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Introduction: Hydrated silicates have been iden-
tified in several impact craters in the northern plains of 
Mars [1]. Phyllosilicates are of particular interest, 
because they require relatively long–term liquid water 
and may represent habitable environments [2]. Most 
phyllosilicates formed early in Mars’ history during the  
Noachian period [3]. Phyllosilicate outcrops in the 
northern plains are exclusively found in and around 
impact craters [1]. This leads to the conclusion that 
they must be excavation products of preexisting, bu-
ried deposits, exposed by impacting and erosion [1-5]. 
However, the Hesperian–aged Toro crater bears evi-
dence for impact–induced hydrothermal mineral-
izations [2,5,6]. Aqueous solutions and volatile com-
ponents interacted there with the hot and brecciated 
rocks, leading to alteration and hydrothermal over-
printing of the area and to the deposition of secondary 
minerals. Extensive modeling was carried out by [7] to 
determine the extent of hydrothermal circulation and 
discharge of waters after an impact, even under current 
Martian conditions for crater sizes between 45 km and 
90 km in diameter. Other possibilities for phyllosilicate 
formation include weathering, even under arid condi-
tions over a long period of time [8] or sedimentary pro-
cesses [9]. Here, we investigate the Bamberg impact 
crater, located at 39.71°N 356.9°E, north of Arabia 
Terra.  

Geologic Setting and Study Area: Bamberg is a 
~55 km-diameter impact crater located in the northern 
hemisphere, roughly 60 km north of the high-
lands/lowlands boundary, in the southern Acidalia 
Planitia region, close to the transition to the Arabia 
Terra region [10]. The crater shows relatively well 
preserved terraced walls and a distinct ejecta blanket 
suggesting the possible presence of water-ice and vola-
tile-rich target materials. The most prominent feature 
of the crater is the central uplift, displaying an asym-
metric central pit, again suggesting the precence of 
volatiles in the subsurface [11,12]. The central peak 
has a diameter of ~15 km and its central pit has an 
extension of ~7 km in the east-west and ~5 km in the 
north-south directions. Several pristine looking gullies 
can be observed on the southern and western walls of 
the central pit, whereas the remaining part of the pit 
displays a blocky texture. Some sporadic outcrops of 
megabreccia can be recognized on the northern wall of 
the pit. At the bottom of the pit, convoluted dark toned 
and ridge like structures are observed, covered by light 
toned dune material.  

 
Figure 1: Bamberg Crater shown by HRSC, nadir with 
IR-G-B channels (h7504_0000).  

 
Data Sets and Methods: Visual interpretations 

were carried out using  HRSC, CTX, HiRISE and 
THEMIS data.	We used CRISM image FRT0000942F 
with a spatial resolution of 18 m/px [13]. We focused 
our analyses on spectra from 1-2.6 µm where hydrated 
minerals such as phyllosilicates exhibit representative 
absorptions. The band near 1.9 µm is indicative of H2O 
in minerals, whereas OH combination bands and over-
tones in clay minerals have diagnostic absorptions at 
2.1-2.5 µm [14]. CRISM Analysis Toolkit (CAT) and 
its associated tools were used in ENVI to minimize 
instrumental and atmospheric effects and convert the 
data to I/F [15,16]. Spectra were collected for 5x5 
pixel spots and ratioed in column to emphasize the 
mineral features (Fig. 2). Laboratory spectra of the 
CAT RELAB have been used for comparison with the 
Martian spectra.  
 

Results: In general, the spectral summary parame-
ters show a strong olivine signature, high calcium 
pyroxene and D2300 abundance (pointing to Fe/Mg-
OH minerals) along the rim of the central peak (light-
toned) and on its slopes (smooth dark toned units). 
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Figure 2: CRISM I/F spectra of hydrated mineral 
draped on CTX (A) and lab spectra of Fe-rich smec-
tites that best match the hydrated outcrops (B). 

 
Olivine-rich and hydrated units often coincide (magen-
ta in Fig. 2A). However, olivine is more abundant and 
has a strong signature in the light-toned units. Ratioed 
spectra of the hydrated outcrops have absorptions at 
~1.41, 1.91 and 2.29 µm, best matching the Fe-smec-

tite nontronite. Chlorite was previously identified in 
Bamberg crater [1] but is inconsistent with our spectra 
due to the presence of a 1.9 µm H2O band. However, 
the Bamberg spectra exhibit only weak bands due to 
OH and H2O, precluding unique phyllosilicate deter-
minations. Possibly a mixed layered smectite/chlorite 
(S/C) [17] could be present as well with a high smec-
tite component. Nontronite is an iron(III)-rich member 
of the smectite group and is most commonly formed 
from weathering of basalts, kimberlites and other ul-
tramafic rocks [8,9,14]. Nontronite can be found in 
joints and fractures, as coating and also as pseudomor-
phosis of hornblende and pyroxene. Nontronite is also 
found as impregnation in porous country rock of oli-
vine basalts. Furthermore, nontronite can be found in 
hydrothermal environments such as deep sea vent-
structures [18], for example oceanic ridges. Authigenic 
formation also takes place in marine sediments. 

 
Conclusions: The observed mineral assemblages in 

Bamberg do not point to a conclusive mode of forma-
tion for the phyllosilicates. The presence of diverse 
megabreccia in the areas of interest could indicate an 
ancient derivation as described by [19]. Nevertheless, 
Bamberg remains an interesting target for further stu-
dies. 
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