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Double-Extensional Composite Dome in the
Tethys Himalaya: Evidence from Tectonic

Deformation and Chronology of the Dingri Dome

Hu LI, Xuejian DAI, Hongrui DAI, Tao LIU
Abstract: The North Himalayan gneiss dome is an important part of the Himalayan orogenic

belt, which has undergone multiple phases of tectonic deformation and magmatic events, and
recorded the history of subduction, convergence and collision of the Indo—Eurasian plate. The
deformation sequence, dynamic characteristics and genetic mechanism of the formation process
are still controversial, and the key tectono—magmatic events and time need to be clarified. This
paper reports the material composition, tectonic deformation, kinematics and chronology of

the Dingri dome associated with NSTR in the middle part of the belt. The "4+4" model of material
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composition and tectonic deformation of the Dingri dome is revealed, that is, it is divided into
upper, middle, and lower rock—tectonic units and core granite bodies by the upper and lower
main detachment faults, among which the upper and middle rock—tectonic units belong to
the shallow metamorphosed Tethyan Himalayan sedimentary rock series, and the lower rock—
tectonic unit is the high Himalayan crystalline basement detachment basement outcropping,
and the core intrusion is leucogranite. The tectonic deformation of the dome has undergone the
initial southward thrust N—S extrusion, the early near—N—S extension, the main E-W extension,
and the late collapse extensional deformation. The geochronological characteristics show that
the dome has been in place for a long time: since the Mesozoic, it has inherited the material
composition and tectonic deformation of the Tethys Himalayas, and is dominated by N-S
extrusion; ~27.3Ma The southern Tibetan detachment extends to the north and the detached N-S
direction, magma initially in place; ~17.1Ma, tectonic system transformation, E—-W extensional
opening, magma main invasion, and cooling at 14.1~14.4Ma. 12.5~12.0Ma the NSTR opened,
and the dome collapse extension lasted at least 3.9Ma, Four stages of dome formation were
established, namely the inheritance period, the initiation period, the dome formation period
and the collapse period. Combined with previous research results, tectonic deformation and
chronology, it is believed that the heliostat dome is the result of the combined action of STDS
northward detachment N—S extension and shallow crustal scale due to the combined action of
E-W extension, decompression—melting, magmatic bottom splitting, and progressive orogeny,
double extensional composite dome, and a specific response to Himalayan orogeny. The research
results of this paper play an important role in the formation mechanism and dynamics of the North
Himalayan gneiss dome.

Keywords: Geology, North Himalayas,Dingri Dome, Tectonic deformation, Chronology, Double—

extension compound dome formation
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@Ti’[hﬂ?tﬂaiﬁiém%lﬁ’\]ﬁéﬁk 358, MUICETEBLERFAMFERQIGEEMERISEREIERE ( Zhang
etal. , 2012) , FEIRRE 7 FIFRITEMRDENE - IR ERAE ( Deng et al. , 2021) &AM
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DEERTREATRERERERZ, MARKESEHLTHEREMNRPBERESTRE @ HERER
A=

FEMIABRESRER (D4) . ARERHE, ECUSSTEMERFBEMBIRIFLE. SEIMNEE
1), RMAHEEEFAZMRELE. NP RRITINGERAE. BREITERDPTESHEMERME
MRS (B 5d) , INAZREESIHERN TR,

3 EEERPEHE

31 HthAx

AREFEEASHE AR, BRAMER -z KBRS FRELH B BB S B FHRRIE
LA-ICP-MS 7 U-Pb FERR %, B=F 40Ar/30Ar B ZEREM R, EEEREBRPDER. KR
THREREK ( A ) ARAEXRBLEFEELIK (ESR) ERFMR. FIEFESAHERHITEE. T
HbaMRAER, FNRESHTIER (K1),

3.1.1 $5FA U-Pb EENHT

DA ETNRE S A E M T AT ZE 80~100 B, FIAEMALSEMBEEHEL SR, ENE
FETFIHEE B RRBRTER, AXREMEFIEE, BEAETEFNE, REHkTRX. &
SR, REEARFLCEAMNCL B EREHBEMERAEXBIEANRA R, HAFREMA U-Pb [E
NEFR O EILTHRT ERNEARFRLZIF B LA-ICP-MS Ei. K% A He 1 AR ¥R
MESR, SBRXARESE T TEMORA (Black et al.,, 2003) EAMENMNRAE, FIUBAERER D
0um, FAXLKRERAE. 5. WXSBMEBLETTELRESF (2002) . KREBLERE
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k1 TR E%4L U-Pb. E=FF 40Ar/39Ar B G 3 ESR R FAE S R EFIEER
FEahdn 5 FHREAE bR FESEFAE Irhrdd ik
DN2319-1 N: 86°33'09". E: 28°43'03" SRE i F I [ i e
DN2321-1 N: 86°33'47", E: 28°4815" EA 1 R S s L = b 4 5 U-Pb F K5
DN2324-1 N: 86°33'51". E: 28°47'37" PIBEE o KIEN S
PMO027-2Ar1 N: 86°33'09". E: 28°43'03" R m KRR
i : A4 VA Ar F K
PMO027-4Arl N: 86°3347". E: 28°4815" E 1} T 5 e [ LA i b ey
ESR-N2-1 N: 86°31'28". E: 28°45'36" HhidF W-E [F]'BPRE A K
PM019-14ESR-1 N: 86°35'19". E: 28°4715" i3S W-E [] At B RS A A Sk
ESR-B7-1 N: 86°2842". E: 28°53'34" HinZE W-E [7] A FR R A ek )
: e 53 BSR & 455
ESR-KMX-1 N: 86°35'19". E: 28°4714" N-S LA ] Ak
ESR-B3-1 N: 86°2838". E: 28°5329” W-E & F 4 g4 sk
ESR-HS3-1 N: 86°31'02". E: 28°45'31" HE R 2 A S ek

F3 ICPMSDdataCal 8.0 ( Liuetal. , 2008) , $hAIEFFHELHMITER AR ISOplot3.0,

3.1.2 40Ar/39Ar ERZEHHT

AR 40Ar/39Ar B EERZNE E#Z T AT R R TN R AT FREER
40-60 BN AN E AR HHERATER, BRELMEE, ARAREMYE, 8RE ImmBK, &
HEEFRBEMRRRTFRYEERS 24 /M, BRENESRETEESEESMTRENES P H#HTT
BrEXFHERMEE, BRI NG PREP SYSTEM B4k R4 (L SN ERBEMAY S A, F Helix SFT
BEMSAREESNETRURILE, BNRARREFRERI A BDIEE R, FALRE
B, SRR S BIEEXE (2002) o 40Ar/39Ar 4 45 Rt E % E F A ArArCALC ver2.4 Bt
(KA, 2009)

3.1.3 AEEFHIELNR (ESR) £RFHH

AR A ESR WE, BHERARKNEMFRE, NTRENEENNFR . WRET
HEAER AT, BENEEERRHANEZENNER (#HEEF, 2006) . ARAREEAA
TR ESR A FME RO IEFNIK 7+ B ER/ AR AR A 0T, RAEEGRERA
5] EMX BRUKER X-Band ESR 5 S E BN HFRiHTESNE. WXPHERIKAEZNED (H
0.259) , ES#HHPFAREEE (200-400°C ) Thn# 15min, MEAKE’ 1L ESRESHEEENE
HsE, MEFEDPINE TN ERLRE, WXERER TR, VREESHASE RS
(2006) o

3.2 &R

3.2.1 §FA U-Pb ER %

KAXBWEMBEEERY. IRFHTHERF ‘- & WEEWHEAHTNR, FEHa2
KAPRFIGAER, ZEE - TRER, BAMBIRE (CL) BERASREE, ZEBAMKIHRER
HEZ, RMMESAMBENEKTRAESAAEAR, TR TZE, HEANEREKIRSHHE
M(E7), BERER™.
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EHEEXREHATRKL 139~359um, 3 59~104um, KELLNF 1.5~58, #AHTh&
= 19~781ppm, U&= 111~8369ppm, Th/U=0.004~1.004, 1518 0.12~0.47,

RTEAEFHN - ZKERA (DN2319-1) #H U-Pb ERZFNH (FR2) HEEF 124
BEXHE HPF5HRNEERERBXD ATAH, —H=EIEIEMER 206Pb/238U F#R E b
F 15.9~17.5Ma zZ ja], R A& U-Pb &Mz Esffia ( B 7) , 206Pb/238U HNAX 5 ik 4
16.5+2Ma (MSWD=8.9) , H—H B 206Pb/238U Fi#& A 26.4Ma. 27.3Ma, TR KT A E
B RERMNERSEREFEEM. — A %K% 206Pb/238U F#t 4 445Ma, U Th &2
230k 4416ppm F 254ppm, Th/U Eb{E A 0.57,

D2324-1 0.0034f 2
16.5+0 16.9+0, 0.16 [ 17.4F
@ " ]6-6:
T0.4Ma [ 15.8F
~ 0.0018 15.0L

{ W 0.12 <0.011 nm; 0.019

445 “Mean=17.1+1.4Ma

é MSWD=1.6 n=3

-] : >
D2319-1 2 g i ||
B 008 590; Tl ago
“ Q o = 0.08
15-’- !a 17.5:0.3| % = o i
DT D) 16.7%0 3 -5%0. 8 P 0.080 480
D2321-1 i 2t D2324 l -
0.04 f -1 - o0om
D € B o
2  10g Mean=434+12Ma 0064 1+
4 o0, s can= a
+ = = .
441.0£7.5Ma 447 6461 445, 5+5 6 100pm MSWD=8.2 n=11 o
, 0.47 0.50 _0.58 .66
0.00
0.0 0.4 0.8 1.2 16
207Pb/135U

0.15
18.2 Mean=16.5:2Ma 490 Mean—446.4+9 5Ma %0
i | | MSWD=8.9 n=3 o MSWD=5.1 n=12
17.4 013 f I | | |
I 45 450
e 430
011 }
0.06 158 I D2319-1 atof |
350
390
= 150 — 0.09 b
= = 500
= 4
N =~
=] -
S 004 f EE 007 | D2321-1
B g
S - r=)
150 0.05 | 300 C’
0.02 b
50 A 093 fio
4 - :
0.013 0015 0.017 0.019 0.021 0.44 043 052 056 060 0,64 0.68
0.00 . . . 0.01 . . .
0.0 0.2 0.4 0.6 0.1 03 0.5 0.7 0.9 1.1 1.3 1.5
207 235 207 235
Pb/~"U Pb/U

H7 ZBEHELREHES CL AR, U-Pb 5k fe 8 Fn iR 3 3 B
WA —m " KIERE (DN2321-1) 5kE 224Uk (£ 2) , HPR 2BRAZRFERRAES,

RE—ARIFIEMFLR, 206Pb/238U it LT 405.7~470.2Ma = (8], " F7E U-Pb iz
ST, 12 M9 206Pb/238U SNt 1Y FER A 446.4£9.5Ma (MSWD=5.1) (E7), UM Th&
2734 266~832ppm. 55~320ppm, Th/U tbfE A 0.167~0.887, TJERFZ—HURZEREME

IEA
BY o

=

PR - Z KRS (DN2324-1) #HI5KE 21 MR (R 2) , BRFRDPAREA, —H3 M
HARBREFEMELR, 206Pb/238U Fik LT 16.5~17.6Ma Z (8, A U-Pb iEM ik £
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ML (B 7), 31D =A9206Pb/238U NN FIFE A 17.1£1.4Ma (MSWD=16) , UFI Th &£
4> 5 3 1559~3500ppm. 73~446ppm, Th/U tb1& 4 0.047~0.035, B r&EmmM U & E, TRAX
THRARMER, 75—4H 11 REARFRIFIEMER, 206Pb/238U Fif T4 T 404.6~453.2Ma
Z 8, 111 =89 206Pb/238U MY S5 F iR A 434+ 12Ma (MSWD=8.2) , URITh & E 7 3 A
331~2652ppm. 7~419ppm, Th/U tb1E 4 0.005~0.429, 5 DN2321-1 #&ixFE L, TRz
TRE—HAEREHER, HPIKEBH 207Pb/206Pb Fif 787.0~1116.7Ma A& EH, 206Pb/238U
FRTTF 259.2~330.3Ma T g AR B FEHE S

b, EAE®RER U-Pb BRERDEME, —KABARKRZER, N T 434.0~446.4Ma;
—RKAREDMEHAFR, hERERFER, FHEEETMLT 16.5~27.3Ma.

*2 THEEXNRE LA-ICP-MS #A U-Pb B RMIXEIE (B )

3.2.2 40Ar/39Ar RIfIEERZE

i PMO27-2Ar kB — 2 “K#E KA, 7 600°C ~1100°CREX ER, XfHkiEt R
=T WHERETT 10 MM ERAMBADT (R3), BEMEMAS (E8) M —PRNAF—4
BRAKFEFL 125+0.3Ma 1 14.8+0.1Ma, BENERBOLLRFIE, HERKEEIUTFER A
14.1£0.1Ma, & 39Ar BIE MY 79.92%. 8 NI ER (750°C —1100°C ) Frik B MIF R & 8
14.2+0.1Ma (10 ), 40Ar/36Ar FR1E A 2925+7.3 (10 ) , EETFR/RME (2955) , #HMmF%E
BEF A 95 E, ENEAFRSTFRERELEN—,

i PMO27-4Ar kB WK — = KL KE, 7 600°C ~1200°CREXER, WHhEEHES
BHWHERETT 10 MM ERAMMBIT (R3), BEMEMAS (B8) HR—MRINKREE
i 12.0+£0.2Ma, EBEHNHERIDILERFIE, HERFERITEFERA 144+0.1Ma, & 39Ar BERN
97.25%. 9 MK ER (700°C —1200°C ) Frsk B MIFRN & FIR A1 14.4+0.1Ma (10 ) , 40Ar/36Ar
WE{EA 296.7+5.1 (10 ) , HETR/RE (2955) , HRHEEIR Ar 5k, SHEFER ST
FIRTE—,

*3 THEELNER T 40Ar/39Ar ERFHIE ()

x4 THEEARIAAEMED ESR FRFHIE (1)

3.2.3 AEESR £R%

BREBEN RIS ESRNELEREBE S, WAERMKESR FRMEHTHRIT (R4), K
R R A R ESR F TN AW, (1) F=HF4HE N-S M 8% ARk EER A
40.8~39.5Ma; (2) =t FradtmE e T MEEAaRbkER H 30.1Ma;  (3) =HFRAE R EMHES
A ERAEEER A 10.6Ma; (4) FHTHER/NEIERERFETRNAEARER A 3.9Ma,

4 3Fig

41 EHEELR SR ZIREE

EDREABERNENERNRTREEMRZEUTEURAZTENRNZEHE (RETF,
2015) , THERSERMERAXNIEETREAKaERETHNERER. BRETZHABER
FWHMEFF23~14Ma 28 (B 9) o Liuetal. (2014) %875 ZEREBRNIEREE

D

.

A

=
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B8 & B 5K EZ A4 40Ar/39Ar 353 Fo 5 0F & S5
7.9~7.7Ma, BEESTNR T EMNBCEFBENRS, MXEZXTZmEREeERIZLIERMERN,
EhERSEEMERNLH L,

BRIABEREMNEREZRRSXAET Y U-Pb AR, XX=M4HRHEA U-Pb FREETR
tHREHEARBRER - TEM, RBEARARE, FEEABREMIREBENEKEREERAEAR,
X—FIELESRER RESEERaEATEARN, XAMARRERAFRNER, —HAFE
HAERFW, —HARAKFE ., DN2319-1 315 3 MM MH AT, HIMFEHER KD 16.5+2Ma,
NoA%EBER, DN2321-1 THRAILIKBER H 446.4£9.5Ma, T2 ZEEH~Y. LHTED
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RN ENTEREREARSNZEEHHR, XESOOMa 2 FREBSNREHEREHNHE (FE
3%, 2005) . DN2324-1 RS WARIEMFR, —HINNFHFER A 434 +12Ma, 5 DN2321 pir
KENEFERNAE—FH~Y, R—HEEENFER N 17.1214Ma, FEERERFR, RERTFE
BB RAIR R, ESERME, & DN2319-1 B FR ARG 27.3Ma. 26.4Ma F ik, Leo
Pargil Bl X B E REAMNAK N 30~18Ma, BENMERFPFEZNAMER, IEXR T KRENXETE
ReERMNRXIEE, ZIREDE, RELHRMNTESNHE (Lederer et al. , 2013) . ZRIBRAIDIE
AR BERNACEREERER N 21.3~21.8Ma, B % 23~26Ma H9$: A . IREATIRESZT,
TRERIR T HRAERZH T K EAEEIEFE ( Viskupic et al. , 2005) . Manaslu B E AL A 4 &
22.9+0.6Ma F1 19.3 +0.3Ma A& (Harrison et al. , 1999 ) , FHBRIZAE BB RIKE S A8
FyTTREME ( RIBTTE, 2015) » BRILEEXABERERAMNE A 22.2~16.2Ma, 7 15.9Ma RE A
Hl, HEZBELE% - BEKEN (Kawakami et al. , 2007 ) , BERE 9% S MERMANIFEM.
EMREEAB=MEXER, NIEEENE—NSHHKANIE ( ZHFEE, 2023) , ZAR
AR ESEMACSEYERE (He etal. , 2021; Liuetal. , 2014) , RS KEAEL:
MERERATELEDREAREESEEFTE RN,

TN FERBEREENREAAE 410Ar HFREMNEHREHMEE, RFRTHAUT HHK
EANAHGE, ARETHNHABEFEEZE7, NANANHNEEE S0 CLEE, AR
B 93 R EA SRR (300°C ~350°C ) (McDougall et al. , 1988) , A, ERZICEZEH
Mg - AEHAZ MR R ENRE, ZAMREBESERNERE R 40Ar-39Ar # M F iR 15
IEERBE TR TENTHER, SFENEFREL-, RALF A, RRTEFREREFERA
14.4£0.1~14.1+0.1Ma, TTRREESEREREAMNER (K#HTHF, 2011) . EHIBNEFIMHERE
ORLAHEHKSE T RENFREFR, FRSMEEEEMEAETHE ArIEX, B A ZRAWIE -
MR R K HETE 12.5~12.0Ma, X5EEANILERILERA T BENNE (13~12Ma ) EEA—3 ( Dai
etal. , 2024; Leeetal. , 2011) , R T EHAME - AR EZMTFESE, FIMME - KELE
HT R TS A SE T X — X

ZEINA, EREBABHEREUTRED T —PMREKNMALANHL, MBRATER ~27.3Ma
Fin, 17.1~16.5Ma BEAMBCERIEA, FHEE 14.4~14.1Ma THRERELEHER.

4.2 EAEEMET R =185

AEMEEFHFINCE T ARREETHES, BENWEELDENBTIRE, - TAREEE
KRR RAENERFZNEBESREMELTRNR, 8 ESR JI7ENEFRERNKMESHR
ATE (#H1XE, 2006) , A°KIKGAY ESR Fif < 200Ma ( WigiEsF, 2002) , o AT HRE

KAFRBIENAERITERAET 4 BARMERE Ak ESR £, BEEART XBEXEEHL
BRRSRR: (1) sa¥tt it EELE: 40.8~39.5Ma AZERABET =T AXNFR. KNRE KT E LR AEK
&, RERTHRAXBEIHRECREE - RIS EMIEE L (45~34Ma) (RRFEFE, 2012) £,
FHRHIEMEDNENREZAFTERYNRE, (2) HFrttHEEER. ~30.1Ma AEEFIBLETHF
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emdtEmARERGTH, BRTREERFERES, 1LFK T ~35Ma Mg AhskikEH, STDS A ( skit
T, 2011) , mdthidsRBEEREMN-SEEREER. (3) h#HttHmREEE: ~10.6Ma AZRAEE
AR ARAER, CRTEZHRANEATHE - AF4, 20 TRERARME. Eitm
A BRI REETFRRSEE ~17Ma~3Ma ( Dai et al. , 2024; Dong et al. , 2020; Bian et al.
2020; Xuetal. , 2013; Leeetal. , 2011; Kalietal. , 2010; Thiede etal. , 2006) . (4)
EHitEmRER: ~39Ma A EHBETHIENICEH/NBEBIEMEAR AR ESR FiR, B~ TSk’
aRiEASERNAEMEED, TS EPItEES ERHEMRIUENE X,

4.3 TE B SRR EHLH R E L

EEDRERREEB@THTHMIMRFRYE, RHUSIAARFSE—IBNEE S (kiTH,
2011; 3K#IFH, 2007; Leeetal. , 2004) , 5ESHEELER (RETH, 2015) RHEME
FHx ((TERIZ, 2018; Zhangetal. , 2012; Mitsuishietal. , 2012; Leeetal. , 2011) , H#x
BEREEDRAKR. LFRD. 5REX EEBEMLYE (Lee etal. , 2007) o BIATEEHRTF N-S
R E-W mHREREET MR, RAMRAREDTEEMERTLAEANK AR ZHRERE
M. ERFERAFER, BR, E—MEAERTEBRREXLRAR,

MRET, RSEELL T RARFNENMEHN—PRERNEESG. HPBRBNERE
BB EAIERE 7 EREREAEHAIE N-S E@HHLIE, SRAAFRAMTIHMEHRBERZN,
mkERNEEFEEEHER (Leeetal. , 2000) » XERBEEMBEREAETETFATH
N-SmZEEEREHY (Langille et al. , 2010 ) MHEREFREEFH SSE m5Y], TLRHEAE TG
NNE 55 IR I{EAMEIE (Zhang et al. , 2012) . TJREREBBIFE R EFFHRT S S IEEHERN
BRI, XMt FHEEENE. BRERMROUSEHFRE (FERIZF, 2018;
Lee et al. , 2015; sK#TZ, 2007 ) . EHEME D2 FdbEiimER A T 4K ESR FRZEHIEAZ
ZEHTY, GTERBERER B ~36Ma (sK#I%, 2011) , RP~309Ma BlEREREE
A X2 ZAERN M, RABNSESERRE TREERFE DEMEHEItaT M HRESIEERE (Lee et
al. ,2004) kB AEXRELRE 12.4~9.1Ma 5 BEIFERANEFRRFTEZSENMERE ( 5%
%%, 2016) Hx, MEBTEIESERNERNM (Kawakami et al. , 2007 ) SERE Rk HEESIES
£ (KEI%, 2011) , EN-SEMRaIKE. XETFTEATEFBETEHNANHRERELFE
RYLENTRE 2R BFRTE SR MEEROE R ERNGK, ZENE - BRI IRIR 45~35Ma £ EAI1Z
B (RR|REF, 2012) BMRICE, RARBEMEBUERFRXRK ESR £4% (40.8~39.5Ma )
AZEY, A, THEEREN-SEBREATTZEME, TEIEE: (1) SEFREKRE D3
HRAEEBREEESLR, UIZF D1, D2 N-SHEMEREE (B 5A. c. f. m.n), HIAARE
TR, RINES; (2) a@EEAMIAEREREYIZ R Ka N-S mifH%EE (B b)) ; K8
MEERS A REEMREAERBOABAXBERAR B VEE®M. A3AXERBERARE R
BHMBEMEE (Bb5m. n), PEXRERFEBNERTEEThKax Lt (B5), BTRBIEE
ERNMNT N-SHEZRE, E-W RHEREZH; 27.3~26.4Ma (R FREAFERICE T X—R. (3)
SEAMREARRZ E-W mRRIEHI LR, REAEMERE, BEAEAEARAHARILE
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R MARERRARTRGERERVFERMRE, RPEEET E-WaBRERBZERMA, BIERE
B, GRIEEEREKNBERMRBZEZMEKT D1-D2 2@ IFEHE, MhHULETFTD2®E
b EFER ( Kawakamietal. , 2007 ) , thEERERMNHMAS ZERME TR IERAER,

EHEBRAEN-SHREATZERE, HURREZEFNEMRERNNNZVEFEER
EREFX{TF NHGD £mAFH#HTE N-S @l HEREEAREmMEL ( FERIZE, 2018; Wagner et
al. , 2010) . B EERZR D2 ALK A% 30~40km (Lee et al. , 2000) , MKAMEE N-S
/& D2 BAZ LR E 7 20~25km (Lee et al. , 2004) , FIAEE N-S HEMERELN >16km
( Quigley et al. , 2006, 2008) , B IEEEREMNSIENEEHFBSREIERIEERLE
EBGERE, WERE N 15.2km ( Kawakami et al. , 2007 ) . FLEERK MM RREETRAESE L
S5hMmEEDEX, DRETE—REAEE/LABNKE, IMHEHTRAEEBUNRE, FHEH
FTREBREGITEBRE < 13.2km, HE#HE < 15km 2RSS EBIILESHRNELBTHRE, T
15~35km 2 Ghill. BRE. MKMNEERMARESEE (Mitsuishi etal. , 2012) . BR 7T — 1R
REMN-S aHERMBEREN E-W @HR, MACEREBENERERT NS, i
PIHAE (Aoyaetal. , 2005) , BERERBEEERNMATEREHEEAMERRLF XTI
5%,

E-WEHRNEBEEXAEEAZBEERN. AXMRETDIME-WEBRXEEINE
171~141Ma TR ERIEF AL, MEBRIEBN BT MNMEARE - /&6, @#RE (Aoyaetal.
2005) , RARETE 14.4~14.1Ma, E-W ¥ AEH B I ESR £R%F (10.6+1.8Ma) FHFIZ
EHREEM, EREIENE, BAAKARBRERZENEFESEILLEZEEM (E5f) , FHE
SEEREACEE—N, REESEINR. RAERNBRESERTSHFTXErEIbEHE RN
&4 (Mitsuishi et al. , 2012) , A#F#EELZEMH (Quigley etal. , 2008) , ZASTH X E
BT EZEELERE, BUSEETBELE (Zhangetal. , 2012) ., X T E-W aHBREERZEN
HREFRFERP ~17.IMa RAELRE T WEKGER, HN-SHEISUH THNSERNEE
AE-WEBRERATHRE, FFERLMXERNE (~13Ma) (ski#I%, 2011) . LEHEE
MEREHIEE, 125~12.0Ma FLERAFT R, BUVERSER, BASEEFEMERTREER,
AR TINELIE W R R ISR IR AR .

Z LR, BRAEZTEBEEN-SHE-W mRHREAEER, BI%AL, RE7THERMEK
FHRETE DR Y A ARG F it B B - BR AR SRR & (L R B AEF; Bl ~27.3Ma, %
STDS [mdtfEiFE, N-SHE, MEARME - B8k, SREWEHMA; KEH: ~17.1Ma, WIEEH
ik, MBRNHEN-S#EEAE-WE, AMRERERERLUNE; S5 ~125Ma BitaEs
i, SERERERE, EMISHRKEE.

4.4 MILEDHHER KESEINANER

LEEDRBAKRESEEEN AL, —(5N-SAEENEEHNEFHEX, Z—XA4D0HT
NSTR A%, KRBT E-W mEREAGIZ THEREME, HEMHNEBEGET N-SaHERE, RifXETF
NSTR Eapffiel, X FIEEDINHARESELENG, EAREBERKER TR, W Mitsuishi
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etal. (2012) REFLEHXEATHhibTEEY R, HEREABEN7E, SBELBERAREE,
FERTRBENERRILEFF = ENBERFHF7 TS E (McCallister et al, 2014; Liu and
Yang, 2003) . *3K% (2021) fEHirdtmA SR T ZETHERF BARRFE RS
AEEERRS . ENFERUEZNERRMN E AR BFRFSIENTERFRRNNEER (T
ERIZE, 2018) , SIRAEHAEBRARBHRY ( 7%R%E, 2021; Bian et al, 2020; Yin and Taylor,
2011) » MEBUHFTHEAXNERIVTAREERE TXMERRS (Jolivet et al, 2001) , &
F NI ENEE A RA 438 0w iE AR A9 1E L 5 4788 ( Kapp and Guynn, 2004; DeCelles et al, 2002 ) ,
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