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metallic compounds and have suggested the use of
selected fluoroxidants for the total and quantitative oxida-
tion of all the Au and PGE, for simultaneous destruction
of the organic matrix and to avoid the loss of Au and
PGE during open-system digestion procedures. Such
specificity of black shales in relation to methods of PGE
and Au analyses should be taken into account in the esti-
mation of their PGE—Au potential, as well as in creation
of extraction technologies. More work has to be carried
out before suggesting a better analytical method for such
type of materials.

1. Reimann, C. and de Caritat, P., Factsheets for the geochemist and
environmental scientist. In Chemical Elements in the Environment,
Springer, Berlin, 1998, p. 398.

2. Yong, J. S., Yang, J. H., Ling, H. F., Chen, Y. Q., Feng, H. Z.,
Zhao, K. D. and Ni, P., Extreme enrichment of polymetallic
Ni-Mo—PGE—-Au in lower cambrian black shales of south China:
An Os isotope and PGE geochemical investigation. Palaeogeogr.,
Palaecoclimatol., Palaeoecol., 2007, 254, 217-228.

3. Pasava J., Anoxic sediments — an important environment for PGE:
an overview. Ore Geol. Rev., 1993, 8, 425-445.

4. Khanchuk, A. 1., Plusnina, L. P., Molchanov, V. P. and Medvedev,
E. I, Noble metals in carbon-rich metamorphic rocks of the Khanka
Terrane, Primorie. Tikhookeanskaya Geol., 2007, 26(1), 70.

5. Khanchuk, A. 1., Molchanov, V. P., Medvedev, E. 1. and Plusnina,
L. P., The first data on gold-platinoid mineralization in carbona-
ceous rocks of the Khanka Massif and prediction of a large noble
metal deposit in Primorye. In Nanogeochemistry of Gold. In Pro-
ceedings of the Symposium (Dal’nauka, Vladivostok), 2008, pp.
31-35 (in Russian).

6. Yu, G. and Karabtsov, A., Forms of concentration of ore elements
in carbon rich metasomatites. In Nanogeochemistry of Gold. In
Proceedings of the Symposium (Dal’nauka, Vladivostok), 2008,
pp- 122-129 (in Russian).

7. Distler, V. V. et al., Modes of occurrence of the platinum group
elements and their origin in the Sukhoi Log gold deposit (Russia).
Geol. Ore Deposits, 1996, 38, 413 (Geol. Rudn. Mestor-ozhd,
1996, 38, 467).

8. Razvozzhaeva, E. A., Spiridonov, A. M. and Tsykhanskii, V. D.,
Platinum in carbonaceous substance from ores of the Sukhoi Log
deposit (East Siberia). Geol. Geofiz., 2002, 43, 286.

9. Balaram, V., Mathur, R., Banakar, V. K., Hein, J. R., Rao, C. R.
M., Rao, T. G. and Dasaram, B., Determination of the platinum-
group elements (PGE) and gold (Au) in manganese nodule refer-
ence samples by nickel sulfide fire-assay and Te coprecipitation
with ICP-MS. Indian J. Mar. Sci., 2006, 35(1), 7-16.

10. Balaram, V. et al., Determination of gold, platinum, palladium,
and silver in rocks and ores by ICP-MS for geochemical explora-
tion studies. At. Spectrosc., 1997, 18, 17-22.

11. Gurskaya, L. 1., PGE mineral formation and the structure of the
Syum-Keu massif (Polar Urals). In Platinum Mineralization of the
Black-Shale Type and Criteria of its Prediction, VSEGEI, St Pe-
tersburg, 2000 (in Russian).

12. Varshall, G. M., Velyukhanova, T. K. and Korochantsev, A. V.,
On connection of noble metals sorption capacity of carbonaceous
matter of rocks with the matter structure. Geokhimiya, 1995, 8,
1191.

13. Mitkin, V. N., Galizky, A. A. and Korda, T. M., Some observa-
tions on the determination of gold and the platinum-group ele-
ments in black shales. Geostand. Newsl. J. Geostand. Geoanal.,
2000, 24, 227-240.

Received 27 October 2009; revised accepted 8 July 2010

CURRENT SCIENCE, VOL. 99, NO. 4, 25 AUGUST 2010

Seismic vulnerability and risk in the
Himalayan township of Mussoorie,
Uttarakhand, India

Piyoosh Rautela*, Girish Chandra Joshi and
Bhupendra Bhaisora
Disaster Mitigation and Management Centre,

Department of Disaster Management, Uttarakhand Secretariat,
Rajpur Road, Dehradun 248 001, India

Rapid visual screening technique has been resorted to
for assessing seismic vulnerability and risk in the
Himalayan township of Mussoorie that falls in Zone
IV of the Earthquake Zoning Map of India. Damage
during an earthquake in this zone is expected to reach
MSK intensity VIII. A total of 3344 structures in 11
residential wards of the town were surveyed in the
field. Data collected in the field were analysed under
GIS environment which suggests that a total of 615
(18%) buildings show high probability of Grade 5
damage and very high probability of Grade 4 damage
class. The economic loss likely to be incurred is esti-
mated to be of the order Rs 238.85 crore in the town-
ship of Mussoorie alone. Modest estimates suggest that
369 persons might sustain grievous injuries in this
event. The study highlights the fact that some of the
lifeline buildings are under severe threat and are re-
quired to be retrofitted or replaced on priority basis.

Keywords: Damage grade, rapid visual screening, risk,
seismicity, vulnerability.

SUBDUCTION of the Indian plate beneath the Eurasian
plate has resulted in the consumption of the intervening
oceanic plate and eventual collision of the alien land
masses. This event caused deformation, upliftment,
metamorphism and shearing of the sediments deposited in
the hitherto intervening ocean basin together with the
rock mass in the vicinity of the collision front. This re-
sulted in the evolution of the Himalayan mountain chain.
Since the collision around 55 Ma, India has been under-
thrusting at a rate of 45-50 mm/yr (refs 1 and 2). GPS
measurements indicate that India is moving northeast at a
convergence rate of 55 mm/yr, of which 18-22 mm/yr is
accommodated within the Himalayas® and the remaining
convergence is taken up further north in Tibet and Asia™.
The ongoing northward convergence of India produces
active deformation in the Himalayas, Tibet and adjoining
areas and is responsible for seismic activity in the entire
region.

The Himalayan mountain arc together with the adjoin-
ing Shillong plateau and western Assam has witnessed
four great earthquakes (M, >8.0) in the previous 110
years, i.e. 1897 western Assam earthquake, 1905 Kangra
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