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ABSTRACT

The Northern Dabie Complex in east cen-
tral China lies between the Sino—Korean
plate to the north and the Yangtze plate to
the south. The Northern Dabie Complex has
been varioudy proposed to represent a Pa-
leozoic magmatic arc on the SinoKorean
plate, an exhumed piece of subducted Yang-
tze plate crust, or crust produced almost en-
tirely by Cretaceous extension-related mag-
matism. Trace element compositions of
Northern Dabie Complex orthogneisses and
granites show arc signatures similar to those
of ultra-high-pressure rocks in the central
Dabie, but no mineralogical evidence of
ultra-high-pressure metamor phism is pres-
ent in the samples investigated here. Field
relationships, textures, major and trace ele-
ment compositions, and ion microprobe
U-Pb zircon protalith crystallization agesre-
veal three digtinct types of gneiss: diorite
gneiss xenoliths (770 = 26 Ma, 95% confi-
dence limit), those within fir st-genation high-
ly deformed migmatitic grey gneisses (747 =
14 Ma), and those crosscut by second-
generation Cretaceous weakly foliated felsic
gneisses (127 = 4 Ma). Unfaliated Creta-
ceous granites (117 = 11 Ma, monazite
Th-Pb age = 117 = 1 Ma) intrude second-
generation gneisses. Cretaceous second-
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generation gneisses and granitesyield zircon
inheritance ages of ca. 2 Ga, 700-800 Ma,
and (rarely) 227-271 Ma, indicating that the
Northern Dabie Complex is not simply a
Cretaceous extensional terrane. The 700-800
Ma zircon ages are similar to those of gra-
nitic gneisses from the central ultra-high-
pressure zone (698 = 47 Ma) and are char-
acteristic of the Yangtze craton. g, values
suggest that Cretaceous rocks in the North-
ern Dabie Complex formed by partial melt-
ing of basement with very low &4, and not
by melting of first-generation or diorite
gneisses. Nd-depleted mantle model ages are
consistent with the time of formation of the
Yangtze craton at 1.4-2.5 Ga. The Northern
Dabie Complex is interpreted to be an ex-
tension of the Yangtze craton that was un-
affected by ultra-high-pressure metamor-
phism. The Sino-Korean/Yangtze suture
must lie to the north of the Northern Dabie
Complex.

Keywords: metamor phism, monazite, zir-
con, geochronology, Dabie Mountains, ion
probe dating.

INTRODUCTION

China's Dabie-Sulu orogen, the most exten-
sive ultra-high-pressure belt in the world, re-
sulted from a collision between the Sino—
Korean and Yangtze lithospheric plates in the
Triassic (e.g., Hacker et al., 2000; Ayerset al.,
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2002). This coallision resulted in the subduc-
tion of Yangtze continental crust beneath the
Sino—Korean plate as evidenced by the for-
mation of ultra-high-pressure mineral assem-
blages preserved in crustal rocks of the central
Dabie ultra-high-pressure zone (Fig. 1). Ultra-
high-pressure index minerals such as coesite,
jadeite, and diamond found in isolated podsin
the central Dabie Mountains (Xu et a., 1992)
suggest that portions of the Yangtze craton
subducted to depths =125 km. Detachment of
dense eclogitic oceanic crust may have trig-
gered exhumation of the buoyant continental
crust ““diachronously between 240 and ~225—
210 Ma” (Hacker et al., 2000).

Currently the Northern Dabie Complex lies
between the Sino—Korean and Yangtze plates,
but its plate assignment is uncertain. Because
proposed locations of the suture between the
Sino—Korean and Yangtze plates remain con-
troversia, the position of the Northern Dabie
Complex before and during the collision is un-
certain (Fig. 1). Prevailing hypotheses (Fig. 2)
are that the Northern Dabie Complex (1) was
part of the hanging wall of the Sino—Korean
continental plate and contains a Paleozoic
magmatic arc complex (Zhai et a., 1994); (2)
was part of the partially subducted Yangtze
continental plate that experienced ultra-high-
pressure metamorphism (Tsai and Liou,
2000); and (3) is amost entirely the result of
post-collisional extensional magmatism in the
Cretaceous (Hacker et al., 1998). This study
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Figure 2. Schematic cross section showing collision of Yangtze and Sino—Korean plates
during Triassic (after Liou et al., 1998). Northern Dabie Complex is represented by area
1 according to magmatic arc hypothesis (Zhai et al., 1994) and by area 2 according to
ultra-high-pressure metamor phism hypothesis (Tsai and Liou, 2000). According to exten-
sional magmatism hypothesis, the Northern Dabie Complex did not exist during collision

(Hacker et al., 1998).

tests these competing hypotheses using rep-
resentative samples collected throughout the
Northern Dabie Complex. lon microprobe zir-
con U-Pb and monazite Th-Pb ages are used
to establish the magmatic ages of protoliths
and from inherited grains the ages of source
rocks, which can be used to locate the suture
because the basement rocks of the northern
Yangtze and southern Sino—Korean cratons
have distinctly different ages (700-800 and
400-480 Ma, respectively, see Hacker et al.,
1998). Sm-Nd isotopic data are used to cal-
culate depleted mantle model ages to test
whether the crust in the Northern Dabie Com-
plex is Cretaceous (hypothesis #3), Paleozoic
(hypothesis #1), or older. Trace element sys-
tematics are used to constrain the tectonic set-
ting in which the rocks formed, for example,
volcanic arc (hypothesis #1) or extension/
rifting (hypothesis #3).

Geologic Setting

The Dabie Mountains consist of four dis-
tinct tectonic zones. From north to south,
these are (1) the North Huayang, (2) the
Northern Dabie Complex, (3) the ultra-high-
pressure, and (4) the high-pressure zones. The
North Huaiyang contains greenschist facies
volcanic and sedimentary rocks (Hacker et al.,
1996). The ultra-high-pressure is the only
zone of the four to contain widespread evi-
dence of ultra-high-pressure metamorphism
and consists primarily of gneiss containing
pods of ultra-high-pressure eclogite, garnet
peridotite, jadeite quartzite, and marble. The
high-pressure zone is mainly muscovite-albite
and quartzofel dspathic two-mica gneisses with
minor eclogite, amphibolite, marble, blue-
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schist, and metaphosphorites (Zhang et al.,
2002).

The focus of this study, the Northern Dabie
Complex, is bounded by five faults or shear
zones (Fig. 1). To the north it is bounded by
the Xiaotian—Mozitang fault, to the southeast
by the Wuhe-Shuihou fault (Zhang et a.,
2002), to the southwest by the Wumiao—Taihu
fault (not shown in Fig. 1), to the east by the
Tan-Lu fault or a fault contact between the
ultra-high-pressure and Northern Dabie Com-
plex, and to the west by the Shangcheng-
Macheng fault (Ratschbacher et al., 2000).
Granite intrusions make up ~50% of the area
of the Northern Dabie Complex. They intrude
severa generations of abundant orthogneiss.
Minor metasedimentary rocks consist of mar-
ble, quartzite, calc-silicates, hiotite schist, and
banded iron formations (Wang et al., 1996).
Rare mafic/ultramafic rocks occur as lenses
along the northern and southern borders of the
Northern Dabie Complex and consist of am-
phibolites, peridotites, mafic granulites, and
retrogressed eclogites. Several localitiesin the
northernmost Northern Dabie Complex just
south of the Xiaotian-Mozitang fault have
yielded evidence of ultra-high-pressure meta-
morphism, starting with the discovery of su-
persilicic omphacite (P >2.5 GPa) in the
Raobazhai eclogite body (Tsai and Liou,
2000). The eclogites yielded Triassic Sm-Nd
mineral-whole rock isochron ages consistent
with the timing of continental subduction (Li
et al., 1993). More recently microdiamonds
have been found in eclogites from Baizhangya
and Huangweihe (Xu et a., 2003). If the entire
Northern Dabie Complex experienced ultra-
high-pressure metamorphism, we would ex-
pect to find abundant Triassic zircon U-Pb

ages such as found in the central Dabie ultra-
high-pressure zone (Ayers et a., 2002; Hacker
et a., 2000).

SAMPLES
Sample Descriptions

Samples of al major nonsedimentary
Northern Dabie Complex lithologies were col-
lected, with an emphasis on gneisses, and sev-
eral samples of ultra-high-pressure zone
gneisses were also collected for comparison
(Fig. 1, Table 1). Each sample consisted of
~5-20 kg of rock, most of which we divided
for thin sections, powdering for geochemistry
(= Sm-Nd isotopic analysis), and—for select-
ed samples—mineral separation for geochro-
nology. The samples consist of five general
types of rocks: Northern Dabie Complex
gneisses, Northern Dabie Complex granites,
mafic/ultramafic rocks from the Northern Da-
bie Complex, ultra-high-pressure zone gneiss-
es, and various metasedimentary rocks of the
Northern Dabie Complex and North Huaiyang
(see Zhang et al., 1996, for details). Although
not reported here, we have observed and oth-
ers have reported the presence of granulites
from several localities within the central
Northern Dabie Complex (Zhang et al., 1996;
Zheng et al., 2001).

Field relationships show that the Northern
Dabie Complex contains several generations
of visualy distinctive gneisses. The first-
genation gneisses are gray-colored, locally mig-
matitic granodioritic orthogneisses with folia-
tion that is often nonplanar and sometimes
complexly folded (Fig. 3, A and C). They con-
tain 35-70% plagioclase feldspar, 5-35%
quartz, 5-25% K-feldspar, 1-10% biotite, O—
10% hornblende, and accessory opague min-
erals, apatite, sphene, garnet, zircon, and chlo-
rite. These gneisses are sometimes crosscut by
second-generation orthogneisses that are often
lighter in color than the first-genation and
have planar foliation (Fig. 3B). Except QLB-
3, the second-generation gneisses consist of
~60% plagioclase feldspar, 15-30% K-feld-
spar, 5-15% quartz, 2-20% hornblende, 1—
15% biotite, and accessory opague minerals,
apatite, sphene, zircon, and chlorite. A third,
less common, dark gray dioritic gneissis often
massive or displays subtle foliation or mig-
matization and veining and occurs as xenoliths
within and cross cut by both first- and second-
generation gneisses (Fig. 3A). It consists of
50-65% plagioclase feldspar, 10-15% K-feld-
spar, 10-20% hornblende, 7-15% biotite, and
accessory opaque minerals, quartz, apatite,
sphene, epidote, zircon, and chlorite.

The second-generation gneiss is often in

Geological Society of America Bulletin, May/June 2004
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TABLE 1. SUMMARY OF SAMPLES COLLECTED

Sample Collection Locality Latitude Longitude Geochem. Dating*
order no. (N) (E)

NDC Granite

BMJ-1 12 Baojia 31°02.928’ 116°06.876' v M,z

BMJ-2 13 Baojia ~31°02.928’ ~116°06.876’

BMJ-4 15 Baojia 31°05.252’ 116°06.486' v

ZB-1 10 Zhubuyuan 31°03.365’ 116°28.107’ v/

ZB-2 11 Zhubuyuan 31°04.017’ 116°29.124’

2 Gen. NDC Gneiss

BMJ-3 14 Baojia ~31°02.928’ ~116°06.876’ J Z (NM)

DSC-1 30 Daoshicong 31°14.945’ 116°02.058’ v

LTS-2 25 Lutushishan 31°21.041’ 116°10.382' v

MJC-1 29 Mianjiangchong 31°16.083’ 116°02.564’ v

QLB-3 39 Qilibai 30°46.675’ 115°25.352 J Z (NM)

WW-1 5 Wangwu 30°55.194’ 116°21.528’ v

WW-2 6 Wangwu 30°55.194’ 116°21.528' v

WW-4 8 Wangwu 30°55.234’ 116°21.651’ J Z (NM)

WW-5 9 Wangwu 30°55.298’ 116°22.182'

ZJP-3 28 Zhujiapu 31°18.331' 116°05.120"

1t Generation NDC Gneiss

FUZL-1 35 Fuzhiling 30°47.299’ 115°37.968’ v/

LIW-1 32 Loujiawan 31°04.138’ 115°51.535' v

LTS-1 24 Lutushishan 31°21.041’ 116°10.382' v Z (NM)

MSH-1 31 Manshuihe 31°11.166’ 116°00.200’ v

QLB-2 38 Qilibai 30°46.675’ 115°25.352 J Z (NM)

RBz-14 22 Raobazhai 31°15.810’ 116°13.254' v/

WW-3 7 Wangwu 30°55.234’ 116°21.651’ J Z (NM)

YZS-2 34 Yazhangshu 30°46.902’ 115°38.859' v

Diorite Gneiss

FUZL-2 36 Fuzhiling 30°47.299’ 115°37.968’ v

QLB-1 37 Qilibai 30°46.675' 115°25.352" J Z (NM)

YZS-1 33 Yazhangshu 30°46.902’ 115°38.859’ v/

NDC Mafic/Ultra-mafics

DB-117 40 Muzhidian 31°12.607’ 115°22.602' v/ (NM, N2)

RBzZ-1 17 Raobazhai 31°15.810’ 116°13.254' v (NM, N2)

RBZ-2 18 Raobazhai 31°15.810’ 116°13.254' v

RBZ-3 19 Raobazhai 31°15.810’ 116°13.254' v

RBzZ-4 20 Raobazhai 31°15.810’ 116°13.254' v

RBZ-5-13 21 Raobazhai 31°15.810’ 116°13.254'

YRZ-2 3 Yerenzhai 30°40.108’ 116°29.114’

ZJP-1 26 Zhujiapu 31°19.454' 116°06.642'

ZJP-2 27 Zhujiapu 31°19.454’ 116°06.642'

UHP Zone Gneiss

SDH-1 42 Sidaohe 31°20.810’ 115°03.529’ v

YRZ-3 4 Yerenzhai 30°40.108’ 116°29.114' v

UHP Zone Granitic Gneiss

SDH-2 43 Sidaohe 31°20.810’ 115°03.529’

SZS-1 1 Sanzushi 30°40.408’ 116°29.877' v Z' (NM)

YRZ-1 2 Yerenzhai 30°40.108’ 116°29.114' v Z*

Note: NDC—Northern Dabie Complex; UHP—UlItra-high-pressure.

*Indicates geochronologic analysis on either monazite (M) or zircon (Z) separates. “NM” and “NZ” indicate
that the sample was separated and monazite or zircon was not found.

Zircon separates taken from sample provided by Hongfei Zhang.

*Zircon separates provided by Hongfei Zhang.

contact with the Northern Dabie Complex
granites, which show no foliation in outcrop
or hand samples (Fig. 3C). The granites stud-
ied in this project, the Zhuboyuan and Bai-
majian, have subequal amounts of plagioclase
feldspar, K-feldspar, and quartz, with ~5-10%
biotite but no hornblende, but they are dis-
tinctive in the field. The Zhuboyuan graniteis
medium- to coarse-grained with abundant
pink K-feldspar, whereas the Baimgjian is
finer-grained with less K-feldspar.

Mafic and ultramafic rocks of the Northern
Dabie Complex represent awide range of rock
types including retrogressed eclogites, peri-
dotites, pyroxenites, granulites, and gabbros.
Mantle lithologies including eclogites and pe-
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ridotites are rare, occurring exclusively in the
northernmost Northern Dabie Complex just
south of the Xiaotian-Mozitang fault (Fig. 1)
as meter-scale bodies. These samples include
retrogressed eclogites and peridotites from the
Raobazhai mafic/ultramafic body (Zhai et al.
(1994); Wang et a. (1996); Tsa and Liou
(2000)) and microdiamond-bearing lenses of
granulite-facies—overprinted eclogite enclosed
in gneiss (Baizhangya) or garnet peridotite
(Huangweihe) as described by Xu et al.
(2003). It is now accepted that ultra-high-pres-
sure mineras are preserved only in mafic li-
thologies in the central Dabie, and that the fel-
sic gneisses that host them also experienced
ultra-high-pressure M (metamorphism) but

were completely retrogressed (Liou et d.,
1998). The same may be true for the ultra-
high-pressure mafic bodies and their host
rocks in the northernmost Northern Dabie
Complex. However, Suo et a. (2003) report
that the eclogites in the northernmost Northern
Dabie Complex are aways separated from ad-
jacent gneisses by faults. Likewise, Tsai and
Liou (2000) observed the Rhaobazhai mafic
body to be fault-bounded. The relationship be-
tween the mafic bodies and adjacent gneisses
in the Northern Dabie Complex therefore re-
mains unclear. Post-collisional mafic/ultramaf-
ic intrusive rocks including the Zhujiapu and
Jiaoziyan gabbros (Fig. 1) are more widely
distributed in the Northern Dabie Complex,
yield Cretaceous ages, and are relatively un-
deformed (Jahn et al., 1999). Zhang et al.
(1996) report the occurrence in five localities
of granulites that occur as lenses, blocks, or
layers in amphibolites or gneisses. The gran-
ulites are located mostly in the western North-
ern Dabie Complex but span the north-south
breadth and were interpreted to have formed
in situ at ~800-830 °C and 10-14 kbar.

Two different varieties of ultra-high-
pressure zone gneisses were also collected to
compare with Northern Dabie Complex
gneisses and granites. The first is “ultra-high-
pressure zone common gneiss,” dark gray
with millimeter-sized garnets and strong non-
planar foliation. The second is ‘“ultra-high-
pressure zone granitic gneiss,” which is ligh-
ter in color than the common gneiss and has
a weak planar foliation. The ultra-high-
pressure zone granitic gneisses, previously re-
ferred to as *‘foliated garnet-bearing granites”
by H. Zhang et a. (2001), also contain coarse-
grained garnets. These occur in some outcrops
as clusters centered in aleucocratic ring where
the aligned biotite present throughout the rest
of the rock is absent.

METHODS

A detailed description of sample prepara-
tions, analysis parameters, and standard, rep-
licate, and blank analyses is provided in Bry-
ant (2002).

Whole-Rock Chemistry

Whole-rock geochemical analysis was per-
formed at Northwest University, Xi’an, China
Major element analysis of glass disks was car-
ried out using a Rigaku RIX 2100 X-ray fluo-
rescence (XRF) spectrometer at 50-mA beam
current and 50-kV acceleration voltage. Trace
elements were analyzed in solution using a
Perkin-Elmer Elan 6100 DRC ICP-MS.
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TABLE 2. CHEMICAL COMPOSITIONS OF SELECTED SAMPLES

Rock type NDC Granite 2 Generation NDC Gneiss 1st Generation NDC Gneiss

Sample BMJ-1 BMJ-4 ZB-1 BMJ-3 DSC-1 LTS-2 MJC-1 QLB-3 WW-1 WW-2 WW-4 FUZL-1 LJW-1 LTS-1 MSH-1 QLB-2 RBZ-14 WW-3 YZS-2
Sio, 73.2 726 730 63.6 65.0 62.8 575 745 59.2 59.6 61.8 62.3 68.7 58.6 685 59.6 649 69.3 65.6
TiO, 0.21 0.26 0.28 0.69 0.70 0.41 080 0.21 0.90 0.83 0.74 0.76 0.66 0.65 044 113 0.62 0.64 0.55
ALO, 14.2 142 143 16.4 14.2 19.0 175 133 17.0 17.0 16.5 176 141 19.7 16.3 156 135 140 174
Fe,O, 1.67 189 191 5.10 6.41 4.03 713 176 6.73 6.61 5.71 557 4.78 5.85 256 835 540 490 3.70
MnO 0.03 0.03 0.04 0.08 0.11 0.14 0.10 0.04 0.09 0.09 0.08 0.14 0.12 0.14 0.03 015 0.16 0.08 0.07
MgO 0.40 0.42 0.38 1.90 2.60 0.77 310 034 2.59 2.65 2.40 141 1.62 1.51 062 289 3.16 1.28 1.06
CaO 1.40 148 1.22 471 4.57 2.57 560 1.22 4.92 3.35 4.78 3.78 3.83 4.14 2.04 518 6.60 274 314
Na,O 3.76 3.69 3.83 4.82 4.13 5.19 422 355 4.23 4.42 4.48 597 458 5.51 481 471 419 3.69 520
K,O 4.95 511 5.40 2.01 1.58 5.02 3.03 491 2.96 3.60 2.47 219 112 3.72 427 173 171 288 2.86
P,O4 0.06 0.08 0.08 0.28 0.14 0.17 0.35 0.05 0.37 0.37 0.32 0.24 0.23 0.32 0.15 035 0.16 0.20 0.18
L.O.L 0.50 041 022 0.58 0.47 0.54 0.48 0.14 0.57 1.62 0.53 0.34 0.39 0.53 045 057 0.34 0.74  0.90
Total 100.4  100.2 100.7 100.2 99.9  100.6 99.7 999 99.5  100.1 99.9 100.3 100.2 100.7 100.1 100.3 100.7 100.5 100.6
Li 30.3 28.1 250 19.2 1.98 532 131 113 11.2 18.0 9.84 20.0 7.06 7.87 6.31 19.9 4.13 9.63 183
Be 2.92 3.16 3.66 2.18 1.83 1.13 193 0848 1.72 1.67 1.70 4.09 1.68 1.21 143 202 283 139 343
Sc 2.42 268 270 9.32 4.09 6.18 17.7 284 113 12,5 9.04 13.4 169 7.66 275 156 11.8 111 6.30
\% 14.9 18.5 16.9 875 10.2 13.6 132 12.9 114 100 91.8 525 944 32.2 315 146 98.2 575 35.1
Cr 5.55 451 289 120 4.09 121 26.6 241 194 18.1 32.0 447 731 1.78 0.743 7.55 68.1 10.6 3.18
Co 111 141 120 99.1 161 53.1 87.6 146 73.3 71.7 79.2 73.0 107 322 123 95.1 125 949 593
Ni 3.74 329 237 9.54 3.26 202 195 2.07 145 12.6 18.4 4.03 6.99 1.99 190 140 438 732 383
Cu 3.50 357 3.49 7.70 2.20 579 121 232 130 19.0 8.13 16.5 10.9 10.5 9.78 37.0 201 124 23.1
Zn 345 379 334 72.8 11.9 72.0 786 36.9 81.8 80.4 68.9 825 743 90.5 476 924 86.2 740 487
Ga 18.8 192 193 19.8 14.1 20.2 235 1538 213 19.2 19.4 26.1 17.2 21.7 227 210 163 172 214
Rb 163 186 195 59.1 74.0 60.7 63.3 649 54.3 88.0 48.8 75.2 250 59.5 61.2 423 266 56.7 118
Sr 278 283 234 782 115 609 937 164 832 598 868 434 355 782 1060 467 226 402 586

Y 14.7 182 205 211 22.8 12.6 30.2 6.64 242 24.3 16.3 65.0 324 24.2 169 319 280 454 334
zr 177 209 220 166 128 603 253 206 194 197 164 432 157 517 261 148 110 213 209
Nb 13.2 150 208 9.23 9.31 568 11.0 391 118 10.1 8.24 331 545 150 991 127 119 9.30 215
Sn 1.39 1.73 187 1.93 1.12 0.603 1.66 0.431 1.37 1.34 1.00 430 1.49 0.632 140 189 235 246 413
Cs 2.37 276 297 1.66 0.538 0.366 1.02 1.59 0959 1.05 1.16 166 0.395 0487 0315 2.08 0.197 131 2.69
Ba 1330 1240 953 979 1590 4970 2130 942 1930 1950 1700 1060 357 3970 2400 431 618 1560 753
La 65.4 67.4 755 27.3 22.6 61.9 452 293 48.4 34.9 39.8 60.8 234 68.5 554 224 229 374 277
Ce 112 119 131 59.8 44.7 97.2 95.2 54.3 95.9 73.2 75.7 121 49.2 122 101 43.3 45.7 75.6 60.8
Pr 12.0 128 14.0 7.81 5.03 103 12.1 6.07 116 9.37 9.14 13.8 6.30 137 11.1 553 5.69 9.77 7.29
Nd 389 412 451 32.8 18.2 35.0 498 212 458 37.6 35.8 539 271 50.5 413 254 230 419 277
Sm 5.66 6.02 6.73 6.25 3.62 4.62 9.13 3.28 7.91 6.80 5.99 11.0 573 7.35 6.33 6.64 4.70 8.79 5.09
Eu 1.01 0.985 1.10 1.97 0.73 3.43 220 1.28 221 1.94 1.81 2.44 1.60 2.83 190 162 1.07 232 133
Gd 4.41 477 532 4.78 3.15 3.89 722 265 6.14 5.35 471 9.96 5.17 6.16 489 589 415 752 427
Th 0564 0.624 0.706 0.706 0.551 0466 1.03 0.337 0853 0.771 0.628 165 0.898 0.812 0.603 1.01 0714 126 0.720
Dy 2.80 324 372 3.85 3.40 2.35 553 1.64 4.46 4.15 3.23 9.94 5.40 4.40 3.04 585 436 752 448
Ho 0.521 0.641 0.724 0.775 0.779 0451 1.07 0.294 0.863 0.826  0.595 224 120 0.876 056 122 0975 165 1.01
Er 1.33 165 1.87 1.95 2.06 1.16 260 0.683 216 2.10 1.45 598 3.01 2.23 142 285 260 413 279
Tm 0.196 0.252 0.285 0.288 0.335 0.184 0.371 0.097 0.318 0.307 0.207 1.00 0453 0.323 0.193 0423 0416 061 0473
Yb 1.38 182 2.06 2.03 2.57 1.38 253 0.656 2.24 2.14 1.41 7.81 3.23 2.23 124 298 3.14 429 374
Lu 0.209 0.287 0.314 0311 0402 0.234 0375 0.107 0326 0.316 0.213 1.32 0493 0352 0.178 0.482 0508 0.650 0.570
Hf 6.78 8.03 8.06 5.83 6.48 11.7 7.05 7.45 5.72 5.64 5.18 119 593 9.93 755 521 523 7.24 599
Ta 1.32 144 202 0.801 0.976 0.284 0518 0.465 0.743 0.660 0.774 2.27 0493 0470 0550 0.891 1.24 0.905 2.59
Pb 415 39.0 389 18.9 16.6 22.2 207 221 175 14.7 17.1 18.9 146 17.3 282 157 126 177 248
Th 22.8 253 2838 5.17 7.58 3.31 324 536 4.83 3.50 5.11 112 3.77 1.97 859 487 388 515 153
U 3.07 401 342 1.66 1.42 0.473  0.377 1.63 0.639 0.629 0.928 1.75 0477 0.262 0.252 357 3.09 0.645 2.02

Geochronology

Zircon and monazite mineral separateswere
mounted in epoxy, polished, and examined us-
ing backscattered electron and/or cathodolu-
minescence imaging to revea internal zoning
and core/rim growth relationships. This was
done using scanning electron microscopes at
Vanderbilt University and the University of
Cadlifornia, Los Angeles, and the electron mi-
croprobe at the University of Tennessee,
Knoxville. We then analyzed spots on individ-
ua grains with the Cameca ims 1270 ion mi-
croprobe at UCLA using standard procedures
outlined in Quidelleur et al. (1997) and Miller
et al. (2000). Zircon AS3 (1099.1 = 0.5 Ma,
Paces and Miller, 1993) was used as a stan-
dard. The monazite and zircon data were cor-
rected for common lead using a 2**Pb correc-
tion except for zircons that met two of the
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following three criteria, in which case a 2°¢Pb
correction was used: (1) the sample is <300
Ma, (2) the sample has a low amount of Th,
or (3) the ratio 2Pb/2**Pb was <400 (see Ay-
ers et al., 2002). Most of the common lead is
believed to have been introduced during sam-
ple preparation (M. Grove, 2001, personal
commun.), so common lead ratios were cal-
culated using the model of Stacey and Kra-
mers (1975) for the present day. We report
205ph-238 gges (with 95% confidence limits)
as best estimates of sample ages because they
have smaller errors than 27Ph-*U ages. Iso-
plot/Ex version 2.49 (Ludwig, 2000) was used
to construct concordia and cumulative age
probability diagrams.

Sm-Nd | sotopic Composition

Powders of selected samples were analyzed
by Activation Laboratories, Ltd., by thermal

ionization mass spectrometry using standard
procedures. Depleted mantle model ages were
calculated assuming linear isotopic growth for
depleted mantle reservoir from g (t) = 0 @
455 Gato gy(0) = +10 (or “>Nd/*“Nd =
0.51315) at present, with 47Sm/*Nd
0.2137 (Chen and Jahn, 1998). Present-day
values of CHUR isotopic ratios and the decay
constant for *47Sm used in these calculations
are as follows: “’Sm/***Nd = 0.1967, “3Nd/
4Nd = 0.512638, and A,,, = 6.54 X 10-%2
yr=* (Rollinson, 1993).

RESULT
Whole-Rock Chemistry
Gneiss xenoliths found within the first- and

second-generation gneisses range from gab-
broic to dioritic in composition (47-54%

Geological Society of America Bulletin, May/June 2004
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TABLE 2. (Continued)
Rock type NDC Diorite Gneiss NDC Mafics/Ultramafics UHP Zone UHP Zone
Sample Gneiss Granitic Gneiss
FUZL-2 QLB-1 YZS-1 DB-117 RBZ-1 RBZ-2 RBZ-3 RBZ-4

SDH-1 YRZ-3 SZS-1 YRZ-1
Sio, 54.3 47.5 49.1 46.2 46.7 46.1 45.7 429 64.8 63.8 78.0 76.7
TiO, 1.47 1.70 1.77 0.89 1.21 1.08 0.99 0.13 0.77 0.82 0.11 0.17
ALO, 16.3 17.6 175 10.8 13.4 13.0 14.8 3.18 155 15.3 11.7 12.4
Fe,O, 9.33 12.6 10.9 14.1 12.6 12.3 13.2 840 6.41 4.89 1.08 1.01
MnO 0.13 0.19 0.15 0.20 0.18 0.21 0.20 0.11 0.18 0.15 0.06 0.03
MgO 3.81 5.23 419 140 9.58 123 10.4 37.7 2.26 1.63 0.11 0.19
CaO 6.71 8.12 829 115 13.7 11.3 117 294 431 4.19 0.36 0.80
Na,O 4.20 3.79 4.28 1.30 2.29 2.36 1.99 0.32 398 5.55 4.29 3.84
K,O 2.21 2.32 2.03 0.61 0.12 0.54 0.36 0.04 1.90 1.58 3.99 4.22
P,Os 0.61 0.63 0.87 0.03 0.05 0.17 0.04 0.01 017 0.28 0.01 0.03
L.O.L 0.45 0.49 0.62 0.65 0.34 0.92 0.19 427 032 2.42 0.13 0.39
Total 99.5 100.0 99.8 100.3 100.2 100.2 99.5 100.0 100.6 100.6 99.8 99.8
Li 26.1 40.1 26.4 3.61 6.34 6.25 5.32 - 135 7.02 2.39 7.53
Be 1.47 1.16 117 0.441 0.281 0.862 0.261 - 1.39 1.47 2.28 1.74
Sc 19.9 22.8 19.8 63.0 56.3 31.4 65.4 - 24.1 14.1 296 247
\% 180 224 167 350 399 210 340 - 125 69.1 3.21 101
Cr 34.0 47.0 1.19 793 379 588 661 - 224 7.71 1.28 457
Co 43.6 44.4 353 99.3 136 63.4 102 - 451 64.6 134 79.7
Ni 31.3 30.6 3.30 237 96.8 20.2 16.4 - 115 5.06 0.979 222
Cu 20.0 29.7 24.2 65.1 71.8 73.8 64.5 - 13.0 16.8 1.34 139
Zn 96.4 115 111 89.3 15.8 15.6 13.9 - 81.3 69.2 51.3 94.0
Ga 22.0 222 21.6 13.2 1.61 1.64 1.77 - 17.4 18.0 185 19.4
Rb 62.4 66.0 91.5 14.0 6.79 128 135 - 45.6 31.3 94.0 29.0
Sr 613 996 998 773 115 610 211 - 199 321 29.8 614
Y 23.0 24.9 311 19.1 22.8 22.0 26.2 - 34.8 37.8 52.4 27.8
zr 199 140 52.9 30.4 37.0 65.8 27.7 - 111 237 164 177
Nb 13.8 9.02 8.94 2.78 2.74 5.93 1.92 - 5.73 7.42 9.61 6.79
Sn 1.10 1.14 1.45 0.660 0.518 0.967 0.388 — 1.30 1.29 2.03 1.85
Cs 1.79 4.22 2.93 0.191 1.80 1.68 0.663 - 1.44 0431 1.27 0.185
Ba 1400 1890 1010 142 115 379 116 - 503 829 905 969
La 51.3 43.3 39.4 6.73 5.11 7.59 0.075 - 15.8 323 34.9 26.7
Ce 103 95.7 86.6 19.1 12.4 18.8 0.344 - 32.8 64.7 72.6 53.6
Pr 12.4 12.8 11.7 2.73 1.97 2.59 0.112 - 4.17 8.20 9.12 7.04
Nd 49.8 555 51.4 12.0 9.43 123 111 - 17.7 34.7 33.6 28.7
Sm 8.36 9.92 9.63 2.83 2.46 3.23 1.29 - 3.88 6.98 7.59 5.96
Eu 2.77 3.69 3.26 0.776 0.809 0.945 0.617 - 1.14 2.16 0.950 1.64
Gd 6.86 7.54 7.66 2.73 2.47 2.97 2.12 - 3.79 6.09 6.76 4.97
Tb 0.897 1.04 111 0.503 0501 0528 0.496 - 0.773 1.02 1.28 0.838
Dy 4.64 5.28 5.94 3.15 3.27 3.25 3.46 - 5.37 6.35 8.22 5.01
Ho 0.857 0.962 1.15 0.725 0.762 0.714 0.852 - 1.29 1.40 1.91 1.05
Er 2.10 231 2.76 1.79 1.88 1.76 2.18 - 3.24 3.60 4.82 2.50
Tm 0.294 0.320 0.381 0.267 0.287 0.266 0.341 — 0.488 0.554 0.758 0.367
Yb 1.96 2.10 251 1.90 2.08 1.91 253 - 3.50 4.05 5.63 2.56
Lu 0.302 0.315 0.368 0.291 0.327 0.30 0.399 - 0532 0.626 0.850 0.376
Hf 4.70 3.59 2.01 1.69 2.80 2.06 1.94 - 3.82 6.87 8.05 6.13
Ta 0.753 0.470 0.649 0.276 0.328 0.323 0.255 — 0.446 0.625 0.775 0.361
Pb 15.8 10.8 23.7 294 172 11.6 17.9 - 9.57 8.00 264 10.1
Th 3.92 1.67 2.85 0.118 <0.005 <0.005 <0.005 - 3.31 435 122 1.15
U 0.618 0.437 0.519 0.031 0.072 0.106 0.009 - 0.816 0.743 1.68 0.138

Note: NDC—Northern Dabie Complex; UHP—Ultra-high-pressure.

SiO,) and are dightly to significantly more
mafic than their host rocks. They are also dis-
similar in composition to Northern Dabie
Complex mafic/ultramafic rocks (see below).
First-generation gneisses range in SiO,
from 58% to 69% and include both low- and
high-K,O variants. Second-generation gneiss-
es display a similar variation in major element
geochemistry, with compositions ranging
from monzodioritic to granitic, with SO,
ranging from 58% to 75%, and they are dlight-
ly to strongly metaluminous. One granitic
sample, QLB-3, is dissimilar to other second-
generation gneisses both in geochemistry and
appearance in hand sample and thin section.
It is much more leucocratic than other second-
generation gneisses but displays a clear
gneissic texture that distinguishes it from the
Northern Dabie Complex granites. In the field
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it crosscuts the second-generation gneisses.
Excluding this sample from the set of second-
generation gneisses makes their geochemical
range much smaller, with SiO, ranging from
58% to 65%); the most felsic is a tonalite with
the lowest K,O. First- and second-generation
gneisses are indistinguishable based on major
element geochemistry alone as shown by Har-
ker diagrams (Bryant, 2002). However, both
groups of gneisses are usually much lessfelsic
than Northern Dabie Complex granites.

Major element geochemistry of the Bai-
majian and Zhuboyuan Northern Dabie Com-
plex granites reveal them both to be high-K
granites with SiO, contents of 73%, margin-
ally peraluminous, and with very similar ma-
jor element compositions (Table 2).

The two varieties of ultra-high-pressure
zone gneisses have distinctly different major

element compositions. The ultra-high-
pressure zone common gneisses have relative-
ly low-K,O tonalitic compositions while the
ultra-high-pressure zone granitic gneisses are
granitic and more felsic than the common
gneisses.

Trace-element compositions (Table 2) of
Northern Dabie Complex samples, excluding
the mafic/ultramafic group, show a character-
istic arc signature with a relative depletion of
high field strength elements and enrichment of
large ion lithophile elements in first- and
second-generation gneisses (Fig. 4, A and B),
granites (Fig. 4D), and to a lesser extent, di-
orite gneisses (Fig. 4C), consistent with pre-
vious studies (Zhai et al., 1994; Wang et a.,
1996; Zhai and Cong, 1996; Zhang et a.,
2000). Likewise, trace element patterns of the
ultra-high-pressure zone granitic gneisses and
to a lesser extent ultra-high-pressure zone
common gneisses show an arc signature (Fig.
4E). Most ultra-high-pressure zone and North-
ern Dabie Complex samples plot within vol-
canic arc fields on Pearce diagrams (see Bry-
ant, 2002). Mafic/ultramafic Northern Dabie
Complex samples, however, do not exhibit
this arc affinity (Fig. 4F). In summary, North-
ern Dabie Complex orthogneisses (Fig. 4, A—
C) and granites (Fig. 4D) have island arc-like
trace element signatures similar to those of
gneisses in the Dabie ultra-high-pressure cen-
tral zone (Fig. 4E and Zhai and Cong, 1996).

First- and second-generation gneisses and
diorite gneisses are not readily distinguishable
based on rare earth element (REE) patterns.
Overdl, gneisses are light REE (LREE)-
enriched, with chondrite-normalized LREE
~70-220 and heavy REE (HREE) ~3-40
(Fig. 5, A—C). The Northern Dabie Complex
granites exhibit negative Eu anomalies, setting
them apart from Northern Dabie Complex
gneisses that commonly show either a slight
or no Eu anomaly at al (Fig. 5D). The two
ultra-high-pressure zone common gneisses
both lack Eu anomalies, but sample SDH-1
has lower LREE concentrations than sample
YRZ-3 (Fig. 5E). The two ultra-high-pressure
zone granitic gneisses are also dissimilar with
SZS-1, having a negative Eu anomaly and an
enrichment of HREEs, while YRZ-1 has no
Eu anomaly and a depletion of HREEs (Fig.
5E). REE compositions do not readily distin-
guish ultra-high-pressure zone gneisses from
first- or second-generation Northern Dabie
Complex gneisses. As expected, Northern Da-
bie Complex mafic/ultramafic samples have
REE patterns that are distinctly different from
those of Northern Dabie Complex gneisses
and granites (Fig. 5F) with relatively high
HREE and low LREE concentrations, except
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Figure 3. Field photographs of Northern Dabie Complex orthogneisses and granite. (A)
First-generation gneiss enclosing diorite xenoliths. Location is Qilibai, 5 km west of L uo-
tian, near core of Luotian dome. (B) Sample LTS-2, second-generation gneiss showing
lineations, near L utushishan (see Daogong et al., 2000). (C) Sample BM J-3, fir st-gener ation
gneiss in contact with Cretaceous Baimajian granite.

RBZ-3, which has very low LREE
concentrations.

Zircon and Monazite Zoning and
Geochronology

Most zircons from all samples are subhedral
and show very little distinct internal zoning in
backscattered electron images but strong zon-
ing in cathodoluminescence images (see Table
3 for an explanation of monazite and zircon
zoning terminology).

Northern Dabie Complex First-Generation
Gneisses

Cathodoluminescence images reveal differ-
ent dominant types of zoning within each of
the three first-generation samples. LTS-1 zir-
cons usually show concentric euhedral zoning
or conformable core relationships (Fig. 6A).
Zircons from QLB-2 (not shown) have mostly
concentric euhedral zoning, but about one-
third of them have modified zoning with fea-
tureless anhedral zones and only a few grains
appear to have post-magmatic rims. Most of
the WW-3 zircons, however, have concentric
euhedral or modified zoning with post-
magmatic rims that appear bright white in
cathodoluminescence (Fig. 6B).

Many WW-3 analyses are slightly discor-
dant, making their 2Pb-8U ages dlightly
younger than those from LTS-1 and QLB-2
(Table 4). Assuming the latter two samples to
be representative of first-generation gneisses,
the cumulative probability plot of 26Pb-238U
ages yields a peak with a weighted mean age
of 749 = 18 Ma (n = 13, MSWD = 0.53;
Fig. 7A) (mean square of weighted deviates)
and a concordia age of 747 = 14 Ma(n = 6,
MSWD = 0.12; Fig. 7B) that we interpret to
represent the crystallization age of the proto-
liths. These ages correspond to analysis spots
from the inner and outer portions of individual
zircon grains and agree well with Neoproter-
ozoic ages previously reported by Hacker et
a. (1998), Rowley et a. (1997), Xue et 4.
(1997), Wu et a. (2001), and Xieet a. (2001).
The five highest-precision discordant analyses
of WW-3 define adiscordialine (Fig. 7C) with
an upper intercept age of 781 +77/-65 Ma
and a lower intercept age of 101 +110/-91
Ma (MSWD = 0.32). The upper intercept age
agrees well with the ca. 750-Ma protolith age
of first-generation gneisses LTS-1 and QLB-2
(Fig. 7, A and B). The lower intercept age
may represent the timing of intrusion of the
protolith of second-generation gneiss WW-4
(weighted mean 25Pb-23¥U age of 125 + 5; n
= 10, MSWD = 0.7), which may have initi-
ated fluid activity (evident as centimeter- to
meter-wide epidote-rich veins surrounded by
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A) 1000 NDC First Generation Gneisses B) 1000 NDC Second Generation Gneisses
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Figure 5. REE diagrams. (A) Northern Dabie Complex (NDC) fir st-generation gneiss samples; (B) NDC second-gener ation gneisssamples;
(C) NDC diorite gneiss samples; (D) NDC granite samples; (E) ultra-high-pressure (UHP) zone granitic gneiss (diamonds) and common
gneiss (squares) samples; (F) NDC mafic/ultramafic samples.

alteration haloes) and associated Pb loss from
zircons in the adjacent rocks represented by
WW-3. One concordant analysis of a meta-
morphic rim yields an age of 211 = 11 Ma
(Table 4). We obtained no ages younger than
ca. 211 Ma, similar to findings by Chen et al.
(2000).

Northern Dabie Complex Second-
Generation Gneisses

About 80% of zircons from Northern Dabie
Complex second-generation gneisses show
concentric euhedral zoning in cathodolumi-
nescence images (Fig. 6C) with the remaining
grains displaying apparent inherited cores
(Fig. 6D), modified zoning, or post-magmatic
rims. These zircons yield a distinctly differ-
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ent set of age populations from the first-
generation gneisses. All data points are con-
cordant and yield two major groups of zircon
205ph-238 dates with weighted means of 127
+* 4 (n =16, MSWD = 057) and 271 = 5
Ma (n = 2, MSWD = 0.051) (Fig. 8A). The
Cretaceous age is similar to those obtained by
Hacker et al. (1998) for Northern Dabie Com-
plex gneisses and is found in whole zircon
grains (analyses from both interior and exte-
rior portions of a grain) and rims. The Perm-
ian age can be found as both cores and rims
and is similar to a single 2Ph-23U zircon age
of 280 + 17 Ma found in the ultra-high-
pressure zone granitic gneisses (see below).
Two smaller modes give ages more similar to
those of the first-generation gneisses at 606 =+

30 Ma (cores, n = 2, MSWD = 0.64) and
775 = 37 Ma(cores and rims, n = 4, MSWD
= 0.95). In addition, one significantly older
zircon core yields a *7Ph-25Ph age of 2039 *=
95 Ma.

Northern Dabie Complex Diorite Gneiss
Zircons from Northern Dabie Complex di-
orite gneiss QLB-1, which occurs as a
~0.3-m diameter xenolith in first-generation
gneiss at the Qilibai locality, generaly have
concentric euhedral zoning or modified zoning
in cathodoluminescence images and often dis-
play a post-magmatic rim that is too small for
analysis, much like those seen in sample
WW-3. They yield two major groups of con-
cordant 2°Pb-232U dates (Fig. 8B). The largest
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TABLE 3. ZONING TYPES

1. Concentric euhedral zoning (CEZ): Commonly finely oscillatory; magmatic, or much less commonly fluid
phase, growth: external morphology often doubly terminated euhedral crystals.
2. Sector zoning (SZ): Differing zoning patterns occurring in distinct sectors with sharp boundaries. Caused by

relatively rapid magmatic (possibly fluid) growth.

3. Conformable cores (CC): A clearly defined, subhedral to euhedral unzoned center of a grain with outer

margin parallel to surrounding zoning.

4. Modified zoning (MZ): Secondary features that may significantly alter or reset U-Pb ratios. Can form during
magmatic or fluid-related growth, metamorphism, or post-metamorphic metasomatism.
a. Euhedral oscillatory zones truncated by unzoned, featureless zones that do not form a regular rim.

b. Grains that are featureless and unzoned.
c. Grains with heavily convoluted zoning.

5. Apparent inherited cores (AIC): A zoned or unzoned distinct core that is nonconformable with respect to
surrounding zones. Often the unconformity is a resorption or abrasion surface where the core is inherited

and the rim represents a new stage of growth.

6. Fracturing (FR): A secondary feature formed by either externally induced breakage or volume change
related to radiation damage; can cause alteration of U-Pb ratios in the vicinity of the fracture.
7. Post-magmatic rims (PMR): Secondary growth of thin (usually <10 m), incomplete zones around earlier

formed magmatic or fluid growth zones.

Note: Terminology used in the interpretation of internal zircon and monazite morphologies revealed by
cathodoluminescence and backscattered electron images. After Mapes (2002).

of these age groups has a weighted mean of
770 = 26 Ma (n = 6, MSWD = 0.59), and
the smaller 953 = 59 Ma (n = 5, MSWD =
0.63), both of which are representative of
whole zircon grains. The latter group includes
two discordant ages represented by 2°7Pb-20Ph
ages of 1088 and 1034 Ma

Northern Dabie Complex Granites

Zircons from the Baimajian Northern Dabie
Complex granite often show concentric eu-
hedral zoning in cathodoluminescence (Fig.
6F). Approximately one-third of the grains,
however, have apparent inherited cores (Fig.
6E), while a few grains have modified zoning
and lack distinct internal zoning patterns. This
granite yields some zircons that, based on zon-
ing (no apparent inherited cores) and multiple
spot analyses within grains, are entirely Cre-
taceous in age, with 26Pb-238U ages that are
mostly concordant and that range from ~108
to ca. 128 Ma with a weighted mean of 117
+ 11 Ma (n = 4, MSWD = 7.2) (Fig. 8D),
similar to numerous previous studies (e.g.,
Zhang et a., 2002). Another group of zircons
from the granite seem to be entirely Neopro-
terozoic in age, yielding a second large cluster
of 20%Ph-28J zircon ages with a weighted
mean of 720 = 65 Ma(n = 4, MSWD = 1.4)
(Fig. 8D). A third cluster of ages representing
zircon cores consists of one concordant
205ph-2381J and four discordant 207Ph-2Ph ages
centered ~1941 = 92 Ma(n = 5, MSWD =
1.8), similar to the single Proterozoic age of
the second-generation gneiss. A discordialine
defined by all analyses, except the ca. 720 Ma
cluster (and grain #17 spot 2, which has a
higher proportion of common Pb), has a lower
intercept age of 112 + 9 Ma and upper inter-
cept age of 1941 +38/-39 Ma (n = 9, MSWD
= 1.9) (Fig. 8C). The lower intercept is con-
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sistent with the concordant Cretaceous 2°°Pb-
28 ages and is interpreted to represent the
age of Pb loss from the older zircon cores.

The Cretaceous zircon 25Pb-23U ages agree
with the weighted mean monazite 2°¢Pb- 232Th
age for the Baimajian granite of 117 = 1 Ma
(n = 15, MSWD = 2.0) (Fig. 8E, Table 5).
Monazites from this sample occur primarily
along grain boundaries with a few included or
nearly included in biotite grains. The mona-
zites are anhedral and show either modified
zoning, especially featureless or unzoned, or
sector zoning with two to three featureless
zones (Fig. 6H). These grains never exhibit
concentric euhedral zoning or definite core-
rim relationships like many zircons in this
study. All ages agree well with the Rb-Sr age
of 112 = 6 Ma reported for the Baimajian
granite by Xu et a. (1994).

Ultra-High-Pressure Zone Granitic
Gneisses

Zircons of the ultra-high-pressure zone gra-
nitic gneisses show two distinct types of zon-
ing in cathodoluminescence, concentric eu-
hedral zoning, and a heavily convoluted
modified zoning associated with numerous in-
clusions (Fig. 6G). A post-magmatic rim com-
monly surrounds both types. Zircons from the
ultra-high-pressure zone granitic gneisses gen-
erally yield concordant ages and have a
weighted mean 2°°Pb-238U age of 698 + 47 Ma
(n = 6, MSWD = 1.3; Fig. 8F), similar to
previously mentioned ages found in Northern
Dabie Complex samples. However, the granit-
ic gneisses also yield dates of 226 = 8 Ma (n
= 4, MSWD = 0.89) from grains with mod-
ified zoning and from post-magmatic rims.
This age is consistent with previous dates of
ultra-high-pressure zone rocks obtained by
Ayers et a. (2002), H. Zhang et a. (2001),

Hacker et a. (2000), and Li et a. (2000),
among others. Another poorly defined peak
occurs at 325 = 110 Ma (n = 2, MSWD =
1.2).

Sm-Nd Analysis

Table 6 and Figure 9 summarize the results
of the Sm-Nd isotopic analyses and calcula-
tions. Initiad &, values span a wide range
from —25.3 to —3.7, consistent with the range
of —22.9 to + 3.2 for Northern Dabie Com-
plex samples calculated for t = 760 Ma re-
ported by Ma et al. (2000). The values of ini-
tial ey = —25.3 a the time of granite
crystallization and T,,, = 2.3 Ga for Baima-
jian granite agree well with mean values of
—24.4 and 2.2 Ga reported by Zhang et al.
(2002) and the mean values of —21.2 and 2.05
Ga for the Zhuboyuan granite (Chen et a.,
2002). Samples BMJ1, a Northern Dabie
Complex granite, and WW-4, a second-gen-
eration gneiss, have similar model ages at 2.25
and 2.32 Ga, respectively. Samples QLB-1, a
Northern Dabie Complex diorite gneiss, and
WW-3, a first-genation Northern Dabie Com-
plex gneiss, also have similar depleted mantle
model ages, 1.75 and 1.85 Ga, respectively.
Sample QLB-2, another first-generation
Northern Dabie Complex gneiss, yields an
anomalously old model age at 3.56 Ga but has
an unusually high *#7Sm/*Nd ratio, indicating
some fractionation event in its history. If we
assume a #Sm/*“Nd ratio equa to that of
sample WW-3 (0.1258), a typica crusta val-
ue, from the time of the fractionation of the
sample from the depleted mantle until 677 Ma
(the mean concordant zircon age from QLB-2
used to represent a time of a Sm/Nd fraction-
ation event), the depleted mantle model age
would be 2.10 Ga (two-stage model age),
much closer to model ages of the other North-
ern Dabie Complex samples.

DISCUSSION

No mineralogical evidence was found in the
samples analyzed here to support the hypoth-
esis that the Northern Dabie Complex expe-
rienced ultra-high-pressure metamorphism. A
limited electron microprobe survey showed no
minerals or mineral compositions suggestive
of a metamorphic grade exceeding amphibo-
lite facies; mineral analyses are presented by
Bryant (2002).

Constraints of Trace Element
Geochemistry on Petrogenesis

The arc signature of the Northern Dabie
Complex gneisses and granites has historically
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TABLE 4. U/Pb ZIRCON GEOCHRONOLOGY DATA

Grain Spot Spot Zoning Age (Ma) Pb % 207Pp* 207Pp* 206Pp* p*
u + § 206 * 235 238|
no. no. area type P 1o pro— 1o pre 1o Cor. zlfggb Pb U U
ZSEU 235U 206Pb
NDC Granite
Sample BMJ-1
1 1 core AlH 114 2.7 116 13 156 268 204 99 0.049 (6) 0.12 1) 0.0178 4) 0.38
3 1 int ? 128 2.7 136 17 284 298 208 98 0.052 ) 0.14 (20 0.0200 (4 0.35
7 1 core AlH 731 30 754 30 825 50 204 100 0.067 ) 1.10 (6) 0.120 (5) 0.92
7 2 rim AIH 691 55 703 64 741 184 204 98 0.064 (6) 1.0 (1) 0.113 9) 0.73
10 2 core AlH 134 6.5 281 58 1805 375 208 95 0.11 ) 0.32 (8) 0.021 1) 0.70
11 1 ext CEZz 108 4.2 112 14 185 277 208 97 0.045 (7) 0.12 (2) 0.017 1) 0.49
13 1 core AlH 1412 41 1603 40 1865 56 204 99 0.114 4) 39 2 0.245 (8) 0.79
13 2 rim AlH 1927 40 1927 25 1929 25 204 99 0.118 (2) 5.7 (2) 0.348 8) 0.88
15 1 core AlH 1487 74 1641 61 1844 86 204 98  0.113 (5) 4.0 (3) 0.26 @ 077
15 2 core AlH 1638 37 1814 33 2023 41 204 99 0.125 ?3) 5.0 2 0.289 ) 0.81
16 1 core MZ, PMR 658 38 640 171 575 735 204 95 0.059 ) 0.9 (3) 0.108 @) 0.45
16 2 core Mz, PMR 750 28 660 96 363 408 204 96 0.054 (1) 0.9 (2) 0.123 (5) 0.50
17 1 core AlH 116 1.8 114 15 78 303 204 98 0.048 (6) 012 (2) 0.0182 (3) 0.48
17 2 core AlH 178 9.0 141 91 - - 204 92 0.039 3) 0.1 (1) 0.028 1) 0.57
Second-Generation Gneiss
Sample BMJ-3
5 1 core cC 133 16 187 75 939 817 208 94 0.084 2) 0.20 9) 0.021 2) 0.48
6 1 core AlH 140 14 102 60 - - 208 92 0.053 2 0.11 (7) 0.022 ) 0.38
6 2 core AlH 127 13 107 83 - - 208 91 0.066  (3) 0.11 (9) 0.020 ) 0.41
6 3 rim AIH 129 7.1 129 29 130 542 208 95 0.047 2 0.14 ?3) 0.020 (1) 0.34
13 1 core AlH, MZ 227 34 100 224 - - 208 83 0.021 (5) 0.1 (2) 0.036 (5) 0.29
13 2 rim AlH, MZ 128 13 117 53 - - 208 93 0.078 (2) 0.12 (6) 0.020 ) 0.43
29 1 core AlH 136 11 169 79 655 1018 208 91 0.025 4) 0.18 9) 0.021 2) 0.48
Sample QLB-3
2 1 core AlH 539 85 507 211 367 1069 204 93 0.054 ?3) 0.6 ?3) 0.09 1) 0.47
2 2 rim AlH 735 40 763 29 846 34 204 100 0.067 1) 1.12 (6) 0.121 @) 0.96
16 1 ext CEZ 849 59 841 49 819 80 204 99 0.066  (3) 13 1) 0.14 1) 0.89
17 1 int CEZ 799 46 805 39 822 65 204 100 0.067 2) 1.21 9) 0.132 (8) 0.90
Sample WW-4
1 1 int CEZ 125 11 108 62 - - 208 87 0041 (2 011 (7) 0.020 2 035
2 1 core AlH 120 7.7 117 35 40 720 208 93 0.028 (2) 0.12 (4  0.019 1) 0.38
2 2 rim AlH 132 12 114 47 - - 208 94 0.05 ) 012 (5 0.021 ) 0.45
5 1 int CEZ,MZ 118 6.7 95 34 - - 208 96 0.047 8) 0.10 4) 0.018 1) 0.40
5 2 ext CEZMZ 141 8.1 136 43 40 746 208 95 0.044 (2) 0.14 (5) 0.022 (1) 0.51
7 1 core AlH 271 7.1 282 10 381 59 204 99 0.054 (1) 0.32 (1) 0.043 1) 0.77
9 1 core AlH, MZ 609 16 628 13 699 32 204 99 0.063 (1) 086 (2) 0.099 3) 085
9 2 rim AlH, MZ 123 9.8 78 47 - - 208 92 0.058 (1) 0.08 (5) 0.019 ) 0.40
10 1 int CEZ 124 6.2 153 55 638 771 208 94 0.045 (2) 0.16 (6) 0.019 1) 0.59
13 1 core AlH 122 7.4 125 55 178 1028 208 92 0.014 2) 0.13 (6) 0.019 1) 0.51
13 2 rim AlH 127 8.1 106 48 - - 208 91 0.044 (2) 0.11 (5) 0.020 1) 0.44
14 1 core AlH 1971 195 2004 104 2039 47 204 99 0.126  (3) 6.2 (7) 0.36 4) 0.97
18 1 core AlH,MZ 770 27 785 21 827 23 204 100 0.067 1) 1.17 (5) 0.127 (5) 0.96
18 2 rim AlH,MZ 130 13 129 52 104 953 208 92 0.031 3) 0.14 (6) 0.020 ) 0.41
19 1 ext Mz 277 27 273 59 243 486 208 95 0.064 (1) 0.31 (8) 0.044 4) 0.52
First-Generation NDC Gneiss
Sample LTS-1
3 1 int Mz 625 28 663 25 797 39 204 100 0.066 (1) 0.92 (5) 0.102 (5) 0.93
4 1 core AlH 853 71 818 62 721 117 204 99 0.063  (3) 12 1) 0.14 1) 0.87
4 2 rim AIH 661 69 547 152 98 762 204 95 0.048 ) 0.7 3) 0.11 1) 0.48
12 1 core CcC 744 49 720 44 646 97 204 99 0.061 3) 1.03 9 012 1) 0.84
18 1 core AlH,MZ 724 63 706 66 650 188 204 99 0.061 (5) 1.0 (1) 012 1) 0.74
27 1 core AlH,MZ 769 89 849 95 1063 257 204 98 0.075 1) 1.3 ) 0.13 2) 0.64
Sample QLB-2
1 2 rim AlH 752 32 620 145 163 681 204 98 0.049 1) 0.8 3) 0.12 1) 0.51
3 1 core AlH 613 15 643 12 752 13 204 100 0.064 (4) 0.88 (2) 0.100 ?3) 0.97
3 2 rim AlH 731 47 733 39 737 65 204 99 0.064 (2) 1.06 (8) 0.12 1) 0.91
4 1 int ? 822 102 835 246 869 791 204 94 0.068 ?3) 1.3 (6) 0.14 2) 0.51
8 1 int CEZ 730 44 750 40 812 70 204 100 0.066  (2) 1.09 8 0.12 1) 0.90
10 1 int Mz 444 25 208 271 - - 204 89 0.03 4) 0.3 (4) 0.071 4) 0.54
13 1 int CEZ 741 31 727 41 683 119 204 98 0.062 ?3) 1.05 (8) 0.12 1) 0.73
15 1 int Mz 739 33 719 82 656 307 204 97 0.061 9) 1.0 (2 012 1) 0.47
16 1 int ? 828 70 816 165 786 554 204 95 0.07 ) 12 4) 014 1) 0.47
Sample WW-3
3 1 ? MZ,PMR 377 18 390 33 468 176 204 98 0.056  (4) 0.47 (5 0.060 ?3) 0.66
4 1 core MZ,PMR 704 77 679 88 598 277 204 97 0.06 8) 1.0 2 0.12 (1) 0.69
5 1 core MZ,PMR 547 42 560 89 612 390 204 97 0.06 1) 0.7 (2) 0.09 1) 0.50
6 1 core AlH 400 12 436 22 631 115 204 98 0.061 3) 0.54 (3) 0.064 ) 0.54
6 2 rim AlH 268 13 192 24 - - 208 96 0051 (5 021 (3 0.042 2 045
7 1 core MZ,PMR 541 40 592 41 793 97 204 99 0.066  (3) 0.79 (7) 0.09 1) 0.86
10 1 core MZ,PMR 513 43 644 65 1136 169 204 99 0.078 (7) 0.9 (1) 0.08 1) 0.80
(continued)
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TABLE 4. (continued)

Grain Spot Spot Zoning Age (Ma) Pb % 207Pp* 207Pp* 206Pp* p*

u t § 206 % 235 238
no. no. area type Py o pre— 1o =Pb 1o Cor. 2ROEaFEib Pb u u

ZSBU 235U ZOGPb

11 1 core CC,PMR 658 24 679 21 751 33 204 100 0.064 1) 0.95 4 0.107 4 0.93
13 1 core CC,PMR 383 14 425 77 658 450 204 78 0.06 (1) 0.5 1) 0.061 2) 0.41
13 2 rim CC,PMR 612 40 619 39 643 97 204 99 0.061 ?3) 0.84 @] 0.10 1) 0.84
13 3 core CC,PMR 592 32 630 32 772 56 204 99 0.065 ) 0.86 (6) 0.10 1) 0.93
16 1 core AIH 674 63 665 116 636 439 204 95 0.06 (1) 0.9 2) 0.11 1) 0.53
17 1 core CC,PMR 702 34 669 39 561 123 204 98 0.059 ?3) 0.93 (@] 0.11 1) 0.71
17 2 rim CC,PMR 682 57 761 55 1002 133 204 100 0.073 (5) 11 1) 0.11 1) 0.77
17 3 rim CC,PMR 655 41 678 39 758 82 204 99 0.065 3) 0.95 ©) 0.11 1) 0.87
18 1 core AlH 334 14 382 17 684 66 204 99 0.062 2) 0.46 ) 0.053 ) 0.82
18 2 rim AlH 211 11 203 26 108 297 208 97 0.056 @) 0.22 3) 0.033 ) 0.50
NDC Diorite Gneiss
Sample QLB-1
3 1 int ? 756 26 728 34 642 111 204 99 0.061 ?3) 1.05 (@] 0.124 (5) 0.63
5 1 int Mz 727 38 664 46 456 141 204 99 0.056 4) 0.92 9) 0.119 @) 0.76
5 2 ext MZ 1011 58 935 39 761 37 204 100 0.065 1) 1.5 1) 0.17 1) 0.96
6 1 int Mz 791 26 794 30 804 90 204 99 0.066 ?3) 1.19 @] 0.131 (5) 0.62
7 1 core CC,FR 758 46 727 44 632 108 204 99 0.061 ?3) 1.05 9) 0.125 (8) 0.80
8 1 core AIH 466 40 588 67 1088 230 204 100 0.076 9) 0.8 1) 0.075 @) 0.65
9 1 int ? 978 90 940 135 851 370 204 96 0.07 (1) 15 3) 0.16 ) 0.61
10 1 int ? 620 75 717 91 1034 238 204 97 0.074 9) 1.0 ) 0.10 1) 0.75
11 1 int Mz 914 40 882 48 802 133 204 98 0.066 4) 1.4 1) 0.15 1) 0.64
15 1 int Mz 813 56 809 54 800 148 204 98 0.066 (5) 1.2 1) 0.13 1) 0.68
17 1 core MZ,PMR 778 29 779 22 782 18 204 100 0.065 (6) 1.15 (5) 0.128 (5) 0.98
UHP Zone Granitic Gneiss
Sample SZS-1
5 1 core MZ,FR,P 699 32 711 28 748 42 204 100 0.064 1) 1.01 (6) 0.115 (6) 0.94
5 2 rim MZ,FR,P 220 6.8 220 7.8 219 a7 208 99 0.05 1) 0.24 1) 0.035 1) 0.86
9 1 core CC,MzZ,P 764 54 762 40 758 51 204 100 0.064 2) 1.12 (8) 0.126 9) 0.95
9 2 rim CC,Mz,P 228 8.0 232 7.6 272 29 208 100 0.053 8) 0.26 1) 0.036 1) 0.94
11 1 int Mz 235 7.9 223 7.6 97 34 208 99 0.053 @) 0.25 1) 0.037 1) 0.93
19 1 core MZ,PMR 280 8.6 207 8.3 - - 208 97 0.052 1) 0.23 1) 0.044 1) 0.78
Sample SZS*
1 1 core AIH 935 127 899 116 811 243 204 98 0.066 (8) 1.4 ?3) 0.16 2) 0.80
6 1 core cC 742 52 702 87 575 310 204 97 0.059 8) 1.0 ) 0.122 9) 0.57
6 2 core ccC 906 64 801 72 519 227 204 98 0.058 (6) 1.2 ) 0.15 1) 0.60
40 1 int MZ 647 34 584 60 343 253 204 97 0.053  (6) 0.8 (1) 0106 (6) 0.58
42 1 int Mz 667 37 674 39 699 96 204 99 0.063 ?3) 0.94 (8) 0.109 (6) 0.83
42 2 ext Mz 746 43 661 148 378 637 204 96 0.054 ) 0.9 3) 0.123 (8) 0.44
56 1 int MZ 690 55 480 154 - - 204 91 0.039 (1) 0.6 (@ 0113 (9 0.36
Sample YRZ'"
1 1 int MZ 202 31 201 30 188 216 204 100 0.05 5) 0.22 4) 0.032 5) 0.84
17 1 int Mz 341 16 338 20 319 93 204 99 0.053 ) 0.39 3) 0.054 3) 0.81
21 1 int Mz 1150 211 1049 134 845 70 204 99 0.067 ) 1.8 4 0.20 4) 0.99
44 1 int MZ 320 9.5 339 10 472 28 204 100 0.057 ) 0.40 1) 0.051 2) 0.93

fIndicates analysis performed on core or rim except where a clear core-rim relationship was not defined, in which case interior or exterior area of the grain is indicated.

*Abbreviations from Table 3.
SPb correction method.

“Correlation coefficient between x and y on concordia diagram.
*tZircons not taken from same sample as that used for geochemical analysis.

been the key piece of evidence in support of
the hypothesis that the Northern Dabie Com-
plex was a magmatic arc during the collision
of the Yangtze and Sino—Korean plates (Zhai
et a., 1994; Zha and Cong, 1996). However,
this arc signature can also be found in the
ultra-high-pressure gneiss samples, which
were part of the subducted region of the Yang-
tze plate and therefore could not have been
part of an arc complex on the overriding Sino—
Korean plate. Like the ultra-high-pressure re-
gion, the arc signatures of rocks in the North-
ern Dabie Complex may have developed dur-
ing subduction-related magmatism at an
earlier time.

Geological Society of America Bulletin, May/June 2004

Geochronological Constraints on the
Evolution of the Northern Dabie Complex

Table 7 summarizes the measured ages and
our interpretations. Based on zircon growth
zoning relationships and ages corresponding
to peaks in the cumulative age probability
curves, we assign protolith crystallization
ages of 770 = 26 Ma to the diorite gneisses
and ca. 750 Mato the first-generation gneiss-
es, consistent with field evidence that diorite
gneisses frequently occur as blocks within
first-generation gneisses. The oldest zircon
ages obtained in any of the samples, though,
are ~1.9-2.0 Ga from inherited cores in Cre-

taceous rocks, the Northern Dabie Complex
granites, and the second-generation gneisses,
which aso commonly yield inheritance ages
of ca. 750 Ma as observed by Hacker et al.
(1998). The geochronologic data from the
Northern Dabie Complex gneisses and gran-
ites show that a significant portion of the
Northern Dabie Complex existed long before
the Cretaceous and therefore that the Northern
Dabie Complex did not form amost entirely
by Cretaceous extensional magmatism.

The ~1.9-2.0 Ga ages obtained from in-
herited cores in Northern Dabie Complex
granites and second-generation gneisses are
consistent with previously reported ages from
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Figure 6. Images of dated grains. Ellipses mark ion microprobe analysis spots labeled with measured 22Ph/??Th ages for monazite and
205ph/238 ages (*"Pb/?°Ph ages if discordant) for zircon, with 1o errors. (A) LTS1-04: cathodoluminescence image of zircon from fir st-
generation Northern Dabie Complex gneiss sample LTS-1 showing concentric euhedral zoning. (B) WW3-07: Cathodoluminescence
image of zircon from first-generation Northern Dabie Complex (NDC) gneiss sample WW-3 showing modified zoning and post-magmatic
rim. (C) WW4b-01: Cathodoluminescence image of zircon from second-generation NDC gneiss sample WW-4 showing concentric eu-
hedral zoning. (D) BMJ3-13: Cathodoluminescence image of zircon from second-generation gneiss BMJ3 with inherited core and con-
centric euhedral rim. (E) BMJ1-07: Cathodoluminescence image of zircon from NDC granite sample BMJ-1 showing modified zoning
and an apparent inherited core. (F) BMJ1-11: Cathodoluminescence image of zircon from NDC granite sample BMJ-1 showing con-
centric euhedral zoning. (G) YRZ-31: Cathodoluminescence image of zircon from ultra-high-pressure zone sample YRZ-1 showing
modified convoluted zoning with inclusions. (H) Backscattered electron image of monazite from NDC granite sample BMJ-1 showing
sector zoning.
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the Yangtze craton, including ~1.9 Ga zircon
ages related to intrusion of granites into Ar-
chean basement in the Kongling area ~150
km south of the Qinling-Dabie orogen (Qiu et
al., 2000), and an upper concordia intercept
age of zrcon cores from the ultra-high-

Geological Society of America Bulletin, May/June 2004
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207 Pb/235U

0.8 1.0 1.2 1.4

pressure zone at 1921 = 22 Ma (Ayers et a.,
2002; Marayuma et a., 1998). Jian et al.
(1999) reported a significantly older Pb-Pb
zircon age of 2456 = 7 Ma from one inter-
mediate granulite sample from the core of the
Luotian dome near Luotian in the southwest-

Figure 7. First-generation gneiss geochro-
nologic data. Zircon ages on cumulative
probability plots are 26Pb/*#U ages. Peaks
on cumulative probability plots are labeled
with weighted mean of those analyses that
define peak. Uncertainty ellipses on concor -
dia diagrams are 68.3% confidence limits.
(A) Cumulative probability plot and histo-
gram of zircon U/Pb ages of first-generation
Northern Dabie Complex (NDC) gneiss
samples LTS-1 and QL B-2 (*"Ph/*%Ph age
used for QLB2-3-1; QLB-10-1 not includ-
ed). (B) Concordia plot of concordant anal-
yses from samples LTS-1 and QL B-2. Con-
cordia Age = 747 *= 14 Ma (lo,
decay-constant errors included), MSWD of
concordance = 0.117, Probability of con-
cordance = 0.73. (C) Concordia diagram
showing discordia defined by discordant
analyses from sample WW-3. Intercepts at
101 +110/—91 Ma and 781 +77/—65 Ma,
MSWD = 0.32.

>
Dy

ern Northern Dabie Complex (Fig. 1). How-
ever, our samples QLB-1 and QLB-2, collect-
ed at Qilibai near the core of the Luotian
dome, yielded no ages >1088 Ma. In contrast,
basement rocks in the southern Sino—Korean
craton yield U-Pb zircon magmatic ages of
2.51-2.84 Ga (Kroner et al., 1988). The next
oldest age obtained for the Northern Dabie
Complex samples we analyzed, ca. 950 Ma, is
found only in the Northern Dabie Complex
diorite gneiss xenoliths and may be aresult of
zircon growth during the fina stages of the
Jinningian orogeny, aca. 1.0 Ga intensive tec-
tonothermal and magmatic event that affected
the northern margin of the Yangtze craton dur-
ing the assembly of Rodinia.

All Northern Dabie Complex sample types
have significant peaks in their cumulative age
probability plots between 720 and 775 Ma
(Figs. 7 and 8). Ages of 700—800 Ma can be
found in every sample analyzed, including
ultra-high-pressure zone samples. These ages
make up ~40% of all anayses and are the
dominant age groups for both the Northern
Dabie Complex diorite and first-generation
gneisses. This age range is particularly signif-
icant because it is the characteristic zircon age
range for rocks of the Yangtze Craton (Row-
ley et al., 1997; Hacker et a., 1998, 2000;
Zhang et a., 2002). The age overlap permits
correlation of the Northern Dabie Complex di-
rectly with the Yangtze craton. The 700-800
Ma zircon ages are interpreted to represent the
time of rifting that occurred along the northern
margin of the Yangtze plate during the Sinian
era (Rowley et a., 1997), causing the breakup
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Figure 8. Geochronologic data for variouslithologies. Zircon ages on cumulative probability plots ar e 2%°Phb/2¢U ages except for discor dant
analyses for which 2°7Pb/?Pb ages are plotted as shaded histogram bars. Peaks on cumulative probability plots defined by more than
one analysis are labeled with weighted mean of those analyses that define peak. Uncertainty ellipses on concordia diagrams are 68.3%
confidence limits. (A) Cumulative probability plot and histogram of zircon U/Pb ages of second-generation Northern Dabie Complex
(NDC) gneiss samples. (B) Cumulative probability plot and histogram of zircon U/Pb ages of NDC diorite gneiss sample QLB-1. (C)
Concordia plot of zircon analyses from Baimajian granite sample BMJ-1. Intercepts at 112 = 9 Ma and 1941 +38/—39 Ma, MSWD =
1.9. (D) Cumulative probability plot and histogram of zircon U/Pb ages of Baimajian granite sample BMJ-1. (E) Cumulative probability
plot and histogram of 22Th/?°®Pb monazite ages of Baimajian granite sample BMJ-1. (F) Concordia plot of zircon U/Pb data from ultra-

high-pressure zone granitic gneiss samples.

of Rodinia (Li et al., 2002) and the crystalli-
zation of the protoliths of the diorite gneiss
xenoliths and first-generation gneisses. These
Proterozoic ages in the granites and second-
generation gneisses represent an inherited
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component, suggesting that a thick section of
crust, including possibly the magmatic source
of these rocks, crystallized from crustal melts
during rifting in the Sinian era (Table 7; Li et
al., 2002). The four ca. 600 Ma ages obtained

for the first- and second-generation Northern
Dabie Complex gneisses are not clearly a dis-
tinctive age mode and may converge with the
700-800 Ma age group with additional anal-
yses. It is also possible, however, that the ca.
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TABLE 5. SAMPLE BMJ-1 MONAZITE GEOCHRONOLOGY DATA

Grain Spot Zoning 208pp/232Th 1o error 208pp/232Th lo %
type age (Ma) (Ma) Rad.
ZOSPb
1 1 MZ,FR 120.9 1.4 0.00600 ) 99.5
3 1 SZ,MZ 116.6 1.6 0.00579 (8) 99.7
3 2 SZ,MZ 117.4 3.0 0.0058 ) 96.1
4 1 MZ 114.2 2.4 0.0057 1) 99.7
5 1 Mz 116.1 25 0.0058 1) 99.6
6 1 SZMZ 113.0 1.9 0.0056 1) 99.4
7 1 MZ,FR 116.3 0.8 0.00577 4) 99.6
8 1 MZ,FR 118.0 1.0 0.00585 (5) 97.6
11 1 Mz 121.3 1.9 0.00602 9) 99.2
11 2 MZ 114.6 1.5 0.00568 (8) 99.0
15 2 SZMZ 114.1 2.8 0.0057 (1) 99.6
15 3 SZ,MZ 115.6 4.0 0.0057 ) 99.4
16 1 MZ 114.9 2.0 0.0057 1) 99.6
16 2 MZ 114.8 1.4 0.00570 ) 99.2
18 1 MZ 117.0 1.4 0.00581 (7) 99.8

Note: Abbreviations from Table 3.

TABLE 6. SUMMARY OF Sm-Nd ISOTOPIC DATA AND CALCULATIONS FOR NDC SAMPLES

Rock type Granite Diorite Gneiss 1st Gen. Gneiss 1st Gen. Gneiss 2nd Gen. Gneiss
Sample BMJ-1 QLB-1 QLB-2 WW-3 WW-4
Sm (ppm) (*+0.5%) 5.42 9.25 6.47 8.67 5.49

Nd (ppm) (+0.5%) 36.3 51.6 241 41.6 323
147Sm/*“Nd (+0.5%) 0.0902 0.1083 0.162 0.1258 0.1025
143Nd/*4Nd 0.51126 0.511939 0.511933 0.512082 0.511499
+20(X1079) 7 5 4 5 4

£na(0) —26.8806 —13.6354 —13.7524 —10.8459 —22.2184

t (Ma)* 119 770 750 788 125

CHUR *3Nd/**Nd @ t 0.512485 0.511645 0.511671 0.511622 0.512477
13Nd/““Nd @ t 0.511190 0.511392 0.511136 0.511432 0.511415
eNd(t) —-25.3 —4.94 —10.44 -3.71 -20.7

Tow calculated (Ga) 2.32 1.75 3.56 1.85 2.25

T T—crystallization age.

600 Ma age represents some separate, previ-
ously unknown tectonothermal event.

All discordant analyses of first-generation
gneiss sample WW-3 loosely define a discor-
dia line with concordia intercepts at 781
+77/—65 Ma and 101 +110/—91 Ma (Fig.
7C). Thisis consistent with formation of first-
generation gneisses protoliths during Sinian
rifting followed by Pb loss during Cretaceous
heating and extension.

If the Northern Dabie Complex was a mag-
matic arc in the Sino—Korean plate before and
during the Triassic collision, late Paleozoic
ages representing episodes of magmatism
leading up to the collisiona event should be
found within the samples. However, no such
ages were obtained for the samples we ana-
lyzed, permitting the preliminary conclusion
that the Northern Dabie Complex was not an
arc at the time of collision. Tsai et a. (2000)
reached a similar conclusion in their study of
the Jiaoziyan gabbro in the Northern Dabie
Complex. The only late Paleozoic ages are
within a small ca. 271 Ma age group of the
second-generation Northern Dabie Complex
gneisses and a single 2°°Ph-238U zircon rim age
of 268 + 13 Ma from first-generation gneiss
sample WW-3. These ages could represent an
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unknown tectonothermal event that occurred
before the Sino-Korean-Yangtze collision or
the beginnings of the collision itself. However,
the consensus is that the collision occurred in
the Triassic, which is consistent with the 226
+ 8 Ma age obtained from the ultra-high-
pressure zone granitic gneisses (Ayers et a.,
2002; Hacker et a., 2000). We interpret this
as the time of peak metamorphism of this area
of the ultra-high-pressure zone. We obtained
severa similar ages from some Northern Da-
bie Complex samples, including a single zir-
con rim concordant age of 211 + 11 Mafrom
first-generation Northern Dabie Complex
gneiss sample WW-3 and an inheritance age
of 227 = 34 from second-generation gneiss
sample BMJ-3 (Fig. 6D). These Triassic zir-
con ages may represent the time of peak meta-
morphism, but they are much rarer in the
Northern Dabie Complex than in the centra
ultra-high-pressure zone, suggesting that the
Northern Dabie Complex may not have ex-
perienced the same intensity of metamorphism
as the ultra-high-pressure zone to the south.
In the Cretaceous, the entire Dabie orogen
experienced crustal extension and related
magmatism (Hacker et a., 2000). The second-
generation gneisses intruded the Northern Da-

bie Complex at ca. 125 Ma and were subse-
quently deformed; intrusion of the Northern
Dabie Complex granites followed at ca 117
Ma

Sm-Nd Constraints on Evolution of the
Northern Dabie Complex

The low values of initial &4 calculated for
Northern Dabie Complex granite (—25.3) and
second-generation gneisses (—20.7) argue
against a significant mantle contribution to the
magmeas that crystallized to form the granite
and second-generation gneiss protoliths (Table
6). Combined with the ancient inheritance
demonstrated by zircon U-Pb results, low ini-
tial &, values suggest that Northern Dabie
Complex granites and second-generation
gneisses formed by partia melting of old
(>1.5 Ga) crust. However, the large difference
between their Cretaceous e, values suggests
that partial melting of diorite gneiss and/or
first-generation gneiss alone could not pro-
duce the Northern Dabie Complex granites
and second-generation gneiss protoliths.

Northern Dabie Complex diorite gneiss
QLB-1 (Tpy = 1.75 Ga) and first-generation
gneiss WW-3 (T,,, = 1.85 Ga) (Table 6) have
depleted mantle model ages much older than
the magmatic crystallization ages of ca. 750
Ma recorded by zircons (Table 7), suggesting
that their protoliths were derived by partial
melting of continental crust at ca. 750 Ma dur-
ing Sinian era rifting. Northern Dabie Com-
plex granite BMJ1 (2.32 Ga) and second-
generation gneiss WW-4 (2.25 Ga) model ages
fall within the range of 1.6-2.4 Ga reported
for Cretaceous granites throughout the Dabie
orogen (Zhang et a., 2002). These Paleopro-
terozoic model ages along with highly nega-
tive gy, values (Table 6) show that Northern
Dabie Complex gneiss protoliths and Northern
Dabie Complex granite formed by partial
melting of continental crust that formed long
before Cretaceous extension, which argues
against formation of the Northern Dabie Com-
plex almost entirely by extensiona magma-
tism during the Cretaceous (Hacker et al.,
1998).

The interpretation that the Northern Dabie
Complex is Yangtze crust agrees with recent
interpretations based on Sr, Nd, and Pb iso-
topic data that the Northern Dabie Complex
underlies the central Dabie ultra-high-
pressure zone (Fig. 10) in the Yangtze craton
and that partial melting of the Northern Dabie
Complex or similar Yangtze non-ultra-high-
pressure crustal rocks produced Cretaceous
granites throughout the Dabie orogen (Zhang
et al., 2002). Recent interpretations of seismic
data by Schmid et . (2001) showing the pres-
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Figure 9. Plot of g4 versus time for selected samples. Plotted points indicate present-day
(eng(0)) and initial (g.4(t)) values for each sample (from Table 6). Lines passing through
these two points for each sample are extrapolated to where they inter sect depleted mantle
evolution line, which gives depleted mantle model age T,,, (depleted mantle model evo-

lution from Chen and Jahn, 1998).

ence in the central Dabie of what may be
Yangtze crust unaffected by ultra-high-
pressure metamorphism beneath a thin cover
of ultra-high-pressure rocks also support this
interpretation.

Petrogenesis of Northern Dabie Complex
Second Generation Gneisses and Granites

Large differences in g,,(t) values rule out
the possibility that the Northern Dabie Com-
plex granites (g,((125) of BMJ1 =-25.2)
and second-generation gneiss protoliths
(eng(125) of WW-4 =-20.7) could have
formed solely by partial melting of first-
generation gneisses (g,4(125) of WW-3
=-—9.7) or diorite gneisses (&,4(125) of
QLB-1 =-12.2). Based on Nd and Sr isotope
systematics, Maet a. (2000) proposed that the
Archean Kongling gneisses that crop out just
south of the Dabie orogen extend beneath it
and that early Cretaceous felsic gneissesin the
Northern Dabie Complex (our second-
generation gneisses, their group |l gneisses)
represent mixtures of Kongling gray gneiss +
Neoproterozoic mantle-derived material. The
description by Ma et al. (2000) of the Kong-
ling gneisses (gray-banded orthogneiss with
volcanic arc trace element signatures contain-
ing enclaves of foliated amphibolites) sounds
remarkably similar to our observations of
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first-generation gneisses with diorite gneiss
xenoliths in the Northern Dabie Complex;
however, the Kongling gray gneisses are Ar-
chean and have much lower g, values (g,4(0)
~—40 to—45, Ma et a., 2000; —37 to —50,
Gao et a., 1999). Based on Nd isotope com-
positions aone, we cannot rule out the pos-
sibility that second-generation gneiss proto-
liths represent mixtures of Kongling gray
gneiss and first-generation or diorite gneiss.
The absence of inherited Archean zircons is
inconsistent with but does not rule out the
possibility of a Kongling gneiss component,
and the ca. 2 Ga zircons correspond to zircon
ages from granites in the Kongling region
(Qiu et d., 2000).

Like the second-generation gneiss proto-
liths, the Northern Dabie Complex granites
may have formed by partial melting of ancient
lower continental crust with highly negative
enge @ conclusion reached by Chen et al.
(2002) in their study of the Zhubuyuan gran-
ite. This source must have had significant feld-
spar in the residue to produce the Eu depletion
in the REE patterns (Fig. 5D) and low Sr con-
centrations characteristic of the Northern Da-
bie Complex granites. Using Nd-Sr mixing
calculations, Ma et al. (2000) showed that the
Northern Dabie Complex granites (their group
I11) do not appear to have a significant
Kongling gneiss component, but an interme-

diate granulite from the Northern Dabie Com-
plex served as an appropriate end-member
component. This interpretation is consistent
with that of Gao et al. (1998) that intermediate
granulites compose the lower crust of the Da-
bie orogen. These intermediate granulites
could, if they contained hydrous phases such
as biotite or hornblende, produce granitic
magmas with compositions similar to those
observed in the Baimgjian and Zhubuyuan
plutons. The interpretation that Northern Da-
bie Complex granites formed by partial melt-
ing of intermediate granulites in the lower
crust is also consistent with the conclusions of
Zhang et al. (2002) that Cretaceous granitesin
the Northern Dabie Complex and ultra-high-
pressure/high pressure zones formed by partial
melting of Northern Dabie Complex basement
rocks and that the unradiogenic Pb isotope
compositions of Cretaceous granites indicate
U-depleted source rocks such as granulites.

Maet al. (2000) proposed an aternative ex-
planation: that the Cretaceous granites could
have formed by partial melting of second-
generation gneisses and subsequent fractional
crystallization. This model seems plausible
given their similar values of e.4(t) and that
trace element compositions of Cretaceous
granites are similar to but more evolved (high-
er incompatible and lower compatible element
concentrations) than those of second-
generation gneiss protoliths. The substantial
difference in crystallization ages rules out the
possibility that second-generation gneiss pro-
toliths and then granites were derived from the
same magmeas at a given locality. For exam-
ple, at Baimajia, second-generation gneiss
BMJ-3 crystallized at 130.8 = 4 Maand gran-
ite BMJ1 crystallized at 117 = 11 Ma In
summary, the model we prefer involves ex-
tension and heating of the lower crust ca. 130
Ma (Ratschbacher et al., 2000); partial melting
of Kongling basement mixed with first-
generation and diorite gneisses to form
second-generation gneiss protoliths, deforma-
tion of the second-generation gneisses, and
partial melting of granulite basement or
second-generation gneisses, followed by intru-
sion of granites into second-generation gneiss-
es at ca 117 Ma

Tectonic Synthesis

While most Northern Dabie Complex sam-
ples have atypical arc trace element signature,
the Northern Dabie Complex was not a mag-
matic arc immediately before the Triassic col-
lision, as evidenced by the lack of late Paleo-
zoic zircon ages in the Northern Dabie
Complex samples. However, abundant Pre-
cambrian U-Pb zircon ages suggest that a sub-
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TABLE 7. SUMMARY OF MEASURED AGES AND INTERPRETATIONS

Samples Cretaceous Permo-Triassic Sinian Era Minor age peaks
Aget Interpretation Age Interpretation Age Interpretation Age Interpretation
(Ma) (Ma) (Ma) (Ma)
NDC
Granite 117 + 11*  Magmatic 720 = 65 Inherited grains crystallized during 1941 + 42 Formation of Yangtze
(BMJ-1) (monazite crystallization major crustal growth event associated craton in Paleo-
117 = 1) age with Sinian era rifting of Rodinia Proterozoic
2 Gen. Gneisses 127 = 4  Crystallization 271 = 13  Tectonothermal 775 = 37 " 606 + 30 ?
(BMJ-3, QLB-3, of protolith event associated
WW-4) with Yangtze/Sino-
Korean collision?
1st Gen. Gneisses 747 + 14 Crystallization of protolith during
(LTS-1 and QLB-2) Sinian era rifting
Diorite Gneiss 770 = 26 " 953 + 59 Jinningian orogeny in
(QLB-1) neo-Proterozoic:
assembly of Rodinia
UHP Zone
Granitic Gneisses 226 = 8 Peak 698 * 47 "
(SZs-1 and YRZ-1) metamorphism in
UHP zone

Note: Total # of analyses: zircon = 100, monazite = 15; UHP—Ultra-high-pressure.
TAges are weighted average of measured zircon ages with 95% confidence limits unless otherwise stated.
*Underlined age groups represent the mode of the age distribution for that sample.

stantial portion of the Northern Dabie Com-
plex existed before the Triassic. Protoliths of
the Northern Dabie Complex diorite gneiss
xenoliths and Northern Dabie Complex first-
generation gneisses crystallized at ca. 770 and
750 Ma, respectively. The 720-775 Mazircon
ages and ca. 2 Ga Sm-Nd crustal residence
ages found in al Northern Dabie Complex
gneiss and granite samples analyzed are sim-
ilar to values measured for rocks from the cen-
tral ultra-high-pressure and high-pressure
zones that are accepted as part of the Yangtze
plate but distinctly different from values ob-
tained from the Sino—Korean plate, suggesting
that the Northern Dabie Complex is part of
the Yangtze plate (Hacker et al., 2000).

The recent discovery of eclogites and
microdiamond-bearing eclogites in the north-
ernmost Northern Dabie Complex has been
used to suggest ultra-high-pressure metamor-
phism and deep continental subduction of the
entire Northern Dabie Complex (Tsai and
Liou, 2000; Xu et al., 2000, 2003; Liu €t 4.,
2001). Geological observations, however, in-
dicate that these eclogites and microdiamond-
bearing eclogites are aways separated from
the underlying gneiss by a detachment fault
(Suo et a., 2003). This, combined with the
relative rarity of Triassic zircon U-Pb ages
compared with the central ultra-high-pressure
zone, and the absence of ultra-high-pressure
assemblages in al but the northernmost
Northern Dabie Complex even in mafic li-
thologies, suggests an alternative interpreta-
tion that the Northern Dabie Complex was not
deeply subducted in the Triassic. This inter-
pretation agrees with the conclusions of Zhang
et al. (2002) and Schmid et al. (2001) that the
ultra-high-pressure zone is presently a shallow
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crustal feature underlain by Yangtze rocks
similar to the Northern Dabie Complex (Fig.
10). We interpret this tectonic configuration to
result from thrusting of the ultra-high-
pressure zone onto the Yangtze craton during
exhumation (Fig. 10B; Wang et al., 2000).
Emplacement of the ultra-high-pressure zone
as a thrust sheet onto the Northern Dabie
Complex with subsequent thermal relaxation
would cause heating of the footwall to higher
temperatures than in the hanging wall. This
explains why geothermometers record higher
temperatures in the Northern Dabie Complex
(granulite grade) than in non-ultra-high-
pressure lithologies in the central ultra-high-
pressure zone (amphibolite grade). It is aso
consistent with the clockwise P-T trajectories
of gneisses in the Northern Dabie Complex
(Zheng et al., 2001) and their nearly isother-
mal decompression from ~12 to 8 kbar
(Zhang et al., 1996). Mafic rocks just south of
the Xiaotian-Mozitang fault that preserve ev-
idence of ultra-high-pressure metamorphism
may represent erosional remnants of the por-
tion of the ultra-high-pressure slab that pene-
trated most deeply into the mantle and there-
fore experienced the highest pressures (Fig.
10). Unlike mafic lithologies, felsic gneisses
in the ultra-high-pressure slab were complete-
ly retrogressed during exhumation. Gneisses
in the Northern Dabie Complex formed during
partial subduction (Fig. 10B) or during burial
following thrust-stacking of the ultra-high-
pressure slab onto the Northern Dabie Com-
plex (Fig. 10C).

Slab detachment and subsequent upwelling
of asthenosphere may have caused delamina-
tion of the crustal eclogite root (see Gao et al .,
1998) and lithospheric mantle keel that was

subsequently replaced (Fig. 10, B and C; Gao
et al., 2002). Upwelling of hot asthenosphere
through the gap opened by detachment of the
sinking slab of oceanic lithosphere may have
initiated post-collisional extension and dom-
ing in the Cretaceous (Fig. 10, C and D; Cou-
lon et al., 2002). Heating caused partia melt-
ing of the Northern Dabie Complex basement
(first-generation gneisses) to form second-
generation gneiss protoliths ca. 125 Ma and
Northern Dabie Complex granites around ca.
117 Ma. Doming caused erosion of the over-
lying ultra-high-pressure rock and exposure of
the Northern Dabie Complex but preservation
of ultra-high-pressure erosional remnants in
the northernmost Northern Dabie Complex
(Figs. 1 and 10E).

Since the Northern Dabie Complex is part
of the Yangtze plate, the Sino-Korean—
Yangtze suture must lie to the north of the
Yangtze plate, possibly along the Xiaotian—
Mozitang fault. Hacker et a. (1998, 2000)
have used 700-800 Ma inherited zircon ages
from granites of the North Huaiyang to argue
that the Yangtze plate extends north of the
Xiaotian—Mozitang fault. Alternatively, these
inherited zircons and their host granites may
have been derived from Yangtze crust lying
beneath a north-dipping suture and the Sino—
Korean craton. The tectonic configuration
shown in Figure 10E and described above
would account for the presence of Yangtze zir-
con ages in North Hualyang granites formed
by partial melting of Yangtze crust underlying
the Sino—Korean craton. However, it is still
possible that the suture lies to the north of the
Xiaotian—Mozitang fault (Hacker et al., 2000).
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Figure 10. Schematic sequence of tectonic events. (A) Subduction of Yangtze continental lithosphere beneath Sino—Korean Craton and
peak ultra-high-pressure (UHP) metamorphism in Triassic. (B) Detachment of oceanic lithosphere followed by delamination of Yangtze
eclogitic lower crust and lithospheric mantle and exhumation of ultra-high-pressure slab. (C) Transport of ultra-high-pressure hanging
wall along thrust fault and emplacement atop Northern Dabie Complex (NDC) footwall. I nitiation of asthenospheric upwelling through
gap opened by detachment of slab and lithospheric root. (D) Crustal thinning and extension causes melting of NDC lower crust in
Cretaceous and emplacement of second-generation gneiss protoliths followed by NDC granites. (E) Erosion exposes NDC but leaves an
intact UHP dlab in central Dabie and ultra-high-pressure erosional remnant in northernmost NDC.
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