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ABSTRACT

Hafnian zircon generally is found in granitic pegmatite, but much more rarely in granite. Here, we describe an occurrence
in the apical part of the Suzhou granite (unit II), in China. We distinguish three evolved facies: from the apical region downward,
these are the albite-enriched, the topaz-bearing, and the biotite-bearing facies, which are characterized by significant enrichment
in Nb, Ta, Zr, Hf, Th and the rare carths. In the biotite-bearing facies, the zircon contains less than 10 wt.% HfO,. Levels of
HfO, greater than 25%, and even attaining 35%, characterize the hafnian zircon in the albite-enriched facies. This degree
of enrichment is the greatest known so far in hafnian zircon. The level of Hf in zircon of the topaz-bearing facies is intermediate.
The striking decrease in Zr/Hf with increasing degree of evolution of the granite reflects an important decoupling in these two
elements. The Suzhou granite thus displays a pegmatitic character. Where the zircon is associated with niobo-tantalates, we
document a close correlation between Hf/(Hf + Zr) in the zircon and Ta/(Nb -+ Ta) in the niobo-tantalates; this affinity between
Hf and Ta seems more dependent on geochemical than crystal-chemical factors.

Keywords: zircon, hafnium, columbite—tantalite, tapiolite, granite, Suzhou, China.

SOMMAIRE

Le zircon hafnifére se présente généralement dans des pegmatites granitiques, mais trs rarement dans des granites.
Toutefois, on le trouve dans la partie supérieure du granite I de Suzhou, en Chine. On distingue trois facies bien évolués, qui
sont du haut en bas: facies 2 albite, faci®s A topaze et faciés 2 biotite. Ces roches contiennent un important enrichissement en
Nb, Ta, Zr, Hf, Th et terres rares. Dans le faci®s 2 biotite, la teneur en HfO, du zircon est inférieure 2 10% (poids). Le zircon
hafnifere a été observé dans le facids 2 albite, avec des teneurs en HfO, supérieure & 25%, pouvant atteindre 35%, c’est-3-dire
le plus fort enrichissement en Hf connu & ce jour. Le zircon du faciés 2 topaze est intermédiaire. La forte diminution du rapport
Zr/Hf du zircon avec le degré d’évolution des roches refldte un important fractionnement des deux éléments. Le granite de
Suzhou présente donc un caractre typiquement pegmatitique. Dans le cas ol le zircon est associé aux niobo-tantalates, il montre
une corrélation étroite entre les rapports Hf/(Zr + Hf) du zircon et Ta/(Nb + Ta) des niobo-tantalates. Cette affinité entre Hf et
Ta paraft plutdt géochimique que cristallochimique.

Mots-clés: zircon, hafnium, columbite—tantalite, tapiolite, granite, Suzhou, Chine

INTRODUCTION

Since its discovery in a granitic pegmatite from
Zambezia, Mozambique (Correia Neves er al. 1974),
hafnon, HfSiO,, a mineral isotypic with zircon, has not
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been found. However, examples of hafnian zircon
having very variable levels of Hf have been described
in several occurrences of granitic pegmatite (Levinson
& Borup 1960, von Knorring & Hornung 1961,
Nagashima et al. 1978, Cerny & Siivola 1980, Fontan
et al. 1980, Cassedanne et al. 1985, Lumpkin &
Chakoumakos 1988). Zircon in granitic rocks
commonly contains Hf, but concentrations are almost
always less than 10% HfO,, with the exception of
hafnian zircon (18.8% HfO,) in the Beauvoir granite
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in France, which confers to it a pegmatitic affinity
(Wang et al. 1992a). Our mineralogical study of the
Suzhou granitic complex, in China, indicates the
presence of hafnian zircon containing up to 35% HfO,,
which is much higher than the highest level recorded in
granitic pegmatites (31%: von Knorring & Hornung
1961). There, the zircon is associated with the
tantalum-bearing accessory phases tantalite and
tapiolite. In this study, we have documented the
compositional evolution of the zircon in order to
characterize the distribution of Zr and Hf in the various
facies of the Suzhou granite, as well as of Nb and Ta in
the associated niobo-tantalates.

DESCRIPTION OF THE
SuzHou GRANITIC COMPLEX

The Suzhou granitic complex is located approxi-
mately 10 km west of the town of Suzhou, Jiangsu
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Province, China (Fig. 1). It is intrusive into Devonian
sandstone and is exposed over an area of 11 km?. It is
the first example of a Nb-Ta-rich granite to be found in
China. Because of the protected status of Suzhou (the
city of Suzhou is called “Paradise City”), no detailed
study has ever been undertaken (Liu 1987). The
Suzhou granitic complex is composed of three map
units (Fig. 1), which are, in chronological order of
emplacement: granite I, amphibole- and biotite-bearing
and coarse-grained, granite II, biotite-bearing, with
albite predominant over K-feldspar, and granite III,
K-feldspar-dominant, and coarse- to medium-grained.
The rare-element mineralization in granites I and III
are negligible despite the presence of zircon, the latter
relatively poor in Hf.

Granite II is the intrusive unit that is the best
exposed and also the most enriched in Nb, Ta, Zr, Hf,
Th, and the rare earths. In its apical part, we distinguish
three highly evolved facies, from bottom to top: a

granite host rocks
i : Quaternary
i+ granite 1l deposits
FiG. 1. Geological context
of the Suzhou granitic 0 2km

complex (after Liu 1987).

granite |
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FiG. 2. Cross-section of the apical portion of granite II in the Suzhou pluton, drawn on the
basis of field relationships and drill-hole data. To the left is shown the position of

the samples used in this investigation.

biotite-bearing facies, a topaz-bearing facies and an
albite-rich facies (Fig. 2, Table 1). The biotite-bearing
facies consists of quartz, anhedral K-feldspar, albite
and abundant biotite in very fine grains, with the
following accessories: topaz, columbite, zircon and
monazite. The topaz-bearing facies is less important
in volume, and the major minerals are the same as in
the previous facies; on the other hand, the feldspars are
less abundant, and topaz is found in anhedral crystals
that make up 20% of the rock. The topaz contains
numerous melt inclusions, 500 < T, < 800°C, which
suggest that it has a magmatic origin (Zhou 1994), just
as in the case of the Beauvoir granite (Raimbault ez al.
1995). The albite-enriched facies is located at the top of
granite II. It contains mostly albite and quartz; melt
inclusions in the quartz homogenize between 560 and
600°C. Muscovite and K-feldspar are present in
smaller quantities, and the accessories are: tapiolite,
tantalite, zircon, thorite, and xenotime. Topaz is absent,
as the concentration of F is very low (0.05% F: Wang
et al. 1992b), despite the presence of veinlets of
fluorite, which indicate a local concentration in F
(Liu 1987). In 1985, a drill hole 400 m in length was
put down across these three facies, and revealed a
mineralized zone enriched in Ta and Hf (Wang ef al.
1992b, Fig. 2); however, no mineral exploration was
undertaken.

The petrological studies (Wang et al. 1992b, Charoy
& Raimbault 1994) show that the Suzhou granite has

an igneous origin, the three facies being interrelated by
differentiation. The small nodules of “biotitite”, found
in the apical part, are considered to be a product of
metasomatism by Charoy & Raimbault (1994).

TABLE 1. AVERAGE BULK COMPOSITION,
GRANITE 1I FACIES, SUZHOU PLUTON

Albite— Topaz— Biotite—
facies (5)" facies (2) facies (4)

$i0, wt% 70.28 70.49 75.04
TiO, 0.00 0.02 0.00
ALO, 17.32 1620 13.69
Fe,0, 0.08 148 0.47
FeQ 0.10 2.80 0.62
MnO 0.02 031 0.08
MgO 0.01 0.02 0.01
Ca0 0.60 0.78 0.74
Na,0 7.59 111 430
K,0 3 2.74 4.63
P,0, <0.01 <0.01 <0.01
LOI 0.29 1.78 0.48
F 0.05 378 0.33
Total 99.36 10151 99.81
F=0 0.02 159 0.14
Total 99.34 99.93 99.67
Nb  ppm 81 135 213

Ta 97 32 14

Zr 332 126 436

Hf 138 38 54

* The number in parentheses indicates the number of samples analyzed.
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ANALYTICAL METHODS

The chemical analyses were done with a Cameca
SX50 electron microprobe (Université Paul Sabatier,
Toulouse). The operating conditions were as follows:
acceleration voltage 15 kV, sample current 20 nA, and
diameter of electron beam 5 um; the following
standards were used: wollastonite (Si), HfggZr, (HI),
UO, (U), ThO, (Th), zircon (Zr), graftonite (P),
Y;A10, (Y), and Cr,O; (Cr). We used the PAP
program for data reduction (Pouchou & Pichoir 1991).
The structural formulas were calculated on the basis of
four atoms of oxygen.

ZIRCON IN THE BIOTITE- AND
TorAz-BEARING FACIES

In the biotite- and topaz-bearing facies, zircon is
found as subhedral octahedra of small size (= 20 um),
mainly included in the biotite, which implies an early
stage of crystallization. It is commonly closely
associated with columbite. Their intergrowth (Fig. 3)
causes, in some cases, fissures in the columbite,
probably due to metamictization; these fissures are
completely analogous to those described in cassiterite
from Beauvoir (Wang ez al. 1992a). We also find, less
commonly, micro-inclusions of zircon in uranium- and
thorium-bearing minerals.

‘We have analyzed 15 crystals of zircon; representa-
tive results of ten analyses are shown in Table 2. The
levels of HfO, range from 1.76 to 7.08 wt% for
the biotite-bearing facies, and from 4.94 to 16.08%
for the topaz-bearing facies, values comparable to
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TABLE 2. REPRESENTATIVE CHEMICAL COMPOSITION OF ZIRCON
IN THE BIOTITE- AND TOPAZ~BEARING FACIES OF GRANITE II,
SUZHOU PLUTON

1 2 3 4 5 6 7 8 9 10
2285-1 8K8-2 8K2-1 24K1-3 24K3-2 24K5-1 24-2K2 23Z1-3 18K1~2 18K1-1

§i0, 3082 3192 2921 3220 3208 3124 3205 2397 3156 3049
HfO, 850 270 232 176 363 708 494 828 875 1608
uo, 079 069 203 015 000 121 120 150 179 017
ThO, 034 036 S09 026 019 028 038 755 060 001
0, 5807 6219 S573 630! 6270 5923 6060 4016 S573 4949
PO, 020 003 036 000 002 000 002 063 005 060
Y,0, 029 028 043 067 011 000 030 142 025 032
Cr,0, 000 000 003 007 000 000 000 005 001 000
Total 9901 9817 9520 9812 9873 99.04 9749 8362 9874 97.16

sit* 0992 1007 098 1009 1006 1000 0972 1019 1016 0977
HEY 0.078 0.024 0022 0016 0032 0065 0046 0096 0081 0153
us 0006 0005 0015 0001 0000 0003 0009 0014 0013 0.001
™ 0003 0003 0039 0002 0001 0002 0003 0070 0001 0.000
2z 0911 0957 0918 0963 0958 0925 0961 0795 0878 0.804
P 0005 0001 0010 0000 0001 0000 0001 0024 0001 0017

y* 0005 0005 0008 0011 0002 0000 0005 0031 0004 0.006
o 0000 0000 0001 0002 0000 0000 0000 0002 0000 0,000
Total 2000 2001 2000 2003 2000 2000 2001 2002 200t 1997

Hf(Z+H) 008 003 002 002 003 007 005 011 008 016

Columns: 1-6: biotite—bearing facies, 7-10: topaz-bearing facies. Concentration of elements
reported as oxides, in weight %.

those found in the Beauvoir granite (Wang ef al.
1992a). The value Hf/(Zr + Hf) of the zircon in the
biotite-bearing facies is invariably less than 0.10, and
that of the zircon in the topaz-bearing facies is between
0.05 and 0.16, indicative of a low concentration of
hafnium.

FiG. 3. Fissures in columbite (C), linked to the presence of metamict zircon (Z) nearby.
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In these two facies, zircon is the main host of Th and
U, with concentrations that are very variable. Crystals
rich in thorium (Table 2, anal. 3, 8) are metamict, the
analytical total varying between 95.2 and 83.6%. This
shortfall is attributed to the presence of water, not
detected, which is presumably in the form of molecular
H,0 rather than (OH) (Mumpton & Roy 1961, Speer
1980). The level of UO, does not exceed 2.03%, which
is distinctly lower than in the zircon from the Beauvoir
granite (up to 10.7% UO,: Cuney & Brouand 1987).
Pictures of the distribution of Th and U indicate one of
two patterns: (1) homogeneous distribution, the case
of two crystals of zircon having high levels of Th
and U (Table 2, anal. 3, 8). These images do not reveal
the presence of micro-inclusions of uranium-bearing
and thorium-bearing minerals. Here, Th and U must be
involved in substitutions for Zr. The levels of Th are
close to its maximum solubility in zircon, which is on
the order of 5.5 + 2.5% ThO, by weight (Mumpton &
Roy 1961), although this limit is surpassed in the case
of zircon from the Sierra Blanca Peaks rhyolite in
Texas (up to 9.4% ThO,: Rubin er al. 1989). (2)
Heterogeneous distribution of micro-inclusions
(2-5 um) of thorite + coffinite (or uraninite) in zircon
(Table 2, anal. 9). According to Cemy & Siivola
(1980), the presence of micro-inclusions of U- and
Th-bearing minerals suggests an environment saturated
in U and Th, favorable to a maximum concentration of
these two elements in the structure at the conditions
of growth. This maximum concentration seems to have
been here much lower than in the first type. We must
therefore attribute the distribution of Th and U, either
in substitution for Zr in the structure or in the form
of micro-inclusions of distinct minerals, to local
variations in the conditions of crystallization.

HAFNIAN ZIRCON IN THE
ALBITE-ENRICHED FACIES

In the albite-enriched facies, the crystals of zircon
are subhedral to anhedral, of milky white color, and
intergranular. In reflected light, their reflectivity is
much stronger than in the case of zircon from the other
facies, perhaps because of their non-metamict state.
Their length varies between 0.2 and 0.8 mm. The
grains are closely associated with, and even intergrown
with, tapiolite or tantalite, thorite and xenotime. In the
interior of the crystals, we commonly find small
cavities (rernains of fluid inclusions?), which may be
distributed in a radial fashion depending on the growth
pattern of the zircon.

We have carried out 38 analyses on 15 crystals of
zircon; ten compositions are reported in Table 3. The
totals, between 98 and 101%, show well that these
crystals are not metamict. Hafnium is strongly
concentrated in this facies, with variable concentra-
tions (16.93 to 34.84% HfO,), not only in the same
sample on a scale of centimeters (e.g., 25.69 to
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TABLE 3. REPRESENTATIVE CHEMICAL COMPOSITION OF HAFNIAN ZIRCON
IN THE ALBITE-ENRICHED FACTES OF GRANITE II,
SUZHOU PLUTON

1 2 3 4 5 6 7 8 9 10
2685-1 26802 2684-1 10B5—4 10B4-2 10B6-2 10B1-2 10A2-125K14 252(4)
$io, 2789 2851 2802 2846 29.15 2894 2930 3030 3093 3091
HFO, 3484 3340 3228 3325 3216 3038 27.04 2592 1693 2159

Uo, 000 000 000 000 000 000 000 000 009 000
ThO, 000 000 000 000 000 000 000 001 000 017
3583 3682 3650 3872 4L.72 4371
PO, 09 078 074 082 069 061 062 060 094 068
Y0, 053 02 019 031 034 013 023 020 025 000
Cr,0, 048 038 098 004 008 000 004 000 000 000

Total 99.72 9931 9804 9970 9892 9878 9895 100.74 99.74 100.95

si¢* 0989 1005 0998 1000 1.022 1012 1008 1015 1005 1012
HE* 0353 0336 0328 0334 0322 0303 0266 0248 0.157 0202
us 0000 0000 0000 0000 0000 0000 0000 0000 0001 0.000
™ 0000 0000 0000 0000 0000 0000 0000 0000 0000 0.000
' 0605 0618 0622 0631 0624 0660 0700 0713 0802 0.763
P 0029 0023 0022 0024 0020 0018 0018 0017 0026 0019
Y 0010 0005 0004 0006 0006 0002 0004 0004 0004 0.000
(o4 0013 0011 0028 0001 0002 0000 0001 0000 0000 0.000
Total 1999 1998 2002 1996 1997 1996 1997 1997 1995 1995

Hff(Zr+Hf)0.37 035 035 035 034 032 028 026 016 020

Concentration of elements reported as oxides, in weight %.

33.25%: sample 10B), but also within a single crystal
of zircon (e.g., 28.51 to 33.40%: crystal 26S0O). We
find that the levels of HfO, are the highest (1) in
crystals from the apical part of the albite-enriched
facies, (2) in those closely associated with tapiolite or
tantalite, and (3) at the rim of crystals. These charac-
teristics agree with earlier observations (Fontan et al.
1980, Wang et al. 1992a). The value Hf/(Zr + Hf) is
between 0.16 and 0.37; according to the nomenclature
proposed by Correia Neves et al. (1974), the crystals
can be considered hafnian zircon. The zircon of
granitic rocks normally contains less than 4% HfO,
(Gulson 1970). In peraluminous granites and rhyolites
enriched in rare elements, zircon is generally richer in
Hf (Rubin et al. 1989, Congdon & Nash 1991, Huang
et al. 1991, Wang et al. 1992a), although the concen-
tration of HfO, usually is less than 10%. The Suzhou
granite shows, as far as we know, the highest
enrichment of Hf in zircon known. The examples of
hafnian zircon described by several authors are
invariably of pegmatitic origin (see above); yet five
samples of zircon from the Suzhou granite have levels
of Hf that surpass those in zircon from granitic
pegmatites. Certain crystals may contain U and Th, but
invariably at very low levels (<0.2%); crystals having
ThO, > 0.25% are rare, and such values are found in
isolated spots only. This finding confirms that zircon
contains only low levels of Th and U in the presence of
thorite (Lumpkin & Chakoumakos 1988), which, in the
albite-enriched facies, is widespread and associated
with zircon and niobo-tantalates.
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EvoLuTiON OF Zr/Hf IN ZIRCON

The concentration of Hf in zircon is variable; it
depends on the degree of evolution of the original
magma. The average of Hf concentrations is 4.33% in
the biotite-bearing facies, and attains 23.78 wt.% HfO,
in the albite-enriched facies. A few crystals of zircon
from the topaz-bearing facies have an average content
of 9.51%, and are intermediate. The diagram Zr/Hf
versus Hf (Fig. 4) reveals, from the biotite-bearing
facies to the albite-enriched facies, a greater range of
Zx/Hf values than in the Beauvoir granite (Wang et al.
1992a). The value of Zr/Hf decreases from 31.25 to
5.04 in the early facies containing biotite, to between
0.88 and 2.70 in the late facies enriched in albite, and
is consistent with an important variation in the degree
of fractionation among facies.

The whole-rock compositions of representative
samples of the biotite-bearing, topaz-bearing, and
albite-enriched facies indicate, respectively, Zr/Hf
values of 8.08, 3.36, and 2.40, variations that imply a
decoupled fractionation for Zr and Hf (Ellison & Hess
1986). Experimental studies (Keppler 1993, Linnen &
Keppler 1996) reveal the importance of fluorine on
the solubility of zircon and columbitetantalite in the
magma. In the Suzhou granite, we have documented an
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enrichment in Hf in the albite-enriched facies that may
be linked to hydrothermal activity during a late
magmatic stage (Raimbault 1990, Raimbault ez al.
1995), the Zr being complexed by fluorine, which
would result in an enrichment of hafnium in the
residual magma.

In the diagram of Cemny et al. (1995), (Fig. 4), we
note that the zircon in the albite-enriched and topaz-
bearing facies invariably plots in the domain of
pegmatites, whereas zircon in the biotite-bearing facies
plots in domains of granitic and pegmatitic rocks. Thus
the pegmatitic character, already pointed out in the case
of the Beauvoir granite, also is found in the Suzhou
granite, in which it is progressively expressed from the
biotite-bearing facies to the albite-enriched facies.

RELATIONSHIP BETWEEN ZIRCON
AND NIOBO-TANTALATES

Several authors have emphasized the close asso-
ciation between hafnian zircon and minerals rich in Ta
(von Knorring & Hornung 1961, Cemy & Siivola
1980). Fontan et al. (1980) have emphasized the
correlation between the values Hf/(Zr + Hf) in the
zircon and Ta/(Nb + Ta) in the associated niobo-
tantalates. Wang er el (1992a) have described the

30+
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B * Faciés 3 biotite
20 F o Faciés a topaze
I + Faciés 3 albite
":- =
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g 10 20 30
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F1G. 4. Plot of the composition of zircon in the Suzhou granite, in terms of Zt/Hf versus concentration of Hf. The shaded areas
indicate the compositional domains of zircon in felsic plutonic rocks of granitic (GRA) and pegmatitic (PEG) texture,

respectively [after Cerny er al. (1985), with modifications).
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complex relations between zircon and Nb—Ta-bearing
cassiterite, and indicated a close affinity between Hf
and Ta. The abundance of zircon and of niobo-
tantalates, and the frequency of their association in
the facies of the Suzhou granite, led us to carry out a
systematic study concerning the relationship between
Hf/(Zr + Hf) in zircon and Ta/(Nb + Ta) in the niobo-
tantalates.

Figure 5 shows four principal types of associations
observed in all granitic facies at Suzhou. Thirteen cases
of the association zircon + niobo-tantalates have been
analyzed with an electron microprobe (Table 4). The
levels of Hf correspond to those in zircon (s.s.) and in
hafnian zircon, whereas the niobo-tantalates are made
up of three examples of tapiolite, three of tantalite, and
seven of columbite. In Figure 6, the data points plot
almost along a straight line. The close correlation
between the Hf/(Zr + Hf) in zircon and Ta/(Nb + Ta) in
niobo-tantalates is clearly demonstrated. We have
added to this figure two examples of such associations
from pegmatites in the Pyrénées (Fontan et al. 1980);
note that the two data points are in good agreement
with those for the Suzhou suite. The affinity between
Hf and Ta seems a general phenomenon that can be
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FiG. 6. Correlation between Zr/(Zx + Hf) values in zircon and
Ta/(Nb + Ta) values in the associated niobo-tantalates.
The numbers next to the data points refer to entries in
Table 4. The symbol O indicates two additional examples
of the same association (Fontan et al. 1980).
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TABLE 4. REPRESENTATIVE CHEMICAL COMPOSITION OF ASSOCIATED ZIRCON AND NIOBO-TANTALATES

1 2 3 4 5 6 7 8 9 10 u 12 13

2685  10BS 10B4  10A2  SK25 282 232 24K4 242K 24K§S 2285 8K2 8KS

Zm Zm Zm Zm Zm Zm Zm Zm Zm Zm Zm Zm Zm

@ [G] O @ @ €] 3 ] @ M m * )]
$i0, 28.19 2886 2875 2994 3065 3061 2652 3205 3105 3124 3082 3092 3129
HfO, 3364 3057 3066 2533 2108 2045 9.82 5.55 528 7.08 850 374 6.35
Uo, 0.00 0.00 0.00 0.00 0.04 0.04 L10 0.23 0.62 1.21 0.79 1.28 172
ThQ, 0.10 0.07 0.00 0.09 0.07 020 422 0.07 0.21 0.28 034 1.50 0.83
70, 3550 3865 3808 4284 4726 4743 4523 6171 6073 5923 5807 SB83 5729
PO, 0.76 0.59 0.60 058 0.70 058 0.68 0.10 0.10 0.00 0.20 0.11 0.01
Y,0, 0.34 020 0.27 029 0.16 0.11 091 0.14 0.27 0.00 029 0.24 0.06
Cr, 0, 0.79 0.00 0.03 0.01 0.01 0.02 0.01 0.0 0.00 0.00 0.00 0.04 0.00
Total 9932 9894 9839 9908 9997 9944 8849 9989 9826 99.04 99.01 9666 97.55
R 0597 1010 1012 1018 1012 1015 0988 1003 092 1000 0992 1005 1015
HE' 0340 0305 0308 0246 0199 0194 0104 0050 0048 0065 0078 0035 0.059
u* 0.000 0000 0000 0000 0000 0000 0009 0002 0004 0009 0006 0009 0012
The* 0001 0001 0000 0001 0001 0002 003 0000 0002 0002 0002 0011 0006
Zs 0612 0660 0653 0710 0761 0767 0822 0941 0947 0925 0911 0932 0906
p>* 0023 0017 0018 0017 002 0016 0021 0003 0003 0000 0005 0003 0.000
Y3 0006 0004 0005 0005 0003 0002 0018 0002 0005 0000 0005 0004 0001
o'l 0022 0000 0001 0000 0000 0001 0000 0000 0000 0000 0000 0001 0000
Total 2001 1997 1997 1997 199 1997 1999 2000 2000 2000 2000 2001 2000
H* 0.36 0.32 0.32 0.26 0.21 0.20 0.11 0.05 0.05 0.07 0.08 0.04 0.06

Tap Tap Tap Tan Tan Tan Col Col Col Col Col Col Col

@ @ @ @ @ @ (10 @ @) [¢)] [¢)] ) m

Nb,O, 441 3.38 292 1771 2454 2639 4450 7616 7333 7114 7040 7549 7149
Ta, 0, 7852 7879 7841 6276 5612 5220 3134 251 462 4.66 4.87 2.10 5.87
FeO 1286 13.09 1327 916 1068 10.39 897 1542 1478 1516 1742 1579 13.79
MnQ 1.08 0.88 084 5.89 5.40 549 8.81 5.84 5.64 529 3.47 547 6.28
$n0, 0.51 110 1.14 0.20 0.07 0.10 0.26 0.04 0.09 0.00 0.14 0.06 0.02
TiO, 121 242 2.97 246 1.22 1.52 2.81 041 0.39 057 1.55 0353 0.61
WO, 0.24 0.41 0.26 L15 1.55 259 247 0.58 0.63 145 L6l 0.80 118
Total 98.83 10007 9981 9933 9958 9868 99.16 10096 9948 9827 9946 10024 99.24
Nb** 0165 024 0107 0600 0807 0862 1299 1935 1907 1878 1835 1931 1874
Ta** 1768 1739 1729 1279 1110 1.026 0550 0038 0072 0074 0076 0032 0093
Fe?* 0.891 0889 0900 0574 0650 0628 0484 0725 0711 0741 0840 0.747 0.669
Mn?* 0076 0061 0058 0374 0333 0336 0482 0278 0275 0262 0170 0262 0309
$n* 0017 0034 0037 0006 0002 0003 0007 0001 0002 0000 0003 0001 0000
Ti% 0.07s 0148 0.I81 0139 0067 0083 0137 0017 0017 0025 0067 0023 0027
we* 0005 0003 0005 0022 0020 0048 0042 0008 0009 002 0024 0012 0018
Total 2997 3005 3017 2993 2998 298 3001 3004 2994 3002 3015 3008 2990
Te* 091 0.93 0.94 0.68 0.58 0.54 0.30 0.02 0.04 0.04 0.04 0.02 0.05
The mumber in parentheses indicates the number of analytical data—sets that have besn ged to give the

quoted.
Zsm zircon, Tap tapiolite, Tan tentalite, Col columbite. * H represents the vaine of the ratio Hf(Zr + Hf) in zircon; ** T represents the
The .

value of the ratio Ta/(Nb + Ta) in the niobo

explained either by a crystal-chemical coherence
between Hf and Ta, or by a geochemical parallelism in
the behavior of Hf and Ta in the magma or in a
late-stage fluid phase.

We note that where the zircon and niobo-tantalates
are not in contact, the correlation is not as good. For
example, in the same sample 26S, in cases of
intergrowth with hafnian zircon, the Ta mineral is
tapiolite in which Ta/(Nb + Ta) is equal to 0.91. In
the case of an isolated grain of zircon, tantalite is the
coexisting phase [Ta/(Nb + Ta) = 0.65]. It thus seems
that the correlation between the ratios Hf/(Zr + Hf) and
Ta/(Nb + Ta) is obeyed only where local equilibrium
is attained between zircon and an (Nb-Ta)-bearing
mineral. From the geochemical point of view,
zirconium and hafnium are close to niobium and
tantalum. In highly evolved rocks, notably in granitic
pegmatite, tantalum may become completely separated
from niobjum and form independent minerals (von

of elements is reported as oxides, in weight %.

Knorring & Hornung 1961), whereas hafnium is
invariably incorporated in zircon (s.L), the only
exception being the case of hafnon in Mozambique
(Correia Neves et al. 1974). In light of the preceding
remarks, we contend that there exists a similarity in the
thermal stability of the complexes of Ta and Hf, which
ultimately leads to the simultaneous precipitation of Ta
and Hf as tantalite or tapiolite and hafnian zircon,
respectively, in the same local conditions, with a
parallel evolution of Nb/Ta and Zr/Hf. The affinity
between Hf and Ta would thus be more geochemical
than crystal-chemical.

CONCLUSIONS

1. Zircon is an accessory mineral invariably present in
the evolved facies of the Suzhou granite; however, its
composition is quite variable. Zircon relatively poor in
hafnium (HfO, < 10%) is present in the early facies
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containing biotite and topaz.

2. The hafnian zircon of the late-stage albite-enriched
facies may contain more than 25% HfO,, and may even
attain 35%. This level is the highest known in zircon
formed in a granitic or pegmatitic environment.

3. The great variation in the ratio Zr/Hf in zircon from
different facies reveals a decoupling of Zr and Hf in
the direction of enrichment in Hf, indication of a high
degree of differentiation in thé granitic magma. In view
of the exceptional levels of enrichment of Hf in zircon,
the Suzhou granite shows a typically pegmatitic
character, already pointed out in the Beauvoir granite.

4. The zircon defines a close association, and locally
an intergrowth, with niobo-tantalates. A study of
thirteen cases of the association zircon + niobo-
tantalates from the different facies has revealed a
correlation between the ratios Hf/(Zr + Hf) in the
zircon and Ta/(Nb + Ta) in the niobo-tantalates. This
affinity between Hf and Ta is best explained by a
geochemical parallelism in the extent of decoupling of
Zr from Hf and of Nb from Ta in the conditions of local
chemical equilibrium.

ACKNOWLEDGEMENTS

The first author expresses his gratitude to the
Ministry of National Education and to the Foundation
of Natural Sciences of China for financial help in
connection with this research, and for his stay at
Toulouse. He also thanks Prof. J.P. Fortuné, who
graciously hosted him once again in the Laboratoire de
Toulouse. The authors thank Dr. P. de Parseval, as well
as Profs. Zhu Jin Chu, Liu C.S., and Shen W.Z. for
their help during the field and laboratory studies. We
thank T. Birkett, R.F. Martin and R. Linnen for their
constructive criticism, which led to important improve-
ments. Sincere thanks to Mrs. V. Martin for the English
translation.

REFERENCES

CASSEDANNE, J.P., BAPTISTA, A. & CERNY, P. (1985): Zircon
hafnifere, samarskite et columbite d’une pegmatite du Rio
Doce, Minas Gerais, Brésil. Can. Mineral. 23, 563-567.

CerNY, P., MEINTZER, R.E. & ANDERSON, AJ. (1985):
Extreme fractionation in rare-element granitic pegmatites:
selected examples of data and mechanisms. Can. Mineral.
23, 381-421.

& Smnvora, J. (1980): The Tanco pegmatite at
Bernic Lake, Manitoba. XII. Hafnian zircon. Can.
Mineral. 18, 313-321.

CHAROY, B. & RAIMBAULT, L. (1994): Zr-, Th-, and REE-rich
biotite differentiates in the A-type granite pluton of
Suzhou (eastern China): the key role of fluorine. J. Petrol.
35, 919-962.

1009

CoNnGpoN, R.D. & Nasn, W.P. (1991): Eruptive pegmatite
magma: rhyolite of the Honeycomb Hills, Utah. Am.
Mineral. 76, 1261-1278.

CORREIA NEVES, J.M., LopES NUNES, J.E. & Sanama, T.G.
(1974): High hafnium members of the zircon—hafnon
series from the granite pegmatites of Zambézia,
Mozambique. Contrib. Mineral. Petrol. 48, 73-80.

CUNEY, M. & BROUAND, M. (1987): Minéralogie et géochimie
de U et Th dans le granite de Beauvoir et les micaschistes
encaissants. Géol. France 2-3, 247-257.

ELLISON, A. J. & HEss, P.C. (1986): Solution behavior of +4
cations in high silica melts: petrologic and geochemical
implications. Contrib. Mineral. Petrol. 94, 343-351.

FoNTAN, F., MONCHOUX, P. & AUTEFAGE, F. (1980): Présence
de zircons hafniferes dans des pegmatites granitiques
des Pyrénées ariégeoises; leur relation avec les niobo-
tantalates. Bull. Minéral. 103, 88-91.

GuULSON, B.L. (1970): Electron microprobe determination of
Zr/Hf ratios in zircons from the Yeoval diorite complex,
N.S.W., Australia. Lithos 3, 17-23.

HuaNe, YU Hui, Du, SHao HUA & ZHou, X1u ZHONG (1991):
Study on rocks, deposits and minerals in the Xianghualing
district. Sci. Tech. Press, Beijing, China (in Chinese).

KEePPLER, H. (1993): Influence of fluorine on the enrichment
of high field strength trace elements in granitic rocks.
Contrib. Mineral. Petrol. 114, 479-488.

vON KNORRING, O. & HORNUNG, G. (1961): Hafnian zircons.
Nature 190, 1098-1099.

LEVINSON, A.A. & BoRUP, R.A. (1960): High hafnium zircon
from Norway. Am. Mineral. 45, 562-565.

LINNEN, R.L. & KEPPLER, H. (1996): Ta/Nb fractionation in
the Earth’s crust: evidence from columbite solubility
experiments. Goldschmidt Conference, Heidelberg,
Germany.

L, Y1 Mao (1987): Geological-geochemical characteristics
of Suzhou granite and its origin. In Symp. on Petrogenesis
and Mineralization of Granitoids (Guangzhou, China),
Field excursion Guide, 1-25.

LumMPKIN, G.R. & CHAKOUMAKOS, B.C. (1988): Chemistry and
radiation effects of thorite-group minerals from the
Harding pegmatite, Taos County, New Mexico. Am.
Mineral. 73, 1405-1419.

MumproN, F.A. & Roy, R. (1961): Hydrothermal stability of
the zircon—thorite group. Geochim. Cosmochim. Acta 21,
217-238.

NAGASHIMA, K., Nakal, L., Izawa, M. & KuwaNo, N. (1978):
Hafnian zircon from Nagatare, Fukuoka Prefecture.
Geosci. Mag. 29, 39-44 [in Japanese; Mineral. Abstr. 35,
422 (1984)].



1010

PoucHou, J.L. & PICHORR, F. (1991): Quantitative analysis of
homogeneous or stratified microvolumes applying the
model “PAP”. In Electron Probe Quantitation (K.F.J.
Heinrich & D.E. Newbury, eds.). Plenum Press, New
York (31-75).

RAmMBAULT, L. (1990): A new tool: zirconium and hafnium in
granitic rocks. European Economic Community Contract
Rep. MAIM-004-C, 16-18.

CUNEY, M., AzeENCOTT, C., DutHOU, J.L. & JORON,
JL. (1995): Geochemical evidence for a multistage
magmatic genesis of Ta-Sn~Li mineralization in the
granite at Beauvoir, French Massif Central. Econ. Geol.
90, 548-576.

RuBIN, J.N., HENRY, C.D. & PRICE, J.G. (1989): Hydrothermal
zircons and zircon overgrowths, Sierra Blanca Peaks,
Texas. Am. Mineral. 74, 865-869.

SPEER, J.A. (1980): Zircon. In Orthosilicates (P.H. Ribbe, ed.).
Rev. Mineral. 5, 67-112.

THE CANADIAN MINERALOGIST

WaNG, RuU CHENG, FonTaN, F. & MoNcHoux, P. (1992a):
Minéraux disséminés comme indicateurs du caractire
pegmatitique du granite de Beauvoir, Massif d’Echas-
siéres, Allier, France. Can. Mineral. 30, 763-770.

Zuu, JIN CHu, Xu, SHI JIN & ZHou, FENG YING
(1992b): Ta mineralization in the Suzhou granite. National
Key Laboratory of Mineralization of Nanjing Univ., Year
Book, 20-24 (in Chinese).

7Zuou, FENG YING (1994): Geochemical Study on the
Magmatic-Hydrothermal Transition Stage for some F-
rich Granites in South China. Ph.D. thesis, Nanjing Univ.,
Nanjing, China (in Chinese).

Received January 3, 1996, revised manuscript accepted
June 17, 1996.



