
we



This project has received funding from the European Union's 
Horizon 2020 research and innovation programme under grant 

agreement No 871149.

Terrestrial and Planetary 
geologic mapping: an overview

Matteo Massironi (UNIPD)



The distorted layer cake

It FORMS

It DEFORMS

It SHAPES

It DEFORMS

It FORMS

It SHAPES

Venturini, 2012



It forms, it deforms, it shapes
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(it forms)
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It forms: 
Geological 

units  

Abba’ et al. 2018



It forms: Geological units  

The lithostratigraphic units 
must:

• Have the same 
lithological characters 

• Clear stratigraphic 
relationship with the 
adjacent

• Should be easily  
recognizable in the field 



It deforms: 
Geological structures 
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It deforms: 
Geological structures 
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It shapes:
Geomorphological maps

Carton et al. 2021



It shapes:  Deposits 
and Geomorphology

Abba’ et al. 2018



From details to 
the overall synthesis



Bosellini et al. 2007



Colonna stratigrafica realizzata utilizzando
i  paesaggi presenti in Dolomiti milioni di anni fa.

Dal progetto per la Fondazione Dolomiti Unesco  www.dolomitiunesco.it

Reading the geologicalevolution 
from a stratigraphic scheme

Credits: E.Manfré
Fondazione Dolomiti Unesco www.dolomitiunesco.it
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In Summary  Earth Geological Maps
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It forms – Geology –Lithostratigraphy

Chronostratigraphy

It deforms – Geological structures 

and strata attitudes

It shapes – Geomorphology 

and loose deposits

Subsurface Geology 

Geological Evolution



Does it hold for Planetary surfaces?



Does it hold for planetary surfaces?
The Impact cratering problem

Linné (D: 2km)

Thyco (D: 85km)

It forms
It deforms

It shapes
It forms

It deforms

It shapes

Courtesy: Elena Martellato



Does it hold for planetary surfaces?
the Impact cratering problem

Bertioli et al. submitted

It forms

It deforms

It shapes

It forms

Fuller crater (Mercury)



Does it hold for planetary surfaces?
In situ geology vs Photo-interpretation

Earth 

(Dolomites - San Pellegrino Pass)
Planet Mercury

(Keuper Quadrangle)

Abbà et al. 2018 Giacomini et al. 2022



Does it hold for Planetary surfaces?
Lithostratigraphic unit 

vs Morphostratigraphic unit
Lithostratigraphic and 
Chronostratigraphic units Morphostratigraphic unit



Galluzzi et al. 2016



Geomorphology

Geology

Morphostratigraphy



Wright  et al. 2019



In Summary  Planetary
Morpho-stratigraphic Maps
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It deforms – Geological structures 

It shapes – Geomorphology 
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Towards Earth-like Geological Maps
Integrating colors and reflectance

Tognon et al. 2021



Integrating 
morpho-stratigraphy 
with spectral index

+

Morpho-stratigraphic map Spectral Index map



Towards Earth-like Geological Maps: Stratigraphy

Pondrelli et al. 2011 



Towards Earth-like Geological Maps: Subsurface



Towards Earth-like Geological Maps
highly detailed maps

Apollo 11 Apollo 12 

Iqbal et al. 2020
Iqbal et al. 2019



Conclusions

- Any geological map should provide information on the evolution of a given territory in terms of 
formation, deformation and shaping

- Earth geological maps are produced mainly  through in situ surveys and based on Litho-
stratigraphy

- Planetary geological Maps are produced through photointerpretation and based on Morpho-
stratigraphy 

- For several reasons (dominant impact cratering and lack of in situ information) it will be a long 
way for planetary geological maps to approach the Earth ones, 

- Important improvements have been made in the last decade including compositional 
(reflectance) information, stratigraphic correlations, subsurface reconstructions and detailed 
mapping (for landing sites characterization).  


	Slide 1: we
	Slide 2
	Slide 3: The distorted layer cake
	Slide 4: It forms, it deforms, it shapes
	Slide 5
	Slide 6: It forms:  Geological  units   
	Slide 7: It forms: Geological units  
	Slide 8: It deforms:  Geological structures  
	Slide 9: It deforms:  Geological structures 
	Slide 10: It shapes: Geomorphological maps
	Slide 11: It shapes:  Deposits  and Geomorphology 
	Slide 12: From details to  the overall synthesis
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20: In Summary  Earth Geological Maps
	Slide 21: Does it hold for Planetary surfaces? 
	Slide 22: Does it hold for planetary surfaces? The Impact cratering problem
	Slide 23: Does it hold for planetary surfaces? the Impact cratering problem
	Slide 24: Does it hold for planetary surfaces? In situ geology vs Photo-interpretation
	Slide 25: Does it hold for Planetary surfaces? Lithostratigraphic unit  vs Morphostratigraphic unit
	Slide 26
	Slide 27
	Slide 28
	Slide 29: In Summary  Planetary  Morpho-stratigraphic Maps
	Slide 30: Towards Earth-like Geological Maps Integrating colors and reflectance
	Slide 31: Integrating  morpho-stratigraphy  with spectral index
	Slide 32: Towards Earth-like Geological Maps: Stratigraphy
	Slide 33: Towards Earth-like Geological Maps: Subsurface
	Slide 34: Towards Earth-like Geological Maps highly detailed maps
	Slide 38: Conclusions

