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

An attempt to assess metal pollution requires, at the very least, some
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
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
the range GM/(GD)3 and GM.(GD)3. Clearly, if one of these ranges is used
to define the ordinary range of metal ccncentration, 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.

Conventionally, in pollution studies little interest is attached to
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,
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

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,
respectively, The concentration of the chosen limit is found by computing

Log L (equation 1) and taking the antilog.

(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 ancd Wind River Basins, the oil shale region
of Colorado, Utah and Wwyoming, and the San Juan Easin of New
Mexico (fig. 1). These units include bedrock formations, stream
sediments, grcund waters, and soils and plants of various kinds.
Complete or partial chemical data have been received and
evaluated for 30 of the 36 units; prcbable upper limits ot
concentration to be expected in these materials are given 1in
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
gescribed in this report includes a brief examination of
downstream geochemical effects below an abandoned strip mine (p.
6-13), additicnal 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 aata 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,
1576) .

The wealth of geochemical data generatea in this work over
the past four years should prove helpful tc researchers
requiring a knowleage of ©probable background geochemical
compositions ("baselines"). Such data have proved to be of
particular use in a number of limited circulation documents
written in suppert of Federal environmental impact werk in the
western United States (Sargent and Hansen, 1976; Connor, 1977a,
1977b; Hayes and others, 1977).
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Figure 1.--EXPLANATION

Map unit Material sampled Reference
1, Northern a, Sandstone This report, p. 185-197,
Great b. Shale This report, p. 169-172, 185-197.
Plains c. Strip mine spoils, U.S. Geol. Survey (1975, p. 29-35).
sweetclover
d. Soil U.S, Geol. Survey (1976, p. 57-81).
e, Soil availability This report, p. 98-143,
f. Soil, soil parenbl/ U.S. Geol. Survey (1974, p. 6-29;

i
:
k.
2, Bighorn and a.
Wind River
Basins
3. 0il Shale &,
Region b.
C.
d,
4, San Juan a,
Basin b.
5. Western a.
United
States

Stream sediments /

Powder River sedimentsl

Ground water

Wheat

Sagebrush, lichen,
grassl/

Soil

0il shale
Soil

Stream sediments
Sagebrush

Soil
Saltbush, grass, snakeweed

Sagebrush (west of line)

1/ Powder River Basin only.

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)
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Figure 2,--EXPLANAT ION

Material sampled

S

> X 4

O

Reference

Shale, cored overburden
(Locations: 1, Bear Creek
2, Otter Creek
3. Dengate
4, Dunn Center
5. Estevan)

0il Shale
(Core hole Juhan 4-1)

Ground water
Pond water, sediments

Strip-mine spoils and cover
crops
(Mines: 1, Dave Johnston
2, Welch
. Big Sky
« Savage
. Beulah
Velva
Kincaid
Utility)

oNOOUBVPW

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)




SEDIMENT AND WATER CHEMISTRY IN MINED AND UNMINED WATERSHEDS,
HIDDEN WATER CREEK AREA, WYOMING

by Toad K. Hinkley and Howard E. Taylor

Introduction

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. Cne
watershed was disturbed by surface mining activity over one-thira
of the area. This mined area was abandoned without reclamation
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

The two ponds stuaied are located about six miles northeast
of Ranchester, Wyoming, on the Monarch 7% topographic quadrangle
map (fig. 3). The pond in the mined watershed receives drainage
from a larger area than the pond in the undisturbea watershed.
At least one coal bed (the Carney Bed, which may be an aquifer)
1s 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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Figure 3.--Location of ponds (p) in mined (M) and

unmined (U) watersheds of the Hidden Water
Creek area,




Samples and Analytical Methoas

Seaiments from the ponds and from parts of the beds of
streams draining into them were taken tc a depth of about 15 cm
with a plunger-corer, by wading or from a boat. These samples
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 bags. Each such
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 ana 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
(without sieving) and subsampled by cone and quartering
techniques. Subsamples were ashed at 350°C for two hours and
analyzed by semiguantitative emission spectrography in
laboratories of the U.S. Geological Survey in Menleo Park,
California using technigues 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. 2ll
samples were analyzed in a randomized 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, for both the undisturbea
and the mined watersheds, are presented in Table 1, on a adry
weight basis.

Ash content 1is generally high, except for four samples from
the mined watershed which containea abundant visible coaly
material. Data on composition of pond water, as well as other
types of water in the Powaer River Basin, are given in Tables 2
and 3.
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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/l, milligrams
per liter; ug/l, micrograms per liter]

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

Total hardness (mg/1) 2700 2100 2500 2300

Sulfate (mg/1) 2700 2100 2300 2600

Residue (mg/1) nd 3150 3510 3670

$10, (mg/1) 13 18 11 7.9

Total Fe (ug/1) 190 40 2000 580

Mn (ug/1) 60 290 30 260
13




Results and Discussion

Within the 1limits of the accuracy and precision of the
analytical techniques, there are few clearly recognizable
aifferences 1in chemical character between analogous materials in
the mined and unmined watersheds, or even between samples of
cifferent type. The channel samples from the mined area appear
to contain perhaps half of the amount of aluminum, potassium,
magnesium, chromium, lanthanum, niobium, and gallium tound in the
channel samples from the unmined area. These differences reflect
dilution of shaly detritus by coaly material. This relationship
1s not observed for other major, minor ana trace elements and the
reasons are unclear. ptore precise analytical techniques could,
no doubt, resolve differences among the materials sampled, but
the present methoa clearly shows that mining in the one basin has
not led to gross geochemical differences in sediments which
parallel or approach in magnitude the eleven-fold difference in
sediment yield rates observea between the mined and unmined
watersheds (R. F. Hadley, personal comm., 1577). 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
mining in other areas.

In contrast to the chemistry of poncd 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
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. water in the
pond of the unmined watershed is meteoric (surface water) with
moderate additions of solutes derived from solia surficial
materials; and weter in the pond of the minea watershed is
provided by sources of rather hard, sulfate-type grouna waters
typical of the grounu water of the Powder River Basin-Northern
Great Plains area. The geologic relationships notea 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 surficial sources and a contribution
of additional solute material from leaching of unconsoliaated
spoil materials.

The chemistry of the water in the pond of the uninined
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.

12




Chemistry of the pond in the mined watershed is clearly most
similar to the calcium-magnesium sulfate type ground water shown
in Table 2. But the same chemistry could be due to a combination
of surface water influx and leaching ot solute from spoil
materials with evaporative concentration and possible
contributions of other ground waters of the sodium-bicarbonate
type and sodium-mixed 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
recqox potential and metal solubility related to eutrophication
and algal activity, or to unknown sampling and sample preparation
and analytical errors such as variation in filtration ana
acidification techniques. 1In general, the consistency in total
concentration of solute hints that seasonal variaticn in chemical
properties is due to processes within the pond environment.

Further Work

Acditional knowledge of local hydrologic parameters 1is
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 aguifers 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 trenas 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 aistance 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 for this report. Eight traverses
of the kina 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 spreaa 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
to 64 km, but difficulty in locating the sampling target forced
truncation of the SW and WNW traverses to two andg 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 scil sample in this study consisted of a
composite of material from 5-20 cm depth.

14
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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 lakoratory drift. All samples were analyzea
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. Cary, J. Crock, I.Frost, J.
Gardner, P. Guest, J. Hamiltcn, T. Harms, R. Havens, J. Bemming,
C. Huffman, Jr., R. Knight, M. Malcolm, V. Merritt, H. Millard,
W. Mountjoy, C. Papp, G. Riddle, R. Van Loenen, R. Vinnola, J.
wWahlberg, R. White, and T. Yager. The analytical results are
given in tables 4 ana 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 equaticn useG 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 MW 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 dgata
were replacea by values approximately egual 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 sagebrush (Artemisia cana) and

soil accounted for in terms of logarithmic distance from the Dave Johnston Powerplant

[A, sapebrush ash; DW, sapebrush dry weight; S, sotl (5-20 cm depth); percentage
indicatcs a decrcase in concentration with distance unless it is in parentheses,
when it indicates an increasc in concentration with distance; blank, distance-
related variation is not significant at the 0.05 probability level; elements
ending in "-§8" were determined by scemiquantitative emission spectroscopy]

Direction of sampling traverse

North Northcast Fast _ _Southeast South West
Coustituent A DW S A DW S A DW S A DW S A DW S A DW S
Al = § =emvemnnn 34 (44) s S 33 36 76 83
TYe LR T R (48) (49) 43 71
FO AR 61 33
BeS ecocencnn 62 50 45 32
TR R 53 33
(42)
(30) (44) 32
36
(37) 39 S0 31
(63) (58)
47 37 (50) (37) 80 83 48 45 74 86 (31)
(36) ' 3% (47)
30 82 (37) 93
(52) (31) 63 70 34 69 76
(55) 66 69 80 88
(58)
RN b 43 (42) 32
K Secicecsdcnan (42) 37 37
LI sencanincncs 61 ' %57 87 89 30 (42)
Mg = § ==ceceen (60) 44 47 (31) 33 44 (38)
HRO wecmmmnncnn (52) (30)
Mo =8 samccens 32
Mo = § =eeceeen 44 36 3
. RO —. 32 (65) (71) 31+ 5% 36 41
g = 8 enesnbes 60 (32)
51 52
49 39 (47) (36) (40) (33) 30
L 35 45 . 45
40 31
45 33 38 51 31 30
55
65 43 45 31
(58) (42) 85 84 77 9%
(37) 63
75 74 40 49 53+ .93
(57) (41)
(36) 65 35 (44)
(34)
55 46 (78) (73) 87 86 49 49 71 82
55 50 (30) 73 81 57 56 52 42 88 90
Vo8 cmmennnnn 56 48 (53) 89 88 5151 76 85
B B S ol (58) 75 75 47
Yb = § mmcemenn (35) (63) 45 57 46
B} 6 mmmiknsnewn (35) (48) (25) a8’ ‘35 3230 (A1)
B & B ensrisun (48) 57 66 38 40 66 71

1/ Plant material determined on dry weight.
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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, and 2Zn 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
W. The elements Si, Al, Mg, and Fe compose most of the flyash
with As, Sk, Cr, Pb, Ni, Se, Ti, Zn, and Cd among the other
elements that are enriched (Swanson, 1872; also see table 11,
this report). Ti and Si (figs. 5 and 6) exhibit statistically
significant decreases along the E, SE, and W traverses. Both
these elements have been associated with soil-aust 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, 1976) but in this
work, the S traverse is the only one along which Se was found to
decrease in a statistically significant manner. The difference
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 elevatea 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), ana
because the strip mine which feeds the powerplant is locatea 24
km north of the powerplant, dust contamination from the mining
activities might be responsible (the dominant wind 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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The elements with statistically significant negative trends
in the soil material are:

Element Traverse
B SE, S
Ba SE
Mo N
Na NE
Na,O N, NE
Sr NE

The increased concentrations of Na, Na,0, ana Sc near the
powerplant along the N and NE traverses might reflect stack
emissions, change in the geologic substrate or windborne material
from the flyash pile or from scil, but the element association is
not sufficiently distinctive to identify source. The negative
trends in B and Ba to the SE and S are similarly difficult to
interpret.

Twenty-seven elements in soil increase in concentration with
distance along five cf 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
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 anc¢ shale of
Tertiary age. The element increases seen in soil thus likely
reflect this change in bedrock 1lithology from an element-poor
substrate to an element-rich substrate.

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.




CHEMICAL VARIATION IN ALLUVIAL SOILS OF THE OIL SHALE REGICN

By Ronald R. Tidball and Ronald C. Severson

Introduction

A reconnaissance geochemical 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. We
cetermine 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: 1lst order is at the headwater, 2nd order
is the merging of 2 or more lst-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 randomizeG-blocks type
with replication in each block was used. 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
defined as a segment of valley extending 250m along the stream
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ana 50m on either side, was randomly selected along the length of
the SV. Each sampling locality is represented by one sample; a
channel sample of the soil material from a depth of 0-40cm. The
samples are designated in table 7 as Xa11, Xa12, etc. The
physiographic types represented within the locality were either
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 1in 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 rejectea 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 frecuency distributions are
more nearly normal on a log scale.

The randomized-blocks design (Bennett and Franklin, 1954, p.
368ff; Snedecor and Cochran, 1967, p. 299ff) was used to test the

effects of each factor ana their interaction. Interaction
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
shown for the test of ditferences between wS and the test of
ditferences 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 tinite
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
A B C D E

i Xa11 X511

B

s Xp12 Xp12

o

Ky wod X
A21

§ .

= A22

1

- >

< 3 Xg31

-

2 Xg32

Source of variation Degrees of freedom Average value of mean square

Between SV orders (p-1) = 2 o? + n(l-%)gxz + nqoe 2
Between WS (q-1) = 4 c? + npgnz
Interaction (p-1)(gq-1) = 8 - nckz
Within cells (error) N-pg = 15 o2
Total N-1 = 29
Tests:

c? + n(l-%)cr)\2 + nqo 2

SV orders: = F(2,5,,05)" >5519

g- + n(l'%)c)Z

2 2
N
WS Ty T = F(4,23,.05) >2.80
o? pooled
. ncxz
Interaction: ———y—— = F(8415,.05) >2.64
o




Table 8,--Methods of analysis, variance components, and estimates of n., E,
and E' for alluvial soils of the Piceance 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. n,, number of random samples required in each
Wws. E., maximum acceptable variance of the mean within WS, Eg,
observed variance of the mean within WS, Asterisks, significance
(*) at ,05 and (*%) ,01 probability levels, Leadered entries

(==), no calculation made because of zero variance component for WS]

Percentage variance components

Method of SV- Within Analytical
Element analysis WS order Interaction cell error n_ Er ES
Al-veccnce= S 12.7 0 1.35 68.5 17.4 21 4.15 14.6
Ag=-=ncea- XRF 10.9 0 5.2 46.0 4,96 25 3.57 14.9
Bes~mmnma= S 19.4 0 13.8 33:8 33.4 37 2.18 138
Commmmmnen IF 4,04 0 6.42 88.5 1.02 >60 <1.60 16.0
Camemmmcne S 36.2%%  6.44 0 19.8 313 7 8.18 9,56
Co==mmmmna S 27.0%* 0 0 53.7 19.3 9 8,11 1232
Cremeeene- S 33, 0% 0 0 38.3 8.70 >60 o o e G
Cusmeecnna S 0 0 15.4 49.8 34.8 - - -
Formcneua- SIE 7.54 0 0 90.0 2.44 >60 L1094 15.4
Fe=m===w== S 33.0% 0 9.43 42.3 15.3 8 8.38 11,2
PR T S 20.7% 0 0 T2 2 7.01 13 €30 13:2
Ge=======-- XRF 6.20 0 0 67.0 26.8 >60 <1.56 1536
7 PR AA 19.5 0 0 80.0 .531 14 5.75 13.4
Mge=mmm——- AA 10.5 0 0 89.5 .069 27 3,32 #1648
Mo======n= S 2.02 1155 0 69.2 27.3 >60 L6l 16,1
Na===mm==- AA 32.8%  6.54 9.45 50.7 .541 8 7458 10.%
Ni-eeeonea S 33.1%* 10.1 0 33.4 23.5 8 7.11 9.48
Pbemmmme== S 17.9 0 24.6 44 .4 1952 15 S.47 <3357
Rbeememenn AA 26.0% 0 0 70.3 3.78 10 7.40 “12:3
The=e==m== NA S.23 2,92 0 70.8 21.0 >60 <1;93. 25,3
Timmmememan S 20.9* 0 0 64.7 14.4 13 6.09 13.2
Unemeonnna NA 0 0 0 76.5 232D - - -
IN=mm-———— AA 15.0% 0 0 84.0 . 966 18 4,72 1h. 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 pooled estimater over all
watersheds that excludes analytical error. Number in paren-
theses: (1) Nine-mile Creek, Uinta; (2) Two-water Creek,
Uinta; (3) Evacuation Creek, Uinta; (4) Roan Creek, Piceance;
(5) Piceance Creek, Piceance. Underscore, significant groups
of means by Duncan's test]

Geometric Geometric

Element deviation error Ranked geometric means
(3) (5) (2) (4) (1)
Ca, percent-- 2.08 2:33 13 1 8.55 8.9 12.8
(3) (1) (2) (5) (4)
Com=mmmmnmnnn 1.25 1.14 6.0 6l Tiad 8.7 9.1
(.3) (1) (2) (4) (5)
Cr-=-===---== 1.39 1.14 35 44 45 58 75
(1) (2) (3) (4) (5)
Fe, percent-- 1.24 11 1.9 220 253 2.8 gl
(3) () (25 (4) (5)
Ga===-=-r==== 139 : g it 11 14 16 17 20
(3) (4) (2) (1) (5)
Na=-====ceu-- 157 1.04 .51 1.0 19 1.1 152
(2) 3) (1) (4) (5)
Ni=eooooenee- s B 1.19 16 17 18 26 26
(3) (1) (2) (4) (5)
Rb===-==-ccumn EE21 100 71 78 92 92 102
(3) (1) (2) (5) (4)
Ti, percent-- 1.26 112 .29 .29 37 .40 .40
(1) (2) (3) (5) (4)
In======-====- 1.37 1.03 55 95 60 79 80




Results

Tests for signiticance 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 measurea.
Significant differences (at the 0.05 probablity level) were found
between WS for Co, Fe, Ga, Rb, Ti, and Zn &t the 0.05 probability
level and Ca, Cr, Na, and Ni at the 0.0l probakility 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. Ditferences between other means
were tested by Duncan's test (Duncan, 1955); these differences
are shown 1in table 9. The WS nmeans, 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 & generalization
means for WS 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 end of the range.

Are the individual means as estimated from the present data
sufficiently stable (reproducible) to describe the aifferences in
element concentration between the 5 WS? 1f 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 E,., the
maximum acceptable variance of the mean within a WS. The observed
variance of the mean within a WS, Eg, is estimated from the
variance components given in table 8, and will exceed the maximum
accpetable variance if the number of samples 1is too small.
Accordingly, the threshola of stability is definea by the
ineguality, E,E.. The calculation of Eg is as follows:

K + K K
ik e a
E = +
S nen N e Nen
Lo SV a

where K; is the percentage variance component for interaction, K,
is the percentage variance component for within-cell error, and
K, is the percentage variance component for analytical error. The
n's are the number of items that contribute to the estimate of
the respective variance components.

61




When the appropriate values of the n's are used, the
equation reduces to:

A G

IS 6

where n, is the minimum number of random samples required within
each WS. The value of n 1is 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 E_, EK’ and n. are shown in table 8. Without
exception, the observed variance exceeds the maximum acceptable
variance for all elements; none of the estimated WS means 1is
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]

Geometric  Geometric Geometric Expected 95% range
Element mean deviation error

Al, percent---- 7.6 1.41 115 4.1-14

B e o i 9.3 1.58 1l 3.8-23
Be====emccnannn 2.0 1.48 123 1.0-3.9
C, percent==--- 2.8 1.74 1.06 .93-8.4
" e i T 30 1.79 1.41 12-77
ey R SRSy X 610 1.69 1.09 215-1700
Gemmmmcmmmmmm e 1.1 1.2¢ 1,416 .75-1.6
Lismmmecccmnnee 37 B 1.04 12-116
Mg, percent---- 1.4 174 1.02 46-4,2
MO = o sl 1o il 5¢7 1.64 1323 2.3-14

o i e 12 1.69 1.18 4.4-32
e s e e ot ik 9.3 1.53 1518 4.2-20

3 Pt e A 3.5 1.31 1.0 2,1-5.7




Discussion

The distribution of the variance within the sampled
population indicates that the larger part is within cells
(error), 1i.e., between localities of the same SV order within a
given WS. We believe this results from the influence of local
sediments derived from side valleys or from local colluvium being
superimposed upon the contributions from upstream sources.
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 1is 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 Creat Plains). The failure to
demonstrate interaction means that differences between SV orders
in one WE 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
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
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
near the basin margin at the headwaters of Nine-mile Creek may
account for this anomaly. The low Na concentration in Evacuation
Creek soils (3) is unexpected, inasmuch as nodules cf nahcolite
(NaHCO;) have been dissolved from solution cavities in the
sandstone cliffs along the valley sides. Such solution, however,
appears not to have visibly affected the scil chemistry. Reasons
for the distribution of other elements are unknown.
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TRACE ELEMENT EMISSIONS, DAVE JOINSTON POWERPLANT, WYOMING

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;
Gordon 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 1n some concentration, however
small. A more important concern, in an environmental context, is
not if an element can be measurea in the emissions, but whether
1ts effects can be observed in the local environment. Connor,
Keith and Anderson (1976), Gough and Eraman (1876), and Anderson
and Keith (this report, p. 14-54) have found an unusually large
nunber of element trends in native vegetation near the Dave
Jchnston powerplant in Wyoming which indicate that the powerplant
is acting as an element point-source in the local lancdscape.

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. 8. 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 1is probably
realistic.
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Table 11.--Percentage of total geochemical variation in dry weight of three species

of native vegetation describable 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 decrecasing trend downwind; nd, no data]

Sagebrush Sagebrush Lichen
(Artemisia tridentata) (Artemisia cana) (Parmelia chlorochroa)
Collected Collected Collected
Element May 25, 1973 Sept. 11-16, 1974 Nov. 9-10, 1974
Aluminum====v=- 32 77 42
Antimony-=----- - 43 -
Arsenic-===---= ? 43 wies
Calcium====mv=-u - -- 77
Chromium======-~ 30 83 42
Cobalte~smemumx 39 50 nd
Copper====«==-= 31 34 -
Fluorine-===--= —-’l/ 82 56
Gallium====~=== 47 69 48
JioNeeeecmcmcen 23 70 -
Taad-scmsnsones - o =
Lithiume====n=w 42 89 61
Magnesjium==-~~-~ ~- 32 45
Manganese~==-~-=- - - 44
Nickel-=====u-u 30 -- --
Phosphorus=-~~-~~ - 35 -
Scandium=====~~ ? 84 o
Selenium======-~ 82 -- 61
Silicon======== --l/ 74 -
Sodium-===~==-== ~-- 51 -
Strontium==~=--=~ 64 -- 91
Sulfur--=-=-~-=- 72 55 nd
Titanium===~==~ 46 86 47
Uranium==--=~=-= 46 81 52
Vanadium=====-= 52 87 39
Ytterbium=-=~--~ nd 57 35
Yttrium-==-~--- nd 75 49
AN s ik i 51 - --
Zirconium==~=-=~ 23 66 --
1/ Tog-linear trend is not significant at p4 05, but log-curvilinecar trend is.
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Figure 8. Statistically significant decreases with distance
of fluorine in three species of native vegetation
downwind of the Dave J ohnston Powerplant, Wyoming.
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Figure 9,.,--Plan view of theoretical §round-1eve1 air concentrations in
nanograms per cubic meter (ng/m’) 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:

¥ (1+q)109Q7Axp(_. y2 _ n? )
MBS 8, 252 952
y 85 S5

Air concentration at ground level, in ng/m3

Reflecting character of plume = 0 (an intermediate case)
Stack emissions = 50 g/sec

Wind velocity = 1 m/sec

neg om0
0w ouu

= Lateral dispersion of plume: in unstable air, Sy = 0.2x
y P X in neutral air,’ Sy = .06x

in stable air, Sy = .05x
S, = Vertical dispersion of plume: in unstable air, S, = 0.2x
in neutral air, S .03x
in stable air, S .0lx

z
¥4

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
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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, for example); this
is in accord with the plume effect as diagrammea (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 scurce 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 scme 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, flyash, typical illite (a
clay) and coal after ashing. Silicon, iron and eluminum are
wldespread and important geologically but generally, except at
trace levels, unimportant biologically. The soil, vegetation ash
and flyash all were collected within 10k of the powerplant. The
ashed coal represents ccal from the Northern Great Plains
(Swanson and others, 1976).
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Figure ll.--Proportions of silicon, iron, and aluminum in
samples of surface soil (0-2.5 cm depth), sagebrush
(Artemisia tridentata and A, cana), ground lichen
(Parmelia 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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Vegetation ash, flyash and illite all have about the same
ratio of iron to aluminum ( 1:9) as the local soil. The ratio in
the ash of Northern Great Plains cocal 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 1local
environment, its 1ron 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 reascnably serve as contaminant
sources insofar as their ratios of iron to aluminum are
concerned.

The local soil, which 1is 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 chaft
trom grain by air suspension). In terms of figure 11, the
aluminum to silicon proportion of the local soil can be easily
approximatea by a mixture of 2 parts guartz to 1 part illite or
similar material. This suggests that if airborne coil dust is
contaminating the surrounding vegetation, the contaminating dust
probably consists largely of the argillic (non-guartz) part of
the soil, ana that this argillic part comprises perhaps one-
third 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
powerplant. Table 12 lists the median element concentrations
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
trection, then its chemistry will be approximately egual to two
to three times the concentrations observed in the total soil,

except tor silicon. Silicon will be decreased 1in this
hypothetical airborne fraction by an amount egual to the one-half
to two-thirds of guartz left behina. When so estimated, this

hypothetical airborne fraction of soil dust is seen to be
camnpositionally similar to flyash, except that tlyash is
distinctly high in boron, calcium and copper and the soil is
distinctly high in germanium.
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Table 12,-=Typical (wedian) concentratfons in samples of gurface sofl, flyash,

bypothetical windborne contaminants and vepetation unh collected within 10 km

downwlnd of the Dave Jolmston Powerplant

[Concentrutions In parts per million except where noted

an pereent (7); ud, wot determined]

Hypothetical

4l

4 h
Element s:(‘;:f’ I‘lyn;:h”_;l:::_:_‘r_’é?"_ st v‘_!(;;"' g - S-zf-i_ _Spno{"_/__ﬂ‘lu_cg_l_/_
Alunlnum, %--= S 12 10-15 4 4 3 7 6
Avsenic-- 2.5 4.3 $-7.5 1 2 <5 9 12
Barfumescecaen 700 1700 1400-2100 600 600 850 600 400
Berylliumesecs 1 6.6 2-3 2 .8 nd nd nd
Bismutheveveew o1 nd .2-.3 nd <.1 nd nd nd
Boron-=- 20 340 40-60 100 20 300 500 50
Cadmfumesenven nd <1 nd <.4 nd 4.5 5 3
Calcium, %eve~ .89 10 1.8-2.7 3 .8 10 12 27
Chlorine, %=-- <3 <1 <3 <.1 <ol nd nd nd
Chromium=««=== 30 130 60-90 40 30 40 50 70
Cobalt~vevenun 5 14 10-15 5 4 3.5 4 2
Coppereeveece- 10 170 20-30 60 8 150 150 40
Fluorine~=-=--~ <400 <400 <1200 <200 <400 300 500 420
Callium-evwece 15 28 30-45 9 10 15 15 18
Cermanium-«=== 1.9 1.1 3.8-5.7 A 2 nd nd nd
Iron, Receecen 2 2.2 4-6 o7 2 7 1 1.8
Lanthanume~=-« 30 nd 60-90 nd 30 nd nd nd
P g 20 39 40-60 10 20 70 30 100
Lithiumeeveene 20 43 40-60 10 20 19 16 8
Magnesium, %-- .84 1.7-2.5 A oF 2 5 .6
Mangancse-=«-= 200 720 400-600 200 200 500 700 200
Mercury-«-ce-e .02 .03 <.1 <.1 <.1 3 .35 .64
Molybdenum-=--~ nd 31 nd 10 nd 15 15 nd
Nickel-evonnne 15 44 30-45 10 10 18 20 10
Niobiumewwneee 10 22 20-30 7 8 nd nd nd
Phosphorus, %~ <.04 <.04 <.13 <.1 <3 2 2.4 .6
Potassium, %-- 1.8 1.1 3.6-5.4 4 .2 26 23 1.4
Rubidiume=wee= nd 78 nd 30 nd nd nd nd
Scandfum-===== 5 21 10-15 | 4 13 7 7
Selenium =eeun <1 3 <.3 .2 <.1 9.3 13 11
Silicon, %~-=~ 7 25 17-27 8 7 6 5.4 11
Silverseccecnn nd 1.2 nd A nd <1.5 nd nd
Sodium, %ewew- .93 1.2 1.9-2.8 A .8 <.1 1.2 <.1
Stront{um-==== 200 870 400-600 300 200 1300 2000 400
Sulfur, Y%eee-- <.04 .11 <.12 <.1 <.1 3.5 4.6 nd
Thoriume==vnne 10 17 20-30 6 8 nd nd nd

| § T — 3 <.1 .6-.9 <.1 3 <30 nd nd
Titantum, 2=~ W24 .63 3=.7 .2 .2 -2 .15 +15
Uranfum-«=-=e= 2.6 19 5.2-7.8 6 2 1.6 2.4 3.2
Vanadfum==~=-== 70 220 140-210 70 60 100 100 100
Ytterbfum===-~ 1.5 5.7 3-4.5 2 1 <2 1.5 6
Yttriumesaveos 15 36 30-45 10 10 <20 15 70
ZinCerncenn wen 47 52 94-140 20 40 520 360 160
Zirconfume === 150 140 300-450 50 100 70 70 85

1/ Median of seven analyses of surface sofl (0.2-5 em depth)

2/ Median of two analyszen of flyash collected at powerplunt by R. J, Ebens, 1974,

3/ Eatiwated swn surface gofl with quartz removed If quartz comprises one-half to

two=thirdn of totul s

ofl mass,

4/ Awount contributed te vegetation ash by contaminant 1f

contaminant,
5/ Medfan of wix analyves of Aitentata teldentata.
6/ Wedinn of nive annlyces of fotealaia eana,
2/ Median of aix avalyzen of Paimelfs ehlorachtoa,
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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
centrations in columns 2 and 3 of table 2,
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If either or both of these materials are, in fact,
contaminating the 1local vegetaticn, they will account for some
portion of the observed composition of the ash of the vegetation.
Figure 12 indicates that for five Ggeologically important
elements, vegetation ash could conceivably consist of anywhere
trom 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.

Under this final assumpticn, 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 cf the uranium, cobalt and lithium and
much of the nickel, chromium ana vanadium in vegetation ash near
the Dave Johnston powerplant can be readily accounted for by
simple soil dust or tlyash contamination. The data for arsenic
and fluorine are incomplete but perhaps much of their observed
concentrations in vegetation ash could also be reflecting simple
accumulation of windborne dust or ftlyash. The trends in these
elements still point to the pocwerplant 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 by this
particular hypothesis. Only small portions of sulfur, selenium,
copper, lead, zinc and strontium can be ascribea to dust or
tlyash contamination and, thus, these six must be regarded as
prime suspects for stack emittents acownwind of the Dave Johnston
Powerplant. All six are biologically active elements and it is
conceivable that the relatively high concentrations reflect
active accumulation regardless of source.




FACTOR ANALYSIS OF SOIL CHEMISTRY,
PICEANCE CREEK BASIN, COLORADO

1/
by walter E. Dean, Charles D.1§1ngrose,—
and Ronald W. Klusman—

Introduction

Commercial development of oil shale in the Creen 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, 1576, p. 101-111)
aemonstrated that there 1is essentially no difference 1in the
concentrations of major, minor, and trace elements in surface
soils developed on ridge tops and those developea in valley
bottoms in the Piceance Creek basin, but that eight elements (Ca,
Fe, Mg, Ti, Be, Cu, Li, and Zn) exhibit strong regional patterns
across the basin. The purpose of this report is to further
quantify this regional variebility using extended Q-mode factor
analysis. We thank A. T. Miesch and R. R. Tidball for many
helpful suggestions with the tactor analysis. George Saulnier
provided helpful information on water chemistry of the Piceance
Creek Basin.

Statistical Methods

The main program used for the factor analysis 1is a
terminal-oriented interactive version of the extended CABFAC
program described by Klovan and Miesch (1%76) which is applicable
when the row-sums of the data matrix are constant. Detailed
descriptions and applications of the interactive (Q-mode programs
can be found in Miesch (1976b 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 tactor 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

Y/ Department of Chemistry and Geochenmistry, Colorado School of
Mines, Golden, Colorado




proportion of the variance in the largest number of oxides can be
selected. The number of factors chosen will be the number of
tactors (end members) used in the O-mode factor model. The
extended Q-mode factor analysis program (Miesch, 1976b) can then
be used to compute composition scores, in weight percent, for
each end member, and can also be used to compute composition
loadings for each saniple. These loadings are the mixing
proportions for each of the end members that are required to
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
"goodness-of-fit" of the factor model. The factor-variance
diagrams for the Piceance Creek Basin soil chemistry are given in
figure 14.

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 O-mode 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
proportion of the variance for most elements 1is achieved by
increasing the number of facters from three to four, but that
little is geined by increasing the number of factors from four to
five or more. A four-factor (four end member) model was chesen
to describe the chemistry of the surface soils of the Piceance
Creek basin.

Each erd member in the model is described in terms of the
concentrations of the 29 oxides used in the analysis. Each soil
sample can then ke viewed as a particular mixture of the four end
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
tollowing 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
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 (sawmple 191111KP), 0.29 parts of
end member 3 (sample 151111KP), and 0.0l parts of end member 4
(sample 142111KP).
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PROPORTION OF VARIANCE EXPLAINED BY MODEL

| | i I I B
2 3 4 S 6 7 8
NUMBER OF FACTORS IN MODEL

Figure 14. Factor-variance diagram for the chemistry of
soil samples from the Piceance Creek Basin. The variation
accounted for in each of 29 elements is diagramed for
factor models containing 2 to O factors.

12




ur eJe sanTeA Ty

PIpUL1Xe-3Y] UT DPISn SIBqUAW pus INOF dY3 JO Yoee J0F suoTyTsodwoo peyndwod pue peagesqQ ‘€1 9TqRL

0000'00T 000C"00T 0000°00T 0000°00T 0000° 00T 0000°00T 0000007 0000°00T T®30%
2000°0 2000°0 £000°0 €000°'0 4#000°0 4#000°0 #0000 +4000°0 on
6900°0 9600°0 9800°0 4500°'0 210°0 210°0 910°'0 810°0 ouz
€000°0 2000°0 0000°'0 1000°0 1000°0 00000 9000°0 §000°0 mowp»
1200°0 2200°0 6000°0 2100°0 91000 6000°0 #£00°0 8200°0 mom»
68000 21000 T€00°0 #100°0 £€500°0 2400°0 4970°0 €410°0 mom>
640°0 £€60°0 40700 €400'0 £60°0 €60°0 1€0°0 €20'0 0S8
$100°0 8100°0 2000°0 £000°0 7000°0 £000°0 0200°'0 1200°'0 momom
4#070°0 4©500°0 €0T0°0 #400°0 0T70°0 0T0°0 610°0 610°0 o%aqy
S400°'0 4500°0 0000°0 4£000°0 90000 8000°0 1900°0 09000 oad
9€00°0 0400°0 8000°0 G000°'0 40000 6000°0 9500°0 6400°0 OTN
21000 G100°0 0000°0 1000°0 7000°0 1000'0 0200°'0 41000 € oou
901°0 €900 6€£00°0 4#120°0 4500 £€90'0 #1°0 4#1°0 oul
2100°0 4100°0 €400°0 LE00°0 LETO'0 GG10°'0 g8510°'0 06100 0%t
0400°0 0500°0 4000°0 €000°'0 $000°0 G000°'0 €400°0 4£00°0 mommu
9200°0 22000 0000°0 £€100°0 2€00°0 #£00°0 0110°0 9400°0 ono
4£10°0 LETO'O 4400°0 8700°0 G100°0 2€00°'0 25100 9170°0 mowpo
¢100°'0 8100°0 £000°0 £000°0 20000 £€000°'0 0200°'0 4100°0 00D
8000°0 6000°0 S000°0 4000°0 €000°0 €000°0 1100°0 6000°0 o2¢g
0970°0 24100 #€70°0 2800°'0 8020°0 11720°0 #£00°0 0£00°0 momm
2000°0 4000°'0 0T00°0 9000°0 81000 22000 G100°0 6000°0 momm<
0§ 5'c 8'9 $'ot1 2'0€ 8" HE 8 41T g g1 00
64°0 $5°0 05°0 $5+0 2€°0 L2°0 99°0 19°0 o1
€4 2% 05°2 #2°0 81" 0 i 860 0'1 o%en
2°69 149 904 ' 4l 8" 6€ ke 265 9:4§  %o1s
8'2 28 8'2 #6°0 €2 A g€ 25 0%y
260 6°'1 31 26'0 g'€ 8'H H'2 1 03N
9°2 6'2 n'2 2t 61 4 8'€ cc  €oleg
2 e 12 | E4 4#°2 €T #°11 (5 0°'T 0®D
Taas 441 THET 2'8 2% 8°'9 g:et G2t moma«
U0T3150dW00| GOT3TS0dWoD | uotgTsodwod| uotarsodwod | uoT3Ts0dwod|uot3Tsodwod | uoT3Tsodwod [ uoT3TS0oducd | 8pPTXO
paandwod pPaAJIasqo p2anduod P2AJ3SQ0 paanduwod P2AJaSQqO pajnduod P2AJ2Sq0

111247 Jequnu aTdwes ST
4 J10308J JOJ Jaquall pus

111161 Jequnu aTdwues ST
€ J030BJ JOF Jaquaw pued

TT1161 Joqunu eTdues ST
2 J0308J JI0F Jaquauw pua

711262 J8qunu sTdwes ST
T J030BJ JOJ JaquauW puad

HE I =N 5N BN =N B BN B BN S B B EE S .

"OpPBJOTO) ‘UTSBF }9oJ) 90UBSOTJ 2Yj UT STIOS JOJ TepoU J030BI opou-p

80



65i% U LotLz*o L%91'o 8Zg0°0 anetreie 1€11°0 SHZE*O sELzto 6882'0 axZitist

068390 gvv0°0 0E91%0 ZE01%0 anrzyzee 980€"0 9920° 0~ (AZTAY 8EEL'0 ENETTTI9T
pasSy’0 Z8v1to €8BE*0 25000 axzivezee Zv65°0 Z0%0°*0 $120% 0= TLBE*0 gitzzest
pszL'o Z9€1% 0= ZELE®O 99€0'0 antiirezee 8009°0 850T7°0 ovZi'toe PLIDO antizest
50960 9¥91* 0= gLot1*o 2960°0 ditiziie 956900~ 9Z66°0 98600 $2L1°%0 dylrzest
1Zev'o SLBZ 0= 08€6°0 96L0%0= axferiee ¥6E€°0 99210 L160%0m LS85°%0 axtitezst
Lsvy'o 0980°0 $89¢€°0 8660°0 axzigree ss00%0" 0st12%0 6700" 0~ vSe6L'0 d¥2eT1st
T1€8€°0 15200 gl2g*0 00040 antiniee LSZo'o siZv'o 08200 (yzs*o anteziss
96%0°'0 $8YE°0 9889°0 9980°0= gatizzie g€0%°0 19L2%0 2060" 0 6019*0 dy11zIs1
o€Lz’o €2L1to yeez'o z91g'0 dylzizie 0000°%0 0000°% 0000°%0 0000%0 <« € axilitst
#2450 0= 168590 020Z'0 ZSg1%0 antirziz s99.%0 L§SZ 0= E¥S* 0= v9$5°0 wizzeve
£s2¢'0 $90Z%0= 8065°0 £E06z"0 anieziie vL0v'0 ®9L1°%0 6ZE0° 0= Z64%°0 ditizevt
Lszo'o" 0Zzp'o v£05°0 veotr'o dxtzziie 0000°1 0000%0 0000%0 00000 <« 7~ 7 aulldievs
966€°0 §SLZ 0= 6VEL'O 1Tp1%0 awlizile 1€8c’0 0v»1°0 $E60°0= €95£°0 anitzive
pS9S°0 GSE1%0e 6SSL%0 85071%0e N TA T 659€°0 8¥22°%0 plzo‘to 8L3£*0 ayzZZiivt
69990 LEZp 0= ¥808°0 21g0%0= daxtitriz 9SEE*0 L2100 €LEG O bvgs*0 EPITA £A
18010 L190%0= L09s%0 626€°0 anizzezes 9%L0° 0™ L9Ls%0 £900°%0 9160 aNZlttvi
$890°0 0880* 0w 1324 2V £546°0 anttzzet LE0Z"0 5661°0 8800°0 1885°0 a¥itrIds
£192°0 ¥€62°0 8ZLo" 0= 1815°0 antitzel 93€€”0 ZSE%°0 SZE1 0. LBSEO d4e2z2¢1
£€92°0 LEZE'O= ZEsL"0 ZL9z'o dyizeiet trig*o 60610 P2E1%0e PEEPC axniczetl
8EHZ'0 §500°%0 06SE*0 P9R€°0 ___ dxliZist $529°0 01800 08L0%0= GE9E*0 aalizeel
00000 0000°%0 0000°Y 0000°0+2°d axtiti6en 9089°0 ZP01' 0~ 6¥90%0 CEIY ) evilrzes
00€0"0 1€€9%0 LBBT"0= 952ZL"0 astezest ogtL*o 62L1%0 ZoLtto ZL90%0e duZiIzZitl
p2s1'o $10€°0 £9p1°0= 0€69'0 autizzsel §05.%0 £161°0 90s1%0 £250°G= axitzret
1¢S0% 0= 98150 86S1%0= £€5649°0 dyiizezel 0s882°0 qlep*o $860%0 6%21°0 dNiZitel
96%Z'0" 901%°%0 $280°0= vi126°0 ayitrzat 6081° 0= EELL*O 65500 LIgg0 a»billes
$6S1'0 Lozt'o sisz'o $8ZY°0 axtzzien £Eve1'o 6065°0 6L60" 0= LZ1e*o duitizezit G
o,
EETL O~ S8%5%0 1s1z20 LEVE®D aultiziel »ZHz'o 2%0%°0 vE81'0 00,1%0 axieiein
61€0°0 96L1%0 £9€0°0= 8v25"'0 aNitI181 §00%°%0 £€819°0 12000 06L1°0 dytitezes
1ovz'o 6910°%0 z2901°%0= 1668°0 asizzzin L10%%0 SLBZ*0 9E2g*0 6212%0w axezziis
6L02%0 1091°%0 20610 2Zos*o anitzezis 24T M) §S50°%0 6L9%°%0 8v61'0= axteziit
ze8z'o £602°0 8810%0= £126%0 aXtitzLs 9L99%0 9£0Z* 0= 9209%0 9990%0= dizizien
9390"0 1Zog'o 1860%0= £622'0 anteziLy LLSL 0 6V1E%0a 8108%0 9%50°% 0 antizies
£609°0 gE12%0 AT AAL L 5090 dxitzicy L89s"o 61L1 0= pEav’o 6611%0 axtitii;
1€2%*0 9180%0a LE00* 0= 2296%0 dNZITILS $125%0 0ELT*O 0061%0 9s11°0 axtzzes
oico'o zi0s*o §SZi%0e= €€95°0 axutitiLt £969'0 65Z1°%0= 660%°0 L6s0'0 anzizzit
z6%p 0 LeLzto $2S1°%0= sSop*0 éxizzzst 2E€9’0 LEVO® 0= Lios*o 6910%0 aniizzii
6L0§%0 0ELO V= (1TE AL axirzzoi 90scg*0 B9BS*0 6S¥10 2€80% 0w axttizis
qet£g0’o0 $890°0= $115%0 auziIIzet IATM ] 090€*0 Litg'o 1020°G= axtiziis
Ltoltto £v50'0= 88¢5°0 dy111291 05€0’0= £6€2°0 ILET"0 9845'0 axZ2i1ti
2096°0 9910% 0= £§70°%0 §0%0°0 daxtezist §811°0= sZsv*o gler*o evLp'0 éntzZiiie
0260 9LZ0" 0= set0'0 9€50"0 antizisl 8L00"%0 SLBzZ*o 86%0°%0 6¥s6'0 duitriig
125842 11118t 111167 111282 A1dWYS 111281 T111St ITi163 111282 314nYS
*oN @Tdwes “‘oN aTdwes ‘oN aTdues ‘op sydwes ‘oN a7dueg ‘oN aTdwes ‘oy ayduwes ‘oy ajdwesg
f 203087 £ J030%g 2 I030%d 1 0303 4 I03087 € J0308g 2 ao03o%g T J0308g

?.m Pue ‘€°J ‘2'4d *‘1'd £q pe3BOTPUT SJB SJI030BJ JNOJ dY} JO YOS JOF SISqUAW pus SB pasn mma&ﬁm&

‘UTseq }9eJ) 20UBLITJ OY3 UT STIOS JO
ToPOuW Spow-P Papuslxs dY3 UT PssSn SJ030BF INOJ 8Y3 J0J STUTPEOT 0398 - ‘4T 9TQEl




zLLe'o
vL9c"0
p27€'0
z2010%0=

6%v10°%0
0ZLoo"
951¢'0
11z1%0
0szz'o

gt€z'o
ovv0°0
2550%0e
08Zg'0
Zvve'o
18834
*oN oTdureg
4 03083

60L2°0=
TSZE° 0~
§9G1°0m
£062°0

6%98'0
zZEv¥s'o
§0L0°0
*L62°0
SEV1*0m

$860°0m
§621°'0
¥OLP*O
9890° 0=
€291° 0=

TrTIGT
*oN atduesg
€ J030%y

c8%L%0
1iec’o
£869°0
8€99'0

2160 0=
9ZE0' 0=
L911%0=
L960% 0=
9vev*o

§6€S°0
§909'0
2891°%0
6v69'0
2589°0

Titisl
*oN sTdures
Z JI030%yg

1s%1%0
95220
8sgl'o
29500

pl1zeo
£195%0
962L°0
28L9°'0
gEzy*o

6¥Z£°0
10z2%0
9L1%°0
LS%0°0
8ZET1°0

Trizsz
*oN etdures
1 J030%.yd

dnriezzez
ditZizee
antZiiteel
ayiireez

axiiziet
difZtriez
dxziiiez
axtitiez
dxizzeee

axtrzese
axiirzez
axtizisz
dyZeT182
dxT1Z1182

3744yS

SL61%0
98%0'0

p€5s°0
9LZg'o
S61€°%0
pbss°0
£LLZ'0

LES0"0
$600°0
Losr'o
0EET*0
glez'o

¥L0s°0
290s'0
R0L$%0
£E€L9°0
8¥60°0*

$€00°0
6£91" 0"
0000°0
66520
090€°0

9sLz'o
£8lp'o
g08s*0
glos'o
00bL'0

zeLz'o
£99€°0
olgv'o
ZEOL'O
6¥59°0

65S%'0
£2LE"O
1806°0
88s¢c’o
0Zs£®0

yEZL'O
Lv9°o
oSy o
LSE0*O
sLiL'o

111281
*oN atdures
4 I030%4

£901%0m
96690

SL00%0
Z90€° 0=
91200
pZh1°0=
68S2°0

SLZY*0
pEET®O
§L80 0=
6EVED
$292°0

p20E*D
p6LZO
0L60%0m
gE61° 0
»10€£°0

ZLv0*o
$SYE®D
00000
gigtr*o
ESLE®O

goLE" O
0%10°%0
Zisti*o
8EQZ 0=
PET0° 0=

vigs*o
6¥SEO
TLER'O
9661°0
601" 0=

99L2"0
€8L%'D
Zv0Z°0a
LLEZ®D
g0LzZ%o0

S652° 0w
16€0°%0
8£80°0=
CAS TR
LL9Y O~

Tit1sy
*oN sTdweg
€ J030%z

£09L%0
$210%0=

SLE0" 0=
9918%0
£€284°0
$050° 0=
1100%0

£920° 0=
2£05%0
22190
65S0%0m
$¢00%0

§ZE0%0
Ly60°0
gEgl*o
8¥L1'o
9890° 0=

8190%0=
gOP0* 0=
00000

0LOT*0w
1SL0% Q-

9E€0'0
g€LLO'O
£022%0
9Ziz*0
ZZE1'o

ZEST'O
£9€2%0
Zvei'o
Lottr*o
GLEZ'O

Zo011%0
L8z1'o
LIET'D
1sZ1%0
2L0Z'0

gy¥2z*o
LLozto
8¥9s'o
0829°0
81080

Titlst
*oN atdwes
2 3039y

S8%1*0
z992%0

99€5°0
02910
S9LI*0
p8£9°0
LZgp*0

1850
0762'0
svze'o
68150
s€0g'0

ELST'O
9611%0
L ZA TR
LSHE*O
0Zsg%0

11660
£668°0
00001 < 1°d
L5890
6€6€%0

661€°%0
véepto
08yu'o
§691°'0
Tip1%0

L900%0=
sZp0'0
€250%0=
S600°'0a
Ls1z'o

ZLst'o
Lozo*o
pPol1*0
$8L0%0
9091°%0

$01€%0
yv01°0
$€L0°%0
£520%0a-
9160% (0=

Trrzse
*oN eTduwes
T I030%y3

(PeNUT3U0D) Tspouw spow-p pPapuslxs 9U3} UT pasn S8J030BJ anoJ ay3 J0J SSUTPBOT I030Bd - ‘41 °TqQelL

axtitise
daitizeie

axtizzie
daxlzieee
gititzlLe
axteziee
axtiziLe

aititiLe
aneizese
dxtiez9
antbiese
dutirzee

aiteeise
dyiizise
a¥Zitive
axtitise
axntizzse

gxfzizse
axlrrzse
diliizse
dX12z1se
dxitzise

anzZitise
dxiit11se
axtieeve
axtizzeve
aziieve

antirzee
anizezive
axzizive
axitzive
axtiiiee

dxniiezeee
axizzzee
axcieeee
dnli1zzeEe
axziizee

aurirzee
daxiiziez
aytziiee
auiiiree
datizziz

3744YS




Al,.0O Ca0

23
KZO S102 Na20

B203 BeO CoO
Ga203 L120 MnO

PbO Rb20 Sc,0

Y203 szO3 Zn0

Fe203
TiO2
Crzo3
MoO3
Sro

002

MgO0
Aszo3
Cu0
NiO
V203
UO2

MEAME OF OEZERVED DATA

11.25862320 4. 264207
2. 000204 B0, 445146 2.250755
0. 021307 0N, 0novsg 0. 0012092

0, 0nEssn
N, 00247e
o, ons1s1 D.
MEAME OF COMFUTED DATH

11.247241 4,193304

2. 010478 B0, 334923 c.c36108
0. 022012 0, 00nveds 0.001127
0. 002258 0, nnasds 0. 031320
0. 00z47e 0.012759 0: 08tloee
0, 002201 0, 0002032 0, 010332

STD DEVS OF OEBZEREVED DRTH

1.632022 3. 622263

0. 527291 T.on0igz 0.,9233403
0. 005823 0. 000229 0. 000477
0, oo oss o, 004402 0, 0333320
0.0014232 0. 0032235 0. oond20

rj
e L

0. 0o0e: n.oono112 0. n02412
D DEVS OF COMFUTED DATAH
1.444124 3. 687917

0.331451 T.BE7IE9 0. 805443
0. 0042635 0. 000126 0. 000d41
0.001010 0. 002129 0. 022737
0, 001435 0. angasa 0.000413

0, D0NgSy 0. 020328

PRDFDRTfDHE OF VYARIANCEE HCEDUNTED.FDR EY

0.47032
0, 473255
0.79223
0.3423142
0.450042

< TN -

=
1

1

MODEL

2. 2070582
0. 01024z
o, 001007
0, 035225

S.224512

i v
0.S08755

0. 01025

0. 001028

S.3254050

n.a04524
0. 0NZE48
0. 000473
0. 0143

-

6- Tll—b i

J 0

1
0

-

0.474540
0, 025197

0. 013539
5. 007291

0. 554528
0.2127
0. 77FNass
0. 22249«
N.7a7a:

0.754

)
Ly

PSS B
a0 00

Al
v

<

Ij‘l
T N,

2. 0070326
0. 001042
0, 004727
0. 002175
0. 003519
0. 0003217 |

1.9
0. 00
0, 0N47 73
0. 003173
0.009519
0. 000217

0.873745
0. 000530
a. oozt 02
0. 001282
0. 003197
0. DDO0ES

0.659316
0. 000330
n.onzaes
0.001175
0. 002797
0. 000045

0.583728
0. 345732
0.5257 02
0.231569
0.726037

0.3704395

Table 15. - Summary statistics of observed data and data

computed by the 4-factor extended Q-mode factor

model of solls in the Piceance Creek basin.
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Figure 15.,--Q-mode factor loadings for soils in the Piceance
Creek Basin,
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By tollowing the mixing-proportion recipes for each element,
compositions based on the Q-mode model can be computed for each
sample and compared with the observed compositions for goodness
ot fit. Summary statistics of the observea (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 mep in figure 15, the
loadings were grouped into three classes. The size of the circle
assignea to each class, and plotted on each map, increases with
increasing magnitude of the factor loading. For example, sample
localities in tigure 15A having the largest circles have the
highest loadings for factor 1 (that is, those sanples are most
like ena member 1), and those with the smallest circles have the
lowest loadings for factor 1 (they are moct unlike end member 1).

Results

Table 13 indicates that samples with high loadings on end
member 1, (most like end member 252111KP) are probaply the most
trace-element rich ot all samples in the study inasmuch as both
the observed and computed compositions for the end member are
distinctly high in oxides of Fe, K, Ti, Cu, Li, #n, Mo, Ni, Pb,
Rb, Sc, V, ¥, Yb, ana Zn. The prominence of transition elements
in this composition suggests that the end member for factor 1 is
distinctly cley-rich. Samples with highest loadings on factor 1
occur in the scuthern part of the Piceance Creek basin (fig.
158 ).

Samples with high loadings on end 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 tactor 2 occur in both the northern and southern
parts of the basin (fig. 15B); samples with lowest loaaings for
tactor 2 occur over most of the central part of the pasin.

Soil samples with high loadings on factor 3 are scatterea
throughout the basin (fig. 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 tend to have relatively high concentrations ot
Na.

In general, semples which are compositionally similar to end
members 1 and 4 will pe 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




study area are developed on sandstone of the Uinta Formation, ana
most soils in the southern part of the area are developed on
finer-grained merlstones of the underlying Green River Formation
(fig. 16). A few samples used in this investigation are from
soils developed on sandstone of the Wwasatch Formation which
underlies the Green River Formation (fig. 16). 1In general, the
Green River Formation contains higher concentrations of most
trace and minor elements than sandstones of Eocene age in the
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.
157) is the inverse of the map pattern of tactor 4 lcadings (fig.
15D); samples with highest loaaings for facter 1 are in the
southern part cf 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 semple for factor 4 is a soil developed on
sanastone of the Uinta Formation.

Ringrose and others (U.S. Geol. Survey, 1576, p. 101-111)
have shown that several trace elements 1In these soils have
concentration gradients acrcss the basin, increasing from
northeast to southwest similar to the map of factor 1. This
pattern probably reflects an increasing contribution of Green
River Formation to scil development. Samples with high loadings
on tactor 4 cccur in the central and northern parts of the basin
where concentrations of many trace elements in soils are lowest.
These samples also tend to be Si-rich (table 13), reflecting the
fact that most of these soils are developea on sanastone.
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Figure 16. Geologic map of the Piceance Creek 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.

[, no data]

probable aver-
age values for
Green River

geometric mean for
Mahogany Zone of

geometric mean for
Wasatch Formation:

oxide | oil shale (1) |Green River Fm. (3)|Piceance Cr. Basin (4)
A1203 658 (2) - 6.0
Ca0 R .2 %(2) - 280
Fe203 2.9 - O 77
Mg0 37 * 0.53
K,0 2.6 - 1.3
sio, 31 (2) - 81
Na20 g s 0.68
TiO2 0,22 - ey
COZ = - e 3
A3203 0.0046 0.0038 -
B203 0.0230 0.0240 0.0052
BeO = 0.0005 -
CoO 0.0013 0.0012 0.0004
Cr203 0.0051 0.0700 0.0012
Cu0 0.0050 0.0061 0.0008
Ga,0, 0.0013 0.0013 0.0010
Liy0, 0.0210 0.0030 -
MnO 0.0320 0.0320 0.0150
Mo, 0.0015 0.0026 -
Nio 0.0032 0.0420 0.0008
Pb0O 0.0022 0.0003 0.0008
Rb,,0 » 0.0013 3
SCZO3 0.0012 0.0011 -
Sro 0.0350 0.1100 0.0110
V203 0.0150 _0.0160 0.0034
Y504 . 0.0034 0.0010
Yb203 = o -2
Zno0 0.0093 0.0022 =
UO2 - 0.0005 0.0002
sources of data:

(1)
(2)
(3)

(%)

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/l 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 irrigaticn. 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 1in the northern part of the basin 1s probably
derived mainly from dissolution of nahcolite (NaHCO,;) within the
Parachute Creek Member of the CGCreen Fiver formation. Ground
waters in the northern part of the basin are also commonly
saturated with respect to strontianite (SrCO;) (George J.
Saulnier, Jr., personal commun., 1977).

The loadings on factor 2 outline a pattern of high-carbonate
soils in the ncrthern 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 may also contribute to
the relatively high carbonate content of scils in the southern
part of the basin. For example, the end member sample for factor
2 1s 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. 1In fact, calcium carbcnate-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 tform white coatings,
travertine mounds, and flowstone of calcium carbonate. Many of
the springs are associated with a fracture system that trends
approximately N 70 W across the northern part ot the basin
(George J. Saulnier, Jr., percsonal commun., 1877). 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 1in the northern part ot the basin is characterized by
very high concentrations of sodium and bicarbonate (several
thousands of mg/l each) resulting from the dissolution of
nahcolite from the lower part of the Parachute Creek Member
(weeks and others, 1974).

Above the Mahogany Zone 1is a second aquifer in fractured

marlstone of the Parachute Creek Member and fractured sandstone
cf the lower part of the overlying Uinta Formation. Water in the
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upper aquifer is alsoc high in sodium and bicarbonate, but
concentrations are about an order of magnitude lower than
concentrations in the lower aqguifer (hundreds rather than
thousands of mg/1l). The upper aquifer also contains about 50
mg/1l each of magnesium and calcium, about an order of magnitude
higher than concentrations of these two ions in the lower aquiter
(Weeks and others, 1974). Ground waters from both aquifers are
usually saturated or supersaturated with respect to calcium
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 and possibly sodium
carbonate.

Samples with high loadings on factor 3 are scattered
throughout the basin and show no regional trena (fig. 15C). The
end member sample for factor 3 1is from a soil developed on
sandstone of the Wasatch Formation underlying the Green River
Formation. Table 13 indicates that factor 3 soils tend to be
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,
tactor 3 and factor 4 soils may both be sandstone-Cerived soils
but with the addition of dissolved salts from ground-water as a
ailstinguishing characteristic of factor 4 soils.
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STREAM SEDIMENT GEOCHEMISTRY OF THE NORTHCRN 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
additicnal 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 decsigns were usea in this study.
The first is a two-way design used to test differences between
stream orders and between regions. The second 1is a nested
one-way design which is used to determine the magnituae of
regional geochemical variablity due to aifferences between
regions, differences between streams, error due to sampling, and
error due to all other etftfects including the analytical
procedures. Linear correlation coefficients between element
concentrations and stream drainage basin size for each of the
three orders were examined to determine the effect of drainage
area on stream sediment composition.

Chemical Analyses

The samples were analyzea by chenists of the U.S. Geological
Survey. W. Mountjoy, I. C. Frost, and L. Lee used atomic
absorption to determine Li, MaO, Na,0 and Rb. 7Zn was aetermined
by a J. G. Crock using atomic absorption. A wet-digestion
procedure followed by flameless atomic absorption analysis was
used by J. A. Thomas and G. O. Riadle to determine Hg. V. E.
Shaw analyzea the samples for total carbon. Delayed ne.tron
activation analysis was used to determine U and Th. The ~nalysts
were H. T. Millard, R. J. Knight, A. J. Bartel, J. P. Hemming, R.
J. White, R. J. Vinnola, and E. Brandt. X-ray fluorescence was
used by J. S. Wahlberg, w. J. Walz, and J. W. Baker to determine
aAl,05, Cal0, Fe,0 , K,0, P,05, S, Si0,, and TiO,. 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
tluorescence. The remaining elements (B, Ba, Be, Ce, Co, Cr, Cu,
Ga, La, Mn, Mo, Ni, Pb, Sc, V, Y, Yb, and Zr) were determined by
J. M. Garaner, K. E. Horan, R. M. Lemkert, 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 1in Table 17. This test was based on two stream sediment
samples for 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 aga.nst
an error variance. Of the 40 elements shown in Table 17 only U
had a significant (¢£.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, MgC, and TiO:
have signiticant differences (<.05) between stream orders. This
means that 1in general the size of a stream is not an important
control on the composition of stream secdiments of the Northern
Great Plains. However, Table 17 does show that 18 elements vary
significantly between the 10 regions, indicating regional
contrcls on composition. These controls include climate,
topography, and the nature of the bedrock.

The results of the one-way nestea analysis of variance
design are given in Table 18. The nested levels included in this
design were: 1. between regions, 2. between streams, 3. sampling
error, and 4. analytical error. Because the two-way analysis of
variance showed that only three elements differed between stream
orders, the two streams of each of the three orders have been
conbined giving six streams for each region for the remaining 37
elements or oxides. The results for the between regions test for
both one-way and two-way analysis of variance tests are similar.
There were lo elements that showed significant differences by
both tests; 2 elements showeu 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 18 for the 23
elements that showed no significant differences by 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 ctream segment of several hundred meters in length. The
results in Table 18 also show that 35 elements exhibit
signiticant differences at the between streams level. Thus, for
the most part, streams from within a 50 km? region are likely to
be o©of significantly different chemical composition and
mineralogy.

93




"

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

FAn asterisk (*) or double asterisks (**) indicates
that the F-ratios are significantly different at the
0.05 or 0,01 probability levels, respectively.

F-ratio
Stream Stream

Element order Region Element order Region
A1203 e SR 1.69 Mo ==-= 0,67 1.10
Ag ===~ 2,45 1.02 Nazo -- o357 21, 4x*
B ecee== 2,27 2,34 Nb ==== 1,75 1.13
Ba ===== 1,21 3.,73%% Ni ===e 1,11 3,72k
Be ~w=e- 1.80 1.41 Pb ===- .68 2,30*
C ==we=e 3, 54* 1.10 Rb ===- .58 3,19%%
Ca0 ===~ 2,02 1.59 S wece- <05 1.99
Ce ===== 1,28 1.15 S¢ ====- .19 1,51
Co =ww== .16 2,74 Se ===- 1,13 1,22
Cr ===-= 1,18 2,30* 8102 St 5. - «28
Cu e==== .53 2,54 Sn ==== 1,37 2,22
Fe as

Fe,04- 2,65 1,05 Sr ~==- 74 1.42
Ga ===== .77 2,26% Th === 45 2,27
Ge ~==== 1.34 .86 Ti0, -- 4,03* 3.21%*
g Saudi .73 5, 27%% wWeee 1,21 10, 8%*
Ky0 ==== 75 3.47%* V coce- .93 2,36%
La «~=-~ 2,87 1.00 Y =eee= 1,64 .82
Li «ece- 1.33 1.04 Yb ~===- 52 .83
Mg0 we-= 3,46 8,68%% Zn ~-=-=- 1,44 1.78
Mo wsews  1.57 1.28 Zr ====- 1,47 75

1/ Significant (o = .05) interaction term,
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Table 18,~-Geochemical varfation in stream sediments of the Northern Great Plains

[An asterlsk (*) indicates that the variance component is significantly
different from xero of the 0,05 probability level, Data in parta per
million, except when given as percent)

Constituents, Variance components, as percent of total Summary statistics Expected
and stream Total 95 percent
order, if Log Between | Between Saapling Analytical | Geometric | Ceometric | Geometric | range Detection v 80 percent
glven vnmnco reglons streams error error mean deviation error (basecline) ratio » n'
n,o’. L ww- 0.0059 12« 45% <1 43 9.47 1.19 1.12 7.25-12,37 110/110 0.95 7
As seencesca +0336 <l 34 18 48 5.5 1,53 1,34 3.0-10.1 110/120
B sencncaces L0125 L 17 <1 69 56 1.29 1.24 emssven 110/110 .98 6
Ba cesscaccas +0158 35« 29% <1 % 540 1.34 1.19 ceenece 109/110 1.62 3
Be ~evsmenee «0377 6 0% <1 64 2.0 1,56 1.43 1.2-3,4 110/110
C, total) %, 1 ,0738 26 58% 16% <1 2,25 1.87 < 1,06 +64-7,87 /3
2 0277 <1 51 4% <1 2,62 1.47 < 1,04 1,21-5,66 /%
3 .0206 1 60% 29% <1 1.80 1.39 < 1,03 «93-3,48 36/36
o 0518 10 B4x o* <1 3.51 1.69 < 1.05 1,24-9,.96 110/110
Ce sevvecacn .0808 4 15% <X 81 57 1.92 1.80 32-101 108/110
Co ==svvene - +0163 7 S51% <1 22 7.3 1.3 113 eescees 110/110 1.48 “
Cr evsenne - L0453 25% 4 40* 32 72 1,63 1,32 eeemces 110/110 1.33 4
Cu esesccnen «0239 24 43 22 11 22 1,43 113 eecee. - 110/110 1.26 4
Ve 04, % === L0119 <1 B4x 15% <l 3.33 1,29 < 1,03 2,02-5.49 110/110
Ca =evsemnen .0263 12% S1* <1 37 1 1,45 1.26 ——————— 110/110 «95 7
Ge =emvnmnen L0158 s L i3 61 1.2 1.34 1.25 110/110
<0158 26> o> 11 35 +055 1.3 1.19 110/110 1.26 a
.0014 30% 62% ™ 2 1,99 1,09 1.00 mcaves 110/110 .71 4
LA secccccan +0127 2 { 23 <1 75 35 1.30 1.25 27-45 110/110
Li seccceces 40057 <1 60% 6e 3 19 1,19 1.03 . 13-27 110/110
" Mgo, %, 1 - L0110 S0% Ls* S <l 1.63 1.27 < 1,02 eecces 37/37
2 - L0251 55% 42 > <1 1.90 1.64 < 1.04 m—eceen ) 371/3
3 e +0263 8™ 13 * R <3 1.62 1.45 < 1.04 conmane 36/36
TR ——, P 0421 4 7% 13 12 440 1.60 1.18 180-1,070 110/110
Mo ev=mecnn - .0849 <1 25% ®:3 75 4.8 1.96 1.79 2.4-9.4 99/110
nzo. % ene= »0792 83* 1> » . <1 96 1.9 < 1.07 secanns 110/110 9.76 2
Kb =ecne nne +0499 <1 0% <3 78 7.2 1.67 1.58 4.4-11.7 110/110
Ni eccencens «0199 6% 38 3 24 24 1.38 1.7 eennene 110/110 1.69 3
¢ Pb wemen —m—— 21032 19% 20% <1 62 5.9 2,10 1.79 ————— 104/110 1.17 5
+0056 36% 33 18 . 13 70 1.19 1.06 —————— 110/110 1,69 S
L0734 19% 45% 1 19 W12 1.87 1.31 «04-,37 86/110 1.17 S
#0349 9 48% <1 42 7.8 1.54 1.32 4,0-15,0 108/110
Se =esemmcen +0630 <l 29% 6 "65 «19 1.78 1.59 «10-,38 90/110
sxoz. % swee +0014 <1 5% 23* 3 63,1 1,09 1.02 53.2-74,8 110/110
$0 smseenee - 0191 6 9% <1 55 97 1.37 1.27 «63-1,49 110/110
ST seveenace +0221 8 7% 2 19 300 1.41 1.16 162-556 110/110
.0153 2 <1 26 5 9.4 1,33 1,07 secanes 107/110 1,41 3
.0026 <« 79% 9 11 oS54 1.12 1.04 semnna 37137
40045 30 60% 4 6 55 1.17 1,04 —e——— - am
3. +0070 27 S1% 22% 1 .60 1.21 1.02 mm————— 36/36
U sevenenen +0200 47* 2 13 16 3.4 1,38 1,14 —enane 110/110 2.66 3
V sececnanan +0165 19% 43% 14 24 73 1.34 1.16 enmane 110/110 1.17 5
Y ceecances - .0090 <1 s> 26 39 21 1.24 1.15 15-30 109/110
Yb scemannan 0169 <1 29% <1 71 3.0 1.35 1,29 2,2-4,1 110/110
20 esneasenen 40076 <1 61 2 37 71 1.22 1,13 52-98 110/110
2Ly wenenenan +0307 <1 <1 37 63 350 1.50 1,38 214-572 109/110




Simple correlation coefficients between elements and
drainage basin area were examined to determine if the Zi.e of
drainage basin or the distance sediment may have traveled
influencea the element content of the stream sediments. Four
sets of comparisons were made; one for each of the three stream
orders ana one for all three stream orders included together. At
most only six significant (¢<.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 Rb (r = -.453), and log Zn (r =

.444) for second order streams; none for third order streains;
and log TiO, (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 ot the
two-way analysis of variance test which also showed that stream
orders do not significantly influence the element content of
stream sediments.

Summary statistics for the elements determined in this study
are listed in Table 18. The detection ratio is the number of
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, V,, is the ratio of variance among regions to the error
variance within regions. This value 1is an indication of the
stability ot the observed aifferences seen among the region
averages. where V, is at least 1.0, minimal stability is  recent.
The value Ny is the estimated number of random samples required
trom each region 1in order to describe at least the gross
compositional differences between regions. For the three
elements that have significant differences due to stream order,
C, MJO, TiO,, the summary statistics are given for each stream
order. All data discussed in this repcrt were logarithmically
transformed before any computations were made. OCxpected 95%
ranges (baselines) are given for those elements that were tound
not to have significant differences between stream orders by
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
trom 20 samples or 60 samples depending on whether there were
ditferences between stream orders.

Conclusions

The results of this study lead to three tentative
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 streanm. The
second 1is 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 of 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 1in this study included both dry streams and flowing
streams, and drainage basin size ranged from about 10 km? to
4000 km?.
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AVAILABILITY OF ELEMENTS IN SOILS TO NATIVE
PLANTS, NCRTHERN GREAT PLAINS

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

INTRODUCTION

The investigation of functional relations between element
concentrations in plants and supporting soils over large
geographic areas has not received much attention in the
literature. where information 1is available, the general
conclusion is that most correlations are dubious (Erdman,
Shacklette, and Keith, 1876; Gough and Severson, 1976; Lounamaa,
1956; Prince, 1957; Severson and Gough, 1976; Shacklette, Sauer,
and Miesch, 1970). In all of these studies, the soils were
completely dissolved or fused before aznalysis 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
1n soil were measured in a soil extract of some kind (Follett ana
Linasay, 1971; Lindsay and Norvell, 196Y; Randall, Schulte, and
Corey, 1976; Rule and Graham, 1976; Shuman and Anaerson, 1974).
In general, these types of stuaies have focused on increases in
yield of tield 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-min.irg anda
subsequent reclamation. It is our purpose to evaluate chemical
soil-extraction methods and to identify those methods that best
estimate element utilizetion by native plants growing on
uncultivated or mine-reclaimed soils. In addition, we are
investigating octher selected chemicel, physical, and
mineralogical properties of soil that appear to influence element
availability. A diagrammatic reprecentation of the relations
that are examined in this study is shown in Figure 18.
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EXTRACTS

SOILS
1
2
3
B 4 __ 5
PLANTS
RELATIONS

Within soils
A horizon
C horizon

Between soils and plants

Within plants
wheatgrass
sagebrush
biomass

Between plants and extracts

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

Between extracts and soils

Between soils, plants, and extracts

relations.
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Figurel8, Diagram showing soil-plant-extract




Figure 19, -=Map showing sample

| —~Td =\ 0f Glacfation L l L
5 K. Y

e e ety
’ NL A l\ : y @
- !03 ;. Lokl

RIGINA

i I\_ !» ——— ,J_ < #lj“_'- ‘ IERYE S y
ﬁ__A_pproximaLe B | o |
! séuthern limit |

AN A el e
X

( 155 - NG £

=y b L W e i |

1‘ | \ | » T | .

4 9 o Ml NG
I6 ’ i RINVARCA| .
- : 2 L ‘.
e o _‘ 4
G L
ol |
“NUNDAKOT A=
""""" DAKOTA
\
R
o= ="\
\
| ( ,
o 5 vy "
| ),./‘/
' : i A4 -
» vl8° 1 r : r\f‘" Pit RRY
| I 16 rw o _)
il | | | ¥
x 19¢ 1
| | 20 |
it Tl'@ fa
| | 219
| : : T oy iy et i
|
: ‘ R B0
BN . e |
i
0 100 20C MILES

site locations in the Northern Great Plains.

100



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 for large-scale surface mining and
because previous work on spatial variability 1in 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 1in soil chemistry. From Q-mode
factor analysis ot 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 tundamentally
different kinds of soil (or end member compositions) within the
study area. Four locations (three in the case of one of the
tactors) 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 four factors, were
selected. Thus, a total of 21 sampling sites were chosen, 15 with
high loadings on one of the four factors, three with i~u.rmediate
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 Table 20.

In the ftield, 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 Rydb. (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 meinly of leaves, stems,
and intlorescences; due to grazing, however, most of the
wheatgrass samples lacked inflorescences and consisted only of
leaves and stemns.

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 kirn. 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 m? macroplot
(7.07 X 7.07 m) 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 photographead.

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

Laboratory Preparation

A stanuing crop estimate (in units ot kg/ha of dry plant
material) was made by tirst 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 inaividual sguare-meter microplots) to arrive at units
ot g/m?2.

Contamination of plant material by dust can potentially
confuse any meaningful relations between plant chemistry and soil
chemistry. It is important, theretore, that samples of plant
material Jjudged 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 and substances from the
intre- and intercellular plant spaces. In this study, the

wheatgrass and stanaing crop samples all were Jjudged to be
excessively contaminated and all were washea using the method of
Gough and Severson (1976). The sagebrush samples were not washea
because we found, in a chemical comparison of several suites of
sagebrush samples, that the washing procedure seems to make
little aifterence.
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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).

Elenent,
unit of Arithmetic Observed
measure mean range
Cy hmmmmeem 1.8 0.7 - 3.8
Ca, %mwowe= 1.4 .01 - 7.0
Co, ppMe== 1.4 2.8 - 23
Cr, pple== 46 15 - 85
Cu, ppMee=e= 18 4,3 - 31
Fe, fimmanu= 2.3 .88 = 6.5
Ky, %imece= - 1.9 1o e 2.7
Mg, %ee=== .84 24 « 2,2
Mn, %=eeec= .049 .011- .38
Mo, ppme== 3.8 74 - 11
Na, %=ecea= .81 022 = 1.5
Ni, ppme=e 12 4.3 - 64
Pb, ppme«= 18 10 - 31
Rb, ppme== 18 52 =101
Sy hmenen= 064 .028- .26
Zn, pplee== 62 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 Loading on factor
number Communality 1 2 d 4
1 0.95 0.24 0.90 -0.19 =0.22
2 «96 .86 .26 - 40 - ,07
3 .94 « 32 .47 - 50 = .62
4 .61 «29 .26 - .58 = .35
3 .98 .89 26 - 34 - ,04
6 97 .84 .30 - 41 = .05
3 «93 « 54 e S L T b
8 .76 +19 A4 - W37 - .63
9 94 .39 35 = 49 = .65
10 97 17 86 = 33 = 30
11 94 023 94 - .10 - ,O01
12 .67 <43 30 - .62 - .02
13 .94 .42 Lol - .69 - ,27
14 97 .63 .90 = .58 - .10
19 .98 32 «21 o +15 = 426
16 .94 .30 .o SOOI S T
17 .94 «20 .41 - .80 = .33
18 «65 35 .29 - <59 = .30
19 .96 .34 31 - .80 = ,33
20 .84 «19 16 = 33 - ,82
21 .97 .43 .23 - 79 = L33

Percent variamce ,, », 99 1 30,9 11.8
explained
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All samples were ground to pass a stainless steel screen
with 1l-mm openings, homogenized, and then ashed and digestea
using standard methods in U. S. Ceological Survey (1975, p.
74-78). Concentrations of 12 elements were determined usi?g a
Perkin-Elmer Model 306 atomic absorption spectrophotometer.=
Concentrations of 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 172500 dilution); concentrations of Cd, Co, Ni, and Pb were
determined by DADC-MIBK chelation-extraction on rae 1/50
dilution. All sample preparations and analyses were performed by
the authors.

Laporatory error for individual elements was aetermined by
analyzing splits of the standing crop samples. Nineteen splits
were addeu to the 64 field samples ana the entire suite of 83
samples was analyzed in a randomized orcer.

Soil Samples

Field Collection

At each site, a soil pit was excavated by hand adjacent to,
but outside of, the 50 m® macroplot. Each of the soil horizons
and 1its 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 m?
circular quaarats.

Samples of the A horizon were collected by shaving the soil
with a garden spade from the surtace down tc 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? quadrats by augering to the overlying soil horizon contact
(this point was previously detined from examination of the soil
peaon 1in the pit exposure) and extracting a 30 cm section. 1In
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 sievea (1 cm
screen) with the fine material being composited to make one
sanple. Material larger than 1 cm was discarded. More than 95
percent of the C-horizon material passea the 1 cm sieve in all

1/ The use of trade names throughout this report 1is for 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 passea the 10 mesh sieve. After disaggregating, 10
ot the 21 A-horizon samples and 10 of the C-horizon samples were
randomly selected for splitting and used tor duplicate analyses.
This resulted in a total suite of 62 samples.

The minus 2-mm material was split into three parts. For the
tirst split, no further preparation was required; the second
split was ground in a ceramic mill to pass a 100 -mesh sieve (150
um) , 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 um, and <2 mm sieved
through a 150 um sieve. All sample preparations were performed
by Jane Dixon, R. E. McGregor, Mike Pantea and the authors.

Soil Extraction and Chemical Analyses

Three different extraction solutions were used in this
study. The first, DTPA (diethylenetriaminepentaacetic acid), is
essentially that of Lindsay and Norvell (1969) which consists of
a solution of 0.005 M DTPA, 0.1 M triethanolamine, and 0.01 M
calgium chloride at pH 7.30. It is obvious that the use ot
calcium chloride 1in this extracting solution precludes the
possibility of determining Ca removed from the soil. This
extraction is commonly used in testing soil for the availability
ot elements in soils to plants. The secona extract, EDTA
(ethylenediaminetetraacetic acid), consists of 0.01 M EDTA in a
solution of 1.0 M of ammonium acetate at pH 7.0. BAs the sodium
salt of EDTA was usea in preparing the solution, Na could not be
determined in the extractant solution. This extractant was
selected because it was one of the best reportead by Randall,
Schulte, ana Corey (1976) in predicting plant manganese content
trom extractable soil Mn and other soil factors. In addition,
ammonium acetate 1is a commonly used extractant for other soil
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
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
1in 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.iing method:
15.0g of scil was placed in a 125 ml Erlynmeyer flask; 30.0 ml 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 centrifuged 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 a&acid 1in 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 cetermined was
well above backgrouna 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
aischarge lamgs 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 hac the same bulk chemical composition as the
samples in oraer to reduce matrix differences between standards
ana 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
ditference between total and carbonate carbon. Ca, Cu, Fe, K,
Mg, Na, and Zn were determined in solution by atomic abscrption
following dissolution of the sample (Miesch, 1976a, p. 12-14).
Data from a semi-quantitative, multi-element, emissicn
spectrograph were used for the remaining elements and this
analytical method is detailed in Myers, Havens, an' uvw.ton (1961)
and in Miesch (1976a, p 14-15). The sample preparations and
analyses were performed by P. H. Briggs, J. G. Crock, Carol Gent,
M. J. Malcolm, R. E. McCregor, and G. O. Ridadle.

Soil Chemical Properties

We determined cation-exchange capacity (CEC), pH, and carbon
(two 1ndependent methods) on both A- and C-horizon soils. The
method for determining CEC is detailed by Chapman (1965). To
summarize, the soil 1is first saturated with Na, the Na is then
replaced with NH,, and the displaced Na is analyzed for by atomic
absorption spectrophotometry. Soil pH was adeterminea 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 1ndependent methods. The
Walkley-Black method is detailed by Allison (1965). In this
methoa, soil organic matter is oxidized by adding an excess of
Cr,0, solution to the soil. The excess C(Cr,0, remaining, after
the reaction has gone to completicn, is determined by titrating
with Fe. The results are expressed as organic carbon and do not
include H, O, S, or other constituents of organic matter in soil.
The reaction temperature 1is sufficient to oxidize only active
torms of organic carbcn. Theretore, a factor has been developed
and tested tc convert Walkley-Elack carbon values to more
realistic values for total organic carkon. The factor is
generally quotead in the literature as 1.33. To convert from
organic carbon to organic matter (organic matter includes the
mass of H, O, S, and other constituents of organic materials) a
tactor of 2.72 has generally been appliea to the organic carbon
value.

The second method used to determine carbon is detailed by
Dean (1974). This method 1is gravimetric; a soil sample is
brought to constant weight at 105°C and then heated to 550°C in a
mutfle furnace. The carbon value is taken as the weight loss on
ignition. This method estimates orgenic matter and not strictly
carbon. Additionally, percent water was determined from the
ditference 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 1is dqgescribed in the previous paragraph.
Particle-size distribution was determined by the hydrometer
method described by Day (1965) but included modifications
described by Grigal (1974).

Soil Mineralocgy

A semiguantitaitive determination of the soil mineralogy was
made using X-ray ciffraction 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
ard pestle to an impalpable powder. The samples are then ground
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 ana 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 ot certainty with which
each mineral has been identified. All analyses were pertormed by
Jane Dixon, Mike Pantea, and the authors.

RESULTS
Plant Biogeochemistry

This section describes a novel sampling approach to regional
geochemical survey studies. We use a single composite biomass
sample to represent the biogeochemistry of an area. In addition
to sampling selected indiviaual species (western wheatgrass and
silver sagebrush), total above-grouna biomass (standing crop) was
collected. Theoretically, these sanples 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 i#lixed Prairie
Climex. 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). Kiichler's (1964) subdivisions of
our particular study region show that most of our sites (55 §%)
fall within the grama-needlegrass-wheatgrass unit whereas 30 %
are within the more eastern wheatgrass-needlegrass unit, 10 % are
in sagebrush steppe, and 5 % are 1n eastern ponderosa forest.
Table 21 1lists the 42 taxa catalcgued while collecting the
biomass samples. In all, 8 shrub, 15 graminoid, =0 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 ot species was
given by D. L. Buckner, J. A. Erdman, and H. T. Shacklette.
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Table2l.--Plants encountered in the collection of the standing crop_samples--common_name,

corresponding scientific name, and rclative frequency of occurrence.

CRelative frequency equals the number of sample sites at which a species

occurred / the total number of sawple sites X 100]

Shrubs

Big sagebrush
Broom snakeweed

Linear-leaved wormwood
Pasturce (fringed) sagebrush

Pricklypear
Pricklypear
Silver sagebrush
Winterfat

Grasses and sedges

Blue grama
Buffalograss
Canada bluegrass
Cheatgrass brome
Japanese brome
Junegrass

Kentucky bluegrass
Little bluestem
Narrow-leaf sedge
Needle-and -thread
Plains bluegrass
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

Artemisia tridentata Nutt.

oLhrae
s L.

rigida Willd.

Opuntia fragilis (Nutt.) Haw.

0. polyacaniha Haw.
Artemisia cana Pursh
Eurotia lanata (Pursh) Moq.

Bouteloua gracilis (H.B.K.) Lag.

Buchloe dachtyloides (Nutt.) Engelm.

Poa compressa L.

Bromus icctorum L,

B. J(’OQLCUQ “Thunb.

Koeleria gzracilis Pers.

Poa praetensis L.

Schizachyrium scoparium (Michx.) Nash

Carex filifolia Nutt.

Stipa conmata Trin. & Rupr.

Poa dled Vasey

Azkalda longiseta Steud.

Sporobolus crypntandrus (Torr.) Gray

Bouteloua curtipendula (Michx.) Torr.
gropyron smithii Rydb.

Exriogonum annuum Nutt,

Coryphantha vivipara (Nutt.) Britt. & Brown

Haplopappus spinulosus (Pursh) DC.
Solidapo misscuricnsis Nutt.
Heterotheca villosa (Pursh) Shinners
Cnnnnﬁndlum sp.

[Jd squarrosa (Pursh) Dunal.
rium altissimum L.

Coryphantha missouricnsis (Swect) Britt. & Rose

Lepidium campestre (L.) R. Br.

Ratibida columnifera (Nutt.) Wooten & Standley

Artemisia ludiviciana Nutt.
Psoraiea lanceolaia Pursh

AmbigﬁLﬂ 251 0"'3£hy1 DC.
(Fursh) D. Don
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Relative frequency

(Pursh) Britt. & Rusby

19
19
10
67

5
24
43

5

86

c

14
48
24

86

10
10
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Table 22.--Location, principal composition, and biomass of standing crop samples.

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

eover-abundance classes are in parentheses l/]

Location

Dominant occurring species

Above -ground

blomass 2/

state county

Mont. Garfleld

Garfield

Dawson

Prairie

Harding

N. Dak. Golden

Valley

Prairie

Prairie

Prairie

pasture sagcbrush
(x)

silver sagebrush
(x)

pasture sagebrush

(x)

pasture sagebrush
(x)

linear-leaved

wormwood (x)

pasture sagebrush

(x)

pasture sagebrush
(x)

linear-leaved

wormwood (x)

silver sagebrush
2)

silver sagebrush
1)
pricklypear
(x)

pasture sagebrush
(x)
silver sagebrush

(x)

broom snakeweed

(x)

pasture sagebrush

(x)

pasture sagebrush

(1)
brocm snakeweed

(x)

grass

g/m2

kg/ha

red threeawn
(2)
western wheatgrass
1)

needle~and~-thread
(3)

western wheatgrass
(1)

needle-and-thrcad
3)
blue grama

(3)

western wheatgrass
(3)
blue grama

(x)

western wheatgrass
(3)
needle-and-thread

(3)

blue grama
(%)
needle-and-thread

(2)

western wheatgrass
(33
blue grama

(2)

western wheatgrass
(%)
needle-and-thread

(2)

blue grama
(%)
western wheatgrass

(2)

blue grama
(%)
western wheatgrass

1)

necdle~and-thread
(3)
western wheatgrass

(1)

golden aster

(x)

ragweed

(x)

skeletonwzed
(x)
peppergrass

(x)

woolly plantain
(x)
ball cactus

(x)

gumweed
(x)
yarrow

(x)

skeletonweed

(x)

skeletonweed

(x)

skeletonwced

(x)
cut-leaved golden~
weed (x)

skeletonweed

(x)
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Table 22. --cont.

Above-ground
Location Dominant occurring species biomausz/
Site no. state county shrub gTass forb g/m2 kg/ha
12 Mont. Custer silver sagebrush western wheatgrass - 80 800
(x) (2)
e Canada bluegrass -
(x)
13 Mont. Custer big sagebrush blue grama skeletonweed 110 1100
(2) 3) (x)
pasture sagebrush cheatgrass brome prairie coneflower
(x) (1) (x)
14 Mont. Carter silver sagebrush buffalograss skeletonweed 100 1000
(x) (4) (x)
pasture sagebrush blue grama -
(x) 3
15 S. Dak. Harding pasture sagebrush blue grama psoralea 150 1500
1) 3) (x)
big sagebrush western wheatgrass yarrow
(x) (2) (x)
16 Wyo. Crook silver sagebrush western wheatgrass skeletonweed 110 1100
(x) (%) (x)
- cheatgrass brome -
(1)
17 Wyo. Sheriden -- western wheatgrass prairie sage 180 1800
(%) 1
-- Kentucky gluegrass L
(1)
18 Wyo. Sheridan big sagebrush western wheatgrass - 100 1000
(x) 4
winterfat Japanese brome -
(x) (x)
19 Wyo. Johnson pasture sagebrush western wheatgrass yellow sweetclover 100 1000
x) (5) (x)
- sand dropseed -
(x)
20 Wyo. Converse pasture sagebrush blue grama cut-leaved golden- 90 900
(x) (3) weed  (x)
silver sagebrush Junegrass -
(x) (2)
21 Wyo. Converse big sagebrush western wheatgrass woolly plantain 50 500
(x) (2) (x)
pricklypear Junegrass -
(x) (x)
l/ x = sparsely or very sparsely present; cover very small,
1 = plentiful but of small cover value.
2 = very numerous, or covering at least 5% of the area.
3 = any number of individuals covering 257 to 50% of the area.
4 = any number of individuals covering 50% to 75% of the area.
5 = covering more than 75% of the area.
2/ Dry weight base.

112




The biomass for each site is presented in Table 22. These
values, which range from 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 1important. The vegetational components ot each site,
expressed in a cover—abundance scale, are also given in Table 22.
Only the principal plants responsible for the overall physiognomy
of the site are given. The relative frequency of occurrence (RF)
for each species (Table 21) was calculated using the tormula:

n
RF = =———— x 100
N

where N is the number of sample sites and n 1is 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 1in 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 ot the samples. The most common shrubs were
pasture sagebrush (RF = 67 %) and silver sagebrush (RF = 43 %).
The only forb occurring with any regularity was skeletonweed (RF
= 43 %).

A comparison of splits of 19 samples (Table 23) indicates
that except for 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 acsh vyield, were found to be more nearly normal using
log-transformey data. Table 23, theretore, presents the
geometric nmean (GM), geometric deviation (GD), and observed range
tor these variables. Prior to the statistical tests, the
concentration values determined ftor the ashed material were
recalculatea to a dry weight base using the formula.

A
Cla) =.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 vyielad.
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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 for. Thus even though
plants vary in their nutrient element requirements and 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 biomess sample dominates the
geometric means for wheatgrass, which compare rather well with
those of biomass. Wwhere 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 forbs (Munshower and DePuit, 1975).

Table 24 presents bicgeochemical lcad values for the herbage
at each site based on the concentrations of each element 1in 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 biogeochemical
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 of 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 technigues of soil extraction
and relating elements in soil extracts to actual concentrations
of elements 1n plants, or to changes in element concentration as
measured by soil extracts, have been published by Brauford, Bair,
and Hunsaker (1971), Follett and Lindsay (1971), Miller, Hassett,
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 of the soil-plant system; the
authors measured soil pH, 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 multivariate 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 1in 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
ditfer greatly for plant varieties, subspecies, or cultivars.
Assessing relations between elements in soils to those in plants,
therefore, 1is influenced by a complex system in which soil
factors atfect availability, and a plant's genetic constitution
atfects uptake and translocation.
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Fig.20,--Multivariate nature of the soil system controlling

element availability (reproduced with permission).
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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 signiticant (p <0.01) none of the coefficients of
determination (r?) exceeded 0.50. This means that of the
important relations, less than 50% of the variatior between the
variables was explained by the correlation.

Using the information in Table 29 several general
conclusions are made. 1) The following importance rankina of the
extracts as measures of availability is evicent if both A and C
horizons are considered: DTPA (ground) > IMPA (unground) > EDTA
(unground) > ammonium oxalate (unground) > total soil. 2)
Considering all extracts, more than twice as many important
relations were determined for the A horizon (15 relations) than
for the C horizon (6 relations). 3) Sagebrush, when compared
with the extracts, showed signiticant 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.

Signiticant simple correlations of elements in plants with
physical properties of scil (% clay, % sand, % silt, % water) 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 ot 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, Mg, Na, Ni, and Zn). Wheatgrass showed no relations for
the C horizon. Biomass and sagebrush relations were the same for
Cd and Fe (signiticantly negative for Cd and positive for Fe).
.one of the three plant materials (including deep-rcoted
sagebrush) showed consistent signiticant 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
1s, explain a greater proportion of the total variance between
plant and soil relations). Multivariate relations were
investigated between elements in plants (dependent variables) and
inagependent variables such as extracted elements and additional
physical and chemical properties of soil (pH, CEC, mineralogy,
and others, see tables 26 and 27). In aadition, we examined
multivariate 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 o©f the signiticant (p <0.05) multivariate 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
guartz) and soil pH occurred most commonly.

Several additional conclusions regarding multivariate
relations are made. 1) The following ranking of the extracts as
measures of availability is evident if both A and C horizons are
considered: DIPA (unground) > DTPA (ground) > total soil element
concentrations > EDTA (unground) > ammonium oxalate (unground).
2) Ammonium oxalate extracts usea in conjunction with chemical
and physical properties of soil appear to be extremely poor
predictors ot availability for wheatgrass and biomass. 3) where
signiticant relations were observed between an element in plants
and soil factors based on the varicus 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 technicues
of soil sample preparation atfect 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 sleve and similar material (10 mesh) ground further to pass
a 100 mesh sieve using A- and C-horizon 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 1n Coloradc, and therefore, we assume they represented the
A horizon, or at least the "plow zone".
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Table 26,--Multivariate relations between element concentrations in wheatgrass, biomass, and
sagebrush and DTPA extracted elements from unground 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 at the 0.05 probability level are included;
DTPA extractions were on unground <2 mm soil fraction; mineralogical variables were
calcite, clay, dolomite, microcline, plagioclase, quartz, and siderite; 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-exchange-capacity (CEC),
water (air dry to oven dry), pH, carbon by Walkley-Rlack method (C-wb), carbon by
ignition at 550°C (C-550), and organic matter calculated from organic carbon (C-om)]

Element, and Percent of total Significant variables in order of decreasing standard
soil horizon variance explained partial regression coefficient

Wheatgrass (n = 21)

Cd, C =wmenan 62 CEC Ni Calcite
0.54 -0.49 0.41
Cu, A ~-=evu- 52 pH Fe
1.39 .97
Fe, A ==mee-n 58 Siderite Na Plagioclase
52 46 =42
K, A scccccua 60 pH Plagioclase
-.67 -.45
Mg, A =-reee- 59 Zn K Plagioclase
-95 .75 =40
Na, A ======- 51 pH e
1.24 P8 &
Ni, A ==omeen 73 Ni Siderite Cu Na
-.93 .88 .70 0.37
Biomass (n = 21)
K, A ccvmcen- 62 pH Mn
-0.83 -0.68
Na; A ~~ocesee 53 Dolomite Na pH
.88 .61 -0.55
Ni, C =evecnen 52 C-550 Na
-.68 .50
Sagebrush (n = 19)
Cu, C ==ecanan 51 Zn
0.71
Fe, A ~-cneeun 57 pH Calcite
.58 0.38
SRS 52 CEC Co
-.74 «53
Mg, A ~~==mee= 78 cd K Calcite Mg
.92 -.49 -0.44 -0.39
Mo, C =ecoceen 75 pll Siderite Pb
.72 -.36 .36
Na, A ~~eceee- 59 Mg Microcline
.77 =.45
Ni, A ~ccevmnn 57 Co
.76
C sonccncn 72 Fe Clnyl/
95 -.58
Pb, C ~eemecen 83 Co Calcite Cu Zn Water
70 67 .62 42 «0.34
Zn, C s=enecc-- 51 Pb
.72

1/ petermined by X-vay diffracifon.
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Table 27,--Multivariate rclations between element concentrations in wheatgrass, biomass, and

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

soll chemical and physical properties for A- and C-horizon soils of the Northern

Great Plains

[(Only independent variables siguificant at the 0.05 probability level are included;

DTPA extractions were on soils ground to pass a 100 mesh (150 ym) sieve; mineralogical
variables were calcite, clay, dolomite, microcline, plagioclase, quartz, and siderite;
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-éxchange-capacity
(CEC), water (air dry to oven dry), pH, carbon by Walkley-Black method (C-wb), carbon
by ignition at 550°C (C-550), and organic matter calculated from organic carbon (C-om)]

Element, and Percent of total

Significant variables in order of decreasing standard partial
_s0il horizon variance explained repression coefficient

Wheatgrass (n = 21)

Cu, A ====u= 72 Siderite Na pH Plagioclase
0.51 0.44 0.36 -0.30
C cocone 52 C-wb Fe
.37 -.43
Fe, A =e=new 57 Water cd
-.75 .66
K, A ==-n-s 60 pH Plagioclase
-.67 .45
C wmeace 80 Mn N{ Dolomite Pb
1.00 <90 =.90 - 54
Na, A ==-=-- 61 pH Na
-52 .49
Pb, C ==ene- 59 Dolomite Ni
.58 =.37
Zn, A ~==ve= 72 Clay Mn Plagioclase
+65 -.38 ~«35
Biomass (n = 21)
Cu, A ===vun 55 Quartz cd
0.50 -0.38
C comcan 52 C-wb Fe
-.57 -.43
K, C ===ve- 80 Mn Ni Dolomite Pb
-1.00 .90 ~0.90 0.54
Na, A ===vun 68 Na Dolomite Zn
.69 43 +35
Ni, A =eece- 63 cd Fe Na
-.61 49 .32
Pb, C ===eea 59 Dolomite Ni
.58 -.37
Sagebrush (n = 19)
Cu, C ===vnu- 77 Ni Mn Fe Siderite
-0.76 0.70 0.41 -0.32
Fe, A =veue= 57 pH Calcite
.58 .38
K, C ==cc-- 66 cd Fe K
~.59 A1 39
Mn, C ==vcee 99 pH C-wb N Pb Clayl-/ Dolomite
1.29 -.66 .62 »9% 0.46 0.43
Siderite C-om Zn
=37 +20 .11

1/ Determined by particle size distribution,
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Table 28,--Multivariate relations between element concentrations in wheatgrass and soil
mineralogy, total gsoil element analysis, and other soil chemical and physical

propertics 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 table unless otherwise noted; soil mineralogical variables included, calcite,
clay, dolomite, microcline, plagioclase, quartz, siderite; total soil analysis
variables included, Al, Ba, total carbon (C-total) Ca, Cu, Fe, K, Mg, Mn, Sr, Ti,
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 Walkley-
Black method (c-wb), carbon by ignition at 550°C (C-550), carbonate carbon (C-CO,),
organic matter calculated from organic carbon (C-om)]

1.29 1.00 RS

1/ Independent variables significant at the 0.10 probability level,
2/ No independent variables significant at the 0.10 probability level.
3/ Determined by particle size distribution.

4/ Determined by X-ray diffractfon.
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Element, and Percent of total Significant variables in order of decreasing I
soil horizon variance explained standard partial rcgression coefficient
Ca, A ~ecccmee= 69.2 pH Siderite Oligoclase
0.66 0.65 -0.62
/
Cl -------- 14.4 Calcite
.38
Cd, A --eecmeas 42.7 K Calcite
47 -.47 Il
C mmemmmmenn 22.2 Clayl/
47
1/
Co, A= wcccree= oy % | Siderite Oligoclase
B -.39 II
o/ oeeeee
Cu, A ~=ecemrme= 46.0 pH Siderite
.49 41
| -
Fe, A ~-cvcaveen 67.2 Al Oligoclase Mn Sideri-e
«37 -.53 -.38 0.37
('2/ -------- I
K, A ceccnnan 59.3 pH Oligoclase
-.67 =.45
C ereenvenn 41.4 Calcite Na
-.52 -.41
1/
Mg, A~ ---me--- 67.3 Ca K Mg Calcite
-1.02 -.68 .66 32
CZ/ -------- I
Mn, A ~=cece-== 46.3 Clayﬁl
.68
"y PR T 54.6 C-total Ca
1.32 -.82
Na, A =-vcccem- 38.7 pH
.62
1/
C memmwmmm 21.3 Silt Sand Calcite
1.44 3.32 .36
Ni, A ~=ccece=- 39.3 Siderite C-carbonate
47 +39
g
1/
Pb, A~ -eccu--- 54.7 Siderite Silt
.68 .65
0 isnshoane 5.3 Calcite I
.50
10/
Zn, A ~-ecece-= 67.8 Clay— Quartz Ca




Table 2% ~-Multivariate relations betwecen element concentrations in biomass and soil mineralogy, total soil element

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

Creat Plains

[Only independent variables significant at the 0.05 probability level are included in the table unless other-
wise noted; soil mineralogical variables included, calcite, clay, dolomite, microcline, plagioclase, quartz,
siderite; total soil analysis variables included, Al, Ba, total carbon (C~total) Ca, Cu, Fe, K, Mg, Mn, Sr, Ti,
Zn; other soil chemical and physical property variables included, sand, silt, clay, cation-exchange capacity
(CEC), water (air dry to oven dry), pl, carbon by Walkley-Black method (c~wb), carbon by ignition at 550°C
(C-550), carbonate carbon (C-C0,), organic matter calculated from organic carbon (C-om)]

Element and

Percent of total

Significant variables in order of decreasing standard partial regression

soil horizon variance explained coefficient
Ca, A =veeecne= 24.0 Quartz
0.49
[ (SR
04, Aiivedasecss 23.5 Mg
-.49
T 36.2 clay?’/
-.60
AP | . 18.5 c-total
-.43
Cll -------- 90.1 C-total Dolomite X Fe C- om Sand Siderite CEC
-2.07 1.17 -0.91 0.79 0.72 -0.69 0.34 -0.30
Cu, A =ececcees 48.8 Fe
-.70
[ 53.8 C-wb
-.58
Po; A o-ssvens 18.9 pH
R2
™ SR .
K, A seccccns - 62.4 Fe Clayﬁ/
-1.33 .72
C mececcens 34.6 Ca
-.59
Mg, A ~eccmcnes 28.3 Quartz
.53
-~ A DR 16.8 Water
41
3/
Mo, A= ceccnnnn 32.2 Plagioclase Na
-.80 .58
o iiaie 16.9 clay?/
41
Na, A secccnnax 20.4 Dolomite
45
ST
Ni, A vecccncen 47.4 Mn Calcite
-.56 47
C vovenncnn 37.1 C-total
-.61
i 17.2 Mg
42
C eenccnnna 45.9 Dolomite
.68
Zn, Al/ --------
oV i

1/ No independent variables significant at the 0.10 probability level.

2/ Determined by X-ray diffraction.

3/ Independent variables significant at the 0.10 probability level.

4/ vetermined by particle size distribution.
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Table 30.--Multivariate relations between element concentrations in sagebrush and soil

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

propertics for A- and C-horizon sofls of the Northern Creat Plains

[Only independent variables significant at the 0.05 probability level are included
in the table unless otherwise noted; soil mineralogical variables included, calcite,

clay, dolomite, microcline, plagioclase, quartz, siderite; total soil analysis

variables included, Al, Ba, total carbon (C-total) Ca, Cu, Fe, K, Mg, Mn, Sr, Ti,

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-CO,),

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 regression coefficient
Ca, AZ/ --------
1/ =
C~ mccccenn 35.7 Siderite C-total
-0.54 -0.46
Cd, A ==mscemee- 33.5 Dolomite
-.58
C ~memmem——- 23.8 C-total
-.49
o, AT 48.0 Ca Al K
.84 -.61 0.37
A
Cu, A =ecceme-- 66.4 CEC C-total K
1.04 -.66 -.39
1/
C~ cenncnca 32.5 Siderite Calcite
-.52 -.38
Fe, A =-ecccee= 82.9 pH C-CO,4 Calcite Quartz
1.39 -.83 .80 0.54
C scancecns 28.1 CEC
-.53
K, A cccccccna 52.4 Microcline Siderite
-.70 -.38
cl/ -------- 19.4 Water
-.44
DI
- Ll 15.5 C-total
39
Mn, A =eemme--- 42.9 Na Mn
4 | 45
[ 65.9 pH Siderite
g | -.55
Na, A =--=seeee 30.0 Calcite
- L
C mommmmen= 47.9 Mn Water
.62 -.44
Ni, A =-reecee- 68.9 Water C-CO0,4 K
.68 -.42 -.37
LT s 19.4 K
« b
Pb, A =-eee-ee- 33.4 Siderite
.58
1/
C~ mmmemnnn 35.3 Calcite Mg
.88 -.62
1/
ZIn, A= ~=ceece- 39.1 Ca Dolomite
.85 -.63
C ccccnnnen 30.0 Siderite
-.55

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

2/ No independent variables gignificant at the 0,10 probability level.




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
for Cd, Fe, K, Mg, Mh, and Zn in the C horizon (Tabic 21). No
etfect ot grinding was noted tor Co, Cu, Ni, Pb, and 2Zn 1in
A-horizon soil, or Cu, Na, Ni, and Pb in C-horizon soil (Table
SL)% p
We agree with Jacober and Sandoval (1971) and Soltanpour,
Khan, and Lindsay (1976), that a standard method for 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, 1like 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 1s readily
homogenized. Our aata (Table 32), and the data of Soltanpour,
Khan, and Lindsay (1976), show that it 1is 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 examined, and
are treated separately. There are 21 samples of each horizon and
10 ot these were randomly chosen for duplicate analysis. The 31
samples were placed in a randomized sequence prior to analysis.
Aftter analyzing all of the samples by X-ray diffraction the 10
pairs ot samples for both the A and C horizons were se_.arcted and
the analytical error estimated. The data tor the minerals are
shown 1n Table 33. The data indicate that the precisicn between
analyses 1s good, the errcr 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
1dentified 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 1in 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 1in concentration 1is cf particular
interest to us. We celected 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

127




representative over the entire range of values. We are satisfied
with the diversity in the data for most elements and 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 1n all soil
extracts was substantially less than the total element
concentration in soil. However, no extractant consistently

proved to provide a meximum extracting power for all elements.

A single, universal relation between total element
concentration in soil and element concentrations 1in EDTA,
oxalate, or DTPA extracts, for a suite ot elements, remains
obecure. 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 testec (Tables 40-44). For
workers interested in indiviaual elements, the multivariate
relations chould provide insight ac to which soil properties, in
adaition 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" ftigure tor the potentially extractable portion of
the total element concentration.

Future Studiles

We have not, as of this writing, thoroughly analyzed all of
the data that we collected. 1In this report, however, we have
detailed our methods, presented the data in summary tform, and
have discussed some of the highlights of our work. We intend, in
later reports, to investigate 1in more detail the relations
between plant and soil composition based on the data we have 1in
hand, ana possibly on additional data on soil composition. In
adaition, we intend to investigate the nature of the soil systems
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
the tormulation of a soil extractant that will provide better
relations between element corcentrations in native plants and in
uncultivated soils.

The general analyticel 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 mm in size
further ground to pass a 150 ym 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]

Total Percentage of total
1°g10 variance between
Element variance Methods Samples Analyses
A horizon
Cdememcemcnn 0.0465 0 61.0% 39.0
Commmmwnmmum .0725 3.0 48,9% 48.1
CUummmomemm—— .0552 0 97.0% 3.0
Fes-mrveece- .1780 46.5% 50.6%* 2.9
Eescvencnan. .0359 24,0% 13.9% 2.1
Mge==cmmmmmn .0468 38.0% 61.1% 9
Mne-cecennax .1068 63.7% 33.1* b 9
Na====cece=- .2580 21.9* 51.4% 26.8
Nimmemcmena= 0865 0 85.2% 14.8
Pbeececnnce- 0248 0 84 . 6% 15.4
IN===mmm———— .1084 0 99.5% .
C horizon
(o B 0.1410 14 .3% 37.8*% 48.0
Com==menmnn= .1676 Sied 0 94.5
Cu--emccnmen .0527 0 98.5% ! %
Fer-vmecenu- % b 69.9* 21.1% 9.0
B oo o L0471 66.2% 25.5% 8.2
Mge=-~mcec=e= .0943 16.4% 81.0% 2.6
Mne-creccen= . 1145 38.4% 58.4% N2
Na-==-=eecmu= 5449 0 98.9% 1.1
Nicmemcconn- .1176 0 59.3* 40.7
Pbreemcencea .0197 0 65.8% 34.2
Borteih e 1264 52, 9% 29.4% 17.7
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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 ym) 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]

Percent of

variance
Element Regression equation explained
A horizon

Cdremmecncancan Y= 0.06 + 0.49 X 36.5
Cormmrocmncnnea ——

Cusesrarcsccces Y = 09 % T K 96.6
Perr=rrunaasane Y= 40 + 41X 70.8
Keesovcnsansnun Y = 23 $:.1.2 X 96.1
P 5ok ot i s s A i

M et i o Y= 4.8 + .20 X 41,1
| R 1 U 1 2 Y w b3 + .80X 80.4
Nicecccmmmncncnn Y= -.005+ .84 X 86.6
Pbomecccccccana Y = <5003 4+ 99X 92.6
1, PRI Yim OF 4 JBTK 98.7

C horizon

Cdememmnmncmnne -

Cow=mrorcnccnna ——

O ks S Y= 0.01 + 0.89 X 97.6
Foorsnonnscvunm Y= 2.8.0 %n 20X 3332
B s s e o s Y =73 + .30X 19.6
Mge==srccecccana -

MR = s e i Y= -.67 + .57 X 86.4
N@-e-cmcoccnaaa Yo 7,7 4 85X 98.9
Ni-cocccaccanan Y= -,009 + .85 X 71.2
Pl siirs wmlis wo v Y = 005+ .94 % 74.9
Dl e oo e o B Y = 201 b JSBR 42,6
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|
Table 34 --Statistical summaries for total element concentration and other properties of A- and C-horizon soils l
of the Northern Great Plains
[Detection ratio, number of samples in which the eclement was found in measurable concentrations
relative to the number of samples analyzed] I
Total Percent of total Sunmary statistics g
Soil property, logg var lance between Geometric Geometric Geometric Observed Detection
unit of measure variance Samples Analyses mean deviation error range ratio
1 A horizon l
C-carbonate, %======~ 0.4718 51.7 48.3 0.035 5.39 3.00 0.007-0.42 11:21
C-organic, %====c==-=- 0605 99.1 .9 1.9 1.86 1.06 .49-8.7 21:21
C-total,%========ca- .0456 99.9 o1 2.0 1.82 1.02 .62-8.7 21:21 l
C-Walkley Black,%--- 0731 99.0 3.0 1.5 1.49 1.07 .3-6.7 21:21
C-550°C,%==m==mmnnen 0204 99.1 9 S2 1.67 1.03 2.3-19 21:21
Ca, %===v=caccccccea 0351 99.9 1 597 1.63 1.01 42-2.0 21:21 I
C.E.C., m.e./100 gl'/ 60.53 84.9 151 31 11.47 3.02 18-62 21:21
Clay, ‘/.—1-/ ----------- 77.14 97.7 %3 26 10.44 1.33 12-52 21:21 I
Cu, ppme=e=ccccecnce 0184 86.6 13.4 12 1.71 1.12 3.0-30 20:21
Fe, A=-ccccrccccncas 0154 99.5 5 2.7 1.34 1.02 1.5-4.6 21:21
K, %e=eecceccccacces 0016 96.9 3.1 2.3 1512 1.02 2.0-3.0 21:21 l
Mg, %e=e-ememcemcaca . 0400 99.9 s | .97 1.57 1.01 46-1.8 21:21
Mn, ppm===cc-cacccee 0150 99.7 3 380 1.36 1.02 220-670 21:21
Na, Jecemcccccccacen L0441 99.9 A .92 2,01 1.01 .09-2.4 21:21 I
Ni, ppm==c-cecccccen 0210 62.5 .5 6.3 1.58 1,23 3.5-15 18:21
p"y --------------- 4605 98.2 1.8 ?:1 .68 .09 6.2-8.2 21:21
e LA LI 293.2 99.8 2 44 20.07 .84 13-76 21:21 I
sile, 7.1/ ----------- 79.68 95.9 4.1 30 11.14 1.82 9-45 21:21
Zn, ppm =sesecccece- 0090 97.1 2.9 58 1.37 1.04 25-86 21:21 '
C horizon
C-carbonate, %==---- 0.9505 64.5 355 0.45 5.87 3.81 0.007-3.2 19:21
C-organic, %======== .0319 82.8 17.2 .64 1.69 1,19 .29-2.0 21:21 I
C-total, Z%-ceccnc-an 1309 99.3 o 1.4 2.04 1.07 .35-3.7 21:21
C-Walkley Black, 7-- 0306 96.7 3.3 .40 1.67 1.08 .19-1.4 21:21
C-550°C, %r==cm=ec=e= .0502 98.2 1.8 3.9 1.54 1.07 1.9-7.7 21:21 l
Ca, %eemmeemeomanen- L2643 86.3 13.7 342 2.60 1.55 «52-12 21:21
C.E.C., m.e‘/IOOgl/- 50.22 67.6 32.4 28 7.92 4.03 .16-45 21:21
Clay, 7.—1‘/ ----------- 175.9 98.5 1.5 32 11.68 1.61 15-57 221 I
Cu, ppm====-=ncemc-n .0255 51.6 48.4 14 1.54 1.29 6.0-36 21:21
Fe, lm=eememcccceccnen .0087 62.8 37.2 3.1 1.30 1.14 1.9-5.1 21:21 l
K, %==emecccnacecuan .0023 85.6 14.4 2.2 1.14 1.04 1.8-2.9 21:21
Mg, %m=eece- S s suwtie .1105 99.6 4 1.6 1.80 1.05 .59-4.3 21:21
Mn, ppmessc-cccnnces .0055 85.1 14.9 380 1.43 1.07 230-890 21:21 l
Na, %==eeccecnccccan .0758 97.9 v | .84 1.86 1.10 .22-2.4 21321
Wi, ppme=e-cccecenae .0163 73.0 27,0 7 1.59 1.17 3.5-15 20:21
TR 0964 97.2 2.8 8.3 .38 .05 7.0-8.9 21:21 I
T RO 426.3 99.9 1 42 20.42 .79 22-68 21:21
silt, 7.1/ ----------- 99.65 95.7 4.3 26 11.08 2.08 10-45 21:21
Zn, ppM===-==ssccewa .0076 73.0 2%.0 54 1.28 .11 28-89 2121 I
1/ logarithmic transformation was not performcd on the data before gtatistical analysis.
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Table35.--Statistical summaries for EDTA extractable element concentration of the less than 2 mm 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]

Total

Element, Percent of total Summary statistics

unit of log,, variance between Geometric Geometric Geometric Observed Detection
measure variance Samples Analyses mean deviation error range ratio

A-horizon
Ca, %vwecene- 0.0376 99.6 0.4 0.20 1.60 1.03 0.10-.51 21:21
Cd, ppm=====-= L0434 51.5 48.5 .1 1.61 1.40 .06-.42 21:21
Co, ppm====== .0361 53.0 47.0 3 1.57 1.33 .2-.7 21:21
Cu, ppm-===== .0150 90.5 9.5 .8 1.64 1.09 .3-2.2 21:21
Fe, ppm--=-=-= .2954 93.7 6.7 5.4 3.44 1.37 .5-42 21321
K, ppm======= L0177 98.1 1.9 230 1.55 1.04 170-1300 21:21
Mg, Aee=cen=- .0259 99.6 4 .034 1.57 1.02 .018-.10 21321
Mn. pome-==--= .0403 90.1 9.9 12 1.60 1.16 AL9-44 21:21
Ni, ppm-===-= .0296 77.0 23.0 o7 1.68 1.21 .2-2.5 21:21
Pb, ppm=-===- .0165 87.9 12.1 - 1.54 1.11 1-5 21:21
Zn, ppm===-== .0766 99.2 .8 1.6 2.14 1.06 5= 21:21
C-horizon
Ca, A====me==- 0.0306 95.6 4.4 0.19 1.42 1.09 0.09-.35 21:21
Cd, ppm-====== 4370 83.1 46.9 .03 2.75 2.84 .001-.11 21:21
Co, ppm======= L0551 0 100.0 o3 1.58 1.72 .1-.5 21:21
Cu, ppm======= .0283 86.6 13.4 9 1.97 1.15 .08-1.7 21:21
Fe, ppm======= .0809 87.8 12.2 2.3 1.92 1.26 .8-11 21:21
Ky ppli==ccccc- .0113 38.1 61.9 130 1.39 1.21 60-250 21:21
Mg, %A==ececee- L0719 99.7 3 .068 1.76 1.04 .026~.15 21:21
Mn, ppm======= .036k4 94.7 %.3 2 1.70 1.11 .8-10 21:21
Ni, ppme=-=c-= .0810 72.4 27.6 .7 1.55 1.41 4-2.1 21:21
Pb, ppme=ecc=-- .0101 84.6 15.4 1 1.29 1.10 1-2 21s21
Zn, ppme======= .0276 82.5 17.5 3 1.39 1.17 2=.5 21:21
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Table36.-~Statistical summaries for Oxalate extractable element concentrations of the less than 2 mm 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, Total Percent of total Summary statistics

unit of 10310 variance between Geometric Geometric Geometric Observed Detection
measure variance Samples Analyses mean deviation error range ratio

A horizon
Ca, ppm-=--~-~ 0.8432 72.6 27 .4 4.0 7.08 3.03 0.5-57 21321
Cd, ppm-==v== 0174 43.4 56.6 .03 1.97 1.26 .003-.07 21321
Co, ppm=-==-= .0880 83.3 16.7 2.1 2.33 1.32 «2-5.3 21:21
Cu, ppm---~-= .0905 91.0 9.0 2.0 2.64 1.23 .01-6.8 2121
Fe, ppm------ .0257 68.5 31.5 480 1.60 1.23 150-1100 21:21
K, ppme====-- .0120 95.3 4.7 280 1.47 1.06 150-940 2121
Mg, ppm-----~ .0871 96.7 33 520 1.88 1.13 230-1700 e1:21
Mn, ppm---==- .3403 775 22.5 97 5.65 1.89 .5=330 21321
Na, ppm-=-=-=-= .1523 64.3 357 15 2.82 1.71 2.9-81 21:21
Ni, ppm--=-=== .1983 90.2 9.8 1.5 3.60 1.38 .05-9.8 21321
Pb, ppm-=----- .0813 52.8 47.2 3 2.05 1.57 .05-.9 21:21
Zn, ppm=--=-= .3122 88.3 11.7 2.0 4.73 1.55 .02-11 21:21
C horizon

Ca, ppm-==--=~ 1.060 54.9 45.1 1.9 11.1 4.91 0.5-37 21:21
Cd, ppm-===--= .3316 0 100 .01 2.69 3.77 .001-.05 21:21
Co, ppm-===== L4608 88.8 11.2 | 3.82 1.69 .05-5.8 21321
Cu, ppm-====-= 4548 91.9 8.1 oS 4.43 1.56 .05-3.8 21:23
Fe, ppm-=~-~~~ 2,061 94.3 5.7 25 19.2 2523 .3-1300 21:21
K, ppm-====-= .0201 88.2 11.8 93 1.45 1.12 44-180 2171
Mg, ppm-===== L0495 87.1 12.9 830 1.56 1.20 350-1600 21:22
Mn, ppm-===-= 1.952 98.1 1.9 4 17.8 1.55 .05-190 21:21
Na, ppm=====-= «3113 89.1 10.9 48 7.09 i.72 2.4-1700 21:21
Ni, ppm-===-- .6917 91.5 8.5 - 5.38 1.75 .05-6.1 21:21
Pb, ppm~=~==-- s 2292 52.7 47.3 .1 2.54 2.13 .05-.8 SRl
Zn, ppm-===== .6310 63.9 36.1 o2 6.21 3.00 .01-1.9 21321
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Table 37 --Statistical summaries for DTPA extractable element concentrations of the less than 2 mm 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, Total Percent of total Summary statistics

unit of 10810 variance between Geometric Geometric Geometric Observed Detection
measure variance Samples Analyses mean deviation error range ratio

A-horizon
Cd, ppm====== 0.0471 52.8 47.2 0.1 1.66 1.41 0.04-.3 21:21
Co, ppm===== - 0282 21.8 78.2 % 1.65 1.41 .06-.4 21:21
Cu, ppm====== 0304 91.1 8.9 4 1.77 1.13 .1-1.2 21:21
Fe, ppm====== . 1225 98.1 1.9 11 2.13 1.12 2-50 21:21
K, ppm======= .0128 93.8 6.2 190 1.50 1.07 110-720 21:21
Mg, ppm====== .0132 94.8 5.2 330 1.72 1.06 190-2400 21321
Mn, ppm====== .0327 90.7 9.3 8.9 1.51 1.14 3.7-15 21:21
Na, ppm====== L2216 97.4 2.6 5.0 2.90 1.19 1.6-83 21:21
Ni, ppm--==-= . 0659 68.5 31.5 .6 2,21 1.39 2-2.7 21:21
Pb, ppm====-= L0147 52,3 47.5 .6 1.50 1.21 J3-1.4 21:21
Zu, ppme===-= L1021 99.4 .6 .6 2,32 1.06 2-5.3 21:21
C-horizon

Cd, ppm====== 0.2189 47.5 52.5 0.02 3.12 2,18 001-1.0 21:21
Co, ppm====-== .2166 0 100 2 2.28 2,92 .01-.4 21:21
Cu, ppme====== .0439 98.9 1.2 4 1.72 1.05 1-.8 21:2)
Fe, ppm=====- 0316 94.0 6.0 7 1.60 1.11 3-19 21:21
K, ppm======= . 0064 94.5 3.3 87 1,21 1.04 59-120 21:21
Mg, ppm====== .0658 99.5 .5 700 2.14 1.04 260-7800 21:21
Mn, ppm====== L0446 89.7 10.3 3.4 1.87 1.17 1.1-14 21321
Na, ppm====== .5186 99.8 .2 61 6.06 1.07 5.0-1400 21121
Ni, ppme===== . 1546 58.6 41.4 5 1.96 1.79 .1-2,1 21:21
Pb, ppm====== .0206 70.0 30.0 3 1.40 1.20 +2-.6 21:21
Zn, ppm====== . 0959 64.0 36.0 .05 2,03 1.53 .01-,15 21:21




Table38,--Statistical summaries for DTPA extractable element concentrations of the less than 2 mm fraction,
further ground to pass a 150 ym (100 mesh) sieve, 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, Total Percent of total Summary statistics

unit of 10810 variance between Geometric Geometric Geometric Observed Detection
measure variance Samples Analyses mean deviation error range ratio

A horizon
Cd, ppm======= 0.0369 62.0 38.0 0.09 1.71 1.3% 0.04-.4 21:21
Co, ppm======= .0701 32.0 68.0 5 4 2.26 1.65 .03-.6 21:21
Cu, ppm======-= .0349 98.2 1.8 4 1.83 1.06 1-1.6 21:21
Fe, ppm-====-= .0757 89.3 10.7 30 1.93 1.23 8-81 21:21
K, ppm===-n=== .0127 94.2 5.8 140 1.57 1.07 69-570 21:21
Mg, ppme======= .0114 98.9 1.1 200 1.35 1.03 130-420 21:21
Mn, ppm=---=--= . 0440 91.4 8.6 22 1.61 1.15 7.3-51 21:21
Na, ppm======= .2267 44.0 56.0 13 2.58 2,31 2.7-97 21:21
Ni, ppme===--- .0418 88.4 11.6 .8 1.99 1.17 .1-3.1 21:21
Pb, ppm-====-=-=- .0097 93.2 6.8 .6 1.49 1.06 .3-1.3 21:21
Zn, ppm===-=-= .0785 99.5 -3 .7 2,12 1.05 2-6.3 21:21
C horizon
Cd, ppme====-=-= 0.0238 13.6 86.4 0.04 1.53 1.39 0.01-.1 21:21
Co, ppm--=-==--- .1620 38.2 61.8 " | 2.60 2.07 .01-.4 21:21
Cu, ppm-====== .0439 97.6 2.4 N2 1.76 1.08 1-.8 21:21
Fe, ppm==c-=-- .0306 26.3 73.7 19 1.58 1.41 7.8-54 21:21
K, ppm=====c=- .0229 67.7 32.3 48 1.50 3.22 21-140 21:21
Mg, ppm======= .0602 92.5 b E% 440 1.62 1.17 190-~1000 21:21
Mn, ppm--=---- L0641 95.6 4.4 7 1.88 | % b 2.0-~23 21521
Na, ppm======= 4545 97.5 2.5 75 5:37 1.28 5.9~1700 21:21
Ni, ppm==-===-= .1483 78.6 21.4 .6 2.17 1.51 .06~1.8 21:21
Pb, ppm=====-= .0191 61.8 38.2 3 1.37 1.22 «2~.6 21:21
Zn, ppme====-= .0241 60.9 39.1 A 1.52 1.25 .06~.4 21:21
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Table 39.--Statistical summaries for DTPA extractable element concentration of the less than 150 um
(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, Total Percent of total Summary statistics

unit of 10810 variance between Geometric Geometric Geometric Observed Detection
measure variance Samples Analyses mean deviation error range ratio

A horizon
Cd, ppme==ec-== 0.0854 51.4 48.6 0.1 2,20 1.60 0.02-.5 21:21
Co, ppme===m=== .0260 44.4 55.6 2 1.54 1.32 .08-.5 21:21
Cu, ppme===r=== .0321 97.4 2,6 .8 1.70 1.07 4-2.6 21:21
Fe, ppme=cer=== .1178 99.3 o7 24 2.04 1.07 5.6-88 21:21
K, ppm==s=ccees L0144 99.2 .8 170 1.50 1.03 93-640 21:21
Mg, ppme=-=e=== .0107 98.8 1.2 210 1.30 1.03 130-370 21:21
Mn, ppm===--c=== .0639 95.7 4.3 19 1.68 1.13 5.7-40 21:21
Na, ppme===c=== . 1570 18.8 81.2 11 2.52 2,28 3.0-84 21:21
Ni, ppm-=eev-== .1163 88.9 11.1 .6 2,32 1.30 .09-3.4 21:21
Pb, ppme=-ev-== .0140 88.5 11.5 1.2 1.48 1.10 .6-2.4 21:21
Zn, ppm==-=c-== .1083 99.7 '3 1.2 2.18 1.05 .3-9.8 21:21
C horizon
Cd, ppm===c==== 0.1493 34.8 65.2 0.07 2.66 2.05 0.009-.7 21:21
Co, ppme===v=== L0423 12,3 87.7 o2 1.63 1.56 .06-.4 21:21
Cu, ppm======== L0493 99.6 4 1.0 1,65 1.03 4-2.0 21:21
Fe, ppme=e=cv=== L0427 92.4 7.6 12 1.55 1.14 4.8-29 21:21
K, ppm=e=ccceea . 0064 93.6 6.4 61 1.27 1.05 34-86 21:21
Mg, ppmescece== L0647 99.8 | 460 1.66 1.03 190-1200 21:21
Mn, ppmes=ec=== .0543 94.5 5.5 6.8 1.69 .13 2,6-21 21:21
Na, ppm-=-====-== .3759 98.1 1.9 86 4.89 1.21 7.1-2200 21:21
Ni, ppmesccceen . 1846 84.4 15.6 4 2.66 1.48 .04-1.7 21:21
Pb, ppme=-cce=- .0204 76.6 23.4 o | 1.40 1.17 .3-1.1 21:21
Zn, ppm======== .0562 70.6 29.4 o1 1.78 1.34 .03-.3 21:21
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Table 40.--Relative influence of total element concentration and other soil properties on EDTA extractable element concentrations

of the less than 2 mm fraction of A- and C-lorizon 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 Total e Carbon
in soil Regression element Walkley 1Ignition
extract constant concentration Carbonate Organic Total Black at 550°C__capacity

Clay pH Sand Silt

Percent
of

variance

explained

A-horizon

Cammmmmmmn -0.083 0.044 9.8
Cdemneenne .053 2/ 0.058 81.5
COmmmmmmnn -.0049 2/ 60.4
Cuscmmnenn .33 .053 -1.09 67.7
Fee==mmm== 96.0 -12.1 58.9
Kesmmmmen- 78.8 129 91.1
Mg==eem=ean -.0057 86.6
Mo=== ~mm= .53 22.6 -18.0 0.11 93.5
Ni=emcmmnn 2.68 .088 -.35 42.6
Mipanns = A 2/ -1.02 0.72 82.0
Zmmem .55 1.84 90.7
C-horizon
Cammemmmn= 0.032 47.7
Cdevmennnan .028 2/ -0.026 0.0017 61.3
R i .16 2/ -.0075 60.1
Cummmmmmm= 46 0.035 34.9
Feme-nmeva 43.6 -4.89 56.1
= LT 555 -46.7 -30.6 -44.8 71.6
Hgsisonnann -.52 -0.014 .061 82.0
i s 37.4 4,39 .057 78.2
Ni-m=eman- 7.53 -.82 51.7
Pbeccencne 41 2/ 0.40 49.6
S .23 -.074 .0056 41.8

1/ 1Independent variables significant at the 0.10 probability level.
2/ No data available for total element concentration.

Relations are suspect because of excessive analytical error,

W
~
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Table 41--Relative influence of total element concentration and other soil propertics on Oxalate extractable element concentrations

of the less than 2 mm fraction of A- and C-horizon soils of the Northern Great Plains

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

4 Independent variables and their partial repression coefficients Percent
Element Total Carhon Cation of
in soil Regression e lement WalkTcy 1Ignition exchange variance
extract constant concentration Carbonate Organic Total Black at 550°C capacity Clay pH Sand Sile explained

A horizon
Bhsesddnbeden 26.9 54.9 -0.40 42.9
cdl/ --------- 2/
CO=neccacaces 1.67 2/ -5.96 0.060 61.3
Cumescrcccnne .56 0.19 -5.24 79.6
) LT T T T— 175 11.4 32.0
Kecowcancannn 94,7 91.4 91.3
Mgeevecnnnneas 1073 1510 -13.9 84.5
M s csiine s um -12 .54 -362 85.6
R, -127 21.2 40.9
Nicocoocncans .20 .31 28.5
T 1.51 2/ -.16 310
EResccessnses 1.31 -6.12 1.48 81.0
C horizon

Canemsvcncena <41,1 -41.8 109 118 67.4
B oo iesd .0099 2/ .015 21.5
Conencscnancs 29.8 2/ -3.41 48.6
Curnssessssns 21.0 =2.40 51.4
PResnssncancs 6510 -.076 68.9
YN ;T 586 -63.4 1.52 62.6
Mge=mm=memean 579 170 30.1
R R— 1081 -47.5 -121 68.2
an/ ---------
] e, 26.7 -0.40 -2,.84 56.5
Pbeccccccacna 3.24 -.36 40.8
Ineenecccncas 7.80 -.88 33.5

1/ No 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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Table42 . --Relative influence of total element concentration and other soil properties on DTPA extractable element concentrations of

the less than 2 mn fraction 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]

Independent variables and their partial regression coefficients Percent
g Toral —Garbon e ot
in soil Regression element o Walkley Iinilion e¢xchange variance
extract constant concentration Carbonate Organic Total Black at 550°C capacity Clay pH Sand Silt explained

A horizon

(17 EAp— 0.050 3/ -0.098 0.042 79.1
G i .18 3/ -0.20 .29 38.7
Cu-=vmmaman .96 0.032 -0.15 -0.0086 87.4
Fe-s=v=m=un 96.9 -11.6 59.0
Kemmmmmmme-n 52.0 70.5 89.1
e

1 R 4.91 0.025 -10.5 -.16 82.8
| PO — -13.2 70.7 -100 1.76 54.5
Nieasaacoaa .30 .095 -1.70 46.8
Pbo-connca- -.013 3/ 0.021 74.1
7 p— .15 .70 -.034 89.7

C horizon

R 0.31 3/ 0.039 -0.035 43.3
sl = 1.65 3/ -.18 35.6
Bt 2 i .15 0.020 : 41,9
Fe-meemmnne 61.8 -6.58 45.4
A B 174 -8.69 -1.17 65.3
T

7 L A .4 6.88 -4.02 70.8
NaZ/ -------

Niweommonen 6.58 -.72 33.5
sz-/ ------- 3/

- -.0080 .0012 15.2

1/ 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 cxcessive analytical error.




Table 43+-Relative influence of total elewent concentration and other soil properties on DIVA extractable element concentrations of
the less than 2 mm fraction, further ground to pass a 150um (100 mesh) sieve, 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]

Independent variables and their partial regression coefficients Percent
Element Total Carbon Cation of
in soil Regression element Walkley Ignition exchange variance
extract constant concentration Carbonate Organic Total Black at 550°C capacity Clay pH Sand Silt explained

A horizon

Cdemmmmumnn 0.036 3/ 0.039 42,5
P S -.020 3/ 0.0092 43.4
Cumeennnnee 1.03 L0462 -0.17 -0.013 91.7
| S R 144 1.22 -23.6  0.51 79.1
| SR 31.5 55.6 82.7
Mg====e=me 59.8 5.89 79.9
Mn==eeee-- - -1.23 0.065 15.5 -6.02 86.8
Nng/ ------

[} CEEEER .16 18 36.0
Piceeavoruy .019 3/ .020 ‘ 73.1
L .16 .81 -.039 90.6

C horizon

aad/8/ i 0.24 3/ -0.023 17.2
e 1.53 a/ .17 46.1
Cusmmmmenes .020 0.013 0.0087 60.7
Pezl -------

= NS

Mgeesaanans -178 171 11.8 7.7
Mn-e=ccenee 67.8 9.66 -7.66 68.8
Nug/ -------

| 8.38 -.92 56.0
Pbemneemnne .29 3/ .16 20.5
anl -------

1/ 1Independent variables significant at the 0.10 probability level.

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

(=
~

No data available for total element concentration.

Relations are suspect because of excessive analytical error.

&
.
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Table 44,~-Relative influence of total element concentration and other soil propertics on DTPA extractable element concentrations

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

and C-horizon soils of the Northern Great Plains

[Only independent variables significant at the 0.05 probability level are included on the prediction equations

unless otherwise noted]

Indrxpond_olt variables and their partial regression coefficients Percent
Element Total Carbon Cation of
in soil Regression element Walkley Ignition exchange variance
_extract constant _ concentration Carbonate Organic Total Black at 550°C capacity Clay pH Sand Silt explained

A horizon
Bl o nnians -0.0019 3/ 0.0058 19.2
Coé'/ ------ .14 3/ -0.31 0.0052 49.2
Ol i o 2oy 0.10 -0.28 0.028 87.0
) [ TR —"— 190 -22 60.2
Kemmmmmmnn 89 126 -32 80.1
Mg==n=ce=e =117 37 7.6 &2 83.2
M=escneas 6.9 .044 -32 55.8
Naz/ ------
Ni-=scccea- .078 .097 23.9
Phecansosa 13 3/ .036 55.0
In=cneneaa .23 1:3 -.055 91.0
C horizon

A 3/
Cozl ------ 3/
Cu-=ncenas 0.086 0.030 0.018 63.1
Fewencncas 97 -10 42.1
e A 87 .12 -0.36 31.5
Mg-===acen -154 242 16 -9.6 81.4
Mi=emeeene 56 8.8 -6.3 72.8
Naz/ ------
.| C—— 6.7 .74 39.9
L .55 3/ .20 15.7
2t -....-. 11 .096 14.0

1/ 1Independent variables significant at the 0.10 probability level.

Iw N
~

>

/ No independent variables significant at the 0.10 probability level.
No data available for total element concentration.

/ Relations are suspect because of excessive analytical error.
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STATISTICAL ZONATION OF CIL SHALE CORE JUHAN 4-1, COLORADO

by Walter E. Dean and John R. Dyni

Introduction

Stratigraphic logs generally consist of graphs of some
measured attribute of the sediments, rocks, or interstitial
tluids 1in the stratigaphic seguence (y) plotted against depth
within the stratigraphic sequence (x). Core hole data may be in
the form of a series of continucus or discrete down-hole
measurements made on cuttings or cores. By the very nature of
stratigraphic seqguences, the measured x-axis (depth) 1is an
implied time axis, although time is rarely measured directly.

The main purpose for 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 cil-yield
portions of a sequence of o1l shale), or to 1isolat: specific
horizons of 1interest (e.g. a sharp change from low to high
porosity). Locating these distinctive 2zones 1is usually done
subjectively by the geologist looking at the log, usually at a
distance or at an obligue angle, and deciding which portions of
the log appear distinctive. Some objectivity may be injected
into the zonation decisions by selecting a predetermined cutott
value (e.g. all portions of an o0il shale seguence 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 ot Al,05, Si, MNa, S, Fe, K, Ca, and Sr in 374
samples, each approximately 0.61lm 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, 197/4).
Concentrations of these elements (except for Na) were determined
by X-ray fluorescence. Na was determined by semi-cuantitative
optical emission spectroscopy. o1l yields were alsc determined.

Saline facies of the Green River Formation

The saline tacies occurs in the lower part of the Parachute
Creek Memkber of the Green River Formation in the Piceance Creek
basin (Smith and Milton, 1966; Hite and Dyni, 1967/; Dyni and
others, 1970; Trudell and others, 1970; Young and €&-ith, 1970;
Beard and others, 1974; Dyni, 1974; Robb and Smith, 1974). It
underlies an area of approximately 660 sg. km 1in the north
central part of the basin, with thicknesses on the order of 30 to
300m and a maximum thickness of 344m (Dyni, 1974). The top of
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the present occurrence of water-soluble saline minerals 1is a
dissclution surface that cuts across stratigraphic boundaries
with as much as 140m of stratigraphic relief. Solution breccias
and cavities, which occur for as much as 250m above the
dissolution surface, are evidence of the former occurrence ot
saline minerals throughcut the section. This dissolution has
tormed a highly permeable hydrologic unit, usually reterred to as
the "leached zone", that is the principal ground-water acuifer in
the Piceance Creek besin (Cectfin and others, 1970).

The saline tacies differs from the overlying nonsaline part
ot the Parachute Creek Member mainly by the occurrence of
nahcolite (NaHCO,; naturally occurring soda ash), aawsonite
(NaAl(OH) ,CO4), and, in some cores, halite (NaCl) in the typical
fine-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 16Y liters per tonne) on a nancolite-free
basis. The nahcolite facies 1is even more distinct from the
kerogen-rich shale of the underlying Garden Gulch Member, which
is characterized by lack of saline minerals (except for some
dawsonite in the upper 15 to 18m of the Member), a lower content
ot 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 if extracted as a byproduct
of o1l shale. Total estimates of nahcolite in the Piceance Creek
basin are on the order of 30 killion metric tons (Beard and
others, 1974; Dyni, 1974). Totel 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 meinly as fine-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 maristone, ana laterally-continuous beds ot micro- to
coarse-grained crystals (Hite and Dyni, 1567; Dyni, 1974). The
nahcolite aggregates are roughly spherical, up to 90 cm 1in
alameter, with most on the order of 2 to 10 cm. Beds ot
nahcolite, as thick as 9m, grade laterally into interbedded
halite ana nahcolite in the depccenter of the saline facies. The
nahcolite aggregates are clearly diagenetic, and formed after
deposition of the enclosing dolomitic marlstone. Bowever, beaded
nahcolite is interpreted as a true evaporite that precipitated
during higher salinity phases of the lake.

Balite occurs interlayered with nahcolite ana marlstcne
torming beds up to 20m thick. These paired layers are
interpreted to be the recsult of seasonal cycles of evaporite
sedimentation representing high-salinity analogues of the varves
that characterize most of the dolomitic marlstone 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
nahcolite.

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

Statistical Techniques

Analysis of Variance Zonation:

Details of the analysis of variance zonation technique have
been described by Testerman (1962) and Gill (1970). The data
matrix usually consists of a distance or time axis (X) and a
concentration axis (y = £(xX)) that 1is normally in units of
intensity of a measured variable (% porosity, ppm Sr, % arboreal
pollen, etc.).

The technigue 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
tirst 2zone and all other observations (2 through N; constitute
the secona zone. Between- and within-zone veriances 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
wilthin-zone variances respectively. Fcr an optimum 2zone
boundary, w = 0 and R = 1. If the data are homogeneous, B = 0
and R is undefined. If W is greater than B, R will be negative,
but all negative values are considered zero for purposes of
interpretation. We are looking for a zcne toundary that will
give a value of R as close to 1.0 as possible. This bcundary
wlll have the effect of minimizing W ana maximizing B.

Atter the first value of R is computed, the first and second
observations are grouped as the first 2zone, all other
observations (3 through N) taken as the second zone, and a secona
value of R computed. A third value of R 1is 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
zone and all other observations (1 through N-1) 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 seguence, suppose the 37th
value of R was the highest at 0.94. Then the zone boundary would
be drawn between samples 37 and 38; 2zone 1 would contain samples
1 through 3/, and zone 2 would contain samples 38 through 100.

Atter the first zone boundary has been establiched, each ot
the two zones is examined separately for the next best 2-zone
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boundary. This boundary divides the data intoc three zones. The
procedure is repeated until the values of R begin to decrease
with the addition of new zcones, 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
qualitiea observer. The advantages of the technique are that the
boundaries are basea on strict objective criteria, ana the order
in which boundaries are selected provides a relative ranking of
wmmportance of the 2zone boundaries. For details ot the
computational methods, the interested reader 1is ieferred to
papers by Testerman (1962) ana Gill (1970).

The analysis of variance zonation technique was applied to
measured values of Al,03, Si, Ma, S, Fe, K, Ca, and Sr in the 374
samples of the Juhan core hole. 1In 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 tigure 21.

The curves for each variable plotted in figure 21 are basea
on smoothea values of the raw data using a 31l-sample moving
average. Smoothing removes the small-scale variability ("noise")
in the raw date ana helps to visually isolate portions of the
curves with unusually hich or low values. Note that the tops cf
the curves i1n figure 21 do not correspond to the stratigraphic
positions of the uppermost data point (561.1 to 561.8m). This is
because each 3l-sample average 1s plotted et the midpoint depth
ot the averaged interval, which would be the depth at 16 data
points aown from the top of the intervel. A vertical line is
drawn at the geometric mean value for each of the 8 variables,
and portions of the curves with values greater than the geometric
mean are fillea in with a stippled pattern. The curve of % Na in
tigure 21 1is truncated at about 750m because all values below
this depth are below the detection lmmit (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,

273

and Sr, and 3l-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 3l-sample
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 «€-0,45 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
8ix on the left and right sides of the illustration, Subjective
zone 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 turther illustrate the analysis ot variance zonation
technigue, 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 2zone boundaries
obtained by methods described above. The stratigraphic positions
of the 9 2zone boundaries are indicated by dashed lines on the
oil-yield log in figure 21. The choice of 10 zones was entirely
arbitrary ftor 1illustrative 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 lett of the oil-yield log in tigure 21.
Descriptions of these rich and lean zones, and correlations with
rich and lean 2zones used by Donnell and his coworkers (e.qg.
Donnell and Blair, 19570; Cashion an® ™cnnell, 1972) can be found
in the paper by Dyni (1974). The rich and lean c1l shale zones
1n this core are not as well defined as in saline-free cores
because of dilution by saline minerals. Statistical zonation on
the basis of o1l yiela data could perhaps be improved by
computing oil yield on a saline-free pasis.

Moving Correlation Coefficient:

Details and applications of the moving correlation
coetficient technigue have been described elsewhere (Anderson and
others, 1972; Dean and Anderson, 1Y974a ard b). Moving
correlation coefficients are computed between two variables in a
stratigraphic seguence in much the same way that moving averages
are computed for a single variable in order to smooth out local
variaticn i1n the data. The purpose of the moving correlation
coetticient technigue is to examine variations 1n 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 ot association between % oil
and % sulfur in a core of oil shale. Samples for these analyses
are commonly taken every toot (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 coeftficient
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 correiarion coetticient 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 & series
ot N-100 correlation coetfficients referred to as a seqguence of
moving corelation coefficients.

Moving correlation coefficients using a 3l-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
<-0.45 are shaded. Correlations bas~ on all samples and on
samples from the saline zone and the underlying Garden Guich zone
are given 1in table 46.

Results and Discussion

Results ot the analysis ot variance zonation ana the moving
correlation analysis plotted in figure 21 suggest that the saline
tacies and underlying Garden Gulch Member of the Creen River
Formation can be divided into six geochemical zones with the
tollowing approximate depth boundaries: 735 to 793m (bcttom of
the core), 710 to 735m, 665 to 710m, 630 to 6465m, 600 to 630m,
and 5601 to 600m. These boundaries are obviously not the same for
all elements, but represent subjective averages of objective
boundaries picked by the analysis of variance technigue.

Zone 1 = 735 to 793m:

The lowermost zone extends downward from the lowest
occurrence of nahcolite in dolomitic narlstone of the Parachute
Creek Member, and includes the underlying clay-rich Garden Gulch
Member. The Garden Culch Member 1s characterizea by laminated
claystone, siltstone, and shale, with illite, quartz, albite,
K-teldspar, dolomite, and calcite as the dominant minerals (Hite
and Dyni, 1967; Truuell and others, 1870). Some disseminated
dawsonite occurs 1in the upper 15 to 18m. Most of the S1 and Al
in the Garden Gulch resides in silicawce minerals, chiefly illite,
teldspars and guartz. Na 1s present in concentraticns less than
0.7% (the aetection limit by optical emission spectroscopy), and
1s present mainly 1in plagioclase teldspar. Some Na and Al are
accounted ftor by minor dawsonite in the upper part ot the Garaen
Gulch, 1increasing in the transition with the nahcolite- and
dawsonite-rich saline facies of the Parachute Creek Member.

Zone 1 1s the only zone of the six described here in which
€i 1is not highly correlated with Al (fig. 21; table 46). 1In the
saline zone, Si and Al are present mainly in qguartz and dawsonite
respectively. The abundance of these two minerals in the saline
tacies 1s highly correlatea (Hite and Dyni, 1967; Dyni, 1974)
which accounts for 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
trom diagenetic alteration of pre-existing aluminosilicate
minerals (mostly clays and (or) tuftaceous material) in
hypersaline brines (Hite and Dyni, 1Y67). The tor of zone 1
corresponds to the disappearance of clay and the appearance of
nahcolite.
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Zone 1 contains higher concentrations ot Fe and S than any
other zone. The Fe and S are oresent as ferrous sulfide minerals
which are discsemlnated throughout as fine-grained crystal
aggregates. However, the lack of signiticant correlation between
S and Fe in this zone (fig. 21; table 46) suggests that other Fe
and S phases are also 1important. In tact, the only other
variable that does correlate with sulfur in this 2zone 1is o0il,
suggesting that much c¢f the sultur 1is present as organic-S.
Correlations between oil and Fe exhibit a surprising amount of
variation from strong positive correlations to strong negative
correlations, with an overall correlation of near =zero (table
46) . In particular, 1iron (mostly in the torm of pyrite) 1is
positively related to oil content when nahcolite 1s abunaant
(zones 3 and 6), and negatively relatea to oil content when
nahcolite is scarce but some dawsonite 1is present (transition
between 2zones 1 and 2, and zone 4). Some Fe may also be present
in 1llite, substituting for Al in octahedral positions 1in the
crystal structure (Grim, 1953).

Concentrations of both Ca and Sr are low in 2zone 1,
retlecting lower contents of dolomite and calcite in the GCarden
Gulch Member relative to the dolomitic marlstone of the overlying
Parachute Creek Member.

Zone.g - 710 to 735m:

This zone contains the lowest occurrence ot nahcolite in the
saline facies. The nahcolite 1s present as disseminated
aggregates of coarse-grained bladed crystals, and as one
distinct, laterally continuous bed of disseminated nahcolite
(shaded box on the Na-profile in tigure 21) containing up to 62%
nahcolite (nahcolite unit 21 of 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
nahcolite-rich marlstone of zone 3. In adcition to intermediate
concentrations of Na (present mainly as nahcolite), this zone
contains intermediate concentrations of Si and Al (present mainly
as guartz and dawsonite, respectively), and Fe and S (present
mainly as pyrite). Concentrations of Fe and S exhibit
signiticant positive correlations here as they do throughout most
of the saline facies (fig. 21).

Zone g_— 665 to 710m:

Zone 3 contains the highest concentrations of Na and lowest
concentrations c¢f Al, Si, Fe, and S in the six zones described.
The abundance of nahcolite 1is 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
marlstone 1is equivalent to 6.8% Na by weight, which is about the
average for zone 3. Adaitional minor amounts of Na are also
contributeda by dawsonite and Na-feldspar.
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S1 and Al are mainly concentrated in quartz ana dawsonite
respectively as they are throughout the saline facies; clay
minerals are conspicuously absent. Marlstone containing 10%
dawsonite (an approximate average value fcr the saline facies;
Hite and Dyni, 1967; Beard and others, 1974) would yield 1.6% Na
and 1.9% Al (3.6% Al,04).

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 nct closely associated. The high
positive correlations between 01l and Fe 1in 2zones ot high
salinity (as interpreted from zones ot high nahcolite content),
and low negative correlations between 0il and Fe 1in 2ones of
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
unigue to the Green River lake during deposition of nahcolite.
Also, Fe and S are most closely associated in zones of highest
nahcolite content (zones 3 and 6), even though the absolute
amounts of Fe and S in the marlstone are at a minimum.

The dominant mineral residence of Na is in
coarse-crystalline nahcolite, whereas the dominant residences of
Ca, Si, Fe and S, Al, K, and oil are in dolomite and calcite,
guartz, pyrite, dawsonite, K-feldspar, and kerogen, respectively,
which are all part of the fine-grained marlstone matrix.
Theretore 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 1in abundance 1in the
high-nahcolite zones. Beginning with a marlstone matrix

containing 3% pyrite (1.6% S ancd 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% (ecuivalent 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 duve simply to dilution
by nahcolite.

Zonelg - 630 to 665m:
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Zone 4 1s & low-nahcolite 2zone 1n which geochemical
associations are almost the exact opposite from those in the
high-nahcolite zones. This =zone 1s characterized by low
concentrations of Na, and high concentrations ot Al, Si, Fe, S,
and K. This is the only zone in the saline facies 1in which Na
exhibits a significant positive correlation with both Fe and S ;
the associations are mostly negative throuchout the rest of the
saline facies. The nahcolite content of this zone is the lowest
of any zone 1n the saline facies, and much, 1t not most, ot the
Na resides in dawsonite. This 1s further indicated by the fact
that this 1s the only zone in which Na ana Al doc not exhibit a
strong negative association. The correlations illustrated in
tigure 21 suggest that, 1in general, pyrite is more closely
associated with dawsonite than with nahcolite. However,
conditions controlling the role of organic content in iron
diagenesis were at a minimum during deposition of zcne 4, as
suggested by the abrupt change from gcignificant positive to
signiticant negative correlations between o1l and Fe.

Zone 5 = 600 to 630m:

This 2zone 1is similar to 2zone 2 1in that it appears to
represent a transition between a low-nahcolite, high-Si, high-Al
zone and a high-nahcolite, low-Si, 1low-Al 2zone. This zone
contains one bed of disseminated nahcolite that averages about
10% nahcolite by weight. Zone 5 diftters from low-nahcolite zone
2 mainly by the higher pyrite content of Zone 5.

Zone 6 - 561 to 600m:

The upper zone of the saline tacies in the Juhan 4-1 core
immediately below the dissolution surface (Dyni, 19/4) exhibits
most of the characteristics of high-nahcolite zone 3, containing
high concentrations of Na, and low concentrations ot Al, Si, Fe,
and S. This zone contains tfour distinct laterally-persistent
beas of nancolite ranging from 20 to 53% nahcolite by weight
(Dyni, 1974). Most ot the characteristics and associations for
high-nahcolite zones discussed unaer zone 3 &lsc apoly to zone 6.
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REGIONAL SOIIL, CHEMISTRY IN THE BIGHORN AND
WIND RIVER BASINS, WYOMING AND MONTANA

By Ronald C. Severson

Introduction

The study area consists of the Bighorn and Wind River Basins
in Wyoming ana #“ontana. The geographic extent of each basin is
detined as the area of outcrop of geologic units of Tertiary age
cr younger. The boundaries for the basins were taken from
published geologic maps (Andrews, Pierce, and gargle, 1947; and
Whitcomb and Lowry, 1968). The major port'on of the total area
of each basin comprises three geologic map units (fig. 22). The
excluded area in the Wind River Basin 1s underlain by
pre-Tertiary sedimentary rocks, Tertiary intrusive rocks, and
Precambrian rocks.

An unbalanced, nested, analycsis-of-variance design was
chosen to estimate components of chemical variation retlecting
ditferences between geologic map units within basins, and
ditterences associated with various distances within map units.
This design was implemented by randomly locating barbells in each
ot the three geologic map units within each of the basins (Fig.
22). The major axis of each barbell was 25 km long, and the
sequentially smaller axes c¢f each barbell were 10, 5, and 1 km
long, respectively. All axes were orilented by selecting a
compass direction at random. The barbell is shown
diagrammatically in fig. 23; a soll sample was collected at each
"X". In each of the six barbells, 12 samples were ccllected
resulting in a total of 72. The analysis—of-variance design used
in this study is shown in table 47.

Samples and Analyses

At each sampling location, the soil sample consisted of a
channel composite of material, excluding cobbles and rocks, from
a depth of 0 to 40 cm. In the laboratory, all samples were air
dried under forced air at ambient temperature. The samples were
disaggregated with a mechanical mortar-a:.v-pestle and the
fraction passing a l0-mesh sieve (2 millimeter) was saved. The
minus-2 mm fraction was further ground to pass a 100-mesh sieve
(150um) and this material was used for all chemical analyses.
The 96 samples (72 plus 24 ¢csplits) were submitted to, ana
analyzed 1in, the laboratory in a randomized sequence so that any
systematic errors in sample preparation and analysis would be
etfectively converted to random errors and not bias the
interpretation of results.

Chemical analyses were done in the U. S. Geological Survey

laboratories, in Denver, Colorado. Sample preparation eéend
analyses were performed by; James S. Baker, A. J. Bartel, E. L.
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Brandt, J. G. Crock, I. C. Frost, Johnnie M. Gardner, Patrica
Gayle Guest, Raymond G. Havens, J. P. Hemming, "athryn E. Horan,
Claude Huftman, Jr., J. O. Johnson, R. J. "night, R. M. Lemert,
R. E. McGregor, Violet M. Merritt, H. T. Millard, Jr., Wayne
Mountjoy, G. O. Riddle, V. E. Shaw, M. W. Solt, J. A. Thomas,
Michele L. Tuttle, R. E. Van Loenen, R. J. Vinnola, J. 8.
Wahlberg, and R. J. white.

All computations were done on a Honeywel l-MULTICS computer
using statistical programs in the U. S. Geological Survey's
STATPAC Library (VanTrump and Miesch, 197/7).

Analytical Error Variance

Ot the 12 samples collected at each barbell, tour samples
were randomly selected to be split and analyzed  twice.
Therefcre, @ total of 24 samples were split and analyzea in
duplicate. These sample splits represent the analytical-error
level of the sampling decsign (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 1n the Eighorn Basin and 11 elements in the Wina River
Basin, the analytical error variance accounts for more than 50
percent of the total observed variation. This error is judaed to
be excessive and no further interpretation of the data for these
elements will be attempted.

Statistical Summaries and Baseline values

In table 48, only one entry (Zn) exhibits a significant
corponent among map units, whereas in table 45, eight entries
(excluaing Rb, which has excessive analytical error) show such
significance. Looked at the other way, 31 elements in soils of
the Bighorn Basin ana 19 elements in <coils of 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 ana 51). The baseline is defined
as the probable range ot concentration to be expected in sanmples
of natural soiis in the basins (see Tidball ana Ekbens, 1976).

For elements exhibiting a <signiticant variance component
among map units for the Eighorn Basin (table 48) or the Wina
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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Figure 22.--Map showing locations of the Bighorn and Wind River

Basins of Montana and Wyoming with mapping units that were
sampled and barbell locations included in the illustration.
Geology is adapted from Andrews, Pierce, and Eargle (1947),
and Whitcomb and Lowry (1968).
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Table 48, -~Varfance

analysis of total soll chewistr

y in the Bighorn Basin

0 to 40 cm depth; total varfance 1s

r

[The sawple consisted of a composite from
computed on loprithmically transformed data; n
necdod to establish a value for a stable wean {

nunber of

vandomly selected

aamples

n an avea 295 km

quare; ¥*

vaviance

component

fs sfgnificantly different

from

ZOTOS

n.d., not

determined hecause

infinitely large; estimates are based on analyses of 48 sawples)

Total Betwe l'—l\

Element variance units 10-25 km 5-10 km
Alececces 0.0205 10.2 0 0
Ag==enann 1143 0 14, 1% 0
Benecance .0189 5.9 0 0
Barecnces 0335 10.6 2.0 6.3
Be--maenn .0282 0 5.3 0
L .0826 0 58.9% 0
Ca-==nene . 1085 0 27.1% 0
L L0314 0 27.9¢ 0
Co=r=nmmm .0183 16.5 0 10.1
O el L0434 5.4 0 0
Cus=rveun L0610 8.1 0 0
Passorece .0239 23.0 0 8.8
ey 0365 11.7 0 0
Gomevas= .2257 0 0 6.6
Hg===nenm .0210 5531 0 17.5
Kaiwyates L0041 0 %7 0
Laseevece .0096 0 0 0
Liceences .0189 10.5 0 0
Mg====m== .0120  10.0 0 32.2
Maseccee- .0277 0 25.3 0
Mo=c=osn= .0396 7.6 0 0
Na-==veee L0435 42.2 17.4 7.3
Nbesoosee .0230 2.5 4.2 0
Nfreeoaaa .0229 2.7 0 0
Phemevees 0337 3.6 0 0
Bhisnsnasoa .0223 0 15.2 0
Seemrnave L0452 3.6 11.9 0
Si-ecece- .0022 19.3 0 31.0
Sheeseen- .1678 0 0 20.9
Srececena L0246 1.l 12.2 14.7
Thesreswa L0161 0 2.3 0
b T .0083 | 0 0

O Snns v L0100 0 0 10.6
Voo - L0253 0 2.8 0
A R o .0165 0 0 0

Y 0187 0 0 3:1
Zn- .- L0212 5.3 0 1.9
oy 02453 0 n 32

_of total variance

1-5 km

51.2%

0

24, 2%

27.7

34.6

77.7%

56.1%

46.3%

39.0

49, 9%

10.4

41.5

44 0%

40.2

Analytical
0-1 km

error
31.1% 749
26.3 59.6
56.8% 16.1
0 81.1
13.8 29.5
11,2% 5.6
45.,1% 2
128 54.4
20.8 18.0
8.8 8.2
16.0 19.8
17.,9% 4.0
29.7% 16.3
0 78.7
57.1% 20.3
42.2% R Py
50.8 40.0
29.4% 10.3
46 . 4* .8
44 , 8* .7
26.9 22.2
S8ed 3
0 85.0
34 4% 11.4
46.5 49.9
0 40.9
31.4% 13.0
28.6% 5.8
0 75.7
38.4 4.8
51.0 18.8
67.6% 5.0
65.1% 3.6
30.7 55
19.8 21.7
0 b i "
6.6 10,3
1 A |

ny is

n

20

6

6




Table 49, -V

Total

variance

0.0069

.1012
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Mapping Reguirements

In addition to providing statistical summaries and baseline
values for the total element concentrations in soil of the
Bighorn and wWind River Basins, data from the analysis ot variance
are useful in providing a means for estimating the number of
samples that would need to ke collected and analyzed within an
area ot specified size in order to prepare a reproducible map of
totel chemistry.

Cells, 25 km on a side, were arbitrarily chosen as a
geographic unit usetul 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 1in order to produce stable averages of total element
concentration in soil in the Bighorn ana wind River EBasins must
be estimated. The methods for calculating the number of samples
required in each cell (n,.) were developed by Miesch (1976a). The
ninimum number of samples (n,) that need to be collected at
random trom each 25km cell 1is determined from the following
eguation;

F=1+ n,v

where n 1s adjusted so that the sum, (1 + n,v), exceeds the
critical F-statistic at the 80 percent contidence 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 48 and 49 show the number of samples needea to map
total chemistry of soils at an interval of 25km for the Bighorn
and the Wind River Basins, respectively. Table 54 summarizes the
number of mappable elements 1in each basin for increasing n,
values.
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Table 50.-=Statistical summary of tolal clement concentrations in soils

of the Bighorn Basin

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

number of samples analyzcd]

Elenent, Expected
unit of Geometric Geometric CGeometric 957 range Detection
devi i error (base¢line)

1.32 1.09 2.4-4.8

1.33 1.14 30-83 36:36
Be, ppm=-== 2.0 1.40 1:23 1.2-3.4 36:36
C, %m====- 1.5 1.72 5 53-4.2 36:36
Ca, k===~ 3.0 1.78 1.03 .95-9.5 36:36
Co, ppm--- 6.3 1.33 1.14 3.8-10 36:36
Cr, ppm--= 59 1.55 1:15 26-135 36:36
Cu, ppm=--= 20 1.65 1.29 8.4-47 36:36
Fe, %w====- 1.8 1.38 1.07 36:36
Ga, ppm--- 11 1.47 1.19 5.5-22 36:36
Hg, ppm--= 026 1.33 1.16 016-.042 36:36
K, U====== 1.5 1.19 1.07 1.1-2.1 36:36
La, ppm--- 36 1.20 1.15 28-45 36:36
14, ppm--- 18 1.31 1.11 11-30 36:36
Mg, Zw=~=- .86 1.41 1.04 A=1.7 36:36
Mn, ppm--- 400 1.38 .11 220-74 36:36
Mo, ppm=-=-=- 4.8 1.47 1.24 2.5-9.1 35:36
Na, - 33 1.53 1.03 B & 23 R 36:36
Ni, ppm=-=-- 22 1.37% .13 12-39 36:36
Pb, ppm--- 8.6 1.44 1,35 5.7-13 36:36
Rb, ppm--- 55 1.32 1.25 40-77 36:36
Sc, ppm-=-- 59 1.59 1.19 2.5-14 32:36
g5, % meme 302 1.10 1.03 27-38 36:36
Sr, ppm--- 230 1.39 1.0 120-440 36:36
Th, ppmn--- 8.5 1.27 1.13 5.6-13 36:36
Tls Arw=an .26 1,22 1.05 18-38 36:36
U, ppme==- 2.7 1.25 1.05 1.7-4.2 36:36
V, ppm-==~ 68 1.34 1.09 39-120 36:36
Y, ppm-=-- 20 1.28 1.15 13-30 36:36
Yb, ppm-=- 2.7 1.33 1.11 1.6-4.6 36:36
2r, ppm-=- 320 1.35 1.29 230-440 36:36




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, Expected

unit of Geometric Geometric Geometric 95% range Detection
measure mean deviation error (baseline) ratio
As, ppm--~ 3.6 1.90 1.39 1.2-10.8 36:36
B, ppm---- 28 1.38 .15 16-50 36:36
Be, ppm--= 2.4 1.29 ' P 1.8-3.2 36:36
C, Ummm==- .85 1.62 88 .34-2,1 36:36
Ca, %==--- 2.8 1.93 1.04 .59-8.2 36:36
Co, ppm--- 8.9 1.49 1.16 2.6-12 36:36
Cu, ppm==-- 15 1.70 1.38 6.5-35 36:36
Fe, %===== ) L 1.36 1.07 .82-2.7 36:36
Ga, ppm--- 195 1.832 1517 9.5-24 36:36
Hg, ppm==~- .020 1.45 .28 .011-.035 35:36
Li, ppm--- 15 1.49 1.08 6.9-33 36:36
Mg, %==--- .63 1.54 1.05 .27-1.5 36:36
Na, %===== 1.3 1.26 1.03 .8-2.1 36:36
Sc, ppm--- - P 1.47 1.23 2.8-10 34:36
S8i, %mem==- 31 1.07 1.03 28-35 36:36
Sr, ppm--- 340 1.42 Y13 180-660 36:36
Th, ppm=--- 12 1.43 1.10 6.0-24 36:36
Ti, %====- .22 .22 1.07 +15-.32 36:36
Zn, ppm--- 43 1.33 1.08 26-72 36:36




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]

Element, Expected
unit of Geometric Geometric Geometric 95% range Detection
measure mean deviation error (baseline) ratio
Willwood Formation
Zn, ppm-~~= 51 3;32 1) 30-85 12312
Ft. Union Formation
Zn, ppm=--~= 66 1.36 1. 31 37-118 12:12
Quaternary deposits

Zn, ppm-==-- 55 1.26 : B 36-83 12:12




Table 53.-~Statistical summary of total element concentrations in soils

overlying the three major geologic units in 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 , Expected

unit of Geometric Geometric Geometric 95% range Detection
measure mean deviation error (baseline) ratio

Moonstone, Arikaree Formations
Al, R=vv=- 4.4 1.18 1.08 3,3=5.9 12:12
Cr, ppm--- 27 1.45 1.11 13-55 12:12
K, %===e== 2.1 1.13 1.06 1.7-2.6 12:12
Mo, ppm-=-= 3.7 1.64 1523 1.5-9.1 11:32
Mn, ppm--- 270 1.50 1.15 130-580 12712
Ni, ppme=-- 12 1.56 1.16 5-28 12:12
U, ppm==== 2.6 1.15 1.05 2.0-3.4 12:12
V, ppm===~~ 43 1.44 1.1 21-86 12:12
Wind River, Indian Mcadows Formations
Al, %-==-- 5.0 1.16 1.08 3.9-6.4 12:12
Cr, ppm=== 52 1.36 1.11 29-93 12:12
K, hreme=- 2.0 1.09 1.06 1.8-2.3 12:12
Mo, ppm==-~- 5.0 1.43 1.23 2.8-9.0 12:12
Mn, ppm--~ 320 1.29 1.15 210-490 12:12
Ni, ppm-~-= 21 1.39 1.16 12-38 12:12
U, ppm-=--~= 249 1.27 1.05 1.8-4.6 3112
V, ppm===- 48 1.22 s b 34-67 12512
Quaternary deposits
Al, V=== b P PR i 1.08 4.2-7.2 12:12
Cr, ppm=~~ 61 1.24 1oL 42-89 12:12
K, %==eee- 1,9 L 1.06 2.6-2.3 12312
Mo, ppm=--= 5.8 1.43 1.23 3.2-10 12:12
Mn, ppm--~ 420 1.32 1.15 260-680 12:12
Ni, ppm--= 23 1.25 1.16 16-32 12:12
U, ppm==== 2.8 1.14 1.05 2,2-3.6 12:12
V, ppm=--- 53 1.26 1234 35-80 2112
g g 2O




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

concentrations

kilometer square to map total eleme

in soils of the Bighorn and Wind River Basins at the

80 percent confidence level
P

2 C, Na Cx

3 z\l, HR‘ N1, Sr s Th
4 Fe, Mn, Sr Mn, Mo, Zn

5 Co, Si Ga

6 Ni,"Rb, S¢, An B, 'Co, 'S¢, Ti,\U
7 Ga Be, Ca, Cu,: K

8 Al, 11, M; \'

9 Cu
10 K, Mo Fe

12 (
3 B, Be, Cr, Hg

17 Li




GEOCHEMISTRY OF FINE-GPAINED ROCKS IN CORES OF THE FORT UNION FORMATION

by Todd K. Hinkley and Richard J. Ebens

The rearrangement of rock strata during mining and
reclamation commonly exposes buried strata to weathering
processes which may accelerate mineral alteration and chemical
release. Shale or mudstone 1is 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 of a
reclaimed landscape. Hinkley and Ebens (U.S. Geological Survey,
1976, p. 10-13) presented data on the mineralogical composition
and variation of these rocks with the goal of 3aiding
understanding ot the environmental needs for handling such strata
during, or follewing, strip mining. This report deals with the
concentraticn and variation of the chemical constituents of these
rocks. As 1n the previous report, an attempt is made here to
guantity the magnitude of the spatial variation in the rocks at
ditferent intervals: 1) distances greater then 5 km, 2) distances
trom 0-5 km, and 3) distances within a vertical core of the rock
column of less than 100m. All samples were collectec from cores
drilled through the overburden sections of surface- mineable coal
deposits in the Fort Union Formation or equivalents.

Sample sites and sampling design

Samples were taken from each of tive widely separated sites
(>50 km), two in southeastern Montana, two in scuthwestern North
Dakota and one in southeastern Saskatchewan (fia. 2). Four rock
samples were taken at each site from each of two arill holes
which were separatecd 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 of the two drill
holes at Estevan, Saskatchewan, because of the paucity of
fine-grained horizons in these cores. 1In all, 38 samples were
collected. Twelve samples were split and submitted in duplicate
to estimate analytical precision as distinct trom 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 labeoratory only as less
than some specified value were replaced by a value 0.7 times the
minimum value in the data set.

Cores trom three of the five sites (Bear Creek and Ctter
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 1is
intended to gather a variety of environmental inftormation at
potential coal-mining sites. Cores ifrom Dengate, North Dakota
were obtained from C. S. V. Barkley (U. S. Ceological Survey).
Cores from Estevan, Saskatchewan were obtained from the
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Industrial Minerals Division, Department of Mineral Resources,
Saskatchewan.

Analytical methods

The rock samples were crushe¢ 1in & jaw crusher and then
ground in a vertical Praun pulverizer with ceramic plates set to
pass the 80 mesh fraction. Analyses were performed in the U.S.
Geological Survey laboratories by emission spectrographic, atomic
absorkbtion, X-ray fluorescence, and delayed neutron activation
techniques as described in U.S. Ceological Survey (1975, p.
69=71y" 189813 1970, P L 311 32" The data are summarized in
Table 55.

Geochemical variation

The major and minor chemical species MgC, CaO, Na,0, Ba, and
TiO, vary significantly at the highest spatial «.ale at the 0.05
confidence level. The minerals plagioclase, calcite, acolomite
ana chlorite, among others, were reported to vary at this same
scale (U.S. Geological Survey, 1976, p. 10-13), and their
correspondence with the variation ot MgO, Ca0 and Na,0 was
expected.

In addition, the trace elements B, Co, Cr, Cu, Ce, Ni, Sc,
T™h, V, ¥, 2r, and Yb alsc exhibit staticstically significant
regional variation. They are less clearly associated with the
mineralogy ot the rock. It is possible 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
ot so many clay-related elements in this suite (particularly
TiO,, Sc and 2r) 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
cverburden at regional scales.
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Table 55.--Statistical svmmary of the chemical coaposition of fiue-praincd rocks cored from the Ft. Union Formation, Northern

Creat Plains Coal Province

f*, indicates significance of the varlance component at the 0.05 probability level; p, indicates significance

of this component apainst more than one other components pooled topether; leaders (-==) indicate insuffient

data for analysis of variauce caleulation; Ratio f{s number of analyscs in which element was detected fu

measurable amounts to total number of analyses]

R S i T .‘:\-lzm}.r\' statistics
Variance component as percent of total Geometric
Total ¥ T T Amony, Between mean (ppm Ohserved ranpe
lm‘.]o Amony, Between  sample analytical except as Geometrie Miulwum Max {mum

. variance _sites _ holes _ within _hole _ duplicatcs Ratio _noted) _ deviation (ppm _except as noted)
810, =cccse- 0.00190 0.0 4.0 94.,2% 1.7 50:50 58% L1 45.5% 69.6%
Al;0y ====n - .00823 10.3 .0 85.4% 4.3 50:50 15% 1.20 7.4% 21.9%
MEO ~=-vmme- L0474 36.9%,p .0 63.0% & | 50:50 2.47% 1.55 .78% 4.8%
Ca0 s=emvmen 313 20.5% .0 79.4% .0 50:50 1.7% 3.24 3% 13.1%
Na 0 ==evne- 0724 48.6% 2.3 48, 8% o1 50:50 .86% 1.77 + 247, 2.1%
K30 wovvcnann 00924 3.7 .0 95.4% 1.0 50:50 2.6% 1.24 1.7% 3.8%
Total Fe,0,~ .0383 10.0 .0 89, 5% L] 50:50 4.3% 1.54 1.6% 11.1%
Ti0y w=eccee- 00458 22.8*% .0 73.4 3.8 50:50 .63% 1.16 427 J79%
M eressesce 1724 4.4 .0 91.1% 4.5 50:50 300 2.55 32.9 2020
F seccccucss L0374 12.9 .0 66, 9% 20.2 45:50 .06% 1.51 <.03% L 12%
A rpoesconne 667 .0 .0 98.0% 2.0 49:50 3.6 2.7 <.38 16.2
Ge =ccvccens .0250 22.0p 1.2 68, 3% 8.5 49:50 1.0 1.38 <.32 1.6
Hg ==ccvecss L0441 7.7 18.3 69. 1% 4.9 50:50 .10 1.55 .03 .25
Il eeccccces .00888 .0 5.4 93.1% 23 50:50 32 1.24 18.0 54.0
Rb seecccccs L0125 .2 .3 96.5% 2.9 50:50 110 1.29 65.0 165
Se eccncnnce .0387 .0 .0 8.4 91.6 38:50 .16 2,28 <.08 .62
8N =sssecass L0644 13.9 .0 51.4% 34,7 50:50 1.3 1.76 .11 3.1
Th =eememeen L0330 19.0p .0 39.0 42.0 50: 50 13 1.46 5.4 28.9
U smssnccnsn 0139 5.6 20.6 65.0% 8.9 50:50 3.7 1.31 2.4 9.3
IN =evwncecns L0230 29,5 1.2 68. 7% .6 50:50 100 1.49 27.0 183
B sescnnnnce .0138 10.4p .0 17.1 72.5 50:50 59 1,32 29.5 106
Ba seemccnee L0121 27.6p 2.3 54.1% 16.0 50:50 420 1.30 223 646
B8 eswscscen 0235 7.4 0 46.9 45.7 50:50 2.0 1.38 1.1 3.6
Co =wecnnce. L0521 20.6%,p .0 70, 4% 9.0 50:50 8.7 1.61 2.3 35.8
BETvsssnaunh .0216 35.0%,p .0 56, 1% 8.9 50:50 72 1.39 29.4 124
Cu ermeccaan L0468 20.8p 6.7 26.4 46.1 50: 50 38 1.64 15.1 92.1
1A svccncene 0110 2.3 0 32.3 65.4 50:50 33 1.26 19.6 61.8
WO wemenanen L0724 4.8 1.0 .0 9.2 50:50 6.1 1.64 2.2 13.3 |
BD wesncnses L0413 1.5 .0 42.0 46.5 50:50 6.8 1.51 2,6 19.4 1
Ni ecenecenn 0603 40.4% ,p 0 56, 1% 3.5 49:50 30 1.72 <8.3 94.2
Pb cenvecase L0503 4.6 .0 68,7% 26.7 49:50 11 1.66 <2.8 28.6
P8 evlesunns . 0386 12, 8p 6.3 38.3 42,6 48:50 11 1.64 <3.3 24,2
S suswane 0290 31.3p 1.7 53.5% 13.4 50:50 86 1.47 31.9
¥ Senenssnas L0188 26.9p 5.0 10.4 57.7 50:50 19 1.33 8.5 35.4
Rl Spesantes .0270 25.5p .0 37.7 36.8 50:50 200 1.44 98.7 492
Qi Sesdacnen L0503 .0 9.6 .0 90.4 50:50 65 1.55% 22.4 161
Ca sesceansa 0253 9.0 .0 6h, 77 24.3 50:50 18 1.42 8.1 40.2
h sonssaces L0150 17.5%p 4.9 31.0 36.9 50150 2.9 1.3 1.4 5.3
Total § =-e- o - e .- “e 27150 « 066% 2,58 <.059% 55%
Total C -~«e- L0995 .0 15.4 K24 3.3 WILh0 R 1.90 7% 23.2%
Asl sseenee. 0Ny 0 b . () 0.7 W0 A0 927 1.0% 75.6" 57 .1°




Essentially no chemical variation exists between the paired
holes (1-5km separation) within the individual sites. This was
also found to be true of the mineralogy (U. S. Geological Survey,
1976, p. 10-13), and suggests that the chemistry and mineralogy
are nearly unitormly distributed in overburden over  areas
approximately the size of a surface mine in this part of the
western coal regions. It further investigations contirm this
unitormity, 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 separatea by <100m within the same crill
hole; this is to be expected because contrasting lithic types
alternate rapidly with vertical distance in Fort Union rocks. The
same was ftound to be true for the mineralogical variation. For a
preliminary discussion of the chemistry of these same rocks 1in
outcrop, see p. 185-197 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 wvariability at this level, and
these data should be used judiciously.




GEOCHEMISTRY OF GRCUND WATERS IN THE POWDER RIVER COAL REGION

by Gerald L. Feaer, Roger Ww. Lee,
John F. Busby, and Linda G. Sainaon

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 aata 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 usec for the
Fort Union coal region data are described in U.S. Geologicel
Survey (1976, p. 86-93).

Sampling design

The sampling plan used in the Powder Fiver 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 1n the Powder River Basin ac.c shown 1n figure 24.
The chemical data received to aate represent 20 randomly chosen
sampling sites within the basin. In order to obtain an estimate
ot variance between closely spaced wells, three sampling sites
.ere randomly chosen anc an additional well within 5 km of each
ot these sites was sampled. In order to estimcte errors caused
by sample collection anc¢ shipping rvrocedures, ana laboratory
errors, ftour of the 23 samples were ranaomly chosen and a
duplicate sample was collected at the same time the original
sample was collected.

1/3
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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.
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or the analysis of variance the data trom the Fort Union
and Powder River coal regions have been combined to handle a
tour-level model (see Miesch, 1976a),

Log Xjqep = M+ By + Tyq + S;q + Ejqg

where the logarithm of the concentration of a chemical
constituent tor a given ground-water sample, as reported by the
analyst (log Xjik1)., aeviates from the true logarithmic average
for that material (M) by the cumulative effect of four
indepenaent sources of variation. Rj represents the diftferences
between the Fort Union and Powder River coal regions, Tjj
represents broad scale diftferences cbserved between townships
with the two regions, Sjjk represents differences between wells
spaced within 5 km of each other, and Ejjk1 represents
non-gecgraphic effects, including errors caused by sample
collection and shipping procedures, ana analytical errors. -he
merging of two time-incependent studies (work in the Fort Union
and the Powder River regions) is arbitrary and zssumes that no
time-related bias exists 1n the datea from the two regions.
Because sample collection was undertaken 1n both regions by a
common set of guidelines, and analyses were perfcrmed by the same
laboratories, it is assumed tnat any such ktias 1s either lacking
or insigniticant.

All samples 1in the present study were collected from
geologic tormations above the Pierre Snale, and only wells used
tor human consumption or livestock water supplies were chosen,
regardless ot depth. The average well derth 1s about 100 m.

Chemical variapility of Ground Waters

Results of an analysis of variance ot the combined data from
ground-water samples from the Fort Union anc Powder River coal
regions are similar to the results reported previcusly (U.E.
Geol. Survey, 1976, p. 86) for the Fort Union coal region alone.
The results indicate that for most of the constituents analyzea
there are no significant geochemical difterences between ground
waters ot the two regions (Table 56), and even the two
constituents chown 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 1in water
chemistry from a Ca, Mg, SO3, HCO, water with pH below 6.0 to a
Na, HCO; water with pH above 8.0 cccurs in both areas, and the
low concentrations of most trace metals are commzn to both. This
important charge in water chemistry which occirs 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 ceometric 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
Powder River and Fort Union coal regions

Variance Component

Total log10 iperasat)
VoRRELCYane variance Between Within Between Between
regions regions wells samp les

Al JI11 1:9 *59 0.0 39
L e — . 140 .0 *81 12 6.5
Ca———==—=—= . 560 A0 *88 12 .0
Fe——=———e—- 1.06 9.4 «0 *91 0
Hardness J760 .0 *70 0 30
K= .099 4.6 *86 9 <0
Li-———————e .093 5.6 *77 14 B350
Mg———————— + 024 .0 *83 *17 .0
Mn-——=————- 4.09 16 = *84 .l
Na—-———==——- o 205 .0 *88 *12 .2
A .332 .0 %90 9. .0
Ra=====———m .300 12 *37 t 50
Sr————————— «254 Lk *85 7e 5
Um—m——m e 1.07 12 *74 . 15
Zn ———m————- 4.56 12 .0 *88 4
Cl ———————- < 185 A *99 1.0
F ——————— .286 A *85 14
HCO3 ——————— .068 11 *80 8.2
SiO2 ——————— .046 13 *79 8
SOA ———————— 102 . 1. *92 43
Total Dis-

solved

solids-- <207 a0 .0 100
%*

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

1/ Not logarithmically transformed.
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Table 57.--Geochemical 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.)

Detection Geometric Geometric

Parameter Maximum Minimum
ratio mean deviation

Al (ug/L)--—~- 19/19 17 1.9 60 6.0
Ba (ug/L)---~- 9/15 24 vk 128 6.0
B (pg/L)--=—~= 19/19 148 2.2 422 32.0
Cu (pg/L)-=-~- 419  mmemmmmem e 14 <1.0
Li (ug/L)--—~- 20/20 36 2.4 180 10.0
Sr (pg/L)-=-~- 15/16 444 4.1 2,754 19.0
As (pg/L)-—-~- 6/20 -= 6 <1.0
Se "(pug/L)==-~- 5/20 - _— 12 <1.0
Cd (ug/L)===~= 3/20 ————— ———— 1 <1.0
Hg (ug/L)-==~- 4/20 ——————— ———— 2 <.10
Zn (ug/L)-==~- 20/20 50 5.5 1,800 70
Fe (pg/L)-=—-- 20/20 170 10.5 28,000 7.0
Mn (ug/L)-——— 20/20 21 9.5 4,800 70
Br (mg/L)--—~- 13/20 .15 2.0 o7 <.10
F (wg/L)====v—v 20/20 .68 2.8 14 .10
I (mg/L)-=—-—- 4/20 .01 14 .02 <.01
Cl (mg/L)-====- 20/20 8.7 253 47 1.9
S0, (ng/L)=——= 20/20 292 5.1 1,800 5.5
HCO, (mg/L)=--- 20/20 504 1.6 1,400 195.0
Ca (mg/L)---—-- 20/20 24 6.5 530 1.9
Mg (mg/L)-=———- 20/20 13 7.0 150 .60
K (mg/L)--===== 20/20 3.9 2.0 12 1.5
Na (mg/L)-====- 20/20 173 3.0 1,000 24.0
$10,(mg /L) ====—~ 20/20 1) 1.6 26 5.8
THD (mg/L)=—=—- 20/ 20 112 6.9 1,900 2:0
s MG 20/20 7.7 6 8.5 6.5
Specific con~

ductance

(mhos/cm) ==—- 20/20 1,494 1.8 4,000 582.0
TDS (mg/L)===== 20/20 1,076 1.9 3,190 345.0
NO, + NO

3 2

(mg/L)===memm 18/20 .08 8.3 3,2 <.,01
SARS, e 20/20 6.9 6.0 73 .40
Ra (pCi/L)--—-—- 17/18 :23 2.0 .80 <.10
U (pg/L) 16/18 +25 6.0 r 55 <.01
Beta (pCi/L as

Cs-137)===~——- 12/18 6.6 1.8 14 <4.0
A

Arithmetic mean and standard deviation.

l/Sodium adsorption ratio.
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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
generally shallow formations in recharge areas contain the Ca,
Mg, SO,, HCO,; type waters, while the deeper formations contain
the Na, HCO, 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 koown to yield adequate
supplies.

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 tlow system, and
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,, Na, and pH vary considerably in the recharge waters, but
they are characterized by their high total hardness, and pH below
elght, while the discharge waters are characterized by their low
total hardness and pH above eight. The sodium adsorption ratio
(SAR) can also be used to distinguish these weter types, as low
SAR's occur in the recharge waters.

Further sampling of ground waters 1in 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
same general geochemical processes occur throughout the area.
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Table 58.--Chemical analyses of samples representing a typical
recharge water (sample A) and a typical discharge water
(sample B) in the Powder River coal region

1/ Sodium adsorption ratio.

l Parameter Sample A Sample B
I Ca (mg/L)===--=-=- 180 1.9
Mg (mg/L)-==—===== 82 .6
Total hardness
l (as CaCO3) (mg/L) 790 7
HCO3 (mg/L)=—===-- 362 1,150
Na (mg/L)--=====-- 250 450
l 80, §mg/L) -------- 1,100 5.5
1
SAR ==—mmm e mm e 3.9 73
l PH-=—— e e 6.8 8.3
TDS (mg/L)-——-=-—- 1,830 1310
810y (mg/L)-=----- 11 el
' Cl (mg/L)=-======== 6.1 47
K (mg/L)----===-— 9.3 1.5
F (mg/L)=-====—=—= . 14
I I (mg/L)=————————e <.01 .07
Br (mg/L)-==—————- i | oy |
l Al (ug/L)======— 20 20
As (ug/L)=--=--——-- <1.0 <1.0
Ba (ug/L)-=-=—===—-= <6 100
l B (ug/L)=--——-==== 80 240
Cd (ug/L)--====-—- <1.0 20
Cu {ug/L)~==———mm <6 <5
' Fe (ug/L)========- 2,500 30
Bg (ug/L)-—-~——— <.1 <.1
Pb (ug/L)======-=- 180 <15
' Li (pg/L)=======v 40 20
Mn (ug/L)-=-====-= 2,200 10
Mo (ug/L)-——-—-=—- <12 12
Se (pg/L)-=-=——=—- <1.0 <1.0
Sr (ug/L)===-==—m- 2,000 160
' Zn (pg/L)========= 40 200
U (ug/L)==——————me .30 .09
l Ra (pCi/L)====———- i & £
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COMPARTEON OF THE ELEMENT CONTENT OF WHEAT
FROM FARMS IM THE MNORTHERN GREAT PLAINS AND FROM
COAL MINE SPOILS AT THE BIC SKY MINE, MCNTANA

by James A. Erdman and Larry P. Gough

Introduction

In the fall of 1974 we sampled small grains from 71 farms
throughout the Northern Creat Plains, including the southern edge
of Saskatchewan, Canada. Our intent was toc learn about the
variability 1n the element concentrations of both hard red spring
ana hard red winter wheat (Triticum aestivum L.) at various
geographic scales. Eventually these vata will be displayea on
maps, and baseline statistics will be given to tfacilitate the
monitcring and evaluation of chemical changes in wheat grown on
the geochemically altered materials that might occur on reclaimed
surface-mined lands. Recent studies, have aemonstrated
significant changes in the element composition of sweetclover and
wheatgrass when grown on reclaimed land (U.S. Geological Survey,
1976, p. 4-Y, p. 82-85; Erdman, Ebens, anc Case, 1978).

Three samples of wheat were collectea in July, 1974 from a
reclaimed spoil area at the Big SKky Mine in eastern Montana. The
.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 range of production. There is good reason for an
interest 1in the effects of surface mining on agriculture in the
Northern Great Plains. Projections indicate that surface coal
production will heve the greatest increase in this region, even
exceeding that in the Eastern or Appalachian Region (Carter,
1976, p. 438). Mining reclamation regulations reguire that the
land be returnec to its former use which, in great measure, is
emall-grain production.

Methods

Wheat was sampled from storage bkins locatea on 71 farms
(tig. 25) acceraing to an unbalanced nested analysis of variance
design similar to that described in U.S. Geological Survey (1575,
p. 36-49). A grida of twenty-five cells 100 km on a €ide was
establishea over the coal province of the Northern Great Plains,
and within each cell two of the four 50-km subcells evailable for
sampling were selectea at random. Finally, two rencdom points
were located in one of these subcells ana one in the other. The
grain samples were taken from the farm closest to each point on
the map. Samples from orly 47 subcells out of 50 were obtained
because wheat production wa. not founa in three or them.
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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
l in that portion of the Province occurring in Wyoming, and therefore was excluded
lL from the sampling design,
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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 prcocbe were placed in a one-guart 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.
These samples were submittew with 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
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
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
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;
colorimetr ic--phosphorus; and fluorometr ic--uranium.
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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Our data were transformed logarithmically because most
element concentrations in plant materials tend to be lognormally
distributed. The geometric means given in table 59, therefore,
are antilogs of the arithmetic means of the logarithms of the
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.

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-collectec 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
square of the geometric deviation (GD), and an upper limit equal
to the GM x the sguare of the GD, and is usea here as an estimate
of chemical baselines in hard red wheat from the Northern Great
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 suJgest that spcil with a minimum of
topsoiling 1is 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 sweetclcver and alfalfa from
this mine when compared to levels in baseline <camples
(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
animals (Sauchelli, 1969), or at least is only possibly toxic at
very high levels in the diet (Church ana others, 1971). Probable
dietary zinc requirements for ruminants are 30-40+ ppm, according
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. PMcNeal

Introduction

The Northern Great Plains Coal Province includes the lignite
deposits in the Northern Great Plains of eastern Montana and
western North Dakota and 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 th2 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 cells vwithin 25-km cells, 25-km cells within 50-km
cells, 50-km 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 80. 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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200-km
- - e
100-km
50-km
25-km
5-km
Stratigraphic ‘J—l ,—-l r-l
Number of units Degrees of
Level Source of variation at each level freedom
1 Between 200-km cells 6 5
2 Between 100-km cells 12 6
B Between 50-km cells 24 12
L Between 25-km cells 36 12
5 Between 5-km cells 48 12
6 Stratigraphic 60 12
7 Laboratory 80 20
Figure 26. Analysis of variance scheme IOor san }ing shale and
sandstone of the Fort Union Formation in outcrop.
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Figure 27. --Sampling localities of shale and sandstone of the Fort Union Formation in
the Northern Great Plains Coal Province. Large squares are 200 km on a side;
intermediate squares, 100 km; and small squares, 50 km. Dots indicate sampling
localities. Map adapted from U.S. Geological Survey (1974a) and Whitaker and
Pearson (1972).
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The two sample groups, shale and sandstone, were each
submitted to the laboratories in randomized sequence. Each
sample was crushea in a jaw crisher 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 regional variation. In contrast, 15 elements
(calcium, iron, magnesium, sodium, silicon, total carbon, cerium,
cobalt, copper, gallium, manganese, nickel, scandium, strontium,
anéd zinc) in sandstone (table 61) have important regional
variation.

The expected 95-percent ranges of elements included in
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 sguare of the geometric
deviation (GD) and the upper limit as the GM times the square of
the GD.

A comparison of element concentrations in soils from the
Northern Great Plains (U.S. Geol. Survey, 1976, p. 57-81, and
Tidball and FEbens, 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 & chemically similar
substitute.
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Table 60,~-Statistical analysfs of the chemlstry of shidle of the Furt Unlon {fomation
.

Northein Creat Plains Coal Province

[*, sfpalficaurly grester then zaco s the 0,05 probability level]

TT¥Spected

—_—— Snegas e AT AT T ‘.m_)_/ Swmmary statistic:
Total Between Betweon letween totween  bBetween
Constituent Loz 200-km 100-km 50 <km 25<~km S=km Strat{- Lalora= (200-izs  Geometric GCeametvic

variance celle cells cells celln cells praphic toyy cells) mean deviation Ratio

Al, % wweven 0.0138 e X 14 <l 12 52+ 194 3 -~ 7.0 1.3 80/c0
Ca, % ===nee .3868 <l 204 8 -1 51 21% el .- 1.4 4,19 80/80
Fe, % wncees L1028 el el 11 <1 4% 14% «1 - 2.4 2,09 80/80
K, % covcnen .0890 1 18% <1 <l 79% 2 <1 -- 1.9 1,99 80/8¢C
Mg, % ~evcne 1757 7 8 <1 <1 6% 9 1 0.2 1.4 2,63 80/80
Na, % ==e=- - L1620 39+ <1 1 20 28% 10% 2 1.6 A2 2.53 79/80
S{, % eneee - 0042 9 <1 52% <1 23 15% 2 2 27 1.16 80/80
Tiy % eovece L0171 8 <1 <1 <1 78% 12% 3 .3 .34 1.35 80/80
C, total % - «2700 <1 17% 2 <l 29 30% 23 - 93 3.31 80/80
Ag, ppm =e== .0545 ) el 9 20 <1 28 43 - .36 1.1 69/80
As, ppn === 1192 <1 5 7 <1 30 49k 8 -- 3.1 2,21 80/80
B, ppa s==e~ .0206 5 6 <1 25 36+ <1 27 o? 98 1,39 77/¢0
Ba, ppm «=<e=  ,0230 <1 9 7 L 67 8 e .- 940 1.42 80/80
Be, ppm === .0700 el 6 9 <1 67> 114 6 - 3.3 1.84 80/80
Ce, ppm ====~ 1150 <1 5 el Ol <3 23 28 - 67 2,18 77/80
Co, ppa ===== 0780 < 1 17 o <l <l 68%* 11 -~ 9.1 1,90 80/80
Cr, ppm ====e ,0215 <1 9 <3 29 29k 14 18 -- g4 1.40 80/80
Cu, ppm ==~==  ,1086 3 ] 6 14 < b 4% 30 - 34 2,14 80/e0
F, ppor =ev==e .0296 <l 15 7 <l 53 12 14 - 690 1.49 77/80
Ga, ppm ===~ L0314 <1 16 <l 35 14 17 18 - 26 1.50 80/80
Ge, ppm ===~ .0353 C o 30+ <1 29 29% el 12 - 1.4 1.54 80/80
Hg, ppm ===« L0930 10% 3 9 <1 Sr* 19% 2 3 .060 2,02 8o/en
La, ppm ===~ L0350 <3 8 el 44 26% <l 21 .- 42 1.58 80/80
Li, ppm «=-= .0631 el 17* . <1 78% 3 2 - 3 1,78 80/82
Mn, ppm ===~ 3491 14 <1 16 <] )% 17* 3 N 320 3.9 80/80
Mo, ppm ===~ 1123 <1 <1 8 <1 60% 21 10 - 8.) 2,16 80/80
Nb, ppm «==- .0324 e 1 <l < 8 4k <1 45 - 39 1.5 80/20
Ni, ppn ==== .0766 <1 27* el <) 8 GO* 5 - 31 1.89 80/20
Pb, ppm ===~ L073) <l 20 < 1 2 asx 12 33 - 15 1.86 80/80
Rb, ppm =-w- .0708 3 19% e <1 76" 2 el . 110 1.85 80/60
S, total =ws  ceees - - - - - - -— - 550 4,96 37/80
Sc, ppm ===~ .0300 el 11 -1 10 L 19% 16 - 12 1.49 80/60
Sn, ppm =~=- 0523 <) 7 <1 <1 S0 -1l 36 .- 1.4 1.69 80/60
ST, ppm =wn= 0692 <1 <1 48 <) 29% 16+ 7 e 170 1.83 8o/co
Th, ppm ==== L0159 9k 9 < ' LB 21% 14 S 13 1.34 80/20
U, ppm ===e= .0298 1l Kl <1 9 4.0 4 < 1 - 4,1 1.49 80/%0
V, ppin ===ee L0325 L 15% 12 13 3k 4 22 - 97 1.5 80/¢0
XY, ppn cenee L0354 <) 11 <X Hx 7 6 23 - 22 1.54 80,80
Yh, ppm ===« L0338 v el L 59 & M4 19 - b7 1.53 8¢/80
Zn, ppo we== ,0727 el < I 1 Ly 20 v 1 -- 60 1.86 #0/40
2, prm s=- L0256 < 1 « ) % sl o ] - Y L B0/E0

Y/ Varfouee moan yetfo fov 70k eells, « rt ) i 120

25 percent
Yeage

(baseline)

4,1-12

48-7,5
.20-9,7
.066-2,7
20-36
.19-,62
.085-10
JA2-1,1
1,0-25
51-190
470-1,900
,98-11
14-320
2.5-33
43-160
7.4-160
310-1, 500
12-59
.59-3,3
.015-,25
17-100
9.8-98
214,900
1.7-38
17-89
8,7-110
4,3-52
32-380

22-14,090
5,427

A49-4,0

51-570




Table 61,--Statiatical analvsis of the chemistry of eandstone of the Fort Union Formation,

Northern Great

Platns Coal

Province

[*, significantly greater than zero at the 0.05 probability level]

ads of logarithmic varfance

Analy

Total Percent_of total_variance 19 v y Sumary statistics - SpLH]

Logyg “Hetween  Relveen  Between  Bofween  Between = s & T Expectod
Consat [tuent variance 200-km 100-km 50-km 29=km S=km Strati- Tabora= (200-km Ceometric Geometric 95 percent

cells cella cells cells cells graphic tory cells) mean deviation Ratio range
A o hascer il
Al, % wemenas 0.0298 <. 1 27% <1 <] 51% 16% 4 - 4.1 1.49 80/80 1 R-“'
Ca, % weevvcee 4098 17% 6 8 4 42% <1 28 0.6 2.4 4,37 76/80 13.4¢
Fe, % =evvee= 0885 45% 12+ <1 7 10 27% < i 2:3 1.5 1.98 80/80 .38-5 l
Ky, 4 =ceccena L0181 <) <1 49% 3 9 38* <.1 - 1.4 1.36 80/80 L76-2 .6
Mg, % ==ceee= . 2483 42 20% <1 18 1 18%* <41 1.8 1.1 3.15 80/80 .11-11
Na, % ==cvee- L1914 50% <] 22 <1 26% 2% <3 1.9 .49 2.74 80/80 .0(:5—3.'
Si, X ~vevcen- .0170 28% =} 8 23% 32% 8 <1 9 27 1,35 80/80 15-49
T, % =w===ee= 0281 <1 21* <5 37 31% 9% 2 -- 23 1.47 80/80 11,5
C, total %--- .5666 32% 21* <1 15 10 13* 9 1.2 1.1 5.66 80/80 .03%-3‘3'
Ag, ppm ===-- &= =" .- .- .= “a -- -- -- 16 2,73 40/40 .022-1.2
As, ppm ----- .0838 <t 13 <1 <1 44 40% 3 o 4.4 1.95 80/80 1.?-17'
B, ppm ==e=-== .0522 5 <1 26 9 42% 9% 7 o | 51 1.69 80/80 18-15
Ba, ppm ==-=~ .0538 6 6 <1 <1 <1 41 47 23 700 1.71 80/80 240-2000
Be, ppm ==-=--- .0583 <3 11* 15 2 1 62% 9 - 1.4 1.74 80/80 .4(»—&.'
Ce, ppm ===== L0613 18% % 1 <1 21 <4 27 34 .8 53 1427 78/80 18-17
Co, ppm ====-~ .0887 38% 12% 8 <1 20 16* 7 1.6 5.4 1.99 79/80 1.4-21
Cr, ppm -==-- .0886 11 22% <1 19 <1 36* 12 4 45 1.98 80/80 11—18'
Cu, ppm ====~ L1316 33* 7 <1 2 <1 52% 6 2.0 13 2431 80/80 2.4-69
KPR Snenss e A o ¥ — = -- -- -- 370 1.50 54/80  160-83
CGa, ppm ===== L0515 21 25% 2 <1 <1 4 3% 10 8 11 1.69 80/80 1.9-11'
Ge, ppm ===== .0389 <1 <1 48% <1 12 33% 7 - 1.1 1.57 80/80 45-2.7
Hg, ppm ===-= .0649 4 8 < 14 <1 61% 13 % .032 1.80 80/80 .0099-.1
la, ppm ==--- .0288 2 21% < 11 <1} 22 44 +1 35 1.48 80/80 16-77'
Li, ppm ~===- .0187 <3 <3 b4% 3 23 29% 1 - 15 137 80/80 8.0-28
Mn, ppm ~=--- .3025 38% 9 <1 <1 31% 20% 2 1.8 280 3.55 79/80 22-35'
Mo, ppm ~==== 1155 12 28%* ! <1 <1 4L4% 15 3 5.0 2.19 77/80 1.0-24
Nb, ppm ===== .0341 ok | 16* 8 6 <1 5 65 - 7.6 1.53 80/80 3.2-18
Ni, ppm ====~ .1790 15% 17 “ 3 56% 1 9 2 4 16 2.65 80/80 7.3-11'
Pb, ppm ==-=- L1675 <1 40% <1 = ] <1 L% 16 -- 5.2 2.57 80/80 .79-34
Rb, ppm ===== .0179 < 3 -4} 36%* i | 36% 26% 2 - 58 1.36 80/80
S, total ---- - - - - - .- - - - 280 5.46 26/80 :l
Sc, ppm ==~== .0984 21 14% C S | 1 <4 57% 8 1.0 N | 2.06 69/80 1.3-24
Se, ppm ~==-- .0851 < 1 < 3 2 g | <1 13 84 - +19 1.96 68/80 .050-,7]
Sn, ppm ===== L0484 17 < 1 <1 24 24 15 20 6 1.1 1.66 80/80 _!.0-3,'
Sr, ppm ~==-= . 0853 39% 4 | 33*% 1 <1 22% 4 1.3 160 1.96 80/80 42-61(
Th, ppm ===== .0268 <1 21% 17 21% 1 15 25 -- 7.1 1.46 79/80 3."&»41“.
U, ppm ====== L0227 <1 <1 29 4 11 55% 2 - 2.7 1.41 80/80 1.4-5
V, ppm ====== L0512 3 267 <1 11 e 37 23 1 46 1.68 79/80 16-130
Y, ppm ==v=== L0566 3 17% = 3 28+ < 3 39% 13 1 17 1.73 79/30 '>.'/»H.
Yb, ppm ===== L0872 2 194 L 47% < 1 274 10 1 o 1.97 79/80 .54+8.1
in, ppm ===== L0463 2h% <3 A% B g 1 23 o 44 1.64 80/80 16-12
Zr, ppm sene= +0512 1 29 <1 h2 7 8 20 - 270 1.68 80/80 '
1/ variance mean ratfo for 200-km ¢o1ls,  See tost for explasat fon, 190




The variance mean ratio, vy, (Miesch, 1976a) was calculated
to determine the feasibility of mapping those elements that have
significant variation among 200-km cells. This ratio (tables 60
and 61) 1is 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
sanastone are judged to be stable and appear in figures 28-33.
These map patterns indicate exceptionally low values for iron,
magnesium, soaium, and carbon, and a high value for silicon 1in
sandstone collected from outcrops in the southeastern Powder
River Basin. These differences reflect the increase in quartz
and a general lack of feldspar, clay, ana carbonate minerals in
sandstone of this formation in the southern Powder River Basin.

A comparison of 1iwerage 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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cant figure because they are judged to be less stable,

APPENDIX I

Probable upoer limits of concentration to be exnected in ordinary landscape materials of the Powder River Basinm.

[The limits are estimated as those zbove which only about one sample in 20 of a randomly selected suite is
expected to fall due to natural causes alonme,
Limits given to two significant figures except those in parentheses, which are given to only ore signifi-

Values expressed as parts per million except as indicated,

Leaders (--) indicate insufficient data to estimate

limit]
Landscape Hlterill.y
Property Rock Soil Powder River Sedirent Plant Ash Ground
Shale |Sandstone Surface Subsurface | Sagebrush | Lichen | Grass water
W 1 » 1 (5) 6 1 @ 1 9 (10) (1) a» T an i g [ as T asf an
Al, % =e=e=as 11 7.8 7.3 - - R K 12 5.6 6.9 (10 7.6 -- (6 5.0 - 35x1077
T PR R—. - - - (2 1.8 -- - - -- - -- - - .- - - -
P R 1 13 =% 12 17 - & o se - £ = 1.2/ (2 . (<.006)
Ba ==ceccoees 1,600 1,300 $10 990 1,200 890 1,000 1,400 1,400 1,500 (1,500) =- 1,100 710 760 - 1)
T Sp—— 8.8 3.3 - 1.7 1.9 -- - - - - 1.4 -- - - -- - v
B eeecccemcn. 160 120 57 54 50 60 - 25 16 41 90 460 400 - 180 - .34
Br escoscccss -- - .- o - o .- - et i == = o - - - &7
€4 eommcencan -- -- - - - - - - - - - 25 16 9 2,0 (2) (<.001)
Ca, % ======= 15 (20) 2.3 - -- 4,3 11 4,2 3.8 3.0 5.5 - 11 o 6.1 (4) (.05)
C(total), % - 5.2 (2) - - - 2.2 3.0 SN 1T 1.0 5 - - - - - -
Ce ~m=ececees 200  (100) .o - - - - - - - -- - - - - - -
Cl aecemecnesn - - - - - - - - - - - - - - - - 29
RR— 140 130 98 69 71 87 110 (80)  (60) 75 190 73 39 67 (70) - -
Co ==cmcesase 25 (5) 16 10 13 18 16 155 bota S 5.5 0" VTN 6.1 5.1 6.5 8.6 Ie%) e
[T —— 97 (20) 3 30 36 49 90 (50) 26 16 160 - - (100) 200 - -
) R —— 1,300 720 730 - -~ 830 840 AN = - - 172 02 o (@ 3.
Ga ~=eccaeees 48 25 20 18 19 - 26 (26) 17 15 21 - =5 s 17 - .o
Ge =emceccaas 2.7 2.3 - 2.2 2.0 - - = - - -- - - - - - -
§ ettt - = ox- & o e - R - o = - - S8t s anit o
Pe, % ===c-=e 8.1 (1 3.8 - - L A T Y 9.5 k3.9 2.1 - 1.9 2.2 - (8)
La e==e- R 82 57 - - 50 - 180 8 - -- (100 - - - -- - -
Pb cesmevava - 35 22 30 21 36 26 23 (200 13 12 - - 100 (200) (40) - -
% G — 79 25 - 3% I3 43 “ (200 19 17 21 - 25 11 16 (40) .15
Mg, % ===ee=e 6.8 1 1.5 - - 16 48 @ tn 1:2 3.4 - 1.0 1.5 - (.03)
T — (3,000) (300) 830 560 500 770 810 480 360 350  (600) 1,000 910 600 1,300 - (.8)
L .2) 079 L0641 .02  .032 .03 L0601 .42 (.09 .L46  .047 L0372 0md a3 ¥ on?  (<.0002




R .- 27 17 - - - - - - - - . 15 18 - 24 - -

e 64 12 = = = - e N e |1 A T = o = = - -4

e ==acne —— 8  (80) 37 2 29 38 49 . (30) a1 8.3 16 28 29 17 14 2l ¥

S e - - - = = = = = P = e 2.5 - = 1.1 3 3%

o e e L ) N e = s LAY %) 2.8 . 25 3.3 = 38 = 3.4 (20) .0012
TR b= 300 96 - e - - e - - = 5 e - == <8 o
Bp-seemirnaiss 22 ) 14 11 15 15 50 o -t e 5.7 O = = = i L
s S .30 .57 (&) 42 71 S = = -e - 1.2/ 2.2 (e .32 &2 (eon)
o T e (30) - 40 = - 38 0 =5 3 = £ 12 (20) 39 (30) .0023
PR L .84 — 5 == = e S = e = = i e o= - ui
Wk Basmvnsves  (2) (&) .86 = =90 UATOL e 9) bt (L7 &) - 22 .06k (.1) e A1
G5 st coe 450 (200) 230 300 280 350 490 310 170 (200) 230 -- 1,100 900 290 - (5)
S(total), %-=- (.8) (.5 s - o e - i -2 = it = asd 102/ 0722 (32,000
Theeese Rt (20) 12 i 13 15 - Sl | e = i = - - - -3 == -
Sie = B T 2.3 == 3.4 a0 - . Es - - — = = =t = = e
T Lomirens = e85 .43 .39 o SR R O T e Y (.3 (.6 .29 A6 530 .29 e s
Paoeuesenssni 7.9 4.7 A 43300 %8 e SL N - = - - 1.4 5.5 2.0 138 (.003)
7 180 98 130 110 150 130 170 (2000 74 79 150 120 80 85 110 - o
Yhrwseoniots 7.0 6.1 o 2.1 2.5 . SR s X e 13 = o == = < -

o R 41 39 % 23 27 v (30)1- o 29 T e e 52 e s =
Zhs am ki - 220 (90) 110 91 110 100 120 110 36 48 89 — 610 -=  (1,000) (400) (.8)
B s mmes 570 580 470 260 240 340 340  (100) 120  (700)  (4,000) == 104 110 (300) e -
plmsmsemacns - - -- 7.38 -- - -- - .- - P oe - s - - - 8.7
R#d ceacioaas (100)  (70) (50) - - - - - - - - - - - - e

In water only

Bicarbonate 1,000
Total hardness (2,000)
Specific conductance, mhos/cm 3,900
Nitrate and nitrite (3)
Sodium adsorption ratio (100)
Gross P,pCi/l as Cs-137 17

Footnotes and references on next page.




APPENDIX I (continued)

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

1/ 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) 200u4-2 mm fraction (USGS, 1976, table 5).
(9) 1001-200n fraction (USGS, 1976, table 5).
(10) 63u~-100u fraction (USGS, 1976, table 5).
(11) 63p fraction (USGS, 1976, table 5).
(12) Washed Artemisia tridentata (USGS, 1974, table 1),
(13) Unwashed Artemisiz tridentata (USGS, 1975, table 1, except data for Ca, F, Hg, K, Na, S, which are unpublished),
(14) Washed Parmelia chlorachroa (USGS, 1975, teable 1),
(15) Washed Bouteloua gracilis (USGS, 1975, table 1).
(16) Unwashed Fairway strain of Agropyron cristatum (USGS, 1976, table 1l1; samples from near Dave Johnston mine only, southern Powder River Basin),
(17) From domestic or livestock wells, average depth 100 m (USGS, 1977, table 57).

2/ Determined on dry weight,
_3_/ S04 only.

4/ Radioactivity in picocuries/gram, Computed as 4,81(ppm U)+1,1(ppm Th)+8,.5(%K).
From John Rosholt (U,S, Geological Survey, written commun,, 1976).
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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.




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

APPENDIX II

Northern Great Plains

{The limits are estimated as those above which only about one sample in 20 of a randomly
collected suite is expected to fall duec to natural causes alone,
parts per million (milligrams per liter in water) except as indicated,

Values expressed as

Limits given to

two significant figures except those in parentheses, which are given to only one signi-
Leaders (~=) indicate data

ficant figure because they are judged to be less stable,

insufficient to estimate limit)

Landscape Materiall!

Propessy - Rock e SouL Sediment i:i::d Wheat2/

(1) (2) (3 (4) (5) (6) (@) (8) (9
Al, % ==e- 11 1 7.8 (7) (8) - 79x10°7 - --
As —eeenee 18 18 13 - “- - - - -
B m=m=mee= 160 (70) - 79 9 e .91 - -
Ba =emmmnn 1,600 (600) 1,300 - - - 024 - -
Be ==-m=a= 8.8 3 3.3 - - - - - -
Br =eemm-ae - -- - - - - 1.1 - -
C(total), % 5.2 6.8 (14) (10) (6) (5 - - -
Ca, % ===== 15 (8) (20) 39 (15) »e (.02) - 042
Cd cocmcana -- -- - - - - - (.1) .067
Ce =eemcmne 200 84 (100) - - - - - -
Cl =mmeva- - - - -- - - - 012 - -
[ R 140 (100) 130 - 8 - -- (.03) -
CO =mmmmman 25 (20) (20) 11 12 - -- (.06) .035
Cu =mmmemnn 97 (70) (40) 38 35 - - (5 6.1
F wemeeenen 1,300 1,100 720 -- - -- (%) (1) --
Fe, % ~===~ 8,1 6.1 (%) 3.7 3.8 - .0004 - -
Ga m=mmmeen 48 3 25 - -- - -- - e
Ge =mmmmmma 2,7 (2) 2.3 - - - - - --
HCOy -~=--= - -- -- - - - 1,500 -~ -
Hg =e=ceeee (.2) .20 .079 (.05) 066 - - (.01) ==
Ky % ===n= -~ 5.9 31 2.3 (2) (2) - .0012 .- .53
La =e=mea- e ag 42 57 - - -- - - --
Li =eee- - 79 45 25 33 39 26 X2 (.2) 20
Mg, % ===== 6.8 (3) (6) 1.5 (4) (2) (.03) .. -
Mn =eemeee- (3,000) 1,300  (2,000) (1,000) (2,000) - -- - -
I 27 7.8 17 B - -~ - (3) -~
Na, % ===== (2) (2) (2) (1) 1.4 (2) 13 - -
Nb =emen- - 64 12 12 -- - - - - -~
Ni eecee- - 86 (70) (80) 30 (40) - - (.6) .-
P, % meeena - - - .- - - -- - W41
I 35 23 22 - 30 - - .1 -
Biasdshons. Fan Ge e - o -~ 2,63/ e o
Rb =-emmean 300 170 96 (100) (100) 91 -- - -




Probable upper limits of concentratjion to be expected in ordinary landscape materials of the.

APPENDIX II (continued)

Northern Great Plains

Landscape Materiall/

Property Rock Soil Sediment Ground Wheatzf

Shale Sandstone water

(D) i (D) (3) (%) (3 (6) (7) (8) 9
I — &% (Y ¥ v - L. (.2) .- --
TR 22 (20) (20) - - - - ~e -
 T—— - .36 .30 - - - - (2) -
Si, % =eewe- (30) 32 - (40) (40) = .0031‘5'/ -~ .023
O A —— Y - .84 o - -— It - on
 T— 450 - (400) (300)  (400) - (2.3 .- --
Th =eceaces - (20) (20) 12 (10) - (10) - - -
80 seccances 2,8 2.8 2.3 - o - - e -
T4, X cecces .55 (.5) 43 1.2 1.6 wo - o~ e
| —— - 7.9 5.7 4.7 (%) (5) (6) (.05) - .0071
V cccsencee= 180 (200) 98 - (100) - -- (.02) -
Yb ceceen wee 7,0 ) 6.1 - - -- - - -
Y cccccniaa - 41 (30) 39 - - e - . -
Zn eeccnaces 220 180 90 (100) 87 95 (.9) (50) 58
Iy eceeccces 570 (300) 580 - - -- - - -
Rad®/ weeeee (100) (80) (70) (50) - -- -- -- --
In water only

Alkalinity (1,000)
Dissolved solids (180°C) 3,000
Hardness (Total as CaCO3) (2,000)
Temperature, % 14
pH (standard units) 8.9
Gross R 152/
Specific conductance, micromhos/cm (4,000)
Sodium absorption ratio (100)




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) <150 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,
3/ Radioactivity in picocuries per liter,
&/ Total s.
5/ As Si0,.
6/ Radioactivity in picocuries/gram. Computed as 4,81(ppm U)+1.,1(ppm Th)+8,5(7%K).
From John Rosholt (U.S. Geological Survey, written commun,, 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,

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 III

Probable upper limits of concentration to be expected in ordinary landscape
materials of the 01l Snale 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 Lecause they are judged to be less
stable, Leaders (--) indicate data insufficient to estimate limit?)

Landscape materiali/
Soil
" Plceance | Plceance
Property Creek Creek and Sediments Sagebrush ash,
Basin Uinta Basins Green River Basin

(1) (2) (3) | 5] )
Al, % =====- 7.0 12 ~- (8.0) 4,7
AS semmasave 19 18 20 - 642/
B srecccccaa (100) - (70) (65) (260)
Ba eeweccceca 2,200 - (1,000) 1,300 670
Be =veeccnaa (4) 3.3 5.9 - --
C (total), % 6.9 6.7 (6) - --
Ca, % ===n=- (9 - (10) 9.2 13
Cd ewsmncnca -- -- -- -- 6.7
Co wmemmnmana 15 -- (10) 14 4.6
Cr wmeeccan« (100) - 130 180 34
Cu =vee=- ~==  (60) 59 33 27 160
| — 830 1,300 30 se 332/
Fe, % ==enne (3) - %) 3.5 1.4
Ga ===ecmnea (40) - (30) (23) -
Ce =weww= - 2.1 1.5 - - o=
Hg ==secnee= .17 w- == - .03&2/
K, % ==emwa= 3.2 -- (3) 3.6 36
La secvwnccea - - -- - -
Li ereemnva- (70) %0 (60) -- 27
Mg, % =====- (2) 3.4 (2) 1.9 (2)
MR smeccece- 650 - (500) 400 750
Mo =eesmecan 14 9.7 w- .- 14
Na, % ===we= 3:2 - (4) (3) « 54




APPENDIX IIX == Continued

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

Landscape materiall/

Soil
Piceance | Piceance
Property Creek Creek and Sediments Sagebrush ash,
Basin Uinta Basins Creen River Basin
(@) e X2) (G N R U) ()

Nb weeeccee 12 - (18) - -
Ni ececece- 48 - 100 (24) 21
Py % wmone- - - .10 - 4.8
Pb sceccce- 59 23 (20) 26 73
Rb =eemecea 160 - - .- -
S (total) % - - - -- 212/
Sb =ememmus 1.7 .o o e e
S¢ mememeen 12 -- (20) 13 -
Se =emencae .59 - - - -
Bt ssbidiate 3.0 o o o L072%/
S1, % === (30) - - - 19
Sr =-ev=e-- 510 -- (700) 560 770
Th =eevecee - 15 e .- .-
Ti, % wm===  (.4) -- 049 42 17
U eecmeemcen -- 4,8 =- ] 1.5
V sececccas 100 - (100) 110 64
Y memeeene- (20) - (40) 30 or=
Yb meecmme- (6) -- (4) 2.9 e
Zn ========  (100) -~ 660 -- 560
2y meemmme—- 410 - (400) 390 130
Radd eaeeee  (70) - - - -

1/ 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 mn alluvial soil, 0-40 cm depth (U.S. Geol, Survey, 1977, tables 9,10),

(3) «150u fraction (U.S. Geol, Survey, 1976, tables 18, 19).

(4) <150uv fraction (U.S. Geol. Survey, 1976, table 20),
(5) Unwashed Artemisia tridentata (U,S. Geol. Survey, 1976, table 7).

2/ Determined on dry weight,

3/ Radioactivity in picocuries/gram,

Computed as 4,81 (ppm U)+1.1(ppm Th)+8.5(% K).

From John Rosholt (U.S, Geol. Survey, written commun,, 1976).

References:

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

_1977, Geochemical Survey of the Western Energy Regions, Fourth
Annual Pro;ress Report, July, 1977: U.S. Ceol. Survey Open-file
Report 77-8672, 208 p,




AI'TENDIX 1V

in_some J‘L‘U.E",‘}L‘_’_’L’“I-"""Ee

Proba

»apper_limits of concentration to be expected

materials of the Bighorn and Wind River Basins.

[The limits are cstimated as those above which only about one sample in 20 of a
randomly sclected suite is expected to fall due to natural causes alone, Values
expressed as parts per million except as indicated. limits piven to two signi-
ficant fipures except those in parentheses, which arve piven to only one sipnifi-
cant figure because they are judyed to be less stable, leaders (--) indicate
insufficient data to cstimate limit)

orn Basin Wind
rroperty TR S i
Al, % =eeccccena- 6.2 (6)
A Faneave s namah - 8.9
B seccmccnancnnns 76 45
Be =cevemcencncca 1.3 3.1
C (total), % =---- 3.3 1.8
Cu, L anehEes e 7.8 6.5
R Rl e S 9.6 10
Cr sccececccncean 120 (80)
CU sevccscncecnca 41 30
Po. Xionioruvavns 3.0 2.5
Ga ~--em-mmmenea- 19 22
HE s==eecsecccace .039 .032
e St e 2.0 (2)
7 e e T M 44 --
Li =eecmccmcaccan 27 29
Mg, % ==cv-cecen- 1.5 1.3
T T 7y ISR, S 660 (500)
DO R dw v b i 8.1 (8)
Na, % =s===cvecee- 153 1.9
Ni coccecccccccnn 36 (30)
Pb sveemcccannans 12 o
Bb seesnnnuncanne 72 -
8C sescccccmconcn 12 9.1
T R T T —— 390 580
Th ceemcccccasccs 12 21
Ti, % ==ecemecen= 36 .30
U sesnenseissnsne 3.9 (3)
¥ msssnenascvesas 110 (70)
Y ceveccccanccnca 28 -
Yb ssaspassmansbn 4.2 -
Zn seemmeesesnn- (90) 66
LY ccceccccnnanas 420 -
T T R (50) (50)

1/ 0-40 cm depth (USGS, 1977, tahles 50, 52).
2/ 0-40 cm depth (USGS, 1977, tables 51, 53).

4.8 (ppm )41, 1(ppm Th)
written comnun,, 1976).

3/ Radiocactivity in picocuries/gram, Computed as
48.5(%K). From John Rosholt (U.S, Geol. Surve

References:
usas, 1977, Coochemical Survey of the Wes
Aunnnal Propreass Peport, July, 1977: 1.8,
Report 77-872, 208 p.

tern Energy Reglous, Fourth

ore
Gueol. Survey Open-file
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(Continued from inside front cover)

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 GD,, computed as follows:

GD_ = Antilog\kLog 6D)2 - (Log GE)2 (2)

Although the usé 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 GD, 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 ppm, 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,

20
B f_..Expected concentration (GM)

n 15 -l o
{i . k 6§fj 959 Expected
% - ] : CJ' 99.7% Ranges
o 10
© W S
2 ‘ "1-in 200 Upper
o S o I "1 in SO" Limits
L n 3 "
§ ‘ r&—— 1 in 100

0

g 1 ' L e ‘ T 8 ..l
1 2 3 5 6 1
Uranium, in parts per million, in

Surface soil, Powder River Basin







