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Geochemical characteristics and ore-forming significance of magma mixing action
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Abstract: The Buerkesitai granite where the Adayi gold ore deposit occurs is composed of host rocks, diorite mi-
crogranular enclaves and intermediate dyke swarms. The relative composition of geochemistry is one of the most
effective means for determining the mixture of magma, whereas the concentrations of gold and copper geochemi-
cal prospecting samples from different areas of the host rock can identify the relationship between gold and cop-
per ore potential and the mixture of magma. The patterns of REE and trace elements are similar to those of the
host rock, diorite microgranular enclaves and intermediate dyke swarms. Harker diagrams, ratio diagrams in the
same denominator, correlation diagrams and ratio diagrams of trace elements in the same denominator of the host
rock, diorite microgranular enclaves and intermediate dyke swarms all have the same linear trends, which means

that significant element migration and transfer of component once occurred. The host rock has high gold and copper
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concentrations and their regularities of distribution are similar. The fact that the gold and copper anomalies are

scattered around areas where abundant diorite microgranular enclaves exist indicates that the mantle-sourced ba-

sic end-member represented by diorite microgranular enclaves might have provided the material source for gold

and copper mineralization. The association between gold and copper mineralization potential and magma mixture

indicates that one of the most important reasons for the enrichment of gold and copper in Darbut tectonic-mag-

matic belt is the contribution of the mantle-sourced basic end-member to metallogenesis.
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Fig. 1 Geological sketch map of Western Junggar (a, after Chen et al., 2010, 2015; Wang Lemin et al., 2015)
and sketch map of Adayi gold mine®(b)
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Fig. 2 Field characteristics and microphotographs of Buerkesitai granite (crossed nicols)
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a—granodiorite and intermediate dyke swarm; b—petrographic section of granodiorite; c—diorite microgranular enclaves; d—boundary between the

enclave and the host rock; e—dioritic porphyrite; f—hornblende phenocryst; g—edge crack and plagioclase xenoliths; h—plagioclase phenocryst in

the enclave; i—acicular apatite in the enclave; Ab—albite; Hbl—hornblende; Qtz—quartz; Bt—biotite; Or—orthoclase; Chl—chlorite;

Ads—andesine; Ap—apatite
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Table 1 Major elements( wy/ % )concentrations of samples from Buerkesitai granite

FEHA ARSI EERONES bk

B i e N eSS ARS7Ee AR KE
4-5 13-1 12-32 8-4 2-6 12-301 12-302 11-1 5-1 7-1
SO, 66.47 66.27 65.38 64.01 56.27 55.66 54.57 54.43 53.76 52.50
TiO, 0.53 0.49 0.53 0.59 0.84 1.02 0.96 0.83 0.86 0.90
ALO; 15.45 15.17 15.24 15.29 16.21 15.33 15.40 15.39 17.14 16.82
TFe,O5 3.91 3.71 3.88 4.14 6.92 7.32 7.55 6.81 7.61 7.38
MnO 0.06 0.06 0.06 0.06 0.10 0.10 0.11 0.10 0.11 0.12
MgO 1.88 1.78 1.91 2.08 4.96 5.19 5.79 6.36 4.99 4.56
CaO 3.00 2.50 3.37 3.71 5.93 5.65 6.02 5.12 5.78 5.11
Na,O 3.59 3.78 3.65 3.66 3.78 3.78 3.75 3.54 3.44 3.41
K,O 3.49 3.54 3.05 2.93 1.68 2.68 2.58 2.44 2.30 2.36
P,0s 0.13 0.11 0.12 0.14 0.19 0.27 0.26 0.23 0.16 0.26
LOI 1.30 1.73 1.76 1.47 2.48 1.81 2.03 3.28 2.79 4.69
Total 99.81 99.14 98.95 98.08 99.36 98.81 99.02 98.53 98.94 98.11
Na,0 + K,O 7.08 7.32 6.70 6.59 5.46 6.46 6.33 5.98 5.74 5.77
Na,0/K,0 1.03 1.07 1.20 1.25 2.25 1.41 1.45 1.45 1.50 1.44
A/CNK 1.02 1.04 0.99 0.96 0.86 0.79 0.77 0.87 0.92 0.96
NK/A 0.63 0.66 0.61 0.60 0.50 0.59 0.58 0.55 0.48 0.49
R, 2244 2181 2284 2220 1853 1552 1508 1663 1648 1609
R, 727 669 775 826 1234 1195 1268 1220 1247 1177
o 2.11 2.26 1.96 2.00 2.12 3.10 3.23 2.80 2.78 2.90

H: TFe,05 RRAER; LOI B 2K H s A/CNK — ALOs/(CaO + Na,0O + K,0)5 NK/A = (Na,O + K,0)/ALO5» 4 A/CNK Fl NK/A 44> F
tes Ry =4Si— 11(Na+ K) = 2(Fe+ Ti); R, = Al+ 2 Mg+ 6 Ca, 3011 Si 5828 9 A4 (SiO, - Na,0O- K,0-FeO. Fe, O3+ Ti0,  CaO- MgO+ ALO3)
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Fig. 3 K,O- SO, diagram and R, = R diagram of Buerkesitai granite

A N E AL I R AN IX . BT A A B ARR I
BT = B A 1 BRI S . /R R, - Ry BIRCIA
3b) # (Bowden and Kinnairds 1984; Batcher and
Bowden, 1985), 4 #livA AL IN K X, 153 1 4
JEAE R — 5.

PR Tk 400 7 0, A4 2 2 32 2 A0 e 12 (SIO, =
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4.96%~5.79% ) F1E5(CaO=5.65% ~6.02% ), £
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3 1 I

175

VEVHENES SR T HLELAT R S T 3 0 A SR TR MR A 22 A B HL e 8 X

413

FRITHE S &5 WA AR A B 22 AN K,
A SIO, & HK(52.50% ~54.43% ). bR 5 5
i Ko O A, 3 NS5 1E 28 470 DX, 3L 4% P4 5 1ol 4
FLAL AR FI PR B BLTE SI0, - KO Bf#(E 301
(Peccerillo and Taylor, 1976 )3 ¥ X\ & 8145 5% P &
HIX o 7E Ry-R, Ef# (B 3b) ' (Bowden and Kin-
naird, 1984; Batcher and Bowden, 1985), N K JFi il
gk AL R A A R I AR A -SRI K
AL AT, 5 A4 WA 22, AR AL AR R e PR
BEFE S 38R WA KA, 2 OLE A SRR T
A PEN S RN KB
4.2 ®ErE

AR B30T 5 25 A A A DA 0T A At R £ A
A A SRR R L e 3 R s A OGS
K 2. FFEAEA LA BN L TRAE
(81.45x10 °~117.32x 10 %), & 5 W 55 1 A it
B3 B (LREE/HREE = 5.36 ~6.54). & # 1 %
FUEAEL(La/Yb)y=5.42~7.45], B H L 5 =
B30 (La/Sm)n=2.47~3.53], E L #5772
JE—BL(Gd/Yb)n=1.75~1.90]1. Eu #1575 (5Eu
=0.69—0.87)F 0 A i A%, SO 7 A
b RHAT I 2 B 4 AR T R AN BT e B o) Bk
BoUA AR HEAL 5 BT o o0 2 I 20 1l 2R AR A0 R AR S A
— 3, 0l REE BLor fi g2 A AT (E 4a) .

PR K T Ak At br A B L B 5 (100,67 X 10 ° ~
143.45x 10 O T3 F 4540, SRIN 5 B 8 1) 45 il

/R G s

B3 B (LREE/HREE = 5.08 ~7.36). ## 1i%
FUESL(La/Yb)y=5.12~8.71 1, %M - N =
B3 (La/Sm)y=2.21~2.85], i+ 7 e 2
JEL(Gd/Yb)y=2.00~2.531m T & EHf. Eu
S (SEu=0.85~0.93) AN 2, s et &5 it 40 7 AT
HBAGE R AR AR o R Al BORL RS A s v
bS5 BT A o0 2o i 2 AR Ak AR 55 A7 2 A A
8L, &R REE Bt 2 28 B A1 AT (B 4a), A A
XA I I

A R TR BRI K (54,75 < 107°
~108.08 x 10 °), & & 5 B W (1 A5 {51 B 43 A% =C
(LREE/HREE = 4.04 — 6.69). % 1+ 5% 21 & 4%
[(La/Yb)N=3.66~7.62], &M .8 T4 e fe i —
ML (La/Sm)y=1.61~2.74 1, EHi 1N &5 572 &
T EAALG/ Yy =2.04~2.49 |, 5N K i
TUARLALARFHIT o 5 27 3225 A0 AT A KT Bl 4R A A
AN, AR B IL T Ea 1E 5% (8Eu = 1.00 —
1.63)(F 42),
4.3 WERTE

V75 A ATRE S B 70 26 R R M (1
AR 3= BESEAT B HEAL , P 75 Ik 19 P15 A5 ot 4 T i 2
AR R PR B 4b), & KB 13641 705 RbBa.s
Th K, & TR g 35 7 A%, 3% % 76 % Nb.
TaPTi AHXF 7 458, 750k 9 P b 52 B (9 Y o]
PN o Bkt R R 5 77 o A AL, R R K T
%% 417G % Rb Bas Th K, HRb 7 2 4y J5 4 1o & 11y 30

300

100

10

| N ' NN N [N AN N S N A |

TN TR TN SN SN N N
Rb BaTh UNb Ta K LaCe Pr Sr

PNdSmZr HFEu Ti Y Yb

A IR SE T G S R ERORL IR A7 B AR 1T B2 M2k Cas 48 Henderson, 1984) A1 54 b s AL e 7T 22 00k 1 )

(b, # Sun and McDonough, 1989)

100
: 2]
- O HE#E
- A ARBERmER
la
B L
ﬁ
=
g |
*
10 -
< I [ S AN SN SN SN SN SN SHN (R SR S R
. La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
K 4
Fig. 4

Chondrite-normalized REE patterns (a, after Henderson, 1984) and primitive mantle-normalized trace element diagram

(b, after Sun and McDonough, 1989) of Buerkesitai granite
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Table 2 REE and trace elements concentrations of samples from Buerkesitai granite
FEEA PRl 8 o A th A ik
Ff b HASDARSES AR DRSS 7 S VEE NS S
4-5 13-1 12-32 8-4 2-6 12-301 12-302 11-1 5-1 7-1
Li 18.80 5.33 4.67 3.28 40.39 38.58 39.59 50.39 41.21 46.41
Sc 3.74 2.82 3.56 3.43 23.27 20.02 18.77 21.71 23.34 22.75
\ 92.21 87.24 93.64 104.51 200.59 182.99 181.33 189.54 245.12 240.67
Cr 53.31 54.24 57.73 58.50 211.49 236.43 295.61 336.40 113.15 130.69
Co 29.54 26.36 26.37 31.99 29.93 37.29 38.06 37.00 21.90 34.95
Ni 30.65 33.25 34.07 34.82 136.49 162.19 202.59 282.07 96.02 104.24
Cu 11.90 15.81 50.60 12.65 39.33 248.44 116.23 60.25 1425.95 54.54
Zn 86.36 86.33 83.02 83.61 158.36 191.75 187.84 139.43 190.62 170.85
Ga 17.97 16.73 17.31 17.13 21.26 19.20 19.27 19.38 20.00 21.19
Rb 88.13 63.27 60.96 32.19 99.54 154.08 162.94 127.16 132.09 87.39
Sr 317.60 452.79 350.45 338.88 778.34 515.75 494.28 713.33 549.12 616.19
Y 19.66 13.93 14.98 16.14 20.71 21.42 19.24 16.89 13.63 14.12
Zr 170.77 136.59 154.22 180.94 116.18 185.69 182.26 144.40 57.01 95.51
Nb 7.52 7.11 6.98 7.28 5.63 9.83 9.56 7.12 2.00 4.15
Ba 624.46 572.97 525.26 524.81 592.85 816.96 776.36 439.49 294.92 503.11
La 22.64 14.96 15.69 13.14 15.21 23.80 23.07 17.75 6.89 9.85
Ce 43.96 34.18 34.23 28.97 35.63 56.45 55.46 42.49 16.75 23.55
Pr 6.23 4.32 4.55 4.26 5.11 7.35 7.17 5.44 2.80 3.78
Nd 23.79 16.80 17.91 17.79 22.28 30.56 29.48 22.70 13.05 17.31
Sm 4.14 3.04 3.26 3.43 4.43 5.57 5.23 4.18 2.77 3.51
Eu 1.01 0.91 0.99 1.05 1.45 1.69 1.54 1.46 1.62 1.35
Gd 4.79 3.42 3.74 3.90 5.16 6.23 5.81 4.73 3.33 3.95
Tb 0.69 0.50 0.54 0.58 0.76 0.87 0.80 0.66 0.50 0.57
Dy 3.94 2.92 3.12 3.37 4.40 4.73 4.28 3.67 2.95 3.18
Ho 0.81 0.59 0.63 0.68 0.90 0.92 0.83 0.73 0.60 0.62
Er 2.38 1.72 1.81 1.93 2.49 2.52 2.28 2.03 1.66 1.67
Tm 0.39 0.28 0.29 0.31 0.37 0.37 0.34 0.30 0.25 0.24
Yb 2.18 1.62 1.63 1.74 2.13 2.04 1.90 1.67 1.35 1.31
Lu 0.38 0.28 0.28 0.29 0.35 0.35 0.31 0.28 0.24 0.23
Hf 5.35 4.30 4.63 5.22 3.40 4.86 4.61 3.79 1.69 2.61
Ta 0.77 0.67 0.64 0.59 0.36 0.60 0.59 0.42 0.11 0.22
Pb 13.42 18.31 15.04 11.17 7.92 12.46 12.20 5.51 4.82 2.36
Th 10.72 8.36 8.56 6.04 3.77 4.58 4.17 5.02 1.09 1.24
U 1.71 1.38 1.24 1.11 0.84 1.10 1.16 2.38 0.52 0.53
> REE 117.32 85.54 88.67 81.45 100.67 143.45 138.51 108.08 54.75 71.10
Y LREE 101.77 74.20 76.62 68. 64 84.12 125.43 121.95 94.02 43.87 59.33
>HREE 15.55 11.34 12.04 12.81 16.55 18.02 16.56 14.06 10.87 11.76
> LREE/>HREE 6.54 6.54 6.36 5.36 5.08 6.96 7.36 6.69 4.04 5.05
dEu 0.69 0.86 0.86 0.87 0.93 0.87 0.85 1.00 1.63 1.10
oCe 0.89 1.03 0.98 0.94 0.99 1.04 1.05 1.05 0.94 0.95
(La/Yb)y 7.45 6.62 6.91 5.42 5.12 8.37 8.71 7.62 3.66 5.39
(La/Sm)y 3.53 3.18 3.11 2.47 2.21 2.76 2.85 2.74 1.61 1.81
(Gd/Yb)y 1.82 1.75 1.90 1.85 2.00 2.53 2.53 2.34 2.04 2.49
(Eu/Sm)y 0.64 0.79 0.80 0.81 0.86 0.80 0.78 0.92 1.54 1.01
(Ce/Yb)y 5.60 5.86 5.83 4.62 4.65 7.69 8.11 7.07 3.45 4.99
Nb/Ta 9.73 10.55 10.92 12.42 15.55 16.31 16.27 17.08 18.43 18.59

VR WA T AR N BRI A BRUEALAE, R EAG(E 5] [ Henderson(1984) .
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Fig. 5 Gold and copper content distribution of Buerkesitai granite



416 EER S TR |

2

¥4 &

%35 %

x3 HRRHEEFREELFRIE M H#RE RATEINER

Table 3 Gold and copper concentrations of samples from geochemical prospecting section( PM1 )for Buerkesitai granite

FE i Au Cu FE 5 Au Cu FE i 5 Au Cu FE i 5 Au Cu
PM1-1" 0.9 51.8 PM1-36 1.6 30.5 PM1-71 2.3 48.6 PM1-106 1.7 50.2
PM1-2" 1.0 39.6 PM1-37 1.1 42.2 PM1-72 3.8 42.1 PM1-107 1.7 44.7
PM1-3 1.2 26.7 PM1-38 1.3 52.8 PM1-73 6.2 166.0 PM1-108 1.0 46.0
PM1-4 7.6 63.1 PM1-39 1.2 98.5 PM1-74 2.4 70.1 PM1-109 9.5 46.6
PM1-5 2.4 24.6 PM1-40 1.1 44.8 PM1-75 2.0 62.2 PMI1-110 4.6 130.0
PM1-6 2.1 20.0 PM1-41 0.8 21.2 PM1-76 1.4 37.5 PM1-111 5.3 148.0
PM1-7 1.4 28.0 PM1-42 13.2 124.0 PM1-77 1.2 45.7 PM1-112 1.3 60.4
PM1-8 1.3 17.8 PM1-43 13.8 114.0 PM1-78 4.2 148.0 PM1-113 1.9 50.9
PM1-9 1.2 27.4 PM1-44 4.6 75.3 PM1-79 9.0 244.0 PMI1-114 2.1 31.6
PM1-10 3.2 18.7 PM1-45 7.6 94.0 PM1-80 3.1 86.8 PM1-115 1.6 33.3
PM1-11 1.4 20.4 PM1-46 7.1 109.0 PM1-81 3.6 117.0 PM1-116 1.2 25.0
PM1-12 4.7 41.8 PM1-47 16.6 106.0 PM1-82 2.6 126.0 PM1-117 0.8 50.2
PM1-13 1.6 23.8 PM1-48 15.6 288.0 PM1-83 2.2 42.2 PMI1-118 1.3 19.8
PM1-14 0.7 13.0 PM1-49 0.9 43.2 PM1-84 1.5 79.1 PM1-119 2.1 21.9
PM1-15 2.2 22.0 PM1-50 1.2 40.5 PM1-85 6.6 132.0 PM1-120 1.3 26.2
PM1-16 2.2 47.2 PM1-51 6.7 151.0 PM1-86 3.4 64.7 PMI 121 26.3 26.4
PM1-17 0.8 32.6 PM1-52 2.3 41.2 PM1-87 1.8 99.3 PM1-122 4.8 38.2
PM1-18 4.0 124.0 PM1-53 1.7 49.4 PM1-88 1.1 22.3 PM1-123 5.3 32.3
PM1-19 2.6 69.9 PM1-54 6.2 111.0 PMI1-89 3.0 41.8 PM1-124 3.7 24.2
PM1-20 5.3 134.0 PM1-55 1.8 41.9 PM1-90 1.9 38.7 PM1-125 1.3 34.6
PM1-21 1.1 41.5 PM1-56 1.0 26.1 PM1-91 3.2 69.7 PM1-126 1.2 64.5
PM1-22 1.4 56.0 PM1-57 2.8 45.8 PM1-92 2.5 51.4 PM1-127 1.5 31.4
PM1-23 1.6 80.0 PM1-58 2.2 63.6 PM1-93 1.7 42.8 PM1-128 1.2 49.5
PM1-24 0.7 39.2 PM1-59 2.2 53.1 PM1-94 1.1 29.9 PM1-129 2.1 70.2
PM1-25 28.3 92.1 PM1-60 9.5 119.0 PM1-95 5.7 242.0 PM1-130 2.4 52.4
PM1-26 3.9 33.6 | PM1-61 22.2 135.0 PM1-96 7.0 138.0 PM1-131 2.6 45.8
PM1-27 2.2 39.9 PM1-62 20.4 482.0 PM1-97 3.1 72.5 PM1-132 1.4 30.0
PM1-28 5.4 70.9 PM1-63 9.4 180.0 PM1-98 3.3 62.3 PM1-133 2.6 44.8
PM1-29 4.4 41.0 PM1-64 51.8 752.0 PM1-99 4.4 93.8 PM1-134 2.4 46.9
PM1-30 2.6 32.0 PM1-65 28.3 343.0 PM1-100 6.8 146.0 PM1-135 3.2 37.3
PM1-31 4.0 90.1 PM1-66 7.3 156.0 PM1-101 1.7 95.8 PM1-136 1.6 31.4
PM1-32 1.6 42.9 PM1-67 4.0 106.0 PM1-102 3.4 90.4 PM1-137 1.1 36.6
PM1-33 2.5 78.9 PM1-68 7.4 196.0 PM1-103 17.0 158.0 PM1-138 1.0 35.7
PM1-34 18.6 28.3 PM1-69 40.2 918.0 PM1-104 2.3 73.7 PM1-139" 1.6 79.6
PMI1-35 2.0 60.2 PM1-70 2.1 72.8 PM1-105 2.0 38.8 PM1-140" 1.0 69.5
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Table 4 Gold and copper concentrations of samples from geochemical prospecting section(!PM2) for Buerkesitai granite

FE i Au Cu FE i g5 Au Cu FE i 5 Au Cu FE i 5 Au Cu
PM2-1" 1.0 49.4 PM2-29 0.7 55.0 PM2-57 4.5 39.8 PM2-85 0.7 26.2
PMm2-2* 3.6 91.3 PM2-30 0.5 38.7 PM2-58 4.1 45.9 PM2-86 1.2 35.4
PM2-37 1.6 67.5 PM2-31 0.5 30.6 PM2-59 1.5 18.5 PM2-87 3.6 49.0
PM2-4" 4.8 46.8 PM2-32 2.1 25.5 PM2-60 5.6 28.1 PM2-88 1.5 38.4
PM2-5 2.1 62.5 PM2-33 0.7 18.4 PM2-61 2.5 23.9 PM2-89 0.9 33.6
PM2-6 1.6 21.3 PM2-34 2.1 10.7 PM2-62 1.1 29.9 PM2-90 0.6 32.0
PM2-7 1.1 52.5 PM2-35 1.1 22.8 PM2-63 1.7 36.1 PM2-91 0.6 36.8
PM2-8 49.2 36.6 PM2-36 0.5 35.3 PM2-64 5.9 75.3 PM2-92 2.4 39.0
PM2-9 2.1 29.7 PM2-37 1.2 30.2 PM2-65 2.6 32.1 PM2-93 10.1 113.0
PM2-10 0.6 36.5 PM2-38 35.2 182.0 PM2-66 1.6 38.2 PM2-94 1.2 32.0
PM2-11 0.7 43.7 PM2-39 5.2 38.8 PM2-67 1.0 73.2 PM2-95 1.0 33.2
PM2-12 1.2 48.0 PM2-40 10.6 74.5 PM2-68 0.9 46.7 PM2-96 0.8 39.8
PM2-13 1.4 50.4 PM2-41 2.3 38.9 PM2-69 2.0 28.6 PM2-97 0.7 44.5
PM2-14 4.6 30.7 PM2-42 1.9 63.2 PM2-70 2.3 80.6 PM2-98 1.1 44.4
PM2-15 1.4 31.2 PM2-43 1.0 41.4 PM2-71 1.6 39.2 PM2-99 3.8 24.7
PM2-16 1.5 34.3 PM2-44 1.0 34.8 PM2-72 1.8 34.8 PM2-100 1.2 41.2
PM2-17 1.2 63.4 PM2-45 1.1 26.7 PM2-73 1.7 77.2 PM2-101 0.6 30.3
PM2-18 0.9 30.5 PM2-46 3.0 30.0 PM2-74 1.2 29.0 PM2-102 0.6 23.2
PM2-19 4.4 32.4 PM2-47 1.6 26.8 PM2-75 0.7 32.4 PM2-103 0.6 23.9
PM2-20 3.0 26.9 PM2-48 2.8 10.0 PM2-76 2.2 47.1 PM2-104 0.6 25.6
PM2-21 19.8 50.3 PM2-49 1.4 41.5 PM2-77 1.2 22.6 PM2-105 1.0 19.2
PM2-22 1.4 27.0 PM2-50 1.0 46.1 PM2-78 1.5 29.6 PM2-106 0.6 22.9
PM2-23 43.6 574.0 PM2-51 2.6 36.4 PM2-79 0.7 24.2 PM2-107 0.6 23.3
PM2-24 1.5 36.5 PM2-52 3.1 42.6 PM2-80 0.6 37.7 PM2-108 0.6 19.9
PM2-25 1.0 33.3 PM2-53 3.5 17.7 PM2-81 1.1 47.2 PM2-109 0.8 23.5
PM2-26 0.7 59.8 | PM2-54 4.3 19.7 PM2-82 1.0 77.8 PM2-110" 3.5 39.6
PM2-27 0.6 31.0 PM2-55 6.8 11.5 PM2-83 0.9 44.4 PM2-111" 1.6 35.6
PM2-28 4.9 32.0 PM2-56 4.0 30.7 PM2-84 1.5 29.0 PM2-112" 2.4 63.1
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Fig. 8 Correlation diagrams and ratio diagrams in the same denominator of trace elements for Buerkesitai granite
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