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• Roperch et al. 2017: Wetland, MIS 3

• Bartz et al. 2020: Alluvial Fan, MIS 3

• Ritter et al. 2018: Paleolake, MIS 11

• Ritter et al. 2019: Paleolake, MIS 5b/e & MIS 7

• Wennrich et al. 2024: Claypan, MIS 3

Data: Britannica

Atacama hyper-arid since 10Ma, but:

→ Pleistocene Interglacials
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Approach

…trough analysis of incised 

lacustrine deposits with:
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Answer question of:

• Environmental conditions during lake lifetime

• Respective timing / duration

● Sediment analysis
● OSL dating

● 10Be Cosmo dating

●  Diatom/Pollen

●  XRF
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Conclusion

Paleo-Climate

→ Semi-humid, stable, prolonged

Timeframe

→ 115 till 133ka, MIS5e, Interglacial

Prolonged discontinuity hyper-

aridity in northern Atacama
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Ritter et al. 2019: Paleolake, MIS 5e, 5b & 7

Data: Britannica
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Geologic map

• Quartz-poor, feldspar-rich: 
→ only Feldspar dating

• Calcium carbonate(calcite) 
missing:           
→ Advantage(?) for XRF

Data: Britannica

Methods and Results

Methods and Results

Study site overview

Study site overview

Conclusion

Conclusion

Pico Talk

Pico Talk

Additions

Additions



©beautifulworld.com

Regional overview

Data: Britannica
• ~2000masl

• Heavily overprinted, 

earthquake prone 

landscape

• Several traps, e.g., 

modern lake equivalent 

north of study site

• Paleo-landslides:
→ Imbricated

→ Deep-seated

→ Min. 4 major ruptures    

gsince 600ka

→ 20 to 300 ka recurrence 

interval
Figures by Swann Zerathe
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Local overview

• River-incised sediment fill,                     
250m long transect

• Four outcrops investigated:
• LOG-A, -B, -C, -D

• LOG-A → largest, deepest incised, main focus

• Two OSL samples taken:
• OSL-1 → Sediment exposure base (LOG-A)

• OSL-2 → Sedimentation top (LOG-D)

• Two cosmo sampling spots:
• Surface transect on incised landslide dam

• Depth profile on sedimentation top (LOG-D)

Data: Britannica

3D view here

3D view here
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Figure by Swann Zerathe

Methods and Results

Methods and Results

Study site overview

Study site overview

Conclusion

Conclusion

Pico Talk

Pico Talk

Additions

Additions



©beautifulworld.com

In-field overview

• Sediment deposit dammed 
by landslide deposition

• River-incised sediment fill, 
250m long transect

• Deposit dimensions
• 20-30 m thick

• 2.25 to 4.25 km extension

• -9.5 km²

3D view here

3D view here
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Methods and Results

OSL

Sedimentology

10Be Cosmo

Pollen  Diatoms

Pollen & Diatoms

XRFX-ray fluorescence

XRF
X-ray fluorescence

All outcrops

All outcrops

Main outcrop

Main outcrop

Sediment structures

Sediment structures

Surface trench

Surface trench
Depth profile
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Sedimentology
All outcrops

3D view here

3D view here

• 34m exposed 
vertical relief in 
total

• Fine grains in 
distal part  
(LOG-A, LOG-B)

• Coarse grains in 
river delta     
(LOG-C, LOG-D)

• Allignment 
trough tephra-
and debris flow 
layer

Figure by Swann Zerathe
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Extended view including XRF and Diatom/Pollen here

Extended view including XRF and Diatom/Pollen here

• Main interest through:
• Longest stratigraphic succession (23m)

• Deepest incision

• Distal lake area / adjacent to landslide

• Distal (background) sedimentation:
• Mainly alternating white silt & brown fine sand layers

• Individual thickness 1-10 cm

Sedimentology
Main outcrop

Lower interval (0-7m):
• Irregularly imbedded 

black medium sand layers

• One distinctively thicker 
sand horizon (at 1,25m)

• Erosional slump & 
desiccation cracks

Middle interval (7-16.5m)

• Transition from sharp to 
gradational contacts of white 
silt/brown sand layers 
towards higher altitudes

Upper interval (16.5-23m)

• Background sedimentation 
became structureless

• 0,5m thick debris flow layer

• 2m volcanic tephra layer

LOG-A / Main Outcrop
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(A): Desiccation cracks

• (A): Desiccation cracks
(B): Slump eroded stratified lacustrine layers

• (B): Slump eroded stratified lacustrine layers
(C): Iterative layers (background sedimentation)

• (C): Iterative layers (background sedimentation)
(D): Cm to dm large debris flow clasts

• (D): Cm to dm large debris flow clasts
(E): Sharp tephra contact

• (E): Sharp tephra contact
(F): Desiccation crack in tephra layer

• (F): Desiccation crack in tephra layer

• 27 sediment samples collected from 24 

distinct layers

Microscopical analysis here

Microscopical analysis here

Sedimentology
Sedimentary structures
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Desiccation cracks in modern lake equivalent here

Desiccation 
cracks in modern 
lake equivalent 
here 

(A): Desiccation cracks
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Main Outcrop
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(B) Slump eroded stratified lacustrine layers
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(C) Iterative layers (background sedimentation)
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(D) Cm to dm large debris flow clasts

Larger clasts image here

Larger clasts 

image here
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(E) Sharp ash contact
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(F) Desiccation crack in tephra layer
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OSL • OSL-1 (lower, lake inception): 

133±14ka

• OSL-2 (upper, lake demise): 

115±16ka

→Consistent with stratigraphy

→Almost perfectly within MIS5e 

(130-115ka)

Sampling spot OSL-2Sampling spot OSL-1

OSL input data and extended results here

OSL input data 

and extended 

results here
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Cosmo surface dating

• PE-26 at 503±34ka: Dam emplacement

• PE-25 at 222±19ka: Intermediate incision

• PE-24 at 115±9ka: Lake termination (OSL-2

    overlap, 115±16ka)

• PE-23 at 29±5ka: Subsequent incision

Figure by Swann Zerathe
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Cosmo depth profile

• Profile PE-27 at LOG-D to constrain lake termination timing

• But: scattered concentration, no systematic decrease with depth

• So: Only useful for inference of catchment wide erosion rate 

(varying from 1 to 7 m/Ma)

Table results here

Table results here
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Podocarpus (Pollen)

• Tree-like structure

• E.g. at <20°C, 

200mm/a

Hantzschia (Diatom)

• “Dry-habitant from”

• E.g. in mosses

Cymbella (Diatom)

• Benthic species

• E.g. at deep lake 

bottoms

© Dr. Diana Ochoa © Flavio Solis© Flavio Solis

Diatoms and Pollen
LOG-A / Main Outcrop

Extended  pollen results here
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Methods and Results

Methods and Results

Study site overview

Study site overview

Conclusion

Conclusion

Pico Talk

Pico Talk

Additions

Additions

Extended  diatom results here

Extended  diatom results here

→ Overall indication towards 

semi-humid conditions

→ Consistent with sediment-

ology observations



XRF
• Detection of general paleoenvironmental changes during 

deposition

• 34 samples measured (Paleolake: 31, Lake analogue: 3)

• PCA 1 (70% total variance) and Ti, K, Ca, Ba investigated

• Results:
• Tephra values significantly different

     → XRF measurement valid

• General little variety for PCA and single elements

     → Overall stable conditions

     → Consistent with sediment observations (desiccation cracks top + bottom)

     → But: Modern lake analogue samples are comparable

LOG-A / Main Outcrop

Extendedresults here

Extended

results here
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Meter
Conclusion
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Sedimentology
• Iterative layering, fine distal grains / 

coarse delta grains:

→ lake-, i.e. non-arid environment

• Desiccation cracks, debris flow:

     → non-humid environment

Manual layer counting:

• Estimate temporal 

repetition (ENSO-like?)   

Follow-up tasks

Additional OSL results:

• Centre of deposit (OSL-1 

& -2 error overlap issue)

Dating (OSL & Cosmo)
• OSL-1 (133±14ka), OSL-2 (115±16ka), 

PE-24 (115±9ka):

→ Lake existence only in MIS 5e

• PE-25 (222±19ka) & PE-23 (29±5ka)

→ Fluvial activity before and after

Diatoms

+ In-situ proxies

- Spectrum of (non-arid) habitats

Contextualise against current literature

Pollen

+ Direct environment foodprint

- Potentially not local

XRF

• Prevailing, overall stable 

conditions (but low confidence)



©beautifulworld.com

Additions
3DOverview

3D

Overview

OSL values

OSL values

Methods and Results

Methods and Results

Study site overview

Study site overview

Conclusion

Conclusion

Pico Talk

Pico Talk

Additions

Additions

LOG-A extended
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True to scale (vertically) 

Fine grains 

Coarse grains

Volcanic ash

Debris flow

3D lake overview

Methods and Results

Methods and Results

Study site overview

Study site overview

Conclusion

Conclusion

Pico Talk

Pico Talk

Additions

Additions



© Dr. Fabrizio Delgado

LOG-A extended
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Background sedimentation layering
Sharp contacts at lower 

elevations of main outcrop

Gradational contacts in

higher elevations of 

main outcrop
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Larger debris

flow clasts
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Microscopical analysis Rounding generally poor, slightly better in 

consolidated layers
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Modern lake equivalent
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High fading rates for IR50 results, massive 

error for IR50 OSL-2
→ Excluded from interpretation

OSL input data and extended results
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Cosmo input data and extended results
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LOG-A / Main Outcrop
Extended pollen results



© Dr. Fabrizio Delgado

Methods and Results

Methods and Results

Study site overview

Study site overview

Conclusion

Conclusion

Pico Talk

Pico Talk

Additions

Additions

Extended diatom results
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LOG-A / Main Outcrop



Extended XRF results
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Titanium Potassium Calcium Barium

Meter

Normalized CPS
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