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ABSTRACT - :

To objectively determine the changes in chemlca! chamcter of an
srea subjected to mining and reclamation, prior information is
needed, This study represents a broadscale inventory of total chemical
composition of the surficial materiala of the Northern Great Plains
coal region (western North and South Dakota, eastern Montana, and
nottheastern Wyoming); dau are given for 41 elements in A ench soil
horizons.

An unbalanced, nested. analyns-of-vananco design was used to
quantify variation in tatal content of elements between g!aciated and
unglaciated terraing, for four incressingly smaller geographic scales,
and W quantify variation due to sample prepavation and analysis.
From this statistical study, reliable maps on a regional basis (>>100
'km) were prepared for C, K, and Rbin Aand C soit horizons; for Na, Si,
Th, U, and Zn in A-horizon soil; and for As, Ca, Ge, end Mg in
C-horizon soil. The distribution of variance components for the re-
maining 29 elements did not permit the construction of reliable maps,
Therefore, a baseline value for each of these elements is given as a
measure of the total element concentration in the soils ofthe Northern

“Great Plaina coal region. The baseline is expressed as'the 95-percent
range in concentration to be cxpeeted in nmples of mtuul soils,

+

INTRODUCTION

The present and future mle of the Northem Great
Plains in supplying coal and other.minerals to meet
energy requirements dictates the need for timely infor-
mation on the chemical chavacter of the soils that will be
disturbed by mining and reclamation. In order to evalu-

-ate the chemical character of soil, or any other natural
material, its variability needs to be quantified so that
inferences having known degree of certainty can be
made from the data that are collected.

Most previous studies to determine variability in soil
constituents havé been related to agronomic or
taxonomic problems (Beckett, 1967; Beckett and Web-
ster, 1971; Crosson and Protz, 1974; Drees and Wilding,
1973; Jansen and Arnold, 1976; McCormack and Wild-
ing, 1969; McKenzie, 1955; Oertel, 1959; Protz, Presant,
and Arnold, 1968; Reynolds, 1975; Walker, Hall, and
Protz, 1968; Webster and Butler, 1976; and Wilding,
Jones, and Schafer, 1965). These studies considered dif-

ferent soil propemes at different geographic scales from
those considered in this study. Therefore, their conclu-

‘sions could not be applied directly at the planning

stages of, or to the results of, the present investigation.:
However, their results indicate, in general, that soil
properties tend to exhibit a large local . variability . .
within the context of the many dlfferent sampling.de-
signs. " :

Studies by Connor, Ke |th and Anderson (1976),~.
Erdman, Shacklette, and Keith (1976); Tidball (1976);
Tidball and Ebens (1976), and Tourtelot and Miésch
(1975) addressed variability of total element concentra.
tion in soil on the basis of large mapping-units. Informa-
tion from these studies was used in planning the present
study. In general, these studies alao indicated that vari-
ability at local scales is large. .

Theobjectivesof the present study were three-fold (o)}
To provide background information on element concen-.
trations in sofl of the Northern Great Plains coal region
before mining and reclamation.(2) To evaluate themag-
nitude of the variability in element: concentration

in soil at different geographic scales. Knowmg the vari- 0

ability, inferences can be made about the soils with 'y
known degree of confidence, and the sample load that
would be needed to make inferences at a specified level -
of certainty can be determined. (3) Either to prepare
reliable maps of element concentrations in soil on'a
jonal basis, or to determine the number of eamplee”. _
that would be required to prepare reliable maps for.
those elements for which adequate data are not avail.
able.

STUDY AREA

The study area consists of the part of the Northern
Great Plains (fig. 1) whose surface is underlain by
geologic formations that contain large resources of

Al
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occurring glacial lake deposits are wldespread through-
out the glaciated areas. Compared to’ the"drift plain,
- areas of moraines have steeper slopes, deeper depres.
sions, and a veneer of gravel and boulders;" glacial
moraines rise above the subdued topography of the drift
plain, with local relief of 15 to 30 m. than sediments
that are generally found east of and ad,)acent to major.
drainages blanket the glacnal drift and tend to emooth
the undulating surface. Some small areas that were not’
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FIGURE 1.—Location of the Northern Great Plaina coal region; area
containing coal deposits of Tortiary age indicated by atipple pattern.
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. 1)..The glaclated area 13 anlundulatmg plam havmg .

. ' ped’ ) "
ing. Nearly level areas,of glacial outwash snd’ locally-

[

’Wﬁm '-—Nrwz

"‘"“{.E;y

g impinge, ;
up_dmg upl ands ‘The valley contams thlck deposns of i

upland isa gently rollmg plam with' molated ! closely
spaced buttes as much as 200 m hlgheg‘ thﬁ,ﬁ n the _adja-
cent surface. In some localities, mountain ou 1ere are
flanked with pediments and merge with alluvial fans
and terraces in the adjacent upland, Between the moun-
tain outliers broad anticlines-and synclines control the
.topographic character of the unglaciated plam Where .
thick units of shale are near the surface; the };gre hlghly
dissected to form "badlands.” Sponitaneots’: oombustmn '

“of some. hgmte beds in the Tertiary. fonhat:ons has
.| baked the overlymg sediments to form reddlsh colored
‘clinker beds, whxch are a dlstmctwe feature of the un-

glaciated area, .

" The paleogeography of the sedlments of Late Creta-
ceous age in the Northern Great Plainsisoutlined by Gill
and Cobban (1973). Paleogeography of deposits of Ter-
tiary and Pleistocene ages for northeastern Montana -
and northwestern North Dakota is detailed by Howard -
(1960), Mineralogy of the major stratigraphic units of
Tertiary age in the Northern Great Plame is presented
by Denson and Chisholm (1871)." ’

A general description of eo:l-development g’radnents
by Hunt (1967, p.85-93)indicated that temperature and
moisture interactions, as they influence the depth of -
water penstration in soil, are the major factors that’
determine the degree of soil development in the North-
ern Great Plains. Soil moisture and soil’ temperature
were also the major criteria used by Aandahl (1972) ta. .
map major taxonomic soil classes in the Great Plams

gion. The climate of the Northern Great Plains is

l-temperat.e-sthumid to semiarid, and is not condu- -
cive to. intense soil development. Depth of solum,
horizonation, and accumulation of salts are properties
that indicate the intensity of soil development in the
Northern Great Plains, Soil developmeént and soil pe-
dons are described by Dunnewald (1957) for Wyoming,
by Omodt and others (1968) for North Dakota, by South-
ard (1969) for Montana, and by Westin, Puhr, and -
Buntley (1967) for South Dakota.
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VARIA‘TION IN ELEMENT CONCENI‘RA’!‘ION NORTHERN GREAT PLAINS COAL REGION i

SAMPLE COLLECTION PREPARATION

Lt

_ - SamplesofA- 2 i
: 3 the Norther_n Greet Plams coal reglon (fig. {) in the fall

of a channel: compomte* i
cm; if consohdatecl rock
depth wag reached the ‘sample consig
material xmmedlately abgve th & rock

under forced air and then ‘were; dlsaggregated m 'a

motor-driven ceramic mortar-and-pestle topassa 2-mm |

stainless steel sieve. . These samples were further
ground to minus-100 mesh (minus 149 um) in a ceramic
mill, and splits of this material were used for all chemt-
cal determmatlons

All analyses were done in the laboratories of the U.S.
Geological Survey at Denver, Colorado. Analyses were
performed by James W, Baker, Leon A. Bradley, Isabelle
Davidson, Andrew Drenick; Jefferey England, Johnnie
M. Gardner, Patrica Gayle Guest, Raymond G. Havens,
Claude Huffinan, Jr., J. O, Johnson, Lorrair_n' Lee R.M.
Lemert, R, E. McGregor, H. T Millard, ;.JI., Wayne

Mountjoy, Farris D. Perez, VanE. Shaw, George D, Ship-

ley, Arthur L. Sutton, Jr., James A, Thomas, Michele L.
Tuttle, Richard E, Van Loenen, James S. Wahlberg, and
Thomas L. Yager. The analytical methods employed are
described in U.S, Geological Survey (1975) by James S.

is | analysis-of-vanan

in. fglaclated terram - Within' he rregulatz boundarles of
1. h ! _

— T PP T

T T

""Mlllard‘”Jr. (p.v79) and in'U.

Ay aye,

I T pattem adopted
‘this’ study (ﬁgf'2)’i' 73

_ gn;(Leone and;othe 8).
‘The hmlghest lavel eompares vanat,_:on m ele ' tcompo-

fromiun-:

Lo

'4) “This. arrang;ment resulted in’ 12" ﬁ’iﬁfm reells >
within the glaciated terrain and 22 100-km _oells mthm K
‘the unglaciated terrain, - ’
Each of the 100-km cells was partltloned into areas of
decreasing size, as follows: four §0-km. cells, each of ;.
which was divided into 25 10-km cells, which were then
divided into 100 I-km cells. Cells to be sampled. were
randomly selected, as follows: two 50-km cells; |
10-km cells in one 50 km cell'and one 10—km cell m\the
other 50-km cell, two 1-km cellsinone 10-kmicell andone
I-km cell in each’of the two other 10-km cells. This
resultedin samplea of A and C horizons from each of 136
locations—48 in the glaciated terrain and 88 in the
unglaciated terrain. -

An estimate of variance due to all laboratory proce-
dures (analytical error) was made from data on 28 ran-
domly . selected samples (out of a total of 272)—12
A-horizonsamplesand 16 C- horxzonaamples—that were

Terrain
100-km cell e
50-km cell o :
10-km cell N
1-km cell 'I I_—I |
individuval
analyses ' Number of units sampled at each level
Cell size, on'a side Analytical units
Terrain 100 km 50 km 10km 1 km A-horizon C-horizon
Glaciated 12 24 36 48 12 16
Unglaciated 22 44 66 88
Total 34 68 102 136 148 152

F1GURE 2.—Diagram of the unbalanced, nested, analysie-of-variance sampling design.
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Ficure 3.—Seil-sample localities in the glaciated terrain of the
Northern Great Plains coal region. Large squares (solid lines) ars
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side, Dots nre sampling sites, The limit of glaciation is modified
from Colton, Lemke, and Lindvall (1963) for North Dakota and

from Colton, Lemke, and Lindvall (1961) for Montana,
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TTA,

split ar__1d analyzed tw;cye. These dupllcate sakn}ples were: "

Tition = pt + “c

; .Yﬁk + 8!1&1’ + 'ql.lkfm -'!-'-Gm-rm

wherexw...,. is a measure of element eoneentmhon-’in 'sm-_ _
gle sample (the nth analysis, of the mth samplé; ,t}zelthf_ '
1-km cell, and so forth): u is t,he mean for the populatlon _
sampled; and &, 8, ¢, 8, 1, and ¢ are devlatlons fromi the
mean associated, respectively, with’ terrains, dnst.anees- '
of 100, 50, 10, and 1 km, and’ random errors, rels.t.ed to_-.
sample preparation and- analysm .The variance compo-:
nents, as estimated by the analysns-of-vananee compu-
tatlonmethodsfo!lowmgAnglersonandBancroft(1952), .
are expressed as follows: - o :

’-s'+s,‘+s, +s.’+s,.‘+s. _(2)

wheres.isan estimateof thetotal observed vanationfor
an element in soil, and the remaining terms are the
variance components described above. All computations
were done on a computer using statistical programs in
the U.S. Geological Survey's STATPAC Library(Van
Trump and Miesch, 1977). _ .
The unbalanced design was chosen in p encoto. ..

‘a balanced design, because:it has the advanliage of o
spreading the degrees of freedom almost equally over
levels 2~6. Also, the number of degrees of ‘free
achieved in the higher levels of the unbalanced design -

is comparable to that achieved in the balaneed design, n
but with only one-half the number of samples There-
fore, the power of the F-test at the higher levels of the
unbalanced design is equivalent to that for a balanced
design, and yet the cost for sample collectlon and
analyses is only about one-half as much. '
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FIGURE 4,—Soil-sample localities in the unglaciated terrain of the
Northern Great Plains coal region, Large squares (solid lines) are
100 km on a side; smaller squares (dashed lines) are 50 km on &
side. Dots are sampling sites. Modified from U.8. Geological Sur.
vey {1974). The limit of glaciation is modified from Colton and
others (1963) for North Dakota and from Colton and others (1961)
for Montana.

P Concentrationsofsomeelements arebelowthehmntof
determination by a given analytical method, so they are
omitted, or“censored.” Whenmore than20percentofthe
determinations for an element are below the limit of
detection, the elementisomitted from further considera-
tion. Elements omitted indude Ag, Au, Bi, Br,'C4, Ca, Cl,
Cs, Dy, Er,Gd, Hf, Ho,I,In, Ir, La, N4, Os, Pd, Pr, Pt, Re,
Rh, Ru, S, Sm, Ta, Th, Te, T1, Tm, and W. For elements
with less than 20 percent censored values, the censored




- replacement values can be ]U.Stlﬁed because theu' Bi
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values were replaced by small arbitrary values These 5
mally |

EN I

_number neither altérs thestatistical teste nor aﬂ‘ec t4 th
final mterpretatlon of the data. Lo
The data for all elementa except N’ a, St, Th, and Z

were’ transfon'ned by taklh 7 the:common: loganthm

cal terrn is prefixed by anthmetlc "ithe term refera to
_ loganthmlcally transformed data.

SAMPLED POPULATION

The population sampled in this study is in the North-
ern Great Plains coal region and consists of all soils
.developed either from glaciated materials or from rocks
in the Fort Union and Wasatch Formations of early
Tertiary age. The 136 sample localities that represent
the population were randomly selected within the sevs
eral nested cells. The diversity of sedimentary parent-

materials for the soils sampled is shown in figure 5. If

indeed the random sampling procedure was unbnased

and if the number of samples was sufficiently large, |

then figure 6 would also show the proportional distribu-
tion of parent materials for soils in the Northem Great
Plains coal region.

GLACIATED
TERRAIN 1L

UNGLACIATED
TERRAIN .

Siltstone 14,3

MUMBER OF SAMPLE LOCALITEES

] Coltuviat materials 6.8
Clinker bads 3.7

Sondstone ond chert 3.4

Ltocwstrine sil ond clay 2.1

SOIL PARENT MATERMLS

Fioure 5.—Frequency distribution, in percent, of soil parent mate-
rials sampled in glaciated and unglaciated terrains of the Northern
Great Plains coal region,

1 distmct because o "he

}slgmﬁcant fo'r TaL chamical ¥
~charactér of the soﬂs of the' dlfferenfﬁ rr’ains should be

__ led to es e
:ferendesmn;;chemxcal;variahon%betwne*gx gthg%l;mgo !

rains, Before discussing terrain dlfferenees, however,nlt'. o
will be helpful to dlscuss variance components. i

VARIAN CE COMPONENTS

Within each terrain, samplmg was dee:gned to mea: .
sure variation over increments of distance expressed in®
terms of cell size.' Thus, the total variance was sub-: -
divided into components, each associated with a given
cell size, The distribution of variance components for 41
elements in both A and C horizons (82'combinations),
each expressed as a percéntage of the total vananoe. is
shown in table 1. N :

Of the 82 entries in table 1,21 exhibit ah analyti(:al-
error-variance component that is greater than 50 per-
cent of the total observed variance. This amount is ex-
cessive and these elements are excluded from further.
interpretation. Reduction of the .anelytica)-.errot-
variance component to an acceptable level requires a

- more precise analytical method or repeated analyses of

the sample. Generally, as analytical precision or
number of analyses is increased, the cost rises. It is
necessary, therefore, to balance the value of the results
against the increased cost of more preclso or repeated
analyses for each element.

The variance distribution indicates that, for most
elements, the largest variance occurs at a local level;
that is, within areas 10 km or less on & side. In fact, it is
not uncommon for most of the variance to occur within:
d%ances of 1 km, This could logically be expected where
a Variety of different sample materials are found in a
small area (for example, outwash gravel and lacustrine
silt and clay in glacial terrain, or sandstone and shale in
unglaciated terrain). Naturally, the variance in element
distribution between soils developed from diverse mate-
rials would be greater than variances between soils
from the same type of material. Independent studies by
Tidball (1975), Tidball and Ebens (1976), and Keith,
Anderson, and Connor (1974) of 8ol in the Powder River
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VARI&TION IN ELEMENT CONCENTRAT!ON NORTHERN GREAT PLAINS COAL REGION

Bgs: n _(_:nf Wyommg (ﬁg .l) shpwed avmgmﬁcant pm_'tlon of

of th
Each va'rlaiiuce componen

hypothesis that thé component ‘does not- mgmﬁcantly

dlﬁ‘er from zerohs:ng the oonventlonal -F-test dt the 0 05:

aH

The 5705 st i

ﬁ COHI one

On the other hand, a s:gniﬁcant variance componen at
the terrain level suggests that the concentratlons of
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TABLE 2.—Unbalanced, nested, analysis-of-variance design used in the Northern Great Plains coal region

Variance

. L £ L .
Level Source of variation :g:::;mo Héan square estimates! Feratid T component
HS] - HSp
1 Between terrains 1 usl - sii-l.hlz_l«-l.8320-2.83104.5:28*68.652 I(Slh‘ls2 si - ‘_“‘:'6""""20:
HSq = M5y
2 Betveen 100-km cetls 32 HS, = siel.tedel 7edez.76200.502 MS, /M, ol e —ro29f
within terraine n ¥ é 8 .
3 Between 50-km cells b1 l-ls3 = szd-l.lszﬂ.h:-rl.ﬁaz' HSSIHS“ .2_ - """'{'6—‘302
vithin 100-kn cells € n \J Y . Y
. : MS; - MSe ,
4 Betveen l0-km cells 34 MS, = szﬂzﬂ &sz usamss s: - """n""""-'a'o:
within 50-km cells €en 4 .
2, .2 3 M55 - WS 5
5 Between l-km cells L 1} HS, = sc+l. 1y "55’"56 L """i‘l_=°“
within 10~im cells )
6 Between analyses of: &
A=horizons within 12 MS: = 62 ————— -
6 L3 f. €
L=km cells .
_ 2 2. 2
C~horizons within 16 H56 - 8 cmren—— s, =0,

l=km cells

'Mean-square estimates are for A horlzons; the coefficie
different nunbers of samples for A and C horizons at

2Lgaders (==), no Fratio exists.

nts for C horizons may vary by 0.l unit because of the
the "Between analyses™ level.
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ELEMENT-DISTRIBUTION SUMMARIES

The decision as to which method of reporting the
distributions of element concentrations is best depends
on the magnitude of variation present in the data. A
distribution map based on the means of rather small
areas is the most ideal display, because the element
concentrations can be related to geographic locations,
However, this requires highly reproducible data. Where
such data are not available, then the means must be
summarized over larger areas, with the result that local
differences tend to disappear. The data have been sub-
divided, therefore, into five groups on the basis of vari-
ance components at the terrain, 100-km-cell, and
analytical-error levels, and on the basis of whether or
not the variance-mean ratio exceeds the threshold of 1.0.

The five distinct groups of elements are presented in

table 3, Group-1 elements are those that exhibit a signif-

icant variance component at either the terrain or the
100-km-cell level and that have a v, >1.0. For these
elements, we can prepare reliable maps of their concen-
tration in eoil on the basis of the means of samples
within each 100-km cell. These maps repregent values
from a minimum of 22 percent of the total observed
arithmetic variation (Zn in A horizons) to a maximum of
46 percent of the total observed logarithmic variation (C
in A horizons). Maps showing regional distribution of
amounts of 15 elements in soil are presented in figures
6A through 6Q. The resolution, or the amount of detail,
is dependent on the sampling interval (cell size) shown
on the map, Greater resolution and increasing detail of

-element distributions in soil can be obtained if the map-

ping interval is decreased to 50, 10, and 1 km, respec-
tively, and if a significant variance component is associ-
ated with each of these smaller geographic scales. How-
ever, the reliability of data on maps of smaller areas will

" GEOCHEMICAL SURVEY OF THE WESTERN ENERGY REGIONS
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Qe both
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21.6 percent of the total vanahona 'The value of. tm:
increased from 1.7.(100-km unit); to; 5.3 (50 km umt) the T
resulting map of K if: the C horizon would be much more
rellable. The variation explamed by the map | based on:
géikm 39.6 percent of the totalyariation and
ould' g% percen%%f the tota ar%:gbn forga magww
based on a 50-km unit. In addition, the map of a 50-km
unit would show more detail of the element distribution
than the map of a 100-km unit. However, maps of less
than 100-km units are not pregented because of the
nature of our unbalanced sampling design and the re-
sulting distribution of data pomts.

The entnesmGroupa2,3 and4(tab1e3) haveav..<10 _
and, therefore, the lines on a map for any of these
elements would not be considered reliable when com-
piled for a 100-km unit using the present data. Group-2
elements exhibit significant variance componentsat the
terrain level but not at the 100-km-cell level (table 3).
For these elements, the means and expected ranges in
concentrationofthesamples withineachterraingivethe
best estimate of element distribution in soil for the area.
This type of estimate hasbeen referred to as a “regional
geochemical baseline” by Tidball and Ebens (1976). The
baselinesfor elementsof Group 2 are presentedintable4
for each of the two terrains, glaciated and unglaciated.
The expected range {scomputed after adjustingthe gross,
deviation for analytical error, which makes up a portion
of the gross deviation (Connor, 1976), An estimate was
also computed for n,, the number of random samples .
needed within each 100-km cell toraise the value ofu,, to
1.0 and, thereby, provide data that can be expressedbya
reliable map. _

Group-4 elements have no significant variance com-
ponent at either the terrain or the 100-km-cell levels
(table 3). A single estimate of the mean and expected
range for each of these elements over the entire study

ais the best estimate of a bageline. The estimates are
presented in table 5. The value of the baseline for each
element in Groups 2 and 4 represents an expected range
in concentration that we consider to be of use in making
extrapolations from one location to another, either over
the entire study area (Group-4 elements) or within the
area of each terrain (Group-2 elements). In addition,
any new data may be compared to the baseline to iden-

tify extreme values in element concentration.
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TABLE 3. -Groum ng of elements based on significant variance components (s, 1), variance mean ratios {v,), and auulylwal-emr uaria:we { s")

|M¢rhk indintu llgniﬁum at l.heo.ﬂﬁ pm!mbiliuf Ieval [ Indlnm melmnl included inthat gmupinﬂ

et a g

vm<l.0

;loof‘kﬁ', . -_.- Soil o d| N\& &“‘ oo -/"'.':-I' RS E B .. ’ l"l T .-I . R :’-'!: ) -
- cell * _horizon Group 1 5 .~ Group 2 Group 3.:  _ Groug:
' ' Terrain, ‘52%
:ﬁm&\;:mﬁp gy --«-*"‘W" Ehbe m\m ol
“Al, Be, Hg, -— -—— Yb, Zr
. ' Ma, Se, Sr, '
c Ca, K, Rb Al, Ga, Mn, - - Th, V
Ni, Si, Sr,
u, v
Terrain, s
o
sg* A Na, Si, Zan ——— Ca, Fe, Ge ——— Cr.
C As, Ge —-—— Mo, Ni ——— Ba
sg A - -— —— As, B, Ca, Ba, La, Nb,
Co, Ga, Li, P, Pb, Sb,
Mg, Sa, Ti, Se¢
Y
c -— —— -—— B, Be, Co, F, Nb, P,
: Cr, Cu, Fe, 5b, Sc, Se,
Hg, La, Li, 2r ~
Mo, Na, Pb,
Sn, Ti, Y,
Yb, Zn

Group-3 elements (table 3) exhibit a significant com-
ponent of variance between 100-km cells but not be-
tween terraina, The regional distribution of these ele-
ments, therefore, is best estimated by each 100-km-cell
mean, These means are both given in table § and plotted
enmapsinfigures 6P —6T. The values on the maps are

not contoured because the data are judged to be unreli-

able (v, <1.0).

Group-5 elements (table 3) exhibit excessive ana-
lytical error. Therefore, no interpretation is presented

for these elements.

FIGURE 6 (fallowing pagesl— Regional distribution of elements in A and C horizons of s0ils of the Northern Great Plaine coal region. Values sre
means of cells 100-km on aside. Contour linea for figures A through O are the geometric mean (GM) or the arithmetic moan (AM) and theupper
or lower expected 95-percent values. Nocontours arsgiven for figuresP through T because the analysisof variance indicates that such contour
lines would tend not to be reproducible.
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TABLE 4.-Chemical suntmaries forelenwnta insoil that. exhibit a significant variance component betiween termms nfthe Northern Gneat Plauu

anImgwn(Gnmp&eknunu}
t; nther

64 59

[a. gtad_md terrain; U, ungla 1=_ fervain -','- ed In parts per million except Hg, parts i

Geometric ' Geometric R .

Element  Soil mean ' . deviation Ceometric' Baseliné valugli: e

horizon T — . _error . A B

¢ vl e N ¢ v

Al¥=-ec A 5.3 5.8 1.17 1.18  1.09 hole 6.9 G- 1.7 7

c 5.3 5.9 1.22 1.22 1.06 3.6- 7.8 4.0- 8.6 7

Be~—=== A 1.5 1.7 1.46 1,38 - 1.27 0.8- 2.6 1.1- 2.6 11

St ﬁ*ﬁ:m:::mm:”‘ mwmazgm 1 ]( 5 waﬁml’:}wﬂz&wﬁ%mﬁ gﬂ* iy ]mmz ‘5,34 R i R

Mn----- A ?20 330 1.83 2.76 1.81 570 -~ 910 60 -1700 5

c 440 180 2,37 4.20 1.79 120 -1600 10 =-2500 g

Hiw——w= c 22 18 1.44 1.67 1.24 12 - 40 7 - 46 16
See—m=e A .5 402,45 2,93 2.18 0.2~ 1.1 0.1- 1.9 n.d.?

Sikl-— c 27 29 2.74 3.59 1.22 22 - 32 22 - 36 ]

Sy----- A 180 150 1.24 1.5& 1.18 140 - 240 10 - 340 7

c 240 190 1.24 1.56 1.14 170 - 380 80 -~ 450 6

Umsemmm= C 2.2 2.8 1.42 1.41 1.06 I.1- 1.4 1,4~ 5.5 5

Vo C 1.45 1.43 .18 33 - 120 26 - 99 7

lExpected 95-percent range.

2 Minimum number of random samples per 100-km cell needed to map regional variation.

3Not determined.

“Yalues computed on arithmetic basis.

DIFFERENCES BETWEEN SOIL HORIZONS

In the unbalanced, nested, analysis-of-variance de-
sign, the sixth (or lowest) level consists of samples that
were analyzed in duplicate to estimate variation associ-
ated with sample preparation and analysis (table 2).
This was done because splits of a single sample, when
subjected to repeated chemical analysis, do not yield
identical results. The variance associated with sample
preparation and analysis should be estimated and in-
cluded as part of the total variation observed in a sample
of a population, because, in some cases, it exceeds the

- variation from any other source,

Initially each element was assumed to have a com-
mon analytical-error variance that could be estimated
from sample determinations irrespective of soil hori-
zons. Although the reproducibility of a measured value

is subject to interferences that arise from differing ma-
trix effects, these effects were expected tobe common to
both surface and subsurface horizons. However, the pos-
sible analytical errors shown in table 1 suggest that, for
many elements, the analytical reproducibility differs
widely in the two soil horizons. For most elements, the
portion of the total observed variance associated with
sample preparation and analysis of the A horizon ex-
ceeds that of the C horizon (table 1). In fact, logarithmic
ance estimates of analytical error for B, Ba, C, Hg,
L a, Th, and Zn differ significantly between horizons
as indicated by an F-test at the 5 percent probability
level, (The F-ratio is computed by dividing the variance
of the A or C horizon, whichever is larger, by the smaller
variance.)
Because the data for 29 elements do not show signifi-
cant differences in analytical error between horizons, it




TABLE 5.~-Cheurical summaries for elements in soil that exhibit a
ron-significant variance component between lerrains of the North-
ern Great Plaing coal rcgionh {Group-3 and 4 elements) *

[ el d In p t; sl others measured in parupermlllinu except "8 paris
- per bitlfoni
S0kl Ceometric G rie Geometrle  Baseiine nt
Element horizon neun deviation 11T value ¢
A A 11 1.6¢ .19 2.6 =19 1
Emmmeem A I 1.59 ‘1,27 18 - 9% 9
¢ 43 1.6 LIé 16 -3 7
L c . 1.6 1.46 1.13 0.6 = 40 w4t
Cahmmem A T 1.0 214 1.06 0.1 - &6 $
Commmmn A (Y 1.48 1.4 1.8 - 14 nd,
¢ 6.6 1.49 2 2.8~ 18 nd,
Cymmmmn ¢ 42 . 1.6 1.35 -\ e
Cymerve A 19 1.64 1.3% - 43 n.d,
w TS t A 1.82 1,49 -5 nd,
e R SRR BB R e e - R |
| LIS & 1.1 141 1.03 4.2 5
: c - 2.2 140 1.02 43 ad.
Ca~emman & 1 L WYY 1.30 L] 18
Cammee A 1.4 1.27 1.13 1.4 [
Hg==v== c 7 1.% INTE o 10
Lam===m ¢ 13 158 .36 10 - 5 nd.
Liwsen A 1% 1.40 1.06 10 =37 n
€ 1 1.48 L 10 -4 n.d.
HgWemas A .7 1.67 1.02 0.2 - 1.2 14
Hommmms A 3.8 1.68 1.57 1.1 =12 L]
¢ 4.0 1,72 1.90 0.9 -8 w.d.
Haweon ¢ .9 .0 03 0.2 LS ’
Wfmmmmm A 18 1.48 1.26 106 =32 7
Phmmmmm c 15 LN 1.3% 5 - &7 nd,
Sneenmn A 9 1.86 1.51 0.3~ 2.2 0
¢ .3 1.94 1.44 0.3~ 2.4 §
i A .25 023 0% 0,22~ 0.18 7
¢ .25 058 O 0.1k 0,36 32
Yoworne A 18 L.44 1.3 10 =23 8
¢ 11 LAY L2 .¢ =N n.d.
Thowame ¢ FR 1 L.49 L3 Ll- L9  wd.
In ——— c 59 1 1.7 1 - ad.

tgxpected Y5=-percent Tongs.

ZHin{mm nuber of random csmpies per LOO-km cell needed to map
regionsl varistion.

Yot deternined,
*Yulues computed on arithmetic baeis,

appears that some properties or factors in addition to
matrix composition are affecting the reproducibility of
the analytical determinations. If the analytical tech-
nique is at fault, then we would expect that a group of
elements determined by a single technique should con-
sistently exhibit either significant or nonsignificant
variation between horizons. However, the elements that
exhibit significant differences between errors in the two
horizons were determined by several procedures (see
U.S. Geological Survey, 1975, fig. 2). Therefore, differ-
ences in analytical reproducibility between soil hori-
zons are related to matrix effects, analytical methods,
and other unknown factors. However, from the data it is
not clear which effect dominates.

The investigator should be aware of the possibility of
significant analytical variability between soil mate-
rials and should plan to account for it. The cost of reduc-
ing the analytical variability, however, must be bal-

" GEOCHEMICAL SURVEY OF THE WESTERN ENERGY REGIONS o hew

of the analytical variation either by repeated analyms of

a sample or by a more precise analytical techmque

“ Discriminate-function analysis of data was-also’ per-
formed between A and C horizons. The resul' ,‘iwhlch '
are presented in figure 7, show that an adequate fune-
tion can be obtained to d:scnmmate between Aand C
"horizons using only three variables (Ca, Mg, and C).In
general, a discriminate-function: analys:s using . onl;
trace-element data would be of little value in séparating
A- from C-horizon samples. For future studies that con- - _
centrate on descnbmg the geographic distribution of
elements occurring in trace amounts, a more productive
use of available resources may be to sample and analyze
only a single soil horizon or a composite sample of sey-

#[*eral soilHorizons*Tust s Mtichi¥oripossibly mors  inki

formation useful in constructing maps of element con-
centration in soil may be obtained in this way as is
obtained by dividing available resources between sam-
ples of more than one soil horizon,

CONCLUSIONS

An attempt has been made to determine the spatial
variability of soil chemistry in the Northern Great
Plains coal region for 41 elements on the basis of their
total concentrations in A and C horizons. Using an un-
balanced, nested, analysis-of-variance design, maps
showing dependable data were prepared based on
100-km cells (100 km on a side) for three elements(C, K,
and Rb} in both A and C horizons, for an additional five
elements (Na, Si, Th, U, and Zn) in the A horizon, and
C horizon, By doubling the number of random samples
from four to eight per 100-km cell, an additional 20
elements in either A- or C-horizon soil would be map-
pable for the 100-km cell. Baseline values can be as-
signed, however, for elements that were not dependa-
bly mappable. The baseline value is a probable range
in concentration to be expected in natural soils. The
baseline can be applied to soil materials throughout
the study area,

Most of the total observed variation in element con-
centration for most elements is within cells of less than
10 km on a side. Therefore, while baseline values can be
used as an overview, additional sampling is necessary to
evaluate local variability.

Repeated analytical determinations on samples of A
Wnd C horizons of soils vary significantly for several
elements, It is not clear from the data whether the
varying matrix compositions of the samples or the ana-
lytical techniques, or both, are responsible for these
variations.

Discriminate-function analysis shows that analyses
for only three elements (Ca, Mg, and C) are needed to
adequately distinguish between A- and C-horizon soil

anced against the cost of deriving an adequate estimate

samples in the Northern Great Plaing coal region.
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