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Purpose. The study of the material composition of granitoid formations of Western Azov and the establishment of regu-

larities of formation of the pegmatite fields, spatially associated with weakened zones of major geological structures in the 
Eastern part of the Ukrainian shield. 

Methodology. The petrographic, mineralogical and termobarogeochemical methods of research were used to solve the 
main tasks of the research, consisting in the study of petrology and conditions of formation of the pegmatite formations of the 
area. 

Findings. Both pegmatites of the Azov block of the Ukrainian shield and enclosing their slates trough structures as well as 
gneisses and granites are the products of a single metamorphic process typical for the crystalline shields of Precambrian age. 
They are united by chemical, mineralogical and petrographic composition, structural position, and long period of formation 
and logical time sequence of formation. To determine the time and place of formation of the fields of pegmatite in the process 
of formation of the Azov block a study of existing models of the formation of the Ukrainian shield was conducted and com-
pared with the results of the study of micro inclusions of quartz from pegmatites and granites. Pegmatites are formed as a re-
sult of a long evolution of mineral-forming process, as evidenced by the presence of typical solid and fluid inclusions of 
quartz rocks. The established inclusions convey both practical and genetic information. They are the criteria of the dismem-
berment of granitoid formations of the area and indicate the formation of these rocks by multiple metamorphic and metaso-
matic changes of source supracrustal strata. The results of our research prove that the geochemical specialization of granites 
and pegmatites (titanium, aluminum, aluminum-titanium) depends on the composition of the source magmatic rocks, terri-
genous formations or their interdigitation with a predominance of one or the other. Subsequent geological processes that led to 
the formation of the pegmatite fields in Western Azov fit into the classic pattern of development of regional metamorphism. 

Originality. The geochemical specialization of granites and pegmatites of the Western Azov was established. The re-
vealed regularities of spatial distribution of pegmatite fields close to weakened zones are determined by the minimum mani-
festations of granitization. We proposed the model of the formation of graphic pegmatites within the Azov block of the 
Ukrainian shield. 

Practical value. It was established that the pegmatites of the Azov block were formed on the pneumatic-hydrothermal 
stage, which was preceded by the processes of accumulation of volcanogenic-sedimentary strata and recrystallization (meta-
morphism) in gneiss, with subsequent metasomatic transformation in granites and pegmatites. The data obtained can be used 
to develop the correct scheme for dismemberment of volcanic and plutonic formations for geological survey, forecast-me-
tallogenic and prospecting works. 

Keywords: granite, graphic pegmatite, model formation, Western Azov, Ukrainian shield 
 
Introduction.1The pegmatites were formed at the final 

stage of formation of the Azov block on pneumatic- 
hydrothermal stage. Initially, the processes of accumulation 
of volcanogenic-sedimentary strata preceded it, as well as 
their recrystallization (metamorphism) and metasomatic 
changes. 

                                                           
© Slyvna O.V., 2015 

Fields of graphic pegmatites are widespread within the 
Ukrainian shield. Currently, there are about two dozen 
objects potential both for ceramic raw materials and gem-
stones. At the present time on the territory of Western Azov 
block Ukrainian shield an active development of pegmatites 
deposits, with some of them have been developed. However, 
the question of origin of pegmatites remains open and unex-
plored completely, which affects the search and evaluation of 
pegmatites deposits. 
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Analysis of geological data. In the geological stru-
cture of Azov block Ukrainian crystalline shield, meta-
morphic complexes that make up the basis of crystalline 
shield, large tracts of granite and pegmatite veins are 
involved. These kin-ds of rocks comply with regularities 
of many well-known characteristics of Precambrian crys-
talline shields. 

Metamorphic rocks, granites and pegmatites are three 
types of rocks, which are united by chemical and mate-
rial composition, structural position, and a logical time 
sequence of formation 

Granites and pegmatites are usually located in close 
proximity to each other. Volumes of pegmatites and gra-
nites are in direct dependence − the more granite, the 
more pegmatites. 

Pegmatites are located in the trough structures among 
metamorphic shale rocks, in the form of large veins of up to 
100 m at a power of several tens of centimeters to meters. 
Strongly prominent zonality − from aplites to graphic peg-
matites, and in the center − the quartz cores, is the result of 
long evolution of mineralizing systems. Pegmatite veins ha-
ve “cold” (sharp) contact with the enclosing rocks, which is 
without any changes of the latter ones. 

The data stated above are indirect and give a reason to 
speak as of a magmatic nature of formation of these rocks, 
and of metamorphic. 

An unambiguous answer to this question the inclusions 
in the rock-forming minerals can give, as they identify phy-
sical state of the mineral medium. 

As a result of microscopic study of granitoids and peg-
matites of Western Azov Ukrainian shield, in quartz of these 
rocks the inclusions of solids and volatiles are everywhere 
established. 

Solid mineral inclusions are represented by pyroxene, 
hornblende, biotite, apatite, zircon, rutile, ilmenite, feldspar, 
sillimanite, monazite, quartz, pyrite. Fluid inclusions are 
present in liquid, gas species, and combinations thereof.  The 
composition of the solid mineral inclusions often depends on 
the primary mineral composition of parent rocks and the 
mobility of elements in chemical reactions of recrystalliza-
tion. 

Genetically all installed inclusions are divided into pro-
togenetic, syngenetic and epigenetic formation [1]. 

Protogenetic inclusions are relics of metamorphic mine-
rals, which are typomorphic sign of quartz formation in a 
solid medium and indicates a low aggressiveness of gra-
nitizing fluids. Syngenetic inclusions of quartz reflect the 
specific conditions of its formation − geochemical speciali-
zation of structure. Their content from gneiss to pegmatite 
granite decrease and well correlates with the presence of 
inclusions of metamorphic minerals. Therefore, the mineral 
composition of metamorphic rocks determines the compo-
sition of syngenetic inclusions. Epigenetic inclusions, depen-
ding on aggregate composition, are divided into solid and 
fluid species. Solid inclusions are the products of decom-
position of the solid solution. Fluid inclusions differ by the 
cosmopolitan submicroscopic cracks which indicate their 
epigenetic nature (Table 1). 

Table 1 
Genetic Classification of Inclusions from Quartz Granitoid Rocks of the Ukrainian shield 

 

 

 

Genetic  
Type 

Mineral 
Inclusion 

 
Shape 

 
Inclusions 

 
Size 
µm 

 
Orientation 

 
The Composition 
of the Inclusions 

    
  P

ro
to

ge
ne

tic
 

 
Hornblende 
Biotite 
Feldspar 
Apatite 
Zircon 
Titanite 

 

 
Incorrect, 
rounded,  
relict, 
idiomorphic  
metamict  
crystals 

 
Zircon 
with apatite,  
titanite, 
monazite 
melt inclusions  
inaccessory  
minerals 

 
300 
 200 
 200 
 100−200 

 
Undirected 

 
The composition  of the inclusions 
are similar to that of rock-forming   
minerals 

 
Sy

ng
en

et
ic

 

 
Rutile 
Sillimanite 
Apatite 
Ilmenite   
Feldspar 
Pyrite 

 
Right,  
needle, 
long fiber,  
hexagonal 

 
 

 

missing 

 

   
  50 
  100 
  50 
  50 
  50 
  100 

 
Oriented, 
usually along 
one direction 

 
Depending on the composition  
of the original rocks, and  it  
reflects the composition of the  
impurity elements in the  
 environment of  mineral   

 
Ep

ig
en

et
ic

 So
lid

  
Rutile 
Spodumene 

 
Right,  
needle 

 
 

missing 

 

 
10−30 

 
Rigorouslyo
riented 

 
Inclusions reflects the composition 
impurity elements in the mineral  
formation medium 

Fl
ui

d 

 
F (СО)2 
L(СО)2 
L(Н2О) 
F+L 

 

 
Incorrect, 
amoeboid, 
rarely − form  
of negative  
crystals 

 
 

missing 

 

 
1−10 

 
They create 
the effect of 
imaginary 
cracks 

 
Inclusion reflects the composition 
 of the granitizing fluids 



ISSN 2071-2227, Науковий вісник НГУ, 2015, № 6	 7

Г Е О Л О Г І Я 

 

Typomorphic features (species diversity, general 
content, form of release, particularly the composition and 
structure) established inclusions allowed to divide them 
into main and secondary ones. The main ones are 
syngenetic and epigenetic inclusions. They reflect the 
geochemical specialization of mi-neral formation middle 
of quartz and are instantiated by the ubiquitous presence in 
significant amounts only in grains of quartz. Secondary 
inclusion are subjacent of all the rock-forming minerals 
and are presented by solid (protogenetic) and fluid (epi-
genetic) species. Thus, the presence of an association  

of the main inclusions, reflecting the geochemical speci-
alization of the medium/structure in the crystallization of 
quartz, is the criterion for the compartmentalization of 
granitic formations. So, depending on the chemical 
composition of mineral inclusions and their associations, 
the granitoids in the study area  subdivided into five 
groups, each of which is characterized by a certain 
geochemical specializations quartz environment, name- 
ly titanium (Ti), titanium-aluminum (Ti-AL), aluminum  
(AL), aluminum-lithium (AL-Li), and aluminum – TR (AL-
TR)  (Table 2). 

Table 2  
The Correlation Diagram of the Precambrian Rocks from Western Azov block  

(Ukrainian Shield) 
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manite, retile and sphene. The secondary inclusions – horn-
blende, biotite, apatite, prismatic zircon of two generations 
are significantly observed in quartz. Protogenetic  nature of 
these inclusions indicate some the formation of quartz  from 
the metamorphic rocks. 

The third group of rocks with aluminum specialization of 
quartz, including granite-gneisses, granites and pegmatite 
granites from saltychia complex are characterized by the 
presence of quartz with inclusions of sillimanite. Among 
accessory and metamorphic minerals there is biotite, 
hornblende, apatite and zircon. Often, quartz does not 
contain inclusions of mafic minerals, due to significantly 
sour quartz-feldspar composition of source supracrustal 
rocks. 

The fourth group of rocks with aluminum-lithium 
specialization contains granite-gneisses and granites of sal-
tychia complex, the quartz of which is saturated with in-
clusions of sillimanite and spodumene. Among minor inclu-
sions biotite, hornblende, zircon of the first generation are 
widespread. Specialization of syn- and epigenetic inclusions 
from quartz of granitoids of this group is determined by the 
composition of the original metamorphic rocks. For example, 
in the composition of the amphibole xenoliths  (305/337a) 
high content of Li (7х10−5%) is observed, and in granitized 
quartz rock microinclusions of needle-shaped spodumene 
(305/337g) are observed. In the formation of granitoids at the 
expense of amphibolites with a high content of ittrium, the 
inclusion of itrotitanit in quartz appear. 

In the fifth group with aluminum-rare earth specialization 
quartz containing inclusions of sillimanite, ilmenorutile, 
monazite are included. They are represented by biotite gra-
nites and the gneiss and granite of the Saltychia complex. 

The obtained results confirm the genetic information 
content and practical significance of quartz inclusions: main 
inclusions are the criteria for the compatmentalization of 
granitoid formations of the area, and secondary ones indicate 
the formation of these rocks by multiple metamorphic trans-
formation of original supracrustal strata. 

Depending on the mineral appurtenance of main inclu-
sion, granitoids with titaniferous specialization are presented 
by gneiss, granite-gneisses, plagiogranites, granites and, to a 
lesser extent by pegmatites of dnipropetrovsk, shevchenko 
and saltychia complexes. 

Ubiquitous presence of the metamorphic inclusions 
(hornblende, biotite) and accessory (apatite, zircon) mine-
rals in quartz of these rocks indicates the formation of 
quartz, and therefore of the granitoids, in the solid state 
due to the metasomatic transformation of the source supra-
crustal rocks western azov (kayinkulaskaya and kosiv-
tsevskaya strata) and central azov series (temryuk strata), 
and osipenkvskaya series. 

Granitoids with aluminium-titanium specialization of 
quartz are included into the second group and represented by 
biotite gneisses, granite-gneisses and granites of saltychia 
complex and the gneiss and granite of the temryuk strata. 
They contain quartz with inclusions of sillimanite, rutile and 
titanit. The secondary inclusions (hornblende, biotite, apatite 
prismatic zircon of two generations) are observed in quartz in 
significant quantities. Protogenetic nature of these inclusions 
indicates the formation of quartz from metamorphic rocks. 

The same pattern is observed in the study of pegmatite 
formations of West Azov region. 

Pegmatite veins of “Balka Bolshogo Lagerya” are depo-
sited among metamorphic rocks represented by diorite and 
granodiorite migmatites, amphibolites, biotite and amphibo-
le-biotite gneisses and actinolites of AR age and are mainly 
represented by unclear  graphic (51.1%) and graphic (33%) 
pegmatites. 

As a result of a detailed microscopic study of thin sec-
tions several petrographic varieties of pegmatites  have been 
discovered. 

The first variation is presented by the quartz-microcline 
graphic pegmatites with homogeneous   texture and graphic, 
perthitic structure.  

Mineral composition ranges within the scope of: micro-
cline − 60−70%, quartz − 25−35%, plagioclase 0−5%, mus-
covite 0−1%.  

The second type is represented by the two-feldspar un-
clear  graphic pegmatite   with massive, sometimes spotted, 
and a coarse texture, graphics, perthitic  structure. 

Mineral composition ranges within the scope of: mic-
rocline − 20−60%, quartz 5−50%, plagioclase 30−35%, mus-
covite − 1%. 

It should be noted that the quartz of the pegmatites 
occurs in the form of several generations: 1) quartz ichty-
ogliptes in lattice-shaped microcline or microcline-perthite; 
2) monolithic coarse aggregates of quartz; 3) fine-grained 
quartz, in the form of streaks, filling cracks in the feldspar. 

According to classical ideas about the formation of peg-
matites from residual magmatic melt, enriched by volatile 
components, presence of graphical structures of pegmatites - 
regular intergrowths of feldspar and quartz from granitic 
pegmatites, testifies to the simultaneous growth of these 
minerals at a certain stage of pegmatite formation [2]. 

Therefore, special attention was given to the study of 
quartz of the first generation, as a direct “witness” of this 
process. As a result, in the quartz of ichtyogliptes inclusions 
of solid and volatile components were discovered, typical for 
granitoids of the studied area. The presence of solid inclu-
sions of rutile, ilmenite, biotite, feldspar of an older genera-
tion and a significant saturation of quartz with the fluid  car-
bon-dioxide and water inclusions indicates the formation of 
quartz of pegmatites, and, consequently,   the pegmatites  in 
solid system by metasomatic replacement of source meta-
morphic rocks of west azov, central azov and and osipen-
kvskaya series. This statement does not contradict one of the 
existing hypotheses about the metamorphic genesis of peg-
matites developed by V.N. Marahovsky: the metamorphic 
pegmatites were formed on the regressive stages of high-fa-
cies of regional metamorphism; they are not associated with 
magmatic complexes; they are developing within granito-
gneisy blocks of ancient cratons and controlled by disconti-
nuous structures zones of protoactivization. 

Thus, by analyzing the results obtained identical in-
clusions of solids and volatile components for the quartz of 
pegmatite have been discovered. They unequivocally testify 
to the formation of quartz in a solid medium due to metamor-
phic recrystallization and metasomatic replacement of pri-
mary  rocks - precambrian granite-gneiss strata of the eastern 
part of the Ukrainian shield, that confirms genetic link of gra-
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nites and pegmatites of the studied area. In addition, the 
specialization of the mineral formation environment of qu-
artz granitoids  clearly correlates with the composition of 
metamorphic rocks. 

This pattern has been repeatedly noted by many resear-
chers of Ukrainian Precambrian [3, 4] age, and is determined 
by the process of granitisation of source rocks, i.e. if grani-
tization occurs due to amphibolites, the quartz of granitoids 
characterizes by titanium specialization of mineral-forming 
medium, and if due to biotite gneisses, then by aluminum. 
Thus, the granitoids with aluminum-titanium  specialization 
are formed by volcanic-sedimentary rocks on the basis of the 
classical theory of  gneisses formation. 

The model of formation of pegmatites. The develop-
ment of geological processes discussed above fit into the 
classical scheme of development of the regional metamor-
phism, which includes several main stages. 

The accumulation of volcanogenic-terrigenous material in 
geosynclinal areas occurred on the background of general 
lowering of the region to a greater depth. As a result of the 
subsequent metamorphism the redistribution of the starting 
material of accumulated strata was carried out, as well as 
their recrystallization and the formation of gneiss, amphi-
bolite, serpentinite, talc schists. 

The further transformation took place under K-Na meta-
somatic fluids. The composition of the metasomatic fluids 
and specialization of granitoid rocks are determined by 
material composition of the source rocks and volume of 
water in them. Тhe igneous formations are “dry” rocks, a 
terrigenous rocks are “wet” ones. In the latter species, the 
water content can reach 30%, which gives the opportunity 
to create aggressive fluids, which being in a nonequili-
brium state with the host rocks (gneisses) and form arrays 
of metasomatic granites and same complexes of the ultra-
metamorphic granitoid rocks. 

The results of our research prove that the geochemical 
specialization of granites (titanium, aluminum, aluminum-
titanium) depended on the composition of the original 
igneous or magmatic rocks, terrigenous formations or their 
alternation with a predominance of ones or the others. It 
determined the different composition of mineral inclusions 
in quartz of granitoids. 

Metasomatic process contributed to the formation and 
removal of fluids in the weakened areas of the crust. 
Such were the trough structures, unaffected by the pro-
cesses of granitization. These were the tectonic zones 
(the weakened ones) which were characterized by the lo-
west PT-conditions which are clearly recorded due to 
mineral and petrographic composition of the studied 
strata, compared with the surro-unding structures. The 
unloading of pegmatite fluids and formation of pegmatite 
fields took place here. 

Conclusions. 
1. Both pegmatites of the Azov block Ukrainian shield 

and the slates of trough structures which include them, as 
well as gneisses and granites are the products of a single 
metamorphic process which are combined by chemical, min-
eralogical and petrographic composition, structural position, 
long period of time, a natural decrease in mafic minerals 
from the gneiss to granite and pegmatite. 

2. Pegmatites were formed in pneumatolit-hydrothermal 
stage, which was preceded by the processes of accumulation 
of volcanic and sedimentary formations and their recrystalli-
zation (metamorphism) into gneiss, followed by their meta-
somatic transformation into granites and pegmatites. 
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Мета. Дослідження речовинного складу гранітоїд-

них утворень Західного Приазов'я та встановлення 
закономірностей формування пегматитових полів, 
просторово пов'язаних з ослабленими зонами головних 
геологічних структур східної частини Українського щита 
(УЩ). 

Методика. Для вирішення головних завдань дослід-
жень, що перебувають у вивченні петрології та умов 
формування пегматитових утворень району, були вико-
ристані оптичні, петрографічні, мінералогічні та термо-
барогеохімічні методи дослідження.  

Результати. Пегматити Приазовського геоблоку УЩ, 
як і вміщуючі їх сланці трогових структур, а також 
гнейси та граніти − є продуктами єдиного метаморфі-
чного процесу, характерного для докембрійських кри-
сталічних щитів. Вони об'єднані хімічним, мінерало-
гічним та петрографічним складом, структурним поло-
женням, тривалим часом формування, а також законо-
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мірною послідовністю формування. Пегматити фор- 
муються в результаті тривалої еволюції мінерало-
утворюючого процесу, що чітко підтверджується наяв-
ністю характерних твердих та флюїдних включень у 
кварці цих порід. Встановлені включення мають пра-
ктичну й генетичну інформативність: вони є критеріями 
розчленування гранітоїдних утворень району та вка-
зують на утворення цих порід за рахунок багаторазового 
метаморфогенно-метасоматичного перетворення пер-
винних супракрустальних товщ. Результати досліджень 
доводять, що геохімічна спеціалізація гранітів і пег-
матитів (титаниста, алюмінієва, алюмінієво-титаниста) 
залежала від складу первинних порід: магматичних, 
теригенних або їх чергування з перевагою тих або ін-
ших. Наступні прояви геологічних процесів, що призве-
ли до формування пегматитових полів Західного Приа-
зов'я, укладаються до класичної схеми розвитку ре-
гіонального метаморфізму. 

Наукова новизна. Встановлена геохімічна спеціалі-
зація гранітів і пегматитів Західного Приазов'я УЩ. 
Виявлені закономірності просторової приуроченості пег-
матитових полів до ослаблених зон, що визначаються 
мінімальними проявами гранітизації, запропонована 
модель формування письмових пегматитів у межах При-
азовського геоблоку УЩ.  

Практична значимість. Встановлено, що пегматити 
Приазовського геоблоку УЩ сформувалися у пневма-
толит-гідротермальну стадію, чому передували процеси 
накопичення вулканогенно-осадових товщ і перекри-
сталізація (метаморфізм) їх у гнейси, з подальшим мета-
соматичним перетворенням у граніти й пегматити. Отри-
мані дані можуть бути використані при розробці корект-
ної схеми розчленування вулканогенних та плутонічних 
утворень з  метою проведення геологозйомних, прогно-
зно-металогенічних та пошукових робіт. 

Ключові слова: граніт, письмовий пегматит, мо-
дель формування, Західне Приазов'я, Український щит 

 
Цель. Исследование вещественного состава гранито-

идных образований Западного Приазовья и установ-
ление закономерностей формирования пегматитовых 
полей, пространственно связанных с  ослабленными 
зонами главных геологических структур восточной 
части Украинского щита (УЩ). 

Методика. Для решения главных задач исследо-
ваний, состоящих в изучении петрологии и условий 
формирования пегматитовых образований района, были 
использованы оптические, петрографические, минера-
логические и термобарогеохимические методы иссле-
дования.  

Результаты. Пегматиты Приазовского геоблока 
УЩ, как и вмещающие их сланцы троговых структур, 

а также гнейсы и граниты – продукты единого мета-
морфического процесса, характерного для докембрий-
ских кристаллических щитов. Они объединены хими-
ческим, минералогическим и петрографическим со-
ставом, структурным положением, длительным време-
нем становления, а также закономерной временной по-
следовательностью формирования. Пегматиты форми-
руются в результате длительной эволюции минера-
лообразующего процесса, что четко подтверждается 
наличием характерных твердых и флюидных вклю-
чений из кварца этих пород. Установленные включе-
ния имеют практическую и генетическую информа-
тивность: являются критериями расчленения гранито-
идных образований района и указывают на образова-
ние этих пород за счет многократного метаморфоген-
но-метасоматического преобразования исходных су-
пракрустальных толщ. Результаты исследований до-
казывают, что геохимическая специализация гранитов 
и пегматитов (титанистая, алюминиевая, алюмини-
ево-титанистая) зависела от состава исходных пород: 
магматических, терригенных или их чередования с 
преобладанием тех или других. Последующие про-
явления геологических процессов, приведших к фор-
мированию пегматитовых полей Западного Приазовья, 
укладываются в классическую схему развития регио-
нального метаморфизма. 

Научная новизна. Установлена геохимическая спе-
циализация гранитов и пегматитов Западного При-
азовья УЩ. Выявлены закономерности пространствен-
ной приуроченности пегматитовых полей к ослаблен-
ным  зонам, которые определяются минимальными про-
явлениями гранитизации,  и предложена модель форми-
рования письменных пегматитов в  пределах Приазов-
ского геоблока УЩ. 

Практическая значимость. Установлено, что пег-
матиты Приазовского геоблока УЩ сформировались в 
пневматолит-гидротермальную стадию, чему предшест-
вовали процессы накопления вулканогенно-осадочных 
толщ и перекристаллизация (метаморфизм) их в гнейсы, 
с последующим метасоматическим преобразованием в 
граниты и пегматиты. Полученные данные могут быть 
использованы при разработке корректной схемы рас-
членения вулканогенных и плутонических образований  
для проведения геолого-съемочных, прогнозно-метал-
логенических и поисковых работ. 

Ключевые слова: гранит, письменный пегматит, 
модель формирования, Западное Приазовье, Украин- 
ский щит 
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