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Recent thermochronologic data from the Annapurna
region of central Nepal show very young ages in the
footwall of the Main Central Thrust (MCT), with late
Miocene-Pliocene Th/Pb monazite ages especially com-
mon 5-15 kilometers south of the MCT (Catlos et al.,
2001). These data can be explained with several dif-
ferent models, including: 1) Reactivation of the MCT
and its splays in Miocene-Pliocene time with motion
on some faults continuing to the present (e.g. Catlos
et al., 2001); 2) Growth of a duplex beneath the MCT
that passively lifted both the footwall and the hang-
ingwall of the MCT in Miocene-Pliocene time (e.g. De-
Celles et al., 2001); 3) A combination of MCT reacti-
vation and duplex growth. When combined with struc-
tural mapping, our pilot dataset of in situ monazite
Th/Pb ages from hangingwall and footwall rocks in the
Madi Khola allows us to begin to validate aspects of
some models and eliminate others. Our structural and
thermochronologic interpretations are enhanced by Nd
isotopic analyses that accurately constrain the location
of the MCT (defined as the crustal boundary between
Lesser Himalayan and Greater Himalayan rocks). We
use Nd isotopes to map the MCT across the 60 kilo-
meters between the Modi and Marsyandi Rivers based
on previous studies that showed that Lesser Himalayan
rocks contain more radiogenic Nd than Greater Hi-
malayan rocks. In addition to identifying potential
structural modifications of the MCT, our map will be
useful for future studies in the Annapurna region be-
cause the critical task of locating the MCT is not al-
ways straightforward in the field.
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At both the eastern and western terminations of
the Himalaya, strong coupling between surface and tec-
tonic processes is manifested in the development of ac-
tive antiforms in close proximity to large river gorges.
In southeastern Tibet the peaks Gyala Peri and Nam-
che Barwa occupy a metamorphic massif that shows re-
markable similarities to the Nanga Parbat massif in NW
Pakistan, including exposure of high-grade gneisses in-
truded by Plio-Pleistocene granites. Nanga Parbat has
been proposed to constitute a ’tectonic aneurysm’ in-
volving erosionally focused strain and related meta-
morphic reworking. As the Namche Barwa/Gyala Peri
massif appears to be quite similar to Nanga Parbat
in its geology and geologic setting, we suggest it has
a similar origin. Most information to date has been
reported from Namche Barwa, with Gyala Peri re-
maining largely unexplored. Here we report observa-
tions from a well-exposed section along the western
margin of Gyala Peri. In the west near the Lulang
River, a brittle fault zone up to 1 km wide juxta-
poses a metasedimentary/mylonite section on the east
against Lhasa/Gandese gneisses and granitoid rocks to
the west. The steeply dipping fault zone shows a dom-
inantly east-up (reverse) sense of brittle motion. The
lower portion of the Lhasa/Gangdese metamorphic sec-
tion is cut by dikes of at least two granite phases,
a medium-grained Gangdese-like granite, and a leuco-
cratic pegmatite. East of the brittle fault zone, and
the metasediments and planar foliated mylonites, there
is an 500 m thick section of S/C mylonites having
a dominant reverse and subordinate dextral sense of
shear. East of, or possibly in the eastern part of this
ductile fault, grey gneisses [presumed basement] are in-
truded by a syntectonic(?) muscovite granite. Ar-Ar
K-feldspar data from Gangdese rocks just west of the
brittle fault zone drop to ages of 4 Ma, substantially

younger than the pattern seen further to the west at
Bayi. Overall, the geology of this section is quite sim-
ilar to the western margin of the Nanga Parbat massif
and, like it, represents progressive displacement and ex-
humation on a significant thrust sense shear and fault
zone bordering the Gyala Peri massif. U-Pb analyses
of the granites and the mylonite will be reported along
with data from a pilot seismic study that had stations
located in proximity to Gyala Peri.
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The Nyainqentanglha massif, in the footwall of the
Nyainqentanglha shear zone (NSZ), is part of the most
prominent rift system in southern Tibet and uniquely
exposes mid to upper-crustal rocks. These rocks in-
clude Paleozoic metasediments, Cretaceous-Tertiary(?)
redbeds, and a collage of undeformed, calc-alkaline Tri-
assic to late Miocene granitoids. Many of the granitoids
are part of the Gangdese arc, which formed during clo-
sure of the Tethys ocean, and are 140 to 50 Ma, while
leucogranites range in age from 30 to 8 Ma. Previ-
ous studies documented a SE-dipping low-angle (∼30◦)
shear zone, which initiated at ∼8 Ma, bounding the
southeastern margin of the central portion of the mas-
sif. However, the nature of the shear zone along strike
to the northeast, and structural relationships between
footwall lithologies, were not well studied.

It was previously inferred that crystalline rocks
within the core of the massif were in fault contact
with Paleozoic metasediments. However, recent geo-
logic mapping indicate that contacts between grani-
toids and metasediments are everywhere intrusive. In
addition, U-Pb ion-microprobe studies of zircon from
a rounded granite clast within a micaceous schist yield
an age of 121 Ma, suggesting that metasediments previ-
ously mapped as Paleozoic on the NW side of the massif
may be Cretaceous or younger in age.

Previous workers have established that the central
portion of the NSZ is characterized by a >1-km-thick
zone of mylonitic orthogneiss. It exhibits a promi-
nent S-C fabric and down-dip lineations, indicating
top-to-the-southeast motion. To the northeast in the
Lagen La valley, the main route to Nam Co, a sub-
vertical, strike-slip, E-W-striking shear zone has been
documented within phyllite and schist. However, the
structural and timing relations between this subverti-
cal shear zone and the low-angle shear zone to the south
were not established. Our mapping shows that the low-
angle shear zone lies structurally above and cuts the
strike-slip shear zone near the range front, several hun-
dred meters above the valley floor. This indicates that
the strike-slip shear zone could have significantly pre-
dated rift formation.

About 15 km northeast of Damxung, the orienta-
tion of the massif changes from NE-SW to ∼E-W. Here,
the range front is characterized by an ∼1-km-thick, E-
W striking shear zone comprised of quartz-mica schist
and lineated marble. The shear zone dips at a low angle
to the south and exhibits sub-horizontal lineations. It
grades structurally below into broadly folded, but non-
lineated, limestones and sandstones. The shear zone
northeast of Damxung exhibits less structural throw
than the SE dipping shear zone to the south. This ob-
servation, together with the consistent low-angle nature
of the shear zone despite an abrupt change in its ori-
entation and lineation direction, makes it difficult to
interpret the evolution of this low angle shear zone in
the context of popular models of low angle normal fault
systems.
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The geology of the Tsangpo’s ”Big Bend” canyon
in southeasternmost Tibet is quite significant to col-
lisional tectonics, but this rugged region has been
little studied. New 1:250 000 scale mapping since
1999 has improved our knowledge of the area and re-
vealed four major units: (a) Namche Barwa group.
Plagioclase gneisses with amphibole-containing high-
P granulite lenses, exposed in the central area of the
canyon, and representing the lower Indian plate. (b)
Gangdese group. Plagioclase-gneiss, amphibolite, mar-
ble, quartzite intruded by granites, exposed surround-
ing the Namche Barwa group, representing the lower
Eurasian plate. (3) Ophiolitic melange of the Indus-
Yarlung Tsangpo (IYT) suture. The former occurs
roughly along the Tsangpo ”Big Bend” canyon with
good exposures at Pangxin, Jiaresa and between Pai-
long and Zhaqu; it separates the Namche Barwa and
Gangdese groups. (4) Ophiolitic melange of the Jiali–
Pailong Tsangpo (JPT) suture.

The mafic rock assemblage of IYT includes radiolar-
ian chert, basaltic pillow lava, diabase sills, cumulate
complex and serpentinized peridotite. The ophiolitic
zone has been metamorphosed and highly deformed to
form a melange containing various blocks and matrix,
including blocks of metamorphosed mafic and ultra-
mafics, quartzite and mica quartz schist; marble, and
both Namche Barwa and Gangdese gneiss. The petro-
chemistry and trace elements of IYT rocks show similar
characteristics to other ophiolite suites in Tibet and
western Sichuan. HREE and Cr, Co, Ni are strongly
depleted in upper-mantle peridotite, which is slightly
enriched in LREE and Rb, Sr, Ba, Nb, Ta. Meta-basalt
and diabase are enriched in LREE with (La/Yb) ra-
tios of 7.29 to 1.28, very different from MORB. Com-
pared with MORB, IYT meta-basalts and diabases are
enriched in lithophile elements and are depleted in
transition elements, suggesting that the IYT ophiolite
suite originated from a small oceanic basin. The ini-
tial magma formed in this environment could be LREE
and lithophile element-enriched and might have been
contaminated by more of these elements during the in-
trusion.

Along the Jiali-Pailong fault zone near high moun-
tain ridges, ultramafic and mafic blocks occur enclosed
or intruded by Jurassic to Triassic granite batholiths.
Blocks of silicate, marble, and hornstone also occur.
Field and lab studies suggest that these blocks may
be a remnant of an old ophiolite zone. Rb-Sr dating
on mafic rocks suggests a rough age of 215+/-63Ma.
Stratigraphic, petrologic, and tectonic studies suggest
that the JPT zone originated from an inner-arc basin.
Oceanic crust formed in late Triassic and subducted
from south to north from late Triassic to Jurassic.
Closing of this ocean and orogenesis started in middle
Jurassic accompanied by granite intrusions. The ophi-
olitic melange developed during arc-to-arc collision.

Our data support a new hypothesis that the Neo-
Tethys ocean appeared between Paleozoic and early
Cretaceous and closed along the Nujiang suture.
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