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ABSTRACT amphibolite, and amphibolite facies. Epidote-

A 500-km-long belt of metamorphic exposures in the Qiangtang block provides an oppor- blueschists commonly exhibit a greenschist facies
tunity to study the internal structure of northern Tibetan crust. Metamorphic rocks exposed at two overprint. However, nonretrograded blueschists
widely separated areas along this belt consist of blueschist-bearing melange and are bounded hyere observed near Gangma Co. Also in the
Late Triassic—Early Jurassic, domal, low-angle normal faults. We propose that this melange wasGangma Co melange is a coherent sliver of
underplated to the Qiangtang block and was subsequently exhumed by detachment faulting; bothgarnet-amphibole gneiss. We separated 12 zircons
the underplating and the exhumation occurred during early Mesozoic southward subduction of from the latter (sample 5-30-98-3a) that yielded
oceanic lithosphere along the Jinsha suture. This model predicts that the deeper crust of much ofJ-Pb ion-microprobe ages that range from ca.
northern Tibet consists of accretionary melange, in contrast to the continental crystalline crust of 419 to ca. 556 Ma (see Quidelleur et al., 1997, for
southern Tibet, and may account for north-south variations of Cenozoic tectonism in Tibet. analytical methods).

The contacts between metamorphic rocks and
Keywords: Tibet, Qiangtang, blueschist exhumation, melange, crustal structure, detachment fauttglying Paleozoic-Triassic low-grade strata in
the Shuang Hu and Gangma Co areas were pre-
INTRODUCTION near Gangma Co (34°N, 84°E)'at the eastern viously mapped as nonconformities (Cheng and
In contrast to southern Tibet, the Tibetarand western margins of the belt, respectivelXu, 1986). However, on the basis of our mapping
plateau north of the Bangong-Nujiang suturéFig. 1B). Here we present field mapping, geoat a scale of 1:100 000, we interpret these con-
(Fig. 1A) exhibits a high crustal Poisson’s ratichronologic, and petrologic data that sugges#cts to be domal, low-angle normal faults (i.e.,
(Owens and Zandt, 1997), widespread late Centhat the Qiangtang metamorphic belt consistdetachment faults), as described in the following.
zoic volcanism (e.g., Deng, 1978), and localizedf underplated blueschist-bearing melange of
Eocene and younger thrusting (Coward et alearly Mesozoic age and represents parts &along Detachment, Shuang Hu Area
1988; Song and Wang, 1993). Although these difiorthern Tibetan deeper crust that were ex- Near Shuang Hu, the Falong detachment
ferences have been attributed to mantle proces$esned by Late Triassic—Early Jurassic low-anglgixtaposes mylonitic schists and gneisses in the

during the Indo-Asian collision (e.g., Molnar normal faults. footwall against Triassic strata in the hanging
et al., 1993; Owens and Zandt, 1997), a contri- wall (Fig. 2). Undeformed granodiorites crosscut
bution from north-south variations in TibetanLITHOLOGY AND STRUCTURE OF the mylonitic foliation in the footwall, and an un-
crustal structure remains untested. This is mainRIANGTANG METAMORPHIC BELT deformed granitoid is cut by the detachment in
because of the scarcity of studies of basement ex-The lithologies, mineral assemblages, and outhe western part of the map area (Fig. 2). The
posures in northern Tibet. crop appearance of metamorphic rocks in théalong detachment cuts the Qiage La thrust sys-

In the central Qiangtang block, metamorphiShuang Hu and Gangma Co areas are similartem, which repeats Triassic strata in the hanging
rocks are exposed in the core of an ~500-km-lortgose described for accretionary melangesall of the detachment (Fig. 2), and is cut by the
by ~300-km-wide anticlinorium that involves formed at convergent-plate margins (e.g., Cloosputheast-dipping Qiagan and Shuang Hu high-
low-grade Paleozoic and younger strata on thE982). They are characterized by variablangle normal-fault systems (Fig. 1B).
limbs (Fig. 1B). Blueschists have been docudeformed meter- to kilometer-scale blocks of On average, mylonitic lineations in the foot-
mented at several localities within this belimafic and ultramafic lithologies enveloped in avall of the Falong detachment trend approxi-
(Cheng and Xu, 1986; Hennig, 1915; Li et al.schistose matrix. Matrix lithologies are poorlymately east-west and have shallow plunges
1995) (Fig. 1B). Metamorphic rocks in theexposed, but appear to range from quartz + whi{€ig. 2). S-C fabrics, asymmetric mesoscopic
Qiangtang block have been interpreted to repreaica + feldspar to mafic schists, with minor calcfolds, kink bands, and ductile normal faults in the
sent pre-Devonian basement (Cheng and Xailicate and pelitic schists. The mafic schists cordetachment footwall consistently indicate top-to-
1986), a Triassic suture zone (Li et al., 1995), dain green amphibole + epidote + albite + quartthe-east shear. Hanging-wall transport to the east
a collapsed Early Permian—Late Triassic exterand suggest final recrystallization in the greerrelative to the footwall is consistent with outcrop-
sional basin (Deng et al., 1996). schist facies. Lesser deformed metabasites occur

Questions regarding the tectonic significancas erosionally resistant blocks in the matrix. The-r——— ) ) )
of the Qiangtang metamorphic belt and itsontain mineral assemblages that are charactei  -CSA Data Repository item 20007, Abbreviated

. . . o ) . U-Pb ion-microprobe arf§Ar/3%r data tables, is avail-
p_otentlal for exposing deeper crust of_ northgrnc of metamorphlsm in the epldoFe-queschlsable on request from Documents Secretary, GSA, P.O.
Tibet motivated us to conduct geologic studiegblue amphibole + epidote + albite + sphenpox 9140, Boulder, CO 80301, editing@geosociety.org,
near the town of Shuang Hu (33°N, 89°E) and Fe-oxides + quartz), greenschist, epidoteor at www.geosociety.org/pubs/drpint.htm.

Data Repository item 20007 contains additional material related to this article.
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scale, east-southeast—dipping brittle normalhese structural characteristics of the FalonGangma Co Detachment

faults that cut Triassic limestone directly aboveletachment are similar to those of low-angle The Gangma Co detachment juxtaposes
the detachment (Fig. 2). Directly beneath theormal faults associated with metamorphic cormelange in its footwall against Upper Carbonifer-
detachment, a 10—20-m-thick zone of chloriticomplexes of the North American Cordilleraous strata in its hanging wall (Fig. 3). An un-

breccia is present at several localities (Fig. 2Je.g., Davis and Lister, 1988).
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Figure 1. A: Map showing major blocks of Tibet and approximate locations of intervening suture
zones. BNS—Bangong-Nujiang suture, JS—Jinsha suture, KF—Karakorum fault, ATF—Altyn
Tagh fault. B: Tectonic map of Qiangtang block based on geologic map of Cheng and Xu (1986)
and our observations. Blueschists have been documented near Guogang-ja-nian Shan
(Hennig, 1915), Shuang Hu, Qiagan, Gangma Co, Gang-tang Co, and Jiaomu Gangri (Li et al.,
1995). Dashed-line faults are interpreted; solid-line faults were observed by us in the field and
extrapolated along strike by using map of Cheng and Xu (1986).
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deformed granitoid crosscuts the foliation in the
detachment footwall (Fig. 3), and undeformed
granitoids were observed to intrude both hanging-
wall and footwall lithologies ~10 km southeast of
Gangma Co. Sense of shear indicators in footwall
schists are less well developed than those near
Shuang Hu. However, approximately north dip-
ping high-angle normal faults with northeast-
trending striae were observed in hanging-wall
strata directly above the detachment and may
indicate northeast transport of the hanging wall
relative to the footwall. The Gangma Co detach-
ment is imbricated by the north-dipping Gangma
Gangri thrust system (Fig. 3), which places meta-
morphic rocks and Carboniferous strata over
lower Tertiary red beds. En echelon quartz veins
in hanging-wall strata and asymmetric folds in
Tertiary strata suggest that the hanging wall
moved southward with respect to the footwall.

PETROLOGY OF BLUESCHISTS AND
TIMING OF DETACHMENT FAULTING
Amphibole compositions in epidote blue-
schists may constrain whether they were meta-
morphosed in a subduction zone. Sodic amphi-
boles in epidote blueschists from the Shuang Hu
area are magnesio-riebeckite in composition,
whereas those near Gangma Co are more glauco-
phanic (Fig. 4). Glaucophane-rich amphibole and
epidote in mafic rocks are stable at relatively low
temperatures and elevated pressures (350-550 °C
and 8-17 kbar; Evans, 1990) characteristic of
subduction zones. Although magnesio-riebeckite
and epidote are stable at pressures as low as 5 kbar
(Evans, 1990), compositions of coexisting calcic
and sodic-calcic amphiboles in Shuang Hu epi-
dote blueschists provide a steep array on a Na# vs.
Al# plot (see caption, Fig. 5) and imply that they
were also metamorphosed at pressures and tem-
peratures characteristic of subduction zones. Fur-
thermore, their Na# and Al# values are similar to

<
<

Figure 2. Simplified geologic map and cross
section of Shuang Hu area. Qal—Quaternary
alluvial deposits; Tra—lowermost Triassic car-
bonate unit; Trb—Triassic greenschist facies
volcanic rocks overlying interbedded volcanic
rocks, calc-silicates, siltstone, and shale; Trc—
Triassic fossiliferous limestone; Trd—upper-
most Triassic unit of fluvial mudstone, sand-
stone, and conglomerate; sch—mylonitic
schists and gneisses; mf—metabasites; gri—
granitoids in detachment footwall; gr2—un-
deformed granitoid in detachment hanging
wall. Stratigraphic age assignments were
made by correlating lithostratigraphy in study
area with nearby, biochronologically dated sec-
tions of Cheng and Xu (1986). Contour interval
=200 m. Lower hemisphere, equal-area stereo-
net shows orientations of mylonitic lineations
in detachment footwall (solid circles) and
normal faults observed in hanging-wall strata
directly above detachment (great circles).
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Figure 3. Simplified geologic map and cross section of Gangma Co area. Qal—Quaternary
alluvial deposits; T2—Tertiary conglomerate; T1—lower Tertiary sandstones and conglomerates
(Kangtuo Formation; Cheng and Xu, 1986); C—Upper Carboniferous quartzite, interbedded silici-
clastic and volcaniclastic rocks, and thick-bedded fossiliferous limestones (Zhanjin Formation;
Cheng and Xu, 1986; Li and Zheng, 1993); sch—schistose unit that contains blocks of mafic and
ultramafic lithologies; amp—garnet-amphibole gneiss; gr—undeformed granitoid; sill—mafic
sill; mf—mafic and ultramafic lithologies. Latter lithologies (mf unit) were not mapped separately
but are shown on cross section to illustrate their structural relationships with schistose rocks.
Contour interval = 200 m.
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Figure 4. Compositions of sodic amphibole in
four samples of epidote blueschists from
Shuang Hu and Gangma Co areas. Points
plotted are single electron-microprobe spot
analyses.
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Figure 5. Plots of Na# [100 x Na/(Na + Ca)]
vs. Al# [100 x Al/(Al + Si)] for single electron-
microprobe spot analyses of calcic and
sodic-calcic amphiboles in two samples of
epidote blueschists from footwall of Falong
detachment. Compositional ranges of amphi-

those of calcic and sodic-calcic amphiboles frora footwall schist (sample 97-6-9-4b; Fig. 2) yield®oles from high-, medium-, and low-pressure
the Rand Schist of southern California (Jacobsotgtal-gas and isochron ages of 202.8 + 0.7 ar(P) facies series are from Laird and Albee

1995). This similarity is interesting because, lik203.9 + 0.2 Ma, respectively. We interpret the

(1981); high-pressure field is characterized by
amphibole compositions from Sanbagawa

those in the Qiangtang block, epidote blueschistaica ages to reflect cooling of footwall rocksynd Eranciscan terranes. Dashed line out-

of the Rand Schist are exposed in an intracontituring slip along the detachment ca. 204 Ma.
White mica from a quartz-mica schist (samplepidote blueschists of Rand Schist (Jacob-

nental setting (Jacobson et al., 1996).

lines range of amphibole compositions from

Crosscutting relationships in conjunction with5-29-98-3) and biotite from a pelitic schist (samplS°™: 1995).
40Ar/3%r thermochronometry and ion-micro- 5-30-98-9c¢) in the footwall of the Gangma Cc

probe studies of zircon indicate that slip on thdetachment yield total-ga®$Ar/3%Ar ages of

Falong detachment occurred between ca. 220 and

ca. 204 Ma (see footnote 1). The Falong detac

ment cuts a granitoid in its hanging wall (samp S

97-6-19-2; Fig 2) with a weighted mea 0 100 km
208pp*/238 jon-microprobe zircon age of 220 4

1 Ma. The*Ar/3%Ar analyses of K-feldspar and
biotite provide a minimum crystallization age c
ca. 204 Ma for an undeformed granodiorite th

Qiangtang core
Qiangtang complexes
block

/ future
“ Kunlun
suture

Kunlun

intrudes the mylonitic fabric in the footwall of the
detachment (sample 97-6-9-5; Fig. 2). Tt
K-feldspar yields a spectrum with apparent ag

underplated melange

Songpan-Ganzi
flysch complex

that range from ca. 183 to ca. 202 Ma over the |

~95% of3%Ar released and the biotite provides Figure 6. Schematic diagram illustrating origin and exhumation of Qiangtang blueschist-bearing
total-gas age of 204.3 + 0.5 Ma. White mica fronmetamorphic complexes during Late Triassic—Early Jurassic time. See text for discussion.
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205.8 + 0.3 Ma and 222.8 + 0.4 Ma, respectivelgubduction. This model is similar to that pro-Deng, W., 1978, A preliminary study on the petrology

(see footnote 1). However, both samples exhibitosed for the origin and exhumation of the ~ and petrochemistry of the Quaternary volcanic
significant age gradients over the initial ~30% oPelona-Orocopia-Rand Schists of southern Cali- g’gglsogcr;ogi?ﬁég T,'bg %’tgzgﬂ%uzs(irﬁ%%?h (';Cé?

3Ar released. Our interpretation of the mica agéornia (Jacobson et al., 1996). Low-angle subpeng, W., Yin, J., and Guo, Z., 1996, Basic-ultrabasic
spectra is that the schists may have undergodaction necessary for underplating is supported  and volcanic rocks in Chagbu-Shuanghu area of
cooling or recrystallization in the 200—240 Maby the occurrence of blueschists in the Qiang-  northem Xizang (Tibet), China: Science in China,

time frame. These data are compatible with slitang block >200 km south of the Jinsha suturg,, ser. D, v. 39, p. 359-368,

. . . . ey, J. F., Shackleton, R. M., Chengfa, C., and
along the Gangma Co detachment during Lai&ig. 6). Garnet-amphibole gneiss near Gangma \)(/iyin S. 1988 The tectonic evolu%ion of the

Triassic—Early Jurassic time. Co may be a sliver of Pan-African basementthat  Tibetan Plateau: Royal Society of London Philo-
was tectonically eroded from the base of the  sophical Transactions, v. 327, p. 379-413.
DISCUSSION AND CONCLUSIONS Qiangtang block and incorporated into th&vans. B. W., 1990, Phase relations of epidote-blue-

. . . . . schists: Lithos, v. 25, p. 3-23.
Because the metamorphism and lithologies ofielange during low-angle subduction. Harris, N. B. W., Ronghua, X., Lewis, C. L.,

metamorphic rocks exposed between Shuang HuOur tectonic model for the origin of Qiangtang Haweksworth, C. J., and Yuquan, Z., 1988, Iso-
and Gangma Co (Cheng and Xu, 1986; Li et almetamorphic rocks predicts that much of the  tope geochemistry of the 1985 Tibet Geotraverse,
1995) are similar to those observed in the footdeeper crust of northern Tibet is composed of ~ Lhasa to Golmud: Royal Society of London
walls of the Falong and Gangma Co detachmentsarly Mesozoic melange. This melange may bﬁ nn'if;‘fsigggaﬂi”;?ggfafﬁi! uand7 ’Gpéozlggéz\?osﬁ
we infer that the Qiangtang metamorphic belt corweaker than the continental basement rocks of " gy qyest Tibetn Hedin, S., ed., Southern Tibet,
sists primarily of melange. Much of this melangehe southern Tibetan deeper crust (e.g., Harris et Volume 5: Stockholm, Norstedt, p. 220.
may also occur in the footwalls of early Mesozoial., 1988). This difference may (1) explain whydacobson, C. E., 1995, Qualitative thermobarometry of
detachment faults. This setting explains apparenttyustal shortening was localized in northern Tibet ~ inverted metamorphism in the Pelona and Rand
contradictory map relationships and thermoeluring the Indo-Asian collision (Coward et al Schists, southern California, using calciferous
A y p ; p . 9 - "V amphibole in mafic schist: Journal of Metamor-
chronologic data from the Qiagan area (Fig. 1B}.988; Song and Wang, 1993), while the Lhasa  phic Geology, v. 13, p. 79-92.
which imply unmetamorphosed Permian stratblock underwent only minor Cenozoic shortendacobson, C. E., Oyarzabal, F. R., and Haxel, G. B.,
overlying blueschists that yield a 223 = 4 Mang (Coward et al., 1988; Murphy et al., 1997), 1996, Subduction and exhumation of the Pelona-

40Ar/39%r age for crossitic amphibole (Li et al.,and (2) partially account for the high crustal 8;%?§pia\-/R2aTd zzgi;s;ssbsouthern California:
1995). Other blueschist exposures are also mappedisson’s ratios of northern Tibet (Owens angy;q 3. ang),l&lb'ee 'Ap_ L., 1981, Pressure, temperature

as being nonconformably overlain by CarboniferZandt, 1997). In addition, water-rich melange in  and time indicators in mafic schist: Their applica-
ous-Triassic strata (Cheng and Xu, 1986). If wehe northern Tibetan crust may have been sub-  tion to reconstructing the polymetamorphic his-
assume that they share a metamorphic histodycted to mantle depths along major Tertiary ~ tory of Vermont: American Journal of Science,

similar to that in the Shuang Hu, Gangma Co, artthrust systems, such as the Fenghuo Shan thrggc V‘(,izn%l’zf]éﬁéﬁﬂfég3 Paleozoic stratigraphy in

Qiagan areas, a 500-km-long belt of extensionaklt, and assisted partial melting of the northern’  the Qiangtang region of Tibet: Relations of the
metamorphic core complexes in the central Qian@ibetan lithosphere. This would further increase  Gondwana and Yangtze continents and ocean
tang block is suggested (Fig. 1B). An origin relatethe Poisson’s ratio and explain the widespread ~ closure near the end of the Carboniferous: Inter-

to detachment faulting is also consistent with th€enozoic volcanism (e.g., Deng, 1978) in this, nfitrig:acl G;glzgyzgsgirﬁ‘g’é‘@ 3a5r'] dp'vjrgz,fﬁ“'
domal geomet_ries of the m_etamorphic exposuresea. These in_ferences suggest th_at Fhe Mesozoic "1995’ Ysu]dy on the paleo-fetHys suture zone of
on both the regional geologic map (Cheng and Xgrustal evolution of southern Asia influenced Lungmu Co-Shuang Hu, Tibet: Beijing, Geolog-
1986) and satellite imagery. both the location and style of Cenozoic tectonism  ical Publishing House, 131 p.

Our study of Qiangtang melange requires thaturing the Indo-Asian collision. Molnar, P., England, P., and Martinod, J., 1993, Mantle

. . . dynamics, uplift of the Tibetan Plateau, and the
it formed in a subduction zone and was benea'targcKNOWLEDGMENTS India monsoon: Reviews of Geophysics, v. 31,

Carboniferous-Triassic strata prior to Late Trias-"\ye tank M. Grove (University of California, Los p. 357-396. _ )

sic—Early Jurassic detachment faulting. Late Triangeles) and M. T. Heizler (New Mexico Bureau ofMurphy, M. A.,Yin, A., Harrison, T. M., Durr, S. B.,
assic radiolarian fossils in cherts (Deng et alMines and Mineral Resources) for assistance with ~ Chen, Z., Ryerson, F. J., Kidd, W. S. F., Wang, X.,
1996) and blocks of Permian and CarboniferodAr/*Ar analyses. This research was funded by a U.S. alnd Zhou, txtr}%?b Dt'd thf“ :ndo;Agan |C°"'5'°25
. . . L . i i i -08- alone create the l1pbetan plateau?: Geology, V. y
lithologies (Li et al., 1995) within Qiangtang National Science Foundation grant (EAR-98-05340), p ay.

. student grants from the Geological Society of America ~ P- 719-722. o
metasedimentary rocks suggest that the lateg{y american Association of Petroleum GeologistsOWwens, T. J., and Zandt, G., 1997, Implications of

stages of melange formation were Late Triassind by the National and CAS Tibet Research Project. ~ crustal property variations for models of Tibetan
and younger. Therefore the melange is too yourfgy Hacker, A. Okay, and an anonymous reader provided _ Plateau evolution: Nature, v. 387, p. 37—43.

_ - onstructive reviews. Quidelleur, X., Grove, M., Lovera, O. M., Harrison,
to be pre-Devonian basement (Cheng and X6¢ T.M.,Yin, A., and Ryerson, . J., 1997, Thermal

1986) and too old to be related to post-EarlgerereNCES CITED evolution and slip history of the Renbu Zedong
Jurassic consumption of oceanic crust along thgheng, J., and Xu, G., 1986, Geologic map of the Gaize  thrust, southeastern Tibet: Journal of Geophysical
Bangong-Nujiang suture (Yin et al., 1988). region with report: Tibetan Bureau of Geology Research, v. 102, p. 2659-2679.
Rather, the Late Triassic age of melange forma; and Migg;al Ffesourcles' 369 p. (in _chilnes%). i Song’tT"t.and ang. X. 19?3’ Sdtmcm{.a' Stlyflesltand
L . oos, M., 1982, Flow melanges: Numerical modeling stratigraphic patterns of syndepositional raults in
tion is coeval with closure of the Songpan-Ganf and geologic constraints on their origin in the Fran- & contractional setting: Examples from Quaidam
ocean between the Qiangtang and Kunlun blocks  ciscan subduction complex, California: Geological basin, northwestern China: American Associa-
(e.g., Dewey et al., 1988). Society of America Bulletin, v. 93, p. 330-345. tion of Petroleum Geologists Bulletin, v. 77,

We propose that the Qiangtang metamorph@owaédMM- Pa ?r? ¢ WHS'lgésp'ar?{ Y"t ShtaCkleﬁrT in Jp'>1<82311|_7it'1 C.,and Li, H., 1988, The Tibetan
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