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Abstract

The Zhengjialiangzi ore section is the main metallogenic block of Muluozhai deposit which is located in the

northern part of the Mianning-Dechang REE metallogenic belt in western Sichuan. It is found that the main ore-
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bearing rock in the Zhengjialiangzi ore block is marble, in which the developed tensile faults fill a large number
of veins through field investigation. As the ore-bearing surrounding rock in Zhengjialiangzi ore block, the marble
is obviously different from the other deposits’ surrounding rock-syenite in the ore belt. In order to further clarify
the relationships between marble, syenite and REE source, this study conducted comparative analyses of the geo-
chemical characteristics of related rocks and ores. The REE content of syenite is 1211x107°~2974x10°, and the
REE distribution curve is characterized by light rare earth element enrichment and heavy rare earth element deple-
tion. The near-mineral alteration marble has a right-dip REE distribution curve, and the total REE content is
1131x107°~1935x%10°°, while the total REE content of fresh far marble away from the ore body is 8.20x10°~8.69x
10°°, which shows that fresh marble may not provides a source of rare earth materials. The §"°C,,,,, of fresh mar-
ble varies from 1.3%o to 1.6%o, and the 8" Oy, gyow ranges from 23.2%o to 23.7%o. It shows that the fresh marble is
the product of metamorphism of marine carbonate. The variation of the 8"C,,,, of altered marble is 0.4%o to
0.7%o, and the 8"°0,, q\ow 1S between 15.7%o0 and 16%o, which indicates that the marble is affected by hydrothermal
alteration and underwent carbonate dissolution. The changes of §"°C,,,; values of fresh marble and altered marble
are small (0.4%o0~1.6%o), indicating that these two marbles are homologous. Near-mineral marble may be only a
product of dissolution and alteration of carbonate rocks. The range of §°C,,; of calcite in the vein is —4.6%o to —
4.7%o, and 8" Oy.qyow 18 between 11.8%o and 12.5%o, which shows that the carbonate magma undergoes low tem-
perature alteration, which proves that the vein and marble are not. The **Pb/**Pb, *Pb/**Pb and **Pb/**Pb values
of bastnaesite in ore are 18.3143~18.3629, 15.6243~15.6349 and 38.6197~38.7309. The **Pb /***Pb, *’Pb /***Pb
and **Pb /*“Pb values of syenite is 18.3233~18.3568, 15.6298~15.6360 and 38.6664~38.6880. The comparison
shows that the Sr-Nd-Pb isotope data of the syenite and carbonate in the three deposits are close, and it is likely
that they are from the same syenite-carbonate complex. The existing diagenesis and metallogenic ages of the Mu-
luozhai deposit are different due to the different testing methods and test minerals. In this study, phlogopite,
which is closely co-existing with bastnaesite, was used for the Ar-Ar determination. In view of the fact that the
phlogopite and bastnaesite do not have multiple stages in the ore, the age of the formation of phlogopite (27.6+
0.2) Ma is a good representative of the metallogenic age.

Key words: geology, metallogenic characteristics, geochemistry, material source, * Ar/* Ar age, Zhengjialiangzi
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Fig. 3 Photos of veins and marble from the No. 8 mine in Zhengjialiangzi ore block
a. The boundary between the coarse REE veins and the marble containing pyrite veins; b. The boundary between the REE stringers and the marble
containing galena veins; ¢. REE veins with black breccia developed in bedding; d. The boundary between the REE stringers

and the marble containing coarse calcite
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Fig. 5 Photos of vein, typical ore and microstructure of breccia ore from the Zhengjialiangzi ore block

a. Field photo of ore vein, the bastnaesite is impregnated with intercalated ¢

alcite, superimposed on purple fluorite, visible pyrite; b. Field photo of

ore vein, the bastnaesite is interspersed with calcite, purple fluorite and barite are aggregated with calcite, visible galena + pyrite; c. Dip-like ore with

yellow-brown bastnaesite + white calcite + gray galena + purple fluorite; d. Dip-like ore, containing yellow-brown bastnaesite + white calcite + white

barite + purple black fluorite + pyrite; e. In the BSE diagram, the bastnaesite is long columnar and completely in crystal form. It is superimposed on

the calcite and fluorite formed earlier and closely associated with the phlogopite.; f. In the BSE diagram, the bastnaesite is superimposed on the fluo-

rite in a column, the pyrite is superimposed on the bastnaesite, and the galena is interspersed with pyrite; g. In the BSE diagram, the bastnaesite is

long columnar, superimposed on the calcite, and the fluorite is superimposed on the barite. They are interspersed with calcite; h. In the BSE diagram,

columnar bastnaesite is superimposed on fluorite, and fluorite and barite are superimposed on calcite

Cal—Calcite; Bsn—Bastnaesite; FI—Fluorite; Phl—Phlogopite; Gn—Galena; Py—Pyrite; Brt—Barite
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{H o Pb [Af7 2 09 I & 43 M 68 1 LA R [ BR b 1
NBS981 1Y 1A : 2°5Pb/2%Pb=2.1674+0.0004 ; 2°’Pb/°Pb
=0.914 78 +0.000 18;2Pb /2%Pb=16.9402 + 0.0070;
207ph 204Pb=15.4966 + 0.0030;205Pb /2%4Pb=36.7155 +
0.0120(20) .

HF Ar-Ar @M YRR AT 4o
B, A B sl E R m I & bk, WERE M4
EEBCEIA O D, SR Pk B R HE kAT
T IR % TAERTE P E 5 Re RS A 5 B A9 Ui
PR HE " AT A, 4l B4 fLIE , T FIR AR

2.65x1013 n cm™2S™! HRUFF G [H] 2 1502 min, B3
-3 50k 2.39%1018n om ™2 ; Bk E A L 2 AE 2% B
B2z b7 IR AR AR B N9 ZBH-25 B BB
FRUEAFEHE M (132.7+1.2)Ma, w(K) K 7.6%. fi 41 58
WK G 2 BERE AT I BRI A A UL Y B
T 10 min, 285 4k 20 min, F| FH 2 8000 A<
M E AL Helix MC JE47 538 4087, W (E AR Y 4
20 ZHEHE , 553K SO (R 1 A ) 22 oA P R
1E. it IR 5 Y K,SO, Al CaF, A 3K A5 1 i it
R BT A 0 TR R B A E R AR, 3K 2 R BUEN
(3°Ar/7Ar) Ca= 0.000 239 8, (““Ar/*Ar) K=0.004 782
FI(*Ar/A7Ar) Ca= 0.000 806, 37Ar 3 i i 5t 1t 5 7%
B TF 59K % 78 B % A=5.543x 10710 a~! ( Steiger et al.,
1977) ; FH ISOPLOT 4K {4 S A 4% AR FORt 17 1) 1E
SRR 2R AR (Ludwig, 2001) . FRAERS IR 227
H 26, BRICAE(2006)F15K 255 (2006 ) X 33 L5256 31
FEA RN AR .

5. AR

5.1 BFRESH

R GEFHBOZ Ytk b B2 P I T
FHBGE (36 1) 3R, B0 A0 P sasin & E5
i £ooE . Hoh B 2t R A La,05+ Ce,0,+
Pr,0,+Nd,0,+Sm,0, > 56.83% , 4> 2= B} 5 5 w(MgO)
(21.2%~21.5%) , & w (F) (7.27%~7.86%) , 1 X 7%
w (FeO™)(3.45%~3.68%) . T kA k% & % w(BaO)
(63.2%~63.3%) 5 w(S0,)(32.6%~32.8%) . KA1 &4
w (Si0,) (66.3%~66.8%) . w (ALO;) (17.4%~17.9%)
PR w(K,0) (15.1%~15.4%) , 25 I HOMEP KA

IR NS Z AW S m B E A PRV
REARENFE T, AT E F R iias fl
T + ot & 12 % il E 4 (Williams - Jones et al.,
2000;2014)
52 &ES5TYMHRLITESN

ARG BB R LT Be i KIRE 34
A KRB 2 P FNIE KA 2 R i T 2 A 6 £ oo R
OYHT B (3R 2) BRI REA B TR Sl
1535%107~1936x107%, LREE=1473x10"°~1858x10°°,
HREE=61.6 x 10~98.6 x 10°, LREE / HREE=17.0~
239, i LC R E & A M (& 7a) o 24
KEBLA B 0 R TR 8.20x10°~ 8.69x 107,
LREE=7.32x1076~7.66x 10", HREE=0.88x1076~1.03
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Table 1 Electron probe results of major minerals within disseminated ore from the Zhengjialiangzi ore block

4 SR Eopagis Cifive) AT
PIL2-5-2-3  PIL2-5-2-4 P1L2-5-2-1 P1L2-5-2-2  ZJLZ18403-2-3 ZJLZ18403-2-4  PIL2-5-2-7  P1L2-5-2-8
w(B)/%
SiO, 0 0.04 50.5 51.3 0.04 0.05 66.8 66.3
TiO, 0 0 0.39 0.44 0 0.02 0 0
Al,0, 0 0 6.67 5.72 0.29 0.25 17.4 17.9
FeO" 0 0.01 3.68 3.45 0.01 0.06 0.26 0.10
MnO 0 0 0 0.01 0.02 0.06 0 0.02
MgO 0 0 21.5 21.2 0.01 0.02 0 0
Ca0 0.14 0.12 0 0.01 0.24 0.13 0 0
Na,O 0 0.01 0.13 0.12 0.12 0.20 0.36 0.26
K,O 0.01 0.01 10.3 10.1 0.02 0 15.1 15.4
P,0, 0.01 0 0 0.01 0 0 0 0
F 8.15 8.47 727 7.86 0.05 0.10 0.15 0
Cl 0.05 0.05 0 0.01 0 0 0 0
SO, 0.01 0.01 0 0.03 32.8 32.6 0 0
BaO 0 0 0.05 0 63.3 63.2 0.05 0.08
SrO 0.25 0.12 0 0 2.40 2.72 0 0
La,0, 14.3 13.8 0 0 0 0 0.06 0.10
Ce,0, 33.7 329 0.05 0.05 0.04 0.04 0.08 0
Pr,0, 2.81 2.85 0 0 0 0 0.01 0
Nd,0, 6.01 5.97 0.02 0.03 0.08 0.12 0.01 0.05
Sm,0, 0.02 0.11 0 0 0 0 0.03 0
Eu,0, 0 0 0.08 0.09 0.05 0 0 0
R 65.4 64.4 101 100 99.5 99.6 100 100

TE < H TR CO LY , L FHRET ARSI CO, oY , 2 AU A FE 4R ET A HT 4 AL SRR

10, LREE/HREE=7.44~8.32, i A uMs oo
i 1211 x 1079~2974 x 1076, H:H LREE=1173 x
107°~2906x 1076, HREE=38.1x 10 6~68.7x 1076, B4y #;
/5 i LREE/HREE(30.8~42.5) 5 Lay/Yby H 1 (93.4~
192) , [FIRE A A 5 + o0 3 Bl o #h £ (& 7a) , JTEH
i Ce . BuS ¥ . it xF HEml 0, AR 20 BE Y IE
KA SHEA P B R R BRIR A - IE A A A AR U 1
JCR EAERHE M Lot R G 5k ER LR ILE
BRI

XTA Ik H %) e R Bl 5 5 A DL R A R
KHEUA T A 45 3 R EAT SR Y e Ry
Br, g5 (R 3) W, ksl v St LR &N
835 297x 107°~838 805x 107, LREE=832 228 x 1070~
837 078x 107, HREE=1727x1076~3069x 10, LREE/
HREE=271~485, i 1. 70 & il /3 M & S A ka3, %
AR AY Ce . Eu st (K 70) s 0 Bk v 1 7 i A7 o Fs
+ICE S B H 829%x107°~997x1076, LREE=799x 10~

967x10°°, HREE=30.2x10"~47.0x 10, LREE/HREE
=18.6~32.0, % LIC R ML sr M2t 2k, 5 %
e il A A LU AT AR B2 25 /N CIEL 7)) 5 3 ik R 3L TP 1
J7 i A1 B o0 E A 5N 3.96x1076~16.7x107°,
LREE=3.77x10°~16.5%x10", HREE=0.19%106~0.38
10, LREE/HREE=19.8~75.0.
53 C-ORIENH

AR SRR F 0B 9 R GL (1 55 ke Y
D7 AT 3F IR R IR 3 08, B e R 3 1)
HEAT C-O [ Ar 2 W3k 40 B, Horp 3 040 05 fif A1 19
83 Cy.ppp AL TE A — 4.6%0~ — 4.7%0 , 8" 0y spow I
T 11.8%0~12.5%0 Z [H] , J& TR IR A2 1) 7740 5 3 i
BT IR 1 813Cyppp 22 ATE I 1.3 %0~1.6 %o,
880y smow I T 23.2%0~23.7%0 Z ] , J& T-HE R iR 15
R 5 3T RIS 1Y 83Cyppp 2 AL
N 0.4%0~0.7%o , 5'* Oy spow I T+ 15.7%0~16.0%0 Z [H]
(#£4,K8),
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Table 2 REE results of syenite and marble from the Zhengjialiangzi ore block
414 B KHLE GEG) KA (L)
P3L1-1-0 ZJLZ19-2 PIL1-2-3 PI1L1-4-7 P1L2-5-1 MLZ01-2 MLZ01-4
w(B)/10°6
La 847 323 380 462 378 2.11 2.66
Ce 1398 539 699 895 791 3.32 2.74
Pr 137 59.4 80.4 99.9 96.9 0.4 0.35
Nd 455 216 270 342 341 1.47 1.23
Sm 56.4 29.0 33.4 46.0 50.0 0.28 0.26
Eu 12.3 6.66 10.1 12.7 14.6 0.08 0.08
Gd 343 16.3 29.6 40.2 459 0.31 0.23
Tb 3.86 2.11 3.38 4.28 5.34 0.05 0.05
Dy 16.7 9.97 14.2 17.7 24.1 0.25 0.20
Ho 2.49 1.56 2.30 2.66 3.65 0.05 0.05
Er 5.45 3.71 6.19 6.89 9.98 0.14 0.14
Tm 0.81 0.57 0.80 0.87 1.30 0.05 0.05
Yb 4.55 3.46 4.57 4.81 7.32 0.13 0.11
Lu 0.58 0.46 0.58 0.60 0.97 0.05 0.05
>REE 2974 1211 1535 1936 1770 8.69 8.20
LREE 2906 1173 1473 1858 1672 7.66 7.32
HREE 68.7 38.1 61.6 78.0 98.6 1.03 0.88
LREE/HREE 423 30.8 23.9 23.8 17.0 7.44 8.32
®3 BRPFVRABA . BEGTHRLITRANER
Table 3 REE results of calcite and bastnaesite from the Zhengjialiangzi ore block
P JifiA (i) TR i CRIE)
ZJLZ10-1 ZJLZ10-2 ZJLZ10-3 ZILZ8-1 ZJLZ8-8  ZILZ1(2)-1 ZJLZA4-1-1 ZJLZA-1-2 ZILZA-1-2
w(B)/10°
La 182 227 160 384497 363240 325665 7.26 1.69 7.29
Ce 410 464 387 352531 366135 377283 6.71 1.34 7.18
Pr 48 50.4 44.7 25840 27612 30657 0.5 0.12 0.56
Nd 194 194 177 69248 76091 91490 1.26 0.55 1.31
Sm 31.4 25.6 24.3 3117 3526 6168 0.14 0.06 0.11
Eu 7.99 5.64 5.67 406 474 965 0.02 0.01 0.05
Gd 22.4 15.5 15.6 1782 1552 2583 0.07 0.03 0.08
Tb 23 1.47 1.47 58.1 56.5 125 0.02 0 0.01
Dy 11 6.35 6.88 85.3 92.9 285 0.14 0.08 0.04
Ho 1.85 1.18 1.14 7.56 7.98 27.1 0.02 0.01 0.01
Er 4.63 2.66 2.61 14.6 15.4 39.8 0.05 0.02 0.05
Tm 0.63 0.38 0.35 0.53 0.53 2.13 0.01 0.01 0.01
Yb 3.67 2.35 1.99 1.40 1.13 6.28 0.07 0.03 0.02
Lu 0.48 0.29 0.25 0.19 0.16 0.50 0 0.01 0
YREE 920 997 829 837589 838805 835297 16.3 3.96 16.7
LREE 873 967 799 835639 837078 832228 15.9 3.77 16.5
HREE 47.0 30.2 30.3 1950 1727 3069 0.38 0.19 0.22
LREE/HREE 18.6 32.0 26.4 429 485 271 41.8 19.8 75.0
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Fig. 7 Chondrite-normalized REE patterns for syenite and marble (a), calcite and bastnaesite (b) of the Zhengjialiangzi ore block

(normalized values after Sun et al., 1989)

54 Sr-Nd-Pb[EI{iIZ

R GE T B AE KA T A v i Sk £ 19
Sr-Nd-Pb [Fl i R Hra R WK 5,5k A B 24
Ii) 351 T B9 TF K A B9 97Sm/4Nd i 2 %58 4% (0.0491~
0.0794),'"“Nd/'"“NdEZfk/1M0.512387~0.512414) ,
(*7Sr/%Sr), B9 A T 0.705 423~0.705 915 2 [i] , H.
End A K (- 421~ -3.69) , ¥ K7 {l , Nd
T B S AR R (Thy(Ga)) i 0.70~0.82, 1E
(F7Sr/%0Sr),- £ng(1) B CIET 92) H AR A3 A VR 7 B St
e 1 5 A b [ R RfhiT, HSEir s e g 1 o

J—_E {( % E/(J 206ph /204ph \207Pb/204Pb *ﬂ 208p 204ph ﬁ}.
5 2h 18.3233~18.3568, 15.6298~15.6360 Fil 38.6664~
38.6880, . Bk %l B HY29Pb.2%Pb.27Pb /2%Pb
FROSPb 2%4PbA35IoA 18.3143~18.3629.15.6243~15.6349

x4 MBRPFHERKIEEST P AHEA C-ORBERER
Table 4 C-O isotopic compositions of calcite in marble

and vein from the Zhengjialiangzi ore block

K5 FERZFR 813C,pp/%0 8180 ppp/%0 850 gyow/%o
ZJLZ3-3 KIS 1.3 -7.0 23.7
ZJLZ3-4 KIS 1.3 -75 23.2
ZJLZ4-4 KIS 1.6 -73 23.4

ZJILZ8-5-2  JifEe -4.7 -185 11.8
ZJLZ8-5-3 i -4.6 -17.9 125
ZILZ8-5-4  JifEdr -4.7 -18.1 123
ZILZ7-1-1 RS 0.7 - 145 16
ZILZ7-1-2 W RS 0.4 - 148 15.7

ZJLZ2-2  EH KIS 0.7 -132 17.3

H138.6197~ 38.7309, {E2Pb/2%4Pb-2"Pb /2P [&] ( [&]
Ob) i 2RI A DI S TR M 1 5E
G 5L H - H YL ES.

5.5 Ar-ArFEi#

FH A0 E B FE 5 o 5 ks AR S s
KNS SR W 6, R 6 FIEI 10 hal LLE H « #F
o ZILZ15-8 AF Iy i s i 2l . ML 10 ] LU
i AT SRR R 24 98.8% I i 22 1Y 7 AL B 4
T ZILZ15-8 1 45 I 26 4R 0% SR (27.11+0.53) Ma
(MSWD=5.4) Fil ¥ 4 % (27.60+0.20) Ma (MSWD=
0.64) . HAREIERFIEEE , FE G R &
H AP Ar FIEAIE 310420 5 RSB TEIR 2% 1 F
—5,

10
FHRIRAEH
4l R A T "
L ks ik ® o
ks ”vﬁ\w i [ .
sl S _om b AR
£ | ek BE |y OREEAEA
& 4 E
>5-) -15}
© 20
4—\,—»
-25 o I KHLE HRUR AR TR A B
& ITHRIE
30F o BORKHRRIDIER
335 5 10 15 20 25 30

leov,smnw/%o

K8 RER T BORHLE S8 Ik 5 A1 C-O [ R4
Fig 8 C-O isotopic compositions of calcite in marble and

vein from the Zhengjialiangzi ore block
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Fig. 9 Sr-Nd-Pb isotopic compositions of syenite (a) and Pb isotopic compositions of bastnaesite from the Zhengjialiangzi
ore block (b, modified after Hou et al., 2015)

x5 MBRPFHBRIEKSE Sr-Nd-Pb ST Pb F AL R HRK

Table 5 Sr-Nd-Pb isotopic compositions of syenite and Pb isotopic compositions of bastnaesite from

the Zhengjialiangzi ore block

RS FER A TR 205Pb2%Ph  207Pb2MPh  205Pb2MPh  STRbL/ASSr FTSr/ASr | (MSr/ASr),  Sm/MINd INd/INd ey (1) Toy/Ga FE
ZJLZ-102 BT 18.314 15.624 38.620 A3
ZILZ-103-2  HUETD" 18.363 15.635 38.731 AR
P1L3-7-3 ERE 18.357 15.636 38.688  11.430 . 0.705915  0.705915 0.04910 0512387 -42  0.70 £
P3L1-1-0 ERA 18.323 15.630 381666 7.607  0.705423  0.705423 0.07940 0512414 37  0.82 ES'
MNP-15-1 R 18.270 15.648 38.611 1770 0.706796  0.706796  0.07796 0512422  -3.7  0.82  ¥FHi%E,2002
LZ-08  KAGEKR) 18.295 15.618 38.557 0.034  0.706578  0.706578 0.07792 0512423 =37  0.82  Houetal.,2006
MNP11-1-5 3 vEes 18.224 15.608 38.505 0.002  0.705897  0.705896  0.08385 0512439  -3.6  0.84 Houetal,2015
MNP-147 3 vE ey 18.221 15.594 38.453 0.002  0.706156  0.706155 0.09410 0512417 -3.7 094  Houetal 2015
LZ11-1-4 UdivE= 18.213 15.604 38.426 0.001  0.705674  0.705674 0.07295 0.512453 =32 0.76  Houetal,2015
LZ11-1-5 kIR 18.209 15.601 38.416 0.001  0.705733  0.705732 0.07459 0.512449 3.1 0.77  Houetal.,2015
BAE2 MRk b, 2 0 R AR B 1 3P
6 W T LA R RN A 5 LA PR R 3 7 ST

6.1 MIESRE
UG %2 7 28 B i 67 1 B R - P K ki

B AR 2%, 202 N B TR 3% — RGBT A OE 1
Wi %4 22 45 45 1] (Hou et al., 2009) . F&ANH 7 h K [

W IR 52 AN R 2 Y g s 0 A s s o, 908 AN [T 7
WAL, AR T AV FEA PR R Bz 24
T W T 4 ], 22 A VK I 4 368 0 3 B sk 4B Y K
B G LRE , B8 A E A HMCRT £ (Guo et
al., 2019) ; KRl A" R £ 252 3 T 4, 07 1Kk &

Wy, EEE BRI A (Hou et al., 2009; Liu et
al., 2017) . ARVEZEW IREERSZ Z2 UG SRR 20V Wi
E”?‘Zﬁﬂ W SR B AET W 2 AT F R AL,

— PR 5 )V AR B BN AR P
ﬁﬁhiﬁl’ﬁl%naﬁimﬁvﬁééﬂb%i%,%B%%‘%%?Eﬁ
B bk 3 AT A8 B 1 W 24 10 3y P A s P
A, DR RAE T IER S, 5 2 W7 22 gk pE Y
Tl R A N B A 1 BT s L 1111 I o1 = [
RN A A N S N W N S | NS 2 95
TR AR FRAG, BN T L5 A, A T8 +
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Table 6 Ar-Ar step-heating results of phlogopite ZJLZ15-8 from the Zhengjialiangzi ore block
1/°C OArAr AT/ Ar 3Ar /P Ar BArAAr AT/ % IAr/% i +20/Ma
800 62.9949 0.2083 0 0.0022 2.27 0.12 5.80+11.6
900 38.0326 0.1015 0 0.0227 21.12 0.48 32.10 +4.80
970 20.7833 0.0433 0 0.0145 38.44 1.24 31.97+1.84
1020 15.3853 0.0279 0 0.0143 46.31 2.20 28.54 +1.42
1060 12.0726 0.0175 0 0.0122 57.18 3.44 27.66 = 1.20
1100 10.3975 0.0115 0 0.0134 67.16 7.81 27.98 £ 0.66
1140 9.4568 0.0085 0 0.0144 73.29 16.87 27.77 £ 0.60
1180 8.8072 0.0066 0 0.0136 77.92 33.24 27.49 +0.56
1220 8.4520 0.0055 0 0.0135 80.69 56.43 27.33+£0.54
1250 8.2700 0.0049 0.0076 0.0136 82.50 78.66 27.34+0.54
1280 8.2899 0.0047 0.0010 0.0133 83.19 89.13 27.63 +0.56
1340 8.2509 0.0045 0 0.0131 83.74 99.28 27.68 +0.58
1400 13.7218 0.0234 0 0.0131 49.49 100.00 2721+ 1.84
#: W=14.26 mg, J=0.002238,
40 0.0022
a . b
\0
'
N
0.0018 = N
=0 (27.60+0.20)Ma M
! T E% ,.\.
0.0014 |- \9..\
s = R
520 5 N
> < t
& # h
. 0.0010 | ..
5,
ZILZ15-8 & _ N
10 i%zfliﬁ@:(27.60101.20)Ma ZILZIS 8 S5t N
MSWD=0.64 0.0006 |- JREER L =(27.11£0.53)Ma '\,
14798.8% 11 Ar W Ar/* Ar=310+20 i,
o MSWD=5.4 N
\¢
RN
0 5 l ) 1 h L . ! . 0.0002 . | . | . l . [N
0 20 40 60 80 100 0.05 0.07 0.09 0.11 0.13
CArREISUR /% YAr/Ar
E10 FEPETOERY A 4B AP Ar PRI (a) FSCSF I 241 (b)
Fig. 10 *“Ar/*Ar spectra (a) and inverse isochron age (b) for phlogopite from the Zhengjialiangzi ore block

Wy i KA DT IE (Williams-Jones et al., 2014; Liu et
al., 2018; Shu et al., 2019; Zheng et al., 2019) ., R
SR 2 B R B R 2O L 2 AL A B SRR A [
I Bk (L 4) , 07 BOREL 0.2~5 m R4, =R Z N
280°£.65°,

KRBT B, 0k 5 Bl Z a4 il A 20
W, ELA k5 FLE i A A GO ]

WA IE W DA A se 3008 3 SSARAE R k. A
BF AT AR 58 S AT FARA SR 25 B E N, 5
NIRRT Bh e A R B LR YR 32, 0
AR AR, EER KA YA T A+
A+ A A e s R R T T . WK
HF AR (] Sa~d) SR, Siaii o B0 7e A0
W BB BRI, B e S A R O A A A
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Z b BB R IR (8 Se~h) 15, 7 fif A1 % W8 1
AT I A VISR BT BRI B R R
Al & INAE C 28 M 7 i A A e
“EEENKCAT Y Z R T IGR Y B, R
W INAE HRR AT 22 b T B & InAE vk
L BCHIE T AR . BRI SR AT AR E
A WP Ay 7 gt Ay - A -4 s B - T - B A -
BERT- TR . RO T IRE B (R D B
AP R 2 AR SR ZU R A, i B IE KA Tl
I FEAS
62 KEBE. EKESHTHXR

FIEAKT B8 7 -8 B A T A9 36 IR AR
WAl N 44 R E G PRI A R R R 08 1 F 8 A
R, BB 35 5 8 R - 16 K 7 24 45 1R 56 (Hou et
al., 2015) . ZRRFFRAFBE R F 0 B (4 T 2 A
TERI A FIEAR A, 523838 R R SR BRI, 07 X
TER B B AR R IR A IR K . ARt
FENHIZA BN IE KA AT BRI T mew # o , i K
AR — PR LA RS 50 . MERET
W ik 55 1 K HLA s 10K & 88 1131x107°~1936%
1070, 1717 378 &5 4 Ik 1) i KA B O R B Uk
8.20x1076~8.69x 1070 (3 2) , 3 ff K P45 AR /b & 48
i £ OCE, A AR B AT B8 SZ B HOR Y T AR AR
M REER o Rm ' X kb iy g A
G BA 1 LA SR i S HL 2 v () A A T R )
s £ ICE ol AR, AR B LT R S RN
835 297x1076~838 805x10°%, LREE/HREE & & 271~
485, i + T ZE AL 4y i £ 2 A e 3, Jo I 1Y Ce
Eu S, 87 ik o 0 5 i A7 S £ 0 3R B iR 829
10~997x 1076, LREE/HREE {H 4 18.6~32.0, % 1 JC
R AL AR S5 0 R EL S AL (1B 7b) B R
A P 7 A o0 R B AR (3.96 x 107~
16.7x107°) (£ 3) , Ktk , B H NN KT Beny K
HUA I AR BE R B AR L T, iR BA 50
Jok v B 5 i A e A A o i — 2T

Ry it — 25 3 BT R B R =2 [B] 1R SG 2R , X R
FRTF0 B O RS (158 o 9 i 344, 3k
W RHLA 30, mm Hr it KB 3 4F) 54T C-O [l
R0, Hor ) 3 1 9 fif R BEA 8 T I AR
R ER 75278 SR =10 5 3 A T K HLE B T IR IR R
I . 3 2Z AN 813Cyppp BUHE (0.4%0~1.6%0)
AEARAR /N, T 8"80 g smow B (7.2%0~8.0%0 ) H L1 5]
A AR AR B (R 4) KB 3 [WUR . 1 A B AR

bR A A R R R R B S i A Ak R
7R R AR HL ) LS LS X — IR EE T
T IR 6 25 52 U™ T A5 ) i ARl A o 28 B A TR
W RHA A R R S 4t TR 25 6], O R A L
JT LR A5 o 3 F3E A AT K i O A 813Cyppp 22
BTG (£ 4) 2 — 4.6%0~ — 4.7%0, 880y qyow I+ T
11.8%0~12.5%0 Z 8] , H: C . O [A] v Z FFAE 5 K HE A 7
TANTR], $5 78 KBRS AT BEAL AT A 0 3 1A 2 L i
FRHR BT 7 8"%0y.smow 5 8" Cupps K R EI i (K] 8)
R A A T O RR TR A DR A I, R T A
W AZ AR AR B 77 ), H8 7R X RN E B CO, B U it
P A KHE B 5K M 2B 5 R BERRAIL, 7 LT R e
PLUTTE I & ™ (Liv et al., 2018)

Wi P 5 AR ZE RAR AR 0 FE A 570 A
5K IR % R T 5 A O i s
W2 - IE R E A A R i A6 H: Se-Nd [ 437 2% 114 B
FE AR H BT T A PRI FEAE (Hou et al., 2006)
TEA A AL T R G5 ) 3 DL ST IR b BR 1k 2
FROE S 7 10, ARVEZEW IR S HE 4 FRA R T 40 AR L, i
AP RN R 002, 120 B iR 5 R el b, 2
U, SV R R AR 1A 43 S T8 U TE A, LR PR AT e
AT B RN R ) iR (SR = 5 ,2006) .
TOA SCHE IR BE N 1 IE A 5 R4 TR OC A4 M R Tk 24 1F
LR FRETU B, ERASHMME TR S &®
1211 x107°~2974 x 1076, Ho i B ff + o0 & & &=
(1173 %1070~ 2906 x 106) {5 T~ F & - J0 % 7 & (38
10~ 68.7x107%), LREE/HREE .1 & 30.76~ 42.47
(F2) M IocRm L2 AMm(E 7a) . 58N
d A Hofth 3 S8 R B9 IE KA (630 1076~ 3233 x
10O AL, B oo RS K e B HEM LR
L AE 5 AF 3 AH 8L (Hou et al., 2006) . 25 & X F
BT B Y IE A A AT Se-Nd R Z L, 45 5%
R TF A A FE A N/ 44N B (M 0.512 387~
0.512 414, (*’Sr/*Sr), F{H A T 0.705 423~0.705 915
Z I, H ey ) EZEAKR(-421~-3.69), 3K
TE . MHEAPES BT B IE K A 9Nd/“Nd {55
S Sk 0.512 422 5 0.512 423, (*7Sr/5Sr); 1) i 43 51
90.706 796 5 0.706 578, e () AHZE H ¥k 714
(=3.7), TR 2 SNd/Nd 8 19 38 Bl 4> 51 4 0.512
417~0.512 439 5 0.512 449~0.512 453 , (*’St/*Sr), {&
() 75 [l 43 91 0.706 896~0.706 155 5 0.705 674~
0.705 732, exg()E 4T — 3.6~ —3.75 - 3.2~ - 3.1
(5, V1804 ,2002; Hou et al., 2006;2015) . & IE
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KA SR A 1Y Sr-Nd [ R 240 LA ik 22 1,33
IR Y Sr-Nd [l 37 R AR AR A AL, 51K (5] 9a)
SR 0 T E LS T 55 E M 1, 3
KRBT B IE R 500 53 40 240 R A e
PR 45 - TE A 5 AT e A A LR 4 o ke U, B 1
BT I AR [ T IRl —B R - IE A A A AR

VEOAS G270 Beh i IE KA DL R A i
BT R AT Po [ A7 2 oA, O SRR R
FEW R AR R 7 - 1E K 2 A Po TRl R B Xt L . B
E 1:’:1 ﬁﬁi}%!ﬁﬁi @L E(J 206Pb/204Pb \207Pb/204Pb l_:j 208Pb/204Pb
Jy W A 18.3143~18.3629. 15.6243~15.6349 i
38.6197~38.7309, 1E K & 1) 2°°Pb /2%Pb . 27Pb /**Pb
F1205pb 24Pb 43 Hl) A 18.3233~18.3568, 15.6298~
15.6360 Fl1 38.6664~38.6880 (£ 5, i/F .45, 2002 ; Hou
et al., 2006;2015) , 2°Pb/2%Pb-207Pb/24Pb [&] (|4 9b)
W BT 5 1E K S 7E Ph A R A %5 1L
PEE, H 8 SRR B R RIR A -1EK 5 Pb
A7 R AR R S HARARL, 07 T S i 1 56 4R 1l
e 11 =[], S 7R AP G R0 B W i 2ok A8
XN Y TR B B R B B R 2
6.3 MU FEi

HIE A AN ] 33 T BRI A [] il 9 &
XFARTEFEN R BUA B AR A8 T — 2 BFT, IR 3%
FE 4 7o bk Ar-Ar 4RI h (3541 ) Ma( R4S 2008) 5
K5 ZE RN ™ U-Pb 4R 9% 4 (31.8+£2.1) Ma(33.0+
2.6)Ma F1(33.3£2.6)Ma(Yang et al., 2014) ; K74 %E
FA GG 7 SIMS Th-Pb 4F#% 47 (26.9+0.2) Ma(Ling et
al., 2016) . K75 ZEIEK 785 4 U-Pb 4R (26.77+
0.32)Ma(Liu et al., 2015a) , K% 2842 A4E IR A IE K
B A U-Pb 4 % .(28.0+0.3) Ma (Ling et al.,
2016) o FHXTF R AEAC R e U, MHaCHE A FIRE i ik
B A [] 23 1 35K 2 o 5 A A i 3K, B R AT 3k 6
Ma, Horf R P8 28 GGl ™ 1 1 5 A % AR I 4 25 4
f1 U-Pb 4F % 3 A& — 3, 294 27 Ma (Ling et al.,
2016) AR AT REHEIE T H LA G I 4RI . BT =
Bl A & TR I T B, WK V% ZE 1 i 2 15 A7
TEZ WK, 7 Bt — 20 X0 A B = BRI Sl
TR B A AR5

2 XS R BT B AR A LSS A L T
PREF S0 T AR, Rz B JeR b & = bk 5
S DI A A TR E AT
TEWTI ) Z IR B B 1 R o 1 4 2 B 5 iU
i 2 U1 AR B i As By, AT LUAR G I PR E B A B

YT A R A] o E R b AR RS R 4 1
() Ar-Ar 8775 A4 o BE) ©ArOAr [ I 2
AR A (27.1£0.53 ) Ma(MSWD=5.4) , Xif I it EPAFE i
J9(27.6£0.2)Ma(MSWD=0.64) , FF-AF # Fl fz %5 i £
RIS BRI — 2 . SETAARZ X P ER
B AT AR (26.77~28 Ma) fEIR 22 J0 N, i A A
AT B AR A — S, B, AR 4 = B
[ AT/ Ar FEAE S (27.6+0.2 Ma) AT fR £ HK R T8
B BT AR

7 45 it

(1) RIEFEW R R G T BUEARZ 20 15
4 LR P 2= 6, R F T RIS R 5K b Y
XPZAT Be i B B B IR T, 0 bk 32 2 D) AR d
WA LB TR RM R . 7A2k
AR GAR , B0 W 04 A T R 5 A £ - A -
w1 -4 2 BEGRATT - B R R

(2) AR ZEF 0 By 1R £ B AA e R
BB IRAFAE R o A5G BN BT A e A A L
K e E 5 C-O [FAL R FHAE B ol A, iz B
PR B P YRR R B IR k5 A8 O 1T ok, R TR L
PRI Y 0T . TEA A TRl A 5 R
b TFE K - BRTR S 119 Sr-Nd-Pb [R5 25 -1 X I 347
g5 0 R IE A A B n] RE SR AR R 2 2 1 B

(3) %0 Bt N 20 W 10 A 2= R AE S SR
Bl RN 4 2= B E BURAETE 2 R M, 5 3kl
B & =B A-Ar R R MRS SRR, &~
BRI EEAE RS H (27.60+0.20) Ma, 5 1F K 25 1085 47 4F
WA A A 1% 22 Y0 LN PR R B 0 ) — B0 AR I ]
DRI F LT 0 B i i 47 4%

BB ErAMBBOEAS R LR A
BIR 2 )R S 400 S5 M A N 5% 9 S35 5 B e e 200 3
BRI TR SR, AR I RN IR
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