
UNITED STATES DEPARTMENT OF THE INTERIOR H-
GEOCHEMICAL SURVEY OF THE WESTERN ENERGY REGIONS 

Fourth Annual Progress Report, July 1977

I 
I

U. S. Geological Survey 
Denver, Colorado

I 
I 
I 
I 
I 
I 
I 
I 
I 
I

Open-file Report 77-872 
1977

This report is preliminary anu has not been 
edited or reviewed tor conformity with U. S. 
Geological Survey standards or nomenclature



A NOTE ON THE USE OF GEOCHEMICAL SUMMARIES IN 
ASSESSING SUSPECTED MtTAL POLLUTION I

An attempt to assess metal pollution requires, at the very least, some I 
knowledge of the natural levels of metal concentration to be expected in the   
material of interest in the area of interest. Armed with such information, 
a first "cut" at assessing metal pollution can be made very simply by asking   
the question "Is the metal level actually observed unnaturally high?" Note | 
that this question is focused directly on whether or not the concentration 
level is unusual and not on what constitutes a potentially hazardous or . 
toxic level.  

Some of the tabular geochemical summaries in this report offer the
interested reader a few geochemical properties which he or she may use to I 
determine just what level of metal concentration should be viewed as unusual.   
These properties are the geometric mean (GM), the geometric deviation (GD) 
and, if available, the geometric error (GE). The estimation of what con-   
stitutes an unusual concentration may be approached in two slightly | 
different ways, each based on the theory of the lognormal frequency distri 
bution. The first approach estimates a range of concentrations expected _ 
under "ordinary" conditions, as follows: Approximately two-thirds of a   
randomly selected set of samples are expected to exhibit concentrations   
between a lower level computed as GM/GD and an upper level computed as GM-GD. 
About 95 percent of the samples are expected to fall within the range defined   
as GM/(GD) 2 and GM»(GD) 2 and about 99.7 percent are expected to fall within I 
the range GM/(GD) 3 and GM«(GD)3. Clearly, if one of these ranges is used 
to define the ordinary range of metal concentration, samples with concentra-   
tions outside such limits must be viewed as unusual or anomalous. Such | 
concentrations need not necessarily reflect metal pollution but they would 
be worthy of further investigation. The choice of which of these three _ 
ranges (or some other similar range) to use depends on the degree of certain-   
ty one wishes to attach to a declaration that a metal value is anomalous.   
For example, any value lying above the 95 percent range has only 2% chances 
out of 100 of reflecting natural variation in the environmental material   
under consideration. I

Conventionally, in pollution studies little interest is attached to mm 
anomalously low concentrations and attention focuses on the upper limit   
alone. This suggests a second approach. The following formula may be used 
to determine limits above which a specified proportion of samples should fall 
under ordinary conditions (i.e., in the absence of metal pollution):  

Log L - Log (GM) + fLog (GD) (1)

where Log L, Log (GM) and Log (GD) are logarithms of the specified upper limit, I
the geometric mean and the geometric deviation, respectively, and f is a
multiplier. If the user wishes to define a limit above which only one M
sample in 10 is expected to fall under ordinary conditions, f is set equal  
to 1.28. If the limit is defined as that above which only about one in 20
should fall naturally, f is set to 1.65. A limiting value for one sample
in 50 or one sample in 100 requires f to be equal to 2.05 and 2.33, I
respectively. The concentration of the chosen limit is found by computing  
Log L (equation 1) and taking the antilog.

I(Continued on inside back cover)
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*******************************
* *
# The term "statistically significant" appears often in ^
^ scientific literature--notably and sometimes confusingly ^
^ in sampling studies that hold implications for public .

policy. Understanding its narrow meaning, as an element .
in the interpretation of degrees of scientific proof, is .

. essential to grasping the import of a scientific state- .
ment bearing on public policy..

** * 
^ Generally, a sampling result or experimental result is
^ deemed "statistically significant" when the calculated 
. probability of its being solely an artifact of chance is 
^ below a specified low value. Many scientists disagree on . 
what that low value should be. Customarily, many regard 
as "statistically significant" a result for which the . 
probability of occurrence as a consequence of pure chance 

^ is less than five percent (the "0.05 probability level"). ^ 
This concept is intended to reduce the likelihood that a ^ 
result may be interpreted as attributable to factors 

^ under study when it may be, in fact, the happenstance of ^ 
a random distribution. ^

* (Adapted from the National Academy of Sciences' "News *
* Report," Mid-June, 1976, v. XXVI, no. 8, p. 6) *
* *
*******************************
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WORK TO DATE

This is the fourth in a series ot annual reports describing 
field studies in environmental geochemistry of the western energy 
regions. To date, field collections are complete for 36 regional 
landscape units spread throughout the Northern Great Plains, the 
Powder River, Bighorn and Wind River Basins, the oil shale region 
of Colorado, Utah and Wyoming, and the San Juan Basin of New 
Mexico (fig. 1). These units include bedrock formations, stream 
sediments, ground waters, and soils and plants of various kinus. 
Complete or partial chemical data have been received and 
evaluated for 30 of the 36 units; probable upper limits ot 
concentration to be expected in these materials are given in 
Appendices I-IV.

In addition to the regional surveys, a wide variety of 
topical work has been undertaken (fig. 2), much of it focusing on 
problems of geochemical change in native- vegetation due to 
powerplant operation or strip-mine reclamation. Topical work 
described in this report includes a brief examination of 
downstream geochemical effects below an abandoned strip mine (p. 
6-13), additional work on potential element contamination around 
the Dave Johnston Powerplant, Wyoming (p. 14-54 and 65-76), 
standardization of laboratory techniques for studies of element 
availability in soils and rocks (p. 98-143), examination of 
geochemical zonation in oil shale (p. 144-155), and a study of 
trace element changes in wheat grown on strip-mine spoils (p. 
180-184). Tables 4 and 5 list a large amount of chemical data on 
soils and sagebrush around the Dave Johnston Powerplant, and 
supplement similar data collections on potential powerplant 
impact released last year (see Appendix V, U. S. Geol. Survey, 
1976).

The wealth of geochemical data generated in this v/ork over 
the past four years should prove nelpful to researchers 
requiring a knowledge of probable background geochemical 
compositions ("baselines"). Such data have proved to oe of 
particular use in a number of limited circulation documents 
written in support of Federal environmental impact work in the 
western United States (Sargent and Hansen, 1976; Connor, 1977a, 
I977b; Hayes and others, 1977).
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Figure 1. Index map showing location of regional studies. CCoal 
basins from Trumbull, 1959. Approximate area underlain 
by Green River Formation is cross-hatched).



Map unit

Figure 1. EXPLANATION 

Material sampled_______________Reference

1. Northern 
Great 
Plains

2. Bighorn and 
Wind River 
Basins

3. Oil Shale 
Region

4. San Juan 
Basin

5. Western 
United 
States

a. Sandstone
b. Shale
c. Strip mine spoils,

sweetclover 
d. Soil 
e. Soil availability

^'f. Soil, soil parent

g. Stream sediments
h. Powder River sediments*
i. Ground water

j. Wheat

k. Sagebrush, lichen, 
grassi/

a. Soil

a. Oil shale
b. Soil

c. Stream sediments
d. Sagebrush

a. Soil
b. Saltbush, grass, snakeweed

a. Sagebrush (west of line)

This report, p. 185-197.
This report, p. 169-172, 185-197.
U.S. Geol. Survey (1975, p. 29-35).

U.S. Geol. Survey (1976, p. 57-81). 
This report, p. 98-143. 
U.S. Geol. Survey (1974, p. 6-29; 
1975, p. 20-28, 50-57); Connor, 
Keith and Anderson (1976); Tidball 
and Ebens (1976). 
This report, p. 91-97. 
U.S. Geol. Survey (1976, p. 30-36). 
This report, p. 173-179; U.S. Geol.
Survey (1976, p. 86-93). 

This report, p. 180-184; Shacklette
and others (in press). 

U.S. Geol. Survey (1974, p. 6-29);
U.S. Geol. Survey (1975, p. 10-19);
Connor, Keith, and Anderson (1976).

This report, p. 156-168.

U.S. Geol. Survey (1976, p. 48-56). 
This report, p. 55-64, 77-90; U.S. 
Geo. Survey (1976, p. 101-111). 
U.S. Geol. Survey (1976, p. 121-130), 
U.S. Geol. Survey (1976, p. 47).

(no data as yet) 
(no data as yet)

(no data as yet)

JL/ Powder River Basin only.
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Figure 2. Index map showing location of topical studies. CCoal
basins from Trumbull, 1959. Approximate area underlain 
by Green River Formation is cross-hatched).
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Figure 2. EXPLANATION

Symbol Material sampled Reference

X
A

o

A

n

Shale, cored overburden 
(Locations: 1. Bear Creek

2. Otter Creek
3. Dengate
4. Dunn Center
5. Estevan)

Oil Shale
(Core hole Juhan 4-1)

Ground water

Pond water, sediments

Strip-mine spoils and cover 
crops 
(Mines: 1. Dave Johnston

2. Welch
3. Big Sky
4. Savage
5. Beulah
6. Velva
7. Kincaid
8. Utility)

Coal-fired powerplants 
(Locations: C - Colstrip

J - Jim Bridger 
D - Dave Johnston 
F - Four Corners)

Uranium Mill

Miscellaneous vegetation 
(Type: S - Sagebrush

M - Mixed grains)

This report, p. 169-174; U.S. Geol, 
Survey (1976, p. 10-13).

This report, p.

U.S. Geol. Survey (1974, p. 144-155). 

This report, p. 6-13.

This report, p. 180-184; U.S. Geol. 
Survey (1975, p. 29-35; U.S. Geol. 
Survey (1976, p. 4-9, 82-85).

This report, p. 14-54, 65-76; U.S. Geol. 
Survey (1974, p. 14-29; 1975, p. 50-57; 
1976, p. 22-29, 37-47, 112-120).

(no data as yet) 

(no data as yet)



Introduction

I
SEDIMENT AND WATER CHEMISTRY IN MINED AND UNMINED WATERSHEDS, I 

HIDDEN WATER CREEK AREA, WYOMING

by Toad K. Hinkley and Howard E. Taylor I

I
Geochemical data were collected trom two watersheds in the

Hidden Water Creek area of north-central Wyoming (shown as a   
solid triangle on fig. 2) in order to gain information on   
elemental concentrations in detrital material derived from 
disturbed and undisturbed land in western coal mining areas. One 
watershed was disturbed by surface mining activity over one-thira I 
of the area. This mined area was abandoned without reclamation m 
25 years ago and the sediment yield in the watershed is about 11 
times greater than that in the undisturbed watershed. Pond   
water, pond sediment, channel sediment, and upstream source | 
material were collected and analyzed from each watershed.

Sampling Area and Geologic Setting I

The two ponds studied are located about six miles northeast
of Ranchester, Wyoming, on the Monarch ih topographic quadrangle   
map (fig. 3). The pond in the mined watershed receives drainage I 
from a larger area than the pond in the undisturbed watershed. 
At least one coal bed (the Carney Bed, which may be an aquifer)   
is cut by drainage to the pond and may supply ground water to the   
stream. The unmined watershed and its drainage apparently do not 
intersect any ground-water aquifers. The Carney Bed in this area 
lies entirely below the surface drainage, and the pond appears to   
be fed only by surface water. The geologic relationships   
described above are based on discussions with B. E. Barnum, U.S. 
Geological Survey, Denver, Colorado.  
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I 
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Drainage basin 
outline

MONARCH 7.5' QUADRANGLE 
WYOMING

Figure 3. Location of ponds (p) in mined (M) and 
unmined (U) watersheds of the Hidden Water 
Creek area.



I
Samples and Analytical Methods  

Sediments from the ponds and from parts of the beds of
streams draining into them were taken to a depth of about 15 cm   
with a plunger-corer, by wading or from a boat. These samples I 
were placed in plastic bags, excess water decanted, and the bags 
sealed and frozen as soon as possible to prevent air oxidation.  

Samples of nearly dry sediment-source material, whether from
in-place strata, alluvium, or mine spoils, were collected with _ 
shovel or trowel and were sealed in plastic Dags. Each such I 
sample consisted of 2-10 scoops of sediment-source material. Some   
of these samples were collected in pairs, as from opposite ends 
of a single pond, in order to estimate sampling error. After   
homogenizing and splitting to appropriate size, samples were   
freeze-dried to prevent weight change due to oxidation during air 
drying. Samples were hand ground to approximately 200 mesh « 
(v/ithout sieving) and subsampled by cone and quartering I 
techniques. Subsamples were ashed at 350*C for two hours and 
analyzed by semiquantitative emission spectrography in 
laboratories of the U.S. Geological Survey in Menlo Park,   
California using techniques slightly modified from those   
described in Myers, Havens, and Dunton (1961). A fraction of the 
samples, randomly selected, was submitted as anonymous duplicates   
to assess the precision of preparation and analysis. All || 
samples were analyzed in a ranaomized sequence to convert any 
systematic error to random error. «

Chemical analyses on waters from the two ponds, consisting   
of four seasonally collected samples from, each, were provided by 
D. Wangsness, U. S. Geological Survey. Resources Division,   
Wyoming district. The analyses were performed at the U.S.G.S.   
National Water Quality laboratory, Denver, Colorado..

Concentrations of chemical constituents for pond and channel 
sediment and sediment-source material, tor both the undisturbed 
and the mined watersheds, are presented in Table 1, on a dry 
weight basis.  

Ash content is generally high, except for four samples from 
the mined watershed which contained abundant visible coaly 
material. Data on composition of pond water, as well as other 
types of water in the Powoer Piver Basin, are given in Tables 2 
and 3. M
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Table 3.--Seasonal variation in dissolved constituents in pond water 

from mined watershed

[Data from D. Wangsness, U.S. Geological Survey, 
Denver, Colorado; nd, no data; mg/1, milligrams 
per liter; ug/1, micrograms per liter]

Aug., 1975 Feb., 1976 May, 1976 Aug., 1976

Total hardness (mg/1) 

Sulfate (mg/1) 

Residue (mg/1) 

Si0 2 (mg/1) 

Total Fe (ug/1) 

Mn (ug/1)

2700

2700

nd

13

190

60

2100

2100

3150

18

40

290

2500

2300

3510

11

2000

30

2300

2600

3670

7.7

580

260

11



Results and Discussion

I 
I

Within the limits of the accuracy ana precision of the
analytical techniques, there are few clearly recognizable   
differences in chemical character between analogous materials in | 
the mined and umnined watersheds, or even between samples of 
different type. The channel samples from the mined area appear _ 
to contain perhaps half of the amount of aluminum, potassium,   
magnesium, chromium, lanthanum, niobium, ano gallium touna in the   
channel samples from the unmined area. These differences reflect 
dilution of shaly detritus by coaly material. This relationship   
is not observed for other major, minor ana trace elements and the   
reasons are unclear. Wore precise analytical techniques could, 
no doubt, resolve differences among the materials sampled, but   
the present method clearly shows that mining in the one basin has I 
not led to gross geochemical differences in sediments which 
parallel or approach in magnitude the eleven-fold difference in 
sediment yield rates observed between the mined and unmined   
watersheds (R. F. Hadley, personal comm., 1977). The similarity   
of sediment chemistry notea here makes it appear unlikely that 
sediment monitoring studies could prove to be a sensitive tool   
for detecting moderate environmental disruption due to coal J| 
mining in other areas.

In contrast to the chemistry of pond sediment and source   
material, the chemical contents of the pond waters of the two 
watersheds are very different (Table 2). Concentrations of 
nearly all constituents are higher in the pond of the mined I 
watershed. Unfortunately, the complexities and current lack of   
knowledge of the details of ground and surface water regimes of 
the area preclude making a simple interpretation of the cause of 
concentration differences between the two ponds. toater in the 
pond of the unmined watershed is meteoric (surface water) with 
moderate additionsof solutes derived from solid surficial _ 
materials; and water in the pond of the mined watershed is   
provided by sources of rather hard, sulfate-typeground waters   
typical of the ground water of the Powder River Basin-Northern 
Great Plains area. The geologic relationships noted above are   
consistent with this idea of distinct sources for the two ponds.   
It is also possible that there is an additional contribution of 
water from low-concentration surticial sources and a contribution m 
of additional solute material from leaching of unconsolidated I 
spoil materials.

The chemistry of the water in the pond of the unmined I 
watershed points clearly to a surface-water source. Pond   
concentrations are far lower, for almost all constituents, than 
for any of the three general types of local ground water listed 
in table 2, commonly by about an order of magnitude. The pond 
concentrations are also distinctly lower than the typical local 
ground water listed in the table. M

12 I



Chemistry of the pond in the mined watershed is clearly most 
similar to the calcium-magnesium sultate type ground water shown 
in Table 2. But the same chemistry could be due to a combination 
of surface water influx and leaching of solute from spoil 
materials with evaporative concentration and possible 
contributions of other ground waters of the SOGium-bicarbonate 
type and sodium-irixea bicarbonate-sulfate type. Such ground 
waters are the most likely to be supplied by any locally-cut coal 
bed aquifers. Water in such aquifers will be reduced in sulfate 
and will have exchanged calcium for sodium, but contact with 
spoil material could reconcentrate calcium and magnesium back to 
the values found in the pond water.

Seasonal concentration data (Table 3) are insufficient to 
resolve the possibility of periodic entry of masses of water of 
particular types into the pond. The seasonal variations for the 
selected parameters presented in Table 3 could be due to 
evaporative concentration, influx of various waters, changes in 
reaox potential and metal solubility related to eutrophication 
and algal activity, or to unknown sampling ana sample preparation 
and analytical errors such as variation in filtration and 
acidification techniques. In general, the consistency in total 
concentration of solute hints that seasonal variation in chemical 
properties is due to processes within the pond environment.

Further Work

Additional knowledge of local nydrologic parameters is 
needed to answer the fundamental question of the significance of 
the contribution of material leached from the disturbed spoils to 
the water chemistry of the pond. These include the expected 
balance between surface runoff to the pond, evaporation from the 
pond, chemistry of ground water from aquifers adjacent to the 
disturbed area which could be supplying the pond water, and more 
data on chemistry of local spoil water.



A NEW MULTI-TRAVERSE STUDY OF SOIL AND SAGEBRUSH CHEMISTRY 
AROUND THE DAVE JOHNSTON POWERPLANT, WYOMING

by Barbara M. Anderson and John R. Keith

In May 1973, a small set of soil and big sagebrush 
(Artemisia tridentata) samples was collected southeast (generally 
downwind) of the Dave Johnston powerplant, eight km east of 
Glenrock, Wyoming, in order to test for trace element trends in 
the local environment which could be attributed to the presence 
of the powerplant (Connor, Keith, and Anderson, 1976). A number 
of elements in either ash or dry weight of sagebrush were found 
in this work to exhibit a statistically significant reduction (p 
<0.05) in concentration with increasing distance from the 
powerplant. The dashed line on figure 4 represents this sampling 
traverse.

Elemental trends found in this work prompted a more complete 
multitraverse sampling study which was completed in September 
1974, and which forms the basis tor this report. Eight traverses 
of the kind used in the earlier study were located symmetrically 
around the powerplant (fig. 4). Four major traverses were 
located north, east, south, and west of the powerplant and four 
minor traverses (NE, SE, SW, and NW) were positioned between each 
pair of major traverses. The north and east traverses consisted 
of seven sampling localities spread geometrically from ^ 
approximately one to 64 km; the south and west traverses   
contained only six sampling localities spaced geometrically from 
approximately one to 32 km. Sampling localities along the NE and 
SE traverses were spaced geometrically from approximately eight I 
to 64 km, but difficulty in locating the sampling target forced   
truncation of the SW and NW traverses to two and three 
localities, respectively.  

At each locality (except the 16 km location along the SW
traverse), two samples of silver sagebrush (Artemisia cana Pursh) _ 
and soil were collected up to 300 feet apart. Silver sagebrush   
rather than big sagebrush was collected in this study because * 
chances of finding it at all localities were greater. A sample 
of silver sagebrush consisted of 100-200g of stems and leaves   
taken from over the crown of an individual plant. Rather than   
collecting separate samples of surface and subsurface soil as in 
the first study, the soil sample in this study consisted of a 
composite of material from 5-20 cm depth.
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Eighteen randomly selected samples of sagebrush and 20 of 
soil were split (in order to measure analytical precision) and a 
total of 89 samples of sagebrush and 87 of soil were submitted 
ana analyzed in randomized sequences in order to circumvent the 
effects of potential laboratory drift. All samples were analyzed 
by a semi-quantitatiive spectrographic technique slightly 
modified from that given in Myers, Havens, and Dunton (1961), 
supplemented by methods described in U.S. Geological Survey 
(1975, p. 69-81). The analytical work was completed by J. Baker, 
A. Bartel, L. Bradley, E. Brandt, W. Gary, J. Crock, I.Frost, J. 
Gardner, P. Guest, J. Hamilton, T. Harms, R. Havens, J. Hemming, 
C. Huffman, Jr., R. Knight, M. Malcolm, V. Merritt, H. Millard, 
W. Mountjoy, C. Papp, G. Riddle, R. Van Loenen, F. Vinnola, J. 
Wahlberg, R. White, and T. Yager. The analytical results are 
given in tables 4 and 5.

Linear regression of the logarithm of concentration on the 
logarithm of distance was used to evaluate the relation of metal 
to distance from the powerplant. The general form of the 
prediction equation used was:

Log X = a + bLog D

Log X is the estimate of the logarithmic concentration, b is the 
slope of the log-linear trend, and a is the expected logarithmic 
concentration at. 1 km. D is the distance in km. The regression 
is based on a least-squares criterion, and the statistically 
significant percentage of variance in log concentration that is 
explained by each equation at the 95 percent confidence level is 
given in table 6. The SW and NW traverses have too few samples 
to lend themselves to regression analysis. Numerous 
determinations in tables 4 and 5* lie below the limits of 
analytical determination. For the regression analyses, such oata 
were replaced by values approximately equal to 0.7 of the lowest 
determined concentration of the element.
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Table 6.--Percent of total observed logarithmic variation In silver sapctrunh (Art cm1sI a cana.) and 

soil accounted for in terms of lnj*,nr It limlc distance from tin; Duvc Johnston Puwerplant

[A, B/iRobruuh ash; T>W, s.ip.ebruah dry wolr.hl; S, soil (5-20 cm dopth); percentage 
Indicates a decrease in concentration with distance unless It Is In parentheses, 
when It indIcntes on lncreasn In concent rat i on with distance; blank, d istance- 
relnt cd voriat Ion Is not s Ip.nJ f leant nt the 0.05 prohabl 111 y level; elements 
ending In "-S" were determined by semlqu.intltative emission spectroscopy]

Direct Ion _qf ̂Jjainp ̂ i ng__traver8c
North Northeast Fast Simthcnst Snuth

Constituent________A DW S A DW S A DW S A DW

Al - S      
. I/

A,hi'~     ~

34 (44)

(48)

62 50

71 77

(49) 43

61

33 36

45

53

	76 83

	71

	33

	32

	33

Total C       (42)

Co    -     (30) (44) 32

Cd          36

Co           (37) 39 50 31

Co - S        (63) (58)

Cr - S       47 37 (50) (37) 80 83 48 45 74 86 (31)

Cu - S       (36) 34 (47)

I-i'         30 82 (37) 93

fe . S ........ (52) (31) 63 70 34 69 76

C. - s       (55) 66 69 80 88

Gc       - (58)

Hgi'        43 (42) 32

K           (42) 37 37

It     -    61 57 87 89 30 (42)

Mg - s   -   (60) 44 47 (31) 33 44 (38)

Mg0       ----- (52) (30)
Mn - S      32

Ho - S       44 36 33 37

N.          32 (65) (71) 31 51 36 41

Na - S ----- 60 (32)

N«,0         51 52

Ml . s       49 39 (47) (36) (40) (33) 30

p - S        53 45 35 45 45

p          40 31

Pb - s       45 33 38 51 31 30

S-i'         55

Strl'        65 43 45 31

Sc - S       (58) (42) 85 84 77 94

Se1'         (37) 63

St          75 74 40 49 52 63

Sn         (57) (41)

Sr . s      - (36) 65 35 (44)

Th -  .     .. (34)

Tl - s       55 46 (78) (73) 87 86 49 49 71 82

U          55 50 (30) 73 81 57 50 52 42 88 90

V - s -      56 48 (53) 89 88 51 51 76 85

Y - S        (58) 75 75 47

Yb - S        (3 rO (63) I,', 57 46

Zn ...        (35) (48) (2',) 38 35 32 51 (31)

Zr . S   -   (48) 57 66 3d 40 66 71

\l plnnt mntf-rlnl dotrrtnlncd on dry vM^M.
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Linear regression of log concentration in sagebrush (dry 
weight) on distance Demonstrates statistically significant 
reduction in concentration with distance for 33 elements. 
Twenty-four of these occur along the E traverse. The W traverse 
shows 24 significant elements also, but differs from the E in 
that Cu, K, Mn, P, Pb and £ are not significant and Ba, Ca, Hg, 
Ni, ana Zn are. The dominant wind direction is out of the west 
and southwest, but winds from the east or northeast are not 
unusual. At the time of sampling, a large pile of flyash was 
located just east of the powerplant and it is probable that the 
wind blowing material from the ash pile can account for most of 
the close-in increase in element concentrations to the E, SE, and 
Vv. The elements Si, Al, Mg, and Fe compose most of the flyash 
with As, Sb, Cr, Pb, Ni, Se, Ti, Zn, ana Cd among the other 
elements that are enriched (Swanson, 1972; also see table 11, 
this report). Ti and Si (figs. 5 and 6) exhibit statistically 
significant aecreases along the E, SE, and W traverses. Both 
these elements have been associated with soil-oust contamination 
in other studies (U.S. Geol. Survey, 1976, p.37- 47). Ti is also 
significant along the N traverse (fig. 5), along with 12 other 
elements.

Hg ana Mg are significant on the NE traverse. Se was listed 
as a very likely pollutant along a southeast traverse in the 
earlier study (Connor, Keith, and Anderson, 1^76) but in this 
work, the S traverse is the only one along which Se was found to 
decrease in a statistically significant manner. The oifference 
in plant species or time of collection (spring vs. fall) may 
account for this change. A detailed evaluation of the probable 
source for these and other elements found to be elevated in 
vegetation east of the powerplant is given on p. 65-76 of this 
report.

Statistically significant positive trends (an increase in 
concentration with distance) were found for seven elements in ash 
or dry weight of sagebrush. Ca was significant along the E and N 
traverses. Four elements (Co, Sr, Na and Zn) were significant 
along the NE traverse. Because element concentrations in 
vegetation along this traverse tend to increase at about the 
third sampling locality (32 km northeast of the powerplant), and 
because the strip mine which feeds the powerplant is located 24 
km north of the powerplant, dust contamination from the mining 
activities might be responsible (the dominant wina direction is 
from the west). Ni along the S traverse and Sr along the W 
traverse both increase with distance, largely because of 
relatively high concentrations in the last one or two sampling 
localities; this may reflect a local geologic or substrate 
control.
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Figure 5.--Titanium in ash of sagebrush near the Dave Johnston Powerplant, Wyoming.
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Figure 6.--Silicon in ash of sagebrush near the Dave Johnston Powerplant, Wyoming.
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I
The elements with statistically significant negative trends   

in the soil material are:
Element Traverse

B
Ba
MO
Na
Na 2 0
Sr

SE, S
SE
N
NE
N, KE
NE

I 

I
The increased concentrations of Na, Na 20, and Sc near the _ 
powerplant along the N and NE traverses might reflect stack I 
emissions, change in the geologic substrate or windborne material * 
from the flyash pile or from soil, out the element association is 
not sufficiently distinctive to identify source. The negative I 
trends in B and Ba to the SF and S are similarly difficult to I 
interpret.

Twenty-seven elements in soil increase in concentration with J 
distance along five of the six traverses. The N and NE traverses 
account for 22 of these 27 trends. Inclusion of a common 
shale-related suite of elements Ga, Sc, Ti  in both traverses I 
indicates that these trends probably reflect changes in the   
geologic substrate. Similar results were found around the Jim 
Bridger Powerplant (U.S. Geol. Survey, 1976, p. 37-47) and the   
Four Corners Powerplant (U.S. Geol. Survey, 1976, p. 112-120). | 
Near the Dave Johnston powerplant, the N and NE traverses lie 
over an area covered by numerous, relatively clean, sand dunes   
and farther out lie over interbedded sandstone and shale of I 
Tertiary age. The element increases seen in soil thus likely 
reflect this change in bedrock lithology from an element-poor 
substrate to an element-rich substrate. I

This and previous studies clearly demonstrate that soil
material is, in general, a poor monitoring medium for element   
pollution around coal-fired electric generating powerplants. On | 
the other hand, the wide variety of statistically significant, 
negative element trends found in native vegetation in this and 
other studies has both underscored and quantified the kinds of 
environmental geochemical change which can take place as a result 
of the siting or operation of large, coal-fired powerplants. One 
consequence of these studies is the recognition that such changes 
commonly reflect more than simple stack emissions and can include 
change due to such things as construction activities, mining 
activities, and handling and treatment of ash. The long-term 
environmental consequences of these changes are not generally 
known.
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CHEMICAL VARIATION IN ALLUVIAL SOILS OF THE OIL SHALE REGION 

By Ronald P. Tidball and Ronald C. Severson

Introduction

A reconnaissance geochernical survey of alluvial soils has 
been completed in the Uinta and Piceance Creek Basins of Utah and 
Colorado, respectively. This region has been a focal point of 
interest for energy-resource development. This study was 
initiated simultaneously with, but independently of, two other 
studies in parts of the same region. One study by the Colorado 
School of Mines in the Piceance Creek Basin (U. S. Geological 
Survey, 1976, p.101-111) compared soils in valleys with those on 
ridge tops. They concluded there were no significant differences 
in the composition of soils from these two contrasting 
topographic positions. This is a particularly helpful conclusion 
because it implies that any sampling efforts in this deeply 
dissected area may be based on relatively uncomplicated sample 
designs. The second study (U. S. Geological Survey, 1976, p. 
121-130) was based on stream-sediment sampling in several stream 
courses in both the Uinta and Piceance Creek Basins. No 
significant differences between basins were found. A number of 
elements exhibited significant differences between streams.

The objective of the present study is to measure the 
variance in the total composition of alluvial soils of selected 
watersheds within both the Uinta and Piceance Creek Basins. toe 
determine whether there are significant differences between 
watersheds and whether samples from one part of a watershed will 
differ from those of another part.

Sampling design

Watersheds (WS) and stream-valley (SV) systems were 
identified as they appear on the 1:250,000 scale topographic maps 
(Army Map Service, 1964, 1973a, 1973b) in the area of 
northwestern Colorado and northeastern Utah. SV orders are 
designated as follows: 1st order is at the headwater, 2nd order 
is the merging of 2 or more Ist-order SV, and 3rd order is the 
merging of 2 or more 2nd-order SV. The average lengths of SV 
sampled were, as follows: 1st order, 9km; 2nd order, 15km; and 
3rd order, 27km.

A 2-way factorial design (WSxSV) of rsndomizea-blocks type 
with replication in each block was usecJ. We randomly selected 
five of the 15 WS that lie predominantly within the bounds of the 
Uinta or Piceance Creek Basins (see figure 7). Within each WS we 
randomly selected two SV each of 1st, 2nd, and 3rd orders, 
respectively. The lower orders were not necessarily nested 
within the higher orders. The sampling locality, which was 
definea as a segment of valley extending 250m along the stream
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I
ana 50m on either side, was randomly selected along the length of I
the SV. Each sampling locality is represented by one sample; a  
channel sample of the soil material from a depth of 0-4Ocm. The
samples are designated in table 7 as XAH, X&.l2t etc. The  
physiographic types represented within the locality were either g
the floodplain or the first terrace. The soils are, therefore,
all developed on recent alluvium with varying amounts of
colluvium particularly in the narrow, upper parts of the valleys.  

The soil material that passed a 2-mm stainless steel screen 
was analyzed in laboratories of the U. S. Geological Survey in   
Denver for total concentrations of 60 elements using methods | 
described in U.S.Geological Survey (1975, p. 69-73, 79-81; 1976, 
p. 131-132). Of these elements only 23 exhibited concentrations « 
in one or more samples within the limits of determination of the   
method and had an analytical error variance that was less than 50 
percent of the total. Elements that were rejected because of 
excess censoring or error included Ag, Ba, Ce, Hg, La, Mn, Nb,   
and Sn.  

The analytical error was estimated from duplicate analyses   
on splits of 15 samples. The splits and the samples were | 
analyzed in a randomized sequence. All analytical data were 
transformed to logarithms because the frequency distributions are _ 
more nearly normal on a log scale. I

The randomized-blocks design (Bennett and Franklin, 1954, p.
368tt; Snedecor and Cochran, 1967, p. 299ff) was used to test the   
effects of each factor and their interaction. Interaction I 
between the two factors can be estimated because of the 
replication in each block. The sample design and   
analysis-of-variance are given in table 7. The test ratios are I 
shown for the test of differences between VvS and the test of 
differences between SV orders. The interaction was 
nonsignificant for all of the elements tested: therefore, it was   
pooled with the error term. The WS mean square was tested   
against the pooled error. The SV orders were tested against a 
reconstructed error term that includes a finite   
population-correction factor (Bennett and Franklin, 1954, p. | 
373).
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Table 7. Two-way analysis of variance scheme used in sampling 

alluvial soils in the Piceance and Uinta Basins 

[SV, stream valleys. WS, watershed]

WATERSHEDS

LEY ORDERS

N3 h->

|

^ 3

H

Source of var

XA11 

XA12 

XA21

XA22

. . .

XB11 

XB12

*    *

xE31

^32

iation Degrees of freedom Average value of mean square

Between SV orders (p-1) = 2

Between WS (q-1) = 4

Interaction (p-1)(q-1) = 8

Within cells (error) N-pq = 15

Total N-l = 29

Tests:

SV orders:

WSs

7 + nqae
_*_______ = F(2,5,.05) >5.79

a

2cr +

a 2 pooled

= F(4,23,.05) >2.80

a
Interaction: = F(8,15,.05) >2.64

=3 ; q =5;Q=15;n=2;N=30
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Table 8.- Methods of analysis, variance components, and estimates of n_, £_, 

and E for alluvial soils of the Ficeance and Uinta Basins

("Methods of analysis: S, semiquantitative spectrograph; XRF, X-ray 
fluorescence; IF, induction furnace; SIE, specific-ion electrode; 
AA, atomic absorption; NA, neutron activation. WS, watersheds. 
SV, stream valleys. nr , number of random samples required in each 
WS. Er , maximum acceptable variance of the mean within WS. E g , 
observed variance of the mean within WS. Asterisks, significance 
(*) at .05 and (**) .01 probability levels. Leadered entries 
(--)» no calculation made because of rero variance component for WS]

Percentage variance

Element

A1 ___ _ _ _

As      

Be      

C _-__-_-_

ra-------

f* A

Cr      

F       

r1 «

Li      

Mg-       

Mo-------

Na      -

Ni      

Ph -------

Rb         -

Tl*

u     

£n

Method of 
analysis

- YPT?

IF

O J-Ci

YOU

cW

XUl

AA

NA

MA

WS

12.7 

10.9 

19.4 

4.04 

36.2** 

27.0* 

33.0** 

0 

7.54 

33.0* 

20.7* 

6.20 

19.5 

10.5 

2.02 

32.8** 

33.1** 

17.9 

26.0* 

5.23 

20.9* 

0 

15.0*

sv-
order

0 

0 

0 

0 

6.44 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1.55 

6.54 

10.1 

0 

0 

2.92 

0 

0 

0

Interaction

1.35 

38.2 

13.8 

6.42 

0 

0 

0 

15.4 

0 

9.43 

0 

0 

0 

0 

0 

9.45 

0 

24.6 

0 

0 

0 

0 

0

components

Within 
cell

68.5 

46.0 

33.3 

88.5 

19.8 

53.7 

58.3 

49.8 

90.0 

42.3 

72.2 

67.0 

80.0 

89.5 

69.2 

50.7 

33.4 

44.4 

70.3 

70.8 

64.7 

76.5 

84.0

Analytical 
error

17 

4 

33 

1 

37 

19 

8 

34 

2 

15 

7 

26

27

23 

13 

3 

21 

14 

23

.4 

.96 

.4 

.02 

.5 

.3 

.70 

.8 

.44 

.3 

.01 

.8 

.531 

.069 

.3

.541 

.5 

.2 

.78 

.0 

.4 

.5 

.966

nr

21 

25 

37 

>60 

7 

9 

>60

>60 

8 

13 

>60 

14 

27 

>60

8

8 

15 

10 

>60 

13

18

E

4. 

3. 

2. 

<1. 

8. 

8.

<1. 

8. 

6. 

<1. 

5. 

3.

7. 

7. 

5. 

7. 

<1. 

6.

4.

15 

57 

18 

60 

18 

11

54 

38 

10 

56 

75 

32

58 

11 

47 

40 

53 

09

72

E 
s

14.6 

14.9 

13.4 

16.0 

9.56 

12.2 

11.2

15.4 

11.2 

13.2 

15.6 

13.4 

14.9 

16.1

10.1 

9.48 

13.7 

12.3 

15.3 

13.2

14.2
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Table 9. --Summary statistics for elements in alluvial soils with significant 

differences between watersheds in the Piceance and Uinta Basins

[Geometric means given in parts per million except as noted
percent. Geometric deviation is a
watersheds that excludes analytical
theses: (1) Nine-mile Creek 
Uinta; (3) Evacuation Creek,
(5) Piceance Creek, Piceance
of means by Duncan's test]

Geometric Geometric

, Uinta 
Uinta;

pooled estimater over all
error. Number

; (2) Two-water 
(4) Roan Creek

Underscore,

Element deviation error

Ca,

Co--

fr

Fe,

Po\ja~  

Na--

Ni--

Rb-

Ti,

Zn--

percent-- 2.08 2.33

-        1.25 1.14

i 30 1 14
J-   J _7 J.   J.'-r

percent-- 1.24 1.11

1.39 1.11

...       1.57 1.04

197 1 1 Q

.        1.21 1.05

percent-- 1.26 1.12

.    ______ 1.37 1.03

(3)
1.3

(3)
6.0

(3)
35

(1) 
1.9

C3)
11

(3)
.51

C2)
16

(3)
71

(3)
.29

(1)
55

60

Ranked

(5)
3.1

(1)
6 O

. £.

CD
44

(2)
2.0

(1)
14

(4)
1.0

(3)
17

CD
7 Q /O

CD
.29

C2)
55

in paren-
Creek, 

, Piceance;
significant groups

geometric means

C2)
8.5

(2)
7.2

C2)
45

C3) 
2.3

(2)
16

(2)
1.1

CD
1 Qlo

C2)
92

C2)
.37

C3)
60

C4)
8.9

C5)
8 7. /

C4)
"CH
JO

C4) 
2.8

C4)
17

CD
1.1

C4)
O £Zb

C4)
92

C5)
.40

C5)
79

CD
12.8

C4)
9.1

C5)
75

C5) 
2.8

C5)
20

C5)
1.2

(5)
o /: Zo

C5)
102

C4)
.40

C4)
80

1 

1 

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1



Results

Tests for significance in the analysis of variance show that 
no significant interactions (at 0.05 probability level) are 
present in the data (see table 8). Also there are no significant 
differences between SV orders for any of the elements measured. 
Significant differences (at the 0.05 probablity level) were found 
between WS for Co, Fe, Ga, Rb, Ti, and Zn at the 0.05 probability 
level and Ca, Cr, Na, ana Ni at the 0.01 probability level.

These results indicate that for a given element there is a 
real difference at least between the WS with the lowest and the 
highest means, respectively. Differences between other means 
were tested by Duncan's test (Duncan, 1955); these differences 
are shown in table 9. The WS means, each expressed as a 
geometric mean, are arranged in ascending order and groups of 
means within which there are no significant differences at the 
0.05 probability level are underscored. As a generalization 
means for VvS 1, 2, and 3 (Nine-mile Creek, Two-water Creek, and 
Evacuation Creek) tend to be on the low end of the range for most 
elements. Means for 4 and 5 (Roan Creek and Piceance Creek) tend 
to be on the high enu of the range.

Are the individual means as estimated from the present data 
sufficiently stable (reproducible) to describe the differences in 
element concentration between the 5 WS? It not, then how many 
samples will be required to estimate a stable mean? Answers to 
these questions are based on calculations described by Miesch 
(1976a).

The threshold measure of stability is expressed by Er , the 
maximum acceptable variance of the mean within a rtS. The observed 
variance of the mean within a WS, F.s , is estimated from the 
variance components given in table 8, and will exceed the maximum 
accpetable variance if the number of samples is too small. 
Accordingly, the threshold of stability is defined by the 
inequality, EQ .$£_.. The calculation of Es is as follows:s r

E  

s

K + K
i e

n . n
sv e

K
a

n » n   n
sv e a

where K^ is the percentage variance component for interaction, Ke 
is the percentage variance component for within-cell error, and 
Ka is the percentage variance component tor analytical error. The 
n's are the number of items that contribute to the estimate of 
the respective variance components.
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When the appropriate values of the n's are used, the 
equation reduces to:

K + K + K 
i e a

The value of Er is calculated as:

K + K + K + K 
sv i e a

r n 
r

where n,. is the minimum number of random samples required within 
each WS. The value of n is read from a curve (Miesch, 1976a) as 
a function of the ratio of the variance between WS to the 
variance within WS.

The values of Eg , E , and r^. are shown in table 8. Without 
exception, the observea variance exceeds the maximum acceptable 
variance for all elements; none of the estimated WS means is 
considered to be stable. What, then, can be said about the 
composition of the soils?

The best available estimates for background composition of 
the soils based on the samples "in-hand" are, as follows: 
elements that have nonsignificant differences between WS are best 
estimated by a grand mean (see table 10), and elements that have 
significant differences between WS are best estimated by the 
individual means (see table 9). The latter means are subject, 
however, to limitations discussed previously regarding stability, 
and should be used cautiously.
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Table 10.--Summary statistics for elements in alluvial soils without significan 

differences between watersheds in the Piceance and Uinta Basins

[Geometric means and geometric deviations estimated from all data. 
Means and 95 percent expected ranges in parts per million except as 
noted in percent. See inside cover for calculation of expected range]

1

Element

Al, percent----

Ao__-____--____

B _

C, percent----- 

Cu     --------

/"* ** Ge -------------

Li           

Mg, percent---- 

Mo       --____

Pb          --

TU

TT_   _________ _

Geometric 
mean

7.6 

9.3

2.0

O Q

30

610

1.1

37

1.4 

5.7

12

9.3

i s

Geometric 
deviation

1.41

i 5 Q

1.48

1.74

1.79

1.69

1.27

1.77

1.74 

1.64

1.69

1.53

1 11

Geometric 
error

1.15 

1.11

1.23

1.06

1.41

1.09

1.16

1.04

1.02 

1.23

1 18

1 1 Q

1 11

Expected 95% range

4.1-14

1 Q OT

1.0-3.9

.93-8.4

12-77

215-1700

.75-1.6

12-116

.46-4.2 

2 3-14

4.4-32

4.2-20

9 1-5 7



I
Discussion I

The distribution of the variance within the sampled
population indicates that the larger part is within cells   
(error), i.e., between localities of the same SV order within a I 
given WS. We believe this results from the influence of local 
sediments derived from side valleys or fron local colluvium being   
superimposed upon the contributions from upstream sources. I 
However, when the variation between localities is averaged across 
the WS, the variance ascribed to SV orders is remarkably small. 
Thus the composition of soil materials tends to be uniform   
throughout the length of the SV system. The conclusion is that   
WS means (or geochemical maps) may be based on samples that are 
collected without regard for SV order. (See p. 91-97,this   
report, for a similar conclusion with respect to stream sediment | 
geochemistry over the Northern Great Plains). The failure to 
demonstrate interaction means that differences between SV orders M 
in one WS are the same on the average as those in another WS, or   
the differences between several WS for one given SV order are the 
same as those for another SV order. The data in this study 
provide no evidence to reject these hypotheses. Thus, although I 
soil variation within SV orders could reflect differences in the   
mode or intensity of sedimentation factors such as distance of 
transport, mixing or segregation of sediments, leaching or   
scavenging of ions, and so forth, there is no evidence that such | 
factors are operating differently in different WS.

Regional trends in the mean concentrations of several I 
elements probably exist. Estimates for the Piceance Creek Basin * 
are generally higher than the Uinta Basin (see table 9). Ca is 
an exception; the highest mean is in the Nine-mile Creek (1) WS.   
Outcrops of calcareous algal reefs in the Green River Formation I 
near the basin margin at the headv/aters of Nine-mile Creek may 
account tor this anomaly. The low Na concentration in Evacuation m 
Creek soils (3) is unexpected, inasmuch as ncoules of nahcolite | 
(NaHC03 ) have been dissolved from solution cavities in the 
sancistone cliffs along the valley sides. Such solution, however, 
appears not to have visibly affected the soil chemistry. Reasons   
for the distribution of other elements are unknown.  
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TRACE ELEMENT EMISSIONS, DAVE JOIINSTON POWERPLANT, WOMING

By Jon J. Connor

A brief survey of the literature dealing with element 
partitioning in coal-fired powerplants across the country 
implicates 24 elements or their compounds as stack emittents 
(Kaakinen and others, 1974; U. S. Environ. Prot. Agency, 1975; 
Cordon and Tourangeau, 1975; Turner and Strojan, 1976; 
Connor,Keith ana Anderson, 1976). They are antimony, arsenic, 
boron, barium, cadmium, chlorine, chromium, cobalt, copper, 
fluorine, lead, nickel, nitrogen, manganese, mercury, molybdenum, 
scandium, selenium, silver, strontium, sulfur, vanadium, uranium, 
and zinc.

Theoretically, of course, all naturally occurring elements 
will appear in the stack gas in some concentration, however 
small. A more important concern, in an environmental context, is 
not if an element can be measured in the emissions, but whether 
its effects can be observed in the local environment. Connor, 
Keith and Anderson (1976), Gough and Erciman (1976), and Anderson 
and Keith (this report, p. 14-54) have found an unusually large 
number of element trends in native vegetation near the Dave 
Jchnston powerplant in Wyoming which indicate that the pcwerplant 
is acting as an element point-source in the local landscape.

Table 11 lists elements for which statistically significant 
decreasing trends have been observed in the dry weight of three 
species of native vegetation downwind of the powerplant (based on 
data in U. S. Geological Survey, 1976, Appendix V, and table 4, 
this report). An example of these trends is shown in figure 8. 
Figure 9 shows the theoretical downwind ground level air 
concentrations predicted by a conventional source-depletion model 
using assumed model parameters. Figure 10 shows the downwind 
vegetation sampling localities within 10km of the powerplant, and 
their relation to the probable stack plume. The plume boundaries 
are taken from the model boundaries (fig. 9) for the two major 
wind directions at the powerplant. Plume shape will be relatively 
stable under reasonably varying model assumptions, and plume 
position is primarily dependent on wind direction. Plume density 
is a function of stack emission rate and wind velocity but the 
general area of heaviest concentrations shown is probably 
realistic.
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Table 11.  Percentage of total gcochemical variation in dry weight of three species 

of native vegetation dcscribable as a decreasing trend downwind of the Dave 

Johnston Powerplant

[Percentages are statistically significant at p<.05; ?, possible 
decreasing trend downwind, but data insufficient to test statisti 
cally; --, no decreasing trend downwind; nd, no data]

Element

Cobalt   ------

Lead        

Silicon    --- 

Sulfur-------'

Yt terbium-- -- 

Yttrium-------

Zinc    --     

Sagebrush 
(Artemisin tridentata) 

Collected 
May 25, 1973

32

?

30

39

31

I/

<je

42

30

?

CO

I/

64

72

46

46

52

nd

nd

51

23

Sagebrush 
(Artemisia cana) 

Collected 
Sept. 11-16, 1974

77

43

43

50

34

Q9

£Q

70

51

32

35

84

74

51

55

Q£

01

ft?

57

75

66

Lichen 
(Parmclia chlorochroa) 

Collected 
Nov. 9-10, 1974

42

77

42

nd

56

48

61

45

44

61

91

nd

47

S2

39

35

49

I/ Log-lineal trend is noL significant ;il pC05, but log-curvilinear trend is.

66

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I



IOCH

50-

jr

X)

.5

E
0.

5-

100-1

50-

10-

E
Q. 5-

0.5
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Figure 8. Statistically significant decreases with distance 
of fluorine in three species of native vegetation 
downwind of the Dave Johnston Powerplant, Wyoming. 
Correlation of distance with concentration denoted 
by r. 67



2Km

0

2 J

Elevated 
source 

Wind ^ I

More than 
200

8 10 Km

Figure 9.--Plan view of theoretical ground-level air concentrations in
nanograms per cubic meter (ng/nH) downwind of an elevated point source 
according to a partially deflecting source depletion model (adapted 
from R. Hosker, U.S. ERDA, personal comm., 1976). The model and the 
model parameters are:

c = exp(.
2S 2f>

Air concentration at ground level, in ng/M
Reflecting character of plume = 0 (an intermediate case)
Stack emissions = 50 g/sec

C
a

Q
v = Wind velocity
S

1 m/sec

y = Lateral dispersion of plume: in unstable air, Sy
in neutral air, 
in stable air, Sy

S z » Vertical dispersion of plume: in unstable air, S
in neutral air, S 
in stable air, S 

h = plume height = 100 m
x = Ground distance from stack parallel to wind, in m 
y » Ground distance from stack perpendicular to wind, in m

0.2x 
; .06x
.05x 

= 0.2x 
= .03x 
= .Olx
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The right-angle bend in the Artemisia tridentata Nutt. 
sample traverse (fig. 10), where the second locality falls within 
the denser part of the assumed stack plume, and the first and 
third localities do not, appears to explain an intriguing feature 
of many of the element trends seen in the _A. tridentata data. The 
highest element concentrations in that study tend to be found in 
samples from the second locality (see fig. 8, tor example); this 
is in accord with the plume effect as diagrammed (fig. 10).

The most puzzling feature about the trends seen in 
vegetation downwind from the Dave Johnston powerplant is their 
variety (table 11). A large number of trace elements measured in 
vegetation exhibit trends consistent with a point source at the 
powerplant. Such trends are seen in the "volatile" elements (like 
selenium and fluorine) as well as in the refractory ones (like 
titanium and zirconium). Even silicon, which is a major rather 
than a minor element in vegetation ash, has a statistically 
significant negative trend in Artemisia cana Pursh.

The presence of trends in elements like aluminum, gallium, 
scandium, silicon, titanium ana zirconium (a typical geological 
association) raises the question as to whether seme or all of the 
element trends seen in these studies reflect a downwind 
contamination by soil or similar geologic material rather than 
stack emissions. Figure 11 compares the silicon-iron-aluminum 
proportions of soil, vegetation ash, tlyash, typical illite (a 
clay) and coal after ashing. Silicon, iron and aluminum are 
widespread and important geologically but generally, except at 
trace levels, unimportant biologically. The soil, vegetation ash 
and tlyash all were collected within lOton of the powerplant. The 
ashed coal represents coal from the Northern Great Plains 
(Swanson and others, 1976).
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o SURFACE SOIL

o SAGE (A. TRIDENTATA)

aSAGE (A. CANA)

x LICHEN

Figure 11.--Proportions of silicon, iron, and aluminum in
samples of surface soil (0-2.5 cm depth), sagebrush 
(Artemisia tridentata and A. cana). ground lichen 
(Parmelta chlorochroa). ideal illite, flyash and 
ash of coal. All samples but ashed coal were 
collected from within 10 km downwind of the Dave 
Johnston Powerplant. Ashed coal represents average 
of lignite and subbituminous coal of the Northern 
Great Plains Coal Province (from Swanson and others, 
1976).
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I
Vegetation ash, flyash and illite all have about the same I 

ratio of iron to aluminum ( 1:9) as the local soil. The ratio in   
the ash of Northern Great Plains coal is based on ashing coal in 
the laboratory and not burning in a powerplant, but even if such   
material were available to be dispersed into the local | 
environment, its iron to aluminum ratio is much too high for it 
to serve as a contaminant dust. Both illite (or a similar _ 
argillic material) and flyash can reasonably serve as contaminant   
sources insofar as their ratios of iron to aluminum are ~ 
concerned.

The local soil, which is the most obvious of potential   
contaminants, considering the large volume of traffic around the 
powerplant and the attendant dust suspension, can also serve as a   
reasonable contaminant if during air suspension it is winnowed to   
a more silica-poor substance (similar to the winnowing of chaff 
from grain by air suspension). In terms of figure 11, the 
aluminum to silicon proportion of the local soil can be easily   
approximated by a mixture of 2 parts quartz to 1 part illite or   
similar material. This suggests that if airborne soil oust is 
contaminating the surrounding vegetation, the contaminating dust   
probably consists largely of the argillic (non-quartz) part of | 
the soil, ana that this aryillic part comprises perhaps one- 
thira to one-half of the soil.  

Based on such speculation, an attempt may be made to assess 
the proportion of an element in vegetation ash which can be 
attributed to airborne soil dust originating at or near the I 
powerplant. Table 12 lists the median element concentrations I 
observed in the near-surface local soil (0-2.5cm depth) and the 
median of two samples of flyash collected from the exposed pile   
at the powerplant. If one-third to one-halt of the soil is being | 
selectively winnowed and suspended for transport, and if all the 
elements except silicon are contained only in that suspended 
fraction, then its chemistry will be approximately equal to two   
to three times the concentrations observed in the total soil,   
except tor silicon. Silicon will be decreased in this 
hypothetical airborne fraction by an amount equal to the one-half   
to two-thirds of quartz left behind. When so estimated, this I 
hypothetical airborne fraction of soil oust is seen to be 
compositionally similar to flyash, except that tlyash is   
distinctly high in boron, calcium ana copper and the soil is Jj 
distinctly high in germanium.
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Figure 12. Graph showing proportions of element observed in vegetation
ash of samples within 10 km downwind of the Dave Johnston powerplant 
which can be accounted for by the addition to the ash of hypothetical 
soil "dust" or flyash. Ranges in proportions based on median con 
centrations in columns 2 and 3 of table 2.
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Figure 13.--Elements in ash of sagebrush (T = Artemisia tridentata, 
C « A. cana) and ground lichen (P = Parmelta chlorochroa), and in 
two probable contaminants, soil "dust" (D) and flyash (F). Data 
based on samples collected within 10 km downwind of the Dave 
Johnston Powerplant.
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I
If either or both of these materials are, in fact,   

contaminating the local vegetation, they will account for some | 
portion of the observed composition of the ash of the vegetation. 
Figure 12 indicates that tor five geologically important   
elements, vegetation ash coula conceivably consist of anywhere   
from about 10 to 75 percent contaminating dust or flyash but 
these contaminants might reasonably be assumed to account for 
about one-third of the vegetation ash on the average. I

Under this final assumption, a comparison of the amount of
an element in vegetation ash to the amount estimated to be in the   
two probable airborne contaminants (soil dust and flyash, see | 
table 12) can be made. Figure 13 shows this comparison for a 
variety of elements exhibiting downwind trends. This figure   
suggests that probably all of the uranium, cobalt and lithium and I 
much of the nickel, chromium and vanadium in vegetation ash near 
the Dave Johnston powerplant can be readily accounted for by 
simple soil dust or tlyash contamination. The data tor arsenic I 
and fluorine are incomplete but perhaps much of their observed H 
concentrations in vegetation ash could also be reflecting simple 
accumulation of winciborne dust or tlyash. The trends in these   
elements still point to the powerplant as the source, but the | 
evidence in figure 13 suggests that none of these elements are 
being emitted from the stack in significant quantities. _

Six elements, however, cannot be accounted for Dy this   
particular hypothesis. Only small portions of sulfur, selenium, 
copper, lead, zinc and strontiun can be ascribed to dust or   
tlyash contamination and, thus, these six must be regarded as | 
prime suspects for stack emittents downwind of the Dave Johnston 
Powerplant. All six are biologically active elements and it is   
conceivable that the relatively high concentrations reflect I 
active accumulation regardless of source.
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FACTOR ANALYSIS OF SOIL CHEMISTRY, 
PICEANCE CREEK BASIN, COLORADO

by Walter E. Dean, Charles D.-Bingrose," 
and Ronald to. Klusman-

Introduction

Commercial development of oil shale in the Green River 
Formation (Eocene) in the Piceance Creek Basin of western 
Colorado requires the prior establishment of trace element 
concentrations in surficial materials as part of any effort to 
construct practical geochemical baselines with which to measure 
change during oil shale production and subsequent land 
reclamation.

Ringrose ana others (U.S. Gecl. Survey, li.76, p. 101-111) 
demonstrated that there is essentially no Difference in the 
concentrations of major, minor, ana trace elements in surface 
soils developed on riage tops and those developed in valley 
bottoms in the Piceance Creek basin, but that eight elements (Ca, 
Fe, Mg, Ti, Be, Cu, Li, and 2n) exhibit strong regional patterns 
across the basin. The purpose of this report is to further 
quantify this regional variability using extended Q-moae factor 
analysis. We thank A. T. Miesch and R. R. Tiaball for many 
helpful suggestions with the factor analysis. George Saulnier 
provided helpful information on water chemistry of the Piceance 
Creek Basin.

Statistical Methods

The main program used tor the factor analysis is a 
terminal-oriented interactive version of the extended CARFAC 
program described by Klovan and Miesch (1^76) which is applicable 
when the row-sums of the aata matrix are constant. Detailed 
descriptions and applications of the interactive 0-moae programs 
can be found in Miesch (1^76b and 1976c). In the work described 
here, the data consist of a 2-dimensional matrix of element 
concentrations in weight percent or parts per million (columns) 
tor each of 140 samples (rows). For the factor analysis, these 
data are converted to oxides, row-normalized by adjusting the sum 
of all oxides to 100, and transformed so that the concentration 
of each oxide is expressed as a proportion of the total range of 
concentrations for that oxide. At this point in the analysis, 
all data are on a scale of 0.0 to 1.0.

Next, a factor-variance diagram is constructed so that the 
smallest number of factors that will account for the largest

- Department of Chemistry and Geochemistry, Colorado School of 
Mines, Golden, Colorado
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proportion of the variance in the largest number of oxides can be |
selected. The number of factors chosen will be the number of
factors (end members) used in the 0-mode factor model. The _
extended Q-inode factor analysis program (Miesch, 1976b) can then I
be used to compute composition scores, in weight percent, for "
each end member, and can also be used to compute corrposition
loadings tor each sample. These loadings are the mixing  
proportions for each of the end members that are required to I
approximate each sample composition. Finally, estimates of the
original data are computed using the composition scores and  
loadings and are compared to the original data as a test of the I
"goodness-of-fit" of the factor rnoael. The factor-variance
diagrams tor the Piceance Creek Basin soil chemistry are given in
figure 14. I

These diagrams show at a glance how much of the total
variance for each element can be accounted for by adding factors   
(end members) to the Q-roode model. A compromise must be reached | 
in which as much of the variance as possible for as many elements 
as possible can be accounted for by as few factors as possible.   
For example, in figure 14, it is obvious that a much higher I 
proportion of the variance for most elements is achieved by 
increasing the number of factors from three to four, but that 
little is gained by increasing the number of factors from four to I 
five or more. A four-factor (four end member) moael was chosen   
to describe the chemistry of the surface soils of the Piceance 
Creek basin.  

Each end member in the mooel is described in terms of the
concentrations of the 29 oxides used in the analysis. Each soil _ 
sample can then be viewed as a particular mixture of the tour end I 
members. For computational purposes, the end members may be * 
theoretical compositions or actual compositions taken from the 
data matrix. For this study, we decided to use four actual soil   
samples as the four end members in the model, and chose them | 
following examination of the varimax rotation (Miesch, 1976c). 
Both the observed and the computed compositions of these four end   
member samples are shown in table 13. The factor loadings are I 
listed in table 14, and indicate the mixing proportions for each 
sample. For example, the "recipe" for making sample 111111KP 
(table 14) is to mix 0.65 parts of end member 1 (sample 252111   
KP), 0.05 parts of end member 2 (sample 191111XP), 0.29 parts of   
end member 3 (sample 151111KP), and 0.01 parts of end member 4 
(sample 142111KP).  
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K2°

B2°3

Ga2°3

PbO
Y2°3

MERNS DF OBSEPV

3. 000204
0. 021907
0. 0028 60
0. 003476
0. 002181

A1203

Si°2

BeO

Li2°

Rb20
Yb203

ED DRTR
1 1.266930
60.446146
0. 000754
n nrifiK'^'s
0. 012728
0. 000299

CaO
Na2°

CoO

MnO

Sc 2°3

ZnO

4.264207
2.250756
0. 001209
0. 091446
0. 001208
0. 010952

Fe2°3
Ti°2

Cr203

Mo03
SrO

co2

2.807058
fi. SOR059
0. 010242
0. 001 007
0. 033235

13.224518

MgO

As2°3

CuO

NiO
V2°3
uo2

2. 007036
0. 001042
0. 004787
0. 003176
0. 009519
0 . 0 0 03 1 7

MEfiNS OF COMPUTED DRTR

3. 010476
0. 022012
0. 002356
0. 003478
0. 002201

STP DEVS DF DBS

0.527291
0. 005623
0. 001088
0. 001483
0. 000627

11.247841
60.434923
0. 000742
0. 003649
0. 012759
0. 000303

ERVED DRTR
1.639022
7.300148
0. 000229
0.004402
0. 003235
0. 000118

4. 193904
2.236163
0. 001197
0. 091320
0. 001222
0. 010982

3. 629363
0.933403
0. 000477
0. 033930
0. 000420
0. 002418

2.800595
0.508755
0. 010251
0. 001028
fl fl'-!!-!26 I::i

13.354050

0.604524
0. 039391
0. 003.646
0. 000473
0. 014331
6.712670

1.987197
0. 001045
0. 004773
0. 003173
0. 009519
0. 000317

0.873745
0. 000530
0. 003102
0. 001282
0. 003197
0. 000066

SID DEVS DF COMPUTED DRTR

0.331451
0. 004265
0. 001010
0. 001436
0. 000491

PROPORTIONS DF

0.470320
0.473560
0.793313
0.848142
0.450042

1.444124
7.687929
0. 000186
0. 003189
0. 002252
0. 000126

3.627917
0.8-05443
0. 000441
0. 028737
0. 000418
0. 002036

VRRIRNCES RCCDUNTED FOR BY
0.711994
0.891237
0.705335
0.577728
0.448763
0.690563

0. 336503
0.678168
0. 809756
0.531629
0.833662
0.722931

0.474540
0.086197
0. 003388
0. 000466
0.013589
6. 007391

MODEL
0.564585
0.813763
0.77 0953
0.882444
0.787222
0.754660

0.659816
0. 000330
0. 002267
0. 001176
0. 002797
0. 000045

0.583728
0.345732
0.626702
0.331669
0.726037
0.370435

Table 15. - Summary statistics of observed data and data
computed by the ^-factor extended Q-mode factor 
model of soils in the Piceance Creek basin.
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By tollowinq the mixing-proportion recipes for each element, 
compositions based on the Q-moae model can be computed for each 
sample and compared with the observed compositions for goodness 
of fit. Summary statistics of the observed (original) data and 
of those computed from the factor model are given in table 15.

The loadings (mixing proportions) are of use in evaluating 
the regional geochemical variability of surface soils within the 
Piceance Creek basin (fig. 15). In each map in figure 15, the 
loadings were grouped into three classes. The size of the circle 
assignee to each class, and plotted on each map, increases with 
increasing magnitude of the factor loading. For example, sample 
localities in figure 15A having the largest circles have the 
highest loadings for factor 1 (that is, those samples are most 
like eno member 1), and those with the smallest circles have the 
lowest loadings for factor 1 (they are iroct unlike end member 1).

Results

Table 13 indicates that samples with high loadings on end 
member 1, (most like end member 252111KP) are probacly the most 
trace-element rich of all samples in the study inasmuch as both 
the observed and computed compositions for the end member are 
distinctly high in oxiaes of Fe, K, Ti, Cu, Li, Mn, Ho, Mi, Pb, 
Rb, Sc, V, Y, Yb, ana Zn. The prominence of transition elements 
in this composition suggests that the end member tor factor 1 is 
distinctly clay-rich. Samples with highest loadings on factor 1 
occur in the southern part of the Piceance Creek basin (fig. 
IbA).

Samples with high loadings on ena member 2 will probably 
tena to be high in carbonate because of the prominence of the 
oxides of Ca, Mg, and carbon in this factor. Samples with high 
loadings on factor 2 occur in both the northern ana southern 
parts of the basin (tig. 15B); samples with lov<est loadings for 
factor 2 occur over most of the central part of the oasin.

Soil samples with high loadings on factor 3 are scattered 
throughout the basin (tig. 15C), ana shoulc have relatively high 
concentrations of Si. Soil samples with high loadings on factor 
4 were collected from the northern and central parts of the basin 
(tig. 15D), and teno! to have relatively high concentrations of 
Na.

In general, samples which are compositionally similar to end 
members 1 and 4 will ce distinctly high in the transition 
elements compared to samples similar to end members 2 and 3.

Discussion

The factor map patterns (fig. 15) can be relatea in a 
general way to the regional geology and hydrology of the Piceance 
Creek basin. Many soils in the northern ana central parts of the
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study area are developed on sandstone of the Uinta Formation, ana   
most soils in the southern part ot the area are developed on   
finer-grained nie.rlstor.G6 of the underlying Green River Formation 
(fig. 16). A few samples used in this investigation are from   
soils developed on sandstone of the toasatch Formation which | 
underlies the Green River Formation (fig. 16). In general, the 
Green Piver Formation contains higher concentrations of most » 
trace ana minor elements than sandstones of Eocene age in the I 
same area (table 16). Therefore, soils developed on the Green 
River Formation would be expected to contain higher 
concentrations of most trace elements than soils developed on   
sandstones of either the underlying Wasatch Formation or the   
overlying Uinta Formation.

In a general way, the map pattern of factor 1 loadings (fig. | 
IbA) is the inverse of the map pattern of factor 4 loadings (fig. 
15D); samples with highest loadings for factor 1 are in the « 
southern part of the basin, and those with highest loadings for   
factor 4 are in the central and northern parts of the basin. The 
end member sample for factor 1 is a soil developed on the upper 
part of the Parachute Creek Member of the Green River Formation,   
and the end member sample for factor 4 is a soil developed on   
sandstone of the Uinta Formation.

Ringrose and others (U.S. Geol. Survey, 1S76, p. 101-111) | 
have shown that several trace elements in these soils have 
concentration gradients across the basin, increasing from 
northeast to soutnwest similar to the map of factor 1. This 
pattern probably reflects an increasing contribution ot Green 
River Formation to soil development. Samples with high loadings 
on factor 4 occur in the central and northern parts of the basin 
where concentrations ot many trace elements in soils are lowest. 
These samples also tend to be Si-rich (table 13), reflecting the 
tact that most of these soils are developed on sanastone.

86



R100W R99W R98W R 97 W R96W R 95 W R 94 W

40

108°30'

Explanation:
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Figure 16. Geologic map of the Plceance CreeX Basin (taken from Tweto, 1976),
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Table 16 - Typical composition in percent of Green River oil shale 
and sandstone of the Wasatch Formation.

Q-, no data]

oxide

A12°3 
CaO

Fe2°3
MgO
K2° 

Si°2 

Na2° 

Ti°2 

C02

As2°3

B2°3 
BeO
CoO

Cr2°3 
CuO
Ga203

MnO

Mo03 
NiO

PbO
Rb2° 

Sc203
SrO

V2°3 

Y2°3

ZnO

uo2

sources of
(1) 
(2)
(3)

(4)

probable aver 
age values for 
Green River 
oil shale (1)

6.8 (2) 

7-2 (2)

2.9
3-7
2.6 

31 (2) 
2.1 
0.22

0.0046 

0.0230

0.0013
0.0051 
0.0050
0.0013 

0.0210

0.0320

0.0015 
0.0032
0.0022

0.0012 

0.0350

0.0150

0.0093
-

data:

geometric mean for 
Mahogany Zone of 
Green River Fm. (3)

-

-
-

-

0.0038 

0.0240 

0.0005

0.0012

0.0700 

0.0061

0.0013 
0.0030
0.0320
0.0026
0 . 0420

0.0003

0.0013 

0.0011 

0.1100

0.0160 
0.0034

0.0022

0.0005

geometric mean for 
Wasatch Formation! 
Piceance Cr. Basin (4)

6.0 
2.0

0.77
0.53
1.3 

81 
0.68 
0.27 
1.3

0.0052

0.0004
0.0012 

0.0008

0.0010

0.0150

0.0008

0.0008

0.0110

0.0034 

0.0010

-

0.0002

U.S. Geol. Survey, 1976, p. 48-56. 
USGS Green River oil shale standard, SGR-1, Flanagan, 1976. 
Geometric mean of 12 composite samples from the Mahogany 
Zone, Poulson and others, 1977. 
Geometric mean of 12 composite samples from the Wasatch 
Formation, Piceance Creek Basin, Vine and Tourtelot, 1973-
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The relatively high concentrations of Na and Sr in factor 4 
soils are probably related to increased discharge of ground water 
containing high concentrations of these elements in the northern 
part of the basin (Weeks and others, 1974). For example, Coffin 
and others (1971) reported that Na concentrations in Piceance 
Creek increase from 600 mg/1 in the headwaters in the 
east-central part of the basin to 2,000 mg/1 at the confluence 
with the white River along the northern margin of the basin. 
This increase is the result of irrigation. weeks and others 
(1974) estimate that approximately 80% of the runoff from 
Piceance Creek is due to ground-water discharge. The Na in the 
saline waters in the northern part of the basin is probably 
derived mainly from dissolution of nahcolite (NaHC03 ) within the 
Parachute Creek Member of the Green Piver formation. Ground 
waters in the northern part of the basin are also commonly 
saturated with respect to strontianite (SrC03 ) (George J. 
Saulnier, Jr., personal commun., 1977).

The loadings on factor 2 outline a pattern of high-carbonate 
soils in the northern and southern parts of the basin (fig. 15B). 
The occurrence of more carbonate-rich soils in the southern part 
of the basin is probably related in part to the tact that most 
soils there are developed on carbonate-rich strata of the Green 
River Formation. However, ground water rr.ay also contribute to 
the relatively high carbonate content of soils in the southern 
part of the oasin. For example, the end member sample for factor 
2 is from a soil developed on the upper part of the Parachute 
Creek Member of the Green River Formation in a zone characterized 
by numerous springs (Chew, 1974) that precipitate a white coating 
of calcium carbonate. In fact, calcium carbonate-rich springs 
are common both above and below the Mahogany Zone in the upper 
part of the Parachute Creek Member in the southern part of the 
basin.

Ground water may also be an important contributor of 
carbonate to soils in the northern part of the basin. Springs in 
the northern part of the basin usually form white coatings, 
travertine mounds, ana flowstone of calcium carbonate. Many of 
the springs are associated with a fracture system that trends 
approximately N 70 W across tne northern part of the basin 
(George J. Saulnier, Jr., personal commun., 1977). This fracture 
system apparently acts as a means of transporting ground water 
from a lower aquifer consisting of fractured marlstone in the 
Parachute Creek Member of the Green River Formation. The lower 
aquifer in the northern part of the basin is characterized by 
very high concentrations of sodium and bicarbonate (several 
thousands of mg/1 each) resulting from the dissolution of 
nahcolite from the lower part of the Parachute Creek Member 
(Weeks and others, 1974).

Above the Mahogany Zone is a second aquifer in fractured 
marlstone of the Parachute Creek Member and fractured sandstone 
of the lower part of the overlying Uinta Formation. Water in the
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upper aquifer is also high in soaium and bicarbonate, but  
concentrations are about an order of magnitude lower than  
concentrations in the lower aquifer (hundreds rather than
thousands of mg/1). The upper aquifer also contains about 50  
mg/1 each of magnesium and calcium, about an order of magnitude |
higher than concentrations of these two ions in the lower aquifer
(Weeks and others, 1974). Ground waters from both aquifers are _
usually saturated or supersaturated with respect to calcium I
carbonate. Waters from either of these two aquifers, or a
mixture of the two, introduced into soils by springs could result
in precipitation of calcium carbonate ano possibly sodium I
carbonate.  

Samples with high loadings on factor 3 are scattered   
throughout the basin and show no regional trend (fig. 15C). The | 
end member sample for factor 3 is from a soil developed on 
sandstone of the Wasatch Formation underlying the Green Fiver _ 
Formation. Table 13 indicates that factor 3 soils tend to be I 
among the most silica-rich in the basin. They may represent a   
residuum of high-Si samples which do not fit into factor 4 
because of low Na and Sr. Because the high concentrations of Na   
and Sr in factor 4 soils may reflect additions of ground water, I 
factor 3 and factor 4 soils may both be sandstone-derived soils 
but with the addition of dissolved salts from ground-water as a 
distinguishing characteristic of factor 4 soils.

90

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I



STREAM SEDIMENT GEOCHEMISTRY OF THE NORTHERN GREAT PLAINS

by James M. McNeal

The sampling design, sample collection and preparation 
procedures used in this study were described in U.S. Geological 
Survey (1976, pp. 14-21). Total element chemical analyses for an 
additional 32 elements have been completed and preliminary 
results are reported here. For completeness, the 8 elements 
previously reported are included. A sample location map is shown 
in Figure 17.

Two analysis of variance designs were usea in this study. 
The first is a two-way design used to test differences between 
stream oraers and between regions. The second is a nested 
one-way design which is used to determine the magnitude of 
regional geochemical variablity due to differences between 
regions, differences between streams, error due to sampling, and 
error due to all other effects including the analytical 
procedures. Linear correlation coefficients between element 
concentrations and stream drainage basin size tor each of the 
three orders were examined to determine the effect of drainage 
area on stream sediment composition.

Chemical Analyses

The samples were analyzed by chenists of the U.S. Geological 
Survey. to. Mountjoy, I. C. Frost, and L. Lee used atomic 
absorption to determine Li, MgO, Na 20 and Pb. Zn was determined 
by a J. G. Crock using atomic absorption. A wet-digestion 
procedure followed by flameless atomic absorption analysis was 
used Dy J. A. Thomas and G. 0. Riddle to determine Hg. V. E. 
Shaw analyzed the samples for total carbon. Delayed neutron 
activation analysis was used to determine U and Th. The analysts 
were H. T. Millard, P. J. Knight, A. J. Dartel, J. P. Hemming, R. 
J. White, R. J. Vinnola, and E. Erandt. X-ray fluorescence was 
used by J. S. irtahlberg, W. J. Walz, and J. to. Baker to determine 
A1 20 3 , CaO, Fe 20 , K 20, P 20 5 , S, Si0 2 , and Ti0 2 . As, Ge, Se, and 
Sn were determined by J. S. Wahlberg and J. W. Baker using a 
sulfide precipitation procedure and analysis by X-ray 
fluorescence. The remaining elements (E, Ba, Be, Ce, Co, Cr, Cu, 
Ga, La, Hn, Mo, Ni, Pb, Sc, V, Y, Yb, and Zr) were determined by 
J. H. Gardner, K. E. Horan, R. M. Lambert, and M. W. Solt using 
emission spectrography. The details for these procedures are 
given in U.S. Geological Survey (1975).
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Results and Discussion

The results of the two-way analysis of variance test are 
shown in Table 17. This test was based on two stream sediment 
samples tor each of three stream orders in each of 10 regions for 
a total of 60 samples. The test compared variances for regions, 
stream oraers, and a region by stream order interaction ag-^^nst 
an error variance. Of the 40 elements shown in Table 17 only U 
had a significant (cy^.05) interaction. For the remaining 39 
elements, the interaction variance was pooled with the error 
variance and the F-ratios shown in Table 17 are from the pooled 
estimates.

The results in Table 17 indicate that only C, MgO, and Ti02 
have significant differences (cv^.05) between stream oraers. This 
means that in general the size of a stream is not an important 
control on the composition of stream sediments of the Northern 
Great Plains. However, Table 17 does show that 18 elements vary 
significantly between the 10 regions, indicating regional 
controls on composition. These controls include climate, 
topography, and the nature of the bedrock.

The results of the one-way nested analysis of variance 
design are given in Table ly. The nested levels induced in this 
design were: 1. between regions, 2. between streams, 3. sampling 
error, ana 4. analytical error. Because the two-way analysis of 
variance showed that only three elements differed between stream 
oraers, the two streams of each of the three orders have oeen 
combined giving six streams for each region tor the remaining 37 
elements or oxides. The results tor the between regions test for 
both one-way and two-way analysis of variance tests are similar. 
There were lb elements that showed significant differences by 
both tests; 2 elements showed significant differences only by 
one-way analysis of" variance; and 2 additional elements showed 
significant differences between regions only by two-way analysis 
of variance. Baseline data are presented in Table 10 for the 23 
elements that showed no significant differences oy either of the 
analysis of variance tests. Only 10 of 46 entries in Table 18 
show a sampling error that accounts for more than a fifth of the 
total variance, indicating that the method of collecting a 
composite sample from over several tens of meters stream length 
can provide a fairly representative sample of stream sediment for 
a stream segment of several hundred meters in length. The 
results in Table 18 also show that 35 elements exhibit 
significant differences at the between streams level. Thus, for 
the most part, streams from within a 50 km 2 region are likely to 
be of significantly different chemical composition and 
mineralogy.
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Table 17. F-ratios for two-way analysis of variance design for
stream sediments of the Northern Great Plains, testing 
differences between ten regions and three stream 
orders

TAn asterisk (*) or double asterisks (**) indicates 
that the F-ratios are significantly different at the 
0.05 or 0.01 probability levels, respectively2

Stre 
Element orde

A1 20.   0.37 

As     2.45

B o *n

Ba     1.21

Be     1.80

C      3.54 

CaO    2.02

f« _____ 1 98

/I  -I £

f*~, 1 1 Q

Cu     .53

Fe as 
Fe203- 2.65

/"* d* *1 t

Ge     1.34

11 A Tl

K 20    .75

T M O O ^

T i _____ i  * »

MgO    3.46 

Mn     1.57

F-ratio
am 
r Region

1.69 

1.02 

2.34* 

3.73** 

1.41 

* 1.10 

1.59 

1.15 

2.74* 

2.30* 

2.54*

1.05 

2.26* 

.86 

5.27** 

3.47** 

1.00 

1.04 

* 8.68** 

1.28

Element

Mo    

Nb    

Ni     

Pb    

Rb   

S ______

Sc    

Se   

Sifl   
2

Sn   

Sr    

Th   

Ti0 2  

V    

y    

Yb    

Zn    

Zr   

Stream 
order

0.67 

.57 

1.75 

1.11 

.68 

.58 

.05 

.19 

1.13 

2.95 

1.37

.74 

.45 

4.03* 

1.21 

.93 

1.64 

.52 

1.44 

1.47

Region

1.10 

21.4** 

1.13 

3.72** 

2.30* 

3.19** 

1.99 

1.51 

1.22 

.28 

2.22*

1.42 

2.27* 

3.21** 

10.8** 

2.36* 

.82 

.83 

1.78 

.75

JL/ Significant (a » .05) interaction term.



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I

Ttble 18.--Gtochralc«L variation In  tr«Aa  edliaanti of th« Northern Crctit PI aim

fAn aitrrUk (*) lndlc«tci that the variance component it significantly 
different from tcro of the 0.05 probability level. Dot* in part* per 
Million, exc*(>t ulien given *  percent]

Constituent*.

AJjOj. 1    0.0059

C. total). I. 1 .0738 

J .0277 

3 .0206

' jOj, X   .0119

B,        .015«

HjO. I, I .. .0110

1   .0251

3 -- .0263

Ha 0, t    .0792

It      ... .0199 

Ft,        .1032

I(totil), 1 .0734

S10Jt 1    .0014

1, ......... .0221

TlOj, I, 1 - .0026

2 - .0045 

3 - .0070

12* 45*

26 58* 

< 1 51

11 60»

< 1 84*

J 35"

50* 45*

55* 42*

87* 13*

83* 14* 

< 1 21*

19* 45*

< 1 75*

27 51*

< 1 < 1

< 1

< 1

16* 

49* 

29*

15*

< 1

< 1

3

17*

23*

22*

An.lytlc.l

43

< 1 

< 1 

< 1

< 1

37

3

< 1

< 1

75

78

62

19

42

3

1

71

».47

540

J.2S 

2.62 

1.80

7.3

3.33

19

440

4.8

7.2

5.9

.12 

7.8

63.1 

.97

9.4

.60 

3.4

3.0

95 percent

1.19 1.1J 7.25-12.37 110/110 0.95 7

1.87 < 1.06 .64-7.87 37/37 

1.47 < 1.04 1.21-5.66 37/37 

1.39 < 1.03 .93-3.48 36/36

1.29 < 1.03 2.02-5.49 110/110

1.60 1.18 180-1,070 110/110

1.96 1.79 2.4-9.4 99/110

1.67 1.58 4.4-11.7 110/110

1 38 1.17 -      110/110 1.69 S

2.10 1.79      104/110 1.17 5

1.87 1.31 .04-. 37 66/110 1.17 5 

1.54 1.32 4.0-15.0 108/110

1.78 1.59 .10-. 38 90/110

1.09 1.02 53.2-74.8 110/110 

1.37 1.27 .63-1.49 110/110

1.41 1.16 162-556 110/110

1.12 1.04      37/37

1.17 1.04      37/37 

1.21 1.02      36/36

1.24 1.15 15-30 109/110

1.35 1.29 J. 2-4.1 110/110

1.22 1.13 52-93 110/110

1.50 1.3S 214-572 109/110



Simple correlation coetficients between elements ana   
drainage basin area were examined to determine if the ~i~o of 
drainage basin or the distance sediment may have traveled 
influenced the element content of the stream sediments. Four I 
sets of comparisons were made; one for each of the three stream I 
orders and one for all three stream orders included together. At 
most only six significant (a<.05) correlations were found for the   
160 correlation coefficients examined. Five of the six were | 
negative. The six are: log Ce (r = -.461) for first order 
streams; log Li (r = -.450), log Kb (r = -.453), and log Zn (r = _ 
.444) for second order streams; none for third order streams; I 

and log Ti02 (r = .324) and log Zn (r = -.300) for all three * 
orders. Thus stream drainage basin size does not appear to 
influence the composition of these stream sediments to any   
important degree. This is in agreement with the results of the | 
two-way analysis of variance test which also showed that stream 
orders do not significantly influence the element content of   
stream sediments. g

Summary statistics for the elements determined in this study
are listed in Table 18. The Detection ratio is the number of I 
samples in which the constituent was determined compared to the   
total number of samples analyzed. For the analysis of variance 
tests values below the detection limit were replaced with a value   
.7 times the log value of the detection limit. The variance mean | 
ratio, Vm , is the ratio of variance among regions to the error 
variance within regions. This value is an indication of the   
stability of the observed differences seen among the region I 
averages, where Vm is at least 1.0, minimal stability is ^recent. 
The value Nr is the estimated number of random samples required 
from each region in order to describe at least the gross I 
compositional differences between regions. For the three H 
elements that have significant differences due to stream order, 
C, MgO, Ti0 2 , the summary statistics are given for each stream   
order. All data discussed in this report were logarithmically | 
transformed before any computations were made, expected 95% 
ranges (baselines) are given for those elements that were found _ 
not to have significant differences between stream orders by I 
two-way analysis of variance and that do not have significant   
differences between regions by one-way analysis of variance. The 
geometric means do not include analytical duplicates or samples   
collected to test for sampling error. Thus each mean is derived | 
from 20 samples or 60 samples depending on whether there were 
differences between stream orders.  

Conclusions

The results of this study lead to three tentative I 
conclusions. The first is that compositing stream sediments from   
over a few tens of meters of stream length gives a reliable 
sample for a several hundred meter portion of the stream. The   
second is that the size of a stream as indicated by stream order | 
or the size of the drainage basin does not greatly affect the
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composition ot the stream sediments. The third is that the 
chemical composition of the sediments tends to vary at regional 
(>50 km) and local (.1-5 km) levels. This means that stream 
sediment samples from the Northern Great Plains can generally be 
collected without regard to stream size. It should be noted that 
the streams in this study included both dry streams and flowing 
streams, and drainage basin size ranged from about 10 km 2 to 
4000 km 2 .
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AVAILABILITY OF ELEMENTS IN SOILS TO NATIVE | 
PLANTS, NORTHERN GREAT PLAINS

By Ronala C. Severson, Larry P. Gough and James M. McNeal I

INTRODUCTION  

The investigation of functional relations between element
concentrations in plants ana supporting soils over large   
geographic areas has not received much attention in the I 
literature. where information is available, the general 
conclusion is that most correlations are dubious (Erdman, 
Shacklette, and Keith, 1976; Gough ana Severson, 1976; Lounamaa, I 
1956; Prince, 1957; Severson and Gough, 1976; Shacklette, Sauer,   
and Miesch, 1970). In all of these studies, the soils were 
completely dissolved or fusee before analysis and the reported 
values were for total element concentrations.

Other authors have had success in relating plant chemistry   
to soil chemistry over limited geographic areas when the elements I 
in soil were measurea in a soil extract of some kind (Foilett and 
Lindsay, 1971; Lindsay and Norvell, 1969; Randall, Schulte, and 
Corey, 1976; Rule and Graham, 1976; Shuman and Anaerson, 1974). I 
In general, these types of stuaies have focused on increases in I 
yield of field crops following addition of elements to soils.

In the pilot study discussed here, we attempt to assess the | 
relation between the chemistry of native plants and uncultivated 
soils over a broad geographic region. We are presently working . 
in areas that have been, or may be, subject to strip-minj.r.g and I 
subsequent reclamation. It is our purpose to evaluate chemical 
soil-extraction methods and to identify those methods that best 
estimate element utilization by native plants growing on I 
uncultivatea or mine-reelaimed soils. In addition, we are I 
investigating ether selected chemical, physical, and 
mineralogical properties of soil that appear to influence element '   
availability. A diagrammatic representation of the relations | 
that are examined in this stuay is shown in Figure 18.
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PLANTS EXTRACTS

RELATIONS

1 Within soils 
A horizon 
C horizon

2 Between soils and plants

3 Within plants 
wheatgrass 
sagebrush 
biomass

4 Between plants and extracts

Within extracts
DTPA unground soil 
DTPA ground soil 
DTPA sieved soil 
EDTA unground soil 
oxalate unground soil

Between extracts and soils6

7 Between soils, plants, and extracts

FigurelB. Diagram showing soil-plant-extract 

relations.
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Figure 19.--Map showing sample site locations in the Northern Great Plains.
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METHODS 

Sampling Locations

Samples were collected in the unglaciated portion of the 
Northern Great Plains Coal Province (Fig. 19). We selected this 
area because of its potential tor large-scale surface mining and 
because previous work on spatial variability in total soil 
chemistry was available (U. S. Geol. Survey, 1976, p. 57-81). 
Data from that report were used to classify potential sampling 
locations based on diversity in soil chemistry. From Q-mcde 
factor analysis of the chemical compositions of 88 potential 
sampling sites, we extracted four factors that accounted for 90 
percent of the total observed variance. These factors were 
considered to represent the minimum number of fundamentally 
different kinas of soil (or end member compositions) within the 
study area. Four locations (three in the case of one of the 
factors) of each kind of soil were selected as being 
representative of each end member composition. Three additional 
locations were chosen that exhibited compositions intermediate to 
all of the factors. Finally, another three locations, whose 
composition was only poorly defined by the tour factors, were 
selected. Thus, a total of 21 sampling sites were chosen, 15 with 
high loadings on one of the four factors, three with intermediate 
loadings on all factors, and three representing samples of 
unusual composition based on a four-factor model. Summary 
statistics for total chemistry of these sampling sites is given 
in Table 19 and their factor loadings are given in Tsble 20.

In the field, samples were collected close to 19 of the 21 
preselected locations. Sites 6 and 7 were relocated because of 
unavoidable obstacles in the field.

Plant Samples 

Field Collection

We collected Agropyron smithii Ryclb. (western wheatgrass) 
and a sample representative of the standing crop (grasses, forbs, 
and shrubs) at all 21 sampling sites. We collected Artemisia cana 
Pursh (silver sagebrush) at 19 of the 21 sites. All samples 
consisted of current year's growth, and therefore the sagebrush 
and standing crop samples were composed mainly of leaves, stems, 
and inflorescences; due to grazing, however, most of the 
whestgrass samples lacked inflorescences and consisted only of 
leaves and stems.

Wheatgrass and sagebrush represent a diversity in growth 
form, physiology, rooting behavior, and overall grassland niche. 
These forms also represent different utilization by wild and 
domestic animals. By sampling more than one ki'«^. of plant, 
therefore, we hoped to better assess the utility of several soil 
extractants.
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The sampling sites were defined by a single 50 rr. 2 macroplot 
(7.07 X 7.07 in) located as close as possible to the sites from 
which the original geochemical survey soil samples were obtained. 
The position of the macroplot, however, was ultimately dictated 
by the presence of the target plant species. Each corner of the 
macroplot was clearly marked and the area photographed.

Three 1 m 2 circular quadrats were randomly located within 
the macroplot. All herbaceous vegetation inside the quadrats was 
clipped ana composited along with the current year's growth of 
any woody shrubs that hung over Prior to clipping, an inventory 
of the circular quadrats was made noting the species present and 
their relative dominance using a cover-abundance scale.

Laboratory Preparation

A standing crop estimate (in units of kg/ha of dry plant 
material) was made by first drying the samples for seven days at 
40°C and then weighing them. The weight of the samples was then 
divided by three (as the samples were composites of clippings 
from three individual square-meter microplots) to arrive at units 
of g/m 2 .

Contamination of plant material by dust can potentially 
contuse any meaningful relations betv/een plant chemistry and soil 
chemistry. It is important, therefore, that samples of plant 
material judged to be "excessively" contaminated be washed in a 
manner most effective in removing colloiaal-sized as well as 
granular-sized particles. It should be realized, however, that 
any washing procedure may leach elements anu substances from the 
intra- and intercellular plant spaces. In this study, the 
wheatgrass and standing crop samples all were judged to be 
excessively contaminated and all were washed using the method of 
Gough and Severson (1976). The sagebrush samples were not washed 
because we found, in a chemical comparison of several suites of 
sagebrush samples, that the washing procedure seems to make 
little difference.
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Table 19. Summary statistics for total element 

composition of 21 surface soil samples from 

the unglaciated area of the Northern Great 

Plains coal region (data from R. R. Tidball 

and R. C. Severson, personal communication,1977)

Element, 
unit of 
measure

C l _._...

Ca *t _ _

Co, ppra---

Cr, ppra---

Cu, ppra---

\t miMg, T.     

Mn, 7.    

Mo, ppm  

ft] a *f

Ni, ppm  -

Pb, ppm---

Rb, ppm---

k* f * 

Zn, ppra---

Arithmetic 
mean

1.8 

1.4 

7.4

46

18 

2.3 

1.9 

.84 

.049 

3.8 

.81 

12

18

78 

.064 

62

Observed 
range

0.7 - 3.8 

.01 - 7.0 

2.8 - 23

15 - 85

4.3 - 31 

.88 - 6.5 

1.5 - 2.7 

.24 - 2.2 

.011- .38 

.74 - 11 

.22 - 1.5 

4.3 - 64

10 - 31

52 -101 

.028- .26 

14 -174
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Table 20.--Loadings on four Q-mode factors for 21 samples,

selected from a suite of 88 surface soil samples, 

from the unglaciated area of the Northern Great 

Plains coal region (data from R. R. Tidball and 

R. C. Severson, personal communication, 1977).

Sample

number

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

Loading on factor

Communal ity

0.95

.96

.94

.61

.98

.97

.93

.76

.94

.97

.94

.67

.94

.97

.98

.94

.94

.65

.96

.84

.97

Percent variance 
explained

1

0.24

.86

.32

.29

.89

.84

.54

.19

.39

.17

.23

.43

.42

.63

.92

.30

.20

.35

.34

.19

.43

26.2

2

0.90

.26

.47

.26

.26

.30

.42

.44

.35

.86

.94

.30

.53

.50

.21

.21

.41

.29

.31

.16

.23

22.1

3

-0.19

- .40

- .50

- .58

- .34

- .41

- .57

- .37

- .49

- .33

- .10

- .62

- .69

- .58

- .15

- .87

- .80

- .59

- .80

- .33

- .79

30.9

4

-0.22

- .07

- .62

- .35

- .04

- .05

- .37

- .63

- .65

- .30

- .01

- .02

- .27

- .10

- .26

- .21

- .33

- .30

- .33

- .82

- .33

11.8
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All samples were ground to pass a stainless steel screen 
with 1-mm openings, homogenized, and then ashed and digestea 
using standard methods in U. S. Geological Survey (1975, p. 
74-78). Concentrations of 12 elements were determined using a 
Perkin-Elmer Model 306 atomic absorption spectrophotometer.- 
Concentrations ot Ca, Cu, Fe, K, Mg, Mn, Na, and Zn were 
determined from a digestate using 1 g of ash (either in a 1/50 or 
a 1/2500 dilution); concentrations of Co, Co, Ni, and Pb were 
determined by DADC-MIBK cheiation-extraction on rn» 1/50 
dilution. All sample preparations and analyses were performed by 
the authors.

Laboratory error for individual elements was determined by 
analyzing splits of the standing crop samples. Nineteen splits 
were added to the 64 field samples ana the entire suite of 83 
samples was analyzed in a randomized order.

Soil Samples 

Field Collection

At each site, a soil pit was excavated by hand adjacent to, 
but outside of, the 50 m2 macroplot. Each ot the soil horizons 
and its morphologic features were described using standard 
techniques and criteria (U. S. Dept. Agriculture, 1951). A- and 
C-horizon soils were collected from each of the three 1 m2 
circular quadrats.

Samples of the A horizon were collected by shaving the soil 
with a garden spade from the surface down to the underlying soil 
horizon contact. The material collected was passed through a 
stainless steel sieve with 1 cm openings. Large roots, plant 
debris, and rocks that did not pass the screen were discarded. 
The three A-horizon sieved samples were composited in the field. 
Commonly, more than 95 percent of the A-horizon soil material 
passed the 1 cm sieve.

A sample of the C horizon was collected at each of the three 
1 m 2 quadrats by augering to the overlying soil horizon contact 
(this point was previously defined from examination of the soil 
pedon in the pit exposure) and extracting a 30 cm section. In 
cases where a lithologic discontinuity was noted at depths of 
less than 30 cm into the C horizon, the sample consisted of only 
soil collected between the top of the C horizon and the top ot 
the discontinuity. The three C-horizon samples were sieved (1 cm 
screen) with the fine material being composited to make one 
sample. Material larger than 1 cm was discarded. More than 95 
percent of the C-horizon material passea the 1 an sieve in all

  The use of trade names throughout this report is tor the 
convenience of the reader and does not constitute endorsement by 
the U. S. Geological Survey.
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cases.

Laboratory Preparations

All soil samples were dried in the laboratory at ambient 
temperature with forced air. The samples were disaggregated in a 
mechanical mortar-and-pestle and passed through a 10 mesh (2-mm)   
stainless steel sieve. For all samples, more than 95 percent of | 
the material passed the 10 mesh sieve. After disaggregating, 10 
of the 21 A-horizon samples and 10 of the C-horizon samples were _ 
randomly selected for splitting and used ror duplicate analyses. I 
This resulted in a total suite of 62 samples.  

The minus 2-mm material was split into three parts. For the   
first split, no further preparation was required; the second I 
split was ground in a ceramic mill to pass a 100 mesh sieve (150 
urn), and the third split was dry sieved (100 mesh) with the   
material passing the sieve being saved. Therefore, three types   
of soil material for each of the A- and C- horizon samples were 
analyzed; <2 mm, <2 mm ground to <150 urn, and <2 mm sieved 
through a 150 um sieve. All sample preparations were performed I 
by Jane Dixon, R. E. McGregor, Mike Pantea and the authors. '

Soil Extraction and Chemical Analyses
I

Three different extraction solutions were used in this
study. The first, DTPA (diethylenetriaminepentaacetic acid), is   
essentially that of Lindsay and Norvell (19C9) which consists of I 
a solution of 0.005 K DTPA, 0.1 M triethanolamine, and 0.01 M 
caiqium chloride at ptt 7.30. It is obvious that the use of 
calcium chloride in this extracting solution precludes the   
possibility of determining Ca removed from the soil. This   
extraction is commonly used in testing soil tor the availability 
of elements in soils to plants. The second extract, EDTA   
(ethylenediaminetetraacetic acid), consists of 0.01 K EDTA in a | 
solution of 1.0 M of ammonium acetate at pH 7.0. As the sodium 
salt of EDTA was used in preparing the solution, Na could not be _ 
determined in the extractant solution. This extractant was   
selected because it was one of the best reported by Randall, ~ 
Schulte, and Corey (1976) in predicting plant manganese content 
from extractable soil Mn and other soil factors. In addition,   
ammonium acetate is a commonly used extractant for other soil I 
tests. The third extractant was 0.2 ^M ammonium oxalate at pH 
3.0. The procedure is essentially that of McKeague and Day   
(1966). The ammonium oxalate dissolves Fe and Mn oxides. In J 
light the solution dissolves amorhphous and well-crystallized Fe 
and Mn oxides, but in darkness it dissolves only the more 
amorphous of these oxides. AS the bulk of the available elements 
in soils may be associated with the amorphous Fe and Mn oxides, 
the reaction was performed in darkness for this experiment.

Soil extractions were performed by the follc..ii,g method: 
Ib.Og of soil was placed in a 125 ml Erlynmeyer flask; 30.0 rcl of
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the extracting solution was added (soil:solution ratio is 1:2); 
the flasks were stoppered and placed on a reciprocal shaker for 2 
hours. After shaking, the solution was decanted into a 50 ml 
test tube and centrituged at 1900-2000 rpm for 30 minutes using 
an International No. 2 centrifuge. After centrifuging, the 
organics and other coarse material remaining in suspension were 
removed by filtering through a coarse, acid-washed filter paper 
(Whatman 541) and the solution was collected in acid-washed 
polyethylene bottles. The solutions were acidified to about pH 3 
with 5 drops of concentrated nitric acid in order to prevent 
adsorption of the elements by the bottle.

The samples were analyzed for Ca, Cd, Co, Cu, Fe, K, Mg, Mn, 
Na, Ni, Pb, and Zn by atomic absorption using * Jerkin-Elmer 
Model 306 spectrophotometer. The recommendeu standard procedures 
were generally used except when the element being determined was 
well above background and the response was not linear. In these 
cases either the burner head was rotated to a position not 
parallel to the beam or a less intense line was usea. Improved 
sensitivity was possible with Cd and Pb as electrodeless 
discharge lamps were used. Calcium and Mg, and sometimes K or 
Na, were determined on a solution of 1/50 dilution containing 1% 
La. The other elements were determined on the stock solution. 
All standards had the same bulk chemical composition as the 
samples in order to reduce matrix differences between standards 
and samples. All analyses were performed by Jane Dixon and the 
authors.

Total Soil Analyses

All 62 soil samples were analyzed in laboratories of the U. 
S. Geological Survey, Denver, Colorado. Total carbon was 
determined by a combustion-thermal-conductivity detection method 
and carbonate carbon was determined by a gasometric method 
(Miesch, 1976a, p. 12-14). Organic carbon was measured as the 
difference between total and carbonate carbon. Ca, Cu, Fe, K, 
Mg, Na, and Zn were determined in solution by atomic absorption 
following dissolution of the sample (Miesch, 1976a, p. 12-14). 
Data from a semi-quantitative, multi-element, emission 
spectrograph were used for the remaining elements and this 
analytical method is detailed in Myers, Havens, art 1 u^.ton (1961) 
and in Miesch (1976a, p 14-15). The sample preparations and 
analyses were performed by P. K. Briggs, J. G. Crock, Carol Gent, 
M. J. Malcolm, R. E. McCregor, and G. 0. Riddle.

Soil Chemical Properties

We determined cation-exchange capacity (CEC), pH, and carbon 
(two independent methods) on both A- and C-honzon soils. The 
method for determining CEC is detailed by Chapman (1965). To 
summarize, the soil is first saturated with Na, the Na is then 
replaced with NH 4 , and the displaced Na is analyzed tor by atomic 
absorption spectrophotometry. Soil pK was determined following
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the method of Peech (1965) in which equal parts of air-dry soil |
and deionized water are mixed to form a slurry and pH is
determined by a glass-calomel electrode combination.  

Carbon was determined by two independent methods. The 
Walkley-Black method is detailed by Ailison (1965). In this 
method, soil organic matter is oxidized by adding an excess of   
Cr 2 07 solution to the soil. The excess Cr 2 &j remaining, after   
the reaction has gone to completion, is determined by titrating 
with Fe. The results are expressed as organic carbon and do not   
include H, 0, S, or other constituents of organic matter in soil. | 
The reaction temperature is sufficient to oxidize only active 
lorms of organic carbon. Therefore, a factor has been developed « 
and tested to convert Walkley-Elack carbon values to more I 
realistic values for total organic carbon. The factor is 
generally quoted in the literature as 1.33. To convert from 
organic carbon to organic matter (organic matter includes the I 
mass of H, 0, S, and other constituents of organic materials) a   
factor of 2.72 has generally been applied to the organic carbon 
value.  

The second method used to determine carbon is detailed by
Dean (1974). This method is gravimetric; a soil sample is   
brought to constant weight at 105°C and then heated to 550°C in a   
muffle furnace. The carbon value is taken as the weight loss on   
ignition. This method estimates organic matter and not strictly 
carbon. Additionally, percent water was determined from the   
difference between air-dry and oven-dry (105°C) sample weights. |

Soil Physical Properties  

We determined particle-size distribution and percent water 
tor air-dry samples of both A- and C-horizon soils. The method 
for percent water is described in the previous paragraph. I 
Particle-size distribution was determined by the hydrometer   
method described by Day (1965) but included modifications 
described by Grigal (1974).

Soil Mineralcqv
I

A semiquantitaitive determination of the soil mineralogy was   
made using X-ray diffraction data and a computer program by J. C. 
Hathaway modified by L. G. Schultz (1977, personal 
communication). The soil samples are hand-ground with a mortar   
and pestle to an impalpable powder. The samples are then ground I 
tor an additional three minutes. The finely grouna samples are 
then packed into a sample holder in such a manner that the sample 
has a grid pattern texture on the surface. Experience has shown 
that this sample preparation procedure tends to ensure random 
orientation of the sample constituents, particularly the clays. 
The X-ray data are recorded on magnetic tape ano later read into 
the computer.
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The computer program calculates the percentage of each 
mineral in the sample using a mineral library. The library 
consists of names of minerals, the d-spacings for up to 50 
reflections, the relative intensity of each reflection and 
various other data. The minerals for the library are as pure as 
can be obtained and the data are obtained for the mineral library 
by X-ray analysis in the same manner as an unknown. The program 
smooths the X-ray trace, determines background, locates peaks 
that are sufficiently greater than background, identifies the 
various peaks, and, from the peak intensities and the mass 
absorption coefficient for each mineral, calculates the 
percentage of each of the identifiable minerals in the sample. 
The program also indicates the degree of certainty with which 
each mineral has been identified. All analyses were performed by 
Jane Dixon, Mike Pantea, and the authors.

RESULTS 

Plant Biogeochemistry

This section describes a novel sampling approach to regional 
geochemical survey studies, he use a single composite biomass 
sample to represent the biogeochemistry of an area. In addition 
to sampling selected individual species (western wheatgrass and 
silver sagebrush), total above-grouna biomass (standing crop) was 
collected. Theoretically, these samples represent the 
biogeochemical "load" in the vegetation. Further, we propose 
that the use of a composite biomass sample will enable us to 
correlate particular soil tests with the overall vegetation of a 
region.

Our study sites occurred within the major vegetational unit 
referred to by Weaver and Albertson (1956) as the Mixed Prairie 
Climax. Because of very heavy grazing pressures, much of the 
vast northern Great Plains supports the disturbance-climax 
short-grasses (blue grama and buffalograss) as well as the once 
more dominant nondisturbance-climax mid-grasses (wheatgrass, 
Junegrass, and needlegrass). Kuchler's (1964) subdivisions of 
our particular study region show that most of our sites (55 %) 
tall within the grama-needlegrass-wheatgrass unit whereas 30 % 
are within the more eastern wheatgrass-needlegrass unit, 10 % are 
in sagebrush steppe, and 5 % are in eastern ponderosa forest. 
Table 21 lists the 42 taxa catalogued while collecting the 
biomass samples. In all, 8 shrub, 15 graminoia, H.XI 19 forb 
species were encountered. Most species were collected as voucher 
specimens and are stored in a U. S. Geological Survey herbarium, 
Denver, Colorado. Assistance in the identification of species was 
given by D. L. Buckner, J. A. Erdman, and II. T. Shacklette.
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Table 21 .--Plants encountered in tho collection of the standing crop, samples--cor.iinon name. 

corresponding scientific name, and relative frequency of occurrence. 

^Relative frequency equals the number of sample sites at which a species 

occurred / the total number of sample sites X 100]

Shjrubs. Relative frequency

Big sagebrush
Broom snakeweed
Linear-leaved wormwood
Pasture (fringed) sagebrusli
Pricklypear
Pricklypear
Silver sagebrush
Winterfat

Grasses and sedges

Blue grama 
Buffalograss 
Canada bluegrass 
Cheatgrass brome 
Japanese brome 
Junegrass
Kentucky bluegrass 
Little blucstem 
Narrow-leaf sedge 
Needle-nnd-thread 
Plains bluograss 
Red threeawn 
Sand dropseed 
Side-oats grama 
Western wheatgrass

Forbs

Annual buckwheat
Ball cactus
Cut-leaved goldenweed
Goldenrod
Golden aster
Goosefoot
Gumweed
Jim Hill mustard
Nipple cactus
Peppergrass
Prairie coneflower
Prairie sage
Psoralea
Pussytoes
Ragweed
Skeletonweed
Woolly plantain
Yarrow
Yellow swectclover

tri^.en t a_t a N u 1 1 .
SiL1:    L-Li:oJlia- "iL112j-'iI'iL^. (Pursh) Britt. & Rusby 
AjrtCitiijrta^ dr.-icuncu.lus L. 
A_. --riijj.dn Willd. 
Opvin L i.a frag 11 is (Nutt.) Haw. 
2.' polyacantha Haw.
Arteniisia cana_ Pursh 
Eircotia j.»inata (Pursh) Moq.

Boutoloua gracilis (Il.B.K.) Lag.
gi'cliloe dncUtyloides (Nutt.) Engelrn.
P£a cpiiipvessa L .
iLi"°Ii-u i iicc^tpruiTi L.
B_. ianorticus Thunb.
Koolorla f.racilis Pers.
Poa_ praetfmsis L.
Schlzachyriuni scopariuni (Michx.) Nash
Carex f ilifolla Nu 1 1 .
Stipa coirata Trin. & Rupr.
Z£5. ili'iilii Vasey
A£L£iJLi£l3. longiscta Steud.
Sporoboliis cryptaii.<Jnis (Torr.) Gray
Boute loua cur i". incndu la (Michx.) Torr.
Aaropyron smith ii Rydb .

annuum Nu 1 1 . 
Coryphantha vi.vip.ira (Mutt.) Britt. & Brown 
Haplopnnpus^ sp.i.i-in_iosus (Pursh) DC. 
gplidaj'o PI issour _i_'.n_s is Nutt. 
Ilcterotheca vilj^osa. (Pursh) Sh inner s 
CU cuojTod ijJ <n sp .
Gr irO. c 1 j.a s quar^rc^Ga (Pursh) Dunal. 
Sisyi'brium altlssimum L.
C or y pi tan Ui n in i s sour lens: is (i>weet) Britt. & Rose 
Lepidium cj;nioc^sj-r£ (L.) R. Br.
Ra^t2.j)ida_ c o lun'n if c^ra (Nutt.) Wooten & Standley 
Ar_tom_i.m'.a lud ivicinnn Nutt. 
P sov/i Lea larceolaUa Pursh 
Antcnnaria sp. 
Ambrosia p_s JJ.o_R il-icj; y a_ DC . 
Jjygod c sm ia_ j unqon (Tursh) D. Don 
Plan'L.'igo _p_nt;iq£ti tea J'icq.
A.£L1 'J I 'J.£ l^'^uloua Mutt.
Hal, i l."t'.is of f i.;;. nvi 1 is_ (L.) Lam.

i g 
19 
IQ 
67 

5
24
43

5

5
5

14
43
24

5
5
5

86
5

10
10

5
100

5
5

10
5
5
5
5
5
5
5
5
5

10
5
5

43
10
14

5
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Table 22.--Location, principal composition, and blomaes o£ standing crop samples. 

[Leaders (--) In columns mean the absence of a particular growth form; 

(over-abundance classes are In parentheses  ' 3

Location

Site no. state county

Dominant occurring species

shrub grass forb

Above-ground 

hlomass  

g/m2 kg/he

1 Mont. Garfleld pasture sagebrush red threeavm -- 130 1300
00 (2)

(liver sagebrush western uheatgrass
00 (1)

2 Mont. Garfleld pasture sagebrush needle-and-thrcad golden aster 88 880
00 (3) 00

western wheatgrass 
(!)

3 Mont. Dawson pasture sagebrush needle-and-thrcad ragweed 50 500
(x) (3) (x)

linear-leaved blue grama
wormwood(x) (3)

4 Mont. Prairie pasture sagebrush western wheatgrass -- 120 1200
(x) (3) 

blue grama 
(x)

5 N. Dak. Dunn pasture sagebrush western wheatgrass skeletonweed 100 1000
(x) (3) (x)

linear-leaved needle-and-thread peppergrass
wormwood (x) (3) 00

6 S. Dak. Hardlng silver sagebrush blue grama woolly plantain 90 900
(2) (4) (x)

ncedle-and-thread ball cactus
(2) (x)

7 Mont. Big Horn silver sagebrush western wheatgrass gumweed 170 1700
(1) (3) (x)

prlcklypcar blue grama yarrow
(x) (2) (x)

8 N. Dak. Golden pasture sagebrush western wheatgrass skeletonweed 130 1300
Valley (x) (4) (x)

silver sagebrush needle-and-thread
00 (2)

9 Mont. Prairie -- blue drama akeletonwecd 120 1200
(4) 00 

   western wheatgrass 
(2)

10 Mont. Prairie broom snakeweed blue grama akeletonwced 20 200
(x) (4) (x)

pasture sagebrush western wheatgrass cut-leaved golden-
(x) (1) weed (x)

11 Mont. Prairie pasture sagebrush needle-and-thread skeletonweed 120 1200
(1) (3) 00

broom snakovecd western wheatftrasa
00 (1)
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Table 22-  cont.

Above-ground

Location

Site no.

12

13

14

15

16

17

18

19

20

21

!/»-
1 -
2 -
3 -
4 -
5 -

2/ Dry

state

Mont.

Mont.

Mont.

S. Dak.

Wyo.

Wyo.

Wyo.

Wyo.

Wyo.

Wyo.

sparsely
plentiful

Dominant occurring species

county shrub

Custer

Custer

Carter

Hard ing

Crook

Sheridan

Sheridan

Johnson

Converse

Converse

silver sagebrush
00
--

big sagebrush
(2)

pasture sagebrush
(x)

silver sagebrush
OO

pasture sagebrush
(x)

pasture sagebrush
a)

big sagebrush
00

silver sagebrush
00   

..
 

big sagebrush
(x)

wintcrfat
00

pasture sagebrush
00
- 

pasture sagebrush
(x)

silver sagebrush
OO

big sagebrush
(x)

prlcklypear
(x)

grass

western wheatgrass
(2)

Canada bluegrass
(x)

blue grania
(3)

cheatgrass brome(i)
buf f alograss(4)
blue grama

(3)

blue grama
(3)

western vheatgrass
(2)

western wheatgrass
CO

cheatgrass brome
(1)

western vheatgrass
(<0

Kentucky glucgrass
CD

western uheatgrasa
(4)

Japanese broroe
(x)

western wheatgrass
(5)

sand dropseed
(x)

blue grama
(3)

Junegrass
(2)

western wheatgrass
(2)

Junegrass
(x)

forb

  -

skeletonweed
(x)

prairie coneflower
(x)

ekeletonweed
(x)--

psoralca
(x)

yarrow
(x)

skeletonweed
00--

prairie sage
(1)
--

_.

«-

yellow sweetclover
(x)
--

cut-leaved golden-
weed (x)

 

woolly plantain
00
-.

Uomass  '

g/m2

80

110

100

150

110

180

100

100

90

50

kg /ha

800

1100

1000

1500

1100

1800

1000

1000

900

500

or very sparsely present; cover very small.
but of s

very numerous, or
mall cover value.
covering at least 5%

any number of indlvldunls covering 25%
any number of Individuals covering 507.
covering more than 75% of the area.

of the area.
to 507. of the area.
to 757. of the area.

weight base.
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The biomass for each site is presented in Table 22. These 
values, which range free, 200 kg/ha at the heavily grazed Site 10 
(Fig. 19) in Montana to 1,800 kg/ha at Site 17 (Fig. 19) in 
Wyoming, compare favorably with biomass yields reported in the 
literature for shortgrass prairies (Pearson and others, 1976; 
Munshower and DePuit, 1976). The range of biomass yields are 
reflective of both differences in grazing pressure and 
vegetational composition; however the former condition was by far 
the more important. The vegetational components of each site, 
expressed in a cover-abundance scale, are also given in Table 22. 
Only the principal plants responsible tor the overall physiognomy 
of the site are given. The relative frequency of occurrence (PF) 
for each species (Table 21) was calculated using the formula:

n 
RF =     x 100

N

where N is the number of sample sites and n is the number of 
sample sites at which a given species occurred. The RF values in 
Table 21 show that the samples were composed predominantly of 
grass with some shrub material and still fewer forbs. The 
codominant perennial grasses (occurring in 86 to 100 % of the 
samples) were needle-and-thread, blue grama, and western 
wheatgrass. Further, the winter annual cheatgrass brome occurred 
in nearly half of the samples. The most common shrubs were 
pasture sagebrush (RF = 67 %) and silver sagebrush (RF = 43 %). 
The only torb occurring with any regularity was skeletonweed (RF 
= 43 %).

A comparison of splits of 19 samples (Table 23) indicates 
that except tor Co, the percent error variance is sufficiently 
small so as not to obscure natural sample variability. Despite 
the large percent error variance, Co was included in all 
statistical analyses. Interpretation of Co relations, however, 
are made with caution.

Frequency distributions of the data tor all 12 elements, ana 
percent ash yield, were found to be more nearly normal using 
log-transtormeo data. Table 23, therefore, presents the 
geometric n,ean (GM), geometric deviation (GD), and observed range 
tor these variables. Prior to the statistical tests, the 
concentration values determined tor the asheo material were 
recalculated to a dry weight base using the formula.

A
C(d) = C(a) x   

100

where C(d) is the concentration in the dry material, C(a) is the 
concentration in ash, and A is the percent ash yield.
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Even though it was collected at sites known to be diverse 
geochemically, the herbage sampled showed very little variability 
in concentrations of the elements looked tor. Thus even though 
plants vary in their nutrient element requirements ana in their 
ability to concentrate elements, it would appear that homeostatic 
mechanisms generally prevented extreme concentrations of any 
element in the herbage. The ranges of concentrations presented 
in Table 23, for the plants studied, therefore, may be considered 
as representative of concentrations adequate for growth and 
development.

An examination of Table 23 shows that, in general, sagebrush 
contains much higher concentrations of most elements than 
wheatgrass. For example, the Ni and Cd values ar^ ^rders of 
magnitude greater. Higher concentrations for some elements are 
also evident when comparing sagebrush and biomass. The high 
proportion of grass material in each biomass sample dominates the 
geometric means for wheatgrass, which compare rather well with 
those of biomass. Where differences occur, the biomass samples 
possess generally higher values (Cu, Na, and Ni). This probably 
reflects a greater proportion, in these samples, of the more 
"elementally rich" shrubs and torbs (Munshower and DePuit, 1975).

Table 24 presents biogeochemical load values for the herbage 
at each site based on the concentrations of each element in the 
biomass samples (ppm or %) and on the biomass yields (kg/ha). 
These data, plus the cover-abundance information given in Table 
22 for each site, can be used to assess the biogeochemical load 
in forage potentially utilized by native and domestic animals. 
Even though the biomass samples are composed of all herbage (both 
the utilized and non-utilized species) the total Diogeochemical 
load may be a useful way of presenting forage nutritive values 
rather than selecting only one or two species that are most 
heavily utilized.
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Correlation Between Elements in Three Native Plants 
and Chemical and Physical Properties ot soils

Relations between the measurement of the soil's ability to 
supply elements for plant growth and the plant's actual 
utilization of these elements has recieved much attention in the 
literature. Papers stressing concepts and principles have been 
published by Bates (1970), Hodgson (1963, 1969), Lindsay (1972), 
and Lisk (1972). Papers stressing techniques ot soil extraction 
and relating elements in soil extracts to actual concentrations 
ot elements in plants, or to changes in element concentration as 
measured by soil extracts, have been published by Brau'ord, Bair, 
and Hunsaker (1971), Follett and Lindsay (1971), MilIfr, Bassett, 
and Koeppe (1976), Prabhakarannair and Cottenie (1969), Randall, 
Schulte, and Corey (1976), Shuman and Anderson (1974), and 
Sorenson, Oelsligle, and Knudsen (1971). Several of these papers 
stress the multivariate nature ot the soil-plant system; the 
authors measured soil pB, cation-exchange capacity, organic 
matter content, soil texture and various other soil properties in 
addition to the element concentration in a soil extract. The 
papers by Hodgson (1963, 1969), Lindsay (1972), and Lisk (1972), 
consider forms of nutrients in soils and factors that affect 
their availability. Diagrammatic representations of the dynamic 
and omitivariate nature of the soil system are presented in 
Figure 20.

In the laboratory, available levels of elements are 
generally defined by analysis of various soil extractants. An 
"Index of Availability" so derived is generally only of academic 
interest; on the practical side it has little meaning unless 
extractable element concentrations correlate with element 
concentrations in associated plants. Experience has shown that 
soil solution extracts may correlate well with the chemistry of 
some plant species but not with others in fact, correlation may 
differ greatly for plant varieties, subspecies, or cultivars. 
Assessing relations between elements in soils to those in plants, 
therefore, is influenced by a complex system in which soil 
factors affect availability, and a plant's genetic constitution 
affects uptake and translocation.
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Simple correlation analysis was used to assess the relation 
between element concentration in three plant materials (western 
wheatgrass, silver sagebrush, and biomass) and soil-extracted 
elements (using DTPA, EDTA, and ammonium oxalate), total soil 
elements, and soil physical properties. Table 25 presents 
correlation coefficients (r) for those relations tound to be 
significant (p <0.05). Even though several relations qualified as 
being highly significant (p <0.01) none of the coefficients of 
determination (r 2 ) exceeded 0.50. This means that of the 
important relations, less than 50% of the variatk>r between the 
variables was explained by the correlation.

Using the information in Table 25, several general 
conclusions are made. 1) The following importance ranking of the 
extracts as measures of availability is evicent it both A and C 
horizons are considered: DTPA (ground) > PTPA (unground) > EDTA 
(unground) > ammonium oxalate (ungrouna) > total soil. 2) 
Considering all extracts, more than twice as many important 
relations were determined for the A horizon (15 relations) than 
tor the C horizon (6 relations). 3) Sagebrush, when compared 
with the extracts, showeci significant relations for many more 
elements (7 relations) than did biomass (2 relations) or 
wheatgrass (1 relation). 4) Species differences are great as 
there were no obvious similarities among species based on either 
elements or extracts.

Significant simple correlations of elements in plants with 
physical properties of soil (% clay, % sand, % silt, % v/ater) or 
with additional chemical properties (pH, organic matter, organic 
carbon, and cation-exchange capacity) showed few consistent 
patterns. Significant relations between pH and elements in 
plants, however, were more numerous than those between the 
elements and any of the other properties. Of the three plant 
materials, shallow-rooted wheatgrass showed the most significant 
positive r values between pH and elements in the A horizon (Ca, 
Cu, Fe, Me;, Na, Ni, and Zn). Wheatgrass showed no relations for 
the C horizon. Biomass and sagebrush relations were- the same for 
Cd and Fe (significantly negative for Cd ana positive for Fe). 
..one of the three plant materials (including deep-rooted 
sagebrush) showed consistent significant relations in the C 
horizon.
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Multiple regression analysis was employed in an attempt to 
improve the prediction of plant-available elements in soils (that 
is, explain a greater proportion of the total variance between 
plant and soil relations). Multivariate relations were 
investigated between elements in plants (dependent variables) and 
independent variables such as extracted elements and additional 
physical and chemical properties of soil (pH, CEC, mineralogy, 
and others, see tables 26 and 27). In addition, we examined 
muitivariate relations of plant element content with total soil 
element concentration and with additional chemical and physical 
properties of the soil (tables 28-30). In general, more than 
two-thirds of the significant (p <0.05) muitivariate relations 
explained less than 50% of the variation between variables. Of 
those relations explaining more than 50 %, independent variables 
such as mineralogy (percent calcite, dolomite, plagioclase, and 
quartz) and soil pH occurred most commonly.

Several additional conclusions regarding muitivariate 
relations are made. 1) The following ranking of the extracts as 
measures of availability is evident if both A and C horizons are 
considered: DTPA (unground) > DTPA (ground) > total soil element 
concentrations > EDTA (unground) > ammonium oxalate (unground). 
2) Ammonium oxalate extracts used in conjunction with chemical 
and physical properties of soil appear to be extremely poor 
predictors of availability tor wheatgrass and biomass. 3) where 
significant relations were observed between an element in plants 
and soil factors based on the various extractants, similar 
independent variables were usually involved in the regression 
equation.

Effects of Soil Grinding on DTPA Extractable Elements

Previous studies (Jacober and Sandoval, 1971; Soltanpour, 
Khan, and Lindsay, 1976) have established that varying techniques 
of soil sample preparation affect the values obtained from 
subsequent chemical determinations. We investigated the 
differences in DTPA-extractable Cd, Co, Cu, Fe, K, Mg, Mn, Na, 
Ni, Pb, ana Zn between soil material disaggregated to pass a 10 
mesh sieve and similar material (10 mesh) ground further to pass 
a 100 mesh sieve using A- and C-honzon soils collected 
throughout the Northern Great Plains Coal Province.

Soltanpour, Khan, and Lindsay (1976) found that increased 
grinding time and force increased concentrations of Fe, Mn and Zn 
in DTPA extracts of soil. For Cu, no significant increase in 
concentration was noted. Their samples were from cultivated 
fields in Colorado, and therefore, we assume they represented the 
A horizon, or at least the "plow zone".
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Table 26.--Multivnrfate relations between element concentrations in wheaturass, blomasa, and 

sagebrush nnd DTPA extracted elements from unpround soils, soil mineralogy, and 

other soil chemical and physical properties for A- and C-horizon soils of the

Northern Great Plains

[Only independent variables significant nt the 0.05 probnblllty level are included; 
DTPA extractions were on unground <2 mm soil fraction; mineraloglcal variables were 
calclte, clay, dolomite, microcllnc, plagioclase, quartz, and side rite; DTPA extracted 
elements were Cd, Co, Cu, Fe, K, Mg, Mn, Na, Ni, Pb, and Zn; other soil chemical and 
physical property variables were sand, silt, clay, cation-exchnnge-capjicity (CEC), 
water (air dry to oven dry), pH, carbon by Walkley-nlack method (C-wb), carbon by 
Ignition at 550°C (C-550), and organic matter calculated from organic carbon (C-om)]

Element, and 
soil horizon

Cd 

Cu 

Fe 

K.

Mg 

Na 

Nl

K,

Na

Ni

Cu 

Fc

Mg 

Mn 

Na 

Nl

Pb 

Zn

, A -      -

, A      

A ........

, A -------

f A - ------

, A -------

A ........

, A       

, A -----   

c ........

, A -     -

, c --------

, A - -------

, A -------- 

C ........

, c       

Percent of total Significant variables in order of decreasing standard 
variance explained partial regression coefficient

62 

52 

58 

60 

59 

51 

73

62 

53 

52

51 

57 

52 

78 

75 

59 

57 

72 

83 

51

Whpatgrass

CEC 
0.54

pH 
1.39

Siderite 
.52

pH 
-.67

Zn 
 95

pH 
1.24

Ni 
-.93

Biomass (n

pH 
-0.83

Dolomite 
.88

C-550 
-.68

Sagebrush

Zn 
0.71

pH
.58

CEC 
-.74

Cd 
  92

pH 
.72

Mg 
.77

Co 
.76

Fc 
  95

Co 
.70

Pl> 
.7?

(n = 21)

Ni Calcite 
-0.49 0.41

Fe 
.97

Na Plagioclase 
.46 -.42

Plagioclase
-.45

K Plagioclase 
-.75 -.40

Fe 
.71

Siderite Cu Na 
.88 .70 0.37

  21)

Mn 
-0.68

Na pH 
.61 -0.55

Na 
.50

(n = 19)

Calcite 
0.38

Co 
.53

K Calclte Mg 
-.49 -0.44 -0.39

Siderite Pb 
-.36 .36

Microcline 
-.45

Clay!/ 

-.53

Calclte Cu Zn Water 
.67 --62 .42 -0.34

\_l Determined by X-ray diffraction,
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I 
I Table 27.--Multivnvlate relations between element concentrations In vhcatgrnss, blomasa, and

sagebrush and DTPA extracted elements from ground soils, soil mineralogy, and other 

 oil chemical and physical properties for A- and C-horlzon soils of the Northern 

Great Plains

I [Only Independent variables significant at the 0.05 probability level arc Included; 
DTPA extractions were on soils ground to pass a 100 mesh (l*iO >im) sieve; mineraloglcal 
variables were calclte, clay, dolomite, mlc roc line, plogloclaae, quartz, and slderlte; 
DTPA extracted elements were Cd, Co, Cu, Fe , K, Mg, Mn, Na, Nl, Pb, and Zn; other soil 
chemical and physical property variables were sand, silt, clay, catlon-e*xchangc-capaclty 
(CEC) , water (nlr dry to oven dry), pH, carbon by Walkley-Black method (C-wh) , carbon 
by Ignition at 550°C (C-550), and organic matter calculated from organic carbon (C-om)]

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I

ao^l horizon variance explained
Significant variables In order of decreasing standard partial 
regression coefficient

Wheatgrass (n - 21)

Cu , A ------ 72

C e 7

Fe, A      57

K, A      60

C an

Na, A      61

Pb, C      59

Cu, A      55 

C      52

1C, C      80

Na, A --    68

Hi, A      63

Pb, C      59

Cu, C      77

Fe, A      57

M n f 00

Sidertte 
0.51

C-wb 
-.57

Water 
-.75

PH 
-.67

Mn 
1.00

pH 
.52

Dolomite 
.58

Clay 
  65

Quartz 
0.50

C-wb 
-.57

Mn 
-1. 00

Na 
.69

Cd 
-.61

Dolomite 
.58

Ni 
-0.76

pH 
.58

Cd 
-.59

PH 
1.29

Sidertte
-.37

Na pH Plagloclase 
0.44 0.36 -0.30

Fe 
-.43

Cd 
.66

Plagloclase 
-.45

Mi Dolomite Pb 
.90 - . 90 -54

Na
.49

Ni 
-.37

Mn Plagioclase 
-.38 -.35

Blomass (n « 21)

Cd 
-0.38

Fe 
-.43

Ni Dolomite Pb 
.90 -0.90 0.54

Dolomite Zn 
.43 .35

Fe Na 
.49 .32

Ni
-.37

Sasebrush (n  = 19)

Mn Fe Sidorlte 
0.70 0.41 -0.32

Calcite 
.38

Fe K 
.41 .39

C-wb Nl rb Clay! Dolomite 
-.66 .62 .51 0.46 0.43

C-om Zn 
.20 .11

\l Determined by particle size distribution.

123



Table 28 , --Multivariate relations between clement concentrations In wheatgrass and soil 

mineralogy, total soil element analysis, and other flol 1 chemical and physical 

properties for A- and C-horlzon soils of the Northern Great Plains

[Only Independent variables significant at the 0.05 probability level are Included 
In the table unless otherwise rioted; soil mlneralotflcal variables Included, calclte, 
clay, dolomite, niirrocl ine , pla^loclane, quartz, sicicrlte; total soil analysis 
variables Included, Al , Ha, total carbon (C-total) Ca , Cu, Fc , K, Mg, Mn , Sr , Tl, 
7n; other aoll chr-mlcal and physical property variables Included, sand, silt, clay, 
cation-exchange capacity (CRC) t water (air dry to oven dry), pH, carbon by Walkley- 
Black method (c-wb), carbon by Ignition at 550°C (C-550), carbonate carbon CC-COj), 
organic matter calculated from organic carbon (C-om)]

Element, and Percent of total Significant variables In order of decreasing 
soil horizon _____ variance explained ____ standard partial repression coefficient _____

Ca, A         69.2 pH Slderite Oligoclase
0.66 0.65 -0.62

e       14.4 Calclte
.38

Cd, A        42.7 K Calcite
.47 -.47

C       22.2 Clay^
.47

Co, A-       32.1 Siderite Oligoclase
.52 -.39

Cu, A ---       46.0 pi! Slderite
.49 .41

Fe, A         67.2 Al Oligoclase Mn Sideri-
.57 -.53 -.38 0.37

--      59.3 pH Oligoclase
-.67 -.45

       41.4 Calcite Na
-.52 -.41

Mg, A-'--      67.3 Ca K Mg Calclte
-1.02 -.68 .66 .32

Mn, A -        46.3 ClajA'
.68

54.6 C-total Ca
1.32 -.82

Na, A   --    38.7 pH
.62

C-       51.3 silt Sand Calclte
1.44 1.32 .36

Ni, A    --    39.3 Slderite C-carbonatc
.47 .39

nu A*/

c   ------

54.7 Siderite
.68

.50

67.8 Clay^7
1.29

Silt
.65

1.00 .444

17 Independent variables significmil at the O.ln probability level.

2/ No independent variables slf.nlficnnt nt the 0.10 piulmhl 1 Ity level.

3/ Determined by pnrllcle size distribution.

4/ iJctermlnrJ by X-r/iv (Hf f met f on.
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Table 29. --MultIvarlate relations between element concentrations in blomass and aoil mineralogy, total aoil element 

analysis, and other soil chemical and physical properties for A- and C-horlzon soils of the Northern 

Great Plains

[Only independent variables significant at the 0.05 probability level are Included In the table unless other- 
vise noted; soil mlneraloglcol variables included, calcite, clay, dolomite, microcllne, plagloclasc, quartz, 
slderltc; total soil analysis variables included, Al, Ba, total carl>on (C-total) Ca, Cu, Fe, K, Mg, Mn, Sr, Tt, 
Zn; other soil chemical and physical property variables Included, sand, silt, clay, cation-exchange capacity 
(CEC), water (air dry to oven dry), pll, carbon by Walklcy-Black method (c-wb), carbon by Ignition at 550°C 
(C-550), carbonate carbon (C-tOj), organic matter calculated from orpanic carbon (C-om)]

Element and Percent of total Significant variables In order of decreasing standard partial regression 
soil horizon____variance explained coefficient_____________________________________________________

Ca, A -     -- 24.0 Quartz
0.49

Cd, A        23.5 Mg
-.49

C        36.2 Clay
-.60

Co, A-'        18.5 C-total
-.43

C3-'      -- 90.1 C-total Dolomite K Fe C- on Sand Slderite CEC
-2.07 1.17 -0.91 0.79 0.72 -0.69 0.34 -0.30

Cu, A        48.8 Fe
-.70

C        33.8 C-wb
-.58

Fe, A        18.9 pH
.44

.      62.4 Fe ClajA' 
-1.33 .72

       34.6 Ca
-.59

Mg, A -       28.3 Quartz
.53

C?-'      16.8 Water
.41

Mn, A-'       32.2 Plagloclase Na
-.80 .58

C3-'      16.9 Clay^'
.41

N«, A -    -  20.4 Dolomite
.45

cl'---

Ni, A      -- 47.4 Mn Calcite
-.56 .47

C        37.1 C-total
-.61

Pb, A-'   --- 17.2 Mg
.42

Zn. A

45.9 Dolomite 
.68

I/ No Independent variables significant ot tho 0.10 probability level, 

2/ Determined by X-ray diffraction.

3_/ Independent variables significant at the 0.10 probability level. 

4/ Determined by particle p i 7.e distribution.
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Table 30.--Multivartnte relations between element concentrations in sagebrush and aoil

mineralogy, total soil element analysis, and other soil chemical and physical 

properties for A- and C-horizon soils of the Northern Great Plains

[Only independent variables significant at the 0.05 probability level are included 
In the tab le unless otherwise noted ; sol 1 mi nora logical variables inc luded , ca Ic ite , 
clay, dolomite, mi croc line, plagioc lase , quartz , siderlte; total soil analysis 
variables included, Al, Ba, total carbon (C-total) Ca, Cu, Fe , K, Mg, Mn, Sr, Tl, 
Zn; other soil chemical and physical property variables Included, sand, silt, clay, 
cation-exchange capacity (CEC) , water (air dry to oven dry), pH, carbon by Walkley- 
Black method (c-wb), carbon by ignition at 550°C (C-550) , carbonate carbon (C-C0 3 ) , 
organic matter calculated from organic carbon (C-om)]

Element and Percent of total Significant variables in order of decreasing 
soil horizon _____ y«_r lance explained ____ stflmlar_d_p^i_r_tial regression coefficient ______

Ca, A*'--    

35.7 Siderlte C-total 
-0.54 -0.46

Cd. A        33.5 Dolomite
-.58

C         23.8 C-total
-.49

Co, A-'       48.0 Ca Al K
.84 -.61 0.37

Cu, A         66.4 CEC C-total K
1.04 -.66 -.39

C-f------ 32.5 Siderlte Calclte
-.52 -.38

Fe, A --     -- 82.9 pH C-COj Calclte Quartz
1.39 -.83 .80 0.54

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I
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C         28.1 CEC
-.53

K, A   ---   52.4 Mlcrocllne Siderlte
-.70 -.38

t/

Mn, A        - 

C        

Na, A ---------

C        

Nl, A ---------

cl--------

Pb, A ---------

Zn, kr-1 ------

iy .

15.

42.

65.

30.

47.

68.

19.

33.

35.

39.

30.

M.

5

9

9

0

9

9

4

4

3

1

0

water 
-.44

C-total
.39

Na Mn
.51 .45

pll Siderlte 
.71 -.55

Calclte
.55

Hn Water

.62 -.44

Water C-CO, K
.68 -.42 -.37

K
-.44

Siderlte
.58 

Calclte Mg

.88 -.62 

Ca Dolomite

.85 -.63

Siderlte
-.55

_iy Independent variables olgniflcnnt at the 0.10 probability level. 

7J No Independent variables significant at the 0.10 probability level
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Our study showed that disaggregating and grinding had a 
significant effect over disaggregating alone on concentrations in 
DTPA soil extracts for Fe, K, Mg, Mn, and Na in the A horizon and 
tor Cd, Fe, K, Mg, Mn, and Zn in the C horizon (Tabio ?1). No 
effect of grinding was noted tor Co, Cu, Ni, Pb, and Zn in 
A-horizon soil, or Cu, Na, Ni, and Pb in C-horizon soil (Table 
31).

We agree with Jacober ana Sandoval (1971) and Soltanpour, 
Khan, and Lindsay (1976), that a standard method tor soil 
preparation should be used between laboratories in order to 
produce analytical results that will stand the test of inter- and 
intra-laboratory comparisons. However, our method, like the 
other methods of sample preparation cited, demonstrates that, 
depending on the element, a single method of sample preparation 
has different effects on element extracts. It seems to us that 
the standard method selected should be one that most nearly 
eliminates operator bias and provides a sample that is readily 
homogenized. Our data (Table 32), and the data of Soltanpour, 
Khan, and Lindsay (1976), show that it is possible, for many 
elements, to relate element concentrations in DTPA extracts of 
soil to the various methods of sample preparation used.

Soil Mineralogy

In this study two soil horizons (A ana C) were examinee, and 
are treatea separately. There are 21 samples of each horizon and 
10 of these were randomly chosen for duplicate analysis. The 31 
samples were placed in a randomized sequence prior to analysis. 
After analyzing all of the samples by X-ray diffraction the 10 
pairs of samples for both the A ana C horizons were seroTteci and 
the analytical error estimated. The aata tor the minerals are 
shown in Table 33. The data indicate that the precision between 
analyses is good, the error variance comprising generally less 
than 10% of the total variance for the major minerals. 
Microcline, calcite and siaerite exhibit high analytical 
variance, because they are present in such small amounts or are 
identified in the program with a low degree of certainty.

Multivariate Relations Between Element Concentrations 
in Soil Extracts versus Total Element Concentration, 
Chemical Properties, and Physical Properties of Soil

Our purpose in this part of the study is to examine the 
relations between element concentrations in DTPA, EDTA, ana 
oxalate extracts of soil, and the total element concentration in 
the soil sample and other chemical and physical properties of the 
sample.

The observed range in concentration is of particular 
interest to us. We selected sampling sites to maximize the 
diversity in soil properties between sites and to obtain samples 
that were representative, not only of the extremes, but also
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representative over the entire range of values. We are satisfied  
with the diversity in the ciata for most elements ana other soil
properties as indicated by the observed range (Tables 34-39).  
The three extractants varied greatly in their ability to extract |
elements from soil. The element concentration in ail soil
extracts was substantially less than the total element _
concentration in soil. However, no extractant consistently I
proved to provide a maximum extracting power for all elements.

A single, universal relation between total element   
concentration in soil and element concentrations in EDTA,   
oxalate, or DTPA extracts, for a suite of elements, remains 
obscure. However, the multivariate relations of extractable   
element concentrations in soil with total element concentration | 
and other independently measured soil properties are strong for a 
large proportion of the elements tested (Tables 40-44). For _ 
workers interested in individual elements, the multivariate   
relations should provide insight as to which soil properties, in   
addition to total chemistry, to measure. This information can be 
used to relate total concentrations of an element in soil to   
extractable element concentrations in soil, in order to arrive at   
a "ballpark" figure tor the potentially extractabie portion of 
the total element concentration.  

Future Studies

We have not, as of this writing, thoroughly analyzed all of   
the data that we collected. In this report, however, we have   
detailed our methods, presented the data in summary form, and 
have discussed some of the highlights of our work. We intend, in   
later reports, to investigate in more detail the relations | 
between plant and soil composition based on the data we have in 
hand, and possibly on additional data on soil composition. In   
addition, we intend to investigate the nature of the soil systems I 
that apparently influence the amount of an element that is 
extracted from soil by the various extracting agents. The 
possibility exists that further analysis of the data will lead to I 
the formulation of a soil extractant that will provide better I 
relations between element concentrations in native plants and in 
uncultivated soils.

I
The general analytical methods to be used and properties to 

be measured in future studies are summarized in table 45. _
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Table 31.--Variance analysis of DTPA extractable elements in A- and C-horizon 

soil material less than 2 mm in size and less than 2 tnm in size 

further ground to pass a 150 ^jm sieve

[Total variance is computed on logarithmically transformed 
data; *, variance component is significantly different from 
zero at the 0.05 probability level; estimates for each soil 
horizon are based on analyses of 62 samples]

Element

Total 
Iog 10 

variance

Percentage of total 
variance between

Methods Samples Analyses

A horizon

Cd        -  

Co   -    ---

Cu     -----

Fe --------

Mg.   ......

Mn~   ...   -

Na   -       

Ni        

Pb ..   ..  

Zn ------

0.0465 

.0725 

.0552 

.1780 

.0359 

.0468 

.1068 

.2580 

.0865 

.0248 

. 1084

0 

3.0 

0

46.5* 

24.0* 

38.0* 

63.7* 

21.9* 

0 

0 

0

61.0* 

48.9* 

97.0* 

50.6* 

73.9* 

61.1* 

33.1* 

51.4* 

85.2* 

84.6* 

99.5*

39.0 

48.1 

3.0 

2.9 

2.1 

.9 

3.2 

26.8 

14.8 

15.4 

.5

C horizon

f\ j

Co --       

fii--. ._____.

Fe        

U»

Mn        

Ni     _____

pb .......  

7n. ..._--__.

0.1410 

.1676 

.0527 

.1357 

.0471 

.0943 

.1145 

.5449 

.1176 

.0197

19AA

14.3* 

5.5 

0 

69.9* 

66.2* 

16.4* 

38.4* 

0 

0 

0 

<; ? QA

37.8* 

0 

98.5* 

21.1* 

25 . 5* 

81.0* 

58.4* 

98.9* 

59.3* 

65.8*

90 A*

48.0 

94.5 

1.5 

9.0 

8.2 

2.6 

3.2 

1.1 

40.7 

34.2

177
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Table 32 Relation between element concentration in a DTPA extract of

less than 2 mm soil material and less than 2 mm soil material 

further ground to pass a 100 mesh (150 ̂ im) sieve for A- and 

C-horizon soils of the Northern Great Plains Coal Region.

[All element concentrations are in parts per million; only independent 
variables significant at the 0.05 probability level are included in the 
prediction equation; X, element concentration in less than 2 mm soil 
material further ground to pass a 100 mesh sieve; Y, element concentra 
tion in less than 2 mm soil material; ---, variables not significant 
at the 0.05 probability level]

Element Regression equation

Percent of 
variance 
explained

A horizon

Cd           

Co -------------

Cu            

Fe           

Mg-            

Mn            

Ki           

Pb     ....     

Zn __........-..

Y «=

Y - 

Y =

Y  =

Y =

Y - 

Y =

Y » 

Y =

0.06 + 0.49 X

.05 + .77 X 

-.40 + .41 X 

23 4- 1.2 X

4.8 + .20 X 

-4.3 + .80 X 

-.005 + .84 X 

-.003 + .99 X 

.01 + .87 X

36.5

96.6 

70.8 

96.1

41.1 

80.4 

86.6 

92.6 

98.7

C horizon

Cd             

Co-- -----------

Cu             

Fe -------------

Mg         -    

Mn           

Na-- -----------

Ni          ...

Pb      .-__.. 

7n--_-    --       -

Y - 

Y =

Y =

Y = 

Y - 

Y = 

Y = 

v -

0.01 + 0.89 X 

2.8 + .21 X 

73 + .30 X

-.67 + .57 X 

7.7 -f .85 X 

-.009 + .85 X 

.005 + .94 X 

mo. is Y

97.6 

33.2 

19.6

86.4 

98.9 

71.2 

74.9

A9 f.

150

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I
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Tahlo 34--Statist leal summaries for total clement concentration and other properties of A- and C-horiston soils 

of the Northern Great Plains

[Detection ratio, number of samples In which tho element was found In measurable concentrations 
relative to the number of samples analyzed]

Soli property, 
unit of measure

Total 
lop. 10 
variance

Percent of total

Samples Analyses tnci

Sniminry statistics

m deviat ion error range
Detection 

ratio

A horizon

C-total,7.-     ----- 

C-Walkley Black,7.---

C-550°C,7.          

Ca, 1 ---------------

C.E.C., m.e./lOO gi' 

Clay, 7.-1'    ----- --

Fe, 1      -      

Mg, X             

Na, 1 ------------- --

,J/pit-         .......

* *''!

S1 u. »i/ - .......

0.4718 

.0605 

.0456 

.0731 

.0204 

.0351 

60.53 

77.14 

.0184 

.0154 

.0016 

.0400 

.0150 

.0441 

.0210 

.4605 

293.2 

79.68 

.0090

51. 

99 

99 

99, 

99, 

99, 

84, 

97, 

86 

99 

96 

99 

99, 

99. 

62, 

98, 

99 

95, 

97,

7 

.1 

.9 

.0 

.1 

.9 

.9 

.7 

.6 

.5 

.9 

.9 

.7 

.9 

.5 

.2 

.8 

.9 

.1

48.3 

.9 

.1 

1.0 

.9 

.1 

15.1 

2.3 

13.4 

.5 

3.1 

.1 

.3 

.1 

37.5 

1.8 

.2 

4.1 

2.9

0, 

1 

2 

1 

5

31 

26 

12 

2 

2.

380

6. 

7 

44 

30 

58

.035 

.9 

.0 

.5 

.2 

.97

.7 

.3 

.97

.92 

.3 

.1

5 

1 

1 

1 

1 

1 

11 

10 

1 

1 

1 

1 

1 

2 

1

20 

11 

1

.39 

.86 

.82 

.49 

.67 

.63 

.47 

.44 

.71 

.34 

.12 

.57 

.36 

.01 

.58 

.68 

.07 

.14 

.37

3.00 

1.06 

1.02 

1.07 

1.03 

1.01 

3.02 

1.33 

1.12 

1.02 

1.02 

1.01 

1.02 

1.01 

1.23 

.09 

.84 

1.82 

1.04

0.007-0.42 

.49-8.7 

.62-8.7 

.3-6.7 

2.3-19 

.42-2.0 

18-62 

12-52 

3.0-30 

1.5-4.6 

2.0-3.0 

.46-1.8 

220-670 

.09-2.4 

3.5-15 

6.2-8.2 

13-76 

9-45 

25-86

11:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

20:21 

21:21 

21:21 

21:21 

21:21 

21:21 

18:21 

21:21 

21:21 

21:21 

21:21

C horizon

C-Walkley Black, 1--

C-550°C, 7.         

C.E.C. , n.t.llOOfr - 

 . ,!/

Fe, 7.          -   

K, 7.       -----   

Hg, 1.   -- -       --

Na, 7.       ---   

Ml, ppm--        --- 

...I/

Sand, nl'.    -- -   -

Sil t, ,1'...    ..

0.9505 

.0319 

.1309 

.0306 

.0502 

.2643 

50.22 

175.9 

.0255 

.0087 

.0023 

.1105 

.0055 

.0758 

.0163 

.0964 

426.3 

99.65 

.0076

64 

82 

99 

96 

98 

86 

67, 

98 

51. 

62 

85 

99 

85 

97 

73 

97 

99 

95 

73

.5 

.8 

.3 

.7 

.2 

.3 

.6 

.5 

.6 

.8 

.6 

.6 

.1 

.9 

.0 

.2 

.9 

.7 

.0

35.5 

17.2 

.7 

3.3 

1.8 

13.7 

32.4 

1.5 

48.4 

37.2 

14.4 

.4 

14.9 

2.1 

27.0 

2.8 

.1 

4.3 

27.0

0 

1

3 

3

28 

32 

14 

3 

2 

1 

380

7 

8 

42 

26 

54

.45 

.64 

.4 

.40 

.9 

.2

.1 

.2 

.6

.84 

.3

5 

1 

2 

1 

1 

2 

7 

11 

1 

1 

1 

1 

1 

1 

1

20 

11 

1

.87 

.69 

.04 

.67 

.54 

.60 

.92 

.68 

.54 

.30 

.14 

.80 

.43 

.86 

.59 

.38 

.42 

.08 

.28

3.81 

1.19 

1.07 

1.08 

1.07 

1.55 

4.03 

1.61 

1.29 

1.14 

1.04 

1.05 

1.07 

1.10 

1.17 

.05 

.79 

2.08 

1.11

0.007-3.2 

.29-2.0 

.35-3.7 

.19-1.4 

1.9-7.7 

.52-12 

.16-45 

15-57 

6.0-36 

1.9-5.1 

1.8-2.9 

.59-4.3 

230-890 

.22-2.4 

3.5-15 

7.0-8.9 

22-68 

10-45 

28-89

19:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

20:21 

21:21 

21:21 

21:21 

21:21

V 1/>garltlimlr transformation wm not ]>erform< d on the d.-itn be fine stnt 1st leal Analysts.
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Table3i.--Statistical summaries for EDTA extractable element concentration of the less than 2 mm fraction of 

A- »nd C-horlzon soils of the Northern Great Plains

[Detection ratio, number of samples In which the element was found In measurable concentrations 
relative to the number of samples analyzed]

Element, 
unit of 
measure

Total
log io
variance

Percent of total 
variance between

Samples Analyses

Summary statistics
Geometric Geometric Geometric 

mean deviation error
Observed 
range

Detection 
ratio

A-horizon

C« 

Cd 

Co 

Cu 

Fe 

K. 

Mg 

Mn 

Nl 

Pb 

Zn

, ppm--   - 

ppm--     '

0.0376

.0434

.0361

.0150

.2954

.0177

.0259

.0403

.0296

.0165 

.0766

99.6 

51.5 

53.0 

90.5 

93.7 

98.1 

99.6 

90.1 

77.0 

87.9 

99.2

0 

48 

47 

9 

6 

1

9 

23 

12

.4 

.5 

.0 

.5 

.7 

.9 

.4 

.9 

.0 

.1 

.8

0.20 

.1 

.3

.8 

5.4

.034 

12 

.7 

2 

1.6

1.60 

1.61 

1.57 

1.64 

3.44 

1.55 

1.57 

1.60 

1.68 

1.54 

2.14

1.03 

1.40 

1.35 

1.09 

1.37 

1.04 

1.02 

1.16 

1.21 

1.11 

1.06

0.10-.51 

.06-. 42 

.2-. 7 

.3-2.2 

.5-42 

170-1300 

.018-. 10 

4.9-44 

.2-2.5 

1-5 

.5-14

21: 

21: 

21: 

21: 

21: 

21: 

21: 

21: 

21: 

21: 

21:

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21

C-horizon

Ca 

Cd 

Co 

Cu 

Fe 

K, 

Mg 

Mn 

Nl 

Pb

7n

. 7.      -

, PP«>    --'

i PPm   "  

, ppm--     

, ppm    -- 

, ppm-    

, ppm     - 

0.0306

.4370

.0551

.0283

.0809

.0113

.0719

.0810

.0101

n?7s

95.6 

53.1 

0 

86.6 

87.8 

38.1 

99.7 

94.7 

72.4 

84.6

R7 S

4 

46 

100 

13 

12 

61

27 

15 

17

.4 

.9 

.0 

.4 

.2 

.9 

.3 

.3 

.6 

.4 

"i

0.19 

.03 

.3 

.9 

2.3 

130 

.068 

2 

.7 

1 

 »

1.42 

2.75 

1.58 

1.97 

1.92 

1.39 

1.76 

1.70 

1.55 

1.29 

1 . 1<>

1.09 

2.84 

1.72 

1.15 

1.26 

1.21 

1.04 

1.11 

1.41 

1.10 

1.17

0.09-.35 

.001-. 11 

.1-.5 

.08-1.7 

.8-11 

60-250 

.026-. 15 

.8-10 

.4-2.1 

1-2

21: 

21: 

21: 

21: 

21: 

21: 

21: 

21: 

21: 

21: 

71-

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

71

133



Table36.--Statistical summaries for Oxalate cxtractable element concentrations of the less than 2 nm fraction 

of A- and C-horizon soils of the Northern Great Plains

[Detection ratio, number of samples in which the element was found in measurable concentrations 
relative to the number of samples analyzed]

Element, 
unit of 
measure

Total 

variance

Percent of total 
variance between

Samples Analyses

Summary statistics
Geometric Geometric 

mean deviation
Geometric 

error
Observed 
range

Detection 
ratio

A horizon

Ca 

Cd 

Co 

Cu 

Fe 

K, 

Mg 

Mn 

Na 

Ni 

Pb 

Zn

, ppm     

, Ppm     

, ppm     --

, ppm     

, ppm---   

, ppm--    

, ppm     

, ppm     

, ppm-     

, Ppm-     

, ppm     

0.8432 

.0174 

.0880 

.0905 

.0257 

.0120 

.0871 

.3403 

.1523 

.1983 

.0813 

.3122

72 

43 

83 

91 

68 

95 

96 

77 

64 

90 

52 

88

.6 

.4 

.3 

.0 

.5 

.3 

.7 

.5 

.3 

.2 

.8 

.3

27, 

56 

16 

9, 

31, 

4 

3 

22, 

35 

9 

47, 

11,

.4 

.6 

.7 

.0 

.5 

.7 

.3 

.5 

.7 

.8 

.2 

.7

4.0 7. 

.03 1. 

2.1 2. 

2.0 2.

480 1. 

280 1. 

520 1. 

97 5. 

15 2. 

1.5 3. 

.3 2. 

2.0 4.

08 

97 

33

64 

60 

47 

88 

65 

82 

60 

05 

73

3 

1

1 

1 

1

1 

1 

1 

1

1 

1 

1

.03 

.26

.32 

.23 

.23 

.06 

.13 

.89 

.71 

.38 

.57 

.55

0.5-57 

.003-. 07 

.2-5.3 

.01-6.8 

150-1100 

150-940 

230-1700 

.5-330 

2.9-81 

.05-9.8 

.05-. 9 

.02-11

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21

C horizon

Ca 

Cd 

Co 

Cu 

Fe 

K, 

Mg 

Mn 

Na 

Ni 

Pb

7n

, ppm     

, ppm     

, Ppm      

, ppm---   

, ppm-     

ppm      --

, ppm     

, ppm--    -

. Ppm      

. PP">      

, ppm-     

1.060 

.3316 

.4608 

.4548 

2.061 

.0201 

.0495 

1.952 

.5113 

.6917 

.2292 

fi^in

54 

0 

88 

91 

94 

88 

87 

98 

89 

91 

52

fiT

.9

.8 

.9 

.3 

.2 

.1 

.1 

.1 

.5 

.7 

q

45. 

100 

11 

8, 

5, 

11 

12, 

1. 

10. 

8, 

47. 

If,

.1

.2 

.1 

.7 

.8 

.9 

.9 

,9 

.5 

,3 

1

1.9 11. 

.01 2. 

.7 3. 

.5 4. 

25 19. 

93 1. 

830 1. 

4 17. 

48 7. 

.5 5. 

.1 2. 

.2 fi.

1 

69 

82 

43 

2 

45 

56 

8 

09 

38 

54 

21

4 

3 

1

1 

2 

1 

1 

1 

1 

1 

2 

3

.91 

.77 

.69 

.56 

.21 

.12 

.20 

.55 

.72 

.75 

.13

.no

0.5-37 

.001-. 05 

.05-5.8 

.05-3.8 

.3-1300 

44-180 

350-1600 

.05-190 

2.4-1700 

.05-6.1 

.05-. 8 

.01-1.9

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I



Table 37.--statlstlcal summaries for DTPA cxtractable element concentrations of the leas than 2 mm fraction 

of A- and C-horlzon soils of the Northern Great Plains

[Detection ratio, number of samples In which the element was found In measurable concentrations 
relative to the number of samples analyzed]

Element , 
unit of 
measure

Total
log io
variance

Percent of total
variance between Geometric

Samples Analyses moan

Summary statistics
Geometric 
deviation

Geometric 
error

Observed Detection 
range ratio

A-horizon

Cd 

Co 

Cu 

Fe 

K. 

Mg 

Mn 

Na 

Nl 

Pb 

Zn

, ppm--    

, ppm ------

, ppm---   

, ppm-     

, ppm--    

, ppm     

, ppm     

, ppm     --

, ppm     

0.0471 

.0282 

.0304 

.1225 

.0128 

.0132 

.0327 

.2216 

.0659 

.0147 

.1021

52.8 

21.8 

91.1 

98.1 

93.8 

94.8 

90.7 

97.4 

68.5 

52.5 

99.4

47.2 

78.2 

8.9 

1.9 

6.2 

5.2 

9.3 

2.6 

31.5 

47.5 

.6

0.1 

.2 

.4 

11 

190 

330 

8.9 

5.0 

.6 

.6 

.6

1 

1 

1 

2 

1 

1 

1 

2 

2 

1 

2

.66 

.65 

.77 

.13 

.50 

.72 

.51 

.90 

.21 

.50 

.32

1

1 

1 

1 

1 

1 

1 

1 

1 

1 

1

.41 

.41 

.13 

.12 

.07 

.06 

.14 

.19 

.39 

.21 

.06

0.04-.3 

.06-. 4 

.1-1.2 

2-50 

110-720 

190-2400 

3.7-15 

1.6-83 

.2-2.7 

.3-1.4 

.2-5.3

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21

C-horizon

Cd 

Co 

Cu 

Fe 

K. 

Mg 

Mn 

Na 

Nl 

Pb 

Zn

, ppm-    

, ppm     

. PP">     

ppm      

, ppm     

, ppm---   

, ppm--    

0.2189 

.2166 

.0439 

.0316 

.0064 

.0658 

.0446 

.5186 

. 1546 

.0206 

.0959

47.5 

0 

98.9 

94.0 

94.5 

99.5 

89.7 

99.8 

58.6 

70.0 

64.0

  52.5 

100 

1.2 

6.0 

5.5 

.5 

10.3 

.2 

41.4 

30.0 

36.0

0.02 

.2 

.4 

7 

87 

700 

3.4 

61 

.5 

.3 

.05

3 

2 

1 

1 

1 

2 

1 

6 

1 

1 

2

.12 

.28 

.72 

.60 

.21 

.14 

.87 

.06 

.96 

.40 

.03

2 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1

.18 

.92 

.05 

.11 

.04 

.04 

.17 

.07 

.79 

.20 

.53

001-1.0 

.01-. 4 

.1-.8 

3-19 

59-120 

260-7800 

1.1-14 

5.0-1400 

.1-2.1 

.2-. 6 

.01-. 15

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21
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TabIe38.--Statistical summaries for DTPA extractable element concentrations of the less than 2 mm fraction, 

further ground to pase a 150 ^im (100 mesh) sieve, of A- and C-horlzon soils of the Northern 

Great Plains

[Detection ratio, number of samples In which the element was found In measurable concentrations 
relative to the number of samples analyzed"!

Element , 
unit of 
measure

Cd 

Co 

Cu 

Fe 

K, 

Mg 

Mn 

Na 

Ni 

Pb 

Zn

, ppm -------

, ppm      

. ppm -----  

ppm --------

, ppm       

, ppm -------

, ppm-      

, ppm -------

, ppm -------

Total
log io
variance

0.0369 

.0701 

.0349 

.0757 

.0127 

.0114 

.0440 

.2267 

.0418 

.0097 

.0785

Percent 
variance

Samples

62.0 

32.0 

98.2 

89.3 

94.2 

98.9 

91.4 

44.0 

88.4 

93.2 

99.5

of total 
between

Summary
Geometric

Analyses mean

38.0 

68.0 

1.8 

10.7 

5.8 

1.1 

8.6 

56.0 

11.6 

6.8 

.5

A horizon

0.09 

.2 

.4 

30 

140 

200 

22 

13 

.8 

.6 

.7

Geometric 
deviation

1 

2 

1 

1 

1 

1 

1 

2 

1 

1 

2

.71 

.26 

.83 

.93 

.57 

.35 

.61 

.58 

.99 

.49 

.12

statistics
Geometric Observed 

error range

1. 

1. 

1. 

1. 

1. 

1. 

1. 

2. 

1. 

1. 

1.

31 

65 

06 

23 

07 

03 

15 

31 

17 

06 

05

0.04-.4 

.03-. 6 

.1-1.6 

8-81 

69-570 

130-420 

7.3-51 

2.7-97 

.1-3.1 

.3-1.3 

.2-6.3

Detection 
ratio

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21

C horizon

Cd 

Co 

Cu 

Fe 

K, 

Mg 

Mn 

Na 

Ni 

Pb

, ppm ------ -

. ppm-      -

ppm    -   

, ppm      -

» ppm-      -

, ppm -------

, ppm -------

0.0238 

.1620 

.0439 

.0306 

.0229 

.0602 

.0641 

.4545 

.1483 

.0191

(19A1

13.6 .

97.6 

26.3 

67.7 

92.5 

95.6 

97.5 

78.6 

61.8 

f.n a

86.4 

61.8 

2.4 

73.7 

32.3 

7.5 

4.4 

2.5 

21.4 

38.2

10 1

0.04 

.1 

.4 

19 

48 

440 

7 

75 

.6 

.3 

1

1 

2 

1 

1 

1 

1 

1 

5 

2 

1 

1

.53 

.60 

.76 

.58 

.50 

.62 

.88 

.37 

.17 

.37 

«;?

1. 

2. 

1. 

1. 

1. 

1. 

1. 

1. 

1. 

1. 

1 .

39 

07 

08 

41 

22 

17 

13 

28 

51 

22 

?S

0.01-.1 

.01-. 4 

.1-.8 

7.8-54 

21-140 

190-1000 

2.0-23 

5.9-1700 

.06-1.8 

.2-. 6 

nfi- 4

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21-21

136

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I

Table 39. Statistical summaries for DTPA extractable element concentration of the less than 150 ̂ im 

(100 mesh) fraction that was separated from the less than 2 mm fraction by dry sieving, 

of A- and C-horizon soils of the Northern Great Plains

[Detection ratio, number of samples in which the element was found in measurable con 
centrations relative to the number of samples analyzed]

Element , 
unit of 
measure

Total 
Iog 10
variance

Percent
variance 

Samples

of total

Analyses mean

Summary

deviation

statistics

error ranee
Detection 

ratio

A horizon

K, ppm       

0.0854 

.0260

.0321

1 1 7B

.0144

.0107

.0639

.1570

.1163

.0140

. 1083

51.4 

44.4 

97.4 

99.3 

99.2 

98.8 

95.7 

18.8 

88.9 

88.5 

99.7

48.6 

55.6 

2.6 

.7 

.8 

1.2 

4.3 

81.2 

11.1 

11.5 

.3

0.1 

.2 

.8

24 

170 

210 

19 

11 

.6 

1.2 

1.2

2.20 

1.54 

1.70 

2.04 

1.50 

1.30 

1.68 

2.52 

2.32 

1.48 

2.18

1.60 

1.32 

1.07 

1.07 

1.03 

1.03 

1.13 

2.28 

1.30 

1.10 

1.05

0.02-.5 

.08-. 5 

.4-2.6 

5.6-88 

93-640 

130-370 

5.7-40 

3.0-84 

.09-3.4 

.6-2.4 

.3-9.8

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21

C horizon

0.1493

.0423

.0493

.0427

. 0064

.0647

.0543

.3759

. 1846

.0204

.0562

34.8 

12.3 

99.6 

92.4 

93.6 

99.8 

94.5 

98.1 

84.4 

76.6 

70.6

65.2 

87.7 

.4 

7.6 

6.4 

.2 

5.5 

1.9 

15.6 

23.4 

29.4

0.07 

.2 

1.0 

12 

61 

460 

6.8 

86 

.4 

.7 

.1

2.66 

1.63 

1.65 

1.55 

1.27 

1.66 

1.69 

4.89 

2.66 

1.40 

1.78

2.05 

1.56 

1.03 

1.14 

1.05 

1.03 

1.13 

1.21 

1.48 

1.17 

1.34

0.009-.7 

.06-. 4 

.4-2.0 

4.8-29 

34-86 

190-1200 

2.6-21 

7.1-2200 

.04-1.7 

.3-1.1 

.03-. 3

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21 

21:21

157



Table 40. --Relative Influence of total element concentration and other soil properties on EDTA cxtractable element concentratlona 

of the lees than 2 nun fraction of A- and C-horizon soils of the Northern Great Plains

[Only Independent variable* significant at the 0.05 probability level are Included in the prediction equations 
unless otherwise noted]

Element
In soil 
extract

Ca -------

Co -------

Cu .......

Mg     

»n      

Pb .......

Zn -------

Ca -------

3/

Cu .......

K3 /

Mg-     

Mn     --

Regression 
constant

-0.083

.053 

-.0049

.33

% n

7R R

-.0057

.53

2.68

.44

.55

0.032

.028

.16

.46

- 43.6

- 555

-.52

- 37.4

7.53

.41

.23

Independent variables nnd their part ial repress ion coefficients Percent

Total Carbon Cation of
element Walk ley Ignition exchange variance 

concentration Carbonate Organic Tot.il Black at 5 eiO c C capacity Clny pH Sand Silt explained

A -horizon

0.044 0.0022 0.0072 94.8

y .011 60.4

.053 -1.09 67.7

129 91.1

.0017 86.6

22.6 -18.0 0.11 93.5

.088 -.35 . 42.6

2_/ -1.02 0.72 82.0 

1.84 -.092 90.7

C-horizon

0.0061 47.7

2_/ -0.026 0.0017 61.3 

2/ 0.0099 -.0075 60.1

0.035 34.9

-4.89 56.1

-46.7 -30.6 2.51 -44.8 71.6

-0.014 .0048 .061 82.0

-4.39 .057 78.2

-.82 51.7

2f 0.40 .018 49.6

-.074 .0056 41.8

\f Independent variables significant at the 0.10 probability level.

2/ No data available for total element concentration.

3/ Relations are suspect because of excessive analytical error.
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Table M--RolfttIve influence of total element concentration and othrr soil properties on Oxalate retractable element concentrations 

of tlie less than 2 n«n fraction of A- and C-liorlzon soils of the Northern Great Plains

[Only Independent variables significant at the 0.05 probability level are Included In the prediction equations 
unless otherwise noted]

Element

extract

C,   ......

-.!/

Co       --

Cu- --------

Fe      --

Mg-. .......

Ml         .

pb---.     .

_.3/

Co       -

Mg-    -----

Mn       --

 -!/

Independent variables and thctr partial repression coefficients
Total rarhon Cation

constant concentration Carbonate Organic Total Black at SWC capacity Clay pH Sand Silt

A horizon

26.9 54.9 -0.40

2/

1.67 2_/ -5.96 0.060

.56 0.19 -5.24 

175 11.4

94.7 91.4

-- 1073 mo -13.9

-12 .54 -362

-- -127 21.2

.20 .31

1.51 21 -.16

1.31 -6.12 1.48

C horizon

-41.1 -41.8 109 118

.0099 21 .015

29.8 2/ -3.41

21.0 -2.40

-- 6510 -.076

586 -63.4 1.52

579 170

-- 1081 -47.5 -121

26.7 -0.40 -2.84

3.24 -.36

7.80 -.88

Percent
of

variance 
explained

42.9

61.3

32.0

91.3

84.5

85.6

40.9

28.5

31.0

81.0

67.4

21.5

48.6

51.4

fa Q

62.6

30.1

68.2

56.5

40.8

33.5

I/ No Independent variables significant at the 0.10 probability level.

£/ No data available for total clement concentration.

2/ Relations are suspect because of excessive analytical error.
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Tablet?.--Relative Influence of total clement concentration and other soil properties on DTPA extrnctable element concentrations of 

the less than 2 mm fraction of A- and C-horlzon soils of the Northern Croat Plains

[Only Independent variables significant at the 0.05 probability level arc included in the prediction equations 
unless otherwise noted]

Element
in soil 
extract

  />/

2tMg- -   

Pb     

r ,4/

,. «/

K        

Mg*/~~

Mn     

Na2/

_.2/

, I/

I/

11 

It

Independent variables and their partial repression coefficients
Total Carbon Cation

Regression element Walkley Ignition exchange 
constant concentration Carbonate Organic Total Black at 5!iO"C capacity Clay pH Sand

A horizon

0.050 3/ -0.098 0.0/.2

.18 3/ -0.20 .29

.% 0.032 -0.15

% Q -1 1 A

52.0 70.5

4.91 0.025 -10.5 -.16

-13.2 70.7 -100 1.76

.30 .095 -1.70

-.013 3/ 0.021

.15 .70 -.03'.

C horizon

0.31 3/ 0.039 -O.OJ5

1.65 3/ -.18

.15 0.020

61.8 -6.58

174 V -8.69 -1.17

34 4 6.88 -4.02

6.58 -.72

3/

-.0080 .0012

Independent variables significant at the 0.10 probability level. 

No Independent variables significant at the 0.10 probability level. 

No data available for total element concentration.

Percent
of

variance 
Silt explained

79.1

38.7

-0.0086 87.4

59.0

89.1

82.8

CA C

46.8

74.1

89.7

43.3

35.6

47.8

45. 4

65.3

70.8

33.5

15.2

A/ Relations are suspect because of excessive analytical error.
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Table 43 .--Relative Influence of total clement concentration and other soil properties on DTl'A extractablc element concentrations of 

the less than 2 mm fraction, further ground to pass a ISOtun (100 menh) nieve, of A- and C-horizon soils of the Northern 

Great Plains

[Only independent variables significant at the 0.05 probability level are included in the prediction equations 
unless otherwise noted]

Element
in soil 
extract

Cd-      -

Cn4-'

Cu--     -

Fe      -

Mg -------- 

Mn --------

N.2/    -

Zn    -----

1/4/

Cu -----   

21

Mn       

N.i'-~-

pb      -

Zn^-~-

Regression 
constant

0.036

-.020

1.03

144

31.5

59.8

-1.23

.16

.019

.16

1.53

.020

- -178

67.8

8.38

.29

Total Carbon Cation
element Walklcy Ignition exchange 

concentration Carbonate Organic Total Black itt 5'50 0 C capacity Clay pH Sand

A horizon

3f 0.039

3_/ 0.0092

1.22 -23.6 0.51

33.6

5 pQ

0.065 15.3 -6.02

.11 

3/ .020

g 1 mQ

C horizon

3/ -0.023

3/ -.17

0.013 0.0087

171 11.8

9.66 -7.66

-.92

3/ .16

Percent
of

variance 
Silt explained

42.5

43.4

-0.013 91.7

79.1

no 7

Rft ft

36.0 

73.1

90.6

17.2

46.1

60.7

74.7

£0 ft

56.0

20.5

\^f Independent variables significant at the 0.10 probability level.

2_/ No independent variables significant at the 0.10 probability level.

3/ No data available for total element concentration.

4/ Relations are suspect because of excessive analytical error.



Table 44. --Relative Influence of total element concentration and other soil properties on DTPA oxtractablc clement concentrations 

of the leas than 150 ̂ nn (100 mesh) fraction that was separated from the less than 2 mm fraction by dry sieving, for A- 

and C-horlzon soils of the Northern Great Plains

[Only Independent variables significant at the 0.05 probability level arc Included on the prediction equations 
unless otherwise noted]

Element 
In soil 
extract

Total 
element

Independent variables^ and theIr partial regression coefficients 
___Carbon ___ Cation

Regression element Walk Icy Ignition exchange 
c ons t ant c one ent ra11on Ca rbonate Organic Total jUack at 550"C capacity Clay PH Sand

___ Percent
of

variance 
Silt explained

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I

A horizon

Cd      

~ 4/

Fe      

K      

Mg       

Mn      

N. 2 /     

-0.0019 3/

.14 I/ -0.31 

-.97

190

89 126 

-117 37

6.9 .044 -32

0.0058 19.2

0.0052 49.2

0.10 -0.28 0.028 87.0

-22 60.2

-32 80.1

7.6 2.2 83.2

55.8

Pb             .11

.23

II
1.3

.036   55.0

-.055 91.0

C horizon

Cd 2-'    . - 

Co2/   ...

Cu        0.086

7n...   ... Q7

1'

I/ 

0.030 0.018 63.1

-in i? 1

Mg- 

Mn-

Ni-

87

-154 

56

-0.36

242 16 -9.6

8.8

6.7 

.55 

.11

-6.3

-.74

3/ .20

.096

31.5

81.4

72.8

39.9

15.7

14.0

_!/ Independent variables significant at the 0.10 probability level.

2_/ No independent variables significant at the 0.10 probability level.

3_/ No data available for total element concentration.

4/ Relation* are suspect because of excessive analytical error.
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STATISTICAL ZONATION OF GIL SHALE COPE JUHAN 4-1, COLORADO 

by Walter E. Dean and John R. Dyni

Intr eduction

Stratigraphic logs generally consist of graphs of some 
measured attribute of the sediments, rocks, or interstitial 
fluids in the stratigaphic sequence (y) plotted against depth 
within the Stratigraphic sequence (x). Core hole data may be in 
the form of a series of continuous or discrete down-hole 
measurements made on cuttings or cores. By the very nature of 
Stratigraphic sequences, the measured x-axis (depth) is an 
implied time axis, although time is rarely measured directly.

The main purpose tor measuring any variable (y) as a 
function of depth or time (x) within a Stratigraphic sequence is 
to distinguish portions of the sequence that are distinctive in 
the measured variable (e.g. high oil-yield vs. low ill-yield 
portions of a sequence of oil shale), or to isolate specific 
horizons of interest (e.g. a sharp change from low to high 
porosity). Locating these distinctive zones is usually done 
subjectively by the geologist looking at the log, usually at a 
distance or at an oblique angle, and deciding which portions of 
the log appear distinctive. Some objectivity may be injected 
into the zonation decisions by selecting a predetermined cutoff 
value (e.g. all portions of an oil shale sequence yielding more 
than some minimum volume of oil).

The purpose of this paper is to describe several objective 
statistical techniques that have been used to isolate zones of 
distinctive chemical characteristics within the saline facies of 
the Green River Formation (Eocene) in the Piceance Creek basin, 
northwestern Colorado. The data consist of measured 
concentrations of A1 2 0 3 , Si, Na, S, Fe, K, Ca, and Sr in 374 
samples, each approximately 0.61m thick, collected through a 232m 
section of the saline facies of the Green River Formation in the 
Juhan 4-1 core hole, Rio Blanco County, Colorado (Dyni, 19/4). 
Concentrations of these elements (except for Na) were determined 
by X-ray fluorescence. Na was determined by semi-quantitative 
optical emission spectroscopy. oil yields were alsc determined.

Saline facies of the Green River Formation

The saline facies occurs in the lower part of the Parachute 
Creek Member of the Green River Formation in the Piceance Creek 
basin (Smith and Milton, 1966; Kite ana Dyni, 196/; Dyni and 
others, 1970; Trudell and others, 1970; Young and S-ith, 1970; 
Beard and others, 1974; Dyni, 1974; Robb and Smith, 19/4). It 
underlies an area of approximately 660 sq. km in the north 
central part of the basin, with thicknesses on the order of 30 to 
300m ana a maximum thickness of 344m (Dyni, 1974) . The top of
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the present occurrence of water-soluble saline minerals is a 
dissolution surface that cuts across stratigraphic boundaries 
with as much as 140m of stratigraphic relief. Solution breccias 
and cavities, which occur for as much as 250ir, above the 
dissolution surface, are evidence of the former occurrence of 
saline minerals throughout the section. This dissolution has 
formed a highly permeable hydrologic unit, usually referred to as 
the "leached zone", that is the principal ground-water aquifer in 
the Piceance Creek basin (Coffin and others, 1970).

The saline tacies differs from the overlying nonsaline part 
of the Parachute Creek Member mainly by the occurrence of 
nahcolite (NaHC0 3 ; naturally occurring soda ash), aawsonite 
(NaAl(OH) 2C0 3 ), and, in some cores, halite (NaCl) in the typical 
tine-grained marlstone ("oil shale") matrix of dolomite, calcite, 
quartz, feldspars, and kerogen. The marlstone containing saline 
minerals has relatively high oil yields of 20 to 30 gallons per 
ton (85 to 127 liters per tonne) which is equivalent to 30 to 40 
gallons per ton (127 to 109 liters per tonne) on a nahcolite-free 
basis. The nahcolite facies is even more distinct from the 
kerogen-rich shale of the underlying Garden Gulch Member, which 
is characterized by lack of saiane minerals (except for some 
dawsonite in the upper 15 to 18m of the Member), a lower content 
of dolomite than the Parachute Creek Member, and a much higher 
content of clay, mostly illite (Hite and Dyni, 1967).

Both nahcolite and dawsonite are present in quantities that 
are considered economic, particularly it extracted as a byproduct 
of oil shale. Total estimates of nahcolite in the Piceance Creek 
basin are on the order of 30 billion metric tons (Beard and 
others, 1974; Dyni, 1974). Total resources of dawsonite in the 
Piceance Creek basin are on the order of 17 billion metric tons, 
which would yield about 6 billion metric tons of alumina (Beard 
and others, 174). Dawscnite occurs mainly as tine-grained (<5um) 
crystals disseminated through the marlstone. Nahcolite also 
occurs as disseminated fine-grained material, but most occurs as 
nonbedded crystalline aggregates (nodules and rosettes) scattered 
through the marlstone, and laterally-continuous beds of micro- to 
coarse-grained crystals (Hite and Dyni, 1967; Dyni, 19/4). The 
nahcolite aggregates are roughly spherical, up to 90 cm in 
diameter, with most on the order of 2 to 10 cm. Beds of 
nahcolite, as thick as 9m, grade laterally into interbedded 
halite ano nahcolite in the depccenter of the saline lacies. The 
nahcolite aggregates are clearly diagenetic, and formed after 
deposition of the enclosing dolomitic marlstone. However, bedded 
nahcolite is interpreted as a true evaponte that precipitated 
during higher salinity phases of the lake.

Halite occurs interlayered with nahcolite and marlstcne 
forming beds up to 20m thick. These paired layers are 
interpreted to be the result of seasonal cycles of evaporite 
sedimentation representing high-salinity analogues of the varves 
that characterize most of the dolomitic maristone of the Green
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River (Dyni and others, 1970). Beds of halite thin away from the  
depocenter of the saline facies, and grade laterally into beds of
nahcoiite.  

Halite is not present in the Juhan 4-1 core used for this
investigation, but the core does contain approximately 200m of _
dawsonite- and nancolite-bearing marlstone. I

Statistical Techniques 

Analysis of Variance Zonation; I

Details of the analysis of variance zonation technique have   
been described by Testerman (1962) and Gill (1970). The data I 
matrix usually consists of a distance or time axis (x) and a 
concentration axis (y = f(x)) that is normally in units of 
intensity of a measured variable (% porosity, ppm Sr, % arboreal   
pollen, etc.).  

The technique begins by computing between- and within-zone   
variances for all possible two-zone subdivisions based on | 
concentrations of the measured variable in stratigraphic 
sequence. The first observation (e.g., % Na in sample 1) is the   
first zone and ail other observations (2 through N/ constitute I 
the second zone. Between- and within-zone variances are 
computed, and a coefficient of zonation, R, is computed according 
to the equation: R = (B-W)/B, where B and W are the between- and   
within-zone variances respectively. Fcr an optimum zone   
boundary, W = 0 and R = 1. If the data are homogeneous, B = 0 
and R is undefined. If W is greater than B, R vail be negative, I 
but all negative values are considered zero for purposes of | 
interpretation. We are looking for a zone coundary that will 
give a value of R as close to 1.0 as possible. This boundary _ 
will have the effect of minimizing W ana maximizing B. I

After the first value of R is computed, the first and second
observations are grouped as the first zone, all other   
observations (3 through N) taken as the second zone, and a second   
value of R computed. A third value of R is computed with 
observations 1, 2, and 3 as the first zone, etc. until the Nth   
value of R is computed using the Nth observation as the second J 
zone and ail other observations (1 through N-l) as the first 
zone.

The values of R are then searched, and the highest value   
taken as the zone boundary. For example, for values of % Na in 
100 samples in ordered stratigraphic sequence, suppose the 37th   
value of R was the highest at 0.94. Then the zone boundary would | 
be drawn between samples 37 and 38; zone 1 would contain samples 
1 through 37, and zone 2 would contain samples 38 through 100.  

After the first zone boundary has been established, each of 
the two zones is examined separately for the next best 2-zone
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boundary. This boundary divides the data into three zones. The 
procedure is repeated until the values of P begin to decrease 
with the addition of new zones, or until a predetermined number 
of zones is reached.

In general, this procedure will probably not produce zone 
boundaries that coula not have been intuitively chosen by any 
qualified observer. The advantages of the technique are that the 
boundaries are based en strict objective criteria, and the order 
in which boundaries are selected provides a relative ranking of 
importance of the zone boundaries. For details of the 
computational methods, the interested reader is referred to 
papers by Testerman (1962) and Gill (1970).

The analysis of variance zonation technique was applied to 
measured values of Al20 3 , Si, Ka, S, Fe, K, Ca, and Sr in the 374 
samples of the Juhan core hole. In general, five or six zones 
were optimum tor each of the 8 variables. The stratigraphic 
positions of each zone are plotted as dotted lines in figure 21.

The curves for each variable plotted in figure 21 are baseo 
on smoothed values of the raw data using a 31-sample moving 
average. Smoothing removes the small-scale variability ("noise") 
in the raw data and helps to visually isolate portions of the 
curves v/ith unusually high or low values. Note that the tops of 
the curves in figure 21 do not correspond to the stratigraphic 
positions of the uppermost data point (561.1 to 561.Bm). This is 
because each 31-sample average is plotted at the midpoint depth 
of the averaged interval, which would be the depth at 16 data 
points down from the top of the interval. A vertical line is 
drawn at the geometric mean value tor each of the 8 variables, 
and portions of the curves witn values greater than the geometric 
mean are filled in with a stippled pattern. The curve of % Na in 
figure 21 is truncated at about 750m because all values below 
this depth are below the detection limit (0.7%) by 
semi-quantitative optical emission spectroscopy.
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Figure 21. Profiles of concentrations of Al 0-, Si, Na, S, Fe, K, Ca, 

and Sr, and 31-sample moving correlation coefficients between 

selected pairs of elements for the saline facies and Garden Gulch 

Member in the Juhan 4-1 core of the Green River formation. 

Concentrations of each element have been smoothed using a 31-saraple 

moving average. Vertical lines through the profiles of smoothed 

element concentration are plotted at the value of the geometric 

mean for each element. Portions of the profiles greater than the 

geometric mean are shaded with a stippled pattern. Vertical lines 

through the profiles of moving correlation coefficients are plotted 

at values that are significant at the 99 percent significance level 

(r - 0.45 for n - 31). Portions of the profiles with correlation 

coefficients >0.45 are solid black. Portions of the profiles with 

correlation coefficients <-O a 45 are shaded. Stratigraphic positions 

of zone boundaries selected by the analysis of variance zonation 

technique are indicated by dashed lines on the smoothed profiles of 

element concentration. Subjective average boundaries of the six 

zones discussed in the text are indicated by numbers one through 

six on the left and right sides of the illustration. Subjective 

tone boundaries based on rich and lean oil-yield data (Dyni, 1974) 

are indicated by numbers two through ten to the left of the profile 

of oil-yield (in gallons per ton). Stratigraphic positions of 

laterally-persistent beds of disseminated nahcolite (from Dyni, 

1974) are indicated by the shaded boxes on the smoothed profile of 

Na concentrations.
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To further illustrate the analysis of variance zonation 
technique, the oil- yield log for the saline facies and Garden 
Gulch Member of the Green River Formation in the Juhan core was 
divided into 10 zones using the nine highest zone boundaries 
obtained by methods described above. The stratigraphic positions 
of the 9 zone boundaries are indicated by dashed lines on the 
oil-yield log in figure 21. The choice of 10 zones was entirely 
arbitrary tor illustrative purposes. After selection of 9 zone 
boundaries, coefficients of zonation were still high (> 0.9) 
indicating that additional zones could easily be determined. For 
comparison, zones of alternating oil-rich and oil-lean marlstone 
chosen subjectively by Dyni (1974) are indicated by numbers 3 
through 10 to the left of the oil-yield log in figure 21. 
Descriptions of these rich and lean zones, and correlations with 
rich and lean zones used by Donnell and his coworkers (e.g. 
Donnell and Blair, 1970; Cashion anr« ^nnell, 1972) can be found 
in the paper by Dyni (1974). The rich and lean oil shale zones 
in this core are not as well defined as in saline-free cores 
because of dilution by saline minerals. Statistical zonation on 
the basis of oil yield ciata could perhaps be improved by 
computing oil yield on a saline-tree oasis.

Moving Correlation Coefficient;

Details and applications of the moving correlation 
coefficient technique have been described elsewhere (Anderson and 
others, 1972; Dean and Anderson, Iy74a and b). Moving 
correlation coefficients are computed between two variables in a 
stratigraphic sequence in much the same way that moving averages 
are computed for a single variable in order to smooth out local 
variation in the data. The purpose of the moving correlation 
coefficient technique is to examine variations in the degree of 
association between two variables that might be hidden by 
computing a single correlation coefficient based on a relatively 
large number of observations. For example, suppose that we are 
interested in examining the degree of association between % oil 
and % sulfur in a core of oil shale. Samples tor these analyses 
are commonly taken every foot (0.305m) or every two feet (0.61m) 
in a core. Therefore, for a core 1,000m long, we might have over 
3,000 observations. Clearly a single correlation coefficient 
based on all observations would be almost meaningless because 
almost any value would be statistically significant with such a 
large value of N. The moving corr^inrion coefficient technique 
can be used to examine the degree of correlation within smaller 
intervals along the core, perhaps all possible correlation 
coefficients with N = 100. Using this technique, we would 
compute a correlation coefficient for samples 1 through 100, then 
2 through 101, 3 through 102, etc. The result would be a series 
of N-100 correlation coefficients referred to as a sequence of 
moving corelation coefficients.

Moving correlation coefficients using a 31-sample interval 
tor selected pairs of variables are plotted in figure 21.
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Vertical lines are drawn on each curve at values that are 
significant at the 99% significance level (r= 0.45 for N=31). 
Areas of the curves with positive correlation coefficients >0.45 
are solid black, ana areas with negative correlation coefficients 
<-U.45 are shaded. Correlations oa.-^ on all samples and on 
samples from the saline zone and the underlying Garden Gulch zone 
are given in table 46.

Results ana Discussion

Results of the analysis of variance zonation ana the moving 
correlation analysis plotted in figure 21 suggest that the saline 
tacies and underlying Garden Gulch Member of the Green River 
Formation can be divided into six geochemical zones with the 
following approximate depth boundaries: 735 to 793m (bottom of 
the core), 710 to 735m, 665 to 710m, 630 to 6G5m, 600 to 630m, 
and 561 to 600m. These boundaries are obviously not the same tor 
all elements, but represent subjective averages of objective 
boundaries picked by the analysis of variance technique.

Zone 1 - 735 to 793m:

The lowermost zone extends downward from the lowest 
occurrence of nahcoiite in dolomitic marlstone of the Parachute 
Creek Member, and includes the underlying clay-rich Garden Gulch 
Member. The Garden Gulch Member is characterized by laminated 
claystone, siltstone, and shale, with iliite, quartz, albite, 
K-teldspar, dolomite, and calcite as the dominant minerals (Hite 
and Dyni, 1967; Truuell and others, 1970) . Some disseminated 
dawsonite occurs in the upper 15 to Ibm. Flost of the Si and Al 
in the Garden Gulch resides in silu~cn-t. minerals, chiefly iliite, 
feldspars and quartz. Na is present in concentrations less than 
0.7% (the detection limit by optical emission spectroscopy), and 
is present mainly in plagioclase feldspar. Some Na and Al are 
accounted tor by minor dawsonite in the upper part of the Garden 
Gulch, increasing in the transition with the nahcoiite- and 
dawsonite-rich saline facies of the Parachute Creek Member.

Zone 1 is the only zone of the six described here in which 
Si is not highly correlated with Al (fig. 21; table 46). In the 
saline zone, Si and Al are present mainly in quartz and dawsonite 
respectively. The abundance of these two minerals in the saline 
tacies is highly correlated (Hite and Dyni, 1967; Dyni, 1974) 
which accounts tor the high positive correlations between Si and 
Al, regardless of their relative abundances. The Al and Si in 
dawsonite and quartz in the saline facies were probably derived 
from diagenetic alteration of pre-existing aluminosilicate 
minerals (mostly clays and (or) tuftaceous material) in 
hypersaline brines (Hite and Dyni, 1967). The top of zone 1 
corresponds to the disappearance of clay and the appearance of 
nahcoiite.
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Zone 1 contains higher concentrations ot Fe ana S than any 
other zone. The Fe and S are present as ferrous sulfide minerals 
which are cisser.unated throughout as tine-grained crystal 
aggregates. However, the lack ot significant correlation between 
S and Fe in this zone (fig. 21; table 46) suggests that other Fe 
and S phases are also important. In tact, the only other 
variable that does correlate with sulfur in this zone is oil, 
suggesting that much cf the sulfur is present as organic-S. 
Correlations between oil and Fe exhibit a surprising amount ot 
variation from strong positive correlations to strong negative 
correlations, with an overall correlation ot near zero (table 
46). In particular, iron (mostly in the form ot pyrite) is 
positively related to oil content when nahcolite is abundant 
(zones 3 and 6), and negatively relateo to oil content when 
nahcolite is scarce but some aawsonite is present (transition 
between zones 1 and 2, and zone 4). Some Fe may also be present 
in illite, substituting for Al in octahedral positions in the 
crystal structure (Grim, 1953).

Concentrations of both Ca and Pr are low in zone 1, 
reflecting lower contents of dolomite and calcite in the Garden 
Gulch Member relative to the doiomitic marlstone of the overlying 
Parachute Creek Member.

Zone 2 - 710 to 735m;

This zone contains the lowest occurrence ot nahcolite in the 
saline tacies. The nahcoiite is present as disseminated 
aggregates ot coarse-graineo biaaed crystals, and as one 
distinct, laterally continuous bed ot disseminated nahcolite 
(shaded box on the Na-profile in figure 21) containing up to 62% 
nahcoiite (nahcolite unit 21 ot Hite and Dyni, 1967). In 
general, this zone appears to be a transition between the 
nahcolite-poor marlstone in the upper part ot zone 2 and the 
nahcoiite-rich marlstone of zone 3. In addition to intermediate 
concentrations ot Na (present mainly as nahcclite), this zone 
contains intermediate concentrations of Si and Al (present mainly 
as quartz and dawsonite, respectively), and Fe and S (present 
mainly as pyrite). Concentrations of Fe and S exhibit 
significant positive correlations here as they do throughout most 
ot the saline facies (fig. 21).

Zone _3 - 665 to 710m:

Zone 3 contains the highest concentrations ot Na and lowest 
concentrations of Al, Si, Fe, and S in the six zones described. 
The abundance of nahcolite is indicated by the high 
concentrations of Na and by the presence of five distinct beds of 
disseminated nahcolite ranging from 30 to 64% nahcolite by weight 
(Dyni, 1974) . A bed containing 25% nahcolite disseminated in 
maristone is equivalent to 6.8% Na by weight, which is about the 
average tor zone 3. Additional minor amounts ot Na are also 
contributed by dawsonite and Na-teldspar.
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Si and Al are mainly concentrated in quartz and dawsonite 
respectively as they are throughout the saline facies; clay 
minerals are conspicuously absent. rtarlstone containing 10% 
dawsonite (an approximate average value for the saline facies; 
Hite and Dyni, 1967; Beard and others, 1974) would yield 1.6% Na 
and 1.9% Al (3.6% A1 2 0 3 ).

Pyrite occurs mainly as finely disseminated crystal 
aggregates in both marlstone and nahcolite, but also occurs as a 
coating on the outsides of nahcolite aggregates. For this reason 
we were somewhat surprised to find a negative association between 
Na and both Fe and S throughout most of the saline facies, and 
particularly in zones 3 and 6 (fig. 21). Only the moving 
correlation coefficient curve for Na vs. S is plotted in figure 
21 because the curve for Na vs. Fe is almost identical. Both Fe 
and S are also negatively correlated with Ca and Sr (table 46), 
indicating that, in general, pyrite and carbonates (nahcclite, 
dolomite, and calcite) are not closely associated. The high 
positive correlations between oil and Fe in zones of high 
salinity (as interpreted from zones ot high nahcolite content), 
and low negative correlations oetween oil and Fe in zones ot 
lower salinity (zones 1 and 4), suggest that the effect ot 
organic content on iron diagenesis, probably through controls on 
pH and Eh, was maximized by whatever geochemical conditions were 
unique to the Green River lake during deposition of nahcolite. 
Also, Fe and S are most closely associated in zones ot highest 
nahcolite content (zones 3 and 6), even though the absolute 
amounts of E'e and S in the marlstone are at a minimum.

The dominant mineral residence of Na is in 
coarse-crystalline nahcoiite, whereas the dominant residences of 
Ca, Si, Fe and S, Al, K, and oil are in dolomite and calcite, 
quartz, pyrite, dawsonite, K-feldspar, and kerogen, respectively, 
which are all part of the fine-grained marlstone matrix. 
Therefore the negative correlation between Na and all other 
elements (fig. 21; table 46) in zones 3 and 6 in particular, and 
in the saline facies in general, may be due to dilution of the 
marlstone matrix by crystal aggregates of nahcolite. For 
example, Dyni (1974) has shown that oil yields from marlstone in 
the saline facies can be increased by about one third with the 
removal of nahcolite. However, when sulfur is computed on a 
nahcolite-free basis, it is still lowest in abundance in the 
high-nahcolite zones. Beginning with a maristone matrix 
containing 3% pyrite (1.6% S and 1.4% Fe), and diluting the 
marlstone with 20% nahcolite, the pyrite content of the resulting 
bulk sediment would only be reduced to 2.4% (equivalent to 1.2% S 
and 1.1% Fe). The variations shown in figure 1 are clearly much 
greater than this, suggesting that at least some ot the negative 
associations with Na are real and are not ciue simply to dilution 
by nahcoiite.

Zone 4 - 630 to 66bm:
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Zone 4 is £ iow-nahcolite zone in which geochemical 
associations are almost the exact opposite from those in the 
high-nahcolite zones. This zone is characterized by low 
concentrations ot Na, and high concentrations ot Al, Si, Fe, S, 
and K. This is the only zone in the saline facies in which Na 
exhibits a significant positive correlation with both Fe and S ; 
the associations are mostly negative throughout the rest ot the 
saline facies. The nahcolite content ot this zone is the lowest 
ot any zone in the saline facies, and much, li not most, ot the 
Na resides in ciawsonite. This is further indicated by the fact 
that this is the only zone in which Na ana Al do not exhibit a 
strong negative association. The correlations illustrated in 
figure 21 suggest that, in general, pyrite is more closely 
associated with dawsonite than with nahcolite. However, 
conditions controlling the role ot organic content in iron 
diagenesis were at a minimum during deposition of zone 4, as 
suggested by the abrupt change from significant positive to 
significant negative correlations between oil snd Fe.

Zone b^ - 600 to 630m;

This zone is similar to zone 2 in that it appears to 
represent a transition between a low-nahcolite, high-Si, high-Al 
zone ana a high-nahcolite, low-Si, low-Al zone. This zone 
contains one bed ot disseminated nahcolite that averages about 
10% nahcolite by weight. Zone 5 differs from low-nahcolite zone 
2 mainly by the higher pyrite content of Zone 5.

Zone 6^ - b61 to 600m;

The upper zone ot the saline tacies in the Juhan 4-1 core 
immediately below the dissolution surface (Dyni, ly/4) exhibits 
most ot the characteristics of high-nahcolite zone 3, containing 
high concentrations of Na, and low concentrations ot Al, Si, Fe, 
and S. This zone contains tour distinct laterally-persistent 
beas ot nancolite ranging from 20 to 53% nahcolite by weight 
(Dyni, 1974). Most ot the characteristics and associations tor 
high-nahcolite zones discussea unaer zone 3 else apply to zone 6.
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REGIONAL SOU, CHEMISTRY IN THE BIGHORN AND 
WIND RIVER BASINS, WYOMING AND MONTANA

I
By Ronald C. Severson |

Introduction I

The study ares consists ot the Bighorn and Wind River Basins
in Wyoming ana Montana. The geographic extent of each basin is I 
detined as the area ot outcrop ot geologic units ot Tertiary age   
or younger. The boundaries for the basins were taken from 
published geologic maps (Andrews, Pierce, and ^ergle, 1947; and   
Whitcomb and Lowry, 1968). The major person of the total area I 
of each basin comprises three geologic map units (fig. 22). The 
excluded area in the Wind River Basin is underlain by _ 
pre-Tertiary sedimentary rocks, Tertiary intrusive rocks, and   
Precambrian rocks.  

An unbalanced, nested, analysis-ot-vanance design was   
chosen to estimate components ot chemical variation reflecting | 
differences between geologic map units within basins, ana 
differences associated with various distances within map units.   
This design was implemented by randomly locating barbells in each I 
ot the three geologic map units within each ot the basins (Fig. 
22). The major axis of each barbell was 25 km long, and the 
sequentially smaller axes cf each barbell were 10, 5, and 1 km I 
long, respectively. All axes were oriented by selecting a B 
compass direction at random. The barbell is shewn 
diagrammatically in fig. 23; a soil sample was collected at each   
"X". In each ot the six barbells, 12 samples were collected | 
resulting in a total of 72. The analysis-ot-variance design used 
in this study is shown in table 47. _

Samples and Analyses

At each sampling location, the soil sample consisted of a I 
channel composite of material, excluding cobbles and rocks, from I 
a depth of 0 to 40 cm. In the laboratory, ail samples were air 
dried under forced air at ambient temperature. The samples were   
disaggregated with a mechanical mortar-^i "'-pestle and the | 
fraction passing a 10-mesh sieve (2 millimeter) was saved. The 
minus-2 mm fraction was further ground to pass a 100-mesh sieve _ 
(IbOum) and this material was used for ail chemical analyses. I 
The 96 samples (72 plus 24 splits) were submitted to, ana   
analyzed in, the laboratory in a randomized sequence so that any 
systematic errors in sample preparation and analysis would be   
effectively converted to random errors ana not bias the | 
interpretation of results.

Chemical analyses were done in the U. S. Geological Survey I 
laboratories, in Denver, Colorado. Sample preparation and 
analyses were performed by; James S. Baker, A. J. Bartel, E. L.
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Brandt, J. G. Crock, I. C. Frost, Johnme M. Gardner, Patrica 
Gayle Guest, Raymond G. havens, J. P. Hemming, 'athryn E. Horan, 
Claude Huffman, Jr., J. 0. Johnson, K. J. 'night, R. M. Leinert, 
R. E. McGreqor, Violet M. Merritt, H. T. Miliard, Jr., hayne 
Mountjoy, G. 0. Riddle, V. E. Shaw, M. W. Solt, J. A. Thomas, 
Michele L. Tuttle, R. E. Van Loenen, R. J. Vinnola, J. S. 
Wahlberg, and P. J. white.

All computations were done on a Koneywel1-MULTICS computer 
using statistical programs in the U. S. Geological Survey's 
STATPAC Library (VcnTrump and Miesch, 1977).

Analytical Error Variance

Ct the 12 samples collected at each barDeli, tour samples 
were randomly selected to be split and analyzed twice. 
Therefore, a total of 24 samples were split and analyzed in 
duplicate. These sample splits represent the analytical-error 
level ot the sampling design (table 47).

The distribution of variance components tor 38 elements in 
soils of the two basins are shown in tables 48 ana 49. For six 
elements in the Eighorn Basin and 11 elements in the Wino. Piver 
Basin, the analytical error variance accounts for more than 50 
percent of the total observed variation. This error is judged to 
be excessive and no further interpretation of the data for these 
elements will be attempted.

Statistical Summaries and Baseline »alues

In table 48, only one entry (Zn) exhibits a significant 
component among map units, whereas in table 49, eight entries 
(excluding Rb, which has excessive analytical error) show such 
significance. Looked at the other way, 31 elements in soils ot 
the Bighorn Basin ano 19 elements in soils ot the Wind River 
Basin do not exhibit statistically significant among-unit 
variability. Thus, a single estimate ot a baseline may be used 
to describe the total concentration tor these elements in soils 
ot both these basins (tables 50 ano 51). The baseline is defined 
as the probable range ot concentration to be expected in samples 
ot natural soils in the basins (see Tidball and Ebens, 1976).

For elements exhibiting a significant variance component 
among map units for the Eighorn Basin (table 48) or the Vvina 
River Basin (table 49), statistical summaries and baselines are 
given tor each of the map units sampled (tables 52 and 53).
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M Join U 
25 kn 

, not 
of 4.S

lil'll-CtCcI

square ; 
(let ermlned 
s.implen']

ntnl vnrinnco

5.9 

62.7* 

27.1 

17.9 

21 .7 

13.7 

37.6* 

0 

34.9 

5.9 

22.6 

0 

51.0* 

15.9 

10.2 

67.6* 

0 

21.8 

0 

34.9 

16.9 

69.8* 

33.9 

14.9 

8.2 

0 

14.3 

53.7* 

13.0 

7.5 

30.1* 

13.3 

.6 

18. <) 

ll.fi

n.7

10.4

43 

13 

44 

0 

0 

50 

28 

0 

28 

25 

38 

59 

9 

14 

23 

5 

0 

57 

46 

26 

42 

12 

0 

29 

0 

14 

22 

14 

16 

14 

16 

40 

79 

5" 

0 

0

0

2* 

1 

7*

9* 

8*

9* 

2* 

5* 

2* 

7 

0 

4 

7

6* 

9*

2* 

4* 

8*

2*

0 

3 

0

7 

7

o-*

7*

Analytical

15. 

20. 

14. 

77. 

42 

9

97. 

12. 

3 

27. 

3 

20. 

64. 

42. 

14. 

93. 

3. 

1. 

12. 

18. 

1. 

65. 

8. 

91. 

63. 

24. 

20. 

70. 

11 . 

7. 

7. 

4. 

11. 

83. 

83. 

7.

0 

6 

2 

2 

5 

2 

3 

5 

6 

5 

2 

5 

7 

7 

8 

7 

2 

1 

0 

6 

6 

0 

9 

1 

8 

6 

5 

6 

3

9

8 

2 

0 

9

2

A

3 

25 

6

7 

12

7

6 

2

7 

10 

5

4 

7

17 

3

4 

n.d.

3

6 

n.d.

3 

3 

6

6 

8

4
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Mapping Requirements

In addition to providing statistical summe.r'es ana baseline 
values for the total element concentrations in soil of the 
Bighorn and wind River Basins, data from the analysis of variance 
are useful in providing a means for estimating the number of 
samples that would need to be collected and analyzed within an 
area of specified size in order to prepare a reproducible map of 
total chemistry.

Cells, 25 km on a side, were arbitrarily chosen as a 
geographic unit useful in preparing maps of regional variation. 
Such variation may be easily mapped as differences among cell 
averages, but the number of random samples needed within each 
cell in order to produce stable averages of total element 
concentration in soil in the Bighorn and "wind Piver Basins must 
be estimated. The methods for calculating the number of samples 
required in each cell (nr ) were developed by Miesch (ly/6a). The 
minimum number of samples (nr ) that neea to be collected at 
random from each 25km cell is determined from the following 
equation;

F = 1 + nrv

where n is adjusted so that the sum, (1 + nrv), exceeds the 
critical F-statistic at the 80 percent confidence interval with 1 
and 2n - 2 degrees of freedom. The parameter v (above) is the 
ratio of the variance observed between 25km cells to that 
observed within the 25km cells.

Tables 4b and 49 show the number of samples needed to map 
total chemistry of soils at an interval of 25km for the Bighorn 
and the Wind River Basins, respectively. Table 54 summarizes the 
numoer of mappable elements in each basin for increasing n,. 
values.
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Table 50.--$tatistical summary of tc»l nl element concent rat ions in soils 

of the Hi fthorn Has In

[Doted ion ratio, number of samples in which the clement 
wns found in measurable concentrations relative to the 
number of samples analyze <J^j

Element , 
unit of 
measure

Al, 7.--    

B, ppm----

Be, ppm--- 

C7

Ca, 7.     

Co, ppm   -

Cr, ppm   -

Cu, ppm   -

Ga , ppm---

Hg, ppm    

K 7------

La, ppm---

Ll , ppm---

Mg, 7.     

Mn , ppm- - -

Mo, ppm---

Ma, 7.--   - 

Ni, ppm---

Pb , ppm- - -

Rb , ppm---

Sc , ppm---

Sl, %    -

Sr , ppm---

Th , ppm- - -

Ti, '/, --- -- 

V, ppm    

V, ppm ----

Y, ppm   --

Yb , ppin---

Zr , ppm---

Gcomctrlc 
mean

4.0 

50

2.0 

1.5 

3.0 

6.3

59

20 

1.8 

11

.026 

1.5 

36

18 

.86 

400

4.8 

.53 

22

8.6

55

5.9

32

230

8.5 

.26 

2.7

68

20

2.7

320

Geometric 
deviation

1.32 

1.33

1.40 

1.72 

1.78 

1.33

1.55

1.65 

1.38 

1.47

1.33 

1.19

1.20

1.31 

1.41 

1.38

1.47 

1.53 

1.37

1.44

1.32

1.59

1.10

1.39

1.27 

1.22 

1.25

1.34

1.28

1.33

1.35

Geometric 
error

1.09 

1.14

1.23 

1.17 

1.03 

1.14

1.15

1.29 

1.07 

1.19

1.16 

1.07 

1.15

1.11 

1.04 

1.11

1.24 

1.03 

1.13

1.35

1.25

1.19

1.03

1.08

1.13

1.05 

1.05

1.09

1.15

1.11

1.29

Expected 
957, ranp.c 
(bnsi-Hne)

2.4-4.8 

30-83

1.2-3.4 

.53-4.2 

.95-9.5 

3.8-10

26-135

8.4-47 

.96-3.4 

5.5-22

.016-. 042 

1.1-2.1 

28-45

11-30 

.4-1.7 

220-740

2.5-9.1 

.23-1.2 

12-39

5.7-13

40-77

2.5-14

27-38

120-440

5.6-13

.18-38 

1.7-4.2

39-120

13-30

1.6-4.6

230-440

Detection 
ratio

36:36 

36:36

36:36 

36:36 

36:36 

36:36

36:36

36:36 

36:36 

36:36

36:36 

36:36 

36:36

36:36 

36:36 

36:36

35:36 

36:36 

315:36

36:36

36:36

32:36

36:36

36:36

36:36 

36:36 

36:36

36:36

36:36

36:36

36:36
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Table 51.--Statistical summary of total element concentrations in soils 

of the Wind River Basin

[Detection ratio, number of samples in which the element 
was found in measurable concentrations relative to the 
number of samples analyzed]

Element , 
unit of ( 
measure

As, ppm---

B, ppm----

Bc , ppm---

C, 7. ------

Ca 7-_--_

Co, ppm-  

Cu, ppm---

Fe, ? ----- 

Ga , ppm---

Hg, ppm---

Li , ppm--- 

Mo 7__--_rig, /o

Sc , ppm---

Si, °L -----

Sr, ppm---

n'l-In, ppm--- 

Ti 7-----i J. , /o

Zn, ppm---

Jeometric
mean

3.6

28

2.4

QC. oD 

2.2

5.5

15 

1.5

15

.020

15

£ O
* D J

1.3

5.3 

31

12 

.22

43

Geometric 
deviation

1.90

1.38

1.29

I f n
. D/

1.93

1.49

1.70

1 O(T
. JO

1.32

1.45

1.49 

1.54

1
0 /  . ^o

1.47 

1.07

1.42

1.43 

1.22

1.31

Geometric 
error

1.39

1.15

1.23 

1.17

1.04

1.16

1.38 

1.07

1.17

1.28

1.08 

1.05

1.03

1.23 

1.03

1.13

1.10 

1.07

1.08

Expected 
957. range 
(baseline)

1.2-10.8

16-50

1.8-3.2 

.34-2.1

.59-8.2

2.6-12

6.5-35

QO O T
. O£ -/ . /

9.5-24

.011-. 035

6.9-33 

. 27-1.5

8 0 i- 1- . i 

2.8-10

OO -3 C
/O- JJ

180-660

6.0-24 

.15-. 32

26-72

Detection 
ratio

36:36

36:36

36:36

Q/: . O £.Jo : Jo

Q y- . Q fiJD ; Jo 

36:J6

36:36 

36:36

36:36

35:36

36:36 

36:36

0 /- o £Jo : JD 

34:36

Q£   *}£.JD : jo 

36:36

36:36

O £.   O £JD: jo 

36:36
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Table 52.--Statistical summary of total element concentrations in 

soils overlying the three major geologic units in the 

Bighorn Basin

[Detection ratio, number of samples in which the element 
was found in measurable concentrations relative to the 
number of samples analyzed]

Willwood Formation

Zn, ppm   51 1.32 1.11 30-85 12:12

Ft. Union Formation 

Zn, ppm   66 1.36 1.11 37-118 12:12

Quaternary deposits 

Zn, ppm    55 1.26 1.11 36-83 12:12

I 
I 
I 
I 
I 
I 
I 
I

Element, Expected
unit of Geometric Geometric Geometric 95% range Detection I
measure mean deviation error (baseline) ratio  
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Table 53---Statistical summary of total element concentrations in soils 

overlying tlie throe major geologic units in the Wind River 

Bnsin

[Detection ratio, number of samples in which the element 
was found in measurable concentrations relative to the 
number of sample's analyzed]

Element , 
unit of 
measure

Gcometric 
mean

Geometric Geometric 
deviation error

Expected 
957. range Detection 
(baseline) ratio

Moonstone, Arikaree Formations

Cr, ppm---

Mo, ppm---

Mn, ppm---

Ni , ppm---

U, ppm----

V, ppm----

Cr, ppm---

r. , /.,- 

Mo, ppm---

Mn, ppm---

Ni, ppm---

U, ppm----

V, ppm    

4.4 

27 

2.1 

3.7

270

12

2.6

43

5.0 

52 

2.0 

5.0

320

21

2.9

48

1.18 

1.45 

1.13 

1.64

1.50

1.56

1.15

1.44

Wind River ,

1.16 

1.36 

1.09 

1.43

1.29

1.39

1.27

1.22

1.08 

1.11 

1.06 

1.23

1.15

1.16

1.05

1.11

3.3-5.9 

13-55 

1.7-2.6 

1.5-9.1

130-580

5-28

2.0-3.4

21-86

12:12 

12:12 

12:12 

11:12

12:12

12:12

12:12

12:12

Indian Meadows Formations

1.08 

1.11 

1.06 

1.23

1.15

1.16

1.05

1.11

Quaternary deposit

A1 */.--__

Cr, ppm--- 

K*/ --

Mo, ppm---

Mn, ppm---

Ni, ppm---

U, ppm----

V, ppm----

5.5 

61 

1.9 

5.8

420

23

2.8

53

1.17 

1.24 

1.12 

1.43

1.32

1.25

1.14

1.26

1.08 

1.11 

1.06 

1.23

1.15

1.16

1.05

1.11

3.9-6.4 

29-93 

1.8-2.3 

2.8-9.0

210-490

12-38

1.8-4.6

34-67

s

4.2-7.2 

42-89 

2.6-2.3 

3.2-10

260-680

16-32

2.2-3.6

35-80

12:12 

12:12 

12:12 

12:12

12: 12

12:12

12:12

12:12

12:12 

12:12 

12:12 

12:12

12:12

12:12

12: 12

12:12



Table 54.--Number of random samples needed Cn ) in a 25 

kilometer square to map total element concentrations 

in soils of the Bighorn and Wind River Basins at the 

80 percent confidence level

Mappable elements in

n
r

2

3

4

5

6

7

8

9

10

12

13

17

20

25

Bighorn 
Basin

C, Na

Ca, Fe, Mn, Sr

Co, Si

Ni, Rb, Sc, An

Ga

Al, Li, Mg

Cu

K, Mo

B, Be, Cr, Hg

Pb

Wind River 
Basin

Cr

Al, Mg, Ni, Sr, Th

Hg, Mn, Mo, Zn

Ga

B, Co, Sc, Ti, U

Be, Ca, Cu, K

V

Fe

C

Li

As
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GEOCHEMISTRY OF FINE-GRAINED ROCKS IN CORES OF THE FORT UNION FORMATION 

by Todci K. Hinkley and Richard J. Ebens

The rearrangement of rock strata curing raining and 
reclamation commonly exposes buried strata to weathering 
processes which may accelerate mineral alteration and chemical 
release. Shale or mudstone is the most abundant rock type in 
coal overburden in the Northern Great Plains Coal Province and is 
most likely to appear as the major "exotic" constituent ot a 
reclaimed landscape. Hinkley and Ebens (U.S. Geological Survey, 
1976, p. 1U-13) presented data on the mineraiogical composition 
and variation of these rocks with the goal ot aiding 
understanding ot the environmental needs for handling such strata 
during, or following, strip mining. This report deals with the 
concentration and variation ot the chemical constituents ot these 
rocks. As in the previous report, an attempt is made here to 
quantity the magnitude ot the spatial variation in the rocks at 
different intervals: 1) distances greater than 5 km, 2) distances 
from U-5 km, and 3) distances within a vertical core of the rock 
column ot less than 100m. All samples were collected from cores 
drilled through the overburden sections ot surface- mineable coal 
deposits in the Fort Union Formation or equivalents.

Sample sites and sampling design

Samples were taken from each of five widely separated sites 
(_>50 km), two in southeastern Montana, two in southwestern North 
Dakota and one in southeastern Saskatchewan (t'^o. 2). Four rock 
samples were taken at each site from each of two orill holes 
which were separatee by 1-5 km. The samples taken from each core 
were separated by a vertical distance of 0-100 m and each sample 
consisted of 30 cm of a homogeneous stratum of shale or mudstone. 
Only three samples were collected from each ot the two drill 
holes at Estevan, Saskatchewan, because of the paucity ot 
tine-grained horizons in these cores. In ail, 38 samples were 
collected. Twelve samples were split and submitted in duplicate 
to estimate analytical precision as distinct from geographical 
variability, bringing the number of actual analyses to 50. All 
samples were analyzed in a randomized seauence. For analysis of 
variance, concentrations reported by the laboratory only as less 
than some specified value were replaced by a value 0.7 tunes the 
minimum value in the data set.

Cores from three ot the five sites (Bear Creek and Otter 
Creek, Montana, and Dunn Center, North Dakota) were obtained 
through the Energy Minerals Rehabilitation Inventory and Analysis 
(EMRIA) program of the U.S. Bureau of Land Management, which is 
intended to gather a variety ot environmental information at 
potential coal-mining sites. Cores irom Dengate, North Dakota 
were obtained from C. S. V. Barkley (U. S. Geological Survey). 
Cores from Estevan, Saskatchewan i/ere obtained from the



Industrial Minerals Division, Department of Mineral Resources, 
Saskatchewan.

Analytical methods

The reck samples were crushed in a jaw crusher and then 
ground in a vertical Craun pulverizer with ceramic plates set to 
pass the 80 mesh traction. Analyses were performed in the U.S. 
Geological Survey laboratories by emission spectrographic, atomic 
absorbtion, X-ray fluorescence, and delayed neutron activation 
techniques as described in U.S. Geological Survey (1975, p. 
69-71, 79-81; 1976, p. 131-132). The data are summarized in 
Table 55.

Geochemical variation

The major and minor chemical species MgC, CaO, Na 2 0, Ba, and 
Ti02 vary significantly at the highest spatial s^ale at the 0.05 
confidence level. The minerals plagioclase, calcite, dolomite 
ana chlorite, among others, were reported to vary at this same 
scale (U.S. Geological Survey, 1976, p. 10-13), ano their 
correspondence with the variation of MgO, CaO and Na 20 was 
expected.

In addition, the trace elements B, Co, Cr, Cu, Ge, Ni, Sc, 
Th, V, Y, Zr, and Yb also exhibit statistically significant 
regional variation. They are less clearly associated with the 
mineralogy of the rock. It is possiole that some of the variation 
at this scale tor all these elements is due to contamination by 
drilling equipment (hardware, muds or greases), but the presence 
of so many clay-related elements in this suite (particularly 
Ti0 2f Sc and Zr) suggests rather that the regional effect 
reflects variation in the amount of one or more clay minerals. 
The more prominent of the potentially toxic trace elements (As, 
Hg, Pb, and perhaps Se) do not appear to vary significantly in 
overburden at regional scales.

1/0
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<.08 

.11 

5.4 

2.4 

27.0 

29.5 

223 

1.1 

2.3 

29.4 

15.1 

19.6 

2.2 

2.6 

<8.3 

<2.8 

<3.3 

31.9 

8.5 

98.7 

22.4 

8.1 

1.4 

<.0597..

7 % ;.' ,

Maximum 
as noted)

69.67. 

2 1 . 97. 

4.87. 

13 . 17. 

2.17. 

3.87. 

1 1 . 17. 

.797. 

2020 

.127. 

16.2 

1.6 

.25 

54.0 

165 

.62 

3.1 

28.9 

9.3 

183 

106 

646 

3.6 

35.8 

124 

92.1 

61.8 

13.3 

19.4 

94.2 

28.6 

24.2

35.4 

492 

161 

40.2 

5.1 

.557.
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Essentially no chemical variation exists between the paired 
holes (l-5kin separation) within the individual sites. This was 
also found to be true of the mineralogy (U. S. Geological Survey, 
1976, p. ID-13), and suggests that the chemistry and mineralogy 
are nearly uniformly distributed in overburden over areas 
approximately the size of a surface mine in this part of the 
western coal regions. It further investigations confirm this 
uniformity, then characterization of overburden rocks a few km 
across becomes a relatively inexpensive task, because detailed 
study of only two or three scattered cores should suffice for 
such characterization.

Most of the spatial variation in chemistry of the rocks 
occurs between samples separated by <100m within the same crill 
hole; this is to be expected because contrasting lithic types 
alternate rapidly with vertical distance in Fort Union recks. The 
same was found to be true for the mineralogical variation. For a 
preliminary discussion of the chemistry of these same rocks in 
outcrop, see p. 165-197 of this report.

Analytical variation

For several of the elements determined, major variation 
occurs at the fourth level, that involving preparation and 
analysis of samples. In particular, Se, B, Mo, Y and Ce exhibit 
more than half of their total variability at this level, and 
these data should be used judiciously.
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GEOCHEMISTRY OF GROUND WATERS IN THE POWDER RIVER COAL REGION

by Gerald L. Feaer, Roger w. Lee, 
John F. Busby, and Linda G. Sainoon

Since the last progress report, field work in the Powder 
River coal region and most laboratory analyses have been 
completed. Statistical analysis of the available data are 
presented here. An analysis of variance was performed on the 
combined data from the Powder River and Fort Union coal regions. 
The sampling and statistical analysis procedures used tor the 
Fort Union coal region data are described in U.S. Geological 
Survey (1976, p. b6-93).

Sampling design

The sampling plan used in the Powcer Piver coal region was 
similar to that used in the Fort Union coal region (U.S. 
Geological Survey, 1976, p. 86-93). The locations of the 
sampling sites in the Powder Fiver Basin =»LO shown in figure 24. 
The chemical data received to aate represent 20 randomly chosen 
sampling sites within the basin. In order to obtain an estimate 
of variance between closely spaced wells, three sampling sites 
. ere randomly chosen and an additional well within 5 km of each 
of these sites was sampled. In order to estimate errors caused 
by sample collection and shipping procedures, ana laboratory 
errors, tour of the 23 samples were randomly chosen and a 
duplicate sample was collected at the same time the original 
sample was collected.
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Figure 24. Locations of ground water sampling sites in the Northern Great Plains 
coal region. Circles are Fort Union coal region sampling sites; squares are 
Powder River coal region sampling sites.

174



or the analysis of variance the aata from the Fort Union 
and Powder Kiver coal regions have been combined to handle a 
tour-level model (see fliesch, 1976a),

log X. jkl = M + R. + TIJ + S ljfc + E 1Jkl

where the logarithm of the concentration of a chemical 
constituent tor a given ground-water sample, as reported by the 
analyst (log X^j^i), deviates from the true logarithmic average 
fcr that material (M) by the cumulative effect of tour 
independent sources of variation. P^ represents the differences 
between the Fort Union and Powder River coal regions, T^ 
represents broad scale differences observed between townships 
with the two regions, Sij^ represents differences between wells 
spaced within 5 km of each other, and ^ijkl represents 
non-geographic effects, including errors caused by sample 
collection and shipping procedures, ana analytical errors. _he 
merging of two time-independent studies (work in the Fort Union 
and the Powder Piver regions) is arbitrary and assumes that no 
time-related bias exists in the data from the two regions. 
Because sample collection was undertaken in both regions by a 
common set of guidelines, and analyses were performed by the same 
laboratories, it is assumed tnat any such bias is either lacking 
or insignificant.

All samples in the present study were collected trom 
geologic formations above the Pierre Snale, and only wells used 
tor human consumption or livestock water supplies were chosen, 
regardless of depth. The average well depth is about 100 IP.

Chemical variability of Ground Waters

Results of an analysis of variance of the combined data from 
ground-water samples from the Fort Union anc Powder River coal 
regions are similar to the results reported previously (U.S. 
Geol. Survey, 1976, p. ti6) for the Fort Union coal region alone. 
The results indicate that for most of the constituents analyzed 
there are no significant geochemical differences between ground 
waters of the two regions (Table 56), and even the two 
constituents shown to be significantly different have only a 
small percentage of their total variance represented by between 
region variance. This suggests that the same geochemical 
processes are operating in both regions. A change in water 
chemistry from a Ca, Mg, S0 3 , HC0 3 water with pH below b.O to a 
Na, HC0 3 water with pH above 8.0 occurs in both areas, and the 
low concentrations of most trace metals are cor<m:.n to both. This 
important change in water chemistry which ocairs in both these 
regions accounts for the large total log variance observed for 
most constituents in table 56, and is also reflected in table 57 
in the large geometric deviations and maximum and minimum values 
shown for most chemical constituents.
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Table 56. Analysis of logarithmic variance of ground water in

Constituent

Al        

p« , __ __

Fe        
Hardness

K _ 
Li         
Mg        
Mn        
Mo «.

nH17

P 0

Sr         
U          -
Zn         

n\^i j.

U/T\HCO       

c-i n _O1U_  

qrjso4
Total Dis 

solved 
solids  

Powder River

Total Iog1() 

variance

.111 

.140 

.560 
1.06 
.765

.099 

.093 

.627 
4.09 
.205

.332 

.300 

.254 
1.07 
4.56

.185 

.286 

.068

.046 

1.02

.207

and Fort Union coal regions

Variance Component 
(percent)

Between 
regions

1.9 
.0 
.0 

9.4 
.0

4.6 
5.6 
.0 

16 
.0

.0
12 
1.4 

12 
12

.4 

.4 
11

13

3.2

.0

Within 
regions

*59 
*81 
*88 

.0 
*70

*86 
*77 
*83 

.0 
*88

*90 
*37 
*85 
*74 

.0

*99 
*85 
*80

*79 

*92

.0

Between 
wells

0.0 
12 
12 

*91 
.0

9
14 

*17 
*84 
*12

9.9 
.0 

7.6 
.0 

*88

1.
14 
8.

8 

4.

100

Between 
samples

39 
6.5 
.0 
.0 

30

.0 
3.0 
.0 
.2 
.2

.0 
50 
6.0 

15 
.4

0

2

3

Component is significantly different from zero at the 0.05-probability level. 

J./ Not logarithmically transformed.
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Table 57. Ceochemical summary of ground water from the 
Powder River coal region, Montana and Wyoming

[Detection ratio: number of samples in which constituent 
was determined to total number of samples analyzed.]

Parameter
Detection

ratio

Geometric 

mean

Geometric 

deviation
Maximum

Al (pg/L)   
Ba (pg/L)  - 
B (pg/L)    
Cu (pg/L)  - 
Li (pg/L)   
Sr (pg/L)  -

19/19 
9/15

19/19 
4/19

20/20
15/16

17
24

148

36
444

1.9 
2.7 
2.2

2.4 
A.I

As (pg/L)    6/20       
Se'(Pg/D    5/20       -
Cd (pg/L)    3/20       
Hg (pg/L)    4/20       
Zn (pg/L)    20/20 50
Fe (pg/L)    20/20 170
Mn (pg/L)    20/20 21

Br (rag/L)    13/20 .15
F (ffg/L)      20/20 .68
I (mg/L)      4/20 .01
Cl (mg/L)     20/20 8.7
SOA (mg/L)    20/20 292

HC03 (mg/L)    20/20 504

Ca (mg/L)     20/20 24
Mg (mg/L)     20/20 13
K (mg/L)      20/20 3.9
Na (mg/L)     20/20 173

SiO^mg/L)     20/20 11
THD (mg/L)    20/20 112

pH -1      20/20 7.7
Specific con 
ductance
(mhos/cm)    20/20 1,494

IDS (mg/L)    20/20 1,076 
N03 + N02

(mg/L)      18/20 .08

SAR^        20/20 6.9
Ra (pCi/L)    17/18 .23
U (pg/L) 16/18 .25 
Beta (pCi/L as
Cs-137)     12/18 6.6

5.5
10.5
9.5

2.0 
2.8 
1.4 
2.1 
5.1

1.6 

6.5

60
128
422
H

180
2,754

6
12
1

1,800
28,000
4,800

.2

.7

.02

3.0

1.6 
6.9

.6

1.8

1.9

8.3

6.0 
2.0 
6.0

1.8

14

47
1,800

1,400

530
150
12

1,000

26
1,900

8.5

4,000

3,190

3.2

73
.80 

7.3

14

  Arithmetic mean and standard deviation. 
2/  Sodium adsorption ratio.
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Minimum

6.0 
6.0 

32.0 
<1.0 
10.0 
19.0

.70 
7.0 

.70

.10
<.01
1.9
5.5

195.0

1.9
.60 

1.5 
24.0

5.8 
7.0

6.5

582.0

345.0

<.01

.40 
<.10 
<.01

<4.0



Most of the variance observed is between sites within the | 
regions. It is surprising that the between-well (within sites) 
variance does not show higher values since no effort was made to 
restrict closely spaced wells to the same formations, and because I 
generally shallow formations in recharge areas contain the Ca,   
Mg, S03 , HC0 3 type waters, while the deeper formations contain 
the Na, HC0 3 type waters. However, this may be a result of the   
propensity for ranchers and well drillers in a given area to seek | 
ground water from a single formation k^own to yield adequate 
supplies. M

Table 58 shows two analyses for samples which represent the 
shallow recharge-type and deeper discharge-type waters referred 
to above. The samples do not represent a single flow system, and I 
actually were collected from widely separated areas, but do   
represent the type of ground water obtained in recharge areas 
(Sample A) and discharge areas (Sample B). The Ca/Mg ratios, and   
the S0 3 , Na, ano pH vary considerably in the recharge waters, but | 
they are characterized by their high total hardness, and pH below 
eight, while the discharge waters are characterized by their low _ 
total hardness and pH above eight. The soaium adsorption ratio   
(SAR) can also be used to distinguish these water types, as low 
SAR's occur in the recharge waters.

farther sampling of ground waters in the western coal   
regions will concentrate on establishing the extent of the 
geochemical similarity of waters in the remaining coal regions to   
those in the Fort Union and Powder River coal regions. Due to | 
the similarities of lithology and structure among most of the 
Cretaceous and Tertiary coal regions in the Northern Great Plains _ 
and Rocky Mountain coal provinces, it is anticipated that the I 
same general geochemicai processes occur throughout the area.  
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1
1
1
1
1
1
1
1
1
1
1
1
1
1
1 
1 
1

Table 58.   Chemical analyses
recharge water (sample A)

(sample B) in the

Parameter

Ca (mg/L)         -
Mg (mg/L)         
Total hardness 

(as CaCO ) (mg/L)

HC03 (mg/L)      

Na (mg/L)        

S04 (mg/L)       

C At?  

r>Hptl
TDS (mg/L)       

Cl (mg/L)        
K (mg/L)         
F (mg/L)          
I (mg/L)         
Br (mg/L)        

Al (yg/L)        

n° \ Me/ Jj )
Ba (yg/L)        
B (yg/L)         
Cd (yg/L)         

Cu (yg/L)        
Fe (yg/L)         
Hg (yg/L)        
Pb (yg/L)        
Li (yg/L)        

Mn (yg/L)         
Mo (yg/L)        
Se (yg/L)         
Sr (yg/L)        
Zn (yg/L)        

U (yg/L)         
Ra (pCi/L)       

I/ Sodium adsorption ratio.

of samples representing
and a typical discharge

Powder River coal region

Sample A

i on
Q9

790
O£ 1

250

1,100 
3 9
J . 7 

6Q

i flTn

11

6.1
9.3
.5

.1

20

<6
on

<6
2,500

1 QC\

40

2 200A- 9 £  WW

2,000 
40

.30

.1

a typical
water

Sample B

1.9
.6

7

1,150

450

5.5 

73
8 -5

1,110
7 0

47
1.5

14
.07
.7

20

100
i / r\240

<5
30

*

20

10
12

160
200

no ,U7 
 )
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COMPARISON OF THE ELEMENT COOTFNT OF WHEAT
FROM FARMS IN TEJE NORTHERN GREAT PLAINS AND FROM
COAL MINE SPOILS AT THE BIG SKY KINE, MONTANA

Introduction

I
I

by James A. Eroman and Larry P. Gough I

 

In the tall of 1974 we sampled small grains Iron 71 farms
throughout the Northern Great Plains, including the southern eage   
of Saskatchewan, Canada. Our intent was tc learn about the | 
variability in the element concentrations of both hard red spring 
ano hard red winter wheat (Triticum aestivum L.) at various   
geographic scales. Eventually these uata will be displayed on   
maps, and baseline statistics will be given to facilitate the 
monitoring ana evaluation of chemical changes in wheat grown on 
the geochemically altered materials that might occur on reclaimed I 
surface-mined lands. Recent studies, have Demonstrated   
significant changes in the element composition of sweetclover and 
wheatgrass when grown on reclaimed land (U.S. Geological Survey, 
19/6, p. 4-9, p. 82-85; Erdmsn, Cbens, and Case, 1973). I

Three samples of wheat were collected in July, 1974 from 3 _ 
reclaimed spoil area at the Big Sky Mine in eastern Montana. The I 
.heat had been sown as a cover crop to enhance the establishment ' 
of perennial grasses. To our knowledge, this is the first report 
which compares the chemistry of a cereal grain grown in spoil   
material with the element composition of a similar grain grown   
throughout its ran^t of production. There is good reason for an 
interest in the effects of surface mining on agriculture in the   
Northern Great Plains. Projections indicate that surface coal I 
production will have the greatest increase in this region, even 
exceeding that in the Eastern or Appalachian Region (Carter, 
1976, p. 438). Mining reclamation regulations require that the   
land be returned to its former use which, in great measure, is   
small-grain production.

Methods |

Vvheat was sampled from storage bins located on 71 farms   
(tig. 25) according to an unbalanced nested analysis of variance I 
design similar to that described in U.S. Geological Survey (1975, 
p. 36-49). A grid of twenty-five cells 100 Km on a side was 
established over the coal province of the Northern Great Plains,   
and within each cell two of the four 50-km subcells available for   
sampling were selected at random. Finally, two random points 
were located in one of these subcells and one in the other. The   
grain samples were taken from the farm closest to each point on | 
the map. Samples from only 47 subcells out of 50 were obtained 
because wheat production w^ k not found in three of them. _

IdO I
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Figure 25. Grain sampling localities (farms) in the Northern Great Plains Coal 
Province. Cells with solid outlines are 100 km on a side; those with dashed 
lines are 50 km on a side. Wheat production is either too scattered or minimal 
in that portion of the Province occurring in Wyoming, and therefore was excluded 
from the sampling design.
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! I
Samples were usually collected with the aid of a 6-ft grain

probe which served to composite the grain that had been harvested   
over many acres. Such a composite sample, therefore, smoothed   
out any small-scale variability that might have occurred. The 
contents of the probe were placed in a one-quart ice cream   
container. |

The samples of hard red wheat from the Big Sky Mine in   
Rosebud County, Montana, were harvested by hand from three   
randomly-located sites on contoured and reclaimed spoil. The 
depth of topsoil was reported to be 15 inches, although only 4-6 
inches of topsoil appeared to be in place over the raw spoil. I 
These samples were submittec. wi«-h the other samples of wheat for   
chemical analysis. We cleaned all grain samples with a Carter 
Dockage Tester at the Grain Inspection Branch, Grain Division of   
the Agricultural Marketing Service, U. S. Department of | 
Agriculture, Denver.

Twenty of the 71 hard red wheat samples from the regional I 
survey were divided into equal parts prior to analysis in order   
to estimate the analytical precision, and the entire group of 91 
samples (plus the three samples from the Big Sky Mine) was I 
analyzed in a random sequence. This last procedure has the   
effect of transforming any systematic laboratory error that 
might occur into error that is effectively random.  

All chemical analyses were performed in laboratories of the
U.S. Geological Survey in Denver. A weighed portion of each _ 
whole grain sample was burned to ash in a muffle furnace in which I 
the heat was increased 50° C per hour to a temperature of 550° C   
and held at this temperature for 14 hours. The resulting ash was 
then weighed to determine the ash yield of the dry grains. The   
methods of analysis for the elements reported here are as   
follows: atomic absorption spectrophotometry calcium, cadmium, 
copper, potassium, lithium, silicon, and zinc; M 
colorimetric phosphorus; and fluorometric uranium. I 
Descriptions of these methods can be found in U.S. Geological 
Survey (1975, p. 74-78).

Results  

The analytical data for the wheat samples from the Northern   
Great Plains, and data cited from the literature are compared | 
with element concentrations found in several samples collected at 
the Big Sky Mine, Montana (table 59). Where comparisons can be _ 
made with the published reports, there is generally good   
agreement with our regional data; amounts of calcium, cobalt, * 
copper, potassium, phosphorus, and zinc found in our samples are 
in the range of those reported by other investigators.  
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I
Our data were transformed logaritlimically because most I 

element concentrations in plant materials tend to be lognormally I 
distributed. The geometric means given in table 59, therefore, 
are antilogs of the arithmetic means of the logarithms of the m 
analytical values. The geometric mean is a measure of central   
tendency in a lognormal distribution and, as such, estimates the 
typical or most common concentration in lognormally distributed 
concentration data. I

Whereas observed ranges are commonly given in the literature as a
measure of scatter, we have used the central or expected 95%  
range. This statistic estimates the range that 95% of a suite |
of randomly-collectea samples of an area (in this case, the
Northern Great Plains) should exhibit. The central 95% range has  
a lower limit equal to the geometric mean (GM) divided by the I
square of the geometric deviation (GD), and an upper limit equal
to the GM x the square of the GD, and is useo. here as an estimate
of chemical baselines in hard red wheat from the Northern Great I
Plains. This concept of baseline was first proposed by Ebens and  
others (1973, p. 6), who viewed this range to be a suitable one
in assessing geochemically anomalous or unusual samples. This  
concept was discussed in considerably more detail by Tidball and |
Ebens (1976). We have chosen, therefore, to define normal
concentrations as those that are within the central 95% range of _
concentrations found in comparable materials considered  
unaffected by pollution; anomalous concentrations are those that  
occur outside this range.

The data in table 59 suggest that spoil with a minimum of I 
topsoiling is affecting the element composition of wheat. Zinc 
appears to be high in wheat from the Big Sky Mine. Zinc levels   
are also anomalous in samples of sweetclover and alfalfa from J 
this mine when compared to levels in baseline samples 
(unpublished data of the authors). On the other hand, phosphorus 
and cadmium levels appear to be low. The low availability of   
phosphorus in spoil materials has been reported by Sandoval and   
others (1973), and phosphorus levels in crested wheatgrass from 
spoils at the Dave Johnston Mine in Wyoming were significantly   
lower than those in control grasses (U. S. Geological Survey, | 
1976, p. 82-85). The depressed concentrations of phosphorus in 
the wheat, therefore, were anticipated. Deficiencies of « 
essential elements can usually be corrected by soil amendments or   
foliar spraying. Possible excesses of trace metals in soils are 
more difficult to manage. The high zinc observed, however, may 
present no problem zinc is generally considered non-toxic to I 
animals (Sauchelli, 1969), or at least is only possibly toxic at .   
very high levels in the diet (Church and others, 1971). Probable 
dietary zinc requirements for ruminants are 30-40+ ppm, according I 
to Church and others (1971), and are even higher in dairy cows | 
(Sauchelli, 1969).
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GEOCHEMISTRY OF FORT UNION SHALE AND SANDSTONE IN OUTCROP IN THE 
NORTHERN GREAT PLAINS COAL PROVINCE

by Richard J. Ebens and James M. McNeal

Introduction

The Northern Great Plains Coal Province includes the lignite 
deposits in the Northern Great Plains of eastern Montana and 
western North Dakota ana South Dakota as well as the bituminous 
and subbituminous coal deposits in the Powder River Basin of 
northeastern Wyoming and southeastern Montana. Most of the 
strippable coal beds in this region are in the Paleocene Fort 
Union Formation. This formation consists of interbedded 
siltstone, claystone, and sandstone deposited in a deltaic 
floodplain-floodbasin environment. Any substitution, even 
partial, of these overburden rock materials for natural soils in 
areas of strip mining, may cause substantial changes in the 
chemical composition of tha surface environment in these areas. 
A knowledge of the geochemistry of potential overburden rock 
materials may indicate which, if any, of these materials could be 
substituted for soil with minimal chemical change.

To acquire this knowledge, a suite of shale and sandstone 
samples was collected from outcrops of the Fort Union Formation 
throughout the Northern Great Plains Coal Province during the 
summer of 1975. The sample design employed and some preliminary 
chemical data were described in U.S. Geological Survey (1976, p. 
94-100). Complete analytical results are given here.

Sampling design and analytical procedures

Samples for this study were collected according to a 
staggered nested analysis of variance design (Leone and others, 
1966). The sampling design, which is shown in figure 26, has 
five geographic "levels," one stratigraphic "level" and a "level" 
of laboratory error. Geographic variability was estimated by 
nesting 5-km celli within 25-km cells, 25-km cells within 50-km 
cells, 50-kin cells within 100-km cells, and 100-km cells within 
200-km cells. Laboratory error was estimated by splitting 20 of 
the 60 samples into two parts resulting in a total analytical 
load of 60. Sampling localities are shown in figure 27; each 
consists of a randomly selected outcrop of the Fort Union 
Formation within a 5-km cell. At ten of the 40 localities shown, 
two samples of each rock type (shale and sandstone) were 
collected from a str-ti^raphic section in order to estimate 
stratigraphic variability within each type.
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Figure ,16. Analysis of variance scheme for sa;np] iry shale and 
sandstone of the Fort Union Formation in outcrop.
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Pearson (1972).
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I
The two sample groups, shale and sandstone, were each I 

submitted to the laboratories in randomized sequence. Each   
sample was crushed in a jaw crvsher and then ground in a vertical 
Braun pulverizer with ceramic plates set to pass the 100 mesh   
fraction. All samples were analyzed in laboratories of the U.S. | 
Geological Survey, Denver, Colorado. Details of the analytical 
methods are described in U.S. Geological Survey (1975, p. 69-81,   
and 1976, p. 131-132). |

Geochemical variation ana baselines

Variance components and summary statistics for shale and   
sandstone are given in tables 60 and 61. Most of the variation 
in shale (table 60) occurs at local scales (within 25-km cells   
and across the stratigraphic section) except for sodium, which | 
has important reqJonal variation. In contrast, 15 elements 
(calcium, iron, magnesium, sodium, silicon, total carbon, cerium, _ 
cobalt, copper, gallium, manganese, nickel, scandium, strontium, I 
and zinc) in sandstone (table 61) have important regional   
variation.

The expected 95-percent ranges of elements included in I 
tables 60 and 61 can be used as provisional baselines or 
backgrounds. The lower limit of this range was calculated as the   
geometric mean (GM) divided by the square of the geometric | 
deviation (GD) and the upper limit as the GM times the square of 
the GD. _

A comparison of element concentratioas in soils from the * 
Northern Great Plains (U.S. Geol. Survey, 1976, p. 57-61, and 
Tidball and Ebens, 1976) with concentrations in shale and   
sandstone of the Fort Union formation suggests that aluminum, | 
boron, chromium, copper, fluorine, gallium, molybdenum, and 
nickel concentrations in shale are higher than in soil and   
sandstone. These data suggest that any land reclamation efforts   
in the Northern Great Plains should treat shale material as 
chemically suspect for soil replacement, whereas sandstone may, 
at least provisionally, be viewed as a chemically similar I 
substitute.  
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The variance mean ratio, vm , (Miesch, 1976a) was calculated 
to determine the feasibility of mapping those elements that have 
significant variation among 200-km cells. This ratio (tables 60 
ano 61) is an index of the stability of a map pattern. A ratio 
of one or greater indicates that differences among 200-km cell 
means are sufficiently stable at about the 80-percent confidence 
level. Maps of sodium in shale and of iron, magnesium, sodium, 
carbon, cobalt, copper, manganese, scandium, and strontium in 
sandstone are judged to be stable and appear in figures 28-33. 
These map patterns indicate exceptionally low values for iron, 
magnesium, sodium, and carbon, and a high value for silicon in 
sandstone collected from outcrops in the southeastern Powder 
River Basin. These differences reflect the increase in quartz 
and a general lack of feldspar, clay, and carbonate minerals in 
sandstone of this formation in the southern Powder River Basin.

A comparison of werage element concentrations in shale from 
cores (table 55) with shale from outcrop (table 60) shows no 
major differences. This indicates that total elemental content 
of "fresh" (core samples) shale is essentially the same as 
"weathered" (outcrop samples) shale in the physical and chemical 
setting of the Northern Great Plains. Most important, it appears 
that a suitable geochemical baseline (or background) for all 
fine-grained rocks in the Fort Union formation, whether cropping 
out or not, can be established from samples collected in outcrop.
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Sodium, percent

Figure 28.' Regional distribution of sodium in shale of the 
Fort Union formation. Values are means (in 
percent) of 200-km cells. Vm is index of 
stability.
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APPENDIX I

Fr_pb_a_b_lc__upper limits, of concentration to be expected in ordinary landscape nateriala of the Powder River Basin.

[The limits are estimated as those above which only about one Sam 
expected to fall due to natural causes alone. Values expressed a 
Limits given to two significant figures except those In parentl.es 
cant figure because they ire judged to be leas stable. Leaders ( 
lialt]

Property ( *ock j Soil Powde
| Shale Sandstone Surface Subsurface 1
i (1) (2) (3) i (4) (5) (6) i (7) (8) !

Al, 1      11 7.8 7.3 -- -- 7.7 8.2 12 

Sb         « -- -- (2) 1.8

As         i& 13 .. 12 17

Bs         1,600 1,300 910 990 1,200 890 1,000 1,400 1

ge         8.8 3.3   1.7 1.9 

B         160 120 57 54 50 60 -- 25

Br        

Ca, 1      15 (20) 2.3     4.3 11 4.2 

C(total), 1 - 5.2 (2) -- -- -- 2.2 3.0 2.6

Ce         200 (100) 

Cl        

Cr         140 130 98 69 71 87 110 (80) ( 

Co         25 (5) 16 10 13 18 16 11 6

Cu         97 (20) 31 30 36 49 90 (50)

F         1,300 720 730   -- 830 840

Ga         48 25 20 18 19   26 (26)

Ge         2.7 2.3 -- 2.2 2.0 

I        

F«, X       8.1 (1) 3.8 --   3.8 5.0 6.1 2

La         82 57 --   50   180

Pb         35 22 30 21 36 26 23 (20)

Li         79 25 -- 34 41 43 44 (20)

Mg, I       6.8 (1) 1.5 -- -- 1.6 4.8 (2) (

Ka         (3,000) (300) 830 560 500 770 810 480 3

s parts per million except as indicated. 
ea, which are given to only one signifi- 
  ) indicate insufficient data to estimate

terlali/

r River SediTent Plant Ash Ground
Sagebrush Lichen 1 Grass water

(9) (10) (11) (12) (13) (14) 1 (15) 1 (16)1 (17)

5.6 6.9 (10) 7.6 -- (6) 5.0 -- 35xlO' 7

,400 1,500 (1,500)   1,100 710 760   (.1)

16 41 90 460 400 -- 180 -- .34

.47 

25 16 (9) 2.0 (2) (<.001) 

3.8 3.0 5.5   11   6.1 (4) (.05) 

1.3 1.0 1.8

29

60) 75 190 73 39 67 (70) 

.3 4.3 8.6 6.1 5.1 6.5 8.6 (1) 

26 16 160 --   (100) 200 

17^ (501^ (100)^ (6)^ 3.1 

17 15 21       17

S.S^ --   .017

.7 2.5 3.9 2.1 -- 1.9 2.2   (8) 

(100) 

13 12 --   100 (200) (40) 

19 17 21   25 11 16 (40) .15 

.7) .97 1.2 3.4 -- 1.0 1.5 -- (.03) 

60 350 (600) 1,000 910 600 1,300 -- ;.8)

 >/ It 7/ - ' 1 1n*\ nAA ftAT ni7i' nv^£/ i is-' f r\L\*t e m\ ' '-t An,'ir\



Mo   

Mb -- 

Nl -- 

P, * 

K, I

Rb  

Sc-- 

Se--

Sl, 

Ai"

Na, 

Sr--

Th  - 

Sn  - 

Tl, I-

U   

v  

Ib  - 

Y-----

Zn  - 

Zr  -

27

64

86

5.9

300

22

(30) 

.36 

(.2) 

450

S(total), I  (.8)

(20) 

2.8 

.55

7.9

180

7.0

41

220

570

17 

12 

(80) 37

2.3 (3)

15

96

(5)

.30

.84 

(.4)

(200)

(.5)

12

2.3

.43

4.7 

98

6.1 

39

(90)

580

(100) (70)

14

.57

40

.86

230

.39

130

110

470

7.38

11 

(.4)

300

13

3.4

4.5

110

2.1

23

91

260

(50)

29

15

.42

280

15

3.0

4.8

150

2.5

27

110

240

38

8.1 (19) 18

49 (30) 11 8.3 16 28

2.5 

(4) (4) 2.8 2.5 3.3

15 20

.71 .58

38 40

3.3 5.7 (9)

.90

350

1.01

490

(.9) .68 

310 170

(.7) 

(200)

(.7) 

230

.39 .42 (.2) .16 (.3) (.6)

130 170 (200) 74 79

(3) 3.5 (4)

(30)   29

100 120 110 56

340 340 (100) 120

150

13

(97)

48 89 

(700) (4,000)

.29

120

18

29

38

1.3*'

12

.22

1,100

17

(.6)- 

(20)

.064

900

24

14

1.1 (3) 

3.4 (20) .0012

.S^ (.6^ (^.01)

39 (30) .0023

(.1)   .11

290 « (5)

.072l/ (.3)1/(4,03C^/

.16 .30

1.4 5.5

80 85

.29

2.0

110

(1) (.003)

52

610   (1.000) (400) (.8) 

104 110 (300)

8.7

In water only

Bicarbonate

Total hardness

Specific conductance, mhoa/c

Nitrate and nitrite

Sodlua adiorptlon ratio

Croaa f.pCi/l aa Ca-137

1.000 

(2,000) 

3,900 

(3) 

(100) 

17

Footnotes and referencea on next page.



APPENDIX I (continued) 

Probable upper Itmlts of concentration to be expected in ordinary landscape materials of the Powder River Basin

I/ Identification of landscape materials and sources of data (references at end of footnotes): 
~ (1) Fort Union formation, outcrops south of 44°N. Latitude (USGS, 1977, table 60, fig. 28).

(2) Do. Latitude (USGS, 1977, table 61, figs. 29-33).
(3) 0-2.0 cm depth,^2 mm fraction (USGS, 1974, table 1; USGS, 1975, table 1).
(4) 0-2.5 cm depth, <2 mm fraction (USGS, 1975, table 1).
(5) 15-20 cm depth, <2 mm fraction (USGS, table 9; Connor, Keith, and Anderson, 1976, table 1).
(6) "B-horizon", <2 mm fraction (USGS, 1975, table 6; see also Tidball and Ebens, 1976).
(7) "C-horizon", <2 mm fraction (USGS, 1975, table 6; see also Tidball and Ebens, 1976).
(8) 200u-2 mm fraction (USGS, 1976, table 5).
(9) 10Cu-200u fraction (USGS, 1976, table 5).

(10) 63p-100'j fraction (USGS, 1976, table 5).
(11) 63n fraction (USGS, 1976, table 5).
(12) Washed Arte^iisia trlder.tnta (USGS, 1974, table 1).
(13) Unwashed Arte^iisia tridpr.tata (USGS, 1975, table 1, except data for Ca, F, Hg, K, Na, S, which are unpublished).
(14) Washed Parrr.elta chlorachroa (USGS, 1975, table 1).
(15) Washed Bouteloua graeilis (USGS, 1975, table 1).
(16) Unwashed Fairway strain of Asropyron criststa-n (USGS, 1976, table 11; samples from near Dave Johaston mine only, southern Powder River Basin).
(17) From domestic or livestock wells, average depth 100 m (USGS, 1977, table 57).

2^1 Determined on dry weight. 

3/ SO^ only.

t\_l Radioactivity In picocurles/gram. Computed as 4.81(ppm U)+l.l(ppm Th)+8.5(7£). 
From John Rosholt (U.S. Geological Survey, written commun., 1976).

References:

Connor, Jon J., Keith, John R., and Anderson, Barbara M., 1976, Trace metal variation in soils and sagebrush In the Powder River Basin, 
Wyoming and Montana in Journal Research: U.S. Geol. Survey, v. 4, no. 1, p. 49-59.

Tidball, Ronald R., and Ebens, Richard J., 1976, Regional geochemical baselines in soils of the Powder River Basin, Montana-Wyoming: 
28th Ann. Field Conf.-1976, Wyoming Geol. Assoc. Guidebook, p. 299-310.

USGS, 1974, Geochemical Survey of the Western Coal Regions, First Annual Progress Report, July, 1974: U.S. Geol. Survey Open-file 
Report 74-250, 38 p.

USGS, 1975, Geochemical Survey of the Western Coal Regions, Second Annual Progress Report, July 1975: U.S. Geol. Survey Open-file 
Report 75-436, 132 p.

USGS, 1976, Geochemical Survey of the Western Energy Regions (formerly Geochemical Survey of the Western Coal Regions), Third 
Annual Progress Report, July, 1976: U.S. Geol. Survey Open-file Report 76-729, 138 p.

USGS, 1977, Geochemical Survey of the Western Energy Regions, Fourth Annual Progress Report, July, 1977: U.S. Geol. Survey Open-file 
Report 77-872, 208 p.



APPENDIX II 

Probable upper limita of concentration to be expected In ordinary landscape materials of the

Northern Great Plains

Tlhe limits arc estimated as those above which only about one sample in 20 of a randomly

parts per million (milligrams per liter in wnter) except ns Indicated. Limits given to 
two significant figures except those in parentheses, which are given to only one signi 
ficant figure because they are judged to be less stable. Leaders (--) Indicate data 
Insufficient to estimate limit"]

Landscape

"op-v     ghl . ROC1 Snnd3tone      SatL-
(1) 1 (2) O) (4)

Al, 1    11 11 7.8 (7)

A»       18 18 13

B       160 (70)   79

B»       1,600 (600) 1,300 

Be       8.8 3.1 3.3

Br        

C(total), ^ 5.2 6.8 (14) (10)

Ca, I     15 (8) (20) 3.5 (

frt

Ce       200 84 (100) 

Cl ........

Cr       140 (100) 130

Co        25 (20) (20) 11

Cu        97 (70) (40) 38

F        1,300 1,100 720 

Fe. X     8.1 6.1 (4) 3.7 3

C«        48 31 25

Ge       2.7 (2) 2.3 

HCOj ------

Hg        (.2) .20 .079 (.05)

K, I      5.9 31 2.3 (2) ( 

La        82 42 57

LI        79 45 25 33

Kg, I     6.8 (3) (6) 1.5

Mn        (3,000) 1,300 (2,000) (1,000) (2,

Mo        27 7.8 17 

Na, 1     (2) (2) (2) (1) 1

Nb        64 12 12

Nt       86 (70) (80) 30 (

p  ... . . .. ..

Mnterlnl-1-'

Sedlauent Ground Whcnc^'
water 

(5) (6) (7) (8) (9)

(8)   79xlO"7

91 -- .91

.024

1.1 

(6) (5) 

15)   (.02)   .042 

(.1) .067

.012 

81 -- -- (.03) 

12     (.06) .035 

35 -- -- (5) 6.1 

(4) (1) 

.8 -- .0004

1,500 

066     (.01) 

2) -- .0012 -- .53

39 26 .12 (.2) .20 

(4) (2) (.03) 

000) 

(3) 

.4 (2) .13

40) -- -- (.6) 

.41

30 « -- (.1)

RK .      ton i7n of, nnnt nnoi QI

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I



APPENDIX II (continued)

Northern Great Plains

Landsc
Rock

Pl^eiL> Shale Sandstone
(1) 1 (2) (3) (4)

on * / ft\ ' ( i\-£' < **\^l ..

C ** *>O /*>A\ / OA\

Se        ~ .36 .30

Si, *      (30) 32   (40)

Ag        .86   .84 

Sr        450 -- (400) (30C

Th        (20) (20) 12 (1C

Sn        2.8 2.8 2.3

Tl, X      .55 (.5) .43 1.2

U        7.9 5.7 4.7 (4)

V I Qrt / OAA\ Ofl

Yb        7.0 (4) 6.1

Z n        220 180 90 (10C

Zr        570 (300) 580 

Rad6./      (100) (80) (70) (5C

.ape Material!/
Soil Sediment Ground Wheac^'

water 
(5) (6) (7) (8) (9)

(.2)

(2)

(40)   .OOSl-'   .023

) (400) -- (2.3) 

) -- (10)

1.6 

(5) (6) (.05)   .0071 

(100) « -- (.02)

) 87 95 (.9) (50) 58 

)

In water only

Alkalinity 

Dissolved solids (180°C) 

Hardness (Total as CaCO-j) 

Temperature, °C 

pH (standard units) 

Gross B 

Specific conductance, mlcromhos/cm 

Sodium absorption ratio

(1,000) 

3,000 

(2,000) 

14 

8.9

is!/

(4,000) 

(100)



USGS, 1977, Geochemical Survey of the Western Energy Regions, Fourth 
Annual Progress Report, July, 1977: U.S. Geol. Survey Open-file Report 
77-872, 208 p.

I 
I

APPENDIX II (continued) 

Probable upper limits of concentration to be expected In ordinary landscape materials of the

Northern Great Plains

±1 Identification of landscape materials and sources of data (references at end of footnotes).
(1) Fort Union formation, outcrop (USGS , 1977, table 60, fig. 28).  
(2) Fort Union formation, core (USGS, 1977, table 55).  
(3) Fort Union formation, outcrop (USGS, 1977, table 61, figs. 29-33).  
(4) "A-horizon" , <2 mm fraction (USGS, 1976, table 9, figs. 15-27).
(5) "B-horizon", <2 mm fraction (USGS, 1976, table 9, figs. 15-27).  
(6) <150n fraction (USGS, 1977, table 18).  
(7) From domestic or livestock wells, average depth 30 m (USGS, 1976, table 13).  
(8) Grains of Triticum aestivum and T. durum (Shacklette and others, 1976).
(9) Grains of Triticum aestivum L. (USGS, 1977, table 59).   

2/ Determined on dry weight. I 
_3/ Radioactivity in picocuries per liter.   
4/ Total S.
51 As Si02 .  
_6/ Radioactivity in picocuries/grara. Computed as 4.81(ppm U)+l.l(ppm Th)+8.5(7JC). I

From John Rosholt (U.S. Geological Survey, written coramun., 1976). *

References:

Shacklette, H. T., Erdman, J. A., Harms, T. F., and Papp, C. S. E., 1976. 
Trace elements in plant foodstuffs in Oehme, F, W., ed., Toxicity of Heavy 
Metals in the Environment: Marcel Dekker, New York (in press).

USGS, 1976, Geochemical Survey of the Western Energy Regions (formerly 
Geochemical Survey of the Western Coal Regions) , Third Annual Progress 
Report, July, 1976: U.S. Geol. Survey Open-file Report 76-729, 138 p.
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APPENDIX III

Probnble upper limits of concentration to be expected in ordinnry landscape
materials ot the Oil Sii.-le Region

[The limits are estimated as those above which only about one sample in 20 
of a randomly collected suite is expected to fall due to natural causes 
alone. Values expressed as parts per million except as Indicated. Limits 
given to two significant figures except those in parentheses, which are 
given to only one significant figure because they are Judged to be less 
  table. Leaders (--) indicate data insufficient to estimate llroltJJ

Soi
IPlceancc 

Property Creek 
Basin
(1)

Al, %      7.0

B         (100)

UA *> *>f\f\

Be          (4)

C (total) , % 6.9

i-a, /. ------ {yj 

/+ *

p_ 1 C

Cr        (100) 

Cu        (60)

P Q1A

p e , ^       (3)

Ga        (40)

Ge        2.1

Hg        .17

La       

Li        (70)

Kg, % ------ (2)

Mn        650

Mo --       14

L^ndscane material!/
1
I'iceance 
Creek and Sediments 
Uintn B.isins

(^) (3) I (/O

12 -- (8.0) 

18 20 

(70) (65)

(1,000) 1,300 

3.3 5.9

6.7 (6) 

(10) 9.2

(10) 14 

130 180 

59 33 27

1,300 30

(4) 3.5 

(30) (23) 

1.5

(3) 3.6

90 (60) 

3.4 (2) 1.9 

(500) 400 

9.7

/M fT»

Sagebrush ash, 
Green River Basin

(5)

4.7 

.6*2/

(260) 

670

13 

6.7 

4.6
 

34

160 

332/

1.4

.034^ 

36

27 

(2) 

750 

14 

 ii



APPENDIX III -- Continued

Probable upper limits of concentration to be expected In ordinary landscape 
materials of the Oil Shale Region

Property

Landscape iriatcuialJL/
Soil

Plceance 
Creek 
lias In

(1)

Piceftnce 
Creek and 
Uinta Basins

(2)

Sediments

(3) I (4)

Sagebrush ash, 
Cruen River Basin

(5)

Hi ........

P, *      

pL

Rb     -----

S (total) ^

Sb   ----- -

Sc    -----

Se ------

Sn      

&1, £ .--.-

Sr      

Th       

u .........

v .........

Y .........

Zn --------

Zr ........

Radl/     

59 23

160

1.7

12 

.59

3.0

(30)

510

15

(.4) 

4.8

100

(20)

(6)

(100) 

410

(70)

\IOI

100 (24) 21

.10 -- 4.8

(20) 26 73

.212'

(20) 13

.0722'

19

(700) 560 770

1.5

(100) 110 64

(40) 30

(4) 2.9 

660   560

(400) 390 130

\_/ Identification of landscape materials and sources of data (references at end 
of footnotes):
(1) Bulk surface soil (U.S. Geol. Survey, 1976, tables 15, 16).
(2) <2 QUO alluvial Boll, 0-40 cm depth (U.S. Cool. Survey, 1977, tables 9,10).
(3) <150u fraction (U.S. Geol. Survey, 1976, tables 18, 19).
(4) <150" fraction (U.S. Geol. Survey, 1976, table 20).
(5) Unwashed Arterclsia trldcntata (U.S. Geol. Survey, 1976, table 7).

_2/ Determined on dry weight.

3f Radioactivity In plcocurlcs/grnm. Computed as 4.81(ppm U)+l.l(ppm Th)4-8.5(S K), 
From John Kosholt (U.S. Geol. Survey, written comntun., 1976).

References:

USGS, 1976, Geocliemtcal Survey of the Western Energy Regions (formerly 
Gcochcinlcal Survey of the Western Coal Regions) , Third Annunl 
Progrens Report, July, 1976: U.S. Geol. Survey Open-file Report 
76-729, 138 p.

___1977, Georlicmlcal Survey of the Western Energy P.oglons, Fourth 
Annunl l'ro,,res.i Report, July, 1977: U.S. Urol . Survey Open-flic 
Report 77-072, 208 p.
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AI'PKNDIX IV

Pl'ohaH 1 e up^t -i" 1_I n 11 H of concen t r :M ion to he expe rj ejil_1 n some ordinary landscape 

jjinl erlala of the Bir.horn nnd Wind Uiver Hanins.

[The limits i\rc estimated ns those .-ihnve which only nhuu! one snmple in 20 of a 
randomly selected suite is expected to fall due lo natural causes nlom 1 . VdlucB 
cxprossod as parts per million cxcrpt ag indtc.-itcd. Limits c.ivrn to two elp.nl- 
ficant flj'ni'os except those in p.-in-nthcscs, which nro t-ivpn to only out- sip.nifl- 
cnnt figure iH'cmiro they arc judj-.^ci to he less staMo. leaders {--) Indicate 
Insufficient dntn to cstlm-nte liivlt]

JHi-liorn_ll:isln Wind Rtvyr Basin 

IToprrty _______________Joi.t}_____________________Soil-'-

Al, *      -   6.2 (6)

A3 .............. - 8.9

B ............... 76 45

Be .............. 1.3 3.1

C (total),  /. ---- 3.5 1.8

Ca, "i -----     7.8 6.5

Co -------------- 9.6 10

Cr -  .......... 120 (80)

Cu   --------- Al JO

Fe, 1. ----------- 3.0 2.5

Ga .............. 19 22

H g ..........   .039 .032

K, I -    ------ 2.0 (2)

La .............. 44

Li    ......  27 29

Mg, 7.   -----   1.5 1.3

Mn -------  ... 660 (500)

Mo -.....-----. 8.1 (8)

Na , i ........... 1.1 1.9

N t ........     36 (30)

Pb    ----    12

Rb        --. 72

Sc .  .......... 12 9.1

Sr  -----     390 580

Th .  .......... 12 21

Ti, % ----    -   .36 .30

U ..   ......... 3.9 (3)

V ............... HO (70)

Y   ------   -. 28

Yb ---------  4.2

Zn ........  ... (90) 66

Zr .............. 420

Hnd 3-'--   ------ (50) (50)

I/ 0-40 cm depth O'SCS, 1977, t.ihles 50, ',?). 

2_/ 0-40 cm depth (TSC.S, 1977, t.-ihles 51, 53).

2/ Until one tivity in pirocnr lo^/f.r.lm. Computed nn 'i.HKppm IP) 4-! . ICppm Th) 
JR. r>(','.K), From John Koiholt (U.S. (tool. Survey, written contnun., 1976).

Ref e

lir.flS, 1977, Oochemlcal Survey nf tin- Western Diorp.y Regions, Foul I ll 
Aiinii.il Pri>c.re.'i!i Reiiort , .luly, 1977: U.S. Cenl. Smvry Open-file 
R. port V7-872, 2011 p.
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The GE, if available, can be used to correct for laboratory error 
hidden in GD. Where possible, GD prior to undertaking any of the above 
calculations should be replaced by GDn , computed as follows:

GDn - Antilog >J(Log GD) 2 - (Log GE) 2 (2)

Although the use" of logarithms and square roots may be bothersome, reason 
ably-priced hand calculators are available for solution of such functions.

The following example will help clarify the ideas expressed above. 
Forty-eight samples of about 200 grams each collected from the top 2.5 
centimetres of soil in the Powder River Basin of Wyoming and Montana were 
analyzed for uranium. The frequency distribution of these samples is given 
below. The asymmetry of the distribution suggests that the properties of 
the distribution should be summarized on a logarithmic basis. The expected 
value (GM) is computed as 3.0 parts per million (ppm). The GD for this 
study is 1.28 and the GE is 1.04. The correction of GD (equation 2) gives 
a GDn of 1.276. Based on this value, the 68 percent range (to two signi 
ficant figures) is estimated as 2.4 to 3.8 ppm uranium, the 95 percent 
range is estimated as 1.8 to 4.9 ppm and the 99.7 percent range as 1.4 to 
6.2 ppm. The limit above which one sample in 10 of a random selection is 
expected to fall (equation 1) is 4.1 ppm, the limit for "1 in 20" is 4.5, 
for "1 in 50" it is 4.9, and "1 in 100" is 5.3 ppra. Conceivably, any of 
these upper limits may be acceptable as an upper level of uranium for 
"ordinary" surface soil in the basin depending on the reason for the study 
and the reasonings of the investigator.
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