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Abstract: This paper is the result of mineral exploration engineering.

Yo B E#A :2019-11-30; BB H#:2020-05-31

EETE : PEHBUE LRI (DD20160330) F1H & HLETREBEAEARHIE 55 % (YK1710-0) G B

PEE I : MRIRT, 3, 1993 4F A 1, BB TREN , 2N = Ve S5 A 57 ; E-mail: 1263811812@qq.com.
B BOTZ, 1966 44, i1 PTG, N IR 5 HBRAL 27 TS 3 E~mail:yuanyizhao2@sina.com.,

http://geochina.cgs.gov.cn H1E LT, 2023, 50(2)



5504 552 Wi 745 - 2 B A AR B B IR B BE 1A 443

[Objective] Mineral resources are an important support for economic and social development, and their carrying capacity is the
fundamental basis for determining the regional economic structure and development model. It is of great significance to carry out the
evaluation of the carrying capacity of regional mineral resources to promote the sustainable development and utilization of regional
mineral resources. [Methods] In this paper, the coal mine resources of Weixin County of Yunnan Province are taken as the research
object, and the evaluation index system is constructed by two evaluation factors of carrying background (proportion of resources
available, PRO) and carrying state (mining development index, MDI). On this basis, the carrying capacity of coal mine resources in
Weixin County is evaluated, and the rationality of the evaluation system of mineral resources and the weight distribution of each sub
index is discussed with Weixin County as the evaluation pilot. [Results] Among the ten townships in Weixin County, there are no
townships with "large" coal mine resources carrying capacity, only two with "relative large" carrying capacity, two with "medium"
carrying capacity, and six with "small" carrying capacity. [Conclusions] In the evaluation system of bearing capacity of mineral
resources, both positive and negative indicators should be considered equally, accounting for about 50% respectively. In addition, the
distribution of the weight of each sub indicator should also closely correspond with the economic, social and environmental policies

of the region at that time.

Key words: coal mine resources; carrying capacity; evaluation system; index weight; mineral exploration engineering; Weixin
County; Yunnan Province

Highlights: (1) Taking Weixin County of Yunnan Province as a pilot, the carrying capacity of coal mine resources in the County was
comprehensively evaluated with the help of the evaluation model of the carrying capacity of resources and environment; (2) The
rationality of the evaluation model is discussed and analyzed from the selection of evaluation indicators and their weight distribution.
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Fig.1 Distribution map of coal mine resources in Weixin County, Yunnan Province
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Table 8 Analytical table of coal mine resources carrying state evaluation data in Weixin County
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Table 10 Evaluation results of coal mine resources
carrying background in Weixin County
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Table 11 Coal mine development index table in Weixin County

> A
L Zﬁ? Bl R B EESR TR R
CHE. B4,  TRED. HEIRORE L. FREMDI K&
BB 2021 100.00 2245 23.87 72.46 .
FLPEEL 2042 7232 19.09 30.50 6338 !
X% 8.00  41.20 6.56 13.04 59.06
mHZ 606 2858 3.26 8.20 56.92
KHE  1.22 16.33 1.72 2.78 54.02
=tz 7.62  23.05 6.48 11.85 53.86  HEK
JEIEEL 0.11 7.71 1.53 0.24 51.89
K28 051 7.44 0.50 1.68 51.79

JBE B 100.00 1452 100.00 100.00 24.36

T ABLRY T AE SIS (B FE 629 T 20 54
1) & JEMAN T AT . BB B A FE R A AR IR B 1Y)
e, MR 0 St S R R A AT AT
JaAE Boma o7 5 REZE A Ll aR 1L, )CEEERK T L f)
TR LAY S AR ERIEIE, KNIA S
X AT BT T8 IR 2B 1A, IE 48R 5 1 )
FEbR N I E %R, & 50% 2847 N . BIE [ 38
b (100— T [ 4555 ) 45 5 50% , 1E M F8 45 | (100— 171
]8R ) o 25 43 A8 B0 A R 8RS o Be BB e
FHNE BRI R 5 E=0.250 Ml 28 5% i
FEAEE+0.25 < L il 45 55 +0.25% (100— R4 A
T8 80 +0.25x (100~ & Py HE 780 oi )+ % PR il 45
B 4R AR PRI A S PO 45 A Y HLBOR
XS AN H B e 2 40 A5
52 XMRSEIN
52.1 AR

JEAE B BEIR AR EA SR =, SR BRI AR
TIRLT o 10 S  REARIREHR N = S
BE 7 HE40%, 23 S R R R =Bk 2 B AR LY
B, AREANRSEYN T S 8 T 40%, 300
X% e S K A R VA, (HARZEE 1P
SRR UG E 10D S IR B B R 2R
TR HY 48 RAERE T R 1 & BAUH 24>, 41
SR 2 A ALY B, AR e T B £ A 24,
I3 =Bk S R RV, X 41> 2 BH AR B K R
Wb ARl . Hodk 641 S B 7R ERRE J134 R
ONTG]  ANTE G T ) AR R R AT R SR AR
b il A A
5.2.2 7= b &

JE B oA L, 28O /N T Kk

http://geochina.cgs.gov.cn FE LT, 2023, 50(2)



452 th B I 2023 4F
0 10k GF Bt KB % (/)
- % \-\\N.\ . K% JE 12 5]
pE— SN - Carrying background

Bifs CHLTEE0D

level I (high)
AFARIE (D
Carrying background
level Il (medium)
HRIA IV H AR
Carrying background
level IV (lower)

RBARV R (KO

l:’ Carrying background
level V (low)
[ 8%%

Provincial and county
boundaries

2k
Township boundary

28

Township
KX .

County town

(@)

LR e 9 7k

2 BRf BT VIR A4

Fig.2 Evaluation chart of coal mine resources carrying background in Weixin County

1205 B Mk 285t 7 AR B B M AEEL S
Mining economy proportion index Mining job index
1oy O R RIS RD, W S R
Mining damage index Pollutant emission intensity
@ 80 r
&
gm
& 601
R
40
20
0 =

{ W

EHZ  JKHH

=tk B REH

3 A SRR L T A H R4 SR b o3 A 1]

Fig.3 Distribution of sub indexes of mining development index in Weixin County

BORMIXS TG, GRS B o ™ 8, HAZ B A5
0 GEPRAR B BE I PR 45 R B AL . O /N
BB TR X8 5 B HEAT B IR & ol 2 itk
7 DX 9 [ R AT e KR JEE i 4 v BE T [ >R
ESINTIY) D SR el VSR DS LS & S P u ] B e i
IR — 1R HOR o2 REAR LA s B
A SRR R AR T RV UK AR A
18 E A T SE B BE LA N B Tl FRI5
BRI S B8 A 1) AR IeAh , F IR BUR Y
HARE @A) S v I o0 4 LB ey i /4L I
B G Ml TR ISR LAKRE A Al ) s ™ M &
I RE , #EAT M 22 e A5 A T B LR i — 1
TR — L ) — S A A R T LB o R

801

70

60

50

MDI

40t

301
20

DA L B S

BIHZ OKES ZHy WA KR

K4 gifa B oL IF ks 8o i
Fig.4 Distribution of mining development index in Weixin
County

IR AT A 1 [T WSO T 23, s XI5 K K T 1
FRAU AL P SN [ AR 740 A K BRI o

B AL

http://geochina.cgs.gov.cn H1EHLFT, 2023, 50(2)



550 4% 23 WRT4E M U B SRR BE T 453
0 10km LIV N
,4—«—4/ T——T\
{
' ARER A

i3

Overload in
carrying state

- RO 25 35 17

Balance in

carrying state
ToHED BEUR

No coal resources
B BR%

Provincial and

county boundaries
] 4

Township boundary

?%E

Township

-

County town

5 Jlif LR B RUR RS PFAN 1]

Fig.5 Evaluation chart of coal mine resources carrying state in Weixin County

DAERES N TR TFR 2 A e i B s g i, 3
REAER T LA Aol A 5% AU, RISt RESR I BT 2 1
SO B 07, Il N B 3 BE D 11 1 1) T AN
fEEBOKIEIA I o N MG R 22557 L B 2%
REAS S R B IRURERE J1 V- i IE [ 45 4 , [ Ao
I/ N R DT 32 3 A s LA B R
RESBIH B

6 4% i

(1) A B & BT SR 9 A~ 2 S0 2 A
X e B L IR SR B T B S fi
12 IS RIEH SRR FITMER

Table 12 Evaluation of coal mine resources carrying
capacity in Weixin County
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Table 13 Coal mine resources carrying state evaluation results of Weixin County based on different weight distribution of

index
RO TR S AN LN IR
S LW /T 14
PURITREH e W e CEWRIR BIED 1 28D
‘A0 -
Y2 WAL
St ST HE 0.2:0.3:0.25:0.25 B AR L P
SRR KLU S S S AR R K
7 .
H.mHZ
AL B
2 HIfT -
(N4 %5 1:0:0:0 5150 ) B - o
et % s A KA T 2 =k S

FLPGEL VAL K2 A 2

WAL DA

N 7

LAt 0:1:0:0 s S 4 4L T
WL JEM gy BTSSR K
o PN
sE M JLIGH O 2 2 K E L P2 i

S RTT BRT o e

S N = 2=

0:0:1:0 (N HLL =W
Hk W1 B P IR =2

T BERH

A6 XS mH 2 ORKEE. =S JEVE K

I’Efgf;m 0:0:0:1 W2 B AL B AT AT = S
o L R
R0 -
T2 N H
ESSaE 0.25:0.25:0.25:0.25 o gﬁ%ﬂﬁ% o e BATHL AL
R R LER TEE NN
N S R
BR0 -
Wil BARE
HZ E A Fe bR m 0.5:0.5:0:0 AR
s LN N LRI PN
ST e e R
ARG RS EH S OKEE. =S LK
U A1 R BRI 0:0:0.5:0.5 W2 AT L BAGH LT =S
L A
aR0 -
Wil B AT
NAGE &N 0.3:0.35:0.2:0.15 A
AR s LTI 2 KL 2
K L R
aR0 -
B AR AL T O £ L B 2 oK T bk
GRS 015:02:035:03  dys o T POALABLIUTE EIS KRGS e = s

EN LN SS
M B

TE 4 AT Z L IO L Y 738 BRUCH T ML 285 o LR R0 il A5 50 SR B AR 40 IR TR

http://geochina.cgs.gov.cn FE LT, 2023, 50(2)



456 i [

b, J 2023 4F

O F 2, T, 28R 2015, W P2 SR PR 2
BRI B [R]. bt 4 b Ts MR

OUF KA I, FFGIT. 2015, G P2 5RO Bk
SRR R, LR A MU R

O B+ UEUR . 2013, BUfF BARER Tl R 6 Fife BAE
2013 4 BEA SR BARFER].

@5 BGei1 )R . 2013, Jifis B 2013 4F [ R4 5 gt 2 &
S ARR].

Bigt. A XN ELREY FETEEEAR
BORF, B e EME Rk Tk & DL R I i K (b ae)
RER . ZAEK RREzmERFREN KL H
B, M, M ERBEMEHARE-FERTROH
REIAT

References

Chen Dan, Wang Ran. 2015. Research on resource environmental
carrying capacity of mining cities[J]. Natural Resource Economics
of China, 28 (9): 57—61(in Chinese with English abstract).

Cheng Guodong. 2002. Evolution of the concept of carrying capacity
and the analysis framework of water resources carrying capacity in
northwest of China[J]. Journal of Glaciology and Geocryology, 24
(4): 361-367(in Chinese with English abstract).

Du Guoyin, Zhao Pengda. 2003. Discussion on the combined mineral
resources evaluation[J]. Geology and Prospecting, 39(2):77— 80(in
Chinese with English abstract).

Du Qinjun, Niu Jianguang. 2010. Analysis of effect of mineral
resources exploitation on ecologic environment based on
ecological footprints[J]. Geology and Prospecting, 46 (5):953—959
(in Chinese with English abstract).

Gao Xiangjun, Ma Renhui. 2002. Research advances of gradation and
evaluation of agricultural land in China[J]. Transactions of the
Chinese Society of Agricultural Engineering, 18(1): 165— 168 (in
Chinese with English abstract).

He Gang, Xia Yeling, Zhu Yanna, Wang Wenwen. 2018. Evaluation
and prediction of land carrying capacity in Anhui Province based
on DPSIR— TOPSIS model[J]. Bulletin of Soil and Water
Conservation, 38(2): 127—134(in Chinese with English abstract).

Jing Yuejun, Chen Yingzi. 2006. Review and thinking on the research
of the resources carrying capacity[J]. China Population, Resources
and Environment, 16(5):11—14(in Chinese with English abstract).

Land and Resources Bureau of Weixin County, Yunnan Province.
2016. Overall Planning of Mineral Resources in Weixin County,
Yunnan Province (2016—2020)[R] (in Chinese).

Li Min, Lii Yiqing. 2018. Evaluation of the bearing capacity of the coal
resources in Taiyuan city[J]. China Mining Magazine, 27 (S1): 62—
65(in Chinese with English abstract).

Li Ruimin, Yin Zhiqiang, Li Xiaolei, Liu Qiong, Meng Hui, Huang
Daomao, Wang Yi, Wang Longping, Wang Xinbao, Liu Jiankui,

Sun Chao, Zhao Degang. 2020. A study of the coordination theory
and evaluation method of resource environment carrying
capacity[J]. Geological Bulletin of China, 39(1): 80—87(in Chinese
with English abstract).

£

Ruimin, Yin Zhigiang, Wang Yi, Li Xiaolei, Liu Qiong, Gao
Mengmeng. 2018. Geological resources and environmental
carrying capacity evaluation review, theory, and practice in
China[J]. China Geology, 1(4): 556—565.

Li Wen, Gong Shaojun, Liang Hao, Wang Guohuai, Wang Peipei.
2021. Establishment of the evaluation index system for resources
and environment carrying capacity in resource regeneration areas:
A case study of Luoning County, Henan Province[J]. Geological
Survey of China, 8(3): 81—89(in Chinese with English abstract).

Mu Dong, Ren Yixin. 2001. Countermeasure research on the
sustainable development of mineral resources[J]. Geology and
Prospecting, 37(2): 6—8(in Chinese with English abstract).

Park R E. 1921. Human geography[J]. American Journal of Sociology,
26(6): 785—786.

Peng Bo. 2014. Mineral Resources Science[M]. Beijing: Geological
Publishing House (in Chinese).

Qi Yabin. 2005. The Present situation of resource environmental
beating— capacity research and analysis of its main problems[J].
Natural Resource Economics of China, 18(5): 7—11, 46(in Chinese
with English abstract).

Qin Xianyan, Peng Miaozhi, Jiao Tuanli, Li Yuming, Li Yunhuai.
2020. Assessment of gis— based geological environment carrying
capacity in circum— Chaohu lake area, Anhui, China[J]. Geology
and Resources, 29(2): 180—186(in Chinese with English abstract).

Shi Yishao, Shi Shouzheng, Wang Hefeng. 2019. Reconsideration of
the methodology for estimation of land population carrying
capacity in Shanghai metropolis[J]. Science of the Total
Environment, 652(47): 367—381.

Song Bo, Zhang Fawang, Yang Huifeng, Liu Chunlei, Meng Ruifang,
Nan Tian. 2021. Ecological priority— based source— division
evaluation and application on water resources carrying capacity:
Take Baoding plain of Hebei Province as a case study [J]. Geology
in China, 48(4): 1156—1165(in Chinese with English abstract).

Song Ling, Zhang Lei. 2009. On the integrated exploitation capacity of
mineral resources in Xinjiang[J]. Journal of Xinjiang University, 37
(4):11—17(in Chinese with English abstract).

Sun Chao, Wang Xinzhou, Ye Yingying, Liu Qiong, Cao Yi, Han
Chong, Wang Yi. 2022. Research on evaluation and early warning
of groundwater resources carrying capacity in Hebei Province[J].
Hydrogeology & Engineering Geology, 49(6): 55— 63(in Chinese
with English abstract).

Wang Anjian, Wang Gaoxin. 2002. Mineral Resources and National
Economic Development[M]. Beijing: Earthquake Press(in Chinese).

Wang Kaifa. 2019. Application of improved PCA method in the

carrying capacity of water resources[J]. Water Sciences and

http://geochina.cgs.gov.cn H1EHLFT, 2023, 50(2)



H504 24

Wi 745 - 2 B A AR B B IR B BE 1A 457

Engineering Technology, 26(4): 40— 44(in Chinese with English
abstract).

Wang Kuifeng, Han Xiangyin, Wang Yuelin, Liu Yang. 2016. Study on
the mineral resource carrying capacity and protection degree in
Shandong Peninsula[J]. Geological Survey and Research, 39(1):
47-55(in Chinese with English abstract).

Wang Ran, Cheng Jinhua, Zhu Yali, Xiong Weiwei. 2016. Research on
diversity of mineral resources carrying capacity in Chinese mining
cities[J]. Resources Policy, 47(45): 108—114.

Wang Yuping, Bu Shanxiang. 1998. Study on the economic carrying
capacity of mineral resources in China[J]. Coal Economic
Research, 18(12): 15—18(in Chinese).

Wang Yuping. 1998. Population carrying capacity of mineral
resources[J]. China Population, Resources and Environment, 8(3):
22-25(in Chinese).

Wang Yuxi, Wang Yong, Su Xuelian, Qi Lin, Liu Min. 2019.

carrying
interprovincial water resources in China and the spatial effect[J].
Journal of Hydrology, 575(5): 794—809.

Xiang Guangxin, Zeng Yi, Jiang Xingxiang, Li Shenpeng, Zhang

Evaluation of the comprehensive capacity  of

Jianxin. 2020. Carrying capacity of mineral resources of counties
based on DEA: A case study of resource—based counties in Hu'nan
Province[J]. Geological Bulletin of China, 39(1): 108— 113(in
Chinese with English abstract).

Xu Mingjun, Yang Zisheng. 2016. The evaluation and analysis of
coordinated development on resources and environment carrying
capacity in southwestern mountainous area of China: A case in
Dehong Dai— jingpo autonomous prefecture, Yunnan province[J].
Journal of Natural Resources, 31(10): 1726—1738(in Chinese with
English abstract).

Xu Qiang. 1996. An exploration of several problems about the analysis
of regional mineral resources carrying capacity[J]. Journal of
Natural Resources, 11(2): 135— 141(in Chinese with English
abstract).

Xu Zhixun, Chen Huachao. 2009. Countermeasure research on
relieving the bottleneck of mineral resources in China[J]. Geology
and Prospecting, 45(1): 82—88(in Chinese with English abstract).

Xue Liming, Cui Chaoqun, Li Changming, Zhu Linlong, Huang Yu,
Liu Baokang. 2017. Normal cloud model— based approach for
regional sustainable power assessment of mineral resources[J].
Population, Resources and Environment, 27(6): 67— 74(in Chinese
with English abstract).

Yan Junyin, Zhao Guojie. 2009. Simulating on ecological & economic
system of regional mineral resources exploitation[J]. Journal of
Natural Resources, 24(8): 1334— 1342(in Chinese with English
abstract).

Yan Yezhou, Cheng Jinhua. 2014. Evaluation of carrying capacity of
mineral resources in key mining economic regions[J]. Scientific

and Technological Management of Land and Resources, 31(4): 29—

33(in Chinese with English abstract).

Yang Lin, Gao Hongxia. 2012. Between the economic growth and
environmental pollution mechanism research— based on the
empirical analysis of comprehensive pollution index[J]. Soft
Science, 26(11): 74—79(in Chinese with English abstract).

Yin Zhiqiang, Li Ruimin, Li Xiaolei, Meng Hui, Liu Qiong, Yang Nan,
Wang Yi, Tong Xiaoxia, Li Chunyan, Gao Mengmeng. 2018.
Research progress and future development directions of geo—
resources and environment carrying capacity[J]. Geology in China,
45(6):1103—1115(in Chinese with English abstract).

Zhang Lei. 2002. Mineral sustainable supply and its spatial
reorganization in China[J]. Journal of Natural Resources, 17(2):
162—167(in Chinese with English abstract).

Zhang Maosheng, Wang Yao, Xue Qiang. 2019. Evaluation of resource
environment carrying capacity: Theoretical method and practice[J].
Northwestern Geology, 52(2): 1— 11(in Chinese with English
abstract).

Zhang Maosheng, Wang Yao. 2018. Research on the evaluation of the
carrying capacity of geological environment based on its risk
level[J]. Geologcal Bulletin of China, 37(Z1): 467—475(in Chinese
with English abstract).

Zhang Ningning, Su Xiaoling, Zhou Yunzhe, Niu Jiping. 2019. Water
resources carrying capacity evaluation of the Yellow River Basin
based on EFAST weight algorithm[J]. Journal of Natural
Resources, 34(8): 1759—1770(in Chinese with English abstract).

Zheng Quan. 2019. Research on Coal Mine Development and
Management Based on Evaluation of Resources and Environment

A Case Study of Zhenxiong[D]. Chengdu:

Carrying Capacity:-
Chengdu University of technology, 23—30(in Chinese).

Bt e 32 5 %5 STk

Bt 45, 2015, LI TR IR B AR EN IS — AR A T
B3], A [ R, 28(9): 57-61.

T [ M5 2002. 7 25 AR A 0 Tk A8 B DG b K B TR AR 2K ) 4 g T ATE
ZR[I). VKD, 24(4): 361-367.

FEFEAR, X5 K. 2003, &0 7= ¥ IR A PEA [0]. MU S5 04K, 39(2):
77-80.

BRI, AT 2010, FE TS B H 7= SR IT K A AR BT M)
ST MRS EIHE, 46(5): 953-959.

WA, B 45 2002, P E A FH - ARG OPA IF 5 E (D). Alk T
TR, 18(1): 165—168.

AT, VAR, AHatis, T 5252 . 2018. 5T DPSIR—TOPSIS #5571 [ 44
TR R E T B R[] /K AR, 38(2): 127-134.

SR, PRILEE . 2006, 26 TR AR ) AT e 25k KB ()], Hh E
N RS, 16(5): 11-14.

2R, B T 2018, R TTIE A FE IR A 3], T E L, 27
(S1): 62-65.

AT, BRRROR, 25N, XIUB, TN, WO, Tk, TR, TIkE,
XA, PN, XTI, 2020. B PR PR EE R 20 HLS SR

http://geochina.cgs.gov.cn FE LT, 2023, 50(2)



458 i [

b, Ji 2023 4F

TL[J]. HuFEE AR, 39(1): 80—87.

Zefa, B/ ZE RS TEME, TG 2021, WU AR TR M X VR R
BB S PR b A Rt —— LA g 2 1% T B 0], A
[ b S P51, 8(3): 81—89.

AR, AT —25. 2001, 5 P8 YA T ML AT HRESE & R BB SRS D).
S I, 37(2): 6-8.

. 2014, 57 R IRAE M. JUaT: M A

FEAME . 2005. G UEIABE R E I WS 3 i e H F2 8 [n] Jpr 0], vl
[+ IR 2%, 18(5): 711, 46.

ZEAEME, R, BT, 2R R, ZRIE 08 2020. T GIS B A ELH)
b DX BT RS AR ARBE T PEAN D). HL BT S BT, 29(2): 180-186.
RN, RAERE, Moz, XA, @07, FK . 2021, L TA BN
KGRI 143 TR K FH—— LA LA s S5 o il 0],

[E b5, 48 (4): 1156—1165.

FWe, 5K 2009, BERE UEIT & A 025 BRI FSE[I). B
SRR ER AT E A SGESFIEM), 37(4): 11-17.

VB, EWTIH, iR, 0T, W s b, k. 2022, AL MR K
IR AR AR BE T I B Py AT (0], K SCHb BT TR M R, 49
(6): 55-63.

T, T . 2002. 07 72 BEE S EI R AR JEIM]. dbat: Mg
Jokt:.

T, BEPRAL, AR, XIVE. 2016, LLZR2K 80 P R IR 20 R
R ST [I]. M ST A S ST, 39(1): 47-55.

TR, DERE. 1998 IR IR L B AR SR [J]. I e
F5E, 18(12): 15—18.

TR 1998, 5 = BE IR FURE T HFSE[I]. LA - PR S g,
8(3): 22-25.

I 2019, KT Bl PCA ML AE K BRI w1 1 [0]. K BE
2 5 TR, 26(4): 40—44.

W25, R, 5 ALRE, ZRIEMG, SR EDHT. 2020, BT DEA BRI B
BEIRTREL RS TV —— LA g 4 B IR A LA ). Hb TR AR, 39
(1):108-113.

TR . 1996. IR = PR ARBE J1 A3 HT LA R B BRI D). 1 SR %
THEFAR, 11(2): 135-141.

VFIZE, B/ . 2016. PHRE LLI X BT IR IREE AR PN S Ib il 2 i 43
Bi—Lh = A TR M I, AR BRI, 31(10): 1726—1738.

VPRI, BRAEHE . 2009. 22 3R 0™ B IO 20 X SR 5E (1], b
TSR, 45(1): 82-88.

BRI, AR, 2RI, R, B0, XUORFRE . 2017, BE T IES SR
TR DX = B U T R PR [T, R E N - SRR S R, 27
(6): 67-74.

EIZEED, B EAS . 2009, KB IRTT & 2L AR 2 5 R 40 B A4y
B3], FRBER A4, 24(8): 1334—1342.

PELSE, N AR . 2014, B AL Z B KSR IR AR A ]
T BEERR A B, 31(4): 29-33.

Tk, 251 . 2012, FREET5 YL 5 2 BE KOG R I N AE ML 97 — 5
TLRG I QAR B TS I]. Rk, 26(11): 74-79.

JBE AR, AR, 25/NE, W, XUB A, B8k, e, RHME &
BT . 2018. H TG VT IR IR BT AR 4R RE S FoT it g 5 & S U tml (3],
[E 4B 5, 45(6): 1103—1115.

HHE AR B E YR . 2016, 2 A B B R B AR
(2016—2020)[R].

FKTE . 2002, T EGT P RERA K KO R SRR AL (D). F AR TE
THEFAR, 17(2): 162—-167.

JKIEAR, T8, BRI . 2019, FEURIAEE AR PN BIE ik 5 SRR (1]
PHALHLT, 52(2): 1-11.

KRR, T8, 2018. T KU By BT PR5E AR 48 PPN [T, 3 BT 41z,
37(Z1): 467-475.

KT, SRBEES, A 2, A0 2019, B I K BT IR AR T
7). HAR TR, 34(8): 1759-1770.

KA. 2019. K T 5% I PR 5E R 3O AN I B R S A LA Y
—— LA EL A BI[D]. BUAS: BUEREE TR, 23-30.

http://geochina.cgs.gov.cn H1EHLFT, 2023, 50(2)



