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ABSTRACT

This paper reports the first finding of oriented triphylite (LiFe2�PO4) rods in fluorapatite. This obser-
vation was made in the contact zone between a metamorphosed rare-element pegmatite and its amphib-
olite wall rock at the Stankuvatske Li-ore deposit in the Ukrainian Shield. This contact zone consists of
an exocontact, in which hornblende was altered to biotite, and an endocontact, which comprises four
parallel mineral zones (aplitic, apatite, triphylite, and transitional).

The needle-shaped triphylite inclusions were observed in greenish-blue apatite within the apatite
zone. They are oriented parallel to structural nanochannels along the c-axis in apatite and were formed
due to the infiltration of Li-rich, pegmatite-derived fluids into the apatite zone. Small amounts of pyrite,
U-Th-rich and Fe-rich phases, as well as small mono-phase fluid inclusions of CO2, CO, and N2 are
associated with the oriented triphylite inclusions and record the character of fluid.

The exo- and endocontacts were formed as a result of interaction between metasomatic fluids
derived from the pegmatite (enriched in K, Na, Li, Rb, F, P, and Mn) with the host amphibolite. At
the contact, the amphibolite was altered into the biotite zone during the first metasomatic stage; alter-
ation of hornblende and plagioclase released Ca, Fe, and Mg toward the pegmatite, where these ele-
ments reacted with P, Li, and Mn to produce the apatite and triphylite zones during the second
metasomatic stage. Acting like a geochemical barrier, the apatite zone in the endocontact inhibited
the further escape of Li from the pegmatite, which now is a Li-ore deposit. The metasomatic processes
observed in the Stankuvatske Li-ore deposit represent an example of apatite and triphylite formation at
the contact between a pegmatite and a metabasite, which has metallogenetic implications.
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INTRODUCTION

Apatite can incorporate high contents of many elements into
its structure, especially in alkaline igneous rocks and carbona-
tites and at (ultra)high-pressure (UHP) conditions. Initially, high
contents of trace elements in apatite are prone to be released
again by fluid interaction or decompression from UHP condi-
tions, resulting in the formation of various mineral phases in apa-
tite, such as monazite inclusions, e.g., in the form of oriented
rods (Pan et al. 1993; Zhang and Liou 1999; Zhu and Massonne
2005; Harlov et al. 2005; Ziemann et al. 2005; Sun et al. 2007;
Krenn et al. 2008) (Online Materials1 Table S1). The origin of
monazite and xenotime inclusions in apatite has been inferred to
be due to infiltration of fluids and interpreted as a consequence
of dissolution-reprecipitation processes (Harlov et al. 2002,
2005). Generally, fluid activity can easily affect the apatite-type
structure, especially by flow through structural nanochannels
along the c-axis of apatite (Kato et al. 2018). In this context, ori-
ented pyrrhotite inclusions in apatite that underwent decompres-
sion from UHP conditions were also explained by the high
activity of volatile sulfur and interactions with Fe along apatite
nanochannels (Broska et al. 2014).

The current article aims to describe for the first time the occur-
rence of oriented triphylite rods in green apatite, as observed at the
Stankuvatske Li deposit in Ukraine. Here, apatite and triphylite
are present in a rare-element pegmatite, and our observations
point to the important role of apatite as a geochemical barrier
for light elements (Li, F, P) in metallogenetic processes.

GEOLOGICAL SETTING
The petalite- and spodumene-pegmatite dikes are located in

the northwestern part of the Lypniazhka Dome Structure in the
western Inhul Domain of the Ukrainian Shield (Fig. 1). In planar
view, the NW-trending Lypniazhka Dome structure displays a
crystalline core consisting of the Proterozoic Kirovohrad granite
complex, dated at ∼2032–2026 Ma (Stepanyuk et al. 2018). The
host rocks of these granitoids comprise Paleoproterozoic to
Neoarchean amphibolites, ultrabasites, and gneisses (2450 to
2650Ma) (Yesypchuk et al. 2004). Gneisses have been metamor-
phosed in upper amphibolite facies at ∼620–680 °C and 500–
600 MPa (Sherbakov 2005), and amphibolites at approximately
650−710 °C and 270−350 MPa (Kurylo et al. unpublished data).

The Stankuvatske Li deposit (SLD) is the largest and the best-
studied deposit in the area, representing granitic pegmatite dikes,
which were intruded into amphibolite and ultrabasic rocks parallel
to the host rocks foliation (Ivanov et al. 2011) and subsequently
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