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Abstract

To address the problems of insufficient utilization of depth-wise contextual information, imbal-
anced lithology class distribution, and overestimated evaluation results caused by random sample
splitting in well-log lithology identification, this study proposes an improved one-dimensional U-
Net-BiLSTM lithology identification method. A dataset containing 7470 depth sampling records
from 12 wells was used in this study. Conventional well-log curves, including CAL, GR, SP, LLD, LLS,
AC, DEN, and PEF, were selected as the basic inputs, and auxiliary features such as the deep-to-shal-
low resistivity ratio, acoustic-density ratio, and gamma-ray acoustic ratio were constructed. After
data cleaning, missing-value imputation, logarithmic transformation, and normalization, a well-
wise splitting strategy was adopted to construct the training set, validation set, and independent
test set. The proposed model takes a multidimensional well-log sequence window with a length of
64 as input and performs point-wise lithology classification for each depth sampling point within
the window. Specifically, the feature enhancement module supplements local variation and statis-
tical features, multi-scale one-dimensional convolutions are used to extract well-log response pat-
terns at different depth scales, and BiLSTM and Transformer modules are combined at the bottle-
neck to model depth-wise contextual relationships. Meanwhile, attention-based skip connections
and a DRSN decoding module are introduced to fuse multi-level features and suppress weak dis-
turbances. Experimental results using wells J393 and T251 as independent test wells show that the
proposed model achieves an overall Accuracy of 0.7565 and a Macro F1 of 0.6806 on the overall test
set, outperforming comparison models including SVM, MLP/BP, 1D-CNN, LSTM, CNN-BiLSTM, Trans-
former, Vanilla 1D U-Net, and Attention-TCN. In the single-well test results, the proposed model
achieves an Accuracy and Macro F1 of 0.7838 and 0.7646 on well J393, and 0.7394 and 0.6495 on
well T251, respectively, indicating that the model maintains good recognition performance across
different test wells. Lithology depth-profile comparisons further demonstrate that the proposed
method can better preserve the continuity of major lithological intervals and has good generaliza-
tion ability and application potential for cross-well lithology identification.
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Figure 1. Lithology sample counts and cumulative thickness proportions of the dataset
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Table 1. Description of input well-log curve features
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Figure 2. Boxplots of well-log curves for different lithologies
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Figure 3. Lithology sample counts and proportional composition of different wells
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Figure 4. Overall architecture of the improved 1D U-Net-BiLSTM lithology identification model
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Early stopping patience 65
Ak AdamW
e ) R SR Cosine Annealing

4.2. SFEEHEE

AT RN A ST AR B fE, 1E8HL SVM. MLP/BP. 1D-CNN. Vanilla 1D U-Net. LSTM. CNN-
BiLSTM. Transformer. Attention-TCN ¥} LA BHINZE 3 Fiow .

Table 3. Settings of comparison models

3. MRS E

BRI Xof LU ALY 1EH
fegiblds > SVM BN FAE S o0
TR HEE N 4 MLP/BP B 7 51l P 4 06F L
BRI ID-CNN JRFRAEAE R BN LG
Gt 2% - AT AR Vanilla 1D U-Net FLRE U-Net &5 F% b
Fr B LSTM TR PE 7 W) IR AR L
a7 AR CNN-BiLSTM JRBAE AR 5 XA Fr 1 R T B
TR )/ AR Transformer. Attention-TCN TR A S IFAS R E
AR Ours Mgt —4E U-Net-BiLSTM

4.3. WNIRIR
AICKA Accuracy 1 Macro F1 A A EZ PPN 45, IF45E Precision. Recall 1 F1-score X A A& 1%
FER AR BCR AT B 307, PN AR U AN 4 P
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Table 4. Description of evaluation metrics

4. TN HERRULRR

BT X 1R
Accuracy SRS S HER 2 Al 12 A TN A A8
Precision kR iy 2 TN A HE R A I T A
Recall Al 17 B S SRR A R0 L R L A5
Fl-score Precision 5 Recall [ A1 LRA PR BRI RCR
Macro F1 HJ Fl-score [¥1%:°FH) T ARG AT N LA TP

Z¢ I, Accuracy H T IR AR R REAR N IERI S, Macro F1 FF AN BRI ) 25 1 28 ) A 2 4 1R 531 e
1, S R B A T b s LA R R T I B SR RE
5. GRESH
5.1. SEIRAMREXSEE
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Figure S. Comparison of Accuracy and Macro F1 among different models on the J393 well, T251 well, and overall test set

5. FEEBITE 1393, T251 BHRBMANIRE £M Accuracy 5 Macro F1 Xttt

K5 gyt TR 3393, T251 P9 AT LA AR M4 ¥ Accuracy F1 Macro F1 % U4
Ko WEBEESHKRE, NEBEAEPITEI ERI B 5725, U W G544 0 I 5 P O R
HEIEEW, LR85 IBR SVM UL IREMZM 2 MLP/BP B8 RES ) FH I He i 2B RFAE BT 26 A
53, AR DT B OUE BRI AR, ML RIS E MR BAE A b RS AR RRIE o

5L G BRAR LOIR B 5 > T ik Re g I e 27 o B Bl 30SE B0 1 i) R AE . e, 1D-CNN
Reli it R E O A 2 A, EXKIEE N ORRIRIAGEIAIR; LSTM BRI FIK A%
7, [HEVDZ R RS A SR SE # . CNN-BiLSTM [&] I F R 36 AR AE AN 0L P 514 L, SRR
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PR — L Attention-TCN TIF FH i 7 5 AR AR B HLHI 3G 55 1 I B 5 ) R A1 Rk i

*
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Vanilla 1D U-Net
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Figure 6. Comparison of Accuracy and Macro F1 of different models on the overall test set

6. A EHREE 2NN & LAY Accuracy 5 Macro F1 Sttt

MIE 6 SRR RE, AR | R ATERE, Sk Accuracy 15F] 0.7565, &i44 Macro F1
K5 0.6806, FERTHIXT ELBEA Fh s A i . HIEL Attention-TCN, A SCHERY K] Overall Ace M 0.7440 27}
% 0.7565, Overall Macro F1 M 0.6405 #2712 0.6806, #HLL Vanilla 1D U-Net, AR SCAETTE SRR 2 A
Z P F1 LW E R

TES IR ] LA, Transformer A5 IR 14 BE AR R BUH B AR H . FLIR DK AT B8 500 -4
PER AT S5 IR AR . 5K E RS IE S5 55, — T, A SCERERFEA BN EIR, H R
X5 5 AGEAT INZRAND, KRR BN SR R AT 0L, R ASE AT 75 22 2 ST it 28 5 5 1
Z AR U G R, I8 TR B B A BRI PE IHZ AWRE 7 o 4l Transformer == EEAK R 73 & J1HLH AR
g SIANRITR FE AL B2 B AR R R, N GRPEA RS IR 5 1t 200 40 A1 AN 2oy LA [B) mi [ A7 76 72 57
W, B 5 2 BIREAR AT A s, X DLFE 7 2 S F 5 1) S 3 5 1tk e A8 2K

Ty 71, W A RO AT W R A S AN 22 R AR R R . A i B B R A I
BAEERIA GR. AC. DEN. HBH 38 45 i 2875 Ja 08 B S el o 10 2R AL B 5848 o A LL 40 Transformer,
LAR G A SR SR SR AR SR HRE 77, A8 B B et A 4 A0 R B A [A) ) i BTS84k s BiLSTM
Refg it — D A IR TT 1Al ) IR I A IE SR G R . ACEALE I 2 RJE — BGRB8 5 2 B
W SHFAE, 45 & BiLSTM Al Transformer #E4T 1N SCEUAR, DRIILTE/INEEAS . S5 AN S5 488 A0 5 I 3k 2%
NERIERE. #FZ, Transformer F:4 R IATNTA & I AU BB IHURITERL, T2 R A ST
b, B BV R 1 AR D R A AR A 9N e B RGE S R AR LY TR, HME DL AR 433 N 4
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Figure 7. Comparison of Accuracy and Macro F1 among different models on well J393

7. 1393 FHAEHRE! Accuracy 5 Macro F1 %fLt

N kB AT ARAE AN RN B2 AR T, Aol Get 1 3393 A T251 P I B
PSR 7 R T 1393 H EAFRERY ) Accuracy il Macro F1 XFLEgE$. MW ATLLE H, A SCHR
RILE 1393 H EEUAS TR IRTIPERE, Accuracy A 0.7838, Macro F1 A 0.7646, AN bR & T HAthx b
PR,

MAEHIEA |, SVM. MLP/BP %5 J574E 1393 HF L1 Macro F1 AHXIEAR, a5 43 28 5 i
WRHIFFTEAE . 1D-CNN FI LSTM il 2 & SRR AP 515G R, (H BB P A ¥ DA ] R e it i 2 ¢
YAFTAN LR L2 . Vanilla 1D U-Net #11 Attention-TCN 7E J393 H_F- (R BUAR G e, 1 B 22 R 5 #g A
I A 12 5 R ) A AR

K8 JB/R T T251 I BRI gE . 5 1393 HRAHEL, T251 ¢ L&A Macro F1 BAA(RAK,
Vi B Z 5 T VR M P B . AR ALE T251 H 1 Accuracy 4 0.7394, Macro F1 4 0.6495, {EXTEL
BRI PRI . B8R T251 H L1 Macro F1 KT 1393 H, (HARSCEAEREE T 5 @ SRR A1 KF,
Vb B FLAEA R 2 (A B — e fa e .

J393 F1 T251 P LSS 2= R R, AR [ i SR A A 2 BE R DL R A Vil
RREERTRAEHEZER . N TEIIAEIRAMES NS, BT ES TG b i g - A1k
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Figure 8. Comparison of Accuracy and Macro F1 among different models on well T251
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RIRIR E A 25 5 LR S T, BP7E B S8 AR E S B i I 2 ANl e, 5 B A Y
5 1 2 BB AR SR DR FFRE I AN AL o B RRSEAN T B RIR BE 2 ST BB e (E — e FEFE ol ax — 1] R,
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W2, AR . BRI DLE H, AN EEAE I BTNz e . SR A
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Figure 9. Comparison of true lithology and lithology predictions of different models along depth in well J393
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Figure 10. Comparison of true lithology and lithology predictions of different models along depth in well T251
10. T251 AESLAE ST RIER FUN A MR R E TR E XSt

Table 5. Comparison of recognition performance under different class imbalance handling strategies

5. TEIEH A E IR RIEAIRAMEREXTEE

Lithology &5
RS
Muddy siltstone

pEz=

Mudstone

HRE
QOil shale

wbE

Siltstone

MRS

Silty mudstone

AN A S Overall Acc  Macro F1 ﬁ[ﬁﬁ@% {Eiﬁ ?Iﬂ{ﬂeﬁciaﬁ ?Hi;ﬁl?'ﬁ ﬁ}lﬁ//l;% jé} g);ﬁl
CE 0.7346 0.6232 0.4252  0.8854 04286  0.5000  0.7778  0.5275
WCE 0.7304 0.6594 0.4173  0.8778 0.7143  0.6667  0.7759  0.5592
Focal Loss 0.7513 0.6431 0.4508  0.8843 0.4286  0.5455  0.8226  0.5122
Oversampling + CE 0.7503 0.5757 0.4171 0.8863 0.1429  0.2500  0.8088 0.5163
Ours 0.7534 0.6743 0.4724  0.8931 0.7143  0.6667  0.8012  0.5382
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Table 6. Effect of window-level oversampling intensity for oil shale on recognition performance
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2 0.7304 0.6344 0.3846 0.8788 0.5714 0.6154 0.7890 0.5042
4 0.7440 0.6576 0.3410 0.8903 0.7143 0.7143 0.7932 0.5495
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