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Abstract: The Laojunshan ore concentration area, containing many tungsten deposits of Nanyangtian, Huashitou and Chayes-
han, is one of the few tungsten concentration areas in the western Nanling metallogenic belt. But, its regional ore-forming ages
are controversial due to multi-stage tectono-thermal events. In this paper, the scheelite Sm-Nd dating method was used to de-
termine the ore-forming age of the feldspar quartz vein type ore bodies in the Nanyangtian ore field, and the muscovite and bio-
tite Ar-Ar dating method were used to determine the crystallization ages of the regional granitic pegmatites and the metamor-
phic age of their wall rocks respectively. The dating results show that the feldspar quartz veins type ore bodies formed at 159+
14 Ma, younger than the skarn type ore bodies, and the pegmatite crystallization ages and the wall rock’s metamorphic ages are
144—141 Ma and 121—112 Ma respectively. So the Late Jurassic-Early Cretaceous tectono-thermal event and tungsten mineral-
ization occurred in Laojunshan area. The metallogenic regularity in the Laojunshan areas illustrates that the regional ore depos-
its or spots are constrained by the regional granite gneiss and granitic intrusion, and the ore-forming period is consistent with
the three ore-forming peaks in the Nanling minerallenic belt. Furthermore, the mineralization features in Laojunshan area are
similar with that in the eastern Nanling metallogenic belt, which may be due to the high denudation degree. It is concluded that
the great denudation area in the western Nanling region has great potential to find tungsten deposit formed in Late Triassic and

Indo-Chinese and Late Jurassic-Early Cretaceous.
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Fig.1 Geological map of the Laojunshan ore concentration area in Yunnan Province
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Fig.2 Geological map of the Nanyangtian ore field
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Fig.3 The feldspar quartz veins of Nanyangtian tungsten ore filed
a ZE Y R A AR AR ST BB A A 3 ks b A A A 0 WK ol VS A 0 2R 2R i B HE A DK 7 D 20 koA T BB ik P S 1k

40cm |

K4 mig el L X AE R i

T 0 RS

Fig.4 The granitic pegmatite veins exists in regional metamorphic rock
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Fig.5 Pictures of rock samples for Ar-Ar dating of muscovite and biotite
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Table 1 Sm-Nd dating results of scheelite in the Fawa tungsten deposit, Nanyangtian ore field
JFEIERE S W(Sm) (1076) W(Nd) (107) 147Sm /14 Nd 43Nd/ 4 Nd lo

YF-2-1 12.15 38.38 0.191 6 0.511 980 0.000 003

YF-2-2 12.40 37.44 0.200 3 0.511 990 0.000 002

YF-2-3 13.56 35.87 0.228 7 0.512 020 0.000 003

YF-2-4 11.82 30.01 0.238 2 0.512 028 0.000 003

YF-2-5 9.49 26.88 0.213 6 0.512 004 0.000 002

YF-2-6 9.15 27.67 0.200 1 0.511 989 0.000 004

YF-2-7 15.15 46.58 0.196 8 0.511 985 0.000 004

YF-2-8 9.42 23.04 0.247 3 0.512 038 0.000 003

YF-2-9 12.17 37.56 0.196 1 0.511 985 0.000 004
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Fig.6 The Sm-Nd isochron of scheelite in the Fawa tungsten

deposit, Nanyangtian ore field
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Table 2 The ** Ar/** Ar step-heating data of muscovite (BLJ-2) from the Baoliangjie pegmatite

TCC) (OAr/*Ar), COAr/* Ar) n GTAr/3 Ar)  C8SAr/* Ar)y, °Ar(%) 1°Ar/39Ar j-‘) Ar . A AR (Ma) +16(Ma)
(107" mol)  (Cum.) (%)
400 21.218 2 0.055 8 0.246 0 0.048 9 22.28 4,728 2 23.29 0.34 82.0 11.0
500 11.645 1 0.028 9 0.0919 0.033 6 26.67 3.1057 25.18 0.70 54.0 10.0
600 10.724 5 0.019 5 0.040 7 0.0249 46.16 4.9511 75.78 1.80 85.4 4.3
700 7.876 8 0.006 6 0.025 5 0.020 5 75.23 5.926 1 169.17 4.24 101.8 2.7
800 8.015 2 0.001 3 0.008 0 0.014 5 95.29 7.637 8 757.85 15.20 130.1 1.4
900 7.958 9 0.000 5 0.003 7 0.013 3 98.16 7.812°3 1013.71 29.86 133.0 1.3
1000 7.9855 0.000 3 0.000 6 0.0127 98.74 7.884 7 2258.82 62.53 134.2 1.3
1100 8.328 6 0.000 4 0.003 6 0.013 4 98.59 8.2116 1077.28 78.11 139.5 1.5
1200 8.501 4 0.000 4 0.001 2 0.014 9 98.62 8.384 2 997.64 92.54 142.3 1.6
1300 8.543 3 0.000 8 0.017 0 0.014 5 97.16 8.300 7 479.43 99.47 141.0 1.6
1400 10.692 7 0.008 2 0.079 0 0.027 6 77.34 8.270 6 36.58 100.00 140.5 2.7

TE: AR m Rl I0E B9 1] (03 LUMEL . B A AR = 134.3 Ma. 10 Ar/% Ar W URTE' Ar 559 Ar Y EEAE . W=45.90 mg.J =0.009 792.

*3 ZEEBREUVERRREGRERES (BEEAKAFKRE)WEZE(BLI-3)Y Ar/” Ar BH MM S TER
Table 3 The °Ar/* Ar step-heating data of biotite (BLJ-3) from the wall rock (biotite diorite gneiss) of the Baoliangjie pegmatite

TCC) (OAr/*Ar), COAr/* Ar) o GTAr/3 Ar) , CSAr/* Ar)y, °Ar(%) 1°Ar/39Ar j-‘) Ar . A AR (Ma) +16(Ma)
(107" mol)  (Cum.) (%)
400 174.087 4 0.586 0 0.092 4 0.1332 0.53 0.917 6 58.96 0.72 15.9 9.6
500 24,1859 0.077 2 0.057 9 0.0315 5.67 1.372 0 119.15 2.18 23.7 8.7
600 19.984 4 0.047 9 0.012 0 0.023 0 29.13 5.8221 275.66 5.94 98.3 2.4
700 8.783 3 0.007 1 0.007 4 0.014 9 76.19 6.692 0 1137.23 19.44 112.5 1.9
800 7.459 9 0.002 5 0.005 2 0.013 2 90.13 6.7239 707.81 28.08 113.0 1.3
900 6.9717 0.001 1 0.006 8 0.013 4 95.48 6.656 3 1423.19 45.47 111.9 1.2
1000 7.148 4 0.001 6 0.025 1 0.013 8 93.37 6.674 9 841.15 55.75 112.2 1.3
1100 6.7750 0.000 7 0.0111 0.013 2 97.07 6.576 9 1993.39 80.10 110.7 1.2
1200 6.861 2 0.000 8 0.007 5 0.013 1 96.58 6.626 5 1 349.50 96.58 111.5 1.2
1300 7.2195 0.001 7 0.069 1 0.015 5 93.08 6.720 5 264.77 99.82 113.0 2.1
1400 9.719 8 0.010 6 0.257 2 0.037 6 67.82 6.593 2 14.88 100.00 110.9 3.8

AR m AR I E Y TR 25 AR AL AERS =109.4 Ma, *0 Ar/° Ar A PE Ar 5% Ar i EU(E . W=47.04 mg, ] =0.009 618.

AR AT Sm-Nd W g 4R 45 R0 L p R i
W H A A B R R AT BT I R 2 L B S e
TR ARERG R X 5 KA AT R R 20
ARG AR R 5 7 B 1% b 5T R AE A4 7E X
B E KA A SRR Sm-Nd AE #5108 R E
PHYAE b 5 A B9 = BF Ar-Ar 45 (~140 Ma)
FEAR—2 —Okul R E S T e H.O 5%
FER 5T WAL 4 5T 8 K s A4 (London, 2008) . H ik
T R P FE 0 9 A A B BRI A T e R X
ARy LTI

TERFMHE T B AR s, KA A%k
WKV 3k T A8 R 38 R A A S ik S A R
AL, AR T KA A1 Bk E i T
DX IRAR ST S o s 4 A A e kO IR 4S8
B (& 3b). A, 87 5 B R A 0 9 kA
PR R AT S | 6 RUBURE /N L 2R 1 2 21
B S5 T TR AT AE B A 0 22 5 0 R B R TP A

1 SREE(69.74 X107 °~213.16 X 10 ) fil LREE/
HREE(2. 08 ~ 2. 55) # X} # 5, SCe/3Y Hl (La/
Yb)n 43814 0.712~0.807 1 1.055~1.278 ; KA 41
BRI A (A HT ) SREE (152.15X10°°) FlI
LREE/HREE(0. 137) # %t #AIK, SCe/SY il (La/
Yb)n 43500 0.044 F1 0.025 , 7 4 it 43455 5% 5 4w 4
AT IS GURL P K L[R2 (480 A TR B sy
B BT — 7 AR R AR NI A5 1998). DL RFAiE
HE—A 1 R T H A A SRR AL R S
R B R TE B F A A 3 R (Raimbauh e al.,
1993) , Hii # BT B T e A 06 o A k.

25 LR  FE R A A A 2 AR A -
W A BRI T i = B L 5 X A TV ok
AR ) 7 ) 5 A A S KT AT B T W
T AR TR ) — S T Bl R T Ay
RAEMY K & =B Ac-Ar PR (114 ~
129 Ma , TR EESF, 20115 X £ P-4, 2011 (PG
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Fig.7 The " Ar/* Ar plateau age spectra and inverse isochron age spectra for muscovite (BLJ-2) and biotite (BLJ-3) from the

Baoliangjie pegmatite and it’s wall rock respectively

F4 ZEEELYERX LRGSR SKN B E(BLI-LB-8)* Ar/” Ar B S I 4R
Table 4 The *° Ar/* Ar step-heating data of muscovite (BLJ-LLB-8) from the Shangyangpo pegmatite

TCC) C(OAL/S Ary (5 Ar/® Arm (7 Ar/% Anm (B Ar/% Anm OAr(Y%) ©Ar/®Ar AT PAT e (Ma) 16 (Ma)
(1074 mol)  (Cum.) (%)
400 22.144 5 0.0518 0.232 5 0.037 2 30.87 6.838 0 37.23 0.41 122.4 7.6
500 23.978 8 0.0559 0.1252 0.0312 31.18 7.476 3 59.66 1.08 133.4 8.9
600 26.045 7 0.0637 0.090 2 0.032 3 27.73 7.224 2 51.99 1.66 129.1 9.3
700 12.976 7 0.019 2 0.025 3 0.017 6 56.27 7.3025 401.56 6.12 130.4 2.1
800 8.605 8 0.001 8 0.007 1 0.013 8 93.81 8.072 17 894.53 16.07 143.7 1.6
900 8.298 4 0.000 4 0.007 2 0.013 4 98.47 8.171 6 2774.91 46.92 145.3 1.4
1 000 8.159 8 0.000 5 0.008 6 0.013 4 98.07 8.002 1 1968.16 68.80 142.5 1.4
1100 8.281 4 0.000 6 0.026 3 0.012 9 97.89 8.106 8 1165.88 81.77 144.2 1.6
1200 8.180 6 0.000 4 0.0157 0.0130 98.49 8.057 3 1499.16 98.44 143.4 1.4
1300 9.2815 0.004 3 0.243 1 0.022 7 86.60 8.0391 125.85 99.83 143.1 1.9
1400 13.7151 0.019 2 0.269 3 0.043 0 58.67 8.048 2 14.87 100.00 143.2 6.1

TE N AR m FRIRAE S E 1 5] 02 LU AR B4R = 143.1 Ma, 10 Ar/3 Ar S JCHHPE" Ar 5% Ar i LU{H . W =46.36 mg, ] =0.010 268.

A R S =B Ar-Ar A (~120 Ma, XI| &
SR 201 1) 2 12 AL 3 AR 1 1 B, 5 AR SR
DK R A R SR R KA B 2B Ar-Ar
AP SR — B30, U0 B2 U A 1 AR 1 7 A A
AN DB PR 2 TR 3] 0 S
6.2 XM MBS
LRAASCHET AR EEZE R (R 6, =R 1L
BE X TN IR RO B 23 20 A FRAE nT A g &l 1
TR AEAE IR DX e P A DR A

= B R R 2 At — L 2 g R A A 4
PP RN _E B 2 BT R BT B R
B — I gt FEAE B R R XS BT 28
WRENE Dt Ar-Ar IR R HIE T8 =%
. I AT RN 7 T AR B R R DX AR B R A2 F
T = IR OR 2 h — B P A s AR R
Wil 5 77 F AR B A RR A DX A Bl A4 PR U 3 2252 1) B 52
J) DX 32 JE VA S0 5 B AR 27 1 — L 1 S A 3

o
IR A . 5 A A G
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Table 5 The " Ar/* Ar step-heating data of biotite (BLJ-LLB-2) from the wall rock (biotite plagiogneiss gneiss) of the Shangy-

angpo pegmatite

TCC) (OAr/*Ar) m oA/ Ar) o CTAr/3Ar) o C8Ar/3¥ Ar)m 0Ar(%)  40Ar/% Ar ig/\r . YA P (Ma) £16(Ma)
(107 mol)  (Cum.) (%)
400 13.1650 0.020 1 0.093 7 0.0217 54.82 7.2177 205.05 3.15 127.1 3.1
500 8.241 4 0.005 2 0.011 6 0.015 3 81.45 6.712 8 258.56 7.11 118.5 2.2
600 7.440 1 0.001 6 0.003 7 0.012 7 93.41 6.949 5 621.57 16.65 122.6 1.5
700 7.160 6 0.000 4 0.003 6 0.012 9 98.38 7.044 7 1614.86 41.43 124.2 1.8
800 7.0357 0.000 5 0.002 6 0.013 1 97.97 6.893 1 1280.27 61.07 121.6 1.3
900 6.971 3 0.000 5 0.009 2 0.014 1 97.83 6.820 1 412.60 67.40 120.4 1.5
1000 7.035 6 0.000 7 0.014 4 0.015 2 97.13 6.8339 255.26 71.32 120.6 1.5
1100 7.056 8 0.000 8 0.007 3 0.013 5 96.73 6.825 8 722.85 82.41 120.5 1.3
1200 7.114 8 0.000 7 0.007 9 0.013 6 97.12 6.909 6 890.97 96.08 121.9 1.4
1300 7.179 9 0.001 1 0.023 5 0.014 8 95.50 6.857 0 239.51 99.76 121.0 1.6
1400 9.1857 0.014 5 0.123 9 0.038 0 53.39 4.904 5 15.92 100.00 87.4 7.5

T AR m R I R 3R LA BV =122.1 Ma, 0 Ar/% Ar U HEY Ar 559 Ar 1 LU {E, W=46.90 mg, J =0.010 116.

0.0020
150 T,=143.7+ 1.2 Ma N
0.0016F ~
——f—F— >
140 ‘{}\
— 800~1400 °C . 0.0012} AN
s PEAEU%=143.84£ 1.2 Ma < N
= PAI B H93.9% = N
£ 130 = N
& £0.0008 N
AN
N
1100~1400°C \v&
120 N
0.0004 EI=144.0%+2.1 N
BLI-LB-8 HIUE AT *Ar=287+92 g BLIJ-LB-8
MSWD=8.6 %
110 L L L L 0.000 0 L L
0 20 40 60 80 100 0.06 0.08 0.10 0.12 0.14
PAr (%) YA/ “Ar
0.0008 |
130 T,=121.3+1.0 Ma §
AN
Ej t i = AN
0.0006 |
= 500~1300°C
g 10 PEAERE=121.341.0 Ma & AN
= UATF T 496.6% S S
= < L
i < 0.0004 ~
N
N
90}
BLJ-LB-2 0.0002 | 3500~1300°C N BLJ-LB-2
E=1213+1.7
WG AL/ Ar=280 % 65
MSWD=1.9
70 L L L L 0.000 0 L L I
0 20 40 60 80 100 0.115 0.125 0.135 0.145
YAr (%) .

B8 mEaHE L X A& T A B (BL-LB-8) K FEA B = 7 (BLJ-LB-2) Ar-Ar 8 4 I PPAR I I S SR T 2
Fig.8 The " Ar/* Ar plateau age spectra and inverse isochron age spectra for muscovite (BLJ-LLB-8) and biotite (BLJ-LLB-2)

from the Shangyangpo pegmatite and it’s wall rock repectively
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Table 6 The dating results of main geological bodies in the LLaojunshan ore concentration area

B R AR Hb AR EETTIR AR (Ma) E= BN
. WE4H Re-Os 209~214 A 4E, 20112
MR B 471 Ar-Ar 114~129 WLEAE, 2011
KA ARk F1438” Sm-Nd 159414 A3
BB WH &7 Ar-Ar 209 S, 2011a
VXD 10N ALK M=tk Ar-Ar 85 X £ P4, 2011
WS KA &t Ar-Ar 120 X E P45, 2011
YR B AN iy R4 45 TIMS U-Pb 80 X E P4, 2007
5 pL Elz"ﬂi] K‘Eﬁéﬁ&% E?ﬂ Ar-Ar 141 S
BINK A BB Ar-Ar 112 AR
. H oz B A M=tk Ar-Ar 144 AR
ERUBRRH it MR ArAr 121 A%
A X A AR 2 20— ELRR 2L 3 L S B GRS, 2013).

20 (BRAEN, 1983) , m B X0 R AT I & = B
Ar-Ar 454 GEE 4, 2011) FIZS ST A B AT i 2
FlA CRAINK R IRA R A 2HS R A R o B
Ar-Ar i (2 6) 259 J& 7% H I I 1R 1 s . 7E
159714 Ma, 3% 1 & 9% 16 3l ik 3 = 0 T2 B T e B
A ) A 0 kRS A 0 445 78 141 ~ 144 Ma /2
A R Y R SR A o ik T8 KA TR 4
JET Ak s WS G DX S 132 Sl AR X 355 R Ak
B A1 it RO TR JB AR AL 1 R s A RIRS A2 1 ) 1 B 5%
(CEBRLT 5, 2004 254 R4, 2007) . 7F M [ SE 4, %2
I AR B DR AR T8 R A SRS Bh R
VERR s FER 0 A B (B P 28 78 L AN TS R AT 1L
IRSESERAL TE L T ER B0 AL K055 K.
AT AR X 3 9B S AT iy R U J A Al
() 3 AN LA v U6 30, B = & I (230 ~ 210 Ma) |
H— Bk % (170 ~ 150 Ma) 1R — o g 92 {i
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BRLLAE,20102) , 3 HA ARARL Y O Hiu A 3 PR 5.
B I 4R DX A I = & A B ™ 1 5 p U8 AR B i)
R RS Al I 8 0 IR (231.0 £ 2.4 Ma, X1 35 5 %,
2008) | Fg W& B 1 mE fr 46 FE ) TR (224, 0 &
1.9 Ma, 28 BH 45, 2006) FIBE KRB 4E " PR (214 Ma,
M5, 2009) AT B4R — 30 R R 2t — L
AR B A FH AT 5 R A 2R B RN oh B ) 0 B 5
U2 HE (AR R AIB 53, 1999) 5 B 1 S TH (1) 25
24 @ B F A SR ALK B RIEE Fp R L
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