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Abstract 

The Southern Volcanic Zone of the Andes has a high potential in terms of geothermal resources and is 

an exceptional and poorly explored natural laboratory to study the interplay between tectonic stresses, 

thermal damage, low-permeable crystalline rocks, and fluid flow. Permeability is mostly related to the 

damage zones associated with the faults controlling regional tectonics, namely, the Liquine-Ofqui Fault 

System and Andean Transverse Faults. This research presents a laboratory approach comprising a 

characterization of the analogue host rock from a shallow, low-to-medium temperature geothermal 

system surrounding the Liquine area in Southern Chile (39 degrees S) to better constrain intrinsic and 

extrinsic factors which allow permeable pathways to exist. We analyse the effect of thermal stress at 25, 

150, and 210 degrees C in a granodiorite, measuring some petrophysical properties before and after 

applying thermal damage, and then loaded the samples until failure. We also compared petrophysical 

properties with the fracture network characterization using X-ray microcomputed tomography imaging, 

segmentation, and fluid flow computational simulations. The results show that thermal stress produces 

intercrystalline microcracks, which result in: (1) an increase in capillary absorption; (2) a decrease in 

ultrasonic wave velocities; (3) a decrease in compressive strength; (4) a decrease in fracture aperture, 

and (5) fluid flow simulations indicate that permeability is similar at different temperatures. We 

conclude that for the granodiorite host rock of the Liquine geothermal system, the combined effect of 

thermal stress, even at low temperature, may constitute an effective mechanism for sustaining 

permeability at shallowest depths. 

Palabras clave 

Palabras clave de autor:Primary low-permeability granitoids; Thermal decay; Artificial 

fractures; Image analysis; Geothermal system 

http://apps.webofknowledge.com.uchile.idm.oclc.org/OutboundService.do?SID=5FX5XJZtFrG74WVgOnr&mode=rrcAuthorRecordService&action=go&product=WOS&lang=es_LA&daisIds=35224199
javascript:sup_focus('addressWOS:000522733700012-1')
javascript:sup_focus('addressWOS:000522733700012-2')
javascript:sup_focus('addressWOS:000522733700012-3')
http://apps.webofknowledge.com.uchile.idm.oclc.org/OutboundService.do?SID=5FX5XJZtFrG74WVgOnr&mode=rrcAuthorRecordService&action=go&product=WOS&lang=es_LA&daisIds=35395810
javascript:sup_focus('addressWOS:000522733700012-1')
javascript:sup_focus('addressWOS:000522733700012-2')
javascript:sup_focus('addressWOS:000522733700012-3')
http://apps.webofknowledge.com.uchile.idm.oclc.org/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=5FX5XJZtFrG74WVgOnr&field=AU&value=Sep?lveda,%20J
http://apps.webofknowledge.com.uchile.idm.oclc.org/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=5FX5XJZtFrG74WVgOnr&field=AU&value=Sep?lveda,%20J
javascript:sup_focus('addressWOS:000522733700012-1')
javascript:sup_focus('addressWOS:000522733700012-2')
http://apps.webofknowledge.com.uchile.idm.oclc.org/OutboundService.do?SID=5FX5XJZtFrG74WVgOnr&mode=rrcAuthorRecordService&action=go&product=WOS&lang=es_LA&daisIds=12509963
javascript:sup_focus('addressWOS:000522733700012-1')
javascript:sup_focus('addressWOS:000522733700012-2')
http://apps.webofknowledge.com.uchile.idm.oclc.org/OutboundService.do?SID=5FX5XJZtFrG74WVgOnr&mode=rrcAuthorRecordService&action=go&product=WOS&lang=es_LA&daisIds=266948
javascript:sup_focus('addressWOS:000522733700012-2')
javascript:sup_focus('addressWOS:000522733700012-4')
http://apps.webofknowledge.com.uchile.idm.oclc.org/OutboundService.do?SID=5FX5XJZtFrG74WVgOnr&mode=rrcAuthorRecordService&action=go&product=WOS&lang=es_LA&daisIds=30525062
http://apps.webofknowledge.com.uchile.idm.oclc.org/OutboundService.do?SID=5FX5XJZtFrG74WVgOnr&mode=rrcAuthorRecordService&action=go&product=WOS&lang=es_LA&daisIds=30525062
javascript:sup_focus('addressWOS:000522733700012-2')
javascript:sup_focus('addressWOS:000522733700012-5')
javascript:hide_show('show_resc_blurb',%20'inline');hide_show('show_resc_blurb_link',%20'none');hide_show('hide_resc_blurb_link',%20'inline')
javascript:;
http://apps.webofknowledge.com.uchile.idm.oclc.org/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=5FX5XJZtFrG74WVgOnr&field=TS&value=Primary+low-permeability+granitoids&uncondQuotes=true
http://apps.webofknowledge.com.uchile.idm.oclc.org/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=5FX5XJZtFrG74WVgOnr&field=TS&value=Thermal+decay&uncondQuotes=true
http://apps.webofknowledge.com.uchile.idm.oclc.org/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=5FX5XJZtFrG74WVgOnr&field=TS&value=Artificial+fractures&uncondQuotes=true
http://apps.webofknowledge.com.uchile.idm.oclc.org/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=5FX5XJZtFrG74WVgOnr&field=TS&value=Artificial+fractures&uncondQuotes=true
http://apps.webofknowledge.com.uchile.idm.oclc.org/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=5FX5XJZtFrG74WVgOnr&field=TS&value=Image+analysis&uncondQuotes=true
http://apps.webofknowledge.com.uchile.idm.oclc.org/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=5FX5XJZtFrG74WVgOnr&field=TS&value=Geothermal+system&uncondQuotes=true


KeyWords Plus:SOUTHERN VOLCANIC ZONE; OFQUI FAULT SYSTEM; STRUCTURAL 

CONTROLS; THERMAL-DAMAGE; PHYSICAL-PROPERTIES; FLUID-FLOW; CUBIC 

LAW; MECHANICAL-BEHAVIOR; EVOLUTION; GRANITE 

Información del autor 

Dirección para petición de copias: Molina, E (autor para petición de copias) 

 

Pontificia Univ Catolica Chile, Dept Ingn Estruct & Geotecn, Escuela Ingn, Ave Vicuna 

Mackenna 4860, Santiago, Chile. 

Dirección para petición de copias: Molina, E (autor para petición de copias) 

 

Univ Chile, CONICYT, FONDAP, CEGA, Plaza Ercilla 803, Santiago, Chile. 

Dirección para petición de copias: Molina, E (autor para petición de copias) 

 

Pontificia Univ Catolica Chile, Ctr Invest Nanotecnol & Mat Avanzados CIEN UC, Ave Vicuna 

Mackenna 4860, Santiago, Chile. 

Direcciones: 

 

[ 1 ] Pontificia Univ Catolica Chile, Dept Ingn Estruct & Geotecn, Escuela Ingn, Ave Vicuna 

Mackenna 4860, Santiago, Chile 

 

[ 2 ] Univ Chile, CONICYT, FONDAP, CEGA, Plaza Ercilla 803, Santiago, Chile 

 

[ 3 ] Pontificia Univ Catolica Chile, Ctr Invest Nanotecnol & Mat Avanzados CIEN UC, Ave 

Vicuna Mackenna 4860, Santiago, Chile 

 

[ 4 ] Pontificia Univ Catolica Chile, Escuela Ingn, Dept Ciencias Computac, Ave Vicuna 

Mackenna 4860, Santiago, Chile 

 

[ 5 ] Univ Chile, Fac Ciencias Fis & Matemat, Dept Geol, Plaza Ercilla 803, Santiago, Chile 

Direcciones de correo electrónico:eduardo.molina@ing.puc.cl 

Editorial 

SPRINGER WIEN, SACHSENPLATZ 4-6, PO BOX 89, A-1201 WIEN, AUSTRIA 

Información de la revista 

 Impact Factor: Journal Citation Reports 

Categorías / Clasificación 

Áreas de investigación:Engineering; Geology 

Categorías de Web of Science:Engineering, Geological; Geosciences, Multidisciplinary 

Información del documento 

Idioma:English 

Número de acceso: WOS:000522733700012 

ISSN: 0723-2632 

eISSN: 1434-453X 

http://apps.webofknowledge.com.uchile.idm.oclc.org/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=5FX5XJZtFrG74WVgOnr&field=TS&value=SOUTHERN+VOLCANIC+ZONE&uncondQuotes=true
http://apps.webofknowledge.com.uchile.idm.oclc.org/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=5FX5XJZtFrG74WVgOnr&field=TS&value=OFQUI+FAULT+SYSTEM&uncondQuotes=true
http://apps.webofknowledge.com.uchile.idm.oclc.org/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=5FX5XJZtFrG74WVgOnr&field=TS&value=STRUCTURAL+CONTROLS&uncondQuotes=true
http://apps.webofknowledge.com.uchile.idm.oclc.org/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=5FX5XJZtFrG74WVgOnr&field=TS&value=STRUCTURAL+CONTROLS&uncondQuotes=true
http://apps.webofknowledge.com.uchile.idm.oclc.org/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=5FX5XJZtFrG74WVgOnr&field=TS&value=THERMAL-DAMAGE&uncondQuotes=true
http://apps.webofknowledge.com.uchile.idm.oclc.org/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=5FX5XJZtFrG74WVgOnr&field=TS&value=PHYSICAL-PROPERTIES&uncondQuotes=true
http://apps.webofknowledge.com.uchile.idm.oclc.org/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=5FX5XJZtFrG74WVgOnr&field=TS&value=FLUID-FLOW&uncondQuotes=true
http://apps.webofknowledge.com.uchile.idm.oclc.org/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=5FX5XJZtFrG74WVgOnr&field=TS&value=CUBIC+LAW&uncondQuotes=true
http://apps.webofknowledge.com.uchile.idm.oclc.org/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=5FX5XJZtFrG74WVgOnr&field=TS&value=CUBIC+LAW&uncondQuotes=true
http://apps.webofknowledge.com.uchile.idm.oclc.org/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=5FX5XJZtFrG74WVgOnr&field=TS&value=MECHANICAL-BEHAVIOR&uncondQuotes=true
http://apps.webofknowledge.com.uchile.idm.oclc.org/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=5FX5XJZtFrG74WVgOnr&field=TS&value=EVOLUTION&uncondQuotes=true
http://apps.webofknowledge.com.uchile.idm.oclc.org/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=5FX5XJZtFrG74WVgOnr&field=TS&value=GRANITE&uncondQuotes=true
mailto:eduardo.molina@ing.puc.cl
javascript:;
javascript:hide_show('reprint_pref_org_exp_link_1', 'inline');hide_show('show_reprint_pref_org_exp_link_1', 'none');hide_show('hide_reprint_pref_org_exp_link_1', 'inline')
javascript:hide_show('reprint_pref_org_exp_link_2', 'inline');hide_show('show_reprint_pref_org_exp_link_2', 'none');hide_show('hide_reprint_pref_org_exp_link_2', 'inline')
javascript:hide_show('reprint_pref_org_exp_link_3', 'inline');hide_show('show_reprint_pref_org_exp_link_3', 'none');hide_show('hide_reprint_pref_org_exp_link_3', 'inline')
javascript:hide_show('research_pref_org_exp_link_1', 'inline');hide_show('show_research_pref_org_exp_link_1', 'none');hide_show('hide_research_pref_org_exp_link_1', 'inline')
javascript:hide_show('research_pref_org_exp_link_2', 'inline');hide_show('show_research_pref_org_exp_link_2', 'none');hide_show('hide_research_pref_org_exp_link_2', 'inline')
javascript:hide_show('research_pref_org_exp_link_3', 'inline');hide_show('show_research_pref_org_exp_link_3', 'none');hide_show('hide_research_pref_org_exp_link_3', 'inline')
javascript:hide_show('research_pref_org_exp_link_4', 'inline');hide_show('show_research_pref_org_exp_link_4', 'none');hide_show('hide_research_pref_org_exp_link_4', 'inline')
javascript:hide_show('research_pref_org_exp_link_5', 'inline');hide_show('show_research_pref_org_exp_link_5', 'none');hide_show('hide_research_pref_org_exp_link_5', 'inline')

