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VARIABILITY, SOILS AND PLANTS, PICEANCE BASIN, COLORADO

Level 1 (12 supertownships)

Level 2 (24 townships)

Level 3 (48 sections)

Level 4 (72 sample sites)}

Level 5
(84 analytical samples)

FIGURE 3.—Analysis-of-variance sampling design for soils and plants
collected from Piceance basin.

REVEGETATION PLOT STUDY

An unbalanced, nested, analysis-of-variance design
was used to determine what effect, if any, varying
amounts of topsoil over spent oil shale (Paraho direct-
retorted shale) had on the mobilitv of elements from
spent oil shale into topsoil and plants. The design (fig.
4) consisted of three levels: (1) different depths of top-
soil over spent oil shale in lysimeters (0, 20, 40, 60,
and 80 centimeters plus a control lysimeter containing
only topsoil), (2) adjacent lysimeters containing the
same depth of topsoil, and (3) analytical error. For each
topsoil depth, three samples of topsoil material and
western wheatgrass were collected—one associated
with each of the two lysimeters with one randomly
selected to be split as an analytical replicate. Only one
lysimeter with no topsoil covering was sampled because
of a limited amount of western wheatgrass growing in
the lysimeter. A total of 17 soil samples and 17 western
wheatgrass samples were collected.

FIELD SAMPLING AND
LABORATORY ANALYSIS

The soil samples from each of the 71 sample localities
within the basin were composites from areas about 10
meters in diameter (80 square meters). The samples
of soil from the revegetation plot were composites from
an area about one meter in diameter (0.8 square
meters). All soil samples were collected from the sur-
face to a depth of about five centimeters with a teflon
spatula and placed in a paper sample bag. In the labora-
tory, the samples were air dried at room temperature,
disaggregated in a soil grinder equipped with a ceramic
mortar and a ceramic screw-type grinding head, passed
through a 2-mm (10-mesh) stainless steel sieve, and
split into analytical duplicates if necessary. A portion
of the less than 2-mm fraction was further ground in
a ceramic plate grinder to pass a 0.15-mm (100-mesh)
sieve. The 10-mesh fraction was used for pH and ex-
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tractable element determinations, and the 100-mesh
fraction was used for total element and mineralogy de-
terminations. Samples were submitted for analyses in
a random sequence to convert any systematic sample
preparation or analytical errors to random errors.
Table 1 lists the methods of analysis for the various

.- determinations made on each soil sample. Table 2 lists

the two-theta peak positions for the minerals deter-
mined in the soil samples.

Sampling of plants was done in June 1979. Seasonal
differences in plant maturity were minimized by sam-
pling lower elevations first and higher elevations later
in the month. Throughout the sampling period, western
wheatgrass was in the “immature” stage. This stage
is defined as the period between one-third and two-
thirds growth and before bloom (National Research
Council, U.S., and Department of Agriculture, Canada,
1971). Big sagebrush was in the “rapid vegetative
growth” stage characterized by new stem and leaf
growth with reproductive shoots initiated (DePuit and

Caldwell, 1973).
Plant samples were collected from, and composited

over, the same area in which the soil samples were
collected. Western wheatgrass was collected by cutting
the plant near the ground with a stainless steel knife.
The terminal 10 centimeters of big sagebrush growth
was collected with pruning shears. The material col-
lected was thought to represent current years growth
and is the plant part most likely to be used as forage.
Each plant sample was transported from the field to
the laboratory in a cloth bag. Because of potential soil
contamination from rain splash, the western wheat-
grass samples were washed by rinsing the grass several
times with tap water, followed by a final rinsing in dis-
tilled water. The plants were dried at 30°C, ground in
a Wiley mill to pass a 1.3-mm screen, and split into analyt-
ical duplicates if necessary. The samples were randomly
ordered prior to analysis. A part of the homogenized
ground sample was then ashed by dry ignition at 500°C
for 24 hours. Table 1 lists the methods of analysis for
the various determinations made on each plant sample.

Level 1 (6 topsoil depths)

Level 2 (12 lysimeters)

Level 3 (18 analytical samples)

®

FIGURE 4.—Analysis-of-variance design for soils and western wheat-
grass from Anvil Points experimental revegetation plot.
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TABLE 1.—Methods of analysis for geochemical properties of soils and biogeochemical proper-
ties of plants

Methods Properties
Soils
X-ray fluorescencel Al, Ca, K, Mg, P, Si, Ti
Emission specttoscopy2 Ba, Be, B, Ce, Cr, Co, Cu, Fe, Ga,
(Argon-oxygen d-c arc) La, Mg, Mn, Mo, Nb, Ni, Pbh, Sc,
Sr, V, Y, Yb, Zn, Zr
Specific ion electrode3 4 F, pH
Atomic absorption3 Li, Na
X-ray diffraction’ Mineralogy

Emission spectroscopy6
{(Induction coupled argon plasma)

DTPA-extractable elements

Gasometric3 Total C, Carbonate C
Calculated Organic C
Plants
Loss on ignition7 Ash percent
Emission spectroscopy8 Al, B, Ba, Ca, Fe, Mg, Mn, Na, Ni, P,
(Induction coupled argon plasma) Sr, V
Atomic absorption7 910 cd, Cu, Mo, Zn

Specific ion electrode7

F

[y

Dorrzapf (1973).

Huffman and Dinnin (1976).
Peech (1965).

Schultz (1964).

Soltanpour and Schwab (1977).
Harmes (1976).

Jones (1977).

£ wN

Taggert, Wahlberg, and Taylor (1980).

Ward, Nakagawa, Harmes, and VanSickle (1969).
Nakagawa, Watterson, and Ward (1975).

Properties in some samples were below the limit of
determination of the analytical method used—these val-
ues are referred to as being “censored.” If less than
20 percent of the values for a property were below the
limit of determination of the method, the censored val-
ues were replaced with a small number (0.7 times the
lower limit of determination). These small number of
replacements will not greatly alter the statistical tests
or affect interpretation. Means and deviations for these
properties were calculated using Cohen’s method (1959)
as described by Miesch (1967). If more than 20 percent
of the values were censored, the property was omitted
from the study.

DATA EVALUATION
ANALYSIS OF VARIANCE

The analysis-of-variance model for the Basin Study
is shown diagrammatically in figure 3 and can be writ-
ten mathematically as follows:

Xijtetm =K+ 0+ Byt Yije + Okt + €ijicim,

where o represents supertownships, B represents
townships, y represents sections, & represents sample
sites, and e represents analytical replicates. Each
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geochemical property determined in each sample (X;x,)
is represented by a grand regional mean, p. plus devia-
tions related to each level of the design. The model
partitions the total variance of the observed values into
variance components associated with each level in the
design (Miesch, 1976). If a log;-transformation is per-
formed on the data (log X;i.) the model partitions the
logarithmic variance. The variance components are ad-
ditive:

8,0 =8> +57 +8, 24852 +5.2.

The variance components were calculated using a com-
puter program written by VanTrump and Miesch
(1977). A conventional F-test was used to determine
statistical significance of each variance component at
the 0.05 probability level. If the variance component
at the supertownship level (s, ) is significant for an ele-
ment or mineral, a map, based on supertownship
means, might be the appropriate way to represent vari-
ation. For baselines of geochemical and biogeochemical
properties which lack a significant variance component
at the supertownship level, the variability is better rep-
resented by the overall mean and deviation for the en-
tire basin.

Steps useful in determining the stability of geochemi-
cal and biogeochemical baseline maps for those parame-
ters with significant variation at the supertownship
level are outlined here. First, determine the minimum
number of random samples that should be collected
within each supertownship in order to distinguish com-
positional differences between any two supertownships
(n, of Miesch, 1976, p. A9). This number may be deter-
mined at an 80- or 95-percent confidence level from
curves relating =, to the variance ratio (v), calculated
as shown by Miesch (1976, p. A8-A9):

82
v= 2 2 2 2 ‘
852 +5,2+ 852 +5¢

Second, the maximum-acceptable-error variance (£,)
of the means for supertownships is calculated from
(Miesch, 1976):

2 2 2 2
_SB +S.y +85° +8¢

r

"y
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TABLE 2.—Two-theta position of X-ray diffraction peaks measured to
determine relative abundances of minerats in sotls

Peak Position

Mineral (degrees 2 6 )

Clay minerals——--—-
Analcime-------
Quartz~—————=——=--
Potassium feldspar
Sodiun feldspar---
Calcite———mmmma——
Dolomite———=—==——=

W PN N IO Y
DO NTID

NI
OVO OO

-31.0

Third, the E, value is then compared to the observed
error variance calculated as follows:

2 2
S, Sy L & s

STng  Mply  ngnyng  NplyMaTic

E

where subscripted n’s represent the number of units
in each level of the hierarchical design.

Because this study used an unbalanced design and
the number of units in each level were not constant,
it is necessary to calculate effective n values using the
technique described by Leone, Nelson, Johnson, and
Eisenstat (1968). Since only a part of the available
population with a particular level was sampled, finite
population terms (as calculated by Cochran, 1963) were
used to better approximate E,. The E, equation used
in this study, incorporating both finite population and
effective-n correction terms, was as follows:

2 2 382 2

_ 8" s Se”
E=somtswtsa o

Finally, map stability is assessed by the variance
mean ratio (v,,) calculated as follows (Miesch, 1976, p.
A10):

Vm=

E,

If v,, is one or greater, the variance among super-
townships is at least equal to the variance within super-
townships and map patterns based on supertownship
means should be reproducible. As v,, increases, the
probability that a map pattern will be reproducible also
increases.
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The statistical model for the Revegetation Plot
Study, diagrammed in figure 4, is similar to that for
the Baseline Study; however, there are only three
levels:

Xijie=wt o+ By €,

where « represents topsoil depths, B represents
lysimeters, and e represents analytical error. The total
variance is partitioned as follows:
=g tsi+st,
X o« B €

Again, the conventional F-test is used to determine the
statistical significance of a variance component. Be-
cause a in this design does not represent a geographic
variable, v,, is irrelevant here.

QO-MODE FACTOR ANALYSIS

The factor analysis procedure used here is the CAB-
FAC program described by Klovan and Imbrie (1971).
This program groups individual samples with regard to
similar multivariate characteristics. Factor loadings are
.assigned to each sample so that the sample can be
viewed as a mixture of end-member samples. End-
member samples are those with the highest loading for
each factor. Samples with high loadings for any factor
are similar with regards to intercorrelated geochemical
properties characterizing that factor and are, therefore,
grouped together. Samples with low loadings for all fac-
tors are combined into an intermediate group which will
be designated as Group 4. The spatial variation of fac-
tors can be used to identify which variables are most
important in controlling geographic distribution of
geochemical properties in soils and plants.

The number of factors used in the Q-mode factor
model is arbitrary. A large number of factors generally
makes interpretation difficult and too few factors may
not explain a sufficient portion of the variance in the
data. The Q-mode factor model in this study used three
factors resulting in four groups of samples. Increasing
the number of factors did not significantly increase the
portion of the data variance explained by the model.

MULTIPLE REGRESSION

The plant uptake prediction equations were calcu-
lated by stepwise multiple regression using a computer
program written by VanTrump and Miesch (1977)
based on procedures described by Efroymson (1960).

GEOCHEMICAL SURVEY OF THE WESTERN ENERGY REGION

The statistical model for multiple regression is given
by

where
Y: Bo"‘ BIX1+BZX2+"‘ + BiXi'

In this model, Y is the observed plant concentration,
Y is the predicted plant concentration (dependent vari-
able), the X/’s are statistically significant soil properties
(independent variables), B¢ is the regression constant,
B/’s are the regression coefficients, and e is the differ-
ence between the actual plant content and the predicted
value.

The percent of the total variance of Y explained by
the prediction (¥*x100) was determined along with the
relative importance of each independent variable in the
equation as determined from the ratio of standard par-
tial regression coefficients.

RESULTS AND DISCUSSION
BASIN STUDY
GEOCHEMICAL AND BIOGEOCHEMICAL VARIABILITY

Results of geochemical and biogeochemical analyses
are summarized in table 3. Frequency distributions,
skewness, and kurtosis for most properties indicated
that the data were best described by a log-normal dis-
tribution. Results of statistical tests for those proper-
ties determined to be best described by a normal distri-
bution were the same whether untransformed or log¢-
transformed data were used. Therefore, all data, ex-
cept pH, were transformed to common logarithms. The
pH data were not transformed because they are
logarithmic measurements.

The estimates of variance components associated
with each distance-related sampling interval are given
in table 4. Variance components on a local scale (section
and sample levels) are statistically significant for 76 of
the 87 soil and plant properties. Nine properties have
variance components that are significant at the town-
ship level, and 31 have variance components that are
significant at the supertownship level. Baseline values
for properties with 50 percent or more of their total
variance at the analytical level (table 6) were not deter-
mined because the magnitude of analytical error is
deemed excessive for examining the properties’ distri-
bution within the basin.

The analysis of variance results are a first approxi-
mation in determining the suitability of representing
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variation of soil or plant properties by maps. The geo-
graphic variation for most properties oceurs within dis-
tances up to 10 kilometers. Some properties show sig-
nificant variability for distances greater than 19 kilome-
ters suggesting that regional processes are in part con-
trolling the amounts of these constituents in soils and
plants within the basin.

Parameters of map stability are given in table 5.
These parameters are used to determine if the sampling
density in this study is sufficient to map regional trends
within the basin. The parameter n, is the estimated
number of random samples per supertownship needed
to distinguish compositional differences of soils and
plants in different supertownships. Properties with in-
definitely large n, values are considered to be unmap-
pable within the basin. The variance-mean ratio (v,,)
is a ratio of the variance among supertownships to the
variance of the mean within supertownships. Table 6
groups soil and plant properties based on the variance-
mean ratio. A variance-mean ratio of less than 1.00 in-
dicates that regional trends cannot be adequately
mapped with the sampling density used. Baselines for
34 soil and plant properties with variance-mean ratios
less than 1.00 are represented by the 95-percent ex-
pected range given in table 3. This range represents
the limits within which 95 percent of the measured val-
ues for each property in soils and plants within the
basin would be expected to occur.

Forty-seven properties have variance-mean ratios
greater than or equal to 1.00. Regional maps for each
of these soil and plant properties are given in figure
5. Baselines (95-percent expected range) for mappable
properties for each supertownship can be calculated
from the data in the Appendix. The range represents
the limits within which 95 percent of the population
values within a supertownship would be expected to
oceur.

As mentioned previously, the sampling design is a
modification of a design used in a study of Piceance
basin soils by Dean, Ringrose, and Klusman (1979). The
major difference between the two designs is that this
study included three additional supertownships. The
two studies measured 32 common major and trace ele-
ments in basin soils. The reported geometric means
(Dean and others, 1979) for most of these elements are
similar to those reported in table 3. Dean, Ringrose,
and Klusman found that most of the variability in soil
composition occurs at the sample and section levels, and
this is in agreement with the results shown in table
4. There is a discrepancy between the two studies re-
garding suitability of geochemical maps. Map stability
was reproducible for only 64 percent of the 32 ele-
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ments. This seemingly low percentage may be due to
the different sizes of the study areas, different analyti-
cal techniques, and chance (variance-mean ratios are
only calculated at a 80-percent probability level).

Q-MODE FACTOR ANALYSIS

The geographie trends represented by the geochemi-
cal maps of soil properties (figs. 54 to 5CC) can be
grouped as to whether the values increase to the north-
ern, southern, or central parts of the basin. Lithology
of soil-parent material, climate, physiography, and hy-
drology are all variables in rock weathering and sub-
sequent soil formation. The Wasatch and Green River
Formations, lower elevation, and more arid conditions
characterize the southern part of the basin. The center
of the basin is at a higher elevation, has more precipita-
tion, and is mostly underlain by the Uinta Formation.
Most of the area between the basin’s center and the
White River is also underlain by the Uinta Formation,
but this northern area is dryer and lower than the cen-
tral part of the basin. Soil development in the three
areas (southern, central, and northern) may reflect dif-
ferences in any or all of these variables. For example,
the concentration of zine in soil is highest in the south
(fig. 5N). The increase may be due to higher zine con-
centrations in the Wasatech Formation, low elevation,
arid conditions, and (or) debris from the cliffs of the
Green River Formation that rise above the southern
part of the basin. The influence of these variables col-
lectively was examined using @-mode factor analysis.

A three-factor @-mode model defines four geochemi-
cally different soil groups. Table 7 summarizes the com-
position of the samples for each of the four groups.
Samples with high loadings for Factor 1 (Group 1) are
from the elevated central part of the basin, along the
rim of the Roan Cliffs (fig. 64). Most samples are from
ridgetop sites where the soil is derived from Uinta or
Green River parent material. The elevated sodium and
potassium contents in these samples (table 7) are proba-
bly due to feldspars which make up 10-30 percent of
the rock. Organie carbon is enriched in the Green River
oil shales; however, the organic matter important to
this factor is that associated with recent vegetative de-
bris in the soil. Field observations verify the increase
in this latter source of organic matter with increasing
elevation. Most DTPA-extractable elements are highly
correlated with organic matter and are rich in these
samples. The geochemical maps for sodium, organic
carbon, sodium feldspar, and DTPA-extractable ele-
ments (fig. 5) substantiate high values for these soil
properties along the rim of the Roan Cliffs.

(Text continues on p. E16.)
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TABLE 3.—Summary statistics for geochemical properties of 83 soil samples, and
biogeochemical properties of 80 big sagebrush samples, and 80 western wheatgrass sam-
ples collected from Piceance basin

[Plant varigbles are reported on a dry weight basis. n, number of samples which contained concentrations above the
lower limit of determination of the analytical method; pet, percent; ppm, parts per million; pk ht, peak height; expected
95-percent range, the range within which 95 percent of the population would be expected to occur]

Geometric Geometric Observed Expected 95-

Property n mean deviation range percent range

Element concentrations in and mineralogy of soil

Al (pet)-—m—————m 83 6.1 1.18 2.7 - 8.2 5.2 = 7.2
B (ppm)——m—————— 33 18 1.44 17 - 160 18 - 79
Ba (ppm)~—————m—m 83 820 1.53 35 - 1300 360 - 1900
Be (ppm)-———=———- 82 2.1 1.34 <1.0 - 3.9 1.2 - 3.7
Ca (pct)===—m=——== 83 2.5 2.49 .51 - 21 .42 - 15
Ce (ppm)=———————m 79 93 1.35 <46 - 150 56 - 155
Co (ppm)=-==—=———= 83 9.9 1.31 4.7 - 16 5.8 — 17
Cu (ppm)=——————m 83 29 1.29 11 - 51 17 - 48
F (pct)===———e——a=— 83 .05 1.41 .03 - 0.14 .03 - 0.10
Fe (pct)———————em 83 2.4 1.22 1.1 - 3.8 1.6 - 3.5
Ga (ppa)~——m~—==—— 83 14 1.39 4.8 - 24 7.3 - 26
K (pet)————mm———m 83 2.4 1.21 1.4 - 3.7 1.7 = 3.5
La (ppm)—~=—-———- 83 44 1.23 28 - 75 29 - 66
Li (ppm)—=——==—~ 83 10 1.49 5.0 - 30 6.7 - 15
Mg (pct)————=——— 83 1.0 1.47 42 - 2.8 47 - 2.1
Mn (ppm)=——-m—em——m 83 490 1.38 150 - 1300 260 - 920
Mo (ppm)--—=s=——m 83 2.6 1.38 1.0 = 5.0 1.4 - 5.0
Na (pct)———————av 83 1.1 1.64 .36 = 2.7 42 - 2.9
Nb (ppm)--————~—- 83 16 1.25 8.2 - 27 10 - 25
Ni (ppm)===—m———m 83 25 1.93 8.8 - 46 14 - 44
P (pet)————mmm——— 30 .09 1.46 <0.04 - 0.17 04 - 0,19
Pb (ppm)=—m——mmm- 83 15 1.39 4.7 - 27 7.9 - 29
Sc (ppm)-———————— 83 10 1.25 6.0 - 15 6.5 - 15
Si (pet)—m——=——am 83 27 1.18 12 - 38 20 - 37
Sr (ppm)——=—m=——m 83 270 1.48 88 - 890 125 - 580
Ti (pct)—m———m—m— 83 .29 1.20 .11 - 0.38 220 = 0.41
V (ppm)=—=m——mmmm 83 77 1.27 38 - 150 48 - 120
Y (ppm)-————mm——m 83 29 1.27 17 - 54 18 - 46
Yb (ppm)--~=-—~—— 83 1.7 1.39 .54 = 3.1 .89 - 3.24
Zn (ppm)-——=—————m 83 75 1.27 46 - 140 47 - 121
Zr (ppm)————————m 83 270 1.45 97 - 750 130 ~560
Organic C (pct)-— 83 2.2 2.00 .18 - 5.78 .55 ~- 8.8
To%al C (pct)-—— 83 2.9 1.88 43 - 8.1 .84 - 10
) e 83 7.4 .59 5.9 - 8.2 6.2 - 8.6
Calcite (pk ht)-- 68 5 3.79 <1 - 61 1 - 72
Clay (pk ht)-——-- 83 3 1.37 1 -5 2 -6
Dolomite (pk ht)- 77 4 2.12 <1 - 15 1 - 17
Potassium feldspar

(pk ht)————eee 83 5 1.84 1 - 35 1 - 17
Quartz (pk ht)-—— 83 63 1.39 28 - 140 36 - 130

Sodium feldspar
(pk ht)-—————— 383 7 1.82 2 - 21 2 - 23
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TABLE 3.—Summary statistics for geochemical properties of 83 soil samples, and
biogeochemical properties of 80 big sagebrush samples, and 80 western wheatgrass sam-
ples collected from Piceance basin—Continued

Geometric Geometric Observed Expected 95-

Property n mean deviation range percent range

Element concentrations in DTPA extract of soil

B (ppm)-———-——mmmm 83 0.48 1.72 0.17 = 1.70 0.16 - 1.42
Ca (ppm)-—-—————- 83 420 1.16 290 - 600 310 - 560
Cd (ppm)——~=—wmmm 79 .09 2.24 <0.02 - 0.99 202 ~ 0.44
Cu (ppm)==——————— 83 2.6 1.42 1.0 - 6.9 1.3 - 5.2
Fe (ppm)-—-—=—-—- 83 21 2.18 4.0 - 100 4e6 - 97

K (ppm)~———mmmmam 83 380 1.64 160 - 1700 140 -1000
Mg (ppm)=——=——=mm 83 120 1.64 26 - 340 46 - 320
Mn (ppm)————=m- — 83 11 1.82 2.5 - 35 5.5 - 36

Ni (ppm)-———====v 79 .45 2.07 <0.13 - 1.7 .11 - 1.9
P (ppm) ~—=——mmmmm 83 11 2.13 «85 - 54 2.5 - 48

Pb (ppm)=—=————a— 83 2.0 1.28 1.1 - 3.4 1.2 = 3.2
Sr (ppm)————==—mm 83 1.8 1.46 .71 = 4.5 .86 - 3.8
V (ppm)~—==—mmmm 83 .41 1.61 .15 - 1.2 .16 - 1.0
Y (ppm)=—=—=mm—mm 83 1.1 2.44 .13 - 4.6 .19 - 6.3
Zn (ppm)---=————- 83 1.4 2.22 «33 - 6.7 W29 - 6.7

Element concentrations in big sagebrush

Al (ppm)—=—=mm——m 80 220 1.49 86 - 490 100 - 480
B (ppm)———=~—mmmm 80 26 1.16 17 - 40 19 - 35
Ba (ppm)-—===—m-~— 80 13 1.69 2.0 - 32 4.6 - 36
Ca (pct)—————m—wm 80 .56 1.29 .21 - 0.88 34 - 0.92
Cd (ppm)==—=—mmm 67 .06 3.54 <0.01 - 0.48 .01 - 0.72
Cu (ppm)————————- 80 12 1.38 5.8 — 2.4 6.3 - 23
F (ppm)===—=——e——— 80 5.6 1.30 3.0 - 10 3.3 - 9.4
Fe (ppm)—————==m— 80 140 1.42 58 - 300 70 - 280
Mg (pct)———=———u- 80 .15 1.25 .09 - 0.24 .10 - 0.23
Mn (ppm)——=—===wm 80 37 1.46 18 - 85 18 - 78
Mo (ppm)=——m—ee—m 80 .61 1.83 .10 - 2.5 .19 - 2.0
Na (ppm)~——~====— 77 160 2.49 <30 - 1700 22 - 1000
Ni (ppm)--—-—-~-- 75 .87 2.56 <0.10 - 4.6 .14 - 5.5
P (pCt)———m—memm — 80 .31 1.26 .17 - 0.56 .19 - 0.49
Sr (pPpm)=———m———m 80 35 1.54 13 - 83 15 - 82
V (ppm)-———=mm—— 64 .97 6.23 <0.12 - 12 .03 - 35
Zn (ppm)=——=————- 80 25 1.42 13 - 54 12 - 50
Ash (pct)==~—mn - 80 6.9 1.14 4.8 - 9.1 5.3 - 8.9

Al (ppm)===m——=mm 80 130 1.62 43 - 460 51 - 330
B (ppm)=—=——=——m— 80 7.6 1.49 2.9 - 35 3.5 = 17
Ba (ppm)-—————==m 80 19 1.48 7.2 -~ 51 8.8 - 41
Ca (pct)=——=—ceemem 80 .33 1.31 .16 - 0.71 .19 - 0.56
Cu (ppm)-——=—==— 80 3.6 1.42 1.1 = 6.4 1.8 = 7.2
F (ppm)=—=m==w=— 79 4.2 1.48 <2.0 - 10 1.9 - 9.1
Fe (ppm)-————=—mm 80 91 1.45 31 - 230 44 - 190
Mg (pct)m——me———- 80 .10 1.34 .06 - 0.24 .06 - 0.18
Mn (ppm)-—==——=—= 80 35 1.40 13 - 80 18 - 68
Mo (ppm)-——=—=—=~=— 80 1.4 1.99 <40 - 5.3 40 - 5.4
P (pet)=mm—mm—eem 80 .19 1.44 .06 = 0.40 .09 - 0.39
Sr (ppm)———————=m 80 21 1.63 7.1 - 83 8.1 - 55
Zn (ppm)~——————m— 80 17 1.35 7.8 - 33 10 - 28
Ash (pct)———————o 80 8.8 1.22 5.4 - 15 6.0 - 13

Iparithmetic mean and deviation.
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TABLE 4.—Total logarithmic variance and variance components, as percentage of the total

variance, for geochemical properties of 83 soil samples, and biogeochemical properties of
80 big sagebrush samples and 80 western wheatgrass samples from the Piceance basin

[Distances are average distances between randomly selected sample sites within levels)

Variance component as percentage of total variance

Total Among Among Among Among
logarithmic supertownships townships sections samples Among
Property variance (>19 km) (10-19 km) (1.2-10 km) (100 m) analyses

Elements in and mineralogy of soil

0.0079 19y 0 lsa a7 0
L0272 0 13 36 Lyo 9
.0842 0 s 0 0 88
.0257 7 0 79 2 21
.1603 6 0 176 lig 0
L0413 7 0 Lio 0 44
L0184 Lo 0 43 9 8
.0130 139 0 17 19 34
.0231 10 9 lss 1oy 4
.0086 ls, 0 lag oo 0
.0259 12 0 lys l3g 8
.0n79 14 0 Lsg a7 0
0094 14 ) sy 4 29
0305 17 4 28 139 12
.0321 8 0 179 13 0
.0197 29 7 Lag Lo 8
L0246 4 0 21 lsg 16
0483 ly7 0 Ls, Iq 0
0164 0 0 lgs 0 35
.0198 137 n gy 1y 3
0306 21 135 n l40 4
.0289 Ly 0 lgg 8 9
.0121 134 0 lyg 4 13
.0070 11 0 173 lyg 0
.0332 5 0 lgy 22 12
.0085 43 0 4o L7 0
L0117 lg, 0 In lys 10
0112 28 2 }35 7 18
.0253 16 0 54 20 10
L0146 139 0 sy 7 1
Zr———— e .0290 4 0 60 16 20
Organic C-—  .0975 leg 0 Lo I 2
Togal C----- .0863 134 0 Lss I 0
Y C— 4284 137 0 lig 5 10
Calcite——--—-  1.8396 12 0 17, 0 16
0219 lyg 0 13y n 26
Dolomite—--=  .6962 lyg n l3g 6 13
Potassium
feldspar-—-  .0913 0 0 leg 15 19
Quartz——--— .0209 5 7 g7 8 13
Sodium

feldspar-—-  .0856 1oy 0 134 12 25
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TABLE 4.—Total logarithmic variance and variance components, as percentage of the total
variance, for geochemical properties of 83 soil samples, and biogeochemical properties of
80 big sagebrush samples and 80 western wheatgrass samples from the Piceance basin—Con-

tinued
Variance component as percentage of total variance
Total Among Among Among Among
logarithmic supertownships townships sections samp les Among
Property variance (>19 km) (10-19 km) (1.2-10 km) (100 m) analyses

Elements in DTPA extract of soil

0.0664 4 0 ) 0 56
0042 27 0 137 12 24
L1248 Y 12 9 18 29
L0266 7 n lsn 139 4
.1205 Lo Ly L4 1 2
L0531 22 0 gy lay 2
.0583 14 0 173 1y 2
.0748 4o 0 lag lg 3
.0978 lsp 5 15 5 25
L1215 l5g 0 los L2 4
L0134 0 18 29 16 37
.0282 15 137 18 a7 3
L0465 0 0 les 16 19
.1553 Ly 6 14 L7 2
L1257 lsg 5 lig lyg 2

Elements in big sagebrush

0.0322 0 17 10 lys 8
.0520 0 2 lsy 13 16
L0744 l3g 0 lys 117 2
.0123 20 8 9 lag 17
L4154 0 Lyg n lgg 12
0249 135 0 24 137 4
0154 0 21 0 36 43
.0233 4 25 14 43 15
.0100 l4g 0 12 7 22
.0281 18 18 Lan 21 3
.0708 135 7 1y, Lyg 10
.1981 43 0 lys 139 10
.3536 0 6 2 0 92
.0153 0 las 0 0 75
.0371 14z 0 135 lig 3
.8334 9 12 0 0 79
.0238 24 7 133 13y 4
.0002 5o 1 L3¢ 7 6

Elements in western wheatgrass

N PR 0.0477 11 ) 15y 19 19
Bommmm e .0360 139 0 L4 14 15
T Y—— .0362 o 0 0 Yoo 8
Cammmmmmmmmn 0161 1og 0 22 l3g 16
o — .0368 0 0 lgg 2 9
S .0293 lyg 4 2 0 66
Femommmmame .0261 n 5 33 Ls4 8
v — .0182 135 0 13; 19 20
Y L0221 25 12 13 123 9
TR .0924 29 g 17 L2 4
P emmmemee 0254 6 l4g 4 126 15
SPmmmmm e L0484 Iy 0 L2z 10 16
P .0178 24 0 Lyz 122 7
POy .0085 g1 n 120 L7 2

!significantly different at 0.05 probability level.
“Total arithmetic variance.
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I'ABLE 5.—Calculated parameters used in estimating stability of maps based on the mean amounts of geochems-

cal properties of soils and biogeochemical properties of plants within supertownships, Piceance basin

[v, variance ratio; 7,(80), number of random samples required within a supertownship to distinguish compositional differences between supertownships
at the 80 percent confidence level; E,, maximum acceptable error variance for supertownship means; E,, observed error variance for super-
township means; vy, variance mean ratio; — means 7, is indefinately large]

Property v (80) £, £y Um
Elemeunts in and mineralogy of soil

N [ —— 0.27 5 0.0012 0.0009 1.79
B 0 _— _— _— _—
T P 0 - — - —-
BEm—mm e e .08 10 L0024 .0045 241
o P ——— .07 14 .0107 -0413 .24
[0 T .07 14 .0028 <0043 «64
[0 s T — +HR 3 .0037 .0018 4.10
[ O8RS 47 3 .0028 +0015 2.52
F W11 8 . 0026 .0054 42
Femm—mm e e 1.15 3 0013 <0008 6.04
o P 14 7 .0033 <0040 .78
S, .17 6 .0011 .0020 <56
I P —— .16 6 .0013 .0016 .79
Lim—mm e mmmmmmm .21 5 .0050 .0055 <95
Mg ——————mmmmm — .09 9 .0033 .0074 .35
L P W41 4 .0035 .0036 1.60
O Y — .06 14 .0013 .0035 .31
Na————mmmm e .59 3 .0101 .0085 2.11
3 0 _— -— -_— -—
| § TR .58 3 L0042 .0021 3.56
P <26 5 0048 0048 1.33
Pb——mm e .20 5 .0048 <0045 1.08
Se~—mmm e .49 3 .0027 .0014 2.85
53 .12 7 .0009 .0013 <57
1] S .05 15 .0021 .0070 .23
Ti-m—mrmm—mmmm e .76 3 .0016 -0007 5.08
v 1.19 3 L0018 .NN12 5.39
| A .39 4 .0020 .0N19 1.70
|4 P .19 5 0042 .0043 <96
7 P, .65 3 .0021 .N018 2445
[ o, .05 15 .0018 . 0063 .20
Organic Ce———=v—= 1.63 2 .0181 .0093 6.38
Total Co———e———en .52 3 .0190 0136 2.16
) Lo .77 3 .0674 +0539 2.90
Calcite————mm—mem .17 6 .2113 .3512 .63
Clay————————————— 1.00 3 .0032 .0021 4.56
Dolomite~————m=—m .37 4 .1095 L0767 2.12
Potassium

feldspar-—————- 0 - - - -
Quartz——————————- .05 19 . 0009 .0052 .17
Sodium

feldspar————=-- .48 3 +0156 -0101 2.25
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TABLE 5.—Calculated parameters used in estimating stability of maps based on the mean amounts of geochemi-
cal properties of soils and biogeochemical properties of plants within supertownships, Piceance basin—Con-

tinued
Property v (80) Er Es Un
Elements in DTPA extract of soil
B 0.05 16 0.0033 0.0107 0.23
Camm—mmmmmm e .34 4 .0008 .0007 1.57
o P .46 3 .0285 . 0167 2.35
CUmmm e e .09 10 .0021 .0051 .38
S 1.82 2 0214 L0111 6.98
K. .28 4 «N104 .0093 1.24
R .21 5 .0078 .0112 .72
e S, .73 3 L0144 -0108 2.92
I R —— .99 3 L0164 <0100 4.84
P - 1.43 2 .0250 0104 6.86
e 0 -— -— ——= -—
] .18 5 .0048 .0057 <74
\j 0 - _— _— -—
R .52 3 .0341 .0265 2.00
7 PO 1.39 gl .0263 .0123 5.96
Elements in big sagebrush
Al mmmm e 0 — — — -
B 0 _— — _— —
S —— .57 3 0.0158 0.0073 3.71
o PO .26 5 .0020 .0019 1.32
Cdmmmmmmm e ) — — — _—
CUm—mm e e e .73 3 .0039 .0025 3.42
F 0 —— _— —_ —_—
Femmm e emmmee e .05 15 .0015 -N047 022
S .95 3 .0017 .0011 4ed5
D P .22 5 .0046 -0058 -89
MO~ = e meme —_— .53 3 0154 .N112 2.19
| 74 3 .0379 .0223 3.78
Ni-mmmem e e 0 -— — -— -—
2 0 — - -— -
] o —— .75 3 .0071 .0053 3.00
1 .10 8 .0947 .1834 W41
s P .31 4 . 0045 «N043 1.32
AShemmm e .01 3 .0NN6 +N004 3.86
Elements in western wheatgrass
Alm—mme e 0.12 7 0.0061 0.0095 0.53
B .43 4 .0063 .0048 2.21
. .15 4 .0067 .0030 3.16
CAmmmmm e .36 4 .0030 .0025 1.70
CUmm=mmm e e 0 - —_— -— -
F .38 4 . 0053 .0030 2.67
Fe———m—m—mmm 0 —_— _— - -—
Mg——mm e mmmm e 42 4 .0032 .0028 1.90
Mmoo e e .34 4 .0041 .0039 1.42
e U W41 4 0164 .0156 1.71
- .07 14 L0017 .0052 .32
S mm e e e 1.10 3 .0077 .0N48 5.34
T mm e e e e .31 4 .N034 -N032 1.32
ASh=—m—m e W43 3 . 0084 . 0049 2.21
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TABLE 6.—Grouping of properties of Piceance basin soil and plant samples based on variance-mean
ratios (vy,) and analytical error variance (S%)

v, >1.00

v, <1.00

ssz >50 percent

Flements in and mineralogy of soil

A1, Co, Cu, Fe, Mn, Na,
Ni, P, Pb, Sc, Ti, V,
Y, Zn, Organic C,

Total Carbon, pH,
Clay, Dolomite,

Sodium feldspar

Quartz

B, Be, Ca, Ce, F, Ga Ba
K, La, Li, Mg, Mo, Nbh,

Si, Sr, Yb, Zr, Calcite

Potassium feldspar,

Flements in DTPA extract of soil

Ca, Cd, Fe, K, Mn,
Ni, P, Y, In

Cu, Mg, Pb, Sr, V B

Elements in big sagebrush

Ba, Ca, Cu, Mg, Mo Al, B, Cd, F, Fe, Mn Ni, P, V
Na, Sr, Zn, Ash
Elements in western wheatgrass
F

B, Ba, Ca, Mg, Mn,
Mo, Sr, Zn, Ash

Al, Cu, Fe, P

Samples with high loadings for Factor 2 (Group 2)
are concentrated in the southwestern corner and scat-
tered across the northern part of the basin (fig. 6B).
Most sample sites are of moderate elevation and are
located in valley bottoms where soil parent material is
difficult to identify. The mapped lithologic units in the
vicinity of the sites are Uinta, Green River, and
Wasatch Formations. Samples in this group are rich
in calcite, dolomite, the carbonate-related elements
(calcium, magnesium, strontium, and total carbon) and,
to a small extent, molybdenum (table 7). Patterns on
the geochemical maps for total carbon and dolomite
(figs. 5P, 58) are similar to those in figure 6B. The
soils throughout the basin are high in carbonates due
to the large amounts of carbonate minerals found in
the parent materials, but lithology alone does not ac-
count for the distribution of sample loadings. In a semi-
arid climate, such as that found in northwestern Col-
orado, carbonate in soils is a function of ground and
(or) surface waters as well -as lithology. The geographic
distribution of sample composition in this group is
explained by the hydrology and ground-water composi-
tion of the basin.

The basin is dissected by a major drainage divide
at a latitude of 39°37' (the rim of the Roan Cliffs).
North of this divide, ground water surfaces and dis-
charges into streams, springs, flowing wells, or is
evaporated. South of the divide, the water is dis-
charged to springs from fractures in the Green River
Formation where the formation crops out along the face
of the Roan Cliffs. Predominant ions in ground waters
around the margins of the basin are calcium, magne-
sium, and bicarbonate; whereas, ground waters in the
center of the basin are predominately sodium and bicar-
bonate (Coffin and others, 1971). The samples with high
loadings for Factor 2 are located within areas where
calcium-magnesium-bicarbonate enriched ground wa-
ters are likely to come to the surface, evaporate, and
precipitate as carbonates. The reason for the slight en-
richment of molybdenum in samples is not known, but
it may be from precipitation of insoluble calcium-molyb-
denum salts from alkaline weathering solutions mixing
with surfacing calcium-enriched ground waters.

Samples with high loadings for Factor 3 (Group 3)
are concentrated in the southeastern corner and are
scattered in the northern end of the basin (fig. 6C).

(Text continues on p. E32.)
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FIGURE 6.—MAPS SHOWING DISTRIBUTION OF Q-MODE FACTOR LOADING FOR SOIL SAMPLES
Class intervals were determined by natural breaks in the data.
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Most sample sites are in low elevation valley bottoms
where the Wasatch Formation is the predominant
mapped unit. Trace-element, clay, and quartz contents,
along with pH, are higher in these samples (table 7).
The quartz and clay influence on this factor is due to
the high content of these minerals in the Wasatch For-
mation, 45-50 percent and 25-30 percent, respectively.
The high soil pH can be attributed to low humus con-
tents due to the increased aridity at lower elevations.
Elements commonly associated with resistate minerals
(silicon, titanium, and zirconium) are rich along with
quartz. The high concentrations of trace elements (cop-
per, lanthanum, nickel, lead, scandium, vanadium, yt-
terbium, yttrium, and zine) could be due to high con-
centrations in parent material or adsorption onto clays
of trace ions from weathering solutions. The high con-
centrations due to adsorption could be controlled by an
increase of clay content in the soil and (or) an increase
in the cation exchange capacity of the clay due to
higher pH. Geochemical maps of these elements, pH,
and clay (fig. 5) substantiate the increase in values in
the southeast corner of the basin.

Samples in Group 4 are of intermediate composition,
being neither rich nor poor in elemental or mineralogi-
cal properties (table 7). This group can be considered
as a geochemical composite of the other three groups.

Dean, Ringrose, and Klusman (1979) also computed
a @-mode factor analysis of the elemental composition
of Piceance basin soils. Their study used a four-factor
model. Factor 1 samples were concentrated in the
southern part of the basin, and their higher trace-metal
concentrations were attributed to Green River parent
material. Factor 2 samples were concentrated in the
northern and southern parts of the basin, and their
higher concentrations of carbonate-related elements
were contributed to ground water hydrology in the
northern part and Green River parent material in the
southern part of the basin. Factor 3 samples were scat-
tered throughout the basin, and their higher silica con-
centrations were attributed to Uinta and Wasatch par-
ent materials. Factor 4 samples were concentrated in
the northern end of the basin, and their higher concen-
trations of sodium and strontium were attributed to
ground water hydrology. Overall, the results of our Q-
mode model are similar to those in the study by Dean,
Ringrose, and Klusman; however, there are two differ-
ences regarding the interpretation of the factors. Dean,
Ringrose, and Klusman attributed the high trace-ele-
ment concentrations in soils in the southern part of the
basin (their Factor 1) to the Green River Formation;
whereas, we attribute the anomaly to mineralogy of the
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Wasatch Formation and soil pH (our Factor 3). Dean,
Ringrose, and Klusman suggested that the minerals in
the Green River Formation are controlling the high
concentrations of carbonate-related elements in the
southern part of the basin (their Factor 2); whereas,
we attribute these higher concentrations to surfacing
ground waters (our Factor 2).

@-mode factor modeling was performed on the plant
data in order to help define processes controlling the
geographic trends on the biogeochemical maps in figure
5. The results of this modeling are highly speculative
at this time and await further study.

RECLAMATION POTENTIAL OF BASIN SOILS

The soil geochemical and plant biogeochemical maps
in figure 5 indicate that some areas within the basin
are naturally high or low in certain soil and (or) plant
properties. These natural differences could be useful in
considering areas for locating spoil piles and for collect-
ing reclamation topsoil. The potential for trace-element
toxicity in revegetation plant materials has been recog-
nized by Dean, Ringrose, and Klusman (1979), Kilkelly
and Lindsay (1979), and Schwab, Lindsay, and Marx
(1980). Location of spoil piles in and collection of recla-
mation topsoil from areas identified from the maps in
figure 5 as being naturally low in soil trace elements
might be appropriate in order to decrease the possibil-
ity of trace-element toxicity in revegetation materials.
Q@-mode results for soils further delineate these low-
trace-element areas with respect to the area’s other
geochemical characteristics. The biogeochemical maps
for big sagebrush and western wheatgrass provide in-
formation useful in accessing availability of the trace
elements to plants within the area.

The soils along the rim of the Roan Cliffs are gener-
ally low in concentrations of trace elements. The soils
are developed from Uinta or Green River Formation
parent material; the soils receive the most precipitation
and have the coolest temperatures within the basin. If
soils from this area were collected and transported to
reclamation sites in the northern part or southeastern
corner of the basin, increases in concentrations of cer-
tain trace elements may occur from surfacing ground
water, weathering solutions, and (or) an increase in pH.
We speculate, therefore, that the rim of the Roan Cliffs
would be the best location for reclamation with regards
to trace elements in soils.

Plants grown along the rim have low concentrations
of many of the potentially toxic trace elements that are
higher in plants in the southeast corner of the basin.
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There is a slight increase in concentrations of boron
and barium in western wheatgrass along the rim, but
the contents are well below any toxic levels.

In summary, the elevated areas along the Roan Cliffs
appear to be best suited for reclamation with regards
to natural soil and plant characteristics. Under altered
conditions, it is not known if the area will remain the
best choice. Kilkelly and Lindsay (1979) reported an
increase of boron and molybdenum in plants grown at
the Anvil Points experimental revegetation plot (1737
m elevation) relative to plants grown at a “high eleva-
tion” (2225 m) experimental revegetation plot located
in the central part of the basin. Stollenwerk (1980) con-
cluded that the most suitable locations for disposal of
oil-shale wastes are in small gulches at low elevation
because greater amounts of precipitation at higher ele-
vations could result in production of significant quan-
tities of leachate and deterioration of water quality
downstream from disposal sites. In view of our results,
these low-elevation disposal sites should not be located
in high-trace-element areas south of the Roan Cliffs.
Acceptable quality in all media (soils, plants, and wa-
ters) may be possible at lower elevation reclamation
sites located in the northern part of the basin; however,
molybdenum is generally enriched in these northern
basin soils, and if an increase in pH due to oil shale
waste were to occur, molybdenum may be further
mobilized making it available to plants.

REVEGETATION PLOT STUDY

The results of geochemical and biogeochemical
analyses for the revegetation plot study are sum-
marized in table 8. As with the basin study data, a
logyo-transformation was used except for pH measure-
ments.

The estimated variance components associated with
topsoil treatments, adjacent lysimeters, and repeated
analyses are given in table 9. Analytical error for 17
properties was greater than 50 percent (table 9); there-
fore, these properties were excluded from further in-
terpretation. Mean values for 20 soil properties as a
function of topsoil depth are illustrated in figure 7.
Mean values for 7 properties in western wheatgrass are
shown in figure 8. Soils in lysimeters with topsoil over
spent shale and control lysimeters are fairly uniform
in composition; whereas, soils in lysimeters which con-
tained only spent shale have either significantly higher
or lower concentrations of geochemical properties as
compared to topsoil-containing and control lysimeters.
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This suggests that a little topsoil makes a large differ-
ence in soil composition but that adding to a thicker
layer of topsoil does not result in a significant change
in soil composition.

The histograms of figure 8 for western wheatgrass
suggests that varying amounts of topsoil show three
patterns of elemental uptake. The first pattern is a de-
crease in molybdenum with increasing topsoil depth; 40
cm of topsoil over spent shale significantly decreases
accumulation. The second pattern is an increase in con-
centrations of barium, caleium, manganese, and zinc
with increasing topsoil depth. The third pattern is the
low concentration of strontium in western wheatgrass
grown on spent shale and an increase in the concentra-
tion of strontium when grown on topsoil regardless of
depth.

The decrease in molybdenum accumulation and the
independence of fluorine in western wheatgrass as a
result of increasing topsoil depth is consistent with re-
sults reported by Kilkelly and Lindsay (1979). The inde-
pendence of boron, copper, fluorine, iron, manganese,
sodium, nickel, phosphorus, and zine in western wheat-
grass with respect to increasing topsoil depth is consis-
tent with results reported by Schwab, Lindsay, and
Marx (1980). Kilkelly and Lindsay conducted their
study at a revegetation plot at Anvil Points using
lysimeters containing U.S. Bureau of Mines and
TOSCO? processed spent shale overlain by varying
depths of topsoil. Schwab, Lindsay, and Marx sampled
lysimeters containing Paraho® processed spent shale
overlain by varying depths of topsoil. These lysimeters
are located at Colorado State University’s Intensive
Revegetation site in Piceance basin.

Table 10 compares the results of analyses of the re-
vegetation plot samples and the baselines from table
3 for those properties that did not show regional varia-
tion. The expected 95-percent (baseline) for Super-
township 12 (see supertownship index map in the Ap-
pendix) was used for those properties that do show re-
gional variation because the revegetation plot is located
in Supertownship 12, and the topsoil used in the
lysimeters was collected within the supertownship.

A major concern in revegetation is element toxicity
in plants and subsequent toxicity in animals. The re-
sults from this study show that elemental concentra-
tions in western wheatgrass grown on the revegetation
plots are not significantly greater than baseline values

(Text continues on p. E39.)

3The TOSCO process retorts oil shale at 482°C in an atmosphere of pyrolysis gases. .'[‘he
Paraho process retorts oil shale at 600°C in an atmosphere of air and ecombustion-derived
carbon dioxide.
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TABLE 8.—Summary statistics for geochemical properties of 17 soil samples and biogeochemical
properties of 17 western wheatgrass samples collected from Anvil Points experimental revege-
tation plot

(Plant variables are reported on a dry weight basis. n, number of samples which contained concentrations above the lower limit
of determination of the analytical method; pct, pemem. ppm, parts per million; pk ht, peak height; expected 95-percent

range, the range within which 96 p of the p ion would be expected to oceur)
Geometric Geometric Observed Expected 95—
Property n mean deviation range percent range

Element concentrations in and mineralogy of soil

Al (pct)—===—===— 17 4.6 1.05 4.2 = 4.9 4.2 - 5.1
B (ppm)—————=m——m 17 33 1.28 19 - 44 20 - 54
Ba (ppm)—-=——————v 17 540 1.26 390 - 900 340 - 850
Be (ppm)==——————n 16 1.3 1.24 <1.0 - 1.9 .85 - 20
Ca (pct)==————a— 17 6.9 1.24 5.4 = 12 4.5 - 11
Ce (ppm)=-=——-s——o 17 76 1.28 56 - 130 47 - 120
Co (ppm)===~——=== 17 7.5 1.19 6.0 - 10 5.3 - 11
Cr (ppm)=—==—=m=m 17 30 1.16 24 - 39 22 - 40
Cu (ppm)---—————- 17 29 1.38 16 - 62 15 - 55
F (pct)mmm—omm——e 17 .08 1.38 .05 - 0.16 «04 - 0.15
Fe (pct)=—===—=—mx 17 2.0 1.06 1.8 - 2.1 1.8 - 2.2
Ga (ppm)=———————o 17 9.7 1.21 6.8 - 12 6.7 - 14
K (pet)=m——ememenm 17 1.8 1.05 1.6 - 2.0 1.6 = 2.0
La (ppm)=—————m—=m 17 35 1.22 27 - 52 24 - 52
Li (ppm)=——==——m——m 17 13 1.45 10 - 30 6.3 - 27
Mg (pct)=——m—mmmo 17 1.7 1.36 1.2 - 3.5 .93 - 3.1
Mn (ppm)-==-=-—=- 17 350 1.17 270 - 460 260 - 480
Mo (ppm)=—==w-——m 17 3.9 1.53 2.6 - 11 1.7 - 9.1
Na (pet)=—————m—m 17 .81 1.38 .63 - 1.9 W43 - 1.5
Nb (ppm)————m———m 17 14 1.22 10 - 19 9.5 - 21
Ni (ppm)=-==—m=—=—v 17 20 1.17 15 - 26 15 - 27
P (pet)=—m—mmem—ee 17 .11 1.45 .09 - 0.22 .05 = 0.22
Pb (ppm)-~——————- 17 13 1.34 9.4 - 29 7.3 - 23
Sc (ppm)———————- 17 7.6 1.23 5.9 - 11 5.1 - 11
Si (pet)=———em——eme 17 26 1.18 17 - 30 19 - 36
Sr (ppm)=—=~—====- 17 310 1.35 220 - 620 170 - 560
Ti (ppm)-———=—m—mm 17 .17 1.29 .10 - 0.27 .10 = 0.28
V (ppm)=——=mm———- 17 74 1.14 58 - 100 57 - 96
Y (ppm)-—====mm——m 17 26 1.25 18 - 42 17 = 40
Yb (ppm)———=——=—m 17 1.4 1.34 T4 - 2.1 .79 - 2.5
Zn (ppm)====—=m=~ 17 120 1.79 71 - 950 36 - 370
Zr (ppm)-———————v 17 230 1.78 63 - 760 74 - 710
Carbonate C (pct) 17 1.6 1.47 .89 - 3.8 Th = 3.3
Organic C (pct)-- 17 1.9 1.41 1.2 - 3.8 .94 - 3.7
Total C (pct)=——=—= 17 3.5 1.36 2.6 = 7.5 1.9 - 6.4
P 17 8.0 .34 7.6 - 8.7 7.3 - 8.7
Calcite (pk ht)-- 17 15 1.27 9 - 22 9 - 24
Clay (pk ht)—=-—— 17 2 1.42 1 -3 1 -4
Dolomite (pk ht)- 17 6 1.52 4 - 16 3 - 14
Potassium feldspar

(pk ht)—=———e— 17 4 1.72 2 -19 1 - 12
Quartz (pk ht)--- 17 67 1.55 20 - 96 28 - 161

Sodium feldspar
(pk ht)—————-e- 17 6 1.63 3 - 18 2 - 16
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TABLE 8.—Summary statistics for geochemical properties of 17 soil samples and biogeochemical
properties of 17 western wheatgrass samples collected from Anvil Points experimental revege-
tation plot—Continued

Geometric Geometric Observed Expected 95-
Property n mean deviation range percent range

Element concentrations in DTPA extract of soil

B (ppm)=—-==mmemm 13 0.57 1.47 0.36 = 1.50 0.26 - 1.23
Ca (ppm)-=~——————n 13 270 1.45 90 - 360 130 - 560
Cd (ppm)==m=—ommm 12 .06 1.85 <0.02 - 0.16 .02 - 0.20
Cu (ppm)=-==~==—=— 13 2.6 1.66 1.6 - 8.6 W94 - 7.1
Fe (ppm)—==-——a-- 13 21 2.79 5.2 = 200 2.8 - 160
K (ppm)—————————o 13 220 1.34 110 - 310 120 - 390
Mg (ppm)—=-m————v 13 300 l.44 210 - 740 150 - 610
Mn (ppm)-—~——————o 13 7.8 1.37 Lih - 12 4.2 = 14
Ni (ppm)=~——————m 13 45 1.43 .21 - 0.83 .22 - 0.91
P (ppm)~=———m—m—m 13 24 2.18 6.2 - 79 5.2 - 110
Pb (ppm)-————m—mem 13 1.9 1.35 1.3 - 4.0 1.1 - 3.4
Sr (ppm)-—~===—n -— 13 2.2 1.2 1.2 - 2.8 1.4 - 3.5
V (ppm)——~—mm e 13 .58 1.44 43 = 1.5 228 = 1.2
Y (ppm)==~—==—=— 13 .21 1.36 .13 - 0.33 .11 - 0.38
Zn (ppm)~—~——===== 13 16 3.74 2.9 - 560 1.1 - 220

Element concentrations in western wheatgrass

Al (ppm)——====mmm 16 43 1.38 <30 - 77 23 - 81
B (ppm)-—~==——m— 17 8.2 1.34 5.8 - 17 4o - 15
Ba (ppm)=m——=——=—m 17 16 1.34 7.8 - 22 9.0 - 28
Ca (pet)=——mm———mem 17 .18 1.31 .09 - 0.25 .11 - 0.31
Cu (ppm)=—==mm—m—= 17 2.8 1.24 1.7 = 3.6 1.8 = 4.3
F (ppm)-———————mm 17 5.5 1.36 3.0 - 9.0 3.0 - 10
Fe (ppm)=—m=mmwue— 17 42 1.23 28 - 62 28 - 63
Mg (pet)=————mm—m—m 17 .13 1.26 .09 - 0.19 .08 = 0.20
Mn (ppm)=~~=——m— 17 26 1.98 42 - 42 6.8 - 99
Mo (ppm)~=———m——m 17 1.8 1.67 .90 - 5.7 .70 - 4.9
Na (ppm)—=———ewam 17 150 1.37 81 - 250 110 - 210
LN G T D D — 17 .16 1.29 .10 - 0.24 .10 - 0.26
Sr (ppm)=————mm—mm 17 25 1.37 10 - 33 13 - 46
Zn (ppm)—=————mwm 17 14 1.17 11 - 19 10 - 19
Ash (pet)=—=——=—- 17 7.2 1.17 5.2 - 9.6 5.3 - 9.8

1At‘ithmetic mean and deviation.
Because of insufficient sample quantity, these statistics are based
on 13 samples instead of 17.
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TAB.LE 9.—Total logarithmic variance and variance components, as percentage of the total logarithmic
variance, for geochemical properties of 17 soil samples and biogeochemical properties of 17 western wheat-
grass samples from Anvil Points experimental revegetation plot

Variance components as percentage of total variance

Total Among Among
logarithmic topsoil ad jacent Among
Property variance treatments lysimeters analyses

Elements in and mineralogy of soil

Al==mmmmmmmmmmm  0.0004 36 l62 2
Brmmm e e e e e L0116 0 1 99
P S L0187 26 0 74
T .0163 36 0 64
Cammmmmmmm e .0096 lgg Lo 0
Cemmmmmmmmmm .0147 0 58 42
S — .0043 33 28 39
P — .0067 150 0 50
T —— .0208 50 19 31
Fommmmm e e mmm L0215 177 19y 2
Fa-mmmmmmm e .0006 33 l62 0
e S ——— .0073 0 42 58
S .0050 0 lgg 4
La=———— - mmmmamm .0083 0 50 50
Li----——————— .0280 174 17 9
L .0195 lg6 Lig 0
Mp-=—mm—mmm e .0076 0 0 100
Mommmmmmmcemmee  .0375 57 140 3
P — L0222 lgs Ly !
Nb=mmmmm e mmm .0078 29 15 56
17 .0058 25 0 75
P e .0290 175 L9 3
4 S — L0180 45 0 55
SCmmmmmmmmmmmmm .0082 31 25 44
§1 = mmmmmmmmmm .0058 Los Is 0
Srmmmmmmm e .0199 L0 0 20
G T, .0020 lgo 18 2
. .0038 0 51 49
O — .0099 49 19 32
4 .0226 lgs 0 35
A P— .1106 0 log 2
Zrommmmmememee= 0669 40 36 24
Carbonate C---- .0310 lgs 2 12
Organic C-===-- .0239 51 27 22
Total Ce=m=—~-m= .0199 Lgg 11 0
N (R .1258 80 10 10
Calcite=——-—-—m .0124 0 1 99
Claymmmm—mmmmam .0258 177 3 20
Dolomite==-=m== .0360 58 21 21
Potassium

feldspar—-—--- .0729 0 12 88
Quartz-——==-—-=—- .0450 lgo 0 18
Sodiun

feldspar----- .0465 11 43 46
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TABLE 9.—Total logarithmic variance and variance components, as percentage of the total logarithmic variance,
Jor geochemical properties of 17 soil samples and biogeochemical properties of 17 western wheatgrass from
Anwil Points experimental revegetation plot—Continued

Variance components as percentage of total variance

Total Among Among
logarithmic topsoil adjacent Anmong
Property variance treatments lysimeters analyses

Elements in DTPA extract of soil

J 0.0365 175 0 25
T S—— .0496 0 192 8
Cd——mmmmmme—— .1090 0 47 53
Cummmmmmmmmmmmm .0551 L9s 0 8
R .2258 lgg 7 4
. .0183 lg4 3 13
P — .0302 lgg 0 14
e .0197 19 43 38
T EE .0300 175 0 25
Po—mmmmmmmm e .1212 6 190 4
Phem=mmm e .0278 2 0 98
Spe—mmmmm——mame L0163 0 67 33
|2, .0292 74 0 26
Yomm e .0186 7 68 25
S .6354 0 199 1

Elements in western wheatgrass

J\ S ——— 0.0214 0 0 100
Y L0176 58 18 24
Ba=-mmmmmmmmmmm L1734 lgs 20 15
S .0170 167 0 33
Cummm e e .0095 27 43 30
Fomommm e memmeee L0247 12 0 88
S .0126 8 0 92
P R — .0104 49 10 4l
S —— .0986 l9g 1 3
Mommmmmm e eem e .0554 lgg o 4
| T — .0200 41 13 45
P — .0128 42 13 45
Y S — .0208 Lgo 5 15
S .0057 I 0 29
PV - . 0054 190 17 3

ISignificantly different at 0.05 probability level.

2Tot:al arithmetic variance.
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FIGURE 7.—HISTOGRAMS SHOWING RELATION BETWEEN GEOCHEMICAL PROPERTIES OF SOIL AND TOPSOIL DEPTH
WITHIN THE LYSIMETER.

C, represents control lysimeter containing only topsoil. DTPA, extracted from soils with diethylenetriaminepentaacetic acid.
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GEOCHEMICAL PROPERTIES OF WESTERN WHEAT-
GRASS AND TOPSOIL DEPTH WITHIN THE LYSIMET-

ERS.

C, represents control lysimeter containing only topsoil. DTPA,

extracted from soils with diethylenetriaminepentaacetic acid.

for western wheatgrass growing in natural soils
throughout the basin or in Supertownship 12. Some soil
properties are significantly higher in revegetation plots
than in natural soils due to fertilization and mulching
of the revegetation plots. These differences, however,
are not reflected in differences in western wheatgrass.
Extrapolations of these results to other plant species
or other areas of the basin are inappropriate because
of variations in the chemical composition of different
plant species and variations in the physiographic con-
trols on elemental uptake by plants.

The increase in certain soil properties in the revege-
tation plot above baseline values is due to factors other
than spent shale because concentrations of these prop-
erties also are elevated in control lysimeters. The in-
crease in phosphorus is probably due to addition of
nitrogen and phosphorous fertilizers. The increase in
organic carbon, and consequently total carbon, are
probably due to mulching. The increase in DTPA-ex-
tractable values is probably due to the increase of veg-
etative debris as illustrated by the @-mode results in
the basin study. The increase in zinc concentrations
might be a result of contamination. One sample from
one control lysimeter contained a 10-fold increase in
zinc relative to samples from the adjacent control
lysimeter.

The Anvil Points experimental revegetation plot is
located in the area deemed least desirable by the Basin
Study for revegetation activities. Toxic concentrations
of elements in lysimeter plants were not observed, but
these plants and associated soils are not in equilibrium
with the surrounding lysimeter environment as is the
natural soil-plant system. Given time, there is a possi-
bility that toxic levels may develop.

AVAILABILITY STUDY

Equations showing relations between element con-
centrations in big sagebrush and western wheatgrass
and various soil properties in the Piceance basin are
given in table 11. The independent soil variables used
in the multiple regression procedure were total element
concentration, organic and total carbon concentrations,
pH, relative mineral concentrations, and if applicable,
DTPA-extractable element concentrations. Influences
from undetermined soil properties, plant physiological
processes, and environmental conditions, all contribute
to the large range in the amount of variation (6-69 per-
cent) accounted for by the equations.

Total element content in the soil is significant in only
8 of the 42 equations. DTPA-extractable elements only
appear in seven of the equations. The lack of strong
relations and the inconsistencies between elements in
plants and soils suggest that plant uptake and accumu-
lation of elements can not be explained by considering



E40

TABLE 10.—Comparison of

GEOCHEMICAL SURVEY OF THE WESTERN ENERGY REGION

an concentrations of soil geochemical properties and western wheatgrass

biogeochemical properties from Anvil Points experimental revegetation plot with baselines
[Note.—Significance is determined by comparison with either the expected 95-percent range for the entire basin or Supertownship 12]

Revegetation plot
significantly lower
than baseline

Material

Revegetation plot
significantly higher
than baseline

Rlements in and

Fe, Sc¢, Ti, VvV, Y, and

P, Zn, Organic Carbon,

nineralogy of soil Clay and Total Carbon
DTPA extracts of soil Ca and K Cd, Fe, Mn, Ni, P, and Zn
Western wheatgrass Al, Ca, Fe, Mn, Mo,

Zn, and Ash

total or DTPA-extractable concentrations of elements
in soils alone. As mentioned, many other factors inter-
act within the plant-soil system.

Most equations are dominated by soil mineralogy
which reflects the major source of the element to the
available phases of the soil. Potassium feldspar occurs
in the equation for boron in western wheatgrass and
big sagebrush. Boron is thought to reside in authigenic
potassium feldspars in the Green River and Uinta For-
mations (Sheppard and Gude, 1973). The boron would
be released and readily mobilized by the alkaline weath-
ering conditions. The equation for fluorine in western
wheatgrass within the basin contains the variable clay.
Saether, Runnells, and Meglen (1980) suggested that
the fluorine substitutes for the hydroxyl group in illite.
Similarly, sodium feldspar appears in the equation for
sodium in western wheatgrass. Calcite appears in the
equations for calcium, strontium, and zine in big sage-
brush and for molybdenum and strontium in western
wheatgrass. Clay appears in eight equations for
elements in big sagebrush and in five equations for
elements in western wheatgrass. However, all correla-
tions between elements in big sagebrush and clay are
negative, and all correlations between elements in
western wheatgrass and clay are positive. These oppo-
site responses to clay content in soils are difficult to
explain but may be due to either differences in species
uptake, or differences in clay type or content with
depth, or both. Big sagebrush has a much deeper root
system than western wheatgrass. The use of soil
mineralogy as a measure of availability is at best a first
approximation. Mineralogy alone can suggest resi-
dences of some available elements, but there are other
factors, as shown by the equations in table 11, which
are suspected of controlling the actual exchange of ele-

ments from the minerals to the plants. Potential recla-
mation problems may be identified for some elements
using mineralogical studies of reclamation topsoil, but
mineralogy alone is not recommended as an adequate
measure of availability.

Soil properties, such as organic and total carbon con-
tent and pH, are of limited use for predicting element
uptake. Magnesium, calcium, and strontium in western
wheatgrass, and copper, strontium, and zinc in big
sagebrush are inversely proportional to soil organic car-
bon, which suggests either that the organic carbon is
simply rendering the elements unavailable or that the
organic carbon reflects a more complex inverse re-
lationship with other soil properties that control avail-
ability. The latter relationship is suspected because
most of these elements listed are associated with car-
bonate or clay minerals. Magnesium and copper in big
sagebrush and copper in western wheatgrass are posi-
tively correlated with total soil carbon. Magnesium up-
take is probably being controlled by carbonate miner-
als; however, it is doubtful that carbonate minerals are
controlling copper uptake in either plant species.
Barium, boron, calcium, and nickel in big sagebrush
and barium in western wheatgrass are negatively cor-
related with pH. Except for boron, which, due to its
anionic nature, usually exhibits increasing mobility with
increasing pH, these elements interact with pH as ex-
pected. Copper, molybdenum, and sodium in big sage-
brush and fluorine in western wheatgrass are positively
correlated with pH. Molybdenum and fluorine are usu-
ally more mobile at high pH because of their anionic
characteristics. Sodium mobility is usually independent
of pH, and copper is expected to be immobile at higher
pH. Therefore, pH is a useful measurement in ap-
proximating element uptake for most elements that



TABLE 11.—Statistically significant relations between elemental content of plants and soil chemical and
mineralogical properties; the percentage of variance explained by the equations (r*x100), and the relative
importance of each variable in the equation as determined by the ratios of the standard partial correlation

VARIABILITY, SOILS AND PLANTS, PICEANCE BASIN, COLORADO

coefficients
[Equations are based on 80 western wheatgrass and 80 big sagebrush pl llected in the Pi basin. OC, organic carbon; TC, total
carbon; K-spar, potassium feldspar; Na-spar, sodium feldspar]

Dependent Relative
plant Independent importance
property soil properties rleOO of variables

Big sagebrush
Log Al = 1.5 - 0.42 log clay 11
Log B = 1.6 + 0.06 log K-spar - 0.4 pH 21 1.3:1.0
Log Ba = 2.4 - 0.46 log clay - 0.15 pH 24 1.0:1.5
Log Ca = 0.71 - 0.10 log Na-spar + 0.03 log calcite 27 1.0:1.4:1.5:2.4
- 0.29 log clay - 0.11 pH .
Log Cu = 0.43 + 0.40 log DTPA-Cu + 0.25 log TC 50 1.4:1.7:3.0:1.0
- N.39 log OC + 0.07 pH
Log Fe = 1.6 - 0.67 log Fe 15
Log Mg = - 9.4 + 0.10 log DTPA-Mg + 0.11 log TC 45 1.0:1.3:2.3
- 0.36 log clay
Log Mn = 0.41 + 0.26 log Mn + 0.39 log quartz
- 0.62 log clay 35 1.0:1.5:2.3
Log Mo = = 1.4 - 0.30 log Na-spar + 0.07 log dolomite
+ 0.19 pH 38 1.6:1.0:2.3
Log Na = - 2.7 - 0.18 log clay + 0.22 pH 41 1.8:1.0
Log Ni = 1.2 - 0.18 pH 6
Log P = - 0.65 4+ 0.15 log P 23
Log Sr = 1.8 + 0.41 log DTPA-Sr - 0.15 log 0OC 62 2.0:1.3:1.0:1.7:2.4
- 0.13 log Na-spar + 0.05 log calcite
- 0.62 log clay
Log Zn = 0.48 + 0.59 log Zn + 0.38 log DTPA-Zn 51  1.2:2.4:1.8:1.0:1.0
- 0.31 log OC - 0.19 log K-spar
+ 0.04 log calcite
Western wheatgrass
Log Al = - 2.1 + 0.52 log clay i1
Log B = 0.60 + 0.21 log K-spar - 0.07 log dolomite 22 1.1:1.0:1.0
+ 0.38 log clay
Log Ba = 3.0 - 0.37 log quartz - 0.13 pH 27 1e5:1.0
Log Ca = 0.1l4 log OC - 0.26 log quartz 42 1.6:1.5:1.6:1.0
- 0.06 log dolomite + 0.19 log clay
Log Cu = - n.08 + 0.37 log Cu + 0.23 log TC 20 1.0:1.5
Log F = - 0.02 - 0.06 log dolomite + 0.36 log clay 29 1.0:1.2:1.0
+ 0.07 pH
Log Fe = - 2.3 + 0.60 log Fe 11
Log Mg = - 1.4 - 0.18 log OC + 0.23 log DTPA-Mg 34 l1.1:1.0
Log Mn = 0.9 + 0.40 log Mn - 0.07 log dolomite
- 0.18 log DTPA-Mn 31 1.2:1.2:1.0
Log Mo = 1.1 + 0.86 log quartz - 0.39 log Na-spar
+ 0.08 log calcite 29 1.2:1.0:1.0
Log P = - 0.91 - 0.24 log TC - 0.19 log Na-spar 37 1.3:1.0:3.0
+ 0.45 DTPA-P
Log Sr = 2.0 - 0.41 log OC - 0.27 log quartz 61 3.2:1.0:2.5
+ 0.08 log calcite
Log Zn = 1.2 - 0.16 log K-spar + 0.26 log clay 23 1.2:1.0
1Only properties significant at 0.05 probability level were included in the

equations.
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contain pH in their prediction equations. However, pH
measurements alone do not provide an adequate assess-
ment of element availability because they appear in
only nine equations. Many different plant species are
used in revegetation, and it would, therefore, be desira-
ble if plant uptake could be predicted from only a few
soil properties, rather than individual plant analyses.
However, the equations in table 11 show that one or
two soil properties will not adequately explain uptake
in even two plant species grown under undisturbed con-
ditions. Table 12 gives the prediction equations for ele-
ments in western wheatgrass grown on revegetation
plots at Anvil Points. Uptake of fewer elements can
be related to soil properties at this revegetation plot
than in natural soils in the basin. The equations for
the revegetation plots in table 12 explain a greater
proportion of the total variation than the equations for
the entire Piceance basin in table 11. This increase in
the percent-variance explained is probably related to
the homogeneous growing conditions (same soil, pre-
cipitation, elevation, and topographic aspect) encoun-
tered at the revegetation plot.

Total or extractable concentrations of elements are
commonly determined in soil and rock materials to be
used in reclamation to evaluate potential plant defi-
ciency or toxicity conditions and to monitor changes
over time. The usefulness of the soil tests included in
this study for evaluating and monitoring deficiency or
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toxicity conditions in reclamation plant species is lim-
ited. Therefore, the development of reliable soil tests
are needed because, once reclamation and revegetation
of mined areas are completed, the amelioration of ele-
ment deficiencies and toxicities is an added cost that
might perhaps be avoided if adequate soil tests were
available.

CONCLUSIONS

1. A variance analysis of soil geochemical and plant
biogeochemical properties based on distance-re-
lated sampling intervals, resulted in maps show-
ing regional variation for 29 soil properties, 9 big
sagebrush properties, and 9 western wheatgrass
properties. In addition, 24 properties in soil, 6
in big sagebrush, and 4 in western wheatgrass
show no mappable regional variations; therefore,
their variation was expressed as a baseline
range. Boron and DTPA-extractable boron in
soil; nickel, phosphorus, and vanadium in big
sagebrush; and fluorine in western wheatgrass
showed excessive analytical error and were not
used further.

2. Soil geochemical maps reflect changes in lithology
of soil parent material, elevation of sample sites,
and (or) ground-water hydrology. Soils high in
DTPA-extractable elements are found at high

TABLE 12.—Statistically significant relations between elemental content of western wheatgrass and soil
chemical and mineralogical properties; the percentage of variance explained by the equations (v*x100),
and the relative importance of each variable in the equation as determined by the ratios of the standard

partial correlation coefficients

[Equations are based on 17 samples collected from Anvil Points revegetation plot. OC, organie carbon; TC, total carbon; K-spar, potassium
feldspar; Na-spar, sodium feldspar]

Dependent Relative
plant Independent importance
property soil properties rleﬂo of variables

Log Al = - 2.2 - 0.40 log clay 32

Log Ba = 1.5 - 0.52 log dolomite + 0.25 log clay 90 2.5:1.0
Log Ca = 0.08 - 0.68 log TC - 0.38 log calcite 87 2.4:1.0
Log Mg = - 0.29 - 0.31 log quartz 52

Log Mn = 5.2 + 0.34 log DTPA-Mn - 1.5 log TC 99 1.0:4.8:1.0:3.0

+ 0.21 log Na-spar - 0.42 pH

Log Mo = 1.9 - 0.87 log quartz 59

Log Na = - 2.1 + 0.31 log Na-spar 38

Log P = - 0.41 - 0.47 log dolomite 57

Log Sr = 3.7 - 0.45 log TC - 0.26 pH 92 1.3:1.0
Log Zn = 1.4 - 0.33 log dolomite 80

1Only properties significant at 0.05 probability level were included in the

equations.
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elevation sites where the soil contains a high
amount of vegetative debris. These sites are
most common along the rim of the Roan Cliffs.
Soils high in carbonate-related elements and min-
erals are found at sites along the northern part
and the southwest corner of the basin where cal-
cium-magnesium-bicarbonate enriched ground
waters surface. Soils high in trace elements are
found in the southeast corner of the basin. These
trace elements are associated with high quartz,
high clay, and high pH values in the soils. The
high pH values result from low soil humus caused
by increased aridity at the lower elevation sites.

3. On the basis of geochemical and biogeochemical
data for natural soils, big sagebrush, and western
wheatgrass, areas along the rim of the Roan Cliff
may have the best potential for reclamation with-
out developing toxic levels of trace elements in
vegetation. Location of revegetation plots within
this area and utilization of native topsoil might
decrease the potential of toxicity in revegetation
plants.

4. Concentrations of 20 soil properties and 7 western
wheatgrass properties in samples collected from
revegetation plots are related to topsoil depth
over spent shale (figs. 7, 8). The soil variation
is attributed to differences in sampling material
(spent shale and topsoil). Samples of spent shale
from the lysimeters (represented by zero topsoil
depth) have significantly higher or lower mean
values of properties than samples from the
lysimeters containing topsoil. Increasing topsoil
depth (20-80 cm) has no effect on soil properties.
Variations in chemical properties of plants (ex-
cept sodium) are believed to be associated with
varying amounts of topsoil. Sodium is low in sam-
ples grown on spent shale and uniformly higher
in samples grown on topsoil regardless of depth
of topsoil.

5. Comparisons of soil and plant properties in revege-
tation samples to baselines of these properties for
the Piceance basin indicate that 15 properties of
revegetation-plot soil had significantly lower than
baseline values and that 10 revegetation-plot soil
properties had significantly higher than baseline
values. Element concentrations in wheatgrass
grown in the revegetation-plot lysimeters are in-
fluenced by the underlying spent shale, but the
concentrations are still within the limits of
baseline concentrations.
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6. Prediction equations for estimating element concen-
trations in plants from properties of native and
altered sites explain from 6 to 99 percent of the
total variance in element concentrations in
plants. The equations were judged to have lim-
ited use because of the large number of variables
required to adequately predict the expected con-
centrations, and also because many equations ex-
plain only a small proportion of the total varia-
tion.
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APPENDIX

This appendix is provided for those wishing to calcu-
late supertownship baselines for geochemical properties
showing statistically significant regional variation. The
baselines for each supertownship are represented by
the 95-percent expected range. This range represents
the limits within which 95 percent of the supertownship
population values would be expected to occur and is
calculated from the following:

(GM+GD®) to (GMXGD' %)

where GM and GD are the geometric mean and devia-
tion respectively.

APPENDIX
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Supertownship Geometric means (geometric deviations)
Supertownship (STS)
Property STs1 STS2 STS3 STS4 STSS STS6 STS7 STS8 STS9 STSIN STS11 STS12
Total elements fn and mineralogy of soil
5.1 (1.34) 5.3 (1.17) 5.3 (1.22) 6.5 (1.04) 6.0 (1.13) 6.2 (1.12) 6.5 (1.06) 6.9 (1.05) 6.2 (1.11) 5,7 (1.04) 6.9 (1.12) 6.6 (1.18)
6.6 (1.18) 9.4 (1.29) 8.7 (1.28) 11 (1.23) 8.4 (1.31) 12 (1.22) 11 (1.14) 14 (1.10) 13 (.11 8.4 (1.13) 38 (1.23) 9.3 (1.24)
20 (1.31) 27 (1.12) 24 (1.36) 28 (1.16) 26 (1.09) 32 (1.21) 30 (1.15) 30 (1.14) 31 (1.25) 32 (1.17) 35 (1.23) 33 (1.41)
1.8 (1.23) 2.1 (1.21) 2.0 (1.17) 2.5 (1.09) 2.2 (1.07) 2.5 (1.09) 2.7 (1.n7) 2.8 (1.10) 2.6 (1.08) 2.5 (1.04) 3.1 (1.17) 2.6 (1.16)
480 (1.22) 780 (1.32) 440 (1.45) 490 (1.26) 400 (1.20) 50 (1.25) 510 (1.18) 540 (1.12) 510 (1.21) 460 (1.12) 490 (1.21) 2%0 (1.62)
1.1 (1.38) 1.0 (1.30) .97 (2.15) 1.7 (LD 1.7 (1.70) 1.4 (1.45 1.2 (1.28) 1.8 (1.32) 1.6 (1.16) .83 (1.32) .57 (1.41) .62 (1.40)
1> (1.26) 23 (1.33) 22 (1.27) 27 (1.18) 22 (1.21) 31 (1.21) 25 (1.10) 31 (1.14) 27 (1.19) 21 (1.19) 27 (1.20) 28 (1.41)
205 (1.51) <10 (1.30) .06 (1.46) .10 (1.56) .09 (0.00) 211 (1.24) 210 (1.22) 210 (1.22) 10 (1.26) <09 (1.24) 06 (1.45) .05 (1.63)
11 {t.72) 13 (1.33) 13 (1.36) 16 (1.28) 13 (1.29) 16 (1.25) 15 (1.13) 17 (1.23) 17 (1.27) 11 (1.17) 21 (1.24) 18 (1.46)
7.1 (Pr.16) 9.4 (1.26) 9.3 (1.21) 10 (1.18) B.4 (1.23) 1 (.1 11 (1.11) 12 (1.10) 11 (1.16) 9.9 (1.,10) 12 (1.22) 12 (1.30)
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25 (1.29) 31 (1.15) 25 (1.29) 28 (1.28) 23 (1.21) 27 (1.15) 27 (1.186) 26 1.10) 28 (1.12) 33 (1.18) 38 (1.27) 39 (1.31)
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+75 (3.75) .78 (2.52) +99 (2.08) 1.3 (1.81) .92 (1.60) 1.7 (1.53) 2.7 (1.36) 1.8 (1.51) 2.1 (1.61) 1.3 (2.21) W44 (1,40) .28 {1.53)
292 (1.98) 276 (1.45) 1.5 (1.60) 1.3 (1.55) 2.0 (1.99) 1.8 (1.91) 2. (1.94) 1.9 (1.23) 3.7 (1.48) 2.9 (1.57) .78 (1.29) .36 (1.07)
Big sagebrush
20 (1.29) 15 (1.19) 13 {(1.32) i9 {1.07) 8.9 (l1.24) 13 (1.90) 14 (1.33) 13 (1.40) 20 (1.57) 6.5 (2.24) 5.7 (1,72) 10 (1.23)
ST (a7 .65"(lc|9) 62 (1.26) 259 (1.23) +53 (1.12) 258 (1.25) W61 (1.15) W46 (1.21) +58 (1.20) .52 (1.61) W47 (1,18) .42 (1.38)
i2 (1.31) 1l1ar (1.37) 10 (1.17) 13 (1.22) 23 (1.38) 9.0 (1.30) 11 (1.14) 9.1 (1.10) 8.1 (1.49) 14 (1.22) 16 (1.34) 17 (1.24)
<19 (1.17) .16 (1.15) .17 (1.12) 17 (1.16) W18 (1.17) L18 (1.15) L15 (1.13) «13 (1.15) W16 (1.17) A7 (1.34) .12 (1.16) 11 (1.20)
=80 (1.36) 51 (1.34) .93 (1.22) +54 (1.82) 1.0 (1.87) .66 (1.52) +33 (1.50) +33 (1.61) #3101 (2.33) 1.2 (1.40) .69 (1.32) .86 (1.37)
300 (1.43) 490 (2.28) 220 (2.02) 340 (1.78) 310 (2.03) 160 (3.84) 67 (1.69) L2} (1.36) 100 (2.26) 91 (1.16) 70 (1.42) 85 (2,0n)
54 « (1.24) 46 (1.29) 37 (1.72) 37 {1.19) 47 (1.26) 35 (1.42) 21 (ta17) 21 (1.27) 27 {1.64) 34 (1.19) 25 (1.41) 49 (1.36)
21 (1.31) 23 (1.59) 22 (1.17) 28 (1.22) 23 (1.50) 22 (1.43) 20 1.7y 20 (1.25) 25 (1.29) 37 (1.35) 39 (1.29) 36 (1.20)
Bor (1.09) 7.4 (1.09) 7.3 (1.15) 7.5 (1.04) 7.7 (1.11) 7.1 (1.06) 6.3 (1.04) 6.1 (L.11) b (1.10) 7.5 (1.08) 6.2 (1.05) 6.0 (1.08)
Western wheatgrass
6.6 (1.18) 5.2 (1.36) 6.5 (1.29) b4 (1.06) 5.7 (1.42) 7.3 (1.26) 8.7 (1.22) 8.9 (1.43) 7.6 (1.22) 6.0 (1.31) 14 (1.75) 11 (1.6}
22 (1.25) 18 (1.32) 16 (1.41) 26 (1.15) 18 (1.35) 19 (1.44) 22 1.27) 22 (1.59) 31 {1.39) 16 (1.07) 13 (1.51) s (1.60)
<35 (1.24) .34 (1.26) 231 (1.35) <34 (1.21) <28 (1.36) L27 (1.17) +33 (1.31) 233 (1.23) +33 (1.17) <24 (1.07) +45 (1,35) 246 (1.11)
209 (1.22) 07 (1.19) .09 (1.27) <10 (1.26) .10 (1.26) 09 (1.28) 210 (1.22) .08 (1.21) .10 (1.28) N9 (1.16) e (1.45) W13 (1.29)
35 (1.20) 40 (1.26) 40 (1.46) 34 {1.21) 29 (1.24) 32 (1.22) 35 (1.36) 25 (1.48) 27 (1.30) 41 (1.17) 58 (1.23) 43 (1.45)
.1 (1.52) 71 (1.38) 2.1 (1.28) .3 (1.99) 1.5 (1.69) Lot (2.21) «B84 (1.93) 72 (1.43) 1.3 (1.67) 3.2 (1.20) 2.3 (L.77) 3.4 (1.40)
27 {1.32) 22 (1.43) 15 (1.79) 19 (1.27) 23 (1.21) 15 (1.46) 14 (1.33) 20 {1.52) 16 (1.23) 16 (1.20) 31 (1.38) 55 (1.22)
14 (1.18) 12 (1.25) 19 (1.26) 20 (1.32) 17 (1.34) 15 (1.26) 16 (1.29) 13 (1.32) 17 {(1.23) 20 (1.16) 22 {1.29) 2i (1.39)
8.3 (1.09) 7.5 (1.09) 8.4 (1.21) 9.2 (1.11) 8.4 (1.07) 8.4 (1.06) 7.9 (1.09) 7.3 (1.16) 8.2 (1.19) 9.6 (1.06) 12 (1.17) 13 (1.10)
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