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Abstract

The construction of the Zojila Tunnel route, a crucial infrastructure project connecting Kashmir to Ladakh, poses
significant seismic risks due to its location in one of the most earthquake-prone regions of the Himalayas. The
tunnel traverses four major fault zones, including the Main Frontal Thrust, Main Boundary Thrust, Main Central
Thrust, and Main Himalayan Thrust, which are characterized by high seismic activity and complex tectonic
dynamics. The Himalayan Ellipse model, based on Finite Element Analysis (FEA), reveals a bimodal pattern of
seismicity, with "blind" earthquakes and great earthquakes posing significant hazards to the region. The tunnel's
construction requires strict adherence to earthquake-resistant standards, including site-specific geological
assessments, advanced structural engineering, and the use of high-quality materials. The project's strategic and
travel impact, including reduced travel time and all-weather connectivity, must be weighed against the potential
risks of destabilizing this highly seismic zone. This abstract highlights the grave consequences of neglecting the
seismic hazards associated with the Zojila Tunnel route and emphasizes the need for a thorough risk assessment
and mitigation strategy to ensure the safety and sustainability of this critical infrastructure project.
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I. Introduction
The Zojila Tunnel, spanning 13.14 kilometers and facilitating bi-directional traffic through the
Himalayan highlands at an altitude of 11,578 feet, links Baltal near Sonamarg in Kashmir to Minamarg near Drass
in Ladakh. A major structural breakthrough has already been achieved, and the team is currently focused on tasks
such as structural finishing, lining, and the installation of safety systems. The tunnel is slated to become
operational for public use by February 2028.

Strategic & Travel Impact

* Travel Time: Dramatically slashes the transit time through this specific section from 3.5 hours down to just 15
minutes.

* All-Weather Connectivity: Eliminates the 5-to-6-month winter isolation of Ladakh, creating a permanent civilian
and military lifeline.

I1. The "Himalayan Ellipse" Model

The "Himalayan Ellipse" model which depicts the mountain range's arcuate form as a confocal ellipse,
defines the "boundary" as a series of stacked, north-dipping thrust faults rather than one line. These faults enable
north-south compression, giving the range its distinctive elliptical arc shape.

* Main Frontal Thrust (MFT / HFT): o Location: The southernmost boundary, separating the Himalayan foothills
(Siwaliks) from the Indo-Gangetic Plain. o Role: It is the most active fault currently, representing the leading edge
where the Indian plate is sliding under the range.
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* Main Boundary Thrust (MBT): o Location: Positioned north of the MFT, it separates the Lesser Himalayas from
the Outer Himalayas (Siwaliks). o Role: Older than the MFT but still active, it often marks a significant jump in
mountain elevation.

* Main Central Thrust (MCT): o Location: Separates the Greater Himalayas (high peaks) from the Lesser
Himalayas. o Role: This is a fundamental tectonic boundary where deep, high-grade metamorphic rocks have
been pushed over younger rocks.

* Main Himalayan Thrust (MHT): o Role: The Main Himalayan Thrust (MHT) is regarded as the single
fundamental mega-thrust deep beneath, from which all of the above faults (MFT, MBT, and MCT) are "splays"
that eventually branch off to form the Himalayan ellipse.

The Zoji-la Tunnel navigates through four of the most vulnerable and earthquake-prone seismic thrust zones in
the world. While its advantages are clear, supporters of the "India First" initiative might be underestimating the
associated risks. The potential destabilization of the highly seismic region in the Himalayas, particularly at its
most active thrusts, raises significant concerns that should not be ignored.
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III. Predicted Failure Modes and its Implications

FEA simulations identify the first two primary failure mechanisms that differ from the typical arcnormal
thrusting of the Central Himalayas:

» There’s a strike-slip dominance, often called the "escaping" mode. Due to the sharp bends in the syntaxes,
material is pushed sideways around fixed points. While thrusting happens near the surface, strike-slip motion
takes over along the edges of the syntaxial domes—Iike along the Raikhot Fault in the west.

* The seismic activity shows a bimodal pattern. Smaller, “blind” earthquakes up to about moment magnitude 7w
tend to cluster deeper in the seismogenic zone. On the other hand, rare but massive quakes—those exceeding
magnitude 7w -- are necessary to reach the frontal thrusts.

IV. Principal Earthquake Hazards

» The Eastern Himalayan Syntaxis, also known as the Assam Syntaxial Bend, is considered the most hazardous.
This region, notable for the catastrophic 1950 Assam-Tibet earthquake with a magnitude of 8.6, features a
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pronounced bend where the Himalayas converge with the Indo-Burmese arc. It serves as a highly intricate meeting
spot for the Indian, Eurasian, and Burmese tectonic plates.

* The Western Syntaxis, encompassing areas such as Kashmir-Hazara, is another severely unstable zone. It has
experienced major earthquakes, including the 1905 Kangra earthquake and the 2005 Muzaffarabad earthquake.

* Nepal sits along the seismically active Main Himalayan Thrust (MHT), the collision zone between the Indian
plate and the Eurasian plate, also referred to as the Tibetan Plateau. This ongoing tectonic interaction is a key
driver of seismic activity in the region, as exemplified by the destructive magnitude 7.8 Gorkha earthquake in
2015.

Given these risks, constructing infrastructure along the Himalayan arc requires adherence to stringent
earthquake-resistant standards, as the region falls under Zone V—India's highest seismic hazard category. This
necessitates detailed site-specific geological surveys, advanced structural engineering solutions, and the
incorporation of durable, flexible, high-quality materials to endure seismic activity effectively.

V. Conclusion

The Zojila Tunnel, designed to enhance connectivity between Kashmir and Ladakh, offers significant
travel benefits by reducing transit time from 3.5 hours to 15 minutes and ensuring all-weather access, thus
eliminating winter isolation. However, it poses substantial risks due to its location within highly volatile seismic
zones characterized by multiple active fault lines. The potential for severe earthquakes necessitates rigorous
engineering measures and adherence to earthquake-resistant standards, highlighting the balance needed between
infrastructure development and geological safety in this critical region.
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