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Abstract

The Mianning-Decahng REE belt of Sichuan is 270 km long and 15 km wide, and includes superlarge Mao-
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niuping deposit, large Dalucao deposit, middle Muluozhai deposit, small Lizhuang deposit and a series of minera-
lized spots. In the whole REE belt, the Lizhuang deposit is the the only one with stringer-disseminated characteris-
tics. The causes of mineralization characteristics and main features of altered carbonatite and syenite have not
been studied in detail. Based on field geological investigation and indoor study, the authors have emphatically
summarized ore types and features of altered carbonatite and syenite and revealed stringer-disseminated ore gene-
sis.It is found that the main ore types in the Lizhuang deposit are stringer-disseminated type and minor breccia
type. Stringer-disseminated ore is massive and has stable mineral assemblage, mainly consisting of bastnaesite,
calcite, fluorite, celestite and phlogopite. Large scale bastnaesite formed in the late hydrothermal stage and over-
lies the early calcite, fluorite and celestite. The rare earth elements distribution curves of stringer-disseminated ore
show LREE enrichment (33430x10°~46530x10°), HREE loss (160x10°~192x10°), and high rare earth content
(33620 x 10°~46690 x 10°). The characteristics of rare earth elements distribution ofstringer-disseminated ore is
consistent with those of carbonatite and syenite, but the last two are lower in total amounts of rare earth elements.
Compared withMaoniuping with developed vein mineralization system and Dalucao with breccia pipe, the mine-
ralization characteristics of Lizhuang mainly are stringer-disseminated type, and the reason may be due to the un-
developed extension fracture. The syenite-carbonate complex in the area shows strong alteration. The syenite with
typical fenitization is characterized by the replacement of K-feldspar by albite, with secondary scaly biotite. Mi-
nor bastnaesite is superimposed on the albite and biotite. The carbonatite widely develops reddening alteration.
The primary calcite with clean surface was altered by fluid, and a large amount of bastnaesite is superimposed on
the altered calcite. Orebodies are present in the syenite and carbonate rocks, BSE images and microscopic obser-
vations show that the bastnaesite is superimposed on the altered carbonatite-syenite. In combination with the
available data, the authors found that features of ore and some gangue minerals are consistent with the characteris-
tics of trace elements and Sr-Nd-Pb isotopic compositions of carbonatite-syenite, indicating that the carbonate-sy-
enite complex provided the source of REE mineralization. In addition, there were lots of metallogenic ages in the
previous studies.However, there exist obvious differences between these ages; there is no good consistency due to
different testing techniques and different test minerals. The systematic field geological mapping, microscopic ob-
servation and electron microprobe analysis show that the phlogopite is closely associated with bastnasite in the Li-
zhuang deposit. The phlogopite Ar-Ar plateau age is (26.0+1.1) Ma,which is very close to the previously reported
zircon SHRIMP U-Pb age of syenite and SIMS Th-Pb age of bastnaesite within the error range, andthis further ex-
plain genetic consistency between REE mineralization and syenite-carbonatite.

Key words: geochemistry, ore types and genesis, alteration, material source, *’Ar/*Ar age, Lizhuang deposit
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Fig. 1 Sketch tectonic map showing the distribution of Hima-
layan carbonatite-alkalic complexes controlled by reactivated
faults in western Sichuan (modified after Yuan et al., 1995)
1—Carbonatite-alkalic complex ; 2—Syenite ; 3—Alkaline granite;
4—Paleozoic-Mesozoic cover strata; 5—Precambrian
metamorphic basement; 6—Jinpingshan orogenic belt;

7—Strike-slip fault; 8—Fracture
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Fig.2  Geological sketch map of the Lizhuang deposit (modified after Hou et al., 2008)

1—Quaternary ; 2—Syenite ; 3—Carbonatite ; 4—Alkaline granite ; 5—Strike-slip fault; 6—Orebody
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Fig.3 | Field photos of the Lizhuang REE deposit

a. The contact belt with syenite and red carbonatite in the Lizhuang deposit; b. Lizhuang red carbonatite ore vein occurring in syenite;

c. Lizhuang red mineralized carbonatite with syenite breccia; d. Lizhuang red disseminated ore

and stringer and massive bastnaesite within calcite and purple fluorite
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Fig. 4 Photos of hand specimens and microstructure of disseminated ore from the Lizhuang REE deposit

a. Red disseminated ore hand specimens and local mineralization, with mineral assemblage of brown bastnaesite,red calcite and purple fluorite; b.
Red disseminated ore profile and local mineralization, with mineral assemblage of brown bastnaesite,red calcite and purple fluorite; c. Photomicro-
graph showing columnar bastnaesite overlying early cloudy calcite, with developed crack; d. Photomicrograph showing columnar bastnaesite depos-
its in the early cloudy calcite, and yellow-green phlogopite with smooth edge angle; e. BSE image showing columnar bastnaesite overlying early calcite,

celestite and fluorite, and the late celestite and calcite filled in bulky fluorite after its destruction; f. BSE image showing bastnaesite with better

crystal shape, developing crack,and overlying the early celestite, fluorite and calcite, and phlogopite with developed cleavage
Cal—Calcite; Bst—Bastnaesite; FI—Fluorite; Cls—Celestite; Phl—Phlogopite
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Fig. 5 Photos of hand specimens and microstructure of breccia ore from the Lizhuang REE deposit

a. Brown breccia ore hand specimens, with typical clastic support structure,and the fragment mainly composed of angular syenite and carbonatite

breccia and calcite and fluorite mineral breccia, the matrix composed of fine calcite and bastnaesite; b. Brown breccia ore profile, with typical

clastic support structure, the fragment mainly composed of angular syenite and carbonatite breccia and calcite and fluorite mineral breccia,

the matrix composed of fine calcite and bastnaesite; c. BSE image showing long column bastnaesite with good crystal form and overlying

the early celestite,fluorite and calcite, with coarse fluorite; d. BSE image showing minor smooth bastnaesite overlying fine calcite

Cal—Calcite ; Bst—Bastnaesite ; FI—Fluorite ; Cls—Celestite
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Fig. 6 Alteration of syenite and carbonatite in the Lizhuang deposit

a. Fresh and gray syeniteh and specimens; b. Fresh and white carbonatite hand specimens; c. Microscopic image of fresh syenite, mineral
assemblage of yellow-green coarse biotite and fine feldspar; d. Photomicrograph of carbonatite, visible heterogranular and clean calcite;
e. BSE image of altered syenite,with mineral assemblage of K-feldspar, biotite and celestite; f. Photomicrograph

of altered carbonatite, banding bastnaesite overlying the altered calcite
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(F 1)RW, EasH A 50 -0 R AW w(La,0,)+
w(Ce,y0;)+w(Pr,05)+w(Nd,0,)+w(Sm,0;)+w(Eu,0,)>
64.62% , . F B E R T OUR . B KA A AR
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Table 1 Electron microprobe analyses of major minerals within stringer—disseminated

ore from the Lizhuang REE deposit

a1 S bk BT BERAT
LZ10-3-1 LZ10-3-2 LZ10-4-1 LZ10-4-2 LZ10-5-1 LZ10-5-2 LZ10-6-2 LZ10-6-2 LZ15-1-1 LZ15-1-2
w(B)/%
Sio, 0.06 0.13 0.11 0.14 42.50 42.74 0.03 0.03 0.77 0.79
TiO, 0 0 0 0 0.56 0.65 0 0 0 0
ALO, 0 0 0 0 9.63 9.63 0.02 0 0.09 0
FeOT 0 0 0 0.03 10.34 9.55 0 0.03 0.04 0.09
MgO 0 0 0 0 18.02 18.03 0 0 0.07 0.07
CaO 0.10 0.07 0.09 0.09 0 0.11 0.05 45.80 46.85
Na,O 0 0 0 0 0.13 0.09 0 0 0.18 0.33
K,O 0.01 0 0 0.03 9.83 9.96 0 0.02 0 0
P,O4 0.01 0.02 0 0 0.01 0.06 0 33.45 39.11
F 8.74 8.05 8.43 8.21 4.98 5.87 8.85 8.77 2.47 3.54
Cl 0.03 0.02 0.03 0.03 0.03 0.01 0.02 0.01 0.02 0
SO, 0 0 0.01 0 0.02 0 0 0.01 0.54 0.53
BaO 0 0 0.08 0.07 0.06 0.03 0.02 0.12 0 0.02
ThO, 0.69 0.56 0.71 0.32 0.05 0 0.70 0.29 0 0.07
La,0, 13.86 13.50 14.15 13.19 0.06 14.57 15.14 0.22 0.19
Ce, 0,4 38.07 37.67 37.46 38.41 0.04 38.24 38.10 1.03 0.97
Pr,0, 5.75 6.30 5.18 5.15 0.16 0 5.13 591 0 0.18
Nd,O, 6.65 7.19 6.72 8.11 0.05 0 6.21 7.04 0.53 0.28
Sm,0, 0.26 0.20 0 0.13 0.06 0.19 0.03 0.28 0.04 0
Ew0, 0 0 0 0 0.16 0 0 0 0
Gd,0, 4.50 4.66 4.16 4.30 0 4.55 4.71 0.15 0.01
Jsvii| 78.73 78.37 77.13 78.21 96.42 97.02 78.54 80.51 85.40 93.03

VE 6 MR WL TR R A5 SRR 2 1 T B rh 77 COS 4143 , ML TAREF ARG COL 1LY

w (Ca0) (45.80% F1 46.85%) il w (P,05) (33.45%~
39.11%) , & w(F) (2.47% f13.54%) . =X E
w(MgO) (18.02% F118.03%) . %% w(FeOT) (9.55% Fll
10.34%) . & w(F) (4.98% f15.87%) ,Mg 5 Fe J& F44
WAEA T 3.1~3.4, RNZF = B R & o bk BEKA
MG R EF, fam i A A RS F
T&E, CAMR RV, E FASA T REEs (WiE#
FIPCTE (BRI SC4E | 2003; Williams-Jones et al.,2000;
2014; WEEE)4F,2011)
52 2EFRETESH

BET Rk JoR A 2n F METER
ARG IR 2, kiR JoR™ A A BRI w(Si0,)
(1.49%~2.59%) .1w(MgO) (0.25%~0.51%) Fl 0 (FeO)
(0.45%~0.70%) , & % REEs (33 620 x 10~46 690 x

10°) .Sr(53 040x10°~74 410x10°) ,Ba(35 300x 10~

58 420x10°) fl Mn(2401x106~2720%10°) , JL H. &5

LREE (34 130x10~46 530x10°) , %% & 1 Lay/Yby Lt
{#(1043~1183 ) F LREE/HREE .18 (174~282) , i +
JCE LA S IEA N 2 (] 7a) , A7 BH 51 Ce N1
Eu 5% o FER 702 ik [ (1] 7o), 4t kst Gtk
A E % Ba U La.Sr .Pb . Euss K FE ALK,
M 75 3% 5% JC 2 (HFSE: Nb, Ta P Zr . Ti) A X} 5§ .
BRI 1 5 42 REEs(1540x10°~16700x10°¢) , AT
47 1Y LREE/HREE . {H (56.7~175) , H.{& REEs %X
W2 2, AR YR A R R A B AT AR R
BH on Rtk (8 7a) (B4 kR GORE 4 A
i +oC R M LREE/HREE FU (A .

R Bk R (B 4 5 43 51 i LZO1, LZ02
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Table 2 Major element and trace element analyses of disseminated ore,
breccia ore and syenite from Lizhuang
14 PR A ERA g4 e/ N e ERAH FRRIRT 41
Lz01 LZ02 Lz03 Lz05 LZ21 Lz01 Lz02 LZ03 LZ05 LZ21 LZ1 LZS5 LZ6
w(B)/% w(B)/10°°
SiO, 149 259 249 66.68 64.73 Bi 3.25 104 207 0.16 0.17
TiO, 0.02 0.05 0.03 0.12 0.35 Th 236 222 300 256 9.99
ALO, 026 0.60 048 1490 14.50 U 3,55 403 134 433 2.68
Fe,0, 047 236 0.14 1.15 2.08 Nb 1.38 132 694 182 6.27
FeO 053 070 045 0.30 1.01 Ta 025 021 0.13 0.88 0.43
MnO 033 036 032 0.07 0.13 Zr 040 648 1.55 493 232
MgO 031 051 025 0.11 0.39 Hf 0.19 037 021 135 6.37
CaO 42.50 37.70 37.30 2.90 2.36 Sn 0.19 066 036 138 1.71
Na,0O 0.00 0.00 0.00 5.49 0.85 Sb 0.08 036 0.12 0.10 0.17
K,0 0.16 034 0.15 547 10.70 Ti 89.1 246 995 708 2217
P,0; 0.00 0.17 0 0.09 0.07 w 0.75 595 125 046  2.60
H,0" 052 033 058 032 0.38 As 397 413 597 204 0.71
CO, 20.80 18.90 20.50 1.85 1.55 v 80.2 221 89.6° 637 1995
LOI 2190 18.80 21.70 2.24 2.11 La 13030 11930 16240 76.9 389 5740 1600 436
Bl 89.29 83.41 84.39 101.69 101.21 Ce 16410 16350 22990 161 853 7970 2000 717
w(B)/107° Pr 1133 1195 1693 21.5 109 655 179 72.6
Li 342 363 156 538 9.45 Nd 3303 3669 5221 843 424 2120 577 256
Be 0.63 215 0.51 5.83 1.29 Sm 212 244 329 131 9.39 161  69.1 299
Cr 1590 12.50 35.60 5.84 5.89 Eu 422 48.0 594 346 222 312 204 6.85
Mn 2484 2720 2401 430 1142 Gd 95.6 122 98 8.15 8.07 60.1 374 147
Co 348 374 1.26 1.42 2.51 Tb 11.6 123 132 094 125 478 336 1.27
Ni 7.08 6.72 635 1.39 245 Dy 273 287 28.1 436 748 156 11.8 531
Cu 238 7.10 299 733 3.20 Ho 392 420 375 077 1.55 291 2.01 0093
Zn 38.1 523 248 257 41.9 Er 127 13.6 127 211 458 491 419 192
Ga 263 27.1 366 272 16.7 Tm .13 1.16 092 030 0.68 085 0.61 0.29
Rb 173 303 109 136 206 Yb 790 820 6.84 201 445 541 375 197
Sr 53040 72720 74410 634 272 Lu 1.08 1.12 093 031 0.69 0.64 0.57 0.36
Mo 127 188  28.5 0.67 0.92 Sc 423 546 699 197 129
Cd 1.06 320 0.71 0.08 0 Y 125 129 103 21.0 437
In 0 0 0 0 0.13 ~REE 34290 33620 46690 379 217 16700 4500 1540
Cs 033  0.76  0.28 1.09 2.86 LREE 34130 33430 46530 360 189 16600 4440 1510
Ba 55850 35300 58420 2292 2363 HREE 161 191 164 189 28.7 952 63.6 267
Tl 0.08 042 0.11 0.78 1.16 |LREE/HREE 211 174 282  19.0 6.58 175  69.8 56.7
Pb 231 4990 482 30.1 26.3 La/Yby 1183 1043 1703 274 627 761 306 158

T LUEEAA N 153 MRS TR ST R AR AR, 2 th TH A EG Y F \BaO \SrO & ik, AU T -

LZ03) Fl—AN RS (R 5 LZ07) 4 E e
451 A Hou % (2006) YK 3. 2 M IERK A4
F o BB UL 2, RIR A A AR w(Si0,)
(1.56%~2.61%) .w(MgO) (0.33%~0.73%) il w(FeO)

(0.16%~0.63%) , C/FM(100Ca0/(CaO+Fe,0,+FeO+

MnO+MgO)) FL B A F 94~98, J& T

EaL L

SR ) 5 JRURR TR

FUE 4 Sr(4000%10°~10 600x10°) \Ba(35 400x
10°~60 800x10¢) F1 REEs(9140x10°~40 800x10°) ,
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B/ BRRLIR A

1
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er

Tm Yb
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Fig. 7 Chondrite-normalized REE patterns (a) and trace element spider diagram (b) for disseminated ore,breccia ore

and carbonatite and syenite from the Lizhuang deposit(normalized values after Sun et al., 1989)

L THE ALY L PN B TR S 19 1 1 AH 42 3l (Woolley et
al,, 1989) . 1E KA A ) w (Si0,) (66.68% F
74.75% ) FAE M 4 53 (w (K,0+N2a,0)>9.10%), &
Sr(181x10°F1 634x10°) . Ba (2292 x 10 Fl 2363 x
10¢) , %X REEs (135x 10 f1379x10°) . M L&
Wik 14 (& 7b) 7T 0L, Sr.La . Ba %5 T R AL IR A h i
£E i Rb . Zr Hf Nb . Ta P Ti fE1FE K & AN B4
53 XAMBITHER

HEW IR TP BRI R A S A R 3.
YT ABRIRT A 5 58 2 IR AST] UL sl s, A
I, SR X6 AT A v . S50 ER I, M ERIR
W A7 FEZE R A YA BT (2.00%~5.7%)
FER B 46 157 (2.00%) , Bk A8 ¥ 4 J5 it 41 (6.0%~
76.0%) A7 BE (2.0%~46.6%) 3 A7 (7.0%~14%) . ==
B} (3.0%~28% ) FIHE it A1 (3.0%) o T3 1 4 1 £
WRAIRA A S h -y AR 2 AR E
5.4 Ar-ArEi#

MK 4 FE 8a b A] FH Y, 4 = BEAE i LZ13-1-

11-3 AE I TS ms A 2, b o A BRI i 29 95% 11
HEE MR B T R R A e o BERAE
I 2 4FEIS (27.4£2.9) Ma (MSWD=0.31) Fll I 4F #%
(26.0+1.1)Ma(MSWD=0.41) (&l 8a.b) , Hi4F 1%
FRIERE AR P RS S RE , H A Ar W1 R1E
N276.9+36.4 5 KB AE 2230 FBl N — 2, L, B
AR T AR A A I S T AR

6 W

6.1 WLHFESHKE

VAT WIve YO G LIRS IDR ] e Y Ny
F AR MERIR . g8 bKIR R A DL k-1 G
IRAGTE Jy SR IR AT 8, B A0 YN Rk
B, LKA YA T iR i R A A
mtE (Kl 4e f) . 456 FhA LK BSE EHE , St
W2 AR B SR, DUAR kR 2L BIOR e thin
Irfifn EEEAMRT AT (E4) . KT 28

®3 BEERIVAAGRTAMEBITHER

Table 3 Powder diffraction results of breccia ore from the Lizhuang REE deposit

FEfbgis WK AARE RlooRgE P it IeRT Y
LZl  HJE fRRe A 2% T (76%) 5541 (14%) , T A (3%) , =B (3%) , A9 (2%) , AAE(1%)  Fadiiv:
KEA(31%) , Bk =t (23%) , Ffifi (21%) ,
LzZ5  HE fAiRke 2% cH k0 1)
BRI G (11%) T 92(9%) T G (3%) BT
LZ6  HJE MR A 2% BIRAT(30%) , BT (28%) , 152 (18%) , BH AT (16%) , T AT (6%) [RUSuTon
LZ14-3  HJE fiRRe A 6% £ (46%) , AT (29%) , 447 (7%) , B b1 (7%) , B (5%) [RUSTon
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Table 4 Ar-Ar step-heating results of phlogopite from the Lizhaung deposit
BOEIIR  YArPAr YArPAr SAPAr YArYPAr, A% AL/ % iMa
IS 26
HEf A5 : LZ13-1-11-3 BRIFZ%J=0.000 496 70+0.000 024 84
1.50W 7311430  47.046556  0.014880 2.91421 39.86 17.43 25.99 3.21
1.60W 7.789556  118.057046  0.017843 2.51681 3231 7.15 22.47 5.81
1.70W 6.494205  325.246172  0.012657 2.75377 42.40 2.60 24.57 12.95
1.80W 5.347104  42.096617  0.008349 2.88011 53.86 20.88 25.69 2.23
1.90W 5.032879  25.675774  0.007140 2.92301 58.08 33.16 26.07 1.59
2.00W 3.661303  234.584635  0.001461 3.23013 88.22 3.29 28.78 9.35
2.10W 4.734433  78.069037  0.005680 3.05801 64.59 10.15 27.26 3.64
2.20W 4.314288  257.564290  0.002824 3.48312 80.73 3.16 31.02 10.58
2.30W 3.975942  374.893412  0.000315 3.88833 97.80 2.18 34.59 14.06
RE B TR R ARG 2 B Sd) . ARG IR 7E R R

Wz b 8T IR B B i e e o [RIE, etk i
7F BSE [# & rh e Wl 5 A2 4k, R B 4173 22 S 80/
SRR BT B — B 2R IRE B A2 BT L AR G AR
/NI I 22 5, 32 W A0 KR IR P SRk i

W A — YIS, BRI AR R R A,
HAT SLAY R S PEAEHE , 90 I8 222 e AR - IR
IR BRI A A F R LA N 7 A+ AT+ R
AW AR ZEL IS, R T R T 8 A ) FRR B
AN AR A7 BB 171 2 5 bt A
AR . MAERIRE £ R 2 RO 5 A
W, BRI B RWORL T i HA IR E A Z L
(&l 5¢) , bt b JE Uik o 1 e £ 17 300 A R D7 At 41

70

st a % =Bk
0 B4R M (26.0+1.1) Ma
MSWD=0.42
33 £ 5 95%[° Ar
50
45
§40 _
& 3 M 26.0+1.1 Ma
& 30
25 l_ It
20 L]
15 -
10 -
5
0 10 20 30 40 50 60 70 80 90 100
AT RE R %

—
c<C 0.0025

T
Lol
<€ 0.0020

WA A SR KES , RVILEA 209 Pt
o SAMPKRGCIRT AR F R, AR A
A VFZ R IRASNT] UL A S i, A f A IR 3k 2
KU E G A — 25, IR YR A0
WA N AR+ A+ A+ REA+E s
Bl T A RRARAT A 7 W) 2 Dl SRR B 4+ B A A+
IO+ O+ RF A+ R A+A3 (R 4) .

AR T4 4 FEAUR RERE 87 K, B R k2D A3
it B BE, U IR B BRI B B o AR B i A
FERA (Hou et al., 2009; Liu et al., 2017), 44~ £FH5 +
JCEW IR, BB YE T R KA -8
it A1 - B A7 /G A8 A - 5 A8 A - VB A - 7 B A/

0.0045

b S AR RS 9 (27.42.9) Ma
WIIE A/ Arfi=276.9+36.4
MSWD=0.31

0.0040

0.0035

0.0030

0.0015

0.0010

0.0005

0.0000
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45

PAr/*Ar

8 HLEWIKH 7 P 4 BE O Ar/° Ar FEAR A (a) R S I R AR 4 (b)

Fig. 8

“Ar/*Ar spectra (a) and inverse isochron age (b) for phlogopite from the Lizhuang deposit
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Fig. 9 Paragenetic sequence of ore and gangue minerals within the Lizhuang REE deposit

P, KBRS + o0 E W PR (227N, 2005; Hou et
al., 2009; Liu et al., 2015b; Liu et al., 2017)#" 4 4 il
KRB K AT - Bl T - K A7 - 58 6055 7 - UK Sl
o [RI, 455 2R ) e A T 25845 5C R \BSE ]
G R R B R AR S8 DG &R B L R vh
F B W R A B KA A 24 K A - -SRI -
BB JT A - K A E A - A A o B
/AR B AR AR B R - T (B19) .
A BT T AR R AR AR X
T2 BRI 3 0 Sl R R SRR B | A RN T i
FNEA L, Wz 7 ER A FE 4 P KB IR
(B D) R =27 2 4 W W 4, W 24 SE i %k 10
km, WiFE 24920 10 m 2247, 00 B8 0 R 1 30 B DL S 3
B TR MR TR AR PR LR KR 01
FRIE o 2B p A KB A PR (B 1), H 15
O 2252 3 LR T W AR A, T 3 507 (A 52 141
W WA o T RO A 1 T Bl (A K R A
R 1 S0 IR 3 S0 KT LT AIRRY A, %
BT AR AR V& ZE BT IR, o X A2 TR R W
r"“C)Jiﬂ Jry BB AT UL —LEFE AR A EL 10 m, T8 1~5 m 15K
PEZLRR , 45 RVE 20 IR K B IR 1~5 m 9 F ik o
FE I JUAF BF A b 5T i s vh A 30, BT R R H 3z 1
20 iy T A ] (18 2) |, BT 24 SE A 24 200 m, BT R 29 5

m, T TR A0 5 m, TR R,
FUBSRE /N, BB A5 DX N A 7 A A T A 1 A e
o B, SRS IR E , REE N &0 RS B A
TUVE $& it — 20 7= (1 23 1], SRR A 07 LA S koA 07 4
A ) SR KR G R 7 . 2R DR A R T
Bl 559 K PEZEBRAN K B R D A ki YRk 1k
FRIE ) BRI
6.2 B HERKRIR
o33 LA 0 B A1 b S R A e B, B X P B R
AR KA M ERZ S s YA (K 3ac),
Fiis 1B A8 DL BKCAR TRAE AR B R - I 24 Ak rh
(E13b) o IEA A BRI S A R AR R A T Bl
AR, 456 B A0 TS BSE K% K i ol B8 WL 5%
R, IERSA & H RIS, H AR B A
Z AR A T — SR A A RN IR R S B B
KA . Dt A UK AT S 0 7E 2006 Al
KAMBRIEEFETWZ (K 6c.e). RIRET
2R E LA AR | BRI B J5 A SR 0 7 i
AT AZ AR AR, FRTE VA LA R S SRR B S e
A g 2 b (E 6d ) .
W X AR KR R BRI A R R A
IE KA T R B 2 AR A il 26 (18] 7a) , ¥
7 B A4 Ce I Eu 5%, ¥ B %5 LREE/HREE [t
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Ho HUPKIR YR A RN ER A A LA S T R o
AR AE (& 7b) , 5% Sr.La.Ba%$ 0K, 5 il Rb. Zr.
Hf Nb.Ta PHITIZFICER . A SIRE IERKATE
Ui TO R A BURRAE B AR RLPE SR A WM . ()
& G T AT R, Rz IR ka0 A
fife A1 RN A7 1) Sr-Nd-Pb [R5 28 21 7 22 5 #L /)y, He Sr-
Nd-Pb [y 2 415 e 75 FE K 2 i AL . ik
R A FNIER A 5 kA 0 Y 7E Sr-Nd-Pb R 2 2H AL 1
B — BRI T =& B R A 2k U5 (Hou et al.,
2006; Liu et al., 2017) .

W DR L TC R AR AR B R R A AR
1, BSE KI5 K 5 1 i 45 S /s S i A 25 Jin A ok
BWRIRA-IEK A2 B IS E AR LT A &
BB KA 0 ) 5 R R 7 - 1E KA e B Je 2 RN )7
B R — 30, RUTBRIR - IE A A A R P 1t
T AR IR L IC R LR Bk I
6.3 M Fi

H i 4R B0 PR IE K 25 (19485 47 SHRIMP U-
Pb 4E# J(27.41+0.35) Ma(Liu et al., 2015a) , # {4,
12 YR A v BT ) PR BEOAT AOAr AR IR Ol
(30.5+0.4) Ma( 3645, 2008) , FUhsl 07 ) SIMS
Th-Pb 4 #% 4 (28.4+£0.2) Ma (Ling et al., 2016) Fl
ICP-MS U-Pb 4F % 24 (33.0+£2.1) Ma(Yang et al.,
2014) o X BEAEHE R TS [R]85 3k RS ] g
W DL S H B iR 2 AR AR ) Ak 22 5 (1~6
Ma) , B AR — B0k . XT3 A AR AE R 0 /)N
RUPIEIR , H PO R SL 800, 31X 4 B8 12 () A 18
A, BRI T XZ T R — 2 pE . e, KA
B A AR T DUARER L B AR SR X — B
AEWE /N T A 3 S AR S R T R T AR
LI E AR M AR G . R, AT B B
FEA™ R B AF 8% E 47 FORTRE 0 2 . R e i B b
Hb BT A BB S FNH FERE TAE R, B
JEW R R R B 5 ke K ) A i 4
=B (E4), FH L, &= B0 AR ] DR R0 IR B%
WAEWE o A WDNAS B AT IR o 4f k= Je koA rh
4 7 BE AT AT BEAE IS Jy (26.0+1.1) Ma(MSWD=
0.41) , FIF X I F) I 55 s 28 4F % 0 (27.4+2.9) Ma
(MSWD=0.31) , i illl - 47 4% 5 2 55 B 2 H A7 AR 4f
M) — Bk o 8] PR AR I (26.0+1.1) Ma(MSWD=
0.41) 3k H 2 I H K 4l 5~ SIMS Th-Pb 4F % (28.4+
0.2) Ma (Ling et al, 2016) K& 1FE £ & 09 &5 A
SHRIMP U -Pb 4F ## (27.41+0.35) Ma (Liu et al.,

2015a) , = HEABEH N —8 . WL, o] DIIAK
(26.0£1.1) Ma & HLFEFs + 0 K ™ 45 1% IF ik — 2
#6878 REE {0 5 1E K & -k PR A 7 i A | B —
o

7 %

(1) 7 XA 2B 0] 43k 4 ki G R ff ik
AR, AR Gk 3. dibkig gtk A aRRe A
AL P A R R+ A+ A+
KEA+entl. FRET S R y i sl
MRFAZLE I T A B I . 87 X P i i
15 30 55 Ak 24BN & B R DXOE B4 kiR etk
PR R LR

(2) " K IE K3 Rk 7 R A, 33k ol A
DU A B B A SRR AR, IR Ik A 6 iR
BABE, BRIRAT 2 KB LAk, R AR R
7 fiff A0 TR A AR, R SR A 40 e n o ok AR Ty fe
f2 b

(3) S5 5 BPAM TG 5 A2 AR AR DL R R T
F R R ALRURRE DO IR R - 1E KA 2 A AR
PETAH R L A TR

(4) 383 X B0 PR A 4l kR etk A vp 5 98
WA 7 25 U1 3E 1R 1 4 2 B A A AEAR BT IE L 3R
1534 = BE AT Ar FEARE IS O (26.0+1.1) Ma, iZ AR 1%
A LAACK AR o0 R0 R 3 B 4RI

BB ARSCIES S AR R A B RS R
FIHE T AEBC TR RIS o i L AR Y

F BRI
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