Tectonics of the SW margin of the Nanga Parbat—Haramosh massif
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Abstract: W present an analysis of the tectonic evolution of the southwestern portions of the
Nanga Parbat massif, Pakistan Himalaya, based upon detailed mapping and structural
analyses from the Bunar, Biji, Diamir, Airl, Niat and SW Rupal valleys. Mainly
metasedimentary cover rocks of the Indian plate are divided into upper and lower cover.
There is a marked structural thinning of the cover in the main Bunar valley from south to
north, and this is attributed to a major frontal ramp in the original Main Mantle Thrust
(MMT). A hitherto unmapped shear zone, the Diamir Shear Zone, s identified, that is
associated with a syn-kinematically intruded belt of granitic rocks, the Jalhari Granite. The
shear zone is a several kilometre thick, generally W-vergent, ductile to brittle shear zone that
is associated with local overturning of the entire MMT section, typified by the Gashit Foid.
“Ar/**Ar cooling ages from across the area indicate a steep cooling age gradient across the
Diamir Shear Zone from >40 to < 5 Ma. The Diamir Shear Zone is mechanically linked to
part of the Raikhot Fault System and, together, they are seen to be a crustal-scale reverse
fault that has allowed relative uplift and overthrusting of the core of Nanga Parbat.

The Nanga Parbat-Haramosh massif (NPHM) (3) This exhumation is due to crustal-scale

is of considerable interest in the investigation of antiformal folding (Gansser 1964; Coward
the India—Asia collision, and collisional tectonics 1985) that occurs in the form of both NNE-
at large. There are a number of salient features of trending axes of folding recognized within
the NPHM worth noting, the generally W-E trending Indus Gorge

(Madin 1986; Madin et al. 1989; Treloar et al.
1991; Butler et al. 1992; Wheeler et al. 1995},

(1) Tt coincides with the NW terminus of the and as a pair of antiformal folds in the Astor
>2500 km Himalayan arc—the western River Gorge—-the Burdish Ridge and Dichil
‘syntaxis’ of Wadia (1931, 1932). antiforms, in the west and east, respectively

(2) It forms an anomalous spur (Fig. 1) of (Edwards 1998; Schneider ef al. 1999q).

Himalayan rock that has resulted from (4) It is composed of Indian plate crystalline
high-grade Indian platz basement gneisses rock that seems to be reworked Proterozoic
being exhumed from beneath the structur- crust (Chamberlain er af. 1989; Smith et af.
ally overlying cover rocks of the upper 1992; Schneider er al. 1997, 1999p; Zeitler
Indian plate, that are in turn juxtaposed et al. 1989), a feature presently unreported
beneath the fossil island arc Kohistan— from studics of the Himalayan crystalline
Ladakh series (KLS), by the Main Mantie slab outside of the NW Himalaya.
Thrust (MMT—Tahirkheli & Jan 1979; (5) It represents an area of exceedingly young
Bard e @/ 1980; Tahirkheli 1982; Bard (c. 0.9 to 9.0 Ma) plutenism, metamorph-
1983). ism and cooling (Zeitler et al. 1982, 1989,
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Ghurikot (north, middle & south fork) and
Lower Rupal valleys (Edwards & Kidd 19%7;
Edwards 1998). Several km of thickness are also
present in Chichi Nullah (Edwards and Kidd
1997, Edwards 1998), Chuggam Gah and Rattu
area (Edwards & Kidd 1997; Edwards 1998;
Argles this volume). The upper cover is also
similar to rocks described in Kaghan {Greco et al.
1989; Greco & Spencer 1993) and Swat (Treloar
et al. 1989; DiPietro et al. 1993). These rocks are
probably a metamorphosed product of the
Permian ‘Panjal Traps™—basic igneous rocks
repeatedly intruded as sills or extruded as flows
during carbonate platform development on the
NW passive margin of India, that resulted in a
widespread sequence that is typified by inter-
layered marbles and amphibolites that define
part of the recognized cover rocks in the NW
Himalaya (Wadia 1931; Honegger ef al. 1982;
Papritz & Rey 1989; Greco et al. 1989),

Lithological description of the lower
cover rocks

The lower cover lithology is primarily composed
of a garnet—two mica schist which contains
minor chlorite, tourmaline and zoisite. In most
cases the gamet fabric is parallel to the principal
fabric in the schists but frequently also incorp-
orates spiral patterns, implying rotation and
suggesting that growth is both pre- and syn-
kinematic. Meta-psammites are also present in
the lower cover. These are massive but foliated
and contain muscovite, biotite, tourmaline,
garnet, epidote, graphite and rutile. Muscovite
and biotite define the fabric while garnet is pre-
to syn-kinematic. Local calc-silicates in the inner
cover contain quartz, garnet, zoisite, biotite,
muscovite in a calcite—siderite matrix. Kyanite,
which is common in the upper cover sequence, is
not observed in the lower cover sequence.

Two different types of granitic rocks were
observed to be present in between the upper and
lower cover in continuous outcrop sections {(e.g.
Diamir section [A—~A'] and Nashkin—Airl section
[B-B']), and nowhere did we see the upper and
lower cover in contact with one another. The two
granitic suites were also observed elsewhere
within the lower cover section, together with a
third granitic suite—the Jalhari Granite plutonic
belt (discussed below).

Structural description of the Indian
plate cover

In the Diamir—Bunar/Barai/Biji drainage area,
Indian plate cover rocks are exposed c¢.2km

south of the Diamir Gah confluence with the
Bunar valley near Dimeroi, where they comprise
a few hundred metres of garnetiferous metapelite
(lower cover), and ¢. 100m of marbles and
amphibolite (upper cover), sandwiched between
the MMT and the western margin of the Jalhari
Granite plutonic sequence. Local foliation is
moderately to steeply ESE-dipping, with a
general stretching lineation plunging moderately
to steeply northwards, although occasionally
south plunging (Fig. 6). The main foliation is
parallel with the structurally overlying MMT
hanging wall, and it is clear that here the
regionally NW-dipping cover sequences and
MMT hanging wall are locally overturned to
become ESE-dipping. The overturned section
extends north of Dimeroi in Bunar Gah for at
least 3km (where mostly KLS rocks are
exposed), and south for 8§ km to the Gashit
Fold (a recumbent open fold at the confluence of
Airl Gah with Bunar/Biji, by the village of
Gashit—Fig. 4), where the eastward dipping
cover rocks form the upper, overturned, E-
dipping limb (Fig. 7). This fold hinge therefore
marks a point of regional overturning of several
kilometres of MMT foot- and hanging wall
sequences. South and west of the village of
Gashit, layering is again the ‘right way up’, and is
predominantly W-dipping. The hinge line of the
Gashit Fold plunges ¢.20°N. The general
stretching lineation in the region plunges moder-
ately to steeply toward the north, although
locally there are a few occurrences of moderately
SE plunging stretching lineation.

The Nashkin—Airl section (Fig. 3b, B-B’),
crosses the Gashit Fold, while the Diamir section
(Fig. 3b, A—A") crosses the Diamir Gah/Bunar
valley confluence. It is clear from the sections
and map that between the two areas there is a
massive northward thinning of the cover rocks; a
few hundred metres at Dimeroi compared with
>6km to the south of Nashkin Gah. This is
reflected by the map trace of the MMT
orientated c¢. NE, while the local strike of
foliation between the Nashkin-Airl and the
Diamir section remains ¢. N-8. This northward
thinning of the cover rocks is probably too large
to be an original depositional variation and is
discussed below.

Throughout the southern portions of the
Bunar/Biji area, foliation consistently dips
moderately to the west. There is local (centimetre
to metre scale) tight asymmetric ‘parasitic’
folding, but this is not significant on a large
scale. Stretching lineations plunge moderately to
steeply towards the NW or SW. Layering
observed in the field can be clearly recognized
on suitably processed TM scenes for this area




















































