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Introduction

A sampling program was begun in 1961 that was designed to give esti­ 
mates of the abundance of elements in soils and other surficial materials 
and in associated plants from sites selected along routes of travel, and 
in study areas, of U.S. Geological Survey scientists. The sampling plan 
was kept simple. The proposed sampling intensity consisted of one sample 
of soil and one of plants collected at sites about £0 mi. (81 km) along 
routes of travel to areas of other types of field study. Sampling sites 
were selected, insofar as possible, that represented soil in its natural 
condition. This program resulted in the sampling of 863 sites. The 
results of the soil analyses were published for 35 elements by plotting 
their concentrations, in two to five frequency classes, on maps (Shacklette, 
Hamilton, Boerngen, and Bowles, 1971).

Soon after this publication, interest in environmental geochemistry, 
particularly the application to problems of industrial and vehicular pol­ 
lution, increased greatly. At the same time, advances in analytical tech­ 
niques made the analysis of additional elements practical. Therefore, the 
samples from the first study, with some additional samples, were analyzed 
and reported as follows: mercury by Shacklette, Boerngen, and Turner (1971); 
lithium and cadmium by Shacklette, Boerngen, Cahill, and Rahill (1973); and 
selenium, fluorine, and arsenic by Shacklette, Boerngen, and Keith (197U).

Sampling according to this plan continued, as opportunities arose, 
until autumn, 1975> resulting in the sampling of 355 additional sites that 
were selected to give a more uniform geographical coverage of the conter­ 
minous United States. These samples were analyzed and the data were merged 
with those of the original samples to produce the results given in this 
report.

The elemental composition of only the surficial materials were given 
in all reports; the data on analysis of the plant samples are held in files 
of the U.S. Geological Survey.

This study was made possible by the cooperation of many persons in the 
U.S. Geological Survey. We express our appreciation to those who collected 
samples, as follows? Jessie M. Bowles, F. A. Branson, R. A. Cadigan, F. C. 
Canney, H. L. Cannon, F. W. Cater, Jr., M. A. Chaffey, Todd Church, J. J. 
Connor, Dwight Crowder, R. J. Ebens, R. N. Eicher, J. A. Erdman, R. F. 
Gantner, G. B. Gott, W. R. Griffitts, T. P. Hill, E. K. Jenne, M. I. Kaufman, 
J. R. Keith, Frank Kleinhampl, A. T. Miesch, R. F. Miller, R. C. Pearson, 
E. V. Post, Douglas Richman, James Scott, D. E. Seeland, R. C. Severson, 
M. H. Staatz, T. A. Steven, M. H. Strobell, V. E. Swanson, R. R. Tidball, 
H. A. Tourtelot, J. D. Vine, and R. W. White.

We thank the following members of the U.S. Department of Agriculture, 
Soil Conservation Service for providing soil samples from areas in Minnesota: 
Donald D. Barron, Carroll R. Carlson, Donald E. DeMartelaire, Royce R. Lewis, 
Charles Sutton, and Paul Nyberg.



We acknowledge the analytical support provided by the following U.S. 
Geological Survey chemists: Lowell Artis, Philip Aruscavage, A. J. Bartel, 
S. D. Botts, L. A. Bradley, J. W. Budinsky, Alice Caemmerer, J. P. Cahill, 
E. Y. Campbell, G. W. Chloe, Don Cole, E. F. Cooley, N. M. Conklin, W. 3. 
Crandell, Maurice Devalliere, P. L. D. Elmore, E. J. Finlay, Johnnie Gardner, 
J. L. Glenn, T. F. Harms, R. C. Haven, R. H. Heidel, M. B. Hinkle, Claude 
Huffman, Jr., L. B. Jenkins, R. J. Knight, B. W. Lanthorn, L. M. Lee, K. W. 
Leong, J. B. McHugh, J. D. Mensik, V. M. Merrit, H. T. Millard, Jr., Wayne 
Mountjoy, H. M. Nakagawa, H. G. Neiman, Uteana Oda, C. S. E. Papp, R. L. 
Rahill, V. E. Shaw, G. D. Shipley, Hezekiah Smith, A. J. Sutton, Jr., J. A. 
Thomas, Barbara Tobin, J. E. Troxel, J. H. Turner, and G. H. VanSickle.

We were assisted in computer programming for the data by J. B. Fife 
and George VanTrump, Jr.

Sample collection, preparation, and analysis

The sampling sites were selected, if possible, to represent surficial 
materials that were altered very little from their natural condition and 
that supported native or cultivated plants suitable for sampling. In 
practice, this site selection necessitated sampling away from roadcuts and 
fills, but in some areas only cultivated fields were available for sampling. 
The materials sampled included soil as defined by soil scientists, beach 
and dune sands, very stony lithosols, and organic deposits generally con­ 
sidered to be peat instead of soil. Most samples were collected at a depth 
of about 8 in. (20 cm), which reduced or avoided the effects of surface con­ 
tamination. In zonal soils, this depth commonly is within the range of the 
B soil horizon (zone of element accumulation). Some lithosols over near- 
surface bedrock did not extend downward to 8 in. (20 cm); they were sampled 
at the bottom of soil development in the profile.

Areas of field studies commonly were sampled more intensively than at 
intervals of 50 miles (81 km). Samples used from these studies were selected 
to represent about the same geographical coverage as did those along roads.

The soil samples were dried in the laboratory, pulverized and sieved, 
and the minus-2mm fractions were used for analysis. The methods of analysis 
used for some elements were changed during the course of the study as new 
techniques and instruments became available. The results published in the 
first report (Shacklette, Hamilton, Boerngen, and Bowles, 1971) were obtained 
for most elements by use of a semiquantitative six-step emission spectrographic 
method (Neiman, 1976). Other methods were used for the following elements: 
atomic absorption, with flame (Huffman and Dinnin, 1976) for mercury, lithium, 
magnesium, sodium, rubidium, and zinc; atomic absorption, flameless (?aughn, 
1967) for mercury; X-ray fluorescence spectrometry (Wahlberg, 1976) for 
calcium, germanium, iron, potassium, selenium, silver, sulfur, and titanium; 
combustion (Huffman and Dinnin, 1976), total carbon; and neutron activation 
(Millard, 1975, 1976) for thorium and uranium.



Location, description, and concentration of elements for samples of
surficial materials

Table 1 provides one page of descriptive material for £0 samples, 
arranged alphabetically by Postal Service abbreviations for state names 
and by county names, followed by four pages of analytical data for these 
samples, then proceeds to the descriptive page for the next 5>0 samples, 
and so on through the table. The state names in the descriptive material 
of site locations are abbreviated according to the system used by the
Government Printing Office (GPO). 
abbreviations.

The following table gives these

State GPO

Alabama
Arizona
Arkansas
California
Colorado

C onnecticut
Delaware
Florida
Georgia
Idaho

Illinois
Indiana
Iowa
Kansas
Kentucky

Louisiana
Maine
Maryland
Massachusetts
Michigan

Minnesota
Mississippi
Missouri
Montana

Ala.
Ariz.
Ark.
Calif
Colo.

Conn.
Del.
Fla.
Ga.
Idaho

111.
Ind.
Iowa
Kans.
Ky.

La.
Maine
Md.
Mass.
Mich.

Minn.
Miss.
Mo.
Mont.

Postal Service

AL 
AZ 
AR 
CA 
CO

CT 
DE 
FL 
GA 
ID

IL 
IN 
IA 
KS 
KT

LA 
ME 
MD 
MA' 
MI

MN 
MS 
MO 
MT

State

Nebraska
Nevada
New Hampshire
New Jersey
New Mexico

GPO

Nebr. 
Nev. 
N.H. 
N.J. 
N. Mex,

New York N.Y.
North Carolina N.C.
North Dakota N. Dak.
Ohio Ohio
Oklahoma Okla.

Oregon 
Pennsylvania 
Rhode Island 
South Carolina 
South Dakota

Tennessee
Texas
Utah
Vermont
Virginia

Washington 
West Virginia 
Wisconsin 
Wyoming

Oreg. 
Pa. 
R.I. 
S.C. 
S. Dak.

Term.
Tex.
Utah
7t.
Va.

Wash. 
W. Va. 
Wis. 
Wyo.

Postal Service 

NE
m
NH 
NJ 
MM

NY 
NC 
ND 
OH 
OK

OR
PA 
RI 
SC 
SD

TN 
TX 
UT 
VT 
7A

WA 
WV 
WI 
WY

The location of the sampling sites is given by north latitude and west 
longitude in degrees and minutes, and the collection date is given by year 
and month. The format used for table 1 allows only 70 spaces for site and 
soil descriptions, therefore, this column is written in telegraphic style, 
employing numerous abbreviations, minimum punctuation, and the elimination 
of unnecessary connectives in the statements in order to give as much 
information as possible in the limited space. The sampling sites are 
located more precisely by a descriptive reference to landmarks, such as 
highways, towns, rivers, or other geographic features. The distances of



the sites from these landmarks are approximate, generally rounded to whole 
numbers. The descriptions of the surficial materials closely follow those 
made at the sites by the collectors, and are usually expressed in nontechni­ 
cal terms. A list of the abbreviations that were used follows.

Abbreviation Word or term

ALLW
ALT
BLM
BR
BRWN
C.H.
CO
GR
DECID.
FT
HATC
HOR
HTS
I
IN.
IRR
JGT
LGHT
IS
MED
MI
MT
M3T

Alluvium
Alternate
Bureau of Land Management
Branch
Brown
Courthouse
County
Creek
Deciduous
Fort
Hatchery
Horizon
Heights
Interstate Highway
Inch or inches
Irrigation
Junction
Light
Limestone
Medium
Mile
Mount or mountain
Mixed

Abbreviation Word or term

NAT
NAT FOR
N.P.
NR
PK
QUAD
QUAT
R.
RD
RES
RR
RT
RX

SERV 
SH 
SPGS 
S3
TERT 
TPK 
US 
YDS

National
National forest
National Park
Near
Park
Quadrangle
Quaternary
River
Road
Reservation
Railroad
State Route
Rocks
Sedimentary
Service
Shale
Springs
Sandstone
Tertiary
Turnpike
U.S. Highway
Yards

Bismuth, cadmium, praseodymium, and silver were found infrequently 
in measurable concentrations in the samples. Data for these elements are 
given in the following table.
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Some elements were looked for-in all samples but were not found. These 
elements, analyzed by the semiquantative spectrographic method, and their 
approximate lower detection limits, in parts per million, are as follows: 
gold, 20; hafnium, 100; indium, 10; platinum, 30; palladium, 1; rhenium, 30; 
tantalum, 200; tellurium, 2,000; and thallium, 5>0. If lanthanum or cerium 
was found in a sample, the following elements, with their stated lower de­ 
tection limits, were looked for in the same sample but were not found: 
dysprosium, 50; erbium, 5>0; gadolinium, 50; holmium, 20; lutetium, 30; ter­ 
bium, 300; and thulium, 20.

The following symbols used in table 1 are explained as follows: N, 
not detected in the sample; leaders ( ), no data available; <, less than 
the stated value; and >, greater than the stated value.
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Table 1. Location, description, and concentration of elements for samples 

of surficial materials

TData are divided into five-page units. The first page of each unit gives 
the sample numbers for 5>0 samples, the state and county names listed alpha­ 
betically, the latitude and longitude in degrees and minutes, the date of 
sample collection, the location of the sampling site, and the description 
of the sample. The following k pages give analytical results for Lj.6 ele­ 
ments for each of the 50 samples in this unit. The second unit follows 
alphabetically by state and county, and so on through the entire table]
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