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ABSTRACT

Hafnian zircon generally is found in granitic pegmatite, but much more rarely in granite. Here, we describe an occunence
in the apical part of the Suzhou granite (unit tr), 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 lrrb, Ta, 7x, Ht, Th and the rare earths. In the biotite-bearing facies, the zircon contains less than l0 wt.Vo HfO2. Levels of
HfO2 greater than 25Vo, and even attaining 35Vo, chancreize the hafnian zircon in the albite-enriched facies. This degree
of enrichment is the greatest known so far in hafnian zircon. The level of FIf in zircon of the topaz-bearing facies is intermediate.
The striking decrease in ?/Hf with increasing degree of evoludon of the granite reflects an important decoupling in these two
elements. The Suzhou granite thus displays a pegmatitic charact€r. Where the zircon is associated with niobo-tantalates, we
document a close correlation between Hf/QIf + 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 facton.

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

SolvrMarns

l,e zircon hafnifbre se prdsente g6n6ralement dans des pegmatites granitiques, mais trds rarement dans des granites.
Toutefois, on le trouve dans la partie sup6rieure du granite II de Suzhou, en Chine. On distingue trois facibs bien 6volu6s, qui
sont du haut en bas: facids d albite, facids i topaze et facibs i biotite. Ces roches contiennent un important enrichissement en
I\b, Ta, Zr, Hf, Th et tenes rares. Dans le facibs d biotite, la teneur en lIfO2 du zircon est inf6rieure i 107o (poids). Le zicon
hafnifdre a 6t6 observ6 dans le facibs i albite, avec des teneurs en HfO2 supdrieure d25%o, powant atteindre 357o, c'est-h-dire
le plus fort enrichissement en Hf connu i ce jour. Le zircon du facibs d topaze est intermddiaire. La forte diminution du rapport
7ilHf du zircon avec le deg€ d'dvolution des roches reflbte un important fractionnement des deux 6l6ments. Le granite de
Suzhou pr6sente donc un caractbre typiquement pegmatitique. Dans le cas oi le zircon est associ6 aux niobo-taatalates, il montre
une corr6lation 6troite entre les rapports Htl(7l + HO du zircon et Ta/(M + Ta) des niobo-tantalates. Cette affinit€ entrc Iff et
Ta parait plut6t g6ochimique que cristallochimique.

Mots-cl€s: zircon, hafnium, columbite-tantalite, tapiolite, granite, Suzhou, Chine

bnr.opucuow

Since its discovery in a granitic pegmatite from
Zambezia, Mozambique (Correia Neves er al. 1974),
hafnon, HfSiO4, a mineral isotypic witl zircon, has not
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been found. However, examples of haftrian zircon
having very variable levels ofHfhave been described
in several occurrences of granitic pegmatite (kvinson
& Borup 1960, von Knorring & Hornung 1961,
Nagashima et al. 1978, eemf & Siivola 1980, Fontan
et al. 198A, Cassedanne et al. 1985, Lumpkin &
Chakoumakos 1988). Zircon in granitic rocks
commonly contains Hf, but concentrations arc almost
always less than lUvo HfO2, with the exception of
hafnian zlcon (l8.8Vo IIfOt in the Beauvoir granite
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in Francen which confers to it a pegmatitic affinity
(Wang e/ al. 1992a). Our mineralogical study of the
Suzhou granitic complex, in China, indicates the
presence of hafnian zircon containin g up to 35Vo LIfOr,
which is much higher than the highest level recorded in
granitic pegmatites (37Vo: 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 ofthe Suzhou granite, as well as ofNb and Ta in
the associated niobo-tantalates.

Dpscmprrox op rrrs
Suzsou GnaNrrrc CowlEx

The Suzhou granitic complex is located approxi-
mately l0 km west of the town of Suzhou, Jiangsu

Province, China (Fig. 1). It is intrusive into Devonian
sandstone and is exposed over an area of 1 1 km2. 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. l), which are, in chronological order of
emplacement: granite I, amphibole- and biotite-bearing
and coarse-gtained, granite U, biotite-bearing, with
albite predominant over K-feldspar, and granite Itr,
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, IIf,
Th, and the rare earths. In its apical part, we distinguish
three highly evolved facies, from bottom to top: a

Frc. 1. Geological context
of the Suzhou granitic
complex (after Liu 1987).
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an igneous origin, the three facies being intenelated by
differentiation. The small nodules of '"biotitite". found
in the apical part, are considered to be a product of
metasomatism bv Charov & Raimbault (1994).

TABLE 1. AVERAGE BULK COMPOSMON,
GRAMTE tr FACTES, STNHOU PLUTON

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 2O7o of the rock. The topaz contains
numerous melt inclusions, 500 < T6 < 800'C, which
suggest that it has a magmatic origin (Zhou 1994), just
as in the case of tlte Beauvoir granite (Raimbault et al.
1995). The albite-enriched facies is located at the top of
granite tr. 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 (0.05Vo 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 tIf (Y,lang et al.
199'2b, Fig.2); however, no mineral exploration was
undertaken.

The petrological studies (Y'/Nrg et al. L99?h, Charoy
& Raimbault 1994) show that the Suzhou sranite has

HAFNIAN ZRCON. SUZHOU GRANTTE

FIc. 2. Cross-section of the apical portion of granite tr 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.
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ANALYnCAL METHoDS

The chemical analyses were done with a Cameca
SX50 electron microprobe (Universit6 Paul Sabatier,
Toulouse). The operating conditions were as follows:
acceleration voltage 15 kV, sample current 20 nA, and
diameter of electron beam 5 pm; the following
standards were used: wollastonite (Si), trsazr2 (Hf),
UOz (U), ThO2 (Th), zircon (7,r), graftonite (P),
Y3AI5O12 G), and Cr2O3 (Cr). We used the PAP
program for data reduction (Pouchou & Pichoir 1991).
The structural formulas were calculated on the basis of
fouratoms ofoxygen.

ZncoN N rHn Brorrrs- eNo
Topaz-BBennvc FAcEs

In the biotite- and topaz-bearing facies, zircon is
found as subhedral octahedra of small size (= 20 pm),
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 et 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 HfO2 range from 1.76 to 7.08 wt.Vo for
the biotite-bearing facies, and from 4.94 to I6.08Vo
for the topaz-bearing facies, values comparable to

TABLE 1 REPRESENIATIVE CIIEMICAL COMPOSITION OF ZRCI]N
IN THE BIOTM- AND TOPAZ-BEARINC FACIES OF CRANITE II,

SUZITOU PLUTON

1 2 3 4 5 6 ? 8 9 1 0
22S5-l 8K8-2 8K2-l 24Kl-3 24K3-2 UKs-t 2+2X2 2izl-3 l6Kl-2 18Kl-l

s0" 9.& 3rs2 2921 3Ln 3?;M 3124 32.6 X.91 31J6 30.49
Hioz E.50 2.70 2.32 1:t6 3.63 7.m 4.94 8r8 8.75 16.08
UO, O.79 0.69 2.03 0.15 0.m 121 ra lJo 1.79 0.1?
ro2 03 0J6 5,@ 0x 0.19 0r8 0.3t 7J5 0.60 0.01
zro2 58.07 6al9 55.?3 63.01 6L70 s923 60.60 40.16 55.n 49,49
P,O! A.m 0.03 0.36 0.00 0.02 0.00 o,m 0.69 0.05 0.60
yro, 029 0.2a 0.43 037 0.11 0.m 030 La 025 0,32
e,o3 0.m 0.m 0.03 0.07 0.@ 0.m 0.00 0.05 0.01 0.m
Tda.l 99.0t 98.1? 95,, W.D J3 9.M n.O 8.A 9E'34 m.rc

si4' o.wz r.w 0986 l.m9 l.m6 t.m 0.972 L,a$ Lo16 09n
Hf.' 0.078 0.024 \sz 0,016 0.032 0.065 0.046 0.096 0.61 0.153
u.' 0.m6 0.m5 0.015 o.ml 0.m 0.m9 0.m9 0.014 0.013 0.m1
'rh& 0.003 0.m3 0.039 0.m2 o.ml 0.m2 0.m3 0.070 o.ml 0.m
z/' 0.9il 0.957 0.918 0.963 0.958 0. 0.961 0.795 0.&78 0.E04
pE 0.m5 0.001 0.010 0.m 0.001 0.m o.ml 0.024 0.@r 0.017
y3* 0.@i 0.005 0.m8 0.011 0.@ 0.m 0.m5 0.031 0.004 0.m6
ca' 0.000 0.m0 0.001 0.m2 0.m0 0.m0 0.000 0.m 0.0m 0.0m
Total 2.000 2.ml 2.000 2.m3 2.m 2.000 Lml LW L6l 1.97

gg(zr+Ho0.@ 0.03 0.A 0.@, 0.m 0.o7 OoJ 0.11 0.08 0.16

Colums: 1'6: biotite-$esing facis, 7-10: bpe-boring facis. Cotr@nrsdon of elemenb

Bpo(ed 4 oxids, in weigh! 7r.

those found in the Beauvoir granite (Y{al;:g et al.
1992a). T\e value IIfl(Z + Hf) of the zircon in the
biotite-bearing facies is invariably less than 0.10, and
that ofthe zircon in the topaz-bearing facies is between
0.05 and 0.16" indicative of a low concenhation of
hafnium.

Ftc. 3. Fissures in columbite (C), linked to t}re presence of metamict zircon (Z) nearby.
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In these fwo facies, zircon is the main host of Th and
U, with concenfrations that are very variable. Crystals
rich in thorium (Table 2, anal. 3, 8) are metamict, the
analytical total varying between 95.2 and,83.6Vo. Tt-is
shortfall is attributed to the presence of water, not
detected, which is presumably in the form of molecular
HrO rather than (OH) (Mumpton & Roy 1961, Speer
1980). The level ofUO, does not exceed2.l3%o,whtch
is distinctly lower than in the zircon from the Beauvoir
granite (up to l0.7Vo UO2: Cuney & Brouand 1987).
Pictures of the distribution of Th and U indicate one of
two patierns: (1) homogeneous distribution, the case
of two crystals of zircon having high levels of Th
and U (Iable 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 Zt. The levels of Th are
close to its maximum solubility in zircon, which is on
the order of 5.5 i 2.5Vo T\O2by weight (l4umpton &
Roy 1961), although this limit is surpassed in the case
of zircon from the Sierra Blanca Peaks rhvolite in
Texas (up to 9.4Vo ThO2: Rubin et at. $Ar. Q)
Heterogeneous distribution of micro-inclusions
(2-5 pm) of thorite + coffinite (or uraninite) in zircon
(Table 2, anal. 9). According to dernf & 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 glements in the structure at the conditions
of growth. This maximum concentration seems to have
been here much lower than in the fust type. We must
therefore attribute the distribution ofTh and U. either
in substitution for Zt in the structure or in the forrn
of micro-inclusions of distinct minerals. to local
variations in the conditions of crystallization.

HanuaN ZrncoN nr rrIE
Ar-srE-ENRIcnEo FacrEs

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 (remains of fluid inclusions?), which may be
dishibuted 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 1017a, show well that these
crystals are not metamict. Hafnium is strongly
concentrated in this facies. with variable concentra-
tions (16.93 to 34.84Vo HfO), not only in the same
sample on a scale of centimeters (e.g., 25.69 to

SIZI{OU PLU'ION

1 2 3 4 5 6 7 8 9 1 0
2655-1 2650-2 2664-1 1085-4 r0B4-2 1086-2 r0B1-2 10A2-l 25(1,-4 252(4)

wK +sr)031 0.35 0.35 035 0.34 032 O2E 0 0.16 OA

Cewred@ ol etq@18 cponid s uid6, h reigh %.

33.25Vo; sample 10B), but also within a single crystal
of zircon (e.g., 28.51 to 33.40Vo: crystal 2650). We
find that the levels of HfO2 are the hiehest (l) 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 er a/.
1980, Wang et al. 1992a). The value I{f(Z + H0 is
between 0.16 and 0.37; according to the nomenclature
proposed by Correia Neves et al. (L974), the crystals
can be considered hafnian zircon. The zircon of
granitic rocks normally contains less than 4Vo HfO2
(Gulson 1970). In peraluminous granites and rhyolites
enriched in rare elements, zircon is generally richer in
Hf (Rubin et al. 1.989, Congdon & Nash 1991, Huang
et al. I99l,Wang et al. 1992a), although the concen-
tration of HfO2 usually is less than l0%o. T\e Suzhou
granite shows, as far as we know, the highest
enrichment of IIf 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 IIf that su4)ass those in zircon from granitic
pegmatites. Certain crystals may contain U and Th, but
invariably at very low levels (<0.27o); crystals having
frOr > 0.25Vo are rare, and such values are found in
isolated spots only. This finding confirms that zbcon
contains only low levels ofTh and U in the presence of
thorite (Lumpkin & Chakoumakos 1988), which, inthe
albite-enriched facies, is widespread and associated
with zircon and niobo-tantalates.

sio, 27.49
Hfoz 34.U
uo, 0.00
Tto, 0.m
K" 35,t2
PzOr 0.!)6
YrO. 0J3
GzO: 0.4E
Tdat 99J2

si4' 0.9t9
r{f' 0.353
u" o.om
T!4' 0.m
h.+ 0.605
rtr' o,w
Y! o.oto
d' o.or3
Total 1.999

?ast 8,M ?l-M 29.15 X94 D& 30.30 30.93 30.91
33.N 3228 X325 1Lt6 n.n n.M 25.12 t6.93 2tS9
0.00 0.m 0.m 0.m 0.00 0.00 0.m 0.09 0.m
0.00 0.00 0.00 0.m 0.00 0.m 0.01 0.00 0.17

35.98 35.83 36.4. .fi 38.72 4t.72 43Jl 50.fr 47:rI
0.78 0.74 0.82 0.69 0.61 0,62 0.60 0.94 0.68
0 0.r9 03r 034 0.13 08 020 02J 0.m
038 0.98 0.04 0.0E 0.00 0.04 0.m 0.00 0.@

931 98.04 9'J0 98.m 98.78 98.95 1m-74 99,74 1n.95

1.m5 0.998 1.0@ 1.022 1.012 1.008 1.015 r.m5 r.012
0.3 0326 0,3y 0322 O3A3 0266 0248 o.rs't O2fi)
0.0m 0.m 0.m 0.000 0.m 0.m 0.m 0.m1 0.m
0.0@ 0.000 0.000 0.m0 0.m 0.000 0.000 0.m 0.m
0,618 0.6n 0.631 0.624 0.660 0.7m 0.713 0.802 0.763
0.w 0.w, 0.w 0,0n 0.018 0.018 0.017 0.@6 0.019
0.m5 0.m4 0.006 0.006 0.m 0.004 0.004 0.m4 0.m
0.011 0.y28 o.ml 0.m 0.0m 0.001 0.000 0.m 0.m
1.98 ZW2 1.96 r,Wl r,96 r.Wl 1.997 1.95 1.95
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EvonrnoN or Z/[If u,r ZncoN

The concentration of Hf in zircon is variable; it
depends on the degree of evolution of the original
magma. The average of IIf concentrations is 4.337o in
the biotite-bearing facies, and attains 23.78 wt.VoHfO2
in the albite-enriched facies. A few crystals of zircon
from the topaz-bearing facies have an average content
of 9.5lVo, and are intermediate. The diagram Z/IIf
versus Hf (Fig. a) reveals, from the biotite-bearing
facies to the albite-enriched facies, a grcater range of
Z/Hf values than in the Beauvoir grante (6{ang et al.
1992il. The value of ZrtHf decreases from 31.25 to
5.M 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, ZrlIIf
values of 8.08, 3.36, and 2.40, variations that imply a
decoupled fractionation for 7,t and Hf @llison & Hess
1986). Experimental studies (Keppler 1993, Linnen &
Keppler 1996) reveal the importance of fluorine on
the solubility of zircon and columbite-tantalite in the
magma. In the Suzhou granite, we have documented an

enrichment in IIf in the albite-enriched facies that may
be linked to hydrothermal activity during a late
magmatic stage (Raimbault 1990, Raimbault er aL
1995), the 7,r beng complexed by fluorine, which
would result in an enrichment of hafnium in the
residual masma.

lr the diigram of Cemj et aI. (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.

RsLAnoNsnP BE"TwEEN Zrncox
AND NIOBO-TANTALATES

Several authors have emphasized the close asso-
ciation between hafnian zircon and minerals rich in Ta
(von Knorring & Hornung 1961, (em! & Siivola
1980). Fontan et al. (1,980) have emphasized the
correlation between the values lltl(7r + H0 in the
zircon and Ta/(M + Ta) in the associated niobo-
tantalates. Wang er al. (1992a) have described the

N

FaciEs i biotite

FaciBs i topaze

FaciEs i albite

Hf lu,l94
FIc. 4. Plot of the composition of zircon in the Suzhou granite, in terms of Z/[If versas concentration of FIf. The shaded areas

indicate the compositional domains of zircon in felsic plutonic rocks of granitic (GRA) and pegmatitic (PEG) texture,
respectively [after Cernf et al. (1985), with modifications).

3II20l 0



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
Hfl(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 41 grrz}eu. Thirteen cases
of the association zircon + niobo-tantalates have been
analyzed with an electron microprobe (Iable 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 sfaight line. The close correlation
between the Hfl(Z + Hf) in zircon and Tal(Nb + Ta) in
niobo-tantalates is clearly demonstrated. We have
added to this figure two eiamples of such associations
from pegmatites in the Pyr6n6es @ontan et aI. 1980);
note that the two data points are in good agreement
with those for the Suzhou suite. The atrinity between
Hf and Ta seems a general phenomenon that can be
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t r
..3

2

. . 5
6

ie

Ta(Nb + Ta), niobo-tahlates

Ftc. 6. CorrelationbetweenTil(k + HO values in zircon and
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TABLE 4. REPRESENTATIVE CHEMICAL @MPOSMON OF ASSOCIATED ZRCON AND NIOBO-TANTALATES

12 t3
8K2 EK5

r 2 3 4 5 6 7
2655 l0B5 1084 t0A2 SK25 2.s2 272

8 9 l 0 l l
uK4 24-2K 24K5 ?2Ss

Zfr 7^ Zfi zfi Ztu Zfr Zn kn kn 7e 7a 7n ^n
(4) A (4) (2' (4) (4) (3) (2J (4) O) 0) (4) O)

sio,
tI02
UO,
TKlr
7,rO.
Paou

Gzo:
Totd

si{'
Hf4'

u.'
'Ihe

ke

re'
Y3'
cf'
Toel

Ilt

&:o:
TeaOl
F@
MiO
S@,
Tto2
WO:
Totat

Nb5.
Ta!

lv!a*
Sa6'
Ti..

Tobl

T..

28.19 X.86 XJ1 A94 30.65 30.61 52 3L05 31.05 3t24 30.82 30.E2 Xr29
33.64 30.57 30.66 25.33 2l.m 2!.45 9.92 JJ5 'A 7.08 8J0 3.74 6J5
0.m 0.00 0.m 0.00 0.04 0.04 l.l0 0.23 0.o r2r 039 t.x r:tz
0.10 0.07 0.m 0.09 0,w 02n 422 0.07 0.2r 0.28 034 ljo 0.E3

35J0 18.65 38.08 42lr'. 4126 47.43 4523 6r.11 ffi.13 59.A 58.07 58.83 5'729
0.76 0J9 0.60 ojr 0.70 ojt 0J8 0.10 0.10 0.m 020 0.11 0.01
0.y 0.20 0.n 029 0.16 0.11 0.91 0.t4 0n 0.@ 0a 024 0.6
0.79 0.00 0.03 0.0r 0.01 o.M 0.01 0.01 0,0 0.00 0.m 0.04 0.m

9.n 98.94 9839 99.08 9.m '9.44 88.49 99.89 98,26 9,U 99.01 .6 n55

0.9c7 1.010 1.012 1.018 r.orz r.015 0.9s 1.m3 0.92 l.om 0.9v2 1.005 1.01J
0.340 0.305 0308 0 0.199 0.194 0.104 0.0J0 0.0411 0.065 0.0/8 0.035 0.059
0.m 0.000 0.0s 0.000 0.0m 0.00 0.m9 0.002 0.004 0.009 0.006 0.m9 0.012
o.ml 0.001 0.000 o.ml 0.m1 0.0@ 0.036 0.m 0.w2 0.m2 0.m2 0.0u 0.m6
0.612 0.@ 0.653 0.710 0.761 0.761 0.{/2 0.941 0,947 0.E25 0.9U 0.932 0.906
0.023 0.01? 0.018 0.017 0.020 0.016 o.ml 0.003 0.003 0.0m 0.m 0.03 0.000
0.m6 0.004 0.005 0.005 0.m3 0.@ 0.018 0.002 0.005 0.00 0.06 0.m4 0.ml
o.on 0.0s 0.001 0.0m 0.m 0.001 0.0m 0.0m 0.m 0.0m 0.000 o.ml 0.m
2,Qt r,997 r.gt r.97 r.996 r,97 r.W 2.000 2.0m 2.000 2.W zml 2.m0

0.36 0.32 032 0 02t 0.m 0.ll 0.05 0.6 0.07 0.08 0.04

Tap Tap Te Tm Te T6 Col Col Col Col col Crl Col
(3) (4) Q\ @ @) @ O0) Q) @ 0) O) (l) O)

4.4r 3.38 2.92 r7.1t 24.54 26.39 44lo 16,16 73.33 71,14 70.40 75A9 71.49
n52 78.79 78.4r 0.76 5612 sLm 3rc4 2Sr 4.O 4.6 4.gt 2.rO 5.87
12.86 13.09 Bn 9.16 10.68 10.39 8.97 15,42 14;78 15.16 t7.42 15.79 r3.7t
1.08 0.88 0.84 5.89 5.40 5,49 83r 5.84 s.il 529 3.4'1 5.47 6.4
0J1 l.l0 1.14 020 0,V1 0.10 0 0.04 0.09 0.00 0.14 0.06 0.02
r2r 2.42 2.n 2.44 r22 rS2 2.81 0.4r 039 0J7 IJJ 053 0.61
0.24 0.41 0.% l.l5 1.55 2j9 2.n 0J8 0.63 t.45 r.61 0.80 l.l8

98.83 100.07 99.81 9,33 99J8 98.68 9.16 100.% 99.41 98.n 99.46 rN24 99.4

0.165 o.lu 0.lf/ 0.600 0.807 0.862 18 1.935 tgl 1.878 1.835 1.931 LA7'4
1.768 tJ39 r.1D t279 1.110 t.O26 0J50 0.038 0,C12 0.914 0.076 0.tt2 0.@l
0.891 0.889 0.900 0574 0.650 0.6A 0.484 0.725 0.711 OJ4t 0.E40 0347 0.669
0.076 0.061 0.058 0.n4 0.333 0.336 0r''a2 gna ons o 2 0.t70 0 2 0.309
0.01? 0.03 0,037 0.006 0.0[2 0.003 0.07 o.ml 0.m2 0.m 0.m3 0.001 0.0o
0.075 0.148 0.r8r 0.139 0.067 0.083 0.137 0.017 0.017 0.m5 0.067 0.@3 o.an
0.005 0.009 0.005 0,t22 0.w o.ut oM2 0.m 0.m9 o,gn o.o2A 0.012 0.018
2,97 3.mJ 3.01? L9E3 2.998 2.96 3.mr 3.m4 2,94 3.W 3.015 3.m8 2g

0.91 0.93 0.94 0.68 0J8 0J4 030 0.U2 0.04 0.04 0.04 0.V2 0.05

Tteentrb{inpandss!i!di@tlE@b€rofaulyticaldalE€bthdhneb@a@gedbgiwteoonpGid@qgoEd Symbob:
atr ztuc@, T4 teiolite, T@ r4r'lib, Cbl @lnbtle. . Ii repesats lhe rale of fE tuio Hf/Ca + g0 iD zi@ " T !€pq@ 6e
vd@ ol tle ndo Ta/(Nb 4 Ta) h tlE !i6q.ml!B. Thr codrsddi@ of el€@a ls rspotbd 6 onds, in ftight 70.

explained either by a crystal-chemical coherence
befieen Iff and Ta, or by a geochemical parallelism in
the behavior of Hf and Ta in the magna 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 265, in cases of
intergrowth with hafnian zircon, tfie Ta mineral is
tapiolite in which Tal(M + Ta) is equal to 0.91. In
the case of an isolated gxain of zircon, tantalite is the
coexisting phase [Ta/(I.{b + Ta) = 0.65]. It tlus seems
that the conelation between the ratios Hfl(Zx + H0 and
Ta/{Nb + Ta) is obeyed only where local equilibrium
is attained between zircon and an Q.{b-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 niobium and form independent minerals (von

t(norring & Hornung 1961), whereas hafnium is
invariably incorporated in zircon (s.1.), the only
exception being the case of hafuon 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 conditionso with a
parallel evolution of M/Ta atd ZrlHf. The affinity
between IIf and Ta would thus be more geochemical
than crystal-chemical.

CoNcluslotts

L. Zicon is an accessory mineral invariably present in
the evolved facies ofthe Suzhou granite; however, its
composition is quite variable. Zircon relatively poor in
hafnium (HfOz < ll%o) is present in the early facies
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containing biotite and topaz.
2. The hafnian zircon ofthe late-stage albite-enriched
facies may contain morcthan 25Vo HfOr, and may even
attatn 35Vo. This level is the highest known in zircon
formed in a granitic or pegmatitic environment.
3. The great variation in the ratio ZtlHf n zircon from
different facies reveals a decoupling of Zr and IIf in
the direction of endchment in I-If, indication of a high
degree of differentiation in the granitic rnagma. 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 gfanite.
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 Ht/(Zr + HD in the
zircon and Tal(Nb + Ta) in the niobo-tantalates. This
afnniry between IIf and Ta is best explained by a
geochemical parallelism in the extent of decoupling of
Z from Hf and of Nb from Ta in the conditions of local
chemical equilibrium.
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