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Gently Inclined and Inclined Ore Bodies in a Deep Thick Ore Body
ZHENG Gongguan' s ZHANG Jiuyu'?®, LIN Feng®, GU Xuqiu®,
CHEN Dongyou®, XIE Jingpeng', QIN Xinglang', XIONG Liangfeng'*

(1.Technology Center of Tongling Nonferrous Metals Group Holding Co., Ltd., Tongling, Anhui 244000, China;
2.State Key Laboratory of Intelligent Deep Metal Mining and Equipment, Shenyang, Liaoning 110819, China;
3.Dongguashan Copper Mine, Tongling Nonferrous Metals Group Holding Co., Ltd., Tongling, Anhui 244000, China;
4. Jiangxi University of Science and Technology, Ganzhou, Jiangxi 341000, China)

Abstract: Gently inclined ore bodies are recognized as one of the difficult-to-mine ore bodies. Under the condition that the mine
production system is fixed, the conversion of mining for ore bodies with different occurrence conditions significantly affects the
mine production efficiency and safety. When a mine converts from mining near-horizontal ore bodies to gently inclined-inclined
ore bodies, the traditional method is faced with the problem that some stopes cannot utilize existing roadways for mining and
cutting, and a large number of new mining preparation projects need to be developed. To address the above problems, a mining
scheme of “arranging stopes perpendicular to the strike of the ore body, canceling cutting raise shafts, and using ore drawing
drifts as the initial free surface and supplementary space” was proposed. This scheme can save some mining preparation projects
such as trench roadways, medium-deep hole bottom pulling, ore drawing drifts and ore haulage roadways. The stability of this
structure was demonstrated using FLAC3D software, and industrial tests were carried out on-site. The results show that the
goaf model of stope 62-A has a relatively regular shape, basically no caving occurs and side walls, the ore loss rate is 2.3% , the
dilution rate is about 8.5% , and the mining and cutting engineering quantity is reduced by about 14.8%. This scheme has
advantages such as adapting to the change of ore body dip angle, simplifying stope structure and reducing engineering quantity,
and provides a reference for the mining of similar ore bodies.
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Fig.1 Mining status model
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Table 1 Comparison of stope structure schemes for end ore bodies
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Fig.3 Mining preparation system arranged
perpendicular to the strike of ore body
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Table 2 Physical and mechanical parameters of

rock mass and filling body
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Table 3 Estimated strength and deformation

parameters of rock mass
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Fig.4 Schematic of stope layout
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and stope 6 after mining

HrF/m
5.4170E-02
5.0000E-02
4.0000E-02
3.0000E-02
2.0000E-02
1.0000E-02
0.0000E+00
- 1.0000E-02
—2.0000E-02
—3.0000E-02
—4.0000E-02
—4.7589E-02

(a) FR1

HLF/m

3.3206E-02
3.0000E-02

~ 2.5000E-02

~ 2.0000E-02
1.5000E-02
1.0000E-02
5.0000E-03
0.0000E+00
- 50000E-03
- 1.0000E-02
- 1.5000E-02
—2.0000E-02
- 2.5000E-02
—3.0000E-02
- 3.1687E-02

(b) FR2

7 RFARFoMREHNEER(ZEEMHE @)
Fig.7 Lateral deformation of stope 4 and stope 6

after mining (vertical side direction)

4 Tk

4.1 ¥Rk

PEFE 62 £k X g A 31 i B (AR AE il 50 X,
WAE M AT B R, 0 5 AR, 410 62-A
62-B.63-0,63-A,63-B, H: 1 62-A.63-0,63-B K —
HERY, R TEEN 16~18 m,. KJEN 82 m, i
BE R JE B 3R K AR TR AL Y B 2 i ) 72
R 2, — P BRERG R 2RO KA TIH, 62-A
K Wit 3208 KRB A (N A IR b 0
R, JCE PR A . 7R DL i i Bk o 2
WAl 34° ~45°, B AR JE B 27 ~ 37 m, WK A7 R
—900~—980 m, A] KH & 127 769 t, i 0.94%,
42 EIRAE

KW 62-A K UE R G SRR T K 8 iR .
PO AR AR K, JEk T 62 # XM 64 8 X A
EHEA 62-A R THK . 7E—900 m B 66 &KX A%
T T 2 250 A BR A5 AR T L 3% G0 62 £k X I H 4K o
Ui H T30 PR AR 8 25 2 9 it 1 A7 N LI



6 b B 7

5 F & 2026,46(4)

MRE KA . IR, L —930 m B 62 #EIX
A5 H T A AR T OZ R AR R R 2

FH 4 5 3K 45 A5 18 43 3 #E A — 900 m,—930 m fﬂzl:u
Bl T A E K ALA = R fL . E— 980 m i
BEAERT RS, BNy BB E s, TR
MORHZ iy Gl R AT ARG, FB AU EIE K
iﬁiﬂr#{‘z?%ﬁiﬂiﬂ,iZ%Kﬁﬁiaﬁiimﬁﬁ,%%

BERFEATRIT.

ra VoWl \
] N V‘\U g
N
:_/ﬁ BB 63-B —
2 2 s 63-A \ )
N
o —/ 63-0 J}/ -
almWaml KL " Y oW a—
‘ oA e e \ j/ u
\QJ::W:;I;;&/ 5 AEF Woa (O
R A S P (Rl <
N ] _—
(a) —900m HEE
< p— A e 2 —
\10 U (]
63-B L
63-A

o)
Do
|
—
—
\_
V.

s
Y

(c) -980m B

B8 62-ARFRERFRBWRF
Fig.8 Mining preparation system and blasting

(d) E—E#H

sequence of 62-A stope

PR T2 AR b, DRSS B v 0 1] 3% 2 1) b AR
% JE L2 AR X [ H 28 (8], 26 T8 Bt A v s i o ol
FUASE SR J5 LA 1) s 7 Sk L B8 8 A PR ROR . AR X
B AR HA T BLBRAL BUE TUI#E R IE. moel
BRSNS N TSR N =y [ I R W okt A &
BURBE ST R (1—>2—>3—>4) , 55 R BRI 5 1 AN
i 5 m AREAEHTY R S hiE(5,6—>7T>8—>9),

EH— B EE S (15~20 m, AT . T R — 4
W 2 B AR X, S T R S ISR HIAE AL U

052 1] DA JEG FB 2 20 1] | & & (10—>11) . FF 4 41 51 8 1
DX LA i 22 9% 0 25 [, O BEA T JR Ik i (12> 13—

14—>15) , ¢ 55 — 8 DX BRF L 57 R B 100 )5 (16—17) L %
BT B R IEH 25 (8] (18— +++—>=27) , P FE 47 KA
WA (28>« —>34), K7 62-A HEEIHE 2.8 ~
3.0 m,fLIEHE 2.8~3.5 m, 4l fL B2 165 mm, I
AT E R FLLKEL M SRR G 25, 27
FIE IR AN, 3 34 IR EZGHAFEZ 0.347 kg/t,
4.3 WEREM

Al I R I 1 A 10 1 E 5 AR, R
THEAT N 66 160 m®, Ui 4 E 1] 1 & 4 R
Y. RETRESITA RN 77 671 m®, /g /R Y) T
FEEEZY 14.8% . R 5% MG » *'JFHEZF—%’(%E
FEF AR XS 2R 28 DCHEA T I L 4R BOCR 28 XA BB A L R
25 XA R KOS 3805% 5 3 1 P an 181 9 s . RS XA
WIS B SRITH R EGERET RS
TR MR K EEE RN 1.9 m, R K A
KEVETEE N 2.4 m, YL 5 1R LA K B 7% H
U BRI 1] 5 0 (A 30 5 T A PR AT o 130 I T A 3 A
KE . LRSS B AGE 9 46 B R R
JE s AN B IX AR A, 62-A SRR 12.5
T T AR E 2.3% ., Y KT M, K5
FRIBAT A2 1.06 J7 ¢, AL RA H8.5% . 4%
T4 b 4 38 B0 A 7 H AR

JA? /
r B ¥D
') =]

RERHR |
N
\ i

(a) RERXEE (b) REXKFHH
B9 REXERKERZSHEE

Fig.9 Horizontal projection and section

(c) REXHIHEE

diagrams of goaf model

VLI KP4 A Bt G2 A0t — M AR ] SR T 80 kg o 5
XL A TR Y A B A K IE S T2
FLAC3D $HEIE TR ke M I 4T T 375

YO BRI TRCR M A AR 458

(1) SAFURE — 00 A % [0 R i, R 3l 0 A
A A R, BOE VI8 R DL i 45 58 0 s A
F T 5 A 23 )7 1 [T SR D 8, ]k 4 T AT 1) I
PR 8 XS, T Y AR T P IR SL RS L T i



AR FIRIF R R A T S M - MA@ R RS ZA]]A LA IR ,2026,46(4). 7

B BT T AR v TR
(2) BAB 5 BT 45 2R R WL AR B T 105 7 14OE ) A1

BORY) B B R GE 0] 15 SR 3 09 N 4 R B

JIN S SR PN R 453 3 B R AS R A L L B 4

T ARG, AR AR AT A 10 3 0 R AT T R AR 12 46
(3) Wi BT K . 62-A KR A KB AL &

B R THOAR B2 S B AR 2 B i 0 i R

H2.3% AR N 8.5, I R AW R D) T

FEEEZY 14.8 00, W] BRAR AR 00 1R B R U e L RS R
(4) %07 G BA & WA 1A £ A2 Ak | T AL SR 5 45

e i/ TR SF LS 2R R R LR T 5%

2 % LK (References) :

[1] HsAE AT, S5m0, o [H 25 i 5 78 HR 0 bR 0T 58 i

HRE[]].4 5 11,2026(1):22-41.
LU Zengxiang, LI Jiaoqun, MA Qiangying. Research
progress and prospects of open-stope mining with
subsequent filling method in China[ J]. Metal Mine, 2026
(1):22-41.

[2]  SRAH.HTARIE ™ Mk & e 75 5 F& 4 98 0 5 B0k 5 34

(0. E M, 2023,32(6) : 2-9.
ZHANG Nan. Analysis of supply and demand status and
trend of copper resources in China under development
background of new energy industry [ ] ]. China Mining
Magazine,2023,32(6) :2-9.

[3]  EFfERLERZHR, AR, % & /07 I REAR K RIRE

JEEE[)] T RA 2424, 2025,47(5) :971-983,
WANG Liancheng, SHAO Anlin, QU Fuming, et al.
Current status and prospects of mining technology in metal
mines[ J ]. Chinese Journal of Engineering, 2025, 47 (5);
971-983.

[4] A EWeR, W2 5E, % B kB B s i 5 7 i
R LA FELT ] B2 %4, 2024,9(4) : 483-492.
HUANG Min, WANG Xiaojun, QIU Jixiang, et al.
Optimization of mining method for stage open-stoping with
backfill of inclined medium-thick orebody [ J]. Journal of
Mining Science and Technology.2024,9(4) :483-492.

[5] BB, MR ARE, 55 L0 S 0A R0 7R 0 o B as

i J5 FEHCR L & B 11, 2017(1) 1 20-24.
ZHAO Changzheng, WANG Yiming, XU Heng, et al
Sublevel open stope afterwards back-filling mining method
of inclined medium thickness ore-body in a tin-mine[ ] ].
Metal Mine,2017(1) :20-24.

(6] BV MR R AR T7 10 K 4510 2 B AL B 52 [ D],
BEFH B R, 2023,

JIA Tongping. Study on mining method and structural
parameter optimization of gently inclined thick large orebody

[D]. Guiyang: Guizhou University,2023.

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

TFHFAE S DA T AT AR T 1 IR B R it A
[J].&J8 5 1L ,2007(12) :10-13.

YIN Shenghua, WU Aixiang. Status quo of mining methods
for gently inclined medium-thick orebodies and their
development trend[ J]. Metal Mine,2007(12);10-13.
LEoKAE X B8 4 1L 22 A b TR R ORUHE B A B R
B3k B LR ] # 42, 2023,44(9) :41-45.

JIANG Yongheng, LIU Bo. Research and application of
double-approach sublevel open-stope mining method for
gently dipping medium-thick ore bodies in gold mines[]].
Gold,2023,44(9) :41-45.

TR HE S R L I T R ABURE T TR A Ak I SR 280 AR AL L R K
BT I8 L F 58 5 T % . 2025, 45(1) :55-62.
GAO Xiong, CHEN Xu, SUN Dening. Study on the
optimization of mining effect and the migration law of ore
and waste rock in gently inclined medium-thick orebody[ J].
Mining Research and Development,2025,45(1) :55-62.

A TR R AR 2 A AR b EE B TSR B 1k s B 5
L9 BFE 5 % .2020,40(9) : 1-5.

LIN You. Study on the improvement of mining method of
gently-inclined to inclined ore body with medium thickness
in Xingou scheelite mine [ J ]. Mining Research and
Development,2020,40(9) :1-5.

XU IE , B R R 22 A R 22 00 A0S B I 2t € 3 ) OF SR 45
AR LI BART I, 2011,37(2) :33-36.

LIU Peizheng, LI Ming. Application of green cooperative
mining technology for gently inclined to inclined thick ore
bodies in an iron mine[ J]. Modern Mining, 2011, 37 (2):
33-36.

PEAE 2025, S W W1 i 3R 2 0 R 0 0 R} 22 )2 28 0 Jok
[ PR A5 LI M F 58 5 7 % . 2025, 45(3) :17-23.
CHENG Dongxu, LI Xiaoyun, GUO Mingming. Research
on collaborative mining of multi ore types at high altitude
with gently inclined and multi-layer poor ore veins [ ] ].
Mining Research and Development,2025,45(3) :17-23.
BRHE R, k4P . FLAC/FLAC3D JEffi 5 T8 52 ¢l [ M. b
5 PR K R - 2013:103-109.

CHEN Yumin, XU Dingping. FLAC/FLAC3D basics and
engineering examples[ M. Beijing: China Water & Power
Press,2013:103-109.

FER, EWErg T 5, 45 56 T 1 i 10 3 Al JE L 0 R SR X 3t
I J3 3 RGO TSR L) ] 4 )@ 1L, 2025(7) : 25-32.

CUI Song. WANG Xiaonan, DING Yong. et al. Study on
inversion method of in-situ stress field in the deep mining
process of sishanling based on unloading stress[ J]. Metal
Mine,2025(7) :25-32.

4% SRR S0 W IR R ROF R AR M 43 BT B 3 2 R 4
WFELD] L AR dL K2, 2015.

DONG Jinkui. Dynamic control and stability analysis of
gentle-dip and fractured medium thickness orebody in Jiaojia

Gold Mine[ D]. Shenyang: Northeastern University,2015.



