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The pyroxenes of the alkaline igneous complexes
of eastern Uganda

By Rura C. TyLER
62 Hallgarth St., Durham!

and B. C. Kine
Bedford College, London N.W.1

[Read 3 June 1965]

Summary. Chemical analyses, some optical data, and specific gravities are given
for 57 pyroxenes from the alkaline rocks of Uganda. They are members of the
diopside-hedenbergite—acmite series, the more diopsidic varieties occurring in
rocks of the ijolite series and the more acmitic in syenites and carbonatites. TiO,
is highest in those pyroxenes from rocks that do not contain melanite. The re-
fractive indices and specific gravities are controlled by the Fe?'/Mg ratio in the
diopsidic pyroxenes and by the Fe?" content in the acmitic members. Para-
genesis is discussed briefly.

THIS study of the pyroxenes forms part of an investigation of the
alkaline complexes of eastern Uganda. Although considerable
variations in optical properties obviously reflect variations in chemical
compositions, not only are they difficult to determine accurately owing
to the intense colour, but the existing graphs relating optical properties
and chemical composition are based on largely inadequate data.

It has been usual to refer to the sodic pyroxenes as aegirine-augite
and to regard them as members of the series diopside-aegirine (acmite).
In the pyroxenes investigated, however, the third end member, heden-
bergite, is of equal importance to the other two.

Mode of occurrence of the pyroxenes. The alkaline complexes of eastern
Uganda (fig. 1) consist of two groups: an older group, of presumed
Cretaceous age, in which only intrusive rocks are present—these are
the complexes of Sukulu, Tororo, Bukusu, Sukululu, and Budeda; and
a younger group, of Tertiary age, represented by a series of dissected
volcanoes, Kadam, Elgon, Napak, Moroto, and Toror (King and Suther-
land, 1960). At Napak, erosion has revealed a central plug of plutonic
rocks, while at Toror, the volcanic rocks have been entirely removed,
and only the intrusive equivalents are found.

1 Formerly of Bedford College and of King’s College, London.



6 RUTH C. TYLER AND B. C. KING ON
The chief rock types represented in the complexes are:

Volcanic: melanephelinite-nephelinite (nephelinite series); phonolite~
trachyte.

*Soroti
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Fic. 1. Sketch map showing the positions of the alkaline com-
plexes in Eastern Uganda. Solid black, intrusive complexes;
lined areas, volcanic rocks.

Plutonic: pyroxenite-melteigite—ijolite—urtite (ijolite series)—carbon-
atite; nepheline-syenite-syenite; and fenite (granite)-syenite—
nepheline-syenite.

The principal, and often the only mafic mineral in all of these rocks
is a sodic pyroxene, although its abundance varies widely from pyroxen-
ite in which it is almost the sole mineral to the urtites in which it is only
sparingly present.

In the volcanic rocks, there is a marked contrast between the diop-
sidic pyroxenes of the nephelinites and the very aegirine-rich pyroxenes
of the phonolites and trachytes. Because of this obvious distinction,
and the comparative difficulty of separating the rather small amount of
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fine-grained pyroxene, a detailed study of the volcanic rocks has been
deferred, and in the present account, attention is devoted to the pyrox-
enes of the plutonic series in which a continuous range of compositions
is represented. The pyroxenes of the ijolite series are particularly
important, since in these rocks a complicated sequence of events can
be recognized (King and Sutherland, 1960 ; King, 1965). This sequence
is: pyroxenite-melteigite-ijolite—ijolite-pegmatite—urtite—wollastonite-
urtite.

In addition, the pyroxenes of the nepheline-syenites, carbonatites,
and fenites have been studied, but less comprehensively. The majority
of the pyroxenes analysed are from the ijolite complex of Lokupoi
(Napak), the ijolites and syenites of Budeda, and the carbonatites of
Tororo. Four pyroxenes were also analysed from Semarule in Bechu-
analand where alkali syenites and fenites occur (King, 1955). It has
also been of interest to include reference to two new analyses made of
pyroxenes from the Loch Borolan area of northwest Scotland and four
from the alkaline rocks of Sergy, northern Norway. A total of 63 new
analyses of pyroxenes from alkali suites have been carried out in the
present investigation. Previously published analyses of comparable
pyroxenes are few in number, of which a high proportion are aegirine-
rich (Sabine, 1950 ; Pulfrey, 1950; Deer, Howie, and Zussman, 1963).

Chemical composition of the pyroxenes. Zoning is often common in the
pyroxenes, and it was necessary therefore to select samples in which
zoning was slight or absent. This restricted to some extent the range
of samples available. The methods of analysis used were variations of
the gravimetric, colorimetric, and flame photometric methods in common
use. The results of the analyses, all by R. C. Tyler, are given in table I.

In figs. 2a and b, plots of (Mg+Fe?++Mn)/Ca and (Na+K)/(Fe3++
Ti+ Al") are shown from the calculations of the analyses to the formula
X, Y, _,.(81,A1),0,.

In fig. 3, the pyroxenes have been plotted in terms of the three prin-
cipal end-members, diopside, hedenbergite, and acmite. The compara-
tively small amounts of the other constituents justifies the recalculation
of the proportions of diopside, hedenbergite, and acmite to 100 9%,
whereby the compositions of the pyroxenes are shown as points. On
this diagram, all the pyroxenes from the African alkaline rocks lie
within a curved band extending from near diopside to near acmite. In
the most acmitic pyroxenes, the hedenbergite content commonly exceeds
that of diopside.

Among minor elements, the content of titanium in the pyroxenes shows
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Fic. 2. a (top). Plot of (Mg+Fe*t+Mn)/Ca for all the newly analysed pyroxenes.

b (bottom). Plot of (Na+K)/(Fe3* +Ti- Allv) for all the newly analysed pyroxenes.
A Budeda; ® Bukusu; x Napak; @ Tororo; O Semarule; A Seray.
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dependence on the presence or absence in the rock of other titanium
bearing minerals, notably melanite garnet. Titanium is greatest in the
pyroxenes from rocks where such minerals are absent (see fig. 4).
Manganese increases with increase in the hedenbergite molecule.

Acmite
100 AO

To43® XNi2I
To572¢
NI20VX gogp 4896
sgzasy T055€ XNio7A

N23
SBI90§ X)(N3O AB7
280270 X an XiXN W(N32
N5I6

N5i4 SB78
\ N48)L 3 828‘ ‘azwsm.\
X §( >/< A | gKad0
5“33 K62
N"“ NI08 Ni7s
N35Cx XNII9
N|7OX N Bo33 Bu4|4
o Y AY - A _—\ LY ‘oo
100 80 60 40 20 o
Diopside Molecules % Hedenbergite

Fre. 3. Pyroxene analyses plotted with diopside+hedenbergite +acmite re-
calculated to 100 %,. Symbols as for fig. 2.

In general, however, titanium, manganese, and also aluminium, vary
more in pyroxenes from different regions and localities than among
pyroxenes from the same locality ; this is shown in table II.

Physical and optical properties of the pyrozenes. The diopsidic pyrox-
enes are almost colourless; a green colour becomes apparent with an
increase in the hedenbergite molecule but becomes particularly notice-
able as the content of acmite rises. The variation is readily apparent in
zoned erystals. There is some evidence, however, that intensity of
colour does not depend solely on the content of the major constituents.
It is possible that minor elements have a significant effect not only on
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the intensity of the colour but also on the shade ; for example the pyrox-
enes from the African complexes are yellowish green in colour, for which
the relatively high titanium may be responsible. Other comparable
pyroxenes, e.g. Loch Borolan and Serey, are a much brighter green.

Acmite
100, 0

lo) <0-2%%

e} 02 to 04 *%
®) 0-4 to 0-6°%
O 0-6 to 1-0%
Q 190 to 2:0%

0 A
100 80 60 40 20

0
Diopside molecules % Hedenbergite

Fic. 4. Content of TiO, in the analysed pyroxenes from Napak. Open circles =
rocks with melanite, black circles = rocks without melanite,

More difficult to explain is the oceurrence of a yellowish-brown variety
among the most sodic pyroxenes. Intensity of pleochroism increases
with acmite content, but it remains weak in the rather strongly coloured
pyroxenes of intermediate composition.

Specific gravities of the pyroxenes increase with the Fe?+/Mg ratio
and with the replacement of CaMg by NaFe3+. The same chemical
factors are responsible for increases in refractive indices and A :[001]
angles (see King, 1962).

Physical and optical properties may be used to determine the approxi-
mate chémical compositions of pyroxenes in the diopside-hedenbergite—
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acmite series. Since, however, the pattern of variation in all properties
is similar, and depends on the same chemical factors, the composition
obtained will be only approximate (see figs. 5 and 6).

Acmite
|oo! 0
80476 20
N
175 . \d@
17. X
74 >
60 . N N 40
173 . ’ \
.t \
7N 3 : ¢ \
40, 60
] AN \
70 : N .
R \
69 - . \
2 S T AN
Yiasds SN & ! 8o
\ N - |
67 I /
‘ I ! I
o/ _ | . N N \ N 100
100 80 60 40 20 0
Diopside Molecules % Hedenbergite

F16. 5. Diagram showing the variation in specific gravity and the « refractive index
of the newly analysed pyroxenes. The positions on diopside-acmite and diopside-
hedenbergite are taken from data in Deer, Howie, and Zussman, vol. 2 (1963).

Relation between composition of pyroxene and composiiion of rock.
Petrographic examination shows that the pyroxene of the mela-
nephelinites is a nearly colourless or pale green diopsidic variety. The
pyroxene is greener in the more leucocratic rocks, and it is common to
find the phenocrysts mantled by narrow zones very rich in acmite. In
the phonolites and trachytes, however, a deep green acmitic pyroxene
is usual, and the mineral is further characterized by a strongly prismatic
or even acicular habit. Occasionally, paler diopsidic cores are present.
It is to be inferred that temperature of crystallization (as well as con-
centration of sodium and iron) is a major factor in determining the

B
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composition of the pyroxene, the more acmitic varieties crystallizing at
lower temperatures. The sharp compositional difference between diop-
sidic phenocrysts and their acmitic mantles and ground-mass crystals
suggests that these correspond to crystallization under pre-extrusive

-28
26

2!
82 20 22 22
-8 165 -20
25 245
209 215 g
145 20 20, -:|s>,s23

20 e51 . 204

0 100
100 80 60 40 20 0
Diopside Molecules % Hedenbergite

Fie. 6. Diagram showing the variation in the angle A : [001] for the newly analysed
pyroxenes. Determinations by B. Collins, B.Sc., Bedford College.

and post-extrusive conditions respectively. Experimental work by
Bailey (1963) has shown that the upper temperature-stability limit of
acmite increases rapidly as pressures fall to normal. It may be noted
that the mineralogy of the nephelinites is very largely represented by
the phases in the system acmite-nepheline-diopside investigated by
Yagi (1963) and the system albite-nepheline-diopside-acmite—water
(Nolan, 1966). The appearance of olivine and melilite as primary crystal-
line phases over certain compositional ranges at one atmosphere pressure
is significant since these are also common minerals in the volcanic rocks.

The pyroxenes of the ijolite series have been studied more fully, and
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here a continuous range from near diopside to about Di,;He;;Acy, is
shown. Fig. 7 shows that a rather close correlation exists between the
composition of the pyroxene and the sequence pyroxenite-melteigite—
ijolite—urtite. Field and petrographic studies of the ijolite series shows

Acmite

100

100 80 60 40 20 o
Diopside Molecules % Hedenbergite

Fig. 7. Diagram showing the variation of the compositions of the newly analysed
pyroxenes according to rock type. ¥ = fenite; P = pyroxenite; T = turjaite.
Symbols as for fig. 2.

a highly complex sequence of events, which is only very simply re-
presented by the series from pyroxenite to urtite. Critical chemical
characteristics of the sequence are expressed by plotting the ratio of
total iron oxide to magnesia against that of lime to magnesia as shown
in fig. 8 (see also King, 1965). Generally, the hedenbergite—acmite
content of the pyroxenes increases in successively later members of the
sequence.

‘Where zoning in the pyroxenes of the ijolite series is shown, it is
of two kinds. One is a simple increase in acmite content towards the
margins of the crystals corresponding to successive stages of growth.
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The second is more patchily developed, and although the acmite content
is usually higher towards intergranular boundaries, it is evidently a
zoning of metasomatic type, for it is often prominently developed in
grains that are adjacent to later veins formed by members of the ijolite
sequence (see Napak 120 Rock and Napak 120 Vein).

The compositional range of pyroxenes is extended continuously almost
to pure acmite in the nepheline and cancrinite syenites and carbonatites.

The pyroxene series corresponds primarily to a gradient of tempera-
ture of formation, the continuity of the series reflecting much greater
uniformity of pressure under plutonic conditions than the sudden varia-
tions that can be inferred for the volcanic rocks.

The compositions of the pyroxenes in the fenites associated with the
alkaline complexes show very wide variations from near diopside to
near acmite. Only limited chemical data are yet available, but field and
petrographic observations suggest that, although temperature of forma-
tion is an important factor, the concentration of sodium and iron may
here be of equal importance.

The authors thank Dr. R. A, Howie for his helpful comments.
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