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Abstract—The rare earth pattern in sedimentary rocks is nearly constant and is considered to
represent the relative abundances of these elements in the continental crust. This pattern is
derived principally from mixing of basic and acidic igneous rock patterns. Preliminary cal-
culations indicate that approximately equal contributions of basic and acid patterns are required
to give the observed rare earth abundance pattern in sedimentary rocks.

A table of element abundances in the continental crust, calculated on the basis of a 1:1
mixture of granite and basalt abundances, is presented. Attention is drawn to differences from
previous estimates.

It is exceedingly difficult to estimate in any reliable way . .. .. ... the mean composition
of the surface region of the Earth.
(Suess and Urey, 1956, p. 54)

1. INTRODUCTION

THE overall abundance of the chemical elements in the Earth’s crust is a basic
problem in geochemistry. The crust, the region above the Mohorovidié¢ dis-
continuity comprises only 0-4 per cent, and the continental crust only 0-29 per cent
of the mass of the Earth (MacDo~NaLD, 1959), but it is the only part at present
accessible to direct sampling. The upward concentration of many elements gives
the crust an importance greater than its bulk alone would justify, when considering
the composition of the Earth as a whole. A knowledge of its composition is crucial
for geochemical and geophysical Earth models, and it is a factor of increasing
importance in geological hypotheses dealing with the formation of volcanoes,
mountain building, origin of granite etc.

At the outset, it is desirable to consider separately the continental and oceanic
crust. The purpose of this paper is to provide data for the composition of the
continental crust. The oceanic crust, although less well sampled, is probably
close in composition to average basalt. The data given in Table 3 under that
heading could be used as a first approximation to the composition of the oceanic
crust.

The methods of producing a table of element abundances in the continental
crust are of interest. A massive sampling programme, using some surface grid,
with as much deep drilling as practicable, represents an obvious, if uneconomical
and unimaginative approach. Kasier solutions are possible. The most imaginative
proposal was that of GoLpscEMIDT (1933) who used analytical data from glacial
clays, the product of a natural sampling process (see next section).

To a first approximation, the composition of the continental rocks can be
obtained from the element abundances in the common rock types. Most workers
have used various proportions of granite and basalt. The justification for this
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procedure is based on the well-known frequency diagram of silica percentage in
igneous rocks (BARTH, 1962) and the large amount of data available for these rock
types. A substantial measure of agreement exists for the abundances of the major
elements (Table 1) and a principal objective is to provide abundance data for the
rarer elements.

Table 1. Various estimates of the abundance of the major elements in the
continental crust. Data expressed as oxides in weight per cent

1 2 3 4 5
Si0, 60-18 61-90 631 59-4 60-3
ALO, 1561 1666 152 156 156
Fe,0, 3-14 3-44 — 23 —

FeO 3-88 3-87 6-00 50 7-20
MgO 3-56 3-50 31 42 39
CaO 5-17 3-35 41 6-6 58
Na,0 3-91 2:15 34 31 3-2
K,0 319 415 30 2:3 25
TiO, 106 0-83 0-8 12 10
s 99-70 99-85 98-7 99-7 98-8
FeO" 6-71 6-97 6:0 71 72

@ Total Fe expressed as FeO.

1. CrarkE and WasHINGTON (1924).

2. GoLpscHMIDT (1954, Table 17). Average of 68 primary zone glacial
clays (water free).

3. Vinocrapov (1962). Two parts felsic to one part basic rock.

4. PoLDERVAART (1955, Table 20). Average of continental shield and
folded belts regions.

5. Average of one part basic and one part felsic rock.

2. PrEVIOUS ESTIMATES

These are dealt with under the two headings of major elements and general
abundance tables.

Major elements

CrLArkE and WASHINGTON (1924) made an extensive survey of the composition
of the continental crust,* using the average composition of 5159 analyses of igneous
rocks as the basis for the estimate. The resulting average was criticised on the
grounds of inadequate sampling, over-emphasis on rarer species and the lack of
areal or volume estimates. Their values are given in Table 1, column 1. Despite the
objections to their procedure, no more satisfactory method was proposed and their
estimate is in fact very close to more recent averages. The next constructive step
was taken by GorLpscrMIDT (1933). He proposed that a large scale sampling of
Scandinavia had been carried out during the Pleistocene glaciation. Erosion by
the ice sheet was largely mechanical and chemical weathering was at a minimum.
The products of this process were represented by the glacial clay deposits derived
from rock flour, and well mixed before deposition from melt water. This interesting
proposal provided values (Table 1, column 2) close to those of CLARKE and

* 138 analyses of oceanic rocks were included. These do not seriously affect the average.
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WASHINGTON (1924) except that sodium and calcium were lower due to the aqueous
environment.

PorpervaarT (1955) has provided quantitative estimates of the volumes and
composition of the various major geological divisions of the crust. His average
composition of the continental shield, and young folded belt regions, which to-
gether comprise the continental crust is given in Table 1, column 4. ViNoGRADOV
(1962) has given the most recent estimate and his calculation of the abundances of
the major elements in the continental crust is given in Table 1, column 3. He used
a ratio of two parts felsic to one part basic rock.

For reasons discussed in the next section, abundances based on a mixture of
equal proportions of basaltic and granitic data have been adopted in this paper.
The data given in Table 1, column 5 are based on this procedure. They are very
close to the values of POLDERVAART (1955).

General abundance tables

CLARKE and WasHINGTON (1924, Table 11) gave a comprehensive table of the
abundance of the chemical elements in igneous rocks. Except for the major
elements noted above, the main result was to demonstrate the paucity of knowledge
about therarer elements. GoLDSCHMIDT (1937) presented the first modern compilation
of trace elements abundances in igneous rocks. This table has been the basis for all
subsequent attempts. RaNkama and Sasama (1950, Table 2.3), FLEISCHER (1953),
GoLpscEMIDT (1954), RaNkaMA (1954, Table 9.1) and Masox (1958, Table 9)
published revisions of this basic table. AHRENs and Tavror (1961, Table 8.2)
gave a further revision, with references, using, where available, data from granite
and basaltin a 2:1 weight ratio. ViNocraDOV (1956), GREEN (1959) and TUREKIAN
and WEDEPOHL (1961) provided valuable compilations of the abundance of the
elements in common rock types. VINoGrRADOV (1962) revised his earlier table and
gave a compilation of abundances in the continental crust, based on a 2:1 weight
ratio of felsic to basic rock abundances.

3. SIGNIFICANCE OF RARE EARTH ABUNDANCE DATA

HaskiNn and GEHL (1962) have provided determinations of the rare earth
elements in several sedimentary rocks, including shales, sandstones and limestones.
The relative abundance patterns for the rare earths were similar, with minor
exceptions, for these varied sediments. The relative abundances were also similar
to those observed for three composite shale samples by Mixamr (1935). Different
relative patterns are observed in chondrites, basaltic and granitic rocks. These are
shown in Fig. 1. For simplicity, only the patterns for the rare earths of odd atomic
number are given. Similar patterns are observed for the even numbered rare
earths. The abundance data are normalised to La = 1-00 (weight ratio) and are
plotted against the elements arranged in order of decreasing ionic radii (AERENS,
1952). Several conclusions, significant for crustal abundance studies, follow from
a study of these patterns.

(1) The occurrence of similar relative abundances in sedimentary rocks of
diverse origin and of differing ages indicates that no significant fractionation of
rare earths occurs during sedimentary processes.
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(2) The uniformity of the sedimentary patterns indicates both large scale
sampling and thorough mixing of the distinctly different igneous patterns.

(3) The uniform patterns indicate that sampling is on a large enough scale to
assume that the sedimentary rare earth pattern gives the relative abundances of
the rare earth elements in the crust exposed to weathering.

(4) It is accordingly possible, in principle, to compute the contributions to the
relative abundances of the rare earths in sedimentary rocks from those in igneous
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Fig. 1. The abundances of the rare earth elements of odd atomic number, nor-

malized to La = 1-00 (weight ratio), in basic, acid and sedimentary rocks {data

from Table 2) and in chondrites (ScEMITT ¢f al., 1963). The elements are arranged

in order of decreasing ionic radius (values from AErENs, 1952), which is also the
order of increasing atomic number.

rocks. The major contribution will be from basic and acid igneous rocks (BaRTH,
1962). For the present purpose, the basalt and granite rare earth abundance
patterns can be used in this way to provide the ratio of basalt to granite in the
continental crust.

Several difficulties emerge at this stage.

(1) There are few data on which to establish typical or average rare earth
abundance patterns in granite or basalts.
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(2) The variations seen in rare earth abundances in individual basalts and
granites mean that a large number of analyses will probably be required to
firmly establish averages (FREY and Haskix, 1964; ScHMITT ef al., 1963; HASKIN
and GEHL, 1963; GavriLova and TURANSKAYA, 1958).

(3) Some basalts from the mid-Atlantic ridge and the Experimental Mohole
have a chondritic rare earth abundance pattern (Frey and Haskin, 1964). These
may not be restricted to the oceanic crust (TAYLOR, 1962) but are unlikely to be
quantitatively important in the continental crust (see below).

Despite these difficulties, it is worthwhile to make a preliminary calculation
since the method appears to be valid in principle. It is hoped that such an attempt
will encourage more determinations of the rare earths in common crustal rocks.
The need for a table of element abundances in the crust, as stated in the intro-
duction, is a further reason.

Accordingly, a preliminary calculation has been made. The average rare earth
abundance pattern in granites has been derived from the data given for the
Kirovograd granite (GavriLova and TUurRANSKAYA, 1958) and the standard granite,
G-1 (Haskin and GEHL, 1963).

The average rare earth abundance pattern for basic rocks has been derived
from the data for Kilauea-iki basalt (ScHMITT ef al., 1963) and the standard
diabase, W-1 (Haskix and GeHL, 1963). The data from the mid-Atlantic ridge,
and the Experimental Mohole basalts, which possess chondritic rare earth
abundance patterns (Frey and Haskin, 1964) have been excluded, since the
chondritic rare earth pattern does not seem to be typical of the upper mantle and
crust (SCHMITT et al., 1963). Calculations based on a chondritic rare earth pattern
for basalts require a ratio of five basalt to one granite to give the sedimentary rare
earth pattern. This estimate seems to be at variance with the major element data.
The weighting to be given to these basalts is uncertain and possibly they are
balanced by more fractionated basalts.

Using the adopted averages, Table 2 gives the results of the calculations.
The first three columns give respectively sedimentary, basic and acidic rock rare
earth abundance patterns, normalized to La = 1-00 (weight ratio). In columns 4
and 5, the basic and acidic patterns are divided by the sedimentary pattern.

The ratio of basic to acidic rare earth abundance patterns required to give the
sedimentary pattern is given by

x basic rock pattern -+ y acidic rock pattern = sedimentary
pattern

or x basic rock pattern ¥ acidic rock pattern 1-00

sedimentary pattern = sedimentary pattern

Preliminary calculations indicated that x and y were commonly both about 0-5.
Column 6 in Table 2 gives the result for ¥ = y = 0-5 for the various elements.
The average value for the sum is 1-03 with a relative deviation of +219%,. This
result is shown graphically in Fig. 2. (Europium is excluded from the calculation
because of the ease of reduction to Eu?+.) Allowing for the paucity of data, and a
precision of about 459, in the analytical data, a mixture of equal parts of the
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Table 2. Calculation of ratio of basic to acid igneous rock rare earth patterns to
give sedimentary rock rare earth pattern. All data normalized to La = 1-00
(weight ratio)

1 2 3 4 5 6
57 La 1-00 1-00 1-00 1-00 1-00 1-00
58 Ce 2-0 2-73 1-58 1-37 0-79 1-08
59 Pr 0-27 0-35 0-20 1-28 0-72 1-00
60 Nd 0-90 1-47 0-62 1-63 0-69 1-16
61 Pm — — — —_ — —
62 Sm 0-20 0-36 0-10 1-78 0-52 1-15
63 Eu 0-040 0-10 0-0094 2-50 0-27 1-39¢
64 Gd 0-18 0-39 0-057 2-17 0-32 1-25
65 Tb 0-030 0-060 0-0030 1-98 0-10 1-04
66 Dy 0-12 0-30 0-018 2-50 0-15 1-33
67 Ho 0-040 0-081 0-0034 2-02 0-084 1-05
68 Er 0-090 0-18 0-0090 1-95 0-10 1-02
69 Tm 0-016 0-023 0-0016 1-94 0-10 1-:02
70 Yhb 0-10 0-13 0-0035 1-30 0-035 0-68
71 Lu 0-017 0-021 0-0008 1-25 0-050 0-65
1-03 av.@

8 Eu is excluded from average because of possible reduction to Eu?t.

1. Average rare earth sedimentary rock pattern (Haskin and GeHL, 1962). Ce

value is based on comparison with Minamr’s (1935) data. The Dy value is cale-
ulated assuming a straight line relation for Gd—-Dy-Er.

2. Average basic rock pattern. Average of W-1 values (Hasxix and GeHL, 1963)
and Kilauea-iki (SCEMITT ¢t al., 1963a).

3. Average acidic rock pattern. Average of G-1 (HaskiN and GeHL, 1963) and
Kirovograd granite (GaveiLova and TURANSEAYA, 1958).

4. Average basic pattern (col. 2) divided by average sedimentary pattern (col. 1).

5. Average acidic pattern (col. 3) divided by average sedimentary pattern (col. 1).

6. Addition of 0-5 X col. 4 and 0-5 x col. 5.

basic and acidic rock rare earth patterns gives a good approximation to the
relative abundances of rare earths in sedimentary rocks. From the considerations
given above, this provides the ratio of basic to acidic rocks in the crust exposed
to weathering. This study indicates that the composition of the continental crust can
be represented by a mixture of equal quantities of basic and acidic rock.

This result may be checked against other estimates. This is carried out for the
major elements in Table 1, where column 5 gives the average composition resulting
from a 1:1 mixture of basic and acidic rocks. The values obtained are very close
to the other estimates, in particular to PoLpERVAART (1955) and CLARKE and
WasHINGTON (1924). The fact that the calculations based on the rare earth model
are not significantly different from previous estimates based on different premises
is an indication of the validity of the method employed here.

4. CONTINENTAL CRUSTAL ELEMENT ABUNDANCES

The general agreement of the present estimate for the major elements with
previous ones has encouraged the preparation of a table of abundances for as
many elements as possible. The data are given in Table 3, together with the
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average abundances of elements in basalt and granite which were used for the
calculation of the crustal values. A reference is given for each value and a list of
these is given following the table. Full details are given in the list of references at
the end of the paper. An attempt has been made to survey the current literature
to December 1963. The abundances of several elements given here differ from
previous estimates and call for comment.
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Fig. 2. Plots of lanthanum normalised basic and acidic rock distribution patterns

divided by the sedimentary rock distribution. The abundance pattern resulting

from addition of 0-5 X basic rock + 0'5 x acidic rock pattern is shown. This line

should be compared with the horizontal line representing the sedimentary rock
abundances.

. Lithtum. The value of 20 ppm is much lower than previous estimates of 32

ppm (AHRENS and TavLor, 1961). This is due to the lowering of the basalt
and granite averages by HEIER and Apawms (1964).

. Berylliwum. The work of Brus (1956, 1961) indicates a granite average of

5 ppm, changing the crustal abundance to 2:8 ppm from 2 ppm (AHRENS and
TAaYLOR, 1961).

. Boron. The data of HARDER (1959a,b) and SaiMa (1963) have changed the

crustal abundance to 10 ppm from earlier estimates of 3 ppm (AHRENS and
TaYLOR, 1961).

Sulphur. The data of RICKE (1960) have reduced the estimate by about one-
half.

Scandium. The granitic average is based on the geometric mean of 45 granites
(KoLBE, 1964).

Nickel. New values by TUurREKIaN (1963) and TUREKIAN and CArr (1960)
have revised the abundances in basalt and granite. Because nickel is concen-
trated in basic rocks, the crustal abundance is particularly sensitive to the
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Table 3. Abundance of chemical elements in the continental crust, together with
basalt and granite averages

Atomic Crustal Basalt Granite
number Element average average Reference  average Reference
1 H —
2 He —
3 Li 20 ppm 10 (1) 30 (1)
4 Be 2-8 ppm 0-5 (2) 5 (2)
5 B 10 ppm 5 (3) 15 (4)
6 C 200 ppm 100 (3) 300 (5)
7 N 20 ppm 20 (6) 20 (6)
8 0 46-4 %
9 F 625 prm 400 (6) 850 (6)
10 Ne —
11 Na 2-36 % 1-94 (5) 277 (5)
12 Mg 2-33 o 45 (5) 0-16 (M
13 Al 8-23 % 8:76 (5) 7-70 (5)
14 Si 28-15 % 24.0 (5) 323 (5)
15 P 1050 ppm 1400 (5) 700 (5)
16 S 260 Ppm 250 (8) 270 (8)
17 l 130 ppm 60 (6) 200 (6)
18 A —
19 K 209 o 0-83 (5) 3-34 (5)
20 Ca 415 % 6-72 (5) 1-58 (5)
21 Se 22 ppm 38 (9) 5 (10)
22 Ti 0-57 A 0-90 (5) 0-23 (5)
23 v 135 ppm 250 (6) 20 (10)
24 Cr 100 ppm 200 (5) 4 (11)
25 Mn 950 ppm 1500 (6) 400 (6)
26 Fe 563 o 8-56 (5) 270 (5)
27 Co 25 ppm 48 (12) 1 (12)
28 Ni 75 ppm 150 (13, 14) 0-5 (15)
29 Cu 55 Ppm 100 (5) 10 (6)
30 Zn 70 ppm 100 (16) 40 (8)
31 Ga 15 ppm 12 (17) 18 (17)
32 Ge 15 ppm 1-5 (5) 15 (5)
33 As 18 ppm 2 (6) 15 (6)
34 Se 0-05 ppm 0-05 (6) 0-05 (6)
35 Br 2-5 ppm 3-6 (6) 1-3 (6)
36 Kr —
37 Rb 90 ppm 30 (1, 18) 150 (1, 18)
38 Sr 375 ppm 465 (19) 285 (19)
39 Y 33 ppm 25 (20) 40 (6)
40 Zr 165 ppm 150 (21) 180 (6)
41 Nb 20 ppm 20 (6) 20 (6)
42 Mo 15 ppm 1 (22, 23, 24) 2 (22, 23, 24)
43 Te —
44 Ru —
45 Rh —
46 Pd —
47 Ag 0-07 ppm 0-1 (6) 0-04 (6)
48 cd 0-2 ppm 0-2 (25, 26) 0-2 (25, 26)

49 In 01 ppm 0-1 (27) 01 (27)
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Table 3 cont.

Atomic Crustal Basalt Granite

number Element average average  Reference  average Reference
50 Sn 2 ppm 1 (28) 3 (28)
51 Sb 0-2 ppm 02 (6) 0-2 (6)
52 Te —
53 I -5 ppm 05 (6) 0-5 (6)
54 Xe —
55 Cs 3 ppm 1 (1, 29) 5 (1)
56 Ba 425 ppm 250 (13, 30) 600 (19, 30)
57 La 30 ppm 10 (31, 32) 40 (10, 31, 32)
58 Ce 60 ppm
59 Pr 82 Ppm
60 Nd 28 ppm
61 Pm — pPpm
62 Sm 6-0 ppm
63 Eu 1-2 ppm
64 Gd 54 ppm
65 Tb 0-9 ppm
66 Dy 30 ppm
67 Ho 1-2 ppm
68 Er 2-8 ppm
69 Tm 0-48 pPpm
70 Yb 3-0 ppm
71 Lu 0-50 ppm
72 Hf 3 ppm 2 (33) 4 (34)
73 Ta 2 ppm 0-5 (5) 35 (5)
74 W 15 ppm 1 (6) 2 (6)
75 Re —
76 Os —
71 Ir —
78 Pt —
79 Au 0:004 ppm 0-004 (6) 0-004 (6)
80 Hg 0-08 ppm 0-08 (6) 0-08 (6)
81 Tl 045 ppm 0-10 (26) 075 (26)
82 Pb 12-5 pPpPm 5 (6) 20 (6)
83 Bi 017 pPpm 015 (26) 0-18 (26)
84 Po —
85 At —
86 Rn —
87 Fr —
88 Ra —
89 Ac —
90 Th 96 ppm 2-2 (35) 17 (36)
91 Pa —
92 U 27 ppm 0-6 (35) 4-8 (36)

1. HRIER and ADAMS (1964). 2. BEUS (1956, 1961). 3. SHiMA (1963). 4. HARDER (1959 a, b). 5. VINOGRADOV (1962).
8. TUREKIAN and WEDEPOHL (1961). 7. BARTH (1962). 8. RICKE (1960). 9. FRYKLUND and FLEISCHER (1963). 10. Average
of 45 granites. KOLBE (1964), 11. CARR and TUREKIAN (1962). 12. CARR and TUREKIAN (1961). 13. NOCROLDS and ALLEN
(1956). 14. TUREKIAN (1963). 15. TUREKIAN and CARR (1960). 16. RADER efal.(1963). 17. BURTON et al. (1959). 18. Based
on K/Rb ratio of 270 for basalt and 220 for granite. 19. TOREKIAN and KULP (1956). 20. HASKIN and GEHL (1963). 21.
CHAO and FLEISCHER (1960). 22, TSHIMORI (1951). 23. KURODA and SANDELL (1954). 24." VINOGRADOV ef al. (1958). 25.
VINCENT and BILEFIELD (1960). 26. BROOKS and AHRENS (1961). 27. SHAW (1957). 28. ONISHI and SANDELL (1957). 29.
Based on K/Cs ratio of 7500 in basalt. 30. GAST (1960). 31. HASKIN and GEHL (1962). 32. Absolute rare earth abundances
in basalts and granites are uncertain at present and require more data. A tentative figure of 30 ppm for La is suggested, and
the other rare earth abundances are computed on this basis using the sedimentary abundance pattern. 33. Based on Zr/Hf
ratio tnf 75. 34. Based on ZrfHf ratio of 45. 35. HEIER and CARTER (1963). 36. HEIER and ROGERS (1963). Average of 750
granites,

G.C.A. Vol.28/8 E
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basalt: granite ratio, and the value of 75 ppm is about double the earlier
estimate.

31. Gallium. The data of BUrTON ef al. (1959) have lowered the average in basic
rocks, resulting in a decrease in the crustal average from 19 ppm (AHRENS and
TAYLOR, 1961) to 15 ppm.

37. Rubidium. The new average of 90 ppm is derived from the survey of HEIER
and Apawms (1964) and is lower than the previous value of 120 ppm due to the
lowered value of potassium. The rubidium:strontium ratio is 0-24.

55. Cesium. The survey of HEIER and Apams (1964) has been used to provide the
granite average. For basalts, a K/Cs ratio of 7500 has been used to calculate
the abundance (AHREXS et al., 1960). The crustal average of 3 ppm is lower
than the 5 ppm adopted by AHRENS and TayLor (1961).

56. Barium. The crustal abundance of barium is uncertain due to the lack of a
modern survey of the geochemistry of this important element. Gast (1960)
reports an average of 620 ppm for two composite granite samples. KOLBE
(1964) finds a geometric mean of 600 ppm for 45 granites and this value is
adopted here. The average of 250 ppm Ba for basalts is obtained by averaging
the values of Gast (1960) for three composite samples, and that of NockoLps
and ALLEN (1956). The crustal average of 425 ppm is considerably lower than
previous estimates. This is sensitively dependent on the granite average and
the granite: basalt ratio adopted.

57-71. The rare earths. It is difficult to decide on absolute rare earth abundances
in basalt and granite because of the paucity of data. However, for crustal
averages, it is only necessary to determine the abundance of one element and
the abundances of the others may be derived by calculation from the relative
abundances in sedimentary rocks. A value of 10 ppm La has been selected as
the basalt average (ScuMITT ef al., 1963; HaskiN and Genr, 1963). KoLBE
(1964) obtains an average of 45 ppm La for 45 granites. The data were
obtained by emission spectrography, employing G-1 and W-1 as standards
with the values reported by Haskin and GEHL (1963). TUrREKIAN and
WEDEPOHL (1961) report an older average of 55 ppm. A value of 50 ppm La
has been selected as the granite average. A value of 30 ppm La results for the
continental crust, and the remaining rare earths are calculated from the
sedimentary rock abundance patterns on this basis.

72. Hafniwm and Zr|Hf ratios. More data are needed for hafnium in common rock
types. The present values are calculated on the basis of the Zr/Hf ratio in
zircons. KOSTERIN ef al. (1958) and other workers report a fall in the Zr/Hf
ratio in zircons from about 75 in basic rocks to 45 in granites. These ratios
are used to calculate hafnium abundances. For comparison, the Zr/Hf ratio
in chondrites is 175 (EEMANN and SETSER, 1963).

81, 83. Thallium and bismuth. Data are from Brooks and AHRENS (1960). There
is still some uncertainty about the absolute value for, bismuth.

90, 92, Thorium and uranium. The data for basic rocks are from an extensive
survey by HEIER and CARTER (1963). The granite average for thorium is
based on the geometric mean of Th abundances in 166 granitic rocks. The
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uranium average is based on the geometric mean of U abundances in 750
granitic rocks (HEIER and RoGERs, 1963).
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