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Geologically relevant are only conduction and advection

Conduction is a diffusive process: “*heat will flow from hot to
cold”

Advection is a transport process, whereby heat is transported
by a solid, fluid or gas

Advection is faster than diffusion

Normal geothermal gradient generally too small for convection
(requires local heat source or high permeability)
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Convection
Density-driven flow

Density varies with P, T,
and chemistry

1- VP *‘Q HEAT
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Critical Rayleigh nhumber

Temperature
Height of system difference

Permeability

Convection occurs when Ra > critical value
Ra critical = 4p2 ~ 39.5 (fixed T boundaries)
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Is thermal convection

= (Onset of convection (geotherm = 30 deg/km)

- — — Average crustal permeability: Shmonov et al. 2003
pOSSIbIe? —--— Average crustal permeability: Manning & Ingebritsen 1999

Average crustal permeabilities
too low for convection

Convection may occur where
permeability is abnormally high
(e.g. faults), or where
geothermal gradient is
abnormally high (e.g. intrusions)
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FLAC3D 2.30 Jobh Title: Convection beneath a seal (5km x 25km) at 10km depth
Step 30301 Modsl Perspective View Title: Convection cells and temperature contours, t=17123 years
13:35:25 Tue Feh 03 2004
Center: Rotation:
X:1.250e+004 A 0000
' 2.500e+002 Y. 0,000
Z:1.167e+003 Z: 0.000
Dist: 6.938e+004 Mag: 1.1

Ang. 22500

Confour of Temperature

Magfac = 1.000e+000
2.1800e+002 1o 2.2500e+002
2.2500e+002 to 2.5000e+002
2.5000e+002 to 2.7500e+002
2.7500+002 to 3.0000e+002
3.0000e+002 to 3.2500e+002
3.25002+002 to 3.5000e+002
3.5000e+002 to 3.7500e+002
3.7500e+002 to 4.0000e+002
4.0000e+002 to 4.25002+002
4.2500e+002 to 4.3893e+002

Interval = 2.52+001

Flow Vactors
I aximum = 1.1402-009
Linestyls

Block Group
the_seal
the_fault

Heather Sheldon

CsIrRO
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FLAC3D 2.30

Step 30301 Model Perspective
13:49:35 Tue Feb 03 2004

Job Title: Convection beneath a seal (5km x 25km) at 10km depth -2,01932-001 to -2.00002-001
-2.0000e-001 to -1.5000e-001

View Title: Gold concentration (gftonne), t=17123 years 15000001 to -1 0000=-001

Center: Rotation:

A0 1.250e+004 A 0.000

Y 2.500e+002 Yo 0.000

Z:1.167e+003 Z, 0,000

Dist; 6.9382+004 Mag. 1.1
Ang. 22500

Zone Extra 3

Magfac = 1.0002+0300

Average Calculation
-2.0193e-001 o -2.0000e-001
-2.0000e-001 to -1.5000e-001
-1.5000e-001 to-1.0000-001
-1.0000e-001 to -5.0000e-002
-5.0000e-002 to 0.0000e+000
0.00002+000 to 5.00002-002
5.0000e-002 to 1.0000e-001
1.00002-001to 1.50002-001
1.5000e-001to 2.00002-001
2.0000e-001 to 2.0374e-001

Interval = 5.0e-002

Block Group
the_seal
the_fault
below_base
the_intrusion

Heather Sheldon
CSIRO

-1.0000&-001 to -5,00008-002
-5.0000-002 to 0.00002+000
0.0000e+000 to 5.0000e-002
5.0000e-002 to 1.00002-001
1.0000e-001 to 1.5000e-001
1.5000e-001 to 2.0000=-001
2.0000e-001 to 2.0574e-001
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Intrusions and hydrothermal ore deposits
Heat from intrusions drives convection
Collect (“scavenge”) metals from
wide source area
Deposit metals in the narrow,
upwelling region
But flux is rather small
Heat drives dehydration reactions in the
wall rocks
Cooling magma releases volatiles (fluids)

Dehydration and magmatic fluids are
probably more important for generating
ore deposits.
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| Valeanism

epithermal
deposits

I Cu-Au porphyry
i J deposits

/ Cooling by deep

external fluids

-4 km

Crystallizing magma exsolves
+ brine phase

Sebastian Geiger
(http://n.ethz.ch/student/sgeiger/)

10
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Precipitation and dissolution due to convection

Reaction rate = Fluid flux x gradient in solubility

R~q-VC
1 \

... due to gradients in
T, P, rock composition
etc.

11
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Reactions within thermal gradients

Precipitation
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Specific heat capacity (c) c=c/M=AQ/ (AT M)
Thermal conductivity (A) di = —hij gg
J
Thermal diffusivity (k)
Thermal capacity (p c) (p C) = 5/ 1::
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Thermo-dynamic
Simulation

\ ( Manuscript
|\ Geology (in
r, | press) available
|
\

Nl

Folded meta-quartz vein in
Challenger Deposit:
courtesy of Andy Tomkins
(Monash)
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Thermodynamics of Folding

76% Shortening

Stress JZ2 (Pa)
+4 . 0e+08
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+2 . 1e+08
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+4 0e+20
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Thermodynamics of Folding
00 Shortening
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Upper crust

255 km
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Coupled thermal-mechanical models
— e —

.—-¢~
I—A Temperature

development with
thrusting
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Coupled thermal-mechanical models
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Displacement
vectors

www.pmdcrc.com.au 19
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CAN BE USED TO UNDERSTAND THE HEAT DISTRIBUTION IN
THE LITHOSPHERE, AND BY INFERENCE ASPECTS OF ITS
MECHANICAL AND HYDRAULIC ARCHITECTURE.

20
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