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MARTA SIAMOVAS

MANIFESTATIONS OF CONTACT METAMORPHISM IN THE NW PART
OF SLOVENSKE STREDOHORIE MTS.

g, 1—10

Vhstraets Inothe NV part of Slovenske steedohorie Mis, manifestations
of contact metamorphism were Tound, as q consequence ol aclive intervention
of decp-seated diorite nature
cenons and voleanogene envi

asses into the :|||j.'|rr'ul -1-||i|||1'||i;1|')'. sedimento-
nment. T the presented work mainly those -
tares of contiel metamorphisnne are reported. which revenled s tepieal in ihis
rewions, owing lo e off
ledge devives Trom o pi

s ool the introsion on sedimentary series, This know-
ent analvsis of o deep=dvilling amd i< part ol detaileld
investizations in this region,

Peswme: B C3 uavrn Caosauxoro Crpeioropes Guunin ofiapyscens npofap-
JASHIUE KOHTAKTHOTO M 10phIBMA KAk peayibral aKTIBHOPO BOZAeilcTBIA ray{ui-
HBIX MAcC AHOPUTOBOTO XAPAKTEPa Ha OXajekaliie, OCA10UHBIE, CEIHMEHTOIEH-
HBIC, 11 BYyJRaHOreHHble yonosis. B npeasaraemoil pabote asrop mpHBOAMT [iaBHBIM
0GpasoM Te NPUSHAKIL KOHTAKTHOTO MeTaMOpguaMi, KOTOPHE NPOAENINCE B 5T0il
O0A4CTI KAK THOHYHBIL B PEIYJALTATE BOBACHCTBIHA HHTPYIII HA OCANOUHBIC Cepii
ITH MOBHAHILA HCXOUAT 13 AHATNIOB TAYDIHHBIX CKBAKIH, NPOBEIEHHBLX 10 CHX HOp
IABIRIOTCA GACTRIO NETAARHOTD HCCACADBAHIUA, NPOXOISUIET0 B HACTOAIIEE BpeMs,

Introduction

Manifestations ol contact metwmorphism. thermie, s well as melasomalic.  were
intensively studied recently, as they may be regarded as diveet evidenee of processes ol

quaditative mineral teansformation of rocks situated in the proximily of intrusive mag-

matic bodies. due 1o the effects of a loeal thermie Tiell. and thus rvefllecting thereby
also the conerete geological conditions by which they have been indued,

The present state ol study of these problems i the West Carpathinns can be desio-
nated s gendoal ovientation in the paragenctic analyvsis of 1the mineral association.
which alone may be regarded at present as basis Tor the determination of pt conditions
of the ercation of products of contact-adjacent metamorphism. as well as o basis Tor
eventual selecti

n from the view ol ceonomieal effeeliviness,

The manifestations of contact metamorphism in the region of Slovenské stredohori
Mts namely incits SE treaet in the Stiavnicke pohorie Mis. were long ago known and
are relatively the most abundant. taking into consideration some particular montanc
complexes ol the West Carpathians. A considernble number of oceurrences (14 alto-
gether) i the SE part of Slovenske stredohorie Mis. s due also to the relatively
witle prospection on this area (lig, |

Individual oceurrenees of the products of contact. thermic and metasomatic alteration
in this region ave allicd 1o the endo- and exozone of the contact field and reflect (he
majority of oceurrences) contact-near melasomalic processes, Ouly sporadic ocenrrences
reveal prevalently thermie contaet processes (L Salat 1954, F. Zabransk v 1OGY:
M. Koddra 19600 Contact-metasomatic and thermic teanslormations in the S parl
ol Slovenské stredohorie: Mis. were induced by a granodiorite-diovite intrusion (ns
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i, 1 seheme of the sttuation of Sloven ket

stredohorvie Mis, in the eentral. southern part

Jthe West [.:ll'|=.'1|||i:||l are in the seale a0 oo oon, 1. — Tertiars voleanisim in the West
l':||'i|:|l||i:|||-., 1 - |‘|'1-l|-:'[E:u'_\' and Paleogene mountain formations of the Wesl lf.'\r|n:|ﬂ|1':lll-.
3. — Ocenrenee of contact metimorphisn.

indicated by these authors on carbonate and carhonate-magnesiom, sedimentary Meso-
soie sevies. sporndically on the Permiaan, Some oceurences ol produets ol contact et
morphism were produced by massive apophyses ol a0 granodiorite intrusion ol por-
phveie development — by geanodiorite porphyey. Owing 1o their presence in close
connection with them. they were interpreted as sueh i the sense ol these authors.

Nevertheless, the ovenrence of hypabyssal dyvke and vein bodies was known long
ago. in the NW part of Slovenske stredohorie Miso in Keenmicke pohorie: Mis. ma-
nifestations of contact metimorphism were not known. Becently in the course of in-
tensive prospection work and investigations. produets ol contact, theemice and meta-
comatic alteration were established in this region AL B hmer 1973, M. Simova
10730 in the deep-seated hasement beneath the mass of surface and subsurface voleanis,
In the presented work some features of contaet metamorphism arve dealt with. deter-
mined <o far by omaero- and micronnalysis of a0 dreilling bored inthe centeal paret of
Kreemnicke pohorie Mis,

Approvimate data on the geological structure of the NW part
n_f Slovenslé Stredoliorie Mis.,

Approximate data on the geological structure of the NW part of Slovenske stredo-
horie Mis. already confirm that a region variegated and complicated from geological
sl tectonical point of view, is concerned.

The NW section of Slovenské stredohorie Mits.. the vegion of Kremnické pohorie
Mis., is built on the top by products of post-Tortonian voleanism, The initial most
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sncient stages ol this voleanisin produced aceording o 15 1 o la 1961, andesite Tvas,

the vounger stages rhyolite and rhyvodacite Tvas and during the vonngest stages ori-
ainated inomoeh smaller amonnts than in the Tater phases bhasaltotde and basanitoqde
I.'l\.'l.‘!.

O suefaee Tevels the voleanie Tacies dominates. From mining works and soveral
deillings: bored i the centeal part of Keemnieke poliorie Miso it is known (M. B hi-

meer U7 that also the subvoleanic Tacies of aeid and intermedinte charmeter THIIE

I'l'bil‘lll['[J ]l\ il .‘;l'l'il'.\' “lb \'l'iil -'IIIlI

cipides i the steoceture of Keemnicke pohliorie Mis,

dvke hodies of diorite and todiorite natoree, Their explicit close relationship o the

voleanice Tacies does not Tollow Trom the petvostenetural Teatures, as well as Trom the
mineral associations ol these complexes. also owing 1o lack o present investizalions.
The interrelation of the diorite and granodiorite hodies s not explici,. N number of
signs like the tectonie allianec. the position. the natueal relations. the postmagmatic
neamineralization. the eventoal active contact with the encompassing environment of

these vein and dyke bodies. confivm o indicate o close connection with the magmatic

Feres acting in subsueface levels ol the voleanies,

Under the mass o young voleanie rocks inclusively the mentioned voleanic bodies. ns
i recorded by 1O0 Fusdan = Mo Kuthdan — S, Duratny — 0 Plandtar —
Lo Zhoi il 19680 geophysical data indicate. a0 Malachov part™ of the Malachov—
Lieskovee elevation with general NW =S trending vidge of complicated spatial and
temporary development. conditioned and influenced by Sudetic. Alpine and  vounger
fectonie systems. The ridae of this elevation was eul in varions llt‘|)l|1 levels Trom 200
o GO0 metres. T s eropping out noeth of Zvolen near Licskovee (e, D, The Veporides.

their Eovelope unit in the seope of the Triassic—Jurassic—Low  Cretaceous and  the

Choe nappe are assumed 1o participate likely on the stractuee of this complicated ridge.

Vecording 1o the cited authors the postalpine Tormations aud the centeal \West
pathian Eocene cannot been eliminated.

Data on the extension. the quality amd quantity of these units are so far nol
available or uneompletely only,

Necording to O Fasdan et ol (19631 these geophysical data indieate in the base-
ment ol the voleanie complex an extensive intrusion reaching from andlovi 1o the
nnderlying of Javorie. 1o the casternmost part o Slovenske stredohorie Mis, These

authors assign 1o this intrnsion the Hodemga—Vvhne  sranodiorite from Stinvnicke

pohorie Miscand the Licskovee geanite cropping ot in the aren of Zvolen,

The centee of the Cvemmien ore eld™ as 0 was denominated by M Bahmer
P71 with its endogenous mineralization is related 1o the voleanie, subvoleanic and
hapabyssal Tacies, Iving above the Malachoy seetion of the Malaehoy— Lieskos ee riduae,

[nto this soggested and only padtlc proved complicated <trueture of the centeal patrls
ol Iremmnické pohorie Mis. several deepedeillings Tave heen situated and  realized
dhving the Tast vearss The deepest one bored <o Fae i this aeen pierees the inteusion

aned s contael anreole,
The contacr aureole of Kremuica
The wp 1o present deepest deilling in the NW paet of Slovenske steedohorie Mis..

situaked 2 ki NNW Trom eemini
meer 750 and Mo Simova (1973 inosueface Tevels o 280—300 m thick bed ol

the deilling Ke-3 pierees aceording 1o N 13 i -
: | Y

pyroxene. hypersthene-diopside andesites and theie explosive equivalents (on elfusion
basisio Intheir subposition: the deilling penetrates trough several massive vein anid



29(0) SIMOVA

dyvke bodies of pyroxene. quartz-free diorite of Cpseadoophitie” ceystallization sequence
with idiomorphic andesi

nes Mgy s and nterstitial uealitized 1|i1l|l'\iill'.\ Candd series ol
altered sedimentary and metasedimentary rocks o total range of THOD metees up 1o
a depth of 1300—=1400 m.

In the deepest reached levels from 1765—1779 metres the diorite intrusion was cul
in a scope of 14 m.

The intrusion-adjncent medium in o width of appre. GO e displays Teatures of the
intensive acting thermic effect of the diorite intrusion. I this part a greal |nm|!n-r nI
contact hornfelses. crvstalline Hmestones and quartzites were found by Mo Simo v
1973 alveady by the initial analvsis of the drill.

It could be determined that the intrusion-ndjacent envicomment close and Tar off the
intrusion suffered by reervstallization and  neomineralization. Belies were observed
sporadically in the recrvstallized and neomine

alized medivm with partly preserved
textures of clastic and blastic rocks ol the sandstone and paraschist type. These relies
already authorize us to speak about the metamorphisme of Csedimentary and meta-
sedimentary™ or _sedimentary and sedimentogenous™ series. as this has been stated
above. These velies are neither so numerous. nor explicit inoorder 1o serve as basis Tor
considerations on the pre-contact nature of the intrusion-adjacent rocks. or their series,
In any ease they are the impulse for their investigation. eventually also in elose
proxinily.

The zone of hornfelses. ervstalline limestones and quartzites. as well as the inter-
seeted zone of the intrusion are peneteated by o dense net of eraks of various thickness,
Their mineralizalion appears very unhomogenous: of high- and low-temperature range.
pre and non-metalic mineralization in places related only 1o joints. sometimes pene-
trading gently into already contact metamorphosed spaces around the joints, On some
sites the mineralization is peculiar

izotropical andradile-grossula

ite crvstalline and
compact vein filling'. o places of an intensity overlapping the produets ol contact
thermic teansformation to sueh an extent. that these may easilv be diseegarded by
microanalvsis. and naturallve by macroanalysis,

There is no doubt that these phenomena are in connection with contact-metasomatic
high- and low-temperature processes, skarn-forming processes inelading. Neither by
their extent. nor by the content are these Teatures negliceable and the whaole area s
going 1o be specially studied Trom this point ol view,

\ecording 1o the up o present results of |1|il‘1'li:l|1.‘|]}.~'i.-‘. o the r-'ll;_"j_'l-_xh-ll evidenee
for the active effeer of the diorite inteusion belongs also the hiotitization of o diorite
vein. in the distanee of GO m from the intrasion and o o cordierite-bearing rock group
i A00 m distance of the intrusion. with relies of sedimentary and  metasedimentary
rocks. analoguons 1o those Tound in deeper positions nearer to the intrusion. These rock
series Tar of 0 the intrusion are similaely alleeted by post- -eantacl processes and cordierne

in them is either relict or highly sericitized pinitized
The total extension of the contact aurcole in the region :-f INremnica exceeds inelo-
sively the endo- and exozone several 100 m.
The endozone cul approx. in 15 m size. is marked by the well preseeved magmatic
character of augite-diopside diorite of dinstinet abyssal development of the angite.
[—2 em phenocrysts! and by hivpabyss

all development of diopside and
andesine Anss. The augite individuals are corroded and show reaction vims of uralitized
diopside and magnetite. The diopside and the feldspar portion is more or less inten-

sively replaced (this replacement is waning out towards depth and in the rock predo-
minate primary magmaltic diopsides and andesines) by interstitial with regard to
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Fig. 2. Scheme of the section theough the contaet anrcole aceording
o the dreilling Ke-30 bored 2 koo NW of Kreemniea.

angile grainy isolropic grossularite-andreadite. scapolite. magnetite. pyrite and  zoisite.
The augite interspaces are locally filled up with ealeite. sericite. pyeite and magnetite
and the roek gained the character of o contact-adjacent porphyrie breeein™ (Fg, 3
and A} Even this mineral association of the endozone together with the petrotextural
leatures of diorite conlirm that also in the marginal pin

of the intrusion several
successive separate isolated or overlapping conlact melasomalic processes were aelive
in o wider temperature range (g, 3. 4. 0.

I tien contact metasomatic character dominates in the exozone and the products of
contacl melamorphism were strongly replaced.

By special selection of samples from the deill ore Tor microanalyvsis it was possible
to identily several groups of mineral associations of hornlelses:

agarnel-diopside hornfels with wollastonite

pleanaste-periclase-hrocite hornfels

periclase-brucite hornflels

spinel. diopside hornfels.

Garnet-diopside hoenfels with wollastonite was identified o close vicinity ol the
intrusion. in the form of narrow stripes. 1t is of typical hornfels texture. its grnnularity
does notexceed 1o Garnet is ol the grossularite-andeadite tvpen s somewhat
higher than 1.70. mainly isotropic. reacting varely in polarizing light. Short-columnar
diopside eryvstals show ey = 36—39°, In minute up 1o lihrous ervstals wollastonite is
uneonspicuous (macroscopically it is more striking). In some particular geains of hornflels
appear vesuvian-idiocrase and along the hornfels streipes numerous ervstals of  the
epidote-zoisite group. inclining by their optical properties 10 zoisite. in places also
interstitial caleite was found. “These. however. are not of contact-thermie orvigin and
their replacing tendeney is striking.

Pleonaste-periclase-braeite: hornfels s o white 1o velloish Tine-ervstalline rock  of

greasy luster. Owing lo its granularity it is impossible o distinguish in this hornfels

the minerals macroscopically (this being the ease also with other hornfelses). s texture
is conspicuously granoblastic. Perielase appears in isometrie. rhombie and tetragonal-
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l"i:_:, A _\L:gilv-:linpsi'l‘- diorite Trom lt1:|1‘_l_‘ill:|| Fige.. 9, .\ll'_l'ill"i“lb'l‘-iill' ot Teom the mare-

prets of the intrusion. 2 ko NW ol kreomi- winal parts ol the intrasion. 2 ki NW o of

e 1779600 m depth, Magnil, 43 No x nieols, Nemnieas 176530 w0 Magnil TH N x nieols,
Photo Lo 0w b, Photo 1. O s vl

like sections of T—2 mm sizes, T0was identilied only in dsotropis Torm with nosonmew hat
lower than 1700 Many transparent greainlels <how  subimicroscopieal  pigimentation.
A part of the grains is replaced by microscopical up to submicroscopical brueite fakes.,
Braeite is Hoe-Maky. La—1 o o sizes under the mieroscope reminding micaceots
eevstals, transparent. with dense. parallel eleavage eracks on the vertieal Faces. showing
parallel extinetion. In maximal brightness it has variegated  imterference colonrs of
Lrownisch tints and bronze luster. The base planes have no cleavage eracks. the inter-
ferenee colones are grev, sometimes o nndulatory extinetion. another time it does not
peact to polarized Tight, On these planes it displays velinbly monoaxial positive oo s
Fhese crystals appear inoageregates and also in individual geains. the Tatter in steiking
tetenzonal shapes. Breoeite akes replacing periclase are smaller insize those occuring
in veinlets penctenting through these and other hornfelses e muoel Tegers 2—=5 .
with analoguous charneteristies,

Pleonaste appears ll!u:&l.[\' =2 i somelrie grains, It rehel s high and the
I'II'H\”I'_"(' l'l':l('l\.‘ are l'”n:‘\l“ll’l‘ll.\']l\ llrlﬂll'il'llll'll. 1' l" Ur areen l'l'l““l'.

Peviclase-hraeite homfels o bimineralic association the mineral properties analogious

Fie. 6. Pleonaste-periclase-brueite hornfels.  Figo 7. Pleonaste-periclase-hrueite hornfels,
2okme MWl Keemniea, 177350 m depthe 2 ki NW ol Kreemmien, 1773500 m depth,
Mamnif. 43 NXo x nicols. Photo Lo Osvald,  Magnif, 43 No x nieols, Photo Lo O s vald
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Fig. 8. Pleonaste-periclase-broeite hornfels.  Fig, 8. Pleonaste-periclse-broeite harnlels
2k NW ol Kremmien. 177300 m depth. with contact-ad jacent metasomatic mineraliza-
Magnil. 43 N o~ nideols. Photo 1o O sva 1. tion and o brocite vemlet. 2 kin NWoof
Kremmnien, 177350 i depth, Magnil, 473 N,

sondeols, Photo L. 0rsva .,

to those ol the Tormer horflels. On the enclosed Tigures they are partly metasomatically
replaced (fig, 6. 7. 8.9, 100,

Spinel-diopside hornfels. Bimineralic lenses™ were Tound on several siles. approx.
in the same depth level as the above mentioned hornfelses with perielase, brueite anid
pleonaste. Spinel is in them strikingly transparent (with regad 1o diopsider, n = 1.7,
Diopside shows analoguous optieal characteristics as the former hornlelses,

I do not deal in this work with the mineralization of the contaet metasomatic staue
fmarginally only as ore and non-metallic mineralization!. as it is the aim of this work
to give fundamental data on the manifestation of contact metamorphism in o region.
where so far it was not known. and secondly. because its diversity. suceession and
alliance 1o a certain environment or zone is so complex that it requires an analvsis in
broader context. Thus, it would be precocious 1o make definitive conclusions on the
basis of the up 1o present investigated material,

vnnel-diopside hornfels. 2 L NW

1779 depth, Magnil, 645 N.
somdeolss Phato T O sy a bl
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SIMOVA
Interpretation

The data given on the Teatures of contacet metimmorphism in the NW paret of Sloven-
sk stredohorie Mis, ean be interpreted as Tollows:

L. In the deep-seated basement of the centre of the NW part ol Slovenske stredo-
horie Mis. a contact anrveole of several OO m size is extending on the contact of the
diorite intrusion and the intrusion-adjacent series,

2. In the time of its action on the adjacent medinm the diorite intrusion hias been
already a partly shaped mass, Considering the present knowledge on massive intrusive
bodies inducing intensive recrvstallization. while dyvkes or veins reveal only unsubstan-
ital effects. massive bodies and lacceoliths give raise to o more intensive conlael meli-
morphism by their apical parts than by the hasal ones. o this sense the diorite intrusion
<hould not represent on this site its apieal parct. neither the highest degree ol mieta-
morphisn. 1 may be assumed in closer or more distant envionment and in tarn we
can suggest the subsidence of the intrusion surface towards its more basal parts. where
untransformed intrusion-adjacent sevies or their waning out could he expeeted,

3. The character of the products of contact-thermic metamorphism is  distinetly
calearcous-magnesian and magnesian. This s an important notion Tor their interpreta-
tion as products not only reervstallized. but with o variegated mineral association thus
contact-neomineralized.

Comparing the magnesinm hornfelses ol the investigated region with the results of
experimental works of A, J. Cvetkov (1949 who gained periclase and brocite by
heating of dolomite we can explain the genesis ol periclase in the periclase-brueite
hornfels association which is dilferentiated as o thermie association of contact mela-
morphism by dedolomitization of dolomites and Ca—D>Mg limestones:

S

CaMg COyly = Caloy 4+ MeO + GO

and the Tormation of braeite in this association by hvdeatation following this dedolo-
milizalion :
Met) F T = NMa 011
In the sense ol this u'uln||.'n'i.-m| braette whose ||}'|!|'|r1|||-|'|!1;l1 origin in the studied
hornlelses is not evideneed. would not be explained sufficiently, G Toaener (1951
veports unhyvdrothermal bracite as common in the facies ol pyroxene hornflelses,
The formation of spinel in magnesinm hornfelses can be explained by AL admixturee

i dolomites or in ealearconsmagnesian limestones:
CaMaCOgs 4 Ay = NMaALOy 4+ CaliOy + G

The eited experimental works report on the Tormation o spinel and diopside ey,
forsterite with simultancous presence of AL and Siin dolomites,

The sedimetary series into which the diorite mass has been intruding were of calea-
reous-magnesinm . up Lo dolomite character. enviched  Toeadly ine St colloids (opal or
quartz). i places with argillaecons and marly avers,

Sedimentary series which gave raise to ealearcons silicate hornfelses with grossularite.

ws sediments enviched in elavey and marly constituenls,

had the charaeter of calear
n the course ol a phase of contaet metamorphism indieates the

1 The thermal regim
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process ol periclase genesis. Considering the experimental works of Ao ). Cvelkow
(1949), the dissociation of ealeite is starting at 8360 °C and that of magnesite a1 610—
G20 °C. Pressure increase raises and the presence of light volatile compounds deercases

the temperalure ol dissociation. Therelfore the dissocintion ol the -.\];.',‘ component in
carbonate with the Tormation of periclase and the recevstallization of the Ca carbonate
sels ine Inoaddition perielase reacts with water and is affected by hroeitization,

FEven il we do not aceept this knowledge as a whole, the majority of the hornlels
minerals originated by contact metiunorphism  (spinel. pyroxenes, wollastonite). lets us
suggest that contact metamorphisim ook place under the conditions of the pyroxene
hornfels Tacies.

Fxplaining at least marginally the relation between the diorite intrusion and the
superponed diorite veins and dyvkes, the diorite intrusion is vounger than the diorite
veino the biotitization of which may be regarded as the produet of contact mela-
morphism. The relation of the diorite intrusion to the other veins and to the huge
pyroxene diorite dyke. as well as o the rool Tavas of the pyroxene andesite is evidently
suceessive and the subject of Turther investigations,

6. The relation of the intrusion o the metamorphosed sedimentary series of calea-
reous-magnesium up to dolomite nature with clay intercalations. marly and colloid Si
beds indicates that o .neointrusion™ is concerned. This problem will be studied sepa-
rately on petrogenetic characteristics and textural features of the diorite intrusion. the
diorite veins and dykes and on the effusive equivalents ol the diorite magma, on py-
roxene andesites occuring in this region.

Conelusion

By the analysis of the deep-deill Ke-3. bored in the centeal part of Kremunické po-
horie Nis. an intrasion of augite-diopside diorite has heen cut and on ils contaet with
the intrusion-idjacent medium o contact aurcole of several 100 m size war Tound.
The aurcole displays endo- and exozonal thermie and metasomatic development. Con-
tact-thermie metasomatism conditioned the development of hornfelses. erystalline lime-
stones and quartzites. From hornfelses typical for this region and for the region
of the West Carpathinns were differentianed  magnesivm-calearcous and  magnesinm
tvpes of genel-diopside hornfelses, periclase-hrucite hoenlels, pleonaste-periclase-hrueite
hornlels. spinel-diopside hornfels and others.

Il endo- and exocontact zone s penelr

ted by o dense net ol joints with unhomo-
senons o variegated mineral Tilling, likely allied with the contact-ndjacent  mela-
somalic and skaenforming processes. Their Teatures are velatively intensive and overlap
ar places the products of thermie metamorphism.

To mantlestations ol contacl !|1|'I;||1|nl'il|li.~i|n belongs also the biotite zone the hiotitized
vein diopside diorite and the cordic

dte zone in the periphers paet of the aoeeole,
The present knowledae on the nature of contaet metamorphism and s interpretation

follow Trom the miaero- and ieroscopic stdy of the bore core. of the deepest detll in

this vegion, Research s s<nll soimg on in el

al 1:.'||'.'|_l_'|-n|'lii' analyvsis,
Translated by 1, MINARINOY A,
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