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Figure 1 (Color online) Locations of the three soft-landing sites in
Mare Imbrium region. The context map is colored LROC WAC DEM
(GLD100) overlain on LROC WAC low-sun global mosaic. The panel
is projected into oblique equidistant cylindrical projection, with center
line of 35°N, and center meridian of 15°W.
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Figure 2 (Color online) Traverse route of Lunokhod 1 rover. The upper panel shows the topographic profile derived from LROC NAC DTM [9].
The context map is colored DEM overlain on LROC NAC orthoimage, in which blue color means lower elevation and yellow color means higher
elevation. The black points mark the landing site and final stop of Lunokhod 1 rover, and the black arrows indicate the traverse directions of the rover.

B 3 (MZRRRED) T BRAE 1S IR X R 3RS AE
BT A FUHHLEA R L1_D09_S05_P10, b L1 0% HBk%: 1
5, D09 ATAEREL, SO5 MR TAEK B, P10 A4 RARKL
FEZTARB BB B BRI 5, T30 ARG 1 SR
B E R I g 5 HUHE

Figure 3 (Color online) Portion of panorama camera image frame
L1_D09_S05_P10 shows typical geomorphology at the Lunokhod 1
exploration region. Here and below, the panorama camera images are
named by: Ll-Lunokhod 1, DO09-lunar working day number,
DO5—-number of the working session during this lunar day, P10-number
of the panorama camera image taken in this working session.
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Figure 4 (Color online) Classification on the morphology of small
impact craters at the Lunokhod 1 exploration region. Portions of
panorama camera image L1_DO08_S03_P05, L1_D10_S03_P04,
L1_D09_S02_P03, L1_D03_S07_P15 and L1_D_032_S04_P25,
correspondingly. Typical depth/diameter ratios and maximum slope
angel of the crater wall are shown at the right column of the panel.
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Figure 5 (Color online) (a) Portion of panorama camera image
L1_D07_S04_P08 shows the WSW rim of the crater Borya, with
moderate rock abundance; (b) western wall of crater Borya with higher
rock abundance, portion of panorama camera image L1_D06_S02_P03.
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Figure 6 (Color online) A boulder exposed at the WSW rim of crater
Borya, obvious columnar jointing is observed (white arrow). Portion of
panorama camera image L1_D05_S01_PO1.
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Figure 7 (Color online) panorama camera image L1_D1_S04_P10.
The left portion of this panel shows the lunar surface behind the rover,
and the right portion shows the surface ahead. The circular object in the
center of the image marks the rotating angle of the panorama camera
(white arrow). (b) and (c) are locally enlarged images of the left and
right parts of (a), respectively.
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Figure 8 (Color online) Apollo 15 landing area and traverse path
shown on LROC NAC image M106855508L/R. The white arrow marks
the location of Lunar Module, and the white curves (EVA 1/2/3)
illustrate the traverse paths during the three extravehicular activities.
The numbers along the paths label the number of sampling sites. Image
credit: Arizona State University.
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Figure 9 (Color online) Typical landforms at Apollo 15 exploration
region. The mountain in the distance is Mt. Hadley. Two sets of
lineaments with direction of NE-SW and NW-SE, respectively, are

observed (marked by white dashed lines). Hasselblad 70 mm image
AS15-87-11750.
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Figure 10 (Color online) A crater with massive boulders exposed
within at the Station 9, Apollo 15 landing area. (a) A mosaic of this
crater based on Hasselblad 70 mm images AS15-87-11076-11089. The
mountain in the left distance is Mt. Hadley, Hadley Delta is in the right
distance, and Swann Hills is in the middle; (b) well-developed bench
structure at the crater wall, Hasselblad 70 mm image AS15-87-11097;
(c) boulders exposed within the craters, Hasselblad 70 mm image
AS15-87-11082.
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Figure 11 (Color online) Vesicular structure observed in the basaltic
rock at Apollo 15 exploration area, Hasselblad 70 mm image
AS15-87-11190.
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Figure 12 (Color online) Bedded basaltic deposits exposed at the wall
of Hadley Rille, and larger boulders present at the rille floor and rim,

columnar jointing structure is observed at some of these boulders
(marked by white arrows). Hasselblad 70 mm image AS15-89-12115.
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Figure 13 (Color online) Astronaut footprints on the lunar regolith at
the Apollo 15 landing area, indicating various mechanical properties at
different sites. (a) Moderately firm regolith at Station 1 (AS15-87-
11534); (b) soft regolith at Station 2 (AS15-87-11424); (c) very soft

regolith at Station 6 (AS15-87-11654); (d) medium-strong regolith at
the landing site (AS15-87-11599).
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Figure 14 (Color online) LROC WAC image shows the Chang’E-3
landing site. The dashed white curve marks the boundary between the
medium-titanium basalts at the landing area and the northern

low-titanium basalts. The image is projected into lambert conformal
projection and centered at 44.47°N, 19.49°W.
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Figure 15 (Color online) Mosaic of Chang’E-3 panorama camera images shows the crater Zi Wei, with diameter of ~450 m. The large boulder
(Loong Rock) in the near part of this image is about 4 m in length, and 1.5 m in height.
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Figure 16 (Color online) (a) Image of the right part of the Loong
Rock; (b) detailed texture characters of Loong Rock, coarser mineral
particles and microcraters (white arrows) are observed; (c) Lunar basalt
sample 15555 collected by the Apollo 15 mission, white arrows point to
microcraters.
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Figure 17 (Color online) Massive boulders exposed at the wall and
rim of crater Zi Wei, Chang’E-3 landing area, some of these boulders
present obvious columnar jointing structures (white arrows). (a) Areas
near the northeastern rim crest, Chang’E-3 panorama camera image
20140113191104; (b) areas near the southern rim crest, Chang’E-3
panorama camera image 20140113191458.
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Figure 18 (Color online) Sketched geological cross section of the Chang’E-3 landing site [35].
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Figure 19 (Color online) (a) Chang’E-3/Yutu panorama camera
image of the lunar surface near the landing site. The white dashed lines
mark the two sets of lineaments with direction of NW-SE and
NEE-SWW, respectively (Chang’E-3 panorama camera image
20131224192152); (b) Hasselblad 70 mm image AS15-85-11374HR of
the lunar surface at the foot of Mt. Hadley of Apollo 15 landing area.

The white dashed lines also show the two set of lineaments with
direction of NE-SW and NW-SE, respectively.
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Figure 20 Schematic diagram of the model experiments for lunar
lineaments. (a) Overhead view and (b) side view of the experimental
setup. a is defined as the horizontal angle between the light source and
the camera, a=0° when the light source and camera are in the same
direction, and then increases clockwise to 360°. f is the incidence angle,
defined as the angel between light path and horizontal plane. y is the
camera observing angles, defined as the angle between the scattered
light path and the horizontal plane.
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Figure 21 (Color online) Obvious lineaments observed on the lunar
regolith simulant (a=315°, f=0°, y=0°). The white dashed lines mark
the two set of lineaments with different directions.
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Figure 22 (Color online) Lineaments at the critical state of
observations (a=270°, f=60°, y=25°).
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Figure 23 (Color online) Small craters and associated ray formations
produced by simulated impacting process and rocket jets. The larger
crater in the upper center of the image is produced by simulated
impacting process, and the smaller crater in the right is produced by
simulated rocket jets. One can readily observe the radial distribution
pattern of lineaments produced by these two types of processes.
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Geological investigations of Luna 17, Apollo 15 and Chang’E-3
landing sites at Mare Imbrium of the Moon

QIAO Le', LIU XiaoQian, ZHAO JianNan, WEI Yu & XIAO Long

Planetary Science Institute, China University of Geosciences, Wuhan 430074, China

The Imbrium basin is one of the most prominent geologic units on the lunar nearside, and also significant exploration
target for soft-landing missions. Till now, three lunar missions, USSR’s Luna 17, American Apollo 15 and Chinese
Chang’E-3, have successfully soft-landed and conducted surface investigation at this basin. Employing the surface
images and other data acquired by the three missions, we analyze the geologic characteristics of the three landing
sites, mainly focusing on the regional geologic context, impact craters, surface boulders and regolith materials. We
find that, the Lunar 17 and Chang’E-3 spacecraft landed on the relatively younger Eratosthenian mare basalt units,
respectively, where massive basaltic bedrocks are exposed at the wall and rim of some small craters, and some of
these exposed boulders present columnar jointing, while the Apollo 15 landed on the relatively older Imbrian lava
plains, where surface boulders are seldom present. There exposed some layered basalts at the wall of the Hadley Rille,
and columnar jointing structure is also observed at some boulders exposed at the rille floor and rim. We observe some
possible lineaments on the surface images. We propose that these possible lineaments are caused by slightly undulant
lunar surface illuminated under relatively low sun elevation angles, which is supported by our simulation experiments.
The comparison of the three landing sites indicates that impacting history, volcanic activities, space weathering and
other important geologic processes are regionally and locally inhomogeneous on the Moon, future lunar surface
in-situ and sample-return missions will strengthen our understanding of the geologic evolutionary history of the
Moon.

Mare Imbrium, Moon, Chang’E-3, geologic characteristics, lunar exploration
PACS: 96.20.Dt, 96.20.Ka, 96.12.Xy, 96.20.Br
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