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Abstract Marine red beds ( MRBs) have attracted considerable attention due to their distinctive
coloration, complex formation mechanisms, diverse sedimentary types, and valuable information re-
garding palaeo-oceanography, palaeoclimate, and even biological evolution. However, there are obvious
bias in geological time and regional research and knowledge on MRBs, with particular focus concentrated
on Precambrian, Early Paleozoic, Early Triassic, and Jurassic —Cretaceous MRBs. The late Silurian to
Early Devonian represents a critical interval of global palaeogeographical reorganization, atmospheric
compositional changes, and ecosystem transformation, yet MRBs from this period have received limited
attention. Northern Xinjiang is one of the regions with relatively continuous late Silurian to Early Devonian
strata in China. Based on previous research data, combined with our extensive regional investigations in
recent years, newly acquired fossils dominated by conodonts, and sedimentary facies markers, this paper
preliminary identifies the spatiotemporal distribution, lithological and biological assemblage characteristics
of MRBs in the study area, and then makes comparisons with other contemporaneous MRBs in China. On
this basis, the prospects for the study of MRBs in the late Silurian—Early Devonian are proposed. On the
premise of establishing a high-precision biochronostratigraphical framework, a global database of MRBs at
the late Silurian—Early Devonian is established to identify the distribution and characteristics of MRBs at
this interval, and to carry out comprehensive comparison, then to explore the relationships between MRBs
and important bio-environmental events in the period. It will contribute to a more comprehensive,
systematic and in-depth understanding of the characteristics of the Earth’s multi-geosphere transformation
and their coupling relationships during the late Silurian—Early Devonian.

Key words marine red beds, sedimentary environment, conodonts, late Silurian, Early Devo-
nian, Central Asian Orogenic Belt

About the first author ZONG Ruiwen, born in 1988, is an associate researcher. He is mainly
engaged in researches of Silurian and Devonian stratigraphy and paleontology. E-mail: zongruiwen @
cug.edu.cn.

About the corresponding author GONG Yiming, born in 1958, is a professor and doctoral
supervisor. He is mainly engaged in researches of the Devonian, trace fossils and sedimentary geology.

E-mail ; ymgong@cug.edu.cn.

EIE A% (B AR, 2005, BIIEAR, 2013),
VAR LT )2 0 % 1 48 B 40 o fo 8 1Y i AR U0 R HRAE VT B2 B K RIR B AR TR], ¥ AR 21 2 38 0 9

H
HERMERLCEMARMITRYH YR ZiERE AR 3 %K (Brett eval., 20125 GRS, 2012):
(Hu et al., 2012; ¥ 3 4 &, 2012; W & #, 51 KRBT ER R P REL)Z,
2013; mf}jﬁ%ﬂxlj,u , 2017; Song et al., 2017; f& MEEL RFELE (Hu et al., 2005, 2012; Wang
FEFEE, 2021; Kuang et al., 2022; Card and Mon- et al., 2009) , /\ﬂ/ﬁi?(ﬁﬂ(ﬂiﬁ* SRS TaE i)
tenari, 2023; Li et al., 2023), 35k 09 80 0 1 AR R bl ek, R
TR, BAH UK, MEEENYN K EE F) 25 M 5 X S M M BT R 2 (Wagreich
W, HERAS B2 A AR B R, KRR S et al, 20095 Song et al., 2017), — M EA A BR1E
BV, WV WA X R R s As gk e e, B R 32 56 E (U0 Wang et al., 2004,
WIETETRY A AL, WAL R —2 B 2005, 20115 T 3% Al & #, 20055 Wagreich
i WTRRAE A UTRRAAR , by il . ol S L AR T and Krenmayr, 2005; & A F1 £ 3%, 2007; Hu
— AR O, BN R — A et al., 2009, 2012; Khorassani et al., 2015; B ¥
G R ER R G RN 2E L BT )Z A AR AR A MR, 2017 REREFMAE, 2021); 25 2 2%k f



‘(IM K

B2WE H2H

ONHSCAF BB AL A AK B A0 0 — R U At T A L2 I A 00 A S BT O R 507

B VA Bl R I R BIROK AR 2L )2, Rl AR )2
Frag S a W (U0 Ziegler and McKerrow, 1975; AR5
£ &, 2018; Luan et al., 2021); % 3 R F &
KAL), LA E g+ XG5 B 28 i A 40 )2 AR
(FRFAS, 20125 Zhang et al., 2014a, 2018; Liu
et al., 2016) , JGWIZRLLZWYIE MUAT BE B 45 b 52 %)
DI oy 34 95 B U B A B 52 W ( Zhang et al.,
2014a; Song et al., 2017), A 3 5 4F K W) WF 58 &
L, kB 2T R AT RE AL 23 S e — 2 A R A b 5 A
(Luan et al., 2021; Li et al., 2023), M4, A A
DAL W 5RO TUE A (ERGE B,
2005; HaEARAE, 2012), 5RO UG TR M
ALK Z WARAE P ORIEA TR AR, (R A 2L
J2 BT SR SR AR, A LRI A Bl S AL Ik 1]
AP FOR R R (BB, 2013), PHIX R
i AHZL R ASAURT DL ety i 1 i 28 4k, 3B XA
KPR S S R PR A | A Y R R Y
B

S AL IR L 72 45 A4 M ot i 38R A o3 A
{ELX 3k 88 21 J2 5 25 0 A o A 19 F 7 2 2 207 A W
Z5, URgERL ., Ralr AR, R, RP 4
—H B AL)Z N TR R L (U Ziegler and
McKerrow, 1975; Hu et al., 2009, 2012; #1544,
2013; Song et al., 2017; Li et al., 2019; Tang
et al., 2020; Kuang et al., 2022; Li et al., 2023 }
AT S 30k ), el A AT A 202 H AT A D
#1103 (Franke and Paul, 1980; Mamet et al.,
1997; Boulvain et al., 2001; Van Der Kooij et al.,
2007; Bébek et al., 2018, 2021; = E%, 2019;
Card and Montenari, 2023) ., H [E & 4§ HO )2
7 20 20 S ST A 1020 J7 X 8 5 8 A st
C Bkl gz - ) ok, H 2 HIR AR BF5E & A 20
M2 R—21 42 %) A JF d i (R 702 38 A&,
19965 ER I, 1998; F 5, 1999; J7 et
S, 2005; EE MBI, 2005) A AH 2T
FEW A B2 AL K 2E 5, pRsEng A S
BAEPEERL—RBBL ., SBELRHMAEL,
MU F . AR BUR = K o 48 R e TR
Jil i3 M DX B AR 21 )2 2 R (R, 1998,
20115 JrmgAESE, 2005; FSGEMBEA, 20055
Bk A&, 2008; s 4t 4F, 2012; Zhang et al.,
2014a, 2018, 2019; W IEAREE, 2015; Liu et al.,

2016, 2020, 2021; #k% £, 2018; Wil 4E,
2019; 2= B 4, 2019a, 2019b; Li et al., 2019,
2023; Luan et al., 2021; Z= ] FIAK 52 K, 2022;
XA, 2024) o rpE A BR 20 w0 — L U At Y v
MHHZ R FRZE, ZRHEKMEITER, BRCAEEN
PO T 8RR WL )Z2 o0 A (A0 27 96 &8 41 )2 86
BHAEIEAR), Ba)zmEmp—, DUkR
WK W8Iy £ ik /b Sk, 20155 F £ 4%,
2023), MZEHHH A PR (JCHEEE 2 —A
RBRBWT R A LX) & 17 A 2 A
) T FH 2128 186 A 58 4= B ff o

S T B R L AR B A e I — R A i X
B2 MIEAE ST, REEN L TIHHIZN
BFas A . AR A AR DU ER S, FE LA
5 E AR ATLL)Z AT X, I X2 B I A 41
JEBIRAWF RS R,

1 RgmEsStE#RRL

ZNISNITE RN TE A R OR ARG YN N N
JER L X, bR R 2 3 DR oy AR A ) i
AEANFEREE RSB, AR A, HE R SR
JERZE, ATEARBGEEIZ N . WF58 XA A AR
T AR BB AR R L —— R g L R PG B
AR, I — R B I A AR e DA TR, 2l
WAL P28 (Xiao et al., 20105 & 1-A, 1
-B). KANAERMBZURZR—AKRRZERNE
7, Bl EE B TR, ERLTIHHZ
A3 A AE b K 1l PG Be Y AR B AR 7
(PR 45, 1998), {H7E E W /K 7 i 2% 2 1 i IX.
BT ERLHIESIRA S (Jian e al., 2005; 3K
JCICHERE S, 2010; Xu et al., 2013; Ren et al.,
2014; Zhao and He, 2014; S B%iH %, 2016), X
BTz X AR TE R 4L T BB AL T ORI, B4
HZBR T A K v BEAND IR A R R I 2 Ah, R
Z R T ANFIRE R R 5T o AT S A 5 B A0 R
B — LY A )= F Bk KRR A L, A D
WAGREEE A IEWEE A RIRELE . KA
REFTASE (2800, 1999), & MHZ XK, 743
VG UEVE R . AR ENE R ATAE R 3 b 2 4y IX
(ERESE, 2021) (& 1-C),

VG 7 R 7% B s B A0 W D) — L e A i = 2 gy
T2 AR 55 1 AT VPG o 8 IR 7Y B 3 1 B AR



‘(1M K

EE 2026 4 4 A

3N FER

af i L
5 LA /R AL

6%%@{5;%%
T
g 3 A SN ‘

A
N 25

1 Hram b A5 e — R e At s PR AR R L 2 DX R K ) TR

(A & Scotese, 2021; A& ; B 4 Han et al., 2010; A1&%)

Fig. 1 Palaeogeographical and tectonic positions, stratigraphical regionalization of northern Xinjiang, as well as distribution

of sections in the late Silurian—Early Devonian ( A modified from Scotese, 2021; B modified from Han et al., 2010)
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Fig. 2 Silurian Wenlock to the Lower Devonian stratigraphical division and correlation and distribution of marine red beds in northern

Xinjiang, NW China (conodont biozones after Becker et al., 2020; graptolite biozones after Melchin et al., 2020)
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Fig.3  Outcrops of the late Silurian—Early Devonian marine red beds in northern Xinjiang, NW China
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Fig. 4 Selected rock types of the late Silurian—Early Devonian marine red beds in northern Xinjiang, NW China
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A—2E 1 Bohemograptus tenuis, 1384 15 # 1 ve ye EEHR 5w 3 B, C—H#FIBWE T & (scyphocrinoids) MYHUIRFE LAk A, B I 9\imE, C
BEWTIAT, 2 0 & T fl i & 4 RIS A8 8- 3 )2 D, E—=M it Cordania sp., W EE/R FI G IEAR A/ S 3 F—2FIE A7 Caudicriodus hesperi-
us, SR EAL RS TR, B e A6 R i L 2 e ZE AR Wi LA 2 25 G—Caudicriodus angustoides bidentatus, 435 2 AL . WAL AL H AL,
508 15 3 1 2 4 R IS8 8- 3 J2 3 H—Zieglerodina planilingua, 43525 1AL MIARFI S AL, 25 506 T 45 50 10 2 A R G 3T 8- 3 25 1,
J—Caudicriodus sp., ¥Ry M, RAEBINAREE B, L0 4 T & K—Latericriodus steinachensis, 1T#L, R W IR R B, LLHIHHT
#h ;s L—Caudicriodus cf. ruthmawsonae, 435} OARFE AL, 5504 1155 i 2 4% JR4L265 18 /23 M—Caudicriodus angustoides bidentatus, %Y%)
S ERURMNAR , 15 s IS 2 AR R AL 17 )2, FIB A LS IR 2 200 pm
(SRR TE A S R Rt e o 15 A W o 9 i = A R DR ]

Fig.5 Selected fossils within or adjacent beds of the late Silurian—Early Devonian marine red beds in northern Xinjiang, NW China

LT RIB A HE R (R, 1989), s = 2.5 LAHNAABHELE

MR AEAORT, NP B K L XA FE TS 2 0 v 4116 LIMNAA Z TR IR, WERE
FHELJZ A AR g 17 08 725 1 5 e 30 38 WA EA A BALLZ 0 A0, EREBELE, 4
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1 (0 BLZL S A 1) A Z00RE R o« Ll RIS 2 0 i S5
Ter i, TS Ea e, UK S 88 i
Bibs (MREEE, 1984) (I 3-F, 3-G; K& 4-
B, 4-K, 4-L), ZELJZFEHK, Tk ARK
BREOAK, KBRS BOIEE, SUT E S
J& 2 B U UK AR X I b 22 52 58 IR 7 A 2R 1
EH, AR AR, WA 2R .
ELLEE W T B SRR e A, EEOAL
ZRARIA] Y 400K B 8 5 . REBURE S A (b R L BT OR
o (B0 MR AR RE, 2017) o

LIMIEAAC A BN MY, FE A TR
KBS B b A b, ARE P A e 2 2L I
=i SR, R KIBUE Ak R
(PRFEESFE, 1984, 1998; EFHMAEEL, 1989;
E55™, 1990) o filt, EHEALIZA PR K G KIZE
HRER I Akt h, R TRZL R
Caudicriodus sp. Fl Latericriodus steinachensis (& 5-
I, 5-], 5-K), {HZL MG 4 EAB a8 B i id st
AR, T AR B A D B R
T4 1S 8 A IE 4k Sz R G R A O R 8 A i (R 10T )
2P A (5% R AR, 20155 B B4R,
2018) . Zity LRIESE R A, LLMNYE 4L AH L1 2 1)
WPACAT RE O R A — i th T A
SRR S BRI S R RS B A R
(PRFEESE, 1984), AHFBRIZANE A& 17—
o ER R ORI A

2.6 ERERZHBHILER

T T B B By JE 2 150 km Ab 2% 5 96 /K 3 1L
0 R e T 75 e SE R SR 4L R R AL B
— B KSR KL RE B e A R R A
AN RS A UL AR A B L I AE R
Hz b, ESRRROEA RS K. A
ZLJZE M B WA 5 J= (B 98 3t 5 JRy DX 48 e Jog i
AR, 1977), N ECB G K E O K A
(K 3-E), Hrpa e A M mig | & 254k
{1, JEEAR Sm, B E2EERT ., L2
BONEAR RS AR A AL 2SS R AR )
fefn, a2 AR AR I 46 JR A A K I 25 v JE R
Ay EH L (R TS, 1984; %+
W, 19895 E£55™, 19905 Hith#gar, 1992; £5
Hir, 2000) . FOl, fEZEES 2 EMKET (Z

THIERGRE) KB TRAZRSE 1 AT AT —
Caudicriodus hesperius 7 B4 7> 7 (& 5-F) (Yin
et al., 2024), LL)ZZ FWE 6 JZh a3 R R =
W (O i 5T Jey DX 3 B £ OB, 1977) , T
TE BT 5 AU A 12 26 = i s A BR A PR e 7 A
Caudicriodus hesperius 15 Py (Ma et al., 2023),
W75 v 8 IR o 21 00 T A 210 )2 B AN Ry 38 bk 5 I I,
HW P fe)@ T Caudicriodus hesperius 75 .

2.7 BEREBHREARAEHIE

ERREIE A £ 5% b JE /K w5 4 A fF H B,
Je—E LU R R G A S K LR TS 2 I iR TR
e, FrERmELZNHNEZNEMNE LT
REM BOROKE . WEKE, EEMNTILKE
JUT ARG, S 09I . e S #H & i 551k
A0 (7 5 T J) X Jo b SR 0 R BA L 1977) . 5B
IR H AT R R B, T A A
Wik R, HoE ol =gk n (F
WS Ak, 1991) 5V v IS /R Bl X (1) &= A% K
A e A TS AR R, O ERESEIZAZ T
v FEIR B AR I TS5 R R A B Ak A
(Yin et al., 2024) , [ 0B 3 R R 037 225 21 1 B 4G
E R R RN I D A Ry B3, THHR R RE 2 AE 2k
F A PLA% A .

2.8 BTERLASHIE

DRI R IV By FE S & 1 — o R —
ELIVEL A KEE N WG A2 (K 3-H;
Bl 4-G, 4-H), ®IARZOQRMEME, 2R
WS H)ZPEH, JREEMILT K E] 400 0Kk ANE . %
HACAFR D, ARG H b/ B I A A0k S 0
Y VES R B4 o o JE D v AL R AT 6 G (O 9 M R A
FEJR AR — XA R BN, 1987), IR AT AE O B A R
W (D) o

3 BHAERRMER

HR A b 3 M T A 212 (9 I 25 o A A, B
AU R B A W — 1R VR A A A T AN 212 T B A
AANJERL: B LA NP IER S, BRI
T\ o v M AT e 2 R L A T AR AL R
2 A NPRAE R IR RO E, s AR KA
VR BCIRER  ZIMI AR ER A v 2R R S AR R i
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FALLJZE 5 565 3 DRIk % KRB B3F, I Re &
T ERA AT RLAR B, A A B PR R I 2 A LA
M B REEAHLLIR ; 56 4 A ORI Y, (R
B 26 g AN B R B FE Lk A% R AR v 4 v A A1 )2
(F2), R RISE LT IES N & E i —les
AR B ) i = 1 1 = I (2 M E T il N R
PR BE A AR 2L 2 . WA B, XA
LR T RIS . (8580) W8 & . iR
JE R BR R o 78 58 R AR A T IR 7 B IR R
Wb B R TR i 2 v 3B A A A SO B A
(F4-F), K. PR &5 800 8 K & b & K
WE L WIS, =l W E G ZEFIR s (B
4-A, 4-B, 4-C, 4-1, 4-]) DL K /D B0k A T
Bk TN I s W, RLRE B A B I 2 B4 I e
Batibam b EA T A

Vg R 21 )2 3 AR LT B A B R K R 2R AT 43
Fo HFERE (2012) MWAHLLZE R 3 K, &
S T R EROK EL )R | Il B v i 2R 7 i e TR K 4L
JERMRERAKLZ . s E5% (2018, 2019) 8
b X e E A A LD 2 B RGBS, HE— U
TR 3 KA UTBUKR MR B, H A KE/NT
S0m BRI AKLLE, 50~200m Fr k2 oK L0 2,
KT 200 m FR A IHRIKLL)ZE, WFFE XK 01l B L
WL v O AR v 2E RN £ A0 98 ZH AR K L R S S A
RERUE B AN RE, WA W BBz, a2
A o = VAL SR S € I R P ST - | e 2 111/
SRR K LIRS A P IR S A TR AR A, TR
g =Y DAL RV EAN =X (VAT I= ISR 7\ A N = /3
(1995) i XAt % 1l vy B 1 20 8 ¥ 1 2 AR A
A IR E 0 A B, A 8 T O
PR, IRATE TR KL Z o B AL A B 20 e —
FLJe 2 R OK 212 (8 e R Oy . 2 R 2 A
RE W AR S A A, ®EAMNR. B4
SEVRUFAEYY, 0 A AR W 0 K B TR A A L
FARRBERLEFIR/ HIR)ZHIE AT, 2K
LR . FE LA R v 4 R 2 v SR S 4 T AR 4L
FEHRA WA, EEhE—h )RR KA.
WA (80) WEKAEAM, &5 WH. e
K. = WA EZES A, W EM TR E A
KRR FIAENA, XREHAZTRIERT
HYKIREE . WFIT XX L2 3 5 RRAE Oy . B
MR EEEAR (H—P2E) Wik R & H I,

21 JZ AR A A 1 A Ik AR DR A o S AR R 2 PR R
M RREEAML)E EEd b8 Kon . (85
J) AR, W E K A 3 R A
eRkfefr, e fenBmbEEZEASHA, Wk
TRMZA, LIRS R, Al A AR AL
o RRLAEEZLREZBME (F55) WHEE
P JE A, A B A (LR IR, )R
FeIE AR ), WOKTIBMIR SR AT, B
P 32 oy o — o i XU AR DR BT 2K

4 itig
41 5hEHMHMREELRE—RRER
548 4L B B 3T EE

R E R A — R R A A E R F
B, BREEAL i rY X LB AL Z7Eh E 24
DX R 4 4 J2 T LR AT R B o A M E R R R W
47 6B e SO R et X, 75 B 20 0 0 o =
Hh i R AR ZL)Z .

BFeEmANLUNRA SRR, §LEFEAM
B MRESE . KM EA, B S R A
st fr (WA B R 2E . = ddE) , AU
48 Mm% Bl A RO (B SR,
2023) . 1EH T HAGRE AR, KR4 EHR T
fa, mO, Hgpta e, WRE R
st A A, AR BB e (A,
2021) o PYJI| PG AE 2 BB Ll b DX B BEAL R R
FEA AP eSO s . Bba, NPEIL oo,
JO) 7 1 4 GEINEH hy o 2 (0, 0 SR 40 40 5 A5 i b
HE A, WK A, T H B E R R Reziella
e (4 ERE, 1989; Chen et al., 2023), W}
P & 1 3w 19— B3 A R R SR,
2023) ., HEARBSREAC TR T O ME RS A . BRI
AT % L AUR S AT, HPTRE
BEse AN, 41 X R CH A 2k 14 35 B 20 1 301 7 A
LLIR FEIE T 7 HOK B

A b DX A 20 B R U R T AR L0 DL Y
I IR, A —BRa A E eI, HHEE
TN g W L 5 rP I R 5 I R S A, O
AP S A e T b s b 5 R (Lu e al.,
2023) , FERHM |50 e AL ER 04 3 R R T I B A i
FLLJEARE . AFRY 2, ENTEEE T 1T oKL
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&, EEANA P ARRRIMEIE, HIE K
(JREZ, 1984) FIik K AR L £1 Skolithos (#
i, 1983) ., sAIRE . A B9 2L 2K A
SR FR) AR A AT, U T A L 2 Y AR B 85 T 8
AR [ AR L0 K PR B o A8 R R AT 30 o 2
STz (R RO E L%, 19885 AR SCEAE,
2021), fefrEE, HZR R E BB, £
557 W AR VLRI bR 55 1L ) S A R AE AR 4R
B N LA GO MR A, SRR A
eAfr, Ja & D8 5K Bk b e A (6F 8T AE,
1980) o WA dla fAb AR A, AR T4 )i
FHELJZ DO PR A5 55 8 8 U A0 A0 4T LR A% R A sE 2 55
/ST

5 DY AR AR L3t DX B 2 I S — B 8 T 1Y
SRR A BRIV A1) BHSF 4, AT - 22 RO e
RS KA UK, SRR A (R
WA “ZHEMRET, WERFE, 1982),
“ZhEMART SR A Ve A B N 2 A R 2R
ot (EMERY, 1992), Hitk, 4R
A ANLLJZ 2= /0 A —F8 3 al 58 S AL ) =2 A%
IR RFR AR LL R AT L, BT A PR AR A A
YIS WAL, (HIE AR R A B R B PRI L
R Bl U ) BT AL BE A IR K TE A (Zhang et al.,
2014b) , e #F W UL IR BT e AR R 8 A 1 gk —
I

P 55 Tt R 7K 5 I 2 TR G L R £ b X )
B 20 I — L D8 A T M R L AR VU A L e A
gIMpTE g, 3 BEREPHAZER O, KB
@ FLOWBEMKE, B3 Dtz [R W
L i, DU HG R B A R B S T AR Y
TIRFRA (FXESF, 1983), St L
B AMLLIZ BRI X b A7 A —E W ME . 13 250008
J& T35 B S Y B 2 20 DXl AR 3 R AR i
WIZ X R URE, AMTERTLZREA0KE, n
HERE-ERAOKE S (REEF, 1984),
AT AT R B B 3 JZ= R 23 % FE 5T E R U T e =
AR, AT AT RE & HE 2 B B 18 i
(EBERE, 2021),

LR, S WA — IR AR
TE [ 2 A M X XA 73 A, M2 i 23 T A i 114
DR R 2 IR T AR 2SR DURR, (EL 7 3 1
X, RESHLp—RREEME M Z,

SR A TR R AR, RE0 AY A ) — A AU R A
AR, XELZMF IR ARSI, 5
BRI LR G R LA

4.2 BELEMARRE

Kl 19 A2 ) — AR AU Z A% A T AR 21 )2 IS
GiAR TAE (CAn L] TP o) 2Rl
ORI, eI L M X, A2 = W) A R (i
REKUE . KINEEA) MG W & —a K0
SUCE R, AR — A2 BRI SRR )2
Pai i Su NS Ve N I oA B Y PR EA
ERELZAES E . FREAFIEEwA, =
2] DR ZL )2 Y I FRORS 8 B B R g fe Al (ans Ak
F RS, 2018; WM £, 2022), HraEdLEs
B 2O — R 8 A T AR AR LR R T R LR
T BAWHAREXWEAMA A (B,
1998; F 5 —, 2024; Yin et al.,2025) Z4k, K
2 H0Z A 1 A e BB L A 2Kk S I A A ) PR
RE, WIRRI SRS BRI, B2 AL F s AR
i (FELW, 1999), X —BRTEH [E H A
Mo X R REAFEAE o TR 2 B DX Il 1 2t J5T 378 A R
PO RO s P Rl b, EAHZLE N L B TR
i 2126k fr, JTHEBUIA LA A IE A . ik
Srv. TR, RERENPEEREL
WG 300 — 7L 0 7 T T A 21 2 I 5 A1 i DG B

M, BR T RJR B (I E 22 R
2I)2, Hu et al., 2012) Hb, XF¥EAHLZLZE W AF5E 3
SR RAER 23 A3 A . DUBEREE . L RIAIL R 43 A 45 U7
T, BT R S LA B sl i S
A — BT SR Z A N TR R A ok — 2
WA (BEARSE, 20125 #EM, 2013), EE4A
W 30— 1 8 A e e BRI Bl 0 A L Ry L RS
E W 2P S iU | RIS Rl B B =
i AL N (Dewey and Strachan, 2003), hif4H
DURRERME T B 22 K 1 W U DR B 3 & A O AR 40 26
B PA Bl S AR A TE 5 HESh W) T 46 T 12 % il
( Stgrmer 1977; Shear et al., 1996; Anderson and
Trewin, 2003; Wilson and Anderson, 2004; Dunlop
and Garwood, 2018), FLIJ4E 4 A8 Y 76 i b 32 W
ook, B TR R CFERA KK (Bate-
man et al., 1998) . FI| 1 Jg 4 v i 39 4k 45 A 4
MTIFEE MW (Raven and Edwards, 2001; Driese
and Mora, 2001; Gensel et al., 2001) ., W ( Boyce
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and Knoll, 2002; Hao et al., 2003). A i #
(Gerrienne et al., 2011) ZFZHLUERH, X Fili b 1) 2k
AE G, FOER BT B, S 2T ki
Pl AR o hn i (R E 25, 2022) 4R
PP ki S8 T R0, SRUEH &, CO, &
HFEAR, DU R A MLOREE R3S, B AR
M8 "CIEMMEE (Matkowski and Racki, 2009; Hus-
son et al., 2016) , [EWK, X—0HAW R R2SE &
AT EEAR BT B YA 1Y A T RN A R Y
#3Z S JR  ( Gibling and Davies, 2012; Xue et al.,
2016) , #a T AaE W IR &R G 4 4 ifg i S A AR 2
UL IR o 1 32 B2 A TR & & I Bk AL
Py IR AL 25 R AR LU B AT ORI 43 A 5
XL R A S B RO R AR K
K, TEMEH I A —FAH)ZHER A F, RE
RS ARG W — LR A T AR 212 B PR
Ay 45 B 000 AT 21 )2 2 XM i R S BR Y A0 A, JF
FIT A 25 I 1 Vi R 21 )2 1 B D R SO A LR, KA
B bR ), Sl AR AL R X B, BT
HRAE ., aalE. APz m) LBk & ks,
WHSEARM, ERGE .. HIRA AP 7S 2
20 15 1 — B8 2 T b R 22 Bl J2 A8 AR RURH AR 0
Jit.

5 #ig

I S AR B 20 W U — L O A T b )R R A
20 b4l 70 AEARHT E T R A 1220 T3 DX sk il 5T A
TAERRLE B, Ik T 85 )2 A0 i T A 4L
Bo BE, B TAREN AW A (JCHR T
i) RBED, SRR R, H
LRI ERL, #kRIR, HOX LR HLLZ S L%
RUIEEBAM . EHETAANGR, DL RES
FE X SR E 1 ) 32 8 A 50 3R U AL £ AT U A
B, RGHRES 75T X NG L — R e A
HEEEAHZL R A E 2= 50 A, AW BIESE X N =D A7AE 4
AP HIAIARZL)Z . (1) A5 B 22 2 8 1 ) o v e
PEAREAL . FRHAL LA b o A 1 B R L AR
(2) FLUR AL I S A% KA L ZLHNA
T ML AR T RLLZ; (3) Ry
—HE IS I (B & — W AR ) s
RREIEA M ERLZ; (4) FRA
TSR U 7 ) A HE L A% AR PO 2T )2 o Herp B s A

LLRYINTOKLL)Z , R LLIERR T 20008 4
ZHh, HRBIRK SRR LZ . Bk 4 i)
R VEE FH L )2 A8 v T At 3 DX (] 399 3 2= v 25 AT 3R
B, AEENTH TR I A 58 22— 5

Bt SAmHSIHEOZATERRKRSR
(R) G4, —K4, ANEHEHEAE, TH
HFERG R ETEDFRITG AR EH B ETL
G, FHAAFR/ERRETHAZNGE L A,
A R T B
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