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Pinite-cordierite from spotted slate of the Brajkovac contact
metamorphic aureole (Dudovica locality, central Serbia)

NADA VASKOVIC', ZORAN NIKIC?, DANICA SRECKOVIC-BATOCANIN',
SuzaNaA Eri¢' & EMIN MEMOVIC?

Abstract. The Paleozoic very low to low-grade metamorphic rocks of the Bukulja-Lazarevac Unit designat-
ed as Drina, Golija and Bira¢ formations are contact metamorphosed by the intrusion of the Tertiary Brajkovac
granodiorite into spotted slates and hornfelses. In some parts, they are slightly migmatized at the contact. In
addition to their outcrops found at the western, eastern and northern parts of the formation, these rocks are
also found in boreholes near Dudovica at about 8 km south-west from the pluton. There, at a depth of 110 m,
the spotted slates comprise oval to ellipsoid pinite-rich spots which can be regarded as incipient cordierite por-
phyroblasts (up to 5 mm in diameter) overgrowing the existing regional foliation. They are composed of cryp-
tocrystalline mixture of a very fine sericitic material + light glassy orange ,,film* (some kind of an amorphous
gel-like material often mixed with limonite matter) and are abundant in inclusions: minute quartz and dusty
ore minerals (magnetite) prevail. In addition, within some spots an increased number of xenotime and mona-
zite inclusions are noted. Minute flakes of neobiotite are formed at the expense of quartz-sericite-chlorite
matrix. The secondary chlorite occurring as overgrowths on pinite-cordierite spots shows variable composi-
tion (brunsvigite to diabandite). The Mg/Fe+Mg ratio of cryptocrystalline pinitic mixture ranges from
0.14-0.67. The Si vs AI'V+AIVI relations deviate from the ideal muscovite-phengite join due to Tschermak
substitution towards chloritic composition or a more complex mixture, including clay minerals (which reflect-
ed a decrease of Al and Si with increase of Fe?*). Obtained data indicates that the cordierite-pinite spots
can be related to contact metamorphic processes that occurred within the temperature range 300450 °C.

Key words: granodiorite, contact aureole, spotted schist, pinite-cordierite, central Serbia.

Ancrtpakrt. Mcrouno ox Jagapckor bioka, Ha moresy m3mely Apanljenoria u Jlasapesiia, u3BojeHa je
300r BpJI0 ciioXKeHe rpalje reotekToHcka jenuHuna bykyspa—JlasapeBary koja ce cacToju o BpO HUCKO 10 HU-
CKO MeTaMOp(HCaHUX CTEHA MaJie030jCKe CTApOCTH Mel)y KojuMa je, Ha OCHOBY JIUTOJIOIIKUX M CTPYKTYPHUX
KapaKTepPHUCTHKA, W3IBOjEHO HEKOIMKO MamuX CyO-jenuHuma win ¢opmanuja. [lon yrunajem BpajkoBaukor
IPaHOJIMOPUTCKOT TeJa, yTUCHYTOT TOKOM Tepuujepa, popmanuje puna, ['onuja u bupad cy KoHTaKTHO MeTa-
MopducaHe y ciIejToBe U pa3iIyuTe THIIOBE XOpH(eica. Ha HenocpeaHoM KOHTaKTy youeHe Cy U BPJIO YCKe
30He cnabe murmarusamyje (1o 1| m). Ocum Ha MOBPIIMHU, KOHTAKTHO MeTaMOP(HH MPOAYKTH Tj. 000MIaBU
IIKPUJBIN Ca MHUHUTH3UPAHUM TopdupodIacTiMa KOpaujepuTa Cy OTKPHBEHH Y je3rpuMa MCTPaKHUX Oy-
motuHa y nonpyyjy dynosune (oko 8 km on bpajkoBia) Ha nyounu ox 110 m. OBamHH 10 €NMUICOMIHH
MOJKMII00IACTH, y Pa3IMuUTOM CTEIEeHY MMHUTHCAHOT KOpAMjepuTa, BeJMYNHE cy 10 5 mm. Pa3Bujenu cy Ha
noctojeheM cnabo PEKPUCTANUCATIOM M KOHTAaKTHO METaMOpP(UCaHOM KBapI-CEpHLIUT-XJIOPUTCKOM (£
HEOOHMOTHT) MaTpUKCy yKianajyhu ra u He pemerehu npumapau (GomujaTuBHU ckion cteHe. OCuM yKIIomaka
MHUHEpajia OCHOBE Calap)Ke CHUTHE JbYyCIle HCOOMOTHTa, a Hekal W y BeheM Opojy MHKIy3Hje KCEHOTHMa U
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MoHanuTa. [IMHATCKe MapTHje y BUMa cacToje ce O KPUNTOKPUCTAIAcTe MEIIaBHHE CEPULIUTCKOT Mare-
pHjana M CTaKJIacTe M30TPOITHE TeslacTe MaTepHje M3MeNIaHe ca GUHOMMCIEProBaHHM JIMMOHUTOM. Y HEKHM
nopdupobIacTMa youeHa Cy W CEKyHIapHa HapacTama XJopura (OpyCBUHTUT-TUA0AHIUT) IO MHHHUTY.
Kpunrokpucranacre nuauTcke naprtuje nmajy Mg/Fe+Mg onnoc m3mely 0.14-0.67. Onnoc Si u AIIV+AIVI
OZICTYTa OJ HACATHOT MYCKOBUT-(EHTHT Iapa U YePMAaKUTCKE CYNCTHUTYIHje Ka BHIIEC XJIOPHUTCKHM CacTa-
BHMMa WJIN YaK Ka KOMIUIEKCHjUM MeIllaBUHaMa YKJby4yjyhu U MuHepase IIMHa: ofpaxkaBa ce onagameM Al
u Si ca pacrom Fe?". JloOujeHu monmauy mnokasyjy Jla Cy NHUHHUT-KOPAWjEPUTCKA OOOWYABH INKPUIBIH
¢dopmupanu y temreparypHom orcery usmelhy 300450 °C.

K/byuHe peun: TpaHOTMOPHUT, KOHTAKTHU Opeoil, 000MYaBU IIKPUIbALl, THHUT-KOPAUjEPHT, IEHTpaIHA

Cpbwja.

Introduction

The basic feature of the majority of the outer contact
metamorphic zones is the production of spotted slates
formed at the expense of argillaceous rocks or their
very low to low grade regionally metamorphosed prod-
ucts (slate/schist). Generally, the spotted texture is the
result of the metamorphic reactions that take place due
to heat released from the adjacent magma body: the
quartz-clayish or quartz-sericite-chlorite foliated matrix
becomes reactive in this condition. At certain places,
the ions mobility can cause it to change into a com-
pletely new composition where mineral phases with
high activation energy of nucleation (e.g. cordierite)
can start to crystallize. At the beginning they will form
oval spots up to a few millimeters in size and then, due
to temperature increase, they turn into porphyroblasts
towards the contact. According to a number of authors
(e.g., CHANDLER 1975; HASLAM 1983; NEDELEC & PA-
QET 1981; CLEMENS & MCMILLAN 1982; OGIERMANN
2002; DEER et al. 1962; CERNY & POVONDRA 1967;
SCHENK & ARMBRUSTER 1985; HAsLAM 1983) the com-
position of these spots is still uncertain. They can rep-
resent either the very fine-grained crystalline mixture
of phyllosilicates (occasionally accompanied by a light
yellowish amorphous isotropic material), formed as the
first product of low temperature contact metamorphic
reactions (often similar to pinite), or the incipient
growth of cordierite. Moreover, there is a doubt
whether these pinite-like spots are formed as prograde
metamorphic phases or as retrograde products of cordi-
erite porphyroblasts (see DEER ef al. 1962; PATTISON &
TRACY 1991; MiYyAsHIRO 1994; Ruiz Cruz & GALAN
2002; OGIERMANN 2002). Also, these pinite-like spots
can be composed of hydrous alkali-bearing phyllosili-
cates (CHANDLER 1975; HASLAM 1983; NEDELEC & PA-
QET 1981; CLEMENS & MCMILLAN 1982; OGIERMANN
2002) or mixture of chlorite + muscovite + clay miner-
als (DEER et al. 1962) or clay mineral-bearing assem-
blages and isotropic alteration products (CERNY & Po-
VONDRA 1967; SCHENK & ARMBRUSTER 1985; HASLAM
1983). In addition, it is still uncertain at which P-T-X
conditions begin the transformation of cordierite to pi-
nite and whether it is controlled by local fluid-involved
reactions.

The focus of this study is to present petrographic
characteristics of spotted slates first found in the con-
tact metamorphic aureole of the Brajkovac granodior-
ite during exploratory drilling at a depth of 110 m in
the area of Dudovica (Fig. 1). For this study, we used a
combination of macroscopic, microscopic, and SEM
data, as well as microprobe major-element mineral ana-
lyses to infer the composition and origin of the pinite-
cordierite spots. Mineral abbreviations used in this
paper follow those recommended by KRETZ (1983).

Geological setting and background

South of the Pannonian basin, within the nothern
part of the western branch of the complex Vardar su-
ture zone (see ROBERTSON ef al. 2009, and references
therein), a few Oligocene-Miocene granitic bodies
(Cer, Brajkovac, Bukulja) make a NW-SE oriented
belt (see KNEZEVIC et al. 1994). These 30-25 to 20 Ma
old granites (KNEZEVIC et al. 1994; CVETKOVIC et al.
2007) are intruded into a smaller Paleozoic continen-
tal block-unit termed Bukulja—Lazarevac (see TRIVIC
et al. 2010) which is built of fragments detached from
the Drina—Ivanjica (DIU) and Jadar block (JBU) con-
tinental units associated with the Vardar suture (KA-
RAMATA & KRSTIC 1996; DIMITRIEVIC 2001; KARAMA-
TA 2006; HrRvATOVIC & PAMIC 2005).

The Bukulja—Lazarevac unit that extends east of
the JBU consists of four sub-units or formations (TRI-
VIC et al., 2010): Drina (DF), Golija (GF), Kovilje
Conglomerate (KC) and Bira¢ (BF) (Fig. 1A). The
900 m thick series of very low to low grade metamor-
phics (metasandstone, slate, sericite-chlorite schist,
greenschist, muscovite-biotite schist) of the DF repre-
sents the lowermost part of Bukulja—Lazarevac Paleo-
zoic Unit. The ~530 m thick GF overlains the DF and
mostly comprises slightly metamorphosed argillace-
ous to arenitic rocks with intercalations of shales and
siltstone. The most widespread BF consists of fine- to
medium-grained arenites interlayered with shales and
siltstone. All these units underwent at least two ductile
and one brittle phase of deformation referred as DI,
D2 and D3 (see TRIVIC et al. 2010; MAROVIC et al.
2007): D1 is recorded by small-scale isoclinals and
oblique folds and D2 by m- to dm-sized folds formed
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Fig. 1. Geographic position of Dudovica locality in Serbia; A, Position of Paleozoic tectonic units within Vardar Zone suture
(according to KARAMATA, 2006 and ROBERTSON et al. 2009); B, Geological position of the Paleozoic sub-units - formations
and Tertiary granitoid bodies within the Bukulja—Lazarevac Paleozoic Unit (according to TRIVIC et al. 2010). Abbreviations:
VZ, Vardar Zone; JU, Jadar Unit; DIU, Drina—Ivanjica Unit; KU, Kopaonik Unit; DOB, Dinaride Ophiolite Belt; SMM,
Serbo-Macedonian Massive; DF, Drina Formation; GF, Golija Formation; KC, Kovilje Conglomerates; BF, Bira¢ For-

mation; BR, Brajkovac granodiorite; BU, Bukulja granite.

on the limbs of the larger fold structures; D3 affected
DI and D3 in a brittle manner. It should be stressed
out that the age of these sub-units and phases of defor-
mations has not yet been fully resolved (see TRIVIC et
al. 2010; MAROVIC et al. 2007, and reference there in).
The contact metamorphic changes of various de-
gree, took place due to the intrusion of the Brajkovac
granodiorite, are recorded in the DF, GF and BF.
According to KosTi¢ & PavLovi¢ (1978) the effects
of contact metamorphism which could be seen even at
a distance of 5 to 8 km from the exposed granodiorite
mass indicates the existence of a much greater undis-
covered body that could be linked to the Bukulja gra-
nite. The spread of the Brajkovac granodiorite to the

northeast is supported by geophysical exploration in the
area between BaroSevac and Rudovci (~ 5-6 km from
the exposed mass) where it was found at a depth of
about 80 m (VUKASINOVIC 1970). In addition, the disco-
very of spotted slates in exploration boreholes at a
depth of 110 m (Dudovica locality, about 8 km south of
the exposed granodiorite; SRECKOVIC-BATOCANIN et al.
2013), also points to its much wider distribution. The
above mentioned authors emphasized that the contact
metamorphic changes within the basement? rocks took
place at moderate P—T conditions recorded in feldspatic
biotite-muscovite rich hornfelses with rare porphyro-
blasts of andalusite adjacent to contact, and feldspati-
zed or metasomatized muscovite-biotite schists at some
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distance from it. FILIPOVIC et al. (1978) and FILIPOVIC et
al. (1980) also recognized various types of hornfelses,
sericite £ chlorite or biotite-muscovite schist (+ andalu-
site) and feldspatized or metasomatized schists, at si-
milar distance from the contact; data related to the
conditions of contact metamorphism are lacking.

The Brajkovac granodiorite is not well studied yet.
The available data on its composition and associated
contact aureole are very scarce as can be seen from
the previous discussion. It is classified as medium- to
fine-grained, rarely porphyritic, hornblende-biotite
granodiorite with local transition to tonalite (KoOSTIC
& Paviovic 1978; FILIPOVIC et al. 1980; KNEZEVIC et
al. 1994). Small intrusions of aplitic granite and very
rare aplite and pegmatite dykes are also noted. The
main rock-type is granodiorite and is composed of
quartz, plagioclase (32—-38 % An), microcline, biotite
and hornblende; accessories are epidote, allanite, tita-
nite, apatite, zircon and Fe-Ti oxides; secondary min-
erals are calcite, chlorite, sericite and epidote.

Analytical techniques

The samples were examined in thin sections using a
Leica DMLSP petrographic microscope with digital ca-
mera Leica DC 300. Chemical compositions of miner-
al phases were identified using a JEOL JSM-6610LV
Scanning Electron Microscope that was connected to
an X-Max Energy Dispersive Spectrometer. The sam-
ples were covered with carbon using a BALTEC-SCD-
005 Sputter coating device, and the results were re-
corded under high vacuum conditions, with an accel-
erating voltage of 20 kV and a beam current of
0.5-1.8 nA. The scanning electron microscope is also
used for imaging of specimens.

Results

The contact metamorphic rocks found at a depth of
110 m in the drillhole at Dudovica locality correspond
to porphyroblast-bearing spotted slates (Fig. 2)
formed under the influence of Brajkovac granodiorite
(30-25 Ma) on low grade regionally metamorphosed
argilaceous sediments of Paleozoic age. Their primary
metamorphic fabric is completely preserved. The
main mineral assemblage is quartz, muscovite (seri-
cite), chlorite, biotite and cordierite-pinite; dusty ore
minerals (magnetite), xenotime and monazite are
accesories; secondary chlorite is also present. The
grain sizes of foliated matrix minerals (white mica
+quartz + chlorite £ neobiotite + dusty ores) range
from <0.01 mm to 0.15 mm. Cordierite, occurring in
oval to ellipsoidal poikilobalsts up to 5 mm in diame-
ter, contains numerous inclusion of matrix minerals
(white mica + quartz) = neobiotite. Within all exam-
ined samples cordierite is almost completely altered to
a bright yellowish pinite — a mixture of very tiny
white micas, chlorite and probably clay minerals.
Within some poikiloblasts a small accumulation (up to
0.25 mm) of secondary chlorite was found as over-
growths on pinite (Fig. 2A) Moreover, some porphy-
roblast are transformed into a bright orange-brown
vitreus isotropic material probably formed as a weath-
ering product. The relationships between cordierite
poikiloblasts and regional foliation indicate their post-
tectonic growth with respect to the Paleozoic (post-
Variscan) deformation, i.e. cleavage (Fig. 2 A, B).
Quartz, except as matrix mineral, makes small lens-
shaped fine-grained mosaic aggregates parallel to schi-
stosity. Biotite occurs in light brown flakes (< 0.3 mm
in size) associated with matrix white micas (serici-
te—phengite) and chlorite. It is also found as inclusion

Fig. 2. Microphotographs of spotted slate from the core drilling at the depth interval of 108110 m. A, Pinitized incipient
cordierite poikiloblasts overgrowing pre-existing foliated quartz-sericite-chorite-biotite matrix with secondary chlorite over-
growths; B, Fine flakes of neobiotite formed at the expense of quartz-sericite-chlorite matrix; cordierite poikiloblast overgrow-
ing the existing crenulated foliation; XPL, long dimension of photo is 6 mm (A) and 3 mm (B).
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Fig. 3. Chemical composition of pinitic mixture phases in
Si vs. AIIV+AIVI (A) and FetMg vs. Si (B) diagram; (C)
composition of secondary chlorite overgrowths on pini-
tized cordierite poikiloblasts in the classification diagram
of HEy (1954).

in cordierite. Coarse calcite grains (up to 1 mm in size)
are noted in some samples.

For the purpose of the present work only pinitized
cordierite poikiloblasts and secondary chlorite

overgrowths on pinite were analyzed; the results of
the chemical analyses are shown in Table 1.

Pinite as a cordierite breakdown product is almost
represented by a mixture of hydrous phyllosilicates
i.e. phengite + chlorite + clay mineral phases (smec-
tite?). The mixture of chlorite-white mica pinite is a
known assemblage (e.g. DEER et al. 1962). The invol-
vement of clay minerals is also reported (e.g. CERNY
& POVONDRA 1967).

Generally, the Mg/Fet+Mg ratio of the micro- to
crypto-crystalline pinitic mixture (phengite prevails)
ranges from 0.14 to 0.63. The Na-free mixture (see
analyses S2 & S3) with the Mg/Fe+tMg range of
0.27-0.35 shows deficiens in Al,; (4.14-4.38 p.f.u.) as
compared with mixture having Na (0.287-0.361 p.f.u.)
— there Al range varies between 4.97-5.19 p.f.u. The
Si vs AIIV+AIVI relations deviate from the ideal mu-
scovite-phengite join due to Tschermak substitution
towards chloritic composition or more complex mix-
ture including clay minerals which is reflected in the
decrease of Al and Si with increase of Fe2" (Fig. 3A,
B). The K content varies from 1.385 to 1.759 p.f.u.

The secondary chlorite overgrowths on pinite
correspond to brunsvigite-diabandite (Fig. 3C, 4). The
Mg/Mg+Fe ranges from 0.34 to 0.43.

Fig. 4. BSE image of secondary chlorite overgrowths on
pinitized cordierite poikiloblast and anhedral monazite
crystal (white).

Disscusion and Conclusions

In exploration boreholes, at a depth of 110 m, pi-
nite-cordierite spotted slates were found at Dudovica
locality, about 8 km south of the Brajkovac granodior-
ite. Mineral assemblage (white mica + neobiotite +
cordierite + chlorite) and textural features indicate
that these rocks were formed probably from low re-
gionally metamorphosed argillaceous rocks of the DF
in the temperature range 350-450 °C.

Pinite fractions within cordierite porphyroblast are
composed of micro- to cripto-crystalline mixtures of
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phengite, chlorite, clay minerals (smectite?) and
quartz as well as of some amorphous gel-like materi-
al mixed with fine limonite material. Their formation
could be considered as a retrogressive process involv-
ing hydration reaction caused by fluid infiltration
released during the heating of the aureole (e.g. trans-
formation of mixed-layered clay minerals into chlorite
and rearrangement of illite into sericite i. e. phengite
due to coupled substitution of Si and Fe?" or Mg for
2Al), or from the intrusion of the granitic body. This
water with dissolved ions leached from the unstable
clay and phyllosilicate minerals, or fluids released
during the cooling of the granitic body can cause
occurrence of various retrogressive products within
the cordierites.

The brunsvigite-diabandite chlorite overgrowths on
pinitized cordierite are probably formed in the
temperature range 250-350 °C due to circulation of
still hot hydrothermal K-bearing fluids according to
the reaction:

Crd + Kt + OH™+ H,0 — K-bearing White Mica + Chl

So far, the composition of pinite and its petrologi-
cal significance has not been resolved yet. The SEM
analyses done in this study are not sufficient for com-
plete identification of pinitic phases. Detailed model
reaction can only be done using more sophisticated
methods as for example, TEM (Transmission Electron
Microscopy), RS (Raman spectroscopy), and FTIR
(Fourier Transform Infrared spectroscopy).

The first finding of pinite-cordierite spotted slates
within the contact metamorphic aureole of the Brajko-
vac granodiorite contributes to a better understanding
of granodiorite history as well as of its relationship
with Paleozoic formations.
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Pe3nme

IIuHUTH3MPAHU KOPAMjepUT y 000MYaABUM
IKPWBLIMMA U3 KOHTAKTHOT 0peoJia
bpajkoBua (lynoBuna, neHrpajina
Cponja)

XopHOMeHIa-ONOTUTCKA TPAHOAHMOPHUTCKA MAaCHB
BpajkoBIa, ca TOKaJTHUM Mpelia3uMa Ka TOHATHUTAMA

U JIEyKOTPAaHUTHMA j€ CPEdbo- 10 CUTHO3pHACTE, pe-
he mopdupounne crpykrype. Ucnpecenan je peTkum
TAaHKUM JKHMIIaMa aluluTa U nermarurta. MHTpy3ujom
rpanoguopuTta bpajkosma (3025 mmi. roz.) cTeHe U3
¢dopmanmja Jpuna, Tonmja u bupau (u3gBojeHe Ha
OCHOBY JIUTOJIOIIKHX U CTPYKTYPHHUX KapaKTepPUCTHKA
Yy OKBHpPY TeoTeKToHcke jeaunuue bykyspa—Jlazape-
Ball ) KOHTAKTHO Cy MeTaMop(ucaHe y pa3nuiaure Tu-
TOBE CJIejTOBa, OOOMUABUX MIKpHUJballa M XOpH(eca.
Ha HemocpeaHOM KOHTaKTy YO4€HE Cy M BPJIO YCKe
30He cnabe murmarusandje (mo 1 m). Edextn xon-
TAaKTHOI MeTaMop(H3Ma YOUeHH Ha YyNaJbeHOCTHMa
m3mMehy 5-8 km ox rpaHommOpHTCKOT Tena Teodu-
3WYKUM HCOHMTHBamKUMa y Hozapydjy bapomesuma u
PynoBana yka3yjy Ha mocrojama Behe, HEOTKpHBEeHE
WHTpYy3Wje KOja je HajBepOBaTHHje IOBE3aHa ca
rpaHuToM bykysbe. ¥V ckiamy ca OBOM NpeTNoOCTaB-
KOM je M Hajla3ak 000MYaBMX MIKpWJballa ca IHHU-
TU3UpaHUM TOpPupodIacTUMa KOpAUjepuTa KOjU Cy
OKPUBEHHM y HMCTPaXHHMM OyIIOTHHAMa Y HOAPYY]jY
Hynosure (oxo 8 km jyxHo ox bpajkoBia) Ha 1yOuHH
on 110 m. OBe KOHTaKTHOMeTaMOp(HE CTEHE Cy W3-
rpaliere o KBap1a, MyCKOBUTa (CEpHLINTA), XJIOPUTA,
OouoruTa M KopaujepuTa-nuHMTA. [Ipamkactu mera-
JMYHU MUHepanu (MarHETUT), KCEHOTUM M MOHALUT
CY aKLIECOPHH, a Ka0 CEKyHIapHH CacTOjLH MOjaBIbY]jy
Ce XJIOPUT U KPYIHO3pHH KanuuT (1o 1 mm) y Bumy
HaroMuiama. OBaJHU A0 €IUIICOMIHM MTOJKUI00IacTH
(mopdupobnactn) KOpIUjepuTa, BEMUIHHE O 5 mm y
NPEYHUKY, Y CBUM MCIHUTHBAHUM Y30pLHUMa 3aMeHe-
HH Cy IMHUTOM (MEIIaBUHOM CHTHOJBYCIIACTOT Cepu-
LUTa , XJIOPUTA M E€BEHTYyaJHO MHUHEpajla IIWHA) Y
Pas3InYUTOM CTEIEHY.

CacraB MHUTA, aKO C€ y3MY Y 003Up PacIONOXKH-
BU JIUTEPAaTYpPHU MOHAALM, jOLI YBEK HHUj€ IOTIIYHO
nepuHucan. Moxke ga ce cacToju Oa: a) BpIo
(MHO3PHUX arperara MUHEpana u3 rpyne QuiIocuiIu-
KaTa u/wim amop(He ONTHYKH H30TPOIHE MaTepHje;
0) xJopuTa, MyCKOBHTA 1 MUHEpaJla TIIMHA, Kao U Me-
IIaBHHE MUHEpasa [IMHA; 1) H30TPOIIHUX AITEPaIfo-
HuX npoaykara. HejacHo je, Takolhe, na nu je mUHUT
npeacTaBiba caMmo a3y y pa3sBojy KOpAHjepHUTa y TOKY
MPOrpecHBHOr MeTaMOphu3Ma MM Pe3yaTaT peTpo-
rpagHux mpomeca W npu kojuM P-T-X ycnoBuma
ouymme TpaHchopmanmja?

VY uCIUTHBaHUM CTEHaMa NHMHUT je pa3BHjeH Ha
padyH ciabo PEeKPHCTATHCATIOT M KOHTAKTHO MeETa-
MOp(hHCaHOT KBAPII—CEPUITUT—XIIOPUTCKOT (£ HEOOH-
OTHUT) MaTPUKCa; yKJIanajyhu ra He peMeTH IpUMapHu
¢donujaTuBHU ckion creHe. OcuM yKiiomnmaka MUHepa-
Jla OCHOBE NOpQUpOOIacTH caipKe W CUTHE JbycCIie
HeoOMOTHUTA, a HeKaJ 1 'y BeheM Opojy MHKITy3Hje KCce-
HOTUMa M MOHauuTa. [IMHUTCKE mapTHje y muMa
cacToje ce O KPUINTOKPHUCTAIACTE MELIaBHHE CEpu-
LUTCKOT Marepujaja U CTaKIacTe U30TPOIHE TeacTe
Marepuje u3MemaHe ca (UHOIUCIIEProBaHUM JIUMO-
HUTOM. Y HEKUM nopdupobiIacTUMa youeHa Ccy u ce-
KyHIapHa HapacTama XJjopura. Kpunrokpucranacre
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MUHUTCKE TapTuje (mpeosBnalyje ¢GEHTUT) uUMajy
Mg/Fe+Mg omnoc m3mely 0.14-0.63. V dazama 6e3
Na (anammze S2 u S3, Tabena 1) Mg/Fet+Mg omHoC
jecre 0.27-0.35, a cangpxaj Al (4.144.38 p.fu.), u
3HATHO je HIKH Hero y ¢azama ca Na (0.287-0.361
p.fu.). Omnoc Si u AIIV+AIV! oncryna on maeanHor
MYCKOBHUT-(DEHI'HT IIapa U YepPMAaKUTCKE CYIICTUTYIIH]jE
Ka BHIIE XJOPUTCKUM cacTaBUMa WJIM 4YaK Ka
KOMIUIEKCHjUM MeIllaBHHaMa YKJby4dyjyhu 1 MuHepae
IIMHA: ofpaxkaBa ce omanmameM Al u Si ca pacrom
Fe2t. Canpkaj xammjyma msHocu 1.385-1.759 p.fu.
CexyHIapHHU XJIOPUT HACTA0 II0 MHHUTY OAroBapa Mo
cactaBy OpycBuHTUTY unuabaHmuTy. BepoBarHo je
HacTao Ha Temmeparypama 250-350 °C y daznm
KpeTama joml Tormux (uyuma OoraTux KaidjoM, IO
cienehoj peakiuju:

Crd + K* + OH™ + H,O — K-nuckyn + Chl

JoOujenn monmany MoKasyjy na Cy MHHUT-KOPAH-
jepuTcKku 600MYaBH MIKPUIBIN (OPMHUPAHH y TEMIIe-
parypaoMm ormcery usmely 300-450 °C Ha pauyH cina-
00 peruoHasHO MeTaMOp(UCAHUX TIMHOBUTHX CEIU-
MeHara u3 [lpuna ¢opmanmje. IluauTCKE MapTHje y
KOpAHMjepUTY MOTIIe cy OUTH 00pa3oBaHE HIIH OCIO-
Oahamem Qnynnga y ¢asm 3arpeBama OKOJIHHX CTEHA
[IpU TpolecuMa TpaHcdopmanyje MUHepana [IHHa y
XJIOPUT WM WIATA Yy CepUIUT ((PEHTUT) TMpH depma-
KHUTCKOj CYOCTUTYIIUjU S WM TIaK O] yTUlajeM ¢ury-
nna ocnobohennx mpu xnahemy rpanonnoputa bpaj-
KOBILIA.

Baxxno je ucrahu 1a je 0BO pBU Haja3aK MUHATA Y
KOHTaKTHOM OpeoJly rpaHoauopura bpajkoBua u na
Cy NOOHMjeHH pe3yiTaTH, CXOMHO KOPUITNEHHUM METO-
JlaMa, caMo IIPBU KOpaK y UCIIUTHBABUMA KOja cliene
y3 IPUMEHY aJIeKO OCETJbUBUjUX METOa KaKo Ou ce
uAeHTH(UKOBaAJIE CBE MUHEpaiHe (dase.





