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Introduction: From data acquired during the three flybys 
of Mercury by the MErcury Surface, Space ENvironment, 
GEochemistry, and Ranging (MESSENGER) spacecraft [1], a 
number of sites were identified as pyroclastic deposits formed 
through explosive volcanic processes [2-8]. These deposits are 
of great interest, as they provide insight into the presence, 
composition, and nature of volatiles in the interior of Mercury. 
Here we present new observations on these and other pyro-
clastic deposits using data acquired following insertion of 
MESSENGER into orbit around Mercury. 

Datasets and Methods: Morphologies of the pyroclastic 
deposits were investigated using high-resolution images from 
the Mercury Dual Imaging System (MDIS) narrow-angle 
camera (NAC) and wide-angle camera (WAC) [9]. Composi-
tions of the pyroclastic deposits were investigated using MDIS 
8-filter color images [9] and point spectra from the Mercury 
Atmospheric and Surface Composition Spectrometer 
(MASCS) instrument [10]. All utilized MDIS color images 
were photometrically corrected using the Hapke model [11], 
and MASCS spectra were corrected to reflectance using a 
simple geometric correction along with a phase term. 

Update to the Global Pyroclastic Catalogue: In order to 
build upon the most recent global pyroclastic catalogue [8], all 
acquired MDIS NAC and WAC images were examined for 
rimless depressions [12] that could be source vents for pyro-
clastic deposits [7,8]. These candidate vents were then exam-
ined using MDIS color images to determine the presence of 
any associated red color and high-albedo anomaly, as are ob-
served for previously identified pyroclastic deposits [2-8]. Of 
13 initially identified rimless depressions, nine show associat-
ed color and albedo anomalies (Fig. 1, 2), indicating that these 
nine rimless depressions are likely to be vents associated with 
pyroclastic deposits (e.g., Fig. 2A). These newly identified 
vents are all associated with the floors, central peaks, peak 
rings, or rims of impact craters, consistent with the setting of 
previously identified deposits [8]. 

As with previously identified pyroclastic deposits [2-8], 
the nine new sites have a red spectral slope, higher albedo than 
surrounding terrain, and no absorption at 1000 nm as seen in 
spectral data from both the MDIS and MASCS instruments. 
The presence of a 1000 nm absorption would be indicative of 
a crystal-field effect caused by Fe2+ in a silicate mineral [13]. 
Its absence is consistent with both previous work [2-8] and 
XRS data that indicate a relatively Fe-poor crust [14].  

One observation of interest is a pair of pits at northern 
high-latitudes [15], neither of which has an associated spectral 
anomaly (Fig. 2B). These pits are located just outside the 
northern volcanic smooth plains [15], and the lack of a distinc-
tive spectral signature associated with these pits is consistent 

with the idea that more effusive volcanism can also create 
rimless depressions on the surface of Mercury [12,15]. 

Results of New Orbital Observations: Here we briefly 
summarize some of the new orbital data for three pyroclastic 
deposits [8]: NE Derzhavin and Praxiteles NE and SW. 

NE Derzhavin: New NAC images of the NE Derzhavin 
deposit [8] (Fig. 3) show the vent of this deposit in great de-
tail. The scarps of this vent in the northeastern (NE) corner are 
more well defined than in the western portion of the vent (Fig. 
3A), suggesting multiple stages of evolution of the vent struc-
ture, either primary, or related to later slumping of the walls of 
the ~25-km-wide pit. This observation is supplemented by 
MDIS color data over the vent (Fig. 3B), which show an area 
of enhanced spectral contrast surrounding the NE portion of 
the vent. This enhanced spectral contrast could also suggest 
different ages and therefore different eruptive events or condi-
tions. As part of our global characterization, we are examining 
each of the pyroclastic deposits in detail to look for additional 
evidence of variations in internal deposits.  

Praxiteles NE and SW: The Praxiteles impact crater con-
tains two pyroclastic deposits, one in the NE portion of the 
basin and one in the southwest (SW) [8] (Fig. 4A). One im-
portant question in characterizing these pyroclastic deposits is 
their relative ages and where they fall in the regional stratigra-
phy. In this example, it is clear that the SW vent is crosscut by 
a secondary crater chain (Fig. 4A, black arrows), traceable 
back to the ~114-km-diameter Hokusai crater. This indicates 
that pyroclastic activity at this site must have occurred prior to 
the formation of this large, rayed crater. We are searching for 
similar age relationships at other pyroclastic deposits.  

MASCS spectra from the two Praxiteles pyroclastic de-
posits show both the characteristic red slope [2-8], as well as a 
slight downturn at shorter wavelengths (<400 nm) (Fig. 4B). 
This downturn is likely the edge of an oxygen-metal charge-
transfer (OMCT) band, centered closer to ~250-280 nm, that is 
due to small amounts of Fe (or Ti) within the deposits [16], as 
has been suggested generally for Mercury’s surface [17]. The 
relative weakness of this band and the lack of an absorption at 
1000 nm indicates that the amount of Fe/Ti present is likely to 
be on the order of only a few wt. % [16,17]; however, Ti4+ can 
also cause such an OMCT band without producing a 1000 nm 
absorption [13,16]. The presence of this short-wavelength 
downturn in ratioed MASCS data (Fig. 4B) may indicate a 
slightly higher Fe/Ti content in the pyroclastic deposits than in 
the crater floor materials, although further analysis of MASCS 
data, along with the use of other instruments (e.g., XRS, which 
has a maximum resolution of ~40 km/pixel [18]), will be nec-
essary to fully constrain the composition of these deposits. 

In addition to the insights into timing and composition that 
are offered by the Praxiteles pyroclastic deposits, there is also 
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an association with the enigmatic hollows observed across the 
surface of Mercury [19] (Fig. 4A inset, orange arrows). Hol-
lows can be seen both on the terrain surrounding the Praxiteles 
NE pyroclastic vent and on the walls of the vent itself (Fig. 4A 
inset, orange arrows). This relation indicates that the hollows 
at this site are younger than the pyroclastic activity, consistent 
with the hypothesis that hollows are relatively young features 
on the surface of Mercury [19]. A major question we are ad-
dressing in our characterization is whether there is some ge-
netic association between hollows and pyroclastic deposits, 
both of which are thought to be related to volatiles [2-8, 19]. 
In addition to Praxiteles NE, hollows appear associated with 
three other pyroclastic deposits in published catalogues [8] 
(Lermontov SW, RS-03 SE, and RS-05) as well as within the 
crater Tyagaraja, as discussed earlier [19]. Such examples are 
being mapped in detail to address this question.   

Conclusion: Orbital data of pyroclastic deposits have 
shown more detailed aspects of vent morphologies, relative 
ages, compositions, and geologic associations than previous 
studies with flyby data [2-8]. This global analysis of pyroclas-
tic deposits on Mercury is ongoing, and future work will con-

tinue to address these aspects of pyroclastic activity on Mercu-
ry in an attempt to help understand both the composition and 
volatile content of Mercury’s interior. 
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