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Introduction: Remote observations of complex 

crater central uplifts are often used to provide infor-
mation on the deep subsurface geology of planetary 
crusts and thereby the evolution and geologic history of 
the host body with an inherent assumption that only 
uplifted bedrock is being imaged/analyzed. Apart from 
causing irreversible damage to the target, the intense 
temperatures and pressures associated with crater for-
mation also result in generation of rocks classified as 
impactites that include a variety of clast-poor to clast-
rich melt-bearing rocks [1] formed synchronously with 
the crater, and may be modified both during and after 
crater formation. High-resolution images of uplifts, 
indicate that these melts form extensive coatings and 
flows on the uplifts. These melt-bearing impactites are 
initially emplaced when the uplifted bedrock that com-
prises the bulk of the uplift emerges from the melt-
lined transient cavity during the modification stage of 
impact cratering [2,3]. Although some detailed studies 
of impact melt covering lunar central uplifts have been 
conducted [4], the possibility that many Martian central 
uplifts may also be draped with impact melt has not 
really been investigated. Remote spectral characteris-
tics of impact melts, particularly on uplifts, have also 
garnered little attention [5], with the general presump-
tion that they may not play a major role in influencing 
central peak composition. The present study attempts 
to distinctly characterize and distinguish between melt-
free (i.e., bedrock) and melt-rich regions on two well-
preserved Martian complex crater central uplifts, locat-
ed at 18.73S, 62.65E and  24.26S, 43.44E, providing 

constraints on the timing and emplacement of melts 
and provenance of their clasts, if possible.  

Methodology: HiRISE images (25-50cm/px) [6] 
provide means for fine scale morphologic mapping and 
positively identifying melt-bearing deposits across the 
peak. Wide-swath color coverage from CaSSIS 
(4m/px) [7], further aids in providing distinctive color 
context, serving as a bridge between HiRISE and 
CRISM (18-36m/px) [8] resolutions. Color helps iden-
tify variations in bedrock and melt bearing units not 
covered by HiRISE. Morphological mapping in this 
study was done at 1:5000 following the  methods of 
[9]. Spectral characteristics of various bedrock expo-
sures, melt-bearing impactites and other (e.g., aeolian) 
units were assessed using two calibrated targeted 
CRISM cubes: 12B01 (18.73S, 62.65E) and 9BCF 
(24.26S, 43.44E) Spectra from the mapped units were 
ratioed with nearby spectrally bland regions to enhance 
unique absorptions [10]. Additionally, the two CRISM 
cubes were also run through a radiative transfer Hapke 
model [5,11] followed by spectral mixture analysis to 
help identify presence of impact glasses, if any. 

Results: The well-preserved nature of the two cen-
tral peaks allows us to distinctly identify and separate 
bedrock exposures and melt-bearing units. Crater 
12B01 has several regions of well-exposed bedrock 
throughout the central, western and southern portions 
of its uplift (Fig 1a). This is significantly larger as 
compared to crater 9BCF, wherein only the upper por-
tions of the uplift consist of bedrock exposures (Fig 
2a). Clast poor melt units are regularly observed along 

Datasets used:  
HiRISE – ESP_013134_1610, 
ESP_021639_1610 
CTX – G07_020782_1603_XN_19S297W 
CaSSIS – MY34_004219_201_1 
CRISM – FRT00012B01_07_IF164L_TRR3 

Fig 1 (a) Morphological 
map of an unnamed 
crater peak at 18.73S, 
62.65E (b) Representative 
ratioed I/F spectra from 
associated exposed bed-
rock and clast-rich melt 
units (c) Representative 
unratioed I/F spectra of 
pit bearing and clast poor 
melt units  
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steep slopes on both the uplifts. In some regions, they 
are overlain by aeolian bedforms that impart a rough 
texture to these units. Clast rich impact melts, with 
clast sizes varying from sub-decimeter to meter sized 
clasts are also observed on the uplifts. Although they 
are preferentially found towards the base of the uplift, 
crater 9BCF also has a large distribution of clast rich 
impact melts observed all along its northern slope (Fig 
2a). Dark-toned pitted deposits are also observed in 
crater 12B01 (Fig 1a). These units are found to be clast 
rich and are interpreted as volatile rich impact melts 
consistent with [12]. 

Crater 12B01: Spectra of the bedrock (Fig 1b) are 
consistent predominantly with pyroxene bearing mate-
rials (BR1-2, 4) with some minor Fe/Mg smectite bear-
ing materials (BR6-7) observed along contacts with the 
melt. This could either point towards heterogeneity 
within the initial (pre-impact) target rock or impact-
induced alteration [13,14].  The spectra of clast poor 
melt units (Fig 1c), possibly glass-rich, are visibly dif-
ferent from the bedrock units (Fig 1b). Clast rich units 
also tend to have a similar spectra as the clast poor 
units. However, by ratioing spectra from clast-rich 
units with clast poor units, we effectively separate a 
pyroxene-bearing clast composition.  

Crater 9BCF: The majority of the exposed bed-
rock has a distinctive ~1.25µm absorption (Fig 2b), 
possibly indicative of feldspar-bearing materials [15]. 
Two specific bedrock regions, one centrally located 
and one towards the south, have spectra consistent with 
a pyroxene signature. It may be noted that although 
these exposures were not distinctly discernable in 
HiRISE greyscale images, CaSSIS color clearly distin-
guishes the two. Much of the impact melt on the peak 
appears to have a pyroxene signature. Upon dividing 
the clast-rich spectra by clast poor spectra, it appears 
that the clasts tend to be rich in a feldspar-component, 
much like the bedrock from which the clast rich melts 

could have originated (Fig 2b). 
Discussions & Conclusions: Results from these 

two well-preserved unnamed crater peaks indicate that 
there exist both distinct spectral differences and some 
similarities between melt-bearing and bedrock regions 
on Martian complex crater uplifts. The spectral charac-
teristics of clast-bearing melts and their spatial associa-
tions with bedrock support that some melts were signif-
icantly influenced by the bedrock it encountered after it 
was initially emplaced and as it flowed from the peak 
to the crater floor. This would be in addition to any 
initial clasts obtained during crater formation or crys-
tallites precipitated from the slow-cooling melt. Alt-
hough additional work may be necessary to fully-
characterize melt/clast compositions for these scenari-
os, our preliminary results indicate that there is more 
impact melt on Martian complex crater central uplifts 
than formerly thought, to the extent that it is identifia-
ble even at CRISM resolutions without detailed geo-
logic mapping, and that melt emplacement mechanisms 
on these central peaks may be more complex than pre-
viously appreciated. Furthermore, careful delineation 
between what is actually bedrock and a clast-signature, 
including their spatial relationships, may be vital to 
properly decipher the target stratigraphy provided by 
spectral  studies of central uplifts. 
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Fig 2 (a) Morphological 
map of an unnamed 
crater peak at 24.26S, 
43.44E (b) Representative 
ratioed I/F spectra from 
associated exposed bed-
rock and clast-rich melt 
units (c) Representative 
unratioed I/F spectra of 
clast poor melt units  
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Datasets used:  
HiRISE – PSP_007109_1555, 
ESP_051006_1555 
CTX – P16_007109_1544_XN_25S316W 
CaSSIS – MY34_003678_334_2 
CRISM – FRT00009BCF_07_IF164L_TRR3 
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