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Abstract

Geochronological, elemental and Sr—Nd-Pb isotopic data of early Cretaceous basic-intermediate rocks from the Dabie
Orogen provide new insights into the nature of the late Mesozoic lithospheric mantle beneath the region and its tectonic
relationship with neighboring blocks. Basic-intermediate rocks from the North Dabie Complex (NDC) include diabases,
lamprophyres and trachyandesites, which have “°Ar/°Ar plateau ages of 127.6-131.8 Ma. Similar rock types from the
North Huaiyang Unit (NHY) erupted at nearly the same time (135-116 Ma). Coeval rocks from both tectonic units form a
continuous array in Harker diagrams, and exhibit similar geochemical characteristics. Both are significantly enriched in LILEs,
and depleted in HFSEs, coupled with very low exg(?), (*°°Pb/2**Pb);, and prominent positive A8/4 and A7/4 values, which are
similar to those of Mesozoic mafic rocks in the North China Craton (NCC) exterior. These geochemical signatures are
inconsistent with crustal contamination during magma ascent, and reflect derivation from an enriched lithospheric mantle source
contaminated by the deeply subducted Yangtze crust. The observed geochemical similarities thus suggest that early Cretaceous
igneous rocks from the NDC and NHY share a similar continental lithospheric mantle source that is tectonically affiliated to the
NCC, although the surface geology of both tectonic units correlates with that of the Yangtze Block. Tectonic decoupling along a
suture is proposed to explain the generation of early Cretaceous mafic rocks in the Dabie Orogen. The Wuhe-Shuihou fault
likely represents the Mesozoic lithospheric boundary between the Yangtze Block and NCC, despite the fact that the present-day
surface suture is situated at the Xiaotian-Mozitan fault or other faults to the north.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

The Dabie-Sulu high- and ultrahigh-pressure (HP-
UHP) metamorphic belt was formed by Triassic
northward subduction of the Yangtze Block (YB)
and subsequent collision with the North China Cra-
ton (NCC) (e.g., Li et al., 1993; Cong, 1996). The
Yangtze crustal materials were brought into mantle
depths (e.g. Mattauer et al., 1985; Okay et al., 1993;
Cong, 1996; Hacker et al., 1998; Ye et al., 2000; Fan
et al., 2004) and then rapidly exhumed to middle/
lower crustal levels at 230-210 Ma (Okay et al.,
1993; Hacker et al., 1998; Zheng et al., 2003). The
subduction-related fluid/melt might have migrated up
and interacted with the surrounding mantle and
caused metasomatism in the overlying lithospheric
mantle (e.g., Zhang et al., 2002a,b). Alternatively the
subducted crustal materials could have been partly
trapped in the mantle to produce a hybridized source
(Jahn et al., 1999; Fan et al.,, 2004). A series of
studies on Cretaceous mafic/ultramafic intrusions
(~125 Ma) from the Dabie Orogen, late Mesozoic
volcanic rocks (150-116 Ma) from the North
Huaiyang Unit (NHY), and basaltic rocks from the
Fangcheng and Laiyang areas adjacent to or within
the Sulu belt (Fig. la) show that these rocks have
very low eng(f) values (—22 to —14), suggesting
derivation from an enriched lithospheric mantle mod-
ified by subduction process (Chen et al., 2002; Wang
et al., 2002; Li and Yan, 2003; Zhang et al., 2002a,b;
Fan et al., 2001). However, continued debates remain
over the nature of the Mesozoic lithospheric mantle
beneath the Dabie Orogen and the possibility that
subducted materials were preserved at mantle depth
as relicts. Furthermore, controversies also include:
(1) the location of the suture beneath the Dabie
Orogen (Ames et al., 1996; Rowley et al., 1997;
Zhang et al, 1994, 2002a,b; Kuang and Zhang,
2002; Suo et al., 2000; Hacker et al., 1998, 2000;

Cong, 1996; Li and Yan, 2003; Wang et al., 2003a),
and (2) the tectonic affiliation of the North Dabie
Complex Unit (NDC). Although tectonic decoupling
of the present-day surface and subsurface sutures in
the region east of the Tan-Lu fault was already
suggested by Li (1994) and Chung (1999), questions
particularly concerning the location of the lithospher-
ic suture boundary and whether a crustal detachment
also developed in the region west of the Tan-Lu
Fault (Li and Yan, 2003) have not been appropriately
addressed.

The YB and NCC have distinctive crustal ages
and tectonic evolution histories (Cong, 1996; Qiu et
al., 2000), and therefore they should have different
lithospheric mantle sources that could be traced by
mafic magmatism. In the Dabie Orogen, geochemical
and Sr—Nd isotopic studies have mostly focused on
Mesozoic mafic/ultramafic intrusions (Jahn et al.,
1999; Li and Yan, 2003 and references therein)
and granitoids (Ma et al., 1998, 2000; Chen et al.,
2002; Zhang et al., 2002a,b). Recently Fan et al.
(2004) reported the geochronology, and elemental
and Sr—Nd isotopic compositions of early Cretaceous
basaltic-andesitic rocks from the NHY, and conclud-
ed that these rocks were derived from an enriched
lithospheric mantle with subducted continental crust-
al relicts. They further proposed that a significant
volume of the subducted continental crust might be
trapped in the original lithospheric mantle while
some were rapidly exhumed to the crustal levels
shortly after collision. Little attention, however, has
been paid to the less abundant Mesozoic mafic dikes
emplaced in the NDC (Chen et al.,, 1995). These
rocks provide a possibility to constrain the nature
of the mantle source beneath the NDC and to define
the lithospheric boundary between the YB and NCC.
Therefore, in this paper, we present a set of geochro-
nological, elemental and Sr—Nd-Pb isotopic data of
early Cretaceous mafic dikes from the NDC and Pb

Fig. 1. (a) Tectonic subdivision of the Dabie-Sulu orogenic belt (after Jahn et al., 1999). Black ellipses mark the distributions of major Mesozoic
mafic rocks from the Dabie Orogen (NHY and NDC) and North China Craton (NCC) exterior derived from subduction-related lithospheric
mantle (e.g., Fangcheng, Mengyin and Laiyang in Jiaodong). Early Cretaceous basaltic rocks from the Central NCC (i.e., Tathangshan, Jinan
and Jiyang), Susong blueschist unit (i.e., Macheng) and northern Yangtze block (i.e., Huangshi-Xinzhou and lower Yangtze river region) are
shown by grey ellipse and dark squares, respectively. The insert in Fig. la is from Zhang (1997). (b) Schematic map showing major tectonic
units and faults of Dabie orogenic belt. NHY, NDC, SDC and SSB represent the North Huaiyang unit, North Dabie complex unit, South Dabie
high—ultrahigh-pressure metamorphic complex unit and Susong blueschist unit, respectively (after Suo et al., 2000). (c) Geological map
showing early Cretaceous mafic dikes from the NDC and volcanics from the NHY (after Fan et al., 2004; Wang et al., 2002).
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isotopic data for contemporaneous basaltic-andesitic
rocks from the NHY. These data, together with
elemental and Sr—Nd isotopic compositions for the
corresponding samples from the NHY reported by
Fan et al. (2004) and Wang et al. (2002), provide
new constraints on: (1) the nature of the Mesozoic
lithospheric mantle beneath the Dabie Orogen, and
(2) the tectonic decoupling of the lithospheric bound-
ary and surface suture between the YB and NCC in
the region west of the Tan-Lu fault.

2. Geological background

The Dabie Orogen can be divided into North
Huaiyang unit (NHY), North Dabie orthogneiss com-
plexes unit (NDC), South Dabie HP-UHP metamor-
phic complex unit (SDC) and Susong greenschist/
blueschist unit (SSB), which are respectively separat-
ed by the Xiaotian-Mozitan fault, Wuhe-Shuihou fault
and Mamiao-Taihua fault (Fig. 1b). The general geol-
ogy of these units has been widely described in liter-
ature (e.g. Cong, 1996; Jahn et al., 1999; Hacker et al.,
2000; Zhang et al., 2002a,b). Here we only briefly
introduce the NHY and NDC where late Mesozoic
basic-intermediate rocks occurred.

The NHY is situated to the north of the Xiaotian-
Mozitan fault, and is composed dominantly of
low-grade metamorphic rocks with minor amphibo-
lite-facies rocks, which were intruded by Cretaceous
granitoids and rare mafic/ultramafic intrusions. The
unit also contains early Mesozoic detrital rocks (>
1000 m) and voluminous late Mesozoic volcanic-sed-
imentary sequence (Fig. 1c). The NDC is bounded
between the Xiaotian-Mozitan fault in the north and
the Wuhe-Shuihou fault in the south. The unit is
extensively intruded by Cretaceous granitic plutons
and mafic/ultramafic intrusions (Fig. lc; Jahn et al.,
1999; Li and Yan, 2003 and references therein). The
presence of eclogites, Mesozoic intermediate-acidic
volcanics and mafic dikes in the NDC has recently
been reported (Xu et al., 2000; Tsai and Liou, 2000;
Wang et al., 2003a).

The Mesozoic volcanic rocks in the Dabie Oro-
gen predominantly developed in Mesozoic volcanic-
sedimentary basins in the NHY (Fig. lc). They
consist mainly of mafic to felsic lavas, tuff and
volcanic breccias with rarely deformational fabrics.

The volcanic sequence uncomfortably overlay pre-J,
sedimentary and comfortably underlay late Creta-
ceous strata. Wang et al. (2002) reported that the
volcanic sequence is composed of intermediate-acid-
ic Maotangchang Formation (150-135 Ma) and ba-
saltic-andesitic Xiaotian Formation (135-116 Ma),
separated by a conglomerate layer (~135 Ma). The
basaltic-andesitic rocks from Xiaotian Formation are
predominantly basaltic trachyandesites and trachyan-
desites. Amphibole, clinopyroxene and plagioclase
are common phenocrysts. The fine-grained clinopyr-
oxene, plagioclase and minor opaque oxides occur as
matrix. Besides the presence of intermediate-acidic
volcanic relicts with the ages of 144—136 Ma (equiv-
alent with Maotangchang Formation in the NHY) in
the hinterland of NDC (Wang et al., 2003a), there
occurred less voluminous mafic dikes free of the
deformation and metamorphism. The outcrops of
these dikes vary, with thickness from 1 to 15 m
and length from 0.5 to 7 km. These mafic dikes
dip steeply and cut directly across the grey gneiss,
and show WNW- and NE-trending, roughly parallel
to the orientations of the Xiaotian-Mozitan and Tan-
Lu faults, respectively (Fig. lc), consisting predom-
inantly of diabase, lamprophyres and trachyande-
sites, with aphyric to porphyritic textures. Their
mineral compositions generally comprised of plagio-
clase (25-60%), pyroxene (20-50%), biotite (5—
15%), amphibole (5%), quartz (1-5%), and minor
euhedral sphene, apatite and Fe-Ti oxides. The
mafic dikes this paper is concerned with were main-
ly collected from Lou’erling, Dahuaping, Daoshi-
chong, Anjiahe, Shutan, Yujiawan and Guanzhuang
shown on Fig. lc.

3. Analytical techniques

Whole rock samples were sliced to remove the
altered surface and then crushed to millimeter-scale
chips. Only fresh chips were selected and cleaned in
an ultrasonic bath with de-ionized water. Grains from
five samples were carefully handpicked under a bin-
ocular microscope, and crushed to 20-40-mesh for
“OAr/°Ar analyses. Other rocks chips were pow-
dered to a grain size of <200-mesh by an agate
mill for major- and trace-elemental, and Sr—Nd iso-
topic analyses.
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Table 1

4OAr*°Ar isotopic result of incremental heating experiments for mafic rocks from the NDC

Temp (40Ar/3°Ar)m COAr A Ar), (3 At/ 9Ar)m (38Ar/3 °Ar)m 3 Ar (*°Ars °Ark) PAr % Apparent age
°C (10 "2mol) (£ lo) (t£ 10 Ma)
01DB-106, weight=0.1368 g, Plateau age: 128.32+ 0.12 Ma

420 14.089 0.0193 0.59051 0.0892 5.38 9.213£0.195 222 172.34 £3.77
550 7.9610 0.0143 0.41789 0.0504 11.31 3.748 £ 0.006 4.68 72.11+0.97
670 8.6145 0.0062 0.37583 0.0298 22.26 6.778 £ 0.006 9.22 128.37 £ 1.68
780 8.0494 0.0042 0.31263 0.0257 32.82 6.798 £ 0.005 13.5 128.75 £ 1.64
900 7.8494 0.0035 0.23614 0.0159 64.71 6.784 +0.004 26.8 128.48 £ 1.61
1050 8.2038 0.0048 0.29952 0.0187 47.78 6.770 £ 0.005 19.7 128.23 £1.63
1180 8.2905 0.0051 0.47373 0.0304 27.13 6.792 +0.005 11.2 128.63 £ 1.66
1300 8.7790 0.0069 0.49857 0.0389 19.94 6.740 +0.006 8.26 127.67+£1.70
1450 10.837 0.0139 0.56667 0.0644 9.97 6.753 £0.011 4.13 127.92+£2.01

Inverse isochron age: 129.03 +0.22 Ma, YOAr/*Ar ratios=287.2, MSWD=0.93

01DB-136, weight=0.1412 g, Plateau age: 129.64 = 0.20 Ma

430 16.296 0.0259 0.45313 0.0888 5.64 8.684 +0.022 2.58 162.60 £+ 4.00
560 9.9632 0.0196 0.43180 0.0629 9.46 4.204 £0.009 4.34 80.55+1.21
680 8.8461 0.0065 0.26747 0.0321 21.10 6.900 + 0.006 9.69 130.37+£1.73
800 8.2926 0.0048 0.24123 0.0304 28.53 6.849 £+ 0.005 13.1 129.43 £1.67
920 7.8571 0.0032 0.14902 0.0188 56.83 6.879 +0.005 26.1 129.98 +1.63
1050 7.9569 0.0037 0.18196 0.0222 43.14 6.835+0.005 19.8 129.19 +1.63
1180 8.4954 0.0055 0.25839 0.0318 25.28 6.869 +0.006 11.6 129.80 £ 1.69
1300 9.1139 0.0075 0.31250 0.0386 18.32 6.877+0.007 8.41 129.96 £ 1.76
1450 11.133 0.0147 0.37969 0.0677 9.42 6.791 £0.011 4.32 128.39£2.07

Inverse isochron age: 130.49 +0.22 Ma, YOAr/*Ar ratios=287.8, MSWD=1.07

99HS-13, weight=0.1443 g, Plateau age: 128.23 £ 0.19 Ma

400 18.095 0.0317 0.68022 0.1042 4.38 8.791 +£0.027 1.83 164.52+4.78
520 10.000 0.0213 0.46690 0.0682 8.70 3.736 £0.010 3.63 71.77+1.10
650 8.6792 0.0062 0.28492 0.0371 18.44 6.824 +0.006 7.71 128.99 £ 1.71
780 8.4959 0.0056 0.21601 0.0272 28.53 6.810£0.006 11.9 128.73 £1.67
900 7.6459 0.0029 0.33783 0.0180 63.55 6.785 1 0.004 26.5 128.27 £ 1.60
1000 8.1547 0.0047 0.37169 0.0279 38.96 6.755+0.005 16.3 127.73 £ 1.63
1100 7.9513 0.0041 0.29334 0.0298 33.40 6.721 £ 0.005 13.9 127.10 £ 1.62
1200 8.7280 0.0065 0.36920 0.0411 21.15 6.795 £ 0.006 8.84 128.46 £ 1.72
1300 9.8434 0.0104 0.49615 0.0586 13.33 6.789 +0.009 5.57 128.34 +1.88
1450 10.756 0.0135 0.43350 0.0745 8.58 6.793 £0.011 3.58 128.41 £2.05

Inverse isochron age: 127.97 +0.22 Ma, YOAr/*SAr ratios=296.3, MSWD=1.30

01BHY-84, weight=0.1289 g, Plateau age: 131.83 + 0.34 Ma

420 13.828 0.0167 0.44232 0.079 6.24 8.921+0.016 2.63 167.12£3.31
540 8.527 0.0140 0.35015 0.0492 11.57 4.401 £0.007 4.89 84.40+1.15
660 8.8535 0.0063 0.26900 0.0354 18.20 6.973 +0.006 7.69 131.94 £ 1.75
780 8.5566 0.0057 0.21526 0.0288 28.29 6.866 +0.006 11.9 129.99 £+ 1.69
900 7.8478 0.0029 0.27444 0.0183 62.51 6.967 +0.005 26.4 131.83 £ 1.65
1000 8.4545 0.0048 0.39953 0.0269 38.26 7.032+0.005 16.1 133.03 £ 1.72
1100 8.2042 0.0042 0.33365 0.0292 32.93 6.960 + 0.005 13.9 131.69 £ 1.69
1200 8.9237 0.0067 0.44463 0.0429 20.68 6.954 +0.007 8.74 131.59+1.78
1300 10.198 0.0108 0.56975 0.0601 12.87 7.039 +0.009 5.44 133.14+£1.99
1450 16.469 0.0284 0.79759 0.1351 4.89 8.152+0.025 2.06 15331 +4.11

Inverse isochron age: 131.35 +0.22 Ma, *°Ar/*°Ar ratios==298.8, MSWD=3.24

(continued on next page)
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Table 1 (continued)

Temp (“ArP°Ar),, COAr°Ar), CAr°Ar), A Ar), ¥ Ar (*°Ar/*Ary) ¥Ar % Apparent age
°C (10~"2mol) (£ lo) (t+1c Ma)
01DB-97, weight=0.1333 g, Plateau age: 127.56 = 0.23 Ma

400 15.910 0.0242 0.57771 0.1245 6.24 8.83140.023 2.19 165.23 £4.16
520 7.2269 0.0102 0.45378 0.0636 13.59 4.226 £0.006 4.77 80.96+1.10
650 8.5353 0.0060 0.37790 0.0439 22.96 6.756 + 0.006 8.06 127.74 £ 1.70
780 8.1292 0.0047 0.47768 0.0323 34.09 6.739 £ 0.005 11.9 127.43 £ 1.64
900 7.7096 0.0032 0.33049 0.0224 71.90 6.758 £ 0.004 252 127.78 £ 1.60
1000 7.9802 0.0039 0.32606 0.0302 47.08 6.819 +£0.005 16.5 128.89 + 1.64
1100 7.7710 0.0036 0.42301 0.0349 38.50 6.714 £ 0.005 13.5 126.98 £ 1.62
1200 8.2327 0.0051 0.56068 0.0409 26.90 6.729 £ 0.006 9.44 127.26 £ 1.66
1300 8.8944 0.0075 0.62185 0.0497 18.45 6.701 +£0.007 6.48 126.74 £ 1.73
1450 16.353 0.0275 0.97689 0.1353 5.05 8.319+0.024 1.77 156.06 £ 4.14

Inverse isochron age: 128.58 +£0.22 Ma, YOAr/POAr ratios==280.8, MSWD=2.15

1=5543x10""° /year, J=0.01086.

Five selected “°Ar/*’Ar samples were individually
wrapped in Al-foil packets, encapsulated in sealed
Gd-foil, and irradiated in the central thimble position
of the nuclear reactor (1000 kW) at the Chinese
Academy of Atomic Energy Science for 2627 min
with an instantaneous neutron flux of 6.63 x 10'?
n/cm®. Samples were then degassed and purified in
steps from 400-420 °C to 1450 °C. Purified argon
was analyzed with gas source mass spectrometers
RGA-10, and this was conducted in the static mode
at the Institute of Geology and Geophysics (IGG), the
Chinese Academy of Sciences (CAS). The concentra-
tions of *°Ar, *’Ar, *®Ar, *Ar and *°Ar were corrected
for system blank, radioactive decay of nucleogenic
isotopes, and minor interference reactions involving
Ca, K and CI. The detailed analytical and correction
techniques have been described by Sang et al. (1996).
The internal standard Biotite ZBH-25 monitor yielded
the age of 132.7 £+ 1.2 Ma. The analytical results are
presented in Table 1.

Major elements were determined by a wavelength
dispersive X-ray fluorescence spectrometry at the
Hubei Institute of Geology and Mineral Resource,
the Chinese Ministry Land and Resource. FeO con-
tent in samples was solely analyzed by a wet-chem-
ical method. The relative standard derivations (RSD)
are within 5%, and totals are 100 + 1%. The analyt-
ical results of GSR-2 and GSR-3 international stan-
dard are reported by Fan et al. (2004). Trace
element analyses were performed at the Institute of
Geochemistry, CAS using an inductively coupled
plasma mass spectrometry (ICP-MS). About 100-

mg samples are digested with 1 ml of HF and 0.5
ml HNOj in screw top PTFE-lined stainless steel
bombs at 190 °C for 12 h. Insoluble residues are
dissolved using 8 ml of 40% HNO; (v/v) heated to
110 °C for 3 h. Rh and In are used as internal
standard for correcting instrumental signal drift,
which was usually <10% over a period of 6 h.
Detailed sample preparation and analytical procedure
follows Qi et al. (2000). The analytical precision is
better than 5% for elements >10 ppm, less than 8%
for those <10 ppm, and about 10% for transition
metals from repetitive analyses of BHVO-1 (Xu,
2002), AMH-1 and OU-3 international standards
whose measured and reference values are listed in
Table 2. The analytical results of the samples are
listed in Table 2.

Sample powders for Sr and Nd isotopic analyses
were spiked with mixed isotope tracers, dissolved in
Teflon beakers with HF + HNO; acids, and separated
by a conventional cation exchange technique and run
on single W and Ta—Re double filaments, respectively.
The total procedure blanks are in the range of 200—-500
pg for Sr and less than 50 pg for Nd and are negligible.
Isotopic measurement was performed on the VG-354
mass-spectrometer at the IGG, CAS. The mass frac-
tionation corrections for Sr and Nd isotopic ratios were
based on **Sr/**Sr=0.1194 and '**Nd/'**Nd=0.7219,
respectively. *’St/*Sr ratio of the NBS 987 standard
and '**Nd/'**Nd ratio of the La Jolla standard mea-
sured were 0.710265+ 12 (20) and 0.511862 + 10
(20) respectively. *’'Rb/*°Sr and '*’Sm/'**Nd ratios
were calculated using the Rb, Sr, Sm and Nd abun-
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dances measured by ICP-MS. For Pb isotopic deter-
mination, about 100 mg powder was weighted into
the Teflon beaker, spiked and dissolved in concen-
trated HF at 180 °C for 7 h. Pb was separated and
purified by conventional cation-exchange technique
(AGI x 8, 200400 resin) with diluted HBr as an
eluant. Total procedure blanks were less than 50 pg
Pb. Detailed descriptions of the analytical techniques
are given by Zhang et al. (2002a,b). Isotopic ratios
were measured with the VG-354 mass-spectrometer
at the IGG, CAS. Repeated analyses of NBS 981
yielded the average values of 2*°Pb/***Pb=16.942 +
4 (20), *"Pb/***Pb=15.498 +4 (20) and ***Pb/***Pb=
36.728 + 9 (20). External precisions are estimated to be
less than 0.005, 0.005 and 0.0015. The Sr-Nd and Pb
results are presented in Tables 3 and 4, respectively.

4. Results
4.1. *4r/° Ar geochronology

Five samples (01DB-106, 01DB-136, 01DB-97,
20BHY-84, 99HS-13) were collected from the central
locations of five aplitic diabases (~10 m wide) in the
NDC. The sampling locations are shown in Fig. 1c
and the age spectra are given in Fig. 2a—c. These
samples yielded the *Ar/°Ar plateau ages of
128.3 £0.1 Ma (01DB-106), 129.6 0.2 Ma (01DB-
136), 127.6+0.2 Ma (01DB-97), 128.2+0.2 Ma
(99HS-13) and 131.8 £0.3 Ma (20BHY-84), respec-
tively. These plateau ages are defined by > 89% of total
Ar released with invariability for at 1o level of
uncertainty. In the correlation of *°Ar/*°Ar versus
3 Ar/*°Ar diagrams (Fig. 2a-¢), the data of each sam-
ple define a linear array with acceptable values of the
mean square of the weight deviates (MSWD). Their
intercept ages and *°Ar/°Ar initial ratios (280.8—
298.8) are consistent with their respective plateau
ages and the present atmospheric YOAr%Ar ratio
(295.5), thus the excess argon is insignificant and the
plateau ages (127.6-131.8 Ma) are reliable. The pla-
teau ages can be interpreted to be the intrusive ages of
these mafic dikes, which are similar to those of the
mafic/ultramafic intrusions in the Dabie Orogen (~125
Ma, Jahn et al., 1999) and the basaltic-andesitic rocks
from the Xiaotian Formation in the NHY (135-116
Ma, Wang et al., 2002).

4.2. Elemental geochemistry

The mafic dikes from the NDC have SiO, of 51.80—
55.92%, MgO of 3.30-7.30%, and TiO,=1.38-1.64%
with K,O/Na,O of 0.82—1.66, consistent with basaltic
trachyandesites (Table 2 and Fig. 3a). They are rela-
tively high in mg-numbers (= Mg/(Mg+2Fe) in atom-
ic ratio) (0.41-0.61) and transition metals (V=102—
186 ppm, Cr=51-299 ppm, Ni=25-100 ppm). The
rocks from the Xiaotian Formation in the NHY exhibit
slightly higher SiO, (53.41-58.81%), and lower MgO
(2.51-6.84%), TiO, (1.28-1.56%) and K,O (3.06—
4.70%) contents than those from the NDC, thus are
basaltic trachyandesites and trachyandesites (Fig. 3a).
These rocks from the NHY have similar mg number
(0.44-0.65) and transition metals (Cr=90-208 ppm,
Ni=39-83 ppm) as those from the NDC (Fan et al.,
2004; Wang et al., 2002). In the Harker diagrams (Fig.
3a—g), these samples from both tectonic units form a
continuous array. In general, SiO, inversely correlates
with MgO, Al,O5, CaO, FeOt, TiO, and P,Os. Tran-
sition metals (Cr, Co, Ni) drastically decrease with
decreasing MgO (Fig. 3ij).

As to incompatible element abundances, the rocks
from the NDC are enriched in rare-earth elements
(REE) and show strong LREE/HREE fractionation
(La/Yb)en=10.1-27.1) with Euw/Eu*=0.74-1.02
(Table 2). The rocks from the NHY have an even
stronger LREE enrichment ((La/Yb)cn=27.7-35.9)
with slightly negative Eu anomalies (Eu*/Eu=0.68—
0.90) than those from the NDC. These samples are
generally enriched in large-ion lithophile elements
(LILEs) and depleted in high-field strength elements
(HFSEs). On the primitive mantle normalized dia-
grams (Fig. 4a-b), these samples from both tectonic
units are characterized by subparallel patterns with
pronounced depletion of Nb—Ta—Ti. (Nb/La)n ratio is
in the range of 0.24-0.47 for the rocks from the
NDC and (Nb/La)n=0.21-0.30 for those from the
NHY. Th and U are slightly depleted relative to La
(0.57-0.93). In Fig. 4a, weakly Sr anomalies for
some samples from the NDC are also apparent.
These features are generally similar to those of Me-
sozoic basaltic rocks from the NCC exterior (i.e., the
Laiyang and Fangcheng areas; Fan et al., 2001,
Zhang et al., 2002a,b), but distinctive from the Me-
sozoic mafic rocks of the Yangtze interior (e.g.,
Wang et al., 2003b).
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Major and trace elemental data of early Cretaceous mafic dikes from the NDC

Sample =~ AMH-1 Oou-3 20BHY-85 01DB-97 01DB-99 01DB-106 01DB-108 01DB-134 01DB-136
Group 1  this work (n=6) Ref.  this work (n=6) Ref.  Anjiahe South Anjiahe Shutan, Nishui
wt.%

Si0, 50.99 50.87 50.04 51.39 53.02 52.71 51.51
ALO; 15.70 15.99 15.68 15.81 15.28 14.78 14.88
Fe,04 3.05 3.28 3.19 2.61 3.27 1.90 1.96
FeO 4.58 4.87 4.77 5.42 4.43 5.57 5.57
MgO 5.67 4.56 4.52 4.72 3.84 6.19 6.32
CaO 6.95 5.67 5.58 6.20 4.49 6.86 6.44
Na,O 2.99 3.13 3.15 3.60 451 3.02 3.47
K,0 3.65 4.99 4.42 3.95 3.80 3.73 2.97
MnO 0.11 0.15 0.13 0.13 0.11 0.14 0.14
TiO, 1.36 1.53 1.48 1.47 1.40 1.32 1.34
P,05 0.94 1.17 1.15 1.11 0.98 0.55 0.56
LOI 3.30 3.12 5.35 3.02 3.87 3.12 4.59
Total 99.29 99.33 99.46 99.43 99.30 99.89 99.75
mg 0.58 0.51 0.52 0.52 0.49 0.60 0.61
ppm

Sc 13.94+0.2 135 4.76+02 19.0 14.6 15.1 14.6 11.9 16.7 16.8
\Y% 114+3 106 1.1£0.1 162 147 155 146 115 105 115
Cr 41+3 409 16.7£0.5 18.6 140 59.9 51.0 57.3 42.0 273 268
Co 19.5+0.3 18.7  0.37£0.02 28.4 34.0 34.4 36.1 28.9 39.8 42.0
Ni 35.0+0.6 324 1.51£0.02 69.8 59.1 55.6 60.7 443 352 50.9
Rb 18.3£0.2 18.3 168+ 3 172 88 129 106 89 85 73 61

Sr 562+4 545 11.0+£0.2 11.2 1112 1009 820 553 672 575 520

Y 152+0.2 16.4 110+2 113 25.8 28.8 29.8 30.8 27.8 22.0 222
Zr 139+5 146 95111 943 293 324 343 319 381 227 218
Nb 8.4+0.2 832 822+1.0 80.3 23.59 26.98 27.46 25.80 29.96 13.46 13.67
Ba 315+ 10 322 27.1£0.3 28.8 3433 4598 3624 3809 2443 1208 942
La 16.22+0.15 15.87 92.6+1.0 94.6 82.2 91.46 93.1 88.34 93.8 34.0 354
Ce 34.50+0.30 33.03 198.3+2.0 196.3  160.1 179.3 187.2 173.4 184.5 68.0 70.4
Pr 4.20+£0.10 421 2254020 22.7 17.97 20.28 20.93 19.53 19.99 7.45 7.77
Nd 179+£0.2 17.69 89.0£1.0 87.0 67.27 82.43 87.20 80.25 79.50 30.48 32.27
Sm 3.80+0.10 3.68 19.23+0.15 18.72  10.83 13.71 14.14 13.98 13.38 5.96 6.14
Eu 1.08 +£0.05 1.16 1.12+0.02 1.15 2.48 3.13 3.00 3.12 2.82 1.79 1.84
Gd 3.48+0.06 3.34 17.81+£0.17 18.07 7.69 8.88 9.20 9.19 8.58 5.26 5.15
Tb 0.52+0.01 0.51 3.28+0.04 3.08 0.97 1.10 1.18 1.18 1.14 0.78 0.76
Dy 3.04+0.03 2.84 195+04 18.87 5.02 6.01 6.04 6.00 6.01 4.61 4.48
Ho 0.58+0.10 0.57 4.01+£0.07 4.01 0.85 1.19 1.27 1.30 1.23 0.88 0.94
Er 1.54+0.03 1.52 11.90+0.15 11.45 2.45 2.98 2.98 3.07 2.92 2.25 222
Tm 0.22+£0.02 021 1.724+0.02 1.73 0.35 0.43 0.43 0.39 0.37 0.32 0.32
Yb 1.35+0.05 1.37 11.88+0.10 11.38 2.17 2.89 2.94 2.74 2.74 2.26 2.15
Lu 0.22+0.01 0.21 1.5840.02 1.63 0.31 0.40 0.40 0.38 0.35 0.26 0.31
Hf 3.80+0.10 3.70 23.02+0.30 22.60 7.72 6.91 7.26 7.31 8.56 4.74 4.67
Ta 0.60+0.10 0.64 5.69+0.10 5.75 1.07 1.34 1.46 1.35 1.61 1.18 1.12
Pb 9.85+0.10 10.02 35.19+£0.70 3625  11.72 16.60 15.53 13.50 19.10 15.55 13.50
Th 2.61+£0.02 2.64 22.40£0.50 22.84 9.01 8.21 8.73 8.07 9.23 3.52 3.23
U 0.91+0.03 0.89 5.52+0.08 5.54 1.39 1.51 1.61 1.41 1.50 0.93 1.02
Nb/La 0.29 0.30 0.29 0.29 0.32 0.48 0.47
Ba/Nb 145.5 170.4 132.0 147.07 81.50 73.4 56.5
(La/Yb)cn 25.58 21.39 21.41 21.82 23.17 10.18 11.13
(Gd/Yb)en 2.87 2.49 2.54 2.72 2.54 1.89 1.94
Eu/Eu* 0.79 0.81 0.76 0.79 0.75 0.96 0.98

LOL: Loss ion ignition, mg=Mg>" /(Mg*" +Fe*" ); Reference values of AMH-1 and OU-3 international standard are from Thompson et al.

(2000) and Potts et al. (2000).
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01DB-138 01DB-152 01DB-162  99HS-11 99HS-12 99HS-13 99HS-14 20BHY-81 20BHY-86 20BHY-82 20BHY-83 20BHY-84

Yujiawan Guanzhuang Lou’erling Dahuaping Daoshichong
52.22 53.39 51.54 51.75 50.34 49.14 50.21 50.72 49.34 50.52 52.15 49.32
14.70 15.53 14.72 15.49 15.59 15.26 15.74 15.36 15.22 15.67 15.90 15.78
1.67 3.21 3.04 2.47 2.68 3.14 2.36 3.19 3.08 3.43 3.38 3.00
5.82 5.35 5.58 5.61 5.90 5.16 6.39 4.56 4.88 4.62 4.45 4.95
6.34 3.16 6.67 5.73 5.81 6.85 6.71 5.18 5.55 5.37 4.39 5.96
6.63 5.76 7.61 5.96 5.76 5.75 5.32 7.43 6.47 7.62 6.89 7.37
3.10 3.92 2.63 3.29 291 3.05 2.76 2.49 2.80 2.85 2.97 2.53
3.09 3.24 3.46 3.39 3.84 3.31 3.81 4.13 4.12 3.55 3.77 3.73
0.16 0.13 0.15 0.11 0.11 0.11 0.12 0.11 0.13 0.14 0.11 0.12
1.36 1.37 1.38 1.37 1.43 1.42 1.42 1.43 1.42 1.47 1.52 1.44
0.55 0.65 0.93 0.57 0.89 0.88 0.88 0.98 0.99 1.00 1.15 1.00
4.12 3.83 2.74 3.94 4.04 5.60 3.61 3.66 5.27 3.01 2.69 4.05
99.76 99.64 99.45 99.68 99.30 99.67 99.33 99.25 99.28 99.34 99.45 99.39
0.61 0.41 0.59 0.57 0.55 0.61 0.58 0.56 0.57 0.56 0.51 0.58
17.6 10.8 23.6 17.8 16.8 18.3 20.3 18.4 18.7 19.4 16.5 20.4
121 103 186 173 176 185 161 159 162 169 152 172
299 11.2 196 128 150 142 239 144 139 147 64.3 142
43.0 33.7 45.0 323 36.7 322 39.5 27.6 28.5 30.4 235 29.3
55.7 55.2 76.5 59.7 72.9 64.4 100 69.5 67.2 73.1 42.7 71.3
64 84 80 100 105 102 107 114 118 94 109 116
534 678 792 370 377 709 358 709 734 966 683 773
25.0 29.0 27.7 227 26.0 22.6 26.2 26.3 249 27.1 29.2 259
223 279 339 288 302 300 302 287 282 296 369 284
13.53 13.56 14.89 19.20 19.87 19.60 19.58 22.63 21.73 23.11 25.06 22.48
675 1717 2424 1073 1016 1550 1401 3287 4064 3336 2908 3195
37.2 49.8 53.0 51.4 533 53.6 55.0 82.2 78.8 85.1 99.1 83.9
72.6 98.6 107.0 103.5 108.0 109.1 110.6 160.3 156.1 165.7 197.3 163.1
8.21 11.22 12.30 11.61 11.83 12.33 12.24 17.62 17.47 18.42 20.97 17.74
33.67 47.88 53.02 44.33 45.20 45.01 45.67 66.56 66.36 70.00 82.53 70.10
6.42 9.47 10.74 9.07 9.36 9.21 9.56 10.78 10.21 11.57 13.05 10.96
1.99 2.57 2.58 2.21 232 2.35 2.15 2.50 2.42 2.48 3.06 2.51
5.28 7.21 7.82 7.07 7.37 6.94 7.39 7.49 7.56 8.17 9.15 7.79
0.85 1.06 1.11 0.89 1.03 0.89 1.02 0.95 0.96 1.04 1.17 1.02
4.86 5.71 5.74 5.01 5.61 5.29 5.59 4.81 4.92 5.07 5.78 5.22
1.02 1.14 1.17 0.87 0.98 0.88 1.09 0.90 0.89 0.96 1.05 0.91
2.56 3.11 2.83 2.25 2.56 2.48 2.86 243 2.31 2.51 2.75 2.65
0.33 0.43 0.39 0.33 0.38 0.30 0.37 0.35 0.33 0.35 0.37 0.34
2.50 2.77 2.79 2.01 247 1.96 2.50 2.05 2.18 2.15 2.41 2.20
0.28 0.36 0.35 0.28 0.33 0.28 0.37 0.29 0.31 0.29 0.33 0.28
4.90 6.15 8.41 6.76 7.39 7.42 7.32 7.05 6.95 7.40 9.19 7.11
1.24 1.10 0.75 0.99 1.03 1.03 0.96 1.01 1.01 1.07 1.14 1.05
12.43 14.16 12.98 14.16 12.85 12.85 12.85 11.87 9.99 11.53 14.13 10.46
3.57 3.51 5.18 5.84 5.7 5.68 5.67 8.85 8.14 8.94 9.19 9.17
0.89 0.94 1.05 1.23 1.31 1.12 1.34 1.31 1.24 1.31 1.30 1.44
0.44 0.37 0.28 0.37 0.37 0.37 0.36 0.28 0.28 0.27 0.25 0.27
40.8 92.47 229.98 55.88 51.12 79.08 71.57  145.25 186.98 144.36 116.05 142.12
10.05 12.13 12.84 17.25 14.60 18.46 14.88 27.13 24.43 26.69 27.77 25.74
1.71 2.11 227 2.85 242 2.87 2.40 2.97 2.81 3.07 3.08 2.87

1.02 0.91 0.82 0.81 0.83 0.86 0.75 0.81 0.81 0.74 0.81 0.79




174

Y. Wang et al. / Chemical Geology 220 (2005) 165—189

Table 3

Sr and Nd isotopic data of early Cretaceous mafic dikes from the NDC and contemporaneous basaltic-andesitic rocks from the NHY
Sample Sm Nd Rb Sr ISm/"Nd "Nd/"Nd 20 YRbASr FTSeA0Sr+20  (B7StA0Sr) ena(?)
Mafic dikes from the NDC (~129 Ma)

99HS-11 9.07 4433 99.52 369.7 0.124 0.511838+ 12 0.780 0.709900 £ 17  0.708458 —14.40
99HS-13 921 4501 102.02 709.1 0.124 0.511842+ 13 0.417 0.708071 £16  0.707300 —14.32
99HS-14 9.56 45.67 106.78 3584  0.127 0.511828 + 10 0.864 0.709631 +£18  0.708035 —14.64
20BHY-81 10.78 66.56 113.95 708.9  0.098 0511782+ 11 0.466 0.709040 £20  0.708179 —15.06
20BHY-84 10.96 70.10 116.39 773.4  0.095 0.511840+ 15 0.436 0.708802+20  0.707996 —13.88
20BHY-86 10.21 66.36 117.84 734.0 0.093 0.511770 £ 12 0.465 0.708999 +£20  0.708139 —15.22
01DB-97 13.71 7243 129.25 1009 0.114 0.511801 + 14 0.371 0.708982+17  0.708296 —14.97
0IDB-106 1398 70.25 88.88 5534 0.120 0.511776 £ 13 0.466 0.708845+ 18  0.707985 —15.55
01DB-134 596  30.48 72.60 5752 0.118 0.511884+ 11 0.366 0.708003 £ 15  0.707327 —13.41
01DB-136 6.14 3227 60.78 519.9 0.115 0.511939+ 13 0.339 0.708219£22  0.707593 —12.70
01DB-152 9.47 4788 84.36 677.7  0.120 0.511596 +9 0.361 0.708770 £20  0.708103 —19.05
0IDB-162  10.74 53.02 80.29 7922 0.123 0.511688 + 14 0.294 0.708409 £ 18  0.707866 —17.31
Basaltic-andesitic rocks from the NHY (135-116 Ma)

99XT-1* 12.63  69.55 117.50 1228 0.110 0.511603 + 11 0.277 0.708975+ 15  0.708443 —18.70
99XT-2* 12.60 71.36 89.40 9744  0.107 0.511601 +7 0.266 0.708937 £ 15  0.708427 —18.69
99XT-3* 12.69  71.93 87.24 1052 0.107 0.511588+8 0.240 0.708759 £ 16  0.708298 —18.94
99X T-4* 12.92  72.63 75.29 980.2  0.108 0.511678 +9 0.223 0.708848 £20  0.708421 —17.20
99XT-11* 1236 67.72 65.44 782.6  0.110 0.511589+7 0.242 0.708820+ 13  0.708355 —18.98
99XT-15% 1228 70.77 102.71 1002 0.105 0.511583 +6 0.297 0.708519+17  0.708029 —19.23
20BHY-13  12.34  73.22 78.3 1009 0.102 0.511722+7 0.223 0.707791£20  0.707362 —16.22
20BHY-14 1249 7034 79.2 955.1  0.107 0.511692+9 0.241 0.708221£20 0.707764 —16.91

The data marked by * are from Fan et al. (2004) and Wang et al. (2002). Chondrite uniform reservoir values,
143 Nd/"* Nd=0.512638, are used for the calculation. exy(?) is calculated by assuming 130 Ma for mafic dikes from the NDC and basaltic-

147 Sm/'** Nd=0.1967,

andesitic rocks from the NHY. Sm, Nd, Rb and Sr contents: ppm.

4.3. Sr—Nd-Pb isotopes

The rocks from the NDC have high initial ®’Sr/*¢Sr
ratios (0.70733-0.70990) and low enq(?) values (—12.7
to —19.1), which are comparable to those from the
NHY (*7St/*%Sr()=0.70736-0.70844 and ena(t)=
—16.2 to —19.2; Wang et al., 2002; Fan et al., 2004).
The Sr-Nd isotopic range (Fig. 5) is also similar to
those for Cretaceous mafic/ultramafic intrusions in
the Dabie Orogen (*’Sr/**Sr(r)=0.7067-0.7080,
eng(f)=—11.0 to —20.5; Jahn et al., 1999; Li and
Yan, 2003), and the Mesozoic basaltic rocks from
the NCC exterior (Laiyang basalts and high-mg dior-
ites in the Mengyin area; Fan et al., 2001; Wu et al.,
2003), but is in contrast to those for Mesozoic mafic
rocks from the Yangtze interior (Wang et al., 2003b;
Li et al., 2003) and Central NCC (Chen and Zhai,
2003; Guo et al., 2001; Zhang et al., 2004). In
comparison with the Fangcheng basalts (Zhang et
al., 2002a,b) and K-rich rocks in the Mengyin area
(Qiu et al., 2002) in the NCC exterior, these samples

from the NDC and NHY have similar &xqg(?) values
but lower initial *’Sr/**Sr ratios.

The rocks from both tectonic units have very si-
milar Pb isotopic compositions (Table 4 and Fig. 6a—b).
The samples from the NDC have (*°°Pb/***Pb);=
15.97-16.98, (**"Pb/?**Pb);=15.27-15.41 and (***Pb/
204pb),=36.70-37.62, and those from the NHY
display (*°°Pb/***Pb);=16.43-16.95, (**’Pb/***Pb),=
15.32-15.37, and (*“*Pb/***Pb);=37.19-37.71. All
the samples are characterized by very low U/Pb ratios
and nonradiogenic Pb isotopes with prominent positive
A8/4 (146.7-179.5) and A7/4 (3.2-8.2). It is noted that
such lead isotopic signatures are similar to those of the
Fangcheng basalts and Jiaodong mafic rocks from the
NCC exterior, but show slightly higher *°’Pb/2**Pb and
208pb/294Pp ratios than those of the Jinan gabbro. In the
(*°°Pb/2**Pb); versus (*°’Pb/204Pb); and (*°*Pb/***Pb);
diagrams (Fig. 6a,b), these samples are plotted to the
left side of the north hemisphere reference line (NHRL;
Hart, 1984), suggesting more radiogenic *°’Pb and
208pp values than 2°°Pb.
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Fig. 2. The “’Ar/°Ar age spectra (a—¢) and *°Ar/*°Ar versus *°Ar/**Ar diagrams (a’¢) of five diabases from the NDC. The length of bars
reflects 1o uncertainty. See Fig. 1c for locations of the samples.
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Fig. 3. Plots of SiO, versus major oxides (a—g), CaO/Al,05 (h), Ni (i) and Cr (j). The classification scheme in (a) is after Middlemost (1994).
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5. Discussion

5.1. Evaluation of magma differentiation

It is essential to evaluate whether or not these
samples have undergone low-temperature alteration
and crustal assimilation before exploring their mantle
sources. These samples might have been subjected to
various degrees of alteration viewed from their con-
tents of high loss on ignition (LOI, 2.69-5.60% for
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the samples from the NDC and 2.10-3.49% for the
NHY). However, the consistency of the data set in the

primitive mantle-normalized patterns shown in Fig.

4a-b, in combination with the lack of correlation
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among Na,0, K,O, Sr—Nd-Pb isotopic ratios and
LOI indicate that the alteration effects on the elements
and isotopic ratios are insignificant.

Insignificant crustal assimilation en route for the
rocks from the NHY has been discussed by Fan et
al. (2004). Our focus here is to evaluate crustal

Fig. 4. Primitive mantle-normalized incompatible element patterns for early Cretaceous mafic dikes from the NDC and basaltic-andesitic rocks
from the NHY. Normalizing values, OIB, N-MORB and E-MORB are from Sun and McDonough (1989). Data of the Fangcheng basalts as
representative of volcanics from the NCC exterior, early Cretaceous Taihangshan lamprophyres as representative of mafic rocks from the
Central NCC, and Mesozoic mafic rocks from the Yangtze interior are from Zhang et al. (2002a,b), Chen and Zhai (2003) and Wang et al.

(2003b), respectively. Data of basaltic-andesitic rocks from the NHY are from Fan et al. (2004) and Wang et al. (2002).
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Fig. 5. Initial 87Sr/*®Sr(r) versus eng(f) (=130 Ma) diagram for early Cretaceous mafic dikes from the NDC and contemporaneous basaltic-
andesitic rocks from the NHY. Data of the mafic volcanics for the Central NCC (i.e., basaltic rocks for Jiyang basin, mafic dikes for Taihangshan
and Jinan gabbros) are from Fan et al. (2001), Guo et al. (2001), Chen and Zhai (2003) and Zhang et al. (2004). Data of Cretaceous mafic/
ultramafic intrusions in the Dabie and mafic rocks from the NCC exterior (i.e., Laiyang volcanics, Fangcheng basalts, Mengyin K-rich
volcanics, lamprophyres and high-mg diorites) are from Jahn et al. (1999), Li and Yan (2003), Zhang et al. (2002a,b), Qiu et al. (2002) and Wu
et al. (2003). Kongling TTG rocks are from Gao et al. (1999). Mesozoic mafic rocks in the Yangtze and Cathaysian blocks are from Wang et al.
(2003b) and Li et al. (2003). Depleted mantle and Young crust are from Sun and McDonough (1989) while the NCC lower crust and Yangtze
upper/middle from Jahn et al. (1999). The numbers indicate the percentages of participation of the crustal materials. The calculated parameters
of Sr (ppm), ¥St/%°Sr(r), Nd (ppm) and &nq(¢) are 60, 0.7050, 4 and —7 for Jinan gabbro source (representative of the NCC lithospheric mantle);
200, 0.7120, 29 and —33 for Kongling TTG rocks (representative of the Yangtze lower crust) and, 220, 0.7150, 20 and —20 for the Yangtze
upper/middle crust, respectively (Zhang et al., 1994, 2002a,b; 2004; Gao et al., 1999; Ma et al., 1998, 2000; Chen and Jahn, 1998; Guo et al.,
2001; Chen and Zhai, 2003). Same parameters are also used for calculation in Fig. 6¢c—d and Fig. 7a—b. Locations for mafic rocks from different

areas are shown in Fig. la.

assimilation for the rocks from the NDC during
magma ascend. Assuming that the pre-existing man-
tle-derived magma can be represented by the Jinan
gabbro with Si0,=52 wt.%, Nd=45 ppm, Sr=800
ppm, 8781/%0S1(£)=0.7050, and exg(r)=—7.0 (Guo et
al., 2001; Zhang et al., 2004). The equivalent of
crustal assimilation materials can be regarded as a
mixture of 40% Yangtze upper/middle crust
(Si0,=76 wt.%) and 60% Yangtze lower crust
(Si0,=59 wt.%). Our modeling calculation suggests
that an unrealistic proportion of crustal assimilation
(>50%) was required to produce the geochemical
variations for the rocks from the NDC (Fig. 7a-b).
The (Nb/La)n ratios for the samples are slightly
variable (0.21-0.39) irrespective of SiO, content
(Fig. 8a), near or even lower than that of average

continental crust. Th and U contents are weakly
depleted relative to LREE, with (Th/La)py=0.57—
0.92 and (U/La)py;=0.45-0.80. Except that the
01DB-152 sample could be attributed to significant
crustal assimilation en route, others generally show
decreasing of ®’Sr/*®Sr(¢) ratio and increasing of
end(?) value with the increase of SiO, (Fig. 8b—c).
This is on contrary with the patterns that might be
caused by crustal assimilation or assimilated frac-
tionation crystallization (AFC) process (DePaolo,
1981). There is also a lack of the trend where
ena(?) values decrease with the increase of mg-
number (Fig. 8d). These evidences, together with
constant K,O/TiO, ratio for these rocks, clearly
argue against an AFC process. Therefore the vari-
ability of elemental and isotopic compositions for
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238y/204pp  B2ThA%ph 2%°Pb2%%Ph  297Pb2%Ph  2%%Pb2%Pb  (PO°Pb/AMPh)i (CO7PbAPb)i (COSPbA%Pb)i A7/4 A8/4

Sample

Mafic dikes from the NDC (~129 Ma)

01DB-97  5.566 31.366 16.818 15.365 37.821
20BHY-81 3.997 23.241 16.485 15.314 37.353
20BHY-84 3.995 23.225 16.487 15.311 37.304
20BHY-86 4.224 23.795 16.454 15.337 37.267
01DB-106 6.910 40.898 17.119 15.417 38.179
01DB-134 3.569 13.963 16.045 15.274 36.793
01DB-136 4.505 14.722 15.998 15.261 36.707
01DB-152 3.890 15.071 16.672 15.350 37.251
01DB-162 6.211 31.665 16.648 15.370 37.416
Basaltic-andesitic rocks from the NHY (135-116 Ma)

99XT-1 3.402 28.257 16.973 15.366 37.895
99XT-2 2.954 23.369 17.014 15.364 37.863
99XT-3 2.829 23.626 16.895 15.376 37.696
99XT-4 2.737 24.095 16.484 15.328 37.346
99XT-11 4.004 23.281 16.508 15.348 37.418
99XT-15  2.799 23.376 16.499 15.328 37.387
20BHY-14 2.778 24.453 16.967 15.369 37.869

16.705 15.359 37.618 57 1795
16.404 15.310 37.203 4.1 1744
16.406 15.307 37.154 3.8  169.2
16.368 15.333 37.113 6.7 1698
16.978 15.410 37.916 79 176.2
15.972 15.271 36.703 48 1765
15.906 15.256 36.612 41 1754
16.593 15.346 37.154 5.6 146.7
16.521 15.364 37.212 82 161.1
16.904 15.363 37.712 40 1648
16.953 15.361 37.712 32 1589
16.838 15.373 37.543 57 156.0
16.428 15.325 37.190 53  170.1
16.426 15.344 37.267 72 178.1
16.442 15.325 37.236 52 1731
16.910 15.366 37.711 42  164.0

Ju23s=1.55125x 10" /year, Ay235=9.848 X 1071 /year, J1n3,=4.9475% 10" /year (Steiger and Jiger, 1977). Initial Pb isotopic ratios
were calculated using the measured whole-rock Pb isotopic compositions, whole-rock U, Th and Pb contents (ICP-MS) by assuming 130 Ma for
early Cretaceous mafic dikes from the NDC and contemporaneous basaltic-andesitic rocks from the NHY. A7/4=((*"" Pb/*** Pb);,—
(37 Pb/”** Pb)nur) X 100; A8/4=((° PbA”% Pb); — (*°® Pb2* Pb)nire) X 100; (3°7 P2 Pb)npri=0.1084 x (2°° Pb/2** Pb);+13.491

(Hart, 1984); (% Pb/2** Pb)nire=1.209 X (*°® Pb/*** Pb);+15.627 (Hart, 1984).

the rocks from both tectonic units more likely
indicates the involvement of crustal components in
magma source region rather than crustal assimila-
tion en route through the crust.

As discussed above, these samples have mg=0.41—
0.65, Cr=11-299 ppm and Ni=25-100 ppm. Such
characteristics suggest that they might have under-
gone certain degrees of crystal fractionation from
parental magmas. The correlation between CaO/
A,03 and MgO (Fig. 3h) and the pattern of decreasing
Ni and Cr contents with decreasing MgO (Fig. 3i—j)
support fractionation of olivine and clinopyroxene.
Slightly negative Eu anomaly (Eu/Eu*=0.68-0.90)
and negative Sr anomaly in the spider diagram for
some samples may be attributed to fractionation of
plagioclase. Depletion in Ti and negative correlation
between P,0Os, TiO, and SiO, (Fig. 3f-g) are likely
related to Fe-Ti oxides and apatite fractionation.
Therefore, the geochemical signatures above suggest
that these magmas likely encountered a certain extent
of olivine+clinopyroxene & Fe-Ti oxides * apatite +
plagioclase differentiation.

5.2. Source characteristics

The LILEs and LREE enrichment and HFSEs de-
pletion suggest that the mantle source of these rocks
has compositional similarity with mantle wedge
(Stern, 2002). High La/Nb (2.1-4.8), Ba/Nb (41—
189) and Zr/Nb ratios (12.0-22.8) in these rocks are
clearly distinctive to the features for most intraplate
volcanic rocks (La/Nb=0.5-2.5 and Ba/Nb=1-20),
but similar to arc volcanics worldwide (Fig. 9). In
the plots of Pb isotopic ratios (Fig. 6a—b), these rocks
define a trend toward the field of Smoky Butte lam-
prorites with very low (*°°Pb/2**Pb); ratios, which are
representative of an origin from a highly metasoma-
tised lithospheric mantle (Fraser et al., 1985). Recent
studies on the Taithangshan lamprophyres (Chen and
Zhai, 2003) and Jinan gabbros (Guo et al., 2001;
Zhang et al., 2004) show that late Mesozoic litho-
spheric mantle beneath the Central NCC has an EMI-
like isotopic character. The basaltic rock from the
NCC exterior (i.e., the Jiaodong and Fangcheng
areas), which are derived from the lithospheric mantle
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Fig. 6. Initial 2°°Pb/>**Pb versus 2°’Pb/2**Pb (a), 2**Pb/>**Pb (b), *’Sr/*°S1(¢) (c) and ena(?) (d) diagrams for early Cretaceous mafic dikes from
the NDC and contemporaneous basaltic-andesitic rocks from the NHY, in comparison with Fangcheng basalts and mafic rocks from Jiaodong
(Yang, 2000; Zhang et al., 2002a,b; Qiu et al., 2002) and Cretaceous granitoids in the Dabie Orogen (Zhang et al., 2002a,b). Fields for MORB,
OIB and NHRL (north hemisphere reference line) are taken from Hart (1984), and Smoky Butte lamproites from Fraser et al. (1985). Cenozoic
basalts in SE China are from Zou et al. (2000). Field of Jinan gabbros is from Zhang et al. (2004), and Mesozoic mafic rocks from Susong
blueschist unit and the northern Yangtze block are from Kuang and Zhang (2002) and Yan et al. (2003). The calculation parameters of Pb (ppm)
and 2°°Pb/***Pb in (c—d) are 3.5 and 16.50 for the NCC lithospheric mantle, 25 and 15.10 for the Yangtze lower crust, and 30 and 19.00 for the
Yangtze upper/middle crust, respectively (Zhang et al., 1994, 1999, 2002a,b, 2004; Li and Yan, 2003). The results show that mafic rocks in the
Dabie Orogen can be interpreted as derivation of the NCC lithospheric mantle hybridized by the Yangtze lower and upper/middle crustal

materials.

highly modified by the subduction processes (Yang,
2000; Fan et al., 2001; Zhang et al., 2002a,b; Zhang
and Sun, 2002), are characterized by high LILE en-
richment, HFSE depletion, higher ®’Sr/*°Sr(r) and
(*°*Pb/2**Pb); ratios and lower exg(f) values (Figs.
4-6), similar to those for the rocks from both tectonic
units. Thus the geochemical signatures above suggest
that these rocks originated from subduction-modified

lithospheric mantle. The systematic studies of stable
isotopes on rocks from the Dabie Orogen reveals that
both subduction and exhumation were rapid, analo-
gous to an ice cream-frying model, with a short
residence time of the subducted slab at mantle depths,
and that the flux of slab fluid was of low volume
during plate subduction and prograde metamorphism
(Zheng et al., 2003). The general absence of syncolli-
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Fig. 7. Plots of SiO, versus *’Sr/*°Sr(130 Ma) (a) and &ng (130 Ma) (b). The numbers indicate the percentages of participation of the crustal
components. The end member of an enriched lithospheric source is resemble to that beneath the Central NCC (SiO,=47 wt.%, Nd=4 ppm,
Sr=60 ppm, ¥’St/*°Sr(1)=0.7050 and eny(1)=—7.0) and its derivation is comparable to Jinan gabbro with Si0,=52 wt.%, Nd=45 ppm,
Sr=800 ppm, *’Sr/*°Sr(£)=.7050 and &xq(r)=—7.0. The end member of the Yangtze crustal materials is comprised by 40% Yangtze upper/
middle crust (Si0,=76 wt.%) and 60% Yangtze lower crust (SiO,=59 wt.%). Other parameters are same in Fig. 5. The modeling results show
that partial melting of the NCC lithospheric mantle contaminated by 10-20% Yangtze crustal components can account for the variation in SiO,
and Sr—Nd isotopes for these coeval rocks from the NDC and NHY.

sional magmatism in the Dabie-Sulu orogen also
supports insignificant flux of slab fluid into the over-
lying lithosphere during Triassic subduction/collision.
Therefore it is most likely that the lithospheric mantle
beneath the region was modified by the bulk digestion

of subducted materials (Jahn et al., 1999; Fan et al.,
2004) rather than by the metasomatism of subduction-
related fluids.

Due to insignificant crustal assimilation during
magma ascend, the Sr—Nd isotopic compositions
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and NHY.

shown on Fig. 5 might be interpreted as a derivation
from a hybridized source. Three cases for the forma-
tion of the hybridized source can be proposed: (1) the
NCC lithospheric mantle and NCC crust; (2) the
Yangtze lithospheric mantle and Yangtze crust; and
(3) the NCC lithospheric mantle and Yangtze crust.
However, many workers (Hacker et al., 1998, 2000;
Zheng et al., 2003; Ma et al., 1998; Zhang et al.,
2002a,b) already emphasized the facts that the base-
ment of the NDC and NHY has an affinity to the YB,
and the Yangtze crust was northwardly subducted into
the NCC mantle during Triassic (e.g., Okay et al.,
1993; Xu et al., 2000; Mattauer et al., 1985; Cong,
1996; Fan et al., 2004; Jahn et al., 1999). Such con-
siderations argue against the NCC crust and Yangtze
lithospheric mantle as the possible end-member com-
ponents for the hybridized source when accepting that
the formation of the source was closely related to

northward subduction of the YB. Therefore, the
cases (1) and (2) are unlikely.

The basement and Paleozoic intrusive rocks from
the North Qinling/Tongbei Mountains (with a tectonic
affinity to the NCC) are characterized by highly ra-
diogenic Pb isotopic ratios, whereas the South Qinl-
ing/Tongbei Mountains (with a tectonic affinity to the
YB; see Zhang et al., 1994, 1996, 1999) are charac-
terized by low radiogenic Pb isotopic ratios. The
orthogneiss and amphibolites from the NDC, which
are generally regarded as the representative of the
Yangtze middle/lower crust (Ma et al., 2000), have
20%pb/2%*Pb=15.81-17.24 and **’Pb/**Pb=15.16-
15.46 (Zhang et al., 2002a,b). Thus the low 2°°Pb
and 2°'Pb relative to 2**Pb for the samples from
both tectonic units should be related to the Yangtze
lower crust (Li and Yan, 2003), and the Yangtze lower
crust should be an important end-member component
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of the hybridized source. However, a simple mixing
between the NCC lithospheric mantle and Yangtze
lower crust should produce a positive correlation in
the 2°°Pb/***Pb-enq(f) diagram, and a negative corre-
lation in a 2°°Pb/2**Pb—""St/*Sr(r) diagram (Zou et
al., 2000). This is inconsistent with the generally
reverse correlation patterns revealed for these rocks,
which are away from the trends defined by the NCC
lithospheric mantle and Yangtze lower crust (Fig. 6¢—
d). Thus a simple interpretation is that the correlations
in Fig. 6¢c—d reflect the involvement of the upper/
middle crustal components with high 2°°Pb/2**Pb,
high *’St/*°Sr(¢) and slightly low exg(f). The UHP
rocks in the Dabie orogen (tectonically affiliating to
the YB) have more radiogenic Pb isotopic composi-
tions (*°°Pb/2**Pb=17.2-19.9 and **’Pb/***Pb=15.3—
15.7) than those from the NDC, and are confined to
shallower crustal level than grey gneisses (Ma et al.,
2000; Zhang et al., 2002a,b). Zheng et al. (2003)
suggested that the UHP rocks encountered meteoric-
hydrothermal alteration at or near the earth’s surface
before subduction and UHP metamorphism. These
observations indicate that the UHP rocks in the region
can be regarded as the Yangtze middle/upper crustal
components into melting source during subduction

and exhumation. Therefore, the most likely scenario
is that the source region for these rocks was a mixture
of three components: NCC enriched lithospheric man-
tle, subducted Yangtze lower crust and Yangtze upper/
middle crust.

To define the individual contribution of the three
components in the mantle source for these rocks, a
mixing calculation was performed based on Sr—Nd-
Pb isotopic compositions. The results (Figs. 5 and 6¢—
d) show that the involvement of 5-15% Yangtze lower
crust and 5-10% Yangtze upper/middle crust into the
NCC lithospheric mantle can reasonably account for
the Sr—Nd-Pb isotopic features for the rocks from
both tectonic units. To further explore their chemical
variations, assuming that the Yangtze upper/middle
crust, Yangtze lower crust and NCC lithospheric man-
tle have Si0,=76 wt.%, 59 wt.% and 47 wt.% (Fan et
al., 2004), respectively, the subducted crustal materi-
als are postulated to be equivalent to the mixture of
40% Yangtze upper/middle crust with 60% Yangtze
lower crust on the basis of the aforementioned mod-
eling results. These calculations show that the addition
of 5-20% crustal materials into the NCC lithospheric
mantle would not only suffice the observed Sr—Nd
isotopic ratios but also have a range of ~49-52 wt.%
in SiO, (Fig. 9a-b). Partial melting of such a hybrid-
ized source can explain the variations of major oxides
for these rocks (Fig. 9a—b). Thus, we consider that
these rocks from both tectonic units might be derived
from a source region of the NCC lithospheric mantle
contaminated by the deeply subducted Yangtze crustal
materials.

5.3. Tectonic decoupling between surface suture and
lithospheric boundary

There are two contrasting suggestions for the sur-
face suture between the YB and NCC (Suo et al.,
2000; Zhang et al., 2002a,b and reference therein).
One suggests that the Wuhe-Shuihou fault represents
the suture between the YB and NCC (Cong, 1996).
The other advocates that the NDC is the subducted
basement of the YB (Ames et al., 1996; Rowley et al.,
1997; Ma et al., 1998; Okay et al.,, 1993) and the
Xiaotian-Mozitan fault or the Liu’an-Hefei fault is the
surface suture (Fig. 1b; Suo et al., 2000; Hacker et al.,
2000). Recent studies support the later hypothesis (Li
and Yan, 2003; Zhang et al., 2002a,b; Ma et al., 2000;
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Kuang and Zhang, 2002; Hacker et al., 2000), based
on: (1) The YB-related Paleozoic island-arc volcanics
and the Neoprototerozoic tectonothermal event (~800
Ma; Hacker et al., 1998; Xue et al., 1997) exists in
both tectonic units; and (2) the NDC also included a
small quantity of Triassic HP-UHP rocks, which were
interpreted as a part of the subducted Yangtze crust (Li
and Yan, 2003; Xu et al., 2000). Thus, it is more likely
that the crust of the NDC is tectonically affiliated to
the YB, and the surface suture between the YB and
NCC is located along the Xiaotian-Mozitan fault or
other faults to the north.

The YB and NCC have distinctive crustal ages and
tectonic histories (Gao et al., 1999; Qiu et al., 2000),
suggesting that both blocks should have different lith-
ospheric nature. Recent studies showed that Mesozoic
mafic rocks from the Susong blueschist unit in the
South Dabie (i.e., the Macheng area), northern YB
(i.e., the Huangshi, Xinzhou areas and lower Yangtze
River region) and YB interior (i.e. southern Hunan
Province) generally have ®Sr/*°Sr(i)<0.7067, ena(r)>
—6, 2°Pb/***Pb>17.5 (Wang et al., 2003b; Li et al.,
2003; Yan et al., 2003), whereas Mesozoic mafic rocks
in the Central NCC have ®7Sr/*°Sr(i)<0.7060,
ena(t)=—6 to —14,2°°Pb/***Pb<17.3 (Figs. 1a, 5 and
6; Li and Yan, 2003; Guo et al., 2001; Fan et al., 2001;
Zhang et al., 2002a,b, 2004). These rocks from the
NDC and NHY show similar elemental and Sr—Nd-Pb
isotopic characteristics to those of the NCC exterior
interpreted as origination of subduction-related litho-
spheric mantle. Such similarities suggest that these
coeval rocks from both tectonic units share a similar
mantle source region and geochemical affinity with
those from the NCC.

Triassic deep subduction of the YB (Ames et al.,
1996; Rowley et al., 1997; Ye et al., 2000; Zheng et al.,
2001, 2003) most likely metasomatised the overlying
lithospheric mantle by subduction-related fluid/melt or
modified the overlying mantle by digestion of sub-
ducted materials (Fan et al., 2004; Jahn et al., 1999).
As a result, the subduction-related lithospheric mantle
and its derivation normally developed at the hanging
wall rather than the footwall of the suture/lithospheric
boundary (Jahn et al., 1999; Li and Yan, 2003; Wang et
al., 2003a). If the lithospheric boundary between the
YB and NCC was coupled with the surface suture (the
Xiaotian-Mozitan fault or other faults to the north), the
mafic magma derived from subduction-related litho-

spheric mantle should have only developed beneath
the NHY to north rather than in the NDC to south of
the Xiaotian-Mozitan fault. This notion is in contrast to
the fact that subduction-related mafic magma exten-
sively occurred at both the NHY and NDC. In combi-
nation with aforementioned discussion, we propose
that early Cretaceous mafic rocks around the Wuhe-
Shuihou fault that separates the NDC and SDC have a
distinct affinity to the continental lithospheric mantles
and tectonic histories. The spatial variations of geo-
chemical signatures for early Cretaceous mafic rocks
around the Wuhe-Shuihou fault suggest that the fault
represents the Mesozoic lithospheric boundary be-
tween the YB and NCC despite the present-day surface
suture is located at the Xiaotian-Mozitan fault or other
faults to the north. That is, a case similar to eastern
Carpathian Orogen (Andereescu and Demetrescu,
2001) and Himalaya-Tibet system (Chemenda et al.,
2000). The tectonic decoupling between the surface
suture and lithospheric boundary between the YB and
NCC occurred before early Cretaceous (Li and Yan,
2003; Wang et al., 2003a). The Mesozoic lithospheric
mantle beneath the NDC is tectonically affiliated with
the NCC while its present-day crust has an affinity to
the YB. Such a crustal detachment or tectonic decou-
pling is similar to that in the region east of the Tan-Lu
fault (Li, 1994, 1995; Chung, 1999).

5.4. Possibly tectonic scenario of Dabie-Sulu Orogen

Fig. 10 summarizes the tectonic scenario of a
subduction—collision—extension cycle for the Dabie
Orogen. At 245-240 Ma, the Yangtze crust was deeply
subducted into the NCC mantle along the Wuhe-
Shuihou fault, accompanied by prograde metamor-
phism. Portions of subducted Yangtze crustal mate-
rials were contemporaneously trapped into the
original lithospheric mantle (Fig. 10a). The rapid
exhumation of the HP-UHP rocks then occurred at
230-210 Ma (Fig. 10b). The entire cycle of subduc-
tion, UHP prograde metamorphism and exhumation is
analogous to an ice cream-frying model, and is esti-
mated to take place at ~10-20 Ma (Zheng et al., 2001,
2003). During rapid exhumation, a part of the sub-
ducted crustal components was trapped into the over-
lying lithospheric mantle as structural lens, streak and
pudding along the pre-existing fractures, although
most were rapidly exhumed back to crustal level
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(2) 245240 Ma, subduction/collision between the Yangtze and NCC

North China Craton (NCC) -Shuihou fault Yangtze Block
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Lithospheric mantle of NCC interior!

(b) 230-210 Ma, rapid exhumation of HP-UHP rocks and development of the hybridized source
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(c) 210-150(?) Ma, tectonic decoupling between the surface suture and lithospheric boundary
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Fig. 10. Schematic cartoon illustrating the subduction/collision—exhumation—tectonic decoupling—extension of the Dabie Orogen. See text for
detailed descriptions. In comparison with the cartoon proposed by Fan et al. (2004), the model considered that early Cretaceous mafic igneous
rocks from the NDC originated from a similar heterogeneous mantle source modified by the subducted Yangtze crust with that of the NHY.
However, it is especially emphasized in the model that the subducted Yangtze crust were trapped into original lithospheric mantle during not
only slab subduction (245-240 Ma) but also the rapid exhumation of the HP-UHP rocks (230-210 Ma), and that the Yangtze crust was
progressively thrust northward over the NCC to result in the development of tectonic decoupling between the lithospheric boundary and surface
suture during 210-150 Ma.
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(Fig. 10b; Hacker et al., 2000; Zheng et al., 2001,
2003; Fan et al., 2004). As a result, the hybridized
source developed. Fan et al. (2004) and Faure et al.
(1999) also concluded that voluminous subducted
crust could be settled in the overlying lithospheric
mantle during deeply subduction and subsequent ex-
humation of the HP-UHP rocks in response to buoy-
ancy from the convective mantle (Anderson et al.,
1991). During 210-150(?) Ma, the Yangtze crust
was progressively thrusted northward over the NCC
(Liu and Wang, 1999; Guo et al., 2002), which
resulted in the development of the crustal detachment
and tectonic decoupling between the lithospheric
boundary and surface suture (Fig. 10c). At ~130
Ma, lithospheric extension predominantly developed
in response to the rapidly lithospheric unrooting and
further exhumation of the HP-UHP rocks. The exten-
sion results in the melting of the hybridized source to
generate these rocks of the NDC and NHY (Fig. 10d).

Several different scenarios have been proposed for
the Triassic collision style between the YB and
NCC, such as, northward subduction/collision along
the suture of a subparallel lineation in the Subei
basin (Chung, 1999), or a clockwise collision along
the Yanji-Imjingang-Sulu-Tanlu zone (Zhang, 1997;
Gilder et al., 1999). The Mesozoic mafic rocks from
Jiaodong, Fangcheng, Mengyin, the NDC and NHY
shown on Fig. la share similar elemental and Sr—
Nd-PDb isotopic compositions, and can be interpreted
as the melting product of subduction-related litho-
spheric mantle (Fan et al.,, 2001, 2004; Qiu et al.,
2002; Wang et al., 2002; Li and Yan, 2003; Jahn et
al., 1999; Zhang et al., 2002a,b; Yang, 2000). They
predominantly occurred in the northwest of the Sulu-
Tanlu-Wuhe-Shuihou zone (Fig. la). It is notable
that the Paleozoic passive continental margin sedi-
mentary basins and late Triassic—early Jurassic fore-
land molasse basins are dominantly NE-trending in
the lower Yangtze River region east of the Tan-Lu
fault (Yin and Nie, 1993; Zhang, 1997), whereas late
Triassic-middle Jurassic sedimentary basins (i.e.,
Jianghan and Hefei basins) display a roughly EW-
trending orientation in region west of the Tan-Lu
fault. This appears to support the clockwise collision
of the YB along the Sulu-Tanlu-Wuhe-Shuihou zone
relative to the NCC (see insert of Fig. la; Zhang,
1997; Gilder et al., 1999). That is to say, the Triassic
collision of the YB and NCC is probably character-

ized by clockwise contact firstly along the NE-trend-
ing Sulu-Tanlu zone and then the roughly E-W
trending Wuhe-Shuihou fault (Zhang, 1997; Gilder
et al., 1999).

6. Concluding remarks

The mafic dikes from the NDC intruded at 127.6—
131.8 Ma (**’Ar/*’Ar plateau ages), and the basaltic-
andesitic rocks of the NHY erupted at 135-116 Ma.
These coeval rocks have similar geochemical charac-
teristics, i.e. enrichment of LILEs, depletion of
HFSEs, very low eng(f) value (—12.7 to —19.2),
206pp/2%Pb (15.97-16.98), and prominent positive
A8/4 (146.7-179.5) and A7/4 (3.2-8.2). Such geo-
chemical signatures are interpreted as the product of
subduction-related lithospheric mantle source, tecton-
ically similar to that beneath the NCC exterior, con-
taminated by the subducted Yangtze crust. The spatial
variations of the geochemical signatures for early
Cretaceous basic-intermediatic rocks around the
Wuhe-Shuihou fault that separated the NDC and
SDC supports an early Mesozoic tectonic decoupling
model in the Dabie Orogen. The Wuhe-Shuihou fault
likely represents the Mesozoic lithospheric boundary
between the YB and NCC, despite the present-day
surface suture is located along the Xiaotian-Mozitan
fault or other faults to the north.
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