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Abstract  The ~ 1. 74Ga D an hom assif type anorthosite comp kx n the northem m argin of the North China Craton hosts a hige Fe-
T+P oxide deposit Volatiks thatwere trapped n m agnetite apatite and p hgbclase of massve Fe-T'i org massive Fe-T+P ore and
d Bsen nated orew erem easured by step heating m ass spectom eter at three releas ng temperaure i tervals 200~ 400C, 400~ 800C

and 800~ 1200C to obtammapr components and GH-O isobpic compositon. Four types of fluid were dentified from the volatiles

(1) metanorphic fluid released fran plag bchse at 800~ 1200C temperatuire nterval mainly composed ofH,0, N,+ CO and CO,;

(2) mante-derved fuid relased fran plagbchse at400~ 800C temperature ntewval] mainly canposed of H,, H,0, CH, and CO,;

(3) surface water rekased from magnetie at 400~ 800C ten perature nterval mainly canposed of H,O0, CO, SO, andH,S and
(4) secondary fluid released from m inerals at 200~ 400C  tan perature nterval mainly can posed ofH 0 and CO,. M agnetite in both
m assive Fe-Tiore and m assive Fe-T +P ore contains high contents of H,0 and CO, ndicatng a rehtively oxidized condition due to
concentration of earl-fomed flids and surface water at late stage of magna fractonatbon sequence wheras phgoclase in
d ksem nated ore contains abundantH, and CH , ndicating a relative reduced. It & proposed that he parentalmagma fran which the
Damiao anorthosite can plex formed m ay have fractbnated under a relatively reduced conditbn at the begiming. The mantk fliids and
surface w ater may have been mvoled in the later stage of the m agm a fractbnatbn and fractbned to ncrease the oxygen figaciy of the
magmas which n wm triggered the accun ulatbn of m agnetite and apatie to Hm the Dan ho Fe-T+P oxide deposit

K ey words Volatile G-H-O stabl isotope M assif-type anorthositg FeT+P oxide deposit Damiag Proterozoic Norh China
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Fig 1 Geologicalmap of the Dan no anorthosie canplex and hosted FeT +P oxide deposit Chende H ebei Province (m odified
afterYe etal, 1996)
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Fig 2 Field rehtionship of the Damiao FeT+P oxide deposit and crwss secton of drilling hoks (mod ified after Cag 1988)

(‘a)-H eshan mine open pit ore bodies ( in black) are hosted by anorthosite body ( nwhite);

(' b)—a shamp contact between ore body and anoithosile

body, chbritiation is observed at the contact boundary, ( ¢)—a section of drilling holes for the eastH eishan mine ore bodies are dstrbuted as lens-
lke bodies and sillsw ihin the anorthosite body, (d)—different grad es of ore bodesw ihin one ore body
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1 Fe-T +P
Table 1 Can positions of volatiles re kased from m agnetite apatite and plagichse of the Dan iao Fe-T +P ox e deposit

H, CH, H,S N,+CO (0, S0, H,0

(<)
(mm3+ STP/g)

200 0. 00 0.00 0. 00 0.7 0. 38 0. 13 29.46 30.23
300 0. 04 0.00 0. 00 174 2.33 0. 12 37.71 41.93
400 0. 08 0.03 0. 00 2.72 5.36 0. 50 48.70 57.38
500 0. %4 0.04 0. 02 2.59 9. 96 2. 81 63.26 78.92
600 7. 86 0.09 1.79 3.79 9. 85 5. 89 662 00  691.28
MY-13 Fel+P 700 0. 49 0.05 0. 28 4. 65 13. 28 1. 01 186 46  206.22
800 0. 02 0.02 0. 10 2.98 17. 50 0. 77 99.08 120.47
900 0. 00 0.00 0. 01 2.20 8.52 3. 4 58. 14 72.31
1000 0. 0.00 0. 02 2.07 4.25 5.02 56.58 67.95
1100 0. 02 0.00 0. 00 2.37 3. 38 2.54 52.63 60. 94
1200 0. 3 0.00 0. 02 2.28 2.71 6. 67 58.15 69. 85
8. 79 0.22 2.24 27.65 77.52 2893 13522 14975

200 0. 02 0.00 0. 00 0. 55 0. 53 0. 07 27.40 28.57
300 0. 11 0.02 000 177 2. 66 0. 05 36.05 40. 66
400 0. 38 0.07 0. 00 2.01 6. 31 0. 10 46. 14 55.01
500 0. 48 0.20 2.19 3.76 10. 58 2.8 62.73 82.20
600 0. 89 0.19 6. 44 3.33 18. 91 3. 87 13554  169.16
MY Fe iP 700 0.29 0.03 L10 293 1461 064 9193 11152
800 0. 03 0.00 0. 27 2.52 13. 55 3. 40 63.45 83.22
900 0. 04 0.00 0.17 3. 14 19.44  46.06 14311 21197
1000 0. 2 0.00 0. 08 2. 90 23.76 2293 116 44  166.12
1100 0. 01 0.00 0. 02 2. 80 1. 88 4.53 73.90 100. 13
1200 0. 04 0.00 0. 01 3.30 89. 49 L 9% 177.36  272.16
2.30 0.50 10.28  28.99 218.71 858 97404 13207

200 0. 10 0.02 0. 01 1. 86 0. 85 0. 04 33.11 35.99
300 0. 11 0.05 0. 00 3.19 4. 65 0. 06 4.57 52. 64
400 0. 16 0.07 0. 01 2.75 5.74 0. 9 47.96 56.79
500 0.27 0.10 0. 00 3.19 6. 48 0. 13 49. 66 59.82
600 0. 57 0.07 0. 00 5.02 7. 90 0. 20 54.33 68. 10
VY21 FeTiP 700 0. 71 0.06 0. 00 7. 69 4. 46 0. 18 53.06 6. 17
800 0. 11 0.05 0. 01 6. 33 4.09 0. 4 53.06 64.08
900 0. 10 0.03 0. 02 5. 45 3. 67 0. 62 52.63 62. 50
1000 0. 09 0.00 0. 02 4.58 3. 51 0.4 50.93 59.98
1100 0. 12 0.02 0. 03 4.82 3.95 0. 93 52.21 62.07
1200 0.32 0.04 0.12 5.14 8. 79 0.9 60.70 76. 04
2. 65 0.52 0. 23 50.02  54.09 4. 47 55221  664.18

200 0. 2 0.01 0. 00 0. 41 0. 89 0. 12 28. 84 30.30
300 0. 18 0.04 0. 00 1.97 3.85 0. 11 39.29 45.44
400 0. 47 0.08 0. 00 3. 31 703 0. 31 49.39 60. 59
500 0. 53 0.22 L 04 2.70 11. 74 7. 13 95.17 118.53
600 0. 4 0.33 9. 45 2. 46 18. 47 9. 57 773 61 814.34
HS.32 FeTi 700 0. 08 0.04 0. 36 2.52 24. 61 7.97 25739 292.99
800 0. 03 0.00 0. 14 2.84 5.84 10. 38 91.56 130. 80
900 0. 0.00 0. 09 2.27 17.60  25.81 10634  152.14
1000 0. 00 0.00 0. 06 3.75 2319 1639 11355  156.94
1100 0. 2 0.00 0. 02 2. 61 39. 93 5. 90 10130  149.78
1200 0. 2 0.00 0. 01 2. 85 54. 83 2.8 12365  183.79
L& 0.73 1.17 2771 22799 8610 1780.1 21356

200 0. 01 0.51 0. 00 108 0. 24 0. 02 29.37 3122
300 0. 14 2.35 0. 00 2.04 1. 55 0. 02 39.28 45.39
400 0. 4 3.67 0. 00 2.20 2.31 0. 04 47.67 56.32
500 138 3.73 0. 00 2.53 2.16 0. 2 49.20 59.02
600 3. 86 4.08 0. 00 2.92 2.53 0. 03 53.39 66. 80
136 700 29. 14 3.71 0. 04 3. 89 3.50 0. 03 93.44 133.74
800 41. & 100 0. 06 5.21 3.56 0. 07 110 98  162.51
900 1. 13 0.22 0. 08 8. 11 2.33 0. 03 67.51 89.41
1000 0. 41 0.05 0. 10 27. 06 3. 60 0. 06 83.91 115.19
1100 0. 13 0.00 0. 02 12. 20 7. 49 0. 03 65. 60 85.47
1200 0. 08 0.00 0. 05 1. 42 12. 80 0. 15 69.79 84.30
88. 34 19.32 0. 35 68.65  42.07 0.499 71014  929.36

: STP standard ten peratire and pressure
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2 co, GO H,0 H (8°C : PDB, 80 8D : MOW )
Table2 G-OH isobpi canpositons of CO, and H,0 rekased from m nemls atd ifferent temperature ntewals (8°C standard PDB;
§%0 and 8D standard SMOW )

(C) BCo, (%) * 0, (%) Dyt 0 (%0)
200~ 400 -16.0 12. 8
MY-13 FeT+P 400~ 800 - 61.5
800~ 1200 -15. 4 15. 5
200~ 400 -14.9 11. 5
MY - 21 FeT+P 400~ 800 -14.0 15. 0 - 114.2
800~ 1200 -9.9 13.0
200~ 400 -4.1 21.7
MY-21 FeT +P 400~ 800 -57 21.7 - 121.9
800~ 1200 -14. 8 13. 3
200~ 400 -16.3 19. 3
HS-32 FeTi 400~ 800 -12.2 27.2 - 203.4
800~ 1200 -17.8 23.5
HS-53 400~ 800 - 45. 4
200~ 400 -838 22. 6
13-6 400~ 800 -83 17.7 - 453
800~ 1200 -10. 8 14. 3
HS-6 400~ 800 - 114.3
: PDB: PeeDeeBelmnig ; MOW:  Standard M ean O cean W ater
H,0 (682mm’s g ') €O, (54 Imm’ g ') , 400~ 800C , 422mm’s ¢,
N, + CO(13.3mm’s ¢ ') S0,(103mm’>* g ') H,S H,0(307mm’> ¢')
(6. 10mm®s g ') H,(5. 15mm’+ g') 200~ 400C H, (76.0mm*= g '), N, +CO
H,0 (113mm’s g') | co, (l46mm’+ g ') CH,(125mm’* g ') CO, (11 §um’*
(8. 78mm’* g ') N, + CO(4 S2amm’s g ) g ') 800~ 1200C 374mm*s g !,
FeT+iP 664mm’ * H,0(287mm’* ¢ ') | N, + CO (48 8mm’*
ol FeTi g ') €O,(26.2mm>* ¢ ') H,(I1L8mm’s g ') 200~
400~ 800C 800~ 1200C 400C 133mm” ¢, H,0
, 258 mm’s ¢! 26lmm’  (llemm’s g ') , CH, (6 53mm’* ¢ ')
- ¢! 200~ 400C . 145mm’+ g ' 800~  N,+CO(5.3Imm’+ g') CO,(4 10mm’s g ')
1200C H,0(217mm’s g ') ,
N,+ CO (20. Onm®+ g ')  C€O,(19.9mm’ g '), 42 CGH-O
S0, (332mm’ g') H,0 (O, , 200 ~
400~ 800C H,0(210mm?** g ') 400C 400~ 800C 800~ 1200C
\ @, (29%m’ ¢')  N,+ C0(222mm’ co, GO 400~ 800C H,0 H
g H,(L 65mm’ g ') 200~ 400C , 2
H,0 ( 126mm’* ¢ ') . Co, 421 CO,8 GORLE 4k
(113mm’* g ') N,+ CO(7 80mm’s ¢ ') 800~ 1200C s co,
929’ &, §°C §%0 FeTi
Feli FoT P ’ 8°Cop, = 17. 8%, 8°0g,,  23. 5% FeT+

FeTiP p §3Cy, = 12 %, 80, 14 Zh:
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Fig 3 Volatike can positons of m agnetite apatite and plagioc hse eleased at different tem perature nterwvals

&® Coo, — 14 &, 6“‘0CO2 13. 3%o 200~ 400C , FeTi Co,
§Ceo, = 10 8o, 80, 14 3%0 8¢ 80 400~ 800C ,
400~ 800C , FeTi Co, §°C §%0 - 16 %o 19 3%
8° C 8% 0 800 ~ 1200C , FeTl+P co, §&°c 80
—12. 2% 27. 2%o FeT +P 87 Cy, 400~ 800C , - 15 e 12 Dho;
— 14. 0%, 850y, 15 Ohs; co, §&°C co, 8" §°0 400~ 800C .
%0 800~ 1200C \ — 5. T% -4 Vo 21 T%h €o, 8°C
21. %o o, §&°c §%0 400~ 800C , -8 8, &% ,
800~ 1200C , -8 3% 17. Pho 22. 6%o0
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H,S ; (4) , H,0 CO,
H,0 €O,
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