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INTRODUCTION
The Dabie Shan terrane, a fault-bounded block

in the Qinling-Tongbai-Dabie-Sulu orogen, pre-
serves evidence of Triassic continental subduc-
tion, ultrahigh-pressure (UHP) metamorphism,
and collision between the Yangtze and Sino-
Korea cratons in eastern China (Hacker et al.,
1996; Fig. 1). Several critical but unsolved prob-
lems regarding the regional tectonic framework of
the Dabie block include the following. (1) Where
is the (missing) magmatic arc that is supposed to
have existed during the Triassic subduction (Liou
et al., 1996)? (2) What caused the generation of
voluminous post-UHP intrusions in the region
(Ratschbacher et al., 2000)? (3) Is there any truly
collision-related magmatism as postulated in the
literature (cf. Ma et al., 1998; Jahn et al., 1999)?
To better answer these questions, this study pro-
vides new petrologic and geochemical data for the
largest mafic intrusion (Jiaoziyan) of the Northern
Orthogneiss unit (Hacker et al., 1995) of the
Dabie Shan. The results indicate that these vir-
tually undeformed, unmetamorphosed mafic rocks

may have been generated by an extension-related
tectonism unrelated to the Triassic regional sub-
duction and collision sequence. Common denota-
tions for the Dabie intrusions used in previous
studies, such as postcollisional magmatism, are
ambiguous and should not be used without clear
definition and justification (cf. Liégeois, 1998).

Field, petrochemical, geochronological, and
geophysical data from the European Alps, Tibetan
plateau, southeastern Asia, and western Mediter-
ranean areas (e.g., von Blanckenburg and Davies,
1995; Seber et al., 1996; Turner et al., 1996)
demonstrated that syncollision to postcollision
magmatism is a natural consequence of orogeny.
However, for the archetypal UHP orogen—the
Dabie mountain range of eastern China (Fig. 1),
no evidence of orogeny-related magmatism has
been found, despite the regional distribution of
undeformed granitic-monzonitic-tonalitic plutons
and gabbroic-pyroxenitic intrusions.

GEOLOGIC BACKGROUND
The Qinling-Tongbai-Dabie-Sulu orogenic

sequence is a product of the Triassic subduction
and continental collision by which the Yangtze

craton (or a microcontinent) was thrust north-
ward beneath the Sino-Korean craton (Ernst and
Liou, 1995; Hacker et al., 1996). Dates on zir-
cons in the UHP metamorphic rocks indicate that
the continental collision occurred between
ca. 245 and 219 Ma (Ames et al., 1996; Rowley
et al., 1997; Hacker et al., 1998). The Dabie block
has attracted attention because of its UHP min-
erals (e.g., coesite and microdiamond) in meta-
morphosed crustal rocks (see review by Liou et al.,
1996, and references therein). Recent scientific
research has focused on the Northern Ortho-
gneiss because the unit occupies a large part of
the Dabie block and contains former supersilicic
clinopyroxenes that imply Triassic UHP meta-
morphism, yet no unambiguous UHP evidence
has been found (Tsai and Liou, 2000). One of the
significant features of the Northern Orthogneiss
is the wide distribution of small mafic-ultramafic
bodies (Fig. 1). Two types of mafic-ultramafic
masses have been recognized: deformed alpine-
type metaperidotites (Zhang et al., 1996; Tsai
et al., 2000) and undeformed intrusions (Jahn
et al., 1999). Intrusive mafic-ultramafic rocks are
the present focus.
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ABSTRACT
The largest gabbroic intrusion, Jiaoziyan, in the Northern Orthogneiss of the Dabie Shan

was investigated to test whether such intrusions represent arc-related or collision-related
magma, as postulated in recent regional tectonic models. The Jiaoziyan intrusions comprise a
gabbro-monzogabbro suite and are locally characterized by cumulus textured anhydrous sili-
cates. Petrologic indications against arc magmatism include (1) coexisting olivine-plagioclase
compositions beyond the documented range of arc gabbros, and (2) a compositional trend of
Al/Ti ratios in the gabbroic clinopyroxenes that is significantly different from subduction-
related gabbros worldwide. In contrast, the Jiaoziyan rocks are mineralogically similar to rift
gabbros. Geochronologic and geometric arguments against collision-related magmatism (i.e., as
a consequence of slab breakoff) include the following: (1) crystallization of the Jiaoziyan mafic
intrusion postdated the Triassic (245–240 Ma) subduction and peak orogenic metamorphism by
~100 m.y. and (2) the rocks of the Dabie Cretaceous magmatic suite, including Jiaoziyan, are on
the footwall plate, rather than on the hanging wall, of the Triassic subduction-zone framework
and do not show a linear distribution. These observations argue that the voluminous Early
Cretaceous magmatism in the Northern Orthogneiss is geodynamically unrelated to the Qinling-
Dabie orogeny, but was caused by extensional tectonism related to regional magmatic under-
plating beneath the thinned Dabie crust.
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The locus of the paleosuture in the Dabie re-
gion has not been conclusively defined due to
lack of surface geologic evidence. On the basis
of the geographic distribution of U-Pb zircon
ages, Hacker et al. (1998) proposed a paleosuture
zone along the northern edge of the Northern
Orthogneiss. If true, the proposed suture implies
that no arc-related rocks should be found in the
Northern Orthogneiss (i.e., the footwall plate). In
contrast, Zhai et al. (1994) suggested an Andean-
type magmatic arc setting for the Northern
Orthogneiss. Isotopic age data show that most
granitic plutons and mafic-ultramafic intrusions
in the Northern Orthogneiss were emplaced dur-
ing the Early Cretaceous, postdating the Triassic
subduction and collision. Investigation is needed
to determine whether the magmatism can be
attributed to an orogeny-related, postcollisional
mechanism (e.g., slab breakoff; cf. Ma et al.,
1998; Jahn et al., 1999), Cretaceous subduction
of the Pacific plate (Ratschbacher et al., 2000),
or another mechanism.

The Northern Orthogneiss is dominated by
variably deformed orthogneisses and virtually
undeformed granitic-monzonitic-tonalitic plu-
tons. Regional structural data indicate that the
unit is an asymmetric magmatic-structural dome
formed during Cretaceous northwest-southeast
subhorizontal extension (Hacker et al., 1995).
Ratschbacher et al. (2000) have suggested that
the Northern Orthogneiss may be regarded as a
metamorphic core complex that is part of a chain
of Pacific backarc extensional systems. The
Jiaoziyan Gabbro (~36 km2 in outcrop area) is
the largest mafic intrusion exposed in the North-

ern Orthogneiss and is ~6 km west of the Tan-Lu
fault and ~15 km south of the Xiaotian-Mozitan
fault (Fig. 1). The Jiaoziyan gabbroic rocks show
discordant intrusive contacts with country rocks,
which are mainly biotite-hornblende–bearing
(tonalitic) orthogneisses associated with deformed
layers of titanite-bearing amphibolite, minor
allanite-hornblende–bearing quartzofeldspathic
gneiss, and rare phlogopite-bearing marble (our
field observations). Most orthogneisses in the
unit are postulated to have undergone Cretaceous
(137–134 Ma) amphibolite facies metamorphism
(Hacker et al., 1998).

PETROGRAPHIC CHARACTERIZATION
OF THE MAFIC INTRUSIONS

The Jiaoziyan gabbroic intrusion is massive
and medium to coarse grained. From the center to
the margin of the intrusion, the rock type changes
gradually from olivine-bearing gabbronorite, to
olivine-free gabbronorite, to orthopyroxene-free
gabbro, to dioritic gabbro; the modal variation
indicates a magmatic differentiation sequence.
Petrographically, most of the rocks show cumulus
textures; however, the intrusive body has no in-
ternal layering. Locally, fine-grained, biotite- and
plagioclase-rich dikes and feldspar-rich veins cut
across the gabbros.

Typically the rocks contain plagioclase, ortho-
pyroxene, clinopyroxene, biotite, and minor
(subsolidus) calcic amphibole. A few samples
have olivine. Accessory minerals are ilmenite,
apatite, zircon, and rare spinel. Olivine, ortho-
pyroxene, and clinopyroxene crystals show a
cumulus framework in intercumulus plagioclase.

The plagioclase oikocrysts locally contain ori-
ented, micrometer-scale needles, probably of
iron oxide (cf. Davies, 1981). The sharp contacts
between olivine and plagioclase grains indicate
that the gabbronorite has not been subjected to
amphibolite or granulite facies metamorphism
(cf. Ashworth, 1993; Liégeois, 1998), whereas
amphibolite facies metamorphism is evident in
the country-rock orthogneisses (Zhang et al.,
1996). Such a petrographic feature implicitly for-
bids the claimed syncollisional (Triassic) mag-
matism for the mafic intrusions in the Northern
Orthogneiss (e.g., Chen et al., 1997; Nie and Li,
1998). Pyroxenes commonly contain abundant
oriented opaque needles and platelets, and in
some cases, amphibole and biotite patches. Mag-
matic reaction rims of orthopyroxene around
olivine and brown calcic amphibole around
orthopyroxene or olivine are common. Biotite is
mostly interstitial to pyroxenes and plagioclase.

ANALYTICAL METHODS
We systematically collected 21 whole-rock

samples across the intrusion, and analyzed them
for major element compositions; 7 of the samples
were analyzed for trace and rare earth element
(REE) concentrations. Major and trace element
compositions were determined by X-ray fluores-
cence (XRF) at the GeoAnalytical Laboratory of
Washington State University (USA) and at
XRAL Laboratories (Canada). REE analysis was
done by inductively coupled plasma–mass spec-
trometry (ICP-MS) at the same laboratories. Min-
eral compositions were determined on polished
thin sections with an automated, 5-spectrometer
JEOL 733 electron microprobe at Stanford Uni-
versity; operating conditions were 15 keV accel-
erating voltage and 15 nA beam current with 20 s
counting time. Representative geochemical and
mineralogical data for the gabbros are available.1

WHOLE-ROCK AND MINERAL 
COMPOSITIONS

The Jiaoziyan mafic intrusive rocks are gabbro-
monzogabbro in composition, according to the
total alkali versus silica classification by Middle-
most (1994). In terms of alkali (K2O + Na2O)-
FeOtotal-MgO proportions, the gabbros are calc-
alkalic (Fig. 2A); the total alkali content increases
with increasing SiO2. Chondrite-normalized
multielement data demonstrate that the mafic
intrusions are characterized by enriched light
REE patterns similar to those reported by Jahn
et al. (1999). Primitive mantle-normalized multi-
element patterns show characteristic negative Nb
and Ta anomalies with respective to Th and light
REEs (Fig. 2B). Negative Nb anomalies are char-
acteristic of the continental crust; crustal involve-
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1GSA Data Repository item 200098, Geochemical
and mineralogical data, is available on request from
Documents Secretary, GSA, P.O. Box 9140, Boulder,
CO 80301-9140, editing@geosociety.org, or at www.
geosociety.org/pubs/ft2000.htm.
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ment in the Jiaoziyan magma generation is im-
plied, although no distinction can be made with
regard as to whether the crustal signature was
from subducted sediments or from older base-
ment rocks such as granulite (Jahn et al., 1999).
Olivine and orthopyroxene compositions of the
Jiaoziyan Gabbro average Fo72–74 and En65–73,
respectively. Clinopyroxene compositions are
Wo40–46En40–46Fs11–15 and plagioclase composi-
tions range from An62 to An30. Biotite contains
significant Ti (~4–6 wt% TiO2). Calcic amphi-
bole is pargasite to magnesiohornblende.

GEOCHRONOLOGICAL CONSTRAINTS
Field relationships clearly show that the

Jiaoziyan Gabbro structurally postdated the
country-rock orthogneisses. Recent 40Ar/39Ar,
Rb-Sr, and Sm-Nd ages indicate that cooling (to
≤500–300 °C) of mafic intrusions of the Northern
Orthogneiss, including the Jiaoziyan, occurred
ca. 133–120 Ma (e.g., Hacker and Wang, 1995;
Tsai, 1998; Jahn et al., 1999; Ratschbacher et al.,
2000). In contrast, Xue et al. (1997) and Hacker
et al. (1998) showed that (1) amphibolite facies
metamorphic ages of the bulk orthogneisses are
in the range 137–134 Ma and (2) crystallization
ages of granitic-tonalitic plutons are in the range
134–126 Ma. With respect to these data, the
mafic intrusions were coeval with the much larger

granitic plutons in the Northern Orthogneiss, but
substantially postdated the amphibolite facies
metamorphism of the orthogneisses.

DISCUSSION
The Jiaoziyan gabbros resemble calc-alkalic

or tholeiitic arc rocks with negative Nb-Ta anom-
alies and enriched light REE patterns (Zhai et al.,
1994; cf. DeBari, 1994). However, subsolidus
reequilibration and open-system modification of
gabbroic rocks may cause serious problems with
petrogenetic interpretations. Furthermore, the
magmatic rocks in the Dabie block postdate the
regional convergence and lead to the common
label of postcollisional magmatism (Zhang et al.,
1996; Ma et al., 1998). However, as we discuss
herein, the mineral composition, intrusion-cooling
age, and regional tectonic framework do not sup-
port such speculations.

Implications Against Arc Magmatism
Beard (1986) proposed that compositions of

coexisting olivine and plagioclase in gabbro
cumulates are a good indicator of the tectonic set-
ting of ancient volcano-plutonic complexes.
Among the Jiaoziyan gabbroic rocks, olivine
occurs only in a few samples from the intrusion
core and has a narrow compositional range.
Plagioclase occurs as either an intercumulus

phase (in the relatively primitive samples) or as a
cumulus phase (in the relatively evolved samples).
The Jiaoziyan plagioclase and olivine composi-
tions are distinctly different from those of arc
gabbros (cf. Beard, 1986; DeBari, 1994; Fig. 3A).
Furthermore, Loucks (1990) demonstrated that
the correlations between Alz (percentage of tetra-
hedral sites occupied by Al) and TiO2 (wt%) of
clinopyroxenes can be used to discriminate be-
tween arc-related and rift-related gabbros. The
Jiaoziyan gabbroic clinopyroxenes composi-
tional trend is clearly different from the arc-
related one (Fig. 3B). 

Implications Against Collision-Related 
Magmatism

In previous models, it has been implied that
the bimodal (felsic and mafic) magmatism in the
Northern Orthogneiss was caused by either slab
breakoff or lithospheric-mantle thinning (Zhang
et al., 1996; Ma et al., 1998; Jahn et al., 1999).
Both magmatic end members have been attrib-
uted to postcollisional magmatism in recent liter-
ature. In terms of timing, isotopic ages show that
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the Jiaoziyan Gabbro and other mafic-ultramafic
intrusions of the Northern Orthogneiss were
emplaced in the Early Cretaceous, postdating the
Triassic regional subduction and continental colli-
sion. However, the huge time gap (~100 m.y.)
between the magmatism and peak orogenic
metamorphism and deformation is beyond the
range in which magmatism can be unambigu-
ously considered as orogeny related (Turner
et al., 1992; Liégeois, 1998) In addition, there are
no geometric grounds to support the slab break-
off model for generation of the voluminous
Dabie plutons because the rocks intruded into the
footwall plate of the Triassic subduction-zone
system, not close to the suture zone or within the
hanging wall (cf. Davies and von Blanckenburg,
1995; Hacker et al., 1998).

SUMMARY
1. Petrologic and geochronologic data indicate

that the mafic intrusions in the Northern Ortho-
gneiss, and probably their coeval counterparts
through the entire Dabie block, are not subduc-
tion or collision related. Our new data show no
support for previous speculations about (1) an
Andean-type magmatic arc (Zhai et al., 1994),
(2) slab breakoff-driven magmatism (Ma et al.,
1998), or (3) syncollisional intrusion (Chen et al.,
1997; Nie and Li, 1998) in the Northern Ortho-
gneiss. It seems more probable that extensional
tectonism was the major mechanism for the
emplacement of the Cretaceous magmatic suites
(cf. Ratschbacher et al., 2000).

2. Due to the lack of extrusive rocks in the
Dabie block south of the Xiaotian-Mozitan fault, it
is difficult to place a good constraint on the magma
source and its driving mechanism for the Creta-
ceous magmatism. It remains unclear whether the
widely distributed mafic and felsic plutons in the
Dabie Shan belong to Mesozoic intercraton-scale
extension-related magma system(s) along eastern
China (Li, 2000; Ratschbacher et al., 2000) or rep-
resent a relatively localized Cretaceous hotspot
that magmatically underplated the thinned Dabie
crust (Jahn et al., 1999).
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