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Introduction: We recently reported the discovery 

of a vertical hole on the Moon [1] in data acquired by 
the Terrain Camera (TC) and Multiband Imager (MI) 
on the Japanese lunar orbiter Selenological and Engi-
neering Explorer (SELENE) [2], (nicknamed Kaguya).  
The  65 m-diameter  hole is located at 303.3 °E, 
14.2 °N in the Marius Hills region in Oceanus Procel-
larum on the near side of the Moon. The Marius Hills 
Hole (MHH) is probably a skylight in a lava tube. 
Here, we report the discovery of two additional nearly 
circular deep shafts. 

Hole Search Methodology: SELENE TC and MI 
achieved almost 100% coverage of the Moon during 
the twenty-one month SELENE mission. To find ver-
tical holes similar to MHH, we extracted the TC data 
of higher solar elevation angles (SEAs) of > 40° (Fig. 
1). At these sun angles, the shadowed portions of these 
vertical shafts receive less sunlight reflected off of 
their walls than typical shallow lunar craters causing 
their shadows to be darker than typical craters. Be-
cause TC’s sensitivity is very high, we can detect this 
difference.  We searched for the lowest radiances in 
the data set and found two new holes in Mare Tran-
quillitatis and Mare Ingenii.  

Mare Tranquillitatis Hole:  The hole in Mare 
Tranquillitatis (MTH) is located at 33.2 °E, 8.3 °N 
(Fig. 1), 350 km from the Apollo 11 landing site. It is 
nearly twice the diameter of the MHH, and is roughly 
circular with a short axis length of 110 m (east-west) 
and a long axis length 120 m (north-south) (Fig. 2). 
The east rim is about 50 m higher than the west rim. 
MTH was observed eight times by TC and twice by 
MI. From the higher SEA data (49.6° in TC observa-
tions and 75.6° and 82.8° in MI), we estimate the hole 
to be 180m deep from the east rim. Unlike the Marius 
Hills Hole (MHH), MTH is not in or near a sinuous 
rille. There are numerous craters near MTH, but no 
other holes are present at the resolution of TC (10 m). 

Mare Ingenii Hole:  Using the same search for 
low radiance data, we discovered a hole in Mare Inge-
nii (MIH) at 166.0 °E, 35.6 °S, near a prominent swirl 
feature on the far side of the Moon (Fig. 1). It has a 
slightly irregular shape (rounded triangle) with a long 
axis length of 140 m (east-west) and a short axis length 
of 110 m (north-south) (Fig. 3). Its northwest rim is a 

few tens of meters higher than the other portions of the 
rim. TC observed MIH six times and MI observed it 
once. Because we could not detect the bottom of MIH, 
even at the highest SEA (47.4° with TC), we can only 
place a lower limit on the depth of 90 meters. Like that 
in Mare Tranquillitatis, this hole is not located on or 
near a rille.  

Interior Temperatures of Underlying Lava 
Tubes:  The temperatures of these cavities are of in-
terest for lunar resources and as special lunar microen-
vironments. Based on a thermal equilibrium calcula-
tion for the shallow lunar interior, we estimated the 
temperature at the bottoms of the holes. For the surface 
albedos around the lunar holes, we used radiance data 
acquired by TC. Assuming a diffuse (Lambertian) sur-
face, the albedos are 3.6%, for the surfaces around 
MHH, 3.7% around MTH, and 5.2% around MIH (Ta-
ble 1). The interior temperatures of any lava tubes pos-
sibly connected to MHH, MTH, and MIH are esti-
mated to be 18, 19, and 4 °C (Table 1). These tempera-
tures may be overestimated because we used the ra-
diance data obtained at SEA < 50°, and thus the oppo-
sition effect has been ignored. The estimated tempera-
tures inside the tubes using 7 and 10% albedos are 
listed in Table 1.  

 
Table 1. Interior Temperatures of Lunar Holes 

 FromTC Radiance 
data (albedo) 

Albedo 
7% 

Albedo 
10% 

MHH 18 °C (3.6%) 15°C 14°C 
MTH 19°C (3.7%) 16°C 13°C 
MIH 4 °C (5.2 %) 3°C  0°C 
 
Hydrogen Accumulation in lava tubes exposed by 

skylights:  The lunar surface is continuously showered 
by solar wind protons. Although a small fraction of the 
protons are implanted into the lunar surface, most pro-
tons escape into space. However, the deep holes and 
their possible connected lava tubes might effectively 
trap solar wind protons. The surface ages surrounding 
MHH, MTH, and MIH are 3.5 Gyr [1], 3.7 Gyr [3], 
and 3.2 Gyr [4]. If the holes opened simultaneously 
with or just after the formation of surrounding surfaces 
and the solar proton flux was similar to the current 
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flux: 4x108 /cm2/sec [5], the integrated amount of the 
protons inside MHH, MIH, and MIH and their con-
nected lava tubes would be 3 x 103,  1 x 104, and 9 x 
103 tons, which correspond to water of 3 x 104, 9 x 104, 
and 8 x 104 tons (Table 2). While these abundances are 
not entirely protected from loss, the vertical shafts and 
especially any connected lava tubes are protected from 
loss mechanisms such as sputtering and UV radiation, 
while preserving local low temperatures. 

Table 2. Possible Proton and Corresponding Water 
Concentrations in Lunar Holes 

 
Size 
(m x 
m) 

Age 
(Gyr)

Proton 
Concentra-
tion [ton] 

Correspond-
ing Water 
concentra-
tion [ton] 

MHH 65  
x 65 3.5 3.0  

x 103 
2.7 

 x 104 

MTH 110 
 x 120 3.7 1.0 

x 104 
9.0  

x 104 

MIH 140 
 x 110 3.2 8.5  

x 103 
7.7  

x 104 

Observations By Other Missions: Although 
SELENE impacted on the Moon and ended its mission 
in June 2009, the Lunar Reconnaissance Orbiter 
(LRO) is currently observing the lunar surface with a 
variety of instruments. The observations acquired by 
LRO instruments will provide much additional infor-
mation on these lunar holes. For example, the Lunar 
Reconnaissance Orbiter Camera (LROC) will reveal 
the detailed structure of the holes, Diviner can investi-
gate the thermal conditions of the holes, and Chan-
drayaan and Change’1 data will also hopefully provide 
additional data for these holes. Of critical importance, 
is to investigate and understand the geological setting 
of each of the holes, to determine whether they are 
associated with lava tubes, like MHH, or have another 
origin. 
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Figure1. SELENE Terrain Camera observation coverage at solar elevation angles > 40°. Marius Hills Hole and newly dis-
covered holes in Mare Tranquillitatis and Mare Ingenii are indicated by *1 (303.3 °E, 14.2 °N), *2(33.2 °E, 8.3 °N), 
and *3(35.6 °S, 166.0 °E). 

Figure 2. Enlarged TC images of Mare 
Tranquillitatis Hole, nearly circular with 
a short axis length of 110 m (east-west) 
and a long axis length 120 m (north-
south).  
 
Figure 3. Enlarged TC images of Mare 
Ingenii Hole, a slightly irregular shape 
(rounded triangle) with a long axis length 
of 140 m (east-west) and a short axis of 
110 m (north-south). 
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