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Abstract: Detrital white mica from two distinct Cretaceous stratigraphic levels and tectonic settings within the Apuseni
Mountains (Mts.) and northernmost South Carpathians was dated using the single-grain “°Ar/*’Ar technique in order to
monitor the geodynamic evolution of this peculiar segment of the Cretaceous-aged Carpathian orogen. *’Ar/*’Ar mica
ages of a Lower Cretaceous synorogenic flysch succession in the Apuseni Mts. indicate the preservation of Early Variscan
and Late Variscan orogenic metamorphic crust in the source region. By contrast, only a low percentage of Variscan micas
have been detected in the post-orogenic Late Cretaceous Gosau-type Vladeasa collapse basin of the Northern Apuseni Mts.,
which postdates the emplacement of the Mures ophiolite belt and the Early to early Late Cretaceous formation of
the low-grade metamorphic orogenic wedge. There, the studied micas are dominantly of early Late Cretaceous age and
argue for the erosion of a medium-grade early Alpine metamorphic unit, which is not exposed in the surroundings of
the present-day Apuseni Mts. Consequently, the Apuseni Mts. must have been either disrupted from such a source area
and shifted along major strike-slip faults to the present position, or the source is now hidden. In contrast, the Late
Cretaceous Gosau-type Rusca Montana basin of the South Carpathians comprises dominantly Variscan and a few Triassic
detrital mica grains, consistent with Variscan and subordinate Triassic ages of the underlying and surrounding basement

exposed in the Supra-Getic/Getic nappes.
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Introduction

Provenance studies based on dating of detrital minerals allow
the determination of the minerals’ source, especially when
the hinterland is distinct in type and age of crystalline, meta-
morphic and plutonic, basement rocks. At present, the U-Pb
zircon system is a widely used chronometer (e.g., Ducea et al.
2018), often in conjunction with further methods like the apa-
tite and zircon (U-Th)/He chronometers (Obbagy et al. 2021),
whereas the study of detrital white mica is subordinate
although it yields rather information of the tectonothermal
evolution than protolith ages (Hodges et al. 2005; Gemignani
etal. 2017; Neubauer et al. 2025). **Ar/*’ Ar white mica studies
also reveal ancient tectonic processes in the source region as
well as its tectonothermal history when insufficient data are
known from the respective hinterland (e.g., Najman et al.
1997; von Eynatten et al. 1996; Hodges et al. 2005; Vozarova
et al. 2005; Gemignani et al. 2017; Neubauer et al. 2025).
We applied this method to constrain the Cretaceous tectonic
evolution of the Apuseni Mountains (Mts.) and northernmost
South Carpathians in southeastern Europe (Fig. 1a), particu-
larly to determine (1) the distribution of the Alpine metamor-
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phic overprint recorded in post-orogenic collapse basins
(Gosau basins according to the type locality in the Eastern
Alps), which follow Early to early Late Cretaceous nappe
stacking and associated metamorphism, (2) the source-sink
relationships of the infill of Late Cretaceous basins, and
(3) the existence and distribution of Early Alpine (Cretaceous),
Variscan vs. pre-Variscan tectonothermal overprint in the
source regions.

Geological setting

The Northern Apuseni Mts. (Fig. 1b) constitute a nappe
stack of basement-cover nappes (northern Apusenides), which
comprise a Variscan, respectively pre-Variscan metamorphic
basement and an Upper Carboniferous to basal Upper Cre-
taceous cover (Sandulescu 1984; Dallmeyer et al. 1999; Pana
et al. 2002; Schmid et al. 2008; Merten et al. 2011; Kounov &
Schmid 2012; Reiser et al. 2017). In the South Apuseni Mts.,
these nappes are overthrusted by the Jurassic Mures ophiolite
(Gallhofer et al. 2015) and synorogenic turbidite successions
of Late Jurassic—Early Cretaceous age. The basement-cover
nappes of the North Apuseni Mts. are overlain by Campanian—
Maastrichtian Gosau-type sediments (Schuller 2004; Schuller
et al. 2009 and references therein). Similar units are also known
from the South Apuseni Mts., where these are incorporated in
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Fig. 1. a— Geological sketch map of the Alpine—Carpathian—Dinaride—Balkan orogenic belt with the location of the Apuseni Mts. b — Map
of the Apuseni Mts. and South Carpathians and locations of dated samples. Previous “°Ar/*’Ar white mica ages from pre-Upper Cretaceous
basement rocks are shown. For sources, see Dallmeyer et al. (1998a, 1999), lancu et al. (2005), Reiser et al. (2017) and further references as
cited in the text. Map modified after Schuller (2004). ¢ — Tectonostratigraphy of the Apuseni Mts. and distribution of *’Ar/*Ar white mica ages
in basement rocks.
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a post-Gosau nappe stack. Gosau basins are collapse-type,
post-orogenic basins, which formed after the Cretaceous oro-
geny in the Austroalpine and correlative units of the Carpa-
thians (Neubauer 2002; Schuller et al. 2009 and references
therein; Bojar et al. 2010; Vornicu et al. 2023). The Late
Cretaceous Gosau basins are named after the type locality in
the Eastern Alps, are filled with terrestrial and subsequent
marine clastic successions and are post-orogenic in respect to
the Early to early Late Cretaceous Austrian orogenic phase
(Wagreich & Faupl 1994 and references therein).

The basement units of the nappe stack exposed in the North
Apuseni Mts. comprise a Variscan metamorphic basement
with late Cambrian and Ordovician protoliths in the basement
of Biharia, Baia de Aries and Vidolm nappes (Fig. 1c) and
mainly late Carboniferous to Permian granitoids in the Bihor
parautochthon unit (Balintoni et al. 2010) (Fig. 1b), and some
small, mainly amphibolite-rich basement and Mesozoic cover,
units exposed in the Codru nappe system. The “°Ar/*’Ar white
mica ages of all these units cluster at (1) ca. 300 to 320 Ma and
(2) ca. 404 Ma (Dallmeyer et al. 1996, 1999), whereas age of
95 Ma was found in the easternmost Bihor parautochthon and
278 Ma in the Vidolm nappe in its hanging-wall (Reiser et al.
2017) (Fig. 1b,c). These units and associated cover rocks are
variably overprinted by low-grade Alpine metamorphism,
which formed only fine-grained white mica (sericite with
grain sizes at ca. 80—100 pm) with ages ranging from 101 to
124 Ma (Dallmeyer et al. 1996, 1999), respectively at 113 Ma
(Reiser et al. 2017). Only the basement of the Baia de Aries
unit (Fig. 1) comprises well recrystallized medium-grade meta-
morphic rocks with a “°Ar/**Ar amphibole age of ca. 155 Ma
(Dallmeyer et al. 1996, 1999), whereas basement amphibolites
of the Codru nappe east of the Bihor parautochhon yielded
amphibole ages of 366, 372 and 404 Ma (Dallmeyer et al.
1999). This age is interpreted to record Alpine metamorphism.
A similar “Ar/*’Ar white mica age of 157.9+0.5 Ma was
reported by Reiser et al. (2017). Zircon and apatite fission
track ages of the northern and southeastern Apuseni Mts.
demonstrate a Late Cretaceous age of cooling of large portions
of Apuseni basement (Merten et al. 2011; Kounov & Schmid
2012; Reiser et al. 2017). Lelkes-Felvari et al. (2003) descri-
bed a widespread amphibolite-grade metamorphic succession
(Alnd block; Fig. la) with Late Cretaceous “°Ar/*’Ar mica
age of metamorphism from drill-holes in the basement of
the Neogene Pannonian basin to the west of the Apuseni Mts.
Recently, Kondor & Toth (2025) demonstrated a two-stage
metamorphism in the Alnd block reaching maximum ~9.5—
10.5 kbar and ~670-720 °C during Variscan M1 and ~6.5—
7.0 kbar and ~550-580 °C during Early Alpine (Cretaceous)
M2 metamorphism.

The South Carpathians expose from footwall to hanging-
wall (1) the Danubian nappe complex, a basement-cover com-
plex with mainly Pan-African basement (Lié¢geois et al. 1996),
(2) the Severin unit, an Upper Jurassic ophiolite-turbidite suc-
cession, which was sutured during the early Late Cretaceous,
and (3) the Getic—Supragetic nappe complex with an exclu-
sively Variscan metamorphic basement (lancu et al. 2005).

339

The Danubian nappe complex is exposed in the Danubian
window and comprises a high-grade metamorphic basement
with an “Ar/*’Ar white mica age of ca. 600 Ma and a few
remnants of a Variscan basement (Dallmeyer et al. 1996,
1998a; lancu et al. 2005). Basement rocks of Getic and
Supragetic nappes are mainly affected by the Variscan eclogite
metamorphism between 358 and 316 Ma (Medaris et al. 2003;
Sabau & Massonne 2003) and show “’Ar/*’Ar white mica
ages between 315 and 280 Ma (Dallmeyer et al. 1996, 1998a).
The Alpine metamorphic overprint in the South Carpathians is
weak and only reaches upper greenschist facies” conditions in
small portions of the Danubian window (Iancu et al. 2005;
Ciulavu et al. 2001). “Ar/*Ar and K-Ar white mica ages of
shear zones are either at ca. 200 Ma, interpreted to represent
shear zone formation during the rifting period of the future
Severin oceanic basin, or between 100 and 70 Ma due to shear
zone formation during nappe stacking (Ratschbacher et al.
1993; Dallmeyer et al. 1998a). An older age (119 Ma) was
found along the thrust contact between the Getic and Supra-
getic nappes in cover sediments (Dallmeyer et al. 1996). More
recently, Neubauer & Bojar (2013) reported single-grain
age populations of detrital white mica from the synorogenic
Lower to lowermost Upper Cretaceous Sinaia Fm. flysch of
the Danubian cover and Severin nappe. These ages include
a Variscan population (288+4 to 329+3 Ma), which prove
the Getic/Supragetic source with its dominating Variscan ages
between 301 and 309 Ma (Dallmeyer et al. 1998a) of the infill
of the Sinaia trench. Subordinately, Late Permian (255410 to
263+8 Ma), Early Jurassic (183+3 and 185+4 Ma), Late
Jurassic/Early Cretaceous (149+3 and 14043 Ma) and a sin-
gle Late Cretaceous age (98+4 Ma) were found in this study,
too. The Late Permian to Early Cretaceous ages are interpreted
to represent the exposure of likely retrogressive low-grade
metamorphic ductile shear zones of various epochs or could
represent “mixed”, partly Variscan ages overprinted by low-
grade (<375 °C) Early Alpine metamorphism.

Post-orogenic Gosau-type basins both in the Apuseni Mts.
and South Carpathians formed due to extensional collapse of
the over-thickened orogenic wedge during the Late Cretaceous
(e.g., Willingshofer et al. 1999, 2001 and references therein;
Schuller 2004; Schuller & Frisch 2006; Schuller et al. 2009).
The basin fill comprises mainly clastic rocks with some inter-
calations of intermediate to acidic volcanic rocks, particularly
in the Rusca Montana basin (e.g., Vornicu et al. 2023). In the
adjacent, well studied Hateg basin, volcanics are subordinate.
These volcanics are the surface expression of the so-called
Banatite plutonic suites (Berza et al. 1998; Neubauer 2002;
von Quadt et al. 2005; Vander Auwera et al. 2016; Gallhofer et
al. 2017), which stretch from the Northern Apuseni Mts. to the
western South Carpathians (Banat) and extend further through
Serbia to Bulgaria. The depositional environment of the Hateg
basin was recently described by van Itterbeek et al. (2004),
Therrien (2005, 2006), Barzoi & Seclaman (2010), Bojar et al.
(2010) and Melinte-Dobrinescu (2010). Willingshofer et al.
(1999) suggested the main source of clastic material to be the
hanging-wall unit, the Getic nappe complex, of the exhuming

GEOLOGICA CARPATHICA, 2025, 76, 5, 337-351



340

Cretaceous-aged low-grade metamorphic Retezeat dome,
which contains Danubian units. Consequently, exclusively
Variscan detrital white mica could be expected as in the Getic
basement exclusively Variscan white mica ages are recorded
(Dallmeyer et al. 1998a). Berza (2004) demonstrated that
the Danubian units were not exposed yet at the surface during
pre-Maastrichtian times.

In the Apuseni Mts., a wildflysch of Late Aptian to Haute-
rivian age is considered to represent a synorogenic trench-type
deposit, which formed during the emplacement of the tectonic
nappes and build-up of an over-thickened orogenic wedge
(Sandulescu 1984). Later, after a short period of surface
erosion, the over-thickened orogenic wedge started to erode,
and the Gosau-type basins formed as a sort of collapse basins
in an overall extensional environment. The main source of
the clastic material is considered to have been the hangingwall
units above the Bihor parautochthon (e.g., Schuller & Frisch
2006). According to the “*Ar/*Ar white mica ages in bedrocks,
mainly Variscan ages in coarse size fractions (>200 pum) and
subordinate ages at ca. 154-160 Ma and between 95 and
120 Ma in very fine fractions (<160 pm) could be expected
(Dallmeyer 1998a, 1999; Reiser et al. 2017).

Four sandstone samples (Fig. 1b) were selected for “Ar/*Ar
single-grain white mica analysis in this first-order study.
Details of sample locations and stratigraphic setting are
described in Appendix 1. Two samples (RO-33 and RO-34)
are from the South Apuseni Mts. Sample RO-34 is from
the wildflysch unit of Late Aptian to Hauterivian age (part of
the Lower Cretaceous turbidites in Fig. 1b), sample RO-33 is
from an overlying detrital Maastrichtian formation (“Sandy-
Shaly Flysch”: Bordea 1971; Bordea & Constantinescu 1975),
which is part of the Abrud Basin (Fig. 1b). Schuller (2004)
included this sequence in the Upper Cretaceous Gosau Group.
Therefore, the results of these two samples should reflect the
change from synorogenic trench fill to late- to post-orogenic
molasse-type deposits. From these two samples, we used
the grain size fraction 125-250 pum to register also possible
Alpine mica grains with ages between 95 and 160 Ma. A smal-
ler grain size is excluded for methodological reasons (low
yield of radiogenic “°Ar).

Sample RO-68B (grain size fraction: 250-355 pm) is from
a Lower Maastrichtian level of the Gosau-type Vladeasa basin
of the North Apuseni Mts., a basin mostly filled with acidic vol-
canic flows. Sample RO-10 (grain size fraction: 125-250 pm)
is from a Maastrichtian volcano-sedimentary formation in the
Rusca Montand Gosau-type basin of the north-western South
Carpathians.

OAr/*Ar age dating results

“Ar/°Ar analytical techniques largely follow descriptions
given in Handler et al. (2004) and Ilic et al. (2005) and are
described in detail in Appendix 2. “°Ar/*Ar analytical results
are presented in Tables 1 (stepwise heating of single grains)
and 2 (single-grain total fusion). Results are graphically shown
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in Figs. 2 and 3. We selected a relatively small grain size
(125-355 um) to reveal the effects of the low-grade Alpine
metamorphic overprint. Consequently, these grains are largely
too small to perform systematic stepwise heating experiments.
However, the results of a few successful stepwise heating
experiments from one grain of sample RO-33 and two grains
from sample RO-68B are shown in Fig. 2. White mica (125-
250 pm) from sample RO-33 yielded an almost undisturbed
Ar release pattern with only three steps. Together, these steps
constitute a plateau-like integrated age of 269+ 15 Ma (Fig. 2;
for a plateau, four steps are needed). The two high laser energy
steps 2—3 show larger errors, mainly due to the small grain size
and consequently low *Ar release.

White mica (250-355 pum) from single grain (grain a) of
sample RO-68B/a yielded a plateau age of 163.5+1.4 Ma for
steps 1-4 comprising 97.9 % of 3°Ar released. Steps 1-5 of
grain b from the same sample (RO-68B/b) yielded a plateau age
of 94+1 Ma comprising 97.4 % of *’Ar released. The release
pattern is slightly disturbed at the end due to the low amount
of ¥Ar released.

Together, these three successful step-heating experiments
display three different ages without any secondary overprint
and represent, therefore, geologically meaningful ages. These
ages (269+15, 163.5+1.4 and 94+1 Ma) can be interpreted
either to represent formation ages of white mica crystallized
under low-grade metamorphic conditions, or the ages of recrys-
tallization or the ages of cooling through ca. 400—425 °C in
the corresponding source regions (Harrison et al. 2009).

Results of single-grain total fusion experiments yield signi-
ficant results (Fig. 3). Seventeen single white mica grains of
sample RO-34, collected from the synorogenic flysch (“Shaly
Flysch” of Hauterivian—Aptian age), resulted in two age clus-
ters (Fig. 3a): (1) a major group of Variscan ages (295-342 Ma)
and (2) a few Devonian ages ranging from 373 to 413 Ma.

Age clusters of sample RO-33, a molasse-type mica-rich
sandstone (“Mica-Flysch”) of Maastrichtian age of the South
Apuseni Mts. show a significant change in composition com-
pared to sample RO-34 and include: (Fig. 3b): (1) a major
group of Variscan ages (320-352 Ma); (2) Permian ages
ranging from 251 to 296 Ma; (3) a single Middle Triassic
age (231 Ma); (4) several Alpine ages (140-150 Ma) as well
(5) a Grenvillian age (1105427 Ma). The Alpine age group
likely reflects a metamorphic accretionary wedge. One grain
represents a very old age of 1105+27 Ma Ma (Fig. 3c), but
that age is not very reliable due to the large error of and
the low amount of *Ar released.

Thirteen grains from sample 68B from the Maastrichtian V1a-
deasa basin in the North Apuseni Mts. were measured. These
display three age groups (Fig. 3d): two dominant Alpine age
clusters ranging from (1) 65 to 98 Ma, respectively (2) from
118 to 130 Ma, and (3) two Permian ages of 263 and 273 Ma.

Thirteen single grains of sample RO-10 from the Maas-
trichtian Rusca Montana basin show three age clusters (Fig. 3e):
(1) a Variscan group (318-340 Ma); (2) dominant Permian
ages (252 and 279 Ma) and (3) one single grain with an appa-
rent age of 208 Ma.



PALEOGEOGRAPHIC ORIGIN OF THE CRETACEOUS-AGED APUSENI AND SOUTH CARPATHIAN OROGEN 341
Table 1: “*Ar/*Ar analytical results of stepwise heating experiments on single grains.

Sample RO-33, white mica (125-250), J-Value: 0.01534+0.00015
step BAr/PAr + YAr P Ar® + DOArPAr + Y% Ar* %> Ar  age [Ma] +
1 0.00000 0.00102 0.0000 0.0010 10.045 0.301 100.0 71.9 263.9 7.8
2 0.03397 0.00936 0.0000 0.0117 14.191 2.778 100.0 8.7 289.8 46.8
3 0.00000 0.00385 0.0000 0.0036 12.731 1.141 100.0 19.4 275.9 25.4
Steps 1-3 100.0 269.0 15.0

Sample RO-68B/b, white mica (250-355), J-Value: 0.01535+0.00015
step FAr/PAr? + YArPAr® + DOArAr + %P Ar %YAr  age [Ma] +
1 0.00783 0.00183 0.0000 0.0012 9.030 0.542 74.4 4.4 176.5 13.7
2 0.00000 0.00014 0.0000 0.0001 6.116 0.042 100.0 46.8 161.4 1.9
3 0.00000 0.00036 0.0000 0.0004 6.264 0.107 100.0 16.4 165.1 3.1
4 0.00000 0.00028 0.0000 0.0002 6.298 0.084 100.0 30.3 166.0 2.6
5 0.03214 0.00338 0.0000 0.0033 13.153 1.001 27.8 2.1 98.0 26.3
Steps 1-4 97.9 163.5 1.4

Sample RO-68B/a, white mica (250-355), J-Value: 0.01535+0.00015
step SAr/Ar? + A/ Ar® + DAr/ Ar + % Ar %¥Ar  age [Ma] +
1 0.00000 0.00010 0.0000 0.0001 3.491 0.031 100.0 54.1 93.7 1.2
2 0.00000 0.00059 0.0000 0.0004 3.665 0.174 100.0 11.4 98.3 4.7
3 0.00000 0.00023 0.0354 0.0002 3.538 0.067 100.0 242 95.0 2.0
4 0.01032 0.00148 0.1041 0.0014 6.529 0.439 53.3 3.7 93.6 11.6
5 0.00000 0.00204 0.0221 0.0014 4.048 0.603 100.0 3.8 108.3 15.8
6 0.00890 0.00259 0.1246 0.0022 4.212 0.765 37.6 2.6 43.1 20.7
7 0.00000 0.02474 2.6356 0.0197 5.986 7.313 100.0 0.3 163.5 184.8
Steps 1-5 97.4 94.0 1.0

Errors of ratios, J-values and ages are at 1-sigma level.
a) measured

b) corrected for post-irradiation decay of 3’Ar

¢) non-atmospheric “’Ar

Microprobe results

As some high-pressure phengitic white mica grains were
expected due to Cretaceous ages (like, e.g., in the correlative
Austroalpine units of the Eastern Alps: Hoinkes et al. 1999),
but also Variscan ones in the eclogite-bearing Getic basement
of South Carpathians (Medaris et al. 2003; Sabdu & Massonne
2003) we selected samples RO-10 and RO-68B from the Vla-
deasa and Rusca Montana Gosau-type basins to determine
the chemical composition of the white mica. The microprobe
analytical technique is described in Appendix 3. The results
are presented in Table 3 and Fig. 4.

As expected, both samples show a wide range of chemical
compositions, from the pure muscovite endmember (low in
Si per formula unit; Fig. 4) to several clusters with three dis-
tinct phengite compositions of sample RO-68A including
a cluster of celadonite-rich phengite. In contrast sample RO-10
shows a continuity of muscovite endmember to phengite with
a “medium” celadonite content (Fig. 4). A closer inspection
of both samples reveals intergrown muscovite and phengite
(Fig. 5) indicating that these micas coexisted during growth.

Discussion
The new data allow the discussion of important constraints

of the paleogeographic evolution of the Cretaceous-aged
Apuseni—South Carpathian orogen during the deposition of

the two critical stratigraphic levels under consideration:
(1) the synorogenic Hauterivian to Late Aptian flysch stage,
and (2) the post-orogenic collapse-type stage of the Gosau
basins of Late Cretaceous age (mainly “Senonian”, respec-
tively Maastrichtian). For discussion, the *°Ar/*Ar bedrock
and detrital ages from the Apuseni Mts. are shown in Fig. 6.
The new data from the Lower and Upper Cretaceous sand-
stones of the Apuseni-South Carpathian orogen demonstrate
the importance of the dominating Variscan orogeny in the
source regions (Fig. 3f). This is in agreement with a similar
study of detrital white mica in Jurassic-Lower Cretaceous
graywackes related to the ophiolites of the Dinarides (Ilic et al.
2005), where classical Variscan detrital white mica ages
(300-350 Ma) dominate. In sample RO-34, a few grains with
older ages ranging from 378-413 Ma were detected. Detrital
white mica grains of this age group are commonly found to
have dominated the sedimentation in the Lower Carboniferous
turbiditic foredeep in both the Bohemian massif (Schneider
2002) and some Paleozoic units in Eastern Alps (Handler et al.
1997; Mader et al. 2007; Neubauer et al. 2025) but not Meso-
zoic formations in the Alpine belt. However, the age group of
378413 Ma is uncommon in basement rocks exposed in
the South Carpathians and Apuseni Mts., which are dominated
by Variscan and Permian white mica ages (Dallmeyer et al.
1998a, 1999). However, Dallmeyer et al. 2000; Culshaw et al.
2012) found this 378—413 Ma age group in some metamorphic
basement units of the East Carpathians. Consequently, the syn-
orogenic Lower Cretaceous-aged sandstone sample record
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the denudation of deep levels of an early Variscan metamor- White mica grains originating from the classical Variscan
phic accretionary wedge, which is obviously not exposed at age interval of ca. 300-330 Ma are important in the detrital
present erosional levels in Apuseni Mts. but in the East mica record. Late Variscan, Permian to Early Triassic ages
Carpathians. clustering around 243-300 Ma form a separate group similar

Table 2: “*Ar/*’Ar analytical results of total fusion experiments on single grains.

Sample RO-10, white mica (125-250), J-Value: 0.01535+0.00015
grains SAr/PAr? + YAr/PAr® + YAr/PAr? + %P Are %Y Ar? age [Ma] +
1 0.00235 0.00074 0.0737 0.0008 14.242 0.220 95.1 8.6 340.6 5.9
2 0.00373 0.00065 0.0272 0.0007 14.503 0.193 92.4 8.6 337.1 5.4
3 0.00302 0.00045 0.0019 0.0005 8.904 0.133 90.0 13.6 208.9 3.8
4 0.00111 0.00053 0.0657 0.0005 12.923 0.157 97.5 11.1 318.6 4.7
5 0.00344 0.00089 0.1447 0.0008 13.837 0.265 92.6 6.5 324.0 6.8
6 0.00304 0.00044 0.0379 0.0004 12.575 0.131 92.9 14.3 297.1 4.1
7 0.00206 0.00027 0.0258 0.0003 11.283 0.080 94.6 22.0 273.4 32
8 0.00351 0.00039 0.0797 0.0003 11.059 0.116 90.6 15.3 258.0 3.7
9 0.00001 0.00082 0.0000 0.0009 11.261 0.245 100.0 16.1 287.2 6.4
10 0.00000 0.00051 0.0000 0.0006 9.784 0.150 100.0 28.1 252.1 4.3
11 0.00000 0.00064 0.0000 0.0007 11.246 0.189 100.0 21.7 286.9 52
12 0.00000 0.00080 0.0000 0.0006 10.093 0.237 100.0 16.9 259.5 6.2
13 0.00000 0.00076 0.0070 0.0009 11.248 0.225 100.0 17.1 287.0 5.9

Sample RO-33, white mica (125-250), J-Value: 0.01534+0.00015
grains SAr/PAr? + YAr/°Ar® + YAr/Ar + %P Are %P Ard age [Ma] +
1 0.00185 0.00019 0.0003 0.0002 13.239 0.055 95.9 20.6 320.6 32
2 0.00232 0.00021 0.0180 0.0002 5.980 0.062 88.5 17.0 140.5 2.1
3 0.00275 0.00037 0.0506 0.0003 13.476 0.111 94.0 10.8 320.0 39
4 0.00269 0.00051 0.0044 0.0005 14.327 0.152 94.5 7.3 339.9 4.7
5 0.00065 0.00032 0.0125 0.0003 14.261 0.094 98.6 11.3 3522 39
6 0.00102 0.00031 0.0428 0.0003 11.128 0.091 97.3 12.2 276.9 34
7 0.00012 0.00045 0.0128 0.0003 13.377 0.132 99.7 11.2 335.6 4.3
8 0.00182 0.00045 0.0888 0.0004 9.484 0.132 94.3 9.8 231.8 39
9 0.00000 0.00040 0.0000 0.0004 10.685 0.120 100.0 11.0 273.5 3.8
10 0.00000 0.00063 0.0000 0.0006 5.686 0.185 100.0 8.4 150.5 4.9
11 0.00000 0.00553 0.0000 0.0037 55.144 1.686 100.0 1.0 1105.6 26.6
12 0.00000 0.00039 0.0000 0.0003 5.290 0.116 100.0 11.7 140.4 33
13 0.00835 0.00054 0.0015 0.0005 13.271 0.159 81.4 8.3 276.3 4.6
14 0.00012 0.00052 0.0000 0.0005 11.674 0.155 99.7 9.3 296.0 4.5
15 0.00000 0.00028 0.0000 0.0004 12.742 0.084 100.0 16.2 321.7 3.5
16 0.00000 0.00029 0.0000 0.0003 9.782 0.087 100.0 15.9 251.9 32
17 0.00047 0.00055 0.0000 0.0006 5.493 0.162 97.5 9.6 142.0 4.4
18 0.00094 0.00064 0.0000 0.0007 11.687 0.190 97.6 8.5 290.6 5.2

Sample RO-34, white mica (125-250), J-Value: 0.01535+0.00015
grains FArPAr + YAr/PAr® + WArPAr? + % Are %Y Ar? age [Ma] +
1 0.00034 0.00014 0.0111 0.0001 13.707 0.042 99.3 27.0 341.9 33
2 0.00280 0.00033 0.0777 0.0004 15.823 0.098 94.8 10.7 373.6 4.0
3 0.00211 0.00032 0.0798 0.0004 16.042 0.095 96.1 11.3 383.0 4.1
4 0.00533 0.00066 0.1231 0.0008 18.343 0.197 91.4 53 413.1 5.7
5 0.00031 0.00027 0.0165 0.0003 13.418 0.081 99.3 15.7 335.4 3.6
6 0.00039 0.00022 0.0277 0.0002 13.095 0.065 99.1 20.6 327.5 34
7 0.00073 0.00044 0.0782 0.0004 13.503 0.131 98.4 9.4 334.6 4.3
8 0.00199 0.00039 0.0000 0.0004 12.520 0.116 95.3 8.5 303.0 39
9 0.00000 0.00023 0.0000 0.0002 11.620 0.068 100.0 17.2 295.7 32
10 0.00000 0.00032 0.0000 0.0003 12.647 0.094 100.0 14.4 319.7 3.7
11 0.00000 0.00033 0.0000 0.0004 12.700 0.098 100.0 13.3 320.9 3.7
12 0.00000 0.00045 0.0000 0.0005 11.671 0.132 100.0 9.8 296.9 4.1
13 0.00000 0.00068 0.0000 0.0007 12.136 0.203 100.0 6.9 307.8 5.5
14 0.00482 0.00083 0.0626 0.0009 12.129 0.245 88.2 5.0 274.2 6.4
15 0.00145 0.00046 0.0609 0.0005 11.959 0.138 96.4 8.9 293.7 4.2
16 0.00136 0.00058 0.0000 0.0005 13.169 0.171 96.9 6.2 3225 4.9
17 0.00000 0.00040 0.0000 0.0004 11.570 0.119 100.0 9.7 294.6 39
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Table 2 (continued)
Sample RO-68B, white mica (250-355), J-Value: 0.01535%0.00015

grains SAr/Ar + A/ Ar® + DA/ Ar + %*Are %> Ard age [Ma] +
1 0.00130 0.00009 0.0028 0.0001 3.703 0.027 89.6 16.8 89.2 1.1
2 0.00081 0.00005 0.0038 0.0001 3.416 0.016 93.0 26.8 85.5 0.9
3 0.00017 0.00009 0.0196 0.0001 10.737 0.027 99.5 15.7 273.5 2.6
4 0.00090 0.00023 0.0222 0.0002 3.629 0.067 92.6 6.4 90.4 2.0
5 0.00150 0.00020 0.0107 0.0001 3.607 0.058 87.7 7.7 85.1 1.8
6 0.00044 0.00005 0.0059 0.0000 4.560 0.015 97.1 26.6 118.2 1.2
7 0.00000 0.00009 0.0000 0.0001 3.467 0.027 100.0 22.8 93.1 1.2
8 0.00133 0.00017 0.0000 0.0002 3.381 0.051 88.4 12.4 80.4 1.6
9 0.00269 0.00055 0.0000 0.0003 3.972 0.162 80.0 6.1 85.5 44
10 0.00000 0.00031 0.0000 0.0001 10.283 0.092 100.0 17.8 263.9 33
11 0.00546 0.00027 0.0002 0.0004 4.028 0.081 59.9 8.9 65.2 23
12 0.00041 0.00027 0.0000 0.0003 3.778 0.078 96.8 16.1 98.1 23
13 0.00000 0.00018 0.0000 0.0003 4.887 0.054 100.0 15.8 130.0 1.9
Errors of ratios, J-values and ages are at 1-sigma level.
a) measured
b) corrected for post-irradiation decay of 3’Ar
¢) non atmospheric “Ar
d) relative % **Ar of all single grains measured from the sample

as in Alps (von Eynatten et al. 1996; von Eynatten & Wijbrans _ S0

2003; Neubauer et al. 2025) and likely result from the com- g 400 269 * 15Ma

bined effects of late Variscan orogenic collapse and ongoing g 300 .

Alpine, Permian rifting, a model that was already proposed by ~ ®

Dallmeyer et al. (1998a, b). A similar age group was recently E 20

reported from the East Carpathian basement (Culshaw et al. ~ § 100 RO-33

2012). g o
The age cluster of 140-159 Ma found in the Maastrichtian ~_, 250

molasse-type deposit overlying the Lower Cretaceous flysch g 200 163.5 £ 1.4 Ma

is interesting and indicates that a Jurassic to earliest Creta- E 150.

ceous accretionary wedge-type metamorphic unit was pos-  ®

sibly exposed in the source region. Similar ages from E, 100 i

metamorphic units, the Baia de Aries and Vidolm basement § 50 RO-68B/

. . [} - a

nappe (Figs. 1b, 6), were described by Dallmeyer etal. (1996, &

1999) and Reiser et al. (2017). Therefore, the corresponding = 250

source might have peen in the Baia de Aries and Vidqlm 2 0 94 + 1 Ma

nappes above the Bihor parautochthon (Figs. 1b, 6), which &

were already eroded during the Maastrichtian. This corres- 3 =

ponds with reported transport directions from the north as § 100

postulated by Schuller (2004) and Schuller et al. (2009). It is 8 50

. .o o RO 68B/b

important to note that the 140-159 Ma age cluster indicates ®

important tectonothermal processes during exhumation after oo 2 40 60 30 100

the emplacement of the Mures ophiolite.

In comparison, the age patterns of the two samples from
the Late Cretaceous Gosau basins, sample RO-68B from the
Vladeasa basin in North Apuseni Mts.with three populations
at 65 to 98 Ma, 118 to 130 Ma, 263 and 273 Ma and sample
RO-10 from the Rusca Montana basin in South Carpathians
with populations or grains at 318-340 Ma, 252 and 279 Ma,
208 Ma are more diverse. The Variscan and Permian ages from
the Rusca Montana basin reflect the Variscan and Permian
ages of the Supragetic and Getic basement in South Carpathians
(Dallmeyer et al. 1998a).

In contrast, the Vladeasa basin sample from the Apuseni Mts.
suggest that amphibolite facies and higher greenschist facies

cumulative %> Ar released

Fig. 2. “Ar/*Ar apparent age patterns of stepwise heating experi-
ments of single detrital white mica grains from samples RO-33 and
RO-68B; both samples are from Apuseni Mts. Laser energy increases
from left to right until fusion.

grade metamorphic units of early Late Cretaceous age were
already subject to erosion in the North Apuseni Mts. during
the Late Cretaceous. Such metamorphic units are actually
not widespread in Apuseni Mts., although the age group of
predominantly 110-120 Ma is known in low-grade units
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Fig. 3. Presentation of “°Ar/*’ Ar apparent ages of single detrital white mica grains. Combined age probability and histogram plots of all dated
detrital white mica Ar—Ar ages using the AgeDisplay program of Sircombe (2004). a — Lower Cretaceous flysch unit. b, ¢ — Maastrichtian
“Mica flysch”. ¢ — The population also includes one white mica grain with an age of 1106 Ma. d — Vladeasa basin (Maastrichtian).e — Upper
Cretaceous Gosau Group Rusca Montana, Late Cretaceous. f — This graph presents a data compilation of all white mica ages measured in

this study.

(Dallmeyer et al. 1999; Reiser et al. 2017). However, only
very fine-grained white micas (<100 pm) are recorded in these
units (Dallmeyer et al. 1996, 1999) and can be excluded as
a potential source. As mentioned before, zircon and apatite
fission track ages of the northern and southeastern Apuseni Mts.
demonstrate a Late Cretaceous age of cooling and therefore
likely surface denudation of large portions of the Apuseni
basement (Merten et al. 2011; Kounov & Schmid 2012; Reiser
etal. 2017).

GEOLOGICA CARPATHICA, 2025, 76, 5, 337-351

An interesting feature is the high proportion (>90 %) of
new, Cretaceous-aged, micas in the Vladeasa collapse-type
basin of Maastrichtian age (sample RO-68B; Fig. 1b for loca-
tion), although we used a relatively coarse grain size fraction
(250-355 pum). Within the Apuseni basement, the only poten-
tial source is in the eastern hangingwall units of the Bihor
parautochthon (Reiser et al. 2017), and in the eastern Baia de
Aries nappe; Fig. 1b), which shows mostly older ages. This
opens the question where a corresponding source region with
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Table 3: Selected representative microprobe analyses (in weight percent) of white mica from samples RO-10 and RO-68B. Cations are in
per formula units (pfu) on the basis of 22 oxygen atoms (on water-free basis). All iron is assumed to be Fe*". Abbreviations: Mu=muscovite,

Ph=phengite.

RO-10 RO-10 RO-10 RO-10 RO-10 RO-10 RO-68B RO-68B RO-688 RO-68B RO-68B RO-68B RO-68B
Mul Mu2 Ph1 Ph2 Mu3 Mu4 Mul Mu2 Mu3 Ph1 Ph2 Ph3  Mu/Ph

SiO, 47.82 46.94 49.06 48.95 44.41 44.96 45.13 43.49 44.81 48.06 48.96 50.29 48.44
TiO, 0.42 0.41 0.34 0.45 0.46 0.43 0.30 0.31 0.31 0.31 0.33 0.22 0.25
ALO, 3370 3247 2740 2775 35.13 3444 3472 34.09 3409 2446 2428 2506  26.51
MgO 0.99 1.38 2.90 2.77 0.79 1.00 0.58 0.55 0.62 3.06 3.30 3.16 2.95
CaO 0.01 0.00 0.00 0.01 0.01 0.03 0.02 0.05 0.03 0.16 0.09 0.07 0.07
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.04 0.04 0.01
FeO 1.02 1.37 2.38 2.19 1.00 1.15 0.82 1.29 0.85 3.61 3.51 3.53 2.51
Na,O 0.63 0.51 0.16 0.12 0.78 0.82 1.06 0.39 1.19 0.28 0.20 0.25 0.22
K,0 8.95 9.12 10.91 10.67 9.39 9.14 9.42 10.09 8.51 10.40 10.48 9.70 10.42
Total 93.53 9220 9314 9292 9197 9197  92.05 90.27  90.41 90.32 918 9235 91.38
Cations (O 22)
Si 6.396 6.397 6.725 6.708 6.092 6.161 6.179 6.114 6.215 6.845 6.896 6.938 6.764
Ti 0.042 0.042 0.035 0.047 0.047 0.044 0.031 0.033 0.032 0.033 0.035 0.023 0.026
Al 5311 5216 4427 4482 5680 5562  5.602 5.648 5.573 4105 4.031 4080 4363
Mg 0.198 0.280 0.592 0.566 0.161 0.204 0.118 0.116 0.128 0.650 0.694 0.650 0.613
Ca 0.001 0.000 0.000 0.001 0.001 0.004 0.003 0.007 0.005 0.024 0.013 0.010 0.010
Mn 0.000  0.000  0.000  0.000  0.00 0000 0000  0.001 0.000  0.000  0.004  0.005 0.001
Fe 0.114 0156 0273 0.251 0.115 0132 0.093 0152 0.098 0429 0413 0.407 0293
Na 0.163 0.136 0.042 0.031 0.207 0.217 0.282 0.108 0.321 0.077 0.054 0.066 0.060
K 1.527 1.585 1.907 1.866 1.643 1.598 1.645 1.810 1.505 1.890 1.882 1.707 1.856
Total 13.75 13.81 14.00 13.95 13.95 13.92 13.95 13.99 13.88 14.05 14.02 13.88 13.98

age populations of 65 to 98 Ma and 263 and 8,00

273 Ma might occur. Possible sources for the 65 4 RO-68B

to 98 Ma population are the Alnd block in the o RO-10

. . 7,50

pre-Neogene basement of the Pannonian basin

(for location see Fig. 1a) as described by Lelkes-

Felvari et al. (2003, 2005), and the East Carpa- & 150

thian nappe stack, from where Culshaw et al. &

(2012) and Dallmeyer et al. (2000) record similar

“Ar°Ar ages (for locations, see Fig. 1a). The com- 6.50

positional white mica data of sample RO-10

show a white variation of compositions, which is

in accordance with white mica compositional 6,00 : : :

data from Alnd block (Lelkes-Felvari et al. 2005;
Kondor & Toth 2025) and support their interpre-
tation of the derivation from the Alnd block or
a similar unit in the west. Schuller & Frisch (2006)
show that sedimentary transport directions of
the Upper Gosau Subgroup are either from NW
or S to SE, but no data exist for the Vladeasa
basin. These authors propose also an E-W trend of the Gosau
basin in the Southern Apuseni Mts. implying axial transport
from W or E. The derivation from the Alnd block would imply
axial transport from the west provided that no major displace-
ment occurred after deposition.

By contrast, sample RO-10 from the Late Cretaceous Rusca
Montana basin of the South Carpathians (Fig. 1b for location)
comprises dominantly Variscan and a few Triassic detrital
mica grains, consistent with Variscan (309 to 301 Ma) and sub-
ordinate Triassic (>200 Ma) white mica ages of the underlying

2,00

250 300 350 4,00

Al pfu

450 500 550 6,00

Fig. 4. Graphic representation of white mica composition of two dated samples in
a diagram Al vs. Si per formula unit (pfu).

basement exposed in the Supra-Getic/Getic nappes (Dallmeyer
etal. 1998a; Iancu et al. 2005). The Variscan white mica likely
include also such with a considerable phengite content as
the microprobe study testifies (Fig. 4), and similar phengite
contents were reported by Sabau & Massonne (2003). The Danu-
bian nappe complex with its dominant Cretaceous-aged green-
schist facies overprint is exposed in the footwall of the
Supragetic/Getic nappes and southerly adjacent to the Rusca
Montana basin. Our new Ar—Ar ages from detrital white
mica from the Rusca Montana basin, therefore, suggest that
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Fig. 5. Back-scattered image showing intergrowth of phengitic white
mica with muscovite. a — Sample RO-68A, b — sample RO-10.
Abbreviations: Ms — muscovite, Ph — phengite, Plag — plagioclase,
Q — quartz.

Tectonostratigraphy

Upper Cretaceous Gosau basins

Austrian angular unconformity

Lower Cretaceous (mainly turbidites)

the Danubian window was likely not exposed at the surface
during the early Late Cretaceous as already Berza (2004)
postulated from the analysis of granitic clasts. A source within
the Getic nappe complex, which also formed the hangingwall
above the exhuming Retezeat metamorphic dome, may repre-
sent the most likely source. Note, that similar Permian to
Cretaceous-aged detrital white mica were found in the syn-
orogenic Sinaia flysch deposits of the Danubian cover and
Severin nappe (Neubauer & Bojar 2013).

The characteristically high proportion of young, Cretaceous
detrital white micas in the Gosau-type Vlddeasa basin is a stark
contrast to the Himalayan and Alpine molasse deposits in
which the proportion of new micas comprises 20—-30 percent
(Copeland & Harrison 1990; Najman et al. 1997; von Eynatten
et al. 1999; Carrapa et al. 2003; von Eynatten & Wijbrans
2003). This difference suggests an extreme denudation of
the Variscan orogen down to levels of the argon retention tem-
perature of white mica (~375-410 °C: McDougall & Harrison
1999; Villa 1998 and references therein and 425+25 °C accor-
ding to Harrison et al. 2009) prior to molasse deposition.
A normal thermal gradient of ~30 °C/km suggests denudation
of ~12.5-14 km of crust.

The studied micas from the Vladeasa basin Maastrichtian
sandstone comprise a dominant Cretaceous-aged group and
argue for the erosion of a medium-grade pressure-dominated
metamorphic unit, which is not exposed in the surroundings of
the present-day Apuseni Mts. except in the eastern part of the
Baia de Aries nappe. The high proportion of phengitic white
mica (Figs. 4, 5) argue for relatively high pressure of this unit.
Consequently, the Apuseni Mts. must have been disrupted
from such a source area and shifted along major strike-slip
faults after the formation of the Vladeasa basin. The question
now arises, from which area the Apuseni-South Carpathian
orogen invaded into the Carpathian arc. Previous models indi-
cate that this orogen, including the magmatic Banatite belt of

“Ar/*Ar white mica age (Ma)
(detrital, bedrock)

65-98, 118 - 130, 140 - 150, 164,
231, 251 - 296, 320 - 352, 1105

269, 295 - 342, 273 - 213

Mures ophiolite (Jurassic-
Early Cretaceous)

Biharia nappe system: Vidolm nappe,

108-124, . 113, 155-158

(Variscan basement and
Muntele Mare granite)

Baia de Aries nappe, Biharia nappe 216, 299 278 .
Mesozoic cover (mainly Codru nappes)
Bihor parautochthon 101. 306 - 317

3

Fig. 6. Tectonostratigraphy of tectonic units in Apuseni Mts. with white mica “’Ar/*°Ar ages of bed rocks and detrital **Ar/*’Ar ages.
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Late Cretaceous age, formed an E-W stretching belt
along the southern margin of the Moesian platform (e.g.,
Berza et al. 1998; Schmid et al. 1998; Neugebauer et al. 2001;
Neubauer 2002; Stampfli et al. 2002; Fiigenschuh & Schmid
2005; Gallhofer et al. 2015; van Hinsbergen et al. 2020),
which was then clockwise rotated around the western Moesian
platform (Marton et al. 2024; van Hinsbergen et al. 2020).
Panafrican/Cadomian terranes were then exposed both in the
north and south. The open question is the source of the early
Variscan age group, which was rather widespread along the
southern margins of the European plate and in the future
Eastern Carpathians (Dallmeyer et al. 2000; Culshaw et al.
2012). A corresponding model showing possible linkages is
shown in Fig. 7 and is based on the reconstruction proposed by
Neugebauer et al. (2001), Neubauer (2002), von Quadt et al.
(2005) and Schmid et al. (2008). The basic difference to the

347

reconstruction of Neugebauer et al. (2001), Schmid et al.
(2008) and Handy et al. (2010) is the displacement of 400 km
of the Adriatic microplate back to the east to restore the
400 km Cenozoic dextral displacement along the ca. E-W
striking Periadriatic fault. In that reconstruction, the area with
pervasive Cretaceous metamorphic overprint in amphibolite
facies metamorphic overprint, which is exposed to the west of
the Apuseni Mts. (TD in Fig. 7), clearly demonstrates source
linkages to Gosau basins of the Apuseni Mts.

Conclusions
The study of detrital white mica “*Ar/*’Ar ages from Lower

vs. Upper Cretaceous sandstones from Apuseni Mts. and South
Carpathians allow the following major conclusions:
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Fig. 7. Possible Santonian paleogeography of the Cretaceous-aged Alpine orogen stretching from the Alps through the Apuseni Mts. to
the South Carpathians and the Srednogorie zone (modified after Neugebauer et al. 2001 and Neubauer 2002). Thick arrows show direction of
Cretaceous thrust motion, open arrows of subsequent Late Cretaceous extension. The red lines represent the boundaries of the Cretaceous-aged
Alpine orogen. The apparent displacement is sinistral to remove the future, Cenozoic offset of the dextral motion. The stable Adriatic plate is
shifted ca. 450 km to the east compared to the amphibolite-grade ALCAPA units according to the Late Permian to Late Triassic facies recon-
structions (Haas et al. 1995). Numbers indicate “’Ar/*?Ar white mica ages in basement rocks and Carboniferous flysch (underlined). Data
sources: Culshaw et al. 2012; Dallmeyer et al. 1996, 1998a,b, 1999, 2000; Gemignani et al. 2017; Ilic et al 2005; Lelkes-Felvari et al. 2003;
Mader et al. 2007; Neubauer et al. 2007; Putis$ et al. 2009; Vozarova et al. 2005.

GEOLOGICA CARPATHICA, 2025, 76, 5, 337-351



348

* The Lower Cretaceous synorogenic flysch of Apuseni Mts.
preserved memory on Early and Late Variscan orogenic
metamorphic crust in the source region.

* The Late Cretaceous Gosau-type Vladeasa collapse basin
contains only a low percentage of Variscan micas and argue
for the erosion of a medium-grade early Alpine metamor-
phic unit disrupted from the source area, which is poten-
tially exposed subsurface in the southeastern Pannonian
basin.

e In contrast, the Late Cretaceous Rusca Montana basin of
South Carpathians comprises dominantly Variscan, only
a few Triassic and no Cretaceous detrital mica grains. These
are derived from the underlying Supra-Getic/Getic nappes.

» Consequently, Apuseni Mts. and South Carpathians reflect
distinct sources for the Goau-type basins.
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PALEOGEOGRAPHIC ORIGIN OF THE CRETACEOUS-AGED APUSENI AND SOUTH CARPATHIAN OROGEN

Appendix 1: Sample locations and description

Sample RO-33

Location: N 46°13°14.6”, E 22°57°49.7”, Map sheet 73b
Blajeni (1:50 000). Samples are taken on the road no. 74, from
Brad to Abrud. Sampled in the first, strongly to the left ben-
ding curve, about 1 km before the village Buces Vulcan.
Aptian to Hauterivian “Shaley Flysch” (sandstones, shales and
marls) according to Bordea & Constantinescu (1975).

Sample RO-34

Location: N 46°13°14.6”, E 22°57°49.7” Map sheet 73b
Blajeni (1:50 000). Sample was taken about 1 km south of
sample RO-33 in the Buces valley. Maastrichtian detrital
series “Mica-Flysch”. It represents a sandy to calcareous,
sometimes coarse-grained sandstone according to Bordea &
Constantinescu (1975).

Sample RO-68B

Location: N 46°48°56.6”, E 22°35°12.1”. Vladeasa basin of
North Apuseni Mts. Sample was taken in the Upper Creta-
ceous Gosau Group from a road cut in the Iad valley close to
the power station dam of the Iad river. Map sheet 41¢ Stana de
Vale (1:50 000) was not printed yet at the time of sampling.

Sample RO-10

Location: Pleschu valley, ca. 2.6 km NW Gura tributary, Valea
Negri. Sample was taken in the Upper Cretaceous Gosau For-
mation of the Rusca Montand Mts., north-western South
Carpathians. Map sheet 105b (1:50 000) Hateg. No GPS coor-
dinates are available for this sample.

Appendix 2: “Ar/*Ar analytical techniques

Preparation of the samples before and after irradiation,
©Ar/PAr analyses, and age calculations were carried out at
the ARGONAUT Laboratory of the Dept. of Environment
and Biodiversity at the Paris-Lodron-University of Salzburg,
Austria. Mineral concentrates are packed in aluminum-foil
and loaded in quartz vials. For calculation of the J-values,
flux-monitors are placed between each 45 unknown samples,
which yield a distance of ca. 5 mm between adjacent flux-
monitors. The sealed quartz vials are irradiated in the MTA
KFKI reactor (Debrecen, Hungary) for 16 hours. Correction
factors for interfering isotopes were calculated from 10 analy-
ses of two Ca-glass samples and 22 analyses of two pure
K-glass samples, and are: **Ar/*’Ar ., =0.00026025, *Ar/*’ Ar
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=0.00065014, and “*Ar/*Ar,=0.015466. Variation in the flux
of neutrons were monitored with DRA1 sanidine standard for
which a ®Ar/*Ar plateau age of 25.03+0.05 Ma has been
reported (Wijbrans et al. 1995). After irradiation the minerals
are unpacked from the quartz vials and the aluminum-foil
packets, and hand-picked into 1 mm diameter holes of the one-
way Al-sample holders.

“Ar/°Ar analyses are carried out using a UHV Ar-extrac-
tion line equipped with a combined MERCHANTEK™
UV/IR laser system, and a VG-ISOTECH™ NG3600 mass
spectrometer. Stepwise heating analyses of samples are per-
formed using a defocused (~1.5 mm diameter) 25 W CO,-IR
laser operating in Tem,, mode at wavelengths between 10.57
and 10.63 um. The laser is controlled from a PC, and the posi-
tion of the laser on the sample is monitored on the computer
screen via a video camera in the optical axis of the laser beam
through a double-vacuum window on the sample chamber.
Gas clean-up is performed using one hot and one cold Zr—Al
SAES getter. Gas admittance and pumping of the mass spec-
trometer and the Ar-extraction line are computer controlled
using pneumatic valves. The NG3600 is a 18 cm radius 60°
extended geometry instrument, equipped with a bright Nier-
type source operated at 4.5 kV. Measurements are performed
on an axial electron multiplier in static mode, peak-jumping
and stability of the magnet is controlled by a Hall-probe.
For each increment the intensities of *°Ar, 3’Ar, **Ar, *°Ar, and
“Ar are measured, the baseline readings on mass 35.5 are
automatically subtracted. Intensities of the peaks are back-
extrapolated over 16 measured intensities to the time of gas
admittance either by a straight line or a curved fit, depending
on intensity and type of pattern of the evolving gas. Intensities
are corrected for system blanks, background, post-irradiation
decay of *’Ar, and interfering isotopes. Isotopic ratios, ages
and errors for individual steps are calculated following sug-
gestions by McDougall & Harrison (1999) using decay factors
reported by Steiger & Jager (1977). Definition and calculation
of plateau ages was carried out using ISOPLOT/EX (Ludwig
2005).

Appendix 3:
Electron microprobe analytical technique

Polished thin sections of two samples were analyzed using
a fully automated JEOL 8600 electron microprobe at the
Geology Division of the University of Salzburg, Austria. Point
analyses were obtained using a 15 kV accelerating voltage and
40 nA beam current. The beam size was set to 5 pm. Natural
and synthetic oxides and silicates were used as standards for
major elements. Structural formulas for white mica were cal-
culated and plotted on the basis of 22 O using the Mathematica
package based software PET (Dachs 2004).
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