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Abstract The Danchi metallogenic belt is an important tin-polymetallic metallogenic belt in Guangxi, China. Previous work focused
mainly on the Sn-polymetallic deposits in the Dachang and the Wuxu ore fields, while less work has been carried out on the ages,
source features and ore potential fertility of the felsic igneous rocks in the Machang ore field. Magmatic activities are strong in the
Mangchang ore field, where concealed small grain granites and porphyritic granites and their related muscovite granite porphyry dykes
and porphyry granite dykes were found, respectively. Zircon LA-ICP-MS U-Pb ages of a porphyry granite dyke, and major and trace
element compositions of granite porphyry dikes and muscovite porphyry granite dykes are analyzed in order to reveal the ages of their
magmatic activities, source features and fertility of the different igneous felsic rocks in the Mangchang ore field. The granite porphyry
dyke has a zircon U-Pb age of 89. 1 £0. 9Ma (MSWD =0.9) , which is similar to the zircon ages of felsic igneous rocks and cassiterite
U-Pb ages of the ore bodies in the Dachang ore field of the same metallogenic belt. This similar zircon and cassiterite U-Pb ages in the
Mangchang and Dachang ore fields suggest that the magmatic activities and related Sn-polymetallic mineralization occurred at about
90Ma in the Danchi metallogenic belt. The muscovite granite porphyry dyke is characterized by high A/CNK (2.69 ~2.88), with a
mineral assemblage containing muscovite and being distributed along the S-type granite evolution line on the Th vs. Rb diagram, which
is the same as those of the Longxiangai biotite granite in the Dachang ore field, indicating that both of them could be classified as S-type
granite. The granite porphyry dykes which emplaced later than the muscovite granite dyke have lower SiO, and higher MgO, Fe,0; ,
CaO and TiO, concentrations than the muscovite granite dyke and the both types of dykes distribute on different domains on the
diagrams of SiO, vs. TiO,, Fe,0}, Al,0, and P,0, without evolution trend, suggesting that they are not derived from the same magma
chamber, but from partial melting of different metasedimentary rocks. The muscovite granite porphyry dyke is characterized by high
concentrations of Al,0,, K,0, Rb, Cs, Sn, W, Nb, and Ta and is located in the domain of clay rich sedimentary source on the Rb/
Ba vs. Rb/Sr diagram, suggesting that it was sourced from partial melting of clay and rare metal rich sedimentary source formed by
strong weathering. Our results indicate that the basement of southwestern China contains clay and rare metal rich metasedimentary

rocks, which could provide enough ore forming material for the formation of large and giant Sn (W) and other rare metal deposits in
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southwestern China and the adjacent area.

Key words Magmatic characteristics; Zircon U-Pb Age; Mangchang ore field; Guangxi
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Fig. 1 Geological sketch map of the Danchi metallogenic belt (a) and the Manchang ore field (b) (modified after Wei et al. ,

1986)
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Fig.2  Photos showing the characteristics of granite porphyry

(a, b) and muscovite granite porphyry (c, d)
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%1 LHBEERKEE LAICP-MS U-Ph BT RAR %
Table 1  LA-ICP-MS U-Pb isotope composition of zircon from granite porphyry dyke

m = (UXloih)Th/U 2:375]:? +1o 220:8]30 +lo j;zi?}: +lo %(Ma) +1o ZQTS?(Ma) +lo z(::%( Ma) +1¢ Concord.
MAS-2-01 1993 460 0.23 0.0916 0.0025 0.0140 0.0002 0.0046 0.0002 89.0 2.3 89.3 1.1 91.8 3.7 9%
MAS-2-02 1244 175 0.14 0.0986 0.0030 0.0141 0.0002 0.0042 0.0002 95.5 2.7 90.5 1.2 84.8 3.4 94 %
MAS-2-04 3625 656 0.18 0.0932 0.0021 0.0140 0.0002 0.0045 0.0001 90.4 1.9 89.7 1.0 89.8 2.2 99%

MAS-2-05 2170 715 0.33 0.0937 0.0024 0.0136 0.0002 0.0043 0.0001 90.9 2.2 87.0 1.0 86.7 2.2 95%

MAS2-06 2027 1022 650 014330 0-6030 06442 06002 0-6058 6-606+ 127 3 96-8 +t H7 3 65%
MAS-2-07 3117 379 0.12 0.0979 0.0024 0.0143 0.0002 0.0046 0.0001 94.8 2.2 91.4 1.2 91.9 2.9  96%
MAS2-08 526 424 O-8F 01898 0-6093 06194 00008 0-606F 6-6002 176 8 24 5 122 4 65%
MAS-2-09 1627 136 0.08 0.1149 0.0035 0.0159 0.0002 0.0102 0.0004 110 3 102 1 205 9 91%
MAS-2-10 320 20.5 0.06 0.0825 0.0054 0.0141 0.0003 0.0073 0.0006 80.5 5.0 90.3 1.7 147 12.0  88%
MAS-2-11 409 56.1 0.14 1.1077 0.0215 0.1204 0.0011 0.0371 0.0011 757 10 733 6 735 22 96%
MAS-2-12 888 772 0.87 0.1024 0.0038 0.0148 0.0002 0.0046 0.0001 99.0 3.5 94.8 1.0 93.0 2.3 95%

MAS-2-14 196 176 0.90 3.9727 0.0704 0.2570 0.0027 0.0752 0.0013 1629 14 1475 14 1465 24 90%
MAS-2-15 1103 944 0.86 0.0903 0.0027 0.0135 0.0002 0.0043 0.0001 87.8 2.5 86.6 1.1 86.5 1.7 98%

MAS-2-16 857 512 0.60 0.1140 0.0048 0.0152 0.0002 0.0052 0.0002 110 4 97.2 1.1 104 3 88%
MAS-2-17 2610 415 0.16 0.1073 0.0025 0.0155 0.0001 0.0049 0.0002 104 2 99.3 0.9 99.8 3.1 95%
MAS-2-18 874 1524 1.74 0.1031 0.0042 0.0149 0.0002 0.0050 0.0001 99.7 3.9 95.5 1.1 101 2 95%
MAS-2-19 2513 1112 0.44 0.1130 0.0024 0.0161 0.0001 0.0051 0.0001 109 2 103 1 103 2 94%
MAS-2-20 2443 830 0.34 0.0988 0.0021 0.0140 0.0002 0.0048 0.0001 95.6 2.0 89.5 1.1 97.2 2.0 93%
MAS-2-21 747 787 1.05 0.0881 0.0033 0.0131 0.0002 0.0042 0.0001 85.7 3.1 83.6 1.2 84.5 2.0 97%
MAS-2-22 1337 352 0.26 0.0897 0.0025 0.0139 0.0002 0.0045 0.0001 87.2 2.4 89.2 1.1 91.1 2.9 97%
MAS2-23 2422 2493 +17 04297 066029 06155 0600+ 0-6054 0-606t 124 3 993 69 169 2 FH%

MAS-2-24 2030 2268 1.12 0.0950 0.0025 0.0140 0.0002 0.0046 0.0001 92.2 2.3 89.4 1.2 92.3 2.2 96%
MAS-2-25 235 249 1.06 1.5480 0.0323 0.1578 0.0023 0.0480 0.0010 950 13 945 13 948 19 99%

R2 EHTHAZBERNHEERMNENEERERITE (w% ) EETE( x10°°) AR
Table 2 Major element(wit% )and trace element ( x 10™®) concentrations of the muscovite granite porphyry dyke and granite porphyry

dyke in the Mangchang ore field

JEiTe= LM14-1 LM14-3 LMI12-1 6LMI2-2 DSM-3-2 DSM-3-6 DSM4-2 DSM4-3 DSM-2-1 DSM-2-3 DSM-24 DSM-2-6

AT NI b N A EE) T H m RHE R K A b ey i
Sio, 73.73 74. 14 73.42 74.10 73.90 73.70 74.27 74. 86 69.71 67.96 69. 02 69. 38
TiO, 0.09 0.10 0.08 0.07 0.01 0.01 0.01 0.01 0.17 0.17 0.16 0.17
Al O, 14. 41 14. 40 14.26 14. 07 16. 12 15.97 16. 16 15.93 13.25 14. 04 13.12 14.77
Fe, 0} 1.56 1. 69 1.48 1.47 1.31 1.35 1.43 1.59 1.94 1.96 1.58 1.76
MnO 0.11 0.11 0.09 0.09 0.09 0.09 0. 06 0.07 0. 06 0.08 0.07 0.09
MgO 0.19 0.21 0.17 0.10 0.07 0.06 0. 11 0.10 0.37 0.37 0.34 0.44
CaO 0. 86 0.73 0.71 0.61 0.53 0.50 0.51 0.43 4.17 4.69 5.28 3.29
Na, O 3.59 3.12 2.95 3.07 0.15 0.15 0.14 0.14 0.04 0. 06 0.01 0.05
K,O0 4.69 5.12 5.80 5.30 4.41 4.32 4.21 4.17 1.98 2.20 2.09 3.65
P, 05 0.28 0.29 0.29 0.31 0.60 0.54 0.42 0.37 0.26 0.25 0.25 0.26
LOI 0. 65 0.74 0.80 0.89 2.56 2.48 2.49 2.35 7.12 7.62 7.78 5.34
Total 100. 2 100. 7 100. 1 100. 1 99.75 99.17 99. 81 100. 02 99. 07 99. 40 99.70 99.20
A/NK 1.31 1.35 1.28 1.30 3.20 3.24 3.37 3.35
A/CNK 1. 15 1.20 1. 15 1.18 2.69 2.73 2.82 2.88
TiO,/MnO 0. 82 0.91 0.89 0.78 0.11 0.11 0.17 0.14 2.83 2.13 2.29 1.89

Cs 22.4 33.0 51.8 48.4 63.5 60.9 53.0 55.2 47.7 41.3 28.1 46.2
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R 2
Continued Table 2

s LM14-1 LM14-3 LM12-1 6LM12-2 DSM-3-2 DSM-3-6 DSM4-2 DSM4-3 DSM-2-1 DSM-2-3 DSM-24 DSM-2-6

I KR estiss Ba e RS YR s R TSRS K
Rb 429 486 623 851 1135 1105 1045 1075 310 336 231 446
Ba 204 183 189 72.1 223 256 259 25.6 33.4 24.2 115
Th 10.3 11.0 9.96 8.03 2.81 2.83 2. 66 2.94 37.0 35.5 33.6 33.8
U 28.3 34.1 22.4 29.1 18.9 22.1 11.3 10.3 19.2 16.6 18.0 19.3
Nb 39.5 45.7 45.8 63.3 144 136 133 65.8 61.9 61.6 62.3
Ta 10.3 12.7 11.2 18.8 35.8 33.9 32.0 32.4 6. 40 6.10 5.90 5.90
La 14.3 14.1 13.5 7.4 3.10 2.70 2.20 3.50 54.8 54.1 53.3 51.5
Ce 29.8 29.7 27.9 16. 1 6.40 5.80 4. 40 6. 10 99. 4 97.1 95.7 92.9
Pr 3.27 3.28 3. 14 1. 84 0.76 0.67 0. 49 0.63 9.97 9.69 9.54 9.24
Sr 45.9 35.2 37.0 20.2 412 132 101 163 124 93.3 9.6
Nd 11.3 11.8 10.7 6.6 2.60 2.30 1. 60 2.00 31.2 30. 1 29.5 28.9
Zr 59.0 55.0 55.0 41.0 34.0 31.0 31.0 32.0 142 140 136 136
Hf 2.3 2.2 2.2 1.9 2.40 2.10 2.10 2.10 4.40 4.40 4.10 4.20
Sm 2.89 2.84 2.80 1.79 1.21 1.04 0. 66 0.68 6. 49 6. 44 6.14 6.10
Eu 0.30 0.28 0.31 0.13 0.13 0.09 0.07 0.07 0.52 0. 56 0.54 0.57
Gd 2.56 2.92 2.66 1.65 1. 87 1.58 0.76 0.74 5.17 5.09 4.94 4.95
Th 0.56 0. 60 0.56 0.34 0.37 0.30 0.17 0.17 0.75 0.74 0.71 0.75
Dy 3.55 4.13 3.41 1. 88 2.08 1.71 1.10 1.02 3.85 3.74 3.78 3.71
Y 21.1 23.7 20.6 10.9 11.90 9.90 5.70 5.40 18.20 17.90 17.90 18. 40
Ho 0. 68 0.82 0. 69 0.36 0.35 0.30 0.20 0.19 0. 63 0.62 0. 64 0.63
Er 1.99 2.40 1.97 1.02 0.97 0. 86 0. 60 0.54 1.61 1.57 1.62 1.61
Tm 0.31 0.36 0.30 0.16 0.17 0.15 0.11 0.10 0.22 0.23 0.23 0.23
Yb 2.28 2.57 2.18 1.21 1.35 1.16 0.91 0. 87 1. 49 1.47 1. 49 1. 41
Lu 0.32 0.39 0.31 0.20 0.20 0.17 0.12 0.12 0.23 0.23 0.21 0.21
Sn 7 8 10 21 51 64 70 12 19 10 15
W 13 21 36 59 58 35 36 25 20 12 17

Nb/Ta 3.83 3.60 4.09 3.37 4.02 3.98 4.25 4.09 10. 28 10. 15 10. 44 10. 56

T K e i = B LR A1 Huang et al. | 2019

4 iR

4.1 EHWHAEREHHK

A G2 2Bk Rb-Sr K 425 Rb-Sr 22 3K453.00° FH P9 5 ik )
PEFRAFIRTE 81 ~95Ma Z i) (B 4755 ,1986) o {HHh T{URIE
SEALITAR DL AR A | ME LAVl 47 0 B al T v B e, 6
N13RA54E I B ik 47 LA-ICP-MS U-Pb 4E#% 4 89. 1 +0. 9Ma
(MSWD =1.74) (& 3) MK THi AR 4 Rb-Sr 4%
(84Ma) , FERIBES DD EI AN KRBV H = AL KBS
Jik , W1 B = BRAE 1 o kOB LR R B AR AR AE B B LA S AH
S A6 B T AR S R T 89Ma, FE B BE S bk B A A I
( ~89Ma) FIKT ™ H A IE S L (88 ~92Ma) ( EHLLEE,
2004 ; B2 4545 20115 Guo et al. , 2018a; Huang et al. , 2019) 7F
RSO IR 3, REIFH S S A A 24
15 90Ma Zidy o PR A HAE AR R PG g 8 — 7
B2 e L R-A V-SRI A A — 2,
T 90 ~ 95Ma Z [H] ( Cheng and Mao, 2010; Guo et al. ,
2018b; Huang et al. , 2019; Wang et al. , 2019) , W HIE T

[l —3h J12A 75 5t

4.2 Bz=BERMWEEKMERIERKEX RES T

T HALRBEE DY) 2 0 = R R B (& 1b) , =]
HIE T U AR T 5 & AE 5 15 O [F) — 3R s 4 oy
SN T RAZ

H ot RBEE K S S RUE R A FHED Y H = BRI
) A/CNK fH(2. 69 ~2.88) , L K T3l §BAE R A IO(E (1. 1)
(£ 2 & 4c) 1 HAE Rb-Th [# 13T S BIME K A a2k 4y
A3, AR H AR w5 R s AR E T — 2 (B 4d) , 3RBTH
i 8 BT S BUAE i, 8 BT AR A AR 20 R R R R
(Harrison et al. , 1999; Kalsbeek,2001 ;King et al. , 2011) , 7=
Yl BAE R BEE BK i T LOTHHOR, AR 2 )5 b BAE T 52
M I HE i T R A A2 Ak, IR ASRE T A/NK il A/CNK 56
FRUNEH 1o 88 T sl 5T, 130 AR R S B
Zr/Hf FI Nb/Ta {H (5] S) , R AR S bR G2 58
W HAEKBEE K AL Oy EHHGE (13.12% ~14.77% ) ,FIR]
W H e At 5 28 = BRI A A L ( Huang et al. , 2019; Wang et
al. , 2019) , FHHJE 1 55 BT AL b4 45 5 1AL B BEA KA 00 R
By 1) A R, HR ZUARY Eu U535 (6) , Bon7e Ii4E
R RHE I b HAC TG R AR H P s REAE b B T
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Fig.4 Elemental composition characteristics of muscovite granite porphyry in Mangchang ore field and the Longxianggai biotite granite

in Dachang ore field (base map after Middlemost, 1994 ; Rickwood, 1989; Maniar and Piccoli, 1989; Chappell, 1999, respectively)
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Fig. 5
dyke and the muscovite granite porphyry dyke in the

Nb/Ta vs. Zr/Hf diagram of the granite porphyry

Mangchang ore field and the Longxianggai biotite granite in
the Dachang ore field

BRI 0 e S BB o B 5 (Huang et al. , 2019;
Wang et al. , 2019) (AL 6) , B SCRFEHOMSEIRAER A
e, FA A4 THAE R BE A Bkt S RUAER A

[l 3K B AT B A R I Si0, 7 B i
T, =55 AL R RE OB AU T B 2 BEAE B B ik, (H

H Si0, HaE/NTHBERRBES K, A SRS N W —
WP ST s BEANE 2 B AR 5 BEE KRN TE i B 2 ik
£ Si0, 5 Fe,0] .P,0; .TiO, \Al,0, J:Z&& I (Harker &) {i T
AR IR (B Ta-d) A LKELURR MR E AR —
B EE R FOT Y . AE Sr-Eu XA E F (1 8a) , A B
16 B BEA K T8 b B B AN R T H e A 5 2B 5 BEAE i 5 o
TR, o BEAE RBEE K LA i B2 KL B = 7 Sr &
AR Bu &8, AT KA W ILEE o 5 Rk .
PR A FR S BSR4k Lo BR A = BRI R BEA k7
TAERBESE W E A AT A7 (1B 8b) KA IN AT (B 8c) L, &
G357 2T, (B i T AR R BEE Bk R s A I
Y, RN = B 16 5 BEA IRAR (La/Yb)  {H K AR TiO,
H Ze AEASSCHF I AE B B 2525 IR 45 Al 1T A0 sl A TN 1 5
YRR . FiR BMETTREREE TR, e H B %L
AT 1 o B R B TRCRNAE 5 B ICAS i [R]— 3K 5 45 b
SR TR AN R ORRR X A% 5T SRR A R 1 o

4.3 EiHT HBAZBEREA KR XYM R BT S
3 W 2 BE 6 5 BESA Bk Rb & b fE 1045 x 107° ~
1135 x 10 "° ], Rb,0 5 7E 0.23% ~0.25% 2 |i], i
i E BRI A S S S S A S Rb i R A L
A2 (0. 1% ~0.2% ) o F B i< BEA Bk 29 4000m, J&
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Fig.7 The Harker diagrams of the muscovite granite porphyry

dyke and the granite porphyry dyke in the Mangchang ore field
and the Longxianggai biotite granite in the Dachang ore field

2 ~ 10m( B 445 ,1986) , Rb,0 ff& Rk, B AN AT
HHE, TR A6 5 5 BN IR o

T & JE A6 b 5 Rl — I AE M s A E, 2 B ALO, &
P,0; i CaO \MgO .TiO, .Fe,0; KAKI¥ TiO,/MnO HE ( £ 1k
LA EER JE,2000) o TEIETH B B B AL O,
Fm(15.93% ~16.16% ) , Fitt A A A & 8 16 KA 1) AL O,
fH(15% ~ 16% ) A — 5, & F 4K 4 1 ALO, FH(H
(14. 47% ) (Ehir A BARE ,1985) AERIER A1 AL O, -3
{EL(13.73% ) (v ERF£ e 5% BH Hu BRfL £ BF 5% T, 1979) DL J
KRIH HIEAE R A B A 1 AL O, {H( ~14% ) (F£2);
[ 7 BB B B Ak CaO (0. 43% ~0.53% ) \MgO (0. 07%
~0.11% ) \Ti0, (0.01% ) .Fe,0," (1.31% ~1.59% ) .Ti0,/
MnO (0. 11 ~ 0. 17 ) {E Ik F SRt 5 A 4 J@ A6 i 5 1 8
(Ca0: 0.49% MgO: 0.26% .TiO,: 0.04% Fe,0): 1.42% .
Ti0,/MnO: 0.37) ( EIk LR R ¥, 2000) — 3, B AT
AT A B A 1T B {E (Ca0: 1.39% . MgO: 0.66% | TiO, :
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Fig.8 Diagrams showing major element and trace element
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0.28% .Fe, 0] : 2.96% .Ti0,/MnO: 3.50), FHIL, %5 M
H = BEAE  BEE TR B T A 48 T 16 8 B — R

Flzs B 76 5 BT Bk & 8055 /9 Sn (49 x 107° ~ 70 x
107) \Nb (132 x107° ~144 x 10 ) FI Ta (32 x 10 ° ~36 x
10°9) , B F S BRI 2 Sn & (11 x 107°) ( Williamson et
al. ,2010) KK W H B E 44K Sn (10 x 107° ~ 19 x
107°) \Nb (62.30 x 10 ® ~65.38 x 10 "*) FI Ta (5.90 x10~°
~6.40 x 10 7°) Ay ik o Xt R W 1 25 BE AR 5 B SR AR X
BEMASRICE AN TN S0 FMA LR IR, AA R
TR AR & B IRIE 1 .

2 BEAE b6 BE ik Nb/Ta F ZE/HE FfE 80 (K 5) , B
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Fig. 9  Distribution domains of the muscovite granite dyke
in the Mangchang ore field and the Lonxianggai biotite
granite in the Rb-Ba-Sr diagram ( after El Bouseily and El
Sokkary, 1975)
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Fig. 10  Composition variation of muscovite granite porphyry
dyke in the Mangchang ore field and the Longxianggai biotite
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i 1 ICR U AR (1 6) , 7E Rb-Ba-Sr |5 (181 9) 74l T
5T AR R B, 7R R 43 5 A6 1K RRALE ( Breiter et al.
2014 ;Ballouard et al. , 2016 ; Z45I0%,2017) , B LR N
B ITCER , BB 45 ok 5 1w 4R 1 = BRI RS KR W
A4 Jm R TT BE R R X A 4 IR T B, WTT BRI S
UES CAUE RS YE - CUNIWIA =y NI N7k Il NS Pt
LI BEA TR B AR 9 Nb/Ta LG{H (& 5.5% 2) , f£ Rb-Ba-Sr
K AT m o b R a X 9) W oy @ o e B A, (HH
Sn Nb 1 Ta & fEIE/NFP58 1 = B8 < BEA Tk i A
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KITRE R (£ 2), Wk, 350 H B = BE AL < B bk X
TRESE W WA R

SRR A A TR s R LR, S 8UA A Rk
Na.Ca . Sr.Pb, i Li . K .Rb.Cs.Sn( W) %45 1 # 45 W& {f} 8% 9F
NGB, 208 TUAR 28 0 R 4 BT s J& (i LK
Rb.Cs) NFifGF 4 g (Sn(W)) Ji X ( Romer and Kroner,
2016) . =50 5 THERRER IKE K 75 Na(K,0/Na 0
28 ~30) J & Rb .Cs.Sn %752 7 Rb/Ba-Rb/Sr [& |- {7 F &5
A IRIX (& 10) , B = B8 R BEE KOy &R 1
2 IR DUV B RE IR R 0 Rl T Y o

TG A 2 B S B DK T o e R 2 U AE R ],
IRXBRA T @R TS ma s BT R TR E,
MY M2 R AL L X R FH — RS8R (Huang ef al. |
2019) , #RATRE S LG & & & K L BT E WA &R T R UTRVE
FBEA Ko

5 &g

I BT, AR T AL

(1) £=58" FAE b B Bk 55 41 LA-ICP-MS U-Pb 4F§% 24
89Ma, FIR) 8" HEA K AT A AR A — B, 1t sl 47
B A T A 90Ma Fafy

(2) =5 RIAE R B B 25 B AE b BE kR AN [R]
SrUURRAE A U DX R 3 M R ) 70 5

(3) =58 B =B A8 b BE Tk o 20 B0k o M A7
R VR DT e R JUA , BIF 9 X R T K 7 R o s A
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