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Table 1 the relationship between the value of direction cosine and the gravity gradient tensor components

EWA LS k, k, k. L L L,

Via 1 0 1 0 0

v, 0 1 0 0 1 0

V. 0 0 1 0 0 1

V., 1 0 0 0 1 0

v, 0 1 0 0 0 1

V. 0 0 1 1 0 0
NENOEILIT v R Vi=06p2 I'nK,, (7)

Vi == C[I'n - V(pu) - kds, (6) i, L
Horbr. S MR SRR v BRI, n NI S B W &, K :_f V(u)kdS, (8)
SL

I8 1) 5 WA SRR
TEM AR A IE AT, X (6) IR AT S
IR TS B R AT IR 3K

7 PR SR R TS, B K, BE, R T Ak
PRIEFRTT I o R AR O, L 2 Bl L



<134 - w5 kb ® 44 4
W e xOy 1N (R RAARR ), EHE « 7 . r
[n] ST A AN R AE Oy FTi LB AT, ik
B T 0, 13 BRI AR RS (X, Y, Z) . SRR, [:>m1 :
PLY SO i B BE R «/ 0z B, BB 2 7 ST j
N I EPAT TR (R 96 B b, 75 B I 220 1 A v
RGL(X,Y,Z) E 1 PR, e
P
B2 BBRERSERERE
Fig.2 The edge rotation of the Cartesian system
T .z kel s,
/ s_?=(—sin¢,costp), (14)
o9 , A2, 2 (11) En] LS AL
5 K= 2 L(i), (15)
NIIREEP
X i1
x L(i)= (Mysing - MYCOSl!/)j udé +
X fj+l §j
M YZ(X* +7°)7'd 16
M1 EARRERRTE 7008 ‘I’Lj wPA(X+ 207k, (16)

Fig.1 The surface rotation of the Cartesian system

AR R E AR e BT LA

cos¢p 0 —sind
0 1 0

sing 0 cos¢

sinf 0
—sinf cosf O
0 0 1

cos 6

X x
| H
VA z
(9)
Hi.0s6<2m,0<sd<m, BliER, ms, L3
AT Z (EMAE S, BSNE S n, 7SR,
n! = (sindcos O,sin psin@,cos ),  (10)
TE(X,Y,Z) AR ARG T, 5 (8) AT LI 1 .

Ki:_ng-X+M},-Y+M

A
———dxdy, (11
(X2 + V2 + 72 . (11)

Hor,
My = (k,cos 0 + k sinf)cosd — ksingd
My == ksinf + k cos 0
M, = (k,cos 0 + k sinf)sind + k.cos
(12)
XS, WA RE SR AT TR AR, ]
PLRRR (1) B AR B o e By, DU RO
O IR ERE X Y Bl BB X D51 S, T Y
JITES B R AL BR R GE (€, m) BER: 1Y FA By
¥, 0<ep<2m UNIET 2l AL B0 e e 4 v] LIS

i
[, 2 o
n —siny cosy ||Y

M e, S, T 7 30 B WA S R g fELAR AR A

X (16) K153
L) = { (Mysing - Mycos ) -

In[€+ (& +n" +2°)"7] -
—én+ (n* + Zz)tantrl/}fm, ()
Z'(§2+T]2+Z2)|/2 :
AT B A A Rk K

Vi=6p 2> > I'nL(i), (18)
WIR Z 803 cosy WIEH 0, W= (17) W95 T —35 K
0, fHZ I (17) B2 — T (A — & — BAFTE,
Bl F1 Z FEEREEGE T 0, H € NNIEH, M ¢
R g, A Gt @At 2 19) m) LAskE G, %t HoAd
A — BN E A

ln[f + (§2 +772 +Z2>1/2Jg“ —

“In[ (& + ot + 2" - gl (19)

12 REMEREE
P 56 8 B 2 T — A R i A

T AR B R I AT, 2R A A i
VR TE AL B ) B L T — AR 2
FHOERYERIT TR ) S H bR o8, 3L P Rl 4
HRECH -

bum = 3

i=1

M, - arctan

= | W,(d™ - F(m)) |*,  (20)
H . W, =diag{ 1/e,, -, 1/e,} ,&; J5 i TULIEL
PErObRERS o T8 R S BRECE Y 1R 22 AR BT



134 PORGEAF - FE T AR R 1 A% A4 B I o fa S - 135 -

LA i 5 o0 A1 B0, S0 A B ER ) R R Bk R
A =F(m)+8,8 F/m WL 5 E R BEDLIE S iy
THEHLMEFS 6 S22 = 73 N(0,6%) 19,8 9
BRI EZE . R R/ UG IR 4 S
LRI 220 «

N

misfit = ¢, = Z (

i=1

N (8, -0) Né
:Z[l j :%:N’
i=1 i

& &
Horr N 9l s,
TEf/ME F AR R B i FE 7 H AR R B 5
A BB F bR R BN

b, (m) = asf(m —m, ) dv + axf (M] zdv +

F(m) + 8, —F(m))2

&;

(21)

v ox

a)J;(a(m _ mm{)j 2dv + azjf,(&(m ;zmmf)J zdv,

dy
(22)
Rt iR GE0(21) |, 7R/ MEBIRY H AR R BN, £ 8
PE I RAPE 2222 o, =N 1, KX (22)
HRGuEmIE A
o, (m)=a, |W(m-m,)|*+
a, [W(m=m)[|*+a W (m=-m,) |*+
a | W.(m=m,)|* (23)
Hrb o, o, o o, FHEIGIBGREL, W, JHEE R
FEE, W, W, W, 535000 xy 2 =ANIT I B 253
B, A
W'W, =aW'W, +a,WW, +aWW +aWW,
(24)
SR, TEAEZS AL AR T, 20 B W, W, W, 1Y
SKAFASBRARTE LS4 A0 A8 17 0 T A F3 B 1) SR A
jﬂTﬁ@ﬁ%%ﬁJ\iﬁlﬁﬂgl’f%ﬂ@, TE Lelievre! ™ 42 1
) Kl W, WS e B T AT A A5 3
YR P ARLB AR W, BT
JV +V,) /72

w, =R (25)
Horp vy v, SRS A IS D T A A AR, R R
A DU TR XA 4 L A
SEEEE LA PR B (1) AR AL B b ek it
(4) ATLIAS 3 SR R H AR pR AL
d(m) =d,(m) +ad,(m)
= || W,(d™ = F(m)) || > +
alW,(m-m,) |, (26)
Hor IENE B o BBUAR IZTHE L ,(a)=d, =N
(N I EE) RO LAY o S REAS AR 1 1 - 5 50

3t FUbR BRSSO 8RB, 1RE A R 8 A rp R
fift SRR S m (R A8 e A5 AR AR B/
SLREA 075 1F R 2 AL, A LR
1.3 REMEE
T A I S SR A SR IR L 45
PRI E MR R E S A BIAT —
AR BE NS R BRR ok /N A 6 I A R B 1) i1 ¢
I
1
bz B BT DR 2, R H B R —
ABEIE T 3 (R B, 75 B0 3 43y 20 UL T
(9 RE 8 T 2, A B A, SR AT B b sk />
1 PRBCTE TR BE 7 18] L 1 B8 80, T 8 5 2 3 45 SR
YR 43 A 70 0 R BE b 30 (24) 454
JIA R 5075 51
W'W =WWWw W, (28)
TR B NS B B A 5 (22) 45 B35 U B AL
(R0 b R
¢, (m)= | W,(m =m,) ||
14 SHBBHARE
Sy I R AT BR B R R R
(26) T B2 T A3 24 46 o, BA 45443
BB B 25 B S T I — A A B LA
W, ZEARR B bR R, X T R R kR
3 S U8 ) b B T A
Mmh}?wMWwﬁ—%mwz+

alW,(m=-m,)|°?,
o,B=x,y,z
ey AR S S B A AR B, 4oy AN
Sr i RIS | G AR R 235 A B FURERG

W(z) = (27)

(29)

(30)

2 BERE

Bl 3 BT A AN 7 (R BT 3523 (] /Ny
1000 mx1 000 mx500 m , J P HE & — /1N 400 m
X400 mx200 m AYFFLER B S5 B O iR, K5 IR T
A 150 m, JEEFFHEE R 350 m, 7K H O B AE
HZE AR AL R A (500 m, 500 m) |, 17 R 43 2%
H 1.0 g/em’ I B AL T MU, oy J7 IR R K
J& 1000 m 5HE 50 m, M4k 505 0 A BT,
AT SCHE S A2 2Tt ok i 3 0 B ke R 45 4 e 1)
IETREE RN 4 FR



1000
800

600
£
=

400

0

1000

800

600

y/m

400

200

1000

800

600

y/m

400

200

B3 BAKAFEEREEMUEMER SRR

Fig.3 The schematic diagram of a single rectangular model using unstructured meshing
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Fig.4 Forward results of the single rectangular model
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Fig.6 Multi-component joint inversion results of the single rectangular model
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Inversion of gravity gradient tensor based on unstructured grids

HUANG Tian-Tong, PENG Xin-Fa, ZHU Zi-Qiang
( Changsha Uranium Geology Research Institute, Changsha 410007, China)

Abstract; Gravity gradient tensor is the second derivatives of gravitational field. Compared with the traditional gravitational exploration ,
gravity gradient tensor can reach a better resolution. Gravity gradient tensor has 5 independent components, so they can contain more
geological information. Therefore, gravity gradient tensor can be used to recover the causative bodies in the subsurface with high accura-
cy. Due to strong adaptability and flexibility of the unstructured grid, it can smoothly approximate the irregular and complex boundaries
of anomalous source. Compared with the structured grid, the unstructured grid can provide researchers with more accurate discretization
and calculation with less computation time. In order to reduce the ambiguity of the inversion, the authors chose to jointly and simultane-
ously invert all gravity gradient components based on tetrahedron grids with the help of the so called generalized objective function which
is widely used in geophysical inverse problems. The authors applied the algorithm to each gravity tensor component at the beginning to
ensure that the depth weighting function makes a difference in the inversion. It turns out that the depth weighting function works well.
To explore all components of the gravity gradient tensor as much as possible, the authors described the joint-inversion in detail in this
paper. The inversion results show that 3D inversion of gravity gradient tensor based on unstructured grids can obtain the position of
causative bodies in the subsurface and the density distribution. Based on a comparison with rectangular grid inversion results, the au-
thors highlighted the advantages of unstructured grid inversion. And the practicability of the method was verified through two synthetic
models.

Key words: unstructured grids; gravity gradient tensor; inversion
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