
Fluids and Mineral Deposits Group Iceland 08/2011 

Numerical simulation of  

hydrothermal systems 

to magmatic conditions 

Thomas Driesner 
Fluids and Mineral Deposits Group 

Institute of Geochemistry and Petrology 

ETH Zurich 

thomas.driesner@erdw.ethz.ch 

Åour main research areas 

Åconceptual insights gained 

Å lessons from submarine systems 

Åcurrent developments 

Åoutlook 
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High-enthalpy continental systems 

Å meteoric water 

Å magmatic heat 

Å often boiling 

Å ñhigh enthalpyò geothermal resources 

Å ñlow sulphidationò gold deposits 

Å ñepithermalò base metal deposits 
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Thermal structure and fluid phase diagrams 
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First order physics é 

fluid-rock 
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deformation 
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topographic changes 
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é and second order variations of the theme (site-specific) 

degassing 
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System behavior: 

relation of 

Qadective vs. Qconductive 
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Purpose of simulation 

Åunderstand principles of system behavior 

ÅNOT: fine-tune parameters until computer somehow 

reproduces field data 

Åstart to understand first order effects first 
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Physical hydrology of high-enthalpy systems 
(Hayba&Ingebritsen (1997) Journal of Geophysical Research 112, B12235-12252) 

(Driesner&Geiger (2007), Reviews in Mineralogy and  Geochemistry 65, 187-212)  
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Model assumptions: 

Å multiphase porous media flow 

Å full water properties 

Å T-dependent permeability 

[ f(rock, stress, é) ! ] 

Å latent heat 

 

Å Whatôs the role of system-scale 

permeability? 
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1) Permeability: 10-14 m2 
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2) Permeability: 10-15 m2 
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3) Permeability: 10-16 m2 
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Continental hydrothermal systems 
(Hayba&Ingebritsen (1997) Journal of Geophysical Research 112, B12235-12252) 

(Driesner&Geiger (2007), Reviews in Mineralogy and  Geochemistry 65, 187-212)  
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High-enthalpy continental systems: 

conclusions first order controls 

Åconductive vs. advective heat transport determines 

energy content of fluid (brittle/ductile behavior!) 

Åenergy content determines path through phase diagram  

Åsmall permeability variations cause large variations in 

system style 

Åsystem thermal structure is a measure for permeability 

Åsystem-scale permeability: dynamic/emergent property? 

ÅVery important: correct fluid properties  
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A VERY useful tool: HYDROTHERM 

Ågoogle for 

 

HYDROTHERM USGS 

 

Ådemo: 
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Lessons learned from numerical simulation 

ÅEliminate as many simplifying assumptions as possible! 

ÅCharacteristic time scales matter: 

ï thermal structure of high-enthalpy systems reflects competition 

between conduction and convection at depth 

ÅFluid properties matter: 

ïviscous fingering 

ï focused recharge optimizes heat output in submarine systems 

ï interplay between fluid properties and permeability controls 

temperature of submarine systems 

ÅGeometry matters: 

ïreactive transport in ñrealisticò geometries shows non-trivial 

(chemical and hydrological) evolution of fronts 
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btw.: DO NOT USE Boussinesq approximation 

(linear stability analysis inappropriate) 
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To go beyond first order concepts 

ÅCode development needed: 

ïallow for geometric complexity 

ïallow for complex fluids 

ïallow for transient effects 

ï include fluid-rock interaction 

ï include deformation 

 

ÅDo intelligent case studies é 
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Code development: CSMP 
with Stephan Matthai (Leoben) and Sebastian Geiger (Heriot Watt) 

Å FE/FV C++ library 

Å geometrically complex models 

Å realistic fluids (equations of state, 

multiphase) 

Å reactive transport 

Å interfaces to professional pre-

processing and visualization tools 
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CSMP preprocessing 

ÅGeometry building: 

ïcommercial CAD tools (Rhinoceros®) 

ïimport via industry-standard formats 

ïrealistic geometries 

ïdefinition of sub-domains 

 

ÅMeshing 

ïcommercial tools (ANSYS®) generate 

high-quality meshes 

ïsub-domains retained for assignment 

of properties in CSMP 
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Ore-forming magmatic-hydrothermal systems 

(porphyry-Cu):  

Å to ca. 900°C, 1-6 km deep,  

Å lithostatic to hydrostatic transition 

Å (very) salty magmatic fluids,  

Å phase-separating 
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A field example: Elatsite, Bulgaria 


