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968 BUNNS AND HUGGINS

Early studies of the infrared spectra of olivines (Lehmann, Dutz'

and Koltermann, 1961 ; Duke and'stephens, 1964) have-shown that

peak maxima are composition dependent' Duke and Stephens (1964)

suggested from measurements down to 400 cm-l that infrared spectra

.orrld b. used as determinative curves for olivines. we have extended

the spectral range to 200 cm-1 and have derived equations of cation

composition determinative curves for the Mg-Fe, Fe-Mn, and Mg-Mn

olivine binary solid-solution series, and have constructed a determi-

native grid for ternary Mg-Fe-Mn olivines'

ExronrlrpNter, MPruoos

The chemical analyses of the minerals used in the present study are sum-

marized in Table 1. specimens 1-11 belong to the forsterite-fayalite series, and

specimens 11-15 conform closely to the fa.yalite-tephroite series, while the

tephroite-forsterite series is represented only by specimens 15, 16' 17' and 1'

Data are also included for roepperite (specimen 18), monticellite (specimen 19),

and willemite (specimen 20). The compositions of the olivines (specimens 1-18)

are plotted oo u triuogrrlar diagram for the MpSiOa Fe"SiOn, and Mn'SiO'

components in Figure 1-. This figure demonstrates the restricted pseudobinary

nature of olivine minerals.
Most of the spectra were measured over the range 2000-200 cm-' oi a Perkin-

Elmer model 225 recording spectrophotometer using powdered olivine specimens

in pressed cesium iodide discs. The precision of this instrument is zuch that

certain peak maxima may be read to -F 0'5 cm-' unit' Sample preparation of

silicat'e minerals for irrfrared, measurements is described elsewhere (Burns and

Prentice. 1968: Bancroft and Bums, 196,9)'

Fc25 lC)4
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Frq. 1. Compositions of the olivines used fOr infrared measurements.
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Relationships between olivine composition (X) and frequency (y) of eash
peak maximum in the infrared spectrum (in cm-t units) were computed by a
least squares method, using the CURFIT 2 ALGOL program on file at the
Oxford University Computing Laboratory, England. This progra^rn enables a
series of polynomials up to degree n ta be computed, provided there are (n * 2)
or more points, together with two statistical error estimates: (l) sum of squares
of residuals 2(lz.t" - o",t"l') for all points of coordinates (X, r) for each poly-
nomial having the form

v  =  c ( n , O )  *  c ( n , l ) X  +  . . .  *  c ( n , n )  Y

and (2) standard deviations d(n, q) for the corresponding coefficients c(n; q).
The best-fit polynomial relating peak maxima to olivine composition was taken
to be that for which the ratio residual (n): residual (n * l) did not exceed 2:1.

Rnsur,rs

The spectra of minerals with the olivine structure are remarkably
similar in the region 1000-550 cm-1. This is illustrated by Figure 2,
in which the spectra of the olivines forsterite, fayalite, tephroite, and
monticellite are compared with that of willemite which does not have
the olivine structure. Five peaks may be distinguished in this region,
the positions of which change with cation content of the olivine. An
additional seven or eight peaks may be recognized in the region
below 550 cm-1, the relative intensities and positions of which may
vary with olivine composition.

The spectra of the forsterite-fayalite series (except specimen 8,
which contains appreciable Mn) are illustrated in Figure 3 and the
positions of the peak maxima are summarized in Table 2. Thirteen
peaks or prominent shoulders could be identified in the spectrum
of forsterite (specimen 1). Most of the peaks could be traced across
the forsterite-fayalite series. Such sets of peaks are here labelled
bands 1 to 13.

All of the bands on the forsterite-fayalite series show a shift of
peak maxima to lower frequencies with increasing iron content. How-
ever, the compositional variations of the individual bands differ, with
the result that there are also notable changes of relative intensity and
breadth of the band envelopes across the series caused by the merging
and divergence of neighboring bands. For example, bands 6 and 7
appear to diverge with increasing iron content, so that band 6, which
starts as a prominent shoulder in the spectrum of specimen 1 becomes
a distinct peak in the spectra of specimens 5 to 11.

The spectra of the fayalite-tephroite series are illustrated in Figure
4. The same series of bands found for the fosterite-fayalite series are
remarkably uniform across the fayalite-tephroite series. The peak
maxima data summarized in Table 3 show that the compositional
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DETERMINATION OF OLIVINES FROM SPECTRA 97I

Tanr,n 1, coNr.

1. Forsterite; Webster, North Carolina; analysts: J. Carpenter, D. G. W.
Smith (microprobe).

2. Chrysolite; Jan Mayan Island, Arctic Ocean (Berkeley 12489) ; analyst:
D. G. W. Smith (microprobe).

3. Chrysolite; Skaergaard intrusion, East Greenland (Oxford 45Zi); analyst:
D. G. W. Smith (microprobe).

4. Hyalosiderite; Skaergaard intrusion, East Greenland (Oxford 5107); analyst:
D. G. W. Smith (microprobe).

5. Eyalosiderite; Skaergaard intrusion, East Greenland (Oxford 5111); analyst:
D. G. W. Smith (microprobe).

6. Hyalosiderite; Skaergaard intrusion, East Greenland (Oxford 4077); analyst:
J. V. Srnith (1966).

7. Hyalosiderite; Lydenburg, Transvaal, South Africa (Cambridge 54087);
analyst: D. G. W. Smitb (miooprobe).

8. Hortonolite; location unknown (Berkeley 12494); analyst: D. G. W. Smith
(microprobe).

9. Ferrohortonolite; Skaergaard intrusion, East Greenland (Oxford 5181);
analyst: D. G. W. Smith (microprobe).

10. Ferrohorionolite; Skaergaard intmsion, East Greenland (Oxford 4147) ;
analyst: D. G. W'. Smith (microprobe).

11. Fayalite; Rockport, Massachusetts (USNM R9517); analyst: D. G. W.
Smith (microprobe).

12. Knebelite; Schysshyttan, Sweden (Berkeley l%lll); analyst: D. C. Harris
(microprobe).

13. Knebelite; Dannemora, Sweden; analyst: G. E. Brown, personal communi-
. cation (microprobe).
14. Manganknebelite; Broken llill, Australia; analyst: D. C. Harris (micro-

probe).
15. Tephroite; Clark's Peninsula, Wilkes Land, Antarctica; Mason (1959).
16. Picrotephroite; Sterling, New Jersey, U.S.A. (Ilarva.rd 105490); analyst:

Hurlbut (1961).
17. Picrotephroite; Franklin, New Jersey, U.S.A. (Harvard 85551); analyst:

Hurlbut (1961).
18. Roepperite; Franklin, New Jersey, U,S.A. (Harvard Bauer Collection);

analyst: D. C. Harris (microprobe).
19. Monticellite; Crestmore, California, U.S.A. (BM 1960, 334); ana.lyst:

Moehlman and Gonyer (1934).
20. Willemite; Belgium (Oxford Museum); unanalysed.

variations of all bands for the fayalite-tephroite series are smaller
than those for the forsterite-fayalite series (Table 2).

In the forsterite-tephroite series the poor representation of speci-
mens having compositions between 10 and 50 percent MnzSiO+ makes
it difficult to correlate bands unambiguously across the series at low
frequencies. This region of the infrared spectra is illustrated in Fig-
ure 5 and the peak maxima data are summarized in Table 3. The spec-
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Table 2. Peak naxima in the infrareil spectra ol olivines

of the f ,orster i te -  fayal i te ser ies

w5

Specinen No.

Banal 1

2

3

5

I

9

1 0

1 I

t 2

I3

L 2 3

9 8 2  9  8 4  9 8 0

9 5 4  9 5 1  9 4 5

8 8 5  8 8 5  8 8 5

8 3 8  8 3 8  8 3 6

5 0 5  6 0 4  5 9 7

5 0 6  5 0 4  4 9 6

469 s  465

4 r 5  4 1 3  4 0 6

3 9 9 s  s  s

J t 6  3 t 5  S

294 294 288

4 5 6 7

9 6 7  9 1 3  9 6 8  9 6 5

935 940 939 935

882 882 880 881

8 3 4  8 3 5  8 3 4  8 3 3

5 8 8  5 8 8  5 8 5  5 8 3

s  s  5 1 0  5 1 3

A90 49L 492 487

s s s s

394 396 392 390

3 5 2  3 5 0  3 4 8  3 4 9

284 282 28o s

8 9 1 0 1 1

9 6 1  9 5 8  9 5 0  9 4 5

927 926 919 9r4

874 877 A76 472

830 830 a29 427

5 7 3  5 7 r  5 6 8  5 5 8

5 0 8  5 r 0  5 1 0  5 0 6

482 482 450 472

s  4 0 8  s  s

377 377 366 356

3 3 4  3 3 8  3 2 7  3 0 4

266 s s 253

:es a proninent shoulder or

tra appear to conform with trends in the forsterite-fayalite and

fayalite-tephroite series, as most bands (in the forsterite-tephroite

series) move to lower frequencies with increasing manganese content'

Table 3, Peak mdina in the infrared sPectra of mnganiferous

o l i v i n e s .

Specinen No.

Band 1

5

7

8

9

T 2

1"3

1r  L2  13  14

9 4 5  9 4 4  9 4 5  9 4 4

914 913 912 9r2
472 872 870 868
a27 825 A23 a2l

5 0 6  5 0 4  5 0 5  5 0 4

472 475 477 478

J > b  J 5 )  3 5 t  J ) Z

3 0 4  3 r I  3 0 5  2 9 7

253 250 250 24L

944 965 973

909 924 933

8 6 0  8 7 1  8 7 2

arg a22 827

5 6 4  5 8 0  5 8 8

5 0 5  5 0 4  s 0 7

4 8 I  s  4 8 5

4t2 440

348 362 374

2 9 0  3 r 9  3 3 5

240 265

ra 18 19

9 8 5 . 4  9 5 8  9 7 0

9 5 7 . 3  9 1 8  9 i l 8

8 8 6 . 9  8 7 1  8 7 9

s 3 9 . 3  8 2 4  8 2 9

6 1 1 . 0  5 7 2  5 9 5

5 0 8  5 1 3

5 0 8 , 7  4 8 0  4 7 5

410 438

4 2 0 . 6  3 s 8

3 0 7  3 0 3

20

97s

9 3 r

9 0 0
859

5 1 3

577

459

3 9 4

379

2L7

Extrapolated to 10oB Mq2sio4 using l inear equat ions in table' l

denotes a proninent shoult ler or in i lexion

In specinen 16, an addit ional peak occurs at 294 m-l

In specimen L7, an addit ionaL peak occurs aL '115 m-r

I n  w i l t e n i t e  ( s p e c i n e n  2 0 ) '  b a n d s  I 0  a n d . 1 1  o c c u r  a t  2 6 6  a n d  2 2 7  m - I
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The infrared spectrum of the zincian olivine roepperite (specimen
18) is comparable to those of Fe-Mn olivines and bears no resem-
blances to the spectrum of willemite containing tetrahedral Zn2*
(Figure 2). However, the band maxima for roepperite (specimen 18)
summarized in Table 3 are displaced to lower frequencies than those
for an Fe-Mn olivine (specimen 13) of similar Fe/Mn ratio.

Dornnurner:rvp Cunvss Fnorvr rnn Ixrn.tnnn Sppcrnl

F or st erite- F ay alit e Serie s

The infrared spectra ciearly demonstrate compositional variations
of peak maxima in each of the binary olivine series, indicating that
they form the basis of cation composition determinative curves. Best
fitting polynomials were computed by the CURFIT program for eight
bands in the infrared spectra of ten Mg-Fe olivines. The polynomials
of best fit for all bands in this series were found to be linear equa-
tions, and are summarized in Tabte 4. These data relate the Mg2SiOr
component in an olivine (X) to peak maxima in the infrared
spectra (v). The sum of the squares of residuals, I(lror" - voa.l2)t
are also given together with the standard deviations d(n, q) in paren-
theses below each coefficient c(n, q).

Tab le  4 .  Bes t - f i t  po lynon ia ls  re la t ing  i . r .  -peak  rnax ina  to
ofiYine conposition in the forsterite-fayalite

Band in  Equat ion  o f  bes t - f i t t ing  - - ,  Res i i lua l  12 .
i . r .  spec t ru  po iynon ia l  (x  =  c  MSZs ioe)  t ( l vobs-e" .1"1- ,1

1  v = 9 4 3 . 1 9  + 0 , 4 3 9 X
( r . 4 8 )  ( 0 . 2 4 )

2  v = 9 1 2 . ' l I  + 0 . 4 3 3 X
( 1 . 3 s  )  ( 0 . 2 2 )

3  v  =  8 ' 7 2 . A 3  +  0 . 1 4 4 X
( 0 . 5 5 )  ( 0 . 0 9 )

4  v = A 2 6 . 7 a + 0 . L 2 4 X
( 0 . 2 6 ' )  ( 0 . 0 4  )

5  v = 5 5 7 . 1 3 + 0 . 5 1 7 X
( 0 ,  s 8 )  ( 0 .  r 0  )

7  v  =  4 - 1 I . 5 4  +  0 . 3 4 6 X
( 1 . 3 8 )  ( 0 . 2 3 )

9  v  =  3 5 6 . 0 1  . +  0 . 6 4 5
( r .  1 7 )  ( 0 .  1 9  )

/  1  + r + 1 + /
+5+7+9 )

( 4 - s  )

|  =  4 9 4 2 .  B 0  +  2 . 6 4 6 X
( 3 .  6 6  )  ( 0 .  s 9  )

v = 2 6 9 . 6 4 - 0 . 3 9 3 X
( 0 . 9 4 )  ( 0 , 1 5 )

J U .  J C

5 . 3 4

1  1 0

5 . 8 4

2 3 . 9 7

8 6 . 2 1
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Any of the equations in Table 4 could be used as an olivine cation

composition determinative curve. However, certain bands are pre-

ferable to others. Bands 4 and 5 are considered to be the most suitable

ones for determinative curyes in the forsterite-fayalite series (Burns

and Huggins, 1970) because they are sharp, relatively free from

overlap with neighboring bands, and also show an adequate frequency

range between end member compositions.
Other determinative curves may be computed from the peak maxima

data summarized, in Table 2. For example, the sum of the seven bands

included in Table 4 has a large range (200 cm-1) but has a large

cumulative error arising from any error in spectra alignment. calibra-

tion errors are reduced in determinative curves derived from the dif-

ference of bands 4 and 5, for example. Sueh difference polynomials

eliminate alignment errors and problems of standardization between

different infrared spectrometers. For example, we also computed

best-fit polynomials for bands 4, 5, und (4-5) from the data of

Lyon (1962) and Duke and Stephens (196a). When compared with the

polynomials in Table 4, signifi.cant differences are found between the

three sets of linear equations for bands 4 and 5, but there is good

agreement between the sets of coefficients for band (tt-5).

F ag alit e - T ephr oit e Serie s

A selection of polynomials computed from the infrared spectra of

Fe-Mn olivines is presented in Table 5. They give the MnBSiO+ com-

ponent in the olivine (X) as a function of peak maxima (r). The

peak maxima show zero, small positive, or small negative composi-

tional variations. Because of the small compositional variations, deter-

minative curves for this series based on individual bands h'ave limited

accuracy. A more accurate determinative curYe is represented by the

equation for the difference band (4-7) since the gradient of band 4

is positive and is negative for band 7. This equation is also free of

speetrometer alignment errors.

F or st erite- T ep hr oit e S erie s

Only four analysed specimens were aYailable for the Mg-Mn

olivine series. One of these specimens contained about 7 percent

Fe2SiOa and peak maxima for the end-member MpSiO+ component

were obtained by extrapolating the linear equations in Table 4 t'o zerc

FezSiOr. Because of the limiied number of samples, only polynomials

up to degree two are included in Table 5 as expressions relating

MgzSiO+ component (X) to peak maxima (v). On the basis of standard

deviation and residual data, the most suitable equation for Mg-Mn
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Table 5.  Best- f i t  polynonr- ia ls re lat ing i . r .  peak naxirna
to ol iv ine cornposi t ion for  mangani ferous ol iv ines.

Band in Equat ion of  Best-  Residual
i , r .  spec t rum t i t t i nq  po rynon l i a l  I ( l uo l " - u .u t " l t )

Fayal i te -  Tephroi te Ser ies (x mole I  Mn2si04)

L  v  =  9 4 4 . 4 0
( 0  . 2 4 )

2  |  =  9 0 9 . 4 9  +  0 . 0 4 9

r . 2 0

L . 3 2
( o .  s s )  ( 0 . 0 0 9 )

3  v = 8 5 9 , 4 5 + 0 . 3 0 8 X - 0 . 0 0 1 8 X 2  0 . 6 9
( 0 . 6 2 )  ( 0 . 0 2 8 )  ( o . o o 3 )

4  v = 8 1 7 . 8 8 + 0 . 0 9 6 x
( 0 . 1 3 )  ( o . o 0 2 )

5  v = 5 6 4 . 8 8 - 0 . 0 5 0 X
( 1 . 7 8 )  ( o . o 2 e )

6  v  =  5 0 4 . 8 0
( 0 . 3 7 )

7  v = 4 8 1 . 3 0 - 0 . 0 9 2 X
( 0 . 4 r )  ( o .  o o 7 )

9  v = 3 4 8 . 4 9 + 0 . 0 8 4 x
( 0 . 8 0 )  ( 0 . 0 1 3 )

( 4 - 7 )  v  =  3 3 6 . 5 8  +  0 . 1 8 8 x
( 0 . 3 4 )  ( 0 . 0 0 6 )

0 . 0 7

1 3 . 6 5

2 .  8 0

4 . 7 3

1 . 7 2

0  . 5 0

F d r q f a r i f F  -  ' l o r r h r n i f a  s c r i e s  f x  m o l e  ?  l 4 q ^ S i o , )
" ^  " ' - - -  " - - z  4 '

1  v = 9 4 3 . 0 0 + 0 . 9 2 1 X - 0 . 0 0 5 0 X 2  8 . 3 I
( 3 . 0 0 )  ( 0 . l s 4 )  ( 0 . 0 0 1 4 )

2  |  =  9 0 8 . 1 9  +  0 .  5 2 4 X  - , 0 . O O 1 3 X 2  2 . 2 8
( 1 . s 7 )  ( o .  o 8 r )  ( o .  o 0 o 7 )

3  v = 8 6 1 . 3 5 + 0 . 2 8 5 x  1 5 . 3 6
( 2 . 1 s )  ( 0 . 0 3 8 )

4  v = 8 J . 7 . 0 7 + O . 2 2 O x  0 . 5 8
( 0 . 4 2 1  ( o . o o 7 )

5  v = 5 6 3 . 3 4 + 0 . 6 4 5 - 0 . 0 0 1 7 x 2  4 . 8 2
( 2 . 2 8 1  ( 0 . 1 1 7 )  ( o .  o o 1 1 )

9  v = 3 4 7 . 3 8 + 0 . 4 8 9 + 0 . O 0 2 4 X 2  r . 6 6
( 1 . 3 4  )  ( 0 .  0 6 e  )  ( 0 . 0 0 0 6  )

( 2 - 4 )  !  =  9 0 . 7 0  r -  0 . 4 3 t t x  -  0 . 0 0 1 5 x 2  3 . 9 3
( 2 . 0 6 )  ( 0 . r 0 6 )  ( 0 . 0 0 1 0 )

olivine determinative curves are considered to be those for band 4
and the difference band (2-4).

Determinatiue Grid Jor Mg-Fe-Mn Oliuines

Since Mg'*, Fe2*, and Mn2* ate the three principal cations in most



980 BURNS AND HUGGINS

olivine minerals, it is theoretically possible to estimate the relative
proportions of these cations from the positions of any two bands in
an infrared spectrum. This suggests that a triangular diagram may be
constructed from the infrared data to form a cation composition
determinative grid for Mg-Fe-Mn olivines.

Figure 6 shows the determinative grid constructed from bands 4 and
5 in the infrared spectra. The choice of band 5 as the second band
was based on the manner in which the band 4 and band 5 contours
cross. Band 1 could also be used in place of band 5, but the accuracy
of estimating the peak maxima of band 1 is considerably lower. The
contours have been drawn as straight lines in Figure 6. Although
this is true for band 4 in all three binary series, it is not strictly
correct for band 5 since in the forsterite-tephroite series the best-
fitting polynomial of this band is a quadratic equation.

Drscussrom

Assessment of the Infrared, Oliuine Composition Determinatiue Cwues

Analyses of four of the Mg-Fe olivines were not available initially.
Their compositions were estimated by the linear equations given in

M S r S  i O n

( '  S9O

b
oQ {15

.e|
seo

5 7 o

6 5

6 2
5 6 0

Fe25 i  04

Frc. 6. Composition determinative grid

+b
a6

l ln2S i  04

for Mg-Fe-Mn olivines.

7S
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Table 4 and also by the determinative methods of Yoder and Sahama
(1957) and Louisnathan and Smith (1968) based on X-ray data.
The MgzSiOa components of the unanalysed olivines estimated by
each of these determinative methods are summarized in Table 6, to-
gether with values ultimately obtained from microprobe analyses.

The data in Table 6 show that olivine compositions in the forsterite-
fayalite series estimated from the infrared determinative curves are
as close to the true compositions, if not closer, as the estimates based
on the d13e spacings and cell parameter data.

The accuracy of an infrared determinative curve may be assessed
as follows. An error 8z in peak position will cause ai eruor EX in the
determined mole percent X in the olivine. In the general case:

v L 6v :  c@,0) * c(n, 1)(X + dX) + . . .  I  c@,n)(X +. aX)"
and

v  :  c@,0)  I  c (n , l )X  +  . .  -  |  c (n ,n )X"
Subtracting and ignoring second order terms and higher in X gives:

*dz :  +6X[c(n, 1) + .  . .  *  nc(n,n)X"- ' ]

6,: 6x(#)

6X:  6r f #)
Assuming an error of te cm-1 arising from spectrometer alignment

and personal reading errors, the error in composition estimated from
a linear equation becomes

Tab le  6 .  Conpos i t ions  o f  Se lec ted  o l i v ines  es t imaLed f ro rn

Determinat . i ve  Curves  (g  Mg2Si04)

Specimen l4rcroprobe
Nunber

3  7 8 . 9
t r  5q  ?

5  6 0 . 0

L 0  2 0 . 2

In f ra red  Bands
4 5 4 - 5

7 7  7 4  7 A

6 1  5 8  6 2

6 1  6 6  6 0

2 2  1 B  2 4

Yrs  I

79

.10
6 L

r  - ^ 2

74 75
6 5  6 2
6 9  5 9

7 2

5 9

1 Yoder and sahama (1957)

2  Lou ienathan and Sn i th  (1968)
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6X :  +e /c ( | , l )

while for quadratic equations it is

6X :  *e / lc(2, l )  + 2c(2,2)Xl

This analysis shows that for bands 4, 5, and (4-5) (the estimated
peak positions of which are in error by a maximum of !1 cm-'), the
errors in the MgrSiOa components in Table 6 estimated from infrared
spectroscopy are about !8, !2, and rB percent, respectively (using

the c(1, 1) coefficients in Table 4).
While it was not possible to compare results based on infrared deter-

minative curves for Fe-Mn olivines, the smaller compositional varia-
tions of peak maxima in the fayalite-tephroite series (and hence, the
smaller c(1, 1) coefficients) Iead to larger errors in composition esti-
mates. Thus, errors of 10, 10, and 5 percent are expected for bands
4,7, and (4-7). Although c (1, 1) and c(2,I) parameters are generally
large for the linear and quadratic equations for the forsterite-tephroite
seties, the accuracy of the infrared composition determinative curves
for Mg-Mn olivines is probably reduced because they are based on
few available specimens.

The usefulness of the olivine composition determinative grid may
be illusterated by the results obtained for specimen 8, which is a
Mg-Fe olivine with appreciable manganese content (Table 1). The
maxima of bands 4 and 5, 830 and 573 cm-1 respectively, for this
specimen (Table 2) are located on the determinative grid in Figure 6
at the composition (Mge.31Fe6.61Mn0.o8)2SiOn. This composition is in
good agreement with the formula derived from the electron micro-
probe analysis, (Mg6 313Fee.62aMno our) 2SiO+.

Euidence Bearing on Cation Ortlering in Oliuine

A significant feature of the infrared data is the nonlinear best-fit
equations computed for many of the determinative curves of man-
ganiferous olivines, which contrasts with the linearity of all best-fit
equations for Mg-Fe olivines. Since Mn2* ions are enriched in the
olivine M(2) positions (Burns, l97O), this suggests that peak-maxima
-olivines composition data are not linear whenever appreciable
cation ordering occurs in the olivine structure.

Such non-linearity implies that the vibrational frequencies are site
dependent. If the vibrations were equally influenced by cations in the
M(1) and M(2) positions, then the determinative curves for man-
ganiferous olivines would be linear and reflect only the bulk chemical
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composition of the olivine. Equations which are non-linear all have
negative c(2, 2) coefficients (Table 5). If linear equations derived
from end-member spectra were used as determinative curves, the
estimated Mn content of intermediate olivines would be lower than
the real values based on quadratic equations. This indicates that the
vibrations are influenced more by Mgr* and Fe2* ions in manganiferous
olivines, which are known (Burns, 1g70) io be enriched in thti M(1)
sites. Further corroborative evidence of. M(l) site oceupancy affect-
ing vibrational frequencies stems from the spectra of synthetic
7-CapSiOa, CaMgSiOa, and Mg2SiO+ (Tarte, 1963). Again the posi-
tive deviation in'the infrared data of internediate CaMgSiOa correlates
with the ordering of Mgr* ions in bhe M (l) positions of monticellite.

The linearity of the peak-maxima-olivine composition data for the
Mg-Fe olivine series indicates that the occupancy of the M(1) posi-
tions not only reflects the bulk composition of the olivine but also
indicates a nearly random distribution of Mg2* and Fer* ions over the
M(1) ana M(2) positions in the olivines used in the present study.
Conversely, any significant deviation of the infrared data of a given
analysed Mg-Fe olivine from the linear determinative curves presented
in Table 4 implies ordering of Mgr* and Fez* ions.
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