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SHRIMP zircon U-Pb dating for two episodes of migma-
tization in the Dabie orogen
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Zircon CL imaging and SHRIMP U-Pb dating were carried out for migmatite in the Dabie orogen. Zircons
from the Manshuihe migmatite show clear core-rim structures. The cores display sector or weak zoning
and low Th/U ratios of 0.01 to 0.17, indicating their precipitation from metamorphic fluid. They yield a
weighted mean age of 137+5 Ma. By contrast, the rims exhibit planar or nebulous zoning with relatively
high Th/U ratios of 0.35 to 0.69, suggesting their growth from metamorphic melt. They give a weighted
mean age of 1242 Ma. Zircons from the Fenghuangguan migmatite also display core-rim structures.
The cores are weakly oscillatory zoned or unzoned with high Th/U ratios of 0.21 to 3.03, representing
inherited zircons of magmatic origin that experienced different degrees of solid-state recrystallization.
SHRIMP U-Pb analyses obtain that its protolith was emplaced at 76812 Ma, consistent with middle
Neoproterozoic ages for protoliths of most UHP metaigneous rocks in the Dabie-Sulu orogenic belt. By
contrast, the rims do not show significant zoning and have very low Th/U ratios of 0.01 to 0.09, typical
of zircon crystallized from metamorphic fluid. They yield a weighted 2*°Pb/**®*U age of 137+4 Ma. Taking
the two case dates together, it appears that there are two episodes of zircon growth and thus migmati-
tization at 137+2 Ma and 124+2 Ma, respectively, due to metamorphic dehydration and partial melting.
The appearance of metamorphic dehydration corresponds to the beginning of tectonic extension thus
to the tectonic switch from crustal compression to extension in the Dabie orogen. On the other hand,
the partial melting is responsible for the extensional climax, resulting in formation of coeval migmatite,
granitoid and granulite. They share the common protolith, the collision-thickened continental crust of
mid-Neoproterozoic ages.
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Metamorphic dehydration and partial melting are critical

processes in the evolution of collisional orogens because
they strongly affect the thermal and rheological features
of orogenic crust!!, and may eventually result in oro-
genic collapse™. In an exhumed orogen, although it is
difficult to determine the relationships between meta-
morphic dehydration, partial melting and tectonic exten-
sion, it is generally considered that the appearance of
partial melting indicates the beginning of extensional
deformation!**. Moreover, partial melting has been
taken as the links between metamorphism and felsic
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magmatism in an orogen[678]. Precise dating of partial
melting in an exhumed orogen is, therefore, significant
for understanding the effect of partial melting on oro-
genic evolution and the relationships between partial
melting and coeval granitoid formation. Furthermore,
dating of metamorphic dehydration can be used to con-
strain the time of transformation in tectonic regime from

Received October 25, 2006; accepted March 21, 2007

doi: 10.1007/s11434-007-0249-2

fCorresponding author (email: yuanbaowu@cug.edu.cn)

Supported by the National Natural Science Foundation of China (Grant Nos.
40303003, 40573011 and 40521001)

Chinese Science Bulletin | July 2007 | vol. 52 | no. 13 | 1836-1842



compressional to extensional states.

Migmatite widely occurs in the Dabie orogen. How-
ever, there are only a few zircon U-Pb ages available
from its leucosome by traditional TIMS dating™. Zir-
cons in leucosome of migmatites are very complex, in-
cluding those inherited from protolith and grown during
different types of metamorphism. Thus it is usually dif-
ficult to acquire the precise ages for migmatitization by
the TIMS dating for different origins of zircon"'"). In this
paper, we report Cl images and SHRIMP U-Pb date for
zircons in two leucosomes of migmatite at Manshuihe
and Fenghuangguan in the North Dabie zone. The re-
sults provide for the first time dating of different types
of migmatitization during extensional collapse of a con-
tinental collision orogen.

1 Geological setting and samples

The North Dabie zone is mainly composed of tonalitic
orthogneiss, with minor mafic-ultramafic rocks and
lenses of eclogite and granulite (Figure 1). It was exten-
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sively intruded by Cretaceous granitoid'' ~
domes of migmatite have been documented in this re-
gion, named the Yuexi dome in the north and the Lu-
otian dome in the west™'!]. They have similar features
of tectonics and lithology. From centre to margin of both
domes, metamorphic conditions were changed from
granulite to amphibolite facies, with a gradual decrease
in the intensity of migmatization"'”’,

Two samples of migmatite were used in this study,
which were collected from Manshuihe in the Yuexi
dome and from Fenghuangguan in the Luotian dome,
respectively (Figure 1). They are the leucosome. Their
protoliths are considered as typical granitic gneiss in the
same area. The leucosome of sample 04NDB14 cuts the
foliation of its mesosome, and does not show signifi-
cantly deformed features. Sample 04NDB23 is stroma-
titic, and has deformed characteristics consistent with its
wall rock. The two leucosomes of migmatite consist of
quartz + plagioclase + K-feldspar + biotite, with minor

accessory minerals such as zircon and apatite.
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Figure 1 Sketch geological map of the Dabie terrane, and sample location of migmatites.
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2 Analytical methods

Zircons were separated using the standard techniques
(Wilfley table, Frantz magnetic separator, heavy liquid).
Transparent zircons without crack were selected by bin-
ocular microscope, mounted in epoxy resin, and then
polished down to expose the grain centers. Zircons were
imaged using a JEOL JXA-8900RL electron microprobe
at the Institute of Mineral Resources of the Chinese
Academy of Geological Sciences, Beijing. The working
conditions during the CL imaging were 15 kV and 20
nA.

Zircon U-Pb dating for samples 04NDB14 and
04NDB23 was performed using the sensitive high reso-
lution ion microprobe (SHRIMP II) at Beijing SHRIMP
Center in the Chinese Academy of Geological Sciences,
Beijing. The standard operating conditions and data ac-
quisition methods follow Williams''”. TEMORA stan-
dard zircon was used to calibrate U/Pb isotopic dis-
crimination during analysis. U, Th and Pb abundances
were calibrated against standard zircon SL13. The
measured ***Pb was used for common Pb correction. The
data were reduced using the ISOPLOT program'”. In-
dividual analyses were reported with 2o uncertainties;
weighted average of ages was also reported at the 2o
level.

3 Reslults

3.1 Zircon morphology

Zircons in sample 04NDB14 are short to long prismatic,
transparent and colorless. In CL images, most of them
show clear core-rim structures (Figure 2(a)). The cores
are sector zoned or weakly zoned, typical for metamor-
phic zircons"™™. Some cores have resorption structures,

indicating that they have been modified by later meta-
morphism. The rims show planar or nebulous zoning,
suggesting that they crystallized from metamorphic
melt!'?. Thin and discontinuous rims occur around the
cores with stronger CL brightness, indicating that the
cores and the rims represent two episodes of metamor-
phic zircon growth.

The sample 04NDB23 contains zircons with short to
long prismatic, translucent and colorless features. CL
imaging reveals that most zircons have core-rim struc-
tures (Figure 2(b)). The cores exhibit weak oscillatory
zoning or no zoning, indicating that they are magmatic
zircons suffering different degrees of solid-state recrys-
tallization''®*"). The rims are weakly zoned, typical for

Co 18
metamorphic zircons!'®).

3.2 Zircon U-Pb ages

Nine spot U-Pb analyses were carried out on 5 zircon
grains from sample 04NDB14 (Table 1 and Figure 3(a)).
Five analysis spots were located on the metamorphic
rims, while the other 4 analysis spots were obtained
from the metamorphic cores (Table 1). The four analyses
on the metamorphic cores yield very low Th contents of
3 to 19 ppm to result in very low Th/U ratios of 0.01 to
0.17, consistent with their metamorphic origin. Their
U-Pb ages are concordant and have coherent **°Pb/***U
ages between 135.4+4.7 Ma and 138.5+4.8 Ma (Figure
3(a)), with a weighted mean of 13745 Ma (MSWD =
0.10). The remaining five analyses on the metamorphic
rims gave relatively high Th concentrations of 64 to 177
pm, corresponding to high Th/U ratios of 0.35 to 0.69.
Their U-Pb ages are also concordant with “**Pb/**U
ages of 122.3+4.3 to 125.3+4.3 Ma (Figure 3(a)), yield-
ing a weighted mean of 124+4 Ma (MSWD = (0.065).
Seven zircon grains were dated by 9 spot analyses for

Figure 2 Typical CL images for zircons in migmatite from the Dabie orogen. (a) Sample 04NDB14; (b) Sample 04NDB23. Short white lines represent

the scale bar of 50 pm.
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Table 1 SHRIMP zircon U-Pb data for migmatites 04NDB14 and 04NDB23

206Pb~ U Th 232Th/ 206Pb* 206Pb/238U 207Pb/206Pb 20Tmr* 206ms1 * 20731 * 235 20601, * 238
Spot © Pb"2%Pb"  +% Pb'/¥U  +% Pb'APU  +%
P ) (ppm) (ppm) U (ppm)  age(Ma) age (Ma) ° ’ ’
04NDB14
11 463 258 3001 497 138.3+4.8 157496 0.0492 4.1 0.1471 53 002169 3.4
12 367 183 64 035 525 123.3+4.1 129489 0.0486 38 0129 51 001931 33
21 252 363 16 004 675 135.4+4.7 143£75 0.0489 32 01431 46 002123 3.4
22 348 142 78057 2.54 123.7+4.4 133209 0.0487 89 01301 95 001937 35
31 112 230 9 004 432 138.5+4.8 124485 0.0485 36 01452 50 002171 34
32507 200 100 052 3.8 125.3+4.3 138127 0.0488 54 01320 64 001962 3.4
41 638 112 19 017 205 136.245.0 129113 0.0486 48 01431 52 002136 3.6
42 471 165 111 069  2.80 122.3£4.3 114134 0.0483 57 01275 67 001915 35
51 361 333 177 055 6.6l 123.144.2 135485 0.0487 36 01296 50 001929 34
04NDB23
L1 097 176 91 054 206 793424 772467 0.06492 3.2 11712 46 0.1308 33
12 120 3223 273 009 592 1354 20053 0.05011 23 01460 40  0.0211 33
21 044 3174 65 002 592 1385 144442 0.04891 1.8 01459 37 00216 3.3
31 036 4118 55 001 795 143£5 97436 0.04796 15 0.1480 3.6  0.0224 33
41 092 248 121 050 210 600+19 734264 0.06377 30 08582 45 0.0976 3.3
51 029 1409 286 021 106 54117 732425 0.06371 12 07695 35  0.0876 33
61 224 350 76 022 820 1706 331488 0.05304 39 01953 41 0.0267 37
71 017 5011 44 001 896 1334 122428 0.04847 12 01388 35  0.0208 33
72 7187 50 146 303  5.05 66423 746=114 0.06412 54 09583 57  0.1084 3.7
0.028 180 sample 04NDB23 from Fenghuangguan (Table 1). Five
@ analysis spots were acquired from the recrystallized
_ 04NDBI4 160 protolith magmatic domains, giving Th and U contents
Migmatite at Manshuihe .
0.024 1 150 of 44 to 286 ppm and 50 to 1409 ppm, respectively.
Mean Correspondingly, their Th/U ratios are 0.21 to 3.03, con-
g 11\3/[75'\1;3:701\/1[3 sistent with igneous origin. The other four spots from the
£00%0 metamorphic rims yield very high U contents of 3174 to
= = 5011 ppm, resulting in very low Th/U ratios of 0.01 to
can . . . . .
0016 123.543 8 Ma 0.09, consistent with metamorphic origin. In the concor-
' MSWD=0.065 dia plot (Figure 3(b)), the nine analyses yield a discordia
line intersecting the concordia curve at 768+12 Ma and
oo 135+10 Ma, respectively (MSWD = 2.5). The four
0.08 010 012 014 0l6 018 020 analyses on the metamorphic rims have coherent **°Pb/
207, 235 . .
Pb/™U 28U ages of 13344 to 143+5 Ma, with a weighted aver-
0.070 0) age of 137+4 Ma (MSWD = 0.44). This is similar to the
Intercepts at lower intercept age within the analyzed uncertainties.
0.065 136+8, 77142 Ma
720 MSWD=2.6 4 Discussion
£0.060} . . 0
2 The zircons in sample 04NDB14 from Manshuihe dis-
E play clear core-rim structures (Figure 2(a)). The cores
" 0055 are characterized by sector or weak zoning and very low
Th/U ratios of 0.01 to 0.17. This suggests that they crys-
O
0.050 04NDB23 240 tallized from metamorphic fluid, and no breakdown of
Migmatite at Fenghuangguan high Th minerals such as allanite and monazite occurred
oodslo e v v v v v sy during their formation®". By contrast, the rims show
0 10 20 30 40 50 60

238uf20(ypb

Figure 3 Concordia diagrams of SHRIMP zircon U-Pb dating for mig-
matite from the Dabie orogen. (a) Sample 04NDB14; (b) Sample
04NDB23.
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high Th/U ratios of 0.35 to 0.69, but their planar or

nebulous zoned features indicate the metamorphic origin.

Because high Th/U ratios for metamorphically grown
zircon can result from the breakdown of the high Th

1839

ARTICLES

>
o
—
&
p=
L
I
O
@]
L
o




minerals during their formation®'**], the metamorphic

rims of high Th/U ratios may be precipitated from
metamorphic melt in association with partial melting of
epidote-group minerals. Therefore, the two groups of
ages at 13745 Ma and 124+4 Ma for the metamorphic
zircons are interpreted to record two episodes of meta-
morphism, respectively, corresponding to different types
and conditions. The first episode is characterized by de-
hydration at relatively low temperatures, whereas the
second one involves partial melting at relatively high
temperatures.

The zircons in sample 04NDB23 from Fenghuang-
guan also show core-rim structures (Figure 2(b)). The
cores display magmatic oscillatory zoning modified by
subsequent metamorphism and high Th/U ratios of 0.21
to 3.03, indicating that they are inherited magmatic pro-
tolith. The rims show no zoning and very high U con-
tents of 3174 to 5011 ppm with low Th/U ratios of 0.01
to 0.09, suggesting their crystallization from metamor-
phic fluid. The nine analyses yield a discordia chord in
the concordia diagram with upper and lower intercept
ages of 768+12 Ma and 135+10 Ma, respectively
(MSWD = 2.5). The four analyses on the metamorphic
rims give a weight mean “*Pb/?*U age of 137+4 Ma
(MSWD = 0.44), which is identical to the lower inter-
cept age within the analytical errors, but has a smaller
uncertainty. Therefore, the age of 768+12 Ma is consid-
ered as the time of protolith emplacement, and the age of
137+4 Ma is taken as the time of zircon growth from
metamorphic fluid.

Wang et al.”) reported a U-Pb age of 131.7+1.1 Ma
obtained by traditional TIMS technique for leucosome in
tonalitic migmatite from the North Dabie zone, and took
it as the time of migmatization. However, our CL imag-
ing shows that the zircons from the leucosomes in the
Dabie migmatites have complex structures, so that it is
not easy to obtain the ages of multistage metamorphism
by the TIMS method. Our SHRIMP U-Pb dating indi-

cates the two episodes of zircon growth in the migmatite.

In particular, the consistent low Th/U ratios occur in the
metamorphic zircons of 137+4 Ma, indicating the event
of metamorphic dehydration. On the other hand, the
high Th/U ratios occur in the metamorphic zircons of
124+4 Ma, suggesting the event of partial melting. In
either case, migmatization took place at the two episodes
due to different metamorphic conditions. The migmatite
protolith has middle Neoproterozoic ages of 768+12 Ma,
consistent with protolith ages for most UHP metaigne-

ous rocks in the Dabie-Sulu orogen'> 2%,

Orogenic evolution generally comprises a period of
crustal thickening followed by extension and thinning of
the previously thickened crust™®. In the Dabie-Sulu
orogenic belt, the formation of migmatite may be rela-
tive to the extension and thinning of thickened crust
formed by the Triassic continental collision. Ma et al.*"
suggested that the transition of tectonic regime from
compression to extension occurred at ca. 135 Ma. This
was based on the observations that granites with high
Sr/Y ratios were dated at 135.4+2.7 Ma, while mafic
plutons and granites with negative Sr and Eu anomalies
were all dated at 105 to 130 Ma. Hou et al.*® took an
Sm-Nd isochron age of 136+18 Ma for the Huilanshan
granulite in the North Dabie zone as the time of the tec-
tonic switch from compression to extension. Xie et al.”*’!
considered that granite in the North Dabie zone was
formed by partial melting of thickened continental crust
during the orogenic extension, and interpreted zircon
U-Pb ages of 12842 Ma for the granite as the time of
extensional collapse resulting in large-scale melting. In
the processes of the switch of tectonic regime in post-
collisional orogens, the onset of extensional tectonics is
commonly associated with an increase in heat flow;
crustal thinning is usually marked by partial melting and
granite intrusion*”). Thus the maximum age for partial
melting is taken as the minimum time that extension
reaches its climax!"**. Therefore, our zircon U-Pb dates
for the migmatite in the North Dabie zone suggest that
the switch of tectonic regime occurred at no later than
137+4 Ma in association with metamorphic dehydration.

In high-grade metamorphic terranes, partial melting
shows a close spatial and temporal relationship to grani-
toid emplacement and granulite formation. If felsic
melts were extracted from their source and accumulated
together, these would eventually result in the formation
of granite. And the restites correspond to mafic granulite.
The age of 12444 Ma for the second episode of migma-
tization in the North Dabie zone is not only consistent
with known ages of ca. 120 to 130 Ma for widely post-
collisional granitoids in the Dabie orogen!*'* *-% but
also comparable with the age of 136+£18 Ma for granu-
lite-facies metamorphism in the North Dabie zone'*.
Furthermore, the protolith age for the migmatite is mid-
dle Neoproterozoic, which is consistent with the proto-
lith ages for most UHP metaigneous rocks in the

{[23-26]

Dabie-Sulu orogenic bel , ages for inherited zir-

cons in the post-collisional granitoids in the Dabie-Sulu
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orogenic belt"*'**%3! and protolith ages for the Hui-

lanshan granulite in the North Dabie zone®®. All these
suggest that the migmatites have genetic relations to the
coeval granitoids and granulites in the Dabie orogen,
which may all be produced by partial melting of the
thickened subducted Yangtze continental crustin Early
Cretaceous' >'**!!. Therefore, the second episode of
migmatitization at 124+4 Ma is responsible for the cli-
max of partial melting during the extensional collapse.

5 Conclusions

SHRIMP zircon U-Pb dating for migmatite in the Dabie
orogen reveals two episodes of zircon growth at 137+4
Ma and 124+4 Ma, respectively. The first episode is
characterized by metamorphic dehydration, and its age
represents the onset of the tectonic switch from com-
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