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On the distribution of cation in (MgFe),SiO, solid solution

I. SHINNO

Abstract

Moéssbauer spectra of some natural olivines have been measured as two mirror
images at 310°C, 1x10~* Torr in the oven, which was specially made of copper housing
with the Mylar window to resolve the two superimposed doublets. And the Fe?* site
occupancies (Xu:¥¢) in the crystallographically nonequivalent sites, M1 and M2 of olivine

have been obtained from the equation (1).

It is confirmed that olivines of plutonic or

similar origins exhibit relative enrichment of Fe?* in M1, whereas olivines of volcanic origin
exhibit preferential ordering of Fe in M2. However, olivines that occurred as megacryst
in calc-alkaline rock show the same site preference of Fe?* to MLl as in plutonic origin.

The annealing experiments show conflicting results: i.e., Fe?+ enrichment occurs
progressively as annealing temperature increases in the synthetic samples (SHINNO et al.,
1974), and the reverse relation occurs mostly in naturals.
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DOFAEYAREL Oh WL YEATWBZ L2RL
7z. —J FINGER and VIRGO (1971) B OZEE
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P M2ZDLDXY ML, BEREESREVEWD
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HAFNER (1972) 13 Ol HDFe D x 2N » — 5
PHMELTVENRANRY FVOBBERHE 7. ZhiE
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ELRFEREALTH-T, Opx TOEHZEE
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Table 1 Fe site occupancies of some natural olivines

Sample No. 2Fe/Fet+Mg poxt Xue Kd Remarks
Cl 0.210 119 .092 1.34

Cl-2 118 .093 1.32 1000> 1hour* 3
Cl-2 .121 .090 1.40 1000~ 2days
Cl-3 .093 117 .77 700- 8d
M3 0.133 .080 .054 1.54

M3-1 .068 .065 1.04 700~ 8d
M3-2 .081 .053 1.59 1150- 4d
M3-3 .077 .057 1.40 1240- 2d
M4 0.397 .241 .159 1.68

M4-1 .235 .164 1.57 700- 8d
M4-2 .231 .167 1.50 1150~ 1d
M5 0.200 .13 .088 1.33

M6 0.325 .146 .178 .79

M6-1 .182 .144 1.32 1000~ 1d
M61 nd .169 .156 1.07

M61- 9 nd .162 .163 .99 900-25h
M8 0.340 .189 .152 1.30

M9 0.185 .103 .083 1.27

H1 0.222 .104 .118 .87

K1 0.469 244 .226 1.11

Y1 0.150 .080 .070 1.16

03 0.455 .251 .205 1.30

N5 0.546 .253 .292 .82

N56 0.586 .314 .272 1.23

N56- 1 .335 .253 1.49 800-25d
P8A 0.535 .264 .27 .97

P8B 0.541 294 .248 1.26

FA-3 1.926 1.00 .929 o

Ho-A 1.480 0.78 .702 1.51 (1)*2
Rockport 1.9 1.00 .940 o (2)

12018 0.66 .464 .260 1.93 (2)
12018- 1 .359 .303 1.29 1155- 7d, (2)
Modoc 0.44 .226 .214 1.07 (2)

B1 0.36 .202 .158 1.35 (1)
B1-1 .203 .157 1.36 1055- 5d, (1)
S14 0.20 .106 .094 1.14 (2)

W103 0.015 .006 .009 .66 (3)

W59 0.099 .053 .054 .97 (3)
W12070 0.319: .167 .156 1.10 (3)
W10085 0.300 .187 171 1.13 (3)

12052 0.60 .325 .285 1.21 (4)
0G2B 0.58 .292 .288 1.02 (4)
12018-B 0.35 .186 .164 1.17 (4)

135 0.96 .485 475 1.04 (5)

57 0.79 .402 .383 1.08 (5)

121 0.64 .320 .320 1.00 (5)

125 0.54 .275 .265 1.05 (5)

%1 The site occupancy of Fe in the M, site (X%f) is deduced from the equation (1), where
Ay, is Méssbauer spectral area of the M, site and K=1,028 was obtained from synthetic
Fe, Si0, (SHINNO et al.1974). .
Xif quoted from the references is also corrected in the same manner.
% 2 Data from
- (1) BusH et al. (1970)
(2) VIRGO and HAFNER (1972)
(3) WENK and RAYMOND (1973) (X ray data)
(4) BROWN and PREWITT (1973) (X ray data)
(5) MOKEYEVA et al. {1976) (X ray data)
% 3 Annealing condition in CO,/ H.=1
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et al., 1975). GHOSE and WAN (1974) XERSE
B—E%E, Mg-0 OFLIH B 414 v EEHD
WX OPREVT, 44 OFRIROBI MBS LW
5 EMRAHEL25 % 7-. EH (1976~1977) 1% Opx
X Ol OREMGHERET T — 2 2812, Zhb0%
BIANE— L{RGEA T VEOBBELRT v v VBT
BLi ZMICEIVFRAFTVPEERAAVEELED
DROREE®E P HETEZLI TR THIZ
CFSE L4 4 XRZ2ZNICHELT, &4 4 > O
Opx % Ol BT % &R =3 v ¥ —Hr52 5
N, ZOEBEIZ Ol, Opx FATOE 4 F > DERR
OREEPEEICHETE 2L 9122, 2o TOE
ELMSEITBR L. L L Ol HCOB1 % v 0xL
BaSEHT IR IR X 09, B R L LT
CRRIZEHT 2120 pd b 5T RO RSO
SCHULIEN et al. (1970) i (FeMg)Cl, AW &
Ol ofio Mg/Fe HEFEOHMEE LT, EETIE
2L WIEHENERETH A Z LBRL, Ol ©
ST 2 EEEELERE X N TV B (SAXENA, 1973).
—7 BROWN and PREwWITT (1973) HEEDER
L3tz M1 B DER S M2 12 L TREL 2D, %
N EFhic Fe 23 M1 QBT 2ARER O H 2 2 L 2B
NTWS. BEDEARLEZOL oW TI Dk ) =27
— % 2 L7~ (SHINNO, 1974; SHINNO et al.,
1974). L2 LKRRD Ol [T L TIHOHEF 2T
DL BB EBRLI

4@ Ol tho Fe @ 4 72 VHA~ D SR HER
RoBgit, X~ MVAEFROBILEZFRDRE LT
HHEERD Ol @ Fe OFLHERERD AR 2HE
¥ 5.
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AT

KREED Ol ZRMICHEEL, #2NY > —EETH
A F RO Fe SHEEZRD 72

HROSEEZETRERFAEL TR e -1k
BARD Y DDA ZED . BEKMIITZ OEBHIIE
HWNERTT - CR—BGEHDO b OTYH, BH—2 lFEH
BRi2ia5X 5T hBRICET 2EEOER TSIV
— PR L. 20 0l OE#R{LHERIIETE
R diso EILITEE L GEF, #K, 1976).
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KRR O Ol DAL IR E—Ch 20T
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Fig. 1. Absorber oven made of copper for
high temperature (~500°C) measure-
ment of Md&ssbauer spectra

1. power input regulated by PID thermo-

controller

AC thermocouple

electrical and thermal insulator

water cooling pipe

Mylar (polyethyene terephthalate) window

absorber pressed by 10 ton in Al leaf

MgO sheathed nickel chromel heater
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BFoE—FEEDH 20 Fe,Si0, ¢ Fe 2EIAX 4,
KBRS D Fe OMERR/NMRIZL 2. 900°CLL
ORI EZE I PtRh BEIZODRALE DL D%
HIEHA L TT - 72.

RARANDY 7 =27 MVIZKE TM H8o 5>
AF 2 —F—LHZHOTNFF ¢ VANV TFSA4H
— & 14.4 KeV O r-#ROEEIHTIL B AEE R
B PC-vrFNF w27 FI4H— e HEY
THIEL7. PCIE r-HBOZ A VE—=RRKEVDOTH
1 5 ACHBREDSE S T 248 SC & Y I3 REEAS B .
2 Ol DA, BEEMTONBTIHDOL T Ly b
OEE DT 5720121k PC B8EZ<HY, 20F
SEARNEI L 5 BTh 720 T HITARY bV ONHE
F BT 572912 310°C THIE L 725 Ol 0Eg{kiz 2
D& RERICBWTHERREICES 2 L)% Felt 2
Ny MVOHBRP SHEE L. %2 2 CREDHOE—
DEEMEAAREPEINCGRESIELRZ. Zh28 1K
127 L7z, Ol (Absorber) 1t Al §&1210 b > CHESE X
ETC, FORLIICBE W, r-H OBV EE Be £8
WEES & CPS 2N 2% LILITHREESE S /.
ZITIORITIIA I —EEFERLE 2K
500°C 2T 2 ERMOEAT r-#B Ik 2 AE
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' Fig. 2.
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Some examples of Mossbauer spectra of olivine M61: 4 Lorentzian curve fittings
with no constraint. X?-value was not acceptable because of coexisting sup-
perimposed absorption spectra of low velocity parts. M61-9: The fitting with
constraints having each doublet with equal line width and intensity. X2?-value is
acceptable. Line broadening occur remarkably. To obtain accurate absorption,
intensity and line width for Fe site occupancy calculation, the fittings were
separately done for only well-resolved parts of doublets.
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LEBITNIRREHL OTERRZEL 2. HERIR
HREERY F2OEI 7.

ARG FOVOIBKTIZR RS bR - Ly EERE
B ETEL L CERER AT MVOALE, BE,
MBS w0 750 FERDBBENRS -T2, ZDX
R b VOBRFFIREREE 2K EE 2RITR L7z
VIRGO and PREWITT (1972) 13 {EHEELD 2~
RV OSTEESEL, WHiEE R w0, 01 @
RXANY 5 — ARG b2 3KELTH > TS, L
PLETHLZBIECRESES LV 2HEOLT Ly b
ELUTTHEYS R RIEA AT L CRDEREL 2T &
SEIINE UIERE R 2~ FVEERKRE B, ZOH
PXSICOEMEE L THVE WYL 2RO — L
VR & LT LEMEIINER L 72, Z OFERIZ X4
EEAWTRI L. H2K0 M6l 1 ERETD 2
NY RV ODEESENOT X2 HIHEIERTE
W ZOTEMR LUz, BEEOL 2R ERE
THIE X% HIZIER L2 B, M61-9 13IE & mED
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HELWET Ly FPOBEEELELTEELEZDOT X2
fEILZ DBEEETH 24 Fe HERIEHEHRD
HOFHFEILLRDTWS. BL2DH A D Fe HF
RIIBELODBOLVWARY hVDHREO—L Y
MR L TERE L DR Lo L EEN 21
Ml & M2 & Fe DERBKIRIZRLEZLEBELZ LN
50T Ml & M2 iz Fe 35212158 1 TA - TV
3L L7-aml FeSi0, OEMELLEIEIZKR DA CHIE
L7z

X5 =2-Fe/Fe+Mg-K- 3} Aus/ 33 Aues

|l K=1.028 GEE, 1974),
Ami=Inix Wy (i EOER)
ZZTiN1pH4ETELEOER Co DRT T IR
BOREROT — % 22W2 L FITATERHLT W
HW B “Mirror image” DAY bV OEREE % Y
EEIDPSTHSD. ZOLITTHENTVRF o —

Table 2 Méssbauer parameters of M6l olivine and its annealed equivalent (at 310TC)
Parameters M6l Mé1-9
Position P, 2 .300 (4) 2.339 (10)
(mm/sec) P, . 041 (41) . 007 (11)
P 2,065 (4) 2.096  (10)
P, 057 () .073  (10)
Width W, .260  (10) .33 (19)
(mm,/sec) W, L9229 (30) . 346 (21)
Wi 278 (1) 329 (19)
W, 285 (12) L3716 (19)
Absorption I , 9291 ( 246) 4402 ( 338)
(cps) I, 6575 (2306) 4031 ( 289)
1, 8853 ( 236) 4248 ( 328)
1. 4635 ( 281)
11908 (2200)
Off-resonance
count (cps) 175667 (39) 99602 (38)
X /F 167 /237 204 .8 /249
AQM, 1.998 2.002
AQM, 2.341 2.346
ISM; 1.071 1.090
ISM. 1.135 1.171
AM, 2461.2 1397 .6
AM, 2415.7 1470 . 4

As palladium source gave a minimum line width, all spectra were taken using the *’Co dopped in Pd source in

this work.

Isomer shift (IS) are relative to O mm, sec of sodium nitroprusside. Area of the spectra of each site (AMi)
was calculated using the line width (W1, Ws) and absorption intensity (I., Is) of the high doppler velocity
parts. The mirrorimage spectra were initially fitted to 8 Lorentzian line shapes with constraints and finally

4 Lorentzian for well-resolved parts with no constraint. Statistically acceptable x*values to freedom F were
obtained for all The standard deviations in parentheses are expressed in units of the last digit stated.
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¥ — OREEEN IS M VICEX ZHERITHHET
ZENTE S ERRIUED Fe BEICL HIRIETH
BEOZLWEBORWT L H#EPD. XBHETRD
72bDEZDESBFEICEB LD EITAREDRN
L3 FINGER and VIRGO (1972) O#FERIZLENT
W5,

m. % g

SEELOLS BEPEBLTRDE Ol D Fe
HERLSECRBEINZDOZE 1IRITR L.
RAZNY y—Hick B Fe 5EFEIZ(LFRNTHAL T
WEDTINETERIZHEH > T BHEITHTHIZER
XN TW5.

]

NV OTHOBRIZITIFETH 5.

Ol Ficd Mg/Fe #EGRP3CHEE L (2)RNIcHEo
WTERT 5.

Fe(M2) +Mg(MI) = Fe(M1) +Mg(M2)—(2)

Z ORBEERBOL(3) DL 9 12EL 2 LadTE B.
Ko=Xy3A—X 39 /X35 A— X35 )]

20 Ko REEHEBIIN U CERT % & LT
LTLEY. £E—EaHF0b0TH ZOEADS
2H00h5. HOBEOH® 12018 ® P8, N5, M6
ROKIBEROFT — 21k Ko DEIZE LWELH A
5N BhE—PEAv. SHINNO et al. (1974) 2377
L7288 Ol 1I2B\W\W Tk Ko OfEREEEIZD - T
Z ok REENEE V. Ol EEk 2 L WvWIEEEm

BELZEEEZ D - TWBZ EfRIIN S, L
LRROBEGHT O 1384 OBBREZ2Z}, Lid
ZFNIBEBR LD LEZNTHES2L DL 5 38
4 ORETIIEE STk, 85 Ol OfRICH

Ol o Fe OHEGFHHEPLEY 7 PCELTO
BRIIEBEICHE L VD LELRVOTEHIET 3
(SHINNO et al., 1974). UL» LKRD Ol OBEARIZ
PES 2 2N > —EPOBENCE U TR IZBES

2|0 8
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Fig. 3.  Kd plotted against (X&i— X%3) in olivine
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LCEZBZZ LD BELAMEND - TRTRETH 5. Fl
ZIEERR Ol 134+ —F i PO, BEK TP CHAE XN
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J 7N )EAO Mg IZEALR Ol Thz 03 2 Kl
EWTIE Fe i3 M1 #8R L OO GEIEEEE D
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D> H IR,
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T, HEREHICE - TREV 4 PO X5 5I2THER
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A¥5 L Ml & M2 0o Mg/Fe Z8HUT ISHE
12 Opx ICHRZ5BWL D EEZZ SN S, OlOFe
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SEOERTRER T 2HKE1A SN2, M6 % Nb6
EBWULRE O LR L3Iz Fe S MLICE) &, M3 %
12018 Tt Th 3. ZN5OEEIZHFELDRS
EWFTHEEE Nz RRE Ol 1B WTI—ME
BiEROBAMESRVWH X2V, RAJAMANNI et
al. (1975) 113k < Fe @ Ml BIRMEEE O LF L3t
1B B ETREME 2 ARV BASEFICT /2 BITIIRZI2E
BRI TH B, 51 Ol OEAHF A TORRICHE
SRS B BVIREESBEIIRRE L L 51 O i3
RAEEDERE > OO BHNENVRLYDEER
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E I
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