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Abstract The Miocene strata in the L area of the Y Basin in the western part of the South China Sea
are characterised by high temperature and ultra-high pressure, which makes drilling difficult and core data
rare. In addition, the accuracy of rock chip logging in reflecting lithology is relatively low, making it diffi-
cult to meet the requirements of fine identification of lithology. The deep clastic rocks in the second section
of Huangliu Formation in the L area of Y basin are used in this study, firstly, using the limited data of
core size analysis, rock chip logging and logging, we selected the particle size parameter characterizing li-
thology: median Md and five logging curves of natural gamma, density, neutron, acoustic time difference
and resistivity which are sensitive to changes in the particle size, and constructed the data set of five varia-
bles of the median Md and logging, and then we used K-MEANS secondly, using K-MEANS clustering
method, the dataset was divided into four classes according to the optimal relationship between “sum of
error squares and the number of clusters” (referred to as “granularity classification” ), which optimised
the correlation between the median Md-granularity and the logging response, and obtained the logging re-
sponse characteristics of the different classes and the corresponding lithological types. Then, in the actual
well data processing process, Fisher’s discriminant equation is applied to determine the type of particle
size classification to which the unknown depth point belongs, and finally, the intelligent calculation model
of median particle size logging based on XGBoost algorithm is established under the particle size classifica-
tion, and based on the numerical range of median particle size corresponding to different lithologies, it
realises the purpose of fine identification of lithology by inverting the median Md curve according to the log-
ging on the wellbore profile. The purpose of fine identification of lithology is achieved by inverting the Md
curve on the wellbore profile according to the logging. The results show that the sandstone lithology in the
second section of Huangliu Formation in L area is divided into; siltstone, fine sandstone, medium sand-
stone and coarse sandstone considering the difference of grain size, among which the fine sandstone and
medium sandstone are the most dominantly developed lithologies, and the median Md of grain size has the
closest relationship with the lithology of different grain sizes, and it is the most reflective of the different
grain sizes of lithologies; the intelligent calculation of the median Md of grain size logging model based on
XGBoost algorithm is better than that of multiple regression algorithm after the classification of the grain
sizes. The prediction effect of the model is better than that of the multiple regression prediction model, and
the correlation coefficient between the calculated median particle size and the measured value reaching
0.9397, the average absolute error ( MAE) is 0.0195, and the average relative error MRE is 0. 1752.
The model is an effective method for the fine identification of the lithology of the deep complex clastic
rocks, and it also lays a foundation for sedimentary grain sequence analysis and fine interpretation of the
reservoir configuration, and the evaluation of the validity on the vertical profile. It also lays the foundation
for sedimentary grain sequence analysis, fine interpretation of reservoir configuration and validity evalua-
tion in longitudinal section.

Key words South China Sea, Miocene, complex lithology, median grain size, logging, inver-

sion, machine learning, XGBoost algorithm
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S, e T ORI kA R 2R AR B Y R A

R3 YREULBRHEFRERAEIRN A THFIERFEROEHELES

Table 3  Principal component analysis eigenvalue and eigenvector calculation results for the Neogene Huangliu Formation

in L area of Y Basin

—
A FrE BOEAR PETORE/% BT/ %
GR Rd DEN CNL AC

Y1 0.5087 0.2233 0.2068 -0.2708 0.7585 2.6982 53.96 53.96

Y2 -0.4813 0.2102 -0.6596 -0.4615 0.2759 1.0616 21.23 75.20

Y3 0.0847 0.9427 0.0070 0.1653 -0.2772 0.5009 10.02 85.21

Y4 0.5154 -0.0808 -0.1547 -0.6617 -0.5159 0.3941 7.88 93.10

Y5 0.4867 -0.1040 -0.7058 0.4986 0.0746 0.3452 6.90 100.00
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Fig. 7 Relationship between k-value and SSE for the Neogene

Huangliu Formation in L area of Y Basin
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Fig. 8 Corresponding relationship between four types of
lithology and clustering categories for the Neogene Huangliu

Formation in L area of Y Basin

TR AR AR AR A ) J31] G 2K TR A AR e A9 0
(BE{RAF, 2011), 3@ %R M Fisher 5175 72 E
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Table 4 Different types of grain size characteristics and logging response parameters

for the Neogene Huangliu Formation in L area of Y Basin

e KL H A Md/ mm GR/ API Rd/Q + m DEN/ g » em™ CNL/% AC/ ps + !
P Tem vmm wm FeE  ®mW FRE GM FAE GW  FAE  GH  FAE
EES 0.00~0.1 0.03  95.51~136.54 109.86 1.7~11.9 4.04 2.4~2.66 2.58 5.94~21.99 12.3 68.12~105.7 84.98
EVES 0.03~0.2 0.11 69.32~95.64 79.71 2.36~24.31 1191 2.36~2.71 2.51 3.28~16.24 7.14 58.31~90.6 72.55
328 0.08~0.21 0.15 53.75~87.84 73.64 21.96~54.95 31.86 2.46~2.56 2.51 2.22~10.33 4.36 64.51~71.94 68.5
a2k 0.07~0.44 0.19 47.31~71.8 62.29 6.25~37.56 18.22 2.33~2.7 2.47 1.27~3.93 5.41 55.34~84.54 70.65
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0. 1554XCNL+0. 0064xAC+10. 848
F5=-0. 005xGR-0. 0156xXRd+5. 3668 xDEN -
0. 1113XCNL+0. 0168xAC~-13. 2858
Fisher FI 509 L B Ry . 35—, HEIZHEA
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HORCH, AE I a il i Wea Ve kL B2
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T5 W S fff D BAIE 22 f R AR v v B BOHR A AR Y
BEIRAR . M b L R T S XGBoost (Extreme
Gradient Boosting) , J& Chen Fl Guestrin (2016) #£
LA AT A6 4R TP S GBDT ( Gradient Boos-
ting Decision Tree) B kAU EERE |42 th A —Fh 5
TEmR. R H AT # A P s i HL &% 2~ Bk . XG-
Boost 51 i 2 % 22 A~ 55 7 26 e B B AL E S5 2 B
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Table 5 Fisher discriminant eigenvalue and contribution

rate calculation results for the Neogene Huangliu Formation

in L area of Y Basin

Fisher 1| 1 FRAEAR Ji TR/ % BB 2 TTHRER/ %

F1 84.8265 0.7447 74.47
F2 27.9561 0.2454 99.01
F3 1.12560 0.0099 100
F4 0 0 100
F5 0 0 100

F o6 YR L MXHILRERA Fisher B4 3] 3 47 547
Table 6 Fisher back substitution discriminant accuracy analysis

for the Neogene Huangliu Formation in L area of Y Basin

[l JA R AR A B/ A
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Fif AR
EHAES 24 24 0 100
EHVES 44 40 4 90.91
3% 31 30 1 96.77
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Fig. 9 Algorithm idea of XGBoost
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TEFAE, 2020) . XGBoost i il #52 A1 0] A X KR
o (ZFEOFAE, 2022)
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Fig. 10 Multiple regression model without granularity median classification (a), multiple regression model of granularity median

classification (b) ,

Formation in L area of Y Basin

and XGBoost intelligent algorithm model based on granularity median classification (c¢) for the Neogene Huangliu
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Fig. 11  Comparison effect of XGBoost intelligent calculation model and multiple regression calculation model

in Well L-1 of the Neogene Huangliu Formation in L area of Y Basin
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Fig. 13 Lithology result of Well L—1 grain size division for the Neogene Huangliu Formation in L area of Y Basin
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