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STATISTICAL STUDIES IN FIELD GEOCHEMISTRY

ELEMENTAL COMPOSITION OF SURFICIAL MATERIALS
IN THE CONTERMINOUS UNITED STATES

By HANSFORD T. SHACKLETTE, J. C. HAMILTON, JOSEPHINE G. BOERNGEN, and JESSIE M. BOWLES

ABSTRACT

Samples of soils or other regoliths, taken at a depth of
approximately 8 inches from locations about 50 miles apart
throughout the conterminous United States, were analyzed for
their content of elements. In this manner, 863 sample sites
were chosen, and the results of the sample analyses for 35
elements were plotted on maps. The arithmetic and geometric
mean, the geometric deviation, and a histogram showing fre-
quencies of analytical values are given for 30 elements.

Surficial materials of the western half of the United
States generally contain more calecium, magnesium, strontium,
potassium, sodium, aluminum, and barium, but contain less
titanium and zirconium than do those of the eastern half.
Surficial materials in the Atlantic Coastal Plain tend to
have much lower concentrations of most metals than are
common in those of other regions, whereas these materials in
the Basin and Range province, in parts of the Rocky Moun-
tains, and in Maine and adjacent States generally have high
metal concentrations. Some smaller patterns of element abun-
dance can be noted, but the degree of confidence in the
validity of these patterns decreases as the patterns become
less extensive.

INTRODUCTION

The abundances of certain chemical elements in
soils and other surficial materials are determined not
only by the element content of the bedrock or other
deposits from which the materials originated, but
also by the effects of climatic and biological factors
that have acted on the materials for various periods
of time. The diversity of these factors in a large area
is expected to result in a corresponding diversity in
the element contents of the surficial materials.

At the beginning of this study, few data were
available on the abundance of the elements in surfi-
cial materials of the United States as a whole. Most
of the early reports discussed only the elements that
were of economic importance to mining or agricul-
ture in a metallogenic area or State; and the data,
for the most part, cannot be evaluated with reference
to average, or ‘“normal,” amounts in undisturbed
materials because they were based on samples of de-
posits expected to have anomalous amounts of cer-

tain elements, or were based only on samples from
cultivated fields.

We began a sampling program in 1961 that was
designed to give estimates of the range of element
abundance in surficial materials that were unaltered
or very little altered from their natural condition,
and in plants that grew on these deposits, throughout
the conterminous United States. Because of the
great amount of travel necessary to complete this
program, geologists and others of the U.S. Geological
Survey were asked to assist by collecting samples
when traveling to and from project areas and to
contribute appropriate data that they might have
collected for other purposes. The response to this
request, together with the samples and data that we
collected, resulted in obtaining samples of surficial
materials and plants from 863 sites. The locations
of these sites are shown on the maps of element dis-
tributions in this report.

The elemental compositions of only the surficial
materials are given in this report; the data on analy-
ses of the plant samples are held in files of the U.S.
Geological Survey.
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REVIEW OF THE LITERATURE

The literature on the chemical analysis of soils
and other surficial materials in the United States is
extensive and deals largely with specific agricultural
problems of regional interest. Many of the papers
were written by soil scientists and chemists asso-
ciated with State agricultural experiment stations
and colleges of agriculture, and most reports con-
sidered only elements that were known to be nutri-
tive or toxic to plants or animals,

Chemists with the U.S. Department of Agriculture
prepared most early reports of element abundance in
soils for large areas of the United States. (See
Robinson, 1914; Robinson and others, 1917.) The
1938 yearbook of agriculture was devoted to reports
on soils of the United States; in this book McMurtrey
and Robinson (1938) discussed the importance and
abundance of trace elements in soils. Amounts of the
major elements in soil samples from a few soil pro-
files distributed throughout the United States were
compiled by the soil scientist C. F. Marbut (1935) to
illustrate characteristics of soil units.

The use of soil analysis in geochemical prospecting
began in this country in the 1940’s, and many reports
were published on the element amounts in soils from
areas where mineral deposits were known or sus-
pected to occur. Most of these reports included only
a few elements in soils from small areas. This early
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geochemical work was discussed by Webb (1953)
and by Hawkes (1957). In succeeding years, as soil
analyses became an accepted method of prospecting
and as analytical methods were improved, many
elements in soils were analyzed; still, the areas
studied were commonly small.

An estimate of the amounts of elements in aver-
age, or ‘“normal,” soils is useful in appraising the
amounts of elements in a soil sample as related to
agricultural, mineral prospecting, or health and
disease investigations. Swaine (1955) gave an ex-
tensive bibliography of trace-element reports on soils
of the world, and he also summarized reports of the
average amounts of elements as given by several in-
vestigators. The most comprehensive list of average
amounts of rare and dispersed elements in soils is
that of Vinogradov (1959), who reported the analyti-
cal results of extensive studies of soils in the Soviet
Union, as well as analyses of soils from other coun-
tries. He did not state the basis upon which he estab-
lished the average values; however, these values are
presumably the arithmetic means of element amounts
in samples from throughout the world. Hawkes and
Webb (1962) gave average amounts of certain ele-
ments in soils as useful guides in mineral explora-
tion. In their discussions of the principles of geo-
chemistry, Goldschmidt (1954) and Rankama and
Sahama (1955) reported the amounts of various
elements present in soils and in other surficial
materials.

A recent report on the chemical characteristics of
soils was edited by Bear (1964). In this book, the
chapter on chemical composition of soils by Jackson
(1964) and the chapter on trace elements in soils by
Mitchell (1964) give the ranges in values or the
average amounts of some soil elements,

The average amounts of elements in soils and other
surficial materials of the United States, as deter-
mined in the present study, are given in table 1, with
the average values or ranges in values that were
reported by Vinogradov (1959), Hawkes and Webb
(1962), Jackson (1964), and Mitchell (1964). The
averages from the present study in table 1 are the
arithmetic means. Although the averages were com-
puted by the methods described by Miesch (1967),
the values obtained are directly comparable with the
arithmetic means derived by common computational
procedures.

COLLECTION AND ANALYSIS OF
GEOCHEMICAL DATA
SAMPLING PLAN
The sampling plan was designed with the empha-
sis on practicality—in keeping with the expenditures
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TABLE 1.—Avwerage contents, and range in contents, reported for elements in soils and other surficial materials
[Data are in parts per million; each average represents arithmetic mean; ________ , no data available]

Hawkes and Webb (1962)

Present report (cti::;?(:\atls 1;1:::1‘1% clt? ngge)\':- Vil(xi)gsx-;;lov Jackson (1964) Mitchell (1964)
Element O o
from
worldwide Range in content
Average Range Average Range sampling) ‘“Typical” average, of Secottish
or range in values surface soils
. 66,000 700->100,000 ________________________ 71,300  10,000-60,000  __.___________
B 34 <20-300 0 10 30 @
Ba _______________ 554 15-5,000 500 100-3,000 500 . 400-3,000
Be _______________ 1 <1-7 6 6 <5-5
Ca _______________ 24,000 <150-320,000 ________ _______ ________ 13,700 000 . __
Ce 86  <150-300 50
Co 10 <3-70 8 1-40 8 <2-80
Cr 53 1-1,500 200 5-1,000 200 5-3,000
Cu 25 <1-300 20 2-100 20 <10-100
Fe . _______ 25,000 100->100,000 —_______ 14,000-40,000 38,000 7,000-42,000  _____________
Ga __.____________ 19 <570 30 15-70
K ___ 283,000 50-70,000  ________________________ 13,600 400-28,000  _____________
La . _________ 41 <30-200 40 40 <30-200
Mg . __ 9,200 50-100,000 ____________ ___________ 6,300 <6,000 _____________
Mo . <3-7 2 0.2-5 2 1-10 <1-5
Mn _ ____ _________ 560 <1-7,000 850 200-3,000 850  ____ . 200-5,000
Na ______________ 12,000 <500-100,000 ______ 6,300  ________
Nb oo 13 <10-100
Nd 45 <T0-800
Ni . 20 <5-700 40 5-500 40 10-800
P 420 20-6,000 800 500
Pbo 20 <10-700 10 2-200 0 <20-80
Se o 10 <B-B0 7T <3-15
Sr 240 <5-3,000  _________ 300 60700
4 3,000 300-15,000 4,600 1,000-10,000 4,600 1,200-6,000  _____________
Voo 76 <7-500 100 20-500 00 20-250
Y 29 <10-200 50 25-100
Yo 4 K150
Zn . _____ 54 <25-2,000 50 10-300 50 o
Zr . ___ 240 <10-2,000  ________________________ 300 ____________ 200->1,000
of time and funds available—and its variance from | be sampled. The samples, other than those from

an ideal plan has been recognized from the begin-
ning. Because the collection of most samples was, by
necessity, incidental to other duties of the samplers,
the instructions for sampling were simplified as
much as possible, so that sampling methods would be
consistent within the wide range in kinds of sites to

certain project areas, were collected by U.S. Geo-
logical Survey personnel along their routes of travel
to areas of other types of field studies.

The locations of the routes that were sampled de-
pended on both the network of roads that existed and
the destinations of the samplers. Sampling intensity
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was kept at a minimum by selecting only one sample
gite every 50 miles along the routes. The specific
sample sites were selected, insofar as possible, to
represent surficial materials that were very little
altered from their natural condition and that sup-
ported native or cultivated plants suitable for sam-
pling. In practice, this site selection necessitated
sampling away from roadcuts and fills. In some
areas, only cultivated fields were available for sam-
pling.

Contamination of the sample sites by vehicular
emissions was seemingly insignificant, even though
many sites were within 100 yards or less of the
roads. However, we had no adequate way of meas-
uring any contamination that may have occurred.
(See Cannon and Bowles, 1962.) Many of the sam-
pled routes had only light vehicular traffic, and some
were new interstate highways. Routes through con-
gested areas generally were not sampled; therefore,
no gross contamination of the samples was expected.

The study areas that were sampled were as fol-
lows: Wisconsin and parts of contiguous States,
southeastern Missouri, Georgia, and Kentucky, sam-
pled by Shacklette; Kentucky, sampled by J. J. Con-
nor and R. R. Tidball; Nevada, New Mexico, and
Maryland, sampled by H. L. Cannon; and variocus lo-
cations in Arizona, Colorado, Montana, New Mexico,
Utah, and Wyoming, sampled by F. A. Branson and
R. F. Miller. Sampling techniques used in these
areas varied according to the primary objectives of
the studies being conducted, but, generally, these
techniques were closely similar to the methods used
in sampling along the roads.

In general, the sampling within study areas was
more intensive than that along the travel routes. To
make the sampling intensity of the two sampling
programs more nearly equal, only the samples from
selected sites in the study areas were used for this
report. The selected sites were approximately 50
miles apart. Where two or more samples were col-
lected from one site, they were assigned numbers,
and one of these samples was randomly chosen for
evaluation in this study.

SAMPLING MEDIA

The material sampled at most sites could be termed
“s0il” because it was a mixture of comminuted rock
and organic matter, it supported ordinary land
plants, and it doubtless contained a rich microbiota.
Some of the sampled deposits, however, were not
soils as defined above, but were other kinds of rego-
liths. These regoliths included desert sands, sand
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dunes, some loess deposits, and beach and alluvial
deposits that contained little or no visible organic
matter. In some places the distinctions between
soils and other regoliths are vague because the mate-
rial of the deposits is transitional between the two.
Samples were collected from a few deposits consist-
ing of mostly organic materials that would ordinarily
be classified as peats, rather than soils.

To unify sampling techniques, the samplers were
asked to collect the samples at a depth of approxi-
mately 8 inches below the surface of the deposits.
This depth was chosen as our estimate of a depth
below the plow zone that would include parts of the
zone of illuviation in most well-developed zonal soils,
and as a convenient depth for sampling other sur-
ficial materials. Where the thickness of the material
was less than 8 inches, as in shallow soils over bed-
rock or in lithosols over large rock fragments, sam-
ples were taken of the material that lay just above
the rock deposits. About half a pint of this material
was collected, put in a paper envelope, and shipped
to the U.S. Geological Survey laboratories in Denver.

CHEMICAL ANALYSIS PROCEDURES

The soil samples were oven dried in the laboratory
and then sifted through a 200-mesh sieve. Finally,
the sifted, minus-200-mesh fraction of the sample
was used for analysis. Some of the samples having
a high clay content formed a hard mass when dried
and had to be pulverized in a ceramic mill before
being sieved.

Contents of zinc and phosphorus were determined
by the colorimetric methods described by Ward,
Lakin, Canney, and others (1963). Analyses for
amounts of calcium were made by the EDTA titra-
tion method, and analyses for potassium by flame
photometry.

Quantities of the other elements were determined
by semiquantitative spectrographic analysis (Myers
and others, 1961). The values obtained by spec-
trography were reported in geometric brackets hav-
ing the boundaries 1.2, 0.83, 0.56, 0.38, 0.26, 0.18,
0.12, and so forth, percent; the brackets are identi-
fied by their respective geometric midpoints, 1.0,
0.7, 0.5, 0.3, 0.2, 0.15, and so forth. Thus, a reported
value of 0.3 percent, for example, identifies the
bracket from 0.26 to 0.38 percent as the analyst’s
best estimate of the concentration present. The pre-
cision of a reported value is approximately plus or
minus one bracket at the 68-percent level of confi-
dence, and plus or minus two brackets at the 95-
percent level.
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The limits of detection of the analytical methods
that were used are given in table 2.

The values given in table 2 are the approximate
lower limits of determination. Some combinations of
elements in a sample, however, affect these limits.
For example, concentrations somewhat lower than
these values may be detected in unusually faverable
materials, whereas these limits of detection may not
be attained in unfavorable materials.

METHODS OF STATISTICAL ANALYSIS

The values obtained by analysis for each element
in each sample, and the location of the corresponding
sample site, expressed as degrees and minutes of
latitude and longitude, were entered on automatic-
data-processing cards. ‘The analytical values were
transformed to logarithms through a computer pro-
gram which also determined the minimum and maxi-
mum values, as well as the basic statistics. In addi-
tion, the program reported all occurrences of missing
data, indicated the concentrations that were beyond
the limits of detection of the analytical methods, and
printed both a histogram of the analytical values and
an accompanying table of frequencies and cumulative
frequencies for each class designation on the histo-
gram.

By examining the table of frequencies, we were
able to divide the range of reported values for most
elements into five classes, so that approximately 20
percent of the values fell into each class. (See figs.
2-31.) However, the limited ranges in values for
some elements prohibited use of more than two or
three classes to represent the total distribution.
Class-interval code numbers for each element were
then assigned to each analytical value: values in

TABLE 2.—Analytical limits of detection

[Data reported in parts per million. Analyses made by semiquantitative
spectrographic method, except as indicated]

Lower limit of Lower limit of

Element detection Element detection

(ppm) (ppm)
Aluminum (Al) _____ 10 Molybdenum (Mo) ___ 3
Barium (Ba) ________ 2 Neodymium (Nd) - 70
Beryllium (Be) ______ 1 Nickel (Ni) - ______ 5
Boron (B) __________ 20 Niobium (Nb) ______ 10
Calcium (Ca) —______ 1150 (| Phosphorus (P) _____ 22
Cerium (Ce) _.______ 150 Potassium (K) ______ 250
Chromium (Cr) _____ 1 Scandium (Sc) —_____ 5
Cobalt (Co) —_______ 3 Sodium (Na) . _._—__ 500
Copper (Cu) ________ 1 Strontium (Sr) ______ 5
Gallium (Ga) —______ 5 Titanium (Ti) —-____ 2
Iron (Fe) ___________ 10 Vanadium (V) ______ 7
Lanthanum (La) __._ 30 Ytterbium (Yb) _____ 1
Lead (Pb) __._______ 10 Yttrium (V) o 10
Magnesium (Mg) ____ 50 Zine (Zn) __________ 225
Manganese (Mn) ____ 1 Zirconium (Zr) --____ 10

1 Analyzed by EDTA titration method.
2 Analyzed by colorimetrie method.
8 Analyzed by flame photometry.
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the lowest class were agsigned the code number 1;
values in the highest class were assigned the code
number 5.

These class-code numbers, together with the lati-
tude and longitude of the site where the sample was
collected, were then directed from the computer to
the automatic plotter, which located each sample site
on base maps of the United States by printing the
class code for each element at each sample site. These
class-code numbers on the base maps were then re-
placed with symbols, as shown in figures 2-31.

The geometric means and geometric deviations
given in figures 2-31 and in table 3 are antilogs of
the arithmetic means and standard deviations, re-
spectively, of the logarithms of the analytical values.
Where some of the concentrations for an element
were determined to be less than the sensitivity of the
analytical method (table 2), the mean and standard
deviations of the logarithms were estimated by
means of a censored-distribution technique devised
by Cohen (1959). The geometric mean is a measure
of central tendency of the frequency distribution
and, as such, is an estimate of the typical or most
common concentration for the element. The range
from the geometric mean multiplied by the geometric
deviation to the geometric mean divided by the geo-
metric deviation generally includes about two-thirds
of the analytical values. Approximately 95 percent
of the values occur in the range from the geometric
mean multiplied by the square of the geometric devi-
ation to the geometric mean divided by the square of
the geometric deviation. For example, the geometric
mean aluminum content of surficial materials of the
United States is 4.5 percent and the geometric devia-
tion is 2.41 (fig. 2; table 3). It is estimated that
approximately two-thirds of the samples have alumi-
num contents in the range 4.5-+-2.41 (1.87 percent)
to 4.52.41 (10.84 percent), and about 95 percent
have aluminum contents in the range 4.5--(2.41)2
(0.78 percent) to 4.5 (2.41)2 (26.1 percent).

Further discussions of the treatment of censored
frequency distributions of geochemical data and of
the use of geometric means and geometric deviations
were given by Shacklette, Sauer, and Miesch (1970).

The arithmetic means of the analytical data given
in table 1 were derived from the estimated geometrie
means and geometric deviations by using a technique
described by Miesch (1967), which is based on
methods devised by Cohen (1959) and Sichel (1952).
The arithmetic means in table 1, unlike the geometric
means shown in figures 2-31 and in table 3, are esti-
mates of geochemical abundance (Miesch, 1967) and
are directly comparable to arithmetic means com-
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monly employed in presentations of geochemical
averages in the literature. Arithmetic means are
always larger than corresponding geometric means
(Miesch, 1967, p. Bl) and are estimates of the
fractional part of a single specimen that consists of
the element of concern rather than of the typical
concentration of the element in a suite of samples.

RESULTS

The results of this study are presented on maps
of the conterminous United States which give, for
each element, the locations of the sample sites, and
the concentration of the element at the site. Several
elements were detected in only a few samples. The
lower detection limits, in parts per million, of the
semiquantitative spectrographic method for these
elements are as follows: Antimony, 150; bismuth,
10; lithium, 50; silver, 0.5; and tin, 10. The localities
of these samples and the contents of these elements
in the samples are given in figure 1.

The concentrations of 30 elements were sufficiently
large to be detected in samples from many sites. The
results of analyses of these samples are given in
figures 2-31; the concentrations of elements are
indicated by symbols, as classified in the accompany-
ing frequency histograms. Although we intended to
analyze these 30 elements in all samples, through
error, certain elements were omitted in the analyses
of a few samples.

Some elements were locked for in all samples but
were not found. These elements, analyzed by the
semiquantitative spectrographic method, and their
lower detection limits, in parts per million, are as
follows: Arsenic, 1,000; cadmium, 20; germanium,
10; gold, 20; hafnium, 100; indium, 10; platinum,
30; palladium, 1; rhenium, 30; tantalum, 200;
tellurium, 2,000; thallium, 50; thorium, 200; and
uranium, 500. If lanthanum or cerium was found
in a sample, the following elements, with their
stated lower detection limits, were looked for in the
same sample but were not found: Dysprosium, 50;
erbium, 50; gadolinium, 50; holmium, 20; lutetium,
30; terbium, 300 ; and thulium, 20.

DISCUSSION AND CONCLUSIONS

The data presented in this report may reveal
evidence of regional variations in abundances of
elements; single values or small clusters of values
on the maps may have little significance when con-
sidered alone. Apparent differences in values shown
between certain sample routes, such as those across
the Great Plains and the Central States, suggest the
possibility of systematic errors in sampling or in
laboratory analysis. Some gross patterns, neverthe-
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less, are evident in compositional variation of rego-
liths, as shown in figures 2-31.

The lower abundances of some elements (notably -
calcium, magnesium, strontium, potassium, sodium,
aluminum, and barium) and the greater abundances
of titanium and zirconium in regoliths of the Eastern
United States indicate a regional pattern of the
largest scale. The abundances of these elements
differ markedly on either side of a line extending
from western Minnesota southward through east-
central Texas. This line is generally about the 97th
meridian and corresponds to the boundary proposed
by Marbut (1935, p. 14), which divides soils of the
United States into two major groups—the pedalfers
which lie to the east, and the pedocals to the west.
Marbut (1928) attributed the major differences in
chemical and physical qualities of these two major
groups to the effects of climate. A line approximating
the 97th meridian also separates the Orders, Sub-
orders, and Great Groups of moist to wet soils in the
Eastern United States from the same categories of
dry soils which lie to the west, as mapped by the
[U.S.] Soil Conservation Service (1969). Geometric
mean compositions of regoliths west and east of the
97th meridian are given in table 3.

Superimposed upon this large-scale compositional
variation pattern are several features of intermedi-
ate scale. Most notable of these are (1) the low
concentrations of many elements in soils of the
Atlantic Coastal Plain, and (2) the general excep-
tion to this low concentration in the part of the
Coastal Plain crossed by the Mississippi River.

Several small-scale features of compositional vari-
ation have been noted; among them, the low con-
centrations of many elements in regoliths of lower
Michigan, northern Nebraska, and the part of
Texas adjacent to the southeast corner of New
Mexico are prominent. In contrast, large amounts of
some elements tend to occur in regoliths of Maine,
parts of the Rocky Mountains, and the Basin and
Range province.

The concentrations of certain elements, especially
boron, cerium, neodymium, niobium, ytterbium, and
yttrium, do not exhibit well-defined patterns of dis-
tribution; and the regional concentrations of some
other elements cannot be evaluated, because they are
not present in detectable amounts in most of the
samples. The degree of confidence in regional pat-
terns of element abundance is expected to be in
direct proportion to the number of samples included
in the region. As the patterns become smaller, the
probability increases that the observed character-
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TABLE 3.-—Geometric mean compositions, and geometric deviations, of samples of soils
and other surficial materials in the conterminous United States
[Geometric means reported in parts per million. Too few molybdenum values
were available to make a statistical evaluation]
The conterminous Western United States Eastern United States
United States (west of 97th meridian) (east of 97th meridian)
N =863 N~ 49 N =371
Element
Geometric Geometric Geometric Geometrie Geometric Geometric
mean deviation mean deviation mean deviation
Al 45,000 2.41 54,000 2.02 33,000 2.70
B 26 2.05 22 2.09 32 1.92
Ba . 430 2.06 560 1.80 300 2.19
Be 0.6 2.49 0.6 2.47 0.6 2.63
Ca . 8,800 3.92 18,000 2.93 3,200 2.87
Ce ___ 75 1.67 74 1.64 78 1.70
Co . ___ 7 221 8 2.01 7 2.556
Cr . ___________ 37 2.32 38 2.16 36 2.562
Cu . 18 2.28 21 2.00 14 2.54
Fe .  _ ____ ___ _ —— 18,000 2.30 20,000 1.90 15,000 2.76
Ga 14 2.11 18 1.71 10 2.53
K 12,000 2.71 17,000 1.60 7,400 3.66
La ____ ____ ___________ 34 1.85 35 1.81 33 1.90
Mg . 4,700 3.19 7,800 2.21 2,300 3.39
Mn ___ ________ _____ 340 2.70 389 1.94 285 3.65
Na . __________ 4,000 4.11 10,200 1.98 2,600 4,11
Nb _____ 12 1.66 11 1.74 13 1.54
Nd 39 1.72 36 1.81 44 1.61
Ni oo 14 2.26 16 2.03 13 2.60
r 250 2.74 320 2.33 180 3.03
Po 16 1.96 18 1.93 14 1.96
Se 8 1.79 9 1.74 7 1.85
Sr 120 3.39 210 2.12 51 3.56
T _ 2,500 1.87 2,100 1.82 3,000 1.84
Voo 56 2.16 66 1.91 46 2.41
Yy . 24 1.77 25 1.66 23 1.93
Y ____ 3 1.81 3 1.67 3 2.03
Zn T 44 1.86 51 1.78 36 1.89
r 200 1.90 170 1.78 250 1.95

istics which form the patterns are the result of
chance.

Some small- and intermediate-scale features of
element-abundance patterns are known to reflect
geological characteristics of the areas that the soils
overlie. A few soil samples with high phosphorous
content, for example, are associated with phosphate
deposits in Florida, and a single sample with high
copper content from the Upper Peninsula of Michi-
gan is known to be of soil that occurs over a copper
deposit. Samples from most of the regoliths overlying
basic volecanic rocks of Washington and Oregon con-
tained higher than average concentrations of iron
and of a few other elements.

These data do not provide consistent evidence of
north-south trends in elemental compositions that
might be expected to relate to differences in tempera-
ture regimes under which the surficial materials
developed. There is, moreover, no evidence of signifi-
cant differences in element abundances between
glaciated and nonglaciated areas (the general area

of continental glaciation includes the northern tier of
States from Montana to Maine and south in places
to about lat 40° N.).

The world averages of abundance for some ele-
ments in soils, as given by Vinogradov (1959) and
by others (table 1), do not correspond to the averages
of abudance for those elements in soils of the United
States, according to the data presented in this report.
The world averages are too low for the amounts of
boron, calcium, cerium, lead, magnesium, potassium,
and sodium in United States soils, and too high for
beryllium, chromium, gallium, manganese, nickel,
phosphorus, titanium, vanadium, and yttrium. This
report presents, for the first time, averages of the
abundance of niobium, neodymium, and yttrium in
soils. :
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FIGURE 2.—Aluminum content of surficial materials.
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FIGURE 4.—Beryllium content of surficial materials.
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FIGURE 5.—Boron content of surficial materials.
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FIGURE 6.—Calcium content of surficial materials.




D22

STATISTICAL STUDIES IN FIELD GEOCHEMISTRY

48°

46°

44°

42°

40°

38°

34°

30°

28°

26°

24°

22°

128° 126" 124° 122° 120°  118° 116° 114° 112° 110° 108° 106° 104° 102° 100" 98° 96°
7 / / 7 7 / ! ! T { T ] I ! I 1 |
\\
~—
5 -
o o o f i \"'“""-w._
o o / T e
clo } _7 B
[ )}
~
e \! o R oo, [ 5o 00 . \\
o = \ F IS 5 g0° ? ©5°
oO 5 (’\ o o o] o ! L °
o o
° // ) ! c e © { © ° 2 ’\O
0
- ¢ Lo ° o e o
% ® ‘Vc’“*-"{*‘ T e 3 ‘o \
o o [° e a o =z o }
i (@) © o i o 0O i (
o
T © oo ©
- § - ® ! o o
/\ L o ~ o o l[ a . o ® i
- ® oY -
- e IR o
. 7 s/ 5 o o) Jf N \g
® e © | (SR | o]
o] coe® ¢ © o o o o 0 o \5
o 0
[} ’/ < oo\ Ts_._.,.a_~ o O# o o o s
o 15) s o O % © e
7 2 5 k o Seq o © S , o e © tk‘
] i ~1s) le] L ~
oo ; o H P e e e e et
o - i o o0& e © ele © & ¢ ¢ o
e o / e © o e o i
o e <
\ ® ° ' P o |
) \e o i o IV o i
0p N0 Lo . 1 o o o |
o T e O o 5 o o o o o
\ o \/ o) Ou NO“'{"‘\...Q o . QP (o] o r
N 4 ek
\ fe o / o - OJ__
o o) - o] ° o [2 7 —
o 5\‘! o © o, J . o S
¢ o o . o © {
\ i o I o J 5 © O ¢
- o o i 5 [SH)
® - ® o - e
o 4 o / j S
%) o !
A ¢ D; ° o o ! ° J\ o °
i ° ¢
—_— e SN o © o of ® o N
T o ® O Ty
~ ¥ o O ENqAA
~ ot 2 o
~ ° ¢ ® i
S o ] OO Cls io ° o o e 0o o - ® )
SYMBOL AND PERCENTAGE - s}
OF TOTAL SAMPLES oo col f-—o-ha__o HO_ 00 @ o @ °
et o
\\O o " (o] OO o O
N e el o
\
N 1 .
2 \ ~- o e ©°
o N
% ™~ ’E[ \\\
\
AN
]
CERIUM, IN PARTS PER MILLIDN \\\
Geometric mean, 75 ™~
Geometric dewiation, 1.67
Number of samples and analyses, 753
/ / { / / / / l { | | |
118« 116° 114° 1127 110° 108° 106° 104° 102° 100° a28° 96°



ELEMENTAL COMPOSITION OF SURFICIAL MATERIALS, CONTERMINOUS UNITED

64°

96° 94 92° 90° 88° 86° 84° 827 &0° I 76° 74° 727
\

500 MILES

r—O
o

|

\

\

A

|
96° 94° 92° Q0° 8g° 867 84° 82° 80°

FIGURE 7.—Cerium content of surficial materials.
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FIGURE 11.—Gallium content of surficial materials.
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FIGURE 12.—Iron content of surficial materials.
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FIGURE 21.—Phosphorus content of surficial materials.
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FIGURE 22.—Potassium content of surficial materials.
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ELEMENTAL COMPOSITION OF SURFICIAL MATERIALS,
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FIGURE 23.—Scandium content of surficial materials.
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FIGURE 24.—Sodium content of surficial materials.
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FIGURE 25.—Strontium content of surficial materials.
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FIGURE 26.—Titanium content of surficial materials.
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FIGURE 27.—Vanadium content of surficial materials.
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FIGURE 28.—Ytterbium content of surficial materials.
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FI1GURE 29.—Yttrium content of surficial materials.
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Geometric mean. 0.0044
Geometric deviation 1.86
— Number of samples and analyses. 863
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ELEMENTAL COMPOSITION OF SURFICIAL MATERIALS, CONTERMINOUS UNITED STATES
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FIGURE 30.—Zinc content of surficial materials.
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L Geometric deviation. 1.90
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ELEMENTAL COMPOSITION OF SURFICIAL MATERIALS, CONTERMINOUS UNITED STATES

FIGURE 31.—Zirconium content of surficial materials.

96° 94-° 92° 90° 88° 86° 84° 82° 80° 78° 76° 74° 72° 70° 68° 66° 64°
| i | 1 1 i i \ \ \ \ -\ y \ 3 T A
-
— e od
o
,
1
1
1
| U ———
—
i
)
-
A
A
[
-t
|
B
/"""\L
-
-
.
2 —
1]
0 500 MILES S ]
| 1 1 1 ‘:
2 '..#a
-
| | | | | \ \ | \ \ \ \
96° 94° 92° aq0° 88° 86° 84° 82° 80° 787 76° 74°

# U,S, GOVERNMENT PRINTING OFFICE : 1971 O - 410-960

44°

42°

40°

38°

36°

34°

32°

30°

28°

26°

22°

D71



