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EXPERIMENTAL INVESTIGATION ON THE Mg-RICH SIDE OF
THE Mg2SiO4 - Fe2SiO4 - Zn2Si04 SYSTEM

A. FILIPPIDIS

ABSTRACT

Synthetic olivines in the system MgoSi0s-FepSi04-ZnoSi04, were produced
from oxide mixtures(Mg0, Fe»03, Zn0 and Si02). The mixtures were melted in an arc
furpace using argon as protecting gas. Afterwards the samples were homogenized at
1000°C in vacuum and quenched to room temperature. The experimental products, the
purity, crystallinity and homogeneity of the synthetic olivines were examined by
means of petrographic microscope, X-ray diffraction, scanning electron microscope
(SEM) and microprobe technigues.

The experimental products consisted of olivine, magnetite and/or frank-
linite(around 5%) and enstatite(around 2%). At 1000°C and 0 bar, complete solid
solution on the Mg-rich side of the MgpSi04-FepSi04-ZnpSi0a system, was observed.
The cell parameters(a, b, ¢ and V) decrease when Fe2* is replaced by the smaller
Mg2* jon in the (Mg,Fe,Zn)-olivines. Probably the same happens when Fe2* is rep-
laced by the ZnZ* ion.

SYNOUWH

2tn napolca uehétn napackeudotnkav guvOetikol oALBLveC O0TO mMAoloLo "Og
Mg nedlo tou ouothuatog MgpSi0z-FepSi04-Zn2Si04. Autd éyive pe tnv TAEN UelyudTwy
o€etdluv (Mg0, Fep03, Zn0 kau Si0p) oe golpvo BoAtalkol TéZou kat cr atudoeaLpa
apyol. Katdmiv, To TAYUQ OLOYEVOMOLABNKE 0t KEVO a£poC kal Bepuokpacla 1000°C. H
YUEn éyive pe epfantion tng kdyourag oe vepd. Ta npoldvta Twv NMeLpapdtwv Kabug e-
nlong n kaBapdtnta, n ouoLOyEVeELA KAl n kpuaTaAAtkdtnta tou oABlvn, e£fstdoinkav
UE TOAWTLKO KAl HETAAAOYPA®LKS LLkpoOKOTMLO, pe akTlvec-X, UE OAPWTLKO NAEKTPOVLKO
ULKPOOKOTLO(SEM) kaL pE HLKPOAvaAuth.

Sta npoldvra Twv MELPOUATWY TMapaTnondnke 6TL extdHC Tou OoALBlvn oxnuatl-
atnke payvntling kair/h opavkAivitng(meplnou 5%) kabdhc kal evatatrltng(neplmou 2%).
210 mAoloro ge Mg medlo tou cuothuatog MgpSila-FepSiOq-ZnpSilq, oe Bepuokpacla
10009C xat mlean 0 bar mapatnehBnke MAAPNG CELPG UELKTOV KPUOTAAAWV Twv QAJEWV
popotepltn~pauarltn-BLAAepltn. OL otaBepéc tou mAéyuatog (a, b, ¢ xat V) dToug
(Mg,Fe,Zn)~oALBlvec ehattovovtaL, Otav o Fel+ aviikataoTabel amd To ULKPOTEQO LOV
Mg2+. MiBavie to (Lo dupBalvel 6tav o Felt avrikataotadel amd to Lév Zn2+,

INTRODUCTION
In olivines, apart from Mg and Fe, other divalent ions such as Ni(e.g.,
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Bish 1981, Nord et. al. 1982), Co (e.g., Ghose & Wan 1974, Walsh et. al. 1976)
and Mn (e.g., Francis & Ribbe 1980, Lumpkin et. al. 1983, Annersten et. al. 1984)
are ordered in the olivine structure. The presence of other divalent ions in the
(Mg,Fe)-olivines is of great importance; even in low concentrations they may af-
fect the Mg-Fe distribution. This distribution may be dependent on temperature or
on oxygen fugacity as suggested by Will & Nover (1979).

Forsterite'(M925104) is orthorhombic and at room temperature the cell
axes are a=4.754, b=10.197 and c=5.981 R (Schwab & Kiistner 1977). Fayalite (Fez-
5104) is also orthorhombic with a=4.816, b=10.469 and c=6.099 ﬂ(Bir1e et.al.1968),
while Willemite (Zn25104) is trigonal with hexagonal axes a=13.948 and c=9.315 f
(Klaska et. al. 1978). Ericsson & Filippidis (1986) showed that the introduction
of Zn in fayalite gives a partial solid solution and on the Zn-rich side the stru-

cture is changed to trigonal.

Willemite occurs as an ore mineral in different deposits in New Jersey
(U.S.A.) associated with crystalline marbles (Metsger et. al. 1958, Cook 1972,
Frondel & Baum 1974). It also occurs in deposits associated with diapiric breccias
and limestones (Muller 1972), in fine-grained quartzite (Wilson 1971), in alkaline
intrusions (Metcalf-Johansen 1977) and in nepheline-syenite pegmatites (Shlyukova
et. al. 1980).

Studies on synthetic olivines containing three or more metals, are of
great importance for geological interpretations. In natural olivines, Zn is an
important solid solution constituent: This paper reports on an experimental inve-
stigation of the M9251'04—Fe251'04—2n251'04 solid solution.

SAMPLE PREPARATION AND EXPERIMENTAL METHODS

Three synthetic (Mg,Fe,Zn)-olivines were produced out of stoichiometric
oxide mixtures in an arc furnace. The oxide mixtures were prepared by drying,
weighing and mixing appropriate proportions of Mg0 (free from sulphate, pro ana-
lysi, 99.2385%), Fe203 (pro analysi, 99.712%), ZnO (pro analysi, 99.9438%) and
S1'02 (quartz washed and calcined, pro analysi, 99.89%). The S1'02 was obtained as
pure quartz, crushed to 325 mesh, fired at 1000°¢C for twelve hours to drive of
adsorbed water and stored in a vacuum desiccator.

The mixtures were melted twice in the arc furnace using an argon atmo-
sphere and afterwards annealed at 1000°¢C in evacuated quartz 'cubes(lo_3 torr) for

two weeks and quenched to room temperature.

CHARACTERIZATION OF THE EXPERIMENTAL PRODUCTS
The experimental products as well as the purity, crystallinity and homo-
geneity of the synthetic olivines, were examined by petrographic microscope, X-ray
diffraction, scanning electron microscope(SEM) and microprobe. Polished and thin
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sections of each sample were examined in reflected and transmitted light.

Phase analyses were obtained from X-ray powder diffraction, using CuKa
radiation and scanning interval 5-1050(26). Cell parameters were obtained by wus-
ing Si as standard and a computer refinement of 20 different reflections. Au-pla-
ted pieces of the samples were observed using a JEOL JSM-U3 scanning electron
microscope in reflection geometry.

Al-coated samples were examined in scanning mode over several grains
for homogereity of Fe and Zn. Chemical analyses of the three olivines (called F1,
F2 and F3) were performed using microprobe techniques. Pure metals(Fe and Zn) and
natural o11'v1'ne(S1'O2 and Mg0) were used as standards. Six typically different
grains were analyzed for each sample and the obtained compositions were corrected
for background, dead time, absorption, fluorescence and atomic-number effects by
using a computer program. Relative errors are 1.4 to 1.6% for FeO, +1.7 to 2.1%
for Zn0, +4.1 to 4.5% for 5102 and +7.5 to 8.6% for Mg0.

RESULTS AND DISCUSSION

The investigation of the homogenized samples revealed the presence of
oxide phases (magnetite and/or franklinite), along the olivine grain boundaries.
The final composition of the olivines, deviated from the starting oxide mixtures
was different due to the formation of the opaque phases(around 5% of the experi-
mental products). The produced olivines are poorer in Zn and Fe, and richer in Mg
compared to the theoretical composition derived from the starting oxide mixtures.
Similar depletion of the different metals such as Fe, Mn and Ni were observed in
previous experimental studies of different olivines by Annersten et. al. (1982,
1984), Filippidis (1982, 1985) and Nord et. al. (1982). The oxide phases were ea-
sily removed under acetone from the finely powdered samples by a hand magnet.
After this separation the remaining materials consisted mainly of olivine and
small amounts of enstatite (around 2%).

The crystals of the olivines(Fig. 1), obtained from the experiments,
were large enough (>40um) to allow microprobe analysis. The chemical composition
of the synthetic olivines together with the refined unit cell dimensions are gi-
ven in Table 1. The Mg-contents are almost similar in the three olivines(Table 1,
Fig. 2). The olivines are Mg-rich with X = 0.120 - 0.295 and X2} = 0.020-0.145.
Within the Timit of the analyzing technique, no significant zoning or inhomoge-
neity of the olivine grains was observed(Fig. 3). Ericsson & Filippidis (1986)
observed a partial solid solution in the Zn25104— Fe2$1'04 system with a two phase
region occurring in the interval 17-48 mol% Zn25104, at the same temperature
(1000°C) and pressure {0 bar) as the present experiments, in which a complete so-
1id solution on the Mg-rich side of the M925i04 - Fe25104 - ZnZSiO4 system is
observed(Fig. 2).
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Table 1. Composition and Unit Cell Parameters of the Synthetic Olivines.
Miy. 1. 3dotaon kal otabepéc tou MAEyPatog otoug guvBetLkoUg OALBLveC.

sample  F1°  F2"  F3" F1 F2 F3

510, .37.55 (37.91 /37.65 X9 0.685 0.715 0.735
Mgo 34.27 “36.31  37.09 xe 0.295 0.235 0.120
FeO 26.34  21.54 10.93 Gl 0.020 0.050 0.145
Zn0 1.77 5.13 14.88 W -—-eemmemmeee- Cell Parameters--------------
Total - 99.93 100.89 100.55 a (R)  4.775(1)  4.780(1)  4.771(1)
----Numbers of ions on 4(0)--- b (])  10.277(1)  10.288(1)  10.246(1)
Si 1.00 1.00 1.00 c (®)  6.012(1)  6.019(1)  6.000(1)
Mg 1.37  1.43  1.47 v (R3) 295.0 296.0 293.3

Fe 0.59  0.47 0.24

Zn 0.04  0.10  0.29

*) Average of 6 analyses in six different olivine grains. Figures in parentheses
represent the estimated standard deviation, thus 4.775(1) indicates es*imated
standard deviation of 0.001.

The cell parameters (a, b, ¢ and V) of different olivines have been
correlated with their chemical composition (Figs 4 and 5). The correlation dia-
grams have been made using data of five different olivines(see footnote to Fig.4)
and the synthetic olivines of this study. The cell parameters are increasing with
increasing Fe-content and decreasing Mg-content in the olivines. The same trends
were observed by Nord et. al. (1982) for (Mg,Fe,Ni)-olivines. There is not a good
correlation between Xé? and the cell parameters due to the low Zn-content in the
olivines and to the few data available. The sample F14 (Ericsson & Filippidis
1986) shows greater cell dimensions than the present synthetic olivines due to
the absence of Mg and high Fe-content (XE? = 0.935). Possibly the cell parameters
are decreasing with increasing Zn-content in the olivines, comparing the average
values of olivines F1 and F2 with the values of olivine F3 (Table 1).

Using the effective ionic radius(IR) given by Shannon (1976) for Fe

(IR = 0.78), Zn2+(IR = 0.74) and M92+(IR = 0.72), and the results of the present
2+

2+
investigation it is quite clear that the unit cell volume decrease when Fe™ is
replaced by the smaller M92+ ion. Probably the same happens when Fe2+ is replaced
by the Zn2+ ion. Lumpkin & Ribbe (1983) concluded that in olivines, the cell pa-
rameter (a) is highly correlated to the mean ionic radius of the M1 cation, while
(b) is dependent on the mean radius of the M2 cations. The cell volume(V) and the
cell parameter (c) were found to be function of the radius of both cations.
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Fig. 2.

B

Fig. 1. Scanning electron microphotograph of synthetic
{Mg,Fe,Znl-olivine from sample FL,

Iv. 1. MikpoywtoypoplafSEM) cuvBetiked  (Mg,Fe,Znl-
ohfivn amd toe delypa F1.

Wi 70 30 T Y - < Fa

mol &

Chemical composition of synthetic olivines in the quaternary
system Forsterite{Fo)-Willemite{Wi)-Fayalite(Fa).

Iy, ¥, dnuukd olotaon twy ouvBeriewy olufuvdy oto oloTnUa QOPOTE-

ploniFol-BriheulTn (Wi l-patiakitniFal.
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Fig. 3. Scanning profiles(Fe and Zn)} of synthetic {Mg,Fe,Zn)-olivines.
F1, F2 and F3 = 0livines {see Table 1).
Mt = Magnetite.
Ft = Franklinite.

 X. 3. Zapwtikég toptg(Fe xair In) oc ocuvBetikolg (Mg,Fe,Zn)-oALBlveg.
F1, F2 xav F3 = OALBlveg (BA. Muv. 1),

Mt = Mayvntitng.

Ft = OpavkAivitng.
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Fig. 4. Variation of the cell parameters{adb) with composition of olivines. F1,F2
&F3=(Mg,Fe,Zn)-olivines from this study. 01=(Mg1 89Fe0 07N1'0 03)5104 from

Fitippidis (1982). H13=(Mg1 05Fe0 95)51'04 from Nord et. al. (1982). Fl4=

2X.

(Fey ggZng.13)5104

from Ericsson & Filippidis (1986). 17=Fe251'04 from An-

nersten et. al. (1982). SK=Mng1'04 from Schwab & Klstner (1977).
4, 3xéon twv 0TaBepwv Tou TMAEyuatoc(a&b) pe TNV XnuLkA OUCTAON TWV OALBLVGV.
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Fig. 5. Variation of the cell parameters(c&V) with composition of olivines.
Qlivines used: see footnotes to Fig. 4.

2x. 5. 2xéon Twv otaBepwv Tou MAEyuatoc(c&V) pe Tnv XnULKA olvotaon Ttwv OAL-
BLvwv. OALBLveg mou xpnoLuomolABnkav: BA. enefnvhoeilg tou ox. 4.
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