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In classical view, high field strength elements (HFSE: Zr, Hf,
Nb, Ta) are strongly lithophile elements that are typically stored
in the silicate portion of planetary bodies. This view was partially
challenged by experimental results and high precision Nb/Ta and
Zr/Hf measurements in di!erentiated meteorites, suggesting that
Nb might behave moderately siderophile at high pressures (Wade
and Wood, 2001; Münker et al., 2003). Niobium is depleted in the
silicate Earth and the Moon whereas the Martian mantle, eucrites,
and angrites display chondritic Nb/Ta ratios (Münker et al.,
2003). To asses the HFSE budget during planetary di!erentiation,
we performed high precision measurements of HFSE and Lu con-
centrations in iron meteorites and their silicate inclusions.

Meteorites analyzed include both nonmagmatic (IAB) and
magmatic groups (IC, IIAB, IIIAB). In addition to the metals,
IAB silicate inclusions were analyzed. Measurements were per-
formed by isotope dilution after chemical separation from matrix
elements using MC-ICPMS (Weyer et al., 2002). Assuming ±50%
blank uncertainty, typical detection limits are 10 ppt for Lu, 1 ppb
for Zr, 50 ppt for Hf, 25 ppt for Nb, and 50 ppt for Ta.

The IAB silicate inclusions display near chondritic Zr/Hf but
superchondritic Zr/Nb (110–270) and subchondritic Nb/Ta
(2.5–18), indicating depletion of Nb and, to a lesser extent, of
Ta. Measured Zr contents in the metals reach up to 40 ppb, Hf
contents reach up to 1 ppb. Niobium contents range from
100 ppt to 4 ppb, whereas Ta is always below detection limit.
IAB group meteorites display some of the highest HFSE contents,
suggesting the presence of small silicate inclusions. Lower HFSE
contents indicate a higher purity of the metals. Lutetium contents
range from 100 ppt to 4 ppb, but, unlike the HFSE, overlap
between all groups. A strong increase of Lu/Hf ratios (176Lu/
177Hf up to 5) with decreasing Nb and Hf contents suggests that
the Lu is hosted in small phosphate grains in the metals.

Collectively, a positive co-variation of Nb and Hf in the metal
samples indicates: (1) that significant amounts of Nb are hosted in
small silicate impurities (2) that the (Hf free) metal endmember
still contains ca. 50 ppt Nb. Such low Nb abundances in the met-
als, however, cannot account for any significant Nb depletion in
the silicate portion of the parent body and in the silicate inclu-
sions. A third component, possibly Ti-rich minerals such as high
Nb rutiles that have been observed previously in iron meteorites
(El Goresy, 1971), is required as host for the missing Nb and Ta.
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Use of in situ Hf-isotope analyses of zircon
to interpret granitoid magma genesis
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In situ analysis of zircon is revealing wide ranges in Hf-isotope
composition within single granitoid bodies, that may suggest mix-
ing of crustal- and mantle-derived magmas or mixing of magmas
from di!erent crustal sources. In this study, in situ LAM–ICPMS
U–Pb and Hf-isotope analyses of zircon have been used to con-
strain models of granitoid magma genesis in the Australian cra-
ton, and the adjacent Palaeozoic Tasman Fold Belt, North
Queensland.

Zircon rims and unzoned grains of Siluro–Devonian age in I-
type granitoids from the cratonic Georgetown Inlier have a wide
range in 176Hf/177Hf (from 0.28167 to 0.28228) almost identical to
that defined by their resorbed Mesoproterozoic cores and grains.
The observed eHf values in the granitoids can be explained by
remelting of ca. 1550 Ma old crust that was already heteroge-
neous, and no juvenile mantle input is required, although under-
plating by mantle-derived basaltic magmas may have provided
heat for crustal melting. The range in eHf values of core–rim pairs
and/or inherited zircon cores in granites from the Hodgkinson
Province, in the Tasman Fold Belt, also is consistent with
remelting of heterogeneous Proterozoic crust. Rare inherited Pro-
terozoic zircons with radiogenic Hf-isotope compositions in the
Siluro–Devonian and Permian granitoids require juvenile mantle
input, whereas other Proterozoic zircons require crustal source
rocks, suggesting that the heterogeneity of the Proterozoic crust
reflects an assembly of magmatic rocks derived from Archean
crustal rocks, and some juvenile mantle-derived magmas.

Some Carboniferous granitoids in the Georgetown Inlier, and
some Permian granites in the Hodgkinson Province, have a nar-
row range in eHf values, and show no evidence for juvenile mantle
input. The observed eHf values may reflect crustal remelting, in
which inherited zircons completely dissolved, followed by magma
homogenisation before zircon crystallised. Although similar in
age, the individual Carboniferous granitoids within each Supersu-
ite have a range of Hf-isotope compositions that cannot be pro-
duced by fractional crystallisation. Some of these granitoids are
host-rocks to mineralisation, and mixing of magmas from di!er-
ent crustal sources may be a significant process in producing met-
allogenic fertility in such granitoid magmas.
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