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A GEOCHEMICAL ATLAS OF GEORGIA
by George S. Koch, Jr.

LIST OF PLATES

Note: Except where indicated, the plates show 100
percent of the points sampled for a particular
variable.
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INTRODUCTION

This atlas is a set of maps that show concentra-
tions of chemical elements in stream-sediment
samples collected in north and central Gerogia. Ana-
lyses of stream-sediment samples represent the rel-
ative abundances of chemical elements in stream
drainage basins, and therefore the maps are believed
to portray regional concentrations of chemical ele-
ments. The original data were obtained by the U.S.
Department of Energy (DOE) in its National Uranium
Resources Evaluation (NURE) program; the ele-
ments were selected for their relation to program
objectives.

The atlas maps are on a scale of 1:1,785,000 so
that they can be used with the Geological Highway
Map of the Southeastern Region (Bennison, 1975),
Four different concentration groups are represented
by different symbols. There are two kinds of maps;
the first shows element concentrations at all of the
sample points; the second shows the highest 10
percent of the points.

Seventeen elements, as well as pH and conductiv-
ity, were analyzed for the 6.038 samples sites plotted
on plate 1. Fifteen additional elements were analyzed
for the 2,949 of the original sites plotted on plate 2.
Table 1 identifies the elements. Two hundred sixty-
six samples were also analyzed for gold. Analyses
were performed for four additional elements (includ-
ing silver, arsenic, beryllium, and molybdenum) but
are not included in the set of plates because of data
quality.

Table 1, an alphabetical list of the elements,
shows that the number of observations (number of
reported analyses) is generally less than the number
of sites, as is usual in regional geochemical surveys
made using rapid, routine analytical methods. Also,
for some elements, only a few observations are
above the detection limit, because their analyses
were done only incidentally to analyses for other
elements. Besides the element means (arithmetic
averages), the table lists the standard deviation (the
usual measure of variability), the coefficient of varia-
tion (a measure of relative variability), and the crustal
abundances of the elements. The table also lists two
other variables, pH and conductivity.

THE DATA BASE

Between 1973 and 1979, DOE conducted the
NURE program in all of the United States except
Hawaii; the purpose was to evaluate uranium re-
sources and to locate places favorable for uranium
exploration. In the Hydrogeochemical and Stream
Sediment Reconnaissance (HSSR) phase of the
program, stream sediments, ground water, and sur-
face water were sampled. About two-thirds of the
United States and about the same proportion of
Georgia were sampled before the program was ter-
minated. Four national laboratories conducted the
HSSR program; the Savannah River Laboratory at
Aiken, South Carolina conducted the Georgia pro-
gram. Fay and others (1981) report the Georgia
results in a publication that consists of a brief text and
a microfiche listing of the field and analytical data.
These data are also available on magnetic tape for
computer processing. (The data were originally
organized intwo-degree quadrangles of the National
Topographic Map Series; Fay and others [1981, p.
44] list the quadrangle names and original report
numbers.)

Sampling was done by established exploration-
geochemical procedures as explained in standard
texts (for example, Rose, Hawkes, and Webb [1979,
p. 431-454]); Fay and others (1981, p. 20) provide
details. The Savannah River Laboratory prepared
the samples and analyzed the original group of ele-
ments by automated neutron activation analysis.
Contractors analyzed the supplemental elements by
atomic absorption or other methods (Fay and others,
1981, p. 24-27). The results of the gold analyses,
done later by neutron activation analysis, were
reported separately by Fay and Cook (1982).

Some limitations of the data need to be explained.
The survey objectives dictated broad coverage of a
large area and a large number of variables; the data
base for this report contains about 160,000 analyses
at some 6000 sites. The sampling was done by
trained workers but most were not professional geol-
ogists; the analytical work was done by automated
procedures that changed over time. Program objec-
tives emphasized overall coverage rather than indi-
vidual sample points; therefore, the data provide reli-
able general patterns but only in some places
identify particular geochemical phenomena. For
instance, most high uranium values (plate 35) repre-

sent high concentrations of uranium-bearing miner-
als, but some may represent contamination. In addi-
tion, some high concentrations of uranium may not
have yielded high values because of problems in
sampling, sample preparation, analysis, or reporting.
Fay and others (1981, p. 15, 20) explain some of
these factors.

THE ATLAS MAPS

The maps are reproduced from computer-gener-
ated output made at the University of Georgia using
a Cyber 750 computer and a Versatec electrostatic
plotter. The computer program provides a Universal
Transverse Mercator projection. The scale, map
area, variable plotted, concentration boundaries and
intervals, and pen colors (for plotters with color cap-
ability) can be specified by the map maker. Data lists
and frequency distributions have been ptaced on
open file (Koch, 1984).

The maps in this atlas are point maps. Each sam-
ple site is represented by a symbol, corresponding to
apercentile class of 25 if all observations are plotted
or 2.5 if 10 percent of them are plotted (for a few
elements with many values at or near the detection
limit, other intervals were used). An alternative type
of map is a smoothed map in which the data are
averaged in order to reduce local variability. Howarth
and others (1980) compare the two kinds of maps
and provide some illustrations of smoothed maps for
part of northern Georgia.

USES OF THE ATLAS

Regional exploration geochemical data of the type
presented in this atlas are often used for mineral
exploration. In this work, sites with elemental con-
centrations sufficiently higher than average concen-
trations (““background”) for an area or for a rock type
are designated as "anomalous,” and may indicate
areas of mineralization. Generally, follow-up detailed
geochemical sampling or other work is done to eval-
uate such areas. Different backgrounds are usually

found in rock units with distinctive lithologies; How-
arth and others (1980, p. 345) provide data for geo-
logic provinces in Georgia. Sometimes the commod-
ity of interest is sampled directly, for instance gold
(plate 4); sometimes other elements termed “path-
finders" that are associated with the commodity of
interest are sampled, for instance manganese for
base-metal veins (Rose, Hawkes, and Webb, 1979,
p. 28, 76).

Another use of exploration geochemical data is to
identify areas with either favorable or unfavorable
conditions for agriculture. Many trace elements —
including cobalt, copper, chromium, iron, manga-
nese, molybdenum, and zinc — must be present in
soils within narrow limits for optimum agriculture. For
instance, one area near Raytown, Georgia (the
Shiloh Church molybdenum deposit) contains molyb-
denum in concentrations harmful to cattle (Murphy,
1982).

A similar use is to identify areas with trace element
geochemistry favorable or unfavorable for human
health, so that diets can be supplemented in unfavor-
able areas. For instance, it has been postulated that
the well-known contrast in cardiovascular disease

between northern and southern Georgia is due to
trace element geochemistry (Shacklette and others,
1970).

Still another use of exploration geochemical data
is to provide a baseline from which to appraise poliu-
tion at the time of the survey and to measure
changes in trace elements in the environment
through time.



Table 1. Stream-sediment geochemical data for Georgia. Group 1 is the original data set;
Group 2 is the supplementary data set.

REFERENCES
Group No. of Samples DL Mean Std. Coef. Crustal Note: The Department of Energy reports are
Variable Total DL Dev. of Var. Abund. available on microfiche from the Bendix Field Engi-
neering Corporation, Box 1569, Grand Junction,
1 Al pct 5713 5713 3.25 2.49 0.77 8.1 Colorado 81502, where they are cataloged under
1 Au ppm 266 266 072  1.86 258 003 triglF GlBx Nlibers, -
Bennison, A.P., 1975, Geological highway map of the
B Ba PR 1073 1005 S. 66.8 95.0 142 580. southeastern region: Tulsa, Oklahoma, Ameri-
1 Ce ppm 5786 5219 20. 295.4 591.5 2.00 81. can Association of Petroleum Geologists,
2 Co  ppm 2775 1557 5. 622 566 091 25 Faly, Vi, SHEGERT, K5, 20 GOX, 1., 1951, Data
report: Alabamaand Georgia: Aiken,S.C., Savan-
1 Cond. . 5902 5902 67.52 48913 7.24 nah River Laboratory, Rpt. DSPT-81-146-21, 44
2 Cr ppm 2752 636 5. 458 5.99 1.31 100. p. plus microfiche. (Department of Energy report
GJBX-403(81))
. cu v 2949 — = 6.83 el 8ok ok Fay, WM. and Cook, J.R., 1982, Gold analyses by
1 Dy PR 4632 4632 1722 2826 1.64 neutron activation from SRL NURE samples:
1 Eu ppm 4652 2149 1. 2.70 487 1.80 Aiken, S.C., Savannah River Laboratory, Rpt.
1 Fe oot 5791 5448 05 288 318 1.10 4.65 DPST-81-141-38, 46 p. (Department of Energy
report GJBX-135(82))
1 Hf ppm 5830 5830 68.15 11319 1.66 3. Howarth, R.J., Kach, G.S., JR., Chork, C.Y., Carpen-
2 K ppm 2756 2677 0.1 1.17 0.90 0.77 250.00 ter, R.H., and Schuenemeyer, J.H., 1980, Statis-
. La ppm 5590 5590 16323 32451 1.99 o5 tipal map analysis pechniques applieq toregional
] distribution of uranium in stream sediment sam-
2 Li RPMm 2929 1977 S 7.5 6.4 0.85 30. ples from the southeastern United States for the
1 Lu ppm 5975 5105 0.3 1.41 2.03 1.44 National Uranium Evaluation Program: Mathe-
matical Geology, v. 12, p. 339-366.
2 Mg pct 2756 2722 0.02 0.18 0.12 0.68 1.7 Koch. G.S., Jr.. Howarth, RuJ., Carpenter, R.C., and
1 Mn PR 5542 5542 7823 10587 1.35  1000. Schuenemeyer, JH. 1979, Development of data
1 Na ppm 5368 5368 0.39 0.59 1.53 300. enhancement and display techniques for stream-
2 Nb ppm 2933 1295 20. 2316 24 95 108 20. sediment data collected inthe National Uran@um
. : Resource Evaluation Program of the United
s Ni PR 2949 1557 5. 6.41 588  0.92 5. States Department of Energy: Grand Junction,
2 P ppm 2918 2918 666.8 638.9 0.96 900. Colorado, U.S. Department of Energy, Rpt. GJBX-
1 pH 5902 5902 673 076 0.1 28(80), 223 p , .
Koch, G.S., Jr., 1984, Data lists and frequency distri-
1 Sc PR 5876 5876 7.19 6.96 097 13. butions for NURE stream-sediment data from
1 Sm ppm 5554 5554 28.97 97.16 3.35 Georgia: Open file report available for inspec-
2 SH ppm 2935 1632 B, 9.11 10.85 119 2 tion at the Georgia Departmem .of Natural
Resources, Atlanta, and the University of Geor-
2 Sr ppm 1858 371 50. 37.1 32.5 0.88 300. gia, Department of Geology, Athens
i Th ppm 5778 5778 56.62 112.59 1.99 10. Murphy, SH., 1982, The geochemistry of molybde-
1 Ti ppm 5338 5338 9626.6 9170.0 095 4400. num in the environment at Raytown, Georgia:
University of Georgia, unpublished M.S. thesis,
1 u ppm 5851 5851 11.62 1759  1.51 25 115 p.
1 \ ppm 5646 5646 64.90 75.69 1.17 150. Rose, AW. Hawkes, HE. and Webb, J.5. 1979,
2 W ppm 2911 334 2. 134 165 193 1 Geochemistryin mineral exploration: New York,
Academic Press, 657 p
2 ¥ ppm 2760 2760 421 614 146 Shacklette, H.T., Sauer, H.l. and Miesch. A.T.. 1970,
1 Yb ppm 4367 4367 11.78 15.32 1.30 Geochemical environments and cardiovascular
2 Zn ppm 2949 2838 5. 26.28 25 63 0.98 80. mortality rates in Georgia: U.S. Geological Sur-

vey, Professional Paper 575-C.

* DL is detection limit; Cond. is conductivity in mmho/cm; Std. Dev. is standard deviation; Coef of Var is coefficient of
variation; Crustal abund is crustal abundance. Crustal abundance data from Rose and others (1979, p. 30).
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Modified from Geological Highway map of the Southeastern Region (Bennison, 1975)




