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High-enthalpy continental systems

A meteoric water

A magmatic heat

A often boiling

A @ hiegnht h sgeothgrmal resources

A flow sulphidationd gol d depos
Affepithermal 0 base me

Eidgendssische . . .
mrechnische Hochschule Fluids and Mineral Deposits Group Iceland 08/2011

Ziirich



Thermal structure and fluid phase diagrams
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First order physics &
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First order physics

I .
convective part: v; = —kf(‘?iﬂ — pig)
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Purpose of simulation

A understand principles of system behavior

A NOT: fine-tune parameters until computer somehow
reproduces field data

A start to understand first order effects first
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4 km

Physical hydrology of high-enthalpy systems

(Hayba&lngebritsen (1997) Journal of Geophysical Research 112, B12235-12252)
(Driesner&Geiger (2007), Reviews in Mineralogy and Geochemistry 65, 187-212)

Model assumptions:
A multiphase porous media flow
A full water properties

A T-dependent permeability
| f(rock, stres:

A latent heat
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Depth [m]

Continental hydrothermal systems

(Hayba&lngebritsen (1997) Journal of Geophysical Research 112, B12235-12252)
(Driesner&Geiger (2007), Reviews in Mineralogy and Geochemistry 65, 187-212)

4 km

1) Permeability: 1014 m?
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2) Permeability: 1015 m?
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Figuré 8.  Permeabihty-temperature relafions for varous

geothermal systems (diamonds, dats from Bjdrnsron and

Hoavarsson [1990) and zimolated temperature ranges at 1/00 m
df-r-'lh for varrons hosi-rock J.t.uul.:-.'lll.iliur:-. (Lpizoastal baas),
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High-enthalpy continental systems:
conclusions first order controls

A conductive vs. advective heat transport determines
energy content of fluid (brittle/ductile behavior!)

A energy content determines path through phase diagram

A small permeability variations cause large variations in
system style

A system thermal structure is a measure for permeability
A system-scale permeability: dynamic/emergent property?

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

A google for

HYDROTHERM USGS

A demo:
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| essons learned from numerical simulation

A Eliminate as many simplifying assumptions as possible!

A Characteristic time scales matter:
I thermal structure of high-enthalpy systems reflects competition
between conduction and convection at depth
A Fluid properties matter:
I viscous fingering
I focused recharge optimizes heat output in submarine systems
I interplay between fluid properties and permeability controls
temperature of submarine systems
A Geometry matters:

I reactive transport 1 n Adrtavall 1 st i
(chemical and hydrological) evolution of fronts
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btw.: DO NOT USE Boussinesqg approximation
(linear stability analysis inappropriate)
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To go beyond first order concepts

A Code development needed:
I allow for geometric complexity
I allow for complex fluids

i allow for transient effects

I Include deformation

ADo intelligent case studies
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Code development: CSMP

with Stephan Matthai (Leoben) and Sebastian Geiger (Heriot Watt)

FE/FV C++ library
geometrically complex models

realistic fluids (equations of state,
multiphase)

reactive transport

interfaces to professional pre-
processing and visualization tools
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CSMP preprocessing

A Geometry building:
I commercial CAD tools (Rhinoceros®)
I Import via industry-standard formats
I realistic geometries
i definition of sub-domains

A Meshing

I commercial tools (ANSYS®) generate
high-quality meshes

pu i I sub-domains retained for assignment
’."‘""\ of properties in CSMP
llllllll LY
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Ore-forming magmatic-hydrothermal systems
(porphyry-Cu):

A to ca. 900°C, 1-6 km deep,
A lithostatic to hydrostatic transition
A (very) salty magmatic fluids,
A phase-separating

A
N o //
A epithermal Au

+- |
porphyry-Cu 1 ’) base metals

6 ° minoralizationk”/ '
AL\

.': magmatic fluid
| (H20 + salts +/- gases)
J SN
/.
\ = -
°
Y 0
vapo
Ve H H.0 boiling curve
coexistence:  critical point i b ZM
vapoe ofH,O
Eidgendssische ) . .
Technische Hochschule Fluids and Mineral Deposits Group Iceland 08/2011
Ziirich



A field example: Elatsite, Bulgaria
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