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Introduction:  Lunar volcanic activity played a 

significant role in the geological evolution of the Moon. 
The Marius Hills Plateau (MHP) (13.5°N, 306°E) of 
the Oceanus Procellarum is one of the largest volcanic 
complexes on the nearside of the Moon, presenting 
records of igneous activities such as numerous dome-
like structures, rilles, cones, and lava flows [1]. Those 
records can be seen clearly in mosaicked topographic 
images (Fig. 1) and mosaicked elevational images of 
10 m/pixel-resolution acquired by the Terrain Camera 
(TC) on the Selenological and Engineering Explorer 
(SELENE). 

In previous research on the MHP formation history, 
resampled 280 m/pixel-resolution multispectral data 
acquired by the Moon Mineralogy Mapper (M3) on the 
Chandrayaan-1 spacecraft revealed that the MHP expe-
rienced multiple basaltic lava eruptions at least in two 
stages, first forming a high-calcium pyroxene plateau 
and later olivine-rich basaltic lava areas [2]. However, 
their study did not investigate the formation ages of 
geological units on the MHP. 

Morota et al. (2011) [3] found that the youngest 
mare units in the Oceanus Procellarum surrounding the 
MHP are ~1.7 Ga. In contrast, Whitford-Stark and 
Head (1980) [4] suggested an MHP formation age of 
3.3±0.3 Ga or older and Heather et al. (2003) [5] sug-
gested 2.7±0.7 to 3.3±0.3 Ga based on the ages of the 
surrounding maria. 

Recently, Huang et al. (2011) [6] estimated the 
formation ages of some geological units of the MHP to 
be 0.7–1.5 Ga, indicating the MHP basalts erupted 
after the latest mare formation around the plateau; the 
MHP is younger than the youngest mare units on the 
Oceanus Procellarum. 

In this study, we estimate the precise formation ag-
es of the MHP to understand the past lunar volcanism.  

Data and Methods:  We used the data from the 
Terrain Camera (TC) and the Multiband Imager (MI) 
installed on the SELENE. The TC is a push-broom 
stereo-camera with two slant telescopes, +15° forward 
looking and -15° backward looking. It acquired 10 m 
spatial resolution image data from the SELENE nomi-
nal altitude of 100 km. The stereo pair images are used 
to produce digital terrain models (DTMs) with an ele-
vational resolution of 20 m or better [7]. The MI is a 
multi-spectral imager with four and five color bands 

with 20 m (visible) and 62 m (near-infrared) spatial 
resolutions from the SELENE nominal altitude. The 
band assignments are 415 nm, 750 nm, 900 nm, 950 
nm, and 1000 nm in the visible range and 1000 nm, 
1050 nm, 1250 nm, and 1550 nm in the near-infrared 
range [7].  

Based on the TC and MI data, we first morphologi-
cally and spectrally classified distinct basaltic lava 
flows on the MHP as different geological units. We 
then estimated the crater retention ages of each geolog-
ical unit using the TC data. 

We used spectral absorption and spectral ratio 
mapping methods for the MI data to classify the MHP 
geological units based on the differences in substances 
and/or surface conditions. The major lunar minerals 
exhibit indigenous spectral absorptions at around 950 
nm (pyroxene), 1050 nm (olivine), and 1250 nm (pla-
gioclase). To produce the color-composite map for 
spectral absorption, we assigned red to the reflectance 
at 950 nm, green to that at 1050 nm, and blue to that at 
1250 nm for a continuum from 750 nm to 1550 nm. To 
produce the color-composite map for spectral ratio, as 
previous studies often did in the study using Clemen-
tine data (e.g. [5], [8]), we used the standard ratios 
assigning red for 750 nm/415 nm (mature low-Ti bas-
alts), green for 750 nm/950 nm (freshly exposed bas-
alts), and blue for 415 nm/750 nm (mature high-Ti 
basalts). In these color assignments, we digitally en-
hanced each color level in order to exaggerate the 
boundaries of geological units on the MHP.  

Crater counting is a well-established technique for 
deriving the model ages of planetary surfaces. We can 
infer the relative and absolute ages by measuring the 
Crater Size-Frequency Distribution (CSFD) with im-
age data based on the simple idea that older surfaces 
accumulate more craters [9]. We counted craters and 
measured their diameters using the TC data and esti-
mated the age based on CSFD measurements for each 
unit on the MHP. We used the polynomial production 
function and the cratering chronology model proposed 
by Neukum and Ivanov (1994) [10] to obtain the abso-
lute model age from the CSFD measurement [11]. Ig-
neous craters such as the top of the dome-like struc-
tures or cones may affect the counting results, so we 
eliminated what can be clearly distinguished from im-
pact craters in the TC data. 
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Results and Discussion:  The MHP can be classi-
fied into about sixty geological units (Fig. 2) based on 
the MI color-composite maps. There are twice as many 
geological units on the MHP than previously proposed 
by [5]. 

The measured crater retention age of each unit indi-
cated that the youngest MHP formation is ~3.3 Ga, 
corresponding to the Early Imbrian Model Age, while 
some geological units exhibit greatest ages of ~3.8 Ga 
(Fig. 3). The MHP is thus older than previously esti-
mated. In our study, no classified geological unit ex-
hibited young ages of 0.7–1.5 Ga, corresponding to the 
Late Eratosthenian Model Age and the Early Coperni-
can Model Age reported by [6].  

We found that almost all geological units of the 
high-calcium pyroxene plateau (red units in Fig. 2A) 
are significantly older than those of the olivine-rich 
basaltic lava areas (green units in Fig. 2A), consistent 
with [2]. However, we note that some geological units 
of the high-calcium pyroxene plateau are apparently 
younger than those of the olivine-rich basaltic lava 
areas. The MHP formation history is thus complex. 
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Fig 1.  Mosaic map of the Marius Hills Plateau (MHP) 
from the TC data acquired at low solar elevation angles. 
Hundreds of dome-like structures and cones are clearly 
recognized in the map. Some rilles can also be seen in 
the map. The white pattern at the lower left is Reiner 
Gamma.  
 

 
Fig 2.  (A) Digitally enhanced color-composite map of 
the Marius Hills Plateau (MHP) for spectral absorption 
from the MI data. Red is assigned to the spectral ab-
sorption depth of 950 nm, green to 1050 nm, and blue 
to 1250 nm, corresponding to the relative amounts of 
the lunar major minerals pyroxene, olivine, and plagio-
clase, respectively. (B) Digitally enhanced color-
composite map for spectral ratio from the MI data. Red 
is assigned to 750nm/415nm (mature low-Ti basalts), 
green to 750nm/950nm (freshly exposed basalts), and 
blue to 415nm/750nm (mature high-Ti basalts) (e.g., 
Heather et al., 2003; Weitz and Head, 1999). The MHP 
can be classified into about sixty geological units by 
the white solid lines in each image. 
 

 
Fig 3.  Map of model ages of the Marius Hills Plateau 
(MHP) based on the SELENE TC data. The back-
ground image is a mosaicked topographic image of the 
TC data. The youngest MHP formation age is 3.3 Ga at 
its central part and at the lower half of the Marius 
Crater, corresponding to the Early Imbrian Model Age, 
while some geological units exhibit an oldest age of 
~3.8 Ga. Crater counting was not performed on the 
black portions due to factors such as crater ejecta. 
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