948 % sl R B2 Earth Science Vol. 48 No. 8
2023 484 http://www .earth-science.net Aug. 2023

https://doi.org/10.3799/dqkx.2021.139

4

—METHMEAXEHARNMBFREZIESTIE

BT, RTWE, XIS, x| & EH

PEME RIS TSR, 43K 430074

WO (E TR D, 22 B L AR AR TR b 2 IR A SR A B 0, AN S8 SRR A R PR T b A TR g AR L O T R A
ROV M, B2 T — Rl 3 T 2 A DG 25 R 2 B M) T A R I i L eh T 2 A TR IOPL ) B S A A g+ 4 L TR
A MRIE . I F 1, A Copula bR BN ATAH M2 A A 56 25 0 10 41 B AR, b 2 AT 408 1 2 T A 156 45 49 A B 250 R 735 B8 37 1 )2
TET A1) {81 8% RRKC . 2 DLk SO AE B v ) B 8K R BIOGE 56 L 9 A% AR 3SR A7 DU 307 T, 5 380 S22 TR 4 R 90 40 A L TS b 2 TR A A R
WA SR ARG AR . R A, 6T b T T M DX G FL S R R A AR AT T SE G SE UG A5 R R B AME IR S L
J2 TH AR TR i 22 AT, T 4 T ik W AR R b B AR o A 1

KA MR ;1R 220K 1 5 HB)Z M S 2544 5 DL 3T 5 Copula.

FESES: P628 XEHS: 1000—2383(2023)08—3179—14 KR EH:2021—12—26

Error Correction in Geological Model Based on Stratigraphic Interdependency

Liang Dong, Hua Weihua, Zhao Yabo, Liu Zhipeng, Liu Xiuguo’

School of Geography and Information Engineering, China University of Geosciences, Wuhan 430074, China

Abstract: In geological exploration, the bottom interface of deep stratum is not sampled in most boreholes, and incorrect sample
information limits the accuracy of geological models. In order to improve the accuracy of geological model, we proposes a method
to correct geological model based on stratigraphic interdependency. Due to the formation mechanism of the strata, the morphology
of the adjacent strata is similar. Based on this character, the Copula function is used to model the dependence structure of adjacent
strata, and the joint distribution model of adjacent strata and the likelihood function of the stratum to be corrected are constructed.
In the Bayesian framework, the established interface model is taken as the prior model, and the likelihood function is used to
update the prior model to obtain the posterior distribution. In the end, the condition expectation of the interface is calculated as the
posterior model. The proposed approach is illustrated through a case study of the geological interface model of the coastal zone near
Beihai. The results show that the error of the geological interface model is reduced after model correction.
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Fig. 1

G5,2021). BEALR AR S b EEA - RARF
BB R T BT A ok B, 22 B ALY R T ok
0 AN 2 b 5 ST, A T M IS AR R SR A Y
15 00 CUL P 1) . HE T 33 R A9 A 7 0405 A4 2l J5 A6 Y
N, R S il J2 A A A i 0 42 A o7 0 R S VR L
FioHh 2 1 J5E AL AF B AG TEAS TR BRAR T AR Y
B R AR o i

HBT 2R A 20 5 vk X 45 10 R U2 1
SERYFNILARN IR A BEAT AR . SO By kA A 4
X b )24 T AR, RS Sy TR AL R T KA
FH iy T 400 9 T i A b 2R 4 R ) 2 8k 1T (De
Paor, 1996; de Kemp and Sprague, 2003; Sprague
and de Kemp, 2005) , 538 £ 47 {6 5 2 4% 351 53 1
7 ¥ k) gt M J2 T 9 B DU A% R (Fremming, 2002) 5§
AFE = £’ (Lemon and Jones, 2003; Kessler ez
al., 2009; Ming e al., 2010; 3k E M %5, 2020). &
ARk 2 T =AW 4 S 80 o s ) A
B, XoF 45 23 T Bk AR AR AR 2 5 2 Z Y
J2 7 R fil 56 &, T M 2 09 90 40 06 R0 2 2 T
TR 20 ZUAE — AR B 5 Y b BT AR . BT A L R
b2 VS M AT B AN A 0 ) R, B T R Y T
M H R LA JLRR 5 58 b i 3 3tb )2 1 - (1) B4
W Bl LB R SR Dy 2 S AR AT B (2) MRS L
FANR BB LT 7 i b 2678 15 B R AL
B Ji ) Jpe TR Hb 2 0 S AR A7 B (3) 4 e AL il R
P14 i TR A A L, R AR O 3 G Al B L i S ) RS AR
A28, )P A 8 7k B 2 L AL A 2 TR
27T R 1 52 B AR A AR L 0 A1 1 D S
Fe2 b5 (D45 20 B9 IR A AL & AR N HER |, 5 i

The lacking samples of deep strata in boreholes.

(2) BEARRE PR35 2 09 3% BUIE (B2 25 AR
FWAS 2 VL A 7 v (3) B A 09 4 A i T 5 A
LB Hb JZ T 2 8] 0 ¢ R A 5 R S RN — 3
(Wellmann and Caumon, 2018) , b Ji [fi <3 A H. 3¢ X
SCTE BN B R TA) B, 3 2% 3 5 b Jo A5 R ) T A P 2%
{4 (Caumon and Journel, 2004).

X T A7 AE 1) R A AR A, 36 AT DA R AR AL T 1Y
7 % A1 i oA TR B4 LSS OO R R I A (2006,
2009) $& Hi 1 H T b 5T F) AR SOLBG AL Y = 4E M 2
RERE TE J7 v . AN DU G B B b BT 22 50, 5 ot
8 o e, 22 T A A ) SR O A e B T
g 2 A E AR Y KE SR AL, A B 2R 9 )
TET I 0L FL 24 B, R AR Y R AF 5 SR 4 it
TPVREAB IE . 51 % (2014) 75 Bt A2 v i A
T 28 B 5 % G R LA AL, R b R 0 R
B AR R e R R S AR A A B
A 2 (2015) 3 4o 486 18 2 o8 A% v 3 A 15 B AL
AR R AE RN A 15 E v B 4 A (]
ALY | S T T @B 6 Bl (B 7 18 25 1B 1E
Ti VAT AR 5 B A AR RO b R E R O AR A
20125 EAESE, 2018) , 4n 8 14 Bk L . R S0k L 4l
P AT R S R A B A Sl R Y Jy i S PR
YR TR E . I A1 i A B T A e ] 45 SR Y 48 A
R 22 T ¥, T X b B R Y ) e (] 4
FCEML, 2007)# 4T N TAEBC. ¥ 2 0568 1 1
BRYy B G AR AL, K F5 AR 8 T TS TR R b 35k 4 B
it Z 1) Y A0 B E i AT Bl 1 b B AR B (Grad -
mann ez al., 2013; Autin et al., 2016; Haase ez al.,
2017). MEAME A — 2L 5L T 5 BB 5 1 J5 ik, B
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Wellmann ez al.(2017) 7E D1 i 7 HE 42 71 K 45 54 rh 1y
Hb 22 T R A Sy S 36 2 50, 10 P el 5 SRR e 3K
Py PR F A ARL SR BRI B, A T BT A B 2 B S
I3 A BAR b 2 BRI 2 NS AR B T
B4 XE 75 2 M) 1 e O 14 8t L L) ) s H
NV E 3 S INNC I AN 2770 N5 &1
S5 )V S b BT AR 1 A R, B0 AR A R (R
JE B2 R A TUART 2 880 e Ak R K 0L ARk L s T
SR 29 0, ) JH I S A 4 15 S 2 o TR T A A
R $ THREBDORS BE . SR AR 22 I, A5 A i) Bl
PAR IR, 38 5 N 58 B & 98 22 56 18 J5 V6 FB I
P AT BE Ho2s 51 A WA E 1

32 M JZ DU LA K5 9148 15 sl 3L [ 4R H 3
25 2 Z Z 1A AR A 5 B AR BL Y 25 1) IR 28 R AE
(Tearpock and Bischke, 1991). K1t , >k B #1408 1 )2
PR A B X el J22 T A A T R 8 S B 2 oL B X IR
T 23 IV MR AV A A A %) R AR 5 2% )
A SCHE Y — T M R EOR DG B AR T T L X
7 W SR R W 5 M O3 B 7 24 B R B IE )R
TE 5L 2 Y 5 56 A, SRS A8 DL S A 2R ) AR
I8t J2 T] 1) AR SCAE S 2 B, A A ARE AR BT 1 AL 9K
PR, XoF b )23 T S 58 0 A AT DL e S B A 2 A
R JE A IR . R %07 A SCRA AL T s 5
DX A Bl LA R e 2 T A R Ay {91 R AT S G 6 TR
Ti kB R
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6 5 T 50T My J5T 245 A8 T 1 A7 $i A 35k (Abra-
hamsen and More, 1994 ). Hb Jft £ #5451 38 3 5 1]
Bl LA R R RS A S R b )= A NS L
Ao X ST 0 A UG A5 T TR R o R B Y A
B T R b 22 B 25 [ G5 R3S % TR A MR 1
A SO AL B (e, y ) A0 00 ]2 T 7 A9 e AR Sy Bl
HLeR ¥ Z (2, y), 0 A (2, y) 008 1 &
Z (a2, y) 38 H 2 1m0y 25 (8] LA 2 X b Ak T
(X, Y) A b i BRECE O 138 F T U0 R U 2 55
o B B A ) i b 2 O B A L3 BT 2 A b B
S el — (X, Y) L& 2 2 A Z (41 & 2% 1
B, AT LAR FH 22 Z 8 i ot 5 1 3 B, R B e XY
ST = R R R N — A ZL Xt T A W2
DS, e AR AR DT 2 TR 000 ) 40 B S S X
S0, 0T A0 £ b S5 B TR 3 O O
112 #wEFREMNZBEBAMEXMEHERX (T
S R, M R AE S — 2 b 5T S A, s (R A3 A AL AT
RPN EPEIE G IS PINNIES 5
T L 2% 5% Waldo R. Tobler F 1970 4F £ H} (1) b 3
225 —F 2 (Tobler, 1970) Fi it , “Everything is re-
lated to everything else, but near things are more re-
lated to each other”, Bl b B =5 ) ol J& P 7¥ 25 (6] 70 77
b E R AR G 5 R R BT, AH OGP B 5 R R T, A
PIREY N

B X 8 5  UO AR 2 S 1 )2 B [ A DG R E
AR DGRV 25 T M )2 R DT AR B L PR M BT K
Nicolaus Steno T 1669 4= 78 3¢ T [ & 1 4k fu 35 T
I — [ A T 08 0 20 R 1 ) — 5 rp B 1 3 44 00 b )2
JZ2 P A (Winter, 1968) :a. 27 & N, 76 1E % (1 4
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Fig.2 Correlation in the sedimentary strata
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Z( 2y ) AR BN, 2y, ) HA I 25 7 X
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(20 ;) DA AE 25 [) AR 56 BR 42 5 32 VR 1 T R
IR A i R Y P T AV i E B L I €
[ — 37 55 () RS, A [ B 300 9 0 J2 107 22 W 9 25
T e ALRUE . 3 1 DB 2 Al L A0 B0 /0 1) 19 0
T, AT LA Bl S i 35 S 3 AR A Hh 2 ] Y AR A
£ 5 0 Hs 5% %032 (Caleagno er al., 20085 Zhu et al.,
2012; Perrin and Rainaud, 2013; De la Varga et
al., 2018) , 4 iy kb o 1 e fr) B 12

TEAR 2% W )2 (G D0 B — A~ b )2 T — A
2 S ] L H b 2R T, M2 Y =S (]
H A DG 32 08 T b )2 19 % 22k L DUR b2 A =5 8] 43
fii b B S N R B i S A R AR KO A
H 2 Hb 5T 2ok 2 v A B AL PR 2R BUR R AR R 2 Y
H A G TE S5 A P i SE Al R B — o M B HLPE L i
O R T ek VAR E P 7 N Tl o= = I R
AEARLEE | 3 A AR RLP I 2 U5 T b 2 0 BOA O . Ml )2
() B EAH O 2 BT 2 M 2 7R B Bk 72 b i 28 #0)
(PR B . Xt 42 0 A DG, AT DAGE S M S 45 A
R EAT G A R R N AT
Xof b 73 25 4L HE AT BE T A M DGR A T 1 L AR e
TS i O 1k 22 R R i 04 25 8] 3 A OC A7 4
{8, % b 2 18] 0% AR 56 25 A b (B R AR AR Hb 2 2
(i) (4 47 2 AT DA o B A DG R AT A% 38, TEAH DG X b i
705 g LI AN W S M BT 1 5 e AN S A
1.2 EF Copulaf S HHXEEIED

1 [R] A A b2 0 B A — R
XF 22 A4~ Ml o7 o R AT I A A T L AR (R A4 AH
O A A i D [ R P G B L AR 228 W) G 2% 5 vk
(v B 4 B e AR AL A5 ) 3 F 2 o0 | o A 1Y
TR B A 2 A i IR A3 AT 8 R 2 B % 1 b T A
JHTE AR ME ORIE b o7 I &2 2098 #R A & & i o A . A
L7k (I B500E A8 v HE 4 Fe R vd B4 ) AR AT LA
SR U I 2 | S T N VAl =l 70 o (TR B
A Sk b 3, 2475 23 1A I AR G 45 48 R AF B v T IR
A9 1] 8 (Bardossy and Li, 2008).

Sklar & #fl (Sklar, 1959)%5 thy , AT-An] Z JCHE A 43 A

HB AT LA — 03 bR 53 At bR ECRT — A AR 78 £ 22 [A] A
KK F M Copula PRECK R 7 . Copula PR FI H AR &
[) A5 Ak ) — B W — e PR AR iE R R Rk 2 4k
G3 AT )4 SRR, T DABRAR O — S PRS2 [0, 1] B
W35 53 A 0 B HLAS S48 B RS R AR AT R . A iR
Sklar sE B, S WA 040 F (21, 20, ..., 2, ) I BR 20 A R
Fi(z2),Fy(2),....F.(z,), WA 7E — 4 Copula R %
Cluy, sy ..yu,), 473

F(zl,zg,...,z,,):

C(Fl(Zl),F2(22>,...,F,,(Z,,)), (1)

Horpiu, = F.(2,). 7T LAUEB (Nelsen, 2007) , %} T i%
LR Fi(2)), Fu(2,), ..., F.(z,),Copula B
BC(wrs oy ooy w,) JEME—FFAERY . ARG Sklar & B AT
AR B AN 20 A ek B T L2 R L s A
PRIER 5 3 45 R B SR AR, 1

_a”F(zl,...,z”)
flziz)= 0z,,...,02,
anc<Fl(zl),.‘.,F,,(z,,»_
dz1,...,0z, , (2)
a"c<u1

,...,u,,) L du,
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Hoef (2, z,) SR B0A 4 A 5% B2 PRER, f(2,) 300
B o A %5 B R AL, ¢ (wy, ..y w,) 2 Copula % JiE bR AK .
[ FE, 25 B0 n dEFEHLAS B (20, 200 .., 2,) B9 T PR D
it Fi(21), Fo(22), . F,(z,), AT LG s 36 HUE Y
() Copula bR 2 C (uy, sy ..o w,) 15 B E AT 0 BE A 2>
ERECF (21,200 .0 20).

Copula (457 5k P BT 4 fi 17— Fp ROEEAAE "1y
WIFFE A DG JBE 5 04 05 ¥ < BB HL 7S S E ™ A 1) R A2
e T, H Copula pRERE AN AE By, 1030 B AT DT 222K
A . B Copula pRECH P F AH 5C &5 44 10 AS J2& 121 B 43
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TR (Wolff, 1981). K 1t , & I i £ 4 # %
(N [ AR % BE ik 25 20 B 4 ) X Copula bR BB AT
i (Bardossy, 2006).

SRy TR UL A S (] 2% R T 8 A DG 5 R, AN TR Y
Copula bR EUHE & JE oK . HETAHFSE h R HE Z 12
i [ % Copula( 4 Gaussian Copula, t Copula) , Bif %
K 78 % Copula ( W1 Frank Copula, Clayton Copula,
Gumbel Copula) S H A= £F sk 2L, A iR A 1R 2 HoAth
F A Copula bR £ AT HE 3% £ (Sadegh ez al., 2017).
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% . Kendall ¢ kA 5¢ 58 B0 i 0 A2 000 HE
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Kendall 7 Bk AH 5 28 $i0s i £ 728 & (7] 28 4 — otk
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C(u, v|0)FE7ELL T % & (Nelsen, 2000) :
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25 Mo 1 Kendall 7 B AH 56 2502 50, %)
i Copula PRI Z %k 0 7T LLd i 1 oK fig . — gk
Copula % i) Z 8 £ 5 Kendall ¢ Z [0 £7 7£ — X —
B XTI & 2 . oK FH Kendall 7 840 ¢ R 8045311 Cop-
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B X R R b 2 JEC AR A A A TR A i i 1 A
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131 HMEMERBER S DL ol LLiE
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TR Z A g A8 2 M0, 3o A TR 2 B 4 o il
Bl ¥ A% AR 40 b 2 T ) 85 R Z,) I B AL AR bR %K
L(Z1Z.;), R 7 8 580 Z 09 e % o0 A p(2) RN
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Fig.4 Truncated distribution under inequality constraints.
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Fig 6 3D geological model of Beihai city.
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