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Introduction and geological setting 

The purposes of this study are as follows: 1. To 
obtain new micropaleontological, palynologi
cal, biostratigraphical and lithofacial data from 
the existing collections of thin-sections in the 
Geological Institute prepared in the the 80s of 
201

h century when Jurassic - Cretaceous well 
sections in NE Bulgaria were first studied by 
CanyHoB et al. (1986), PycKoBa, H:uKOJIOB 
(1984). 2. In addition to the joint calpionellid 
and calcareous dinocyst successions and zones, 
to correlate directly dinoflagellate cysts asso
ciations and zones. 3. This study is an opportu
nity to test the bathymetrical range of applica
tion of the joint Tithonian to Valangian calpio
nellid and calcareous dinocyst zonation (La
kova et al., 1999) elaborated for pelagical lime
stones, in this case - in a more distal deposi
tional environment where sub-flysch succession 
was accumulated. 

The subject of this joint biostratigraphical 
and lithological study are mainly the limestones 
of Tica Formation penetrated by four wells in 
Provadija area in the 80s of 201

h century. The 
name of the Tica Formation was introduced by 
Sapunov (1976) and the type section was later 
described in the Tica River gorge by H:uKOJIOB, 
CanyHoB (1977). The age of the formation was 
determinated as Late Callovian to late Late 
Valanginian (PycKoBa, H::uKOJIOB, 1987). 

The succession of the Tica Formation was in
terpreted as a sub-flysch deposition (Khrischev, 
Ruskova, 1974; HatieB, 1976; H:uKoJIOB H .n;p., 

1991). It is characterized by an irregular alter
nation of micrite and clayey limestones and 
marls. At the base of the formation interbeds of 
intraclastic limestones occur (H:uKonoB H .n;p., 
1991). The Upper Jurassic (Kimmeridgian
Tithonian) coarse-clastic limestone sediments 
- conglomerate-breccia, breccia -conglomer
ates and rare conglomerates with micrite matrix 
were petrographically investigated in the bore
holes R-1 and R-3 (Junak area) and R-7 (Sulta
nci area) (HHKOJIOBa, 1983 ). 

81 thin -sections and 21 palynological slides 
have been studied from four subsurface sec
tions: R-1 0 Padina, R-6, R-7 and R-8 Sultanci. 
Since successive productive thin-sections with 
calpionellids and calcareous dinocysts, as well 
as palynological samples are not frequent, the 
considered below zones are only proved or indi
cated in the mentioned intervals without deter
mination of their boundaries. 

Micropaleontological successions 
and zones on calpionellids, 
calcareous dinocysts, foraminifers 

The definitions and age assessment of the 
calpionellid zones and subzones is according to 
Pop (1994, 1997), Rehakova (1995), that of the 
calcareous dinocyst zones follows Borza (1969), 
lvanova, Keupp (1999), Rehakova (2000), and 
the joint calpionellid and calcareous dinocyst 
events and zones are compared with Lakova et 
al. (1999) and Rehakova (2000). 
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R-10 Padina well 
The thickness ofTica-K.aspican + Drinovo + 

Cemookovo Formations is 1113 m (642-1755 
m) according to CanyHoB H .LJ;p. (1986). Previous 
data by L. Dodekova indicate Tithonian age on 
dinoflagelate cysts at 1656.6 m (in CarryHoB H 

.LJ;p. (1986). 
In this study, the following biostratigraphical 

zones have been indicated: 
1656 m- Carpistomiosphaera tithonica cal

careous dinocy.st Zone (Kimmeridgian -
Tithonian boundary); 

1536-1534 m - Calpionella elliptica Zone on 
calpionellids (middle part of Berriasian); 

1365-1391 m: This interval is characterized by 
abundant bioclasts. At 1365 m ·- Calpionellop
sis oblonga Subzone (upper part of Berriasian 
on calpionellids) has been indicated, and at 
1361 m - characteristic association of Colo
misphaera conferta Zone (lowermost Lower 
Valanginian on calcareous dinocyst) co-occur
ring with mixed reworked calpionellid species 
from the upper part of Berriasian. The rock is 
lithobioclastic limestone, rich in benthic fora
miniferal bioclasts - Haplophragmoides jou
kowskyi, Nautiloculina bronnimanni, Montsa
levia salevensis, Neotrocholina valdensis, Patelli
na turriculata, Rumanoloculina robusta, Hechti
na praeantiqua, Siphovalvulina variabilis; etc. 
and micritic lithoclasts with scarse pelagic mi
crofossils. 

1271-1263.5 m - Carpistomiosphaera vala
nginiana Zone at 1265 m (Lower- Upper Vala
nginian boundary) co-occurring with mixed 
calpionellid species of different ages. The lime
stone is fine-bioclastic (packstone), deposited 
on the distal part on the shelf and different from 
carbonates of both platform and slope deposi
tional environments. 

Within the intervals 1365-1391 and 1271-
1263.5 m diverse associations of benthic fora
minifers of Berriasian and Valanginian age oc
curs (Altiner, 1991; Bucur et al., 1995; Ivanova, 
1999). 

1098-1102 m -C. valanginiana Zone on cal
careous dinocyst (Upper Valanginian), the as
sociation consisting also redeposited Berriasian 
calpionellids and calcareous dinocysts. 

R-7 Sultanci well 
According to previous data the thickness of 

Tica Formation is 534 m (1298-1832 m) and the 
age is early Tithonian at its base on ammonites 
at 1820.3-1831.5 m (CanyHoB H .LJ;p. (1986). In 
the interval 1733-1784 m calpionellid and di
noflagellate cyst data proved late Tithonian (D. 
Bakalova and L. Dodekova in (Dodekova, 
1994, CarryHOB H .LJ;p., 1986). In addition, the 
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following zonal subdivisions have been indi
cated: 

1795 m - Carpistomiosphaera tithonica cal
careous dinocyst Zone (Lower Tithonian); 

1791 m - Chitinoidella Zone on calpionellids 
and Parastomiosphaera malmica Zone on cal
careous dinocysts (Middle Tithonian); 

1742-1784 m - Crassicollaria Zone (Upper 
Tithonian on calpionellids). In this interval 
there is a normal succession of the FOs of in
dicative calpionellids species, enabling subdivi
sion of Crassicollaria Zone into two subzones: 
Tintinnopsella remanei and Crassicollaria mas
sutiniana. Colomisphaera tenuis and Stomio
sphaerina proxima calcareous dinocyst zones 
have been proved successively within the same 
interval, thus correlating directly with Crassico
llaria Zone. At certain levels single bioclasts oc
cur with Carpistomiosphaera borzai from the 
Kimmeridgian and abundant lithoclasts from 
platform limestones. 

1701-1722 m - Calpionella alpina Subzone 
(lowermost Berriasian on calpionellids); 

1476-1494 m - micritic limestone with pe
lagic microfossils, C. alpina Subzone. 

645-651 m - Stomiosphaera echinata Zone 
(Upper Valanginian) on calcareous dinocysts, 
associated with redeposited calpionellids from 
the Lower Valanginian. The limestone is peloid
finebioclastic (packstone) with some glauconite 
and phosphatic granes, evidence for shelf depo
sitional environment. · 

R-6 Sultanci 
The thickness of Tica Formation is 495 m 

(1385-1880 m) according to CarryHoB H .LJ;p. 
(1986) .. The newly documented zones and sub
zones are as follows: 

1664-1670 m - Remaniella Subzone, lower
middle part of Berriasian on calpionellids; 

1332-1337 m- 1337 m- Calpionellopsis ob
longa Subzone, upper part of Berriasian on 
calpionellids; 1335 m - Colomisphaera con
ferta calcareous dinocyst zone and Calpionelli
tes darderi calpionellid Zone. Thus, the Berria
sian- Valanginian boundary is between 1337-
1337.4 m. 

1161.5- 1164.5 m- St. echinata Zone (Up
per Valanginian on calcareous dinocysts), Tin
tinnopsella Zone on calpionellids. The abun
dance of sponges within the fine-bioclastic 
peloidal llimestone (packstones) suggest a 
deeper part of shelf environment. 

R-8 Sultanci 
The thickness of Tica Formation is 798m 

(1118-1916 m), and previous data by D . Baka
lova in CarryHoB H .LJ;p. (1986) proved Crassi-
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col/aria Zone within the interval 1768-1800 m. 
Newly documented zones and subzones: 

1786- 1800 m- Crassicollaria Zone, Upper 
Tithonian on calpionellids; 

1789.5 m - Calpionella alpina Zone (lower
most Berriasian) on calpionellids; 

1768-1770.5 m - Remaniella Subzone, 
middle-upper part of Berriasian on calpione
llids; 

1661-1665 m - Calpionella elliptica Subzone, 
middle part of Berriasian on calpionellids; 

665-675 m - Stomiosphaera echinata Zone, 
Upper Valanginian on calcareous dinocysts. 

Dinoflagellate cysts 

The sediments of the Tica Formation have 
yielded comparatively rich and well-preserved 
dinocyst assemblages in three of the studied 
wells - R-6, R-7 and R-8 Sultanci. 

The stratigraphic distribution of the estab
lished taxa is calibrated against the calpionellid 
zones and calcareous dinocyst zones, and thus 
against the stage subdivisions of the Lower Cre
taceous. Age assessment and correlations of the 
assemblages have also been compared to the 
dinocyst zonation for the Tithonian to Barre
mian interval in the Alpine-Mediterranean re
gion (Antonescu & Avram, 1980; Habib & 
Drug, 1983; Monteil, 1992, 1993; Hoede
maerker & Leereveld, 1995; Leereveld, 1997). 
The correlation between these zonal schemes is 
not easy, thus restricting their value for interre
gional correlations. The present study gives 
prominence to the zonation defined by Monteil 
(1993) and Hoedemaerker & Leereveld (1995) 
where dinocyst, ammonite and calpionellid 
zones and events were calibrated. 

In R-7 Sultanci the lower parts of the Tica 
Formation is of Late Tithonian age according 
to Dodekova in CarryHOB H .n:p. (1986). The base 
of the Biorbifera johnewingii (Bjo) Zone (Late 
Tithonian to early Late Berriasian) could be de
fined at 1732 m, based on the dinocyst record 
published by Dodekova (1994). In this study the 
zone is also indicated upper within the interval 
1478-1707m (direct correlation with Calpionella 
alp ina Subzone, lowermost Berriasian). The Bjo 
Zone is indicated in R-6 Sultanci well at depth 
of 1664m (direct correlarion with Remaniella 
Subzone, lower part of Berriasian) and in R-8 
Sultanci well at depth of 1661 -1663m (Calpio
nella elliptica Subzone, middle part of Berri
asian). Dichadogonyaulax bensonii is recorded 
from the lower part of Berriasian (Remaniella 
Subzone), which coincides with its FO in the 
Tethyan realm. 
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Latest Berriasian and Valanginian dinocyst 
assemblages are documented only in R-6 
Sultantci well indicating the Spiniferites spp. 
Zone (Latest Berriasian - earliest Late Valan
ginian) within the core interval1331-1337 m. In 
this study the Spi Zone calibrates against the 
lower Lower Valanginian Calpionellites darderi 
Subzone and Colomisphaera conferta Zone rec
ognized in the same core interval. 

Lithofacies 

In the studied successions are recognized two 
lithofacial types: slope facies and shelf facies. 
The slope facies of the carbonate platform 
(Kaspichan Formation) is represented by an ir
regular alternation of microfossiliferous micrite 
limestones and slightly clayey limestones and 
carbonate debris flow deposits (carbonate 
debrites). Rare marl intercalations occur in that 
alternation. Sponge-finebioclastic and peloid
finebioclastic limestones are the main compo
nent in the shelf facies. The limestones are clas
sified according to textural classification by 
Dunham (1962), modified by Embry, Klovan 
(1972). 

The microfossiliferous micrite limestones are 
the most distributed pelagic rocks in slope fa
cies. They occur both as matrix of the carbonate 
debris flow deposits and beds without any clasts. 
The micrite limestones (without clasts) consist 
of carbonate matrix (about 70 to 90%) and 
allochems (30-1 0%) that are mainly repre
sented by microfossils as calpionelids and cal
careous dinocysts. They are mud-supported de
posits (wackestones and rare mudstones). In 
some cases in the matrix there is a slight in
crease of the clay content. The other terrig
enous minerals (for example quartz grains) are 
scarce and very fine in sizes. 

The so-called carbonate debrites are product 
of gravity debris flows on gently slope (Hiscott 
and James, 1985). Because the present study is 
made on the base of thin section observations 
only fine carbonate debrites (wackestones) are 
recognized. The pelagic matrix is about 80% 
and carbonate debris are less than 20% (with 
sizes under 2 mm). The debris are mainly repre
sented by bioclasts of Tubiphytes, bryozoans, 
alges and rare lithoclasts (intraclasts) of shal
low-water and pelagic limestones. HHKOJIOBa 
(1983) described in detail carbonate conglomer
ate-breccia, breccia-conglomerates and rare 
conglomerates in the lower parts of the deep 
boreholes R-1 , R-3 and R-7 (depth from 1682 m 
to 1796 m). According to her petrographic 
study of the pieces and the matrix it can be pro-



ed that this deposits are a good example of 
nate debrites. They are mainly rudstones, 

use of the clast sizes are from 2 to I 0 em, 
- ely up to 30 em, and their total amount is 

¥e I 0% to 50-85%. 
The marls are mainly composed of very fine 
yey-carbonate matrix without microfossils 
d clasts. In some cases the matrix contains 

Fe-hydroxide globules or black dispersed or
ganic matter. Rare silt-sized terrigenous com
ponents (predominantly quartz grains) and very 

e muscovite flakes are obser¥ed. 
The sponge-finebioclastic and peloid-fine

. oclastic limestones are packstones according 
w its texture. The main allochems are bioclasts 

"th sizes under 0,25 mm and rarely up to 0,5-
1.0 mm. The more recognizable bioclasts are of 
crinoids. The amount of the calcified sponge 
spicules and respectively of the peloids varies 

om I to I 0%. These packstones contain also 
rare glauconite and phosphate grains. The glau
conite content in some limestones from bore-

ole R-8 Sultanci is about I-2%. 
The intraclast limestones and carbonate con
omerate-breccia deposits (both studied also by 
revious authors) are interpreted as products of 

carbonate debris flows on a gentle slope of the 
carbonate platform. In the uppermost part of the 
helf facies deposits in the studied sections (Up

. er Valanginian) the abundance in glauconite 
and pfosphate content is a result of slowing the 
rate of sedimentation or even stopping. The de
bris flows and change of the rate of sedimen
tation are responsible to redeposition and re
working of some sediments and microfossils. 

Conclusions 

I. Correlation between the studied subsurface 
sections within the Tithonian - Upper 
Valanginian interval has been done (Fig. I). 

2. New calpionellid and calcareous dinocyst 
zones and subzones have been documented 
within the Tithonian to Upper Valanginian of 
the Tica Formation limestones in the studied 
area. Certain levels have been dated on calpio
nellids, others - on calcareous dinocysts, and in 
some cases - on both microfossil groups. 

3. A direct correlation of dinoflagellate cyst 
zones has been made with calpionellid and cal
careous dinocyst zones and subzones. 

4. Two lithofacies have been recognized in the 
successions studied: a slope facies and a deeper 
shelf facies. 

5. At many levels of the studied carbonate 
successions deposited in slope and shelf envi
ronments there is evidence of reworking and 

occurrence of mixture of microfossils of differ
ent ages. It has been proved that in such car
bonates the only approach to obtain reliable 
age determinations is the application of parallel 
biostratigraphic zonation and mutual control 
between each other, as well as lithofacial inter
pretation. 
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