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De tailed lithostratigraphic data from a bore hole in the Abrãmuþ Ba sin, lo cated in the north west ern part of Ro ma nia, has re vealed the pres -
ence of turbiditic de pos its con tain ing sev eral lay ers with tuff/tuffaceous ma te ri als in the Lower Badenian. The age of these de pos its is
de ter mined by the pres ence of the foraminifera Praeorbulina glomerosa and Orbulina suturalis. De tailed quan ti ta tive and qual i ta tive
X-ray dif frac tion data (XRD) on 10 dif fer ent tuff lay ers sit u ated at depths be tween 2450 and 2640 m show a min er al og i cal as so ci a tion
com pris ing analcime, quartz, vol ca nic glass, smectite, mica, cal cite, K-feld spar, glass and mi nor quan tity of chlorite and al bite. The pres -
ence of analcime sug gests that the al bite isograd for the in ter val stud ied has been never reached and the max i mum tem per a tures have
been lower than c. 125°C since the Early Badenian. 
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INTRODUCTION

Pre vi ous min er al og i cal stud ies from the north west ern
Transylvania Ba sin (Seghedi et al., 2000) or
Coºtui–Maramureº Ba sin (Damian et al., 2007 and ref er ence
therein) have shown that the zeolites found in tuffs of Badenian 
age con sist mainly of clinoptilolite (40–90%) with mi nor
amounts of mordenite or phillipsite. These tuffs have a sim i lar
strati graphic po si tion  to other vol ca nic tuffs from the
Transylvania Ba sin (Dej Tuff, Ciupagea et al., 1970), the
Maramureº Ba sin (e.g., Cochemé et al., 2003), the Gutâi Mts.
(Szakács and Seghedi, 1996; Kovács et al., 1997; Kovács and
Fülop, 2003), the Apuseni Mts. (Seghedi et al., 2004), the
Beregovo and north ern Trans-Tisza re gions (Pécskay et al.,
2006), the Slãnic Tuff in the fore land of the East ern
Carpathians (M²runþeanu, 1999), and the Styrian Ba sin (Bojar
et al., 2004; Han dler et al., 2006).

The Abr²muþ Ba sin is sit u ated in north west ern Ro ma nia
and cor re sponds with the Derecske Ba sin from the Hun gar ian
sec tor of the Pannonian Ba sin (Fig.1). In the bore holes, sev eral

lev els of tuffs were re corded. In or der to com pare them with the 
pre vi ously known oc cur rences, mi cro-fau nal and min er al og i -
cal (qual i ta tive and quan ti ta tive) in ves ti ga tions were per formed 
for the bore hole in ter val ana lysed. 

GEOLOGICAL SETTING

The lithostratigraphy of the Abr²muþ Ba sin is based on
subsurface geo log i cal data, rep re sented by geo phys i cal logs,
cores and cut tings (Fig. 2). The old est de pos its drilled are
polymictic con glom er ates, prob a bly of late Karpatian age.
These de pos its are in ter preted to rep re sent the on set of the ex -
ten sion in the north east ern part of the Pannonian Ba sin
(Tulucan, 1999; Boroºi, 2004; Tiliþ et al., 2007; R²b²gia,
2010). The Lower Badenian is rep re sented by sand stones and
marls with in ter ca la tions of tuff and tuffaceous sand stone in the 
up per most part of the suc ces sion. The Early Badenian age is in -
di cated by a foraminifera as sem blage with Praeorbulina
glomerosa and Orbulina suturalis (Boroºi, 2004; Barbu et al.,
2008). The Mid dle Badenian, char ac ter ized by the Globigerina 



decoraperta–Globigerina druryi foraminifera as sem blage, has
not been rec og nized in the Abr²muþ bore holes. The Up per
Badenian con sists of siliciclastic de pos its (sand stones,
marls/shales with a few tuffaceous sand stone in ter ca la tions)
with Bulimina–Bolivina and Velapertina micropalaeonto -
logical as so ci a tions. Lo cally, on the ba sin mar gins the
siliciclastic de pos its are re placed by fossiliferous lime stones,
char ac ter ised by the Lithothamnium–Borelis and Amphistegina 
as so ci a tion. There are sim i lar cal car e ous fa cies out crops east of 
the Abrãmuþ Ba sin in the north east ern sec tion of the Plopiº
Moun tains (e.g., Plopiº and Tuºa lo cal i ties). 

The Sarmatian s.s. (sensu Rögl, 1998; Suess, 1866) com -
prises marls and cal car e ous sand stones. The Lower Sarmatian
s.s. de pos its con tain a micro fauna with the foraminfera
Anomalinoides badenensis, Elphidium reginum and

Varidentella reussi, and the Up per Sarmatian s.s. con tains the
foraminifera Porosononion aragviensis and Elphidium
antoninum and the mysid statolith Paramysis mihaii (Boroºi,
2004).

The rare, poor fau nal as sem blages made it dif fi cult to iden -
tify the Lower Pannonian. We pre sume that the Lower
Pannonian only ex ists in the deep est (west ern) part of the
Abramuþ Ba sin. The Up per Pannonian is formed by shales and
marls and in cludes a typ i cal fauna with Congeria banatica and
Cyprideis sublitoralis. The Pontian is de vel oped in a sim i lar
lithofacies, but com prises Congeria digitifera, Congeria
partschi, Paradacna abichi, Bacunella dorsoarcuata and
Pontoniella acuminate (Boroºi, 2004).

The Plio cene (Dacian–Romanian) con sists of grav els,
sands and shales interbedded with coals. The Plio cene age is
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Fig. 1A – geo graphic lo ca tion of the study area; B – re gional dis tri bu tion of the Badenian tuffs (af ter Pecskay et al., 2006)



con firmed by the pres ence of Melanopsis decolata, Valvata
subcarinata, Limnocardium de co rum, Candona lactea and
Candona sp. (Boroºi, 2004)

The aim of this pa per is to dis cuss the or i gin, tim ing of de po si -
tion and char ac ter is tics of the Lower Badenian tuffs and tuffaceous
sand stone in ter ca la tions in the deep part of the Abr²muþ Ba sin on
the ba sis of cut ting sam ples from one bore hole (Fig. 3). 

MATERIAL AND METHODS

MICROPALAEONTOLOGICAL DETERMINATIONS

The micropalaeontological anal y sis was per formed on four
cut ting sam ples col lected from one Abr²muþ bore hole. The first 
three micropalaeontological sam ples are from cut tings of the
1st, 2nd, 6th tuff lay ers which were also used for min er al og i cal
de ter mi na tions. The fourth micropalaeontological sam ple is
po si tioned be low the 7th tuff cut ting sam ple (Fig. 3). The
micropalaeontological sam ples were pre pared us ing H2O2. The
microfossil taxa of each sam ple were iden ti fied in the
125–600 mm frac tions.

MINERALOGICAL DETERMINATIONS

Qual i ta tive and quan ti ta tive min er al og i cal anal y sis was
per formed on 10 cut ting sam ples col lected from one bore hole.
X-ray dif frac tion pat terns were mea sured on a Bruker AXS D8
diffractometer equipped with a one-di men sional strip-de tec tor

(lynx-eye) us ing a Cu-ka ra di a tion (40 kV, 40 mA, sam ple ro -
ta tion). Quan ti fi ca tion was per formed as de scribed by Eberl
(2003) with syn thetic Al2O3 as in ter nal stan dard. Pure min er als
and glass were used as in ter nal ref er ence spec tra. One gram of
sam ple was mixed with 0.25 g Al2O3, milled with eth a nol in a
McCrone micronizing mill, dried at 60°C in a com part ment
drier, and loaded in acrylic glass (PMMA) sam ple hold ers for
pow der-XRD mea sure ments. The mea sur ing con di tions were:
step-size 0.02°, 2 sec/step (equiv a lent to 304 sec/steps with a
con ven tional point-de tec tor). Cal cu la tions were done with
Rockjock 11 soft ware (Eberl, 2003).

RESULTS

BIOSTRATIGRAPHY

For the bore hole in ter val stud ied (2450 to 2580 m; Fig. 3),
micropalaeontological anal y sis of the sam ples in di cate the pres -
ence of Praeorbulina glomerosa circularis, Orbulina suturalis,
Globigerina bulloides, Globigerina praebulloides, Globigerina
angustiumbilicata, Globigerina falconensis, Globigerina bolli,
Globigerinoides trilobus, Globoquadrina dehiscens, Orbulina
bilobata, Cibicidoides pseudoungerianus, Pullenia bulloides,
Heterolepa dutemplei, Melonis pompilioides and Sphaeroidina
bulloides. The co-oc cur rence of the biomarkers Praeorbulina
glomerosa circularis and Orbulina suturalis in di cates an Early
Badenian age (Up per Lagenid Zone; Rögl et al., 2002, 2008) and
cor re sponds to the Mid dle Langhian M6 Zone of Berggren et al.
(1995). In ab so lute ages, this co-oc cur rence spans a short time in -
ter val be tween 15.1 Ma (First Oc cur rence – FO O. suturalis) and
14.8 Ma (Last Oc cur rence – LO Praeorbulina glomerosa; comp.
Berggren et al., 1995, Rögl et al., 2002; Kováè et al., 2004).

DEPOSITIONAL ENVIRONMENT

In the Abrãmuþ area, for the in ter val stud ied, which rep re sents
the up per most Lower Badenian, geo phys i cal logs, cores and cut -
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Fig. 2. Gen eral stra tig ra phy of the Abrãmuþ Ba sin



ting in for ma tion were used to de ter mine the li thol ogy. In a pre vi -
ous study, Boroºi (2004) in ter preted the marls, tuffs, tuffaceous
sand stones and sand stones as turbidite de pos its (Fig. 3). 

 Spe cies of the ben thic foraminifera ge nus Cibicides can be
used to es ti mate the depositional palaeodepths. Re cent and
Mio cene fau nas with Cibicides dutemplei, C. ungerianus and
C. pseudoungerianus are found at shal lower wa ter depths
(0–500 m) than are those with C. kullenbergi, C. pachyderma,
C. wuellerstorfi, C. bradyi, C. robertsonianus and C. italicus
(around 1000 m depth; e.g., Hohenegger, 2005; van
Hinsbergen et al., 2005 and ref er ences inside).

In the pres ent case, the ben thic foraminiferal as sem blages
are dom i nated by Orbulina suturalis and Praeorbulina
glomerosa and con tain the palaeodepth mark ers Cibicides
pseudoungerianus (100–500 m), and Uvigerina spp.
(200–1000 m; van Hinsbergen et al., 2005). The co-oc cur rence 
of these palaeodepth mark ers spe cies and the pres ence of

deeper-dwell ing plank tonic foraminiferal taxa
such as Globigerina bulloides (>50 m;
upwelling zone) in di cate a palaeowater depth
be tween 200 and 500 m.

MINERALOGY OF THE TUFF LAYERS

XRD data show that the min er al og i cal com po -
si tion of the tuff lay ers con sists of quartz, analcime 
(NaxAlxSi3 – xO6 [(3 – x)/2] H2O) , vol ca nic glass,
glass and mi nor amounts of smectite, cal cite mica,
K-feld spar, al bite and chlorite (Ta ble 1 and Fig. 4).

DISCUSSION

Zeolites oc cur when tem per a tures and fluid
pres sures are be low 250°C and 2 kbar re spec -
tively (Liou, 1971; Cho et al., 1987, Cho, 1991). 
The burial-depth zonation of zeolites has been
de scribed by Coombs et al. (1959). The type of
ze o lite formed, mainly de pends on the tem per a -
ture, the type of fluid and the com po si tion of the
source rock. Among the larg est vol umes of
zeolites are formed in sed i men tary rocks de pos -
ited along con ver gent con ti nen tal mar gins and
as so ci ated with vol ca nic arcs (Utada, 2001). A
clas si cal ze o lite suite formed dur ing burial
meta mor phism of volcaniclastic rocks was de -
scribed by Ijima and Ogihara (1995), who es ti -
mated the bound ary be tween un al tered glass
(zone I) to al kali-clinoptilolite/mordenite (zone
II) at 44°C; the next bound ary to analcime,
heulandite (zone III) was placed at 84°C, fol -
lowed at 123°C by the bound ary to al bite (zone
IV; Fig. 5). The tem per a ture bound ary be tween
the ze o lite zones may be dif fer ent when sa line
al ka line flu ids are pres ent in the sec tion (Ijima,
2001). In this case, the tem per a ture val ues are
lower – be tween 21 to 34°C at the bound ary be -
tween zone I and II, and be tween 37 to 51°C at
the bound ary be tween zones II and III. Neuhoff

et al. (2004) plot ted compositional and ther mo dy namic data for 
analcime with thermo-bar o met ric isograds. The au thors dis cuss 
the sta bil ity of analcime with var i ous chem i cal com po si tions in
the sys tem analcime–quartz–al bite–H2O. Their ex per i men tal
data agree well with ev i dence from bore holes in Ja pan, as de -
scribed for ex am ple by Ijima (2001). Both data sources dem on -
strate that Liou (1971) over es ti mated the up per tem per a ture of
sta bil ity for analcime.

In the Abr²muþ Ba sin sec tion, the mean geo ther mal gra di -
ent is 4.5°C/100 m (Fig. 5). The geo ther mal gra di ent was cal cu -
lated us ing the fol low ing for mula: 

GT = [To
for ma tion –  To

sur face/d] ´ 100 

where: To
for ma tion – tem per a ture mea sured in bore hole, To

sur face – av er age
tem per a ture at sur face, d – depth where tem per a ture for ma tion was mea -
sured in metres. 
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Fig. 3. De tailed lithostratigraphy and Gamma Ray log of the stud ied bore hole in ter val
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Min eral

Sam ple name

H2450 H2500 H2510 H2520 H2530 H2546 H2570 H2600 H2640

weight [%]

quartz 29 33 33 32 36 36 32 31 33

al bite 1 1 1 1 1 2 1 1 1

K-feld spar 3 5 9 6 8 10 4 7 5

cal cite 7 1 <1 2 2 2 1 <1 1

analcime 1 35 33 36 27 18 38 38 36

glass 33 18 18 17 21 24 18 16 18

smectite 15 2 2 3 3 4 3 2 4

mica 10 5 4 3 2 4 2 5 2

chlorite 1 <1 <1 <1 <1 <1 <1 <1 <1

T a  b l e  1

Qual i ta tive and quan ti ta tive min er al og i cal com po si tion of sam ples

Fig. 4A – XRD spec tra of the tuff sam ple sit u ated at 2520  m depth, min eral ab bre vi a tions ac cord ing to Kretz (1983), co run dum was used as
in ter nal stan dard; B, C – tuff thin sec tions (crossed light) with glass (ex tinc tion with cross lights), feld spar and quartz



The tem per a ture was mea sured in the bore hole for the depth 
in ter val be tween 2500 to 2720 m, and var ies from 120 to
134°C, re spec tively. The av er age sur face tem per a ture is 10oC.
The ther mal gra di ent is re flected by a high heat flow value of
90 mW/m2 (Demetrescu, 1978, 1982; Tari et al., 1999; Lenkey
et al., 2002; Ádám et al., 2003; Fig. 6).

The flu ids have a neu tral to slightly al ka line pH, with sa lini -
ties vary ing be tween 9–21 g/l, and con tain Na+, Ca2+, Cl– and 
CO3

2-  (cour tesy OMV-Petrom). Ma jor com po nents of the tuffs
are quartz, analcime and glass. In the sec tion pre sented in this
study, the only ze o lite de tected by XRD is analcime. The clay
min eral con tent is mi nor and low pro por tions of mus co vite and
chlorite are also pres ent. The min er al og i cal as so ci a tion de ter -
mined, which con tains only a mi nor amount of al bite, im plies
that, in the pres ent case at a max i mum depth of 2640 m, the
max i mum tem per a ture has never ex ceeded c. 125°C since Mio -
cene times, which is the up per tem per a ture bound ary be tween
analcime and al bite, in the ab sence of flu ids af ter Ijima and
Ogihara (1995; Fig. 5). Based on both the pre vi ously known
data con cern ing the sta bil ity zone of analcime in sim i lar de pos -
its and the data ac quired for this bore hole, the Abr²muþ sec tion
did not reach the analcime–al bite tran si tion. 

CONCLUSIONS 

The in ter val stud ied be longs to the up per most Lower
Badenian (Up per Lagenid Zone), was de pos ited in the up per
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Fig. 5. Sta bil ity in ter val of zeolites for: A – burial diagenesis (af ter
Ijima and Ohigara, 1995); B – burial diagenesis and sa line al ka line

pore-fluid diagenesis (Ijima, 2001)

Fig. 6. Pannonian Ba sin heat flow map (Ádám et al., 2003)



bathyal zone and con tains sev eral in ter ca la tions of
volcanoclastic ma te rial. Min er al og i cal quan ti ta tive and qual i ta -
tive in ves ti ga tions show the pres ence of analcime with only mi -
nor amounts of al bite. The re sults strongly sug gest that, for the 
in ter val in ves ti gated, tem per a tures never ex ceeded c. 125° and
the al bite isograd was never reached. 
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