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Introduction:  Following receipt of the first Mariner 

10 images of Mercury in the mid-1970s, a wide range of 

regional plains types were identified and mapped [e.g., 1-

5], and debate centered on their origin: extrusive volcan-

ic [1-7] or impact ejecta-related [8, 9]. Three main types 

of plains deposits were identified by early workers: inter-

crater plains, intermediate plains and smooth plains [e.g., 

1-3]. Both intercrater and intermediate plains were inter-

preted to result from a combination of volcanic [1-7] and 

impact processes [8, 9]. Most mappers favored a volcan-

ic origin for the smooth plains [e.g., 3, 4, 7] but their 

origin was also debated [9], with some suggesting that 

these deposits were produced from basin-sized impact 

events, similar to the formation of the lunar Cayley plains 

[1, 10]. Later workers [11] used Mariner 10 data to clas-

sify different ages of intercrater plains on the basis of 

states of degradation of superposed and embayed craters 

and found that these plains were temporally extensive 

prior to emplacement of smooth plains. Taken together, 

these three plains units form ~60% of the surface of 

Mercury that was mapped from Mariner 10 data [2]; this 

great extent, and its difference from that of maria on the 

Moon [7], were among the reasons that many workers 

favored a volcanic origin for plains, despite their lack of 

albedo differences from the more heavily cratered terrain 

and distinctive morphologic indicators of volcanism 

[e.g., 7].  

MESSENGER flyby and orbital data have estab-

lished that many of the areas mapped as smooth plains in 

Mariner 10 data are indeed of volcanic origin [e.g., 12, 

13], that smooth plains cover at least 40% of the surface 

[14], that many examples of intercrater plains also show 

evidence for a volcanic origin [14], and that the lack of 

recognizable volcanic edifices and related features may 

be due to a dominant flood-volcanism style [15,16]. How 

much of the intercrater and intermediate plains mapped 

from Mariner 10 data are of volcanic origin? Addressing 

this question is essential to deciphering the crustal stra-

tigraphy, early history, and thermal evolution of Mercu-

ry. We begin this analysis by revisiting areas mapped 

from Mariner 10 data as intercrater/intermediate plains 

[3, 4]. 

Current Study: We use two MESSENGER [17] da-

ta sets: (1) Mercury Laser Altimeter (MLA) topography 

(Fig. 1) to analyze the hypsometry of several study re-

gions (Fig. 3) and for flooding experiments [18]; (2) 

Mercury Dual Imaging System (MDIS) image data [19] 

to assess morphology and to collect crater statistics (Figs. 

1-2). Our approach is threefold: (1) Analyze the topogra-

phy and hypsometry of plains units to assess their origin, 

(2) Perform artificial flooding experiments [20, 21] with 

MLA data [18] (test region is flooded in 0.5 km inter-

vals; the crater size-frequency distribution (SFD) of ex-

posed craters is recorded at each flooding interval and 

patterns and calculated SFDs are compared with those 

completed for the mapped intercrater plains in order to 

evaluate the two formation hypotheses and aid in identi-

fying the volcanically sourced regions). (3) Plains crater 

SFDs are tabulated to build a record of area, origin, and 

age of units of volcanic origin. Here we report on the 

initial stages of this analysis for two areas mapped with 

varying amounts of smooth and intercrater plains [3, 4] 

(Fig. 1, 2) to assess Mariner 10 formation hypotheses and 

to better understand the process of volcanic resurfacing.   

Region 1 (Fig. 1a, 2a) (centered at 69.0º N, 234.7ºE, 

~130,000 km
2
, spans ~5 km of elevation) has an abun-

dance of older crater materials [3] and shows only a few 

patches of intercrater plains. Region 2 (centered at 

52.4ºN, 261.4ºE) is similar in area and total relief (Fig. 

1b, 2b) but has fewer impact craters and is mapped large-

ly as intercrater plains [4]. Assessment of topography 

and hypsometry for region 1 shows that the intercrater 

plains are indeed regionally smooth and occupy generally 

contiguous areas (intermediate in elevation between the 

deeper floors of large embayed and superposed impact 

craters, and the higher rims and rim crests of these larger 

craters).  These patterns are very similar to those shown 

in flooding experiments of cratered terrain [20, 21]. In-

tercrater plains mapped in region 2, on the other hand, 

show a very different pattern, spanning over 3 km of 

elevation. Of particular interest is the large area in the 

north comprised of a rough-textured plateau consisting of 

the combined rims of two large craters, rather than poten-

tial plains of volcanic origin. This initial analysis sug-

gests that global reexamination of plains units mapped in 

Mariner 10 with MESSENGER data will help to distin-

guish plains of volcanic origin and may revise downward 

the global estimate of those of volcanic origin. We are 

proceeding with hypsometry/flooding/chronology anal-

yses of other Mariner 10 mapped and new areas. 
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Figure 1. MLA gridded topography data overlaid on MDIS 250 m/pixel mosaic. (A) region 1 (-2.7 to 1.9 km). (B) region 2 (-3.5 to 1.2 km).  

 
Figure 2. Geologic map showing the different units/features mapped from Mariner 10 data [3,4 ]. A: region 1 [3]. B: region 2 [4]. Red: inter-

crater plains; blue and yellow: different types of crater deposits. 
 

 

Figure 3. Hypsometry from MLA topography for (A) region 1 and (B) region 2. 
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