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Fig. 1 Distribution of anorthosite, ore-forming norite and monzonite rock bodies in Damiao anorthosite area (after Ye Donghu,1989)
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1—Jurassic; 2— Archean(Ar); 3—Ore-forming metamorphic norite; 4-—quartz syenite porphyry (Q&); 5—diorite (§,); 6—quartz
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Fig. 2 The character of Damiao anorthosite under microscrope
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(a)—plagioclase phenocryst in anorthosite; (b)-—apatite in magnetite anorthosite; (c¢)—liquation-like sanidine in magnetite plagioclase;

(d)—chloritization in magnetite ore; (e)—plagioclase in norite ore; ({)—sanidine enclosed in chlorite. Pl—plagioclase; Mag—magnetite;

Sa—sanidine; Chl—chlorite
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Fig. 3 Geological map of No. 1 and 2 orebodies in Heishan Fe deposit, Gaositai Town, Chengde County,

Hebei Province (The 4th Geological Prospecting Team of Hebei Bureau,2008)
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1—anorthosite; 2—norite; 3—troctolite; 4—massive vanadium-titanium magnetite; 5 —massive-disseminated type vanadium-titanium

magnetite; 6—disseminated type vanadium-titanium magnetite; 7— measured geological exploration boundary; 8—Orebody number; 9—

location and number of the measured exploration lines; 10— (old underground adit X adit number) /Height
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Fig. 5 Rock type classification of ore-forming norite(Igneous Group of International Union of Geological Science, 1972)
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1—ore-source olivine norite-norite rock body in Heishan; 2—ore-source norite rock body in Maying; 3—ore-source norite rock body

in Luoguozigou-Dawusugou; 4—ore-source norite rock body in Damiao; 5—ore-source olivine norite-norite rock body in Wulongsugou
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Table 1 Chemical composition of several ore-source norite rock body

. VAT E ‘
BUARR | AR | BT HAHBRK TBURF: i A5, R Gy
Si0, | TiOz [Al;O3|Fe; Os| FeO | MnO | MgO | CaO | Na,O| K,O | P,Os |H, O [H, O F S Cl | CO2 | V.05
HK8359 K Wl 49.85(1.25 [17.74]4.01 | 7.08 | 0.13 | 4.98 | 7.76 | 3.30 | 0.83 | 0.50 | 0.86 | 0. 64 0.106 1.38
60 KA ) 53.98]0.60 |20.51|1.83 | 4.69|0.08 | 3.38|7.87|3.95]0.94|0.40|0.62]0.18 0. 030 0. 66
61 PNy il 51.91| 0.88 [20.56]3.29 | 4.39 | 0.06 | 2.71 | 8.11|3.75]0.87 |0.40 | 1.55 | 0.90 0.76
oL HEHCD il 48.53(1.43 [17.13] 4.62 | 8.02 | 0.16 | 6.65 | 7.00 | 3.05 | 1.16 | 0.23
P— FI7901 | #HEH( | By 2% 5 & [50.84]1.00 [17.14] 2.73 | 7.05 [ 0.13 | 6.07 | 7.00 | 2.92 | 0.86 | 0.30 | 1. 70 0.27
[ o,
© ’“{( HQI2 TR A | Bl 27 F ik [48.59] 2.50 [17.66] 4.21 | 7.52 [ 0.19 | 2.28 | 8.41 | 3.53 [ 1.49 | 1.74 | 1.02 0.16
% 7C i 1t s HK402 | JhK£(D) B 437 54| 55. 28| 0.30 [26.97( 1.22 [ 0.67 | 0.01 | 0.62 | 8.07 | 4.87 | 1.12 ] 0.18 | 0.64 | 0.11 |0.005[0.006|0.007| 0.12 {0.001| 0.25
Ik G
HK401 N L 35.90] 3.80 |12.48(11.55/10.16| 0.19 | 4.68 | 9.95 | 1.81 | 0.35 | 3.50 | 3.66 | 0.13 |0.030|0.026|0.006 0.06 | 0.51
big e
HQ6 i K A Sl 53.91|0.48 [23.70[1.29 | 3.01 | 0.06 | 2.67 | 8.42 | 4.36 | 1.13 | 0.18 | 0. 87
Ff7915 | ik Jo 47.78] 2.05 [18.42] 2.93 | 7.60 | 0.11 | 3.59 [ 8.03 | 3.14 | 1.08 | 1.05 | 2.06 1.03
KT | YK09 | ik s KIEARF  [45.94] 0.85 [20.67] 3.60 | 4.98 [ 0.10 | 2.91 [ 9.35 | 3.18 | 0.72 | 0.70 | 2.81 | 0.38 |0.010[0.038|0.006| 1. 65
SRk | LKOS | AW IR KA | B FIBAES [42. 40| 3.30 [12.12] 7.89 [14.06] 0.24 [ 9.99 | 5.55 | 1.53 | 0.52 | 0.20 | 0.56 | 0.35 |0.004|0. 307 |0.025]| 0. 47
[ 4k PN W 50.39| 1.13 [16.06| 2.43 | 7.86 | 0.17 | 8.37 { 9.20 | 2.61 | 0.79 | 0.20
[ 4 A 35 K # 48.78( 1.48 [18. 04| 1.16 | 8.94 | 0.20 | 8.07 | 8.92 | 2.56 | 0.91 | 0.25
o K 48.79] 1.01 [12. 90| 3.63 [10.57] 0.30 | 8.34 | 9.42 | 2.21 | 0.80 | 0.23

T« BRI T 3P 45,1963,
®2 ANHERTHOUEINEGR

Table 2 Chemical analysis of vanadium-bearing magnetite

G307 45 R
4 24 B (e WA | A A RS X 5

Si0O, TiO; | AlLLO; | TFe | Fe;Os | FeO MnO | V,0s Co NiO | Cr:03 | MgO
BBk R B | B w743 KH-13-7 | 0.17 0.56 0.45 | 90.03 | 63.27 | 33.10 | 0.00 0.98 0.10 0.05 0. 46 0.09
LR KA KH-68-8 | 0.04 0. 30 0.37 | 88.27 | 64.52 | 30.21 | 0.03 0.91 0.08 0.03 0.48 | 0.08
POk PLER RE B RN BIEE | H-5-3 0.03 2. 94 1.65 | 88.38 | 60.46 | 33.90 | 0.02 1.27 0.07 0.07 0.51 0.23
PR PUER G 2R 0 R PN Bl KH-13-8 | 0.02 | 19.69 | 7.87 | 69.19 | 47.32 | 26.54 | 0.26 1.34 0.17 0. 04 0.47 0.98
Cc1 1.16 | 12.74 | 4.22 | 57.22 | 47.88 | 38.45 | 0.19 0.55 |0.0165| 0.03 | 0.146 | 3.62
C-4 10.40 | 3.60 | 60.01 | 51.37 | 30.98 | 0.18 0.70 [0.0172 | 0.04 | 0.395 | 3.12
HHRRE T Bk gLk . L Lo 10.40 | 4.62 | 60.52 | 50.71 | 30.82 | 0.10 0.79 o.o1§/1 0.03 | 0.280 | 2.57
C-11 8.56 4.17 | 60.75 | 53.22 | 30.27 | 0.14 0.80 [0.0039 | 0.06 | 0.547 | 2.10
C-18 9.20 4.00 | 61.48 | 53.12 | 31.31 | 0.16 0.83 [0.0160 | 0.05 | 0.605 | 2.13
C-21 8. 54 4.56 | 61.49 | 52.30 | 31.01 | 0.16 0.81 | 0.037 | 0.03 | 0.380 | 1.93
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Table 3 Chemical analysis of grain-like ilmenite

ya +:
4 44 Fx [ WA | A A RS X S R
SiO, TiO; | AlLLO; | TFe | Fe;Os | FeO MnO | V205 Co NiO | Cr:03 | MgO
X KH-13-5 0.02 49. 30 0. 00 42,97 5.31 39.09 0.58 3. 40 0.02 0.01 0. 00 1. 56
YUk PUEk RE k™ Rk Bl 743 .
—6 0.00 | 47.51 | 0.04 | 43.56 | 5.77 | 42.46 | 0.73 3.09 0. 00 0.05 0. 00 1.57
H-5-2 0.04 | 52.37 | 0.04 | 45.02 | 0.68 | 45.30 | 0.59 3.12 0.07 0.02 0.00 | 0.63
Er AR R e PNl H-5-4 0.00 | 50.24 | 0.00 | 45.23 | 3.19 | 42.36 | 0.56 2.71 0.12 0. 00 0.06 1.18
HeR Uk wg gk m™ 738 BINEE —6 0.04 | 50.05 | 0.05 | 45.25 | 3.98 | 41.67 | 0.54 2.83 0.08 0.12 0.05 1.21
—7 0.03 | 49.50 | 0.02 | 43.75 | 2.20 | 41.09 | 0.59 2.72 0.09 0. 00 0. 00 1.21
KH-5-10 | 0.05 | 52.33 | 0.04 | 46.71 | 2.63 | 44.33 | 0.79 4.19 0. 00 0. 00 0.11 1.01
4 BTATYBMBEER
Table 4 Mineral contents of iron ore
ERBT W kAT 7o)
WA Py,
LRGSR | SRR R SRR | SRR R | BT | WL R | R | IR ERER ) | REAL A | PR | RHC A | o B | G A | SRR SR | B K A | e | A
HE YR 11-16 50-60 7-19 0-1 s 7-17 0-3 0-1 0-6 s /1> O T N
PR YRR 1| 23-27 120 7-16 0-2 0-1 10-26 0-9 > 0-45 b 0-2 b a ﬂ:Eﬁ
MR R T A 7-18 3-6 4 0-3 0-1 0 18-33 0-42 0-5 0-27 | 0-15 | 0-5 0-3 L 0-6 0-1 | 2> LR
R5 KT AUESWEREK
Table 5 Chemical analysis of iron ore
s ST AR C 20 TiO, | V.0
AR - — | %
%% | Fe,O5 | FeO | MnO | TiO: | V205 | S0, | CaO | MgO | ALO; | K20 | NayO | POy S Cr Co Ni 4 | TFe | TFe
01 | 45.58 | 24.83 | 0.20 | 12.33 | 0.633 | 6.60 | 0.59 1.34 4.22 0. 68 0.06 0.10 0.26 0.65 | 0.048 | 0.080 | 98.20 | 0.24 | 0.012
YR 02 | 45.68 | 26.65 | 0.16 | 14.13 | 0.620 | 4.40 1.28 1.13 2.43 0.72 0.05 0.10 0.26 0.60 | 0.034 | 0.060 |98.304| 0.27 | 0.012
g | 03 | 50.10 | 23.18 | 0.27 | 14.63 | 0.664 | 4.20 | 0.98 1.91 1.30 | 0.71 0.06 0.10 0. 44 0.32 | 0.036 | 0.056 | 99.28 | 0.26 | 0.013
SEXY | 47.12 | 24.89 | 0.21 | 13.70 | 0.639 | 5.07 0.95 1.46 2.65 0.10 0. 32 0.52 | 0.039 | 0.065 0.26 | 0.012
— 09 | 38.30 | 27.99 | 0.20 | 13.64 | 0.457 | 9.04 2.36 1.06 2.26 0.70 0.06 0. 94 0. 94 0.26 | 0.026 | 0.048 | 98.28 | 0.28 | 0.009
ki 10 | 39.00 | 28.32 | 0.24 | 13.03 | 0.455 | 9.08 2.56 0.92 1.85 0. 69 0.07 | 0.81 0.98 0.28 | 0.031 | 0.052 |98.368 | 0.27 | 0.009
Sy | 38.65 | 28.16 | 0.22 | 13.34 | 0.456 | 9.06 2.46 0.99 2.06 0. 88 0.96 0.27 | 0.029 | 0.050 0.275 | 0.009
— 04 | 30.45 | 20.94 | 0.02 | 11.16 | 0.387 | 12.52 | 14.67 | 4.18 0. 94 0. 66 0.07 1.68 0. 60 0.23 | 0.024 | 0.040 [98.571 | 0.30 | 0.010 | &Hk
e 05 | 33.10 | 25.84 | 0.14 | 12.85 | 0.557 | 14.02 | 2.76 2.12 4.21 0. 64 0.08 | 0.14 | 0.30 0.76 | 0.036 | 0.060 | 97.613| 0.30 | 0.013
KD 6 SEXY | 31,78 | 23.39 | 0.08 | 12.01 | 0.472 | 13.27 | 8.72 3.15 2.58 0.91 0.45 0.50 | 0.03 | 0.050 0.30 | 0.012
S 39.18 | 25.48 | 0.17 | 13.02 | 0.522 | 9.13 5.09 1.86 2.43 0.63 0.58 0.43 | 0.032 | 0.055 0.28 | 0.011
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Fig. 6 Mineral-bearing succession in Heishan deposit
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WA &S FHMH K 3. 02%, I YR B A1 . 1 K
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3.55%0, AFALTE 2. 4%~ 4. 4%,,72 S/ S X K
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Table 6 Sulfur isotope analysis of ore and rocks

in Heishan deposit

7] 37 28 4
/B A HURE 5
328/34 S| 5% 8%,
WY | BYRBY A ZK58 1L, 22.180 | +1.8
WY AR ZK17 4L, 22.177 | +1.9
W | RYCRER A FE 255k 22.120 |+4.49
WY | BYREY A FE 2 50K 22.128 |+4.14
W | RYRY A FE 25k 22.128 |+4. 14
R Yol TE 2 5k 22.18 | +1.9
R Yol TE 15k 22.128 |+4. 14
W | BYCREEBET G |72-73 B ZK3 fL 214m| 22.12 | +4.4
W | SRA R E ZK3 £l 257m +3.3
WA | BYIREBET ZK3 fL 276m 22.15 | +4.1
W | RYIREBET 7ZK3 {1 296m 22.17 | +2.4
Y | YRR A | EERALYET R 920 R 22,119 |+4.58
WY | BORBALW A1 | E BT 14 920 SR 22.115 | +4.76
WA | ORI A | EE ALY A 920 SR 22.126 | +4. 23
WA | BURBALI A | EERAIT & 920 Ri7| 22.120 |+4.49
HT | JRREEA T A | EERAEIR 920 R 22,122 |+4.41

NER R R Y 0°'S 21 BT 1R 1Y 5 TR L R
8 & HA W] 1 55 200 43 A1 R L B SR L
JAE LU B2 3R ] P Ah— o R (1 55 B R R
B RIS IR VR TIR Y 6% S 1Y 43 A R
R AR . R RRAE R BT R o AR A B R
Bt R0 28 R i B0 A R TR e L 3 AR 5 3 v R 2 — 4
AUE 2 R 1 TET AP o 3R [ A7 2T A A A S N 1 4
B HREARFEBAY Y 6™ S R/ A HE
AR BB ERD R T80, SR R0,
5.1.2 |RME

T N EERR E [F AV 20X — o B R AR R R
Z R B AR I G R AT Ik A 1 P JBRR SR R L R T
J PR A ) R — S . AR IRAE 6 N1 XNk L 2k
B PRI AS [] 2 B OAS ) 38 007 RSB T 8 4 27
ANFESD P AE SRR T 8 ANFE & 43 3 E T 41
[Ff 2, I 7O &R . 1989),

A 8 FIE 9 AT WL, AR KA R B A IR Hh - 24 4
BRHE k0 S ) R ALK 0" O 4 Ai #E 2. 30%0 ~
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Fig.7 6" S(%o) of the iron ore, iron-phosphorite ore, s : e A :
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1— Aerolith; 2—Petsamon, Russia; 3—Sudbury, Canada; 4
Shiweierde, South Africa;5—Sichuan Panzhihua; 6 —Baijiajuzi,
Gansu; 7—Lima River in Sichuan; 8 —plagioclase in this area;
9—ore-source norite in this area; 10—iron ore in this area; 11—

iron-phosphate ores in this area; 12—sulphide ores in this area
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Fig. 8 Distribution of sulfur isotope compostions derived

from ores in iron and iron-phosphate deposit
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Fig. 9 8" O(%o) value from ore mineral in each iron

and iron-phosphate deposits
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5.2.1 S HEUYTYURNERBREITE
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WEFE Y LA b A o] 5 3 00 B H o R R A AE I X
(] 75 3] 19 I B 5% 22 Ty 2 50°C A B A -g fo, B R 22
K1, AR — B TS REEAY A
oS LR BRI M-Usp U A 3k AR 1 SR8k
1 Hemllum & 4+, 3 34 %, Buddington %
(1964) $2& 3 F & Bk ™ S kA (R BRBR ™ 1 53K 1
FE HY R A S B2 Bl o 3 7 B Tt
AFER Bk JR R R R R -k R 4 A [ AR i 4 T
(#f Budding et al. ,1964) | .3k T &4k E /W7
W (T B B R AR B (3R 8D

% 8 BT UL Bl Bk A HOTR R A rp 2k
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WA TE 558~1075°C ,SE-3h 817°C . AS[w) 70 4k s
W RS 0 W) I Y TR IR A AN [ iR
JUIRFE RIS 2 730°C L i AR RSP 345 700°C .,
A DX A P BB BUREE Sy 700°C .

TERD A, JR L E 3 — i BOR R A7 T kR
A AL W 098 R BE AR 612~700°C Z [H] , Z 407
650°C . F- 342 665°C , Kl HOIR Bk 0 A1 2k K A AL )
W) L B B2 7R 613 ~1080°C , ZHUAE 740°C , 1
¥IRh 765°C, G RIWHOIRET A PR AL
YT B B AE 855 ~933°C L, -k 894°C, £ X
B kb BB E AL T B T R R
770°C,

R SR WL s B R BB AR ) R
IR JE v R BT A T Y BB AR A T 1T TR
JEZY 70~80°C . BRBEW 1K b i Bk K R AL ) 0 ) T
BGR FE 2GR & HUR T 41 29 30~507C
5.2.2 S|RE(-lgfo, )Wt EMITiE

Fie AT T A AR A4 Ry St AF MeUsp Al

Hem-11m [& %K 543 Cod 43 F 200 T35 19 - i i B2
TR EE (R 9.

H TR0 R A lg fo, “F-# 5 —20. 11atm,
PR RS- 2 0 2 — 16. Tatm , 3X 3 B 2k W 0 44 b k-
EREE AL W TE B 1Y 4230 BE AR T kT A 1 ik Bk A1
Wi,

BREEDT IR, Bl 72~T73 SRR 76 S0k
YRR B4 g fo, — MBEAE — 11. 8~ —23. 8atm, F-
¥ —18. Satm, BEJLH .6 510 S0 KRR
W £ g fo, — M AE —16. 8~ —25. latm, F ¥
—20. Oatm, B TG0 AR JOIRT A 1gfo, —
fAE—10.0~—26.0 atm,F¥H—21. latm,

X T A& BRI R IR MU AT R o A A
R SRR — B . AR R R GOR
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Table 7 Oxygen isotope analysis results of ore mineral

WX TR /B B AR R 3 A5, 818 0%, (SMOW)
m KY8218-1 HLERRE B YR g LB +1.99
te KY8218-2 R YR gk Fdus s +5.20
- KY8222-1 BUEK R YRR 398 B B 20-1 51k +1.28
> KY82222 LA AR B SR 20-1 Bk +1.06
. KY8216-1 Bk R R B YR B o9 Sk +4.30
e KY8216-2 ikp Bk 09 Bk +4.06
HKZ81007-1 HLERRE e YR gkws Wl 72-73 SHA +2.30
HKZ81007-2 Rk Yotk g - Bl 72-73 Sk +3.69
KY830011 PLERRE S YR A Wl FEE 2 Bk 120 R +4.07
. KY830012 NG SN 2 Sk 120 %3 +5.08
HZK7-1 B A TR IR A SRR +7.52
HZK7-2 EPIN v TR A S +7.11
H82131 A KA BILEE +8.39
H82132 EpiN e e N A Bl EE +5.5
KY83002-1 LK HE R HolR gk £ K 24 5014 +6.19
KY83002-2 Bk Yotk 8w K 24 S0 1k +7.17
PN KY83001-1 LK Bk B YRR K 38-40 B A +0. 40
KY83001-2 PSRN BYCRYT K 38-40 S {4k +3.81
K83010 KRB A TR A B[ YN =R p ! +7.39
. KY82211 BLBK Bk BYCRBET 4 BT ZK22 fL +2.12
BT KY82212 ik Bk 7K22 4L +5.83
KY8225-1 LK H YR A AN AL AE +2.15
KY8225-2 R By A ANCE A +5.15
o K83009 KA RBARK A 50 F Ak i +7.25
R HKFa8101 MK R 95 K I +5.24
HKFa8106 A B KE BT +6.65
HKFa8107 BEAH kKA RTW +8.79
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Table 8 Temperature and oxygen fugacity of Ti-Fe oxygen mineral pair
3 . ) . 5 Mt-Usp Hem-11m e | SRR
7k 24 B W AR HURE H 45, FE il = LR/ B .
Mt% Usp% Hem % IIm% (TC) lgfo,
TR Bl 72~73 | KH-12-7 gk n 96.03 3.97 475 —23.8
o SRR KH-12-8 BRwk R 29.15 70. 85 975 —11.8
-G A t ZK12 4L KH-12-5 R B 4.93 95.07
| R 73 SR
HORBUERRE Bk S H73-0 BBk 1 e 84.9 15.1 6.3 93.7 625 —18.9
WKL AT SEERTA H76-1 Blekmiskn | 86.4 13.6 6.8 93.2 615 —19.4
gk, oL ek L KH-5-10 | k89" A i 5.61 94. 39 617 —19.4
LR3I T B H-5-3 CEKREYT | 85.52 14.48
H-5-2 ekn 3.03 96. 97 612 —20.5
o C-4 UK R Bk 69. 4 30. 6 3.8 96. 2 700 —18.1
Yotk Lk > Bk C-18 HLEKRE e 72.4 27.6 3.8 96. 2 688 —18.3
o DM-1 PLERRERRE™ | 70.9 29.1 4.0 96. 0 695 —18.1
N RILETE S 5 H3-2 PR HE B 73.0 27.0 3.7 96. 3 680 —18.2
E ‘ ‘ ' - '
o My274/47 | UK HE D" 80. 4 19.6 4.5 95.5 655 —18.8
o AL M-2-8 ks 95. 84 4.16 529 —20.0
WERT T M-2-7 PSR 18. 35 81. 65
B | BRYIRPVEARE| SE AL KM-1-6 | &§4kmiske | 77.52 22.48 716 —16.8
PRk s AT A 6 5K KM-1-4 283 8.40 91. 60
[T e am— KM-2-10 whakn 94. 57 5.42 470 —25.1
) KM-2-11 BT 86. 82 13.18 625 —19.5
WA A |10 50 KM-2-9 | Bk K & 4.90 95.10
LK-1-15 273 96. 77 3.23 483 —26
LK-1-17 | 8k4k8° H &
L-104-5 BT 95.13 4.87 510 —21.7
B 6 LAA04d ek
PWTH | DT 35| K6-85-5 Wk 93. 87 6.13 485 —24.2
PRk Miiﬁ(a R K6-85-2 Wk 95. 33 4.67 475 —25.0
KL-85-6 R
KL-1010 R 28.17 71.83 1075 —10.0
KL-10-14 Whekn 93. 20 6. 80 558 —19.4
KL-10-13 PSRN
D-2-1-4 | &4kREYw | 77.15 22,85 741 —14.9
i K 24 2 D-2-1-5 | SEkBEER | 30. 41 69.59 1080 —9.5
. RV ) N D-2-2 47370 88. 22 11.78 625 —18
KIS 1 A @ﬂg‘@%ﬂ D217 Rk 11.06 | 88.94
fi KD-2-1-1 fl ik w 86. 82 13.18 613 —20.1
KD-2-1-1 HKikn
PR ek A — K850410-8 | Akt k#” 46. 49 52.51
Rl - K850410-2 R 7.89 92.11
EEYLR R K850413-2 | %kmggks” 54. 24 45.76 855 —13.3
BTG K850413-4 Hikw 7.11 92. 89

5.3 WA EHLILE
B PGB T 2R AN R R AR fe

AL S SRR LR L Fe, O & i T
B b i S RGBT BORET R TR LR
ME . FeO — B 8B A1 B9 & PLREER 0 R w5 T
BB R S LR R RGOS T HOR T £k
M PR R A . TiO. Bk 41 P 19 & PLIRE BT W

T ERBE A . Vo O IEAS KRB A RIS [R] 4544 4
WH AP EAR— . SIOfERIL 2 SH RS H
e 72~T73 S0 R0 A R A%, HoAh 4 X &
AR . MgO RLEH 4 M JOR B W0 A 1Y
SRR S . Cr O fE R YRG0 1
TR K M. EiREW  Fe, Oy \FeO,TiO, .V,
O; SFBRIETC R AE S BB 1) & | A AR AL R AR
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1—Heishan No. 2 orebody; 2—Maying north-ore-belt orebody;

3—Luoguozigou orebody; 4—Damiao No. 24 orebody
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Abstract

The Damiao iron deposit is located at the southern margin of the Damiao plagioclase rock body and
northern side of the southern edge of Hongshila-Damiao deep fault. Based on the alteration, anorthosite,
the major type of rock in the mining area, can be subdivided into saussuritized anorthosite, chloritized
anorthosite and mixed anorthosite. The saussuritized one is widely distributed in the mining area, while
the others often constitute the surrounding rock of iron mine. Norite body related to the formation of the
iron orebody in the Heishan iron mine is controlled by an EW-trending Longtangou-Chagou compressional
fault and is distributed mainly within the Heishan anorthosite body. Differential disseminated orebodies
occur in partial norite bodies, whereas injection orrebodies occur the contact zone of norite and its
surrounding rocks. Based on the characteristics and association of norite, the norite in this region can be
divided into two series; (D norite series (norite-type rock body, olivine-bearing-norite-norite type rock
body); @ monzonite-norite series (monzonite -norite-type rock body., monzonite-olivine norite rock body).
The ore textures are mainly euhedral-subhedral grain-shaped, grid-shaped dissolution and sponge-shaped
siderite textures, with structures being dense massive and disseminated. The ore minerals consist of
mainly vanadium-titanium magnetite (3% ~60%), ilmenite (2% ~19%), vanadium-bearing magnetite
(7%~27%), and minor cobalt-bearing pyrite and chalcopyrite. Gangue minerals are mainly chlorite (7%
~33%), plagioclase (0% ~45%), and less amount of other minerals. Distinctly different from other
norites from both China and world, the Heishan norite is high in Si, Al, Fe, Ti, P, Na, K, and low in
Ca, Mg, which provide the source for the iron-phosphate deposit. The oxygen isotope (8% O) of
anorthosite, norite iron deposits and iron-phosphate deposits in this area are confined within a narrow
range, reflecting that they came from the same material source. The §**'S of Heishan norite and pegmatite
norite is distributed between +1. 3%, and +2.1 %, reflecting the norite magma originated from the upper
mantle. The temperature calculation of the apatite in the Heishan iron-phosphate yielded the result of 600~
700 ‘C, and the forming temperature of V-Ti magnetite orebody temperature ranges from 700 to ~ 1000
°C, showed the characteristics of magma-forming high temperature deposit. This study suggests that the

two major iron ore bodies are the products of magma penetration.

Key words: V-Ti Magnetite deposit; plagioclase; norite; Heishan; Chengde; Hebei





