EINSTEIN Towards constraining Mars’ thermal evolution using machine learning
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 Mixture Density Networks (Bishop 1994) provide a probabilistic
framework for inverse problems in Geodynamics (e.g. Atkins et
al. 2015).

Convection Model  Using 6130 2D simulations of the thermal evolution of Mars'

-

. O — 0 interior run in GAIA (Huttig et al. 2013), we invert present-day
/ \ . synthetic observables to constrain key parameters as defined by
Parameters —V'p' + V- [77’ (V’u’ + (V'u’) )} Surface heat flux the log-likelihood.
e [101°, 10%%] Pa s 3 CMB heat flux
Nret [ ] + | Ra Ofl T _ Z Rbl Fl e, = ()’ : : . . . : .
A e[1, 50] . — Radial contraction » Reference viscosity, crustal enrichment in heat-producing
T;€ (1600, 1800] K DT, o Melt produced elements and initial mantle temperature can be well constrained.
E €[10°, 5x10°] J mol- Dt V- (BVTY) = Dia (T + To) u Elastic lithospheric
V4 . 3 .
(e [4x107°, 10x10°¢] m3 m(ﬁ D P _ ZDZ' Iib, DFZW thickness * Activation energy of diffusion creep can be weakly constrained,;
fa = fa D \Duration of volcanism/ constraining activation volume requires new observational

signatures.

1800 1

Nref 3 V N Tini

22 3 _
- _ 17501
2 i o observables %21 %15 992 4. %08 g
o ™ 1650-
© 2 1 - / ‘u ‘__ﬂ: ..
% Q. 96.50% 96%% '9583 96%{ '95%9 YT 20 21 22 Y19 20 21 22 Mo 20 21 22 19 20 21 22
= i - - - - 109(Nrer) [Pa s] 109(Nrer) [Pa s] 109(Nrer) [Pa ] 109(Nrer) [Pa s]
/ Observables \ £ 20 0.20 0.16 -0.03 0.41 -0.03 50 1800 1
Qs £0.03 +0.00 +0.00 +0.00 +0.00 40- 1750
Surface heat flux e 30 Z 700
CMB heat flux 19 Q., O 2690% 0.18 = ig F":'E = 1650
: : 19 T | fi 107105 3><o5 ><1o5 905 3x10° 5x10° " °0%0° 3x10° 5x10°
Radial contraction True e 0.19 5 £ 1) mol- £ 1) mol-] £ 1) mol
' ' th’ +0.01
Melt produced _g 5 log(nrer) [Pa s]; MDN — Cr s 8. 50 1800
o 1> FTY = i« .
. . . c o R 4 6 0.25 p 30 \V4 —_—
Elastic lithospheric = s Qc: Qs, Rin, De BEXON 0702 + <3 = 1700
' 7 _ . Q ™~ 1650
thickness < Training 521 N o1 2] =
@ration Of VOlcanisy S -0.5- ———- Validation "d OCo OS: Rth. De. Dmelt--~ 0.02 BE1NE 16 7| 4><10—67><310—6_11o—5 4x10-67>;10-6_110-5
re) _ Prior Ioglop(p|o) VIm> mol™*] VIm> mol™*]
-1.5+ 1 E 1 0f B 1800
\ 0 @ 200000 / & 20- Qc: Qs: Rens De. Dimetts tuoic |5 96.3071 %90 ol
Epochs B 00 X \ 4
' —~ 17001 y
1,57 0.65 0.13 ¥ 1 -16 7 =
19 . . | Qc Qs, Rthy Dey Dmeits tuoic Tprof +0.02 +0.13 DN EORY - 1650 1 -
19 20 >1 5 Posterior /ogi1op(p|O) oo
1 10 20 30 40 50
True Parameters A
Acknowledgements Complete paper Researchgate References
%0 ® o %"t ° o3% $°% 32 oe°*°28 1. Image  top right: “InSight Mission Overview.” NASA, NASA, 30 Nov. 2018,

We acknowledge the support of the Helmholtz Einstein International Berlin Research
School in Data Science (HEBRIDS), DLR and TU Berlin, as well as the North-German
Supercomputing Alliance (HLRN) for providing the HPC resources.

000 HEIBRIDS # ﬂﬁ

0 l | 0 HELMHOLTZ EINSTEIN INTERNATIONAL
BERLIN RESEARCH SCHOOL IN DATA SCIENCE

mars.nasa.gov/insight/mission/overview/.

2. Huttig, C., Tosi, N., & Moore, W. B. (2013): An improved formulation of the incompressible Navier-Stokes
equations with variable viscosity. Physics of the Earth and Planetary Interiors, 220, 11-18.

3. Atkins, Suzanne, et al. “Using Pattern Recognition to Infer Parameters Governing Mantle Convection.”
Physics of the Earth and Planetary Interiors, vol. 257, 2016, pp. 171-186., d0i:10.1016/j.pepi.2016.05.016.

4. Bishop, Christopher M. “Mixture Density Networks.” Neural Computing Research Group, Feb. 1994,
doi:https://www.microsoft.com/en-us/research/wp-content/uploads/2016/02/bishop-ncrg-94-004.pdf.




