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ABSTRACT than 10-13 percent. It is not known at present whether

This is a compilation of estimates of the abun-
dances of the elements, taken from nine papers pub-
lished between 1924 and 1952, They are arranged
in three tables: (1) weight percents of the 25 most
abundant elements, (2) abundances of the first 92
elements arranged in order of atomic number,
and (3) abundances of the first 92 elements arranged
alphabetically.

INTRODUCTION

The U. S. Geological Survey receives many
requests for information on the abundances of the
elements. Data on this subject are scattered
through the literature and are not always readily
accessible. I have therefore assembled nine esti-
mates of abundances of all the elements, published
during the past 30 years and they are given in three
tables: The first table gives the 25 most abundant
elements, the second and third list the first 92 ele-
ments, arranged in the second table in order of

atomic number and in the third in alphabetical order.

The data are plotted in figures 1 and 2. No data
are listed for the elements of atomic numbers 93 to
98, neptunium, plutonium, americium, curium,
berkelium, and californium. Neptunium and
plutonium have been shown to occur naturally in
exceedingly small concentrations, probably less

the other elements listed above occur in nature; like-
wise there are no published data on the occurrence
of the elements of atomic numbers 43, 61, 85, and
87—technetium, promethium, astatine, and francium.

It should be noted that the nine estimates are
not strictly comparable. Three of them (nos. 2, 5,
and 9) refer to abundances in igneous rocks only;
that is, they ignore the sedimentary rocks and the
oceans. This has very little effect on the data given
for most elements because the igneous rocks are
estimated to constitute 95 percent of the earth's
crust down to a 10-mile depth; it does, however,
have a marked effect on the estimates of hydrogen,
oxygen, and chlorine which are so abundant in the oceans.

It is not practicable here to discuss the data in
detail. It should be noted that since the estimates
of column 9, tables 2 and 3, were made in 1924,
advances in spectrographic methods of analysis
have resulted in much higher estimates of the
abundances of elements such as gallium, germanium,
indium, and thallium, for which almost no quan-
titative determinations were available 25 years ago.

The methods by which the estimates were made
are explained in detalil in reference 9, also more
briefly in references 1 and 2. It should be em-
phasized that many assumptions have to be made
and that the accuracy of the figures given for the
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Ta,

ble 1.~Welght percents of the 25 most abun-
dant elements in the earth's crust (Mason,
1952, p. 41).

Prentice-Hall, New York, 1087 p. (1946); and for
data on the relative abundances of the isotopes of the
elements to "Relative isotopic abundances of the
elements, " by K. T. Bainbridge and A. O. Nier,
National Research Council Preliminary Report 9,

59 p. (1950).

Element  Welght Element Welent
percent percent
1 Oxygen------- 46.60 ||14 Carbon----  0.032
2 Silicon--=---- 27.72 |15 Chlorine-- .031
3 Aluminum----- 8.13
4 TIron------w-- 5.00 |{16 Rubidium-- .031
5 Calcium--=--- 3.63 ||17 Fluorine-- .03%0
18 Strontium- .03%0
6 Sodium---=--- 2.8% ||19 Barium---- .025
7 Potassium---- 2.59 |20 Zirconium- .022
8 Magnesium---- 2.09
9 Titanium----- 44 1121 Chromium~- .020
10 Hydrogen----- .14 |22 Vanadium-- .015
Total of 23 ZinC-==-==--~ .013
first 10-- 99.17 |24 Nickel---- ,008
25 Copper-~-- .007
11 Phosphorus--- .118
12 Manganes€----- .100|| Total of
13 Sulfur------- .052 all 25--- 99.70

various elements varies greatly. For example, the
figures given for antimony and bismuth are based

on very few determinations and are to be regarded as
good guesses; in contrast, the figures for niobium

and tantalum are based on many careful analyses.
However, considering the many uncertainties involved,
it is likely that only 2 significant figures for the more
abundant elements (such as silicon) and only 1 sig-
nificant figure for the less abundant elements (such

as samarium) are meaningful.

For further details on the individual elements and
on methods of estimating abundances, references 1

to 9 should be consulted, especially 2 and 9; for data
on the oceans, the reader is referred to "The oceans,
their physics, chemistry, and general biology, " by
H. U. Sverdrup, M. W. Johnson, and R. H. Fleming,

Column
no.

1
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Mason, Brian, 1952, Principles of geochem-
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Rankama, K., and Sahama, T. G., 1950, Geo-
chemistry, p. 39-40, The University of
Chicago Press. (For igneous rocks.)
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Metallwirtschaft 13, p.151-157. (For
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Survey Prof. Paper 127, p. 1-117. (For igneous
rocks.)
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