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Introduction: We combine spectral analysis and 

geologic interpretation of two study areas on Mercury 

in order to assess spectral diversity and compositional 

heterogeneity in the context of units defined geologi-

cally and morphologically. Building on earlier work 

[1,2] on the distribution of low-reflectance material 

(LRM) on Mercury, we examined the 13.7-km-

diameter Waters crater (9°S, 254°E) and the 55-km-

diameter Kuiper crater (11°S, 330°E). On the basis of 

geological observations, both craters show deposits of 

exterior impact melt [3-5], so their characteristics 

make them good candidates for a direct comparison. 

Following the results of the most recent spectral stud-

ies made by our group at DLR [6-14], we focused on 

the MErcury Surface, Space ENvironment, GEochem-

istry, and Ranging (MESSENGER) primary mission 

dataset, combining Mercury Atmospheric and Surface 

Composition Spectrometer (MASCS) Visible and 

Infrared Spectrograph (VIRS) data with Mercury Dual 

Imaging System (MDIS) narrow-angle camera (NAC) 

images over the study areas.     

Data processing and procedure: We compiled 

geologic sketch maps of the two impact craters and 

defined the main mapping units (Figs. 1, 3). We used 

the recently developed Berlin MASCS database [9] to 

extract reflectance spectra, normalized at 700 nm 

wavelength, for each of these units. The footprints are 

shown in Figs. 1 and 3 as polygons. Figures 2 and 4 

show the spectra of the mapped units and spectra of 

two reference areas in the vicinity of each crater for 

comparison. Use of the Berlin MASCS database al-

lows a quick and easy comparison of MASCS and 

MDIS data, greatly facilitating the comprehensive 

analysis of both datasets. 

The combination of geological mapping with 

MDIS data and spectral reflectance measurements 

from the MASCS instrument allows us to assess the 

presence of spectral diversity and compositional heter-

ogeneity in the two locations of interest.  

Results:  The most striking feature of Waters crater 

is the low albedo of its distinctive outflow material, 

interpreted to be impact melt (Fig. 1). The normalized 

spectra for the mapping units associated with this 

crater, however, reveal little difference between the 

spectrum of the interior impact melt deposit and that of 

the outflow material. This similarity leads us to the 

 
Figure 1. MASCS coverage over Waters crater (9°S, 

254°E) and over an external reference area (upper left) 

for comparison. Polygons represent MASCS footprints, 

color coded for different geological units (red – reference 

area, green – interior impact melt, black – central peak, 

blue – outflow material). 

 
Figure 2. Surface reflectance spectra normalized at 700 

nm for all areas shown in Fig. 1. The spectra are color-

coded by mapping unit.  
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conclusion that the outflow deposit and the visible 

interior melt are one unit without  compositional dif-

ferences. The low albedo of this unit is most likely due 

to textural changes during the rapid cooling of the melt 

flows [15].  The MASCS VIRS data, however, show a 

clear spectral difference between the impact melt (both 

interior melt and outflow material) and the surrounding 

surface material (Figs. 1, 2).  

The central peak of Kuiper crater shows the most 

distinctive spectral signatures when compared with the 

spectra for the nearby reference area (Figs. 3, 4). Since 

central peak material is thought to be excavated from 

greater depths than other crater deposits [16], this 

result supports the presence of vertical heterogeneity in 

crustal composition in this area [cf. 2]. The spectra 

shown in Fig. 4 exhibit a gradual and continuous tran-

sition from spectra associated with the central peak to 

spectra associated with the nearby reference area. We 

interpret this result as an indication that the impact 

melt material can be characterized as a mixture of 

material excavated from depth, as exemplified by cen-

tral peak material, and surface target material as repre-

sented by the reference area. In their analysis of the 

Rudaki plains, Homer basin, Titian basin, and the 

Hemingway region, Ernst et al. [2] concluded from the 

stratigraphy that the top layer (intermediate plains, or 

IP) in these locations is never more than 1 km thick. 

Kuiper crater is located only 450 km to the southeast 

of Homer.  Given Kuiper’s rim diameter of 55 km and 

its maximum excavation depth [2] of about 3–4 km,  

we conclude that our results are compatible with Kui-

per crater having excavated beneath the IP layer, ex-

posing the underlying red material layer on the central 

peak. Comparing our characterization of Kuiper crater 

with the previous results of unsupervised cluster analy-

sis [9] of the same area, we observe that the unsuper-

vised classification shows approximately the same 

heterogeneity as identified here with a classification on 

the basis of mapped geological units [11]. This encour-

aging result supports both methodologies.  

Outlook: Following previous interpretation of 

MDIS color images of Mercury [1, 2], we performed a 

local study of the Waters and Kuiper impact craters in 

which MDIS NAC image interpretation was combined 

with MASCS VIRS measurements of surface spectral 

reflectance. The validation of this approach by this 

pilot study provides the basis for extending this work 

to a larger set of craters. A systematic mapping of 

spectral differences among central peak and interior 

and exterior impact melt deposits will provide further 

insight into the diversity of crustal compositions and 

their spatial distributions on Mercury.  
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Figure 3. MASCS coverage over mapped units in 

Kuiper crater (11°S, 330°E) and over an external 

reference area.  
 

 
Figure 4. Surface reflectance spectra normalized at 700 nm 

for all areas shown in Fig. 3. The spectra are color-coded by 

mapping unit. 
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