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Introduction: The primary product of the continu-

ous impacts of large and small meteoroids on the lunar 
surface is a global fragmented layer, termed as the reg-
olith [1]. Regolith stratigraphy preserves vital clues 
about the geology and impact history of the Moon, and 
is also critical for quantifying potential resources for
future lunar exploration and engineering constraints for 
human outposts. Regolith thickness can be estimated 
from geophysical experiments at the lunar surface, 
morphology and size-frequency distributions of impact 
craters, and radar and microwave remote sensing tech-
niques [2]. The first approach has been applied only to 
a few regions at the Apollo landing sites, whereas ap-
plications of the last two approaches are relatively lim-
ited due to lacking of high-resolution optical images 
and microwave remote sensing data.  

Recently, with a renewed interest in lunar explora-
tions, it is possible to estimate regolith thickness over 
large regions using newly acquired data sets based on
old methods. Based on results from new data sets, reg-
olith stratigraphy and evolution can be investigated. 

New Regolith Thickness from New Data Sets:  
Using brightness temperature data acquired from 

Chang’E-1 (CE-1) microwave radiometer and a three-
layer thermal emission model, mean regolith thickness 
of the maria is estimated to be 4.5 m, and that of the 
highlands is 7.6 m (Fig. 1) [3]. The thinnest regolith 
layers occurs in Mare Imbrium (mean value 3.6 m), 
and the thickest regolith occurs over Mare Fecunditatis 
and Mare Nectaris (7.8 m and 7.7 m).  

The inversion of regolith thickness over lunar near-
side is studied using newly acquired Earth-based 70-
cm Arecibo radar data and a quantitative radar scatter-
ing model [2]. With several assumptions on size and 
abundance of buried rocks and surface roughness, re-
sults show that regolith thickness is ~3.5 m over Ocea-
nus Procellarum and ~5.1 m over Mare Crisium, and 
regolith thickness over the highlands is ~7–8 m.     

Using Lunar Reconnaissance Orbiter Camera opti-
cal images, 378,556 small impact craters over Sinus 
Iridum region were counted and their morphologies 
were identified. Results show that median regolith 
thickness is 8.0 m, and that 50% of the region has a 
regolith thickness between 5.1 m and 10.7 m [4].  

The lunar penetrating radar at the Chang’E-3 land-
ing site reveals four stratigraphic zones from the sur-
face to a depth of ~20 m: a surface regolith (<1 m), an 
ejecta layer (~2–6 m), a paleoregolith (~4–11 m), and 
the underlying mare basalts (Fig. 2) [5]. Thicknesses of 
the surface regolith and the paleoregolith are consistent

with estimations based on crater morphology (Fig. 3). 
With model surface ages, mean regolith accumulation 
rate at the CE-3 landing site is ~5–10 m/Ga for the 
surface regolith, and is ~1.3–3.7 m/Ga for the pale-
oregolith [5]. 

Conclusions: With new datasets from recent lunar 
missions, regolith thicknesses over large regions can 
be estimated, and cross-validation of regolith thickness 
between different methods is also available. The esti-
mated regolith thickness, when combined with lunar
surface age, can provide valuable information on the 
formation and evolution of lunar surface.   
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Figure 1. Regolith thickness estimated from China’s CE-1 
microwave radiometer observations [3]. 

that the upper regolith is composed of numerous layers (e.g., 10 layers within 0.42m depth at the Apollo 12 site
and 42 layers within 2.36m at the Apollo 15 site) with limited lateral continuity [Mitchell et al., 1973;McKay et al.,
1980]. Layers in the core tube are identified based on the grain size, relative proportion of different minerals and
rock types, and maturity. Layer thicknesses are typically of the order several centimeters, which are much smaller
than the LPR range resolution. Therefore, fewer layers in the reworked zone are observed in the LPR images.

Below the reworked zone, at a depth from about 0.5 to 7m, is a regionwith bright radar echoes (Figure 2b). There
are substantial variations in the thickness of this layer: its base deepens from ~2.5m at point B to ~5m at point C,
continues at ~6.5m from points C to D, and then decreases to ~2.5m at the point with lateral distance of 33m,
after that it remains at ~6m (dashed black line in Figure 3a). We interpreted this material as the continuous ejecta
from the CE-3 crater. This material contains numerous, chaotic, irregular layers, and hyperbolic curves. The lateral
continuity of these irregular layers is not as great as those in the reworked zone and is typically less than 3m; the
layeringmay result from irregular interface geometry or discontinuities of the dielectric properties. Theymay also

(a)

(b)

Figure 3. (a) Subsurface structure along the Yutu survey line identified from the LPR images. The dots represent buried rocks
that are identified as the vertexes of the hyperbolas in the LPR images. Four subsurface reflectors in the paleoregolith layer are
labeled as 1, 2, 3, and 4. The dashed cyan lines show a conservative base of the paleoregolith layer (based on echo strength,
corresponding to a minimum layer thickness), and reflector 2 can be regarded as the deepest base of the paleoregolith. The
deepest base of the paleoregolith over region B-D is impossible to identify because of the noise-dominated radar echoes and
is represented by the dashed black line. (b) Stratigraphic structure at the CE-3 landing site before (left) and after (right) the
formation of the CE-3 crater.
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Figure 2. Regolith stratigraphy at the CE-3 landing site re-
vealed by the lunar penetrating radar [5]. 
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Figure 3. Counted craters (left) and cumulative distribution 
of regolith thickness (right) over the CE-3 landing region [5]. 
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