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Introduction: Impact craters are a dominant 

landform on Mercury, as on other solid solar system 
bodies. The Mariner 10 spacecraft flew by Mercury on 
March 29 and September 21, 1974, and March 16, 
1975, and the MESSENGER spacecraft flew by on 
January 14 and October 6, 2008, and September 29, 
2009 en route to Mercury orbit insertion in 2011. Both 
spacecraft imaged the surface of Mercury as they flew 
by. Many craters on Mercury show signs of 
degradation and/or modification [1-3]. In this paper we 
focus on one distinct example, an unnamed 80-km-
diameter crater located at 27.3° N, 29.7° W, which we 
study with imaging data from both Mariner 10 and 
MESSENGER. The evolution of this crater provides 
insight into broader aspects of the geologic history of 
Mercury. 

 
Observations: During the Mariner 10 flybys of 

Mercury, the spacecraft obtained images of the area of 
the study crater at a moderate incidence angle, with the 
Sun close to the horizon, resulting in images that 
emphasize topography. Mariner 10 images revealed an 
impact crater with an irregular depression, or pit crater, 
on the floor just south of the crater center and a high-
relief ridge, Antoniadi Dorsum (25.1° N, 30.5° W), 
that bisects the impact crater (see Fig. 1). In the 
geological map derived from Mariner 10 images [4], 
the impact crater is located near a boundary between 
intermediate plains and intercrater plains. 

 

 
This area was also imaged during MESSENGER’s 
second flyby of Mercury. The different viewing 
geometry of MESSENGER (lower incidence angle 
than Mariner 10) resulted in more contrasting albedo 
differences in images taken with the narrow-angle 
camera (NAC) of MESSENGER’s Mercury Dual 
Imaging System (MDIS). The contractional ridge, 

Figure 2a. MESSENGER WAC multispectral image; 
the distinctive orange color of the crater pit suggests 
past volcanic activity. 
Figure 2b. Geologic sketch map of crater and its 
immediate surroundings [modified from 4; key below]. 

  psi; intermediate crater plains 

  pi; intercrater plains material 

  c2; crater material 

  cr3; radial ejecta material 

  c3; crater material 

  ps; smooth plains material 

  v; volcanic pit 

Figure 1: Mariner 10 image of the crater of this study. 
(Width of image is ~550 km.) 
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therefore, was difficult to discern in the MESSENGER 
images. Images from the wide-angle camera (WAC) 
revealed color variations, showing the pit crater to be a 
distinctive orange in enhanced-color representations 
(Fig. 2a) [6]. 

Discussion: The contractional ridge was evident 
in the geological map derived from Mariner 10 images 
[4] (Fig. 2b). The mappers [4] noted the irregular 
depression, but did not classify it as compositionally 
different from the rest of the impact crater. In our 
modified map, we do make this distinction. The orange 
color for the pit crater (Fig. 2a) in enhanced-color 
images has been associated with volcanism in 
MESSENGER color ratio images of other features 
[6,7]. From multispectral images obtained with MDIS, 
pit crater material with anomalous color elsewhere has 
been interpreted as having been deposited by pyroclastic 
activity from a vent that tapped a subsurface reservoir 
[6]. 

 

 
At least two mechanisms can be envisioned for the 

formation of the pit crater in the impact crater studied 
here. In one scenario, the impact crater fractured the 
crust above a magma source (Fig.3a, b) prior to 

formation of the high-relief ridge. In the second 
scenario, faulting accompanying ridge formation 
extended to a magma source and helped form the pit 
crater (Fig. 3c, d). The pit crater could have resulted 
from collapse of the impact crater floor into a drained 
magma reservoir [8] or during formation of the ridge 
(Fig. 3d). The collapse that formed the pit crater is 
depicted in both Figs. 3b and 3d, but the formation of 
the pit is initiated differently for each (Fig. 3a and 3c). 

For the crater of this study, a key question 
concerns the sequence of events that followed the 
impact, i.e., did the contractional ridge or the pit crater 
form first? We will assume that a subsurface magma 
reservoir existed before the pit crater formed [8]. We 
favor the interpretation that the tectonic activity that 
produced the ridge resulted in the collapse of the crater 
floor, because it appears that the ridge is cut by the pit 
crater. The fault weakened the crater floor enough to 
induce collapse and rupture to the top of the magma 
reservoir, allowing magma to gain access to the 
surface. At some point in the active period the 
anomalously colored pyroclastic deposits were 
emplaced.  

In deciding the sequence of events following the 
formation of the impact crater there are several 
possibilities. One is that following impact crater 
formation, subsurface magma gained access to the 
surface and pyroclastic deposits were emplaced. In this 
case no lava flows erupted; all volcanic activity was 
explosive. Another possibility is that lava flows 
erupted and flooded the crater floor and were later 
followed by pyroclastic eruptions. A third scenario is 
that after the impact crater formed, pyroclastic deposits 
first blanketed the crater floor and lava flows later 
resurfaced the region to the east of Antoniadi Dorsum, 
covering the east side of the crater floor. This third 
scenario better explains the MESSENGER 
multispectral data, where the distinctive color is more 
concentrated on the crater floor to the west of 
Antoniadi Dorsum.  

Future Work: When MESSENGER enters into 
orbit about Mercury in 2011, the sequence of events 
associated with this study crater will become more 
evident with higher-resolution images and altimetry. 
Further analysis of the area, for instance, will allow us 
to better determine the boundaries of flow fronts and 
specific characteristics of the contractional ridge.  
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Figure 3. Cross-sectional views of possible models 
for pit formation [modified from 8]. 
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