
Geothermal Systems and 

Modelling 

Presenter: Andrew Rae 

Organisation: GNS Science, Wairakei 

Email: a.rae@gns.cri.nz 



Geothermal Systems and Modelling 

Utilising conceptual and numerical models for 

understanding system architectures and responses 

to varying parameters 

 

Outline 

ÅGeothermal Systems, key modelling components; 

ÅEstablishing conceptual models; 

ÅVisualising conceptual models; 

ÅConceptual to numerical modelling; 

ÅNumerical modelling in the TVZ. 



Geothermal Systems 

5 types of geothermal systems: 

1. young volcanic systems ï TVZ, Indonesiaé 

2. tectonic systems ï Himalayas, Sthn. Alps NZé 

3. geopressured systems ï USAé 

4. hot dry rock systems ï USA, Australiaé 

5. magmatic systems ï Iceland, Hawaiié 



Geothermal Systems 

Continental-type Island Arc-type 

Å rhyolitic volcanism 

Å deep intrusions 

Å TVZ, Yellowstone, East Africa Rift 

Å andesitic volcanism 

Å shallow intrusions 

Å Indonesia, Philippines 



Geothermal Systems 

3 key components: 

Å permeable reservoir ï in any rock 

type  

Å fluid to carry heat ï largely meteoric, 

but can include seawater, with minor 

input from ancient/connate and 

magmatic sources 

Å heat source ï high thermal gradient 

caused by intrusion, crustal uplift or 

extension, radioactive decay 



Conceptual Models 

ÅConceptual models developed from the earliest 

stage, exploration to production 

ÅQuality dependent on available geoscientific 

data: geological, geochemical and geophysical 

ÅConceptual models are living/working models 

ÅWith increased data input, model can become 

increasingly complex 

ïrequirement to consider multiple system components 



Conceptual Models 

Exploration 1 

Å Surface Mapping 

ïgeology: rock, alteration, structures 

ïsurface thermal features, temperature, pH 

Å Chemical sampling 

ïwater and gas chemistry 



Conceptual Models 

Exploration 2 

ÅGeophysics 

ïelectrical resistivity, MT 

Åsystem extent, boundaries, 

internal structures 

ïgravity, magnetics 

Åintrusions?, demagnetised 

zones? 

ïheat flow calculations 
Heise et al., 2008 
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Conceptual Models 

Conceptual Model to Development Strategy 


