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Introduction: Caloris [1] and Rembrandt [2], with 

respective diameters of 1550 km and 715 km [3], are the 
largest well-preserved impact basins on Mercury. The 
interiors of both basins have been mapped geologically 
as smooth plains units [5,6]. However, in a recent unsu-
pervised hierarchical clustering analysis of observations 
by the Mercury Atmospheric and Surface Composition 
Spectrometer (MASCS) instrument on the MErcury 
Surface, Space ENvironment, GEochemistry, and Rang-
ing (MESSENGER) spacecraft [7,8], the Rembrandt 
floor shows spectral similarities to the northern volcanic 
plains [4], but the Caloris interior is spectrally classified 
as part of the equatorial unit. A complementary analysis 
of MASCS data using a supervised classification [9] 
finds less difference between Rembrandt and Caloris. 
Here we describe a more detailed study of both impact 
basins. We demonstrate that the interior of Caloris ex-
hibits substantial spectral heterogeneity, whereas the 
interior of Rembrandt is spectrally more uniform, con-
sistent with previous results.  

Classification of Caloris and Rembrandt basins:  
The interior of the Caloris basin is geologically classi-

fied as a smooth plains unit [1,6] on the basis of Mercu-
ry Dual Imaging System (MDIS) data, with a crater 

retention age comparable to that of the northern plains 
[4]. From the clustering analysis [7,8] of MASCS data 
shown in Figure 1, the interior of Caloris is spectrally 
similar to the equatorial region (ER) but not to the polar 
region (PR).  

The polar region includes most of the northern 
smooth plains [4]. In the results of clustering analysis 
 

 
 

Fig. 2: Normalized reflectance for Caloris (top) and Rembrandt (bottom), at 350 nm (left) and 650 nm (right). Reflectance 
values are color-coded from red (lowest) to blue (highest). 

Fig. 1. Global spectral units identified by clustering analysis of 
MASCS data [7,8]; the equatorial region (ER) is in shades of blue 
and the polar region (PR) in shades of orange. 
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Caloris is barely identifiable, and the interior is classi-
fied as a mix of the two subunits of the ER (Figure 1). In 
contrast, the infill of Rembrandt is clearly spectrally 
similar to the PR, and the finer classification shows 
components of both subunits of the PR. The interiors of 
Rembrandt and Caloris basins have been resurfaced by 
smooth, high-reflectance units interpreted to be of vol-
canic origin [1,2,5,6].  Rembrandt is younger than Calo-
ris and is one of the youngest major basins [2, 3] formed 
near the end of Late Heavy Bombardment (~3.8 Ga).  

Spectral characteristics of the two basins: In order 
to improve our understanding of the distinct characteris-
tics of these two basins, we started examining the 
MASCS data in a regional context with the Berlin 
MASCS database [10]. Following the approach de-
scribed earlier [7,8], the data were normalized at 700 nm 
as a first-order photometric correction. The MASCS 
data were averaged on a global grid with a resolution of 
1 pixel per degree. 

As an example, Figure 2 shows color-coded normal-
ized reflectance at 350 nm and 650 nm wavelength for 
the areas containing Rembrandt and Caloris. At 350 nm 
for both basins the infill material is spectrally distinct 
from the surrounding material. At 650 nm, however, 
only the Rembrandt infill is spectrally distinct from its 
surroundings. For Caloris there is, apart from a small 
section in the south, no clearly discernable difference 
between the infill material and the surrounding area at 
this wavelength. The material that filled Rembrandt thus 
differs from the Caloris infill and appears to be more 
comparable to the material that formed the northern 
volcanic plains. 

Even at 350 nm (Figure 2, left) the material inside 
Caloris shows a greater heterogeneity than the Rem-
brandt infill. The central part of Caloris is spectrally 
distinct from the rest of the interior of Caloris. This 
distinction might be related to ejecta from Atget, Apol-
lodorus, and several other large impact craters near the 
center of the basin [11]. 

Spectrum of Caloris infill material: Using the 350 
nm band, a region in Caloris typical for infill material 
was selected. A yellow box in Figure 2 marks the loca-
tion. Figure 3 shows the spectrum associated with the 
area in comparison with the average spectra for the ER 
and PR. The spectrum of this region shows spectral 
characteristics similar to those of the PR at wavelengths 
below 500 nm and to those of the ER at longer wave-
lengths. For the clustering analysis performed to date 
[7,8], only spectral bands at wavelengths greater than 
550 nm were used. From that analysis the Caloris infill 
was classified as part of the ER unit. On the basis of the 
analysis here, in contrast, the material inside Caloris 
exhibits mixed spectral characteristics. This result might 
indicate mixing of surface materials with the composi-

tions of PR and ER material, the excavation of ER mate-
rial by impacts, or a composition that is intermediate 
between PR and ER. The latter explanation is supported 
by X-Ray Spectrometer (XRS) observations [12], which 
show that the Caloris interior plains have a composition 
similar to but not identical with the northern plains unit. 

Outlook: Recent progress in processing the MASCS 
dataset [10] allows us to study the spectral characteristic 
of local areas in great detail (Figure 2), and the Caloris 
and Rembrandt impact basins constitute interesting test 
targets. Geologically both are classified as filled with 
smooth plains material, but spectrally the interior plains 
show differences. The MASCS hyperspectral data (Fig-
ure 3) for a major smooth plains unit covering most of 
the floor of Caloris do not support a classification as 
material similar to the northern plains. This result is in 
contrast to the global results [9] and emphasizes that 
smooth plains are spectrally, and presumably composi-
tionally, heterogeneous across the surface of Mercury. 
The combination of spectral information from the 
MASCS instrument with geological context derived 
from MDIS data and geochemical information from the 
GRS instrument are helping to document and assess this 
diversity, providing new insights into the processes that 
formed the surface of Mercury. 
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Fig. 3: Spectrum (black) of reference area in Caloris 
(see Fig. 1) in comparison with average spectra for the 
equatorial (blue) and polar (red) regions.  
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