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Abstract: The restoration of the geological environment in abandoned mines is an important approach to resolving the
contradiction between mineral resource development and ecological protection, and it is also a significant measure to implement
the deepening of the ecological civilization system reform. It plays a crucial role in building a beautiful China and improving the
living and production environment and standards of the people. To better restore and utilize the historical abandoned mines in
Zhangjiakou City, based on remote sensing monitoring, through methods such as data collection and on-site investigation, the
current situation and characteristics of abandoned mines were statistically analyzed, common problems were summarized, and
countermeasures and suggestions for geological environment restoration were proposed in combination with the local
characteristics and conditions of the abandoned mines. The results are concluded as follows. Firstly, by the end of 2023, the
identified un-restored historical abandoned mines is 475 in various regions of Zhangjiakou City, covering an area of
approximately 11.29 square kilometers. Secondly, due to the long-term extensive mining activities, about 685.52 square
kilometers of terrain and landscape have been damaged, causing severe visual pollution and local ecological environment
damage. Thirdly, large-scale abandoned mine areas generally have five types of problems, including terrain damage, geological

disasters, land occupation, water ecological destruction and serious damage to soil vegetation. These problems have caused
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relatively serious impacts on the geological and geomorphological conditions. land and water resources. the safety of residents’

production and life. and biodiversity in the mining areas and their surroundings. Finally, it is suggested to plan the work based

on the working concept of “conforming to nature, systematic restoration, highlighting key points, adapting to local conditions,

innovating mechanisms, and policy-driven”, and an integrated interactive restoration model for abandoned mines with ecological

restoration, industrial restoration, and value restoration as the framework has been proposed. The combination of geological

environment restoration with industry and economic development will be explored to achieve the superimposed effects of

economic, ecological, and social benefits, providing a reference for the restoration of the geological environment in abandoned

mines and the promotion of green mine construction in China.
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Table 1 Distribution and area statistics of abandoned

mines in various regions of Zhangjiakou city
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Table 2  Statistics on slope characteristics of the stopes

RGO B, KE/ 22/ YR/

bk B/ Ak km? m m )
AR X 16 0.024 0 28~150  3~20 40~73
HALX 397 0.799 0  3~236 4~86 33~85
P X 57 0.079 0 20~554  5~38 29~87
ok 76 0.216 8 11~395 2.5~100 23~90
R B 11 0.0091 21~123  2~21 25~85
HREE 16 0.0157  5~159 3~67 54~81
fFagzY 8 0.002 1 58~167 4.8~36  44~63
PH R £ 232 1.256 1 4~225  2~105  36~84
&t 813 2.401 8

[X 35, & B A /A [ 5 10 A/ km?® F 36 B IR A/ km?
AR IX 2 0.09 0.09
HILX 203 3.28 2.36
X 20 0.35 1.05
Ak B 68 0.90 0.90
R B 9 0.07 0.07
BB 7 0.13 0.12

B B 18 0.28 0.26
FF D 148 6.47 6.44

&t 475 11.57 11.29

1.3 EFHT LBy #

HR A FF 2R 7 52 0 S M 36 A A9 B SR A% 50, 475 Ab
D3 50 358 BRI F 0 LA 2 R B Sl /NA g Ly, e AR
45,02 km® DA EWEFH LA 8 FEL0.04~0.2
km® Z [H A 378 J# ./NT 0.04 km® AYAH 89 Ji ; H
TR NERIF R, T MammE 1R, £
FLLVER ST AR o 3L o 206
b (98 Ab A 75 kb L2y R 80 %0

HIILH, 0.84%
mEE, 1.47%
WEH", 7.58%

B, 8.63%

BiELe, 15.79%

— B, 43.37%
EFHAER, 20.63%
| BRmBERET LT kit
Fig.1 Statistics of mineral types in historical

abandoned mines
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Table 3 Statistics on mining platform and industrial

site characteristics

TERTA R BIR K/ YiBL/

MR g/ @B /km? m m
AR X 28 0.057 5  5.5~140  3~115
AKX 283 1.087 3 3~315 2~94
WX 163 0.297 6 7~325  1.5~143
IR E 102 0.177 6 12.17~348 4~146
AR B 17 0.026 9 10~168  8.2~47
HIEE 21 0.031 2 6~152  6.5~135

£ 48 0.182 1 13~198 7~83
iF Je EL 382 1.378 4 4.5~321 3~89
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Table 4 Statistics on waste dump characteristics

X 35 T M A/ A 5 HETH B/ km? AR/ m? K& /m FELEE/m i/ m
AR IX 5 0.003 6 3 426.50 5.5~140 3~115 1~6
HLIX 134 0.186 2 635 297.34 3~315 2~94 0.5~103
M X 144 0.172 3 574 378.80 7~325 1.5~143 0.3~126
HRIRE 39 0.057 7 192 496.00 12.17~348 4~146 3~109
AR E 17 0.008 3 27 812.80 10~168 8.2~47 1.5~21
HIEE 21 0.021 0 8 423.54 6~152 6.5~135 2~35
Rz 35 0.035 2 117 493.30 13~198 7~83 0.7~4.8
FH J L 162 2.156 0 751 685.69 4.5~321 3~89 1.2~114
Hit 557 2.640 3 2 311 013.97
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Table 5 Statistics on waste slope characteristics
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Table 7 Statistics on mining pit characteristics

EYOR RSER, KE/ w2/ W/

Ry wORmR/, KB/ BiBL/ w2/

bk /A km? m m m
AR 1 0.000 8 75 20 12
HALX 106 0.452 1 5~361 2~261 3~62
X 36 0.128 7 26~254  9~138 2~31
HRIRE 26 0.040 4 21.8~541 8~303 2~71
LR 2 0.000 8 21~41 8§~15 3.5~11
BB 9 0.068 4 7~62 6~46 4~31
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btk T/ Ak km? m m )

AR IX 21 0.043 8 13~230 1~26 20~35
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Table 6 Statistics on residual mountain characteristics

FRALEC 5 T AR K/ B/ "/

bk /A km? m m m
AR 1 0.001 7 60 25 6
HLX 16 0.012 6 §~121 8~68 3~26
WX 22 0.019 8 12~116 9~62 3~10
o5 4l B 5 0.009 2 23~124  17~54 5~40
HRE B 2 0.002 1 9~16 3~9 3~7
FH Dt £ 23 0.021 3 12~124  7~116 3.5~29

A1t 69 0.066 7 — — —
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Fig.2 Dangerous rocks on slopes caused by mining
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Table 8 Statistics on land types of abandoned mines
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Fig.3 Surface water loss caused by mining
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Table 9 Policies and regulations related to mine restoration and management
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Fig.4 Comprehensive interactive restoration

model for abandoned mines
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