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Abstract: In order to conduct long—term deep observation, fluid experiments and investigate volcanic events in Songliao basin, the
authors carried out lithological evaluation of volcanic rocks in Yingcheng Formation by using abundant and complete geophysical
logs from SK—2 east borehole. The log response analysis of volcanic rocks shows that the radioactivity and electric conductivity of
tuffs are the strongest. Agglomeratic lavas have low density because of high porosity. The density of rhyolites is the highest and the
electric conductivity is the weakest. Volcanic rocks of Yingcheng Formation along SK— 2 east borehole consist of rhyolites,
transitional tuffl lavas, agglomeratic lavas and a little tuffs by using cross plots and imaging models. A volcanic eruptive gap may
exist, as evidenced by tuff with high GR, low RD and low DEN. Rhyolites are characterized by high alkali, high Si, low Fe and low
clay mineral. T, analysis suggests that the rhyolites are favorable for carrying out long—term observations and fluid experiments. The
results provide a reference of interpretation for subsequent volcanic rock in Huoshilin Formation and research of volcanic rocks in

the whole basin.
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Fig.1 Conventional log response of volcanic rocks of Yingcheng Formation in SK-2 east borehole
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Fig.2 Litho scanner, resistivity image and NMR log responses of volcanic rocks in Yingcheng Formation from SK—2 east borehole

2.4 %R LRI F M Bz 45 4iE

BRGS0 T iR A i FLIR AN AL LA
FALBREERI R N R b AR AR LB A B K
Ta AR S ToiG 2 U2, P I 5 BB K
TR I S B P2 5 B AUA T3l AU A
E BB IERIXRY N, AT IR (512).

3 AR IHARALE SR K Y
=2

3.1 NLEREEIH S %

Ao IR [ N A o i TR, 2 i A T 2
g —FP Ik o AH i T AR M X R — 2 B L s
P8 S e 17 5 P AN T L ] — S A0 i RS Rl Sy
— AT ], S 2 L BAT SR R o e K s
e SRR A 20 A7, AR DI Hh Xk A A A ey
S RUNENIUE ST < VAN ok ¢ 3128 N S G |
3)o WBUA BEKIE A RBEA MBEIKCATEAL &
el e 0 B DX, IS IR L e e P e O R R

(CEPRAES,2015),

] o iy o B 24 B A 25 (TUGS ) #fE 4 F Y TAS
PRI, AR 5 AN 5] 5 A1 22 A 1 Si0, A Na,O+K.0 75 i
A% KA BT A TR A5y . F5 08 Si0L il &
ANTAL KA o3 R B e | e AR U Rk
(Le Bas et al.,1986) . TAS K FZ A Tk ILIE A2
(R TR B I o AR B 2 B T kL
F R B 5 22 1] R A, SR D i DR
TS, TAS BN IE I TIZ 28 A A iR gl
K AMPBL I RILE WA RS REA S R B TAS
] BRYE TR SUA R AR AR TE AR S X (E 4)

HREEE I 5 FNE BRI 2 1 8 S T T R <2
mm (1) L B I B OR BE IR 5, B 8 IR 25
FA 5 1 R A >64 mm B K LR TS 0 4 Bk ol B B0
L, B YA (E B4, 2007 25 7 4
2009) o FARE AR AL A R H BH R AR R
b RBUE IR SO 1 BN 5 1R K 2548 R AR
Bl i SR PR EE R S O T UL, MR K LS A R

http://geochina.cgs.gov.cn H1EHLET, 2019, 46(5)



1178 h [ Hh J 20194F
200 T T T T T T | 200 | I T I
A s A sy
- O sunE = E O febtis -
E A ks 3 A s =
T . W oERE -

RD/(Qem)
(3]
 on
1

RD/(Qem)
[3e]
<=
T

2 1 1 1 1 |
230 235 240 245 2.50  2.55 2.60

DEN/g/cm’

3 AR I ARALE IR K LE WA 2
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Fig.5 Models of rhyolites, agglomeratic lavas and tuffl lavas in images from resistivity image logs

VR . SR g e K
g | GR/APL | RD/em PEN/wenf AC/ usim)| CN/% Pioi | RS BRI
00— 300|2 2000(1.5 31450 150{60—-15|0 35
,,,,,,,,, a5 > é é é( ~ v | WK M EHE A
oo
[*)) - - . . =
N - H H H H
~ m -
- E S
~nn|l o e N
~ o 27 : rrg ;nﬂ
AL g ~_m_m
A M M w T
o m m —] v MMM
A Mmoo Mm Ao M T
e Mo m | o MM
e MM = m m
x1q] =
~ M m ‘F“ il
A Mmoo R 11
A o m S
~~ M M
~ Mmoo m
e Mmoo m
~
A m M o
A mom O 1
Ao M Mm —
Mmoo m o
SR
e E
57 N
U u v
U u u
U u u
uuu =
U u u
U u u 07
UMM 0.
v Mt o
U u @
U u =
U u
U U .
7
& =
R Rt = /
¢ & \
VAN = =
/ o N/
NPANY. ] o
o 3 s
7 ~g E $
I E
U u u
A~ W m =

Kl PR IFEmdl kil va A v
Fig.6 Lithological profile of Yingcheng Formation in SK—2 east borehole

http://geochina.cgs.gov.cn H1EHLET, 2019, 46(5)




b, Ji 20194F

1180 h &S|
1 —
’ A A
0.9 a sl A
AA A A* A A a
0.8F A Ay Lo A “‘
A hm A aA
0.7 A A Al
: A A
“p n*‘: .
< 0.6 %
S z AA
= a3 L b
<
< o0s5f vy A
z PN A“ %
B AL\
0.4 iy A ‘Q‘AA‘ /r%?
il LANA A %,
“ /T? A7$1:?6
2 ;
0.2 e
LRI o A Fsa
|V - &
O‘IQ%’*‘E %E{’/,\E
Gwn  UHE \pze i
0 01 02 03 04 05 06 07 08 09 1.0
(K/AD/%

B 7 AR ARV AR ECA K/AL-Na/AlEE /R 28 23
Fig.7 Plot showing K/Al—Na/Al from Litho Scanner data in
SK—2 east borehole
DEN %1% (Planke, 1994 ; Bartetzko et al.,2001) . #4
B ARSLE IR KA P90 b & & B KA, RS
A GR I RD 1 DEN FAAR 4 I - i BERFAIE, $5 78

A LR (B T AT
4 WBCE TR L

R EFWRNRECE) 2 K E (Gl U4,
2010; Z24% 4% ,2010) o FrPEDIFR 45 3R
MBCE RNB I AR AUE W & B 5 R iy K
E . g3 5 Ak TR G A AR A P AR B o 2k
W B o K A2 T —E 7R . AL Bl 2k
W 28 1 1 3 A B e A VR (o L A,
2010) . K/Al-Na/AlFEE/R HAZ 25 1A B T 2R i
75 2k A (Davies and Whitehead, 2006; Davies and
Whitehead, 2009 ; Mauriohooho et al., 2016) ., ] FH:#r
RUAPECR IS B 5 A 9 K Na F1 ALY E
HEST T SR Y K/ALI-Na/Al B R L AS 22

KK 7). K/ALH KT 0.45 35 2% &40 w8 o3 .
PR K/ALILR T 0.45, R A A FEE
T3 T e e R A i A | 398 S5 ok A R4 B ol A 1
B, 0T RSRAERSCE ZBRE L0 &
A, 5 K/AI-Na/Al B FE IR b Ag 23 ] v Rz ik
{14555 8 I ol A8 A L RH XTI o

KA FR RS SIS KA R IX R 2
PRV IR B o T TR WA O
SUASA I T 45 R B0H 22 52 90 = e = ik
fiE, Sy Hb e 38 430 Rl i) 7= 49 (G ML , 2010, 2013 5 X1
R4 2013 FRARATE,2016) . MARE AR FLE K
HIMBCE 2 TR A - R AL L P8R sl
FHEA RARE . SOl B 32 IR X R SR
AR BE R 7 4y DA AR BE I S e . R
TIRALE AL R BCA BAT S0 5 Si0. FMIK Fe 1
RHE , I R TR BCE 1 R 3 B Pt — 2 1 S g

5 ARETETE

WGP T3 W T 25 LA A AR AE , K
T B R 5 A8 K FLBR, /N TAE X A2 /N )
FLBR (4 Sz, 1998 il M 1145, 2005 5 1 52, 2008 ;5
SRS ,2012) o AZRESHRIIFE RO BN RBUA T
T AU A5 g T, TP 0 DX 53] ), 5 — A DA AR o) A
AN AN 2 B G R YU A Tk 2o
MUETEZS , SMBUHHI L, S — AR RSk, B
EYYR S TS — s R i (K18) . LM
AR 1 43 A REAE -5 A% R R T 3% o0 AR SRR A AR 4
FRAF{RL P (Coates et al., 2000 ; X 2 #45 , 2006 ; Xiao
etal.,2016) . AI UL, JSCH IFLAR SR ARXT 35T, K
FLBR EL A s, FLIGE AR i A, FLBSR 322 308 P AR X 4
BEIRIE AR o BT p TR P A 25 0 2
et G FLBR R R I . A 6 T, SR ARG FL

PAZ =R N = Bz B By
OF L, Bt J3 i R, 2 B IR T2 v b R e P I 25 1Y
[ i EYEE e
R - B i = i
=g 2L 2|
= = =
/\L/I\ | 1 1 1 ] N /\I 1
0.1 1 10 100 1000 10000 0.1 1 10 100 1000 10000 0.1 1 10 100 1000 10000
T,/ms T,/ms T,/ms

K8 AFAEMEMN TS

Fig.8 The T, configurations of volcanic rocks

http://geochina.cgs.gov.cn H1E LT, 2019, 46(5)



S a6 S5

R B ANRE I AR AL E IR L o AR AE S AR 1181

FROE o A T3 S e e il A 22 o AL B EL il
FLIE RSE R 8CH 18 A iR i E Fis %, nl 1
S URER AT I UL A1) 5 S B A R T

6 4% i

(D) FABF I IR FLE LR B K 5 ELAT e 1Y T
SRR L v LR 1) SE BN 5 R 0 28
RPRRE , TRBUE % B B Ve 25 . K
LR A LR T8 Js o 380 LR I8 8 i BEL 3200
2B R, W ars B A K Fe S0 Al &
SiO, AL

(2) AR 48 J 1l 5 Py B S
AT T A UM B8 2 B ORI R A R AR, U1

FARF AR LB kA K DR S e KGN
YR E N T, LEMEEK S . GRS RD Al
DEN FEARAHBE K 7, 2RI T KL & [R] BT A £EAE

OB ZHARILE AR BCA R 0 Y & &
BAIG, AR VE FH LAERAL I A S 3 o Toilk o Mr 600, Ui
BUA WAL 3 AT AR 5] ALK L] g, FLE >
T S, FL B 3% 3 PR AR 4T A R T R TR
SOOI A AR S

AR IR T R 2251

References

Bartetzko A, Pezard P, Goldberg D, Sun Y F, Becker K. 2001. Volcanic
stratigraphy of DSDP/ODP Hole 395A: An interpretation using
well-logging data [J]. Marine Geophysical Researches, 22: 111—-127.

Bartetzko A, Paulick H, TIturrino G, Arnold J. 2003. Facies
reconstruction of a hydrothermally altered dacite extrusive
sequence: Evidence from geophysical downhole logging data (ODP
leg 193) [J]. Geochemistry Geophysics Geosystems, 4(10):429—432.

Busby C J, Bassett K N. 2007. Volcanic facies architecture of an intra—
arc strike—slip basin, Santa Rita Mountains, Southern Arizona [J].
Bull. volcano, 70: 85—-103.

Cheng Yinhang, Li Ying, Liu Yongshun, Teng Xuejian, Li Yanfeng,
Yang Juanquan, Ao Cong. 2016. The tectonic extensional event
during the early Cretaceous in the west margin of Songliao Basin:
U—Pb dating, geochemistry and petrogenesis of rhyolites [J]. Acta
Geologica Sinica, 90(12): 3492— 3507 (in Chinese with English
abstract).

Coates G R, Xiao L Z, Primmer M G. 2000. NMR logging principles
and applications [M]. Gulf Publishing Company, Houston, USA, 1-256.
Davies J F, Whitehead R E. 2006. Alkali—alumina and mgo— alumina

molar ratios of altered and unaltered rhyolites [J]. Exploration and
Mining Geology, 15(1/2): 75—88.
Davies J F, Whitehead R E. 2009. Alkali/alumina molar ratio trends in

altered granitoid rocks hosting porphyry and related deposits [J].
Exploration and Mining Geology, 19(1/2): 13-22.

Dai Yaquan, Luo Jinglan, Lin Tong, Yang Zhisheng, Zhang Jun, Liu
Shuyuan, Xia Huiping. 2007. Reservoir characteristics and
petrogenesis of volcanic rocks in the Yingcehng Formation of the
Shengping gas field, northern Songliao basin [J]. Geology in
China, 34 (3):528—535 (in Chinese with English abstract).

Ekstrom M P, Dahan C A, Chen M, Lioyd P M, Rossi D J. 1987.
Formation imaging with microelectrical scanning arrays[C]//
SPWLA 27rd Annual Logging Symposium, 1-21.

He Dian, Li Jianghai, Liu Shoujie, Han Liang. 2008. Discovery of a
giant caldera in the Yingcheng Formation in the Xujiaweizi fault
depression, northern Songliao basin[J]. Geology in China, 35 (3):
463—471 (in Chinese with English abstract).

He Yudan, Mao Zhiqiang, Xiao Lizhi, Ren Xiaojun. 2005. An
improved method of using NMR T2 distribution to evaluate pore
size distribution [J]. Chinese Journal of Geophysics, 48(2): 373 —
378 (in Chinese with English abstract).

Hou Hesheng, Wang Chengshan, Zhang Jiaodong, Ma Feng, Fu Wei,
Wang Pujun, Huang Yongjian, Zou Changchun, Gao Yongfeng,
Gao Yuan, Zhang Laiming, Yang Jin, Guo Rui. 2018. Deep
continental scientific drilling engineering in Songliao Basin:
Progress in earth science research [J]. Geology in China, 45 (4):
641-657 (in Chinese with English abstract).

Huang Qinghua, Wu Huaichun, Wan Xiaoqiao, He Huaiyu, Deng
Chenglong. 2011. New progress of integrated chronostratigraphy of
the Cretaceous in Songliao basin [J]. Journal of Stratigraphy, 35(3):
250257 (in Chinese with English abstract).

Ikeda R, Kajiwara T, Omura K, Hickman S. 2008. Physical rock
properties in and around a conduit zone by well— logging in the
Unzen Scientific Drilling Project, Japan [J]. Journal of Volcanlolgy
and Geothermal Research, 175: 13—19.

Jiang Chuanjin, Chen Shumin, Chu Lilan, Zhang Guangying, Ju Linbo.
2010. A new understanding about the volcanic distribution
characteristics and eruption mechanism of Yingcheng Formation in
Xujiaweizi fault depression [J]. Acta Petrologica Sinica, 26(1): 63—
72 (in Chinese with English abstract).

Khatchikian A. 1983. Log evaluation of oil—bearing igneous rocks [C]//
Corpus Christi, Texas: SPWLA 23rd Annual Logging Symposium,
1-35.

Le Bas M J, Le Maitre R W, Streckeisen A, Zanettin B. 1986. A
chemical classification of volcanic rocks based on the Total Alkali—
Silica diagram [J]. Journal of Petrology,27(3): 745—750.

Li Ning, Qiao Dexin, Li Qingfeng, Wu Hongliang, Fu Yousheng, Dong
Lixin, Feng Qingfu, Wang Kewen. 2009. Theory on logging
interpretation of igneous rocks and its application Petroleum [J].
Exploration and Development, 36(6): 683— 692(in Chinese with
English abstract).

Liu Juntian, Zhang Daisheng, Huang Weidong, Li Zaiguang, Qin

http://geochina.cgs.gov.cn H1E LT, 2019, 46(5)



1182 Hh [

b, J 20194F

Xinping, Wei Cheng. 2009. Volcanic rock lithology recognition
technique and its application in Malang Depression, Santanghu
Basin[J]. Lithologic Reservoirs, 21(4): 87— 91(in Chinese with
English abstract).

Liu Wanzhu, Wang Pujun, Men Guangtian, Bian Weihua, Yin Xiuzhen.
2003. Characteristics of deep volcanic reservoirs in Northern
Songliao Basin [J]. Oil & Gas Geology, 24(1): 28—31 (in Chinese
with English abstract).

Liu Wei, Sun Deyou, Li Rilei, Liu Manli, Wen Shengfu, Zhang Xi,
Guo Jun, Wang Tianhao, Wu Pengfei, Liu Xiaoming. 2013.
Chronology and petrogenesis of volcanic rocks in Yingcheng
Formation from Changling depression in Songliao Basin [J].
Global Geology, 32(2): 522—530 (in Chinese with English abstract).

Mauriohooho K, Barker S L L, Rae A. 2016. Mapping lithology and
hydrothermal alteration in geothermal systems using portable X—
ray fluorescence (PXRF): A case study from the Tauhara
geothermal system, Taupo volcanic zone [J]. Geothermics, 64:
125-134.

Meng Fanchao, Liu Jialin, Li Ming, Liu Xiao, Yin Changhai, Lu
Jiamin, Cui Yan. 2010. Geochemistry and tectonic implications of
rhyolites from Yingcheng Formation in Xujiaweizi, Songliao
Basin [J]. Acta Petrologica Sinica, 26(1): 227— 241 (in Chinese
with English abstract).

Meng Fanchao, Lu Yulin, Liu Jiaqi, Cui Yan. 2013. Geochemical
characteristics and petrogenesis of two types of acid volcanic rocks
from Yingcheng Formation in Songliao Basin [J]. Acta Petrologica
Sinica, 29(8): 2731-2745 (in Chinese with English abstract).

Pan Baozhi, Li Zhoubo, Fu Yousheng, Wang Hongjian, Yang Xiaoling,
Xu Shumei. 2009. Application of logging data in lithology
identification and reservoir evaluation of igneous rock in Songliao
Basin[J]. Geophysical Prospecting for Petroleum, 48(1): 48—52 (in
Chinese with English abstract).

Paulick H, Breitkreuz C. 2005. The Late Paleozoic felsic lava—
dominated large igneous province in northeast Germany: Volcanic
facies analysis based on drill cores [J]. International Journal of
Earth Sciences, 94: 834—850.

Planke S. 1994. Geophysical response of flood basalts from analysis of
wire line logs: Ocean drilling program site 642, Vering volcanic
margin [J]. Journal of Geophysical research, 99: 9279-9296.

Shao Weizhi, Liang Qiaofen, Li Junguo, Deng Lin. 2006. On log
response characteristics of igneous reservoir in Huanghua
Depression [J]. Well Logging Technology, 30(2): 149— 153 (in
Chinese with English abstract).

Sun Yonghong, Zhang Feiyu, Wang Qingyan, Gao Ke. 2016.
Application of “Crust 1”7 10k ultra—deep scientific drilling rig in
Songliao Basin Drilling Project (CCSD— AKII) [J]. Journal of
Petroleum Science and Engineering, 145: 222-229.

Waichel B L, de Lima E F, Viana A R, Scherer C M, Bueno G V. 2012.

Gabriel dutra stratigraphy and volcanic facies architecture of the

Torres Syncline, Southern Brazil, and its role in understanding the
Parana—Etendeka Continental Flood Basalt Province [J]. Journal of
Volcanology and Geothermal Research, 215-216: 74—82.

Wang Ling, Jin Jiugiang, Zhang Yan. 2009. Division of volcanic
eruption periods of the first and third members of Yingcheng
formation in Xujiaweizi fault depression in Songliao basin [J].
China Petroleum Exploration, 14(2): 6— 13(in Chinese with English
abstract).

Wang Pujun, Zheng Changging, Shu Ping, Liu Wanzhu, Huang
Yulong, Tang Huafeng, Cheng Rihui. 2007. Classification of deep
volcanic rocks in Songliao Basin [J]. Petroleum Geology &
Oilfield Development in Daqing, 26(4): 17—22 (in Chinese with
English abstract).

Wang Pujun, Feng Zhiqiang, Liu Wanzhu. 2008. Volcanic Rocks in
Petroliferous Basins: Petrograghy, Facies, Riservoir, Pool,
Exploration [M]. Beijing: Science Press, 18—34 (in Chinese).

Wang Zehua, Zhu Xiaomin, Sun Zhongchun, Luo Xingping, Dai
Xiongjun, Dai Yong. 2015. Lithofacies classification in the basin
using logging data: Taking Junggar Basin as an example [J]. Earth
Science Frontiers, 22(3): 254— 268 (in Chinese with English
abstract).

Wildner W, Lima E F, Nardi L V' S, Sommer C A. 2002. Volcanic
cycles and setting in the Neoproterozoic III to Ordovician Camaqu
a Basin succession in southern Brazil: Characteristics of post—
collisional magmatism [J]. Journal of Volcanology and Geothermal
Research, 118: 261-283.

Wildner W L, Nardi V S, De Lima E F. 2010. Post— Collisional
alkaline magmatism on the Taquaremb¢ Plateau: A well—reserved
Neoproterozoic— Cambrian Plutono— volcanic association in
Southern Brazil [J]. International Geology Review, 41: 1082—1098.

Wu Huaichun, Zhang Shihong, Huang Qinghua. 2008. Establishment
of floating astronomical time scale for the terrestrial Late
Cretaceous Qingshangkou Formation in the Songliao baisn of
Northeast China [J]. Earth Science Frontiers, 15(4): 159— 169 (in
Chinese with English abstract).

Wau Jie. 2015. Identification of volcanic lithology and reservoir with
petrophsical elastic parameters: An example of Yingcheng
Formation in Xujiaweizi Fault Depression, North of Songliao
Basin [J]. Geological Science and Technology Information, 34(4):
15—19 (in Chinese with English abstract).

Wu Yanxiong, Wang Pujun, Bian Weihua, Gao Youfeng, Lang
YuanQiang. 2012. Log responses and its corresponding geological
interpretation of deep volcanic reservoir in Songliao Basin [J].
Journal of Jinlin University (Earth Science Edition), 42(6): 1927—
1934 (in Chinese with English abstract).

Xiao Liang. 2008. Application of NMR log data to formation pore
structure evaluation [J]. Xinjiang Petroleum Geology, 29(2): 260—
263 (in Chinese with English abstract).

Xiao Liang, Wang Hua, Zou Changchun, Mao Zhigiang, Guo

http://geochina.cgs.gov.cn H1E LT, 2019, 46(5)



a6t S

BRI ANRE I FARALE IR KL i AP AE B PEEAR 1183

Haopeng. 2016. Improvements on “Application of NMR logs in
tight gas reservoirs for formation evaluation: A case study of
Sichuan basin in China” [J]. Journal of Petroleum Science
Engineering, 138:11-17.

Xiao Lizhi. 1998. NMR Logging and Rock NMR and Its
Application [M]. Beijing: Science Press, 56—69 (in Chinese with
English abstract).

Xiao Lizhi, Xie Ranhong, Liao Guangzhi. 2012. Theory and Method
of NMR Logging in Complicated Hydrocarbon Reservoir of
China [M]. Beijing: Science Press,105—136 (in Chinese).

Zhao Yanchao, Chen Shuhui, Guo Zhenhua. 2006. Application of
nuclear magnetic resonance technology to pore structure in tight
sandstone: A case from Third Member of Shihezi Formation Upper
Paleozoic in Daniudi Gas Field, Ordos basin [J]. Geological
Science and Technology Information, 25(1): 109—112 (in Chinese
with English abstract).

Zhu Yongyi, Wang Wenshi, Zhang Hengchun, Yan Jia, Cao Longlong,
Xu Jie, Meng Qinghong, Tan Xiaoli. 2018. Implementation
overview of Chinese continental scientific drilling (CCSD) project
and technical systems of core boring. [J]. Acta Geologica Sinica, 92
(10): 1971—1984 (in Chinese with English abstract).

Zou Changchun, Xiao Liang, Niu Yixiong, Hou Jie, Peng Cheng.
2016. General design of geophysical logging of the CCSD—SK—-2
east borehole in the Songliao Basin of Northeast China [J]. Earth
Science Frontiers, 23(3): 279287 (in Chinese with English abstract).

Bt o 32 225 STk

FHRAT , 2552 QAT s 2 3, 2058 1 iR, JER. 2016, AL
FE M VE S L R SR IR SO £ AT U—Ph AR i% kb2
WFFE[I]. HLFi2EdR,90(12) :3492-3507.

HOWAL, B e 22 MR A7 U SR A XN, G, 2007, AT
FE AR T B IR L AR AR S s Ak []. R
HoJii,34(3):528—-535.

BREL ZRVTHE , XISFAR , whas. 2008, FAT A AL % 4% Bl T ka5
IR IR L T R BRI, P E MU, 35(3) 1463471 .

AR}, BAEHR, M LA, /N 2005, EREIAR T 0T A A 1L
RO RS iR [T]. HiBRY P24, 48(2): 373-378.

BB, FNE SR AR, Sl A, R, kg AR KRR, A
W, T, SRR I, A S LT, 2018, FAKL Z M R B R B R 2
PRIBERBL AR ()], P E T, 45(4) :641-657.

HOEAE, AR, JTIME B, X, 2011, FAIL 20 1 R
CEA ARSI D). M2 24, 35(3) :250-257.
ZAL 4 BRI I W HN 22, 5K, Bk, 2010, FREKIE TR EE
WA K L A3 AR RRIE B s 2 AL HT R[], i,

26(1):63-72.

AT AR, AR, RS A T E WK, AT, B
2009. <k LU I i R e 55 0 FH[I]. AR 5 T & L 36(6):
683—692.

XU BRARA: 3% TR, 25700, SBT3, 2009, = Zb

I BAMTRE LA A DU AR SR RII]. A AR, 221
(4).87-91.

X7k, FHEE, 11 W e, P EE AR 2003, AL AL
CHRIZ K EZAFIELT]. S RIR ST, 24(1) :28-31.

XUEG, FMEAT , 25 4n , R S0, R, S, A, TREE RS K,
MIZNIA. 2013, FALL G I WT R 5 4L LA IR S e A
MU, AL, 32(3) :522-532.

i JUEE X, 20 X, B BN, fE . 2010, FAILAEL
R T B A R S MR A2 R MR i FE R 3 L), A
A2, 26(1):227-241.

d JUR , AR, XL, A . 2013, AL 2 E Ik 2 2SR 1k
A BRI 2RI S AR [T]. A 2FR,29(8) :2731-2745.
WEIRZ A A T, B2 IRy VFIBURE. 2009, TS0k}
HERN T G KO A PR R RS 2 PR 8 I (0], A

#R,48(1):48-52.

B4k, s AR L XBAK. 2006, Y SRk T2 I H: i
NEFFTEWFGE[I]. MERA ,30(2) : 149-153.

T WA, KA. 2009. FAIL ZE bR SR Bl 1 WA kA — =B
g Wk o K X T). P AR, 14(2) 16-13.
THEEIE BT AR XTI R FEAE K R H . 2007, AR
L AR Z KA A PR R R IT]. RPN 5 I % L 26

(4):17-22.

FEEER M ARE KTk, 2008, B KLE A TE CEA BE VK
i HRIM]. U BRI, 1834,

TR AT P R BT MRS DS, 2015, IDERORHA
T 75 b b O A U A AR R 43 < DAV RE SR b R BT
H2FERT%,22(3) :254-268.

WA, IR B, 2008, HE A DU T F M Y A1 L
FT PR SR SCAEACAR R B EESZ[T]. Hb2FRTZE, 15(4) : 159-169.
AL 2015, KA )R IE A RS SEOCH ] AL
T AL B AR 5 BT BB B 2 R B 0], b R 1 4, 34(4)

15-19.

S, TREER L HAE, B G BROCER. 2012, FAIT AIR)Z K
UL it 2 00 e 7 AR R b A PR [T]. 7 MROR 224k (b 3k
220 ,42(6):1927-1934.

5% . 2008, I A A% 41 D0 T B2ORETAN ik 47 J25 AL B BE 45 44 1) 3+
TBT]. A7 T, 29(2): 260-263.

B 37k 1998, AZ MR A5 He 5 A A i S HC R I M. b
ot Rl A, 56-69.

M7 R AT, B RE . 2012, R 2 SRR RE LR I T
5IrkM]. Jbat: B i, 105-136.

M, RS I RAE. 2006, BREILIR T A EUERD K2 L
BRESHE T B —— LSRR Z B R A b S ol A A B4
3B HbRHE IR, 25(1):109-112.

KA, TR RIEE ER e e, Vi, P RN, 2018.
P R BlR 22 AR TRESL i ME N S LU A R AR R [T]. Hb
JFeFA, 92(10): 1971-1984 .

AR, M5, AR S, B2 2016, AN A HURL R AL IR TR
FARF AR FLINFBETT[I]. Hi2F RIS, 23(3): 279-287.

http://geochina.cgs.gov.cn H1E LT, 2019, 46(5)



