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this work is a part of a joint research project between the vernadsky institute, 
Moscow, russia, Brown uni-versity, providence, ri, uSa, Nanjing university, 
Nanjing, china and china university of Geosciences, wuhan, china. we 
compared and assessed the results of measurements and observations by 
the lunokhod � and yutu rovers, both of which explored the northwestern 
part of Mare imbrium [�-7,�2] (figure �). Both sites are within the distinctive 
Eratosthenian-aged lava flow geologic unit and our comparisons showed that 
the geologies of these exploration sites are very similar.

as in the majority of other areas of the Moon, the dominant landforms in these 
sites are small impact craters, having various degrees of morphologic promi-
nence and states of preservation, and rock fragments, mostly asso-ciated with 
the rims and interiors of fresh craters (figures 2 and 3). the shape and the 
degree of preservation of the observed rock fragments in these two sites are 
similar.

Fig. 3. a) Moderately rocky surface in the wSw part of the rim of the relatively large (d = 
470 m) crater Borya. in the upper part of the image the opposite internal slope of this cra-
ter is seen. the lunokhod track width is 20 cm. b) rocky surface on the western internal 
slope of crater Borya. parts of panoramas l�_d07_S04_p08 and l�_d06_S02_p03.

Fig. 1. area of work of lunokhod-� and yutu 
rover at the Nw part of Mare imbrium. image 
source: http:// www.visit-the-moon.com/ 
sinus-iridumr�3-04-05-07.

Fig. 2.typical landscape at the lunokhod-
� work area. Small craters and rock frag-
ments are dominating features. portion of 
lunokhod-� panorama l�_d09_S05_p�0.
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in both sites sporadic rock fragments were observed whose morphologies sug-
gest that their source rocks had columnar jointing (figure 4). localization of 
these specific rocks on the rims of 450-470 m in diameter craters implies that 
the source rocks are at depths of 40-50 m.

Fig. 4. fragments of rocks whose morphology suggests a columnar jointing. portions of 
lunokhod-� panora-ma l�_d05_S0�_p0� and yutu image id: ce3_BMyK_pcaMl-c- 
0�5_Sci_N_20�40��3�9�5�4_ 20�40��3�9�5�4_0008_a.

regolith in the study areas is typically a few meters thick, but locally can be 
much thicker. the ground pene-trating radar of the yutu rover revealed the mul-
tilayer regolith structure [�0,��, �3,�4], which is determined by superposition of 
crater ejecta. with some local variations, this type of the regolith stratigraphy 
should be typical of the majority of lunar mare sites. the physico-mechanical 
properties of the regolith in these two sites appear to be rather similar and 
close to values measured by prop instrument along the lunokhod-� route 
[9]: the bearing capacity ranges from 0.04 to �.44 kg/cm2, with a modal value 
~0.45 kg/cm2, and the shear strength ranges from 0.02 to 0.� kg/cm2, with a 
modal value ~0.05 kg/cm2. Both these parameters decrease by a factor of 3 to 
4 with an increase of surface slope from ~2 to �2o. the chemical composition 
of surface materials determined by the rover instruments at these two sites 
differ from those derived from the remote sensing data for the eratosthenian-
aged basalts on which the two sites are located. this could be partly due to low 
measurement accuracies, espe-cially in the case of lunokhod �, but may also 
represent real variations in the composition of the surface materi-als compared 
to returned lunar samples.
recommendations for future lunar rover missions are: �) to use ground pen-
etrating radar and a robotic arm, and 2) to employ radial study tactics for impact 
crater documentation and analysis.
Acknowledgements. 
We thank Russian Academy of Sciences/Roskosmos and the five systems in the Chi-
nese lunar exploration project and National astronomical observatories of the chinese 
academy of Sciences (Naoc) for providing the lunokhod � and chang’e-3/yutu data. 
we acknowledge NaSa lunar reconnais-sance orbiter (lro) Mission, lunar orbiter 
laser altimeter (lola) experiment team (Grants NNx��aK29G and NNx�3ao77G), 
and NaSa Solar System exploration research virtual institute (SServi) grant for evo-
lution and environment of exploration destinations under cooperative agreement number 
NNa�4aB0�a at Brown university for atB, cMp and Jwh. this research was supported 
by the National Natural Science foun-dation of china (4�422��0). discussions with  
M.i. Malenkov were very helpful.

References
[�] abdrakhimov a.M. et al., 20�4. 45th lunar and planetary Science conference. abs. 
#�239.
[2] Basilevsky a.t. et al., 20�4. planetary and Space Science. v. 92, 77–87.
[3] fa w. et al., 20�4. Journal of Geophysical research. v. ��9, No. e8, �9�4-�935.
[4] florensky c.p. et al., �97�. preliminary results of geomorphological analysis of 
panoramas. in: Mobile
laboratory on the Moon lunokhod-�. a.p. vinogradov ed. Nauka press. Moscow. 96-��5. 
(in russian).
[5] florensky c.p. et al., �972. Geomorphological analysis of the area of Mare imbrium 
explored by the automatic roving vehicle lunokhod �. Space research xii. akademie-
verlag. �07-�2�.
[6] florensky c.p. et a., �978. Geologic-morphologic studies of lunar surface. in: Mobile 
laboratory on the Moon lunokhod-�. v. 2. v.l. Barsukov ed. Nauka press. Moscow. 
�02-�35. (in russian).
[7] Karachevtseva i. et al., 20�3. planetary and Space Science. v. 85, �75–�87.
[8] Kocharov G.e. et al., �97�. lunar automatic spectrometric instrument rifMa. in: 



�9-ab

Mobile laboratory on the Moon lunokhod-�. a.p. vinogradov ed. Nauka press. Moscow. 
89-95 (in russian).
[9] leonovich a.K. et al., �978. automotive chassis of lunokhod � as instrument for the 
lunar surface study. in: Mobile laboratory on the Moon lunokhod-�. v. 2. v.l. Barsukov 
ed. Nauka press. Moscow. 25-43.
[�0] qiao l., et al., 20�5. 46th lunar and planetary Science conference. abs. #�050.
[��] Su y. et al., 20�4. research in astronomy and astrophysics. v. �4. No �2, �623-
�632.
[�2] wu y. et al., 20�5. compositional diversity and geologic context of the northwest 
imbrium region. (in preparation).
[�3] xiao l. et al., 20�5.. Science. v. 347. No 6227, �226-�229.
[�4] Zhao J N. et al., Science china - physics, Mechanics & astronomy, 20�4, 57: 569-
576.

6MS3-MN-08




