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MILOSLAV SULGAN*

PETROLOGICAL INTERPRETATION OF CRYSTALLIZATION
PROCESSES IN BASALT ANDESITES OF THE SIBENICNY VRCH
HILL COMPLEX (FROM THE SOUTHERN PART OF THE
KREMNICKE VRCHY MOUNTAINS)

(Figs. 19, Tabs. 3)

Abstract: The petrological study of rocks from the Sibenié¢ny
vreh hill complex (quarry Ladomer, near BartoSova Lehotka and
Sibeniény vrch hill) from the southern part of the Kremnické vrehy
. mountains has made possible to decipher the course of the crystalli-
zation process in individual silicate melts, the mechanism of the

origin of individual bodies and has confirmed also their mutual
genetic relationship.

Pesiowme: Tlerpoaoruueckoe nzyucnne nopos womnaexca ladennunoi

ropu (Kaphep Jlagosmep, kapuep vy ¢ Baprowosa Jleryorka n Llude-
HHUHAs TOpa) 10:KHON vacTn KpeMupuknx rop npeacrasiio BO3MOom-
HOCTL OFBACHHTL TEUCHHE NPOUCCCa KPHCTAMINZAUWNN B OTACILHBIX CH-
JHKATHLIX PACHaaBax, MexaHuiIM oGpasosainsd OTACIuiLIX Ted H OHO

MOATBCPINIAO TOME HX B3aUMHVIO TCHETHUCCKYIO CBS3b,

The Sibenicky vrch complex (according to Koneé¢ny—Lexa—Plan-
derova, 1983) is formed by dykes, penetrations, extrusions and flows of
aphanitic basalt andesites, which are piercing or overlying the Jastraba forma-
tion (sequence) in the southern part of the Kremnické vrechy moutains between
the villages Bartosova Lehotka, Jastraba, Pitelova and town Ziar n/Hronom
(Fig. 1). The mentioned authors (1. c.) assign to the complex also the lava flow
and pyroclastics of the pyroxene an- r

desites between S&dSovské Podhradie { o .
and Ziar n/Hronom, which are of equal N Bartosova Lehotka

structural position and uncovered in o' Tkm %
the quarry of Ladomer. *Jastrabd

) The supposed age of rocks from the A
Sibeni¢ny vrch complex. belonging to *
the lime-alkalic province, is Panno- 7 B
nian. .

5

[+]

_ o _ _ _ Ziar n Hronom Pitelova
Fig. 1. Localization of wvolcanic bodies
from the Sibeniény vrch hill complex. O o
Explanations: 1 — quarry Ladomer: 2 —
Sibeniény vreh hill; 3 — quarry and dykes
in the cut of the railway near Bartodova .
Lehotka: 4 — Ostra hora; 5 — Strmy vi- :
Sok: 6 — Chlebova; T — Klincok. 1o Podhradie

* RNDr. M. Sulgan, Geological Institute of the Slovak Academy of Sciences,
Department of Mineral Raw Materials, Vajanského 13, 874 01 Banska Bystrica.
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The crystallization processes were studied more in detail in the rocks of these
localities: 1 — quarry of Ladomer, 2 — mount Sibeni¢ny vrch hill, quarry
near BartoSova Lehotka. The conclusions of the study result from microscopic
observation (with application of 5-axial Fiodorov's stage), from chemical
analyses of minerals (by electron microanalyzer) and from chemical analyses
of rocks,

Quarry Ladomer

About 1 km northwest of Sasovské Podhradie a body (lava flow) formed
by pyroxene andesite is exposed in the quarry. The rock has a porphyritic
texture (Fig. 12) with hyalopilitic texture of the groundmass (with indications
of fluidal structure). The maximum size of phenocrysts is up to 3 mm. The
modal composition of rocks is as follows:

groundmass 78 0
plagioclases 20 %
orthopyroxenes 1.5"
clinopyroxenes 05",

a) Plagioclase is represented by zonal phenocrysts, the composition of
which varies from bytownite (in the centre) to oligoclase (at the periphery
of phenocrysts).
b) Orthopyroxenes form two groups:
1. allo — to hypidiomorphic phenocrysts of various size (0.3 to 1.0 mm) repre-
senting typical volecanic hypersthene with ratio Fe/(Mg + Fe) in the in-
terval 0.45—0.47 (Fig. 12).
2. hypidio — to idiomorphic phenocrysts of hypersthene of 0.6—0.7 mm size,
which often contain larger phenocrysts of plagioclases and Fe-Ti oxides. The
values of Fe (Mg + Fe) ratio in the frame of the individual phenocrysts are
varying in the interval from 0.5 to 0.54 (Fig. 13). The value of the angle 2V
in orthopyroxenes is also variable, in the interval of 56°—68°.

The phenocrysts of orthopyroxenes of the 1st and 2nd group have at their
rim hems of variable thickness formed by pigeonite (Figs. 12, 13, 14).
¢) Clinopyroxenes are represented by pigeonite, which on the one
hand forms hems around phenocrysts of pyroxenes (Fig. 13) and also forms
small needles (< 0.1 mm) in the groundmass and by Ca-rich clinopyroxe-
nes, which form phenocrysts (diopside augite—ferroaugite, Fe (Mg + Fe) =
= (.46; Fig. 15) or are in the groundmass (ferroaugite, Fe/(Mg + Fe) = 0.52—
0.53; Fig. 12).
In grains of clinopyroxenes in the groundmass intergrowths with Fe-Ti oxides
and with pigeonite were observed (Fig. 14).
The groundmass contains microlites of plagioclases, grains of Fe-Ti oxides and
accessory minerals (apatite, zircon) and volcanic glass (Fig. 12).

Mount Sibeni¢ny vrech hill

About 1 km east from Ziar n/Hronom is the mount Sibeni¢ny vrch.
representing an extrusive body - volcanic dome about 400 m in diameter. In
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direction to the north the body passes into a short lava flow. It is formed by
basalt andesite. The rock is of a porphyritic texture (maximum size of pheno-
crysts-up to 3 mm) with coarsergrained pilotaxitic texture of the groundmass
(Fig. 16). The rock has the following modal composition:

groundmass 67.49,
plagioclases 18.0 %
olivine 8.7 %

clinopyroxenes 59"

a) Plagioclase is represented by zonal phenocrysts, the composition of
which varies from bytownite (in the middle) to oligoclase at the periphery of
phenocrysts, (Fig. 16).

b) Olivine has normal zonal phenocrysts, i. e. in direction from the middle
to the margin the content of magnesium decreases and on the contrary, the
content of iron, manganese and calcium rises. A part of olivine phenocrysts
(idio — to hypidiomorphic with content of Fo¥;_ and size from 0.3 to 0.6 mm)
is affected by alteration into serpentine. This alteration is bound to joints and
their close vicinity at the periphery of olivine phenocrysts (Fig. 17).

The second part of olivine phenocrysts forms allotriomorphic grains with
Fo*%51 _5» content, which, however, are not affected by alteration. Phenocrysts
of olivine of Fo***y composition were also determined optically, whilst pheno-
crysts, analysed by electron microanalyzer, attained maximum 63"}, Fo* com-
ponent.

c) Clinopyroxenes

1. Porphyric phenocrysts (up to 1.4 mm in size) are represented by diopside
augite or ferroaugite with ratio Fe'(Mg + Fe) = 0.39—0.53.

2.In the groundmass clinopyroxenes are represented by ferroaugite
(Fe (Mg + Fe) = 0.52).

The optical parametres of clinopyroxene phenocrysts are as follows: 2V = 45°—
55°, y'c = 41°—50°, 0y/c = 12°—20°,

The groundmass contains microlites of plagioclases, grains of olivine, Fe-Ti
oxides and accessory minerals (apatite, zircon; Figs. 16, 17).

Bartosova Lehotka

About 2 km south of the village Bartosova Lehédtka is a quarry, situated in
the studied body, which we can designate as a volcanic dome (with diameter
around 400 m). Its rocks is formed by basalt andesite of porphyritic texture
(maximum size of phenocrysts up to 3—4 mm) with pilotaxitic to trachytic
texture of groundmass (Figs. 18, 19).

The modal composition of rock is as follows:

groundmass 75.2 %,
plagioclases 18.8 %
olivine 4.9,
clinopyroxene 0.9%,

a) Plagioclase is represented by zonal phenocrysts, the composition of
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which varies from bytownite (in the middle) to andesine (at the rim of pheno-
crysts).

b) Olivine is represented by phenocrysts, which show an analogous zonality
similar as in the rock from the locality Sibeniény vrch (Figs. 18, 19). Besides
idio — to hypidiomorphic porphyric phenocrysts (Fo*sy_7y, of size approximately
1 mm) also olivines belonging to the groundmass (having hypidiomorphic shape.
Fo*; _55), are affected by serpentinization. Unaltered olivine forms allotrio-
morphic grains in the groundmass. Phenocrysts of olivine with composition up
to 85 Yy Fo* were determined optically whilst olivine analysed by electron micro-
analyzer contained maximum 70 %, Fo* component.

c) Clinopyroxenes

Porphyric phenocrysts (up to 1 mm large) are formed by diopside augite
to ferroaugite (Fe' (Mg + Fe) = 0.417—0.36). The optical parameters of
clinopyroxene phenocrysts are as follows: 2V = 44°—52°, y ¢ = 45°—54°, 0,/c =
= 15°—20°.

The groundmass contains microlites of plagioclases, grains of olivine, pyro-
xenes, Fe-Ti oxides and accessory minerals (apatite, zircon).

Petrological interpretation of crystallization processes in the studied rocks

Olivine:
(Chemical composition — Table 1, Figs. 2, 3).
Fe (Fe + Mg) ratio in the cores of olivines (which crystallized from the melt
among the first phenoerysts of olivine) at the locality Sibeniény vrch as well
as the locality BartoSova Lehotka is almost equal and has a value around
0.4. The same ratio in composition of whole rocks [rom these localities is
sssentially in conformity with the foregoing mentioned value.

When we use the diagram showing the relation between the composition of
crystallizing olivine and Fe/(Fe + Mg) ratio in the melt in dependence on tem-
perature (according to Roeder—Emslie, 1970) provided that the compo-
sition of the whole rock corresponds to the composition of the competent melt,
in which crystallization was taking place (this precondition is fulfilled when
olivine crystallized from the melt as first from Fe—Mg minerals). for crystalli-
zation of olivine the temperature around 1150 °C results.

Pyroxenes:

(Chemical composition — Tables 2, 3, Figs. 2, 3, 4).

Division of orthopyroxene phenocrysts in rocks from the quarry Ladomer into
two groups together with the changes of Fe/(Fe -+ Mg) ratio values during
their growth, is in Fig. 5. The individual curves in this figure represent the
dependence of the change of chemical composition in the frame of individual
phenocrysts. given by Fe/(Mg -+ Fe) ratio, from the centre to their margin.
Arrangement of phenocrysts is not incidental but [ollows from the results of
chemical analyses as ell as from mutual relations of the individual pheno-
erysts in the rock. On the horizontal axis are plotted the proportional sizes
of phenocrysts, from the centre to their margin., From the figura is clearly to
be seen what a different composition the phenocrysts of orthopyroxenes of the
Ist and 2nd group have, how their chemical composition is changing during
the growth and what is their relation to pigeonite.
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The result of the study of the relation orthopyroxenes — clinopyroxene in
the rock from this locality, basing on the works of Kuno (1950; 1968) and
Lindsley (1983), is the constructed curve (Fig. 6) showing the temperature
of pyroxene crystallization in the magma from the given locality. The curve
of Ladomer pyroxenes intersects the curve of inversion opx—cpx in the in-
terval EngFsi—En;;Fs;s, Its course essentially agrees with the course of the

En Fs
"0

(Fo | Fa) 2

T n

En
[Fo) i

Fig. 2. Composition (molecule”)) of oli-
vine (—) and pyroxene () in basalt an-
desite from the Sibeniény wvrch hill lo-

Fig. 3. Composition (molecule ") of oli-
vine (—) and pyroxene () in basalt an-
desite from the locality quarry near Bar-

cality. tosova Lehotka.

Di He

Fig. 4. Composition (molecule ?,) of or-

thopyroxene (—), pigeonite (+) and cli-

nopyroxene (()) in pyroxenic andesite
from the locality quarry Ladomer.

curve constructed by S. Tsuboi in (Kuno, 1950) for the temperatures
of crystallization of pyroxenes in natural magmas. On the basis of the graph
of Lindsley (Fig. 8in Lindsley, 1983), the temperature corresponding
to this transition opx—cpx is around 880 °—980 °C, in dependence on pressure.
The position of orthopyroxenes of the 1st and 2nd group on the mentioned
curve is obvious from this figure (orthopyroxenes of the 2nd group represent
minerals, which are found at the end of the curve showing their trend of
crystallization in the magma close before this intersect the curve of the inverse
transition opx—cpx).

In Fig. 7 is a part of the diagram enstatite—ferrosilite—diopside—heden-
bergite containing the curve, which shows how the chemical composition of
clinopyroxenes in the rocks from Ladomer, Sibeniény vrch and Barto$ova Le-
hotka was changing during the process of their crystallization from the magma.
A common and distinct feature of the represented crystallization trends is
sudden sinking in the right part of the curves, corresponding to decreasing
calcium content in clinopyroxenes with termination (at Sibeniény vrch and
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Table 2

Point analyses of phenocrysts of diopside augite to ferroaugite (the names of pyroxenes
are according to classification of Carmichael — Turner — Verhoogen,
1974) from the locality Sibeniény vrch hill (points 1 to 5) and from the locality
Bartosova Lehotka) (points 6 to 8)

| MgSio,
| FeSiO,
| CaSiO,
\

|

1 203 g 5 6 7 8 i

5123 | 50.07 |5102| 5120 |5L01| 49.74 |5043| 5131 |
‘ 0.44 0.69 0.58 0.56 0.76 0.77 0.31 0.25
244 | 544 | 401| 405 | 184| 466 | 475| 430
1145 682 | 652| 655 |1061| 872 | 618| 607
| 0.00| 000 | 0.00| 000 | 000 000 | 000 0.00
13.07| 1372 |15.01! 1449 | 1374 | 1386 |1516| 1528
‘ 19.43 | 2008 | 2055| 2053 | 1890| 1928 |1978| 19.30
040| 034 | 035| 031 | 031| 051 | 043| 043
| 00L| 000 | 000| 000 | 00| 000 | 000 0.00

|

9847 9716 | 98.04 9769 | OTI8  OT54 | 9T04 0694 |

3480 | 38.82 | 4077 | 4067 |36.96| 3826 |42.01| 4277 |
22.32 | 1411 | 1296 | 13.04 |2091| 17.63 |12.54 | 12.44
4286 4705 | 4626 4628 |4202| 4410 | 4543 4478

Analysed by RNDr.
GUDS, Bratislava.

J. Kristin,

0,85 o
@
o|v
=
z
0.60
0,56
2
L
.3/\\\. 19
050 | o, 8\9\\411
1 H
\ i
0,45 45
Ist group 2nd group

lengnt of phenocrysts, from
the middle to the margin

CSc. and RNDr. J. Hatar,

CSc., from OEMM

En 50 Fs

Fig. 6. Diagram showing areas of stability
opx and cpx (according to S. Tsuboi
in Kuno, 1950).

Fig. 5. (—) course of zonality of pheno-
crysts opx of the 1 and 2 group in pyro-
xenic andesite from the locality quarry
Ladomer,
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Ladomer), or before termination (at Bartosova Lehétka) of their crystallization
process in the melt.

Setting out from mutual relations between the individual minerals in the
studied rocks, obtained by microscopic observation and electron microanalyzer,
I compiled the following schemes of crystallization processes in melts, which
resulted in formation of rocks from the localities Ladomer, Sibeniény vrch and
Bartosova Lehotka (Figs. 8. 9, 10).

En, oFs10%o50 En3gfe20%0sp
1
< 4
g
o 3|
g = L-..H
e
b
! Pt Di Hd
?l’,"-
.?
3
En W En 3 F
PSEFS‘!G 035 1"33}7532\'\(035 zn S

Fig. 7. Change of composition of pyroxenes durin gerystallization of magma, O por-
phyric phenocryst, @ grain of groundmass.
Explanations:—— pyroxenes in basalt andesite from the quarry near BartoSova
Lehdtka; — — —> pyroxenes in basalt andesite from Sibeniény vrch hill; . . . . > py-

roxenes in pyroxene andesite from the quarry of Ladomer.

0.53

cpx o AP PR PP T iR S e i
0,64-0,65
pigeonit s ciiiiii s r s d it s s s s b & s +a 2
47~ 54

opx 0.67-045 0,50 052. O
lg An'/. . s ; e
L 70 5oL 7t

Fig. 8. Graphical representation of the crystallization process in pyroxene andesite
from the quarry of Ladomer.

Explanations: The number at cpx pigeonite and opx mean the value of Fe/(Mg - Fe)
ratio.

crystallization process confirmed by the results of observation;
..... probable continuation of the crystallization process.

Now let us compare the crystallization processes, which were observed in
rocks with possible courses of crystallization processes in the system Mg.SiO,
—CaMgSi,0;—Si0,.

Taking into consideration the fact that dark minerals in the rocks are re-
presented by olivine and pyroxene (clinopyroxene and orthopyroxene), in the
analysis of melt crystallization T am based on phase diagrams, the author of
which is Kushiro (1964, in Wunkapes, 1970, 1969; in Yoder 1976,
1972;in Carmichael—Turner—Verhoogen, 1974). For representation
of the crystallization process appears as most suitable the system at pressure
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of 1 atm. (Fig. 11). In order to obtain such mineral associations by aid of this
diagram, which not only in their composition, but also in mutual relations
between the individual mineral phases would correspond to the associations
of minerals observed in the studied rocks from BartoSova Lehotka and Sibe-
ni¢ny vrch, we must set out from the composition of the melt (in which the
own crystallization process began) situated in the area A in diagram — Fig. 11,

ol i
ik 039-035-0.06 053-0,52

An®l,
AaAN 80 5L 30

Fig. 9. Graphical representation of the crystallization process in basalt andesite from
the Sibeni¢ny vreh hill.
Explanations equal as in Fig. 8.

ol ...88:51
0303904170 0,417 0,35
Givi 0.28 ,X%-039 04 0,43 , .
HgAnle N X
G a0 54 32

Fig. 10. Graphical representation of the crystallization process in basalt andesite from
the quarry near BartoSova Lehotka.
Exlanations equal as in Fig. 8.

CoMgsi, o,

Mg, Si0,  Mgsiog si0,
mass %
Fig. 11. System of Mg,SiO;—CaMgSi,0;—Si0, with pressure 1 atm (accordinto K u-

shiro, 1972).
Explanations in text.
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When point 1 corresponds to composition of the melt (regarding to the content
of normative quartz in rocks, which varies around zero value, point 1 must be
situated near the connecting line MgSiO;—CaMgSi,Og). With sinking tempe-
rature olivine begins to crystallize first in it (along line 1—2), which is im-
poverished by magnesium during the process of crystallization. Reaching point
2 on the cotectic line clinopyroxene begins from the melt to crystallize, whilst

Fig. 12, Magnif. 19 x, | nicols. Locality: quarry of Ladomer: a) phenocryst of plagio-
clase with enclosure; b) relict of phenocryst of voleanic hypersthene of the 1st group;
¢) ferroaugite phenocryst.

olivine begins to dissolve (dissolution results from the fact that the tangent
to the cotectic line in point 2 intersects the side of Mg,Si0O;,—SiO, in the point,
which is between Si0,—MgSiO;). In the interval 3—3" is somewhere the tem-
perature maximum. It is probably lying in the area of point two (2). By such
a position of the temperature maximum the changes in the contents of calcium
and magnesium could be explained, which are observed in clinopvroxenes
from Sibeni¢ny vrch and BartoSova Lehétka (points 4 — 5 — 6 and 8 — 9.
in Fig. 7).

For BartoSova Lehotka the process of crystallization probably continued
in direction 2—3 with crystallization of clinopyroxene and dissolving of olivine
at the cotectic line (the content of magnesium lowered and te the same time
the content of calcium in clinopyroxenes increased) to exhaustion of melt. For
Sibeniény vrch development in the melt continued to the right from the tem-
perature maximum, also by crystallization of clinopyroxene with synchronous
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Fig, 13. Locality: quarry of Ladomer; or- Fig. 14. Locality: quarry of Ladomer; re-

thopyroxene phenocryst with pigeonite lict of clinopyroxene grown over with

hem; the line record correspond to Mg Fe-Ti oxide and pigeonite (formation
distribution. from the right part of Fig. 13).

Fig. 15. Magnif, 300 x, || nicols. Locality: quarry of Ladomer; detail of enclosure in
plagioclase from Fig. 12.
Explanations: cpx — diopside augite — ferroaugite, Fe-Ti oxide, volcanic glass.



Fig. 16. Magnif. 19 x, || nicols. Locality: Sibeniény vrech hill; porphyritic texture with
coarser-grained pilotaxitic texture of groundmass.

Fig. 17. Magnif. 120 x, | nicols. Locality: Sibeni¢ny vreh hill: olivine phenocryst
affected by serpentinization.
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Fig. 18, Magnif. 120 %, || nicols. Locality: quarry near BartoSova Lehotka; olivine
phenocryst affected by serpentinization.

Fig. 19. Magnif. 60 x, | nicols. Locality: quarry near Bartosova Lehotka: olivine
phenoeryst affected by serpentinization.
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dissolving of olivine. In direction 2—4, with the origin of clinopyroxenes, in
which at the beginning the content of magnesium rises (points 4—5) in Fig. 7,
but later (points 5—6) it decreases with continuous sinking of the calcium
content in clinopyroxenes.

Not depending on the fact whether in crystallizing pyroxenes from Sibe-
niény vrch, Bartosova Lehotka and Ladomer the content of calcium increases
or lowers, with synchronously sinking magnesium content, the content of cal-
cium suddenly decreases (Fig. 7). This lowering is obviously caused by rapid
undercooling of the crystallizing melt as a consequence of reduction of pressure
with magma ascending to the Earth surface.

The scheme of fractional crystallization of the melt, the surficial equivalent
of which is the lava flow in the quarry of Ladomer, differs from both pre-
ceding crystallization schemes (for BartoSova Lehotka as well as Sibeniény
vreh). Crystallization began there near point B, which is situated already in
the area of the triangle with peaks MgSiO;—CaMgSi»0;—Si0O: regarding to the
fact that the rock contains normative quartz. From point B composition of the
melt shifts to point 5, with olivine crystallizing only. Reaching point 5 on the
cotectic line forsterite—protoenstatite, orthopyroxene begins to crystallize
from the melt with contemporaneous dissolution of olivine. The crystallization
process continues further from point 5 to peritectic point 6. Here (in point 6)
together with orthopyroxene also pigeonite crystallizes (Fig. 13) and olivine
phenocrysts are dissolving — when some of them are still preserved. From
point 6 the melt composition shifts further in direction to point 4, pigeonite
erystallizes from the melt only. In point 4 probably the crystallization process
ends with common crystallization of pigeonite and solid solution of diopside.

Setting out from the character of the individual studied bodies, their geo-
logical structure and petrological study of rocks, we may say about their ge-
nesis: the magmas of Ladomer and Sibeniény vrch ascending to the Earth
surface were cooling more rapidly (ascending into water environment or pierc-
ing aquiferous sediments) than the magma from BartoSova Lehotka. After
ascending to the Earth surface this magma was cooling slowly.

Conclusion

The results of the petrological study of rocks from the Sibeniény vrch com-
plex (quarry of Ladomer, quarry near Bartosova Lehotka and Sibeni¢ny vrch)
from the southern part of the Kremnické vrchy Mts. have made possible to
decipher the course of the crystallization process in of the individual bodies
and have also confirmed their mutual genetic affinity.

I am indepted to RNDr. J. Lexa, CSc. for specialized guidance in the field
works as well as in the study and processing of the obtained knowledge to
RNDr. J. Kristin, CSec. and RNDr. J. Hatar, CSc. for the chemical ana-
lyses by electron microanalyzer, to Academician B. Cambel and Doc. RNDr.
D. Hovorka, CSec. for kind and critical reading of the text. According to
latest investigations of RNDr. J. Lexa, CSc. (oral communication) the body
formed by basalt andesite, which occurs at surface in the quarry near Barto-
Sova Lehotka represents a sill — or body, which was heat-insultated from the
surrounding environment to some extent. This heat insulation regularly in-
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fluenced the course of the own crystallization process in the melt (in its final
stage), in agreement with this fact are also the results, which were achieved
on the basis of petrological study of basaltoid andesite from the given lo-
cality.

Translated by J. Pevny
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