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Abstract
2D FE modelling under plane strain condition is used to analyze the effect of physical properties on the state
of stress along a Himalayan Section. In this study we focus on the state of stress, displacement vectors and
shear stress obtained by applying the convergent displacement boundary conditions, imposing elasto-plastic
rheology. The purpose of the present study is to simulate the regional stress field, orientation of the
displacement vector and shear stress to explore the relative role of physical properties of crust and partially
molten middle crust. Our model results reveal that higher values of the Young's modulus, density, yield
strength and strain hardening for the mafic lower crust and Indian crust and higher value of Poisson's ratio
for the partially molten middle crust can produce the reasonable stress filed in the Himalaya and southern
Tibet provided general and almost establish physical properties of the other layer and fault zone.
Introduction
INDEPTH geophysical and geological observations imply that a partially molten mid crustal layer exists
beneath southern Tibet (Fig.1). (Nelson et. al., 1996; Brown et al., 1996; Makovsky et al., 1996; Kind et al.,
1996; Chen et al., 1996). Finite element method (FEM) is one of the robust methods to simulate the state of
stress and resulting deformation (Mäkel and Walters, 1993, Zhao et al., 2004; Liu and Li, 2006; Manglik et
al., 2008; Koirala and Hayashi, 2008; Koirala and Hayashi, 2009; Luo and Liu, 2009).The state of stress and
resulting deformation are important to explore the faulting pattern and tectonics of the area (Cai and Wang,
2001; Lynch and Richards, 2001, Malservisi et al., 2003;Flesch et al., 2007; Koirala and Hayashi, 2008;
Koirala and Hayashi, 2010).In this study, elasto-plastic, plane strain, finite element models (Hayashi, 2008;
Hayashi, 2009) are created to analyse the effect of physical properties of vertical layer in deformation
associated with the partially molten middle crust.
Tectonic Setting
The Himalaya and Tibet are classic examples of an orogenic system created by continent-continent collision
initiated with the collision of India and Eurasia at approximately 50 Ma. The Tibetan plateau is bounded on
the north and south by steep, well defined margins. On the southern plateau margin, the Himalayas absorb
almost half of the total active convergence between the India and Eurasia along a large north dipping thrust
system (Zang et al, 2004). The steep topography in the region is a reflection of the active shortening and
deformation along the margin and the relatively strong character of the underlying crust. The steep northern
margin of the Tibetan plateau parallels the left lateral Altyn Tagh Fault (Cook and Royden, 2008). The
Himalaya arc extends about 2500 km from west Nanga Parbat to east Namche Barwa (Gansser, 1964). In
general Himalaya from south to north consists of Indogangetic sediments south of Main frontal thrust
(MFT), Sub Himalaya or Siwalik bounded by MFT and Main Boundary Thrust (MBT), Lesser Himalaya
bounded by MBT and Main central thrust (MCT), Higher Himalaya bounded by MCT and South Tibetan
Detachments System (STDS), further north are the Tethys sedimentary rocks (Fig. 1). For detail review of
the tectonics and geological setting of the Himalaya and Tibet area readers are referred to Yin (2006).
Simulation Model
In order to simulate the role of physical properties on the deformation associated with the partially molten
middle crustal layer, modified interpretative section of Nelson et al., 1996 is chosen (Fig. 1). Elasto-plastic
finite element plain strain model consisting of 2091 triangular elements and 1132 nodes is created.
Simulations performed in this study are calculated by using FE software package developed by Hayashi
(2009). Different layers are created in the model by varying the physical properties. Elasto-plastic equations
are solved using the displacement boundary condition and model geometry. Young’s modulus, density,
Poisson’s ratio, yield strength and strain hardening are used to constrain the material properties of different

layers. General values for these parameters are selected from the available published literature (Bird and
Kong, 1994; Cai and Wang, 2001; Chery et al. 2001; Lynch and Richards, 2001; Malservisi et al., 2003;
Zhao et al., 2004; Parsons, 2006; Flesch et al. 2007; Manglik et al., 2008; Luo and Liu, 2009; Owens, and
Zandit, 1997). Published velocity model of Pandey et al. (1995), Owens and Zandit (1997) and global
velocity structures as described in Cheistensen and Mooney (1995) are used to get the Young’s modulus
using the relationship described by Pauselli and Federico (2003) provided density and Poisson’s ratio are
fixed by dominant rock type (Fig. 2). Series of calculations were done to test the effect of material properties
taking lower, intermediate and upper value for each parameter taken but density is fixed for all the cases and
is varying between the layers (Fig. 2). The model depth varies from 50 Km to 70 Km from south to north
and is 536Km long. The India-Eurasia plate convergence is simulated applying displacement from the
southern end of the model at different incremental rate; the northern end of the model is fixed horizontally
but can move vertically (Fig 1).

Modeling Results
Modelling results are presented in graphical figure of stress filed, displacement vector and shear stress (Figs.
3, 4 and 5). Model results reveal the compressive state of stress at depth and tensional stress are observed in
the shallow part of the Himalayan front and Tibet.

Conclusions
High value of the Young's modulus, density, yield strength and strain hardening for the mafic lower crust
and Indian crust and higher value of Poisson's ratio for the partially molten middle crust can produce the
reasonable stress filed in the Himalaya and southern Tibet. Boundary conditions considering the subduction
angle and series of calculation with more combination of physical properties are needed to explore the effect
of physical properties on the state of stress.
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