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Introduction:  China’s Lunar Exploration Project 

has acquired a huge amount of data that can be used to 

compile lunar geotectonic outline map. Select the 

northweatern Mare Imbrium and Sinus Iridum as the 

typical research area to compile the lunar structure 

outline because this area owns considerable research 

data acquired by Chang’e 1, 2 and 3, including landing 

site information. To compile the structure outline map, 

we  developed  China’s own geologic mapping codes, 

standard and process flow of the moon by reference to 

the international codes and standards regarding the 

geologic mapping of plannets [1]. 

Research area: The lunar LQ-4 area is located in 

the lunar mare area at the near side of the Moon. The 

high and mid-latitude area includes the north of the 

Mare Imbrium, the whole Sinus Iridum and the north-

east of Oceanus Procellarum, with the longitude and 

latitude range of 30°~65°N and 0°~60°W respec-

tivly.The major terrain units of the area include such 

main mountains as the Montes Jura, the Alpes and the 

Tenerife Mountains, as well as such famous craters as 

Plato, Harpalus and Sharp craters. This area is domi-

nated by mare basalt, lunar highland anorthosite, 

KREEP-rich rock and impact lava, etc. The mare basalt  

accounts for about 70% of this area. The highland an-

orthosite in this area was strongly modified by the 

knock-on effect, so it is different from that differentiat-

ed in the early stage of the Moon. 

Data and Method:  We used the CCD image data 

of Chang’e 1 as a geographic map, as well as such mul-

ti-source data as interference imaging spectrometer 

data, gamma ray spectrometer data, laser altimeter data, 

LROC wide-angle images and Clementine CLGM-2 

data to construct a mapping database, produce a  re-

mote sensing shadowgraph covering the entrie lunar 

surface at the scale of 1∶2.5 M, manage to extract 

such mineral components on the near side of Moon as 

Al2O3, FeO, TiO2 , MgO, plagioclase and pyroxene, 

complete extraction and classification of the circular 

and linear structures based on the topographic charac-

tersitics and formation mechanism of the Moon, and 

finish the crater-based ( from scale and density) dating 

of geological units on the lunar surface. 

Tectonic elements and magma movement: The 

structure outline map of Sinus Iridum quadrangle (LQ-

4) has completed the integration research on such con-

tents as mineral spectral component extraction, linear 

structure extraction, circular structure extraction, rock 

types, tectonic unit division, stratigraphic unit, lunar 

chronology and lunar evolution history. 

Linear structure. The linear structures are such tec-

tonic phenomenon of linear extension on the lunar sur-

face, featuring another important kind of tectonic struc-

tures except for annular structures [2]. It can reflect the 

moon-wide or regional tectonic characteristics and 

stress state, as well as the moon internal geological 

information to some extent, boasting important in-

structtion meaning for research on the tectonic evolu-

tion of the moon. Currently, there is no unified stand-

ard for classification of the lunar linear structures. 

Therefore, according to the formation causes of various 

linear tectonic elements, in reference to the Interna-

tional Astronomical Union (IAU) planet naming rules 

and the US geological map classification scheme, the 

current mapping follows various characteristics and 

identification  marks of linear structures, various data 

has been comprehensively utilized to interpret 9 kinds 

of linear structures of the LQ-4 area as follows: ridges, 

rilles, garbens, fractures, catena, mons, rupes, col-

lapsed strucutres and other linear structures [3]. 

Circular structure. The circular structures are of 

important significance for revealing the tectonic evolu-

tion of region. The moon is most importantly and obvi-

ously characterized by annular structures and the most 

leading annular structures are impact creaters on the 

moon, followed by a small number of volcanic vents 

located in the center of relatively large impact craters, 

but fewer lunar mare domes. The impact craters are 

different in size, ranging from microscopic pits formed 

by soil particles on the surface to large basins with di-

ameter up to hundreds of kilometers. Therefore, ac-

cording to the diameter and morphology of circular 

structure can be classified into 6 categories : simple 

impact crater, complex impact craters, residual impact 

crater, large impact basin edge, lunar mare dome, vol-

canic vent [4]. 

Basin constructuion and basalt activities. In this 

area, the material compositon mainly includes basin 

construction and lunar mare basalts. The basin con-

struction is mainly formed due to impact events in the 

Mare Imbrium basin and mainly distributed locally in 

the crater area of the Mare Imbrium basin and in the 

Oceanus Procellarum – Mare Frigoris northern lunar 

land area, as well as such ancient hills exposed in the 

basalt area, which may be the major compontes of the 

basin construction. The Mare Imbrium basin craters are 
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also subject to transformation of the Sinus Iridum and 

Plato impact craters. 

The basalt filling movement is an important geolog-

ical event in the LQ-4 Area, mainly happening in the 

Mare Imbrium basins, Oceanus Procellarum areas and 

Mare Frigoris areas. The basalt exposed in the areas 

were mainly produced during the period from late 

Mare Imnbrium to Eratoshenian and can be classified 

as follows according to the TiO2 contents in basalt: 

high titanium basalt (TiO2 >= 7.5%), medium titanium 

basalt (4.5% < TiO2 <7.5%) and low titanium basalt 

unit (TiO2 < 4.5%), etc. The medium-high titanium 

lunar mare basalts are mainly distributed in the western 

half of the Mare Imbrium Basin and within the area of 

the Oceanus Procellarum neighboring the crater in the 

Mare Imbrium Basin; However, the low titanium lunar 

mare basalts are mainly distributed at the northeast of 

the Mare Imbrium Basin, as well as within the Sinus 

Iridum, Plato crater, Mare Frigoris and Oceanus Pro-

cellarum[5].  

Tectonic Units: According to the lunar regional 

landform characteristics, image features, chemical 

composition and distribution of various structure ele-

ments in the LQ-4 area, the first-order tectonic units 

are divided into lunar mare tectonic units and lunar 

land tectonic units. The lunar mara tectonic units can 

be divided into such two types of secondary tectonic 

units as follows depending on whether such units are 

obviously subject to large basins or not: Mare Imbrium 

basin tectonic units and analogous lunar mare basin 

tectonic units. According to the structure properties 

and tectonic structure position, the lunar land tectonic 

units can be divided into vast moon land tectonic units 

and one second-order tectonic unit. According to the 

distribution features of the structural elements in the 

Mare Imbrium basin tectonic units, the Mare Imbrium 

tectonic units can be divided into such three third-order 

tectonic units as Mare Imbrium central tectonic units, 

Mare Imbrium rim tectonic units and Mare Imbrium 

crater tectonic units. The analogous lunar mare basin 

tectonic units can be divided into Oceanus Procella-

rum-Mare Frigoris three third-order tectonic units. In 

this area, the vast moon land tectonic units are divided 

into Oceanus Procellarum - Mare Frigoris north moon 

land tectonic units [6]. 

History of tectonic evolution: According to the 

comprehensive analysis, the geological evolution histo-

ry of the LQ-4 area can be divided into the following 

four stages: 

Early stage of lunar magma ocean. After the crys-

tallization of magama ocean, this area was seriously 

transformed due to later impacts and magma movement, 

so almost no original crust still exists, nor vast high-

land tectonic units, and the area is generally located on 

the far side of the moon. 

Stage of major impacts  –  formation of the Ocea-

nus Procellarum giant impact basins and Mare Imbri-

um basins. In this stage, at the action of large meteorite 

impacts, the Oceanus Procellarum giant impact basins 

and Mare Imbrium was formed. Its periphery crater 

area takes on the characteristics of the KREEP rock 

composition, which indicates that the residual deep-

buried KREEP substances were excavated due to the 

knock – on effect of the Oceanus Procellarum and 

Mare Frigoris. Then, the Sinus Iridum and Palto crater 

were formed accordingly. At this satge, the general 

structural framwork of this area was eventually formed. 

Lunar Mare basalt filling. After the stage of major 

impacts, the LQ-4 area mainly experienced the filling 

movement of lunar mare basalts and formed first-order 

lunar mare tectonic units. In this stage, the Oceanus 

Procellarum and Mare Imbrium was filled by lava, as 

well as the northern area of the Mare Frigoris. The 

Sinus Iridum, Plato crater were also covered by the 

lunar mare basalts at the late Mare Imbrium. With the 

filling of lava into mare, it aslo provided the chance to 

form the ridge sturcures. 

Stage of tectonic deformation. During filling of the 

lunar mare basalts and later, tectonic deformation 

ceaselessly happened under the joint action of the re-

gional tectonic stress and external force, the circular 

structures are mainly impact craters formed due to ex-

ternal impacts and the impact effect never stopped dur-

ing different historical periods of the moon. However, 

various ancient linear structures may be covered or 

destroyed due to impact effects and basalt filling, but 

all kinds of linear structures since the Imbrium Epoch 

were preserved relatively intact. Especially the ridge 

structures mainly happened in the late Imbrium Epoch 

and later and even some were formed during the Co-

pernicus Epoch, which indicates that this area was sub-

ject to a strong extrusion system during this period and 

possibly affected by the lunar-wide thermal state evolu-

tion and the local equilibrium effect of gravity. The 

spacial arrangement pattern of the ridge structures to a 

certain extent reflects the geometrical morphology of 

the base, featuring the comprehensive production of the 

base and regional stress. 
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