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SEPARATION OF PERTHITIC MICROCLINE 

BY HEAVY LIQUID FRACTIONATION

A TOO SENSITIVE METHOD? 

BY 
BoRGHILD NILSSEN 

(Mineralogical-Geological Museum, University of Oslo, Sarsgt. l, Oslo) 

Abstract. Mineral separation with heavy liquids is extremely sensitive. It is 
not only possible to split microcline perthite in to a series of fractions of steadily 
decreasing perthite content, but also from the more or less perthite-free micro
cline groundmass. The significance of this in feldspar geothermometry and trace 
element studies is discussed. In the latter connection, the fractions were exam
ined for variations in Rb and Sr content and revealed unexpected trends. 

lntroduction 
The separation of a completely pure feldspar is frequently required 
for chemical or mineralogical investigations, e.g. trace element distri
bution studies, feldspar geothermometry, etc. This can easily be 
achieved with the aid of heavy liquids, but recent work indicates that 
the method must be used with caution because of its high sensitivity. 

Separation technique 
The method used in this laboratory for a number of separations was 
the following: The rock samples were crushed to a suitable grain size, 
usually to pass a 70-100 mesh sieve, or finer according to the grain 
size of the actual rock sample. The very finest particles, the 'dust' 
fraction, were carefully removed by washing with water and decanting 
several times. After drying, the powder was suspended in acetylene 
tetrabromide in a separating funnel and the heavy fraction removed. 
The specific gravity of the liquid was then lowered by dropwise addi
tion of acetone and the heavy ('sinking') fraction again removed. 
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Several repetitions of this operation gave a series of fractions of steadily 
decreasing specific gravity. These were washed with alcohol and dried. 
The last and lightest fraction was assumed to consist of pure potash 
feldspar. This fraction was run through a Frantz Isodynamic Separator 
to remove the last traces of dark minerals. The purity of the feldspar 
was then controlled by refractive index measurements. 

The process is very slow, because the grains must necessarily have 
a density dose to that of the liquid and therefore settle very slowly. 
The method is, however, extremely sensitive. In fact, it has proved to 
be too sensitive. Not only is potash feldspar separated from quartz, 
plagioclase, and even pure albite, but it is also possible to separate 
grains consisting of almost pure perthite-free groundmass from grains 
containing varying amounts of perthite lamellae. 

Alkali determinations 
Flame photometric alkali-determinations on a number of microclines 
separated in this way seemed to indicate that quite a high proportion 

of them, in fact most of them, had a K20 content of 15 per cent or 
more and a correspondingly low content of Na20, that is, more than 
90 per cent Or, which is rather unusual. DIETRICH (1960 and personal 
communication), while working at this museum, investigated the 
three last fractions of one of his separated samples. These were all 
found to consist of pure potash feldspar. Alkali determinations on 
these fractions gave as a result decreasing Na20 and increasing K20 
content with decreasing specific gravity, as might be expected. To 
check these results, samples from two different granites-the Here-

Fig. l. This Figure represents the distribution of Kp, Nap, Rb, and Sr in the 
separated fractions of microcline perthite from the Grimstad granite and the 
Herefoss granite. The diagrams are constructed by plotting mol per cent Or and 
Ab against the theoretical weight per cent K20 and Na20. The Na20 line is 
reversed so that 90 per cent Or corresponds to 10 per cent Ab, etc. Points 
representing values from the same fraction are joined by tielines. This method 
of plotting also makes it very easy to detect analytical errors in the alkali 
determinations. The an·gle of the tieline between the first (left) set of points 
probably means that this fraction is richer in Ca and consequently has a rela
tively lower content of Na than the other fractions. (Ca was not determined.) 
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foss and the Grimstad granites in South Norway-were very care
fully separated and yielded eight and ten fractions, respectively, of 
potash feldspar with varying specific gravity. K20 and Nap were 
determined in all these fractions by flame photometry. The results 
are given in Table l, and plotted in Figs. l and 2 together with the 
corresponding Rb and Sr determinations (see below). 

Similar results were obtained with other microcline perthites. The 
available amounts of these, however, were too small to split into the 
same number of fractions, but the tendency was clearly the same, and 
the chemical difference between the first and the last fractions was 
about the same. 

Table l. Composition of potash feldspar 
Grimstad granite 

K20 

l 
Na20 Rb Sr 

% % ppm ppm 

8.36 5.65 218 578 

9.36 5.22 222 444 

10.64 4.22 238 390 

11.91 3.55 414 616 
12.55 3.11 262 370 
13.06 2.50 430 538 

13.27 2.46 342 490 

13.82 2.26 384 464 

14.82 1.45 482 442 

15.27 1.16 444 328 

Herefoss granite 
12.00 3.31 294 132 

13.02 2.78 286 126 

14.09 1.95 502 200 

14.91 1.51 594 224 

15.09 1.26 446 196 

15.36 1.20 490 194 

15.45 1.06 488 192 

15.55 0.90 342 88 

Fig. 2. This Figure is a plotting of the same data as in Fig. l. Weight per cent 
plotted against specific gravity. It is somewhat misleading as it gives the im
pression that the difference in specific gravity between single fractions is the 
same, which is not the case. (Specific gravity was not determined.) 



SEPARATION OF PERTHITIC MICROCLINE 153 

15 
14 
13 

. 12 
1 1 
10 

8 

7 
6 

GRIMSTAD 
- 0/oKp --- . %Nap 

ppm Sr 
PP!\1 Rb 

5 ............
. """· 4 ""' 

.""'-.. 3 .............. 
............ 2 ·---

o 

600. 1, ' l \ 

............ ............... 

500 ',, / \ /���� '\ l \ ,' ·--... • .. ..,.::······· ' l , , • . • , . 400 ...... ' '· \l • ••• •••• ' .... • ... •••• o ... • • • • ' · .•... ·· '"' 300 .... .... .... • 
.... · ... 

HEREFOSS 

·---
.""" 

............ ··-·-·-· 

.�. 
... ··· ··· ... 

·' ·.. . ....... , 

; ..... ... . � / .. '\ ..... ... 
200 ....... ......... 

,... ..... '"""--;..""" 100 1 .... --------------.....;./ _____ �'·-
Sp.gr. Sp. gr. .....,!----



154 BORGHILD NILSSEN 

There are several possible explanations for these variations: 

l. The feldspar may be zoned and really have a varying composition. 
Microscopic examination would reveal such a zoning. This has not 
been observed in any of the investigated rocks. 

2. There may be submicroscopic inclusions of plagioclase in the 
microcline, so that only the last fraction represents the pure potash 
feldspar. 

3. Grains with a higher content of perthitic albite lamellae are 
heavier and will therefore be separated out before the grains with 
lower content. In extreme cases, the lightest fraction represents the 
pure microcline groundmass with albite present only in solid solution. 

In my opinion this last explanation is the correct one. In an attempt 
to substantiate this, the albite lamellae in microcline from a granite 
sample from Herefoss were point counted in thin section. Swift 
Automatic Point Counter was used for this purpose, and was regulated 
so that the distance between each point to be counted was 1{20 mm. 
Several countings, each of 2,000-3,000 points, gave as results 8-10 
per cent Ab as perthites. Total Ab in this sample was 16.4 per cent 
determined after homogenizing by heating (see below). This indicates 
that � per cent of the Ab is present in solid solution. The lightest of 
the fractions (unheated) contained 6.5 per cent Ab. BARTH ( 1947) 
calculated the albite content of the groundmass of another sample 
from the same granite and obtained a value of approximately 5 per 
cent. The agreement is satisfactory considering that counting of the · 
rather fine perthite lamellae cannot possibly be a very exact procedure. 
(Direct comparison between volume per cent and mol per cent in
volves an error which is too small to be of any importance in this 
connection.) 

The significanc� of the method of separation and purifying potash 
feldspars in terms of the varying results of alkali determinations is 
demonstrated in Table 2. These results are from a very coarse granite 
where the microcline was first picked out by hand and run through 
the magnetic separator to remove traces of dark minerals. Part of 
the specimen was then separated by the method described above and 
the last fraction analyzed. Finally, part of the specimen was heated 
for three days at 1,000°C, before crushing and separation as before. 
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Table 2 

K.O Na.O l Computed temp. 

% % o c 

Hand-picked . . .. 11.4 3.2 590 
Separated ....... 15.0 1.0 360 
Homogenized .... 12.9 2.4 515 

Trace element studies 

As microclines cleaned by separations with heavy liquids have been 
used for trace element studies, it was thought necessary to determine 
whether the method of separation could influence the results. Rb and 
Sr were therefore determined by X-ray fluorescence spectrography in 
all the 10 + 8 fractions from the Grimstad and Herefoss granites. The 
results, which are rather surprising, are given in Table l and also 
plotted in Figs. l and 2 with the corresponding alkali determinations. 

Sr is more abundant than Rb in the Grimstad granite, while there 
is more Rb in the Herefoss granite. This is in accordance with HEIER & 

TAYLOR's (1958) data. But the uneven variations of the trace elements 
are difficult to explain, and are not discussed in any detail here, since 
they will be the subject of further investigation. On the other hand, the 
trends of the variations for the two granites are so similar that it 
seems safe to conclude that they are real and not due to any analytical 
errors. Rb is not enriched in the last and most potash-rich fraction, 
as might be expected, but in the more intermediate ones, nor is Sr 
highest in the first fractions, which contain most Na. Also, in the case 
of the Grimstad granite, the RbJSr relationship is completely reversed 
from the first to the last feldspar fraction. 

The data given above clearly demonstrate how important �t is to 
exercise extreme caution in the concentration of microcline perthites, 
since they are readily subdivided into fractions which can be chemi
cally very dissimilar. 

Revised separation technique 

Two methods of avoiding these difficulties have been tried: 
l. Homogenizing by heating of the sample before the finalcrushing 

and s�paration by heavy liquids. A number of heatings at different 
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temperatures and of varying duration have been carried out to find 
the most conve�ient conditions for this treatment. The results were 
controlled microscopically and by X-ray diffractiori methods. Heating 
to l,Ooooc seems to give satisfactory results in most cases. Very 
coarse perthites may ne.ed longer heating. 

This method has the advantage of homogenizing the perthite 
lamellae without visibly attacking the plagioclase in contact with 
the microcline or as inclusions. The explanation for this is probably 
that the perthites consist of more or less pure albite which is easily 
taken into the microcline lattice, while the somewhat more calcic 
plagioclase will need more complex structural rearrangement such as 
Si-Al exchange. 

Tabel 3. Efføct of homogenizing by heating before separation on temperature 

determinations 

Herefoss granite 

Unheated Heated 
Sam p le An in plag. 

Mol %Ab Temp. °C Mol %Ab Temp. °C 

40 15 10.02 390 23.60 550 

72 12 6.75 340 16.43 475 

Bjor kos 13 10.93 390 20.37 510 

84 12 8.65 360 21.11 515 

324 12 9.32 370 20.67 510 

71 11 10.02 380 28.16 605 

57 12 20.59 500 24.91 500 

25 15 14.62 440 18.45 500 

27 14 18.21 480 21.41 520 

29 15 14.30 460 21.37 520 

The differences in temperature determined on heated and on unheated samples 
are in some cases (Nos. 57, 27} rather smalL Examination of thin sections of 
these samples revealed that the amount of perthite lamellae was unusually 
small in both cases. 

2. Careful control of each fraction by refractive index measurements 
during the heavy liquid separation. By this means, the separation 
can be stopped as soon as the first pure feldspar fraction appears. In 
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many cases, this method will be easier to use. In both cases, the 
separation is completed by running the feldspar fraction through a 
magnetic separator at high magnetic strength. 

Ten samples were separated both with the original method and 
after homogenizing of the feldspar by heating. The results of the alkali 
determinations and of the temperature calculated from these are listed 
in Table 3. 
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