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Fig. 1 Geographic tectonic position of the Nanling metallogenic belt (a) and simplified geotectonic map of the Laozhailing copper tin

deposit (b). Modified from The 409 Team, Geological and Mineral Exploration and Development Bureau of Hunan Province,

2013.
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Fig.2 Mining geology map of the Laozhailing copper tin deposit. Modified from The 409 Team, Geological and Mineral Exploration

and Development Bureau of Hunan Province.
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Fig. 3 Reflected light images (a, ¢, ¢) and U-Pb Tera-Wasserburg concordia plots (b, d, f) of cassiterite from the Laozhailing copper

tin deposit.
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Table2 LA-MC-ICP-MS U-Pb dating results of cassiterite from the Laozhailing copper tin deposit.
REfH 16LZ01 B 161202
3= 2385206, X TR 207py, 206pt, X TR e 238(5,206py, R R 207py, 206, X TR
(%) (%) (%) (%)
1 14.61 1.46 0.4639 2.05 14 26.90 1.68 0.1444 8.74
3 24.27 1.14 0.1861 3.11 20 21.89 1.43 0.2299 2.99
4 25.68 0.98 0.1336 2.03 21 22.38 1.50 0.1878 4.75
5 19.94 1.01 0.2969 1.33 23 20.24 1.28 0.3109 2.32
6 24.77 0.97 0.1574 1.67 24 27.01 111 0.1086 4.76
7 13.69 1.01 0.4711 1.18 25 23.28 1.28 0.1818 4.00
8 18.28 1.25 0.3300 1.92 27 17.79 1.32 0.3424 2.02
11 10.11 1.42 0.5670 1.29 28 11.24 1.46 0.5527 1.77
13 26.88 1.18 0.1075 6.08 29 12.01 1.70 0.4874 2.13
14 27.36 1.07 0.0709 5.70 31 21.51 1.42 0.2427 3.56
15 27.53 1.08 0.0919 5.84 32 21.78 1.14 0.2453 2.28
16 23.68 1.11 0.1630 3.62 33 27.24 1.19 0.0966 7.19
17 24.61 1.14 0.1567 3.75 34 8.53 1.33 0.5946 1.23
18 19.59 1.02 0.2991 1.40 35 25.53 1.63 0.1628 7.93
19 23.05 0.95 0.2066 1.29 36 25.69 1.40 0.1392 5.58
21 14.85 1.04 0.4391 1.41 37 25.47 1.40 0.1757 4.82
22 26.94 1.24 0.1324 5.49 39 26.73 1.14 0.0928 5.70
23 22.01 1.34 0.2452 3.43 Fdh 161203
v N=Y
25 27.15 0.95 0.0824 2.15 ot 28y%pp ke 27pb/*%Ph T2
(%) (%)
26 8.89 0.99 0.6127 112 2 28.04 1.03 0.0550 7.78
28 11.85 1.02 0.5214 1.17 3 26.82 1.00 0.0846 4.12
30 18.30 1.46 0.3569 2.80 4 27.62 1.06 0.0618 7.30
31 6.19 1.05 0.7026 1.25 6 20.64 1.13 0.2722 2.12
33 9.21 126 0.5908 1.30 10 26.84 1.75 0.0734 19.59
34 6.95 1.03 0.6667 112 11 21.13 1.13 0.2659 2.15
35 6.49 1.10 0.6797 112 12 26.94 1.16 0.0673 10.61
36 27.49 0.98 0.0733 3.81 13 28.27 1.17 0.0658 9.68
37 17.45 1.68 0.3483 2.29 14 27.04 1.19 0.0621 11.64
38 12.12 0.95 0.5167 1.13 15 26.81 1.10 0.0940 5.18
39 10.51 1.02 0.5554 1.18 16 27.76 1.06 0.0694 5.95
40 27.45 0.97 0.0795 3.30 19 26.97 1.02 0.0873 437
41 14.04 1.00 0.4475 1.22 20 27.68 1.03 0.0558 7.22
44 28.18 0.96 0.0532 3.75 21 26.52 1.06 0.1122 3.97
45 28.24 0.96 0.0629 3.18 22 26.72 1.73 0.0853 12.89
46 28.57 0.95 0.0594 3.37 24 20.91 1.42 0.2838 3.26
47 28.73 0.97 0.0675 3.89 27 11.20 1.09 0.5236 121
48 23.75 1.13 0.1745 3.00 28 16.10 0.96 0.3992 1.18
R 16LZ02 29 17.68 1.01 0.3546 1.31
ORLs 1R
RS 28y 20py *HX(Z’)% 207pp,296pt, *HX(Z;)% 30 12.14 1.92 0.4923 1.81
1 23.69 1.57 0.1971 4.63 32 11.41 1.71 0.5392 2.04
2 22.94 1.75 0.2425 5.39 35 20.23 1.09 0.2744 2.29
3 26.44 1.15 0.0983 4.66 37 6.59 1.50 0.6880 1.24
4 12.24 137 0.5146 1.38 38 12.71 1.01 0.5104 132
5 16.29 1.75 0.3750 4.02 39 11.57 1.05 0.5372 1.26
6 21.99 1.32 0.1977 4.05 42 6.28 1.18 0.6895 1.14
9 25.72 1.92 0.1617 7.71 43 12.81 1.01 0.5093 1.23
10 26.57 1.33 0.1231 6.72 44 26.55 111 0.0950 5.47
11 26.86 1.45 0.1116 8.63 45 26.91 1.09 0.0890 5.92
12 25.24 1.50 0.1156 7.27 46 9.56 1.49 0.5940 1.40
13 19.38 2.32 0.3257 6.37 47 24.84 1.09 0.1566 3.47
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Table 3 The published potential standards of in situ cassiterite U-Pb dating.
. U&HE U-Pb 4% N .
BEh no : MR 7 it BHICHR
(<107 (Ma)
30~33 158.2+0.4 ID-TIMS
- 4
AY-4 — 159.9+1.9 LA-ICP-MS z [4]
6~12 246.48+0.51 ID-TIMS
22
Yankee - 243.944 8 SIMS AR [22]
Euriowie — 158842 SIMS A BR [22]
45~265 1536.6+1.0 ID-TIMS [22]
SPG4 IR
— 1542.7+1.7 LA-ICP-MS [23]
0.5~9.4 285.1420.25 ID-TIMS [28]
Cornwall AR
— 283.2+1.8 LA-ICP-MS [23]
] 13~11.9 154.969+0.082 ID-TIMS [28]
Jian-1 AR
— 156.81+0.36 LA-ICP-MS [23]
SPGII 23~29 1539.5+0.5 ID-TIMS A BR [29]
RG-114 12~15 102243 ID-TIMS A BR [26]
BB#7 62~9.6 262.2+0.8 ID-TIMS A BR [26]
19GX 7.6~13 100.0+0.3 ID-TIMS AR [26]

E: R R

0.4Ma) FIPE A, (HE-m AT AR AR, 76 R 22 e 5%
B A0 P AR 1E T R TR S A S

TESA T X B U-Pb AE I 2 I, 3 8 47
HERRFIBR & IRATRE 0 7T 5EAY U-Pb AF % 19 ) — S
TR FH A A IE A % Pb EIE 2 7P
MEIE¥E, 2%Pb A2 1E 1 . MR 1 Tera-Wasserburg ]
figpigs 10 18:22:3031 ) g o e i A S R ) L S A
B U, Th & AN EBRA R MR IE . 8A
TYEA U SRAC, SEe &t m B A —n
S, XA A M B A ) P R T AR K
RIME S 25 B TR SRR, SEBRRI P ER
Tera-Wasserburg [&] fiff 12 FI1 55 B 28 16 >k Fr Bk 3 8 4,
T A 1O S S T o2 AR T 7 O B A
B TP A DASGE FHPESET T B, A SC
AP . AW P ZES 0T =8 AR
7pb/Pb Lt fH A5 1k 38 FE R 43 51 R 0.053 ~ 0.703,
0.093 ~ 0.553 LA & 0.055 ~ 0.689, K 22 $ B 1 1
2Pb/ P AR AR, A B A5 AP/ AP L
K. I, R Tera-Wasserburg K] i fig 401
A B EAR ) T 28 AR
3.4 EFIRTGN R AR
3.4.1 Bf1 U-Pb [ Z AR T FEdE

s AR an s 21 XA U-P 6] 244 % 14 B
PR RCAR B T SEPEIEAT T RIS A, B 9T R I 24
HIHR A 1°C/Ma B, A8 HEER Tum (9854 5
ki Pb A EFE IR N 520°C, HR A £ {5 BAERE
— 886 —

B T 55 T B R FE B, AN 532 5 B 5O E Y
S AR ST BT 4 A J0R 2 80K T 100pm, £
11 U-Pb [f {5 2k Z R B PIRE KT 560C 12, IR
WA KPR ARVE R R sE i B/ . BRI, AR 305
841 U-Pb 4E I W] LURR ) A 45 it al . 84
SRR B I E BT LY, H AR R
T LIRS T B B R A1 . AR SCIRAS ) % 280
0 IR = A RE S U-Pb IS FIAERS 733K 222.0+
1.5Ma(MSWD=1.6, n=37). 220.5+3.5Ma(MSWD=2.9,
n=28). 225.0+1.6Ma(MSWD=1.3, n=31), 5% fif; 4% %5
(M5S0 76 1% X 3R (1 8 41 U-Pb il FAE 4 Ry
223.143.3Ma, S5ARSCYEE R R — 3, Ui 22808 i
By i 1 P R A T RIS
342 B

B I 23 6 R FIBT A IR Z R & 2
i PRI R A T AR — (S 101 g A
WIRFEZ LT T BedbZ, R & L
T 5 5 PR AR g 12 Mty BRS04 1) 5 BHBA 1L 42 =X
TR YA G

RS BH B L A O RIZRB AR A AT TR
HAEACEERISE (3 4), TR Ty AR ],
RIS R s 20 . BRI A% ) B
2006 43R H LA-ICP-MS $ A XS BHBH 111 5 1k — =1
TR A MBS A AR A AT U-
Pb [Al v 2 MAF, ZRAT B9 25 54393 24 218.0+£10.0Ma,
218.9+3.4Ma. AJ WAFEIS TR ZEHEK, Al fSE i T 41t
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AR £ G L BIR A R 1 R 43T 3 B AS B s B A o
J et A DUAR T 4 B R B e 43 B R &
LB TR AL A H B & LA-ICP-MS 4% 41 U-Pb
SEAE T H 535, AR P AR IR 22 REAE I 7F 2%
LhPg. X% D3R LA-ICP-MS #5 47 U-Pb 24F
FEAXS BH B 1L &2 AR S A AR R T R () =
B RAER A B KAk s . RITETH
RAABEZRIERS . RIERBAERIERS
HEAT I, KA B 45 2R 4 B o 228.8+1.4Ma Al
205+1.8Ma, 229.0+2.0Ma I 221.8+1.3Ma, 2182+
2.0Ma, 217.8+1.6Ma, RHIIZERATREL ) T 4 B
WIGE): ~229Ma. ~221Ma, ~217Ma. ~ 205Ma,
i a4 D R F 5 47 LA-ICP-MS U-Pb 58 4R A
XoF BH BH L A AR BERR A A8 b 2 A LA R v s
TR A K AT A3 M, BRAR AR 4 B R 213.7+
1.0Ma, 221.5£1.9Ma. 58 & R4 30 F) ) % 4
SHRIMP U-Pb [Alf3 R4 x 8 1B AR KA
i a HE AT I R, AR 15 A AF I 45 R O 218+3.9Ma,
Du % ' R ] LA-ICP-MS 5 7 U-Pb 5 4F 45 A %t
H A Dt HORURE BEIR FL ST SR s B KA R A AT AR
WA AE , ARAFAIZE F A 226.941.6Ma £ 223.8+1.9Ma.,
L B A A AT S A5 R T LU S, R
SRR B 53 M T i AR TR 3R A B AR IR 25 T BB KR
/N, AR FEZR B 4% 22 BH BH BH 1L A A2 6 IR 7 247 ~

F4 FHINCE RS SIR0 RS R AR

205Ma 2 ], FEEEH T 230 ~ 220Ma, BB FHAF 11
PR FEEAR A TSI . DL E RS, RS2 B ]
LA AR A AR IR, 56 TIZ0A PR I U™ 41 0% SCRR
WD, Du % U R A P BOR S DT
By AT LA-MC-ICP-MS U-Pb 4E I 5E , A4S A0
FIAEHSY R 216.7+2.4Ma, 54 SCHRAT /) 2 ZE IR 4R B0
AEHY (222.0+1.5Ma, 220.5+3.5Ma, 225.0+1.6Ma) %t
A—F, P, 2RS0T A S T
52 A8 5 A PR A T IR, AR LA - i & — A
AR R, W B A BN SER, B
HA B I AR R B T A AR

4 g

FIH LA-MC-ICPMS 4 X 543/ U-Pb [F] 437 2 ]
AR XTI R AN 2 ZR IS B T rh B A R T e
AETAE, IEXTRE AR ) FRARAR R B = 5 3538
RS CHE M BT TR, SR AY-4 1ESE
b FFH Tera-Wasserburg [ ff 12 20 354135380 416 1E
A AR B g FRAR A G AR SE R . RIS HREE hf
Yo7z YA KRB B A0 U-Pb 4 I8 43 51 g 222.0+
1.5Ma, 220.5+3.5Ma. 225.0+1.6Ma, 111 & 22044
WL 1R & AR B . FHIILE R AR A
HEWEEE T 230 ~ 220Ma, 5 ZEWRHI BB (1) AT IR
FRIEA TR B, 2% BH & ZE 0S4 B ™ 1) B R 5 FH B 1L 46

Table 4 Isotope ages for tin polymetallic deposits of Yangmingshan granitic pluton.

AR U RWOES ) NS WIRES 4Fi% (Ma) E=PTN
FHBA LA R = b K AR b fral LA-ICP-MS 218.0+10.0 [32]
FHEA LA AR S A s B AR A fral LA-ICP-MS 218.9+3.4 [32]
AT HR (H) s KBRS fral LA-ICP-MS 228.6+1.4 [33]
AT H2R (B) s KBRS fral LA-ICP-MS 205+1.8 [33]
FHIA L — = K AE R A bipa) LA-ICP-MS 229.0£2.0 [33]
FHBALL = =B R AR R fral LA-ICP-MS 221.8+1.3 [33]
KOIBFHSOASE KR bipa) LA-ICP-MS 218.2+2.0 [33]
BUEAER KR BARIERIER S fral LA-ICP-MS 217.8+1.6 [33]
A Wb Ak — KR 5 bipal LA-ICP-MS 221.5+1.9 [34]
FHAA L A AR BER KA b fral LA-ICP-MS 213.7+1.0 [34]
BA RIS S bipal LA-ICP-MS 247.2459 [35]
BB AR R A fral SHRIMP 21843 [36]
AT HAERRR A RSB K ALK S fral LA-ICP-MS 226.9+1.6 [11]
AT HAERRR A RSB K ALK S fral LA-ICP-MS 223.8+1.9 [11]
WA TEAR S A H s B KA S fral LA-ICP-MS 224.3+1.0 [11]
MDA ok o ral LA-MC-ICP-MS 216.7+2.4 [11]
R %%%ﬂé%ﬁ%ﬁfw é‘%ﬁ: LA-MC-ICP-MS 222.0+1.5 ARG
ZIEIEH Bk B LA-MC-ICP-MS 220.5+3.5 ARG
LIRS B Tk B LA-MC-ICP-MS 225.0+1.6 ARICHFEE
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Cassiterite U-Pb Dating with LA-MC-ICP-MS of the Laozhailing Cu-Sn
Deposit, Yongzhou City, Hunan Province

CUI Yurong'?, YANG Jun®, TU Jiarun®, XIAO Zhibin>*, ZHOU Hongying*, YU Guangming',
CUI Minli*, LIU Jiufen'
(1. Command Center for Natural Resources Comprehensive Survey, China Geological Survey, Beijing 100055,
China;
2. Tianjin Center, China Geological Survey, Tianjin 300170, China;
3. China University of Petroleum (East China), Qingdao 266580, China)

HIGHLIGHTS

(1) The mineralization age of quartz-greisen vein in Laozhailing can be accurately constrained by the cassiterite
U-Pb dating method with LA-MC-ICP-MS.

(2) Cassiterite of the Laozhailing Cu-Sn deposit is mostly characterized by euhedral to subhedral granular or
columnar, with small grain size. Sample points selected are all greater than 100um to ensure the reliability of the
test data. The results indicate that the mineralization age of the Laozhailing Cu-Sn deposit is about 220Ma,
which formed in the late Indosinian period.

(3) The mineralization age of the Laozhailing Cu-Sn deposit was close to the emplacement of the Yangmingshan
granites, indicating a continuous process of diagenesis and mineralization. This provides important chronological

evidence for the magmatic hydrothermal genesis of the Laozhailing Cu-Sn deposit.

ABSTRACT: Cassiterite is an important ore mineral in tin polymetallic deposits. Using cassiterite for dating tin
polymetallic deposits has become one of the most direct methods to obtain the mineralization age of the deposits.
However, due to the low uranium content and high common lead characteristics of cassiterite, the main problems
and technical difficulties of the in situ U-Pb dating method for cassiterite lie in the development of ideal standards
and the accuracy of common lead correction. The mineralization age of the Laozhailing Cu-Sn deposit in Yongzhou
City, Hunan Province is constrained here by optimizing the technology. The Laozhailing Cu-Sn deposit is a vein-
type tin polymetallic deposit, which is mainly composed of tin-quartz veins, cataclastic greisenized granite, and
greisen. Three samples, 16LZ01, 16LZ02, and 16LZ03, were obtained with Tera-Wasserburg U-Pb lower
intersection ages of 222.0£1.5Ma (MSWD=1.6, n=37), 220.5+£3.5Ma (MSWD=2.9, n=28), and 225.0+£1.6Ma
(MSWD=1.3, n=31), respectively. These results indicate mineralization in the late Indosinian period. The
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mineralization of the Laozhailing Cu-Sn deposit is closely related to the magmatic hydrothermal activity of the

Yangmingshan complex granites. The results of this study provide important chronological evidence for the

magmatic hydrothermal origin of the Laozhailing Cu-Sn deposit.
KEY WORDS: Cu-Sn deposit; cassiterite U-Pb dating; LA-MC-ICP-MS; Laozhailing; Hunan
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