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Geochronology, geochemistry and petrogenesis of the Pu’an basalt succession
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Abstract: Emeishan basalts, widely distributed in Sichuan, Yunnan and Guizhou in southwestern China, are the
earliest internationally recognized large igneous provinces in China and have been favored by a large number of ex-
perts both in China and abroad. Many consensuses have been reached on the basalt in the western part of the Emei-
shan large igneous province (ELIP), but there are still several controversies in such aspects as the rock associa-
tions, the time limit of volcanic activities and the genesis of rocks. With the basalt of Pu’an in western Guizhou,

eastern part of ELIP as the study object and through the analysis of typical basalt profiles, the authors detected that
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the rock types in this area are eruptive facies of volcanic breccia in the first cycle, flooding facies of basalt in the
second cycle and volcanic sedimentary facies of tuff in the third cycle from bottom to top. Zircon LA-ICP-MS U-Pb
dating from the tuff which is located at the top of the basalt defined the upper time limit of volcanic activity in the
east of the ELIP to 250 Ma. The major and trace elements indicate that the basalts in this area are mainly high-Ti
and alkaline basalts. The characteristics of Rb-Sr depletion and Ba-Hf enrichment are basically consistent with the
geochemical characteristics of basalts in Guizhou, high Ti basalts in the west of ELIP, and OIB. Trace elements
show that the origin of the basalt is metasomatic garnet mantle peridotite, and the melt generated by partial melting
when rising from the deep mantle plume to the stable area of garnet peridotite was mixed with the continental lithos-
pheric mantle enriched with metasomatic fluids. Crystallization differentiation was significant while the crustal mix-
ing degree was weak during the ascent and migration of magma. The results show that the basalt in the eastern ELIP
was formed in the environment of greater depth, low partial melting and high pressure at the edge of the mantle plume.
Key words: Emeishan large igneous province (ELIP); Pu’an basalt succession; geochemistry; zircon U-Pb
dating; mantle plume
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Fig. 1 The distribution of Emeishan basalt in Guizhou (after Zhang Yunxiang et al. , 1988; He et al. , 2007)
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Fig. 2 The straticraphic column of Guizhou Pu’an basalt succession ( modified after Wang Yangeng et al. , 2003; Zhu Jiang
et al. , 2011; Liao Baoli et al. , 2012)
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P,m—Maokou Formation; P,8", P,8*, P,8>—1%, 2™ 3™ section of the Emeishan basalt; P;l—Longtan Formation; P,x—Xuanwei Formation;

P;w—Wujiaping Formation
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Fig. 3  Geological sketch map of Pu’an basalt succession,
southwestern Guizhou
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of the Emeishan basalt; P3/'—1" section of Longtan Formation; T,/—

Feixianguan Formation
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Fig. 4  The photos of field geology and petrographic characteristics of the Pu’an basalt succession
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a, b—volcanic breccia; c—amygdales filled with quartz and sericite in the breccia; d—breccia is cemented by the basal type of mud, silicon, car-

bon; e—columnar joints in the basalt; f—grey-green massive basalt; g, h—a large amount of fine-grained plagioclase, pyroxene, iddingsite and a few

chlorite and magnetite in the basalt; i—field geology of tuff; j—grey-dark tuff; k, I-—a large amount of plagioclase phenocryst in the crystal tuff; m—

parallel unconformity between volcanic breccia tuff and silicified limestone of Longtan Formation; n—grey-dark volcanic breccia tuff; o, p—a large

number of pyroclastic material, plagioclase crystal debris and quartz; Arg—argillaceous matrix; Brec—volcanic breccia; Carb—carbonaceous matrix;

Cal—calcite; Chl—chlorite; Id—iddingsite; Mag—magnetite; Qtz—quartz; Pl—plagioclase; Px—pyroxene

K, REDET R T RS S 2=, W58 s R
Anderson (2002 ) J7 3% 4% 1E 1 18 45 % &, Fl FH Isoplot
(ver3. 0) TF 8 &5 1 U-Pb 4, &5 A I 4F 25
PLPh/ ™ U AR FIR AR IR IR 22 Lo, FE A INACTF
PRI A 95 % BRI,

4 It
4.1 FETLE

Tl MR LR MK A R I 1, i
KAFABREE I A FER IR W i B % S B A b

SR, A0 BT-20  BT-34 , HoAth 4 FCHB 43 FE i be 2
KT 4%, ZRA S0, % &N 46. 27% ~
49.42% - 14 48. 33%, ALLO, & & 4 13. 13% ~
14.31% ,Ca0 &K 8. 77% ~9. 710% , &%k FeOt &
N 12, 22% ~ 13. 09%, MgO & &~ 4. 25% ~
4.80% ,Ti0, &N 3.19% ~ 3. 82%,P,0, & &N
0.39% ~0. 53% ,MnO 4 0. 16% ~0. 20% ,Na, O+
K,0 &HEBACN 3.38% ~3. 44% , Hh K,0 &K
0.59%~1.65%, EhJEEEKA Si0, & A X AR
45. 47% ~47.98% -4 46. 50% , AL,O, & H F= -l
14.29% ~14.94% ,Ca0 FHAKN 3.48% ~4.24% , 4=
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Table 1 Major (w,/ %) and trace (w,/107°) elements analyses of the Pu’an basalt succession in Guizhou

BT-24 BT-35 BT-37 BT-38 BT-20 BT-34 BT-21 BT-22 BT-23 BT-32 BT-33

FE b BTZ  HTX  BTX  HTX yiklisfm Uik WEEE SEE WEE BEE REE
vy vy KA RA BREKCE BRERE KA WA K K K

Si0, 46.27 49. 35 48.28 49.42 40. 82 42.71 46.78 45.47 47.98 45. 64 46. 67
TiO, 3.19 3.72 3.76 3.82 3.20 2.94 3.45 3.37 3.28 3.46 3.53

AL O, 14. 31 13.26 13.13 13.28 14. 62 14. 60 14. 47 14.56 14.29 14.94 14.90

Fe,04 4.95 5.44 5.60 4.82 5.10 3.97 12.57 13.19 12.72 12. 04 12.17
FeO 7.77 7.72 7.76 8.75 9.52 10. 45 2.82 3.71 2.34 3.20 3.04
MnO 0.16 0.20 0.17 0.19 0.19 0.24 0.23 0.24 0.22 0.27 0.25
MgO 4. 80 4.25 4.72 4.63 5.60 6. 66 4.70 5.40 3.93 5.50 4.70
Ca0O 9.70 9.58 9.33 8.77 5.04 7.13 3.80 3.50 4.24 3.88 3.48
Na, O 2.79 2.07 1.79 2.40 2.75 3.47 6. 14 5.92 6.41 5.61 5.88
K,0 0.59 1.34 1.65 1.03 0.15 0.92 0.08 0.08 0.08 0.52 0.50
P,04 0.53 0.39 0.39 0. 40 0.48 0.51 0. 64 0.59 0. 64 0. 66 0.68

Total 95. 06 97.32 96. 58 97.51 87. 47 93. 60 95. 68 96. 03 96.13 95.72 95. 80
LOL 3.56 1.15 1.54 0.63 10.20 5.30 4.02 3.57 3.82 3.73 3.35
La 29.5 41.4 41.0 39.9 48.0 32.6 36.4 34.9 31.7 33.3 36.5
Ce 60. 6 93.2 94.7 89.5 98.2 66. 4 78.2 69.2 63.5 70.5 79.6
Pr 7.99 11.30 11.40 10. 60 11.30 8.61 9.32 9.05 8.26 8.98 9. 66
Nd 35.6 47.0 46.9 44.0 43.6 37.7 38.5 39.7 36.0 38.4 39.1
Sm 7.31 10. 90 10. 80 10. 20 9.26 7.48 8.14 7.81 7.53 8. 06 8. 64
Eu 2.89 3.19 3.18 3.05 2.61 2.71 3.04 2.94 2.77 2.91 2.98
Gd 6.71 9.89 9.97 9.50 8.59 6.69 7.44 7.00 6.92 7.43 7.71
Th 0.93 1.42 1.44 1.36 1.24 0.94 1.05 0.99 0.99 1.05 1.11
Dy 5.29 8.13 8.09 7.43 7.55 5.35 5.97 5.48 5.54 5.91 6.23
Ho 0.99 1.48 1.47 1.39 1.51 1.03 1.14 1.07 1.04 1. 11 1.17
Er 2.65 3.90 3.89 3.60 4.32 2.75 3.03 2.83 2.78 2.91 3.15
Tm 0. 34 0. 52 0.52 0.48 0.61 0.36 0.41 0.37 0.38 0.39 0.43
Yb 2.12 3.15 3.16 2.91 3.87 2.29 2.46 2.29 2.33 2.37 2.65
Lu 0.32 0.44 0.44 0.42 0.55 0.33 0.37 0.33 0.35 0.35 0.38
Se 27.0 27.7 27.5 26.5 24.0 25.7 27.0 27.1 26.4 27.5 28.4
\4 397 431 429 411 328 369 404 462 420 435 454
Cr 79.9 69.5 66.9 65.7 82.1 76.2 80.3 69.0 70.7 79.0 88.0
Co 44.7 44.3 42.9 41.7 50.0 45.3 44.2 47.7 40.4 44.7 44.6
Ni 67.2 64.0 62.8 60.6 59.1 71.3 61.6 70.9 60.7 70.0 70.7
Cu 106 231 212 215 107 102 152 107 88 116 109
Zn 133 153 138 145 142 142 125 128 105 127 133
Ga 22.2 28.2 27.4 27.4 23.9 24.2 22.3 24.5 20.2 22.9 22.7
Rb 9.48 33.60 66. 50 23.90 4.99 9.28 1.10 0.83 0.84 4.83 4.53
Sr 443 479 493 442 148 272 332 239 296 332 328
Y 28.5 42.2 43.1 40.2 44.2 29.1 31.8 29.6 31.1 31.7 33.2
Zr 182 419 390 379 364 176 207 201 203 205 232
Nb 24.2 37.5 36.9 35.5 50.1 25.6 28.5 29.5 27.3 29.6 32.3
Ba 388 453 644 365 90.2 313 1196 459 508 299 271
Hf 4.97 11.20 10. 60 10. 10 9.38 4.73 5.65 5.63 5.36 5.51 6.38
Ta 1.74 2.75 2.72 2.53 3.37 1.77 2.01 2.03 1.84 1.99 2.28
Ph 2.04 5.23 5.61 5.59 7.92 5.02 2.52 3.12 2.46 5.19 6.01
Th 3.05 6.50 6.45 6.08 8.38 3.31 3.73 3.63 3.49 3.78 4.37
U 0.70 1.42 1.43 1.35 2.69 0. 80 1.38 1.07 1.62 0. 82 0.94

> REE 163.24 235.92 236.96 224.34 241.21 175.24 195. 47 183.96 170. 09 183. 67 199. 31
LREE/HREE 7.44 7.15 7.18 7.28 7.54 7.88 7.94 8.04 7.37 7.53 7.73
(La’Yb) 9.98 9.43 9.31 9.84 8.90 10.21 10. 61 10.93 9.76 10. 08 9.88
(La/Sm) 2.53 2.61 2.67 2.72 2.45 2.45 2.73 2.81 2.88 2.89 3.35
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Bk FeOt & 24 13. 79% ~ 15. 58%, MgO & & K
3.93% ~ 5.50%, TiO, % & KSR 3. 28% ~
3.53%,P,0, N 0. 59% ~ 0. 68% , MnO % &
0.22%~0. 27% , i £1 % 3 & Bk, Na,0+K,0 & &t N
6.00% ~ 6. 49% , Hotp K,0 &4 0. 08% ~0. 52%,
Na,O &5, (Na,0-2) >K,0, J& T4 T bl i % 5t
7, WV R, 5 BRI A (2012) X 5 Kk % 2
ETE — B % XX R L S KA [ Tio,
5Y.Tio, 5 P05 HEMFMIEMH LKL R, TiO,/Y >
500 H Ti0, & T 2.80%,P,0, &% &>0.39%, &
T P A T BV ECE (KRR SESE, 20015 Xu et al.
2001) , HHEJE IR KA R IX FE R R LR S
—,
4.2 WMERTE

BT Z i DU FARREE I | 5B B A I
1 RS R TR T as R R 1, BT L
5 S B EEK AL S AE Ze/TiO, — Nb/Y g, ¥7%
A 2R A XK (B 5) , HE T R B
Y REE=163.24x10°~241.21x10°° % #EHit+ 0 X
Jy5EW1 i, LREE/HREE = 7. 15~8. 04, (La/Yb) | =
8.90~10.93, (La/Sm) =2.45~3. 35, A L& WA
F IR ERR A PRI KR I 2 L TR E
£ B A5 A0 80 i 2 1 o AR ] A A SR T 22 5,
HrhZ i s BT-35/BT-37/BT-38 HH 102 S i
L, AR Bu 2%, 500N KR 9% 214
e M X LA R JE LR O P X T R
R LA (OIB) Fis + 0 R il /A X 2R A ( Xiao
et al. , 2004; Lai et al. , 2012) ,{HH + 0K MK
THMH X XA (K 6a) . KA BT-24 LI K
A i BE A WL o I S e iR 5 S M LA TR
I JE = T LA OIB — 2, (HR B T HARAY
FIC R B EAE Eu 1IE5R% (SEu=1.09~1.24)
FRIE(E 6b) . fEICE T, 5N 5% LR A 5 db
JBEE A B U R B BRI, Co Bt 40. 4
x10°~50.0x10°°,Ni &K 59. 1x10°~71. 3%
10°%,Cr &4 65.7x107°~88.0x10°°, V &y 328%
107°~462x 107, £ w70 5 IR b e A Ak 1ok 1 1]
TR RE AR 5 S ORI g B4 A M X
ZRA KAKCAEA T X A T %8s L& OIB 19 il
REFF A —3, Bl Rb St KB TEA LR
R0 P, Ba & M RRIE (Bl 6¢.6d; Xu et al.,
2001; BIEmSE, 2012)
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Fig. 5 Zx/TiO, versus Nb/Y diagram of the Pu’an basalt
succession
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UK LA RRGE IR 5 ( BT-20) 2002 T 18 ik 4
(%2), 8541 Th U &8 Bl K, Th 2 33.27x
107°~2359.95x107°, U 2 60. 9x107° ~383. 39x107°,
{H Th U AR BUIEA K OCHR , Th/ U {H L4 K AR5 78
0.49~1.00, 354 0. 72, 4L 3 5 M 1. 01~ 1. 26,
18 JS A S 1 AR RN B A X 32 22 89% , HLAth i
FE RN 9% ~ 9%, ¥ ¥ K 95%., % k& 5 5
£17°Ph/™ U 4EHATE 260. 8 ~ 242.9 Ma Z|A], ITACFE
PR h 249. 9+ 1. 7 Ma (95% ‘& 15 i, MSWD =
0.71, n=18) (K 7. K 8),

fn JE B A (BT-32) il o 27 Wigh 4 (% 2),
B Th U & 22 Ak i BBl R A 32 K, Th 2 33. 81x
10°°~ 449.80x10°,U H 71.41x10°°~ 1 567. 98 x
10°° {0 Th U FARIEMC KR, Th/U HI<1, 1
0.29~0.83 Za),F¥h 0. 62, 28 Witk A hA 7 W
WEHEETE 90% LA T, Hidy 21 Wi FIEE N 90% ~99% |
IR 96% , RSN EATCPh/ U AR R 254.0 ~
245. 8 Ma, INBCE YA A 249. 0+1. 6 Ma(95% E15
B MSWD=0.25, n=27) (K 7.K8).
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Fig. 6 Chondrite-normalized REE patterns (a, ¢) and primitive mantle-normalized trace element patterns (b, d) for the Pu’an

basalt succession
A LS T 2R A ST A Xu 45 (2001) Xiao 25(2004) ; $NMIX Z il ABIET] H Lai £5(2012) BEM%(2012) ; OIB BUEFRGRMEL
B3| A Sun I McDonough (1989)
high-Ti Emeishan basalt data after Xu et al. , 2001, Xiao et al. , 2004; Guizhou basalt data after Lai et al. , 2012, Liao Baoli et al. , 2012;
OIB data and normalized data after Sun and McDonough, 1989
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(Wignall et al. , 2009; Sun et al. , 2010; Jerram et
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A2 —3 (Xu et al. , 2001 ; Xiao et al. , 2004) ,
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Fig. 8 Zircon U-IPb concordia diagrams of the tuff at the top of Pu’an basalt succession
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Fig. 9 Major and trace elements variation versus SiO, of the Pu’an basalt ( Guizhou basalt data after Lai e al. , 2012)
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5.4  IRBULXNEEENKLTESER

KT IRIA LR Kl 48 KL i S s R [A) 7 i
ANC IR T REFERFAR TAE, ERM SN
T & ATE ~260 Ma (Zhou et al. , 2002 ; Zhong and
Zhu, 2006; He et al. , 2007 ; Tao et al. , 2009) ,{H Xt
Tk LG Sh AR LRI A AR ARG L. AR T E
T LA R TR e K S A LA-ICP-MS U-
Ph IAE 25 51 W 75 i i 2 B B B T ~ 260 Ma
(Huang e/ al. , 2016, 2018) , & Ti % i Z i A A
KA Av/ Av I AR B0 3 HF 3K — 0 A5 (260. 1 +
1.2 Ma; Li et al. , 2018) . {H¥i i X 8aZ T AFAE
RETFIRAMCR LR, B AL BT & B [ 225 260
Ma, 3K H I A7 A= 4 Hb 2 27 B UE 3 38 K L 3
H S 4 B ] B 5 F 260 Ma(Sun et al. , 2010; Ogg et
al. , 2016) , 7 HAR A T IREL ICH K KOS A4 B
FeME - I A BRI O 262 +3 Ma (Guo et al.
2004) . MR T E AR S S5kR X i E 2
[a] Y LM RE + 5 TR 85 47 LA-ICP-MS U-Pb 4R Q244
e, A LR KOS A KL E sh T Rk S Bh T
~262 Ma(IKHOR 1555 A 4F % 262.5 + 2.3 Ma, Iit
#261.6 £ 2.4 Ma) , H. 262 ~260 Ma 4F #4822 1% JE
LR KA 28 LT B U A T s 2 e ( Yan et
al. , 2020) .

XU LK KRR 4 KL Bl 118 235 R[] 3
K, R AR ORI )1 M X i 1%
TR L A 25 B IR A AR IX e K 3 T
FREE I B A Ak 2 ) k- B L B B35 ( CA-TIMS )
U-Pb MAEZE I K K A4 K LU 35 8 235 SR [

FRAETE 259. 51+0. 21 Ma( Zhong et al. , 2011; Yang
et al. , 2018) . T Li % (2016) %= 5 & R X ¢ 3%
AR PR Py 9 FE M 5 B T T 85 41 SHRIMP
U-Pb 7E4E IR T 257.3+2 Ma A 4ERE . 46, K
KR CA B AR IXCE R AL R UL RCE N A
SHRIMP U-Pb 4%k 257+4 Ma(He et al. , 2007) ,
AR AL JE L X RS T Y Tu Le WASUA DL &
Phan Si Pan &K 45 A CA-ID-TIMS U-Pb 4E % 4
257.9+0. 3 Ma ~256. 3+0. 4 Ma ( Shellnutt et al. ,
2020) , ZEPUHLIX Sk i L 0E A A e ) A E R B
LA-ICP-MS U-Pb 4F-#%°4 259. 8+1. 6 Ma~255.4+3. 1
Ma( Zhong et al. , 2020) , 5 VUFE AL 1L HE X 4 07 2 5
A A SIMS U-Pb 4R 25 8 257.5+3. 7 Fll
255.1+1.7 Ma (Zhu et al. , 2020) , I REF5EH 257
~255 Ma VE Rk JE LUK KBS LT B 25 S B
], WA, A 2B RGE T AR A R A, ke
P PHAF IS 112 2 A i R LR A 2 m A Ar
LA SHRIMP U-Pb 4E #8531 24 253. 6 +0. 4 Fl
253.7+6. 1 Ma(JURf % 55,2004 ) , Lo 55 (2002) 4l iE
TRABABVE X E 1L Z A 2am A" Ar 51
Kt BB AP Ar 4E I 252.8~251.2 Ma (o
HA=1.3~1.6 Ma) , 50N 5% Bk JE 1120 s
JREEEA LA-ICP-MS U-Pb 4E#8 4 251. 021 Ma (4
TLAF, 2011) CREIRJE 1L R ORUCA 8 Kl sl FR K
RIEZH) — % =S F R,

ASORTR A LR K8 2R X 5 M e X e
ZR THUHS IS 8 K S RN KL £ Bk R R T e ) 4
RIG4E 47 LA-ICP-MS U-Pb 4E#2°8 250 Ma, 534y
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T X L2 s & i ] B BRZER—2, b
WA ZEWF TR 45 R, RS IR JE R KA 4k
LU By =W & 30 260 Ma, HLF &k 18 R0 44
B ITAEIZIF AN RT S 1~2 Ma (<3 Ma) 5 AL T M
K (Ali et al., 2002; K55, 2009; Liu et al.
2012) , {H Hy F BT A 0% JiE 1Ly 0 A S840 AN ] | A KOk
FR A K B R LR S [R] AT BEAE AR B K ARk
Bl , B BB Sl 1) 0] 76 ~ 262 Ma, 1] J5) 5 b IX 2 S 3%
SAIH T-BE AT A ~250 Ma,
5.5 5B LEHRNXER

Xu %5 (2001, 2004) He %5 (2003 ) XF % & 11 K
OB AR AN [ b DR A AT T MR ) T R k3R Ak
SRS PR TR TR T X B S o A R
PR S I A ¢ &R, RS I IX (5P H
R 22 53R b 43l B N AT ) A PR T B SR AT
oAt T ZRAE R T Zlsa— T Xl B
m T LD AR T LA b 4 R ER 4y, Hiz X
ERRIR Ti #1008 I X R (1 32 2
W55 A | Ay AT I 0 2l L rh 7 (R A
L) e 45 7 PR B (<60 k) L 5K U6 - B s |-
T = AR AR R P2 (16% ), T I X AR /b 1
B EBE TR T Z R A2 LS T Z e T b
A S S AR XA S AOTE T B S RO A P X
WA, 7R D (3 4 e 22 S ki a3l i el s 5
AN LATR T Lo b g e, HAZ I T Kk
A b AR R R A3 Rl Y 7 (10%) , W] RETE B
T A A A B R (>80 km, A A AR E
X)) X 3k,

TN 2 2 A A TR E Kok Am A R
X, AR = =& 238, EME TR R IE S K
KECE B T ZRCE AL, A A ARAE A Bk
e 2E B RN & T RCA 4, B T IS L
e AE A58 ( Xu et al. , 2001; Xiao et al. , 2004;
Lai et al. , 2012) , 734b, 82 ZRA LIk X
HE, HRKBCEE AR SEHIKIR P X =/ R 15
M B 5 X RCA S I e X R e A
Sl i 05 = M AR IR (Song et al. , 2008; Qi and
Zhou, 2008; BEFARSE, 2012) . XM 2l A
AEEEHE EE Decan R KA BEWALE, —
JEIE BT 80~ 100 km 4 R Pl b | ELAIG s BAGRLEE
AR B A T v PR PR BE AL b T+ R (T i
A4 1995) ARER AR FH R s 0 i = 1,
B RIA T S A i 1 M A R T

FESG 2 B = )1 T T 55 46 T S A i
0> (He et al. , 2003; IS5, 2006) , M7 T Hb
A 00 0 ) B ] s X2 B A T R R AR
JES K, 3o, B B H e A Sk 0 45 ae 1R B
G, X LE S A0 A A 0 & BB A R R, R T
FER OB AR DX i 1L 8 A 00 3 A 5% ) s X
TR T Bt A B KRB

6 &5

(1) SN2 s R A TIRJE LR ks
ZRIX, A A 2R DU 2 IO R JOl R A — 2 R
BAoEECE, O TR X BAT DU M KL iR E
AERE 1 HER | DL i AE 2 ws o R 2 g
DL R I K TR AR A R 25 3 e

(2) A L R KCA A AR KO SR ]
~260 Ma, > F R KA B R IX LR R T BE K
g U-Ph AR 25 Ff R OCa 4 kg shny b
BRLAE RS BR 28 7F ~ 250 Ma,

(3) X ZRAELE Ti XA N, 8 Tk
ZRAE R, LA T onREOR UG bR EAL R
Wi+ IR &R LA e oo R B A Rb Al
Sr 7\ Ba & ESERHE, 5 5N M X X ik 1L
KKBCAEA VTR Ti Z3CA LA OIB Hi Bk fb 24 FF
HE—2,

(4) F2e X WA VR IX AT B8 R 32 38 A 0 A 18 A
RO S, PR L R b T A O S AR E
DX 434 il 7 A 1 9 A R i 8 28 AR It AR 1 K
F B R AT B, A K B TSR A v e R
PR, R T —E RN B2 mER

(5) FHELTIRJE 1L KK a8 78 X LA TP
T AL TP ER AL, 2R XX AT B Tk L e
T 2 AR R AR AR B 0 0 Ha Tl L R v R R A

Higt PERAAFES ERRALIGLE
AR REEHZRAATTH AT, ETERRR L
B K B L LA-ICP-MS U-Pb M 4 TAE #2445 7 3%
FoPERA RSP (LT) KSR E L I HEM
+ BHAE AT B HF B 106 T KKK K
UIRBRERNALN FRELETF KiEHEL
I KRB REFHRHARAARSS T 34 55
IAE, fEsb—f B,
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