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Abstract: The Heijianshan iron deposit represents a typical submarine volcanic rock—hosted deposit of the Agishan— Yamansu ore
belt in Eastern Tianshan Mountains. Abundant irregular iron—rich agglomerates are developed in the brecciated andesite lava (wall
rock), and they can be subdivided into five types, i.e., albite— magnetite type, albite— K— feldspar magnetite type, K- feldspar—
magnetite type, epidote— magnetite type and quartz— magnetite type, likely representing evolving products of the magmatic—
hydrothermal ore—forming process, which can constrain the ore—forming process and metallogenic environment of the Heijianshan
iron deposit. Magnetite compositions of the five types of agglomerates were analyzed using electron microprobe analysis. For the
purpose of obtaining precise Fe content, the content of undetermined O was added by difference method and the ZAF matrix
correction was conducted. The Ti values of the five types of agglomerates display a positive relationship with the Fe values.
Magnetite of the albite— magnetite type has highest Ti content, the albite— K— feldspar magnetite and the K— feldspar— magnetite
types show medium Ti content, whereas the epidote— magnetite and quartz— magnetite types are characterized by the lowest Ti
content. Also, the Fe content of the epidote—magnetite and the quartz—magnetite types is similar to that of the ores. These features
indicate that the albite—magnetite type seems to have been the earliest crystallization product from a residual iron—rich melt, the
albite—K—feldspar—magnetite and K—feldspar—magnetite types display features of magmatic—hydrothermal transition, whereas the
epidote—magnetite and quartz—magnetite types represent products of hydrothermal alteration. The Fe content of magnetite of each
type of agglomerate is higher than its content of the corresponding alteration zone, suggesting a simultaneous relationship between

the crystallization of iron—rich agglomerates and hydrothermal activities.

Keywords: submarine volcanic rock—hosted iron deposit; Heijianshan; iron—rich agglomerates; magmatic—hydrothermal; mineral
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Fig.1 Tectonic framework in the Eastern Tianshan orogenic belt and distribution of iron ore deposits in Aagishan—Yamansu back—

arc basin (modified from Qin Kezhang et al., 2003)
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Fig.2 Geological map of the Heijianshan iron deposit (modified from Xinjiang Uygur Autonomous Region Geological Survey, 2003

and Zhao Liandang et al., 2017)
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Fig.3 Photographs and photomicrographs illustrating the features of the albite—magnetite type iron—rich agglomerates
a—Iron—rich agglomerates in brecciated andesite lava (HIS—4); b —Amygdaloidal structure and chilled margin of the iron—rich agglomerates (HIS—

4); c—Iron—rich agglomerates composed of albite, magnetite and quartz amygdale (HIS—6); d—Andesite lava showing silicification and epidotization
(HJS—6) (b, c, d are under plainlight); Ab—Albite, Mag—Magnetite; Amy— Amygdale; BAL— Brecciated andesite lava; IRA—Iron—rich
agglomerates; Epi—Epidotization
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Fig.4 Photographs and photomicrographs illustrating the features of the albite—K—feldspar—magnetite type iron—rich agglomerates
a— Quartz—epidote geode near the iron—rich agglomerates (HIS16—1); b—Iron—rich agglomerates composed of lath—shaped albite, fine— grained
magnetite and quartz amygdale (HIS16—1); c—Iron—rich agglomerates (HIS16—14); d—Andesite lava showing hyalopilitic structure (HIS16—1) (b, c
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Fig.5 Photographs and photomicrographs illustrating the features of the K—feldspar—magnetite type iron—rich agglomerates
a—Epidotization rim of the iron—rich agglomerates (HJS16—11);b—Amygdale in the iron—rich agglomerates composed of chlorite and a trace amount
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(HJS16—11) (b, c, d are under plainlight); Ab— Albite, Mag—Magnetite; Kfs—K—feldspar; Ep—Epidote; Amy—Amygdale; BAL—Brecciated andesite
lava; IRA—Iron—rich agglomerates; Epi—Epidotization.

B R HZE PRI E ) O & i, IF LA ZAF
S [ 4% TF (Love, 1993; Reed, 1993). Fifi f , M3 42
it 1Y BH S RS 0 i S R R AR A N B A
ALY I E o), SORARHE PH B T ik
T AR R . BRI, 76 EPMA i #
B ST AR S AR A PH B 1 LSS 86 T 3145 1E
Bl A 3 &5 O 22 5 % (Yang et al., 2017), R H
AW B L PR AN E BH B B 0 SR i, T
DI — B 5L F I s I itk it ik R
TTRAUEAEE R IET . BT RS
Fe*' flFe*, HARRE L A &5 M AN RE 2 S, T LR
FH_E RT3k RSB Mo D0 8 R ki v gk ) B i TEAS
YA B,

AYRAISE 0 S5 o AT R B AN ] 8 B #E 5

Fofv st Bk AT (BRI A R Y B A B A1 W Bk
TN I NTET 3 7R TN SR e 3 /R IRITIP S V47N
1) rh o3I b B RE R HEA T TR B IR A
Or oA AR AT L 344 5, et BRI A W R
A7 T B AT R LA AT B8 A DU ol o 8 DA R g A
MFER ST T 3 I, A R IR 1

5 Hrdh

5.1 $MKARET B

B A G R B A LU i HIS -4, HIS—
6 J BLRURE S AT 40T . FE A HIS—4 & kA He It it
HR AN R AT 1) IR AT A A £ S0, 0.16%,
ALO; 0.04% , TFe 71.59%,MgO 0.01%,Na,O 0.05%,
V,05 0.14% , TiO, 0.05% , Cr,0; 0.02%%5 , 17 2H p{ &

http://geochina.cgs.gov.cn "1 E LT, 2020, 47(3)



AT H 3

RATAE CHSEAR R LD BRAR LB PR 8 R IAT R A R0 ) A B o I = B A i 597

Bl6 275 A1 BEERET L B BRIATH T ARAR B Bl B ik
a— T BT (HIS16—9); b— 541 3%, 445 41 3/ L I BTARE ™ (HIS16—13) s c—HLAT BEIRARE , 451 28t 1) B 2k T e (HUS 16-9) 5 d — &R 5 41 Rl T
FEoE A AR AT RN AT (HIS16-13)(b, ¢, d ¥ URIEEE T R);Mag—RE Bk s Kfs—#H K A7 ; Ep—4RHii 41 5 Qtz—A1 3% ; Spe—HLEkH;
Amy—A TR BAL—& BRI IR & 5 IRA—5 2k A1 D
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Fig.7 Photographs and photomicrographs illustrating the features of the quartz—magnetite type iron—rich agglomerates
a—Iron—rich agglomerates (HJS16—3); b—Core and rim of iron—rich agglomerates (HJS16—3);c—Lath—shaped feldspar replaced by quartz with
hyalopilitic structure retained (HIS16—3); d —Chilled margin (HJS16—3) (b, c, d are under plainlight); Mag—Magnetite; Kfs—K—feldspar; Ep—

Epidote; Qtz—Quartz; BAL—Brecciated andesite lava; IRA—Iron—rich agglomerates

BRI Y TR T A R R RS AR
BRI TR & & Si0, 0.07% , ALO;
0.03%, TFe 67.07% , MgO 0.02% , Na,O 0.03% , V,Os
0.06%, TiO, 0.03% , Cr,0; 0.01%%5 ; 5Z 5 U455 A1
TR &R AP ™ R TR &8N Si0, 0.38%,
ALO; 0.06% , TFe 69.28%,MgO 0.01%, Na,O 0.04%,
V.05 0.15%, TiO, 0.05% , Cr,0; 0.02%%% .
5.5 AT B

ARG R R A e LURE B HIS16—3 S #
RURE S EAT 200 RESh HIS16-3 & Bk A B % vp
BREMAYESEERILE S E N S0, 0.77%,
ALO; 0.22%, TFe 65.60%,MgO 0.11%,Na,0 0.11%,
V05 0.19%, TiO, 0.07% , Cr,O; 0.07%%5 . & 2k A1 e
ZAATHNA E B R R A B A R
MR, AN AT W FRocR o5

9 Si0, 0.29% , ALO; 0.11% , TFe 64.70% , MgO
0.01%, Na,O 0.10%, V,05 0.29% , TiO, 0.16% , Cr,05
0.02%%%
6 i
6.1 EREARERBT X R

B R AR S A U ORI T 2R R
AL B2, ST U (Li et al., 2018) , X — &R 4]
rhME T B IR B o R AR LR BT R T
AR BRMARFES 5 kb sk A ibiEn
Bl B 0T B, AR 28 s i A8 1 S e A Ca Feily
A, Na Kl i, =X 58 R A0 FEAR L (Li et al.,
2018) , P I SRR L kA 5 A 2R K Ll A Ll
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Table 1 Major element analyses (EMPA) for magnetite from iron-rich agglomerates in the Heijianshan iron deposit(% )

FEihS Na,0 CaO SiO, NiO MgO ALO; MnO CrO, V,0s TiO, Total TFe
HIS-4core-1  0.043 0.000 0.178 0.006 0.003 0.042 0.004 0.016 0.127 0.037 0456 71.53
HIS-4core-2  0.049 0.000 0.139 0.000 0.000 0.030 0.000 0.023 0.148 0.070 0459 71.65
HIS-4circle-1 ~ 0.177  0.035 0390 0.027 0.087 0310 0.012 0.026 0.153 0.083 1299 68.07
HIS-4circle-2  0.071  0.000 0.268 0.000 0.037 0.161 0.000 0.040 0.109 1.123 1.808 67.97
HIS-4circle-3  0.000  0.003 0.191 0.000 0.002 0.006 0.000 0.054 0216 1.000 1471 70.62
HIS-4circle-4  0.006 0.000 0.178 0.065 0.000 0.011 0.013 0.058 0228 1.007 1565 67.51

HIS-6-1 0.003  0.000 0.088 0.029 0.000 0.026 0.006 0.034 0221 0233 0.641 70.13

HIS-6-2 0.000 0.108 0.139 0.000 0.020 0.030 0.017 0.044 0205 0200 0.763 70.52
HIS16-1core-1 ~ 0.075 0.041 0.174 0.057 0.043 0.049 0.000 0.024 0.146 0.132 0.741 67.12
HIS16-1core-2 0267 0.105 2211 0.000 0.100 0.408 0.000 0.019 0.193 0.040 3.343 67.28
HIS16-1core-3 0209 0.038 0.388 0.000 0.110 0.094 0.036 0.065 0.159 0215 1313 68.11
HIS16-1core-4  0.065 0.000 0.214 0.000 0.020 0.038 0.039 0.012 0218 0.285 0.891 70.03
HIS16-1circle-1  0.088 0.000 0216 0.000 0.027 0.036 0.000 0.000 0252 0.122 0.740 67.01
HIS16-1circle-2  0.143  0.023  1.478 0.007 0.063 0.197 0.000 0.004 0265 0.183 2363 66.44
HIS16-11-1 0.007 0.000 0.148 0.050 0.010 0.015 0.010 0.000 0.193 0.053 0.486 69.62
HJS16-11-2  0.019 0.000 0.152 0.000 0.030 0.159 0.001 0.000 0337 0.083 0.782 69.59
HJS16-11-3  0.000 0.000 0276 0.043 0.008 0.042 0.023 0.026 0.175 0.068 0.662 68.03
HIS16-11-4  0.032  0.000 0.191 0.039 0.032 0.051 0.044 0.008 0.182 0.083 0.662 67.31
HIS16-9-1 0.049 0.091 0313 0.022 0.020 0.064 0.000 0.057 0.18 0.015 0851 67.79
HIS16-9-2 0.139  0.066 0.336  0.000 0.005 0.076 0.000 0.051 0.186 0.018 0877 67.48
HJS16-9-3 0.070 0.032 0.120 0.027 0.023 0.015 0.022 0.000 0200 0.017 0.525 68.04
HIS16-13core-1  0.024 0.008 0.124 0.000 0.037 0.015 0.025 0.009 0.057 0.000 0299 66.92
HIS16-13core-2  0.068 0.000 0.045 0.000 0.000 0.070 0.000 0.013 0.020 0.048 0264 67.41
HJS16-13core-3  0.003  0.000 0.064 0.000 0.000 0.011 0.000 0.000 0.096 0.033 0208 67.19
HIS16-13core-4  0.008 0.000 0.047 0.000 0.030 0.011 0.000 0.012 0.070 0.025 0204 66.76
HIS16-13circle-1  0.038  0.000 0.619  0.000 0.008 0.125 0.000 0.043 0.159 0.053 1.045 69.45
HIS16-13circle-2  0.038  0.000 0.116 0.000 0.017 0.013 0.001 0.004 0.139 0.032 0359 69.12
HIS16-13circle-3  0.040  0.014 0214 0.000 0.012 0.042 0.014 0.022 0.143 0.072 0572 69.26
HIS16-3core-1  0.082 0.106 0.827 0.000 0.067 0219 0.000 0.110 0.189 0.158 1.759 65.00
HJS16-3core-2  0.111  0.000 1.011 0.022 0230 0329 0.041 0.035 0212 0.017 2.008 65.79
HIS16-3core-3  0.129  0.036 0471 0.017 0.027 0.125 0.000 0.053 0.166 0.025 1.049 66.00
HIS16-3circle-1  0.153  0.001  0.409 0.034 0.030 0.096 0.000 0.024 0.175 0.037 0.960 64.35
HJS16-3circle-2  0.051  0.000 0.324 0.000 0.003 0.106 0.000 0.019 0.298 0240 1.041 65.58
HIS16-3circle-3  0.083  0.000 0.144 0.015 0.000 0.111 0.000 0.026 0.401 0.197 0977 64.17

R (P 9) ] L HY 5 285 4k T He P k™ 1)
KKK, HA TiCa K B0 T 22 5 .
TR A R AL e 1 T A, IR Ca K
B AR A R A R RN Rk TR Y
Ti.Ca K & it B AHRTH & 2075 A A TR R
G B34 B 85I Y Ti L Ca o, (B9 A Wk
R K S R, AR R K S, 545
S RUAT PR v S IR R R R G HE T L K B
A1 RS IR Bk P B N RE AR 0 4% 0T R 43 A

FRIES 10CG BURRA™ 8 A AHARL 5 S A B0 A i ik
W BRI A BEBR BY w RA S N EkT 1 #5 T
F A A FRAE 5 Kiruna BURE 5 M 422300 , i 44
AT WG R RN A SR 1 T Bk A R N Rk 1Y
& ICER I A3 AT R E I e 422 iy R n B, M
SRR 5 UIE SR A A0 ) A b BT O A b AV A B S IR
BEROIAOC  AEAR— IR AN SR T AR I
PR B B ARG, BRI TR A9 8 (Van Baalen,
1993) , 3 H.Hir AT 5T 45 th PR80R A A Ak AR A
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Fig.8 Characteristics of iron—rich agglomerates in the Heijianshan deposit by electron microprobe analysis (backscatter microscopic
imaging)

E IS W BT AR TiL V75 i (Nadoll et
al.,2014) , % 5 540 v Ti S b 7% U5, il
AN A AR T8 K P R 5 SR 3l 0 5 4l
A A B TR A RGBT
IR — IR 1 ) 5 T R A R R R A
FE A0 TR0 R AT e ) mT B SR A VR FH B 7= . Li
et al. (2018) HR4F 75 IS 7 5 2k A HURE AR 1Y) ) o3 A1

0 W)L LA R A WA B T R S5 A5 1 A 5
R BRIATHUR 2 — P e AN TR B B 7= 4«
B AT AR T R AT B ] B R e R SR AR Bk
B2 TR, B R A B A R BRI A
B Y Bk A A e K — RO B B BOE A, 2%
A R YA SR AT T T R AT ) 5 g
BRI, X — 45 9 A SO ER S A —2k.
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Fig. 9 Multi—element diagram for the magnetite of iron—rich
agglomerates in the Heijianshan deposit

I0CG, Kiruna, BIF, Skarn from Dupuis and Beaudoin (2011); AM—
Albite—magnetite type; AKM—Albite—K—feldspar—magnetite type;

KM—-K—feldspar—magnetite type ; EM—Epidote—magnetite type;

QM—Quartz—magnetite type
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Fig. 10 Comparison of magnetite compositions between
magnetite in iron—rich agglomerates and ore in the
Heijianshan deposit
Comparison of magnetite compositions in Heijianshan deposit after
Zhao et al. (2016); AM—Albite—magnetite type; AKM—Albite—K—
feldspar—magnetite type; KM—K—feldspar—magnetite type; EM—
Epidote—magnetite type; QM —Quartz—magnetite type; MOM—
Massive ore with mushketovite; MOS—Massive ore with sulfides;
DO-Disseminated ore

N T D RTEE BRI S A B G R A
SCRE Bk B N RERRT 5 SRR LA 7 ) 14 1o
PEATXS EE, AR 10, EE (A 1 WA BLE™ 4147 W) 5k
Fe SN & R T Sk AR, S0 0 1Y

Fe HNE 46, vl BB Zead T M3 2 in i) AR T 5
ARG PR 1 (MOM) | & B b 4 1 B
REH (MOS) =2 YR (DO) 5 42 & k1A
iz —%f He R B0, 45 A A0 RN A S k™ 7Y
R A e B o AR A A S A Y R R Y
WAL i AL, Zhao et al. (2016) TA BRI
LA PRI AR 2 AR R, U BH 735 A A
TR SRk Y A A R PR P R Aol 58 4
(7= 40, UE I T R DA R s A R R A 1R R A S
BRAT R R A HUR SR AR B R IR A i H A2 B S
AT — R IR 1
6.2 ZRLEHE AN LAEREY =k A RISE

IR R LR Ay B ) AH KL A R B X
Z—, BB TR R A IR S I = KR
S O] 1 A 3T DN WS R L SR AN A5 [T
LA R, A5 BT 5 L — e il e D 24, SR [ 3 i o2
BRA RIS 5 A LA AR G Bl an A o5 VD SR
Bl EH R IE eSS R . Li et al. (2015) 7F
IR R L HE TG 93 R DX A (AR RS AR B I i 2k L A R
o UUK I ABR A BB SSEE I T BT K ik
FRAETE , TR E R AR A ER A
IR A BRE L A KA BRI A N
KA BREA D R AR KA A R S R 2R, 53X
SRR ERBE AL TIES T RE N RES
B V2 MR RRAE 040 - 19 3 P 34 HL AT B
8 BT i —FE R4 ) S SR AV LA Ao, 3
J RIS WA A, BEAR T KA A4

J T2 TR R & B 0 TR R
FEZR R LR AR L BV D B , A SORE
SR IR AT R B K AT e 3 AR 43 AR R A A it
TN DR o R v () R R 1) P A SR 4
BTEHE XF L (18 11) W I 2k PR Bk 18 1S v 9
BB Fe &5 M 62.35%~69.27% , AR L0 TR &
B AR RGN Fe S8 65.00%~71.65 %,
IX (B 22 BN, vl RE A PR 1) & Rl A #R ok
FRAN BRI 5 SRR IR IR & Ak A e Fe & & . Si
B RREAR K T HEWE R R B R, R Ll gk
W R B BRI ALS & Ti & & VR AN TR
T INERA TR B KRR | X U T BRI L R A e A
TR IR BE T Ak, MR & A T 445 A0 4k ik fb S A
WG B, B 2 1) Fe 2 A Al T IR ARl Fe iT 85

http://geochina.cgs.gov.cn FPE LT, 2020, 47(3)



602 oL = Hb 5z 2020 4F
1
O
i %a 0® o xX
) >0 Obﬁ
(] A 0.1 k ° @ A 4
E (5]
(<] = = .ﬁ =]
= + <
s 01 He + =]
o Ai‘ % 0.01 A +
o o A : Ao
m} <& A
<A A ®
A x %
0.01 0.001 . . I P 2
60 62 64 66 68 70 72 60 62 64 66 68 70 72
TFe/% TFe/%
10 10 g
O o® o o0
L A
: Lo Xx o .
F mp o Lo
= ] ° i o) +
= L 5] = L O
= 01 @ a 5 0l e ® m + M—. L 4
AA"' ¢ A
0.01 E : - 001 [ A
0.001 0.001
60 62 64 66 68 70 72 60 62 64 66 68 70 72
TFe/ % TFe/%
Ooio <0AI0 Qaio AAKIO XKIO @AM HAKM +KM AEM @QM

P11 RO LR PR o B P A S ™ RVHE W 0 ™ PR o k1S PP A RERR AT L% L
AW IR PR B BRAR I T ARG RS 12K H Li et al. (2015); AM—HICATRERRA™ 2 AKM—H AT 80K Gk 28 KM— B A g Bk 22
EM—£% 45 A1 247 B, QM— 47 3 ™ 25 O10— T A7 Bk A AL 1 B OATO—TE A7 S 1 7 kSl Ak 4 Y ATO— K 7 kS A 4 Y
AKIO— AT AT BRI Y, KIO—HIH A B AL Y

Fig. 11 Comparison of magnetite compositions in iron—rich agglomerates of the Heijianshan iron deposit and in iron—rich fragments

of the Yamansu iron deposit
Comparison of magnetite compositions in iron—rich fragments of the Yamansu iron deposit after Li et al. (2015); AM— Albite— magnetite type,

AKM-—Albite—K—feldspar—magnetite type; KM—K—feldspar—magnetite type ; EM—Epidote—magnetite type; QM —Quartz—magnetite type; O10—

Oligoclase—iron oxide type; OAIO—Oligoclase—albite—iron oxide type; AIO—Albite—iron oxide type ; AKIO—Albite—K—feldspar—iron oxide type;
KIO—K—feldspar—iron oxide type
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