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Alkali-Metasomatites from the Polar Urals

By Oxana V. Udoratina'

THEME 8: Polar Urals, Novaja Zemlya and Taimyr: The
Northern Connection of the Uralides

Summary: Rare-metal alkali (quartz-feldspathic) metasomatites are consi-
dered in terms of their geologic position, structure, and composition. Their
petrochemical and geochemical characteristics are given. In the Polar Urals,
the metasomatites occur as lenticular and tube-like bodies in the fault zones of
the Cambrian basement within the Kharbey block. Three types of the metaso-
matites, dated at ~300 Ma, have been recognised: quartz-bifeldspathic (kval-
mites), quarzt-albitic, and albitites. They belong to the formation of
quartz-feldspathic metasomatites of the fault zones.

INTRODUCTION

Alkali, mostly rare-metal, metasomatites were first described
from the Polar Urals in the sixties. During the past thirty years,
they have been an object of many investigations providing
insights into their nature (APELTSIN et al. 1967, GRYAZNOV et
al. 1981, DvORNIKOV et al. 1981, YESKOvA 1976, KALINOVSKY
1988, 1988, 1992).

The Polar Urals metasomatites are found along the eastern
margin of the East-European platform, in the faults crosscut-
ting scarps of the basement (Precambrian blocks, microconti-
nents). The metasomatites are of quartz-albite-microcline
composition and, according to standard classifications, belong
to the formation of alkali metasomatites of the regional fault
zones (GINZBURG et al. 1973, ZHARIKOV & OMELYANENKO
1978, ZupaNov et al. 1983, Omelyanenko 1975, PLUSHEV &
UsHakov 1972, RUDNIK & TERENTYEV 1966).

GEOLOGICAL POSITION

The metasomatites are located in the Longotyugan transversal
antiform structure in the Kharbey block (Fig. 1A). The meta-
somatite bodies occur either at contacts with granites or in
their vicinity (Mount Taikeu, brook Magnetitovy in the Polar
Urals), in enclosing schists. Occasionally, however, no spatial
link to granitoids is observed. The parent rocks for the metaso-
matites are granitoids (O,) and rocks of an ancient metamor-
phic complex (Nyarveysk PR.nr). The granites are described
as “synfolding” intrusions, a result of layer-by-layer penetra-
tion of melt along fractures and cracks (APELTSIN et al. 1967)
as was the case for cracked plutons (MAKHLAYEV 1996). The
granites occur as essentially gneissoid microcline varieties.
The country rocks are represented by volcanics altered by
greenschist metamorphism: albite-epidote-chlorite, albite-
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epidote-zoisite schists, and phyllite-like rocks. The slaty
parent rocks underwent intense schist formation, cataclasm,
and mylonitization; the granites were reworked by retrograde
metamorphism. The metasomatite bodies are confined to the
marginal parts of large gneissoid microcline granites but
largely replace the enclosing green schists. The metasoma-
tite/schist boundary is distinct and abrupt, while the metaso-
matite/granite transition is gradual. The metasomatite bodies
vary in length and thickness; they have inherited the layer
structure of the cataclasm and mylonitization zones (co-
inciding with the zones of metasomatism) and the directions
of their dip. The metasomatites are observed as conformable
elongated lenses alternating along strike and dip. According to
APELTSIN et al. (1967), the metasomatite occurrence pinches
out with depth. The distribution of the metasomatites in the
parent rocks is shown in the cross sections (Fig. 1B-C).

Native elements: Gold, copper, bismuth.

Tellurides: Sylvanite, calaverite.

Sulphides: Pyrite, pyrrhotite, chalcopyrite, sphalerite
(Fe-sphalerite, Cu-sphalerite), galenite, chal-
cosine, bornite, famatinite, molybdenite,
arsenopyrite, bismuthine.

Oxides: Magnetite, alumospinelide, hematite, ilme-

nite, fergusonite, Ca-pyrochlore, Pb-pyro-
chlore, (Y-Pb-pyrochlore), U-pyrochlore,
columbite, (Mg-columbite), tantalite, sa-
marskite, ilmenorutile, loparite, thorianite,
cassiterite.
Hydrous oxides: Limonite.
Silicates: Quartz, albite (oligoclase), microcline, mus-
covite, Fe-muscovite, phengite, (Fe-musco-
vite-phengite, Fe-muscovite-Fe-phengite),
muscovite-zinnwaldite, biotite, lepidome-
lane, actinolite, glaucophane, hastingsite,
riebeckite, aegirite-augite, aegirite-jadeite,
acmite, amesite-magnesium-prochlorite,
diabantite-Fe-pyrochlore, thuringite-
stilpnomelane, epidote, zoisite, clinozoisite,
allanite, (chevkinite), sphene, garnet, topaz,
kyanite, zircon (malacon), thorite (auerlite,
Fe-thorite, U-thorite, U-Fe-thorite), beryl
(aquamarine), gadolinite, phenacite,
genthelvine, epididymite.
Apatite, monazite, xenotime.
Scheelite, wolframite, ferberite.
Calcite, dolomite, ankerite, TR-F-carbonate,
malachite, cerussite.
Fluorite

Phosphates:
Tungstates:
Carbonates:

Halogenides:

Tab. 1: Compilation of minerals of the rare-metal alkali metasomatites
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Fig. 1: A) Areas with alkali metasomatites in the
Polar Urals.

B) Sampling points in quartz-microcline-albite
metasomatite areas in Taikeu. 1 = schists; 2 =
granitoids; 3 = granitoid rare-metal metasoma-
tites; 4 = sampling point.

C) Profile I-1, II-1I. 1 = schists; 2 = granitoids; 3

= granitoid rare-metal metasomatites.

STRUCTURE AND COMPOSITION

The alkali metasomatites are weakly gneissoid, of leucocratic
composition (light-coloured, light-grey, pink, cream-coloured)
and submassive texture. The rock textures are variable depend-
ing on the mineral content: the most common ones are grano-
and heteroblastic, cataclastic, and blastogranitic with abundant
splitting and folding. Lepido- and nematoblastic textures are
observed where secondary dark-coloured minerals are abun-
dant.

The major minerals are plagioclase, potassium feldspar,
quartz, and muscovite. Rock-forming, accessory, secondary,
and ore minerals are listed in Table 1.

The evolution of the metasomatism is reflected in the transi-
tion from the earlier to younger parageneses: albite - relict (in
inclusions) (Fig. 2a, b), lath-like of two generations, chess-
board (Fig. 2c, d), laminar (Fig. 2e, f); microcline - of pertitic
and clearly latticed textures; the group of alternating mafic
minerals - pyroxenes, amphiboles, micas.

The parent rock composition, with its tendency to variation, is
the determining factor for the kvalmites. The composition of
fluids and duration of the process are of lesser importance.
New generations of rock-forming minerals inherit structural
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and, frequently, compositional peculiarities of the altered rock.
At first glance, however, the metasomatites seem to be devoid
of such features. Yet, a detailed petrochemical investigation
has revealed several generations of minerals, both relict (inhe-
rited) and newly formed. Thus, studying the structure and
texture of the rocks (as least subject to alteration), one can
understand stages of the process, as they are manifested in the
change of mineral generations.

Two typical features of the alkali metasomatites in the Polar
Urals (derived from granites or mixed parent rocks) are (i)
relative stability of the quantitative proportions of the major
rock-forming minerals (quartz, albite, and microcline) and (ii)
great thicknesses (to 200 m) of the bodies. Another distinctive
feature of the rocks is their «complexity», or polymineralic
composition in relation to rock-forming minerals. Even in the
most affected back zone, albite accounts for more than 50 %,
that’s why these rocks have been referred to as albitites.
Because the metasomatites universally comprise quartz,
microcline, and albite, they can be described as granite-like.
The common tendency of metasomatites to form monomineral
zones is seldom observed here. That is why these rocks are
mistaken for granites, even their names, “granitoid”, ”granite-
like”, suggest difficulties in determination. Coexistence of two
minerals, albite and microcline, is a characteristic feature of
this group of metasomatites (in literature, such a paragenesis is



described as possible in case one of the minerals (K- or Na-
bearing) behaves as an inert (inactive) one (OMELYANENKO
1975).

The typical mineral content of this type of metasomatites is:
quartz 20-25 %, albite 25-30 %, microcline 30-40 %, mafic
minerals 5-15 %. The chemical and geochemical compositions
of the metasomatites are reflected in Table 2.

Compared to the kvalmites, the quartz-albite metasomatites
and albitites are enriched in Na,O, TiO, LREE more than
HREE, Ba, Sc, Sb, Ta, U and depleted in MgO, K,O and F, Rb,
Sr, Cs, Cr, Zn, Au, Si0, and ALO, concentrations remain the
same during the entire process. The alternating supply or wash
away tendencies are typical for MnO, CaO, CO, and Co, Ni,
Se, Hf, Zr, Ag. Concentrations of two- and three-valent iron,
La and Lu, As, Th fluctuate around the initial value.

f

Fig. 2: Examples of rock textures in the metasomatites. (a) lath-like albite of generation I; (b) lath-like albite of generation II; (c) and (d) chess-board

albite; (e) and (f) laminated albite.
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Metasomatites Parent rocks
Kvalmites Quartz-albite Albitites Schists
Ka-19g Ka-25 Ka-25a Ka-25g T-39a T-515 Ka-19w Ka-19e|T-515a Ka-25' Ka-29 Ka29' T-39 Ka-19b Kas Kal3 Ka19a LX |Ka2a90 Ka256.90 T.37-90
Si02 | 73,7 7254 7196 1442 77 75,14 76,8 72,32 | 64,03 80,82 76 71,7 81 73,46 75,64 76,86 73,74 79,04| 56,72 58,26 604 | SiO2
TiO2 | 0,04 004 004 0,13 0,1 0,06 005 004 ] 064 005 002 0,1 0,04 0,12 005 007 0,13 0,52 0,52 1,14 | TiO2
Al203 | 13,24 12,92 1508 13,57 124 12,84 11,57 1357 | 1666 946 1223 116 103 13,57 13,96 13,24 14,52 11,86( 17,35 14,52 16,8 | AR203
Fe2031 053 0,57 057 0,27 0,98 069 0,53 | 3,51 1,57 6,8 0,1 1,13 02 0,37 0,65 1,89 0,6 0,7 |Fe203
FeO 1,58 0,72 1,29 144 1,7 0,89 Li5 216 1,5 1,29 1 1,58 144 0,86 Li6 1,4 08 086 432 5,18 7.2 FeO
MnO | 0,04 0,03 0,08 0007 0,03 006 | 0,11 0,06 006 008 003 002 004 0,03 0,12 0,1 0,2 MnO
MgO | 1,13 016 097 1,29 048 0,28 087 1,45 1 0,65 032 04 0,32 032 097 1,62 032 04 04 4,05 2,59 345 | MgO
CaO | 024 314 048 0,18 039 012 072 | 1,85 145 024 024 024 048 1,1 048 036 036 4,59 4,84 0,48 | CaO
Na20 | 424 374 38 35 3,5 3.6 4,24 45 | 525 3,62 464 432 33 572 611 614 614 6,12 3 3 224 | Na20
K20 | 3,53 42 5,16 394 4 485 327 311 {37 163 3 2,28 3 272 012 04 231 022 3,81 2,98 3 K20
LOI 0,3 079 039 038 04 087 028 067 | 1,53 0,04 02 025 015 007 015 0116 009 0727 1,44 3,37 33 LOI
P205 | 0,12 012 015 015 0,12 0,01 009 0,12 (018 015 003 018 006 0,12 003 0,15 0,12 005 0,37 0,33 0,33 | P205
H20- | 0,12 0,06 0,12 0,12 | 0,06 0,22 01 052 0,06 0,08 H2o-
CO2 | 0,53 0,35 0,12 0,14 024 078 014 014 035 014 021 0,17 1,07 3,18 0,7 co2
F 0,39 1,2 0,16 0,05 0,31 0,5 0,04 006 0,07 0,19 0,02 002 0,07 0,36 0,08 F
S 0,02 0,02 0,02 0,02 0,07 S
Sum | 99,75 100,17 99,65 99,76 100,20 100,04 99,73 99,87 |99.97 99,65 99,59 99,54 100,46 99,74 100,46 99,59 99.57 9999 | 99,67 99,62 100,02 | Sum
La 9,2 428 652 78 97 494 203 437 | 563 228 544 087 10 123 251 192 179 8 22,5 23,3 21,5 La
Ce 259 11 18,1 186 245 103 53 158 | 114 50 129 1,95 26 32,2 57 59 275 177 49 49 42,1 Ce
Pr 4,1 1,7 3,02 262 3.5 12,1 791 328 14 662 168 026 3.6 48 6,1 11 51 228 5.8 6,1 5 Pr
Nd 22,7 855 176 129 18 502 414 239 60 30 755 1,18 189 246 223 71 32 105 22,3 26,6 20 Nd
Sm 836 293 646 4 5.7 14,3 14 1L7 | 167 895 236 037 5,8 8,53 5.5 31 10,9 3 6 7.6 5,1 Sm
Eu 0,03 612 008 02 0,37 0041 0068 | 3,78 0,12 001 026 0,1 0,16 03 11 L5 0,6 1,9 1,35 0,9 Eu
Gd 16,1 8,8 14 45 43 17,8 251 223 | 186 133 449 1,7 4 19 5,1 355 10 355 6,9 9,91 64 Gd
Tb 2,88 1,91 272 09 0,75 2,67 4,5 4,1 266 222 78 0,5 0,69 37 0,88 6.8 1,9 0,6 1,11 1,5 1,02 Tb
Dy 19,9 15,8 20 75 52 15,4 30 285 | 145 14 52,5 5 48 274 59 46 126 41 72 8,57 64 Dy
Ho 5.1 497 551 2,08 14 3,5 765 751 | 298 357 136 2 1,2 744 1,51 125 33 1,02 1,7 1,86 1.5 Ho
Er 16,8 19,8 19,3 8 4,7 9 24,3 25 75 10,2 45 10 39 25,5 4,9 40,1 10,1 3,15 53 5.1 4.4 Er
Tm 29 415 361 1,58 0,8 1,33 423 454 | 1,04 1,68 734 265 0,62 4,9 0,83 74 1,87 0,52 0,85 0,71 0,68 Tm
Yb 182 338 256 11 5 697 272 30 51 991 481 275 4,1 342 53 50 11,3 32 525 4 42 Yb
Lu 3,65 78 517 265 096 1,18 507 58 1079 1,74 93 8 0,71 6,82 1,01 8,9 22 058 0,94 0,62 0,72 Lu
Rb ]2346,8 25839 3226,5 270 180  171,1 1468,5 18239| 1028 448,1 13199 1247,7 140 12073 21 430 1770 - 950 323 86 Rb
Cs 28 125 21,8 1,32 2 0,65 147 231 | 2,67 545 475 672 097 234 0,18 33 1,5 0,18 12,2 4,31 2,92 Cs
Sr - 930 330 200 24 160 985 - 16 10 73 515 59 52 300 400 120 60 49 120 210 St
Ba 610 420 535 360 190 460 1025 1185 | 2110 420 870 725 230 1600 400 100 180 150 290 845 980 Ba
Sc 048 031 0,47 1,5 056 09 031 034} 138 028 022 039 0,27 1,6 03 016 2 16 19,8 19,1 Sc
Cr 33 374 509 295 354 816 40,6 598 | 623 305 353 351 20,8 295 45 05 108 20,2 222 61 74,3 Cr
Co 23 0,38 LOs  L13 027 0,79 1,5 1,13 | 349 138 08 1,05 039 1,32 024 1,93 07 028 124 15,4 0,52 Co
Ni 160 - 720 - 6 110 - 140 | 210 230 - 350 26 450 7 - - 8 36 440 150 Ni
Zn 2600 1320 2070 - 24 320 1550 2430 } 170 700 80 630 7 1350 - - 11 - 300 - Zn
Se 1,5 215 338 4 17,7 11,6 | 66 82 185 352 - 27,7 - - - - - 8,1 - Se
As 3715 287 20 5 18,4 10,7 934 122 | 136 11,7 204 347 5 142 327 618 69 3713 5 27.4 21,6 As
Sb 2,31 0,2 1,13 1,5 076 076 024 2751|052 182 77 423 02 1,74 2,88 33 08 19 0,71 0,78 0,2 Sb
Th 1916 5162 4028 128 246 13,5 151,2 3332 ] 105 64,8 456 677,7 163 1441 209 655 1338 224 10,9 72 9,9 Th
U 81,6 744 665 125 108 1,32 47,7 754 | 3,64 399 360 48 7,1 31,3 4,6 255 134 47 9,7 14,3 1,4 U
Br 0607 007 014 007 069 002 001 003} 007 004 002 003 0112 003 046 032 0,1 004 0,58 0,05 0,05 Br
Hf 57,8 2445 1568 3,1 10,7 494 574 944 | 187 235 2284 2373 106 522 4,2 136 31,9 443 24 3,81 34 Hf
Ta 59,3 186 1352 14 2,03 0,9 34 855 | 1,59 21,6 1665 158,1 1,59 404 1,57 720 146 1,38 1,54 1,37 1,12 Ta
Zr 550 2100 1350 105 125 50 330 700 420 170 2300 1800 190 290 24 1350 75 86 160 230 45 Zr
Au,ppb| - 0,24 - 0,04 0,02 - - - - - 0,035 - 0,02 - - - - 0,01 0,03 - 0,03 Au
Ag.ppb| - - . -- - - - - - - 39 1,6 - - - - - - - . . Ag




Decreasing potassium content is balanced by increasing sodi-
um proportion. Mineralogically, it is expressed in the lowering
of the amount of potassium and iron-magnesium minerals,
namely microcline and dark-coloured minerals.

CHARACTERISTICS OF THE METASOMATISM

Distribution of the mineral and elemental patterns in the zones
of the (summary) metasomatic column based on petrographic
and chemical data can be given as follows:

Zones of the column

0 - altered granite (Q+Mi+Ab+mafic);

1 - quartz-microcline-albite metasomatite (Q+Mi+Ab+mafic),
where (Q+Mi+Ab, Mi >20 %);

2 - quartz-albite metasomatite (Q-+Ab), where (Q+Mi >>Ab,
Mi <20 %);

3 - albitite (Ab), where (Ab >50 %).

Strictly speaking, albitites are quartz-microcline-albite meta-
somatites (because they, too, contain potassium feldspar), but
this further subdivision was possible on the basis of microcline
proportions. Patterns of elements are observed at the following
stages: 1) early alkaline (potassium); 2) late alkaline (sodium);
3) silicium-sodium; 4) fluorine-silicium.

The origin of such rocks can be approached in terms of the
evolution of the fluid; the main question, however, is the origin
of the fluid itself: it will allow an understanding of the source
of the mineralization.

CONDITIONS OF FORMATION

The origin of the granite-like metasomatites may be ascribed
to the action of transmagmatic solutions from which the me-
tasomatic granites were deposited. Yet, the metasomatites in
the areas under study occur in rather narrow tectonically active
zones: in conjugation zones of asynchronous rocks or in fault
intersection zones. The metasomatites were produced from
rocks of different metamorphic grades that underwent
dynamic and retrograde reworking. Solutions responsible for
diffusional and infiltrational alterations must have been of a
composite nature: together with juvenile sublimates (trans-
magmatic solutions, or granite-forming fluids) they must have
comprised metamorphogenic fluids. The deep (juvenile)
origin of the solutions is indicated by their O, isotope compo-
sition (KALINOVSKY 1988). A metamorphogenic source seems
obligatory because the metamorphic grade corresponds to the
epidote-amphibolite and greenschist facies, which means that
the rocks are not necessarily dehydrated and contain not only
water-bearing minerals but free water as well. That the rocks
were heated is considered certain, as it is suggested by the
high plasticity of the metasomatites at the early stages of their
alteration, the resultant parageneses, and the chemical compo-
sition of the minerals. The metasomatites formed at variable
temperatures, but the general tendency for the temperature was
to fall from 500-550 °C down to 250-200 °C.

Tectonic processes (brecciation, mylonitization) also played
an important part: they produced zones with freely circulating
fluids that favoured heating and transport as well as zones of
fluid dischargement, where certain components precipitated.

Two points should be emphasized in relation to the kvalmites:
the area of their occurrence is confined to the zones of meri-
dional and sublatitudinal rapture distortions. Their parent
rocks were affected by cataclasm and mylonitization, and the
initial stage of the metasomite formation was synchronous
with the still continuing movements, which is suggested by
synkinematic and paracrystallizational deformations. Forma-
tion of the metasomatites was completed under quiescent con-
ditions indicating that both the parent rocks (granites,
amphibolites, schists) and the metasomatites were formed
over long periods of time.

What is the source of rare metals in the kvalmites? Is it linked
to the type and genesis of the fluids or the type of the parent
rocks? Acid quartz-feldspathic (or quartz) rocks acted as a
geochemical trap, in which alkali-halogen complexes of rare
metals decomposed. It can take place when fluids pass through
granitoids. If these rocks are absent, then a period of “pre-ore”
metasomatism is necessary, feldspar alteration of basic schists
to achieve some minimal sum of quartz + albite + microcline
(KALINOVSKY 1988).

The Rb-Sr age of the alkaline metasomatism is determined as
300 +20 Ma (KaLiNOvsKY 1988, KALINOVSKY & IGNATOV
1987).
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