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Abstracts: The paper presents the detailed plate tectonic, paleogeographic, paleoenvironment and
plaeolithofacies maps for seven Cenozoic time intervals. Thirty five maps, generated using PLATES
and PALEOMAP programs, contain information about plate tectonics, paleoenvironment, and paleo-
lithofacies during Paleocene, Eocene, Oligocene, Miocene and Pliocene, time slices. The spatial re-
construction of basin architectures during their origin, expansion, closure and inversion as well as the
dynamic of intrabasinal ridges were obtained by palinspastic modeling. This modeling utilized
paleomagnetic data and stratigraphic-facies analysis of basins and ridges. Information contained within
global and regional papers were selected and posted on the maps. The detailed paleoenvironment and
plaeolithofacies zones were distinguished within the basins. The paleogeographic maps illustrate the
geodynamic evolution of Earth from Late Cretaceous to Neogene, spreading and origin of new
oceans, oceans closing, collisions, continents accretion and origin of new supercontinents.
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Treœæ: Artyku³ przedstawia szczegó³owe mapy paleogeograficzne dla siedmiu przedzia³ów czasowych
w obrêbie kenozoiku. Trzydzieœci piêæ map, skonstruowanych przy u¿yciu programów PLATES
i PALEOMAP, zawiera informacje dotycz¹ce tektoniki p³yt, paleoœrodowiska i paleolitofacji
w czasie paleocenu, eocenu, oligocenu, miocenu i pliocenu. Przestrzenn¹ rekonstrukcjê architektury
basenów w okresie ich powstawania, ekspansji, zamykania i inwersji oraz analizê dynamiki grzbie-
tów œródbasenowych uzyskano, wykonuj¹c modelowanie palinspastyczne, przy uwzglêdnieniu badañ
paleomagnetycznych oraz analizy stratygraficzno-facjalnej basenów i rozdzielaj¹cych je grzbietów.
Informacje zawarte w szeregu globalnych i regionalnych prac zosta³y wyselekcjonowane i naniesione
na mapy. W obrêbie basenów wydzielono poszczególne strefy paleoœrodowiskowe i paleolitofacjalne.
Mapy paleogeograficzne ilustruj¹ geodynamiczn¹ ewolucjê Ziemi od póŸnej kredy po neogen, rozrost
(spreding) i tworzenie siê oceanów, zamykanie siê oceanów, kolizje, ³¹czenie siê kontynentów i two-
rzenie siê nowych superkontynentów.

S³owa kluczowe: paleocen, eocen, oligocen, miocen, pliocen, tektonika p³yt litosfery, paleogeografia
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INTRODUCTION

The aim of this paper is the presentation of Cenozoic paleographic maps of the world,
containing paleoenvironment and paleolithofacies details. In the previous papers (Golonka
2007b, c, d), the author presented global paleogeographic maps for Late Paleozoic and Me-
sozoic. Now, the author attempts to cover the entire Phanerozoic in four papers. This paper
is dealing with Paleocene, Eocene, Oligocene, Miocene and Pliocene time slices. The maps
were constructed using a plate tectonic model, which describes the relative motions be-
tween approximately 300 plates and terranes. The detailed reconstruction methodology was
described previously in Golonka et al. (2003a). The rotation file was presented in Golonka
(2007b) paper, online version, the appendix. The facies were assembled according to rules
established during the production of Phanerozoic reefs map (Kiessling et al. 1999, 2003)
and also presented by Golonka et al. (2006) and Golonka (2007b, c, d).

MAP DISCUSSION

Late Cretaceous-Early Paleocene

The lithofacies and paleoenvironment data for Late Cretaceous-Early Paleocene maps
(Figs 1–5) cover rather a large time span 81–58 Ma (Golonka & Kiessling, 2002) from the
lower Campanian unconformity to the lower Thanetian unconformity. The Cretaceous-
-Paleogene boundary is contained within this supersequence, which began with a high sea-
-level, which slowly lowered, then dropped dramatically at the Danian-Thanetian boundary,
while the global significance of the supposed regression at the Cretaceous-Tertiary boundary
is a subject of controversy (Kiessling & Claeys 2000, Golonka & Kiessling 2002). For ex-
ample, the detailed study of the Carpathian realm revealed formations and megasequences
covering Maastrichtian and Early Paleocene without visible Cretaceous-Paleogene bound-
ary (Golonka & Picha 2006, Golonka & Waœkowska-Oliwa 2007, Rasser et al. 2008).

The uplifted African Atlantic margin created internal drainage and narrow continental
margins. The lower Thanetian unconformity is related to the inversion in Europe and con-
vergence in Tethys (Golonka & Kiessling 2002). The Late Cretaceous-Early Paleocene
time slice has been mapped on the 76 Ma plate tectonic reconstruction. It is equivalent to
the Upper Zuni IV slice (Golonka 2000, 2002) upper part of Zuni III sensu Sloss (1988)
and UZA-4 to TA1 of Haq et al. (1988).

During the latest Cretaceous, the spreading of the Central and Southern Atlantic con-
tinued (Figs 1, 2), with a significant increase in the size of the equatorial Atlantic
(Nürnberg & Müller 1991, Ford & Golonka 2003, Golonka 2007d). The Atlantic passive
margins were partially uplifted (Wernicke & Tilke 1989). Relatively narrow continental
margins were established along Central Atlantic and equatorial Atlantic. Clastics prevailed
along the equatorial Atlantic margins, locally, on the South American site with carbonates
and with organic-rich rocks (Ronov et al. 1989, Ford & Golonka 2003, Kiessling et al.
2003, Summa et al. 2003) (Fig. 2 on the interleaf)). The similar patterns area also visible
within passive margins along Africa (Bensalem 2002).
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Fig. 2. Plate tectonic, paleoenvironment and lithofacies map of Central Atlantic and adjacent areas during Late Cretaceous-Early Paleocene times.

Explanations to figures 2– 5, 7–10, 12–15, 17–20, 22–25, 27–30, 32–35. Qualifiers: B – bauxites/laterites, C – coals, E – evaporites, F – flysh, Fe – iron,

G – glauconite, M – marls, O – oolites, P – phosphates, R – red beds, Si – silica, T – tillites, V – volcanics

Fig. 2. Mapa tektoniki p³yt, paleoœrodowiska i litofacji Atlantyku centralnego oraz obszarów s¹siednich w póŸnej kredzie-wczesnym paleocenie.

Objaœnienia do figur 2– 5, 7–10, 12–15, 17–20, 22–25, 27–30, 32–35. Oznaczenia literowe: B – boksyty/lateryty, C – wêgle, E – ewaporyty, F – flisz, Fe

– ¿elazo, G – glaukonit, M – margle, O – oolity, P – fosfaty, R – utwory czerwone, Si – krzemionka, T – tillity, V – utwory wulkaniczne
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The Niger delta supplied large quantities of clastics (Ford & Golonka, 2003, Deng
et al. 2008, Olowokere 2008). Carbonates developed on the margins of Central Atlantic in
Africa and in North America in South Carolina, Florida, Bahamas and Yucatan (Ronov
et al. 1989, Ford & Golonka 2003, Kiessling et al. 2003, Wilson 2008). Deep-water car-
bonates developed within the Gulf of Mexico. Chalks were present in the North America
seaway north of Gulf of Mexico (Sloss et al. 1960, Ford & Golonka 2003).

The Caribbean arc was moving eastward toward the Antilles island arc causing sub-
duction of the Proto-Caribbean crust (Ross & Scotese 1988, Golonka 2000, 2002, Golonka
et al. 2006, Iturralde-Vinent 2006, García-Gasco 2008). This arc collided with the Bahama
platform during the latest Cretaceous (Golonka 2007d). This collision caused the capture of
the Caribbean plate, which was formed from the trapped part of the Farallon plate of the
Pacific (Lawver & Gahagan 1993, Golonka 2007d). Subduction along the Panama Arc was
also initiated (Scotese 1991). Cuba was in front of the Caribbean arc followed by Hispaniola.
Large seaway existed between South America and North America (Figs 1, 2). The Amiache-
-Chaucha terrane was accreted to South America (Pindell & Tabutt 1995, Cediel et al.
2005). The western North American Cordillera continued to compress during the latest Cre-
taceous until the Eocene. This compression resulted in thrusting and margin-parallel,
transcurrent faulting (Oldow et al. 1990). Large transform fault existed south of Yucatan,
cutting across Mexican terranes (Golonka 2000, 2002, Ford & Golonka 2003, Keppie &
Morán-Zenteno 2005, Ortega-Gutíerrez et al. 2007). Clastic sedimentation prevailed in the
Caribbean area and along the western margins of North America with a significant share of
volcanics and volcanoclastics. Carbonates developed locally on Cuba (Fig. 2).

Arabian plate was moving together with Africa northwards closing between its mar-
gin, Sanandaj-Sirjan and Lut plates (Robertson & Searle 1990, Ricou 1996, Golonka 2000,
2002, Giraud et al. 2005, Golonka et al. 2006, Pasyanos & Nyblade 2007, Allen &
Armstrong 2008, Fakhari et al. 2008, Heydari 2008) (Figs 1, 3). The plate convergence was
associated with obduction of ophiolites on the Arabian margin. The exotic rocks of the
Oman ophiolitic nappes reflect different stages of the evolution of the Tethyan Ocean and
its branches from the Permian to the Cretaceous (Pillevuit et al. 1997). Carbonate platforms
existed on Arabia, adjacent part of Somalia and on the Lut plate (Ronov et al. 1989,
Dercourt et al. 1993, Guiraud & Bellion 1996, Kiessling et al. 2003, Golonka 2004,
Guiraud et al. 2006, Wilson 2008, Scheibner & Speijer 2008).

The Indian plate was located between latitude 30 degrees South and equator (Royer &
Sandwell, 1989, Lawver et al. 1992, Golonka 2000, 2002, Kumar et al. 2007, Ali &
Aitchison 2008) (Figs 1, 3). Its northward movement followed opening of the Mascarene
Basin and separation with Madagascar (Scotese 1991, Golonka 2000, 2002), wide open In-
dian Ocean and narrowed significantly the Neotethys in this region. The emplacement of
large volumes of flood basalts on India (Fig. 3) was associated with the movement of this
plate over the Réunion hot spot (Baksi 1987, Coffin & Eldholm 1994, Golonka &
Bocharova 2002, Mahoney et al. 2002, Kumar et al. 2007, Keller et al. 2008, Sen et al.
2008). Rifts caused by the mantle activity originated within the Indian plate. Carbonates
and mixed carbonates-clastics prevailed on the plate’s margins and on this part of Greater
India now involved in the Himalayan structure (Kiessling et al. 2003, Acharyya 2007,
Green et al. 2008). At the same time clastics, mainly accretionary prism flysch deposits
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were abundant along the northern margin of Neotethys (Liu & Einsele 1994, Wan et al.
2002, Zhang et al. 2002, Golonka et al. 2006). Uplift condition continued within South
China, Indochina and Indonesia plates with continental deposits, red beds evaporites and
volcanics (Golonka et al. 2006) (Fig. 3). North and west-dipping subduction rimmed Indo-
nesia, while south-dipping subduction developed along the southern margin of the proto-
-South China Sea in South-East Asia north of Borneo (Fig. 3) (Lee & Lawver 1994,
Golonka et al. 2006). Volcanics were abundant in South China. According to Chung et al.
(1997), the Paleogene volcanic activities resulted from the lithospheric extension in South
China that migrated southwards and eventually led to the opening of the South China Sea
during later time.

Most of Western Europe was covered by a shallow sea (Fig. 4). Chalk was still wide-
spread in western, central and southeastern Europe during the latest Cretaceous (Ziegler
1982, 1988, 1990). Large areas of Central Europe were uplifted due to Subhercynian and
Laramide tectonic activities (Ziegler 1988, 1990, 1992, Baldschuhn et al. 1991, Mazur
et al. 2005, Krzywiec 2006). This uplift was related to the orogenic activities in the Alpine-
-Carpathian realm. During Late Cretaceous times compression embraced the Inner Carpathians
and several nappes with northward polarity developed. Subduction consumed the major
part of the Pieniny Klippen Belt Ocean. Cherty limestones gave way to marls and flysch de-
posits. The Valais Ocean in the Alps finally closed (Froitzheim et al. 1996, Stampfli 1996,
Golonka 2004). According to Froitzheim et al. (1996), the collision between the
Austroalpine units and the Briançonnais terrane in the Alps started in the Early Paleocene.
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Fig. 3. Plate tectonic, paleoenvironment and lithofacies map of southeastern Asia, eastern Neotethys
and adjacent areas during Late Cretaceous-Early Paleocene times

Fig. 3. Mapa tektoniki p³yt, paleoœrodowiska, i litofacji Azji po³udniowo-wschodniej, wschodniej
Tetydy oraz obszarów s¹siednich w póŸnej kredzie-wczesnym paleocenie



As an effect of these movements the Inner Carpathians and Alps jointed with the Adria
plate and the Alcapa terrane was created welding together of the Eastern Alps, Inner
Carpathian, Tisa as well as smaller terranes, like the Bükk, Transdanubian or Getic
(Golonka 2004). Several ridges have been uplifted as an effect of the orogenic process
(Golonka et al. 2005a). The direction of these ridges was parallel to the uplifted zones in
the European Platform (Fig. 4). From uplifted areas, situated within the Outer Carpathian
realm as well as along its northern margin, enormous amount of clastic material was trans-
ported by various turbidity currents. This material filled the Outer Carpathian basins. Each
basin had the specific type of clastic deposits, and sedimentation commenced in different
time. Primary shortening events in the Balkans occurred in Bulgaria (Sinclair et al. 1997).
The Vardar Ocean was closed during the Paleocene time (ªengör & Natalin 1996). Further
eastwards the collision between Kirsehir, Sakariya and the Pontides (Yilmaz et al. 1997,
Golonka 2004) closed the northern branch of Neotethys. The oceanic basins between
Taurus and Kirsehir remained open. The northward movement of the Shatski terrane began
closing of the proto-Black Sea (Kazmin 1997). The Lesser Caucasus approached the
Transcaucasus and Talysh areas. At the end of the Cretaceous or in the Paleogene time, the
Lesser Caucasus and perhaps Sanandaj-Sirjan and Makran plates were sutured to the
Transcaucasus-Talysh-Southern Caspian-Lut system (Knipper & Sokolov 1974, Adamia
1991, Golonka 2004). According to Brunet et al. (2003), the subduction zone below the
Lesser Caucasus was finished at the end of the Cretaceous, after the obduction of ophiolites
in the Coniacian in the Sevan-Akera zone (Knipper et al. 2001).
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Fig. 4. Plate tectonic, paleoenvironment and lithofacies map of Europe and adjacent areas during
Late Cretaceous-Early Paleocene times

Fig. 4. Mapa tektoniki p³yt, paleoœrodowiska i litofacji Europy oraz obszarów s¹siednich w póŸnej
kredzie-wczesnym paleocenie



In the northern Tethys area, the Maastrichtian was a period of widespread develop-
ment of carbonate platform. Carbonate flysch was deposited in the basinal areas. At the end
of the time slice, a drastic collapse of carbonate platforms occurred (Philip et al. 1996,
Kiessling et al. 2003, Scheibner & Speijer 2008) due to increased tectonic activity, which
resulted in regression or drowning. Compressional episodes occurred along the Afri-
can-Arabian plate margin. These events included thrusting in the Moroccan High Atlas,
folding of the Syrian arc, compression in the Sinai area (Moustafa & Khalil 1990, Guiraud
& Bellion 1996, Frizon de Lamotte et al. 1998,) and inversion of the Central African Rift
System (Golonka 2002).

The mantle plume attributed to the present-day Iceland hot spot was located between
Baffin Island and Greenland (Lawver & Müller 1994, Golonka & Bocharova 2000, Ford &
Golonka 2003). The mantle plume activity caused spreading of the Labrador Sea and rifting
in the Baffin Bay (Gill et al. 1992, 1995, Holm et al. 1992, Larsen et al. 1992). Spreading
in the Makarov Basin was perhaps also related to the opening of the Labrador Sea. The
Eurekan orogeny, primarily a response to sea-floor spreading in the Labrador Sea and
Baffin Bay, and rotation of Greenland affected the area between this plate and Canadian
Arctic, mainly Ellesmere Island and the adjacent areas, developing a compressive foldbelt
(Okulitch et al. 1998, Golonka 2000, von Gosen & Piepjohn 2003, Ford & Golonka 2003).
A compressive foldbelt was developed in the westernmost Spitsbergen and North Green-
land. Svalbard area and most of Barents Sea were uplifted (Fig. 4) (R�nnevik et al. 1982,
Vorren et al. 1990, 1991, Skagen 1993, Bogatski et al. 1996, Ford & Golonka 2003,
Golonka et al. 2003b, Cavanagh et al. 2006, Shipilov et al. 2006, Faleide et al. 2008).
Compressional tectonics and volcanism is associated with the uplift. The Barents Sea was
covered by continental clastics, including lacustrine fine-grained deposits. The fine-grained
clastics prevailed on the margins of Labrador Sea, Makarov Basin and area of the future
northern Atlantic. Rift developed between Greenland and northwestern Europe. Deep-water
fine-grained clastics dominated sedimentation in the V�ring and M�re basins, offshore
Norway (Doré 1991, Lundin & Doré 2002, Ford & Golonka 2003, Golonka et al. 2003b,
Agterberg et al. 2007, N�ttvedt et al. 2008). Continental clastics, locally with coal were
deposited in the West Siberian, Viluy and Chukotka basins, while marginal marine and
shallow-marine, mainly fine-grained clastics existed in the Kara Sea area (Green et al.
1984, Bogdanov et al. 1998, Golonka et al. 2003b).

Dispersal of the continents and development of the passive margins and rift basins
continued in the former Gondwana area (Lawver et al. 1985, Golonka 2000, 2002, Lawver
& Gahagan 2003, Macdonald et al. 2003, Ghidella et al. 2007) (Figs 1, 5). Clastic sedimen-
tation prevailed along partially uplifted margins of Africa, Antarctica and South America.
Continental clastics filled basins of Africa (Bumby & Guiraud 2005). Development of the
interior sag basins in South America, Africa, and Asia was associated with the renovation
of ancestral failed rifts (Golonka 2000, 2002, Golonka et al. 2006). Large volcanic plateaus
formed within the Indian Ocean due to mantle plumes activities (Coffin & Eldholm 1994,
Charvis & Operto 1999, Dalziel et al. 2000, Golonka & Bocharova 2000, Coffin et al. 2002).
Carbonate and mixed carbonate clastics were present in the area between Africa and Mada-
gascar and on the Falkland (Malvinas) area (Ronov et al. 1989, Richardson & Underhill
2002, Ford & Golonka 2003, Kiessling et al. 2003, Wilson 2008, Scheibner & Speijer 2008).
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Late Paleocene-Middle Eocene

The Central, Equatorial and South Atlantic increased their widths, with westward
movement of North and South America (Ladd 1977, Nürnberg & Müller 1991, Golonka
2000, 2002, Ford & Golonka 2003) (Figs 6, 7). Relatively narrow continental margins were
established along Central Atlantic and part of the South Atlantic. Fine-grained clastics
dominated sedimentation in the North American, Atlantic margin between Florida and Lab-
rador Sea. The large Florida-Bahama carbonate platform, which was formed during Meso-
zoic times, continued throughout Paleogene (Ronov et al. 1989, Richardson & Underhill
2002, Ford & Golonka 2003, Kiessling et al. 2003). Carbonate sedimentation was exten-
sive along low latitude, Western African margins and in some areas along the northeastern
coast of South America. They were represented by transgressive carbonates consisting of
coral reefs and related grainstones as well as by shelfal marls. The large Niger delta and fan
was well developed during this time (Sahagian 1993, Ford & Golonka 2003, Bumby &
Guiraud 2005, Deng et al. 2008, Olowokere 2008). The South Atlantic margins were typi-
cally narrow (except Argentina), and were dominated by fine-grained, shaly clastics with
local development of deltas. Organic-rich sediments were deposited on the Trinidad, East
Venezuela and Brazilian continental margins (Figueiredo & Milani 2000, Ford & Golonka
2003, Summa et al. 2003, Escalona & Mann 2006).
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Fig. 5. Plate tectonic, paleoenvironment and lithofacies map of South Atlantic, southwestern Indian
Ocean and adjacent areas during Late Cretaceous-Early Paleocene times

Fig. 5. Mapa tektoniki p³yt, paleoœrodowiska i litofacji po³udniowego Atlantyku, po³udniowo-
-zachodniego Oceanu Indyjskiego oraz obszarów s¹siednich w póŸnej kredzie-wczesnym paleocenie
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South America moved westwards, encroaching on the Caribbean plate, creating volca-
nic arc and foredeep along the northwestern shelf (Pindell & Tabbutt 1995). Further devel-
opment of the Panamanian arc took place along the western Caribbean plate margin (Burke
1988, Ross & Scotese 1988, Pindell & Barrett 1990, Golonka 2000, 2002, Golonka et al.
2006, Iturralde-Vinent 2006, Pindell et al. 2006, García-Gasco 2008). Further relative east-
ward movement of the Caribbean plate continued, with significant transpressive deforma-
tion along the northern and southern strike-slip boundaries (Guiraud & Bellion 1996,
Acosta et al. 2007). Cuba had docked with North America. Yucatan was covered with shal-
low-marine carbonate platforms, while deep Gulf of Mexico was filled with deep-water
clastics, fine-grained, locally with turbiditic fans (Ronov et al. 1989, Galloway & Williams
1991, Brewster-Wingard et al. 1997, Xue 1997, Watkins 1999, Galloway et al. 2000, Budd
2002, Ford & Golonka 2003, Kiessling et al. 2003, Rosenfeld 2005, Wilson 2008). Fore-
land basins along the Western Cordillera of North America (Sloss et al. 1960, Flynn 1986,
Dickinson et al. 1988, DeCelles 2004, Carroll et al. 2006) were drained of marine seaways
and become sites of fluvial/deltaic and lacustrine deposition (Fig. 7).

Central parts of the back-retro-arc basins in the Andes were inverted and uplifted.
Clastic continental molasse-type of sedimentation with red beds, locally with volcanics and
coals developed in the foredeep basins east of Andes (Pindell et al. 1991, Lamb et al. 1997,
Olivero & Martinioni 2001, Golonka 2002, Ford & Golonka 2003, Hervouët et al. 2005,
Duerto et al. 2006, Jordan et al. 2007). Continental clastics were also deposited within the
Amazonian basins (Fig. 7).

516 J. Golonka

Fig. 7. Plate tectonic, paleoenvironment and lithofacies map of Central Atlantic and adjacent areas
during Late Paleocene-Middle Eocene times

Fig. 7. Mapa tektoniki p³yt, paleoœrodowiska i litofacji Atlantyku centralnego oraz obszarów
s¹siednich w póŸnym paleocenie-œrodkowym eocenie



The maps (Figs 6, 8) present the traditional (see Golonka et al. 1994, 2006, Golonka
2000, 2002, Kiessling et al. 2003) point of view about the onset of the collision of India
with Asia occurred near the Paleocene-Eocene boundary (Gaetani & Garzanti 1991, Long-
ley 1997). The Indian Ocean was formed, as a result of the northward movement of India
(Royer & Sandwell 1989, Lawver et al. 1992, Golonka 2000, 2002). According to Searle
(1996), this collision may have been diachronous, occurring earlier in northern Pakistan
(60 Ma) then in Ladakh-southern Tibet. Recently, different points of view also exists and
are presented for example by Ali and Aitchison (2008), who postulate collision time around
35 Ma. Northern part of India, including this part of Greater India now involved in the Hi-
malayan structure, is covered by carbonates and mixed carbonates-clastics, while fine-
-grained clastic prevailed on the plate’s southern passive margins with locally developed
deltas (Fig. 8) (Kiessling et al. 2003, Acharyya 2007, Green et al. 2008). Carbonates,
clastics, locally with volcanics occurred along the southern margin of Asia (Liu & Einsele
1994, Wan et al. 2002, Zhang et al. 2002, Golonka et al. 2006). Uplift condition continued
within South China Indochina and Indonesia plates with continental deposits, red beds
evaporites and volcanics (Golonka et al. 2006) (Fig. 8).

Pull-apart basins and strike-slip faulting occurred in China (Golonka et al. 2006).
Indochina perhaps initiated the movement southeastwards, with respect to South China
along the left-lateral Red River Fault (Tapponnier et al. 1986, Lee & Lawver 1994, Golon-
ka 2000, 2002, Golonka et al. 2006), the main stage of this movement occurred; however,
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Fig. 8. Plate tectonic, paleoenvironment and lithofacies map of southeastern Asia, eastern Neotethys
and adjacent areas during Late Paleocene-Middle Eocene times

Fig. 8. Mapa tektoniki p³yt, paleoœrodowiska, i litofacji Azji po³udniowo-wschodniej, wschodniej
Tetydy oraz obszarów s¹siednich w póŸnym paleocenie-œrodkowym eocenie



at the later time the Red River Fault Zone in Yunnan, China and North Vietnam, up to
20 km wide, is one of the main strike-slip fault zones in SE Asia that separates the South
China and Indochina blocks. In North Vietnam, the Red River Fault Zone is subdivided
into three principal branches, up to 300 km long, orientated roughly NW-SE and named,
from the NE to SW, the Lo River, Chay River, and Red River faults. These are mostly
dextral and dextral-normal faults that show the southeastwards-increasing component of
normal slip (Trinh 1995, Cuong & Zuchiewicz 2001). Between the Lo and Chay River
faults recently growing anticlines, orientated WNW-ESE and W-E, have been found
(Lacassin et al. 1993, 1994, Golonka et al. 2006).

Subduction of the Proto-South China Sea continued (Lee & Lawver 1994). Southward
directed subduction resulted in crustal accretion along the northern margin of the Kali-
mantan and along the South Palawan Arc. A major strike-slip fault developed between the
Indochina-Sumatra-plate and Borneo-Java (Longley 1997). The paleo-Ryukyu arc moved
eastwards with the growth of the East China Sea Basin. The Philippine terranes (Seno &
Maruyama 1984) appear for the first time on the Tejas I slice map. According to Longley
(1997), during Eocene time, the motion of the Philippine plate changed, and a major trans-
form fault developed into a subduction zone. According to Hall (1998, 2002), the Java-
-Sulavesi subduction system continued into the West Pacific beneath the eastern Philip-
pines and Halmahera arc.

Back-arc extension in southeastern Asia led to rifting and seafloor spreading in the
Celebes Sea Basin and the Makassar Basin, east of Borneo (Weissel 1980, Lee & Lawver
1994, Longley 1997). Rifting and stretching also occurred along the South Chinese plat-
form. Back-arc extension and rapid subsidence continued in the East Chinese Sea Basin.
Marine basins developed in the Philippines and in the proto-South China Sea (Seno &
Maruyama 1984).

Carbonate platforms were present in the center of Arabia (Fig. 8), while fine-grained
clastic prevailed in Arabian margin as well as in adjacent part of Somalia and on the Lut
plate (Ronov et al. 1989, Dercourt et al. 1993, Guiraud & Bellion 1996, Kiessling et al. 2003,
Golonka 2004, Guiraud et al. 2006, Scheibner & Speijer 2008, Wilson 2008). Northern
African platforms exhibit rimmed margins that supply carbonate sediment to the adjacent
basinal flysch wedges (Fig. 9).

The process of the closing of Neotethys by the Alpine orogeny continued. The
Apulian plate was continuously moving northwards together with the Eastern Alpine
(Austroalpine) and Inner Carpathian blocks. The Ligurian Ocean in the Alps was closed
and subducted, and the closure of the Valais Ocean began (Froitzheim et al. 1996). Thrust-
ing in the Eastern Alps was initiated in the Austroalpine upper plate, at about 55 Ma
(Decker & Peresson, 1996). The closing of the Pieniny Klippen Belt basin in the
Carpathians was also concluded (Golonka et al. 2000, Golonka & Picha 2006). Flysch, ac-
cumulated in the Alpine and Carpathian accretionary prisms and foreland basins in front of
the moving northward plates. Carbonate platforms still existed on the Apulian (Adria) plate
(Fig. 9) (Dercourt et al. 1993, Kiessling et al. 2003, Golonka 2004). The opening of new
Paleogene basins proceeded at the expense of the Mesozoic oceanic basins. Some authors
(e.g. Okay et al. 1996, Robinson et al. 1996) have suggested that the opening of the East
Black Sea basin was connected with the simultaneous closure of the Great Caucasus basin.
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The timing of the events is somewhat speculative (Golonka 2004). Perhaps the Jurassic-
-Cretaceous oceanic crust of the Greater Caucasus Basin was subducted under the overrid-
ing Scythian plate between the latest Cretaceous and the Late Eocene along with the open-
ing of East Black Sea Basin (Fig. 9). The East Black Sea basin continued eastward to the
Ajaro-Trialet and the Talysh basin (Adamia et al. 1974, Shcherba 1994, Banks et al. 1997,
Kazmin 1997, Golonka 2004). In the Talysh basin in southern Azerbaijan, a thick volcano-
clastic series with basalts, trachy-basalts, trachy-andesites and andesites followed by flysch
with olistostromes. Altogether, Paleogene sediments reach a thickness 10 km (Gasanov
1992, 1996, Ali-Zade et al. 1996, Brunet et al. 2003). Vincent et al. (2005) connect Talysh
extension with major extension and ocean spreading within the adjacent South Caspian Ba-
sin. Also Kazmin (1991, 1997) proposes the Eocene, while Berberian & Berberian (1981),
Boulin (1991) and Abrams & Narimanov (1997), propose the Paleogene as the timing of
the opening of the South Caspian Basin. Carbonates were deposited in Central Asia area
(Ronov et al. 1989, Kiessling et al. 2003, Golonka 2004).

Most of the area of Western and Central Europe uplifted (Ziegler 1988, 1990, 1992,
Baldschuhn et al. 1991, Mazur et al. 2005, Krzywiec 2006). North Sea and adjacent of con-
tinental Western Europe were covered by shallow sea with fine-grained sedimentation.
(Fig. 9). Rhine Graben with continental clastics and volcanics originated at this time
(Schäfer et al. 2005, van Balen et al. 2005, Schwarz & Henk 2005).
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Fig. 9. Plate tectonic, paleoenvironment and lithofacies map of Europe and adjacent areas during
Late Paleocene-Middle Eocene time

Fig. 9. Mapa tektoniki p³yt, paleoœrodowiska i litofacji Europy oraz obszarów s¹siednich w póŸnym
paleocenie-œrodkowym eocenie



This onset of crustal separation in the initial phase of drifting and by the inception of
seafloor spreading in the North Atlantic area was accompanied by extensive volcanism
with seaward dipping basalts along the plate boundaries (Eldholm et al. 1990, Planke et al.
1991, Holm et al. 1992, Skogseid et al. 1992, Golonka 2000, 2002, Ford & Golonka 2003,
Golonka et al. 2003b). A strong volcanic event resulted in nearly 1000 m of plateau basalts
in the onshore East Greenland area. At the same time, dolerite sills and thin dikes were
emplaced within the post-Devonian section throughout the region. Fine-grained clastics
dominated sedimentation in the area between Europe and Greenland. At the same time,
oceanic spreading was still active west of Greenland (Figs 6, 9). The opening of the Arctic
Ocean (Eurasian Basin) was initiated, in the Late Paleocene (Kristoffersen 1990). It ex-
tended into the Laptev Sea are and onshore Siberia in the Moma rift area (Bogdanov et al.
1998, Franke et al. 2000). Svalbard and most of Barents Sea area were uplifted (R�nnevik
et al. 1982, Eldholm et al. 1990, Vorren et al. 1990, 1991, Doré 1991, Johansen et al. 1993,
Bogatski et al. 1996, Golonka et al. 2003b). The continental clastic sedimentation in the
Barents and Timan-Pechora area included lacustrine deposits and coals (Fig. 9). Fine-
-grained clastic sedimentation dominated the West Siberian seaways (Vinogradov 1968,
Ronov et al. 1989, Surkov et al. 1997, Golonka et al. 2003b, Akhmet’ev et al. 2004).

South Atlantic increased its widths, with westward movement of South America.
Mixed clastics, sometimes with volcanics and organic-rich rocks were deposited on the
African and South American margins (Fig. 10) (Ford & Golonka 2003).
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Fig. 10. Plate tectonic, paleoenvironment and lithofacies map of South Atlantic, southwestern Indian
Ocean and adjacent areas during Late Paleocene-Middle Eocene times

Fig. 10. Mapa tektoniki p³yt, paleoœrodowiska i litofacji po³udniowego Atlantyku, po³udniowo-
-zachodniego Oceanu Indyjskiego oraz obszarów s¹siednich w póŸnym paleocenie-œrodkowym eocenie



Sedimentation of continental clastics continued in the African basins (Bumby &
Guiraud 2005). Fine-grained clastics and mixed carbonate clastics prevailed in the Falkland
area (Ronov et al. 1989, Richardson & Underhill 2002, Ford & Golonka 2003, Kiessling
et al. 2003, Scheibner & Speijer 2008, Wilson 2008). Seafloor spreading continued be-
tween Australia and Antarctica. The formation of the Indian Ocean was almost completed.
Relatively deep-water clays and muds were deposited on the formerly placed seamounts
and plateaus within the Indian Ocean around Madagascar, and slopes of Antarctica
(Fig. 10) (Golonka 2000, 2002, Roberts et al. 2003, Das et al. 2007, Key et al. 2008).

Late Eocene

According to Pindell & Tabbutt (1995), the westward movement of South America
across the mantle accelerated. This triggered the Incaic phase of the Andean tectonics, with
a drastic uplifting of the mountain chain. Further, relative, eastward movement of the Ca-
ribbean plate continued, with significant transpressive deformation along the northern and
southern strike-slip boundaries (Guiraud & Bellion 1996). Hispaniola moved along the
strike-slip fault south of Cuba, eastwards, developing transpressive orogen (Fig. 10).
East-west rifting began in the Cayman Trough. Fragments of Caribbeans were accreted to
the northern part of South America with deformation and block rotation margin (Burke
1988, Ross & Scotes 1988, Pindell & Barrett 1990, Ave Lallemant 1997, Golonka 2000,
2002, Audemard & Audemard 2002, Golonka et al. 2006, Iturralde-Vinent 2006, Pindell et
al. 2006, García-Gasco 2008). Sedimentation of continental clastics with red beds, contin-
ued in the large area east of Andes and within the Amazonian basins (Pindell et al. 1991,
Lamb et al. 1997, Olivero & Martinioni 2001, Golonka 2002, Ford & Golonka 2003,
Hervouët et al. 2005, Duerto et al. 2006, Jordan et al. 2007). Marine clastics were present
in Venezuela (Ford & Golonka 2003, Summa et al. 2003). Large carbonate platforms con-
tinued on Yucatan and on Bahama platform, while deep Gulf of Mexico was filled with
deep-water clastics rimmed on the northern margin with marginal marine strata with coals
(Ronov et al. 1989, Galloway & Williams 1991, Brewster-Wingard et al. 1997, Xue 1997,
Watkins 1999, Galloway et al. 2000, Budd 2002, Ford & Golonka 2003, Kiessling et al.
2003, Rosenfeld 2005, Wilson 2008).

Inversion of the High Atlas Mountains in Morocco marked a new, convergent bound-
ary between stable Africa and the Moroccan and Oran mesetas (Ricou 1996). A major com-
pressive event took place at the Middle-Late Eocene transition (Guiraud & Bellion 1996).

The northern African platforms exhibit rimmed margins that supply carbonate sedi-
ment to adjacent basinal flysch wedges. Interiors of Northern Africa were filled with conti-
nental clastics (Fig. 12) (Bumby & Guiraud 2005).

The collision of India and Eurasia continued (Figs 11, 13). Metamorphism and crustal
thickening reached a peak about 40 Ma in northern Pakistan, propagating later southward
(Searle 1996). Oceanic subduction ceased beneath the Indian-Eurasian collision zone
(Longley 1997). India’s interior was uplifted, locally with continental clastics and volca-
nics. Numerous delta and sea-fans developed along the plate margins.
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Fig. 12. Plate tectonic, paleoenvironment and lithofacies map of Central Atlantic and adjacent areas
during Late Eocene times

Fig. 12. Mapa tektoniki p³yt, paleoœrodowiska i litofacji Atlantyku centralnego oraz obszarów
s¹siednich w póŸnym eocenie

Fig. 13. Plate tectonic, paleoenvironment and lithofacies map of southeastern Asia, Indian Ocean and
adjacent areas during Late Eocene times

Fig. 13. Mapa tektoniki p³yt, paleoœrodowiska i litofacji Azji po³udniowo-wschodniej, Oceanu
Indyjskiego oraz obszarów s¹siednich w póŸnym eocenie



The India plate acted as an inventor on Asia causing southeastward and southward ex-
trusion of Indochina and South China plates (Golonka et al. 2006). The movements of ex-
truded plates initiated major strike slip faults in Southeast Asia. The Red River Fault Zone
activity was approaching its main phase. According to Jolivet et al. (2001), the Red River
Fault Zone is rooted in an horizontal shear zone at the brittle/ductile transition separating
the upper and middle crust from the lower crust, and the sinistral strike-slip motion was
first transpressional (?40–25 Ma), and then transtensional, leading to fast exhumation from
24 to 17 Ma. According to Wang et al. (2000), transpressional tectonics in the Red River
Fault Zone may have started as early as ~ 42 Ma. Their geochronological dates reveal two
distinctive magmatic episodes in eastern Tibet and Indochina: one between 42 and 24 Ma
and another since 16 Ma. The older volcanic rocks and minor intrusions are distributed
along the entire length of the Red River Fault Zone and its northern extension. According
to Lan et al. (2000) around 40 Ma the extension resulting from the India-Asia collision
caused a mantle input to mix with recycled sediments generating granitic rocks. According
to Wang et al. (2000), the rocks of earlier igneous activity (42–24 Ma) include syenite,
trachite, shoshonitic lamprophyre and basaltic trachyandesite. The strike-slip movement is
related to the origin of pull-apart basins with continental clastic deposition (Fig. 13).

The old ridge began to be subducted beneath the Sunda Arc (Indonesia). Rifting in the
Celebes Sea continued (Lee & Lawver 1994). East China Sea reached its maximum size
(Golonka et al. 2006). Subduction of the proto-South China Sea continued (Lee & Lawver
1994). According to Hall (1998, 2002), the opening of the West Philippine-Celebes Sea
Basin required the subduction of the proto-South China Sea beneath Luzon and Sulu arc.
The Australasian margin collided with New Guinea arc resulting in emplacement of New
Caledonia ophiolite and beginning of subduction beneath Papua-New Guinea.

Shallow-water carbonates developed on the Arabian plate (Fig. 13), providing good
reservoirs for hydrocarbon exploration (Whittle & Alsharhan 1994, Whittle et al. 1996,
Alsharhan & Nairn 1997, Dull 2005, El-Saiy & Jordan 2007). Widespread distribution of
carbonates occurred in the central and eastern parts of North Africa (Ziegler 1988, Dercourt
et al. 1993, Philip et al. 1996, Macgregor & Moody 1998, Bolle et al. 1999, Bolle 2000,
Bensalen 2002, Kiessling et al. 2003, Guiraud et al. 2005, Shiref & Salaj 2007, Scheibner
& Speijer 2008). Carbonate platforms continued to exist on the Apulian/Adrian plate, but, in
the remaining part of the northern Tethys were replaced by a clastic sedimentation (Fig. 14).

During the Eocene time, Lesser Caucasus, Sanandaj-Sirjan and Makran plates were
sutured to the Transcaucasus-Talesh-Southern Caspian-Lut system (Adamia 1991, Golonka
2004, 2007a). The subduction zone was locked and jumped to the Scythian-Turan margin.
The western segment of this subduction was located along the northern margin of the East-
ern Black Sea, on the Greater Caucasus area and south off the Apsheron Peninsula and
ridge. The major transform fault system in the Western Turkmenistan basin area separated
the eastern and western segments of subduction. This fault system is buried deeply below
West Turkmen Basin Neogene sediments. The eastern segment was located along the South
Kopet Dagh margin approximately 200–300 km south of the Apsheron ridge.

The subduction jump produced the trench pulling force, which influenced all plates
between Black Sea and Sistan Ocean in Afghanistan. The timing of movement initiation
and movement velocity is different for different plates. This difference caused the origin of
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several major strike slip faults of SW-NE orientation, which cut both continental crust and
Jurassic-Cretaceous oceanic crust (Jackson 1992, Kopp 1997, Golonka 2007a). The most
important are Araks fault, which separates the Lesser Caucasus block and Transcaucasus
block from the Talesh plate, and the Lahijan fault within Alborz Mountains. The extension
of the Lahijan fault, which separated the South Caspian Microcontinent (SCM) from
South-West Caspian Basin, is buried deeply below the South Caspian Neogene sediments.
The northward movement of the South Caspian Microcontinent resulted in rifting between
the SCM and Alborz plates. The Jurassic-Cretaceous oceanic crust of the Eastern Black Sea
– Greater Caucasus Basin was subducted under the overriding Scythian plate. The northward
movement of the Shatski Rise block caused opening of the Eastern Black Sea (Robinson et al.
1996, Banks et al. 1997). The northward movement of the Transcaucasus block caused the
collision and formation of the Greater Caucasus orogenic belt (Adamia 1991). A marine envi-
ronment spread throughout the Scythian-Turan platform and adjacent areas during-Eocene
time, which was characterized by mixed deposition of clastic and carbonate rocks (Fig. 14).

The Paleocene inversion in the Carpathians was followed by a new episode of subsi-
dence, which accelerated during the Lutetian and Priabonian (Oszczypko et al. 2003,
Golonka & Picha 2006). The accretionary prism was building gradually, causing the north-
ward migration of depocenters. Thin-bedded flysch deposits passed into a thick complex of
turbidites and fluxoturbidites. Foreland basin development proceeded in southern Europe,
coinciding with a general uplift of the European continent. The closure of the Pindos Ocean
began (Robertson et al. 1991). Compression continued in the Balkan area in Bulgaria (Tari
et al. 1997).
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Fig. 14. Plate tectonic, paleoenvironment and lithofacies map of Europe and adjacent areas during
Late Eocene times

Fig. 14. Mapa tektoniki p³yt, paleoœrodowiska i litofacji Europy oraz obszarów s¹siednich w póŸnym
eocenie



Seafloor spreading finally shifted from western to eastern Greenland and the North
Atlantic (Figs 11, 14). The opening of the North Atlantic was linked to mantle plume, asso-
ciated with the Iceland hot spot as postulated by White & McKenzie (1989). According to
White (1992), shortly after the Iceland plume was reactivated, the extension between
Greenland and the north-western European margin continued until its development into
a full oceanic spreading centre. The voluminous volcanic complexes, containing wedges of
seaward-dipping reflectors, were deposited in the vicinity of the continental-oceanic transi-
tion (Planke et al. 1991, Skogseid et al. 1992, Coffin & Eldholm 1994). Clastics, mainly
fine-grained, locally with volcanics were deposited along North Atlantic and (Ziegler 1988,
1990, Joy 1992, Bull & Masson 1996, Ford & Golonka 2003, Golonka et al. 2003b, Laberg
et al. 2005, Agterberg et al. 2007, Rasmussen et al. 2008). Svalbard was uplifted, but shal-
low water environment prevailed on large part of Barents Sea (R�nnevik et al. 1982,
Vorren et al. 1990, 1991, Johansen et al. 1993, Skagen 1993, Bogatski et al. 1996,
Musatov & Pogrebitskij 2000, Golonka et al. 2003b, Shipilov et al. 2006, Rasmussen et al.
2008). The continental clastic sedimentation prevailed Timan-Pechora area and adjacent
part of South Barents Sea included lacustrine deposits and coals (Fig. 14). Fine-grained
clastic sedimentation dominated the West Siberian seaways (Vinogradov 1968, Ronov et al.
1989, Volkova & Kul’kova 1996, Kulkova & Volkova 1997, Surkov et al. 1997, Golonka
et al. 2003b, Akhmet’ev et al. 2004). Continental clastic, fluvial and lacustrine; with coals,
were deposited it the other, smaller Siberian basins Vinogradov 1968, Ronov et al. 1989,
Zonenshain et al. 1990, Parfenov 1991, Martinson 1998, Paech et al. 2000, Parfenov et al.
2001). Lignite was especially present in the Moma basin.
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Fig. 15. Plate tectonic, paleoenvironment and lithofacies map of South Atlantic, southwestern Indian
Ocean and adjacent areas during Late Eocene times

Fig. 15. Mapa tektoniki p³yt, paleoœrodowiska i litofacji po³udniowego Atlantyku, po³udniowo-
-zachodniego Oceanu Indyjskiego oraz obszarów s¹siednich w póŸnym eocenie



The South Atlantic increased its width during Eocene times (Figs 11, 15). Mixed
clastics, sometimes with volcanics and organic-rich rocks were deposited on the Atlantic
margins in Africa and South America (Fig. 15) (Ford & Golonka 2003). Delta of the
Orange River supplied coarse clastics (Bluck et al. 2007). Sedimentation of continental
clastics continued in the African basins (Bumby & Guiraud 2005). Fine-grained clastics
and mixed carbonate clastics prevailed in the Falkland area (Ronov et al. 1989, Richardson
& Underhill 2002, Ford & Golonka 2003, Kiessling et al. 2003, Scheibner & Speijer 2008,
Wilson 2008). Seafloor spreading continued between Australia and Antarctica. Relatively
deep-water clays and muds were deposited on the formerly placed seamount and plateaus
within the Indian Ocean around Madagascar, and slopes of Antarctica (Fig. 15) (Golonka
2000, 2002, Roberts et al. 2003, Das et al. 2007, Key et al. 2008). Shallow-marine and car-
bonate clastic sedimentation occurred along the Mozambique Channel Indian Ocean mar-
gins and offshore South Africa (Förster 1975, Salman & Abdula 1995, Ford & Golonka
2003, Kiessling et al. 2004, Key et al. 2008).

Oligocene

Atlantic Ocean continued its spreading during Oligocene times (Fig. 16). The develop-
ment of the eastern Caribbean island arc occurred (Fig. 17), while the Panamanian arc
nearly collided with South America (Burke 1988, Ross & Scotese 1988, Pindell & Barrett
1990, Ave Lallemant 1997, Golonka 2000, 2002, Audemard & Audemard 2002, Golonka
et al. 2006, Iturralde-Vinent 2006, Pindell et al. 2006, García-Gasco 2008). According to
Coates et al. (2004), precollisional arc-related rocks of Panama consisted of 4000 m of pillow
basalts and volcanoclastics, and biogenic calcareous and siliceous deepwater sediments.
Left-lateral strike-slip motion was active between the North America and Caribbean plates
and deformation took place under a transpressive tectonic regime. A collisional unit devel-
oped on Hispaniola, which was located south of Cuba (Pérez-Estaún et al. 2007). Andean
folding and thrusting continued (Lamb et al. 1997).

Continental clastics, locally with coals and organic-rich source rocks, were deposited
over a large area east of Andes and within the Amazonian basins (Pindell et al. 1991, Lamb
et al. 1997, Olivero & Martinioni 2001, Golonka 2002, Ford & Golonka 2003, Hervouët
et al. 2005, Duerto et al. 2006, Jordan et al. 2007). Marine clastics with source rocks were
deposited in Venezuela (Ford & Golonka 2003, Summa et al. 2003). Carbonate platforms,
sometimes with reefs partially covered Greater Antilles Islands (Ford & Golonka 2003,
Kiessling et al. 2003, Baron-Szabo 2005, Johnson & Pérez 2006). According to Mutti et al.
(2005), carbonate “megabank” extended from the Honduras/Nicaraguan mainland to the
modern island of Jamaica. Large carbonate platforms continued on Yucatan and on Bahama
platform, as in previous time slice while deep Gulf of Mexico was still filled with deep-wa-
ter clastics rimmed on the northern margin with marginal marine strata with coals (Ronov
et al. 1989, Galloway & Williams 1991, Brewster-Wingard et al. 1997, Xue 1997, Watkins
1999, Galloway et al. 2000, Budd 2002, Ford & Golonka 2003, Kiessling et al. 2004,
Rosenfeld 2005, Wilson 2008).
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According to Frizon de Lamotte et al. (2009 in press), the general inversion and oro-
genesis of the Atlas System occurred during two distinct episodes, Middle-Late Eocene-
-Oligocene and Late Miocene-Pliocene, respectively, whereas during the intervening period,
the Africa-Europe convergence was mainly accommodated in the Rif-Tell system. Accord-
ing to Summerhayes et al. (1981), the Oligocene earth movements gave rise more or less to
the present shelf-slope configuration. Coarse clastics, fine-grained clastics and locally car-
bonates were deposited on the Northern African margins, while interiors of Northern Africa
were filled with continental clastics, mainly sands and gravel mounds (Fig. 17) (Said 1983,
Coward & Ries 2003, Ford & Golonka 2003, Bumby & Guiraud 2005, Swezey 2009).

The collision of India and Eurasia continued (Figs 16, 18). Metamorphism and crustal
thickening reached their peak in the Zanskar area (Searle 1996, Golonka et al. 2006). The
development of the molasse basins continued in the Himalayan belt foreland (Burbank
et al. 1996). Marine clastics, locally carbonates as well as marginal and terrestrial clastics
sometimes with coals were deposited there. Like during the previous time slice India’s inte-
rior was uplifted, locally with continental clastics and volcanics. Numerous delta and
sea-fans developed along the plate margins. Collision and suturing of India to Asia caused
extensive strike-slip faulting in Asia (Kopp 1997). According to Hall (1998, 2002), the Indian
Ocean subduction continued at the Sunda-Java trenches, and also beneath the arc extending
from Sulawesi though the east Philippine to Halmaheru. Active volcanism and subduction
took place in the Philippine island arc. The closing of the proto-South China Sea continued
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Fig. 17. Plate tectonic, paleoenvironment and lithofacies map of Central Atlantic and adjacent areas
during Oligocene times

Fig. 17. Mapa tektoniki p³yt, paleoœrodowiska i litofacji Atlantyku centralnego oraz obszarów
s¹siednich w oligocenie



(Lee & Lawver 1994). Inversion and folding in East China and the first phase of formation
of the Taiwan-Sinzi Folded zone was caused by a collision between the paleo-Ryukyu Arc
and the northern part of the Philippine Sea plate (Kong 1998, Kong et al. 2000). The
Luconian terrane collided with NW Borneo (Longley 1997).

Sedimentation of shallow-water carbonates continued on the Arabian plate (Figs 18, 19)
(Whittle & Alsharhan 1994, Whittle et al. 1996, Alsharhan & Nairn 1997, Dull 2005,
El-Saiy & Jordan 2007). The Sanandaj-Sirjan plate began to thrust over the Arabian Plat-
form forming the Zagros Mountains (Berberian & Berberian 1981, Dercourt et al. 1993,
Golonka 2004, Fakhari et al. 2008, Heydari 2008). The main cause of thrusting in the
Zagros Mountains (Figs 18, 19), according to ªengör & Natalin (1996), was the counter-
clockwise rotation of the Arabian plate. Collision of the Lut block with the Turan platform
in Central Asia caused the Kopet Dagh foldbelt to form (Kopp 1997).

The subduction zone beneath the Scythian-Turan margin of Eurasia (Sobornov 1994)
produced a trench-pull force which caused northward movement of the plates between the
Black Sea and Afghanistan (Fig. 19), closure of the Greater Caucasus, Sebzevar and Sistan
Oceans and reorganization of the South Caspian Sea (Golonka 2004, 2007a). The Sistan
Ocean was closed in eastern Iran, between Helmand and Lut plates (Sengör & Natalin
1996). Collisions continued in the area between Africa and Eurasia. The conclusion of the
compression of the Balkanides, in Bulgaria, occurred during the Oligocene time (Sinclair
et al. 1997). The Pindos Ocean was finally closed (Robertson et al. 1991). The collision of
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Fig. 18. Plate tectonic, paleoenvironment and lithofacies map of southeastern Asia, Indian Ocean
and adjacent areas during Oligocene times

Fig. 18. Mapa tektoniki p³yt, paleoœrodowiska i litofacji Azji po³udniowo-wschodniej,
Oceanu Indyjskiego oraz obszarów s¹siednich w oligocenie



Apulia as well as the Alpine-Carpathian terranes with the European plate continued
(Decker & Peresson 1996, Frasheri et al. 1996). The metamorphism of the undercrusted
Penninic nappes in the Alps reached peak thermal conditions at about 30 Ma (Kurz et al.
1996). The Calabrian terranes in the Western Mediterranean began to progress eastward
(van Dijk & Okkes 1991).

During the Eocene-Oligocene times, the Paratethys Sea developed in Europe and cen-
tral Asia, ahead of the progressing northwards orogenic belts (Dercourt et al. 1993, Popov
et al. 1993). The main part of Neotethys was closed. The Neotethys remnants, foreland ba-
sin of the Alpine orogens, and reorganized Greater Caucasus-Caspian basin with the adja-
cent parts of the Scythian-Turan platform formed the Paratethys Sea. Large area was cov-
ered by shallow sea with prevailing mixed coarse and fine clastic deposition (Fig. 19). The
Paratethys was isolated from the world ocean. This isolation and persistent low pressure
system during Oligocene-Early Miocene time (Golonka 2003, 2007a) generated favorable
condition for deposition and preservation of the organic-rich shales. The Maykop formation
containing several layers of organic-rich shales was deposited in north of Greater Caucasus,
in the Terek-Caspian Basin, Kura Basin, and perhaps in the parts of South Caspian Basin
(Popov et al. 1993, Abrams & Narimanov 1997, Inan et al. 1997, Devlin et al. 1999,
Devlin 2000, Brunet et al. 2003, Golonka 2007a, Stolyarov & Ivleva 2007, Hudson et al.
2008). The South Caspian Microcontinent was probably emerged during the Oligocene-
-Early Miocene and received a minimum amount of sediments, so we can expect the absence
of the Maykop formation in this area.
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Fig. 19. Plate tectonic, paleoenvironment and lithofacies map of Europe and adjacent areas during
Oligocene times

Fig. 19. Mapa tektoniki p³yt, paleoœrodowiska i litofacji Europy oraz obszarów s¹siednich w oligocenie



Continental clastics, locally with coal, were deposited in the West Siberian, Viluy and
Chukotka basins, while marginal marine environment existed in the Kara Sea area (Fig. 19)
(Green et al. 1984, Ronov et al. 1989, Volkova & Kul’kova 1996, Kulkova & Volkova,
1997, Bogdanov et al. 1998, Akhmet’ev et al. 2001, Golonka et al. 2003b, Kuz’mina &
Volkova 2008).

The geodynamic evolution of the basins in the Alpine-Carpathian belt led to a transi-
tion from flysch to molasse type of sedimentation (Fig. 19). Rifting events were initialized
during the Oligocene time in the several countries in Europe between France and Ukraine
(Rutkowski 1986, Ziegler 1988, 1990, 1992, ¯ytko et al. 1989, Wilson & Downes 1991,
Bois 1993, Wilson 1994) and were associated with the alkaline volcanism. According to
Bois (1993), extension occurred in part of the European plate, with the rifting of the Rhine,
Limagne and Bresse Trough, contemporaneous of the climax of Alpine compression. Part
of this rift system included the Gulf of Lions, associated with the mantle plume, expressed
by volcanics in the Massif Central and Provence and on Corsica and Sardinia (Wilson &
Downes 1991). Rifting in this area was followed by oceanic seafloor spreading and drifting
of the Corsican and Sardinian plates (Bois 1993, Ricou 1996). The North Sea subsidence,
renewed during the Tertiary (Joy 1992), could have been related to Central European rift-
ing. This area was covered with fine-grained clastics (Berstad & Dypvik 1982, Ziegler
1988, 1990, 1992, Jordt et al. 1995, 2000, Eidvin & Rundberg 2007, Japsen et al. 2008,
Rasmussen et al. 2008, Marcussen et al. 2009).

Seafloor spreading continued in the North Atlantic, with further opening of the Eur-
asian Basin in the Arctic (Kristoffersen 1990, Zonenshain et al. 1990). This basin was sepa-
rated from the Canadian basin by the Lomonosov Ridge.

Svalbard moved away from Greenland (Livsic 1992, Manby & Lyberis 1996) along
right-lateral strike slip transforming the previously sheared margin into a passive margin.
The West Svalbard orogenic belts are considered by Lyberis & Manby (1999a) as strike-
-slip or transpressive orogen resulting from the continental collision and lateral escape.
En-echelon folds, flower structures, and local extensional features were interpreted as evi-
dence for transpressive deformation. The compressional aspects of the orogenic belt have
also been emphasized (Golonka 2000, 2002). The Central Spitsbergen Basin area devel-
oped as a foreland at this time.

Mature seafloor spreading in the Southern Hemisphere led to northward movement of
the continents. Rapid spreading continued between Australia and Antarctica (Lawver &
Gahagan 1993). Formation of the Scotia Sea plate reached the Drake Passage, which
allowed the circum-Antarctic seaway to develop (Lawver et al. 1992, Macdonald et al.
2003). Mixed clastics were deposited on the South American and Antarctic Margins with
addition of carbonates in the Falkland area (Fig. 20) (Ronov et al. 1989, Richardson &
Underhill 2002, Ford & Golonka 2003, Kiessling et al. 2003, Scheibner & Speijer 2008,
Wilson 2008). Fine-grained and mixed clastic dominated along African Margins, while se-
dimentation of continental clastics continued within the African basins (Bumby & Guiraud
2005). Carbonate occurrences took place on Madagascar (Golonka 2000, 2002). Seafloor
spreading continued between Australia and Antarctica.
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A major cooling trend took place, with highly variable continental climates, associated
with latitudinal and orographic effects. An ice sheet formed on the southern hemisphere
(Fig. 20) (Golonka 2000, 2002, Pfuhl & McCave 2005, Golonka et al. 2006, Ivany et al.
2006, Pekar et al. 2006, Barker et al. 2007, DeConto et al. 2008, Francis et al. 2008,
Siegert et al. 2008). According to Abreu & Baum (1997), the isotope curve indicates that
the ice sheet on Antarctica experienced phases of growth during the Late Eocene to Early
Oligocene, followed by a decrease in volume in the Late Oligocene. The onset of Antarc-
tica glaciation was related to the opening of seaway around Antarctica (Lawver et al. 1992,
Golonka 2000, 2002, Golonka et al. 2006).

Early Miocene

This was a time of mature seafloor spreading globally, with local rifting events as well
as of continental collisions in the Alpine-Himalayan belt (Fig. 21). Central Atlantic Ocean
continued its spreading. Subduction and orogenesis continued along the entire Cordillera of
North and South America (Figs 21, 22). The rate of motion of South America, relative to
the mantle, slowed during the Early Miocene times (Pindell & Tabbutt 1995). The Antilles
arc continued its eastward movement. The Panamanian Isthmus was established with still
open seaways. Strike-slip fault was active between Cuba and Hispaniola plates causing
transpressive deformations (Burke 1988, Ross & Scotese 1988, Pindell & Barrett 1990,
Ave Lallemant 1997, Golonka 2000, 2002, Audemard & Audemard 2002, Golonka et al.
2006, Iturralde-Vinent 2006, Pindell et al. 2006, García-Gasco 2008). Another strike-slip
fault was located between Caribbean and South American plates.
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Fig. 20. Plate tectonic, paleoenvironment and lithofacies map of South Atlantic, southwestern Indian
Ocean and adjacent areas during Oligocene times

Fig. 20. Mapa tektoniki p³yt, paleoœrodowiska i litofacji po³udniowego Atlantyku, po³udniowo-
-zachodniego Oceanu Indyjskiego oraz obszarów s¹siednich w oligocenie
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Both transpressive and transtensive deformations with rifts were present in this area.
Fine-grained clastics dominated the entire Caribbean area. Volcanoes were active along
Lesser Antilles (Donnelly 1973, Brown et al. 1977, Wadge 1984). The Amazonian realm as
well as the area adjacent to the Andean thrustbelt in South America was covered by conti-
nental clastics with coals and with marine incursions in its eastern part (Fig. 22) (Pindell
et al. 1991, Lamb et al. 1997, Olivero & Martinioni 2001, Golonka 2002, Ford & Golonka
2003, Hervouët et al. 2005, Jordan et al. 2007). Fine-grained clastics, locally with turbi-
dites and carbonates, were deposited along South American eastern margin. Accretionary
prism developed along the western margins of South America and Central America. Conti-
nental, deltaic and shallow-marine clastics, large carbonate platforms continued on Yucatan
and on Bahama platform, as during previous time slices, and fine-grained clastics filled
deeper part of the Gulf (Ronov et al. 1989, Galloway & Williams 1991, Brewster-Wingard
et al. 1997, Xue 1997, Watkins 1999, Galloway et al. 2000, Budd 2002, Ford & Golonka
2003, Kiessling et al. 2004, Rosenfeld 2005, Wilson 2008).

The Atlas System in North Africa was uplifted and inverted supplying continental
clastic to the surrounding areas (Fig. 22). The Alboran Sea extensional basin developed in
the western Mediterranean behind the arc located between Iberia and Northern Africa
(Morley 1993, Watts et al. 1993, Vissers et al. 1995). Fine-grained clastics and carbonates
were deposited on the Northern African margins while interiors of Northern Africa like
during the previous time slices were filled with continental clastics, mainly sands and
gravel mounds (Said 1983, Coward & Ries 2003, Ford & Golonka 2003, Bumby &
Guiraud 2005, Swezey 2009).
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Fig. 22. Plate tectonic, paleoenvironment and lithofacies map of Central Atlantic and adjacent areas
during Early Miocene times

Fig. 22. Mapa tektoniki p³yt, paleoœrodowiska i litofacji Atlantyku centralnego oraz obszarów
s¹siednich we wczesnym miocenie



The collision of India and Eurasia continued. Metamorphism and crustal thickening
reached a peak pre-20 Ma in eastern Kashmir (Searle 1996). The exhumation was wide-
spread in the Himalayas (Yin & Harrison 2000, White et al. 2002, Steck 2003, Thiede et al.
2005, Kirstein et al. 2006, Caddick et al. 2007, Rutter et al. 2007). The development of the
molasse basins continued in the Himalayan belt foreland (Burbank et al. 1996). Deltaic
clastic sequences represented by fluviatile coastal plain, lagoonal and tidal flat complex,
barrier island and offshore marine shelf were identified in several places along the eastern
margin of India (Babu 2006). The large Ganges delta and fan was already developed during
this time filled with deposits derived from the Himalayas (Najman et al. 2008.)

Rifting and formation of seaways with fine-grained clastic sedimentation continued in
the Red Sea and in the Gulf of Aden while continental rifting continued in Ethiopia (Le
Pichon & Francheteau 1978, White & McKenzie 1989, Huchon et al. 1991, Menzies et al.
1992, Vrielynck et al. 1997, Tesfaye et al. 2003, Hughes & Johnson 2005). The East Africa
Rift System was in early stages of development (Girdler 1991, Golonka 2000, 2002, 2004,
Golonka et al. 2006). Uplift and volcanics emplacement in the southern part of Arabian
plate was related to these rifting events (Fig. 23). Carbonates were deposited on the north-
eastern and eastern margins of Arabia (Whittle & Alsharhan 1994, Whittle et al. 1996,
Alsharhan & Nairn 1997, Kiessling et al. 2003, Dull 2005, El-Saiy & Jordan 2007).
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Fig. 23. Plate tectonic, paleoenvironment and lithofacies map of southeastern Asia, Indian Ocean and
adjacent areas during Early Miocene times

Fig. 23. Mapa tektoniki p³yt, paleoœrodowiska i litofacji Azji po³udniowo-wschodniej, Oceanu
Indyjskiego oraz obszarów s¹siednich we wczesnym miocenie



The Indo-Chinese pull-apart basins continued to develop. Subsidence was rejuvenated
in the East China Sea (Kong 1998). The opening of the South China Sea continued, with
a change in the direction from north-south to NW-SE (Lee & Lawver 1994). Sea-floor
spreading began in the Japanese Sea. This back-arc spreading in the Sea of Japan was
accompanied by rotation and movement of the Japanese plates (Ingle 1992, Tamaki et al.
1992, Jolivet et al. 1994, Kong 1998). Closing of the proto-South China Sea continued
(Lee & Lawver 1994). The Australian plate continued a rapid northward movement, until
the onset of the collision of its northern New Guinea margin with the Melanesian arc
slowed down this motion (Longley 1997). Large carbonate platform developed on the
northern Australian shelf (Davies et al. 1989, Cook 1990, Li & Powell 2001, Kiessling et al.
2003, Moss et al. 2004, Wilson 2008).

In the Red River Fault Zone, which marks the boundary between the South China and
Indochina blocks, main activity occurred in two phases: during sinistral ductile shear active
in 27–16 Ma, followed by exhumation and uplift from a depth of 20–25 km, and as dextral,
predominantly brittle shear active in Plio-Quaternary times (cf. Allen et al. 1984, Tappo-
nnier et al. 1990, Lacassin et al. 1993, Leloup et al. 1995, Cuong & Zuchiewicz 2001 and
references therein, Golonka et al. 2006). Wang et al. (1998) maintain that the sinistral
shearing took place between 27 and 17 Ma. However, recent fission-track studies indicate
that the main period of ductile deformation in the RRFZ was finished by 25 Ma or 26 Ma
(¯elaŸniewicz et al. 2005, Golonka et al. 2006, Anczkiewicz et al. 2007), and new struc-
tural and geochronological data appear to document the polyphase ductile shear active be-
tween Early Cretaceous through Miocene times, which included dextral, sinistral, dextral
transpression, and sinistral transtension regimes (¯elaŸniewicz et al. 2005). The Late Mio-
cene change of the sense of motion is commonly related to the history of collision between
India and Eurasia (Tapponnier et al. 1986, 1990, Schaerer et al. 1994, Harrison et al. 1995,
Golonka et al. 2006). The amount of sinistral offset along the Red River Fault Zone has
been estimated at 330±60 km (Lacassin et al. 1993) to 500–700 km (Tapponnier et al.
1990, Leloup et al. 1995). This left-lateral transtension along The Red River Fault Zone
caused rapid subsidence of the Song Hong Basin (Nielsen et al. 1999). The depositional en-
vironments in this basin varied widely during Late Oligocene-Early Miocene times, from
fluvial, estuarine, and deltaic to offshore marine with the deposition of sandstones and
mudstones. According to Hall et al. (2008), great thicknesses of Cenozoic sediments are
present in Borneo and circum-Borneo basins. Carbonates were deposited on the Luconia
platform (Zampetti et al. 2004, Bracco Gartner et al. 2005, Vahrenkamp et al. 2005).

A carbonate platform still persisted in the former Tethyan region in North Africa, the
Taurus-Zagros area and in small areas in Turkey and Greece (Figs 23, 24) (Dercourt et al.
1993, Philip et al. 1996, Kiessling et al. 2003, Scheibner & Speijer 2008, Wilson 2008).

Collisions continued in the area between Africa and Eurasia. Thrusting occurred in the
Riff area in Africa and the Betic area in the southern Spain, due to the collision of the
Alboran Sea arc (Morley 1993, Vissers et al. 1995). The movement of Corsica and Sardinia
caused the plates to push eastwards in the future, resulting in deformation of the Al-
pine-Carpathian system (Golonka et al. 2000). This deformation reached as far as to Roma-
nia and continued throughout the Neogene. The Calabrian terranes in the Western Mediter-
ranean continued to progress eastwards (Dewey et al. 1989, van Dijk & Okkes 1991).
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The thrust-and-foldbelt of the Apennines began to develop (Pialli & Alvarez 1997).
The Apulia and the Alpine-Carpathian terranes were moving northwards, colliding with the
European plate, until 17 Ma (Decker & Peresson 1996). Oblique collision between the
North European plate and the overriding Western Carpathian terranes led to the develop-
ment of the outer accretionary wedge, the built up many flysch nappes and the formation of
a foredeep (Golonka et al. 2000). This process was completed in the Vienna basin area and
then progressed northeastwards (Oszczypko 1997, 1998). The Eastern Mediterranean Sea
(Fig. 24) began to be subducted beneath the newly formed Eurasian margin (Vrielynck et
al. 1997). The subduction active zone was located north of the Ionian and Levantine basin.
Crustal extension of the internal zone of the Alps started in the Early Miocene, during the
continued thrusting (Decker & Peresson 1996). The Early to Middle Miocene extension
and back-arc type rifting resulted in the formation of the intramountain Pannonian basin
(Fig. 24) in Central Europe (Royden 1988, Decker & Peresson 1996, Tari et al. 1997,
Golonka et al. 2000, Golonka 2004, 2006). According to Hámor et al. (2001), 24–18 Ma
Pannonian Basin entered its early synrift phase. A new period of extension began in the
Pontides-Sakariya continent in Turkey (Yilmaz et al. 1997, Golonka 2004). The collision
of India and Eurasia influenced the Central Asia Area through the development of
far-reaching strike-slip faults. Several blocks were deformed and thrust over the Turan plat-
form in the Pamir, Afghan-Tadjik and Gissar areas. The Miocene phase of thrusting and
folding of the Kopet-Dagh Mountains in Central Asia, with a strong strike-slip component
was a result of the final stage of collision of the Lut plate with Eurasia. The Greater Cauca-
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Fig. 24. Plate tectonic, paleoenvironment and lithofacies map of Europe and adjacent areas during
Early Miocene times

Fig. 24. Mapa tektoniki p³yt, paleoœrodowiska i litofacji Europy oraz obszarów s¹siednich we
wczesnym miocenie



sus Ocean was closed as a result of the collision of the Lesser Caucasus and Transcaucasus
blocks with the Scythian platform, and the Caucasus Mountains began to form (Zonenshain
et al. 1990, Kazmin 1991, Kopp 1997, Golonka 2004, 2007). The Paratethys continued its
existence in Eastern Europe and Central Asia with mixed coarse and fine clastic deposition
and with the Maykop source-rocks (Dercourt et al. 1993, Popov et al. 1993, 2006, Abrams
& Narimanov 1997, Inan et al. 1997, Devlin et al. 1999, Rögl 1999, Devlin 2000, Golonka
et al. 2000, 2006, Il’ina 2000, Brunet et al. 2003, Nevesskaya et al. 2003, Oszczypko 2006,
Golonka 2007a, Piller et al. 2007, Stolyarov & Ivleva 2007, Hudson et al. 2008). In front
of the Carpathian nappes, remnant flysch basin turned into molasse basin (Golonka et al.
2000, 2006). Limnic environment with fine-grained clastic and with first Miocene lignites
developed in the Central European lowlands (Ziegler 1982, 1988, 1890, Piwocki 1998,
Reichenbacher 2000, Szynkiewicz 2000, Eissmann 2002, Ford & Golonka 2003, Rasser et
al. 2008). Rifting continued in Western Europe (Ziegler 1988, 1990, 1992, Wilson &
Downes 1991, Bois 1993, Wilson 1994, Schäfer et al. 2005). Fine-grained clastics and
sands continued in the orth Sea, but coarse-grained braided fluvial systems developed south
of Scandinavia due to the uplift (Berstad & Dypvik 1982, Ziegler 1988, 1990, 1992, Jordt
et al. 1995, 2000, Eidvin & Rundberg 2007, Japsen et al. 2008, Rasmussen et al. 2008,
Marcussen et al. 2009). The Atlantic margin in Norway was uplifted during the Neogene
time (Jensen & Schmidt 1993). Intracontinental deformation in Eurasia led to the uplift and
formation of the modern Ural Mountains (Puchkov 1997). Continental clastics were depos-
ited in West Siberian, Kara Sea and Pechora basin (Fig. 24) (Meyerhoff 1983, Green et al.
1984, Ronov et al. 1989, Volkova & Kul’kova 1996, Kulkova & Volkova 1997, Tull
1997, Bogdanov et al. 1998, Musatov & Pogrebitskij 2000, Akhmet’ev et al. 2001,
Golonka et al. 2003b, Kuz’mina & Volkova 2008). Marginal marine clastics and local up-
lifts occurred within the Barents Sea area (R�nnevik et al. 1982, Vorren et al. 1990, 1991,
Skagen 1993, Johansen et al. 1993, Musatov & Pogrebitskij 2000, Shipilov et al. 2006,
Rasmussen et al. 2008).

Spreading in the North Atlantic and Arctic Eurasian Basin continued, and Iceland
formed as a volcanic platform astride the North Atlantic spreading ridge (Lawver & Müller
1994, Golonka 2000, 2002, Golonka & Bocharova 2000, Ford & Golonka 2003, Golonka
et al. 2003b). Connection between the Atlantic and Eurasian Basin was well established
during Early Miocene times (Fig. 24). Clastics, mainly fine-grained, locally with volcanics
were deposited along North Atlantic and Eurasian margins (Ziegler 1988, 1990, Joy 1992,
Bull & Masson 1996, Ford & Golonka 2003, Golonka et al. 2003b, Laberg et al. 2005,
Agterberg et al. 2007, Rasmussen et al. 2008).

Spreading between Africa, South America and Antarctica as well as between Australia
and Antarctica and Africa continued (Lawver et al. 1985, Nürnberg & Müller 1991,
Lawver & Gahagan 1993, Golonka 2000, 2002, Golonka & Ford 2003, Macdonald et al.
2003). Right lateral strike-slip fault was active between Scotia Sea plate and Antarctica
(Lawver et al. 1992, Maldonado et al. 1998, 2005, Golonka 2000, 2002, Barker 2001,
Eagles et al. 2005). Mixed clastics were deposited on the South American, African and
Antarctic margins (Fig. 25) with addition of carbonates in the South African area (Dingle &
Hendry 1984, 1989, Clemson et al. 1997, Billups et al. 2002, Richardson & Underhill
2002, Ford & Golonka 2003, Kiessling et al. 2003, Maldonado et al. 2005, Wigley &
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Compton 2006, Parras et al. 2008). Sedimentation of continental clastics continued within
the African basins, also large areas of southern South America werecovered with continen-
tal clastics containing coals and volcanics in the Andean foreland (Pindell & Tabbutt 1995,
Barreda 1996, Limarino et al. 2001, Olivero & Martinioni 2001, Rodriguez & Littke 2001,
Ford & Golonka 2003, Dávila et al. 2004, Bumby & Guiraud 2005, Marenssi et al. 2005,
Dávila & Astini 2007, Torres Carbonell et al. 2008).

Middle Miocene

Spreading in the Atlantic and Indian oceans continued, with a westward drift of the
Americas and northward drifting of Africa, Eurasia and Australia (Fig. 26). South America
moved faster than North America while Australia moved faster than Eurasia (Müller et al.
1997, Nürnberg & Müller 1991, Royer & Sandwell 1989). The rate of motion of South
America again increased relative to the mantle (Pindell & Tabutt 1995).

The Andes were rejuvenated with crustal shortening, uplift and an increase of volcanic
activity and with further development of foredeep filled with marine in the northern part,
marginal marine and continental clastics, locally with coals (Pindell et al. 1991, Lamb et al.
1997, Olivero & Martinioni 2001, Golonka 2002, Ford & Golonka 2003, Hervouët et al.
2005, Duerto et al. 2006, Jordan et al. 2007). Continental clastics were also deposited
within the Amazonian basins (Fig. 27).

540 J. Golonka

Fig. 25. Plate tectonic, paleoenvironment and lithofacies map of South Atlantic, southwestern Indian
Ocean and adjacent areas during Early Miocene times

Fig. 25. Mapa tektoniki p³yt, paleoœrodowiska i litofacji Po³udniowego Atlantyku, po³udniowo-
-zachodniego Oceanu Indyjskiego oraz obszarów s¹siednich we wczesnym miocenie.
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Subduction zone developed along the southern margin of the Caribbean plate, while
left-lateral strike-slip fault was still active along its northern margin (Burke 1988, Ross
& Scotese 1988, Pindell & Barrett 1990, Hoorn et al. 1995, Ave Lallemant 1997, Golonka
2000, 2002, Audemard & Audemard 2002, Summa et al. 2003, Golonka et al. 2006,
Iturralde-Vinent 2006, Pindell et al. 2006). Hispaniola moved to the position southwest of
Cuba. Carbonates were abundant along the northern and southern Caribbean boundary and
large carbonate platform existed between Nicaragua and Hispaniola, on Cuba, Yucatan,
Florida and Bahamas (Brewster-Wingard et al. 1997, Budd 2002, Ford & Golonka 2003,
Kiessling et al. 2003, Baron-Szabo 2005, Mutti et al. 2005, Rosenfeld 2005, Johnson &
Pérez 2006, Wilson 2008). Fine-grained clastic were deposited in the Lesser Antilles
back-arc basin and in the accretionary prism (Speed et al. 1989, Torrini & Speed 1989,
Bouysse & Westercamp 1990, Donovan et al. 2003, Ford & Golonka 2003, Gorney et al.
2007). Deep Gulf of Mexico was still filled with deep-water clastics, with deltaic systems
developed along the northern margin (Watkins 1999, Galloway et al. 2000). Deposition of
fine-grained clastics, locally with turbidites and carbonates continued along South Ameri-
can eastern margin and Northern African western margins.

Continental clastics, mainly sands and gravel mounds filled basins within the interiors
of Northern Africa like during the previous time slices (Said 1983, Coward & Ries 2003,
Ford & Golonka 2003, Bumby & Guiraud 2005, Swezey 2009). The continued of thrusting
occurred in the Riff area in Africa and in the Betic area in southern Spain as a result of the
collision of the Alboran Sea arc with the Africa and Iberian plates (Morley 1993, Vissers
et al. 1995).
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Fig. 27. Plate tectonic, paleoenvironment and lithofacies map of Central Atlantic and adjacent areas
during Middle Miocene times

Fig. 27. Mapa tektoniki p³yt, paleoœrodowiska i litofacji Atlantyku centralnego oraz obszarów
s¹siednich w œrodowym miocenie



The collision of India and Eurasia continued, with a strong, northwest motion compo-
nent. Thrusting was active in the High Himalayas about 21–18 Ma (Fig. 28). The north-
ward movement of India caused the opening of the Andaman Sea (Curray et al. 1982, Lee
& Lawver 1994).

The opening of the South China Sea ended (Fig. 28) (Taylor & Hayes 1980, Holloway
1982, Lee & Lawver 1994, Hall 1998, 2002). The Sulu Basin in SE Asia opened as a result
of the subduction along the northeastern margin of Kalimantan (Lee & Lawver 1994).
Spreading in Marianas, in the Eastern Pacific, began at 15 Ma (Scott & Kroenke 1980). The
Sea of Japan went through its second episode of opening (Ingle 1992, Tamaki et al. 1992,
Jolivet et al. 1994). In Southeast Asia, the North Palawan microcontinent collided with
Kalimantan and with the West Philippine Archipelago (Taylor & Hayes 1980, 1983, Hollo-
way 1982, Lee & Lawver 1994, Almasco et al. 2000). The collision with the Philippines re-
sulted in a change of subduction polarity to a westward one, along the east margin of Phil-
ippines, at the Philippine trench (Lee & Lawver 1994). An eastward-dipping subduction
zone developed along the Manila Trench. The left-lateral Philippine fault initiated motion
between the East and West Philippines (Fig. 28). Motion began along the Sumatra Fault
System at this time, and was responsible for crustal shortening in northwestern Sumatra
(Huchon & LePichon 1984, Lee & Lawver 1994). Southwestern Japan rapidly rotated in
a clockwise direction (Ingle 1992, Tamaki et al. 1992, Jolivet et al. 1994). The Izu-Bonin
Arc collided with central Japan (Kong 1998, Kong et al. 2000).
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Fig. 28. Plate tectonic, paleoenvironment and lithofacies map of southeastern Asia, Indian Ocean and
adjacent areas during Middle Miocene times

Fig. 28. Mapa tektoniki p³yt, paleoœrodowiska i litofacji Azji po³udniowo-wschodniej, Oceanu
Indyjskiego oraz obszarów s¹siednich w œrodowym miocenie



As was mentioned above, the left-lateral movement along the Red River Fault Zone
ceased by Mid-Miocene. The change of displacement direction is expressed in the Song
Hong Basin by the distinct unconformity near the base of Mid-Miocene, which in places
shows deep channel incision and lateral shift of depocenters (Nielsen et al. 1999). Thick
prograding deltaic units of sandstones, siltstones, mudstones, and brown coal were depos-
ited in Middle-Late Miocene times in the northern part of the basin as well as in the on-
shore Hanoi trough (Fig. 28). According to Hutchison (2004), the end of rifting in the
southern part of South China Sea is expressed by Mid-Miocene unconformity followed by
thick post-rift sequences. According to Wang et al. (2000), the cessation of sea-floor
spreading in South China, coincide with continuous basaltic eruption since ~16 Ma. This
igneous activity produced alkali basalts, basanite, trachy basalts and basaltic trachy ande-
site. They are widely distributed in Vietnam. Clastics prevailed in forarc basins along the
Sunda Arc offshore Indonesia (Hutchison 1989, Golonka et al. 2006).

The Gulf of Aden went through the spreading phase (Fig. 28), while rifting continued
in the Red Sea and East Africa Rift System (Le Pichon & Francheteau 1978, White &
McKenzie 1989, Girdler 1991, Huchon et al. 1991, Menzies et al. 1992, Vrielynck et al.
1997, Golonka 2000, 2002, 2004, Tesfaye et al. 2003, Hughes & Johnson 2005, Golonka
et al. 2006).

Mountains reached its main thrusting stage (Fig. 29) due to collision of Arabia and
Iranian plates (Berberian & Berberian 1981, Dercourt et al. 1993, Alavi 1994, Golonka
2004, Fakhari et al. 2008, Heydari 2008). Foredeep developed in front of the Zagros thrust.
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Fig. 29. Plate tectonic, paleoenvironment and lithofacies map of Europe and adjacent areas during
Middle Miocene times

Fig. 29. Mapa tektoniki p³yt, paleoœrodowiska i litofacji Europy oraz obszarów s¹siednich w œrodko-
wym miocenie



Southwestern part of Arabia was uplifted while clastic sedimentation prevailed in its north-
eastern part with remnant carbonate platform in the center (Whittle & Alsharhan 1994,
Whittle et al. 1996, Alsharhan & Nairn 1997, Kiessling et al. 2003, Dull 2005, El-Saiy &
Jordan 2007). Volcanics were emplaced in the northwestern part of this plate (Saif & Shah
1988, Lustrino & Sharkov 2006, Krienitz et al. 2007).

The collision of India and Eurasia influenced the Central Asia area through the devel-
opment of far-reaching strike-slip faults (Fig. 29). Several blocks were deformed and thrust
over the Turan platform in the Pamir, Afghan-Tadjik and Gissar areas. The Miocene phase
of thrusting and folding of the Kopet-Dagh Mountains in Central Asia, with a strong
strike-slip component was a result of the final stage of collision of the Lut plate with Eur-
asia. The Greater Caucasus Ocean was closed as a result of the collision of the Lesser Cau-
casus and Transcaucasus blocks with the Scythian platform, and the Caucasus Mountains
began to form (Zonenshain et al. 1990, Kazmin 1991, Kopp 1997, Golonka 2000, 2004,
2007a). The Alborz trough in the South Caspian Sea opened, and extension progressed into
the West Turkmen Depression in Central Asia (Golonka 2007a). The southwestern part of
the South Caspian basin was reopening, while the northwestern part was gradually reduced
in size. The South Caspian Microcontinent or Godin uplift (e.g. Nadirov et al. 1997) sepa-
rated the southwestern part of the South Caspian basin and the Western Turkmenistan area.

The opening of the Tyrrhenian Sea (Spadini et al. 1995) as well as Valencia Trough
(Vegas 1992, Torres et al. 1993, Golonka 2004) was initiated. Extension in the Alpine-
-Carpathian system continued. Extension also occurred in the Apennines (Carmignani et al.
1994, Anelli et al. 1996, Golonka 2004). Strike-slip in the Pannonian basin (Decker &
Peresson 1996) contributed to the formation of pull-apart elements of the Pannonian sys-
tem. Tertiary magmatism was crossing the Carpathians between Moravia and Upper Silesia,
on one side, and the Pannonian Basin, on the other. Mantle doming contributed to crustal
stretching (Golonka et al. 2000, Golonka & Bocharova 2000, Golonka 2004, Golonka &
Picha 2006). The Calabrian arc and subduction zone collided with Africa and the Southern
Sicilian-Maltese platform (Dewey et al. 1989, van Dijk & Okkes 1991, Ricou 1996). The
wing of this collision formed the southern Apennines. Thrusting also continued in the
northern Apennines. The formation of the West Carpathian thrusts was completed
(Golonka et al. 2000, Golonka 2004). The thrust front was still migrating eastwards in the
Eastern Carpathians. The Paratethys continued its existence in Eastern Europe and Central
Asia with mainly fine clastic and carbonate deposition (Fig. 29) (Dercourt et al. 1993, Rögl
1999, Golonka et al. 2000, 2006, Il’ina 2000, Nevesskaya et al. 2003, Oszczypko 2006,
Popov et al. 2006, Piller et al. 2007). Brown coals were abundant in the limnic environments
in the Central European lowlands (Ziegler 1982, 1988, 1890, Piwocki 1998, Reichenbacher
2000, Szynkiewicz 2000, Eissmann 2002, Ford & Golonka 2003, Rasser et al. 2008). Rifting
continued in Western Europe (Ziegler 1988, 1990, 1992, Bois 1993, Wilson & Downes
1991, Wilson 1994, Schäfer et al. 2005).

Spreading in the North Atlantic and Arctic Eurasian Basin continued (Figs 26, 29) and
Iceland formed as a volcanic platform astride the North Atlantic spreading ridge (Lawver &
Müller 1994). Strike-slip motion was initiated between Greenland and Svalbard. Fine-
-grained clastics were deposited along North Atlantic and Eurasian margins (Ziegler 1988,
1990, Joy 1992, Bull & Masson 1996, Ford & Golonka 2003, Golonka et al. 2003b, Laberg
et al. 2005, Agterberg et al. 2007, Rasmussen et al. 2008).
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Areas of continental clastic deposition in West Siberian, Kara Sea and Pechora basin
(Fig. 28) were enlarged (Meyerhoff 1983, Green et al. 1984, Ronov et al. 1989, Volkova &
Kul’kova 1996, Kulkova & Volkova 1997, Tull 1997, Bogdanov et al. 1998, Musatov &
Pogrebitskij 2000, Akhmet’ev et al. 2001, Golonka et al. 2003b, Kuz’mina & Volkova
2008). Marginal marine and shallow-marine clastic deposition was also present in the
south-eastern Kara Sea. Miocene marginal marine, shallow marine and continental clastics
with lignites occurred in New Siberian Islands (Kos’ko & Trufanov 2002). Continental
clastic deposition prevailed in the Barents Sea area, shallow marine and marginal environ-
ment occurred only in the southern part of the basin (Ronnevik et al. 1982, Vorren et al.
1990, 1991, Skagen 1993, Johansen et al. 1993, Musatov & Pogrebitskij 2000, Shipilov
et al. 2006, Rasmussen et al. 2008). A seaway with fine-grained sedimentation connected
Barents and Kara seas.

Spreading in the southern Atlantic oceans continued, with a westward drift of South
America and northward drifting of Africa (Lawver et al. 1985, Nürnberg & Müller 1991,
Lawver & Gahagan 1993, Golonka 2000, 2002, Golonka & Ford 2003, Macdonald et al.
2003). A right lateral strike-slip fault was still active between Scotia Sea plate and
Antarctica during Middle Miocene times (Lawver et al. 1992, Maldonado et al. 1998, 2005,
Golonka 2000, 2002, Barker 2001, Eagles et al. 2005). Mixed clastics were deposited on
the South American, African and Antarctic Margins (Fig. 30) with addition of carbonates
offshore southern Brasil (Dingle & Hendry 1984, 1989, Clemson et al. 1997, Billups et al.
2002, Richardson & Underhill 2002, Ford & Golonka 2003, Kiessling et al. 2003,
Maldonado et al. 2005, Wigley & Compton 2006, Parras et al. 2008).
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Fig. 30. Plate tectonic, paleoenvironment and lithofacies map of South Atlantic, southwestern Indian
Ocean and adjacent areas during Middle Miocene times

Fig. 30. Mapa tektoniki p³yt, paleoœrodowiska i litofacji po³udniowego Atlantyku, po³udniowo-
-zachodniego Oceanu Indyjskiego oraz obszarów s¹siednich w œrodowym miocenie



The rate of motion of South America again increased relative to the mantle (Pindell &
Tubutt 1995). The Andes were rejuvenated with crustal shortening, uplift and an increase
of volcanic activity. The marine inundation of the Argentina coastal basins occurred during
the Neogene high sea-level and climatic optimum at 17–15 Ma. This optimum was fol-
lowed by a cooling period. According to Lewis et al. (2007), the glacial record from
Antarctica provides terrestrial evidence linking middle Miocene global climate cooling to
a permanent reorganization of the Antarctic cryosphere and to subsequent growth of the po-
lar East Antarctic Ice Sheet.

Sedimentation of continental clastics continued within the African basins and of part
of southern South America in the Andean foreland (Pindell & Tabbutt 1995, Barreda 1996,
Limarino et al. 2001, Olivero & Martinioni 2001, Rodriguez & Littke 2001, Ford &
Golonka 2003, Dávila et al. 2004, Bumby & Guiraud 2005, Marenssi et al. 2005, Dávila &
Astini 2007, Torres Carbonell et al. 2008). Deltas of Orange and Limpopo rivers supplied
coarse clastics (Goudie 2005, Bluck et al. 2007). Clastics, mainly fine-grained with silica,
diatomaceous ooze and glauconite were deposited on Falkland Plateau (Muza & Wise
1983, Richardson & Underhill 2002, Ford & Golonka 2003, Kiessling et al. 2003).

Late Miocene-Pliocene

This was the time of the assembly of continents (Fig. 31). Large masses of continents
and continental shelves were situated around the North Pole. The mountain building pro-
cess continued in the Andes (Pindell & Tabbutt 1995). Late Miocene-Pliocene compression
occurred also in East Venezuela (Eva et al. 1989). Shortening took place in Central Andes
(Lamb et al. 1997). Crustal shortening, nappe emplacement and uplift of Northern Andes
were followed by further development of foredeeps (Fig. 32). These foredeeps were filled
mainly with continental coarse-grained clastics (Pindell et al. 1991, Lamb et al. 1997,
Olivero & Martinioni 2001, Golonka 2002, Ford & Golonka 2003, Hervouët et al. 2005,
Duerto et al. 2006, Jordan et al. 2007). Marine incursions occurred only in Venezuela. Also
inter-Andean basins had developed (Pindell & Tabbutt 1995). Erosion of Andes produced
massive volume of molasse detritus. The Amazonian basin became narrow, with coarse
continental clastic deposition. Increased orogenic activity enhanced continental drainage
Narrow continental margins with deltaic deposits were common along the north-eastern
coast of South America. Large volumes of clastic sediments were delivered to deltas and
the deep-sea Amazon and Orinoco fans (Fig. 32). Increased deposition on continental
shelves helped to bury and mature older organic-rich deposits. Carbonates played minor
role in this area.

A strike-slip fault along the northern margin of Caribbean area displayed only minor
activity, while subduction zone was active along the southern margin of the Caribbean plate
(Burke 1988, Ross & Scotese 1988, Pindell & Barrett 1990, Hoorn et al. 1995, Ave
Lallemant 1997, Golonka 2000, 2002, Audemard & Audemard 2002, Summa et al. 2003,
Golonka et al. 2006, Iturralde-Vinent 2006, Pindell et al. 2006). On the Atlantic side,
subduction was active along the southern part of the Lesser Antilles arc (Fig. 32). Deposi-
tion of fine-grained clastics continued the Caribbean-Atlantic margins as well as in the
Lesser Antilles back-arc basin (Speed et al. 1989, Torrini & Speed 1989, Bouysse &
Westercamp 1990, Donovan et al. 2003, Ford & Golonka 2003, Gorney et al. 2007).
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Deposition of carbonates continued on still active large platforms on Yucatan, south-
ern part of Florida and adjacent Gulf of Mexico, and between Nicaragua and Hispaniola,
while most of Cuba was uplifted and emerged (Brewster-Wingard et al. 1997, Budd 2002,
Ford & Golonka 2003, Kiessling et al. 2003, Baron-Szabo 2005, Mutti et al. 2005, Rosen-
feld 2005, Johnson & Pérez 2006, Wilson 2008).

The sea-way in the Central American isthmus existed during Late Miocene and was fi-
nally closed during the Pliocene (e.g. Iturralde-Vinent 2006). According to Coates et al.
(2004), no Pliocene deposits are recorded from either the Darien or the Panama Canal Ba-
sin, and no sediments younger than 4.8 Ma have been identified in the Atrato Basin of
Colombia, suggesting rapid uplift and extensive emergence of the isthmus in the latest Mio-
cene. The final closure of the Central American Seaway (e.g. Bartoli et al. 2005) induced
an increased poleward salt and heat transport, strengthening of North Atlantic, intensifica-
tion of moisture supply to northern high latitudes. The glaciation in the Northern Hemi-
sphere followed the great, irreversible “climate crash” at marine isotope stage 2.74 Ma
(Bartoli et al. 2005), which was closely related to closure of Central American seaways.
According to Nesbitt and Young (1997), dramatically increased pelagic sedimentation rates
in the Venezuelan Basin since 4 Ma suggest intensification of the Atlantic equatorial cur-
rent and strengthening of equatorial Atlantic summer storms (hurricanes), both of which
strengthened the Gulf Stream current.

According to Frizon de Lamotte et al. (2009 in press), the Late Miocene-Pliocene
was time of the inversion tectonics, crustal thickening and moderate uplift of the Atlas
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Fig. 32. Plate tectonic, paleoenvironment and lithofacies map of Central Atlantic and adjacent areas
during Late Miocene-Pliocene times

Fig. 32. Mapa tektoniki p³yt, paleoœrodowiska i litofacji Atlantyku centralnego oraz obszarów
s¹siednich w póŸnym miocenie-pliocenie



Mountains in Africa (Figs 32, 34). This event was related to the general uplift of continent
and narrowing of West Africa-Atlantic margins shelves (Golonka 2000, 2002, Ford &
Golonka 2003). Carbonate sedimentation was extensive along the Western African margins
(Ford & Golonka 2003, Kiessling et al. 2003) According to Wagner (2002), the Latest
Miocene-Early Pliocene organic carbon deposition was closely linked to the evolution of
the African trade winds, continental upwelling in the eastern Equatorial Atlantic, ocean
chemistry and eustatic sea level fluctuations.

Many deltas developed along the Indian Ocean (Fig. 33) margins (Agarwal et al. 1996,
Qayyum et al. 1997, Uddin & Lundberg 1998, 2004, Behera et al. 2004, Golonka et al. 2006,
Bouillon et al. 2007, Robinson et al. 2007, Coleman et al. 2008). Indus and Ganges deltas
and fans were supplied by massive input of clastic material from erosion of uplifted Hima-
layas (Giosan et al. 2006). Process of mountain building in the Himalayas and Central Asia
continued. Metamorphism and crustal thickening reached a peak about 11–4 Ma, in Nanga
Parbat in the High Himalayas (Searle 1996). Uplift, exhumation and formation of topo-
graphic highs followed. The development of the molasse basins continued in the Himalayan
belt foreland (Burbank et al. 1996). Terrestrial, mainly coarse-grained clastics were depos-
ited there. Like during the previous time slice India’s interior was uplifted, locally with
continental clastics. The opening of the Andaman Sea continued through Late Miocene
and Pliocene times to the present day (Lee & Lawver 1994, Golonka et al. 2006).
Subduction along the Manila Trench was caused the collision of the North Luzon Arch
with the East Asian continental margin at Taiwan (Suppe 1981, Teng 1990, Lee & Lawver
1994, Golonka et al. 2006).
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Fig. 33. Plate tectonic, paleoenvironment and lithofacies map of southeastern Asia, Indian Ocean and
adjacent areas during Late Miocene-Pliocene times

Fig. 33. Mapa tektoniki p³yt, paleoœrodowiska i litofacji Azji po³udniowo-wschodniej, Oceanu
Indyjskiego oraz obszarów s¹siednich w póŸnym miocenie-pliocenie



The Taiwanese thrustbelt was formed during this second phase of collision, with an
estimated 200–300 km of crustal shortening. Northward movement of Australia continued
with compression in the New Guinea-Melanesian Arc. The Timor area of the Australian
continent collided with the Sunda Arc (Longley 1991, Golonka et al. 2006).

The Red River Fault Zone in Vietnam and adjacent part of South China went into pre-
dominantly brittle shear active phase (cf. Allen et al. 1984 Tapponnier et al. 1990 Lacassin
et al. 1993, Leloup et al. 1995, Cuong & Zuchiewicz 2001 and references therein, Golonka
et al. 2006). In the Song Hong Basin, according to Nielsen et al. (1999), the strike-slip
activity caused inversion structures truncated by the Late Miocene unconformity. Renewed
and increased subsidence of the basin resulted in thick Latest Miocene to Quaternary sec-
tion overlying the unconformity. South of Hainan, the thickness of Pliocene shelfal to
bathyal mudstones is up to 5 km (Nielsen et al. 1999). The deposits in the northern part of
the basin are dominated by offshore marine to shallow-marine mudstones, siltstones, and
sandstones, with minor proportions of lagoonal and possibly fluvial deposits (Nielsen et al.
1999, Golonka et al. 2006). Deposition of carbonates on the Luconia platform continued
(Zampetti et al. 2004, Bracco Gartner et al. 2005, Vahrenkamp et al. 2005). A large car-
bonate platform existed on the northern Australian shelf (Davies et al. 1989, Cook 1990, Li
& Powell 2001, Kiessling et al. 2003, Moss et al. 2004, Wilson 2008).The spreading in the
Gulf of Aden became a part of the main spreading of the Indian Ocean (Royer & Sandwell
1989). Arabia and Ethiopia were uplifted with emplacement of alkali basaltic volcanics on
both sides of Red Sea (Le Pichon & Francheteau 1978, White & McKenzie 1989, Huchon
et al. 1991, Menzies et al. 1992, Vrielynck et al. 1997, Tesfaye et al. 2003, Hughes &
Johnson 2005). According to Bosworth et al. (2005), in the Early Pliocene the influx of
marine waters through Bab al Mandeb increased and Red Sea sedimentation thereafter re-
turned to predominantly open marine conditions with deposition of carbonate muds and
reef facies (Figs 33, 34). Accretionary prism with large turbiditic fans developed along the
active margin Arabian Sea in South Iran and Pakistan (Platt et al. 1985, Critelli et al. 1990,
McCall 2002, Golonka 2004, Golonka et al. 2006). The uplifted Zagros Mountains supplied
huge amount of continental molasse coarse-clastic deposits to their foredeep (Berberian &
Berberian 1981, Dercourt et al. 1993, Alavi 1994, Golonka 2004, Fakhari et al. 2008,
Heydari 2008). Fine-grained to pebbly coarse-grained fluvial sandstones of the Late Mio-
cene to Pliocene were deposited in eastern Saudi Arabia (Nasir et al. 2007).

Collision of Indian continent and Lut plate with Eurasia caused deformation of the
Central Asia region (Fig. 34). The system of NW-SE transform faults was developed.
These faults were a predominant plate tectonic force in the Turan platform, Kopet Dagh
area (Trifonov 1978, Kopp 1997, Lyberis & Manby 1999b, Golonka 2004, 2007b), and
strongly influenced the South Caspian region. The deformation connected with the SE-NW
strike slip faults were observed in Great Balkhan Area, Apsheron ridge, South Caspian
area, Alborz Mountains, and Kura Basin. The N-S strike slip movement system was proba-
bly still active, but dramatically reduced. The subduction zone south of the Apsheron ridge
became passive perhaps at the end of the Miocene, because of this SE-NW movement of
the lithospheric plates. The collision between the South Caspian Microcontinent and
Scythian-Turan plate was never concluded. It appears, however, that the Apsheron
subduction zone is active again today (Artemjev & Kaban 1994, Priestley et al. 1994,
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Golonka 2004, 2007b). The Jurassic-Cretaceous back-arc system oceanic and attenuated
crust in the Cheleken and South West Caspian basin as well as Tertiary oceanic and attenu-
ated crust in the Alborz basin and part of the South West Caspian Basin were locked
between adjacent continental plates and orogenic systems.

Maximum subsidence of the South Caspian Basin took place mainly during the Plio-
cene, when more then 8,000 m to 10,000 m of sediment known as Productive Series and
Variegated Series were deposited. The isolation of the Paratethys-Caspian Sea caused
changes in the water salinity. Generally, the sediments in the South Caspian area, as well as
in the adjacent basin on the Scythian-Turan platform, in West Turkmenia and Kura Basin
were deposited in the marginal marine environment. The Paleo-Volga, Paleo-Amu-Daria
and Paleo-Kura rivers delivered majority of sediments.

Continuation of thrusting occurred in the Riff area in Africa as well as the Betic area
in southern Spain (Fig. 34) due to the collision of the Alboran Sea arc (Morley 1993). This
thrusting temporarily cut off the Mediterranean Sea from the Atlantic, in the Gibraltar Strait
area, causing the Messinian salinity crisis (Hsü et al. 1973, Ruggieri & Sprovieri 1976,
Müller & Mueller 1991, Rouchy & Saint Martin 1992, Blanc 2006, Rouchy & Caruso
2006, Ryan 2008). Deposition of the 3-km-thick evaporite suite of carbonates, marls, sul-
fates, halite, potash as well as debris from the basin margin erosion took place in Mediterra-
nean Sea during this crisis (Fig. 34). Compressional thrusting continued in the Calabrian
Arc, with accompanying strike-slip faulting and change of rotation to SE (Dewey et al.
1989, van Dijk & Okkes 1991, Golonka 2000, 2002, 2004).
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Fig. 34. Plate tectonic, paleoenvironment and lithofacies map of Europe and adjacent areas during
Late Miocene-Pliocene times

Fig. 34. Mapa tektoniki p³yt, paleoœrodowiska i litofacji Europy oraz obszarów s¹siednich w póŸnym
miocenie-pliocenie



The Tyrrhenian Sea (Channell & Mareschal 1989, Spadini et al. 1995) as well as the
Valencia Trough (Vegas 1992, Torres et al. 1993) went through the main phase of opening
(Fig. 34). Rifting in the Pantelleria Trough, between Africa and Sicily occurred in the Plio-
cene and Quaternary (Golonka 2000, 2002, 2004). A back-arc basin formed in the Aegean
area behind the subduction zone. The main folding and thrusting phase occurred in north-
western Africa, along with the formation of nappes (Burollet 1991). Carpathian thrusting
progressed east and southeastwards, with a strong element of translation (Golonka et al.
2000, 2005b). The thrusting was completed during the Pliocene-Quaternary in the Vrancea
Mountains in Romania. The eastward movement of the orogen was related to the movement
of Corsica and Sardinia and the subsequent opening of the Ligurian and Tyrrhenian Sea.
The extrusion caused by collision of the Apulia plate with Europe could have played a role
in the eastward movement of the orogen (Decker & Peresson 1996, Golonka et al. 2000,
2005b, 2006).

Paratethys continued its existence in central, eastern Europe and central Asia with
mainly marginal marine environment (Fig. 34) and fine clastic and carbonate deposition
(Fig. 29) (Dercourt et al. 1993, Rögl 1999, Golonka et al. 2000, 2006, Il’ina 2000,
Nevesskaya et al. 2003, Oszczypko 2006, Popov et al. 2006, Piller et al. 2007). Brown
coals were abundant in the Pannonian basin. Continental, fluvial and limnic environments
continued in the central European lowlands with fine-grain clastic deposition (Ziegler 1982,
1988, 1990, Piwocki 1998, Reichenbacher 2000, Szynkiewicz 2000, Eissmann 2002, Ford
& Golonka 2003, Rasser et al. 2008). Rifting continued in Western Europe (Ziegler 1988,
1990, 1992, Wilson & Downes 1991, Bois 1993, Wilson 1994, Schäfer et al. 2005).

During Neogene times, major uplift of the Norwegian mainland occurred (Golonka
2000, 2002, Japsen & Chalmers 2000, Rohrman et al. 2002, Golonka et al. 2003b, Rasmus-
sen et al. 2008). A thick, basinward-thickening wedge of Plio-Pleistocene fine-grained
clastic sedimentation resulted from this uplift (Ziegler 1988, 1990, 1992, Golonka 2000,
2002, Eidvin et al. 2000, Laberg et al. 2005, Rasmussen et al. 2008). A thick wedge of the
fine-grained sediments can also be expected in the eastern part of the East Greenland shelf
(Larsen 1990, Chalmers 2000, Johnson & Gallagher 2000). According to Solheim et al.
(1998) glacial deposition has taken place on the East Greenland margin at least since 7 Ma,
but apparently only since 2.5 Ma on the Svalbard-Barents Sea margin. Sedimentation of
fine grained clastics and sands continued in North Sea main basin, while coarse-grained
braided fluvial deposits still were deposited like in previous time slices south of Scandina-
via (Berstad & Dypvik 1982, Ziegler 1988, 1990, 1992, Jordt et al. 1995, 2000, Eidvin &
Rundberg 2007, Japsen et al. 2008, Rasmussen et al. 2008, Marcussen et al. 2009).

Large volumes of sediments were deposited in the south-eastern part of the Barents
Sea during Pliocene-Pleistocene times (Fig. 34). Marine seaways and area of shallow ma-
rine environment with fine-grained clastic deposition in the Kara Sea and southern Barents
Sea basin enlarged (Meyerhoff 1983, Green et al. 1984, Ronov et al. 1989, Bogatski et al.
1996, Volkova & Kul’kova 1996, Kulkova & Volkova 1997, Tull 1997, Bogdanov et al.
1998, Musatov & Pogrebitskij 2000, Akhmet’ev et al. 2001, Golonka et al. 2003b,
Kuz’mina & Volkova 2008). Transgression advanced mainly across the Laptev, East Sibe-
rian and the Chukchi seas (Fotina 1994). Over 10 km of Cenozoic deposits was recorded on
a seismic secton in the Laptev Sea rift, which is an extension of Eurasian Basin (Drachev
et al. 1998, Franke et al. 2000).
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Spreading between Africa, South America and Antarctica (Fig. 35) continued from the
previous time slices (Lawver et al. 1985, Nürnberg & Müller 1991, Lawver & Gahagan
1993, Golonka 2000, 2002, Golonka & Ford 2003, Macdonald et al. 2003). Spreading in
the South Atlantic occurred more rapidly then in the North Atlantic (Müller et al. 1997,
Nürnberg & Müller 1991). Scotia arc moved further eastward, reaching east-west spreading
ridge in this area. Right lateral strike-slip fault between Scotia Sea and Antarctic peninsula
was active (Lawver et al. 1992, Maldonado et al. 1998, 2005, Golonka 2000, 2002, Barker
2001, Eagles et al. 2005). Mixed clastics were deposited on the South American and
Antarctic margins while carbonates were abundant around the South African margin
(Dingle & Hendry 1984, 1989, Clemson et al. 1997, Billups, et al. 2002, Richardson &
Underhill 2002, Ford & Golonka 2003, Kiessling et al. 2003, Maldonado et al. 2005,
Wigley & Compton 2006, Parras et al. 2008). Deltas of Orange and Limpopo rivers con-
tinue supply of coarse clastics (Goudie 2005, Bluck et al. 2007). Marine basins with clastic
sedimentation rich in glauconite existed in Argentina (Pindell & Tabbutt 1995, Ford &
Golonka 2003). Volcanics and volcanoclastic were abundant in the Andean foreland
(Giacosa & Heredia 1987, Bissig et al. 2002, Ford & Golonka 2003, Gorring et al. 2003,
Lagabrielle et al. 2004, Martina et al. 2006). Deposition of diatomaceous ooze and
fine-grained clastics with silica, rich in radiolarians continued on Falkland Plateau (Fig. 35)
(Muza & Wise 1983, Weaver 1983, Howe et al. 1997, Richardson & Underhill 2002, Ford
& Golonka 2003).
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Fig. 35. Plate tectonic, paleoenvironment and lithofacies map of South Atlantic, southwestern Indian
Ocean and adjacent areas during Late Miocene-Pliocene times

Fig. 35. Mapa tektoniki p³yt, paleoœrodowiska i litofacji po³udniowego Atlantyku, po³udniowo-
-zachodniego Oceanu Indyjskiego oraz obszarów s¹siednich w pliocenie



The author is grateful to prof. Witold Zuchiewicz for the constructive remarks and to
dr. Micha³ Krobicki for his editorial effort.

The research was partially financially supported by grant no 4T12B 002 30 and AGH
grant 11.11.140.447. The cost of printing of color figures was covered by the Faculty of
Geology, Geophysics and Environmental Protection, AGH University of Science and Tech-
nology, Krakow, Poland, AGH grant no 18.18.140.439.

REFERENCES

Abrams M.A. & Narimanov A.A., 1997. Geochemical evaluation of hydrocarbons and their
potential sources in the western South Caspian depression, Republic of Azerbaijan.
Marine and Petroleum Geology, 14, 451–468.

Abreu S. & Baum G., 1997. Glacio-Eustasy: A Global Link for Sequence Boundaries du-
ring the Cenozoic. In: Beauchamp B. (ed.), CSPG-SEPM Joint Convention 1997.
Sedimentary Events and Hydrocarbon Systems, Program with abstracts, Canadian
Society of Petroleum Geologists, Calgary, Canada, 17.

Acharyya S.K., 2007. Evolution of the Himalayan Paleogene foreland basin, influence of
its litho-packet on the formation of thrust-related domes and windows in the Eastern
Himalayas. A review. Journal of Asian Earth Sciences, 31, 1–17.

Acosta J., Velandia F., Osorio J., Lonergan L. & Mora H., 2007. Strike-slip deformation
within the Colombian Andes. Geological Society Special Publication, 272, 303–319.

Adamia S. A. 1991. The Caucasus Oil and Gas Province, Occasional Publications. ESRI,
New Series, 7(I–II), Part I, 53–74.

Agarwal R.P., Dotiwala S., Mitra D.S. & Bhoj R., 1996. The palaeodelta of the “Proto” Vatrak
and “Proto” Mahi rivers of northeastern Gujarat, India: A remote sensing interpreta-
tion. Geomorphology, 15, 67–78.

Agterberg F., Gradstein F. & Liu G., 2007. Frequency distribution of thickness of sediments
bounded by cenozoic biostratigraphic events in wells drilled offshore Norway and
along the Northwestern Atlantic margin. Natural Resources Research, 16, 219–233.

Akhmet’ev M.A., Aleksandrova G.N., Beniamovskii V.N., Vasil’eva O.N., Zhelezko V.I.
& Zaporozhets N.I., 2001. The lower Oligocene Kurgan Beds of West Siberian and
trans-Uralian regions. Stratigraphy and Geological Correlation, 9, 373–386.

Akhmet’ev M.A., Aleksandrova G.N., Beniamovskii V.N., Vitukhin D.I., Glezer Z.I.,
Gnibidenko Z.N., Dergachev V.D., Dolya Zh.A., Zaporozhets N.I., Kozlova G.E.,
Kul’kova I.A., Nikolaeva I.A., Ovechkina M.N., Radionova E.P. & Strel’nikova N.I.,
2004. New data on the marine Paleogene of the southwestern Siberian plate, paper 1.
Stratigraphy and Geological Correlation, 12, 58–84.

Alavi M., 1994. Tectonics of the Zagros orogenic belt of Iran: new data and interpretations.
Tectonophysics, 229, 211–238.

Phanerozoic paleoenvironment and paleolithofacies maps. Cenozoic 555



Ali J.R. & Aitchison J.C., 2008. Gondwana to Asia: Plate tectonics, paleogeography and
the biological connectivity of the Indian sub-continent from the Middle Jurassic
through Latest Eocene (166–35 Ma). Earth-Science Reviews, 88, 145–166.

Ali-Zade A.A., Ali-Zade K.A. & Aliyulla Kh.A., 1996. Region XI. Azerbaijan. In: Krashe-
ninnikov V.A. & Akhmetiev M.A. (eds), Late Eocene-Early Oligocene geological
and biotic events on the territory of the Former Soviet Union. Part I: The regional
geology of the Upper Eocene and Lower Oligocene, GEOS, Moscow, 112–130 (in
Russian).

Allen C.R., Gillespie A.R., Han Y., Sieh K.E., Zhun B. & Zhu Ch.N., 1984. Red River and
associated faults, Yunnan Province, China: Quaternary geology, slip rates, and seismic
hazard. Geological Society of America Bulletin, 95, 686–700.

Allen M.B. & Armstrong H.A., 2008. Arabia-Eurasia collision and the forcing of mid-
-Cenozoic global cooling. Palaeogeography, Palaeoclimatology, Palaeoecology, 265,
52–58.

Almasco J.N., Rodolfo K., Fuller M. & Frost G., 2000. Paleomagnetism of Palawan, Phili-
ppines. Journal of Asian Earth Sciences, 18, 369–389.

Alsharhan A.S. & Nair A.E.M., 1997. Sedimentary basins and petroleum geology of the
Middle East. Elsevier, Amsterdam, 1–942.

Anczkiewicz R., Viola G., Muntener O., Thirlwall M.F., Villa I.M. & Quong N.Q., 2007.
Structure and shearing conditions in the Day Nui Con Voi massif: Implications for the
evolution of the Red River shear zone in northern Vietnam. Tectonics, 26 (2), art. no.
TC2002.

Anelli L., Mattavelli L. & Pieri M., 1996. Structural-stratigraphic evolution of Italy and its
petroleum systems. In: Ziegler P.A. & Horvath F. (eds), Peri-Tethys memoir 2; Struc-
ture and prospects of Alpine basins and forelands: Symposium on Structure and
prospects of Alpine basins and forelands, Mémoires du Muséum national d’Histoire
naturelle, 170, 455–483.

Artemjev M.E. & Kaban M.K., 1994. Density imhomogeneities, isostasy and flexural rigidity
of the lithosphere in the Transcaspian region. Tectonophysics, 240, 281–297.

Ave Lallemant H.G., 1997. Transpression, displacement partitioning, and exhumation in
the eastern Caribbean / South American plate boundary zone. Tectonics, 16, 272–289.

Audemard F.E. & Audemard F.A., 2002.Structure of the Mérida Andes, Venezuela: Rela-
tions with the South America-Caribbean geodynamic interaction. Tectonophysics,
345, 299–327.

Babu P.V.L.P., 2006. On the ancient deltas of India. Journal of the Geological Society of
India, 67, 569–574.

Baksi A.K., 1987. Critical evaluation of the age of the Deccan Traps, India: implications
for flood- basalt volcanism and faunal extinctions. Geology, 15, 147–150.

Baldschuhn R., Best G. & Kockel F., 1991. Inversion tectonics in the north-west German
basin. In: Spencer A.M. (ed.), Generation, Accumulation, and Production of Europe’s
Hydrocarbons, Oxford University Press, Oxford, 149–159.

556 J. Golonka



Balen R.T. van, Houtgast R.F. & Cloetingh S., 2005. Neotectonics of the Netherlands:
A review. Quaternary Science Reviews, 24, 439–454.

Banks C.J., Robinson A.G. & Williams M.P., 1997. Structure and Regional Tectonics of
the Achara-Trialet Fold Belt and the Adjacent Rioni and Kartli Foreland Basins,
Republic of Georgia. In: Robinson A.G. (ed.), Regional and petroleum geology of the
Black Sea and surrounding region, American Association of Petroleum Geologists
Memoir, 68, 331–346.

Barker P.F., 2001. Scotia sea regional tectonic evolution: Implications for mantle flow and
palaeocirculation. Earth-Science Reviews, 55, 1–39.

Barker P.F., Diekmann B. & Escutia C., 2007. Onset of Cenozoic Antarctic glaciation.
Deep-Sea Research. Part II: Topical Studies in Oceanography, 54, 2293–2307.

Bartoli G., Sarnthein M., Weinelt M., Erlenkeuser H., Garbe-Schönberg D. & Lea D.W.,
2005. Final closure of Panama and the onset of northern hemisphere glaciation. Earth
and Planetary Science Letters, 237, 33–44.

Baron-Szabo R.C., 2005. Geographic and stratigraphic distributions of the Caribbean species
of Cladocora (Scleractinia, Faviidae). Facies, 51, 185–196.

Barreda V.D., 1996. Pollen and spores biostratigraphy of the chenque formation, late oligo-
cene? Miocene from Chubut and Santa Cruz provinces, Patagonia, Argentina [Bio-
estratigrafia de polen y esporas de la formacion chenque, oligoceno tardio? Mioceno
de las provincias de Chubut y Santa Cruz, Patagonia, Argentina]. Ameghiniana, 33,
35–56.

Behera L., Sain K. & Reddy P.R., 2004. Evidence of underplating from seismic gravity stu-
dies in the Mahanadi delta eastern India and its tectonic significance. Journal of Geo-
physical Research B: Solid Earth, 109, 1–25.

Bensalen K., 2002. The Cretaceous-Paleogene transition in Tunisia: General overview. Pa-
laeogeography, Palaeoclimatology, Palaeoecology, 178, 139–143.

Berberian F. & Berberian M., 1981. Tectono-plutonic episodes in Iran. In: Gupta H.K. &
Delany F.M. (eds), Zagros. Hindu Kush, Himalaya geodynamic evolution, American
Geophysical. Union. Washington D.C., Geodynamics Series, 3, 5–32.

Berstad S. & Dypvik H., 1982. Sedimentological evolution and natural radioactivity of Ter-
tiary sediments from the central North Sea. Journal of Petroleum Geology, 5, 77–88.

Billups K., Channell J.E.T. & Zachos J., 2002. Late Oligocene to early Miocene geochrono-
logy and paleoceanography from the subantarctic South Atlantic. Paleoceanography,
17, 4–11.

Bissig T., Clark A.H. & Lee J.K.W., 2002. Cerro de Vidrio rhyolitic dome: Evidence for
Late Pliocene volcanism in the central Andean flat-slab region, Lama-Veladero district,
29E20 S, San Juan Province, Argentina. Journal of South American Earth Sciences,
15, 571–576.

Blanc P.-L., 2006. Improved modelling of the Messinian Salinity Crisis and conceptual im-
plications. Palaeogeography, Palaeoclimatology, Palaeoecology, 238, 349–372.

Bluck B.J., Ward J.D., Cartwright J. & Swart R., 2007. The Orange River, southern Africa:
An extreme example of a wave-dominated sediment dispersal system in the South
Atlantic Ocean. Journal of the Geological Society, 164, 341–351.

Phanerozoic paleoenvironment and paleolithofacies maps. Cenozoic 557



Bogatski V.I., Bogdanov N.A. Kostyuchenko S.L., Senin B.V., Sobolev S.F, Shipilov E.V.,
Khain V.E. & Khain V.E. (eds), 1996. Explanatory Notes for the Tectonic Map of the
Barents Sea and the Northern Part of European Russia. Institute of the Lithosphere of
Marginal Seas, Russian Academy of Sciences, Moscow.

Bogdanov N.A., Khain V.E., Rosen O.M., Shipilov E.V., Vernikovsky V.A., Drachev S.S,
Kostyuchenko S. L., Kozmichev A.B. & Sekretov S.B., 1998. Explanatory Notes for
the Tectonic Map of the Kara and Laptev Seas and Northern Siberia. Institute of the
Lithosphere of Marginal Seas, Russian Academy of Sciences, Moscow.

Bois C., 1993. Initiation and evolution of the Oligo-Miocene rift basins of southwestern
Europe: contribution of deep seismic reflection profiling. Tectonophysics, 226, 227–252.

Bolle M.P., 2000. Climatic and environmental changes documented in the upper Paleocene
to lower Eocene of Egypt. Eclogae Geologicae Helvetiae, 93, 33–51.

Bolle M.P., Adatte T., Keller G., von Salis K. & Burns S., 1999.The Paleocene-Eocene
transition in the southern Tethys (Tunisia): Climatic and environmental fluctuations.
Bulletin de la Societe Geologique de France, 170, 661–680.

Bosworth W., Huchon P. & McClay K., 2005. The Red Sea and Gulf of Aden Basins. Journal
of African Earth Sciences, 43, 334–378.

Bouillon S., Dehairs F., Schiettecatte L.-S. & Borges A.V., 2007. Biogeochemistry of the
Tana estuary and delta (northern Kenya). Limnology and Oceanography, 52, 46–59.

Boulin J., 1991. Structures in Southwest Asia and evolution of the eastern Tethys. Tectono-
physics, 196, 211–268.

Bouysse P. & Westercamp D., 1990. Subduction of Atlantic aseismic ridges and Late Ce-
nozoic evolution of the Lesser Antilles island arc. Tectonophysics, 175, 349–380.

Bracco Gartner G.L., Schlager W. & Adams E.W., 2005. Seismic expression of the bound-
aries of a Miocene carbonate platform, Sarawak, Malaysia. American Association of
Petroleum Geologists Memoir, 81, 351–365.

Brewster-Wingard G.L., Scott T.M., Edwards L.E., Weedman S.D. & Simmons K.R.,
1997. Reinterpretation of the peninsular Florida Oligocene: An integrated stratigraphic
approach. Sedimentary Geology, 108, 207–228.

Brown G.M., Holland J.G., Sigurdsson H., Tomblin J.F. & Arculus R.J., 1977. Geochemistry
of the Lesser Antilles volcanic island arc. Geochimica et Cosmochimica Acta, 41,
785–801.

Brunet M.-F., Korotaev M.V., Ershov A.V. & Nikishin A.M., 2003. The South Caspian basin:
a review of the evolution with the approach of the subsidence modelling. In: Brunet
M.-F. & Cloetingh S. (eds), Integrated PeriTethyan Basins Studies, Sedimentary Geo-
logy, 156, 119–148.

Budd D.A., 2002. The relative roles of compaction and early cementation in the destruction
of permeability in carbonate grainstones: A case study from the Paleogene of West-
-Central Florida, USA, Journal of Sedimentary Research, 72, 116–128.

Bull J.M. & Masson D.G., 1996. The southern margin of the Rockall Plateau: Stratigraphy,
Tertiary volcanism and plate tectonic evolution. Journal of the Geological Society,
153, 601–612.

558 J. Golonka



Bumby A.J. & Guiraud R., 2005. The geodynamic setting of the Phanerozoic basins of
Africa. Journal of African Earth Sciences, 43, 1–12.

Burbank D.W., Beck R.A. & Mulder T., 1996. The Himalayan foreland basin. In: An Yin
& Harrison T.M. (eds), The Tectonic Evolution of Asia, Cambridge University Press,
149–188.

Burke K., 1988. Tectonic evolution of the Caribbean. Annual Review of Earth and Planetary
Sciences, 16, 210–230.

Burollet P.F., 1991. Structures and tectonics of Tunisia. Tectonophysics, 195, 359–369.

Caddick M.J., Bickle M.J., Harris N.B.W., Holland T.J.B., Horstwood M.S.A., Parrish R.R.
& Ahmad T., 2007, Burial and exhumation history of a Lesser Himalayan schist:
Recording the formation of an inverted metamorphic sequence in NW India. Earth
and Planetary Science Letters, 264, 375–390.

Carmignani L., Decandia F.A., Fantozzi P.L., Lazzarotto A., Liotta D. & Meccheri M., 1994.
Tertiary extensional tectonics in Tuscany (Northern Apennines, Italy). In: Seranne M.
& Malavieille J. (eds), Late orogenic extension, Tectonophysics, 238, 295–315.

Carroll A.R., Chetel L.M. & Smith M.E., 2006. Feast to famine: Sediment supply control
on Laramide basin fill. Geology, 34, 197–200.

Cavanagh A.J., di Primio R., Scheck-Wenderoth M. & Horsfield B., 2006. Severity and timing
of Cenozoic exhumation in the southwestern Barents Sea. Journal of the Geological
Society, 163, 761–774.

Cediel F., Shaw R.P. & Cáceres C., 2005. Tectonic assembly of the Northern Andean
Block. American Association of Petroleum Geologists Memoir, 79, 149–152.

Channell J.E.T. & Mareschal J.C., 1989. Delamination and assymmetric lithospheric thicke-
ning in the development of the Tyrrhenian Rift. In: Coward M.P., Dietrich D. & Park
R.G. (eds), Alpine tectonics, Geological Society Special Publication, 45, 285–302.

Charvis P. & Operto S., 1999. Structure of the Cretaceous Kerguelen Volcanic Province
(southern Indian Ocean) from wide-angle seismic data. Journal of Geodynamics, 28,
51–71.

Clemson J., Cartwright J. & Booth J., 1997. Structural segmentation and the influence of
basement structure on the Namibian passive margin. Journal of the Geological Society,
154, 477–482.

Coates A.G., Collins L.S., Aubury M.-P. & Berggren W.A., 2004. The geology of the Darien,
Panama, and the late Miocene-Pliocene collision of the Panama arc with northwestern
South America. Geological Society of America Bulletin, 116, 1327–1344.

Coffin M.F. & Eldholm O., 1994. Large Igneous Provinces: Crustal Structure, Dimensions,
and External Consequences. Reviews of Geophysics, 32, 1–36.

Coffin M.F., Pringle M.S., Duncan R.A., Gladczenko T.P., Storey M., Müller R.D. &
Gahagan L.A., 2002. Kerguelen hotspot magma output since 130 Ma. Journal of Pe-
trology, 43, 1121–1137.

Coleman J.M., Huh O.K. & Braud D., Jr., 2008. Wetland loss in world deltas. Journal of
Coastal Research, 24, 1–14.

Phanerozoic paleoenvironment and paleolithofacies maps. Cenozoic 559



Cook P.I., 1990. Australia: Evolution of a continent. Australian Government Publishing
Service, Canberra.

Coward M.P. & Ries A.C., 2003. Tectonic development of North African basins. Geological
Society Special Publication, 207, 61–83.

Chalmers J.A., 2000. Offshore evidence for Neogene uplift in central West Greenland. Global
and Planetary Change, 24, 311–318

Chung S.-L., Lee T.-Y., Lo C.-H., Wang P.-L., Chen C.-Y., Yem N.T., Hoa T.T. & Genyao
W., 1997. Intraplate extension prior to continental extrusion along the Ailao Shan-Red
River shear zone. Geology, 25, 311–314.

Critelli S., De Rosa R. & Platt J.P., 1990. Sandstone detrital modes in the Makran accretio-
nary wedge, southwest Pakistan: implications for tectonic setting and long-distance
turbidite transportation. Sedimentary Geology, 68, 241–260.

Cuong N.Q. & Zuchiewicz W., 2001. Morphotectonic properties of the Lo River Fault near
Tam Dao in North Vietnam. Natural Hazards and Earth System Science, 1, 15–22.

Curray J.R., Emmel F.J., Moore D.G. & Russel W.R., 1982, Structure, tectonics, and geo-
logical history of the northeastern Indian Ocean. In: Nairn A.E. & Stehli F.G. (eds),
The Indian Ocean: The Ocean Basins and Margins, Plenum Press, New York, 399–450.

Dalziel I.W.D., Lawver L.A. & Murphy J.B., 2000. Plumes, orogenesis, and supercontinental
fragmentation. Earth and Planetary Science Letters, 178, 1–11.

Das P., Iyer S.D. & Kodagali V.N., 2007. Morphological characteristics and emplacement
mechanism of the seamounts in the Central Indian Ocean Basin. Tectonophysics, 443,
1–18.

Davies P.J., Symonds P.A., Feary D.A. & Pigram C.J., 1989. The evolution of the carbonate
platforms of northeast Australia. In: Crevello P.D., Wilson J.L., Sarg J.F. & Read F.J.
(eds), Controls on carbonate platform and basin development, SEPM (Society for Sedi-
mentary Geology) Special Publication, 44, 233–258.

Dávila F.M. & Astini R.A., 2007. Cenozoic provenance history of synorogenic conglome-
rates in western Argentina (Famatina belt): Implications for Central Andean foreland
development. Geological Society of America Bulletin, 119, 609–622.

Dávila F.M., Astini R.A., Jordan T.E. & Kay S.M., 2004. Early Miocene andesite conglom-
erates in the Sierra de Famatina, broken foreland region of western Argentina, and do-
cumentation of magmatic broadening in the south Central Andes. Journal of South
American Earth Sciences, 17, 89–101.

DeCelles P.G., 2004. Late Jurassic to Eocene evolution of the Cordilleran thrust belt and
foreland basin system, western USA. American Journal of Science, 304, 105–168.

Decker H. & Peresson H., 1996. Tertiary kinematics in the Alpine-Carpathian-Pannonian
system: links between thrusting, trnsform faulting and crustal extension. In: Wessely G.
& Liebl W. (eds), Oil and gas in Alpidic thrustbelts and basins of Central and Eastern
Europe, Geological Society of London, European Association of Geoscientists and
Engineer Special Publications, 5, 17–21.

DeConto R.M., Pollard D., Wilson P.A., Palike H., Lear C.H. & Pagani M., 2008. Thresholds
for Cenozoic bipolar glaciation. Nature, 455, 652–656.

560 J. Golonka



Deng R.-J., Deng Y.-H., Yu S. & Hou D.-J., 2008. Hydrocarbon geology and reservoir for-
mation characteristics of Niger Delta Basin. Petroleum Exploration and Development,
35, 755–762.

Dercourt J., Ricou L.E. & Vrielynck B. (eds), 1993. Atlas Tethys Paleoenvironmental maps.
Gauthier-Villars, Paris.

Devlin W.J., 2000, Hydrocarbon systems of reservoired oils in the South Caspian. AAPG’s
Inaugural Regional International Conference, Istanbul (Turkey) 9–12.07.2000, Official
Program Book, Tulsa, Oklahoma, 51–52.

Devlin W.J., Cogswel J.M., Gaskins G.M., Isaksen G.H., Pitcher D.M., Puls D.P., Stanley
K.O. & Wall G.R.T., 1999. South Caspian basin: young, cool, and full of promise.
GSA today, 9, 1–9.

Dewey J.F., Helman M.L., Turco E., Hutton D.H.W. & Knott D., 1989. Kinematics of the
western Mediterranean. In: Coward M.P., Dietrich D. & Park R.G. (eds), Alpine tecto-
nics, Geological Society Special Publication, 45, 265–283.

Dickinson W.R., Klute M.A., Hayes M.J., Janecke S.U., Lundin E.R., McKittrick M.A. &
Olivares M.D., 1988. Paleogeographic and paleotectonic setting of Laramide sedimen-
tary basins in the central Rocky Mountain region. Geological Society of America
Bulletin, 100, 1023–1039.

Dijk J. van & Okkes M., 1991. Neogene tectonostratigraphy and kinematics of Calabrian
basins; implications for the geodynamics of the central Mediterranean. Tectonophysics,
196, 23–60.

Dingle R.V. & Hendry Q.B., 1984. Late Mesozoic and Tertiary sediment supply to the eas-
tern Cape Basin (SE Atlantic) and palaeo-drainage systems in Southwestern Africa.
Marine Geology, 56, 13–26.

Donnelly T.W., 1973. Circum-Caribbean explosive volcanic activity evidence from Leg 15
sediments. Initial Reports of the Deep-Sea Drilling Project, 15, 969–987.

Donovan S.K., Pickerill R.K., Portel R.W., Jackson T.A. & Harper D.A.T., 2003. The Mio-
cene palaeobathymetry and palaeoenvironments of Carriacou, the Grenadines, Lesser
Antilles. Lethaia, 36, 255–272.

Doré A.G., 1991. The structural foundation and evolution of Mesozoic seaways between
Europe and the Arctic. Palaeogeography, Palaeoclimatology, Palaeoecology, 87,
441–492.

Drachev S.S., Savostin L.A., Groshev V.G. & Bruni I.E., 1998. Structure and geology of
the continental shelf of the Laptev Sea, Eastern Russian Arctic. Tectonophysics, 298,
357–393.

Duerto L., Escalona A. & Mann P., 2006. Deep structure of the Me´rida Andes and Sierra
de Perija´ mountain fronts, Maracaibo Basin, Venezuela. American Association of
Petroleum Geologists Bulletin, 90, 505–528.

Dull D.W., 2005. Integrating sequence stratigraphy and multiple three-dimensional geostat-
istical realizations in constructing a model of the second Eocene reservoir, Wafra
field, Partitioned Neutral Zone, Kuwait and Saudi Arabia. American Association of
Petroleum Geologists Memoir, 80, 309–336.

Phanerozoic paleoenvironment and paleolithofacies maps. Cenozoic 561



Eagles G., Livermore R.A., Fairhead J.D. & Morris P., 2005. Tectonic evolution of the
west Scotia Sea. Journal of Geophysical Research B: Solid Earth, 110, 1–19.

Eidvin T. & Rundberg Y., 2007. Post-Eocene strata of the southern Viking Graben, northern
North Sea; integrated biostratigraphic, strontium isotopic and lithostratigraphic study.
Norsk Geologisk Tidsskrift, 87, 391–450.

Eissmann L., 2002. Tertiary geology of the Saale-Elbe region. Quaternary Science
Reviews, 21, 1245–1274.

Eldholm O., Skogseid J., Sundvor E. & Myhre A.M., 1990. The Norwegian-Greenland Sea.
In: Grantz A., Johnson L. & Sweeney J.F. (eds), The Arctic Ocean region: The geology
of North America, L, Geological Society of America, Boulder, Colorado, 351–364.

El-Saiy A.K. & Jordan B.R., 2007. Diagenetic aspects of Tertiary carbonates west of the
Northern Oman Mountains, United Arab Emirates. Journal of Asian Earth Sciences,
31, 35–43.

Escalona A. & Mann P., 2006. An overview of the petroleum system of Maracaibo Basin.
American Association of Petroleum Geologists Bulletin, 90, 657–678.

Eva A.N., Burke D., Mann P. & Wadge G., 1989. Four-phase tectonostratigraphic deve-
lopment of the southern Caribbean. Marine and Petroleum Geology, 6, 9–21.

Fakhari M.D., Axen G.J., Horton B.K., Hassanzadeh J. & Amini A., 2008. Revised age of
proximal deposits in the Zagros foreland basin and implications for Cenozoic evolution
of the High Zagros. Tectonophysics, 451,170–185.

Faleide J.I., Tsikalas F., Breivik A.J., Mjelde R., Ritzmann O., Engen �., Wilson J. & Eld-
holm O. 2008. Structure and evolution of the continental margin of Norway and the
Barents Sea. Episodes, 31, 82–91.

Figueiredo A.M.F. & Milani J.M., 2000. Petroleum systems of South American basins. In:
Cordani U.G., Milani E.J., Thomaz Filho A. & Campos D.A. (eds), Tectonic evolution of
South America, 31st International Geological Congress 2000, Rio de Janeiro, 689–718.

Flynn J.J., 1986. Correlation and geochronology of middle Eocene strata from the Western
United States. Palaeogeography, Palaeoclimatology, Palaeoecology, 55, 335–406.

Fotina Yu.L., 1994. New data on the extent of Cenozoic transgressions in the eastern Laptev
Sea. Doklady. Earth science sections, 326(7), 88–91.

Ford D. & Golonka J., 2003. Phanerozoic paleogeography, paleoenvironment and lithofacies
maps of the circum-Atlantic margins. In: Golonka J. (ed.), Thematic set on paleogeo-
graphic reconstruction and hydrocarbon basins: Atlantic, Caribbean, South America,
Middle East, Russian Far East, Arctic, Marine and Petroleum Geology, 20, 249–285.

Förster R. 1975. The geological history of the sedimentary basin of southern Mozambique,
and some aspects of the origin of the Mozambique channel. Palaeogeography, Palaeo-
climatology, Palaeoecology, 17, 267–287.

Franke D., Kruger F. & Klinge K., 2000. Tectonics of the Laptev Sea – Moma ‘Rift’ region:
Investigation with seismologic broadband data. Journal of Seismology, 4, 99–116.

562 J. Golonka



Frizon de Lamotte D.F., Mercier E., Outtani F., Addoum B., Ghandriche H., Ouali J.,
Bouazziz S. & Andrieux J., 1998, Structural inheritance and kinematics of folding and
thrusting along the front of the eastern Atlas Mountains; Algeria and Morocco. In:
Crasquin-Soleau S. & Barrier E., Peri-Tethys Memoir 3: Stratigraphy and evolution of
Peri-Tethyan platforms, Mémoires du Muséum national d’Histoire naturelle, 177,
237–252.

Frizon de Lamotte D.F., Leturmy P., Missenard Y., Khomsi S., Ruiz G., Saddiqi O., Guillo-
cheau F. & Michard A., 2009. Mesozoic and Cenozoic vertical movements in the
Atlas system (Algeria, Morocco, Tunisia): An overview. Tectonophysics (in press).

Francis J.E., Marenssi S., Levy R., Hambrey M., Thorn V.C., Mohr B., Brinkhuis H.,
Warnaar J., Zachos J., Bohaty S. & DeConto R., 2008. Chapter 8: From Greenhouse
to Icehouse – The Eocene/Oligocene in Antarctica. Developments in Earth and Envi-
ronmental Sciences, 8, 309–368.

Frasheri A., Nishani P., Bushati S. & Hyseni A., 1996. Relationship between tectonic zones
of the Albanides, based on results of geophysical studies. In: Ziegler P.A. & Horvath F.
(eds), Peri-Tethys Memoir 2: Structure and prospects of Alpine basins and forelands,
Mémoires du Muséum national d’Histoire naturelle, 170, 485–511.

Froitzheim N., Schmid S.M. & Frey M., 1996. Mesozoic paleogeography and the timing of
eclogite facies metamorphism in the Alps: a working hypothesis. Eclogae Geologicae
Helvetiae, 89, 81–110.

Gaetani M. & Garzanti E., 1991. Multicyclic history of the northern India continental margin
(northwestern Himalaya). American Association of Petroleum Geologists Bulletin, 75,
1427–1446.

Galloway W.E. & Williams T.A., 1991. Sediment accumulation rates in time and space:
Paleogene genetic stratigraphic sequences of the northwestern Gulf of Mexico Basin.
Geology, 19, 986–989.

Galloway W.E., Ganey-Curry P.E., Li X. & Buffler R.T., 2000. Cenozoic depositional history
of the Gulf of Mexico basin. American Association of Petroleum Geologists Bulletin,
84, 1743–1774.

García-Gasco A., Iturralue-Vinent M.A. & Pindell J., 2008. Latest Cretaceous collision/
accretion between the Caribbean plate and Caribeana: Origin of metamorphic terranes
in the Greater Antilles. International Geology Review, 50, 781–809.

Gasanov T.A., 1992. The Post-Eocene Nappes of the Talysh Zone in the Lesser Caucasus.
Geotectonics, 26, 324–331.

Gasanov T.A., 1996. Geodynamics of ophiolites in the structure of the Lesser Caucasus
and Iran. Elm, Baku (in Russian).

Ghidella M.E., Lawver L.A., Marenss S. & Gahagan L.M., 2007. Plate kinematic models
for Antarctica during Gondwana break-up: A review [Modelos de cinemática de placas
para antártida durante la ruptura de Gondwana: una revisión]. Revista de la Asociacion
Geologica Argentina, 62, 635–645.

Phanerozoic paleoenvironment and paleolithofacies maps. Cenozoic 563



Giacosa R. & Heredia N., 1987. The Cenozoic foreland basin of the Andean Patagonian
foreland thrust and fold belt, between 41 and 42°S, SW Argentina [La cuenca de an-
tepais terciaria asociada a la faja plegada y corrida de los Andes Patagonicos entre los
41° y 42°S, SO de Argentina]. Acta Geologica Hispanica, 32, 103–111

Gill R.C.O., Pedersen A.K. & Larsen J.G., 1992. Tertiary picrites in West Greenland: mel-
ting at the periphery of a plume. In: Storey B.C., Alabaster T. & Pankhurst R.J. (eds),
Magmatism and the causes of continental break-up, Geological Society Special
Publication, 68, 335–348.

Gill R.C.O., Holm P.M. & Nielsen T.F.D., 1995. Was a short-lived Baffin Bay plume active
prior to initiation of the present Icelandic plume? Clues from the high-Mg picrites of
West Greenland. Lithos, 4, 27–39.

Giosan L., Constantinescu S., Clift P.D., Tabrez A.R., Danish M. & Inam A., 2006. Recent
morphodynamics of the Indus delta shore and shelf. Continental Shelf Research, 26,
1668–1684.

Girdler R.W., 1991. The Afro-Arabian rift system-an overview. Tectonophysics, 197, 139–153.

Golonka J., 2000. Cambrian-Neogene Plate Tectonic Maps. Wydawnictwa Uniwersytetu
Jagielloñskiego, Kraków.

Golonka J., 2002. Plate-tectonic maps of the Phanerozoic. In: Kiessling W., Flügel E. &
Golonka J. (eds), Phanerozoic reef patterns, SEPM (Society for Sedimentary Geology)
Special Publication, 72, 21–75.

Golonka J., 2004. Plate tectonic evolution of the southern margin of Eurasia in the Mesozoic
and Cenozoic, Tectonophysics, 381, 235–273.

Golonka J., 2007a. Geodynamic evolution of the South Caspian Basin. In: Yilmaz P.O. &
Isaksen G.H. (eds), Oil and gas of the Greater Caspian area, American Association of
Petroleum Geologists Studies in Geology, 55, 17–41.

Golonka J., 2007b. Late Triassic and Early Jurassic paleogeography of the world. Palaeog-
eography, Palaeoclimatology, Palaeoecology, 244, 297–307.

Golonka J., 2007c. Phanerozoic Paleoenvironment and Paleolithofacies Maps. Late Paleo-
zoic. Mapy paleoœrodowiska i paleolitofacje fanerozoiku. PóŸny paleozoik. Geologia
(kwartalnik AGH), 33, 2, 145–209.

Golonka J., 2007d. Phanerozoic Paleoenvironment and Paleolithofacies Maps. Mesozoic.
Mapy paleoœrodowiska i paleolitofacje fanerozoiku. PóŸny mezozoik. Geologia
(kwartalnik AGH), 33, 2, 211–264.

Golonka J. & Bocharova N.Y., 2000. Hot spots activity and the break-up of Pangea. Palaeo-
geography, Palaeoclimatology, Palaeoecology, 161, 49–69.

Golonka J. & Picha F. (eds), 2006. The Carpathians and their foreland: Geology and hydro-
carbon resources. American Association of Petroleum Geologists Memoir, 84, 1–600.

Golonka J. & Kiessling W., 2002. Phanerozoic time scale and definition of time slices, In:
Kiessling W., Flügel E. & Golonka J. (eds), Phanerozoic reef patterns. SEPM (Society
for Sedimentary Geology) Special Publication, 72, 11–20.

564 J. Golonka



Golonka J. & Waœkowska-Oliwa A., 2007. Stratygrafia polskich Karpat fliszowych pomiêdzy
Bielskiem-Bia³¹ a Nowym Targiem. Stratigraphy of the Polish Flysch Carpathians be-
tween Bielsko-Bia³a and Nowy Targ. Geologia (kwartalnik AGH), 33, 4/1, 5–28.

Golonka J., Ross M.I. & Scotese C.R., 1994. Phanerozoic paleogeographic and paleoclimatic
modeling maps. In: Embry A.F., Beauchamp B. & Glass D.J. (eds), Pangea: Global
environment and resources, Canadian Society of Petroleum Geologists Memoir, 17,
1–47.

Golonka J., Oszczypko N. & Œl¹czka A., 2000. Late Carboniferous-Neogene geodynamic
evolution and paleogeography of the circum-Carpathian region and adjacent areas.
Annales Societatis Geologorum Poloniae, 70, 107–136.

Golonka J., Krobicki M., Oszczypko N., Œl¹czka A. & S³omka T., 2003a. Geodynamic
evolution and palaeogeography of the Polish Carpathians and adjacent areas during
Neo-Cimmerian and preceding events (latest Triassic-earliest Cretaceous). In: McCann T.
& Saintot A. (eds), Tracing tectonic deformation using the sedimentary record, Geolo-
gical Society Special Publication, 208, 138–158.

Golonka J., Bocharova N.Y., Ford D., Edrich M.E., Bednarczyk J. & Wildharber J., 2003b.
Paleogeographic reconstructions and basins development of the Arctic. In: Golonka J.
(ed.), Thematic set on paleogeographic reconstruction and hydrocarbon basins: Atlantic,
Caribbean, South America, Middle East, Russian Far East, Arctic, Marine and Petroleum
Geology, 20, 211–248.

Golonka J., Krobicki M., Matyszkiewicz J., Olszewska B., Œl¹czka A. & S³omka T., 2005a.
Geodynamics of ridges and development of carbonate platform within the Carpathian
realm in Poland. Slovak Geological Magazine, 11, 5–16.

Golonka J., Aleksandrowski P., Aubrecht M., Chowaniec J., Chrustek M., Cieszkowski M.,
Florek R., Gawêda A., Jarosiñski M., Kêpiñska B., Krobicki M., Lefeld J., Lewan-
dowski M., Marko, F., Michalik M., Oszczypko N., Picha F., Potfaj M., S³aby E.,
Œl¹czka A., Stefaniuk M., Uchman A. & ¯elaŸniewicz A., 2005b. Orava Deep Dril-
ling Project and the Post Paleogene tectonics of the Carpathians. Annales Societatis
Geologorum Poloniae, 75, 211–248.

Golonka J., Krobicki M., Paj¹k J., Nguyen Van Giang & Zuchiewicz W., 2006. Global plate
tectonics and paleogeography of Southeast Asia. Faculty of Geology, Geophysics and
Environmental Protection, AGH University of Science and Technology, Arkadia, Krakow.

Gorney D., Escalona A., Mann P., Magnani M.B., Levander A., Christeson G., Zelt C.A.,
Schmitz M., Clark S., Guedez M.C., Bezada M., Arogunmati Y., Aitken T. & Beard-
sley A., 2007 . Chronology of Cenozoic tectonic events in western Venezuela and the
Leeward Antilles based on integration of offshore seismic reflection data and on-land
geology. American Association of Petroleum Geologists Bulletin, 91, 653–684.

Gorring M., Singer B., Gowers J. & Kay S.M., 2003. Plio-Pleistocene basalts from the
Meseta del Lago Buenos Aires, Argentina: Evidence for asthenosphere-lithosphere in-
teractions during slab window magmatism. Chemical Geology, 193, 215–235.

Gosen W. von & Piepjohn K., 2003. Eurekan transpressive deformation in the Wandel Hav
Mobile Belt (northeast Greenland). Tectonics, 22, 13–1.

Phanerozoic paleoenvironment and paleolithofacies maps. Cenozoic 565



Goudie A.S., 2005. The drainage of Africa since the Cretaceous. Geomorphology, 67, 437–456.

Green A.R., Kaplan A.A. & Vierbuchen R.C., 1984. Circum-Arctic Petroleum Potential. In:
Halbouty M.T. (ed.), Future Petroleum Provinces of the World, American Association
of Petroleum Geologists Memoir, 40, 101–130.

Green O.R., Searle M.P., Coifield R.I. & Corfield R.M., 2008.Cretaceous-tertiary carbonate
platform evolution and the age of the India-Asia collision along the Ladakh Himalaya
(Northwest India). Journal of Geology, 116, 331–353.

Guiraud R. & Bellion Y., 1996. Late Carboniferous to Recent Geodynamic Evolution of
the West Gondwanian Cratonic Tethyan Margin. In: Nairn A.E.M., Ricou L.-E.,
Vrielynck B. & Dercourt J. (eds), The Oceans Basins and Margin, Vol. 8: The Tethys
Ocean, Plenum Press, New York and London, 101–124.

Guiraud R., Bosworth W., Thierry J. & Delplanque A., 2005. Phanerozoic geological evolution
of Northern and Central Africa: An overview. Journal of African Earth Sciences, 43,
83–143.

Hall R., 1998. The plate tectonics of Cenozoic SE Asia and the distribution of land and sea.
In: Hall R. & Holloway J.D. (ed.), Biogeography and Geological Evolution of SE
Asia, 99–131.

Hall R., 2002.Cenozoic geological and plate tectonic evolution of SE Asia and the SW
Pacific: computer-based reconstructions, model and animations. Journal of Asian
Earth Sciences, 20, 353–431.

Hall R., Hattum M.W.A. van & Spakman W., 2008. Impact of India-Asia collision on SE
Asia: The record in Borneo. Tectonophysics, 451, 366–389.

Hámor G., Jámbor Á. & Pogácsás G., 2001. Paleogeographic/structural evolutionary stages
and the related volcanism of the Carpathian-Pannonian Region. Acta Geologica Hun-
garica, 44, 193–222.

Haq B.U., Hardenbol J. & Vail P.R., 1988. Mesozoic and Cenozoic chronostratigraphy and
cycles of sea-level change. In: Wilgus C.K., Hastings B.S., Kendall C.G.S.C., Posam-
entier H.W. & Ross C.A. (eds), Sea-Level Changes – An Integrated Approach, SEPM
(Society for Sedimentary Geology) Special Publication, 42, 71–108.

Harrison T.M., Leloup P.H., Ryerson F.J., Tapponnier P., Lacassin R. & Wenji Ch., 1995.
Diachronous initiation of transtension along the Ailao Shan – Red River shear zone,
Yunnan and Vietnam. In: Yin A. & Harrison T.M. (eds), The Tectonics of Asia, Cam-
bridge, Cambridge University Press, New York, 208–226.

Hervouët Y., Gonzalez-Montilla L., Dhont D., Backe G. & Castrillo-Delgado J.T., 2005.
Deformation of the northeastern Venezuelan Andes. Relationships with the Caribbean
overthrusts [Déformation des Andes vénézuéliennes nord-orientales. Influence de
l’allochtone cara�be]. Bulletin de la Societe Geologique de France, 176, 93–105.

Heydari E., 2008. Tectonics versus eustatic control on supersequences of the Zagros Moun-
tains of Iran. Tectonophysics, 451, 56–70.

Holloway N.H., 1982. North Palawan block, Philippines – its relation to Asian mainland
and role in evolution of South China Sea. American Association of Petroleum Geologist
Bulletin, 66, 1355–1383.

566 J. Golonka



Holm P.M., Hal N. & Nielsen T.F.D., 1992. Contrasts in composition and evolution of Ter-
tiary CFBs between West and East Greenland and their relations to the establishment
of the Icelandic mantle plume. In: Storey B.C., Alabaster T. & Pankhurst R.J. (eds),
Magmatism and the causes of continental break-up, Geological Society Special Publi-
cation, 68, 349–362.

Hoorn C., Guerrero J., Sarmiento G.A. & Lorente M.A., 1995. Andean tectonics as a cause
for changing drainage patterns in Miocene northern South America. Geology, 23,
237–240.

Howe J.A., Pudsey C.J. & Cunningham A.P., 1997. Pliocene-Holocene contourite depositi-
on under the Antarctic Circumpolar Current, western Falkland Trough, South Atlantic
Ocean. Marine Geology, 138, 27–50.

Hsü K.J., Ryan W.B.F. & Cita M.B., 1973. Late Miocene desiccation of the Mediterranean.
Nature, 242 (5395), 240–244.

Huchon P. & Le Pichon X., 1984. Sunda Strait and Central Sumatra Fault. Geology, 12,
668–672.

Huchon P., Jestin F., Cantagrel J.M., Gaulier J.M., Al Khirbash S. & Gafaneh A., 1991.
Extensional deformations in Yemen since Oligocene and the Africa – Arabia-Somalia
triple junction. Annales Tectonicae, 5, 141–163.

Hudson S.M., Johnson C.L., Efendiyeva M.A., Rowe H.D., Feyzullayev A.A. & Aliyev C.S.,
2008. Stratigraphy and geochemical characterization of the Oligocene-Miocene Maikop
series: Implications for the paleogeography of Eastern Azerbaijan. Tectonophysics,
451, 40–55.

Hughes G.W.G. & Johnson R.S., 2005. Lithostratigraphy of the Red Sea region. GeoArabia,
10, 49–126.

Hutchison C.S., 1989. Geological Evolution of South-East Asia. Oxford Monographs on
Geology and Geophysics, vol. 13, Clarendon Press, Oxford, UK, 1–368.

Hutchison C.S., 2004. Marginal basin evolution: the southern South China Sea. Marine and
Petroleum Geology, 21, 1129–1148.

Il’ina L.B., 2000. On connections between basins of the Eastern Paratethys and adjacent seas
in the middle and late Miocene. Stratigraphy and Geological Correlation, 8, 300–305.

Inan S., Yalcin M.N., Guliev I.S., Kuliev K. & Feizullayev A.A., 1997. Deep petroleum
occurrences in the Lower Kura Depression, South Caspian Basin, Azerbaijan: An organic
geochemical and basin modeling study. Marine and Petroleum Geology, 14, 731–762.

Ingle J.C., Jr., 1992. Subsidence of the Japan Sea; stratigraphic evidence from ODP sites
and onshore sections. In: Tamaki K., Pisciotto K.A., Ingle J.C., Jr. & Suyehiro K. (eds),
Proceedings of the Ocean Drilling Program, Scientific Results, ODP 127/128, Japan
Sea, 1197–1218.

Tamaki K., Suyehiro K., Allan J., Ingle J.C., Jr., Pisciotto K.A., 1992. Tectonic synthesis
and implications of Japan Sea ODP drilling. In: Tamaki K., Pisciotto K.A., Ingle J.C., Jr.
& Suyehiro K. (eds), Proceedings of the Ocean Drilling Program, Scientific Results,
ODP 127/128, Japan Sea, 1333–1348.

Phanerozoic paleoenvironment and paleolithofacies maps. Cenozoic 567



Iturralde-Vinent M.A., 2006. Meso-Cenozoic Caribbean paleogeography: Implications for
the historical biogeography of the region. International Geology Review, 48, 791–827.

Ivany L.C., Van Simaeys S., Domack E.W. & Samson S.D., 2006. Evidence for an earliest
Oligocene ice sheet on the Antarctic Peninsula. Geology, 34, 377–380.

Jackson J., 1992. Partitioning of strike-slip an convergent motion between Eurasia and Arabia
in Eastern Turkey and Arabia. Journal of Geophysical Research, 97, 12741–12479.

Japsen P., Rasmussen E.S., Green P.F., Nielsen L.H. & Bidstrup T., 2008. Cenozoic palaeo-
geography and isochores predating the Neogene exhumation of the eastern North Sea
Basin. Geological Survey of Denmark and Greenland Bulletin, 15, 25–28.

Jensen L.N. & Schmidt B.J., 1993. Neogene uplift and erosion offshore South Norway;
magnitude and consequences for hydrocarbon exploration in the Farsund Basin.
In: Spencer A.M. (ed.), Generation, accumulation, and production of Europe’s hydro-
carbons, III Special Publication of the European Association of Petroleum Geoscientists,
3, 79–88.

Johansen S.E., Ostisty B.K., Birkeland �., Federovsky Y.F., Martirosjan V.N., Christensen
O.B., Cheredeev S.I., Ignatenko E.A. & Margulis L.S., 1993 Hydrocarbon potential in
the Barents Sea region: play distribution and potential. In: Vorren T.O., Bergsear E.,
Dahl-Stammes O.A., Holter E., Johansen B., Lie E. & Lund T.B. (eds), Arctic geology
and petroleum potential, Norwegian Petroleum Geology Special Publication, 2,
273–320.

Johnson C. & Gallagher K. 2000: A preliminary Mesozoic and Cenozoic denudation history
of the North East Greenland onshore margin. Global and Planetary Change, 24,
261–274.

Johnson K.G. & Pérez M.E., 2006. Skeletal extension rates of Cenozoic Caribbean reef corals.
Palaios, 21, 262–271.

Jolivet L., Tamaki K. & Fournier M., 1994. Japan Sea, opening history and mechanism;
a synthesis. Journal of Geophysical Research, B, 99, 22237–22259.

Jolivet L., Beyssac O., Goffé B., Avigad D., Lepvrier C., Maluski H. & Thang T.T., 2001. Oligo-
-Miocene midcrustal subhorizontal shear zone in Indochina. Tectonics, 20, 46–57.

Jordan T.E., Mpodozis C., Mu�oz N., Blanco N., Pananont P. & Gardeweg M., 2007. Ceno-
zoic subsurface stratigraphy and structure of the Salar de Atacama Basin, northern
Chile. Journal of South American Earth Sciences, 23, 122–146.

Jordt H., Faleide J.I., Bj�rlykke K. & Ibrahim M.T., 1995. Cenozoic sequence stratigraphy
of the central and northern North Sea Basin: tectonic development, sediment distribu-
tion and provenance areas. Marine and Petroleum Geology, 12, 845–879.

Jordt H., Thyberg B.I. & N�ttvedt A., 2000. Cenozoic evolution of the central and northern
North Sea with focus on differential vertical movements of the basin floor and surrou-
nding clastic source areas. Geological Society Special Publication, 167, 219–243.

Joy A.M., 1992. Right place, wrong time; anomalous post-rift subsidence in sedimentary
basins around the North Atlantic Ocean. In: Storey B.C., Alabaster T. & Pankhurst R.J.
(eds), Magmatism and the causes of continental break-up. Geological Society Special
Publication, 68, 387–393.

568 J. Golonka



Kazmin V.G., 1991. Collision and rifting in the Tethys Ocean: geodynamic implications.
Tectonophysics, 123, 371–384.

Kazmin V.G., 1997. Mesozoic to Cenozoic history of the back-arc basins in the Black
Sea-Caucasus region. CASP Arctic and Russian Studies III Report 656, Cambridge
Arctic Shelf Program, Cambridge, UK, (unpublished report).

Keller G., Adatte T., Gardin S., Bartolini A. & Bajpai S., 2008. Main Deccan volcanism
phase ends near the K-T boundary: Evidence from the Krishna-Godavari Basin, SE
India. Earth and Planetary Science Letters, 268, 293–311.

Keppie J.D. & Morán-Zenteno D.J., 2005. Tectonic implications of alternative Cenozoic
reconstructions for southern Mexico and the Chortis block. International Geology
Review, 47, 473–491.

Key R.M., Smith R.A., Smelror M., SFther O.M., Thorsnes T., Powell J.H., Njange F. &
Zandamela E.B., 2008. Revised lithostratigraphy of the Mesozoic-Cenozoic succession
of the onshore Rovuma Basin, northern coastal Mozambique. South African Journal
of Geology, 111, 89–108.

Kiessling W., Flügel E. & Golonka J., 1999. Paleo Reef Maps: Evaluation of a comprehen-
sive database on Phanerozoic reefs. American Association of Petroleum Geologist
Bulletin, 83, 1552–1587.

Kiessling W., Flügel E. & Golonka J., 2003. Patterns of Phanerozoic carbonate platform
sedimentation. Lethaia, 36, 195–226.

Kiessling W. & Claeys P., 2000, Spatial patterns of the KT event, in Catastrophic Events
and Mass Extinctions – Impacts and Beyond: Houston. LPI Contribution, 1053, 95–96.

Kirstein L.A., Sinclair H., Stuart F.M. & Dobson K., 2006. Rapid Early Miocene exhumation
of the Ladakh batholith, western Himalaya. Geology, 34, 1049–1052.

Knipper A.L. & Sokolov S.D., 1974. Pre-upper Senonian tectonic sheets in the Lesser Cau-
casus. Geotectonics, 1, 357–361.

Knipper A.L., Sharaskin A.Ya. & Voznesenskii A.I., 2001. Ophiolite-clastic breccias of the
Lesser Caucasus: structural features and origin. Geotectonics, 35, 199–206.

Kong F., 1998. Continental margin deformation analysis and reconstruction – evaluation
of the East China Sea Basin and adjacent plate interaction. The University of Texas
at Austin, Austin, TX (unpublished Ph.D. dissertation).

Kong F., Lawver L.A. & Lee T.-Y., 2000. Evolution of the southern Taiwan-Sinzi Folded
Zone and opening of the southern Okinawa trough. Journal of Asian Earth Sciences,
18, 325–341.

Kopp M.L., 1997. Struktury lateralnogo vyzhimanya v Alpinsko-Himalayskom Kolizyonnom
poyase [Lateral Escape Structures in the Alpine-Himalayan Collision Belt] (in Russian).
Transactions, Scientific World, Russian Academy of Sciences, Moscow, 506, 1–314.

Kos’ko M.K. & Trufanov G.V., 2002. Middle Cretaceous to Eopleistocene Sequences on
the New Siberian Islands: An approach to interpret offshore seismic. Marine and
Petroleum Geology, 19, 901–919.

Phanerozoic paleoenvironment and paleolithofacies maps. Cenozoic 569



Krienitz M.-S., Haase K.M., Mezger K. & Shaikh-Mashail M.A., 2007. Magma genesis and
mantle dynamics at the Harrat Ash Shamah volcanic field (southern Syria). Journal of
Petrology, 48, 1513–1542.

Kristoffersen Y., 1990. Eurasia Basin. In: Grantz A., Johnson L. & Sweeney J.F. (eds), The
Arctic Ocean region, The geology of North America, L, Geological Society of America,
Boulder, Colorado, 365–378.

Krzywiec P., 2006. Structural inversion of the Pomeranian and Kuiavian segments of the
Mid-Polish Trough – lateral variations in timing and structural style. Geological
Quarterly, 50, 151–167.

Kulkova I.A. & Volkova V.S., 1997. Landscapes and climate of West Siberia in the Paleo-
gene and Neogene. Geologiya i Geofizika, 3, 581–595.

Kumar P., Yuan X., Kumar M.R., Kind R., Li X. & Chadha R.K., 2007. The rapid drift of
the Indian tectonic plate. Nature, 449 (7164), 894–897.

Kurz W., Neubauer F. & Genser J., 1996. Kinematics of Penninic nappes (Glockner Nappe
and basement-cover nappes) in the Tauern Window (Eastern Alps, Austria) during
subduction and Penninic-Austroalpine collision. Eclogae Geologicae Helvetiae, 89,
573–605.

Kuz’mina O.B. & Volkova B.S., 2008. Palynostratigraphy of Oligocene-Miocene conti-
nental deposits in Southwestern Siberia. Stratigraphy and Geological Correlation, 16,
540–552.

Laberg J.S., Dahlgren K.I.T. & Vorren T.O., 2005. The Eocene-late Pliocene paleoenviron-
ment in the Vrring Plateau area, Norwegian Sea-paleoceanographic implications. Ma-
rine Geology, 214, 269–285.

Lacassin R., Leloup P.H. & Tapponnier P., 1993. Bounds on strain in large Tertiary shear zones
of SE Asia from boudinage restoration. Journal of Structural Geology, 15, 677–692.

Lacassin R., Tapponnier P., Leloup H.P., Trinh P.T. & Yem N.T., 1994. Morphotectonic
evidence for active movements along the Red River fault zone. Actes du Colloque
Internationale sur la sismotectonique et la risque sismique en Asie du Sud Est, Hanoi
27.01–4.02.1994, 66–71.

Ladd J.W., 1977. Relative motion of South America with respect to North America and
Caribbean tectonics). Geological Society of America Bulletin, 87, 969–976.

Lagabrielle Y., Suárez M., Rossello E.A., Hérail G., Martinod J., Régnier M. & de la Cruz
R. 2004. Neogene to Quaternary tectonic evolution of the Patagonian Andes at the la-
titude of the Chile Triple Junction. Tectonophysics, 385, 211–241.

Lamb S., Hoke L., Kennan L. & Dewey J., 1997. Cenozoic evolution of the Central Andes
in Bolivia and northern Chile. In: Burg J.-P., & Ford M. (eds), Orogeny through time,
Geological Society Special Publication, 121, 237–264.

Lan C.-Y., Chung S.-L., Shen J.J.-S., Lo C.-H., Wang P.-L., Hoa T.T., Thanh H.H. &
Mertzman S.A., 2000. Geochemical and Sr-Nd isotopic characteristics of granitic
rocks from northern Vietnam. Journal of Asian Earth Sciences, 18, 267–280.

570 J. Golonka



Larsen H.C., 1990. The East Greenland Shelf. In: Grantz A., Johnson L. & Sweeney J.F.
(eds), The Arctic Ocean region: The geology of North America, L, Geological Society
of America, Boulder, Colorado, 185–210.

Larsen L.M., Pedersen A.K., Pedersen G.K. & Piasecki S., 1992. Timing and duration of
Early Tertiary volcanism in the North Atlantic: new evidence from West Greenland.
In: Storey B.C., Alabaster T. & Pankhurst R.J. (eds), Magmatism and the causes of
continental break-up, Geological Society Special Publication, 68, 321–333.

Lawver L.A. & Gahagan L.M., 1993. Subduction zones, magmatism, and the breakup of
Pangea. In: Stone D.B. & Runcorn S.K (eds), Flow and Creep in the Solar System:
Observations, Modeling and Theory, NATO ASI Series, Series C, Mathematical and
Physical Science, 308, 225–247.

Lawver L.A. & Gahagan L.M., 2003. Evolution of Cenozoic seaways in the circum-Antarctic
region. Palaeogeography, Palaeoclimatology, Palaeoecology, 198, 11–37.

Lawver L.A. & Müller R.D., 1994. Iceland hotspot track. Geology, 22, 311–314.

Lawver L.A., Sclater J.G. & Meinke L., 1985. Mesozoic and Cenozoic reconstructions of
the South Atlantic. Tectonophysics, 114, 233–254.

Lawver L.A., Gahagan L.M. & Coffin M.F., 1992. The development of paleoseaways around
Antarctica. In: Kennett J.P. & Baron J. (eds), The Antarctic Paleoenvironment: A per-
spective on global change, American Geophysical Union, Antarctic Research Series,
56, 7–30.

Lee T.-Y. & Lawver L.A., 1994. Cenozoic plate reconstruction of the South China Sea region.
Tectonophysics, 235, 149–180.

Leloup P. H., Lacassin R., Tapponnier P., Schaerer U., Dalai Zh., Xiaohan L., Liangshan Zh.,
Shaocheng J. & Trinh P.T., 1995. The Ailao Shan – Red River shear zone (Yunnan,
China), Tertiary transform boundary of Indochina. Tectonophysics, 251, 3–84.

Le Pichon X. & Francheteau J., 1978. A plate-tectonic analysis of the Red Sea-Gulf of
Aden Area. Tectonophysics, 46, 369–406.

Lewis A.R., Marchant D.R., Ashworth A.C., Hemming S.R. & Machlus M.L., 2007. Major
middle Miocene global climate change: Evidence from East Antarctica and the Trans-
antarctic Mountains. Geological Society of America Bulletin, 119, 1449–1461.

Li Z.X. & Powell C.M., 2001. An outline of the palaeogeographic evolution of the Austral-
asian region since the beginning of the Neoproterozoic. Earth Science Reviews, 53,
237–277.

Limarino C., Tripaldi A., Marenssi S., Net L., Re G. & Caselli A., 2001. Tectonic control
on the evolution of the fluvial systems of the Vinchina Formation (Miocene), north-
western Argentina. Journal of South American Earth Sciences, 14, 751–762.

Livsic J.J., 1992. Tectonic history of Tertiary sedimentation of Svalbard. Norsk Geologisk
Tidsskrift, 72, 121–127.

Liu G. & Einsele G., 1994. Sedimentary history of the Tethyan basin in the Tibetan Hima-
layas. Geologische Rundschau, 83, 32–61.

Phanerozoic paleoenvironment and paleolithofacies maps. Cenozoic 571



Longley I.M., 1997. The tectonostratigraphic evolution of SE Asia. In: Fraser A.J., Mat-
thews S.J., & Murphy R.W. (eds), Petroleum geology of Southeast Asia, Geological
Society Special Publication, 126, 311–339.

Lundin E. & Doré A.G., 2002, Mid-Cenozoic post-breakup deformation in the ‘passive’
margins bordering the Norwegian-Greenland Sea. Marine and Petroleum Geology,
19, 79–93.

Lustrino M. & Sharkov E., 2006. Neogene volcanic activity of western Syria and its relation-
ship with Arabian plate kinematics. Journal of Geodynamics, 42, 115–139.

Lyberis N. & Manby G., 1999a. Continental collision and lateral escape deformation in the
lower and upper crust: An example from Caledonide Svalbard. Tectonics, 18, 40–63.

Lyberis N. & Manby G., 1999b. Oblique to orthogonal convergence across the Turan Block
in the Post-Miocene. American Association of Petroleum Geologists Bulletin, 83,
1135–1160.

Macdonald D., Gomez-Perez I., Franzese J., Spalletti L., Lawver L., Gahagan L., Dalziel I.,
Thomas C., Trewin N., Hole M. & Paton D., 2003. Mesozoic break-up of SW Gond-
wana: Implications for regional hydrocarbon potential of the southern South Atlantic.
In: Golonka J. (ed.), Thematic set on paleogeographic reconstruction and hydrocarbon
basins: Atlantic, Caribbean, South America, Middle East, Russian Far East, Arctic,
Marine and Petroleum Geology, 20, 287–308.

Macgregor D.S. & Moody R.T.J., 1998. Mesozoic and Cenozoic petroleum systems of
North Africa. Geological Society Special Publication, 132, 201–216.

Mahoney J.J., Duncan R.A., Khan W., Gnos E. & McCormick G.R., 2002. Cretaceous vol-
canic rocks of the South Tethyan suture zone, Pakistan: Implications for the Réunion
hotspot and Deccan Traps. Earth and Planetary Science Letters, 203, 295–310.

Maldonado A., Zitellini N., Leitchenkov G., Balanyá J.C., Coren F., Galindo-Zaldívar J.,
Lodolo E., Jabaloy A., Zanolla C., Rodríguez-Fernnádez J. & Vinnikovskaya O.,
1998. Small ocean basin development along the Scotia-Antarctica plate boundary and
in the northern Weddell Sea. Tectonophysics, 296, 371–402.

Maldonado A., Barnolas A., Bohoyo, F., Escutia C., Galindo-Zaldívar J., Hernnádez-
-Molina J., Jabaloy A., Lobo F.J., Nelson C.H., Rodríguez-Fernnádez J., Somoza L. &
Vázquez J.-T., 2005. Miocene to Recent contourite drifts development in the northern
Weddell Sea (Antarctica). Global and Planetary Change, 45, 99–129.

Manby G.M. & Lyberis N., 1996. State of stress and tectonic evolution of the West Spits-
bergen fold belt. Tectonophysics, 267, 1–29.

Marcussen �., Thyberg B.I., Peltonen C., Jahren J., Bj�rlykke K. & Faleide J.I., 2009. Phy-
sical properties of Cenozoic mudstones from the northern North Sea: Impact of clay
mineralogy on compaction trends. American Association of Petroleum Geologists Bul-
letin, 93, 127–150.

Marenssi S.A., Limarino C.O., Tripaldi A. & Net L.I., 2005. Fluvial systems variations in
the Rio Leona Formation: Tectonic and eustatic controls on the Oligocene evolution
of the Austral (Magallanes) Basin, southernmost Argentina. Journal of South American
Earth Sciences, 19, 359–372.

572 J. Golonka



Martina F., Dávila F.M. & Astini R.A., 2006. Mio-Pliocene volcaniclastic deposits in the
Famatina Ranges, southern Central Andes: A case of volcanic controls on sedimenta-
tion in broken foreland basins. Sedimentary Geology, 186, 51–65.

Martinson G.G., 1998. Paleogene stage of evolution of the largest lacustrine basins of North-
eastern Asia and of continental deposits of nonmarine mollusks. Geologiya i Geofizika,
39, 279–286.

Mazur S., Scheck-Wenderoth M. & Krzywiec P., 2005. Different modes of the Late Cretaceous-
-Early Tertiary inversion in the North German and Polish basins. International Journal
of Earth Sciences, 94, 782–798.

McCall G.J.H., 2002. A summary of the geology of the Iranian Makran. Geological Society
Special Publication, 195, 147–204.

Menzies M.A., Baker J., Bosence D., Dart C., Davison I, Hurford A., Al’Kadasi M., Mc-
Clay K., Nichols G., Al’Subbary A. & Yelland A., 1992. The timing of magmatism,
uplift and crustal extension: preliminary observations from Yemen. In: Storey B.C.,
Alabaster T. & Pankhurst R.J. (eds), Magmatism and the Causes of Continental Bre-
ak-up, Geological Society Special Publication, 68, 293–304.

Meyerhoff A.A., 1983. Energy resources of Soviet arctic and subarctic regions. Cold Regions
Science and Technology, 7 (C), 89–166.

Morley C.K., 1993. Discussion of origins of hinterland basins to the Rif-Betic Cordilliera
and Carpathians. Tectonophysics, 226, 359–376.

Moss G.D., Cathro D.L. & Austin J.A., Jr., 2004. Sequence biostratigraphy of prograding
clinoforms, northern Carnarvon Basin, Western Australia: A proxy for variations in
oligocene to pliocene global sea level? Palaios, 19, 206–226.

Moustafa A.R. & Khalil M.H., 1990, Geology of selected areas: structural characteristics
and tectonic evolution of north Sinai fold belts. In: Said R. (ed.), The Geology of
Egypt, Balkema, Rotterdam, 381–392.

Müller D.W. & Mueller P.A., 1991. Origin and age of the Mediterranean Messinian evapo-
rites: implications from Sr isotopes. Earth and Planetary Science Letters, 107, 1–12.

Müller R.D., Roest W.D., Royer J.Y., Gahagan L.M. & Sclater J.G., 1997. Digital isochrons
of the world’s ocean floor. Journal of Geophysical Research Solid Earth, 102,
3211–3214.

Musatov E.E. & Pogrebitskij Y.E., 2000. Late Mesozoic-Cenozoic evolution of the Barents
Sea and Kara Sea continental margins. Polarforschung, 68, 283–290.

Mutti M., Droxler A.W. & Cunningham A.D., 2005. Evolution of the Northern Nicaragua
Rise during the Oligocene-Miocene: Drowning by environmental factors. Sedimentary
Geology, 175, 237–258.

Muza J.P. & Wise S.W., Jr., 1983. An authigenic gypsum, pyrite, and glauconite association
in a Miocene deep sea biogenic ooze from the Falkland Plateau, southwest Atlantic
Ocean. Initial reports DSDP, Leg 71, Valparaiso to Santos, 1980, part 1, 361–375.

Nadirov R.S., Bagirov M., Tagiyev B.E. & Lerche I., 1997. Flexural plate subsidence, sedi-
mentation rates, and structural development of the super-deep South Caspian Basin.
Tectonophysics, 14, 383–400.

Phanerozoic paleoenvironment and paleolithofacies maps. Cenozoic 573



Najman Y., Bickle M., BouDagher-Fadel M., Carter A., Garzanti E., Paul M., Wijbrans J.,
Willett E., Oliver G., Parrish R., Akhter S.H., Allen R., Ando S., Chisty E., Reisberg L.
& Vezzoli G., 2008. The Paleogene record of Himalayan erosion: Bengal Basin, Ban-
gladesh. Earth and Planetary Science Letters, 273, 1–14.

Nasir S., Al-Sayigh A.R. & Safarjalani A., 2007. Sedimentology of the lower Hofuf For-
mation, Eastern Province of Saudi Arabia, and the chances for gold prospection. Neues
Jahrbuch für Geologie und Paläontologie – Abhandlungen, 243, 325–342.

Nesbitt H.W. & Young G.M., 1997. Sedimentation in the Venezuelan Basin, circulation in
the Caribbean Sea, and onset of Northern Hemisphere glaciation. Journal of Geology,
105, 531–544.

Nevesskaya L.A., Goncharova I.A., Il’ina L.B., Paramonova N.P. & Khondkarian S.O.
2003. The Neogene stratigraphic scale of the Eastern Paratethys. Stratigraphy and
Geological Correlation, 11, 105–127.

Nielsen L.H., Mathiesen A., Bidstrup T., Vejbaek O.V., Dien P.T. & Tiem P.V., 1999.
Modelling of hydrocarbon generation in the Cenozoic Song Hong Basin, Vietnam:
a highly prospective basin. Journal of Southeast Asian Earth Sciences, 17, 269–294.

N�ttvedt A., Johannessen E.P. & Surlyk F., 2008. The Mesozoic of western Scandinavia
and East Greenland. Episodes, 31, 59–65.

Nürnberg D. & Müller R.D., 1991. The tectonic evolution of the South Atlantic from Late
Jurassic to present. Tectonophysics, 191, 27–53.

Okay A.I., Satir M., Maluski H., Siyako M., Monie P., Metzger R. & Akyüz S., 1996. Paleo-
and Neo-Tethyan events in northwestern Turkey: Geologic and geochronologic con-
straints. In: An Yin & Harrison T.M. (eds), The Tectonic Evolution of Asia, Cambridge
University Press, Cambridge, 420–441.

Okulitch A.V., Harrison J.C. & Mayr U., 1998. Plate Tectonic Setting of the Eurekan
Orogen in Arctic Canada. III International Conference on Arctic Margins, ICAM III,
Celle (Germany) 12–16.10.1998, Abstracts, 135–136.

Oldow J.S., Lallemant H.G.A. & Leeman P., 1989. Phanerozoic evolution of the North
American Cordillera; United States and Canada. In: Bally A.W. & Palmer A.R. (eds),
The Geology of North America, A, Geological Society of America, Boulder, Colorado,
139–232.

Olivero E.B. & Martinioni D.R., 2001. A review of the geology of the Argentinian Fuegian
Andes. Journal of South American Earth Sciences, 14, 175–188.

Olowokere M.T., 2008. Stratigraphy, facies distribution and depositional history of the Niger
Delta shelf margin. Journal of Mining and Geology, 44, 57–69.

Ortega-Gutíerrez F., Solari L.A., Ortega-Obregón C., Elías-Herrera M., Martens U., Morán-
-Icál S., Chiquín M., Keppie J.D., De León R.T. & Schaaf P., 2007. The Maya-Chortís
boundary: A tectonostratigraphic approach. International Geology Review, 49,
996–1024.

Oszczypko N., 2006. Development of the Polish sector of the Carpathian Foredeep.
Przegl¹d Geologiczny, 54, 396–403.

574 J. Golonka



Oszczypko N., 1997. The Early-Middle Miocene Carpathian peripheral foreland basin
(Western Carpathians, Poland). In: Krobicki M. & Zuchiewicz W. (eds), Dynamics of
the Pannonian-Carpathian-Dinaride system, PANCARDI 97, Przegl¹d Geologiczny,
45, 10/2, 1054–1063.

Oszczypko N., 1998. The Western Carpathian Foredeep – development of the foreland
basin in front of the accretionary wedge and its burial history (Poland). Geologica
Carpathica, 49, 415–431.

Oszczypko N., Golonka J., Malata T., Poprawa P., S³omka T. & Uchman A., 2003. Tectono-
-stratigraphic evolution of the Outer Carpathian basins (Western Carpathians, Poland).
Mineralia Slovaca, 35, 17–20.

Paech H.-J., Prokopiev A.V., Gosen W.V., Grinenko O.V., Smetannikova L.I. & Belolyub-
skij I.N., 2000. New results of the Moma rift system and coeval structures in Yakutia,
Russian Federation. Polarforschung, 68, 59–63.

Parfenov L.M., 1991. Tectonics of the Verkhoyansk-Kolyma Mesozoides in the context of
plate tectonics. Tectonophysics, 199, 319–342.

Parfenov L.M., Prokop’ev A.V. & Spektor V.B., 2001. Geodynamics of mountains in Eastern
Yakutia and opening of the Eurasian basin. Geologiya i Geofizika, 42, 708–725.

Parras A., Griffin M., Feldmann R., Casadío S., Schweitzer C. & Marenssi S., 2008. Cor-
relation of marine beds based on Sr- and Ar-date determinations and faunal affinities
across the Paleogene/Neogene boundary in southern Patagonia, Argentina. Journal of
South American Earth Sciences, 26, 204–216.

Pasyanos M.E. & Nyblade A.A., 2007. A top to bottom lithospheric study of Africa and
Arabia. Tectonophysics, 444, 27–44.

Pekar S.F., DeConto R.M. & Harwood D.M., 2006. Resolving a late Oligocene conundrum:
Deep-sea warming and Antarctic glaciation. Palaeogeography, Palaeoclimatology,
Palaeoecology, 231, 29–40.

Pérez-Estaún A., Hernaiz Huerta P.P., Lopera E., Joubert M., Escuder Viruete J., Díaz de
Neira A., Monthel J., García-Senz J., Ubrien P., Contreras F., Bernrádez E., Stein G.,
Deschamps I., García-Lobón J.L. & Ayala C., 2007. Geology of the Dominican Repu-
blic: From island arcs to arc-continent collision [Geología de la Reúpblica Dominicana:
De la construcción de arco-isla a la colisión arco-continente]. Boletin Geologico
y Minero, 118, 157–174.

Pfuhl H.A. & McCave I.N., 2005. Evidence for late Oligocene establishment of the Antar-
ctic Circumpolar Current. Earth and Planetary Science Letters, 235, 715–728.

Philip J., Masse J.-P. & Camoin G. 1996, Tethyan Carbonate Platforms. In: Nairn A.E.M.,
Ricou L.-E., Vrielynck B. & Dercourt J. (eds), The Oceans Basins and Margin, Vol. 8:
The Tethys Ocean, Plenum Press, New York and London, 239–266.

Pialli G. & Alvarez W., 1997. Tectonic setting of the Miocene Northern Apennines; the
problem of contemporaneous compression and extension. In: Montanari A., Odin G.S.
& Coccioni R. (eds), Miocene stratigraphy; an integrated approach. Developments in
Palaeontology and Stratigraphy, 15, 167–185.

Phanerozoic paleoenvironment and paleolithofacies maps. Cenozoic 575



Piller W.E., Harzhauser M. & Mandic O., 2007. Miocene Central Paratethys stratigraphy –
Current status and future directions. Stratigraphy, 4, 151–168.

Pillevuit A., Marcoux J., Stampfli G. & Baud A., 1997. The Oman Exotics: a key to the un-
derstanding of the Neogene geodynamic evolution. Geodynamica Acta, 10, 209–238.

Pindell J.L. & Barrett S.F., 1990. Geological evolution of the Caribbean region: A plate
tectonic perspective. The Caribbean Region, H. Geological Society of America, Boulder,
Colorado, 405–432.

Pindell J.L. & Tabbutt K.D., 1995. Mesozoic-Cenozoic Andean Paleogeography and Regional
Controls on Hydrocarbon Systems. In: Tankard A.J., Suarez S. & Welsink H.J. (eds),
Petroleum basins of South America, American Association of Petroleum Geologists
Memoir, 62, 101–128.

Pindell J.L., Erikson J.P. & Algar S.T., 1991. The relationship between plate motions and
sedimentary basin development in northern South America: From a Mesozoic passive
margin to a Cenozoic eastwardly progressive transpressional orogen. Transactions of
the Second Geological Conference of the Geological Society of Trinidad and Tobago,
191–202.

Pindell J., Kennan L., Stanek K.P., Maresch W.V. & Draper G., 2006. Foundations of Gulf
of Mexico and Caribbean evolution: Eight controversies resolved. Geologica Acta, 4,
303–341.

Piwocki M., 1998. Characteristics of the IV D¹browa Lignite Seams Group in the lower
Miocene in Poland [Charakterystyka dolnomioceñskiej IV d¹browskiej grupy pok³adów
wêgla brunatnego w Polsce]. Przegl¹d Geologiczny, 46, 55–61.

Planke S., Skogseid J. & Eldholm O., 1991. Crustal structure off Norway, 62 degrees to 70
degrees north. Tectonophysics, 189, 91–107.

Platt J.P., Leggett J.K., Young J., Raza H. & Alam S., 1985. Large-scale sediment under-
plating in the Makran accretionary prism, southwest Pakistan. Geology, 13, 507–511.

Popov S.V., Akhmetov M.A., Zaporoshets N.I., Voronina A.A. & Stolyarov A.S., 1993.
History of Eastern Paratethys in the Late Eocene-Early Miocene. Stratigraphy Geo-
logical Correlation, 1, 10–39.

Priestley K., Baker K. & Jackson J., 1994. Implications of earthquake focal mechanism
data for the active tectonics of the south Caspian Basin and surrounding regions. Geo-
physical Journal International, 118, 111–141.

Puchkov N., 1997. Structure and geodynamics of the Uralian Orogen. In: Burg J.-P. & Ford M.
(eds), Orogeny through time, Geological Society Special Publication, 121, 201–236.

Qayyum M., Lawrence R.D. & Niem A.R., 1997. Molasse-delta-flysch continuum of the
Himalayan orogeny and closure of the Paleogene Katawaz remnant ocean, Pakistan.
International Geology Review, 39, 861–875.

Rasmussen E.S., Heilmann-Clausen C., Waagstein R. & Eidvin T., 2008. The Tertiary of
Norden. Episodes, 31, 66–72.

576 J. Golonka



Rasser M.W., Harzhauser M., Anistratenko O.Y., Anistratenko V.V., Bassi D., Belak M.,
Berger J.-P., Bianchini G., Èièiæ S., Æosoviæ V., Doláková N., Drobne K., Filipescu S.,
Gürs K., Hladilová Š., Hrvatoviæ H., Jelen B., Kasiñsk, J.R., Kováè M., Kralj P.,
Marjanac T., Márton E., Mietto P., Moro A., Nagymarosy A., Nebelsick J. H., Nehyba S.,
Ogorelec B., Oszczypko N., Paveliæ D., Pavlovec R., Pavšiè J., Petrová P., Piwock, M.,
Poljak M., Pugliese N., Red�epoviæ N., Rifelj H., Roetze R., Skaberne D., Sliva L.,
Standke G., Tunis G., Vass D., Wagreich M. & Wesselingh F., 2008. Paleogene and
Neogene. In: McCann T. (ed.), The Geology of Central Europe, Vol. 2: Mesozoic and
Cenozoic, Geological Society, Londyn, 1031–1139.

Reichenbacher B., 2000. The Oligocene and Lower Miocene brackish-lacustrine sediments
of the Mainz Basin: ichthyofauna, palaeoecology, biostratigraphy and palaeogeogr-
aphy [Das brackisch-lakustrine Oligozan und Unter-Miozan im Mainzer Becken und
Hanauer Becken: Fischfaunen, Palaookologie, Biostratigraphie, Palaogeographie].
CFS Courier Forschungsinstitut Senckenberg, 222, 1–143.

Richardson N.J. & Underhill J.R., 2002. Controls on the structural architecture and sedi-
mentary character of syn-rift sequences, North Falkland Basin, South Atlantic. Marine
and Petroleum Geology, 19, 417–443.

Ricou L.-E., 1996. The Plate Tectonic History of the Past Tethys Ocean. In: Nairn A.E.M.,
Ricou L.-E., Vrielynck B. & Dercourt J. (eds), The Oceans Basins and Margin, Vol. 8:
The Tethys Ocean, Plenum Press, New York and London, 3–70.

Roberts A.P., Bicknell S.J., Byatt J., Bohaty S.M., Florindo F. & Harwood D.M., 2003.
Magnetostratigraphic calibration of Southern Ocean diatom datums from the Eocene-
-Oligocene of Kerguelen Plateau (Ocean Drilling Program sites 744 and 748). Palaeo-
geography, Palaeoclimatology, Palaeoecology, 198, 145–168.

Robertson A.H.F. & Searle M.P., 1990. The northern Oman Tethyan continental margin:
stratigraphy, structure, concepts and controversies. In: Robertson A.H.F., Searle M.P.
& Ries A.C. (eds), The Geology and Tectonics of the Oman Region, Geological
Society Special Publication, 49, 3–25.

Robertson A.H.F., Clift P.D., Degnanand P. & Jones G., 1991, Paleogeographic and paleo-
tectonic evolution of Eastern Mediterranean Neotethys. Palaeogeography, Palaeo-
climatology, Palaeoecology, 87, 289–344.

Robinson A.G., Rudat J.H., Banks C.J. & Wiles R.L.F., 1996. Petroleum geology of the
Black Sea. Marine and Petroleum Geology, 13, 195–223.

Robinson R.A.J., Bird M.I., Nay W.O., Hoey T.B., Maung M.A., Higgitt D.L., Lu X.X.,
Aung S., Tin T. & Swe L.W., 2007. The Irrawaddy River sediment flux to the Indian
ocean: The original nineteenth-century data revisited. Journal of Geology, 115,
629–640.

Rodriguez J.F.R. & Littke R., 2001. Petroleum generation and accumulation in the Golfo
San Jorge Basin, Argentina: A basin modeling study. Marine and Petroleum Geology,
18, 995–1028.

Phanerozoic paleoenvironment and paleolithofacies maps. Cenozoic 577



Rohrman M., Beek P.A. van der, Hilst R.D. van der & Reemst P., 2002. Timing and me-
chanisms of North Atlantic Cenozoic Uplift: Evidence for mantle upwelling. In: Doré
A.G., Cartwright J.A., Stoker M.S., Turner J.P. & White N. (eds), Exhumation of the
North Atlantic Margins: Timing, Mechanisms and Implications for Petroleum Explo-
ration, Geological Society Special Publication, 196, 27–43.

R�nnevik H.C., Beskow B. & Jacobsen H.P., 1982. Structural SPACES and stratigraphic
evolution of the Barents Sea. In: Embry A.F. & Balkwill H.R. (eds), Arctic Geology
and Geophysics, Canadian Society of Petroleum Geologists Memoir, 8, 431–441.

Ronov A. Khain & Balukhovski A., 1989. Atlas of Lithological Paleogeographical Maps
of the World: Mesozoic and Cenozoic of the Continents. USSR Academy of Sciences,
Leningrad.

Rosenfeld J.H., 2005. Economic potential of the Yucatan Block of Mexico, Guatemala, and
Belize. American Association of Petroleum Geologists Memoir, 79, 55–58.

Ross M.I. & Scotese C.R., 1988. A hierarchical tectonic model of the Gulf of Mexico and
Caribbean region. Tectonophysics, 155, 139–168.

Rouchy J.-M., & Saint Martin J.-P., 1992. Late Miocene events in the Mediterranean as re-
corded by carbonate – evaporite relations. Geology, 20, 629–632.

Rouchy J.-M. & Caruso A., 2006. The Messinian salinity crisis in the Mediterranean basin:
A reassessment of the data and an integrated scenario. Sedimentary Geology,
188–189, 35–67.

Royden L., 1988. Late Cenozoic tectonics of the Pannonian basin system. In: Royden L. &
Horváth F. (eds), The Pannonian Basin: a study in basin evolution. American Associa-
tion of Petroleum Geologist Memoir, 45, 27–48.

Royer J.-Y. & Sandwell D.T., 1989. Evolution of the eastern Indian Ocean since the Late
Cretaceous: constraints from Geosat altimetry data. American Association of Petroleum
Geologists Studies in Geology, 31, 89–100.

Rögl F., 1999. Mediterranean and paratethys. Facts and hypotheses of an Oligocene to
Miocene Paleogeography (short overview). Geologica Carpathica, 50, 339–349.

Ruggieri G. & Sprovieri R., 1976. Messinian salinity crisis and its paleogeographical impli-
cations. Palaeogeography, Palaeoclimatology, Palaeoecology, 20, 13–21.

Rutkowski J., 1986. On Tertiary fault tectonics in the vicinities of Cracow (English summary).
Przegl¹d Geologiczny, 10, 587–590.

Rutter E.H., Faulkner D.R., Brodie K.H., Phillips R.J. & Searle, M.P., 2007. Rock deforma-
tion processes in the Karakoram fault zone, Eastern Karakoram, Ladakh, NW India.
Journal of Structural Geology, 29, 1315–1326.

Ryan W.B.F., 2008. Modeling the magnitude and timing of evaporative drawdown during
the Messinian salinity crisis. Stratigraphy, 5, 227–243.

Sahagian D.L., 1993. Structural evolution of African basins: stratigraphic synthesis. Basin
Research, 5, 41–54.

Said R., 1983. Remarks on the origin of the landscape of the eastern Sahara. Journal of
African Earth Sciences, 1, 153–158.

578 J. Golonka



Saif S.I. & Shah S.M.A., 1988. Field and petrographic characteristics of Cenozoic basaltic
rocks, Northwestern Saudi Arabia. Journal of African Earth Sciences, 7, 805–809.

Salman G. & Abdula I., 1995. Development of the Mozambique and Ruvuma sedimentary
basins, offshore Mozambique. Sedimentary Geology, 96, 7–41.

Schaerer U., Zhang L.-Sh. & Tapponnier P., 1994. Duration of strike-slip movements in
large shear zones: the Red River belt, China. Earth and Planetary Science Letters,
126, 379–397.

Schäfer A., Utescher T., Klett M. & Valdivia-Manchego M., 2005. The Cenozoic Lower
Rhine Basin – Rifting, sedimentation, and cyclic stratigraphy. International Journal of
Earth Sciences, 94, 621–639.

Scheibner C. & Speijer R.P., 2008. Late Paleocene-early Eocene Tethyan carbonate plat-
form evolution – A response to long- and short-term paleoclimatic change. Earth-
-Science Reviews, 90, 71–102.

Schwarz M. & Henk A., 2005. Evolution and structure of the Upper Rhine Graben: Insights
from three-dimensional thermomechanical modeling. International Journal of Earth
Sciences, 94, 732–750.

Scotese C.R., 1991. Jurassic and Cretaceous plate tectonic reconstractions. Palaeogeography,
Palaeoclimatology, Palaeoecology, 87, 493–501.

Scott R. & Kroenke L.W., 1980. Evolution of back arc spreading and arc volcanism in the
Philippine Sea; interpretation of Leg 59 DSDP results. In: Hayes D.E. (ed.), The tectonic
and geologic evolution of Southeast Asian seas and islands, American Geophysical
Union Geophysical Monograph, 22, 283–291.

Searle M.P., 1996. Cooling history, exhumation and kinematics of the Himalaya-Karako-
rum-Tibet orogenic belt. In: An Yin & Harrison T.M. (eds), The Tectonic Evolution of
Asia, Cambridge University Press, Cambridge, 110–137.

Sen G., Bizimis M., Das R., Paul D.K., Ray A. & Biswas S., 2009. Deccan plume, litho-
sphere rifting, and volcanism in Kutch, India. Earth and Planetary Science Letters,
277, 101–111.

ªengör A.M.C. & Natalin B.A., 1996, Paleotectonics of Asia: fragment of a synthesis. In:
An Yin & Harrison T.M. (eds), The Tectonic Evolution of Asia, Cambridge University
Press, 486–640.

Seno T. & Maruyama S., 1984. Paleogeographic reconstruction and origin of the Philippine
Sea. Tectonophysics, 102, 53–84.

Shcherba I.G., 1994. Paleogene basin of the Caucasus. Bulletin Moskovskovo Obshchede-
lenyia Ispytatelei Prirody Otdel Geologicheskiy, 69, 71–80 (in Russian).

Shipilov E.V., Tyuremnov V.A., Glaznev V.N. & Golubev V.A., 2006. Paleogeographic
settings and tectonic deformations of the Barents Sea continental margin in the Ceno-
zoic. Doklady Earth Sciences, 407, 366–371.

Shiref Y.M. & Salaj J., 2007. Upper Jurassic-Lower Paleogene lithostratigraphy and facies
development in the Al Hamadah al Hamra area (Libya). Geologica Carpathica, 58,
3–18.

Phanerozoic paleoenvironment and paleolithofacies maps. Cenozoic 579



Siegert M.J., Barrett P., Deconto R., Dunbar R., Cofaigh C., Passchie S. & Naish T., 2008.
Recent advances in understanding Antarctic climate evolution. Antarctic Science, 20,
313–325.

Sinclair H.D., Juranov S.G., Georgiev G., Byrne P. & Mountney N.P., 1997. The Balkan
thrust Wedge and foreland basin of Eastern Bulgaria: Structural and Stratigraphic
Development. In: Robinson A.G. (ed.), Regional and Petroleum Geology of the Black
Sea and Surrounding Regions, American Association of Petroleum Geologists Memoir,
68, 91–114.

Skagen J.I., 1993. Effects on hydrocarbon potential caused by Tertiary uplift and erosion in
the Barents Sea. In: Vorren T.O., Bergsear E., Dahl-Stammes O.A., Holter E., Johansen B.,
Lie E. & Lund T.B. (eds), Arctic geology and petroleum potential, Norwegian Petro-
leum Geology Special Publication, 2, 711–720.

Skogseid J., Pedersen T., Eldholm O. & Larsen B.T., 1992. Tectonism and magmatism
during NE Atlantic continental break-up: the Vrring Margin. In: Storey B.C., Alaba-
ster T. & Pankhurst R.J. (eds), Magmatism and the causes of continental break-up,
Geological Society Special Publication, 68, 305–320.

Sloss L.L., Dapples E.C. & Krumbein W.C., 1960. Lithofacies maps. An atlas of the United
States and Southern Canada. New York, London.

Sobornov K.O., 1994. Structure and Petroleum Potential of the Dagestan Thrust Belt.
Canadian Society of Petroleum Geologists Bulletin, 42, 352–364.

Solheim A., Faleide J.-I., Andersen E., Elverhri A., Forsberg C.F., Vanneste K., Uenzelmann-
-Neben G. & Channell J.E.T., 1998. Late Cenozoic seismic stratigraphy and glacial
geological development of the East Greenland and Svalbard-Barents Sea continental
margins. In: Elverhri A., Dowdeswell J., Funder S., Mangerud J. & Stein R. (eds),
Glacial and Oceanic History of the Polar North Atlantic Margins, Quaternary Science
Review, 17, 155–184

Spadini G., Cloething S. & Bertotti G. 1995. Thermo-mechanical modeling of the Tyrrhenian
Sea: lithospheric necking and kinematic of rifting. Tectonophysics, 14, 629–644.

Speed R., Torrini R., Jr. & Smith P.L., 1989. Tectonic evolution of the Tobago Trough forearc
basin. Journal of Geophysical Research, 94, 2913–2936.

Stampfli G.M., 1996. The Intra-Alpine terrain: A Paleotethyan remnant in the Alpine Varisci-
des. Eclogae Geologicae Helvetiae, 89, 13–42.

Steck A., 2003. Geology of the NW Indian Himalaya. Eclogae Geologicae Helvetiae, 96,
147–196.

Stolyarov A.S. & Ivleva E.I., 2006. Lower Miocene sediments of the Maikop group in the
Central Eastern Paratethys. Lithology and Mineral Resources, 41, 54–72.

Summa L.L., Goodman E.D., Richardson M., Norton I.O. & Green A.R., 2003. Hydro-
carbon systems of Northeastern Venezuela: Plate through molecular scale-analysis of
the genesis and evolution of the Eastern Venezuela. In: Golonka J. (ed.), Thematic set
on paleogeographic reconstruction and hydrocarbon basins: Atlantic, Caribbean, South
America, Middle East, Russian Far East, Arctic, Basin, Marine and Petroleum Geo-
logy, 20, 3–4, 323–349.

580 J. Golonka



Summerhayes C.P., Nutter A.H. & Tooms J.S., 1971. Geological structure and develop-
ment of the continental margin of northwest Africa. Marine Geology, 11, 1–25.

Suppe J., Liou J.G. & Ernst G., 1981. Paleogeographic origins of the Miocene East Taiwan
Ophiolite. American Journal of Science, 281, 228–246.

Surkov V.S., Smirnov L.V., Gurar F.G., Devyatov V.P. & Kazakov A.M., 1997. Dynamics
of the accumulation of the Mesozoic-Cenozoic sedimentary layer in the West-Siberian
basin. Geologiya i Geofizika, 38, 919–926.

Swezey C.S., 2009. Cenozoic stratigraphy of the Sahara, Northern Africa. Journal of African
Earth Sciences, 53, 89–121.

Szynkiewicz A., 2000. Age of the brown coal deposits from the Belchatów lignite mine
(Central Poland) [Wiek wêgla brunatnego na tle pozycji geologicznej badanych pró-
bek (KWB Be³chatów)]. Przegl¹d Geologiczny, 48, 11, 1038–1044.

Tapponnier P., Peltzer G. & Armijo R., 1986. On the mechanics of the collision between
India and Asia. In: Coward M.P. & Ries A.C. (eds), Collision Tectonics, Geological
Society of London Special Publication, 19, 115–157.

Tapponnier P., Lacassin R., Leloup P., Scharer U., Dalai Z., Haiwei W., Kiaohan L.,
Shaocheng J., Lianshang Z. & Jiayou Z., 1990. The Ailao Shan/Red River metamorphic
belt: Tertiary left lateral shear between Indochina and South China, Nature, 343,
431–437.

Tari G., Dicea O., Faulkerson J., Georgiev G., Popov S., Stefanescu M. & Weir G., 1997.
Cimmerian and Alpine stratigraphy and structural evolution of the Moesian Platform
(Romania/Bulgaria). In: Robinson A.G. (ed.), Regional and petroleum geology of the
Black Sea and surrounding regions, American Association of Petroleum Geologists
Memoir, 68, 63–90.

Taylor B. & Hayes D.E., 1983. Origin and history of the South China Sea Basin. In: Ha-
yes D.E. (ed.), The Tectonic and Geologic Evolution of South Asian Seas and Islands,
Part 1, American Geophysical Union Geophysical Monograph, 22, 89–104.

Teng L.S., 1990. Geotectonic evolution of late Cenozoic arc continent collision in Taiwan.
Tectonophysics, 183, 57–76.

Tesfaye S., Harding D.J. & Kusky T.M., 2003. Early continental breakup boundary and mi-
gration of the Afar triple junction, Ethiopia. Geological Society of America Bulletin,
115, 1053–1067.

Thiede R.C., Arrowsmith J.R., Bookhagen B., McWilliams M.O., Sobe, E.R. & Strecker M.R.,
2005. From tectonically to erosionally controlled development of the Himalayan orogen.
Geology, 33, 689–692.

Torres J., Bois C. & Burrus J., 1993. Initiation and evolution of the Valencia Trough (we-
stern Mediterranean); constraints from deep seismic profiling and subsidence analysis.
In: Stephenson R.A. (ed.), Crustal controls on the internal architecture of sedimentary
basins, Tectonophysics, 228, 57–80.

Torres Carbonell P.J., Olivero E.B. & Dimieri L.V., 2008. Structure and evolution of the
Fuegian Andes foreland thrust-fold belt, Tierra del Fuego, Argentina: Paleogeographic
implications. Journal of South American Earth Sciences, 25, 417–439.

Phanerozoic paleoenvironment and paleolithofacies maps. Cenozoic 581



Torrini R., Jr. & Speed R.C., 1989. Tectonic wedging in the forearc basin-accretionary prism
transition, Lesser Antilles forearc. Journal of Geophysical Research, 94, 10549–10584.

Trifonov V.G., 1978. Late Quaternary movements of western and central Asia. Geological
Society of America Bulletin, 89, 1059–1072.

Trinh Ph.T., 1995. Influence des failles actives sur les réservoirs de Hoabinh et de la riviere
Chay (nord du Viet Nam). In: Dubois J.-M., Boussema M.R., Boivin F. & Lafrance P.
(eds), Télédétection des ressources en eau, Actes des journées scientifiques de Tunis
1993, Universités Francophones, Actualité Scientifique, AUPELF, Presses de l’Uni-
versité du Québec, Sainte-Foy – Montréal, 31–42.

Tull S.J., 1997. The diversity of hydrocarbon habitat in Russia. Petroleum Geoscience, 3,
315–325.

Uddin A. & Lundberg N., 1998. Cenozoic history of the Himalayan-Bengal system: Sand
composition in the Bengal basin, Bangladesh. Geological Society of America Bulletin,
110, 497–511.

Uddin A. & Lundberg N., 2004. Miocene sedimentation and subsidence during continent-
-continent collision, Bengal basin, Bangladesh. Sedimentary Geology, 164, 131–146.

Vahrenkamp V.C., David F., Duijndam P., Newall M. & Crevello P., 2005. Growth archite-
cture, faulting, and karstification of a middle miocene carbonate platform, Luconia
Province, offshore Sarawak, Malaysia. American Association of Petroleum Geologists
Memoir, 81, 329–350.

Vegas R., 1992. The Valencia trough and the origin of the western Mediterranean basins.
Tectonophysics 203, 249–261.

Vincent S.J., Allen M.B., Ismail-Zadeh A.D., Flecker R., Foland K.A. & Simmons M.D.,
2005. Insights from the Talysh of Azerbaijan into the Paleogene evolution of the South
Caspian region. Geological Society of America Bulletin, 117, 1513–1533.

Vinogradov A.P. (ed.), 1968. Atlas of the Lithological-Paleogeographical Maps of the USSR.
Vol. IV: Paleogene, Neogene, and Quaternary. Ministry of Geology of the USSR and
Academy of Sciences of the USSR, Moscow.

Vissers R.L.M., Platt J.P. & van der Wal D., 1995. Late orogenic extension of the Betic
Cordillera and the Alboran domain; a lithospheric view. Tectonics, 4, 786–803.

Volkova V.S. & Kul’kova I.A., 1996. The Oligocene-early Miocene floral assemblages
from Western Siberia. Stratigraphy and Geological Correlation, 4, 496–505.

V�rren T.O., Richardsen G., Knutse, S.-M. & Henriksen E., 1990. The western Barents Sea
during the Cenozoic. In: Bleil U. & Thiede J. (eds), Geological history of the polar
oceans: Arctic versus Antarctic, NATO ASI series, Kluwer, Dordrecht, C308, 95–118.

V�rren T.O., Richardsen G., Knutsen S.-M. & Henriksen E., 1991. Cenozoic erosion and
sedimentation in the western Barents Sea. Marine and Petroleum Geology, 8,
317–340.

Vrielynck B., Odin G.S. & Dercourt J., 1997. Miocene palaeogeography of the Tethys
ocean; potential global correlations in the Mediterranean. In: Montanari A., Odin G.S.
& Coccioni R. (eds), Miocene stratigraphy; an integrated approach, Developments in
Palaeontology and Stratigraphy, 15, 157–165.

582 J. Golonka



Wadge G., 1984. Comparison of volcanic production rates and subduction rates in the Lesser
Antilles and Central America. Geology, 12, 555–558.

Wan X.Q., Jansa L.F. & Sarti M., 2002. Cretaceous and Paleogene boundary strata in
southern Tibet and their implication for the India-Eurasia. Lethaia, 35, 131–146.

Wang P.-L., Lo Ch.-H., Lee T.-Y., Chung S.-L., Lan Ch.-Y. & Yem N.T., 1998. Thermo-
chronological evidence for the movement of the Ailao Shan – Red River shear zone:
A perspective from Vietnam. Geology, 26, 887–890.

Wang P.-L., Lo C-H., Chung S-L., Lee T-Y., Lan C.-Y. & Van Thang T., 2000. Onset
timing of left-lateral movement along the Ailao Shan-Red River Shear Zone:
40Ar/39Ar dating constraint from the Nam Dinh Area, northeastern Vietnam. Journal
of Asian Earth Sciences, 18, 281–292.

Wagner T., 2002. Late Cretaceous to early Quaternary organic sedimentation in the eastern
Equatorial Atlantic. Palaeogeography, Palaeoclimatology, Palaeoecology, 179, 113–147.

Watkins J.S., 1999. Regional stratigraphy of the deepwater Gulf of Mexico. Proceedings of
the Annual Offshore Technology Conference, 1, 431–436.

Watts A.B., Platt J.P. & Buhl P., 1993. Tectonic evolution of the Alboran Sea. Basin Re-
search, 5, 153–177.

White R.S., 1992. Magmatism during and after break-up. In: Storey B.C., Alabaster T. &
Pankhurst R.J. (eds), Magmatism and the Causes of Continental Break-up, Geological
Society Special Publication, 68, 1–16.

White R.S. & McKenzie D., 1989. Magmatism at rift zones: the generation of volcanic con-
tinental margins and flood basalts. Journal of Geophysical Research, 94, 7685–7729.

White N.M., Pringle M., Garzanti E., Bickle M., Najman Y., Chapman H. & Friend P.,
2002. Constraints on the exhumation and erosion of the High Himalayan Slab, NW
India, from foreland basin deposits. Earth and Planetary Science Letters, 195, 29–44.

Weaver F.M., 1983. Cenozoic radiolarians from the southwest Atlantic, Falkland Plateau
region. Deep Sea Drilling Project Leg 71. Initial reports DSDP, Leg 71, Valparaiso to
Santos, 1980, part 2, 667–686.

Weissel J.K., 1980. Evidence for Eocene oceanic crust in the Celebes Basin. In: Hayes D.E.
(ed.), The Tectonic and Geologic Evolution of Southeast Asian Seas and Islands.
Part 1, American Geophysical Union Geophysical Monograph, 22, 37–48.

Wernicke B. & Tilke P.G., 1989. Extensional tectonics framework of the U.S. central
Atlantic passive margin. In: Tankard A.J. & Balkwil H.R. (eds), Extensional tectonics
and stratigraphy of the North Atlantic margins, American Association of Petroleum
Geologists Memoir, 46, 7–21.

Whittle G.L. & Alsharhan A.S., 1994. Dolomitization and chertification of the Early
Eocene Rus Formation in Abu Dhabi, United Arab Emirates. Sedimentary Geology,
92, 273–285.

Whittle G.L., Alsharhan A.S. & El Deeb W.M.Z., 1996. Facies analysis and early diagen-
esis of the middle-late eocene dammam formation, Abu Dhabi, United Arab Emirates.
Carbonates and Evaporites, 11, 32–41.

Phanerozoic paleoenvironment and paleolithofacies maps. Cenozoic 583



Wigley R.A. & Compton J.S., 2006. Late Cenozoic evolution of the outer continental shelf
at the head of the Cape Canyon, South Africa. Marine Geology, 226, 1–23.

Wilson M., 1994. Magmatism and Basin Dynamics within the Peri-Tethyan Domain. In:
Roure F. (ed.), Peri-Tethyan Platform, Editiones Technip, Paris, 9–23.

Wilson M.E.J., 2008. Global and regional influences on equatorial shallow-marine carbon-
ates during the Cenozoic. Palaeogeography, Palaeoclimatology, Palaeoecology, 265,
262–274.

Wilson M. & Downes H., 1991. Tertiary-Quaternary extension related alkaline magmatism
in western and central Europe. Journal of Petrology, 32, 811–849.

Xue L., 1997. Depositional cycles and evolution of the Paleogene Wilcox Strata, Gulf of
Mexico Basin, Texas. American Association of Petroleum Geologists Bulletin, 81,
937–953.

Yilmaz Y., Tüysüz O., Yi�tbaº E., Genç ª.C. & ªengör A.M.C., 1997. Geology and Tectonic
Evolution of the Pontides. In: Robinson A.G. (ed.), Regional and Petroleum Geology
of the Black Sea and Surrounding Regions, American Association of Petroleum Geo-
logists Memoir, 68, 183–226.

Yin A. & Harrison T.M., 2000. Geologic evolution of the Himalayan-Tibetan orogen. An-
nual Review of Earth and Planetary Sciences, 28, 211–280.

Zampetti V., Schlager W., van Konijnenburg J.H. & Everts A.J., 2004. Architecture and
growth history of a Miocene carbonate platform from 3D seismic reflection data; Lu-
conia province, offshore Sarawak, Malaysia. Marine and Petroleum Geology, 21,
517–534.

Zhang K.-J., Xia B., Liang X., 2002. Mesozoic-Paleogene sedimentary facies and paleo-
geography of Tibet, western China: Tectonic implications. Geological Journal, 37,
217–246.

Ziegler P.A., 1982. Geological Atlas of Western and Central Europe. Shell Internationale
Petroleum, Hague.

Ziegler P.A., 1988. Evolution of the Arctic-North Atlantic and the Western Tethys. American
Association of Petroleum Geologists Memoir, 43, 1–198, Maps 1–30.

Ziegler P.A., 1990. Geological Atlas of Western and Central Europe. 2nd Edition. Shell In-
ternationale Petroleum Mij. B.V., Distributed by Geological Society Publishing House,
Bath, England.

Ziegler P.A., 1992. Plate tectonics, plate moving mechanisms and rifting. Tectonophysics,
215, 9–34.

Zonenshain L.P., Kuzmin M.L. & Natapov L.N., 1990. Geology of the USSR: A Plate-
-Tectonic Synthesis. In: Page B.M. (ed.), American Geophysical Union, Washington,
D.C., Geodynamics Series, 21, 1–242.

¯elaŸniewicz A., Tran H.T. & Fanning M., 2005. Continental extrusion along the Red River
Shear Zone, NW Vietnam: New structural and geochronological data. GeoLines, 19,
121–122.

584 J. Golonka



¯ytko K., Gucik S., Oszczypko N., Zaj¹c R., Garlicka I., Nemèok J., Eliaš M., Menèik E.,
Dvorak J., Stranik Z., Rakuš M. & Matejovská O., 1989. Geological Map of the Western
Outer Carpathians and their foreland without Quaternary formations. In: Poprawa D.
& Nemèok J. (eds), Geological Atlas of the Western Carpathians and their Foreland,
Pañstwowy Instytut Geologiczny, Warszawa, Poland.

Streszczenie

Artyku³ przedstawia szczegó³owe mapy paleogeograficzne dla siedmiu przedzia³ów
czasowych w obrêbie kenozoiku. Trzydzieœci piêæ map zawiera informacje dotycz¹ce tektoniki
p³yt, paleoœrodowiska i paleolitofacji w czasie paleocenu, eocenu, oligocenu, miocenu
i pliocenu. Mapy by³y skonstruowane przy u¿yciu programów PLATES i PALEOMAP.
Wulkanity znacz¹ce dzia³alnoœæ plam gor¹ca pomagaj¹ przy okreœlaniu paleod³ugoœci geo-
graficznej. Dane paleomagnetyczne pos³u¿y³y do oznaczenia paleoszerokoœci geograficz-
nej. Informacje zawarte w szeregu globalnych i regionalnych prac zosta³y wyselekcjonowa-
ne i naniesione na mapy. Mapy paleogeograficzne ilustruj¹ geodynamiczn¹ ewolucjê Ziemi
od póŸnej kredy po neogen, rozrost (spreding) i tworzenie siê oceanów, zamykanie siê oce-
anów, kolizje, ³¹czenie siê kontynentów i tworzenie siê nowych superkontynentów. Prze-
strzenn¹ rekonstrukcjê architektury basenów w okresie ich powstawania, ekspansji, zamy-
kania i inwersji oraz analizê dynamiki grzbietów œródbasenowych uzyskano, wykonuj¹c
modelowanie palinspastyczne, przy uwzglêdnieniu badañ paleomagnetycznych oraz analizy
stratygraficzno-facjalnej basenów i rozdzielaj¹cych je grzbietów. W obrêbie basenów wy-
dzielono poszczególne strefy paleoœrodowiskowe i paleolitofacjalne.

W okresie póŸnej kredy-wczesnego paleocenu nastêpuje wyraŸne rozszerzenie Atlan-
tyku równikowego (Fig. 1, 2). Podniesione kontynenty wokó³ oceanu dostarcza³y znacz-
nych iloœci materia³u klastycznego. Istnia³y rozleg³e platformy wêglanowe miêdzy innymi na
obszarze wysp Bahama, Florydy i Jukatanu. Trwa³y procesy tektoniczne w obszarze karaib-
skim i w Andach w Ameryce Po³udniowej. P³yta indyjska by³a ulokowana na pó³kuli
po³udniowej i zbli¿a³a siê w kierunku Eurazji (Fig. 3). Afryka i Arabia zbli¿a³a siê równie¿
do Eurazji, na skutek rozszerzania siê Atlantyku po³udniowego (Fig. 3, 5). Kolizja pomiê-
dzy jednostkami austroalpejskimi i teranem briansoñskim w Alpach rozpoczê³a siê w pa-
leocenie (Fig. 4). W póŸnej kredzie-najwczeœniejszym paleocenie zamkn¹³ siê basen pie-
niñskiego pasa ska³kowego i mia³a miejsce kolizja Karpat Wewnêtrznych z grzbietem
czorsztyñskim. Z³o¿ony system fa³dów i nasuniêæ rozwin¹³ siê w pieniñskim pasie ska³ko-
wym. Wynikiem podnoszenia siê obszarów krawêdziowych by³a ogromna iloœæ materia³u
klastycznego dostarczanego do basenów fliszowych. Trwa³ rozrost pó³nocnego Oceanu
Atlantyckiego. Morza Labradorskiego i jego przed³u¿enia, basenu Makarowa w Arktyce
(Fig. 4).

W okresie paleocenu-œrodkowego eocenu (Fig. 6–10) trwa³ dryft Ameryki Pó³nocnej
i Po³udniowej. Z dryftem tym zwi¹zane by³y procesy tektoniczne w Andach, Górach Ska-
listych i na obrze¿ach Morza Karaibskiego w Ameryce Po³udniowej. Procesom tym towa-
rzyszy³ rozwój basenów sedymentacyjnych. Trwa³a sedymentacja wêglanowa na platfor-
mach wysp Bahama, Florydy i Jukatanu (Fig. 7).
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Mapy Azji po³udniowej (Fig. 6, 8) przedstawiaj¹ tradycyjny punkt widzenia dotycz¹cy
kolizji Indii z Eurazj¹. Ocean Indyjski utworzy³ siê w wyniku ruchu Indii w kierunku
pó³nocnym. Kolizja nast¹pi³a w eocenie, rozpoczynaj¹c proces tworzenia siê Himalajów.
Orogeneza himalajska mia³a istotny wp³yw na rozwój tektoniczny Azji po³udniowo-
-wschodniej, przyczyniaj¹c siê w trzeciorzêdzie do powstania licznych basenów ekstensyj-
nych. W paleocenie-eocenie trwa³o zamykanie Neotetydy przez orogenezy alpejsk¹ i hima-
lajsk¹. P³yty Adria (Apulia), Alp Wschodnich (austroalpejska) i blok Karpat Wewnêtrz-
nych nieustannie przesuwa³y siê ku pó³nocy (Fig. 9). Ich kolizja z p³yt¹ europejsk¹ zaczê³a
siê w Alpach oko³o 47 milionów lat temu. Blok Alkapa powsta³ przez z³¹czenie Alp
Wschodnich, Karpat Wewnêtrznych oraz mniejszych p³yt, takich jak Bükk, bloki transdu-
najski czy bukowiñsko-getycki. Zamkniêcie basenu pieniñskiego pasa ska³kowego w Kar-
patach zosta³o zakoñczone i rejon ten zosta³ w³¹czony do pryzmy akrecyjnej basenu magur-
skiego. W póŸnym eocenie nast¹pi³o równie¿ fa³dowanie strefy renodunajskiej. Pó³nocny
Atlantyk i Morze Grenlandzkie otworzy³y siê w paleogenie (Fig. 9). W tym czasie trwa³ te¿
rozrost po³udniowego Oceanu Atlantyckiego (Fig. 10).

W okresie póŸnego eocenu (Fig. 11–15) trwa³a kontynuacja procesów tektonicznych
i sedymentacyjnych wokó³ Atlantyku centralnego, Morza Karaibskiego, Zatoki Meksy-
kañskiej, w Andach i w Górach Skalistych (Fig. 12). Kolizja Indii z Eurazj¹ spowodowa³a
tektonikê ucieczki Azji po³udniowo-wschodniej, miêdzy innymi powstanie uskoku Rzeki
Czerwonej (Fig. 13). Otwarcie pó³nocnego Atlantyku by³o zwi¹zane z dzia³alnoœci¹ plamki
gor¹ca i pióropusza p³aszcza Islandii (Fig. 14).

W oligocenie (Fig. 16–20) otwarciu siê basenów oceanicznych wokó³ Antarktydy, to-
warzyszy³o powstanie lodowców na tym kontynencie (Fig. 20). W tym czasie trwa³y te¿
kolizje (Fig. 18, 19) pomiêdzy Indiami, Afryk¹ i Eurazj¹. Dosz³o do kolizji Apulii jak
równie¿ teranów alpejsko-karpackich z p³yt¹ europejsk¹. Morze Paratetydy powsta³o w Eu-
ropie i Azji centralnej, przed posuwaj¹cymi siê na pó³noc pasmami orogenicznymi. Geo-
dynamiczna ewolucja basenów w paœmie alpejskim doprowadzi³a do przejœcia typu sedy-
mentacji od fliszu do molasy. Procesy tektoniczne i sedymentacyjne wokó³ Atlantyku cen-
tralnego, Morza Karaibskiego, Zatoki Meksykañskiej, w Andach i w Górach Skalistych
(Fig. 17) by³y kontynuacj¹ tych z poprzedniego okresu. Trwa³a sedymentacja wêglanowa
na platformach wysp Bahama, Florydy i Jukatanu (Fig. 17).

We wczesnym miocenie (Fig. 21–25) nastêpowa³o dalsze rozszerzanie siê oceanów
Atlantyckiego i Arktycznego, a tak¿e dryft obu Ameryk. Procesy tektoniczne w rejonie
Morza Karaibskiego i pó³nocnej czêœci Ameryki Po³udniowej doprowadzi³y do powstania
przesmyku panamskiego, ci¹gle zalanego przez morze (Fig. 22). Istnia³o po³¹czenie morskie
pomiêdzy Atlantykiem i Pacyfikiem. Szat-burdyga³ by³ okresem g³ównej fazy orogenezy
alpejskiej, formowania siê gór w obszarze alpejsko-karpackim, œródziemnomorskim, hima-
lajskim i Azji centralnej (Fig. 23, 24). Kolizja Australii i Filipin z Eurazj¹ w neogenie
zapocz¹tkowa³a tektonikê kompresyjn¹ w Azji po³udniowo-wschodniej. W zachodniej
czêœci Tetyda zosta³a zast¹piona przez wspó³czesne Morze Œródziemne. Arabia oddzieli³a
siê od Afryki, powsta³o Morze Czerwone i ryft wschodnioafrykañski (Fig. 23, 24). Ruchy
przesuwcze w rejonie Grenlandii i Svalbardu doprowadzi³y do szerokiego po³¹czenia
pó³nocnego Atlantyku z basenem eurazjatyckim w Arktyce. Zaawansowany spreding trwa³
na obszarze pomiêdzy Ameryk¹ Po³udniow¹, Afryk¹ i Antarktyd¹ (Fig. 25).
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W œrodkowym miocenie (Fig. 26–30) nast¹pi³o przyœpieszenie ruchu Ameryki Po³ud-
niowej. Zwi¹zane z tym by³o odnowienie ruchów orogenicznych miocenie Andach i po-
wstanie strefy subdukcji na po³udniowym obrze¿eniu Morza Karaibskiego (Fig. 27, 30).

Orogeneza himalajska w Azji zwi¹zana jest dalszym procesem ekstruzji Azji po³ud-
niowo-wschodniej, rozwojem uskoków przesuwczych i zwi¹zanych z nimi basenów, któ-
rych przyk³adem jest basen Rzeki Czerwonej w Wietnamie (Fig. 28). W okresie tym
powsta³o Morze Po³udniowochiñskie. Kolizja Arabii z p³ytami irañskimi doprowadzi³a do
powstania orogenu gór Zagros. Kolizje Indii i Arabii mia³y swój wp³yw na geodynamiczn¹
ewolucjê Azji centralnej, a tak¿e Kaukazu, Morza Czarnego i Morza Kaspijskiego. Na ob-
szarze alpejsko-karpackim nast¹pi³a g³ówna faza kolizji Alkapy i Adrii z p³yt¹ europejsk¹.
Ukoœna kolizja pomiêdzy p³yt¹ pó³nocnoeuropejsk¹ i naje¿d¿aj¹cymi na ni¹ p³ytami Karpat
Zachodnich prowadzi³a do rozwoju zewnêtrznej pryzmy akrecyjnej, uformowania siê sze-
regu p³aszczowin fliszowych i utworzenia zapadliska przedgórskiego. P³aszczowiny by³y
odk³ute od swojego pierwotnego pod³o¿a i nasuniête na paleozoiczno-mezozoiczne osady
platformy pó³nocnoeuropejskiej pokryte czêœciowo przez utwory trzeciorzêdowe. Utwory
te na Ni¿u Europejskim zawieraj¹ facje œrodowiska jeziornego z pok³adami wêgla brunat-
nego (Fig. 29).

Zaawansowany spreding trwa³ na obszarze pomiêdzy Ameryk¹ Po³udniow¹, Afryk¹
i Antarktyd¹ (Fig. 30). Rozwija³o siê zlodowacenie na pó³kuli po³udniowej.

W póŸnym miocenie-pliocenie (Fig. 31–35) nast¹pi³ dalszy rozwój orogenezy andyj-
skiej i reorganizacja tektoniczna rejonu Morza Karaibskiego. W póŸnym miocenie ci¹gle
istnia³o po³¹czenie morskie pomiêdzy Atlantykiem i Pacyfikiem (Fig. 32). Zosta³o ono zlikwi-
dowane w pliocenie, kiedy przesmyk œrodkowoamerykañski (panamski) sta³ siê obszarem
l¹dowym. Zamkniêcie przesmyku spowodowa³o zmianê cyrkulacji oceanicznej i w konsek-
wencji zmianê klimatu na ch³odniejszy oraz powstanie zlodowacenia na pó³kuli pó³nocnej.
Klimat Ziemi w kenozoiku odzwierciedla etapy tektoniczne rozpadu i ³¹czenia siê kon-
tynentów. Klimat zmienia³ siê od ciep³ego do wspó³czesnego okresu zimnego. Przez ca³y
paleogen i neogen a¿ po pliocen istnia³y rozleg³e platformy wêglanowe na obszarze wokó³-
atlantyckim, miêdzy innymi na obszarze wysp Bahama, Florydy i Jukatanu (Fig. 32). Zatoka
Meksykañska natomiast charakteryzowa³a siê sedymentacj¹ klastyczn¹ p³ytkomorsk¹ na
obrze¿ach i g³êbokomorsk¹ w centralnej czêœci basenu.

Rejon obrze¿y Oceanu Indyjskiego charakteryzuje powstanie licznych delt (Fig. 33).
Delty Indusu i Gangesu i ich sto¿ki siêgaj¹ce daleko w g³¹b oceanu by³y zasilane materia-
³em z wypiêtrzanych i erodowanych Himalajów. Himalaje dostarcza³y te¿ materia³ kla-
styczny do po³o¿onego w pó³nocnych Indiach rowu przedgórskiego. Kolizja Indii z Eurazj¹
doprowadzi³a do powstania uskoków przesuwczych siêgaj¹cych w g³¹b Azji centralnej
(Fig. 34). Na obszarze pomiêdzy Afryk¹ a Europ¹ w wyniku ewolucji morza Alboran
nast¹pi³o zamkniêcie Cieœniny Gibraltarskiej. Odciêcie Morza Œródziemnego od Atlantyku
spowodowa³o kryzys salinarny. Seria ewaporatów o mi¹¿szoœci 3000 m osadzi³a siê na dnie
morza. Ruchy górotwórcze mia³y miejsce w pó³nocnej Afryce. W pó³nocnej Europie mia³o
miejsce wypiêtrzanie Norwegii oraz zwi¹zana z tym erozja i dostarczanie materia³u kla-
stycznego do basenów pó³nocnoatlantyckich (Fig. 34). Zaawansowany spreding trwa³
w dalszym ci¹gu na obszarze pomiêdzy Ameryk¹ Po³udniow¹, Afryk¹ i Antarktyd¹
(Fig. 35). Delty rzeki Orange i Limpopo dostarcza³y materia³ klastyczny do basenów wokó³
po³udniowej Afryki.
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