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Recalculation of 506 analyses of allanites and 53 analyses of epidotes has con-
firmed that these minerals preferentially concentrate the light lanthanides, but that
the relative concentrations vary considerably with variation of the host rocks, with
increasing concentrations of the light lanthanides in allanite from granitic pegma-
tites to granites to granodiorites to carbonatites to alkalic rocks to alkalic pegma-
tites. The status of the series allanite — allanite — (Y) and the possibility of the
existence of allanite — (La) are discussed briefly.
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Introduction

This paper is dedicated to the memory of my
friend Thure G. Sahama. Appropriately, the
subject is an aspect of mineralogy and geo-
chemistry in which he was a pioneering in-
vestigator (Sahama and Viahéitalo 1939, 1941;
Sahama 1945), as he was in so many others.

Allanite and epidote were long ago recognized
as concentrators of the light lanthanides (»Ce-
rich») (Goldschmidt and Thomassen 1924;
Semenov 1963; Fleischer 1965). The variation in
relative abundances of the lanthanides in al-
lanite was recognized by Murata ef al. (1957)
and its relation to the calcium content of host
rocks was proved by Lee and Bastron (1967).
Many new analyses have been published in

recent years, especially in the U.S.S.R., and it
seemed worthwhile to summarize the available
data on the distribution of the lanthanides and
yttrium in these minerals* and to compare these
data with those for other minerals.

Chemistry of allanite

Table 1 gives averages and Table 2 gives
ranges of composition for allanites from 6 types
of rocks; available data are insufficient for
meaningful averages for samples from other
types of rocks. Table 3 gives averages and
ranges of composition for epidotes from 3 types

* Analyses of 506 allanites and 53 epidotes, recalculated
to atomic percentages, will be listed in a U.S. Geol. Survey
Open-File Report, to be published.
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Table 1. Average content of lanthanides and yttrium in allanites, atomic per cent.

1 2. 3. 4. 5. 6.
La 22.2 25.3 29.3 32.4 33.3 34.9
Ce 43.2 48.1 48.4 49.5 49.6 50.8
Pr 5.7 5.0 4.3 4.1 4.3 3.8
Nd 15.9 15.4 13.5 12.1 11.1 9.1
Sm 4.1 2.4 1.8 0.9 0.7 0.6
Eu 0.2 0.1 — 0.1 — —_
Gd 3.8 1.3 2.0 0.3 0.2 0.3
Tb 0.4 0.1 0.1 — — —
Dy 2.1 1.2 0.3 0.3 0.4 0.2
Ho 0.3 0.3 — — — 0.1
Er 0.9 0.3 0.3 0.1 0.1 0.1
Tm 0.1 — — — — —
Yb 0.9 0.4 0.1 0.2 0.2 0.1
Lu 0.2 0.1 — — — —_
Y/(Y + Ln) x 100 9.6) (6.8) 2.2) (—) 0.3) (1.1)
no. of analyses 114 139 29 11 13 24
Z=La+Ce+Pr i | 78.4 81.9 86.0 87.2 89.5
La-Nd 87.0 93.8 95.4 98.1 98.3 98.6
Sm-Ho 10.9 5.4 4.5 1.6 1.4 1.2,
Er-Lu 2.1 0.8 0.1 0.3 0.3 0.2
RE,O;, % 19.5 22.6 20.1 23.9 20.6 22.2
La/Nd 1.39 1.59 2.18 2.68 3.00 3.82

1. Average of 114 from granite pegmatites; 2. Average of 139 from granites; 3. Average of 29 from granodiorites; 4.
Average of 11 from carbonatites; 5. Average of 13 from alkalic rocks; 6. Average of 24 from alkalic pegmatites.

Table 2. Ranges of composition of allanites, atomic per cent. Numbers same as in Table 1.

1 2 3 4 5 6

La 1.5 —43.2 3.5 — 339 9.1 — 452 183 — 39.3 223 — 413 222 —39.4
Ce 2.4 —59.6 3.5 — 69.2  33.6 — 56.5 417 — 542 459 — 539 359 —53.5
Pr 0.2 —14.8 0 — 129 0 — 101 32— 54 26— 84 2.0 — 6.4
Nd 0.4 —35.2 92 —27.1 42 — 314 83 — 187 47 — 20.9 5i8 =1
Sm 1.2 —2556 0 —258% 0 =— 8. 0 — 31 0 — 26 0 — 25
Eu 0 =26 0 — 47 0 — 02 0 — 06 0 — 0. 0 = 15
Gd 0 —29.0 0 =128 0 = 55 0. — 1.7 0 — 09 0 =12
Tb 0 — 42 0 = 19 0 = 05 0 — 03 0 — 0.1 0 — 02
Dy 0 —283 0 —184 O — 20 O — 22 0 — L5 0 — 2
Ho 0 — 85 0 —181 0 — 0.3 0 — 02 0 — 03 0 — 1.9
Er 0 —22.0 0 — 121 0 — 11 0 — 15 0 — 06 0 — 1.4
Tm 0 —35 0 — 124 0 — 0.1 — 0 — 0.1 —
Yb 0 —25.1 0 —280 0 — 10 0 — 13 0 — 13 0 — 1.6
Lu 0 — 5.1 0 —172 0 — 0.1 — 0 — 02 0 —o0.1
Y/(Y +Ln) x 100 0.2 —64.1 (0.1 — 33.6) (0.1 — 5.9) == © — 04 (O — 5.7

=La+Ce+Pr 4.1 —93.1 7.0 —100.0  65.4 — 940  72.0 — 95.8 76.3 — 99.8  74.8 —93.2
La-Nd 4.5 —99.7 7.0 —100.0  86.2 —100.0  89.0 —100.0  95.9 —100.0  94.9 —99.9
Sm-Ho 0 —8.i 0 —415 0 — i85 0 — 78 0 — 3.9 0.1 — 4.6
Er —Lu 0 —55.7 0 —515 0 — 21 0 — 32 0 — 22 0 — 3.0
RE,O, 102 —38.3  10.0 — 383 11.6 — 31.1  18.0 — 263 19.1 — 222  19.3 —27.5

La/Nd 0.30— 6.81 0.50— 8.90 0.46— 6.67 1.08— 4.17 1.19— 8.09 1.53— 6.60
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Table 3. Average content of lanthanides and yttrium in epidotes, atomic per cent, and ranges of content.

1. 2. 3; ) B8 2 3.

La 18.7 18.1 24.2 2.7 —29.8 3.8 —28.6 22.2 —28.1
Ge 27.2 38.6 46.8 8.9 —47.1 9.3 —63.9 43.7 —51.9
Pr 2.5 5.1 4.9 1.1 — 5.3 0.7 — 8.0 0o — 78
Nd 12.0 17.3 19.6 2.7 —16.8 4.5 —27.6 14.2 —23.6
Sm 4.2 3.9 2.9 2.1 — 8.2 1.1 — 9.7 0 — 89
Eu 0.3 0.4 0.1 0 — 1.1 0 — 1.0 0 —04
Gd 5.1 4.6 0.4 23 — 7.2 0 —26.3 0o — 19
Tb 0.7 0.7 - 0o — 1.0 0 — 34 0 — 0.1
Dy 7.0 3.6 0.1 0.2 —13.7 0 —209 0 — 0.5
Ho 1.4 0.6 — 0.1 — 3.9 0 — 39 0 — 0.1
Er 11.7 2.6 — 0 —299 0 —19.0 0 — 0.2
Tm 1.6 0.5 — 0 — 47 0 — 1.3 —_ = —
Yb 6.4 3.5 0.8 0.3 —18.5 0 —49.5 02 — 24
Lu 1.2 0.5 — 0 — 3.7 0 — 7.6 — — —
Y/(Y +Ln)x 100 (34.9) (28.1) (10.1) (1.0 —62.2) (0.3 —68.3) (3.1 —14.6)
Method — — —

Y =La+Ce+Pr 48.4 61.8 76.0 12.7 —78.0 13.8 —81.6 72.5 —79.3
La-Nd 60.4 79.1 95.7 15.4 —94.8 22.0 —98.2 95.1 —97.6
Sm-Ho 18.7 13.8 3.5 4.9 —27.8 1.8 —51.4 0 — 89
Er-Lu 20.9 7 | 0.8 0.3 —56.8 0 —66.2 02 — 24
RE,O, — 2:57 1.03 0.07— 7.30 0.29— 3.46
La/Nd 1.40 1.05 1.31 1.00— 1.76 0.32— 2.04 0.92— 1.99

1. Average of 3 from granite pegmatites; 2. Average of 22 from granites; 3. Average of 5 from gneisses

Table 4. Previous estimates of average composition of allanites (nos. 1—6) and of epidotes (nos. 7—9), atomic per cent.

1. 5, 3. 4. 5. 6. 7. 8. 9.
La 25.1 26.4 29.2 22.4 2.9 27.5 15.3 15.9 16.2
Ce 493 50.4 61.4 60.0 5.4 46.4 35.3 36.6 38.4
Pr 4.6 5.2 — — 0.9 4.8 4.5 5.3 5.5
Nd 16.3 15.3 9.4 17.6 3.9 15.1 12.7 16.9 16.7
Sm 1.9 1.3 = = 7.9 2.3 6.0 4.3 4.7
Eu 0.1 0.1 = - 0.9 = 0.3 0.5 0.5
Gd 1.4 0.4 e = 27.3 1.7 Che 4.8 5.4
Tb 0.1 0.1 - — 4.0 0.1 55 0.8 0.9
Dy 0.5 0.5 - — 24.5 1.0 6.1 3.3 4.6
Ho — — —_ — 3.8 0.2 0.6 0.8 1.0
Er 0.3 0.1 = = 8.0 0.4 3.8 2.6 3.2
Tm 0.1 — — — 1.1 — 1.3 0.3 0.3
Yb 0.3 0.2 — = 7.8 0.5 4.9 6.9 2.4
Lu — — — — 1.6 — 1.0 1.0 0.2
Y/(Y+Ln)x100  — o (1.6) — = = = = =
Method = = XF XF = = = = =
L=La+Ce+Pr 79.0 82.0 90.6 82.4 9.2 78.7 55.1 57.8 60.1
La-Nd 95.3 97.3 100.0 100.0 13.1 93.8 67.8 74.7 76.8
Sm-Ho 4.0 2.4 - — 68.4 5.3 313 14.5 17.1
Er-Lu 0.7 0.3 — — 18.5 0.9 11.0 10.8 6.1
RE,O, — — - — - — — — —
La/Nd 1.54 1.73 3.11 1.27 0.74 1.82 1.21 0.98 0.97

(1—2). Lyakhovich and Balanova (1971); (1) av. of 14 from metasomatic granites, (2) av. of 22 from palingenic intrusive
granites; (3—4) Frondel (1964), (3) av. of 4 from granites; (4) av. of 24 from granitic pegmatites; (5—6) Mineev (1968),
(5) av. of 10 »yttro-orthites, presumably from granitic pegmatites; (6) av. of 58, provenance not stated, (7—8) Lyakhovich
and Balanova (1971), (7) av. of 2 from metasomatic granites, (8) av. of 15 from palingenic granites; (9) Mineev (1968),
av. of 10, provenance not stated.

XF =x-ray fluorescence
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of rocks; only the average of granites is based
on a sufficent number of analyses to be reason-
ably well established.

The data for allanite show that its content of
the light lanthanides increases progressively
from granitic pegmatite to granite to granodio-
rite to carbonatite to alkalic rocks to alkalic
pegmatites, in accord with previous data for
monazite, apatite, and titanite (Fleischer and
Altschuler 1969; Fleischer 1965, 1978). The
averages for allanite and monazite are similar;
those for epidote indicate less concentration of
the light lanthanides.

The ranges of concentration for each type of
rock, as shown in Tables 2 and 3, are much
wider for allanite and epidote than for mona-
zite, apatite, and titanite, making for greater
uncertainty in the correlation of composition
with paragenesis for allanite, and therefore les-
sening its value as a diagnostic mineral.

Table 4 quotes averages previously published
for the distribution of lanthanides and yttrium
in allanite and epidote. In the 55 analyses pub-
lished by Frondel (1964), only La, Ce, Nd, and
Y were determined, so that her values for T
(=La+ Ce+Pr) are probably too high; these
analyses were not included in the calculations
summarized in Table 1.

It would be interesting to compare the data
for allanite and epidote with those for the other
members of the epidote group: zoisite, clinozoi-
site, piemontite, and hancockite, especially the
latter two; no analyses have been published.

The literature contains many complete chemi-
cal analyses of samples, mostly from granitic
pegmatites, that correspond closely to normal
allanite in composition, except that yttrium pre-
dominates over any of the lanthanides. It has
generally been assumed that there is a con-
tinuous series from allanite (= allanite—(Ce))
to allanite—(Y) (called yttro-orthite in many
papers). The distribution of the lanthanides has
been determined for 9 such samples included in
Table 1 and for two others published by Fron-
del (1964).

A plot of X agains 100Y/(Y +Ln) does show
a more or less continuous variation, but there is
considerable scatter of points. The two samples
analyzed by Frondel (1964) calculate to £ =74.5
and 73.3, with 100Y/(Y + Ln)=58.5 and 59.4,
which are far removed from all other samples in
the plot. Most analyses with high Y show appre-
ciable amounts of the intermediate lanthanides,
especially Gd, Dy, and Er, which Frondel did
not determine, so that her values of £ may be
too high. She states that these two samples, re-
crystallized after heating for three days, gave x-
ray patterns somewhat different from that of al-
lanite, and might represent a new species.

Further work, especially x-ray study of hydro-
thermally synthesized La-, Ce-, and Y-rich al-
lanites, is highly desirable to settle this problem.

Does Allanite — (La) exist?

Among the 506 analyses of allanite consid-
ered in this paper, there are nine in which the
atomic per cent of La exceeds that of Ce and
one analysis in which they are equal. These are
listed in Table 5. It will be noted that nearly all
the samples are from granitic rocks or gneisses.
Comparison with Table 1 shows that in most al-
lanites from such rocks, the ratio La/Ce is
rather low. One is tempted to ascribe these re-

Table 5. Analyses of Allanite with La=or>Ce (At. Per
Cent).

La Ce Ratio Reference
La/Ce

L. 8.8 3.5 1.00 Putalova (1978), granite
2. 23.8 23.6 1.01 » »
3. 27.9 27.7 1.01 » »
4. 38.5 38.2 1.01 » granodiorite
5. 422 419 1.01 » granite
6. 45.6 452 1.01 » syenite
7. 46.2 41.0 1.13 Hugo (1961) granulite gneiss
8. 50.5 351 1.44 » » »
9. 452 42,7 1.06 Ghent (1972) quartz monzonite
10. 45.1 44.1 1.02 Jesus Ojeda and Mendoza A.

(1981), type of rock not given
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sults to analytical error or to error in transcrip-
tion of the data, but such an interpretation is
certainly unproved. For example, in the most
obvious case in Table 5, Putalova (1978) gives
six analyses of allanite, five from granites, one
from syenite, each of them with an abnormal
ratio La/Ce. On the other hand, the same paper
gives 10 analyses of titanite from granitic rocks
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