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Pestome. V3crneBaHeTo MpeACTaBsi MbPBUTE HAXOAKH Ha MOJICH OT PAaHHU MOKPUTOCEMEHHHU OT MPELU3HO TATHPAHUTE OTIOXKCHHUS
Ha TpepMmOerikara cBHTa, 10JICH ANITCKH MOETAX B pa3zpe3a npu . byroso, Llenrpanna CeBepra brirapus. [IpencraBen € 0T MOHOKOII-
MaTHU KPOTOHOUIHU (hopMH, OTHECEHU KbM pon Stellatopollis v Bunwt Stellatopollis barghoornii Doyle, Van Campo, Lugardon, 1975.
[TanuHOIOXKKUTE acolHauy ca OOraTn, ¢ M3KIFOYNTEIHO J00pa 3ama3eHoCT U ChAbPXKAT OIIE MOJEH HAa TOJOCEMEHHH OT POJOBETE
Classopollis n Araucariacites, KakTo ¥ pa3HOOOpa3ue OT NTepuIOUTHH CHOPU OT XapaKTepPHUTE KPEIAHU pojoBe Appendicisporites,
Cicatricosisporites, Bikolisporites, Trilobosporites, Klukisporites, Deltoidospora. KomOunanusra Ha NTepuI0(QUTHH CIIOPH U TIOJEH OT
p. Classopollis B ancaMOiiTe 10Ka3Ba HEIBYCMHCIICHO TIPHHAUICKHOCTTA Ha M3clieiBaHaTa obnact kM FOsxHata JlaBpasuiicka pacTu-
TeJIHA IPOBHHIMSA 1IPE3 PaHHUSA ANT M MPEJIIoJIara TOIbJI M O-MaJIKO BJIaKEH KJIMMAT 3a u3ciesaHara odnact. M3ciepanero nokassa,
4e MOKPUTOCEMEHHHTE PACTCHMsI Ca OMITH BCE OIIE MajKa 4acT OT PACTHTEIHOCTTA [IPe3 PaHHUS AIT.

Kniouosu Oymu: panen Anrt, OJICH Ha paHHH HOKPUTOCEMEHHH, nanuHoMopou, Llenrpanna Cesepua benrapus.

Abstract. First record of early angiosperm pollen from the lower Aptian sediments in the Butovo section, Central North Bulgaria is
documented. It is represented by monocolpate crotonoid grains attributed to the Stellatopollis genus and the species Stellatopollis barg-
hoornii Doyle, Van Campo, Lugardon, 1975. The encountered sporomorph association also includes abundant gymnosperm pollen from
the Classopollis and Araucariacites genera as well as a variety of pteridophyte spores from the Cretaceous genera Appendicisporites,
Cicatricosisporites, Bikolisporites, Trilobosporites, Klukisporites and Deltoidospora. The palynological association indicates that the
studied area was part of the Southern Laurasian floral province. The persistent record of pteriodophyte spores in the assemblages with
the relatively abundant gymnosperm pollen from the Classopollis group suggests a warm and relatively less humid climate for this part
of the province during the early Aptian. The results imply that early angiosperms still played minor role in lower Aptian Bulgarian floras.

Keywords: early Aptian, early angiosperm pollen , palynology, Central North Bulgara.

Introduction the earliest part of the Cretaceous (Valanginian—

Hauterivian) and angiosperms are known to have

The mid-Cretaceous palynofloras are interesting
and characterized by the first appearance and di-
versification of early angiosperm pollen. Many as-
pects of this early angiosperm diversity, radiation
and significant ecological transformation during
the mid-Cretaceous, still remain uncertain. Scat-
tered occurrences of angiosperms are reported from
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attained some diversity around the Barremian—Ap-
tian transition (Heimhofer et al., 2007; Horikx et al.,
2016). This time interval is particularly critical for
understanding the first appearance and diversifica-
tion of the major angiosperm lineages. There are,
however, only a few well-dated strata that allow de-
tailed studies of major events in early angiosperm
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evolution and environmental changes that may be
coupled to angiosperm radiation. For the Northern
Hemisphere, the locations are mostly situated along
the margins of the Tethyan ocean and the evolv-
ing North Atlantic and include the Potomac Group,
United States (Doyle, Robbins, 1997), the Wealden
Group, England (Hughes et al., 1979), the Lusita-
nian and Algarve basins, Portugal (Heimhofer et al.,
2007; Horikx et al., 2016). Most of these early an-
giosperm records are documented in continental to
shallow-marine successions and lack independent
stratigraphic control due to the absence of important
ammonite or dinocyst markers in the fossil-bearing
strata.

Main objectives of this study are to report and
provide documentation of the first finds of early
angiosperm like pollen from the lower Aptian sedi-
ments in the Butovo section, Central North Bulgaria
and to document the total diversity of sporomorphs
in the palynological assemblages in order to recon-
struct the vegetation context and palacophytogeo-
graphic signals over the critical early Aptian time
interval for the studied section and area.

Geological background
The Butovo section is located in the central part

of the Moesian Platform, Central North Bulgaria
(Fig. 1). The section comprises the sediments of
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Fig. 1. Location of the Butovo section, lower Aptian, Cen-
tral North Bulgaria with position of the palynologically pro-
ductive samples

®@ur. 1. 'eorpadcxo nosnoxenue Ha papesa npu c. byroso,
JOJIHOANTCKH nojeTak, LlenTtpanna CesepHa bvarapus u
Pa3M0JI02KeHHe HA NAJTHHOJI0KKH IPOAYKTHBHHUTE NPOOU
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the Trambesh Formation (Bonchev, 1957; Nikolov,
Stoykova, 1995). The formation is built by clays,
marls and rare, thin sandstone beds. The lower Ap-
tian includes the lower part of the formation, which
is rich in ammonites. Recent studies of Ivanov and
Idakieva (2013) provided full description of this
section and extensive biostratigraphical study of
the ammonite successions. The authors recognized
the Deshayesites forbesi ammonite Zone, indicating
early Aptian age for the succession in the section.
The OAE 1a has also been indicated in the Butovo
section, based on lithological data (Ivanov, Idakie-
va, 2013). Pavlishina (2017) reported dinoflagellate
cyst successions from the upper Barremian—lower
Aptian interval in North Bulgaria, including those
from the Butovo section. She noted that sporo-
morphs dominate the palynological assemblages
from this section.

Material and methods

The section was sampled for pilot palynological
studies. Five samples from the lower Aptian suc-
cession near the village of Butovo were processed
for palynological analyses. Three of them were pal-
ynologically positive. The samples were processed
according to standard palynological techniques at
the Palynological Laboratory, Institute of Biodiver-
sity and Ecosystem Research, Bulgarian Academy
of Sciences. About 50g sediment was processed,
including HCI and HF treatment, heavy liquid sep-
aration and KON treatment. The residues were fi-
nally sieved through 6—-8 pm nylon meshes. Strew
mounts were made in glycerin jelly. From each of
the samples, two palynological strew mounts were
prepared and analyzed for their palynological con-
tent. The slides are stored in the collections of the
Sofia University “St. Kliment Ohridsky”.

Laboratory-based examination of the important
early angiosperm, gymnosperm pollen and spore
species was provided. With the aim of gaining more
information on their morphology, the same grains,
when possible, were investigated and imaged us-
ing transmitted light microscopy (with DIC) and
scanning electron microscopy (SEM) at the Natural
History Museum in Stockholm, Sweden, during a
research visit of the author.

Results

Three palynologically productive samples yielded
palynoflora of a medium diversity and similar com-
position. Overall, the assemblages reveal a very
well-preserved material, including pteridophyte
spores, gymnosperm pollen and early angiosperms.



Gymnosperms dominate the assemblages reach-
ing up to 40% to 50% of the palynoflora. The pol-
len grains of the arborescent conifers of the family
Cheirolepidiaceae (Classopollis, Pflug, 1953) are
relatively abundant in all samples and belong to
the species Classopollis torosus (Reissinger, 1953;
Cooper, 1958). The Classopollis pollen often oc-
curs in tetrads due to the exceptionally good pres-
ervation conditions. Araucariacites spp., namely
Araucariacites australis (Cooper, 1958) are also
documented within gymnosperms. Pteridophyte
spores are present in considerably high diversity
and up to 45% of the palynoflora. They are typi-
cally represented by taxa assigned to the genera 4Ap-
pendicisporites, Cicatricosisporites, Bikolisporites,
Trilobosporites, Klukisporites and Deltoidospora.
Most abundant among them are the typical Lower
Cretaceous striatrilete spores belonging to the fam-
ily Schizaeaceae and to the spore genera Appendi-
cisporites and Cicatricosisporites. The following
species are common in the assemblages: Appendi-
cisporites tricornitatus Weyland & Greifeld, 1953,
Appendicisporites triceps Weiland & Krieger,
1953, Cicatricosisporites hughesii Dettmann, 1963,
Cicatricosisporites sewardi Delcourt & Sprumont,
1955, Cicatricosisporites hallei Delcourt & Spru-
mont, 1955 and Cicatricosisporites brevilaesuratus
(Couper, 1958) Kemp, 1970. Notable is the consid-
erable presence of spores belonging to the family
Gleicheniaceae (Cyathidites minor Cooper, 1953)
and to the species Deltoidospora australis Cooper,
1963. Another characteristic Cretaceous spore species
complete the assemblages as follows: Bikolisporites
toratus (Weyland & Greifeld, 1953) Srivastava,
1975, Trilobosporites apiverrucatus Cooper, 1958,
Klukisporites pseudoreticulatus Cooper, 1958.

Angiosperm pollen represents a minor constitu-
ent of the palynoflora and accounts for less than 2%
in all samples. In terms of diversity it is represented
by monocolpate crotonoid grains of probably mag-
noliid and monocotyledonous affinity. They are at-
tributed to the Stellatopollis genus and the species
Stellatopollis barghoornii Doyle, Van Campo, Lu-
gardon, 1975. Representatives of the Stellatopollis
genus are part of the earliest angiosperm pollen as-
semblages and were documented from pre-Aptian
and Aptian deposits in southern England (Hughes
et al., 1979; Hughes, Mc Dougall, 1990) and Egypt
(Penny, 1986; Schrank, Mahmoud, 2002). Stellato-
pollis barghoornii and S. cf. barghoornii cover a
relatively long stratigraphic interval, possibly from
the Barremian (Doyle et al., 1977) to the Aptian
(Ibrahim, 1996) and early Albian (Heimhofer et al.
2007, Horikx et al. 2016). The crotonoid sculpture
and single colpus suggest a possible affinity of the
genus to pollen of Liliaceae, according to Doyle et
al. (1975).

Microphotographs of the documented miospores
are presented in Plates [-IV.

Palaeophytogeographic and
palaeoclimatic signals

Despite effects of preservation, transportation and
sedimentation processes, assemblages of pollen and
spores reflect the composition of terrestrial plant
communities (Tyson, 1995). In the Cretaceous, the
application of palacocommunity models is consid-
erable hammered by uncertainties with respect to
the botanical affinities of Cretaceous dispersed pol-
len and spore taxa. Nevertheless, counts of the rela-
tive abundances of miospores in large groups such
as pteridophytes, gymnosperms and angiosperms
gives a reliable picture of the hinterland vegetation
in the area and thus some signals for its palacophy-
togeographic and palaeoclimatic attribution.

According to Brenner (1976) and Batten (1984),
two major floral provinces existed during the late
Early Cretaceous, namely: the Southern Laurasian
floral province and the Northern Gondwana prov-
ince (Fig. 2). The Southern Laurasian floral prov-
ince was restricted to mid-latitudes of the northern
hemisphere during Aptian to Albian times. Re-
ported palynofloral assemblages from this prov-
ince typically contain gymnosperm pollen such as
Classopollis spp. and Araucariacites spp. as well
as numerous and varied pteridophyte spores, espe-
cially representatives of the families Schizaeaceae
and Gleicheniaceae. In contrast, high abundances
of the gymnosperm pollen groups Ephedripites,
Cycadopites and Araucariacites indicate a north-
ern Gondwana affinity. Pteridophyte spores exhibit
generally lower abundances in the typical Northern
Gondwana floral province. The boundary between
the Northern Gondwana province and the Southern
Laurasian province is represented by a transitional
zone, which incorporates floral elements from both
provinces (Batten, 1984; Heimhofer et al., 2007).
According to the palaeoclimatic reconstructions of
Brenner (1976), Batten (1984) and Heimhofer et al.
(2007), the Southern Laurasian province correspond-
ed to a broad zone of subtropical to warm-temperate
humid conditions during the Aptian interval.

The encountered sporomorph associations in
the Butovo section indicate unequivocally that the
studied area was part of the Southern Laurasian flo-
ral province during the early Aptian time interval.
The persistent record of varied pteridophyte spores
in the assemblages on one side, but together with
the relatively abundant gymnosperm pollen from
the Classopollis group suggests a warm and rela-
tively less humid climate for this part of the South-
ern Laurasian floral province during the early Ap-
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Fig. 2. Palaeogeographic reconstruction of the North Atlantic

and Tethyan realm during mid-Cretaceous (after Heimhofer

et al. 2007). Major floral provinces and corresponding climate after Brenner (1976) and Batten (1984) and position of the Butovo
section. Locations of early angiosperm palynofloras used for comparison: (1) Lusitanian Basin, Portugal; (2) Algarve Basin, Portu-
gal; (3) DSDP sites 417 and 418, North Atlantic Basin; (4) Potomac Group, United States; (5) Wealden Group, England; (6) Qattara

Depression, Egypt; (7) Dakhla Oasis, Egypt; (8) northern Negev,

Bulgaria.

Israel; (9) Cocobeach system, Gabon; (10) Butovo section, CN

@ur. 2. [Ianeoreorpadcka pekoHcTpykuus Ha CeBepHoaTianTH4YecKkaTa U TeTnckara o01act npe3 cpeanara yact Ha Kpe-
naata (mo Heimhofer et al. 2007). OcroBHU (IOpHCTHYHN NPOBHHIMU M CHOTBETCTBAIIMAT MM KiauMatr (o Brenner, 1976 u
Batten, 1984) u msacroro Ha pa3pe3a byroBo. Haxonuma Ha mojieH Ha paHHM MOKPUTOCEMEHHH H3MOJI3BAHU MPU KOpETaluuTe:
(1) JTyzurancku baceitn, [Toptyramus; (2) Anrapscku baceiin, [Topryramus; (3) DSDP connaxu 417 n 418, CeBepen ATinanTnuec-
ku Gaceitn; (4) I'pyna IToromax, CAILL; (5) Benncka I'pymna, Anrmums; (6) Katapeka nenpecust, Eruner; (7) Oasuc Jlakna, Erumer;
(8) Cesepen Heres, Uspaen; (9) Cucrema Koxobuiiu, ['abon; (10) ByTtoBo, Llentpanna CeBepna bearapus.

tian. The well constrained early Aptian age of the
Trambesh Formation in the section corroborates the
comparison with published palynofloras from other
localities in the Northern Hemisphere, including the
Potomac Group, United States (Doyle, Robbins,
1997) and especially the Cresmina and Luz sections
in the Portuguese Algarve and Lusitanian Basins
(Heimhofer et al., 2007; Horikx et al., 2016). These
comparisons show strong similarities with regard to
floral composition and especially the timing of first
appearances of particular angiosperm pollen forms
such as the Stellatopollis genus. The results imply
that the early angiosperms played minor role in the
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early Aptian North Bulgarian floras. This propor-
tion of angiosperms is also consistent with those ob-
served in other coeval Aptian palynological records.
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PLATEI

Microphotographs of important pollen and spore species from the Butovo section, SEM. Scale bar — 20 um: a, b, ¢, Stellatopol-
lis barghoornii Doyle et al., 1975, sample But-3, lower Aptian; d, e, Appendicisporites triceps Weiland & Krieger, 1953, sample
But-3, lower Aptian; f, g, Appendicisporites tricornitatus Weyland & Greifeld, 1953, sample But-4, lower Aptian; 4, i, Araucaria-
cites australis (Cooper, 1958), sample But-2, lower Aptian; j, k, [, Bikolisporites toratus (Weyland & Greifeld, 1953) Srivastava,
1975, sample But-3, lower Aptian.

TABJIMIIA I

CHUMKH Ha OCHOBHHUTE BHJIOBE TIOJICH U CIIOPH B pa3pesa mpu c. byroBo. Mamab — 20 um: a, b, ¢ — Stellatopollis barghoornii
Doyle et al., 1975, mpo6a But-3, nosnen antcku noaerax; d, e — Appendicisporites triceps Weiland & Krieger, 1953, npo6a But-3,
JIOJIeH alTCKU MOJeTaK; f, g — Appendicisporites tricornitatus Weyland & Greifeld, 1953, npo6a But-4, nonen antcku nogerax;
h, I — Araucariacites australis (Cooper, 1958), nmpo6a But-2, nonen antcku nonerax; j, k, [ — Bikolisporites toratus (Weyland &
Greifeld, 1953) Srivastava, 1975, nmpo6a But-3, monen antcku moaeTax.
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PLATE II

Microphotographs of important pollen and spore species from the Butovo section, SEM. Scale bar — 20 um: a, Cicatricosisporites
brevilaesuratus (Couper, 1958) Kemp, 1970, sample But-3, lower Aptian; b, Cicatricosisporites hallei Delcourt & Sprumont,
1955, sample But-4, lower Aptian; ¢, d, Cicatricosisporites brevilaesuratus (Couper, 1958) Kemp, 1970, sample But-4, lower
Aptian; e, g, Classopollis torosus (Reissinger, 1953) Cooper, 1958, tetrad, sample But-3, lower Aptian; £, 4, Classopollis torosus
(Reissinger, 1953) Cooper, 1958, sample But-4, lower Aptian; i, k, I, Deltoidospora australis Cooper, 1963, sample But-3, lower
Aptian; j, Gleichenidiites senonicus (Ross, 1949) Dettmann, 1963, sample But-4, lower Aptian.

TABJIMIIA I

CHUMKH Ha OCHOBHHUTE BUJIOBE TOJICH U CIIOPH B pa3pesa mpu ¢. byroBo. Mamia6 — 20 um: a — Cicatricosisporites brevilaesuratus
(Couper, 1958) Kemp, 1970, nmpoba But-3, nonen antcku noperax; b — Cicatricosisporites hallei Delcourt & Sprumont, 1955,
npoda But-4, nonen antcku nogerax; ¢, d — Cicatricosisporites brevilaesuratus (Couper, 1958) Kemp, 1970, npo6a But-4, nonen
antcku noxaetax; e, g — Classopollis torosus (Reissinger, 1953) Cooper, 1958, tetpana, npoda But-3, noneH anTcku MoaeTax;
1, h— Classopollis torosus (Reissinger, 1953) Cooper, 1958, npo6a But-4, nonen anrcku nonerax; i, k, / — Deltoidospora australis
Cooper, 1963, npoba But-3, nonen antcku noaetax; j — Gleichenidiites senonicus (Ross, 1949) Dettmann, 1963, npo6a But-4,
JIOJICH aITCKH TTOJIeTaX.
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PLATE III TABJINIIA 111

20um

PLATE III

Microphotographs of important pollen and spore species from the Butovo section, SEM. Scale bar — 20 um: a, Deltoidospora aus-
tralis Cooper, 1963, sample But-4, lower Aptian; b, ¢, Klukisporites pseudoreticulatus Cooper, 1958, sample But-3, lower Aptian;
d, e, f, Trilobosporites apiverrucatus Cooper, 1958, sample But-3, lower Aptian; g, Classopollis torosus (Reissinger, 1953) Cooper,
1958, tetrad, sample But-3, lower Aptian; &, Cicatricosisporites sewardi Delcourt & Sprumont, 1955, tetrad, sample But-3, lower
Aptian.

TABJIMIA 11T

CHHUMKH Ha OCHOBHHTE BHJIOBE IIOJICH U CHOPH B paspesa mnpH c. byroso. Mamab — 20 pm: a —Deltoidospora australis Cooper,
1963, npoba But-4, nonen anrtcku nonerax; b, ¢ — Klukisporites pseudoreticulatus Cooper, 1958, npoda But-3, nonen anrtcku
nonerax; d, e, f — Trilobosporites apiverrucatus Cooper, 1958, npo6a But-3, nonen antcku nonerax; g — Classopollis torosus
(Reissinger, 1953) Cooper, 1958, terpana, mpoda But-3, nonen anrcku nogerax; h — Cicatricosisporites sewardi Delcourt &
Sprumont, 1955, rerpaaa, npoba But-3, nosen antcku moaetax.
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PLATE IV

Microphotographs of important pollen and spore species from the Butovo section. Scale bar — 20 pm: a, Appendicisporites tricorni-
tatus Weyland & Greifeld, 1953, sample But-4, lower Aptian; b, Appendicisporites triceps Weiland & Krieger, 1953, sample But-3,
lower Aptian; ¢, Cicatricosisporites hughesii Dettmann, 1963, sample But-3, lower Aptian; d, e, Bikolisporites toratus (Weyland
& Greifeld, 1953) Srivastava, 1975, sample But-3, lower Aptian; f, Trilobosporites apiverrucatus Cooper, 1958, sample But-3,
lower Aptian; g, h, Classopollis torosus (Reissinger, 1953) Cooper, 1958, tetrad, sample But-3, lower Aptian; i, j, Deltoidospora
australis Cooper, 1963, sample But-4, lower Aptian; k, Cicatricosisporites brevilaesuratus (Couper, 1958) Kemp, 1970, sample
But-3, lower Aptian; /, Cicatricosisporites hallei Delcourt & Sprumont, 1955, sample But-4, lower Aptian.

TABJIMLIA IV

CHUMKH Ha OCHOBHHUTE BHJIOBE TTOJICH U CIIOPH B paspesa mpu c. byroBo. Mamab — 20 um: a — Appendicisporites tricornitatus
Weyland & Greifeld, 1953, npo6a But-4, nonen antcku noaerax; b — Appendicisporites triceps Weiland & Krieger, 1953, npo6a
But-3, nosnen anrtcku nonerax; ¢ — Cicatricosisporites hughesii Dettmann, 1963, npo6a But-3, monen antcku mnojaerax; d, e —
Bikolisporites toratus (Weyland & Greifeld, 1953) Srivastava, 1975, nmpo6a But-3, nonen anrtcku noaerax; f — Trilobosporites
apiverrucatus Cooper, 1958, npo6a But-3, nonen antcku nonerax; g, h — Classopollis torosus (Reissinger, 1953) Cooper, 1958,
TeTpana, npoda But-3, mosieH antcku noxueTax; i, j — Deltoidospora australis Cooper, 1963, mpo6a But-4, 1onieH antcku mojaeTax;
k — Cicatricosisporites brevilaesuratus (Couper, 1958) Kemp, 1970, npo6a But-3, nonen anrcku noaerax; / — Cicatricosisporites
hallei Delcourt & Sprumont, 1955, npoba But-4, nosien anTcku nojgerax.
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