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Pesiome. [Inante ca yecTo MosBsBAIL ce (halliaIeH BU] B TAJICO30HCKHUTE ceqUMEHTH B brirapus. Te ca cBbp3aHH ¢ TeoMOP(OIOKKHI-
TE ¥ KJIMMaTHYHNTE IIPOMCHH B 00s1acTTa. [ 1aBHNUTE XapaKTEPUCTUKH Ha YCTAHOBCHUTE KOHTHHCHTAIIHH IUTailOBH CEIMMEHTH Ca HUCKATa
UM TeKCTypHA U MHHEPAJIOXKKa 3psUIOCT, OOMIINETO Ha KapOOHATEH IIIMEHT, CJIOSBE MITH BKIIIOYEHHS OT JICCHO PA3TBOPUMH COJIH, YSPBECHU
0arpu, CTpyKTYpHH JI0Ka3aTEJICTBA 32 YECTa CMSHA MEX/Y IUIMTKM KOHTUHEHTAIHN 0AaCeliHU U CyX03eMHHU 00CTaHOBKH 1 T.H. CMsiHaTa Ha
MOPCKHS PeXXUM (THIHYCH 3a bankanuaure no kpast Ha Pannms KapOoH BKIIOUNTENIHO) ChC CyXU KOHTHHEHTAIHH YCIIOBHS, CE IBIDKH Ha
TEKTOHCKU ChOUTHS, BOJICIIM 110 Ch3/laBaHe Ha ejHa Bapucka ruiaHuHCKa Bepura, KosTo e npecuyaia bankanckus noiayoctpoB oT C3 Ha
IOU, u Ha IBe M3AUTHATH 30HH, CBBEP3aHU cbe chBpeMeHHa [lo6pymxa Ha CU n Tpaxus na FOFOU. Ta3u naneoreorpadcka 00cTaHOBKA,
IIPH yCJIOBUSI HAa U3BECTHO Pas3TsraHe, Ch3laBa 30HM 0€3 WM ¢ Manko ApeHupane. [IpeobianaBaio mo3suTHBHUAT pened ce JIbIDKH Ha
KOJIM3US U IPUCHENHSABAHE Ha PAHHOIIATE030HCKUTE IEPUTOHIBAHCKH TePEHH, KOUTO MUTPHUPAT ,,B emresion”. OT ceBep Ha IOT ce pasIo-
naraT: Mu3HHCKUST TepeH, npucheanter KoM KOxHonoopymkanckara nepudepus Ha [laneo-EBpomna, bankaunckusr — kbM Musuiickus,
n Tpakuiickusat — kbM bankanckust Tepen. Karo pesynrar ot Te3n ceBepHO HacodeHH nBmkeHus mpe3 Ilepma (ciex OTioHa) TepeHUTE
romnajar B ceBepHara apujHa 30Ha. [IpeobnagaBamuTe miaiioBu CEMMEHTH ca OMIM 00pa3yBaHU B MAJIKM OacelHH B MOJHOXHETO Ha
Bapuckara ImaHHHCKA CHCTEMa, Taka KaKTo U B JETIPECHUTE C XBJIMHCT pesied), HaMupamy ce B HaKoramHute bankancku u Musniicku
TepeH. XapakTepbT Ha CEMMEHTALNATA TT0Ka3Ba, ue npe3 Panuus Ilepm e chlecTBYBaN OHE €IMH UMITYJIC Ha aKTHBH3aLMsA Ha peieda
(PECIEKTHBHO TEKTOHCKO JBIKCHHUE) C HAIIPEIBaHE HA IPOIYBHAIHATE KOHYCH KbM HOBO3ACTH TEPHUTOPUH, BKIIOUUTEIIHO U BHPXY BEUe
oOpa3yBanu rian. O6mara TenaeHuus ot Pannust kbM KbcHus Ilepm e Ouita KbM IOCTOSHHO MOHMKaBaHe Ha penieda U eJHOBPEMEHHO
3aITbJIBaHE HA MAJIKU H BPEMEHHO H30JIHPaHU OaceifHu, OKPUBAIIH IT0-O0MHPHHU 00TaCTH, HO MOHIKOTA ChIbPIKAIH JUCIICPTUPAHH Pa3-
TBOPUMH cyOcTaniuu (riaBHo cyndarn). [IpoayBuannara cequMeHTanus 1 Gparyecy ca OHIn JOMUHUPALIN U CaMO Ha H30JIHPaHU MeCTa
ce € JOCTUTHAJIO JI0 ITO-CBIECTBEHO aKyMyJIHpaHe Ha colH (Haxoaume be3sonuia). Jlannu 3a Bpb3Kkarta Ha IUIast H/HIN ce0Xa ¢ HCTHHCKO
coJIeoTIIaraHe ChIIECTBYBAT MPU CONHOTO Haxoxauie Muposo (CU bwarapus). EqHo BakHO 3aKiIi04eHHE €, 4e HsMa JIMTOJI0XKU pa3Jiu-
qHsl MEXY IUIAHOBUTE CEIUMEHTH (S.S.) U epH(epHaTa JacT Ha IPOTyBHATHUTE KOHYCH. 1lenTa Ha Ta3u cTaTHs € J1a ce H3sCHHU KaKBO
ClIe/iBa Jla Ce OIMCBA KaTo IUIas, Ha 0a3aTa Ha €IMH MHOTO XapaKTePeH MpuMep.

Kniouoeu oymu: mnas, maneoreorpadus, naneoknumar, [lepm, Bapucka mmanmacka cucrema, bankancku n Musuiicku
tepeH, bearapus.

Abstract. The playas commonly occur in the Permian sediments in Bulgaria. They are related to geomorphologic and climatic changes in
the area. The main characteristic of the studied continental playa sediments are the low textural and mineralogical maturity, abundance of car-
bonate cement, beds or inclusions from easy soluble salts, red colours, structural evidences for frequent changes between shallow-water con-
tinental basins and dry lands, etc. The transition from the marine regime (typical for the Balkan Peninsula to the end of Early Carboniferous)
to dry terrestrial conditions, was caused by tectonic events. The specific conditions were connected both with the formation of the elevated
Variscan Mountain System, which was NW-SE extended the Balkan Peninsula and the location of other two elevated zones — Dobrogea
to the NE and Thrace to the SSE. This paleogeographic environment, related to extensional setting, created conditions for the formation of
areas without or with little drainage. The mentioned positive relief was result of collision and accretion of early Paleozoic Peri-Gondwanian
terranes, which migrated in echelon. Thus, from north to south were situated: Moesian (accretiated to the Southern Dobrogean periphery
of Paleo-Europe), Balkan to Moesian, and Thracian to Balkan Terrane. As a result of this northward motion during the Permian (after the
Autunian) the terranes reached the northern arid zone. The main playa sediments were formed in small basins at the foot of the Variscan
Mountain System, as well as in the depressions with hilly relief situated in the former Balkan and Moesian Terranes. The character of the
sedimentation shows that during the Early Permian there was at least one impulse of activation of the relief with progradation of the alluvial
fans toward newly occupied territories and over the already formed playas. However, the general tendency from the Early to Late Permian
was lowering of the relief and simultaneously filling up of the smaller and isolated temporary basins, occupying the wider areas but with
more dispersed soluble substances (mainly sulphates). The proluvial sedimentation and facies were predominant and only in the particular
places were accumulated evaporites (Bezvoditsa Deposit). Data on the connection of the playas and/or sebkha with salt deposition exists in the
Mirovo Deposit (NE Bulgaria). One important conclusion is that there are no lithological differences between the playa sediments (s.s.) and
the peripheral parts of the alluvial fans. The purpose of this paper is to clarify what should be described as a playa (at least s.1.).

Keywords: playa, paleogeography, paleoclimate, Permian, Variscan Mountain System, Balkan and Moesian Terranes,
Bulgaria.
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Introduction

According to the Glossary of geology (Gary et al.,
1972) as a ““...playa in the geomorphological sense
“initially” are described flat parts of the continents
without any vegetation built up of straticulate, equil
bedded layers of clay, silt and sand. These are the
bottoms of small isolated or without drain lowlands
in the desert, where after raining water can be col-
lected and as a result of the fast evaporation usually
rest the deposit from soluble salts. The surface can
be hard or soft, plain or hilly”.

The concept for “playa” (literally coastal region,
strait) has changed during the years, evolved
and widened its range from “dry lakes” in desert
areas (with deposition of salts), to the extreme
interpretation as a “salina”, through the nuances
of “vloer” — with irregular form, bigger surface,
smaller thickness (and assumption for final draining
of the waters), to the including it as an important
element of the peripherals of the colluvial cones
(dry deltas). Comparisons and attempts sebkha to
be included in the concept of playa (s.l.) have also
been made. From a recent geomorphological notion
the content of “playa” is going to be filled with
geological sense, as in the suitable geomorphologic
and climatic conditions rocks with specific features
and composition are deposited. Moreover, from this
point of view it is possible to solve the opposite
task: to restore the paleogeographic (inclusive
paleotextural) and climatic conditions on the base
of playa’s composition, the morphology of the
geological bodies and their fossil content.

Geological and sedimentological
characteristics of the Permian playas in
Bulgaria and some comparisons with the
Lower Triassic deposits

Our observations in Bulgaria show that except the
clearly stratified rocks (layers of clay, silts and
sands), the participation of massive and poorly sort-
ed silicate rocks and soluble rocks — sulphates (gyp-
sum, anhydrides) and salts (as a result of the fast
evaporation), is very typical for the playa sediments.
Very often, the clastic sediments are represented by
terrigenous mudstones in which the content of none
of the components (sand, silt, clay and carbonate) is
more than 50%, and thus, they could be referred to
“hyporocks” (sensu Teodorovich, 1958). According
to the dominating component they can be assigned
respectively to the hyposandstones, hyposiltstones,
hypoclaystones, hypomarls, which had not had the
possibility for good grain-size differentiation. This
specificity is explained as a result of the mudflows —
fast sedimentation in conditions of the rare but very
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frequent pouring to torrential rains in the desert con-
ditions. The sedimentary conditions differentiated
the heavy minerals’ content and composition in the
arid playa sediments and that, at first sight similar
red beds, which are deposited in humid conditions.
The last are connected with regular water trans-
port, which lead to the elimination of the weakly
and moderately resistant minerals (garnet, zoisite,
anatase, brookite). Thus, only the most resistant
zircon, rutile, tourmaline and sometimes apatite
are represented. These differences are obvious (see
Fig. 3 in Yanev, 1996a) in the relation of the ma-
turity of the components from the light fraction.
The quartz dominates clearly over the feldspars
and rock fragments in the red beds considered as
humid Lower Triassic, and distinguished from the
Permian playa deposits. The fast sedimentation ex-
plains the regular presence of carbonates (usually
very abundant) in their cement. The dissolution and
the washout of the carbonates were stopped from
the temporary dilute with waters and from the fast
desiccation in the arid conditions. The carbonate
content (calcite and dolomite) is widely variable —
from 11-12% to 45.65%. The partial presence of
the anhydrite (primary gipseous) cement, which is
more typical for the granular rocks — sandstones and
microbreccias, is explained with the fast evapora-
tion. Sometimes, big anhydrite grains, as well as ir-
regular aggregates (up to 5-6 x 3—6 x 8-12 cm) or
lenses, are established.

The anhydrite aggregates are more typical for
some of the bedded rock varieties (probably such
that hold moisture longer), where the dispersed
sulfate has segregated in early diagenetic con-
cretions (sometimes without sharp boundaries with
the hosting rock). These observations are not typical
for the traditional concept for subsequent surface
deposition of the salt contents. The almost total
absence of chemogeneous linking matter, the high
textural and mineralogical maturity of the Lower
Triassic red coloured clastics and the pelitic seams
among them are an argument against their reference
to none of the playa varieties.

Some of the characteristic structural signs
observed in the Lower Permian (Smolyanovtsi,
Western Fore Balkan — Fig. 1) and the Upper
Permian (Nepraznentsi, Kraishte region — Fig. 1)
playa sediments are the polygonal fractures of
desiccation, marking superficial conditions with
the fast drainage of the deposits. A sign for short
periods of shallow water continental conditions are
the symmetrical, parallel or ramified ripple-marks
(Noevtsi, Kraishte region — Fig. 1). Other typical
signs, established in the Permian playas in Bulgaria,
are the shallow but clear furrows or traces, left on the
upper bed surface of the playa sediments or stones,
moving over the damp surface (“playa furrows”).
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Single or groups of boulder or gravel pieces leaving
these “playa scrapers” were observed. Sometimes,
structures of streaming, that are showing temporal
water flowing, are followed by fast desiccation and
therefore this structure on the upper bed surface has
been fossilized before it could be eroded by a new
current.

Fossilized Permian (and Triassic?) playas
in Bulgaria: contemporary distribution,
geomorphological and climatic conditions,
mode of filling. The different sedimentary
environments of playa formation and their
relationships

Favourable condition for the Permian playa formation
were the typical arid climate as well as the paleogeo-
morphology and its evolution (Janev, 1964, 1988,
1989, 1991; Ianev, 1996; Yanev, 1968, 1969, 1970a,
b, 1981, 1989a, b, 1992, 1993, 2000; Nozharov et al.,
1980; Yanev, Monahov, 2011; etc.).

1. Playa sediments are known from particular
Lower Permian sections at the foot of the Variscan
Orogen, which was NW-SE extended the Balkan
Peninsula. The lands located to the north (in the
Moesian Platform) and to the south (in the Kraishte
Zone) were hilly and were mainly areas of bypass
or denudation with isolated areas of accumulation.
In the Moesian area the data comes from drillings
and in some cases (e.g. in R-1 Dolna Zlatitsa,
Central Northern Bulgaria — Fig. 1) the deposits
were determined as playa-type. It is not possible
to outline the lateral changes of their thicknesses.
Other drillings in Moesia show mass presence
of fanglomerates, which appear to be the rough
derivatives of the cones that have produced the
sediments of the playa-type in the area of the
village of Dolna Zlatitsa. Such sediments have been
probably deposited in other zones around the hills,
that remain as positive relief forms (proved on the
base of seismic data) and thus they existed as areas
of denudation throughout the Permian.

2. The Late Permian found lowered relief of the
orogen and a preserved arid climate. To the north
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and to the south of it, the Moesia and the Kraishte
areas as a whole had also been lowered. From zones
of denudation they had become generally zones
of continental accumulation mainly for deposits
of playa-type. Isolated basins were formed at
some places (based on the data from the drillings
around the village of Bezvoditsa, South Dobrogea
— Fig. 1). They were isolated enough to favor
precipitation of salts as well as sulphates (gypsum,
now anhydrite) and dolomite. To some extent the
mudstones, which had participated in the present
diapiric brecciated sediments formed in the sebkha
near the town of Provadiya (Mirovo Deposit, NE
Bulgaria), can be considered as a playa (s.l.). The
typical multiple alternation of the four-component
system: mudstone-dolomite-sulphate (anhydrite)-
halite shows periodical influence and/or drowning
through the boundary lagoon-scythe of the marine
waters and the subsequent deposition of the different
minerals depending on the increasing of the maturity
(salt concentration) in the pickle in the subsequent
evaporation. The picture of the bed ordering in this
sebkha is analogical with the modern sebkha near
the town of Zarzis in Tunisia. In this article, the
author argues that the playa elements contain only
the mudstone component in it, which periodically,
but very irregularly, was slumped after rare rains.

The role of volcanic activity in the Permian
basins to the North of Sofia and in the Fore
Balkan (NW Bulgaria) for the identification
of the playa sedimentation

The Permian volcanic activity is characteristic ele-
ment of the Stefanian—Permian geological evolu-
tion of Bulgaria (Yanev, 1970a, 1981; Cortesogno
et al., 2004). One of its phases coincides with the
period of the aridity of climate and with tectonic
movements, which created relief very suitable for
playa formation. Because of the explosive activity
after the Autunian, i.e. after earlier “Rotliegend” in
the playa deposits on some places volcanic mate-
rial appears as a secondary element. The last exists
directly as admixture of pyroclastic material or it
is resedimented. Most clearly, it was established in
the deposits between the villages of Dolni Lom and
Vinishte (Smolyanovtsi) and in the Sofia Balkan.
In the first area it is the main element in separate
parts of the sections (the Gyurgich Member in NW
Balkan Mts as an example). The influence of vol-
canic activity on the playa sediments shows the
boundary between the alluvial and proluvial sedi-
mentation (i.e. change between humid and arid
conditions). It is hard to estimate if this change is
also connected with the horizontal migration from
one to another climate zone (see below) because the
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formation of channels for lava effusion and ejection
of explosive material coincided probably with the
normal faults formation.

The influence of the volcanic activity is proved
by the presence of pyroclastic material in the playa
sediments (volcanic clasts, acid volcanic glass,
feldspars, quartz grains with specific shape, etc.).
In the Western Balkan near the town of Sofia
(Yanev, 1982), this material shows much clearer
characteristics of pyroclasts in the fanglomerates
and the hyporock lenses, and the layers of the
Voynegovo Formation between them, while in the
Birimirtsi Formation as well as in the more typical
playa sediments of the Kurilo Formation, they are
often redeposited, i.e., they are tephritic material.
In the Western Fore Balkan (the area of the village
of Smolyanovtsi) the Gyurgich Member contains
predominantly volcanoclastic material, while the
Karachitsa Member is characterized mainly by
tephritic one.

Architecture of the Permian playas
in Bulgaria

In the Western Fore Balkan and Western Balkan
the Lower Permian playa sediments built up cone-
shaped bodies or fused lines of cones in the foot
of the Variscan Orogen Chain. Frequently, they
touched the hilly area of the Moesia and as a result
real playa lakes were formed. The presence of pla-
yas in the Moesian hilly area and the formation of
real playa lakes are supported by two types of evi-
dence — the carbonates and iron-oolite pieces could
have been derived only from the north, while such
rocks have not been found in the Permian sections in
other areas. Usually, the single cones show the form
of small delta fans, while the connected ones form
stripes with front (wavy line) and back. Sometimes,
they outline the relief or the lateral contact with
more rough sediments of the immediate slope or the
fanglomerate cone, which move on with every new
rising of the source area. The majority of cones are
of an obtuse-angled triangle shape, as one of their
short sides lies on the slope on the source rocks side,
the other — on the basement, and the “fundament” is
the natural bias of the deposits, carried freely. In the
cases with “barrier” in front the lower sharp angle
of the triangle is lengthened and deformed in rect-
angle. Other version, that can be observed, is when
instead of a simple back surface = slope, there is a
lateral contact with more rough sediments (usually
proluvial fanglomerates).

The area of the village of Smolyanovtsi is
characterized by the existence of two levels of playa
sediments. This is connected with the evolution
of the morphology of the system of subparallel



grabens and horsts of the Variscan Orogen. At first
the source province was located where present-day
Shiroka Planina Mountain lies. A double sourced
graben (around the strip formed by the villages of
Prevala, Mitrovtsi, and Dolna Luka), filled in only
with rough deposits, existed behind it. Later on, a
process of rising of the range southwest from the
mentioned graben occurred, the rough deposits got
across, covered Shiroka Planina Mountain and a
new band of playa sediments (up to 600 m thick)
was formed to the north in their periphery. In the
Kraishte Zone the Late Permian encountered in
heritance one deeply indented relief with moderately
elevated inner altitudes and more expressive but
more distant positive relief forms (the relics of
the Variscan Orogen to the north and the Thracian
Terrane surrounding the area from east, south and
west). It is hard to rebuild the exact configuration
of the basin, because of the wide Meso-Cainozoic
cover and the Alpine tectonics. However, we can
get some idea about the basin outline because of the
existence of normal stratigraphic contact with the
basement of older rocks. The present-day outcrops
of the Permian in the Kraishte Zone (Yanev, 1979,
Fig. 2) give tentative idea for the size of the basin.
Even with the presence of an immediate Lower
Triassic cover, this size is the minimal possible. On
the other hand, the Triassic lies with discordance,
that serves as evidence for processes of washing of
a part of the Permian sediments. The filling of the
lowered parts of the relief started with deposition
of alluvial and diluvial embankments, but later these
sources were quickly replaced with predominantly
proluvial sediments. There was rough proluvium
only in the beginning of the basin filling. Obviously,
the basin was not drained as there is no evidence
for clear and dominating paleotransport directions,
but only local wide fans. The rocks contain large
amount of carbonates, as well as anhydrite grains and
aggregates. It is possible that the rocks of the Noevtsi
Formation have been transitional in their peripheral
parts in typical playa sediments. At the same time,
there are local lenses of aeolian sediments (e.g. in
some small quarries near the village of Nepraznentsi)
that show desert conditions in the surrounding lands.
Tendency of lowering and peneplanation of the
land and filling of the basin occurred. As a result,
the dry land gradually ingressed over the older
surrounding Paleozoic sediments and intrusive
rocks, even though it shallowed and often dried,
so that it resembled a real playa more and more.
The rocks are hypoargillites, hyposiltstones, and
hypomarls. The shallow environment with ripple
marks and deposits inhabited only by worms (with
bioturbation), and dry periods, with desiccation
cracks and rare vegetation relics have been changed.
There are only allochton steams left from the plants.

The reconstruction of the basin architecture
of the Moesian area is very difficult but it has
some common features with the Kraishte area — a
gradual filling of the isolated areas during the Early
Permian and a more massive and gradually filled
continental basin during the Late Permian. Many
drillings in the Lower Permian sequences show
the presence of two rough clastic levels separated
by hyporocks. This fact displays the drawback or
the dropping of the sources, favorable for the playa
formation (e.g. in R-1 Rasovo and R-3 Vetrino).
On the base of borehole and geophysical data they
were identified as zones of denudation during the
Permian in North Bulgaria (for example the Pleven
and Dalgodeltsi paleo-uplifting). At the same time
by indirection some of the most decreased areas
during the Permian were established, i.e. towards
which the paleocurrent has moved. For example,
in the region around the village of Bezvoditsa the
“maturity” of the pickles reaches up to the sulphate
stage (mainly carbonates, dolomite, and anhydrite —
former gypsum), while near the village of Mirovo
— to the halite stage.

Climate development and Permian playas

There is a large amount of data — petrological (the
red bed unsorted clastic sedimentation, the richness
of fanglomerates, hyporocks), mineralogical (the
carbonate cements of the red coloured sediments,
the deposition of the gypsum and halite, low maturi-
ty of the heavy mineral associations), paleontologi-
cal (the almost full absence of flora and fauna), and
geophysical (the situation of the described lands in
the northern arid climate zone — Nozharov et al.,
1980) about the evolution of the climate. It was
equatorial during the Late Carboniferous (Yanev,
1985a, b), slightly dry during the Autunian to arid
from the beginning of the “Rotliegend” (Janev,
1964; Yanev, 1981, 2000, etc.).

An interesting phenomenon is the finding of
an exceptional case of a dragged down (allochton)
lens of gray and greenish-gray terrigenous rocks
(over 8 x 2.5 m) with greasy seam of coals
(0.01-0.08 m x 0.65 m). It is included among the
variegated in pieces fanglomerates and red colour by
hypo-psammitic mass sediments in Garvanov Dol,
northern of the village of Gorna Luka. However,
we associate the allochton body with the vertical
climate zonality. These materials have been dragged
down from a too highly elevated part of the Variscan
Chain with humid regime, that are typical for the
mountain zones higher than 2500-3000 m, even if
they are situated in arid climate zones. These heights
also correspond to the deposited in their feet rough
clastic sediments that are more than 3000 m thick.
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Following the evolution of the climate as a
whole, it should be marked that its aridness was
not showing up until the end of the Late Permian.
It is testified by the reconstructed delta leading
towards the continental basin in Northwest Bulgaria
(the Rikovo Formation) and the character of the
variegated Totleben Formation, where the fine
clasts are structurally and mineralogically mature
and have not chemical admixtures.

Environment and restoration of the life
on the playas

Up to now no traces of tetrapods, neptunic dykes
with macro- or microsopically visible relics of in-
sects or other fossils, have been found in the Permian
in Bulgaria. This fact is an evidence that the life
conditions in the Permian playas were very unfa-
vorable. However, at some places in the Moesian
region, spores and pollen that are typical for the
Upper Permian in the Vetrino and Targovishte For-
mations, have been found. We assigned them to the
playa and sebkha facies.

In the Koritarski Dol Member of the Smolyanov-
tsi Formation and in the Kraishte Zone (especially
in the Nepraznentsi Formation) the sediments are
mostly bioturbated. The organisms, that buried
themselves, were of various sizes and they left
piercings with different length and diameter. These
with diameter of 0.6—0.8 cm and visible length from
5-7 cm to 10-12 cm, are predominating, but there
are also some findings with size 0.3—0.4 cm x 4-6 cm
or 1.5-2.5 cm x 10-15 cm. Predominant are the
semi-horizontal or oblique holes, while the vertical
ones are exceptional. Thus, we could assume that
the organisms have dug (searching for the poor
nutritious materials) near the surface in the most
unconsolidated and watered sediment.

Except the bioturbation of the holes of un-
identified worm-like organisms, it is very rare for
allochton stem fragments of macro-flora to be found.
They have semi-rectangular braids (sometimes with
unclear small “branch” in the other direction), and
maximum size of the stems between the observed
separate “knees” up to 25-32 cm. In some of the
branches there is an unclear rough longitudinal
stroking and some bending by the length of the
stems (as if the stem was squeezed because it was
empty inside or it was filled with softer or easily
drying inner part). By analogy these allochthonous
relics to some extent can be compared with relics of
Mariopteris flora.

The only recognizable relics giving indirect
proofs for the former life (if not in, at least
around the playas) in the investigated area, are
the palynomorphs in the Targovishte and Vertino
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Formations. The specifics of the Buntsandstein
sediments are discussed below. The only (and
single!) finding are the macroflora remains which
belong to Equvisitites mugeoti Brgnt., found in the
Montana anticline (Harkovska, Tencov, 1963).

Triassic Playas in Bulgaria?

The treatment of the fine-grained parts of the
Lower Triassic (Buntsandstein series) sections in
Bulgaria as playa is strongly debatable (Janev,
1964; Yanev, 1967, etc.). For the first time, the
opinion that this series was formed in arid climate
was expressed by Bonchev (1955, p. 129) and was
supported without any arguments even nowadays
by some authors. Janev (1964, etc.) suggested that
although these rocks are red-coloured, they were
well washed and deposited in humid conditions
after the Permian. Later on, Yanev (1968, 1970b)
referred these clastic sediments to the “braided
river” facies (“fleuve de réseau”), which was later
accepted by Mader and Catalov (1988, 1992a, b,
Fig. 68). Despite that the wide spread and highly
dominating coarse-grained but mature clastic sedi-
ments, which laterally (the area of Bov—Tserovo
in the Stara Planina Mountain) are going into thin
layered, partially more fine-grained alternations,
they are not showing the material and textural
features of rocks formed in a playa. These rocks
were deposited in an isolated small continental ba-
sin, towards which the waters of the “wide rivers”
were directed. They include alternating red and
greenish-gray lake sediments but there are light
fine-grained sandstones with washed lower sur-
face among them. Those are the final “tongues”
of the coarse-grained river sediments. This pa-
leogeographic picture is confirmed also by the
established dominating paleotransport directions
of the surrounding regions and by the rough cross
stratification, typical for this sedimentary type.
Characteristic feature is the absence of chemical
cement even for the most fine-grained rock vari-
eties in this small-sized and shallow continental
basin with unknown direction of draining.

Geodynamic and structural control during
the playa formation

In addition to the arid climate, the tectonic situation
and its evolution affected the playa formation. In
the pre-late Carboniferous basement of the Balkan
Peninsula (Fig. 2) are established parts of Peri-
Gondwanan Moesian, Balkan, Thracian (Yanev,
1990, 1993, 1996a, 2000; Haydoutov, Yanev,
1997) and Dinaride Terranes (with doubts for an-
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cient formation of the Vardar Ocean between the
Dardan and the last terranes). As a result of colli-
sion between the Balkan and the Moesian Terranes
after the beginning of the early Carboniferous, the
Variscan Mountain Range was created with its
very elevated north part at the forehead of

the accretion and a lower hilly back part be-
hind it. Collision accompanied by thrusting of
the Thracian Terrane on the south part of the
Balkan Terrane created another accretion prism
in the forehead of the first one. To the north,
the Moesian Terrane collided with the south pe-
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riphery of Paleo-Europe Scythian Platform and
Northern Dobrogea at the end of the Devonian.
All these collision zones turned into main sources
of feeding up during the Permian. The Variscan
Orogen had a dominating role. To the north and
to the south from it, there were hilly, elevated
territories where the sedimentation was restrict-
ed (these were mainly zones of bypass) and/or
it was developed in spots. Along with the fold
structures of the Variscan Orogen, during the
late Carboniferous and the Permian, many faults
appeared, creating a changing picture of horsts
and grabens. Part of this development was also
the rapid lifted Paleo-Balkan horst in relation
to Paleo-Forebalkan horst in recent Forebalkan
when the rough proluvial sediments were getting
across the present-day Shiroka Planina Mountain.
This paleogeographic picture is the base for wide
development of the proluvial sedimentation and
as an exception — for the playa formation.

The change of the equatorial with arid climate
was already discussed and grounded (with various
paleo-biogeographical, sedimentological, paleo-
magnetic, etc. arguments). It is a result of the
migration in echelon of the Moesian, Balkan and
Thracian Terranes (starting in the Ordovician)
from the moderate humid climatic zone through
the south arid zone to the equatorial tropic zone
during the late Carboniferous and the north arid
zone during the Permian. The gradual joining
of the three main terranes to the Paleo-Europe
indeed created collision structures and accretion
prisms.

The sedimentation during the Buntsandstein is
completely different. Its sediments are deposited
on a very folded basement with angular (up to
90° above the Lower Permian) or geographical
discordance (above varied basement of high-
and low crystalline rocks, Ordovician, Silurian,
Devonian, Carboniferous sediments, and intrusive
rocks). The terrane had been already affected by
one almost general peneplanation and had gone
through desert conditions: its basement includes
threedges (“dreikanters”), part of the pieces in the
conglomerates are with “desert brown complexion”.
From the textural point of view it is interesting that
the mentioned small Triassic continental basin was
formed in an inverse zone — at the location of one of
the most lifted parts in the Variscan Orogen during
the Permian.

Conclusions
The identification of the sedimentological and

palaeontological characteristics of the fossil playa
sediments and the experience from the observation

38

of the modern playa, are of great importance for
their recognition.

Among the most characteristic features of these
almost continental sediments are: weak textural
and mineralogical maturity of the clastic and the
polygenetic rocks and the important presence of
carbonates and soluble salts; changes between the
shallow water and dry conditions; limited spectrum
of the organic remains and traces from their life
activity.

The playa sediments are widely distributed in
the Permian sections in Bulgaria. By its specificity
Lower Triassic red coloured sediments do not
belong to the playa.

On the basis of the proluvial origin of the main
clastic material in the playas and the close genetical
and space relationship with the proluvial cones, it
is suggested that their proximal parts, which were
deposited under arid conditions, are playa variety
(or playa s.L.).

The existence of the continental regime and the
intensive relief formation as a group of elements
favorable for playa formation on the Balkan Penin-
sula is connected with its geologic evolution before
the Upper Carboniferous. Its basement includes
remains of the early Paleozoic Peri-Gondwanan
Thracian, Balkan and Moesian Terranes. They had
migrated in echelon (Yanev, 1990, 1993, 1996a,
b, 2000; Yanev et al., 2001) (from the Ordovician
to the beginning of the Carboniferous) from the
moderate humid zone to the equatorial zone and
during the Permian — in the northern arid zone. After
they “caught up”, they slowly connected to each
other and participated in the Paleo-Europe collision
processes. Thus, the accretion prisms were formed.
The Variscan Orogen relief dominated. It was
created as an accretion prism during the collision
between the Balkan and Moesian Terrane.

As a result of the events mentioned above, the
joined terranes fell into the northern arid zone, which
created the second favorable element for developing
of the playa sedimentation on the wide dryland
territory. Marine sedimentation was protected only
on the ancient Dinaride Terrane (which gravitated
to Apulia?).

The tectonic phenomenon, which reflected the
paleogeodinamic environment during the Permian,
was characterized by combination of folds and
faults with multiphase development and significant
delevelings. As a result, the areas conquered from
playa sediments, were changed in the conditions
of the gradually filling and peneplanation of the
relief.

The general environment of compression,
which was connected with the end of the Variscan
tectonic cycle, was partially accompanied by
vertical movements (resulted in horsts and grabens



formation), too. They show also elements of
extension (transpression), but the real extension
regime and climatic change to humid conditions
occurred after the end of the Permian, as documented
by the “wide rivers” on peneplaned territory and

laterally from K-alkaline extension volcanism
(Cortesogno et al., 2004).
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