
Chilean Scientific Community Workshop

An NSF-sponsored workshop on subduction zone geohazards

• Around 60 local Earth scientists, from all universities in the field 
(three of them from Argentina), gathered for three days at 
Termas El Corazón, just north of Santiago, with representatives 
of SZ4D. 

• May 9 to 11, 2022

• The objective was to introduce to the local community the 
efforts being carried out around SZ4D and to lay the groundwork 
for scientific collaboration between these partners, aimed at 
achieving a better understanding of the phenomena derived 
from the subduction process.

• Goals for this meeting 

 1) Introduce the SZ4D Concept and Relevance to Chile  

2) Identify Scientific Needs of Chilean Geohazards Research

3) Discuss Strategies to Solve Critical Chilean Questions 

4) Stimulate a Structure for Ongoing Collaboration

• Three groups: a) Land and Seascapes, b) Faulting and 
Earthquakes Cycles, and c) Magmatic Drivers of Eruptions.

• Application to disaster risk management 



Chilean Scientific Community Workshop
An NSF-sponsored workshop on subduction zone geohazards

• The meeting started at midday  with an early career 
gathering of nearly 30 participants

• SZ4D representatives. Emily Brodsky, Anïs Férot, 
George Hilley, Leif Karlstrom, Kristin Morel, Carolina 
Muñoz-Sáez, Diana Roman, Donna Shillington, Harold 
Tobin.

• Almost all local participants were from universities or 
Sernageomin with exception of two, from local 
consulting companies.

• The meeting was opened with presentations of the 
Director of the Geology Division of Sernageomin, 
followed by the Director of ONEMI (Civil Protection 
Agency) and words of NSF and ANID (local science 
agency) representatives.

• Emily Brodsky introduced the SZ4D initiative
• Presentations of the local seismic and volcanic 

monitoring capabilities of the two Chilean agencies 
• An overview of the currently funded efforts in earth 

sciences followed by a presentation of the Argentinian 
institutions of UBA/SEGEMAR, IANIGLA, and INPRES. 



• SZ4D questions

• When and where do large, damaging earthquakes 
happen?

• How do subduction zone fault systems interact in 
space and time? How do these fault systems and 
associated deformation regulate subduction zone 
evolution and structure?

• What controls the speed and mode of slip in space 
and time? 

•  Do distinctive precursory slip or distinctive 
foreshocks occur before earthquakes? What causes 
either foreshocks or precursory behavior?

•  Under what physical conditions and by what 
processes will slip during an earthquake displace 
the seafloor and increase the likelihood of 
generating a significant tsunami?

I.  What are the most important questions for gaining an understanding of subduction zone hazards in Chile?
II.  Activities and Arrays. What instrumentation and activities will answer the questions?

III.  How these questions and activities could be better developed along different segments of the Chilean margin?

Discussion groups: FEC-1A, FEC-1B, L&S, MDE, Poster session, Lightning talks (1 min), Thunder talks (3-5 min)                                                   
        ( ~30                ~10     ~25)

                                         

Chilean Scientific Community Workshop
An NSF-sponsored workshop on subduction zone geohazards



What are the most important questions for gaining understanding of 
subduction zone hazards in Chile? 
FEC-I-A
  

1. How do the Nazca, megathrust and South American systems interact? 
2. How do different seismogenic sources interact?
3. How does the kinematics of the Nazca plate change? 
4. How the along-strike variable accretionary conditions along the margin relate to earthquake behavior? 
5. What is the role of fluids in each case? How do those fluids interact with inherited structures in the upper plate?
6. What can be known about the earthquake initiation processes?
7. What are the precursory signals in relation to different sources?
8. What are the different seismogenic and non-seismogenic sources for tsunami?
9. How do seismic cycle processes and tectonic erosion/accretion relate with each other? As they represent processes taking 

place at different time-scales.
10.   Megathrust segment boundaries, do they exist? If so, how do they operate?
11. Do variable magnitudes play a role in the seismic cycle and stress field?
12. Is segmentation both in the megathrust and the upper plate related to geological features?
13. What is the temporal-scale of segmentation?
14. How does the inherited structural fabric relate to upper plate fault segmentation?
15. Where are the upper plate fault sources located? What crustal faults are active?
16. What is the role of frictional properties and fluids in megathrust behavior?
17. What is the role of petrological changes in the upper plate in frictional properties?
18. How do downdip segmentation operate? And how do different along-dip segments interact and control earthquake magnitude?
19. - How to transfer knowledge to society? 
20. - How to communicate technical aspects related to fault activity to the engineering community and political authorities? How 

can geological and geophysical knowledge transfer to decision makers?  



What are the most important questions 
for gaining an understanding of 
subduction zone hazards in Chile
FEC-I-B

          Summary

• Identify different types of earthquakes and their 
      destruction level.

• How do they relate to each other?
• How can we study them in the historical record?
• What are the rheology and frictional properties that define them?
• Do earthquakes have a fractal behavior? Can we scale smaller earthquakes to study the big ones?
• How do we incorporate temporal variation in GPS, coupling, and seismicity in earthquakes forecast? 
• How do we incorporate the partitioning of deformation in the earthquake cycle and the accumulated 

           margin deformation and the role of viscoelastic properties?
• Having all this new data, how do we improve our methodologies to incorporate and take advantage of it?
• Relationship between the lithological system and upper plate or shallow faulting? Don’t forget the backarc!



FEC-I-B (Detailed)

What are the types of earthquakes that we should be most worried about?
• Plate contact, intermediate-depth intraplate crustal earthquakes (outer-rise?). All of them have been very damaging.
• Intraplate earthquakes (e.g. 1939 M8.0, in the slab; Tarapacá 2005 M7.0).The interface (plate contact) has a less significant role?
• Megathrust earthquakes triggering superficial seismicity in crustal events (e.g Argentina, Tarapacá triggered Iquique?)
• How to understand other types of earthquakes (eg slow) and how to incorporate them into hazard assessment?
• We should study tsunami earthquakes, incorporate the time scales, and discuss the implications of their location in depth.
• Slow events
• Strike-slip at the outer-rise 
• How do different types or locations of earthquakes influence each other?
• Complex seismic cycle -> the relationship and triggering between megathrust, shallow, and deep earthquakes.
• But also, how the slower earthquakes influence the fast ones.
• Directivity in the influence of one event on another, and the relationship with asperities and barriers.
• Outer-rise
• What are the initial conditions in earthquakes and how do we constrain those for understanding them and modeling them?
• To better understand and constrain coupling
• GPS velocity is not constant; we need to develop better techniques. 
• The subduction zone is not one big fault, we should understand the behavior of different segments in depth. How the slip is
accumulated and released down-dip and its interaction with tsunamis.

• We should look at the frequency and duration of the events and find a correlation with how destructive they are.
• Need to study oceanic plate age, petrology, temperature, and their relationship with earthquake size. 
• What are the key measurements that we need?
• More of one instrument? More diversity of instruments? 
• To improve hazard assessment we need to decide the measurements needed for our priorities because different types of events 

imply different hazards, and all of them have different signals.



FEC - 2
Activities and Arrays. What instrumentation and activities will answer the questions?
What are the critical observations including instrumentation, and activities needed to address the science 
questions? What are the highest priority observations and activities for Chilean studies of subduction zones?

The timescale of changes in physical properties on megathrust and relation to slip events (recurrence, 
connections to other WGs)

1. Controls of seismic sources
2. Plate properties
3. Interface, slip behavior
4. Sources of Tsunami
5. Complexities of rupture and strong ground motion
6. Permanent deformation

Activities:
1. Mega/continental array for long time seismic/geodetic 

(on both sides of Andes and off-shore!)
2. Geophysical observations that do not depend on the time
3. High resolution of topography/remote sensing
4. Off-shore: bathymetry at high res, seafloor geodesy from islands to the continent
5. Rheologic properties, coring of the trench or other faults, lab experiments, geology
6. Historical/paleoseismic data
7. Apply numerical models to test hypotheses. Lab experiments.
8. Bathymetric differencing before/after events. 
9. Structure and thermal state of the incoming and upper plate. 



What questions can we answer in each 
segment?

What are the benefits and limitations of each 
segment?

What data is already available in each 
segment?

Which data, instrumentation and activities 
are needed to solve these questions?

North        (18°S – 26°S)
North-central (26 °S - 33°S)
Central         (33°S - 38°S)
South         (38°S – 46°S)

Question 3
How these questions and activities could be better developed along different 
segments of the Chilean margin?



Northern Chile (18°S – 26°S)
• 1877 gap not filled
• Segmentation of the megathrust coincides with the segmentation of crustal faults.
• Potential for large tsunamis from large earthquakes
• IPOC network, high quality since 2008. CSN network has benefted from these installations. 
•Two different megathrust tectonic segments separated by Mejillones peninsula. Focus on Mejillones península to detect slow slip. 
• Include Jujuy and Salta which have large vulnerabilities due to their location in valleys exposed to landslides. Vulnerability maps in 
Argentina,  not enough GPS efforts.

• CSN data (valid for all segments)
•  Good geological mapping 1:50.000 thanks to Plan Nacional de Geología. The most updated geology of the country but not at the 

scale of the segmentation process. 
• Unique preservation of the geologic record. No other region with this advantage,. No cloud-atmospheric required processes. 
• Only place with a large volume of magma APVC and the connection between this magma and the Holocene volcanoes, but the connection 
with geohazards is not clear.

• There are 9 monitored volcanoes in this segment, 4 geological maps, 5 Hazard maps. Ranking: one category 1 (Láscar), three category 2
 (Guallatiri, Parinacota, Taapacá). Seismographic network Lascar has GNSS and a DOAS, Isluega has a DOAS. 

• Very high crustal thickness, how the magma traverses the thick crust?

• North-central Chile (26 °S - 33°S)
• Flat slab
• Short trench-coast distance
• No continuous Central Depression.
• Lack of volcanism
• Only segment where slow earthquakes have been described.
• Climatic transition between arid to semiarid at 30°S correlates with 

topographic variability. Also, south of 30°S LGM glaciers 
extension increases significatively.  

• The Copiapó/El Salado/San Félix/El Tránsito rivers are natural 
laboratories to understand the topographic/geological controls 
on landslide/debris flow risk during extreme precipitation events.

• Lack of volcanoes provides an opportunity to discard the effect of the addition of volcanic material to the topographic growth. 
• Flat slab properties and studies need and thus promote Argentinian participation



Central Chile  (33°S - 38°S)
• Maipo, Laguna del Maule, Peteroa are active volcanoes with large events.
• Relationship with fault systems? What controls volcano activity? Perhaps a good area to test some experiments..
• Impact: Nearby cities, geohazards, good place to have collaborative work with Argentina
• Large earthquakes, 33° crossed by the 1730 event 
• Intermediate depth earthquakes
• Longest and continuous historical written record of earthquakes and tsunamis in the country (1570-2022). 

Also, historic records could be used for seismic intensity estimates
• This area is well covered by tide gauges, perhaps the best in SA. 
• Bathymetry. SHOA has collected bathymetry mainly in harbors and ports. There is good bathymetry offshore for deep waters (> 1000 m).
• In this segment we have the denser tsunami network, including SHOA, the institution in charge of the Tsunami issue in Chile.
• The Reloca landslide. An interesting case of study.
• In this area: Largest accretionary wedge after the Patagonia one.

Southern Chile (38°S – 46°S)
• Volcanoes with potential to erupt within the next 10 years, most active, differences in volcanic product types and styles, proximity to 
population
• Fracture segments on the oceanic plate: What is the control of subducting fracture zone in the volcanic product types and style? Are 
there opportunities in geochemistry to understand this relationship?
• No seismicity, aseismic slip at L-O, changes in volcano chemistry. 
• CIMAR – Sediments? Submarine canyons we can map on the ocean floor, the limit to the 1960 Megathrust. Most of the volumes from 

land-wasting events are buried underwater (lakes, fjords, even further on the continental shelf).
• Earthquake, mass wasting events, and discrete sediment mass wasting events contribute 

to the total budget of sediments moving towards the trench.
• Intra-arc fault system to investigate Deformation partitioning
• Bathymetry and seismic lines available. Continental shelf not well mapped, bathymetry can be improved
• GPS in volcanoes, Villarrica, Llaima, Calbuco, CC, Chaiten, Mocho, Chillán
• Seismic arrays in volcanoes, almost all of them
• P-T conditions from the reservoir, Villarrica, CC, Calbuco, Chaitén, Llaima, Lonquimay, Copahue, 

Quetrupillán, Lava bulk geochemistry for most

.



Magmatic Driver of Eruptions



What are the most important questions for gaining understanding of 
subduction zone hazards in Chile

1. Definition of active volcanoes: Post-glacial vs Holocene activity? Calderas?

2. When and where an eruption will occur? And its duration, volume, and impact? (Early warning, 
different phases during eruptive cycles)  

3. Eruptive recurrence? (“Historical times” vary along the CVZ, SVZ and AVZ. Need of quaternary dating 
techniques in addition to 14C and statistical approaches)

4. Triggering eruptions – how the disequilibrium in magmatic systems can be detected? Cordón Caulle 
2011, 70% SiO2 (couple of months of unrest) vs Calbuco 2015, 55% SiO2 (only 3 hrs of unrest), but similar 
response time of ca. 50 yrs). Role of earthquakes? Mw 9.5 1960 earthquake (Cordón Caulle erupted 26 
hrs after and Calbuco 8 months after) and Mw 8.8 2010 earthquake (no eruptions but different responses: 
Llaima quiet, Laguna del Maule unrest)

5. Tectonic segmentation and volcanic systems. Crustal thickness and young vs old subducted slab (CVZ 
vs SVZ), the Liquiñe-Ofqui Fault Zone (LOFZ) in the SVZ.



What are the most important questions for gaining understanding of 
subduction zone hazards in Chile
 
5. How does the magma pass through the crust (ductil - fragil zone)? Stotage and transport of magma to 
the surface

6. Current stress field at volcanoes?

7. How to connect and improve in an effective way different disciplines and techniques for volcanic 
monitoring? Multiparametric monitoring including geophysics, fluid geochemistry, remote sensing and 
petrology

8. Which is the effect of the climatic change in volcanic systems? E.g. glacier melting and erosive 
processes

9. Multdisciplinary and interdisciplinary studies needed to better understand and communicate 
geohazards



18-26º S : Central Volcanic Zone

Láscar 1993Parinacota



18-26º S : Central Volcanic Zone
Highlights  

∙ Excellent preservention of the geological record

∙ Very thick crust

∙ Ideal for remote sensing studies

∙ Altiplano-Puna Magma Body (APMB). Connection with 
holocene volcanoes? 

∙ Good place to understand crustal intrusion vs extrusion 

∙ First group on volcanic risks (Ckelar)

GeoHazards

∙ Explosive eruptions – PDCs proximal

∙ Ash dispersion towards coastal cities in summer

 

 



33-38º S : N -T Southern Volcanic Zone
Quizapu 1932

Maipo volcano &
Diamante caldera



33-38º S : N -T Southern Volcanic Zone
Highlights  

∙ Large to very large explosive events since late 
Pleistocene (Diamante and Calabozos calderas)

∙ Mostly silicic volcanism

∙ Relationship with fault and geotermal systems ?

∙ Data during the 2010 Mw 8.8 earthquake. Different 
patterns, fluid transport in the upper crust.

∙ Collaboration with Argentina (logistical challengues) 

GeoHazards

∙ Explosive eruptions and ash dispersion 
(Chile/Argentina)

∙ Most population concentrated 

 

 



38-46º S : S - Southern Volcanic Zone

Calbuco &
Villarrica 
2015



38-46º S : S - Southern Volcanic Zone
Highlights  
∙ Most active segment of the volcanic arc (Villarrica, Llaima, 

Calbuco, Lonquimay, Cordón Caulle, Hudson)   

∙ Mostly mafic volcanism (with notable exceptions, eg 
Chaitén and Cordón Caulle)

∙ Well known relationship between volcanism and one 
intra-arc fault system (LOFZ)

∙ Subducting fracture zones impact volcanic products

∙ Greatest glacial retreat expected in this region

∙ Triple junction (asthenospheric windows?) 

GeoHazards

∙ Magma-ice/water interaction: lahars & hidrovolcanism

∙ Most exposed population to volcanic processes and 
number of fatalties in the last centuries.

 

 



Which data, instrumentation and activities are needed 

Quantitive geochemistry: Modern analytical infraestructure (EMPA, microSIMS, LA-ICP-MS), increase access 
colaboration in places where the infraestructure is available. Petrology analyses during eruptive cycles

Hazards: Improve volcanic stratigraphy and geological mapping to better asses volume of volcanic products. 
Increase number and resolution of young geochrnological data. High resolution topography. Geological 
characterization of faults.

Geophysical images. Reinforce seismic arrays to allow tomography, in addition to GNSS, Gravity and MT

Volcano Monitoring: complemented with fluid gechemistry: Multi-gas, FTIR, UV cameras. 

Make available the volcano monitoring data to the scientific community.

Portatable multiparametric network for volcano crises & for scientific studies 



Landscapes & Seascapes



What are the most important questions for gaining understanding of subduction zone 
hazards in Chile

Geographic zones

- Studying different environments along the subduction zone such as N-S (hyperarid to very wet) and E-W (main 
to coastal range, central depression –landscapes to seascapes) allows better understanding of the surface 
processes?

Climate 

• How does the climate & exogenous factors impact the subduction zone?
• How climate change is influencing different geohazards? Are more frequent and higher magnitude than 

expected ?
• How can separate/integrate geologic and climatic time scales? Long term geodynamic context v/s short term of 

climate change 

Endogenous/Exogenous processes

• How surface and deep processes are compared? Which processes are primordial and rule the others? 
• How do sediments affect the subduction zone or the amount of sediments determinate the subduction rate?
• How exogenous factors control the mechanisms of subduction zones, and how its magnitude and variability is 

useful to evaluate geohazard?
• How can surface structures/morphologies indicate endogenous processes that generate geohazards?

How can we contribute to the community to be prepared for future scenarios and impacts of rapid events?



What are the highest priority questions? What instrumentation and activities will answer the questions?

Priority Research Question 1:
• How does magmatic, tectonic and climatic processes to generate and subsequently transport mass across earth's 

landscapes and seascapes in subduction zones?  How might be the delivery of sediments to the trench, 
considering quantity, rheology and provenance, to determine properties and behavior of earthquakes and the 
dynamics of forearc topography?

Priority Research Question 2:
• How does climate change, earthquakes and volcanic eruptions to impact the frequency, magnitude and spatial 

distribution of extreme mass wasting events over decades to centuries? What is the impact of those variables on 
society and human evolution?

What are the critical observations including instrumentation, and activities needed to address 
the science questions?

Landslides

• Inventory and characterization of 
landslides.

•Mass movements monitoring: 
•Data collectors on real time

•Data analysis 
•Early Warning Systems

Sedimentology

•Measuring sediment loads on stream 
gauges (short term).

•Building up a sediment transport 
model. 

•Sediment cores at the trench to study 
the properties and provenance

•Explain sediments control in the 
extension of the seismogenic zone.

Topography

•Characterize the seafloor using 
shallow water bathymetry.

•Simulation of subareal topography 
calibrated by field data.



Recommendations 
● Review paper summarizing the state of knowledge – a 
collaboration between Chilean and US scientists 

○ Important first step to planning future activities 
○ Paper? Epic book? Special issue? 

● Consortium in Chile of subduction zone scientists 
○ ANID enthusiastic. Opportunity through Natural 

Laboratories initiative? 
○ RCN is interesting possible model 
○ Opportunity to work together as broader community ○ 

Focus on early career scientists 
● Approach ONEMI for support; take advantage of new law 
● Steal Anaïs (no!) 
● Building/strengthening early career community 

○ Anaïs will send email - start of mailing list 
● Follow up meeting(s) - virtual and/or in person 

○ Presentations by early career scientists in zoom 
workshop? 

○ AGU session? 
● Plain language summaries and communicate with all possible 

authorities ○ Including city mayors, etc. 
○ Send them plain language summaries of papers 

● Approach tsunami warning center (SHOA) 

● Increase participation by more groups 
(e.g., only 20% participants were women). 
**Need to create safe and inclusive 
environment to achieve that.** Important for this 
community and more broadly 

○ Distribute announcements to women and others to 
increase participation in this 

○ Other things: cite female authors 
● Communicate updates/opportunities to the community 

through news media 
● Go on a second date



ANNEX I
Continuation of FEC-I-B 

Detailed Geographic Regions



FEC-I-B (Detailed, cont´d)

• Are the last 10 years a good proxy to forecast the next 10 years?
• The historical record and paleo-data are really important.
• There are types of events that are better recorded in the historical record.

• GPS, gravity, INSAR, MT (for dehydration and the effect in stresses) -> there is a lot of data and human capacity that we can put together to 
understand the underlying physical processes and to forecast.

• We will never get all the information representative of the entire seismicity in the area. But we can study and get a representative measurement of 
micro-seismicity.

• Today we don't have a big picture of the Chilean subduction zone (for reasons such as we work with temporary deployments). We have too many 
holes, but a lot of efforts are working on that (for a lot of types of data).

• How do we know the rheology and other info, to understand the subduction behavior as a system? 
• How do we detect nucleation? Sensible instruments? How the nucleation scales with earthquake magnitude? Is there a difference between big and 
not-so-big earthquakes? Is it a fractal process?

• Should we focus on recording in very detail not-so-big earthquakes or design the instrumentation for a very big one and wait that it happens? How 
do we scale the small events to understand the big ones? or how do we extrapolate small windows in time to long-term seismicity?

• We should identify signals before megathrust
• How do we model the subduction processes now that we can access to more information and how to incorporate that into the models?
• Need for computational power.
• Incorporate geophysical imaging to understand the rheology and viscoelastic properties for locking modeling. Scale? 
• Can asperities be defined in only 10 years of observations? Use GPS and micro-seismicity to understand the mechanism of the coupling. We need 

this for big earthquake understanding. 
• What can simple versus complex models tell us? Both are important.
• How much of the energy gets distributed outside of the plate interface? in elastic and inelastic forms. How much energy goes to landscape building 

and other non-seismic phenomena?
• How the deformation propagates to the continent and how does it vary during the earthquake cycle? And the viscoelastic influence. (eg, a splay fault 

being inverse or normal depending on the stage of the earthquake cycle)
• Incorporate vertical deformation to study flexure, rigidity, and variability of stresses, that influence seismic occurrence.
• Relationship between the lithological system and upper plate or shallow faulting?



ANNEX II
Continuation of FEC-I-B 



Northern Chile (18°S – 26°S)

 Faulting & Earthquake Cycle

What questions can we answer in each segment?
• 1877 gap, not filled
• How does the megathrust interact with crustal faults, how do we densify 
• Segmentation of the megathrust coincides with segmentation of crustal faults.
• Segmentation: there are small segments controlled by the coastal cordillera geology (Paposo segment), plate control, densify these  

zones.
• Potential for large tsunamis from large earthquakes
 
What are the benefits and limitations of each segment?

• IPOC network, high quality since 2008. CSN network has benefted from these installations. 
• Better quallty stations in northern Chile, good time series
• Benefit, preservation of the unique geological record. Atmospheric processes with no cloud requirements.
• Low density of active faults, improve their mapping
• Two different megathrust tectonic segments separated by Mejillones peninsula. Focus on Mejillones península to deect slow slip. 

Segmentation within the segment.
• Long recurrence intervals for tsunamis
• Densify observations to detect precursors like slow slip events
• Include Jujuy and Salta which have large vulnerabilities due to their location in valleys exposed to landslides. Vulnerability maps in 

Argentina,  not enough GPS efforts.

What data is already available in each segment?
• CSN data
• Good geological mapping 1:50.000 thanks to Plan Nacional de Geología. The most updated geology of the country but not at the 

scale of the segmentation process. Fault traces are fine.



Northern Chile (cont´d a)

Which data, instrumentation and activities are needed to solve these questions?
• More seismic/GPS stations because those from the IPOC network are a little too far from each other
• Integrate data from southern Peru and Bolivia
• No sea-floor GPS: required
• Densify both on land and under the ocean
• Submarine to measure strain and rate
• Densification on the marine part, OBS, densify bathymetry before a large earthquake, marine seismic profiles
• Measure fault slip rates
• Geophysical images: seismic, MT, etc
• Fault strength data for assessing frictional properties

Magmatic Drivers of Eruptions
What questions can we answer in each segment?

• What is an active volcano? In this area the definition of an active volcano as an edifice with Holocene activity is not obvious.
• What triggers an eruption?

What are the benefits and limitations of each segment?
• Benefit, preservation of the unique geological record. 
• Data acquisition that is hampered by clouds Atmospheric processes which require no clouds.
• Very high crustal thickness, how the magma traverses the thick crust?
• Only place with a large volume of magma APVC and the connection between this magma and the holocene volcanoes, but the connection 
with geohazards is not clear

• Only Sernageomin can carry out Ar-Ar dating in the country and this is essential to answer what an active volcano is.
• Ash dispersion can be towards the coastal cities.

What data is already available in each segment?
• There are 9 monitored volcanoes in this segment, 4 geological maps, 5 Hazard maps. Ranking: one category 1 (Láscar), three category 2 
(Guallatiri, Parinacota, Taapacá). Seismographic network Lascar has GNSS and a DOAS, Isluega has a DOAS. 
.



Northern Chile (cont´d b)

Which data, instrumentation and activities are needed to solve these questions?
• More geophysical images: seismic, MT, gravity
• Seismic stations to detect intrusions that could be failed eruptions like in the Aleutians. This unrest is not detectable by any other means 
(geodetic, gas, etc)

• More detailed mapping 
• More and more accurate geochronological data

Landscapes & Seascapes 

What questions can we answer in each segment?
1. Unique preservation of the geologic record. No other region with this advantage,. No cloud-atmospheric requiered.processes.
2. Sedimentation in relation to magmas and tectonic processes to allow transportation of particles to the ocean. 
3. Altiplanic Winter as a mechanism of sediment transportation. Not much ends up at the trench. 

1.What are the benefits and limitations of each segment?
2. Faults control the sediment path therefore a link with other groups is requjired.
3. It was thought that there were not submarine canyons, but there are.
4. There are lots of landslides because the walls are steep and unstable.
5. Mass balance of this material 🡪 DEMs!! Early Warning System.
6. Low density of, or non-existent, meteorological stations. Somewhat distant from solid Earth.



Northern Chile (cont´d c)

1.What data is already available in each segment?
1. SERNAGEOMIN is preparing a landslide suceptiblity map  
2. Topography? DEM, TanDEM-X topography. Satelites!!! Absence of a Space Agency has been a problem to facilitate access.

2.Which data, instrumentation and activities are needed to solve these questions?
1. Lack of data and a lot of bathymetry. Time-lapse bathymetry and topography. High resolution seismic and not only multichannel.. 
2. Continental shelf not properly known because of lack of legal permit (12-mile issue)
3. Coring
4. Analytic facilities for Holocene dating 
5. Improve landslide dataset. Measure the short-term sediment load time series. Coring of marine sediments, as an example.
6. Very much dependent on the study zone 🡪 implement a mini-lab. How to implement it and concludes into an early warning system.
7. Include Salta and Jujuy because they have the same issues 
8. Invite climate scientists because this issue goas beyond solid Earth. Meteo radars.



North-central Chile (26 °S - 33°S)

Flat slab
• No continuous Central Depression.
• Lack of volcanism
• Climatic transition between arid to semiarid at 30°S correlates with topographic variability. Also south of 30°S LGM glaciers 
extension increases significatively. 

• The Copiapó/El Salado/San Félix/El Tránsito rivers are natural laboratories to understand the topographic/geological controls on 
landslide/debris flow risk during extreme precipitation events.

• Only segment where slow earthquakes have been described.
• Two seismic gaps, south of Illapel and north of La Serena. The seismic gap north of La Serena (Atacama seismic gap) may host the 

next giant megathrust earthquake.
• (Tectonic) Erosive margin.
• Subduction of the Juan Fernandez Ridge at 33°S, subduction of Challenger fracture zone at 30°S, subduction of Copiapó Ridge at 

27°S, subduction of Taltal Ridge at 25°S.
• The topographic front between the Coastal and Main Cordilleras north of 32°S coincides with Manquehua, Vicuña and San Félix 

Faults. These faults are potentially the extension of the Pocuro Fault at 33°S and may be active.
• Along the Coastal Cordillera the Atacama Fault System and other related faults (e.g. Silla del Gobernador near 32°S) are 
recognized. These are subvertical faults that were active as an intra-arc system in the Late Jurassic-Early Cretaceous, but 
Miocene to Recent activity has also been recognized in some areas. They may activate in the seismic cycle scale in response to 
stress changes produced by megathrust earthquakes (response to the question on how different sources interplay)

• Big tsunamigenic earthquakes, including 1922 (similar in scale to 2010), and 1819 (100 year recurrence?). (deposits?) (response to 
the question on different sources for tsunamis).

• Earthquake in 1849 generated near Coquimbo/ tsunami-earthquake (relatively small EQ that generated a big tsunami). 
• South of Illapel is expected a big Tsunami (last one in 1730)
• Seismic activity is segmented by the Copiapó ridge. South, many small events at 70 km 1-2 M, but at the northern segments there 

is a lesser number of events but of higher magnitude (>4M).



North-central Chile (Cont´d a) 

Questions

• What controls the development of the Central Depression (CD) along the Andean forearc?  
• What controls forearc morphostructure above an erosive margin? 
• What is the effect of flat subduction in forearc morphostructure?
• Does the subduction of aseismic ridges or oceanic fractures subduction play a role on seismic segmentation of the megathrust and 

forearc morphostructure in an erosive margin?.
• Does the climatic transition zone at 30°S control landscape evolution? 
• Does previous topography control the behavior of alluvional processes during extreme precipitation events?
• What are the types of seismic sources that produce tsunamis?
• When and where do large earthquakes occur?
• When and where do large tsunamis occur?
• When, where and how slow slip events occur?

Opportunities
• Recognized but poorly studied seismic gap. More investigation looking for tsunami deposits in this segment to understand paleo 

earthquakes.
• Opportunities of collaboration between Universities and Agencies in Chile and Argentina to process available data.
• Improve the understanding of surface expression of subduction processes by the ridge/oceanic fracture subduction.
• Improve the understanding of the role of ridge/oceanic fracture subduction on seismic segmentation. 
• Detailed stratigraphic record of the Pleistocene and Holocene that can be used to constrain uplift and faults movements along both 

the Coastal Cordillera (mostly marine to fluvial sediments) and the Main Andes (mostly glacial and alluvial sediments).
• Seismic and aseismic deformation?



North-central Chile (cont´d  b)
 

• Seismic and aseismic deformation?
•.Study factors that control landslide/debris flow risk
• Lack of volcanoes provides an opportunity to discard the effect of the addition of volcanic material to the topographic growth. 
• Lack of volcanoes facilitates the interpretation of low temperature thermochronologic data to understand and constrain landscape 

evolution rates.
• Short trench-coast distance
• Flat slab properties and studies need and thus promote Argentinian participation

Disadvantages 
• Lack of data from deformation in Argentina. 
• As there is no arc, there is no seismological data along the international border.

Data  needed to solve these questions:
• High resolution topography (Lidar maybe) survey for upper plate fault studies and landslide/debris flow risk.
• Detailed stratigraphy, sedimentology and geochronology of Pleistocene and Holocene sedimentary rocks and basement 
thermochronology.

• Marine geodesy
• To understand the flat slab segment seismological and geodetic data from Argentina is needed. 

 



Central Chile  (33°S - 38°S)

Volcanoes

• Maipo, Laguna del Maule, Peteroa are active volcanoes with big events.
Questions to answer: Relationship with fault systems? What controls volcano activity? Perhaps a good area to test some experiments. 
That would make an interesting area to study. However, there are some logistic difficulties. 
2010 earthquake triggering fluid movement? Changes in the activity patterns. Papers showing relationships between earthquakes and 
volcano activity.
• How the fluids ascend through the crust
• Structural, seismology, mineralogical, geochemical, etc.
• Good place to have collaborative work with Argentina.
• Impact: Nearby cities, geohazards. 

Seismology

• Interesting place to study:
• Along the dip and strike variation of the slip budget?

- Locking in the shallow part of the megathrust?
- Intermediate depth earthquakes

• 33° crossed by the 1730 event
• Historical earthquakes. Different types of ruptures. Weird cases: 1647. We do not know the source. It was very destructive, killing a fifth 
of the Santiago population. 
• On the social point of view it is very important because of the high population and the presence of hydroelectric power plants.
• Geohazard: Laguna del Maule reservoir and other reservoirs versus crustal faults??
• Logistic problems: Climate (season rain), access (private land permission, vandalism, stolen instruments), too many cities (bad for 
seismological studies). Deficit of previous data, it is not well covered by instruments and it is not spatially homogeneous nor continuous.
• Longest and continuous historical written record of earthquakes and tsunamis in the country (1570-2022). Also historic records could be 
used for seismic intensity estimates.



Central Chile (cont´d  a)

• Tsunamis generated in other segments affect this segment, i.e. Concepción Bay.
• This area is well covered by tide gauges, perhaps the best in SA. 
• There are a good number of tested tsunami models in the area. Different teams??
• Bathymetry. SHOA has made bathymetry mainly in harbors and ports. There is a good bathymetry offshore for deep waters (> 1000 m).
• In this segment we have the denser tsunami network, including SHOA, the institution in charge of the Tsunami issue in Chile.
• Problems with Magnetotellurics near cities. 

Landscape & Seascape
• This segment is a transitional climate region between arid and wet Chile. What are the effects of the climate change and seismic and 
volcanic activity on land- and seascapes?
• Sediment fluxes between landscape and seascape.
• Landslides and relation with rain. 
• The reloca landslide. An interesting case of study.
• In this area: Largest accretionary wedge after the Patagonia one.
• Flat-slab transition could affect the transfer of stress? The landscape of this segment has the highest erosion rate in Chile.

Needs to do it

• High-quality local bathymetry and topography
• Offshore geodetic monitoring (APG stations)
• Magnetotelluric studies from the fore- to the back arc
• Multiparametric Tomography
• Geological characterization of faults
• Thermal modeling, heat flow
• Offshore sediment cores to study the relationship between land and sea sediment transport
• Seismic profiles to study sediment and patterns of transport E-W and S-N
• Improving the weather forecast for studying erosion-sedimentation processes. Mass wasting triggered by earthquakes and extreme rain 
• events.



Southern Chile (38°S – 46°S)

“To understand the mechanisms that control volcanic activity or trigger eruptions”

• Volcanoes with potential to erupt within the next 10 years, most active, differences in volcanic product types and styles, 
proximity to population
• Fracture segments on the oceanic plate: What is the control of subducting fracture zone in the volcanic product types and 
style? Are there opportunities in geochemistry to understand this relationship?
• No seismicity, aseismic slip at L-O, changes in volcano chemistry. 
• CIMAR – Sediments? Submarine canyons we can map on the ocean floor , the limit to the 1960 Megathrust. Most of the 
volumes from land wasting events are buried underwater (lakes, fjords, even further on the continental shelf).
• What are the opportunities in surface processes? 
• Earthquake, mass wasting events, discrete sediment mass wasting events contributing to the total budget of sediments 
moving towards the trench.
• intra-arc fault system to investigate Deformation partitioning
• Opportunities in geomorphology
• The greatest glacial retreat expected in this region, we can expect the effects of glacial retreat in an enhanced way because of 

climate change. Also, an opportunity in terms of the crustal rebound from deglaciation
• What is the effect of unloading the crust in promoting or inhibiting volcanic activity? Can we expect more magma injection into 
the crust? 
• Volume of volcanic products, new surfaces, 
• What are the total mass inputs from magma injection?.
• Volatile budget from Volcanoes
• Citizen opportunities, learning from community experience, have a list of types of questions that we can target to communities.



Southern Chile (cont´d a)

Limitations:

• Logistics: Access, no roads, private land, conflict with local communities, remote areas, weather makes it challenging to even 
access by helicopter, extremely dense vegetation cover
• Hard to separate controlling variables. Weather, subducting plate geometry, triple-junction, fast convergence, etc… Too many 
things happening at the same time

3) What data is already available in each segment?

• Bathymetry and seismic lines available. Continental shelf not well mapped
Bad topo
• Lidar 1-m coastal cordillera 40ºS, digimapas.cl
Tandem X 12-m
GPS in volcanoes, Villarrica, Llaima, Calbuco, CC, Chaiten, Mocho, Chillán
Seismic array global megathrust
Seismic arrays in volcanoes, almost all of them
P-T conditions from the reservoir, Villarrica, CC, Calbuco, Chaitén, Llaima, Lonquimay, Copahue, Quetrupillán
Lava bulk geochemistry for most
Satellite InSAR (tricky yet, but good data from ALOS-2 mission and future NISAR mission)
Tide gage stations (still SPARSE)
Stream Gaging



Southern Chile (cont´d  b)

4) Which data, instrumentation and activities are needed to solve these questions?
SANTA’S WISHLIST

Quantitative geochemistry: Take samples from rocks, build and renew analytical infrastructure (microprobe, SIMS, LA-ICP-MS), 
increase access collaboration in places where the infrastructure is available 
GPS in Liquiñe-Ofqui (L-O), and off-shore stations on islands
High resolution topography along L-O
Bathymetry, subbottom profiler, bathymetric lidar
Seismic lines re-processing data from previous cruise lines
IOPD sites for sediments in the trench
Small (shore) cores in the trench and rupture zones
Reinforce volcanic Seismic arrays to allow for tomography
Volcanic monitoring, multi-gas, FTIR, Thermal cameras
High freq. Petrology when eruptions are occurring
Magnetotelurics in volcanoes +  Tomography
Improve volcanic stratigraphy, volume of volcanic products
GPS on volcanoes
Deglaciation, soil temperature, probes
High-Res Topography at the regional scale
Denudation rates from cosmogenic nuclides, thermochronology
Sediment loads and sediment routing, sediment provenance  
Argentina!!!!!!!!!!


