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ABSTRAcT

IxrnooucrroN

The application of infrared spectroscopy to the study of inorganic
systems has been very limited. The infrared spectra of a number of clay
minerals have been studied in some degree (Adler, et al., 1950; Keller
and Pickett, 1950) and the applicabil ity of the infrared method to other
mineral systems has been demonstrated (Hunt, et al., l9s0;Kerer, et ar.,
1952;  Hunt  and Turner ,  1953).

The possibility for the study of the pla.gioclase series was made apparent
by the spectra published by Hunt, et al. (1950) of albite, oligoclase and
anorthite which showed a marked difference jn the number and positions
of absorption bands for each of the above mentioned samples. Here it is
shown that the composition of the plagioclase feldspars can be deter-
mined by the use of infrared spectroscopy and it is suggested that this
method may prove valuable in the study of other isomorphous series.

PnocBoune

The samples used were obtained from Dr. J. R. Smith (Geophysical
Laboratory), wards Natural science Establishment and the Minerarogy
Department, university of utah (see Table l). rdentification of the
samples, with the exception of four analyzed samples from J. R. Smith,
was made by means of the four axis universal stage using the Berek
method (1924) and checked by Turner,s method (1947). The composi-
tional error is believed to be within 2-37o.The infrared spectra were ob-
tained using a Perkin-Elmer Model 21 double beam recording infrared
spectrophotometer. A Nacl prism was used for the spectral region 2 to
15 microns and a KBr prism for the range 15 to 25 microns.

Each sample was prepared for infrared examination in a manner sim-
* Department of Geology, Westminster College, Salt Lake City, Utah.
I Associate Professor, Department of Metallurgy, University of Utah.
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COMPOSITION OF PLAGIOCLASE FELDSPAR

Ifost Rock Sourcet Location

Unknown

Unknown
Bamle, Norway

Tvedestrand, NorwaY

Ontario, Canada

Transvaal

Japan
Labrador
New York

Lake St. John, Quebec
Bushveld complex, S. Africa

Ciear Lake, Utah

Stillwater complex, Montana

Stillwater complex, Montana

Grass Valley, California

Stillwater comPlex, Montana

Miakejima, JaPan

Greenland

J J J

Number

1 3  . 4 ' 3 0

1 3 . 4 . 7
Wards 111
Wards 15
1 3 . 3 .  5
Wards 16
Wards 12
Wards 17
Wards ff12
Wards 18
BV. 63*
1 3  1 .  1 9
E B ' 3 8 *
2 . 2 . 4

Wards #3

E B .  1 8 *
Wards 14

HGIF AN 53*

Granite
Pegmatite
Pegmatite
Pegmatite
Pegmatite
Pegmatite

Quartz diorite
Lava
Anorthosite
Anorthosite
Anorthosite
Gabbro
Lava
Norite
Anorthosite
Hornblende
Norite

Norite
Lava
Veinlike mass

in schist

U.U.
w.N.S.E.
w.N.S.E.
U.U.
w.N.S.E.
w.N.S.E.
w.N.S.E.
w.N.S.E.
W.N.S.E.

J.R.S.
U.U.

J.R.S.
U.U.

w.N.S.E.

J .R.S.
w.N.S.E.

J .R.S.

I J

23
26
28
J J

43
50
52
63
o /

85
85

89

91
94

94

* Analyzed samples as follows:
Analysts: Samples BV 63, HGIF.AN.53 by Eileen oslund, Rock Analysis T,abo-

ratory, Minnesota (Unpublished to date)'
Samples EB 38, BB'18 by A. H. Phillips, Princeton University' (Pub-

lished by Kracek and Neuvonen, Am' f our' Sc'a", Bowen Volume)'

SamplesBV'63 ,EB '38 ,EB '18wereco l lec tedbyH'H 'Hess 'Pr ince ton
University.

t U.U., Univ. of Utah collection; W.N'S.E., Ward's Nat' Sci' Estab'; J'R'S ' J' R'

Smith, Geophysical Lab., Wash., D. C.

ence beam to compensate for any impurities present'

RBsur,rs AND DrscussroN

In the preliminary examination, three groups of definitive absorption

bands were found at 8.5 to 11 microns' 12 to 15 microns and 15 to 19
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t 2  t 3  t 4  1 5

w A V E  L E N G T H  ( m i c r o n s )

Frc. 1' rnfrared spectra of plagiocrase feldspars of various composition in the wave
length region 8-20 microns.

indicated between An26 and Aq3 according to the gross variations of the
spectra of Fig. 1. rt appears that the lower Iimit of this shift is approxi-
mately Ansr. Such a break may be interpreted as a structu.ut ,t iit
resulting in an abrupt variation of some of the Iattice frequencies. The
data used to plot Fig. 2 was recalculated and presented in fig. S.

The solid curve of Fig. 3 represents the increment (ar) in wavelength
between the 15.4 to 16.2 micron feldspar band and the 14.99p coz band
versus the silicon to aluminum molar ratio. This shift is useful because

o  A n 5  ( t 3  4  3 0 )

b  A n r a  (  w o r d  s +  5  )

c  A n a a  ( w o r d s # 6  )

d  A n " o  { w o r d s # 4 )
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of the close proximity of the COz band which acts as a calibration for the
measured shift and tends to normalize resuits without extreme care in
terms of absolute wavelength. The dotted curve of Fig. 3 represents the
relationship between the Si/AI molar ratio and the weight per cent of
anorthite. This plot also suggests the possibil i ty that the structural
change in the region, An2s-An33 gives rise to a skeletal frequency due to

r 5  9

E

F
I
z
U
J  t 5 6

3  r s s

3 0  4 0  5 0  6 0  7 0

W E I G H T  P E R C E N T  A N O R T H I T E

Frc. 2. Correlation of the wave length of the infrared band in the 15 4-16.2 micron
region with per cent anorthite for plagioclase feldspars of various composition.

an ordered structure at a Si/Ai ratio of 2:l,hallway between the albite
ratio of 3:1 and the anorthite ratio of 1:1. The existence of structural
changes was demonstrated by Chao and Taylor (1940) within the ranges
of An22-An57 and An67-An80; also Cole, Sorum and Taylor (1951) stated
that plagioclases up to the composition An36 are isomorphous with the
albite structure but that the exact l imit of isomorphism is obscure. They
also state that the composition Anzr is the lower l imit for plagioclases
which are isomorphous with the anorthite structure. There is no evidence
of a structural shift in the region An67-An35 in the infrared data presented
in Fig. 2. It is conceivable, however, that a structural shift may occur
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without affecting the frequency mode corresponding to the absorption
band in the 15.4-16.2 micron region.

Table 2 gives the positions of all the absorption bands which occur in
the three regions under consideration. In light of the data avaiiable at
present, infrared spectra do not appear to distinguish between high and
low temperature plagioclases. The data for both high and low tempera-

S i / a t  f i t o L A R  R A T t o

Frc. 3. Correlation of the position of the infrared band in the 75 4-76.2 region (rela-
tive to the co: band at 14.99p) with the si/Al molar ratio and with the weight per cent
anorthite.

ture forms (Table 1-inferred by host rock) are well correlated as is
evident by the curve of Fig.2. Therefore, it is suggested that this method
may be more useful than other methods which are hampered by this
problem.

Some attempt has been made to correlate the vibrational frequencies
of the plagioclase feldspars with those of alpha quartz as presented by
B. D. Saksena (1940). Alpha quartz exhibits three absorption bands
(8.63 microns, 8.7 microns and 9.40 microns) which seem to correspond
approximately with the plagioclase bands in the 8.5-11 micron region.
Saksena has assigned the following symmetry modes to the above men-
tioned bands: 8.63 microns, deformational oscil lation of oxygen atoms
in the basal planes; 8.71 microns, valence oscil lation of oxygen atoms;

- - 2 \ l ( S o l i d  C u r v e )

- - - -  " / "  A n o r l h l l e

o.40



34O C. S. THOMPSON AND M, E. WADSWORTH

9.40 microns, oscil lation of oxygen and sil icon atoms along the optic

axis. There are also four alpha quartz absorption bands in the 12-15

micron region with symmetry modes assigned as foliows: 12'04 microns

and 12.58 microns, oscil lation of oxygen atoms along the optic axis;

12.86 microns, radiai motion of oxygen atomsl 14.55 microns, transla-

tional oscil lation of oxygen atoms against each other in the basal planes.

There appears, therefore, to be a general similarity between the in-

frared spectra of qrartz and the plagioclase feldspars, particularly in the

8-15 micron region. In the 15-19 micron region several additional bands
appear which are not present in the quartz spectrum. The 15.4-16'2
micron band which has been shown to vary systematically through the

entire piagioclase series is among the latter group. Consequently, it is

not possible to describe the character of this particular symmetry mode

by comparison with the quartz spectrum. The closest qtartz band is the

14.55 micron translationai oscil lation band. The increased complexity
of the plagioclase spectra compared to qrartz is expected because of the

lower order of symmetry of the tricl inic system and because of the
substitution of aluminum for sil icon atoms in the tetrahedral positions.

CoNcr-usroNs

It appears from the results of this study that the positions of the sym-
metry mode in the plagioclase feldspars giving rise to an absorption
band in the 15.4-16.2 micron region of the infrared spectrum is a direct
indication of composition. Also the position of this particuJar band does
not appear to be influenced by the high or low temperature history of the
sample. A definite structural shift is indicated at a composition of ap-
proximately An31-An33, and a gross examination of several spectra in-
dicates a second structural shift in the AnorAns5 region.
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AooBNnulr

Since the writ ing of this paper, an article has come to our attention by
George W. DeVore (Zeits. Krist., tO7,247-264, 1956) which concludes,
on the basis of bond energy changes, that the mineral An . 33.3 represents
a high degree of ordering in the Si-Al positions, and that "An 33.3 and
anorthite are interpreted as unique compounds in the plagioclase series."
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