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Abstract: The Songhua River-Liaohe River Basin is an important commodity grain base in China, and groundwater resources play
an important role in maintaining China's food security. In 2019, the amount of groundwater resources in Songliao Basin was 797.31x
10°m’, and the exploitation amount of groundwater was 276.4x10°m’. Groundwater in Songliao River Basin is faced with resource,

environmental and ecological problems such as local shortage of water resources, continuous decline of local water level,
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aggravation of "three nitrogen" pollution, and wetland shrinkage, land desertification, salinization etc. Based on the analysis of the
driving factors of these problems, the main driving force is summarized as the increase of temperature leading to the expansion of
rice suitable area, the change of land use pattern, and the substantial increase of cultivated land area, especially paddy field area,
resulting in excessive exploitation of groundwater and aggravation of groundwater surface source pollution. The construction of a
large number of reservoirs led to the reduction of river runoff in arid and water shortage areas, the lack of groundwater recharge
sources, the decline of groundwater supply capacity and the decline of groundwater level. In view of these problems, some
suggestions are put forward, including investigation and monitoring of water resources, research on the rational allocation of water
resources, joint dispatching of surface water and groundwater, construction of water resources management system, rigid restriction
of the system, and adjusting the agricultural planting structure, promoting water-saving irrigation and improving water resources

utilization efficiency.
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Table 1 Types and water abundance of groundwater in the Songliao Basin
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Table 2 Groundwater resources in the Songliao Basin
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Fig.1 Hydrogeological map of the Songliao Basin
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Fig.2 Per capita water resources in Northeast China
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Fig.3 Current situation of groundwater resources development and utilization in Songliao Basin
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Table 3 Characteristics of groundwater drop area in Songliao Basin
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TR o b T 7K B V% T < 2 Hb T 7K I & 1 B B
B H ARG, HAT SERT AR Ak S aT W 2 Pk, H R oK A3z
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Table 4 Groundwater depression funnel in Songliao Basin
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P AL 3t 5k A b ) P 8 2 32 il X K e R
IR ) — T B BLOK B R 28, 3T 40 4k, FAIL
3 - MR PR e A= B AR Ak, 8 A < Bk b T AR
RGN, #1555 B 3, MR R KR
AP A/ (Liu et al., 2009; Fang et al., 2012;15
ACEAE, 2017), MG 2247 18 B PR EHE 7R 1980
AEFAN T A HE T AR 32.03 %10 km?, B T 2015 4E#F
i TR RR SR 37.53 %10 km?, 340 T 17.17% , Hirh
7K FH T B A 1.90% 10 km? |, #4911 53.97%(Zhang et
al., 2017), B A8 Z B9S2 MR LI 2.21 %10 km?, B
Higsb 2.28x10%km?, TR I/ 1.32x10%km’,

VTS JE K RE AR AR B 28 T A 5, 1976
AF =R R 4 e DL Ry i L2 356.2x10°
hm?, 73 3 7 i 1 FH 228.8 x 10 hm?* (£ 5) . 20 {42
70—80 44X, Bl A Jb KT i & ARk 17 1)
B, A A R AR A3 w7, 7K B R A
e, #2016 4= =YLV JF/K H i LA 3 278.7x10° hm?
(£5), 72 1986 4F /K HTHIFAI) 4.83 f% o Bifi 45 7K HI Fol
FE TR0, VR EEIR SR 2540, M 20 20 70 4F
LAY 228.8x10° hm?, 5] 2016 4F 58.6x10* hm*(£ 5) ,
T 0 b TR RS W osl D sl T 74.38% (BRI,
2019; & ESE, 2020), # = ITR X B T/KREMH
T AR 2RI 0, B DX A b A 3 R KK A HY
PSR (ES) .

Bt = H A FHDR B0 A 02 R S e e AL
B, BATL I T K TR A & A B R, I
1994 4F-f4 500> 10° m* 3 /il 1] 2017 4F- 685.97x10° m’,
AT 37.19% , MR /K FF R A B BG I BT kR UK
KA BA S R R TR B A 3 o, e 25 AR e
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Fig.4 Mean temperature and mean relative humidity at
Jiamusi Meteorological Station

B FH 2 R 3, < B R B B A R b R K
AT S IO G 2019)
3.3.3 R FR 69 R A 22T LA R

IR V1) R A8 S Al 2 s o X PN T K 9% R AR
W BRI EEIRGIN R LR, IR X N E
T REKE, HT Rt R kR S TS
2% R H IR R AR Z ARSI R, BTk
FER AR E K, IR e AR S s, X R K Y
AN BEZ I/ (AT ZK 2T it DX 8 2 7 A 3% K
RAFATE AL Sy b T 7K, 1 B/K 5 U IE 2R A, b

5 ZIIFREAE R L3 F] AR (10° hm?)
Table 5 Land use status of Sanjiang Plain in different
periods(10* hm’)

HKA 1976 1986 1996 2006 2016
KHE 0 57.7 412 1509 2787
FH o 3562 394.8 4524 4493 3187
VW 2288 1389 1215 81.0 586

TFRHBERE P JE A Y, T REUK XL M (R4
45 2008),

PUIL X Z A P3[R K &0 204 mm , 245
P78 & 8 1700 mm(BX E B 45, 2020), #7 HH30] (PG 7
ARASTT ) VUL R P ) SR i . P AL
T Ji 7K B8 YRR o 72 10° m?, v b 7K B U5 it
38x10° m’, b R /K BE AL 55 10° m', HE A B
22>10" m’*, K BEIRTF L il 53x10° m?, 3t /KT
it 43x10° m’ PUILI_E AR I 31X 53 47 £ 40]
F1HFRLIR 2011 7K 45 60 22 e K B TR, BUESS
33x10°m’, T LKA TR R ALER , T Uil a8 L
I FARHL(T IC5 5%, 2020), HEE PG AL 22 57K
SCUE A R, 1991 AR AR U & R 20.79%10° m’
2004 4F Yk /b R = (ZE AR AN T, 2017) PEAL T
WA Y7 AR LT T AL K LR 4350 A R K, F
e 1 1998 4E 1Y 20x 10° m® 14 i1 5] 2006 4 Y 30
10° m?, ZJE (R FFAE 2710  m* 22 47 5 T @ AL 17 3
JK A FF R B RN 39108 m®, JF R AR BE A F 70% ,
2019 4E P F M AR 1911 km?, I SFJE A b T2 18
KirEa#A @ E L5, 2009),

1 . 1 - 1 B
< THIFEIROS ma —— < PHFIR0A ma — < THFIB029 ma —
Average decrease 0.29 m/a !

EAverage decrease 0.59 m/a E
1 1

1 1
1 1
80 ! !
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Fig.5 Comparative map of rice planting area and water level in the Jiansanjiang Reclamation area in different periods
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Tl 29 2RI Tlb LM ) A T PR 2%, T ZLMsE L T K
R B, AR AR AR 25 A, T K R R A P
BT, A BT &R LT KR

(1) Jona K g Y5 2 W, F Je K U5 B
BT, AT LR KR T KB AR . Bk 5
GiRL A B &, st R KA R REIX R
DX TS 775 e DX 8 A W o ) g 285, A
HH K B 5250 i S5 et RN 2 R DR B, i Xo) s 7K
Tk H TR 1 A L TE DR AT . T R K R B
B W5, A B AR AR TS KRN AR 2 FH K BC
B, TEYE T AR ST 0 A L S5 R PR B & #5K
PRV VR & sk, Rk AESa L, MK E
PR SRR i T K AR K A R, 7E
H R K GEPEAS DX, TS A AT g KR TR
BRI AR S i . E =V IR A R K i T
SRAX, T Fe A KA T AR A

(2) s 7K g Y545 B R 1R, o Ak o
YR LK R IR RAE BRI BE , 1B &8 145t
5eR Ak AR Y FH T 7K S 4 R T AR A A 2
EA R, AAT 30K T 70% 19 7K 98 W5 R 4 T
WE, H 7K A F2 B R Al K 3 S . B insm
R K FRAT 1, 76 R KA e X3 fh R0 W
W AR 1T K B TE P TFoR . SmAb 4TI A
AP, X T 0 e W A, A K2 koK IR
He B 1k R K RIS Y o Bl K R 45 F
Bro smAb/KAE LT AR, W St 3 T K B R
AR 0O

(3) PR FEA FIAE 2548 , M T 7K VE R , 42 7K
PRIRF AR . PR PP AR S5 , TT R K R F
KK GEIR AR BR BE SIWFSE , X TR RE AP R 2% X, ™
& T TR, R4 LA AR TR A . R K
T TR K H AW , IR 5 7K B A B
SRR P E— T K HE B B ks T E L ok
X K AR B4 RN o R AR RO
IR R TR, 2 m BOR R BT X R S8k

5 45 &

COARIL PSR BT PRI AT AL, T K IF R AR

FEm e SRR RECNF 5 R T A
BIRGEEA R P Bl 8 0 KE  KAEE W
ANBI/NT 500 m'/a, J& THBEGIOK . R KRR
JETE 68.97%~88.11% , EL 2@ U1 L T /K AT JF R, A
I3 42 3T P, 9.52% 1) 3k T M R K R
21.43% B3R T H R K R AR B 5

(2) 520 4 80 AFEAUAH L , AT TSI L T =
VLAV = VLB X, A ROY SR 28— DR IR e
B A — Sz % LWV RGE AL B RIS
KR REIX, BT AR 18351 ks TE U =T, W R I
Pt RER GEIL B B 6 M R K BT e )
SN 6334.76 km’,

(3) FAEL sl AR SR AR ik R B AR R A
JUEE LUK R R LR L B R AR 2R A0
55.40 % .55.83 % .19.69 %#110.61 % . HJZ/KH
BRCRR FR TR AR 350 0 R 54.77 % .65.49 % .
18.69 %1 15.16 %o ZAR M APAE ALY, Ho T
Pl S - W [E1 I E Y e

(AT IFBE 20 22 70 4R LISE , i T s
FEAAR T KR % 3 T 1B 3545 | ik
AR S AR AR ), {H 2 2000 4 LU , BEE
FEAE SRR NG, E 28 B 5%

(5) FAAL 3t dek it 2 40 4F HL A B W A % T fk 4
B 1 KRR RIS B X PR, B s FE K AR
OE 7 SO 75 AT S2E 1M N o N N LTS R 2
= Hi ) AR A XK R IR K IR B A 25 ]
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AT AR, H T AN SRR D, FF R A
K, H R KK R R

References

Bian Yumei, Jin Chen, Zhang Jing, Guo Jia. 2019. Evaluation and
calculation of groundwater over— exploitation in Lower Liaohe
Plain[J]. Urban Geology, 14(3): 64— 73 (in Chinese with English
abstract).

Chen Fei, Xu Xiangyu, Yang Yan, Ding Yueyuan, Li Jiangiang, Li
Yuanyuan. 2020. Investigation on the evolution trends and
influencing factors of groundwater resources in China[J]. Advances
in Water Science, 31(6): 811—-819(in Chinese with English abstract)

Chen Hao, Li Zhengguo , Tang Pengqin, Hu Yanan, Tan Jieyang, Liu
Zhenhuan, You Liangzhi, Yang Peng. 2016. Rice area change in
Northeast China and its correlation with climate change[J]. Chinese
Journal of Applied Ecology, 27(8): 2571—2579(in Chinese with

http://geochina.cgs.gov.cn FPE ML, 2021, 48(4)



1072 th [

b J 20214

English abstract)

Chen Hao, Zhang Wangchang, Nie Ning, Guo Yuedong. 2019. Long—
term groundwater storage variations estimated in the Songhua
River Basin by using GRACE products, land surface models, and
in— situ observations [J]. Science of the Total Environment, 649:
372-387.

Chen Jun, Zhou Li, Yu Mengwen. 2008. Geological environmental
problems and suggestion of scientific exploitation and utilization of
groundwater resource in the west of Liaohe Plain, Inner
Mongolia[J]. Hydrogeology and Engineering Geology, 35(3): 123—
125(in Chinese with English abstract)

Chen Mengxiong, Ma Fengshan. 2002. Groundwater Resources and
Environment in China [M]. Beijing: Seismological Press(in Chinese).

Ding Yuanfang, Li Yuening, Wu Haochen, Fu Xinglong. 2020.
Exploitation utilization problem and cause analysis of groundwater
in Xiliaohe River Basin[J]. Water Resources & Hydropower of
Northeast China, 38(5): 32—34, 39(in Chinese with English abstract).

Fang Hongbin, Zhao Fuyue, Jiang Qigang. 2009. Quaternary
Geological Environment and Degradation of Black Soil in Songliao
Plain [M]. Beijing: Geological Publishing House (in Chinese).

Fang H, Ping W, Jingjing Z. 2012. Grasslands changes in the Northern
Songnen Plain, China during 1954—2000[J]. Environmental
Monitoring and Assessment, 184(4): 2161-2175.

Fang Min. 2019. Study on the Formation Process of "Three Nitrogen"
Pollution of Shallow Groundwater in Songhua River — Naoli River
Basin of Sanjiang Plain [D]. Changchun: Jilin University(in
Chinese with English abstract).

Fang Yanna, Lin Xueyu, Liao Zisheng. 2005. Analysis of dynamic
variation of groundwater level and over—draft in the plain area of
central Jilin[J]. Hydrology, 25(5): 19— 22, 54(in Chinese with
English abstract).

Fu YuJuan, Zhang Yuqing, He Junshi, Zhang Chaolong. 2016.
Influence of precipitation and agricultural of irrigation agriculture
on groundwater depth in Xiliaohe River[J]. Journal of Shenyang
Agricultural University, 47(3): 327—333(in Chinese with English
abstract).

Gou Jiao, Miao Chiyuan, Han Jingya. 2020. Spatiotemporal changes in
temperature and precipitation over the Songhua River Basin
between 1961 and 2014[J]. Global Ecology and Conservation, 24:
e01261.

Guo Tao, Chen Haiyang, Teng Yanguo, Li Jiao, Chen Ruihui. 2017.
Pollution Assessment and source identification of basin
groundwater in typical agricultural areas in Northeast China[J].
Journal of Beijing Normal University (Natural Science), 53(3):
316—322(in Chinese with English abstract).

Hao Aibing, Zhang Yilong, Zhang Eryong, Li Zhenghong, Yu Juan,
Wang Huang. 2018. Review: Groundwater resources and related
environmental issues in China[J]. Hydrogeology Journal, 26: 1325—
1337.

Hu Kui.1999. Protection and reasonable development of groundwater
resources in China [J]. China Geology, (1):23—26(in Chinese with
English abstract).

Jiao Wenwen. 2020. Remote Sensing Monitoring of Dynamic Changes
of Important Wetlands in Northeast China [D]. Harbin: Harbin
Normal University (in Chinese with English abstract).

Jia Sida. 2019. Groundwater— Surface Water Interaction in
Songhuajiang— Naoli River Basin of Sanjiang Plain [D].
Changchun: Jilin University(in Chinese with English abstract).

Li Chengzhen, Sun Wanguang. 2017. Analysis of water resources
supply— demand balance in the Plain of West Liaohe River [J].
Journal of Water Resources and Water Engineering, 28(1): 56—61,
68 (in Chinese with English abstract).

Li Jingchun, Jia Weiguang, Jin Hongtao. 2005. Environmental effects
of groundwater system degradation in Northeast Economic
Zone [J]. Geology and Resources,14(4): 272—273, 278(in Chinese
with English abstract).

Liu Chang, Pan Jun, Li Yang, Meng Siqiao. 2011. Salt water
occurrence condition and its distribution characteristics in the
Minghuazhen of the Southern Xialiaohe Plain [J]. Underground
Water, 33(3): 11—12, 76. (in Chinese with English abstract)

Liu Dianwei, Wang Zongming, Song Kaishan, Zhang Bai, Hu
Liangjun, Huang Ni, Zhang Sumei, Luo Ling, Zhang Chunhua,
Jiang Guangjia. 2009. Land use/cover changes and environmental
consequences in Songnen Plain, Northeast China[J]. Chinese
Geographical Science, 19(4): 299.

Liu Guodong, Zhang Li, Yang Ze, Dai Huimin, Zhao Chuandong.
2021. Distribution characteristics of heavy metals in the water and
suspended substance of Nenjiang River Basin: Environmental
implication[J]. Geology and Resources, 30(1): 53— 61(in Chinese
with English abstract).

Liu Qiong, Li Ruimin, Wang Yi, Gao Mengmeng, Li Xiaolei, Sun
Chao. 2020. Theory and methodology for evaluation of carrying
capacity of regional groundwater resources in China[J].
Hydrogeology and Engineering Geology, 47(6): 173— 183(in
Chinese with English abstract).

Li Weili, Zhang Weidong, Wang Lu. 2016. Rice layout adjustment
based on ecological water restriction in the lower reach of the
Liaohe River Plain[J]. Chinese Journal of Agricultural Resources
and Regional Planning, 37(2): 161— 167(in Chinese with English
abstract).

Lu Hongjian, Mo Xingguo, Meng Dejuan, Liu Suxia. 2015. Analyzing
spatiotemporal patterns of meteorological drought and its responses
to climate change across northeast China [J]. Scientia Geographica
Sinica, 35(8): 1051—1059(in Chinese with English abstract).

Ma Chi. 2017. Remote sensing and landscape analysis of wetlands in
Northeast China [J]. Journal of Hydroecology, 38(2): 10— 16(in
Chinese with English abstract).

Muhammad Abrar Faiz, Dong Liu, Qiang Fu, Faisal Baig, Ahmad

http://geochina.cgs.gov.cn 1 EMLTT, 2021, 48(4)



H A8 4

FREAR A I T— 3L e 7 Y5 B LA A5 IR [ Rt 1073

Niaz, Tianxiao Li. 2020. Effects of land use and climate variability
on the main stream of the Songhua River Basin, Northeast
China[J]. Hydrological Sciences Journal, 65(10):1752—1765.

Qiu Lei, Sun Long, Yu Po, Wu Haocheng, Lu Chengpeng. 2019.
Analysis of evolution and control factors of depression cone of
shallow groundwater in Songliao Plain[J]. Pearl River, 40(8): 19—24.

Qi Xuebin, Huang Zhongdong, Qiao Dongmei, Zhang Xianchao, Li
Ping, Mathiasn N Andersen. 2015. Research advances on thereasonable
water resources allocation in irrigation district[J]. Advances in
Water Science, 26(2): 287—295(in Chinese with English abstract).

Rutledge J C. 2020. Analyzing the muddles of analysis: (Some of)
What analytic theologians can learn from the history of analytic
feminism[J]. Modern Theology, 36(3): 569—581.

Sun Caizhi, Liu Yulan, Yang Jun. 2007. Research on the ecological and
sustainable groundwater table regulation in the lower Liaohe River
Plain [J]. Journal of Jilin University (Earth Science Edition), 37(2):
249-254(in Chinese with English abstract).

Tan Yongzhong, He Ju, Yue Wenze, Zhang Liang, Wang Qingri. 2017.
Spatial pattern change of the cultivated land before and after the
second national land survey in China[J]. Journal of Natural
Resources, 32(2): 186—197(in Chinese with English abstract).

Wang Yanxin, Zheng Chunmiao, Ma Rui. 2018. Review: Safe and
sustainable groundwater supply in China[J]. Hydrogeology
Journal, 26(5): 1301—-1324.

Wen Chuanlei, Dong Weihong, Cui Geng, Liu Yang, Su Xiaosi. 2017.
Application of analytical methods to determination of the
exploitation scheme of a wellfield at riverside[J]. Hydrogeology
and Engineering Geology, 44(3): 19— 26(in Chinese with English
abstract).

Wei Wen, Chen Zongyu. 2017. Identification of the origin of
groundwater recharge using environmental isotopes in the
southwest Songnen Plain[J]. Journal of Arid Land Resources and
Environment, 31(1): 173—177.

Wu Aimin, Jin Jihong, Song Bo. 2016. Water safety issues of China
and ensuring roles of groundwater [J]. Acta Geologica Sinica, 90
(10): 2939—2947(in Chinese with English abstract).

Yang Chunxia, Zheng Hua, Ouyang Zhiyun. 2020. Changes, effect and
driving forces of land use in Sanjiang Plain[J]. Environmental
Protection Science, 46(5): 99— 104(in Chinese with English
abstract).

Yang Hengshan, Liu Jiang, Liang Huaiyu. 2009. Change
characteristics of climate and water resources in west Liaohe River
Plain[J]. Chinese Journal of Applied Ecology, 20(1): 84— 90(in
Chinese with English abstract)

Yu Lili, Tang Shinan, Ding Yuanfang, Chen Fei, Yang Yan, Ding
Yueyuan, He Jun. 2019. Groundwater overdraft situation and
countermeasures in Northeast China[J]. Water Resources Planning
and Design, 186(4):37—40(in Chinese with English abstract).

Zhai Jinliang, He Yan, Deng Wei. 2003. Municipal water resources and

environment problems in the Northeast China and countermeasures[J].
Urban Environment & Urban Ecology, 16(3): 8— 10 (in Chinese
with English abstract).

Zhao Yanming, Shi Gang, Zhang Qian. 2020. Causes and
countermeasures of desertification in Xiliao River Basin of Inner
Mongolia[J]. Inner Mongolia Water Resources, 209(1): 36— 37(in
Chinese with English abstract).

Zhang Guangxin, Deng Wei, He Yan, Ramsis Salama. 2006.
Hydrochemical characteristics and evolution laws of groundwater
in Songnen Plain, Northeast China[J]. Advances in Water Science,
17(1): 20—28(in Chinese with English abstract).

Zhang Lijuan, Jiang Lanqi, Zhang Xuezhen. 2017. Reconstruction of
cropland spatial patterns and its spatiotemporal changes over the
20th century on the Songnen Plain, Northeast China[J]. Journal of
Geographical Sciences, 27(10): 1209—1226.

Zhang Zhenquan. 1982. Evaluation of groundwater resources in
Xiliaohe Plain[J]. Journal of China Hydrology, (sl1): 79— 87(in
Chinese with English abstract).

Zhou Hao, Wang Dianwu, Sun Caizhi, Tian Wenying, Yang Peiqi, Teng
Fanquan. 2011. Numeric simulation research on the recovery of
groundwater funnel in core region of Shenyang City[J]. Hydrology,
31(5): 47—51(in Chinese with English abstract).

Zuo Rui, Gu Peng, Teng Yanguo, Wang Qiang, Wang Jinsheng, Wang
Bin. 2015. Spatial distribution and genesis of the high— fluorine
groundwater in the lower Liaohe River Plain[J]. Hydrogeology and
Engineering Geology, 42(3): 135— 141(in Chinese with English
abstract).

Bt Fh 32 2 25 3Tk

TEM, SR, sKER S0 2019, DB IX R AR T
S5TEM[I]. kT HLI, 14(3): 64-73.

W, BRI, SRS, TR, s, 2255 . 2020. HE ML R K B IR
TSRS LI N R[], KRR, 31(6): 811-819.

Wi, 2210 [, RESER, W30 R, IEASH, XU ER, i A, . 2016.
SRR SR AR IR RE RIS 25 S0 AR RAE (D). B ZE 52440, 27
(8): 2571-2579.

W72, JEIT, T 3. 2008, A 52 1t 76 10 98] 7 5l PR 58 A%
IKGE R BEIT %2 R TR 2 [0]. 7K SCH B TR 4, 35(3): 123—
125.

FRAFRE, ShRULL. 2002, H R T K SRR -5 EREE M. Jbat: Hhas AR
.

Toud, AT, RER, 240 2020, PEIL AT KT &R H
Fe Al R AT [0]. ZRALKAK L, 38(5): 32-34, 39.

D5 ke, AR, ZERNI. 2009. FATL - JEUES DU 4 e A R 4R
fIM]. JL5T: s R

Jrf. 2019, =T FAMEIT—FE S sk 2 4 oK« =R/ 15 Y8
ML EEIFSE[D]. K bk,

D7 e, MREEAR, BEVEAE L 2005, AR ERT R X T K Sh A AR b
EATHL R KRR 2 [7]. 7K 3C, 25(5): 19-22, 54.

http://geochina.cgs.gov.cn FPE ML, 2021, 48(4)



1074 i 5|

b Ji 20214

YRR, TR B, AR, TR E . 2016, PYIL ] HE X [ R L 4
WX bR K HR A 82 0 YA A3 B (D). PR 224, 47(3):
327-333.

SR, BRIETE, R [, 2RI, WRERA%E . 2017, Z5 bR 72 X 3 dek st
KK BT 55 G IR R I L SRS RS S (H AR A
), 53(3): 316—322.

BAYEL. 1999, [EIHh R K BRI AR 5 A B & X SR [I]. v M BT, 36
(1): 23-26.

FEAAZ. 2020, AR b Hb X T BT b Sh A A AL B W I [D]. W R B
TR

BHEGA . 2019, =ITAF AL TT—HE 1Al st 7K 5 M 3Rk 1k
KRWIED]. KA dibkRa.

ZE AR, F0hJT . 2017, UL AT R X K SRS A i 9], K 5%
TS K TR, 28(1): 56-61, 68.

ZEEER TG, 4 2005, AL 2B XU T K RGER L RFRBE R
R[] MBS BEUR, 14(4): 272-273, 278.

X5, AR, ZETE, T, 2011, T L0 D 50 T A A AT
TESANE BAYAFFAELT]. HUR 7K, 33(3): 11-12, 76.

XA, JKS7, i, SO, AE 4. 2021 TR BEUK AR K BT
4 8O0 R S A R AE KRB R B ST, MR S TR, 30(1):
53-61.

KB, 2L, AR, BTHT, 220, VIR . 2020. X0 T K BE R K
e SN FRIE 5 EEIFIE 0], K SCHRR T AR LR, 47(6): 173—
183.

ZEMEN, SR AR, TBE. 2016, FT T K 50T 10 - K e i
Jr D). R ELE IR S XK, 37(2): 161-167.

P, SO AR, KSR 2015, SUEALTT ST ALK R
ST BRI 25 TS ERAE (D). HB PR, 35(8): 1051-1059.

. 2017. 7R JbHb X UE Hi 38 SR W 45 55 A A [J]. 7K A A2 2R,
38(2): 10-16.

FEt, WAL, TR M, Tk PR, Z5°F, Mathiasn N. Andersen. 2015.

JE DK BRIRG BB P )], KRk, 26(2): 287-295.

LR, P, Tob, 5 5805, GRS . 2019, AT R 2 H T K%
TS AR R 20T (9], N RERIT, 40(8): 19-24.

INAER, XU E 22, #fR . 2007, F AL J5UHL T K A 25K i 5 A 54
FER IR I]. &K (KR =), 37(2): 249-254.

A, AT, 5 SR, akas, EPCH . 2017, 4 Uk 4 MR AR
Ji HR A b TR RS TR 4 25 TR R[], SR B TRAAAT, 32(2): 186—
197.

3C, BRSETE . 2017, 7 FHEREE )7 2R RA BT 504 3 R 7K A
AR TR RIS B, 31(1): 173-177.

TALE, TELELT, FEPE, XUPE, J5/NDU . 2017, 15 JF A Mk il 2 B T 7k
PSS KR ZE 0], /K SO T AR, 44(3): 19-26.

RFR, ARLT, G 2016, WIS H R K 22 42 1] 815 H R 7K A4 7 i
TEFI[T]. HuFi~#4H, 90(10): 2939-2947.

TR, B, BRPH S 25 . 2020, =T B 4 MR AR 508 5 0K S
101 BRI, 46(5): 99-104.

Tt L, RIVT, FEPRTE . 2009. P8 L) JRA5E KoK B8R AR FERRAE [T].
B JHA SR, 20(1): 84-90.

Funmn, R, Toody, MK, 2, TEOC, fTH . 2019, AL X
Hb T KRR SRR 50 Kot SR L[T]. KRR S5 86T, 186(4): 37-40.

AR, AT, KA. 2003, 7R b Hb IX 3 7 7K 96 V5 B 45 1] B R )
L] T BT ST A, 16(3): 8-10.

RS WA, A7, BRA% . 2020, P52 P L J] 3t del e 51k ) R A4 T2 ol
P B A X SR[]. ST KA, 209(1): 36-37.

T, XA, {14+, Ramsis Salama. 2006. H1 [ 3L HA BCE S T 7k
TRACZERR IR S AR A )], K BREE R, (1): 20-28.

FRARAN . 1982, FHILVF il T /K B IEAN [1]. 7K 3, (s1): 79-87.

JEg, TR, PhATR, SO, AT, I L4 2011, SRR PR IX
IR PRI - 2 T BRI E ()], /K3, 31(5): 47-51.

ZEBL, MG, BEE ., Tk, T4k, THE. 2015, R0 J5 & et ™
TRES 1534 BB AT [I]. 7K SCHb o TR, 42(3): 135—141.

http://geochina.cgs.gov.cn 1 EMLTT, 2021, 48(4)



