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Advances in Lunar Lava Tube Skylight Detection

HU Guoping” TANG Huilei CHEN Yiping ZHANG Wuming
(School of Geospatial Engineering and Science, Sun Yat-sen University, Zhuhai 519082, China)

Abstract: Formed by the cooling and solidification of flowing lava during volcanic activity, lunar lava tubes are
considered promising candidates for future lunar bases due to their stable and protective roofs. However, these
tubes are typically buried hundreds of meters to kilometers beneath the surface, making direct detection
extremely difficult. Current detection methods mainly rely on radar and gravity anomaly analysis. However, the
resolution of orbital radar is insufficient to distinguish similar subsurface structures, whereas in situ lunar
penetrating radar is limited by a small detection range and vulnerability to near-field interference. Gravity
anomaly detection also performs poorly when identifying tubes oriented north-south or with roofs narrower than
a kilometer. Skylights serve as critical indicators for locating subsurface tubes and can be identified through
optical imagery and infrared radiation thermal anomalies. However, optical images are constrained by

illumination conditions, making full three-dimensional reconstruction of skylights difficult. Infrared data are
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further limited by penetration depth and spatial resolution (320 mx160 m), which hinders the detection of

subsurface thermal anomalies and the assessment of the thermophysical properties of materials at the pit floor.

To address these challenges, this paper explores the feasibility of detecting skylight thermal anomalies using

microwave radiation. Owing to its penetration capability and sensitivity to dielectric properties, this approach

can probe subsurface thermal features and effectively determine the material composition of the pit floor.

However, a significant scale disparity exists between the kilometer-scale resolution of current data and the

relatively small size of skylights. Therefore, enhancing the detection capability of passive microwave methods

for 100-m-scale skylights remains a critical issue that requires immediate attention.

Key words: Lava tube detection; Skylight detection; Thermal anomaly detection; Passive microwave remote

sensing; Lunar base
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Tab. 1 Basic parameters of some potential lava tubes!!>?’]
i i 7 US4 (m) R (m)
14.2°N 303.3°E /NGEE: 370
13.00°N~15.00°N 301.85°E~304.01°E
13.096°N 57.056°W
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BERE: 400
14°N 2°F I ~
30 K. 6 x 104 200~300
EE: 9 x 103
14.3°N 57.5°W KB 6x 104 605
=g 55
o 3
¥ 9% A% (Rima Shar 35°N~40°N 311°E~316°F BN 2 x 10 600
HRB( p) K. 7.5 x 104
ERE: 3.5 x 103
%22 Hi%(Rima Mairan) 36°N 314°E KR 1.7 x 10° 7500
FfE: 550
41°N 309°W K. 9x 104
# 22- B i 5 (Mairan-Rumker)
41°N 306°W K. 1.8x10°
. 3.75 x 103
Fi] B 3735 52 H ¥ (Rimae Aristarchus) 27°N 313°E KE: 6 x 104
FmifE: 600
it 47 /R ZE 48 (Schroter Extension) 24°N 306°W KJE: 6 x 104
PEh i A 5T (Wollaston D) 35°N 311°W KR, 8 x 10
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Fig. 2 Lava tube pattern diagram®’
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Tab. 2 Basic parameters of skylights on the Moon!*!

R 551 4 G R (m) H A% (m)

#Hif (Mare Tranquillitatis) 8.3355°N 33.2220°E 105 100%88

) JE 7 Fr B (Marius Hills) 14.0917°N 303.2299°E 40 55x49

8§ (Mare Ingenii) 35.9494°S 166.0559°E 55 104x71

JLM -1 (Northern Oceanus Procellarum-1) 35.4097°N 314.3602°E 54 157x108
SEiI(Lacus Mortis) 44.9608°N 25.6119°E 60 >165x110

P R F 5 #F (Southwest Mare Fecunditatis) 6.7521°S 42.7595°F 51 19x15

PU RS (Southwest Mare Tranquillitatis) 4.1438°N 24.6871°E 25 32x26

Jiti 5 FEBR AT BT (Schlitter Crater) 5.8395°S 276.9500°E 57 37x23

fh-1 (Highland-1) 43.9662°N 23.0836°E 27 41x37

mith-2 (Highland-2) 41.1563°N 18.8206°F >24 34x27

fEh-3 (Highland-3) 42.3941°N 320.3076°E 27 45x41

(a) AR AE RE
(a) Lava tube skylight

3 ARIEAE R A 5 ABRBA ST X R

Fig. 3 Morphological comparison between lava tube skylight and lunar crater

(b) HERBA ST

(b) Lunar crater
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