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Exhumation of the Dabie Shan ultra-high-pressure rocks 
and accumulation of the Songpan-Ganzi flysch sequence, 
central China 

]" department of Earth and Space Sciences, University of California, Los Angeles, California 90024 

Dav id B. Rowley Department of Geophysical Sciences, University of Chicago, Chicago, Illinois 60637 
Yugan J in Nanjing Institute of Geology and Paleontology, Academia Sinica, Nanjing, China 

ABSTRACT 
The presence of coesite- and diamond-bearing ultra-high-pressure (UHP) metamor-

phic rocks in the Dabie and Sulu regions, central China, suggests that a > 100-km-thick 
crustai section (4 x 10® km3 in volume) has been denuded. This volume is comparable to 
that represented by the 10-15-km-thick Middle to Upper Triassic flysch rocks in the 
Songpan-Ganzi region. Regional geology and radiometric dates are compatible with an 
interpretation that the majority of these sedimentary rocks were derived from denudation 
of the orogenic belt between North and South China blocks following their latest Paleozoic 
to Triassic collision. This correlation implies a high denudation rate of ~ 4 mm/yr that may 
have been in part promoted by tropical precipitation and extreme topographic relief for as 
long as 25 m.y. 

INTRODUCTION 
Recent petrological studies of the Qin-

ling-Dabie-Sulu suture between the North 
and South China blocks have revealed the 
presence of u l t ra- high-pressure (UHP) coes-
ite- and diamond-bearing metamorphic as-
semblages (Fig. 1; Wang et al., 1992; Okay et 
al., 1993). These rocks have attracted a great 
deal of attention because they represent the 
largest exposure of crustai rocks that were 
once buried deeper than 100 km and meta-
morphosed at pressures >30 kbar. Together 
with the other occurrences of nonimpact 
coesites and diamonds f rom Norway, Kha-
zakhstan, and the western Alps, these U H P 
rocks further accentuate the long-standing 
controversy surrounding the mechanisms 

and rates of exhumation of high-pressure 
metamorphic assemblages (e.g., Cloos, 1993). 
Although thermochronologic studies (Li et 
al., 1989; Ames et al., 1993; Eide et al., 1994) 
are beginning to provide important age con-
straints on the exhumation history of the 
U H P rocks from the Dabie Shan, a coherent 
tectonic model is not yet available because 
of the scarcity of the ages and the lack of 
structural constraints. This study uses a dif-
ferent approach by correlating sedimenta-
tion with denudation associated with exhu-
mation of the U H P rocks. 

The amount of material that had to be 
removed to expose the U H P rocks in the 
Dabie and Sulu regions can be estimated to 
be comparable to the Cenozoic rocks in the 

Bengal Fan, the largest sedimentary fan on 
earth (Curray, 1991). Such a large amount 
of denudation from the Qinling-Dabie-Sulu 
suture cannot be accounted for by the sed-
imentary rocks within the North and South 
China blocks, a problem realized by Okay 
and §engor (1992), who suggested that most 
of the sediments were probably carried east-
ward into the Pacific Ocean. Alternatively, 
we hypothesize that as much as 80%-90% of 
the sediments were transported westward 
and deposited in the Songpan-Ganzi rem-
nant oceanic basin (Nie et al., 1993), a view 
shared by Zhou and Graham (1993). The 
Songpan-Ganzi region (Fig. 1) contains the 
largest exposure of Triassic rocks on Earth; 
the total volume is 2.2 X 10s km3, and a 
source area has not been identified before 
(Huang and Chen, 1987). In this paper, we 
present details from regional geology, geo-
chronology, and volumetric estimates in 
support of this hypothesis, which, if correct, 
would allow an independent estimate on the 
denudation rate for the Dabie U H P rocks. 

REGIONAL GEOLOGY 
The Songpan-Ganzi region in the north-

eastern Tibetan Plateau occupies an area of 
~ 2 X 105 km2 , 90% of which exposes Mid-
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Figure 1. Simplified Middle to Late Triassic geography of central China. Paleogeography is modified after Wang (1985). 
Sutures: EKL—East Kunlun, JSJ—Jinshajiang. Ultra-high-pressure terranes: D—Dabie, S—Sulu. A—Anqing, Y—Yidun, GZ— 
Ganzi, SP—Songpan. Numbers 1 and 2 indicate location for Triassic sections in Figure 2. Also shown are Upper Triassic-
Lower Jurassic granites in the Songpan-Ganzi region and Jurassic basins in northern Dabie Shan and Songpan-Ganzi region 
that unconformably overlie older rocks. Stars indicate coesite localities; diamond indicates diamond locality. 
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Section 1 
no record for the Rhaetian, unconformable 
with overlying Tertiary rocks 

Yajiang Formation (3364 m) 

Quartz sandstone, slate. 

Bivalves, plants 

Lianghekou Formation 
(4172-5199 m) 

?1 Slate, siltstone, feldspathic 
sandstone, quartz sandstone 

Bivalves 

ed m Waduo Formation 
j j (3060 - 3605 m) 
s Slate, siltstone, quartz sandstone 

Bivalves, conodonts, 
radiolarians, crinoids, 
brachiopods, gastropods 

Zhuwei Formation 
(504- 1021 m) 
Slate, feldspathic sandstone 

Bivalves, crinoids 

L. Tr. 

Zagunao Fm. (1033 m) 
Slate, quartz sandstone, 
thinly bedded limestone 

Conodonts 
Buozhigou Fm. (145 m) 
Cherty limestone, slate 

Figure 2. Triassic stratigraphic sections from Songpan-Ganzi region. Section 1 is from Yajiang 
(after Hou et at., 1991) and section 2 is from Maqin (after Qinghai Bureau of Geology, 1991). See 
Figure 1 for localities. 

die to Upper Triassic flysch sedimentary 
rocks dominated by slate and quartzo-feld-
spathic sandstone (Fig. 2). Fossils found in 
the rocks include, from bottom to top, am-
monites, bivalves, brachiopods, conodonts, 
gastropods, and plants. They indicate that 
the majority of the 10-15-km-thick units be-
long to the Carnian and Norian stages of the 
Late Triassic (Fig. 2). We note that accu-
rately measuring the thickness in the highly 
deformed Songpan-Ganzi region is difficult, 
and the uncertainties are in part reflected by 
the large ranges of thicknesses shown in Fig-
ure 2. The fossil record indicates a gradual 
shallowing upward from the Middle Triassic 
ammonite- and conodont-bearing deep-ma-
rine facies to the Upper Triassic plant-bear-
ing terrestrial facies, reflecting a progressive 
infilling of the Songpan-Ganzi basin. The 
Triassic rocks are conformably underlain by 
thin (<200 m) pre-Triassic chert, shale, and 
siltstone that were probably deposited on an 
oceanic floor (§engor, 1987). 

The Songpan-Ganzi region is surrounded 
by sutures in all directions except for the 
east, where the Triassic flysch sequences on-
lap the Sinian Triassic slope and platformal 
sedimentary units of the South China block, 

Section 2 
no record for the Rhaetian, disconformable with coal-
and plant-bearing Lower Jurassic sandstone and rhyolites 

5th member (1996-3322 m) 

Graywacke, feldspathic sandstone 
and slate interbeds & limestone lens 

No fossils found 

4th member (756 - 2300 m) 
Graywacke with slate and siltstone 
interbeds, minor limestone near top 

Bivalves and plants 
3rd member (643 - 2100 m) 
Interbeded graywacke and black 
slate, with thin limestone 

Bivalves 

2nd member (1051 - 3500 m) 
Black slate with felspathic 
sandstone interbeds 

Bivalves, crinoids, 
corals 

1st member (1056 - 3541 m) 
Interbeded feldspathic sandstone 
and slate Bivalves, 

corals 

Middle Bayan Har Group (> 3500 m) 

Quartzo-feldspathic sandstone, 
siltstone, slate 

Ammonites, 
bivalves, 
brachipods 

Lower Bayan Har Group (thickness ?) 
Slate and limestone cobbles 

Ammonites, bivalves 

suggesting that the Songpan-Ganzi region 
was probably its oceanic extension (Fig. 1). 
Thus, the Longmen Shan was probably the 
continental shelf-to-slope transition rather 
than a plate boundary. East of the Longmen 
Shan, the South China block contains Low-
er—Middle Triassic shallow-marine and 
Upper Triassic terrestrial rocks (Wang, 
1985). In the southwest, the Songpan-Ganzi 
region is juxtaposed with the Qiangtang 
block across the Jinshajiang and Litang su-
tures. Much of the Qiangtang block contains 
Upper Triassic shallow-marine carbonates, 
whereas the Yidun back-arc basin is domi-
nated by interbedded andesites and shallow-
marine clastic rocks (Ruó et al., 1987). Both 
sutures were closed by latest Triassic time, 
when the Qiangtang block collided with 
Asia. In the northwest, the Songpan-Ganzi 
region is separated from the Qaidam block 
by the East Kunlun suture, which marks a 
north-dipping subduction zone (Fig. 1). In-
terbedded Paleozoic to Middle Triassic an-
desites and shallow-marine carbonate and 
clastic rocks along the southern margin of 
Qaidam are interpreted to have evolved 
with this subduction zone (§engor et al., 
1993). To the northeast, the Songpan-Ganzi 

region is separated from the North China 
block by the Qinling, where upper Paleozoic 
shallow-marine rocks are preserved (Wang, 
1985). 

Scattered outcrops in the Animaqian 
Shan reveal an unconformable relation be-
tween the Lower Jurassic coal-bearing rocks 
and the Triassic flysch (Fig. 1; Qinghai Bu-
reau of Geology, 1991). If this is represen-
tative of the entire Songpan-Ganzi region, it 
implies that folding of the Triassic rocks oc-
curred in the latest Triassic. This is compat-
ible with the widespread 210-195 Ma syn- to 
postkinematic anatectic granitoids within 
the region (Fig. 1) and with latest Triassic 
initiation of overthrusting along the Long-
men Shan at the western margin of the Sich-
uan Basin. This folding marks the final clo-
sure of the Songpan-Ganzi basin. 

The above geologic relation suggests that 
the Songpan-Ganzi region was an oceanic 
basin trapped by two oppositely dipping sub-
duction zones that received a large amount 
of Middle to Upper Triassic sedimentary 
rocks. Furthermore, the immediately adja-
cent regions could not have been the main 
source area, because they either have coeval 
shallow marine rocks or contain a relatively 
complete Paleozoic and early Mesozoic sed-
imentary record; this record suggests an in-
significant amount of denudation. 

TIMING OF NORTH AND SOUTH 
CHINA COLLISION AND 
EXHUMATION OF DABIE UHP ROCKS 

Estimates of the timing of the North and 
South China collision range from the middle 
Paleozoic (Mattauer et al., 1985) to the ear-
liest Mesozoic (Wang et al., 1982; Klimetz, 
1983; §engor, 1987). In two recent discus-
sions (Yin and Nie, 1993; Nie and Rowley, 
1994), we cited several stratigraphic lines of 
evidence to argue that there could not have 
been a major middle Paleozoic continental 
collision along the northern margin of the 
South China block, simply because it con-
tains a continuous Sinian to Middle Triassic 
marine record. The stratigraphic data fur-
ther suggest that the collision happened di-
achronously from east to west, similar to the 
model of Zhao and Coe (1987), on the basis 
of paleomagnetic results and compatible 
with the paleogeography of the overriding 
North China block, having a highland (the 
Paleo-Huabei plateau) in the east and a ma-
jor lake (the Ordos) in the west in the early 
Mesozoic (Figs. 1 and 3). Strong support for 
an early Mesozoic collision also comes from 
newly obtained 230 ± 30 Ma metamorphic 
ages from the Dabie and Sulu regions (Li et 
al., 1989; Ames et al., 1993; Okay et al., 
1993; Eide et al., 1994). 

As to the timing of the exhumation of the 
UHP rocks, we know that peak metamor-
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Figure 3. Sketch illustrating postcoliisional evolution of Dabie Shan and exhumation of ultra-high-pressure rocks (mod-
ified after Okay and Çengôr, 1992). Numbers 1, 2, and 3 indicate progressive southward activation of thrusts (A). Ultra-
high-pressure metamorphic assemblages are brought up to surface by thrusting and rapid erosion (B). Erosional products 
are then transported westward to Songpan-Ganzi remnant oceanic basin. 

phism occurred around 240 ± 10 Ma (Wang 
et al., 1992), and that the phengite 40Ar/39Ar 
dates of 195-230 of Eide et al. (1994) imply 
that the UHP rocks may have ascended to 
shallow crustal depths by the Early Jurassic. 
There is no direct data control on when the 
UHP rocks reached the surface. Circum-
stantial evidence suggests that by the Middle 
Jurassic some high-grade metamorphic rocks 
were exposed at the surface, on the basis of 
conglomerates found in the Anqing area 
south of the suture, whereas in northern Da-
bie Shan, a Middle-Late Jurassic basin un-
conformably overlies the metamorphic 
rocks and contains mylonitic cobbles (Fig. 1; 
Anhui Bureau of Geology, 1987; B. Hacker, 
personal commun.). 

VOLUMETRIC ESTIMATES 
Regional presence of the UHP rocks in 

the Dabie and Sulu regions suggests that a 
significant part of that area was raised from 
below 100 km (Wang et al., 1992; Okay et 
al., 1993). Okay and §engor (1992) esti-
mated the amount of denudation as 1.6 X 
106 km3 for the Dabie Shan alone, using a 
wedge model of 160 km wide and 100 km 
deep that pinches out westward over a 400 
km distance. On the basis of the localities of 
coesites and quartz pseudomorphs, we esti-
mate that half of the Sulu region (with an 
area of 4.8 X 104 km2) has undergone UHP 
metamorphism and been brought up subse-
quently. Therefore, an additional volume of 
2.4 X 106 km3 can be estimated to give a 
total volume of about 4 X 106 km3. This 
figure is probably an underestimation, be-
cause it has taken into account only the re-
moval of the vertical column immediately 
above the UHP terrane. If the lateral sec-
tions that were involved in thrusting and 
subsequent erosional denudation are also 
included, the total volume of denudation 
can be higher by as much as 50%-100% 
(Rowley, 1994; Fig. 3). 

The area of the Songpan-Ganzi region 
covered by the Middle-Upper Triassic 

flysch sequence is estimated at 2 X 105 km2 

(Fig. 1); the thicknesses range from 10 to 15 
km, and the total volume is 2-3 X 10fi km3. 
This estimate is smaller than but compara-
ble with the amount of denudation from the 
Qinling-Dabie-Sulu suture. These numbers 
should be regarded as only a first-order ap-
proximation because of the many assump-
tions and uncertainties, some of which can 
be significant. For example, surface geology 
suggests that substantial shortening has oc-
curred in the Songpan-Ganzi region and 
thus the present surface area is only a min-
imum for this basin. If we use crustal short-
ening of 50%, as estimated for Cenozoic de-
formation within the Tibetan Plateau 
(Chang et al., 1986), the size of the Songpan-
Ganzi basin would be doubled and the vol-
ume would be 4 - 6 x 106 km3 for the Mid-
dle-Upper Triassic rocks. However, the 
density of the denuded lower crust rocks 
from the Qinling-Dabie-Sulu suture should 
be higher than that of the sedimentary rocks 
by as much as 10%-20%. We also do not 
know what part of the Yellow Sea, East 
China Sea, and Korean Peninsula should be 
included as continuation of the Qinling-
Dabie-Sulu suture, which may also have 
been significantly denuded. Regardless, the 
above estimates suggest that (1) both the 
volume of material denuded from the suture 
zone and that of the Middle-Upper Triassic 
sedimentary rocks within the Songpan-
Ganzi region are unusually large, and (2) 
these two numbers are of the same order of 
magnitude. 

DISCUSSION 
Studies of modern river systems suggest 

that surface denudation is controlled by 
three main factors, local topographic relief, 
amount of annual precipitation, and rate of 
surface uplift (Summerfield, 1991). Ahnert 
(1970) showed that a linear relation exists 
between topographic relief and surface de-
nudation. Ohmori (1983) suggested that an-
nual precipitation and surface denudation 

are generally positively correlated, except 
for the intermediate precipitation rates be-
cause of the surface protection effect of rain 
forests once they are developed. The posi-
tive correlation between surface uplift and 
denudation is supported by the observation 
that regions with the highest surface uplift, 
such as the Southern Alps of New Zealand, 
also have the highest rates of surface denu-
dation (—5-8 mm/yr; Summerfield, 1991), 
although this correlation is difficult to quan-
tify because of the complexities associated 
with differentiating the interplay of surface 
uplift, rock exhumation, and isostatic re-
bound (England and Molnar, 1990). In the 
Dabie and Sulu regions, all three factors ap-
pear to favor very rapid denudation. Data 
from paleomagnetism (Zhao and Coe, 
1987), phytogeography, and paleoclimatol-
ogy (Nie et al., 1990) lead us to suggest that 
both the North and South China blocks were 
at equatorial latitudes during Permian-Trias-
sic time. The presence of coesites and met-
amorphic diamonds suggests that continen-
tal crust of the South China block was 
subducted beneath the North China block 
more than 100 km, deeper than that of the 
downgoing subduction slab of the Indian 
plate underneath the Tibetan plateau, as re-
vealed by recent deep seismic reflection 
(Zhao et al., 1993). Thus, it is possible that 
the Dabie Shan reached heights similar to, if 
not greater than, that of the Tibetan pla-
teau, because it represented the leading 
mountain range for the early Mesozoic Pa-
leo-Huabei plateau (Fig. 3). Therefore, the 
local relief around the Dabie Shan in the 
Triassic could have been extraordinary, 
given the height of the Dabie Shan and the 
near sea level elevation of the northern 
South China block (Fig. 1). 

Correlating denudation of the Dabie 
Shan with accumulation of the Songpan-
Ganzi flysch sequences provides an inde-
pendent estimate of denudation rate. Fig-
ure 2 shows that the thickness of the sedi-
ments for the Carnian and Norian (i.e., 235-
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210 M a f r o m the t ime scale of H a r l a n d et al., 
1990) r ep resen t s t he major i ty of the en t i re 
M i d d l e - U p p e r Triassic sect ion. T h e r e f o r e , 
by assuming tha t t hese sed imen t s w e r e de-
rived f r o m d e n u d a t i o n of t he Qinl ing-
Dabie -Su lu su tu re a n d t r anspo r t ed instan-
taneous ly t o t he S o n g p a n - G a n z i basin, we 
ob ta in an average d e n u d a t i o n r a t e of abou t 
4 mm/yr to br ing u p t he U H P rocks f r o m 
be low 100 k m in ~ 2 5 m.y. by tec tonic p ro-
cesses t ha t a r e n o t yet u n d e r s t o o d . 

It is less likely tha t mos t of t he s ed imen t s 
d e n u d e d f r o m the D a b i e S h a n w e r e car r ied 
eas t in to t he Pacific (Okay a n d §engor , 
1992) because (1) r ecen t o f f shore drill ing 
has revea led only th in ( < 5 0 0 m ) Triassic 
and Jurass ic sed imen ta ry uni ts in t he Yel low 
Sea a n d Eas t Ch ina Sea (Edi tor ia l C o m m i t -
tee , 1990) a n d (2) an A n d e a n - t y p e marg in 
existed a long t he ea s t e rn marg in of Ch ina 
f r o m the L a t e P e r m i a n t o t he C r e t a c e o u s in 
r e sponse t o t he wes t -d ipping Pacific subduc-
t ion (§engor e t al., 1993). Th i s a rc was p rob -
ably pa r t of a no r th - t r end ing m o u n t a i n 
cha in tha t was un favorab le to m a j o r east-
wa rd sed imen t t r anspor ta t ion , ana logous to 
t he p re sen t s i tua t ion in wes te rn Sou th 
Amer i ca . In cont ras t , the S o n g p a n - G a n z i 
ocean ic bas in in t he west p rov ided an ideal 
site fo r the s ed imen t s carr ied by t he longi-
tudina l r ivers tha t may have deve loped 
sou th of a n d paral le l t o t he Qin l ing-Dabie -
Sulu su tu re (Fig. 3). Th i s is similar t o t he 
p r e s e n t G a n g e s River a n d t he Benga l F a n 
system a c c o m m o d a t i n g sed imen t s der ived 
f r o m the Himalayas a n d t he T i b e t a n P l a t eau 
( G r a h a m et al., 1975; B u r b a n k , 1992). T h e 
wes tward sed imen t t r anspor t may have b e e n 
f u r t h e r a ided by t he d i ach ronous east t o 
west collision b e t w e e n t he N o r t h a n d t he 
Sou th Ch ina blocks. 
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