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Abstract: This paper presents the results of macro and microfauna of the upper flysch lithozone
of the Paleogene sediments from the site Crna Skala in the Del¢evo basin. The macrofauna material is
represented by a number of small and large forms of bivalves, gastropods, echinoides, corals and the mi-
crofaunal material is presented with benthic and planktonic foraminiferal fauna, represented by 16 species

belonging to 14 genera and 11 families.
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INTRODUCTION

The site Crna Skala belongs to the basin of
Del¢evo, the Republic of Macedonia. The Del¢evo
basin is located in the NE part of the Republic of
Macedonia. To the norhteast, the basin extends

locally to the area of Crna Skala (close to the
Macedonian/Bulgarian border), and continues on
the territory of Bulgaria (Fig. 1).
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Fig. 1. Sketch of the location of the Paleogene basins in the Republic of Macedonia
1) Distribution of Paleogene sediments; 2) Paleogene basins: Tikves$ basin (TB), Ov¢e Pole basin (OPB),
Skopje-Kumanovo basin (SKB), Delcevo basin (DB), Valandovo-Gevgelia basin (VGB), Strumica basin (SB),
Deve Bair basin (DBB); 3) Tectonic boundary; 4) Studied sections. Other abbreviations used:
Serbian-Macedonian massif (SMM), Vardar zone (VZ), western Macedonian zone (WMZ)
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The Paleogene sediments of the Del€evo ba-
sin are developed in several outcrops with NNW-
SSE trends, usually lying transgressively upon the
high-grade metamorphic and magmatic rocks of
the Serbo-Macedonian massif, and mostly covered
by Neogene effusive and sedimentary rocks. At
some places the Paleogene sediments were found
to be disrupted. The first evidence for the presence
of Paleogene in the Delcevo Basin was provided
by Belmustakov (1948), who dated these sedi-
ments as Oligocene. Based on the study of gastro-
pods, bivalves and other fossil groups, Temkova

(1957) and Gjuzelkovski (1959) determined the
overal age of the Paleogene rocks in the Delcevo
basin as Late Eocene, and Kovacevic¢ et al. (1973)
referred them to the Priabonian. The first fo-
raminiferal taxonomical investigations of the Pa-
leogene sediments from the Republic of Mace-
donia was published at the end of the 20™ century
when Dzuranov et al. (1999), and later Stojanova
(2008), Stojanova et al. (2011, 2012, 2013, 2014)
and Valchev et al. (2013) presented foraminifers
from Paleogene basins from the Republic of Ma-
cedonia.

MATERIALS AND METHODS

According to the current knowledge, the Pa-
leogene sediments of the DelCevo basin are nearly
700 m thick. In terms of their lithology, these rocks
are developed in flysch succession that can be sub-
divided into two units: basal and upper flysch
lithozone. Our work was focused on the upper
flysch lithozone, which is 400-600 m thick. For
the purposes of this study, the Crna Skala section,
was sampled. A total of 26 samples were collected

from approximately 75 m thick sequence of rhyth-
mic clay-marl-sandstone alternation, and positive
results for foraminifer fauna were obtained from
all stratigraphic levels. Technical work was carried
out by using classical methods for the micropale-
ontological analysis (chemical break up, washing,
drying, selection and determination). Selected fo-
raminiferal specimens were photographed with an
electron microscope JMS - 5510 — JEOL.

LITHOSTRATIGRAPHY OF PALEOGENE IN DELCEVO BASIN

Delcevo basin is a tectonic graben structure
with NW-SE orientation, situated between MLt.
Vlaina in the east and Osogovo mountains in the
west. In the south and southeast it connects with
Berovo valley and MaleSevo mountains, in the
north it extends to Crna Skala (Bulgarian border)
and continues to the northeast on Bulgarian terri-
tory.

The areas of the broader environment of Del-
¢evo basin are part of the Serbian—Macedonian
massif and are characterized by very heterogene-
ous lithological structure, with a predominance of
tectonic elements in SMM direction. The hetero-
geneous lithological structure is represented with
different rocky types of Precambrian complex,
rocks from Paleozoic complex, Mesozoic rocks,
sediments from Upper Eocene and Neogene-
Quarter sediments and volcanics (Fig. 2).

The Paleogene sediments in the basin are de-
veloped in several localities, which lie transgres-
sively over crystal masses of the Serbian-Macedo-
nian massif, and are mostly covered with effusive
rocks and Neogene sedimentary deposits, of which
some are uncovered and decomposed. According
to the current knowledge, the Paleogene sediments
of the Delcevo basin are nearly 700 m thick.

The Paleogene in the Delcevo basin is devel-
oped in flysch facies. Based on the fauna that oc-
curs at all levels of the Paleogene mass, it is de-
fined as belonging to Upper-Eocene. According to
the lithologic composition and the super-position-
ing, Upper-Eocene sediments are separated into
two lithostratigraphic units: basal lithozone and
upper flysch lithozone.

Basal lithozone was discovered in the vicinity
of the Dramé¢e and Pancarevo villages and in the
area between the villages of Gabrovo and Zvegor.
Because of the different color in the lithological
unit, in this lithozone two lithostratigraphic units
(members) are distinguished: violet-reddish and
gray-greenish basal member. Both litostratigraphic
members have the same lithological composition,
so the first basal member is characterized by red to
purple color, and the second by gray-greenish color.
They are represented with large conglomerates,
sandbox and marlyshales. The entire lithozone is
characterized by noticeable red to violet color. The
thickness of the basal lithozone is approximately
100 m.

The upper flysch lithozone was discovered
southwest of the city of Delcevo, southeast of the
village of Virce, east of the Vetren and Ostrec vil-
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lages, and the very border at Crna Skala. It has
been allocated as a separate lithostratigraphic unit
because of the participation and rhythmic switch-
ing of various lithological members, represented
by sandstones, clay and microconglomerates with
the presence of thin layers of aleurolites, marls,
and limestones. Sandstones are the most abundant
members of this lithozone. Sandstones are gray-
white, greenish to yellowish in color and contain a
rather large proportion of mica. They are charac-
terized by fine-grained to middle-grained compo-
sition, mostly with silicon-iron matter. In them
there are poorly preserved prints of flora. Small-
grained to fine-grained sandstones contain more
clay, and a poorly expressed horizontal lamination
is present with alternating switching of dark and
bright laminas, where the thickness varies from 2
to 5 mm.

Microconglomerates together with sandstones
in the lithozone occur in its middle and final part,
and are distinguished by their purple color. They
lie directly and concordantly through the flysch
lithozone. They are built from various fragments,
mostly of quartzite, sandstone pebbles and grano-
diorite rocks, shale etc., and are unevenly distrib-
uted. The cement substance is a carbonate.

Marls are in the form of thin leaves and occur
in clay layers. They are dark green in color, but
iron substance is often present that gives them a
reddish color. In some places the clay substance
prevails within the composition of marls and they
are turned into marly clays that are characterized
by dark gray to black color. Aleurolite clays are
quite thin and leafy with much mica-muscovite.
Limestones are compact, usually dark gray and
they occur in thin layers. The thickness of the up-
per flysch lithozone is about 400—-600 m.
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Fig. 2. Geological map of Delcevo basin
1) Aluvium, 2) Deluvium—proluvium, 3) Marl-clays, sands
and gravels, 4) Quartzlatites, 5) Conglomerates, flysch
lithozone, limestones, 6) Limestones, 7) Gray-red clays
and stones, 8) Granitporphyre, 9) Granodiorite,
10) Quartzdiorite, 11) Graphitic-quartz schists,
12) Metaklastits with small bodies of granodiorite,
13) Metasediments, 14) Amphibolgabbro, 15) Metamorphosed
rhyolite, 16) Amphibole schists, 17) Gneisses

CRNA SKALA SECTION

The explored Crna Skala section is located 3
km NE of the village Vetren, on the very border
with the Republic Bulgaria, located in the upper
flysch lithozone (Fig. 2).

The thickness of the section is approximately
75 meters. The section is represented by the fol-
lowing lithological characteristics: clay-sandy lay-
ers that gradually turn into each other, which
thythmically alternate with sandstones, claystone
with marly clays and thin interlayers of limestone
(Fig. 3).

Specific macrofauna is represented by a num-
ber of small and large forms of bivalves, gastro-
pods, echinoides and corals, Temkova (1957) (Ta-
ble 1).
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Macroforaminifera in the section is represen-
ted by nummulite fauna, including Nummulites
fabiani Prever, Temkova (1957).

Micropaleontological research of the for ami-
niferal fauna has been made in the sediments of the
upper flysch lithozone. The base of the profile
starts with sandstones that alternate with sandy
clay, with a thickness of 50-80 cm, rich with num-
mulites. Sampling was performed in marly-clay
layers and 26 samples were taken. Sampling was
performed on every 1.5 to 2 meters in the clay-
marl layer, with the exception of samples 1, 3, 8,
and 14 that were taken in the gray-greenish clay-
sandy layers (Fig. 4).
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Fig. 3. Section at the site Crna Skala
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Fig. 4. Stratigraphical distribution of the foraminifer fauna in the Crna Skala section

1) sandstones; 2) clayey

-carbonate sediments; 3) clayey-carbonate-sandy sediments; 4) samples
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The faunal material from benthic and plank-
tonic foraminifer fauna has been found into the
section.

From micropaleontological analysis positive
results were obtained for samples 1-26 for forami-
nifer fauna. Benthic foraminifers are represented
by the gender representatives: Spiroplectinella ca-
rinata (d’Orbigny), Trochamina deformis Grzybo-
wski, Quinqueloculina juleana d'Orbigny, Trilocu-
lina angularis d'Orbigny, Triloculina gibba d'Or-

bigny, Baggina subconica (Terquem), Heterolepa
dutemplei (d'Orbigny), Lenticulina sp, Pullenia
quinqueloba (Reuss), Bolivina cf. cookei Cushman,
Cibicides cf. westi, Cibicides ungerianus (d'Or-
bigny), Anomalinoides acutus (Plummer), Caucas-
ina eocenica Chalilov, and Valvulineria jaksoen-
sis Cushman. In contrast, the planktonic foramini-
fers yielded only specimens of Globoturborotalia
anguliofficinalis (Blow).

RESULTS AND DISCUSSION

From previous macrofauna research of Paleo-
gene sediments (Temkova, 1957) at the site Crna
Skala 44 species were determined belonging to the
classes: Gastropoda, Bivalvia, Echinoidea and An-
thozoa (Kiihn, 1951). Specific fauna is character-
ized with multitudinousness and diversity. Of the
total fauna collected from the site, a prominent
place belongs to the nummulite fauna represented
by Nummulites fabiani Prever, which is the manag-
ing fossil for Upper and Eocene-Priabon (Table 1).

Stratigraphic horizontal positioning of the Pa-
leogene lithozone on this site based on paleon-
tological data of the macrofauna was quite diffi-
cult. The macrofauna discovered in the flysch
lithozone is a set of forms from Upper Eocene-
Priabon. Among them there are those that also go
into the Lower Oligocene and Middle Oligocene.
These are the species that occur quite early and
have great vertical spreading while in the macro-
fauna collection of the Crna Skala section typical
Oligocene forms have not been found. The age of
the flysch lithozone of the sediments at Crna Skala
section based on the species Nummulites fabiani
Prever has been designated as Upper-Eocene.

After a careful examination of the samples
collected from the Crna Skala section, abundant
benthic and less common planktonic foraminifers
were found: 16 species from 14 genera that belong
to 11 families: Spiroplectamminidae Cushman
1927, Trochamminidae Schwager 1877, Cibicidi-
dae Cushman 1927, Nonionidae Schultze 1854,
Bagginidae Cushman 1927, Caucasinidae Bykova
1959, Bolivinidae Glaessner 1937, Hauerindae
Schwager 1876, Heterolepidae Gonzales-Donoso
1969, Nodosariidae Ehrenberg 1838, Globigerini-
dae Car., Park. and Jones, 1862.

The systematic classification of the foramini-
feral fauna follows that of Loeblich and Tappan
(1988).
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Thus, the species composition of the benthic
foraminifers from the studied section includes: 2
species of agglutinated foraminifera: Spiroplecti-
nella carinata (d’Orbigny, 1846), Trochaminade-
formis Grzybowski, 3 porcelaneous: Quinquelocu-
lina juleana d’Orbigny, Triloculina gibba d’Orbig-
ny, Triloculina angularis d'Orbigny, and 10 hya-
line ones: Baggina subconica (Terquem), Hetero-
lepa duteplempei (d'Orbigny), Lenticulina sp.,
Pullenia quinqueloba (Reuss), Bolivina cf. cookei
Cushman, Cibicides cf. westi, Cibicides ungeria-
nus (d'Orbigny), Anomalinoides acutus (Plummer),
Caucasina eocenica Chalilov, and Valvulineria
Jjaksoensis Cushman.

Benthic species occur throughout the section
(samples 1-26).

By analyzing the stratigraphic position of cer-
tain taxa of the foraminifer fauna at Crna Skala
section it is concluded that:

Benthos hyaline foraminifer of the Crna Skala
section Baggina subconica (Terquem), Heterolepa
dutemplei (d'Orbigny), Lenticulina sp, Pullenia
quinqueloba (Reuss), Bolivina cf. cookei Cushman,
Cibicides cf. westi, Cibicides ungerianus (d'Orbig-
ny), Anomalinoides acutus (Plummer), Caucasina
eocenica Chalilov, and Valvulineria jaksoensis
Cushman, have broad stratigraphic extension (Up-
per Cretaceous to Paleocene or Miocene) and can-
not determine the exact geological age. Aggluti-
nated and porcelaneous foraminifers do not repre-
sent determination of the geological age. Plank-
tonic species Globoturborotalia angulioffici-
nalis (Blow) is found in the upper levels of the
section (samples 13 to 26). Generally from strati-
graphic distribution of planktonic foraminifera
Globoturborotalia anguliofficinalis (Blow) occurs
together from the Upper Eocene (Zone P 16) to the
end of the Oligocene (Zone P 22). The
chronostratigraphic framework (Lower Oligocene)
of our investigation is based on planktonic fo-
raminiferal data Stojanova et al. (2013).
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Table 1

Correlation of macrofauna at the site Crna Skala with other basins

Name of species

Crna
Skala

Tikves
basin

Northern
Italy

Ovce Pole

basin Bulgaria

AR IR A

B A A DR P WL LWLWWWWWLWRERENDRNEEENELNNWN = = = o= e e e
PO~ 0O 0VWXAIDURE LN =O VO E LW~ S0 WLND =D

Nummulites fabiani Prever

Baryphyllia italica D'Ach.

Colpophyllia flexuosa D'Ach.
Dendrogyra italica D'Ach.
Echinolampas cf. anceps Lambert et Ch.
Pectunculus striatissimus Bellardi Bouss.
Chlamus subdiscors D'Ach. Boussac
Crassatella bertrandi Boussac
Crassatella semicostata Bolardi
Crassatella sp.

. Meretrix villannovae Desch. Boussac

Meretrix incrassata Boussas

. Meretrix bonetensis Boussas

Lucina pullensis Opp.

. Lucina sp.

. Amussium corncum sow. sp. Doussak.
. Pecten robianae Mgh.

. Pecten sp.

. Ostrea gigantica Solander in Brander

Cytherea heberti Desh.

. Cyprina brevis Fuchs
. Cyrena sarena Brongniart
. Corbis cf. escheri Mayer Eymar

Corbis aglaurac A. Br.

. Cardium polyptictum Bayan

Cardium sp.

. Corbula bernencis Boussac
. Corbula semicostata Bellardi
. Corbula nicensis Bellardi

Spondylus bifrons Munster en Coldfuss.

. Cypraea marginata Fuch.
. Cerithium vivari Oppenh. var. alpinum Tour.
. Diastoma costellatum Lamarck var. alp. Tour.

Nicula elongata Vinassa de Bagny

. Nerita namnetica Vassseur

Melongana pyruloides grat. var. bonnot, Bouss.

. Conus cf. diversiformis Deshayes

. Turritella imbricataria Lamarck et var. Carinifera.
. Turritella hortensis Vinassa

. Natica vapincana d'Orbigny

. Natica crassatina Lamk.

. Natica vulcaniformis Oppenhein

. Natica patula Desh.

Natica depressa Lamarck

Geologica Macedonica, 29 (2), 215-226 (2015)
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From the given table it can be seen that a
number of specific forms are common with the
forms from other areas. The macrofauna of the site
Crna Skala has noticeable resemblance with the
forms in Northern Italy (Vicentino). It also has
great similarity with the forms in Bulgaria, both in
facial relationships and in the presence of common

fossils. The fauna on the site Crna Skala also con-
tains common forms with the fauna of the Tikves
basin and the Ovc¢e Pole basin, which confirms si-
milar bionomic conditions and common links bet-
ween these basins during the deposition of sedi-
ments.

CONCLUSION

From previous macrofaunal studies of the Pa-
leogene sediments on the site Crna Skala, based on
the species Nummulites fabiani Prever, the age of
the sediments in the upper flysch lithozone has
been determined as Upper Eocene.

The stratigraphic distribution of this valuable
species within the foraminiferal association from

section Crna Skala is accepted age as Lower Oli-
gocene. Age Lower Oligocene is accepted because
of the presence of Globoturborotalia angulioffici-
nalis (Blow) in other sections together with typical
Oligocene species.
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MAKPO- ©H MUKPO®AYHA BO 'TOPHOEOLHEHCKHUTE CEAUMEHTH
OJ1 IOKAJIMTETOT LPHA CKAJIA, PEITYBJIMKA MAKEJOHHNJA

Buoaera Crojanosa, I'ome Ilerpos

Dakyaitieiti 3a UpUPOGHU U TeXHUYKYU HayKy, MHciiuityi 3a Teorotuja, Yrueepsuitiein “I'oye [Jeaues”,
bya. Toye Jleaues 89, 2000 Lliniui, Peiiybauxa Maxegonuja
violeta.stojanova@ugd.edu.mk

Knyunu 360poBu: MakpodayHa; 6eHTOCHA U IDTAHKTOHCKA (hopamMuHH(pepa; MaJeoreHn CeIUMEHTH;

JIeTYEBCKU OaceH

Jlokanureror Ilpua Ckana My npunara Ha A€T4EBCKHOT
Oacen, P. Makenonwuja. JlemueBckuor GaceH ce Haora Bo CU
nen Ha Tepuropujara Ha PemyOnnka MakenoHuja, U BO reo-
TEKTOHCKA CMHUCJIa MpUMnara Ha CpICKO-MaKeJOHCKUOT MACHB.

Cropen oceralHuTe UCTPaXyBamba, MAJICOTCHUTE Ce-
JMMEHTH BO JIENUEBCKHOT OaceH ce co aebennHa on OKOIy
700 m u ce W3ABOEHM ABE JIUTOCTpATUTpadCKu eIUHUIM: Oa-
3aJIHa ¥ FOpHa (UIMIIIHA JIUTO30HA.

Hctpaxxysanunor nokanureror Llpna Ckanma ce Haofa
oxoiy 8 km ceBepHoO ox rpaznot JlenueBo, Ha camaTa rpaHMIA
co P. Byrapuja. Jlouupan e BO CeOMMEHTHTE OJ ropHara
¢uumHa 1MTO30HA, BO KOM CE NPOHAjIeHH Oorata W pas3HO-
BUAHa MakpodayHa M MOIIHE HHTEPECEH MHKPOIIAICOHTO-
JIOUIKH MaTepHjal.

Makpodaynara e npercTaBeHa o roiem Opoj OuBai-
BHH, TaCTPONOAH, KOPAIH, HyMYJIHTH U Op., a MUKpodayHH-

CTUYKHOT Matepujaj ¢ MpeTCTaBeH o OCHTOCHA U ILIAHKTOH-
cka opamuHudepHa payHa, o1 Koja ce oapeacH: 16 BUIOBH
Ko mpumaraar Ha 14 poxa u 11 pamusuu.

Cnopen pe3yiaTaTuTe Ol IPETXOJHATE UCTPaKyBarba Ha
MakpogayHaTa CEIMMEHTHTE O] ropHara (MIMIIHA JINTO30HA
Bo mpoduior IlpHa Ckana ce co TOPHOCOLEHCKA CTAapOCT.
MerfyToa, Bp3 OCHOBa Ha cTpaTHrpa)ckaTa pacHpoCTPaHETOCT
Ha BHJIOBUTE BO paMKuTe Ha opamuHH(EpHATa acouujarija
Bo npoduitot Lpra Ckana Moxke 1a ce mpudartu aeKa reosiomn-
KaTa CTapOCT Ha CEIMMEHTUTE OJ rOpHaTa (hIMIIHA JIUTO30HA
e nomHoonuroneHcka. OBaa crapocT e mnpudaTeHa Hopaxu
cTparurpadckaTa pacupocTpaHeTocT Ha Bunot Globoturboro-
talia anguli officinalis (Blow) (3ona P16 1o 30na P22), 6unej-
KM OBOj BUJl BO APYIUTE MaJeOreHCKH npoduian Bo Makemo-
HHja ce cpekaBa 3aeJHO CO THIIMYHH OJIMTOLICHCKH BUIOBH.
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PLATE 1

1. Spiroplectinella carinata SEMEx120, 2. Bolivina cookei SEMx*130, 3. Anomalinoides acutus SEMx180,

4. Heterolepa dutemplei SEMx120, 5. Pullenia quinqueloba (Reuss) SEMx140, 6. Triloculina angularis
d'Orbigny SEMx180, 7. Cibicides ungerianus SEMx160, 8. Baggina subconica SEMx150, 9. Valvulineria jacksoensis
SEMx250, 10. Caucasina eocenica SEMx%240, 11. Trochammina deformis SEMx150, 12. Lenticulina sp. SEMX180,
13. Cibicides cf. westi Howe SEMx150, 14. Triloculina gibba d’Orbigny SEMx137, 15. Quinqueloculina juleana
d’Orbigny SEMx137, 16. Globoturborotalia anguli of icinalis SEMx220, Scale bar = 100 um

Geologica Macedonica, 29 (2), 215-226 (2015)



224 V. Stojanova, G. Petrov

PLATE II

1-2. Nummulites fabiani Prever, 3. Echinolampas cf. anceps Lambert et Chsutard,
4. Pectunculus triatissimus Bellardi Boussac, 5-6. Crassatella semicostata Bellardi
(after V. Temkova)
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PLATE III
1. Pecten sp., 2. Meretrix villanovae Desch sp. Boussac, 3. Meretrix incrassate Sowely et Boussac,
4-5. Ostrea gigantica Solander in Brander, 6. Cyprina marginata Fuchs, 7, 10, 11. Cyprina brevis Fuchs,
8-9. Cytherea cf. incrassate Sow, 12-13. Cyrena sarena Brongniart
(after V. Temkova)
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PLATE IV
1. Corbis aglaurac Br., 2. Cardium polyptuctum Bayan, 3—4. Nerita namnetica Vasseur,
5-6. Diastoma costellatum Lamarck sp. mut. alpinum, 7. Ficulae longate Vinassa de Regny,
8. Natica vapincana d’Orbigny. 9. Melongena pyruloides sp. mut. bonetensis Boussac,
10. Turritella inbricataria Lemn. var. carinifera Dec., 11. Turritella hortensis Vinass.,
12-13. Natica vulcani Brongniart
(after V. Temkova)
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