Estructuras y Reservorios

El rol de las estructuras geoldgicas para la exploracion geotérmica
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Geologia de Estructuras

« Trata la orientacion de los elementos tectonicos y de los
paguetes de roca

« Trata definir ,zonas homogéneas" y el caracter de sus
limites hacia otras

« Ordena los elementos tectonicos segun sus epocas de
formacion y busca encontrar mecanismos para estos
eventos

« Busca deducir de los patrones de estructura, campos
actuales y anteriores de stress y strain resultante

« Es indispensable para entender ubicacion y caracter de
caminos de movimiento de fluidos en el subsuelo
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Desde los patrones globales ...
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/' Intracontinetal rifts
m Producing geothermal fields (pilots + commercial)
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... hasta lo mas detallado

Tipos de planos de ruptura:

a- Eje de presion maxima, c- eje de presion minima

b- Eje ortogonal a los dos (formara el eje de pliegues, p. €}.)

hOO- Planos bc — ortogonales a maxima presion

OkO- Planos ac — ortogonales a minima presion (frecuentemente fisuras abiertas)
hkO, hOl, Okl — Planos de shear (frecuentemente planus de fallas)
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Las estructuras geologicas — tectonicas reflejan
patrones de tension de la corteza o partes de la corteza.

Sus formas son influidas por
- Tension actual y las tensiones diferentes en los patrones anteriores,

- Propiedades del material deformado (ductilidad — Plegamiento,
flexion, rigidez — Fracturas, rupturas, fallas)

- Condiciones de presion y temperatura local y regional.

Todos estos factores se influyen mutuamente.

Bundesanstalt fir
Geowissenschaften
e und Rohstoffe

GEOZENTRUM HANNOVER



Alaska - Yukor

Paciicn PA

Nortamérica (NA

OCEANO
OCEANO

—m

Alantico cenro-oest

Ecuader Sulipages (GF) -y
~ N
Pac ffica (PA Nazca (NZ
PACIFICO .. roce f) ATLANTICO
s LT
n/’
)
Pacifica (PA 1
Antarida (AN]
° b
Shena y
OCEANO ANTARTICO

Antirrida (AN)

Var de Laptey
Eurasia (EU P _m
b o
0otsk (0K —
Aleutianas oeste
u u
Eurasia (EU i i
S
Hpes y
Anatolia \
Persia - Thbe - Birmani; Fcice (R =
Martaeo
OCEANO
Aica (AF,
PACIFICO
. Pacifica (PA
Somalia (S0 Ecuador
B Funa Ty
= Tuevas 2R
OCEANO e i
HATn fiinfo'as
inpico ./ | i
o Australia (AU f it de L -mg.
Ya @ e 5
N '\
u ‘ e rmad
o
Anrtda (AN] -
1
\ Pasifica (PA
———  Limite de placas convergentes
———  Limite de placas divergentes / dorsal
——  Limite de placas de friccién
;‘ —4a_ Tonade subduccior
s Welocidad con repecto a Africa (mm/a)
Apes  Orogénesis
OCEANO ANTARTICO india (1N, Mombre de placa (siglas en inglés i
Antdrtida (AN]

30—
Alpes

India (IN)

Limite de placas convergentes
Limite de placas divergentes / dorsal

Limite de placas de friccidn

Zona de subduccion

Velocidad con repecto a Africa (mm/a)

Orogenesis

Nombre de placa (siglas en inglés)

~97ammmm. und Rohstoffe

GEOZENTRUM HANNOVER



Volcanismo 1: ,,Zona de subduccion®

.. Del tipo placa oceanica/continental:

- Centroameérica
- Sudameérica occidental

- Norteamérica occidental,
Alaska

- Kamchatka
- Japon

- Filipines

- Indonesia & Litosfera

- Nueva Zelanda

- el Mar Caribe
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Volcanismo 2: Dorsal oceanico y rifts continentales

Ejemplos recientes:

- Africa Oriental (rift
valley)

- Mar rojo y valle del
Jordan

- Fosa del Rhin
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Volcanismo 2: ,,Dorsal oceanico y rifts continentales*

Unico ejemplo de un dorsal oceanico sobre nivel del mar: Islandia
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Volcanismo 3: ,,Intra-placa / hot spot*

C. © 2010 Tasa Graphic Arts, Inc.

Ejemplos recientes: Hawaii, Galapagos, Salomon Islands, Eifel
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Volcanismo 3: ,,Intra-placa / hot spot*

Kauai(3,8-5,6 M.a.)
Islas _—
ommionte [ oahu (22-33Ma))
@/  Molokai (1,3-1,8M.a)

Midway

Corteza i
oceanice - TR Punto caliente: islas Hawali,
S _rgoceanca Cabo Verde

Origen tectonico: Azores, Cook
australes
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La posicion de las placas de Centroamérica
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Tierra

Temperatura en superficie:
~15°C

Temperatura del manto:
~600°C min., 3500°C max
Temperatura del casco:
~6000°C

Presion en superficie:
~100 hPa =1 bar

Presion en el manto:

Aumenta 3 bar con cada
10 m de profundidad

Presidn en centro:
~330 GPa = 33 Mbar

Emision caldrica

de la tierra:

Se mantiene en equilibrio
Energia recibida ~
energia emitida.

GEOZENTRUM HANNOVER



Gradiente geotermal (en la corteza)

Alemania: 20—-90 °C cada 1000 m=>50m-11m/ 1°C
Sudafrica: 8 —30 °C cada 1000 m=>125m-33m/1°C

Centroamérica: Muy diverso — depende de las cercanias de magma. En el
oriente de Honduras, Guatemala y Nicaragua mas bajo que en
las cadenas volcanicas hacia el oeste

Costa Rica: A averiguar — hacia el Caribe deberia disminuir, hacia el
Pacifico es poco definido por la zona de subduccién
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Flow of heat
iconduction)

Source: Dickson et al, 2004
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... Y para reducir los costos de la exploracion meticulosa...

... hay que definir bien el tipo de reservorio deseado.
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https://openei.org/wiki/Moeck-Beardsmore_Play_Types

Definicidn de un ,,play” (significancia de: conjunto o combinacion de
estructuras)

* Inicialmente un ,play” se define como modelo en la mente de un gedlogo o
una geologa que determina un conjunto de factores geologicos que
generan un reservorio de energia geotermal utilizable dentro de una
posicion estructural en un marco geoldgico especifico.

En analogia a Allan & Allan (2005) que definian los ,plays” para depositos
de hidrocarburos, estos factores geoldgicos tienen que abarcar los
ingredientes esenciales del tipo de reservorio geotermail:

« - La unidad del reservorio con lo suficiente de espacio de poros o
fracturacion para poder almacenar el fluido termal y soltarlo a una
perforacion en caudales comercializables. Si hecho artificialmente, tienen
gue estar susceptibles para tratamientos como estimulacion de la roca de
depdsito por fracturar con pulsos de alta presion o explosivos, 0 acidizacion
(conocidos como Enhanced Geothermal Systems — EGS). Lo mas esquiva
la unidad de depdsito es, lo mejor responde a la estimulacion hidraulica y al
aumento sostenido de permeabilidad. Claramente existen limites fisicos a la
extraccion de liguidos desde cualquier tipo de roca. El foco principal del
asesoramiento de ,plays” es describir la unidad de reservorio para guiar la
exploracion y estrategia de extraccion.

desde: Moeck y Beardsmore (2014)
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Plate boundary types
4= Divergent type: Mid-oceanic ridges transected by transform faults Major zones of active volcanism
= Convergent type: Subduction zone } Intracontinetal rifts

—z= Transform type: Strike-slip zones ® Producing geothermal fields (pilots + commercial)

CV1a - Magmatic: active or recent magmatism: Taupo (New Zealand), Kamojang (Indonesia), Reykjanes (Iceland), Puna (Hawai/lUSA)
CV1b - Magmatc: inactive/extinct magmatism: Larderelio (ltaly), The Geysers (USA)

CV2 - Non-magmatic: Extensional domain type: Bradys (Nevada/USA), Kizildere (Turkey), Soulz-sous-Forets (France)
CD1 - Intracratonic Basin Type: Neustadt-Glewe [heat] (Germany), Paris Basin [heat] (France)

CD2 - Orogenic Belt Type: Unterhaching (Germany), Altheim (Austria)

CD3 - Basement (hot dry rock) Type: Habanero (Australia)
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Tabla de los ,play types®:
CV - transporte de calor predominantemente por conveccion
CD - transporte de calor predominantemente por conduccion

CV-1a: Magmatic Arcs, Mid Oceanic Ridges, | Active Volcanism, Shallow Magma | Magmatic-hydrothermal Extenswg !'OW
] . . - Permeability Java
Extrusive | Hot Spots Chamber Circulation )
V-1 Clay-rich Layers
Magmatic ic-
B CV-ib: Magmatic Arcs, Mid Oceanic Ridges, Active Volcanism, Shallow Magma Magmapc hydrothermal .
) Circulation, Fault - - Taupo Volcanic Zone
Intrusive Hot Spots Chamber
Controlled
Cv-2a Convergent Margins with Recent Magmatic-hydrothermal
Convection Recent or .g 9 Young Intrusion+Extension, Felsic . 9 .
. ) Plutonism (< 3 Ma), Young Orogens, Circulation, Fault - == Larderello
Dominated Active ) Pluton
) Post-orogenic Phase Controlled
CV-2: Plutonic | Volcanism
cv-z_b: Convergent Margins with Recent ‘Young IntrU5|0n+E)¢§n5|on, Fel5|_c Hydrothermal Circulation, Low Permeability
Inactive Plutonism (< 3 Ma), Young Orogens, Pluton, Heat Producing Element in = The Geysers
) ) Fault Controlled Caprock
Volcanism | Post-orogenic Phase Rock
i . . o ST que ST . Thinned Crust+Elevated Heatflow, Fault Controlled, Basin and Range,
CV-3: Extensional Domain | Back-arc Extension, Pull-apart Basins, . ) . . = = R
X ) Recent Extensional Domains Hydrothermal Circulation Soultz-sous-Foréts
Intracontinental Rifts
T I o Intra-:_ratonl_c/let Basins, Passive thhospherlc Thinning and Litho/Biofacies ngr_w Porosity/ Lou_'v Permeability N North German Basin
Margin Basins Subsidence Controlled Sedimentary Aquifers
Conduction i ) Foreland Basins within Fold-and-thrust | Crustal Loading and Subsidence F.ault;’Fr_actuTe Controlled, H!gh F‘oros!ty;’ngh Permeat{lpty or Soun‘:.rem Canadian
E CD-2: Orogenic Belt . - Litho/Biofacies High Porosity/Low Permeability - Cordillera, Molasse
Dominated Belts Adjacent to Thickened Crust X . )
Controlled Sedimentary Aquifers Basin
CD-3: Crystalline Rock - . Heat Producing Element in Rock, Hot Dry Rock, Low Porosity/Low Permeability )
Basement Intrusion in Flat Terrain Hot Intrusive Rock Fault/Fracture Controlled | Intrusive Rock (Granite) Insulating Caprock Fenton Hil
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CV-1la: Magmatic Play Type, Active or Recent Magmatic Intrusion

+14

Acid sulfur springs, fumaroles

Acid CI-SO, pools &2

Argilic alteration

Acid or neutral high-Cl springs
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CV-1b: Active or recent magmatic play type with intrusive magma chamber.

D

Mud pools,
steaming ground Hot pools, geysers
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CV-2a: Extinct magmatic play types controlled by late Cenozoic to Quaternary
plutons or batholiths without associated volcanism.

2 Rk

Fumaroles, Hot springs

2
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CV-2b: Extinct magmatic play types controlleby late Cenozoic to
Quaternary plutons or batholiths with associated volcanism.

14

ED
Mud pools,

steaming ground

“ ,

D

Hot pools, geysers, steaming ground

3

Batholith
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CV-3: Extensional domain play type as in the Basin and Range Province
(Western U.S.), showing possible fault controlled fluid flow paths.

Mud pools Blind system
Hot springs
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CD-1: Typical configuration of an intracratonic sedimentary basin
with several troughs or sub-basins within.

¥ ¥ + +
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CD-2: Typical conductive thermal structure (red isotherms),
groundwater flow paths, and discharge temperatures
(blue arrows) in orogenic zones.

Mountain belt Foot hills Foreland basin

sediments - 2
hydrothermal

........... '_ .......... 9 Onc .......... = -4
"150°C 120°C basement rock

petrothermal

L)

Note: The deeper parts of the foreland basin may provide targets for
sedimentary geothermal reservaoirs.
Source: From Moeck, 2014.
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CD-3: Geological controls on temperature in a crystalline rock basement
play type consisting of heatproducing rock covered by thermally
insulating layers such as shale and other overburden sediments.

\_,———‘x__
/V\_/— overburden rock: (meta)sediments
___| and/or volcanoclastics __1km
D
ep
S
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----- -5
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Llegar a un modelo conceptual

« Definir el ,playtype” del area de busqueda

« Consequir toda la informacion disponible de geologia (mapas),
perforaciones, manifestaciones hidrotermales, mediciones y
escenas de sensorio remoto (interesante: Canal infrarrojo termal)

 Analizar donde faltan datos necesarios
« Mapeo geologico, estructural, hidrogeoquimico del area

* Decision sobre metodos apropiados geofisicos para la exploracion
del subsuelo (0jo: La profundiudad necesaria se define por play type
y por el limite de costos)

* Modelo conceptual / estructural

* Primeras mediciones geofisicas para la confirmacion o rechazo
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... con lineaciones
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Recien, al Oeste de Esteli, Nicaragua
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| Quaternary sedimentary deposits

I Quaternary volcanic rocks

[ pleistocene volcanic rocks

I Miocene volcano- sedimentary rock

[777] Miocene batholith

- Olig-Miocene volcano-sedimentary
rocks

B Cretaccous batholith

I Upper Cretaccous-Palcogene
sedimentary rocks
Jurassic volcano-sedimentary rocks

[ ‘Triassic metamorphic rocks

® Locality
«t. Coscismic strains extension (green)
and contraction (blue) (Plafker and
Savage, 1970)
1 GPS-vector
Liquinie-Ofqui Fault System (LOF!
/1' Dextral strike slip fault
" Inferred Fault

Andean Transverse Faults (ATF)

§>~ Sinistral-reverse strike slip fault
"\ Inferred fault

Ejemplo de un trabajo estructural avanzado

Falla Liquifie-Ofqui, Chile:
Por Pamela Pérez-Flores et al., 2015

journal homepage: www.elsevier.com/locate/tecto

T lists at Si Direct

Tectonophysics

Tectonics, magmatism and paleo-fluid distribution in a strike-slip
setting: Insights from the northern termination of the Liquifnie-Ofqui

fault System, Chile
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Mywnieke:
iuifie—0iu Fault System (LOFS)
Amdiean Transwerse Faulis (AT7)
Surain panitoning

Faubi-slip data imversion

Suress ekl

WagenayTiuid ranspont

Thiis stuady axledresses the interplay brtween draingsiress felds and paleo-fid migration in the Southern Andean
Vilearic Zone {SVE), The SV coexists with Use margin-parallel Liguifie-Oipui Faul System {LOFS) and with HW-
striking Andean Transverse Faults (ATF). To tackle the role of dilferen Guli-fraoure systems on delomati on dis-
imibation and magma Tuid franspor, we map the nature, geometry and kinematics of Baulis, veins and dikes ai.
warious scales.
[Fanili-slip data analysis yields stress and sirain Gebds from the full sdy area data base {reglonal scale) and Gl
annes represeniative of each Fauli system {local scale ). Begional scale strain analysis shows kinematically beben-
geneous Bulting, Loval strain analyses indicate homogeneous deformation with NE-trending shortening and

extension at NME-striking Liquife—OCgul master (ull sones. Surain axes are dockwise rotated a0
second order fauli zones, with ENE-irending shortening and NNW -irending streiching. The ATF recond polypha-
sic deformation, Conwersely, stress Beld analysis ot regional scale indicates a strike-dip dominated
Iranspressionsl regime with NGEE-trending o and NI0"W-trending o, Delormation is further panitioned will-
in the arc throwgh MME-striking dexiral-reverse faulis, NE-siriking dextral-normal faults and NMW-striking
sinistral-reverse Gaulis with normal slip activaiion. The regional iecionic regime controls the geameiny of NE-
sriking dikes and volcanic centers. NE-strildng [aults recond local stress ases that are dlockwise rotated with re-
st L Uhe reglonal stress Geld. NNE- and NE-strildng faults are (vorably onented o reactivation under the re-
gional siress fiedd and show poody-developed damage zones. Conversely, NW-siriking Gl systems, misorienied
wrder the regional stress feld, show multiple Gl cores, wider damage sones and dense wein networks.
Deformation driven by eblique subduction is panially panitioned into sirike-slip and shortendng oomponents.
The irench-parallel component is mostly accommodated by MS-striking right-laieral Gulis of the LOFS. Trench-
perpendicular shorening is accommndated by sinistral-reverse ATF and dextral-reverse NNE-striking fales,
W conclude thal the SYZ reconds a deformation histocy cosval with magnalliid migration.

£ 2006 Elsevier BV. All rights reserved.
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