948 % TN R B2 Earth Science Vol. 48 No.7
2023 4FT7TH http://www.earth-science.net Jul. 2023

https://doi.org/10.3799/dqkx.2022.496

)| ?E:ll:i%ﬁiﬁ——tijlsi’&lz_wﬂléé
BHinBHaMERELENE

M FEL,EBRE T, K ML, KEES,E O E K
1L PEEHRF(AT)BATRSEMNBARELEEERE, T 102249
2. P B EmAFCLT)RBAAFFE, LT 102249
S.PEedmEmEaEmAam NN RA s, wN AN 635000

W OE: WIEHARIT T =& CACH BRER R 4 2 AR ko, RN EE R T , RN/ dP il < s RAJH & B A
AR R = 2 b 52 s 1 5 AR T O AR S 4T O N AR b B e L B G b XA G 2R Bk R Eh i )2 R AR
S e O EAT T N Al S 4L R BR ER A 4k 2 Bk T NEE-SWW [ \NE-SW [i] \NW-SE [i] &z NWW-SEE [f] PU 4 4%
H NEE-SWW [i] 4% e i &, R E B NE-SW [ Al NW-SE [ 2448 \ NWW-SEE [i] 48 & 82 058 X LUK T 70°/9
FARE L S 32 B R E TR B S DURR AR RO T2 A~ SRR R AR, L R OB R A R F R AL RN R DI R R aE R B R
FEAT W] G 1 22 S, 6 SR E S AR RN B PR ME ST AR 1) B4R B R E L UR O E TRV S AR AN £ PR T I AR T2 REIO AR 1 AR E
TR AT 25 . W7 2 02 52 ) S 4 R R R T N HL R AT R 1 DG AR R 24 4% R B AR B (E DI 7 ¥R A3 AT i X Wi 5 24 5% R 1Y i
ﬁi%ﬁﬁufﬁoqooo m Z (A, 55 W7 2 RS U A OC , B A5 U823 R 4 38, 4 S A R R I TE AR R

KR RIRER A2 AR AL R B s MU IR 1 5 AN DG AL N AR A i b e 2

hESES: P618.13 XEHE: 1000—2383(2023)07 —2643—09 W75 B #9:2022—05—07

Fracture Development Laws of Feixianguan Formation Carbonate

Reservoirs in Huanglongchang-Qilibei Area, Northeast Sichuan

Yao Yingtao'*, Zeng Lianbo"*", Zhang Hang’, Zhang Jiewei’, Guan Cong"’, Liang Dong"*

1. State Key Laboratory of Petroleum Resources and Prospecting, China University of Petroleum (Beijing), Beijing 102249, China
2. College of Geosciences, China University of Petroleum (Beijing), Beijing 102249, China
3. Northeastern Sichuan Oil and Gas District, PetroChina Southwest Oil and Gas Field Company, Dazhou 635000, China

Abstract: The carbonate reservoirs of the Lower Triassic Feixianguan Formation in the Northeast Sichuan Basin are characterized
with strong heterogeneity and development of natural fractures. The distribution of natural fractures plays an important role in
hydrocarbon migration and development. In this paper, the development laws of natural fractures in carbonate reservoirs of
Feixianguan Formation in Huanglongchang-Qilibei area in Northeast Sichuan area are predicted by combining 3D seismic attributes
with imaging logging and core analysis methods. NEE-SWW trending, NE-SW trending, NW-SE trending and NWW-SEE
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trending fractures are mainly developed in the carbonate reservoirs of Feixianguan Formation. NNE-SSW trending fractures are
the most developed, followed by NE-SW trending and NW-SE trending fractures, NWW-SEE trending fractures are relatively
poorly developed, and the fractures are dominated by high angle fractures greater than 70°. The fracture development degree of
carbonate reservoir in Feixianguan Formation is mainly controlled by sedimentary facies and faults. Sedimentary facies is the
basis of fracture development, and the fracture development degree of different sedimentary facies is obviously different. The
fractures are mostly developed in marginal-platform shoal subfacies and intra-platform shoal subfacies, followed by interbank sea
subfacies and intra-platform depression subfacies, and the fracture development degree of gentle slope subfacies is relatively
poor. Fault is the key to influence fracture development degree and distribution laws. According to the fracture development
index (FDI) method analysis, the width of the fault-controlled fracture zones mainly ranges between 250 m and 1 000 m in this
area. With the increase of the fault scale, the width of fault-controlled fracture zones increases as well.

Key words: carbonate reservoir; natural fracture; development characteristic; seismic attribute; Feixianguan Formation; Northeast

Sichuan; petroleum geology.
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Fig. 1 The location of study area (a) and fault distribution of Huanglongchang-Qilibei area (b)
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Fig. 5 Fracture rose diagrams of Feixianguan Formation in Huanglongchang-Qilibei area
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a AG I B ST b 5 0 4 % 4 R 43 A5 (N= 4 088) 3 b AR I I fif g 2L S5 06 71 20 A1 (N=99)

(FDI) 8K, s 28840 K 7 F B 8w, LT m]
DA e T T b 2 B 5% R AR ROE Dk R AE R
BERH WU (K 4),

3 ML FHE

IR B Jr dexd 45 gE AT 0N, ¥ e sy - £ B
db b X E Al DG A i R #h A 6K )2 E B R H NEE-
SWW [i] NE-SW [i] NW-SE [] &z NWW-SEE [ii] 14
Hpdsg Hp NEE-SWW %Rk H, Hikh
NE-SW [1] #1 NW-SE [1] 24 4% , 1] NWW-SEE [1] 24 4%
5T FEFE A4 22 (PR Sa) . AR 0 T 45 SR 110 24 4% i
FAGETT W 5T XA 56 2 Bk 1R b 7 it )2 24 4% i £l K
T 70705 72.4% , BLEE A 40°~T70° 5 23.300 , 2
BT A /NT 407 4.3% , Wiz X Al G 21 sk R 4
TR A L A R R S 4 A R (8] 6a).

kT 58I b R 2 A TN (7 24 4% S ) R A 2
AR, AR X E A B HLIE H2 - FTH3 I 3

1A% I - B T A b 7 24 4% 000 445 SR 5 R A% ) T
L 5% i B 45 T AT X L AFE J& PR Br 0 3 1
JF i 385 KRR 5 05 X R R AL, NEE-SWW
) S 4%t ok K B, LR O NE-SW i) Al NW-SE i) 24
1M NWW-SEE [ 2448 & & & 5 A x5 22 (A
5a), LAK T 7070y i ff B 24 4% Oy 32 (18] 6a).3 S b
J2 15 H BH R AR Bk R W] £ R H NEE-
SWW [i] NE-SW [i] NW-SE [ii] &2 NWW-SEE [ii] U
5% o 5 28R /N A A AC B NE-SW i)
MINEE-SWW [0 88 i h B F , IR R T 5K KW
JZ2 5N E R P47 19 NW-SE [7] X NW W-SEE ]
2445 (&1 5b) . BB I Bk W 42 4 11 3 B 52 XK
il 5 20 5k iR £6 75 0 2 4 48 LUK T 700 w8 A B S 4
i FE (K 6b). X 5 FH#hE AFE J& M3 8 1 24t S
R R — B0 A AFE J& ¥ 05 v 1T DUR 4
MR LT SH(K 5, B 6). FE st 5Ll o #r
T e b WG M X 2k kR LA, 24k TR 4
A7 2% WIAE Wt )2 8 22 1) i 8 24 4% T 7 R B8 vy, T A Y



2648 HiEkFL#  hitp://www.earth-science.net

o548 %

P73t ALl XA DG 2H W72 0 L 4 3 A TR0
Fracture distribution prediction of Feixianguan For-

mation in Huanglongchang-Qilibei area

F2 B AL W R R R R (7).
4 REERFHEREHNR

41 MBENRELETHZMG

B 3 Bl Ml DRI G 21 Bk R R 2
BRH G MG JTIE G A K RO A TR
AR B Al B, e 3t 1O [ O AR A Y 24 4% K R/ %
BB GME I AH R & P9I AH Y R 8E IR R L LR

14T (a)

48 (%% /m)

2 W [) YA STV AR RN £ P 3 M I A 17T 2% AR 35 0 A 24 4%
KH R 2 (F 8a). X &t T A4 M WA M & W
WA A = B A R, RECE AN A s A
St A R M R T G 7 A S 5 i (] VAR
MEAR A AR R A A s ER L A s
R EAR, A AW A SRR, 5 A R
55, 2458 R R BAR RO AR S FE LR
MR AN E EARELEAER . SAMHE S
ORI, S arEs, Mk FRE2Z(KSh).
42 WEMNHRELZEMNIE N

O3 B H X Y )2 R AR R X
B, ACERWT 2 R B RS P IX EEEH M & NE-
SW [i] fil — 4« NEE-SSW ] # A B A 386 W7 )2, 1t
OB — R BN HBLEE /N NW-SE Jy ] 13 18 )22 F1 /b
it NE-SW J7 [n] (1) 335 W7 2 (& 1b) . R i BT 348 19
W 23 A G 24 4 2 mi oy AR i 24 4% & 48 B (FDD
[ 43 A BB A% A2 fi ML SR AE W7 )2 AH OC R 4 R B W OE
(4 43 AT R O 2 206 11 19 FDIOE & 2 8
[l 4 )22 B FDI & KAE 4 0.35, K i o] KL FDI K F
0.35 ) X IR by W7 23 AH 5CG 1 24 4845 & & 1 X 3 (&
4) AR 55 W72 0] 2 B A AS [RHI R 1) FDI Sy A 4F
X W7 )23 AH 56 B4 48 R T Al 1Y B B 32 A3 A AE 250~
1000 m Z [A] . % A 58 X 3 45 W 2 647 40 BT L, 45 2R 3%
HH DRI J2 A A, W7 2 A G S 4 R Al 1Y) B b
KO 9) . XF T A 52 ) K AR SARAE S 19 /N RUBE
Wi 2, FLWT R A OGR4 & B A A LME N A J5 RIRR
B0 B AR X R0 52 m K AR ARSI KR
FEWT 2, A0 0 B 5 L3k T W 2 A S Ak A F A

[ ()
16 |

4% % [F (% /m)
=
°

2 1 S 1 I I 1 I I

e 1)
VIR LA T
K8 wedg—t RALH X RG24 5% S UTRUE AT (a) 1 = A7 & B ()R OC &R

Relationship between fracture density and sedimentary subfacies (a) and dolomite contents (b) of Feixianguan Formation in

B4 W BWE R

Fig. 8
Huanglongchang-Qilibei area

0 10 20 30 40 50 60 70
HZA S ®(%)



5 7 R 55 1 AR T T M I 06 AR 5 e 5 7 AL 2619
roop Gradient Structure Tensor. Oil Geophysical Prospect-
rooof @ ing, 56(3): 555—563 (in Chinese with English abstract).

T 800f < * Dong, S.Q., Zeng, L. B., Lyu, W. Y., etal., 2020. Fracture
ey Identification by Semi-Supervised Learning Using Conven-
gﬁ 800F e tional Logs in Tight Sandstones of Ordos Basin, China.
?‘2 400 .’. * Journal of Natural Gas Science and Engineering, 76:
Sook .’ 103131. https://doi.org/10.1016/j.jngse.2019.103131
Feng, Y.W., Chen, Y., Zhao, Z.Y., et al., 2021. Migration
00 50'00 10(']00 15(']00 20 600 25 0'00 of Natural Gas Controlled by Faults of Majiagou Forma-
W72 K FE (m) tion in Central Ordos Basin: Evidence from Fluid Inclu-
Ko i S5WZRKE LR sions. Earth Science, 46(10): 3601 —3614 (in Chinese
Fig. 9 Relationship between fracture zone width and fault with English abstract).

length Gao, S., Zeng, L.B., Ma, S.Z., et al., 2015. Quantitative
Prediction of Fractures with Different Directions in
Tight Sandstone Reservoirs. Natural Gas Geoscience, 26

5 é:pl': i/t\» (3): 427—434 (in Chinese with English abstract).

I A #E o3 —E B b b XAl S Bk R £k
it |2 RARBEE R T A O A UG I 29 o) T Y
= HEM R AFE JE 1R 2087, 6B A R TR Bk R £ A Ak
2 B SE s 0] SR AT AL AL A R R ER S AR
% H NEE-SWW [i] \NE-SW [i] | NW—SErﬁJ&
NWW-SEE [n] [U 4 244 , Ho v NEE-SWW [r] 24 4%
HET,H IR & T NE-SW [i I NW -SE [i] Jéﬁg
NWW-SEE | 24 4% % & # 22, H LA /A KT 70° 1)
FAERNE R E I AR A Mg R
A 2 UL A A2 A E R R,
o iR 2 285 & B SRR, & S0 W AE A
PRI S A (19 2 5% B R, U W RIS AR R
PN Ml AH T 2% R I A 2SR R R A 2% L
2O 5 S A T R R H R A A G G, R
FH 24 4% 2 & 48 B2 i K )23 R DG B Akl A A, R W
Wi J2 AH G 2 48 KR A Y 9E E 32 A A 7E 250~
1 000 m 2z [8] , Jf 5 Wr )2 AR 522 B & (9 1F A ¢ ¢
72 AR R A I A B BE R A Y D R L AR
I X TR 5 W R AR AR AE S 1 B2 2
A2 4 % A AT LIE 8 R AR R H bR X .

References

Bahorich, M., Farmer, S., 1995.3-D Seismic Discontinuity
for Faults and Stratigraphic Features: The Coherence
Cube. The Leading Edge, 14(10): 1053—1058. https://
doi.org/10.1190/1.1437077

Cui, Z.W., Cheng, B.J., Xu, T.J., etal.,

Fracture Prediction Method and Application Based on

2021. Reservoir

Structure -Oriented Filtering and Coherent Attributes of

Gersztenkorn, A., Marfurt, K. J., 1999. Eigenstructure -
Based Coherence Computations as an Aid to 3-D Struc-
tural and Stratigraphic Mapping. Geophysics, 64(5):
1468—1479. https://doi.org/10.1190/1.1444651

Ghosh, A.,

tecture in Padra Field, South Cambay Basin, India,

2019. Understanding Basement Fracture Archi-

through Full-Azimuth Imaging. The Leading Edge, 38
(4): 262—267. https://doi.org/10.1190/t1e38040262.1

Hao, J. M., Wang, X.Y., Sun, J.F., etal., 2019. Character-
istics and Main Controlling Factors of Natural Fractures
in the Lower-to-Middle Ordovician Carbonate Reservoirs
in Tahe Area, Northern Tarim Basin. Oi/ & Gas Geolo-
gy, 40(5):1022— 1030 (in Chinese with English abstract).

He, Y. L., Fu, X. Y., Liu, B., et al., 2012. Control of
Oolitic Beaches Sedimentation and Diagenesis on the
Reservoirs in Feixianguan Formation, Northeastern Si-
chuan Basin. Petroleum Exploration and Develop-
ment, 39(4): 466—475. https://doi. org/10.1016/
S1876-3804(12)60063-9

Jiu, K., Ding, W. L., Huang, W. H., et al.,

tion of Paleotectonic Stress Fields within Paleogene

2013. Simula-

Shale Reservoirs and Prediction of Favorable Zones for
Fracture Development within the Zhanhua Depression,
Bohai Bay Basin, East China. Journal of Petroleum Sci-
ence and Engineering, 110: 119—131. https://doi.org/
10.1016/j.petrol.2013.09.002

Li, C.H., Zhao, L., Liu, B., et al., 2021. Research Status
and Development Trend of Fractures in Carbonate Res-
ervoir. Bulletin of Geological Science and Technology,
40(4): 31—48 (in Chinese with English abstract).

Liang, Z.Q.,

niques for Fractures of Different Scales. Geophysical

2019. Poststack Seismic Prediction Tech-



2650 HIERRL2E  http://www.earth-science.net

o548 %

Prospecting for Petroleum, 58(5):766—772 (in Chinese
with English abstract).

Liu, B.Z., Qi, L.X., Li, Z.J., et al., 2020. Spatial Charac-
terization and Quantitative Description Technology for
Ultra-Deep Fault-Karst Reservoirs in the Shunbei Area.
Acta Petrolei Sinica, 41(4): 412—420 (in Chinese with
English abstract).

Liu, G. P., Zeng, L.. B., Han, C. Y., et al., 2020. Natural
Fractures in Carbonate Basement Reservoirs of the Ji-
zhong Sub-Basin, Bohai Bay Basin, China: Key Aspects
Favoring Oil Production. Energies, 13(18): 1—23.
https://doi.org/10.3390/en13184635

Liu, Z.F., Qu, S.L., Sun, J.G., et al., 2012. Progress of
Seismic Fracture Characterization Technology. Geophys-
ical Prospecting for Petroleum, 51(2):191—198 (in Chi-
nese with English abstract).

Lyu, W. Y., Zeng, L. B., Liu, Z. Q., et al., 2016. Frac-
ture Responses of Conventional Logs in Tight - Oil
Sandstones: A Case Study of the Upper Triassic Yan-
chang Formation in Southwest Ordos Basin, China.
AAPG Bulletin, 100(9): 1399—1417. https://doi.org/
10.1306/04041615129

Ma, Y.S., Cai, X.Y., 2006. Exploration Achievements and
Prospects of the Permian Triassic Natural Gas in North-
eastern Sichuan Basin. Oil & Gas Geology, 27(6):741—
750 (in Chinese with English abstract).

Ma, Y. S., Mu, C. L., Guo, T. L., etal., 2005. Sequence
Stratigraphy and Reservoir Distribution of Feixianguan
Formation in Northeastern Sichuan. Journal of Mineral-
ogy and Petrology, 25(4): 73—79. https://doi. org/
10.2991/icseee-15.2016.213

Ma, Y. S., Zhang, S. C., Guo, T. L., et al., 2008. Petro-
leum Geology of the Puguang Sour Gas Field in the
Sichuan Basin, SW China. Marine and Petroleum Geol-
ogy, 25(4—5): 357—370. https://doi. org/10.1016/j.
marpetgeo.2008.01.010

Maerten, L., Gillespie, P., Daniel, J. M., 2006. Three -
Dimensional Geomechanical Modeling for Constraint of
Subseismic Fault Simulation. AAPG Bulletin, 90(9):
1337—1358. https://doi.org/10.1306/03130605148

Marfurt, K. J., Kirlin, R. L., Farmer, S. L., etal., 1998.3-
D Seismic Attributes Using a Semblance -Based Coher-
ency Algorithm. Geophysics, 63(4): 1150—1165.
https://doi.org/10.1190/1.1444415

Shao, X.Z., Qin, Q.R., Fan, X.L., et al., 2011. Fracture

Prediction of the Bottom of T,/* in Huanglongchang Struc-
ture, Northeastern Sichuan Basin. Lithologic Reservoirs,
23(5):96—100 (in Chinese with English abstract).

Sun, W., Li, Y.F., Fu, J.W., etal., 2014. Review of Frac-
ture Identification with Well Logs and Seismic Data.
Progress in Geophysics, 29(3): 1231—1242 (in Chinese
with English abstract).

Wang, S.L.., Qin, Q.R., Dong, H.Y., et al., 2011. Fracture
Prediction of Changxing Formation in Huanglongchang
Structure. Journal of Southwest Petroleum University
(Science & Technology Edition), 33(4):39—43 (in Chi-
nese with English abstract).

Wang, S.L., Qin, Q.R., Su, P.D., etal., 2009. Analysis of
Fracture Response Characteristics of Feixianguan For-
mation in Well Huanglong 8. Jowrnal of Yangtze Univer-
sity (Natural Science Edition), 6(2): 180—182 (in Chi-
nese with English abstract).

Wang, W., Fu, H., Xing, L.X., etal., 2021. Crack Prop-
agation Behavior of Carbonatite Geothermal Reservoir
Rock Mass Based on Extended Finite Element Meth-
od. Earth Science, 46(10):3509—3519 (in Chinese with
English abstract).

Wang, X.Z., Zhang, F., Ma, Q., et al., 2002. The
Characteristics of Reef and Bank and the Fluctuation
of Sea-Level in Feixianguan Period of Late Permian-
Early Triassic, East Sichuan Basin. Acta Sedimento-
logica Sinica, 20(2): 249—254. https://doi. org/
10.2523/iptc-16892-ms

Wei, G.Q., Chen, G.S., Yang, W., et al., 2004. Sedimen-
tary System of Platformal Trough of Feixianguan For-
mation of Lower Triassic in Northern Sichuan Basin and
Its Evolution. Acta Sedimentologica Sinica, 22(2):
254—260. https://doi.org/10.1306/10171312220

Xiao, Y., Liu, G.P., Han, C.Y., etal., 2018. Development
Characteristics and Main Controlling Factors of Natural
Fractures in Deep Carbonate Reservoirs in the Jizhong
Depression. Natural Gas Industry, 38(11): 33—42 (in
Chinese with English abstract).

Xiong, X.J., Zhang, X., Tong, H., et al., 2021. Prediction
of Fracture Development Zones Based on Improved Co-
herence Analysis. Computing Techniques for Geophysi-
cal and Geochemical Exploration, 43(3): 269—274 (in
Chinese with English abstract).

Xu, H., Guo, X.W., Cao, Z.C., et al., 2021. Application
of Minimum Homogenization Temperatures of Aque-
ous Inclusions in Calcite Veins to Determine Time of
Hydrocarbon Accumulation in Ordovician of Tahe
Oilfield: Evidence from In-Situ Calcite U-Pb Dating by
Laser Ablation. Earth Science, 46(10):3535— 3548 (in
Chinese with English abstract).

Xu, J.L., Wang, Y.J., Cao, G.W., et al., 2012. Well-



57

it 7 45 NN AR AL 3 e 3L AL b DX Al DG 2 e R A 2 2B R i LR 2651

Logging Evaluation Methods on Carbonate Reser-
voirs. Geoscience, 26(6):1265—1274 (in Chinese with
English abstract).

Yan, R. T., Zeng, L. B., Zhao, X. Y., et al., 2016. Frac-
ture Development Characteristics and Its Formation
Mechanism in Lower Member 1 Shahejie Biolithite Res-
ervoir, Z Oilfield, Bohai Bay. Chinese Journal of Geolo-
gy (Scientia Geologica Sinica), 51(2): 484—493 (in Chi-
nese with English abstract).

Zhao, J.L., Gong, Z.W., Li, G., et al., 2012. A Review
and Perspective of Identifying and Evaluating the Log-
ging Technology of Fractured Carbonate Reservoir.
Progress in Geophysics, 27(2): 537—547 (in Chinese
with English abstract).

Zhao, X.Y., Hu, X.Y., Xiao, K.H., et al., 2018.Character-
istics and Major Control Factors of Natural Fractures in
Carbonate Reservoirs of Leikoupo Formation in Peng-
zhou Area, Western Sichuan Basin. Oi/ & Gas Geolo-
gy, 39(1): 30— 39 (in Chinese with English abstract).

Zhao, X.Y., Hu, X.Y., Zeng, L.B., et al., 2017.Evaluation
on the Effectiveness of Natural Fractures in Reef-Flat
Facies Reservoirs of Changxing Fm in Yuanba Area, Si-
chuan Basin. Natural Gas Industry, 37(2): 52—61 (in
Chinese with English abstract).

Zeng, L. B., Gong, L., Guan, C., et al., 2022. Natural
Fractures and Their Contribution to Tight Gas Conglom-
erate Reservoirs: A Case Study in the Northwestern Si-
chuan Basin, China. Journal of Petroleum Science and
Engineering, 210: 110028. https://doi. org/10.1016/].
petrol.2021.110028

B Fh 32 & 2 STk

FEIEAR, BUKIE, R, 5, 2021, = T 5 i g 0k 55 0
JE 25 4 ket A T T 1 6 ) L S 0 T vk RN L A
b ER P BRI 45, 56(3): 555—563.

W, BRTE, BARTE, 4, 2021, BPOR 2 W At P X T
R AW 4 ) R SR S A T I A A A E A
HLERARLF, 46(10):3601— 3614

ERON, REE  Iht AL, 4 2015, EE R Ak 2 R R O A
T S0 T . R AR ERBR 2%, 26(3): 427 —434.

BRR R, T/NEE, INVEEDY , 45, 2019. 35 HLK 23 b 35 9] b IX
T BB G R AR A R R AR B R AR AR L B R
HE . Al R ML, 40(5):1022—1030.

AR, BAE, XN, A 2021, BRI R RIGE T Y R K R
ek BRI A, 40(4): 31— 48.

FE 2019, A [A) RO 4 4% 1Y B ) b 7% T £ AR AR T . A

MR, 58(5):766—1772.

XU, B, BEA, &, 2020, Wb Hb X IR 2 W s 7k
fits )22 25 ) R 220 B i AR B AR B R L Ak 2 4R, 41(4):
412—420.

X0 i ), PhEE S5, 2012, HRE 20 4% U AR BF 5T
PR AR, 51(2):191—198.

kA, SME, 2006, PN FMN AKX - FBR-ZFFZK
SR B ST s R kS KRR TR, 27(6):
741—750.

BRI, Z3 5o, R, 4, 2010, JIZR b # e 570 v Al
G 41 DY B R 24 A% T Y L Ak SO, 23(5):
96— 100.

NG, ZEERG RHE, %5, 2014, 90 I K M 72 2L 4% R 5 BF 5T
b i ER 2R R R, 29(3): 1231—1242.

TR, B 5, SN, A, 2011, BRI M K 24 41 S 4
T . PERE A K AEE (A RBEE R, 33(4):39—43.

ERIAR, ZEE A, AR, SE, 2009, 88 8 I TRAI DG4 R 4k
Wil N7 A AIE 43 AT . T R A 2 R (A R B D, 6(2):
180— 182.

T, AP, AR, 4, 2021, JE TP R A BRI 1 00 Rk R £
O R A IR R A YT R AT O . M Bk B 2%, 46(10):
3509—3519.

B, XIEY, 500, %, 2018, 3 34 1 7R 2 00 R 1 5 1
ERAMBELREFHRES EERK. KRB T, 38
(11): 33—42.

REIZE, B, W, 45, 2021, LT ook 0ok TR A A 4 R
1 24 48 & A 0N W OT . ) B A BT ST H R L 43(3):
269—274.

WEE, SN, B, %, 2021, 58 T RO TR A e R K
Tie/IN V) — U B 0 52 B YT Sl P S B R il R I ) < R
O R A 7 40 U-Pb AR I8 A UE 3 . Mo BR AL 2%, 46
(10):3535—3548.

WM, EWHE, EOLME, 55, 2012, BRIR IR A %2 I DEH
Jiik . BACHL T, 26(6):1265—1274.

FUBL T, R, B R, A, 2016, BTGV MK 7 ol v —
R A IR G 2 A R A R TR AL B L R R
51(2): 484—493.

WSy, TLPESC, 25, 4, 2012, BRIREh & L4 VL4 2 )
WU B H R Gk 5 R . b Bk B R | 27(2):
537—547.

X, S P, AR, S, 2018, 1] PG 20N M X TR 1 4l
TR 5k )2 AR IE X R R Al S KR
JFi, 39(1): 30—39.

X, 1 BH R IBCUE, A, 2017, DY) 23 b oG 30 M XK 2%
2 A AR it 22 R AR BB AT RUPE TP AR L KRR Lk, 37
(2): 52—61.



