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HIGH TEMPERATURE STUDY OFF THE SYSTLEM
i IF'e, Si0,~Mn, Si O,/ -"Mg, SIO,
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ABSTRACT

Mg)—olivine: were produced out of stoichiomctric oxide mixtures in an
nace. The melted samples were homogenized at 10007°C in evacuated quartz
and quenched to room temperaturc. The experimental products, the purity,
linity and homegeneity of the synthetic olivines were examined by pet-
hic microscepe, X-ray diffraction, microprebe and scanning electron mi-
pe( SEM ).
oduced olivines are poorer in e and Mn, and richer in Mg compared to
eretical composition derived from the starting oxide mixtures. This de-
of Fe and Mn is due to the formation of small amounts of oxides(magne-
and/or jacobsite).
emperature L000TC and pressure O bar a complete 50lid solution exists on
prich side of the fayalite-tephroite-forsterite system. The cell parame-
{a,b,c and V) of different (Fe,Mn,Mg)-olivines have been correlated with
chemical composition. The general trend is that the cell dimensions are
sasing with increasing Fe -and Mn-content, and decreasing Mz-content.,The
cell volumes increase when Mn® ' is replacing the smaller Fel' and Mg™
in the (Fe,Mn,Mg)-olivines. :

SYNOUWH

THER peLyndtwy ofeldluy e golpvo BortalnoU TSEOU, TupaOMEVEITNRHAV
£¢ 610 mholoLo oc Mg mesco Tou guoThAuatos gabaAlTr - Teppoltn = POPOTE-
Ta tiypato opoycvormoLidnuay og xevd u€pog Hol Seoponpaola 10007 C. H $u-
YLve pe epBdntion Tng uddoviag g wTpo. :
polduTy Twy meLpapdtwy xal ublaltepa oL CALBLVES ££eTdfovTaL PLHPOUHOTMLHG ,
oYpapLxd wal yruuxd. Ou otadepdc TOU TAEYHATOS (a,5,c) Tav ohupLvdy aufd-
L le tnv avfnon tou Fe wal Mn, wau TNy eidrrwon tov Mgl O Syrog TNg HUpE-
Tou oALBCYn avEdveTal STav To Mn2t avTixaiLoTd Te UL4pdTens Lévta, Onws
KaL Mpg2t,

ININNIAKS - MeAETN TOU GUCTAUATOC Fe251‘04 - Mn25104 - Mgosio4 ge uPnAeg

Bepnokpacleq.
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Chemical analyses of the synthetic olivines were performed by stan-
1. EISACQIH = INTRODUCTION

The presence of divalent ions such as Zn{e.q., Brown, 1990:F1)

techniques using a Cambridge Geoscan microprobe. Pure metals(Fe and Mn)
natural 011vine(8102 and Mg0) were used as standards. Four different oli-
grains were analyzed and the obtained values were corrected for back -

TPPidys
1987), Hi(e.qg., Mord et. ai., 1982;Filippidis, 1982, 1985), Co(e.g., Waa] and

Calk, 1973), Mn(e.g., Smyth and Hazen, 1973; Brown, 1980) and Ca(e.q., Bir1ﬂ
et. al., 1968; Lager and Meagher, 1978) ‘in the (Mg,Fe)-alivine structure ig.

nd, dead time, absorption, fluorescence and atomic number effects wusing
jputer prograt. Relative errors are t1.0-1.2: for FeQ, (1.2-1.4:2 for MnO,
of"great importance. These divalent jons, even in low concentrations, may be -4.2y for 8102 and 16.8-8.0. for Mg0.
partly responsible for the Mg-Fe distribution in natural olivines.

The intracrystalline Ma-Fe distribution in olivines is dependent on ANOTEACSMATA KAT SYZHTHEH - RESULTS AND DISCUSSION

The optical investigation of the homogenized samples revealed the

temperature(Finger and Virgo, 1971; Virgo and Hafner, 1972) and on oxygen
ST and Tover, 13757 Another possibility may be the influence of i:- wsence of small amounts of oxides(magnetite and/or jacobsite), along the
third efenent, for exanple Hn. ine grain boundaries. The formation of these oxides resulted to the pro-
In natural (Mg,Fe)-olivines, Mn is an important constituent. This pa. iian of olivines which were poorer in Fe(27%) and Nn(242), and richer in
per reports on an experimental investigation on the Mg-rich side of the fa i 174) compared to the theoretical ccaposition derived from the starting ox-
lite - tephroite - forsterite system. fixtures. Similar depletion of metals such as Zn, Mi, Fe and Mn were obs-
ed in previous experimental studies of different olivines by Annersten et.
(1982, 1984), Cricsson and Filippidis (1986), Filippidis (1982,1985,1987)

Mord et. al. (1982). The oxide phases were carefully removed under ace-

2. NETPAMATIKES MEQOAQI - EXPERIMENTAL METHODS

Two synthetic (Fe,Mn,Mg)-olivines were produced out of stoichiometrig

oxide mixtures in an arc furnace. The mixtures were melted twice, using Ar as , using a hand magnet. The examination of the remaining materials revea-

y

the absence of oxide phases, the presence of pyroxene ( < 1w ) and oli -

(>997%).

Euhedral crystals of the synthetic olivines(Fig. 1) were large enough

protecting gas and afterward homogenized at 1000°¢C in evacuated quartz tuheé
for two weeks. The tubes were quenched in water.
The oxide mixtures were prepared by drying, weighing and mixing ap-
propriate proportions of Fe203’ Mn0, Mg0 and 510,. The 510, was obtained as allow microprobe analysis. Both olivines are Mg-rich(Fig. 2), their compo-
pure quartz, crushed to 325 mesh, fired at 1000°C for twelve hours to drive ion and unit cell parameters are presented in Table 1. Within the Timit of
of adsorbed vater and stored in a vacuun desiccator. ;Ina1yzing techniques, no significant zoning or inhomogeneity of the oli-
vine grains was observed(Fig. 3).
A continuous solid solution exists along the F025104—M928104(e.g.,
fh and Hazen, 1973; Brown, 1980), Fe25i04-Mn28104(e.g., Annersten et: al.,
) and MgZSioq—Mn28104(e.g., Glasser and Osborn, 1960; Francis and Ribbe,
) Joins. However, Maresch et. al. (1978) demonstrated experimentally that

limited solid solution(two phase interval 40-73 mol? Mn28104) exists along

3. MEOOAQI ANAAYSHZ - ANALYTICAL METHODS

The experimental products were examined with a petrographic micra =

scope. One polished section and onc thin section of each product were exami-
ned in reflected and transmitted light. The synthetic olivines were examined
for purity, crystallinity and homogeneity by X-ray diffraction, inicroprobe
and scanning electron microscope(SEHM). Mg23104—Mn25104 join. The present experiments indicate that a cgwp]ete
14d solytion exists on the Mg-rich side of the Fe,5i0,-Mn,S$10,-Mq,510, sy-
en(Fig, 2) at temperature 1000°¢C and pressurc O bar.

In this study the cell parameters(a,b,c and V) of different (Fe,Mn,-

livines have been correlated with their chemical composition(Figs 4, 5

X-ray powder diffraction traces were taken with a Philips diffracto-
meter, MNi-filtered Cuka radiation, using silicon as internal standard. The
scanning speed was 1/1°% and 1/40 per minute over the interval 5-105° of 20.
Cell parameters of the olivines were calculated from 13 to 15 di fferent ref-
8). The correlation diagrams have been nade using data of twelve diffe-
.ﬂlfvines(seo footnotes to figs 4, 5 and 6) and the synthetic olivines
this Study. The general trend is that the cell parameters(a, b, ¢ and V)

lections usingAa computer program CELNE(Tegenfeldt and Ersson, 1976).
Au-plated pieces of the experimental products were observed using @ 1
"JEOL JSM-U3 scanning electron microscope. Al-coated samples were examined 10

scanning mode over several grains for homogeneity of Fe and Mn.
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~ Table 1. Composition and unit cell paramefers of the synthetic 0livines

* * T T ey —————————
Sample 7, [y Al Az Al

s 50, 37.91 38.00 X9 0.710
A 1) M40 36.32 37.58 xre 0.145 0.194
1. _Feb 13/07 17.80 xhin 0.145 0.075
& T MpQ 13.24 6.89°  eeea__ cell parameters -----.
' Jratal 100.54 100 27 a(f) 4.788(1) 4.773(1)
. --Numbers/of ions ofi@(0)-- b(R) 10.356(1) 10.319(1)
©Si 1.00 1.00 c(R) 6.056(1) '
Mg 1.47 1.47 V(R 300.3
Fe 0.29 0.39
Mn 0.24 0.15

*) Average of 4 analyses in four different olivine grains. Figures in
parentheses represent the estimated standard deviation, thus 4,793 (1)
indicates estimated standard deviation of 0.001,
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Fig.1.: weanning clectyon microphotopraph of syntheric (Fe,Mn,Mo)-olivines [ﬁ_____
. o Mt
levom samples Al and Az, Mt A2

¢ lapuwiunds topég(Pe woy Mn) o guveetuweds (Fe,Mn,lpl-oduiiveg,

. i ; t)~olivines. AL and
P Seanning profiles{Ffe and Mn) of syntbetic {Fu,ﬂn,HL).o}lv1nL_ an
;2: aliéines(sec table 1), Mtz mapnetite, Je= jacobsito.
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c (A)

V(A?)

2x. 4.0 Ixdon twv otudcpdv tou wAdypatoc(a,b,c,V) ue Tnw neprextuxdtnta Fe
gtoug (Fe,Mn,Mg)-oALplveg.

Fig.4.: The variation of the cell parameters(a,b,c,V) with the Fe-content in
(U'e,Mn,Mg)-olivines. Al&AZ: this study, I':
OLG: Annersten et. al.(1984), H:Smythgllazen(1973), B:Birle ot.al,(1068),
S:Schwabskustner(1977), 17:Annersten ct. al.(1082), Z:“Lﬁﬁﬂ&&%%E%BNoeﬁK
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5,00~
i B increasing with increasing Fe -and Mn-content, and decreasing Mg-content
B 4,9o—w.OL6 o the (Fe,Mn,Mg)-olivines(Figs 4, 5 and 6). The cell parameter differences
4.ao~.'5 H - un on figure 4, between olivines(W and OL6) and olivine(H) is due to their
A2 F ah erences in composition. Olivine (M) is Mg-rich while olivines (W) and
4.70 a T T T T T . x . Iﬁj_ oL6) are Mn-rich.

L A sogme of the correlations between the cell parameters and the compo-
jpia ‘F on of the alivines(Figs 4, 5 and 6) show appreciable curvature. The most
10.60W | ounced deviation from a linear relationship is shown by the cell paranme-

d &% b(Fig. 5). A possible explanation to these deviations is the composition
b(A)w,so— 9 i .rences shown by the (Fe,Mn,Mg)-olivines used in these correlations. A
10,40 - " cond explanation is that the curvature partly reflects the cation -distri-
: -A1Az i n between the two octahedral sites(Ml and M2) in the olivine structure.
10,304 : L ten et. al. (1984) observed a partially ordered distribution with pnt
10.20 4 F a ring the M2 site and Fe2+ entering the ML site in (Fe,Mn)-olivines. Lum-
- and Ribbe (1983) concluded that in olivines, the cell parameter-a is pos-
1010 T T T T . . ; ; Jy correlated to the mean ionic radius of the Ml cations, the cell param-
) 1 Z el 15 positivly correlated to the mean redius of the M2 cations, while
307 L - cell volume - V and the cell parameter - c were found to be a function
6.204 . 3  the radius of both cations. The larger Mn2+ jon is firstly ordered into
c(A) vf’g“* 'HE site, but at higher contents it has to enter the Ml site and its high
N H Ay - tiv effect to the b-dimension is lost, especially above anio.S(Fig. 5).
6.00 - ) *A2 F 5l . Using%t_he effective ion;E radius(IR) given by Shannon (1976) for I"‘InEJr
0.83), Fe" (IR=0.78) and Mg“ (IR=0.72), and the results of the present
5.50 X T T T T T T T T westigation it is quite clear that the unit cell volume increase when Mﬂ2+
230 ] «jﬁ S replacing the smaller F62+ and M92+ ions in the (Fe,Mn,Mg)-olivines.
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