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Abstract: This paper is the result of mineral exploration engineering.

[Objective] The late Yanshannian epoch was the most important period of multi—metal mineralization of porphyry Mo at the Geza
island arc in Zhongdian area, Yunnan province. In this paper, we chose the No.IV granitic diorite porphyry body of Tongchanggou
large—scale porphyry molybdenum—copper deposit in this area as the research object, attempting to reveal the elemental migration
rule of porphyry body in the process of mineralized alteration and the relationship between the peripheral rock alteration and
mineralization. [Methods] In this paper, the major elements, trace elements and rare earth elements in the original rock and the rocks
in different alteration zones of No.IV granodiorite porphyry are analyzed respectively. The mass balance and migration amount of
these major elements, trace elements and rare earth elements are calculated and analyzed by using the normalized Isocon
method. [Results] The results show that K—silicate alteration, sericite— quartz alteration, and propylitization were involved in the
process of the mineralization and alteration of the porphyry body, and SiO., K,O and volatile matters are major elements migrating
in the alteration zones while a large amount of Na,O migrated out; while major elements such as Al,O;, TiO, and P,Os, and high field
strength elements such as Zr, Nb, Hf, Th and Ta, and rare earth elements all present poor migration activity, belonging to inert
components; mineralizing elements such as Cu, Pb, Zn and Ag, and indicator elements such as Sb and As show a trend to migrate
out, reflecting the potential to find relevant types of ore around the rock body; the sericite—quartz zone is the most closely related to
Mo mineralization, followed by K—silicate alteration; the deposition and mineralization mechanism of Mo is different from that of
Cu, the former is mainly under the control of “converted barrier of pH”, and the latter is under the control of “silicon— calcium
surface” and “epigenetic structure interface”; this porphyry is small in scale, with a low background value of Mo but high migration
amount of over 3000%, and around 30% of the rock body is molybdenum deposit, which implies the deep—seated magma chamber
contributed tremendously to the mineralization. [Conclusions] This work provides a geological reference for the source of ore—

forming materials, the study of mineralization and the prospecting and exploration of the Tongchanggou deposit.

Key words: Tongchanggou porphyry Mo—Cu deposit; mass balance; normalized Isocon diagram method; element transfer; wall—
rock alteration; mineral exploration engineering; Yunnan Province

Highlights: Using the normalized Isocon method, the migration law of elements in the mineralized alteration zone of the
Tongchanggou porphyry molybdenum— copper deposit in northwestern Yunnan and its relationship with mineralization are
summarized and discussed.
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Fig.1 Distribution map of tectonic (a) and geological mineral resources (b) in Zhongdian area, Yunnan (modified from Liu Xuelong
et al., 2016b; Liu Xuelong and Li Wenchang, 2017)
I —Yangtze block; Il —~Ganze—Litang suture; Il —Yidun block; IV —~Zhongzan block; V —Jingshajiang suture; VI—Jiangda—Weixi volcanic;
VI-Changdu—Langping block; Vll-Sandashan—Jinghong volcanic arc; IX—Langcangjiang suture; X —Baoshan block

http://geochina.cgs.gov.cn F1E M1 T, 2023, 50(6)



2504 5 6 1 RSP PG AU BRI T VA B R B B R AR 5 T R A R 1749
100° 04" 12" 100° 05’ 43"
~ [ (a) = (b)
£ [ -4 & Y s 3500
\ ] ]’67[ : B
ﬁE ﬂﬁr‘1 2900
T,b’
2700
2500
| S e el el i =l |
lf)h 0 100 200m
Zy—rhi—r—l—#i—v— 300
(6]
R/ m
F5 3100
IV_%J"MS 2900
D
—
2700 2700
I_Fl —
I
. R TR 0 250 500m | . -
= — - — | = —
- —
" — \— — P REET & A .
100° 04" 11" 100° 05’ 42"

= v Ppe T 2 5 AB ¢
2 [@: [ 7 P O S 2 2

P2 T R AR T R X H S AT (a) Kl B T A7 1] (b oo ) (B BUE AL, 20175 [, 2019 150
145U 5 2— U2 — B s 3—AUAirdl— B s 4— R JH LI AL K 5 SRS s 6— TR NRBE S s 7— 812 B g5 s 8— b2 Lk ; 90— (- I
P 5 10—Mo 1™ fA GRITETI&]) 5 11—Cu 1A (AT ) 5 12— AL
Fig.2 Geological map (a) and brief geological section map (b, ¢) of Tongchanggou Mo—Cu deposit
(modified from Huang Dingzhu, 2017; Xiang Kun, 2019)
1—Quaternary; 2—Member 2 in Beiya Formation; 3—Member 1 in Beiya Formation; 4—Besalt of Emeishan Formation; 5—Diabase; 6—Granodiorite
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Fig.3 Characteristics of the granodiorite porphyry and main minerals in the Tongchanggou Mo—Cu deposit
a—Tongchanggou granodiorite porphyry; b— Microscopic characteristics of granodiorite porphyry; Bi—Biotite; Hb—Hornblende; Kf—Potassium
feldspar; P1—Plagioclase
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Fig.4 Characteristics of alteration zones of ore bearing porphyry in the Tongchanggou Mo—Cu deposit
a—Potassium feldspar veins, the rock matrix has diffuse potassic, and quartz + molybdenite + pyrite vein interspersed with potash feldspar vein;

b—Potash feldspar halo is developed along molybdenite fossil quartz vein; c—Quartz sericitization is superimposed on potassic granodiorite porphyry
and quartz + molybdenite + pyrite vein; d—Silicified quartz vein, the distribution of metal sulfide can be seen at the edge of quartz vein; e—
Chloritization granodiorite porphyry; f—Chlorite vein developed in porphyry with metal minerals nearby; Hb—Hornblende; Bi—Biotite;
Kf—Potassium feldspar; P1-Plagioclase; Qz—Quartz; Mol—Molybdenite; Py—Pyrite; Chl—Chlorite; Ser—Sericite
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Table 1 Analysis results of major, trace and rare earth elements of protolith and altered rock of No.IV porphyry in

Tongchanggou Mo—Cu deposit

e K A BRAAE B N KB YA WAL IN KL WAL N KRS
miH TCG TCG TCG TCG8 TCG8 TCG8 TCG TCG TCG TCG TCG TCG TCGY TCGY TCG TCGY TCG TCG
8-42 8-39 8-02 -40-1 -19-1 -12-2 9-04 8-21 9-50 9-09 9-66 9-05 -03-1 -19-3 9-35 -18-2 8-34 9-24
Si0, 66.26 66.28 66.5 66.26 66.58 71.56 72.09 70.71 72.29 68.63 64.85 66.75 68.19 68.33 64.55 68.15 6528 71.05
TiO, 051 052 052 051 053 044 035 039 042 041 056 035 044 043 052 034 047 041
ALO; 14.94 15.00 14.78 15.29 1532 13.03 11.02 11.46 12.71 11.51 14.28 11.82 13.02 12.46 14.85 9.95 14.12 11.18
TFe,0; 3.64 378 342 379 246 229 165 239 172 299 421 192 240 421 305 188 280 2.53
MnO 0.05 0.05 0.04 0.06 003 002 002 003 0.02 005 0.03 002 002 0.03 006 004 005 0.05
MgO 136 134 133 127 1.05 090 083 115 090 143 152 089 103 138 138 208 136 1.28
CaO 3.03 311 258 301 3.08 249 280 250 156 330 276 3.05 296 279 354 464 318 242
Na,O 396 397 351 400 345 333 126 180 1.63 021 285 058 240 0.10 121 3.08 0.19 0.14
K.O 332 345 4.08 362 354 247 6.14 419 6.16 580 456 801 487 437 465 167 651 529
P-0s 028 027 028 027 027 023 0.17 022 021 023 031 016 022 022 027 0.18 025 0.19
LOI 1.80 1.81 228 1.02 382 3.1 333 342 262 450 381 374 398 425 530 666 486 398
Total 99.15 99.58 99.32 99.10 100.13 99.87 99.66 98.26 100.2 99.06 99.74 97.29 99.53 98.57 99.38 98.67 99.07 98.52
Cu 163.5 47.5 1440 29 171.0 1385 581 559 673 263 103.5 11.5 249.0 338.0 209.0 31.8 138.5 240.0
Zn 34 38 34 33 28 26 15 30 21 52 35 19 23 61 85 25 53 25
As 49 47 54 50 4.5 42 52 54 93 114 46 45 50 1920 27.8 54 398 1115
Rb 165.0 160.0 174.0 145.5 225 176.0 283 225 269 347 251 361 256 333 317 1845 372 259
Sr 870 860 948 914 285 1785 997 760 326 1360 904 1215 713 825 1325 703 1115 277
Zr 245 262 245 240 253 213 153 174 183 198 277 163 204 212 241 195 233 189
Nb 340 343 304 348 295 243 326 227 263 224 305 253 303 31.0 362 167 303 29.1
Mo 53.0 252 47.0 288 259 1655 1680 6610 462 601 116.0 7840 1980 79.5 489 3840 336 975
Ag 0.09 0.02 0.06 001 018 0.19 005 0.11 0.07 005 0.06 0.14 0.14 028 025 0.12 029 0.23
Sb 0.14 021 027 0.08 071 078 101 264 214 443 155 123 1.12 732 425 132 330 322
Ba 1200 1100 1520 1660 1430 851 1360 1035 1325 1975 1455 1530 1150 1285 1845 385 1825 1780
Hf 59 62 59 55 5.9 5.1 38 42 43 43 63 38 48 50 59 48 53 47
Ta 1.86 190 1.80 196 1.74 143 1.10 132 129 109 170 1.01 144 150 186 0.73 1.62 1.25
W 29 162 187 5 54 170 44 90 44 51 36 998 130 76 74 41 45 108
Pb 21.3 21.0 184 200 164 153 21.1 265 202 187 163 334 238 719 355 &1 304 182
Th 242 27.1 233 264 226 220 1590 18.85 18.85 18.85 23.2 16.80 19.00 19.50 224 18.00 232 16.85
6] 731 783 6.66 7.60 533 585 750 3.58 4.07 11.85 3.84 15.10 4.03 885 335 563 824 5.70
La 73.6 735 695 748 684 637 498 582 575 441 736 472 657 657 705 804 771 533
Ce 123.0 122.5 117.5 126.5 1145 103.5 803 939 948 749 121.5 772 1105 111.5 120.5 1285 128.5 97.0
Pr 12.05 12.05 11.50 12.60 11.15 9.83 7.72 874 9.15 7.23 11.80 730 9.96 10.55 11.45 11.60 11.75 9.08
Nd 39.8 379 36.8 402 371 319 246 279 29.7 251 381 241 329 326 368 368 374 297
Sm 6.02 574 538 593 535 464 366 407 444 408 557 381 465 479 550 498 512 419
Eu 144 148 138 1.62 124 1.14 101 101 1.17 097 146 089 1.11 116 134 091 1.16 1.13
Gd 383 372 358 405 359 293 232 248 269 257 380 267 3.16 326 351 319 356 321
Tb 0.55 055 047 059 045 044 033 036 043 033 049 038 043 047 046 037 048 0.37
Dy 254 272 253 269 240 213 174 193 198 1.77 262 201 231 228 265 178 248 220
Ho 0.50 049 048 053 045 042 031 037 042 031 051 036 044 044 049 030 047 041
Er 126 121 1.18 139 120 1.09 073 094 1.09 082 138 092 1.15 1.12 128 071 1.12 1.11
Tm 0.18 0.17 0.17 021 0.16 0.16 0.10 0.13 0.16 0.12 020 0.12 0.16 0.16 0.18 0.10 0.16 0.16
Yb .10 115 1.12 128 098 093 061 079 097 069 125 072 099 103 1.16 069 1.02 098
Lu 0.19 020 0.18 020 0.16 0.15 0.10 0.13 0.16 0.11 021 0.11 0.16 0.15 0.18 0.11 0.16 0.16
Y 141 143 132 150 124 112 90 99 108 95 137 94 120 124 13,6 &1 125 114
YREE 266.1 263.4 251.8 272.6 247.1 223.0 173.3 201.0 204.7 163.1 262.5 167.8 233.6 2352 256.0 270.4 270.5 203.0
LREE 255.9 253.2 242.1 261.7 237.7 214.7 167.1 193.8 196.8 156.4 252.0 160.5 224.8 226.3 246.1 263.2 261.0 194.4
HREE 10.15 1021 9.71 1094 939 825 624 7.13 790 6.72 1046 729 880 891 991 725 945 8.60
LREE/HREE 2521 24.80 24.93 2392 2532 26.03 26.78 27.18 24.91 23.27 24.09 22.02 25.55 25.40 24.83 36.30 27.62 22.60
Lan/Yby 47.99 45.84 4451 4192 50.06 49.13 58.56 52.84 42.52 45.84 42.23 47.02 47.60 45.75 43.59 83.58 54.22 39.01
JoEu 092 098 096 101 087 095 106 097 1.04 092 097 085 0.8 090 093 070 0.83 094
oCe 1.00 101 1.02 1.01 1.02 101 100 1.02 1.01 1.03 1.01 102 106 1.04 104 103 1.05 1.08

TE . BEICR AR %, o B TR 107
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Table 2 Average element content, normalized composition value, mapping data and element migration results of protolith
and altered rocks of No.IV porphyry

SH JE 4 R o~ ¥ E PRk 5 - 4E )i P TR

G(4) CHEp(5) SiSe(4) KSi(5) G(4) CHEp(5) SiSe(4) KSi(5) #% G(4) CHEp(5) SiSe(4) KSi(5) CHEp(5) SiSe(4) KSi(5)
Si0, 6633 6747 67.11 70.65 6633 6747 6633 69.56 0.55 3648 37.11 3648 3826 22.0% 19.9% 25.7%
TiO, 052 043 044 043 052 043 043 042 20 1030 868 870 839 1.0%  13% -23%
ALO; 1500 1251 12,66 1271 1500 1251 1251 1251 23 3451 2878 2878 2878 0.0%  0.0%  0.0%
TFe,Os 3.66 289 288 210 366 289 285 207 85 31.09 2460 2420 1759 -51% -67% -322%
MnO 005 005 003 002 005 005 003 002 400 20.00 1840 11.86 945 103% -289% -43.3%
MgO 133 150 122 097 133 150 120 095 13 1723 1945 1565 1236 354%  89% -13.9%
CaO 293 331  3.02 249 293 331 298 245 9 2639 2983 2685 22.03 355% 22.0% 0.1%
Na,O 386 094 151 229 38 094 149 226 7.5 2895 7.08 11.19 1694 -70.7% -53.6% -29.8%
K:O 3.62 450 581 450 3.62 450 574 443 65 2351 2924 3733 2880 49.1% 90.4% 46.9%
P.0; 028 022 023 022 028 022 023 022 20 550 444 455 433 -32% -09% -5.6%
LOI 173 501 401 326 1.73 501 396 321 7 1209 3507 2773 2247 247.7% 175.0% 122.8%
Cu 8948 19146 97.58 98.16 89.48 191.46 9645 96.65 0.14 12.53 26.80 13.50 13.53 1502% 26.0% 26.3%
Zn 3475 4980 3225 2400 3475 49.80 3188 23.63 0.62 21.55 30.88 19.77 14.65 67.5%  73%  -20.5%
As 500 7530 638 572 500 7530 630 563 0.6 3.00 4518 378 338 1660.7% 47.4% 31.7%
Rb 161.13 293.10 303.75 235.60 161.13 293.10 300.26 231.97 0.15 24.17 43.97 4504 3479 112.7% 117.9% 68.3%
Sr 898.00 849.00 1048.00 509.30 898.00 849.00 1035.95 501.44 0.031 27.84 2632 32.11 1554 10.5%  34.9% -34.7%
Zr  248.00 214.00 210.50 19520 248.00 214.00 208.08 192.19 0.14 3472 2996 29.13 2691 09%  -19% -9.4%
Nb 3338 28.66 27.13 27.08 3338 2866 2681 26.66 128 4272 36.68 3432 34.13 04%  -6.1% -6.6%
Mo  32.02 880.38 2634.25 1788.68 32.02 880.38 2603.97 1761.09 0.018 0.58 15.85 46.87 31.70 3114.5% 9407.7% 6330.2%
Ag 005 023 010 012 005 023 010 012 210 945 49.14 2024 24.81 507.9% 150.4% 207.0%
Sb 0.8 2879 208 146 0.18 2879 206 143 1 0.8 2879 206 143 19136.5% 1275.3% 857.7%
Ba 1370.00 1424.00 1527.50 1200.20 1370.00 1424.00 1509.94 1181.69 0.023 31.51 32.75 34.73 27.18 21.5%  28.9%  0.8%
Hf 588 514 480 466 588 514 474 459 64 37.60 3290 3037 2936 23% -56% -8.7%
Ta 1.8 139 131 138 1.88 139 129 135 21 3948 2923 27.19 2845 -13.4% -19.5% -15.7%
W 9575 6880 303.75 80.40 9575 68.80 30026 79.16 0.16 1532 11.01 48.04 12.67 -16.0% 266.6% -3.3%
Pb  20.18 32.82 2305 1990 20.18 3282 2279 1959 09 1816 29.54 2051 17.63 902%  32.0% 13.5%
Th 2525 1999 1946 19.64 2525 1999 1924 1934 1.8 4545 3598 34.63 3481 -74% -109% -10.5%
U 735 1238 871 527 735 1238 860 518 4 2940 4954 3442 2074 97.0% 36.9% -17.5%
La 7285 69.40 57.65 59.52 7285 69.40 5699 58.60 0.65 47.35 45.11 37.04 38.09 114% -85% -6.0%
Ce 12238 11720 96.03 97.40 12238 11720 9492 9590 037 4528 4336 3512 3548 120% -93% -8.4%
Pr 1205 1089 9.07 932 1205 1089 897 9.7 3.6 4338 39.19 3229 33.03 5.6% -13.0% -11.0%
Nd 3868 3466 30.05 3024 3868 3466 2970 29.77 1.05 40.61 3639 31.19 3126 48% -102% -10.0%
Sm 577 492 453 443 577 492 448 436 65 3749 3195 29.09 2836 -03% -93% -11.5%
Eu 148 1.4 111 111 148 114 109 1.10 23 3404 2622 2518 2523 -99% -13.5% -13.4%
Gd 3.8 335 305 280 380 335 301 276 8 3036 2677 2412 2207 3.1% -71% -15.0%
Tb 054 043 041 040 054 043 040 040 50 27.00 21.50 20.14 1979 -69% -12.8% -14.3%
Dy 262 228 218 204 262 228 215 200 9 2358 2050 1937 18.04 1.7%  -3.9% -10.5%
Ho 050 042 041 039 050 042 040 039 44 2200 1857 17.62 1707 -13% -64% -9.3%
Er 126 107 107 101 126 1.07 106 099 14 17.64 1495 1477 1392 -09% -21% -7.7%
Tm 018 015 015 014 018 015 015 0.14 86 1570 13.07 12.75 1202 -2.6% -5.0% -10.4%
Yb 1.16 098 091 08 116 098 090 084 11 1279 1074 992 927 -18% -93% -152%
Lu 019 015 015 014 019 015 015 014 55 1059 836 802 7.58 -7.7% -11.4% -163%
Y 1415 1160 11.15 1066 14.15 11.60 11.02 1050 0.6 849 696 661 630 -42% -89% -13.3%
PR T 1 0.9885 0.9846

(DG —AER N AR AR 57 (4 FREEL ), ChEp (5)—T 2 LB (5 HFFESL ) , SiSe(4)—ZBUC AL BE T (4 44 ) ,KSi

(5)—HPRERRERALTES (5 PFRE) (TR IR 5 (2) T TTER BN %, bt S LT R FRAL 107
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Fig.5 SiO,—K;O (a) and A/CNK—A/NK (b) diagrams of granodiorite porphyry in the Tongchanggou Mo—Cu deposit
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Fig.6 Chondrite—normalized patterns of REE (a, normalization values after Sun and Mcdonough, 1989) and primitive mantle
normalized patterns of trace elements (b, normalization values after Taylor and Mclennan, 1985) in granodiorite porphyry of the
Tongchanggou Mo—Cu deposit
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Fig. 8 Mass balance calculation of element migration in each alteration zone of No.IV porphyry in the Tongchanggou Mo—Cu
deposit
a—No. IV rock mass spatial alteration schematic diagram and sample representative position; b—Normalized Isocon diagram of major element
transfer rule of each alteration zone; c—Normalized Isocon diagram of trace element transfer rule of each alteration zone; d—Normalized Isocon

diagram solution of rare earth element transfer rule of each alteration zone
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