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APPLICATION OF MARKOV CHAIN ANALYSIS IN THE MICROFACIES
RECOGNITION OF HUAGANG FORMATION IN THE EAST
CHINA SEA SHELF BASION
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Abstract: With attentive observation and description for the cores from a depression of East China Sea shelf basin, 28
lithofacies types are identified from the cores of Huagang Formation in the study area, including 5 for conglomerate, 15
for sandstone and 8 for fine-grained rock. By the analysis for the cores from 22 wells, 2227 numbers of lithofacies and
microfacies data are obtained. Three sedimentary systems, i.e. lakes, deltas and rivers, are developed in this area,
dominated by lacustrine sediments. The Markov chain analysis is used to analyze the sequence patterns of lithofacies in
different sedimentary microfacies and establish the possible lithofacies assemblages and quantitative lithofacies
assemblage probability. The results will provide a geological database for further study of the same or similar types of
sedimentary facies and a quantitative basis for the identification of sedimentary facies.

Key words: lithofacies; sedimentary microfacies; Markov chain; transition probability; vertical section

0 35 FIR) — SRR AR, 5 A LIAth 24 T2 24 2B A | B B 7R
LR B I BE MK A BCE R SRR (1906 B R BE (Markov Chain ) , A3 BIF 58 X G2 1) % B A R 40

A WG IR — A B T LR A AR AR RS 0 BT T 38 sh A R IR BEAILIE R, 85 2 W ik

e HH1:2019-09-02; 1& [E B #:2019-10-22. 4R45: 7K.

BEEWB : WE | =1 E IR LI VR 2R TE AR SR (485 20162X05027-002-007 ).

EZ B $HR 2T (1994—), T, B 00F 93 A8, DR 2% 55 0 il b 5y 1ol 3 1 ki 39 b 28 20T 45 ] X K24 B 111 %, E-mial//2297346799@qq.com

BEEE EA(1975—), A4, S TR, 32 A F R TAR, WA bl T 4 7 X P i 388 5 it il K&, E-mail//

hougw@cnooc.com.cn




8 oo R

5

woU 2020 4

Ji DK BEIRR A RARR A GU BARR,
DB i 2 27 38 S B R S . AL
TV E BT UURR 7 C 0B M N 3 5 R E 5 Y
PR, TSR GT T 19788 2 pR O TR XE LA 4
MO FRAE S A s S, 2 N TE T A RE 5 1
JRIEHL I L] HAH AR (T A% A 34 B P 4 1 B 55 i
JRECTHE R, M T By /R BHRBE A T ST T L RE S
PRSI 25 LR S 14 2 (8] JR A R 7, DT AR TR
AU B2 . FROCHE T SRR B ol
ORI GER TG AR AT SRR R
A, X T TURBUR N BT IR 50 AR 7 kAT R AR
L IR I Al A M2 A 1] A 4 ST A M B ES
SR XRS5 T By R PR BRI AT — 4R JR S
s ] 3 AR LB ). S8R A7 o J PR AR R
FHE R PR BE LD T XA, G B MR iR X
S S ARG R /RS B BERE T (Mg 7 s Pt
N0 FRRAER ] IR B IR 7 i Sr WL X S 3t
DX B ) 28 M J= DU AR e B MR 3-8 5 e 2 M AR
s

ARGl AR 2 o — S B B 5 il A, WX
PLF bl 240k, Bl EEEMTH
M2, WRAEERG A A k)2 . (R H i St
FEXR T WS X DU R GRAN , i TR
AL B R RN 2 M, 2 53 B A TR
ARSCULE DS R A, A e A R U ) S ik
b HEZRBRBE S e U 26 HE AL DU 26
T, IR SRR A SR ISR . ASAIT TR F Y5 1
FARRLE i MRS it, filid T A R TR I
A0 R [ L 7 R AR A 3 A R T AR B 2 B ] g
A ARG L, o 2 1 T AL e A Z 1)
R 3 S A TR) S A A 22 B A 4 (- Hp R S i 2 P
b A o T EUZ T5 1 R, R H D S A A [ )
RS2 B A AR ), T BASAS R TURURA &
B RBAE AL S A

1 iRt

I Vg i 4 2 b A IO AR R AR B %, AR P T
250~300 km, FgdL 2 1500 km, THFLZ) 26.7x10* km?,
FEREE NNE [n] A, &30 AR 3 i 3 d ok iy Hh o A
REBG MG Z —. T8 XA T 216 b 28 75

AALES, APUTL 110 km, HILK 2 440 km, THFL
5.9x10* km?, ZRIG 4 £ 5 AR Y, PO e L e ke , b4
FETTIUNRE , F ALV 7ER 3 A R VG 5070 (R
A6 BRI, H PEAE AR ARIK AT 43 Sy P BB ARHE A |
P FEA AT ARERWTB (B 1), BFRIX AT T 4 1K
AR IE S, 2 BERITE 8 B IRE 8 ek
A 3. 7R RGBT
R = RUTR B BE 3t b TE R T EAA AR B P R R A
114 7 A 2, mh 7 T R 48 B SRR o 2 Ak )23
AR E Ty 1. BFSE X DL A SR A TR
RE, R ERR g A, B g ib s 4,
ORGSR FIMIIR A, s — TR LA SRS
VU R AR TERE. ARKIESE B 20 e 41L& 2).

0 50

E3 WIS P R B
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Fig. 2 Stratigraphic and tectonic column of the study area
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Table 1 Conglomerate lithofacies types
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Table 4 Transition difference matrix of underwater distributary channel
HMEM  Slpl S1h Sipm Slpg Sim Slps Slre Fm S1d St Sllw Slrw S2x Frh
Glm 39292 82166 -0.1697 4.0951 12.3994 -0.0381 -0.0161 -0.0084 4.1144 -0.0006 -0.0477 -0.0084 8.2778 -0.0045
Gli -0.2341 -0.1151 -0.1673 -0.0706 -0.0992 -0.0375 -0.0159 -0.0083 -0.0515 -0.0006 -0.0471 -0.0083 99.9453 -0.0045
Glx  -0.2351 -0.1157 -0.1681 -0.0709 11.0114 -0.0377 -0.0160 -0.0083 22.1705 -0.0006 22.1749 -0.0083 11.0562 -0.0045
G2m  -0.2341 -0.1151 -0.1673 -0.0706 -0.0992 -0.0375 -0.0159 -0.0083 -0.0515 -0.0006 -0.0471 -0.0083 49.9453 -0.0045
G2x  -0.2344 -0.1153 49.8325 -0.0707 -0.0994 -0.0376 -0.0159 -0.0083 24.9484 -0.0006 -0.0471 -0.0083 -0.0548 -0.0045
SIm  19.0264 17.0153 12.6718 4.9218 11.3186 3.5298 0.6967 2.8480 7.8001 -0.0007 7.0907 1.4194 2.7965 -0.0049
Slpg  21.2678 15.0663 8.6812 11.3166 15.0834 24914 1.2488 2.5228 3.7422 -0.0007 5.0128 -0.0089 5.0046 -0.0048
Slpl  30.5287 6.9335 20.1990 8.6581 6.1209 5.7845 2.0626  0.4059 4.5163 -0.0008 3.2721 -0.0108 5.7621  0.8275
Slpm  25.8071 3.6667 34.0391 4.2634 10.2075 8.6508 -0.0190 0.5336  2.6558 0.5427 1.5742 -0.0099 3.1955 -0.0053
Slps  21.1857 10.5948 30.1835 3.4982 10.6113 10.6753 3.5549 -0.0086 -0.0535 -0.0007 7.0940 -0.0086 1.7289 -0.0046
Sttl 99.7656 -0.1153 -0.1675 -0.0707 -0.0994 -0.0376 -0.0159 -0.0083 -0.0516 -0.0006 -0.0471 -0.0083 -0.0548 -0.0045
Slre  15.5519 15.6726 31.4092 5.1915 10.4256 5.2251 10.5102 -0.0084 -0.0523 -0.0006 5.2154 -0.0084 -0.0555 -0.0045
Slrw  -0.2359 14.1697 -0.1686 14.2146 21.3286 -0.0378 -0.0160 -0.0083 28.5195 -0.0006 -0.0474 7.1345 7.0877 7.1384
Sllw 6.6041 354959 1.1946 2.6658 9.4851 2.7004 1.3532 -0.0087 9.5351 -0.0007 2.6904 4.1009 13126 2.7351
Sth 17.3028 7.3022 7.2432  9.3796 16.1040 3.3359 2.6847 0.6663 14.1309 -0.0007 10.7576 1.3420 1.2895 -0.0050
Sid 7.5459 33.6451 24214 51205 14.1813 2.5579 2.5807 -0.0087 2.5432 -0.0007 10.3401 5.1861 -0.0576 1.2940
S2x 13.7062 -0.1216 5.6372  6.9021  5.7091 1.1231 1.1460 -0.0087 22711 -0.0007 1.1131 1.1541 31.3376 -0.0047
S2m 3.7585 9.8812  3.8274 19272 11.8976 -0.0387 -0.0164 -0.0085 -0.0531 -0.0007 9.9514 -0.0085 37.9436 -0.0046
S3x  -0.2350 -0.1156 12.3321 -0.0709 12.4004 -0.0377 -0.0160 -0.0083 12.4483 -0.0006 -0.0473 -0.0083 -0.0549 -0.0045
S3m 164302 10.9948 -0.1690 5.4842 16.5664 11.0732 -0.0161 -0.0084 22.1702 -0.0006 -0.0476 -0.0084 -0.0553 -0.0045
Fm 17.9459 -0.1160 8.9223  9.0198 45.3545 -0.0378 -0.0160 9.0826 -0.0519 -0.0006 -0.0474 -0.0083 -0.0551 -0.0045
Fd -0.2341 -0.1151 -0.1673 -0.0706 -0.0992 -0.0375 -0.0159 -0.0083 -0.0515 -0.0006 49.9529 -0.0083 -0.0547 -0.0045
Fh —0.2344 49.8847 -0.1675 -0.0707 -0.0994 -0.0376 -0.0159 -0.0083 24.9484 -0.0006 -0.0471 -0.0083 -0.0548 -0.0045
Frh —0.2348 -0.1155 -0.1678 14.2149 -0.0996 -0.0377 -0.0160 -0.0083 14.2340 -0.0006 57.0956 -0.0083 14.2308 -0.0045
Fb -0.2350 12.3844 -0.1679 -0.0709 24.9004 -0.0377 -0.0160 -0.0083 -0.0517 -0.0006 37.4527 -0.0083 -0.0549 -0.0045
Fre —0.2345 19.8846 -0.1676 -0.0707 -0.0994 -0.0376 -0.0159 -0.0083 -0.0516 -0.0006 39.9528 -0.0083 -0.0548 -0.0045
Frw  -0.2341 49.8849 -0.1673 -0.0706 -0.0992 -0.0375 -0.0159 -0.0083 49.9485 -0.0006 -0.0471 -0.0083 -0.0547 -0.0045
Fg -0.2339 -0.1151 -0.1672 -0.0706 -0.0992 -0.0375 -0.0159 -0.0083 -0.0515 -0.0006 -0.0470 -0.0083 -0.0547 99.9955
R 2l Fg S3m Frw S2m Fre Fb G2x S3x Glx Fh Gli Glm Fd G2m
Glm  -0.0006 8.3217 -0.0013 16.6344 -0.0032 4.1609 -0.0026 -0.0052 -0.0058 -0.0019 -0.0013 24.9858 4.1654 -0.0006
Gli  -0.0006 -0.0115 -0.0013 -0.0318 -0.0032 -0.0057 -0.0025 -0.0051 -0.0057 -0.0019 -0.0013 -0.0140 -0.0013 -0.0006
Glx  -0.0006 -0.0115 -0.0013 -0.0319 11.1079 -0.0058 -0.0026 -0.0051 -0.0058 -0.0019 -0.0013 22.2082 -0.0013 -0.0006
G2m  -0.0006 -0.0115 -0.0013 -0.0318 -0.0032 -0.0057 -0.0025 -0.0051 -0.0057 -0.0019 -0.0013 49.9860 -0.0013 -0.0006
G2x  -0.0006 -0.0115 -0.0013 24.9682 -0.0032 -0.0057 -0.0025 -0.0051 -0.0057 -0.0019 -0.0013 -0.0140 -0.0013 -0.0006
Slm  -0.0007 2.8445 -0.0014 0.6790 -0.0035 -0.0063 0.7115 0.7086 -0.0063 -0.0021 -0.0014 2.8416 -0.0014 -0.0007
Slpg  -0.0007 -0.0123 -0.0014 3.7633 -0.0034 -0.0061 -0.0027 -0.0055 1.2597 -0.0020 -0.0014 2.5166 -0.0014 -0.0007
Slpl  -0.0008 1.2351 -0.0017 0.7919 -0.0041 0.4092 0.4134 0.4100 0.4092 -0.0025 -0.0017 -0.0182 -0.0017 -0.0008
Slpm -0.0008 1.0733 -0.0015 1.0489 -0.0038 -0.0068 0.5404 -0.0061 0.5366 -0.0023 -0.0015 0.5267 -0.0015 -0.0008
Slps  -0.0007 -0.0119 -0.0013 -0.0330 -0.0033 -0.0059 -0.0026 -0.0053 -0.0059 -0.0020 -0.0013 -0.0145 -0.0013 -0.0007
Sitl - -0.0006 -0.0115 -0.0013 -0.0318 -0.0032 -0.0057 -0.0025 -0.0051 -0.0057 -0.0019 -0.0013 -0.0140 -0.0013 -0.0006
Slre  -0.0006 -0.0116 -0.0013 -0.0323 -0.0032 -0.0058 -0.0026 -0.0052 -0.0058 -0.0019 -0.0013 -0.0142 -0.0013 -0.0006
Slrw ~ -0.0006 -0.0115 -0.0013 -0.0321 -0.0032 -0.0058 -0.0026 -0.0051 -0.0058 -0.0019 -0.0013 -0.0141 -0.0013 -0.0006
Sllw ~ -0.0007 1.3579 1.3685 6.8160 2.7364 1.3639 -0.0027 -0.0053 1.3639 13679 -0.0013 2.7251 -0.0013 -0.0007
Sth ~ -0.0007 -0.0129 -0.0014 2.6667 -0.0036 0.6692 -0.0029 0.6699 -0.0065 1.3492 -0.0014 13355 0.6742 -0.0007
Sld  -0.0007 2.5854 1.2974 1.2652 -0.0033 3.8901 -0.0027 -0.0054 1.2927 -0.0020 -0.0013 1.2840 -0.0013 -0.0007
S2x -0.0007 1.1507 -0.0013 19.7338 -0.0034 -0.0060 1.1601 -0.0054 3.4823 -0.0020 2.3242 1.1480 -0.0013 -0.0007
S2m  —-0.0007 -0.0118 -0.0013 17.9672 -0.0033 -0.0059 -0.0026 -0.0052 -0.0059 -0.0020 -0.0013 -0.0144 -0.0013 1.9993
S3x  -0.0006 24.9885 -0.0013 -0.0319 -0.0032 -0.0057 -0.0026 37.4949 -0.0057 -0.0019 -0.0013 -0.0140 -0.0013 -0.0006
S3m 5.5549 -0.0116 -0.0013 -0.0321 -0.0032 -0.0058 -0.0026 11.1060 -0.0058 -0.0019 -0.0013 -0.0141 -0.0013 -0.0006
Fm -0.0006 -0.0115 -0.0013 9.0589 -0.0032 -0.0058 -0.0026 -0.0051 -0.0058 -0.0019 -0.0013 -0.0141 -0.0013 -0.0006
Fd -0.0006 -0.0115 -0.0013 -0.0318 -0.0032 -0.0057 -0.0025 -0.0051 49.9943 -0.0019 -0.0013 -0.0140 -0.0013 -0.0006
Fh -0.0006 24.9885 -0.0013 -0.0318 -0.0032 -0.0057 -0.0025 -0.0051 -0.0057 -0.0019 -0.0013 -0.0140 -0.0013 -0.0006
Frh -0.0006 -0.0115 -0.0013 -0.0319 -0.0032 -0.0057 -0.0026 -0.0051 -0.0057 -0.0019 -0.0013 -0.0140 -0.0013 -0.0006
Fb -0.0006 -0.0115 -0.0013 -0.0319 24.9968 -0.0057 -0.0026 -0.0051 -0.0057 -0.0019 -0.0013 -0.0140 -0.0013 -0.0006
Fre -0.0006 -0.0115 -0.0013 -0.0319 -0.0032 39.9943 -0.0025 -0.0051 -0.0057 -0.0019 -0.0013 -0.0140 -0.0013 -0.0006
Frw  -0.0006 -0.0115 -0.0013 -0.0318 -0.0032 -0.0057 -0.0025 -0.0051 -0.0057 -0.0019 -0.0013 -0.0140 -0.0013 -0.0006
Fg -0.0006 -0.0114 -0.0013 -0.0318 -0.0032 -0.0057 -0.0025 -0.0051 -0.0057 -0.0019 -0.0013 -0.0140 -0.0013 -0.0006
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Fig. 4 Lithofacies transition of underwater distributary channel and depositional sequence

1—25 L )23 (4% ) (deformation bedding in fine-grained rock ) ;2—3C45JZ B (55 ) (cross bedding in conglomerate ) ; 3—HL{R)JZ B (R ) (massive
bedding in conglomerate ) ; 4—H&R )2 B (04 ) (massive bedding in sandstone ) ; 5—38 55 /2 B (75 %5 ) (cross bedding in sandstone) ; 6—F-17 )2 B (b )

(parallel bedding in sandstone )
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Fig. 5 Lithofacies transition of mouth bar and depositional sequence
1= 8z (A0RE ) (ripple bedding in fine-grained rock ) ; 2—VPSUZ I (B0 ) (ripple bedding in sandstone ) ; 3—HUIRJZHE (7545 ) (massive bedding in
sandstone ) ;4—3CHE 2 F (0% ) (cross bedding in sandstone ) ; 5—F-4T)/Z (A0 ) (parallel bedding in sandstone)
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Table 6 Transition difference matrix of intertributary bay
R EM  Fd Fg Frh Fm Fh Frw Fb Slre Sid Sllw S2m Sim S3x S1h
Slm  -0.0556 -0.0139 -0.0972 24.6761 -0.0972 -0.1111 -0.0556 24.9577 -0.1111 0.0000 24.9859 24.9296 -0.0139 0.0000
Slre  49.9437 -0.0139 -0.0972 -0.3194 -0.0972 -0.1111 -0.0556 -0.0417 -0.1111 0.0000 -0.0139 -0.0694 49.9859 0.0000
Sllw ~ -0.0556 -0.0139 -0.0972 -0.3194 -0.0972 -0.1111 99.9437 -0.0417 -0.1111 0.0000 -0.0139 -0.0694 -0.0139 0.0000
Sth -0.0556 -0.0139 -0.0972 99.6761 -0.0972 -0.1111 -0.0556 -0.0417 -0.1111 0.0000 -0.0139 -0.0694 -0.0139 0.0000
S1d -0.0556 -0.0139 -0.0972 -0.3194 -0.0972 -0.1111 -0.0556 11.0689 88.7639 0.0000 -0.0139 -0.0694 -0.0139 0.0000
S3x  -0.0556 -0.0139 -0.0972 -0.3194 -0.0972 -0.1111 -0.0556 99.9577 -0.1111 0.0000 -0.0139 -0.0694 -0.0139 0.0000
Fm 42915 -0.0139 4.2492 64.8139 4.2492 85814 -0.0556 -0.0417 -0.1111 0.0000 -0.0139 12.9710 -0.0139 0.0000
Fd -0.0556 -0.0139 -0.0972 49.6714 249014 -0.1111 249437 -0.0417 -0.1111 0.0000 -0.0139 -0.0694 -0.0139 0.0000
Fh -0.0556 -0.0139 28.4714 139618 28.4714 14.1730 -0.0556 -0.0417 -0.1111 0.0000 -0.0139 14.2153 -0.0139 0.0000
Frh 14.2294 142716 14.1871 -0.3194 14.1871 42.7412 -0.0556 -0.0417 -0.1111 0.0000 -0.0139 -0.0694 -0.0139 0.0000
Fb -0.0556 -0.0139 249014 -0.3194 -0.0972 24.8873 49.9429 -0.0417 -0.1111 0.0000 -0.0139 -0.0694 -0.0139 0.0000
Frw  =0.0556 -0.0139 24.9000 37.1667 24.9000 12.3873 -0.0556 -0.0417 -0.1111 0.0000 -0.0139 -0.0694 -0.0139 0.0000
Fg 99.9437 -0.0139 -0.0972 -0.3194 -0.0972 -0.1111 -0.0556 -0.0417 -0.1111 0.0000 -0.0139 -0.0694 -0.0139 0.0000
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Fig. 6 Lithofacies transition of intertributary bay find—grained rock and depositional sequence
—%JE )2 3 (deformation bedding) ; 2—> 80 )2 (vipple bedding) ; 3—3¢iR )2 2l (massive bedding) ;4—#) 7 Jz2 3 (thythmic bedding) ; 5—F-17 Jz 3
(parallel bedding)
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Fig. 7 Lithofacies transition of beach bar and depositional sequence

1—VPEUZ B (0K ) (ripple bedding in fine-grained rock ) ; 2—VMEUZFL (10 ) (ripple bedding in sandstone ) ; 3—HURZHL (754 ) (massive bedding in

sandstone ) ; 435 EHL (045 ) (cross bedding in sandstone ) ; S—FATZHL(HP 7 ) (parallel bedding in sandstone)
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Fig. 8 Lithological column of core from well A
1—VPEZF (AR ) (ripple bedding in fine-grained rock ) ;2—F-47 )2 H (418 ) (parallel bedding in fine-grained rock ) ; 3—738 48 /2 B (45 ) (cross
bedding in sandstone ) ; 4—HURJZ B (7545 ) (massive bedding in sandstone ) ; 5—78 B2 B (4R 4 ) (deformation bedding in fine-grained rock)




