
INTRODUCTION
The western Himalaya syntaxis includes the

Nanga Parbat–Haramosh massif (Fig. 1), a now-
exposed section of largely Proterozoic Indian
plate crust, initially overthrusted by Cretaceous is-
land arc rocks along the Main Mantle thrust.
Nanga Parbat is an area of extreme relief that has
undergone rapid exhumation since 10 Ma (e.g.,
Zeitler, 1985), exposing migmatites and granulite-
grade rocks at the core of the massif (Smith et al.,
1992). There is a general association of south-
ward-younging plutonism and cooling (ca. 10–1
Ma; e.g., Winslow et al., 1996; Schneider et al.,
1997, 1999a) coupled with active deformation.
Hitherto, the southeast, south, and southwest re-
gions were undocumented, and only one full cross
section (the Indus River gorge) had been exam-
ined (e.g., Madin et al., 1989). The short section
of the Raikhot thrust fault near the Astor conflu-
ence (Fig. 1) was the only structure previously
identified for accommodation of significant rapid
uplift at Nanga Parbat. In order to (1) address
these issues, (2) provide a geologic framework for
the massif within the western syntaxis, and (3)
discern the nature of tectonic activity (e.g., spatial
and temporal distribution of deformation, mag-
matism, and cooling), we concentrated our efforts
over three field seasons at Nanga Parbat south of
the Indus-Astor River confluence. Our investiga-
tions form part of the larger interdisciplinary
Nanga Parbat project, which also includes struc-
tural mapping in the northern portions of the
massif (Pêcher and Le Fort, 1999).

ASTOR GORGE AND EASTERN
NANGA PARBAT

The overall structure of Nanga Parbat has been
described as a north-plunging antiform with an
active western margin responsible for the uplift
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ABSTRACT
Detailed mapping and geochronologic investigations from the eastern, southern, and west-

ern Nanga Parbat–Haramosh massif reveal two thrust-displacement shear zones that have a
spatial and temporal link with granite plutonism from ca. 10 to 1 Ma. The shear zones define a
crustal-scale antiformal pop-up structure, with dominant west-northwest–vergent and subor-
dinate east-southeast–vergent thrusting. This is substantially different than the surrounding
area where the main exposed Himalayan structures are oriented parallel to the orogenic trend
and are early to middle Miocene or older. Structures mapped throughout Nanga Parbat demon-
strate that its rapid and young exhumation is not due to orogen-scale structural unroofing, and
that sustained high erosion rates are required. The observed west-northwest–directed shorten-
ing is proposed to be a result of differential arc-parallel motion accommodated at the syntaxial
bend of the northwest Himalaya.
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Figure 1. Geologic map of Nanga Parbat–
Haramosh massif showing major lithotectonic
units and tectonic boundaries (compiled by
W. Kidd based on mapping by M. Edwards,
W. Kidd, M. Asif Khan, and D. Schneider, and
information from Butler et al., 1992, and
Lemenicier et al., 1996). U-Th-Pb ages are from
Zeitler and Chamberlain (1991), Zeitler et al.
(1993), and Schneider et al. (1998, 1999a,
1999b). Dashed line encircling summit region
is cordierite-sillimanite isograd. Patterns for
inset differ from main map.
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of the massif (Main Mantle thrust faulted away
by the Raikhot fault system; e.g., Madin et al.,
1989). Although the northern part of this fault
trace coincides with a morphological right step of
~15 km in the otherwise west-east Indus River
gorge (Fig. 1), we did not observe structural evi-
dence there, or elsewhere, for significant massif-
related strike-slip movement on the western mar-
gin. Along the Astor River gorge, the massif is
dominated by two antiforms with approximately
north-northeast–trending axial traces (Fig. 1),
structurally similar to the Indus gorge to the north
(e.g., Treloar et al., 1991; Butler et al., 1992).
Foliation in migmatitic orthogneiss defines the
tight western (Burdish) antiform, which contin-
ues to the south following the summit ridge of
Nanga Parbat. Gneisses and schists form the east-
ern (Dichil) antiform and these are steadily north-
south trending, vertical to steeply dipping, and
have lineations that typically plunge gently north
(H in Fig. 2). The sequence of gneisses and

schists that forms the outer limb of the eastern
antiform have been divided into several units,
including the Kohistan-Ladakh arc rocks at the
contact (Edwards, 1998), and are mappable from
the Indus gorge southward. Unlike the western
margin (e.g., Madin et al., 1989), the eastern con-
tact (the Main Mantle thrust) is not significantly
modified by brittle, margin-parallel faults. From
Dichil to south of Rupal (and in the Indus gorge
section), all significant ductile kinematic features
near the contact are attributable to the Main
Mantle thrust (shown by the shallowly plunging
stretching lineation; F and G in Fig. 2). The east-
ern contact sequence dips 40°–80°E north of
Astor village, and to the south it is overturned and
dips 40°–80°W (F and G in Fig. 2).

RUPAL SHEAR ZONE AND
SOUTHEASTERN NANGA PARBAT

Along the Astor gorge section, both main anti-
forms are asymmetric and are separated by a tight

synform dominated by highly strained pelitic
gneisses and schists (the Dashkin synform).
Overturning of both antiforms, and asymmetry of
parasitic folds on a range of scales, indicates
west-over-east displacement localized in the
Dashkin synform, although lineation has not
been transposed. The prominent displacement
horizon of the synform can be followed south-
ward to where the width of the zone increases
and the strain fabric markedly intensifies in a
broad shear zone that is widespread in the Rupal-
Chichi area (the Rupal shear) in the southern por-
tions of the massif (Fig. 1). The Rupal shear is a
several-kilometer-wide belt of northwest-dipping
noncoaxially sheared granitic orthogneiss with a
southwest-plunging stretching lineation (E in
Fig. 2). Well-developed augen asymmetry and
S-C relationships demonstrate pervasive north-
west side up, with dextral shear, consistent with
the southeast part of the massif moving up and
northeast relative to the eastern margin. Thermo-
chronologic results (multigrain, laser total-fusion
40Ar/39Ar biotite cooling ages) from the southeast
area of Nanga Parbat, in the footwall of the Rupal
shear, indicate a suite of ages older than 10 Ma,
markedly different than the younger hanging-
wall and shear-zone cooling ages (ca. 4 Ma or
younger) to the north and west (Fig. 3; Schneider
et al., 1997, 1999b).

Locally intruding the periphery of the Rupal
shear are several leucogranite bodies (a few to
several hundred meters wide) as well as meter-
scale dikes. One of the larger bodies, the Mazeno
Pass pluton, is a notably undeformed, tourma-
line-absent, fine-grained, muscovite granite that
crosscuts foliation of local biotite gneiss; U-Pb
zircon and Th-Pb monazite analyses (via the Uni-
versity of California, Los Angeles, Cameca
ims1270 ion microprobe) yield a 1.4 Ma crystal-
lization age for the granite (Schneider et al.,
1999a). In the central portion of Rupal valley,
predominantly muscovite-rich, tourmaline-bear-
ing undeformed pegmatite dikes are abundant
and typically trend west-east and dip north, sub-
parallel to local gneissic fabric of the shear zone.
Three Rupal dikes at the southern base of the
summit region give accessory-mineral ages
(zircon and monazite) between 1.2 and 2.3 Ma
(Schneider et al., 1997, 1999c). The ages of the
dikes, as well as the Mazeno pluton, are similar to
the melt stringers (1–2 Ma) and the Tato pluton
(ca. 1 Ma) on the northern side of the summit
region (Zeitler et al., 1993), and all are located
within the cordierite-sillimanite isograd that en-
compasses the summit region (Poage et al.,
1998). Such leucogranites within the massif have
been suggested to be the result of fluid-absent,
muscovite breakdown (Butler et al., 1997) and/or
decompression melting (Zeitler and Chamber-
lain, 1991), allowing intrusion at shallow depths.

The southern portion and margin of the Rupal
shear is well exposed in Chichi nullah, subparal-
lel to the valley and marked by a contact between

1000 GEOLOGY, November 1999

A. Nashkin Gah (cover rocks) B. Diamir Gah C. Biji Gah

E. Rupal shear F. Churit-Rattu (cover rocks) G. Harchu-Ghurikot (margin) H. Astor Gorge (central)

D. Astor Gorge (west)

50 Ma

25 Ma

0 Ma

NORTH

DIAMIR SHEAR

NANGA PARBAT
Diamir shear

Ra
ikh

ot
 fa

ul
t

M
M

T

Indian cover

metasedim
ents

cordierite
-bearing

migmatite
s

and granites

Indian

cover

35.5 

35.3 

74.1 

74.3 

74.5 
74.7 R

U
PA

L 
SH

EA
R

Figure 2. Lower hemisphere equal-angle projections of gneissic foliation and ductile stretching
lineation from Nanga Parbat. Letters correspond to locations in Figure 1.

Figure 3. Three-dimensional perspective of ~200 contoured Ar-Ar biotite
cooling ages from southern Nanga Parbat (Winslow et al., 1996; Schneider
et al., 1997, 1999a, 1999c). Map extent is from Babusar Pass in west to Astor
River gorge in east and Indus-Astor River confluence in north to southern
Chichi valley in south. Dashed line is location of Main Mantle thrust (MMT).



the noncoaxially sheared granitic orthogneiss
(continuous north to central Rupal) and extensive
metapelites, amphibolites, and marbles of the
local Indian plate cover sequences. The foliations
of the cover rocks and the gneisses are largely
parallel, and orientation changes from northwest
dipping (overturned) in northern Chichi, through
vertical, to southeast dipping in southern Chichi.
Adjacent to the Rupal shear, intruded into the
cover rocks, is the Southern Chichi granite (Fig.
1), an early Miocene, largely undeformed, fine-
grained leucogranite (Schneider et al., 1999b).
Close to its margin, the granite shows minor sub-
solidus deformation; however, we found no part
of the granite that can be termed a gneiss.

In order to place timing constraints on dis-
placement along the Rupal shear, we analyzed a
small (tens of centimeters), little-deformed gran-
ite dike that discordantly cuts orthogneiss of the
shear zone in northern Chichi nullah (Fig. 1). The
Th-Pb analyses on monazites from this granite
dike yield a scatter of ages between 9 and 22 Ma
(Schneider et al., 1999b), markedly older than the
1–2 Ma granite crystallization and bedrock cool-
ing ages along the northern section of the Rupal
shear. Biotite 40Ar/39Ar cooling ages from the lo-
cal Chichi orthogneiss are 9–10 Ma (Fig. 3;
Schneider et al., 1999b), concordant to the
younger Th-Pb monazite age of the crosscutting
dike. We infer that most of the displacement
along this outer portion of the Rupal shear oc-
curred prior to 9 Ma.

SOUTHWESTERN NANGA PARBAT
On the southwestern side of Nanga Parbat, the

Indian cover sequence passes eastward into a
dominantly plutonic, ~5-km-thick crystalline se-
quence that forms a continuous, ~30-km-long,
north-south belt with vertical to steeply east or
west dipping fabrics and mostly moderate to
steeply plunging stretching lineations (B and C in
Fig. 2). This contrasts with the Main Mantle
thrust–related Himalayan fabrics preserved else-
where that have gently plunging stretching lin-
eations (A, D, F, G, and H in Fig. 2). The granite
belt consists of a coarse- to medium-grained bi-
otite granite (the Jalhari granite) that grades into
granitic and porphyroclastic gneiss due to east-
over-west shearing that occurred during and/or
after plutonism. Jalhari leucogranite lenses (tens
to hundreds of meters thick), showing little to no
subsolidus deformation, are separated by layers
of gneiss, tens to hundreds of meters thick, where
deformation of the granite has been localized.
These higher strain layers anastamose around the
granite lenses, and mark reverse faults that climb
to the west. The granitic gneiss shows significant
subsolidus strain, including S-C relationships and
a porphyroclastic fabric having a sense of shear
that consistently indicates east side up (Nanga
Parbat). We term this the Diamir shear zone
(Edwards et al., 1997). Thermochronologic data
(Fig. 3; Winslow et al., 1996; Schneider et al.,

1997, 1999c) from within and surrounding the
Diamir shear zone indicate major displacement:
biotite cooling ages west of the shear zone to
Babusar Pass are >20 Ma and probably represent
Himalayan cooling, whereas hanging-wall rocks
are ≤5 Ma and young toward the summit. The
Diamir shear zone forms the mechanical contin-
uation of the main Raikhot fault, i.e., a northwest-
vergent reverse fault with Nanga Parbat in the
hanging wall (Fig. 1).

Monazite Th-Pb ages from a sample of unde-
formed Jalhari granite suggest that the granite in-
truded as early as 13 Ma (Fig. 1; Schneider et al.,
1998). A deformed, biotite-rich portion of the
Jalhari granite near Diamroi yields monazite ages
between ca. 2 and 8 Ma, suggesting that the gran-
ite was hot and mobile after initial intrusion. For
the Jalhari granite–Diamir shear zone we suggest
that initial intrusion of the granite occurred ca. 13
Ma, synchronous with ductile deformation. Con-
tinued high-temperature deformation, coupled
with fluid flow, produced the currently juxta-
posed deformed and undeformed granite por-
tions, and the dissolution and reprecipitation of
the Jalhari monazites (cf. Teufel and Heinrich,
1997), thus the resultant spread of Th-Pb ages in
the gneissic layers. We suggest that final crystal-
lization of some granite may have been as young
as 3–4 Ma, consistent with biotite cooling ages
of <5 Ma in the hanging wall of the Diamir shear.

DISCUSSION
Typically, the first-order observations at Nanga

Parbat (e.g., rapid exhumation, migmatites adja-
cent to lower grade cover rocks) would suggest
tectonic denudation where the active structures
are normal-motion, crustal-scale detachment
faults underlain by large quantities of partial melt
at depth. This has prompted speculation that
Nanga Parbat may be a Himalayan core complex
(Hubbard et al., 1995). However, the results of
this study indicate the contrary; our mapping
shows that there is no evidence for any significant
structure that would allow substantial tectonic de-
nudation of the massif, and therefore erosion
must be the dominant contributor to the large-

magnitude, rapid exhumation demanded by the
young high-grade metamorphism (Smith et al.,
1994) and cooling (e.g., Zeitler, 1985). Our in-
vestigations in the previously undescribed areas
throughout southern Nanga Parbat have identi-
fied two new major shear zones: the north- and
west-dipping Rupal shear, and the southeast- to
east-dipping Diamir shear zone (that joins the
formerly recognized Raikhot fault). We note that
the two shear zones represent a conjugate pair of
reverse faults that defines a crustal-scale pop-up
structure (Fig. 4; Edwards et al., 1996). The main
folding of central Nanga Parbat (including the
Burdish antiform) clearly accommodates some
shortening and exhumation of the massif; how-
ever, the antiformal folding has given way to
major shear-zone development. The pop-up
structure thus provides a straightforward mecha-
nism to accommodate the major upward dis-
placement of Nanga Parbat along with very rapid
cooling, young plutonism, and deeply exposed
basement. Such a structure is consistent with
doubly-vergent orogen models (Koons, 1990),
where one of the faults is dominant and effec-
tively fixed in position (in this case, the Raikhot-
Diamir shear) and the other is secondary, migrat-
ing outward or switching structural positions.
Crystallization ages on crosscutting dikes pro-
vide constraints on the inward migration of dis-
placement on the Rupal shear, ca. 9 Ma in the
outer portion (in Chichi nullah) and ca. 2 Ma in
the inner portion. We note the partitioning of a
noticeable dextral strike-slip component of
movement onto the Rupal shear (E in Fig. 2),
unlike the dominantly dip-slip movement on the
Diamir-Raikhot shear zone (B in Fig. 2).

Our new results indicate a clear association
between granites and the major Nanga Parbat
shear zones. Few of the numerous granites seen
within the massif are of large areal extent; we
infer that there has not been a widespread melting
event (cf. High Himalaya leucogranites), but
rather numerous anatectic pulses since 10–13 Ma.
Geophysical studies show that there is no resolv-
able partial melt zone directly beneath the massif
at present (Park and Mackie, 1997; Meltzer et al.,
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1998), consistent with anatexis that is restricted
to small volumes and/or distinct episodes. The
observed location of the larger granites within the
shear zones suggests to us that these anatectic
episodes and shear-zone genesis are coeval in
space and time. We suggest that muscovite break-
down and/or decompression melting promoted
small amounts of melting and, coupled with
deformation-enhanced melt extraction (e.g.,
Thompson and Connolly, 1995), allowed melt
migration to shear zones. These shear zones then
acted as sites of thermally weakened material that
focused further deformation (e.g., Brown, 1994),
resulting in hanging-wall uplift and subsequent
cooling. This would explain the structural coinci-
dence of the larger granites and shear zones and
the chronologic coincidence of granite crystalli-
zation and bedrock cooling.

The majority of structures around Nanga Parbat
indicate a northwest-southeast to west-east prin-
cipal direction of shortening, a possibly counter-
intuitive direction in view of the northerly Indian-
Asian plate convergence vector. Northwest
shortening is, however, consistent with models of
an orogen where arc-parallel extension (Seeber
and Pêcher, 1998; McCaffrey and Nabalek,
1998) is accommodated by significant amounts
of shortening at the tips of the arc (the syntaxes).
This provides a simpler tectonic model than that
previously proposed, which tied Nanga Parbat
uplift to a local ending of the main Himalayan
thrust at a pinning point (Treloar et al., 1991). We
suggest that the Nanga Parbat pop-up structure
initiated ca. 10 Ma on the basis of crystallization
ages of granites determined in our work (e.g.,
Schneider et al, 1998, 1999a, 1999b), and the
mica cooling ages located adjacent to the princi-
pal bounding shear zones (Schneider et al., 1997,
1999b, 1999c). This timing is consistent with the
link suggested to Himalayan arc-parallel exten-
sion, the significant expression of which started
ca. 8 Ma (Harrison et al., 1995).
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