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Lunar and Planetary Science XXXVII (2006)

VARIATIONS IN THE OXYGEN THREE-ISOTOPE TERRESTRIAL FRACTIONATION LINE
REVEALED BY AN INTER-LABORATORY COMPARISON OF SILICATE MINERAL ANALYSES.
D. Rumble', M. F. Miller?, 1. A. Franchi® and R. C. Greenwood®, *Geophysical Laboratory, Carnegie Institution of
Washington, 5251 Broad Branch Rd. NW, Washington DC, 20015-1305 (e-mail: rumble@gl.ciw.edu). *British Ant-
arctic Survey, High Cross, Madingley Road, Cambridge CB3 OET, UK. >Planetary and Space Sciences Research
Institute, The Open University, Walton Hall, Milton Keynes MK7 6AA, UK.

Introduction: The terrestrial fractionation line
illustrating *’0/*°0 variations as a function of *0/*°0
is a consequence of mass-dependent isotope frac-
tionation that occurs during heterogeneous chemical
reactions between minerals, waters and magmas. Dif-
ferent planetary bodies may be characterized by dif-
ferent linear fractionation data arrays because of dif-
ferences in bulk oxygen isotope composition. The
Lunar fractionation line is coincident with that of the
Earth [1]; that of Mars lies parallel to the former but
is offset by ~+0.32 %o [2] in 8*O. In contrast, that of
Vesta is offset by ~—0.23 %o [3,4]. Theory predicts,
however, that the slopes of these linear fractionation
arrays, when reported in a format appropriate for di-
rect comparison [5], will not necessarily be identical.
Equilibrium isotope fractionation of oxygen is pre-
dicted, in general, to yield steeper slopes than kineti-
cally controlled isotope exchange [e.g. 6]. The
greater degree of precision given by improved ana-
lytical techniques has raised the question of whether
or not differences in slope can be detected by defin-
ing accurately the Y’0/*®0 to '*0/*®0 array slopes of
minerals. A related question is whether chemically-
specific effects can cause distinctive slopes of the
fractionation array. We have performed an inter-
laboratory comparison of the oxygen three-isotope
composition of replicates of specific groups of sili-
cate minerals in order to (a) validate the slope value
obtained; (b) permit a quantitative distinction to be
made between the attendant fractionation line slopes
given by different sample groups.

Samples: The samples chosen for study were:
(1) quartz, primarily of hydrothermal origin, together
with a single sample of flint; (2) garnets from the
diamond-eclogite and coesite-eclogite facies meta-
morphic belts of China [7,8] and Kazakhstan [9].

Methods: The samples were analyzed by laser
fluorination as described in [7] for GL and [10] for
PSSRI. The GL garnet data set (=70 analyses) was
acquired over several years by a number of operators.
The garnet analyses at PSSRI were performed in a
single batch (8 samples, in replicate), as were the
quartz analyses (7 samples, in replicate) in both labo-
ratories. Oxygen gas generated from quartz at PSSRI
was split and analyzed on two different mass spec-
trometers — a VG Micromass PRISM Il and a

Thermo MAT 253. A Thermo MAT 252 was used at
GL.

Results and Discussion: The results (Table 1)
show good agreement between both laboratories for
TFL slopes measured on each of the garnet and the
quartz populations. There is a systematic difference
in slope, however, between the quartz and garnet
samples. Whereas the measured slopes of the two
mineral groups overlap slightly at the 95% confi-
dence level, the observation that both laboratories
agree on the magnitude and sign of the differences in
slope demonstrates that the ability to distinguish be-
tween these groups of samples, and possibly also
between equilibrium vs. kinetic geochemical proc-
esses, is within reach.

Table 1

Reported uncertainties are 95% confidence limits.
The 8'®Ovsmow Vvalues ranged from ~1 to 33 %o for
the quartz and flint, whereas the corresponding range
for the garnets was ~—10 to +10 %o

Silicate PSSRI slope GL slope
™) M)
Prism 11l MAT 253 MAT 252
Silica 0.5241 0.5245 0.5240
(quartzor  +0.0008 +0.0009 +0.0016
flint)
Eclogitic 0.5263 0.5255
garnets +0.0008 +0.0014
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