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Introduction:  The 180-km diameter Tsiol-
kovsky crater (20oS, 129oE) displays several 
features which are unique on the lunar far-
side, including that the crater presents the 
best example of farside mare volcanism [1].  
Despite analysis of data collected during the 
Apollo 15 mission [2 – 6], the details by 
which these mare materials were emplaced 
remain poorly constrained.   

 
Figure 1:  LOLA gridded-topography of Tsiolkovsky 
crater, illustrating more than 450 m of elevation differ-
ence across the mare unit within the crater. 

 
Topography from Lunar Orbiter Laser 

Altimeter (LOLA) data (Fig. 1) shows that 
there is >450 m elevation difference between 
the northern and southern portions of the 
crater floor.  This observation favors the situ-
ation of multiple eruptions, all of which failed 
to resurface the entire floor.  Because the 
floor is highest on the northern floor, we con-
clude that the mare-filling eruptions had vents 
on this part of the floor, and were most likely 
volume-limited so that each eruption did not 
flood the entire crater floor.  

 
Mare Morphology:  Lunar Reconnaissance 
Orbiter Camera (LROC) Narrow Angle Cam-
era (NAC) images reveal graben and ridges 
around the perimeter of the mare infill (Fig. 

2a), as well as depressions (Fig. 2b) which 
provide clues to the mare lava emplacement.   
The fractures may be representative of local 
subsidence within the mare units, comparable 
to the deformation of Mare Serenitatis [7].  
The depressions may provide information on 
the rate of mare infilling during a single erup-
tion because they may indicate that the mare 
flows were produced by low effusion-rate 
eruptions with associated flow inflation.  
Comparable “lava pits” are features of low-
effusion rate eruptions in Hawaii [8, 9].   
 

 
Fig. 2:  (a) Multiple graben exist around the perimeter 
of the mare.  LROC NAC image M130822373R.  (b) 
Example of a partially in-filled depression (outlined by 
white arrows) with a possible flow (black arrow points 
down centerline of flow) cutting this depression into 
two.  LROC NAC image M1126825591R. 
 

We find no evidence for benches or 
“bath-tub rings” on the southern perimeter of 
the mare to confirm (or refute) changes in 
mare level due to subsidence of the floor.  
However, Kaguya topographic data reveal 
there is an elevation difference of ~100 m, as 
well as tilted blocks and up-doming, of the 
mare floor (Fig. 3a).  Oblique views of the 
floor reveal the extent of this deformation 
(Fig. 3c), as well as high-stands around topo-
graphic highs.  These landforms indicate that 
at least the northern floor experienced subsid-
ence comparable to the deformation of certain 
perched lava ponds on Earth [10]. 
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Fig. 3:  Kaguya data for part of the mare just north of the central peak.  (a) West-East topographic profile (“A” to 
“B”, Fig.3b shows location) across mare units which include a tilted block and high-standing mare.  The block has 
~100 m of relief.  (b) Location image for profile in “a”.  (c) Oblique view (looking west) generated from Kaguya 
data of area shown in “b”, with clear evidence for tilting and subsidence of the mare.  Kaguya image and DEM 
frame number DTMCOs01_03403S192E1287SC. 
 

 
Fig. 4:  Crater counts for Tsiolkovsky crater.  NE 
(blue), South (red), SE (green), the NW Slide (black) 
and exterior ejecta (circles).  Insert at right shows the 
location of the sample areas, each 100 km2  in size.  
 
Chronology:  Morphologic evidence for 
multiple lava flows within Tsiolkovsky 
crater raises the possibility that the eruptions 
took place over an extended period of time 
[5, 6].  However, crater counts for selected 
areas of the crater (Fig. 4) reveal that there 
is little age difference between different 
parts of the crater floor.  These counts also 
indicate that the mare lavas were erupted 
soon after the formation of the crater and the 
collapse which produced the NW landslide. 
 
Conclusions:  LOLA and Kaguya topo-
graphic data reveal ~450 m of relief across 
the crater floor which suggest multiple small 
eruptions produced the mare.  From these 

data, we infer that the vents were most likely 
located in NE portion of crater floor, alt-
hough to date we have found no lava flow 
fronts to confirm this interpretation.   These 
eruptions took place close in time to each 
other, and followed soon after the formation 
of the crater.  High stands (benches around 
topographic highs) indicate that subsidence 
of the flows on the northern floor took place, 
and local uplift produced tilted blocks north 
of the central peak.  To date, we have not 
found morphologic evidence for filling and 
subsequent deflation of the southern floor. 
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