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ORE-BEARING METASOMATITES OF PERGA AREA
AND KOROSTEN PLUTON GRANITOIDS (UKRAINIAN SHIELD):
GENETIC RELATIONS ON THE BASIS OF GEOCHEMICAL MODELLING

(PexomeHAo8aHO 4YrieHOM pedaKyiliHoi konezii 0-poM 2eorn.-miHepasioz. Hayk, npog. B.M. 3acHimkom )

Geochemistry of the most typical ore-bearing (sulfide-rare metal mineralization) metasomatites formation within tectonic zones (Perga
area) spatially associated with Precambrian (1.75-1.8 Ga) Korosten anorthosite-rapakivigranite pluton (Ukrainian Shield) was investigated
in detail. Major and trace elements behavior during the multistage alteration of predominantly granites was studied. All investigated altered
varieties were classified into several geochemical types of alteration which result in formation of corresponding metasomatites during the
multistage processes: (1) Fe — Mg — Na— K- Zn, Pb, Nb, Rb, Cs, Cd (Be, Li, Ta etc.) — apogranites, albitites-l, albite-microcline, microcline-
albite, siderophyllite-feldspar and siderophyllite metasomatites; (1a) Na— Nb, Sn (Ta, Be etc.) — albitites-ll; (2) Si— (Sn, Be, W etc.) —
apogranites and quartz-muscovite greisens. Metasomatites of the 15 (main) type are widely distributed and contain the most of related
economic mineralization. Geochemical data obtained were compared to hypothetical compositions of metasomatites, calculated from
predesigned geochemical model of the Korosten pluton granitoid evolution based on fractional crystallization equations. A set of zircon,
apatite and monazite solubility equations in silicate melts was used in the model designed to estimate magma crystallization temperature
in deep chamber and the level of its saturation in H,0. Dependences C-=C,f>" (C,= element concentration in parent magma, C" = element
concentration in residual melt, f = weight fraction of liquid phase in magma chamber, D = bulk distribution coefficient of the element) for
Zn, Pb, Nb, F and Cl show inverse nature. Their extremum points indicate f value when residual melt reaches saturation in water (aqueous
fluid separation beginning). This makes it possible to calculate the K- = C/C" (CF — element concentration in fluid) values and to estimate
the Zn, Pb, Nb concentrations in hypothetical (model) metasomatites. Model (calculated) element concentrations correspond to the
composition of natural ore-bearing metasomatites of the Perga area. These results confirm the hypothesis that high-temperature metal-
bearing fluids, which formed metasomatites, were produced by the Korosten pluton granitoids during their magmatic evolution.

Keywords: metasomatites, granite, trace element, magmatic evolution, fluid separation, fluid/melt distribution coefficient, rock

alteration, ore mineralization.

1. Introduction

Metasomatically altered rocks of various compositions
(apogranites,  diverse  feldspar and  siderophyllite
metasomatites, greisens) are abundant within tectonic zones
spatially associated with Precambrian (=1.75-1.8 Ga
(Ponomarenko et al., 2014)) Korosten anorthosite-rapakivi
granite pluton (Ukrainian Shield) (Fig. 1). Multistage alteration
of predominantly granites resulted in the formation of complex
sulfide-rare metal mineralization. Perga area (Fig. 2) is the
largest and the most typical site of these metasomatites with
economic ores (Belous, 1994, Metalidi and Nechaev, 1983
etc.). All the metasomatites, both with economic and non-
economic mineralization, show uniform F-Li-Be-Nb-Ta-Zr-Th-
W-Sn-Mo-Zn-Pb-Cu-Bi-Cd geochemical specialization with
rarely high Au and Ag concentrations in the varieties formed
at the final stages of alteration (Belous, 1994; Nechaev,
1998). Available geological data (Fig. 1 and 2) demonstrate
close spatial relations between economic ores,
metasomatites and differentiated Korosten pluton granitoids.
Recently published geochronological data (Verchogliad, 1995
efc.) indicate the ages of metasomatites formation ~1760—
1752 Ma, which demonstrate their almost coeval genesis with
the pluton. However, despite Perga area (Bespalko, 1975;
Belous, 1994; Velikoslavinsky et al., 1978; Verchogliad, 1995;
Viynar and Razumeeva, 1972; Galetsky, 1974; Gurov, et al.,
1971; Esipchuk et al., 1993; Kazitsyn and Rudnik, 1968;
Kovalenko, 1979; Lazareva, 2015; Nechaev, 1998;
Shatskaya and Shpanov, 1977; Sheremetet al, 2011;
Sheremet et al., 2014; Shnyukov and Lazareva, 2002;
Sherbakov, 2005; Shnyukov et al., 2000; Shnyukov et al.,
2018) was thoroughly studied, the problem of absence of
complete hypothesis about the source of high-temperature
metal-bearing fluids that explains metasomatites formation
remains until now. The most appropriate point of view is that
such fluids were produced by Korosten pluton granitoids

during their magmatic evolution, but this hypothesis has not
been finally confirmed by now.

The aim of this paper is to solve following tasks: (1)
evaluate the ability of the Korosten pluton granitic magma to
be the source of high-temperature metal-bearing fluids
responsible for both metasomatic alteration and ore
mineralization processes and (2) design geochemical model
of ore-bearing metasomatically altered rocks formation
using the example of Perga area (Fig. 2), which is abundant
with such metasomatites that concentrate most of economic
ore mineralization.

2. Geological settings of the Perga metasomatites

Perga area (more than 200 km?) is situated (Fig. 1)
within the northwestern part of the Korosten anartosite-
rapakivi granite pluton (=1.8-1.75 Ga) which is one of the
largest and well-preserved magmatic complexes of the
Ukrainian Shield (USh) (Esipchuk et al., 1993; Mytrohyn,
2008; Ponomarenko et al., 2014 efc.). It occupies the
northwestern part of the USh and covers an area of
approximately 12000 km2. Pluton was formed at the
subplatform stage of the USh formation and intrudes
predominantly gneisses, amphibolites, plagiomigmatites
and granites (=1.9-2.1 Ga (Ponomarenko et al., 2014 efc.)).
At the present erosional level, it comprises =75 % granitoids
(rapakivi, granite-porphyries, vein granites) and =25 % basic
rocks (anorthosites, gabbronorites, subordinate ultrabasic
rocks and microgabbros) (Mytrohyn, 2008 eftc.).

Metasomatites and economic ores of Perga area are
located within 3 to 10 km wide and approximately 200 km
long northeast-striking structural corridor consisting of
numerous fault zones and limited by the longest
ones (Fig. 2), which is situated along the northwestern
margin of Korosten pluton (Fig. 1). Corridor structure is a
result of intense multistage tectonic activity. Submeridional
faults were produced in final tectonic events (Galetsky and
Zinchenko, 1971 etc.).
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Fig. 1. Geological position of the Perga area.

(a) Position of the Korosten pluton among other anorthosite-rapakivi granite complexes of the East European platform
(Velikoslavinsky et al., 1978 etc.). (b) Position of the Perga area within the Korosten pluton region (see references in (Shnyukov et al., 2018)):
1 — host rocks; 2 — platform-type sedimentary-volcanic rocks within the graben structures; 3 — ore-bearing metasomaticaly altered rocks
in tectonic zones; 4, 5 — Korosten pluton granitoids and basic rocks respectively; 6 — the borders of the region represented on Fig. 2;
7 — faults (a — regional, b — local)
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Fig. 2. Geological sketch map of the investigated central part of the Perga area (modified from (Belous, 1994)):
1 — quartz-sericite schists; 2, 3 — Korosten pluton granitoids and basic rocks respectively; 4 — metasomaticaly altered granites;
5, 6 — ordinary metasomatic granites of Perga type and their varieties with redistributed quartz respectively; 7 — quartz-muscovite greisens;
8 — quartz-feldspar, feldspar, siderophyllite-feldspar; siderophyllite metasomatites of all types (including albitites-I and albitites-Il);
9 — faults; 10, 11 — principal and secondary geological boundaries respectively; 12 — regions where metasomaticaly altered granites (1),
metasomatites of the 1st (including albitites-Il) (2) and 2nd (3) alteration series were sampled. Points of the unaltered Korosten granites
sampling are not shown as they are situated within the central part of the pluton

Metasomatites represented within Perga area inherit
tectonic zones. Metasomatic bodies generally have typical
vein or more complicated form and also tectonic contacts
with the host rocks, which makes it difficult to study
formation stages and metasomatic zoning. Host rocks are
mainly represented by granitoids with minor gabbroids of
the Korosten pluton. Granites play the role of substratum for
alteration in most cases.

3. Sampling and analytical investigations

Metasomatically altered rocks were sampled within the
Perga area (Fig. 2), and subdivided into a number of rock
types that are represented in the area. Each rock type was
investigated by a series of point geochemical samples
(n=10-30, ~300 g) to carry out element analysis as well as
detailed mineralogical investigations by some bulk samples
(3-5kg). As a result, metasomatic rock types are
represented by a set of more than 200 point and bulk
samples collected from drill cores and outcrops.

All samples were crushed, pulverized and analyzed by
means of X-ray fluorescence method (XRF). Major oxides and

selected trace elements content (SiOz, TiO2, Al203, Fe2O3!,
MnO, MgO, Ca0, Naz0, K20, P20s, S, Cl, Zr, Sr, Ba, Rb, Y, La,
Ce, Nd, Nb, Th, Ga, Pb, Zn, Cu) was determined in each
sample. The precision and accuracy of the XRF method were
verified by replicate analysis of the rock standards of specially
prepared reference samples set. Final calculations for each
powder sample were obtained as averages of individual
powder pellet results with 3-7 for point samples and 10-40 for
bulk ones. In the last case total analytical uncertainty (one o
level) was estimated as: Si — 0.5-0.6; Al, Fe, Na, K, Rb, Ba —
1.5-5; Ti, Mn, Mg, Ca, P, Zr, Sr, Y, La, Ce, Nd, Nb, Pb, Th, Cu,
Zn, Ga, Cd, Cs — 5-15; S, Cl — 15-30 relative %. In the case of
point samples more significant analytical uncertainty was
noticed only for Zr (up to 15-25 relative %).

All the samples underwent detailed research in thin
sections. Heavy mineral concentrates were studied
additionally for the bulk ones to investigate complete
mineralogical composition. All mineral phases studied were
reanalyzed using electron microprobe to validate previous
qualitative mineral analysis.
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Whole-rock data set for main types of Perga area altered
rocks is based on final results of analytical and mineralogical
research (Table 1-3). This data set includes additional

granitoids earlier (Lazareva, 2015; Shnyukov, 2001;
Shnyukov, 2002; Shnyukov and Lazareva, 2002, Shnyukov
et al., 2000; Shnyukov et al., 2018 etc.).

geochemical data obtained for the Korosten pluton
Table 1
Modal mineralogical composition of selected unaltered rocks and metasomatites of Perga area
Mineral 1 2 3 4 5 6 7 8 9 10
K-feldspar, vol% 48 45 50 60 48 34 30 40 20 15
Plagioclase, vol% 16 9 3 - - - - - - -
Albite, vol% - 5 2 10 15 14 11 20 5 60
Quarts, vol% 30 40 40 25 30 50 55 10 15 20
Ferrimuscovite, vol% - - 2 - - - - 5 - -
Biotite, vol% 3 1 3 5 5 5 3 25* 30* 2
Zircon, ppm 384 185 60 622 2252 | 10145 1328 3250 | 20996 69
Fluorite, ppm 1890 128 310 491 2065 133 1490 592 | 70897 131
Genthelvite, ppm - - - - - 27| 17268 4132 | 222828 1871
Blende, ppm - - - - - 93 77 - - -
Cassiterite, ppm - - 1 16 428 - 18 - 1532 | 25904
Monazite, ppm - - - - - - - - 7507 -
Xenotime, ppm - - - - - - 3 - - -
Molybdenite, ppm - 1 2 - 298 - 22 - - -
Galenite, ppm - 2 2 - - 32 - - - -
Pyrite, ppm - 1 1 - 32 43 5 - - -
limenite, ppm - 1 - 1 4 - - - - -
Anatase, ppm - - - 3 - 3 8 - - -
Perovskite, ppm - - - - - - - 15 - -
Thorite, ppm - - - 5 - - - - - -
Phenakite, ppm - - - - - - - 124 - -
Weberite, ppm - - - - 17073 - - - - -
Magnetite, ppm 483 8 309 7 28 13 12 124 - 25
Hematite, ppm - 3 - - 326 1429 - 1374 159 446
Bastnasite, ppm - - - 1 - - - - - -
Epidote, ppm - 4 - - - - - - - 4

Notes: (1) 1-3 — Korosten granitoids (1 — unaltered, 2 and 3 — weakly altered varieties); 4, 5 — ordinary metasomatic granites of Perga
type; 6 — granites of Perga type with redistributed quartz; 7, 8 and 9 — quartz-albite-microcline, siderophyllite-feldspar (siderophyllite-albite-
microcline) and siderophyllite metasomatites respectively; 10 — albitites-II. (2) * siderophyliite.

4. Main types of metasomatites description

Among metasomatically altered rocks of the Perga area
the most widespread and typical varieties were investigated
(Bespalko, 1975; Galetsky and Zinchenko, 1971; Galetsky,
1974; Esipchuk et al., 1993; Metalidi and Nechaev, 1983
etc.), substratum for formation of which were granitoids. Two
series of rock varieties subsequently replacing each other
were distinguished among them. Their mineral and chemical
compositions are given in Tables 1, 2 and 3.

The first series includes:

(1) Ordinary metasomatic granites of Perga type.
Brownish to grey-rosy in color, mainly medium-grained and
uneven-grained, in some cases porphyry varieties.
Characteristic gneissic banding is caused by parallel
arrangement of lenticular biotite scales. Texture varies from
blastogranitic to protoclastite with crystaloblastic cement,
with minor porphyroblastic. The rocks of first series are most
widely distributed in the Perga area. They are originated
from Korosten pluton granitoids, which is proved by the
presence of transition and altered in a various degree
varieties (apogranites). The age of the Perga granites,
estimated by U-Pb method (zircon) yields 1760-1730 Ma
(Kovalenko, 1979; Sherbakov, 2005).

(2) Granites of Perga type with redistributed quartz.
These are pink-reddish medium-grained, massive, with
minor gneissic banding rocks with newly formed
aggregations of bluish quartz grains. They possess similar
structure and texture to Perga granites. Small lenses and
irregular-shaped bodies among ordinary granites of Perga
type are typical for the variety, gradually passing into quartz-
albite-orthoclase and actually feldspar metasomatites.

(3) Quartz-albite-microcline metasomatites. Light pink,
medium- to fine-grained, massive varieties with poorly

distinguishable gneissic banding. They have heteroblastic to
minor granoblastic texture. Aggregations of quartz are
common and charecterized by granoblastic texture. Such
metasomatites form separate vein-shaped bodies among
granitoids or compose peripheral zones of the bodies that
consist of rocks varieties described below.

(4) Feldspar metasomatites are represented by
leucocratic, mainly medium-grained varieties. They show
metasomatic textures similar to that of cryptocrystalline
panidiomorphic texture of intrusive rocks. Albite-microcline
(more widespread), microcline-albite varieties and albitites-1
are distinguished among them. This classification is based
on the primary microcline/secondary albite ratio. Feldspar
metasomatites are the basic ore-bearing varieties that
mostly occur at the central parts of the economic
metasomatic bodies.

(5) Siderophyllite-feldspar metasomatites are
massive, with minor gneissic banding varieties and
blastocataclastic, protoclastite, and sometimes
porphyroclastic texture. They form irregular-shaped bodies
in common metasomatites. It is possible to distinguish
siderophyliite-albite-microcline and siderophyllite-
microcline-albite varieties among them depending on variety
of primary feldspar metasomatites.

(6) Siderophyllite metasomatites. Dark gray fine-
grained gneissic varieties with lepidogranoblastic and rare
porphyroclastic texture. They compose thin zones among
their bodies.

The second series is represented by a single variety,
quartz-muscovite greisens. These are green- to light grey,
unevenly colored coarse-schistose rocks. They are
characterized by porphyryblastic texture with
lepidogranoblastic matrix and compose small elongated
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bodies confined to zones of cataclastic rocks and mylonite
formation processes. The second series was found in every
unaltered variety of the Korosten granites and apogranites

except for the Perga type. Gradual transitions from the host
rocks to greisen bodies are evident and therefore their
texture varies over a wide range.

Table 2
Major element average composition of unaltered rocks and metasomatites of Perga area (wt%)

Oxide, element 1 2 3 4 5 6 7 8 9 10 11 12 13
SiO, 75.628 | 75.857 | 75.383 | 76.780 | 66.293 | 70.036 | 66.892 | 61.866 | 65.501 | 47.583 | 69.395 | 75.380 | 85.842
TiO, 0.209 | 0.126 | 0.115 | 0.068 | 0.114 | 0.084 | 0.045 | 0.171 | 0.153 | 0.311 | 0.015 | 0.161 | 0.096
Al,O3 12.177 1 11.656 | 12.276 | 11.862 | 17.577 | 15.516 | 18.767 | 17.810 | 15.691 | 14.148 | 16.621 | 12.593 | 8.091

Fe, Ot 2.114 | 2.590 | 2.390 | 1.366 | 2.182 | 2.008 | 1.669 | 4.983 | 3.792 [18.569| 0.301 | 2.325 | 1.513
MnO 0.027 | 0.031 | 0.025 | 0.028 | 0.040 | 0.115 | 0.053 | 0.106 | 0.265 | 0.580 | 0.025 | 0.033 | 0.025
MgO 0.125 | 0.072 | 0.059 | 0.053 | 0.070 | 0.071 | 0.095 | 0.147 | 0.093 | 0.217 | 0.033 | 0.157 | 0.182
CaO 0.524 | 0.592 | 0.481 | 0.282 | 0.400 | 0.227 | 0.153 | 0.400 | 0.733 | 0.788 | 0.098 | 0.506 | 0.001
Na,O 3.053 | 3.517 | 3.680 | 2.975 | 5.179 | 5.590 | 9.805 | 3.310 | 5.706 | 1.114 |10.237 | 2.825 | 0.047
K0 5.341 | 4527 | 4.726 | 5.768 | 7.033 | 4.894 | 1.243 | 8.367 | 4.625 | 9.217 | 0.325 | 4.777 | 2.613
P20s 0.027 | 0.010 | 0.010 | 0.016 | 0.019 | 0.012 | 0.015 | 0.018 | 0.014 | 0.043 | 0.012 | 0.011 | 0.012

S 0.095 | 0.081 | 0.095 | 0.135 | 0.067 | 0.165 | 0.102 | 0.199 | 0.213 | 0.502 | 0.101 | 0.027 | 0.018
Cl 0.009 | 0.009 | 0.009 | 0.009 | 0.023 | 0.008 | 0.024 | 0.025 | 0.009 | 0.094 | 0.005 | 0.008 | 0.004
LOI-(S+Cl) | 0.455 | 0.544 | 0.378 | 0.231 | 0.389 | 0.342 | 0.456 | 1.017 | 0.585 | 0.981 | 0.271 | 0.953 | 1.402
TE* 0.214 | 0.386 | 0.372 | 0.448 | 0.613 | 0.941 | 0.678 | 1.574 | 2.609 | 6.085 | 2.642 | 0.244 | 0.154
Total 99.998 [ 99.999 | 99.998 | 100.02 | 99.998 | 100.01 | 99.996 | 99.993 | 99.989 | 100.23 | 100.08 | 99.999 | 100.01
Density, g/lcm® | 2.610 | 2.624 | 2.631 | 2.604 | 2.632 | 2.621 | 2.612 | 2.706 | 2.688 | 3.031 | 2.600 | 2.609 | 2.702

Notes: (1) Rock varieties of the 1%t alteration type: 1 — unaltered Korosten granitoids (substratum for alteration); 2 — ordinary metasomatic
granites of Perga type; 3 — granites of Perga type with redistributed quartz;, 4, 5 and 6 — quartz-albite-microcline, albite-microcline and
microcline-albite metasomatites respectively; 7 — albitites-1; 8, 9 and 10 — siderophyllite-albite-microcline, siderophyllite-microcline-albite and
siderophyllite metasomatites respectively; 11 — albitites-Il (probably of 1a alteration type). Rock varieties of the 2™ alteration type: 12 —
unaltered or weakly altered Korosten granitoids (substratum for alteration); 13 = quartz-muscovite greisens. (2) Fe.03° = all Fe as Fe20s.
(3) TE — total trace elements content as oxides.

Table 3
Trace element average composition of unaltered rocks and metasomatites of Perga area (ppm)
Element 1 2 3 4 5 6 7 8 9 10 11 12 13
Cu 30 45 39 52 53 88 76 137 219 403 44 28 25
Zn 167 1030| 1028| 1763| 1754 7561| 4830| 17429| 21754| 52023| 1723 178 195
Ga 21 33 30 38 45 57 95 123 122 303 54 28 19
Rb 337 919 857| 1033 1285 935 450/ 1880 1140| 4068 31 491 357
Sr 44 31 26 19 26 16 9 29 24 70 5 32 19
Y 71 152 155 159 265 146 110 247 285 373 22 115 57
Zr 349 533 500 475 640 589 473 707 658 794 31 469 262
Nb 43 174 142 116 248 121 43 252 265 284 496 96 61
Pb 34 42 45 34 100 196 177 154 817 138 12 54 39
Th 24 51 36 44 59 64 33 89 100 104 <5 38 25
Ba 284 24 31 37 49 47 28 58 36 122 8 106 68
La 119 86 102 62 245 64 23 125 97 166 6 131 61
Ce 195 148 168 110 413 107 43 221 174 278 12 214 105
Nd 79 49 58 31 131 34 <20 69 56 99 <10 70 24
Sn 20 75 49 65 76 86 51 109 141 170| 18644 <20 <20
Cd <20 <20 <20 <20 12 31 13 20 83 57 36 <20 <20
Cs <20 <20 <20 <20 <20 <20 <20 <20 <20 105 <20 <20 <20

Note: Column (rock types) numbers are the same as in Table 2.

Albitites-Il  occupy specific position among the amount of element i atoms in oxide) or Ai= 1000C;/M; (Ci —

investigated types of rocks. Their structural relation with
other types of metasomatites is insufficiently studied until
now. Albitites-Il are light gray or white massive fine-grained
rocks which texture reminds the alotriomorphic one.
Albitites-Il occur as veinlets that crosscut bodies of the first
series feldspar metasomatites, but distinctly differ from them
in mineralogical composition. Cassiterite is the main
accessory mineral which content reaches ore levels. In the
present paper albitites-1l are conditionally referred to 1a
alteration series.

5. Major and trace element behavior during the
metasomatites formation

Weight content (representative average data shown in
Tables 2 and 3), transformed into the estimations of atomic
amounts in reference rock volume (10000 cm?3) (Kazitsyn
and Rudnik, 1968): Ni= Ard/16.6, where d — rock density
(g/ecm?®), A;=1000n;C;/M; (C; — element i oxide content in
rock, wt %; M; — element i oxide molecular weight; n; —

element i content in rock, wt %; M; — its atomic weight) was
used to study mass balance and element behavior for major
and trace elements respectively to take into account rock
density variations during metasomatic processes.

Significant major element migration is noticed only for Si,
Na, K, Al, Fe, Mg and Ca. It is accompanied by significant
efflux and influx of many important trace chalco- and
lithophylic elements. As a result, concentration of many of
them reaches practically economic levels (Table 3). Si as
major element with especially contrast and regular behavior
most unequivocally characterizes possible trend and degree
of alteration process. Therefore, this element lies in a basis
of chemical types of rocks metasomatic alterations
systematization. The estimations obtained are summarized
on diagrams of selected major and trace elements behavior
plotted as function of Nsi (Fig. 3-7). These diagrams show
the main features of mass balance during the formation of
ore-bearing metasomatites of Perga area.
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Fig. 3. General chemical typification of rocks alteration in ore-bearing metasomatic zones of Perga area

spatially associated with Korosten pluton granitoids.

Defined alteration types (numbered trends) are presented

on Na+K (a) and Ca+Mg+Fe (b) vs. Si graphs (in N; units).
Varietes of the 1%t alteration type: gray rectangles — unaltered Korosten granitoids (substratum for alteration); black crosses,
oblique crosses and stars — ordinary metasomatic granites of Perga type, their varietes with redistributed quartz and metasomatites
of quartz-albite-microcline composition respectively; gray squares, rhombuses and triangles — albite-microcline, microcline-albite

metasomatites and albitites-I; black filled triangles and rhom

buses — siderophyllite-feldspar metasomatites formed as a result

of albite-microcline and microcline-albite metasomatites alteration respectively; filled black squares — siderophyllite metasomatites;

unfilled triangles — albitites-I

| (probably of 1a alteration type).

Varietes of the 2" alteration type: gray circles — unaltered or weakly altered Korosten granitoids (substratum for alteration);
unfilled circles — quartz-muscovite greisens. See text for metasomatic rock types description and additional explanations

Based on the data obtained (Fig. 3-7) all studied alteration
varieties were classified into several geochemical types of
alteration that resulted in formation of corresponding
metasomatites during the multistage metasomatic processes:

(1) Fe—-Mg—Na-K-Zn, Pb, Nb, Rb, Cs, Cd (Be, Li, Ta
etc.) Perga granites (both types), quartz-albite-
microcline, feldspar, siderophyllite-feldspar and
siderophyllite metasomatites;

(1a?) Na—-Nb, Sn (Ta, Be etc.) — albitites-II;

(2) Si—(Sn, Be, W etc.) — quartz-muscovite greisens.
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Elements that were not studied in this work are placed in
brackets for all classified types, but they are known to be
intensively accumulated during metasomatism (Galetsky,
1974; Esipchuk et al., 1993; Shatskaya and Shpanov, 1977
efc.). First geochemical type of alteration plays a key role
within the Perga area due to outcrops abundance of
corresponding metasomatites and high economic
mineralization. Therefore, average composition of these
metasomatites (Tables 2 and 3) were used to compare to
the results of geochemical modelling.
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20 i
Main alteration trend 5
ain alteration n - -~
v o6
A
0 - —— . - - T
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Main alteration trend

Si ()

110 130 150 170

190 210 230 250

Fig. 4. Na (a), K (b) and Al (c) behavior during the rocks alteration in ore-bearing metasomatic zones of Perga area spatially
associated with Korosten pluton granitoids. Element concentrations are in N; units. Rock types symbols and trends numbers
are the same as on Fig. 2. See text for additional explanations
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Fig. 5. Fe (a), Mg (b) and Ca (c) behavior during the rocks alteration in ore-bearing metasomatic zones of Perga area spatially
associated with Korosten pluton granitoids. Element concentrations are in N; units. Rock types symbols and trend numbers
are similar to Fig. 2. See text for additional explanations

6. Modelling procedure

6.1. Initial data for geochemical modelling of altered
rocks formation

Geochemical modelling of altered rocks formation was
based on geochemical model of Korosten pluton granitoids
magmatic evolution prepared earlier (Lazareva, 2015;
Shnyukov, 2001; Shnyukov, 2002; Gavryliv et al., 2016;
Lazareva et al., 2017; Shnyukov et al., 2000; Shnyukov et
al., 2018 efc.) using representative geochemical data set
that covers their main varieties (rapakivi, granite-porphyry,
veined granites etc.) and Rayleigh fractional crystallization
model to approximate the trace element data. Following
crucial results were derived from this "magmatic" model for
use in altered rocks formation geochemical modelling:

(1) Typical incompatible behavior with approximately
constant bulk distribution coefficient was determined for Rb
(Dro = 0.5). Model fvalues (weight fraction of liquid phase in
magma chamber) were calculated for each granitoid type
(residual melt portion) from Rayleigh equation and Rb
content in rocks (Crb) assuming minimum concentration in
granitoids (169 ppm) as Rb content in parent magma (CoR®).

(2) Cvs. 1 curves for trace (including P, Ti, S, Cl, F,
and Ca) and major elements were approximated by means
of C=Co-f>' equations or polynomial ones respectively
(Fig.8,b and 8,c). Parameters of these equations,
corresponding bulk distribution coefficient (D) and Co values
for trace elements are represented in Table 4. Obtained D
values are realistic (Fig. 9, b). This set of equations is an
idealized model of elements behavior that demonstrates
depletion in Ba, Sr, Ti, Zr, P, S and enrichment in Th and Ga
in the residual liquid as well as the inversion type of LREE,
Y, F, Cl, Nb, Zn and Pb behavior during the melt fractional
crystallization in magma chamber. Monotonous decrease of
both Zr and P content indicates melt saturation in zircon and
apatite. Therefore, the model temperature (Tmode) of the melt
was estimated using experimental equations for zircon and
apatite solubility (Harrison and Watson, 1984; Watson and
Harrison, 1983). The temperature evolution in magma
chamber is presented as Tmodel VS. f polynomial equation
(Tmodel range: 900-720°C) (Fig. 10, d).

(3) Inversion in LREE content ( f = 0.185) indicates the
apatite/monazite replacement in the crystallizing material.
Water content in melt for this f value for corresponding

Tmodel Was calculated from monazite solubility equation
(Montel, 1993) which demonstrates its high H20-
dependence, which yielded Co™2°=2.36 wt% (assuming
Dn2o=0.1) for the liquidus of initial granite melt
(Ptotai ~6.3 kbar corresponds to this value (Ryabchikov,
1975; Harrison and Watson, 1984)) (Fig. 8, a).

(4) According to the model designed, water saturation
limit was reached at f = 0.165 and H20-fluid was extracted
from the melt during its further evolution (Fig. 8, a).
Synchronous inversion of C vs. f behavior (Fig. 8, b) proves
fluid enrichment with F, CI, Nb, Zn, Pb etc.

Elements with inversion type behavior for the entire data
set (Fig. 8, b and 8, c¢) indicate the beginning of aqueous
fluid separation from the melt at the lower f-parameter value
(f=0.123).

6.2. Calculation of the trace element fluid/melt
distribution coefficients

The set of parameters calculated from the "magmatic”
model, especially crystal/melt bulk distribution coefficient (D)
and f parameter at the beginning of aqueous fluid

separation from the melt (f;, ), allows us to calculate

fluid/melt distribution coefficient values for elements with
inversion behavior (F, Cl, Nb, Zn, Pb). The theoretical
background and procedure of the calculation are given below.

If fractional crystallization is the main factor of magmatic
system evolution, trace elements behavior can be described
using the well-known Rayleigh equation assuming that their
bulk distribution coefficients are constant (Ryabchikov,
1975; Neumann et al., 1954 etc.):

c=C, f°! (1)

where C is the trace element concentration in the residual
melt, Co is the initial trace element content in the parent melt,
D is the bulk distribution coefficient for this element, and
is the weight fraction of liquid (melt) in the system. According
to predesigned "magmatic" model (Lazareva, 2015;
Shnyukov, 2001; Shnyukov, 2002; Shnyukov and Lazareva,
2002; Shnyukov et al., 2000; Shnyukov et al., 2018 efc.),
Korosten pluton represents this exact case.

Before the fluid phase emerges in the system parameter

f in equation (1) can be defined as:
ML
= , 2
4 ME+MS @
where ML and M S are the masses of liquid and solid phases

of the system respectively. Bulk distribution coefficient (D)
values for each element under the same condition are:

D =ak] +bkj +...+ck}, (3)
where a,b,...c are the weight fractions of each mineral
(x.y,...z respectively) in a solid phase composition;

k', k; ...k arethe mineral/melt distribution coefficients of

the element i for these minerals (k' = CS/C! , where C;



~72 ~ B 1 C H U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka ISSN 1728-3817

and C! are the concentrations of the element i in mineral | beginning of the fluid separation. Concentration values of

. . . " o each element in residual melt were calculated from the first
and melt respectively). According to designed "magmatic

model (Fig. 8, b and Table 4), the behavior of each of the | and the second equations and denoted as C* and C*,

inversion element can be described by two equations of type | and corresponding bulk distribution coefficients as D and
(1), which correspond to the stages of magmatic evolution D' respectively. D and D' are approximately constant
before the beginning of fluid separation ( 1 < £, )and after (Fig. 8, b) and their values are summarized in Table 4.

the inversion point ( £ < £, ), which coincides with the

inv.
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Fig. 6. Sr (a), Ba (b) and Rb (c) behavior during the rocks alteration in ore-bearing metasomatic zones of Perga area spatially
associated with Korosten pluton granitoids. Element concentrations are in N; units. Rock types symbols and trend numbers are
similar to Fig. 2. See text for additional explanations
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Fig. 7. Zn (a), Pb (b) and Nb (c) behavior during the rocks alteration in ore-bearing metasomatic zones of Perga area spatially
associated with Korosten pluton granitoids. Element concentrations are in N; units. Rock types symbols and trend numbers are
similar to Fig. 2. See text for additional explanations
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Fig. 8. Conditions of the aqueous fluid extraction from the melt (a), selected trace (b) and major (c) elements behavior during
the Korosten pluton granitoids formation estimated assuming the magma fractional crystallization model. See text for additional
explanations

After emergence of the fluid component in system ( 1 <
fim. ) the equation (1) remains valid, but on the condition
that the equation (2) transforms into:

ML
f=1"7 s F)’
M"+M” +M
where M’ is the mass of the fluid phase of the system.

Certainly, D' is taking place of D, which values, similar to
expression (3), are defined as:

D'=xD+yK"/", (4)
where x and y are the mass fractions of the solid and fluid
phases in the system respectively, excluding the liquid
phase (x+y =1),a K/t —fluid/melt distribution coefficient
for element with inversion type of behavior (x 7/* = cF/c*
C" n C* -concentration of the element in the fluid and the
melt respectively). Sincex=1-y, the final equation (4)
becomes: D' =D - yD+yK*/* . Hence:
7, _D'-D+yD

y

K ®)

Consequently, there is a necessity in y parameter

estimation to calculate KF/L . The given model of magmatic
evolution provides such possibility (Fig. 1, a, the works
cited), which allows to estimate model water concentration
value in the residual melt for any s value and to define the

separation of the aqueous fluid beginning moment upon
reaching the solubility of water in it (Fig. 1, a). This gives the
opportunity to estimate the "excessive" water concentration

for the range of f<y,, (ACHQO ,wt%) — aqueous fluid

formation resource, which separates during any period Af,
(Af, = foo—fny n=1,2,3..n— a number of conventional

periods in the evolution of the system with the length of Af

from the beginning of the separation of the aqueous fluid):

So L Ja
ACHp = CHZO -Chos where CHZO

model water concentration in the residual melt at the certain
moment f, and H,O solubility in granitic melt (wt%) under
current conditions, which is buffering its actual concentration
fortherange 7 < f, .Hence: AF, = 0.01~AC,§"20 -Af, , where

inv

and Cy,, - respectively,

AF, - the proportion of the fluid phase in the system,



~74 ~ B 1 C HU K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka ISSN 1728-3817

separated during period Af,. The proportion of the solid during the period Af, can be easily estimated as:
phase in the system (S) for any moment f, can be calculated AS, =S, ,-S, . Itis consequently easy to define y (mass

using the expression: S, =1-(f, +F,) , where S, f,.F, ( fraction of fluid phase in the system excluding the liquid

n phase) for each period of the evolution of the system Ay, :
F, =Y AF,)—the fractions of solid, liquid and fluid phases in
n=1

AF
Y= (6)
the system respectively. The quantity of solid phase formed AF, +AS,
1000 3
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Fig. 9. Comparison of K™- (a) and D (b) values extracted from the geochemical model of Korosten granitoids formation
(this work) with experimental (Kovalenko, 1979; Chevichelov and Epelbaum, 1985 etc.) and other estimations (Antipin et al., 1984;
Ryabchikov, 1975 etc.) obtained for these parameters under the same conditions. Differences between the D values calculated on
a basis of rock-forming minerals distribution coefficient on high-temperature altered rocks composition modelling empirical data
(Antipin et al., 1984; Ryabchikov, 1975 etc.) and D values obtained from the model of granitoids formation are shown on Fig. 6c.
See text for additional explanations

Table 4
Co and D values calculated for selected elements on a base of C vs. /' trends assuming that studied main Korosten

granitoids rock types composition is as liquids (Lazareva, 2015; Shnyukov, 2001; Shnyukov, 2002; Shnyukov and Lazareva, 2002;
Shnyukov et al., 2000; Shnyukov et al., 2018 etc.)

Values calculated for various sections of C vs. f trends
Element Before inversion (> 0.170.2) After inversion (f<0.1?0.2)
Co =a (ppm) D=b+1 a D=b+1

Zr 555.08 1.381 ** **

Sr 119.99 2.0564 ** **

P 497.04 2172 9.4801 0.3058
Ti 2622.7 1.7251 ** **

Y 36.104 0.34 412.89 1.5363
LREE 251.6 0.7182 2381.3 2.0511
Rb 169 0.5* ** **

Ba 1289.8 2.2094 ** **

Zn 85.55 0.9 191.26 1.3368
Ga 19.314 0.9346 ** **

Th 11.428 0.5872 ** **

Nb 21.991 0.6341 81.164 1.258
Pb 28.841 0.7359 49.842 1.0001
Cu 24.789 1.1069 ** **

F 547.41 0.153 2492.5 0.8963
Cl 132.82 0.6315 2963.4 2.4732
S 780.15 1.418 ** **

Notes: (1) a and b are the parameters of the equations of y = ax® [C(ppm) = af °] form obtained for each trace element (Shnyukov, 2001;
Shnyukov, 2002; Shnyukov et al., 2000; Shnyukov et al., 2018), (2) * assumed values, (3) ** C vs. f trends demonstrate the monotonous

behavior of these elements without inversion points, (4) LREE = La+Ce+Nd, (5) inversion point f values (fiv) for the elements extracted

from the melt by H2O-fluid are: 0.130 (F), 0.185 (Cl), 0.159 (Zn), 0.126 (Pb), 0.123 (Nb).
Polynomial equations obtained for C (wt%) vs. f trends of selected major elements are follows:

y=—0.7893x — 2.7304x + 36.399 (Si), y=1.6734x> —0.8974x+6.5034 (Al), y=2.8997x> —3.4556x+3.3231 (Na), y=-2.9621x>+3.988x+3.1936 (K),
3 =-0.1400x> +1.4169x +0.0164 (Ca), y =—-0.5874x> —0.8974x +6.5034 (Fe).
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Substituting (6) into equation (5) and performing simple
transformations, we obtain the final equation for calculation
of inversion behavior elements fluid/melt distribution

coefficient for any value of f,,:
7 AS,(D'-D)+D'AF,
- AF,

K (7)
For the elements with monotonous behavior, such as Ba,
Sr, Zr and Th (Fig. 1), the expression (7) simplifies to the

form KF/L =D, their D' =D a-priori.

6.3. Evaluation of the separated H20-fluid
composition

If the element content in residual melt (C* ) is known,

the KF/L values derived from the expression (7) allow
calculating the inversion type element concentrations (C”)

in the fluid, which was separated from the melt at any f -

parameter values within the ( f < f,,. ) range:

I e (8)

Designed "magmatic" model provides all the data
required (Table 4, Fig. 8b).

C* values calculated for the elements with inversion
type of behavior (Zn, Pb, Nb) are very important parameters
which may be used separately. For example, these values,
coupled with fluid/liquid or fluid/whole system weight
proportions derived from the expression (6), are useful for
evaluation of ore elements total amounts, which were
extracted from the melt during fluid separation. Therefore,

Cc” combination with aforementioned complementary

parameters is able to produce reliable estimations of
ore-bearing potential of various magmatic complexes.

At the same time, CF values obtained for ore elements
with inversion type behavior are to be supplied with data on

cr values of other elements to generalize them in a
complete set to use in altered rocks formation modelling. At
least major elements with a leading role in mass balance
during the natural metasomatic process must be included in
this set. In the case of Perga area metasomatites such
elements as Si, Na, K and Fe meet the mentioned
requirements (see § 5). Unfortunately, their C vs. f

graphs show a simple type of behavior without any inversion
points (Fig. 8, c) which makes it impossible to calculate the

corresponding KF/L values in the aforementioned way.
Therefore only the experimental results obtained for these
most important major elements under conditions similar to
those which were derived from the "magmatic" model
(granitic composition of the melt, T = 700-900°C, F>CI in
water-fluid composition) may be summarized in applicable

average K% values and then recommended for further
modelling. The representative examples of such
experimental research were reported by (Chevichelov and
Epelbaum, 1985) and other investigators.

According to "magmatic" model, major elements
concentrations in residual melt within the whole f values

range is described as C vs. fpolynomial equations

(Table 4, Fig. 8, c). So the experimentally determined KF/L
average values allow calculating the non-inversion type

elements content in fluid at any £ <y, values using the

same expression (8). However, proposed procedure yields
lesser accuracy of the ¢ evaluations due to inconstancy of

F, . .
real K/L values in natural systems in contrast to the
assumed constant ones.

6.4. Estimation of the model trace element content in
hypothetical altered rocks

Metasomatically altered rocks spatially and genetically
associated with granitoids commonly represent the product
of complicated process of multistage interaction between
the fluid (hydrothermal solution) and various host rocks.
Such processes are usually controlled by multiple natural
factors, only main of which can be taken into account in any
geochemical model. Therefore, the modelling of the
simplified and idealized variant of alteration process must be
carried out.

The variant suggested in this work implies the monotone
fluid (solution) temperature decrease as well as its coeval
chemical composition changes caused by (1) equilibrium
components exchange between fluid and host rocks and (2)
precipitation of components as consequence of their
solubility decrease during fast cooling of the solution.
Mechanisms (1) and (2) were accepted as the main ways for
metasomatites of the highest and the lowest temperature
types formation respectively. These two extreme cases of
idealized alteration processes may be modeled on a basis
of following assumptions:

(1) The highest temperature type metasomatites. Melt
temperature (estimated as Tmode) at corresponding
f - parameter values is a realistic extreme (maximum)

estimation for the temperature of such model metasomatites
formation. Only rock-forming minerals take part in
equilibrium components exchange between fluid and solid
phases (own trace elements minerals crystallization is
prohibited). Therefore, empirically assessed mineral/melt
distribution coefficient values for low-temperature rare metal
granitoids (for example reported by (Antipin et al., 1984 etc.)
are used for trace element solid/fluid bulk distribution
coefficients ( D) calculation from expression (3).The rock-
forming minerals content in the earliest stages real
metasomatites of natural metasomatic process were
accepted as proportion of minerals in solid phase. Each

trace element content in metasomatites (C*7 ), which
corresponds to fluid separated within the f < f, range, can

be evaluated using the following simple expression:
cMST —p.cF. 9)
(2) The Ilowest temperature type metasomatites.
Minimum value among the thermometric results empirically
obtained for the latest stages of natural metasomatic
process is accepted as a temperature of such model
metasomatites formation. Assumption that this hypothetical
event resulted in complete precipitation of elements that
were extracted from the melt is valid for model calculations.
In this case each trace element content in metasomatites

(C™T), which corresponds to fluid separated within the
f < f,»range, can be estimated as:

T (ppm)=10°C* /.., (10)
where Y. is the total element content in the fluid (including

major elements and excluding F and CI) estimated via
equation (8).

We must emphasize that model results, which were
obtained using expressions (9) and (10), represent only the
idealized extreme cases of altered rocks formation. Empirical
data on the natural metasomatites can be compared to them
exclusively on the main alteration trends level.

7. Results and discussion

Described procedure was applied to ore-bearing
metasomatites trace element composition modelling. Initial
data for all the calculations [ D, D', Co values for trace and
polynomial equations for selected major elements (Table 4),
final f, value (0.123), Tmodel VS. f equation (Fig. 10, d)



~ 76 ~

B 1 C HU K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

ISSN 1728-3817

etc.] were derived from the "magmatic" model of the
Korosten pluton granitoids formation. Results of the
modelling were compared to geochemical data set on

natural metasomatically-altered rocks of the Perga area
(§ 4, 5; Tables 1-3) to verify the hypothesis on their genetic
correlation with Korosten pluton granitoids.
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Fig. 10. Selected ore elements (Zn+Pb+Nb) model content in hypothetical metasomatites produced
by aqueous fluid and average compositions of the real Perga area altered rocks plotted against (Sr+Ba)/Rb (black symbols stand
for monazite-bearing rocks; big and small symbols — data on bulk samples and average metasomatites compositions,
respectively; 1 and 2 — model range of concentration changes in high- and low-termperature metasomatites, respectively
and T (°C) (b). Model f values for magmatic system were recalculated in (Sr+Ba)/Rb and T values by the means of corresponding
equations (c, d). See text for additional explanations

F,
K i values for elements with inversion type of behavior

(F, Cl, Zn, Pb, Nb) within the f < f, range covered by the

"magmatic" model ( f =0.123-0.01) were calculated from
expression (7) using the equation (1) and data (D, D', Co
values etc.) from Table 4. As it can be seen on Fig. 9a
results calculated generally concur with the experimental
results (Kovalenko, 1979; Chevichelov and Epelbaum, 1985
efc.) obtained for similar conditions. Noticeable but not
significant difference was recorded only for the F (calculated
results are slightly higher than experimental estimations).
This minor disagreement can be explained by some errors
of the "magmatic" model. For example, not original, but
reference data on F content in rocks were used in contrast
to other elements during this model preparation (Shnyukov,
2001; Shnyukov, 2002; Shnyukov and Lazareva, 2002 efc.).
Such feature of the initial whole-rock analytical data set may
result in errors of estimation of both corresponding trend

parameters (D, D', Co etc.) and K% values. And, of
course, discrepancy noticed can be also caused by
inaccuracy of the experimental results (Kovalenko, 1979;
Chevichelov and Epelbaum, 1985 efc.). In general, the

conducted comparison (Fig.9,a) indicates sufficient

reliability of model K% values calculated for elements with
inversion type of behavior. For the most important major

elements, following K% average values, based on
experimental determinations (Chevichelov and Epelbaum,
1985 etc.), were accepted: Si(0.007), Al (0.0003),
Ca (0.002), Na (0.004), K (0.001), Fe (0.0008).
Concentrations of F, Cl, Zn, Pb, Nb, Si, Al, Ca, Na, K, Fe
in the fluid within the f<fn. range covered by the
"magmatic" model ( f = 0.123-0.01) were calculated using

expression (8), (1) and data from Table 4. Corresponding
model element concentrations in metasomaticaly altered
rocks were calculated from expressions (9) and (10).
Solid/fluid bulk distribution coefficients (D) for calculations
on expression (9) were obtained from expression (3) on the
basis of rock-forming mineral distribution coefficients
empirical data (Antipin et al., 1984 etfc.). At that, the rock-
forming minerals compositions in metasomatic granites of
Perga type (Table 1) were accepted as minerals proportion
in solid phase. Obtained D values (Dzn= 1.47, Dpy = 0.85,
Dnb = 0.05 etc.) substantially differ from the values derived
from "magmatic” model (Fig. 9, c).
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Calculated model Zn, Pb and Nb concentrations after
their summation were plotted against (Sr+Ba)/Rb ratio and
T (°C) on Fig. 10, and 107 b. It makes it possible to combine
magmatic and metasomatic components of the model on
one plot [model f values for "magmatic" model were

recalculated in (Sr+Ba)/Rb and T, °C values by means of
corresponding equations represented in Fig. 10, c and
10. d; values, similar to those derived from "magmatic”
model for the same £, were accepted for (Sr+Ba)/Rb ratio

in the model metasomatites composition]. The model area
of altered rocks composition is restricted by curves 1 and 2
(Fig. 10, a and 10, b), which corresponds to the hypothetical
(model) metasomatites of the highest and lowest
temperature types respectively [§ 6.4, expressions (9) and
(10)]. Real average compositions of investigated natural
metasomatites of Perga area (Table 3) were plotted on the
same diagrams to compare to the calculated (model) results.
To do that, in the case of Fig. 10, b average temperature
estimations on formation of each metasomatic variety were
summarized basing on the reference data on temperature
evaluations with fluid inclusions investigation methods
(Bespalko, 1975; Vynar and Razumeeva, 1972; Gurov et al.,
1971; Lazareva, 2015; Shatskaya and Shpanov, 1977;
Shnyukov and Lazareva, 2002 etc.). Minimum empirical
temperature values (275°C) were accepted as a
temperature of model the lowest temperature type
metasomatites formation (curve 2).

Comparison represented in Fig. 10 shows that all the
points with compositions corresponding to the natural
metasomatites of the main (1) alteration type were plotted
within or close to the model area of altered rocks
composition. Only the rarest metasomatic varieties of 1a and
24 alteration type did not correspond to the compositions
calculated. The results stated above prove the existence of
genetic correlations between granitoids of the Korosten
pluton and altered varieties (metasomatites) of Perga area
with economic ore mineralization.

8. Conclusions

(1) Good agreement between calculated model results
and analytical results on main types of natural
metasomatites composition ensure genetic correlation
between ore-bearing metasomatites of Perga area and
Korosten pluton granitoids. Results obtained may be
considered an example of geochemical modeling ability for
assessment of high-temperature metal-bearing fluids that
account for both metasomatic alteration and ore
mineralization processes source.

(2) Realistic estimations for a number of important

F, .
parameters (K/L, cr, f

inv -7

fraction of fluid phase in the whole system for each f < 7,

inv

fluid/melt ratio and weight

value etc.) were derived from combination of the "magmatic”
and "metasomatic" models designed. New data are valid for
real natural ore-forming system and provide additional
opportunity, as compared to the earlier research results
(Ryabchikov, 1975; Ryabchikov, 1976, Shnyukov and
Lazareva, 2002 etc.), on the basis of general evaluations of
these parameters, to grant more precise estimations of the
amounts of ore elements extracted by the fluid from the melt
during the granitoid pluton formation.

(3) Described technique enables to model genetic
evolution of ore deposits in hydrothermally altered rocks as
well as to produce the reliable estimations of potential ore-
bearing potential of different granitoid complexes.
Therefore, it may be used as a powerful tool for area
selection and target evaluation in hydrothermally-
metasomatic ore deposits exploration.
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KuiBcbkui HalioHanbHUI yHiBepcuTeT imeHi Tapaca LLleByeHka

HHI "lHcTuTyT reonorii”, Byn. BacunbkiBcbka, 90, M. Kuis, 03022, YkpaiHa

PYAOHOCHI METACOMATUTN CYLWAHO-NEPXAHCbKOI 30HU | TPAHITOIOU KOPOCTEHCBKOIO MMYTOHY
(YKPAIHCbKWM LLUT): FTEHETUYHI BIAHOCUHU 3A JAHUMWU MEOXIMIYHOIMO MOAENIIOBAHHA

Y po6omi npedcmaeneHo pe3ynbmamu demasnibHO20 8U84YeHHs1 2eoxiMii npoyecy ¢popmyeaHHs1 pyOoHOCHUX Memacomamumie CywaHo-llepixa-
HCbKOI 30HU, Wj0 NPocmopoeo acouyitoe 3 dokembpilicbkum (1,75-1,8 mnpd pokie) KopocmeHcbkuM aHOpmo3um-panakieizpaHimHum niaymoxom. [o-
cnidxeHa noeediHka 20/108HUX | MikpoesiemeHmie y npoyeci 6azamocmadiliHo20 3MiHeHHs1 MiCHUX opid (mepesaxKHo epaHimie). BudineHo dekinbka
munie 2eoxiMiyHUX 3MiH, y pe3ynbmami sikux 6ynu cgpopmosaHi eionoeidHi memacomamumu: (1) Fe—~Mg—Na-K-Zn, Pb, Nb, Rb, Cs, Cd (Be, Li, Tau
m. 0.) — anoepaHimu, anb6imumu-Il, anb6im-mikpoKnuH, MiKpoknuH-anb6im, cudepodgpinim-kaniwnam i cudepogpinimoei memacomamumu; (1a) Na—
Nb, Sn (Ta, Be u m. 8.) — anb6imumu-li; (2) Si-(Sn, Be, W u m. d.) — anozpaHimu i keapy-myckoeimoei 2pelizeHu. Memacomamumu nepwozo (2o5108-
HO20) muny € HalinowupeHiwumu i Mic 6inbwy IHy pyOHoI MiHepani3ayii. OdepxaHi 2eoximiyHi daHi 6ynu 3icmaeneri 3 2inomemu4yHumu
KoMro3uyissMu MemacoMamumis, siKi po3paxoeaHi euxodsiyu 3 2eoxiMi4Hoi modeni ¢hpopmyeaHHsI epaHimoidie KopocmeHcbKko20 nymoHy, y siKil
suKkopucmaHe ¢pakyioHyeaHHs1 Penes i pieHsIHHS po34UHHOCMI YUPKOHY, anamumy ma MoHayumy e cusikamHux po3nsiasax OJisl OyiHKU meMmnepa-
mypu kpucmanisayii 2paHimHoi Mmazmu i emicmy e Hiti H20. OdepxaHi 3 modeni 3anexHocmi C=Cof®" (Co — emicm enemeHma y euxiGHomy posnnaei,
C! — emicm enemeHma y 3anuwkoeomy posnnaei, f— Macoea yacmka pidkoi ¢pazu e 2rubuHHiIll MazmamuvyHili kamepi, D — kom6iHoeaHull KoegiyicHm
po3nodiny enemenma) ons Zn, Pb, Nb, F i Cl maroms iHeepciliHuli xapakmep. IxHi iHeepciliHi nepezuHu 36izatombcs 3a 3HavYeHHsM f 3 MOMeHmMom
docsi2HeHHs1 3a/IUlIKO8UM PO3M/1aéoM KOHUeHmpauii Hacu4eHHsi H20 i sidokpemeHHsIM 800H020 ¢hntoidy. BidnoeidHi pieHsiHHSI deMOHCmMpyromb
pi3ky 3amiHy D @ MoMenm iHeepcii, o dozeonuso po3paxyeamu 3Ha4eHHs1 K7-=CF/C* (CF - emicm enemenma y ¢pnroidi) i oyiHumu koHyeHmpaduii Zn,
Pb, Nb e 2inomemuyHux (ModenbHux) Memacomamumax. ModenbHi kKOHUeHmpauii enemeHmie do6pe y3200)Kyrombcsi 3i cknnadom peasibHUX pyodo-
HocHux Memacomamumie CywaHo-llepxaHCbKOl 30HU, w0 niomeepdxye Moxueicme ix ¢hopMyeaHHs1 sucoKkomemnepamypHUMuU pyOOHOCHUMU
¢roidamu, siki 6ynu 2eHepoeaHi @ pe3ysibmami MazMamu4Hoi esostrouyii 2paHimoidie KopocmeHCcbK020 MiTymoHy.

Knroyoei cnoea: memacomamumu, 2paHimu, MikpoesemMeHmu, MazMamu4Ha eeosltoyisi, 8i0oKpeMsieHHs1 ¢pnroidy, kKoegpiyieHm posnodiny
¢pr0id/po3nnae, 3MiHeHHs1 2ipcbKux Nopid, pydHa miHepanisayisi.
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KueBckuit HauMoHanbHbIW YHMBepcuTeT UMeHn Tapaca LlleBuyeHko

YHWU "UHcTutyT reonoruun”, yn. BacunokoBckas 90, r. Knes, 03022, YkpauHa

PYOOHOCHBLIE METACOMATUTbI CYLLAHO-MEPXXAHCKOW 30HbI
N rPAHUTONObI KOPOCTEHCKOI'O MIYTOHA (YKPAMHCKUW LLINT):
FEHETUYECKUE BSAMMOOTHOLUEHWUA NO AAHHBIM FTEOXUMUYECKOIO MOOENMUMPOBAHUA

B pabome npedcmaeneHbl pe3ynbmambi demasnibHO20 U3yYeHusi 2e0XUMuU rpoyecca ¢hopmuposaHusi pyOOHOCHbIX Memacomamumoe CyujaHo-
IMep)xaHcKol 30HbI, MPOCMPaHCMEEHHO conpsikeHHolU ¢ dokem6pulickum (1,75-1,8 mapd nem) KopocmeHckum aHopmo3um-panakueuz2paHuUmHbIM
nnymoHoM. UccriedoeaHo nosedeHue 251a8HbIX U MUKPO3JIEMEHMOE 8 rnpoyecce MHO20CcmaduliH020 U3MeHeHUs1 eMeuwarouux nopod (npeumyujecm-
8€eHHO 2paHumoe). BbidesrieHO HEeCKOJIbKO MUrMoe 2e0XUMUYeCcKUX Uu3MeHeHul, 8 pe3ysibiname Komopbix 661U chopMupoeaHsl coomeemcmeayrouue
memacomamumei: (1) Fe—~Mg—Na—K-Zn, Pb, Nb, Rb, Cs, Cd (Be, Li, Ta u m. 0.) — anoepaHumal, anb6umumsi-l, aib6UM-MUKPOKITUH, MUKPOK/TUH-anib6um,
cudepodgpunnum-kanuwnam u cudepogunnumossie Memacomamumsl; (1a) Na—Nb, Sn (Ta, Be u m. 8.) — anb6umumsi-ll; (2) Si-(Sn, Be, W u m. d.) —
anozpaHumbl U Keapy-myckoeumosesie 2pelizeHbl. MemacomMamums! nepeozo (2r1aéHo20) muna Haubosiee WUPOKO pacnpocmpaHeHbl u emewarom
6osnbuyto Yacmes pydHol MuHepanu3ayuu. lMony4eHHble 2eoxumuyeckue 0aHHbIe 6bIU COMOCMaseHbl ¢ 2uromemu4yecKuMU coc oma-
mumos, pacc4umaHHbIMU UCX00s1 U3 2eoxumMuyeckoli Mmodesnu ¢hopmuposaHusi epaHumoudoe KopocmeHcko20 niymoHa, 8 Komopoli Ucnosib308aHo
pakyuoHupoeaHue Pesinesi u ypaeHeHuUs1 pacmeopumMocmu YUPKOHa, anamuma u MoHayuma e CusluKkamHbIX pacriiaeax 0s1s oyeHKu memMrnepamypbl
Kpucmannusayuu 2paHumioli MazMmbl u codepxaHusi 6 Hell Hz0. Mony4eHHble us modenu 3asucumocmu C-=Cof °-1 (Cy — codepxxaHue anemeHma e
ucxodHom pacnnaee, Ct — codepxaHue anemeHma 6 ocmamoyYyHoMm pacnnaee, f — maccoeass 0onsi Kudkoli ¢hasbl e 25y6UHHOU MazMamu4eckol
kamepe, D — koM6uHuUpoeaHHbIl Ko3ghgpuyuenm pacnpedeneHusi anemeHma) dns Zn, Pb, Nb, F u Cl Hocsim uHeepcuoHHbIl xapakmep. Ux uHeep-
CUOHHbIe nepeaubbi cosnadarom no 3HayeHuro f c MoMeHMoM docmuikeHuUs1 OCmMamoYHbIM PacriagoM KOHYyeHmpayuu HacbiuweHusi H20 u omoene-
HueM e800HO20 ¢hrirouda. Coomeemcmeyroujue ypasHeHusi eMOHcmMpupyrom pe3koe udmMeHeHue D @ moyke uHeepcuu, 4Ymo NMo3eosusio paccyu-
mamp 3HavyeHusi K”-=CF/C" (CF — codepxaHue anemenma eo ¢pnroude) u oyeHumb KoHueHmpayuu Zn, Pb, Nb e 2unomemuyeckux (ModesibHbIX)
memacomamumax. ModesnibHble KOHYeHmpayuu 3/1eMeHN08 XOPoWo Co2/1acylomcsi C COCMasoM peasibHbIX PyOOHOCHbIX Memacomamumos Cy-
waHo-lMep)kaHcKol 30HbI, YMo nodmeepcdaem 603MOKHOCMb UX hOPMUPOBaHUSI 8bLICOKOMeMIiepamypHbIMU pyGOHOCHLIMU hritoudamu, Komophbie
6bI/1U 2eHepuposaHbI 8 pe3ysibmame Mazmamu4veckol 3sosroyuu epaHumoudoe KopocmeHcko20 ninymoHa.

Knroyeenie crioea: MemacomMamumel, 2paHumbl, MUKPO3JIeMeHMbl, MaaMamu4eykasl 3eosiloyusi, omoesneHue ¢prirouda, kKoaghgpuyueHm pacrpe-
OeneHusi hnroud/pacnnas, usMeHeHUs1 20PHbIX MOpPo0d, pyOHasi MUHepanu3ayus.






