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Резюме. Плаите са често появяващ се фациален вид в палеозойските седименти в България. Те са свързани с геоморфоложки-
те и климатичните промени в областта. Главните характеристики на установените континентални плайови седименти са ниската 
им текстурна и минераложка зрялост, обилието на карбонатен цимент, слоеве или включения от лесно разтворими соли, червени 
багри, структурни доказателства за честа смяна между плитки континентални басейни и сухоземни обстановки и т.н. Смяната на 
морския режим (типичен за Балканидите до края на Ранния Карбон включително) със сухи континентални условия, се дължи на 
тектонски събития, водещи до създаване на една Вариска планинска верига, която е пресичала Балканския полуостров от СЗ на 
ЮИ, и на две издигнати зони, свързани със съвременна Добруджа на СИ и Тракия на ЮЮИ. Тази палеогеографска обстановка, 
при условия на известно разтягане, създава зони без или с малко дрениране. Преобладаващо позитивният релеф се дължи на 
колизия и присъединяване на раннопалеозойските перигондвански терени, които мигрират ,,в ешелон“. От север на юг се разпо-
лагат: Мизийският терен, присъединен към Южнодобруджанската периферия на Палео-Европа, Балканският – към Мизийския, 
и Тракийският – към Балканския терен. Kато резултат от тези северно насочени движения през Перма (след Отюна) терените 
попадат в северната аридна зона. Преобладаващите плайови седименти са били образувани в малки басейни в подножието на 
Вариската планинска система, така както и в депресиите с хълмист релеф, намиращи се в някогашните Балкански и Мизийски 
терен. Характерът на седиментацията показва, че през Ранния Перм е съществувал поне един импулс на активизация на релефа 
(респективно тектонско движение) с напредване на пролувиалните конуси към новозаети територии, включително и върху вече 
образувани плаи. Общата тенденция от Ранния към Късния Перм е била към постоянно понижаване на релефа и едновременно 
запълване на малки и временно изолирани басейни, покриващи по-обширни области, но понякога съдържащи диспергирани раз-
творими субстанции (главно сулфати). Пролувиалната седиментация и фациеси са били доминиращи и само на изолирани места 
се е достигнало до по-съществено акумулиране на соли (находище Безводица). Данни за връзката на плая и/или себха с истинско 
солеотлагане съществуват при солното находище Мирово (СИ България). Едно важно заключение е, че няма литоложки разли-
чия между плайовите седименти (s.s.) и периферната част на пролувиалните конуси. Целта на тази статия е да се изясни какво 
следва да се описва като плая, на базата на един много характерен пример. 

Ключови думи: плая, палеогеография, палеоклимат, Перм, Вариска планинска система, Балкански и Мизийски 
терен, България.

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 SSЕ. 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.l.). 

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, 
strаit) 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 Теоdorovich, 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 

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 × 3–6 × 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”). 



33

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 

Fig. 1. Contemporary location of the early Paleozoic Peri-Gondwanan Terranes in Bulgaria (after Yanev, 2000 with 
modifications)

Фиг. 1. Съвременно разположение на раннопалеозойските перигондвански терени в България (по Yanev, 2000  
с изменения)
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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 

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 
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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 × 2.5 m) with greasy seam of coals 
(0.01–0.08 m × 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 × 4–6 cm 
or 1.5–2.5 cm × 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 

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, Tenčov, 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 Čatalov (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-

Fig. 2. Migration of the Thracian, Balkan and Moesian Terranes (after Yanev, 2000) and their accretion to Paleo-Europe 
(the yellow arrow in the paleogeographic reconstruction of Scotese, 2014) during the Permian 

Фиг 2. Миграция на Тракийския, Балканския и Мизийския терен (по Yanev, 2000) и тяхното присъединяване към 
Палео-Европа (жълтата стрелка в палеогеографската реконструкция на Scotese, 2014) през Перма 
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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 

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 
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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). 

Acknowledgements: The author is grateful to 
Dr. Valeri Sachanski for his technical help. 

References

Bonchev, E. 1955. Geology of Bulgaria. Sofia, Nauka i izkust-
vo, 262 p. (in Bulgarian).

Cortesogno, L., L. Gaggero, A. Ronchi, S. Yanev. 2004. 
Late Variscan magmatism and sedimentation within Late 
Carboniferous to Early Permian basins in the Balkan 
Terrane (Bulgaria): geodynamic implications. – Int. J. 
Earth Sci. (Geol. Rundschau), 93, 500–520. 

Gary, M. R., R. McAfee, C. L. Wolf. 1972. Glossary of Geo­
logy. Washington, D. S., American Geological Institute, 
805 p.

Harkovska, A., Y. Tenčov. 1963. Erster fund von fossiler flora 
im Buntsandstein Bulgariens. – Тrav. Géоl. Bulg., Sér. 
Paléontol., 5, 241–247 (in Bulgarian with Russian and 
German abstracts). 

Haydoutov, I., S. Yanev. 1997. The Protomoesian microconti-
nent of the Balkan Peninsula – a Peri-Gondwanaland piece. 
– Tectonophysics, 272, 303–313.

Ianev, S. 1996. Paleozoic evolution of Bulgarian sedimentary 
basins. – In: Rour, F., N. Ellouz, V. Shein, I. Skvortsov 
(Eds.). Geodynamic Evolution of Sedimentary Basins. In
ternational Symposium, 1992. Paris, Editions Technip, 
327–350.

Janev, S. 1964. Über die lithologischen unterschiede zwis-
chen den Permischen und den Buntsandsteinsedimenten 
in Nordwestbulgarien. – Bull. Geol. Inst., 13, 261–278 (in 
Bulgarian with Russian and German abstracts).

Janev, S. 1988. Lithostratigraphie und Sedimentations-bedin
gungen des Perms in Nordbulgarien. – Zeitschr. Geol. 
Wiss., 16, 11/12, 1175–1189.

Janev, S. 1989. Palaeogeographie des Unterperms von Bul
garien. – Zeitschr. Geol. Wiss., 17, 3, 243–251. 

Janev, S. 1991. L’évolution paléozoique de la partie orien-
tale de la région des Balkanides (d’après les données sé-
dimentologiques). – In:  Baud, A., P. Thelin, G. Stampfli 
(Eds.). Paleozoic Geodynainic Doinains and Their Alpidic 
Evolution in the Tethys. Newsletter, 2; Project IGCP 276. 
Mémoires de Géologie (Lausanne), 10, 71–89. 

Mader, D., G. Čatalov. 1988. Fluvial depositional evolution of 
the Teteven Anticlinorium (Central Fore-Balkan, Northern 
Bulgaria). – Geologica Balc., 18, 3, 3–30.

Mader, D., G. Čatalov. 1992a. Comparative paleoenviron-
mental modelling of the Buntsandstein (Lower Triassic 
in Bulgaria vs. Midlle Europe). – Geologica Balc., 22, 6, 
21–61. 

Mader, D., G. Čatalov. 1992b. Teteven Anticlinorium 
(Bulgaria): Rotliegend and Buntsandstein. – In: Mader, D. 
(Ed.). Evolution of Paleoecology and Paleoenvironment 
of Permian and Triassic Fluvial Basins in Europe, 2. 
Stuttgart-New York, Gustav Fischer, 853–918.

Nozharov, P., N. Petkov, S. Yanev, V. Kropaček, M. Krs, P. 
Pruner. 1980. A paleomagnetic and petromagnetic study of 
Upper Carboniferous, Permian and Triassic sediments, NW 

Bulgaria. – Studia Geophys. et Geodinam., 24, 252–284. 
Scotese, C. R. 2014. Atlas of Permo-Triassic Paleogeographic 

Maps (Mollweide Projection), Maps 43–52, Volumes 3 & 4 
of the PALEOMAP Atlas for ArcGIS. PALEOMAP Project, 
Evanston, Map 52.

Теоdorovich, G. I. 1958. Science for the Sedimentary Rocks. 
Leningrad, GNTINGTL, 572 p. (in Russian).

Yanev, S. 1967. Climatic traces on the Paleozoic sediments 
in the Balkan region. – In: Proceedings of VIII CBGA 
Congress. Belgrade, Yugoslavia, 483–489.

Yanev, S. 1968. Lithology of the Upper Paleozoic Sediments 
in North-West Bulgaria. Unpublished PhD Thesis. Sofia, 
Geol. Inst., Bulg. Acad. Sci., 370 p. (in Bulgarian).

Yanev, S. 1969. Fazien und lithogenetische typen in den Jung-
palaeozoischen sedimenten in NW Bulgarien. – Bull. Geol. 
Inst., Ser. Stratigr. and Lithol., 18, 91–126 (in Bulgarian 
with Russian and German abstracts). 

Yanev, S. 1970а. Gesteinstypen in dem Jungpalaeozoikum im 
NW Bulgarien. – Bull. Geol. Inst., Ser. Stratigr. and Lithol., 
19, 111–136 (in Bulgarian with Russian and German 
abstracts). 

Yanev, S. 1970b. Palaeogeography of the NW Bulgaria during 
the Paleozoic. – Rev. Bulg. Geol. Soc., 31, 2, 197–208 (in 
Bulgarian with English abstract). 

Yanev, S. 1979. The Permian of the Northeast Kraishte. – Rev. 
Bulg. Geol. Soc., 40, 3, 236–246 (in Bulgarian with English 
abstract).

Yanev, S. 1981. The Permian of Bulgaria. – In: Proceedings 
of International Symposium on Central European Permian. 
Jablonna, 1978. Warsaw, Geological Institute, 103–126. 

Yanev, 1982. Variskan molasse in Sofia Stara Planina 
(Buchino–Kurilo–Iordancino). – In: Excursion Guide Book 
“Molasse Formation in Bulgaria”. Sofia, Geol. Inst., Bulg. 
Acad. Sci., 76–79.

Yanev, S. 1985a. The Permian system. – In: Gorak, C., Ch. 
Spassov, P. Zegelnyuk, M. Vdovenko, S. Yanev (Eds.). 
Correlation of the Paleozoic Sediments on the Black Sea 
Coast and the Shelf of Bulgaria and Ukrainе. Kiev, AN 
USSR, Geol. Inst., 44–52 (in Russian). 

Yanev, S. 1985b. Development of the Upper Paleozoic for-
mations of Bulgaria. – In: Contributions of the Bulgarian 
Geologists at the 27th Intern. Geol. Congr. Moscow, 1984. 
Sofia, Tehnica, 42–49 (in Russian). 

Yanev, S. 1989a. Paleozoic evaporithic formations in Bulgaria. 
– In: Proceedings of the XIV Congr. CBGA, 3. Sofia, 
867–870.

Yanev, S. 1989b. Faziesmilieus und deren raumlichen und 
zeitliche Verteilung bei der variszische Molassebildung in 
Bulgarien. – Zeitschr. Geol. Wiss., 17, 8, 765–778. 

Yanev, S. 1990. On the Peri-Gondwanan origin of Eopaleozoic 
sediments in Bulgaria. – In: Actas of 11th Congr. Geol. 
Argentino, 2. San Juan, Argentina, 133–137.



40

Yanev, S. 1992. Permian in North Bulgaria. I. Official litho
stratigraphy, related to Lower Permian. – Geologica Balc., 
22, 5, 3–18.

Yanev, S. 1993. Permian in North Bulgaria. II. Formal litho
stratigraphy, related to Upper Permian. – Geologica Balc., 
23, 1, 3–24.

Yanev, S. 1996a. Palaeoclimatic Data on Terrane Movements 
from Bulgaria during the Paleozoic. – In: Sinha, A. K., F. P. 
Sassi, D. Papanicolau (Eds.). Geodynamic Domains in the 
Alpine-Himalayan Tethys. Oxford & IBH Publishing Co. 
PVT. LTD, 347–368. 

Yanev, S. 1996b. Sedimentological comparisons between the 
Paleozoic siliciclastic rocks in Western Bulgaria – impli-
cations for long-term tectonic evolution. – Zeitschrift des 

Thüringischen geologischen Vereins. Festschrift gewidmet 
an Prof. Harald Lützner 65 Geburtstag, 19–31. 

Yanev, S. 2000. Palaeozoic terranes of the Balkan Peninsula 
in the framework of Pangea assembly. – Palaeogeogr., 
Palaeoclimatol., Palaeoeocol., 161, 1–2, 151–177. 

Yanev, S., L. Maslerevič, B. Krstič. 2001. Оutline of the 
Permian paleogeography in the central and eastern part 
of the Balkan Peninsula. – In: Cassinis, G. (Ed.). Permian 
Continental Deposits of Europe and Other Areas. Regional 
Reports and Correlations. Monografie di “Nature Bres
ciana”, 25. Museo civico di scienze naturali di Brescia, 
235–244. 

Yanev, S., I. Monahov. 2011. The Mirovo saltbearing deposit. 
– Minno Delo i Geologiya J., 1/2, 34–36 (in Bulgarian).

Постъпила на 29.11.2017 г., приета за печат на 27.02.2019 г.
Отговорен редактор Елена Колева-Рекалова


