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1. Introduction & Geotectonic Background

e Mongolia is an ideal natural laboratory for studying intracontinental
deformation and volcanism since it is far from major tectonic
boundaries.

e We are investigating the lithospheric properties and architecture
beneath this region with magnetotelluric (MT) measurements and
two- and three-dimensional models of electrical resistivity.

e We report on new measurements and models across Mongolia.
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AFig. 1. Tectonics of Mongolia and the Central Asian Orogenic Belt,
modified from Guy et al. (2024).
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2. MT Data Acquisition and Processing

e 378 new BB MT sites installed to the east, west, and north of the
Hangai Dome (collected in 2020-2023) complement 328 sites
previously collected (2016-2018) across Central Mongolia (see Fig.
3; Comeau et al., 2018; Kaufl et al, 2020).

e The data was processed using a robust processing scheme based on
the M-estimator and a minimal covariance determinant method (Fig.
2; see also Rigaud et al., 2023).

e Responses were improved using a multi-taper processing approach at
periods > 1 sec and a coherency threshold at periods < 1 sec (Fig.
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AFig. 2. Example of the MT processing scheme at
measurement site -5650.



3. Methodoloqgy: 3-D Inversion

e We used 129 of the new measurements with 97 previously acquired
measurements to generate a new regional 3-D resistivity model with
average station spacing of 50 km.

e Inversion was performed using GEMMIE 3-D integral equation solver
(Kruglyakov & Kuvshinov, 2022) following a two-stage cooling
regularization approach. At first, we used a regularization parameter
of 10 until convergence. Then, we smoothed the final model of this
stage and used it as input model of the next stage with regularization
parameter of 1.

e We inverted responses at 12 periods between 1 and 10000 sec.

e The starting model was obtained from the 1-D inversion of the averaged
ssq impedances (cf. Kaufl et al, 2020).

e The model comprised a volume of 1248x896x200 km3 and was
discretized in 312x224x24 cells. Inversion was performed using 624
cores.

e The final root mean square error (RMSE) was of 1.91, for a 5% error
floor applied to the data.
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AFig. 3: MT measurements in Mongolia (2016-2023; triangles). Faults
are grey lines; earthquake (magnitude 6-8.5) focal points are red stars;
black arrows represent GPS-derived motion (Calais et al., 2002). Red
marks Cenozoic basalts (Sahagian et al 2016); orange squares indicate
gold occurrences and pink squares copper deposits (MRAM).




4. Results
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A Fig. 4. MT stations used in the model.

400
140308 130108 120008 o0
.rtrosos 130458 p1® 50503.702% .60003049505 39508
100008
120508 ) e ® 6e0h @ 20558 008 o "
300 gai008 110508 6050850508 L) 10008 20008 30008
131008 81008 ® @O  00M30008 00008 [ @
® 121008 100608 99508 SR ¢k g @ "
141508 611005 e @ 51°°35mo 40508 ® 10458
o P . 81508 P S c0sos @ _2065T- 30508 52008
P & 71608 [} 20508 10508 @ [ ] e " e
200 142008 @ 61508 o [}
® T 22008 ® 41008 11008
132108 ‘ ® 31008 01008 @ 31008 52508
@ 122008 101608 1508 72058 [ 2100T-3 11008 @ 2157 @ 42508 @
A3508 o ® 5185T-6 [ ] @ @ [ )
122308 72208 6200@) 441508
@ 132507 g 102008 s2508 @ ® ® B -11508
142808 @ 11508 01508 @ 31508 53008
® 008 42008 » ) ® y "¢ ®
§ 102408 @ ® 02508 42008 °
100 13300T- 112608 ® 5250T@) .32005 12008 522008
143308 @ 123008 @ 73008 22008 02008 @ ® 232008 E
92508 12008 53508
® [ ] ® g3308 @ 63008 T o ™ ® P
133508 113108 153008 ), 112508 22508
® 73408 53086 32508
— 143808 g23508 93008 63a0T6 @ 42658 &% g 12508 @ ® ® aa008 54008
E 3 & N |- & g ® o [} ®
43008 13008 23008 33008
; ‘24008 ‘ 93508 84308 639°T6.53608 ® .33003 ‘3005 B .°3°°B ® ® ® 44508 _-5450B
144508 jlaoor e L [ ] 74208 43508 @
@ 134508 124508 ® 64308 54108 @ 33508 13508 <2350B 33508
23508
® o .84903 [ ] [ [ ] P .13503 & o L] o 45008 55008
74908 ®
100 4400T-4
114508 6490T-6 54608 34008 04008 24008
94508 24008 1400T-1 14008 -34008
.104505 1 @ ° ® ¢%e [ ] ® L] ® 45508 55508
55108 ® =
4450T-4
@ us08 @ o0 14 24508
65408 e [ ] 04508 14508 @F 34508 56008
14508 ® ® ® 46008 @
s 55608 247089 o
-200 ® ® 35008 O 25008
35008 35008 P A% @ 35008 o
- 14908 ® .-45505 ®
[ ] 35508 ®
2550T-2 25508 35508
(] .-15503 @ ® .47003 .57003
-300
-400
-900 -800 -700 -600 -500 -400 -300 -200 -100 0 100 200 300
Y (km)

A Fig. 6: Final RMSE values at each site.
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A Fig. 8: Left: Vertical section of the 3-D regional model along the -4000
profile location (yellow line in Fig. 9). There is a vertical exaggeration of 2.
Geographic north is directed towards the positive x-axis direction.

Right: A 2-D model obtained from the -4000 profile data by Comeau,
Rigaud, et al. (2024, JGR). The red box highlights the location of the -
4000 profile stations. A good correspondence between the regional and
profile models model is observed.
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AFig. 9: Horizontal slices of the 3-D model.
White circles mark MT sites. Geographic north
Is directed towards the positive x-axis direction.
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AFig. 9: Horizontal slices of the 3-D model.
White circles mark MT sites. Geographic north
Is directed towards the positive x-axis direction.
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AFig. 10: View of the model (west-east) at x=100,
along white line in Fig. 9.
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«Fig. 11: View of the model (west-east) at x=0, black line in Fig.
9 and isosurface of 85 ohm-m. White spheres mark MT sites.
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»Fig. 12: View of the model (north-south) along profile 13, red line
in Fig. 9 (z=5 km).
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«Fig. 13: View of the model (west-east), along the orange line in
Fig. 9 (z=5 km).



5. Conclusions & Outlook

e A clear north-south dichotomy is observed in the conductivity
models. This matches the expected tectonic and geological
structures (see Comeau et al. 2020).

e Some features observed underneath the Hangai Dome extend to
the west and east.

e The new models have implications for intracontinental deformation,
deep mineral systems, and intraplate volcanism (see Comeau et
al., 2022; Stein et al., 2022; Comeau et al., 2021).

e The next step is to include higher frequency responses and
measurements with finer spacing into the inversion process,
producing a higher resolution model.



References

Guy, A., Tiberi, C., Mijiddorj, S., 2024. Crustal Structures From Receiver Functions and Gravity Modeling
in Central Mongolia. Journal of Geophysical Research: Solid Earth,
129(1). https://doi.org/10.1029/2023JB027614

Comeau, M.J., Kaufl, J., Becken, M., Kuvshinov, A., Grayver, A., Kamm, J., et al., 2018. Evidence for fluid
and melt generation in response to an asthenospheric upwelling beneath the Hangai Dome, Mongolia.
Earth and Planetary Science Letters, v. 487, p. 201-209. https://doi.org/10.1016/].epsl.2018.02.007

Kaufl, J., Grayver, A., Comeau, M.J., Kuvshinov, A., Becken, M., Kamm, J.,Batmagnai, E., Demberel, S.,
2020. Magnetotelluric multiscale 3-D inversion reveals crustal and upper mantle structure beneath the
Hangai and Gobi-Altai region in Mongolia. Geophysical Journal International, v. 221(2), p. 1002-1028.
https://doi.org/10.1093/qgji/ggaa039

Rigaud, R., Comeau, M.J., Becken, M., Kuvshinov, A.V., Tserendug, S., Batmagnai, E., Demberel, S.,
2023. Magnetotelluric Data Across Mongolia: Implications for Intracontinental Deformation and Intraplate
Volcanism — Report on New Measurements. In Abstracts for the European Geosciences Union (EGU)
General Assembly 2023, Vienna, Austria, 24—-28 April 2023, EGU23-9485.
https://doi.org/10.5194/equsphere-equ23-9485

Kruglyakov, M., Kuvshinov, A., 2022. Modelling tippers on a sphere. Geophysical Journal International,
231 (2), 737-748. https://doi.org/10.1093/gji/ggac199

Calais, E., Vernolle, M., San’kov, V., Lukhnev, A., et al., 2003. GPS measurements of crustal deformation
in the Baikal-Mongolia area (1994—2002): implications for current kinematics of Asia. J. Geophys. Res.,
108, 1-14. https://doi.org/10.1029/2002JB002373

Sahagian, D., Proussevitch, A., Ancuta, L., Idleman, B., Zeitler, P., 2016. Uplift of Central Mongolia
Recorded in Vesicular Basalts. J. Geol., 124, 435-445. http://dx.doi.org/10.1086/686272

Comeau, M.J., Rigaud, R., Batmagnai, E., Tserendug, S., Kuvshinov, A., Becken, M., Demberel, S., 2024.
Insights into the structure of the Mongol-Okhotsk suture zone, Adaatsag ophiolite, and tectonic
boundaries of the Central Asian Orogenic Belt (Mongolia) from electrical resistivity imaging and seismic
velocity models. Journal of Geophysical Research: Solid Earth. Paper 2023JB028503.
https://doi.org/10.1029/2023JB028503

Comeau, M.J., Becken, M., Kaufl, J., Grayver, A., Kuvshinov, A., Tserendug, S., Batmagnai, E.,
Demberel, S., 2020. Evidence for terrane boundaries and suture zones across Southern Mongolia
detected with a 2-dimensional magnetotelluric transect. Earth, Planets and Space, v. 72:5.
https://doi.org/10.1186/s40623-020-1131-6

Comeau, M.J., Becken, M., Grayver, A., Kaufl, J., Kuvshinov, A., 2021. Images of a continental intraplate
volcanic system: from surface to mantle source. Earth and Planetary Science Letters, v. 587:117307.
https://doi.org/10.1016/j.epsl.2021.117307

Stein, C., Comeau, M.J., Becken, M., Hansen, U., 2022. Numerical study on the style of lithospheric
delamination. Tectonophysics, v. 827. https://doi.org/10.1016/j.tect0.2022.229276

Comeau, M.J., Becken, M., Kuvshinov, A., 2022. Imaging the whole-lithosphere structure of a mineral
system — Geophysical signatures of the sources and pathways of ore-forming fluids. Geochemistry,
Geophysics, Geosystems. https://doi.org/10.1029/2022GC010379



https://doi.org/10.1029/2023JB027614
https://doi.org/10.1016/j.epsl.2018.02.007
https://doi.org/10.1093/gji/ggaa039
https://doi.org/10.5194/egusphere-egu23-9485
https://doi.org/10.1093/gji/ggac199
https://doi.org/10.1029/2002JB002373
http://dx.doi.org/10.1086/686272
https://doi.org/10.1029/2023JB028503
https://doi.org/10.1186/s40623-020-1131-6
https://doi.org/10.1016/j.epsl.2021.117307
https://doi.org/10.1016/j.tecto.2022.229276
https://doi.org/10.1029/2022GC010379

