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Abstract: The eastern Pontides (northeastern Turkey) and Transcaucasus (Georgia) belong 
to the same geological belt representing an active margin of the Eurasian continent. 
According to palaeotectonic-palaeogeographic reconstructions, based on regional geologi- 
cal, palaeomagnetic, palaeobiogeographical and petrological data, the eastern Pontides and 
the major part of the Transcaucasus, situated to the north of the North Anatolian-Lesser 
Caucasian ophiolitic suture, comprise island arc, forearc, back and interarc basins. The 
eastern Pontide segment of the belt consists of three structural units which, from north to 
south, are the northern, central and southern units. The northern unit, the southeastern 
Black Sea coast-Adjara-Trialeti Unit, represents a juvenile back arc basin formed during 
the Late Cretaceous (pre-Maastrichtian). This unit separates the southern and northern 
Transcaucasus zones. The central Artvin-Bolnisi Unit is also known as the northern part of 
the southern Transcaucasus and is characterized by Hercynian basement, unconformably 
overlying the Upper Carboniferous-Lower Permian molasse and Upper Jurassic- 
Cretaceous arc association. The southern unit is the imbricated Bayburt-Karabakh Unit 
and is known as the southern part of the southern Transcaucasus. This unit has a similar 
basement to the Artvin-Bolnisi Unit and also includes a chaotic assemblage; it unconform- 
ably overlies the Upper Jurassic-Cretaceous forearc association. The eastern Pontide 
system is interpreted as the product of interference between a spreading ridge and 
subduction zone during Late Jurassic-Cretaceous times. The North Anatolian-Lesser 
Caucasus Suture, comprising ophiolites, m61anges and an ensimatic arc association, 
separates the overlying system from the Anatolian-Iranian Platform in the south. 
Maastrichtian-Lower Eocene cover rocks in the region unconformably overlie all the 
other units. Middle Eocene rifting resulted in the formation of new basins, some of which 
closed during an Oligocene-Early Miocene regression. Others, such as the Black Sea and 
Caspian Basins, have survived to the present day as relict basins. 

The Caucasus and Turkey have been divided 
into different tectonic units and investigated by 
many authors. It is generally accepted that the 
eastern Pontides of Ketin (1966; Fig. la)  are 
equivalent to the southern Transcaucasus 
(International Geological Congress XXVII 
Session, Moscow 1984). This belt (Fig. 1) is 
bordered to the north by the Adjara-Trialeti  
Unit  and to the south by the North Anatol ian-  
Lesser Caucasus ophiolitic belt; the latter is a 
product of the final closure of the Neotethys 
Ocean ($engOr & Ydmaz 1981) during the 
Oligocene (Koqyi~it 1991). 

Although complete correlative studies are 
rare, it is suggested that the Adjara-Trialeti  

Unit continues along the southeastern Black 
Sea coast in Turkey (A. Yllmaz 1989a; Adamia 
et al. 1995). After a joint geological compilation 
project in the border area, carried out between 
1994 and 1996 (A. Ydmaz et al. 1996, 1997), it 
was concluded that the Adjara-Trialeti  Unit  can 
be traced along the Black Sea coast in Turkey as 
far west as the Sinop area. In the present study, 
tectonic division of the eastern Pontides and 
Transcaucasus is revised (Fig. 2) and character- 
istics of each unit, including the age, lithology 
and tectonic setting, are presented (Fig. 3). On 
the basis of this new division, the southeastern 
Black Sea coast-Adjara-Trialeti  Unit  repre- 
sents the northern unit which is characterized 

From: BOZKURT, E., WINCHESTER, J. A. & PIPER, J. D. A. (eds) Tectonics and Magmatism in Turkey and the 
Surrounding Area. Geological Society, London, Special Publications, 173, 171-182.1-86239-064-9/00/$15.00 
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S 

Abbreviations and legend 

S, Scythian platform 
GCS, Greater Caucasus suture 
T, Transcaucasus: 

1. Northern Transcaucasus 
2 and 3 Southern Transcaucasus 

AI, Anatolian-lran platform 
A, Arabian continent 

NALCS, North Anatolian-Lesser Caucasus suture 
SEAS, Southeastern Anatolian suture 
P, Pontides 
1- AT, Southern Black Sea Coast-Adjara-Trialeti unit 
2- AB, Artvin Boinisi unit ~ southern 
3- BK, Bayburt-Karahakh Imbricated unit - - -~  Transcat~casus 

Suture 
Contacts of tectonic units 

. . . .  Border of states 
Overtrusts 

/ • 

Fig. 1. Location-cross section (a) and sketch (b) maps of the study area ]after A. Yllmaz et al. (1997) and new 
data]. 

by a juvenile back-arc association formed 
mainly during the Santonian-Campanian inter- 
val. The Artvin-Bolnisi  Unit  represents the 
central unit, which is characterized by an arc 
association formed mainly during the Liassic- 
Campanian interval. The Imbricated Bayburt-  
Karabakh Unit represents the southern unit and 
is characterized by a forearc association formed 
mainly during the Malm-Campanian interval. 
To the south the tectonic units are bordered by 
the North Anatol ian-Lesser  Caucasus Suture 
(Fig. 1). Maastrichtian-Tertiary sequences of 

the tectonic units can be correlated from north 
to south and mainly represent a terrigenous to 
continental unity. Although no adequate data 
are presented, this unity is also considered to be 
a post-collision sequence. 

This paper deals with the palaeotectonic evol- 
ution of the border area and has been under- 
taken in conjunction with a joint project 
between Turkey and Georgia. It aims to: (1) 
introduce a new tectonic subdivision of the 
border area (Fig. 1); (2) describe Upper Cre- 
taceous-Tertiary units and facies in detail; (3) 
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TURKISH SIDE GEORGIAN SIDE 

Gediko~lu et al. 1979 
Ozsayar et  al. 1981 

Okay & ~ahintiirk 1997 
Outer/ 

Northern part 

inner 
Southern part 

Present Study 

Southeastern Black Sea 
Coast-Adjara-Trialeti unit 

(northern part) 
Artvin-Bolsini unit 

(central part) 

Imbricated Bayburt 
Karabakh unit 
(southern part) 

International Geological 
Congress XXVlI Session (1984) 

Adjara-Trialeti zone 

Artvin-Bolsini zone = 

  ,a  hzone 

North Anatolian-Lesser Caucasus ophiolitic belt 

Fig 2. Tectonic division of the study area. 

evaluate the interference between a spreading 
ridge and subduction during closure of Neo- 
tethys; (4) present this group's views on the 
polarity of the eastern Pontide-southern Trans- 
caucasus active continental margin; and (5) 
evaluate the geological evolution of the region. 

This paper presents three measured sections 
studied during 1996-1997 (Figs 4-6), including 
lithological and faunal data from critical local- 

ities and a correlative table (Fig. 7) comparing 
generalized stratigraphic sections of each 
tectonic unit. Although there is no common 
formal lithostratigraphic nomenclature along 
the border area, some of the formations named 
by Adamia e t  al.  (1995) and A. Ydmaz e t  al.  

(1997) have been used to facilitate correlations 
of the Turkish and Georgian sides in Figs 4-6. 
Samples have been collected at each location for 

Southern  B lack  S e a  c o a s t  - Ad ja ra  - "l~ialeti 
G E O L O G I C A L  A G E  unit (northern part) _ .  

Lithology [ Settln~l 
QUATERNARY , ,  Alluvial and marine de esits 

Pliocene ~ Continental volcaniclastic rocks o.. 

Miocene E ~  ~ ~ 
Shallow marine to continental deposits 

Oli~locene with coal levels -- 
Shcehonitic lava and dastic rocks 

Eocene Basal'tic volcanics with delenites ... (3 
I -  

Basaltic volcaniclastic rocks 
It. 

Palaeocene Terrigenous elastic rocks 
Maastdchtian Hemipelagic tu rbiditio limestones 

Campanian Basaltic lava, hemipelagic to pelagic 
O Santonian limestone intercalations 
(3 
~< Cenomanian Dadte and in places andesita 

Albian Volcanictastic sequence 
Aptian 

MALM 

DOGGER . . <E 

LIASSIC 

TRIASSIC 

PERMIAN 
CARBONIFEROUS 

DEVONIAN 
CAMBRIAN 

AJrtviv - Bolnisi unit (central part) Imbricated - Bayburt - Karabakh unit 
(Southern  part) 

Lithology I Setting Lithology I Setting 
~ i t s  AlluviaLde ceits 

Coffdnental deposits Continental deposits 

Shallow marine to continental ~ Shallow marine to continental -- 
deposits ..~ deposits with coal levels 

O O Gabbro - Diorites (3 (3 
Basaltic volcanidastic rocks, in ~ Andesitic volcaniclastic rocks o~ 
places delenites O 

Terrigenous elastic rocks 13. Terrigenous clastic rocks .... nO 
Shallow ~ Shallow marine limestones 

_co 
'E n~ Granitoides 
>~ < Andesite, dacide, rhyolite and Turbiditic clestic rocks, in places, 
= v epi and/or pyrodastic ~<~ basalt with volcaniclast~c rocks, 

in PLaces, shallow marine to intemalations, hemipelag{c 
', m subaerial pyroclastic rocks, shales <, • . . . .  LLI n~ 

Shallow marine reefal limestone ~ Turbiditic limestone and elastic 
with volcanic rocks rocks ~ ~ .  
Volcaniclastic rocks Volcanic rocks and intrusive (3 

rocks. 
Black slates and sandstones Black slates and diabase < 

clastic rocks few subaerial 03 03 Shallow marine limestone and -- 
volcanics O-.% clastic rocks with subaeriat ~. 

a. ~ volcanics 
(9 (3 

Granitic rocks Granitic rocks (3 
Metavolcanisedimentary sequence ~ Metavolce nisedimentary r~ < 

< sequence 

PRECAMBRIAN Plagio--granite gneisses Gneiss 

Fig 3. Correlation of tectonic units in the framework of age, lithology and tectonic setting. E, Early; M, Middle; 
L, Late. 
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stratigraphic analysis, dating and environmental 
interpretation. Approximate locations of the 
columnar sections are shown in Fig. 1. 

The cross-sections (Fig. 8a and b) have been 
compiled from the Georgian and Turkish sides, 
respectively, based on new field observations 
and those of A. Yllmaz et al. (1997). Based on 
these sections, consecutive stages of the geologi- 
cal evolution of the region have been presented 
in terms of the Tethyan evolution. 

The study area 

The study area in the eastern Pontide and 
Transcaucasus belt represents the active margin 
of the Eurasian continent. Based on the tectonic 
division of the Caucasus, the Adjara-Trialeti 
Unit is a tectonic unit between the northern 
and southern Transcaucasus zones which ex- 
tends along the southeastern Black Sea coast in 
Turkey (Fig. 1). The southern Transcaucasus 
zone comprises two tectonic units; the Artvin- 
Bolnisi Unit in the north and the Imbricated 
Bayburt-Karabakh Unit in the south. Hence, 
the study area comprises three tectonic subunits 
(Fig. 7). To the south, the Pontides-southern 
Transcaucasus zone is bordered by the North 
Anatolian-Lesser Caucasus ophiolitic belt. 

The southeas tern  B l a c k  Sea coas t -  

A d jara-  Trialeti  Unit  

This unit represents the northern part of the 
eastern Pontides (Fig. 7) situated between 
northern Transcaucasus (the Georgian Dzirula 
Block) to the north and southern Transcaucasus 
(Artvin-Bolnisi Unit) to the south. It is a north- 
east-southwest trending structural unit and 
extends from the Lori River in the east to the 
southern Black Sea coast in the west (Fig. lb). 
The northern and southern margins are defined 
by north and south facing overthrusts, respect- 
ively, delineated on the basis of dip angles of 
thrust planes (Fig. 8). Borehole data obtained in 
Georgia (Fig. lb) show that Aptian-Ceno- 
manian volcaniclastic rocks constitute the 
lowest level (Nadareishvili 1980, 1981), whereas 
the lowest level exposed in Turkey comprises 
acidic volcanic rocks conformably overlying an 
alternation of Santonian-Campanian basaltic 
lava and micritic limestone (A. Yllmaz et al. 
1997). The alternation is named the ~a~layan 
Formation and the following pelagic forms (Fig. 
4) have been determined from micritic lime- 
stones of the formation: Globotruncana arca 
(Cushman), Globotruncana elevate (Brotzen). 
Radiplaria are common in some levels of the 
limestone. Lithology and pelagic forms of the 

unit indicate a comparatively deeper environ- 
ment than that of the arc association to the 
south. In addition, there is no level which is 
characterized by oceanic crust along the tec- 
tonic unit. Hence, it is suggested that this associ- 
ation was formed in a pelagic to hemipelagic 
environment which probably indicates a juven- 
ile back-arc setting (Fig. 4). Maastrichtian clas- 
tic rocks and hemipelagic limestones, and 
Palaeocene-Lower Eocene turbiditic terrige- 
nous clastic rocks, overlie the juvenile back-arc 
association conformably and, in places, pass 
gradationally upwards into Eocene volcanic 
rocks. The Maastrichtian sequence is named 
the Cankurtaran Formation (Fig. 4). It starts 
with a clastic level, including Siderolites sp., 
Cuvillerina sp. and algae, and, in turn, passes 
upwards to, turbiditic limestone and reddish 
micritic limestone. These include mainly Globo- 
truncanita stuartiformis (Dalbiez), G. stuarti (de' 
Lapparent), Globotruncana arca (Cushman), G. 
linneiana (d'Orbigny), Gansserina gansseri 
(Bolli) and Rosita contusa (Cushman). 

The Palaeocene-Lower Eocene sequence is 
named the Baklrk6y Formation and is equiva- 
lent to the Borjomi Suite; it includes abundant 
nanno and foram fossils (Fig. 2). Dolerite dykes 
and sills are common in the Maastrichtian- 
Lower Eocene sequences but there are no vol- 
canic interlayers in the Maastrichtian-Upper 
Eocene sequence (Fig. 4). Hence, it is concluded 
that the back-arc activity terminated during 
Maastrichtian-Early Eocene times. Middle 
Eocene volcanic rocks include, from bottom to 
top, an alternation of turbiditic rocks with 
basaltic volcaniclastic rocks up to 7 km in 
thickness and overlie the older sequences with 
a local unconformity mainly along the Black Sea 
coast on the Turkish side. Lordkipanidze et aL 
(1984) suggest that this sequence is a product of 
back-arc and/or interarc deposition, and is 
followed conformably by Upper Eocene 
shoshonitic volcanic rocks of a mature arc. 
However, similar volcanic rocks of the eastern 
Pontides with the same age and tectonic setting 
have been interpreted as the product of a post- 
collisional event (A. Yalmaz & Terzio~lu 1994; 
S. Yllmaz & Boztu~ 1996). Hence, the tectonic 
setting of the Eocene volcanic cycle is contro- 
versial and requires more study. 

The A r t v i n - B o l n i s i  Unit  

The Artvin-Bolnisi Unit is located between the 
southeastern Black Sea-Adjara-Trialeti Unit to 
the north and the Imbricated Bayburt-Kara- 
bakh Unit to the south. It represents the north- 
ern part of the southern Transcaucasus and the 
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Fig. 4. Stratigraphic section in the Cankurtaran village area. (E, Early; M, Middle). 

central part of the eastern Pontides (Figs 1 and 
7). Its northern and southern margins are 
delineated by south facing overthrusts (Fig. 8). 

The lowermost stratigraphic level is Pre- 
cambrian(?) and/or Lower Palaeozoic, with 
metamorphic rocks and Variscan granites crop- 
ping out around the Khrami and Artvin Massifs. 
These massifs are mainly built up of granite- 
gneisses and S-type plagiogranites (Belov et al. 
1978; Adamia et al. 1983, 1995). A Carbonifer- 
ous continental volcanic-sedimentary sequence 
overlies the older rocks unconformably and is 
followed upwards unconformably by Lower- 
Middle Jurassic volcaniclastic rocks, an Upper 
Jurassic-Lower Cretaceous shallow-marine 
limestone and volcaniclastic alternation, and an 
Upper Cretaceous calc-alkaline arc association 
(Gediko~lu et al. 1979; Ozsayar et al. 1981; 
Lordkipanidze et al. 1989). The latter associ- 
ation has been studied in detail along the 
Georgian side where it is divided into several 
suites and named the Varhk Group in the 
Artvin area (Fig. 5). It is made up of hemi- 
pelagic, shallow-marine to subaerial volcaniclas- 
tic rocks, andesite, dacite, rhyolite and basalt, 
and is intruded by granitoids. Coal levels and 
ignimbrite-type pyroclastic rocks can be seen 
mainly in the upper levels of the association. 
This sequence is followed by unconformably 

overlying Maastrichtian-Palaeocene shallow- 
marine limestones and turbiditic terrigenous 
clastic rocks that pass upwards into Lower 
Eocene clastic rocks (Fig. 5). The Maastrichtian 
sequence is named the Ziyarettepe Formation 
and is equivalent to the Tetritskaro Suite. It 
starts with cross-bedded conglomerate and shal- 
low-marine to hemipelagic limestones, which 
include Siderolites calcitrapoides (Lamarck), 
Orbitoides sp., Lepidorbitoides sp. (and algae in 
the lower levels), Globotruncana gr. linneiana 
(d'Orbigny), G. arca (Cushman) and G. stuarti 
(de'Lapparent). The Palaeocene-Lower 
Eocene sequence is named the K]zdok For- 
mation and is made up of terrigenous clastic 
rocks, including abundant foraminifera (Fig. 5). 
The Maastrichtian-Lower Eocene sequence 
contains no volcanic rocks and it is concluded 
that arc activity had terminated by the Maas- 
trichtian-Early Eocene. The Middle Eocene 
volcanic rocks show a similar succession to that 
in the Adjara-Trialeti Unit and appear to be 
1.5-2 km or less in thickness. They overlie the 
older rocks unconformably and are themselves 
overlain conformably by Upper Eocene shal- 
low-marine clastic rocks. The Eocene sequence 
is cut by the Karqal Intrusive Suite, which 
includes andesitic subvolcanics, diorite and 
gabbro. Similar intrusive rocks can be seen 
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Fig. 5. Stratigraphic section in the Adagiil-Kargal Dagh area (E, Early; M, Middle; L, Late). 

along the southeastern Black Sea coast at the 
Adjara-Trialeti Unit and in the Imbricated 
Bayburt-Karabakh Unit as outcrops of variable 
size. 

The Imbricated Bayburt-Karabakh Unit 

This unit crops out between the Artvin-Bolnisi 
Unit to the north and the North Anatolian- 
Lesser Caucasus ophiolitic belt to the south. It 
represents the southern part of both the 
southern Transcaucasus and the eastern Pon- 
tides (Fig. 7). Its northern and, in places, 
southern margins are delineated by south 
facing overthrusts (Fig. 8). 

Hercynian metamorphic rocks (Robinson et 
al. 1995) and associated granitic rocks (Y. 
Ytlmaz 1976), and an unconformably overlying 
Upper Carboniferous-Lower Permian conti- 
nental sequence (Akdeniz 1988), are also 
located along the southern margin of Laurasia; 
the latter contains distinct Euro-American 
fauna and flora assemblages (Okay & Leven 
1996). In addition, it is suggested that there is a 
pre-Liassic chaotic association of oceanic pro- 
ducts such as a pre-Liassic sheeted dyke com- 
plex in the Yusufeli area (Sengor et al. 1980; Y. 
Yilmaz et al. 19974 b). However, there is no 
direct relationship between the dyke complex 
and lower or upper levels of the ophiolitic 

sequences in the Yusufeli area. In addition, the 
geochemical signature of the complex has not 
yet been determined. It is difficult to interpret 
the complex as the product of a relict ocean and 
it is concluded that there is no convincing data 
indicating Pre-Liassic ocean crust along the 
Imbricated Bayburt-Karabakh Unit. 

Okay & Leven (1996) propose that the 
tectonic juxtaposition of these rock units oc- 
curred during the latest Triassic Cimmeride 
orogeny. Because Liassic volcaniclastic rocks 
overlie the older rocks unconformably and pass 
upwards into Upper Jurassic-Cretaceous fore- 
arc deposits with a local unconformity to the 
northeast of the Oltu area. Forearc deposits 
are represented by turbiditic limestones and 
elastics in the lower levels, turbiditic elastic 
rocks, and epi- and/or pyroclastic rock inter- 
calations and hemipelagic shales in the upper 
levels; these are isoclinally folded and imbri- 
cated (Konak et al. 1995). Maastrichtian- 
Palaeocene turbiditic terrigenous elastics and 
limestone alternations overlie the forearc 
deposits unconformably; this sequence is 
named as the Athlar Formation. It starts with a 
basal transgressive conglomerate and passes 
upwards into terrigenous elastic rocks and 
limestones with local turbiditic characteristics. 
In the lower levels of the sequence, corals and 
bivalves are common (Fig. 6). In the middle 
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Fig. 6. Stratigraphic section in the Olur-Athlar  village area. 
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Fig. 7. Correlative table showing tectonic units of the study area. 1, Non-deposition; 2, alluvium and fluviatile 
deposits; 3, continental volcaniclastic rocks; 4, coal levels; 5, siltstone; 6, sandstone; 7, conglomerate; 8, shallow 
marine - a, volcaniclastic rocks; b, lavas; c, delenites; d, limestone; 9, deep marine - a, volcaniclastic rocks; b, 
lavas; c, turbiditic limestone; d, limestone; 10, ophiolitic m61ange; 11, ensimatic arc lavas; 12, epiophiolitic lavas; 
13, dyke complex; 14, gabbro; 15, serpentinite and peridotite; 16, pre-Liassic chaotic rocks; 17, intrusive rocks 
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Fig. 8. Schematic cross-sections of the Georgian (a) and Turkish (b) sides. See Fig. i for abbreviations. 1, 
Precambrian-Cambrian metamorphic rocks; 2, Middle Palaeozoic granitoids; 3, Upper Carboniferous-Lower 
Permian molasse; 4A, Pre-Liassic dyke complex; 4B, Liassic-Dogger volcaniclastic and volcanic sequence; 5, 
Upper Jurassic-Cretaceous (Pre-Campanian) sequence - 5A, Juvenile back-arc volcanics; 5B, arc volcaniclastic 
rocks; 5C, forearc deposits; 5D, ophiolites, ophiolitic m61anges and ensimatic arc association - undivided; 5D', 
the Ankara-Erzincan/Sevan-Akera ophiolitic zone; 5D", the Northern Taurus-Erzurum-Ka~lzman-Vedi 
ophiolitic zone; 6, Maastrichtian-Palaeocene limestone; 7, Palaeocene-Lower Eocene clastic rocks; 8, Middle 
Eocene volcanic rocks and volcaniclastic rocks; 9, Upper Eocene-Lower Miocene clastic rocks; 10, Upper 
Miocene-Quaternary continental deposits. 

levels Globotruncana ventricosa (White), Sto- 
miosphera sphaerica (Kaufmann), Pithonella 
oval& (Kaufmann), Calcisphaerula innorninate 
Banet and Globotruncana gr linneiana (d'Or- 
bigny) occur, and Missisipina binehorsti 
(Reus), Epinoides sp., Planorbulina sp. and 
Anomolina sp. are found in the upper levels. 
Finally, Middle Eocene volcaniclastics and 
Upper Eocene clastics overlie the older rocks 
unconformably (Fig. 7). The lithology and 
stratigraphic setting is similar to the Middle-  
Upper Eocene sequence of the Artvin-Bolnisi  
Unit. 

The Nor th  A n a t o l i a n - L e s s e r  Caucasus  

ophioli t ic  belt 

This belt is a suture zone between the Pont ian-  
southern Transcaucasus arc to the north and the 
Anatol ian-Iranian Platform to the south. It is 
divided into two subzones, which resemble each 
other in lithology. The Ankara-Erzincan/  
Sevan-Akera ophiolitic zone is located to the 
north, whereas the Northern Taurus/Erzurum- 
Ka~lzman/Vedi ophiolitic zone is located to the 
south. Both zones are believed to be allochthon- 
ous (Fig. 8b) and continuous beneath the 

Cretaceous-Tertiary cover (Knipper 1980; 
Zakariadze et al. 1983). 

Along this belt, ophiolites and ophiolitic 
m61anges of different ages crop out (Belov et al. 
1978; Gasanov 1986; Tatar 1978; Koqyi~it 1990). 
The ophiolites comprise serpentinite, ultramafic 
rocks, layered gabbro, a sheeted dyke complex 
and volcano-sedimentary cover. Accretion and 
mixing of ophiolites of different ages occurred 
during Late Cretaceous tectonism. Jurassic- 
Lower Cretaceous volcanic rocks in the ophio- 
lites are represented by mid-ocean ridge basalt 
(MORB)-type tholeiites, whereas Upper Cre- 
taceous volcanic rocks in the ophiolites belong 
to the calc-alkaline island-arc basalt series (A. 
Yllmaz 1980, 1981; Buket 1982; Zakariadze et al. 
1983). This arc may be regarded as ensimatic 
(Okay & Sahintttrk 1997). Ophiolitic m61anges 
and olistostromes (Knipper 1980; Knipper et al. 
1986), representing an accretionary prism 
(Ko~yi~it 1991), formed during obduction of 
these ophiolites onto the southern Transcauca- 
sus to the north and the Anatol ian-Iranian 
Platform to the south. The formation and 
emplacement age of the m61ange ranges from 
the Cenomanian to Early Coniacian in the 
Lesser Caucasus (Knipper & Khain 1980; 
Zakariadze et al. 1983) and is dated as pre-Late 
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Campanian in northeastern Anatolia (A. 
Yllmaz 1982). Therefore, the ophiolites in the 
region were all obducted before Late Conia- 
cian-Campanian times. 

C o v e r  r o c k s  

With the exception of the Adj ara-Trialeti Unit, 
a Maastrichtian-Lower Eocene sequence over- 
lies the older rock units unconformably and 
includes a great deal of terrigenous clastic 
rocks. It can be correlated from north to south 
along all tectonic units. No volcanic intercala- 
tions occur in this sequence. However, Middle 
Eocene volcanic rocks of the Adjara-Trialeti 
Unit have been interpreted as products of back- 
arc and/or interarc rifting (Lordkipanidze et al. 
1984) with the Pontides as an arc (Tokel 1977). 
However, the A-type alkaline and M-type low- 
K tholeiitic characteristics have also been 
related to a post-collisional magmatic pulse in a 
tensional regime resulting from crustal thicken- 
ing after collision (S. Yllmaz & Boztug 1996). 
Hence, the setting of the Middle Eocene vol- 
canic rocks is controversial. In the study area, 
gabbro and diorite intrusions are common from 
north to south throughout all tectonic units and 
it can be concluded that Middle Eocene vol- 
canic and intrusive rocks are products of a 
tensional event in a general sense. This may 
have lead to the formation of the eastern Black 
Sea (Okay & Sahinttirk 1997). The evolution of 
these basins differs greatly from the western 
part of the Black Sea basin (G6r0r et al. 1993; 
UstaOmer & Robertson 1997). Late Eocene 
volcanic activity ceased gradually from south to 
north. Oligocene-Lower Miocene regressive 
shallow marine to continental deposits overlie 
the tectonic units with local unconformity. After 
this regression the formation of some basins, 
such as the Ahaltsihe and Oltu, was terminated 
while others, such as the Black Sea and Caspian 
Sea, have survived to the present day. Upper 
Miocene-Lower Pliocene and Upper Pliocene- 
Quaternary continental deposits overlie the 
older rock units unconformably. 

Discussion and conclusion 

Within the Pontide-Transcaucasus system there 
are important lateral and vertical facies/lith- 
ology differences. Previous hypotheses explain 
these differences inadequately in the frame of 
regional geodynamic evolution of the region. 
For instance, during the Late Cretaceous the 
northern segment the southeastern Black Sea 
coast-Adjara-Trialeti Unit represents a juven- 
ile back-arc basin, whereas the western Pontides 

have been interpreted as a juvenile ocean and/or 
mature back-arc basin (G6rfir et al. 1993). This 
indicates that the western and eastern Pontides 
experienced a different geodynamic evolution. 
However, a reddish hemipelagic limestone unit 
is Maastrichtian in the Artvin-Cankurtaran 
area (Fig. 5) but Palaeocene in age in the Sinop 
area. This reddish limestone represents a 
characteristic horizon in the Pontides and indi- 
cates a transition from shallow-marine to pela- 
gic environment, expressing the deepening of 
the basin. Within this framework, it is concluded 
that this level indicates a transgression occurring 
from east to west in the Artvin-Cankurtaran 
and Sinop areas during Maastrichtian-Palaeo- 
cene times. 

The eastern Pontides have been interpreted 
as an arc (Peccerillo & Taylor 1975; E~in & 
Hirst 1979; Gediko~lu et al. 1979; Manetti et al. 
1983) which was either north facing (Tokel 
1972, 1977; Adamia et al. 1981, 1977; Knipper et 
al. 1986) or south facing (Bektas 1984; Bektas et 
al. 1984) between Palaeozoic and Tertiary 
times. Seng/Sr & Yllmaz (1981) suggest that the 
Tethyan evolution of Turkey can be divided into 
two main phases - Palaeotethyan and Neoteth- 
y a n -  which partly overlap in time. In addition, 
they interpret the Pontide-Transcaucasus- 
Sanandaj-Sirjan (Podataksasi) zone as a north 
facing Palaeotethyan magmatic arc during Early 
Triassic-Late Cretaceous times ($eng6r 1987). 
In spite of these differences, the Pontide Arc is, 
in general, considered to have been a typical arc 
mainly during the Late Cretaceous. This view is 
also acceptable for the western part of the 
eastern Pontides. In the eastern part of the 
eastern Pontides, in the Artvin area, Jurassic- 
Cretaceous volcanic rocks as a whole are also 
products of an arc-related system (Konak et al. 
1995). 

In the present study, tectonic division of the 
region is revised and, on the basis of this 
division, it is concluded that only the southern 
segment of the easternmost Pontides represents 
a forearc. The central segment represents the 
arc and northern segment represents a juvenile 
back-arc. On the basis of this reconstruction and 
the dipping angles of the thrust planes devel- 
oped along the suture zone, the arc is inferred to 
have had a south facing setting during Late 
Jurassic-Cretaceous times. In the southern seg- 
ment of the eastern Pontides, the Imbricated 
Bayburt-Karabakh Unit represents the forearc 
basin of an active continental margin during 
Late Jurassic-Cretaceous time, whereas in the 
western part of the eastern Pontides the Jur- 
assic-Lower Cretaceous sequence was formed 
during a rifting event and indicates a passive 
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continental margin (G6riir et al. 1983; A. Yllmaz 
1985). Thus, there is a progressive transition 
from east to west along the eastern Pontides. 
This may result from progressive interaction 
between a spreading ridge and a subduction 
zone, as suggested elsewhere by Dewey (1976); 
the consistent framework of this kinematic 
model includes a spreading ridge and a subduc- 
tion zone together, as suggested by Cox & Hart  
(1986). Within this framework, the western part 
of the eastern Pontides was a passive continen- 
tal margin during the Late Jurassic-Early Cre- 
taceous, whilst during the Late Cretaceous 
(mainly pre-Maastrichtian) both western and 
eastern parts of the eastern Pontides became an 
active continental margin. 

The Sevan Akera-Karadag  Suture of ~.eng6r 
(1987) is a part of the North Anatol ian (Izmir- 
Ankara-Erzincan)  Lesser Caucasus Suture 
which separates the Anatol ian-Iranian Platform 
from the eastern Pontide-Transcaucasus Arc. 
Ophiolites, m61anges and forearc deposits ex- 
posed in both sutures resemble each other in age 
and lithology. Due to the Tertiary cover, it is not 
possible to see outcrops of the Anatol ian-  
Iranian Platform near the suture. However, the 
Akdag metamorphic rocks of the Hmls area and 
the Upper  Palaeozoic-Lower Mesozoic carbon- 
ates of the Ba~kale (Van) and Nahcivan areas 
are components of the Anatol ian-Iranian Plat- 
form. They represent the continental crust in 
East Anatolia and crop out as tectonic windows 
beneath obducted ophiolite and the ophiolitic 
m61ange association (A. Yllmaz et al. 1989a,b, 
1997). 

On the basis of facies and data presented 
above, it is suggested that the easternmost 
Pontide and southern Transcaucasus represent, 
from north to south, juvenile back-arc, arc and 
forearc environments active mainly during the 
Late Jurassic-Cretaceous (pre-Maastrichtian) 
interval. This clearly indicates a northward 
subduction polarity in the region where litho- 
logic and structural data show an east to west 
transition from active to passive continental 
margin. The absence of structural elements be- 
tween the facies of active and passive margins 
suggests that interference of the spreading ridge 
and the subduction zone was a progressive 
event. 

Based on structural correlation of the eastern 
Pontides (Turkey) and the southern Transcau- 
casus (Georgia), the following conclusions are 
drawn: 

• In setting, the eastern Pontides and southern 
Transcaucasus belong to the same geological 
belt and represent the subduction zone of the 

Eurasian continent. They comprise, from 
north to south, juvenile back-arc, arc and 
forearc basins, formed mainly in the Late 
Jurassic-Campanian interval. In this context, 
the eastern Pontides are divided into three 
subzones, which, from north to south, are: the 
southeastern Black Sea coast-Adjara-Tria-  
left Unit,  representing the juvenile back-arc; 
the Artvin-Bolnisi  Unit, representing the arc; 
and the Imbricated Baybur t -Karabakh Unit, 
representing forearc environments. The 
region as a whole displays a clear northern 
polarity. 
On the basis of lateral facial distribution, a 
model comprising the interaction between a 
spreading ridge to the west and a subduction 
zone to the east of the region is preferable to 
other models. 
The activity of the system explained above 
ceased before the Maastrichtian and no evi- 
dence indicates volcanic activity in the Maas- 
tr ichtian-Early Eocene interval. Debate 
continues on the setting of the Middle 
Eocene volcanism, which could have been 
erupted during a tensional period. This ten- 
sional event may be directly related to for- 
mation of the eastern Black Sea basin. 

This study is a product of a joint project between the 
Turkish and Georgian workers. Present and previous 
directors of Mineral Research and Exploration Insti- 
tute of Turkey (MTA), SDG and GIN fully supported 
the project throughout, for which we thank them. 
Thanks also to E. Bozkurt and O. Tatar for advice 
and critical reading of the manuscript. We also express 
our gratitude to the referees, B. A. Natal'in and A. H. 
F. Robertson, for their constructive reviews and useful 
suggestions. 
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