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Mineralogical evolution of the Sokli phoscorite-carbonatite complex, Kola

Peninsula, Finland.
Mi Jung Lee"*, Daniel Garcia?, Jaques Moutte?, Jong Ik LEE", Yeadong Kim"
1. Introduction

The Sokli complex (NE Finland, 370 Ma) is one of the numerous carbonatite-alkalic rock complexes of
the Kola Alkaline Province. The complex has a concentrically zoned structure, largely being divided into
two zones, and is surrounded by fenite aureole of 1-2 km width. The outer zone mainly consists of
ultramafic rocks which were largely transformed into carbonate-bearing metasomatic facies by CO,-rich
fluids derived from later carbonatite injections. The inner zone (phoscorite-carbonatite complex, PCC),
called “magmatic core”, is made up of multi intrusions of carbonatites and phoscorites (olivine or mica-
magnetite-apatitites with essential carbonate) and bears the largest Nb mineralization in Euroup. In the
magmatic core, five intrusive stages of phoscorites and carbonatites are ;1istinguished based on mineral
assemblage and bulk rock composition. The first three stages comprise phoscorites and calcite
carbonatites referred to as P1 to P3 and C1 to C3, and they usually occur as pairs with same mineral
assemblage. The last two stages comprise only dolomite carbonatites called D4 and D5. These rocks are
poorly exposed at the surface, but numerous drill core samples provide fresh material for mineralogical
analysis. Here, we report mineralogical data and focus on the relationships between calcite carbonatites,

phoscorites and dolomite carbonatites.
2. Mineralogical evolution

Carbonatites and phoscorites display a close association, and consist of the same major and minor
minerals such as olivine, phlogopite, magnetite, carbonates, apatite, pyrochlore and baddeleyite. If the
carbonate minerals, which are essential phases for all carbonatites and phoscorites, are excluded, the
mineral assemblages and modal proportions in each calcite carbonatite-phoscorite pair vary as follows:
PICI rocks is composed of major olivine, magnetite, apatite and accessory baddeleyite; P2C2 pair
contains major magnetite, apatite, olivine and phlogopite and accessory pyrochlore and baddeleyite; P3C3

pair dominantly consists of magnetite, phlogopite, apatite with accessory pyrochlore (Fig. 1).
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Among carbonates, the dolomite proportion slightly increases from stage 1 towards stage 3. D4
dolomite carbonatite has relatively pure composition with small amounts of phlogopite, apatite, magnetite
and pyrochlore. D5 is heterogeneous and characteristically contains a large numer of carbonates: REE
carbonates, some siderite, etc. and a high amount of sulfide minerals. In carbonatites and phoscorites of a
given stage, all major minerals have broadly similar compositions and variation trends, but pyrochlore
show slight differences in trends. Moreover, phlogopite and apatite in phoscorites often show complex
zoning patterns and cover the large compositional ranges, whereas, the zoning patterns are much simpler

and the compositional ranges much more restricted in paired carbonatites.

Magnetite

The amount of magnetite in carbonatites and phoscorites gradually increases from stage 1 towards
stage 3, and its morphology changes from anhedral to euhedral. Its main compositional change from early
to late generations is a decrease in Mg, Al, Mn and Ti contents, and evolution toward pure magnetite

composition.

Phlogopite

The most striking evolution of phlogopite is the decrease in Al content from stage to stage, leading
from a slightly eastonite-bearing phlogopite in stage 1 to pure tetraferriphlogopite from stage 3, which
results mainly from Al depletion of the parental melts. Fluorine content of phlogopite shows a gradual

increase, a feature observed also in the other F-bearing minerals.

Apatite
The Sokli apatite is a fluor-apatite with high F contents. F, Sr and Na increase regularly from stage

1 to stage 4, and rises more strongly between stage 4 and the latest, D5 dolomite carbonatite.

Pyrochlore

A peculiarity of Sokli is its high content of pyrochlore. It appears firstly in stage 2, increases
strongly in content, locally to the percent level, in stage 3, and it continues up to the latest D5 dolomite
carbonatite. Textures show that pyrochlore crystallizes relatively late, after crystallization of most other
minerals, olivine, magnetite, calcite, phlogopite, and baddeleyite. The general evolution scheme is that
early pyrochlore has high contents in U and Ta; these elements suddenly decrease in the intermediate
stage pyrochlore, while Th and Ce increase. Late stage pyrochlores are low in Ta, U, Th and Ce, and
correspondingly high in Nb. Altogether, the Nb/Ta ratios and F contents of pyrochlores increase from
P2C2 to the latest D5 dolomite carbonatite. Chemical variations of Ta, Th, Ce and F in pyrochlores from
phoscorites and associated carbonatites are generally unique, but the distributions of U, Ti and Zr show
more complex variation: Zr are higher in calcite carbonatites, whereas Ti and U is higher in paired

phoscorites.
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- Hg. 1. Microscopic features of the Sokli phoscorites and carbonatites according to the evolutional stages.

{2) P1C1 rocks mainly consist of euhedral magnetite, olivine and calcite with subordinate apatite and

- phlogopite. Baddelyeite is the only Nb-Zr mineral (stage 1 phoscorite, cross, width = 1.3 mm), (b) Modal

proportions of apatite and phlogopite in P2C2 rocks increase. U-Ta rich red pyrochlore begin to

- crystallize (stage 2 phoscorite, open, width = 2.5 mm), (c) Ce-Th rich yellow pyrochlore and euhedral

tetraferriphlogopite are characteristic minerals in P3C3 rocks (stage 3 phoscorite, open, width = 2.5 mm),
(d) Pure dolomitic D4 carbonatite (stage 4 dolomite carbonatite, cross, width = 1.3 mm), (e¢) Euhedral
tetraferriphlogopite is the main silicate mineral in D5 dolomite carbonatite (stage 5 dolomite carbonatite,
open, width = 6.3 mm) and (f) Ancylite (StCe(CO;),) in D3 (stage 5 dolomite carbonatite, open, width =
6.3 mm).
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3. Conclusions

There is a close mineralogical correspondance between phoscorites and paired calcite carbonatites, and
the same evolution trend on major minerals is identified in both rock types. This trend involves a
sustained increase in alkalinity and it is tentatively attributed to deep differentiation of a mixed carbonate-
silicate-phosphate (Fe-rich) parental melt. However, detailed examination of minerals, especially, on late
stage minerals, i.e., phlogopite and pyrochlore indicates that the chemical condition in which these
minerals crystallized was clearly different in the two systems.

The two associated rocks are considered to have been derived from a common parental magma
enriched in Fe, Si, P and carbonates, and their geochemical contrasts to have been produced during the
separation of two rocks from the parental magma.The mineralogical records suggest that each magmatic
pulse segregates at upper levels to produce a phoscorite/calcite carbonatite pair with a distinct mineralogy.
The liquid immiscibility process most simply explains a large chemical gap and different mineralogical
records in late stage of phoscorites and conjugated carbonatites. Therefore, liquid immiscibility is favored
for explaining the chemical fractionation observed in the Sokli PCC.

Fe-Mn dolomite carbonatites, locally enriched in Sr, Ba and LREE, are the latest products from the
residual (still Mg-rich) melt left after the crystallization of the Ca-carbonatites and phoscorites.
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