Kurt Bucher & Ingrid Stober

University of Freiburg &
Karlsruhe Institute of Technology KIT
Germany



Evidence for fluid flow
in the upper crust
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Darcy Flow Model

certain environments

model

Transport models (e.g. Darcy Model)
derive values for transport coefficients.
K = hydraulic conductivity (m s1).

Permeability £ (m?) relatesto K= K. g
[0/ u] (fluid properties)

Reaction veins tell us that £ and K
are strongly time dependent

Permeability of Continental Crust GSA Vancouver Kurt Bucher & Ingrid Stober 2014



Fluid Flow in the Crust

direct observation
and fluid samples
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Fluid Flow in the Crust

direct observation
and fluid samples
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Reaction Veins in the Crust — some Examples

The veins formed at
350°C and are not
sealed

Contribute to flow
porosity from the time
when they formed until = =
today

GSA Vancouver




Reaction Veins in the Crust — some Examples

(calcite)

Fractures contributed to flow
porosity at the time when they
formed.

Today fractures are sealed (or
partly sealed) with calcite

reaction veins in 2.2 Ga dolerites, Vanngya, West Troms Basement complex, Norway




Reaction Veins in the Crust — some Examples

+H,0 + Si0,,,

The veins formed at 300°C and are sealec

Contributed to flow porosity at the time
when they formed

Today the veins are not fluid conducting
structures

GSA Vanco



ion Veins in the Crust — some Examples

fractures are open

Different generations of
fractures

Contributed to flow
porosity at the time when
they formed

¥,
5

Today some fractures are flui
conducting structures
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Reaction Veins in the Crust — some Examples

Different generations of

fractures

Contributed to flow
porosity at the time when
they formed

Bergell Contact aureole, Val Sissone, Italy

Today none of the fractures are
fluid conducting structures




Reaction Veins in the Crust — some Examples

surface / diffusion control surface-reaction diffusion
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Bucher, K., 1998, Growth mechanisms of
metasomatic reaction veins in dolomite marbles
from the Bergell Alps. Mineralogy and Petrology,
63, 151-171.
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ion Veins in the Crust — some Examples

Different thicknesses of
veins indicate different
reaction time and different
volumes of reactive fluid

Contrlbuted tO ﬂOW Bergell Contact aureole, Val Sissone, Italy
porosity at the time when
they formed

Continent




Reaction Veins in the Crust — some Examples

Strike — slip fractures
show no evidence for
reactive fluid flow (no
velns)

Fracture with extension
structure developed a
reaction vein

Bergell Contact aureole, Val Sissone, Italy
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Reaction Veins in the Crust — some Examples
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Today some fractures are fluid Hammerfest, Kalak nappe, N-Norway

conducting structures
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Permeability of Continental Crust

A reaction
enhanced
secondary
."? porosity
'g precipitation of
QE’ hydrous reaction
11d must be o E fracturing products
Veins are linked to the =
permeability of the crust background K
Fractures create flow

porosity for reactive fluids

Fluid-rock interaction first The typical permeability versus time evolution for

creates permeability a single fracture relates with the fracturing — time
then 1t destroys relationship of a crustal volume to a general
permeability permeability versus time evolution
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oI the crust.
the permeability of normal “cold” mactive 0
crust is not defined _ 12

. . &

Normal “cold” lower crust 1s fluid absent and ERE
thus concepts of viscous flow, permeability B 2
and flow laws are mappropriate for normal Sl
environments %0
35

Manning, C. E. & Ingebritsen, S. E., 1999. Permeability of the continental
crust: Implications of geothermal data and metamorphic systems. Reviews of
Geophysics, 37, 127-150.
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reaction veins demonstrate that different generations of fluid

conducting structures contribute to permeability at different times
reaction veins confirm that fluid flow and related permeability can only

be recorded 1n reactive systems (in geologically active areas)
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Permeability of Continental Crust
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