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Note on the distribution of some minor elements in
coexisting ortho- and clino-pyroxene
BY
HARALD CARSTE:-IS
With analyses by K. 5. Vestre and R. Solli

Orthorhombic and monoclinic pyroxene have been successfully
separated in hvo Norwegian hypersthene-gabbros and in a banded
basic inclusion in one of them. When treated with methylene-iodide
(sp.gr. 3.3), the clinopyroxene floated in contrast to the orthopyr
oxene which accumulated at the bottom. A purification of these
concentrates was obtained with a Franz Isodynamic Separator due to
the higher magnetic succeptibility of the orthopyroxene.
To test the influence of the major elements on the minor element
distribution, same determinations of Al, Mg and Fe have been included
in table I. Not enough pyroxene was separated for complete analyses.
Two analyses of pyroxenes from a banded gabbro in Lofoten are shown
in the table, though the concentrates obtained were not of sufficient
purity.
The trend of the distribution of the minor elements is well demon
strated for five of the ferrides. Ti, Cr, V and Fe3+ are enriched in the
clinopyroxene, Mn in the associated orthopyroxene.
The high contents of Al in the orthopyroxene are noteworthy.
Al is divided between tetrahedral and octahedral coordinations in
pyroxene. Due to the works of WAGER and DEER (1939), EDWARDS
(1942), NOCKOLDS and MITCHELL (1948) and M u i R (1954) it is well
known that the orthorhombic pyroxene is relatively enriched in iron
compared to the associated monoclinic pyroxene. This is confirmed by
the present analyses, table IL According to RAMBERG (1952) this
indicates that the amount of tetrahedrally coordinated Al is greater
in the rhombic than the monoclinic pyroxene, but this is contrary to
experience. NocKOLDS and MITCHELL (1948) have suggested that
Al in tetrahedral position controls the distribution of the three-valent
trace elements in coexisting pyroxenes, thus balancing the positive
charges introduced in the Y-group by the three-valent ions. In the
present case, Al replaces Si in the orthopyroxene as well, and electric
neutrality will be maintained in the lattice even by quite large sub
stitutions of Cr3+ and V3+. It is knovn that Ti4+ and Fe3+ may replace
Si in the pyroxenes (KuNo 1955), and it seems to be a natural assump
tion that AP+, Fe3+, Ti4+, Cr3+, and V3+ divide themselves between
tetrahedral and octahedral positions in the pyroxenes according to
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The minor const ituents are cleterminecl spectrographically.
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Iron enrichment of coexisting pyroxenes.
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physical and chemical conditions prevailing at the time of their formati
on. These ions are more easily accepted in the structure of the clino
pyroxene.
Mn
.
follows Mg2+ and Fe2+, and the contents of the latter divalent
ions are ahvays highest in the orthopyroxene, The amount of :Mn in the
orthopyroxene is approximately twice as high as the clinopyroxene,
and so are the contents of Mg2+ + Fe2+.
Assuming that Ni and Co substitute for Mg2-"- and Fe2+, we should
expect an enrichment of these elements in the orthopyroxene. The
failure, however, to determine exactly the behavior of Ni and Co is
probably due to admixed particles of pyrrhotite and pentlandite. As
these sulphides seemed to be absent in the banded inclusion of the
Raana gabbro, the analyses of the pyroxenes separated from this ought
to be the most reliable. Thus there may be some indication of an
enrichment of Ni and Co in the orthopyroxene. Regarding the distri
bution of Ni among the pyroxenes, we are faced with a problem known
to all petrologists: the association of nickelbearing sulphides and
norites. SHA:-JD (1950) believed that Ni originally was concentrated in
the magnesian minerals of the noritic rocks. And SULLIVAN (1948)
suggested that the orthopyroxene possibly was unable to incorporate
as much Ni as the monoclinic pyroxene, making Ni available for ore
deposition. Sullivan's proposition does not find support from the
present investigation.
Visual examination of the spectrographic plates shows that Ga
(camouflaged by Al) and Se (substituting for the pair (Mg, Fe) or Ca)
are enriched in the clinopyroxene of Skjaekerdalen, whereas Mo and
Pb is slightly enriched in the associated orthopyroxene. Zr was not
present in detectable amounts.
Thanks are due to Prof. T. F. W. Barth for helpful suggestions.
Statens råstofflaboratorium, november 1957.
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Trondheims -feltet-Gneisområdet-Jotunheims-området.
Bemerkninger til Ivar Hernes's avhandling.
S u m m a r y: In a recent paper in this journal by Ivar Hernes on
"Connections between the Trondheim and Sunnhordland Regions, Caledonides
of Norway" Mr. Hernes maintains that the Trondheim Region has its conti
nuation in the north-western gneiss area of southern Norway, and, secondly,
that the J otunheim Region occupies a less central position in the Caledonian
orogen than the Trondheim Region. There is nothing to object to this. The
same views were brought forward for the first time about 2 0 years ago by
Olaf Holtedahl and must now be said to be generally accepted. But Mr. Hernes
is to blame for not duly having cited the writings of Holtedahl and subsequent
writers on the same subject. A reader not well acquainted with Norwegian
geology and litterature must get the impression that the concepts mentioned
above were new and invented by Mr. Hernes.
I de to første perioder i sin siste avhandling skriver Hernes (1957,
s. 24 7) : "The traditional view put forward in Norwegian geological
discussions has been to draw the links between the Trondheim region

