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ABSTRACT

April 25, 2015 was a black day in the history of Nepal. A major earthquake with magnitude 7.9, followed by
aftershock magnitude 6.7, 5 & 4.7 intensity; had shacked the Nepal and adjoining countries; India, China and
Bangladesh. More than 250 numbers of aftershocks have been observed till May 18, 2015. Due to this earthquake,
Kathmandu valley uplifted vertical about 3 feet (1 meter) and the tallest mountain in the world, Mount Everest, got a
wee bit shorter. This earthquake originated due to compression of the Indian & the Eurasian plate. Rescue teams from
various countries tried to save the human life as well as media teams had shown an impact on the social and
economical front. In this paper we tried to cover Geoenvironmental impact of this earthquake and concluded that
implementing the building construction practices, according to seismic zone is only one way to save humanity &
future losses by an earthquake.

INTRODUCTION

‘Valley of Pashupatinath (Lord Shiva)’ Kathmandu, Nepal, had shaken with historical earthquake, intensity
measured 7.9 at 11:56 am Nepal Standred time (NST), on April 25, 2015 followed by 250 numbers of aftershocks (as
of May 18, 2015); killed more than 8150 humans, injured more than 19000 and flattened villages, leaving hundreds
of thousands homeless. Its epicenter was the village of Barpak, Gorkha district (named Gorkha Earthquake) and
depth was approximate 15 kml*}- . This earthquake may be the second strongest on record in Nepal. A 8.0 magnitude
earthquake occurred in January 1934 in Bihar and devastated the region.

A strong 6.7 magnitude aftershock, the largest of the more than 30 aftershocks about 4 magnitude, struck 65 km east
of Kathmandu at 12:44 pm local time, followed by immediately two other aftershocks, magnitude was 5 & 4.7. A
second major earthquake occurred on 12 May 2015 at 12:35 NST with a moment magnitude (My) of 7.3My, 18 km
southeast of Kodari. The epicenter was near the Chinese border between the capital of Kathmandu and Mt. Everest. It
struck at the depth of 18.5 km (epicenter). This earthquake occurred along the same fault as the original magnitude
7.9 earthquake on April 25th but further to the eastl. As such, it is considered to be an aftershock of the April 25
quakel . Centuries-old buildings were destroyed at UNESCO World Heritage sites in the Kathmandu Valley,
including some at the Kathmandu Durbar Square, the Patan Durbar Squar, the Bhaktapur Durbar Square, the Changu
NarayanTemple and the Swayambhunath Stupa. Geophysicists and other experts had warned for decades that Nepal
was vulnerable to a deadly earthquake, particularly because of its geology, urbanization, and architecture ", The
economic losses could be as much as $10bn, according to an estimate from US Geological Survey.

GEOLOGY AND SEISMOTECTONIC SETTING OF NEPAL HIMALAYA

Geology of Nepal Himalaya

Nepal lies towards the southern limit of the diffuse collisional boundary, where the Indian
Plate underthrusts the Eurasian Plate®, occupying the central sector of the Himalayan arc, nearly one-third of the
2,400 km (1,500 mi) long Himalayas. Geologically, the Nepal Himalayas are sub-divided into five tectonic zones
from north to south, east to west and almost parallel to sub-parallel®]. These five distinct morpho-geotectonic zones
are: (1) Terai Plain, (2) Sub Himalaya (SivalikRange), (3) Lesser Himalaya (Mahabharat Range and mid valleys), (4)
Higher Himalaya, and (5) Inner Himalaya (Tibetan Tethys). Each of these zones is clearly identified by their
morphological, geological, and tectonic featuresll. These all tectonic zones are separated from each other by the
thrust faults. The southern most fault, the Main Frontal Thrust (MFT) separates the Sub-Himalayan (Siwalik) Zone
from Gangetic Plains. The Main Boundary Thrust (MBT) separates the Lesser Himalayan Zone from Siwalik. The
Main Central Thrust (MCT) separates the Higher Himalayan Zone from the Lesser Himalayan Zone. The South
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Tibetan Detachment System (STDS) marks the boundary between the Higher Himalayan Zone and the overlying
fossiliferous sequence of the Tibetan-Tethys Himalayan Zone. The Indo-Tsangpo Suture Zone is the contact knot
between the Indian plate and Tibetan (Eurasian) Plate in terms of plate tectonics (Fig 2).
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Fig 1: Location map of earthquake in Nepal (Source: After Al Jazeera agencies, April 2015)

The convergence rate between the plates in central Nepal is about 45 mm (1.8 in) per year. The location, magnitude,
and focal mechanism of the earthquake suggested that it was caused by a slip along the Main Frontal Thrust!®l.

The earthquake's effects were amplified in Kathmandu as it sits in the Kathmandu Basin, which contains up to 600 m
(2,000 ft) of sedimentary rocks, representing the infilling of a lakel®.

Seismotectonic setup of Nepal Himalaya

The Himalaya, the highest mountain range of the world, represents an active collisional orogeny combining rapid
crustal shortening and thickening, and that causes frequent strong earthquakes!*®! . The Tibetan Plateau lies to the
north of the Himalaya with the Indus—Ganga— Brahmaputra plain to the south of it. The Central Himalayan thrusts are
the result of continent— continent collision of two mega plates of India and the Eurasia. In this region, the seismic
energy is built up due to incessant collision of the Indian plate with the Eurasian plate which results in a sudden
release of the stored seismic energy in large and great earthquakes.

The Nepal and its adjoining region lie at the central part of the Himalaya. The Himalayan region is divided into four
major morphotectonic zones which are characterized by different physiography and stratigraphy™l. From south to
north, these are the sub-Himalaya, the Lesser Himalaya, the Greater Himalaya and the Tibetan Himalaya. A number
of geoscientists have carried out geological as well as tectonic investigation in the Himalaya and its adjoining regions
and published their important findings™?22, A series of reviews focusing on geology and the structural framework
have been presented recently: Upreti (1999)[%] for Nepal Himalaya; Avouac (2003)!°! for Central Himalaya; Hodges
(2000)24 and Yin (2006)12% for the entire Himalayan region, Prasad et al., (2011)%! for an underthrust Indian crust of
NW India through multi-fold seismic reflection profile in the Sub-Himalaya, and Yadav et al (2010)?" for Hindu-
Kush-Pamir Himalaya. An extremely complex geotectonic framework coupled with high seismic status has made the
Central part of the Himalayas, a destination to study the complex inter-continental collision processes. The collision
also caused large scale deformation and high seismicity of vast regions of colliding continents. This region displays
all major tectonic features of the Himalayan mobile belt and is seismically one of the active regions in the Himalayan
arc. Thrust environment is dominant in the Western and Central Nepal region, whereas, in the Eastern Nepal, it is an
amalgamation of thrust and strike-slip with large thrust mechanism. In the western region thrust faulting coupled with
shallow dip nodal planes reflects the Indian lithosphere is under-thrusting at a shallow angle. Here, the crustal
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shortening in north- south direction in which earthquakes are generated due to northward compression. The
shortening was accommodated by the development of various NW-SE trending structures like Himalayan Arc MCT
(Main Central Thrust), MBT (Main Boundary Thrust); MFT (Main Frontal Thrust). The observed change in the
faulting pattern in the eastern parts of the thrust zone may indicate substantial movement along the transverse faults,
as compared to that of the western region with the changes in the deep crustal structure. The thrusting decreases
rapidly with increasing focal depth and deformation occur due to strike-slip motion at greater depths. The central
sector of the Himalaya comprising of Nepal has a complex tectonic history?®l 4lwith highly deformed upper crust
and displays all major tectonic features of the Himalayan mobile belt. The region is known for its high seismic
activity in which the great earthquake of 1934 (M 8.4) of Bihar-Nepal border region and a number of large
earthquakes of magnitude M > 6.0 have occurred during the last 100 years. The seismicity of the region is
fundamentally associated with the MBT and also with a number of thrusts, normal and transverse faults. The main
Himalayan seismic belt is mostly confined within the MCT and the MBT (Ni and Barazangi, 1984). Seismic activities
in the Nepal Himalaya region are confined mostly in the upper crustal portion; whereas the clusters of a few
intermediate events have been found between the MBT and the MCT in the Western Nepal region.
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Fig 2: Geological map of Nepal Himalaya!?®l.

IMPACT OF PRESENT EARTHQUAKE

Earthquake, in itself, is not dangerous. However, the resulting damage to buildings & other structures and the risk of
casualties from falling debris can make it extremely hazardous. Impact of earthquakes may be classified into two
types: Primary & Secondry Impact.

Primary Impact: Basically three types of primary impact:-

(M Geological impact:

A model of GeoGateway, based on a United States Geological Survey mechanism of a near-horizontal fault as well as
the location of aftershocks showed that the fault was an 11° dip striking at 295°, 50 km wide, 150 km long, and had a
dip slip of 3 m (9.8 ft).[*°IThe USGS says the aftershock registered at a shallow depth of 10 kmf3l,

The first good view of the aftermath of Nepal's deadly earthquake from a satellite reveals that a broad swath of
ground near Kathmandu lifted vertically, by about 3 feet (1 meter), which could explain why damage in the city was
so severe. The data also indicate the tallest mountain in the world, Mount Everest, got a wee bit shorter. According to
the earlier analysis, a region 120 kilometers long by 50 km wide lifted upward by as much as 3 feet during the
earthquake, said Tim Wright, a geophysicist at the University of Leeds in the United Kingdom. This uplift peaked
only 17 km from Kathmandu, even though the city was relatively far from the earthquake's epicenter. The radar
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images reveal that some of the world's tallest peaks — including Mount Everest — dropped by about 1 inch (2.5 cm),
according to the nonprofit UNAVCO, a geoscience research consortium. That's because the Earth's crust relaxed in
the areas north of the Kathmandu, after the earthquake released pent-up strainl%,
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Fig 3: Seismotectonic map of Nepal Himalayal?8l,

(i) Other Natural Disasters

(@) Avalanches: This earthquake caused many avalanches on Mount Everest. At least 19 died,

including Google executive Dan Fredinburg, with at least 120 others injured or missing.

In the Langtang valley located in Langtang National Park around 250 people was reported missing after an avalanche
hit the village of Ghodatabela® and the village of Langtang. The avalanche was estimated to have been two to three
kilometres wide. Ghodatabela was an area popular on the Langtang trekking route.[*3 The village of Langtang has
been destroyed by the avalanche. Around 300 were estimated to have died in smaller settlements on the outskirts of
Langtang that were buried during the earthquake, such as Chyamki, Thangsyap, and Mundu. Twelve locals and two
foreigners were believed to have survived.

(b ) Landslides/Shinking of Soil: Earthquake disturbe the slope of hills & chances of landslide and shinking of soil
may increases. Many connecting roads have been distroyed by landslide & shinking of soil. Due to this rescue team
unable to reach remote areas for relief measures and casualties increases. Landslides occurred in the Trishuli
River Valley with reports of significant damage at Mailung, Simle, and Archale®. On 4 May it was announced that
52 bodies had been found in the Langtang area, of which seven were of foreigners®l.,

(c) Emission of Green house gases: Most rock contains small amount of gases that can be isotopically distinguished
from the normal atmospheric gases, this can be attributed to release due to seismic-stress or fracturing of the rock.
Large vertical displacements of areas of land can be understood if a mass of gas had previously held open pore spaces
in the rocks below, and thereby raised the ground, and if these pore spaces had suddenly made connections to the
surface and rapidly exhausted the gas. Researchers from University of Bremen (Germany) and their colleagues found
a new source of methane that occurred from an earthquake which happened in Pakistan about 70 years ago. They
found that this event fractured the sea-bed and released methane in the atmosphere. The study was based on data from
the Makran subduction zone. A strong 8.0 magnitude earthquake that hit Pakistan in 1945 triggered a tsunami, killing
about 4,000 peoplel3el,

Same results have been found in deadly Japan earthquake in March 2011, with moment magnitude Mw = 9.0, that
released thousands of tons of climate warming halocarbons, pot ential greenhouse gases and stratospheric ozone
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depleting substance, has dramatically increased shortly after the earthquake and that annual emission were
significantly higher in 2011 than in other years®",

Same in Nepal, there may be released greenhouse gases from the subsurface and by destroy of the buildings and other
structures.

(iii) Damages of Building and other rigid structures

Most earthquakes related deaths are caused by the collapse of a structure. Thousands of houses were destroyed across
many districts of the country, with entire villages flattened, especially those near the epicenter. The Tribhuvan
International Airport serving Kathmandu was closed immediately after the quake, but was re-opened later in the day
for relief operations and, later, for some commercial flights. Centuries-old buildings were destroyed at
UNESCO World Heritage sites in the Kathmandu Valley, including some at the Kathmandu Durbar Square,
the Patan Durbar Squar, the Bhaktapur Durbar Square, the Changu NarayanTemple and the Swayambhunath Stupa.
Several pagodas on Kathmandu Durbar Square, a UNESCO World Heritage Site, collapsed,®as did the
Dharahara tower, built in 1832; the collapse of the latter structure killed at least 180 people. Manakamana Temple in
Gorkha was also destroyed. The northern side of Janaki Mandir in Janakpur was reported to have been
damaged. Several temples, including Kasthamandap, Panchtale temple, the top levels of the nine-story Basantapur
Durbar, the Dasa Avtar temple and two dewals located behind the Shiva Parvati temple were demolished by the
quake. Some other monuments, including the Kumari Temple and the Taleju Bhawani Temple partially collapsed.
The top of the Jaya Bageshwari Temple in Gaushala and some parts of the Pashupatinath Temple, Swyambhunath,
Boudhanath Stupa, Ratna Mandir, inside Rani Pokhari, and Durbar High School have been destroyed.

In Patan, the Char Narayan Mandir, the statue of Yog Narendra Malla, a pati inside Patan Durbar Square, the Taleju
Temple, the Hari Shankar, Uma Maheshwar Temple and the Machhindranath Temple in Bungamati were destroyed.
In Tripureshwar, the Kal Mochan Ghat, a temple inspired by Mughal architecture, was completely destroyed and the
nearby Tripura Sundari also suffered significant damage. In Bhaktapur, several monuments, including the Fasi Deva
temple, the Chardham temple and the 17th century VatsalaDurga Temple, were fully or partially destroyed. Outside
the Valley, the Manakamana Temple in Gorkha, the Gorkha Durbar, the PalanchokBhagwati, in Kabhrepalanchok
District, the Rani Mahal in Palpa District, the Churiyamai in Makwanpur District, the Dolakha Bhimsensthan
in Dolakha District, and the Nuwakot Durbar were partially destroyed.

Secondary Impact
Secondary impact occurs as a result of the primary impact of earthquakes. We can divide it in two parts:

(i) Environmental Impact: Following impact have been shown in Nepal Himalaya:-

(@) Due to ground shaking, slope stability on hills had disturbed and increase the chances of landslide, rockfall,
avalanche, Glacier lake outburst flood (GLOF) and other Hydrometerological disasters.

(b)  Aftershocks have been increasing the probability of collapse the damage structures, road, bridges and
landslide.

(c) Due to ground shaking and aftershocks, chances increase the rate of glacier retreat and that may occur flood in
downstream areas.
Sometime it affects the water availability in water bodies, may be increased or decreased or change in river
flow direction.

(i) Social Impact: Following impact has been shown in Nepal:

(@) Casualties: Collapse of buildings, houses and other man made structure play a tremendous role in the death
toll of an earthquake. More than 8150 people have been killed and more than 19000 injured in Nepal itself.
The rural death toll may have been lower than it would have been as the villagers were outdoors, working
when the quake hit. As of 15 May, 6,271 people, including 1,700 from the 12 May aftershock, were still
receiving treatment for their injuries.

The Himalayan Times reported that as many as 20,000 foreign nationals may have been visiting Nepal at the
time of the earthquake, although reports of foreign deaths were relatively low8. Hundreds of people are still
considered missing and more than 450,000 are displaced®, A total 78 deaths were reported in Indial*®, 25
dead & 4 missing from Tibet(*land 4 dead reported from Bangladeshi?.
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(b) Lack of a basic need for survival: Due to the high intensity earthquake and collapse of buildings, there are lack
of a basic needs of life such as foods, drinking water, clothes, medicines and public have not even the safe place
for passes his night. Rescue teams had arranged some camps for stay the public at night. People of Kathmandu
valley had lost the everything which they had arranged for daily need of a life.

(c) Impact on health & Psychology: Beside the economic loss, potential impacts on individuals are: mortality,
injuries, diseases (e.g. diarrhoeal, vector-borne) and infections, chemical pollution, nutrition and displaced
population. Only a small part of these impacts are captured by direct health costs, there were many victims
who had escaped death, but witnessed hundreds, including their loved ones, die in front of their eyes. Doctors
said that the trauma remains for very long with those who survived such disasters and psycho-social care help
is needed to deal with such trauma. In case of a family member being lost, people also suffer from survivor’s
guilt. The impact was huge and professional intervention was important.

(d) Impact of aftershocks and rainfall: Due to continued aftershocks and rainfall within 2-3 days of main
earthquake; relief operation struck and unstable slopes are falling down as landslide and rock fall. Due to
rainfall dead bodies started decomposed and debris of building mixed with water and various water born
diseases started.

CONCLUSION

Himalaya is a most prominent seismic zone & youngest folded mountain; originated due to compression of the Indian
& Eurasian plates and continue moving towards north. Due to movement in the plates, stress generates and released
in the form of earthquakes along the old fault plan & sometime generate new fractures/fault in the rocks. The
earthquake had left their impression in the form of huge casualties and economic loss (more than 8150 people dead
and 19000 injured and estimated economic loss is as much as $10bn) with vertical uplift of Kathmandu by about 3
feet (1 meter) and the tallest mountain in the world, Mount Everest, got a wee bit shorter.

As a country, Nepal can recover the impact of this tragedy, but as human being, its unforgettable disaster and has
never become free from fear of earthquakes. Implementing the building construction practices, according to seismic
zone is only one way to save humanity & future losses by an earthquake.
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