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ABSTRACT : The detailed crystal chemistry of ilmenite from the Hadong massif was
studied by the EPMA, Mossbauer spectroscopy, and Rietveld structural refinement using X
-ray powder diffraction data. The ilmenite-bearing anorthosite shows complicated mineral
assemblage which consists of plagioclase, clinopyroxene, hornblende, biotite, chlorite, apatite,
allanite, and zircon. Anorthite is andesine in composition (Ab 28-57), and clinopyroxene
drops in ferro-hypersthene (Fs 62-70). Ilmenite is trigonal symmetry with R3 space group,
whose structure shows the alternation of Fe* (Ml site) octahedral layer and Ti (M2 site)
layer along c axis. Mossbauer spectroscopy indicates that there are three doubles which as-
signed to couple of Fe? (§=0812, 0.890mm/sec) and one Fe* (8=0.303mm/sec) in octahe-
dral sites. Their Fe* /3 Fe is 0.065 and chemical formula is established as Fe' uFe’ v aTiow
0; using both EPMA and Mossbauer analysis. Rietveld structural refinement reveals that
site occupancies of Fe in Ml and Ti in M2 are 91.2% and 89.4%, respectively. This implies
that Ti and Fe* are alternatively occupy M1 and M2 sites. In addition, smaller M2 site is
more preferable to Fe* occupancy over M1

N 59 £¢ AAm gEgFos A oy
$3 gtk o HFYA dols $2 et £

52 Yuols dAmzdele At TFE Biol de RIL Y BY ohus,
238 BYsn Y= HUPo) %km B HEbEel 48 T He 4o ¥Esn



A

A3 A9l 1988 FAZ 9, 1989). A
B 7S AAYog £33 Elebg4 g

—~

of Sabe, Agae] Z4e Ag AR} dal
gluglzaolEoln, FA tjREBES EebEA-
# g Aot} (Herz, 1976 ; Philpotts, 1980 ; Guilbert
and Park, 1986)

rundum) 3 fAHE FE2E

49 Z¢ ZEAZFE TAE Yol Fer
gt i g M, ol Foldo] cFoll +3<l Hgo
2 PE22 ¥E FHET OE FL XYL
SateA A2 wastn ¢l (Lindsley, 1976
Waychunas, 1991). Elebd A & Fe?* 9} Ti** 7} Fe'*
of oldte] Aol HEMH L&A FAE o
Tt oy Fe*7h x#d ¢ Fer'so} Tz‘* e
o Ao & ¥¥ FIR Foi7le Joz <y

7 At} (Smyth and Bish, 1988). ¢]& & d®
AEe 2Asprh dojd Fe wd #Hgoz 3
7t dolve HEE 7HZ o oA A A3
off oMz Z9F FEoltd (Nord and Lawson,
1989 ; Banerjee, 1991). E|ebHA-AH A 1837
doll Ao, A718 H4Ee 2FTE Jellde 2
M-F2A Fz9 e #EE AT Y
HetEda #dHE d7s gebEdo] vuy
TFE7F e *7%71“ 2 ZAgoly AP o
F7F ®ol F7¥ @tk XA dZEAH
gt Q7 (Raymond and Wenk, 1971 ; Wechsler
and Prewitt, 1984) 2 FZ#|Mo] o]FojHom,
HE PN 1848 o)FE: FEYd gg g~
vh-o] EFEXM  (Shirane et al, 1962 ; Vaughan
and Drickamer, 1967 ; Warner et al,, 1972) < Fe*
U Fe* o] 29 @540 tha HE7E Fo
Y FE A7 B4 5o 2¥e wEn 9o
oJF AT Tz Ao 9 Fer, Fer, @ T
e AT BHBEY HHe o) Folx)7

sl

(e}

&2
kl

=87

ol dFolME T AW I AFEA
ol dess Heddd #std EPMAEA
& dAlsto gtz gde ZAsta, Haveo £
FE4 2 YEYE F24Y (Rietveld, 1967,
1969) & @A Ab&stod, Fe*o] Mz g 2y
A el Al frek Fet o qBELE Wale 2
B3 S4E FAEA FESA

7

of

HEZYe gaxide Tk fsto 15kVe
7HEAAT 20nAs dR 2hAM AadE ey
(EPMA : CAMECA model SX-51) & AAl3tdo
gq’ E]r;:_}i#x% FZu z-l_,] /J»EW (Fez’fg}. Fe*t) 9
FH BlE ¢7) 9ste] Blankeo] Bpra

TRstth BEEA e A 7z o 2
g 28ty d7E Sfshe XA 2% gy o

NIO M

X

E
D
=
S’
=2
: 3
‘L4 n
R
o
2
>~

g2 o “Co Zulid
ASA (Austin Science
AssocmteS) 1200 ﬂiﬂ}%ﬁ EZEN7E AE
ste] 7|28 At £ W9 +40 mm/seco] A A}
€38 A $= 3087000, <k 1747 APy
717 de] 80% counts® Al 7]Z8 gk o] W A
B o 10%9 FFEE HAFAY. 7124
2 P-90 PCol HA3dted MOS 90 ==
fittingatAch. Bl ~np9-of ~glEZH) &
Agd 2709 doubletoz AiHe AF
021, 5]%—1—.‘3& 371 9] doublete 2 E-a)at gt}

_._‘HUUSEI"

Z|EHE X Refinement

ZEWE ZZ refinementd) AMEEE XM 2u



5 g A deld AEse ERAHe A

Table 1. Experimental details and final parameters of structure refinement

Data collection 26 scan range 10"~ 120°
Step size (26) 005
Step time (sec) 20
Total steps 2201
Max. intensity (counts) 3137
Least~square parameters structufe parameters 12
experimental parameters 13
N-P 2176
Number of unique reflections 222
Refinement index (R-index) R, (%) 1538
Ru (%) 2145
Ry (%) 1555
S (GofF) 138
Ry (%) 733
Durbin-Watson d stats. 1.56
Esd. to be multiplied by* 1621
Full Width Half Maximum (FWHM) U 0.015(5)
\ 0010(5)
W 0.006(1)

Note:N-P=no. of observation (steps) no. of least-squares parameters

R,=1002 | YooY | /2,
Rup=100{ WY o= Y o/ 2wy 5]
Ree=[(N—P)/ZwY%]"”

Re=1002{ | Fol = | Fel ! /21 Fal® (Sakata and Cooper, 1979)

H*=U wnd+V anfd+Ww

* Correction for local correlations(B rar and Lelann, 1991)
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Fig. 2. Photomicrographs of ilmenite occurrences. (A) limenite (i) with coexisting plagioclase (p!) and horn-
blende (hb). B. Large apatite (ap) crystal, ilmenite (i) and hornblende (hb). C. Quartz (q) and biotite (bt) grains be-
tween large apatite (ap) and ilmenite (il) grains. D. orthopyroxene (opx) and zrcon (zr) coexisting ilmenite G,
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Fig. 3. The crystal structure of ilmenite along c
axis,
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Table 2. Electron microprobe analyses of ilmenite

CREL

Sample # #1 #2 #3 #4 #5 average
TiO; 5225 51.28 51.14 5040 5025 51.06
Si0: 005 002 006 0.04 0.04 004
ALOs 000 001 000 000 0.00 0.00
FeO* 4602 4700 4793 4875 4805 4755
MgO 000 001 004 009 0.04 004
MnO 120 124 107 072 090 102
NiO 00 0.00 000 002 0.10 002
GO 006 006 003 003 001 004
wotal 9960 9963 100.27 100.05 9940 99.79
Numbers of cations on the basis of 3 oxygens
Ti 0997 0983 0977 0968 09M 0979
Si 0.001 0001 0002 0001 0001 0.001
Al 0.000 0000 0000 0000 0000 0.000
Fe™ 0976 1.002 1018 1.041 1.032 1014
Mg 0000 0000 0.002 0003 0.002 0001
Mn 0026 0027 0023 0016 0019 0022
Ni 0000 0000 0.000 0000 0002 0001
Ca 0002 0.002 0001 0001 0.000 0.001
X202 20152031 2028 2028 2019
* Fe is assumed o be Fe®.
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Fig. 4. Fianl fitted Mossbhauer spectrum of il-
menite.
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Table 3. Mossbauer parameters for ilmenite.

Assignment 1549) QS(1)

Width % Area 7

Fe* AA 0890 0680
Fe® BB 0812 0919
Fe* cC 0308 0687

0304 6763 2930
0403 2592
0231 645

All values of 1S, QS. and width in mm/sec.
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T 33%=2 ¥t
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1983). EJeta e ozt ta ¥58 ¢ F o
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Fig. 5. Observed and calculated X-ray powder dif-
fraction patterns and residuals for ilmenite.
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Table 4. Atomic position and site occupancy of il-

menite
Atom Position Coordinate
M1(Fe) 6 X 0
y 0
z 03555
B 1.0(3)
k 03049)
M2(Ti) 6¢ x 0
y 0
z 0.14733)
B 09
k 0.298(4)
0 18f X 032(2)
y 0.024(2)
z 0.243(2)
B 12

*B. [sotropic temperature parameter

k:site occupancy.

Table 5. Selected interatomic distances and an-
gles for ilmenite

interatomic distance (A)

Mi(Fe) — 2.22(2) %3 01 — Q2 90.1(5)% 3
- 02 21001)%3 ~02  9196)x3
average 2.16 02 — 02 1007(5)x3
Mx(Ti) — 205(2)%X3  average 94.2
-02 18()x3  O1 - 01 816(7) %3
arerage 1.96 - 02  9286)%3
02— 02  103.1(6) %3
B average 925
webA 270e] BHA xielE zte EHEE4Y
= H2ukeo] EFENA Fe doublete RF

Fe* 24 stito] AUt Fer*9} Fe** 9] doubleto] z*
4 A A=k A4 fittingd) A 271 9) Fet
doublet (AA'$} BB)® Fe*< doublet 3&hub
(CCHz ®=. o) Fe*7t = 719 e
TRAANE AL duIg. Z, §go] Z
AA'9] doublete Ml1ztal, §3ko] zHe BR'el 27
< M2xlglg g, 28T e Edn 33

interatomic angle ) )

A

= %"--l'?:l%ﬂl% FE, olg geEA4 o)
P e B4FHos 9F ez M
= TWdtd A& A4 Aoz ¢
3 Ut (Smyth and Bish, 1988).
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