
LARGE FRACTURES IN JEZERO CRATER: IMPLICATIONS FOR UNDERSTANDING DARK-
TONED CRATER FLOOR MATERIALS. N. Miklusicak1, J. Atkins1, B. Boring1, T. Hicks1, E. Shaver1, R. 
Spaulding1, K. Golder1, W. Abbey2, L. Kah1, 1Department of Earth & Planetary Sciences, University of Tennes-
see, Knoxville, TN 27966, lckah@utk.edu. 2Jet Propulsion Laboratory, Pasadena, CA 91109. 
 

 
Introduction:  Jezero crater is an approximately 

45 km diameter crater in the Nili Fossae region of 
Mars, and has been extensively investigated using 
HiRISE and CTX images and CRISM spectral map-
ping in preparation for the Mars2020 mission. Primary 
targets of astrobiological interest for the mission in-
clude two phyllosilicate-bearing fan deposits along 
the northern and western margins of the crater [1], 
and a spectrally diverse assemblage of crater floor 
deposits that include a light-toned crater fill unit that 
hosts olivine and Mg-carbonate, and a regional dark-
toned mantling unit that is characterized by high-Ca 
pyroxene signatures [2].  

One of the key uncertainties in deciphering the 
geological framework of Jezero crater is understand-
ing the nature [3,4] and age [5,6,7] of the dark-toned 
crater floor unit and the timing of its emplacement 
relative to both carbonate-bearing crater fill [8] and 
deltaic deposits [1]. Fortunately, Jezero crater also 
hosts a wide variety of unmineralized, and potentially 
mineralized fractures [9]. Here we investigate the 
morphology and distribution of fractures within 
Jezero crater to better understand their formation 
mechanism(s), their relationship to host rock material, 
and the timing of fracture formation relative to the 
primary units within Jezero crater. 

  Fracture mapping: Features of map scale 
(1:5000) fractures. At the map scale, fractures appear 
exclusively within dark-toned crater floor materials 
[Fig. 1]. Fractures occur as broadly linear features 
with lengths from tens to hundreds of meters, with the 
longest continuously traceable fractures over a kilo-
meter in length. These fractures do not have a statisti-
cally preferred orientation, but do appear to occur in 
the greatest density in the northern and western edges 
of this unit, near the margins of the northern and 
western deltas. In these regions, dark-toned crater 
floor materials show a generally smooth surface tex-
ture, which has been interpreted as the complete man-
tling of underlying light-toned crater fill [8]. Map 
scale fractures do not occur exclusively, however, 
within the smooth regions of the dark-toned crater 
floor. Fractures also frequently pass through lighter-
toned regions, surficially rough regions of the dark-
toned crater floor unit, which are interpreted as varia-
bly (less) mantled regions of the underlying light-
toned crater fill [8]. 

When viewed at  higher resolution, map scale 
fractures  appear  as  sets of  parallel  lines, which  are 

 
Figure 1. HiRISE Mosaic of Jezero crater landing site, with the 
landing ellipse shown in green. Image shows the distribution of 
fractures visible at the map scale (1:5000). Fractures showing 
positive relief are marked in red, and fractures lacking evidence 
for positive relief are marked in orange. 
 

interpreted as the conjugate margins of the fractures. 
A survey of fractures show a distribution of widths 
with a dominant peak at 2 meters. Fractures exhibit a 
range of morphologies, ranging from positive relief 
along the fracture margins, to little or no relief along 
fracture margins, to an alternation between the two 
[Fig. 2]. When exposed in positive relief, fracture 
margins are typically lighter-toned than host materi-
als, and are similar in tone to light-toned crater fill 
materials that underlie the dark-toned crater floor ma-
terials. The distribution of fractures with positive-
relief edges relative to those with no-relief is also 
positively correlated with partially mantled exposures 
of underlying light-toned material, suggesting a direct 
relationship to the underlying light-toned materials. 
Here we suggest that positive relief along the edges of 
fractures result from fluid flow through fractures and 
the preferential alteration of bedrock along fracture 
edges (i.e. alteration halos), associated with cementa-
tion or recrystallization, that resulted in and enhanced 
resistance to erosion of these materials. By contrast, 
the absence of positive relief along margins where 
light-toned bedrock is more heavily mantled by dark-
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toned material suggests that mantling materials were 
not as chemically affected by fracture-related fluids.  

 

 
Figure 2. Detailed view of fracture morphologies, including: (A) 
positive relief along fracture margins; (B) little to no positive 
relief along fracture margins; (C) alternating relief. 
 

Relationship of fractures to dark-toned crater 
floor unit. As noted above, map-scale fractures appear 
to occur exclusively within regions of the crater floor 
that have, to a greater or lesser extent, been mantled 
by dark-toned crater floor lithologies. Fractures are 
thus interpreted as hydrofractures associated with 
over-pressured fluids beneath a relatively impermea-
ble caprock (i.e. dark-toned crater floor material). 
Fractures also appear to have a discrete interaction 
with the lobate edge of the dark-toned material, 
wherein some fractures are oriented roughly parallel 
to the lobate edges of the units, while others perpen-
dicularly intersect the lobate margin [Fig. 3]. Lobate 
edges of the dark-toned crater floor material have 
been interpreted to represent embayment of (previous-
ly) topographically high regions of the light-toned 
crater fill [5,7,8]. This interpretation is supported by 
our observations of fractures because boundaries of a 
host unit will be reflected in differential stress fields 
that affect fracture formation.  
      Relationship of fractures to other geologic units. 
We also examined how fractures interacted with units 
in Jezero crater. Earlier, we noted that fractures ex-
tend through light-toned material where it is associat-
ed with dark-toned mantling. Similarly, fractures ori-
ented perpendicularly to lobate margins appear to 
continue for a short distance into embayed light-toned 
material. Rapid arrest of fractures within un-mantled 
light-toned material suggests that, in the absence of an 
impermeable caprock, fluids could not attain pres-
sures capable of driving fracturing.  
     In contrast to the behavior of fractures near the 
lobate margins of the dark-toned  materials, we  found 
no similar behavior at the margin between the dark-
toned unit and the western delta front [Fig 4A], where 
instead, fractures  simply  disappear at  the base of the  

 
Figure 3. Large fractures often parallel or become perpendicular 
to lobate margins of dark-toned crater floor material, suggesting 
that the margin was near its present form at the time of fracture. 
 

delta escarpment. This observation suggests, first, that 
the boundary between the delta front and the dark-
toned unit does not represent a depositional edge to 
the dark-toned unit, and, second, that both emplace-
ment of the dark-toned crater floor unit and fracturing 
likely pre-date deposition of the delta. We found only 
a single example [Fig 4B] where a fracture appears to 
intersect material that may represent delta-associated  
deposition, or completely independent deposition, 
indicating the need for additional data regarding the 
time-relationship between these units.  

 

 
Figure 4. (A) Multiple large fractures (arrow) disappearing at 
the edge of the delta escarpment, suggesting that delta sediments 
post-date emplacement of both dark-toned material and frac-
tures. (B) A single fracture (arrows) that appears to cross-cut 
light-toned sediment potentially related to deltaic sedimentation. 
 
      References: [1] Ehlmann, B. L. et al., (2008) Na-
ture Geoscience 1, 355–358. [2] Horgan, B. H. N. et 
al. (2020). Icarus. [3] Goudge T. A. et al. (2012) J. 
Geophys. Res., 117, E00J21. [4] Golder, K. et al. 
(2020) LPSC. [5] Schon S. C., et al. (2012) Planet. 
Space Sci., 67, 28–45. [6] Goudge T. A. et al. (2015) 
JGR Planets, 120, 775–808. [7] Shahrzad, S. et al. 
(2019) GRL, 46, 2408–2416. [8] Kah, L. et al. (2020) 
LPSC. [9] Miklusicak, N. et al. (2019) LPSC.  

1303.pdf51st Lunar and Planetary Science Conference (2020)


