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A B S T R A C T

The calc-alkaline Ladakh batholith (NW Himalayas) was dated to constrain the timing of continental collision and
subsequent deformation. Batholith growth ended when collision disrupted subduction of the Tethyan oceanic lith-
osphere, and thus the youngest magmatic pulse indirectly dates the collision. Both U-Pb ages on zircons from three
samples of the Ladakh batholith and K-Ar from one subvolcanic dike sample were determined. Magmatic activity
near Leh (the capital of Ladakh) occurred between 70 and 50 Ma, with the last major magmatic pulse crystallizing
at ca. Ma (2j). This was followed by rapid and generalized cooling to lower greenschist facies temperatures49.8 5 0.8
within a few million years, and minor dike intrusion took place at Ma. Field observations, the lack of inherited46 5 1
prebatholith zircons, and other isotopic evidence suggest that the batholith is mantle derived with negligible crustal
influence, that it evolved through input of fresh magma from the mantle and remelting of previously emplaced mantle
magmatic rocks. The sedmimentary record indicates that collision in NW Himalaya occurred around 52–50 Ma. If
this is so, the magmatic system driven by subduction of Tethys ended immediately on collision. The thermal history
of one sample from within the Thanglasgo Shear Zone (TSZ) was determined by Ar-Ar method to constrain timing
of batholith internal deformation. This is a wide dextral shear zone within the batholith, parallel to the dextral, N
307 W–striking crustal-scale Karakoram Fault. Internal deformation of the batholith, taken up partly by this shear
zone, has caused it to deviate from it regional WNW-ESE trend to parallel the Karakoram Fault. Microstructures and
cooling history of a sample from the TSZ indicate that shearing took place before 22 Ma, implying that (1) the history
of dextral shearing on NW-striking planes in northern Ladakh started at least 7 m.yr. before the !15 Ma Karakoram
Fault, (2) shearing was responsible for deviation of the regional trend of the Ladakh batholith, and (3) dextral shearing
occured within a zone apporximately 100 km wide that includes the Ladakh batholith and portions of the younger
Karakoram batholith.

Introduction

The Ladakh batholith (NW Himalayas, India) is
part of the Andean-type, Trans-Himalayan (Gang-
dese) Plutonic Belt that extends for 2500 km from
Afghanistan in the west (the Kohistan batholith) to
east of Lhasa in Tibet (fig. 1; Honegger et al. 1982;
Schärer et al. 1984a). It is composed of multiple
calc-alkaline intrusions that vary in composition
from olivine-norite and gabbro to granite (Honegger
et al. 1982). The batholith trends roughly WNW, is
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approximately 600 km long and 30–50 km wide,
and is believed to have had a similar developmental
history to that of the Kohistan batholith to the
west. Both batholiths are sandwiched between the
Indus Suture Zone to the south, a result of the con-
tinental collision between India and Eurasia, and
the Shyok Suture Zone to the north, a result of an
earlier collision between the Ladakh (and Kohistan)
block and the southern margin of Eurasia.

The two batholiths resulted from melting related
to the north-directed subduction of the Tethyan
oceanic crust (e.g., Schärer et al. 1984a) below an
island arc situated along the southern margin of
Eurasia. A large sliver of sedimentary rocks within
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Figure 1. The Trans-Himalayan Plutonic Belt extending from the Kohistan batholith in the west to Lhasa in Tibet
and beyond in the east (redrawn from Petterson and Windley 1991).

the Ladakh batholith led Raz and Honegger (1989)
to suggest that it may have developed in a transi-
tional environment between the Kohistan island
arc in the west and the continental margin of Eur-
asia in the east. The few known crystallization ages
of Ladakh granitoids (102 and 60–62 Ma; Honegger
et al. 1982; Schärer et al. 1984a) indicate that mag-
matic activity preceded continental collision be-
tween Eurasia and India and ended roughly at the
time collision started between 60 and 50 Ma (e.g.,
Schärer et al. 1984a; Beck et al. 1995). This suggests
that collision shut off magmatism in Ladakh by
disrupting (decelerating and steepening) the sub-
duction of Tethys.

The general NW-SE trends of the Ladakh and Ka-
rakoram batholiths in northern Ladakh display a
large-scale clockwise bend in the vicinity of the
dextral Karakoram Fault (fig. 2; De Terra 1934, p.
26–28). The clockwise rotation of the Ladakh and
Karakoram batholiths away from their regional
trends, south and north of the fault, respectively,
suggests that they have undergone internal defor-
mation to accommodate dextral movement. The N
307 W–trending Karakoram Fault is one of the main
structures bounding the southwest edge of the Ti-
betan Plateau and is thought to control its eastward
extrusion (Tapponier et al. 1982). However, Searle
et al. (1998) and Weinberg et al. (2000) demon-
strated that the Karakoram Fault was initiated after
intrusion of the Karakoram leucogranite between
18 and 15 Ma and displaced rocks on either side by
a maximum of 150 km. To understand and con-

strain this internal deformation, the newly found
Thanglasgo Shear Zone (TSZ) in the northern part
of the Ladakh Batholith was studied.

This article reports on regional structural obser-
vations and dating of samples from a 30-km-wide,
N-S band across the Ladakh batholith and derives
the history of batholith growth and deformation.
To understand the magmatic evolution of the bath-
olith and help constrain the time of collision, U-
Pb zircon dating of three granitoid samples from
the batholith was carried out using SHRIMP II. In
addition, one Ar-Ar step heating experiment was
performed on a hornblende separate from a sub-
volcanic dike. To understand the timing of internal
dextral shearing of the Ladakh batholith, another
Ar-Ar step heating experiment on a K-feldspar sam-
ple from the TSZ was carried out. We discuss the
results in terms of the origin of calc-alkaline bath-
oliths; timing of continental collision; and regional,
collision-related deformation.

Age and Origin of the Ladakh Batholith:
Previous Work

Ladakh Batholith magmatic rocks have yielded
Ma U-Pb ages near Kargil (west of Leh) and102 5 2

a Ma Rb-Sr whole rock isochron age around60 5 5
Leh (table 1; Honegger et al. 1982; Schärer et al.
1984a). Biotite from near Leh yielded a K-Ar age of

Ma (Honegger et al. 1982), suggesting48.7 5 1.6
significant cooling of the igneous rocks by that
time. In addition, crystallization ages of Ladakh
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Figure 2. Schematic map of the bend on the main trends of the Ladakh and Karakoram batholiths as they approach
the Karakoram Fault (see fig. 3 for location).

plutons broadly coincide with Rb-Sr ages (whole
rock isochrons) from Kohistan (Petterson and Win-
dley 1985; George et al. 1993). In Kohistan, how-
ever, a postcollisional age has also been determined
for leucogranite sheets.

Restricted participation of older continental
crust in the building of the Ladakh and Kohistan
batholiths has been suggested by d18O studies (Blatt-
ner et al. 1983; Debon et al. 1986; Srimal et al.
1987). Initial 87Sr/86Sr ratios between 0.7033 and
0.7053 (recalculated from the values of Honegger
et al. 1982 and Srimal 1986), using granitoid ages
of 103 Ma for western Ladakh and 60 Ma for eastern
Ladakh, suggest an origin from an undepleted man-
tle (Allègre et al. 1983) with insignificant partici-
pation of older crust (a wider spread in values is to
be expected if older crust has contributed to bath-
olith growth).

On the basis of multigrain analyses, Schärer et
al. (1984a) found that zircons from the Ladakh gran-
ite (near Leh) were discordant, suggesting that some
zircons had inherited radiogenic Pb from older (at
least 350–590 Ma) continental crust. Schärer et al.
(1984a) argued that Allègre and Ben Othman’s
(1980) Ladakh granodiorite sample (HB68) carried
a Nd isotope signature of magma derived from Late
Proterozoic basement. Here, we suggest an alter-
native interpretation: (1) Allègre and Ben Othman
presented Sm-Nd data for two samples of the bath-
olith (HB68 and HB74). The 143Nd/144Nd ratio for
both samples become identical within error when
corrected by 147Sm decay back to 51 Ma (the age of
intrusion quoted), indicating that the samples are
cogenetic and approximately 50 m.yr. old. (2) Model
ages relative to different depleted mantle models
vary from 720 to 800 Ma for HB68 (similar to the
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Table 1. Summary of Geochronological Data Reflect-
ing Crystallization Ages for the Ladakh and Kohistan
Batholiths

Batholith Ma

Ladakh:
Leh 45.7 5 0.8 hornblende Ar-Ara

48.7 5 1.6 biotite K-Ar b

49.8 5 0.8 zircon U-Pba

58.4 5 1.0 zircon U-Pba

61.5 5 2.0 zircon U-Pba

63 5 5 zircon U-Pbc

60–62 allanites and monazites, U-Pbc

60 5 10 Ma, Rb-Sra

Kargil 101 5 2 Ma, U-Pbc

103 5 3 Ma, U-Pbb

Kohistan 26 5 1 Rb-Sr d

49 5 11 Rb-Sr d

54 5 4 Rb-Sre

102 5 12 Rb-Sre

Note. Kargil is 250 km west of Leh.
a This work.
b Honegger et al. (1982).
c Schärer et al. (1984a).
d George et al. (1993).
e Petterson and Windley (1985).

model age in Schärer et al. 1984a) and 2200 to 2300
Ma for HB74. Schärer et al. (1984a) chose to ignore
the future model age of sample HB74 and focused
on the Late Proterozoic model age for HB68, al-
though there is no reason to exclude either of the
samples. The large, depleted model age dispersion
(ca. 1 Ga between the two samples) could possibly
result from different degrees of fractionation of the
two samples (cumulates are common, and allanite
is a common mineral in Ladakh granitoids); it could
also mean that the melt was not derived from such
a depleted source. (3) A derivation from mantle
with near-chondritic isotope ratios (as indicated by
the identical CHUR model ages) is supported by
the limited range of 87Sr/86Sr initial values around
0.704. Unless it is coincidental that the two sam-
ples form a two-point isochron with approximately
their known age, Sm-Nd systematics supported by
Sr isotope ratios suggest that the Ladakh batholith
was derived from mantle with near-chondritic iso-
tope ratios.

Plutonic rocks from the Kohistan batholith have
yielded similar initial Sr ratios (0.7039–0.7050; Pet-
terson and Windley 1985), and positive eNd values
indicate a short, 60–70 m.yr., crustal residence time
(Petterson et al. 1993). Petterson et al. (1993) found
no evidence in Kohistan for the participation of
older crust in the growth of the batholith. In sum-
mary, the few age determinations for the Ladakh
batholith constrain magmatic activity to between
103 and ca. 60 Ma, followed by rapid cooling.
Whereas participation of older continental crust

has been suggested by discordant zircons, initial Sr
ratios, Sm-Nd isotopes, and the island arc setting
suggest that these granitoids were derived from the
mantle, most likely through an intermediate stage
of short residence in the lower crust.

Ladakh Batholith: Geochronology

Recent detailed mapping of the Ladakh batholith
around the town of Leh revealed two plutons, the
older, composite Gyamsa pluton and the younger
Leh pluton. Where the two plutons are in contact,
granites and diorites of the Leh pluton intrude the
Gyamsa pluton. The Leh pluton, which grades from
diorite to granite, is intruded in turn by late-mag-
matic leucogranite dikes (Shey granite, fig. 3B;
Weinberg 1997). There is a still younger igneous
event characterized by the intrusion of andesitic
and rhyolitic dikes that cuts rocks of the Leh plu-
ton. These dikes were only found west of the village
of Phyang (fig. 3B) and are referred to here as the
Phyang dikes. They are a minor addition to the total
volume of the pluton, and their subvolcanic tex-
tures indicate rapid cooling.

The Gyamsa migmatite complex and pluton are
grouped here under a single term, the Gyamsa plu-
ton, which has migmatite on its western side and
a pluton formed by segregated melt products
(mafic-poor tonalites, granodiorites, and granites)
to the east (fig. 3B). The migmatite resulted from
the partial melting of an amphibolite of quartz-
diorite composition (57%–62% SiO2). The igneous
origin of the amphibolite is indicated by zoned pla-
gioclase phenocrysts. A range of melting stages of
the amphibolite is preserved: from the unmelted,
more refractory parts of the amphibolite; to stro-
matic migmatites; to larger, meter-scale heteroge-
neous magma blobs within migmatites; to even
larger, heterogeneous magma bodies with disaggre-
gated pieces of the source amphibolite. The stro-
matic migmatites have narrow (centimeter-wide)
bands of melanosomes and leucosomes partly
drained by crosscutting dikes, as suggested by flow
structures preserved by partly disaggregated
melanosomes.

Two samples from the Leh pluton (samples 020
and 018, fig. 3B), as well as a third sample from the
northern margin of the batholith, were dated by
SHRIMP II. The last was collected close to the vil-
lage of Digar (sample 019, fig. 3A) and should in-
dicate age trends across the main strike of the bath-
olith. We also determined the age of a hornblende
sample extracted from an andesitic Phyang dike by
means of 40Ar/39Ar analysis.

Leh Pluton—Sample 018. This sample, collected
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9 km east of Leh (2 km east of the village of Sobu,
fig. 3B), is a medium-grained quartz-diorite (color
index of 20–30) with zoned andesine, partly chlor-
itized biotite and hornblende, augite partly substi-
tuted by hornblende and interstitial quartz and mi-
nor orthoclase (untwinned) and with sphene,
opaques, zircon, apatite, and epidote as accessories.
This rock type was intruded by the Shey leuco-
granite at late stages of crystallization when both
magmas mingled (Weinberg 1997).

This sample has two main zircon varieties as de-
picted on cathodoluminescence images (fig. 4A,
4B): a finely zoned, stubby phase (aspect ratio 2–3)
with a later overgrowth truncating core zonation
and a homogeneous, high-U, and needle-shaped
phase (aspect ratio 3–6). Two other minor varieties
were found: (1) needle-shaped (aspect ratio of circa
4) but with low U content and (2) amorphous zir-
cons. Only one zircon of each of these two minor
varieties were dated (types 3 and 4 in table 2, re-
spectively). The morphology and internal zoning
patterns of the needle-shaped and stubby zircons of
the main population indicate that they have an ig-
neous origin. These zircon phases yielded two dis-
tinct U206/Pb238 ages (table 2 and fig. 4C; tables 2–6
are available from The Journal of Geology Data De-
pository on request). The stubby zircons yielded a
mean weighted age of Ma (2j), and the58.1 5 1.6
needle zircons were dated at Ma (2j).49.8 5 0.8
The age of the thin overgrowth around the stubby
zircons was analyzed in one zircon only (fig. 4A)
and yielded an age similar to that of the younger
zircon phase ( Ma, spot 14.2, table 2). The50.0 5 1.3
zircons of the two minor varieties yielded ages sim-
ilar to those of the two other groups and were there-
fore grouped with them (spots 4.1 and 6, table 2).

The younger group has higher U and Th contents
than the older group. The possibility of high U lev-
els having affected the apparent calculated ages has
been eliminated by checking for any systematic
correlation between U content and age within each
group, and by noting that zircons of similar U con-
tent are present in both groups (e.g., spots 8.1 and
2.1, table 2). Most 208Pb/232Th and 206Pb/238U anal-
yses yielded similar ages within error (fig. 4D), lend-
ing confidence to the analytical method and sug-
gesting that the U-Th-Pb system was essentially
closed. Larger errors in Th-ages (caused by low 208Pb
content) do not allow statistical discrimination of
the two age groups determined by 206Pb/238U.

A x2 test for U-Pb ages of all spots, independent
of any grouping, yields a very high value, indicating
that the sample population does contain more than
one age group. After dividing the population into
the two smaller groups, the x2 value was still rel-

atively high, suggesting that either the number of
data points is insufficient to characterize a Gauss-
ian distribution or that each group should be fur-
ther divided. The latter case is unlikely because
each age group is confined to a single zircon mor-
phology. Thus, more data points would most likely
improve precision of the results but not change
their essence.

We interpret the needle-shaped zircons and the
rim overgrowth of the stubby zircons as new
growths dating the crystallization of the quartz-
diorite, while the older stubby zircons are inherited
from the source and define the crystallization age
of the source igneous rock. The Leh Pluton (in-
cluding the Shey granite) is the youngest main mag-
matic pulse in this area, and its -Ma crys-49.8 5 0.8
tallization age is contemporaneous with the end of
suturing of India to the southern margin of Eurasia.
The age coincidence between continental collision
and the last major calc-alkaline magma pulse (Leh
Pluton) suggests collision interrupted magmatism
by disrupting subduction of the Tethys oceanic
lithosphere.

Gyamsa Migmatite—Sample 020. A xenolith of
migmatitic amphibolite from within the Leh plu-
ton was dated (fig. 3B). This xenolith has a texture
and mineralogy similar to migmatites of the
Gyamsa pluton, and its trace elements and REE
contents are also similar to those of Gyamsa rocks
(high Nb and Yb and low Sr/Y) and very distinct
from samples of the Leh pluton (P. Sylvester, unpub.
data). Partial melting of the amphibolite occurred
before intrusion of the -Ma Leh magma49.8 5 0.8
(sample 018) as indicated by crosscutting rela-
tionships.

The leucosomes of the analyzed sample are felsic
and have a few plagioclase phenocrysts (up to 0.7
mm long) with lamellar twinning in a fine matrix
(0.1–0.4 mm) of plagioclase, perthitic orthoclase,
quartz, and minor green to light-brown biotite. The
melanosome has yellow to brown biotite and ap-
proximately 40% of green hornblende in the mode.
The accessory minerals of both melanosome and
leucosome are zircon, sphene, apatite, and large ep-
idote. Zircon grains are small (50–100 mm; fig. 5A,
5B) and similar in size and shape in both melano-
somes and leucosomes. They may be found either
as isolated grains or as aggregates, and some are
found within melanosome biotite. Some show
zoned cores truncated and overgrown by thin rims
(fig. 5A, 5B). Zircon grains are of similar size and
show fine, prismatic zoning. These observations in-
dicate that zircon was present in the original
quartz-diorite and was inherited by the Gyamsa
leucosome melts. The narrow rims may have
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Figure 3A

Figure 3. A, Regional map of the Ladakh and Karakoram batholiths separated by the Karakoram Thrust (KT) and
the Karakoram Fault (KF) (modified after Searle et al. 1998). The dextral Thanglasgo Shear Zone (TSZ) is parallel to
the !15-Ma dextral Karakoram Fault. Sample 413 was collected from within this shear zone. The dot near the village
of Digar shows the position of sample 019. Box around Leh indicates the position of (B). B, Geological map of the
Leh and Gyamsa plutons (a thick line separates them). Areas mapped as Shey granite represent areas in which granite
dominates over other rock types. In these areas sheets tend to coalesce to form large bodies. Areas mapped as
migmatites are underlain by partially melted amphibolites and pools of heterogeneous anatectic melts. Location of
samples 018 and 020 as indicated.
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Figure 3B

grown during the partial melting episode, but it
seems that no new zircon grains crystallized from
this melt.

SHRIMP age determinations (table 3) show a var-
iation in 206Pb/238U ages between 73 and 50 Ma,
with one younger outlier (fig. 5C). The age range is
well fitted by a single Gaussian distribution cen-
tered at Ma (2j). These results are sim-61.5 5 2.0
ilar to the age range covered by 208Pb/232Th ages
(table 3), but the latter have a very large error be-
cause of their low Th content. In a few analyses, a
narrower beam was used to date narrow rim zones
(marked with an asterisk in table 3); the same age
range was found as for zircon interiors. This could
result from a combination of rim overgrowth age
indistinguishable, within error, from that of grain
interiors and a beam that overlapped the two zones,
obscuring any age difference.

Because zircon was present in the original
Gyamsa quartz-diorite and later inherited by its

melt products, and because these melts are older
than the -Ma Leh pluton, the two most49.8 5 0.8
likely interpretations of the results are that (1) the
age spread includes the crystallization age of both
the original quartz-diorite and its melt products or
(2) that the age represents the time of crystalliza-
tion of the original quartz-diorite, and its later re-
melting did not give rise to significant zircon
growth. In either case, crystallization of the quartz-
diorite closely precedes its later remelting and crys-
tallization of its melt products. It is highly unlikely
that all the igneous zircons in the original quartz-
diorite were replaced during migmatization, but it
is possible that the age represents the time of crys-
tallization of the melt products, and the age of the
quartz-diorite remains unknown.

Digar Granite—Sample 019. The Digar granite is
a pink, coarse-grained, felsic granite (color index !5)
with undeformed quartz, mesoperthitic K-feldspar,
twinned plagioclase, partly chloritized biotite,
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Figure 4. Cathodoluminescence images of two zircon grains, (A) zircon 14 and (B) zircon 3 (see table 3), representing
the two main zircon morphologies in sample 018. The ages indicated correspond to the mean age for each morpho-
logical group. C, Histogram of zircon 206Pb/238U ages of sample 018 showing two age groups that coincide with the
two main zircon morphologies; the cores of stubby zircons yield an age of ca. Ma, and the needle-shaped58.1 5 1.6
zircons and the one spot on the rim of a stubby zircon (A) yield Ma. D, Comparison between 206Pb/238U49.8 5 0.8
and 208Pb/232Th ages showing that, with a few exceptions, analyses yield the same age within error.

hornblende, sericite, sphene, and zircon. It crops
out near the northern margin of the batholith a few
hundred meters from the first outcrop of subvol-
canic granophyric rock and close to the village of
Digar (fig. 3A).

Analyses of 18 spots from sample 019 yielded a
single mean age centered at Ma (2j; table58.4 5 1.0
4 and fig. 6), identical to the older group determined
in sample 018. The analyses close to the central
age have small errors and similar Th-Pb ages (fig.
6b). The oldest spot yielded an age of ca. 70 Ma
(spot 8.2) and was excluded partly because of its

distance from the mean age and partly because of
its very different Th age (see table 4).

Phyang Dikes—Sample 213. The Phyang dikes
crop out west of Phyang (fig. 3B). The exposed dike
swarm represents a small volume of magma (tens
of dikes in total), with dike widths varying between
1 cm and 6 m (generally between 50 cm and 1.5
m), with the entire swarm restricted to a few square
kilometers. The dikes generally strike N 507–707 E
and dip between 707 SE and vertical. Dike com-
position is variable, as indicated by changes in phe-
nocryst content: some dikes have embayed idio-
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Figure 5. Cathodoluminescence images of two zircon
grains (A) and (B) from sample 020. Both grains show fine
prismatic zoning and a thin overgrowth that truncates
internal zoning. C, Histogram of zircon 206Pb/238U ages.
The x2 value of ∼10 suggests that, for 29 degrees of free-
dom, the results are well described by a single Gaussian
distribution and there is 199% probability that the sam-
ple represents a single age centered at Ma.61.5 5 2.0

morphic quartz phenocrysts, others have idio-
morphic K-feldspar, and others have plagioclase,
biotite, and hornblende (sample 213). Hornblende
from sample 213 was separated and purified to
∼99% for purposes of a 40Ar/39Ar step heating ex-
periment. Approximately 1% of the separate is
composed of the fine-grained groundmass still at-
tached to some of the hornblende phenocryst frag-
ments. This groundmass appears to have suffered
some alteration. At a crushed size of 85/150, mesh
handpicking to purify the amphibole separate fur-
ther was not possible.

Total release of argon from amphibole 213 was
accomplished in 21 steps of 14 min heating dura-
tion each, with temperatures progressively in-
creased over the course of the experiment, starting
at 8007C and finishing with the final step at 14507C.
Table 5 gives the detailed results for each aliquot
of gas evolved, and figure 7 shows the apparent age
and K/Ca spectra. Analytical procedures are effec-
tively the same as those described in Dunlap et al.
(1995), except as noted below and footnoted in table
5. Correction factors 40Ar/39ArK, 36Ar/37ArCa, and
39Ar/37ArCa (table 5) were measured using a syn-
thetic K-glass and pure CaF2 included with the ir-
radiation capsule. The results were used to correct
the apparent ages for nucleogenic interferences on
40Ar, 39Ar, and 36Ar.

Amphibole 213 exhibits a plateau-like pattern for
steps 11 through 20 of the step heating experiment.
The calculated age for this portion of the age spec-
trum, using size of step weighting, is (2j)45.7 5 0.8
Ma, covering 84.1% of the total gas evolved. Note
in figure 7 the correlation between elevated ages in
the first 14% of gas release and elevated K/Ca. It
is likely that this portion of gas release represents
a mixture of gas from the amphibole and from the
∼1% groundmass contaminant. Support for this hy-
pothesis comes from the observation that feld-
spathic groundmass is likely to lose the vast ma-
jority of its argon by about 11407C (this temperature
is reached by step 10 and 14% of gas release). If this
hypothesis is correct, then, considering the very
small proportion of groundmass, the trapped argon
within the groundmass must have a very high ap-
parent age, perhaps because of recoil loss of 39Ar
from the very fine-grained material. An inverse iso-
chron analysis of the data is consistent with our
above interpretation of the plateau age. The iso-
chron, which is heavily weighted by the larger gas
fractions (fig. 8), indicates an age of Ma44.6 5 0.7
(1j), with an intercept composition of 36 40Ar/ Ar =

(1j). Our preferred crystallization age305.8 5 4.9
for the sample is that of the plateau-like portion of
the age spectrum, Ma (2j).45.7 5 0.8



312 R . F . W E I N B E R G A N D W . J . D U N L A P

Figure 6. a, Histogram of zircon 206Pb/238U ages of sample 019 showing a well-defined single age centered at ca.
Ma. b, Comparison between 206Pb/238U and 208Pb/232Th ages showing that the analyses yield the same age58.4 5 1.0

range but Th ages are more spread both above and below U ages. Note how the errors of the analyses that plot away
from the main age group are much larger than those defining the main group.

The Thanglasgo Shear Zone—
Batholith Deformation

Intense deformation developed since continental
collision has partitioned to the volcanic and sedi-
mentary rocks surrounding the Ladakh batholith
with little deformation of the batholith rocks them-
selves. This is somewhat striking in view of the
change in the main trend of the batholith in the
vicinity of the Karakoram Fault (fig. 2). Batholith
rocks on the northern side of the Ladakh Range,
north of Leh, are generally undeformed. In the
Thanglasgo Valley (north of Lasirmu La), there is a
major shear zone a few kilometers wide (a mini-
mum of 2 km), oriented N 247 W/90, parallel to the
Karakoram Fault that outcrops 25 km to the east.
Within this shear zone, the regional granodiorite is
strongly deformed to mylonitic gneisses with nar-
row bands of mylonites. Small blocks of ultramy-
lonites were found in the scree but were not ob-
served in outcrop. Similar to the Karakoram Fault,
mineral lineation in the TSZ plunges 207 NNW,
and S-C fabric indicates a right-lateral sense of
shear (fig. 9).

Quantitative indicators of the amount of dis-
placement across the TSZ were not found. To the

northwest the shear zone could not be followed
because of border conflicts between Pakistan and
India, to the southeast the prominent topographic
lineament parallel to the TSZ vanishes, and the
shear zone was not found along strike on the south
side of the Ladakh Range. Instead, there is wide-
spread, diffuse deformation of batholith rocks
around Leh (shaded area in fig. 2). Despite the ab-
sence of markers, the width and intensity of de-
formation within the shear zone suggest that it may
have accommodated significant dextral movement
(of the order of tens of kilometers).

The similarity in orientation and sense of shear
between the Karakoram Fault and TSZ suggests
that they developed in response to the same strain-
ing. Recent work on the Karakoram Fault has con-
strained its initiation at less than ca. 15 Ma (Searle
et al. 1998; Weinberg et al. 2000). This result, how-
ever, does not necessarily constrain the time of ini-
tiation of dextral shearing in northern Ladakh,
since strain may have been taken up by other fault
zones such as the TSZ. K-feldspar grains from a
sample of mylonite gneiss from the shear zone
(sample 413; ANU catalog 95413) north of the crest
of the Ladakh Range were separated to help con-
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Figure 7. Age spectrum and K/Ca diagrams for the step-
wise release of argon from sample 213 amphibole.

Figure 8. Inverse isochron diagram for the results of
step heating of amphibole 213. Note the similarity in age
between the intercept age in this figure and the plateau-
like portion of figure 7.

strain the timing of movement along the TSZ by
means of 40Ar/39Ar step heating experiments.

Microstructures. The mylonitic gneiss sample
413 presents a fabric typical of deformation in the
greenschist facies. Quartz is commonly recrystal-
lized to fine polygonal grains (40–80 mm). Primary
igneous biotite is bent and disaggregated and meta-
morphosed to chlorite. Cathodoluminescence (CL)
images indicate that concentrations of fine grains
of K-feldspar and plagioclase (!40 mm) lie in “pres-
sure shadow” regions (under CL feldspar porphy-
roclasts and recrystallized tails luminesce in faint
deep blue, whereas quartz does not luminesce); that
is, the grains are concentrated in the foliation and
areas adjacent to large porphyroclasts of original
igneous feldspar grains. Feldspar grains are de-
formed by fracturing (fig. 9).

The combination of plastic deformation of quartz
and of small feldspar grains and the growth of new
white micas indicate that deformation occurred be-
tween ∼3007C and 4507C (e.g., Hirth and Tullis
1992; Tullis and Yund 1987, 1992; Spear 1993).
Thus, 40Ar/39Ar age gradients in K-feldspar porphy-
roclasts must record cooling and closure to loss of
argon during greenschist facies shearing. Petro-
graphic examination of the K-feldspar mineral sep-
arate that was dated indicates that it is composed
primarily of porphyroclast cores (∼95% by volume).

K-feldspar Thermochronology. In thermal mod-

eling, effectively an interpretation, of 40Ar/39Ar step
heating of a K-feldspar concentrate from sample
413 (table 6 and fig. 10), we interpret the results in
terms of cooling through a closure temperature
range of about 3507–1507C, the typical closure tem-
perature window afforded by K-feldspar if simple
diffusion theory is strictly applicable (for develop-
ment of this method see Richter et al. 1991; Lovera
et al. 1997). The analytical procedures were essen-
tially the same as those used by Dunlap et al. (1995)
at the Australian National University.

We assume that the granite crystallized at 60 Ma,
but the modeling results are not sensitive to this
assumption; we could have chosen 70 or 80 Ma
without undue effect on our preferred model. The
other obvious constraint on the cooling history is
that the sample was exposed at the surface before
the present day. No other assumptions have been
imposed except for the main tenet of the modeling,
that the degassing of argon from the sample in the
laboratory has occurred by the same mechanism
(volume diffusion) as the closure to argon loss dur-
ing natural cooling. The modeling provides a non-
unique continuous cooling path; however, the true
thermal path experienced by the sample must fall
within narrow limits if the assumption of volume
diffusion is valid. The argon degassing results for
sample 413 K-feldspars have been inverted into a
time-temperature history following the method of
Lovera et al. (1989). The multidiffusion domain
method assumes that, in both the natural and lab-
oratory situations, the loss or retention of radio-
genic argon is from a number of noninteracting do-
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Figure 9. Photomicrograph of the Thanglasgo mylonite
showing dextral sense of shear. Note how the feldspar
porphyroclast is fractured in places and how it also de-
veloped very fine-grained tails (finer and darker than re-
crystallized quartz). The very fine-grained material at the
top of the image is feldspar (determined by cathodo-
luminescence images), and the coarser, lighter recrystal-
lized material is quartz.

mains of variable length scale (and/or diffusivity).
For our purposes, a single activation energy and a
slab geometry for volume diffusion of argon are as-
sumed. The sample is dominated by one phase, so
a single activation energy may be a reasonable as-
sumption, although it is difficult to rule out mul-
tiple activation energies within a single phase. The
slab geometry is consistent with the microstruc-
ture characteristic of K-feldspars that have suffered
little postmagmatic alteration. The cooling history
derived for K-feldspar sample 413 is not overly de-
pendent on these assumptions (Lovera et al. 1997).
The justification for the multidiffusion domain pro-
cedure (Lovera et al. 1997) is that K-feldspars com-
monly contain dramatic age gradients that cannot
be produced by closure of a single domain to dif-
fusive loss of argon (e.g., McDougall and Harrison
1988).

A multidiffusion domain solution (Lovera et al.
1989) has been calculated for the Arrhenius data
using the time, temperature, and fraction of 39Ar
released during the degassing experiment (see table
6; fig. 10). Armed with this distribution of model
diffusion length scales and the volume fractions of
each length scale (also an output of the method;
Lovera et al. 1989), the preferred thermal path was
calculated by inputting trial thermal histories and
minimizing the differences between the measured
and modeled age spectra by manual iteration.

The age spectrum derived from detailed step
heating of sample 413 K-feldspar (fig. 10a) indicates
that the sample remained in the partial retention
window for diffusive loss of argon subsequent to
continent-continent collision at ∼52 Ma; apparent
ages range from 52 to 22 Ma. Although our pre-
ferred thermal path (fig. 10d) is nonunique, we pre-
fer to model the cooling history of the sample 413
granitoid as one of continuous cooling (e.g., the
sample is never reheated), which is consistent with
the geology. Despite the nonuniqueness of the
model, it is clear that deviations of a few tens of
degrees from our preferred thermal path result in
very poor fits to the data (a good fit is essentially
continuous overlap between model and spectra
measured in fig. 10a). For example, thermal his-
tories hotter or colder (dashed line in fig. 10d) than
the preferred one (solid line in fig. 10d) result in
model fits (thin spectrum in fig. 10a) that deviate
markedly from that measured in the laboratory
(“Measured” spectrum in fig. 10a). We have as-
sumed that the granite crystallized at 60 Ma, when
the temperature was likely to be about 7507C. In-
itial closure of the largest domains of the K-feldspar
must occur by 52 Ma and at ca. 3007C. This sug-
gests quite rapid cooling from 60 to 52 Ma. Sub-
sequent to 52 Ma, however, the model requires
cooling at a rate of about 27C/m.yr. The best fit is
obtained if the cooling rate slows to 07C before 22
Ma. The model ends at 22 Ma, at which time the
temperature must be about . After 22260 5 207C
Ma the cooling rate must increase if the sample is
to reach 07C at the present day.

As sample 413 comes from within a zone of sig-
nificant shearing, we have considered the possibil-
ity that shear heating has affected the thermal his-
tory of the sample, and we provide eight thermal
models that fit the data. However, the fact that the
K-feldspar sample 126 of Dunlap et al. (1998) from
the undeformed core of the batholith some 60 km
along strike to the southeast yields an age spectrum
essentially indistinguishable from that of sample
413 suggests that shear heating might have been
unimportant.
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Figure 10. Results of thermal modeling of K-feldspars sample 413 from the Thanglasgo Shear Zone. a, Measured
laboratory and best-fit model age spectra (central curves). The dashed spectra, above and below, illustrate the sensitivity
of the model to increase/decrease in model temperatures by 207C (see d for details). b, Thermal paths for shear-related
reheating models. Eight solutions are shown, two each centered on times of 41, 31, 26, and 22 Ma. All eight models
yield satisfactory fits such as that shown in the age spectrum diagram (a) to the left. c, Log r/ro plot, shows increase
in relative domain size as experiment progresses from left to right; see Lovera et al. (1989) for further details. d, Model
thermal histories with solid line as the preferred model and thin lines representing models 5207C. Solid lines show
monotonically decreasing temperatures with time, a case that we argue is likely for the granite. Implicit in the
analysis is that the thermal models in (d) are not valid before ∼52 Ma, the oldest age step. In these models, initial
crystallization of the grains is considered to have occurred at 60 Ma. Sample locality is shown in figure 3A.

To test the hypothesis of shear-related reheating,
we have varied the timing of reheating, the mag-
nitude of reheating, and the time scale of reheating.
We have used a square pulse to simulate the re-
heating. Reheating must take place after ∼52 Ma
to have any affect on the age spectrum. Therefore,
to study the timing of reheating, we imposed re-
heating pulses centered on 41, 31, 26, 22, 20, and
10 Ma. Reheating after about 22 Ma does not pro-
vide satisfactory fits to the data, so this possibility
was ruled out. We used time scales of reheating (the
time length of the square pulse) of 1 and 0.1 Ma.

We believe that these time scales are about the
shortest reasonable; anything shorter may not pro-
duce enough heat with displacement at tectonic
rates (!10 cm/yr) over such a wide zone. The mag-
nitudes of reheating required for good model fits
are shown in figure 10b for both the 1-Ma and 0.1-
Ma time scales (all eight models are shown; two
models each centered on 22, 26, 31, and 41 Ma).
Peak temperatures for the reheating range from
2807–3907C for square pulses of such short dura-
tion; it is obvious that pulses of longer duration
require lower maximum temperatures for good fits.
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In summary, the possibility of shear-related re-
heating leaves the timing of shearing in some
doubt, in that it can take place at any time between
∼52 and 22 Ma, but no later than that.

Interpretation. From our results, we expect sam-
ple 413 to have been at magmatic temperatures,
well above the highest closure temperature of K-
feldspar, at some time around 60–50 Ma. Our re-
sults indicate that after a period of rapid cooling,
cooling slowed down. Subsequent to ∼52 Ma the
model requires slow cooling (∼27C/m.yr.) followed
by a period of effectively no cooling until about 22
Ma for the synthetic age spectrum to match the
laboratory-derived age spectrum. Deviations from
this thermal path of as little as 207C result in ex-
tremely poor model fits (fig. 10a). Thus, it is likely
that the presently exposed level of the Ladakh
Range at site 413 remained between 3007C and
2607C between 52 and 22 Ma.

The temperature at which the deformation took
place is critical to our interpretation. Mica growth,
plastic deformation of quartz grains, and the lack
of pervasive plastic deformation in the feldspar
grains constrain the temperature range during de-
formation to between 4507 and 3007C. The argon
system in K-feldspar grains of sample 413 start re-
cording cooling when the sample reached 3007C.
Thus, the bulk of shearing may have occurred be-
fore ca. 52 Ma as the rock cooled from its magmatic
temperature. However, as the estimate of defor-
mation temperature is inexact and because the
sample cooled slowly, in our interpretation, across
the 40Ar/39Ar window, we prefer the more conser-
vative estimate that shearing occurred before clo-
sure of K-feldspar grains at ca. 22 Ma. Thus, we
conclude that dextral shearing on the TSZ occurred
at least 7 m.yr. before that on the !15-Ma Kara-
koram Fault.

Discussion

Schärer et al. (1984a) provided strong evidence of
inheritance of radiogenic lead in their granite sam-
ple HB-87. SHRIMP age determinations here of
older cores and rims of 150 zircons from three sam-
ples yielded individual ages between 72 and 48 Ma,
all dating growth of the Ladakh batholith, and none
representing older, prebatholith zircon cores. The
lack of participation of older crust is further sup-
ported by O, Sr, and Sm-Nd isotopes. The age range
obtained suggests that the belt was continuously
active from at least ca. 70 to ca. 50 Ma, with no
obvious age trend N-S across the batholith. More
age determinations are required to answer the ques-
tion posed by Schärer et al. (1984a) of whether or

not the belt was active between the older mid-
Cretaceous event dated near Kargil and the early
Tertiary event dated here.

The sample 213 hornblende 40Ar/39Ar cooling age
indicates that the Leh pluton cooled rapidly and
that minor dike intrusions continued to penetrate
the batholith to at least Ma. The 40Ar/39Ar46 5 1
and K-Ar studies of samples of the batholith pub-
lished here and elsewhere indicate that tempera-
tures !3507C were widespread over the presently
exposed levels of the batholith by about 50 Ma. For
example, the 40Ar/39Ar step heating experiment on
K-feldspar sample 96-413 from the central core of
the batholith indicates that temperatures of around
∼3507C have not been exceeded since about 52 Ma.
Similarly, K-feldspar sample 126 from Chang La
(fig. 3A, E-SE of Leh; Dunlap et al. 1998) cooled to
below ∼3507C by 49 Ma. Finally, a K-Ar age of

Ma was found for a sample of Shey gran-48.7 5 1.6
ite (part of the Leh pluton) by Honegger et al. (1982).
Thus, we conclude that the presently exposed lev-
els of the Ladakh batholith have remained below
3507C since 49–52 Ma.

Comparison with the Kohistan Batholith. Dating
Kohistan batholith rocks is restricted to Rb-Sr ages
and 40Ar/39Ar cooling ages (e.g., Petterson and Win-
dley 1985; Treloar et al. 1989; Zeitler et al. 1989;
George et al. 1993). Whereas the oldest rocks dated
in Kohistan coincide with the oldest in Ladakh at
ca. 102 Ma, magmatism in Kohistan seems to have
continued longer. In contrast to Ladakh, a young,
postcollisional granitic phase intruded the Kohis-
tan batholith and surroundings (Petterson and
Windley 1985; George et al. 1993). These are biotite
granite sheets (the Confluence granites) and mus-
covite granite sheets (the Parri granite sheets), both
with a strong mantle Sr and Nd isotopic signature
(George et al. 1993). The sheared versions of the
Parri granites, cropping out close to the Nanga Par-
bat-Haramosh Massif, have a pronounced increase
in initial Sr ratios and decrease in eNd, interpreted
by George et al. (1993) as resulting from subsolidus
fluid infiltration or assimilation of crustal material.
George et al. (1993) determined a Rb-Sr 10-point
errorchron for the Confluence granites, yielding an
age of Ma. For the Parri granites, they found49 5 11
an errorchron age of Ma. In Ladakh, such26 5 1
young granites have not been confirmed, though
tourmaline granite dikes at Chumathang (east of
Leh along the Indus Valley; J. Dunlap, pers. observ.),
and garnet-bearing rhyolites near Teah (west of Leh;
Raz and Honegger 1989; R. Weinberg, pers. observ.)
are possible candidates.

Assuming that the errorchron ages of these gran-
ites are representative of their crystallization age,
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magmatism in Kohistan did not halt entirely after
continental collision. Petterson et al. (1993) con-
cluded that these granites resulted from the re-
melting of the Kohistan plutons. We contend how-
ever that these younger granites are not a result of
melting related to subduction of an oceanic crust
under an island arc but, rather, result from the evo-
lution of the continental collision. This hypothesis
is supported by the increased crustal signature in
sheared granites in the vicinity of the Nanga Par-
bat-Haramosh Massif (George et al. 1993), suggest-
ing that rocks originated in the Indian continental
crust cropping out in the massif played a significant
role in the origin of these younger magmas.

Timing of Collision. Rowley (1996) and Treloar
(1997) have summarized available information con-
cerning timing of continental collision and dis-
cussed the implications of each different possibil-
ity. Although there are indications that collision
may have initiated as early as the Cretaceous-
Tertiary boundary (Klootwijk et al. 1992; Beck et
al. 1995), there is strong evidence that in the NW
Himalayas collision occurred in the Ypresian,
roughly 52 –50 Ma (Garzanti et al. 1987; Bossart
and Ottiger 1989; Pivnik and Wells 1996; Rowley
1996). In addition, Patriat and Achache (1984) dem-
onstrated a dramatic slowing down and temporary
erratic migration direction of the Indian plate be-
tween 52 and 50 Ma, which they interpreted to be
a result of collision.

Collision caused the end of the subduction pro-
cess that drove magmatism in the Ladakh batho-
lith. Thus, it is possible that the end of calc-alkaline
magmatism in the Ladakh batholith provides an
indirect way of dating collision. Since there may
be an inertia in the process, the end of magmatism
in the overriding plate may occur somewhat later
than the actual collision. Comparison between the
time of collision derived from sedimentary se-
quences with that provided by the batholith should
help us constrain the possible time delay between
the initiation of collision and the end of magma-
tism. Because the Leh pluton is the youngest major
intrusive phase in the area and was followed by
generalized cooling of the batholith and minor sub-
volcanic dike intrusions (the -Ma [2j] an-45.7 5 0.8
desite Phyang dikes), we suggest that its 49.8 5

-Ma crystallization age closely marks the dis-0.8
ruption of the magmatic system resulting from the
disruption of the subduction of Tethys oceanic lith-
osphere caused by continental collision. Because of
the possible time lag between disruption of the sub-
ducting plate and the end of magmatism in the
overriding plate, the age of the Leh pluton must be
taken as an upper bound for the timing of collision.

We note, however, that this age is very close to the
age of collision determined from sedimentary se-
quences and conclude that the inertia of the mag-
matic system is minimal and that it responded im-
mediately, within error, to collision.

Schärer et al. (1984b) dated crystallization of
granodiorites at Qushui, along the eastward con-
tinuation of the Trans-Himalayan batholith near
Lhasa, and found concordant U-Pb ages of ca. 41
Ma. They used these results to argue that collision
in the Lhasa-Xigaze sector of the collision must
have postdated granite emplacement and therefore
must have occurred after Lutetian time. Compar-
ison with the Leh pluton and Ladakh batholith, in
general, suggests eastward younging of collision.

Remelting of Early Batholith Intrusions. The main
process believed to give rise to crustal growth in
modern plate tectonic settings, which has also been
used to explain early Archean crustal growth, is a
two-stage melting process occurring mostly along
destructive plate margins (e.g., Kay and Mahlburg-
Kay 1991). This process is thought to produce large
calc-alkaline, Andean-type batholiths and is char-
acterized by the addition of basaltic magmas to the
crust, followed by their later remelting to produce
evolved melts of average crustal (andesitic) com-
position (e.g., Gromet and Silver 1987). These au-
thors argued that remelting of deeply emplaced
magmas leads to the high volumes of granitoids
found in continental igneous belts, as opposed to
island arcs where shallow level mantle magmas do
not undergo remelting, and where small volumes
of granitoids are directly derived from the crystal
fractionation of basalts. It is generally agreed today
that Andean-type magmas are derived in part from
the remelting of more primitive mantle-derived
magmatic rocks (Pitcher 1993). Closer to Ladakh,
Petterson et al. (1993) concluded that the Kohistan
batholith evolved through the remelting of recently
formed arc crust in addition to new mantle-derived
magmas.

The age of the two Gyamsa events (crystalliza-
tion of the quartz-diorite and its later remelting)
are not clearly defined by the zircon ages. Never-
theless, the results suggest that the quartz-diorite
crystallized and remelted, possibly because of fluc-
tuations in pressure or temperature, during bath-
olith growth, between ca. 70 and 50 Ma. The Leh
quartz-diorite, in contrast, has two main zircon
morphologies yielding two different but closely
spaced ages. The Leh quartz-diorite crystallized at

Ma and inherited zircons from its49.8 5 0.8
source, an earlier plutonic rock that crystallized
only ca. 8 m.yr. before. Together, these results sug-
gest that the remelting of early batholith igneous
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rocks to originate younger melts played an impor-
tant role in the evolution of the batholith and ex-
plain the origin of large volumes of granitoids with
a strong mantle signature (e.g., Gromet and Silver
1987). This process leads to crustal growth and tem-
poral evolution toward increasingly more evolved
felsic magmas, as observed in several large Andean
batholiths such as the Peruvian Andes (Pitcher
1993), the Sierra Nevada (Bateman 1983), and the
Kohistan (Petterson and Windley 1985) and Ladakh
batholiths (Raz and Honegger 1989).

Internal Deformation. Dextral shearing along the
TSZ was able to accommodate some of the internal
deformation of the Ladakh batholith implied by the
change in trend in the vicinity of the Karakoram
Fault. We predict that further mapping of the bath-
olith east of Leh will reveal other structures that
contributed to rotating the batholith. Similarly, we
predict that the Karakoram batholith, north of the
fault, may have been internally deformed. Our pre-
liminary investigations there revealed weak, but
pervasive, deformation.

Relative Displacement between India and the Tibetan
Plateau. Since the Tibetan Plateau is thought to
be bounded on the southwest by the Karakoram
Fault, deformation along and around the fault are
fundamental to our understanding of the tectonic
development of the plateau. Searle et al. (1998)
demonstrated relatively small displacement across
the Karakoram Fault (ca. 150 km). Our findings sug-
gest that the Karakoram Fault is the most recent
and most obvious expression of dextral shearing in
Ladakh. Dextral shearing on the TSZ started at
least 7 m.yr. before that along the Karakoram Fault.
The bending of the main trend of the Ladakh and
Karakoram batholiths near the Karakoram Fault are
expressions of dextral shearing over a zone at least
100 km wide. The total relative displacement be-
tween the Tibetan Plateau and India has to be mea-
sured over that width and may be larger than the
ca. 150 km measured across the Karakoram Fault
alone. Large uncertainties on the total amount of
dextral displacement in northern Ladakh result
from the difficulty in reconstructing the preshear-
ing shape of the Ladakh (Transhimalayan) batholith
because of the present lack of detailed maps of the
batholith on either side of the fault.

Conclusions

The Ladakh batholith around Leh grew by the ad-
dition of several magma pulses crystallized be-
tween ca. 70 and 50 Ma. Inherited zircons only a
few million years older than the crystallization age
of the magma, together with field relations, suggest
that the remelting of earlier plutons to produce
younger ones seems to have played a fundamental
role in the evolution of the batholith and explains
the origin of large volumes of granitoids with a
strong mantle signature. The -Ma Leh49.8 5 0.8
pluton was most likely the last major magma pulse
in the batholith. Its emplacement was followed by
rapid cooling at the presently exposed levels to be-
low 3507C, and shortly thereafter by minor sub-
volcanic dike intrusions at Ma. The45.7 5 0.8
main episode of batholith growth ended at the time
of continental collision, closely dated by Leh plu-
ton rocks. Comparison between the Ladakh bath-
olith and the Qushui granodiorites near Lhasa sug-
gests that collision started later eastward. Dextral
shearing parallel to the N 307 E–striking Karakoram
Fault started at least 7 m.yr. before this fault, as
revealed by our study of the TSZ. Over time, dextral
shearing affected a band at least 100 km wide, caus-
ing reorientation of both the Ladakh and the Ka-
rakoram batholiths immediately north and south
of the Karakoram Fault in northern Ladakh. The
total dextral displacement across this broad zone
could be up to 300 km.
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