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Objective. To investigate the features of morphology, chemical composition, structure and formation conditions of meta-
somatic rocks chlorite of the Vyshkovo ore field metasomatic rocks. To determine changes of the mineral in the gold-plumb-

zinc mineralization area.

Methodology. The microscopic, electron probe and X-ray crystal methods were applied to investigate the chlorite.

Findings. It has been found out that the chlorites of Bania and Shute ore occurrences belong mainly to the picnochlorite-
brunsvigite group, partially to the diabantite and repidolite. In direction to the mineralization area, the chemical composition
change of the chlorite has been detected, i.e. decreasing of Fe content and increasing of Si, 4], Mg, Mn content. The defined

chlorites formation temperature is 180-280°C.

Originality. It is the first research of the composition and some features of the metasomatic rocks chlorites on gold miner-
alization within the Vyshkovo ore field; in direction to the mineralization area, the chemical composition change and the for-

mation temperature have been defined.

Practical value. The chlorites composition is an important prospecting indicator that can be used for the hidden gold-
plumb-zinc mineralization prospecting. The thermal regime of the creation of beresites formation chloritization area has been
determined. The obtained results can be used for comparison with other regions where the gold-plumb-zinc mineralization is

spread or possible.
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Problem statement. The chlorites are a group of miner-
als characterized by a stratified structure and they are quite
common in metamorphic, metasomatic, igneous and sedi-
mentary rocks. They form within a wide temperature range,
namely 150-450°C, in case of pyroxene, amphibole and bio-
tite. Within the limits of the Vyshkovo ore field (VOF) chlo-
rites occur in metasomatic rocks that mainly are presented by
beresites and argillizites, and sporadical propylites [1].

The majority of researchers interpret every phase of met-
asomatosis as the component of a single process. It is known
[2] that propylitic alteration is associated with the build-up of
hypabyssal intrusions; gold-plumb-zinc mineralization is at-
tributed to beresitization while mercurial one is attributed to
argillization. Metasomatic column within the VOF has a spe-
cific mineral composition. For beresites it is as follows: unal-
tered granodiorite-porphyrites — chloritization zone — se-
ricitization zone — quartz reef, in dirty rocks: unaltered quartz
diorites — a chlorite zone — kaolinite zone — quartz zone. The
chlorite content in the like zone amounts up to 30-35%. The
chemical composition of the VOF chlorites has not been rese-
arched yet.

Object of research — chloritization zones in the meta-
somatic column of beresites of the Bania and Shute ore oc-
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currences within the VOF located in the southeastern part of
Transcarpathia and associated with the upthrown blocks of
the pre-Neogene basement of Transcarpathian depression.
Here deposits of mercury and gold ore occurrences are locat-
ed. The ore field rocks are intruded by numerous ore field
hypabyssal intrusive bodies composed of granodiorite-
porphyrites, quartz diorite porphyrites, less frequently of
gabro-porphyries, gabro-diabases. Beresites being formed
per granodiorite-porphyrites and quartz diorite porphyries
within the Vyshkovo hypabyssal intrusive complex are de-
scribed by us. Within the complex, Bania and Shute gold-ga-
lena-sphalerite ore occurrences are concentrated, their locali-
zation being controlled by basement faults [2].

In the process of fieldwork over 100 samples of metaso-
matic rocks within the Vyshkovo ore field were yield.

Research methods and peculiarities of results inter-
pretation. Since the volume of chlorite segregations is low,
we used the following methods to study them: the chemical
composition was determined by energy-dispersive analysis
using electron microscope-microanalyzer REMMA-102-02 in
the laboratory of scientific-technical and training centre of
Low Temperature Studies at Lviv Ivan Franko National Uni-
versity; structural features were studied using X-ray analysis
on the basis of interdepartmental laboratory of X-ray diffrac-
tion analysis located in the Department of Geology at the
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University; morphological features of chlorite segregations
were studied in thin sections under a microscope. To reflect
changes in chemical and mineral composition of chlorites
corresponding charts were plotted.

For further calculations and referencing, the crystal-
lochemical formulae of chlorites were computed. During
computation, the content of Na, K, Ca and 7i was neglected as
these are impurities. The formulae were calculated per 28
oxygen atoms. It should be noted that during microprobe
analysis all ferrum is defined as divalent without dividing in-
to Fe’* and Fe’', but, as it is specified in [1], the content of
Fe*" in chlorite does not exceed 5% out from the total ferrum,
thus we recognize all ferrum as Fe’".

To present and interpret the results of chemical analysis
we used the classification of chlorites proposed in 1954 by
M.H. Hey. This classification allows to assess the alternation
of main components content (Fe, Mg, Si) of a mineral and at-
tach each sample under investigation to a specified chlorites
group. The temperature of chlorites formation was defined
per the content of formula A/ in tetrahedral position (method
of AR.Kotelnikov et al. [3]): T,°C = 39,73+180,64*(Al" )
(15 °C).

Analysis of recent research. The chlorites group was
studied by many researchers both in Ukraine and abroad.
Among Ukrainian scientists chlorite was studied by E.K. La-
zarenko et al. (1960, 1963), E.O. Lazarenko et al. (1963, 1973,
1981), O.I. Matkovskyi (1971), Yu.R. Danylovych (1988),
O.M. Platonov, G.L. Kravchenko (2010) and others. The
morphology, properties and composition of chlorites sam-
pled from various rocks of the Ukrainian Shield, the Dni-
eper-Donets depression, Carpathian region, Volyno-Podilla,
Kerch Peninsula etc. [4] was described. In foreign literature
among works on chlorite the following ones are of our in-
terest: M.H. Hey (1954), M. Cathelineau, D. Neiva (1984),
A.R. Kotelnikov (2012) and others. They, in detail, character-
ize the areas of chloritic rocks incidence, thermodynamic
conditions of their formation, variation of mineral chemical
composition, as well as propose the classification of chlo-
rites.

Chlorites of the Vyshkovo ore field are documented in
the monograph by L.P. Sherban et al. 1988 and by O.1. Mat-
kovskyi et al. [5].

Article objective statement. Chlorites of polymetallic
and plumb-zinc deposits are represented by magnesium and
ferruginous varieties: pennine, ripidolite, minerals like a thu-
ringite type. In beresites metasomatite column the chamo-
site and magnesian types are usually found. Within the lim-
its of the VOF beresites are spread in the gold-plumb-zinc
ore occurrences of Bania, Shute, Malorakoskiy, Chyrse and
Za-gadkoviy, so it is interesting to prospect them to deter-
mine the possible mineralization. Up until now, no detailed
studies of the VOF chlorites chemical composition have
been perfor-med. As it is known, chlorite is of great im-
portance in detecting plumb-zinc deposits, especially its
magnesian-chamosite types that are common both in ores
and wall-rocks. The sig-nificant variations of Mg, Fe, Al, SiO,
and H,O content are re-corded in chlorites. Thus, the chemi-
cal composition features of the VOF chlorites can be used as
a prospecting indicator in respect of gold-plumb-zinc miner-
alization. These data can also be used to correlate or com-
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pare chlorite with a mineral from other regions, where chlo-
ritic rocks are widespread.

Baseline and research results. The microscopical study
showed that metasomatic rocks of the majority the VOF
gold-plumb-zinc ore occurrences are composed of chlorite,
albite, oligoclase, quartz, sercite, biotite, and goethite. The
increase in the content of quartz, albite and sercite, the reduc-
tion of chlorite and oligoclase in the direction of ore occur-
rence localization has been detected. In the rock chlorite is
contained in a matrix (Fig.1). Its content reaches up to 25—
30%. Chlorite forms a pseudomorphous occurrence per the
primary mineral. Its colours vary from light yellow to dark
green, the interference colours are low. The form of occur-
rences is table-like and rosette-shaped (Fig. 2), sometimes ir-
regular; it partially or completely replaces biotite (Fig. 1). In
the given example it occurs in association with goethite. So-
metimes chlorite is developed in plagioclase grains in associ-
ation with carbonate. Plagioclase is of regional character; ol-
igoclase is located in the central part of grains and it is sub-
stituted by sericite partially or in full, the periphery is com-
posed of albite. Among quartz grains the magmatic (formed
in intrusive rocks) and metasomamatic occurrences (formed
during beresitization) are distinguished. Among accessory
minerals the following ones are detected: pyrite, rutile, apa-
tite, etc.

Fig.1. Chlorite that fully substitutes the primary mineral
in fine-grained quartz-feldspathic body of rock

In general, to identify the chemical composition more
than 100 microprobe analyses of individual chlorite grains ta-
ken from metasomatic ores of the Shute and Bania ore occur-
rences have been performed.

The results of these analyses allowed to calculate crystal-
lochemical formulae per eight samples (Table). The data of
microprobe analyses have been re-calculated per the formula
concentration of Si and Fe, and then plotted in accordance
with Hey’s diagram (1954). It allows to note that chlorites of
the Bania and Shute ore occurrences mainly pertain to the
pyknochlorite—brunsvigite group, partially — to ripidolite and
diabantite (Fig. 3). The mineral chemical composition chan-
ges towards the localization of mineralization. Close to the
ore zone the reduction of Fe and increase of Si, A/, Mg, Mn has
been observed in chlorite content. Presumably, the reason for
this is the process of hydrothermal leaching and removal of
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iron from the zone of mineralization. Hydrothermal solutions
rose up along the faults in already formed hypabyssal rocks.

Magnesium-ferriferous content of chlorites being studied
is proved by the results of X-ray diffraction analysis. The ob-
tained X-ray diffraction patterns (Fig. 4) show basal reflec-
tion regular for chlorite; less intensive are reflections 001, 003
and 005 if compared with 002 and 004 — this property is char-
acteristic for Mg-Fe chlorites.

Taking into account the content of 4/ in tetrahedral posi-
tion the temperature of chlorites formation has been defined
— it ranges from 180 to 280°C (Fig. 5). This temperature val-
ues are very close to the previously detected (180-240°C)
ones, i.e. those influencing the formation of the Bania ore
occurrence beresites.

Fig. 2. Rosette-shaped chlorite occurences
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Fig. 3. Chemical composition of chlorites re-calculated
per the formula concentration of Si and Fe and plotted
on Hey'’s diagram

Table
Calculated crystallochemical formulae of chlorites taken from the Shute and Bania ore occurrences
S li . .
mpHng ared, Crystallochemical formula of chlorite
Sample Nos.
6/12 (4) (Mg2.35Fe223Mng 06)4,64Al1,18[ Siz 00Al0,01]O10(OH)sg
6/13 (10) (Fez,31Mg,08Mng02)4.41Al1 33 Siz 00A10,01]O10(OH)g
Shute ore 8/12 (4) (Fep.00Mgi 53Mng 05)4.57A11 37[Siz 72Al 28] O10(OH)g
occurrence 8/12a ( 3) (Fes,5sMg1.00Mng 06)4,54Al1 27[ Siz 05Al0,05]010(OH)s
16/13 (5) (Fea,66Mg1,00Mng 06)4.71AlL16[ Si3,04A10,96]O10(OH)g
63/13 (5) (Fe2,3sMgi1.00Mng g6)4.32Al1 35[ Siz,06A10,04]O10(OH)g
Bania ore 76/13 (4) (Mg s9Fe1,90Mng g6)4,74Al114[ i3 05A10,05]O10(OH)g
occurrence 77/13 (6) (Fe247Mga 20Mng,10)a.77A11,15[ S 908AlL1,02]010(OH)g
T,°C
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Fig. 5. The results of determining the temperature of chlorite forming, calculated per chlorite geothermometer [3]
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Fig. 4. X-ray diffraction pattern of chlorite and associated minerals taken firom the Shute ore occurrence, A

Conclusions and prospects for further research de-
velopment. Chlorites are common within the limits of the
VOF. They are associated with the metasomatic rocks of
beresite and argillizite formation, and they were formed as a
result of the replacement of primary Fe-Mg minerals — bio-
tite, amphibole, and less frequent pyroxene. Chlorites of the
Bania and Shute ore occurrences mainly pertain to the pyk-
nochlorite-brunsvigite group. The change in chlorite chemi-
cal composition towards the localisation of mineralisation,
i.e. the reduction of Fe content and increase of Si, 4], Mg, Mn
content, has been detected. The temperature of chlorites for-
mation ranges from 180 to 280°C.
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Mera. Jlocmiautn ocodanBocTi MOpGOIOTii, XIMIYHOTO
CKJIa/ly, CTPYKTYPH T2 YMOB YTBOPEHHSI XJIOPUTY METacoMa-
THYHHX 1Opi BUIkiBckKoro pyaHoro mossi. BusiBury 3mi-
HM MiHepajly B 30HI JIOKaJli3amii 30J0TO-CBUHIEBO-IIMHKO-
BOT'0 3pY/ICHIHHSI.

Mertoauka. [l NOCHIDKEHHST XJIOPUTY BUKOPHCTaHO
MIKpPOCKOIIIYHHH, €JIeKTPOHHO-30HIOBHI Ta PEHTTEHOCTPY-
KTypHUI METOIH.

Pe3yabTraTu. BuszHaueHo, 10 XJIOpUTH PyIOIPOSIBIB
Bania ta Shute Hajexarb, TOJOBHHUM YMHOM, [0 I'PYyIH
MKHOXJIOPUT-OPYHCBITIT, YacTKOBO — IiabaHTHTy W
PUIIONITY. Y HampsMi JIOKami3amii 3pyAeHIHHS BHsBIIE-
HO 3MiHY XIMIYHOIO CKJaJy XJOPUTY — 3MCHIICHHS
BMICTy Fe Ta 30umbmeHHs — Si, Al, Mg, Mn. Bu3nauena
TeMrieparypa (OpMyBaHHS XJIOPUTIB CTaHOBHTH 180—
280°C.

HaykoBa HoBHM3HA. Yrmepiie OCTIKEHO CKJIa Ta
JIesIKi BJIACTUBOCTI XJIOPHUTIB METACOMATHYHUX TOpPiJ Ha
pYZOIpoOsiBaX 30J0Ta B MEXax BHIIKIBCBKOrO pymHOTO
I10JIsI, BU3HAYEHO 3MiHYy X XIMIYHOTO CKJIaay B HampsMi
JIOKauTizawii 3pyJeHIHHS Ta TeMIeparypy popMyBaHH:L.

pakruuna 3HauuMicTb. CKiiaa XJIOPUTY € BaXKIUBOIO
PO3IIYKOBOIO O3HAKOIO, SIKY MOJKHA BHKOPUCTOBYBAaTH Tl
4ac TMOIIYKIB HPHUXOBAHOIO 30JI0TO-CBHHIIEBO-IIMHKOBOTO
3pyZAeHiHHs. BusHaueHo TemriepaTypHuil pexuM (opmy-
BaHHS 30HM XJopuTH3arii ¢opmamii GepesuriB. OTpumaHni
pe3ysIbTaTH MOXKHA BUKOPUCTOBYBATH JIJIsI OPIBHSHHS 3 1H-
MIUMH paiOHaMHU, JIE TIOMIMPEHa 200 MOJKIINBA 30JI0TO-CBHH-
IIEBO-IIMHKOBA MiHEpaJIi3allis.

Kurouosi cioBa: xiopum, xnopumuzayis, memacoma-
muyni nopoou, memnepamypa Gopmyeanns, Buwikiecoke
PYOHe none, 3axapnamms

Henn. HccnenoBats 0cOOCHHOCTH MOP(OJIOTHH, XUMH-

YECKOT0 COCTaBa, CTPYKTYPBI U YCIOBHIT 00pa30BaHMUs XJIO-
pHUTa METACOMATHYECKUX TIOPO] BBIIIIKOBCKOTO PY/IHOTO 0~
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J151. BBISIBUTE M3MEHEHUs MUHEpasa B 30HE JIOKATM3aLUH 30-
JIOTO-CBUHLIOBO-LIMHKOBOI'O OPYICHEHHU.

Meroauka. [ uccie0BaHUs XJI0pUTa UCIIOIb30BAHBI
MUKPOCKOIIMYECKUH, 3JIEKTPOHHO-30HIOBBI U PEHTTEHO-
CTPYKTYPHBIA METOJIBI.

Pesyabrarel. OnpeneneHo, 4To XJIOPUTHI PYAOMPO-
siBileHnid Bania m Shute mpuHamnexar, TIaBHBIM o0Opa-
30M, K TpyNIe MHKHOXJIOPUT-OPYHCBUTHUT, YaCTHYHO —
JMa0aHTUTY M PUNMIONUTY. B HampaBieHnu joxanusa-
LIMH Opy/EHEHUs] 0OHAPYKEHO M3MEHEHHE XMMHUYECKOTO
COCTaBa XJIOPUTA — YMEHBLICHUE COAEpkKaHUs Fe U yBe-
muuenne — Si, Al Mg, Mn. OmnpeneneHa TemmnepaTypa
(dopmupoBanust XJI0puTOB 180— 280°C.

Hayynasi HoBu3Ha. BrepBrie uccienoBan cocTas U
HEKOTOpBIE CBOMCTBA XJIOPUTOB METACOMATHUYECKUX I10-
pOJ Ha PyAONPOSBIEHHUAX 30JI0Ta B Mpeaenax BpImkos-

YK 553.81:551.242.5.055(477.4)
0.V. Haiovskyi

CKOT'O PYTHOTO TOJIs, YCTAHOBJICHO U3MCHCHHE UX XUMHU-
YECKOT0 COCTaBa B HAIIPABJICHUHU JIOKAIU3AIUH OpYyIIEHe-
HUS U TEMIIEpaTypy GOPMHPOBAHUS.

IpakTuyeckas 3Ha4MMOcTh. COCTaB XJIOPUTOB 5IB-
JISIETCS TTIOMCKOBBIM TIPH3HAKOM, KOTOPBIH MOYHO HCIIO-
JH30BATh TPU TOMUCKAX CKPBITOTO 30JI0TO-CBUHIIOBO-IIHH-
KOBOrO opyaeHeHUs. llodydeHHBIE pe3ynbTaThl MOTYT
OBITH MCTIONB30BAHBI IS CPABHEHHUS C IPYTHMHU paioHa-
MU, TJIe pacnpoCcTpaHeHa UM BO3MOYKHA 30JI0TO-CBUHIIO-
BO-IIMHKOBAasi MUHEPATU3AIHsL.

KiroueBble ciioBa: xiopum, xnopumusayus, mema-
comamuieckue nopoovl, MemMnepamypa Qopmupoeanus,
Buvuukoseckoe pyonoe none, 3axapnamoe

Pexomenoosano 0o nybnixayii 0oxm. 2eon.-MiH. HAyK
O.1. Mamxoscorum. [{ama naoxoooicenns pykonucy 12.12.14.

Ivan Franko National University of Lviv, Lviv, Ukraine, e-mail:
ogayovskyi@mail.ru

ACTIVATION PERIODS OF KIROVOHRAD PROTOPLATFORM BLOCK
(UKRAINIAN SHIELD) AND FORMATION
OF DIAMOND-BEARING ROCKS

JIpBiBCchKMI HalliOHANBHUN yHiBepcHTeT iMeHi [Bana DpaHka,
M. JIbBiB, Ykpaina, e-mail: ogayovskyi@ mail.ru

EINOXU AKTUBI3AILIII NPOTOIVIAT®OPMHOI'O
KIPOBOI'PACBKOI'O BJIOKA YKPAIHCBKOI'O IIUTA
TA ®OPMYBAHHA AJIMA3OHOCHUX ®OPMAIIN

0O.B. I'aiioBcbknii

Purpose. Reconstruction of the endogenous diamond-bearing formation stages in the geologic history of the Kirovohrad
block (Ukrainian shield) protoplatform structure development for determination of possible diamonds sedimentary reservoirs
geological age.

Methodology. Deep geological and geophysical studies of the lithosphere, the structural-tectonic analysis of the Precam-
brian basement, complex structural-formational division of geological bodies.

Findings. The Kirovohrad block of the Ukrainian shield refers to promising protoplatform diamond blocks due to locali-
zation of diamond structures and formations. It has been established that the geological and structural-tectonic preconditions
of endogenous diamond-bearing rocks formation were laid in the Early Precambrian at the stage of protoplatform regime.
They appeared on the stages of activation, which occurred from Middle Proterozoic till Paleocene in the Kirovohrad block. It
is evidenced with lithological, structural and formational features, and age characteristics of rocks which are associated with
diamond formations. Alluvial diamond concentration associated with young and modern Phanerozoic sedimentary forma-
tions have been caused by the destruction of ancient endogenous sources.

Originality. Geological, structural and epoch conditions of the Kirovohrad block diamond-bearing rocks formation have
been considered through the general background of direct evolution development of the Earth crust in the Precambrian and
Phanerozoic. Special attention is paid to the Precambrian period, because of favorable geological and structural-tectonic con-
ditions for diamond-bearing rocks formations.

Practical value. Allocation of activation and diamond-bearing rocks formation epochs allows orienting forecast metallo-
genic studies and applying a number of important control factors during the search and exploration of this type of mineraliza-
tion: geological-structural, geochronological, stratigraphic, lithological, paleogeographic. Taking into account space-time reg-
ular position of diamond-bearing formations while analyzing protoplatform structures it is possible to estimate the probability
of diamonds presence on their territory and also to predict the diamond-bearingness of territory.

Keywords: activation, Kirovohrad block, protoplatform, diamond bearing formation, mantle

the processes of epiplatform recovery or intensive strength-
ening of tectono-magmatic activity in regions that have com-
pleted their development. Activation expressed in Germany-
type structural-tectonic rearrangement of rigid consolidated
structures (development of deep faults regional zones, near-

Statement of the problem. The term “activation”, ac-
cepted by geologists since the mid-twentieth century, means

© Haiovskyi O.V., 2015
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