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Cratonic lamproites bear extreme Sr—Nd—Pb
isotopic compositions widely known as the enriched
mantle I (EMI), yet the origin of the EMI reservoir
remains controversial. Here, we explore this issue by
examining Mg—Sr—Nd—Pb isotopic compositions of
lamproites from Leucite Hills, Wyoming, USA, a type
locality of EMI-like, cratonic lamproites that possess a
wide variety of lamproite types. The Leucite Hills
lamproites documented so far exhibit a bimodal
distribution with respect to silica and were divided into
silica-rich  phlogopite lamproites and silica-poor
madupitic lamproites. Both types of lamproites are
selected for trace element and Mg—Sr—Nd—Pb isotopic
analyses. They are similar in mineralogy, consisting
mainly of low-Al diopside, Ti-rich phlogopite,
K-Ti-rich richterite, leucite, sanidine, wadeite, priderite,
and/or olivine, with minor apatite, perovskite, and
chrome spinel. In general, both types of lamproites have
EMI-like Sr—Nd-Pb isotopic compositions, with the
madupitic  lamproites  having  lower  'Sr/**Sr
(0.70543—0.70579), higher '“Nd/'*Nd (0.51197—
0.51205), and higher Pb isotopic ratios (e.g., *’°Pb/***Pb
= 17.52—17.79) than those of the phlogopite lamproites
*Sr/*Sr = 0.70573-0.70607; "*Nd/"**Nd = 0.51180—
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0.51187; *°°Pb/***Pb = 17.24—17.64). The phlogopite
lamproites have Mg isotopic compositions (5**Mg =
—0.26%0 to —0.18%0) comparable to the mantle range
(8*Mg = —0.25%0 + 0.04%o), whereas the madupitic
lamproites display lower values (8°°Mg = —0.43%o to
—0.37%0) than that. The 3*°Mg values of the two
lamproite types correlate with indices of the degree of
carbonate metasomatism (e.g., CaO/AL,0;, Hf/Hf" and
Ti/Ti"), an observation that can be best explained
through mantle metasomatism by subducted carbonate-
bearing sediments. With increasing extent of carbonate
metasomatism, these samples display less extreme EMI
Sr—Nd—Pb isotopic signatures, arguing for at least two
metasomatic events in their mantle sources. The early
metasomatic event associated with subducted continent-
derived siliciclastic sediments led to the formation of
the EMI Sr—Nd-Pb isotopic signatures while the recent
carbonate metasomatism produced the light Mg isotopic
signature but diluted the EMI Sr—Nd—Pb isotopic
signatures. Our study indicates that a combination of
Mg and Sr—Nd-Pb isotopes could be an effective tool
in deciphering multiple-stage metasomatic events in
mantle sources and places new constraints on the
generation of enriched mantle reservoirs.
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The segregation of the subducted oceanic crust
was proposed to contribute to the
heterogeneities in the lower mantle. However, the
rheological properties of the subducted oceanic crust at
lower mantle conditions remain unknown. Mineral
viscosity is controlled by its ionic diffusion. Here, We
report first-principles results for Si and O diffusion of
stishovite and CaCl,-type silica and determine the
relative viscosity of oceanic crust along different
mantle geotherms. We find the Si diffusion in stishovite

numerous

is slightly slower than that of bridgmanite. After the
phase transition, Si diffusion in CaCl,-type silica
becomes significantly enhanced due to the negative
activation volumes. The rheological weaker CaCl,-type
silica significantly reduces the crustal viscosity and
facilitates the segregation of subducted oceanic crust
with increasing depth. The crustal fragments could be
stretched and mixed rapidly in the convecting mantle
which provide good explanations for the widespread
seismic heterogeneities in the lower mantle.
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KA LI, WA Bl LA Hug )oK & Al 2k A
TORVE AT Za e B X s K& =04, 4521
R HYE XK B ' 4 50~200 ppm A1 300~900
ppmee T4 LUK, T I 0] 8 R < WA R AR A
UK VIL S50 ) B AN FTHR 7R 1 R FBHuE AR A7 ]
BEAF 76 5w /K I X o 1T 6 B 12 e 5K o v o %
A BRLARAE RIS SR YR RS K R 23 B J) A
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WAL, BATT AR BB I g k22 7 T AN AL R
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Mgl T R AR A, A A A E
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IR 0K 0 R AL 32 15 5 P PRI AR R R
SR T R TR R A U AR b AORE S 2 TR AR AR AR
P31 v B 2R 38 v o AR A A B B s AN G (Li
and Wang, 2018; Wang et al., 2016b; Zong and Liu,
2018). B NIIBFTLET KB, BA TR
1 SRV BR R BN AL 1) v 1R A BB K o £ 8 f 4
/N T- 106 Ma (Cai et al., 2021; Huang et al.,
2015; Jinetal., 2020; Lietal., 2017; Li and Wang,
2018; Yangetal., 2012; Zengetal., 2021). %R,
TXUGARE S W] AR T o [ AR S S A ] D 1 e (R
[A] (~125 Ma; Zhu et al., 2015; Zhu and Xu, 2019),
ARICARIE T — M HCT~123 Ma ) OIB BUFESE ()
Mg [RIA7 28 H , Fi I 9 0 7 1200 o 1) i Y5t
D rb A WD S R SR R SR PR R I AL 2y (X
BB Fe R BT Fe -+ BEUEAE S DO (Jiang et
al., 2021). Mg [Ffr R4 R WoR, &Mss 5

ZRHR<106 Ma I 2 ula R B R K Mg AL 3R

(8Mg = -0.67%o~ -0.35%0), 4875 7 H I I X th
HAMWPPRIREE 47> (e.g., Huangetal., 2015;
Lietal., 2017; Liuetal., 2016; Yang et al., 2012) .
XA B B 2R 0 APV AR AR e A S R kg P R
FHEIA 22 /D AE 123 Ma Nt 22 TH 4R, 110 A
A H)~106 Ma.. 2% J8 21208 25 5 A AR BLAIR Y)
(MSr/**Sr) ; FAl (0.704254~0.706300; Jiang et al.,
20210, FATAN Z G RIRER 2 W B CGEBEN)
(1) H e WS Y T s o Y A7 K - (>360 km: Huang
and Xiao, 2016; Li et al., 2017; Li and Wang, 2018).
DL TR ST NS S TS [RUIEEIPS
R0 AR SIP. DK il 8 T A [ RS S A e ek v
wimy (123 Ma) O rAE, ORI T PR
VAR DT b £ T A R e A Bl DR o R R T
HLEAEH .
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I3 M NI 8 7 3K 6 R A WA 2 1R R PR B G S5 1
TR By ) 2 A R
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~21 wt%) Fl Cr,O5 175 &, AN LREE FC 7
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SXoF Y e YR 110 P s Ak R UM R 1 P 4

AT R A A A AR MgO (12 wi%o~
16.3 wt%) 1 Cr,O; K& 5, BAKA[ 43 =AWk
FA 1 AR AR A A B AR Mgh, AX T
#11) LREE M 7378 xC LA S i 8O 1 Nd-HE [FA7 2 41
J8, 55 PG AR 1) R S J Rl = A TR A HE B R P )
FABL, AT BEACYR T PG R RV A A DGR Mg
BB TR AR AR R 2 R A AR

RO A GAREMNAG, BAMES G Mgh, &
#£ LREE Ml LILE, 5#t HFSE, LLA KPEYe TR
YR Sr-Nd-Hf [F A7 24, v RE R RIFRACAE (%
TR IR 5 e SRR ) 2 55 1) S Rl = A2 1) 4 A 5 T
Fs AR R BB RS ARA Y T s R (R R o A s 28
B3 AMARRIMA A S HOEMNA, HAaPE
Mg#, Z75H] LREE LA & Sr-Nd-Hf 47 =418, nf
REAE T 1 15U 52 % 10U/ ik R 2 I 94 A AN [ R
AEARAE FH P= A 1 o 3K 2 4 LA I 4 A A B R A
AT RE B 2290 55 T 0 I (1) DR 21 23 6 b A2 1) o5 ads A
H .

AN, HF FUAER LK Sm-Nd B )55 I 2R 4R 5%
WX LA /D T ISR S —MBRE
WA A IR 1T el ZE AR VR S 350 KR
IR S T L ARLAN [ 50 s i = £ 1) 2 i i
WAL 56~75 km RS FHEMIER. 28 BLARER %
ARG S B, tEREE KRS ARa . R4
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The Lithological Heterogeneity of the Samoan Mantle Plume
(F= L g+ B a1 A 15 —)

TN, BRI #E', Takeshi Hanyu®, #FIE°, #h4 4E°

L VIR RAE e R, KBS )% K s %, VE %2 710069;
2. Research Institute for Marine Geodynamics, Japan Agency for Marine-Earth Science and Technology, Yokosuka 237-0061, Japan;
3. BRURSHERRL A 5 TR e, ARG IR IR O HLIRIAIT 7T K T A s %, Wt 210023

The Samoan mantle plume is thought to host three
isotopically  distinct  low-3He/4He  components
including EM2 (enriched mantle 2), dilute HIMU (high
i =2*U/*"Pb) and a depleted mantle (DM) component,
which were sampled by shield-stage lavas from the
Malu, Vai, and Upo trend volcanoes, respectively.
However, it is unclear whether the isotopically distinct
components are present as different lithologies. Using
new Fe-Sr-Nd-Pb isotope data of Tutuila basalts
(Samoa), combined with literature data for other
Samoan basalts, we attempt to infer the lithological
structure of the Samoan mantle plume. Results show
that “Malu trend” basalts have heavier Fe isotopic
compositions (8°'Fe = 0.15%0—0.24%o) than “Vai trend”
and “Upo trend” basalts. The latter two groups have
average 8 'Fe of 0.14%0 = 0.07%o0 (2SD) and 0.11%o =+
0.03%0 (2SD), respectively, similar to normal
mid-ocean ridge basalts (N-MORBs, &°'Fe = 0.15%o =+

FEBIH : K FHARFIEEES (41973001)

0.05%0, 2SD). The fractional-crystallization-corrected
5°"Fe values of all shield lavas are positively correlated
with (Gd/Yb)y, Pb/Nd and ¥'Sr/*Sr ratios while
negatively correlated with Nb/Th and eNd values,
which cannot be explained by partial melting of a single
garnet peridotite but points to heterogeneous source
lithologies. The EM2 lavas are characterized with high
8"’Fe and (Gd/Yb)y, low Nb/Th, and enriched Sr-Nd
isotopic ratios, requiring an pyroxenitic
component with imprints of both recycled terrigenous
sediments and oceanic crust. The Vai- and Upo-trend
lavas with MORB-like °’Fe can be explained by partial
melting of peridotitic sources, although different extent
of refertilization are essential for generating their
distinct  radiogenic  isotope  signatures.  These
observations highlight the lithological heterogeneity of
the Samoan mantle plume and relates the EM?2
component with a pyroxenitic lithology.

source
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WEURICATE, WA AR . S REN], X P
FEMWRERKR, TE TAS 4 2KE Ewfit—L 4504
LAV LA &L A =2 i n R B,
WEFURE i LA TC R AN W AR R, F Nb.
Ta [FIESH A Pby Ti IR, ik Zala 16k

FEEWH: g m R IE AR 25 9% LI 4% B (No. 0206-14380114)

02 A AL T S TR S 1 R A SR A
B BATR I RATE MgO. 7T SiO, 1 CaO [HIHFIE,
TEIBREAT I CATS-HM AT A1 S I BEE 1 I (R 2 hE
WA XN s [ 854 2 BUH B w1 FC3MS
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i VRO A AL B AR AL, (DA S I L9058 IX A7 A0 M e 2
STk . 2 BRTIA, BATIA K 2R A0S G M X BT AR AR
2 TR DR SEAFAERE A i ALy, 2 P A () b 52
ZH 3 ST X M S0 (1) 7=, A 12 X Y S T
JE Rt R = AR T R

HAEF TS EB (1997-), W-LWFFTAE, BT KA A A%, E-mail: mg1929028@smali.nju.edu.cn
SEEEAT A BE (1985, WS, WFIF5: KCE A 2 S g R 2. E-mail: zengg@nju.edu.cn



382 HE WY E A R s

5518 Jm s ARAE IR S R

< B 1BIRAERIENFMIEIN S EF -

Probing the Lithospheric Mantle Roots beneath the Far
Eastern Russia: Implications for Orogenic Continental
Accretion and Metasomatic Alteration

ZH 4, 45", Dmitr A. lonov®

1A R FON 23 O Rt 7 B X T i S %, bt 100083
2. RIS, IEEZAIR 34095

In order to explore the age, composition and
structure of the continental lithospheric mantle beneath
the young circum-cratonic orogenic belts and the
influence of Pacific plate subduction on the overlying
lithospheric mantle. We present a study of the petrology,
mineral and rock geochemistry, including Re-Os
isotopes as well as highly siderophile elements of
peridotite and pyroxenite xenoliths from the two
tectonic units of far eastern Russia. Including Khanka
block which from the eastern Central Asian Orogenic
Belt (CAOB) and Sikhote-Alin accretionary orogenic
belt (SAOB) in the Pacific coast of Asia. Our results
show that Khanka peridotites are low to moderate
degrees of melt extraction residues from the
Paleoproterozoic fertile mantle. They show a positive
correlation in the Al,O; vs. 1370¢/'%80s diagram and
have an alumina-chron age of ~1.9 Ga. Their relative
depleted LREE pattern in clinopyroxenes, less
disturbed HSE and unradiogenic Os isotopic
compositions indicate they were no or limited affected
by metasomatism and persisted through the
Phanerozoic orogenies. However, peridotites in SAOB
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are more fertile than Khanka and some of them show
significant Fe enrichment in whole-rock (e.g., FeO
contents range from 8.5 wt% to 12.6 wt.%) and
minerals. Hydrous minerals and intense melt-rock
reactions are observed in Fe-rich peridotites. These
xenoliths show a correlation between FeO contents with
Os isotopic compositions and other chemical index (e.g.,
Si0,, CaO, Cr,0; and NiO). Combined with trace
element data, we suggest that the lithospheric mantle of
SAOB was metasomated by evolved Fe-rich basaltic
melts with oceanic plate signature. Plus the results of
Os modal age, we conclude that the lithospheric mantle
beneath the SAOB is highly heterogeneous. It is
composed of ancient Mesoproterozoic lithospheric
mantle fragments and most is newly accretive
lithospheric mantle formed from the Neoproterozoic to
Phanerozoic. It was later modified to form Fe-rich
peridotites and pyroxenites by subduction-related melts.
Finally, we posit that the Cenozoic mantle metaso-
matism in northeast China and far eastern Russia is
controlled by asthenospheric upwelling and downwelling
associated with the Pacific plate subduction.
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A Re-Os [FIAL RIS, IRAGUNF R 7

C g AH 27 5% B 7R Gtk 28 T W a6 T LAy 2k
B O T RN S RN B B8 B T R A PR, 2

P A, SRR AR R
TE, AW ROTMEA R SRR AR S,
P3¢ W AR R

(2) WAL R A M BRI TR W], 2R
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AT, 3X 5 25 A 2 S 3 1) B RV A AL R T
AR —8 JbAh, [F—FES P R T i
W& T R2 MCPATIR RS, H 3w TR S 1P
WL R, BRI R X R A s & T
PRI B IR AR AR VR = 58— B O MR A 11 A AR A A
BT EI A, H32 2008 E s, S50
FRA R AT AT AR I IR N TR R R2s 28 I Bt
S LSRR A SR, 5 — M Bk R 1A A
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) eHf, FFH D-MORB ZFf b A & M eNd F1
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B (P 2L A i iG 3l T b 75 IR SRR FR TR
FEIRAEAER RS A, JERENS I R TE 3. K
Rl FKAGE T« PURRAE RO o T S5 RSB R 3R
A T PR AT AR IR AR MR 1) %5 A P 2 2 (R BR . THE P
T T 12 B 1 3R AN [i) ) )22 o 1 = 322 B M K R 4 I
JL PG Db ZE A AT

BRI W R R e T i P ooc
FESL, AR EH T R P R I R R 0 R AT
SRMCHE JER K, 0 T RERR AR ML Bk 1Y) P =F JE {3k = 5%
UER B o REPR AR M BR P AL FR A (NdD 7E N )
AT 6 2 (K2 T DLE ok BB B A R A ST H
T P AT B OB RAZ 08 4y 5 55 B 30 i v ol
Hh R IR R R S MR o S SR R, X R T B YA
B8 I ORGSR AR Eh Hh BR )
FHE . BT P AN 7 HhE 45 sl R 2R 0y S ol e e
RO LA 250, P 2 8 nl DUKS 3 7k R 26
HBRAY Nd F R P/Nd Hefg AT HERT . 1325
AT 5 AR A 2 8 DR 3 P B, AV B P Tk 1R
BRI P/Nd ELAE AN E FEROR, AE 50 3 100 2 17,
B kS B P-Nd i 0058, A 45 S A PR
ORI R P ORI Nd 23 FCAT b BA B 25 A Hh R AL 2
fiti FEI¥) PN LUAE S BE 1AL S RE R Sh b BR 1) P 32
A AT RE

AR SCE 1k R G A A 2R A Bk Ak 2 s
TR ) SR PRI RS i Bl A T R e 4
P FrdRER, R LR RA 63.8+
0.5 (20,0 WP PN LA, 1f9E S % s 1071
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HiIE 15 BRA S oy e FE e, P ORIASAR R L Nd
1) 1.1-1.4 {5, &56 7> BRI R f b PRI
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RS T A g A5 R M X R AR R/
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W R S, B R A BRI ST, sk
7 bbb ) i BY DI A ML R R A L S R
B PRSI [ RO . — S ELAR B 45 R R vl s
ATHRE, R BERE S5 R . HUERAE SRR AEFR S P S
Ji MERIAE 5 35 LA s (R P AL % (972-1185°C ) A%
FIEIREE (4 QFM -0.93). KR 5 ¥ 4K & &
(48-107 wt. ppm), LS 7K A AR WA 25 R 1E

BERIH: BEENNEERRES (IS : 42025201)

Al o TAMA IR T R B A AR TR (RS2 T, )
P AL SE 1) (CPO) [ Huig i 5 [m) BY ) 4 445,
I3 UK 725 ISR B . ORDRLAR 98/ (GSRD
5B AL SR FE AN PRI, R N AR R AR T 2 AR
HLLE (10" s ->10" s, HZ[FEN, RN
MAG R F7 X (5.8-8.8 MPa) A7 15 i A% 1] i I F7 [X.
(~37.5 MPa) [ERLL IR (GBS) A8 Jf i &
FAY BUGAR . 45A WA EERL, AU REA RN
TR N ARGE RS EAT, S RO e N R 5 R
R BRI A AT O S AR TR BHAE T . AFT
S CPO AR A GSR fE & S EOR I Hug i
BY PR A I P B R 32, UL R B3 s
Bro I 54 KA AR B b, AR O
i BY 1) (R 4 Tk R RN K AZ A o 1 oz R LA
— MR E .

Nation Natural Science Foundation of Korea (NRF: 2020R1A2C2003765 and Z022R1A5A1085103)
WEE T KR (19959, LA, WFFUT . MRS B IS FTST E-mail: zhenzhang@mail.iggeas.ac.cn
SEEEF T KB (1981-), BFFCG, BT deEes R 5 oK 2 A BlS AL E-mail: chzliu@mail.iggceas.ac.cn
Haemyeong Jung (1966-), #(#%, WF5i77 . 5¢i8 MG 4 f1% E-mail: hjung@snu.ac kr
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MR A A RYHT—4eSE N E . BURE A1
— R R A EE
A", dlE, ke, R, RAETL

1. Hp R 27 B b 5 M BR A BRI P2 A A B R R S50 %, JETT 100029;
2. VHIE AT &R, D%, 710069

Wt g A IR A 22 B 5T op A B B T O
HAEME, AR T RAR ARG L T RS A
Rl , DRI I 2 7 IRAT AR B A 3 B Ve A 28 4 v iR B
Tt RS R VR 1) S8 A A 3R . FEIRE RS 9K
S H IR Sy i e i ST, WU D e s
HH e 5 T IR R BB T SR BB N A R
FRELHEN, AT AL T i ag a5 R o 1R e il A
WAR. 1973 4, HORBKBEARSCR, Rigss
FR b o e IR H B 20 R kAL 2 R AL, N TR
FSCTARE I A R AL 3 PR 05 o 3X — B I AR IR 5 Sk 51 %
T gk B e O RIS 1A 1 A B N
W FEAR S Aff by 4% (suprasubduction zone). Fifi
Ja LR BRAE A BE U — 2D e AR T 2 AR G
BUFIMES, Wy AP EZ 4R (subduction initiation) .
SRHTRE SR INET XA 55 o SSZ dpak s I ML si Y
BRI GIN , AR ST Z A b BT S o A FU R £

g2 by DA RVE A A e S EE [t 26+ 4R 3R H
W RHE €5 R AT VL 2 1) P SU 0t g, BB AS
SR B EARL (5 R MRS b 1152 S R Y PRy 7 o AT
L AR bR, AWTIRE DR BT Tl R B 2
S = EA LN e o) i U N 4 ST Rt e o o
20K 11 R DR of P 5 2R I P i e B 0 i R e
AT SEAh, BWHRHETLAE A BB R S i o )
ZRE M ZNME ALy, AR T I AR S
BBty 28 RV KA By e, X 28l 2 e
— B2 5P R X A I R Y, A
LA MBI, B R AN — P A k-
TR T 5K (K0 o PR 4 350 ) A D g 2o v B 9
HERALAE BN R AE TS N, B4R 1) SSZ A I FAF 8k
BB 7o PRGN — P o R A R4 D
ML S, g2k ) DR A PR G AT B IAAH—F (14
Bl v o DN L sl e R RV € 2 2 /N N ol e €

FEBIH : FRAHFERERS (42025200, FUHIRE) 0 R G T ABIATHR] (91755000)
H—EE T XE (1987-), BIWFG, WFFT7 . MEskd R 5 KA A B 4L, E-mail: liutong@mail.iggeas.ac.cn



402 ) A HUER A 2 25 18 T RAR I SU B4R

< B 1BIRAERIENFMIEIN S EF -

@R KB AR PR KRB ARECRER GRS T
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1,2 > 1,2,3% ) 1 | 1 1,2 3 1,2
Fuede e, xR, KR, X, K, Kk, AES
1 P EREERE S BRI BT FCRT A A0 AL K s sE e &, JEIT 100029, [
2. R EAT ARE AR PEBRERCRSE, JE3E 100049, E
3. WL TSR E T BRI S AR E RS E, T 266061, HE

VR ST A L R E e a2 T R A RORT 4 3 B b5
R TR o VR A e S O 1T R e SR BT -
RILHEAWVIR, |2 MBS . ASsE
TR ) B M O R AT 2 R 2 DL R AR AR
TR LY U e 2 I TS O AR BEA 2R PR
ARG I PRI o K o IO & B o v A A FDH A 1)
TEFLE RN 159-166Ma, 3 BT 4 e 44 T2 BT -
Mk 5t o TR ME R TR A A 2 RN ) 3 R T 3R A
PERPWHIEHIKE R OKEE~0.5-1.0 wt.%) &
PR &5 e I R o AR EE T3 b o e, TR
FEHE A R A A K Tiv Zr A1 REE, & Ba
VRE R o 55 BRSPS J87 110 48 AR 1) 4L s A5 W 2 1)

R H: ERABHERARESOHES: 42025201)

National Key Research and Development Project of China (2020YFA0714801)

PR — 3, #EA S B R LA RRE,
il 4n & 45 Ba. Sr. Pb, 5 #iit REE Ml Nb, FHIH K
JET 52 00 3 1 HUS YR X, LI A Hhu b 5 X Lh
DMM B INAESE o VRS E SEHE A IV BN R R,
TN WO RS T2 2R N, SR TR 2R B AE T
N TR IE O R, IR I HE A TR T R 2 B
PRI MR THE I B k. 28 b, AWFTIR IR
e Sk T T TP -k S T K 1R OIS A
IRET o T IR A g 2 0 b SR g 2 A T AR
PoK R R IE A B B AL, AT
WFST, A Ky 0 S5 9T - 7 K - 20 AR A e 3 o 115 1) G B
P12V A 707 1) B 1R 7 A o

Strategic Priority Research Program of the Chinese Academy of Sciences (XDB42020301)
BAEE RN BRPE1997-), &, WLWFsE, Wiy . iEats RN &R AERLE] E-mail: lixiaoni@mail .iggeas.ac.cn
*EAFEF T UL (1981-), Y5, RO, R dedkss R 5 K 5 4 B ik E-mail: chzliu@mail.iggeas.ac.cn



TP A R 2 s

918 JRFEARFE SIS E A

403

< B 1BIRAERIENFMIEIN S EF -

R P R ER R BIE X A KL 4 -
PSP =y 4ES): i) =hn

waE, FEY, RFHY

Lo AR A Ko [ SR AR 2 I 5Tt v [ RS ey S T TP LA, bt 100029
2. FE MR R HRE S5 KL KCE T AR A, JEst 100029

51 LAty S SLHE AR 1 52 7 B 2R me 4 kB OK T
SR IR R BT A AR P 2 e, L SR A B 2
P [E P S 1R o] LI 08 LR 7R K DX T SR ARIE, 4k
STV 2 50 1 R R TR i A= AR K L 55 X o i N AE XS o]
B K L X ST 3t -, DA AR X Kl 1 Rk R
B A b 3 UIAH O, HL AL UR DX A7 LR AR B 9 4 i
GF o BRBOR JEARSN, A B IR 5 1 40 X B AR AR A X
G DR TR 52 i ek 8 52 21 FE AR o 7 HT N AR R Ay
by AT BT B L DX PR A P 2 A A B R s
TFR T 4258 Eem B M Sr-Nd-Pb-Hf-Mg [ {7 2 {1 53
BTk A, I LA A FERR R B R A6 1 43 % AR X 2k
LeE R R o ASSCR I, o] T DX PR Bk &
AR B 2 fE R AL 2 R A DT A AR 22 5%, 4R
TN T RE R AN B R o A XA P 2 i Y SiO,
i (41.23~48.68%) \Na,0+K,0 75 F(4.05~6.36%)
TiO, &1 (2.57~3.58%) H/HF*{& (0.46~0.83). CaO/

ALO;{H (0.58~0.95) Fl Zr/Hf { (41.24~47.23) 5
S AR T B2 i PR b i A A8 AR IR X A AR AR, FR 7k
R AR R NN LB YR X o bk, B TT XA 2R
AT Mg A% (—0.43~-0.31%0) FITE Zn [F] 47
FFIE (0.47~0.50%0), X thF5 7~ FLYR X A] REATAE ik
U800 o % NI A7) P2 =Y R LI N G E o /s WK (R R (B e
AT {8 A B TR AR B 23 I N B B L e 8 95t X 1) B 2 5
K. St iamt, XX is A%
) Si0, & (48.13~51.22%) F1 HE/HP*{l (0.78~
0.89), M Na,0+K,0 & & (3.41~4.25%). TiO,
HHE (2.50~2.91%). CaO/ALO; fii (0.68~0.85) Al
Zr/Hf {f (38.57~42.08) A%, XI5/ A X P Fh 2 i
AL R T AT REAFAE ZE . AN, FuBE X A TN
Nd-Hf-Mg [FJA7 38 A7 Tk 1k 2 02 R e 4 455 4k 2
B, &7 dr Bt % s TR AR X s SR S A R
] 18 e I8 T 35
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7 7 BN 3% A & KRS FIR A X
HONE I S B BN R B R
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R B ) LT P T e A R A iR AR R R
FRE TR LG, BRI A - B AR
P9k, EIE A BIAOR RN phs A A T, FOBTEA
BLPE o N A AR AT AR R HI S AL, 28 17 B K J il
i BT 5B )k A g AL, A HUE 6 R RIS .
S e lnl 2 /b B e /e BBk BRI R AE T 21 12
. B 2 Bk A HuhE A FE OSBRI VE P
N2 PATT AP R R R I R RO A R
ZHAETERB T ER.

P15 Hr 1 U B RS R R R B (53°B) 1Y
RN, AT o AT AR A A e 2
BEEE T T%-17% A5 PR R, o — a4
R R R AR AR P A AR S I %, e s E B X
TR XS I PR Rl R AN ~T7.5% o 4545 THE B0 3000 AR SR
BT BRI B RV SR AR A ik 4, Al
HEWT, Do MO I = R A R, SN EL, BR
— B B I o A A R AR R B A R T A A AR
SE I 15 B BRI A E T, 2 R
PR B 4 7 R B 9 A AH RS 8P RO AR T J

o i A Bt e iR AF B (48-52°E) WIvEh A X
AW 7l Z R AR ER . ol & s i
) Th/U,La/Sm, Sm/Yb LL{EAR T 7 Hihg, XFER
e B YR I LE 7 g B4 5 s IeAk,
Tl 2 s MRS s o R S AR ARS8 o & LU
W30 A B9 1S PR LA, i B UG Zh &
ECE R, FR7R i & B BIUE DX R P0G B ) B 4
T HBE AR

ALK, A BRI E 7 17 A 2l
RO ot 48 70 AL B TP B A A RS
PG 7%, S TR A K A7 AE N BATTIA R L
I (R S BURE E RS T T Ak ik o

S% ik
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LR IE LT R BB T A A B Mg B [ FRFE L -

R B #8045 5 18 B IR Y HR

1,2 g A 2% y 3y 3
EE\TE ’ ]:jlbéi ’ 54%4@\ ’ Tﬁéﬁ
1 R TR R IR B 22 B, ViEFg 232001;

2. BB T K2R S A TR B, &0 2300095
3. A T PR AR 332 HOBEBA, 1l 245000

AT R R T AR AR AT e b R S A 0
PRI 32 R B W) A R 3)) 07 2 WL
A H R S B 1 BB AR A 2 A B g o 4
(AL LA™ W) b 3R A 2R IE R DL R s e b i 47 )it
AR R, 28 ) ) 2# I BRAR R0 5o AR
AT B I 1L 2R B IR e R B X G R I— 4k
ZCa T, KRS A R E NS S AT 57
TR 2 A AT T4 K-Ar B 4E, PRI 2 3 S
PRTTRE T 2 AR R ) M ER A 24 TR, H (R 200K
DX 3l T A A R g Rk i, TR R Gl D ORSEE
AR R AR e A FH OGS A T A BRI A AR A e g
AR AE [ R

R RNE 2 0 1 K-Ar 4RS84 73 Ma, &
T S S RS B R ) o RO S A S A R AR
AR S . o, MO Y Mg#E N 87.6~
89.0, RLJyMEAMEREA LA S ALO; &, 4>
4 3.93 wt%~4.97 wt%AH1 5.30 wt%~7.00 wt%, R i
A1H Crifi A 10.3~13.7, 345k 5 SRV 1R 25 A Pl
FRIE. FRAPEA BAHEMRER o5 (La/Yb) y
=1.69~3.91), A[a] -k 2 RN 25 4l 155 Ak i 36
IRAFERRR 7 BV 23 i 2% . BEAb, B RbVE A 1) Sr-Nd
7 A7 25 20 BN ¥7Se/*8Sr(73 Ma)= 0.7044~0.7052 1 exq
(73 Ma) = 0.6~2.8, MHE T Hi EACHNE A 55 1A, &
DS S B ) 7 3RE B o MR 2 (R ) i 2y DA S B R
AT TG A Sr-Nd - [FA7 28 41 A AR BT e i

HEEWH: EBFXRARBSESIE (41672052, 42030801)

LA 2R B 1 ik 2 A P g 28 g T I RE B 1D 3 40
Rl (1%~3% AL A AL 2%~3% M0 B salD, LK
Bt J R B ATE IR R TR AR R R AR R b 4 R A AR

SEA AT N IOT TR, BATTHR A e A B 1 (2 2
HE AT SR s SRR AR A T A AR I LA R A4
()% A7 BB Mg (Zhang etal., 2001); 7FH-M gk 2k
I, A Pl b s 2 A B PR R R T 24 by A4t
18 2 A B A L R 2 A BBl g (Liu et al., 2012;
Zhang et al., 2020); BLIF, D) KPR TT 4
16 BRI et P8 TR0 4 v, IFAE 2 145 Ma B T i 1)
1] FREVA I 4, T BROR MR L, i R KA (R 4
A A PR AR AR (Ma and Xu, 2021), JfAf
e — ELFPEE B (22 1 (29 73 Ma), SRS
A B e R LT R RS TR A LR, If
B9 5 WO AL 2 CLOE RO & 5 Rk
BiD)s EBTAEARET, A R g A b A ol |
A P S , FEAE KB e AR BTN ) N s
Bl b 2 K Rk T8 5 s 58 T2 F A0 U L TR 2 2 e
MG, H 2 JR AT SR DR B A 52 B4 Pl SR YR s A i
[ A A0 P S (Luetal., 2013). AIRBFST
T URARIE TR AR AR R S AT (RO A
T3k 5 Hp - Bk 2 TR T AR A RO 7 47 5 Ak 1 56t LA
T, s Tz RGN 2 A Rl Mg ik i, £ T
C RSP RR R IR0 b A OGS 3 AN o [ 4 R e v 2
AR A Pl S 403 1 400 5 R e T DR
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