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Introduction:  The Nili Fossae region exhibits the 

largest Martian exposures of olivine-rich materials, as 
deduced from orbital near-infrared and thermal spec-
troscopy [1, 2]. Several hypotheses have been pro-
posed to explain the origin of a widespread olivine-rich 
formation in the region: (1) these materials might be 
crustal rocks excavated by the giant impact leading to 
the formation of Isidis Planitia [2], a 1200 km wide 
impact basin east of Nili Fossae. (2) They could result 
from mafic effusive lava flows occurring before [3] or 
after [4] the giant impact. (3) The unit itself could be 
the remnants of an impact melt sheet rich in olivine and 
resulting from the Isidis impact [5]. The bandings ob-
served in the olivine-rich unit are in conflict with an 
intrusive origin, yet it is not clear whether the unit 
results from an impact melt sheet or from eruptive 
flow. Here, we analyze high-resolution data to study 
the stratigraphic contacts of this unit and its geometry. 
We also perform crater size distribution measurements 
to infer the exposure time of the unit to bombardment. 
A more precise understanding and timing of the geo-
logical history in the region of Nili Fossae would give 
more apprehension of two landing sites proposed for 
the Mars2020 rover mission (NASA), Jezero crater and 
Northeast Syrtis, as this unit is exposed in both sites. 

Data and methods: The mapping of the olivine-
rich unit of the region has been achieved based on the 
diagnostic absorption feature of olivine, centered near 
1 µm. We processed data from the imaging spectrome-
ters OMEGA (Observatoire pour la Minéralogie, l’Eau 
les Glaces et l’Activité) onboard Mars Express Mission 
and CRISM (Compact Reconnaissance Imaging Spec-
trometer for Mars) onboard Mars Reconnaissance 
Orbiter using the MarsSI web application [6]. Spectral 
data are calibrated to I/F reflectance and corrected 
from atmospheric contribution. Spectral parameters for 
olivine and Fe/Mg phyllosilicates were calculated and 
mapped at scales of 350 m/pixel up to 5 km/pixel 
(OMEGA data) and 200 m/pixel (CRISM survey data); 
combination of both enables regional to local interpre-
tation of the mineralogy and good coverage of the area. 
To infer the stratigraphic contacts as well as the mor-
phology of the unit, we processed visible images from 
the CTX (Context Camera) and the HiRISE (High 
Resolution Imaging Science Experiment) cameras 
onboard Mars Reconnaissance Orbiter. We also com-
puted HiRISE DTMs from stereopairs of science tar-

gets using MarsSI. We used HRSC DTMs computed 
by the Freie Universitaet Berlin and DLR Berlin. 
Strikes and dips measurements were performed using 
the ArcGIS extension LayerTools [7]. Finally, we 
performed crater size analyses on both small (~1 km²) 
and wide (~900 km²) olivine-rich areas. Using the 
Craterstats software [8], we compared size distribu-
tions to isochrons generated by the Ivanov production 
function to estimate a surface age [9]. 

Results: At HiRISE resolution, the unit appears 
light-toned and exhibits polygonal fracturing. It lies 
above the regional Fe/Mg phyllosilicates altered base-
ment and is overlain by a capping unit with muted 
spectral signatures [10]. At some locations in the 
northern part of the region, the olivine-rich bedrock 
displays tens of meters thick bands (Fig. 1) and is often 
found filling depressions within the altered basement. 
In addition, the olivine-poor capping unit is restricted 
to depressions in the topography and appears to have 
filled the lowest parts of the region. In the Northern 
parts of the Noachian crater Jezero, where the rim is 
highly-eroded, the olivine-rich unit overlaps the topog-
raphy and appears to fill the floor of the crater (Fig. 2). 
Preliminary results from strike and dip measurements 
on the olivine-rich unit bandings indicate relatively low 
dips, ranging from 1 to 9°, with strikes often oriented 
parallel to the contact (Fig. 3). 
 

 
Figure 1. Color-enhanced HiRISE PSP_006712_2020 
(region of Nili Fossae). The banded olivine-rich, al-
tered phyllosilicates basement and capping unit ap-
pears respectively blue, orange and dark purple. 

1473.pdf49th Lunar and Planetary Science Conference 2018 (LPI Contrib. No. 2083)



 
Figure 2. Map of exposed olivine-rich materials 
(white) based on spectral data and morphology obser-
vation over Jezero crater. HRSC elevation is overlain 
on a CTX mosaic. 
 

Differential size frequency distribution of craters 
smaller than 200 m shows saturation of the surface. Yet 
craters larger than 1 km distribution aligns on Noachi-
an ages, with a minimum surface age of ~3.8 Ga. The 
distribution also exhibits a strong depletion in small 
craters, implying that the olivine-rich unit has been 
widely subject to obliteration over time. 

 

 
Figure 3. Views of (a, b) HiRISE ESP_044095_2010 
and (c) ESP_045005_2010 showing geometries of 
olivine-bearing layers (bright outcrops) along meas-
urement points (region of Nili Fossae). 
 

Formation scenarios: Timing for the formation of 
the olivine-rich unit of the Nili Fossae region is con-
strained by stratigraphic relationships: (1) the olivine-
rich unit overlaps the northern parts of the rim of 
Jezero crater, dating its emplacement after the for-
mation and erosion of the crater. The highest part of 
the rim reaches an elevation of ~-1500 m and the erod-

ed parts ~-2300 m. Given a maximum Noachian rim 
erosion rate of 10 m/Ma [11], we can estimate on the 
order of at least ~tens of Ma between the formation of 
Jezero crater and the emplacement of the olivine-rich 
unit in the crater. (2) Jezero crater is located on the 
inner rim of Isidis basin. It is very unlikely that it 
formed before Isidis, as the preservation state and steep 
scarp of the southwest part of Jezero rim are not con-
sistent with burial below thick impact melts and ejecta. 
The above leads to the conclusion that there is a gap of 
millions of years between the impact of Isidis and the 
emplacement of the latest olivine-rich exposures; this is 
inconsistent with the pre-Isidis and impact melt scenar-
ios. The Isidis impact has been dated at 3.96 Ga [12]: 
taking in account the time for Jezero rim erosion and 
results from crater counts, this yields a formation age 
of ~3.8–3.9 Ga for the olivine-rich unit. Given the 
stratigraphic and morphologic evidence, there is no 
argument to reject the scenario of a post-impact vol-
canism origin. The thinnest crust on Mars has been 
inferred beneath Isidis basin [13]. In a context of im-
pact-fragilized and thinned crust, magma would have 
propagated through the fractures to form dykes and 
easily reached the surface similarly to lunar mare-
volcanism, supporting the hypothesis of Tornabene et 
al. [4]. In comparison to what is observed in the region, 
volcanism post-dating by hundreds of millions of years 
a giant impact is also seen on Mars associated to the 
Hellas basin [14]. 

Conclusion: Based on stratigraphic evidence and 
crater counts, we estimate the age of the Nili Fossae 
regional olivine-rich unit to be comprised between ~3.8 
and ~3.9 Ga (mid–late Noachian). We favor the hy-
pothesis of a post-Isidis volcanism origin, that would 
have been facilitated by a thinned and fractured crust 
context following the giant impact. 
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