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In Summer 1998, a 400 km long seismic refrac-
tion profile (INDEPTH III) was shot in Central Tibet.
Apart from recording the signals of 11 shots along the
line, the stations also recorded a number of local earth-
quakes more or less in the extension of the line. Record
sections and travel time data from both shots and
earthquakes were compiled and interpreted jointly. The
following peculiarities are observable: (1) All southern
shot points and earthquakes exhibit a sudden offset or
time delay in the travel time curves for crustal phases
(Pg) at about the latitude of the Bangong-Nuijang-
Suture (BNS). (2) Strong Pp branches, but no Py P
are visible in the earthquake records. (3) Neither Py,
nor sub-critical P ;P are observed in the shot records
but some post-critical P ;P phases can be identified.
The first observation can be explained by a vertical low-
velocity zone near the BNS with a steep northerly dip
and reaching to at least 35 km depth. The other two
observations indicate the presence of a seismic velocity
gradient between 55 and 70 km depth. A gradient zone
rather than a first order boundary at the Moho was also
observed in Southern Tibet and beneath the Altiplano
in the Andes and was predicted by previous experimen-
tal investigations of the gabbro-eclogite transformation
for areas with strongly thickened crust such as Tibet.
In contrast to southern Tibet, the travel time data do
not show any evidence of a mid-crustal layer of low P
velocities; P velocities in the lower crust are low.
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In the tectonically active NNE-striking Shuang Hu
graben in central Tibet, significant extension by nor-
mal faulting started by 13.5 Ma, but probably not be-
fore 20 Ma. The asymmetric graben has an estimated
vertical offset of 4-7 km along the structurally domi-
nant western boundary-fault zone, suggesting a mean
vertical offset rate between 0.2 and 0.5 mm/yr.

Along a transect in the SW part of the graben, the
fault zone is ca.
normal faults that appear to be younger from W to E.
The easternmost and youngest faultthe only one with
a pronounced scarpprogressively offsets several Quater-
nary river terraces. The well-preserved surfaces of the
two youngest terraces are vertically offset by 1.2 m and
14.1 m. Using TIMS U-series, we dated ca. 50 samples
consisting of milligram-size dense portions of pedogenic
carbonate pebble-rinds. Mean oldest inner-rind ages
for the two terraces are 13 +1 and 234 £9.4 ka. Favor-
able 238U /232Th ratios (median =29) and preservation
of micro-stratigraphic order indicate these ages are re-
liable. Consideration of rind growth-rates and the in-
terval needed to form datable rinds suggests minimum
ages of 15 and 236 ka for deposition of the two terraces.
This implies vertical displacement along this fault at an
average rate of 0.08 mm/yr during the last ca. 15 ka,
and 0.06 mm/yr during the last ca. 240 ka.

Although additional Quaternary displacement along
the western graben margin may have occurred, ei-
ther along older faults or more broadly distributed,
we consider it unlikely that these could account for
the discrepancy between the Quaternary and longer-
term rates. It thus seems that during the late Qua-
ternary, normal faulting along this graben margin has
been slower than during its earlier evolution. If up-
per crustal E-W thinning is driven by increased poten-
tial energy of elevated crust, our data support a sce-
nario where the potential energy is decreasing, and im-
ply that the plateau may have surpassed its maximum
elevation.

2 km wide and comprises 4 major
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The tectonic development of the Himalayan-Tibetan
orogen has a wide range of interpretations. It is of-
ten described as propagating northward with its most
recent outgrowth in the northeastern part of the oro-
gen. As part of a multidisciplinary project to constrain
the kinematics of deformation in northeastern Tibet we
carried out paleomagnetic sampling during the sum-
mer of 2002 at 16 localities (134 sites) within two gen-
eral areas: the Xining-Lanzhou basin and the western-
most Qinling Shan. In both areas we also sampled for
magnetostratigraphy to constrain the age of basin de-
position. Stepwise thermal demagnetization of pilot
samples yields the following preliminary results (Local-
ity ID; Location; Age; vertical-axis rotation (clockwise
>0)):

Westernmost Qinling Shan:

DC; N34.1°; E104.5%; Lower Cretaceous; 21.1 & 5.9°
ND; N34.1°; E104.7°; Paleogene; 23.2 + 7.2°

NY; N34.0°; E104.7°; Paleogene; 22.1 + 27.6°

HC; N35.2°; E104.0°; Eocene-Oligocene; 20.6 + 8.9°
LX; N34.9°; £104.4°; Eocene; 37.8 & 13.6°

WF; N34.9°; E104.8°; Miocene(?); 2.0 & 8.1°
Xining-Lanzhou basin:

XN1; N36.6°; E101.9°; Upper Jurassic-Lower Creta-
ceous; 24.0 £ 7.9°

XN2; N36.6°; E101.9°; mid Cretaceous-Eocene; 15.2
+ 9.8°

RS; N36.5%; E101.2°; Lower Cretaceous; -21.3 £ 6.0°
SC; N36.4%; F102.1°; Lower Cretaceous; 2.3 + 7.7°
XI; N36.7°; E101.8°; Oligocene; -1.1 + 5.2°

XG; N36.3°; E101.8°; Miocene; 3.5 + 9.1°
Westernmost Qinling Shan results indicate that the
majority of the area has undergone ~20° clockwise
vertical-axis (V-A) rotation since Paleogene time. Re-
sults from the Xining-Lanzhou Basin are more complex,
suggesting a combination of regional and local deforma-
tion. No regional (V-A) rotation of the Xining-Lanzhou
basin since Late Cretaceous time is suggested by results
at SC, XI, and XG. However, Tertiary local (V-A) ro-
tations are suspected at XN1 and XN2 collected in the
footwall of a north-trending normal fault and at RS
collected near the northwestern termination of the Laji
Shan pop-up structure. Accurate age and structural
constraints on these interpretations are expected from
other aspects of the project, including magnetostratig-
raphy, palynology, basin analysis, structural mapping
and thermochronology (see Horton et al., this volume).

URL: http://www.geo.arizona.edu/"~ /gdn
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Kinematic restorations of deformation across the
Tibetan plateau rely on age interpretations of re-
gionally distributed Mesozoic and Cenozoic nonmarine
strata. However, distinguishing Jurassic, Cretaceous,
Paleogene, and Neogene strata in Tibet has proven very
difficult due to broad lithostratigraphic similarities and
a general lack of diagnostic mammalian fauna. As part
of a regional multidisciplinary project in northeastern
Tibet (34 — 37°N, 101 — 105°E), we report new mag-
netostratigraphic and palynological data for a series
of stratigraphic successions ranging in age from Late
Jurassic to mid-Tertiary. The new age data are com-
bined with sedimentologic and provenance analyses to
reconstruct the depositional histories of the Xining-
Lanzhou, Dangchang, and Zhangxian basins. In the
regionally extensive Xining-Lanzhou basin (~30, 000
km?2), long-term (>100 Myr) deposition of an ~1-km-
thick, fine-grained succession is recorded by an assem-
blage of Late Jurassic to mid-Tertiary palynomorphs
and an intermediate stratigraphic interval exhibiting
normal-polarity magnetizations which we attribute to
deposition during the Cretaceous normal-polarity su-
perchron. In the more localized Dangchang basin

(~1000 kmZ2), Aptian-Albian palynomorphs and ex-
clusively normal-polarity magnetizations indicate rel-
atively rapid (<20 Myr) deposition of an ~2-km-thick
coarse-grained succession during mid Cretaceous time.
In the Zhangxian basin (~8000 km2), ~2 km of vari-
able fine- and coarse-grained sediment was deposited
during early to mid-Tertiary time, based on Paleocene
to Oligocene palynomorphs.

The variations in age, sediment-accumulation rate,
facies, provenance, and areal extent of these three
basins testify to different mechanisms of basin devel-
opment across the region during Mesozoic and Ceno-
zoic time. This evidence suggests a spatially and tem-
porally complex history of deformation in northeast-
ern Tibet prior to and during the India-Asia collision.
Further constraints on this deformation will be pro-
vided by paleomagnetically determined tectonic rota-
tions (see Dupont-Nivet et al., this volume) and ad-
ditional structural and thermochronological aspects of
the project.
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The Nyaingentanglha range (NQTL) is an uplifted
block within the Lhasa terrain of Tibet, created by
faults of the late Miocene-Recent Yangbajian Graben
to the southeast, and bounded by the Namco depression
to the northwest. A geological map (scale: 1:100,000)
of the northeastern part of the NQTL and stratigraphic
and structural sections have been completed. The older
rocks in this area are represented by strongly foli-
ated low-grade metamorphic rock, with a general east-
west trend and south dip to foliation. These rocks
are unconformably overlain by a first group of red
clastics, including coarse conglomerate and sandstone
with a general east-west, steeply north-dipping bed-
ding; whose conglomerates contains >90% limestone
clasts and small amounts of quartzite clasts with very
poor roundness. The second group of red sandstones
and conglomerates which outcrops to the northeast con-
tains pebbles from almost all the above mentioned rock
types and has low-west trending and south dipping bed-
ding.

Three structural deformation stages can be recog-
nized: (1) Strike-slip ductile shear (sinistral sense) with
shortening component, which is developed within the
metamorphic rocks, and cut by the above- mentioned
unconformity; its timing should be prior to Cretaceous-
Paleocene (the presumed age of the red beds). (2) Re-
verse faulting, along which the metamorphic rocks are
thrust over the second type of red clastics, and which
appears to cut the unconformity; its timing is likely
Tertiary in age (probably Eocene-mid Miocene inter-
val), so this faulting is related to the Eurasia-India
collision. (3) Sinistral strike-slip brittle faulting with
normal faulting component along the south front of the
range, which cuts both of the above-mentioned faults.
This faulting has been shown by Armijo et al to be Qua-
ternary in age (Pliocene or slightly earlier to present);
this fault forms only a short and atypical segment of
the Yadong - Gulu rift system, which accommodates
some approximately E- W extension in the overall ac-
tive India-Asia collision.
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