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ABSTR.{cr
Natural ancl synthetic minerals of the olivine group wele investigated using infrared
inabsorption techniques. Group members studied include those formed by substitutions
and
volving the follou'ing cation pairs: Mg-Fe, l'e-Mn, Mg-Ca, Ca-Mn, Mg-Mn, Mg-Ni,
X{n-Ni. Infrared absorption spectra \,vere obtained in the frequency range 4000 cm-1 to
4@ cm-l.

bond
the bond. Other factors such as electronegativity and polarizability also afiect the
character.
The frequency of each absorption band varied linearly rvith composition $'ithin any
one substitution system. When this relationship was plotted, determinative curves were
obtained which could be utilized to determine the composition of samples for lvhich
analytical clata rvere not available. The precision of the determination was within 5 mol /6.
Accuracy of the cleterminations decreased rapidly rvhen a solid solution series rvas contaminated with a third substituent cation'
The approximate positions of the bands $,ere calculated by assuming they were caused
by vibrations .\,vithin the sior tetrahedra. The s1'mmetry properties of the olivine unit cell
reveal the distortion of the tetrahedral symmetry of the Sioa to a point group symmetry
of C". Analysis of the group character tables reveals that the observed absorption bands
are explained by this symmetry distortion.

IurnonucuoN
The purpose of this investigation was to correlate the compositions of
the olivine group minerals with systematic variations in their infrared
absorption spectra and to assign the observed absorption bands to
vibrations within the olivine structure. Thirt-v-sevenolivine sampleswere
investigated, including twentv-two natural and fi.fteen svnthetic specimens.
A suite of samplesrepresentativeof the entire forsterite-fayaliteseries
was obtained from Dr. H. S. Yoder. Thesesampleshad been the subject
of a previous study and analytical and s-ray diffraction data were available (Yoder and Sahama, 1957). Other natural olivines were identified
1 Present address: Research& Development corning Glass Works corning, New York.
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using tr-ray diffraction, *-rav fluorescence,and optical techniclues.
The sample compositionswere related empirically to variations in the
infrared absorption spectra. Each substituent cation pair was treated
separateiy and shifts in the frequenciesof the absorption bands were
correlated with the ratio of the substituting cations and with the phy'sical
and chemicalpropertiesof the cations.
Due to availability of samples, only the forsterite-fayalite series was
studied in detail. Other naturai systemsinvestigatedinclude the forsterite-monticellite series,the monticellite-glaucochroiteseries,the glaucochroite-tephroiteseries,and the fayalite-tephroiteseries.These systems
involve various substitutionsof magnesium,iron, calcium and manganese
in the olivine structure. Synthetic solid solution seriesstudied were the
Mg-Mn olivines, the Mg-Ni olivines, and the Mn-Ni olivines.
The configurationof the infrared spectrais similar and characteristic
of olivine group minerals.In general,sevenmajor absorption bands are
noted in the frequency range 4000 cm-l to 400 cm-l. The frequencv of
the absorption maxima for each band is tabulated.
When the absorbancedata for members of the forsterite-fayalite
serieswere plotted versus composition,in molecular per cent forsterite,
a linear relationship was obtained. This may be used in estimating the
compositionof samplesfor which analytical data are not available.
The shifts in the absorption maxima with compositional variations
lvereempiricallv related to the propertiesof the substituent cations.The
theoreticalvibration frequencieswere calculatedby assumingthe structure to be isolatedSiO+tetrahedra.By taking into account the distortion
of the tetrahedrain the crystal lattice, it was possibleusing group theory,
to assignthe observedabsorptionbands to specificmolecularvibrations.
Cnvsr.q.r-SrnucrunB
The olivine group minerals have the general formula MzSiOn,where
M is a divalent cation such as Ca, Mg, Fe, Mn or a mixture of such
cations.
The olivine structure may be described as tetrahedral SiO+groups
bonded together by divalent cations. An alternative descriptionis that
of an array of hexagonal close-packedoxygen atoms with silicon in
tetrahedral holesand divalent cations in octahedralholes.The structure
is characterizedby an orthorhombic symmetry, a tetramolecular unit
cell and a chrvsobervl type (AlzBeOD structure. The space group is
Vr,16which provides f or the close-packedoxygens (Bragg, 1926).
The close-packingof the oxygen atoms is however, only an approximation. The oxygen lattice is distorted slightly by, the cations. The
amount of distortion depends upon the size, mass, electronegativity,
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and polarizability of the substituting cation. The dimensions of the unit
cell are changed accordingly (Wyckoff, 1960,p. 5).
ExpnnruBxrar

PnocBpunns

One of the major probiemsin a study of this type is the accumulation
of a sufficient number of samples to be representative of a mineral series.
Separation from the rock of the individual mineral speciesand the determination of their chemical composition is sometimes diffi.cult. Fortunately, some of the samplesobtained were individual minerals which had
been chemicallyanalyzed,and the data publishedby Yoder and Sahama
(1957,p. 475). Other specimensrequiredseparationof the desiredmineral.
Standard separation methods were used. These included magnetic,
heav1.iiquid, and hand-picking techniques. The presenceof impurities,
if any, was revealed in the petrographic microscope or in the initial
infrared absorptionspectrogram.Only cleanedsampleswere usedfor the
subsequentinfrared analyses.
Infrared. The preparation of the infrared sample discs followed techniques describedby Tuddenham and Lyon (1960,p. t632). The sample
concentration was 0.257a in KBr and the thickness of the two discs
were 1.4 mm and 0.5 mm. A referencedisc of potassium bromide was
made each day that sample discs were prepared. By using this disc in
the reference beam of the infrared spectrophotometer, effects of hydration were minimized.
An infrared spectrogram was made for each mineral using a PerkinElmer Model 421 grating spectrophotometer in the frequency range
from 4000 cm-l to 535 cm-1. The spectrum was also examined in the
frequency range 666 cm-l to 400 cm-r using potassium bromide optics
in a Perkin-Elmer model 21 prism spectrophotometer.
Synthesi.s.A number of olivine-type minerals were synthesized using one
of two methods. The first method involved melting of the sample material in an arc spectrograph. Oxides of the various metais were thoroughly mixed in a mechanical mortar to give the proper stoichiometric
proportions and thesemixtures were then loadedinto preformedgraphite
electrodes,and arced for 20 seconds.This was sufficient time to remove
volatile impurities, and to allow complete melting of the sample. A small
bead was formed in the electrodecup which in almost every case was
found to be essentially an olivine-type mineral. It should be noted that
the rate of volatilization is different for the different eiements and the
exact composition of the bead was not known. IIowever, for an arcing
time of 20 secondsit was assumedthat the bead obtained had the com-
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position of the stoichiometricmixture. A number of attempts to sl.nthesize NirSiOain this manner were unsuccessful.Ringwood (1956) noted
the same difficulty using fusion techniques. A NirSiO4 olivine was prepared using a procedure as outlined by Ringwood (1956). Analytical
grade NiO, a colloidal form of SiO2,and approximately 27o CaF2 were
thoroughlv mixed in a mechanical mortar. This material was pressed
into small discsusing a metal die and sinteredat 1400oC. for two hours.
X-ray and infrared analysesshowed the sample to be approximately
Tesrn
Fo Mol /6

5.5

1. Sor,'ncn ol ANarvzno OrrvrNEsr

Original Sample No.

F

32.3

USNM11913

39.7

FEAE 121

s39

E

55.6

D

6 1. 3

FEAE 62

80.6

FEAE 139

8 7 .8

C

94.7

150

Source
Sahama
(Sahama and Torgeson, 1949)
G. Switzer
(Penfield and Forbes, 1896)
K. Hytonen
(Yoder and Sahama, 1957)
Sahama
(Sahama and Torgeson, 1949)
Sahama
(Sahama and Torgeson, 1949)
Sahama
(Yoder and Sahama, 1957)
K. Hytonen
(Yoder and Sahama, 1957)
Sahama
(Sahama and Torgeson, 1949)
Sahama (1953)

I Data after Yoder and Sahama (1957)

75% NirSiOa with some unreacted NiO. The excessSiOz present was
converted to cristobalite.
Resurrs AND DrscussroN
Forster'ite-Foyal,ite
Series.A suite of chemically analyzed minerals in the
forsterite-fa1'aliteserieswas obtained from Dr. H. S. Yoder. These samples and the original source are listed in Table 1. The analvses,along
with r-ray diffraction data were publishedby Yoder and Sahama(1957).
Th-echemical analysesare reported in Table 2.
The infrared absorption maxima for this suite of chemically analyzed
olivines are listed in Table 3.
The precisionof the frequencydeterminationwas calculatedfrom data
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Tenr-n 2. OrrvrnB Cnrurcar, An,q.lvspsr
Fo
Mole
,7o

Theoretical
O OTo

Sioz
TiOz
AbOr
FeuOa
FeO
MnO
Mgo
CaO
HrO+

29 48

i0.52

878

9+7

36.25
000
014
064
32.60
o26
30 04
o.12
000

38.53
004
o74
067
16.60
027
43 15
000
0.00

10.24
000
001
068
10.92
028
48 08
000
0.00

1r 07
0 0.s
056
06s
378
023
54 06
000
0 0i

000

000

0.00

0 0,1

000

100 00

100 05

100 00

100 32

397

53.9r

29 96
000
000
0.00
63.31
440
223
010
0.00

n.d
nd.
nd.
47.26
454
13 88
nd.

34 08
004
0.00
o.27
47 30
065
17.83
0_00
005

35 31
000
0.00
170
36 91
0 .5 3
2-i 55
0.00
000

]

0.48
000

0.00

HrO-

80 61

323

100 00

100.22

100.45

Theoretical
1O07o
42.69

100 00

I Data from Yoder and Sahama (1957).
2 Corrected lor an estimated 17o ma1tetite.
3 Corrected for estimated 0 75% ilmenite and magnetite.
a Corrected lor 1.6/6 analyzed. clinopyroxene

for sample Fo 94.7, Seven spectrogramswere run on the same sample
disc with the disc being rotated between runs. The scan speed was as
slow as possibleand the wavenumber was read directiy for the instrument. The deviation was+ 1 cm-1. The wavenumberstabulated for all
absorption maxima were obtained in this manner. The routine spectra
from which the tracingsare taken, were run at a scan time of 32 minutes.
Figures I and 2 show diagrammatically some spectrogramtracings of
minerals in this series.The general configuration of the oiivine spectrum
is maintained. However, there is a decreasein the frequency of each
band rvith the increaseof iron in the forsterite molecule.This frequency
Orrlrras
T.tela 3. Inrnenro AlsonpuomDera ron Ame,r,vzrn
Wavenumber of Absorption Bands in cm-l
Fo Mol /6

5.5
32.3
39.7
5 3. 9
55.6
61 3
80.6
8 7. 8
94.7

950
970
963
970
970
974
980
983
986

916
930
925
933
932
936
945
950
953

874
878
878
880
880
881
883
884
885

826
830
830
832
832
833
835
836
837

.).)/
577
576
584
585
587
600
ffi2
606

507
521
517
JZI

520
JLI

532
538
\L)

484
486
487
490
490
497
503
504
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Fo 39'7

Fo 5.5

rooo
*o
iTu.nriSL,*tK-'
Frc. 1. spectrogram
tracingsin the forsterite-fayalite
seriesin the region1000-535
cm-l.
decreaseis a iinear function of compositionf or eachabsorptionband. The
shift for each band is however, not the same linear function. Figure 3
illustrates the Iinear nature of the frequency decreasewith composition
for absorption bands 1 and 5. Each of the other bands show a similar
relationship.

620

580

540
500
460
WAVENUMBER IN CM-I

420

Frc. 2. Spectrogram tracings in the forsterite-fayalite series in the region 660-400 cm-r
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The sample determined as 32.3 mol per cent forsterite by chemical
analvsis yielded anomalous results as seenin Fig. 3. The same anomalous
values were noted for each of the other absorption bands. The discrepancy in the frequencies of the absorption bands suggeststhat the composition of this sample is between 40 and 50 mol per cent forsterite. In
9€?
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Frc. 3. Forsterite-fayalite composition 1s. wavenumber for absorption bands 1 and 5.

the x-ray diffraction study of this sample, Yoder and Sahama (1957' p.
484) obtained a composition of approximately 44 mol per cent forsterite
but rejected the determination due to the relatively high manganese
content of this sample. Manganesealso shifts the positions of the infrared
absorption maxima and may account for the anomalous results.
Lehmann et at. (1961) noted that there was a linear relationship between the fayalite content of the olivine and the frequency of absorptive
oscillations. They felt that this relationship could be used for analytical
purposes.
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Slaydon and Ehlmann (1961) also examined the forsterite-favarite
s e r i e sa n d u s e d b a n d s 2 a n d 5 f o r c a l c u l a t i n gc o m p o s i t i o n so f m i n e r a l s
in this series.In comparing the data compiledin the present study with
that of Slaydon and Ehlmann, some discrepancieswere noted. Their
regressionequations could not be fitted exactly. A general fit was possible for band2, but it was not possibreto fit their equation for band 5.
This could be due to differencesin the resolution at lnis frequencv between the instruments used.
Sevensamplesin the forsterite-fayariteserieswere comparedas further
evidence of the determination of composition using the frequenciesof
the absorption bands. The composition of each sample was Jetermined

rasrE4.coulosrrroN*o;.rffiX'jiLfi""I:f
;T,:"""varrrnsnnms
Sample

Mol /6 Fo

Max.
Deviation

Location

1
Forsterite
Forsterite
Peridot
Olivine
Olivine
Fayalite
Fayalite

Cecchina, Italy
Bolton, Mass.
Unknown
XIonroe, N. Y.
Monroe, N. Y.
Unknorvn
Rockport, Mass,

88
93
97
JJ

0
10

89
95
93
36
37
l6
IJ

89
9t
88
33
.).)
o

3

f tr. .)

+3.5
+45
IJ.

)

+8.0
+6.5

using the absorption maxima for bands 1,2,4 and,S.The data are listed
in Table 4.
The correlation of compositions determined from each band was
reasonablygood exceptfor the two fayalite samples.For these,the deviation from the mean was a maximum for band 2. This indicated the presenceof another cation such as manganesewhich causedanomalousvalues

SCTIES.

As 1'et, the factors responsiblefor the frequency decreaseof the absorption bands with an increasein iron have not been discussed.rn this
casethe frequency of each band decreasesas the radius and mass of the
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cation linking the SiO+ tetrahedra increase.These two properties are
probabiy the principal factors but certainly not the only ones. Factors
iuch as electronegativity, polarizability, per cent ionic bonding, and
the relative perturbation and distortion of the iattice by the substituent
cation also influence the vibration frequencies.
Other Oliai,neGrowp Minerals. Other olivine minerals studied were monticellite, glaucochroite,tephroite and knebelite. The infrared absorption
data for these minerals are listed in Table 5.
The substitution of Mn2+ for Fe2+in the fayalite-tephroitesolid solution yielded results very similar to those found in the forsterite-faValite
series.Figure 4 illustrates the changein the infrared spectrum with the
t"rrr

5.h""*"t

A"t
Wavenumber in cm-l

Species

3
Monticellite
Glaucochroite
Tephroite
Knebelite

97r
956
943
953

9+2
915
908
913

880
865
855
870

4

827
816
813
823

587
560
554
560

substitution of Mn2+ for Fe2+.There is a general decreasein the fre-

composition.
Spectrogram tracings for olivine minerals in which divalent calcium
and manganeseare substituted for magnesiumare illustrated in Fig. 6.
This shows a decreasein frequency of the absorption bands with the
substitution of calcium for one of the magnesium ions in monticellite. A
further decreasein the frequenciesof the absorption bands results with
the substitntion of manganesefor the other magnesium ion in giaucochroite. In tephroite, the calcium ion is replaced with another manganese
ion and again the frequenciesof the absorption bands decrease.As in
the forsterite-fayalllsseries,the decreasein frequency-of the absorption

t397
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FAYALITE

TEPHROTE

'Touffir.rtff.*-Po 600
Frc. 4. Spectrogram tracings in the fayalite-tephroite

series in the region 1000-535 cm-r.

bands may be related to either an increasein the massor ionic radius of
the substituent cation.
One anomalous feature in the spectra of both knebelite and glaucochroite is worth discussion.This is the development of an additional
absorption maximum in band 1. In the spectraof fayalite and tephroite
by Tarte (1963, p. 28) a doublet is also observed although no such
doublet was noted in our spectra of these two minerals. The reasonfor
developmentof this doublet has not been established.However, in the
isostructuralmonticellite,there are two crystallographicallyindependent
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@

-z
e
=

o

ro

Frc. 5. Fayalite-tephroite

20

30

70
40
60
50
MOL '/. FAYALITE

composition

zrs. rvavenumber

80

90

100

for absorption

band 4.
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cation sites-Ml corresponding to the magnesium position and M11correspondingto the calcium position. Ghose (1962,p. 392) postulated the
ordering of magnesium and iron in the olivines and predicted that Fe2+
would be preferred in the M11 site, whereas Mg would be preferred in
the Mr site. Yoder et al. (1957) detected no ordering of the magnesium
and iron cations in the olivine lattice. There was no evidencefrom our infrared spectra, of ordering of magnesium, iron or calcium in preferred

'ffu.'.ffir*
,ffirn-

6oo

Frc. 6. Spectrogram
cm-1.
tracingsof otherolivinegroupmineralsin ttreregion1000-535
cation positions. The infrared spectra exhibited the same configuration
with only changesin the frequencies of the absorption bands.
Only in solid solutions involving Mn2+ with Ca or Fe2+,was an additional absorption band noted. In the synthetic series MgzSiOa-MnrSiOn
as seenin Fig. 7, there was no doublet formed in band 1.
One possible explanation of the doublet is that ordinarily Mn2+ would
preferentially order in the Mrr cation position with Mg in the M1 position. However when Fe2+or Ca is in the lattice with Mn2+ the Mn2+ is
forced into an M1 position with the Fe2* or Ca in the larger M11position.
This type of ordering could result in the formation of the additonal
absorption band.
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Synthetic Oliztines.The olivine group minerals made sirnthetically u'ere
membersof the MgzSiOa-MnzSiOa
series,the MgzSiO+-NizSiOa
series,and
the Mn2SiO+-NizSiOa
series. These yieided infrared absorption spectra
which were identical to the natural olivines. The absorption band frequencieswere within a few wavenumbers of those of the natural minerals
having similar compositions. The confi.gurationsand intensities of the
absorptionbands were also comparable.Tabie 6 lists the infrared absorption maxima, for the svnthetic olivine minera.ls.

M92SiO4

MCr5Mn.5Sl04,
llgMnSlO4

Mc.smr.ssl%
Mn2 SlO4

WAVENUHBERIN CM.I
Frc. 7. Spectrogram tracings in the synthetic Mg2SiOr-MnzSiOa series.

Five members of the MgzSiOn-MnrSiO+series were synthesized. This
has been called a solid solution seriesby Poldervaart (1950). Tracings
of the infrared spectrafor samplesin this seriesare presentedin Fig. 7.
There is a decreasein frequency of each of the absorption bands with
the addition of manganese.The disappearanceof band 2 in the intermediate membersand its reappearancein MnrSiO+should be noted. The
frequency decreaseis again a linear function of composition as shown
for band 4 in Figure 8.
Five members of the MgrSiOa-NirSiOa
serieswere prepared. Tracings
of the infrared spectra for samples of this series are shown in Fig. 9.
There was a generaldecreasein the frequenciesof the absorptionbands
with the substitution of nickel for masnesium. The frequencv decrease

14OO
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TasLE 6. INlner.ro D-nre lon SvNrnnrrc Or-rl'rNuGnoup MrNBnar,s
Wavenumber of Absorption Band in cm-r
Species

Mgrsio,
(Mg1 5Mn6 5)SiOa
(Mgr oMnr o)SiOr
(Mgo s)(Mnr s)SiOr
MnzSiOr
MnuSiOr
(Mnr sNio s)SiOr
(Mnr oNir o)SiO+
(Mno sNir s)SiOr
Nirsio4
MgzSiOr
(Mgr 5Ni6)SiOr
(Mgr oNir o)SiOr
(MSo sNi 5)SiOr
Nirsio4

984
977
970
964
9+4
946
948
o(7
964
972
982
980
972
964
972

954
945

906
906
905

9t6
954
953

916

885
878
872
867
860
860
860
865
868
868
885
884
878
874
868

837
831
825
819
812
814
814
8r7
818
823
836
835
.1J J

826
823

608
598
s87
574
556
5s9
560
560
565
575
607
605
590
Jtz

575

in this serieswas not a linear function of composition.The non-linearity
of the absorption band shifts suggeststhat this is not a simple solid solution series.Ringwood (1956) showed this to be the case using melting
relationships.
With the substitution of nickel for manganesein the synthetic
MnzSiO+-Ni:SiOaseries, there was a slight increase in the frequenc.v of
the absorptionbands. The frequency increasefor each of the bands was
again not a linear function of composition and suggestedthat this was
not a simple solid solution series.

z
E

=
@

z

=

MOL % M92Si04

Frc. 8. Composition us. wavenumber for band 4 in the synthetic series MgrSiOrMn:SiOr.
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TnBonBrrclr DrscussroN
The theoretical treatment of mechanismsproducing changesin the
frequenciesof the absorption bands requires relating, if possible,the
absorption bands to particular vibrations in the olivine lattice.
One method is to treat the molecular vibrations using the classical
equationsfor a simple harmonic oscillator.This is at best an approximation and in addition necessitatesrelating in advance each absorption
band to a particuiar vibration of the molecule.rt would be incorrect to

Ms2siq0

Mgt.5Ni.SSi04
MsNiSiO4
Me.5Ni1.55iQ1
Ni2si04

WAVENUMEER
IN CT-I
Ftc. 9. Spectrogram tracings in the synthetic MgrSiOrNLSiOr

series.

use the reduced mass for Mg and O if the absorption band considered
was due primarily to Si-O stretching.
A better understanding of the relation between the structure of the
moleculeand the resulting infrared spectrum requires a detailed examination of the s1'mmetry of the olivine molecuie.
I solated,SiOnTetrahedra.As a first approximation, the oiivine lattice may
be consideredas composedof independenttetrahedra.Their positionsin
the olivine lattice or possibleinteractions may be excluded.In this case
the SiO+moleculesmay be related to the XYa molecule discussedby
Herzberg (1945) which has a point group symmetry Ta. The svmmetry
modes for the tetrahedral XYa moleculeare representedschematically
in Fig. 10.
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It is necessaryto determine which of these speciesare active in the
infrared. This is accomplished by examining how the speciestransform
in terms of the componentsof the dipole moment. It may be seenfrom
the symmetry modes or from the character tables given b1'Herzberg
(1945) that there is no dipole changein the species Ar and E and that the
F2 speciesdo have a dipole moment change. Ar and E are therefore inactive in the infrared sincethere is no mechanismfor an energ,vinterchange
Al

vzo

<--/r
rux^

\/

Ygo

lqo

!st

v+o

Frs. 10. Symmetry modes for an isolated XYa molecule.

from the infrared sample beam to the molecule. The Fz speciesare active
since they do undergo a dipole change.
It is possible to calculate the theoretical frequency of each vibration
in the speciesand to comparethesefrequencieswith the observedspectra.
Assuming that valenceforcesexist between the Si and O nuclei Saksena
(1961) calculated these theoretical frequencies using approximate force
constants.He obtained the following frequenciesa:729 cm-l, v2:['lJ
cm-l, zr:1031 cm-l, and za:{PJ 66-t.
The correlation of the theoretical vibration frequencies for the isolated SiOatetrahedron with the observedspectrais useful in the general
assignmentof the absorption bands. The triply degeneratevibration za,
at approximately 1000cm-r, could accountfor absorptionbands 1,2 and
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3, as seenin Fig. 1, if it could be shown that vzis split into three distinct
non-degeneratevibrations.
The frequency of absorption band 4 compares closely with the calculated frequency of 21. However, r/1in the isolated tetrahedron is inactive in the infrared, and should not be observed. The frequency of
bands 5, 6 and 7 are in the frequency range of that calculated for either
vz or vq.However, z2is also inactive in the infrared for an isolated tetrahedron. The zr frequency could account for these bands if it were also
split into three non-degeneratevibrations.
The assignment of the observed absorption bands is not complete
using the model of an isolatedtetrahedron.This model doesnot account
for the splitting up of 22,ysa,ndvt into non-degeneratevibrations and the
activation of yr and z2 in the infrared which is required for an adequate
assignmentof the absorption bands.
SiOr Tetrahedrai.n the Olivi,neLailice.In olivine, the SiOatetrahedra are
not isolated but are actually in a crystal lattice and therefore influenced
by the potential field of that lattice. The effect of this potential field on
the SiOatetrahedra has already been empirically evidenced b1' changes
in frequency of the absorption bands due to different substituent cations.
It is therefore necessary to examine the symmetry of the olivine unit
cell and to determine, if possible, the nature of this potential field and
its effect on the vibrations of the SiOr tetrahedra. Thus, the forsterite
structure can be thought of as consisting of SiOatetrahedra distorted in
a potential field of Mg nuclei.
The space group of the olivine minerals has been established as Vn16
by Bragg and Brown (1926). According to Halford (1946, p. 14) the
possiblesymmetries in this spacegroup are 2 C;(4) and C
This means
"(4).
that there are two distinct sets of lattice sites with C; symmetry with
four equivalent sites in each set. There is only one set of sites with a
C" symmetry and four equivalent positions per set. For MgrSiOa it is
possible to distinguish each of these sets. The Mg ions have a center of
symmetry correspondingto Ci. In addition, Wyckoff (1930,p. 64) Iists
the two general positions of the Mg ions corresponding to two distinct
sets of sites with 4 Mg ions in each set. The SiOagroup with no center
of symmetry is then assignedto the C" point symmetry.
Since the SiOa vibrations are believed to account for the observed
absorption bands, it is now necessdryonly to analyze the Cu symmetry
in terms of the group characters. This may be done by considering the
symmetry distortion of the SiOr tetrahedra from T6 to C" due to the
influence of the surrounding potential field. The character table for the
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point group Ta resolved to a C" symmetry yields the following results
(Herzberg, 1945, p. 237).
Ar+A'

E -A'+ A"
Fz+A'+A'+A"
Since there are two F2 species,the total number of vibrational species
are 6 A'and 3 A// and all 9 becomeactive in the infrared.
The infrared absorption spectra of the olivine minerals may now be
interpreted in terms of these nine infrared active vibrations. The Fz
speciesr/8,split into three distinct non-degeneratevibrations, accounts
for bands l, 2 and 3. A similar assignmentwas made by Saksena(1961)
and more recently by Tarte (1963). The Ar speciesis now an A/ species
and is active in the infrared. Absorption band 4 is attributed to this vr
vibrational mode. The other Fz speciesz,ris also split into three nondegeneratevibrations and accounts for bands 5, 6 and 7. The minor
bands observedbeyond approximately450 cm-r as seenin Fig. 2, may be
assigned in part to the A' and A" species,v2airlrd /26' &rd in part to
vibrations of the cation octahedra.
CoNcr-usroNs
This study has shown that the olvine group mineralsare characterized
by their infrared absorption spectra. The configuration of the absorption
bands was the same for all members of the olivine group. Each of the
absorption bands shifted in frequency upon substitution of various
cations into the lattice and the total frequency shift was different for each
band. The frequency decreaseof the absorption bands was linear for
the forsterite-fayalite solid solution series.Linear shifts were also noted
for other solid solution series such as the fayalite-tephroite series, and
the synthetic MgzSiOa-MnzSiO+series. Synthetic series containing Ni
were assumed not to be simple solid solutions since the change in frequency of the absorption bands was not a linear function of composition.
The frequencies of the absorption bands decreasedas the mass and
ionic radii of the cations increased.The effects were algebraic functions,
but their quantitative characteristics were not determined due to the
influenceof other factors such as electronegativity,polarizability, etc.
The observed specta were correlated with the theoretical vibration
frequenciesof the olivine molecule. This correlation was inadequate when
the SiOr tetrahedra were considered as isolated. This approximation,
however, facilitated the calculation of the general positions of the SiOr
vibrations.
The observedabsorption bands can be assignedto particular molecular
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vibrations by including the influence of the potential field surrounding
the SiOr tetrahedra.These tetrahedra are distorted in the olivine crystal
lattice from a Tlto a C" symmetry which resultsin splitting of degenerate
vibrations. Other vibrational modes are made active in the infrared by
this symmetry distortion. Further refinements of frequency calculations
in the complex symmetry field would allow the calculationof exact force
constantsfrom the observedspectra and facilitate an understandingof
the effect of substituent cations on the intermolecular forces.
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