
CONSTRAINTS ON THE DEPTH OF MARTIAN MANTLE TRANSITION ZONE FROM TRIPLICATED 

WAVEFORMS.  Q. Huang1,2, N. C. Schmerr1, S. D. King3, A. Rivoldini4, A.-C. Plesa5, H. Samuel6, D. Kim1, R. R. 

Maguire1, F. Karakostas1,7, V. Lekić1, M. Collinet5, R. Myhill8, D. Antonangeli9, M. Drilleau10, M. Bystricky11, C. 

Bollinger11, C. Michaut12, T. Gudkova13, J. C.E. Irving8, B. Fernando14, K. Leng14, T. Nissen-Meyer14, F. Bejina11, 

E. Bozdag2, C. Beghein15, L. Waszek16, N. C. Siersch9, J.-R. Scholz17, P. M. Davis15, P. Lognonné6, B. Pinot10, R. 
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Introduction: The knowledge of the mantle structure 

of Mars, including its thermal and compositional state, 

shed light on the formation and evolution of the planet. 

Previous mantle composition models of Mars have 

been constructed using geochemical data from Martian 

meteorites [1–6] as well as orbital geophysical data [7]. 

Using these a priori models, a seismic discontinuity 

resulting from the mineral phase transition from 

olivine to its higher-pressure polymorphs, including 

wadsleyite and ringwoodite, is predicted to exist 

between 950-1150 km depth [8–10]. This boundary 

demarcates the top of the mantle transition zone 

(MTZ) in Mars, which is equivalent to the 410-km 

discontinuity on Earth. The depth of the post-olivine 

transition is correlated with the mantle temperature due 

to its positive Clapeyron slope [10–11]. The sharpness 

of this phase transition is also sensitive to the 

temperature, iron [12] and water content [13–14] of the 

mantle. Therefore, the depth and sharpness of the 

seismic discontinuity provide invaluable insight into 

the temperature and composition of Martian mantle. 

 

Methodology: We used P and S triplications, which 

are reflected and refracted waves interacting with the 

top of the MTZ, to detect this discontinuity. Using the 

seismic data from NASA’s InSight Mission [15], we 

identified multiple low-frequency and broadband 

events that are located between 60-85 degrees [16] 

which is the epicentral distance range to observe 

mantle triplications (Figure 1). We used a polarization 

filter [17] to enhance the signal-to-noise ratio of these 

events. We then aligned them on their first P- and S-

arrivals and ordered them by epicentral distance. This 

event alignment reveals secondary phases that are 

consistent with the predicted travel-times of P and S 

triplications. 

 

Figure 1. Raypath geometry of mantle triplications in 

Mars. Teleseismic ray paths of (A) P-waves and (B) S-

waves interacting with the discontinuity near the MTZ 

depth, colored according to their bottoming depths. 

The 1000-km discontinuity is associated with the post-

olivine transition. Seismic velocity profile is based on a 

pre-landing model [18]. Triplications are formed 

between 60o - 85o from the InSight lander (blue 

triangle). Gray lines indicate the epicentral distances 

of the observed seismic events that show mantle 

triplications.  

 

We used a waveform modeling approach based on 

mineral physics models to fit the triplicated 

waveforms. To largely explore possible model space, 

we derived these mineral physics models from six 

1673.pdf53rd Lunar and Planetary Science Conference (2022)



different composition models, covering the range of 

mantle potential temperature between 1305-1705 K, 

and satisfying the planet mass and moment inertia 

constraints. We then computed synthetic waveforms 

using the spectral element method AxiSEM [19] based 

on these mineral physics models. The synthetic 

waveforms were filtered and aligned with the data 

using a cross-correlation method. After the alignment, 

we computed the correlation coefficients to quantify 

the misfit between data and synthetics. We performed 

the waveform modeling for both P and S triplications 

to search for the models with minimum total misfits.  

 

Results:  From the waveform modeling, we find a 

suite of velocity models that can fit both the P and S 

triplications. The constrained range of MTZ depth 

indicates a Martian mantle with a potential temperature 

like Earth, but relatively colder than pre-mission 

estimates. Our results are consistent with the inversion 

of upper mantle structure from InSight data [20] as 

well as the geochemical analysis of Amazonian 

volcanic rocks [21]. We also find evidence for a 

broader post-olivine transition compared to the sharp 

410-km discontinuity on Earth, confirming that 

Martian mantle is more iron-rich than Earth’s mantle. 

Combined with the thermal evolution models [22, 23], 

we further explore the initial thermal state, mantle 

rheology and mantle composition of Mars based on the 

observed range of MTZ depth.  
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