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Abstract

Isotopic age measurements were made on three samples of
uraninite from Japan. Lead was determined by the isotope dilution
technique using a spike of stable lead. The results for two samples
give a discordant age pattern generally observed on many young
uraninites: Pb-207/Pb-206 age is higher than Pb-206/U-238 age.
Pb-207/U-235 age agrees with the Pb-206/U-238 age for three samples.
Tt is concluded that the Pb-206/U-238 age is the most probable and
that discordant ages result from uncertainties concerning the original
lead. All the minerals have approximately the same age, 100X10°
years.

Introduction

Age determination by the lead method has been investigated by
many researchers. In addition, several studies have been made in con-
nection with the age discordance problem, of which some interpretations
were presented on the basis of experiments in laboratories.

Most of the radioactive minerals subjected to these studies are more
than several hundreds million years old. The present work is concerned
with the age determination of young uraninites from Japan.

Description of samples

The uraninite from Yamaguchi mine together with the galena from
Tard mine were supplied by Dr. H. Imai. The uraninite occurred in a
copper mine of skarn type which was a metasomatic deposit near the
contact of Paleozoic formation with intruded granitic rocks. The size
of uraninite crystals average 0.04 mm. to 0.40 mm. in diameter and

1) H. Ima1, N. Sarro, S, HavasHI, K. SATO and Y. KaAWAcHI, J. Geol. Soc. Japan,
66 (1960), 405-409. ’
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pleochroic halo is distinctly observed in thin section.

The galena from Tard mine occurred in the ore formed in granitic
rocks, 5km. north-west of Tard machi, Iwate prefecture, Japan. It is
concluded that the galena has the same age as the granitic rocks related
to the formation of the Yamaguchi mine. Then, its isotopic composition
is assumed to be the same as the original lead in the uraninite.

The uraninite from Iisaka was collected by Dr. T. Iimori and Dr.
K. Kimura in a pegmatite, a part of Abukuma plateau granite-pegmatite
extended in north-east of Japanese Island.® It occurred in a rock body
near Iisaka machi, Fukushima prefecture, Japan. The crystals existed
as fine granules, 0.01 to 0.02 mm. in diameter, with co-genetic thorogum-
mites, yttrialites and fergusonites. These co-genetic radioactive minerals
were removed by elutriation and panning. The fine grains thus prepared
were subjected to X-ray powder analysis, which proved the sample
sufficiently pure for chemical analysis.

The uraninite from Masaki® was supplied by Mr. H. Inouye. The
uraninite occurred in a chlorite vein cutting one of the pegmatite bodies
formed in Masaki granitic rocks, 8 km. south of Tagawa City, Fukuoka
prefecture, Japan. The crystals, 0.05 to 0.1 mm. in diameter, occurring
in the vein were separated from co-genetic minerals by elutriation and
by means of an isodynamic separator.

Chemical and isotopic analysis

A powdered sample, whose purity was checked by X-ray diffraction
pattern, was weighed and then decomposed by heating with 6 N nitric
acid. The resulting solution was dried up and water containing a small
amount of hydrochloric acid was added. After the procedure was
repeated, the insoluble part was removed by a centrifuge and the solution
was subjected to analysis.

For the isotopic analysis, lead was prec1p1tated with hydrogen sulfide
from the 0.1 N hydrochloric acid solution and lead sulfide was dissolved
in nitric acid. When the amount of lead separated from the sample was
small (less than 1mg.), a large part of the nitric acid solution was
introduced into a specially designed vessel? and evaporated up. After
lead nitrate was converted into iodide with hydriodic acid, tetramethyl

2) T. Iimorl, Sci. Pap. I. P. C. R., 39 (1941), 208.

3) H. INOUYE and K. SATO, Jour. Japanese Ass. Min. Petr. Econ. Geologists, 46
(1961), 133-137. .

4) X. SATO and N. SAITO, Mass Spectroscopy (Japan), 15 (1960), 43-51.
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lead was synthesized in a vacuum system. Occasionally, lead iodide in
the vessel contains a small quantity of bismuth as an impurity. This
interferes with the isotopic analysis because ions of Bi-209 have the
same mass as that of *PbH+ ions; the interference can be eliminated
by the method using standard samples of lead as already reported.?

When a sufficient quantity of lead was available, lead was separated
from the sample solution as sulfate. Lead sulfate was dissolved in a
hot ammonium acetate solution containing acetic acid and converted into
lead sulfide by the use of hydrogen sulfide. Then, lead nitrate solution
was prepared, but for mass spectrometry lead iodide was precipitated
from the solution by 109 solution of potassium iodide. The precipitate
was separated by a centrifuge and suspended in pure water. The process
was repeated until lead samples of sufficient purity was obtained.

For the purpose of determining the lead content of minerals, the
solution of the mineral sample was mixed with a spike solution of lead
of known volume (containing 3.07 mg. Pb per 1ml.). Lead iodide was
prepared in the same way as in the case of the isotopic analysis. In
order to establish the isotopic exchange equilibrium between the species
in solution, the solution was heated and stirred for at least.two hours.
Only in the case of the uraninite from Yamaguchi mine, was lead
determined by the gravimetric method weighing lead as chromate and
sulfate, and no isotope dilution method was applied.

Thorium was determined according to the ordinary gravimetric
procedure. To the uraninite from lisaka pegmatite, the separation method
using anion exchange resin® was also applied. The result obtained was
nearly the same as that of the gravimetry.

Uranium was determined by the ordinary method weighing U,0,.

Analytical data and age

The results of the isotopic analysis of leads are summarized in
Table 1. It has been reported by Sakai and Satd that the isotopic
compositions of leads in lead ores in Japan fall within a narrow range
and the average value is nearly the same as the isotopic composition of
the recent lead of mormal type.” Since the chemical U-Pb ages of
Tisaka and Masaki uraninites are less than 110X 10° years, the isotopic
compositions of the original lead in these uraninites were assumed as

5) T. SEKINE and N. SArT0, Nature, 81 (1958), 1464-5.
6) H. SAKAI and K. SATO, Geochim. et Cosmochim. Acta, 15 (1958), 1-5.
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being the same as the average value for the common leads of Japan.
The isotopic composition of original lead in the Yamaguchi mine uraninite
was assumed to be the same as that of lead in the galena from Taré
mine as already mentioned.

The results of the chemical analyses and the ecalculated ages are
shown in Table 2. For each of the uraninites, the Pb-206/U-238 age is
consistent with the Pb-207/U-235 age within estimated errors. For
Yamaguchi uraninite, the Pb~207/Pb-206 age is higher than other ages.
The abundance of Pb-207 of lead in Masaki uraninite could not be
measured accurately so that it is difficult to estimate the Pb-207/Pb-206
age. It is also difficult to estimate the Pb—208/Th~232 ages for Yamaguchi
and Masaki uraninites because of uncertainties of the content of radio-
genic Pb-208. Four isotopic ages of Iisaka uraninite coincide with each
other within estimated errors.

Discussion

As seem from Table 2, the Pb-207/Pb-206 age of Yamaguchi uraninite
is extraordinarily higher than other ages and the Pb-207/Pb-206 age of
lisaka uraninite is somewhat higher than other ages. Even these
discordances have to be taken into account when minerals used for age
determination are young.

The type of age discordance varies with the different kinds of
minerals. When the age discordances obtained in this research are

Table 8. Original leads

| Total lead Original lead
Locality ! content content estimated

i (mg./g.) from Pb-204 (mg./g.)
Joachimstal® J 27.4 14.4
Masaki pegmatite i 10.45 <0.76
Iisaka pegmatite ‘ 9.59 0.192
Yamaguchi mine | 9.56 0.225
Colorado plateau® ‘ 13.4 9.73
Colorado plateau® 7.9 3.37
Marysvale, Utah® l 0.25 ca.0.14

discussed, the errors of isotopic analysis of lead and the uncertainty
concerning the original lead in the mineral have to be considered as
main factors. So far as the determination of isotopic composition and
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the mass spectrometric isotope dilution analysis are concerned, it is
generally said that errors have hardly any effect on the evaluation of
ages.” ‘

However, the available data supporting this statement are mainly
relating to samples containing an almost negligible amount of original
leads, having ages older than about 2x10° years. In the case of young
minerals, the situation differs from the above. It is extremely difficult
to estimate the amount of radiogenic leads of young minerals containing
original lead on account of the following circumstances.

1) When the content of radiogenic lead is compared with that of
original lead, the fraction of radiogenic lead is not so large as that of
lead in the old minerals. The error of measurement of Pb-204 and the
imperfect estimation of the ratios : Pb—207/Pb-204 and Pb-208/Pb-204 of
the original lead may affect the calculation of ages.

2) Even though the content of original lead is satisfactorily small,
the ratios ; Pb~207/Pb-206 and Pb-208/Pb-206 are, in general, extremely
small and even minute errors in the isotopic analysis make it difficult
to estimate the contents of radiogenic Pb—207 and Pb-208.

In Table 8 are shown the contents of original leads in the uraninites
investigated in this research and those of the comparatively young
uraninites reported by other investigators.

Kulp et al.? concluded that Pb-206/U-238 age is the most reliable
for young minerals. When the ages of three uraninites are compared

and ages of uraninites.

Isotope ratio Age in million years

Pb-204 Pb-207 Pb-208 Pb-206 Pb-207 Pb-207
Pb-206 Pb-206 Pb-206 U-238 U-235 Pb-206
0.010 0.216 : 0.42 179+3 197+15 425-+200
0.0011 0.053 0.044 11145 104423 —

0.0003 0.052 0.029 98+3 98+6 11578
0.00034 0.055 0.014 94+11 99+12 23575
0.022 0.87 0.84 55+2 58+10 220500
0.0087 0.18 0.34 51+1 56+5 2501-250
0.021 0.84 0.83 9.8+1.2 24+10 —

7y L.T. ALDRICH and G. W. WETHERILL, Ann. Rev. Nucl. Sei., 8 (1958), 257-298.
8) J.L. Kurp, G. L. BATE and B.J. GILETTI, Proc. Geol. Assoc. Canada, 7-11 (1955),
15-24.
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in Table 4 with the K-Ar or U-Pb ages reported by other investigators,
the data strongly suggest that Pb-206/U-238 ages are the most probable,
although the data in the Table 4 are scanty for establishing the true
ages for the respective rocks concerned. Japanese uraninites, however,
contain less original leads than the uraninites from other localities. The
content of original lead of lisaka uraninite is small and all lead ages

Table 4. Comparisons of U-Pb ages of radioactive minerals

with K-Ar ages of related rocks.

: ! Age in Mineral and
Rock Location million years method
Granitic rocks . uraninite,
Miyako-Taro. ’ Ya;;:}f]%uc}" : 94 isotopic U-Pb
district ; (this paper)
Pegmatite, Suisvo ! .1
uisyo-yama, yttrialite
ﬁgg;‘:lma Fukushima ' 131 chemieal ’U-Pb9’
Suishd-yama, 111 allanite,
Fukushima chemical U-Pbh?
Hayamadake, j 109 fergusonite
Fukushima ; chemical U-Pb?
Ishikawa, ; samarskite
Fukushima J 132, 123 chemical U,—Pb9’
Tisaka ' uraninite,
T i 98 isotopic U-Pb
Fukushima : (this paper)
Iisaka, ! 111 microcline perthite,
Fukushima ; isotopic K-Ario
Iisaka, biotite,
Fukushima : 112, 126 isotopic K-Art®
Diorite, Furudono ! biotite
1“)&122;:11“3' Fukushima 102 isotopi’c K-Arw
Orimatsu, 95 biotite,
Fukushima 0 isotopic K-Artn
Masaki Masaki, 9% uraninite,
pegmatite (a) Fukuoka chemical U-Pb12
Masaki Masaki uraninite,

. ’ 111 1 U-Pb
pegmatite (¢) Fukuoka ls%t?lri)s]cpaper)
Ko-toge Ko-toge I 102 uraninite,
pegmatite Fukuoka ' chemical U-Pb!2

9) A. Karo, Chikys Kagaku (in Japanese), 34 1957), 40.
10) H. NAGASAWA, Private communication,

11) J. MILLER, F. SHIDO, S. BANNO and S. UYEDA, Japan. Jour. Geol. Geogr., 32

(1961), 145-151.

12) K. KiMURA and T. ItMORI, J. Chem. Soc. Japan, Pure Chem. Sec., 58 (1937), 1135,
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roughly coincide with each other. The uraninite such as above is a good
specimen for age determination, because Pb-206/U-238 age can be
compared with other lead ages.

It can be seen in Table 3 that Pb-206/U-238 ages agree with Pb-
207/U-235 ages except for Marysvale uraninite. This shows that the
error of estimation of radiogenic Pb-207 does not affect the calculation
of Pb-207/U-235 age.

The Pb-207/Pb-206 ages are considerably higher than other ages.
For example, radon leakage in the past may be considered as a cause
of the discordances above.

On the mass spectrometry in this research, considerable error is
inevitable in the measurement of the abundance of Pb-204. On the
other hand, the most abundant Pb-206 seems to affect the experimental
result in such a way as to overestimate the Pb-204. As a result of
this, the radiogenic Pb-207 is underestimated and the age pattern:
Pb-206/U-238 age > Pb-207/U-235 age > Pb-207/Pb-206 age must be
observed. Consequently, very high Pb-207/Pb-206 age cannot be ex-
plained.

The most probable cause of the high Pbh-207/Pb-206 age is the
uncertainty of the isotopic composition of original lead, since the true
value of this is never known.

In conclusion, it is very likely that the Pb-206/U-238 ages obtained
for three uraninites of Japan are close to their true ages. It may be
concluded that uraninite is useful in determining ages of 100 million
years or less, provided that lead in the mineral contains Pb-204 of less
than 0.19. A high Pb-207/Pb-206 age of young uraninite is far from
being a true age. The age pattern: Pb-207/Pb—206 age > Pb-206/U-238
age generally observed on many young uraninites may be attributed to
the obscurity of the amount and isotopic composition of original lead in
the mineral.
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