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What you need to know to assess 
heat transport in South American 

sedimentary basins 
 

Magdalena Scheck-Wenderoth 
&… 

Section 6.1 @ GFZ  
 

http://www.gfz-potsdam.de/en/section/basin-modeling/ 



Why heat in basins? 
 

petroleum, 
coal 

Water  

geothermal energy, storage of matter 
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http://www.ngdc.noaa.gov/mgg/image/color_etopo1_ice_low.jpg 

basins in different plate tectonic settings have 
a geophysical „fingerprint“ 

 

!  Which material deposited how fast where and why? 
!  Wich P-T-conditions today and in through time? 
!  Wich georesources formed where, why and how? 
!  Wich utilization possible with which consequences? 



how to find out... 
•  are there first order differences? 

!  describe present-day physical state of basins in different tectonic 
settings with 3D regional models of sediments, crust and mantle 
lithosphere 

•  Snapshots of different evolutionary stages? 

•  How would these systems respond to different 
forces? 
!  coupled transport of heat and fluid, mechanics, role of faults 

•  How do (un) loading and temperature interact during 
basin history? 
!  3D flexural isostacy & thermal cooling 



some questions.. 
•  are there first order differences? 

!  describe present-day physical state of basins in different tectonic 
settings with 3D regional models of sediments, crust and mantle 
lithosphere 

•  Snapshots of different evolutionary stages? 

•  How would these systems respond to different 
forces? 
!  coupled transport of heat and fluid, mechanics, role of faults 

•  How do (un) loading and temperature interact during 
basin history? 
!  3D flexural isostacy & thermal cooling 



crossing scales: from data-based structural models to 
process simulations  

Scheck-Wenderoth et al., 2014 
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„Fingerprints“ collected so far 

 

intracontinental basin 

http://www.ngdc.noaa.gov/mgg/image/color_etopo1_ice_low.jpg 



" structure, lithology 
" density distribution 
" thermal field 
" stress field 
" subsidence analysis 

observations 
" Field 
 
" wells 

" Stratigraphy 
" Lithology 
" Temperature 
" Paleo indicators 

" Seismic 
 
" Potential fields 

" Seismology 

" … 

data-based 3D regional models 
3D models 



Heat 
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LAB 

crust 

lithospheric mantle 

sediments 

heat in basins… 
controlled by 
 
heat sources 
 

heat transport 
mechanisms  

conduction 

convection 



LAB ~1300°C 

crust 

lith. mantle 

sediments 

gradT 

~10°C 

heat sources 
 
•  heat input from 

asthenosphere 



heat sources 
 
•  heat input from 

asthenosphere 

•  radiogenic heat 
produced in the 
lithosphere crust 

lith. mantle 

sediments 

LAB ~1300°C 

gradT 

~10°C 



Which mechanisms of heat transfer  
are acting in sedimentary basins? 

Conduction 

relevant parameter: 
thermal conductivity 
rate of change if 
transient 

heat is transported through diffusion 



Conduction 

advection 

advectively transported fluid carries along its heat/cold 

Which mechanisms of heat transfer  
are acting in sedimentary basins? 

relevant parameters: 
hydraulic pressure gradient 
hydrogeology ->permeability 



advection 

Conduction 
convection 

thermally induced density differences cause vertical movement of 
the fluid->hot fluids may rise/cold fluid may sink-> convection 

fluid carries along its heat/cold 
 

Which mechanisms of heat transfer  
are acting in sedimentary basins? 

relevant parameters:  
fluid density=f(P,T) 
hydrogeology ->permeability 



advection 

Conduction 
convection 

thermally induced density differences cause vertical movement of 
the fluid->hot fluids may rise/cold fluid may sink-> convection 

fluid carries along its heat/cold 
 

Which mechanisms of heat transfer  
are acting in sedimentary basins? 

relevant parameters:  
fluid density=f (P,T, salinity) 
hydrogeology ->permeability 



advection 

Conduction 
convection 

Which mechanisms of heat transfer  
are acting in sedimentary basins? 

which of them relevant 
at which scale? 

? 

thermal models of increasing complexity 



regional structural model Central European Basin System (CEBS) 





deep seismic (reflection/refraction) 
image deep crust and crust-mantle 

boundary (Moho) 
 

seismology (rf) 
RF: Geissler et al., 2010 

seimic tomography TOR experiment 
Gregersen et al., 2010 

Data on configuration of sediments 

 
additionally constrained 
by 3D gravity modelling 

 
 
 

academic license courtesy Transinsight GmbH 
 



3D structural model CEBS 
Cenozoic 

Cretaceous 

Jurassic 

Triassic 

up.Perm: Zechstein salt 

 Zechstein carb. 

low. Perm: Rotliegend 

Permo-carb. Volcanics 

Pre-Perm. (meta)sedim. 

crystalline upper crust 

crystalline lower crust 

lithospheric mantle 

horizontal resolution 4 km 

Scheck-Wenderoth & Maystrenko, 2013, Energy Procedia 



thermal properties 
Thermal 

conductivity 
k (W/mK) 

Heat  
production 

S (mW/m3 

1.5 0.7 

1.95 1.0 

2.1 1.6 

2.1 1.6 

3.5 0.3 

1.95 0.8 

3 1.5 

2.5 2.4 

2.9 1.5 

2.8-3.1 1-2.9 

2.7 0.8 

3.95  0.03 

Cen. 

Cret. 

Juras. 

Trias. 

Zechst.salt 

Zechst.carb. 

Rotliegend 

Volcanics 

Pre-Perm. 

up.crust 

low.crust 

lith.mantle 

1300°C 

5°C 

0 = div (λ*gradT) + S 
& 

boundary conditions 



3D 
conductive 

thermal 
model 

 

 
superposed effects 

of varying  

thermal properties  

at different depths 

+ boundary 
conditions 

Scheck-Wenderoth & Maystrenko, 2013, Energy Procedia 



oil window, geothermal power…. 

Scheck-Wenderoth et al., 2014 JMPG 



oil window, geothermal power…. 

Scheck-Wenderoth et al., 2014 JMPG 





oil window, geothermal power…. 

























local model of Brandenburg 



conductive 

geology 

 
salt chimneys 



 
 
local 
 bouyancy-driven 
convection cells + mixed convective 

conductive 

geology 

 
advective cooling 
limited by 
uppermost 
impermeable layer 
 

 
salt chimneys 













heat in other basins… 

…also controlled by  heat sources & heat transport 
mechanisms  
 
BUT!  
=> Thermal gradient may vary considerably laterally & in 
depth!  
 
Ongoing work:  
Andean Foreland,  
Molasse Basin,    foreland basins 
Beaufort Mackenzie Basin,  
 
Barents-Kara Seas,    intracontinental basin 
Upper Rhine Graben, EARS,   rifts 
 
N- and S Atlantic margins,   passive margins 
   
 



Ri#s	

Sektion 2.2 – Physik der Erde - 48 









Additional Influence of Crystalline Crust 

52 

Thickness of  
Upper Crystalline Crust 

Temperature at 
- 1 km  

Freymark et al., 2015 











Foreland	basin	-Molasse	



GEOLOGIE
YDROAG H

the North Alpine Foreland Basin = European Molasse Basin  

-  Tertiary foreland basin # typically wedge shaped 
-  1000 km long, 150 km wide, up to 5 km deep 
-  underlain by Mesozoic sediments and a crystalline crust of Paleozoic age 

Model Area 

Przybycin et al. 2015a,b 
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-  covering the German part of the Molasse Basin 
-  extended to the north to include outcropping Mesozoic sediments 
-  500 km (N-S) x 450 km (E-W) 
   

the North Alpine Foreland Basin = European Molasse Basin  Model Area 

Przybycin et al. 2015a,b 
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$  overall temperature trend in the Molasse Basin is dominated by conductive 
heat transport  

$  negative thermal anomaly southeast of Munich is partially triggered by the 
structural configuration of the crust and the presence of the Tauern Body  

$  too high temperatures in the conductive model indicate that fluid-flow 
related cooling may additionally influence the thermal field in the domain of 
the anomaly  

  
$  temperatures can be further used as lower thermal boundary conditions for 

coupled fluid and heat transport simulations 

Conclusions: thermal field 
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$  overall temperature trend in the Molasse Basin is dominated by conductive 
heat transport  

$  negative thermal anomaly southeast of Munich is partially triggered by the 
structural configuration of the crust and the presence of the Tauern Body  

$  too high temperatures in the conductive model indicate that fluid-flow 
related cooling may additionally influence the thermal field in the domain of 
the anomaly  

 
$  temperatures can be further used as lower thermal boundary conditions for 

coupled fluid and heat transport simulations 

Conclusions: thermal field 

coupled fluid and heat transport simulations 
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THANK YOU 


