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Naturally Mineralized Systems and Mineralisations, a natural 
analogue of Enhanced Geothermal Systems (EGS)?

One of the most important discoveries of crustal mechanics in the past 15 years is, according to Evans (2006), the realisation 
that the Earth's crust is generally close to failure, even in tectonically quiet areas. This deduction results especially from 
induced seismicity recorded during fluid injection in Enhanced Geothermal Systems (EGS) like in Soultz and from in situ 
measurements (Evans et al., 2005). Monitoring of seismic events shows the progression of microshearing along potential 
structures perpendicular to the minimum stress direction. However, deformation mechanisms and strain regime remains 
poorly constrained and hinder prediction and repeatability of stimulation of reservoir by hydrofracturing. Thus, if the link is well 
established between fluid injection and microseismicity, the resulting increase in permeability of the system after injection and 
its distribution in 3D remains debated.
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The in situ observation of the induced effects of hydrofracturing should be obviously the best way to increase our knowledge of the processes occurring 
during fluid injection. This is of course difficult as it requires re-drilling or sophisticated imaging and monitoring. Another way could be to look for a natural 
analogue for which shearing is caused by an increase in fluid pressure. To explore this way, it is proposed to establish a comparison between EGS and 
mineralisations systems. In this poster, we compare some fracture studies derived from the EGS European Soultz site with mineralized fracture sites.

A first topic for advanced studies could be a comparison between the geometry of these mineralized systems with the available dataset and imagery for EGS. 
Thus, Boullier and Robert (1992) have shown that gold quartz veins in Archean can be used to reconstitute paleoseismic events. It is considered that such 
fault-valve mechanisms present many similarities with suspected fluid circulation within the fracture network during stimulation. 

Soultz network
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Legend

1: granite; 2: ore deposits; 3: crushed zone

The Le Châtelet gold deposit is unique among the mined deposits of the French 
Variscan basement in that the gold is not free but caught up in the arsenopyrite
crystal lattice. 

Microstructural analysis shows that the Au-arsenopyrite quartz veins are hosted by 
north-trending dextral strike-slip faults resulting from NNE-SSW compression 
during the early Stephanian (around 300 Ma). 

Textural study indicates that vein emplacement was due to sequential dynamics 
related to spasmodic strike-slip movements along these brittle structures (seismic 
regime). The veins correspond to dilational jogs formed by a suction pump 
mechanism during a late phase of the Variscan orogeny; they were trapped in 
migmatite about 1 km below surface.

Le Châtelet gold mine (French Massif Central, France, in Crouzet et al. 1979) 
A & B) Maps of the gold-bearing vein sets mined at two given levels
C) Perpendicular E-W section through the southern part of the vein set showing 
the nearly vertical dip of the gold-bearing veins
D) Longitudinal N-S cross section of the "Emile-Henri orebody" showing a pitch 
of 35° S Emplacement dynamics of the Le Châtelet gold veins

Formation of an Au-arsenopyrite vein through the development of two successive sequences:
1) Each sequence is marked by the crystallization of comb quartz (cQ) during the pre-rupture stage,
2) then by the rapid deposition of Au arsenopyrite-bearing microcrystalline quartz (miQ) during the syn-rupture stage.

Internal structure organization of a cataclastic shear zone at Soultz (Genter et al., 2000)
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3D Fracture cluster network by multiplet cluster 
analysis (Gaucher E., 1998; Moriya et al., 2002). This 
network could represent the large-scale fault system

3482

3483

3484

3485

3486

3487

3488

3489

3490

3491

3492

3493

3494

3495

3496

3497

3498

F-ma
F-ma

F-ma
F-ma

3482

3483

3484

3485

3486

3487

3488

3489

3490

3491

3492

3493

3494

3495

3496

3497

3498

D
ep

th
 (m

)

UBI Amplitude

U
B

I T
ra

ns
it 

Ti
m

e

Fa
ci

es

10
0

20
0

G
am

m
a 

R
ay

 G
A

P
I

1.
70

2.
20

2.
70

B
ul

k 
de

ns
ity

 g
/c

m
3

0.
04

0.
08

P
ot

as
si

um
 %

1 3
U

ra
ni

um
 p

pm

10 25 40
Th

or
iu

m
 p

pm

45 60 75
D

T 
C

om
p 

µs
/fe

et

75 10
0

12
5

D
T 

S
he

ar
 µ

s/
fe

et

6.
25

9.
25

12
.2

5
C

al
ip

er
 in

ch

20
0

30
0

C
ro

ss
 S

ec
tio

n 
A

re
a 

cm
2

0 45 90

D
ip

-0
.5

0.
5

P
ro

du
ct

io
n 

lo
g 

8l
/s

0 2
In

je
ct

io
n 

lo
g 

18
 l/

s

P
er

m
ea

bl
e 

fra
ct

ur
e

D
ep

th
 (m

)

Individual fracture
on borehole image

Fracture zone
on borehole image Map of microseismic events at Soultz related to hydraulic 

stimulations in wells GPK1 and GPK2 (CSMA). The 
induced seismic events are mainly aligned along the 
principal horizontal stress as well as the dominant 
fracture set

2 scales of fractures:
• Individual fractures
• Fracture zones. Some of them 
act as permeable fractures

Microseismic activity: interaction between present-day stress field and fracture network
Fracture analysis at Soultz

3D Fracture modeling at Soultz

Dislocations mm to cm imaged at major 
flowing fractures at Soultz (Evans et al., 
2005). Due to hydraulic stimulation, some 
fractures moved as it was shown from 
borehole log analysis carried out before 
and after hydraulic stimulations

3D Cluster modeling at Soultz (Gentier et al., 2003). 
Clusters are made of highly concentrated fracture 
zones with various oriented  fracture sets

UBI log, geology, geophysical log responses (Gamma ray, bulk density, Sonic) and 
hydraulic flow log in a a cataclastic permeable shear zone between 3482 and 3498 m depth 
at Soultz in the GPK1 well. Flow log anomalies matches with fractures partly filled with 
secondary geodic quartz visible on UBI logs and from well log analysis

7 quartz generation at Soultz 
from Smith et al., 1998

Quartz vein.
Sample 40 cm

Spatial variability in the extent of fault related 
deformation (Schultz & Evans, 2000)

Le Châtelet Gold Mine (Northern 
part of the French Massif Central)

Correlation between alteration mineralogy and ore body with increasing metamorphic grade 
for crustal continuum of lode gold deposits from McCuaig & Kerrich, 1998. 

Detailed mapping of mesoscopic shear veins in Canada from Boullier & Robert 
(1992). a. Sigma Mine;  b. Dumont-Bras d’Or Mine; pyrite in grey, tourmaline in black

Pervasive alteration, vein systems, and stockwerk are among the most obvious signatures of fluid transport in Earth's crust. Concepts like seismic pumping 
and fault valve systems have been proposed that defines a genetic link between shear zones, fluid pressure and mineralisations (Sibson, 1992). Moreover, a 
continuum is established through the crust from catazone lode deposits to epizone vein networks (Groves, 1993; Groves et al. 1998; Cuaig and Kerrich, 1998) 
showing that a whole range of mineralisations are formed at depth that are presently explored in EGS. Finally, Soultz is a Naturally Fractured and Mineralized 
Systems that has been intensively studied. Fracture networks investigated in some French gold mines (La Châtelet, France) could represent significant 
naturally mineralized systems.

Fluctuations of shear stress and fluid 
pressures with time Boullier et Robert (1992)

Cataclased and hydrothermally
altered granite. Sample 30 cm

Part of a hydrothermally altered and
fractured zone granite. Sample 1 m

Geodic quartz vein
at Soultz

Source rock
Low fluid-rock ratio

Conduit
Fracture zone

Deposit
Wallrock reactions

Alteration halo
High fluid-rock ratio

Schematic process of fluid source in hydrothermal 
system (from McCuaig & Kerrich, 1998)
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Fracture network in the Soultz 
granite

Photograph of a structure zone made of joints, quartz-filled veins and 
faults in the Wonga Mine, Australia (Millier & Wilson, 2004) 

Calcite veins with rare minerals associated with (Cerussite, Damaraite, Defernite) occur  
in the Kombat Mine (South West Africa, Namibia). The calcite vein is injected in the host 
rock along fluid drains and has undergone several stages of fracturing and sulfide-rich 
vein opening.


