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Table S1 Lower and upper limits, and step size of the parameter of interest adjusted by using the model by 

Broquet and Wieczorek [1]. 

Parameter  Lower Bound Upper Bound Step Size 

Crustal density 𝝆𝒄 (kg m-3) 2200 3200 50 

Load density 𝝆𝒍 (kg m-3) 2200 3200 50 

Loading parameter 𝑳 -1 1 0.2 

Crustal thickness 𝑻𝒄 (km) 0 150 10 

Elastic thickness 𝑻𝒆 (km) 0 150 10 
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Table S2 Estimated parameters in the five locations  of the local admittance analyses obtained by using top/bottom loading [1] and top loading 

model [2] to generate the synthetic gravity field. We report the estimates that are retrieved from a probability density distribution similar to 

Gaussian. Parameters that are undermined are classified as U or B that stand for uniform or bimodal probability density distribution, respectively.  

 
 

 

 

 

 

 

 

 

 

Spherical 

Cap Center 

Top Loading Top/Bottom Loading 

𝝆𝒄 (kg m-3) 𝑻𝒄 (km) 𝑻𝒆 (km) 𝝆𝒄 (kg m-3) 𝝆𝒍 (kg m-3) 𝑳 𝑻𝒄 (km) 𝑻𝒆 (km) 

44ºN-286ºE 2597 ± 67 U 29 ± 6 U 2670 ± 160 -0.08 ± 0.12 51 ± 37 32 ± 6 

53ºN-4ºE 2595 ± 33 U U U 2558 ± 88 0.06 ± 0.14 U 102 ± 35 

70ºN-303ºE 2510 ± 52 U 27 ± 18 U 2455 ± 223 -0.17 ± 0.43 U 46 ± 38 

72ºN-250ºE 2487 ± 39 U U U 2542 ± 125 -0.26 ± 0.31 U U 

38ºN-110ºE U 60 ± 13 5 ± 4 U 2490 ± 252 -0.56 ± 0.25 91 ± 22 B 
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Figure S1 Degree strength map (left) in a Mollweide projection centered on 0° longitude and (right) in a polar stereographic projection from 30°N-

latitude. This map was retrieved by comparing the expected acceleration profiles based on the Kaula power rule 𝐶𝑙 =
10×10−5

𝑙2  (see Eq. 2) and the 

formal errors of the covariance matrix of our unconstrained gravity solution (see Eq. 1 in the paper by [3]).  
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Figure S2 Global map of the free-air gravity anomaly (mGal) from the gravity field retrieved by constraining the measured acceleration profiles 

with the degree strength technique [3] in a Mollweide projection centered on 0° longitude. The shaded topographic relief in this figure and figures 

S3 and S4 is based on the U.S. Geological Survey (USGS) map by [4]. 
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Figure S3 Global map of the free-air gravity anomaly (mGal) from our gravity solution retrieved by constraining the harmonic degrees greater than 

10 with the power spectrum associated with gravity from topography [4] in a Mollweide projection centered on 0° longitude. These a priori formal 

uncertainties were computed by assuming a density crust of 𝜌𝑐 = 2800 kg m-3.  
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Figure S4 Global map of the free-air gravity anomaly (mGal) from gravity field HgM009 in a Mollweide projection centered on 0° longitude. The 

shaded topographic relief is based on the (USGS) map by [4]. 

 

 



 9 

 

Figure S5 Gravity/topography local correlation and admittance spectra on a spherical cap centered at (left) 

38°N-latitude and 110°E-longitude, (center) 60°N-latitude and 290°E-longitude, and (right) 64°N-latitude 

and 319°E-longitude. These profiles are obtained by assuming a spherical cap radius of 20˚, a concentration 

factor of 99.9%, and a spherical harmonic expansion 𝑙𝑚𝑎𝑥 based on the degree strength map (Figure S1). 

Each localized spectral admittance is computed with a gravity field determined by using the Kaula 

constraint with a scale factor Ak equal to 5 (cyan), 10 (blue) and 20 (red). Vertical gray lines show the 

degrees range between 𝐿𝑤𝑖𝑛 and 𝑙𝑚𝑎𝑥 − 𝐿𝑤𝑖𝑛. 
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Figure S6 Gravity/topography local correlation and admittance spectra on a spherical cap centered at (left) 

38°N-latitude and 110°E-longitude, (center) 60°N-latitude and 290°E-longitude, and (right) 64°N-latitude 

and 319°E-longitude. These profiles are obtained by assuming a spherical cap radius of 20˚, a concentration 

factor of 99.9%, and a spherical harmonic expansion 𝑙𝑚𝑎𝑥 based on the degree strength map (Figure S1). 

Each localized spectral admittance is computed with a gravity field determined by using the Kaula 

constraint with Ak equal to 5 (red), acceleration constraint based on the degree strength technique (cyan) 

and gravity from topography constraint (blue). Vertical gray lines show the degrees range between 𝐿𝑤𝑖𝑛 

and 𝑙𝑚𝑎𝑥 − 𝐿𝑤𝑖𝑛. 
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Figure S7 Gravity/topography (left) correlation and (right) admittance spectra on a local spherical cap 

centered at 38°N-latitude and 110°E-longitude with a radius of 20˚, a concentration factor of 99.9%. The 

gravity fields used in this localized admittance analysis are HgM008 (cyan) [5], HgM009 (red) and 

Mess160a (blue) [6]. Vertical gray lines show the degrees range between 𝐿𝑤𝑖𝑛 and 𝑙𝑚𝑎𝑥 − 𝐿𝑤𝑖𝑛, which is 

equal to 𝑙𝐷𝑆=59 (Figure S1). 
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Figure S8 Gravity/topography (left) correlation and (right) admittance spectra on a local spherical cap 

centered at 60°N-latitude and 290°E-longitude with a radius of 20˚, a concentration factor of 99.9%. The 

gravity fields used in this localized admittance analysis are HgM008 (cyan) [5], HgM009 (red) and 

Mess160a (blue) [6]. Vertical gray lines show the degrees range between 𝐿𝑤𝑖𝑛 and 𝑙𝑚𝑎𝑥 − 𝐿𝑤𝑖𝑛, which is 

equal to 𝑙𝐷𝑆=104 (Figure S1). 

  

10 20 30 40 50 60 70 80 90 100 110 120
0.4

0.5

0.6

0.7

0.8

0.9

1

10 20 30 40 50 60 70 80 90 100 110 120
0

10

20

30

40

50

60

70

80

90

100



 13 

Figure S9 Gravity/topography (left) correlation and (right) admittance spectra on a local spherical cap 

centered at 64°N-latitude and 319°E-longitude with a radius of 20˚, a concentration factor of 0.999. The 

gravity fields used in this localized admittance analysis are HgM008 (cyan) [5], HgM009 (red) and 

Mess160a (blue) [6]. Vertical gray lines show the degrees range between 𝐿𝑤𝑖𝑛 and 𝑙𝑚𝑎𝑥 − 𝐿𝑤𝑖𝑛, which is 

equal to 𝑙𝐷𝑆=105 is given by the degree strength map (Figure S1). 
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Figure S10 Histogram of the local spherical cap center latitude of the 230 analyses that met the 

requirement 𝑅𝑀𝑆𝑚𝑖𝑠𝑓𝑖𝑡 < 𝜎̅. The 65% of these analyses are above 60∘N-latitude, where the resolution of 

Mercury’s gravity field is higher. 
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Figure S11 Radius (𝜃) and center latitude of the spherical cap windowing of the 230 admittance spectra 

that fit the localized admittance predicted by a spherical shell model based on surface loads [2]. Colors 

show the spherical harmonic expansion of the gravity field, 𝑙𝐷𝑆, based on the degree strength map (Figure 

S1). 

  

10 15 20 25
35

40

45

50

55

60

65

70

75

70

80

90

100

110

120

130

140

150



 16 

 
Figure S12 Gravity/topography (a) correlation and (b) admittance spectra on a local spherical cap centered 

at 45N-latitude and 15E-longitude with a radius of 12˚, a concentration factor of 99.9%. Red lines are the 

correlation and admittance spectra predicted by the top loading model (presented in Section 2.3) that 

provides the best fit with the observed admittance. Vertical gray lines show the degrees range between 𝐿𝑤𝑖𝑛 

and 𝑙𝑚𝑎𝑥 − 𝐿𝑤𝑖𝑛 = 𝑙𝐷𝑆, where 𝑙𝐷𝑆 is based on the degree strength map (Figure S1). 
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Figure S13 Correlations between gravity and topography localized on a spherical cap with varying radii 

(𝜃) of 18∘, 20∘, and 25∘. Each localization windowing is carried out with a concentration factor of 99.9% 

that leads to 𝐿𝑤𝑖𝑛 = 18, 16 and 13 for 𝜃 = 18∘, 20∘, and 25∘, respectively. Dashed lines show the range of 

investigated range of degrees between 𝐿𝑤𝑖𝑛 and 𝑙𝑚𝑎𝑥 − 𝐿𝑤𝑖𝑛 = 𝑙𝐷𝑆, where 𝑙𝐷𝑆 is based on the degree 

strength map (Figure S1). 
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Figure S14 Correlation and admittance spectra of the gravity and topography localized on a spherical cap 

centered at 286ºE longitude and 44ºN latitude. The details of the localization windowing are presented in 

the caption of Fig. 3. The predicted admittance is based on synthetic gravity fields that are computed by 

assuming top/bottom loads modeling (e.g., [1]). 
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Figure S15 Histograms for the parameters of interest that are estimated through the admittance analysis of 

gravity and topography localized on the spherical cap described in the caption of Fig. 3. The predicted 

admittance spectrum is based on the top loads modeling as discussed in Sec. 4. The estimates of these 

parameters are: crustal density 𝜌𝑐 = 2762 ± 296 kg m-3; load density 𝜌𝑙 = 2670 ± 160 kg m-3; loading 

parameter 𝐿 = −0.08 ± 0.12; crustal thickness 𝑇𝑐 = 51 ± 37 km; and elastic thickness 𝑇𝑒 = 32 ± 6 km. 
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Figure S16 Correlation and admittance spectra of gravity and topography localized on a spherical cap 

centered at 53ºE longitude and 4ºN latitude. The details of the localization windowing are presented in the 

caption of Fig. 5. The predicted admittance is based on synthetic gravity fields that are computed by 

assuming top/bottom loads modeling (e.g., [1]). 
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Figure S17 Histograms for the parameters of interest that are estimated through the admittance analysis of 

gravity and topography localized on the spherical cap described in the caption of Fig. 5. The predicted 

admittance spectrum is based on the top loads modeling as discussed in Sec. 4. The estimates of these 

parameters are: 𝜌𝑐 = 2534 ± 288 kg m-3; 𝜌𝑙 = 2558 ± 88 kg m-3; 𝐿 = 0.06 ± 0.14; 𝑇𝑐 = 90 ± 45 km; 

and 𝑇𝑒 = 102 ± 35 km. 
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Figure S18 Correlation and admittance spectra of gravity and topography localized on a spherical cap 

centered at 303ºE longitude and 70ºN latitude. The details of the localization windowing are presented in 

the caption of Fig. 7. The predicted admittance is based on synthetic gravity fields that are computed by 

assuming top/bottom loads modeling (e.g., [1]). 
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Figure S19 Histograms for the parameters of interest that are estimated through the admittance analysis of 

gravity and topography localized on the spherical cap described in the caption of Fig. 5. The predicted 

admittance spectrum is based on the top loads modeling as discussed in Sec. 4. The estimates of these 

parameters are: 𝜌𝑐 = 2472 ± 272 kg m-3; 𝜌𝑙 = 2455 ± 223 kg m-3; 𝐿 = −0.17 ± 0.43; 𝑇𝑐 = 83 ± 44 km; 

and 𝑇𝑒 = 46 ± 38 km. 
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Figure S20 Correlation and admittance spectra of gravity and topography localized on a spherical cap 

centered at 250ºE longitude and 72ºN latitude. The details of the localization windowing are presented in 

the caption of Fig. 9. The predicted admittance is based on synthetic gravity fields that are computed by 

assuming top/bottom loads modeling (e.g., [1]). 
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Figure S21 Histograms for the parameters of interest that are estimated through the admittance analysis of 

gravity and topography localized on the spherical cap described in the caption of Fig. 5. The predicted 

admittance spectrum is based on the top loads modeling as discussed in Sec. 4. The estimates of these 

parameters are: 𝜌𝑐 = 2652 ± 290 kg m-3; 𝜌𝑙 = 2542 ± 125 kg m-3; 𝐿 = −0.26 ± 0.31; 𝑇𝑐 = 98 ± 41 km; 

and 𝑇𝑒 = 77 ± 45 km. 
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Figure S22 Correlation and admittance spectra of gravity and topography localized on a spherical cap 

centered at 110ºE longitude and 38ºN latitude. The details of the localization windowing are presented in 

the caption of Fig. 11. The predicted admittance is based on synthetic gravity fields that are computed by 

assuming top/bottom loads modeling (e.g., [1]). 
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Figure S23 Histograms for the parameters of interest that are estimated through the admittance analysis of 

gravity and topography localized on the spherical cap described in the caption of Fig. 11. The predicted 

admittance spectrum is based on the top loads modeling as discussed in Sec. 4. The estimates of these 

parameters are: 𝜌𝑐 = 2665 ± 285 kg m-3; 𝜌𝑙 = 2490 ± 252 kg m-3; 𝐿 = −0.56 ± 0.25; 𝑇𝑐 = 91 ± 22 km. 

The elastic thickness shows a bimodal probability distribution with two peaks at 15 km and 75 km, 

respectively.  
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Figure S24 Maps of the lateral variations of the (left) crustal thickness and (right) its uncertainty in a polar stereographic projection from 30ºN-

latitude. This map is obtained by assuming surface loads only. Grey colors show regions where the localized admittance spectra do not allow to 

constrain the crustal density. 

  



 29 

 

Figure S25 Maps of the lateral variations of the (left) elastic thickness and (right) its uncertainty in a polar stereographic projection from 30ºN-

latitude. This map is obtained by assuming surface loads only. Grey colors show regions where the localized admittance spectra do not allow to 

constrain the crustal density. 
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