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Zircon U-Pb ages and sedimentary times of the tuffs within the ore-bearing
sequences at the Zhujie fluorite-antimony ore field in western Yunnan
Province
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Abstract: The Mesozoic Lanping Basin in western Yunnan Province is one of the most important ore-hosting sedi-
mentary basins between the Sanjiang orogenic belt in southeastern Qinghai-Tibet Plateau and the western margin of
the Yangtze platform, SW China. The Bijiashan ore concentration area at the southwest part of this basin contains
vast stratified fluorite-antimony hydrothermal deposits and occurrences, and always was highly concerned by the
academics and industry. The ore-bearing rocks, the underlying and overlying strata were classified into the Upper
Triassic strata by local geologists. However, the lack of accurate chronological evidence has seriously affected our
understanding of regional stratigraphic framework, tectonic evolution and ore genesis. In this contribution, we have
carried out a systematic field geological investigation on the ore-bearing rocks in the Zhujie fluorite-antimony

ore field at the north of the Bijiashan ore concentration area. The field geology shows that the main fluorite-antimony
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ore-bearing horizons of the uppermost member of the Upper Triassic Sanhedong Formation (T,s*”) is mainly com-
posed of crystalline vitreous tuff, siliceous breccias and siliceous rocks, which is a sedimentary-volcaniclastic as-
semblage, and the orebodies occur in stratiform and/or lenticular shape. The clastic rocks of the overlying Maichu-
jing Formation(T,m) are also interbedded with multiple layers of lithocrystalline vitreous tuff. The zircon U-Pb dat-
ing results show that the weighted average zircon U-Pb age of the ore-hosting crystalline vitreous tuff from the sec-
ond part of the upper member of the Upper Triassic Sanhedong Formation (T,s*?) is 239.4 Ma, and the weighted
average zircon U-Pb age of the lithocrystalline vitreous tuffs from the lower members of the T;m Formation range
from 252.2 Ma to 216. 1 Ma, both of which have similar dated age spectra of the inherited zircons. Combined with
the analysis data of regional geology, the ore-bearing rocks of the upper member of the Upper Triassic Sanhedong
Formation (T,s’) in the Zhujie ore field deposited at the late Middle Triassic, which represents the proximal volcan-
ic- sedimentary depositions coeval with the arc-volcanism. Whilst the Upper Triassic formations were originated from
the filling of uplift and denudation of the arc magmatic rocks, which record multiphase transition of regional basin-
range events. Therefore, the known orebodies in the Zhujie fluorite-antimony ore field is a volcanic hydrothermal
sedimentary deposit associated with coeval volcanism. The association of siliceous rock and tuff is an important
prospecting mark for similar fluorite-antimony deposits in this ore field and adjacent areas with great prospecting po-
tentials.
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Fig. 1 Regional geological sketch map (a, modified after Yang Tiannan et al. ,

(b and ¢ are modified after the Changning Jinji Mining Co. Ltd. , and the Yunnan Southern Geological Exploration Engineering

2019) , geological map(b) and profile map(c)

Corporation, 2021®) of the Zhujie fluorite-antimony ore field in western Yunnan Province
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Fig. 2 Columnar diagrams of the ore-bearing strata in the Zhujie fluorite-antimony ore field (the position of main geological

sections shown in Fig. 1)
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Fig. 3 Photographs showing the occurrences of the ore-bearing sequences from the Zhujie fluorite-antimony ore field
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a—f{luorite-antimony orebody in a stratiform and lenticular shape hosed in the tuffs and siliceous rock of the upper part of the second member of the Up-
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per Triassic Sanhedong Formation (T3s3'2) ; b, c—tulf lenticle and/or lamellae interbedded within the siliceous rock of the upper part of the second
member of the Upper Triassic Sanhedong Formation ( Tys*?) ; d—fluorite-antimony ores showing hydrothermal mineralization in nature; e—fluorite-
and stibnite-bearing crystalline vitreous tuff (sample ZJ15-2, CPL) , the fluorite occurs in the geode shape, and some of the fluorite exhibits dissolved
metasomatic edge, indicating a crystalline origin; f~h—fine quartz crystals and giant flint and tuffaceous concretions hosting stibnite veinlets(f, g,
CPL) and local red purple tuffaceous sandstone in the fine limestone of the lower part of the first member of the Upper Triassic Sanhedong Formation
(T3s3'1 ) 3 i—tuff lamellae within the silty mudstone of the lower part of the first member of the Upper Triassic Maichujing Formalion(T\;m1 )

Dv—-devitrified vitroclastics; Fl—fluorite; Qtz—quartz; St—stibnite
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Fig. 4 Microphotographs of the zircon U-Ph dated tuffs collected from the Zhujie fluorite-antimony ore field
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a, d—grayish-green lithocrystalline vitreous tuff ( sample ZJ19-1 collected from the Tym' member; a—PPL, d—CPL) ; b, e—light gray crystalline

vitreous tuff (sample ZJ33-1 collected from the T3ml'] member; b—PPL; e—CPL) ; c, f,

g—red purple and grey white lithocrystalline vitreous tuff

('sample ZJ45-2 collected from the '1‘333'2 member; ¢—PPL, { and g—CPL) ; Dv—devitrified vitroclastics; Pl—feldspar; Rc—rock debris; see

Fig. 3 for others
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Fig. 5 Zircon CL images of the tuffs from the Zhujie fluorite-antimony ore field

£ 70~ 180 wm, 5& 54~ 94 um,CL K% B

TR B A1 FE

HEN 66.5x107°~3 261x107°, Th
é‘a‘%ﬂw 55x10°~1 734x10°°, Th/U &} 0. 02~2. 32

FEGh 2J45-2 e ARGy 2B AR - (R 1), HEREP Ph/™U 4R 0T 2 574 ~ 229 Ma



1389

PUBRHT AT -8B X548 REEICE B A1 U-Pb 4RI S TR

(H

H

i

IS

L6 81 ¢l 8L0 T [ Y €0 C 61 °LE 166 1 8 200 0 € 08¢0 16I1°0 LOI¥ 9 2000 ¥ ¢l 0 €€’0 ¢TIl O¥e €°6L ¥E
86 6€ 61 0 ¢ 1 81 60 C 81 °S¢ 060 ¢ I #00 "0 S 89¢°0 6 9¢1°0 87969 92000 ¥ 6C1°0 9€°0 €687 901 €8¢ €€
L6 60 ¢ 0¢ LOL (383 ISSNSY 68¢ S 0000 8700 ¢ 6000 ¥ 09¢ 0 € 1000 T¥S0°0 9¢°0 879 ¥WO 1 06S C¢€
86 L8°C 65¢C L9°9 9¢¢C 9¢ "0L 6€C € 0000 01¥0°0 ¥ 800 0 898C°0 9100 °0 01S0°0 e TY9 Lyl 1SS T 1€
96 00 "81 S66 1 €9 91 St6 1 8% '6C 0S8 1 8 €00 0 8 79¢ 0 8 80T "0 0099 ¢ 6 100°0 1 €110 cr’0 8°8CI 68T 0TI 0¢
16 L6 01 L9C 1 10 °¢1 8¢ | 00 5T S9¢ 1 12000 €LIT0 8 6¥0 0 L 668 °C S 1000 6 960 0 6€°0 S'SLI €99 6SC 6T
96 16701 ge9 1 06 'Cl S69 1 0L 9¢C 69L 1 12000 8 88T 0 TL90°0 € 60¢ v 91000 280170 10°0 ¥¥°0LC 6C8 1°11 8T
86 81°6C 886 [ SL 9T 800 ¢ 99 '1¥ 820 T € 000 c19¢°0 1061°0 06CC9 € €000 8 ¥CI°0 L0 19°¢C €19 991 LT
86 €9 91 100 ¢ 6€ ST L6 1 00 ST €V6 1 ¢ €00°0 0¥9¢€°0 € 601 °0 €TL6°S 6 100°0 061I1°0 €6°0 8°10T 10T 881 9T
S6 13 LET 18°L L¥C 6 °SL 6€¢ 000 "0 ¥ LEO 0 8 600 0 6 ¥LT°0 8 100 0 € €S0°0 ce0 TLTe 09L  eve ST
L6 0S¢ 6LC LT T 98¢ 26001 433 9 000 0 00 0910°0 L ¥2E0 ¥ 2000 1€50°0 66°0 8F'SI 08C  S91 144
86 LS 00¢C LEY £€0C €029 S € 000 0 91¢0°0 € S00 0 11220 1000 6 0S0°0 LEO 9Y'8Y L6CT 8LV €T
66 6C°¢ SI¢ 81 °01 1483 0L 8L 60¢ 0000 I 000 L €10°0 979¢°0 072000 92500 SL°0 LI'IT €Ce ¥¥CT TC
86 €9 LTL oL vl LEL LLTS CLL 1 1000 €611°0 6 620 0 €L90°1 8 100 0 6 ¥90 "0 ¥9°0 S6°0¢ <COC  6CI 1T
96 91 'v¢C 86 1 8L 91 916 1 79 °¢C 8 1 1 6000 6 6S¢€°0 L 801 "0 S 665 °¢ 91000 LTIT0 6€°0 8°LCE 8LL 10¢  0¢
76 69 °¢ 61¢ 26Tl 20¢ S9 911 681 9 000 0 L 0500 1L10°0 €9re 0 S 2000 L 6¥0°0 6L°0 SIT'€l 961 12! 61
L6 8¢ °¢ OIL 111 LTL 6C 9% 8L 01000 SOIT 0 ¥ 220°0 69¥0 1 S 1000 € 690 °0 It svs ¢€ge 0Le 8l
86 86 ¢ SO 976 09 ST 68 (324 L 000 "0 L ¥L0O "0 L ¥10°0 8 CLS 0 S 1000 8 6600 ¥9°0 L8 90 6SC LI
66 66 °¢ 0LL 1 °Cl CLL [4354 €81 0 1000 8 921 0 967070 gocl’l S 100 °0 € 690 0 oL'T €°¢9 8¢ LSS 91
66 50T S8 T 0S ¥1 961 T 0€ €T 90§ T L %000 € 0Ly 0 L S91°0 LS89 °01 2000 L ¥91°0 €L°0 ¥'CLT 8Ty €l SI
86 L 190 T 8 Sl 90 1 98 'IS 020 1 1000 8 8LI 0 9 ¢¥0°0 ¥ 108°1 6 100°0 TEL00 88°0 I8 661 O9LI 4!
66 9T "¢l 918 1 9t "Gl LT8 1 LS V€ w8 1 L2000 ¥ ST€°0 8 160 "0 19%0°¢ 2000 9¢CIl0 8C°0 O0°LL €S61 S°S¢ €¢I
86 88 91 11 C 9 "€l Iy C 6€ ¥C 9Ly T 8 €00 "0 SESv 0 €91 0 CLIT 01 € 2000 8 191 °0 9L°0 67961 TIE LECT TI
66 86 '€l 918 1 Ly €1 T8 1 10°LT e8I 6 200°0 ¥ ST€°0 L 6L0°0 09¢€0°S 91000 12IT°0 0 v¥oT 1eS 911 I
76 L9°C 9¢¢ cr9 SLE v vy 61 ¥ 0000 8 9600 L 800 "0 L9y 0 1000 [ LSOO €€'0 668 8Yc 1 Sy 01
86 €L 69L 6 V1 19L 11°19 9L ¢ 100 "0 839C1°0 11€0°0 TGIT°1 6 100°0 1490 °0 88°0 S'I¢ P8I 91 6
S6 91°¢ LLY S6°01 L6V 08 'v9 865 6 000 "0 8 9L0°0 9 L10°0 6 0€9 0 8 100 "0 8 650 °0 0oL'T  ¥9¢ 96C C0S 8
L6 861 91¢ 719 (444 66 ‘YL L8C €000 °0 I €0 °0 S L00°0 S¥vC0 9 100°0 12S0°0 0S°'0 vC've 8I8 80 L
L6 8T°¢ 8¢€¢ 88 L ove 00 "0S L9V 6 000 0 8 €C0°0 6 0100 ¥ 907 0 1000 L %50 °0 Se'0 CvL 9lcl Ity 9
86 11°L 18L 8L Sl 96L 8¥ "9¢ €r8 ¢ 100 0 L 8C1 0 01+€0°0 1681°1 02000 1.90°0 09°0 S0°€c ¢€0C 171 S
66 81 VI L8 1 90 91 9L8 T 67 "€¢ 9.8 1 6 2000 ¥ LEE0 0001°0 L IvE'S 12000 LVIT 0 0S°0 L'eL TLT 998 v
66 8¢ 00 8T 01 13014 IS 89 cly 9 000 0 I %900 0S10°0 8987 °0 L 1000 0SS0°0 ¥S°0 LL9E S9Y  1SC €
He T8 6 '9C Sye 1 L9 °T¢E S8 1 S LLT T € 6000 8 0LT 0 6 S61°0 L 160 °S € ¥00 "0 09€1°0 8¢°'0 6°CSI ot 991 C
L6 L8 ST 86¢ T YL vl oSy ¢ 00 "S¢T 00S ¢ 9 €00 0 L OSY 0 1191°0 8 891 01 ¥ 200 0 € €91 °0 IT°0 8%¥8C 6IS L'VS 1
SRR B 16117
%/E Ol N gee/Ud g5z 21 N gee/d 4z o1 Ad g5¢/9d 1z 21 N gee/Ud g5 o1 N gee/Ud 1z o1 Ad g0z/d 107 ad n UL
R n/uL it
5 eI/ ) 75 [ 001/

UIA0IJ UeUUN X UIIISIM ‘PRI 310 Auownpue-djriony nlnyyz ayj woay synjy 3y} jo eyep age qd-1 SIN-dDI-V'1 U0darZ [ dqel,
HXERSY 3y ad-0 SW-dDI-VI BB ch EW MK o¥-DEEEE 1 2



f 43 5

1390

06 YL €T 6C°¢80 C 18 '9¢ T1°06T T L9 99 8L'LLY T 1 600°0 S 18¢°0 S Sve0 € 668 900 0 1191°0 6€°0 T'SeT 8LV  L8I 69
86 L4 AN! ¥ "SSL SL 9T 81 '99L 0L €01 0 "L8L 02000 €2l 0 09500 L9TI 1 €000 ¥ 690 0 €&V'1 S'ee 8LI €S 89
Hhg 9 16 91 Sl °S89 9L°LT 0€ '9L6 00 €L L8°SOL 1 6 200 "0 12Iro S1L0°0 9¢6I9°1 00 0 S0l °0 8C°0 8°8S¢ €8LT ILL L9
Hg 6L L8°CL 61 °S19 YL €T 06 "SSL LO VL 0 091 1 € 2000 100I°0 c6v0°0 € S0I°1 €00 "0 98L0°0 00 LO'6L <CCL LTL 99
S6 6C°¢ §T e SL'6 Sl cee 0y "LO1 8 "LTE ¢ 0000 16€0°0 1210°0 69SC°0 €00 0 0¢€50°0 90 8L91 08¢ 9¢C  S9
86 €9°LC 66 01¥ C 69 '0¢ 88 0S¥ € Tecs v '69% ¢ 2900°0 SESy 0 € LEE0 8 SLT1°01 S00 0 € 191°0 [0 8°¢IC 98¢ 6°6L 9
L6 611 61°6£0 1 ¢80T 8% °S90 | 61 °C9 6€ €01 1 12000 6¥LL0 98S0°0 L SS8°1 200 °0 €9L0°0 IZ°0 0°0€l 999 o€l €9
86 €9 "8I L 956 1 99 "¢C 6C vE6 1 98 "1¢€ SYv68 1 6 €00 0 9 ¥6¢€°0 9691°0 €6IL'S €00 "0 6 SIT°0 I2°0 ¢'6lc SIS 601 29
96 65 °C 81 °CIT 19°L scoelc 88 '88 69 '6LT ¥ 000 "0 S €00 € 600 °0 01¥C0 2000 6 1S0°0 0€°'0 T6'vC 879 681 19
86 YL'L 60 "L9Y 8T 11 YL TLY Ly 18 80 "L8Y € 100 °0 [ SL0°0 ¥ 2200 6 765 0 2000 6 950 °0 ¢80 I°'Iy <y 8S¢ 09
€6 1L°1¢C or "S09 1 v '9¢ 6v "80L 1 €9 '8¢ L9918 1 € 700 0 8 C8C 0 8 6€1°0 96LEY 00 0 0111°0 I2°0 0°Clc 689 o6¢€l 6S
86 16711 v 606 61 0t "C68 S 89 68 '8¢8 12000 8 0S1°0 0970 °0 8071 200 °0 0L90°0 w0 1°8 CeS S€C  8S
66 96 °¢ €0 78T 9T°6 66 €8T €9°16 6C°CLT 9 0000 L ¥¥0°0 1210°0 cTee o 2000 L 1S0°0 8¢°0 9'¢v OLL S¥vr LS
66 or vl 61071 1 L9 €T 4 140! LE 0L €Sevl 1 L 2000 S €61°0 TTL0 8860 'C €00 0 6 LLO 0O L6°0 L°L8T S69 1L9  9¢
L6 66 °C 16¢ 68 °S 86¢ 8L'LT 144 000 0 L 6€0°0 ¢ L00°0 L 68C°0 € 100 °0 6 ¢S50 0 00°T L°LS ¥90 1 €901 €€
66 w9 908 £€C Tl 018 1C°Sy 0¢8 1 1000 ceel’o L9200 SoIC’l S 100 °0 $990 0 10°0 1708 8SS S S
€6 YL'C 9C €9°L 9T L 384 ¥ 000 0 6 8¢0°0 L 600 "0 €620 8 100 0 0SS0°0 SL'0O 18 %96 IcL €S
L6 LL6 986 89 Gl L0O0 T 0¢ 8% 810 T 8 100 0 °S91°0 9 1¥0°0 TS69°1 91000 TYL0°0 €1'0 018 €¢v 8¢ s
66 SyL 118 19°11 818 [Ja4 6€8 € 100 °0 I vEl°0 ¢ 62070 CLETT ¥ 100 "0 0L90°0 el LTL9 8EE PV YSY 1€
HE 6L (3 €Ie 6€°6 <S¢ Jo1 1oL 0000 8 670 0 6 110°0 1¥8C°0 8 100 0 91+¥0°0 Y20 ¢€°1T 6LE 06 0S
86 69 ¥ 601 IT°61 91y 66 "66 9Ly 80000 § 690 °0 ¥ 2200 C90S°0 92000 99600 69°0 Lvl P¥LI 0TI 6%
66 0 vl 1.8 1 20 91 LL8 T 79 €€ 88 1 62000 L 9¢€ "0 6 660 0 6 0S¢ 'S 12000 ¢ SIT°0 SL'0 0'¥El S6C CCC 8¢
66 [Ty 0.8 1 Sy LT L8 T 0§ 'S¢ 9.8 1 C €000 99¢€°0 € 801 "0 9 0C¢ 'S € 2000 LYIT0 €0 9°68 LIT YL LY
76 96T 0ccC 20’8 €€T 0 'C8 68¢ ¥ 0000 8 ¥€0°0 6 600 0 §8SC0 I 200 0 T¥S0°0 9%°0 ¥'9I 68¢ 1°6L1 9F
66 LT6 89L 08 91 0LL 99 99 L8L 9 1000 € 9210 € S€0°0 9¥el 'l [ 2000 ¥ 690 °0 LSO 6°1¢ ¥0C 911 974
<6 €8°C [3Y4 9¢°L ¥9¢C 99 99 L9€ € 000 0 00v0°0 L 600 "0 896¢C 0 9100 °0 L €50 °0 L8°0 0'Cc 009 61 ¥
S6 1€ 91 6€8 1 76 81 09L 1 (014 0.9 1 ¥ €00 "0 c0ee0 € S0I 0 6859V 2000 S 2010 89°0 968 661 Sel 194
86 S0 91 88 1 7S 81 LS8 1 S0 "6¢ 6€8 1 € €00°0 6 8¢€°0 SEIro S LTT’S S 2000 €TI0 €9°0 O0'6r OIl 969 T
L6 S0°I¢C ¢19¢ 90 LT LES T 60 "8¢C 6LY T 6 700 0 9 6670 ¥ €0C°0 L 89111 L 200 "0 €291 °0 vL'0O L°L8T ¥I¥  90¢ 17
16 L6°€ 8eY 60 "CI LLY 9¢ 0L €89 L 000 "0 € 0L0°0 0610°0 1 6650 12000 °790°0 8L'0 688 ¢£¥6 SeL  OF
HE €8 01’6 [43 M| €9 71 LEE T 61 'S¢ S89 1 L 100 0 02610 L €5S0°0 91¢LC 02000 € €01 °0 6C°0 €011 ¥PLy  9¢l 6¢
L6 se el 8L 1 9L vl L8L 1 €9 °6C Se8 1 L2000 7 11e°0 T°¥80°0 c0I8 ¥ 6 100°0 [ CIT°0 SI'0 9°SLT 8% 8'IL 8¢
66 961 LET 10°¢ 6€C [S9NSY §9¢ € 000 0 ¥ LEO 0 2900°0 1692°0 € 1000 S 1S0°0 66°0 L9¢ 90T 1 60L LE
S6 08 v (4574 T¢I (4474 ¥1°86 0ce 8 000 0 € 6900 6 020 "0 9 00S "0 € 2000 8 ¢S0 0 90 voee L9T  S91 9¢
L6 6S 'L 16L 20 °S1 €LL ST '6S YTL € 100 °0 90¢1°0 91€0°0 8 OFI I L 100 "0 S €90°0 SI'0 SS'¢e 0¢€C 6S'¢ge  S¢
%/E Ol N gee/Ud g5z 21 N gee/d 4z o1 Ad g5¢/9d 1z 21 N gee/Ud g5 o1 N gee/Ud 1z o1 Ad g0z/d 107 ad n UL
R n/uL it
5 eI/ ) 75 [ 001/

I-T 9Iqe], panupuo)
T %%



1391

PUBRHT AT -8B X548 REEICE B A1 U-Pb 4RI S TR

E

i

R

i

IS

L6 L 0T €06 T €9 L1 LS6 1 €eIe €10 T € ¥00 0 € eve 0 6 8I1°0 T 698 °S 2000 8 €¢I 0 8C°0 9°6LI 8¢y  VCI €C
L6 98 "Ll 06€ ¢ 17 91 9t T S§C0¢ 01§ T 0 %00 0 8 8%¥ 0 90810 ¥ LTT 01 0 €00°0 T°S91°0 ¥9°0 €°801 6LI 140! (44
66 1€l or8 1 06 °SI 88 1 6L°1¢ 768 1 L 2000 7 0€€°0 €960 "0 CILL'S 02000 € ¢I1’0 €€°0 0°L2I LIE P01 1T
66 88 "€l CI8 1 e8¢l €8 1 €6 °LT €e8 1 8 200 0 9 ¥2¢°0 8 180 0 1 120°S 8 100 "0 12I1°0 €0°0 OF°LIT 96§ ¥ 91 0C
86 LTl L8L 1 9L '¥1 8 1 oy "0¢ 198 1 9 200 0 So6le0 T L8070 € 8I0°¢ 02000 8 ¢IT°0 89°0 668 ¢SIT 9yl 61
86 S0 "8I LL8 T ¥1°0C LS8 | SLCY 6€8 1 L €00°0 6 LEE0 € eCro 9 €CT’S L 7000 €CIro 960 SI'Ivy 1°L6 S'¥S 8l
66 €8°C LOE Sy '8 80¢ 6 'SL (443 S 0000 8 810 "0 ¢ 110°0 8 ¢6€°0 8 100 "0 L 2S00 61°0 ¢S'Cc cCly 1'6L LI
96 [ Y 656 1 LL ST 106 1 8T 'S0 9¢8 1 €000 TSeE0 90010 S 66V °S 02000 cCIro 8C°0 L¢IT 89T TI9L 91
66 €0 '€l 0S8 1 0g€ "¢l 198 1 66 °CC L8 1 L7000 €TEe0 91800 TTsT’s 8 100 0 9¥IT°0 €1°'0 8°%81 08¥ O0°'19 &I
66 0L Tl SI8 1 60 ST €e8 1 8¥ 1€ 43 ! 9 7000 [ 62€°0 0 060 0 C080°S 072000 ceIro 6S°0 0°I€l cCle  ¥8I 4!
86 89 ‘61 896 T 1691 €e6 T LY "6C 0S¢ S ¥00 0 ¥ 687 °0 6 S61 0 6 ¢IT T 62000 8 ¥91 °0 68°0 O0'IL €0l L'I6 €I
66 vy 0S¥ 8L'TI 1554 LO VL SO L 000 "0 € CLO 0 1810°0 9 6SS°0 6 100°0 €960 0 ¥L'0 ¥6°0C STT  S91 cl
86 LTI 0¢6 1 91 91 206 1 Iy 'v¢€ TL8 1 0 €000 06¥€°0 € €010 ¥ 806 °S 2000 SYIT0 w0 916 01T 0°'¢6 11
66 88 C 18¢ 6¢€ '8 6LC €7 '69 LST S 0000 S #1700 6 0100 19I¢°0 L 1000 € 150 °0 ¥C'0 €6°CC 9S¥  LOI 0l
66 68 'ClL 9¢8 1 9Tl 9¢8 1 80 '9¢C o8 1 9 200 0 ¥ LTE0 96L0°0 € L60°¢ L 100 "0 6 CIT0 66°0 9°8¢c CO8 69 6
66 89°C 9¢¢ 19°9 9¢6¢ 18y L9¢€ ¥ 000 0 L 9500 76000 ¥ 0y 0 ¢ 100°0 L €500 90 S99 6S6 6tf 8
86 8¢ "SI €06 1 €L €l 088 1 €6 'SC 768 1 C€00°0 SeEreE0 L S80°0 §69¢°S 9 100°0 €eIro LT'0 S°¢gel gge 0°8S L
86 vl vl 68L 1 €1°LT €18 1 €0 'S¢ €8 1 6 200 "0 8 61€°0 €001 "0 € €96 v 2000 STl 0 89°0 6179 ¥SI SOl 9
96 9T ¢ €8¢ €L°8 LT LY 18 S6l1 ¢ 0000 6 7700 ¢ 110°0 L 60¢€ "0 8 100 "0 00S0°0 €C°0 °9°TC oWy YOI S
€6 S 8T S LT LSV S "S01 €€9 6 0000 L 8900 1L20°0 ¥ 896 °0 0 €00°0 90900 8L°0 SS°6 901 v'C8 ¥
S6 $6 01 6LL 1 60 Tl S8 1 91 ST 6¢6 1 2000 8 LIE0 S €L0°0 8 CIT'S 91000 6 8I1°0 0€°0 L'IST TS89 Yol €
66 €C°8 6¢l 1 91 'v1 ovl 1 68 '8¢ 691 1 € 1000 € €61 °0 Ter0’0 L 660 T 91000 8 8,00 S6°0 [1°L9 TST 6¢£C C
66 €0 °S¢ 0Ly € 8¢ V1 98Y € ¥ 61 Yoy € 9900 "0 0¢€IL0 92ev 0 6 96 6T 6 €00°0 S ¥0€ 0 9¢°0 0'6lc TIC 8II 1
R R R B T-eelZ e
96 69 91 €STLSL T 96 "CC 89 18 1 8L TS 70 °L88 1 ¥ €00°0 7 eIe’0 29¢1°0 L 1€0°S €00 0 ¥ SI1°0 r'0 9°¢¥C 809 69C 08
L6 LE'T GL"0TC vS'L LY "STC L1°68 LY "LST 1 000 0 3 ¥¢0°0 € 600 "0 9 8¥C 0 200 °0 ¥ 160°0 IL°0 8C'Lc 109 9¢F 6L
66 66 ¥ L8 SSY S6°T1 20 "09% 1689 91 "19% 8 000 0 € €L0°0 ¢ 810°0 1 €LS°0 200 °0 2950°0 w0 9Y9 €eL 12 8L
86 86 'SI [ 91 '¥C 1°L68 1 9% "0S 1Y °LS8 1 € €00°0 TLYEO 6 €S1°0 6 LLY 'S €000 SEIro 8C°0 TOIT 6ST T'¢L LL
66 1€°C S6 '80C SL9 ¥ "60C [4%] 61°11¢C ¥ 000 0 6C0°0 2800°0 16CC°0 200 °0 10S0°0 ¥6°0 9°8¢ 6¢6 YOS 9L
<6 €L9 €6 "1vS 01T I "L9S 6€ "LO1 €8 799 1 1000 L L3800 29¢0°0 9 8L 0 €00 "0 8 190 0 91y 9°68 L6t 1S9 1 6L
86 €6 °0¢ €8 °TC6 1 St 9¢ e vs6 1 9% "0S €CTL6 T € ¥00 0 SLyeE 0 € 8LT 0 T €68°¢ 00 0 012170 0S°0 v'Sel ¢ev LIT VL
96 ¥ 9 €6 'Ly¥ SL°SI 9T "S9v 86 'C6 €€ IS 1 100 °0 072L0°0 S ¥20°0 C185°0 2000 ¥ 850 °0 w0 90°vC 9LT 911 €L
66 ¢ 0T S1°926 1 €1°0¢ LO¥E6 1 81°09 60 '8C6 1 T 1000 T 8re0 2661°0 8 LIL'S 00 0 18I1°0 810 6°00C €87 8°88 CL
66 8L°¢ SYaerd 8 01 €8 °¢9¢C €T 601 69 "6LC 9 000 0 S 100 8 €10 °0 L 96C°0 €00 "0 6 150 0 €80 S8'€C 0ty P9¢ 1L
66 ce'e I1°61T 096 LO°LTT ¢ 801 S 1€T 0000 6¢££0°0 LT10°0 ¥ 8€T 0 €00°0 8 0500 7290 69°0C 18 L6CT OL
%/E Ol N gee/Ud g5z 21 N gee/d 4z o1 Ad g5¢/9d 1z 21 N gee/Ud g5 o1 N gee/Ud 1z o1 Ad g0z/d 107 ad n UL
R n/uL it
5 eI/ ) 75 [ 001/

-1 dIqeL, panupuo)

Tl EH



f 43 5

1392

66 00 v1 S68 1 11°61 688 1 el ey 198 1 6 200 0 8 Ive "0 90¢1°0 (X4 €00 "0 LEIT0 0I'0 6°€LC €89 889 8¢
66 90 ‘61 10§ ¢ 96 °1¢C 08 T 8T 0F 87 ¢ € 700 0 0¥LY 0 S €ST0 LSL 0T 00 "0 L T91°0 €80 819 L'S6 T'6L LS
L6 16°¢ 06¢C 8¢ Tl 66C Ol "TII 149 9 000 0 1970 °0 ¥ 910°0 €€ 0 €00 0 9¢50°0 8L0 6S°0I +¥LI LEL 9¢
Hg oS [ 4 LTE oY "6¢C 1449 L0 "TC1 9¢S 1 8 000 0 02S0°0 ¢ 6¥0°0 80L°0 900 0 ¥ $60 °0 L6°0 ¥E'El 691 €91 8
L6 WLy 18874 69 €1 ocy €L °06 LSY 8 000 0 8 §90 "0 ¥ 020 "0 ¢Is 0 200 °0 1950°0 I€°0 0L°ST ¢o0C Vv'e9 S
66 Sye 00€ 6 01 0¢ 186 (433 9 000 0 L L¥0°0 S¥I10°0 0LrE0 € 7000 I €60°0 6€°0 LO9T 68T €Il €S
66 S¢Sl 868 1 6Tl 106 1 80 '9¢C 906 1 T¢€00°0 ¥ e 0 8 6L0°0 0 €0S 'S 91000 991170 90°0 S°0C9 9091 T'68 TS
66 OL’L 9¢€8 LT V1 €8 81 "9¢ 198 ¥ 100 0 S 8¢l 0 °Ce0’0 0¢€6C’1 L 100 "0 8 L90 "0 08°0 S'cvr LEC 681 16
S6 61°S 67§ 11°¢1 €LS 9679 €eL 6 000 0 8 880 °0 L TT0°0 1 85L°0 8 100 0 6 190 0 €I'r 08 v €ST 0§
€6 Y LOS 91 ‘¥l oS L 00L 6 000 "0 8 180 °0 L €20°0 020L0 1 200 °0 §290°0 99°0 S6°81 ¢8I 0TI 6%
86 [ 4 (9874 0S°1T1 Y44 LO VL 19¢ 8 000 0 L9070 TLIO0 ¥ 61S°0 8 100 "0 2950°0 96°0 CTCYC 69C 6SC 8P
66 1T °¢l €06 1 STyl L16 1 10°LT 8¢6 1 L2000 S eve 0 € 260 0 0 €09 ¢ 8 100 "0 08I1°0 o v'Lel 10E STl LY
66 €6 VI 176 1 [ 0€6 1 8L°LT Si6 1 1 €00 °0 6 1S€°0 I 1600 TT69°S 8 100 0 TLITO IC0 S0'8 8¢T OIS 9%
66 16 91 76 1 e 91 676 1 8 1€ 116-1 ¢ €00°0 02Se0 1L01°0 1€89°¢C 12000 0LIT0 69°0 6°C01 ¢CC ¥SI Sy
Hlg S8 10 "0C 9Ly 1 IL°LT €0L 1 LY LT 166 1 6 €00 0 ¥ LST0 1€60°0 S8YEV 61000 ceero LT0 ¢€°¢LT T6S 091 144
66 vl 916 1 9 "C1 906 1 09— S68 1 0 €000 09re 0 6 0800 6 €€5°S L 100 "0 091170 €C°0 €¥8C L69  6S1 94
66 86 ¢ 1434 S0°6 (394 9T "6S 8T L0000 L 690 0 9€10°0 C1es0 S 1000 ¥ SS0°0 870 Sv'ce 86¢ 161 (44
66 0¢ 91 968 1 ov vl 868 1 0¥ "0¢ 206 1 ¥ €000 6 1v€°0 9160 °0 0 S8%°¢S 02000 SOI1°0 0S°0 €°9¢l 0ce 8¢C1 17
86 ¢l 91 111 c 0€ 91 8L0 C JARNES wo e ¢ €00°0 S L8E°0 L €210 08EL9 2000 09210 91 6911 86l 68C OF
86 0T ¢l LY 1 90 ST 88 1 8¥ 'I¢ 816 1 L7000 8 1€€°0 € ¥60 "0 8 08¢ 'S 072000 SLITO0 €0 €°CsT 08¢ 1T 6¢
L6 81 °SI 96¢C ¢ LS V1 8¥€ T €6°LC °6¢€ T €000 6 LTV 0 I ¥¥1°0 6 660 6 S 2000 I ¥S1°0 w0 vyIt S9¢  66C 8¢
76 88 "8C [ 16 °CC 80 ¢C 0l 'v¢ S96 1 £€900°0 T sor o 16L1°0 CTYLL9 € 2000 90¢CI°0 o evve SIc L9Y  LE
06 1€V (44 08 91 8LT 69 "€ST 8¢S L 000 "0 8 6£0°0 8 120 0 1 6I€°0 1 ¥00 "0 08S0°0 9°0 S0°6 6LI 811 9¢
S6 L9°L €SL LT 81 8L 86 '89 9L8 £ 100°0 6 €210 6 8¢0°0 Se9l’I € 7000 78900 ¥S°0 06°6C L6l 901 ¢
66 98 "¢l 611 C LO¥1 9¢l ¢ Ly LT 0SI ¢ 0€00°0 [ 68¢°0 6 CIT0 ¥ 761 °L [ 2000 6 ¢€1°0 7€°0 9°86¢ 1¢€8 S YA 49
L6 18°C LST €0°8 €9¢ LL'LL (443 € 000 0 L0700 € 010°0 8 S6C 0 8 100 "0 L 2S00 YL'0 LE9T €0S  OLE €¢
L6 0L ¢l or8 1 09 'v1I 88 1 €9 °6C 976 1 8 ¢00 "0 € 0€e 0 ¥ 160 0 8 6LE S 6 100°0 08I1°0 or'0 1°66C ¥eL €6C TE
66 Iy 11 196 1 €191 SLS 1 61 °LE 166 1 C7200°0 6 €LT°0 L¥LO"0 I GILE 072000 78600 19°0 €°L9 v61 811 £3
66 0L’S 14314 ¥ Tl L8Y 99 '99 61 0 1000 08L0°0 ¢610°0 6 719 °0 L 100 "0 1LS0°0 9¢°0 S0°ST 08C 0°00I O¢
86 [4t S0S T ¢ "81 ovs ¢ €9 °¢e 69S¢C S ¥00 0 8 VLY 'O ¥ 61C°0 1 10C°11 S €000 CILLO0 L0 08 L'68 619 6C
S8 ¥1°9 9Ty €6 °CC 16¥ 6¢ "0¢T 608 0 1000 £ 890°0 09¢0°0 €179°0 1 ¥00 "0 0990 °0 8L°0 ¥0'8 968 S°69 8T
86 L 91 6LL T IT°L1 S08 1 I1¥¢ 8 1 ¥ €000 6LIE0 I 001 "0 v LI6Y I 2000 0cIro 6C°0 9°CGII €0e V68 LT
L6 €6°C (114 L1°L 844 6C 1L 161 ¥ 000 0 9 6€0 0 06000 9¢CLC0 91000 6 610 "0 1€°0 ol v¢ ¢SL 9¢C 9C
HE 9 9% "Gl 968 1L°CS 08¢ 1 LLSTI 266 1 8 200 0 I 6vl 0 1€81°0 18CS°C L 800 "0 ¥ ¢l 0 el 0C0l vy v°6S 6T
66 1S '¥1 7e8 1 6C 91 e8 1 Y€ "€e 8T8 1 0 €000 162€°0 T L60°0 T9L0°S 12000 LTIT0 60°0 €8°C01 ¥LT ¥°ST T
%/E Ol N gee/Ud g5z 21 N gee/d 4z o1 Ad g5¢/9d 1z 21 N gee/Ud g5 o1 N gee/Ud 1z o1 Ad g0z/d 107 ad n UL
R n/uL it
5 eI/ ) 75 [ 001/

€-1 dIqe], panupuo)

€1 %5



1393

PUBRHT AT -8B X548 REEICE B A1 U-Pb 4RI S TR

E

i

R

i

IS

66 706 LYE T SLTI IS¢ 1 08 €€ 8¢ T L 100 "0 ¥ CeC0 v LY0 0 6 ¥8LC S 100 °0 6980 °0 0§°0 €10l L9  S8I cl
L6 0S¢ LT 8Tl 89¢ 69 "8¢C1 L1T 9 000 0 7 €70°0 ¥ 910°0 0720€°0 L 7000 S 0S0°0 e vyl lel wy o 11
86 8¢ T 6CC 019 €€C 99 99 €8¢ ¥ 000 0 19¢0°0 9 L00°0 C8SC0 S 1000 072S0°0 €L” S¢Sy 908 +tvoc 1l Ol
86 8¢€°C 16¢ 8¢9 144 16°89 L8C 000 0 96¢£0°0 € 800 "0 L €8C°0 9100 °0 072S0°0 S0 S'SY I¥e  61¢ 6
66 0l '¢ (974 or v Sve 9T 'vE §9¢ ¢ 0000 ¥ 8¢0°0 S S00 0 € ELC0 6 0000 S 180 °0 LEO ¢'evl 192¢ 80CTT 8
96 8L°C 9¢¢ S8°8 S9¢ 9916 19¢ 000 "0 ¥ 0¥0 0 € 110°0 9 86C°0 I 2000 8 €50°0 €6°0 €T'6l 6S¢  SgE L
96 90 v (334 L6 667 oy "LS 68S L 000 "0 8 LLO 0O L S10°0 ¥ €9 °0 91000 € 650 °0 L8°0 L9¢ SS€  60¢ 9
66 80 v (324 6511 (344 T L 01974 L 000 "0 11L0°0 9 L10°0 0LYS 0 8 100 "0 8 6600 Iv'0 ¢w'cc 89C OIl S
66 86 'CI L8 1 [ €88 1 0L 8T S68 1 L7000 69¢€°0 8980 °0 € 06¢ 'S 6 100°0 0911°0 9¢°0 9°L0T IST OvI 14
66 screl 968 1 68 11 L8 1 9L €T 006 1 L2000 9 €€€°0 9 €L0°0 L1TE’S S 1000 96110 ¥€°0 9°¥Ce 808  6LC €
L6 WL 178 26 81 008 96 "LE 6€L ¥ 100 0 6 S€l°0 01¥0°0 8 86l 'L 12000 01900 68°0 CTC9C 9vl 0ocl C
66 e LET 61°¢ 8¢€C [SSNYY 95¢C 000 0 ¥ LE0°0 <900 0 9 €970 1000 1150°0 LT'0 69°¢€L €6L T 10€ 1
ek 33 A VAT

86 65 L1 2L 29°TC 0I1 ¢ 99 "6¢ Se1 T 8 €00 0 16L£°0 L LLT"O 266 9 €00 0 8 el 0 1€°0 9°6LT 99¢ SIT 08
66 SL¥YI1 L8 1 88 '0C 188 1 vy vy 9L8 T 1 €00°0 69¢€°0 8 0€I "0 €LES €00 "0 L¥IT"0 6C°0 S'LYI ¥SE 101 6L
<6 €0 °Cl SLO T 60 "0C 8YL 1 L6 °6€ 8 1 ¥ 200 0 9960 SOIT 0 68 v €00 0 STIT0 290 S0l ¢€0E 681 8L
66 78 vl 98 1 ¥ "6l €L8 1 YL 8¢ 998 1 1 €00 °0 ¥ S€€°0 L 0TI 0 [ X4 2000 I ¥I1°0 LT'0 0°6C1 €€ +°9S LL
86 0C 81 8I8 1 ¢ '9¢ w8 1 oy "SS 198 1 L €000 L STE0 c091°0 1ZAY 00 0 8 ¢IT°0 0c'l T'¢Cc 19 1°09 9L
6 0L ¢ 0S¢ €8¢l (434 ¥ 651 €L 9 000 0 96¢£0°0 1L10°0 LST0 €00 "0 S LY00 0’0 <CTL'S ¥eI  €°LE SL
66 S "SI 168 1 €€ °0T 688 1 99 '1v €L8 1 C€00°0 6 0¥€ 0 ¥ 8C1°0 STy 'S €00°0 9¥IT°0 €10 T'EST €8¢ 0'6¥ VL
66 LS 43 ! 88 '0C 998 1 T LY 0L8 1 C£00°0 8 TEE 0 06210 S €000 Y yI10 LO'0 L9°9ST 90¥ ¢S°8C €L
16 €C°¢ 0s¢C 00 "€l 0€C 88 "8¢€1 ¥ ee € 0000 96£0°0 1910°0 ¥6C°0 €00 "0 S9¥0°0 L9°0 TCeIl €¢C  0SI <L
86 L1°G 1LE 0€ LIl 9LE 1 eCl 86¢ 8 000 "0 T6S0°0 L ¥20°0 81 0 €00 "0 L ¥50°0 ¥8°0 vL'0l 9¢l SIIT 1L
66 LT 91 6L 1 98 'vC IvL 1 8L TS LIL 1 £ €00°0 LT1€°0 8 S€1°0 1254 €00 °0 I S0T°0 IS'0 TSy vIl S°LS 0L
86 €591 768 1 9% "TC IL8 1 0¢ 9% 8 1 ¥ €00°0 9 1v¢€°0 gocl 0 140 €00 0 02CIl0 Ly'0 9°C8 16l T'68 69
66 €6 ¢l LO6 T 06 61 768 1 SOy 998 1 €000 Cvre 0 ¥ 9C1 0 (Y €00 "0 1vIT°0 ¥YI1'0 v°60l ILC 6°9¢ 89
66 06 'S1 010 ¢ 11°C¢C 900 ¢ 9¢ ey L86 T ¥ €00 "0 6 S9¢°0 L9ST 0 0IC9 €00 0 0¢Clo 001 T'19 SII SIIT L9
66 TSl 988 1 9 61 988 1 68 '8¢ €€6 1 C€00°0 8 6£€°0 8 €TI0 (1889 2000 (A48 1] LS'0 ¥eST Lye 861 99
66 S6 ¥l €26 1 96 '81 806 1 16 °6¢ cL8 1 1 €000 S Lye 0 02cclo SZY 200 °0 SvIL 0 9C¢°0 1°6SI 8LE L'96 S9
66 LY 61 YL 1 91°LC 6IL 1 8T 'S9 869 [ 6 €00 0 L 90¢€ "0 €SP0 Ley v €00 "0 1+01°0 290 6c6l 08 L'6C V9
86 v 61 6¥6 1 SL 0T SI6 1 1S 1y 868 1 1 00 0 T €5€°0 SPEL 0 765 °S €000 9 €110 IL°0 S°681 10¥ 98C €9
66 L 91 090 ¢ L6°1CT 190 ¢ SL'vy 00 ¢ 9 €00 °0 SI9LE0 ¥ ¥91°0 0199 €000 8 6CI 0 €€0 66 10 999 179

Hig <8 S04 8CL T €6 67 870 ¢ 69 11c ¢ T800°0 9 €1¢°0 129¢°0 L9€ 9 €00 "0 L 8€T 0 €8°0 C9¢ Icl 101 19
L6 0C'9 1974 LLLT LTY 81011 9¢ 0 1000 0 0L0°0 L 920 "0 €260 €00 "0 8 €60 °0 SS°0 6£°Cl OFI T°LL 09
66 €7 91 L8 1 TT €T 068 1 €9 '¥S 788 1 ¥ €000 S LEETO 69%1°0 Iey 'S €00°0 €SIT°0 0S°0 T1°L9 ¥ST L9L 6S

- %/E Ll Ngez/d o 01 Nger/9d 1o 01 Ad oo/ d 4 o1 N gez/9d 95 01 N gee/9d 1z 01 Ad 99z /9d 12 ad n UL

" UIN/3Hy HH T i v

p-1 dIqeL, panupuo)

1 EE



f 43 5

1394

66 60 °S 9ey SL'6 LeY LLTS (1374 8 000 0 6 6900 8 ¥10°0 T LESO ¥ 100 °0 9650°0 920 T6°1¢ 00v 20T LY
6 LL €l 10S 6511 oS ¥1 8% L9L €200°0 L 0800 ¥ 610°0 €20L°0 S 1000 S 90 °0 68°0 8'I8 ¥68 TO6L 9F
66 Iv°¢ 9¢ L8L €9¢ oy 'LS 149 9 000 0 08S0°0 1110°0 9 6C¥ 0 ¥ 100 °0 9¢50°0 89°0 L¥S LeL  SOS 974
S6 61 "6 16L 12°0C 978 1L°8L 876 L 100 "0 S0er 0 6 ¥10 "0 8 ¥SC'1 92000 00L0°0 69°0 vo'Il 1°0L V8 b
L6 68T LT 09°L 99C 16 °SL 0ce ¢ 0000 1 €v0°0 L 6000 6 66C°0 91000 9050°0 98°0 0S9C S9Y 00V b
66 YL vl 098 1 43! €98 | e ee 998 1 0 €000 ¥ ¥€€°0 9600 6 09C°S I 2000 I ¥I1°0 LC'0 ¥°L01 €S9C +vCL Ty
66 10 'v1 658 1 6 'Sl 998 1 0l ¢¢ €€6 1 6 200 "0 ¥ 7ee 0 € 860 "0 € 08C°¢ 02000 Yo 00 v'I6l ¢Sy STC 17
96 ve €l 896 1 TSl 806 1 €0 "¢€ or8 1 8 200 0 0LSE0 0860 °0 Sovs 'S 02000 SR ] 00 Co'eve 865 9°IL O
66 61 "€l 668 1 0§ ST L06 1 ¥9°1¢€ 116 1 L7000 STPE0 S 660 0 T 6£S°S 12000 0LIT0 €C°0 L°691 T1I¥ 0°S6 6¢
86 16 v Y44 or "¢l (11574 81 'S8 19% 8 0000 1 890 0 1 020°0 T LTS 0 1 200 °0 2950°0 €60 TI'ST 8LI S°8 8¢
86 80 '9¢C LEE T v 1T 69¢ C JARNES L8E T 8 €00 0 69¢¥ 0 1L12°0 cCIgE’e 8 200 "0 9 €S1°0 8C°0 19¢l ¢6ST ¥'IL L€
86 LT 908 1 2061 S8 1 8¢ 9¢ 198 1 9 €00 0 ¥ €20 6 €IT°0 9 660 °S € 2000 8 ¢IT°0 o Sl 9ce  LUIL 9t
L6 96 '¢ 54 Tyl 86¢C €8 "1G1 cee 9 0000 8 6£0°0 I 810°0 £€68C°0 S €000 I €50°0 S6°0 9S°L 1l el ¢
86 SLCI €66 1 44! 9L6 1 66 '8¢ L90-T L 2000 8 £6€°0 L 660 "0 6 000 9 02000 0¢Cl0 0€'0 TIIY €96 lec ¢
86 LT6 Sol 1 9T vl 081 1 96 "LE L9T T L 100 "0 L €0T°0 8 ¥10 "0 0L61°C L 100 "0 ¥ 8L0°0 89°0 L°ITI L9%v Ol¢ €¢
86 6¢ ¢ £ee [ 6€¢ 86 'C6 16¢ 9 000 0 0¢€S0°0 8 S10°0 6 S6€°0 72000 S ¥60°0 88°0 06°LT 9ST 92T T¢
66 6C°¢ S°74 LT 01 £€9¢ 6¢ "L01 19¢ §000°0 0c2ro0 I €10°0 6 S6C°0 ¥ 200°0 S 1S0°0 w0 v6°SI €Te  9¢l £3
L6 €LY (154 201l 82474 ¥ '69 60% 8 000 0 ¥ 2L0°0 8910 °0 9 7S °0 8 100 "0 06S0°0 ¥8°0 1°0¢ ¢I¢ 19¢  0¢
66 LY LT ovs ¢ SCLT 6CS T 8 1€ 1es ¢ 0 100 0 0¢87°0 9 L0C"0 SOLOTT 1 €00°0 €991 0 L0 9°C8 9CI L06 6T
86 LT'8 66 7S 81 710 1 ¥0 29 LSO T S 100°0 8 991 0 S 6¥0°0 v YIL'T 12000 S¥L0°0 €C°T €8¢ 91 661 8¢C
86 SO°TL LEY T Sy €l 98 1 09— S68 1 €7200°0 8 6C¢ 0 8780 °0 9 8LT’S L 1000 0911°0 89°0 L8S €9¢ 1 IC6 LT
86 ¥9°C ore 8¢9 1453 LY €re #7000 0 c6v0°0 98000 8 19¢€°0 1000 € €60 °0 660 1°C6 6IST L68 9T
66 w6 £€6 6C LI 1€6 €9 v¢ 1€6 L 1000 8 SC1°0 S 00 ¥ 00S °1 02000 10L0°0 Iv'0 16°6C €91 +'99 ¢€C
86 0f 'S¢ VLS T 89 0T 6CS T 8¥ 1€ 00§ € 6 S00°0 L 06¥ "0 8 ¥¥C°0 €790 'T1 I €000 TE91°0 PL'T 8'89 L8 ¥SI T
<6 9T Sl 611 C I¢ vl S ke LL"ST 0e ¢ €€00°0 € 68€°0 °Yero T €98 °L € 2000 Sorl 0 71°0 veLST ¥PE S8 €T
96 ¥y 1394 08 "0l 891 $6 79 0SS L 000 "0 8 ¢L0°0 69100 €98¢°0 L 100 "0 ¢ 8500 Iv'0 8L'ST 66C CCI (44
S6 68 ¢ LT LT°6 09¢ 86 'C6 S 9 000 0 cer00 L T10°0 S 16C°0 6 100°0 1 6¥0°0 €0 CCTe Ovy  L8I 1T
86 o ¥ 6¢l oyl La4%4 6S 'C6 L8V L0000 S 0L0°0 072200 S87S°0 ¥ 200°0 6 950 °0 770 €8°0C 8¥C 601 0c
86 L8 €l ee8 1 L1°81 918 1 81 €€ So6L 1 6 200 "0 T6e0 8901 "0 086 € 2000 L 601 "0 66°0 8°S¥ OIT 1°99 o6l
66 ¥Z'C 84 ¢ 0l 9¢¢C 9L 201 €ee 1 000 0 € 0¥0 0 0¢€10°0 98¢0 ¥ 200 °0 9 160°0 9¢°0 S8°I¢ 9¥9 09¢  8I
86 9L S 18% CCLL 06 €1 '86 19729 0 1000 S LLOO S L2070 6 619°0 92000 ¥ 8500 €€°0 LS'ST LT  ¥°8S LI
86 124 €LE 88 Tl L9€ ¥1°86 Sye L0000 9 650°0 ¢810°0 €SEv 0 € 2000 T°¢s0°0 LL°O OF'81 ¢€¥C 881 91
66 Sy ¢ 0¢ 0L'8 €0¢ 65 °L9 86¢C 9 000 0 € 8100 S110°0 6 LYE 0 L 100 "0 € 2S00 8C°0 88°CE 909  L91 Sl
06 €L'S 14394 L9 €T 00S 16 "€T1 YyL 0 1000 6 CLO 0 18¢0°0 6 9¢9 0 6 €00 °0 8 €90 0 €1l S8vlL vyl 91 1
66 SL 91 790 T 9L 0T €S0 T LO LY 050 ¢ 9 €00°0 69LE°0 [ ¥S1°0 T €SS9 0 €00°0 ¥ 921°0 69°0 96°C¢ S99 9°Svr ¢l
%/E Ol N gee/Ud g5z 21 N gee/d 4z o1 Ad g5¢/9d 1z 21 N gee/Ud g5 o1 N gee/Ud 1z o1 Ad g0z/d 107 ad n UL
R n/uL it
5 eI/ ) 75 [ 001/

S-1 dqe], panunuo)

S %E



1395

PUBRHT AT -8B X548 REEICE B A1 U-Pb 4RI S TR

[H.

i

R

i

IS

06 9¢ 'vE 686 C SL 9T LT 09 v¥ 916 T ¢ 8000 8 8860 L €8¢€°0 S 009 €l 00 "0 6 91 °0 60°0 €0°9L LOT €SS°6 T8
g L8 80°S Sye LTSI 06¢ S "S01 659 8 0000 0SS0°0 12200 L 89%°0 €000 91900 Y0 IT11 991 L°eL 18
86 86 81 LE6 T 26 °¢€C 906 1 SI8y 768 1 0 00 0 9 0S¢0 L €ST°0 L €€S’S €00 0 € ¢I1’0 ¥C'0 8'¢evl Ive €°¢8 08
66 1€°¢ 88¢C 0S¢ "0l 98¢ 17°L6 €9¢ € 0000 L S¥0°0 L €10°0 ¥ SCe0 200 °0 ¢ 1S0°0 ¥6°0 09°CC 09¢ OvE 6L
66 SS 91 006 T 16 °vC 068 1 LL0S S98 1 ¥ €000 8 ¢re 0 16S1°0 S Sev 'S €00 0 0vIT 0 €€’0 8T6 o6IC TCL 8L
86 ¥y 96¢ IT°01 £6¢ 85 °C6 19¢ L0000 69700 € €10°0 [ 23] 2000 ¥ 1S0°0 19°0 €9°LC TLy LT LL
<6 6T 144 11711 99¢ SRSt 0S¢ S 0000 € 00 "0 [ 41N1] € 66C°0 €00 "0 g €500 L'l LTeT soF SSy 9L
66 <L 91 788 1 [4RNtS L88 1 L6 19 9.8 1 ¢ €00°0 S 6€€°0 ¥ 961 0 v Iy 'S 00 "0 LYIT0 w0 S°L6 LTT 9°v6 SL
86 S 430! S6°0¢ ILS 1 8¢ TL €861 8 700°0 €TLT 0 TEVE0 T 669 ¢ 00 "0 8 L60 0 SL°0 8°08 1CC L91T L
66 r 9C SI8¢C 79 °LE 0€8 ¢ 8C°S9 1€8 C €900 °0 S LYS0 01090 I ¥€C°SI 800 0 §00C°0 9°0 89L tv'66 099 ¢€L
66 €8 LT 086 C o ee L6 T 9¢ "'99 666 ¢ 8900 0 L L850 6 €CL°0 9699 LI 600 "0 ¢oIT0 I°0 0°¢SI 681 096 <CL
6 9LV 88¢C SCLT 0r¢ 86 671 861 8 000 0 L S¥0°0 S €20 °0 T LSE0 00 "0 T LSOO 80°1 LI'8 Tl el 1L
6 €L'9 819 6 0T S99 99 68 cl8 I 100 °0 9 0010 L 6£0°0 162670 €000 29900 C0 S'68 €LL 691 0L
66 8¢ °¢C 0LS T 68 'S¢ 196 ¢ 68 €9 IS T 6 S00 0 8 6817 °0 8 6¢¥ 0 SoSy Il 900 0 L 8910 L9°0 T'SEl 10T ¥El 69
Hg  v8 0l "0C ory 1 wec SL9 1 8819 686 1 6 €00 0 ¥ 0SC°0 L 0OST 0 0 90T ¥ 00 "0 91210 8C°0 L9 ¢¥0CT OLS 89
L6 9% 61 Siv € 6 '0¢ 1LY T 96 "¢¢S 60§ T ¥ 00 0 ¥ Sy 0 STre 0 9 ¥0¥ 01 <00 0 1691°0 IL°0 S'¥6T S9% TeE L9
66 €6°¢ 1434 S9 11 [45% ¥ '69 384 L0000 9690 0 9 L10°0 6 0€S°0 2000 0SS0°0 €0 196 S6l 1 0LT 99
66 L6 V1 768 1 Sy 'SC 0L8 1 00 "8% LL8 T 1 €000 1 ¢€€°0 6 LST 0 9 80¢ 'S €00 0 8 ¥I1°0 €8°0 6°6SI o6¥E  06C <9
L6 LLY 68¢ 0 91 08¢ S6°CIL (4¢3 8 000 0 72900 0¢€20°0 T Ysy 0 €00 "0 9¢S0°0 6L°0 ¥l CLI 9¢l 9
L6 68 'CI LI8 T 00 1T LS8 1 adhad 068 T 9700 °0 [SEY451] S 8CI 0 Syee's €00°0 LSIT0 €9°0 L°0€T STS ¥rE €9
L6 SL'L £v6 20 L1 S96 9¢ "¢ €00 1 1000 9 LST0 € £¥0°0 9861 2000 97¢CLO0 871 8°L6 S6€ S8S 79
66 [SUNY! 116 1 6C’1C 6 1 v vy 26 1 [ €000 0Sre0 6 8¢€1 0 08€9°¢ €00 "0 6 LIT°0 €1°0 1°0CCc LgS 0769 19
L6 €88 OIL 6L°1C 0gL °T’L6 008 ¢ 1000 ¥ 911°0 0+v0°0 L1S0°T €00 "0 8 690 0 ¥8°'1 9°0C SOl €61 09
96 LL 61 ceL 1 0T '9¢ 08 1 IL°€S 9L8 1 0 %000 € 80€ 0 12S1°0 ¥ 106 v €00°0 9¥IT°0 S0 ¢€eL 181 816 6S
Hig 6L 8¥ ¢ 0LT 8L°CL €ee YL 06 L8L 9 000 "0 8 ¢¥0 "0 SLIOO T 88¢°0 €00 0 ¥ 690 °0 L8°0 TC'€T 06¢ 8¢E 8¢
96 9¢°C 9¢¢C L6°L ¥9¢C LL'LL 144 1 000 0 S 070 °0 C¢010°0 €96C°0 200 °0 6 ¢S0 0 66°0 0S9¢ SIL STy LS
86 [ 1494 SE°6 (454 [S9NSY 00$ 9 000 0 6CLO0 S ¥10°0 99LS 0 100 °0 0 LS00 el TTIl LOOT Tecel 9§
96 9 T 1€C €L°L (44 Ly 18 60¢ ¥ 000 "0 §9¢0°0 9 600 0 9992 °0 2000 92500 ¥0'C S'ev ¥69 ¥Iv 1 ¢SS
66 €0y Y44 8¢ Tl 9ty 66 L LY L 000 "0 1890°0 8 810 °0 ¥ 12570 200 °0 1650°0 8C°0 LL'IE 16€  OII 149
96 ¥8°0 1°68 8T 816 6C 1L 14! 1 0000 6 ¢10°0 0 €00°0 9 ¥60 0 200 °0 06v0°0 €6°0 S°LS 10E € VELT €6
66 oY 'vC 0€ T 6 "8C 91¢€ T 6L %S 14594 ¥ 600 "0 S o6cr 0 ¥ 8LT°0 € 18L°8 <00 0 LYo €0°'T T8 T'I6 S°¢6 TS
€6 0€'C 1374 6C '8 (Y4 29 6L 9LE 000 "0 ¥ 8¢0°0 S0I10°0 €06C°0 2000 I 60 °0 €70 10°8¢ <T08  ¥¥eE IS
L6 80 v ocy L9°L 11y 0L €S 19¢ L 000 "0 ¥ L90 0 ¢ 110°0 6 86% 0 € 1000 8 €60 °0 LE0O STIOT €1 9Ly 0§
S6 0L'C 144 1LY S9¢C 1244 69¢ 000 0 ¢ 0v0 "0 09000 8 86C 0 1100°0 0+S0°0 89°0 87601 0S0OCT T6€ 1 oF
86 00 01 S8L 09 0T 9LL 87 18 S9L 8 1000 S o6cl 0 9 €¥0°0 08711 S 2000 L %90 °0 SL'0 €8°IC 8CI 996 8¢
%/E Ol N gee/Ud g5z 21 N gee/d 4z o1 Ad g5¢/9d 1z 21 N gee/Ud g5 o1 N gee/Ud 1z o1 Ad g0z/d 107 ad n UL
R n/uL it
5 eI/ ) 75 [ 001/

9-T Iqe], panupuo)

91 %E



1396 A oA T W % 4 & a3 B

ZIa], E W AE Y 253. 4 Ma £ 450. 8 Ma, f77E  Hi, 7 A5 AR B PP/ U 4 1% i BCF 2416 A
791 Ma 11 913. 8 Ma ZPMRPAERIEE (K] 6e 6f),  239.4% 7.9 Ma(MSWD=11.4, n=7) B =21t

a 7119-1 ” b z119-1
06l 237.9 1860.3
8
2500
=
04} Mean = 216.1+4.5 Ma
= MSWD=3.7, n=7 =6
=
x__ﬂ-.
02}
0 | 21 .. ..Z .'.:' i
500 1000 1500 2000 2500 3000
Y/ Ma
18
C 71331 L d z1334
08F 16 +
250 1868
06
= Mean=252.2:2/8 Ma
MSWD=1. 1, <5
s 0.0425 W
= 04 -
A 0.0415 26
0.0405 |
02t 0.0305:
0.0385
4 0.0375L 3502
0 . iy 2 K g
10 20 1000 1500 2000 2500 3000 3500
*pbr U i /Ma
0.6
e 71452 14l f Z145-2
2534
051 250 12t
04 10
Mean = 239.4+7,9 Ma
= MSWD=11.4, n=7 = gl
03t [ =
A 1500 0.042
5 0.040| oF
02
0.038} 4l
I 0.036} /
o 500 22 2t
0.034 A A
g ) ) ) S 024 028 032 0 el MR ; . LB
2 4 6 8 10 12 14 500 1000 1500 2000 2500 3000
*pp/ U A%/ Ma

Bl 6 IRETHLA B X EEKE T ESA U-Pb IR IEAIE (a.c.e) MREFHRFFEEFE (b d )
Fig. 6 U-Pb age concordant diagrams(a, c, e) and surface age frequency histograms (b, d, ) of the tuffaceous zircons

from the Zhujie fluorite-antimony ore field
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Fig. 7 Zircon trace element diagrams of the tuffs from the Zhujie fluorite-antimony ore field (a, b are after Belousova

et al. , 2002; and c is after Yang et al. , 2012a)
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