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Three-dimensional stratigraphic modeling for borehole scheme

optimization using machine learning method
Liang Jiajun, Zhou Xiaoqi’, Shi Peixin
(School of Rail Transportation, Soochow University, Suzhou 215000, China)
Abstract: To reduce the adverse impact of sparse geological exploration data on the precision of stratigraphic
models, this study proposes an implicit three-dimensional (3D) stratigraphic modeling method integrating
ensemble learning and multi-fidelity geological survey data. A genetic algorithm (GA) is utilized to construct an
optimized Stacking-based ensemble learning framework, which learns stratigraphic distribution patterns from raw
geological exploration data and generates stratigraphic classification datasets corresponding to virtual boreholes.
A radial basis function with a multiquadric kernel is adopted for implicit stratigraphic modeling. On this basis,
information entropy is introduced to quantify the modeling uncertainty and further optimize the borehole layout
scheme. A case study is conducted using geological survey data from an urban rail transit project. The results
indicate that the GA-Stacking model achieves an F1-score of 90% and an accuracy of 89% on the test dataset.
Compared with standalone machine learning models, the proposed method exhibits superior performance in
stratigraphic classification and prediction. The mean absolute error between the modeled stratigraphic distribution
and benchmark stratigraphic profiles is 0.23 m, with an average profile consistency of 85%, demonstrating the
reliability of the developed model. Moreover, the overall stratigraphic uncertainty is reduced by 24.1% after
supplementing five additional boreholes, which validates the effectiveness of the proposed optimization strategy.
This research provides a novel insight into refined 3D stratigraphic modeling and offers theoretical guidance for

borehole layout optimization in geological exploration.
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Tab.2 F1-score vs accuracy across learners

HE AU FLAY L2 o0 SRR 4R . R T X 288, %
JEWT T X [ 5 4% 3 2 R B o A AR AL, R BE ST

s ) i »Fmﬁw ‘rm%“ IX 3 #¢ 10 mx10 m=0.1 m 4 &) 4> K BE 3 47 0 A%
Pk W UIZE Wk > : H 2 21T

XGB 0.98 0.87 0.98 0.86 H47o
LGB 0.99 0.87 0.99 0.87 FE TR AL R R PR U s, SRR
KNN 0.99 0.83 0.99 0.83 SWREES . TLIREESL . MMREES . 2Tk, HiE
R 031 oA st 0 T SR TR B BOT BT L2 %, LA RMSE Sl
o YT W Y IR, SRS U AT
. Vo om0 0w I = 24 % ) 5O LA I 8 R 1 5 M (R

GA-Stacking 0.99 0.90 0.99 0.89 FEME, AT HE b b O M 2 7S R 2k A R,

TE A 26 4520 CPT fL 5 45 FLECHE JE 4 1
L5 Hb SRR A L AR 18 X ] 5 TR S PR A
LA, EE30m. S0m. 100 m ] FE 4350 A i
ARG FL o X Lo BT A BORS BE 5i R RCR s,
50 m [A) #E A B AL AL, AR i 25 S AL AL o
18 1 GA-Stacking #5751 3 T~ 2L A7 Hb S B AL 2 40 %

b3k R A% R BT Je = B U 2 e, oy il
b2 T S R AR R (WLET9) o AR ERE
294 s, f4% GA-Stacking Yl 25 6] (264 s) . T
MEFE (8's) SEEAmIE (22s), MK TS HE
g5k, R R R TR N . B 5 ]
FIL, HbREBCRIETY

W% ) HEBRI%
100 50 B3P 134 O 100
3.
80 80
& 4.
= 60 i 60
s I
i ">
40 o 40
6.
20 7 20
0 8 0 0 0
I 2 3 4 5 6 7 °8
b AR
(a) DT (b) LGB
2% YT /%
100 100
80 80
60 %ﬁ 60
Fon
i
40 i 40
20 20
0 0

FbRA%
(c) XGB

Tt A5
(d) GA-Stacking

8 JLH 285 GA-Stacking 5 BRI A I

Fig.8 Base learners & GA-Stacking confusion matrices

TTFITRERARKRZZR (BARZEM)

PI1IE . https://fxky.publish.founderss.cn



432 TATFTIRBARAKRFFHR (ARFFR)

HJZAY
F3 SN
it

(a) b2 him

% 45 A
W
gt s
1 -10

g

Brsep 25
B 35

2000
(b) 50k

K9 EEZRURE

Fig.9 Schematic of modeling results

R Xk SR IE AR SO A Y = A 2 A5 R A R
AR BE DT A PR TR, B 3 RO M R
B D7k 1 RAEASOTNE, T 25 R
5 RE AU B LB A Y 5 J7idi 2. ARAEAS ST
Wk, BTG B B AR s ik 3. MRETE

HoJ2 T R

z 30,
, 120
1/ X 22,7160 770 80
o) 200 0
y

]/.x
Oy

(a) k1

0
e it
BmEL 22 Prme e
Lk 30 LI " 30
R _4840 fen Beh 3‘%
120 z 30
oo 120

(b) Jiik2

B e, TR M B b A SR
B3 53 AT 2 B L e 22 09 7 T VR SR S 3 3T 1
PO e i TR O o 3 5 )= i T TR G &
UL 10 A 11, Hrpar@bgic Xk 3 Fp dip
IR 25 SRR I X 3

Hi 2T

Gebiy S

gL o
B &7

(c) k3

E10 s GExT e

Fig.10 Comparison of modeling results using different methods

0 R
ek
B

_400 20 40 60 80 100120140 160 180 200
KRR RS /m

(a) TRRAEMEHD)ZFH

0
HiJZ Y -5
FRIEA ‘i‘;
Btk £-
BREL % o
B LI 30
Frth -35
—40

0 20 40 60 80 100120 140160 180 200
KPR RS /m

(c) Jyik 2B myEl i

0

i Z -5
Zetti |- -10
it g-=lp

i -20
WAL ® s

B 30

bR =35
—40

0 20 40 60 80 100 120140 160 180 200

KRR B /m
(b) J5¥k 1 RHS S I

0
Mo JZA -5
Zediti 4 -10
% E-15
fﬁj:‘ B_20
*ﬁﬁﬁﬁi L(\Jé _25
Wt 30
b =35
-40

0 20 40 60 80 100 120140 160 180 200

JKERE S /m
(d) i 3R]

BT LT T A8 AR ) e

Fig.11

comparison of stratigraphic modeling results based on cross-section

TTITRERAREZZR (BAREM)

M3k : https://fxky.publish.founderss.cn



% 4 3

RER, F: @RI ERRAHIE F T =4 B AT 433

1 & 10 AL 11 AT DU, AN T 52 PR LI
TREE 10077 2 RE— a2 R S Wiz DX 3k A )2 A8 b
AT, E AR B AR B X LA A B T RE A AE )
JRAEACARE s v B A (A E Y 1 3 e TR
B, MELLR Iz X A 2 AR A kA g Mz,
J5' %5 1F GA-Stacking 8 B 27 > SR W& Az 18 K FU %G
FLEARAE AN S 295, i i %) b 22 55 80 g 4 BT
Gy b 220 i b 22 1 JRy AR AR Ak, 5 £ B B
B, B R R R I A R S S A M

Ry R VTR A AT I HE R 1, R FH AR A 50
22 50 B3 308 43 5 s 5t ) AR AR % L S B
J b B 5 R R rh A iR B AR TR AR
BRI AERME, S5 ILE 3,

#3 AEBREHETHTEYRE

Tab.3 Average error comparison of modeling methods

2K PR 22 /m
Jrikl Jrk2 k3

O+ 0.15 0.18 0.24
Q%L 0.14 0.43 0.38
@Mzt 0.12 0.63 0.69
@k LI ks 0.24 0.46 0.39
6k 0.05 0.11 0.21
©%i+ 0.60 0.64 2.09
Om Bz + 0.32 0.91 0.80
F-HME 0.23 0.47 0.63

AR T I7 82, J7 s 1R HE R 245 25 /s
0.24 m; M T kL3 FHIREW/N040m, HA
T AR R o e R R ) R SEE s ) T A R e 1 A
5 S o T AR =2 L SRR A R, LA
FENERE IR S B b 2 AR RE 7, 4% M2 A ) Ik
W) R W2 4

F4 TEBESEFTSBENHNEMSE

Tab.4 Profile consistency of each stratum under different
modeling methods

o W5 BE /%

S Jrikl k2 k3
OFE+ 86 83 75
Q%+ 87 81 72
€)= 87 77 66
@k I ks 85 80 77
6y i 88 83 78
©%i+ 77 74 68
Ok R+ 83 80 73
SE A1 85 80 73

Jrid 1 48 MR B W) 45 -2 E 0 85% , T ik
2. J7ik 3 B E W) G R EE S 80% . 73%.

Tk LS HZEW G ER L, i, OBnews
JE 5 88%, MR -WIE R 87%, T H A
P s (77% 5 66%) o [T, 7650807 67 1Y 2%
EREA REWNTE3EORH EMAEMRE . &
W EIEAG S R ], Tk | 7R R A b R A
(ARG B 5 T Sk LA — e B, TR R
T s 501X S5k B 0% T B b 20 1) b 2R 38 5 AR fk
fEE N

4.3 AHREMSTREFLARMIN

HEAESE IR, A 4 HE DL AL — SR A ) i
M5 B0, IS 20 B =48, LI 12,
A0 A AN B 2 P 2 AR TR R G 1] Y i 5 e T
SrIXH, o TR AR B AR AR Y R
YA A AT AR i AN S P o o 2% DX 200
(EL IR KRR A 3 3 Al FLAE B, AR (0 A v R AT
FORT, EO A X R R, 65 S SR
BELALE, BRARILES,

Ei=8i:]

1.0
0.8

2000
12 et s &

Fig.12 Schematic of uncertainty distribution

RS MAFEHILEAMEMENLER

Tab.S Change in uncertainty after adding new boreholes
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L= WA F (e {1 i1 FEAR/%
1 0.110 0.102 0.08 0.87 7.7
2 0.102 0.094 0.04 0.65 8.2
3 0.094 0.087 0.05 0.55 7.7
4 0.087 0.079 0.07 0.63 8.2
5 0.079 0.073 0.03 0.53 8.6
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