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GEOLOGY OF MAIRAN MIDDLE DOME: Joseph M. Boyce1, Thomas Giguere1, Peter 

Mouginis-Mark1, Timothy Glotch2, and G. Jeffrey Taylor1, 1 Hawaii Institute of Geophysics and 

Planetology, University of Hawaii, Honolulu, HI 96822, 2 Department of Geoscience, Stony Brook 

University, Stony Brook, NY. 

1.0. Introduction:    There is convincing 

evidence that Mairan domes on the Moon are 

volcanic constructs composed of lava from high 

Si and low FeO magma [1, 2, 3, 4, 5, 6].  But, 

until now, their small size and the lack of high-

resolution imaging and remote sensing data have 

hindered further investigation of the geology of 

these features. However, recent acquisition of 

high-resolution imaging and other remote 

sensing data (e.g., LRO LROC and Diviner, 

Kaguya, Chandrayaan‐1) has changed this for 

Mairan middle dome (MMD), the largest of the 

Mairan domes.  These new data have enabled 

the detailed characterization and mapping of 

distinct geologic units on MMD and the 

surrounding maria based on their morphology, 

composition, and model crater age.   
 

 
Fig. 1. Oblique shaded relief view of MMD and the 

surrounding maria looking east.  This image shows the 

location of features mentioned in the text. The image 

was constructed from LROC and Kaguya topographic 

data.  
 

2.0 Results: Combining previous data with 

recent high-resolution imaging and topographic 

data suggests that MMD is an irregularly-shaped 

~ 11.7 km x ~ 10. 7 km massif made of at least 

six small, closely-spaced volcanic constructs 

(Fig. 1).  Crater counts on the flat areas of the  

massifs (i.e., only South, West, and East domes) 

yield model ages of ~ 3.35 ± 0.2 Ga (Fig. 2 a).   

A relatively flat plateau-like area of about the 

same model age is located centrally between 

these massifs (Fig. 1).  In addition, a low-

elevation, hummocky area between West and 

South Ridges (Fig. 1) has a model age of ~ 3.80 

±0.1 Ga, about the same ages as the summit of 

Mairan T (Fig. 2 b).  This low area contains two 

northeast/southwest trending pits chains that are 

likely volcanic in origin.  Mairan middle dome is 

surrounded by maria inferred to be ~ 1.33 ± 0.19 

Ga [ 7] based on crater counts on an area west of 

the Mairan domes.  However, crater counts on 

maria areas within ~ 10 km of MMD (Fig 2. b) 

suggest that the maria to the west and north of 

MMD are ~ 3.30 ± 0.3 Ga, while the sample 

area ~ 10 km southeast of MMD is ~ 3.73 ± 0.1 

Ga.  The cumulative size-frequency distribution 

curve of craters in the sample area 2 km south of 

MMDS exhibits two segment, one indicating a 

model age of ~ 3.30 ± 0.3 Ga and the other ~ 

3.73 ± 0.1 Ga, suggesting a resurfacing event at 

~ 3.30 ± 0.3 Ga.   

 

Figure 2: Graph of the cumulative size frequency 

distribution of impact craters on MMD (a. on the left), 

and the surrounding maria (b. on the right).  Note that 

two major episodes of development have been found on 

both the maria and MMD, with each episode occurring 

that occurred simultaneously on each. 

     Glotch, T., et al., (2011) used LRO Diviner 

data, to determine that the silica content on 

MMD is ~ 80 % ±10 % and 15 % ±15 % on the 

surrounding mare.  They also found that, based 

on Clementine multispectral imagery, the FeO 

abundances of the Mairan domes is ~ 9 ± 1 wt.% 

FeO, and the surrounding mare basalts is ~ 16.5 

±1.5 wt. % FeO.  In this study, new high-

resolution mineralogy and FeO maps (Fig. 3) 
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have been generated to better define 

compositional units on MMD and their 

boundaries.   The silica content is estimated 

from the LRO Diviner Christiansen feature (CF) 

map data processed as describe by [6] but 

sampled at 256 pixels per degree (PPD), an 

improvement over the past processing at 128 

ppd (Fig. 3 a).  The FeO map was generated 

using Clementine five-color digital image model 

data [8, 9, 10] processed as described by [11] to 

produce a 100 m/pixel map (Fig. 3 b).  These 

maps show that the CF (lower value = higher 

silica content) and FeO content vary across the 

surface of MMD in a systematic way, with a 

general anti-correlation of FeO and silica 

content.  Specifically, these maps suggest that, 

in general, the summits of the domes and ridges 

are surfaced by the highest Si and lowest FeO 

content materials compared with material at 

lower elevation on MMD.  However, the silica 

and FeO content of materials on the central 

plateau is similar to that on the lower potions of 

MMD, possibly because the bedrock there is 

composed of lower silica and higher FeO 

content material, or it could be covered by 

material quarried from the subsurface by the 1.2 

km diameter impact crater (assuming it is) in 

that area.  In addition, consistent with the 

findings of [6] these new data show the maria 

surrounding MMD has a FeO content of ~ 17 ±1 

wt % FeO.   

 

Fig. 3. On the left (a.) Diviner Christiansen feature (CF) 

map 256 pixels/degree. Map ranges from ~7 µm  

(yellow) to ~8.5 µm (blue/green). On the right (b) is a 

100 m/pixel map of the FeO distribution from 

Clementine data. Note that the highest Si and lowest 

FeO values are generally in the summit of MMD. 
 

3.0 Summary and Conclusions: Our analysis 

suggests that the first episode of building of 

MMD occurred at ~ 3.80 ± 0.1 Ga when 

viscous, low-FeO, high-silica lavas erupted to 

form its base, and at Mairan T (likely Mairan 

south dome too) (Fig. 4).  At about the same 

time (~ 3.73 ± 0.1 Ga), basaltic lava was erupted 

in the region to produce mare now exposed 

southeast of MMD.  A second major episode of 

volcanism occurred about 450 million years 

later, at ~ 3.35 ±02 Ga, when low-FeO, high-

silica lava flows built the summits of the 

individual small volcanoes, and the central flat 

area on MMD.  The flows that built the summits 

were even lower FeO and higher silica content 

than those erupted during the earlier episode.  At 

about the same time (~ 3.30 ± 0.2 Ga) basaltic 

eruptions occurred to produce lava flows that 

flooded the area around MMD and Mairan T.    
 

 
Fig. 4.  Timeline for development of  MMD and the 

surrounding maria.
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