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Introduction:  Lunar impact basins are remnants 

of the bombardment in the first 700 Ma after the 

Moon-forming event (e.g. [1,2]). Thus, they serve as 

benchmarks regarding the timing and intensity of 

impact flux of large asteroids. Previous studies (e.g. [3-

4]) have shown that besides the impactor’s size, mass 

and velocity the thermal state of the crust and upper 

mantle, which is related to the cooling history of the 

Moon, significantly affected the morphometry and 

morphology of basins.  

In addition to the observed surface expression of 

basins, gravity data from the Gravity Recovery and 

Interior Laboratory (GRAIL) mission [5,6] shows 

characteristic features of impact basins located in the 

lunar highlands. Most basin structures exhibit a strong 

positive Bouguer gravity anomaly in the center, 

surrounded by a gravity low [5,7]. Previous studies 

(e.g. [3,8]) used Bouguer gravity data to estimate the 

size of given basin structures, which are thought to be 

less altered by the subsequent impact flux eroding 

structural surface features.  

We present a systematic numerical modeling study 

to investigate the influence of thermal profiles and 

different impactor sizes on the basin formation 

process. Based on gravity modeling we can draw 

conclusions from the measured gravity about thermal 

conditions and the size of the impactor at the time of 

impact for given basin structures. Since the thermal 

conditions are linked to the cooling history of the 

Moon, our models allow for a rough classification of 

basins regarding their formation time in chronological 

order. 

Methods:  We use iSALE-2D shock physics code 

and the analytical equation of state [9-12] to perform a 

systematic numerical modeling study of basin 

formation. Following our previous work [13] we use a 

two layer model (40 km or 60 km crust on top of a 

mantle) and consider temperature profiles representing 

the epochs of 4.5 Ga, 4.1 Ga and 3.8 Ga of the lunar 

evolution as a function of depth to account for different 

basin ages. We investigate the formation of 16 lunar 

farside basins and link the corresponding models to 

estimated formation ages [1, 14].  

We calculate Bouguer gravity using GRAIL 

gravity field model GL1500E [6] (spatial resolution≅4 

km) and LOLA derived topography [15] with locally 

set bulk densities for the crust [16].  

We correlate the modeled Bouguer gravity from the 

iSALE models with the observed gravity signature of 

basins. To find the best-fit model we analyze the 

similarities between the signals regarding their shapes. 

We measure the diameter of the Bouguer anomaly 

(DBA) as twice the distance between the center and the 

minimum of the anomaly. To relate the gravity 

anomaly to the basin size we measure the distance 

between the locations where the crust is the thickest 

inside the basin structure (DLCT) and the size of the 

transient crater (Dt). In turn, we derive information 

about the impactor size, target temperature and crustal 

thickness at the time of impact. 

Results:  Fig. 1 shows Dt and DLCT as a function 

of impactor size (Limp) for all 54 models dependent on 

the used temperature profiles and initial crustal 

thicknesses. For small impactors we obtain similar 

diameters independent from the thermal profile and 

crustal thickness. For Limp>40 km the DLCT-values of 

the warm profile are higher (Fig. 1b) compared to 

DLCT from cold and intermediate states. Fig. 1 shows 

that the effect of the crustal thickness is only 

secondary. 

Fig. 2 shows as an example the best-fit model (Fig. 

2b) for Hertzsprung basin with modeled and observed 

Bouguer gravity anomalies (Fig. 2a). The model 

suggests for Hertzsprung Limp=60 km, a crustal 

thickness of 60 km and an intermediate thermal state 

corresponding to an age of 4.1 Ga. DLCT is 346 km 

(Fig. 2b), DBA is 376 km (Fig. 2a) and Dt is 342 km 

(not shown here).  

Fig. 1 c relates the observed gravity data with our 

models of 16 farside basins by showing Dt as a 

function of DBA. Although the relationship between Dt 

and DBA appears to be almost linear we fitted a power-

law: Dt=1.51DBA
0.91 and neglect the small dependency 

of Dt on the different thermal states. The proposed 

scaling law allows for translating the size of the 

observed gravity anomaly into basin size, impactor 

size and thermal state at the time of impact. Example: 

An observed gravity signature with DBA=500 km leads 

to Dt≅432 km. Depending on the thermal state, Limp is 

80 km (cold/intermediate) or 90 km (warm), the 

corresponding DLCT ranges between 450 km 

(cold/intermediate) and 600 km (warm).  

Additional analysis of our models reveals that the 

ratio of DLCT/DBA is approximately 0.9 which implies 
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that the thickened crust in the numerical model and the 

minimum of the observed gravity anomaly correlate. A 

chronological classification of the modeled basins by 

comparing model ages and proposed basin ages from 

[1] and [14] reveals that our predicted formation ages 

are in agreement with literature using crater-counting 

techniques. 

Conclusion:  The results of the systematic study 

are in agreement with previous studies (e.g. [3]) 

regarding how the thermal state of the target affects the 

basin formation process and the final basin size. We 

find that crustal thickness is only of secondary 

importance. Our study shows visible temperature 

effects for Limp>40 km. The basin size (DLCT) is more 

sensitive to temperature effects than the transient crater 

size.  

As a result from fitting observed and modeled 

gravity signals, we can derive directly the transient 

crater size and the size of a given basin from GRAIL 

gravity anomalies. Furthermore, we can predict the 

size of the impactor and the thermal state at the time of 

impact. 

Our chronological classification of the models 

shows that our modeling results are in agreement with 

proposed basin ages and/or basin forming epochs for 

the investigated basins. From this we conclude that we 

can use the observed gravity anomalies and our 

modeling approach to further investigate the timing 

and intensity of impact flux of large asteroids for more 

lunar basins. 
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Fig. 1 a, b: Dt and DLCT as a function of Limp dependent on 

thermal conditions in the target and pre-impact crustal 

thickness. c: Dt as a function of DBA for the investigated 

basins with a derived scaling law (formula & dashed line). 

 
Fig. 2 Best-fit model for Hertzsprung basin. a: Observed and 

modeled gravity anomalies, annotated the minimum of 

GRAIL anomaly (black dot) and corresponding DBA. b: 

Subsurface structure with the thickened crust (DLCT, black 

dot). 
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