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DETERMINATION OF THORIUM IN THE PARTS PER MILLION RANGE IN ROCKS

By Harry Levine and Frank S. Grimaldi

ABSTRACT

A procedure is presented for the determination of thorlum in the
concentration range of 0.2 to 10 parts per million ThOgz in felsic or
mafic rocks, Thorium is extracted by mesityl oxide and purified by
iodate precipitation from nitric acid medium containing tartaric acid
and hydrogen peroxide., The thorium is determined spectrophotometrically

with thoron from meso-tartaric acid medium,

~ INTRODUCTION

Studies on the geochemistry of thorium require data on the thorium
content of various rocks, This paper presents a procedure that is useful
for determination of thorium in the range of 0.2 to 10 ppm thorium
dioxide in felsic and mafic rocks. Above 10 ppm thorium dioxide, advantage

may be taken of the simpler procedure of Grimaldi, Jenkins, and Fletcher

(1957).
PROCEDURE AND DISCUSSION

The main steps in the procedure involve decomposition of a 5-g sample
of rock, extraction of thorium nitrate with mesityl oxide, purification
of thorium by iodate precipitation from nitric acid medium containing
tartaric acid and hydrogen peroxide, and spectrophotometric determination

of thorium with thoron in meso-tartaric acid medium.



The mesityl oxide extraction of thorium nitrate was originally
introduced by:Levine and Grimaldi (1950, 195%) for macro amounts of thorium
and has also been used by others (Banks and Byrd, 1953; Banks, Klingman,
and Byrd, 1953). Maréchal-Cornil and Picciotto (1953) have shown that
thorium is quantitatively extracted in concentrations as low as 10”12 g
of thorium per ml of solution. The iodate separation of thorium as
described by Grimaldi and others (1957) is quantitative down to 1 microgram
of ThOz in 50-ml volume., The spectrophotometric determination of thorium
with thoron in meso-tartaric acid medium allows the determination of as
1little as 1 microgram of ThOp in a volume of 25 ml; details of this procedure
are given by Fletcher and others (1957). Only a few notes on the procedure
are given here,

Samples are decomposed with a mixture of HF-HNOs3, followed by several
evaporations with HNOs to decompose fluorides. Rocks containing appreciable
amounts of magnesium give large precipitates of MgF», and it may be
difficult to convert the insoluble fluorides to nitrates by nitric acid
alone, In such cases addition of no more than 1.5 g of boric acid in
increments of about 0.5 g along with the nitric acid materially hastens
the removal of fluoride. Ordinarily, complete decomposition of rocks is
obtained by this treatment, and it has not been necessary to collect any
undecomposed sample for solution by some other method such as a carbonate
fusion and éubsequent solution in nitric acid.

Some mafic rocks contain appreciable amounts of titanium which may
hydrolyze from solution on evaporation, especially with prolonged baking.
Such a hydrolytic precipitate can be filtered, ignited, and dissolved in HF.

Any thorium in the hydrolytic precipitate is recovered from the HF solution



as the insoluble ThF4 by using a carrier such as yttrium or lanthanum,
total carrier 15 mg, calculated as the oxide. If necessary the carrier
stock solution can be freed of thorium by the addition of ammonium
hydroxide (a small amount of Hs0p is helpful) until a small amount of
precipitate of rare-earth hydroxide plus thorium is formed. The residue
is filtered and rejected.

Thorium and rare-earth fluorides are filtered, ignited, and dissoclved
in HNOs and the solution added to the reserved main solution. Finally, a
solution containing 3,75 ml HNOs in a total volume of 25 ml is obtained.

After the addition and solution of 47.5-g Al(NOz)3*OH20 crystals as
a salting agent, the solution is extracted twice with mesityl oxide, once
with a 50-ml and then with a 25-ml portion. The aluminum nitrate is also
effective in dissolving any small amounts of insoluble fluorides not
decomposed by previous treatments.,

After washing the organic layer with three separate 40-ml portions of
aluminum nitrate wash solution (aluminum nitrate dissolved in 15+85 HNOgs
in the proportion of 9.5 g AL(NOs)s3+9H20 to 5 ml of the diluted HNOs) the
thorium nitrate is stripped from the organic solvent with two 45.m1
portions of water.

The aqueous solution is evaporated and the organic matter destroyed
with the aid of 10 ml HNOs and 2 ml HC1lO4. The perchloric acid is then
removed by heating on a sand bath at a temperature of 170o to 180O C.
After adding 6 ml of 1 + 1 HNOs to dissolve the residue, the iodate
separation and colorimetric estimation is made according to procedures
described by Fletcher and others (1957), and Grimaldi.and others (1957).
Blanks should be carried through the analysis. The blank with ordinary

reagent grade chemicals is about 0.5-microgram ThOz.



EXPERIMENTAL RESULTS

Table 1 illustrates the effectiveness of the fluoride separation of
microgram amounts of thorium when 15 mg of either Lag0sz or Y203 is used as
a carrier, The lodate separation was used to free thorium from the carrier,
and the determination of thorium was made spectrophotometrically with thoron,
Thus the recoveries include any errors introduced by the iodate separation
and colorimetric estimation.

Experiments on a 5-g sample of San Marcos gabbro from the southern
California batholith spiked with known amounts of thorium and carried
through the complete procedure gave excellent recoveries of the thorium
added, as shown in table 2,

The reproducibility of the results on a standard diabase W-1 and
granite G-1 (Fairbairn and others, 1951; Schlecht, 1951) are shown in table 3.
The first four represent separate determinations on each sample but run
at the same time, The excellent reproducibility for these is clearly
fortuitous., The next two determinations on each sample were made a month
later. Also shown are the results obtained by P. M. Hurley, Massachusetts
Institute of Technology (personal communication), by gamma-ray spectrometry.
Hurley states that the thorium content of W-1 was too low for a good gamma-
ray determination. In the range below 1 ppm, a greater scatter in results
was obtained. For example, the results of three determinations made on
different dates on the San Marcos gabbro were 0.3, 0.4, and 0.2 ppm ThOo.

Here variations in blank values exert a significant effect.



Table le.--Effectiveness of lanthanum or yttrium fluorides as
carriers for thorium fluoride (15 mg of each carrier used,
calculated as oxide).

Thorium added

Carrier L Thorium found Percent
(micrograms ThOs) (micrograms ThOg) recovered
Yttrium 3402 2.9 97
Yttrium 3.02 3,2 107
Yttrium 15.09 1.7 97
Yttrium 15.09 15.7 10k
Yttrium 30.18 29.8 99
Yttrium 503 500 99
Lanthanum 30.18 %0.5 101
Lanthanum 503 490 97

Table 2,--Recoveries of thorium added to gabbro.

ThOo added ThOp found 1/
(micrograms)  (ppm) (ppm)
2 0.k 0.4
3 0.6 0.6
5 1.0 1.0
10 2.0 2.0
25 5.0 4.5
30 6.0 5.8
50 10.0 9.8

1/ Thorium content of the gabbro, 0.3 ppm ThOz, was subtracted.



Table 3.--Reproducibility of results on standard diabase W-1 and

granite G-l.
ThOz (ppm)

Diabase W-1 Granite G-1
2.11/ 52 1/
2.11/ 52 1/
2.1 1/ 52 1/
2.1 1/ 52 1/
2.2 2/ 51.2/
2.3 2/ 51 2/
3.6 3/ 61 3/

}/ Run simultaneously.

2/ Rerun one month later.

3/ By gamma-ray spectrometry.

Technology (personal communication).

P. M. Hurley, Massachusetts Institute of

Table 4.--Comparison of spectrophotometric and mass spectrometric
results on two basalts.

Spectrophotometric .
Sample Weight of sample ThOz (ppm) Mass sgzgtr?metilc ;/
(g) 2 \rpm

Basalt of the Hualalai 3,00 3.9 1.8
volcanic series, Hawaii 0.80 4,2

Island, T. H.

(western branch of 1800

flow)
Snake River basalt 5.00 2.9 2.3

(1.8 mi north ‘of Shoshone, 1.00 3.2

Idaho on U. S, Highway 93)

E/ Analyst, George Tilton, Geophysical Laboratory, Carnegie Institution
of Washington (personal communication).
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The results on two basalts obtained from George Tilton, Geophysical
Laboratory, Carnegie Institution of Washington, and previously analyzed
by Tilton by an isotope dilution mass spectrometric procedure are compared
in table 4., The reason for the discrepancies between the two methods is
not definitely known. Tilton states that only single determinations were
made and that the basalt of the Hualalai volcanic series was not completely
decomposed in his procedure, much of the spinel being unattacked and
discarded.

Table 5 gives a comparison of thorium determinations by two methods on
Laramide intrusive rocks from the Front Range, Colorado. In the first
method, a 0,5-g sample is used and the mesityl oxide separation is omitted.
The second set was analyzed by the procedure of this report on 5-g samples,

Table 5.-=-Thorium determinations on Laramide intrusive rocks from
the Front Range, Colorado.

Szz?le Description Without mesityl oxigzog (ggiﬁ mesityl oxide
extraction 1/ extraction 2/
P 1181, Alkalic rhyolite 100, 107 105
P 370L Rhyolite 33, 36 33
P 5811, Alkalic rhyolite 213, 218 . 240
P 633L Alkalic rhyolite 75, 8k Th
P 9141, Syenodiorite 39, 37 27
P 640I, Granodiorite 17, 17 17

1/ Analyst, Marjorie Malloy, U. S. Geological Survey; method of
Fletcher and others, 1957, and Grimaldi and others, 1957.

E/ Method described in this report.
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This work is part of a program being conducted by the U. S. Geological
Survey on behalf of the Division of Research of the U, S. Atomic Energy

Commission.
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