacement values is thought to
not affect, in any substantial way, the geochemical interpretation of
the data, because of the generally small number used. Baseline summary
statistics of such censored data were estimated using the technique of
Cohen (1959).

Voucher specimens of the 47 soils sampled were saved and later
classified taxonomically by J. E. Ruiz and Leroy Hacker, soil scientists
with the United States Department of Agriculture, Soil Conservation
Service in Aztec and Albuquerque, New Mexico, respectively. Differences
in chemical content were evaluated at the great group taxonomic level.
Taxonomic criteria at the great group level consider the nature of all
soil horizons collectively. Moisture and temperature regimes are the
main criterion, and they are the cause of many differentiating soil
properties as well as being properties of the whole soil rather than
specific soil horizons. Further information on soil taxonomy can be
found in Soil Survey Staff (1975).

Variance Components

Sampling was designed to measure variation over increments of
distance expressed in terms of cell size. Total variation was
subdivided into components, each associated with a predetermined cell
size. These components for 39 elements, each expressed as percent of
total variance, are shown in table 1 for A-horizon soils and in table 2
for C-horizon soils.

A principal interest in variance components 1is their use in
calculating the minimum number of samples (n,) required to estimate a
cell mean with a certain degree of re]iabiT?ty and to determine the
presence and magnitude of regional variation as a basis for constructing
maps. The conventional F-test at the 0.05 probability level is used to
test each variance component to determine if variation between cells is
significantly different from variations within cells at each level of
the sampling design. If a component fails to be significantly



Table 1.--Variance components, for A-horizon soils, expressed as a
percentage of total variance.

[v, variance ratios for 25-km cells; n., number of random samples
needed to map element distributions at the 25-km cell level at an
80 percent confidence level; *, is used to denote significance of

_variance components at the 0.05 probability level; ---, not
determined]
Total Percent of total variance between
Element 10910
variance 50 km 25 km 5 km 1 km Analyses v n
Al--—eemeo .0133 0 36.3 0 61.9* 1.8 .6 3
As-=meeeaa- .0358 18.9* 44.1 0 19.6 17.4 1.7 2
R .1384 3.0 0 37.1 11.8 48.1 <.1 >20
Ba-------- .0306 0 0 57.2 33.9* 8.9 —— -
C, organic .0959 10.9 13.6 0 57.6* 17.9 .3 4
C, total-- .0869 0 23.3 0 76.6* .1 .3 4
Ca--=--n-n .1201 2.9 21.0 13.9 62.0* .2 .3 4
Co----eo- .0264 0 10.6 37.1  40.0* 12.3 .1 8
Cr---—----- .0406 0 22.1 0 0 77.9 .3 5
Cu--=-eue-- .1021 1.0 14.3 0 81.4* 3.3 .2 6
Er----—--- .0185 0 30.2 6.8 0 63.0 .4 4
Fe-------- .0467 0 49.6 22.2  27.9* .3 .9 3
Ge--=e---- .0144 0 41.0* 0 0 59.0 .7 3
Hg-------- .0555 8.7* 7.1 17.9 0 66.4 .2 6
Ke=ooomeee .0079 0 84.5* 9 141 .5 5.5 2
La-------- .0277 0 17.6 41.9* 0 40.5 .2 6
Li-==mmmu- .0436 0 59.5 13.9 10.5 16.1 1.5 2
Mg-------- .0546 0 46.0 14.8 38.9* .3 .9 3
Mn--=c---- .0740 0 29.2 24.3 37.8* 8.7 .4 4
Mo-------- .0615 0 53.0 17.0 0 ' 30.0 1.1 3
Na-------- .0910 2.2 16.2 0 0 81.6 .2 5
Nb---aeumu .0235 0 31.2 5.1 0 63.7 .5 4
Ni-vooeem- _.0461 0 34.4 27.8 33.8* 4.0 .5 4
o .0116 0 24.0 10.6 37.5 27.9 .3 5
Rb--ceceee .0760 0 39.3* 0 0 60.7 .7 3
N e .0328 4.9 0 0 67.5* 27.6 .1 15
SC-=--mm-- .0423 0 13.2 45.3 36.1* 5.4 .2 7
Si-c-mmem- .0019 0 40.6 0 57.1* 2.3 .7 3
Sn----ou-- .1669 6.3 9.4 26.6 0 57.7 .2 6
Sre------- .0218 0 69.8* 0 24.2* 6.0 2.3 2
Th---ae--- .0190 0 39.1 17.8 15.2 27.9 .6 3
Ti---eommu- .0205 7.3 0 14.8 75.2* 2.7 L1 1
I .0162 0 45 5% 0 50.2* 4.3 .8 3
Vommeroeem .0349 4.5 37.9 0 53.8* 3.8 .7 3
Yoo .0185 0 21.2 34.5 16.3 28.0 .3 5
Yb--vmmmm- .0200 5.3 0 49.4 .1 45.2 .1 14
In---=m--- .0299 0 40.9 11.5 37.0* 10.6 .7 3
Ir-—-emee- .0642 3.7 8.1 27.9 0 60.3 .1 7




Table 2.--Variance components, for C-horizon soils, expressed as a

[v, variance ratios for 25-km cells; n_., number of random samples

percentage of total variance.

needed to map element distributions at the 25-km cell level at an
80 percent confidence level; *, is used to denote significance of

variance components at the 0.05 probability level; --~, not

determined]
Total Percent of total variance between
Element log]O

variance 50 km 25 km 5 km 1 km Analyses v np

Alocmmcmmeee 0156 0 53.2 11.3 33.4+ 2.1 1.1 3
| .0371 2.2 51.0* O 38.2* 8.7 1.1 3
B--emmmee- .2015 0 7.2 28.2 0 64.6 d N1
Ba--=-=--u-- .0404 0 59.6 21.6 8.0 10.8 1.5 2
C, carbonate .4027 0 75.1* 0 20.3* 4.6 3.0 2
C, organic-- 1619 17.3* 5.7 0 60.2* 16.8 .3 4
C, total---- .1152 6.5 55.6* 0 37.8* .1 1.6 2
of . .1539 0 65.0* 0 34.9% .1 1.9 2
Co-emmme .0550 0 .12.8 0 84.6* 2.6 .2 7
Cre--eeecee-- .0496 0 29.9 0 40.9 29.2 4 4
Cu--coocoem .0900 0 30.1 18.4 25.3 26.2 A4 4
o .0168 0 7.5 0 50.3 42.2 L 1N
Fe--mmommeu- .0471 0 36.4 0 63.2* .4 .6 4
Gew-rmmemame .0118 0 18.5 0 28.2 53.3 .2 5
Hg-------==- .0758- O 51.0 2.4 23.7 22.9 1.0 3
. .0212 0 44.4* 0 54.9% .7 .8 3
La--mmmm———— .0176 0 28.8 8.3 24.3 38.6 4 4
Li-memmmmee- .0551 1.3 27.0 0 50.0* 21.7 .4 4
Mg----=-muuv .0918 0 67.1* 0 32.7* 2 2.0 2
MN==cemmcaea .1332 0 8.7 0 84.2* 7.1 d 9
Mo-=--cmmm e .0409 0 0 6.3 50.4 43.3 ——— -
|\ 1 .0522 0 57.9* 0 41.0* 1.1 1.4 2
Nb--=mmem e .0162 0 15.8 0 51.5 32.7 .2 6
[ R e .0631 0 51.7 0 45.8* 2.6 1.1 3
Pb--mmmeam- .0182 0 19.8 15.2 35.7 29.3 .3 5
Rb--mrmmee e .0416 3.1 24.5 0 42.0 30.4 4 4
S .2387 o 48.5* 0 50.9* .6 9 3
SCmmmmmmme e .0420 0 18.5 17.4 55.4* 8.7 .2 b5
N T .0028 0 53.7* O 39.9* 6.4 1.2 3
SN-memmee e .1637 0 25.2 37.8 7.2 29.8 3 4
SP--rmemmmeem .0315 0 52.0* O 42.6* 5.4 1.1 3
Th-e-meeeuen 019 0 25.2  36.1 25.7 13.0 .3 4
Tioemomenena .0233 0 5.0 65.1*% 27.6* 2.3 .1 15
| B .0284 0 40.3 42.3* 14.8* 2.6 .7 3
V ——————————— .04]2 0 29.4 0 62-9* 7-7 04 4
 C— .0247 0 35.9 11.6 29.3 23.2 .6 ]4
e SRS T B P+ A SY B
Ire-mecaeaa- .0526 0 47.0 0 24.4 28.6 .9 3



different, it 1is not practical to attempt to map variation at the
interval associated with that component because of the high probability
that the variation within the cell masks the variation between the
cells. Analytical-error variance components in excess of 50 percent are
considered to be excessive. Any interpretations of the data for these
elements must be made with caution.

The 1largest portion of the measured variation occurs, for most
elements in both soil horizons, at two levels of the sampling design--
between 25-km cells and between 1-km cells. Variation among 50-km cells
is virtually nonexistent in both soil horizons. Variation between 5-km
cells is nonexistent for some elements but 1is substantial for other
elements. Cells 25 km on a side have been chosen as a manageable
mapping interval.

In order to test the feasibility of using the data to prepare a
map of element content based on 25-km means, a variance ratio (v) is
computed (tables 1 and 2). For 25-km cells the ratio is as follows:

P50 + P25 M)
Pg + Py + Pq
where P is the percent of total variance between cells of the size
indicated by the subscript (Pe = variance between samples).

l‘-‘.’

This ratio is defined by Miesch (1976, p. 8) as a "relative
measure of the compositional heterogeneity among, and the compositional
homogeneity within, mapped units of the population being studied." A
value of v equal to 1.0 is chosen as the value below which a reliable
map could not be prepared. If the v is greater than one, then there is
some basis for preparing a map that will reliably depict the true
geochemical pattern, because the relatively large variation among the
25-km cells tends to obscure or mask the smaller variation measured
within each 25-km cell.

In addition to using v to indicate reliability of data for
presentation in the form of a map, it can also be used to estimate the
number of samples that would need to be collected at random from each
25-km cell in order to prepare a reliable map. Values of n. (number of
random samples) are tabulated for each element for A- and C-horizon
soils in tables 1 and 2, respectively.

As, K, Li, Mo, and Sr in the A horizon meet the minimum
requirements for representing their variation at the 25-km cell level on
a map (table 1). In the C horizon, Al, As, Ba, Be, carbonate C, total
C, Ca, Hg, Mg, Na, Ni, Si, and Sr also meet the minimum requirements
(table 2). These elements are represented on maps in figures 4-20. The
values used to construct the maps are arithmetic means of 25-km cells.
The cell means are not contoured because there are no apparent regional
trends (the variance at the 50-km level is nonsignificant). Only for As
in the A horizon (fig. 4) and C horizon (fig. 10) are such trends
suggested. Overall, however, there is generally no regional pattern
because of the lack of variation measured for the 50-km cell.

9
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Figure 10,--Regional distribution of As. in C-horizon soils. Values ( ppm)
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Figure 11.--Regional distribution of Ba. in C-horizon soils, Values (ppm)
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Figure 12,--Regional distribution of carbonate~C in C-horizon soils,
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Figure 15,--Regional distribution of Hg in C-horizon soils,
Values (ppm) are arithmetic means of 25-km cells.
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Therefore, even though it may be possible to prepare reliable maps for a
number of other elements by collecting three or four random samples per
25-km cell (gr in tables 1 and 2), the maps thus generated would most
1ikely exhibit 'only poorly developed regional patterns. Baseline values
for the element composition of all soil materials in the area are
summarized in tables 3 and 4, respectively. The baseline value reflects
the range in concentration to be expected in samples of natural soil
materials.

Soil Taxonomy

From the 47 voucher specimens, 17 soil series were recognized
(table 5) and three specimens were not represented by any recognizable
soil series. The 47 soils were divided into seven great groups (table
5). Six of the great groups consisted of two or more series while one
great group was represented by a single soil. The arithmetic means for
total content of each element were tested for significant differences
using a multiple comparison test (Natrella, 1961, p. 3-40). The results
of this test for A- and C-horizon soils are presented in tables 6 and 7,
respectively. In addition, the data for the single sample representing
the Haplustoll great group is included in those tables, but no attempt
was made to statistically compare its element content with that of the
other great groups, because no estimate of variance is possible for a
single sample.

In general, there are significant differences between great groups
for many elements. In the A horizon (table 6), 10 elements are
significantly highest in content in the Natrargid great group (Si is
also significantly lowest in content), 17 elements are significantly
Towest in content in the Torripsamment great group (Si is also
significantly highest), and only three elements show no significant
differences between any of the great groups. However, only Mn and Fe in
the Natrargid great group are at or above the baseline content, and only’
Pb, Ti, and Th in the Torrispsamment great group are at or below the
baselines established for natural soils in this area (table 3).

In the C horizon (table 7), again, there are significant
differences between great groups for most elements. The Calciorthid
great group has the highest content of five elements, and 16 elements
are significantly lowest in content in the Torripsamment great group (Si
is significantly the highest). Only one element shows no significant
difference in content between great groups. Only Al in the
Torripsamment great group 1is at or below the baseline content
established for natural soils in this area (table 4).

Spatial Variability and Soil Taxonomy
Taxonomy for each sampling location is shown in figure 21. From
an examination of this figure, it becomes apparent that the great groups

are dispersed throughout the area in a haphazard fashion. As with the
maps of element content (figs. 4-20) and the variance components (tables
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Table 3.--Baseline values for element content of A-horizon soils in

northwest New Mexico.

[----, not determined because of low detection ratio; all measurements

in parts per million unless indicated as percent]

Element, Baseline

unit of Geometric Geometric Geometric value (ex- Detection

measure mean deviation error pected 95 ratio

pct. range)

Al, pct--—---e--- 4.7 1.27 1.04 2.9-7.6 47:47
S 5.4 1.52 1.20 2.3-12.5 47:47
. S 16 2.20 1.81 3.3-77 39:47
Ba--mmmmmmm—————— 570 1.41 1.13 290-1100  47:47
C, carbonate, pct .04 9.37 -——— <.01-3.5 30:47
C, organic, pct-- .37 1.86 1.35 .11-1.3 47:47
C, total, pct---- .51 1.80 1.02 16-1.7 47:47
Ca, pct----no-o-n .55 2.12 1.05 .12-2.5 47:47
) 5.7 1.44 1.14 2.7-12 47:47
Cre-cememeeee 18 1.45 1.51 8.6-38 47:47
0]/ R ——— 8.9 1.90 1.14 2.5-32 47:47
Er--e—mmmmmme oo 6.1 1.21 1.28 4.2-8.9 42:47
- —— 1.1 1.62 1.03 .42-2.9 47:47
e 1.4 1.22 1.24 .94-2.1 47:47
T .02 1.49 1.56 .01-.04 47:47
K, pct-—mmmmmmee- 1.7 1.21 1.02 1.2-2.5 47:47
La-=mmmmmmeememam 27 1.38 1.28 14-51 47:47
I} S ——— 12 1.58 1.21 4.8-30 47:47
Mg--=mmmmmmeeem .33 1.64 1.03 .12-.89 47:47
|1 I, 230 1.76 1.20 74-710 47:47
[0 TR 1.2 1.71 1.37 .41-3.5 31:47
Na, pct-—---eue-- .84 1.67 1.87 .30-2.3 47:47
Nb-- e 13 1.27 1.32 8.1-21 47:47
Nemmmmmme e 8.4 1.59 1.10 3.3-21 47:47
L 13 1.28 1.14 7.9-21 47:47
Rb-mmmmemmme o 57 1.56 1.64 23-140 47:47
S, pctemmmmme- .10 1.45 1.24 .048-.21 47:47
SC-mmmmme - 3.6 1.59 1.12 1.4-9.1 47:47
Si, pct----=--n-- 36 1.09 1.02 30-43 47:47
SNemm e .43 2.68 2.04 .06-3.1 34:47
Sre-emmmmmm - 160 1.37 1.09 85-300 47:47
Theem e 8.2 1.35 1.18 4.5-15 47:47
Ti, pcte--emommm- .21 1.38 1.06 .11-.40 47:47
| F S 2.5 1.30 1.06 1.5-4.2 47:47
Vom e eea 41 1.49 1.09 18-91 47:47
R 28 1.34 1.18 16-50 47:47
Yb--mm o 1.6 1.28 1.24 1.0-2.6 47:47
4 EETE R —— 39 1.49 1.14 18-87 47:47
P4 g 430 1.65 1.57 160-1200 46:47
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Table 4.--Baseline values for element content of C-horizon soils in
northwest New Mexico.

[A11 measurements in parts per million unless indicated as percent]

. Baseline

Element Geometric Geometric Geometric value (ex- Detection

unit of mean deviation error pected 95 Ratio

measure pct. range
Al, pct---mmeemo 5.0 1.30 1.04 3.0-8.5 47:47
AS—mmmmmemeee o 5.4 1.46 1.14 2.5-12 47:47
- P 15 2.59 2.29 2.2-100 36:47
Ba-~-=mmmmemcmem 570 1.52 1.16 250-1300 35:47
C, carbonate, pct .18 3.7 1.37 .01-2.5 43:47
C, organic, pct-- .27 2.24 1.46 .05-1.4 47:47
C, Total, pct---- .54 2.01 1.01 .13-2.2 47:47
Ca, pct-——----oo- 1.1 2.13 1.03 .24-5.0 47:47
CO-mmmmmmmmceemmm 5.7 1.62 1.09 2.2-15 47:47
Cromccmmccccmeaeo 18 1.51 1.32 7.9-41 47:47
o | P 8.7 1.94 1.42 2.3-33 47:47
SO 6.5 1.21 1.21 4.4-9.5 45:47
Fe, pct---=cvu--- 1.2 1.58 1.04 .48-3.0 47:47
GEmmmmcmmmmmmmmem 1.3 1.20 1.20 .90-1.9 47:47
1+ P .02 1.85 1.35 .01-.07 46:47
K, pcte----uuucn-- 1.5 1.31 1.03 .87-2.6 47:47
La-=-mmmmmmmme e 30 1.35 1.21 16-55 47:47
Licecmmecmmcceeem 13 1.70 1.29 4,5-38 47:47
Mg, pct---------- .37 1.77 1.04 12-1.2 47:.47
] R 180 1.76 1.25 58-560 47:47
MO-=cmmmmcmeeeee 1.4 1.57 1.36 .57-3.5 47:47
Na, pct---vcouu-- 9 1.56 1.06 .37-2.2 47:47
| 12 1.32 1.18 6.9-21 47:47
| P 8.6 1.67 1.10 3.1-24 47:47
Pbomccmecmceeeee 12 1.36 1.18 6.5-22 47:47
Rb=m=mmmmcmm e 62 1.47 1.30 29-130 47:47
S, pCt-—--eauunan 14 2.44 1.10 .02-.83 47:47
SCrmmmmmmmmm—mama 4.0 1.61 1.15 1.5-10 47:47
Si, pct---mmeeuee 34 1.10 1.03 28-41 47:47
LY .62 2.55 1.66 .10-4.0 39:47
LY 202 1.42 1.10 100-410 47:47
Ti, pet----mvcneu-- .22 1.41 1.05 11-.44 47:47
) [ TS 8.3 1.38 1.12 4.4-16 47:47
Urommmmmm e 2.7 1.40 1.06 1.4-5.3 47:47
1 S 44 1.55 1.14 18-110 47:47
Yece e ————— 29 1.45 1.19 14-61 47:47
Yb-=mmcmmmmmmeeem 1.6 1.45 1.13 .76-3.4 47:47
£ | PN 37 1.66 1.03 13-100 46:47
Y £ R 332 1.64 1.33 120-890 47:47
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Table 5.--Great groups and soil series sampled in northwestern
New Mexico.

[Numbers in parentheses are the number of samples in each soil series]

Great Group Soil Series
Calciorthid Avalon (2)
Camborthid Kinnear (2)

Koyen (1)
La Fonda (1)
Notal (4)

unknown (1)

Haplargid Doak (2)
Mayqueen (5)
Monicero (2)
Shiprock (3)
Shiprock varient (2)
unknown (1)

Haplustoll Manzano (1)

Natrargids Huerfano (3)

Torriorthent Fruitland (6)
Persayo (1)
Turley (7)

unknown (1)

Torripsamment Sheppard (2)
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Table 6.--Multiple comparison test of arithmetic means of element composition of A horizons for
taxonomic great groups.

[Values for a single element followed by the same small letter are not significantly different at the
0.05 probability level. HNumbers in parentheses are numbers of samples in each great group. All
measurements in parts per million unless indicated as percent]

Element Netrargid Torriorthent Calciorthid Camborthid Haplargid TYorripsamment Haplustoll
(3) (15) (2) (9) (15) (2) (1)
Al, pct--emuna- 4.1c 5.3a 5.2ab 5.2ab 4.5bc 3.1d 5.1
AS—mmme e 10a 6.2b 5.1b 5.7b 5.4b 2.0c 2.6
R 23a 23a 17a 18a 20a 3.5b n
Ba---cweoenaanao 910a 690b 510c 530c 530c¢ 430 860
C, organic, pct .39%a .48a 443 .53a .36a 4la .56
C, total, pct-- 1.1a .70b .67b .61bc .40c .61bc .56
Ca, pct--ocene- 2.1a .86¢ 1.3b .52cd .42d .68cd .49
COmmmmmmmmecam 7.5a 6.9ab 5.7bc 6.5abc 5.2¢ 3.1d 4.7
(o T 21ab 18b 24a 19ab 20ab 13c 16
Cummemmmmeeeee 15a 13ab 12ab 1lab 8.7b 3.4c 5.2
[ e L 4.9d 6.8a 6.4ab 5.9bc 5.9bc 5.1cd 3.2
re, pcte------- 2.9 1.4b 1.1b 1.2b 1.1b .59c .65
Gormmmme e ee 1.1d 1.6a 1.6a 1.4b 1.3bc 1.2cd 1.2
Hg--wmcememeeam .02a .02a .02a .02a .02a .02a .02
K, pctecucacnn- 1.2a 1.7a 1.8a 1.8a 1.7a 1.4b 2.2
lamemmmmmmceae 26b 3la 31a 31a 26b 12c 28
Limmmemm e 16a 14ab 12b 16a 11b 12b 17
Mg, pct-------- .48a .48a .39ab .35b .30b .27b 17
] 790a 280bc 390a 260bc 190cd 130d 210
T 2.8a 1.3bc 1.1bc 1.7b 1.1bc 1.0¢ 1.C
Na, pct----=--=- .64c¢ .8%b 1.2a .24b .99ab .57¢ 1.6
Nbeocm e e ee b 13ab 14a 14a 132b 123b 15
Nimenmmmme e Ma 1la 8.6ab 9.2ab 8.0b 4.0c 5.4
Phummcmeec e 15a 15a 14a 14a 13a 7.3 17
Rbereccceeee e £2a 63a 60a 66a 60a 58a 95
S, petenen- ——— .21a .10bc .08c .13b .0%bc .07¢ .10
SCmmmmm e - 4.4ab 5.0a 3.8ab 4.4ab 3.3bc 2.1c 2.3
Si, pCteveem=-- 33d 35¢ 35¢ 36¢ 37b 40a 36
S mm e .7ab .8a .6ab .6ab .5b .6ah .3
St e 180b 170bc 250a 160bc 170bc 140c 210
Thecnomeomnaaen 10a 9.6ab 8.5bc 8.5bc 7.8¢c 4.5d 8.1
i, pctow-voun-n .242a .25a 212 .23a .21a .11b .20
Umommmmme e 3.4a 2.9b 2.8bc 2.8bc 2.4cd 1.8e 1.8
| L 38b 51a 45ab 46ab 41ab 22¢ 25
| e 3la 32e 29%a 30a 27a 21b 19
Yheoomrerae e 1.5b 1.8a 1.6ab 1.6ab 1.5b 1.8a 1.2
INmmccecccc e 52a 48ab 46ab 46ab 34c 21d 26
YA 490b 490b 830a 400b 460b 6390a 470
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Table 7.--Multiple comparison test of arithmetic means of element composition of C horizons for

taxonomic great groups.

[Values for a single element foilowed by the same small letter are not significantly different at the

0.05 probability level.

measurements in parts per million unless indicated as percent]

Numbers in parentheses are numbers of samples in each great group.

ATl

Element Caldiorthid Camborthid Torriorthent Natrargid Haplargid Torripsamment Haplustoll
(2) (9) (15) (3) (15) (2) (1)
Al, pct--m--- ———- 6.1ab 6.2a 5.4b 4.0c 4.6c 3.0d 5.9
X 4.8ab 6.2a 5.9a 5.9a 6.1a 3.3b 2.7
Bomemmmmmcmmm e 13cd 21ab 24ab 28a 18bc 8.8d <5
Ba-mrmmmm e ———— 670a 570ab 610ab 360b 770a 510ab 590
C, carbonate, pct .6la .33b .30b .39b .31b .23b .07
C, organic, pct-- .30bc .48a .39ab .32bc .26bc .20c .20
C, total, pct---- .97a .81ab .69abc .71ab .57bc .43c .27
Ca, pct---mueuum- 2.7b 1.3c 1.2¢c 3.3a 1.2¢ .63d .69
COmmmmmmm e 6.4bc 8.4a - 6.8abc 7.0ab 5.1c 3.2d 5.8
Cremeeaccaccacce- 16ab 19ab 19ab 21a 19ab 15b 20
CUsmmemommmmmme e 15a 14a 14a 8.1b 6.6bc 3.5¢ 6.2
Er-ccmmmeecc————- 6.7 7.2a 6.9a 6.5ab 6.1b 4.7c 5.7
Fe, pCtememcacem- 1.5ab 1.6a 1.€ab 1.2bc 1.0c .60d .88
Gemmmmmmmm e 1.2¢ 1.5a 1.3bc 1.3bc 1.4abc 1.4abc 1.3
Hgmmmrmmmmcamcm e .03ab .03ab .02bc .04a .02bc .01c .02
K, pct-meemcmaaao 1.6a 1.6a 1.7a .78¢ 1.7a 1.3b 2.3
La-m-mmmm———————— 163 35b 32bc 27c 29¢ 17d 29
Limemmemmmmcmemem 10cd 18a 17ab 19a 13bc 7.0d 12
Mg, pcte--eecmmaman .44a .47a .50a .41ab .36ab .27b .22
MNmmmmcmmcmcmeae 190bc 230ab 260a 68d 180bc 140c 170
MO mmmeem 2.4a 1.9b 1.5bc 1.2¢ 1.2¢ .7d 1.8
Na, pct----mmee-- 1.4a 1.1b .92bc .75¢ 1.0b .51d 1.6
[ 12a 13a 13a 14a 12a 13a 1
Nimmmeme———————- 8.9bc 12a 11ab 7.7¢ 8.1c 4.4d 6.1
-] Y —— 12ab 14a 13ab 6.3d 11bc 9.1c 17
Rbeeemcmmmcmeaea- 35¢ 76a 71a 50b 66a 43bc 100
S, pCte-mmmammmo .60b .20c dlc 2.3a .15¢ .07¢c .1
SCrmmmmmmm————— 6.2a 6.5a 4.8b 3.7bc 3.4cd 2.1d 3.4
Si, pctem=emamun- 31d 33cd 35bc 3id 36ab 38a 35
SNemmmmm————————— .5¢d 1.2a .9ab 1.1a .8bc .1d .5
P c———— 380a 220b 190bc 240b 230b 150c 240
Them oo Na 10a 9.5ab 7.9bc 7.5¢ 5.2d 8.9
Ti, pct-----==--- .26ab .29a .24b .28ab .19¢ .12d .20
| 2.7¢c 3.5b 3.0bc 4.1a 2.3d 1.7e 1.8
Veemmmmmcccmemeee 6lab 63a 50bc 37d 41cd 24e 39
Yoo 37a 36a 3lab 36a 27b 17¢ 24
Ybommmmmmmmmeeeee 1.9a 1.9a 1.7a 1.6a 1.8a 1.0b 1.2
INrommmc e 46a 55a 49a 32b 31bc 20c¢ 32
4 S —— 440b 370b 390b 620a 350b 200c 190
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1 and 2), no regional map patterns are suggested.

At the 5-km cell size, only three out of every 16 sample locations
result in comparisons of great groups of extreme composition (Natrargid, .
Torripsamment, or Caliorthid) with other great groups of average
composition in adjacent 5-km cells (fig. 21). 1In seven cases adjacent
5-km cells contain the same great group (fig. 21). The variance
components at the 5-km cell level (tables 1 and 2) are in agreement with
soil taxonomy (fig. 21)--variance components suggest that not much
variation is measured at the 5-km cell level when compared to the 25-km
or 1-km cell levels.

At the 1-km cell level, three times out of eight, the great groups
of extreme composition (Natrargid, Torripsamment, or Calciorthid) are of
extreme composition adjacent to some other great group of average or
intermediate composition (fig. 21)--hence, a comparison of extremes.
Only two out of every eight locations have the same great group as their
neighboring locations (fig. 21). Analysis of variance also suggests
this by the large variance component measured at the 1-km cell level
(tables s and 2).

Conclusion

Chemical content of soils in northwestern New Mexico exhibits
variation largely at two geographic scales--between 25-km cells and 1-km
cells. Taxonomic grouping of soils (great group level) also indicates
similar patterns in variation. Within the area, neither maps of element
content based on 25-km cell means nor taxonomic great groups show
distinct regional patterns. An examination of published maps showing
features such as soil, geology, climate, topography, and other physical
characteristics of the landscape suggests no reasons for these patterns.
Instead, these maps suggest that gradational-regional patterns might be
present. However, it appears that, because of the general uniformity of
the study area, local topographic features that affect climatic regimes,
which in turn influence soil taxonomy (such as accumulating depressions-
-Natrargids, and sand dunes--Torripsamments), may occur at repeating
intervals of about 1 km and about 25 km.
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Figure 21.--Map of the study area showing the taxonomic names
(great groups) at each sampling locality.
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Variation in Element Content of the Doak, Shiprock, and
Sheppard Soil Association in New Mexico

by

R. C. Severson

A and C horizons of soil were collected at 30 localities in
northwest New Mexico. The 1localities were confined within the
boundaries of the mapped occurrence (Dane and Bachman, 1965) of the
coal-bearing Fruitland and Kirtland Formations of Cretaceous age (figure
22), and also within the boundaries of the mapped occurrence of the
Doak, Shiprock, and Sheppard soil associations (Maker and others, 1973).
These soils are considered to be prime materials for stockpiling and
using as topsoil in mineland reclamation.

The actual sampling locations were selected randomly based on an
unbalanced, nested, five-level, analysis-of-variance design of the
barbell type. Three barbells were oriented in the area by selecting
compass directions at random. The major axis of each barbell was 10 km
long, and the sequentially smaller axes were 5 km, 1 km, and 0.1 km
long. A barbell sampling design is shown in figure 23. Ten localities
were sampled in each barbell (as shown by the x's in fig. 23), resulting
in the collection of 30 samples each of A- and C-horizon soils. Ten of
the 30 samples from each horizon were split and analyzed in duplicate.
Sample preparation and analysis are detailed on pages 2 and 6 of this
report.

Voucher specimens of the 30 soils sampled were classified
taxonomically by J. E. Ruiz and Leroy Hacker, soil scientists with the
USDA-SCS in Aztec and Albuquerque,, New Mexico, respectively.
Differences in chemical content were evaluated at the family taxonomic
level. Taxonomic criteria (Soil Survey Staff, 1975) at this level
include particle-size classes, mineralogy classes, calcareous and
reaction classes, and soil temperature classes. At the family level,
the groupings consist of soil with similar chemical and physical
properties which are deemed to affect their response to management for
production of plants, and for engineering purposes.

This work was undertaken (1) to provide data on the element
composition of soil that may be used as topsoil in mineland reclamation
work, (2) to assess the spatial variability of the soil, and (3) to
examine relations between soil taxonomy and spatial variability.

Variance Components

Sampling was designed to measure variation over increments of
distance. Total variation was subdivided into components, each
associated with a predetermined range in distance. Variance components
for 36 elements, each expressed as a percentage of total variance, are
shown in table 8 for A horizons and table 9 for C horizons of soils.
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SAMPLING UNIT

Barbells (n=3)
10 km
5 km
1 km
0.1 km
< 4 X X X X X

10 ¥k

v
0.1 kam
pa

Figure 23.--Diagram‘of the unbalanced, nested, analysis-

of-variance design. Sample site indicated by (X).
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Table 8.--Variance components, for A-horizon soils, expressed as a

percentage of total variance.

[An asterisk is used to denote significance of variance components at

the 0.05 probability level]

Total Percent of total variance

Element 10910 ”—
etween

variance barbells 5-10 km 1-5 km 1-.1 km .1-0 km Analyses
Alacmann-a- .0036 0 16.1 5.2 45,1%* 0 33.6
X et NORR 0 0 30.1 0.5 0 69.4
Bemmmmmanm .0327 0 10.1 10.9 0 0 79.0
Bam=mwema- .0257 0.8 0 0 54,.8* 0 44.4
Be-cmmenna .0040 0.6 0 8.4 6.9 0 84.1
C, organic .0294 1.2 54.6* 0 14.6 14.1 15.5
C, total-- .0225 0 61.2* 0 9.2 26.5* 3.1
Cammmmmmm- .0237 0 11.7 0 32.8* 0 55.5
COummmannnm .0133 0 9.0 0 38.8* 0 52.2
Crememmmm- .0489 0 29.3 7.2 0 8.8 54.7
CUmmmmmm = .0244 0 21.1 30.2 0 31.0* 17.7
Femmmmmea .0085 0 .7 51.1 13.6 28.6* 6.0
Geemmmmmam .0050 2.4 0 16.7 0 52.3% 28.6
Hgmmmm e m .0485 0 0 0 23.3 21.2 55.5
| G .0020 10.8% 0 3.9 9.8 0 75.6
Lammwmmue- .0099 0 22.9 23.6 0 7.3 46.2
Lisememnn- .0038 15.5 0 35.8 0 28.3 20.4
s P 017 43.1 0 33.5*% 2.2 19.0* 2.2
M- e .0336 0 10.2 34.5 0 20.5 34.8
Na=mmmmmm - .0055 2.1 34.2 9.3 46.1%* 5.7% 2.6
Nbmmmmmamm .0145 1.1 0 27.9* 0 45,6* 25.4
Nimemmema .0124 0 6.7 28.0 23.3 0 42.0
Phrmmmeme = .007 11.2 0 19.3 6.4 0 63.1
Rbemmeee e .0042 0 0 20.8 12.8 42.1* 24.3
SCmmmmm e .0086 0 16.1 33.2 0.6 0 50.1
Simmmmmmnn .0009 0 6.4 4.0 27 .4* 0 62.2
SNemmcamem .2857 16.8 0 0 35.8 13.0 34.4
] .0118 5.4 32.0* 0 48 5% 7.6 6.5
Themmemm e .0129 18.9* 0 29.1 8.6 7.4 36.0
Timemmmme- .0108 49.4 9.4 22.5% 0 12.2% 6.5
Ummmmmmmem .0085 50.7 10.7 14.4 0 10.9 13.3
Vommmeeeem .0077 0 0 54.1 5.0 22.8 18.1
Yo .0205 0 6.4 21.5 0 56.6% 15.5
Ybemme - .0252 3.2 0 0 0 23.6 73.2
In-memmmee .0057 "0 0 56.1 4.7 24.3* 14.9
Ir—memmme 0389 28.8 0 0 13.3 0 57.9
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Table 9.--Variance components, for C-horizon soils, expressed
percent age of total variance.

s a

[An asterisk is used to denote significance of vamance components at
the 0.05 probability levell]

Total Percent of total variance
Element 10919
variance BETWEED g 10 15 km 1-.1 km .1-0 km Anal
barbells - m - m - m .1~ m natyses

N .0081 0 19.1 42.1* 6.5 0 32.3
AS-mmmmmmmmm .0239 0 0 22.6  35.7* 0 41.7
S .1013 17.4 4.7 0 0 56.5% 21.4
Ba---mm=mmn- .0244 0 19.4* 0 9.4 52.3« 18.9
Be---mmmmmom .0041 0.8 6.2 0 10.9 17.4 64.7
C, carbonate .3678 4.4 0 12.1 0 75.0% 8.5
C, organic-- .2590 25.7 0 26.0 12.6 0 35.7
C total---- .1123 10.6 0 39.9 0 49,.1* .4
Cammmmmmmmme .1040 12.9 0 40.0* 0 43.3* 3.8
o .0204 6.7 8.5 37.3 2.6 37.9* 7.0
Cr——=m-m—--- .0501 15.5 0 27.9 2.7 0 53.9
Cu-mmommmm .0769 10.8 29.0 7.2 0 22.7 30.3
Fe--vmoceemo .0282 4.6 3.3 50.7* 0 25.5% 15.9
Ge-----=~--- .0203 10.6 9.1 9.2 4.5 0 66.6
Hg-------—=- .0940 3.2 0 0 12.8 0 84.0
Kmmmmememmmm .0045 3.8 35.2 32.7*% 0 0.1 28.2
La--~------- .0153 0 4.3 47.4 8.5 14.2 25.6
Li-—-mmmem- .0213 14.2 44.0 7.0 21.9* 0.8 12.1
Mg--mmmmme- .0502 26.2 35.3 13.6 0 24.7* .2
MNmm e emmme .0504 0 35.7 3.4 0 21.6 39.3
Na~==mmmmmm .0105 0 0 68.9*  21.6* 3.2 6.3
Nb--mmmmmmm .0378 26.3* 0 0 43.3*% 3.0 27.4
S P .0400 22.6 23.3 19.1 4.1 27.0* 3.9
Pb--=--mmum .0119 9.7 2.9 20.2 0 5.5 61.7
Rb-~-----n=-- .0096 10.8 12.9 23.0 8.5 0 44.8
SCmmmmmemmem .0214 6.0 29.6 23.3 0 24.4 16.7
Simmmmmmem- .0010 0 0 34.1* 0 39.7 26.2
N T .7026 4.9 0 0 0 0 95.1
SPemmmmmaem .0180 40.7 7.2 5.8 3.3 0 43.0
Themmmmmme - .0202 0 42.2 24.9 0.6 14.6 17.7
Ti-mmmmmme 0163 23.3 0 21.8 0.7 18.9 35.3
Ymmmmmmmmee e .0179 30.3 0 28.7 23.3*% 14.5% 3.2
Vemmmmmmmmme .0266 5.5 6.7 47.8* 0 34.6% 5.4
| .0248 0 0 39.1 9.5 2.4 49.0
] .0779 0 11.8 7.5 0 0 80.7
IN-mmm e .0204 4.1 10.5 56.4% 0 26.5* - 2.5
y4 .0736 33.3 6.8 1.2 10.5 13.6 34.6
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Figure 24.--Soil taxonomy, at the family levei, superimposed on the sampling design.

Bar- Kilometers
bell Jo 5 1 0.1 Soil Taxonomy

Typic torriorthent; coarse loamy, mixed (calcareous), mesic

Typic haplargid; fine loamy, mixed, mesic

Typic torrispamment; mixed, mesic

Typic haplargid, coarse loamy, mixed, mesic

Typic calciorthid; fine lcamy, mixed, mesic
Typic haplargid, fine loamy, mixed, mesic

Typic haplargid; coarse loamy, mixad, mesic

Typic haplargid; coarse loamy, mixed, mesic

Typic haplargid; coarse loamy, mixed, mesic

Typic haplargid; coarse loamy, mixed, mesic

Typic haplargid; coarse loamy, mixed, mesic

Typic haplargid; coarse loamy, mixed, mesic

Typic haplargid; coarse loamy, mixed, mesic

Typic haplargid; coarse loamy, mixed, mesic

Typic haplargid; coarse loamy, mixed, mesic

Typic haplargid; coarse loamy, mixed, mesic

Typic haplargid; coarse loamy, mixed, mesic

Typic haplargid; coarse loamy, mixed, mesic

Typic haplargid; coarse Toamy, mixed, mesic

Typic calciorthid; fine loamy, mixed, mesic

Typic haplargid, fine loamy, mixed, mesic

Typic haplargid, fine loamy, mixed, mesic

Typic haplargid, fine loamy, mixed, mesic

Typic haplargid; coarse loamy, mixed mesic

Typic haplargid, fine loamy, mixed, mesic

Typic haplargid, fine loamy, mixed, mesic

Typic torriorthent; coarse loamy, mixed (calcareous), mesic

Sr e e Ny ]

Typic haplargid; coarse loamy, mixed, mesic

Typic haplargid; coarse loamy, mixed, mesic

Typic haplargid; coarse loamy, mixed, mesic
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Table 10.--Baseline values for element content of A-horizon soils of

the Doak-Sheppard-Shiprock spil association in northwest New Mexico.

[A11 measurements in parts per million unless indicated as percent]

Baseline

Element Geometric Geometric Geometric (expected 95 Detection

mean deviation  error  orcant range) ratio
Al, pcto--memeeaa 4.4 1.12 1.08 3.5 - 5.5 30:30
AS—mmmmmme e 3.3 1.22 1.22 2.2 - 4.9 30:30
Brmemmem e 16 1.42 1.45 7.9 - 32 30:30
Ba--=-=sscmanamaaa 620 1.24 1.28 400 -950 30:30
Be--emmmmmmmmmmeem 1.3 1.13 1.14 1.0 - 1.7 30:30
C, carbonate, pct.  <.01 53.4 Y. 2. 3:30
C, organic, pct--- .35 1.39 1.17 .18- .68 30:30
C, total, pct----- .36 1.36 1.06 .20- .67 30:30
Ca, pct--=mmucea- .64 1.26 1.30 .40- 1.0 30:30
COmmmmmm e 4.9 1.28 1.21 3.0 - 8.0 30:30
Crecemmememmeemae 20 1.54 1.46 8.4 - 47 30:30
cu ———————————————— 8.8 ]-4] ]/]-16 404 - ]7 30:30
Epromemmmmmmmmmmmm 4.9 1.3 ---= 2.9 - 8.4 17:30
Fe, pct-=---=-nu=- .91 1.23 1.05 .60- 1.4 30:30
Ge-m-—em=scncacaa 1.3 1.17 1.09 .95- 1.8 30:30
11 .02 1.55 1.46 .01- .05 29:30
TS T ——— 2.1 1.05 1.09 1.9 - 2.3 30:30
Lamre-rmmmpmm—————— 28 1.24 1.17 18 -43 30:30
Limmmmmmmemmmmmeee 13 1.13 1.07 10 -17 30:30
Mg, pete--===uoua- .25 1.29 1.05 .15- .42 30:30
[ 240 1.42 _/1 .28 120 -480 30:30
MO~====mmmemem e .98 1.21 ——— .67- 1.4 13:30
Na, pCto-==memmnme 1.12 1.17 1.03 .82- 1.5 30:30
Nbommmmmmmmm—mmma- 10 1.26 1.15 6.3 - 16 30:30
Nicommmmmmmmmmmeee 6.2 1.29 1.18 3.7 -10 30:30
Pbeccmemmmmmmmmmee n 1.20 1.17 7.6 - 16 30:30
Rbmem e mmmm—mmmm e 83 1.15 1.08 63 -110 30:30
S, pCto-mommeeen .04 1.42 .02- .08 18:30
SCemmmmmmmmmmmmmmm 2.9 1.22 1.16 1.9 - 4.3 30:30
Si, pCto-=mm-cemu= 34 1.05 1.06 3 - 37 30:30
SNm-mmmmmmmm————— .76 3.33 2.06 .07- 8.4 24:30
SpPmmmmm—mmmmmm——aa 220 1.21 1.07 150  -320 30:30
Theemmmmm e 7.7 1.25 1.17 4.9 - 12 30:30
Ti, pctemmmemcaaao .22 1.23 1.06 .15- .33 30:30
Ummommmmmmmm e 2.2 1.22 1.08 1.6 - 3.3 30:30
Vomemmm e 28 1.21 1.09 19 -4 30:30
| 30 1.33 1.14 17 - 53 30:30
Ybemmmmmmmm e 2.0 1.41 1.37 1.0 - 4.0 30:30
IN-mmmmmmmmmmmmmem 31 1.18 1.07 22 - 43 30:30
P A Tt I 390 1.45 1.41 190 -820 30:30

leot estimated because of low detection ratio.

Not computed because the geometric mean is censored.
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Table 11.--Baseline values for element content of C-horizon soils of the
Doak-Sheppard-Shiprock soil association in northwest New Mexico.

[A11 measurements in parts per million unless indicated as percent]

Element Geometric Geometric Geometric Baseline Detection

mean deviation error péizgﬁgtﬁgngg) ratio
Al, pet---occmeee 4.4 1.21 1.12 3.0 - 6.4 30:30
AS-cmem e cmeaea 3.7 .1.39 1.26 1.9 - 7.1 30:30
£ J RSy S 11 1.83 1.40 3.3 - 37 26:30
Ba--m-mmmmmmmemeae - 690 1.34 1.17 380 -1200 30:30
Be---cmmmmm e 1.3 1.16 1.13 .97- 1.7 30:30
C, carbonate, pct. .10 3.91 1.50 .01- 1.5 26:30
C, organic, pct--- .10 2.65 2.02 .01- .70 29:30
C, total, pct----- .27 1.95 1.05 .07- 1.0 30:30
Ca, pct-------nnm- 1.02 1.77 1.16 .33- 3.2 30:30
COmcmmm e mmmmee 4.4 1.37 1.09 2.3 - 8.3 30:30
Cremmceeecme e ———m 13 1.50 1.46 5.8 - 29 30:30
CUm-mmmmmmmmmmcmeem 6.3 1.73 1.42 2.1 - 19 30:30
3 4.5 1.37 Ly — 2.4 - 8.4 13:30
Fe, pct------nneo .83 1.41 1.17 .42- 1.7 30:30
Gemmmmmrmmm——— 1.2 1.20 1.31 .83- 1.7 30:30
T .02 1.72 1.9 .01- .06 25:30
K, pct--eccmccncae 2.1 - 1.17 1.09 1.5 - 2.9 30:30
Laerommmrem——————m 27 1.33 1.16 15 - 48 30:30
Licemmmmecicaceeee 12 1.37 1.12 6.4 - 23 30:30
Mg, pct----------- .23 1.58 1.02 .0%- .57 30:30
MNmeme e mccm e 220 1.63 1.37 83 - 580 30:30
MO-cmmmommmmmmemmm .86 1.81 Ly J— .26- 2.8 12:30
Na, pct---emomaaan 1.1 1.23 1.06 JJ3- 1.7 30:30
NDe-mcmmmmmeccmmae 9.2 1.43 1.26 4.5 - 19 28:30
1 . 5.4 1.53 1.09 2.3- 13 30:30
o0 S, 9.7 1.29 1.22 5.8 - 16 30:30
Rbmmmemmc e mmeem 86 1.22 1.16 58 - 130 30:30
S, PCt---=--mcm-m- .04 .69 V- 01- .M 18:30
SCmmmmmmmmmm————ae 2.5 1.32 1.15 1.4 - 4.4 30:30
Si, pct----crm-o 34 1.06 1.04 30 - 38 30:30
SNemmmmmcc——————— .75 4.92 6.57 .03- 18 22:30
(X SN 210 1.25 1.22 130 - 330 30:30
Thecemecm e 7.0 1.3 1.15 4.1 - 12 30:30
Ti, pct-—--vcco-- .18 1.31 1.19 A1- .31 30:30
Jomomecemcccar——am 1.9 1.28 1.06 1.2 - 3.1 30:30
Vemomm e e m 28 1.40 1.09 14 - 55 30:30
Yo mremeec—m——————— 25 1.38 1.29 13 - 48 30:30
[ 1.6 1.48 1.78 .73- 3.5 30:30
4| P, 26 1.36 1.05 14 - 48 30:30
IPemmm e memmmmmme 270 1.82 1.44 82 - 890 29:30

E/Not estimated because of low detection ratio.
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Table 12.--Multiple comparison test of arithmetic means of element composition of A horizons for taxonomic families.

[Values for a single element followed by the same small letter are not significantly different at the 0.05 probability

Tavel.

indicated as percent]

Numbers in parentheses are numbers of samples in each family; all measurements in parts per million unless

Typic haplargid,
fine loamy,

Typic torriorthent, Typic calciorthid,
coarse loamy, mixed fine loamy,

Typic haplargid,

coarse loamy, Typic torripsamment,

Element X A : . A N . mixed, mesic
mixed, mesic (calcareous), mesic mixed, mesic mixed, mesic (M
(7) (2) (2) (18)

Al, pCto-e-eceeeu- 4.7 b 5.3 a 4.4 be 4,3 ¢ 4.3
ASemmmmmnncccenna 3.5 a 3.6 a 3.2 a 3.4 a 2.3
Bevevmcceccmmm———— 19 ab 1 c 20 a 16 b 8.4
Ba-m==mcmmmmmmmea- 630 ¢ 810 a 720 b 610 ¢ 600
B@occmmmeceeece——a 1.4 ab 1.3 ¢ 1.5 a 1.3 ¢ 1.4
C, carbonate, pct. <.01b <.01b .03a .0lab <.01
C, organic, pCt--- .46a .31b .28b .36b W22
C, total, pct----- .46a .31b .31b .37b .22
Ca, pCt------o-uue .68bc 1.1 a .73b .60c .56
COmmmmmmmmmmmeaaae 6.5 a 5.5 b 4.8 bc 4.6 ¢ 3.4
[ S, 26 a 18 b 26 a 20 ab 9.8
ClUemeocmcccmcmaann 13 a 8.5b 8.2 b . 8.3 b 5.4
3 PR, 5.3 a 4.8 a <4.6 a 4.8 a <4.6
Fe, pCte-ee-ocaoan 1.0 a 1.0 a .93a .89a .58
Geemmmemmcmmmmmmaa 1.4 ab 1.1 ¢ 1.5 a 1.3 be 1.4
1] DR, .02a .02a .03a .02a .02
K, pCte-mceccaann- 2.1 a 1.9 b 2.0 a 2.1 a 2.0
Lacemmmm e ommam 31 a 31 a 0 a 28 a 19
Limmeecmmemm————— 14 a 12 b 13 ab 12 b 1
Mg, pCt-----e-mes- .27ab .26ab .31a .25b a7
MNeccm e ceeem——— 300 ab 210 ¢ 330 a 250 be 140
MO~ -ommmmmmmmmmmam 1.0 b 1.2 a <1.0 b <1.0 b <1.0
Na, pCt---e--euuoane 1.2b 1.6 a 1.1 b 1.1 b 1.1
Nbwemmceccnme———— 11 a 8,5 b 8.9b 10 ab 9.9
Nijmeamoaceoooomnne 8.1 a 6.1 b 6.3 b 5.9b 3.8
o] Y, 14 a 11 b 12 b n b 8.8
Rbemammee e 84 ab 78 b 93 a 83 b 90

S, pCtommmmemmmnne .04a .03a .03a .04a <.03
SCemmmencnmncnmnnne 3.5 a 3.1 b 2.9 b 2.7 b 2.4
Si, pCte---mmcmean 34 b 33 b 33 b 3B a 36

[ PO 1.0 b 1.5 b 2.3 a 1.2 b 1.9
[} R 240 b 340 a 220 be 200 c 200
Themeeom e e ————— 8.8 a 6.7 b 8.1 a 7.7 ab 5.6
Ti, peteeeececaeaax .27a 27a .21b .21b .15
Usromomcmcccmmmennn 2.7 a 2.5 a 2.0b 2.2 b 1.5
Vosmemecmeeacae 33 a 32 ab 29 be 28 ¢ 20
Vocoomcomcocmm———- 34 a 29 a 30 a 32 a 19
YDeemcemmmam e ——— 2.4 a 2.1 a 2.5 a 2.1 a 1.6
INevmocnmncanm——- 34 a 33 a 33 a 30 a 23
Irevconcncmcnmnaen . 580 a 370 b 500 a 360 b 210
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Table 12.--Multinleicomparison test of arithmetic means of element composition of C horizons fcr taxonomic families.

[Values for a single element followed w.« the same small letter are not significantly different at the 0.05 probability
level. Numbers in parentheses are numbers of samples in each family; all measurements in parts per million unless
indicated as percent]

Typic haplargid, Typic torriorthent, Typic calciorthid, Typic haplargid, Typic torripsamment

Element fine loamy, coarse loamy, mixed fine Yoamy, coarse loany, mixed. mesic
mixed, mesic (calcareous), mesic mixed, mesic mixed, mesic NS
(7) (2) (2) (18)
Al, pcte--emmmenen 5.0 a 5.1 a 3.8b 4.2 b 4.6
AS=mmmmmmmmmmmmmmn 4.6 a 3.7 be 3.0¢ 3.9 ab 1.7
- S 19 a 13 b 4.6 ¢ 12 b <5
Boeemmmmmmemmmm——— N0 a 760 a 730 a 720 a 740
Y Y — 1.4 a 1.4 a 1.3 a 1.3 a 1.2
C, carbonate, pct. .22a .13a .19a .19a .27
C, organic, pct--- .20a .19ab .03¢ J12b .16
C, total, pct----- .42a .32ab .22b .31ab .43
Ca, pCte-~=ce====n 1.4 a 1.3 a 1.0 a 1.1 a 1.3
COmmmncccsmccmecm= 5.6 a 4.7 ab 3.3 ¢ 4,3 be 4.7
Clememmmeem——————— 19 a 12 b 14 b 12 b 14
Clemmmmmmmmmmmm—m= 12 a 8.5 b 4.2 ¢ 5.6 ¢ 7.7
o (. 5.2 a <4.6 a <4.6 a <4.6 a <4.6
Fe, pCt-vveeeeema- 1.2 a .97b .59¢ .76¢ 1.2
Geermmmmmmmm—————- 1.5 a 1.1 b 1.2 b 1.2 b 1.0
1] P, .02a .02a QNa .02a <0
K, pCte-=-=-ecemu- 2.0 a 2.0 a 2.2 a 2.2 a 2.1
Lammmmeemcmmmm———— 30 b 26 b 40 a 26 b 21
(1K PR 18 a 14 b 9.5 ¢ 11 ¢ 13
Mg, pCt---e-ea-n-- .42a 275 15¢ .21bc .25
MNemmeccccceceenea 250 a 210 a 200 a 270 a 190
MO mmmmmmmmmmmmem 1.2 a 1.0 ab <1.0 b 1.1 ab <1.0
Na, pCte--ceeccues 1.2 b 1.4 a 1.1b 1.1b 1.3
Nb=eecememameme e M a 10 a 7.5b 9.2 ab 9.9
Ni-mmmommmmemcemee 8.9 a 5.3 b 3.3 ¢ 5.1b 5.0
Y 10 ab 8.6 b N a 10 ab n
Rhmmmmeeccmencmen- 87 a 85 a 93 a 88 a 65
S, pCtecmecencaca- .06a .03b .06a .03b .07
SCemmmmmmccem———— 3.6 a 2.5b 2.0 ¢ 2.3 be 2.2
Si, pCte-emeemana- 33 b 34 ab B a 34 ab 33
Sfmmmmemm e e cm——- 1.8 ab 2.5 a 1.0 b 1.7 ab <.2
[ S 250 a 220 ab 220 ab 200 b 340
Theeeacecmeecmame- 8.7 a 5.9 b 5.9 b 7.2 b 5.3
Ti, pCt----m=-ceu-e .24a .18b Jl4c .16bc .22
. 2.5 a 1.9b 1.4 ¢ 1.9b 2.1
R — 40 a 29 b 19 ¢ 27 b 26
) 32 a 24 b 20 b 28 b 18
. 2.1 a 1.9 a 1.3 b 1.7 ab 0.9
INeacaccccacaca——- 3/ a 30 b 17 d 25 ¢ 29
4 S 550 a 186 b 150 b 250 b 300
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Analytical error variance greater than 50 percent is considered
excessive. Any interpretations for elements with excessive analytical
error must be viewed with caution--13 elements in the A horizon (table
8) and 7 elements in the C horizon (table 9) exceed this threshold.

In general, variation associated with the 1larger distance
increments, for most elements in both A and C horizons, is non-
significant (tables 8 and 9). Moreover, total variation 1in most
elements is low, suggesting a rather uniform composition of the soil
sampled within the study area. Therefore, because of this uniformity,
baseline values describing element content in soil may be extrapolated
to other parts of the region as the most probable concentration.

Baseline Values

Baseline values (Tidball and Ebens, 1976) are presented in tables
10 and 11 for A and C horizons of soil, respectively. The baseline is
the 95 percent range in element content to be expected in samples of
natural soils. For most elements, the geometric means for A and C
horizons are similar. However, the expected range is greater for C
horizons (table 11) than for A horizons of soils (table 10).

Soil Taxonomy

The taxonomy of the soils collected at each location of the nested
sampling design is shown in figure 24. The 30 1localities are
represented by 5 groups at the family taxonomic level. The Shiprock
soil series (typic haplargid; coarse loamy, mixed, mesic) and Doak soil
series (typic haplargid; fine loamy, mixed, mes1c) were dominant within
the area and were represented by 18 and 7 of the samples, respectively.
Only 1 or 2 samples of each of the 3 other taxonomic groups were
collected. A multiple comparison test (Natrella, 1961, pg. 3-40) was
used to test for significant differences between element content of each
soil group. The results for the test for A and C horizons are presented
in tables 12 and 13. The data for the single sample representing the
typic torriorthent, mixed, mesic group is also included in those tables,
but its element content was not statistically compared with that of the
other taxonomic groups, because no estimate of variance is possible for
a single sample. For 9 elements in the A horizon (table 12) and for 8
elements in the C-horizon (table 13), there were no significant
differences between taxonomic groups. For an additional 21 elements in
the A horizon and an additional 19 elements in the C horizon, only 2
significant groupings were found, and these groups tend to overlap.

Spatial Variability and Soil Taxonomy

Both the total variance measured (tables 8 and 9) and the multiple
mean comparisons for taxonomic groups (tables 12 and 13) suggest
uniformity in element composition of A and C horizons of soils sampled.
Taxonomic names of soils superimposed on the sampling design (figure 24)
show that, in most cases, comparisons involving the same or similar soil
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groups are being made by analysis of variance. In addition, no patterns
or groupings of dissimilar taxonomic groups are observed at any specific
level of the sampling design.

Summary

Variation in element content in A and C horizons of soils is small
in the area of northwest New Mexico that was sampled. This area is
represented by the Doak, Shiprock, Sheppard soil association, which was
sampled in the area mapped as the Fruitland and Kirtland Formations of
Cretaceous age. Of the 30 localities sampled at random, 18 consisted of
the Shiprock soil series (typic haplargid; coarse loamy, mixed, mesic)
and 7 consisted of the Doak soil series (typic haplargid; fine loamy,
mixed, mesic). Three other groups at the family taxonomic level were
recognized.

Differences between means in element content for the taxonomic
soil groups was small based on a multiple comparison test. Content of
40 elements in A and C horizons can best be summarized by a baseline
value; additional sampling and analysis required to prepare maps of
element content in soil would probably be of 1ittle additional value
because of the 1low geochemical variability exhibited by the soils
sampled.

The soils sampled are considered to be prime materials for
stockpiling and later use as topsoil after mining and reclamation have
taken place. The data in this study can be used as baseline values for
the natural, undisturbed soil before mining and reclamation. In addition
they may provide helpful information on element content of soil when
anticipating problems of toxicity or deficiency for the 40 elements
measured. After mining and reclamation, element content in samples of
minesoil can be compared to the expected contents tabulated in this
report to detect changes in composition. (See p. 47, this volume, for
such an application of this data.)
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Spatial Variation in Total Element Content of Minesoils
at the San Juan Mine in Northwest New Mexico

by

R. C. Severson

Samples of topsoil and minespoil were collected at six locations
at the San Juan Mine (figure 25) from an area that had been reclaimed in
1974--graded, topsoiled, and revegetated. Sample locations were
selected randomly, based on a four-level, nested, analysis-of-variance
design (Leone and others, 1968). The sampling design is shown in figure
26. Within about a four hectare area, the axes of a barbell were
oriented by selecting a compass direction at random. The major axis of
the barbell was 100 m long, and the sequentially smaller axes were 25 m
and 5 m long, respectively. Each of the six topsoil and minespoil
samples were split and analyzed twice, yielding a total of 24 samples.
The topsoil consisted of a uniform layer of about 20 cm of soil that had
been stockpiled prior to mining and then replaced after coal mining and
regrading of the spoil material was completed. This 20 cm of topsoil
was sampled. The minespoil underlying the topsoil was sampled to a
depth of 50 cm with a barrel-type auger. Sample preparation and
analysis are described on page 2 of this report.

The material used as topsoil is represented by the Doak-Shiprock
soil association (Maker and others, 1973). These soils have formed
mainly in thick alluvial deposits that occupy stream terraces and
alluvial fans which are now from 30 m to 100 m above present stream
channels. They appear on the landscape as gently sloping tops of
benches and mesas. The minespoil material consists of a mixture of
lithologies, characteristic of the Kirtland and Fruitland Formations of
Cretaceous age. Fragments of coal are noticeable in the minespoil
material but generally make up a small percentage of the total volume.

This work was undertaken (1) to provide data on the chemical
composition of topsoil and minespoil from a reclaimed area of the San
Juan Mine, (2) to assess the spatial variability in composition of
topsoil and minespoil, and (3) to determine the minimum number of random
samples needed, within an area of specified size, to prepare a reliable
map of topsoil and minespoil chemical composition.

Variance Components

Sampling was designed to measure variation over increments of
distance. Total variation was subdivided into components, each
associated with a predetermined range in distance. Variance components
for 40 elements, each expressed as a percentage of total variance are
shown in table 14 for topsoil and in table 15 for minespoil.
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SAMPLING UNIT

100 meters
25 meters
5 meters I ‘
4 A ’{ iﬁ . /\
ANALYSES A VA AN P P A
PEEEAN RN 4 \ 7 © £ N VA N

100 m

Figure 26,--Diagram of the unbalanced, nested, sampling
design., X's are sampling locations,
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Table 14.--Variance components, for topsoil, expressed as a percentage of
total variance and minimum number of sampTes ("r) needed to map patterns
of element content for areas 5 m and 25 m on a side at an 80 percent

confidence Tevel.

[n.d., not determined; an asterisk is used to denote significance of
variance components at the 0.05 probability level]

Total Percent of total variance n
Element 10910

variance 25-100m 5-25m O0-5m Analytical 5m 25m

.\ [—— .0017 13.8 0 78.9* 7.3 6 6
As-----omeun .0448 49.8 3.2 5.7 41.3 3 3
S .1069 0 0 62.3 37.7 n.d. n.d.
Ba----m==-=m .0211 12.8 0 2.0 85.2 6 6
Be-mmmmmmmem .0028 18.5 0 40.0 4.5 5 5
C, carbonate  .0373 40.9 0 41.8% 17.3 3 3
C, organic-- .2811 ° 24.6 0 73.8% 1.6 4 4
C, total---- .2296 32.7 0 67.2% 0.1 3 3
Ca-=--vnouu- .0178 66.8 0 32.1* 1.1 2 2
CO-mmmmmmemm .0045 0 58.4 0 41.6 n.d. 2
Clmcmmmmmmem .0369 3.3 0 36.0 60.7 >30  >30
CUmmmmmm e .0316 0 0 87.9*% 124 n.d. n.d.
Ere-eee————- .0035 2.2 0 75.0*% 22.8 30 >30
Fe---cnuu--- .0017 4.8 0 48.8 46.4 15 15
Ge--mmmmm - .0208 0 0 35.0 65.0 n.d. n.d.
Hg---------- .1740 7.6 0 88.1* 4.3 10 10
S .0007 12.4 0 83.7* 3.9 7 7
La---------- .0257 13.9 0 46.2 39.7 6 6
Limmmmmmmeme .0039 9.7 0 86.5*% 3.8 8 8
Mg-======mm~ .0007 16.7 0 81.4% 1.9 5 5
MN--—e oo .0219 0 27.8 271.7 44.5 n.d. 4
Mo~--==c= - .0191 58.0 0 28.5% 13.5 2 2
Na-==ccmucun .0003 0 82.8 1.5 15.7 n.d. 2
Nb-emmme e .0123 0 0 48.4 51.6 n.d. n.d.
Nimemmmemmae .0039 0 0 84.4* 15.6 n.d. n.d.
Pbe-memee - .0051 0 2.5 0 97.5 n.d. >30
Rbemcmmmeeem .0006 36.6 23.8 0 39.6 3 2
S .0685 0 0 96.0* 4.0 n.d. n.d.
SCemammmancm .0040 22.3 10.4  24.5 42.8 4 3
Simemmmreme- .0008 9.6 0 88.4% 2.0 8 8
(Y { .2904 12.2 0 73.3*% 14.5 7 7
N s .0465 16.2 0 0 83.8 5 5
The-eeecee- .0063 0 0 35.4 64.6 n.d. n.d
Tjemmmcacen .0008 0 58.4 0 41.6 nd. 2
| SN .0091 18.9 0 76.8* 4.3 5 5
Ve .0018 0 25.2 0 74.8 n.d. 4
| 2T, .0037 32.0 0 40.7 27.3 3 3
Yoo - .0026 9.1 0 19.6 71.3 8 8
4 PO .0023 0 0 97.5% 2.5 n.d. n.d.
Ir-veeem———- .0624 0 49.4* 0 50.6 n.d. 3




Table 15.--Variance components, for minespoil, expressed

total variance and minimum number of samples (ny )

of element content for areas 5 m and 25 m on a side at

[n.d., not determined;

as a percetage of
to map patterns

an asterisk is used to denote significance of
variance components at the 0.05 probability level]

Total
Element 10910

Percent of total variance

variance 25-100 m 5-25m 0-5m Analytical 5m 25 m

. [ —. .0037
Y — L0110
Bomm e mmmm .0474
Bammmmmmmmn-n .0426
P .0032

C, carbonate .0785
C, organic-- .4214

C, total----  .3629
Ca ---------- .0076
COmmmmmmmem .0105
Cr ---------- -0207
ClUmmmemmmmem 0666
Er —————————— -0049
FQummeme e m .0085
Ge—emm e e -0504
Hg ---------- .]416
Koo e e .0054
la-~———eca .0110
L] ---------- .0022
Mg--emmmmeem .0042
Mn ---------- .01 93
Mo ---------- .0044
Na ---------- .0]24
Nbemme e .0271
Ni-mmmmmmmme .0066
Pbomm e - .0303
Rb-—wmm - .0046
Semm e .0997
SCovcmmmmmmmm .0206
% P .0044
SNmmmm————— .0160
Sr-—emmmeeeaa .0053
Themmememmae .0039
| . .0042
Usmmmmmee e .0067
Vomom e .0136
Yocmmmmmemam .0105
Yoo mm e .0139
4 PSR .0046
4 S .0294
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Excessive analytical error variance (>50 percent) is exhibited by
10 elements for topsoil (table 14) and for 6 elements for minespoil
(table 15). In general, percent analytical error variance is greatest
for elements in topsoil. However, total variance is generally less in
topsoil than in minespoil for the same element. Therefore, while actual
variation due to laboratory procedures may be similar for both topsoil
and minespoil, it appears as a larger percentage of the total variation
in topsoil because less total variation was measured in topsoil.

One use of variance components is to calculate the minimum number
of samples (nr-—see p. 6 of this report) necessary to estimate the
magnitude of the sampling effort that would be required to prepare a
geochemical map of topsoil and minespoil. Values of n. for areas 5 m on
a side and 25 m on a side are presented in table 14 For topsoil and in
table 15 for minespoil. In general, much more intensive sampling would
be required to map element content in minespoil than topsoil at either 5
m or 25 m. In fact, for many elements in minespoil, it would
impractical to attempt to prepare a map at these distance intervals
because so 1little variation was measured at these intervals; most
variation was measured at distances of <5 m.

Geochemical Baseline Values

Baselines 1in element composition of topsoil and minespoil are
summarized in tables 16 and 17. The baseline estimates the 95 percent
range in concentration to be expected in topsoil and minespoil (Tidball
and Ebens, 1976). Minespoil is higher in content of many elements than
is topsoil (carbonate-C, Cr, K, Nb, Si, and Zr being the exceptions).
Only three elements exhibit similar geometric means (Pb, Rb, and Yb).
Baselines for elements in minespoil are wider than for topsoil and this
simply reflects the fact that minespoil is more variable than topsoil.

Baseline values for similar types of soil can be found in this
volume (tables 10 and 11) and can be used to compare with element
concentrations measured in individual samples of topsoil and minespoil.
Those elements whose content in a large portion of the topsoil or
minespoil samples collected is outside of the baseline content in
natural soils are shown in table 18. For topsoil, the element content
is similar to C horizons of natural soil, with only Be exceeding the
baseline value and only B being below the baseline value. A few
elements in topsoil exceed the baseline value for natural A horizons of
soil. This can be expected because when soils are stockpiled, generally
A, B, and C horizons are mixed. The natural A horizon would tend to be
lower in mobile elements than B or C horizons because of the sparse
vegetative cover in the area and the subsequently low rate of element
cycling. In addition, leaching would tend to produce a net removal of
mobile elements from the A horizon. For minespoil, the content of
several elements is not similar to either natural A- or C-horizon soils.
Many elements in minespoil exceed the baseline value for natural soils,
while only Si is below the baseline value for natural C-horizon soils.
Both S and organic C are high in minespoil, and fragments of coal were
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Table 16.--Baseline values for element content of topsoil at the San

Juan Mine in northwest New Mexico.

[A11 measurements in parts per million unless indicated as percent]

Element Geometric Geometric Geometric (ezgzgzégegs Detec?ion

mean deviation error percent range) ratio
Al, petacccocnnaas 4.9 1.06 1.03 4.4 - 5.5 12:12
AS-—mmmmmcmmeaem—e 2.9 1.53 1.37 1.2 - 6.8 12:12
Bommm e 6.9 1.84 1.59 2.0 - 23 12:12
Bam-eommmcmcencaea 450.0 1.37 1.36 240 -840 12:12
Be-mmmmccccmcmeaae 2.4 1.10 1.08 2.0 - 2.9 12:12
C, carbonate, pct. .28 1.39 1.20 .15- .54 12:12
C, organic, pct--- .44 2.9 1.17 .05- 3.7 12:12
C, total, pct----- .78 2.29 1.02 15- 4.1 12:12
Ca, pCt-=--mceo-uv 1.3 1.26 1.03 .82- 2.4 12:12
CO-mmmmmm 6.0 1.14 1.1 4.6 - 7.8 12:12
Cr-cmemmmmcmemeeam 22 1.4 1.41 11 - 44 12:12
7 P 10 1.48 1.15 4.6 - 22 12:12
Erecmemcccmccmemee 6.5 1.10 1.07 5.4 - 7.9 12:12
Fe, pctomcmceeaaan 1.4 1.09 1.07 1.2 - 1.7 12:12
Ge-memmmcm e e 1.3 1.31 1.31 .76- 2.2 12:12
Hg---mmmmm e .0 2.01 1.22 <.01- .04 12:12
K, pCtommmmemeeen 1.5 1.05 1.01 1.4 - 1.7 12:12
La--—--recmmccmmn 25 1.36 1.26 14 - 46 12:12
Lim-memmmmm e 17 1.1 1.03 14 - 21 12:12
Mg, pct--c-mecmemo .42 1.05 1.01 .38- .46 12:12
MR e e 260 1.36 1.26 140  -480 12:12
o . 1.8 1.29 1.12 1.1 - 3.0 12:12
Na, pct-------e-o- 1.2 1.04 1.02 1.1 - 1.3 12:12
1] PRI 1 1.26 1.20 6.9 - 17 12:12
Niceommmccccccmeeo 8.6 1.14 1.06 6.6 - 11 12:12
Phomm e e 1 1.15 1.18 8.3 - 15 12:12
Rbomcmmmmmmmmemmm 70 1.05 1.04 63 - 77 12:12
S, pCt--cmcmmee oo .10 1.55 1.13 04- .28 12:12
SCrmmmmmmm—————— 3.9 1.14 1.10 3.0 - 5.1 12:12
Si, pet-—---moounm- 35 1.06 1.01 31 -39 11:12
[ I 1.1 2.24 1.60 .22- 5.5 12:12
SFm e 190 1.55 1.57 79 -460 12:12
Thememm e 7.7 1.19 1.16 5.4 - N 12:12
Ti, pCto-comomeeen .23 1.05 1.04 .21- .25 12:12
U ————————————————— 2.9 ].]6 ].05 202 - 3.9 ]2:]2
Ve eecceea 45 1.08 1.09 39 - 52 12:12
| (T 27 1.1 1.08 22 - 33 12:12
1 - . 1.6 1.10 1.10 1.3 - 1.9 12:12
4 | P 41 1.08 1.02 35 - 48 12:12
4 (T 420 1.51 1.5 180 -960 11:12
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Table 17.--Baseline values for element content in minespoil at the San
Juan Mine in northwest New Mexico.

[A11 measurements in parts per million unless indicated as percent]

Element Geometric geometric Geometric (esgzglégegs Detection

mean eviation error percent range) ratio
Al, pct-mermmm - 6.1 .n 1.03 5.0- 7.5 12:12
AS ———————————————— 4.3 ].22 ].]0 2-9 - 604 ]2:]2
Bocommcmcccciac——- 13 1.52 1.41 5.6 - 30 12:12
Ba-mmmmmmmm—— e 590 1.46 1.61 280 -1300 12:12
Be-mmmmmmmm e 2.7 1.1 1.10 2.2 - 3.3 12:12
C, carbonate, pct. .23 1.63 1.43 .09- .61 12:12
C, organic, pct--- 2.3 2.59 1.05 .34- 15 12:12
C, total, pct----- 2.6 2.45 1.03 .43- 16 12:12
Ca, pct------ou-- 1.4 1.16 1.03 1.0 - 1.9 12:12
CO-——mmmmmmmmeee e 8.5 1.22 1.10 5.7 - 13 12:12
Crmmmmmmm e mmmmmmm 14 1.26 1.14 8.8 - 22 12:12
ClUmmmmmmmmmmmmm e 18 1.58 1.50 7.2 - 45 12:12
Epemmmmmmcmmmmemmm 7.1 1.15 1.10 5.4 - 9.4 12:12
Fe, pct-m-momemua- 1.7 1.17 1.08 - 1.2 - 2.3 12:12
Gemmmmmmm e 1.4 1.59 1.17 .55- 3.5 12:12
Hg--=mmmmmmmm e e .03 1.80 1.16 .01- .10 12:12
K, pet------occo 1.4- 1.12 1.01 1.1 - 1.8 12:12
La--mmmmmmmm e 32 1.21 1.21 22 - 47 12:12
Limmmmmm e 22 1.10 1.03 .18 - 27 12:12
Mg, pCt--=-ecmean- .56 1.13 1.01 A4 .72 12:12
MNm e e 340 1.32 1.12 200 - 590 12:12
MO--=mmmmmmm e 2.7 1.13 1.1 2.1 - 3.4 12:12
Na, pct----meuucan 1.7 1.22 1.02 1.1 - 2.5 12:12
Nb=mm e 9.2 1.41 1.26 4.6 - 18 12:12
. 12 1.18 1.06 8.6 - 17 12:12
Phecmcemcmemcemeee n 1.33 1.1 6.2 - 19 12:12
2] Y IA] 1.14 1.06 55 - 92 12:12
S, pCtm=mmcmmmene .26 1.63 1.30 .10- .69 12:12
SCmcmm e mmmm 5.4 1.33 1.09 3.1 - 9.6 12:12
Si, pct---memouu-- 30 1.11 1.01 24 - 37 12:12
SN-—mmmmmm e 1.9 1.27 1.29 1.2 - 3.1 12:12
S e mmmmmmmmmm e ee 270 1.14 1.05 210 - 350 12:12
The e e eeee 9.8 1.14 1.14 7.5 - 13 12:12
Ti, pct---aoecae- .27 1.14 1.04 .21- .35 12:12
) 4.1 1.17 1.03 3.0 - 5.6 12:12
Ve 56 1.26 1.06 35 - 89 12:12
PR, 32 1.23 1.1 21 - 48 12:12
[ T 1.6 1.25 1.15 1.0 - 2.5 12:12
.4 | P, 56 1.14 1.04 43 - 73 12:12
P4 o S 300 1.35 1.37 160 - 550 12:12
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observed when sampling these minespoils. The other elements that also
exceed the baseline values are probably associated with these fragments
of coal.

Summary

Data for 40 elements are presented for topsoil and minespoil from
the San Juan Mine in northwest New Mexico. The samples were collected
from an area about four hectares in size that had been reclaimed in
1974--graded, topsoiled, and revegetated.

Topsoil tends to be less variable in its composition than does
minespoil. Variation at <5 m tends to obscure variation at greater
distances for many elements in minespoils, whereas variation in topsoil
is also large at <5 m but does not totally obscure variation at greater
distances.

Most elements were higher in content in minespoil (generally by a
factor of less than 2) than in topsoil. The exceptions were carbonate
C, Cr, K, Nb, Si, and Zr.

Baseline values computed for each element in both topsoil and
minespoil tend to encompass a wider range in minespoil than topsoil
because minespoil tends to be much more variable in composition than
does topsoil.

Element composition of topsoil tends to be similar to the element
composition of natural C-horizon soils. Element composition of
minespoil 1is not similar to either natural A- or C-horizon soils.
Fragments of coal in minespoil are probably responsible for the element
values which exceed the baseline values for natural A- and C-horizon
soils. ’
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Table 18.--Elements in a large portion of the samples of topsoil or

minespoil that are outside of the range for baseline contents in

natural soils similar to those used for topsoil in mineland reclamation.

Elements exceeding baseline for;

A-horizon soil

C-horizon soil

A-horizon soil

Elements below baseline for;

C-horizon soil

Topsoil
Be, total-C Be Hg B, Hg, K
Ca, Fe, Li
Mg, Mo, S, V
Minespoil
Al, Be Be, organic C none Si
organic C total C, Co
total C, Ca, Co Fe, Na, S, Sc
Cu, Fe, Li, Mg U, vV, Zn

Mo, Na, Ni, S
Sc, U, V, In
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Geochemical Variation Within the Garden Gulich Member of the
Green River Formation, USGS Core CR-2, Piceance Creek Basin,
Rio Blanco County, Colorado

Wa]ter E. Dean
and
John R. Donnell

Introduction

The Garden Gulch Member 1is the oldest lithologic unit of the
Eocene Green River Formation in the Piceance Creek Basin of western
Colorado. The Garden Gulch contains more clay, less carbonate, and
generally has lower oil yields than the overlying Parachute Creek Member
that forms the main body of the Green River Formation. U.S. Geological
Survey oil shale core CR-2 was drilled in the northern part of the
Piceance Creek Basin, in the southeast corner of T. 1 N., R. 97 W. (Fig.
27). The relationship of the oil-yield log for the Garden Gulch Member
in the CR-2 core relative to the oil-yield log for the entire core is
shown in figure 28.

The dominant 1ithology of the Garden Gulch Member in the CR-2 core
is laminated, olive-gray to olive-black claystone with variable amounts
of carbonate (mostly dolomite) and tuffaceous material (Fig. 29).
According to Hite and Dyni (1967), Robb and Smith (1974), and Trudell
and others (1970), the dominant minerals in the Garden Gulch are illite
and quartz with minor albite, K-feldspar, dolomite, and calcite. Illite
usually forms about two-thirds of the mineral matter in the Garden
Gulch, but constitutes less than 20 percent of the organic-rich
dolomitic marlstones (the typical so-called oil shale) of the overlying
Parachute Creek Member (Robb and Smith, 1974; Trudell and others, 1970).

Chemical Analyses

Samples of the Garden Gulch Member in the CR-2 core were collected
at approximately 0.3-meter intervals, crushed, and homogenized for oil-
yield determinations and chemical analyses. Each analysis therefore
represents an average for the 0.3-meter sample interval. Concentrations
of Al, Fe, Mg, Ca, K, Ti, B, Cr, Cu, Ga, Mn, Mo, Ni, Pb, Sc, Sr, V, Yb,
and Zr were measured by semiquantitative optical emission spectroscopy
in 264 samples. Results of these analyses are plotted as functions of
depth within the core in figure 30. More complete, quantitative
analyses were also obtained for 32 of the samples, representing
approximately every tenth O0.3-meter sample from the Garden Gulch.
Concentrations of Si, Al, Ca, K, Fe, S, and Ti were determined by X-ray
fluorescence. Concentrations of Mg, Na, Li, Rb, and Hg were determined
by atomic absorption spectrophotometry. The concentration of fluorine
was measured by specific fluoride ion electrode. Concentrations of U
and Th were determined by neutron activation analysis. All analyses
were performed at analytical laboratories of the U.S. Geological Survey,
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Figure 28.--0i1 yield logs for the entire CR-2 core (left) and for the
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a 31-sample moving average. Qil-rich (R-1) and oil-lean
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depth in meters

color Lithology

5Y4/1 —_finely laminated claystone
5v2/1 do with laminae & thin beds of tuff
5YR2/1 finely laminated claystone
m<a\_“u<u\»||\lmo. with laminae & thin beds of tuff
640 5Y7/2 — (tuff bed)
5Y8/1 —/_(tuff bed)
650 __/finely laminated claystone with
5YR2/1;5Y2/1___ 1lenses, laminae, & thin beds of tuff
5Y4/1;5Y3/2 do, without tuff
5Y2/1 — finely laminated claystone with thin,
5Y4/1 —. massive tuff beds
660 5Y2/1;5Y4N finely laminated claystone with veins
and lehses of fibrous calcite
do, without calcite
do, with laminae & thin beds of tuff
finely laminated claystone
670 5302 svare
' do, with laminae of tuff
5vY4/1
5Y2/1 s\// :\\ v S: ” Tuff
680 5v4/1;5v2/1 =__(tuff bed)
/" (tuff bed) Laminated Cl
Tinely laminated claystone aminate aystone
5Y3/2;5Y2/1
5Y4/1; 5Y5/2 e Nonlaminated or Faintly
690 5Y2/1, 5Y4/1 ./ (tuff bed) —L T Laminated Claystone
5v3/2 5Y21
Dolomite
700 5Y2N finely laminated claystone Calcareous Tuffaceous
Sandstone
5Y4/1:5Y2/1 Adﬁ.,_..ﬁ tuff dmﬁmv
! (tuff bed) L
210 5Y2/1 (thin tuff beds) Missing core
3 non-laminated claystone with thin
] lenses and stringers of tuff
=== Figure 29.-- Lithologic log for the
“mmmmmem 5Y3/2;5Y4/1 Garden Gulch Member of
720 4= <=1, -—/Taintly laminated claystone with thin the Green River Formation
p e 5Y3/2; 5y2/1 beds of dolomite in the USGS CR-2 core.'
e —_ 4o, without dolomite Color designations are
b e ——calcareous tuffaceous sandstone based on Geological
730 Ry faintly laminated claystone Society of America
rock-color chart,

do=gsame as above.

60



o ©
o L A
&= o I , : l R : | ; I
R L R N B e e B N R R SRR AT
o leieaie ‘,_.'.!.,.-.L_.,fj:,.‘.i.,.‘ D I. Jl '....,.!...1! - ; bt bl n(..tlul..'
28t \i\ NI B S S 3
o 1 ! . Yy ; | } .
N N o 1 o
c LA 2 "lI"1‘1"‘!Yn"ﬂ‘m7’lll‘|‘117‘wl ‘"\'l"l“jﬂ’lmm1"‘l7‘11\7‘il TYYI'TT‘V"‘I"'TT“"I""\1"I o
N T l._ }F
M ] I | [
Rt | £ - 4 ' O
9 3 |
5 1 | I i
R e\l | TSI S AR R T
8 T T RN T T
T ﬁ:,.mm figh F % o e
v 3 ll’l!‘l‘r‘l)l"‘“""“ﬁ'fﬂﬁ‘l’l’?ﬁl’f‘lﬂvll]ln T T T T T T 1rxnn‘.nnun T -
%y ER
o E E
U E 1 o
o 9'1 1 ﬂ =9
q "
5 é‘n ‘ ! ; ! JL :
S “'ii']l(ﬂ“""‘”" l! "Jw’?ii ﬁt}rl‘ hml I 1];\\ i I ‘ l N
o :& NSO L S s ) g I I nl LA N ’“1‘ i
el e t“"T’RJ-é‘“%}w A3\
o ..‘.m.m.,......1..,r.mnrr‘m,.....,.,.......,.......n,.....,m ARSI SAR S ‘.‘....,....’ o
e 1 | o
0 A o )
EREIE : /Iy lﬁ’ I 1 ! T
AR N 002 T e o ST B N
= Rl i1 Tf—f,,,«; lﬁ‘w—w‘ll Pl 7 TT VEFEY AT T
AL O Y
g LTRRAARRARARURRRARR AR} 1111111!1;1111|1_lll T T T O T T T R T T T T TR T TR YT ‘rrv‘rr‘n'-rrr‘g
o F
o] : - <
«+ ] d l o
g~ S T T
A ARk L) AL l i a’;?,ﬁ_gLL;N
Q7 NN Lju v i T F
=l -1 T T T T T T T T T T T S T T T TR T T IO A T [T T T o e e
9
<ed =
o] 3
I mlipepiemp! f
STl R T RN e S NS ,",.] o1k @
=~ X Mk N 1 ,~” 3
Ei §'[1;1’“r;%§;‘ll} I‘ ¥4‘Y ‘J“E
J | E
(2] —1 uluuu!';uu:urf‘l TITTTTITY lllltrlTT'T‘lll1'lll vnnnlr (<]
=
O o.3g— ey T T -9
+ 3] ] *
] I R I
pedl- |- ] ;
= 4 - fi— S =
- 8-:_ - f'\i- ~{;ji—'. i Il ;i:‘l"l‘x!‘\"’E 2 {f.' ”
I B N P A YL Jl o
WETA AR T
::: o- ’Wﬁi"'f"!ﬂtﬁ‘l tas R SRR ERAREES vnrnnw‘|n1’1‘-m‘| nTYTTTYy TTTVIT TITTNI YTy Tvnvn'n‘vﬂrnnr' o
(o] o [=] T o o = [= o [=} [=}
3 ¢ 2 8 & g8 8 §B § & @

s1opow u uidop

61

pcrccnt Ti

percent K

pcrcent Mg percent Ca

percent Fe

oil-gal. per ton percent Al

A profile of oil yield, repeated from figure 2, is included for comparison,

Zr, determined by semiquantitative emisslon spectroscopy, in the Garden Gulch Member of the Green River

Formation in the CR=2 core.
The smoothed curves through the raw data profiles were generated using a 3l-sample moving average,

Figure 30,--Profiles of concentrations of Al, Fe, Mg, Ca, K, Ti{, B, Cr, Cu, Ga, Mn, Mo, Ni,.Pb, S¢, Sr, V, Yb, and
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in Denver. Details of these analytical methods are described by
Wahlberg (1976), Huffman and Dinnin (1976), Neiman (1976), and U.S.
Geological Survey (1976). Results of these additional analyses are
plotted as functions of depth within the core in figure 31.

Results and Discussion

Element Associations

Correlation coefficients were computed among 19 elements
determined by semiquantitative emission spectroscopy, plus percent ash
and oil yield, in 264 samples from the Garden Gulch. The matrix of
correlation coefficients is presented in table 19. In order to
simplify analysis of the relationships among the 21 variables, based on
correlations, the correlation coefficient matrix was used as input for
R-mode factor analysis. The R-mode method examines the matrix of
correlation coefficients for variables that are most highly correlated.
It then computes new coefficients (factor 1loadings) reflecting the
intervariable correlations. The variables with highest loadings for a
particular factor are most closely related to each other and are most
characteristic of that factor. Loadings for the first three factors
from the R-mode analysis, after varimax rotation, are given in table 20.
As many as 10 factors were extracted by the R-mode analysis, but we
found that three factors provided the most satisfactory solution; each
factor beyond three can be explained by variability in a single element
and does not contribute to understanding interelement relationships.

Factor 1 1is a "clay-trace-element factor" expressing inter-
relationships among the elements Al, Fe, K, Ti, B, Cr, Cu, Ga, Mo, Ni,
Pb, Sc, and V. Most of these elements are strongly correlated, with
loadings on Factor 1 greater than 0.4 (Table 19). These elements
probably reside in the fine-grained, noncarbonate mineral fraction.

Factor 2 is simply an "organic-inorganic factor" expressing the
expected strong negative correlation in the two-component system of
total organic matter (as expressed by oil yield) and total mineral
matter (as expressed by % ash).

Factor 3 is a "carbonate factor" and has highest loadings for Ca,
Mg, Sr, and Mn. The association of Sr with the carbonate fraction is
expected because of the well-known substitution of Sr for Ca in Ca-
bearing carbonate minerals. However, it appears that most of the Mn, at
least in these samples, is also incorporated in carbonate minerals.

Correlation analysis of the additional elements determined by the
more complete, quantitative analyses of 32 samples shows that most (Si,
F, Li, Rb, U, and Zn) are associated with the clay fraction, that is
they correlate with the 13 elements with high 1oadings (>0.5) for R-mode
factor 1 (Table 20). Apparently none of the additional elements is
dominantly associated with either the organic or carbonate fractions,
because none correlate highly with oil yield, total carbon, or any of
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Table 20.--Loadings for three rotated factors of R-mode factor
analysis of 21 compos1t1ona1 variables in 264 samples from the Garden

Gulch Member of the Green River Format1on Piceance Creek
Basin, Colorado.

Variable Faitor Fagtor Fagtor

1 Ash% -0.18701 0.88907 -0.07350
2 A1%-S 0.79104 0.09672 -0.15843

. 3 Fe%-$ 0.77173 0.07202 0.11901
4 Mg%-S -0.02701 -0.29064 0.64353
5 Ca%-$S -0.28898 -0.02111 0.80895
6 K%-S 0.66976 0.34699 -0.00068
7 Ti%-S 0.58182 0.07007 -0.42675
8 B ppm-S 0.76631 -0.10448 -0.19159
9 Cr ppm-S 0.76336 0.21306 0.07926
10 Cu ppm-S 0.72102 -0.36577 -0.01730
11 Ga ppm-S 0.74480 0.26663 0.12201
12 Mn ppm-S 0.16236 -0.01052 0.61899
13 Mo ppm-S 0.69462 -0.31537 -0.03275
14 Ni ppm-$ 0.60352 -0.21098 0.15735
15 Pb ppm-S 0.65294 -0.20618 0.01064
16 Sc ppm-S 0.75089 0.18706 -0.08192
17 Sr ppm-S 0.16569 0.36159 0.54892
18 V ppm-S 0.77213 -0.09519 0.02544
19 Yb ppm-S$ 0.46758 0.39371 -0.12809
20 Zr ppm-S 0.23822 0.38164 -0.48667
21 OIL GPT 0.02358 -0.89538 0.09962
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the carbonate variables.

Stratigraphic Variations in Element Concentration

Keeping in mind the interelement relationships discussed above, it
is possible to examine the plots of element concentrations in figures 30
and 31 for variations within the Garden Gulch Member and for chemical
zones based on these variations. Most of the elements plotted in figure
30 exhibit considerable local variability ("noise") that makes it
difficult to discern stratigraphic trends. These trends are best
observed in the curves of smoothed data that are plotted over the curves
of raw data in figure 30.

Most of the elements that were found to be associated under factor
1 of the R-mode analysis exhibit two zones of relatively high
concentration and two zones of relatively low concentration within the
Garden Guich Member in the CR-2 core. We emphasize that the terms
"high" and "low" concentrations are relative only to these samples.
These chemical zones can also be related, in a general way, to the rich
and lean oil-yield zones (as defined by Donnell and Blair, 1970 and
Cashion and Donnell, 1972). The four zones based on element variability
are most clearly visible in the smoothed profiles for Al, Fe, B, Cu, Mo,
Pb, Sc, and V in figure 30. The two zones of high concentrations of the
factor 1 elements occur between 628 and 645 meters, and between about
660 and 710 meters. The two zones of low concentrations occur between
645 and 660 meters, and about 710 and 730 meters.

The lowest zone of low concentration of factor 1 elements (710 to
730 meters) corresponds to one of the lowest zones of low oil yield in
the Green River Formation in the Piceance Creek Basin (the so-called
orange zone; figure 28). Ostracods are common in this zone, as are
lenses and stringers of tuffaceous material (Fig. 29). This zone also
contains more carbonate than most of the Garden Gulch, as evidenced by
common thin beds of dolomite (Fig. 29) and relatively high
concentrations of factor 3 (carbonate) elements, especially Ca, Mn, and
Sr. This zone may represent a less saline, early lacustrine phase of
Lake Uinta in northwestern Colorado (Roehler, 1974).

The oil-lean orange zone is overlain by an oil-rich zone referred
to as the R-1 zone, which extends from 645 to 710 meters in the CR-2
core (Fig. 28). The organic-rich strata of this zone were apparently
deposited at the beginning of more saline conditions in Lake Uinta
(Roehler, 1974). The R-1 zone can be subdivided into two chemical zones
based on the geochemical profiles in figures 30 and 31. The zone
between 660-670 and 710 meters contains relatively high concentrations
of the factor 1 (clay) elements. This is particularly noticeable in the
plots of Al, Fe, B, Cu, Mo, Pb, Sc, V, Li, and Rb (Figs. 30 and 31). 1In
contrast, the upper chemical zone of the R-1 oil-yield zone (between 645
and about 660 meters) contains relatively low concentrations of the same
factor 1) elements, and relatively high concentrations of the carbonate-
related variables Ca and Mg (Fig. 30). This zone also contains
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relatively high concentrations of sulfur (Fig. 31).

The upper chemical zone in the Garden Gulch (between 628 and about
645 meters) roughly corresponds to an oil-lean zone called the L-1 zone
(Fig. 28). Unlike the lower oil-lean zone (orange zone), the L-1 zone
contains relatively high concentrations of the factor 1 elements Fe, K,
Cr, Cu, Mo, Ni, Pb, Sc, and V (Fig. 30). The behavior of Sr in this zone
is in marked contrast to the other carbonate-related elements. The
concentration of Sr is highest in both of the oil-lean zones (orange and
L-1), whereas Ca and Mn are present in high concentrations in the orange
zone and low concentrations in the L-1 zone.
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Element Content of Lichens and Soils Near a New Powerplant,
Colstrip, Montana--Preoperational Levels

by
Larry P. Gough and James A. Erdman

Introduction

The Colstrip Powerplant is located in Rosebud County 150 km east
of Billings and 40 km south of Forsyth, Montana, (fig. 32). According
to a company brochure (Montana Power and Puget Sound Power and Light
Companies, no date), two units, each with approximately 330 MW(e) gross
generating capacity, currently burn subbituminous coal, which is
supplied by a strip mine at the site. In order to conform with current
emissions regulations, the 154-m stack associated with each unit is
equipped with three wet scrubbers. Although original company plans
called for at least two more units capable of supplying 700 MW(e)
additional power, The Environmental Protection Agency recently ruled
that the powerplant which went "on line" in late 1975 is responsible for
the deterioration of the Class I (near-pristine) air quality of the
nearby Northern Cheyenne Indian Reservation. This ruling makes the
prospect of additional units questionable.

In July 1975, we sampled the foliose soil 1lichen Parmelia
chlorochroa Tuck., surface soil, and ponderosa pine needles and stems
along upwind and downwind transects at the Colstrip Powerplant. This
study was prompted by our early results from a similar sampling design
at the Dave Johnston Powerplant in Wyoming, which indicated that element
emissions from the Dave Johnston coal-fired plant were influencing the
element content of plant materials nearby. Results from the Dave
Johnston studies, which involved collections of P. chlorochroa, silver
sagebrush, and big sagebrush, are now available (Gough and Erdman, 1977,
Anderson and Keith, 1977; Connor and others, 1976). A second impetus
for the Colstrip study was the prospect of being able to sample plants
and soils before and after the powerplant became operational. This
report gives our data from the preoperational 1975 collection of lichen
and soil; the ponderosa pine data are still being evaluated and will not
be reported here. The postoperational collections were completed in
July, 1978; however, the element analyses of the samples are not yet
available.

Methods

Lichen sample collections and preparation

Composite samples of the foliose soil lichen Parmelia chlorochroa

were collected at sites spaced at geometric intervals along north and
southeast transects (fig. 32). Each sample was composed of numerous
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thalli (that is, the s1m§1e vegetative plant body) collected within two
small areas of about 50 m® at each site. These two areas were generally
separated by at least 25 m. This lichen was so uncommon at the 32 km
southeast location that we were able to collect only one sample.

The lichen varied greatly in its general abundance; however, even
at those sites where thalli were extremely sparse, enough material was
obtained for all of the chemical analyses. Habitat preference for
individual thalli varied from site to site. In general, thalli were
either free or tangled among plant debris and around the bases of
grasses. The thalli were quite often found attached to sandstone or
clinker fragments when these fragments were abundant on the soil
surface. The thalli occurred in localized patches several square meters
in extent and were most commonly associated with the short grasses
Bouteloua gracilis (bluegrama) and Koeleria macrantha (Junegrass).

We are aware of the taxonomic uncertainty associated with this
particular lichen (Hale, 1974; S. Shushan, Univ. of Colorado, oral
commun., 1978), but for this study we prefer to recognize the
morphological variants as simply forms of P. chlorochroa and do not
attempt to distinguish these forms as separate species.

Since soil contamination may confound any effects due to
powerplant stack effluents on subsequent sampling, all samples were
cleaned prior to analysis (see Gough and Erdman, 1977). After
ultrasonic washing, the samples were dried, ground (<2 mm mesh), and
burned to ‘ash (Harms, 1976). The ashed material was analyzed using
emission spectroscopy (Neiman, 1976) and atomic absorption spectrometry.
Some of the dried unashed material was analyzed for volatile elements by
various techniques (Harms, 1976). For those elements analyzed in ash,
the dry-weight-equivalent concentrations were calculated for the 1ichen
material using the formula:

cd = Ca A/100,

where Cd is the concentration in the dry material, Ca is the
concentration in ash, and A is the percent ash yield.

Soil sample collection and preparation

Since elements associated with powerplant activity were expected
to be found in greatest abundance near the soil surface, samples of the
surface veneer were taken. These were collected at each site (except at
one location, 32 km southeast) using a drywall knife 25 cm wide made of
stainless steel. The knife was pushed along the soil surface at a depth
that did not exceed 1 cm. Each sample was composited over several
square meters.

A1l samples were dried in the laboratory using forced air at

ambient temperature. The samples were then disaggregated and passed
through a 10-mesh (2 mm) sieve. Chemical analyses were performed on
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this material by emission spectroscopy (Neiman, 1976) and by X-ray
fluorescence, atomic absorption spectrometry, neutron activation and
various other techniques (Huffman and Dinnin, 1976).

Data analysis

Prior to chemical analysis, splits of the dried and ground plant
material and of the <2 mm soil material were made of about 25% of the
samples. These splits were added to the original lot of plant and soil
samples, and all samples were analyzed in a random order. The analysis
of splits of a proportion of the total number of samples gave us an
estimation of the precision of our analytical methods for each element.
A1l analyses were performed in laboratories of the U.S. Geological
Survey in Denver by the following individuals: Jim Baker, Ardith
Bartel, L. A. Bradley, E. Brandt, P. H. Briggs, N. M. Conklin, J. G.
Crock, I. C. Frost, Johnnie Gardner, Patricia Guest, J. C. Hamilton, T.
F. Harms, R. J. Knight, H. T. Millard, Wayne Mountjoy, C. S. E. Papp, G.
0. Riddle, J. A. Thomas, Michelle Tuttle, J. S. Wahlberg, Bill Walz.

0f 72 elements analyzed for in a total of 32 samples (including
splits) of 1lichen material, 39 elements were not detectable by the
methods used. The only censoring in the remaining 33 elements consisted
of a single "not detected" value for Ga; in addition, Sb was not
analyzed for in another sample. Since the analysis of variance requires
completely numeric data sets, the Ga "hole" was substituted with a value
equal to 0.7 times the Ga lower limit of determination, whereas the Sb
"hole" was substituted with a value equal to the Sb concentration of its
companion sample. For those concentrations determined on an ash basis,
the values were substituted with dry weight equivalents using the
formula given above.

Of 70 elements analyzed for in a total of 40 samples (including
splits) of soil material, 32 elements were not detectable by the methods
used. Of the remaining 38 elements, three (F, I, and Se) had 1, 19, and
21 concentration values, respectively, that were detected but were below
the lower limit of determination. A value equal to 0.7 times the Tower
limit of determination was substituted for these censored values in the
analysis of variance.

The relation between the concentration of an element in the
material sampled and distance (on a geometric scale) from the powerplant
was evaluated using linear regression analysis. Prediction equations
were calculated using the form:

logjg X = a + b logjg D,
where X is an estimate of the concentration of the element (in parts per
million or percent), a and b are, respectively, the intercept and slope

of the regression line, anJ'Q_is the distance from the powerplant in
kilometers.
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Using analysis of variance for regression (see, for example,
Rickmers and Todd, 1967, p. 254) F-ratios were tested to evaluate (1)
whether or not the linear (or first degree) curve adequately described
the relation between the response variable Y log (element concentration)
and the predictor variable X log (distance from powerplant), and (2)
whether or not the slope of the regression line was significantly
different from zero. Assuming the first test resulted in a fit of the
Tinear model to the data, then the second test assessed whether or not a
true relationship existed between X and Y.

RESULTS AND DISCUSSION

Colstrip Unit 1 did not begin commercial operation until November
1975, and Unit 2 until August 1976. We assumed, therefore, that the
element composition of the vegetation and soils that were collected in
July 1975 would not be influenced by stack emissions. Also, because all
sites were located on the Fort Union Formation of Tertiary age, we
assumed that any geochemical influence of the substrate on the
vegetation would be fairly uniform throughout the extent of the
traverses. However, because there has been some limited vehicular,
construction, and mining activity in the area since 1924 (Schafer and
others, 1976), and this sort of activity accelerated about 1971, we
recognize a potential for a point-source "dust factor."

Table 21 represents regression and analytical data on thirteen
elements in the dry material of soil lichens that showed significant
regression trends (slopes significantly different from zero at the 0.05
probability level). Most of these trends (eleven) were along the north
or upwind transect. These trends were all negative (negative b),
indicating that the element concentration in the plant material
decreased with increasing distance from the powerplant. An inspection
of the significance-of-model column shows that for all eleven northerly
trends, the linear model was adequate in explaining the relation between
element concentration and distance. This fact, that there is no
significant lack of fit of the data to the model, would indicate that
relations with significance of slope values < 0.05 were, in fact,
depicting real relations between X and Y. Only three of these elements
(Cr, Fe, and Ga), however, showed coefficient of determination values
that were 0.50 or greater, which indicates that the relation between X
and Y (log distance and log concentration) for these three elements
explained > 50% of the total variability in the data.

A 0.50 coefficient of determination is a threshold established in
previous studies of point-source effects (Gough and Erdman, 1977;
Severson and Gough, 1978). It is an arbitrary value but one which
indicates that there exists a possible relationship between powerplant
operations and the element concentration in samples close to the
facility. The very narrow range in the observed Ga concentrations may
be enough to make mere chance important in its negative regression
trend; however, the trends for Cr and Fe appear to be related to the
operations of. the powerplant. When compared to the coefficient of
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s a

function of distance from the Colstrip Powerplant, Colstrip, Montana.

[a is the intercept and b is the slope of the regression equation; significance of
the slope is the probability level at which the slope is different from zero;
significance of model is the probability level at which the Tinear regression model
adequately describes the relation; coefficient of determinaticn is an expression of
the proportion of the total variation in the dependent variable that is accounted
for by the linear model; percent laboratory error is the variance due to analytical

error expressed as a percent of the total variance.]

Regression statistics Percent 0b p
Element laboratory serve
a b Significance of iafficient of  €rror range
slope mode1 determination
North (upwind) transectl/
Ra, ppm- 1.8 -0.15 0.02 0.29 0.36 42 30 -100
Cr, ppm- 1.1 - .20 .001 .93 .64 20 4,5 - 14
¥, ppm-- 1.7 - .06 .02 .20 .39 14 3B - 55
Fe, pct. - .33 - .25 .004 .46 .51 20 .10- .60
Ga, ppm- S .006 .57 .50 1 1.0 - 3.0
K. pct. - .63 - .08 .03 .a7 .32 8 A5- .27
Ne, ppm- 2.1 - .07 .006 .71 47 16 90 -160
Ni, ppm- 5 J0 - 14 .03 .90 .33 21 2.2 - 6.0
S, ppm--—'" 2.9 - .06 .01 .10 -.40 N 500 -750
Sb, ppm- - .89 - .11 .006 .36 .48 55 .08- .15
Zn, ppm- 1.6 - .08 .03 .75 .33 1| 28 - 62
Southeast (downwind) transect>/

Ni, ppm- .38 .22 .01 .05 .53 21 2.5 - 6.0
Sr, ppm- 1.7 - 7 .02 .87 .48 n 27 -~ 60

;qStatistics based on 14 samples.

%?Total sulfur.

='statistics based on 11 samples.
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determination for elements related to the Dave Johnston Powerplant
(Gough and Erdman, 1977), however, the values in Table 21 are small.
Certainly the strong influence that the Dave Johnston Powerplant has on
the element content of nearby P. chlorochroa was not evident at Colstrip
in 1975. An examination of Table 22 will show that the Cr and Fe trends
were also greatly influenced by the high concentration of these elements
in samples collected at < 2 km from the powerplant.

For the southeast (downwind) transect Sr was the only element in
lichen that showed a significant negatively sloping trend and a
relatively high coefficient of determination (0.48, table 21). Other
studies (Gough and Erdman, 1977; Connor and others, 1976; Klein and
others, 1975) have shown Sr to be related to the overall powerplant
operations, and not necessarily to emissions only.

The element content (geometric means and observed ranges) of 25
elements in lichen ash at Colsrip was compared with the element content
of lichen ash for 22 samples from the Powder River Basin, Wyoming
(Erdman and Gough, 1977). In general, the geometric means and ranges
for most elements compared very favorably. The only exceptions were the
geometric means for Co, F, Hg, and Ni, which were about twice as great
in the Colstrip samples as in the Basin samples, and the geometric mean
of U in the Basin samples, which was three times greater than in the
Colstrip samples.

Numerous significant regression trends were noted for elements in
soils (Table 23). Al1 trends except K on the north transect, however,
were positive and are therefore unlikely to be related to the operations
of the powerplant. The coefficient of determination for K was low
(0.30), and the trend appeared to be dominated by two small
concentration values at 64 km (Table 24). Along the southeast transect
all but one of the eight trends was negative, and several trends (K, Rb,
and U) had coefficients of determination >0.50. For K and Rb there is a
significant lack of fit of the data to the linear mode, raising the
question as to whether or not the relation between X and Y has any real
or interpretable meaning. The coefficient of determination for the U
trend was 0.50. Two features of the trend, however, make it
questionable as being related to the powerplant: (1) there is
significant lack of fit of the data to the 1inear model at the 0.10
probability level, and (2) there is only a 1-ppm spread in the data. It
would appear, therefore, that none of the soil element trends are
directly related to the operations of the powerplant.

A major purpose of this preoperational study was to establish,
using regression analysis, whether or not uniform background
concentrations existed for a given element in lichen and soil. For those
element trends resulting in significant positive or negative slopes, a
uniform background was demonstrated. With the analysis of the post-
operational data, not only will the appearance of new significant
regression trends be important, but also useful changes may occur in the
models in Tables 21 and 23 for those. elements not showing uniform
concentration backgrounds.
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