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ZHANG Yonggang'! WANG Zhengtao'

1 School of Geodesy and Geomatics, Wuhan University, Wuhan 430079, China
Abstract: Objectives: This article uses a cellular automaton model to simulate the thickness of the saturated fluid layer and
the roughness of the core mantle boundary, aiming to provide small-scale information for studying the undulations of the core
mantle boundary. Methods: The dynamic process of model evolution is abstracted as a set of stationary stochastic processes
without memory based on the physical properties of the core mantle boundary. In the two-dimensional grid of the model, the
cell size is consistent with the mantle particles and is in one of three states: mantle solid, saturated core fluid with light
elements, and unsaturated core fluid with light elements. The transition of different cellular states is controlled by rate
parameters that characterize the physical processes of dissolution, crystallization, and diffusion at the nuclear mantle boundary.
Results: After the model evolved to a steady state, small-scale topographic changes occurred at the size of the cell units at
the core mantle boundary, with a saturated fluid layer several tens of centimeters thick appearing at the boundary between the
core and mantle boundaries. Conclusions: Research has shown that as the difference between the mass fraction of saturated
light elements in the liquid outer core and the actual mass fraction of light elements increases, the dynamic processes of
dissolution and crystallization become faster, and the thickness of the saturated fluid boundary layer gradually increases, with
more pronounced oscillations over time; The roughness of the upper and lower boundaries also has similar characteristics. As
the difference between the mass fraction of saturated light elements in the liquid outer core and the actual mass fraction of
light elements increases, the roughness of the upper and lower boundaries increases and oscillates more significantly over
time. Conversely, when the two are closer, the roughness of the upper and lower boundaries has a smaller and more stable
value. The experimental results are consistent with the simulation calculation results of relevant scholars, which provide new
experimental ideas for studying small-scale information of the core-mantle boundary and simulating its dynamic evolution
process.

Key words: Geodesy; CA (Cellular Automata); Core-mantle boundary; topography
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Fig.1 Different possible states of an elementary cell
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Tab.2 Transition intensities in the vertical direction
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Fig.2 Evolution with time of the small-scale core-mantle topography (fsq: = 2fo, Ac = A, = 107%/s, t = 1000a)

N TR TR R, W AT &, ARSI LU N R he(i,t), EJITThE t, 5 i
oM TS [0 (0 55— MERTR A T IR IR s by (6 t), FEPITCIIalE, ZRi%1 o I THTHE A T R
Ja— MEFIARTT I RIREE o 84X T I et a] ¢, MAIAA T i i 5 E 1 R

h(t) = hy(t) — hs(t) (13)
oo (6) R IR CHl b [ (A IB0RL S5 A A T £ 300

Rs(i£) = £ h he(i 1) (14)
ey () R AR RS MR 5 T 1) T A9 P

RGit) = 75k (D) (15)

ERXA4)(15)H, LABREIEL.

o S AR P BRI AR I SR, EA I KR 5 R R RS, LR ETFafae T
k., B 3a-c IR T AR IRERHERER) 3 Pl foqr — foMIIEOLT, T2 R BEBER AR, W B A
I foar = 1.25f0s foar = 2for fsar = 3foo

(a): (b): (c):
K 3 A8 SRR AL 52 B BEI R AR5 DL Caifsqe = 1.25f5, bifsar = 2fo Cifsar = 3f0)

Fig.3 Average thickness of the boundary layer, as a function of time(a:fy,; = 1.25fy, b:fsar = 2fo C:fsar = 3f0)
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Fig.4 Evolution with time of the small-scale core-mantle topography
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Fig.5 Average roughness of the upper interface (mantle-saturated core)(a:fs,: = 1.25f0, b:fsar = 210, ¢:fsar = 3/f0)
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Fig.6 Average roughness of the lower interface (saturated-unsaturated core)(a:fsq: = 1.25f, b:fsar = 2f0, C:fsar = 3f0)
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Tab.3 The table of experimental results(removed error)
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Foar = 3fo 79.986(+£10.929) 32.032(+8.196) 18.680(£3.202)
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%5 AR RIAZ 2 18] R SR A TR IR LR s R, SRR T RIRE fo B NS LB TG
B E T RIS, (fige = 3for AL = Ac = 2 x 1075/s), WEMRMSEFHIEN Jid i E B, 4
SRR EEERG IR Z) 80 JEK, FF ELBER ARG EM B (B 3c). il FAn Nl S i RS B2 A7
FALIREAE : AT foqe = 2fo, IRGIEE ML .. M, WHEEZERN (fi = 1.25f,), WHRZEE
TN, KL 35 K, FEHBER A RS AN (B 3a), HURSE Bt A o HA R s .
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NS HE
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