JP9950

ANALOGUE STUDIES IN THE ALLIGATOR RIVERS REGION
— IN-SITU MEASUREMENT OF URANIUM SERIES

NUCLIDES WITH SHRIMP —

March 1999

Tetsushi NAGANO, Tsutomu SATO", Nobuyuki YANASE,
Hiroshi ISOBE", Toshihiko OHNUKI, Ian S. WILLIAMS",
Myint ZAW’, Timothy E. PAYNE" and Peter L. AIREY"

BEXERFHDH AP
Japan Atomic Energy Research Institute

JAERI-Research | MNNIIIMNIN oo

99-024



AL K= ME, ARG DHERPAERIZAH L T LR REE T,
ATomMA&LEE, AREFDFZEMFRERBMAERR (T319-1195  RILEIRFT
A T, BHLBLZS W, 2B, ZORMIMAEARETHLESEH
y— (F319-1195 KIFBIRF AR H ARR T AR M) THREIC XL 5 K EMA % B
o TBhEY,

This report is issued irregularly. ,
Inquiries about availability of the reports should bc addressed to Research Information
Division, Department of Intellectual Resources, Japan Atomic Energy Research Institute,

Tokai-mura, Naka-gun, Ibaraki-ken, 319-1195, Japan.

© Japan Atomic Encrgy Rescarch Institute, 1999
wiEFET  BARET RN




JAERI-Research 99-024

Analogue Studies in the Alligator Rivers Region
— In-situ Measurement of Uranium Series Nuclides with SHRIMP —

Tetsushi NAGANO, Tsutomu SATO", Nobuyuki YANASE,
Hiroshi ISOBE™, Toshihiko OHNUKI, Ian S. WILLIAMS™,
Myint ZAW™, Timothy E. PAYNE™ and Peter L. AIREY™

Department of Environmental Safety Research
Nuclear Safety Research Center
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received February 18, 1999)

The SHRIMP analyses have been conducted for rock samples from the Koongarra secondary ore
deposit to obtain activity ratios of 24U/?8U and isotopic ratios of 2’Pb/2%Pb and ***Pb/***Pb. Target
minerals for the analyses were iron minerals and kaolinite, which are the main weathering products
in this area. The activity ratios of 2*4U/?*®U were obtained based on counts at masses of uranium
metal. The 24U/%8U activity ratios based on counts of uranium oxides were not appropriate, because
count rates of 24U%0 were interfered by those of 2#U'2C molecule. The activity ratios of ?*U/?8U were
approximately unity for crystalline iron nodules. This fact suggested that the mean residence time of
uranium within the iron nodules was at least 1 million years. On the other hand, slightly higher
values than unity were obtained for kaolinite. Lead isotopes were investigated and a positive rela-
tionship was recognized between 2"Pb/2%Pb and 2Pb/**Pb isotope ratios.
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1. Introduction

In the vicinity of the Koongarra uranium deposit, uranium dissolved from the primary ore
has migrated to down-gradient by groundwater transport. Along the groundwater flow, a tongue-
like secondary ore deposit was produced within the weathering zone as a result of uptake of the
uranium by weathering products(l). The secondary ore body lies within 25 m from the ground
surface, and is referred as a dispersion fan. Among the weathering products of host rocks (quartz
chlorite-shcist), iron minerals, especially crystalline iron nodules(2), were found to play a key
role in retention of uranium in the secondary ore zone(3: 4). This uranium uptake is not only due
to adsorption on surface of iron minerals but also due to precipitation of uranium minerals with
iron minerals(2), which produces a high retention capacity in iron minerals.

One of the major objectives of natural analogue study is the validation of migration models
associated with assessment of geological disposal of radioactive wastes, by use of natural
analogue phenomena(5). The migration-retention process of uranium within the Koongarra
secondary deposit is a quite good example of such an analogous phenomenon, because the
process is considered to be plausible around the repository(6). In addition, the uranium content
of the secondary deposit is well above analytical detection 1imit(3). For the model validation,
information on the detailed chronology related to the redistribution of uranium are definitely
required as well as spatial distribution of uranium(7), mobilization or retention mechanisms of
uranium associated with geological media, and realistic values for parameters included in the
migration models(8. 9).

The Sm-Nd isotopic data and geological observation suggest that the Koongarra primary ore
deposit formed about 1550-1600 million years (My) ago(l). On the other hand, though the
geomorphological studies suggest that the dispersion fan is between one and six My 01d(10),
interpretation of the whole rock activity ratios of 24U/%8U as well as the migration equation
including the effect of transport by flowing groundwater and equilibrium sorption indicate that
the secondary ore deposit began to form about 1-3 My ago(1 1), The activity ratios of uranium
were, however, obtained from bulk rock samples, in which it is impossible to identify the

minerals of importance and their mechanistic role in U retention and radioactive disequilibrium.
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Selective extraction (SE) procedures are useful for separating and identifying the constituent
mineral phases, and have been applied to the study of U series radionuclides(12, 13), which are
usually measured by radiochemical techniques such as o-spectrometry. However, the use of SE
technique is lacking in information on the textural relationship between the phases because
crushing and dissolution of the sample are required.

Isotopic data for small areas, e.g. individual mineral phases within rock samples or different
positions within a grain, would be necessary to elucidate isotopic fractionation mechanisms of U
series radionuclides. Recently, secondary ion mass spectroscopy (SIMS) has been developed as a
micro-analytical techniques for isotopes in solids and applied to geological samples, and is
expected to be useful to confirm data obtained with the SE procedure. In this study, a Sensitive
High mass-Resolution Ion Micro Probe (SHRIMP), one of the most powerful instruments of
SIMS, has been applied to the weathered rock samples from the Koongarra deposit to obtain
isotopic composition of uranium series radionuclides. The final goal of this investigation is to
estimate the time scales associated with the migration and redistribution of uranium and uranium
series nuclides within the iron minerals. This work is crucial in quantifying the roles of iron
minerals in the retardation of actinides in sub-surface over geological time. The results will be
used to evaluate the migration models against the uranium distributions at Koongarra, and to
understand the fate of uranium at Koongarra.

This manuscript introduces the results of collaborative research activities conducted at
Australian National University (ANU) between Japan Atomic Energy Research Institute
(JAERI), Australian Nuclear Science & Technology Organisation (ANSTO) and the ANU
within the framework of ASARR (Analogue Studies in the Alligator Rivers Region) project.

Some of the results introduced here were already reported by Sato et al.(14),

2. Experimental

2.1. Sample description

Four Koongarra rock samples from different positions and two uraninite crystals have been

_2_
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analyzed in the present study. The Koongarra rock samples, three weathered rocks and one
uraninite, were collected from diamond-drill cores. The three weathered samples were located in
the dispersion fan with similar depth and different distances from the primary ore body, and
hence could provide information on the spatial distribution of the U-series radionuclides within
the dispersion fan. The three samples were therefore investigated in detail and termed DDH58-
78, DDH60-65 and DDH87-61, respectively (1) (See Figure 1).

The dispersion fan is composed of primary minerals and weathering products (such as
kaolinite and iron minerals). High uranium content was observed within the crystalline iron
mineral(3: 4). This phase had the particular morphological feature of nodule and was then
described as “iron nodule”(2). It is therefore thought that the crystalline iron nodules had played
a dominant roll in retention of uranium migration in the dispersion fan more strongly than any
other mineral phase. Based on polarized optical transmission micrographs, the iron nodules in
DDHS58-78 were classified into three phases, namely red nodule (referred to as RN), brown
nodule (BN) and yellow nodule (YN), which mineralogically corresponded to amorphous and
young, paracrystalline and middle aged, and crystalline and old aged phases, respectively.
Samples of DDH60-65 and DDH87-61 contained a primitive iron mineral, which was
considered to be a precursor phase of the iron nodules.

Besides the rock samples, standard minerals were required for calibration of peak positions
at the beginning of measurements. For this purpose, we obtained two uraninite samples
(Tanzanian uraninite and USA uraninite) from Nihon Chikagaku Sha Co. Analyzed phases are

listed in Table 1.

2.2. SHRIMP operation

Secondary ion mass spectroscopy (SIMS) is a technique for analyzing the chemical
(isotopic) composition of a solid surface by identifying secondary ions, ejected during primary
ion bombardment on the solid surface, with mass spectroscopy. The ability of the instrument to
focus the primary ion allows micro-isotopic analysis and provides spatial information of the
sample (15), Sensitive High mass-Resolution Ion Micro Probe (SHRIMP) has been developed at

the Research School of Earth Sciences of ANU as a powerful tool for the micro-isotopic analysis,

_3_
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and originally used to measure the Pb-U-Th ages of zircon and monazite from a number of
locations(16-19)_ Al analyses in this study were made on the SHRIMP II at ANU. Although the
SHRIMP is fundamentally similar to SIMS, it is optimized for high sensitivity when operating at
high mass resolution, which is achieved by the combination of wide slits and a large secondary
mass analyzer. Although some smaller ion microprobes can be operated in such high mass
resolution mode, their sensitivity is greatly diminished, and is more than ten times lower than
that of the SHRIMP.

In the SHRIMP measurements, a primary beam of O, at 10 kV accelerating voltage and 5-
10 nA beam current was focused to a spot of about 30 um in diameter on the polished thin
section, which was coated with an about 30 nm layer of gold to overcome charging. Each
analysis comprised sequential ion count-rate measurements at several mass-stations. Target
nuclides were 2**Pb, **Pb, 2*’Pb, *°Pb, *°Th, °Th, **U, **’U, **(Th0), **)(Th0), *°(U0),
1U0) and ¥*(UOH). The time required per spot was about 20 minutes, including several

minutes to sputter-clean the target area of the polished section prior to analysis,

2.3. Data processing
Isotopic ratios which were measured in the present study were 24u/ABy, Bon/Ay,

294pp/2%pb and 2Pb/*°°Pb. In estimating activity ratios of 24U/8U, count rates of 25U were
used instead of **U because count rates of ***U are extremely high relative to »*U. In the
present study we estimated the activity ratios of 240/2%0 and 2°Th/*U in the following
manner,

Anau/Azgu = (Aa3av/Aa3su) (Naasu /Nasgu) (Nasau/Nossy)

Axom/Azzau = (A2son/A23au) (Nazom/Nosay) [1]

where A, Ny and A, are activity, content in a mineral and decay constant of nuclide x,
respectively. Decay constants of 28U, 2*U and *°Th are 1.551 x 107%° (v, 2.823 x 10° (y")
and 9.195 x 10° (v, respectively(zo), and an atomic ratio of U /*%U is 1/137.88(20),
Consequently the above activity ratios are given as,

Agzau/Agzsu = 132.007-(N23au/Nassu)

Azom/A2au = 3.257-(N23om/N2sav). (2]

_4_
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In estimating an age based on the obtained activity ratios of 24U/ or BOTh/AU, we
made an assumption regarding isotopic setting that an activity of 28U at t=0 would be 1 and
those of its daughter nuclides such as 24U or 2°Th be 0. Under this assumption and by adding a
fact that contribution of 2**Th and ***Pa are negligible due to their extremely short half lives,

activity of * 3U, 2*U and *°Th at t are,
Apsgy = e238U

Agsay = 238U _gMa3aut

Agzom = €380 + Aysom/(Agsau-Aasom)e 240" + Agsau/(Aosom-Aasav)e 230, [3]
Calculated activity ratios of 24U/48U and 2°Th/?*U were plotted as a function of time (y) in
Figure 2. The two activity ratios begin to increase at approximately 10* years and reach unity
around 5 x 10° years, and are hence quite useful in estimating age between 10* and 10° years.
This timescale is considered to be concordant with a period during which uranium migration-
fixation have been occurring within the secondary ore deposit, and applicable to the data
process.
If the systems are closed, isotope ratios of 26pp/28 and 2’Pb/**U are formulated in
Equation [4] below because contribution of their daughter nuclides are negligibly small due to

the extremely short half lives compared to the parent nuclides.

Naosen/Nasgy = €230 - 1

Nag7es/Nossy = €230 - 1 (4]
where Njospr and Npg7pp are content of radiogenic lead from 28y and 2°U, respectively. |
Equation [4] and an atomic ratio of Z5y2%u (=1/137.88) give isotope ratios of 27pp2%ph as a
function of time (Figure 3). The 207py, /206py isotope ratio is subsequently followed by a gradual
increase after a plateau region till 108 years, and therefore applicable only when an age of event

is older than 10® years.

3. Results and Discussion

We conducted 6 series of SHRIMP measurements from October of 1996 to November of

_5__
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1997. Samples and target minerals in the measurements are summarized in Table 1. All data are

tabulated and summarized in Appendix 1, 2 and 3.

3.1. Standard uraninites

At the beginning of each series of measurement, we usually analyzed uraninite standards to
calibrate peak positions of mass of uranium series radionuclides, and to ascertain whether some
isotopic ratios are similar to the previously obtained values. For this purpose, we obtained two
different uraninites, i.e. Tanzanian uraninite and USA uraninite, and at first we decided which
one is adequate as a standard material in the second measurement.

In the first and the second measurements we omitted >>*U count rates, so activity ratios of
2428 were calculated based on count rates of 2°(UO) and Z'(UO): Agsau/Azsy =
132.007-(Nasouo/Nasiuo). We analyzed eight or nine different positions on each surface of the
two standards, and results are shown in Figure 4. Activity ratios of 24U/238U for the Tanzanian
uraninite are close to unity and position-independent, meaning the Tanzanian standard has
reached almost secular equilibrium throughout the analyzed surface. On the other hand, the USA
standard shows larger uranium activity ratios than unity and larger variation than the Tanzanian
uraninite, meaning uranium series disequilibrium in the USA uraninite. Since homogeneous
uranium isotopic composition is required for the standard, we concluded that the Tanzanian
uraninite is adequate as the standard material for the uranium series radionuclides.

At the third measurement we added three lead isotopes (204Pb, 206pp and 208Pb) and 2*U as
analyzed isotopes and the following additional results were obtained from the Tanzanian
uraninite,

(1) Isotope ratios of 207pp,2%ph were 0.06, and an age of about 500 My was estimated for the
Tanzanian uraninite (Figure 3) if we assume that the system has been closed.

(2) Activity ratios of Z*U/**U based on 2**U/**U (1.00 + 0.03) indicated that this sample had
reached secular equilibrium, while those based on **°(U0)/*'(U0O) (1.12 + 0.05) appeared to be
slightly higher. Therefore, we should use count rates of 24U/A5U when calculating uranium
activity ratios. Details on this subject are explained in the next section, where the data of

Koongarra samples are presented.
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(3) Activity ratios of 29Th/>*U were around 0.38 + 0.02 though age of the sample should be
enough to reach unity (=1). This discrepancy must be caused from difference in sputtering
efficiency between Th and U: the sputtering efficiency of U can be estimated around three times
higher than that of Th in the case of the Tanzanian uraninite. Since the other uraninite or mineral
phases may be considered to have different sputtering efficiency from the Tanzania uraninite, we
cannot correct the 2°Th/2*U activity ratios obtained from the other phases by use of the value of
0.38 obtained here. At this time, we can not quantitatively discuss the °*Th/?*U activity ratios
derived from SHRIMP.

(4) Activity ratios of 24U/78U based on **U/*°U indicated almost similar values throughout
the analyses, while count rates (cps) of 23U had larger dispersion (Figure 5). Therefore, we

f 237U as quantitative values.

should not use the count rates o
3.2. Uranium series disequilibria

Relationship between count rates of 23U and the activity ratios of U8y Since activity
ratios of **U/**%U were estimated from isotope ratios of 24U/23U as formulated in Equation [2],
we should consider an influence of count rates of *°U on the activity ratios because low count
rates could cause large errors of the values. A plausible condition that affects the count rates
would be a primary beam current. In order to check this effect, we analyzed adjoining points of
kaolinite in DDH60-65 at different beam currents. Beam currents were 6.3 nA (D60-39K), 11.0
nA (D60-39Kb), 7.1 nA (D60-40K) and 11.8 nA (D60-40Kb), where D60-39Kb and D60-40Kb
adjoined D60-39K and D60-40K, respectively. Although lower beam currents apparently caused
lower count rates of °U, they did not significantly affect Z4uPtu activity ratios (See
Appendix 3).

All data on activity ratios of 22U/¥U for the kaolinite and for the iron nodule were plotted
as a function of count rates of *>>U as shown in Figure 6. Similar to the standard uraninite shown
in Figure 5, the count rates of 25U have large dispersion compared to the **U/**U activity
ratios and hence are not considered to be quantitative values. In addition, since the activity ratios
seem to be irrelevant to the count rates of **U in Figure 6, we don’t need to consider the

influence of the count rate of ***U on the 2*U/**U activity ratios.

_7_
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Activity ratios based on the metal and on the oxides : Activity ratios of 24U/”8U can be
estimated from isotope ratios of 250(UO)/ZSI(UO) (oxide-based ratios) as well as from those of
234U/235U (metal-based ratios). In the previous section, the oxide-based ratios of the Tanzanian
uraninite were slightly larger than unity, while the metal-based ratios were closer to unity and

25 l(UO) were much larger than those of

seemed to be better, though count rates of 250(UO) or
24U or U (See Appendix). In this section, we examine which procedure is applicable to
estimation of the activity ratios in the Koongarra samples.

Metal-based activity ratios of 24U/*8U obtained from kaolinite and iron nodule were plotted
against oxide-based activity ratios (Figure 7). The oxide-based ratios of the kaolinite were quite
high compared to the metal-based ratios, and six or seven points had relatively high values of
oxide-based ratios for iron nodule. We considered that the higher values of the oxide-based
activity ratios of 234U/%*U might have been resulted from higher values of “°(UO) count rates
because a peak of 2*U'°O could be superimposed by that of ***U"’C as follows,

Musau + Migo = 234.0409 + 15.9949 = 250.0358 (amu)
Mjasu + Mizc = 238.0508 + 12.0000 = 250.0504 (amu).
Since a mass resolution of SIMS is generally given by M/AM, at least 17000 (=250.0504 /
(250.0504 - 250.0358)) of mass resolution is necessary to discriminate Z4U%0 from ¥U'?C,
On the other hand, a mass resolution of the present measuring condition was ~6000, and
apparently smaller. From the above reasons, 2*U'®0 would have been interfered by **U'*C.

Consequently, we should accept the metal-based activity ratios of 2*U/*®U rather than the

oxide-based activity ratios.

Uranium series disequilibria in the kaolinite and iron nodules : Line analyses within the iron
nodule indicated that a significant difference in S O/ U] activity ratio was not found between a
center of the grain and its edge. Count ratios of 2**Th/?**U also did not indicate significant
difference between DDH58 and DDH60. The values on DDH87 were excluded because the
count rates of *°Th were quite low.

Results of metal-based activity ratios of 24U/78U obtained with SHRIMP were tabulated in
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Table 2, along with previously determined values with SE method for DDH60-65. Most of data
on iron nodules seem to be close to unity. On the other hand, slightly higher values of the
241/238U activity ratios were obtained from kaolinites and primitive iron minerals.

If a system has been closed and a sufficient time (at least 1 My according to Figure 2) has
passed after an uptake of uranium, the activity ratio must be close to unity. The slightly higher
values of 2*U/®U on the kaolinite and the primitive iron minerals could indicate that these
minerals have not been closed and have hence allowed inflow or outflow of groundwaters
containing uranium within the grains. If the kaolinite and the iron minerals are opened, it is
considered that the groundwaters would be equilibrated with these opened minerals in isotopic
composition. However, studies on groundwater geochemistry in the Koongarra uranium deposit
revealed that 2*U/?*®U activity ratios of groundwater were below unity in the surficial weathered
zone (shallower than about 20 m depth), and greater than unity in the deeper unweathered zone
>30 m depth)(21’ 22), Although there are no data on the e § b activity ratios of the
groundwater at the present three positions (DDH58, DDH60 and DDH87), it is possible that the
groundwater activity ratios is assumed to be below unity because the sampling positions are
located in the weathered zone.

In a sequential extraction (SE) procedure, Morgan solution extracts the uranium fraction in
adsorbed or associated with carbonate phases, and subsequent Tamm’s Acid Oxalate (TAO)
solution extracts the uranium fraction associated with amorphous minerals. As suggested by
Lowson et al.(23) and Yanase et al.(12), uranium in the groundwater was equilibrated with’
adsorbed uranium and uranium associated with amorphous minerals, not with kaolinite, because
2343/%38U ratios of Morgan’s and of TAO’s extractable fractions were correspondent with those
in the groundwaters. In Table 2, however, the average B4uPy activity ratio of the primitive
iron minerals (amorphous iron minerals) with SHRIMP (1.26 + 0.28) was higher than that of
exchangeable phase (0.64) extracted by the Tao reagent. An explanation for the discrepancy may
be given by possibility that the TAO preferentially extracts surface coatings whereas the
SHRIMP measurement is made on a cut and polished section, which therefore represents the
interior of mineral grains.

In Table 2, activity ratios in kaolinite measured with SHRIMP (1.46) are much lower than

_9_.
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those for residual mineral phases in the SE study (13.2), which may indicate that phases with
low uranium contents such as quartz were contributing to activity ratios of the residue obtained
from the SE technique. This would imply that the activity ratio in the quartz must be extremely
high. The specific data on the kaolinite would have been impossible without the use of SHRIMP,
because the kaolinite is not extracted separately in the SE procedure(12),

24U/78U ratios in groundwaters and higher ratios in

The mechanisms leading to lower
mineral phases are still under discussion. One of possible explanations of the higher ratios in the
mineral phases has been occasionally given by a mechanism considering alpha-recoil(12, 13, 24,
25). If we accept this mechanism, it occurs when **U existing at an edge of the iron nodule
decayed to 2*Th, the ***Th moved to the adjoining kaolinite from its previous position as a

234Th, was accumulated in the

consequence of alpha-recoil, and 24U, a daughter nuclide of the
kaolinite phase. However, a range of a recoiled nucleus was calculated to be approximately 20
nm(26), which was quite small compared to distances of analyzed kaolinite spots from the
adjacent iron nodules. This implies that another geochemical processes such as diffusion of
daughter nucleus should be considered.

"Another possible explanation of the higher 2*U/*®U ratios is that 2*Th, daughter nuclide of
28, is adsorbed on clay and iron minerals produced by weathering of host rock, and the **Th

24U, are subsequently fixed in the minerals(27). In this case, the

and its daughter nuclide,
24U/ ratios in the weathering products are greater than unity and those in the groundwaters
are below unity.

Although the primitive iron mineral is considered to be a precursor of the crystalline iron
nodule, 2*U/**U activity ratios in the primitive iron mineral were slightly higher than those in
the iron nodule. This implies that transformation of the primitive iron mineral to the nodule
could have been accompanied by closing of the system, and inflow and outflow of uranium were
prohibited because of change in its structure. In such a closed system, the 2**U/**®U ratios might
have decreased with increasing time. This hypothesis is supported by a fact that the activity ratio
of more crystallized yellow nodule is lower than that of less crystallized red nodule in DDH57

sample (See Table 2).

On the basis of the above hypothesis, we can estimate a period, during which the primitive
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iron mineral has crystallized to the iron nodule. When a value of 24U/ activity ratio is 1.26

in a closed system, the ratio (AR) is expressed by the following equation,

e-)‘zssu" _ e"/lzsw't +1.26- 3"2234U“

AR =
e-ﬁzssu't

(5]

where A, is a decay constant of nuclide x. Figure 8 shows a change in the Biu/Bu activity ratio
with increasing time calculated from Equation [S]. It is apparent in this figure that at least 1 My
is required for a system with 1.26 of the activity ratio to reach secular equilibrium. This period is
considered to be equivalent to a mean residence period of uranium within the iron minerals. As
calculated by Airey et al.(11), the secondary ore deposit began to form about 1-3 My ago, and
therefore a value obtained in the present study indicates the uranium leached from the primary

ore has been fixed at the beginning of the secondary ore formation.

3.3. Lead isotope ratios

Stable lead isotopes existing in the earth are 204pp, 2%pp  297pp and 2%%pp. Isotopic
abundance of the current terrestrial lead are 1.41% of ***Pb, 24.1% of ***Pb, 22.1% of *’Pb and
52.4% of °*Pb(20). In a system containing significant uranium or thorium, the relative
abundance are different from the average terrestrial values. Abundance of 205pp, 297pp and 2®*Pb

20%pp abundance does not increase because the decay of 2**U, **U and ***Th

increase while
yields stable 1sotopes of 206pp, 207p and 2%Pb, respectively. Thus, the lead isotopic composition
in the Koongarra ore deposit could provide information on the period concerned with uranium
and also on the migration behavior of lead(28).

Lead produced as a final decay products of uranium and thorium are called the radiogenic
lead, while that existed at the formation of the Earth at 4.5 billion years ago is called a
primordial or primeval lead. An isotopic composition of the primordial lead is occasionally
represented by a value in meteorites, of which uranium and thorium compositions are extremely
low compared to lead and hence does not affect the lead isotopic ratio beyond the instrumental
measurement error. Values of 9.307 for 2°Pb/**Pb and 10.294 for 2’Pb/***Pb were reported as

the primordial lead ratios by Tatsumoto et al.(29). The current average terrestrial lead stated

above essentially contains the radiogenic lead since the formation of the Earth as well as the
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primordial lead and called a common lead here.

Lead isotope compositions of different samples are presented on a diagram of 207pp/2%ph
versus 2*Pb/2°Pb, where data with low count of leads were omitted (Figure 9). Plots on upper-
right end of the diagram represent the common lead component of the host rock of the
Koongarra deposit. Distribution of the plots to the lower-left direction from the common lead
component shows significant influence of the radiogenic lead isotopes from uranium. Figure 9
displays that the secondary ore deposit includes the radiogenic lead, common lead and mixture
of both. The interception of the least squares regression line with the 27pp/2%Ph  axis
corresponds to the isotopic ratio of the radiogenic lead component. The interception for the
analyses of minerals in DDH60 and DDH87 samples is around 0.1. Since similar values of the
27pp206py ratios were obtained from samples around the primary ore deposit(28), it is
considered that the radiogenic lead component in samples of DDH60 and DDHS87 is derived
from radiogenic lead migrated from the primary ore body before the secondary ore formation.

In the DDH58 sample, the common lead was predominantly detected from kaolinite, while
the radiogenic lead was from the iron nodules. The interception of the regression of DDHS58
analyses with the vertical axis is lower than that for DDH60 and DDH87 regression line. In the
current primary ore body, 207pp2%pp ratios of uranium minerals are approximately 0.078 and it
is lower than that of minerals such as sulfide minerals around the primary ore body(28). Since
DDHS58 core hole is closer to the primary ore body than DDH60 and DDHS87 core holes,
radiogenic lead in the primary ore body may affect to lead isotope composition of minerals in
DDH58 samples.

The nodules seem to have accumulated not only uranium but also radiogenic lead. In the
DDH60 sample, the radiogenic lead tended to be detected mainly from the primitive iron
minerals, while the common lead mainly from kaolinite and iron nodule. This suggests that the
radiogenic lead has a tendency to be accumulated in the primitive iron mineral, not in the iron
nodule nor in the kaolinite, though the radiogenic lead was observed in the iron nodule for the
DDH58 sample. A possible explanation of this discrepancy for DDHSS is that the radiogenic
lead might have been accumulated in the primitive iron minerals, a precursor of the iron nodule,

not in the nodule also for DDH58 sample, and have survived a transformation of the primitive
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iron minerals to the iron nodule. A fact that the iron nodule in DDH60 does not contain the
radiogenic lead indicates that the radiogenic lead migrating from the primary ore deposit did not
reach a location of DDH60 when iron nodule was the primitive iron mineral because of a long
distance from the primary deposit. In DDH87 sample, however, both kaolinite and nodule seem
to contain the radiogenic lead as well as the common lead, that may be influenced by the
presence of titanium oxides with high radiogenic lead content.

There seem to be three sources of lead: (1) common lead in the Koongarra host rock, (2)
radiogenic lead around the primary ore migrated from the primary ore by the geologic event
before the secondary ore formation, (3) radiogenic lead migrated from the primary ore by the
secondary ore formation. The lead migrating from the primary ore is dominant in a closer area to
the primary ore such as DDH58. In the distant area like DDH87, however, the lead from the
primary ore did not reach and the lead originally existing dominates the lead isotope ratios there.
In fact, count rates of 2%Pb and 2’Pb decrease with the distance from the primary ore body (See

Appendix).

4. Conclusion

The SHRIMP analyses have been conducted for the samples from the Koongarra secondary
ore deposit to obtain activity ratios of 24U/#U and isotopic ratios of 27pp/2%ph and ***Pb/**Pb.
We concluded from the analyses the following:

1) Isotopic compositions obtained from the two uraninite standards (Tanzanian uraninite and
USA uraninite) indicated that the Tanzanian uraninite was homogeneous in isotopic composition
and therefore adequate as a standard material. The USA uraninite was heterogeneous in uranium
series equibrium.

2) Activity ratios of 24U/%8U based on the metal and the oxides were compared and the metal-
based ratios were found to be less divergent and acceptable for iron nodules and kaolinite. The

250
f

anomalous oxide-based count rates of ~ (UQ) were explained by interference from a similar

mass due to combination of **U and '2C. The very small difference between these peaks at 250
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amu is insufficient to enable them to be re;solved by SHRIMP 1.

3) An effect of count rates of >*U on the activity ratios of 24U/8U was found to be negligibly
small.

4) Activity ratios of 24U/%8U were closer to unity for the iron nodule and slightly higher values
for the primitive iron mineral (precursor of the iron nodule). This suggested that the mean
residence time of uranium within the iron mineral was at least 1 My. On the other hand, slightly
higher values for kaolinite were obtained.

5) Lead isotopes were investigated and yielded interesting results. There is a positive
relationship between ““Pb/*Pb and 2**Pb/*Pb isotope ratios. However, a systematic

explanation was extremely difficult probably because there appeared to be three origins of lead.
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Table 1 Samples and target minerals of SHRIMP analyses

Date Sample ID Target minerals

1st Oct/1996 DDHS8-129 | uraninite _
DDHG60-65 nodule, kaolinite, quartz

ond | Dec/1996 Tanzanian uran%n?te
USA uraninite

3rd Mar/1997 | DDH60-65 nodule, kaolinite
Tanzanian uraninite

4th Jun/1997 | DDH60-65 nodule, kaolinite
DDH87-61 nodule, kaolinite
Tanzanian uraninite

5th Oct/1997 | DDH58-78 nodule, kaolinite
DDH87-61 nodule, kaolinite
Tanzanian uraninite

6th | Nov/1997| DDH60-65 nodule, kaolinite
DDH87-61 nodule, kaolinite

Table 2 Activity ratios of >*U/*°U for different minerals obtained with SHRIMP

mineral SHRIMP SE
DDH58-78 | DDH60-65 | DDH87-61 | DDH60-65
prfmltlve ] - 1.26 +0.28 | 1.27+0.55 0.64
. fissure - - -
| red | 1212011 |
brown 1.13+0.05 | 093+£0.08 | 0.98 +0.09 1.05
yellow | 1.09 £0.10
kaolinite 1352021 | 1462025 | 1.28%0.22 132
quartz - - -
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1.2

Activity Ratio

Time (year)

Figure 2 Calculated activity ratios of 24U/78U and #°Th/**U as a function of time (year).
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Figure 3 Calculated isotope ratios of 207p/206py a5 a function of time (year).
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Figure 4 Oxide-based activity ratios of 24U/*8U obtained with SHRIMP from two standard

uraninites.
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Figure 5 Activity ratios of 2*U/*®U as a function of count rates of 2>*U obtained with SHRIMP

from the Tanzanian uraninite.
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Figure 6 Metal-based activity ratios of 24U/8U as a function of count rates of >°U obtained

with SHRIMP from kaolinite and iron nodule in the Koongarra secondary ore deposit.
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ore deposit.
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Figure 8 Calculated 23413/%38( ratios as a function of time (year). An initial value corresponds to

an obtained activity ratio with SHRIMP from a primitive iron mineral.
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