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INTRODUCTION

Congress, in 1986, passed the Garrison Diversion Unit Reformulation
Act, which mandates that soil surveys be conducted to assess soil
characteristics that might result in toxic or hazardous irrigation return
flows. Studies assessing the potential for trace element problems in soils
are restricted to small geographic areas designated by the irrigation
project (see for example; Goolsby, Severson, Wilson, and Webber 1989). An
overview of the trace element content in soils is lacking for eastern North
Dakota even though agricultural irrigation and drainage projects are being
planned for and developed in eastern North Dakota.

A reconnaissance sampling of surface soils (A horizon, or 0-20 cm
depth) from eastern North Dakota and parts of northeastern South Dakota and
northwestern Minnesota (fig. 1) was conducted in 1988. A total of 228
samples was collected using a square grid-based sampling with an analysis-
of-variance design. The grid consisted of decreasingly smaller cells
(100km, 50km, and 25km) nested within each other. The geochemical
composition (32 elements) of the soils was determined, and these data were
used to meet the objectives of the landscape-variability study. These
objectives were, 1) to provide background information on the geochemical
composition of surface soils in this area, 2) to evaluate the spatial
variability of the soils based on the geochemical data, and 3) either to
use the information to prepare stable (reproducible) geochemical maps or to
determine the additional sampling requirements for stable geochemical maps.

Contour maps representing an element’s concentration in soil can be
prepared at any scale by collecting samples on a grid at that scale.
However, there are no assurances that a contour map prepared in this manner
will reliably represent the true geochemical patterns of the landscape.
Analysis-of-variance can be used to measure the magnitude and distribution
of natural variability that exists at various geographic scales. From the
variance components it is possible to estimate the feasibility of preparing
geochemical maps of element distributions of known reliability in soils at
various geographic scales. Feasibility is defined by the requirement to
focus sampling at those geographic scales where the largest amount of
variance occurs consistent with a practical ability to collect and analyze
at least the minimum number of random samples required in each cell of a
specified size.

METHODS
Sampling Design

General sampling locations for the landscape variability studies were
determined with the aid of U.S. Geological Survey 1;100,000 scale
topographic maps. All sampling sites were subject to relocation based on
field observations and accessibility.

An unbalanced, nested, analysis-of-variance design was used to
allocate sites for sampling based on 100-km, 50-km, and 25-km cells nested
within each other. Thirteen 100-km cells were positioned to obtain the
most complete coverage of the study area (fig. 1). Each of the 100-km
cells was divided into four 50-km cells (resulting in 52 cells) and each of



the 50-km cells was divided into 25-km cells (resulting in 208 cells). A
single sampling location was randomly chosen within each of the 208 25-km
cells, plus an additional sampling location was randomly chosen in 20 of
the 208 25-km cells to estimate variability within 25-km cells. This
resulted in a total of 228 sampling locations which are shown on figure 1.

Statistical Techniques

Anaysis-of-Variance

A five-level, unbalanced, nested, analysis-of-variance design was
used in the landscape variability study. This statistical design allows
the partitioning of the total measured natural variation into components
(table 3). The first four components (levels) are related to the various
sampling cell sizes of 100, 50, 25 and <25 km described above. 1In
addition, 21 samples were chosen at random and split into two parts and
each part analyzed independently. This duplicate analysis of samples
represents the fifth level of the design and gives a component estimating
all procedural errors, including field sampling, sample preparation, and
sample analysis.

A further precaution was taken to convert any systematic error, which
might occur in either sampling or analysis, into random errors. This was
accomplished by analyzing all samples (original and duplicate samples) in a
randomized sequence so that any geographic trend in the data is not
confounded by any possible analytical trend.

Statistical analyses require complete numeric data sets. Some
elements were reported as being below the lower limit of determination
(censored data) of the analytical method (table 1). These elements are
identified in table 2 as having detection ratios of <1:1. Where more that
20 percent of the determinations were below detection (Ag, Hg, Mo, Nb, and
Sn) the element is omitted from further interpretation. Otherwise, the
censored values for Be, Se, Th, and Yb were replaced with arbitrary values
equal to 70 percent of their lower limit of determination. The replacement
values are justified because their small number neither alters the
statistical tests nor affects the interpretation of the data. For the
elements with censored distributions, the geometric means and deviations
were estimated by the technique of Cohen (1959) for singly truncated
distributions.

Variance Ratios and Mapping Requirements

The variance-mean-ratio (Vm) (Miesch, 1976) is computed from
estimates of variance components associated with sampling cell sizes
described above. The Vm provides an index of relative stability of mean
values used to construct geochemical maps. Vm values computed for
different cell sizes are useful for evaluating the feasibility of mapping
the distribution of an element at those different size cells. For example,
Vm values for 50km cells would be computed as follows:
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where the numerator is the sum of the variance components (sz) for the 100
and 50km cells and the denominator is the sum of the variance components
(s“) multiplied by the average number of samples (n) collected within each
smaller cell, plus estimates of procedural errors. In other words, the
numerator is the variance between 50km cells and the denominator is the
variance within the 50km cells. A Vm equal to 1.0 is approximately
equivalent to an F-test at a probability level of 80 percent. Taking a Vm
equal to 1.0 as a threshold, for values less than 1.0 we judge that a map
of element concentration prepared from the existing data, at the cell size
indicated in the numerator of the equation above, tends not to faithfully
reproduce the true geochemical pattern (Miesch, 1976, p. 102). As Vm
increases, the map pattern increasingly reflects the true geochemical
pattern.

Field Sampling and Sample Preparation

Sampling sites for the landscape variability study were randomly
located to include the true extent of the natural variability in the
samples collected. Random locations are necessary to provide an accurate
assessment of the sampling intensity needed to prepare stable maps of
element content in the soils sampled.

Sampling of soil by horizon was accomplished using the following
general guidelines. At each sampling location, living vegetation was
removed from the soil surface and a shallow soil pit was excavated by hand.
An approximate l-kg sample of the surface soil horizon (A horizon, or 0-20
cm depth) was placed in water-resistant paper bags and labeled as to it's
location and position in the sampling design.

All soil samples were dried under forced air at ambient temperature.
The dry samples were disaggregated using a mechanical ceramic mortar and
pestle, sieved to minus 10 mesh (2 mm), and a split of the minus 2-mm
sample was ground to minus 80 mesh. The minus 80-mesh material was used
for all chemical analysis.

Laboratory Methods

Chemical analyses were performed by two main techniques, inductively
coupled plasma atomic emission spectroscopy (ICP-AES) and continuous-flow
hydride-generation atomic absorption spectroscopy (HGAAS). Additional
determinations are described under the heading "Miscellaneous
determinations"



Inductively Coupled Plasma Atomic Emission Spectroscopy

Samples were analyzed simultaneously for 38 elements using ICP-AES.
Each soil sample (0.200g) was dissolved using a low-temperature digestion
with concentrated hydrochloric, hydrofluoric, nitric, and perchloric acids
(Crock and others, 1983). The acidic sample solution was taken to dryness
and the residue was dissolved with lmL of aqua regia and then diluted to
10g with demineralized water. Reference materials and sample replicates
were digested by the same procedure and analyzed, along with reagent
blanks, at the same time as the samples. The elements determined and their
lower limits of determination are shown in Table 1. The elements Au, Bi,
Cd, Ho, Ta, and U were below the lower limit of detection in all samples.
The relative standard deviation (RSD) for replicate determinations of most
elements is five percent or less.

Continuous-Flow Hydride-Generation Atomic Absorption Spectroscopy

Arsenic and selenium in soils were determined by HGAAS (Crock and
Lichte, 1982; Sanzolone and Chao, 1987). A 0.25-gram portion of soil
sample was digested with nitric, perchloric, and hydrofluoric acids. After
digestion, the sample was diluted to 50mL with 6N HCl. Arsenic and
selenium were determined independently using specifically designed
continuous flow systems. In the procedure, the sample solution was reacted
with sodium borohydride in order to generate the gaseous hydrides which
were swept into the heated quartz furnace and measured by atomic absorption
spectrometry. Arsenic and selenium were quantified using an aqueous
standard calibration curve. Determination limits for arsenic and selenium
are shown in Table 1. The RSD for the determination of both elements was
about ten percent.

Miscellaneous Determinations

Mercury in soil was determined using an automated continuous-flow
cold-vapor atomic absorption spectroscopic (CV-AAS) method (Kennedy and
Crock, 1987). A 0.100 g sample was digested with nitric acid and sodium
dichromate in a closed Teflon bottle and then diluted to 12 mL with
deionized water. The sample solution was reacted with a sulfuric acid-
hydroxylamine hydrochloride solution and a stannous chloride solution in a
continuous-flow system. The gaseous mercury was separated by a phase
separator and swept into a quartz cell positioned in the light path of an
atomic absorption spectrometer. Mercury was quantified using an aqueous
standard calibration curve.

Hot-water extractable boron in soil was measured using a 1:5
(soil:water) hot-water extract of the soil according to the method given in
Crock and Severson (1980). Five grams of soil were mixed with 25 mL of
demineralized water in a 50 mL polyethylene centrifuge tube, capped and
placed in boiling water for one hour. The mixture was shaken occasionally.
The sample was then centrifuged at 2500 RPM for 10 minutes, the clear
liquid decanted, filtered through 0.45 micron filter disks, acidified with
concentrated nitric acid, and then the boron content was measured using
ICP-AES under standard conditions.



RESULTS

The sample site and generalized geologic map (fig 1.) show that
samples were collected in each of the geologic units. The number of
samples collected within each geologic unit is roughly proportional to the
area each unit occupies. The geology in figure 1 is greatly simplified.
However, the glacial sediments, whether they are till, outwash, eolian,
river or lake sediment, are all derived from the underlying Cretaceous and
Tertiary marine formations and Tertiary continental formations. Clayton
and others (1980) have prepared a map showing details of the geology of
North Dakota. The distribution of soil parent materials and soil formation
is available in Omodt and others (1968) for North Dakota, and in Westin and
others (1967) for South Dakota.

The 36 elements which were detected in the surface soil samples are
summarized in table 2 by their detection ratio, geometric mean and
deviation, observed range, and baseline value. A listing of the results of
analysis for all surface soil samples is given in appendix table Al. The
baseline value is computed as the expected 95-percent range of Tidball and
Ebens (1976) for the distribution of values measured in samples from this
study. This means that if a new soil sample were to be collected and
analyzed for some element, there is only a 1-in-20 chance that the
determined value for that element would be outside of this range. The
observed range is simply the lowest and highest values measured. These
summary statistics on the composition of soils provide an overview of their
geochemistry, and the information is useful for making comparisons with the
geochemistry of soils from other areas to determine, on a gross scale,
whether the soils are typical or unusual in their chemical composition.
However, this study was designed to provide, in addition to this general
geochemical overview, information about the distibutions of elements in
soils across the landscape.

As stated earlier, the major purposes for collecting samples based on
an analysis-of-variance design are, to determine the amount of natural
variability that exists at various geographic scales, and to use the
spatial variability of the data to estimate the sampling requirements for
preparing geochemical maps of element distributions in soils at various
geographic scales. Components of variation measured over increments of
distance for 32 elements in soils, plus estimates of procedural errors, are
given in table 3. The variance components in table 3 show what proportion
of the total natural variation can be explained by preparing contour maps
at each sampling interval (expressed as cell sizes of 100km, 50km, and
25km). Estimates of sampling needs to prepare reliable geochemical maps
for elements in surface soil horizons are given in table 4 for three cell
sizes. These estimates were calculated following the methods of Miesch
(1976). Table 4 gives the calculated Vm value based on the samples already
collected for three cell sizes. If this value is 1.0 or greater, then a
reliable geochemical map may be constructed for the element by plotting the
mean values for the cell size indicated using the data already collected.
If the Vm value is less than 1.0, then additional sampling is needed to
prepare reliable geochemical maps. The values for Nr estimate the number
of random samples that would need to be collected within the cell size
specified to raise the value of Vm to 1.0 at the 80 percent and 95 percent



probability levels, respectively. The Nr values at 95 percent in table 4
show that, for most elements and all three cell sizes, the amount of
sampling to obtain this high degree of map reliability would be prohibited
by the high costs. Calculated Vm and estimated Nr values conflict for some
elements, especially in borderline cases. For example, an average of
slightly greater than four samples were actually collected within each 50
km cell, however the Vm value for Ba and Ca at 50 km cells is 1.0 and the
Nr value is five. With a Vm of 1.0, the Nr should be equal to or less than
four, the actual number of samples collected. Apparently, the algorithm
for estimating the value of Nr may introduce a rounding error of plus or
minus one. Therefore, to be conservative, only the Vm values in table 4
will be considered when judging whether or not a reliable geochemical map
can be prepared from the data already collected. If additional sampling is
planned to prepare reliable maps, then the most conservative approach would
be to add one sample to the Nr values reported in table 4 where the
calculated value of Vm is near one.

The information in tables 3 and 4 can be used to determine if
reliable maps can be prepared based on the data already collected or
additional sampling is needed to prepare geochemical maps for specific
elements at various sampling intervals. The numbers of samples that would
need to be collected within each gridded cell of differing size, and the
total number of samples necessary to prepare a reliable map for elements
based on each gridded-cell size at the 80 percent probability level are
given in figure 2. Figure 2 was constructed based on sampling 13 100-km
cells, 52(13 X 4) 50-km cells, or 208(52 X 4) 25-km cells. The Nr value
for each element (table 4) was then multiplied by this number of cells to
determine the total number of samples. Maps for some elements can be
prepared based on the data already collected--this information is
summarized in table 5. For those elements with a Vm value greater than 1.0
and a significant or non-significant variance component, contour maps may
be constructed with confidence that it is a reliable representation of the
true geochemical pattern. Elements with a significant variance component,
but with a Vm value less than 1.0, can also be represented on a map as cell
means only, but any contouring of those means may not be reliable. A
significant variance component indicates as a minimum that the smallest
cell mean is significantly different from the largest cell mean. Contours
should not be drawn, in this instance, because there is no assurance that
adjacent cell means are significantly different from one another.

Geochemical maps for element concentrations in soils based on
geometric means for 100km-cells are given in figures 3A-30; for 50km-cells
in figures 4A-4F; and for 25km-cells in figures 5A-5D. The elements are
presented in the same sequence as given in table 5. Each contoured
geochemical map is accompanied by a map displaying cell means. In some
cases, the contour map and cell-mean maps do not correspond exactly because
the contouring was based on averaging the four nearest neighbors and the
contours were estimated by an inverse-distance-squared algorithm. Cell
means are plotted without contour lines for those elements with significant
variance components but with a Vm of less than 1.0 (figures 3I-30 and 4D-
4F). For elements with a Vm greater than 1.0, three contours are used to
represent the geometric mean and the lower and upper baseline values of the
data (table 2). The baseline value is computed as the expected 95-percent
range of Tidball and Ebens (1976). The contour maps presented in figures



3-5 show varying amount of detail, or resolution. The resolution is
dependent on the sampling interval (cell size) and the spatial variability
associated with that cell size. Greater resolution for an element’s
distribution is obtained as the cell size is decreased from 100km to 50km
to 25km, and as the amount of spatial variability explained increases.

This trend can be seen for maps of barium (figs 3C, 4B, and 5A) where cell
size is decreased and amount of variability explained increases from 17.2%
(table 2) for 100-km cells to 21.3% (17.2% plus 4.1%, table 2) for 50-km
cells to 76.1% (17.2% plus 4.1% plus 54.8%, table 3) for 25-km cells. Most
of the maps of element concentration show only a single contour (the
geometric mean) because the spatial variability between cells is very small
(table 3). The majority of the variability occurs at sampling intervals of
less-than 25km. Therefore, in order to prepare maps which account for most
of the observed variability, it would be necessary to resample at the less-
than 25-km interval. Based on previous work in the northern Great Plains
(including the western part of North Dakota), sampling cells as small as
lkm may be required (Severson and Tidball, 1979, table 1) to show the
detail on the landscape. The distributions of variance components (table
3) and the maps showing element distributions (figs 3-5) show that the
element concentrations in these soils are, on the average, relatively
uniform over the study area of eastern North Dakota, but samples collected
at very close distance increments are as variable as those collected over
large distance increments.

Most of the geochemical maps (figs. 3-5) show a single contour
representing the geometric mean traversing the study area from north-
northwest to south-southeast dividing the study area in half. The west
half of the study area is generally below the geometric mean for B, Ca, Mg,
P, and Yb, but above the geometric mean for Ba. Selenium exhibits band of
values above the mean trending north-south in the center of the study area.
The other elements (K, Na, and Sr) also show a single contour representing
the geometric mean, but the contour seems to represent an irregular
pattern. All the geochemical maps presented in figs. 3-5 show no apparent
relationship to differences in the geology generalized in figure 1.

Many elements could not be displayed on maps because this
reconnaissance sampling resulted in too few samples within cells of
different sizes to prepare reliable maps. For these elements, a high
proportion of their spatial variability was measured at small distance
increments. The best way to summarize their geochemical variability
throughout eastern North Dakota is by the geometric mean and baseline
value. These statistics are presented in table 2.

Geometric means and baseline values for elements in surface soils of
eastern North Dakota (table 2), when compared to those for the A horizon
for the glaciated portion of the northern Great Plains (table 6) (Severson
and Tidball, 1979) tend to be slightly lower. However, the slight
differences are probably not statistically significant. The summary
statistics for the northern Great Plains represents only the glaciated
terrain; except where there were no significant differences between
glaciated and un-glaciated terrains, a single mean and range was used to
characterize both terrains.



SUMMARY

Analysis-of-variance, with calculations based on the variance
components for element concentration in surface soil horizons (A-horizons),
was used to estimate the feasibility of preparing geochemical maps at
various sampling cell sizes. Cell sizes of 100, 50, and 25km were
evaluated. Our intent was to provide as much information on sampling
requirements for as many elements as possible so that reliable maps of
element distributions in soils could be prepared with the smallest possible
sampling costs. Because of large sampling requirements for some elements,
it is possible that some environmentally important elements could be
overlooked. Simply minimizing sampling costs may not result in the most
efficient sampling design.

Reliable geochemical maps were prepared for several elements at the
100-km, 50-km, and 25-km cell sizes based on geometric means for the
samples collected within each cell. Most of the spatial variability of all
elements occurs at the smallest sampling interval, and therefore, the maps
show only small regional geochemical gradients in soils across eastern
North Dakota. Based on an analysis of the present study, plus information
on soil variability from previous studies, it will be necessary to sample
at intervals as small as lkm to describe the predominant small-scale
geochemical details of the landscape. Preparing geochemical maps at this
small scale would require a minimum of about 10,000 samples.
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Figure 3D.
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interval, GM=~1.4, Baseline=0.48 to 4.0;

Lower figure, GM's for each 100km cell.

15

99°30 97°30
{ I I '
Canada \
—+
‘
[}
[}
L)
.
L ] 1] - L ] L[]
z
»r
o = T--=7
48" - 4 £
\ S
\ 2
. . “ . f&
' -3
' -]
\
e
r
- \\
A)
\
. . AN .
3
l)
'’
46° North Dakota N -
South Dakota . ¢ *
]
-
L | 1 [ 1 | (.
| | [ [ 1 I
Canada
- . - L
1.2 1.5 1.7 25
o -—
48° — \ z
3
2
. . - f&
1.2 1.3 1.8 %
L] - .
1.2 1.3 1.6
North Daokota
46°= - . " -
South Dokota 10 12 1.4
L ! | { | i | -
0 100 Kilometers
Calcium,



101°30

99930 . 97°30
I ! ! ! !
Canada .
\
1)
\\'
. L] \ . .
)
]
L}
\0
48° _ <
V=
3
. .\: . ?b
i o
{ [o]
(o]
o0
w
- ‘
]
Py ' . .
T~-0.63
T
4go_ North Dakota s -
South Dakota ‘ : ‘; :
o
&
L I ! ! ! ! -
| i I I | !
Canada
- - hd *
0.56 0.62 0.73 1.0
48°_ -
. V=
2
3
. . . ?b
0.54 0.63 0.74 o
Pad
[o]
- * -
0.55 0.66 0.66
46° North Dakota -
South Dakota 0.60 0.53 0.65 <
v~
L ! ! ! ' ! b-
0 100 Kilometers
Figure 3E.

Magnesium, in %;

Upper figure, contour

interval, GM=0.63, Baseline=0.26 to 1.6;
Lower figure, GM's for each 100km cell.

- 16



101°30

99230 . 97°30
l 1 ] 1 1
Cdnada N
kY
A
\
\
v
L - * : L]
[
1,0.061-'
o -
48" _ ! \ z
3
. . (“3
3 &
e
— \‘
1]
Y '\ Y -
'Y
\
0
o aet e | 067
V. OuT LY \‘
A
460 — North Dakota ] \‘ -
South Dakota : TR :
\ o
! =
0 © -
L [ ! ] ! 1 -
. b ! X . X X .
| i | i | !
Canada
- ] - .
0.052 0.051 0.058 0.0%5
489 _ -
Z.
3
=3
s . . %
0.054 0.075 0.064 S
o)
- - *
0.055 0.064 0.061
North Dakota
46 o — -—
- « -
South Dakoto 0.068 0.057 0.067
L ! ! 1 | | (.
0 100 Kilometers
)
Figure 3F.

Phosphorus, in %; Upper figure, contour
interval, GM=0.061, Baseline=0.034 to
0.11; Lower figure, GM’'s for each 100km
cell.

17



101°30 . 99930 97°30
| | 1 | |
Canada . ! ’
)
3
hd

o
° L4
48" — H / \ z
: z
i 7 3
. .' . o . 3
g 4 A
' ad
4 ' e
h’p '\
"0' “
- e \ —
?, :
' Yo s
\\ - ’4 L a% .
. B
46° North Dakota
South Dakota . o *
40"
L I I | \ | | -
) I | i ! !
Canada
- - . *
0.37 0.32 0.57 0.4
48° _ =
Zz.
3
3
. . * ‘3)
0.42 D.49 0.40 )
~
o]
. - -
0.43 0.49 0.33
460 North Dakota
. . .
South Dakota 0.57 0.43 0.62 <
LY

L [ [ 1 1 1 ..
0 100 Kilometers
| |

Figure 3G. Selenium, in ppm; Upper figure, contour
interval, GM=0.44, Baseline=0.15 to 1.3;
Lower figure, GM’'s for each 100km cell.



181°30

. 99930 97930
| | | !
Canada .
1
|
)
'
)
. Y Y : *
'
i
*®
oS~ . N
48° _ 7
A \ z
o~ 3
' >
- : . - (&
[} [e]
\ 1
A}
\
Y :"—\’_
- - l’ .
‘> [ )
- ” L ] :. L I‘
H ‘e .
1 ——e’
14 e ‘eeoo 1.4 -
\ “
460 — North Dakota W | _
South Dakota * | * ] *
L
1)
. V\-
- i 1 | | | -
! i | I I !
Canada
* - - . '
1.2 1.3 1.3 1.6
489 _ -
Zz.
3
F
* L ] *
1.3 1.6 1.5 3
O
[o]
L] - *
1.1 15 1.3
North Dakota
46° = -
L] * -
South Dakota 1.7 1.2 1.6 <
L oY
= | I | | | -
0 100 Kilometers
Figure 3H. Ytterbium, in ppm;

Upper figure, contour

interval, GM=1.4, Baseline=0.66 to 3.0;
Lower figure, GM's for each 100km cell.

19



101930

! i 99‘: 30 97°30 i
|
Canada
- E ] . L
539 617 616 631
48° _ -
£
3
- . . [ 1
602 790 1001 \ -
°
L * -
784 905 818
460 _ North Dakota
South Dakota

.
768

sia<

Figure 3I. Manganese, in ppm; GM=760, Baseline=260
2200; Figure shows GM’s for each 100km
i cell.
I | i i | I
Canado
L] . * Ld
19 19 20 22
Q. -
48 \ z
2
2
. . . 3
19 21 21 o
o
. . L]
19 22 21
North Dakota

46° = -

South Dakota 25 20 22 <

[ | ! t | | | .
0 100 Kilometers

Figure 3J.

Neodymium, in ppm; GM=21, Baseline=13 to
33; Figure shows GM's for each 100km cell.

20

to



101°30

. 99230 97°30 .
! Canada ! : : ! !
L] [ ] . L
24 24 25 27
48° -

!
2
R
——
mosauuw\

North Dakota
46° =

South Dakota

Figure 3K. Lanthanum, in ppm; GM=25, Baseline=17 to
38; Figure shows GM’s for each 100km cell.
i i i i | i
Canada
16 18 19 21
48° _

|
I
-
©Oe
_————”
mosou“‘.“

. L L
16 20 17
North Dakota
46 0 = -
L] . L]
South Dakota 20 15 1 <
-
L | 1 ' | | | .
0 100 Kilometers

Figure 3L.

Lithium, in ppm; GM=18, Baseline=8.7 to
37; Figure shows GM's for each 100km cell.

21



101°30
|

. 99°30 ) 97°30 .
' 1 1 ] 1 !
Canada
] L . .\>
8.0 5.9 6.0 [ X}
480. - -
z
3
- . . %
e 69 64 ‘§6
. . .
5.4 7.1 6.3
North Dakota
46° = -
South Dakota 7% 62 65 <
L 1

Figure 3M. Thorium, in ppm; GM=6.4, Baseline=3.7 to
11; Figure shows GM'’s for each 100km cell.
Conadal | I ! | I
. . . .
12 12 12 14
480 _ _
\'s
3
. . . 3
12 13 13 W 5,
o
. L4 .
1 13 13
North Dakota
469 = -
South Dakota 15 12 14 <
L | | | | | | -
0 100 Kilometers

Figure 3N.

Yttrium, in ppm; GM=13, Baseline=7.8 to
22; Figure shows GM’'s for each 100km cell.

I

22



101°30 . 99°.30 . 97°30
' 1 I | | |
Caneda

80
]
3.
2.
8.
]

L
58
g -
3
* . . [
53 68 63 E
o
. L *
54 83 L)
40 _ North Dakota
* L]
South Dakota 71 55 64 <
L)
L ! !

Figure 30.

Zinc, in ppm; GM=58, Baseline=26 to 130;
Figure shows GM's for each 100km cell.



101°30 . 99230 . 97930
| | | | i
Canada ,
: .06 1 / K
. . . . . Ve . T
. Voo
A )
AY
p
N
. . . w-"t. 0096 » . .
e Y- 0061
° -~
48 ?
. — 9 ; —
. o . . . - . =
\ 3
\\ R ?on
N PEN b o
. . YL Joe N . / % S
%05, ./ g L=
9 ’ '
o 7 ]
- . . ,‘\‘ et I . : . -
- - ]
0 [y
- (=] Ay
8 [~ \
- L 3 °' L] [ ] ‘ * ) *
S B P
North Dakota P °
- . . . .
46° _ S R -
South Dakota ! ) R
* . I. . = q'; . Qb ..
H S 2\
: <
L i | | ! | -
| I | | ! i
Canada
0.050 0.047 0.048 0.047 0.058 0.066 0.092 0.055
. . . . - . . ]
0.055 0.056 0.047 0.060 0.052 0.060 0.079 087
. . . . . . hd .
489 _ -
0.050 0.072 0.090 0.10% 0.060 0.076 z
* - - L3 - * -
=
2
®
L7
0.047 0.054 0.088 0.053 0.065 0.058 9,.
- . . - . . °
_ 0.051 0.057 0.059 0.082 0.057 0.0
. L d - - * » -
0.057 0.057 0.074 0.0862 0.053 0.08.
L4 . L L] L4 *.
.
0.063 0.088 0.05¢ 0.060 0.055 0.065
North Dakota . . . . . .
South Dakota
0.077 0.064 0051 0.057 0.092 0.057,
. L] L] Ed * .
v~

L | ! i I |

6 .100 Kilométers
— J

Figure 4A. Phosphorus, in %; Upper figure, contour
interval, GM=0.061, Baseline~0.034 to

0.11; Lower figure, GM’'s for each 50km
cell.



101930 . 99°30 . 97930
[ | [} [} |
Canada , \
T '
1
* 'Y : . . . . . .
)
-- - )
AN ) "
\ g \ R 3904,
- : * * . “ . s ) «‘ . '.
o ) QQ l‘ _
48~ b4 \
' k4
. - L] % - L] - -5'
° S
. P
o 9#
. . * - \‘ - . °
:
7 :
- . t 4O » * . -
o %,
T N
A )
A
* * 3 * (T -
1
A Y
‘\
*< 590,
o North Dakota . . - . e« __ e
46 a0 4-=-2"
South Dakota S
ou ; 7590
. - . ) *
)
1
T, v
Lk 1 | 1 i [ 1
i 1 i 1 1 1
Canada
577 549 619 814 3% 588 570 408
* » = ] - - . .
632 489 854 841 578 532 525 288
» . « * * * - L
489 _ -
844 608 825 551 498 M‘\ ;
. * « . - - =g
3
3
®
]
628 836 848 608 561 555 o,
L L] - * [ L] o
L 677 558 62 572 573 54! _
. L) L L] - .
630 834 830 827 se8 s
. * - £ L]
North Dakota i S GRS A B AR 4
46° - -
South Dakota
m 57 689 506 508 4u<
* . * L -

100 Kilometers

Figure 4B. Barium, in ppm; Upper figure, contour
interval, GM=590, Baseline=390 to 890;
Lower figure, GM's for each 50km cell.



1 0310 30 ; 997 30 ; 97930
i

Canada
)
' .
. - o ) . . \* . x .
I
’ 1.4
1 1.4
1 - ™~
» * . : . " » * 1] ‘o,l
1y ¢ > I
hY 1
48° _ Y -
* . 7.¢ J c‘\ * - %
k \ 3
\ 2
n o
. . . « M . °
'
g f
- )
- s Ne - HY . * -
~o .’ \
fommn RN
1.4 4 N
~ L
- L] l\ [ N L ] » " L]
A Y £ .
e |
\
469 — North Dakota . s . . . ‘: N _
South Dakota e .
. . . . 3 £
1
\ ‘l
R
L ] 1 1 I | -
] ! ! I 1
Canada
13 1.0 12 1.6 20 13 19 Xu
E] - * * - - L4 .
12 1.4 14 19 13 27 23 48
- * L . * L L L]
48° - 7 20 -
|.| |‘| 1.4 1..3 I. < E
3
F
o
5
1‘.5 I.: 1.‘1 1..1 1.7 1.7 g
11 15 1.0 17 1.8 1
- * . * * L - -
13 11 18 1.2 11 20
- L L * L d -
1 K 0 K} 1
,. _ North Dakota R S Y > %
469 — -
South Dakota
1.0 0.9 1.0 13 15 u<
. * * L d - L]
v~
L 1 ] ] ] ] [
0 100 Kilometers

Figure 4C. Calcium, in %; Upper figure, contour
interval, GM=1.4, Baseline=0.48 to 4.0;
Lower figure, GM's for each 50km cell.

e



101930

99°30 97°30
1 | | 1 | )
Canada
18 9 1 15 | 14 16 14 14
L] L] L] L] L ] L] L]
17 1 1 12 9 18 17 |20
L . L] L] . * * L2
(-]
48" - 14 12 16 24 | 14 zo\ z =
- . L] [} L] 5‘
2
]
14 15 4 12 | 12 14 s
. L] L] - L] a
_ 6 10| 14 172 12 2
L] . L . . L ] -
10 15 | 16 17 9 1
* L L] - . *
North Dakota 2ol 3wy
460 - -
South Dakota 20 21 [ 15 2] s s
L] L] L] . . L]
L oY
L | | | ) 1 (-
Figure 4D. Copper, in ppm; GM=14, Baseline=5.7 to
Figure shows GM’s for each 50km cell.
I | | I I |
Canada
19 131 18 20| 20 18 18 19
» L2 . » Ll L] . -
19 14 | 18 19 15 23 21 26
. - L] L » . - L] J
8° - 16 14 17 26 19 21\ z
- » L] - » L] 5'
2
2
18 19 | 20 15117 18 o,
. . . . . ) °
_ 19 15 | 17 20| 15 2
. . L] . [ . -
1« 18 | 22 2|13
- - L) L) L] -
North Dakota LA I R
46° = -
South Dakota 2% 21 | 18 14 | 22 u<
. L L] . L .
—
L | 1 | | | [
0 100 Kilometers

Figure 4E.

Lithium, in ppm; GM=18, Baseline=8.7 to
37; Figure shows GM’s for each 50km cell.

27

35;



101930

. 99°.30 . 97930
! I | | ' I |
Canada
060 043 | 049 071 | 088 0.64 [ 0.76 85
. . s . . . . .
0.64 0.61 0.54 0.78 0.53 0.99 1.04 .70
. * . L] L] . * -
48° _ _

0.49 0.42 [ 055 090 [ 071 0.99\ z

. L] 1 ] L] . L] 3'

3

2

062 062 { 087 0.46 | 065 0.88 o,

. L] L L] . - o
062 061 |05 0.76 | 070 1.

- - * . . s . - -
048 0.53 | 083 0.61 ] 0.40 0.8
L . L] L] . L]
46° North Dakota 032 033 1049 035 084 083
South Dckote 0.8 0.65

Figure 4F.

Magnesium, in %; GM=0.63, Baseline=0,26 to
1.6; Figure shows GM's for each 50km cell.

28



Canada

46° North Dakota

South Dakota

Canada

-

« * . . L] - L]

590 670 S80 520|570 B840 813 640
*

100 Kilometers

489 _

North Dakota

46°=

g §
e 8o
m. m.
2 &
m‘ .
m‘ m.
g g
g 3
g- 2.
R« &
ge 3o
]
o]
X
Q
Q
L
5
Q
[72]

Upper figure, contour

in ppm;

Barium,

Figure 5A.

interval, GM=590, Baseline=390 to 890

Lower figure, GM’s for each 25km cell.



8_
~
o
[=]
©
»n
o ¥
31
o -
S—.°
273
o
c
Q
(8]

<
5 Ll
- A A
. ca JRAJIN v
L4 S
LTS T
- Ld * \. - ®» 9 -
. s !’
N, \u - s. - Vr
{9 )
- PR ¥
- * o | @ o e
7 B
=T
L Y R P e
- 4 ~o o -
1% « . ]l e lucl.q,u
- 1ol
.« & e ¢ «~e @
- \\ -
- - . - [ 4 o, .
LI PP 2 £
A uinl akd
‘\ s % % ve fa) o @
M -
e ’ —i
3 . ON « s e -
" 3 RS V- L EE
=~y e o O o
v, - |~
‘.
- - -+ - * - L4
213
213
[}
[« K=
= L
5|3
Z |n
I [
. (-4
©
<

Canada

1.8
*

1415
LI

15
.

1.8
*

1.3
.

Ll

16
D)

18 04

14
-

.

16 18 16
* L L]

15

1.4
$ *

1.8 17
Y

1.7 18 1.7 )18
. =

15
.

100 Kilometers

1.8
»

23

e Ts My e [P
=" - =T e o
e
Me Mt MO M‘ -
9e te @y =, [+
-* = 2% 2
e 20 Qe e e
[1e Te Ye e ﬂ.
e @ e
u. Ns % Mt -
s Te % < e
[2e Re s e Al
Re 90 e 9, [*
o
s M. Qe 2» -
ho €, ©
1‘ Yo Se 2
ite %0 Ne Vs
Qe Ne 24 24
|
o
©
~r

North Dakota

46° =

Sauth Dakota

Upper figure, contour

%

in

Potassium,

Figure 5B,

interval, GM=1.5, Baseline=1.0 to 2.2

Lower figure, GM's for each 25km cell.

30



101°30 . 99°30 . 97°30 .
| | 1 ] | |
Canada a Ve )
‘) 09 ’ ‘) M) H o V
)e . 8\’ o« ¢ o ol %o \'y o | o . .
r Oy
e o o & o o]l R 598 sfeQ'e H
g N ' /{ U
' ' : il o o
«, s ~ ,* . . (] . - LY Y s/] o) e )
~a ot 'y \ ' ' 4
¢ = 02 efe o o a]lw® ) -'\ o . e -
0 R, H
48 o
- RN -
* [ - » . g » L] % ‘: ® ,/ R g
* . L] s | e = * s | s 'G . ‘*%
. 98 N t e
. A o= . 7
s LR . * . & * . LY . o
. -
0.98 ~-- .- .Q° o
e~ s & e |t & 4 s s, 6 2 =
- A LY o
7 1 N A} 7
* * * s s .\‘ s o,‘ . . " L) .
= ~098 ’ ! R N
s o o t]le al\s kls s\e y
. . 1 \)‘ AV,
.« o sl s o p an L I )
0.98 v Oy o \
N T P X T I
hd 1
4
e o o ol o & wle & o
4g0 . North Dakota 3 2 R
6° - s_o ¢ ol o eculs R S Y t -
South Dakota N 17045 ¢ Q-
20N sl a W e Ve y . 4 045
S 5 A%
-t ~ ° IR G
= ¢ 3 = lixg s s st s o
m o A
’ A
L ! | | | ! [ -
| ! | ! | !
Canada
X B K E B . 20 0. K 1.40
o 2 e s|l® ¢ s |6 & ¢ )6 e .
0.99 1.00 1.10 1.04!120 140 1.00 1.00[1.00 0.99 0.74 0.92 |1.10 0.B4 0. 120
s o o ®|le & ® slu & e e|lw ® .
1.00 1.00 0.08 130 |1.20 1.30 1.30 1.05]0.99 0.98 (.84 056[1.00 0.71 p, 1.50
« ¢ % s|® & » e]ls & & o8 e .
094 1.00 1.00 1.10]0.91 120 1.1S 1.00[1.20 1.10 095 1.00[120 088 0.70 0.52
- - . . . . . * . - * . - . -
o .1 . R . X X X B 1]
48°. — L O T IR e AL 0l N 0% z
0.88 1.10 1.20 1.10{1.20 0.88 0.70 0.80 |0.83 1.00 G.99 1t ’g'
. . L] L » . . L] . . L] . 3
1.10 1.00 083 1.201.20 1.10 1.10 1.20|0.98 C.84 0.98 0.90 ‘8}
L] L L . L ] * . . L] - - L le]
-
0.93 1.00 1.10 1.10[1.10 1.10 1.00 0.80{0.96 1,10 0.99 130 o
. - L ] [ ] » - - L] L . - -
© 2 8 s e s & w)ls e ¥ \s
- 1.00 0.92 1.10 1.10{1.20 1.10 0.83 0.99 |1.10 1.10 0.63 1 -
* . - . - L L] L] [ ] L] .
120 1.20 1.20 1.00{1.00 1.40 0.89 1.00 |0.86 1.20 1.20 O74
e & % s|le o o sle & &
1.07 1.20 0.89 1.04 [0.99 1.40 0.97 0.99 [0.83 1.10 130 1. |0
e o« o o[a a & ea|e ® @
130 1.10 1.50 T.00 00 0.96 0.54 B
[ L] . . b * [ [ » . [ .
_ North Dakota 120 1.10 0.84 1.00 [1.20 0.91 1.10 1.20 0.84 0.93 1,00 1.20
460' £ 3 3 [ 2 ¢ ¢ s ls s 9 ") -
1.10 0.83 1.10 1.1011,00 0. 1.10 0.04 089 1.50
South Dokota 10 043 1,10 1.10/1.00 0.99 1.10 0.04 [0.89 1.50 0.92 0.04
l?.“ 0.84 0.77 0.78 [0.91 1.70 1.20 1.30 J0.75 1.00 0.86 K00
e » o o|le & & e[e & ®
LY

Figure 5C. Sodium, in §%;

100 Kilometers

Upper figure, contour

interval, GM=0.98, Baseline~0.45 to 2.1;
Lower figure, GM’'s for each 25km cell.

31



101°30 . 99°30 . 97°30

[ | ! | | |
Canada .y
yi L
7T T
« s * = |us * ol 4e,06 & ofn e .
': ~ p ’30\\ ‘v ',' <
e * s eafe 2 stals s sl e Dg
’ ’- N [
’ LS ~ t
L4 L . : . - . - :o . . ‘Ql L] -
] : ~ ® \
* = = BQ Nt s e 8 - ’00 | ™ o < T 180
. ) h P - L L] !
’ 48 s - . . ‘q,’ ’: Y ! - . . . I’. - ’ " -
I ,’l /‘\ AN " \\E'-
P 7%‘ 18F e s ¢ a|le o = 3
“ \ @™ ®
\ \ - d "
¢« ® s ;e s % & d}ts s & @ o
’ - 4 Seo ' g
‘ % A N , °
v Lol e gl S
T LR “/"‘ o s ,"- L]
- ~ N ks : 1 -
' \ '
e ~ L] LI ] L ] . s\ &, =
b . -S? \‘ ’&O\ 6 (IR ks B
. -
soe el e te e (=
’ A \
(=3 1 \
. o ‘H * .;Q . ’ s | e ol, .
Ve’ ' 1
- "’U ARSI L] L Ny . . - »
'S0~ o e
46° North Dakota ) \ e 7o 1
S = 2t vy s e e 2 o vwle o o Sa.4 —
4 oJ9%0 110 .-
South Dakota e e TV e e 3y
. ' I S A 10
\\\ ’\ \\ -
. = » s S LR I B
T\
L | ! | | | I -
| | ! | | |
Canada
1 160 1 220
. * * - L4 * L] . * L] * . - *

.
16 180 170 160|200 220 210 170} 100 240 180 150) 190 170 200
. = * * *® . L] « . 3 * -

-*

160 170 $1 200]| 200 220 200 218|180 160 230 160} 224 150 20 240
«- ¢ . = | » = I s ]| & . -

. s = .
160 160 160 170170 190 235 170160 170 170 210{ 200 130 120
* * * L] * . - - » - . . * - ®
1 160
48 o s * . - - . . L] . * L] z -

160 180 200 170{ 190 150 150 170{ 160 170 170 22 )
. . » . - ] . | ] » - L 3
178 180 140 200|230 190 180 200180 150 150 20|\ B
e 2 e sl 3 & ele & » Ta e
-~
°

160 180 180 3190|180 170 170 150|240 170 171 260
s s - . - & & @ L) L] .

L] - - L ] - L] L - L] L] L4 .
- 170 180 280 170)200 170 150 160|180 190 140 -

» » L L] . ] - * [ ] s *

200 200 180 180{ 180 200 180 180|150 190 200

- L] L] . ] - L ] . * - [

194 190 170 1891160 230 180 170|180 170 220 1

s s = s} x 2 s]ls e %

[770 T80 270 10205230 170 174|130

L] . . - * - * . L] - Ll *

North Dakota 210 180 140 170|190 160 210 210160 160 160 240
¢ 3 sl s+ ¢ “a)le s 9

46° = -
South Dakota 190 160 180 1650180 185 180 20 |150 220 130 27
155 140 140 140|150 320 200 220|197 180 260 {70
. L] L ] L d * L ] L] . . » *
| oY
L ] ] 1 1 ] 1 —.
0 100 Kilometers
|

Figure 5D. Strontium, in ppm; Upper figure, contour
interval, GM=180, Baseline=110 to 290;
Lower figure, GM's for each 25km cell.
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Table 1.--Analytical methods and lower limits of determination for elements reported.

Analytical method Determination limit Elements
Continuous flow hydride 0.1 ppm As, Se
generation
Induction coupled plasma 2.0 ppm Ag, Cd, La, Li, Mo, Ni,
Sc, Sr, V, Y
0.05 % Al, Ca, Fe, K, Mg, Na,
P, Ti
1.0 ppm Ba, Be, Co, Cr, Cu, Yb
4.0 ppm Ce, Ga, Ho, Mn, Nb, Nd,
Pb, Th, Zn
8.0 ppm Au
10 ppm Bi
20 ppm Sn
40 ppm Ta
100 ppm U
Hot-water extract 0.4 ppm B
Continuous flow cold 0.02 ppm Hg
vapor
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Table 2.--Summary statistics for element concentrations measured in surface soils
from eastern North Dakota.

[Detection ratio, number of samples in which the element was found in measurable
concentrations relative to the number of samples analyzed; Baseline value, expected
95-percent range; Observed range; minimum and maximum element concentrations measured]

Variable,

unit

of Detection Geometric Geometric Baseline Observed
measure ratio mean deviation value range
Ag, ppm 4:249 _— <2.0 - 9.0
AL, % 249:249 4.6 1.19 3.2 - 6.5 1.6 - 7.9
As, ppm 249:249 5.0 1.60 2.0 - 13 1.0 - 22
8, ppm 249:249 1.9 1.38 1.0 - 3.6 0.8 - 6.9
Ba, ppm 249:249 590 1.23 390 - 890 140 - 870
Be, ppm 205:249 1.1 1.29 0.66 - 1.8 <1.0 - 2.0
Ca, % 249:249 1.4 1.70 0.48 - 4.0 0.51- 9.3
Ce, ppm 249:249 45 1.26 28 - 7 17 - 69
Co, ppm 249:249 9.2 1.34 5.1 - 17 3.0 - 19
Cr, ppm 249:249 43 1.49 19 - 95 13 - 230
Cu, ppm 249:249 14 1.57 5.7 - 35 2.0 - 35
Fe, % 249:249 1.9 1.34 1.1 - 3.4 0.75- 4.5
Ga, ppm 249:249 1" 1.22 7.4 - 16 5.0 - 19
Hg, ppm 177:249 --- “-- --- <0.02- 0.40
K, % 249:249 1.5 1.20 1.0 - 2.2 0.35- 2.5
La, ppm 249:249 25 1.23 17 - 38 11 - 40
Li, ppm 249:249 18 1.464 8.7 - 37 5.0 - 67
Mg, % 249:249 0.63 1.57 0.26 - 1.6 0.16- 2.6
Mn, ppm 249:249 760 1.71 260 -2200 170  -7700
Mo, ppm 14:249 --- --- --- <2.0 - 12
Na, % 249:249 0.98 1.48 0.45 - 2.1 0.04- 1.7
Nb, ppm 38:249 --- --- --- <4.0 - 10
Nd, ppm 249:249 21 1.26 13 - 33 9.0 - 32
Ni, ppm 249:249 21 1.46 9.9 - 45 7.0 - 66
P, % 249:249 0.061 1.34 0.034- 0.1 0.03- 0.16
Pb, ppm 249:249 14 1.28 8.5 - 23 7.0 - 61
Sc, ppm 249:249 5.9 1.34 33 - 1 2.0 - 13
Se, ppm 247:249 0.44 1.7 0.15 - 1.3 <0.10- 1.4
Sn, ppm 1:249 --- --- --- <10 - 20
Sr, ppm 249:249 180 1.27 110 - 290 27 - 320
Th, ppm 231:249 6.4 1.32 3.7 - 1 <6,0 - N
Ti, % 249:249 0.20 1.38 0.11 - 0.38 0.02- 0.35
vV, ppm 249:249 66 1.50 29 - 150 177 - 220
Y, ppm 249:249 13 1.29 7.8 - 22 6.0 - 24
Yb, ppm 226:249 1.4 1.46 0.66 - 3.0 <1.0- 3.0
Zn, ppm 249:249 58 1.48 26 - 130 11 - 120

1

Not determined
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Table 3.--Distance-related and procedural variance components for elements measured
in surface soils from eastern North Dakota.

Variable, Percentage of variance:
unit Total ~  =--=----csesemccsescceie e icccecmceoe st ccct it e
of log10 Between Between Between Within Procedural

measure variance 100km cells 50km cells 25km cells 25km cells error
AL, % 0.00599 1.2 2.5 24.0 58.9* 13.4
As, ppm 0.05450 6.4* 0.0 0.0 87.4* 6.2
B, ppm 0.01964 12.7* 3.0 9.8 58.5* 16.0
Ba, ppm 0.00816 17.2* 4.1 54.8* 22.3* 1.6
Be, ppm 0.01484 2.5 6.9* 25.3 0.0 65.3
Ca, % 0.56738 17.4* 0.0 1.8 63.3* 17.6
Ce, ppm 0.01316 2.6 1.3 0.0 66.4* 29.7
Co, ppm 0.02751 0.0 0.0 0.0 90.0* 10.0
Cr, ppm 0.03743 0.0 2.6 0.0 55.2*% 42.2
Cu, ppm 0.06307 0.3 6.1* 0.0 76.9* 16.7
Fe, % 0.03019 0.5 2.8 0.0 86.0* 10.7
Ga, ppm 0.00912 1.2 7.8 0.0 76.0* 15.9
K, % 0.00638 1.4 0.0 69.0* 22.5% 7.1
La, ppm 0.01101 3.4% 3.8 0.0 66.1* 26.7
Li, ppm 0.03326 1.9* 7.1* 0.0 87.2* 3.8
Mg, % 0.05066 7.9*% 7.7% 0.0 81.8* 2.6
Mn, ppm 0.07083 5.6* 2.3 0.0 90.1* 2.0
Na, % 0.03019 0.0 0.0 72.9* 18.3* 8.8
Nd, ppm 0.01231 5.1*% 4.9 0.0 68.8* 21.2
Ni, ppm 0.04159 1.7 4.1 0.0 71.7* 22.5
P, % 0.01695 11.3* 11.4* 0.0 57.2* 20.1
Pb, ppm 0.02143 0.5 2.6 0.0 82.2* 14.7
Sc, ppm 0.03039 0.8 4.9 0.0 81.7*% 12.6
Se, ppm 0.09890 8.7* 0.4 0.0 85.9* 5.0
Sr, ppm 0.01155 0.0 0.0 33.1 52.9* 14.0
Th, ppm 0.02658 3.1* 1.9 0.0 66.3* 31.7
Ti, % 0.02009 1.7 0.0 16.1 66.9* 15.3
vV, ppm 0.04801 0.7 4.5 0.0 78.8* 16.0
Y, ppm 0.01950 4.0* 4.0 0.0 72.1* 19.9
Yb, ppm 0.04041 7.1*% 0.0 0.0 71.5* 21.4
Zn, ppm 0.04366 2.9* 1.4 0.0 83.0* 12.7

* Statistically significant at the 0.05 probability level.
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Table 4--Variance-mean ratio, and estimated numbers of samples necessary within a
cell of specified size to prepare stable geochemical maps at the 80% and
95% probability levels for variables in surface soils of eastern North Dakota.

[vm, variance mean ratio; Nr, number of random samples necessary to construct
stable geochemical maps at probability levels of 80% and 95%]

Variable,  ----- 100 kKM Cells-----  ------ 50 KM Cells-----  -=--- 25 KM Cells-----
unit NP NP Nr

of = sesecsce--e-- esececesce-e- ceecmesones
measure vm 80% 95% Vm 80% 95% vm 80% 95%
AL, % 0.2 >20 >20 0.2 19 >20 0.7 4 10
As, ppm 1.2 11 >20 0.3 11 >20 0.1 1" >20
8, ppm 2.2 7 >20 0.8 17 0.7 4 10
Ba, ppm 2.7 5 16 1.0 5 13 5.9 2 3
Ca, % 3.6 5 16 1.0 5 16 0.5 5 14
Ce, ppm 0.5 >20 >20 0.2 18 >20 0.1 18 >20
Co, ppm <0.1 >20 >20 <0.1 >20 >20 <0.1 >20 >20
cr, ppm S - 04 20 >0 0.1 20 >20
Cu, ppm <0.1 >20 >20 0.3 11 >20 0.1 11 >20
Fe, % 0.1 >20 >20 0.2 >20 >20 0.1 >20 >20
Ga, ppm 0.2 >20 >20 0.5 9 >20 0.2 9 >20
K, % 0.2 >20 >20 0.1 >20 >20 4.7 2 3
La, ppm 0.5 20 >20 0.4 10 >20 0.2 10 >20
Li, ppm 0.3 >20 >20 0.4 9 >20 0.2 9 >20
Mg, % 1.1 10 >20 0.8 ) 17 0.3 6 17
Mn, ppm 0.9 13 >20 0.4 10 >20 0.2 10 >20
Na, % --- --- --- --- --- --- 5.6 2 3
Nd, ppm 0.8 14 >20 0.5 8 >20 0.2 8 >20
Ni, ppm 0.3 >20 >20 0.3 12 >20 0.1 12 >20
P, % 1.5 7 >20 1.4 4 12 0.6 4 12
Pb, ppm 0.1 >20 >20 0.2 >20 >20 0.1 >20 >20
Sc, ppm 0.1 >20 >20 0.3 13 >20 0.1 13 >20
Se, ppm 1.6 9 >20 0.5 9 >20 0.2 9 >20
Sr, ppm --- --- --- --- --- --- 1.0 4 8
Th, ppm 0.5 >20 >20 0.3 14 >20 0.1 14 >20
Ti, % 0.3 >20 >20 0.1 >20 >20 0.4 5 15
V, ppm 0.1 >20 >20 0.3 14 >20 0.1 14 >20
Y, ppm 0.6 17 >20 0.4 9 >20 0.2 10 >20
Yb, ppm 1.3 11 >20 0.4 1 >20 0.2 1 >20
Zn, ppm 0.5 >20 >20 0.2 16 >20 0.1 16 >20

1 Not determined
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Table 5.--Grouping of elements based on significant variance
components and variance-mean ratios for three
sampling cell sizes.

Variance- Variance component
Cell 11 7=E-1 o E e
size ratio Significant Non-significant
100km Vm>1.0 As, B, Ba, Ca, ---
Mg, P, Se, Yb
Vm<1.0 Mn, Nd, La, ---
Li, Th, Y, Zn
50km Vm>1.0 P Ba, Ca
Vm<1.0 Cu, Li, Mg ---
25km Vm>1.0 Ba, K, Na Sr
Vm<1.0 --- ---
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Table 6.--Baseline data for elements in samples of
A-horizons of soils from the Northern
Great Plains (Severson and Tidball, 1976)

[Baseline value, expected 95-percent range]

Variable,
unit

of Geometric Baseline
measure mean value
Al, % 5.3 4.1 - 6.9
As, ppm 7.1 2.6 - 19
Be, ppm 1.5 0.8 - 2.6
Ca, % 1.0 0.2 - 4.6
Co, ppm 6.4 2.8 - 14
Cu, ppm 19 8.0 - 43
Fe, % 2.1 1.1 - 4.2
Ga, ppm 11 6.0 - 19
Hg, ppm 0.026 0.013- 0.051
K, % 1.8 1.5 - 2.1
Li, ppm 19 10 - 37
Mg, % 0.7 0 - 1.8
Mn, ppm 720 570 - 910
Mo, ppm 3.8 1.1 - 13
Na, % 0.86 0.50 - 1.2
Ni, ppm 18 10 - 32
Se, ppm 0.5 0.2 - 1.1
Sn, ppm 0.9 0.3 - 2.2
Sr, ppm 180 140 - 240
Th, ppm 8.4 6.5 - 10
Ti, % 0.25 0.22 - 0.28
V, ppm 64 13 - 120
Y, ppm 18 10 - 36
Zn, ppm 63 40 - 86
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Table A1.--Listing of analytical data for element concentration in samples of surface soils collected according to a
nested anlysis-of-variance sampling design in eastern North Dakota.

[Sample ID; first two digits identify the 100km cell (01-13), the third digit identifies the 50km cell within the 100km
cell (1-4), the fourth digit identifies the 25km cell within the 50km cell (1-4), the fifth digit identifies the sample
collected within the 25km cell (1-2), and the last digit identifies samples that were split for the determination of
procedural errors (1-2).]

Sample ID Latitude Longitude Ag, ppm Al, ppm As, ppm B, ppm Ba, ppm Be, ppm Ca, % Ce, ppm

01111 484905 1015857 <2 4.6 7.4 1.7 570 1 1.8 44
01121 485947 1012313 <2 4.0 4.9 1.2 490 <1 1.6 34
011311 484524 1013755 <2 4.8 5.9 2.1 600 1 0.98 47
011411 483813 1014838 <2 5.5 7.6 1.9 660 1 0.94 56
012111 484705 1011156 <2 4.4 5.4 1.4 570 1 0.98 52
01221 484736 1004213 <2 5.5 7.1 2.5 640 2 0.88 60
012212 484735 1004212 <2 4.9 5.7 2.5 620 1 1.4 44
012311 483636 1005821 <2 3.3 1.5 1.4 480 <1 0.89 36
012321 483955 1005332 <2 5.3 7.6 2.3 620 1 0.97 54
012411 483617 1010528 <2 3.0 1.0 1.8 460 <1 1.6 17
013111 483220 1011600 <2 2.2 7.3 2.8 240 <1 4.4 36
013211 483126 1004749 <2 4.5 5.0 1.1 660 1 1.2 42
013311 480727 1005256 <2 4.6 4.4 1.8 620 1 0.9 44
013411 481736 1010011 <2 4.8 5.4 1.8 580 1 0.77 41
014111 482419 1015739 <2 4.8 5.7 2.3 630 1 0.95 42
014211 482135 1013316 <2 5.4 9.0 2.0 640 1 0.95 44
014311 481327 1013144 <2 4.6 5.3 2.2 670 1 0.70 42
014411 480944 1014044 <2 5.2 1 1.9 590 1 3.6 43
02111 484701 1003315 <2 4.8 6.6 1.8 650 1 1.0 40
021211 485809 1001126 <2 4.4 3.2 2.0 550 1 1.0 41
021212 485809 1001126 <@ 4.4 3.8 2.1 540 1 1.0 43
021221 484826 1001223 <2 4.7 6.0 3.0 600 1 0.95 45
021311 483630 1001905 <2 4.5 3.5 1.6 670 1 1.3 37
021312 483630 1001905 <2 4.4 3.5 1.5 680 1 1.3 40
021411 484441 1002112 <2 4.3 5.3 2.6 630 1 1.8 40
022111 485439 994838 <2 4.8 5.2 2.3 630 1 1.0 47
022211 485124 992253 <2 4.8 9.3 1.4 550 1 1.3 46
022311 483743 993422 <2 5.4 9.1 1.7 640 1 1.3 54
022411 484305 994147 <2 4.6 6.8 1.5 640 1 4.3 39
023111 482609 994837 <2 4.0 3.8 1.3 580 <1 0.94 27
023211 483031 993759 <2 4.9 6.0 2.5 730 1 6.2 48
023221 483142 993530 <2 4.9 5.5 2.1 680 1 1.1 50
023311 481333 993807 <2 5.1 8.5 1.3 640 1 1.4 52
023411 480828 995423 <2 3.6 1.7 2.8 570 <1 4.2 32
023421 481440 994047 <2 4.7 4.5 1.9 660 1 1.2 47
024111 482553 1003733 <2 4.8 4.6 2.2 690 1 1.6 46
024211 483223 1001021 <2 4.1 3.1 1.4 620 <1 1.7 36
024311 481354 1000305 <2 4.3 6.4 1.8 640 1 1.1 43
024411 481833 1003126 <2 5.7 1.0 1.6 670 1 1.1 52
03111 484804 991310 <2 4.6 2.6 2.9 550 1 2.4 47
031121 485202 990005 <2 4.3 5.2 1.9 500 1 1.7 40
031211 484733 985823 <2 5.6 3.6 1.9 600 1 0.89 57
031311 484550 985420 <2 4.6 4.9 3.0 550 1 4.2 47
031411 483533 991550 <2 3.7 3.6 2.7 500 <1 2.1 27
032111 485153 983109 <2 4.6 3.0 2.2 590 1 1.2 53
032211 485631 980725 <2 4.2 5.6 2.2 600 1 1.1 53
032311 483358 981152 <2 4.2 3.2 2.9 540 1 0.99 46

..........................................................................................................................



Table A1.--Listing of analytical data for element concentration in samples of surface soils collected according to a
nested analysis-of-variance sampling design in eastern North Dakota (continued).

Sampte ID Latitude Longitude Ag, ppm Al, ppm As, ppm B, ppm Ba, ppm Be, ppm Ca, % Ce, ppm

..........................................................................................................................

032321 483350 980639 <2 4.3 4.4 2.0 530 1 0.9 42
032411 484206 982123 <2 4.2 3.3 2.1 520 1 3.3 44
033111 482117 982920 8 4.3 4.2 2.7 520 1 5.0 44
033211 482708 980259 <2 4.3 4.2 2.1 540 1 1.3 46
033311 480607 981229 <2 4.5 1.5 2.8 530 1 3.3 47
033411 481923 982244 <2 4.5 3.9 1.9 540 1 2.3 45
034111 482803 990521 <2 4.5 5.5 1.8 540 1 3.3 43
034211 482714 985459 <2 4.5 4.1 2.3 580 1 1.2 49
034311 481301 984652 <2 3.2 3.3 2.1 470 <1 0.70 24
034411 480733 991003 <2 3.8 2.8 1.7 530 <1 2.5 33
041111 485329 973855 <2 4.4 4.4 2.0 580 1 2.1 51
041211 484705 973457 <2 4.3 8.8 2.6 570 1 1.5 43
041311 434213 972822 <2 4.7 8.6 2.6 560 1 2.0 58
041411 483751 973955 <2 3.9 4.0 2.6 570 <1 2.1 40
042111 484803 971520 <2 3.7 3.7 1.4 540 <1 3.3 25
042121 485147 971553 <2 5.5 5.1 1.9 530 1 2.2 61
042211 485408 963950 <2 4.0 1.5 2.1 420 <1 1.3 27
042311 484245 964945 <2 5.2 3.4 1.9 470 1 1.3 40
042411 483336 970459 <2 6.4 8.5 1.7 530 2 3.9 63
043111 482120 971731 <2 4.2 5.5 2.5 190 1 7.7 49
043211 481049 964422 <2 4.4 2.4 1.9 470 <1 4.1 31
043311 482905 965040 <2 7.1 9.4 1.4 530 2 1.4 65
043312 482905 965040 <@ 7.0 " 1.3 520 2 1.3 64
043411 481726 971511 <2 4.4 7.9 1.8 140 1 9.3 49
044111 482442 974609 <2 4.0 2.1 1.9 480 <1 5.0 47
044121 482130 973941 <2 4.0 2.9 2.4 520 1 2.5 43
044211 482545 972536 <2 5.0 1" 2.8 560 2 3.2 58
044311 481257 972553 <2 5.6 9.3 3.2 560 2 1.2 60
044312 481258 972552 <2 3.8 10 1.9 630 <1 4.5 30
044411 481407 973932 <2 4.4 5.3 2.4 510 1 1.4 45
051111 480523 1003611 <2 4.2 6.8 1.4 600 <1 1.7 36
051211 475717 1001712 <2 4.7 6.0 11 640 1 0.76 43
051311 473858 1002245 <2 5.2 7.0 2.2 670 1 0.93 48
051312 473857 1002244 <2 5.1 6.7 2.2 670 1 0.93 51
051411 474232 1004319 <2 4.9 8.2 1.7 670 1 1.0 49
052111 475542 1000545 <2 3.2 2.2 1.9 540 <1 0.71 21
052211 475846 994854 <2 3.5 3.1 6.1 540 <1 1.7 32
052311 474559 993756 <2 4.6 5.0 2.0 660 1 1.2 47
052411 474249 1000554 <2 5.0 5.6 2.2 710 1 1.1 43
052412 474251 1000559 <2 4.9 6.5 1.6 710 1 1.0 45
053111 472936 1001455 <2 6.2 " 1.6 690 2 1.6 60
053211 473659 994411 <2 4.5 5.2 2.0 660 1 0.87 42
053311 471819 995439 <2 4.7 4.7 2.0 640 1 0.97 45
053411 471244 1000856 <2 4.5 7.3 1.4 560 1 2.2 39
054111 473058 1004904 <2 3.9 2.7 1.8 620 <1 0.91 29
054121 472556 1005317 <2 5.4 8.9 1.4 640 1 0.88 50
054211 472703 1003045 <2 5.3 6.8 2.1 650 1 1.1 46
054311 472314 1003459 9 5.2 8.7 1.7 590 1 1.5 47
054411 471429 1004209 <2 5.2 7.1 1.7 630 1 2.9 47
061111 475438 992343 <2 4.8 7.0 1.4 670 1 1.5 53
061211 475828 985829 <2 4.0 3.8 1.2 580 1 2.1 42

..........................................................................................................................



Table A1.--Listing of analytical data for element concentration in samples of surface soils collected according to a
nested analysis-of-variance sampling design in eastern North Dakota (continued).

Sample ID Latitude Longitude Ag, ppm Al, ppm As, ppm B, ppm Ba, ppm Be, ppm Ca, % Ce, ppm

..........................................................................................................................

061311 474301 991256 <2 3.8 5.1 1.9 570 <1 1.3 40
061411 474413 992657 <2 4.9 5.9 1.5 690 1 0.98 51
062111 480055 985433 <2 4.5 6.4 2.0 590 1 1.2 50
062211 475556 983346 <2 6.5 4.5 1.9 550 2 1.0 59
062311 474256 983509 <2 3.9 8.6 4.0 430 1 1.8 37
062411 474950 985551 <2 5.2 4.7 2.6 660 2 1.4 51
063111 473112 984756 <2 4.1 4.5 1.1 590 1 0.84 56
063211 473312 983415 <2 4.2 2.7 1.4 630 <1 0.98 34
063311 471636 983515 <2 4.5 4.5 2.9 580 1 1.4 45
063411 471812 983904 <2 4.8 4.2 1.6 620 1 1.2 48
064111 472524 992512 <2 4.9 5.7 3.6 710 1 1.9 48
064211 472903 991224 <2 4.6 5.5 2.0 660 1 1.0 45
064311 471348 985859 <2 4.9 6.6 2.9 650 1 1.0 41
064411 471536 993236 <2 4.5 3.4 1.7 580 1 1.2 36
071111 475310 981230 <2 4.3 4.2 2.3 350 1 5.4 39
071211 475934 975520 <2 4.7 4.7 2.3 580 1 1.1 54
071311 474847 973745 <2 3.9 7.8 1.7 550 1 1.3 42
071411 474709 975845 <2 4.3 4.8 2.1 540 1 1.2 48
072111 480315 971941 <2 5.5 7.0 2.0 580 2 1.3 60
072211 480055 965639 <2 4.9 4.1 1.9 500 1 5.0 50
072311 474208 971619 <2 4.5 3.3 3.2 500 1 1.7 43
072411 474006 972754 <2 3.8 5.3 1.9 570 1 1.4 52
07311 473242 973332 <2 4.9 3.8 2.8 570 1 1.1 48
073211 472952 970148 <2 4.0 2.8 2.4 480 1 5.0 49
073311 471703 971455 <2 4.8 4.1 5.0 560 1 2.6 44
073411 472150 971714 <2 4.0 3.1 1.5 590 <1 0.91 26
073421 471813 972546 <2 5.4 7.9 2.7 580 2 1.1 55
074111 473648 980721 <2 4.7 6.2 2.2 630 1 0.92 51
074211 473005 975358 <2 4.3 6.5 2.1 550 1 1.7 46
074311 471422 973849 <2 4.3 5.9 1.8 570 1 1.2 43
074411 472332 981251 <2 3.4 1.6 3.2 500 <1 4.9 32
081111 470541 1002604 <2 5.9 11 1.1 730 1 1.5 49
081121 470023 1001732 <2 5.3 9.5 2.0 700 1 0.92 44
081211 470946 995031 <2 4.6 5.2 1.3 610 1 1.2 39
081311 465311 1000217 <@ 5.2 7.7 1.9 650 1 0.82 54
081411 464648 1001847 <2 5.7 8.6 1.5 700 2 0.99 53
082111 470323 993102 <2 4.3 5.0 1.3 560 1 1.0 38
082211 470659 991733 <2 4.4 6.1 1.7 550 1 1.0 44
082311 465516 992331 <2 4.3 6.7 1.1 610 1 2.0 39
082312 465516 992331 <2 4.4 8.1 1.0 620 1 1.9 38
082321 464801 992247 <2 4.6 4.3 1.1 550 1 1.0 36
082411 464823 994156 <2 3.3 2.8 3.7 510 <1 4.0 21
083111 463820 993018 <2 4.1 5.4 1.5 570 <1 1.1 30
083211 463920 992752 <2 4.2 3.1 1.9 610 1 0.99 41
083311 462659 992447 <2 4.7 5.6 1.4 640 1 0.98 47
083321 462532 991032 <2 5.2 8.2 1.7 640 1 1.2 49
083411 463058 993354 <2 5.3 8.7 1.8 720 2 1.1 57
084111 463554 1002406 <2 4.3 3.9 1.3 700 <1 0.74 42
084211 463701 1000817 <2 4.1 3.2 1.1 680 1 0.84 34
084212 463701 1000817 <2 4.1 3.1 1.3 670 <1 0.85 34
084311 462656 994954 <2 4.6 5.2 1.1 740 1 0.91 46



Table Al.--Listing of analytical data for element concentration in samples of surface soils collected according to a
nested analysis-of-variance sampling design in eastern North Dakota (continued).

Sample ID Latitude Longitude Ag, ppm Al, ppm As, ppm B, ppm Ba, ppm Be, ppm Ca, % Ce, ppm

..........................................................................................................................

084411 462137 1002011 <2 4.4 8.9 1.3 530 1 2.8 42
084421 462820 1000957 <2 5.5 8.6 1.2 760 1 0.91 52
091111 470201 990227 <2 4.7 5.6 1.4 630 1 1.0 50
091211 470429 984429 <2 4.9 5.6 1.4 700 1 0.9N 49
091311 465541 984830 <2 4.7 5.0 2.6 670 1 0.79 50
091411 464842 985243 <2 4.8 6.9 1.4 650 1 1.2 48
092111 470034 981728 <@ 4.3 3.0 3.2 530 1 3.4 51
092211 470233 975514 <2 4.1 5.2 2.0 560 1 1.4 40
092311 465356 980809 <2 4.6 8.7 2.2 610 1 1.2 47
092411 465806 982527 <2 5.1 9.9 1.3 590 1 1.3 53
093111 463351 982245 <2 5.5 5.1 1.4 600 1 2.6 50
093211 464044 980656 <2 4.9 7.6 1.7 630 1 0.76 52
093311 462143 980824 <2 4.9 4.9 2.3 640 1 0.94 46
093411 462502 981525 <2 5.2 5.9 2.0 640 1 1.1 48
094111 463529 990228 <2 5.0 7.5 1.1 630 1 0.96 54
094211 463847 984757 <2 4.5 3.7 3.5 660 1 1.8 43
094311 462429 984152 <2 3.9 2.6 2.2 640 <1 4.7 35
094411 462329 985058 <2 5.2 8.2 1.7 670 1 0.87 50
101111 471034 974655 < 4.7 4.8 2.8 560 1 1.2 46
101211 470214 972333 <2 4.2 3.5 1.5 560 <1 4.3 25
101311 464935 973116 <2 4.5 6.1 3.0 590 1 1.2 50
101411 465604 973218 <2 4.4 3.8 1.9 590 1 1.1 48
102111 470122 965407 < 7.0 10 1.5 550 2 2.1 63
102211 470417 964036 <2 5.6 4.6 2.3 610 2 1.7 67
102311 465120 963749 <2 4.0 3.6 2.1 470 1 1.5 44
102411 464647 965319 <@ 6.6 8.7 1.7 560 2 2.6 61
103111 463554 970051 <2 3.6 3.1 1.8 560 <1 1.9 34
103112 463556 970051 <2 3.7 31 2.2 550 <1 2.0 34
103211 463445 964428 <2 5.3 5.7 2.2 500 1 5.0 55
103311 462747 964803 <2 4.5 2.5 2.3 610 1 1.7 62
103312 462748 964800 <2 4.3 31 2.5 580 1 1.6 59
103411 462614 970350 7 4.0 3.5 2.0 630 <1 1.0 42
104111 464352 974920 <? 5.2 7.1 2.1 630 1 1.3 56
104211 463701 972637 <2 3.6 2.0 1.1 510 <1 0.91 28
104212 463710 972639 <2 3.6 2.2 1.4 530 <1 0.94 27
104311 462902 972400 <2 3.3 2.4 1.5 550 <1 0.73 21
104312 462902 972359 <2 3.3 3.7 1.4 530 <1 0.75 30
104411 463030 975058 <2 5.1 15 2.2 590 1 1.6 57
"M 460825 1002139 <2 5.9 9.0 1.2 830 2 1.3 58
111211 461606 995038 <2 3.7 31 1.3 500 <1 0.94 38
111311 460109 995649 <2 5.2 6.1 1.7 780 1 0.95 54
111411 455319 1002250 <2 5.5 6.4 1.4 760 1 0.96 57
12111 461510 994124 <2 5.7 5.2 1.6 860 1 1.0 51
112211 460732 991454 <2 4.2 4.6 1.4 590 1 1.1 43
112311 460018 991633 <2 5.2 6.7 2.0 630 2 0.93 52
112411 455256 993116 <2 4.3 5.5 0.9 570 1 1.1 41
13111 453922 994211 <2 5.2 7.1 1.9 690 1 0.85 54
113211 455037 992410 <2 5.3 6.7 1.3 690 1 0.83 49
113212 455034 992411 <2 5.2 6.4 1.5 680 1 0.86 47
113311 452946 992044 <? 5.6 2.8 2.6 620 2 0.88 56
113411 453028 993632 < 5.8 7.0 1.8 670 2 1.0 52

..........................................................................................................................



Table A1.--Listing of analytical data for element concentration in samples of surface soils collected according to a
nested analysis-of-variance sampling design in eastern North Dakota (continued).

Sample ID Latitude Longitude Ag, ppm Al, ppm As, ppm B, ppm Ba, ppm Be, ppm Ca, % Ce, ppm

114111 455051 1001004 <2 4.5 5.0 1.6 680 1 0.86 42
114211 455046 995057 <2 5.5 7.2 1.7 720 2 0.94 60
114212 455045 995055 <2 5.4 7.8 1.8 720 2 0.91 65
114311 452550 995434 <2 5.1 4.8 2.3 670 1 0.73 57
114312 452549 995435 <2 5.2 4.5 2.5 660 1 0.7 58
114411 453235 1002441 <2 5.7 9.4 1.8 780 2 0.93 60
114421 453111 1001954 <2 7.9 22 1.2 710 2 1.6 66
121111 461744 990044 <2 4.5 5.7 1.6 610 1 0.94 39
121112 461744 990044 <2 4.9 7.1 1.4 660 1 1.50 48
121121 460801 990659 <2 4.3 4.2 1.4 630 <1 1.0 35
121211 461642 983811 <2 6.1 3.6 1.7 830 2 1.2 53
121311 455432 984043 <2 4.0 4.3 2.1 580 1 1.0 42
121411 460143 985708 <2 4.3 5.5 0.9 590 1 1.7 38
121412 460144 985706 <2 4.4 4.2 1.2 600 1 1.8 40
12211 461559 981843 <2 5.0 6.4 1.6 680 1 1.0 50
122211 461541 975828 <2 4.1 3.5 2.6 560 1 1.5 36
122221 460726 975440 7 4.7 2.0 6.9 570 1 1.1 42
122311 455642 980917 <2 4.5 3.2 1.6 660 1 1.0 38
122411 455459 982927 <2 4.3 5.0 1.4 610 1 3.0 36
123111 454520 982147 <@ 4.7 5.4 1.4 650 1 0.90 45
123211 455046 980924 <2 1.6 2.0 0.8 190 <1 1.3 39
123311 453756 980624 <2 4.9 4.5 1.6 750 1 1.3 45
123411 453122 981411 <2 5.2 4.5 2.6 710 1 1.8 53
124111 454655 990709 <2 4.7 3.8 2.0 590 1 1.2 45
124112 454655 990709 <2 4.8 3.5 2.3 600 1 1.2 55
124211 454106 983250 <2 4.5 3.3 1.9 660 1 0.93 42
124221 454729 984450 <2 4.0 3.4 2.2 610 1 0.77 52
124311 453357 983623 <2 6.0 4.1 1.2 870 1 1.2 35
124411 452936 990456 <2 4.9 5.5 1.9 650 1 0.75 51
131111 460549 973602 <2 4.9 5.1 2.4 560 1 1.0 49
131211 461701 972018 <2 4.9 2.3 2.8 590 1 1.0 50
13131 455607 972909 <2 5.9 12 1.5 630 2 0.94 59
131312 455607 972911 <2 5.8 10 1.7 630 2 0.99 64
131411 455715 974140 <2 4.9 4.9 1.6 600 1 1.2 52
132111 460725 970729 <2 4.7 7.2 2.1 600 1 1.3 51
132121 460629 970004 <2 3.6 2.3 2.1 600 <1 3.0 27
132211 460822 964946 <@ 4.9 6.4 2.7 660 1 1.2 52
132311 460210 964810 <2 3.9 3.1 3.9 580 <1 2.7 32
132411 460205 970958 <2 5.1 7.5 1.9 570 1 1.4 46
133111 455130 970304 <2 5.3 10 2.5 580 1 0.91 53
133112 455732 970304 <@ 5.2 7.3 2.4 590 2 0.92 53
133211 454711 964723 <2 2.0 8.0 2.3 200 <1 0.51 49
133311 452239 964806 <2 4.8 7.3 1.9 580 1 1.1 48
133411 453619 965833 <2 3.8 4.7 3.6 460 <1 6.2 33
13411 454547 974352 <@ 5.4 5.6 1.7 590 2 1.1 69
134211 454022 971817 <2 4.6 4.6 2.2 530 1 1.5 36
134311 452708 972907 <2 5.0 9.4 2.0 630 1 1.2 51
134411 452816 973319 <2 4.7 5.4 3.7 510 1 3.3 51
134421 453415 974747 <2 4.8 7.0 2.4 750 1 1.0 51

..........................................................................................................................



Table A1.--Listing of analytical data for element concentration in samples of surface soils collecte

according to a
nested analysis-of-variance sampling design in eastern North Dakota (continued).

..........................................................................................................................

Sample ID Co, ppm Cr, ppm Cu, ppm Fe, % Ga, ppm Hg, ppm K, % La, ppm Li, ppm Mg, %
011111 9 52 13 2.0 1 0.02 1.6 26 21 0.69
011211 7 32 16 1.6 10 <0.02 1.4 20 14 0.53
011311 9 54 14 2.1 1" 0.22 1.6 26 18 0.54
011411 " 60 19 2.5 13 0.02 1.7 30 26 0.66
012111 9 33 15 1.7 10 <0.02 1.6 28 14 0.48
012211 13 50 18 2.8 13 0.04 1.8 32 24 0.68
012212 10 57 15 2.0 12 0.02 1.5 26 17 0.61
012311 4 13 4 0.93 7 <0.02 1.2 21 7 0.23
012321 " 43 16 2.4 12 0.02 1.7 31 21 0.60
012411 3 18 3 0.75 (] <0.02 1.2 11 7 0.32
013111 8 30 12 1.6 6 0.02 0.58 22 10 1.6
013211 8 21 8 1.4 10 <0.02 1.6 24 13 0.41
013311 9 43 12 1.8 10 0.02 1.6 24 16 0.47
013411 9 45 13 2.1 1 0.02 1.6 23 18 0.46
014111 9 50 17 2.2 1" <0.02 1.6 24 17 0.57
01421 10 49 18 2.3 13 0.02 1.7 25 21 0.63
014311 9 42 13 1.9 11 0.04 1.6 23 17 0.43
014411 " 52 19 2.3 12 0.02 1.6 25 22 1.1
021111 9 32 12 1.8 10 <0.02 1.7 22 17 0.50
021211 1" 40 15 1.5 10 <0.02 1.5 20 16 0.43
021212 " 42 20 1.5 10 0.02 1.5 20 16 0.43
021221 10 33 13 2.0 1 <0.02 1.5 26 18 0.56
021311 6 3 7 1.2 10 <0.02 1.6 21 12 0.41
021312 6 25 7 1.2 9 <0.02 1.6 22 12 0.41
021411 8 37 10 1.6 10 0.02 1.6 23 17 0.60
022111 12 34 15 1.9 1 0.02 1.5 24 18 0.51
022211 10 38 16 2.2 11 0.02 1.5 25 18 0.61
022311 13 93 17 2.4 12 0.04 1.7 30 22 0.76
022411 10 33 14 1.9 " <0.02 1.5 24 22 1.1
02311 6 33 8 1.3 9 <0.02 1.4 17 10 0.30
023211 1" 47 17 2.2 12 <0.02 1.6 27 32 2.2
023221 1" 52 14 2.1 1 0.02 1.7 27 17 0.56
023311 1" 45 15 2.3 12 0.04 1.6 28 21 0.76
023411 5 27 10 1.1 8 <0.02 1.4 20 22 1.3
023421 9 32 13 1.8 10 <0.02 1.5 26 17 0.53
024111 9 43 16 1.7 1 <0.02 1.7 26 18 0.60
024211 5 16 6 1.2 9 <0.02 1.4 21 12 0.50
024311 8 45 9 1.7 10 <0.02 1.5 24 14 0.41
024411 1" 51 17 2.4 14 <0.02 1.6 30 23 0.70
031111 9 34 15 2.0 12 <0.02 1.5 28 23 1.1
031121 9 27 1 1.8 1" 0.02 1.5 24 17 0.75
031211 12 68 18 2.6 14 0.02 1.7 31 23 0.64
031311 10 46 17 2.0 10 0.04 1.6 27 24 1.5
031411 7 66 " 1.4 7 <0.02 1.3 17 14 0.61
032111 8 38 14 1.9 " 0.02 1.8 27 17 0.52
032211 15 36 21 2.3 12 0.04 1.5 27 19 0.61
032311 10 37 14 2.0 10 0.02 1.4 23 17 0.57
032321 10 47 13 2.0 1" 0.02 1.4 23 16 0.53
032411 9 37 18 1.9 " 0.02 1.4 26 21 1.1
033111 " 39 21 2.1 10 0.02 1.5 26 32 1.4

..........................................................................................................................



Table A1.--Listing of analytical data for element concentration in samples of surface soils collected according to a
nested analysis-of-variance sampling design in eastern North Dakota (continued).

Sample ID Co, ppm Cr, ppm Cu, ppm Fe, % Ga, ppm Hg, ppm K, % La, ppm Li, ppm Mg, %
033211 10 48 15 2.0 1 <0.02 1.4 25 19 0.77
033311 9 49 16 1.9 1 0.02 1.6 27 24 1.0
033411 9 48 19 2.0 1 0.04 1.6 27 20 0.88
034111 12 32 18 2.0 1 0.04 1.5 26 23 1.5
034211 10 53 16 2.0 10 0.02 1.5 26 17 0.59
034311 3 15 2 0.78 7 <0.02 1.2 14 7 0.16
034411 6 26 8 1.1 8 <0.02 1.3 19 13 0.84%
041111 10 36 15 2.0 1 0.02 1.4 28 22 0.98
041211 9 39 15 1.8 10 0.14 1.4 26 17 0.60
041311 12 44 23 2.5 13 0.12 1.5 32 24 0.98
041411 6 52 8 1.3 8 0.08 1.4 23 13 0.58
042111 5 17 6 0.89 8 0.02 1.3 17 14 0.83
042121 11 70 32 2.7 13 0.04 1.8 35 29 1.3
042211 6 23 7 1.1 9 0.02 1.1 14 8 0.31
042311 8 51 15 1.8 12 0.04 1.5 23 19 0.66
042411 15 100 29 3.1 16 0.02 1.9 36 39 2.0
043111 9 46 22 1.9 10 0.04 1.4 29 27 1.9
043211 6 23 8 1.2 10 <0.02 1.4 20 13 1.3
043311 17 95 34 3.5 19 0.04 1.9 36 41 1.3
043312 16 91 32 3.5 18 0.02 1.9 36 41 1.3
043411 10 59 27 2.2 1" 0.02 1.4 29 34 2.6
044111 9 39 15 1.7 10 0.02 1.4 27 22 1.6
044121 8 37 9 1.5 9 0.04 1.3 26 14 0.66
044211 13 42 25 2.8 14 0.04 1.6 33 29 1.5
044311 13 72 31 3.0 15 0.06 1.7 34 29 0.96
044312 7 28 9 1.5 10 0.04 1.4 19 21 1.3
044411 9 59 12 2.1 10 0.02 1.4 25 17 0.80
051111 7 64 1 1.6 8 <0.02 1.5 22 12 0.49
051211 9 52 13 1.9 1 0.02 1.6 25 16 0.39
051311 10 52 17 2.3 12 0.02 1.7 26 20 0.55
051312 10 39 15 2.3 12 0.06 1.7 27 20 0.55
051411 10 51 16 2.2 12 0.04 1.6 26 19 0.57
052111 4 19 5 0.82 7 <0.02 1.2 13 8 0.20
052211 6 32 19 1.5 8 0.04 1.5 20 16 0.66
052311 9 45 16 1.9 10 0.02 1.6 26 17 0.51
052411 9 46 14 2.0 1 0.02 1.7 24 17 0.48
052412 9 43 12 2.0 1 0.02 1.6 25 16 0.48
053111 13 75 26 3.1 16 0.04 1.9 33 30 1.0
053211 8 264 10 1.6 11 0.02 1.6 24 17 0.41
053311 10 37 14 1.9 12 0.04 1.5 24 17 0.56
053411 9 36 13 2.0 10 0.02 1.4 23 16 0.66
054111 5 22 7 1.0 8 <0.02 1.4 18 10 0.30
054121 1 43 17 2.4 13 0.02 1.6 29 21 0.67
054211 1 56 18 2.4 13 0.02 1.6 25 20 0.63
054311 10 53 16 2.2 1 0.04 1.6 27 20 0.74
054411 10 42 18 2.3 13 <0.02 1.6 28 21 0.97
061111 1 35 13 2.1 12 0.04 1.6 29 19 0.66
061211 11 48 27 2.0 12 0.02 1.3 25 18 0.56
061311 8 23 15 1.7 9 0.04 1.3 23 14 0.54

..........................................................................................................................



Table A1.--Listing of analytical data for element concentration in samples of surface soils collected according to a
nested analysis-of-variance sampling design in eastern North Dakota (continued).

..........................................................................................................................

Sample ID Co, ppm Cr, ppm Cu, ppm Fe, % Ga, ppm Hg, ppm K, % La, ppm Li, ppm Mg, %
061411 10 48 14 2.0 1" 0.02 1.6 28 17 0.47
062111 1" 51 21 2.3 12 0.04 1.5 27 20 0.62
062211 16 75 29 3.1 16 0.02 1.8 33 34 1.0
062311 8 77 23 1.9 9 0.08 1.2 23 24 1.1
062411 12 49 22 2.8 14 0.04 1.6 28 29 0.95
063111 7 39 6 1.5 9 0.04 1.4 27 14 0.34
063211 7 30 8 1.2 9 <0.02 1.5 20 " 0.32
063311 9 51 21 2.0 1 0.04 1.5 26 19 0.63
063411 10 52 18 2.2 11 <0.02 1.6 27 19 0.65
064111 10 45 15 2.1 1 <0.02 1.6 27 29 1.3
064211 9 44 14 1.9 10 0.04 1.6 25 17 0.50
064311 10 46 15 2.1 10 0.02 1.6 24 18 0.56
064411 8 29 1" 1.6 10 <0.02 1.5 21 17 0.56
071111 9 47 17 2.0 1 0.02 1.4 23 26 1.2
071211 12 48 16 2.2 13 0.04 1.6 28 22 0.75
071311 8 40 11 1.6 9 0.04 1.3 23 12 0.47
071411 10 43 14 2.0 1" 0.04 1.5 24 18 0.61
072111 13 62 23 2.9 14 0.02 1.7 34 27 0.90
072211 11 230 27 2.1 11 0.06 1.6 28 24 1.9
072311 9 49 16 1.9 1" 0.02 1.4 24 24 1.1
072411 9 29 15 1.7 10 0.22 1.4 29 13 0.52
073111 " 62 17 2.2 12 0.02 1.5 27 22 0.70
073211 9 44 16 1.7 10 0.04 1.3 29 22 1.6
073311 9 40 14 1.7 10 0.02 1.6 26 19 0.68
073411 ) 57 ) 1.1 9 <0.02 1.4 15 8 0.23
073421 19 55 25 2.7 14 0.04 1.7 31 27 0.81
074111 12 46 13 2.3 13 0.04 1.5 26 17 0.56
074211 11 55 17 2.2 10 0.04 1.4 24 19 0.73
074311 8 33 10 1.7 10 0.02 1.4 24 13 0.48
074411 7 30 10 1.3 8 0.02 1.3 19 18 0.89
081111 12 42 19 2.6 14 0.02 1.7 28 23 0.95
081121 10 110 12 2.3 1 0.02 1.5 25 17 0.49
081211 8 45 11 2.1 11 <0.02 1.4 23 14 0.52
081311 1 61 18 2.3 12 0.40 1.7 30 20 0.55
081411 12 68 20 2.4 13 0.02 1.8 29 24 0.70
082111 8 140 9 1.7 9 <0.02 1.4 21 1" 0.38
082211 9 55 18 2.0 10 0.04 1.3 25 16 0.54
082311 9 41 11 2.1 10 0.04 1.4 22 13 0.63
082312 9 25 12 2.2 10 0.02 1.5 22 14 0.64
082321 8 25 11 1.7 10 <0.02 1.5 22 16 0.45
082411 5 23 6 0.81 7 <0.02 1.2 15 20 1.4
083111 7 22 9 1.4 8 <0.02 1.4 18 12 0.46
083211 7 36 15 1.7 10 0.04 1.3 23 14 0.42
083311 9 3 12 1.7 10 <0.02 1.6 26 15 0.43
083321 11 56 22 2.5 12 0.04 1.6 26 20 0.71
083411 13 58 18 2.8 12 0.02 1.7 31 20 0.69
084111 6 21 7 1.4 10 <0.02 1.6 23 12 0.30
084211 6 36 8 1.2 10 <0.02 1.5 19 1 0.30
084212 6 21 7 1.2 9 <0.02 1.4 21 1" 0.29
084311 11 37 12 1.9 12 0.04 1.6 25 14 0.41

..........................................................................................................................



Table A1.--Listing of analytical data for element concentration in samples of surface soils collected according to a
nested analysis-of-variance sampling design in eastern North Dakota (continued).

Sample ID Co, ppm Cr, ppm Cu, ppm Fe, % Ga, ppm Hg, ppm K, % La, ppm Li, ppm Mg, %
084411 9 50 15 1.8 10 <0.02 1.5 24 19 0.80
084421 11 42 14 2.5 13 0.04 1.6 30 18 0.56
091111 9 45 13 2.1 1 0.02 1.5 27 15 0.52
091211 11 56 18 2.1 1 0.02 1.6 26 18 0.50
091311 9 27 14 1.9 12 0.02 1.6 26 17 0.44
091411 9 30 12 2.0 1 0.02 1.6 27 18 0.54
092111 9 37 17 1.8 10 0.02 1.5 28 25 1.1
092211 10 51 14 2.1 10 0.04 1.3 21 15 0.58
092311 1" 80 15 2.1 1 0.02 1.5 26 18 0.63
092411 12 44 21 2.6 13 0.04 1.7 30 24 0.81
093111 1 62 21 2.4 13 0.04 1.9 29 25 0.87
093211 1 91 15 2.1 1 0.04 1.6 28 20 0.50
093311 10 59 16 2.0 1 <0.02 1.6 27 19 0.50
093411 10 56 18 2.2 12 0.04 1.7 27 23 0.64
094111 1 51 17 2.5 12 0.04 1.6 29 19 0.58
094211 9 61 20 1.9 10 0.02 1.6 24 27 0.91
094311 7 29 10 1.5 10 <0.02 1.4 20 22 1.4
094411 1 37 18 2.3 12 0.02 1.7 29 21 0.64
101111 10 51 20 2.0 11 0.04 1.5 26 19 0.61
101211 7 29 8 1.4 10 <0.02 1.4 17 1 1.2
101311 9 42 12 1.9 10 0.04 1.5 29 17 0.58
101411 9 32 12 1.8 11 0.04 1.5 26 16 0.57
102111 16 77 31 3.6 17 0.04 1.9 36 45 1.4
102211 15 58 30 2.7 13 0.04 1.8 35 29 1.1
102311 8 25 10 1.5 10 <0.02 1.3 24 12 0.54
102411 15 87 29 3.2 17 0.04 1.9 34 41 1.4
103111 6 24 6 1.2 8 <0.02 1.2 19 1 0.49
103112 6 35 6 1.3 8 <0.02 1.2 20 1" 0.52
103211 1 65 29 2.6 13 0.02 1.7 33 31 1.8
103311 12 37 18 1.9 1 0.04 1.6 33 19 0.76
103312 1" 30 14 1.8 10 0.02 1.6 33 18 0.73
103411 6 35 7 1.2 8 <0.02 1.4 22 10 0.29
104111 12 61 18 2.5 13 0.04 1.7 30 23 0.74
104211 5 65 5 0.99 8 <0.02 1.2 17 8 0.24
104212 5 25 8 1.0 7 <0.02 1.2 15 8 0.25
104311 5 22 3 1.0 7 <0.02 1.3 12 7 0.20
104312 5 38 4 0.99 7 <0.02 1.2 17 7 0.19
104411 17 47 25 2.5 12 0.04 1.6 31 23 0.71
IARRRR! 1" 43 13 2.7 14 <0.02 1.8 33 21 0.71
111211 6 29 8 1.3 9 <0.02 1.2 22 9 0.34
111311 11 36 15 2.2 12 0.02 1.7 31 18 0.55
111411 10 41 12 2.2 12 <0.02 1.8 32 19 0.57
11211 10 40 15 2.0 13 0.02 1.8 27 18 0.47
112211 8 28 12 1.8 1 0.04 1.4 23 14 0.50
112311 1 51 15 2.3 13 0.04 1.6 28 20 0.62
112411 9 52 16 2.0 11 0.04 1.4 24 16 0.53
113111 10 58 18 2.1 1 0.02 1.8 31 20 0.59
113211 1 50 16 2.2 13 0.06 1.7 28 19 0.56
113212 10 51 15 2.2 13 0.04 1.6 28 18 0.54
113311 8 66 28 2.2 13 0.04 1.8 32 21 0.64
113411 12 67 24 2.8 15 0.04 1.8 1 32 25 0.85



Table A1.--Listing of analytical data for element concentration in samples of surface soils collected according to a
nested analysis-of-variance sampling design in eastern North Dakota (continued).

Sample ID Co, ppm Cr, ppm Cu, ppm Fe, % Ga, ppm Hg, ppm K, % La, ppm Li, ppm Mg, %
114111 9 24 1 1.6 " 0.02 1.5 24 14 0.43
1146211 12 53 20 2.5 13 0.02 1.7 32 24 0.77
114212 13 44 20 2.5 14 <0.02 1.8 34 23 0.78
114311 7 56 22 2.0 12 0.04 1.8 32 19 0.51
114312 7 35 19 1.9 1" <0.02 1.8 33 18 0.49
114411 12 57 20 2.6 14 <0.02 2.1 35 26 0.73
114421 17 170 35 4.5 19 0.08 2.5 40 67 1.2
12111 8 50 13 1.7 10 0.02 1.6 22 15 0.43
121112 1" 46 17 2.1 12 0.02 1.6 26 18 0.65
121121 5 28 7 1.1 9 0.02 1.4 21 10 0.27
12121 13 85 17 3.4 14 <0.02 1.7 31 23 0.76
121311 7 42 14 1.8 1 0.04 1.3 22 17 0.46
121411 8 54 1" 1.9 1 0.04 1.4 22 13 0.70
121412 8 37 12 1.8 1" <0.02 1.4 22 13 0.72
122111 1" 48 18 2.2 13 0.02 1.6 27 20 0.58
122211 9 81 12 1.6 8 0.02 1.4 22 15 0.61
122221 9 45 16 1.9 1" 0.20N 1.5 25 18 0.54
122311 8 40 9 1.5 1 <0.02 1.5 22 14 0.43
122411 8 45 10 1.6 9 <0.02 1.5 22 15 0.60
123111 9 34 14 1.9 10 0.02 1.6 26 17 0.48
123211 7 18 9 1.5 5 <0.02 0.35 23 5 0.46
123311 9 43 13 1.7 1" 0.02 1.6 26 17 0.56
123411 9 46 14 2.1 1" <0.02 1.6 29 24 1.1
124111 8 48 14 1.9 1" 0.04 1.6 26 18 0.68
126112 8 48 18 1.9 12 0.02 1.6 32 19 0.69
124211 10 45 17 1.8 12 0.04 1.4 24 17 0.54
124221 8 34 15 1.4 10 0.04 1.4 27 14 0.36
124311 9 39 10 1.8 12 0.02 1.8 21 15 0.41
124411 10 50 19 2.0 12 0.04 1.7 29 18 0.49
131111 9 51 23 2.0 12 0.02 1.7 28 19 0.53
131211 10 46 13 1.9 1 <0.02 1.6 28 30 0.81
13131 14 63 22 2.9 15 0.02 1.7 32 30 0.61
131312 14 60 22 2.9 14 0.06 1.6 33 29 0.60
131411 10 40 19 2.1 12 0.02 1.7 29 21 0.65
132111 1" 37 16 2.1 1" 0.02 1.5 29 18 0.59
132121 5 25 3 0.92 8 <0.02 1.3 16 10 0.49
132211 10 44 19 2.2 12 0.02 1.8 28 20 0.64
132311 7 23 10 1.2 8 0.02 1.2 20 16 0.75
132411 1" 61 19 2.5 13 0.04 1.7 26 23 0.74
133111 1" 66 22 2.5 12 0.04 1.6 29 22 0.59
133112 1" 53 18 2.5 12 0.06 1.6 29 22 0.60
133211 9 28 12 1.9 [ 0.04 0.42 25 6 0.42
133311 10 44 16 2.2 1" <0.02 1.5 27 18 0.51
133411 8 21 12 1.6 10 0.02 1.2 21 18 0.93
13411 14 55 27 2.6 15 0.04 1.8 36 32 0.84
134211 8 30 10 1.8 1" 0.02 1.4 21 13 0.48
134311 1" 42 18 2.3 13 0.04 1.6 29 21 0.63
134411 10 38 18 2.1 1 0.02 1.6 28 32 1.2
134421 18 54 23 2.4 15 0.06 1.4 27 20 0.66



Table A1.--Listing of analytical data for element concentration in samples of surface soils collected according to a
nested analysis-of-variance sampling design in eastern North Dakota (continued).

Sample 1D Mo, ppm Mn, ppm Na, % Nb, ppm Nd, ppm Ni, ppm P, % Pb, ppm Sc, ppm Se, ppm
011111 <2 470 0.96 <4 22 23 5 13 6 0.5
011211 <2 540 1.1 <4 16 17 S 13 5 0.5
011311 <2 660 1.0 <4 22 18 5 13 7 0.6
011411 <2 600 0.99"' <4 26 24 5 17 8 0.4
012111 <2 690 1.0 <4 21 16 4 13 6 0.3
012211 <2 870 0.91 <4 28 28 8 16 8 0.6
012212 <2 670 1.1 <4 22 29 ) 1" 6 0.7
012311 <2 270 1.1 <4 14 7 3 9 3 0.1
012321 <2 690 0.98 <4 25 26 ) 14 8 0.7
012411 <2 190 1.1 <4 10 7 4 10 3 <0.1
013111 <2 540 0.06 <4 17 19 7 11 4 0.3
013211 <2 360 1.3 <4 19 16 S 12 5 0.2
013311 <2 650 1.1 <4 20 16 7 14 6 0.5
013411 <2 520 1.0 <4 19 20 4 14 é 0.4
014111 <2 1100 1.0 <4 19 18 6 12 7 0.8
014211 <2 450 1.0 <4 19 26 5 16 7 0.6
014311 <2 560 1.0 <4 19 16 6 13 6 0.6
014411 <2 700 0.94 <4 21 30 5 15 7 0.3
02111 <2 480 1.2 <4 17 20 5 13 6 0.2
021211 <2 1000 1.0 5 15 18 5 15 5 0.5
021212 <2 1000 1.0 <4 18 18 5 14 5 0.5
021221 <2 740 1.1 <4 21 21 5 13 6 0.7
021311 <2 290 1.4 <4 18 13 4 1" 4 0.1
021312 <2 300 1.4 <4 18 13 5 9 4 0.1
021411 <2 500 1.2 <4 17 17 5 13 5 0.5
022111 <2 950 1.1 <4 16 18 4 13 ) 0.5
022211 <2 850 0.97 <4 19 22 5 14 6 0.5
022311 <2 790 1.0 <4 23 43 5 15 7 0.5
022411 <2 570 1.0 <4 18 22 5 1 6 0.4
023111 <2 410 1.3 <4 13 12 4 10 4 0.3
023211 3 570 1.0 <4 27 27 8 14 7 0.2
023221 <2 740 1.1 <4 22 22 [ 13 7 0.5
023311 <2 610 1.0 <4 23 28 7 15 7 0.4
023411 <2 380 1.2 <4 18 10 5 10 4 0.1
023421 <2 1000 1.1 <4 22 19 7 13 ) 0.5
024111 <2 570 1.2 <4 22 18 ) 13 6 0.4
024211 <2 330 1.3 <4 16 11 4 10 4 0.3
024311 <2 490 1.2 <4 19 19 5 12 5 0.4
024411 <2 1500 0.9 6 24 36 4 14 7 <0.1
03111 <2 970 0.99 <4 24 23 5 13 6 0.4
031121 <2 670 1.1 <4 20 20 5 12 6 0.5
031211 <2 780 0.88 <4 27 30 6 14 8 0.8
031311 <2 760 0.99 <4 21 26 6 14 é 0.4
031411 <2 610 1.0 <4 1" 27 6 14 4 0.4
032111 <2 820 1.2 <4 21 16 7 12 6 0.6
032211 <2 2200 0.59 <4 24 33 1" 26 7 0.6
032311 <2 1300 0.87 <4 18 20 6 13 6 0.5
032321 <2 1300 0.97 <4 19 20 4 14 6 0.7
032411 <2 970 0.74 <4 22 21 7 13 6 0.7
033111 <2 960 0.84 <4 23 29 7 12 7 0.9



Table A1.--Listing of analytical data for element concentration in samples of surface soils collected according to a
nested analysis-of-variance sampling design in eastern North Dakota (continued).

Sample ID Mo, ppm Mn, ppm Na, % Nb, ppm Nd, ppm Ni, ppm P, % Pb, ppm Sc, ppm Se, ppm
033211 <2 1100 0.96 <4 21 21 5 13 6 0.5
033311 <2 540 1.0 <4 20 19 6 1 6 0.4
033411 <2 710 0.95 <4 22 21 6 15 6 0.6
034111 <2 990 0.99 <4 21 28 8 14 6 0.8
034211 <2 960 0.98 <4 22 19 6 13 6 0.6
034311 <2 170 1.1 <4 1" 8 3 7 3 0.5
034411 <2 270 1.2 <4 15 12 5 1 4 0.2
041111 <2 630 0.97 <4 24 22 9 15 6 0.4
041211 <2 680 1.0 <4 21 22 8 15 6 0.8
041311 <2 710 0.84 <4 29 29 11 16 7 0.6
041411 <2 500 1.1 <4 20 20 9 13 4 0.4
042111 <2 380 1.3 <4 15 11 6 9 3 0.5
042121 <2 400 0.72 7 29 28 7 18 9 0.5
042211 <2 490 1.4 <4 1 8 4 12 4 0.4
042311 <2 390 1.20 4 18 20 5 14 7 0.3
042411 <2 650 0.68 <4 27 39 6 20 10 0.3
043111 <2 560 0.84 <4 25 23 10 13 6 0.3
043211 <2 320 1.5 <4 17 13 7 1 4 0.3
043311 <2 790 0.52 9 31 44 8 18 13 0.4
043312 <2 750 0.52 6 30 42 8 19 12 0.6
043411 <2 660 0.70 <4 23 26 10 1" 7 0.5
044111 <2 770 0.91 <4 25 23 9 13 6 0.3
044121 <2 780 1.1 <4 23 19 7 1" 5 0.3
044211 <2 1100 0.71 <4 30 32 14 18 8 0.8
044311 <2 1300 0.68 7 28 37 7 20 9 0.6
044312 <2 840 1.4 <4 17 14 8 15 4 0.7
044411 <2 1100 1.2 <4 21 30 5 14 6 0.3
051111 2 430 1.1 <4 14 22 4 1 4 0.3
051211 <2 550 1.1 <4 21 18 4 12 6 0.4
051311 <2 630 1.1 <4 21 21 5 14 7 0.4
051312 <2 620 1.1 4 23 19 5 12 7 0.5
051411 <2 850 0.99 <4 23 21 8 15 7 0.4
052111 <2 190 1.0 <4 9 7 4 8 3 0.1
052211 <2 650 1.3 <4 16 14 16 26 4 0.6
052311 <2 670 1.1 4 23 17 7 14 6 0.5
052411 < 560 1.2 <4 19 18 6 14 6 0.5
052412 <2 570 1.2 <4 21 17 7 15 6 0.4
053111 <2 720 0.83 <4 26 35 6 15 10 0.8
053211 <2 570 1.2 <4 17 14 4 14 5 0.5
053311 <2 1100 1.1 <4 21 19 7 15 6 0.6
053411 <2 870 1.1 <4 18 21 5 10 6 0.5
054111 <2 350 1.3 <4 14 10 3 10 3 0.1
054121 <2 690 0.93 <4 25 24 5 15 8 0.8
054211 <2 810 1.0 <4 21 22 5 15 7 0.5
054311 <2 540 1.0 <4 21 28 5 13 7 0.5
054411 <2 740 0.93 <4 23 26 6 13 7 0.5
061111 <2 720 1.1 <4 26 24 8 15 7 0.4
061211 <2 3000 0.68 5 20 24 15 14 6 0.7
061311 <2 1000 0.89 <4 19 16 9 12 5 0.8



Table A1.--Listing of analytical data for element concentration in samples of surface soils collected according to a
nested analysis-of-variance sampling design in eastern North Dakota (continued).

Sample ID Mo, ppm Mn, ppm Na, % Nb, ppm Nd, ppm Ni, ppm P, % Pb, ppm Sc, ppm Se, ppm
061411 <2 610 1.2 <4 25 18 6 15 6 0.3
062111 < 1600 0.81 <4 24 26 12 14 7 0.6
062211 <2 950 0.60 <4 27 40 7 19 1 0.6
062311 3 280 0.69 <4 18 30 9 18 6 1.3
062411 <2 1300 0.70 <4 25 29 14 17 9 0.7
063111 <2 420 1.1 <4 21 13 4 11 5 0.2
063211 < 510 1.2 <4 16 14 5 10 4 0.2
063311 <2 860 0.80 6 21 22 8 15 7 0.7
063411 <2 1100 1.0 <4 23 24 5 13 7 0.4
064111 <2 890 1.2 <4 23 22 8 14 7 0.6
064211 <2 550 1.1 <4 23 17 6 13 [ 0.4
064311 <2 650 1.1 <4 19 21 8 1 7 0.7
064411 <2 490 1.1 <4 16 18 5 1" 5 0.3
071111 <2 740 0.80 <4 20 23 6 13 ) 0.4
071211 <2 1300 1.1 <4 24 26 6 17 7 0.6
071311 <2 1100 1.0 <4 19 22 5 12 5 0.2
071411 <2 1200 0.93 <4 20 25 7 16 [ 0.5
072111 <2 1200 0.81 <4 30 35 5 16 9 0.4
072211 12 550 0.99 <4 25 65 8 16 7 0.5
072311 <2 870 1.2 <4 19 22 7 13 6 0.6
072411 <2 970 0.99 <4 27 21 12 61 5 0.5
073111 <2 1100 0.98 <4 24 28 5 13 7 0.6
073211 <2 770 0.90 <4 27 26 9 13 5 0.4
073311 <2 630 1.3 <4 22 20 7 12 6 0.3
073411 3 550 1.4 <4 12 19 3 9 3 0.1
073421 <2 1800 0.70 <4 25 39 7 17 9 0.8
074111 <2 1800 0.98 <4 22 30 7 14 7 0.3
074211 <2 1800 0.84 <4 19 28 7 13 6 0.4
074311 <2 880 1.1 <4 19 18 6 13 5 0.3
074411 <2 960 0.96 <4 15 15 6 1 4 0.5
081111 <2 430 1.0 <4 25 30 6 13 8 0.8
081121 6 580 1.2 <4 20 43 4 12 6 0.9
081211 <2 1100 1.2 4 18 18 5 12 6 0.4
081311 <2 1300 0.92 <4 24 23 5 16 7 0.8
081411 < 650 1.0 <4 24 28 6 15 8 0.6
082111 7 840 1.2 <4 17 36 5 12 4 0.4
082211 <2 1100 0.77 <4 19 23 7 14 [ 0.8
082311 <2 1300 1.1 <4 17 18 7 13 5 0.4
082312 <2 1300 1.1 <4 18 19 6 15 5 0.5
082321 <2 550 1.1 <4 16 19 4 12 5 0.3
082411 <2 720 1.1 <4 12 8 6 9 2 0.2
083111 <2 860 1.2 <4 14 13 4 12 4 0.2
083211 <2 1200 1.0 5 21 15 6 13 5 0.5
083311 <2 820 1.2 <4 20 17 5 12 5 0.3
083321 <2 1100 0.9 S 22 26 7 16 8 0.5
083411 <2 1500 0.89 <4 24 27 7 15 8 0.7
084111 <2 240 1.2 <4 20 13 4 10 4 6.3
084211 <2 460 1.2 <4 17 14 6 9 4 0.4
084212 <2 440 1.2 <4 16 1 5 10 4 8.4
084311 <2 2100 1.2 <4 22 22 7 14 5 0.4



Table A1.--Listing of analytical data for element concentration in samples of surface soils collected according to a
nested analysis-of-variance sampling design in eastern North Dakota (continued).

..........................................................................................................................

Sample ID Mo, ppm Mn, ppm Na, % Nb, ppm Nd, ppm Ni, ppm P, % Pb, ppm Sc, ppm Se, ppm
084411 <2 800 0.96 <4 20 24 7 13 ] 0.5
084421 <2 570 1.2 <4 23 24 5 15 7 0.6
091111 <2 1000 1.1 <4 21 19 5 15 6 0.5
091211 < 1000 1.0 <4 21 21 7 13 6 0.6
091311 <2 720 1.1 <4 21 17 7 14 ] 0.5
091411 <2 580 1.2 <4 23 19 5 14 6 0.5
092111 <2 1100 0.87 <4 24 23 7 14 6 0.6
092211 < 1800 0.95 <4 17 22 7 12 5 0.5
092311 3 1400 0.99 <4 20 34 5 14 6 0.3
092411 < 1100 0.83 <4 26 32 ] 14 8 0.7
093111 <2 500 0.89 4 25 27 6 16 8 0.4
093211 <2 730 1.0 <4 22 29 5 14 6 0.5
093311 <2 720 0.99 <4 20 25 7 13 7 0.5
093411 <2 710 0.97 4 24 24 7 15 7 0.4
094111 <2 1100 1.0 <4 25 26 8 14 7 0.6
094211 3 1200 1.4 <4 17 25 7 14 6 0.4
094311 <2 860 1.4 <4 19 13 9 15 4 0.4
094411 <@ 750 0.99 <4 24 21 6 15 7 0.7
101111 <2 940 0.97 5 21 21 6 15 é 0.6
10121 <2 1100 1.4 <4 13 15 5 11 4 0.2
101311 <2 990 1.1 <4 21 22 5 13 5 0.5
101411 <2 810 1.1 <4 21 19 7 15 6 0.4
102111 <2 1400 0.55 <4 29 47 6 19 11 0.4
102211 <2 1100 0.79 <4 29 34 8 18 9 0.4
102311 <2 560 1.2 <4 20 18 9 13 5 0.3
102411 <2 1100 0.63 7 32 42 7 19 1 0.4
103111 < 370 1.2 <4 16 12 5 10 4 0.1
103112 <2 360 1.2 <4 15 12 5 9 4 0.1
103211 <2 560 0.74 <4 29 30 8 15 8 0.8
103311 < 910 1.1 <4 28 25 9 25 6 0.4
103312 <2 870 1.0 <4 30 24 8 27 6 0.5
103411 <@ 360 1.3 <4 17 1 4 1 4 0.2
104111 <@ 970 0.86 <4 24 27 6 16 8 0.7
104211 3 370 1.2 <4 13 22 3 9 3 0.1
104212 <2 370 1.2 <4 11 9 3 10 3 0.1
104311 3 570 1.1 <4 9 9 5 11 3 0.2
104312 <2 520 1.2 <4 1 12 3 10 3 0.1
104411 <@ 3700 0.83 <4 25 53 9 18 7 0.6
111111 <2 480 1.3 5 28 21 9 15 9 0.5
111211 <2 940 1.1 <4 19 15 5 11 4 0.3
111311 < 1400 1.1 <4 24 22 ] 14 7 0.5
111411 <2 470 1.2 6 29 21 6 12 7 0.4
112111 <2 560 1.5 <4 23 17 5 1 6 0.6
112211 <2 1900 1.0 <4 20 20 9 14 5 0.5
112311 <2 1100 1.0 <4 23 28 6 16 7 0.3
112411 <2 990 0.84 <4 19 25 7 12 ] 0.6
113111 <@ 880 1.1 <4 25 24 7 17 6 0.5
113211 <2 1400 1.1 6 23 27 5 15 7 0.5
113212 <2 1300 1.1 <4 21 25 5 15 7 0.7
113311 <2 270 0.78 7 26 23 6 18 9 1.0
113411 <2 770 0.77 6 27 30 8 19 9 0.8

..........................................................................................................................



Table A1.--Listing of analytical data for element concentration in samples of surface soils collected according to a
nested analysis-of-variance sampling design in eastern North Dakota (continued).

Sample ID Mo, ppm Mn, ppm Na, % Nb, ppm Nd, ppm Ni, ppm P, % Pb, ppm Sc, ppm Se, ppm
114111 <2 970 1.1 <4 20 17 S 13 5 0.4
11421 <2 1300 0.93 6 25 28 6 16 8 0.6
114212 <@ 1300 0.93 <4 28 n 7 19 8 0.6
114311 <@ 380 0.84 7 29 19 9 18 8 1.4
114312 <@ 380 0.84 <4 26 19 9 17 7 1.2
114411 <2 780 0.89 4 30 28 9 19 8 0.6
114421 5 330 0.46 10 32 66 1" 21 13 1.0
121111 <@ 800 1.1 <4 18 22 5 12 S 0.4
121112 <2 720 1.2 <4 21 24 6 13 ) 0.4
121121 <2 290 1.4 <4 17 14 4 10 4 0.8
121211 <2 630 1.2 <4 26 36 7 14 9 0.4
121311 <@ 2300 0.91 <4 19 20 7 13 5 0.7
121411 < 2500 1.2 <4 17 23 7 15 5 0.5
121412 <? 2500 1.3 <4 20 19 7 14 S 0.5
122111 <? 860 1.0 5 23 21 9 15 7 0.6
122211 6 930 1.0 <4 16 37 6 11 5 0.3
122221 <2 780 0.93 <4 20 18 7 58 6 0.3
122311 <2 540 1.2 5 19 19 4 1 5 0.2
122411 <? 600 1.1 <4 18 22 5 1" 5 0.3
123111 <2 780 1.1 <4 21 18 6 12 6 0.6
123211 <2 880 0.04 <4 18 17 5 9 4 0.2
123311 <2 630 1.3 <4 21 18 5 12 6 0.5
123411 < 1100 1.2 <4 24 24 7 15 7 0.4
124111 <2 690 1.0 <b 22 21 6 14 6 0.6
124112 <? 750 0.99 5 25 21 7 15 6 0.6
126211 < 3900 0.90 ) 20 36 5 13 6 0.3
124221 <2 1600 1.1 5 23 16 5 15 5 0.5
124311 <? 420 1.7 <4 17 18 4 1 6 0.5
124411 <2 830 0.91 5 25 19 6 15 7 0.8
13111 <2 590 0.84 6 24 21 6 16 7 0.7
131211 <2 560 0.96 <4 22 28 ] 13 6 0.3
131311 <? 2400 0.93 5 27 47 6 17 8 1.3
131312 <2 2300 0.95 6 29 44 7 17 8 1.2
131411 <2 680 0.94 <4 25 24 5 16 7 0.6
132111 <@ 760 1.0 <4 25 25 6 13 7 0.5
132121 <2 290 1.2 <4 15 10 5 9 3 0.2
132211 <@ 990 0.99 <4 24 23 9 17 7 0.5
132311 <@ 470 1.2 <4 17 15 6 1" 4 0.9
132411 <2 1200 1.0 <4 22 28 7 14 7 0.6
133111 <? 860 0.92 <4 24 29 ] 16 7 0.8
133112 <2 840 0.91: <4 24 27 6 27 8 0.8
133211 <? 800 0.04 <4 20 23 6 12 4 0.6
133311 2 1200 1.0 <4 24 30 6 15 6 0.5
133411 <2 720 0.96 <4 17 19 6 13 4 0.9
134111 <2 2200 0.69 <4 31 38 10 22 8 0.7
134211 <? 590 1.5 <4 15 17 8 12 5 0.5
134311 <@ 1200 1.0 4 25 27 7 14 7 0.8
134411 < 810 0.81 <4 26 27 13 16 7 1.0
134421 <2 7700 0.70 4 25 49 9 15 7 0.7



Table A1.--Listing of analytical data for element concentration in samples of surface soils collected according to a
nested analysis-of-variance sampling design in eastern North Dakota (continued).

..........................................................................................................................

Sample ID Sn, ppm Sr, ppm Ti, % Th, ppm vV, ppm Y, ppm Yb, ppm  Zn, ppm
011111 <10 170 0.21 8 n 13 1 47
011211 <10 160 0.15 4 48 10 <1 41
011311 <10 160 0.22 7 73 13 2 61
011411 <10 160 0.25 7 90 16 2 73
012111 <10 160 0.19 8 S5 13 1 60
012211 <10 150 0.29 9 100 16 2 89
012212 <10 170 0.20 7 69 12 1 50
012311 <10 170 0.1 8 25 7 <1 21 - » e
012321 <10 150 0.26 9 94 16 2 73
012411 <10 170 0.09 <4 17 6 <1 13
013111 <10 91 0.05 <4 52 9 <1 53
013211 <10 200 0.17 5 50 12 1 37
013311 <10 170 0.22 6 55 13 1 60
013411 <10 160 0.18 7 69 13 2 52
014111 <10 160 0.23 6 7% 13 2 72
014211 <10 170 0.23 (] 83 13 2 55
014311 <10 160 0.24 6 59 12 1 59
014411 <10 160 0.22 6 93 13 1 58
021111 <10 190 0.20 5 67 12 1 56
021211 <10 160 0.20 6 67 8 1 48
021212 <10 160 0.19 6 66 9 1 49
021221 <10 180 0.22 7 7 13 2 58
021311 <10 220 0.16 ] 42 1 1 36
021312 <10 230 0.17 5 44 10 1 36
021411 <10 200 0.18 4 49 1 1 45
022111 <10 160 0.25 8 82 9 1 64
022211 <10 150 0.20 ) 89 13 1 60
022311 <10 170 0.25 6 95 15 2 70
022411 <10 210 0.20 6 79 12 1 50
023111 <10 200 0.13 5 34 8 <1 33
023211 <10 260 0.24 7 84 14 2 57
023221 <10 180 0.21 7 78 14 2 69
023311 <10 170 0.25 7 86 14 2 58
023411 <10 290 0.14 5 31 10 1 31
023421 <10 190 0.21 6 62 13 1 60
024111 <10 200 0.23 7 57 15 2 67
024211 <10 220 0.15 <4 37 9 1 30
024311 <10 190 0.18 6 48 " 1 39
024411 <10 170 0.24 9 100 14 2 68
031111 <10 180 0.19 9 73 13 2 69
031121 <10 180 0.17 7 64 12 1 47
031211 <10 140 0.25 9 100 16 2 90
031311 <10 240 0.19 S 70 13 1 67
031411 <10 190 0.13 <4 44 8 <1 47
032111 <10 160 0.18 7 63 13 1 56
032211 <10 120 0.22 7 120 13 2 110
032311 <10 140 0.20 5 97 12 1 60
032321 <10 160 0.19 6 78 12 1 56
032411 <10 180 0.22 8 91 12 1 4l
033111 <10 230 0.20 6 86 13 1 80

..........................................................................................................................




Table A1.--Listing of analytical data for element concentration in samples of surface soils collected according to a
nested analysis-of-variance sampling design in eastern North Dakota (continued).

Sample ID Sn, ppm Sr, ppm Ti, % Th, ppm V, ppm Y, ppm Yb, ppm Zn, ppm
033211 <10 160 0.20 7 78 13 1 61
033311 <10 210 0.22 6 69 13 2 68
033411 <10 170 0.20 5 3 14 2 75
034111 <10 160 0.21 7 84 13 1 66
034211 <10 160 0.21 8 70 14 2 74
034311 <10 170 0.08 <4 17 6 <1 1
034411 <10 190 0.15 5 42 9 1 29
041111 <10 190 0.21 6 68 16 2 65
041211 <10 180 0.18 6 75 15 2 65
041311 <10 170 0.25 9 83 19 2 81
041411 <10 190 0.17 5 46 13 1 52
042111 <10 280 0.12 4 31 7 <1 28
042121 <10 150 0.29 10 99 19 2 88
042211 <10 220 0.15 5 28 6 <1 19
042311 <10 200 0.20 6 74 12 1 51
042411 <10 160 0.29 8 130 17 2 88
043111 <10 260 0.20 8 gl 17 2 67
043211 <10 240 0.12 <4 36 8 <1 31
043311 <10 120 0.34 " 160 19 2 100
043312 <10 120 0.34 10 160 18 2 95
043411 <10 250 0.23 7 9% 15 2 61
044111 <10 210 0.17 5 62 16 2 57
044121 <10 240 0.17 6 57 16 2 45
044211 <10 150 0.27 9 110 18 2 86
044311 <10 130 0.27 9 120 20 2 110
044312 <10 230 0.14 4 36 9 1 45
044411 <10 200 0.18 7 69 14 2 S4
051111 <10 180 0.15 4 45 10 1 34
051211 <10 170 0.21 5 60 12 1 56
051311 <10 180 0.23 7 7 15 2 62
051312 <10 180 0.24 7 72 14 2 61
051411 <10 160 0.24 6 3 13 1 64
052111 <10 170 0.12 <4 23 6 <1 19
052211 <10 170 0.14 4 40 10 1 120
052311 <10 170 0.22 7 59 15 2 63
052411 <10 200 0.23 6 63 13 2 58
052412 <10 200 0.25 4 60 13 1 55
053111 <10 140 0.31 8 120 16 2 9
053211 <10 200 0.20 6 51 12 1 45
053311 <10 190 0.23 6 64 12 1 60
053411 <10 180 0.18 6 66 11 1 41
054111 <10 200 0.12 <4 29 8 1 24
054121 <10 160 0.26 9 15 2 64
054211 <10 160 0.23 7 14 2 66
054311 <10 160 0.22 ) 13 1 54
054411 <10 160 0.23 8 88 14 2 61
061111 <10 180 0.26 7 69 16 2 60
061211 <10 150 0.19 7 90 13 2 110
061311 <10 150 0.17 6 45 1 1 7



Table A1.--Listing of analytical data for element concentration in samples of surface soils collected according to a
nested analysis-of-variance sampling design in eastern North Dakota (continued).

Sample ID Sn, ppm Sr, ppm Ti, % Th, ppm V, ppm Y, ppm Yb, ppm Zn, ppm
061411 <10 190 0.22 8 62 15 2 54
062111 <10 130 0.23 8 100 14 2 79
062211 <10 120 0.31 10 140 18 2 100
062311 <10 170 0.19 5 80 13 1 100
062411 <10 150 0.29 8 100 16 2 110
063111 <10 180 0.19 9 47 1 1 3
063211 <10 200 0.15 5 41 10 1 38
063311 <10 150 0.23 8 77 15 2 86
063411 <10 170 0.24 7 81 14 2 77
064111 <10 230 0.26 6 65 14 2 gl
064211 <10 190 0.21 7 56 14 2 56
064311 <10 170 0.23 7 70 13 2 62
064411 <10 180 0.16 5 55 10 1 45
071111 <10 260 0.18 6 84 12 2 67
071211 <10 160 0.23 8 84 14 2 67
071311 <10 170 0.16 5 65 14 1 S5
071411 <10 160 0.21 5 77 13 1 63
072111 <10 160 0.27 9 110 19 2 100
072211 <10 190 0.21 6 71 16 2 68
072311 <10 220 0.17 6 62 13 1 66
072411 <10 170 0.17 8 62 18 2 89
073111 <10 150 0.22 7 84 14 2 82
073211 <10 210 0.17 8 63 16 2 56
073311 <10 260 0.21 7 58 14 2 57
073411 <10 210 0.12 <4 32 7 <1 23
073421 <10 140 0.26 9 130 16 2 100
074111 <10 160 0.24 8 86 14 2 68
074211 <10 150 0.21 7 100 13 2 68
074311 <10 170 0.18 6 59 12 1 51
074411 <10 240 0.13 5 43 9 <1 47
081111 <10 170 0.27 8 83 14 2 66
081121 <10 210 0.22 5 79 12 1 48
081211 <10 170 0.19 [} 53 12 1 53
081311 <10 160 0.27 é 85 15 2 89
081411 <10 170 0.27 8 88 14 2 69
082111 <10 180 0.15 5 42 10 1 39
082211 <10 140 0.20 5 74 12 1 86
082311 <10 170 0.18 5 55 1 1 55
082312 <10 180 0.17 6 54 12 1 57
082321 <10 170 0.17 5 58 10 1 42
082411 <10 260 0.10 <4 25 [ <1 28
083111 <10 180 0.14 <4 42 9 1 40
083211 <10 160 0.17 7 48 12 1 71
083311 <10 190 0.21 [ 59 13 1 58
083321 <10 150 0.23 7 87 15 2 82
083411 <10 170 0.25 7 100 16 2 81
084111 <10 200 0.16 7 41 9 <1 36
084211 <10 200 0.17 <4 38 9 1 43
084212 <10 210 0.16 5 39 9 1 41
084311 <10 190 0.19 6 51 12 1 59



Table A1.--Listing of analytical data for element concentration in samples of surface soils collected according to a
nested analysis-of-variance sampling design in eastern North Dakota (continued).

Sample ID Sn, ppm  Sr, ppm Ti, % Th, ppm V, ppm Y, ppm Yb, ppm Zn, ppm
084411 <10 180 0.18 6 71 " 1 63
084421 <10 210 0.23 é 69 14 2 57
091111 <10 180 0.18 10 62 13 1 57
091211 <10 170 0.24 7 76 14 2 76
091311 <10 170 0.23 7 59 12 1 60
091411 <10 200 0.20 8 61 12 1 49
092111 <10 210 0.21 6 72 13 2 7
092211 <10 150 0.19 6 81 12 1 60
092311 <10 160 0.21 7 84 14 2 68
092411 <10 150 0.25 8 110 16 2 84
093111 <10 180 0.27 8 88 17 2 7
093211 <10 160 0.24 8 70 14 2 61
093311 <10 170 0.22 8 69 13 2 67
093411 <10 180 0.24 9 7 15 2 68
094111 <10 160 0.24 9 79 14 2 66
094211 <10 200 0.20 4 53 12 1 4
094311 <10 230 0.15 5 37 10 1 46
094411 <10 160 0.24 7 81 14 2 68
101111 <10 160 0.21 6 72 14 2 69
101211 <10 220 0.1 4 36 8 <1 27
101311 <10 190 0.20 7 66 13 1 56
101411 <10 180 0.22 7 57 13 1 56
102111 <10 140 0.31 9 170 19 2 110
102211 <10 150 0.32 10 110 19 2 89
102311 <10 180 0.19 7 44 1" 1 41
102411 <10 140 0.32 10 150 19 2 100
103111 <10 200 0.18 4 40 10 1 27
103112 <10 200 0.18 <4 41 10 1 27
103211 <10 190 0.26 9 95 17 2 82
103311 <10 190 0.23 8 67 20 2 79
103312 <10 180 0.20 8 61 19 2 73
103411 <10 220 0.20 6 39 1" 1 29
106111 <10 150 0.25 8 100 16 2 81
106211 <10 190 0.12 <4 29 8 <1 22
106212 <10 200 0.13 <4 29 8 <1 24
1046311 <10 170 0.1 <4 25 6 <1 26
104312 <10 170 0.1 <4 26 7 <1 25
106611 <10 160 0.23 8 120 17 2 110
111N <10 270 0.35 7 82 16 2 65
111211 <10 160 0.13 6 52 12 1 41
111311 <10 180 0.26 8 71 15 2 68
111411 <10 210 0.27 8 78 15 2 58
11211 <10 270 0.27 7 67 12 1 57
112211 <10 170 0.19 6 53 12 1 61
112311 <10 170 0.25 5 88 14 2 62
112611 <10 140 0.19 é 78 13 2 9
13111 <10 180 0.24 8 7 14 2 79
113211 <10 180 0.23 8 79 15 2 62
113212 <10 180 0.23 7 79 14 2 61
113311 <10 140 0.27 9 88 18 2 100
113411 <10 140 0.27 8 97 20 2 99

..........................................................................................................................



Table A1.--Listing of analytical data for element concentration in samples of surface soils collected according to a
nested analysis-of-variance sampling design in eastern North Dakota (continued).

..........................................................................................................................

Sample ID Sn, ppm Sr, ppm Ti, % Th, ppm V, ppm Y, ppm Yb, ppm  Zn, ppm
114111 <10 190 0.20 7 51 12 1 53
114211 <10 160 0.28 8 96 16 2 79
114212 <10 160 0.29 8 89 16 2 78
114311 <10 140 0.27 9 75 18 2 78
114312 <10 140 0.27 8 75 16 2 76
114411 <10 160 0.27 8 100 18 2 92
114421 <10 150 0.35 11 220 26 3 120
12111 <10 180 0.18 6 58 1 1 48
121112 <10 180 0.22 7 73 13 1 53
121121 <10 230 0.15 5 34 9 <1 28
121211 <10 230 0.35 8 100 17 2 73
121311 <10 160 0.18 7 64 12 1 75
121411 <10 190 0.17 5 52 1 1 48
121412 <10 190 0.15 5 51 11 1 51
122111 <10 170 0.24 6 3 15 2 67
122211 <10 190 0.16 5 50 1 1 50
122221 <10 160 0.21 7 67 12 1 65
12231 <10 210 0.19 6 50 1" 1 43
122411 <10 210 0.17 4 49 1 1 37
123111 <10 180 0.22 7 64 13 1 61
123211 <10 29 0.02 [ 24 9 <1 35
123311 <10 220 0.24 7 60 14 2 58
123411 <10 200 0.25 7 80 15 2 kA
1246111 <10 180 0.20 [ 68 13 1 61
124112 <10 170 0.21 10 69 14 2 66
126211 <10 160 0.20 7 81 14 2 73
124221 <10 170 0.19 7 47 13 1 54
124311 <10 320 0.20 5 56 10 1 50
124411 <10 150 0.24 8 69 15 2 78
131111 <10 130 0.24 6 79 15 2 81
13121 <10 200 0.21 7 7 14 2 76
131311 <10 160 0.28 9 110 18 2 76
131312 <10 160 0.27 11 120 18 2 78
131411 <10 160 0.24 7 80 15 2 74
132111 <10 160 0.23 8 81 15 2 60
132121 <10 240 0.13 <4 29 8 <1 22
132211 <10 180 0.26 8 83 15 2 90
132311 <10 240 0.15 4 41 9 1 47
132411 <10 160 0.23 7 93 15 2 58
133111 <10 150 0.24 6 100 15 2 74
133112 20 150 0.26 8 100 15 2 72
133211 <10 27 0.04 7 46 12 1 52
133311 <10 170 0.21 7 81 14 2 66
133411 <10 260 0.13 4 48 10 1 48
134111 <10 150 0.30 10 110 19 2 120
134211 <10 220 0.16 6 50 1 1 41
134311 <10 180 0.24 8 82 15 2 66
134411 <10 260 0.24 7 79 14 2 74
134421 <10 150 0.21 9 120 16 2 100



