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HOW CHOOSING A GEOTHERMAL AREA TO BE INVESTIGATED ?

which is the most favorable tectonic setting and why?

how to identify the field area?
which structures to be studied and how!

INDEX

generalities: favorable tectonic environment

%

v

M o fluids and fractures

¥

structural geology: faults
kinematic indicators
. associated fractures
% relationships with the fluid flow
parameters
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TECTONIC SETTING

A geothermal area needs heat flow > =45-50 mW/m?
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AFRICAN
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Hottest continental areas geothermal resources
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AFRICAN
PLATE

< 1Ma magmatic bodies

V A N T A RCTI c Aquater, 1995; Best, 1982
PLATE '

Data from: Muffler and Duffield, 1995;
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TECTONIC SETTING
EXTENSIONAL TECTONICS
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TECTONIC SETTING

extension, heat flow, fast strain rate and ....

ANNUAL RAINFALL
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AFRICAN
PLATE
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L2

P' = 100 MPa

(1) PORE FLUID PRESSURE FLUIDS AND FRACTURES

Seraa Sandslona
Al Funs at 24°C B =0 MPa

—

g fIE pressuhn,
brittle deformation is
favored

400
cusure of pore -
SPALE 1IN repomae £
to e applizd w 300
CUMperTave aress |%
2 200
¥ P, = 150 M7a
b7
& 00
P, = 200 MPa

| | j | | |

oy = (01 — Ps) > 0, = (02 — Ps) > 0} = (03 — Pf)
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Andersonian relation

B 10 12 14 16 18 20 22 24
Stran {in %)

A= ?f/pgz.

A~ 04 hjdrcs&a&it
04 <\ <1 supr&hjdrcs&a&a

A = 1 Lithostakic

A~ O,% is a reasonable

number for the Thyrrenian
geothermal provmces
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oy = (03— Py)

FLUIDS AND FRACTURES

TRACTIVE FIELD
(03 =0)

EXTENSIONAL
FRACTURES
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(3) ROCK PROPERTIES  rLuips anp FRACTURES

mineralogy, texture, structure and rheological parameters, P and T conditions

T =TENSILE STRENGTH

T between | and |0 MPa for sedimentary rocks

T between |0 and 20 MPa for crystalline rocks

HYBRID EXT. - COMPRESSIONAL

EXTENSIONAL _—p H g— _, 4_ —>
FRACTURES e o. SHEAR FRACTURES SHEAR FRACTURES

3
: A AN

3

(O1-03) <4T  4T<(0)-03) <566T (0)-03)>566T

from Sibson, 2000
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FLUIDS AND FRACTURES

. J'WHICH IS THE FALLOUTON THE = =
RELATIONSHIPS BETWEEN GEOLOGICAL =~
STRUCTURES AND GEOTHERMAL RESOURGES;
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gas emission in the forest ....
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OUR +IELD AREA

we need
geothermal
manifestation,
such as




IELD AREA
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HOOSING THE AREA
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CHOOSING THE AREA

field mapping and structural stations along the
main fault systems
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FADLTS

Fault Plane

Weakly deformed Intensely deformed . . .
Damage Zone Damage Zone Lithological Units
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FADLTS

Qualitative evaluation
by Caine et al.

Intermediate stage Embrional stage

) - ’ Localized
Distributed high % Damage zone

condunt 7 condut

low low

. o 0, -
% core Permeability structure /0 COTC

hioh high

Yy

Combined |
| l ."l 9 [);jl‘naue Zzone 7 Localized

conduit-barricr 11gh 0 ge Z( P/ J ‘
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Caine et al. 1996 - Geology

Mature stage Intermediate stage
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The progressive development
of a fault implies :

1) The enlargment of the damage zone;
2) The increase of the fractures density;
3) The thickening of the fault core;

by courtesy A.Brogi, 201 |




Fault Zone Permeability structure
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Intermediate stage |

s . . - 1
' Discontinuous fault core |
!

. Intcnscly deformed damage zonc |
Average fracture

oo - - ~ |

300 100 S00

Micarelli et al. 2006 - J. Struct. Geol. distance (cm) by courtesy A Brogi, 201 |

mercoledi 30 novembre 2011

-
B
+—

)

|
_c)

Q.

X

Q
=

S

| .

Q
B
+—

o

Q

(&)

-

o
IS

o
B

O

\2]
o

<
3
+—

)

-

|

Q
+—
E=

|

)
+—
-
8
-
O




C.AJ. Wibberdey, T. Shimamoto / Journal of Structural Geology 25 (2003) 59-78 —
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DIP AZIMUTH

DIP

PITCH

65

40

100

135

75

55

|5

74

125

|10

70

117

80

45

/8

EXAMPLE

NN
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cataclastic flow and
kinematic compatibility

FADLTS

http://www.geo.cornell.edu/geology/faculty/RWA/

Rick Allmendinger’s home page

ORIENTATION OF THE INTERMEDIATE AXIS: =348/22
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oin ri : A
joint fabrics associated fractures

Fault Plane

Weakly deformed Intensely deformed . . _
Damage Zone Damage Zone Lithological Units
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Damage Zone : : : Damage Zone

N e
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Fault Core

Damage Zone by courtesy A.Brogi, 201 |
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joint fabrics at tip zone (Mode Il) ASSOCIATED FRACTURES

DE JOUSSINEAU AND AYDIN: DAMAGE ZONE EVOLUTION WITH FAULT GROWTH

T s [l

L -
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IPARTIMENTO DI SCIENZE DELLA |ERRA v

tip ASSOCIATED FRACTURES

N [

\Y * Emanazioni digas
0 500 m W= E
| |
I I S /"’ Faglie ad alto angolo quaternarie

*
use I
s . :
118 (18) 7 Faglie a basso angolo neogeniche
A .
3028 >)>:4 A _~~ Contatto stratigrafico
140 (30)
Giaciture di strato

< 70(28)

\
LEGENDA

Depositi continentali quaternari

Travertini
55Ka (Minissale comunicazione orale) -Attuale

Depositi marini pliocenici
Argille Plioceniche Tl Conglomerati Pliocenici

Pliocene inf. Pliocene inf.

Unita Liguri .
e Brogi and

Cretaceo inf.

= Pictraforte. s, Fiora Fabbrini, 2010

Cretaceo sup. Cretaceo sup.
Falda Toscana '
- Calcareniti di Montegrossi j Argilliti e calcareniti di Dudda

Eocene sup.

Marne del Sugame Argilliti di Brolio
Cretacoco sup.-Eocene
Maiolica - Diaspri
Cretacico inf.
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Marne a Posidonia Calcare Selcifero di Limano
Dogger Lias medio-sup.
I Calcare Rosso Ammonitico Calcare Massiccio
Lias medio Lias inf.
| Calcare a Rhaetavicula contorta Anidriti di Burano
Retico Norico
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. Extension fractures
\_———D

(‘ Extension fractures N

Antithetic faults
Synthetic faults

s e
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castle

NE
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Relationships between thermal spring(s) and brittle structures

A. Fault Tip-Line Area B. Fault Interaction Areas C. Locked Fault  D. Shpping Fault

X Intersection Intersection
—

|

Releasing Step Restraining Step

D. Liotta - international school on geothermal exploration
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ow to represent the 1tracture network:

D
\

\
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CONCLUSIONS

which'is the most favorable tectonic setting and why!?

extensional tectonics with high strain rate in a rainfall environment

how to identify the field area and how!

geothermal manifestations, field mapping of faults and
associated structures

which sites are the most favorable in the chosen area!
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