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Development of precise isotope analyses of U-series nuclides
for the study of U-series disequilibria in magma processes

Tetsuya YOKOYAMA"

U PML, Institute for Study of the Earth’s Interior, Okayama University,
Misasa, Tottori-ken 682-0193, Japan

In order to understand various magma processes occurring in the terrestrial body, highly
precise isotope analyses of U, Th and Ra have been developed. In the first, an effective silicate
rock decomposing method was established. Conventional acid digestion of mafic silicate rocks
resulted in the precipitation of insoluble fluorides and very poor recovery yields of some trace
elements. In contrast, almost 100% of the trace elements were recovered using larger amounts
of HCIO, than was conventionally used and evaporating the sample to dryness in a step-wise
fashion. Then, new chemical separation methods of U, Th, and Ra were developed by employing
some novel extraction chromatographic resins. For U isotope analysis by TIMS, a new activator,
silisic-acid and phosphoric acid mix solution was very effective to produce stable and strong
UO.” beam, resulted in excellent improvement for both precision and reproducibility. For Ra
isotope analysis, a new, precise and accurate analytical method was developed by employing to-
tal evaporation TIMS technique.

These new methods have been applied for Miyakejima volcano, Izu arc, Japan. **U-*Th
-**Ra disequilibria observed in lavas with large **U and **Ra excesses imply metasomatism of
depleted mantle by fluid related processes. In the equiline diagram, the trends for two mag-
matic stages (Stage 1 and 2) are regarded as two different isochrons with a common initial (**Th
/*Th) ratio, although the trend for Stages 3 and 4 is a mixing line. The age difference in the
equiline diagram corresponds to the interval of individual fluid-release events. Thus, fluid re-
lease from the slab and subsequent magma generation occur as episodic events on a several-kyr
timescale. The model calculations show a very rapid ascent time of the slab components in the
mantle wedge (O 7 kyr), which can be explained by nearly instantaneous material transport in
the mantle wedge.

Key words: U-series disequilibrium, precise isotope analysis, TIMS, acid digestion, chemical
separation, Miyakejima volcano
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Figlll  Flow chart of three different sample decompositions using mixed acids.
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Solution A
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e e
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Figlll Recovery yields of trace elements in Solu-
tions A, B and C. The elements are ordered
according to their valencies and sorted in
the order of their ion radii. Dotted lines de-
pict upper and lower limits of 100% recov-
ery as determined by the instability of ICP-
MS. JB-2 is tholeiitic basalt obtained from
the Geological Survey of Japan (GSJ). AK-
213 is alkaline basalt of Auckland, New
Zealand. JP-1is peridotite obtained from
the GSJ. Modified from Yokoyama et al.

(1999a).
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Load 4M HNO, 5M HCI 0.1M HNO,
9ac

JP-1

Major
elements

1 a

AK-213

JB-3

JA-3

Relative abundance of elements

Major Th !
elements 3 I .
1 1 L L L ] L 1 1 1 1 1 -

[=]

2 4 6 8 10 12 14 16 18
mL of eluant

Figll  Elution profiles of Zr, Th, U and major ele-
ments for U/TEVA resin using JP-1 (peri-
dotite), AK-213 (alkali basalt), JB-3 (ba-
salt), JA-3 (andesite) and JR-1 (rhyolite).
JB-3, JA-3 and JR-1 are obtained from the
GSJ. 35 elements (Li, Na, Mg, Al, Ca, Ti, V,
Cr, Mn, Fe, Co, Ni, Zn, Rb, Sr, Y, Nb, Cs,
Ba, La, Ce, Pr, Nd, Sm, Eu, Gd, Th, Dy, Ho,
Er, Tm, Yb, Lu, Hf and Pb) elute together
and are referred to as “major elements”.
The scheme of the major elements does not
show relative abundance because elution
shapes of these elements are slightly differ-
ent from each other. The scheme, however,
shows the zone in which( 99% of each ele-
ment eluted. All elution profiles except for
Zr show no dependence on the chemical
composition of the sample. Modified from
Yokoyama et al. (1999b).
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Figlll U-Th equiline diagram for individual

stages of Miyakejima lavas excluding the
seawater-altered samples. Regression lines
for Stage 1 and 2 have different slopes, and
converge at almost the same point on the
equiline. These lines are thus regarded as
two different isochrons that are formed by
the addition of U-enriched slab-derived
fluid to the mantle wedge having common
(""Th/™Th) ratio (mantle wedge indicated
as the star). The trend for Stages 3 and 4 is
not an isochron but reflects binary mixing.
The bold dashed line indicates a model age
supposing ("Th/™Th)mums0 1.30 for a basal-
tic sample from Stage 3 showing the small-
est effect of magma mixing. Thinner
dashed lines show mixing trajectories be-
tween the mantle wedge and slab-derived
fluids that have infinite U/Th ratio (X) and
finite U/Th ratio (Y). Modified from Yok-
oyama et al. (2003).
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