
Basin classification 

Basins are 

classified 

according to 

either their 

position within a 

plate, or 

according to 

their structural/ 

tectonic origin. 



Basins on an active margin 



Andean-type active margin  



Foredeep basin 



Alpine foredeep basin, Austria (Molasse 

basin) 



Wilson (orogenic) cycle 

As a region evolves tectonically many 

areas of sedimentation occur under 

different tectonic settings. Hence 

many basins have a polyphase 

history.   



Rift basins,  

Thailand 



Evolution from continental rift to passive 

margin 



Thermal sag basin over rift basin 



Passive margin geometry 



Stretching geometries of N Atlantic 

margin 



Passive margin evolution 

Evaporites 

Continental 

Sands and  

shales 

Breakup UC 

Carbonates 

Marine 

clastics 





Orogenic belt 

between Red 

River Fault zone 

and Myanmar 

 

Predominantly 

continental rifts 

 

Mae Ping and  

Three Pagodas 

Fault zones  

active (not main 

Tibetan collision) 

Modified from Lee and Lawver, 1995, Hall, 1995 and Morley 2002) 



Thermal  

subsidence in 

southern  

Sundaland 

 

Extensive marine 

conditions 

 

Uplift in west  

Thailand 

 

Widespread 

inversion 





Thermal  

subsidence  

everywhere 

except onshore 

Thailand 

 

Extensive marine 

conditions 

 

Uplift west of 

Chiang Mai 

 

Widespread 

inversion 



Thermal  

subsidence  

everywhere 

except onshore 

Thailand 

 

Extensive marine 

conditions 

 

Start of Mekong 

and Salween   

rivers having 

headwaters in  

the Tibetan  

Plateau? 

 

 



Regional setting: DEM 





 

 
Tertiary stratigraphy of Brunei and Sarawak 

Simplified from Sandal (1996) 

Accretionary 

prism 

Slow emergence of 

Islands within  

accretionary  

prism 

Uplift of  

accretionary  

prism, massive 

erosion 

Jamming of 

Subduction zone 



Models for local isostasy 



Basic principals of local isotasy 



Key assumption in Airy isostasy - no  

change in crust thickness 



Basic modes of load support 





Sediment loading  



The basics of thermal subsidence 

Thermal subsidence is the isostatic result of heating the crust 

during extension, and the subsequent cooling of the thermal 

anomaly post-rifting 

 

The models for the continental crust were based on cooling of the 

oceanic crust as it moved away from mid oceanic ridges 



Cooling of oceanic crust is exponential 



Rifting causes change in thermal 

structure of lithosphere 



McKenzie model for passive extension 



Temperature dependence of lithosphere 

density on temperature 



Thermal consequences of passive rifting 



McKenzie model extension followed by 

thermal subsidence 

Maximum 

subsidence 

at start of 

post-rift 

basin which 

decreases 

upwards 



Relationship between syn-rift extension (b) 

and post-rift subsidence (passive rifting) 

The contribution by sediment loading cannot be fully predicted by 

the model 



Basic flexural isostasy equation 



The importance of elastic thickness to 

flexural behaviour 



Bending of a beam 

d 

d 





Effects of varying Te and load mass on 

basin geometry 



Wavelength of crustal deflection in 

response to a load 



Flexural response to faulting 

Isostatic response 









Airy and flexural models of rifts 



Unbroken beam and broken beam 

(flexural cantilever) flexural models 



Java Stretch and Flex Decomp 

Worked examples from the  

Northern North Sea 

multiple-rift basin 

http://www.badleys.co.

uk 

http://www.badleys.co.uk/


Stretch forward model 

• Triassic syn-rift at 250Ma (early Triassic) 

• Thermal subsidence for 100Myr 

• Re-rift at 150 Ma (late Jurassic) 

• Thermal subsidence to present-day 



Stretch: Triassic syn-rift basin at 250Ma 
Dominantly fluvial with emergent footwalls 



Stretch: Triassic rift and beta profile 



Stretch: Erode syn-rift topography 



Stretch: 100Myr thermal subsidence 
Jurassic delta plain at 150Ma 



Stretch: Re-rift in the late Jurassic 
Marine basin with island archipelago 



Stretch: 2nd-rift & composite beta profiles 



Stretch: Late Jurassic heat-flow anomaly 
Composite anomaly from both rifts 



Stretch: Jurassic syn-rift gravity anomaly 



Stretch: 10Myr post-rift and erosion 
Base Cretaceous seismic marker at 140Ma 



Stretch: Base Cret erosion at sea-level 



Stretch: 50Myr post-rift subsidence 
Marine basin at end Early Cretaceous, 100Ma 



Stretch: 150Myr post-rift subsidence 
The “present-day” multiple rift model 



Stretch: Present-day heat-flow anomaly 



Stretch: Gravity anomaly for present-day model 



Flexural Decompaction backstripped model 

• Backstrip from present to near syn-rift 

• Acknowledge two rift events 

• Jurassic (150Ma) beta profile from Stretch  

• Constant value for Triassic (250Ma) beta 

• Allow for Palaeocene uplift by Iceland plume 



Flex Decomp: Present-day cross-section 



Flex: Present section and beta profiles 



Flex Decomp: Layers 1 and 2 removed 



Flex Decomp: Layers 3 and 4 removed 
460m Iceland Plume support applied at 55Ma 



Flex Decomp: Layers 5 and 6 removed 



Flex Decomp: Layer 7 removed 
Base Cretaceous at 140Ma close to syn-rift 



Flexural backstripping in 3D:Base 

Tertiary sequence, N Sea 











Variations in timing and subsidence 

amount of post-rift basins 

How does the syn-rift to post-rift transition occur? 

 

How much variation in subsidence is there between rifts of similar 

upper crustal extension amount 

 

Evolution of post-rift basins- single rifting events, combination 

events 

 

Lateral variations in onset of post-rift subsidence 



How to explain the discrepancy between back-

stripped subsidence and observed upper crustal 

extension? 

• Non-uniform stretching - extension increases 

downwards in the lithosphere 

 

• Numerous seismically invisible faults contributing to 

upper crustal extension 

 

• Active mantle processes (e.g. plume) 

 

• Errors in calculation (e.g. water loads) 

 

• Important heat source within sedimentary basin 



Onset of thermal subsidence in marine 

vs continental depositional settings 
Typically the syn-rift post-rift unconformity in continental filled rifts is planar, and 
the syn-rift topography largely infilled and eroded flat 

 



Thermal subsidence in the Anza graben 

In continental filled 

rifts the post-rift 

unconformity 

tends to be an 

almost 

peneplaned 

surface 



Marine rifts 

•In deep marine rifts such as 

the North Sea substantial 

submarine syn-rift topography 

is preserved into the post-rift 

phase.  

 

•Infill of the marine topography 

by post-rift sediments is 

effectively infilling of 

accommodation space created 

by syn-rift not post-rift 

processes. Hence inclusion of 

the section that onlaps 

topography will create an over-

estimate of the thermal 

anomaly and hence 

overestimate the beta factor. 

North Sea, Stewart and Reeds (2003) 



Subsidence rates for the North Sea and 

SE Asian basins 

There is almost an order of 

magnitude difference in subsidence 

rates between post-rift subsidence 

in the North Sea and that of the 

Malay and Pattani basins, yet the 

three rifts all display upper crustal 

extension of  b < 1.5 



Thermal subsidence in the Anza graben 

Miocene-Recent 

thermal 

subsidence in the 

southern Anza 

Graben is only 

about 700 m 



Thermal subsidence in the Pattani basin 

Miocene-

Recent post-

rift fill in the 

Pattani basin 

is 5-6 km 

thick 



Relationship between syn-rift extension (b) 

and post-rift subsidence (passive rifting) 

The backstripped extension for the Pattani and Malay basins is 

considerably greater (b 2-3) than the upper crustal extension 

estimated from seismic lines (b < 1.5)  

Pattani basin 

Malay basin 



Timing of onset of post-rift: Gulf of Suez 

Middle Miocene mid Rudeis 

event - Wescott et al. 

(1998), - onset Aqaba-Dead 

Sea shear zone 

3 Ma later - Top Kareem - 

marked unconformity, 

slowing of subsidence, 

onset evaporites - Patton et 

al. (1994) 

Period of tectonic quiescence 

for ~7 ma, but Late Miocene-

Present extension has 

occurred. McClay et al. (1998) 

Oligocene-Recent is syn-rift 

Just when did post-rift 

subsidence begin? 



Gulf of Thailand Tertiary basins 



An older stratigraphic scheme for the 

GOT (c.1997) 

Application of perceived 

wisdom for a region: 

 

1) Assumption 

regionally all basins 

have a similar 

history 

 

2) Onset of thermal 

subsidence 

regionally uniform 



Half graben geometry in western Gulf of 

Thailand 

Late Miocene- 

Recent 

Middle Miocene 

 

Late Oligocene- 

Early Miocene 

 

0 

1 

2 

3 

sec 



Thermal subsidence in the Pattani basin 

Miocene-

Recent post-

rift fill in the 

Pattani basin 

is 5-6 km 

thick 

Wheeler and White (2000) 

Watcharanantakul and Morley 

(2000) 

Unocal (unpub, 2002) 

Eocene-early 

Oligocene 

Mixed thermal subsidence 

and extensional faulting 



Lateral variations in timing of post-rift 

subsidence, W. Natuna basin to N. Thailand 



Gulf of Thailand Tertiary basins 

Eocene-Oligocene major 

extension,  

Mixed Oligocene-Early  

Miocene thermal subsidence 

and extension 

Middle-Late Miocene thermal 

subsidence, conjugate faulting,  

Or in the southern half Miocene 

inversion during thermal 

subsidence 

Oligocene -Middle   

Miocene extension 

Middle-Late Miocene thermal 

subsidence 



Modelling of heat flow in the Pattani 

basin 



Inhibition of cooling in the Pattani and 

Malay basins 

Possible causes: 

 

Insulation by shale sequences within the thick basinal 

sequences 

 

Erosion of radiogenic sediment source areas (granites) 

 

Fluids appear to have redistributed some of the radiogenic 

material - high gamma ray readings are sometimes associated 

with calcite cemented layers 

 

Diagenetic history of high temperature dickite formation prior to 

hydrocarbon generation indicates temperatures have been high 

for a long period, not just a short, late episode  



N-S variations in timing of thermal 

subsidence W Natuna basin-North Thailand 



Summary 

Commonly in rifts the observed upper crustal extension amount does not 

match the amount of lithospheric thinning predicted by backstripping of 

the post-rift basin 

 

The onset of post-rift subsidence is commonly regarded as a simple event 

to define 

 

Consequently confusion in basin terminology can arise as there are 

attempts to force a simple model on areas where the simple model is 

inappropriate 

 

There are a number of factors that can make the onset of subsidence 

difficult to define, and post rift subsidence difficult to model, these 

factors include: 

 

1) Continental vs marine depositional setting 

2) Tectonic setting (e.g. propagating tip of spreading centre, GOS) 

3) Duration of extension 

4) Radiogenic sediment source 

  



Cr spinel 

Kyanite 

Cr spinel 

Tourmaline 



Zircons 



Post-rift subsidence can be split into 

different components 
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