From Iceland to Mars: Fault Scaling and Tectonic Insights from an Earth Analogue
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BACKGROUND

 The InSight mission detected marsquakes at Cerberus Fossae [1].
* Interest in Mars tectonics has intensified.
- Cerberus Fossae [2] --> a young extensional fracture system

- Memnonia Fossae (Fig.2) --> similar structural features but preserves a much
older tectonic record

- An opportunity to investigate the long-term evolution of fault systems of Mars.

Why? Fault scaling (Fig.1) relationships are key to understanding tectonic
deformation [3] especially on planetary bodies where direct geophysical data remain
scarce.

Problem: Limited high-resolution topographic data in planetary science [4].

Approach: Terrestrial analogues (Reykjanes, Iceland, Fig.3) and learn from that.
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Figure 1: Schematic view of normal fault geometry,
corresponding displacement profile, and terminology
(Modified after [5]) used in this study.

Figure 2: Memnonia Fossae, the study area on Mars
is indicated with a red rectangle while the investigated
normal faults indicated with black lines.

InSight mission landing site and prominent location
for marsquakes, Cerberus Fossae, have been shown.
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Figure 3: Distribution of active Context Camera
volcanic systems in Iceland [6]. €1
Reykjanes peninsula is indicated with
black rectangle.
' . Reykjanes, -
Both locations share: e h 7
» comparable Arctic DEM o s e
lithologies (basalts) AL i S
= = = &= Rl et _’1'!'\::" 7 : > s~ -
- dike intrusions Figure 4: Normal faults in both locations (Memnonia Fossae,
N extension Mars and Reykjanes peninsula, Iceland) are shown using remote
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DATA & METHODS

Previously we investigated 100 faults in Memnonia Fossae, Mars.

On Reykjanes, field investigations (Fig.5) included structural measurements from 74
faults and fractures across 180 sites, documenting strike, dip, opening, throw, shear, and
extension vectors.

To complement these measurements, we employed ArcticDEM data (Fig.7) and

high-resolution drone imagery (Fig.8), which significantly improved the topographic
detalil.
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Figure 5: A nrmal fault observed in Reykjanes fieldwork. Figure 6: Dmax/L ratio measurements for the Reykjanes faults.

63.97° N
63.97° N |
T A
- o = BT ,‘ : ,,//\;
Oy i S it Wi >
- ;./ o ; //-:V/‘ 4 ﬁ’f({/ -
et . ;./”"' syl e
L o 4’/ e ,‘f
22 34° Wee 7 L 20.34° W = P / o
/¢ ~ ’f’f"j i
. ,,f“‘“fgg:‘¢ﬂ i
// ;{?‘”';‘ IR L
// .
J 0 25 50 m ‘\. * f{lgv; 2 0 25 50 m
y “ — i
Figure 7: Arctic DEM - remote sensing data Figure 8: Drone data gathered during the fieldwork
Figure 9: Fault map using T Figure 10: Fault map T Figure 11: Final fault map T
remote sensing data using drone data
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» 74 faults were investigated in the field
(Fig.12).

* Dmax/L ratios (Fig.13):
> 0.006 from both the field and remote
sensing data for Reykjanes (Fig.6)
o 0.007 for Memnonia Fossae

- Reykjanes faults extend our knowledge to

smaller fault lengths.

 Smallest recorded fault in Reykjanes is
100 meters, while it is 2 km in Memnonia
Fossae.

» Largest recorded fault in in Reykjanes is
4 Kilometers, and in Memnonia Fossae it
IS 43.3 kilometers.
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 Faults on Mars share the geometric
characteristics of faults on other
terrestrial planets including Earth.

- Each dataset has Ilimitations.
Combining all datasets extends our
understanding across fault scales:

* Remote sensing data --> limited by
resolution

» Drone data --> complications from

ocal inhomogeneties such as basalt

joints and vegetation obscures fault
traces.

» Field observation --> limited to
smaller faults
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Figure 13: Comparison of Dmax /L values of volcanic
rocks on Earth [7], Iceland (Fig.6), and Memnonia
Fossae.

| know how it feels.
But the way we

read mine will help Al
reveal yours. ‘

My old crust hides too
many scars, | need
higher resolution to
trace them.

Mars geological and geophysical data
are limited.
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