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Figure 8. Lithic petrofacies summary from the Dangyang Basin (data collected at locations S-1 and S-2,
Figure 1a) and from the Zigui Basin, which is located about 100 km to the west of the Dangyang Basin.

through Jurassic (Figure 9a). There is an abundance of chert
fragments (petrofacies VI') in the Late Triassic through
Jurassic deposits of the Dangyang Basin (Figure 9a). There
are two possible sources for these grains. There are abun-
dant chert beds intercalated with limestones of Permian to
Early Triassic age exposed in the NYFB. However, if this
were the source we would expect to find at least some
detrital limestone grains in the deposits as well. There are no
such grains found. In addition, uplift of Paleozoic rocks by
the thrust belt did not take place until Late Jurassic time,
after deposition of the Dangyang deposits as evidence by an
abundance of limestone grains in the Penglaizhen Forma-
tion in the Zigui Basin (Figure 8). An alternate source area

may be the Mianlue suture belt, now buried by the XGF
(Figure 9b). Although rocks of the suture are no longer
exposed, it is possible that deepwater cherts, seafloor of the
Mianlue Ocean, may be present. In some detrital chert
pebbles we have found radiolarians, suggesting a deepwater
source.

[36] The same age deposits exposed in the Zigui Basin,
100 km farther west, contain these compositions similar
to the Dabieshan, but, additionally, the Middle Jurassic
units include andesitic and more siliceous volcanic grains
(petrofacies V') (Figures 8 and 9a). The source for any
extrusive rocks is no longer found in the Dabieshan.
However, much farther west, along the XGF fault in the
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Figure 9. (a) Summary of lithic petrofacies in the Hefei Basin (north of Dabieshan) and the Dangyang
and Zigui Basins (south of Dabieshan). Data are from Figures 7 and 8. The petrofacies assemblages are
arranged in order of how the source areas are distributed from north to south across the Dabieshan.
(b) Simplified map of source areas within Dabieshan (from Figure 1). Dashed line shows trace of the
buried Mianlue suture that contains source rocks for petrofacies V' and VI'. Data for Cretaceous units at

S-4 and S-5 in Figure 9b are our gravel counts.

western Qinling Range, there are limited exposures of arc
volcanics of similar composition [Lai and Zhang, 2000],
suggesting there were arc rocks of the Mianlue suture
exposed to the north of the Zigui Basin, now mostly
covered by thrust nappes (Figure 9b). This, in turn, suggests
that subduction was occurring in this region by Jurassic
time. Also in the Zigui Basin limestone clasts (petrofacies
VII') show up in abundance by Late Jurassic time (Figure 9).
The most obvious source area for this composition is the

late Paleozoic shelf limestones now seen throughout the
NYFB (Figure 9b).

4.3. Rift Basin Compositions

[37] Rift basins developed along the flanks of the
Dabieshan during Cretaceous time. The composition of lithic
fragments in the Lower Cretaceous Heishidu Formation
and Xiaotian Formation counted at four locations in rift
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basins located along the northern flank of Dabieshan core
zone (S-4 in Figure 9b) are mainly volcanic (39%), medium
to low-grade metamorphic (43%), gneissic (11%) and
reworked sedimentary rocks (7%). The volcanic rock frag-
ments were derived from the underlying Maotancang For-
mation, and the medium- to low-grade metamorphic and
gneissic rocks came from the nearby northern margin of the
Dabieshan core zone (Figure 9a). Conglomerates in the Late
Cretaceous rift basins of the southern Dabieshan and along
the XGF (S-5 in Figure 9b) mainly include quartzite-schist
(38%), gneiss (24%), limestone/dolomite (22%) and cherts
(16%) counted at three locations along the southern margin
of the Macheng Basin. Source areas for these fragments are
the high-grade metamorphic rocks in the Dabieshan core
zone and the Early Triassic and late Paleozoic carbonates
and cherts in the NYFB (Figure 9). We conclude from rift
basin compositions that metamorphic rocks of the northern
Dabieshan reached the surface by Jurassic time, but similar
rocks of the southern Dabieshan core were not exhumed
until Cretaceous time.

4.4. Petrofacies Summary

[38] Petrofacies data from Mesozoic strata in basins north
and south of the Dabieshan suggest the relative timing of
unroofing of the mountain core (Figure 9). South of the
range foreland sedimentation began during Late Triassic
time (T3). Source areas for these rocks include the sedi-
mentary cover of the southern Dabieshan core and/or early
Mesozoic flysch basin deposits. No high-grade metamor-
phic rocks from deeper crustal levels were delivered to
basins south of the Dabieshan. The now buried Mianlue
suture belt may have provided some detritus to this area,
particularly chert fragments. Beginning in Middle Jurassic
time (J») a volcanic source, possibly an arc, provided some
detritus found along the westernmost part of the southern
foreland basin belt (the Zigui subbasin). By Late Jurassic
time limestones of late Paleozoic through Early Triassic age
were being eroded along the NYFB and incorporated into
the evolving foreland basin to the south.

[39] To the north of the Dabieshan, sediment delivered to
the foreland basin during Middle-Late Jurassic time
includes high-grade metamorphic rocks derived from the
exhumed core of the range. Thus deep crustal levels had
been exhumed along the northern flank of the Dabieshan by
the Late Jurassic time whereas similar rock types never
reached the surface in Mesozoic time in the southern part of
the range. Therefore either exhumation rates were higher
and/or the thickness of sedimentary cover rocks was less in
the northern part of the Dabieshan than in the southern part
of the range.

5. Paleogeographic Reconstructions
of the Dabieshan

[40] On the basis of detrital compositions, distribution of
lithofacies in basins surrounding the Dabieshan, and avail-
able mapping in the region, we have interpreted the paleo-
geographic history of the area shown as maps (Figure 10)
and interpreted large-scale cross sections (Figure 11).
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[41] Prior to Late Triassic time, the area underwent two
major suturing events (Figures 1la and 11b). The major
continental fragments that make up central China, from north
to south the North China plate, Qinling/Dabieshan micro-
plate, and Yangtze plate, owe their origins to two episodes of
rifting during late Precambrian and Devonian time [Zhang et
al., 2001; Liu and Zhang, 1999]. The Shangdan and Mianlue
Oceans separated these crustal fragments (Figure 1la).
Closure of the Shangdan ocean lead to continent-continent
collision beginning in late Paleozoic time [Zhang et al.,
2001; Liu and Zhang, 1999]. 1t is less clear when the Mianlue
ocean began to close, because of the absence of preserved arc
rocks; however, by Middle Triassic time continent-continent
collision in this area had certainly begun (Figure 11b) [Zhang
et al., 2001; Liu and Zhang, 1999]. A key feature of the
Shangdan suture beginning in Middle Triassic time (240—
220 Ma) is the formation of unusually high-pressure
(>4.7 GPa), high-temperature (>820°C) metamorphic rocks
along the subducting Qingling-Dabieshan continental frag-
ment [Zhang et al., 2000; S. Li et al., 2000]. Structure shown
on the Middle Triassic cross section (Figure 11b) within the
Mianlue suture zone is not seen in the study area but is
generalized from where it can be observed farther west along
the Qinling Mountains [Zhang et al., 2001].

5.1. Late Triassic Time (Figure 10a)

[42] During Late Triassic time a foreland basin began to
develop along the southern flank of the Dabieshan. Paleo-
current and compositional data indicate sediment derived
from the orogen was shed southward into the basin. At this
time the source area only included the shallow, supracrustal,
sedimentary part of the Dabieshan core zone including
exhumed oceanic sedimentary rocks of the Mianlue suture.

[43] Isopachs of the Wanglongtan Formation (late Late
Triassic; Figure 10a) [Chen et al., 1996] show a gradual
decrease in thickness toward the south with maximum
thickness in excess of 1 km, delineating the geometry of
the foreland basin. Lithofacies show coarsening toward the
mountain front, where braided streams dominated. Else-
where fluvial deposits fill the exposed parts of the Middle
Yangtze foreland basin.

[44] Much of the eastern part of the foreland basin during
this time was subsequently overthrusted and is not exposed.
Both the facies belts and isopach data, where seen, have
roughly east-west trends that are abruptly cut off by thrusted
older rocks. It is during this time (226—219 Ma) that
ultrahigh-pressure rocks in the Dabieshan core began to
rapidly exhume [S. Li et al., 2000] (Figures 3 and 1lc),
albeit not to the surface, probably related to continued
shortening and crustal thickening during this time.

5.2. Middle Jurassic Time (Figure 10b)

[45] Jurassic was a time of the second rapid exhumation
event (180—170 Ma) (Figure 3) [S. Li et al., 2000] in the
Dabieshan core and shortening along the north and south
flanks of the range. Basin filling in both the Hefei Basin, to
the north, and the Middle Yangtze Basin to the south
occurred throughout Early and Middle Jurassic time. Al-
though Upper Jurassic rocks may be present in the Hefei
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Basin [Liu et al., 2001b], they are absent south of the
Dabieshan. The Hefei Basin contains a range of petrofacies
suggesting repeated episodes of unroofing, including
initial exposure of high-grade metamorphic core rocks,
in the northern part of the Dabieshan. An abundance of
coarse-grained, fluvial deposits suggest significant relief
was developed in the northern core with likely alluvial
fan development along the Shangdan suture (Xinyang-
Shucheng Fault) (F1). The dominance of coarse-grained
fluvial deposits forming successions up to 6 km thick
suggests that while subsidence rates were high, so too was
the abundance of coarse sediment supplied off of the
eroding northern margin of the Dabieshen.

[46] There are those who suggest that Hefei Basin formed
by rifting [Wang et al., 1997, Wang and Cong, 1999];
however, interpretation of seismic data [Zhao et al., 2000]
shows pervasive reverse faults interfingering with Early and
Middle Jurassic deposits in the basin. In addition, the basin
shows a simple asymmetric geometry consistent with flex-
ural subsidence and the basin bounding fault, the Xinyang-
Shucheng Fault, shows an older-over-younger relationship
indicating reverse motion, although this structure may not
have been active during deposition.

[47] To the south of the Dabieshan core, the Middle
Yangtze Basin contains an overall much finer-grained basin
fill than seen to the north. Braid plain deposits are found
along the northern parts of the basin and lacustrine deposits
fill the distal basin (Figure 10b). The comparatively fine-
grained nature of foreland basin fill along the southern flank
of the range indicates an underfilled basin, suggesting that
sediment supply off of the source area was less copious
relative to local subsidence rates than seen at the same time to
the north of the orogen. Total sediment thickness during this
time in the Middle Yangtze Basin was about 1 km, much less
than observed in the Hefei Basin to the north of the orogen.

[48] Composition of basin fill in the Middle Yangtze
Basin at this time is still dominated by supracrustal rocks,
indicating that the basement core of the southern Dabieshan
had not yet reached the surface. While we assume that the
Middle Yangtze Basin formed in a foreland setting based on
basin geometry and overall coarsening upward fill, we
cannot unequivocally demonstrate thrust faults were active
during deposition. Farther west, along the flanks of the
Qinling Mountains, deposits of this age are well exposed
and show an even more strongly developed asymmetry
(reaching up to 3 km thick).

[49] Although the flanking basins appear to record overall
shortening along the margins of the Dabieshan, deformation
within the range core suggests significant extension, and
geochemistry of UHP rocks represents a second rapid
extensional exhumation at the same time [S. Li et al,
2000]. Overall, the geodynamic driving forces for shorten-
ing in this region are a series of long-lived continent-
continent collisions that began with the Shangdan suture
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(late Paleozoic through Middle Triassic), stepped southward
into the Mianlue suture (Middle Triassic through Early
Cretaceous) and may include intracontinental subduction
of the North China plate along the Northern Boundary Fault
of Qinling Range (F4) (Figures la, 2a, and 2d) during
Cretaceous time [Zhang et al., 1997]. Extension may be the
supracrustal response to continued shortening, crustal thick-
ening and isostatic. Unroofing sequences in the flanking
basins suggest that exhumation of the core was greatest
along the northern Dabieshan. In fact, today, the deepest
crustal levels are exposed primarily in the northern part of
the range (Figure 10b).

5.3. Late Jurassic-Early Cretaceous Time (Figure 10c)

[s0] Relatively little sedimentary record from this time is
found in limited areas north and south of the Dabieshan
core. Along the north flank of the range, thrusting continued
to step basinward (northward) over time. Limited exposure
of lacustrine and fan-delta deposition indicate source areas
to the south [J. Sun et al., 2000]. Some have suggested that
during late Early Cretaceous time intracontinental under-
thrusting of the North China plate southward beneath the
Dabieshan took place (Figures 2a and 2e) [Zhang et al.,
1997]. This interpretation is based primarily on seismic
evidence of a steep reverse fault offsetting the Moho [Zhang
et al., 1996]. South of the active part of the thrust belt
between faults of F1 and F20, a series of isolated rift basins
developed within the study area and farther west. These
basins are bounded by normal faults along their southern
margins (Figure la and 2¢). The most complete rift basin
sequence of this time is found near Jinzai (Figure 1a), where
the latest Jurassic deposits include pyroclastic units and
volcanic flows. Above this sequence is an Early Cretaceous
sequence of lacustrine and deltaic units that include sand-
stones that contain fragments of high-grade metamorphic
rocks derived from the core of the range. Geochemistry of
the volcanic rocks in the basins and mafic-ultramafic
intrusions of the same age in the Dabieshan core suggest
derivation in an extensional setting from sources that
include mantle and lower crustal sources [Xu, 1994; Li et
al., 2002; Wang et al., 2002].

[51] South of the Dabieshan, foreland sedimentation was
centered to the west of the study area, into the Zigui Basin,
during Late Jurassic and Early Cretaceous time. Within the
study area, small basin remnants are found near Yichang
(Figure la). Thrusting continued along the south flank of
the range, and deformed the formerly developed foreland
basin deposits in the Late Triassic and Early Middle Jurassic
(Figure 2a) and possibly continued motion on the XGF.

[52] Thus thrust deformation continued along both flanks
of the range while extension dominated the range core. Rift
basins began to form along the north side of the range as
well as extensional, primarily as low-angle, detachment

Figure 10.

(opposite) Tectonic paleogeographic maps of Dabieshan and adjacent regions for (a) Late Triassic; (b) Middle

Jurassic; (c) Late Jurassic; (d) Late Cretaceous; and (e) early Tertiary time. Position of units is not palinspastically restored.
Basement symbols and abbreviations are from Figure 1. Isopachs of the Wanglongtan Formation, late Late Triassic, in the
Middle Yangtze foreland basin are shown in Figure 10a. Area of each map is identical to that shown in Figure 1.
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faults continued to develop in the metamorphic core zone
[Suo et al., 2000]. Extension was penecontemporaneous
with the last episode of rapid exhumation recorded in the
Dabieshan core (130—110 Ma, Figure 3) [Li et al., 2002].

5.4. Late Cretaceous to Early Tertiary
(Figures 10d and 10e)

[53] Shortening across the orogen all but stopped by Late
Cretaceous time, but extension, seen by the development of
rift basins, continued into the early Tertiary. The area over
which extension took place increased with time, eventually
involving the entire orogen. There was a change, however,
in rift fault orientation between Late Cretaceous and early
Tertiary time. The major Late Cretaceous faults trend
parallel to the orogen, with subsidiary cross faults at right
angles (Figure 10d). In early Tertiary time the main basin
bounding faults were transverse to the orogen (Figure 10e).
These transverse structures controlled late stage exhumation
of the Dabieshan core, resulting in abrupt, stepwise changes
in depth of crustal levels exposed along the range. To the
east, the deepest crustal levels are exposed, including the
ultrahigh-pressure rocks and structural windows into high-
grade metamorphic rocks of the Yangtze basement. To the
west, across fault F18 (Figure 1a), there is limited exposure
of deep basement rocks and more preserved Paleozoic cover
rocks are found. This region extends westward to the
Nanyang Basin, an early Tertiary rift basin. Farther west
along the Qinling Mountains even more Paleozoic cover
rocks are preserved.

[s4] The composition of rift basin sandstones and con-
glomerates all across the range and flanking areas show that
deep crustal levels were exposed across the entire Dabieshan
by Late Cretaceous time. Prior to this time high-grade
metamorphic basement source areas were only found along
the north side of the range.

6. Shortening Versus Extension Across
the Dabieshan

[ss] As seen in the paleogeographic maps, the time of
extension in the Dabieshan overlaps, in part, the period of
continued shortening across the range. Shortening in the
Dabieshan was nearly continuous from late Paleozoic time,
when the Shangdan suture formed by continent collision,
through Middle Triassic time, when the Mianlue collisional
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suture formed, on into Cretaceous time. In fact, the Early
Cretaceous may have been the time of most severe shorten-
ing, as seen by the underthrusting of the North China plate
along the Northern Boundary Fault of the Qinling Range and
the thrust of the Dabieshan core zone along the XGF.

[s6] Meanwhile extension across the range seems to have
occurred, at least episodically, as shortening continued
elsewhere in the range. Suo et al. [2000] has dated detach-
ment faulting in the Dabieshan core as beginning around
200 Ma (Early Jurassic). Rift basins began to form locally
along the north side of the core zone in latest Jurassic time
(Figure 10c) and became increasingly pervasive during
Cretaceous into early Tertiary time (Figures 10d and 10e).
Thus it would appear that compression and extension took
place at the same time, although not necessarily at the same
crustal level, in the region. Alternatively, stress fields re-
peatedly fluctuated over time between compression and
extension throughout this period. Regardless, overall the
orogen changed from dominantly shortening in early Meso-
zoic time to dominantly extensional in late Mesozoic to early
Cenozoic time.

[57] The cause of extension is not clear. The region had
undergone a long history of collision and shortening,
including possible initiation of intracontinental underthrust-
ing [Liu, 1997] that likely built a thick crustal root. Isostatic
response to crustal thickening may have led to rock uplift
and extension in shallow crustal levels. As such this process
may have played a role in exhumation of ultrahigh-pressure
metamorphic rocks in the core zone [Suo et al, 2000].
However, isostatic response to crustal thickening alone
seems insufficient to explain more than 100 km of exhu-
mation needed to unroof these UHP rocks from their likely
depth of formation [Hacker et al., 1995]. Nonetheless, it
seems likely to us that prolonged shortening along two
closely spaced collision zones (the Shangdan and Mianlue
suture zones are within ~100 km of each other today)
coupled with evidence of extension at supracrustal levels
may have played some role in exhuming UHP rocks in the
core of the Dabieshan during Mesozoic time.

7. Conclusions

[58] The Dabieshan, in central China, records a prolonged
period of continental collision, shortening, foreland basin
formation and penecontemporaneous extension at shallow

Figure 11.

(opposite) Interpreted cross section showing evolution of Dabieshan from late Paleozoic through early Tertiary

time. (a) Late Paleozoic, showing the major plates and intervening oceans. (b) Early Middle Triassic, showing plate
collision and formation of the Mianlue and Shangdan suture belts. Cross-hatch pattern shows burial and formation of
ultrahigh-pressure (UHP) metamorphic rocks of the Dabieshan core. (c) Late Triassic, showing continued shortening across
Dabieshan, extrusion of UHP rocks, and early development of the Northern Middle Yangtze foreland basin. (d) Jurassic,
showing onset of extension and exhumation of UHP rocks in the Dabieshan core while shortening continues along the
flanks of the range. The Hefei foreland basin forms north of the Dabieshan. (e) Latest Jurassic to Early Cretaceous, showing
continued extensional exhumation of the UHP in the core zone while shortening continues along the range flanks. Rifting
of the northern part of the Dabieshan begins. Underthrusting of the North China plate beneath the Dabieshan (along the
Northern Boundary Fault of Qinling Range) takes place during this time. (f) Late Cretaceous through early Tertiary,
showing regional extension across the entire Dabieshan. Underthrusting of the North China plate ceases during this time.
Abbreviations are as follows: YZ, Yangtze plate; QD, Qinling-Dabieshan plate; NC, North China plate; SDB, southern
Dabieshan; NDB, northern Dabieshan. Cross sections incorporate those shown by Zhang et al. [2001] and Suo et al. [2000].
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crustal levels during Mesozoic time. The timing and style of
tectonism in the region is aided by interpretation of pre-
served basin deposits atop, and adjacent to, the orogen. This
basin-filling history, along with constraints placed by re-
gional structural and petrologic studies, provides the basis
for paleogeographic reconstruction of the area.

[s9] Lithic composition of basin clastics records unroof-
ing of the Dabieshan core suggesting asymmetry of exhu-
mation across the range. To the north of the orogen, a
foreland basin developed in Early Jurassic time, the Hefei
Basin, that tapped source areas in the high-grade metamor-
phic rocks of the northern part of the Dabieshan core. By
latest Jurassic time, foreland deformation migrated to the
north of the Hefei Basin.

[60] Along the southern margin of the Dabieshan, foreland
basin sedimentation of the Middle Yangtze Basin (exposed
today as two subbasins the Dangyang and Southeast Hubei
Basins) began in Late Triassic time and continued through
Middle Jurassic time. By Late Jurassic time, foreland sedi-
mentation had mostly shifted farther west along the southern
Qinling-Dabie orogen. From Late Jurassic through Early
Cretaceous only local sedimentation occurred as thrust faults
continued to deform earlier foreland basin deposits. Unroof-
ing history indicates that only shallow crustal levels in the
Dabieshan and its subjacent (i.e. subsequently overthrusted)
Mianlue suture belt core were exposed during Jurassic time.

[61] Beginning in latest Jurassic time, and continuing
through the early Tertiary, rift basins developed, first locally
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along the northern side of the orogen and then increasingly
pervasive across the entire belt. Lithic composition in rift
basins show that by Late Cretaceous time deep crustal levels
are exposed at the surface across the entire orogen core. In the
core zone, rift basin formation began a long time after the
earliest evidence of extension (~200 Ma) [Suo et al., 2000].
This time lag suggests that although extension may have
developed early in the shortening history of the Dabieshan, it
became increasing common as the orogen continued to grow.
Thus the Dabieshan is an example of an orogen that has
undergone a long, sustained period of shortening (from ~230
to 100 Ma), crustal thickening, isostatic rebound possibly
leading to shallow-level extension across the exhumed tec-
tonic welt. We suspect that the combination of prolonged
shortening across the two nearby suture belts (Shangdan and
Mianlue) played some role in the exhumation of ultrahigh-
pressure rocks from beneath the Dabieshan.
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