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fl . Tentto6- CeiJuMenmalfUJI u 3pOJu.q a Bepx ueM Kap6oue 6 po6pyiJJICallcKoM KaMennoyzo,1&HOM Mecmopo:>~CiJe
IIUU ( Ceaepo-BocmottllllJI SO!IZGpll!l). Ce.zUt:MeHTaUllll II 3p0311ll B MCCTOpOJKL(eHHa pacCMOTpeHbT Ha OCHOBe pa3-
Mb!BOB MeJKL(y CBIITaMH, a TaKJKe MOIUHOCTII II COCTaBa CBIIT. CD:eJiaHO YTO'!HeHlle HeKOTOPbiX rrapaMeTpOB cy
IUecTBYKliUero JIIITOCTpaTHrpaq,ll'!ecKOrO L(erreHiiR. l.facTb CBIIT liB!IlleTCll crreuHq,H'!ecKOlt L(Jlll MecTOpolKL(eHHll, 
HO HC L(illl 6acceli:Ha. PaCCMOTpeHO pacnpeL(eJieHiie 60JIOTH0-03CpHOll: II aJIJIKlBHaJibHOH ceL(HMCTHaU11fl B cy6a3-
paJibl{OH D:eJibTOsoi!: o6cTaHOBKe. B&rliBJieHbi MecTa pe'!HbiX pycen H cD:enaHo npeD:nOJIOJKCHHe o pe'IHOM pycrre 
6onee BblCOKOrO KJiacca 3arJaL(Hee MCCTOpOlKL(eHllll. 0CHOBHOe IIOCTyrrneHHe TeppllreHHOro MarepHarra OCyiUecT
BJlliJlOCb rrpelKLJ:C acero c 10ra. PaccMorpeH MexaHH3M yHacneD:osaHHll MeeT 6onoTHo-oJepHoA ce,zu.rMeHTaUHH 
L(illl MHOfOCJlOHHOrO yrOJlbHOrO MCCTOpoJK,!leHHll. 3TO CBI!3bTBaCTCll JIY'IWHM 06pa30M C yllJlOTHeHHeM yr!Ill, 
a B Ha'laJibHOH CTaL(IIII- C YlliiOTHCHIIeM MOIUHOrO BYJIKaHOKJlaCTH'!ecKOrO CJIOll. 3p03HOHHbie q,a3bl CBl!3aHbl 
C llOCTYilJieHHCM TepplireHHOrO MaTepllaJia L(aJlbHCrO npOHCXOJKL(eHIIll H C llOBbiWeHHblM y'laCTHeM BYJIKaHo
KilaCTH'iCCKOrO MaTepHaJla. 

Abstract. Sedimentation and erosion in the Dobrudzha coal field are regarded on the basis of the wa
shing away between the formations and of formation thickness and composition. Some parameters of the exis
ting lithostratigraphic division have been revized. A part of the formations is specific for the coal field and 
not for the basin. The distribution of the marsh-lake and fluviatile sedimentation is considered under subae
rial delta conditions. Channel places have been established and a supposition is made for a higher rank chan
nel to the west of the coal field . The basic transfer of terrigenous material had proceeded mainly from the 
south. The mechanism of inheritage of the places of marsh-lake sedimentation for a multilayer coal deposit 
is considered. For the field this corresponds best to the coal compaction and in the initial moment- to the 
compaction of a mightly volcaniclastic layer. The erosion phases are related to the transport of terrigenous 
material of a distant origin and to the increased presence of volcaniclastic material. 

Introduction 

The Dobrudzha coal field (DCF) has been studied by drilling according to a co-ordinate 
grid with dimensions for its central part from 0.5 x 0.5 to 2.0 x 2.0 km. The deposit contour 
covers about 150 square kilometers. The collected information is systematized from stra
tigraphic, lithologic, coal petrologic, tectonic and technical point of view (H H K o 11 o B 

et al. , 1988). The drillings u sed in the present investigation are shown schematically in Fig. I. 
The study is focused on sedimentation and erosion, which have not been elucidated in the 
existing generalization . The research leads to the solution of problems related to detailed 
biostratigraphic investigations and more reliable correlation of the single coal layers. 

The lithostratigraphic division of the Late Carboniferous of DCD (T e H q o B & K y
JI a K c b 3 o B, 1972) has been supplemented with the establishment of members of the 
Gurkovo Formation (H H K o 11 o B et a!., 1989) and the indication of some lithological 
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markers and marker surfaces (H 11 K o 11 o B & I1 o rr o 8 a, 1989). The basic stratigraphical 
concepts are presented in Fig. 2. 

Analysis of the sedimentation and erosion phenomena m the Dobrudzha 
coal field 

The analysis has been bound with the official stratigraphic units and their parts mainly on 
the basis of thickness, but also taking under consideration data about the sediments or 
their specific features. 
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Fig. 1. Location of the boreholes in the Dobrudzha 
coal 
1 - place and No of the holes; 2- place and No of 
the holes used in Fig. 11 

Fig. 2. Stratigraphic division and erosive surfaces in the deposit 
Lithostratigraphic division (according to T e H 'I o s, K y JT a K co -
3 o B, 1972, amended): lr- Irechek Formation; QCS- quartz sand
stones and conglomerates; Mog - Mogilishte Formation; Vr
Vranino Formation; Mak- Makedonka Formation; Ve- Velkovo 
Formation ; Kr- Kroupen Formation; Po- Poljanci Formation; 
Gu- Gourkovo Formation. Chronostratigraphic division : V- Late 
Visean Series; NC- Namurian C stage; WA, WB, WC, WD - sta
ges of the Westphalian Series for continental sediments in Europe; 
Cant- Cantabrian stage. Erosive surfaces: I, II- before the Mogi
lishte Formation; III- before the Vranino Formation; IV- before 
the Velkovo Formation; V - before the Poljanci Formation; VI 
before the Gourkovo Formation; VII- after the Gourkovo Forma
tion before the Middle Jurassic Series- includes the pre-Permian, 
pre-Early Triassic and pre-Middle Jurassic erosive surfaces 

Mogilishte Formation 
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T e H 'I o B & K y JI a K c b 3 o 8 (1972) report a thickness of this formation of 550 m and 
an age of Namurian C- Westphalian B (partly). The sediments are built of more than 50 
coal-bearing rhythms. Two levels which are poor or deficient in coal are outlined: the first 
being about 150 m above the base of the formation with a thickness of 25-30 m and the se-
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cond - 400 m above the base and up to 100 m thick. The coal-bearing rhythms are assu
med to be non-correlatable for the area of the field. The only unifo rm and identifiable layer 
- L1 - is in the base of the formation. It is combined with a lithologic marker of black 
grannular tonsteins underneath. There is no distinct lithological boundary between the 
Mogilishte Formation and its basement (Irechek Formation) except in the cases when the 
member of the quartz conglomerates and sand stones (15 m thick and of an uncertain age) 
lies between them. The con siderable difference in the ages of the two formations and the 
subparallelism of layers determine the di scontinuance between them as a parallel dis
conformity. The upper boundary has been regarded so far as an erosive one with the Vra
nino Formation. In the present analysis the absence of the Vranino Formation in one of 
the strips in the southern part of the field was established (Fig. 5). Jt was also observed 
that over the Mogilishte Formation different parts of the Makedonka Formation are em
bedded to the m5 coal seam. Erosive phenomena are not encountered when the contact is 
with this laye r. At such places the Mogilishte Formation is by I 22 m thicker than in its 
typical section (borehole 90) and the age boundary rises to the Westphalian B /Westpha
lian C. 

The sedimentation of the Mogili shte Formation had obviously proceeded in a flood 
plane under conditions of migrating braided river combined with marsh sedimentation. During 
two periods (the coal deficient levels) mainly fluvial sedimentation occurred. The data for 
the formation are incomplete because of the insufficient number of boreholes which are 
crossing only the upper or only the lower part of the formation. Only two boreholes 
have passed it from the cover to the basement. The paleontologic correlations are not well 
known. 

Vranino Formation 

This formation has been considered till now to have a constant thickness of 45 ± 5 m in 
the field and an age of Late Westphalian B (partly). The lower boundary is erosive showing 
discontinuity and parallel disconformity with the Mogili shte Formation. The upper boun
dary has a gradual transition to the Makedonka Formation. 

The Vranino Formation is almost completely built of sandstones with rare conglome
rate lenses. Thin siltstones with insignificant intercalations of argillites and sometimes coal 
are seldom encountered. The lowest 5-10 m of the formation are built of lithic sandstones 
with predominant metamorphite fragments. The conglomerate pieces in this part consist 
of quartz, quartzites, quartzite sandstone and metamorphites. In the adjacent part of the 
formation there are volcanomictite san sdstones similar to these from the high parts of the 
Mogilishte Formation and from the low parts of the Makedonka Formation. The conglo
merate pieces here are mainly of redeposited concretions, sandstones, argillites, aleuroli
tes and coal pebbles. The origin of the coal pieces is identified to be from the Mogilishte 
Formation (H H K o JI o Bet al., 1988, p. 16). 

Using the distance from the m 5 layer to the boundary between the Mogilishte and 
Vranino Formation, this plane and the alterations in the thickness of the regarded forma
tion have been reconstructed (Fig. 3). Three systems of valleys - K, L and M and one 
positive form - "The Hill" have been established. A substantial support for the recons
truction and for the preservation of the river network in the formation genesis is the bin
ding of all the documented conglomerate bands with the places of the river valleys. The 
conglomerates are regarded as concentrated by redeposition and forming the channel 
lag deposits. The fine intercalations (clays and coal) make two levees around the Hill. The 
availability of metaclastic sediments in the base of the formation and the low conglomerate 
content suppose that more active erosion had proceeded beyond the area - to northwest. 
The considered region is a part of a flood plain after an erosive phase when materials 
of distant origin wer>! deposited. Subsequently (the higher levels of the Vranino Formation) 
these deposits were reworked and additional material was carried in (from the south 
for the channels of the streams K and M) mainly from the vicinity of the Mogilishte Forma-
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tion. The channels K and L are directed straight towards a higher rank channel and M ob
tains this direction after passing round the Hill. 

The Vranino Formation has to be regarded as specific for the investigated area sand
stone lens. Its analogue may exi st in other areas round the central river channel. The for-
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Fig. 3. Vranino Formation- thicknessi ·and sedimentation circumstances 
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I- erosion zone; 2- river bed sedimentation; 3 - levee depositions ; 4 - channel lag conglomerates in the 
lower-, middle- and upper parts of the formation ; 5- siltstones and/or argillites; 6- coal intercalations; 
7- major water channel direction ; 8- designation of internal river valley 

mation does not spread to the south and probably to the west. The presence of conglome
rates or the transition to conglomerates may be expected to the west. To the south and 
under the Hill the Mogilishte Formation is preserved with levels higher than these in the 
typical section of the borehole 90. 

Makedonka Formation 

The formation consists of II or 12 coal-bearing rhythms with considerable stability of 
the coal layers in the field. The lower boundary has a lithol.ogic transition to the Vranino 
Formation and the upper one is erosive with the Velkovo Formation. The thickness varies 
from 200 to 220 m. Two members can be distinguished: a sandstone volcano-mictic one 
under the m 6 coal seam and an aleurite-argillite one over it. 

The sandstone-volcanomictic member consists of up to 80 % green medium- to coa rse
grained volcanomictic sandstones with thin intercalations and lenses of aleurolites, argil
lites and thin coal layers. It has been assumed that the finer-grained rocks form four le
vels (H H K o JI o Bet al., I988). According to another opinion for a small area from the eas
tern part of the deposit 9 cyclites with complex intercalations have been distinguished (M H-
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He B, 1990). The thickness of this member is assumed to be 50-60 m without evidence for al
terations. The upper and the lower boundary are connected with gradual lithological changes. 

The constructed map for the thickness of this member (Fig. 4) at the horizontal m 5 
coal seam reveals the lower boundary surface and the thickness variation. The profiles 
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Fig. 4. Makedonka Formation, sandstone-volcanomictic member- thickness and sedimentation circumstances 
I -marshes formed in the beginning of sedimentation; 2- northern boundary of the transition between the 
Mogilishte Formation and the aleurite-argillite member of the Makedonka Formation; 3- northern boun
dary of the distribution of the Vranino Formation as a base of the sandstone-volcanomictic member; 4-
area where the m5 layer lies over unwashed Mogilishte Formation; 5 - lakes-marshes in the beginning of 
sedimentation without run off; 6- member thickness in the drilling ; 7- profiles- Fig. 5 

(Fig. 5) exhibit the irregluar and not stratified distribution of the coal intercalations. This 
member is wedging to the south, lying at some places with erosive contact and parallel 
disconformity over the Mogilishte Formation. Again in the southern part in a narrow 
strip the coal seam m 5 is lying over the Mogilishte Formation conformably. There are no 
coal and clay intercalations in the southern parts of the member. The initial deposition 
areas of the member (A1, A2, B and C - Fig. 4) were lake-marsh ones formed by drai
ning of channels (from Fig. 3). The maximum thickness of the member is observed there 
- 80 to 90 m. Later the area was covered by changing places marshes and by migrating 
short-term channels. Terrigenous material was carried in mainly from the south. Accor
ding to M H He B (1990) intraformation washing away attended sedimentation processes. 

Pseudomorphic tonsteins and tujfites under the m 5 coal seam 

These are tuffstones and tuffaleurolites completely or partly metamorphosed in tonsteins 
(IT o n o B a in H H K o JI o B et al. , 1988, Fig. 18). The reconsideration of the scheme of 
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Fig. 5. Profiles of the Vranino and Makedonka Formations to the m5 layer 
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1- coal layers; 2- tuffaceous sediments and tonsteins; 3- sandstones; 4- conglomerates in the boreholes; 
5 -lack of drilling data for the Mogilishte Formation; 6- a transition boundary; 7- erosive boundary 
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Fig. 6. Preserved thickness of the Makedonka Formation over the m5 layer and relief of the erosive surface 
under the Velkovo Formation 
1 -areas where the m11 layer is not eroded; 2- area where the m9 layer is affected by erosion; 3- iso
pachs of the volcaniclastic sandstones; 4- drilling data used in Fig. 6 and 7; 5- drilling data used in Fig. 7; 
6 - driJling data used in Fig. 6 
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distribution is shown in Fig. 6 on the basis of more complete analysis of the thickness on 
this level. The comparison with the conditions immediately before the deposition (Fig. 4 
and 5) imposes the interpretation that the ash-fall material had been eroded and redistri
buted to one degree or another. The concentration was chiefly in the areas A1 and A2 (from 
Fig. 5). This presumes that the regime of river damming up continued in these areas 
and that B was moved a slightly to the south. There are no data and possibilities for inter
pretation of C. D and E were formed under unclear circumstances, possibly by damming · 
up of the channels M and N. We assume the lower boundary of this marker as an abrupt 
lithologic change. 

The siltstone-argillite member of the Makedonka Formation is constructed predomi
nantly of argillites and siltstones. More sandstone intercalations are found in the upper 
part of the member. They are mainly fine- and medium-grained oligomictic ones. The coal 
layers are in 7 levels, regarded as continuous for the coal field. Undoubtedly the lowest 
layer, designated as m 6 is continuous and extends beyond the investigated area, including 
to the south. A specific in composition lens-like body of 50 m thick wacke sandstones is 
known in the western part of the area. It has been discussed separately. The upper sur
face of the member, and of the Makedonka Formation respectively, is connected with deep
ly indented erosive surface. 

The analysis of the total preserved thickness of the coal layers in this member (Fig. 6) 
shows a significant relationship between the large thicknesses and the areas of maximum 
thickness of the tuffstones and tuffsiltstones under the m5 layer and the places of the river 
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Fig. 7. Thickness of the Velkovo Formation under the n1 layer and reconstruction of the erosive surface on 
the formation at the horizontal n1 layer 
1- boreholes used in Fig. 6 and 7; 2- boreholes used in Fig. 7; 3- boreholes used in Fig. 6 
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valleys prior to this layer. Certain divergences and inadequacies arise from the fact that 
a part of the formation is washed away and wacke sandstones are disseminated. 

Volcanic wacke sandstones in the Makedonka Formation 

They are situated under the m8 layer in the western half of DCF. The sandstones are 
greyish white with coarse di scontinuous parallel bedding and contain angular or oval tuf
foclasts up to 4 em in size. The distribution of their thickness (Fig. 7) and place in the 
section shows regular thickenning up to 50 m to northwest and disappearing in the mid
dle of the investigated area in SE-NW direction and west direction in the southern parts. 
The m7 layer is absent in the section when the thickness exceeds 20 m. The erosive base, 
the composition differing from the rest part of the formation and the stratification 
provide evidence for the alluvial river origin (n o n o B a in H H K o JI o B et al., 1988). 
For this reason we assume them as point bar deposits, formed during high water under 
conditions of intensive volcanic activity outside the investigated area. 

In the highest parts of the Makedonka Formation over the n11 layer (borehole 153) 
are found similar sandstones 10 m thick. They are the only preserved evidence for the re
petition of the event that caused the formation of the wacke sandstones under the m8 
layer. This fact has not been discussed till now. 

The thickness and location of the volcanic wackes show the possible direction of the 
major river bed to northwest of the investigated area with SW-NE direction. It is iden
tical to that established from older sediments. 
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Fig. 8. Distance between the m5 and n1 layers 
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I- zone of dominating lake sedimentation in the Makedonka Formation after the forming of the m5 layer; 
2- lake sedimentation in the Kroupen Formation around the n1 and n2 layers; 3- areas with clayey se
diments in the Poljanci Formation; 4- ranges of maximum and minimum distance between m5 and n1 
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Erosive surface between the Makedonka and Velkovo Formations 

This surface has been constructed from two sets of data since a part of the drillings did 
not reach it. In one of the cases the surface has been recon structed according to the dis
tance above the m 5 layer, assumed as horizontal (Fig. 7), and in the other - according 
to the distance under the n.~, layer, assumed as horizontal (Fig. 8). The comparison shows 
certain deviations in the details, most probably due to the different sets of initial data. 

The erosion before the deposition of the Velkovo Formation had affected considerable 
area and extends beyond the limits of the field. Inside the deposit up to 123 m of the men
tioned section of the Makedonka Formation had been subjected to erosion. The layers 
m12 and m11 are preserved in spots a rounds the channels of the streams. This circumstance 
was not taken under consideration by H H K o JI o B et a!. (1988, Fig. 20). Erosion had 
affected the m9 layer in the southwestern part of the investigated area around borehole 76. 
The position of the river channels in the southern parts shows relief rising to the south. 
It is very probable that material was carried in from this direction during the deposition 
of the Velkovo Formation. Before the Triassic considerable fault took place in this direc
tion. There are more than 800 m Permian sediments under the Triassic to the South, whi
le above the Carboniferous to the North there are no such depositions. It is not impro
bable to presume the existence of a long-term fault. 
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Fig. 9. Isopachs of volcanogenic sediments under the m5 layer (tuffites and tonsteins) and isopachs of the to
tal thickness of the coal layers in the Makedonka Formation from the m5 layer upwards 
I- for volcanogenic sediments; 2- for coal; 3- the numerator is for the thickness of volcanogenic mate
rials and the denominator- for the coal thickness 
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Velkovo Formation 

The formation is built up of light-grey medium- to coarse-grained quartz-oligomictic sand
stones with rare gravelite and conglomerate intercalations. The quartz grains exceed 75%. 
The conglomerate pebbles include also sapropelite coal with identified origin from the m11 
and m. layers of the Makedonka Formation. The cement is a clayish one, anhydritic 
in some places. The formation thickness varies from 40 to 133 m (Fig. 8), the higher va
lues being bound to a certain extent to the negative parts of the erosive relief. The an
hydrite cement is an evidence for deep drainage and dry climate. The latter is substantia
ted by the observed thickenning of the cuticle of plants under and over the formation (C T e-
4> a HoB a & IT e e B a in H n K o JI o B et al., 1988). The higher maturity of the sediments 
and the data for their channel origin suppose considerable washing away and redeposition. 
The coal conglomerate pebbles provide evidence that the Makedonka Formation is more 
widely spread and has been subjected to erosion during the deposition of the Velkovo For
mation. The rare conglomerate intercalations, as well as these of fine-grained composition 
do not exhibit relations with the initial indentation of the relief. 

Distance between the m 5 and n1 layers 

The supposition that each of these two continuous and identifiable coal layers are hori
zontally formed is beyond any doubt. There is not a single well-founded argument in favour 
of the reverse hypothesis until now. The distance between the layers (Fig. 9) varies from 
152 to 285m. 5 minima and 4 maxima have been grouped in a spot-like distribution. For 
this reason the different distance cannot be caused by a systematic or directed unlevelling of 
the lower layer before the forming of the upper one. The following possibilities are consi
dered to explain the variation of the di stance. 

A. R e I a t i o n s h i p w i t h t h e t h i c k n e s s o f v o I c a n i c t u f f s 
u n d e r t h e m 5 1 a y e r 

It is well known that in the process of lithification and burial of tuffs their volume is 
considerably diminished. (ITo noB a in H H K o JI o B et al., 1988 gives references accor
ding to which a 10-fold decrease of tuff volume is possible.) From the comparison of the 
thickness data of tuffs (tonsteins) (Fig. 6) it was established that: The minimum 1 is outside 
the tuff data; the minima 2 and 3 are at a distance about 200 m between the two layers, 
the tonstein thickness being 5 m; the minima 4 and 5 - at a distance of 180 to 200 m and 
tonsteins about I m thick. The maximum distances are bound as follows: zone I- distan
ce 241 m and 21 m of tonsteins; zone II - outside the tonstein data; zone lii -distance 
226 m 13 to 21 m of tonsteins; zone IV -distance 285 m and 10 m of tonsteins. In ge
neral the greater distances are bound to greater thickness of tonsteins. The comparison 
of the thickness of the Velkovo Formation (Fig. 6) with the ton stein thickness shows a lack 
of correlation relationship, i. e. tuff compaction was finished before the deposition of this 
formation. The influence of tuff compaction on the thickness of the m 5 coal layer above 
them (and the place of lake sediments over the layer) is well bounded. 

B. R e I a t i o n s h i p w i t h t h e t o t a I t h i c k n e s s o f t h e c o a I 
layers in the Makedonka Formation 

The coal layers thickness considerably diminishes from the moment of their forming 
in the peat bogs till their anthraticization because of dehydratation and gas emission. 
The data about the total thickness of coal layers in the Makedonka Formation are accor
ding to contemporary conditions upwards from the m6 layer - after washing away of a 
part of the formation. For this reason the data are not fully compatible. The minima 1, 
2, 4 and 5 of the investigated distance are in zones with minimum total coal thickness and 
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the minimum 3 is in a zone with maximum thicknes s. The five minima are in places with 
a significant and medium washing away of the Makedonka Formation, but with minimum 
and medium thickness of the Velkovo Formation. The four maxima a re in zones with me
dium total coal thickness and insignificant washing away of the Makedonka Formation, 
but with minimum and medium thickness of the Velkovo Formation. Hence coal compac
tion exerts certain effect on the decrease of the distance between the two layers until the 
forming of the upper one. This influence continues probably after the forming of the upper 
layer. 

C. R e I at i o n s h i p w i t h t h e c o m p a c t i o n o f c I a y e y s e d i m e n t s 
from the Makedonka Formation 

The compaction is characteristic for clayey sediments and is due mainly to dehydrata
tion. The total thickness of the se sediments above the m 5 layer in the Makedonka Formation 
is large. As far as this part of the formation is not regularly preserved an effect propor
tional to the preserved thickness should appear. This effect should exhibit itself in a maxi
mum closeness of the maximum preserved parts of the Makedonka Formation. The ob
served relationship, however, is just the opposite. The minimum distance between the two 
layers is in the zone of minimum and medium thickness of the preserved part of the Ma
kedonka F01mation, while the maximum one is in the places where greater thickness of 
the Makedonka Formation is preserved. The wacke sandstone wedge in the Makedonka 
Formation (up to a quarter of the formation thickness) does not change the relationships. 
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Fig. 10. Preserved thickness of the Kroupen Formation and erosive surface between the Kroupen and Po
Jjanci Formation 
1 -zone of lake sedimentation in the Makedonka Formation 
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It may be assumed of course that an equal compressibility exists with clayey rocks. The 
conclusion suggests that the compaction of clayey sediments had proceeded too fast and 
had not influenced the Velkovo Formation thickness, as well as the irregular distance bet
ween the layers. 

An attempt was made for integral assessment of the three factors expressed by their 
measured thickness and compared with the real distance between the layers (for the mini
ma 2, 3 and 4 and for the maxima I, III and IV). The results are not presented since the in
vestigation does not determine a relationship for a single factor, a couple or a group of 
factors. 

Conclusively the unparallelism of the two coal layers shows poor relation to the ton
stein thickness. The compaction had been finished considerably earlier before the erosion 
of the upper part of the Makedonka Formation. The compaction of clayey sediments had 
been also accomplished earlier - before the erosion. The major factor for the unparalle
Jism of the two layers is in our opinion the continuous slow process of the coal layers com
paction. This factor did not exert substantial influence in the course of quick deposition 
of the Velkovo Formation. The evidence for the continued action of this factor after the 
deposition of the n1 layer are the marsh-lake deposits over this layer and in the clayey se
diments after it in the Polyantsi Formation, as well as the forming of the thick p3 layer of 
the Gourkovo Formation in this region. 

Kroupen Formation 

It is connected with a quick lithologic transition from the Velkovo Formation and is se
parated by an erosive surface from the Polyantsi Formation. The thickness varies from 6 
to 146 m. The formation is built up mainly of sandstones (about 70 % of the section) and 
four packets of siltstones, argillites and coal. The sandstones are oligomictic, similar in 
composition to those from the Velkovo Formation but are coarser and more irregularly 
grained. The first and second coal layers are of bogheads which are an indication together 
with the clayey rocks above them for a lake sedimentation. The maximum preserved thick
nesses are from the southern part of the deposit (from 173 to 146 m) while to the north 
they are between 24 and 100 m (Fig. 10). 

The washing away of the sediments of the formation before the deposition of the Po
lianci Formation was connected with two systems of channels and had been most proba
bly realized in two stages. The first system includes the peripheral areas of the lake envi
ronment and reaches the level of the third coal layer at about 50 m above the formation 
base. The channels are radially situated, broad and shallow. The second system reaches 
the centre of the lake environment and the first layer n1• The channel flowing to southwest 
has narrow and steep banks. This is a prerequisite for rapid erosion and soon after that 
-for fossilization of the sediment relief by the Poljanci Formation. 

The data for the formation thickness allow the assumption for the preservation of the 
basic features of the development of the field which have been observed till now. A posi
tive relief had probably existed more to the south than in the Velkovo Formation. The ba
sic part of the terrigenous material came probably from the same direction. The data for a 
major river channel to northwest are not so categorical. The Kroupen Formation also seems 
to be locally formed and may not be represented in the neighbouring regions, where it 
will be regarded as a part from the Velkovo Formation in the cases of Jack of coal seams. 
The formation is treated as a flood plain of a big river. 

Poljanci Formation 

The formation is confined between two erosive surfaces: the lower one being with the Krou
pen Formation and the upper one- with the Gourkovo Formation. It consists of oligomictic 
and polymictic sandstones and conglomerates. Carboniferous argillites and coal pebbles 
are often encountered among the conglomerate ones. There is a levd of argillites with 
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rare intercalations of coal argillites in the middle part of the formation in the centre of the 
area of the deposit. At the place thi s level follows the contour of the lake facies and of the 
maximum closeness of the coal layers m5 and n1 (Fig. 8). There is a marked deficiency of 
argillite intercalations in the southeast quarter of the field, where is the maximum distance 
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Fig. 11. Total preserved thickness of the Kroupen and Poljanci Formations and erosive surface under the 
Poljanci Formation 
1- boreholes used as data also in Fig. 12 

between the layers m 5 and n1 • Around the outlined southern valley rare conglomerates are 
present. 

The analysis of the thickness of the formation is hampered by the complex relief of 
the lower and upper boundaries. The thickness varies from 65 to 162m. The minimum thick
ness is in the southeastern and northern part of the field and the maximum one - in 
the middle and northwestern quarter of the field. The lower erosive surface is presented 
in Fig. 10. The upper erosive surface is constructed by means of two different methods 
(Fig. 11 and 12). In Fig. II it is obtained by the total thickness of the Kroupen and Polyantsi 
Formation above the n1 layer andinFig. 12-bythethicknessoftheTopola Member under 
the p3 layer. The initial data for the two figures differ substantially, these for Fig. II being 
mainly from the southern half of the field. The common thing for both cases are the out
lined narrow erosive valleys in EW direction. The indentation of the valleys had been in
tensive - they were narrow and probably rapidly filled up, before their banks could be 
subjected to erosion and widening. According to the data from conglomerate pebbles, the 
feeding of the Poljanci Formation was from the proximity that suggests it originated 
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under the action of local factors. For this reason it is supposed that it does not spread con
siderably out of the area of the field . 

Topola Member and Gourkovo Formation 

This member has been defined and described with detailed information by H H K o JI o B 

et al. (1989, 1991). The lower boundary is erosive with the Poljanci Formation and the upper 
one is with lithological transition to the higher parts of the formation. The definition does 
not include a lower erosive boundary. The member is built up mainly of sandstones and 
gravelites and levels of argillites and coal.The sandstones and gravelites are light-grey po
lymictic. The grains consist of lyddites, quartzites, volcanic rocks and variegated pieces 
of siltstones and sandstones. The top part of the coal layers is usually washed away. The 
thickness varies from 18 to 155 m. The smallest thickness (Fig. 12) is on the line of the grea
test distance between the layers m 6 and n1 in the southern part of the field. There are no 
coal layers and lenses and sandstones are predominating. The thickness is greater to the 
north in some degree due to the negative parts of the relief, formed before the deposition 
of the member. At the same time here are the coal intercalations - up to three - some 
of them having a thickness of the order of meters. The thickness of the most southern part 
and of the coal layer in it increases (according to one drilling profile). 

The member is formed under conditions of dominating fluvial sedimentation and re
mote transfer of sediment and volcanic clasts after continuous weathering (the variegated 

Fig. 12. Thickness of the Gourkovo Formation under the p3 layer and erosive surface over the Poljanci For
mation 
1 -boreholes used as data also in Fig. I I 
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siltstones and sandstones). The trend for transport from east to west is more distinctly 
outlined but there are no clear or orientation data for a change in the direction of the major 
river bed. 

The upper parts of the Gourkovo Formation are studied according to scarce areal 
data. Most generally synchronous volcanic activities have been established together with 
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Fig. 13. Interpretation of the circumstances of sedimentation in the DCF on the 
line South-North 

lake and marsh formation at the places of the maximum closeness of the 15 and n1 coal 
layers. 

Conclusions 

The analysis of the sedimentation and erosion processes in the investigated area provided 
the opportunity to establish more completely the spatial relationships between the litho
stratigraphic units (Fig. 13, 14). The Vranino Formation is not an uniform lithologic marker, 
but a characteristic for the area lens. For this reason the Mogilishte and Makedonka For
mations are linked together to the south. The united formation will be probably widely spread . 
The Velkovo Formation is perhaps also a lens-like body more widely spread and is pro
bably united with the Poljanci Formation beyond the regarded area. The Kroupen Forma
tion is most likely a locally developed lens in the limits of the studied area and is substitu
ted by the united Velkovo-Poljanci Formation outside the contour of the area. The Gour-
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layers. 

Conclusions 

The analysis of the sedimentation and erosion processes in the investigated area provided 
the opportunity to establish more completely the spatial relationships between the litho
stratigraphic units (Fig. 13, 14). The Vranino Formation is not an uniform lithologic marker, 
but a characteristic for the area lens. For this reason the Mogilishte and Makedonka For
mations are linked together to the south. The united formation will be probably widely spread. 
The Velkovo Formation is perhaps also a lens-like body more widely spread and is pro
bably united with the Poljanci Formation beyond the regarded area. The Kroupen Forma
tion is most likely a locally developed lens in the limits of the studied area and is sqi 
ted by the united Velkovo-Poljanci Formation outside the contour of the area. Thej/ 
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kovo Formation will be spread and identifiable m a large region because of the abundant 
participation of volcaniclastic material. The prognoses validity is confirmed by the data 
for the Carboniferous sediment section in the Nanevo field. 

The place and approximate direction of a long-term river bed of a higher rank have 
been determined in the western parts of the area. It is more pronounced after the Mogi
lishte Formation. The Carboniferous sediments to the west may be expected to be sandy
conglomerate and poor in coal layers. It is probable that these are the sediments under 
the Permian in borehole 32 by the village of Dolina, as well as some of the paleontologically 
undated conglomerates and sandstones considered as Early Carboniferous. 

The place inheritage of the lake-marsh sedimentation in the Makedonka, Kroupen and 
Gourkovo Formations and probably of the lake sediments in the Poljanci Formation is 
due to the coal layers compaction. Initially the process had started with the compaction of the 
thick ash strata under the mo; layer and after the significant coal deposition of this layer. 
This inheritage model is not a local specificity and may be expected in coal basins with nu
merous coal seams. 

The erosive events which have affected the area from the base of the Vranino Forma
tion to the base of the Gourkovo Formation are more or less a result of the river system 
activated water dynamics. The connection of the erosive and sedimentation events with fluc
tuation movements in the region (n o n o B a in H H K o JI o B et a!., 1988) is hardly 
well-founded. The subjects of erosion are traced out in southern direction. In some cases 
they are in the proximity - occupied by Carboniferous coal-bearing sediments. In other 
cases they are more distant, occupied by older sediments, including metamorphosed rocks. 
The erosive events connected with remote transport are accompanied by abundant volca
niclastic material , including tuffaceous. They are an indication for association relation
ship between volcanism, more active precipitation and more active erosion. 
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