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THE TICAU HILLS (NW TRANSYLVANIA — RUMANIA) —
LITHOSTRATIGRAPHY AND PETROLOGY
OF THE METAMORPHIC ROCKS

JANOS KALMAR and PETER KOVACS-PALFFY
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(Manuscript received May 3, 1995; accepted in revised form March 21, 1996)

Abstract: Ticau Hills represent one of the crystalline islands of NW Transylvania, in which the pre-Variscan basement
of the Tisia Domain outcrops. A lithostratigraphic sequence is described consisting of a lower, Magmatogene Stejera-
Cheud Member with five subunits and an upper, Terrigenouse Chelinta Member, with three marker horizons. Three meta-
morphic phases were recognized: the first (main) phase developed progressively, the second, retrogressively and the final,
progressively. Probably these metamorphic phases were related to the Caledonian and the Hercynian events. Late altera-

tions are due to hydrothermal activity and intensive Paleogene weathering phenomena.
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Introduction

The Ticu Hills are situated in NW Transylvania (Rumania),
approx. 30 km southward from Baia Mare. The Someg River
cuts a large defile in its western side, collecting the water of
the rivulets which originate in the hill. The metamorphic rocks
and the sedimentary cover form clear and large outcrops along
the valleys and the ridges of the hills, which permit a detailed
geological mapping.

The Ticau Hills are one of the NW Transylvanian Crystal-
line Islands (Fig. 1) which represent an uplifted blocks of the
basement of the Tisia Domain -—— the major tectonic unit of the
southern part of the Pannonian Basin (Szederkényi et al.
1995). Thus, a detailed lithostratigraphic succession of a lim-
ited area of this great domain, may be useful for interpretation
of the structural approach of the sediment-covered areas,
known only by deep-drilling data.
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Fig. 1. The crystalline islands from NW Transylvania, Rumania. 1.
Cenozoic sedimentary formations, 2. Metamorphic formations
(Someg Group). A. Ardud, B. Bic, H. Heghies, L. Ineu, M. Meses,
MS. Migura $imleului, P. Preluca, Rz. Rez, T. Ticau Hills.

The first cartographic and petrographic information on the
Ticau metamorphics was provided by Hauer & Stache (1863),
Hofmann (1887) and Koch (1898). After the First World War, the
Ticdu Hills were studied by Szadeczky (1925) and Kriiutner
(1938). Modern petrographic data from this area were supplied
by Dimitrescu (1963), Kalmar (1969, 1972a, 1986) and by Zin-
cenco et al. (1990). The Paleogene and Neogene sedimentary
cover was studied by Saulea & Barbulescu (1957), Marele-Ionita
(1960), Ghiurca (1970) and Patrulius et al. (1979).

Lithostratigraphy of the metamorphic basement

The metamorphic basement of the Ticiu Hills was asigned by
Dimitrescu (1960, 1963) to the Someg Group (Seria de Someg), a
large lithostratigraphic unit which comprises the meso-metamor-
phic rocks of the northern Transylvanian Midmountains (Munii
Apuseni) and the metamorphic formations which outcrop in
North-western Transylvanian Crystalline Islands. The last ones
were called the ”Sylvania Unit” by Zincenco et al. (1990). Ac-
cording to Szederkényi (1984), the Ticu, Preluca, Bac and Ar-
dud islands, represent the easternmost outcrops of the
Autochthone Unit continuing towards the east the structural pat-
tern of the basement of the Southern Great Hungarian Plain.

As there are no data concerning the undoubted correlation
between the Ticau and the other islands, we propose, for the
metamorphic sequence which outcrops in this area, the
term "Ticiu Formation”.

The Ticiu Formation may be subdivided in two members:
the lower, Magmatogene Stejera-Cheud Member and the up-
per, Terrigenous Chelinja Member (Fig. 2).

The Magmatogene Stejera-Cheud Member

This member partly surrounds the Ticdu Hills, being best
developed on the eastern side of the hills. Following the most
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Fig. 2. Lithostratigraphic units of the Ticau Hills. 1. Chelinfa-
Hagéu Terrigenous Member, 2. Porcaref Leptinite Horizon, 3. Glod-
Hagdu Mica-Schist Horizon, 4. Valea Morii Mica-Schist Horizon,
5. Stejera Gneisses, 6. Idirea Mica-Schists, 7. Plescufei Gneisses, 8. Ti-
holf Main Mica-Schists, 9. Secatura Gneisses, 5-9. Stejera-Cheud Mag-
matogene Member, 10. Amphibolite lenses, 11. Biotitic metagranodiorite
bodies.

important gneiss and mica-schist intercalations, a complex,
metamorphosed volcano-sedimentary sequence was recog-
nized. Five lithostratigraphic subunits were mapped formed of
more or less thick terrigenous rocks (paragneisses, mica-bear-
ing quartzites, quartzose mica-schists) in the lower part and by
one or more gneiss or garnet-bearing mica-schist intercala-
tions, thin amphibolite, graphitic quartzite or marble lenses in
the upper part. On the basis of the chemical composition and
mineralogical-petrographical data, we assume that this rock
assemblage represents metamorphosed acid volcanites
(dacites, rhyolites), tuffs and accompanying products of their
alteration (red clay, chert, chemically precipitated limestone).

The igneous origin of the feldspar-rich gneisses was dis-
cussed by Kalmar (1986).

Stejera Gneisses

This subunit outcrops in the easternmost part of the Ticau
Hills, along the Stejera Valley and its affluents. Due to the re-
search works for the Stejera kaolin deposit, it was studied in
detail and its lithological column is known at a 1-5 m preci-
sion (Fig. 3). It consists of 5 large and another 10 small biotite
gneiss lenses, 2 gamnet-bearing mica-schist lenses, 3 leptinite
intercalations, a 2-3 m thin graphitic quartzite layer and a
small amphibol-gneiss lens (the last is known only in bore-
holes). The term “leptinite™ describing feldspar-rich and mica-
poor gneisses, derived from acidic igneous rocks or/and tuffs
was used according to Winkler (1973).

The chemical study of gneiss samples obtained from bore-
holes and mining works shows the acid, calc-alkaline compo-
sition of the protolith (Kalmar 1986). The relation of calcium
to alkali oxides emphasize two main trends, corresponding to
dacitic (biotite gneisses) and to rhyolitic (leptinites) composi-
tions. In Tab. 1 we present 14 chemical analyses of typical
metavolcanic rocks. Presuming an isochemical metamor-
phism, the petrochemical diagrams (Fig. 4) show, that these
rocks originate from alkali-rich and intermediate, salic and
semisalic, granite-granodiorite type (rhyodacitic-dacitic)
igneous rocks.
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Fig. 3. Lithological columns. a. Detailed column of Stejera
Gneisses, Stejera Valley; b. Amphibolite lenses in Secatura Gneis
Level. Ingustului Valley, right slope of the Szamos Defile. 1. Gamnet-
rich muscovito-biotitic mica-schists, 2. Quartzitic mica-schists and
two-mica paragneisses, 3. Graphitic quartzites, 4. Biotitic gneisses,
5. Leptinites, 6. Amphibol-gneisses, amphibolites. A. Stejera Gneis-
ses, B. Idirea Mica-Schists.
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Fig. 4. Petrochemical diagrams. A. g-pl-or classification diagram
(IUGS, 1973), B. ab-an-or diagram (O’Connor 1965), C. alk-al
diagram and D. m-al diagram (Burri & Niggli 1945). gr. Granites,
gd. Granodiorites, qmd. Quartz-monzodiorites, tn. Tonalites, tr.
Trondhjemites.
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Table 1: Chemical analyses on some gneiss samples from Ticau Hills.

SampleNo SiOz AkLO3 Fez03 CaO MgO K20 NaO TiO2 SO LL Summa
1694 7657 13.23 1.05 0.56 0.85 5.60 120 0.08 0.18 093 10029
2191 77.80 13.34 0.82 0.84 025 2.60 335 0.03 008 0.64 99.80
2276 78.65 11.82 0.62 042 0.15 6.60 0.70 r 023 0.75 99.94
2336 8097 10.02 112 030 034 471 1.16 008 - 0.07 1.02 99.79
2399 76.68 13.52 148 0.18 0.15 5.10 200 0.20 0.60 0.58 10049
2414 76.28 12.58 220 0.76 0.80 2.65 3.50 0.30 022 0.95 10024
2445 7592 12.93 170 0.66 020 4.00 390 0.32 021 0.66 100.50
2446 77.13 12.50 1.60 0.56 0.17 3.85 340 0.20 0.10 0.70 10021
2468 7709 11.78 230 093 0.09 331 333 0.06 021 0.60 99.62
2514 76.82 13.24 2.15 049 0.53 2.00 4.10 0.15 0.19 0.70 100.37
2522 76.87 13.09 1.90 035 048 2.15 390 0.18 026 091 100.09
2523 76.80 1295 1.82 1.10 020 245 400 r 0.09 0.90 100.39
2611 71.62 1438 2.10 315 045 1.85 4.50 0.10 0.12 1.02 99.39
2677 69.55 14.75 263 430 0.86 2.08 395 0.12 0.05 0.95 99.74

Location of samples

1694-2336. Stejera Gneisses from mining works. 2399-2446. Ibidem from Stejera Quarry.
2468. Plegcufei Gneisses. 2514-2523. Seciturii Gneisses.

2611, 2677. Metagranodiorites from Carpinului Valley Mirgeu Mare.

Analysed by Building Raw Material Research Institute Cluj-Napoca, Rumania.

Idirea Mica-Schists

Along the Idirea Valley, a 150-200 m thick gamet-rich
muscovitic-biotitic mica-schist level appears. This level con-
tinues southward, outcroping in Valea Rea, Nipradea. Its de-
tailed structure can be observed in the Grogilor Valley: the se-
quence begins with grey paragneisses containing quartzite
lenses and continues with mica-schists containing 1-10 cm
thick leptinite ribbons. In the upper part, an alternation of gar-
net mica-schists and quartzose mica-schists, and thin grey and
black quartzite lenses is developed.

The garnets of these rocks are pink or light purple-coloured
and form anhedral grains 3-10 mm in size. In the Cerboaia
Valley, on the right bank of the Idirea Valley, 1-5 mm long
staurolite crystals occur.

Plescutei Gneisses

It was mapped on the left side of the Idirea Valley and can
be recognized southward, as far as Voinicului Hill (N of
Nipradea). In the upper flow of the Idirea Valley three discon-
tinuous biotite-gneiss intercalations with 5-10 m thick garnet-
mica-schist inbeddings occur. In the Voinicului Hill the gneiss
lenses constitute three horizons, with small mica-schist lenses.
The host rock of the gneisses and mica-schists are quartz-rich
paragneises and mica-bearing quartzites.

Tiholt Main Mica-Schists

The Tiholf Main Mica-Schists are exposed along the Tihol}
Valley, at the springs of Idirea (Fantana Pintii), in the gorge of
the Cheudului Valley, in the Icubula Hill and the Icubula Val-
ley continuing westward, between Cheud and Benesat under
the alluvial deposits of the Someg River (in the shallow bore-
holes from Benesat Gravel Quarry). The thickening of the
level in this area is due to the increasing amount of ter-
rigenous intercalations and to the isoclinal folding (see Dealul

Coasta, Cheud). In the northern part, the level is built up by
mica-rich quartzites with three or four, 10-30 m thick mica-
schist layers, the thickness of which increases southward. In
the Carpénului and Idirea Valley thin leptinite lenses and in-
tercalations can be observed. Between the Cheudului Valley
and Icubula Hill, the mica-schist occupies the whole section
of the level, containing rare black quartzite lenses. A charac-
teristic feature of the mica-schists from this level is the pres-
ence of idioblastic (thombdodecahedral), quasi-opaque garnet
porphyroblasts, which attain 2-2.5 cm in diameter.

In the Carpanului Valley and northward of the Cheudului
gorge, two, 100-200 m large feldspar-rich, grano-porphy-
roblastic gneiss lenses were mapped, with oligoclase and bi-
otite porphyroblasts and fine-grained microcline+oligoclase+
quartz+biotite matrix, considered as small metamorphosed in-
trusions of granodiorite-porphyry.

Secdtura Gneisses

The thickness of this stratigraphic subunit constantly in-
creases from 100-150 m in the north to 300-500 m in the
southern and western part of the Tic&u Hills. This thickening
is due to both, thickening of the gneissic intercalations and ap-
pearance of new intercalations, as well as to folding. South-
ward of the Cheudului Valley, the Secitura Gneisses show an
intra-formational unconformity, which cross-cuts the li-
thological subunits from the upper part of the Main Mica-
Schists.

In the northern part (Poienii and Ruginoasa valleys), the
gneissic intercalations are thin and represent less than 10 % of
the level. In the Stanei Valley, Kalmar (1972b) described a se-
quence of leptinite, biotitite and graphitic quartzite, with 1 m
thick intercalation of almandinite (“kinzigite”). The maximal
development being attained in the Secatura Valley; where also
a 5-8 m thick marble lens appears. In both slopes of the
Somes defile, three amphibole-gneiss intercalations were
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found (Fig. 3). In the left slope of the defile, also a quartz-
poor, dark biotite- and titanite-rich plagioclasic gneiss lens, of
intermediate (andesitic) composition was mapped.

The Terrigenous Chelinga-Hagdu Member

Above the last leptinite layer, a monotonous sequence of
paragneisses, quartzose mica-schists, mica-bearing quartzites
occur. It is disposed in an asymmetrical brachi-syncline, the
western wing of which is complicated by few short, imbri-
cated and faulted folds. The detailed structure of the Ter-
rigenous Chelinta-Hagiu Member is shown by three, 5-20 m
thick marker horizons.

— The Valea Morii Garnet Mica-Schist Horizon. It occurs
between the gipsy camp of the Chelinta village and the upper
flow of the Morii Valley. The lack of this horizon in the west-
ern and southern wings of the syncline suggests either an in-
traformational sedimentary unconformity (ingression?) be-
tween the Terrigenous and Magmatogene Members, or a
metamorphic shearing on the schistosity.

— The Glod-Hagau Mica-Schist Horizon with disconti-
nous development was identified in both wings of the syn-
cline. It is represented by two-mica and garnet-bearing mica-
schist lenses with 5-10 cm thick leptinite ribbons (Glodului
Valley and NE of the Hagiu Peak).

— The Porcaref Leptinite Horizon. It was mapped in the
central part of the Ticdu Hills, between the Hagéu and the Pri-
saca Peaks. The leptinite is constituted by feldspars and
quartz, having massive and aplite-like texture.

Metamorphism and post-metamorphic
transformations

Three phases of the metamorphism have been recognised in
the rocks of the Ticiu Hills (Kalmar 1972a).

The first (main) metamorphic event is characterized by the
associations biotite + almandine + plagioclase (An20) + staurolite
and homnblende + plagioclase (An35). In the Barrovian type
metamorphism, this association corresponds in Winkler’s P-T
diagramm (1973) to T = 500-600 °C and P = 4-6 kb. It is as-
sumed, that the corresponding S, schistosity follows the for-
mer lithological stratification of the sequences. The above
mentionned mineral assemblages and the S; surfaces were
preserved during the later events, therefore a reconstruction of
the former (pre-metamorphic) stratigraphic sequence seems to
be possible.

The 2nd metamorphic event caused the partial breakdown of
biotite, garnet, plagioclase and horblende resulting in phengite,
albite, epidote, actinolite and calcite. The P-T conditions de-
crease to 450 °C and 3 kb (Winkler’s P-T diagramm). In iso-
lated, more or less large portions of the rocks, but mainly in the
vicinity of petrographic discontinuities, S, surfaces formed by
shearing occur at an angle of 30-40°to S .

The last metamorphic recrystallization is marked by the ap-
pearance of the cross-biotite and new muscovite, rims in gar-
net, phaneroblastic ferrotremolite, and finally, albite and Mg-
chlorite in pressure-shadow zones. The mean orientation of
the newly formed micas shows a virtual surface S;.

After the metamorphic changes, secondary mineral forma-
tion took place due to hydrothermal alterations at higher
(smoky quartz, Fe-rich chlorite, albite, siderite, pyrite, chalco-
pyrite) and lower temperature (limpid quartz, calcite, adularia,

marcasite, sphalerite, cinnabar, zeolite, and opal). By weather-
ing of the gneisses and mica-schists during the Paleogene, the
Stejera kaolinitic clay deposit was formed.

The sedimentary cover

The oldest sedimentary formation of the sedimentary cover
is Senonian in age: in borehole No. 346 Iadara grey Glo-
botruncana-bearing marls, a few m in thickness were ob-
served. The old weathering crust of the crystalline rocks is
covered mainly by Paleogene formations. In Ticiu and in its
vicinity the Paleocene ~ Lower Eocene (Jibou, Valea Nadisu-
lui, and Stejera formations) appear. The Upper Eocene (Pri-
abonian) is represented by the Cozla Limestone Formation.
After a stratigraphic gap during the Oligocene and Lower
Miocene, Badenian detrital, pyroclastic and carbonatic sedi-
ments were deposited, followed by Sarmatian and Pannonian
marls and sands.

Tectonics

The metamorphic basement forms a brachy-syncline, with
asymmetrical wings (Fig. 2). Some of the folds deformed previ-
ously metamorphosed rocks, the mineral assemblage of which,
i.e. the mica-rich layerlets, the amphibols and the feldspar pheno-
blasts were curved or crushed. Also, kink-type deformations
affected the newly formed cross micas. Thus, deformations
continued after the metamorphic recrystallization.

The disjunctive tectonics shows a complex pattern of direc-
tional, transverse and diagonal faults. Some of them affected
the sedimentary cover up to the Pannonian deposits. The
Ticau Hills represent a horst limited by the Silaj Basin in the
west and the Baia Mare Basin in the north.

Concluding remarks

We have no data concerning the age of the initial sediments,
the volcanic products or the metamorphic phases. It was con-
sidered that the rejuvenation of the K-Ar ages in the middle
Cretaceous ( 90-110 Ma, Soroiu et al. 1985) may be related to
the collision between the Tisia Microplate and the Transyl-
vanian Ophiolitic Belt. Considering the Rb-Sr ages and the few
Pb-Pb data from the basement of the Great Hungarian Plain and
Transdanubia, it is probable, that the sediments are not older than
Middle Proterozoic and the main metamorphic stage may be as-
signed to the Caledonian or Hercynian event (Arkai et al. 1985).

Despite the advanced metamorphic overprint the main pri-
mary lithological units are recognisable, thus it is assumed
that the premetamorphic stratigraphic sequence can be recon-
stituted. The lithostratigraphic sequence of the Ticau Hills in-
cludes magmatogene and terrigenous rocks. The magmatic
activity had a bimodal character, acid products previal, but ba-
sic and intermediate metavolcanics are known as well.

The sequence of metamorphic events present remarkable
similarity with those described in the pre-Variscan basement
of the Great Hungarian Plain (*Autochthone Unit”, Sze-
derkényi 1984).
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