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1-D inversion of C-response data from geomagnetic depth sounding

with shallow resistivity constraint
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Abstract C-response of geomagnetic depth sounding (GDS) usually ranges from 10° to 107
seconds, lacking short period information which reflects the electrical conductivity structure of
the topmost Earth. However, the shallow portion has obvious effect on C-response. In this
paper, a new method incorporating shallow resistivity constraint has been developed to improve
the stability and reliability of deep mantle electrical structure inversion. Assuming in the Earth
magnetosphere a ring current of P] as source, the C-response from a spherical thin-sheet
conductive Earth model has been estimated by a recurrence method based on the continuity
boundary condition of magnetic field. Limited-memory BFGS method was introduced to C-

response inversion. Shallow resistivity constraint was implemented by zeroing the gradient of
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penalty function with respect to the constrained resistivity. Confidence interval was used to
measure the reliability of inversion result. Numerical results show that without constraint, the
shallow part of inversion profile resembles initial models; and even though these models differ
dramatically from each other, the misfit of C-response does not change. However, under shallow
constraint, not only the inversion model coincides well with true model, but also is irrelevant to
the initial model. The proposed inversion method has been applied to invert the C-response from
low Earth orbit satellites. The conductivity profile reveals an increase of the Earth mantle
conductivity with depth, which agrees well with previous study. Further analysis by confidence
interval method indicates that the inversion with shallow resistivity constraint is capable of narrow
resistivity estimation, and hence leading to a more reliable conductivity profile. Therefore, in order to
obtain reliable 1-D electrical conductivity profile of the Earth’s mantle by GDS inversion, it is

necessary to get appropriate resistivity of the shallow Earth by the means such as long period

magnetotellurics, and use it to constrain the conductivity in this part during inversion.
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Fig. 1 Spherical thin-shell Earth model and three components of magnetic field decomposed in spherical coordinates

(a) Model of 1D spherical Earth; (b) Three components of magnetic field.
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(a) The real component of C-response; (b) The imaginary component of C-response and

o1 represents the first layer resistivity in different models.
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Fig. 3

The inversion results of different starting models

(a) Inversed model; (b) RMS curves.



1206

Bk 4 # 2 4R (Chinese J. Geophys. )

60 &

TE R » S 3 25 2R 5 0SB R R X i 22 B0 3 vl g
Je52 C-Mi I A B Joi 95 B ey PR ) e =2 ) 3 350 R L
LT A L A3 3 S G- R DA R A5
TRHLPE SR FEES 5 i T IE T e 7 3 5 1 e B
FRXF C-Ma W 7 A2 R (R AP AT L A B TR
L 53 24 TR0 3t 1 80 P i AR E L
4.2 HFHEXRBARER

T AEAU R LS Yt R R FRATT XS Piiche 25
(2015) 1 1-D A% Y At I 8 5 401+ 30 45 -5 i SCAH ] 19
27 A JA 7 AR S B L B 0 5 00 1 BE AL v 407 e
IEK (SRR VE TR IR SR RIS SR P SR o o
100 Qm 351425 (8] 545 5 SRR R ZT A W] 0~200 km
(19 L BEL 25 [i]) T 8 A Y 5 243 o A0 0 249 R v 1 At
SRBE LI 1 P 2 00 R B 2 5 T Y

0

—— Model of Piithe

Inversion result

400 - T Confidence interval

800 -

Depth/km

1200

1600

2000bons s v by by

100 100
Resistivity/Qm

10 1 0.

2000
______ Synthetic data

—— With constraint
1500 = ———— Without constraint

1000

C-response/km
wn
(=3
S
I

o
[

-500 —A\

-1000 L Lol 1

10 10° 107

Period/s

T B AR R T B % o A XRS5 0 L 23 Sl 5
T YRS R A 2 RS 0T S 45 AR L BE R
950 BRI B 4 45 T B RO S R . AT L
RIN F AR 3% AR GG SR b ST A R LA = AR A
S0 e AR R RVE 45 AT B B OR [A). X UR B AR
(600 km) , Pl J5 325 19 2 18 45 SR A 46 3T L T vk
5 C0~600 km) HL BH 2 1y fz 8 45 R AH 22 38 K. LA
A LUF Y 29 0B i 45 R 5 LSRR AR S 4 i O B
da 2 HR R TE AR VR 4 L PH 3 B A X ) 2 T 1A 4D
14 JC 24 B 38 ) A DX ) 3% BH 2 B U 2 A o
FIAEEE. NI de 1 B4 10065 1% B0 & 5 29 50 B i ) A
TR0 1 Y ) 7 5 S YSCHR 1 40U B T ER T i i
TR AR 014 Je JE S B T 24 o B T ) 5 R AE TR R S
FLSA Y R 22 8K S BUNE R BRI A e 2.

0
—— Model of Piithe
Inversion result
400 | I‘-_ -~ = Confidence interval
800 |-
& =
< |}
=
a
1200
1600 |-
i i
1
®) L
2000 boes v v v Mve v b roninl it il
1000 100 10 1 0.1
Resistivity/Qm

——— With constraint

—————— Without constraint

RMS

001 L 1 L 1 L 1 1 1 L | L
0 10 20 30 40 50 60 70
Number of iterations

B4 BISB R TR B0 LR 1 S T 4G
(a) YR (b) TAFRE; (o) C-WRMA ML (O MEiRE L.

Fig. 4

Inversion results with and without shallow resistivity constraint

(a) Model from constraint inversion; (b) Model inversed without constraint; (¢) C-responses; (d) RMS curves.
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Fig. 5

The 1-D inversion results of low Earth orbit satellite’s data

(a) Inversed models with gray dash-line indicating the uncertainties after Piithe et al. (2015); (b) Actual C-responses fitted

by that of inversion models; (¢) Confidence interval with constraint; (d) Confidence interval without constraint.
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