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Abstract 
 
Present-day stress information is particularly valuable for petroleum geomechanics applications in Southeast Asia. The region contains 
31 basins, the majority of which host active petroleum producing fields, with Indonesia, Malaysia, Vietnam and Thailand having a 
combined production of over 2.4 million barrels of oil per day. The Cenozoic tectonic evolution of the Sunda region of Southeast Asia 
is usually considered to be controlled by escape tectonics associated with India-Eurasia collision. However, Southeast Asia is bounded 
by a poorly understood and complex range of convergent and strike-slip zones and little is known about the effect of these other plate 
boundaries on the intraplate stress field in the region.  
 
We compile the first extensive stress dataset for Southeast Asia, containing 275 A-D quality (177 A-C) horizontal stress orientations, 
consisting of 72 stress indicators from earthquakes (located mostly on the periphery of the plate), 202 stress indicators from breakouts 
and drilling-induced fractures and one hydraulic fracture test within 14 provinces in the plate interior. This data reveals that a variable 
stress pattern exists throughout Southeast Asia that is largely inconsistent with the region's approximately ESE absolute motion 
direction. The present-day maximum horizontal stress in Thailand, Vietnam and the Malay Basin is predominately north-south, 
consistent with the radiating stress patterns arising from the eastern Himalayan syntaxis. However, the present-day maximum 
horizontal stress is primarily oriented NW-SE in Borneo, a direction that may reflect plate-boundary forces or topographic stresses 
exerted by the central Borneo highlands. Furthermore, the South and Central Sumatra basins exhibit a NE-SW maximum horizontal 
stress direction that is perpendicular to the Indo-Australian subduction front. Hence, the plate-scale stress field in Southeast Asia 
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appears to be controlled by a combination of Himalayan orogeny-related deformation, forces related to subduction (primarily trench 
suction and collision) and intraplate sources of stress such as topography and basin geometry. 
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World Stress Map Project: 2008 Understanding Neotectonics 

Naturally Fractured Reservoirs 

Fault reactivation risk 

Kes Heffer (BP) 

Stress and 
Fluid Flow 

Reservoir Drainage & EOR 

Hills et al. 2001  

Axial vs transverse fracturing 

Hillis & Williams 1993  



SE Asia 
(Sunda plate) 

SE Asia 
(Sunda) 

 
• Intense seismicity 

at edges. 
 
• Stable interior. 
 
• Sometimes termed 

Sunda ‘craton’. 
 
 

 

Seismicity in SE 
Asia (Mw>4.0) 



SE Asia 
(Sunda) 

 
• Intense intraplate 

deformation during 
Cenozoic. 

 
• Recent volcanism. 
 
• Major faulting 
 
• Widespread uplift. 
 
• Rapid deep basins 
 
 

Major tectonic 
features of SE Asia 



SE Asia 
(Sunda) 

 

• Bounded by 
collisional zones. 

 

• No oceanic ridge. 
 

• Influence of 
Himalayan syntaxis 

 

• Other boundaries 
often ignored. 

 

• 2003 WSM: 37 A-C 
(61 A-D) intraplate 
stress indicators 

2003 WSM database 
for SE Asia 

??? 



SE Asia Stress 
Map Project: 

 

• Compile stress 
orientation data in 
SE Asia. 

 

• Establish controls 
on stress field. 

 

• Compare with 
Cenozoic tectonics 

 

• Database for 
industry and 
natural hazards 

2003 WSM database 
for SE Asia 

??? 
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Present-day Stress Field of SE Asia 



SE Asia Stress Map 
(Tingay et al., 2011) 
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Stress provinces 
defined from SE Asia 

stress database 

Regional Indicators 
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Present-day Stress Field of SE Asia 



Stress Pattern 
in SE Asia 

 

• SHmax primarily N-S 
in Indochina. 

 

• SHmax primarily NW-
SE in Borneo. 

 

• SHmax primarily NE-
SW in Sumatra and 
N-S in East Java 
(orthogonal to 
subduction zone).  

 

• SHmax not parallel to 
plate motion 

Average SHmax for SE 
Asia stress provinces 



 

• Thin Shell (100km) 2D Finite 
Element Modelling. 

 

• Model (‘plate’) boundary divided 
into 12 segments, each with a 
boundary condition and orientation 
predicted from geology. 

 

• Orientation of boundary force kept 
constant, magnitude varied. 

 

• Forward model >850000 of 
permutations to identify common 
boundary forces used in  ‘best fit’ 
models (e.g. best 5% of models). 

  

Plate-Scale Stress Modelling 



Stress Modelling 
Results: 

• 865000 Models run – 
compare traits of best 5%.  

• Suggests SE Asia stress 
field primarily controlled 
by forces from: 

 Himalayan syntaxis 

 Subduction in Indonesia 

 Collision in Sulawesi. 

• Predicted stresses in 
Borneo and Sumatra are 
oblique to observed. 

• Discrepancies due to 
local sources of stress 
(e.g. topography effects). 

 



Stress field in Indochina and near 
the eastern Himalayan syntaxis 

Eastern 
Himalayan 
Syntaxis 

Southern limit 
of seismicity 



Present-day Stress Field of SE Asia 



Present-Day Stress Fields – Smaller Scales 

Observed stress at any point results from the combination 
of ALL forces acting from the plate to local scale. 

 

Schematic example of the impact of different sources of stress acting a 
different scales on the in-situ stress orientation (in white) 

 
Tingay et al., 2006 



Shape of Deltaic Wedge: Baram Basin, Brunei 
  Local Influences on Stress Field 

Adapted from Hiscott, 2001 

Sea-floor scarps 

• Localized margin-
parallel (NE-SW) SHmax 
at the shelf edge. 

•Active margin-parallel 
faulting by gravitational 
extension of clastic 
wedge. 



Pladang-Platong Trend Pattani Basin, Thailand 
• Stress orientations appear to parallel 

changes in fault strike. 
 

• Approximately N-S, but rotating to NE-SW 
and NW-SE in fault ‘jogs’. 

 

• Suggests mechanically ‘weak’ faults. 
 

  Local Influences on Stress Field 

Adapted from Bell (1996) 

(Tingay et 
al., 2010) 



Local Influence on Stress Field by Faults: Malay Basin 

(Tingay et al., 2010) 

• Maximum 
horizontal stress 
rotates 60° anti-
clockwise with 
depth. 

 

• SHmax deflected 
parallel to shallow 
post-rift faults 
and deeper syn-
rift faults 



Present-day Stress Field of SE Asia 



Average SHmax for SE 
Asia stress provinces 
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