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Introduction: Lyot crater is the largest (with diam-
eter ~220 km) and deepest impact crater in the northern 
lowlands of Mars with the impact event dated to be 
Early Amazonian, after the cessation of ancient valley 
network activity [1]. In a recent mineralogy survey of 
the northern lowlands’ impact craters, the vicinity of 
Lyot crater was found to have more exposures of diverse 
hydrated mineralogy relative to the entire northern low-
lands [2], including phases in addition to chlorite-
prehnite detections by [3]. The origin of the widespread 
and numerous exposures of hydrated minerals near Lyot 
crater is intriguing and may be due to disrupted stratig-
raphy that have been altered locally pre-impact, impact-
induced hydrothermal alteration, or 
post-impact modification from flu-
vial/glacial activity. In this work we an-
alyze multiple Mars datasets to better 
understand the origin of hydrated min-
eral and the timing of its formation rel-
ative to Lyot’s geologic history.  

Geological context: Lyot crater sits 
at the dichotomy boundary north of 
Deuteronilus Mensae in the transition 
region between Acidalia and Utopia 
Planitia. Given the proximity to Ama-
zonian glacial deposits and late impact 
age, the Lyot impact may have had an 
important influence on Early Amazo-
nian climate [4]. Previous studies of 
morphological features near Lyot crater 
indicate water activity at different 
points in time. Overland scouring chan-
nels to the north of Lyot have been pro-
posed to be due to the release of a sub-
stantial amount of volatiles by the im-
pact itself [5]. On the other hand, due to 
the low elevation of Lyot resulting in 
high surface pressure, local melting 
may have occurred, forming km-long 
fluvial channels within the crater [1]. 
The relationship between these events 
of liquid water mobility and the hy-
drated minerals in the region will be de-
termined through combined analyses of 
imagery and spectroscopy data.  

Hydrated minerals in Lyot crater: We have ana-
lyzed 58 CRISM targeted images and mapped out 5 dis-
tinguishable spectral classes associated with Lyot crater 

to better understand the mineralogy, distribution and ge-
ological context of the hydrated minerals. Fe/Mg phyl-
losilicate detections, likely smectite or mixed-layer 
smectite-chlorite, are found with weak 2.3 µm absorp-
tions. Chlorite is identified with a strong 2.35 µm ab-
sorption band. A different phase with a 2.21 µm coex-
isting with a 2.35 µm absorption is identified as illite or 
muscovite. Prehnite is identified with a distinctive 1.47-
1.48 µm absorption coexisting with a 2.35 µm absorp-
tion. There is an additional spectral class grouped as un-
identified hydrated minerals, which only have a distinc-
tive 1.9 µm absorption. This is not assigned a specific 
mineral because other absorptions in the 2-2.5µm region 

may be present but not detected, e.g. zeolite, with ab-
sorptions at 1.9µm and 2.5µm, is one of the potential 
minerals with matching spectral features.  

The distribution of the different minerals is zoned 
(Figure 1). Fe/Mg phyllosilicate (or smectite) detections 

Figure 1: Distribution of the detections of different spectral classes from 
CRISM data on a CTX mosaic of Lyot crater, with fluvial channels 
mapped inside crater. 
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are mostly found close to the central ring. Prehnite de-
tections are only found in 3 occurrences on the crater 
rim. Chlorite and illite/muscovite detections are more 
widespread on the central ring, scattered on the crater 
floor, on the rim and proximal ejecta. The central peak 
is mostly devoid of hydrated mineral detections; only a 
small region of unidentified hydrated mineral is de-
tected.  

Relationship with morphology:  Through the ex-
amination of Context Camera (CTX) and HiRISE im-

ages over the geologic units where the hydrated miner-
als are present, we find smectite, chlorite, illite/musco-
vite as well as unidentified hydrated mineral detections 
are commonly associated with knobs and mesas near the 
central peak, on the crater floor, and over and beyond 
crater rim (Figure 2). These knobs and mesas are likely 
the partially eroded remnants of disrupted stratigraphy 
ejected or dislocated by impact. If these hydrated min-
erals exist in pre-impact stratigraphy, the zonal distribu-
tion of different mineralogy may be the result of a com-
bination of target lithology strength, thickness of strata, 
magnitude of shock and displacement experienced. This 
diversity is similar to the distribution of megablocks of 
terrestrial crater [6].  

Prehnite is particularly important because it is a 
marker of formation at >200°C. The 3 occurrences of 
prehnite detections all occur over the crater rim. Some 

prehnite detections appear to have been transported and 
deposited as sediments but are not associated with any 
particular morphologic feature (Figure 2). If the 
prehnite formed within pre-impact deposits that have 
been exposed by the impact process, the exposures on 
the crater rim may indicate a shallower origin in the pre-
impact stratigraphy. An alternative scenario is aqueous 
alteration post-impact related to hydrothermal fluids 
sourced in the ejecta, later mobilized and exposed by 
glacial/fluvial systems. In such a case, these minerals 
may be concentrated in fractures or pores not resolvable 
at this resolution. High-resolution imagery covering the 
prehnite-bearing units and comparison with hydrated 
detections in other nearby craters may help constrain the 
origin of the prehnite units. 

We also compare the distribution of hydrated min-
eral bearing units to the mapping of fluvial channels 
within the crater. The channels transect and thus post-
date knobby regions within the crater that are likely ex-
cavated bedrock (Figure 1). The fluvial erosion creates 
scarps and their erosion produces dust-free surfaces for 
mineral detections. 

Craters in the vicinity of Lyot: Hydrated minerals 
have also been detected in 4 smaller craters with diam-
eters of 20 to 50 km in the vicinity of Lyot, including 
Fe/Mg smectite, chlorite, prehnite, illite/muscovite and 
some unidentified hydrated phase. Among these, there 
is only limited exposure of possible prehnite and il-
lite/muscovite detections found within the central peak 
of a 50 km crater.  

Conclusions and future work: Diverse hydrated 
mineralogy has been identified in Lyot, including 
Fe/Mg smectite, chlorite, illite/muscovite, prehnite, and 
unidentified hydrated minerals. Fe/Mg smectite, chlo-
rite, and illite/muscovite have been found to be wide-
spread within the crater and commonly co-located with 
units that are likely excavated bedrock materials. 
Prehnite is only found on the outer rim and could have 
formed pre-impact in the subsurface or altered post-im-
pact by hydrothermal fluids from the ejecta. Mineral de-
tections that are geographically-associated with the bed-
rock units indicate early formation in separate geologi-
cal events than the fluvial channels. Further investiga-
tion into the distribution of the mineral deposits in 
smaller craters and characterization of their geologic 
context may help reconstruct the local stratigraphy and 
provide important constraints on possible alteration pro-
cesses occurring pre- and/or post- Lyot impact.  
References: [1] Dickson et al. (2010) GRL 36(8). [2] Pan et 
al. JGR-planets, submitted. [3] Carter J. et al., (2010) Science 
328(5986). [4] Head J.  W., Weiss D. and A. Horan (2016) 
LPS XLVII, Abstract #1190. [5] Harrison et al. (2010) GRL 
37(21). [6] Sturm S., et al. Meteor. & Planet. Sci. 50.1 (2015): 
141-171. 

Figure 2: Morphology of different hydrated mineral de-
tection units (Base images are from CTX data). Detec-
tions are highlighted using thresholded CRISM parame-
ter map. 
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