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Kashmir Valley Me gaearthquakes

Estimates of the magnitudes of past seismic euents foretell
a aery shaky future for this pastoral aalley

Susan Hough, Roger Bilham and Ismail Bhat

f , lanked on a l l  s ides by mounta in
I  r anges ,  t he  Kashmi r  Va l l ev  has
been for millennia both blessed and
cursed by its geography and geology.
The Himalaya and Pir Pinjal ranges
have provided native Kashmiri people
an inexhaustible source of water to
irrigate naturally fertile soils. At the
same time, would-be invaders have
faced geographv that  has formed
nearly impregnable lines of defense.
But the massive forces that push these
moun ta ins  upward  pose  a  rea l  and
present danger to the pastoral setting
of the valley. As the Indian subcon-
tinent continues to push northward,
stresses continue to build on massil'e
faults along the Himalaya arc. These
stresses let loose along a relatively
small fault segment in the fall of 2005.
More than 80,000 people died when
the magni tude 7.6 Muzaf farabad
quake struck the Pakistan Kashmir,
reducing houses, even entire moun-
tainsides, to rubble.

The Kashmir Vallev itself has been
rocked by manv moderate and large
earthquakes in historic t imes. Tradi-
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t ional architecture in the region re-
veals two basic construction str.les: friq,
n'hich involves masonrv infi l l  u'alls
and wood "runners" at each floor ler -

el to tie the walls together u'ith the
floors; and dhajji-dezlcrl, n'hich uses
a timber-braced frame lt'ith masorrn'
in f i l l  rscc Figte 3t .  The use of  noo, le i r
structure elements provides a some-
times surprising degree of resistarrce
to earthquake shaking. In the late 16th
century, Abul Fazl, philosopher arrtl
court historian of Akbar, r.r'rote "On
account of the abundance of r,^,'oocl antl
the constant earthquakes, houses tri
stone and brick are not built."

Traditional Kashmir architectr,rre
might be well suited for earthqu.lke
country, but as the population of the'
valley has grown to 5 million, elegarrt
t radi t ional  bui ld ings have Bi \ ( ' r ' r  \ \ . r \
to a ramshackle hodgepodge oi poorh
built structures, most of lr.hich h.rve
little resistance to earthquake grourr.l
motions.

History as well as geologl tell r.rs
that the Himalaya arc rt'ill e\perierlce
much bigger earthquakes th,rrr the
2005 event-bigger than the t1.rm.rg-
ing moderate earthquakes that h.rve
struck the Kashmir Vallev in recent
centur ies.  Given the mars i , . . '  tc . t le  r r f
faults in this part of the rvorlc'l, .rncl the
enormous forces, earthrluakes in the
range of magnitude E.5, r.rr.rvbe even
greater, will iner.itablv strike.. ln recent
years geologists hale fourrc'l the scars
left behind by three monster quakes
along the arc betn'een Bhutan and
Pakistan, around 1125. 1400 and 1505.
Gee Figure 4). The first trvo dates are
estimates precise to at best +50 years.
The 1505 el'ent is documented in the
historical record, the shaking har.ing
destroyed Bhuddist monasteries in
Tibet along a 600-kilometer segment

of the central Himalaya. Recent field
inr-estieations reveal that in each of
these megaquakes the frontal hills of
the Himalava adr.anced in a few sec-
onds more than 20 meters over the
p-:lains of India.

Bigger than Big
\\rhen anv earthquake strikes, relative
motion occurs suddenly on opposite
sicles of a fault, either horizontally or
verticallv. In the great 1906 San Fran-
cisco earthquake, the San Andreas fault
mor.ecl on a\/erage about 4 meters hor-
izontallr. o\rer a distance of some 450
kilometers, producing an earthquake
trf estimated magnitude 7.9. With 20
meters of slip, the largest Himalayan
megaquakes are in a different league
from the iconic Big One feared by Cali-
fornians. (Please see the sidebar for
..rn explanation of magnitude.) Recent
calculations moreover suggest that
megaquakes, with magnitudes well
above 8.0, are not just possible along
the Himalayan arc; they are necessary
to reliel'e the stresses generated by the
continuing northward motion of India
into Eurasia.

Figure 1. A homeless survivor sits near col-
lapsed buildings in Muzaffarabad, Pakistan
Kashmir, at the break of dawn after an Octo-
ber 15, 2005, earthquake killed 80,000 people.

Quakes like this one take place frequently
along the Himalayan arc to relieve accumu-
lated stresses generated by the collision of
the Indian and Eurasian tectonic plates. The
authors have examined geological and histor-
ical evidence in the region and conclude that
a temblor of magnitude 8 or greater prob-

ably has not hit the Kashmir region since the
mid-1500s, making an imminent megaquake
not just likely but necessary to relieve these
stresses. The devastation that would accom-
pany a magnitude 8+ earthquake would be
many times greater that of the M7.6 2005
event that was centered near Muzaffarabad.
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F igu re  2 .  The  Kashm i r  Va l l ev  i s  f l a r r ked  bv  t he  P i r  P i n j a l  H ima lava  t o  t he  sou th  a r rd  t hc

Himalava to the rror th.  l -ocated at  the junct ion of  the Indian arrd Eurasian plates,  the ar t . : r  is
rout inely rocked Lrv earthquakes.  Those wi th re lat iv t . ly  wel l  constra ined locat iorrs are shonrr
in p ink.  Many more are mcnt ioned in l ' r is tor ical  accounts but  t rsual lv  wi th insuf f ic ient  t1t ' t . r i l
to est inrate loc.r t ion or  m.rgni tude.  The dashed el l ipses shorv a speculat i r ,e locat ion for  a I . r rgc

1555 earthquake. The inset  shows the locat ions of  gre.r t  earthqu.rkes along the Hirnalavan . r rc,
showing that  the Pir  Pin ia l  Himalaya region may be long overdue for  such an event.

i t t , t  . . . .

I i -  l l ' - . .

. t \  i . r ,  t '  - t

I t i t t r r i  t . . ,  t ,

i r t f L , r ' n r , r t . , , r '  : '  -
f r r r i , ' .  I n  ." " ' '  "  |  '
p r t t v i t l t ' J  r t l l L r i

-  . :  i n r  e s t i g . - t t i o n s
'  ' ' . r  . t lo r . tg  t l i t '  H i -
: .  , i l r  t h t ' r ' u ' i l l  t e l l
. :  : r i : t t r r i c . r l  . t s  t v e l l
' *  \ l L ' , r r r r r  h i l e ,  t h c
' '  : . r . r ) \  l r le  , .1111;b le

t  : ' t .  i r r  rccent  cen-
: . ,r ' .hir . t l  .rccor,u-tts

- : r . r  f . :h ( ) t  o f  th t  sc -
ver i t v  o f  : l r . r i . . ; : r :  . r - - r ,c i . r t c t i  r l i th  l - r . rs i
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h . rzarc l  c lSSCSSl l l t ,n t  . rnJ  rn i t ig . - r t ion  is
hou' stronglv tht '  grLrirnt l  rr  i l l  sh.rkt '  in
future e.rrtht lu.rkes.

Focus ing  on  the  Ka.hnr i r '  \ ' . r l l e r ;  o r rc
f inc ls  . r  n  r i t te r r  I r i s to rv  tha t  re .achcs
l r . r t  k  . r l r r r t , s t  i . 1 t 1  t 1 )  q  1 , . 1 i s .  l . 1 t  : 1 r \  i \  -

i r rg  h is to r ica l  sources  revc . r l  vc rv  l i t t le
..rbout earthrlu.rkes prior to the 
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I . t ' l l i *he t l  ( ) t " ' c ( ) r ' r ( ) ( ' te . l "  [ . r  ] .uzz l . , , l
l . r tcr historiarts. Thc recorrls t [r .r t  have
sttrvivcrl  cotrtain a sP.rgl-rctt i  51111p 1rf
plrcc l l .r l . l rcs of c1.rnr;rgt 'cl  ci t ies that
lrar c been rcrt.tmerl .r c-lozcr-r tir-rrr.s and
nr isspe l l c r l  . r r rc1  t rans l i t c r . r te r l  over
rrrt l  over. In recent vr ' .rrs se ismclloeists

t

What's the Meaning of Magnitude?

!orr nr.rr h.ri r'nirticed that the name of the i.rther of earth-
I t lrr.rke nr.rgrrittrt-le, Charles F. Riclrter, st ' lclom appears

anvnlore rlhen e.rrthtlu.rkes are r-nentioner-1. Has the sc'r-called
"Richtcr Sc.rlc" L.ccn al.randonecl? Not reall 'u. It n'oulc1 be
more accurate to s.l\ that Richter's nrathemalical constructs
have been extr-rrtlcrl .rrrrl refirrerl to suit clif1erent situatiorrs.

At its simplest, thc lliclrter lrrag'Lituc-le scale is a logarithmic
description oi the.ruil.litutle oi the movements oi the perr arm

on a certain tvpe of seis-
mograph (the so-callecl
Wt rrtl-Altlersorr seismo-
gr . rph) ,  r rornra l iz t ' t l  to  a
L() ln lnon d is tance.  l t ic l r -
tcr tlesigrecl the scale to
tlescribt' earthquakes in
5r rttt l tt 'nt C,tl i  fomia nrea-
surcrl bv seismographs
i r t  Strut l r t ' r ' r r  C.r l i i t r r r r ia .

E a r t h q u a k e  m a g n i t u d e  i n
Sou the rn  C . r l i f om ia  was  f o r
many years reported on the
Richter  scale,  a logar i thmic
ca l cu la t i on  o f  l he  movemen t
of the pen arm on a Wood-
Anderson seismograph, an
example of  which is  shown
here.  Photograph courtesy
of  J.  B.  Macelwane Archir  es,
Saint  Louis Univers i ty .

Richter nragr.rittrtles reflt'ct the high-frecpencv vibrations of
groturcl m()\'enrent. Seisnrometers in Southem CaIifbmia still
record tlrese 1 1[1.1[jpns h'orn local earthcluakes. Although vor-r
rvon't oiterr scc .r strictlv Richte.r-derivecl magrritude these
clavs, \,ou u.ill :r'c rn.rgr.ritucles noted as ML (for local), n,hich
.rre essenti.rlh crll-livalerlt kr a ciassic Richter magnihrde.

Thirrgs fg1'qrn.rc nrore complicatec-l n'hen an earthqu.rke
is large. Thc \\ irocl-Anclerscrrt seismograph tl lrns out to
be tonc-rlc.rf to the booming long-pericld energv that large
t';rrthcluakcs rclc.rse. Above mirgniturle 5.5 or so, the level
of high-flct.1ue-no' shaking does not reilect acctrratelv the
overall sizr., or elrergv release, oi an c.rrthquake. Refirre-
lnents to the nragnitr-rclc scale have therefore it 'rcused on
the full sfrectrr.rr.tr of elergv released br,' a1 e;rrthqtrake,
incltrt l inc the so-callecl surfacc \\ 'aves, n'hich prop.rg.rte
ne.tr tht: car th's snrface. The golcl stanclarc-l is nctn' gerrerallt'
assunretl to Lrc the rnor-ncnt m.rgrritude scale, or Mlr', u'hich
ret' lects tlrc over.rl l  size of an earthquake: the size of the f.tult
t l r . r I  r t t t r r  r , t l  . t r t t l  t l tc  ar t rorrnt  r r l  s l i r r .

Thcsc tl.rvs r"l5pil l irgists rrftelr citc just .r magnitr-rcle,
\1, not . l.t.. i i ft i ' . 'g l 'hicir tvpc. it is. hr such .r case, if the
r'arthtluakr. is l irrge, it 's usu;rl lr ' '  safe to assLrme that this
is Mn'. This scrrle, like all later refinc.r.rrents, r,r,.ts clesignecj
to dovt't..r i l  snroothlr. n' ith Richter's origirral formul;rt ion.
That is, r.n.rgnitucle units are arlritrart '; uo ph\ sical units .rre
attaclrerl. Thus the nt'tlniit{ of magnitucle valtrc.s-M3 .rs a
sr-nall shock, M6 as a nrorlerate. shock-are the same me(ll1-
irrgs th.rt Richter defirreci u'herr he introducecl earthcluake
nragniturle in 

.lc)35.



" On accotrnt of the abundance of wood and the constant earthquakes, houses of stone and brick
are not built."-lAul Fazl, l6th century philosopher and court historian of Akbar

Figure 3. Tiraditional construction in Kashmir incorporated a mixture of timber and masonry elements. Referred to as dhajji-deuari, this sys-
tem served not only to make the best use of available local materials but also proves to be very robust in an earthquake, These buildings in
Srinagar, Kashmir, are tied together by wooden posts and beams and have masonry infill. Note also the metal tie straps at the building comer
in the right-hand photograph. Unfortunately, as the population of Kashmir has suqged to five million in recent years, new construction has
abandoned the time-tested techniques in favor of a ramshackle hodgepodge of masonry buildings with little resistance to ground shaking.
(Photographs by Roger Bilham unless otherwise noted.)

have realized that one important key
to understanding Kashmir's future
earthquakes l ies in these accounts,
their confused and confusing nature
notwithstanding. This has led several
intrepid scholars back to early written
materials archived in India and Eu-
rope. Rummaging through Sanskrit,
Tibetan, Arabic, Moghul and Muslim
texts has become much easier now that
historians (and seismologists) have
computerized search engines to scan
these ancient works, many of them
first available to westem scholars in
the 17th to 19th centuries.

[:r the past decade, two earthquake
engineers have been responsible for fo-
cusing the readings of historians on the
details of earthquakes in Kashmir: R.
N. Iyengar of the Central Building Re-
search Institute in India and N. N. Am-
braseys of Imperial College London.
Their historian counterparts were Shri
Devendra Sharma, a scholar of L:rdian
history at the Central Building Research
hrstitute, and David fackson, a Tibetan
scholar at the University of Hamburg.
\,Vhen viewed through the eyes of these
seismologists, the original texts often
tell a much more explicit tale than that
comprehended by the writers of histo-
ries now available to us.

Yet the texts sometimes remain
ambiguous. For example, the Persian

www.americanscientist.org

scribe, Pir Hasan Shah, writing rn7690,
described a landslide that dammed
the river near |helum in 883 In an in-
dependent Sanskrit account written
circa 1400 we learn that this natural
dam and its disastrous reseryoir were
ingeniously cleared by a Kashmir en-
gineer named Suyya, after whom the
present town of Sopor (Suyyapura) is
named. Was this an earthquake-trig-
gered landslide or one precipitated by
torrential rain? Earthquakes frequently
dam rivers, as in 2005 when the rivers
of westem Kashmir were impounded
for minutes and in some cases months
by rocks, trees and loose soil shaken
from the steep hillsides. But even if we
knew the cause of the 883 catastrophe,
with one isolated account we could
never distinguish a small local earth-
quake from a truly big one. Yet these
are the disasters whose past scale and
future likelihood are of most impor-
tance to Kashmiri society.

The magnitude of an earthquake in
historical times must be inferred from
its reach-the regional footprint of its
damage and notice. A further clue can
be the spate of clustered large after-
shocks symptomatic of the adjustments
in stress that follow a truly massive
earthquake. One such Kashmir earth-
quake for which damage was reported
from a wide geographic area occurred

in 1555, or possibly 1554. (The date of
the mainshock in historical accounts is
962 aH on the Muslim lunar calendar,
which corresponds to the period from
November 26, 1,554, to November 15,
15ss.)

The earliest and presumably most
reliable description of this earthquake
is from Shuka, who continued a long
tradition of Rajatarangini-the histo-
ry of kings-in the late 16th century,
ending with Akbar's conquest of the
region in 1586. Shuka tells us that the
earthquake occurred in September of
1555, in the second watch of the night
(4 to 8 hours after sunset).

The earliest accounts of this event
describe frequent shocks in Kashmir
during the month prior to the main-
shock, and several reports describe
a series of continuing aftershocks.
The 1555 mainshock thus appears to
have been part of a classic foreshock-
mainshock-aftershock sequence that
extended over a period of years. The
documented effects as well as descrip-
tions of strong aftershocks continuing
for at least weeks point toward a shal-
low, large-magnitude event. Ambra-
seys and fackson tentatively assigned
a surface magnitude (Ms) value of 7.6,
although the estimate is clearly impre.
cise, and the magnitude might have
been higher (7.8-8).

2009 Januarr,-Februan {i
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Figure 4. The Himalaya form a graceful arc separating the Tibetan Plateau from the Indian plate, which moves northward at more than 15
millimeters per year. The pink areas are the rupture zones of damaging earthquakes (magnitudes 7.3-8.6) in the past two centuries, and the
grey areas are the inferred enormous rupture zones of Medieval megaquakes. Only one of these, in 1505, is recorded in historical texts. The
arrows indicate the locations where trenches excavated by Steve Wesnousky (University of Nevada, Reno), Jerome Lave (Centre de Recherches
P6hographique et G6ochimiques, Nancy) and Doug Yule (Califomia State University, Northridge) have documented the slip in these earth-
quakes. The 1555 rupture zone is conjectural.

Historical descriptions tell of por-
tentous but often ambiguous effects.
Significant loss of life apparently oc-
curred as a consequence of building
collapse, ground failure and several
large landslides triggered by the earth-
quake. The following was translated
by Briggs in 1910:

The year 962 (1554/5) was re-
markable for a severe earthquake
in Kashmeer; on which occasion
the town of Dampoor, with sev-
eral orchards and gardens, was
removed from the eastem to the
westem bank of the Behut river;
and the town of |adra, situated
under the mountains, was de-
stroved by the falling of great part
of the mountain on the town, in
n'hich upwards of six thousand
persons perished.

Most of the later accounts also describe
the demise of a village under a large
landslide. The name of the village dif-
fers in different translations: ladra,
Mardar, Mawar, Maru Pergam. Al-
though the names differ, the similarity
of the accounts suggest a common ori-
gin. The location of Maru Pergam, or
Mawar. is uncertain. One of the chal-
lenges of interpreting early historical

46 American Scientist, Volume 97

accounts in this part of the world is the
inconsistent translation of place names.
A present-day village of Mawar is sit-
uated northwest of Baramula, at the
base of the Pir Pinjal Range in western
Kashmir. Others have suggested the
location to be a village 140 kilometers
southeast of Srinagar.

The number of fatalities associated
with the landslide is reported as 600,
although some writers added an ex-
tra zero or two. Thus a 16th-century
writer describes the village of Mardar
being overwhelmed by a landslide in
which 60,000 were killed-probably
far more than its pre-earthquake popu-
lation. Ferishta, a late-16th century Per-
sian traveler,puts the number of dead
at 600, which is generally regarded as
more realistic than higher figures.

Ambraseys and Jackson identiff six
locations in the Kashmir Valley that
were damaged by the earthquake. The
most westerly of these six sites is at
Baramula, 50 kilometers west-north-
west of Srinigar. The eastemmost ac-
count that can be reliably located is the
shrine of Martanda (discussed below),
about 5 kilometers east of Anantnag.
Although accounts describe effects in
detail, a reliable intensity assignment
cannot be ascribed for anv location. For

example, although historical accounts
tell us that a "great part of the mountain
fell," landslides are known to be unreli-
able indicators of shaking intensity.

The 1555 earthquake is most famous
for the repetition, by several historians,
of a curious swap in the positions of
two towns across the Jhelum river. The
puzzhng statements are quite explicit.
For example, Nizamuddin Ahmad, an
officer in Akbar's court, wrote circa
1585 that, "The villages of ]alu and
Dampur with their buildings and trees
were removed from one bank of the

flhelum) to the opposite bank." Later
historians clearly echo these reports,
sometimes adding their own embel-
lishment. The roots of this famous
and enigmatic bit of lore appear to be
found in Shuka's account, which states
simply that, "The confusion caused by
the earthouake in two towns of Ha-
sainapura and Hosainapura, situated
at some distance across the river, can
be seen to this day."

Shuka thus points not to some sort
of magical transportation of two vil-
lages but to substantial disruption of
both, most likely as a consequence of
ground failure along the river bank
rather than shaking per se. Once again,
however, one cannot assign a shaking



intensity based only on accounts of
qround failure.

Unraveling the effects of the 1555

earthquake might start to sound hope--

less. At a minimum there is no hope of

mapping out the distribution of shak-

ing effeits at the level of detail that

hai allowed seismologists to investi-
gate later historical earthquakes very

Iloselv. Still, the inferred locations of

available accounts do provide us with

enough information to draw some

conclisions about the reach of this im-
portant event. Moreover, a sleuthing

tip itr the Kashmir Valley has helped

provide useful clues to understand-

ine the iumble of historical accounts'

Fo"r example, along the river where the
present-dav vil lages of Flussainpur

*d Hottuit p,tr ati found, incised riv-

erbanks revell a propensity for slump-

ing even in the absence of earthquake

shaking (see Figure 6).

On Solid Ground
With colleagues from the University

of Kashmii the authors visited the

famous Martand (or Martanda) Sun

Temple (see Figure 7), which is the

subiect of another curious legend' Ac-

cording to Sukha, "It was owing to the

elory of the holy shrines of Viiayesh-

iari Martanda and Varahakshetra,

that fears and aPPrehensions from

earthquake were not felt by the irthab-

itantsbf these places." Later historians

assert that the people of the valley be-

lieved the Marianda Temple itself was

"saved by divine Protection." Sukha

suggests that the earthquakes were felt

in t[e Anantnag region and present-

dav Baramula (Varahakshetra), but the

damage was less severe in these re-
qions than elsewhere.

Today the Martanda TemPle, wNch

escaped the fate of most of Kashmir's

early ternples-being razed -in the

early tsttr century by Sicunder the

Iconoclast (literally the "destroyer of

icons")-is far from having avoided

the ravages of man and nature' Yet the

delicate irches and towers that remain

attest to it having been spared total

destruction by an earthquake in 1555,

if not serious damage by later conflicts'

The temple sits more than a kilometer

and half high but onlY about !0 me-

ters above the elevation of the adjacent

valley. Nearby villages are themselves

elevited by about 60 meters relative

to the rest of the valley' To the modem

shaking was less severe, and inhab-

itants i'ere left less fearful, because

the temple and surrounding villages

were co-nstructed on competent rock

and thus did not experience the strong

amplification effects that would have

almost surely taken place throughout

the valley. The temple was also cle-arly

in part saved by its construction, which

"oi'sitts 
of massive carved interlocking

stone blocks, dressed on all sides and

individually cut to fit together.
At the end of our sleuthing exPedi-

tion we were still left with as many
questions as answers. It still was not

ciear, for example, whether the large

landslide reported to have buried

Mawar had bccurred at one end of

the valley or at a similar village, Maru

Petgam, it the other end. Nonetheless,
all indications point to an earthquake
that caused significant disruption

over the full extent of the Kashmir

Valley, consistent with a magnitude of

7.6-7:8. Although one cannot rule out

an even larger magnitude, evidence
suggests it was not a great Himalavan
megaquake.

Attesting to the severity of the event

we have Sukha's account of the scoPe

of the calami! t " . . .it destroyed manv

people. It caused holes in the ground,

and travelers going on their way were

misled at every step' Houses fell into

these holes at night." Sukha also wrote

that "In the month of Ashvina (SeP-

tember) in the year 30 whose chronol-
ogy (1555), there occurred frequent

eiithquakes on account of the wicked

acts of the king, as if the earth suffered

from flatulence." He goes on to dis-

tinguish the mainshock as by far the

moit serrere of what must have been

multiple earthquakes felt during the

month.

Not Whether but When
From GPS measurements we know

that no part of the HimalaYa can be

spared ai the Indian plate eases north-

,,The confusion caused by the earthquake in two towns of

Hasainapura and Hosainapura, situated at some distance

across the river, canbe see to this day"'-sttuu^

Figure 5. Tilted tree stumps show slumping along 1libutary 
of the Jhelun River near the

Jilages of Hussainpur and Hossainpot in k""-i.. rnor, the 16th-century reports of towns

tradiig places acroJs a ri.,er may Ue exptainea- ty ground failure along the river bank rather

u* r"y *r,.r"rale repositionini by earttrquakertr"tir.g. (photograph by susan Hough.)

seismologically trained eye an inter-

pretation suggests itself, namely that
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"It was owingto the glory of thehof shrines of Vijayahvara
Martanda and Varahalcshetra, that fears and apprehen-
sionsfrom earthqualec were notfelt by the inhabitants of
these places."-shok"

Figure 7. Martanda Sun Temple has been spared the full ravages of not only Sicunder the
Iconoclast, who razed many temples in Kashmir, but also the shaking of many large earth-
quakes. The authors attribute the temple's seismic survival to two important features. First,
the temple was built about 90 meters above the valley floor on competent rock not subject
to amplification of motion by unconsolidated sediments. Second, the masonry construction
incorporates rnassive carved interlocking stone blocks fitted tightly together.
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ward under the mountains-earth-
quakes are inevitable along the entire
range. Further, the 7554/ 5 earthquake
may have been the most recent of
the irregular large earthquakes in the
Kashmir region. Again, more by in-
ference than by force of evidence, we
suspect that the 1554/5 event focused
at the base of the Pir Panjal Range (a
triple tautology in that Pir and Panjal
and range all mean mountain). This
is the westernmost expression of the
Himalaya, and the region that has not
slipped in a large earthquake since
1555 is roughly 400 kilometers by 80
kilometers-big enough to host an
M8 earthouake. The GPS data tell us
that convergence in the region is now
more than 15 millimeters per year. If
this convergence has been continuous
since 1555, we have more than enough
potential slip (6.8 meters) ready right
now to drive another earthquake of
similar size.

The uncomfortable conclusion is
thus that a repeat of the 1555 earth-
quake may be close at hand, and one
cannot dismiss the specter of a future
megaquake extending well beyond the
confines of the Kashmir Valley. How
close? Unfortunately, the unknowns
currently far outweigh the knowns,
and the mechanisms of earthquakes
contain none of the elements charac-
teristic of a clock. We note, however,
that the stresses generated by the
2005 Kashmir earthquake, although
onlv a relativelv modest one at Mw
7.6, have not dissipated stresses al-
ready stored near the 1555 rupture
zone. Indeed, they serve to enhance
them. Looking at other major faults
around the world, it is clear that adja-
cent fault segments sometimes break
sequentially, like toppling dominoes,
with major earthquakes separated by
days, months, years ... sometimes a
few decades. If the Kashmir segment
is the next domino to topple along the
Himalayan arc, the future earthquake
will unleash devastating ground mo-
tions on a corner of the world that is,
in every sense of the phrase, on peril-
ously shaky ground.
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