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Abstract Magmatic iron deposit is not only one of the most important typies of iron resources in China, but also an intimate
component of the Emeishan mantle plume. However, the metallogenic mechanism of magmatic iron deposit is still controversial. We
investigate the vein-type iron orebody in the Heishan iron deposit as an example, and aim to unravel the genesis of vein-type iron
orebody in magmatic iron deposit by zircon mineral geochemistry. Using Ti-in-zircon geothermometer and &Ce-in-zircon oxygen
geobarometer, the metallogenic temperature and oxygen fugacity of vein-type iron orebody are 631 ~768°C (average = 681°C) and
-25.7 ~ —15.6 (average = —20.8), respectively. It is much lower than the saturation of ferro-rich magma about 400°C , and higher
than the temperature of hydrothermal fluid, which imply the “iron ore magma” is in the state of supercritical fluid dissolving numerous
metal material. This conclusion is further confirmed by the CL images, discriminant diagrams of (Sm/La) vs. La and Ce/Ce” vs.
(Sm/La) y for zircons. Being enriched with fluid component would effectively reduce the viscosity and density of “iron ore magma” and
be beneficial to its injection, which could well interpret its irregular-shaped vein occurrence and wall-rock alteration. Based on previous

«

studies, chemical components of the fluid component in the “iron ore magma” comprise C-H-O-S, which are enriched by magma

fractional crystallization and addition of transmagmatic and surface fluid. Phase separation after injection of the “iron ore magma”
triggers crystallization of Fe-Ti oxide and ore-formation. This fluid geological process is recorded by Eu anormaly in zircon. The
metallogenic mechanism of the vein-type iron orebody in the Heishan iron deposit may be comparable to that of other magmatic iron
deposits, including the Panzhihua-type iron deposits.

Key words Magmatic iron deposit; Ore magma; Heishan; Supercritical fluid; Ti-in-zircon geothermometer; §Ce-in-zircon oxygen

geobarometer; Panzhihua-type iron deposit
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Fig.2  Geological characteristics of the Heishan iron deposit

(a) -irregular-shaped vein-type iron orebodies in the open pit of the Heishan iron deposit; (b)-vein-type iron orebody intruded into the anorthosite;

(¢) -metasomatic minerals of chlorite and pyrite sporadically distributed in the anorthosite; (d)-extensive chloritization and calcitization occurred in the

norite, and pyrite enclaved in the calcite vein; (e)-pyrite enriched in the vein-type iron orebody; (f)-Fe-Ti oxide megacryst occurred in the vein-type

iron orebody
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Table I LA-ICP-MS trace element analytical result of zircons from the vein-type iron orebody in the Heishan iron deposit ( x 10 %)

55 01 02 03 04 05 06 07 08 09 10 11 12 13
La 0.03  0.02 0.05 0.04 0.04 0.03  0.01
Ce 1.14  2.97 1.57  2.02  2.99  2.74 .62 2.10  2.69 1.41 1.76  3.10  2.29
Pr 0.02 0.03  0.01 0.02  0.02 0.03 0.01 0.01 0.03 0.03 0.02 0.02 0.0l
Nd 0.26 0.27 0.17 0.20 0.26 0.68 0.32 0.48 0.69 0.25 0.55 0.35 0.19
Sm 0.42 0.58 0.33  0.37 0.66 1.67  0.89 1.03 1.96  0.48 1.27 1.13  0.51
Eu 0.34  0.49  0.21 0.27  0.45 1.04  0.48  0.70 1.58  0.36  0.80  0.81 0.46
Gd 2.67 3.8 2.17 2.1l 4.76  9.66  4.77  6.00 22.49 2,98 7.17  6.83 3.25
Th 0.99 1.51 0.77  0.79 1.92  3.60 1.74  2.17  8.99 1.05  2.59  2.47 1.20
Dy 12.76  18.36  9.22  9.47  23.05 41.35 20.66 24.55 130.91 12.68 29.84 28.94  14.46
Ho 550 7.75  3.99  4.08 10.03 17.32 8.8  10.13 61.90 5.30 12.34 11.82  5.97
Er 24.46  34.07 17.66 18.22  45.87 74.86 39.46  44.19 285.19 23.47 53.60 51.00 26.13
Tm 6.04  8.08  4.34 435 11.02 17.33 9.24  10.30 66.10 5.61 12.72 11.78  6.17
Yb 61.3  79.1 43.8  43.4 109.5 164.1 91.8 101.9 625.5 55.8 125.2 114.6  60.7
Lu 13.31  16.44  9.17  9.36  23.22 33.27 19.43 20.91 131.43 11.67 26.35 23.71 13.08
Y 157 222 112 119 284 468 245 283 1747 151 341 328 173
Nb 0.13  0.20 0.15 0.20 0.21 0.14 0.16 0.18 0.17 0.19 0.12  0.21 0.16
Ta 0.03 0.04 0.03 0.04 0.06 002 0.04 005 0.06 0.05 0.02 0.04 0.04
Ti 6.11 2.53  8.80 6.6l 3.11 4.67  3.58 5.6l 2.51 3.54  3.84  4.54  4.17
Th 2.86  24.72  2.60  7.35 27.52 53.51  3.61  34.47 40.71 41.31 23.70 7.14  12.05
U 6.32  36.81 11.07 24.39 49.42 27.63 12.70 25.02 52.74 34.27 19.15 16.11  17.90
Th/U 0.45  0.67 0.23  0.30  0.56 1.94  0.28 .38 0.77 1.21 1.24  0.44  0.67
S REE 129.23  173.45 93.41  94.75 233.71 367.62 199.29 224.46 1339.49 121.10 274.25 256.61 134.46
LREE 2.21 436 2.34  2.93 438  6.15 3.33 433 6.99  2.51 4,40  5.45 3.47
HREE 127.02  169.09 91.07 91.82 229.34 361.47 195.96 220.13 1332.50 118.58 269.85 251.16 130.99
HREE/LREE  57.49 38.75 38.89 31.33 52.39 58.79 58.92 50.87 190.65 47.17 61.32 46.06 37.76
(Sm/La)y  21.08 45.58 10.57 14.75 87.18 57.26  63.93
5Ce 9.50  27.47 14.22  16.56 18.38 26.04  39.21
5Eu 0.99 1.02 0.78 0.94 0.78 0.79 0.71 0.86 0.73  0.91 0.80  0.90 1.09
77, (C) 702 631 734 708 647 679 658 694 631 657 663 677 670
logfo, -21.96 -22.12 -18.72 -19.50 -23.67 -19.57 -18.43
5 14 15 16 17 18 19 20 21 22 23 24 25 26
La 0.02  0.01 0.03  0.08 0.03  0.0268 0.0278 0.0159
Ce 1.91 2.49 1.99 1.32 1.03 1.68 1.47  2.00 1.21  1.593  2.354 1.038 1.756
Pr 0.02 0.0l 0.07 0.0l <0.0091 0.03  0.05  0.01 0.02  0.0299 0.0194 <0.0081 0.0325
Nd 0.44  0.30 1.41 0.10 <0.083 0.30 0.52 0.15 0.17 0.306 0.277 0.105 0.336
Sm 1.01 0.52 2.8  0.12 0.15 0.53  0.46  0.37  0.31  0.493 0.472 0.238 0.727
Eu 0.66  0.37 1.2 0.13 0.13 0.36 0.33 0.25 0.67 0.31 0.377 0.201 0.557
Gd 5.77  3.65 13.85 1.08 1.09  3.21 2.40  2.3% 2,57  2.66  3.47 1.76 4.8
Th 2.08 1.38 4.6l 0.46  0.45 1.24  0.81 0.87  0.96 0.984 1.245 0.667 1.788
Dy 24.17  15.90 49.67 5.4l 5.58 15.17  9.52  10.83 11.42 11.78 14.79  8.37  21.98
Ho 10.19  7.02  19.74 2.26  2.42  6.44  4.19 450  4.96 4.99  6.3¢  3.71 9.71
Er 44.27 30.28 80.95 10.67 11.53 29.19 18.88 19.32 23.03 22.14 27.36 17.01 42.75
Tm 10.32  7.18 18.46 2.62 2.8  6.87 4.73 479 5.6l 5.47  6.44 418  10.26
Yb 104.5  72.4  175.4  26.3  29.5  70.7  48.7  46.0  56.4  55.0  63.6  43.6  103.2
Lu 21.76  15.00 35.28 5.79  6.41 15.06 10.54  9.99  12.27 11.52 13.57  9.49  21.9%
Y 283 192 524 70 71 188 121 126 144 143 181 107 267
Nb 0.17  0.21 0.12  0.17  0.15  0.21 0.15  0.21 0.13  0.144 0.182 0.129 0.102
Ta 0.04 0.06 0.03 0.05 0.03 0.05 0.03 0.06 0.03 0.0394 0.0261 0.0206 0.0168
Ti 5.07 7.37 455 596 547 12.62 4.40 491  4.06 4.29  4.09 523  4.72
Th 37.39  13.14  6.91 17.61  8.24  8.71 3.81 7.90  2.05 4.83  6.74 1.624 5.82
U 34.66  40.15 12,57 15.11 12.36  12.87 7.96  13.99  4.91 9.57 14.3  4.46  10.09
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Continued Table 1
=82 14 15 16 17 18 19 20 21 22 23 24 25 26
Th/U 1.08 0.33 0.55 1.17 0.67 0.68 0.48 0.56 0.42 0.50 0.47 0.36 0.58
Y. REE 227.10 156.48 405.89 56.29 61.16 150.84 102.63 101.41 119.66 117.25 140.31 90.33 219.80
LREE 4.04 3.72 7.96 1.67 1.31 2.93 2.90 2.78 2.41 2.76 3.53 1.58 3.42
HREE 223.06 152.77 397.93 54.62 59.85 147.92 99.73 98.64 117.25 114.49 136.79 88.75 216.38
HREE/LREE  55.18 41.11 49.99 32.70 45.79 50.56 34.38 35.50 48.65 41.50 38.78 56.10 63.19
(Sm/La) y 41.38 334.30 26.51 9.48 15.47 29.46 27.19 73.22
8Ce 41.36 14.76 12.82 5.28 10.41 13.20 23.67 18.18
SEu 0.84 0.83 0.79 1.09 0.99 0.84 0.97 0.84 2.27 0.83 0.90 0.95 0.91
7. (C) 686 718 677 699 692 768 674 683 668 672 668 688 680
lo&f()z -15.55 -21.69 -17.41 -25.71 -23.54 -22.39 -20.42 -20.74

B TR AR Ferry and Watson, 2007 5 4547 6Ce 4% B 11114 Trail et al. , 2011
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Fig.4 Th/U ratio diagram (a) and chondrite-normalized REE patterns (b) for zircons from the vein-type iron orebody in the

Heishan iron deposit

Normalization values for chondrite are after McDonough and Sun, 1995; typical magmatic zircon and hydrothermal zircon data are after Hoskin and

Treland, 2000 ; Hoskin, 2005
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SR B (Grimes et al. , 2009; Liu et al. , 2010; Qiu et al. ,
2013),
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FIERERA™ v TR BT A X A0 A T 3530 ) 1 2 45 Al B2 7 AN
SGALE logf, S 665°C Al - 18.5 (8] 6a) . i A
BT R WA E BB LT — 3, —BE W TR
AEETE,

5.2 BRRBAW RHYEB IR R E

TR A H8 s, 5 P AR S 4L 8 3 e
SN Sl B A T S HR T, IS A R R K Y
FE IR B 1420°C (Philpotts, 1967) . {HUNFE 6 /R, fkAk
By A JC B B A7 i S BB SR W O 2 L B AR T
R S S Y RS ) R 2 AR A 22 0
400°C (Snyder et al. , 1993) . WFFERM, FH I PR A 7T
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RO U R BN AR AT BE B A R B AL A T
He- RO PEIRZS , RIGE IR SR AR

JRCR s R 55 A1 1 Th/U HEAR LT 0. 23 ~ 1. 94 Z JH],
XIE BN N JE T R A R ORS A7 9 45 iE ( Rubatto and
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