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Introduction 

Statistical analysis of the geometric properties of 

the populations of the planetary tectonic structures 

(such as faults, joints, veins, dikes and deformation 

bands) can be used to understand the basic mechanical 

controls on the growth of a wide range of these geolog-

ic structures. Some previous studies showed a relation-

ship between the maximum displacement (Dmax) and 

length (L) of fault populations on terrestrial and plane-

tary surfaces. The Dmax-L scaling can be used to de-

scribe an average long-term equilibrium stress field.  

Mare Serenitatis and Mare Tranquillitatis have 

similar perimeter and size. Mare Serenitatis formed in 

the Nectarian period, while Mare Tranquillitatis 

formed in the pre-Nectarian period. Mare Serenitatis is 

a mascon basin, and there is no mascon in Mare Tran-

quillitatis. Therefore, the wrinkle ridges in the two ma-

ria are good research subjects for comparing and con-

trasting the nature of the Dmax-L scaling and local con-

tractional strains of mare basins.  

Method 

The mechanical effects of fault linkage become 

evident if height profiles are constructed along the bor-

der fault systems by measuring the vertical offset (the 

throw) across the border fault at many individual posi-

tions. If there is a continuous increase of throw from 

the fault tip toward the area of maximum throw, which 

is located at or near the fault’s midpoint, this fault is 

thought to be a single fault. We extract the single 

ridges from the identified wrinkle ridges in Mare Sere-

nitatis and Mare Tranquillitatis, which are yellow lines 

shown in Fig.1.  

 
Fig.1 Identified wrinkle ridges (black lines) and selected 

single ridges (yellow colors, superposed on the black lines) in 

Mare Serenitatis and Mare Tranquillitatis. 

Given the height (H) and dip angle (θ) of a wrin-

kle ridge, the displacement (D) to a planar surface can 

be given by: 

                                 D = H/sinθ.      

Previous experiments suggest that thrust faults will 

be formed when dips range from 24° to 30°. Moreover, 

dip angles derived from field work for thrust faults are 

between 20° to 30°, consistent with laboratory results. 

In order to estimate the maximum total fault displace-

ment recorded at each fault, we assume that the thrust 

faults had a dip of 25°. 

D-L scaling of wrinkle ridge population 

The relationship between the maximum displace-

ment and length of a fault population can be described 

as a linear formula:  

Dmax = γL, 

where γ is a constant determined by rock type and 

tectonic setting (where n = 1, γ = c).  

The heights of 59 single wrinkle ridges in Mare 

Serenitatis are from 50 m to 650 m with an average of 

174.1 m. A linear fit to Dmax-L data for wrinkle ridge 

population in Mare Serenitatis yields a value of γ= 

1.73×10
-2 

(Fig. 2a). While in Mare Tranquillitatis, we 

only calculate the γ value of the radial group. The 

heights of 39 wrinkle ridges in the radial group range 

from 60 m to 490 m with an average of 166.9 m. A 

linear fit to Dmax-L data for them yields a value of γ = 

2.13×10
-2 

for θ = 25° (Fig. 2b). 

 
Fig.2 The Dmax-L ratios of ridge populations in Mare 

Serenitatis (a) and the radial group in Mare Tranquillitatis (b).  

According to the previous studies, the strain (ε) of 

a study area containing tectonic features can be calcu-

lated by [1]: 

 

where θ is the fault dip, A is the area of the study re-

gion, n is the total number of tectonic features. 

The contractional strains for wrinkle ridge popula-

tion in Mare Serenitatis and Mare Tranquillitatis are 

estimated to be ~0.36% and ~0.14% (for θ = 25°).  

Discussions and implications 

(1) Compared to the previous results, the con-

tractional strains for the wrinkle ridges in Mare Sereni-

tatis and Mare Tranquillitatis appear to be nearly one 

order of magnitude bigger than the strain from the 
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small scarps on the Moon. Young lobate scarp thrust 

faults indicate late-stage and smaller compression of 

the lunar crust. While wrinkle ridges suggest a long 

history of contractional deformation with higher strain 

value resulting from mare basalts emplacements.  

 (2) The values of free-air gravity anomalies [2] in 

Mare Serenitatis range from -18 to 358 mGal with an 

average of 250 mGal, higher than those of the gravity 

anomalies in Mare Tranquillitatis which range from -70 

to 120 mGal with an average of 30 mGal. We think 

that the contractional strains derived from the wrinkle 

ridges in mare basins may be affected by the existence 

of the mascon and the quantity of gravity anomalies in 

the mare basins. The Mare Serenitatis has obvious pos-

itive and negative gravity anomalies, and its concentric 

wrinkle ridges around the mare boundary can penetrate 

up to kilometer-scale in depth. Thus, Mare Serenitatis 

has a larger contractional strain for wrinkle ridge popu-

lation than the strain in Mare Tranquillitatis. 

 
Fig.3 Free-air gravity anomalies in Mare Serenitatis (a) 

and Mare Tranquillitatis (b).  

Models for the origin of stresses in mascons sug-

gest that the spatial distribution of the wrinkle ridges is 

best fit by a relatively uniform thickness of mare ba-

salts [3]. The average of basaltic thickness in Mare 

Tranquillitatis is 400 m determined by the widely dis-

tributed craters [4]. While the average basaltic thick-

ness in Mare Serenitatis is 798 m from 31 craters [5]. 

Thus, the higher value of free-air gravity anomalies and 

thicker basaltic emplacement in Mare Serenitatis may 

result in the higher contractional strain than the strain 

in Mare Tranquillitatis, although the formation of the 

Tranquillitatis basin is earlier than that of the Serenita-

tis basin. 

Except for the ridges in mare Tranquilitatis, the 

ridge groups formed with average ages between 3.5 

and 3.1 Ga ago, or 100-650 Ma after the oldest observ-

able erupted basalts where they are located [6]. But, the 

ridge system in Tranquilitatis yields an average forma-

tion time of 2.4 Ga, which is 1.4 Ga after its oldest 

surface lavas, a significantly longer period than for any 

other basin. Although, Mare Tranquillitatis (pre-

Nectarian period) is older than Mare Serenitatis (Nec-

tarian period), the formation time of the ridge group in 

Mare Tranquillitatis is earlier than that of the ridge 

group in Mare Serenitatis. The formation of ridge 

group in Mare Serenitatis takes longer time than that in 

Mare Serenitatis, therefore, the average length (28.82 

Km) and height (174.1 m) of ridge in Mare Serenitatis 

is bigger than the average length (23.04 Km) and 

height (163 m) of ridge in Mare Tranquillitatis. And 

the contractional strain of wrinkle ridge populations in 

Mare Serenitatis is ~0.36%, which is also bigger than 

the contractional strain (~0.14%) in Mare Tranquillita-

tis.  

Therefore, we think the higher value of gravity 

anomalies, thicker basaltic units and longer formation 

time for wrinkle ridge in Mare Serenitatis maybe result 

in the higher value of contractional strain, although the 

formation of Tranquillitatis basin is earlier than that of 

Serenitatis basin.  
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