43 53 oM % #® Vol. 43, No. 3
2023 4£ 6 A ACTA MINERALOGICA SINICA Jun., 2023

XEHRES: 1000-4734(2023)03-0343-15

AR RIAT R R AR ET 2

FEWK, BWaE T, EEAS, BE Y, RS
ZEE ", MM, mER

(1. STMR%E BHRLGHE TSR, SeM 52PH 550025: 2. SR MK%% WEHTRpHb I BHIR SRR E0E i H i siie =, Sv/ 52FH 550025
3. PEERERE HIERCERTFOHT B RHIER(L 22 E R E e =, SR 5P 5500815 4. R T K%Y EERIE TSN, =/ R 650093)

W OB AT SRR B R AR — B R R A B R . SRR RN R AR EIEE R E — R
MASER, HEA BB SWREE. R0, 6T AXERT RS W R B e T AR T A ST RE
WY BB, X N2 R B Sk SR AR B B W Z RGP SR BRI, 129 T RHZRT PR R
W AR AT ik, ARSCULERA RRY A B SR A A FExd %, R HL 2% (EPMAD BLJ
WOt RIS 55 5 PR (LA-ICP-MS) JEALIIX EEARTF R T sy bt @5 RR I : 1) ERARE PRERE A 7] 7>
Jobe 2 8, BHAZRRA (Chl-D S8R &y Emikytd, s A (Chl-1D % 5 K85 i A A,
2RGRAHET = )\HR G E Mg BGRA, FRRLERTENEREFAEE. 3 Fe® . Mg # X & Tschermark
BAWLHE 2 KA E R RN EESANH: 2 VARSI H 4RI 140~281°C, “Fij224°C, 2
RV A Chl-I>Chl-IDEH BRI, a7zl 1 I BUE T P AR R IASIE L 3) 55 AH 1) 55l
BBt (Chl-D —BR BB (Chl-ID , ZHEAHMEICE (Scv Tiv Gay V) FEME, 65 HRRIAEREZ
WA S, BRE S Tiv Sev Gay V EIGRMSRASH WEMXRHEY], oTLMENE B thfani], FHit
WA GR A MEE LR AT R A — 2 AR R & L.

R SR WRATIR: WMEIGE; BT ERATR

FESHKE: P579; P6l2 SCHRFRIRAG: A doi: 10.16461/j.cnki.1000-4734.2022.42.106

B—EH: HEK, L, 1999 F4E, WLHrRAE, MEHE KA. E-mail: vivian_ji.gy@foxmail.com

The genetic mineralogy of chlorite in the Yangla copper deposit in
the Northwestern Yunnan

JI Yan-bing "2, DU Li-juan "***, HUANG Zhi-long *, CHEN Jun ', LI Bo *, LI Xin-zheng "2,
LIU Lin-lin "%, YANG Zai-feng '

(1. College of Resources and Environmental Engineering, Guizhou University, Guiyang 550025, China;
2. Key Laboratory of Karst Georesources and Environment, Guizhou University, Ministry of Education, Guiyang 550025, China; 3. State Key
Laboratory of Ore Deposit Geochemistry, Institute of Geochemistry, Chinese Academy of Science, Guiyang 550081, China; 4. Faculty of Land

and Resource Engineering, Kunming University of Science and Technology, Kunming 650093, China)

Abstract: The Yangla copper deposit located in the Sanjiang Tethys metallogenic domain is a typical skarn
deposit. A series of alterations, with obvious alteration zonation characteristics, are developed from the
intrusion to the wallrocks in this deposit. However, previous studies on altered minerals of the Yangla copper
deposit mainly focused on the anhydrous skarn stage minerals such as garnet. The lack of systematic
mineralogical and compositional studies on the widely developed retrograde alteration stage minerals such as
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chlorite had restricted the comprehensive understanding of the mineralization process of the Yangla copper
deposit. Therefore, in this paper, taking the chlorite in the skarn type mineralization of the Yangla copper
deposit as the research object, we have carried out the chemical composition analysis of chlorite by using
electron probe microanalysis (EPMA) and LA-ICP-MS in-situ technology and given results below. Two types
of chlorite in the Yangla copper deposit have been classified. The early chlorite (Chl-I) was intergrown with
the andradite, chalcopyrite and other sulfides, and the late chlorite (Chl-II) was often intergrown with a large
amount of calcite. Both types of chlorite belong to Mg-rich chlorite with trioctahedral structure, indicating that
they were formed in a relatively reduced environment. The Tschermark substitution mechanism of Fe*" and
Mg®" is the main substitution mechanism for major elements of two types of chlorites; 2) The calculation
results of the chlorite geothermometer range from 140 °C to 281°C, with an average of 224 °C. The
temperatures of chlorites are gradually decreased from the Chl-I to Chl-II chlorites, indicating that they were
formed in the range of medium and low temperature hydrothermal alteration; 3) From the early mineralization
stage (Chl-I) to the late mineralization stage (Chl-II), the concentrations of trace elements (Sc, Ti, Ga, V) in
chlorites are decreased, which may be related to the gradual decrease of the hydrothermal fluid temperature,
indicating that the Ti, Sc, Ga, V-rich chlorite is closely related to mineralization and it can be used as an
effective indicator for the relevant mineralization. Therefore, the study of compositions of trace elements in
chlorite is of certain significance for the mineral exploration.

Keywords: chlorite; skarn deposit; trace elements; ore-forming fluids; Yangla copper deposit
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Fig. 1. a. The sketch geological map for the Yangla Cu deposit (modified from reference[1]); b. The alteration zonal
plan of the Linong oreblock in the Yangla Cu deposit (modified from Yunnan Geological Survey, 2004); c. Measured
profile of Line 41 in the Adit 3250 from the Yangla Cu deposit.
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Fig. 3. Representative time-resolved depth profiles for chlorites from the Yangla Cu deposit.
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Table 1. Electron microprobe analyses and calculated characteristic values of chlorites from the Yangla Cu deposit

T e

Na,O MgO ALO; Si0, FeO MnO TiO, CaO K,0 Cr,0; NiO

Chl-1 4-1 0.05 17.84 11.96 32.48 23.46 0.13 0.01 0.29 0.02 0.02  0.08
Chl-1 4-2 0.06 17.17 12.70 32.56 2221 0.12 0.00 0.36 0.02 0.02  0.07
Chl-I 4-3 0.01 18.31 10.70 32.75 23.53 0.13 0.00 0.41 0.02 0.00  0.07
Chl-I 4-4 0.04 18.97 12.84 32.66 22.90 0.16 0.00 0.28 0.01 0.02  0.08
Chl-I 4-5 0.03 17.48 13.03 33.52 22.90 0.13 0.00 0.32 0.01 0.04  0.06
Chl-T 4-6 0.04 19.00 12.63 31.79 23.58 0.15 0.01 0.27 0.01 0.03 0.05
Chl-T 4-7 0.02 16.71 13.59 33.92 21.30 0.16 0.04 0.46 0.03 0.01 0.06
Chl-T 4-9 0.03 17.94 13.09 35.00 22.61 0.16 0.05 0.44 0.02 0.01 0.07
Chl-T 4-13 0.00 18.86 12.32 32.66 2343 0.14 0.02 0.38 0.02 0.06 0.06
Chl-T 4-14 0.02 18.32 12.33 3243 2297 0.15 0.01 0.39 0.03 0.05 0.05
Chl-T 4-15 0.02 18.52 12.31 32.46 23.65 0.15 0.00 0.40 0.02 0.08 0.05
Chl-IT 3-1 0.04 18.05 12.74 32.71 24.51 0.20 0.00 0.30 0.02 0.05 0.04
Chl-IT 3-2 0.02 17.06 13.68 32.44 22.36 0.22 0.01 0.28 0.02 0.05 0.06
Chl-IT 3-3 0.01 17.28 12.51 31.68 24.04 0.23 0.03 0.30 0.02 0.04  0.06
Chl-IT 3-4 0.03 17.79 12.63 31.05 23.97 0.21 0.05 0.30 0.01 0.05 0.05
Chl-IT 3-5 0.04 16.94 12.93 32.26 24.00 0.20 0.02 0.38 0.02 0.04  0.07
Chl-IT 3-6 0.00 17.28 13.26 32.35 23.23 0.22 0.02 0.25 0.02 0.04  0.06
Chl-IT 3-7 0.04 17.51 12.69 30.97 23.61 0.24 0.00 0.41 0.02 0.09 0.09
Chl-IT 3-8 0.02 17.97 12.03 31.18 23.09 0.21 0.02 0.25 0.01 0.02 0.05
Chl-IT 3-14 0.04 17.30 12.83 31.25 22.25 0.22 0.03 0.35 0.03 0.05 0.07
Chl-IT 3-15 0.04 18.42 13.05 32.58 23.85 0.25 0.02 0.35 0.03 0.05 0.08
Chl-IT 3-17 0.06 18.16 12.62 31.10 23.24 0.21 0.01 0.26 0.02 0.04 0.05
GREAT R ng (LA 14 MEJR T RHEUETHED . .

Na Mg Al Si Fe Mn Ti Ca K Cr Ni Al Al

Chl-T 4-1 0.01 2.89 1.53 3.31 2.13 0.01 0.00 0.03 0.00 0.00 0.01 0.69 0.84
Chl-T 4-2 0.01 2.79 1.63 3.33 2.03 0.01 0.00 0.04 0.00 0.00 0.01 0.67 097
Chl-T 4-3 0.00 2.99 1.38 3.36 2.15 0.01 0.00 0.05 0.00 0.00 0.01 0.64 0.74
Chl-T 4-4 0.01 3.00 1.60 3.25 2.03 0.01 0.00 0.03 0.00 0.00 0.01 0.75 0.86
Chl-T 4-5 0.01 2.77 1.63 3.34 2.03 0.01 0.00 0.04 0.00 0.00 0.01 0.66 0.97
Chl-T 4-6 0.01 3.04 1.60 3.20 2.11 0.01 0.00 0.03 0.00 0.00 0.00 0.80 0.79
Chl-I 4-7 0.00 2.66 1.71 3.40 1.90 0.01 0.00 0.05 0.00 0.00 0.01 0.60 1.11
Chl-I 49 0.01 2.77 1.60 3.40 1.96 0.01 0.00 0.05 0.00 0.00 0.01 0.60 1.00
Chl-I 4-13 0.00 2.99 1.55 3.26 2.09 0.01 0.00 0.04 0.00 0.01 0.01 0.74 0.81
Chl-I 4-14 0.00 2.94 1.57 3.28 2.07 0.01 0.00 0.04 0.00 0.00 0.00 0.72  0.85
Chl-I 4-15 0.00 2.95 1.55 3.26 2.12 0.01 0.00 0.05 0.00 0.01 0.00 0.74 0.81
Chl-IT 3-1 0.01 2.85 1.59 3.26 2.17 0.02 0.00 0.03 0.00 0.00 0.00 0.74  0.85
Chl-IT 3-2 0.00 2.74 1.74 3.28 2.02 0.02 0.00 0.03 0.00 0.00 0.01 0.72  1.02
Chl-IT 33 0.00 2.81 1.61 3.25 2.20 0.02 0.00 0.04 0.00 0.00 0.01 0.75 0.86
Chl-IT 3-4 0.01 2.90 1.63 3.19 2.19 0.02 0.00 0.04 0.00 0.00 0.00 0.81 0.82
Chl-IT 3-5 0.01 2.73 1.65 3.27 2.17 0.02 0.00 0.04 0.00 0.00 0.01 0.73 092
Chl-IT 3-6 0.00 2.77 1.68 3.27 2.09 0.02 0.00 0.03 0.00 0.00 0.01 0.73 0.95
Chl-IT 3-7 0.01 2.87 1.64 3.20 2.17 0.02 0.00 0.05 0.00 0.01 0.01 0.80 0.84
Chl-IT 3-8 0.00 2.97 1.57 3.24 2.14 0.02 0.00 0.03 0.00 0.00 0.00 0.76  0.81
Chl-IT 3-14 0.01 2.85 1.67 3.25 2.06 0.02 0.00 0.04 0.00 0.00 0.01 0.75  0.92
Chl-IT 3-15 0.01 2.90 1.63 3.23 2.11 0.02 0.00 0.04 0.00 0.00 0.01 0.77  0.86

Chl-II 3-17 0.01 2.97 1.63 3.20 2.13 0.02 0.00 0.03 0.00 0.00 0.00 0.80 0.83
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Table 2. Trace element compositions of chlorites from the Yangla Cu deposit

SEA KR K Ti Ca \ Sc Cr Co Ni Cu Pb Ga

Chl-I G4-2 69.4 3660 299 2.81 178 722 1030 1.82 1.00 49.4
Chl-I G4-4 68.7 5139 293 2.75 179 68.2 1045 222 1.59 477
Chl-I G4-5 91.8 6258 294 3.21 205 73.3 998 2.13 1.84 48.4
Chl-I G4-6 90.3 4963 294 3.33 212 73.6 1008 1.99 1.78 50.1
Chl-I G4-7 103 4143 246 291 169 60.1 828 3.19 1.87 413
Chl-I G4-8 63.7 3305 299 2.35 152 70.8 1033 0.99 1.06 48.7
Chl-I G4-9 104 4970 297 2.60 204 73.8 992 2.16 1.69 50.2
Chl-I G4-10 96.8 17928 351 4.05 393 74.2 953 2.11 5.23 49.8
Chl-I G4-11 71.9 4611 340 3.36 430 69.4 1031 1.45 153 52.3
Chl-I G4-12 82.3 9497 311 3.18 318 69.4 946 3.03 2.33 50.3
Chl-I G4-16 56.8 5591 174 2.41 60.6 82.4 1061 0.35 1.58 51.9
Chl-I G4-18 62.4 13246 175 2.45 53.1 72.4 865 0.79 2.75 455
Chl-I G4-19 542 7836 172 2.12 64.3 773 930 0.95 1.78 48.1
Chl-I G4-20 61.6 8850 172 2.09 76.7 75.3 901 1.10 2.29 478
Chl-I G4-21 88.0 5758 178 2.55 161 74.5 964 0.76 433 50.5
Chl-I G4-22 61.6 4725 160 2.48 100 81.5 1006 0.94 1.49 50.3
Chl-I G4-23 52.1 5132 155 2.15 90.7 78.5 965 0.52 127 48.4
Chl-I G4-24 85.9 13904 189 2.56 114 74.2 898 0.78 3.16 493
Chl-I G4-25 84.0 11198 191 2.81 55.0 69.3 837 0.62 2.43 47.0
Chl-I G4-26 89.3 7244 184 2.56 48.6 72.0 910 121 1.85 48.8
Chl-I G4-27 64.0 5993 177 245 53.5 80.8 1054 0.71 1.95 53.6
Chl-I G4-28 49.8 5111 158 2.46 55.5 81.1 1006 1.09 127 49.4
Chl-I G4-30 4.1 10350 153 2.34 45.0 68.6 836 0.88 2.10 442
Chl-I G4-31 41.1 6610 152 228 495 79.6 1062 0.53 1.43 489
Chl-I G4-32 53.0 6618 173 2.64 61.3 78.5 1030 1.08 1.73 57.0
Chl-I G4-35 421 15457 147 2.40 112 74.4 854 1.35 3.44 458
Chl-I G4-37 57.0 15153 142 2.42 93.4 80.6 1011 1.35 2.72 459
Chl-I G4-38 69.4 8444 146 2.35 145 71.3 918 1.60 1.77 46.8
Chl-I G4-39 55.6 11224 153 2.28 78.1 82.2 955 1.76 2.29 46.1
Chl-I G4-40 46.4 6786 143 2.34 62.7 82.3 1020 1.41 133 483
Chl-I G4-41 65.7 7211 150 2.48 69.5 76.2 965 5.39 2.22 495
Chl-I G4-42 61.7 11608 153 2.58 65.4 79.3 1048 1.85 2.28 47.0
Chl-I G4-43 48.1 14023 149 2.50 725 83.4 996 1.55 237 46.9
Chl-I G4-44 91.0 25730 149 2.68 150 78.9 956 1.64 2.59 459
Chl-I G4-47 51.9 19446 146 2.18 102 81.5 946 1.95 4.66 45.7
Chl-I G4-48 492 7759 132 2.41 101 79.9 995 1.91 1.51 46.4
Chl-I G4-49 107 15471 140 3.59 105 74.5 962 239 3.43 475
Chl-I G4-50 112 8108 135 2.97 107 79.2 864 1.29 1.91 489
Chl-I G4-51 90.7 8671 123 2.85 89.1 79.1 991 2.06 1.72 453
Chl-I G4-52 73.0 18329 141 3.39 91.7 75.9 858 2.33 5.02 45.4
Chl-I G4-57 65.2 4532 147 2.58 106 7.7 1063 127 131 49.1
Chl-I G4-58 412 4427 129 2.57 127 75.8 1034 138 1.26 45.0
Chl-I G4-59 111 5637 142 2.94 179 82.7 985 1.86 2.10 50.9
Chl-I G4-60 188 6957 325 3.88 416 70.4 1117 1.67 2.32 52.9
Chl-I G4-61 220 6894 351 411 441 76.7 1255 1.68 1.57 56.6
Chl-IT G3-5 217 12553 389 14.4 906 105 1177 1.05 1.57 62.3
Chl-Il G3-7 233 3531 487 10.2 761 137 1491 0.85 2.12 63.9

Chl-II G3-8 166 3594 464 9.35 724 125 1410 0.72 1.52 62.4
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SR A KA P Ce Rb Sr Ba Cs Y Zr Nb Th U

Chl-I G4-2 0.06 2.76 28.3 714 31.1 0.96 0.25 0.04 0.00 0.79
Chl-I G4-4 0.19 3.24 31.1 74.8 29.8 0.86 0.43 0.04 0.01 0.59
Chl-I G4-5 0.24 3.86 327 37.1 389 1.51 0.84 0.07 0.02 1.22
Chl-I G4-6 0.13 3.51 31.0 31.0 37.3 0.98 0.63 0.06 0.01 1.12
Chl-I G4-7 0.20 3.51 26.8 69.4 30.6 0.71 1.80 0.04 0.02 0.73
Chl-I G4-8 0.18 2.78 259 29.9 31.4 0.79 0.43 0.05 0.00 0.67
Chl-I G4-9 0.14 3.19 33.7 24.6 35.5 1.17 0.57 0.05 0.05 1.47
Chl-I G4-10 1.46 5.54 60.7 253 459 1.57 1.36 0.08 0.09 1.67
Chl-I G4-11 0.05 3.57 31.9 122 41.1 133 0.94 0.05 0.08 1.03
Chl-I G4-12 0.46 427 39.0 17.9 37.5 0.84 1.06 0.15 0.09 0.99
Chl-I G4-16 0.08 6.01 35.3 133 55.5 1.48 0.34 0.00 0.01 0.66
Chl-I G4-18 0.71 33.0 57.6 20.9 179 0.94 0.51 0.05 0.02 0.65
Chl-I G4-19 0.27 17.4 39.3 145 102 0.66 0.56 0.03 0.04 0.45
Chl-I G4-20 0.35 20.6 40.2 145 83.3 0.73 0.78 0.01 0.04 0.56
Chl-I G4-21 0.16 15.8 355 149 78.9 1.17 1.95 0.03 0.01 0.60
Chl-I G4-22 0.04 7.86 30.2 12.7 54.4 1.11 0.67 0.01 0.02 0.46
Chl-I G4-23 0.04 6.10 31.3 11.4 46.1 0.84 0.59 0.00 0.01 0.36
Chl-I G4-24 0.80 33.4 62.3 238 132 0.97 2.57 0.02 0.02 0.52
Chl-I G4-25 0.52 54.4 524 18.7 239 0.83 2.69 0.03 0.01 0.54
Chl-I G4-26 0.08 51.6 50.0 17.6 190 0.84 2.26 0.06 0.03 0.51
Chl-I G4-27 0.07 115 38.6 16.2 62.7 131 0.51 0.04 0.03 0.68
Chl-I G4-28 0.04 6.53 31.8 13.8 46.0 0.91 0.36 0.14 0.02 0.47
Chl-I G4-30 0.42 30.7 52.6 232 190 0.76 0.28 0.05 0.02 0.50
Chl-I G4-31 0.21 4.34 347 16.2 44.6 1.17 0.28 0.00 0.03 0.49
Chl-I G4-32 0.09 7.20 39.7 20.4 53.0 1.29 0.32 0.02 0.03 0.70
Chl-I G4-35 1.01 16.6 51.8 18.1 73.4 1.00 0.43 0.05 0.00 0.59
Chl-I G4-37 0.28 9.67 51.0 16.4 55.0 1.24 0.37 0.01 0.02 0.53
Chl-I G4-38 0.30 4.05 35.1 9.50 34.8 0.92 0.29 0.21 0.01 0.33
Chl-I G4-39 0.77 6.14 36.7 10.5 39.1 122 0.24 0.01 0.02 0.39
Chl-I G4-40 0.16 3.06 332 9.50 33.3 1.09 0.22 0.06 0.06 0.38
Chl-I G4-41 0.13 11.7 332 11.7 50.4 1.17 0.42 0.29 0.03 0.52
Chl-I G4-42 0.33 6.02 445 13.0 36.9 123 0.37 0.18 0.07 0.53
Chl-I G4-43 0.78 435 60.0 13.0 403 123 0.25 0.11 0.04 0.61
Chl-I G4-44 0.47 16.7 59.0 16.5 67.4 1.32 0.31 0.04 0.05 0.60
Chl-I G4-47 1.68 4.64 57.9 109 45.6 1.61 0.34 0.04 0.14 0.61
Chl-I G4-48 0.16 445 37.9 9.70 452 1.08 0.35 0.03 0.06 0.36
Chl-I G4-49 1.31 493 50.0 7.20 422 1.50 0.55 0.04 0.05 0.90
Chl-I G4-50 0.65 3.06 39.3 18.6 28.0 1.07 0.54 0.02 0.04 0.50
Chl-I G4-51 0.60 2.96 37.0 10.4 28.4 1.17 0.36 0.10 0.01 0.54
Chl-I G4-52 1.87 6.48 64.3 10.6 39.3 1.67 0.34 0.14 0.06 0.98
Chl-I G4-57 0.09 3.92 33.6 62.6 45.4 131 0.24 0.04 0.04 0.46
Chl-I G4-58 0.09 4.11 31.6 119 44.8 1.12 0.22 0.21 0.04 0.34
Chl-I G4-59 0.06 479 37.3 372 53.7 1.26 0.49 0.06 0.01 0.40
Chl-I G4-60 0.20 6.43 345 58.7 57.4 0.57 3.73 0.15 0.07 0.87
Chl-I G4-61 0.13 6.27 30.4 347 58.4 0.93 3.65 0.05 0.07 1.09
Chl-IT G3-5 1.17 6.22 39.2 112 81.4 1.45 6.60 0.00 0.02 0.58
Chl-Il G3-7 0.07 6.36 27.9 132 82.2 1.31 2.03 0.00 0.01 1.14
Chl-Il G3-8 0.06 5.44 25.5 11.3 84.4 1.33 1.64 0.00 0.01 1.07
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Fig. 4. Box diagram of EPMA compositions for chlorites from the Yangla Cu deposit.
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Fig. 5. Box diagram for trace elements in chlorites from the Yangla Cu deposit.
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Fig. 6. Classification diagrams for chlorites from the Yangla Cu deposit.
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Fig. 7. Binary plots of major elements for chlorites from the Yangla Cu deposit.
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Fig. 9. Diagrams of relationships of trace elements for chlorites from the Yangla Cu deposit.
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