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MILOSLAV SULGAN*

BIOTITES OF THE HODRUSA—STIAVNICA INTRUSIVE COMPLEX
GRANODIORITE AND THEIR SIGNIFICANCE FOR THE EVALUATION
OF ITS ORE-CONTENT

(Figs. 5, Tabs. 5)

Abstract: In the paper, a mineralogical — geochemical charac-
teristics of biotite from the Hodrusa-Stiavnica Intrusive Complex
granodiorite (HSIK) is presented. Except primary magmatic
(GRS-3) is also present in smaller quantities in certain parts of
the intrusion in the Hodru$a-Stiavnica Intrusive Complex grano-
diorite, The chemical composition of individual primary biotite
phenocrysts indicates an oxidation magmatic trend which is most
prominently developed especially in the part of the granodiorite
intrusion where micrographic penetrations of quartz with K-felds-
par (GRS-3) are present as well. Individual biotite phenocrysts are
corroded along the margins — probably due to a decrease ol pH.O
in magma. while after this corrosion no further growth of bintite
occured. The presence of oxidation trend together with negative
correlation of (YFerXFe + Mg) to AlV! and increased copper contens
(-87 ppm Cu) — positive indications of ore content — can be
observed in biotites from only some parts of the Hodrusa-Stiavnica
Intrusive Complex granodiorite.

Peawme : B craten JaeTcd MHHEPANOTMYECKAS M rEOXMMMUECKAS Xi-
pakTepucTHKa OuoTHTAa M3 rpaHoguopHTa Toapyuicko-IIThABHMIIKOrO
uHTpYausHoro kKomrmiexca (FLUMK). B rpanojuopurte Fojpyiicko-
IITBHBHMIIKOTO  MHTPY3MBHOID KOMIUICKCA HAXOJAMTCA  KpOMe  1ep-
BHYHOIO MArMaTHYeCKOro OHOTHTA B ONPEACHCHHBIX YUACTKAX 1H-
TPY3HH B MCHBIICM KOJIMYCCTBE TOXKE BTOpHUHLIT Onoturt (CPLI-3).
XHMMUCCKIIT COCTAB MHJMBIJYANBHBIX (DEHOKPUCTAIUIOB HCPBHUYHOTO
GUHOTHTA VKA3ZLIBACT HA OKCHJAIMOHHBIT  MACMATHUCCKHI  TPCHJ,
KoTopeiit  Hambojec ACHO  Pa3BUTBIIL B TOM  YYACTKC MHTPY3NN
I'PAHOIMOPUTA B KOTOPOM HAXOMATCH TOKE NMUCBMEHHOIPAHUTHBIC 11PO-
pacrenus kpapia u K-nonesoro wnarta (CPLU-3). Mugusmjyanbisie ge-
HOKPHCTAUILL OMOTHTA SBJISIOTCH BAOAbL KAEM KOPPOAMPOBAHHBIMM —
npapgenofodHo soueAcTeMe nomKeHus pH.O B marme, npuucm nocice
ITON KOPPO3MM YIKC HE MPOH30LIEen HUKAKol poct ODuotuTa. [IpucyTer-
BHC OKCHMAALMOHHOrO TPEHAA BMECTE ¢ HETATHBHON  KOPPCIIMC
YFe/(LFe + Mg) — AIV! ¥ nossllUCHHBIMM CcOACpXanuamu mean (87
ppm Cu) — 3T0 NOJIOKHUTENLHBIC TPH3HAKI PYJIOHOCHOCTH — MOMKHO HA-
Omojars ToabKo B OGMOTMTAX M3 HEKOTOPLIX YYACTKOR TPAHOJMOPHTA
Fojpyuicko-1IThsiBHUIKOTO MHTPY3MBHOIO KOMIUICKCA,
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the Slovak Academy of Sciences, Department of Mineral Raw Materials, Horna 17,
974 01 Banska Bystrica.



476 SULGAN
introduction

Biotite is cne of the mineral phases intensively studied in the last years especially
from the viewpoint of their use as indicators of ore-bearing capacity of intru-
sions connected with porphyry copper mineralization belongs also biotite (e.g.
Al-Hashimi—Brownlow, 1970: Graybeal, 1933: Beane. 1974:
Kesler etal.1975: Mason, 1978: Chivas, 1981; Hendry et al, 1985).

Applying certain knowledge uszd as a criterion for distinguishing barren and
pre-bearing intrusions in connection with porphyry copper ores. biotite of the
Hodrusa-Stiavnica Intrusive Complex granodiorite has been studied also petro-
logically (except biotite. amphibole, Fe-Ti oxide. plagioclase, K-feldspars, quartz
have been studied as a part of a petrclogical study of the Hodrusa-Stiavnica
Intrusive Complex grancdiorite, from the viewpoint of their function in the
metallogeny of the central zone of the Stiavnica stratovolcano).

Geological characteristics of the Hodrusa-Stiavnica Intrusive Complex

The Hodrusa-Stiavnica Intrusive Complex (HSIK. according to Koneén y—
_Lexa—Planderova, 1983, Fig. 1) represents an assemblage of intrusive
rocks of the Banska Stiavnica-Hodruda region, containing rocks of diorite —
granodiorite compositicn, together with their porphyritic varieties. The HSIK is
formed in the central part by a granodiorite intrusion, probably bell-shaped —
the “bell-jar” type (according to Mihalikova—Konecn v—Lexa. 1980;
and cn the periphery by a few smaller diorite bodies. The HSIK, situated in
the rocks of the pre-voleanic basement. emerges cn the surface in the Hodrusa
regicn: in the Stiavnica region it was confirmed by boreholes and minz workings
under the volcanic complex. The boundaries with the envircnment in which the
complex cceurs (Mesozoic and Palaeozoic rocks) are intrusive. The HSIK has
closa time relations to the lower stratovoleanic structure and its formaticn falls
into the later stages of the Lower Badenian stratovoleano evolution.

Within the intrusive granodiorite complex it is possible to distinguish two extre-
me types of rock textures, between which there is a gradual and continuous transi-
tion (Fig. 2).

The first type (GRS-4): The margin of the intrusive body has porphyric texture
with allotriomorphic matrix. Phenocrysts are formed by plagioclase, amphibole,
biotite, quartz and K-feldspar. The matrix consists of plagioclase, K-feldspar, quartz,
Fe-Ti oxides and accessory minerals (mainly apatite and zircon).

The second type (GRS-1): The granodiorite texture in the inner part of the in-
trusive body, at a distance of apprex. 300 m from the porphyric margin, is hypidio-
morphic. uneven-grained — anisometric, Plagioclases, amphibole and biotite are
hipidiomorphic to idiomorphic, K-feldspars and quartz are allotriomorphic, some-
times with poikilitic character.

Within single thin section it is possible to observe certain differences in the size
of plagioclase. amphibole and biotite phenocrysts in comparison with K-feldspar and
quartz. Continuous transition exists between the two mentioned texture tvpes: in
the approximate middle of this. a new texture tvpe developed. This new — tran-
sitional-tvpe (GRS-3) is characterized by the presence of micrographic penetrations
of quartz and K-feldspar. Chemical and modal composition of the individual HSIK
granodiorite rock-types are presented in Tab. 4.
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Methods of study

Biotite from the HSIK granodiorite has been studied optically, with the help
of 3-axial Fiodorov's universal stage, in 120 thin sections. Spot quantitative
chemical analyses of this mineral phase have been carried out on the electrone
microanalyser JXA-733. The correctness of the obtained chemical analyses of
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Fig. 1. Schematic geological map of the surroundings of Banska Stiavnica—Hodru-
sa-Hamre (according to Konecé¢ny — Le xa, 1984).

Explanations: a — Paleozoic to Paleogene basement; b — undistinguished rocks of
the first stage (unspecified andesite porphyry); ¢ — Tanad Intrusive Complex (un-
specified andesite porphyry): d — Hodrusa—Stiavnica Intrusive Complex, (4+) — gra-
nodiorite, (x) — diorite; e — Cervena studna formation (tuffaceous claystones, siltsto-
nes and epiclastic volecanie sandstones with rare intercalations of lignite): [ — Stu-
denec formation (unspecified biotite-hornblende andesites); g — Banisko Intrusive
Complex (unspecified quartz-diorite porphyry; h — secondary quartzites: i — faults
showing dip; a-identified, b-assumed, marginal faults of c-volecanotectonic horsts.
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hiotite as well as the Fe'' contents in it have been verified and calculated accor-
ding to the method of Foster (1960, in Fejdi, 1982). The copper content
in biotite has been determined from 0.5 g weight of manually separated biotite.
with the help of AAS, on the apparatus SP-90 A Pye-Unicam. The Mg, Fe and
Ti contents in selected profiles through some biotite phenocrysts have been de-
termined on the electrone microanalyser JXA-5.

\oB.Hodrusa

Fig. 2. Arveal localisation of individual texture varieties of the HSIK granodiorite
emerging on the surface of the B. Hodru$a region.
Exrplanations: a — granodiorite with hypidiomorphic uneven-grained texture: b —
granodiorite containing micrographic penetrations of quall/ with K-feldspar: ¢ —
granodiorite with porphyric texture: 1 — GRS-1: 3 — GRS-3: 4 — GRS-4.

Results of the study and discussion

We can characterize the biotite occuring in the HSIK granodiorite, without
regard of the parent-rock texture, in the following way:
4) it forms idio- to hypidiomorphic phenocrysts 0.5 to 5 mm in size, which are
intensively corroded along the margins and cleavage surfaces;
) pleochroism in the direction n, is of light yvellowish-brown colour, aleng n;
and n. it is reddish-brown to dark brown. the 2V angle is almost zero (< 59
@)t anlnqe apatite, zircon, plagioclase and opaque minerals;
1) it was affected by alterations. especially into chlorite and epidote + rutile,
while within single thin section we can observe different intensities of alteration
of biotite phenocrysts, varying between 5" and 100 % of altered surface of the
individual biotite grains:
¢) except biotite having the above mentioned characteristisc. in some parts of
the eranodiorite body, especially in the ones containing micrographic inter-
growths of quartz with K-feldspars, we can find fine-scaled biotite substituting
in the form of clusters especially amphibole. The position of biotite in the
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crystallization process of granodiorite melt is obvious from Fig. 3. In grano-
diorite in which [leldspars are almost unaltered (low extent and intensity of
sericitization, carbonatization, argillitization), opaque minerals occur, connected
with biotite phenocrysts, in the form of isometric grains, worm-like forma-
tions localised on cleavage surfaces of biotite, or as fine grains filling the “bays”
on the margins of corroded biotite phenocrysts. Opaque minerals of these ty-
pes are [ormed mainly by magnetite containing ilmenite or hematite lamelles,
more rarely by ilmenite. In grancdiorites alfected by alterations (the plagiocla-
ses are almost completely or completely altered into a mixture of sericite, carbo-
nate and clay minerals, while K-feldspars are altered only slightly) the opaque
minerals occuring together with biotite are formed by isometric pyrite grains.
rarely by chalcopyrite, magnetite and clusters or smudges of rufile grains dis-
persed on the surfaces of altered biotite phenocrysts. Biotite itsell is in the
carlier mentioned granodiorite altered into chlorite and epidote to the extent
of 5 to 100", of its surface., while in the later mentioned gramodiorite it is sub-
stituted by chlorite, carbonate and less by epidote. The centres of biotite gra-
ins remain frequently unaltered, while the margins are affected by alterations.

Plg
Aph TR U
Bt oo S
Fig. 3. Schematic representation of the | gtz e
crystallization process in the HSIK gra- | g_g| 4 C—
nodiorite melt.

Evplanaticns: ... — presumed beginning or ending of crystallization: — cry-
stallization ol a mineral phase:; Plg — plagioclase; Aph — amphibole: Bi — Dbiotite:
Qtz — quartz; K-fld — K-feldspar.

The resulis ol spot chemical quantitative analyses of biotite phenocrysts by
electrone microanalyser are presented together with the caleulations to end mem-
bers in Tab. 1.

On the basis of texture criteria, we can consider the studied biotite of the
HSIK granodicrite to be of magmatic origin, erystallizing from melt only after
amphibele. With a similar opinion on the genesis of biotite [rom the HSIK
sranodicrite we can meet also in the papers of Salat (1954), Lexa (1969).
Mihalikowva 1978).

Probably secondary origin, in the sense of Beane (1974), Lowell —Guil-
bert (1970) and Nielsen (1968). can be attributed to a fine-scaled varieiy
of Biotite which substitutes, in the form of clusters, the primary magmatic am-
phibole. But not only the [rom of occurence, but also the total chemical com-
position ol biotite can help us to determine correctly the genesis of this mine-
ral phase. The first ones to attempt an application of knowledge ol biotite
chemism based on world literature to this mineral phase from the HSIK gra-
nodicrite have been the authors Rozloznik—Timéak—Jakabska
(1982) who in their paper say: “our biotites are very similar to those studied
by Le Bel (1979) and they accompany Cu-porphyry mineralization™ (p. 78).
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The situation concerning the differences in chemical composition between pri-
mary and secondary biotites is probably not as unambiguous as supposed ear-
lier (Beane, 1974; Kesler et al, 1975: Lo v ering, 1969). The authors H e n-
dry—Chivas—Long—Reed (1985) came in their work to the conclu-
sion that there are two types of alteration biotites. The first one has X, equal
{o magmatic biolite and is poor in copper (mg = 100 Mg (Mg + Fe)). The se-
cond type of alteration biotite has higher Mg contents (higher X, value) in
comparison with magmatic biotite and is rich in copper. Except total chemical

PD oxyannite

annite phiogopite

Fig. 4. Molar fractions of trioctahedrally coordinated ions in ferromagnesian biotite
from igneous rocks of granite-granodiorite composition and potassium silicate as-
semblages of porphvry copper deposits. Igneous biotite compositions are taken from
Foster (1960) and Heinrich (1946); Heinvich's composition plots not include
Al" and Ti** at the Fe', and Mn2?* at the Fe¥ apices respectively (according io
Beane, 1974).
Explanations: 1 — magmatic biotite according to Foster (1960): 2 — magmatic bio-
tite according to Heinrvich (1946); 3 — alteration biotite according to Beane
(1974): Apex annite — represents KFe,2'AlSi;0;,(OH), or Fe? (Mn®): Apex phlo-
gopite — represents KMg,AlSi,0,,(OH),, or Mg>'; Apex proton-deficient oxyannite
— represents KFe/AlSi,O.(H ), or Fe'(Al™ 4 Ti"): — biotite from the HSIK
granodiorite.
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Table 1
Spot quantitative chemical analyses of biotite from the HSIK granodiorite

biotite

sample | GRS-1 GRS-3  |RS-18
contents of oxides (weight ")
Si0, 37.35 37.25 37.23 37.50 37.80 38,15 38.24 38.36 37.40
Al,Oy 13.87 13.63 13.81 13.55 13.74 13.96 14.21 14,78 13.84
FeO 17.30 16.35 16.26 16.13 16.03 15.35 1443 1452 15.20
. MgO 12.56 12.65 12.97 13.01 13.31 13.61 14.01 14.66 13.24
TiO, 4.75 4.75 +.91 4.70 .77 4.85 4.61 5.23 424
MnO 0.12 0.17 0.20 0.03 0.17 0.09 0.26 022 0.34
K.O 9.17 8.97 9.04 9.09 9.18 8.84 913 978 9.01
Na.,O 0.25 0.24 .24 = 0.19 0.23 0.18 0.26 0.02 0.28
CaO 0.02 0.00 0.00 0.00 0.10 nod 028 026 0.0
Sum 95.39 94.01 94.68 94.20 95.33  95.07 9543 97.83 93.57

molar ratio to 22 atoms 0

=3 |

Si ) 5.637 5.676 5.634 5.693 5.670 3.697 5.681 5.573 35.697
ALV 2.363 2.324 2.366 2.307 2,430 2,303 2,319 2427 2303
ALVl 0.104 0.123 0.097 0.118 0.089 0.154 0.169 0.105 1.936
Fe 2.183 2.084 2.060 2.048 2.011 1.916 1.793 1.764 1.936
Mg 2.827 2.874 2.925 2.944 2.977 3.029 3.102 3175 3.007
Ti 0.539 0.544 1,559 0.536 .53:38 0.544 0.516 05372 0.486
Mn 0.015 0.023 0.026 0.004 0.022 0.012 0.032 0.027 0.043
¥X | 5.668 5.648 5.667 5.650 5.647  5.655 5.612 5.643 5.653
K 1.766 1.744 1,745 1.762 1.758  1.684 1.731 1.813 1.751
Ca 0.003 0.000 0.000 0.000 0.016 0.007 0.046 0.003 0.002
Na 0.074 0.071 0.072 0.058 0.067 0051 0.074 0.074 0.086
Sum 1.843 1.815 1.817 1.820 1.841 1.742 1.851 1.890 1.839
YA+ | 1.182 1.211 1.215 1.190 1.175 1.242 1.201 1.249 1.153
atoms ratios and end members

Mg Fe 1.259 1.379 1.419 1.437 1.480 1.580 1.730 1.799 1.553
100 - Fe 43,57 42,03 41.32 41.02 40.31 38.74 36.62 35.71 39.16

Fe -+ Mg

Xpnt 49.87 20.88 21.66 52.10 52,71 53.56 55,27 56.26 53.19

Xann 38.77 37.30 36.74 36.32 36.00  34.09 3251 31.37 35.00

XrDdasy 11.34 11.80 11.58 11.57 11.28  12.34 1220 11.99 11.79

Explanations: Roman digits represent the cation coordinations. The calculation is
based on the presumption that the tetrahedric laver has no vacancies (Y¥Si 4 AllV =
= §.000) and all Ti is in the octahedral laver.

YX — number of octahedrally coordinated calions; YA [+4] — relative excess ol
charge of the octahedral laver (according to Foster, 1960, in Fejdi, 1982):
Nphl — molar fraction of phlogopite: Xann — molar fraction of annite: Xpposy —

molar fraction of PD oxvannite in the chemical compaosition of biotite. For a more
detailed explanation see text.
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composition. scme authors have as well investigated the changes in chemical
compesition within individual biotite phenocrysts (e. g. Mason. 1978) from
barren as well as mineralized intrusive rocks. At the same time, in biotites from
mineralized intrusions they have cbeerved a trend of Mg-enrich-ment and de-
crease of Fe and Ti centents from the centre to the margin of phenocrysts.
which is actually contrary to the one characteristic for magmatic zonality trend
of mafic minerals crystallizing from melts.

As it fellows from the chemical composition of biotite from the HSIK grano-
dicrite (Fig. 4 and Tab. 1), the values of atomic ratics Mg Fe in them vary in
the range of 1.29—1.84. Thus, these biotites not only cannot be classed with
magmatic ones, because those have the value of Mg Fe <1. but as well not all
of them comply with the requirements for alteration biotites (Mg Fe > 1.5, ac-
cording to Beane, 1974).
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0.3 L L Fig. 5. The relationship of LFe (YFe + Mg)
0 1 o to AIV! values in biotite from HSIK gra-
Al nodiorite.

On the basis of the pesition of biotie of this type in the crystallization pro-
s, as well as on the basis of its chemical composition. it can be assumed that
this mineral phase crystallized from magma in a relatively wide range, inclu-
ding the magmatic stage, while in its final stages of evoluticn this phase reac-
ted with the surrounding mealt (due to an increase of fO, or a decrease of pH,0).
producing magnetite, K-feldspar and water. according to the reaction sugges-
ted by Wones—Eugster (1965). The processes taking place in this late
magmaltic stage caused certain changes in the Liotite composition — an in-
crease of Mg centent and a decrsase of Ti content. This trend is obvious from
Tab. 2, along with other facts. Let us notice that not in all granodiorite sam-
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Table 2

Ti. Mg and Fe contents as TiO., Mg/(Mg - Fe) in biotite phenocrysts from the HSIK
granodiorite, from centres towards margins

biotile
cl
Ti0s Mg ' (Mg -+ Fe)
479 — — 4.75 0.57 — — .56
475 — 4.61 — 4.70 0.57 — 0.58 — 0.59
477 — — 4,68 0.58 — — .59
477 — — 4.85 .59 — — (.61
b
467 — 4.67 — 4.61 0.61 — 0.62 — 0.63
4.85 — 1.83 — .66 0.6 — 0.60 — .62
5.23 — 4.82 — 5.22 0G4 — .64 — 0.65
c
3.92 — 4.05 — 424 0.61 — .63 — .60
413 — — 4.62 0.61 — — (.60
centre margin cenire margin
Explanations: a — granodiorite with hypidiomorphic uneven-grained texture: b —

grancdiorite containing micrographic intergrowths of quartz with K-feldspar, ¢ —
granodiorite with porphyric texture.

ples this trend can ke obszrved in kictite phenocrysts. Biotite from the part of
the intrusive granodicrite body which contains micrographic intergrowths of
quartz with K-feldspar has such a reversz typz of zonality in comparison with
normal magmatic zonality trend. In this zone the processes taking place in the
late magmatic stage could reach their gratest extent and intensity. Already not
0 unambiguous zonality trend can be cbszrved in biotite phenocrysts from
the part of granodicrite with hypidiomorphic unzven-grainsd toxture, In this
part ol the body the condition« were noct sufficient for all Eiotit> phenocrysts
to attain the same character from the viewpoint of elsment distribution. The
insufficiency of these conditicns affected most prominently the marginal part
of the granodiorite bedy where probably due to faster cooling of magma with
the formation of porphvric texture, an environment favourable especially for
late magmatic processes did net originate. In this part of the intrusion, biotite
phencerysts have preserved their primary magmatic zenality. ie. Ti content
increases and Mg content decreases here in the direction from centres to the
margins of the phenocrysts. Fe-Ti oxide is not developed to such an extent
in the margins of the bictite phenocrysts as it was the case in the earlier mern-
tioned parts of the intrusion,

From the above mentioned knowledge of the biotites from the HSIK grano-
diorite it follows that in certain parts of the granodiorite intrusion (containing
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Table 3
Copper contents (ppm) in biotite from the HSIK granodiorite (for explanations see
text)
biotite Cu (ppm)
GRS-1 23
GRS-3 85
GRS-5 87

micrographic intergrowths of quartz with K-feldspars) the magmatic process
had oxidation character — ie. forming of Mg-richer margins of biotite phe-
noerysts, production of Fe-Ti oxide by the reaction biotite + melt. In the other
zones of the granodiorite intrusion, i. e. in the zone with hipidiomorphic une-
ven-grained and porphyric texture, the magmatic process did not have such
marked oxidation character.

On the basis of investigation of biotite from intrusive ore-bearing as well as
barren rocks occuring in the New Guinea porphyry copper oras region. Mason
(1978) came to the conclusion that for biotite of barren rocks the correlation
MYFe/(YFe + Mg) to AlY! is positive, while for ore-bearing intrusions is this re-
lationship negative.

On Fig. 5. an analoguous relationship is plotted, constructed on the basis of
chemical analyses of biotite from the HSIK granodiorites. As it is obvious from
this figure, the correlation YFe (YFe + Mg) AlY' negative. what is typical, in
the sense of Mason (1978). for biotites originating from ore-bearing intrusive
rocks.

Let us now direct our attention to the copper contents in biotites from the
HSIK granodiorite (Tab. 3). According to Hendry et al. (1985), copper con-
tents in biotite from barren intrusive rocks is in average 23 ppm Cu, while in
mineralized intrusions a bimodal distribution of this element with maxima at
about 7 and 100 ppm Cu can be observed. Due to the fact that the values pre-
sented in Tab. 3 have bean obtained by AAS analysis from 0.5 g weight of
soparated biotite, these values represent only average copper contents in the
biotites.

The sample GRS-1 represents biotite from granodiorite with hipidiomorphic
uneven-granined texture. GRS-3 and 3. on the other hand. represent biotite
originating from the zone of the granodiorite intrusion for which the presence
of micrographic intergrowths of quartz with K-feldspars is characteristic.

From the copper contants in the biotite it follows that in the part of the gra-
nediorite intrusion in which probably favourable conditions were created for
bictite as a mineral phase to remain an open system up to the late magmatic
stagz, biotite with increased ccpper contents (GRS-3. 5) was formed in the con-
ditions of slow temperature decrease and abundance of hydrothermal fluids.
Lack of hydrothermal fluids, even if the conditions of slow cooling were ful-
filled (GRS-1). caused that copper contents in such biotite did not increase.
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Table 4

Chemical and modal composition of individual rock tvpes ol the HSIK granodiorite:
for more details see text

granodiorite
GRS-1 GRS-3 GRS-4

Contents of oxides (weight ")

Si0. 61.97 59.43 65.51
TiO, 0.54 0.77 0.60
ALO, 15.61 15.07 16.03
Fe 0y 2.01 1.85 2.08
FeO 1.89 3.19 1.78
MgO 1.85 3.10 2.18
MnO 0.08 0.13 0.07
CaO 4.84 5.95 4.65
Na.,O 6.73 5.55 2.04
K.O 3.32 3.56 3.49
H.,O"- 0.28 0.43 0.36
H.O" 1.02 0.73 0.96
Sum 100.35 100.11 99.94

Modal contents (vol. ")

Aph - Bt 15 24 14

Plg 38 33 39
K-Fld 24 19 22
Qtz 20 18 23
accessory 3 6 2
Sum 100 100 100

Explanations: Aph — amphibole: Bt — biotite; Plg — plagioclase: K-Fld — K-feld-
spar: Qtz — quartz; accessory — accessory minerals (zircon, apatite, Fe-Ti owides).

Table 5

Localisation of samples

GRS-1: Roadcut on the road Zarnovica—Hodru$a-Hamre, in the Kysla region.
GRS-2: Exposure in the lower part of the creek flowing [rom under the Vicia
hill, on the beginning of the village Kohutov.
GRS-43: Elevation point Kamenny Zavoz.
Conclusion

As a conclusion it can be said that except primary magmatic biotite, secon-
dary biotite is also present in lesser quantities in some parts of the intrusion
(GRS-3) in the HSIK granodiorite. The chemical composition of the individual
primary biotite phenocrysts indicates an oxidation magmatic trend. which is
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mest prominently developed especially in the part of the granodiorite intru-
sion where micrographic intergrowths of quartz with K-feldspars are present
as well (GRS-3). Individual biotite phenocrysts are corroded along the mar-
gins — probably due to a decreass of pH,O in magma. while after this corro-
sion no further growth of biotite took place. The presz=nce of oxidation trend.
together with the negative correlation of YFe (UYFe + Mg) to Al'! and the in-
creased copper contents (~ 87 ppm Cu) — favourable indications of ore con-
tent — can be nevertheless observed only in biotites from some parts of the
HSIK granodiorite.
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