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Abstract: In order to deeply study the migration regularity of element and preliminarily infer the fluid evolution during alteration
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processes in the Mujicun Cu (Mo) deposit, the authors tested and analyzed the samples which were respectively collected from the
strongly silicified zone, the potassic zone, the quartz—sericitic zone and the propylitic zone in the ore—bearing diorite porphyrite
body. Through calculation based on the formula by Grant, the authors made a tentative quantitative discussion on characteristics of
the gains and losses of elements during their migration. The results demonstrate that mass migration of different elements show
certain regularities within the range of mineralized alteration: (1) the initial hydrothermal fluid is rich in K and is poor in Na.
Compared with least—altered rocks (the propylitic zones), the losses of Fe.Os;, MgO, P,Os and TiO, turn into the gains in altered
rocks from deep strongly silicified zone to shallow quartz—sericitic zone, with the generally opposite migration regularity of SiO,
and MnO, and FeO is depleted in the three alteration zones. (2) The migration regularity of rare earth elements is similar to that of
Fe,O; and some other components. The REE curves assume a rightly dipping REE pattern, indicating obvious fractionation between
LREE and HREE, with the enrichment of LREE and the losses of HREE. (3) Cu and Mo are especially enriched in the quartz—
sericitic zone and also relatively enriched in the potassic zone. These data suggest that the altitude of 400— 500 m in the diorite
porphyrite body is the main Cu and Mo enrichment area.

Key words: mantle branch structure; copper (molybdenum) deposit ; element migration; Grant equation; diorite porphyrite; Mujicun
in Hebei Province
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Fig. 1 Geological sketch map of the Mujicun orefield ( modified after reference [1])
a—Location of Mujicun orefield; b— Geological sketch map of the Mujicun orefield: 1—Quaternary; 2—Andesite of Jurassic Tiaojishan Formation;
3—Cambrian—Ordovician limestone; 4— Changcheng— Jixian System dolomite; 5— Gneiss of Archean Wutai Group; 6—Moyite; 7—Monzonite
porphyry; 8—Diorite porphyrite; 9—Skarn; 10—Normal fault; 11—Inverse fault; 12—Paleo—crater; 13—Ore deposit (segment): (D—Mujicun copper
(molybdenum) deposit; 2—Geziling iron—copper deposit; 3)—Xiaoligou iron—copper deposit; @—Tieling iron—copper deposit;
(®—Futuyu iron—copper deposit; ©—Maoeryu Fe—Cu deposit; (7) —Donggou iron—copper deposit; 14—Village; 15— Location of orefield
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Fig. 2 Mode of alteration zone in the Mujicun Cu (—Mo) orefield

7—Fault; 8—Alteration zone boundary; 9—Sampling position;10—Drill hole
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1—Andesite; 2—Monzonite porphyry; 3—Altered diorite porphyrite; 4—Marbleized carbonate; 5—Serpentinized carbonate; 6—Skarn;
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quartz of quartz—sericitic zone; e— Silicified—potassic diorite porphyrite ; f—K—feldspar, plagioclase and quartz of potassic zone;
g—Potassic—silicified zone; h— Quartz of silicified zone
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Table 1 Characteristics of rock alteration zone and the mineral assemblage in the Mujicun mining area
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Table 2 Element chemical analyses of different alteration zones from the Mujicun Cu (Mo) deposit

FESHS  FmJ21  7604-8 7604-1 7604-9  7604-11  7604-16  7604-3  7604-21 7604-23 7604-24
BiFLIREE 3R 71 m 295 m 390 m 478 m 537 m 618 m 769m  843m 916 m
AR HECAE R AY-gH b Bk [ilE20d

Si0, 63.48 62.30 5891 64.27 63.00 71.04 65.73 68.01 7652 8213
TiO, 0.45 0.56 0.65 0.56 0.56 0.36 0.35 037 0.31 0.15
AlLO; 15.59 16.33 16.49 16.72 15.64 12.69 12.71 12.30 10.33 6.92
Fe,05 1.54 287 5.00 122 0.93 0.25 1.09 0.10 0.34 0.50
FeO 244 1.46 0.54 1.20 1.85 0.99 0.75 1.02 0.88 1.13
MnO 0.08 0.13 0.04 0.04 0.05 0.06 0.11 0.07 0.07 0.08
MgO 1.55 235 1.71 2.09 293 1.28 0.93 0.96 0.86 0.45
Ca0o 3.12 3.06 0.87 0.89 235 1.17 5.74 251 0.61 0.87
Na,O 353 3.93 4.07 1.06 243 0.90 0.15 1.42 0.29 0.09
K,O 3.57 275 436 6.39 5.44 8.34 7.59 8.37 7.55 498
P,0s 024 0.28 0.29 0.25 027 0.11 0.12 0.18 0.09 0.05
LOI 3.64 3.04 427 325 3.02 1.43 3.76 4.00 1.40 1.81
Tol 99.23 99.06 97.20 97.94 98.47 98.62 99.03 9931 9925  99.16
ALK 7.10 6.68 8.43 7.45 7.87 9.24 7.74 9.79 7.84 5.07
Na,O/K,0  0.99 1.43 0.93 0.17 0.45 0.11 0.02 0.17 0.04 0.02
Na,0/CaO  1.13 1.28 468 1.19 1.03 0.77 0.03 0.57 0.48 0.10
MgO/TFe 0.39 0.54 031 0.86 1.05 1.03 0.51 0.86 0.70 028
La 33.10 43.80 78.20 5420 4230 23.20 23.90 15.80 3.51 343
Ce 61.50 86.30 135.00 102.00 82.30 48.80 46.70 32.50 7.39 6.71
Pr 721 9.63 15.70 11.10 925 5.84 5.28 377 0.92 0.79
Nd 27.20 36.10 55.40 39.50 33.70 23.30 19.90 14.80 3.94 3.16
Sm 4.10 543 775 5.85 5.03 3.63 294 261 0.73 0.46
Eu 131 1.55 191 1.72 1.46 0.98 0.81 0.65 0.21 0.18
Gd 3.13 3.69 4.87 327 3.55 2.66 1.89 2.02 0.69 0.46
Tb 0.41 0.51 0.68 0.50 0.49 0.33 0.28 0.29 0.09 0.06
Dy 1.99 230 270 222 223 1.39 1.06 1.34 0.42 0.30
Ho 0.34 0.41 0.45 0.38 0.40 0.26 0.19 025 0.08 0.06
Er 0.99 1.18 1.26 1.11 1.13 0.65 0.57 0.70 0.24 0.18
Tm 0.13 0.15 0.15 0.14 0.13 0.08 0.07 0.09 - -
Yb 0.92 1.00 0.87 0.95 0.99 0.50 0.47 0.58 0.24 0.14
Lu 0.13 0.16 0.12 0.14 0.14 0.08 0.07 0.09 - -

SEu 5 0.95 1.07 1.00 0.89 1.10 1.00 0.99 0.98 0.83 0.89

LREE 13442 182.81 293.96 21437 17404 10575 99.53 70.13 1670 14.73

HREE 8.04 9.40 11.10 8.71 9.06 5.95 4.60 5.36 1.76 1.20

SREE 14246 19221 305.06 22308 18310 11170  104.13 75.49 1846 1593

LREE/HREE 16.72 19.45 2648 24.61 19.21 17.77 21.64 13.08 9.49 12.28
Cs 3.34 1.01 232 3.54 2.05 0.47 1.77 0.92 1.65 1.10
Rb 58.40 4120 48.80 82.90 63.30 76.20 88.70 13500 9510  68.80
Ba 2210.00 2176.00  2603.00 1887.00  1306.00 147400 1249.00 1108.00 994.00  715.00
Th 327 4.03 4.16 443 3.41 3.78 3.47 328 1.48 0.96
U 1.04 1.00 1.13 1.08 0.89 0.42 0.56 0.57 0.30 0.20
Ta 0.52 0.52 0.54 0.45 0.50 0.42 0.45 0.36 0.40 0.21
Nb 7.72 8.54 9.44 8.16 8.09 7.38 7.72 6.37 6.33 224
Pb 30.30 71.50 62.80 20.00 30.50 20.00 725 8310  21.60 3150
Sr 844.00  1149.00 560.00 410.00 84500  584.00  472.00 43500  202.00 160.00
7r 116.00  161.00 149.00 148.00  140.00 11800  101.00 11400  87.00  48.00
Hf 3.40 445 411 420 3.77 3.36 2.88 3.14 2.40 1.46
Y 10.50 11.40 12.90 11.00 12.00 7.42 6.19 7.42 2.68 1.79
Li 17.20 15.20 721 9.50 18.50 8.71 10.60 9.93 9.94 3.40
Be 1.49 1.56 1.00 1.02 1.30 0.67 0.53 0.51 0.44 0.32
Sc 6.17 791 542 7.11 8.97 411 3.63 3.75 4.00 2.06
\% 59.80 81.10 66.70 77.00 87.20 62.70 44.50 4430 3520 2570
Cr 13.90 17.30 31.80 67.40 51.40 4430 12.70 1390 9530  10.90
Ni 5.83 7.11 16.70 5.00 10.80 524 5.57 4.64 5.47 3.53
Cu 13.30 21.00 464.00 4293.00 3307.00 2471.00  310.00 4650 6550  103.00
Zn 79.20 90.90 97.70 60.50 42.80 4220 34.70 5200 4870 4140
Mo 12.10 1.85 32.60 221.00  186.00 91.40 78.40 25.10 7.20 6.38
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Table 3 Calculation results of elements migration in different alteration zones

E\{*" SlOz A1203 F6203 FCO CaO MgO Kzo NaZO T102 MIIO P205 Y
AR
/% /% /% /% /% /% /% /% /% /% /% /107
fAFEL 207 0.00 0.13 0.78  -1.75 0.25 2.13 -1.26 0.07 0.06 0.00 0.78
AN 2380  0.00  -1.60 078 090  -0.61 7.13 268  -0.05 0.00  -0.09  -2.05
Tk 8386  0.00  -1.43 0.09 -1.72 074 843 338 008 003 -0.13 6.82
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm
,ﬁiﬁ% 6 6 6 6 6 6 6 6 6 6 6 6
/10" /10" /10" /10" /10" /10" /10" /10" /10" /10" /10" /10"
FAFEEEEL 1862 3040 336 10.36 1.32 0.23 0.41 0.09 0.19 0.03 0.06 0.00
ARCAEL -11.82 -1971 212 710  -0.88  -0.40 0.63  -0.08 0.54 0.08 027  -0.04
Tk 3203 -60.86 -6.84 2508 -3.66  -1.07 2.35 032  -1.48 0.25 0.70
Yb Lu YREE Li Be Sc Vv Cr Ni Rb Sr 7r
,ﬁiﬁ% 6 6 6 6 6 6 6 6 6 6 6 6
/10" /10" /10" /10" /10" /10" /10" /10" /10" /10" /10" /10"
FAFEBEEL  -004 001 6500 470 -0.44  -0.02 498 3360 415 1390 -403.60  4.25
AN 030  -0.04 -4401 -3.82  -0.80 2.18 632 1441 007 7716 -36531 247
Tk 0.61 13569 -3.86 -0.82 -1.43 -14.12 8264 186 101.81 -661.65 -13.44
Nb Cs Ba Hf Ta W Pb Th U Cu Mo 7n
,ﬁiﬁ% 6 6 6 6 6 6 6 6 6 6 6 6
/10" /10" /10" /10" /10" /10" /10" /10" /10" /10" /10" /10"
AFEE=FL 026 0.41  -299.64 0.02 -0.03 2.16 13.80 027 -0.01 2617.09 13663 -19.39
AN 0.96 0.84 -57121  0.05 0.00 1.51 419 0381 036 1179.83 7553  -30.48
Tk 020 037 -612.18 -035  0.04 3.16 1.78 1.39 0.56 13871 559  -1.71

PHE) AR (22) , M 528 2 8110(237.08%107)—
BRA T (97.11x10°°)—REfbAT (17.20x107°) 2
A, AT DE 2 BRI - OC R A R = TAME Y
AN KB A (167.34%10°°) , B 1Y HUAE
(LREE/HREE ) 22 1 115 5] 4 T 23.43~10.89 (#5171
YIH) . SEuARLTEREIA T 1.01~0.86 (417 FI(H),
Eu S8 8055 o 745 TR 7 1= 70 2 BoRs B A br
TR T e B LR SEA — S A iR (1 5) L 1
AEEHG 5, G o i, e IR A
[ A VE R B P R EE A B AR 2 — 30
GHN GRS ST

M AR A A AL AR fS |, SREE H 167.34 %
107748 4 17.20x10°°, FEAIK 0.90 £, & F Lo K & i
Yy A am BRI /D, SBu w1 1.01 2824 0.86, il AR
J&i ,LREE(158.62x10 *—15.72x10*) \HREE(8.72x
10°—1.48x10"°) .LREE/ HREE(18.09—10.89) 4
R

Py R kR A e AR )5, SREE H
167.34x10°°75 4 97.11x10°, [&AR 0.42 135 , & i +-C

R m R AREIIE /D, SEux 1.01 454 0.99,
7% J5 , LREE (158.62x10 “—91.80x 10 °) . HREE
(8.72x 10" “—5.30 x 10 °) . LREE/ HREE (18.09—
17.50) 4780 i A REAIR

MR KAV =~ REE AR 5 |, SREE
167.34x10°75 4 237.08x10°°, FF 55 0.42 4% , B Lu . Yb
M Tm & REARPEZIN, £ L n R SRk ET
1, 8Bu 1 1.01 454 1.00, 748 J5 , LREE (158.62 x
10°>227.46x10°) \HREE(8.72x10—9.62x10°°)
LREE/ HREE(18.09—23.43) 40 & i TH

i gt oA, B AR AT T REE 77 41 (—70.23 %
10°°) Ff 9228 < B AL A 1 REE & 4E (+69.74%10°°)
FUATARGE 0 B A | 3 Ul B AR (A i AL s A ol AR
i, REE S04 E A ITRHR 1) 7 5B 7 A s A
FUEE . AR AS B PR AR 1 3l 5 ORI I 4 f 22 1R
L3 SRR SIS RN % N R e 257 WS R NG AN
A, B EAACYE TR s CE CO,
(1) H.O—COAR 2R , ISt iE AL T B T 33 A 55 [ 45 e
W, 5 R AR SR AL AR S IAE G, BT REE 4%
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Fig. 4 An isocon diagram of major elements in alteration zone of
the Mujicun Cu (Mo) deposit

a—Silicified zone; b—Potassic zone; c—Quartz—sericitic zone
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Fig. 5 Chondrite—normalized REE patterns and primitive mantle—normalized trace elements spider diagram of different alteration

zones from the Mujicun Cu (—Mo) deposit (primitive mantle and chondrite data after reference [36])
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Table 4 Analytical results of ore-forming elements and some transition elements in different alteration zones from the diorite-

porphyrite
B %;‘fﬁ TE/10°

Cu Pb Zn Mo Sc v Cr Ni

FEEUEFHE 2 17.15 5090 8505 698  7.04 7045 1560  6.47
HofE 0.49 3.39 1.18 7.75 2.82 0.70 0.26 0.12
ARE = B PIHE 3 2688.00 37.77 67.00 14653 717 7697 5020 10.83
il 76.80 252 093 16281 287 077 0.85 0.20
HRA T FHE 3 942,50 3678 4297 6497 383 5050 23.63  5.15
s 26.93 245 060 7219 153 0.51 0.40  0.09

M TE 2 8425 2655 4505 679  3.03 3045 5310 450
HoE 2.41 1.77 0.63 7.54 1.21 0.30 0.90 0.08
N K3 g ERT 35.00 1500 7200 090 250  100.00 59.00  55.00
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