
The Deadly Latur Earthquake 
I 

Hmh It. Guph 

A devmtathg &quake of magnitude 
a4 d in &e early m0minlJ of 30 
Septmk1993 inthesouthemparrofthe 
Lam District of Mahamshm State in In- 
dia, The mrdquake c a d  akksptd 
- i n -mdlageahhhedap  
that f o l l ~ d ~  m m  than 11,000 htrman 
Mes were extriad fFsm the debris, a d  
the reported death toll i s  estisad m be 
aurch mare, Hismidy, no siga&mt 
cadquake is repme$ to have tzseqwl In 

more than 800 s & b  
events with zmgnituh 
equal to 4.5. However, he pints cm dm 
the mtal mometa deaae by these event% is 
1@ dpe-cm per year, or less 0.5% of 

gshJsm~cIrg.. The htge&t kmiQn 
1cIEkghg to &ia C g l t q p y  oc- 

I h x d m  1811 ruad W Jmu- 
a r y d 7 ; F e B r u a r p . l 8 1 2 h N ~ M ~  
Cm MFssourl. in the United States). T h e  
emhq& were af magnitude 8.2, 83, 
d 8.1, mpecthrely. 'The next laget 
&&e, of IIqpimde 7.8, O C C ~  i.m 
Kwtch, India. in 1819. This earthqualoe 
causedaacarpbetweenbahd9mh'imd 
u p t o 9 0 k n z i n l e n l g e h , * i ~ e t o ~  
b o r n  locaISy tyl "AUgh &nrdn or Of 
God." The Eueh earthquake is 
to b e  chimed 1560 human lives. The 
~ n ~ b e r o f d e a t h s s ~ f ~ a r e ~  
fim the 1918 C h b  (Nanai) e a d q d e  of 
2na#pitude 7.4, hawing claimed an anti? 
mated 10,m human 1im (31, In lwxmt: 
pears, noticeable evens mxurred ih Tenant 
k k ,  A d i a ,  on 22 Jv 1988 (4). 
In thta unqw i3eqaw3, three eaabqLdm 
af ~~ 63, 6'4, and 6.7 occurred 
widrln a shm perlad of 12 h The lat- 
est h w n  example is t)se Urtgava d- 

tWmal Gqkysical Rh;tssarch Insfmlte, Hlrdera$rad- 
50WQ7, India. 

3m 

b k W k &  
jw lrin@tgdov~n 
r'mfi and * espe- 
cially in early naming hours 
fQ357 m 
The& k 

high. Heavy &s, a few days. be- 
fore the d q d t e S  h& fmhx 
M & e o f r h e & L  
In a a d 1  p eazimu- 
bwa b d a t i m  on black d 
with wry low load-- a- 

pmiDUS &ght largest m;tnqu&w (& year and magnitude p@-% t& t$ OGC*- 

-1: 1810, M= 7.7@; 2: 1803, M =  6.65; 8 1956, M= 6.4; 4: -1 when ev-e Wf@ 
1926, M = 6.40; 5: 1967, M= 6.3; 6: 1938, M Q 6% 7: 1618. W P  h e  big%. 19opulation 
M 3 6.24; 8: I%%, M = 6-05. Areas markgd hy purple e W  d&ty m basidly respon- 
ingl rdenot6 M m o i c W t s j c  volmim; DR &m%x the &k far u h O d  d human 
DharYvar r b  end ADR the Aravalli bihi rift (Rmbflan). bves I-, soEne he =@*- 
(1-1 ~ ~ O S & ~ ~  WW 0f @K? k iUf  SE&QlCBb. 
U p  rlsht. D m g e  in Killari village in the Law District. d s t r u w  in concrete me 
~ ~ t e  UB engineered t?ows still standing m g  the ruins. a b). In A@ 

Emmi v* irstrlf, w&Ch olrds 
quake of ~ i m d e  6.3 in Chda, whlch the most des& areo, &e tank 4 
occuzyed on 25 Decembez 1989 (5). 

The focal depth of the Lanv ac thgde  strucnms withstood &e 
i s e s t i m a o e d t o b e ~ 5 s n c t 1 5 k m .  teflgicydroppedmVmM&dMdi 
With a ~ i t m i e  moment of 1-8 x lQES scale a fm tens ofWaaetet8 amp from th 
dynean, it acxmms for a h  20% of an- epicen=. Howevefl the earthqwk was 
n d  s&mic energy retease in stable conti- felt at long rhmnas, up to 400 kn away. . 
t k d  re&m +. ~~- w, m e&w&qde of eompa- 
nigm giQhnisag ht thusring along a rab1e ~~e is Eteownm have o c d  
n d w - d  fault, &L& is mis- in the viclnw of 'the Lam earthquake (7, 
mt with the h&md qional sness regime 8). H m ,  last yeat an &quake of 
(6). The d u r n  intersicy in the mag&& 4 on 18 O c t o ~  1992 causer3 

imm1 mxva (Rgim ofstmlfpt shak- minot smc 
ing) of h t  10-llen tacl.iYs is W I  on the Killari village. I 

M d  &tensity 4% SieYeral wexe ab4wt 25 qmrts of felt eadqu&es. 
incl- K i *  Saclhtr, M d ,  

&ti, Raj%$&on, and TO& were w m r d .  P q l e  
~ v d y  affected (see map), 

~ s t y l e o f d a m a g e ~ s ~ h d ~ e s e  f o l l d . B e e a w e c & & e ~ ~ ~ ~ f ~ i s n &  
.Cigagm, The boulders in iiifiheta sizes and mdm in rhe near vieinicy, there is no 
shapes are sacked to fahi the two faces of geLFmic nemd oQ &we wsaom The doma 
m-1y thick walk (up u, 4 -1, snd station is at Hpde:M at a distance of 220 
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km from the e~icentral region. Re~or ts  ex- - 
ist of felt tremors from this region in 1962, 
1967, 1983, and 1984. The e~icentral area 
lies on the fringes of Deccan volcanic prov- 
ince of Peninsular India, and the thickness 
of volcanic rock is estimated to be between 
100 and 200 m. There were no foreshocks 
of this earthquake large enough to be re- 
corded at Hyderabad Observatory. 

Macroseismic surveys and a suite of geo- 
physical investigations are being under- 
taken in the vicinity of the Latur earth- 
quake by the scientists of the National 
Geophysical Research Institute in Hydera- 
bad. The aftershock activity consists of sev- 
eral tremors, the largest being of magnitude 
4.4 on 30 September 1993 itself. The after- 
shock activity decreased rapidly in the days 
to follow. However, there was an after- 
shock exceeding magnitude 4 on 12 No- 
vember 1993. There is no major visible con- 
tinuous fracture on surface associated with 
this earthquake. There are a few discon- 
tinuous ruDtures that continue intermit- 
tently for a kilometer or so. A maximum 
upthrow of 0.5 m along a plane dipping 40" 
northeast has been seen. Soil gas studies 
carried out in the vicinitv of some of the 
cracks in the rupture zone near Killari have 
shown very high helium concentration in 
the range of 1000 parts per billion (ppb), as 
compared with background values of 200 
ppb or less. Repeat measurements are being 
made. There are reports of smoke or gas 
emanation from a widespread area to a dis- 
tance of 200 km from the epicenter as well 
as reports of ground-water changes 2 to 3 
months before and after this earthquake. 
These reports are being authenticated. 
There were also reports of elevated surface 
temperature for the meizoseismal area in 
the vicinity of Killari. Ground temperatures 
were measured at a depth of 1 m with a 
thermistor probe at 16 sites from where 
smoke emanation was reported. With the 
exception of a couple of sites, temperatures 
were found to be normal. 

Johnston (2) has prepared a list of the 
100 largest stable, continent region earth- 
quakes for the entire globe. Eight of them 
fall within the stable continent region of 
India (see map). However, all of them are 
associated with rifts or continent-ocean 
transition zones, or both. Unlike these 
events, the Latur earthquake is far removed 
from any known rift. The closest is a postu- 
lated Khurdwadi rift, which is more than 
70 km from the epicenter. 

As such, it is difficult to assign a defini- 
tive explanation for the Latur earthquake. 
Johnston and Kanter (1 have pointed out 
the rarity of stable earthquakes in conti! 
nental crust, and the fact that the largest of 
them occurred long before the modem in- 
struments were developed really makes us 
very poorly equipped to understand their 

mechanism. It is hoped that aftershock data 
collected through the operation of a num- 
ber of seismic stations, which is under dif- 
ferent stages of processing, and other geo- 
physical, geological, and geochemical in- 
vestigations being conducted in the region 
will provide much needed insight into the 
puzzling Latur earthquake. 
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Cancer, Catenins, and Cuticle 
Pattern: A Complex Connection 

Mark Peifer 

Society's investment in basic biological re- 
search is often justified bv the claim that 
scientists may discover unexpected connec- 
tions to problems important to human 
health and welfare. A spectacular example 
of such a connection is provided by two re- 
ports in this issue of Science ( I ) ,  which es- 
tablish a link between human colon can- 
cer, epithelial cell adhesion molecules, and 
pattern formation in the fruit fly Drosophila. 

Colon cancer. one of the most common 
forms of cancer in the Western world, re- 
sults from an accumulation of mutations in 
oncogenes and tumor suppressor genes. 
Mutations in the tumor suppressor gene 
APC are thought to occur early in tumori- 
genesis. Although originally identified in 
families with familial adenomatous polyp- 
osis, who are predisposed to colon cancer, 
the APC gene is now known to be altered 
in many sporadic colon cancers as well. 
The cellular function of the APC protein 
has remained elusive because APC has 
little sequence similarity to other proteins 
(2). In this issue, two research groups use a 
biochemical approach to cellular function 
and find that APC associates with an ad- 
herens junction protein called p-catenin (1 ). 

Adherens junctions (AJs; also called the 
zonula adherens) are critical for the estab- 
lishment and maintenance of epithelial lay- 
ers, such as those lining organ surfaces. AJs 
mediate adhesion between cells, communi- 
cate a signal that neighboring cells are 
present, and anchor the actin cytoskeleton. 
In serving these roles, AJs regulate normal 
cell growth and behavior. Certain stages of 
embryogenesis, wound healing, and tumor 
cell metastasis require that cells form and 
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leave epithelia. This process, which in- 
volves the disruption and reestablishment 
of epithelial cell-cell contacts, may be regu- 
lated by the disassembly and assembly of 
AJs. Several lines of evidence have sug- 
gested that Src-mediated tyrosine phospho- 
rylation of AJ proteins influences AJ as- 
sembly and cell adhesion (3), and there is 
evidence that down-regulation of A1 corn- = 

ponents often precedes metastasis (4). AJs 
mav also function in the transmission of 
the "contact inhibition" signal, which in- 
structs cells to stop dividing once an epi- 
thelial sheet is complete. Faulty transmis- 
sion of this signal could easily lead to 
growth deregulation. 

The AJ is a multiprotein complex (5) 
assembled around calcium-regulated cell 
adhesion molecules called cadherins. Cad- 
herins are transmembrane proteins: the ex- 
tracellular domain mediates homotypic ad- 
hesion with cadherins on neighboring cells, 
and the intracellular domain interacts with 
cytoplasmic proteins that transmit the ad- 
hesion signal and anchor the AJ to the ac- 
tin cytoskeleton. These cytoplasmic pro- 
teins include the a- ,  p-, and y-catenins. 
The genes for the a -  and p-catenins have 
been cloned (6, 7) and are unrelated in se- 
quence. The y-catenin protein, first identi- 
fied as a band on an SDS gel, may in fact 
be a mixture of two proteins-a p-catenin 
relative called plakoglobin that is found in 
desmosomes (another type of intercellular 
junction) and an unidentified protein (8). 

Although the stoichiometry and stabil- 
ity of the AJ protein complex have been 
well characterized, the biochemical roles of 
the individual proteins remain mysterious. 
Several clues have emerged from sequence 
analysis. The a-catenin protein shares 
slight but significant amino acid identity 
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