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Abstract The Perşani Mts. basaltic field covers >176 km2

(~22 × 8 km) and is one of the youngest and biggest mono-
genetic volcanic fields in Southeastern Europe. It consists of
21 monogenetic volcanic centers, most of which were built on
a basement of Miocene rhyolitic tuffs and Mesozoic sedimen-
tary rocks. 40Ar/39Ar dating shows that the eruptions took
place in five episodes: 1220, 1142, 1060, 800, and 683 ka.
An additional undated episode at 1060–800 ka has been identi-
fied using volcanological observations. Initial phreatomagmatic
activity was commonly followed by explosive Strombolian/
Hawaiian phases that deposited agglutinated spatter around the
vents along with massive-to-bedded unconsolidated scoria and
lapilli. Some volcanoes lack evidence for magmatic explosive
activity, while others lack evidence for the initial
phreatomagmatic phase. Duringmost eruptions, the final activity
was the effusion of lava flows that in some cases deformed (or

partially destroyed) the volcanic edifices. The erupted volumes
varied greatly from one episode to other, without showing any
pattern: the highest volumes are recorded in deposits from the
third pulse (1060 ka). The volcanoes are located close to faults
and always on their footwall blocks, and it is inferred that the
regional tectonic stress regime controlled both the timing and
spacing of volcanic activity in the volcanic field.

Keywords PerşaniMountains . Monogenetic Na-alkalic
volcanoes . Phreatomagmatic . Tectonic control

Introduction

The Perșani Mountains Volcanic Field (PMVF) is located in
the internal part of the Carpathian Bend Area and intersects
the Olt valley ca. 40 km NW of the city of Braşov, in the
southeastern corner of the Transylvanian Basin (Fig. 1). It
was initially studied in the late nineteenth and early twentieth
century (Hauer and Stache 1863; Herbich 1878); Koch 1900;
Wachner 1915; Laţiu 1928). The first volcanological recon-
structions were attempted by Preda (1940), Mihăilă et al.
(1972), and Mihăilă and Peltz (1977). Seghedi and Szakács
(1994) conducted the first systematic approach, but the evo-
lution of the PMVF is now much better constrained by paleo-
magnetic, K–Ar (Ghenea et al. 1981; Mihăilă and Kreutzer
1981; Panaiotu et al. 2004), and 40Ar/39Ar dating methods
(Panaiotu et al. 2013). New paleomagnetic data (Panaiotu
et al. 2016) have helped refine volcanological reconstructions.

Monogenetic volcanoes are commonworldwide and devel-
op in a single eruptive event lasting weeks to decades (i.e.,
Connor and Conway 2000). They are usually of small volume
(~1 km3) and comprise a great variety of edifice styles, such as
scoria cones, maars, tuff rings, and tuff cones (e.g., Valentine
and Gregg 2008; Kereszturi and Németh 2012). Recent

Editorial responsibility: R.J. Brown

Electronic supplementary material The online version of this article
(doi:10.1007/s00445-016-1063-y) contains supplementary material,
which is available to authorized users.

* Ioan Seghedi
seghedi@geodin.ro

1 Institute of Geodynamics, Romanian Academy, 19-21 Jean Louis
Calderon, Bucharest, Romania

2 Institute of Geochemistry and Petrology, ETH Zürich,
Clausiusstrasse, 25 Zürich, NO, Switzerland

3 Paleomagnetic Laboratory, University of Bucharest, Bălcescu 1,
010041 Bucharest, Romania

4 Department of Environmental Sciences, Sapientia University, 4
Matei Corvin Str, RO-400112 Cluj-Napoca, Romania

5 Institute of Nuclear Research of Hungarian Academy of Sciences,
Bem tér 18/c, Debrecen 4026, Hungary

Bull Volcanol  (2016) 78:69 
DOI 10.1007/s00445-016-1063-y

http://dx.doi.org/10.1007/s00445-016-1063-y
http://crossmark.crossref.org/dialog/?doi=10.1007/s00445-016-1063-y&domain=pdf


developments in the study of these types of volcanoes added
important information to the understanding of fundamental
processes of basaltic volcanism, its generation, and relation-
ships with regional geodynamic processes and tectonic setting
(e.g., Le Corvec et al. 2013). Long-term evolution in tectoni-
cally controlled volcanic fields is likely to be time-predictable
(duration of repose period is proportional to the volume of the
preceding eruption) favored by pre-existing faults and occa-
sionally volume-predictable (volume of next eruption depends
upon the duration of repose leading up to it) (e.g., Gaffney
et al. 2007; Valentine and Perry 2007). The most important
achievements include (i) the detection of short- and long-term
changes occurring during emplacement of a single vent and/or
a volcanic field (e.g., Kereszturi and Németh 2012), (ii) evi-
dence of the evolution of magmatic systems of individual
small-volume volcanoes (e.g., Harangi et al. 2013), (iii) a bet-
ter understanding of eruption mechanisms, edifice growth,
and hazards of monogenetic volcanism based on observation
of the internal architecture of a volcano (e.g., Marti et al. 2011;
Cimarelli et al. 2013), (iv) the relationship between magma
feeding system (dominantly dykes) and local and regional
tectonic factors (Tibaldi and Mariotto 2015), etc.

Recent research in the Carpathian-Pannonian Region
(CPR), in particular, has advanced the knowledge regarding
the development and eruption styles of monogenetic volca-
nism in the area (e.g., Németh and Martin 1999, 2007;
Martin and Németh 2004; Lexa et al. 2010), contributing to
the understanding of monogenetic volcanism in general and of
its relationships with regional and local tectonic features.

In such a general and regional context, the renewed and
detailed investigation of the Na-alkaline PMVF is relevant
for a number of reasons: (i) it represents the easternmost
(i.e., peripheral) occurrence of monogenetic volcanism in
the CPR; (ii) it contributes to a better understanding of
mantle processes operating in the whole CPR in the
Neogene-Quaternary time interval, by providing new data

that can be correlated to other fields in the area (e.g., the
Nógrád-Novograd and Bakony-Balaton Highland monoge-
netic volcanic fields, Németh 2012; Kereszturi et al. 2011);
(iii) it helps improve understanding of the ongoing
geodynamics of the Carpathian bend area; and (iv) it adds
value to an initiative for a Perşani Geopark.

Here, we investigate the relationships between eruption
style, timing, volcano distribution, and local tectonics, based
on a detailed volcanological analysis and on geological map-
ping combinedwith paleomagnetic and recent radiometric age
data. Volcano morphology derived from field data and digital
elevation models (DEM) helps to discriminate among the dif-
ferent types of eroded volcanic structures. The volumes of
scoria cones and lava fields are also estimated based on
DEMs. Overall, this study attempts a new volcano-structural
analysis to better understand the timing, style, and Btriggering
factors^ of the volcanic activity in the studied area, clarifying
on the evolution of magma plumbing systems in relationship
to the tectonic regime during volcanism.

Regional geologic background

The anorogenic mafic Na-alkalic volcanism of the PMVFwas
contemporaneous with orogenic adakite-like calc-alkaline
volcanism of the southernmost Harghita Mountains, located
40 km to the east (Fig. 1; Szakács et al. 1993; Seghedi et al.
2004, 2011). The calc-alkaline magmatism of the South
Harghita Mts. developed from corner flow around a steepen-
ing slab (Vrancea slab below Moesia platform) (Seghedi et al.
2011), whereas the K-alkalic magmatism of the South
Harghita Mts. and the Perşani Na-alkalic magmatism are con-
sidered to have been triggered by asthenosphere ascent during
slab steepening (Seghedi et al. 2011; Harangi et al. 2013).
Thus, three contemporaneous magma sources (Na-alkalic,
K-alkalic, and adakite-like calc-alkaline) are present in a small

Fig. 1 Location of the PMVF
within the tectonic map of the
Romanian Carpathians
(compiled from Matenco et al.
2010; Săndulescu 1984; Schmid
et al. 2008)
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area. It seems that the ascent of magmas was facilitated by the
same regional tectonic event, coeval with the last episode
(latest Pliocene onward) of tectonic inversion in the
Southeastern Carpathians (Matenco et al. 2007; Seghedi
et al. 2011).

The PMVF is the youngest (1.2–0.6 Ma) Na-alkalic basal-
tic volcanism in Eastern Europe (Panaiotu et al. 2013). It con-
sists of volcanoes with variable morphologies (from cone- to
crater-shaped), which are a result of the dominant eruptive
style that typically evolved from phreatomagmatic to
Strombolian and effusive phases. There is a central zone of
14 volcanoes and two peripheral zones, with sparsely distrib-
uted volcanoes (Fig. 2).

The common occurrence of mantle xenoliths in the Perşani
volcanic deposits (e.g., Vaselli et al. 1995; Falus et al. 2008)
provides evidence of rapid magma ascent. Petrological data
also suggest high ascent rates: the basaltic magmas traversed
the crust within only 4–5 days (Harangi et al. 2013). This,
along with the practically homogeneous geochemical compo-
sition during the time-span of volcanic activity, indicates that
the magmas were generated by deep mantle processes and
were mostly unaffected by the interaction with the crust
(Downes et al. 1995). The petrological aspects of PMVF ba-
salts are similar to continental intraplate alkali basalts world-
wide (Lustrino and Wilson 2007; Harangi et al. 2014). They
also show some subtle features (e.g., Pb isotopic characteris-
tics, high LILE) resembling those of subduction-related
magmas, suggesting generation from a mantle source slightly
influenced by subduction components (Downes et al. 1995;
Seghedi et al. 2011; Harangi et al. 2013).

The Perșani Mountains Volcanic Field—general features

The PMVF comprises 21 volcanoes (Fig. 2). Five of them,
namely Fântâna, Gruiu-Mic, Dîlma-West, Trestia-South, and
Comana-South are documented here for the first time.

There is one large volcanic cluster consisting of nine vol-
canoes (Măguricea, Bârc, Fântâna, 636, Bogata, Dîlma-West,
Pietrele, Gruiu, and Gruiu-Mic) developed in four episodes.
All the other volcanoes are isolated from each other (their
deposits do not overlap).

The volcaniclastic terminology used in this paper to de-
scribe the deposits follows Fisher and Schmincke (1984) and
White and Houghton (2006). Three main styles of volcanic
activity are recorded (Seghedi and Szakács 1994), namely:
phreatomagmatic, Strombolian, and effusive. Tectonic analy-
sis was also considered.

Phreatomagmatic explosive activity

Phreatomagmatic activity generated maars and tuff rings. The
phreatomagmatic successions (Fig. 3) typically involve low-
angle alternating tuff and lapilli-tuff beds rich in accidental

lithic clasts and displaying either plane-parallel stratification
or cross-lamination. Bomb sags from ballistically emplaced
basement clasts are common in proximal facies. Mantle xeno-
liths and amphibole xenocrysts are common and are most
abundant in the deposits of the Bârc and Fântâna volcanoes.
The thickest and most complex sequence of phreatomagmatic
deposits outcrops on the left bank of Trestia valley and be-
longs to the eroded outer parts of the Bârc volcano.

Most of the phreatomagmatic edifices are eroded, and
quantitative parameters such as crater depth and crater floor
diameter cannot be estimated. The crater upper diameter can
be approximated and, according to this parameter, the widest
is Bârc (~2.25 km) with Bogata volcano having the second
widest crater (0.9 km); however, the crater rim is enlarged due
to erosion.

Syn-eruptive degradation due to erosional crater enlarge-
ment or subhorizontal sill injection at the base of tuff rings is
inferred. This has occurred at Racoș and Bogata where the
horizontal intrusions have laterally feed lava flows.
Sometimes lava flows breached the edifices and caused their
partial collapse (Turzun, Bârc, 636, Dîlma-West, Pietrele vol-
canoes). At the Măguricea volcano, the initial volcanic struc-
ture (tuff ring or maar) was completely destroyed by later
effusive activity; its existence can be inferred from blocks of
phreatomagmatic deposits that were rafted by the lava flows.
For most volcanoes, the relative position of the crater floor
with respect to the bedrock (and pre-volcanic topography) can
only be estimated.

Strombolian/Hawaiian explosive activity

The Strombolian and Hawaiian explosive eruption styles both
occur in low-viscosity systems and are influenced by two end-
member flow types (annular and slug flow) that are part of a
continuum (Vergnoille and Mangan 2000). Their deposits are
sometimes difficult to distinguish. Evidence for typical
Hawaiian-type activity is given by the presence in some vol-
canoes of near-vent spatter and agglutinated products, such as
at the scoria cone of the Racoș volcano, where a fountain-
related rootless lava flow is visible in a quarry. These deposits
are surrounded by unconsolidated lapilli tuffs typical of
Strombolian origin. At all other scoria cones, the preserved
pyroclastic deposits do not show any diagnostic features of
Hawaiian activity. Hence, we infer that Strombolian activity
was dominant during the eruptions in the PMVF. Strombolian
with possibly minor Hawaiian activity generated 17 scoria
cones.

All cones are affected to varying degrees by both syn-
eruptive and post-eruptive erosion. The cone of Turzun vol-
cano has been completely destroyed by vertical fault move-
ments. Syn-eruptive cone degradation resulted from lava
flows either flowing from the base of the cones (e.g.,
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Măguricea volcano) or breaching them (e.g., the Gruiu, Gruiu-
Mic, and 636 volcano).

The internal structure of a scoria cone is best exposed
by quarrying at Racoș volcano (Fig. 4a–c). Its center
consists of a massive spatter deposit welded to various
degrees and of remnants of thin clastogenic lava tongues.
Basaltic bombs up to 100 cm in diameter are common.
Agglutinated spatter beds are intercalated with coarse-
g r a i n ed spa t t e r l aye r s showing c ro s s - cu t t i ng

relationships, suggesting pulsating eruptions. The grain
size of the scoria deposits decreases considerably in the
marginal facies of the cone, which are dominantly com-
posed of massive and layered unconsolidated coarse ash
and lapilli-tuff fall deposits.

The remaining scoria cones (Fig. 4d–h) are mostly
covered by vegetat ion and are poorly exposed.
Sequences of moderately welded clast-supported lapilli
and subrounded bombs are observed at the Măguricea,

Fig. 2 The new volcanological
map of the PMVF. This map is the
result of field mapping and data
compilation (Popescu 1970;
Popescu et al. 1976; Seghedi and
Szakács 1994). The numbers on
the map denote individual volca-
nic structures: 1, Racoș; 2,
Turzun; 3, Trestia-Nord; 4,
Trestia-West; 5, Trestia-East; 6,
Trestia-South; 7, Comana; 8,
Comana-West; 9, Comana-East;
10, Comana-South; 11, Sărata;
12, Măguricea; 13, Bârc; 14,
Fântâna; 15, Gruiu; 16, Gruiu-
Mic; 17, 636 (since all nearby to-
pographic names were already
committed to other volcanoes, we
named this one after the altitude
of its peak); 18, Mateiaș; 19,
Bogata; 20, Dîlma-West; 21,
Pietrele. Coordinates are given in
the WGS84 reference system and
are placed at the corners of the
map
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Trestia-W, Gruiu, and Gruiu-Mic volcanoes. Scoria
bombs up to 1.8 m in diameter occur in the Trestia val-
ley, and they are related to Trestia volcanoes. They are
typically vesiculated in the central part, suggestive of
post-ejection bubble growth. Accidental clasts of
Miocene rhyolitic tuffs fragments are present in the
Strombolian deposits but are less common than in the
phreatomagmatic deposits.

Effusive activity

Lava flows are recorded at 18 volcanoes and are absent at
the Trestia-S, Trestia-E, and Fântâna volcanoes. At the

Sărata volcano, only sills and dykes are observed.
Turzun, Gruiu, Pietrele, 636, Trestia-N, Comana, and
Comana-S volcanoes exhibit channelized lava flows that
were confined by topography. The Bârc volcano has a
lava lake in the central part of the crater that ultimately
breached the surrounding maar and generated a channeled
flow. At other volcanoes, the lavas spread over wider
areas and in some cases built up small plateaus (e.g.,
Gruiu-Mic, 0.35 km2; Trestia-W volcanoes, 0.45 km2;
and the northern and western flows of Dîlma-West volca-
no, 0.31 km2). The largest lava plateau (8.41 km2) be-
longs to the Măguricea volcano, a typical small-sized
shield volcano. Intrusions are exposed in quarries in the

Fig. 3 PMVF phreatomagmatic
deposits: a centimeter-decimeter-
size-thick beds of pyroclastic de-
posits with cross-stratification
(636 volcano); b thinly bedded
pyroclastic deposits with undula-
tory and cross-stratification and a
bomb sag (Bogata volcano); c
centimeter-decimeter-thick pyro-
clastic beds with plane parallel
and cross-stratification showing
an alternation of fine tuffs and
lapilli-tuffs rich in accidental
Miocene tuff clasts and
subrounded juvenile clasts (636
volcano); d alternation of thinly
bedded and thickly bedded lapilli-
tuffs rich in Miocene tuff clasts,
deformed during lava flow rafting
(Racoş volcano); e tuff-ring de-
posits (Bârc volcano); f an explo-
sion breccia deposit overlain by a
sequence of centimeter-
decimeter-thick beds of ash and
lapilli-tuff at the Dîlma-West vol-
cano; g Eroded outer margin of a
maar, showing large cross-bedded
structures emplaced by base-
surge currents (Bârc volcano); h
Eroded outer margin of a tuff ring
showing a large-scale cross-strat-
ified lapilli-tuffs (Sărata volcano)
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Racoș volcano and at Sărata and Bogata volcanoes, where
the lava flows can be traced back to sills.

The lavas typically exhibit basal and upper clinker
breccia. Columnar joints are well exposed in lavas at
the Racoș, Bârc, 636, Mateiaș, and Comana-S volcanoes
(Fig. 5). In most cases, the lavas are dense or slightly
vesiculated, and they sometimes, peripherally, show
Bsunburn,^ texture (e.g., Mihăilă and Peltz 1977), sug-
gesting post-emplacement hydration during cooling. It
consists of isometric mosaic-like Bspots^ of millimeter-
sized patches of lighter and darker gray colored ground-
mass. This is thought to result from late-stage magmatic

processes and non-uniform crystallization of the residual
melt (White 1996; Zagożdżon 2003).

Tectonic features

The local tectonic regime is characterized by a set of
inherited NW-SE-oriented normal faults that dip towards
the NE and by a dominant system of NE-SW and ENE-
WSW normal faults (Popescu 1970; Popescu et al.
1976). The NE-SW system generates a number of
graben-like depressions along the pre-existing fractures
near-parallel to the maximum principal stress (σ1). The

Fig. 4 PMVF Strombolian
deposits: a welded spatter deposit
containing agglutinated lapilli and
bombs with fiamme-like textures
(Racoș volcano); b meter-size fu-
siform bomb showing vesiculated
interior and glassy outer shell
(Racoş volcano); c view of the
Hegheş quarry (Racoş) with a
succession of layered and agglu-
tinated lapilli and bomb deposits
on the right-hand side and non-
welded loose lapilli deposits in
the background (Racoș volcano);
d Măguricea and Gruiu scoria
cones, viewed from the north; e
agglutinated lapilli and bomb de-
posits emplaced in proximal fa-
cies (Pietrele volcano); f oblique
sequence of agglutinated lapilli
with rare bombs (Gruiu-Mic vol-
cano); g Meter-size strongly
contorted ribbon bomb found on
the Trestia valley (probably from
Trestia-West volcano); h Large
rhyolitic Miocene tuff accidental
clast in a lapilli-bomb agglutinat-
ed breccia; it shows polygonal
cooling cracks at its margins
(Racoş volcano)
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PMVF is largely oriented along the NE-SW trend.
Observation of the fault systems inside the main volca-
nic area is obscured by Quaternary weathering processes
and fluvial erosion. Thus, our evaluations of the current
fault systems are based on recognizing the alignments
of the main morphostructural elements (scarp features,
river valleys). The tectonic features presented here con-
sist of faults recognized in the basement rocks on pre-
vious maps (Popescu 1970; Popescu et al. 1976), faults
recognized from morphology, and their infer extents
(Fig. 6). Topography features such as continuous scarps,
abrupt topographic offsets, river stream offsets (e.g.,

Tibaldi and Marioto 2015) or rectilinear valley segments
were taken into account and interpreted as result of fault
movements. One of these features is revealed at the
upper reaches of Bogata valley and shows a sharp linear
angle drainage deflection from NW-SE to NE-SW direc-
tion (Figs. 2 and 6). The continuous exposure of sharply
truncated lava flow instead of the usual lobe-like termi-
nations is further proof. These observations, correlated
with the distribution of basement faults are the reason to
consider that the sharp escarpment is a tectonic feature
of an NE-SW elongated depression (deepest graben
structure of the PMFV) (Figs. 2 and 6). River stream

Fig. 5 PMVF lava flows: a
relationships between the initial
layered phreatomagmatic
deposits, Strombolian cone
deposits, sills and lava flows
(Racoș volcano); b basaltic lava
showing columnar jointing at
base and top of the flow unit and
subhorizontal flow-banding in the
central part, covered by soil and
phreatomagmatic deposits (lava
of 636 volcano and pyroclastic
deposits of Bogata volcano); c
columnar jointing in a lava flow
which extruded from the base of
the Strombolian cone (Comana-N
volcano); d quasi-symmetrical
meter-size polygonal columnar
jointing of the lavas in the central
part of a solidified lava lake (Bârc
volcano); e baked decimeter-size
blocks of argillic material inter-
calated in the phreatomagmatic
deposits and showing polygonal
columnar jointing. Such material
is found at the contact with verti-
cal Bfinger-like^ intrusions of ba-
salt (Racoș volcano; Fig. 10); f
lava flow with subhorizontal
joints and a 30-cm mantle xeno-
lith (Măguricea volcano); g tran-
sition from normal to Bsunburn^
lava, subhorizontal jointing
(Măguricea volcano).
Abbreviations: Ph
phreatomagmatic deposits, Str
Strombolian deposits
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offsets are obvious along the Olt valley, near Turzun
volcano, suggesting the presence of NE-SW faults
(Fig. 2). One of these faults, whose deflected direction
is indicated by a stream, broke and destroyed the lavas
and Strombolian deposits of Turzun volcano, but does
not disturbed the deposits of the nearby Măguricea vol-
cano. This allows us to infer that the NE-SW fault sys-
tem was active during the periods of volcanic activity.

The obvious alignment of Măguricea, Bogata, Dîlma-
West, and Pietrele volcanoes coincides with the NW-SE
fault system and is almost perpendicular to the main
NE-SW trend. The NW-SE system is observed in anoth-
er volcanic edifice alignment: Fântâna-Gruiu-Gruiu-Mic-
Bârc-Trestia. On the other hand, the position of Trestia-
W, Trestia-N, 636, and Dîlma-West describe the main

NE-SW trend. According to Fig. 6, most volcanoes
have developed in the proximity of fault intersections.

Volume calculations for lava and scoria deposits

Data used to calculate the volumes of the volcanoes and their
deposits are given in Table 1, and the methodology is shown
in Appendix 1.

To gain a visual representation of morphology-confined
vs.morphology-unconfined lava flows, the equivalent of the
mean thickness of lava flows versus their planar surface area
has been plotted (Fig. 7a). The volcanoes plot in four groups.
In the first group are lava flows that show a wide range of
volumes and that cover a short range of planar surfaces. These

Fig. 6 Interpretative tectonic
map of the PMVF with overlays
of 3D volcano reconstructions,
representing the six eruptive
episodes. The 3D reconstructions
are based on the DEMs that
reflect erosion (DEMs for volume
calculations eliminate the effect of
erosion). Shaded volcanic
structures are those generated
during the previous eruptive
episodes. Basement after Popescu
(1970) and Popescu et al. (1976).
Quaternary deposits (white) show
the location of present valleys.
During episode III, the deposits of
the four Trestia volcanoes (3–6 in
Table 1) were partly covered by a
thin phreatomagmatic blanket be-
longing to the Bârc structure and
are now mostly eroded
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lava flows have been confined by topography. The second
group is defined by the products of three volcanoes (Trestia-
W, Gruiu-Mic and Dîlma-West volcanoes) with lava volumes
similar to those of the first group, but spread over greater
planar surfaces. The southern flow of the Dîlma-West volcano
was channelized, while the western and northern flows are
spread across a wider area. The Racoș volcano exhibits exten-
sive sills (their volumes have also been calculated based on
outcrop occurrences and added to those of lavas). The third
and fourth groups are represented by volcanoes that formed
during larger volume eruptions. The third group coincides

with volcanoes that have produced confined (636 volcano),
or at least partly confined (Bârc volcano) lava flows. The
fourth group is represented by the solitary Măguricea shield
volcano, whose lava volume is one order of magnitude greater
and it covers an area 4.8 times greater than that of Bârc
volcano.

A rapid way to check for morphological degradation in
volcanic cones is to plot the ratio of volume per planar surface,
against their planar surface (Fig. 7b). We would expect that
eroded (laterally spread) cones would cover a bigger planar
surface, so the ratio should decrease. The data shows a large

Table 1 List of the PMVF volcanic edifices, their magnetic polarity, and available 40Ar/39Ar ages

40Ar/39Ar age polarity chron Volcano Volcanic structures Volumes
(without DRE correction) m3

Surface (planar) m2

Strombolian
cones

Lava
flows

Strombolian
cones

Lava
flows

1221 ka intermediate Cobb
Mountain

1 Racoșa PhLS 1,960,700 508,520 FL 122,410 229,245 FL

9,448,770 IN 787,400 IN

9,957,290 total 1,016,645 total

1142 ka reversed-polarity
Matuyama

2 Turzun PhLS Strongly eroded 554,310 Strongly eroded 61,590

3 Trestia-N SL 493,130 219,490 44,900 97,000

4 Trestia-W SL 1,818,000 1,429,490 95,810 450,690

5 Trestia-E S 328,600 N/A 40,980 N/A

6 Trestia-S S 1,154,960 N/A 83,400 N/A

7 Comanaa PhSL 2,434,540 1,353,230 85,280 118,630

8 Comana-W PhL N/A 26,000 N/A 7670

9 Comana-E PhL N/A 51,170 N/A 19,300

10 Comana-S PhSL 1,581,000 567,160 69,910 110,040

1062–1060 ka normal-polarity Jaramillo 11 Sărata PhSL 703,440 39,620 38,880 9900

12 Măguricea PhSH 12,425,450 220,382,410 438,830 8,405,000
2,294,830 95,700

1,200,030 138,180

15,920,310 total 672,710 total

13 Bârca PhL N/A 29,653,920 N/A 1,737,720

14 Fântâna Ph N/A N/A N/A N/A

Unknown polarity 15 Gruiu SL 8,911,160 1,583,260 277,560 166,940

16 Gruiu-Mic SL 4,990,290 1,612,710 203,040 348,260

800 ka reversed-polarity Matuyama II 17 636a PhLS 4,819,330 15,219,000 208,880 874,360

684–683 ka normal-polarity Brunhes 18 Mateiașa PhSL 1,443,030 1,556,900 102,430 114,440

19 Bogata PhL N/A 4,248,650 N/A 283,100

20 Dîlma-West PhSL 3,455,100 484,470 N 129,660 91,380 N

416,640 S 187,230 S

1,648,070 W 223,520 W

2,549,110 total 502,130 total

21 Pietrelea PhSL 4,562,290 1,048,650 172,210 69,910

Volumes and surfaces covered by lava and scoria deposits are also calculated

Ph phreatomagmatic, S Strombolian, L lava, IP intermediate (polarity), RP reverse (polarity),NP normal (polarity),DRE dense rock equivalent, FL flow,
IN intruded,N north (flow directions (in case of multiple flows)), S south (flow directions (in case of multiple flows)),Wwest (flow directions (in case of
multiple flows))
a Volcanoes that are dated
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spread, as cones generated in the same eruptive phase
(Matuyama for example) cover similar planar surfaces but
have different volumes. This suggests that some deposits have
spread laterally more than others, although they are of the
same age. The cones of Brunhes age (684 ka) show volumes
similar to those of Matuyama age (1221-800 ka), but cover
larger surfaces, suggesting a higher degree of erosion, al-
though the cones are younger. These data suggests that the
age of the cones is not reflected in their degree of erosion.
The Măguricea volcano appears offset from the other volca-
noes, because it includes three cones and thus a greater total
surface area.

Volumetrically, the largest volcanoes are Măguricea, Bârc,
636 and Racoș volcanoes. Măguricea volcano has the most
voluminous lavas, the largest total volume of erupted scoria (3
cones) and also the largest scoria cone. The second most vo-
luminous cone is that of Gruiu volcano, which is 1.8 times
smaller than the largest cone of Măguricea.

Discussion

Constraints on volcanic activity from K–Ar, 40Ar/39Ar
and paleomagnetic data

K–Ar and paleomagnetic data have been obtained in the
PMFV since the 1980’s (Ghenea et al. 1981; Mihăilă and
Kreutzer 1981). The first regional attempt to combine K–Ar
ages and paleomagnetic data postulated two phases of volca-
nic activity: The first between 1.5–1.2 Ma and the second
between 0.67 and 0.52 Ma (Panaiotu et al. 2004). More accu-
rate 40Ar/39Ar ages (Panaiotu et al. 2013) allowed the subdi-
vision of volcanic activity into at least five episodes between
1.2 and 0.6 Ma (Figs. 2 and 8), in agreement with paleomag-
netic data (Fig. 8). Some volcanoes remain undated (see
Table 1) and some lack paleomagnetic data (e.g., the Gruiu
and Gruiu-Mic volcanoes).

(i) According to the 40Ar/39Ar ages, the oldest volcano is the
solitary Racoş volcano at 1221 ± 11 ka. This compares
well with earlier K–Ar dates of 1.21 ± 0.12 Ma (Panaiotu
et al. 2004) and 1.23Ma (Mihăilă and Kreutzer 1981). All
paleomagnetic directions measured at this volcano are
transitional and show short period construction
(Hambach et al. 1994; Panaiotu et al. 2004; Fig. 8). It
corresponds to the base of the Cobb Mtn. subchron in
the Geomagnetic Instability Time Scale (GITS) (Singer
2013).

(ii) The next oldest volcanic products with an age of
1142 ± 41 ka are the lava flow of Comana volcano
(Fig. 2; Table 1). Five more volcanoes were identified
here (three Comana, four Trestia volcanoes, and Turzun
volcano), showing the same reversed polarity (Figs. 2
and 9).

(iii) Two lava flows of the Bârc volcano yield the same ages:
1062 ± 24 and 1060 ± 10 ka. They show normal polarity

Fig. 7 Calculated volumes of lava flows and scoria deposits; a visual representation of confined lava flows, spread lava flows, and shield volcanoes; b
basic representation of the degradation of cone morphology (colors stand for paleomagnetic ages and are the same as in (a))

Fig. 8 Magnetic polarity time scale after Singer (2013) and 40Ar/39Ar
isochron ages of PMVF basalts (Panaiotu et al. 2013)
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and were erupted following an 80-ky period of quies-
cence, indicating the beginning of the Jaramillo normal
subchron (e.g., Channell et al. 2010). The Măguricea,
Bârc, and Sărata volcanoes were also erupted during this
period, corresponding to the same subchron (Fig. 9).

(iv) Two samples from 636 volcano yielded very similar
40Ar/39Ar plateau ages of 800 ± 25 and 799 ± 21 ka,
respectively (Panaiotu et al. 2013). These are substan-
tially older than the K–Ar ages of 578 and 679 ka
(Panaiotu et al. 2004), but similar to the 0.82–0.83-Ma
K–Ar age suggested by Mihăilă and Kreutzer (1981).
The reversed polarity of these lavas is attributed to the
Matuyama II chron (Figs. 2 and 9).

(v) Lavas at theMateiaş and Pietrele volcanoes show normal
polarity and were dated at ~684 ka (684 ± 21 and
683 ± 28 ka, respectively; Fig. 2). This correlates with
the Brunhes normal chron, also measured in the Bogata
and Dîlma-West volcanoes (Panaiotu et al. 2016)
(Fig. 9). The K–Ar eruption ages are similar
(668 ± 80 ka) for Pietrele volcano (Panaiotu et al. 2004).

The gaps in the volcanic activity between the last three
volcanic events (their deposits overlap in the central part of
the PMVF) are supported by the presence of paleosols be-
tween volcanic deposits (e.g., Ghenea et al. 1981; Seghedi
and Szakács 1994; Panaiotu et al. 2004).

Fault systems and tectonic activity

Tectonic activity associated with volcanism generated a series
of graben-like structures along inherited NE-SWoriented nor-
mal faults. The deepest graben structure marks the conver-
gence of lava flows from Măguricea, Bârc, 636, and Bogata
volcano cluster. Except for Sărata, Comana-W, and Comana-E
volcanoes, we can correlate the rest of the volcanic vents with
faults. Five volcanoes directly overlie fault zones (the Turzun,

Comana-S, 636, Bogata, and Dîlma-W volcanoes) whereas
thirteen are located close to fault lines but always on the foot-
wall block. This is in agreement with experiments and numer-
ical models that show that dike propagation tends to be ori-
ented parallel to the maximum external stress direction (e.g.,
Maccaferri et al. 2015; Rivalta et al. 2015). Numerical model-
ing and case studies indicate that the dykes in monogenetic
fields tend to propagate towards the footwall block of normal
faults because topographic height creates a higher load and
stress regime (Maccaferri et al. 2015).

It is difficult to know whether both fault systems, almost
perpendicular to each other, were active during specific pe-
riods of volcanic activity. However, some assumptions can be
made. The eruption of Na-alkalic magmas implies extension,
so at least one of the fault systems was contemporaneous with
the eruptions corresponding to each episode. This was likely
the NE-SW fault system along σ1, which cuts some of the
volcanic deposits (e.g., Măguricea and Turzun volcanoes;
Fig. 6). Since there are two systems of normal faults with
different strike, almost perpendicular on each other, it sug-
gests that each extensional period may correspond with a
rotation of σ3 (e.g., Tibaldi et al. 2015). This situation is
proposed in the main central cluster between the second and
third episodes, less obvious for fourth and fifth, and obvious
for fifth and sixth, as most of the volcanoes have been gen-
erated close to the intersection of faults (Fig. 6). The inherited
NW-SE-oriented alignment is suggesting a NE-SW direction
of σ3. It means that volcanoes with a given alignment were
favored because their feeder dykes were perpendicular to σ3,
whereas the other alignment was blocked since it was perpen-
dicular to the horizontal greatest principal stress (σ1), and
vice versa after rotation of σ3. It is noticeable that the paths
and geometry of dyke propagation and emplacement during
volcanic evolution was controlled by the specific local exten-
sion periods and block rotations between 1.2 and 0.6 Ma
which may be characteristic for the post-collisional setting
of PMVF.

Fig. 9 Wulf projections of site-
mean paleomagnetic directions
from the PMVF basalts (Panaiotu
et al. 2013; Panaiotu et al. 2016).
Full and open symbols represent
the lower hemisphere and upper
hemispheres, respectively
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The monogenetic character of the PMVF is most likely
related to the fact that, once a volcano was emplaced, the
upper part of the plumbing system was sealed by solidifying
magmas that remained in the conduits (e.g., Kereszturi and
Németh 2012; Valentine 2012). In the PMVF, because of the
multitude of faults, the complex and variable stress regime and
the interplay between σ1 and σ3, we infer that it was easier for
newmagma batches to find other pathways and erupt in slight-
ly different locations rather than using the same high-level
plumbing system and build polygenetic volcanoes. The vol-
cano clustering that started in the third episode in the central
area of PMVF may represent the largest volume of melt col-
lection and extraction from the mantle source (e.g., Tadini
et al. 2014).

Eruptive history

By combining published ages, paleomagnetic data with our
new volcanological information, we can better understand the
eruptive history of the PMVF, which consists of the following
episodes (Figs. 8 and 9):

Episode I (1221 ka)

This episode was marked by the eruption of the Racoş volca-
no, which was characterized by initial phreatomagmatic activ-
ity followed by a Strombolian phase, and then by an effusive
and minor intrusive phase (Fig. 10). The phreatomagmatic
deposits containing abundant rhyolitic tuff xenoliths that sug-
gest that explosive magma-water interaction occurred at
depths of ~100–150 m, in an aquifer hosted by Miocene rhy-
olitic tuffs. The phreatomagmatic phase generated near-vent
explosion-derived dilute pyroclastic density currents and co-
PDC ash fall deposition that over time constructed a tuff ring.
It was progressively enlarged by further explosions generated
by roughly coeval phreatomagmatic and Strombolian activity.
This probably marks the transition towards the Strombolian
activity of this volcano, which generated the scoria cone
(Fig. 10). Later magmas penetrated as dykes or sills and
formed a lava lake in the tuff-ring crater. We infer that the

scoria cone load exerted pressure on the emerging lava that,
by moving centrifugally, caused the collapse of sections of the
tuff ring, which were internally faulted (see Fig. 3d) and rafted
away.

Episode II (~1142 ka)

This episode marks the generation of two groups of four vol-
canoes each (Trestia-N, Trestia-W, Trestia-E, and Trestia-S
volcanoes and Comana, Comana-W, Comana-E, and
Comana-S volcanoes) and by the solitary Turzun volcano.
All eruptions along the Comana valley started with
phreatomagmatic activity and then transitioned into magmatic
eruptions. Comana and Comana-S volcanoes developed maar
structures, as indicated by the present-day topography which
shows that the floors of the craters were excavated in the
bedrock (sensu Kereszturi and Németh 2012). This phase
was followed by cone-building Strombolian eruptions and
effusive activity that emitted lava flows from the base of the
cinder cones. The eruption of Comana-E and Comana-W vol-
canoes generated EW-directed pyroclastic density currents,
without excavating craters. Since the lavas are also confined
to the same narrow elongated areas, we infer that these de-
posits were emplaced by fissure eruptions, or alternatively,
were confined by topography. Strombolian activity is not re-
corded here, as the initial phreatomagmatic phase was closely
followed by emission of lava flows.

The Trestia volcanoes (3–6 in Table 1; Fig. 2) lack
phreatomagmatic activity and are characterized by cone-
building Strombolian activity. Effusion of lavas is recorded
at Trestia-N and Trestia-W volcanoes. Since the four
Trestia edifices directly overly the Miocene tuff deposits
and no evidence for magma-water interaction was ob-
served, we infer that the aquifer was depleted or lowered.
The Trestia volcanoes are partially covered by an eroded
phreatomagmatic blanket erupted from the younger Bârc
volcano (Figs. 2 and 7).

The eruption of Turzun volcano started with a
phreatomagmatic phase that generated a tuff ring. Eruptive
activity continued with a minor Strombolian phase followed

Fig. 10 Interpretative section
through Racoş volcano: 1a
phreatomagmatic vent deposits;
1b tuff-ring deposits; 2
Strombolian scoria and lapilli-tuff
cone, rare lava flows; 3a magma
generating a lava lake and sills/
dykes intruding the older edifice;
3b lava flows rafting the
phreatomagmatic deposits; m2
Miocene rhyolitic tuff deposits
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by effusion of lava flows that were confined in a valley created
by a NE-SW normal fault system.

Episode III (~1060 ka)

This was the most intense volcanic episode in the history of
the PMVF and generated the greatest volumes of scoria and
lava deposits.

The eruption at Bârc volcano started with intense
phreatomagmatic activity that constructed a 2.25-km-wide
tuff ring that evolved into a maar (sensu Lorenz and
Kurszlaukis 2007). The ensuing effusive phase filled the maar
with a lava lake. Ultimately, the lavas breached the NE side of
the initial tuff-ring structure and flowed northward for
~1.5 km.

The eruption of Măguricea volcano also started with a
phreatomagmatic phase, followed by Strombolian activity re-
sponsible for building three cones. Lava flows breached the
base of the cones and extended into several plateau-forming
flow-fields characteristic for a shield volcano (Fig. 2). Two
other volcanoes are attributed to this episode: Fântâna, based
on volcanological observations and Sărata based on paleo-
magnetic and K–Ar data.

The Fântâna maar volcano was formed solely by a
phreatomagmatic explosion. The pyroclastic deposits contain
many conglomerate and Cretaceous limestone clasts and
based on the local stratigraphy, this implies that the magma-
water interaction took place at a depth of ~150 m.

The eruption of Sărata volcano started with a tuff-ring-
forming phreatomagmatic event (Fig. 3h). The water-magma
interaction fluctuated, as suggested by the welded
Strombolian deposit in its inner-northern margin. A sill was
emplaced in the base of the southern wall of the inner-crater
suggest an incipient effusive activity.

Episode IV (Gruiu and Gruiu-Mic volcanoes)

There are currently no age or paleomagnetic data for the Gruiu
and Gruiu-Mic volcanoes. Both developed near the Bârc vol-
cano; Gruiu-Mic on the inner side and Gruiu on a limestone
basement between the Bârc and Fântâna volcanoes (Fig. 2).
Both of the volcanoes lack evidence for the initial
phreatomagmatic activity and the eruptions instead were char-
acterized by initial cone-building Strombolian activity,
followed by effusion of lava from the base of the cones; this
partially breached the cones. The Gruiu-Mic lava flows par-
tially cover the lava lake of the Bârc maar, while the lava
flowing from Gruiu volcano was confined between the tuff-
ring structure of Bârc volcano and the cone and lavas of
Gruiu-Mic volcano. We infer that the two volcanoes were
constructed more or less simultaneously as they are both in
close proximity and had a similar behavior. The lack of
magma-water interaction may suggest that the aquifer level

was depleted at the time of the eruptions. We speculate that
the phreatomagmatic activity of the older Bârc volcano may
have led to a temporary depletion of the aquifer, so that Gruiu-
Mic and Gruiu volcanoes may have erupted before the aquifer
was restored. It is also probable that missing aquifer could be
associated with dry climate conditions at the time of eruption.

Episode V (800 ka)

This episode was marked by the eruption of the 636 volcano.
Activity commenced with a phreatomagmatic phase (Fig. 3c)
that damaged the eastern part of the Bârc volcano. This was
followed by a Strombolian phase that built a cone on the
southern margin of the 636 volcano and by effusion of lava
that breached the base of the cone. There are no remnants of
tuff-ring structures, and the floor of the crater seems to have
been excavated in bedrock.

Episode VI (~684 ka)

Four volcanoes were formed during this episode: Mateiaș
(isolated), Bogata, Dîlma-West, and Pietrele (aligned on a
NW-SE direction) (Fig. 2).

Mateiaș volcano was developed on an inclined slope, and
during the eruption, initial phreatomagmatic activity led to the
building of an asymmetrical edifice (Seghedi and Szakács
1994) that resembles a tuff ring. Subsequent changes in erup-
tive style generated a buttressed scoria cone and a lava flow,
fed by a sill that rafted away parts of the phreatomagmatic
deposits.

The Bogata volcano tuff ring has deposits that are rich in
accidental Miocene tuff and Cretaceous limestone ballistic
bombs. It is the only volcano of this group that lacks evidence

Fig. 11 Erupted volumes of scoria and lava deposits shown according to
each episode of volcanic activity. The inlet shows the cumulative volumes
(lava + scoria) and the time gaps between the eruption episodes.Question
mark represents the uncertain age of the fourth eruptive episode. Up until
the third episode (Jaramillo), the eruptions were time predictable
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for Strombolian activity. A lava flow extends from a sill in the
western wall of the cone.

The Dîlma-West and Pietrele volcanoes are very similar.
Both eruptions started with phreatomagmatic phases that con-
structed a maar volcano. Both maars were subsequently filled
by scoria cones and lava flows. Pietrele volcano has one lava
flow that extends from a sill injection. The Dîlma-West vol-
cano erupted three lava flows.

According to the volume data (Fig. 11), the first eruptive
episode (Cobb Mountain age) shows the smallest volumes of
erupted scoria, while the second episode (Matuyama) is re-
sponsible for scoria volumes that are four times greater. The
largest total volumes, for both lava flows and scoria deposits
are recorded in the third episode of volcanic activity
(Jaramillo). The second most voluminous lava flows are re-
corded in the fifth episode (Matuyama II, >16.4 times less
voluminous than those of Jaramillo), while the second most
voluminous scoria deposits are in the fourth episode of activ-
ity (Gruiu and Gruiu-Mic, 1.2 times smaller than those of
Jaramillo). In the sixth episode of volcanic activity
(Brunhes), the volumes of scoria deposits and lava flows are
similar; however, in the absence of the DRE correction, the
calculated scoria volumes cannot be directly compared with
those of the lavas, which are generally non-vesicular. By as-
suming a mean scoria vesicularity of 50 %, the volumes of
magma erupted during the Strombolian/Hawaiian phases is
reflected by half of the calculated scoria volumes. The
smallest volcanoes were generated during the second episode,
with Comana-Wand Comana-E as the least voluminous. After
the peak activity of the third episode (Măguricea and Bârc
volcanoes), the three subsequent eruption episodes resulted
in greater volumes of scoria deposits and lava flows than the
eruptions that preceded the peak activity.

Conclusions

The PMVF is composed of 21 monogenetic volcanoes that
erupted during six episodes: one volcano at around 1221 ka;
nine volcanoes at 1142 ka; four volcanoes at 1060 ka (the
period of most voluminous volcanism); two volcanoes shortly
after (exact age unknown); one volcano at 800 ka; and four
more at around 684 ka. Five of the eruptive episodes had
initial phreatomagmatic eruptions (15 out of 21 volcanoes).
Phreatomagmatism was usually followed by Strombolian/
Hawaiian activity (at 10 out of 15 volcanoes) and then by a
final effusive phase (at 14 out of 15 volcanoes). The second
and fourth eruptive episodes were periods when magma-water
interactions did not take place.

The PMVF developed in a period of extensional tectonism,
and the locations of the volcanic centers are closely related to
local fault systems and to the latter’s effect on topography and
stress regime. Some of the vents are located along faults, but

most are located near faults (within less than ~50 m) within
their footwall block. Dyke emplacement was controlled by
specific local block rotations and periods of extension. It
seems that it was easier for subsequent magma batches to find
new pathways than to re-use the older upper-plumbing sys-
tems which were partially sealed-off by the previously solid-
ified magmas. Developing new or complex upper-plumbing
systems that allow for multiple vents is in our opinion related
to the multitude of faults and to their complicated effect on the
topography and on the underground stress regime, which in
the end determined the monogenetic behavior of these
volcanoes.

The monogenetic volcanism of the PMVF was time-
predictable only up to the Jaramillo-aged eruptions. After this,
the eruptions became neither time nor volume predictable.
Timing of the eruptions and the volumes erupted during ac-
tivity of succeeding episodes may be related to the develop-
ment and intensity of crustal extension and the extent of melt
extraction in the mantle source.
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