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ABSTRACT

Pakhomovskyite, Co3(PO4)2•8H2O, is a new mineral species found in dolomite carbonatite cutting phoscorites in the Iron-
Ore Complex, Kovdor, Kola Peninsula, Russia. The mineral was found as groups (up to 3 � 2 cm) of small spherulites (up to 
0.5 mm diameter) and rosettes (up to 0.05 mm diameter) of well-shaped tabular crystals growing on walls of leached fi ssures in 
dolomitic carbonatite. The associated minerals are bakhchisaraitsevite, bobierrite, magnetite, kovdorskite, rimkorolgite, juonniite, 
norsethite, chalcopyrite, phlogopite, pyrrhotite and pyrite. Pakhomovskyite is bright pink, with a dull luster in aggregates, and 
pearly luster in separate fl akes. The streak is pink. The spherulites are translucent, non-fl uorescent. The Mohs hardness is about 2. 
The mineral is fl exible in thin fl akes. Cleavage is perfect on {010}, and the fracture is stepped. Density is 2.71(2) g/cm3 (measured 
using heavy liquids) and 2.71 g/cm3 (calculated). Pakhomovskyite is biaxial (+), � 1.581(2), � 1.600(2), � 1.631(2) (589 nm), 2V 
(meas.) 75–80°, 2V (calc.) 77°. The dispersion is weak, r < v. Optical orientation: X = b, Y � c in the range 22–23° in the obtuse 
� angle, with pleochroism from pale pink on Y to pinkish grey on Z. Chemical analysis with an electron microprobe gave (wt%): 
CoO 34.88, MgO 2.97, MnO 2.41, FeO 0.40, NiO 0.53, P2O5 27.95, H2O (by the Penfi eld method) 29.50, total 98.64. The empir-
ical formula calculated on the basis of Co+Mg+Mn+Ni+Fe+P = 5 is (Co2.38Mg0.38Mn0.17Ni0.04Fe2+

0.03)�2.99 (PO4)2.01•8.35H2O. 
The simplifi ed formula is Co3(PO4)2•8H2O. According to X-ray-diffraction studies, pakhomovskyite is monoclinic, C2/m, a 
10.034(4), b 13.341(3), c 4.670(3) Å, � 105.02(2)°, V 603.8 Å3, Z = 2. The strongest six lines in the X-ray powder-diffraction 
pattern [dobs(Å)(Iobs)hkl] are: 6.67(100)(020), 3.195(60)(131̄), 2.948(70)(311̄), 2.691(70)(221), 2.521(60)(241̄), 2.408(60)(401̄). 
Pakhomovskyite, a new member of the vivianite group, is an analogue of synthetic Co3(PO4)2•8H2O. Pakhomovskyite is the latest 
low-temperature hydrothermal mineral to form, as a result of dissolution of primary ore minerals by alkaline phosphate-bearing 
solutions. The mineral is named in honor of Yakov A. Pakhomovsky, who has made signifi cant contributions to the mineralogy 
of the alkaline massifs of the Kola Peninsula.

Keywords: pakhomovskyite, new mineral species, vivianite group, carbonatite–phoscorite complex, Kovdor massif, Kola Pen-
insula, Russia.

SOMMAIRE

La pakhomovskyite, Co3(PO4)2•8H2O, est une nouvelle espèce minérale découverte dans une carbonatite à dolomite recou-
pant les phoscorites du complexe à minerai de fer, massif de Kovdor, péninsule de Kola, en Russie. Le minéral se présente en 
groupes de petites sphérules atteignant 3 � 2 cm, chacune jusqu’à 0.5 mm de diamètre, et en rosettes de cristaux tabulaires bien 
formés jusqu’à 0.05 mm de diamètre, tapissant les parois de fi ssures lessivées dans la carbonatite dolomitique. Lui sont associés 
bakhchisaraïtsévite, bobierrite, magnétite, kovdorskite, rimkorolgite, juonniite, norsethite, chalcopyrite, phlogopite, pyrrhotite et 
pyrite. La pakhomovskyite est rose brillant, avec un éclat mat en aggrégats et un éclat nacré en feuillets distincts. La rayure est 
rose. Les sphérulites sont translucides et non fl uorescentes. La dureté de Mohs est environ 2. Le minéral est fl exible en feuillets 
minces. Le clivage est parfait sur {010}, et la fracture est en escalier. La densité mesurée avec liqueurs denses est 2.71(2), et la 
densité calculée est 2.71 g/cm3. La pakhomovskyite est biaxe (+), � 1.581(2), � 1.600(2), � 1.631(2) (589 nm), 2V (mes.) 75–80°, 
2V (calc.) 77°. La dispersion est faible, r < v. Orientation optique: X = b, Y � c entre 22 et 23° dans l’angle � obtus, avec pléo-
chroïsme allant de rose pâle sur Y à gris rosâtre sur Z. Une analyse chimique effectuée avec une microsonde chimique a donné (en 
%, poids): CoO 34.88, MgO 2.97, MnO 2.41, FeO 0.40, NiO 0.53, P2O5 27.95, H2O (méthode de Penfi eld) 29.50, pour un total 
de 98.64. La formule empirique calculée sur une base de Co+Mg+Mn+Ni+Fe+P = 5 serait (Co2.38Mg0.38Mn0.17 Ni0.04Fe2+

0.03)�2.99 
(PO4)2.01•8.35H2O. La formule simplifi ée est Co3(PO4)2•8H2O. Selon les données en diffraction X, la pakhomovskyite est mono-
clinique, C2/m, a 10.034(4), b 13.341(3), c 4.670(3) Å, � 105.02(2)°, V 603.8 Å3, Z = 2. Les six raies les plus intenses du spectre 
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de diffraction (méthode des poudres) [dobs(Å)(Iobs)hkl] sont: 6.67(100)(020), 3.195(60)(131̄), 2.948(70)(311̄), 2.691(70)(221), 
2.521(60)(241̄), et 2.408(60)(401̄). La pakhomovskyite, nouveau membre du groupe de la vivianite, est un analogue du composé 
synthétique Co3(PO4)2•8H2O. La pakhomovskyite est le dernier minéral à se former durant l’évolution hydrothermale, et résulte 
de la dissolution de minerais primaires par des solutions alcalines phosphatées. Le nom choisi honore Yakov A. Pakhomovsky 
pour ses contributions à la minéralogie des massifs alcalins de la péninsule de Kola.

 (Traduit par la Rédaction)

Mots-clés: pakhomovskyite, nouvelle espèce minérale, groupe de la vivianite, complexe de carbonatite–phoscorite, massif de 
Kovdor, péninsule de Kola, Russie.

are penetrated by dykes of nepheline and cancrinite 
syenite, ijolite, tinguaite, alnoite, shonkinite and calcite 
carbonatite. At the contact of olivinite and feldspathoid-
bearing intrusions in the west, the massif is intruded 
by a concentric zoned stock of phoscorites in the outer 
zone and magnetite–carbonate rocks in the central zone. 
These rocks form the bulk of the Iron-Ore Complex. 
In turn, a stockwork of veins of dolomite carbonatite, 
picrite dykes and numerous explosion-pipes containing 
various breccias are concentrated within the Iron-Ore 
Complex.

The Iron-Ore Complex contains phoscorites 
(apatite–forsterite, forsterite–magnetite, apatite – fors-
terite – magnetite and forsterite rocks), magne-
tite–carbonate rocks (forsterite – calcite – magnetite, 
phlogopite – calcite – magnetite, magnetite–calcite and 
magnetite–dolomite rocks), carbonatites and phlogopitic 
glimmerites. The magnetite–silicate varieties are clearly 
concentrated at the periphery of the columnar orebody, 
and the magnetite–carbonate rocks occur within the 
central zone. This zonation is emphasized by the devel-
opment of magnetite-free apatite–forsterite rocks at the 
outer boundary of the orebody and by the presence of 
calcite–magnetite rocks with a high pyrochlore content 
(called “anomalous” ore owing to their higher radio-
activity) in the axial zone of the orebody. The fi nal stage 
of formation of the Iron-Ore Complex was the intrusion 
of dykes of dolomitic carbonatite and the formation of 
hydrothermal veins related to the dolomite carbonatite. 
The veins contain hydroxylapatite, bobierrite, vivianite, 
barićite, kovdorskite, bakhchisaraitsevite, cattiite and 
pakhomovskyite.

OCCURRENCE, PHYSICAL AND OPTICAL PROPERTIES

Dikes of dolomite carbonatite (up to 2 m wide) are 
mostly concentrated in the central part of the Iron-Ore 
Complex, within the “Anomalous” ore. Their contacts 
with host phoscorites, magnetite–carbonate rocks, 
magnetite-free calcite carbonatite, pyroxenite, and 
fenite are sharp; no alteration zones are developed 
around the dikes. The dolomite carbonatite is a white 
or cream-colored, massive medium- or coarse-grained 
rock, almost entirely made of equant grains of dolomite. 
The dike rock contains occasional newly formed calcite 

INTRODUCTION

Pakhomovskyite, Co3(PO4)2•8H2O, is a new mineral 
species from the Kovdor alkaline massif, Kola Penin-
sula, Russia. It was found in 2001 and identifi ed by 
X-ray powder-diffraction pattern, which demonstrated 
its equivalence to Co3(PO4)2•8H2O, a synthetic cobalt 
orthophosphate octahydrate known since 1989 (Riou et 
al. 1989). Pakhomovskyite is the Co-dominant analogue 
of vivianite, barićite and arupite, and a P-dominant 
analogue of erythrite. So far, it is the third phosphate 
of the vivianite group found within the Kovdor hydro-
thermal veins.

The mineral is named in honor of Dr. Yakov A. 
Pakhomovsky (b. 1948), a mineralogist at the Geolog-
ical Institute of the Kola Science Centre, Russian 
Academy of Sciences, who has made a significant 
contribution to mineralogy of the Kola alkaline massifs. 
Both the species and the name have been approved by 
the Commission on New Minerals and Mineral Names 
of the International Mineralogical Association (IMA) 
(proposal 2004–021). Type material of pakhomovskyite 
is deposited in the Mineralogical Museum of St. Peters-
burg State University, Russia, and in the Geological 
and Mineralogical Museum of Geological Institute of 
the Kola Science Center of the Russian Academy of 
Sciences, Apatity, Russia.

GEOLOGICAL SETTING

The Kovdor massif of ultrabasic alkaline rocks and 
carbonatites is a central-type multiphase igneous intru-
sion (67°33’ North, 30°31’ East) in the Kola Peninsula, 
Russia. It was emplaced into Archean biotite- and 
hornblende-biotite gneisses and granitic gneiss of the 
Belomorsky block of the Baltic shield 360–420 million 
years ago (Kramm et al. 1993, Bayanova et al. 1997). 
The massif has a distinct concentrically zoned structure 
and contains three pronounced ring-shaped complexes 
(Ivanyuk et al. 2002).

Moving from the center toward the outer part of the 
massif, these are: (1) olivinite, (2) metasomatic rocks, 
containing phlogopite, diopside and melilite, among 
others, (3) turjaite and melteigite–urtite. Both the 
main rocks of the massif and the host fenitized gneiss 
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(up to 20 vol. %). Characteristic accessory minerals 
are richterite, pyrrhotite, zircon, brown phlogopite and 
tetra-ferriphlogopite, hydroxylapatite and magnetite.

The veins contain rare irregularly distributed voids 
encrusted by rhombohedral crystals of dolomite over-
grown by various hydrothermal minerals: collinsite, 
bobierrite, vivianite, kovdorskite, rimkorolgite, bakh-
chisaraitsevite, pakhomovskyite and other rare phos-
phate minerals; these are associated with magnesite, 
strontianite, barite, henrymeyerite and pyrite where a 
dolomite vein cuts phoscorite or magnetite–carbonate 
rocks. An assemblage including catapleiite, labuntso-
vite-group minerals, natrolite, anatase, edingtonite and 
pyrite occurs where the dolomite vein cuts foidolite or 
alkaline diopsidite.

Pakhomovskyite was found in a dike (up to 0.8 
m wide) of coarse-grained dolomite carbonatite 
cutting phoscorite of the Iron-Ore Complex (Fig. 1). 
In marginal parts of the vein, there are numerous 
inclusions of corroded cavernous tabular crystals of 
Co-bearing pyrrhotite, whereas crystals of dolomite, 
bakhchisaraitsevite, bobierrite, magnetite, kovdorskite, 
rimkorolgite, juonniite, norsethite, gladiusite, pyrite and 
chalcopyrite incrust small cavities in the axial zone of 
the vein. Pakhomovskyite forms groups (up to 3 � 2 
cm) of small spherulites (up to 0.5 mm in diameter) and 
rosettes (up to 0.05 mm diameter) of single well-shaped 
tabular crystals (up to 0.05 mm in diameter) growing 
on walls of leached fi ssures in dolomite carbonatite 
(Fig. 2).

Aggregates of pakhomovskyite are bright pink (like 
erythrite), with a pink streak and a dull (in aggregates) 
to pearly (in separate fl akes) luster. Separate spherulites 
are translucent, and thin flakes are transparent. No 
fl uorescence was observed. Pakhomovskyite aggregates 
are very soft; the Mohs hardness is approximately 2. 
The mineral is fl exible in thin fl akes. The cleavage is 
perfect on {010}; its fracture is stepped. No twinning 
was observed. The density measured by fl otation in a 
dilute Clerici–water solution is 2.71(2) g cm–3; Dcalc = 
2.71 g cm–3. In immersion liquids, the mineral is pale 
pink, with pleochroism from pale pink on Y to pinkish 
grey on Z. Optical orientation: X = b, Y � c = 22–23° in 
the obtuse � angle. Pakhomovskyite is biaxial, positive, 
with � 1.581(2), � 1.600(2) , � 1.631(2) (589 nm), 2V 
(meas.) 75–80°, 2V (calc.) 77°. Dispersion is weak, r < 
v. The compatibility index is 0.048 (good).

The physical and optical properties of pakho-
movskyite are compared with those of other minerals 
of the vivianite group and of synthetic Co3(PO4)2•8H2O 
in Table 1. In a hand specimen, pakhomovskyite can 
be fairly similar to erythrite, but the optical properties, 
density and (micro)habit of these minerals are quite 
different. The tabular shape of pakhomovskyite crystals 
as well as their bright pink color contrast with the blue 
color and prismatic habit of vivianite and arupite.

CHEMICAL COMPOSITION

Chemical analyses of fourteen spherulites and 
separate crystals of pakhomovskyite were undertaken 
using a Cameca MS–46 electron microprobe operating 
at 20 kV and 20 nA, with a 30 �m beam diameter 
(Table 2). The beam diameter used in this study is 
rather large, as the mineral is unstable under the elec-
tron beam. Every analysis is an average result of the 
6–10 points. The following standards were used: cobalt 
(Co), pyrope (Mg), synthetic MnCO3 (Mn), hematite 
(Fe), nickel (Ni), apatite (P). Analytical diffi culties 
due to the mineral instability under the electron beam 
were partially overcome by defocusing the beam and 
moving it slowly during the analysis. The concentra-
tion of H2O was determined by Penfi eld’s method. The 
empirical formula, calculated on the basis of Co + Mg 
+ Mn + Ni + Fe + P = 5, is: (Co2.38Mg0.38Mn0.17Ni0.04
Fe2+

0.03)�2.99(PO4)2.01•8.35H2O. A simplifi ed formula 
is Co3(PO4)2•8H2O, which requires: CoO 44.00, P2O5 
27.78, H2O 28.22, total 100.00 wt.%. Pakhomovskyite 
is easily soluble in dilute (10%) cold HCl.

CRYSTALLOGRAPHY

X-ray powder-diffraction data for pakhomovskyite 
(Table 3) were recorded using a 114.6-mm-diameter 
camera with a FeK� radiation. The data were indexed 
and refi ned on the basis of a monoclinic unit-cell with 
a 10.034(4), b 13.341(3), c 4.670(3) Å, � 105.02(2)°, 
V 603.8 Å3, Z = 2 and space group C2/m, which we 
obtained as a result of single-crystal X-ray studies with 
the precession method. The data are in agreement with 
the data reported by Riou et al. (1989) for synthetic 
Co3(PO4)2•8H2O. Pakhomovskyite is isotypic with 
vivianite.

GENESIS

Hydrothermal mineralization of carbonatite veins of 
the Kovdor massif is similar to that in Na-carbonate-
bearing hydrothermal veins within the Khibiny alkaline 
massif (Goryainov et al. 1998). Low-temperature 
hydrothermal solutions, infi ltrating alkaline rocks and 
fl uorapatite-rich phoscorite, become enriched in P and F. 
Such solutions can extract Fe, Mg, Ba, Sr, Si, Zr, Al, Sc, 
the rare earths, and other chemical elements, including 
Co, from the host rocks. By reaction with dolomite, the 
alkaline-phosphate-bearing solution produces Ca- and 
Mg-phosphates, e.g., collinsite:

CaMg(CO3)2 + CaCO3 + 2H3PO4 → 
Ca2Mg(PO4)2•2H2O + 3CO2 + H2O

Other elements such as Fe (extracted from magnetite, 
pyrrhotite, etc.), Sc (extracted from baddeleyite), Ba 
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FIG. 2. Pink crystals of pakhomovskyite on the matrix (a) and their SEM photo (b).

FIG. 1. Coarse-grained dolomite 
carbonatite cutting phoscorite of 
the Kovdor Iron-Ore Complex, 
Kola Peninsula, Russia. The 
180-cm-high person standing 
in front of the cliff face is Dr. 
 Anatoly Zaitsev (St. Petersburg 
State University).
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and Sr (extracted from carbonates) are incorporated 
into vivianite, barićite, gladiusite, juonniite, krasnovite, 
rimkorolgite, strontiowhitlockite, among others.

The Co content of pyrrhotite of pakhomovskyite-
bearing carbonatite vein is up to 0.1 wt.%, whereas in 
pentlandite from a phoscorite of the Anomalous Zone, 

it is up to 1.1 wt. % (Ivanyuk et al. 2002). Pakho-
movskyite may well form according to the following 
reactions:

(Fe,Co)S + 2H2O → (Fe,Co)(OH)2 + H2S

3Co2+ + 2H3PO4 + 8H2O → 
 Co3(PO4)2•8H2O + 6H+

The character of pyrrhotite dissolution, shown in 
detail by Liferovich et al. (2000), as well as the usual 
presence of vivianite and gladiusite in the same vein, 
support such suggestion.

Riou et al. (1989) prepared crystals of synthetic 
Co3(PO4)2•8H2O at room temperature from aqueous 
solutions. By analogy, we suggest that pakhomovskyite 
crystals grew from cold Co-bearing phosphate solu-
tions in fi ssures of dolomite carbonatite that serve as a 
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geochemical barrier. This hypothesis is supported by the 
presence of cattiite, Mg3(PO4)2•22H2O, and nastrophite, 
NaSr(PO4)•9H2O, in surrounding carbonatite veins 
(Britvin et al. 2002). The presence of nastrophite reveals 

a high alkalinity of residual solutions, and cattiite could 
have formed only at low temperatures (5–20ºC). There-
fore, pakhomovskyite can be considered as a mineral 
that formed as a result of the latest low-temperature 
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stage of hydrothermal activity within the phoscorites 
of the Kovdor Iron-Ore Complex.
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