
GEOLOGICA BALCANICA, 27. 1-2, Sofia, August. 1997, p. 7-18 

Paleozoic continental slope deposits 
in the Stara Planina Mountains, Eastern Serbia 

Ljubinka M aslarevic 1
, Branislav Krstic 2 

I. Srmmi.i:ka %, I J(){XJ Bc•ograd 
2. Ministry c!l Mining and Energetics, Rovinjska 12, Jl050 Beograd 

' suhmiuC'J N02./IJY6; accepted for publication 3.04. 1996; revised version received 6. Jl. /996) 

. MaoupeHu•r. 5. Kpcmu•t- lla11eo:JoucKue cpaeuma
l (IIOflflhlc' IIOtnOKU KOiftnUIIl'lftnO/Ibi/OlO CKIIOHO HQ cOpe 
Cmupu ·IIJttlflllfiC'. - OaJJeOJOHCKHe (.neoOHCKHe) Mopc
KHC OTJIO)I(CHHll 11HOBCKOH CBHThl H3 rope CTapa-nJJaHH
He <.:..lO)I(t!Hbl H3 pa3Hh!X BH.llOB MeTaKJJaCTHTOB: OT KOHr
.10MCpaTOil 110 aJJeBpOJJHTOB H aprHJJJJHTOB, COCTOlllUHX 
IO ~BapUa, nOJleBblX wnaTOB, pe.UKO - H3 CJJIO.ll, H MHO
rO"IHCJleHHblX 06JJOMKOB KHCJJhiX H OCHOBHhiX MarMaTH
~ .. ttX nopOll, H HHTpaKJJaCTOB. Ha OCHOBaHHH MHOTHX 
upa .. oepHblX oca.nO'IHblX crpyKTyp H TeKcryp 3TH o6no
NO'IHhle IIOpO.Ubl paCCM3TpHBaiOTCll K3K OTJIO)I(eHHR 
~vHTHI!eHTaJJbHOTO CKJIOHa HH)I(HeH ero LtaCTH HJJH OCHO
BaHHR CKJIOH3, o6paJOil3BWHeCll nyTeM CJIO)I(HOTO COeK
TJ'3 Maccoooro nepeHoca no.u .neiicTBHeM CHJJhl U)l(eCTH, 
a HMeHHO: CblnY'IHMH, MYTbeBblMH, rpR3eKaMeHHhiMH 
nOTOK3MH nepeMeH'IHBOH ryCTOTbl H 3epHHCTbiMH nOTO
..a'lo<IH, opeMeHaMH B KOM6HHaUHH C TpaKUHOHHbiMH CTJ'YR
MH H JJ3MHHapHbiMH TeLteHHRMH. 8 HeKOTOpb!X HHTepoa
. UJI. BpeMt!HH KOHTHHeHT3JibHbiH CKJJOH B CHJJY TeKTOHH-
~ .. 'lt.X .UBH)I(eHHH CTaHOBHJICll HeyCTOH'IHBbiM BCJle,llCT

BKH Ltero o6pa30BaJIHCb CHJlbHhle llO.llBO.llHble OOOJJ3HH, 
OOBalbl H o6pyweHHR 6JJOKOB BHe H BHyTpH 6acceifHa H 

CTO.lHTbl, CKOJ1b3HBWHX 00 CKJJOHy, H TJJaBHhlM o6pa
"JOV.. C.le.UyR MeXaHH3MY TeLteHHR 06JJOMKOB, OCa)l(,lla
..lliQ. BMeCTe C HOpMaJJbHbiMH XeMHOeJ1J1aTH'teCKHMH 06-
pa-lOBaHHliMH. 

Abstract. Paleozoic (Devonian) marine sediments of the 
Inovo Formation in the Stara Planina Mountains consist 
of various metaclastic rock varieties: from conglomerates 
to siltstones and shales, composed of quartz, feldspar, 
rarely mica and abundant fragments of magmatic acid 
and basic rocks and intraclasts. On the basis of numerous 
typical sedimentary structures and textures, the clastics 
are interpreted as continental (lower or base oO slope de
posits, resulting from a variety of mass gravity transports. 
viz.: debris flow, turbidity current, density-modified grain
flow, and grain flow, intermittently combined with trac
tion currents or laminar flows. In some intervals of its his
tory, the continental slope became unstable due to tec
tonic movements which led to massive submarine sliding, 
slumping and tearing away of extrabasinal and intraba
sinal blocks and olistoliths which slipped down the slope 
and mostly, by the debris flow mechanism, deposited with 
normal hemipelagic sediments . 

Maslarevic L., Krstic, B. 1997. Paleozoic continental slope deposits in the Stara Planina Moun
tains. Eastern Serbia. -Geologica Bale., 27, 1-2; 7-18. 

K ey words: Devonian; slope deposits; Stara Planina Mts.; East Serbia 

Introduction 

Anchimetamorphic Paleozoic sediments of the 
loom Formation in the· Stara Planina Moun-

(Fig. I) have been repeatedly studied for 
\'Uioos purposes. The first detailed study in the 
late fifties and early sixties was associated with 
lhe uranium exploration in the Stara Planina 
region (Antonovic, 1958, 1973, unpublished 

map 1963, unpublished reports of Munizaba et 
al., 1962; Divljan 1963). On the other hand, 
these sediments were studied during the elabo
ration of the Geological Map, Sheets Knjaze
vac, Belogradchik and Pirot, between 1964 and 
1970 (Krstic et al., 1974; Andelkovic et al., 1975; 
Maslarevic et al., 1976). However, either time, 
the study was directed to reconstructing the 
geological column and establishing the petrog-
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Fig I. Simplified geological map of a part of Stara Plan ina Mountains 
I - Quaternary. 2 - Middle and Upper Miocene. 3 - Lower Cretaceous in the Tupii.nica-Knjal.evac syncline, 4 -
Lower Jurassic. 5 - Permian volcanic-sedimentary deposits. 6- Permian red sandstone. 7- Ravno Bucje granite. 8 
- Westphalian volcanic-sedimentary deposits, 9 - Devonian (lnovo Formation). I 0- Gabbro. II -Granite of Janja. 
12 -Green-schist. 13 - Upper Proterozoic gneiss, 14- A-B studied profile of the I novo Formation 

raphic composition of sediments, besides a gen
eral statement that metaconglomerates and 
metasandstones were deposited in nearshore 
and shallow-water areas of the basin after a 
short transport, whereas finer-grained sedi
ments were deposited somewhat farther off in 
relatively deeper areas of the basin after a 
longer transport of materials. Paleozoic (Devo
nian) sediments of the Inovo Series, according 
to Antonovic, are genetically typical molasse 
from the beginning of the Hercynian orogenic 
cycle. Kalenic (1993, D.Sc.thesis) repeats the 
petrographic composition of sediments given 
by earlier investigators, and divides Inovo "Se
ries" sediments into two formations: a) Balta 
Berilovac Formation of arkosic sandstones and 
conglomerates and b) lnovo Formation of con
glomerates, sandstones and coal shales. The 
two formations, according to Kalenic, were 
formed in two different dynamic environments: 
the former in turbulent environment, whilst 
"the development of Inovo Formation was as
sociated with an undisturbed environment, 
calm shallow water, basinal type of sedimenta-

tion (likely marsh shore)" (Kalenic, unpub
lished D.Sc.thesis, 1993, p.79). 

Paleozoic sediments of the Inovo "Series" 
were studied for their genetic features under 
Project A2 of the Thematic Geological Map 
"Paleozoic sediments of Eastern Serbia" from 
1987 to 1989. Ljubinka Maslarevic and B. Krstic 
and sometimes M.Kalenic and D.Baranin, were 
on the field team. A well exposed section of 
these sediments, hundreds of metres thick, was 
selected for study in the Crnovrska River valley 
between the villages of Repusnica and Balta 
Berilovac. 

Geological column and lithofacies 

The geological column of the Paleozoic sedi
ments (Fig. 2) is subdivided on the basis of com
position and sedimentary environments into five 
members: (1) metaconglomerates and meta
arkoses, (2) thin-bedded fine-grained metaclastics 
with meta cherts, (3) olistostrome I with limestone 
and metabasite olistoliths. (4) thin-bedded fine
grained metasubarkoses. metasiltstones and 



argillophyllites (to schists) and (5) olistostrome 
II with metaarkose olistoliths. 

Member l: Metaconglomerates and meta
arkoses 

The principal features of these clastics are as 
follows: these are bedded to massive domi
nantly coarse-grained, poorly sorted meta
conglomerates, pebbly metaarkoses, pebbly 
lithic metaarkoses and metaarkoses, frequently 
>ith resedimented intraclasts, clast-to matrix

supported. organized or disorganized, graded 
( ormal: metaconglomerate-metasandstone, 
rarer inverse or inverse-normal gradation: meta
conglomerate-metasandstone-metaconglo
merate) or ungraded, in irregular vertical suc
cession of sediments, horizontal or cross-bed
ded (PI I fig.3 (tabular-planar and tabular-as
ymptotic). 

The constituents display rough imbrication 
or planar orientation. There are developed a 
division of the Bouma sequence and Lowe 
(1982) divisions S (horizontal and cross bed
ding). s, (ungraded or roughly graded) rarely S2 
{inverse graded), and R~ in coarse conglomer
ates. The coarse-grainea sediments would cor
respond to model 9, sometimes model 8, too 
(Lowe. 1982). They pass upward into fine
grained turbidites with Tah (PI ~ fig.l), someti
mes T .. sequences. The prevailing colours are 
grey-whitish, grey, dark grey to grey-greenish 
from secondary chlorite and epidote. 

Metaconglomerates principally form beds of 
I 0 to 80 em, thick beds (up to 2m), or are mas
sive. and alternate w-ith pebbly to coarse
grained metaarkoses, less frequently medium
grained metaarkoses or fine-grained metasan
dstones (I 0-15 em, rarely to 90 em). A rapid 
succession of metaconglomerates and fine
grained metasandstones is occasionally found. 
.\te1aconglomerates are composed of rock (ex
tra and intraclasts) fragments (PI I fig.2), min
erals and matrix. The fragments are mainly of 
magmatic rocks, generally well- rounded gran
ites { cm-dm sizes to blocks over 1m), subordi
nately subrounded metabasites (em-size) and 
intraclasts (em to m sizes). 

These prevailingly coarse-grained sediments 
are succeeded by turbidite beds from a few to 
' ut 45 metres in thickness. The sequences in

e: fine-grained metaconglomerate-coarse
eO metaarkose (0.5 to 1m) - medium
ed metaarkose (to 40 em), occasionally 

o:::ci5~tstone too (0.2 to 2 m), and have a thick
up to 4m. The lower boundary of the 

~ined beds is sharp, often uneven, 
- redeposited pelite. The surfaces bear load 

casts and groove marks (Plate II fig 1 ). 

Gradation and horizontal and cross lamina
tions are developed. The Bouma sequences are 
T and T b. 

a.~he tot'af thickness of metaconglomerates 
and metaarkoses in the section between Re
pusnica and Balta Berilovac (where they are the 
thickest) reaches 500 metres. 

Metaconglomerates are composed of frag
ments of granite (often albite granite), rarer of 
metabasite (gabbro, uralitized gabbro, gabbro
porphyrite, uralitized microgabbro, albite-acti
nolite schists, amphibolites, uralitized amphib
ole rocks, epidote-chlorite schists and epidote
chlorite-sericite schists, mainly metamorphic 
products of basic magmatic rocks) and spilite 
(PI II fig. 2). There also are altered diorite 
rocks, porphyrites, aplitoid quartz monzonites, 
granodiorites, metarhyolites (quartz porphyry), 
quartz metakeratophyres, then quartzites, se
ricitic quartzites, chlorite and muscovite-biotite 
schists. Intraclasts are built up of former pelites 
to fine-grained metasandstones, presently argi
llophyllites; sericite schists, sericite-epidote 
schists, metasandstones. The commonest free 
minerals are quartz and feldspars (albite, rarer 
K- feldspar and basic plagioclase). Muscovite, 
biotite, chlorite and actinolite are scarce. Meta
conglomerates are clast-supported, rarely ma
trix-supported. The matrix is coarse-grained 
lithic metaarkose to fine-grained metaconglo
merate with similar, previously described con
stituents in metamorphosed clay matrix. 

Metasandstones are predominantly coarse
grained, less frequently medium, and rarely 
fine-grained, from the groups of arkoses and 
lithic arkoses (Folk,l954,1968) or arkose 
wackes (Dott,l964 ), rarely subarkoses. They are 
similar in composition with arkosic matrix in 
conglomerates. 

Member 2: Thin-bedded fine-grained meta
clastics with metacherts 

This set of sedimentary beds is about 30 m 
thick, distinctly noted in the field. It is com
posed of fine-grained thin-bedded turbidites of 
D facies: fine-grained metasandstones and 
metasiltstones in a centimetric sequence or 
laminated metasandstones and metasiltstones 
with argillophyllites to schists. The boundaries 
between beds and laminae are sharp or the 
lower boundary of the coarser-grained bed is 
sharp, sometimes displaying erosion and rede
position. Small-scale graded bedding, then b 
and d, rare c intervals of turbidite sequences, 
and T, (regular siltstone laminae in metape
lite), less frequently T

2 
(irregular lenticular silt

stone laminae in metapelite) are developed 
(Stow et al., 1984). Syngenetic em-scale slum-
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Fig. 2. Stratigraphic columnar section of the Inovo Formation. 
I - slate. 2 - siltstone. 3 - metachert, 4 - fine-grained metasandstone, 5 - medium grained metasandstone, 6 -
coarse-grained metasandstone. 7 - arkose, 8 - subarkose, 9 - metaconglomerate, 10 - metaconglomerate with 
intraclasts. I I - limestone, 12 - metagabbro, 13 - gabbrolamprophyre, 14 - siliceous, 15 - replacement by calcite, 
16 - with graphite, 17 - clast, olistolith, 18 - intraclast, 19 - intraclast of sandstone, 20 - intraclast of slate, 21 -
lenticular bed, lens. 22 - ·graded beds, 23 - horizontal bedding, 24- massive, thick-bedded, 25- normal graded bed-

pings. with tearing away and redeposition of 
beds are frequent. The prevailing colour is dark 
grey due to graphite (often accentuating lami
nation). The schists contain plant detritus (De
vonian in age according to Antonovic,l973). 

10 

Fine-grained sediments include single metaar
kose intraclasts, metasandstone beds (facies 
B2), pebbly metasandstone (facies A

3
) and fine

grained metaconglomerate. Several metres of 
thin-bedded sericite metacherts lie at the top. 
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g. 26 - inverse graded bedding, 27 - inverse-normal graded bedding, 28 - horizontal lamination, 29 -wavy larni
. . 30 - cross-lamination, current lamination, 31 -lenticular lamination, 32- cross bedding, 33- slump struc

l~mping. 34 - clay chips. 35 - load casts, 36- flute casts, 37 -groove marks, 38 - plants, 39 - fault, 40 -
ii-!h.n.r~' ;on 

ber 3: Olistostrome I 

- ostrome, about 60 metres thick in the 
sec:Doo. is lens-like. It lies distinctly bounded in 
tm:i'"-i:~l·med sediments, and is composed of sets 

of olistostromes and thick beds of metacon
glomerates to metabreccias and normal fine
grained sediments. 

Olistostrome deposits are composed of 
clasts and olistoliths (after the classification of 
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Abbate et at., 1970) and matrix. Clasts and oli-· 
stoliths (PI II fig. 3) vary in size from few centi
metres to tens of metres, and vary in shape from 
elongated and parallely oriented to irregular and 
unrounded (not rolled during transport). They are 
allochthonous and intrabasinal by origin. 

Allochthonous clasts and olistoliths are rep
resented by calcareous schist and micrite lo
calliy bearing remains of crinoids, corals and 
echinids. Their common orientation is parallel 
with the matrix bedding. so that metric-scaled 
olistoliths resemble sometimes beds. The rela
tionship with the matrix is not clear because it 
has been carbonatized. Metabasic rocks make 
more than 50% of clasts and olistoliths (cenii
metric to decametric in size), composed of albi
tized. uralitized or saussuritized metagabbroid 
rocks of reljct ophitic to blastoporphyric tex
ture. than metadiabase-porphyry, metagabbro
porphyrite, cataclastic metamicrogabbro and 
sp!lite. J ntrabasinal clasts are fine-grained me
tasandstones. sericite-chlorite schists, sericite 
metacherts, metasiltstones and olistoliths are 
metaconglom·erates to metabreccias rich in me
tabasite and calcareous-schist fragments. The 
matrix is highly carbonatized argilophyllite to 
schist. sometimes almost lacking. 

Normal sediments form thin intercalations 
between debris flow beds and are represented 
by argillophyllites, carbonatized argillophylli
tes. rarely metasiltstones and metasandstones, 
displaying fine horizontal lamination. They 
correspond to facies D or G. Syngenetic defor
mations are frequent in these rocks and there 
are metric slumps. 

Member 4: Thin-bedded fine-grained meta
subarkoses, metasiltstones and argillophy
llites (to schists) 

This member is about 140m thick, and is com
posed of fine-grained turbidites of D facies, 
hemipelagic metasiltstones and argillophyllites 
to sericite and sericite-chlorite schists (former 
petites) of G facies. a sequence of fine-grained 
metasubarkoses and metasiltstones, fine-grai
ned and medium-grained metasubarkoses (of
ten facies 8

2 
) and rarely debris flow beds. The 

sediments are dark grey in colour from graphite. 
The lowest-lying rocks are fine-grained tur

bidites (about 5m) in small-scale graded bed
ding and Bouma sequences c and d. Upward 
follow some thirty metres thick horizontally 
laminated fine-grained metasubarkoses, rarely 
metasiltstones, sharply interbedded with me
dium-grained metasubarkoses and metaconglo
merates with frequent intraclasts. The following 
seventy metres are thin-bedded, often horizon
tally laminated argillophyllites to schists, meta-

12 

siltstones and fine-grained metasandstones and 
beds of medium-grained metasubarkoses. The 
remaining 55 metres are sandy turbidites in b, 
rarer a sequences, horizontally laminated fine-

. grained matasubarkoses and metasiltstones, 
then matasubarkoses, which pass upward from 
cross-bedded beds into fine-grained turbidites 
of c and d divisions. They include thick beds of 
massive subarkoses (to I 0 m). Minute synge
netic deformations, submarine slides and sedi
ment mixing, are notable throughout the unit. 

Member 5: Olistostrome II 

This olistostrome lies in fairly thick (tens of 
metres under and more than fifty metres over) 
friable, horizontally laminated metasiltstones 
and argillophyllites (to sericite schists) of G 
facies. At the Balta Berilovac village school, 
several olistostrome episodes are visible be
tween normal sediments of horizontally lami
nated metasiltstones and argillophyllites with 
graphite. The olistostrome is tapering and dis
appearing to Southeast. It contains clasts and 
olistoliths of medium- and fine-grained meta
arkoses from underneath (from the member 
with metaarkoses), sharply bounded in the ma
trix. They vary in size from 50 x 80 em to met
ric olistoliths which are oriented parallel with 
the matrix bedding. The matrix is composed of 
horizontally laminated fine-grained metasand
stones, often graded and laminated with 
metasiltstones. 

Depositional environments 

The section studied displays a succession of 
thick, mainly coarse-grained clastics with tur
bidites, thin-bedded fme-grained sediments and 
olistostromes. These sediments are interpreted 
as lower-slope deposits, resulting from an en
tire range of mass-gravity transport or sedi
ment-gravity flows (Bagnold, 1954; Stauffer, 
1967; Middleton and Hampton, 1973; Lowe, 
197 6, 1982; Lash, 1984; and others). These are 
according to Middleton and Hampton (1973): 
1. Turbidity flows (turbulence action), 2. grain 
flows or granular flows (dispersive pressure on 
grains which is derived from interaction of 
grains), 3. debris flows (coarser grains are sup
ported by density and clay matrix cohesion) 
and according to Lowe (2976,1982), 4. density 
modified grain flows. Different flows are not 
readily distinguishable in old sediments, and 
changes from one into another are also fre
quent (Lash, 1984). Since the divided Paleozoic 
members differ between themselves in compo
sition and sedimentation, the depositional envi
ronments will be given for each member. 



Metaconglomerates and metaarkoses 

The coarse-grained association of conglomer
ates and sandstones is a high-energy system (Pl. 
L Pl. II fig. 1,2). Resedimented conglomerates 
and sandstones were deposited on a lower slo
pe. The deposited materials were transported 
by various types of gravity flows from a shelf or 
nppcr slope. The lens-like bodies suggest broad 
........ u.u.aels on a lower slope. 

The principal transport mechanism of the 
·cs is debris flows. It is a slow down-slope 

l'eTTient of a mixture of sand or gravel, clay 
- erals and water by gravity. The flowage is 

trolled by cohesion and density of clay-wa
ler fl uid and buoyancy of grains (Middleton, 
Hampton, 1973). The deposits are massive to 
bedded, poorly sorted and roughly graded peb-

ly metasandstones and metaconglomerates of
ten with intraclasts. 

High rate of coarse-grained material indi
cates the prevalence of cohesionless debris 
flows. with low clay matrix, or rarer cohesive. 
debris flows or mudflows, the "true debris 

o" "S .. in terms of Lowe (1982). 
Deposition chiefly evolved through frictional 

-freezing". Deposits of this type derive, accord-
- to Postma ( 1986 ), from laminar highly con-

n ra ted cohesionless flows. The beds are in-
ermittently normally graded, because the rna
. was not strong enough to support clasts 

gainst gravity, allowing differential arrange
ment during the deposition (Lowe, 1982). These 
debris flows manifest signs of postdepositional 
small-scale slidings, ::;lumps and mixing of 
i rabasinal materials (intraformational con

omerates and slide breccias). Planar orienta-
"': of pebbles suggests intermittent laminar 

;-s (Fisher. 1971 ). 
Disorganized and unsorted massive, quite 

~-grained clast-supported conglomerates 
1541-1545) were a "rigid plug" of the de

·. when the now suddenly stopped in its 
rn~~TT<;:JP because shear stress overpowered by the 
a-rPn_~nn of the moving debris. Its front is con
~nu•>nt ly rounded, with all the grain sizes "fro
zm- 02ether. 

H<Nr~er, the lack of an appreciable amount 
cohesive clay matrix in the coarse-grained 

ZDcwmulation, which could support the grains, 
- Cl! luding sedimentation of only by the debris 

aJthough Middleton, Hampton (1973) 
q~s:1 at sandy submarine debris flows can 

· clay rate. Clearly, more than one 
mechanism operated here, resulting 

anged textures and structures. An 
C13!:;::!:: Thick sediments and inverse grading 

action of only one of the extreme 

flow types of Middleton, Hampton (1973). 
Coarse-grained clast-supported sediments 

thicker than 5 em, poorly sorted, with low clay 
matrix, could have been deposited Lowe (1976, 
1982) by the density-modified grain-flow me
chanism. These flows are intermediary between 
grain flows and debris flows, the difference be
ing in the mud amount. The proposed mecha
nism includes grain-support by dispersive pres
sure, matrix cohesion and a small mud amount, 
grain buoyancy, etc. For these flows, a low 
angle (to 9 degrees) slope was sufficient. Pebble 
orientation at an angle and inverse grading of 
beds over 5 em have been interpreted as a result 
of density-modified grain flow. The planar ori
entation of pebbles parallel with bedding sug
gests laminar flows. Turbulence at the top of 
the flow gives grading, then horizontal and even 
cross lamination. 

The third important transport mechanism is 
turbidity flows. Turbidite beds are true or "clas
sical" sandy turbidites (T •. b.c' Ta.b) including se
quences of fine-grained conglomerates or coar
se-grained arkoses to siltstones or schists. Fine
grained turbidite is less common, that is low 
density turbidity currents (fine-grained sand
stone-siltstone-shale, Tb)' or combined trac
tion and suspended currents. Much more fre
quent, however, are high density turbidity cur
rents in the terms of Lowe (1982), which give 
coarser-grained sediments with fining upwards 
sequence, with grading conglomerate-sand
stone or coarse- to fine-grained sandstones with 
bed amalgamation, sometimes cross-bedding, 
inverse or inverse-normal grading, with Bouma 
T division and Lowe (1982) S

1
,S

2 
and S

3 
divi

sicms. These include ungraded structureless, 
coarse- to medium-grained sandstones deriving 
from fast sedimentation of high density turbid
ity currents (S2, Lowe, 1982). Sediments of this 
kind, according to Clifton ( 1981 ), are not easily 
fitted into any of the Middleton, Hampton 
(1973) extreme members of sedimentary gravity 
flows, and may derive from some of intermedi
ary processes. 

Grain flows in the terms of Stauffer (1967) 
and Middleton, Hampton (1973) require a 
steep slope (18-28 degrees) and produce beds 
up to 4 em thick. They are indicated by some 
structure1ess thin coarse-grained sandstones 
and finegrained conglomerates with sharp 
boundaries. This mechanism had not a signifi
cant control of the sedimentation. 

The presence of inverse grading indicates a 
density-modified grain flow under the disper
sive pressure (caused by collision of clasts) 
which is greater on coarser grains and conse
quently they migrate upwards (Bagnold, 1954). 
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Smaller grains support coarser clasts and pre
vent their deposition, and of some effect is the 
buoyancy of grains in the dense mud-water ma
trix (fluid). Naylor (1980) explains the inverse 
grading as mud assimilation from unconsoli
dated substrate, and Middleton (1970) as a re
sult of sieve deposition mechanism forming a 
'·traction carpet" (Lowe, 1982 ). 

The above described gravity flows · intermit
tently combined with traction currents forming 
a gently sloping, tabular and asymptotic cross
bedding and horizontal bedding. 

Thin-bedded fine-grained metaclastics with 
metacherts 

These sediments are dominantly fine-grained 
turbidites to hemipelagic sediments, occasion
ally containing plant detritus transported by 
turbidity currents from a shelf into the lower 
slope. The low-energy association characterizes 
sedimentation from low density turbidity cur
rents, intermittently of slightly increased energy 
that caused erosion, redeposition of sediments 
and small-scale gradation. The flows were com
bined with traction currents which formed 
lamination and episodic traction transport 
which gave lenticular lamination. Frequent 
small syngenetic slides and bed deformation in
dicate an unstable slope or its proximity. Mud 
flows or cohesive debris flows with sandstone 
clasts from the older member also indicate an 
unstable slope. 

These fine-grained sediments are by minor 
short-living channels or gullies filled with 
coarser-grained sediments, conglomerates and 
sandstones. Those are sometimes fining up
wards sequences typical of channel fillings. At 
the end of the fine-grained sedimentation, a 
short chemical precipitation of highly clayey 
cherts occurred. 

Olistostrome I 

Olistostrome I is a deposit of unstable lower 
slope. Clasts and olistoliths (Pl. II fig. 3) were 
carried down the slope by the debris flows 
mechanism, as indicated, besides the earlier de
scribed characters, by its lensoid shape. How
ever. abundance of large metabasite blocks, 
limestones flags and intrabasinal sedimentary 
plates indicates additional factors to the passive 
debris flows that controlled the transport of 
blocks. Naylor (1981) believes that debris flows 
was only one of the olistostrome formation 
mechanism. The others include large rock
slides and gravitational sliding of sedimentary 
plates, which slides with their wider sides 
downslope without eroding the base. Srivastava 
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et al. ( 1972) explain small deformations under 
large blocks in debris flows by high fluid pres
sure in the "lubricating film" which supported 
blocks weight, helped buoyancy of blocks dur
ing the transport, reduced friction between the 
baserock and the blocks, protecting thus the 
underlying beds. The syngenetic sliding and the 
deformation of insufficiently lithified sediment 
near large olistoliths indicate instability of the 
slope and synsedimentary tectonic movements. 
Blocks released during tectonic events moved 
together with the materials of debris flows and 
were deposited on lower slope. 

Some features indicate intermittent laminar 
(not turbulent) flows, such as parallel orienta
tion of clasts and blocks (Enos, 1977). Unro
unded detrital material did not roll, but slid 
down the slopes. 

These sediments derive from cohesionless, 
rather than cohesive debris flows with low ma
trix; where almost without matrix, they ap
proach block debris flows which are related to 
slumping and sliding product (Dimitrijevic, 
Dimitrijevic, 1989). 

Normal sediments deposited between debris 
flows were interpreted as low density turbidity 
flows and hemipelagic sediments formed from 
dilute suspension (nepheloid layers and dilute 
turbidity currents). 

Thin-bedded fine-grained metasubarkoses, 
metasiltstones and argillophyllites 

These also are lower slope sediments, formed 
from low density turbidity currents, which gave 
fine-grained turbidites of D facies, c and d divi
sions and sandy turbidites of b and less devel
oped a divisions. Hemipelagic deposits are silt
stones and shales of G facies. Besides small 
scale slides, syngenetic deformations and bed 
splitting, channels developed and were filled 
with subarkoses and conglomerates of B and A 
facies (Walker, Mutti,1973) and rare debris 
flows. Traction currents were likely from which 
mostly low density turbidity flows developed. 

Olistostrome II 

This lensoid olistostrome cut channel-like into 
hemipelagic siltstones and shales with sharp 
boundaries. These are cohesive debris flows 
with high matrix passing into mud flows which 
carried intrabasinal sandstone clasts and blocks 
from the arkosic member. 

Heavy minerals 
The Paleozoic (Devonian) sedil:tents are rich in 
heavy minerals both in quality and quantity 
(0.2% to 15.6% detrital component). There are 



detrital heavy minerals brought by various 
ows and authigenic minerals generated during 
e diagenesis and post-diagenetically. Charac

teristic index minerals of the three older mem
beTs are leucoxene (up to 47% of the heavy 
fraction), often with ilmenite core from which it 
formed. epidote (up to 55%), titanite (to 25%) 
and orthite (to 19%), and amphibole in 
or orne I deriving from metabasite. Pre

- ~ in the tWo younger members are zircon 
), epidote, apatite (to 53%), tourmaline 

garnet (to 28%) and there are distene, stau
- "' and monazite. Authigenic minerals in the 

e of the column are: epidote, chlorite, ana
brookite, barite, hematite, limonite, 

alerite and native iron. 

Paleotransport 
The paleotransport directions are inferred from 

easurements of quite poor sedimentary struc
rures and pebble orientations. With minor disper-
·on. paleotransports are directed to east or 

south-east. As the lower-slope sediment flows are 
uansversal to the axis of the basin, it can be ex

ed further to the east. It may be inferred that 
basin. with its western slope exposed in the 
of Stara Pia nina Mts is completely indepen

t from the Kucaj - Zvonce flysch basin. 
The lower slope, like many old slopes, is 

rly preserved; its sequences are tectonically 
eparated from the shallow-sea sequences, 
·hich are not exposed in the region. 

Provenance 
gjng by the compositions of pebbles, blocks 
heavy minerals which derived from various 

_ atic and metamorphic rocks and older 
-- ents. the geology of the source areas was 
. complex. The bulk of the rocks is con

t:ti:::ed in the core of Stara Planina Mts, in a 
~"1Ja rated by Antonovic (1973) as "pre-De

·~·~· horst of the Janja granite stock" which 
- ed in the same form before and during the 

fM':'l"XlSition of Stara Plan ina Mts Devonian sedi
lS. or its uplifting was synchronous with the 

c::ci>OSi ion. An exception are blocks of calcare
hists and schistose limestones with cri

.......... ~ echinoderms and corals in olistostrome 
h were not recognized in Stara Planina 

r or general area. 

......_ . .-.......u..aorphism of sediments 

(Devonian) sediments of Stara 
have been regionally metamorpho

- grade, as manifested in the changes 
..-:--~ grams (orientation, disintegration 

and recrystallization), recrystallization of clay 
matrix and formation of neominerals. The sedi
ments were metamorphosed under the condi
tions of the muscovite-chlorite subfacies, gre
enschist facies (Heinrich, 1956), with typical 
minerals: quartz, sericite, chlorite, albite, mus
covite, graphite, epidote, subordinately actino
lite, biotite, calcite and pyrite. 

Quartz grains are often polycrystals. Along 
cracks and in contacts with other grains, quartz 
breaks down and recrystallizes under pressure. 
Feldspar gets sericitised, transforms into epi
dote and albite or calcite is separated, depend
ing on plagioclase composition. Where in con
tact with quartz, new albite is formed. Many 
detrital components, particularly low-meta
morphic schists, and quartz, break down pres
sure and combine with matrix producing 
"pseudomatrix", witch together with "ortho
matrix" sometimes accedes 50% of the rock 
(Dickinson, 1970). 

The most notable changes are those in clay 
matrix. Controlled by regional metamorphism, 
clay material recrystallized into an aggregate of 
sericite, chlorite, small quartz, rarely albite. A 
higher metamorphism produced muscovite. 
Chlorite is often coarser than sericite. Besides 
synkinematic, there is post-kinematic chlorite, 
at an angle to foliation, sometimes associated 
with muscovite. Biotite porphyroblasts are also 
noted. Small-grained, almost isotropic epidote, 
and rarer zoisite, also of metamorphic deriva
tion, form granular masses in the matrix. They 
are partly detrital. Organic matter pigmenting 
rock has metamorphosed into graphite. In ad
dition to detrital actinolite, there are actinolite 
needle~ growing progressively from clay matrix 
and carbonate. The rock texture is blastopse
phitic, blastopsammitic or blastopelitic. 

Sedimentary rocks are partly, sometimes 
completely replaced by calcite. Clay matrix in a 
part of the metaconglomerate and metaarkose 
member (around level 1535) are partly, some
times completely replaced by crystalline cal
cite. Fine-grained sediments in olistostrome I 
affected by high replacement by crystalline cal
cite are transforming into calcareous schists. 

Conclusiqns 

The Paleozoic (Devonian) sediments of the 
Inovo Formation are products of one of many 
different depositional environments in the long 
geologic history of Earth's crust segment which 
includes Stara Planina Mts (Stara Planina
Porec Terrane, in Krstic, Karamata, 1992). The 
Inovo Formation is underlain, in Stara Planina 
Mts region, by Late Proterozoic and Early Pa-
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PLATE I 
Fig I. Turbidity currents, sequences T e· Metaconglomerate and metaarkose member 
Fig 2. Metaconglomerate (or metabr~a) with intraclasts. Debris flow. Metaconglomerate and metaarkose member 
Fig 3. Meta conglomerates and metaarkoses. Horizontal and cross bedding. Debris flow to density modified grain;flow. 
Traction currents.:Metaconglomerate and metaarkose member 

PLATE II 

Fig I. Turbidity currents. Flute casts, groove marks, load casts. Metaconglomerate and metaarkose member 
Fig 2. Metaconglomerates with ·granite and metabasite pebbles and intraclasts of'm~nes (dark) 
Debris flow and density modified grain-flows. Metaconglomerate and metaartc.e member 
Fig 3. Blocks of limestones in Olistostrome I 
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PLATE II 



ic volcanogenic-sedimentary rocks of the 
i Vrh Formation: basites (gabbro, diabase, 
It). volcano-clastics, tuffaceous rocks, psa
ites. cherts and limestones formed in an is-

oct arc. later rifted, with intrusive facies of 
. ridotite-gabbro-leucogranitic Janja Forma
tion. All these rocks have been metamorphosed 

er the conditions of green-schists facies. 
·ments overlying the Inovo Formation con
of Westphalian volcanogenic-sedimentary 

rine rocks: psephitic. psammitic, silty and 
- ·c tuffs and tuffites and andesite to dacite 

. which build up the Tovarnica Formation. 
Sediments of the I novo Formation consist of 
erent metaclastics. from conglomerate to 

il tone. and mudstone. They include quartz. 
dspar. occasionally mica and abundant frag
ents of magmatic acid and basic rocks and 

- raclasts. The geologic column is a succession 
o thick. dominantly coarse-grained clastics 

nd turbidites. thin-bedded fine-grained sedi
ents and olistostromes. The sediments have 
any typical sedimentary structures (grading: 

mal. inverse. inverse-normal; pebble imbri-
ion: horizontal, cross (tabular-planar, tabu
-asymptotic) bedding; load casts, flute and 

ve marks etc.) on which they are interpre
as continental (lower or base of) slope de
·lS. These deposits were results of a variety 
mass gravity transport or sediment gravity 
'S. viz.: debris flow, density modified grain-

ows. turbidity current, and grain flows. The 
e \i ty flows were intermittently combined with 

<tCtion currents resulting in cross and hor;zon
beddings. 
In some intervals of its history, the continen

J lope became unstable due to tectonic mo
ents which led to massive sliding, slumping, 
· g away and rock fall of extrabasinal and 

o--,.....~r....,sinal blocks and olistoliths which slip
own the slope and mostly, by the debris 
mechanism. deposited together with nor
mipelagic sediments. 

Sediments of the Inovo Formation were me
__.,..~..,.., hosed undet the condition of green

facies. muscovite-chlorite subfacies, with 
cteristic minerals: quartz, sericite, chlo-

- ~ albite. muscovite, graphite, rarer actinolite, 
:a:IGILe. calcite and pyrite. 

e pa leotransport directions (East and 
east) indicate that the basin, with its slope 

on the western side of Stara Planina 
- East Serbia) was farther to the east, (in 

~r...:.:w~est Bulgaria) This basin was indepen
lhe early Paleozoic basin in the Kucaj 

l :::::z:Je.. v.ich is located west from the Stara 
r.:C::::t:&a-Poree Terrane. 

:.:::::rLnCn-ng to Ya. Tenchov and V. Sachanski 

(personal communication) these sediments 
corespond to the Dalgydel Group in Berkovica 
Balkan in Bulgaria. 
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