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Oil-source correlation based on multivariate statistical analysis: A case study of
the Bodong Sag, Bohai Bay Basin
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[ 1. State Key Laboratory of Oil and Gas Reservoir Geology and Exploitation , Chengdu University of Technology, Chengdu, Sichuan 610059,
China; 2. Tianjin Branch of CNOOC, Tianjin 300459, China ]

Abstract: Multivariate statistical analysis can comprehensively consider the interrelationship of multiple related
parameters, and is of unique advantage in classification-based identification. It is thus an effective method for oil-source
correlation with multiple suites of source rocks occurring simultaneously in a zone. However, no authors have conducted
special research and analysis on the comparative application and applicability of diverse multivariate statistical methods
to one case. There are multiple suites of source rocks developed in the Bodong Sag, Bohai Bay Basin, and the sources of
oil and gas in different structures are extremely complex, which is the best case for oil-source correlation using
multivariate statistical analysis. The comparison of principal component analysis (PCA) , Fisher linear discriminant
analysis (LDA) and Bayes LDA in terms of application shows that PCA cannot be applied to distinguish source rocks at
different horizons, so it cannot be used for oil-source correlation in the Bodong Sag. However, the models established by
Fisher and Bayes LDA can do this effectively, though neither of them could accurately identify oil of mixed sources.

Based on the classification probability obtained from the Bayes LDA model, a discriminant model suitable for the Bodong
Sag is established with the discriminant criteria of the Bayes model optimized, and four oil familys are identified in the
Bodong Sag, with oil family A, B and C are derived from the source rocks of the third member of the Oligocene Dongying
Formation (Ed’) , the first to second member (Es'?) and the third member (Es’) of the Eocene Shahejie Formation,

respectively, and oil family D from the source rocks of Ed*and Es'?.
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Fig. 1

Location, structural units and comprehensive stratigraphic column of the Bodong Sag, Bohai Bay Basin
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Table 1 Biomarker parameters of source rock samples from the Bodong Sag

Gam T C,TT  C,TT Gam C,.TT Gam
= 27 Pi/Ph ET . 4-MSI  — e 2 2 = :
el R m JRAE P R C.H SLUCLH  CuTT CuTT CuTet CyH C,H(S +R)
LD28-A  2920~2930 E&  1.88 0.26 0.03 0.11 0.14  2.48 1.87 .25 0.0l 0.07
LD28-A  2960~2970 E4  1.89 0.21 0.04 0.10 0.09  0.53 1.22 1.95 0.0l 0.11
LD34-A  2850~2860 E&  1.50 0.11 0.10 0.06 0.04  0.31 0.77 3.61 0.01 0.31
PLI4-A  3200~3210 Ed® 1.06 0.25 0.06 0.09 0.07  0.60 0. 80 233 0.01 0.20
PLI4-A  3400~3410 Ed° 1.02 0.11 0.07 0.10 0.07  0.45 0.86 264 0.01 0.19
PLI4-A  3600~3610 E4 0.84 0.12 009 0.12 012  0.55 1.01 203 0.02 0.24
PLI4-A  3700~3715 E4& 097 0.15 0.11 0.12 0.19  0.49 1. 13 263 0.03 0.29
PLI4-B  2740~2760 Ed® 162 0.11 0.07 0.11  0.07  0.53 0.89 2.51 0.01 0.20
PLI4-B  2760~2780 Ed® 1.45 0.11 0.08 0.12 0.06  0.63 0.97 2.89 0.0l 0.21
LD28-A  3000~3010 Fs> 1.34 0.32 0.07 013 0.40  0.38 0.99 .80 0.07 0.19
LD34-A  2930~2940 Es™ 0.57 044 0.33 012 022  0.07 0.69 730 0.05 1.20
LD34-C  2030~2040 Es&™ 1.25 0.41 031 0.16 023  0.17 1.03 15.96  0.04 1.81
LD34-C  2080~2090 FEs> 1.31 0.4 0.29 0.17 0.41  0.20 0.88 10.97  0.09 1.46
LD34-C  2110~2120 FE& 0.99 0.5 0.33 0.14 0.44  0.11 0.89 11.69  0.08 0.95
LD34-C  2140~2150 Es'> 0.47 0.37 0.21 0.16 0.5  0.33 1.42 456  0.09 0. 44
LKS-A 2670~2680 FEs'> 0.52 0.56 0.23 0.18 108  0.10 0.88 2.71 0.19 0.78
LK9-A 2170~2180 FEs'> 1.73 0.17 0.06 0.16 0.08  0.07 1.00 507 0.01 0.19
LK9-A  2240~2250 FEs'> 0.94 0.5 0.25 0.15 0.65  0.09 0.71 539 0.14 0.83
PI3-A  2410~2420 Fs'> 1.62 0.11 0.12 0.08 0.06  0.48 102 513 0.01 0.26
PI3-A  2460~2470 Fs'> 1.43 0.12 0.14 0.11 0.06  0.32 0.91 466 0.0l 0.38
PLO9-A  2630~2640 FEs'"> 2.19 0.16 0.10 0.11 0.03  0.33 1.06 7.38 0.0l 0.26
PLI4-A  3815~3825 TFs'> 1.23 0.28 0.09 0.09 0.34  0.35 1.18 252 0.06 0.26
PLI4-A  3888~3891 FEs'> 1.04 0.12 008 0.09 009 053 0.94 247 0.02 0.20
PLI4-A  2840-~2860 FEs'> 0.96 0.15 0.12 0.15 0.13  0.28 0.96 3.68  0.03 0.35
ID34-B  2200~2210 FE 1.52 0.45 021 0.17 0.33  0.15 0.96 723 0.06 0.53
LD34-B  2250~2260 FEs 171 0.48 0.21 0.23 0.37  0.30 111 6.43  0.06 0.55
ID34-B  2350~2360 FEs  1.30 0.39 0.12 0.14 0.25  0.31 0.87 439 0.04 0.22
LD34-B  2370~2380 FEs  1.39 0.34 0.17 0.15 0.29  0.13 0.87 554 0.06 0.34
LD34-C  2180~2190 Es 0.70 0.48 0.21 0.18 1.00  0.15 0.76 298 0.26 0.50
LD34-C  2200~2210 Es 1.5 0.22 0.16 0.09 1.25  0.16 0.81 1.91 0.34 0.42
PLO-A  2830-2840 E&  0.61 0.51 0.18 0.17 0.48  0.08 0.81 274 0.13 0.61
PI25-A  1653~1656 FEs  0.21 0.56 0.14 0.19 102  0.27 0.42 .27 0.20 0.29
PI25-A  1887~1890 E$ 023 0.6 0.13 0.28 1.20  0.03 0.50 .28 0.26 0.30
PI25-A  1974~1977 E$ 027 0.5 0.11 0.14 0.73  0.02 0. 44 .47 0.16 0.35




F5H

e . T Zous it AT iam - e 1263

SRR B BRO RS, Bl N R A T
BRAL 2 ARSI 272

TR 3B A3 AT RS R BRI 5 B Se T
AN R IR AR i A DA A B B SR AT T
F RGBT o AESEBRI I 8 O RRIEE R T 1
() 3 B4 B A, O HL 2 3 804 10 BT BTk R i
85. 00 %}, {H fiig Sz Wit J5 iy K540 1 R 15 B
B, RIS ST R 34~ F 4 (PCT, PC2 FTPC3) 2k
HEAT IR XS L, 3 34> 32 Bl 4 349 R RRAEE K T 1 9F:
H 2RIk R L 86. 17 %(E 2) , 1] DL 38 /3 R AL AR 111
WA ) 2R TR A RE S A MU BR AL 2R A . 6T
I3AT I A A R R I (R 3) , AR = Be b = BRI
AR R T AR B RO B AV — -1
TR SRS A R AT, AR S BT = BUg
TR i [B] A S M i, IX A 5CR 22, BRI o0
M IC A8 FH B0 2R M1 e 2 ) il — VR %

5.0 100
451 490
4.0 1 80
350 - BRI 170 .
W R E ES
. 30F 4 60 &
M2s5t {50 &
i s
20F 440 &
4
154 4 30
1.0 F 420
0.5} 110
0 0

PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9
BN

B2 AR B R IR R i 25 S B RHIE (B RBLTTRR

Fig.2 Eigenvalues and cumulative contribution rates of principal

components in the source rocks from the Bodong Sag
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Fig. 3 Factor score diagram for principal component analysis of

source rock samples taken from the Bodong Sag
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Fisher KRB 9 0 0 100. 0
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Fig. 5 Ternary diagram of classification probability of

source rock samples from the Bodong Sag
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Table 3 Classification results based on the Fisher and Bayes discriminant models for the source rock samples from

the Bodong Sag
e — - Fisher #3113 #7 ‘ Bayes I 51l 5317 : i
. F, 3k Y, Y, Y, R M2 R34k
LD28-A 2530 Ng 2,22 0.28 3 29.87  35.37  38.27 0 0.05 0.95 3 o
LD32-A 2388 Ng -0.28  -0.89 1 12.42  12.57  10.35 0.42  0.52  0.06 2 D
LD32-A 2 662 Ng 0.90 ~-1.17 3 15.06 16.40 17.69  0.05 0.20  0.75 3 C
LD32-A 2745 Ng 1.74  -0.80 3 17.64  20.81  23.84 0 0.04  0.95 3 C
LD32-A 2917 Ed*-Ed' 1.59  -0.49 3 16.11  19.60  21.81 0 0.10  0.90 3 C
LD32-B 2792 Ed'-Ed'  -1.70 -1.37 1 15.30  12.53 7.20  0.94  0.06 0 1 A
LD32-B 2909 Ed"-Ed'  -0.33 -1.68 1 21.33  19.96 18.67 0.74  0.21 0.06 1 A
LD34-A 2417 Ed'-Ed"  -0.55 -0.99 1 11.18  10.72 7.93  0.58 0.40 0.02 1 D
LD34-A 2634 Ed-Ed*™  -2.55 1.16 2 10.42  10.67 -0.23  0.36 0. 64 0 2 D
LD34-B 1971 Ed*"-Ed" 5.04 —1.88 3 41.93  47.88  61.10 0 0 1. 00 3 C
LD34-B 2142 Ed*-Ed*™ 3.94 0.57 3 28.29  36.74  43.83 0 0 1. 00 3 C
LD34-B 2364 Es® 1.43  -0.21 3 20.08 23.75 25.18 0 0.19  0.81 3 C
LD34-C 2131 Es'™ -0.40  -0.63 2 15.31  15.67 12.82  0.36  0.60  0.04 2 D
LD34-C 2 150 Es'™ -0.45  -0.40 2 14.32 15.02  11.74  0.29 0. 68 0.03 2 D
LK8-A 1845 Ng -1.51  -1.26 1 10. 94 8. 64 366 0.90  0.10 0 1 A
LK8-A 1963 Ng -2.59  -1.46 1 5.80 1.62 =597  0.98 0.02 0 1 A
LK8-A 1963 Ng -2.46  -2.12 1 7.57 2,39  -4.00  0.99 0. 01 0 1 A
LK9-A 1292 Nm" -1.83  -0.87 1 7.32 5.26 -1.08 0.88 0.12 0 1 A
LK9-A 1293 ~1309 Nm" -2.57  -0.94 1 7.32 5.26 -1.08 0.88 0.12 0 1 A
LK9-A 1308 Nm" -2.93  -1.04 1 4.94  0.99 -805 0.98 0. 02 0 1 A
LK9-A 1515 Ng -3.27  -0.46 1 13.14  9.74  -0.97  0.97 0.03 0 1 A
LK9-A 2211 Es'™? 4.51 1.21 3 30.85  41.02  48.76 0 0 1. 00 3 C
LK9-B 1773 Ed’ -1.97 3.00 2 12.16  16.62 4.85 0.0l 0.99 0 2 B
PL3-A 1709 Ng -1.11 0.38 2 11.62  12.68 6.61 0.22  0.78 0 2 B
PL3-A 2234 Ed'-Ed'  -0.56  0.60 2 16.44  18.64 13.73  0.08 0.91 0.01 2 B
PL3-A 2256 Ed-Ed"  -1.21 0.72 2 17.07  18.63 11.85  0.15 0.85 0 2 B
PL9-A 2455 Ed"-Ed'  -1.82 -0.58 1 13.52 11.92 5.24  0.81 0.19 0 1 A
PL9-B 1675~ 1700 Ng -3.53  -0.46 1 7.92 410 -7.29  0.98 0.02 0 1 A

TE R LR =B 2R — B B 3R =B,
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Fig. 8 Stereogram of hydrocarbon accumulation model in the northern part of the Bodong Sag
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