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Ðåçþìå. Óñòàíîâåíè ñà áåðèàñêè è âàëàíæèíñêè äèíîöèñòíè àíñàìáëè îò òðè ñîíäàæà â Ñåâåðîèçòî÷íà
Áúëãàðèÿ. Â äîïúëíåíèå êúì òðàäèöèîííèÿ ìèêðîñêîïñêè ìåòîä â ïðîõîäÿùà ñâåòëèíà, ÷àñò îò âèäîâåòå ñà
èçñëåäâàíè è íà êîíôîêàëåí ñêàíèðàù ìèêðîñêîï. Òîçè íîâ ìèêðîñêîïñêè ìåòîä ñåãà çà ïúðâè ïúò ñå ïðèëàãà
ïðè ìîðôîëîãè÷íèÿ àíàëèç è îêîí÷àòåëíè îïðåäåëåíèÿ íà áúëãàðñêè ôîñèëíè äèíîôëàãåëàòíè öèñòè.
Ñòðàòèãðàôñêîòî ðàçïðîñòðàíåíèå íà óñòàíîâåíèòå òàêñîíè å îáâúðçàíî ñ êàëïèîíåëèäíèòå çîíè, ðàçãðàíè÷åíè
â ñîíäàæèòå, ò.å. êúì åòàæíàòà ïîäÿëáà íàïðàâåíà ïî êàëïèîíåëèäè è âàðîâèòè äèíîöèñòè. Ðàçãðàíè÷åíè ñà äâå
îñíîâíè äèíîöèñòíè àñîöèàöèè. Òå èíäèêèðàò çîíà Biorbifera johnewingii çà ãîðíîòèòîíñêèÿ – ãîðíîáåðèàñêè
èíòåðâàë è çîíà Spiniferites spp. çà èíòåðâàëà íàé-ãîðåí áåðèàñ – äîëåí âàëàíæèí. Íàïðàâåíà å ñúïîñòàâêà ñ
ïóáëèêóâàíîòî ðàçïðîñòðàíåíèå íà âèäîâåòå è ñúùåñòâóâàùèòå çîíàëíè ñõåìè îò ðàçðåçè â Èñïàíèÿ, Ôðàíöèÿ è
Øâåéöàðèÿ.

Êëþ÷îâè äóìè: äèíîôëàãåëàòíè öèñòè, áåðèàñêè åòàæ, âàëàíæèíñêè åòàæ, êîíôîêàëíî ñêàíèðàùî ìèêðîñêî-
ïèðàíå, Ñåâåðîèçòî÷íà Áúëãàðèÿ.

Abstract. Berriasian and Valanginian dinocyst assemblages are documented from three boreholes in Northeast Bulgaria.
In addition to conventional transmitted light microscopy, a selection of species has been studied in confocal laser scanning
microscopy (CLSM). The novel method of CLSM is now applied for the first time to the morphological analysis and final
identification of Bulgarian fossil dinoflagellate cyst species. The stratigraphic distribution of the established taxa is calibrated
against the calpionellid zones, recognized in the same boreholes and thus against the stage subdivision based on calpionellids
and calcareous dinocysts. Two dinocyst associations are recognized. They indicate Biorbifera johnewingii Zone for the
Upper Tithonian – Upper Berriasian and Spiniferites spp. Zone for the uppermost Berriasian – Lower Valanginian. The
associations are correlated to the existing dinocyst zonal schemes in Spain, France and Switzerland.
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Introduction

The stratigraphic value of Berriasian and Valanginian
dinoflagellate cysts is well known especially within Eu-
ropean Tethyan and Sub-Boreal realms. They are con-
sidered to be a key tool for biostratigraphic subdivisions
and correlations within this stratigraphic interval. Com-
prehensive studies, presented by Monteil (1992, 1993),
Leereveld (1995, 1997) and Hoedemaeker, Leereveld
(1995) calibrated the dinocyst events against the stan-
dard ammonite zonation and depositional sequences in
the type areas and other sections in the western Medi-
terranean, thus increasing their potential for world-
wide biostratigraphic application. However, the corre-
lation between these zonal schemes is not easy due to
the emphasis of local differences.

Berriasian and Valanginian dinoflagellate cysts have
never been described from the Bulgarian territory so
far. The present paper outlines the results from their
first study from boreholes R-6, R-7 and R-8 Sultanci in
Northeast Bulgaria.

The studied boreholes are located in the eastern
Fore-Balkan, near the village Sultanci, Varna district
(Fig. 1). The sampled part comprises Berriasian and
Valanginian sediments belonging to the Ticha Forma-
tion. It consists of an irregular alternation of micritic
and marly limestones and marls. At the base of the for-
mation some beds of intraclast-bearing limestones oc-
cur. The formation was introduced by Sapunov (1976)
and the type section has later been described in the
Ticha River gorge by Nikolov and Sapunov (1977).
The age of the formation was determined as Late
Callovian to late Late Valanginian (Ruskova, Nikolov,
1987). More recent and comprehensive contributions
on its stratigraphy and palaeontology have been pre-
sented by Sapunov et al. (1986), Nikolov et al. (1991)
and Ivanova et al. (2002).

Dodekova (in Sapunov et al. 1986) and Dodekova
(1994) previously reported on dinoflagellate cysts from
the Tithonian deposits in the same boreholes.

The objectives of the present study are: (1) to
present a description and illustration of the recorded
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Fig. 1. Location map and lithostratigraphic column of the studied boreholes. Sample positions are indicated to the right of the
columns
Ôèã. 1. Ãåîãðàôñêî ïîëîæåíèå è ëèòîñòðàòèãðàôèÿ íà èçñëåäâàíèòå ñîíäàæè. Ìåñòàòà íà ïðîáèòå ñà îçíà÷åíè îòäÿñíî
íà êîëîíêèòå
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dinocyst assemblages; (2) to assess the age and corre-
late the succession to the biostratigraphically well con-
trolled framework established for the western Tethyan
realm; (3) to provide a direct calibration of the dinocyst
associations to the calpionellid and calcareous dinocyst
successions and zones, recognized in the same bore-
holes.

Material and methods

The present study is based on eleven core samples,
containing relatively rich and well-preserved dinoflagel-
late cyst assemblages. The position of the samples is
indicated in Fig. 1. They were collected from the marly
limestones in the sampled interval.

The samples were prepared for palynological analy-
sis following standard preparation techniques, includ-
ing HCl, HF treatment and separation with heavy liquid.
Strew mounts were prepared in Elvacit, a commercial
mounting medium on the basis of resin. The slides con-
taining the illustrated specimens are stored in the col-
lections of the Geological Institute, Bulgarian Academy
of Sciences.

The morphological analysis of the species is prima-
rily based on the results in transmitted light microscopy,
since this is the main tool used in routine palynological
studies. Photomicrographs in transmitted light have
been taken using Differential Interference contrast
(DIC) on a BH2 Olympus microscope at the Natural
History Museum, London.

In addition to conventional transmitted light micros-
copy, a selection of species has been studied in confo-
cal laser scanning microscopy. Only recently, CLSM
has been successfully applied for the first time to the
morphological analysis of fossil dinoflagellate cysts by
Feist-Burkhardt, Pross (1999) and Feist-Burkhardt,
Monteil (2001).

The novel method of CLSM is now applied for the
first time to the morphological analysis and final identi-
fication of Bulgarian fossil dinoflagellate cyst species.
The present contribution aims also to describe this
method, thus introducing it to the Bulgarian palynologi-
cal literature.

Confocal Laser Scanning Microscopy
(CLSM)

In confocal laser scanning microscopy, a fine laser
beam is used to excite fluorescence in the study object.
To obtain a full image, the image point is moved across
the specimen by mirror scanners. The emitted fluores-
cence light passing through the detector pinhole is
transformed into electrical signals by a photomultiplier
and displayed on a computer monitor. Because of the
two conjugated pinholes in the light path, the so-called
confocal principle, only the light from the focal plane is
detected, and stray light is minimized. By imaging serial
sections through a microscopic object, an image stack
of very thin optical sections is obtained, preserving the
true 3D information of the specimen. Subsequently, the
confocal imaging software is used to superimpose the

slices, giving an extended focus image with high depth
of focus. Stereoscopic images and computer anima-
tions can be generated facilitating visualization of 3D
structures and showing the microscopic specimen
from all directions.

In the present study, palynomorphs have been stud-
ied using the Leica TCS SP confocal microscope at the
Natural History Museum, London. The unstained di-
noflagellate cysts in conventional palynological slides
were analysed using a 40×1.0 NA oil PL Fluotar objec-
tive. TRITC_wide filter settings of the confocal micro-
scope were used to obtain fluorescence image stacks.
This means that excitation takes place at a wavelength
of 568 nm and the emitted fluorescence light with a
wavelength longer than 570 nm is detected. Images
were captured with a lateral resolution of 1024×1024
pixels and a thickness of generally less than 500 nm.
The resulting image stacks were then processed using
the Leica 3D rendering software to obtain maximum
projections extended focus images and red/green anag-
lyphs.

Confocal microscopy has been used in many bio-
logical and medical studies, in which a wide range of
fluorescent dyes is applied to stain specific cell areas or
cell organelles. It is only recently, that Feist-Burkhardt,
Pross (1998) and Feist-Burkhardt, Monteil (2001) ap-
plied fluorescence confocal laser scanning microscopy
for morphological analysis and imaging purposes to di-
noflagellate cysts from the Jurassic and the Creta-
ceous. A fairly detailed description and explanation of
confocal microscopy in the application to palyno-
morphs can be found on the Internet under the follow-
ing address: http://www.nhm.ac.uk/palaeontology/mi-
cro/clsm/clsm.html. Modern and fossil palynomorphs
generally show strong autofluorescence and can there-
fore be easily analysed in confocal microscopy in the
conventional palynological strew mounts without spe-
cial sample preparation. So far, only some few excep-
tions are known. Mature organic residues with palyno-
morphs having suffered thermal alteration may have
lost their autofluorescence. Even chemical oxidation,
which is part of many standard palynological process-
ing techniques, in most cases does not negatively affect
the analysis of palynomorphs in fluorescence confocal
microscopy.

Confocal microscopy of palynomorphs provides
additional information to conventional transmitted light
microscopy and scanning electron microscopy (SEM).
In transmitted light microscopy the depth of field is lim-
ited and illustration of palynomorphs, especially, when
well preserved in three dimensions, needs several focus
levels to appropriately document the specimens mor-
phology. In confocal microscopy, very thin optical sec-
tions are imaged, allowing detailed inspection, e.g. of
the wall structure in cross-section. By using the 3D-
rendering algorithms provided with the confocal soft-
ware, the image information of the image stack is com-
bined forming projection images with an extended
depth of focus, resembling those obtained in SEM. The
advantage of confocal microscopy compared to SEM
is, even though resolution in SEM is for obvious rea-
sons much higher, that individual, specific grains first
selected in a slide in transmitted light, can be analysed.



110

This is especially useful when dealing with rare taxa in
a sample or for gaining additional information for se-
lected type specimens that show special features. A
further important difference and advantage of confocal
microscopy is that internal features are detected as
well, whereas in SEM only surface structures can be
observed. This is especially important in palynological
material since palynomorphs are often built of several
wall layers, such as in cavate dinoflagellate cysts. The
area and extent of the cavation in dinoflagellate cysts is
generally a discriminating criterion on specific or even
generic level. All experiences so far have shown, that
confocal microscopy is a very useful tool in the mor-
phological analysis and documentation of palyno-
morphs, not replacing any of the traditional tools, but
providing valuable additional information to conven-
tional transmitted light microscopy and SEM.

Results and description
of the dinoflagellate cyst assemblages

The sediments of the Ticha Formation have yielded
rather rich and well-preserved dinocyst assemblages in
three of the studied boreholes – R-6 Sultanci, R-7
Sultanci and R-8 Sultanci. Since consecutive dinocyst
samples are not frequent, the assemblages described
below can only tentatively be assigned to published
dinocyst zones.

The definition of the indicated dinocyst zones is ac-
cording to Habib, Drugg (1983), Monteil (1992, 1993)
and Leereveld (1995, 1997). All encountered dinocyst
assemblages and the ranges of the registered taxa are
calibrated against the combined calpionellid/calcareous
dinocyst zones and thus against the stage and substage
subdivisions of the Lower Cretaceous as proposed by
Ivanova et al. (2002) for the same boreholes.

In R-7 Sultanci well previous data by Dodekova
proved Late Tithonian age on dinoflagellate cysts at
1732 m (in Sapunov et al., 1986, Dodekova, 1994). She
reported the following dinocyst species: Biorbifera
johnewingii, Amphorula? monteilii, Prolixosphaeri-
dium? foratum and Cometodinium habibii. During the
present study these species are also recorded higher up
within the core interval 1478–1707 m together with
Ctenidodinium elegantulum, Dapsilidinium warrenii,
Systematophora palmula, Systematophora areolata,
Circulodinium distinctum, Chlamydophorella nyei and
Cribroperidinium spp.

The association is quite characteristic and indicates
Biorbifera johnewingii Zone in the borehole. The base
of the zone is defined at 1732 m, within the Upper
Tithonian, based on the dinocyst record published by
Dodekova and now within the interval 1478–1707 m
(direct correlation with Calpionella alpina Subzone,
lowermost Berriasian).

The Biorbifera johnewingii Zone is indicated also in
R-6 Sultanci well at depth of 1664 m (direct correlation
with Remaniella Subzone, lower-middle part of the
Berriasian). Dichadogonyaulax bensonii and
Systematophora scoriacea occur for the first time
within this interval, together with the characteristic
zonal association. In R-8 Sultanci well the zone is indi-

cated at depth of 1661–1663 m (Calpionella elliptica
Subzone, middle part of Berriasian).

A distinct change in the dinocyst assemblages is
documented in R-6 Sultanci well within the core inter-
val 1331–1337 m. The assemblages comprise
Spiniferites spp., Exiguisphaera phragma, Tehamadi-
nium brixii, Tehamadinium tenuiceras, Systematophora
scoriacea, S. palmula, S. areolata, Chlamydophorella
nyei, Ctenidodinium elegantulum, Dapsilidinium
warrenii, Dichadogonyaulax bensonii, Circulodinium
distinctum and Cribroperidinium spp. The so described
association can be assigned to the Spiniferites spp.
Zone in this interval. In the study the zone calibrates
against the lower Lower Valanginian Calpionellites
darderi Subzone and Colomisphaera conferta Zone
recognized in the same interval.

Correlations and discussion

For the stratigraphic evaluation of the ranges and sub-
sequent selection of marker taxa, correlation to the
dinocyst zonations in the Alpine-Mediterranean region
is of vital importance. Dinoflagellate cyst zones for the
Upper Tithonian to Barremian strata were previously
defined by Millioud (1969), Antonescu, Avram (1980),
Habib, Drugg (1983), Monteil (1992, 1993), Hoede-
maeker, Leereveld (1995) and Leereveld (1995, 1997).

The correlation between these zonal schemes is not
easy and neither of them could be directly applied to the
succession encountered in the studied boreholes. The
present study gives preference to the zonations defined
by Habib, Drugg (1983), Monteil (1992, 1993) and
Leereveld (1995, 1997) in which the dinocyst events
are calibrated to the ammonite and calpionellid zona-
tions. The zonal schemes are primarily based on a suc-
cession of apparently simultaneous events (first and
last occurrences) of key species in southeastern Spain,
southeastern France and Switzerland.

Samples, originating from R-7 Sultanci (1478-1707
m) and R-8 Sultanci (depth of 1661-1663 m) can defi-
nitely be assigned to the Biorbifera johnewingii Zone
of Habib, Drugg (1983) and Leereveld (1995, 1997) by
the presence of the nominative species and characteris-
tic association. The base of the zone is defined within
the Upper Tithonian in R-7 Sultanci, based on the
dinocyst record published by Dodekova (1994). So, in
these boreholes the zone ranges from Upper Tithonian
to the middle part of the Berriasian (direct correlation to
Calpionella alpina and Calpionella elliptica
subzones). Ctenidodinium elegantulum and Dapsili-
dinium warrenii have their first occurrences in the low-
ermost Berriasian part of the zone (Fig. 2). Assignment
of the samples from R-6 Sultanci at depth of 1664 m to
the Biorbifera johnewingii Zone is uncertain because
of the relatively poor assemblage and the lack of the
nominative species. However, the consistent presence
of Dichadogonyaulax bensonii in this assemblage al-
lows correlation to the middle part of the zone approxi-
mating the boundary between the Lower and Middle
Berriasian (Leereveld, 1997). In his dinoflagellate cyst
biozonation for the Tithonian and Berriasian in south-
eastern France, Monteil (1993) recognized the
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Dichadogonyaulax bensonii Zone within the Lower to
Upper Berriasian interval thus corresponding to the
middle and upper parts of Biorbifera johnewingii Zone
of Habib, Drugg (1983) and Leereveld (1995, 1997).
He defined the base of his zone by the simultaneous
appearances of Dichadogonyaulax bensonii, Cassicu-
losphaeridia pygmea, Tehamadinium dodekovae,
Ctenidodinium elegantulum and Spiniferites ramosus
group. The correlation with this zone is problematical
because of the complete absence of representatives of
the Spiniferites group in our assemblage and their suc-
cessive appearance in the uppermost Berriasian and
lower Valanginian interval in the same borehole.

The succeeding latest Berriasian to Early Valanginian
dinocyst assemblage is quite characteristic and can be
differentiated from the preceding one through the pres-

ence of Spiniferites spp., Exiguisphaera phragma,
Tehamadinium brixii, and Tehamadinium tenuiceras al-
though Dichadogonyaulax bensonii, Ctenidodinium
elegantulum, Dapsilidinium warrenii, Systematophora
scoriacea, Systematophora palmula and Systemato-
phora areolata are also common and continue their
ranges in this stratigraphic interval.

As it has been previously noted the assemblage indi-
cates the presence of the Spiniferites spp. Zone of
Leereveld (1997) within the core interval 1331-1337 m
in R-6 Sultanci well. The zone is characterized by the
first consistent occurrence of Spiniferites spp. Follow-
ing the definition of the zone as well as the data pro-
vided by Monteil (1993) the species Dichadogonyaulax
bensonii and Systematophora areolata have their last
occurrences in the middle part of the zone in southeast
Spain and in the uppermost Pertransiens ammonite
Zone in southeast France, i.e. within the Lower
Valanginian. The presence of these species in our as-
semblage allows correlation to the lower part of the
Spiniferites spp. Zone, corresponding to the Lower
Valanginian. This assessment is in agreement with the
calibrated data based on calpionellids and calcareous
dinocysts in the same interval (Ivanova et. al., 2002).
They indicate the uppermost part of the Berriasian
(Calpionellopsis oblonga calpionellid Zone) at 1337 m
and Lower Valanginian (Calpionellites darderi
calpionellid Zone and Colomisphaera conferta calcare-
ous dinocyst Zone) at 1335 m.

Conclusions

Berriasian and Valanginian dinoflagellate cyst assem-
blages are documented from three boreholes in north-
east Bulgaria. In addition to conventional transmitted
light microscopy, a selection of species has been stud-
ied in confocal laser scanning microscopy as well. The
novel method of CLSM is now applied for the first time
to the morphological analysis and final identification of
Bulgarian fossil dinoflagellate cyst species. The strati-
graphic distribution of the recognized taxa is calibrated
against the calpionellid zones in the boreholes and
against the stage subdivision based on calpionellids and
calcareous dinocysts. Two main dinocyst associations
have been recognized. The observed stratigraphical
ranges are documented and compared to published data
from Spain, France and Switzerland. The Biorbifera
johnewingii Zone is indicated within the Upper
Tithonian–Upper Berriasian interval and the Spiniferites
spp. Zone for the uppermost Berriasian-Lower Valan-
ginian.

Fig. 2. Distribution chart of the established dinoflagellate cyst taxa
Ôèã. 2. Ðàçïðîñòðàíåíèå íà óñòàíîâåíèòå âèäîâå äèíîöèñòè

Appendix

Taxa encountered in the present study are listed below. The reader
is referred to Williams et al. (1998) for dinoflagellate cyst tax-
onomy.

Amphorula? monteilii Dodekova, 1994 (Pl. III, figs. 7, 8)
Biorbifera johnewingii Habib, 1972 emend. Below, 1987 (Pl. III,

fig. 10)
Circulodinium distinctum (Deflandre & Cookson, 1955) Janso-

nius, 1986 (Pl. II, figs. 1, 2; Pl. IV, figs. 5, 6)

Chlamydophorella nyei Cookson & Eisenack, 1958 (Pl. III, figs.
1, 2)

Cometodinium habibii Monteil, 1991a ( Pl. I, figs. 1, 2)
Ctenidodinium elegantulum Millioud, 1969 emend. Below, 1987

(Pl. II, figs. 5, 6)
Dapsilidinium warrenii (Habib, 1976) Lentin & Williams, 1981

(Pl. I, figs. 3, 4)
Dichadogonyaulax bensonii Monteil, 1992a (Pl. III, fig. 9)
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P L A T E  I

All photomicrographs were taken in conventional light microscopy using Differential Interference Contrast DIC (Olympus BH2,
objective 100 × 1.67. Figures 1-10 magnification approx. × 940.

1,2. Cometodinium habibii Monteil, 1991. Slide 3433/2, borehole R-7 Sultanci, depth 1485 m, Ticha Formation.
3,4. Dapsilidinium warrenii (Habib, 1976) Lentin & Williams, 1981. Slide 3413/2, borehole R-6 Sultanci, depth 1337 m, Ticha
Formation.
5,6. Tehamadinium tenuiceras (Eisenack, 1958) Jan du Chene et al., 1986a. Slide 3413/2, borehole R-6 Sultanci, depth 1337 m, Ticha
Formation.
7,8. Spiniferites sp. Slide 3413/2, borehole R-6 Sultanci, depth 1337 m, Ticha Formation.
9. Exiguisphaera phragma Duxbury, 1979. Slide 3413/1, borehole R-6 Sultanci, depth 1337m, Ticha Formation.
10. Tehamadinium brixii (Below, 1982) Jan du Chene et al., 1986a. Slide 3413/1, borehole R-6 Sultanci, depth 1337m, Ticha
Formation.

1,2. Cometodinium habibii Monteil, 1991. Ïðåïàðàò 3433/2, ñîíäàæ R-7 Ñóëòàíöè, äúëáî÷èíà 1485m, Òè÷àíñêà ñâèòà.
3,4. Dapsilidinium warrenii (Habib, 1976) Lentin & Williams, 1981. Ïðåïàðàò 3413/2, ñîíäàæ R-6 Ñóëòàíöè, äúëáî÷èíà 1337m,
Òè÷àíñêà ñâèòà.
5,6. Tehamadinium tenuiceras (Eisenack, 1958) Jan du Chene et al., 1986a. Ïðåïàðàò 3413/2, ñîíäàæ R-6 Ñóëòàíöè, äúëáî÷èíà
1337m, Òè÷àíñêà ñâèòà.
7,8. Spiniferites sp. Ïðåïàðàò 3413/2, ñîíäàæ R-6 Ñóëòàíöè, äúëáî÷èíà 1337m, Òè÷àíñêà ñâèòà.
9. Exiguisphaera phragma Duxbury, 1979. Ïðåïàðàò 3413/1, ñîíäàæ R-6 Ñóëòàíöè, äúëáî÷èíà 1337m, Òè÷àíñêà ñâèòà.
10. Tehamadinium brixii (Below, 1982) Jan du Chene et al., 1986a. Ïðåïàðàò 3413/1, ñîíäàæ R-6 Ñóëòàíöè, äúëáî÷èíà 1337m,
Òè÷àíñêà ñâèòà.

P L A T E  II

All photomicrographs were taken in conventional light microscopy using Differential Interference Contrast DIC (Olympus BH2,
objective 100 × 1.67. Figures 1-8 magnification approx. × 940.

1,2. Circulodinium distinctum (Deflandre & Cookson, 1955) Jansonius, 1986. Slide 3413/2, borehole R-6 Sultanci, depth 1337m,
Ticha Formation.
3,4. Systematophora palmula Davey, 1982. Slide 3438/1, borehole R-7 Sultanci, depth 1707m, Ticha Formation.
5,8. Ctenidodinium elegantulum Millioud, 1969. Slide 3433/2, borehole R-7 Sultanci, depth 1485m, Ticha Formation.
6,7. Systematophora scoriacea (Raynaud, 1978) Monteil, 1992. Slide 3413/2, borehole R-6 Sultanci, depth 1337m, Ticha Formation.

1,2. Circulodinium distinctum (Deflandre & Cookson, 1955) Jansonius, 1986. Ïðåïàðàò 3413/2, ñîíäàæ R-6 Ñóëòàíöè,
äúëáî÷èíà 1337m, Òè÷àíñêà ñâèòà.
3,4. Systematophora palmula Davey, 1982. Ïðåïàðàò 3438/1, ñîíäàæ R-7 Ñóëòàíöè, äúëáî÷èíà 1707m, Òè÷àíñêà ñâèòà.
5,8. Ctenidodinium elegantulum Millioud, 1969. Ïðåïàðàò 3433/2, ñîíäàæ R-7 Ñóëòàíöè, äúëáî÷èíà 1485m, Òè÷àíñêà ñâèòà.
6,7. Systematophora scoriacea (Raynaud, 1978) Monteil, 1992. Ïðåïàðàò 3413/2, ñîíäàæ R-6 Ñóëòàíöè, äúëáî÷èíà 1337m,
Òè÷àíñêà ñâèòà.
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P L A T E  III

All photomicrographs were taken in conventional light microscopy using Differential Interference Contrast DIC (Olympus BH2,
objective 100 × 1.67. Figures 1-8 magnification approx. × 940.

1,2. Chlamydophorella nyei Cookson & Eisenack, 1958. Slide 3438/1, borehole R-7 Sultanci, depth 1707m, Ticha Formation.
3. Prolixosphaeridium? foratum Dodekova, 1994. Slide 3438/1, borehole R-7 Sultanci, depth 1707m, Ticha Formation.
4,5. Systematophora areolata Klement, 1960. Slide 3413/1, borehole R-6 Sultanci, depth 1337m, Ticha Formation.
6. Dichadogonyaulax bensonii Monteil, 1992. Slide 3413/1, borehole R-6 Sultanci, depth 1337m, Ticha Formation.
7. Biorbifera johnewingii Habib, 1972. Slide 3438/1, borehole R-7 Sultanci, depth 1707m, Ticha Formation.
8. Cribroperidinium sp. Slide 3433/1, borehole R-7 Sultanci, depth 1485m, Ticha Formation.
9,10. Amphorula? monteilii Dodekova, 1994. Free opercula. Slide 3438/1, borehole R-7 Sultanci, depth 1707m, Ticha Formation.

1,2. Chlamydophorella nyei Cookson & Eisenack, 1958. Ïðåïàðàò 3438/1, ñîíäàæ R-7 Ñóëòàíöè, äúëáî÷èíà 1707m, Òè÷àíñêà
ñâèòà.
3. Prolixosphaeridium? foratum Dodekova, 1994. Ïðåïàðàò 3438/1, ñîíäàæ R-7 Ñóëòàíöè, äúëáî÷èíà 1707m, Òè÷àíñêà
ñâèòà.
4,5. Systematophora areolata Klement, 1960. Ïðåïàðàò 3413/1, ñîíäàæ R-6 Ñóëòàíöè, äúëáî÷èíà 1337m, Òè÷àíñêà ñâèòà.
6. Dichadogonyaulax bensonii Monteil, 1992. Ïðåïàðàò 3413/1, ñîíäàæ R-6 Ñóëòàíöè, äúëáî÷èíà 1337m, Òè÷àíñêà ñâèòà.
7. Biorbifera johnewingii Habib, 1972. Ïðåïàðàò 3438/1, ñîíäàæ R-7 Ñóëòàíöè, äúëáî÷èíà 1707m, Òè÷àíñêà ñâèòà.
8. Cribroperidinium sp. Ïðåïàðàò 3433/1, ñîíäàæ R-7 Ñóëòàíöè, äúëáî÷èíà 1485m, Òè÷àíñêà ñâèòà.
9,10. Amphorula? monteilii Dodekova, 1994. Èçîëèðàíè îïåðêóëóìè. Ïðåïàðàò 3438/1, ñîíäàæ R-7 Ñóëòàíöè, äúëáî÷èíà
1707m, Òè÷àíñêà ñâèòà.

P L A T E  IV

Images acquired in fluorescence confocal laser scanning microscopy CLSM (Leica TCS.SP, using a 40 × 1.0. NA oil Pl Fluotar
objective).

1. Montage of 16 of a total of 36 optical sections.
2,3. Tehamadinium tenuiceras (Eisenack, 1958) Jan du Chene et al., 1986a. Same specimen as in Pl. I, figs. 5, 6.
4. Systematophora scoriacea (Raynaud, 1978) Monteil, 1992. Same specimen as in Pl. II, figs. 6, 7.
5,6. Circulodinium distinctum (Deflandre & Cookson, 1955) Jansonius, 1986. Same specimen as in Pl. II, fig. 1.

1. Ìîíòàæ íà 16, îò îáùî 36 èçáðàíè îïòè÷íè ïðåðåçà.
2,3. Tehamadinium tenuiceras (Eisenack, 1958) Jan du Chene et al., 1986a. Ñúùèÿò åêçåìïëÿð êàòî íà òàáë. I, ôèã. 5, 6.
4. Systematophora scoriacea (Raynaud, 1978) Monteil, 1992 Ñúùèÿò åêçåìïëÿð êàòî íà òàáë.II, ôèã. 3.
4,6. Circulodinium distinctum (Deflandre & Cookson, 1955) Jansonius, 1986. Ñúùèÿò åêçåìïëÿð êàòî íà òàáë. II, ôèã. 1.

15 Ñïèñàíèå íà Áúëãàðñêîòî ãåîëîãè÷åñêî äðóæåñòâî, êí. 1–3, 2004
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Exiguisphaera phragma Duxbury, 1979 emend. Jan du Chene et
al., 1986 (Pl. I, fig. 9)

Cribroperidinium sp. (Pl. III, fig. 3)
Prolixosphaeridium? foratum Dodekova, 1994 (Pl. III, fig. 6)
Spiniferites sp (Pl. I, figs. 7, 8)
Systematophora areolata Klement, 1960 (Pl. III, figs. 4, 5)
Systematophora scoriacea (Raynaud, 1978) Monteil, 1992 (Pl.

II, figs. 3, 4; Pl. IV, fig. 4)
Systematophora palmula Davey, 1982 (Pl. II, figs. 7, 8)
Tehamadinium brixii (Below, 1982a) Jan du Chene et al., 1986a

emend. Jan du Chene et al., 1986b (Pl. I, fig. 10)

Tehamadinium tenuiceras (Eisenack, 1958) Jan du Chene et al.,
1986a emend. Jan du Chene et al., 1986b (Pl. I, figs. 5, 6; Pl.
IV, figs. 2, 3)
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