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Orogenetic sediments and ophiolites (Indus Flysch) =
Tibetan Himalaya, Tethys sediments

Higher Himalaya, metamorphism normal
- Lower Himalaya, metamorphism mostly reversed
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(After Gansser, 1964)



(After Hodges, 2000)

Key to Acronyms

\ AA - Almora Allochihon KO - Kiogar Ophiolite

BNSZ - Banggong-Mujiang Suture Zone M - Muslang Pluton

DH - Dhaulagiri MA - Manasiu

DM - Dolpo-Mugu Plulon MBTS - Main Boundary Thrust System
EV - Everest MCTS - Main Central Thrust System
GB - Gyirong Basin MMTZ - Main Mantle Thrusl Zone
GKT - Gyirong-Kangmar Thrust NP - Nanga Parbal
GM - Gurla Mandhata Dome STFS - South Tibelan Fault System
GT - Gangdese Thrust 50 - Spontang Ophiolite

34° : [TSZ - Indus-Tsangpo Sulure Zone S5Z - Shyok Sulure Zone
KA - Kathmandu Allochihon TB - Thakkhola Basin
KB - Kashmir Basin TM - Tso Morari Dome

KW - Kishtwar Window X0 - Xigaze Ophiolite.

[1Intermontane Basins (Neogene-Quaternary)
[_] Subhimalayan Zone (Neogene-Qualernary)
[ Molasse Basins (Tertiary)
Transhimalayan Zone (Mesozoic-Tertiary)
Kohistan-Ladakh Arc
[] Batholiths
[ Undifferentiated Unils
[ Karakoram Terrane
[[] Gangdese Batholith
[ Indus-Tsangpo Suture Zone (Mesozoic-Terliary)

B Ophiolites e =
[ Tibetan Zone (Neoproterozoic-Paleogene) = Thrust Fault :}:_:T_’ T\
[_] North Himalayan Gneiss Domes _*— High-Angle Reverse Fault TR _"_3__\ :
[ Greater Himalayan Zone (Neoproterozoic-Ordovician) o High-Angle Normal Fault
Il Leucogranitic Plutons (Miocene) —"" Low- to Moderate-Angle Normal Fault
[] Lesser Himalayan Zone (Mesoproterozoic-Tertiary) =
[[] Lesser Himalayan Crystalline Allochthons 5 Transctjlrrenl Fault ]
Il indian Plate Units, Undifferentiated (Mesoproterozoic?) — Fault with Unknown Displacement
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Higher Hmalayan Tioetan Tethys
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SIDS South Tibetan Detachment System MCT Main Central Thrust
MBT. Main Boundary Thrust MFT. Main Fontal Thrust
Age of Structures: (Modified after N. Harris, 2002)

MCT: formed at about 24 Ma before
STD: Nearly contemporaneous with MCT
MBT: Formed before 10 Ma

MFT: Less than 2 Ma
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Figure 3: N10°E section across the central Himalaya of Nepal. Geology modified from Brunel [1986] and Schelling [1992).
Topography from ONC (G7).

(After Pandey et al., 1999)
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Earthquakes In the
Himalaya
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Some Historic Earthquakes in Nepal (source: UNDP/UNCHS, 1993,
Pandey and Molnar, 1988, Bilham et al., 1995)

Year (AD) Deaths Damages
1255 One third of the population of Kathmandu A lot of damages to residential buildings
was affected. Many deaths and temples
1260 Many people died, Famine after the A lot of damages to residential buildings
earthquake and temples
1408 Many people died A lot of damages to temples, residential
buildings, fissures developed in the
ground
1681 Many people died A lot of damages to residential buildings
1767 No record of deaths No record of damage
1810 Some people died, many lives were lost A lot of damages to buildings and temples
particularly in Bhaktapur
1823 No record of deaths Some damage to houses
1833 Estimated magnitude 7.7, 414 people died in Nearly 4040 houses destroyed in
the vicinity of the Kathmandu valley Kathmandu, Bhaktapur, and Patan in the
valley and adjoining Banepa and a total of
18,000 buildings damaged in the whole
: m)untrk}/.. .
1834 No good record available any buildings collapsed




1837 No good record available No damage in Nepal recorded but greatly affected
Patna and other parts of Bihar, India.
1869 No good record available No good record available
1897 No good record available No good record available
1917 No record deaths No record on damage
1934 Estimated Magnitude 8.3 (epicenter, eastern | Over 200,000 buildings and temples etc damaged
Nepal). 8519 people died out of which out of which nearly 81 thousand completely
4296 died in Kathmandu valley alone destroyed in the country. Max Intensity X.
55,000 building affected in Kathmandu (12,397
completely destroyed).
1936 No good record available No good record available
1954 No good record available No good record available
1966 24 people died 1,300 houses collapsed
1980 Magnitude 6.5 (epicenter far western Nepal). | 12, 817 buildings completely destroyed, 2,500
103 people died houses collapsed
1988 Magnitude 6.5 (epicenter in SE Nepal). 721 66,382 buildings collapsed or seriously damaged.

people died
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- (Pandey et al. 1999)
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Figure 4: (A) Density distribution of seismic events along AA" section. All natural seismic events with resolvable depths and

within 50 km of section AA' (see box in Figure 2) have been considered. In order to take into account uncertaintics on

seismic locations the resulting distribution has been filtered using an axisymetric Gaussian filter with o= Skm (The effect of

the filter is to simulate the distribution probabilitity on seismic locations). Note the logarithmic scale for density of
microseismic events. Fault geomeiries reported from Figure 3. (B) Density distibution ol seismic events along AA'. All
events have been considered including quarry blasts at Hetauda and events with unresolved depths. (C) Vertical velocities
deduced from geodetic measurements along the levelling line of Figure 2, from Jackson and Bilham [1994]
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Collaborating Organizations and projects
In Nepal

1. Labarotoire de Geophyique Applique (LGA), Paris
University France

2. Department Analyse Survillance Environment
(DASE), France

3. California Institute of Technology (CALTECH), USA
4. Oregon State University, USA
New Projects

1. The Himalayan Nepal Tibet Seismic Experiment
(HIMNT)

2. Hi-CLIMB



Nepal-Bihar Earthquake
1934
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Figure 1 Map showing localities from which damage was reported in Dun et al. (1939).
Segments of railways for which there was reported damage and the area call the “slump belt”
are also shown. The 300 m contour defines, roughly the edge of the Himalaya. Isoseismals
were taken from Dunn et al. (1939) and do not include the information reported by Rana (1935).
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S - (After Roy et al., 1939, redrawn)
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Lubhu town, Kathmandu valley after the 1934 earthquake (Rana, 1935)






Fissures in Tundikhel, Kathmandu (Rana, 1935)



Deaths due to 1934 earthquake out of Valley

Place Men Women Total
Eastern Mountain 1792 2182 3974
region
Western Mountain 29 36 65
region
Teral 77 107 184
1898 2325 4223
Total Deaths by 1934 earthquake
Kathmandu 1952 2344 4296
Valley
Rest of Nepal 1898 2325 4223
Total 3850 4669 8519




Impact of Future Earthquake
In Kathmandu
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A recent study (UNDP/BCPR, 2004) ranked
Nepal as the eleventh most at risk country
to earthquakes. Presently Kathmandu is
one of the few cities in the world at a very
high alert due to Earthquake disaster



GEOMORPHOLOGY

TOPOGRAPHY OF THE BEDROCK e tubewells encountering the bedrock

==j ancient drainage channels
{confirmed depth of bedrock)

<> bedrock > 1400 mas!

tubewells not encountering the bedrock
(bedrock is still deeper)

{ Chobar Gorge

/ Bagmati Gorge
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e o (After DMG, 2005)
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Seismic Intensity (Mid Nepal Earthquake)
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Casualties Density (Mid Nepal Earthquake)
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Heavily Damaged Building (Mid Nepal Earthquake)
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Potential Impact due to scenario EQ in KV
(KVERMP estimates for IX MMI)




MM Intensities
26 August 1833

Ea'l::utla{

(Bllham, 1995)

Fig. 2 Locations reporting the 26 August 1833 earthquake. Solid circles from newspapers and open
circles from Campbell, 1833. The shaded ellipse corresponds to the rupture area adopted by Khattri
placed in a location corresponding to maximum damage reported by Campbell. However, the location of
the rupture is probably uncertain to *1 degree, and the rupture area could be a factor of 2 or more larger.
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Active Faults in Nepal
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a: ITSZ = Indus-Tsuangpo Suture Zone; MCT = Main Central

Front Fault; SRFF = Salt Range Front Fault, KSFF = Kirthar-Sulaiman

Front Fault; Sub-H = Sub-Himalayas.

¥
[ ]
(="'1]
g
He
2L
£ =
g
£
———————————— o 1
= ik
g
w
[
E g
T
I
= =
i |
— =
-+ I |
v 2
= E
i
c =
(%]
2
E
-,
S x
¢}
ol —



- l/ lr"*
{w(

R

o

¢)

WPo»

=

2km” NI ll\. ,
1
2

1w Fim

(Nakata et al, unpublished)



1L (1986).

W Area of perpetual snow cover
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(After Nakata, et al, 1990)
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Fig. 3 Active faults around international border between Nepal and India.



(After Upreti et al, 2000)

Dip-Slip Fault Trace IEI Strike-Slip Fault Trace IEI Fault Trace (site indistinct)

Figure 2. Trench sites on the active fault traces in southeast Nepal.
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Upreti et.al.: The latest active faulting in southeast Nepal

artificial fill -~

1010-1230AD fault

687-1161AD(BETA)

Figure 3. Log of west-wall at the Tokla Tea Estate trench on the Himalaya-Ganges
fault about 2 km NW from Kakarbhitta. Clear evidence of late Holocene rupture on
a near-vertical fault zone.

(After Upreti et al, 2000)

12m

1019-1228AD

1044-1243AD

Figure 4. Log of west-wall at the Hokse Trench across the HFT Folded sand
and gravel beds overriding late Holocene overbank deposits along a low-angle
fault surface.



Upreti et.al.: The latest active faulting in southeast Nepal

A. Tokla Tea Estate Trench B. Hokse Trench

The latest event ca.1000AD
The latest event ca.1200AD

Unfaulted
Faulted s Unfaulted

----------- - Faulted e=eeeae=

1 T T | I | 5 | T |
1200 1400 1600AD 1000 1200 1400 1600AD

1
1000

Figure 5. Timing of the latest events. A. Timing of the latest surface rupture at Hokse
Trench across the HFT appears to date about 1200 A.D. B. Timing of the latest surface rupture
is not well-defined at Tokla Tea Eastate trench, and appears to be between 1000 and 1200 A.D.

(After Upreti et al, 2000)
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Table 1 Population of large City on the Fault (PCF)

Kathmandu (including Lalitpur) 834,000
Dharan 95,000
Butwal 75,000
Narayangadh 72,000
Hetauda 63,000
Tribhuwannagar 43,000
Birendranagar 31,000
total 1,218,000
PCF/ total poplation of Nepal 5%

data: 2001census



Seismic Risk in Nepal

(After ICIMOD, 2006)
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