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A note on the 201 spacing of some lime-rich alkali
feldspars from Kangerdlugssuaq, East Greenland

By D. R. C. KewmpE, B.Se.
Department of Geology and Mineralogy, Parks Road, Oxford

[Read 23 September 1965)

Summary. The values of 20 201 for some homogenized lime-rich fine microper-
thites from the Kangerdlugssuaq alkaline intrusion, East Greenland, are investi-
gated and found to be consistently high when compared with the values used in the
standard curves for estimating the Or content of alkali feldspars. This deviation,
which is approximately proportional to anorthite content, results in anomalously
low Or percentages being obtained and is ascribed to a distortion of the structure due
to the unusually high calcium content of the microperthites.

HE Kangerdlugssuaq alkaline intrusion, East Greenland, com-

prises a series of concentric rings passing gradually from an outer
quartz nordmarkite through reduction in quartz to a quartz-free
transitional pulaskite, a nepheline-bearing pulaskite, and finally to
a nepheline- and sodalite-rich core of foyaite. The intrusion is described
by Wager (1965). Whilst investigating the mineralogy of the intrusion
some 65 natural alkali feldspars have been studied by X-ray diffraction
and single-crystal methods. The majority were taken from average
rocks and, ignoring the remainder, which come from veins and pegma-
tites and show a wide compositional range from Orgg to Org,, they fall
into two groups.

The first group consists of zoned low-albite—orthoclase microperthites
(fine microperthites), spanning the range Or;,(Ab+An)g; to Ory(Ab-+
An)ge. The second group, low-albite-orthoclase and —microcline micro-
perthites (coarse microperthites), range from Org(Ab+An)g, to Org,
(Ab+-An),;. Compared with the coarse microperthites, which show
coarse perthitic lamellae, the fine microperthites are nearly homogeneous
optically. They show a very fine perthitic structure and have patchily
developed albite twinning.

The fine microperthites occur as large dark xenocrysts! in the nord-
markite and transitional pulaskite in variable proportions; the re-
mainder of the feldspar is a lighter coloured coarse microperthite

1 Wager (1965) uses the term porphyroblastic cryptoperthites for the xenocrysts.
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usually rimmed by a sodic plagioclase. The whole series of fine micro-
perthites (Ory, to Org) is less potassic than any of the ‘groundmass’
coarse microperthites (Org, to Org) and thus forms a parallel series of
low Or content, with no overlap. The dark fine microperthites are not
found in the feldspathoidal main pulaskite and foyaite, which contain
the most potassic coarse microperthites. In some cases (nos. 1 to 4
and 9, table I), the fine microperthites occur in xenoliths, which are
believed to have been basalt, largely made over to a microsyenite by
metasomatism; others seem to have a similar origin but are detached
from the xenoliths and are found close to them in the syenite. The
remainder (nos. b to 8, 10, and 11) are of doubtful origin; they are
possibly crystals that crystallized early in the cooling sequence from
the syenitic magma. In all the dark fine microperthites, the calcium
content is notably high for alkali feldspars. In the case of the xenolithic
fine microperthites, including those separated from the xenoliths, this
is presumably a direct result of their having formed in a calcium-rich
environment. A metasomatic paragenesis such as this is rare and would
seem to have given rise to feldspars of an unusual ternary composition.

Experimental results. X-ray diffraction patterns using smear mounts
were obtained and in the 26 region 20-5° to 22-5° it appeared in all
cases that both groups of feldspar contained sodium and potassium
phases, presumably unmixed from high-temperature homogeneous
alkali feldspars. The 26 region 29° to 31° was also examined and showed
that in addition to the albite phase the fine microperthites contained
a single monoclinic (orthoclase) potassium phase whilst the coarse
microperthites contained a monoclinic or triclinic potassium phase or
both. Four out of five coarse microperthites had triclinic phases for
which the obliquity was measurable. This ranged from 0-63 to 0-89,
with an average of 0-79. In just over half, a weak 131 peak (monoclinic
feldspar) was also present.

Single-crystal oscillation photographs of selected feldspars of both
groups were taken and interpreted using the technique of Smith and
MacKenzie (1955). Ni filtered Cu radiation was used and the crystals
were mounted along the b-axis and oscillated through 15°, the X-ray
beam being parallel to (001) at the centre of the oscillation. The sodium
phases were found to be albite-twinned low-temperature sodic plagio-
clase, near to low-albite, the values of «* and y* being given in table I
and plotted in fig. 1. The potassium phases were monoclinic in the fine
microperthites and mainly triclinic in the coarse microperthites, in
agreement with the diffractometer evidence.
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All the feldspars were homogenized by dry heating at 1025° C for an
approximate period of seven days. Their compositions were then esti-
mated by measurement of the 201 spacing using the X-ray diffraction
method of Bowen and Tuttle (1950). Quartz was used throughout as
an internal standard since interference from highly potassic feldspars

88°

87°}
o(l

AbggAnty
oclase®
86° |-
High Albite
I} ' 1
88° 89" X * 90° 91°

F1c. 1. Plot of o* against y* of the sodium phases of the Kangerdlugssuaq fine and
coarse microperthites. Letters after numbers refer to o* and y* for homogenized
feldspars measured by albite twinning (A) and pericline twinning (P). (After
MacKenzie and Smith, 1962, with two of their reference points of known
composition.}

does not occur in the range under consideration. The average value of
26(201, feldspar)—26(1010, quartz) was taken after scanning the 26
range 20-5° to 22-5° three times, twice in the ascending and once in the
descending direction, the smear mount being moved slightly between
measurements. Second samples of two of the most calcium-rich fine
microperthites (nos. 1 and 4) were heated for a period of 14 days to
observe any change in the position of the 201 spacing. The average
value of 26(201)—26(1010) of no. 1 was 0-03 less and of no. 4, 0-03
more, than in those heated for 7 days, indicating an orthoclase content
of 39, more and 3 %, less, respectively. In both cases the figures given
in table [ and used in figs. 2 and 3 are the averages of the two sets. The
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reason for this variation is thought to be the limited accuracy of the
X-ray method (43-4 %) or the fact that the composition of the feld-
spars varies noticeably even within a single hand specimen, especially
in the case of the xenolithic fine microperthites.

Compositions of the feldspars (wt. 9%, Or) were read off for the
appropriate value of 26(201)—26(1010) using table I of Tuttle and
Bowen (1958). The diffraction pattern in the 26 region 29° to 31° was
again obtained after heating to observe any detectable changes in the
structural state of the feldspars. In the fine microperthites, where only
a monoclinic potassium phase (orthoclase) was present before heating,
the orthoclase 131 peak had merged with the albite 131 peak into
a single peak (triclinic feldspar). The coarse microperthites, which
variously contained monoclinic and triclinic potassium phases, also
showed that merging had taken place. This suggested that both types
of feldspar had homogenized during heat treatment. To confirm that
the fine microperthites at least had been totally homogenized, i.e. con-
verted to high-temperature alkali feldspars (anorthoclases), single-
crystal photographs were taken of two of the most calcium-rich samples
(nos. 3 and 4). It was found that in no. 4 only a single phase was present,
twinned according to the albite and pericline laws. The values of o*
and y* were 87° 11’ and 89° 11’ (calculated from albite twinning) and
87° 16’ and 89° 16’ (calculated from pericline twinning). The agreement
here is within the degree of error suggested by Smith and MacKenzie
(1955), i.e. +3' to 10’ of arc, and consistent with the presence of only
one phase (see MacKenzie and Smith, 1962). The pericline twinning
produced by heating in a feldspar previously showing only albite
twinning of the sodium phase is consistent with pericline twinning
being a feature of feldspars of a higher-temperature structural state
(MacKenzie and Smith, 1962, p. 99). In no. 3 the potassium phase had
disappeared but twinning of the new single-phase feldspar had not
reached completion. Weak pericline twinning could be seen in some
reflections whilst albite twinning appeared as streaks. An attempt to
measure of and y* gave 87° 9’ and 90°, suggesting that whilst the
potassium phase had been absorbed the feldspar had not progressed
far towards the high-albite-orthoclase join. The homogenized feldspars
are also plotted in fig. 1 and fall in the lower part of the central region
within the parallelogram. The only natural feldspars yet reported that
lie in this area are those of Mukherjee (1961). An attempt was also
made to take a single-crystal X-ray photograph of no. 1. This sample
showed only single spots but the material was too poor to give an
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oriented photograph, partially due to the presence of blebs and rims
of feldspar glass. It is concluded from these photographs that even if
the feldspars have not all completely attained the high-temperature
state (anorthoclase) the potassium phases have been absorbed, and the
products of the heat treatment can be regarded as single feldspars.
The compositions of nine fine microperthites and coarse microperthites

1.1
Nioo
1o
o
=1
el
S 090
=4
]
-
G 0.80]
%o 80 ~ 25
©
< ™~
Sog0f 2
o
w \
o -
« 0,60} ~
%
\.
0.50 1 1 I L \
10 20 30 40 50 60
Wt. % Or

Fia. 2. 20(201, feldspar) —26(1010, quartz) of the Kangerdlugssuaq fine and coarse

microperthites plotted against Or (wt. %) found by chemical analysis. Upper solid

curve, that of the author; lower broken curve, that of Orville (in Carmichael and
MacKenzie, 1964), extrapolated from Or,.

were determined by partial chemical analysis (table I). The alkalis
were measured by flame photometer and the lime by titration with
E.D.T.A. Alkali determinations were carried out on a further seven fine
microperthites and the anorthite content estimated by difference.

The 26 values for the fine microperthites were found to give Or
percentages appreciably lower than those obtained from chemical
analysis when related to Bowen and Tuttle’s (1950) curve. This devia-
tion becomes progressively larger as the albite end of the curve is
approached and, for those fine microperthites containing more than
ca. 5% An, it is approximately proportional to anorthite content.
Since this deviation has not been noticed previously for other albite-
rich feldspars, it is considered that it must be governed by anorthite
content. A curve for the fine microperthites is shown in fig. 2. In the
case of feldspars containing less than 59, An, the deviation appears
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to be random ; however this may well be due to experimental inaccuracy
and the deviation may become small and constant.

Carmichael and MacKenzie (1964) have given a method of deriving
the ternary compositions of homogeneous anorthoclase feldspars more
potassic than Or;; and their conclusion concerning the relationship
between values of 26(201)—26(1010) and anorthite content has prompted
this note. They state (p. 952) that for natural feldspars the 201 spacing
is independent of calcium content. The new synthetic lime-free feldspar
curve (P. M. Orville, in Carmichael and MacKenzie, 1964) is also shown
in fig. 2; it can be seen that there is reasonable agreement between
compositions determined by chemical analysis and by the 201 spacing
method for the coarse microperthites. The values obtained, however,
generally conform with the data of Orville (1958), Koritnig (1961), and
Parsons (1965), who found that the high temperature (synthetic) curve

gave slightly low Or percentages for

+0.10 s homogenized natural alkali feldspars.
- 40 In fig. 3 the deviation between values
\ of 26(201)—26(1010) from Orville’s
\ curve and those found by the writer for
the fine microperthites, using composi-
\8® 110 tions from chemical analysis, is plotted
against anorthite content. An attempt
was made to plot the deviation of the
7% anorthoclases studied by Carmichael and
ze MacKenzie (1964) but here the relation-
\ ship seems, as these authors contend, to

\ be random.

15 m s ° Before briefly considering the cause of
Wt. %An the relationship between the 201 spacing
Fra. 8. Deviation of 26(201, feld- and calcium content, some sources of
sgﬁiu— 3;91(1 iOlO;ﬁcllllelarzi)ct;i t};jg}f;n' experimental error should be mentioned:
fgmm tl%e cmgre of Orville (s%e fig. gi; In partially analysing the feldspars BaO
plotted against An content (wt. 9%). and SrO have not yet been determined
and therefore any effects caused by
celsian and strontium feldspar in the structure have not been taken into
account. The fine microperthites found in or believed to be derived
from the metasomatized xenoliths contain small inclusions of biotite,
amphibole, and pyroxene, which it is virtually impossible to eliminate;
these never exceed 2 or 3 9, by mode but they will have a small effect
on Ca0, Na,0, and K,0; to some extent, however, the effect on these
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oxides will be self-cancelling. One of the totals of the feldspar com-
ponents before recalculation to 100 9, (table I) lies outside the maxi-
mum error of +29, suggested as permissible by Carmichael and
MacKenzie (1964, p. 961). In seven samples the anorthite content is

o . 00° 108 © o
10 20 Wt % 30 40 50

Fic. 4. Plot of soda-rich part of ternary system NaAlSi;0,~KAlISi,0,-CaAlSi,0,.
Numbered solid circles: Kangerdlugssuaq fine and coarse microperthites. Open
circles: anorthoclases from Carmichael and MacKenzie (1964).

calculated by difference. Some errors will inevitably exist here but it is
thought that they cannot seriously affect the results obtained.
Discussion. Assuming virtually complete homogenization of the fine
microperthites during heat treatment, it should be possible to compare
their lattice parameters directly with those of the anorthoclases studied
by Carmichael and MacKenzie (1964). Leaving aside their different
cooling histories and parageneses—the anorthoclases occur as pheno-
crysts in lavas and small intrusions—the only important difference seems
to be in bulk composition. The Kangerdlugssuaq feldspars are plotted
in fig. 4, together with the 15 anorthoclases studied by Carmichael and
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MacKenzie (1964). In plotting the latter celsian has been included with
orthoclase and Sr feldspar with anorthite. It can be seen that the fine
microperthites show a general tendency to higher An content relative
to their Or/Ab ratio than the anorthoclases.

The approximate lattice parameters after homogenization of the
three most calcium-rich fine microperthites were calculated from the

TasLe II. Approximate lattice parameters of the fine microperthites. For key to
specimens, see table I

No. Wt.% Or «a b c o B y
1. 17-8 819A 1287A 7114 9303°  116-08° 90-23°
3. 189 8-22 12-83 714 92-15 116:08  90-03
19-2 8-20 12:86 713 92-93 116-06  89-13
No. 14 a* b* c* a* g* y*
1. 671-5A% 0:136A-1 0-078 A1 0-157A-1 86:52° 63-87° 88-25°
3. 6755 0136 0-078 0-156 87-58 6390  88.92
4. 6741 0-136 0-078 0-156 8717 6395 8955

Lattice parameters of anorthoclases of comparable Or content (Carmichael
and MacKenzie, 1964, table 1IT)

No. Wt. % Or @ b c o B y

17-8 8236A 129214 71364 92:56° 116-34° 90-15°
187 8239  12:930 7133 92440 116290  90-27
188 8239  12:935 7-141 9226  116-38  90-28

No. 14 a* b* o* o* B* ¥
679-6A% 0136 A1 0-077A-1 0-157A-1 87.07° 63-62° 88-5;°
680-4  0-135 0-077 0-157 87-19 6367 88-52
6810  0-136 0-077 0156 87-34 63-59 8856

Rl o

Ll o

diffractometer powder trace using a least-squares computer programme
(written by Dr. P. J. Woodrow). It was found (table II) that most of
the parameters showed appreciable differences from those of the
anorthoclases of comparable Or content (nos. 3, 4, and 5 in Carmichael
and MacKenzie, 1964). It can be seen that the values of @, b, B, and V
(volume) are lower in the fine microperthites; b* and B* are higher;
¢, o, v, o*, and y* show inconsistent differences; and o* and c¢* are the
same. The values of o* and * (see also fig. 1) suggest that total chemical
homogenization (i.e. absorption of the potassium phase) has been
achieved but that the feldspars have not completely attained the high-
temperature state. The differences between o* and y* for nos. 3 and 4
obtained by diffractometer and by single-crystal X-ray photographs
are thought to be due to the fact that a single crystal, especially in
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material that has been homogenized by heat treatment, cannot be truly
representative of the sample. The 201 spacing does not depend on a*
and y* but, in the direct cell, on g, ¢, and B. The consistently low values
of a, by analogy with low- and high-albite, would suggest that retention
of a low-temperature state might be the explanation of the deviation.
However, ¢ and f should then be too high and this is not the case. In
the reciprocal cell dyy, depends on a*, ¢*, and B*. The values of ¢* and
¢* are the same as those of the anorthoclases but 8* is consistently
higher. It is concluded therefore that the unusually high Ca content
of the fine microperthites causes a distortion of the structure which
results in the 201 deviations. Although the deviation is not found in
synthetic ternary feldspars, in which varying the proportions of Ab
and An has no effect on the 201 spacing as a measure of Or content
(Prof. W. 8. MacKenzie and Dr. D. L. Hamilton, personal communica-
tion), it is tentatively suggested that homogenization might show it
to exist in other low-temperature natural feldspars of similar ternary
composition, in which the An content is unusually high relative to the
Or/Ab ratio. Some examples are the Kiingniat K 105 (Upton, 1960)
with 79, An, and the Oslo larvikites nos. 1 and 8 with 109, and
14 9, An respectively (Muir and Smith, 1956). Care should therefore
be exercised in estimating the compositions of such feldspars by the
201 method.

Acknowledgements. The author would like to thank the late Prof. L. R. Wager for
suggesting this note, providing the material used and supervising the research of
which this work forms a part. He has also critically reviewed the manuscript. The
very considerable practical help, advice, and suggestions of Dr. J. Zussman are most
gratefully acknowledged; he also critically reviewed the manuscript at various
stages. Prof. W. 8. MacKenzie and Dr. D. L. Hamilton are thanked for their helpful
advice and a D.S.L.R. Research Studentship is gratefully acknowledged.

References

Bowex (N. L.) and TurrLe (O. F.), 1950. Journ. Geol., vol. 58, p. 489 [M.A. 11—~
325).

CarmicHAEL (L. 8. E.) and MacKENzIE (W. S.), 1964. Min. Mag., vol. 33, p. 949
[M.A. 17-88].

Korrryie (8.), 1961. Naturwiss., vol. 48, p. 665 [M.A.15-367].

MacKewzie (W. 8.) and SumrrH (J. V.), 1962. Norsk Geol. Tidsskr., vol. 42, p. 72
[M.A. 16-338].

Muir (I, D.) and Surra (J. V.), 1956. Zeits. Krist., vol. 107, p. 182.

MukHERIEE (A. B.), 1961. Acta Cryst., vol. 14, p. 1098 [M.A.15-464].

OrviLte (P. M.), 1958. Feldspar investigations. Carnegie Institution of Washing-
ton. Ann. Rept. Geophys. Lab., p. 206.

Parsoxs (1.), 1965. Journ. Petrology, vol. 6, p. 365,



714 D. R. C. KEMPE ON LIME-RICH ALKALI FELDSPARS

Surre (J. V.) and MacKenzie (W. S.), 1955. Amer. Min., vol. 40, p. 733 [M.A.
13-309].

Turree (0. F.) and Bowen (N. L.), 1958. Geol. Soc. Amer., Memoir No. 74 [M.A.
14-89).

Urron (B. G. J.), 1960. Medd. Grenland, vol. 123 (1960), p. 1 [M.A.15-301].

WacEr (L. R.), 1965. Min. Mag., vol. 34, p. 487.

[ Manuscript received 23 August 1965]



