
GEOPll'l'SICAL RESEARCH LETTERS, VOL 33, L i530~. doi: IO.10292006GL026076. 2006 

Configuration of the Indian Moho beneath the NW Himalaya 
and Ladakh 

S. S. Rai, I K. Priestley,:: V. K. Gaur,"'! S. Mitra,5 M. P. Singh,6 and M. Searle7 

Received :!4 March 2006; revised 1 R May 200(,; accepted n .!une 2006; published:; August 20()6. 

[I] Teleseismic recei .... er function analvsis of seismograms 
recorded on a ~ 700 km long profil~ of 17 broadband 
seismographs traversing the NW Himalaya shows a 
progressive northward deepening of the Indian Moho 
from ...... 40 km beneath Delhi south of the Himalayan 
foredeep to '"V 75 krn beneath Taksha at the Karakoram 
Fault. Similar studies by Wittlinger el al. (2004) to the north 
of the Karakoram Fault show that the Moho continues to 
deepen to ",,90 km beneath western Tibet before sha!lovd:ng 
substantially to 50-60 km at the Altyn Tagh Fault. Th~ 
continuity of the Indian Moho imaged in the receiver 
functions reported here, along with those ofWittiingcr et al. 
(2004), suggest that in this part of the Himalayan orogen the 
Indian plate may penetrate as fur as the Bungong Suture, 
and possibly as far north as the Altyn Tagh. Citation: R:li, 
S. S., K. Priestley, V. K. Gaur, S. Mitra, M. P. Singh, and 
M. Searle (20(6), Configuration of the Indian Moho heneath the 
NW Himalaya and Ladakh. Geoph.I'S. Res. Lett., 3.? L 15308, 
doi:l O.1029/2006GL026076. 

1. Introduction 

[2] While it is now clear that the Indian crust, albeit with 
its upper parts sheared and stacked as thrust sheets fonning 
the Himalaya Mountains, underlies the eastem Himalaya 
and southeastern Tibet [Mitra et td .. 2005J. it is uncertain 
how far the Indian crust penetrates the northwestern Hima
laya. Analysis of paleomagnetic data [Klootwijk et al., 
1985] suggests that the collision of India with the accreted 
southern margin of Asia first started in the west ",,55 Ma 
and then moved progressively eastward over the next few 
million years involving a counter-clockwise rotation of 
India and a dramatic reduction of its northward velocity. 
The existence of deep (70-90 km) earthquakes beneath 
western Tibet [Jackson et al., 20()4] may imply penetration 
of the Indian plate at least as far north as the Karakoram. 
However, the relatively more rugged trans-Himalayan 
topography of the northwestern Himalayan arc compared 
with the more subdued topography of the eastern arc 
suggests possible differences in the rigidity of the two 
regions and that the penetration of India beneath the 
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Himalaya and southern Tibet may not have operated lInl

fonnly across the entire arc. Resolving this issue requir~, 
better knowledge of the structure of the Indian plate beneath 
the western arc, knowledge which has wider implications filr 
our understanding of the rheology and defom1ation mecha. 
nis~s of the continental lithosphere. In this paper we present 
an Image of the Moho beneath the NW Himalava and 
Ladakh, the region which contains the highest ~\'CrdU~ 
elevations of the Himalaya Range and the narrowest and 
highest patt of the Tibetan Plateau. 

2. Field Experiment and Analysis 

[3] We operated 15 broadband seismographs from Sep
tember 2002 to S.eptem.ber 2003 along a profile extendil1g 
from the GangetIc plam northward across the Himala\i,! 
to the southwestern flank of the Karakoram in Ladakh 
(Figure I). Each station consists of a Guralp CMG3T (If 

CMG3esp sensor with a flat velocity response between 
0.0083 and 50 Hz, and a Refraction Technology data Jogger.. 
Data were continuously recorded at 20 samples/s and time
stamped using a GPS receiver. These temporary stations and 
the pennanent seismographs operating at Delhi (NDI) by 
the Indian Meteorological Department and at Hanle (HNLI 
by the Indian Institute of Astrophysics and the University of 
Cambridge. both of which have similar instrumentation. 
provide the data for this study. 

[4J We analyse P-wave receiver functions [Langston. 
1 979] to determine the Moho configuration along the profile 
by jointly inverting receiver functions with fundamental 
mode group velocity data. Receiver functions were calcu· 
lated for all M 2': 5.7 events recorded in the 30" - 90 
distance range using the iterative, time domain deconvolu· 
tion method [Ugorria and Ammon, 1999]. 

3. Observations 

[5] To track the Moho Ps conversion as the Indian Plate 
penetrates the Himalaya and western Tibet. we plot indio 
vidual and summed radial receiver functions for each station 
(Figure 2). These were computed with a Gaussian Iowpass 
filter with a comer at 0.7 Hz, and corrected for distanct? 
moveout of the Moho Ps phase to a reference distance 
of 67°. Distances in the plots are measured along the N-S 
azimuth of the profile which is along the trend of the 
stations whose locations were dictated by the limited access 
in the region, even though the natural grain of the tectonic 
fabric at this longitude is oriented more NW-SE, The 
average of the summed receiver functions is plotted in Ill? 
left panel (Figures 2a and 2c); the individual receiver fun~' 
tions are plotted equispaced in the right panel (Figures ~b 
and 2d). 
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Figure 1. Map of the NW Himalaya and Ladakh area, 
Fifteen broadband seismic stations were operated during the 
period September 2002-September 2003, Data from the 
1\10 station at NDI and the IIA-CD station at HNL are also 
included in the study. Station locations on the main profile 
are shown as red triangles; stations offset to the east by 
green triangles. The locations of the three segments of the 
Hlttlinger et al. [2004] profile are shown by the green and 
blue line segments (color coded the same as in their 
Figure 1). The heavy black line indicates the projection of 
the profile shown in Figure 3. Also shown are important 
structural features (MBT - Main BoundaIY Thrust MCT -
'\Iain Central Thrust), ' 

[~l. The ~oho is normally the strongest and most laterally 
~i)ntllluous Interface in the lithosphere, The efficiency of the 
\!oho Ps conversion varies along the profile, but it can be 
traced ?ver most of the profile and shows a progressive 
deepemng of the Indian Moho northward from Delhi (NDI) 
"nuated on the south side of the Himalayan foredeep, to 
Taksha (TKS) located on the Karakoram Fault (Figure 1), 
At NDI the Moho Ps phase is weak. Receiver functions 
;' ,r~m KUK and CHD on the foredeep and BDI in the 
~lInalayan foothills immediately to the north (Figure 2a) 
~now an apparent delayed first arrival resulting from the 
mterference of the strong basement Ps conversion with 
the direct P-arrival [Owens alld Crosson, 1988] and a 
.:lelayed Ps Moho conversion due to the sediment delay. The 
HI~alayan. receiv~r functions are more complex most likely 
d~c to the mcreasmg disruption of the upper Indian crust as 
1liS sheared and stacked to form the Himalayan Range. The 
Lesser Himalaya receiver functions (BSP, GHR, KUL) 
~how a positive arrival at 6-7 s, a continuation of the 
\Ioho Ps seen at BDL The Moho Ps phase while difficult to 
\racb ' e eneath the Lesser Himalaya, does however, emerge 
more c}early at 7-8 seconds delay time for both KTH and n:l ~ III high Himalaya where the crust appears to be 
[, atJvely simple (Figure 2b). 

[7] HNL and r-.1TH are located in Ladakh but to the east 
of the ma~n profi~e. HNL receiver fUIlctions are complex but 
a companson With thos.e of ~1TH suggests tbat the HNL 
Moho Ps phase must be at "" 9 s, The :V1oho Ps phase has a 
nearly constant delay of IS --9 s across ladakh from HNL to 
TGR. RTS and LEH. respectively. mark the southem and 
nortbem ends of the Indus-Zangbo Suture (IZS) while HMS 
an? MTH both lie on the Ladakh granites close to the suture 
(FIg~re ,1). The continuity of the Moho Ps phase across the 
IZS mdIcates that there is no substantial ;"'foho offset at the 
suture. but the increased complex.itv of the intracrustal 
phases indicate some disruption in th~ internal stnlcture of 
the crust across the ISZ. The northemmost site TKS lies on 
the southern flank of the Karakoram Range close to the 
Karakoram Fault (Figure il. The large change in the nature 
of the TKS receiver functions from south t; north reflect a 
significant change in crustal structure across the Karakoram 
Fault, suggesting that it may be a more pronounced crustal 
feature than the IZS. The most notable arrival in the TKS 
receiver functions is a large amplitude phase at ",6 s flanked 
by significant negative arrivals. This, hmvever, cannot be 
the Moho Ps phase because that would be inconsistent with 
~he surface wave dispersion data for the region, Therefore, it 
1S the v,,'eaker positive arrival at '"""8 s which is the Moho Ps 
phase at TSK. 

4. Moho Depth Determinaticn 

[8] Since here we are interested in the average crustal 
structure and the Moho depth. we inverted stacked receiver 
function~ computed with a Gaussian filter passing only 
frequencles lower than 0.4 Hz. Vie then formed stacks of 
receiver functions for small backazimuth and distance bins. 
Inversion of receiver function data, especially when the 
r~ceiver functions are complex:, leads to non-unique solu
t1On~ [Ammo~z et a!_, 1990]. However. jointly inverting 
receIver functIOns With short period surface wave dispersion 
data provides strong constraints on the crustal structure 
since receiver functions are sensitive to the interface struc
ture but.~ot to the absolute velocities while dispersion data 
are senSItIve to the absolute velocities but not the first-order 
discontinuities [Julid et aI., 2000]. We jointly inverted the 
stacked receiver functions with 15-60 s period fundamental 
mode Rayleigh wave group velocities detennined for each 
of the sites from the group velocity maps of Jlitra et al. 
[2006]. In order to avoid biasing the inversion model, the 
starting model for the inversion at each of the sites was the 
same ,and conSisted, of the AK135 [Kennett et aI., 1995] 
veloclty model WIth the crust and sub-Moho mantle 
replaced with 4.48 km s - I layers to 50 km depth. Plots of 
receiver function and surface wave inversions results are 
shown in the auxiliary material. I 

[9] With few exceptions, the Moho Ps phase is clearly 
seen in the individual receiver functions (Figure 2) allowing 
us to track the lndian Moho beneath most ofthe profile, The 
Moho configuration from the foredeep northward across 
the Himalaya to Ladakh is shC)wn in the upper section of 
Figure 3; the individual inversion results are shown in the 
lower section of Figure 3. The Moho is relatively clear in 
many of the inversion models but in some it is marked by a 

-lAuxil;~ry materials are available in the HTML. d()i:lO.1029 
2006GL026076. 
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Mligrated Crusta! Receiver Functions 10 NW india and Ladakh 
(a) Av"rllgllli RFs (b) Individual RFs (e) A'leraged RFs (d) Individual RFs 
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Figurt' 2. Plot of rc.?cci\\.~r functions fromXW : i ;n::l~.i:-:' and Ladakh seismic stations (a) average radial receiver functi(l[], 
plotted as a function of rdali\C' dis-lanel: along a N-S profile from south of the Himalayan foredeep (N 01) to Southern Tih::l 
Detachment (DCH). (b) Plot of indi\'idual tr~ICCS used to generate the average receiver function in Figure 2a. (c) A\era~~ 
and individual receiver fum.:tions from the Southem Tibet Detachment (DCH) to the Karakonrm Fault (TKS), (ti) Plot llf 

individual tmces used tll generate the awrage receiver function in Figure 2e. The individual traces in Figures 2b and 2d ar~ 
ordered by backazimuth from sOluh (lower traces) to north (upper traces), 

37.S0N,81.soe 

V.f\IW.) ', ... , .............. " ... IS;1." ....... , 
i~:j l~ iJl :jll~II:11 t~1 t~l 

Figure 3. Moho cross-section through NW Himalaya and Ladakh projected on the profile shown in FiguTC' I, The lower 
section of the figure shows final crustal models from the joint inversion of receiver functions and Rayleigh wave group 
vdocity data, The interpreted Moho depth. the depth at which the shear wave velocity reaches a sustained value of4A km 
Sl. is denoted by the arrow. The Moho depth is referred to the surface, The upper section of the figure shows the IndiJo 
Moho configuration from the Himalayan tl)redeep across the Himalaya, Ladakh, western Tibet, to the Tarim Basin. The 
profile projection was chosen to be approximatdy perpendicular to the structural grain, The red squares denote the Mnht: 
depth along the NS profile l1fthe seismographs. green squares denote the Moho depth at the two stations HNL and MTIl 
located farther east. The shnri green and blue line segments show the Moho configuration from Wittlillger el al. [2004. 
Figure 4] with the colors corresponding to the colored I inc segments in Figure L The elevation along the profIle is ShO\\ll 

above the crustal section, Ditlerent vertical scales have been used tor above and below sea level. 
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velocity transition. We define the Moho as the depth where 
there is a significant change in the velocity gradient and the 
shear wave velocity reaches a value of ",4.4 km S-I. For a 
poisson's ratio of 0.25 this corresponds to a compressional 
wave velocity of 7.6 km s -1. The crust beneath ND I is 
relatively simple with the Moho at ",40 km depth, similar to 
the crust beneath the shield in southern India [Rai et al., 
2003]. 

[10] The Moho deepens northward across the foredeep 
and is at ",50 krn depth beneath the foothills of the 
Himalaya. The internal structure of the crust beneath 
KUK is still relatively simple but the internal structure of 
the crust beneath the Himalaya increases in complexity 
probably partly due to internal discontinuities forming 
within the crust as the upper crust is sheared and stacked 
to form the range, and partly due to lateral variation in 
structure giving rise to off-great circle arrivals in the P-wave 
coda. Beneath the highest part of the Himalaya the Moho is 
at 60-65 km depth. The seismic stations were located along 
a NS profile due to the limited access through the region, 
but the structural grain in this part of the Himalaya is 
oriented more NW-SE. The crustal profile in Figure 3 which 
is chosen to be perpendicular to this direction, shows that 
from south of the IZS to the Karakorum Fault (HNL-MTH 
and RTS to TKS) the Moho deepens from 70 to 75 km 
marking an almost continuous interface from ",40 km depth 
south of the Himalayan foredeep to "-'75 km depth at the 
Karakorum Fault in Ladakh. 

5. Summary and Conclusions 

[II] Teleseismic recordings from 17 broadband seismo
graphs installed along a 700 km profile extending from the 
exposed northern edge of the Indian Shield to the northern 
border ofIndia in Ladakh allow us to trace the Indian Moho 
almost continuously from ",40 km depth on the south side 
of the Himalayan foredeep to ",75 km depth at the Kar
akorum Fault. The internal structure of the crystalline crust 
appears simple from the southern edge across the foredeep, 
similar to that of the south Indian Shield [Rai et aI., 2003] 
but, becomes increasingly more complex across the Hima
laya and Ladakh as it is sheared and stacked to form the 
Himalayan Range. 

[12] Wittlinger et ai. [2004] used receiver functions to 
map the Moho north of the Karakorum Fault beneath 
western Tibet. Their measurements were made along a 
number of short line segments; one north of the Karakorum 
Fault and spanning the Bangong Suture, a second south of 
the Kulun Fault, and a third spanning the Altyn Tagh Fault 
(Figure 1). Their observations show that the Moho contin
ues to deepen north of the Karakorum Fault up to the 
Bangong Suture where it reaches ",80 km depth. Across 
the Bangong Suture there is a '" 1 0 km step in the Moho and 
to the north the Moho is relatively flat at ",90 km depth. 
North of the Altyn Tagh Fault the Moho shallows to 50-
60 km depth. 

[13] From the receiver function observations it is impos
sible to distinguish the Indian from Asian Moho. The 
continuity of the Moho imaged in the receiver functions 
reported here in conjunction with those of Wittlinger et al. 
[2004] suggest that in this part of the Himalayan orogen the 
Indian plate may penetrate as far as the Bangong Suture, 

and possibly as far north as the Altyn Tagh Fault. Absence 
of SKS splitting measurements show the uppennost mantle 
beneath peninsular India is isotropic. A similar lack of 
splitting is observed in southeastern Tibet northward to 
the vicinity of the Bangong Suture; north of the Bangong 
Suture strong SKS splitting is obsen'cd showing a different 
anisotropic regime [Huang et af .. 2000]. This also marks the 
approximate boundary between two different modes of Sn 
propagation. High frequency Sn propagates efficiently south 
of the Bangong Suture but poorly to the north [McNamara 
et aI., 1995]. Both of these obsen·ations suggest that 
southeastern Tibet to as far north as the Bangong Suture 
is underlain by Indian crust and upper mantle. No SKS 
measurements exist for western Tibet. Sparse Sn observa
tions in western Tibet suggest a change frorn efficient high 
frequency Sn propagation south of the Bangong Suture and 
Karakoram Fault to inefficient high frequency Sn propaga
tion to the north [McNamara et aT., 1995] suggesting that 
Indian lithosphere extends to the Bangong Suture in westem 
Tibet, and possibly as far north as the Altyn Tagh Fault. 
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