
The Story of Tethys

How many Wives Did Okeanos Have？

by A.M. CeI51舀engor

For a century now the Tethys has been regarded as
the ancestral sea out of which the Alpine-Himalayan
mountain ranges grew.   Plate tectonic theory ini一
tially identified it with an eastwards-opening trian-
gular embayment within the Permo-Triassic Pangaea,
but this led to a dilemma because the 'classical'

Tethys had not been born until the Triassic. In this

review, the dilemma is resolved by reco卯ising the
former existence of another, older Tethys (Paleo-
Tethys), a contemporary of Pangaea.   Its closure
formed the Cimmeride orogenic system, which is dis-

tinct from, but largely overprinted by the Alpide
orogenic system, a product of the demise of the
'classical" Tethzjs (Neo-Tethys)。

marine deposits of Jurassic age (Fig. 1). His father-in-law,
the great Austrian geologist Eduard Suess, pointed out in
1893 that this Jurassic marine realm  had been in fact an

ocean,   whose   compressional obliteration   between   the
northern Angara-Land and the southern Gondwana-Land had
generated   the   Alpine-Himalaya   mountain   chains.   To
underline its oceanic character, Suess called this sea Tethys,
the sister and wife of Okeanos, the god of the ocean in Greek
mythology. In 1895, Suess further pointed out that the age of
Tethys had extended down into the Triassic.

Introduction

Most Asiatic mythologies agree in placing into south-central
Asia a former inland sea known as Ardvisura in Iran, as
Sijt-Ak-K6I in Turkestan, as Marvo in India, and as Han Hai in
China. In 1885, the German stratigrapher Melchior Neumayr
replaced these mythical bodies of water with one whose
former existence was firmly based on the distribution of

The notion of Tethys turned out to be one of the most
important and durable concepts that modern geology has
inherited. However, its importance and durability have been
largely due to its tremendous variability developed during the
first quarter of our century.   Following Neumayr's lead,
paleo-biogeographers declared it an equatorial seaway frorn
Central America to Southeast Asia with a distinct faunH

(Fig. 2A). For stratigraphers Tethys implied a certain col-

Figure 1:   Melchior   Neumayr's   Jurassic   seawau

(Zentrales Mittelmeer)，which later formed the basis
upon which Suess built 五is 距亡为ys concept ． Fro-
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lection of mainly Mesozoic marine facies realms. Tectoni-
cians were divided into two camps in regard to Tethys. Some
considered it a "fixed" geosyncline that had existed since the
later Proterozoic and that had diminished in size progres-
sively throughout the Phanerozoic and eliminated finally
during the "Alpine orogeny" (Fig. 213), while others saw it as a
rather narrow "mobile" marine realm caught up between the
drifting continental rafts of Laurasia and Gondwana-Land
(Fig. 2C).

All these diverse, even incompatible views had one attribute
in common that they had inherited from Neumayr and Suess:
they all regarded Tethys as a single feature. Whether an
epicontmental seaway, or an ocean, or a geosyncline, it was
believed to have been one narrow marine realm bordered by
two major continental masses.

TABLE 1

Generalised timing of events along the Tethyside sutures.
Suture segments keyed to Figure 4. Along the Cimmeride
sutures only times of ocean closure are indicated, whereas
along the Alpide sutures both opening (0) and closing (C)
times are given.
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瘪 U _Ii t PhN(Fig. 3A) seemed to provide a resounding confirmation of the
existence and the singularity of the Tethys, and its obliter-
ation during the later dispersal of Pangaea, coeval with the
growth of the Alpine-Himalayan orogenic system, was hailed
as one of the great predictive successes of the theory of
plate tectonics (Dietz and Holden, 1970).

Already in 1971, however, Alan Smith knew that the story of
Tethys was not as straightforward as geologists had been led
to believe, for he had in vain searched for vestiges of the
Permo-Tr)assic oceanic gap in the Alpine System, i.e. the
Mesozoic-Cenozoic orogenic belts around the Mediterranean
Sea! While continental reconstructions demanded a fairly
wide Tethys during Permo-Triassic time, field evidence from
the circum-Mediterranean regions appeared to indicate con-
sistently that no Tethys could have existed prior to the
medial Triassic (Smith, 1973).
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There seemed to be three ways out of Smith's dilemma.
first was

weight of
to question the validity of plate tectonics, but
the corroborative evidence from everywhere

The

the

else

C
Figure
Tethys:

2J

  A

Early   20th   century   variations   on
一a palaeo-blogeographer's vision of Tethys

4
in Permian time (Schuchert, 1928)；
(Stille, 1949); C一a mobilist view

a 一 a fixist view

(Staub, 1928)。
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tins since made this an unfruitful line

possibility, that the reconstructions
been erroneous, has been explored by
Fig. 3B). Smith himself proposed one
in which the Pangaean embayment
where there are many inconsistencies
Pangaea. The most recent consensus
a Pangaean geometry very similar to

of attack.
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such revision(Fig
largely absent

have

(e.g.
．30

  hilt

the western part of
seems to favour again
that which had origi-

nally appeared incompatible with the field evidence (Van der
Voo et al., 1984). The resulting desperation has pushed such
authors as St6eklin (1983) and Owen (1983) to consider
expanding Earth models (Fig. W .   These are, however,
generally viewed as unlikely for sundry reasons (cf. Hallam,
1984a).

The third and perhaps the most unsophisticated possibility
was to consider the adduced field evidence insufficient to

discuss whether there really was a Tethyan dilemma. Many
authors who regard the paradox as real tend to overlook the
fact that it has been based entirely on negative evidence, i.e.
on the absence of indicators of a Permo-Triassic ocean in

areas where regional geological work is still at a recormais-
sance stage and from where the results of existing studies
only irregularly reach the international audience.

In the following section I review the present suture distri-
bution in, and the evolution of the Alpine-Himalayan system
to show the existence of the Permo-Triassic Pangaean em-
bavment from about the Balkan Peninsula eastwards. This

一丫嘿尊

appears to have closed concurrently with the. opening of the,
ocean that has been traditionally regarded as the Tethys.
Although the data on which the lollowing discussions are
based cannot be documented here, there are detailed
discussions and a rich listing of the relevant literature in
Belov (1981), Klimetz (1983), Khain (1984),虽eng6r (1984, in
press), Zhang et al. (1984),虽eng6r and Ilsij (in press),圣eng6r
et al. (1985), Savostin et al. (in press), and Westphal et al. (in
press).

Tethyan Blocks, Sutures, and Orogens

Smith's dilemma originally arose because the suture zones
that he and his followers considered in the Alpine System had
proved to represent entirely post-Palaeozoic oceans, i.e. the
Tethys in the classical sense (Table 1).虽eng6r (1984) termed
Alpides the orogenic belts that had grown out of the
ITclassical" Tethys. Figure 4 shows the distribution of the
Alpide sutures in the Alpine-Himalayan mountain ranges as a
whole, those in the Alpine System forming a small subset.

Figure 4 also shows another set of sutures located generally
north of and parallel with the Alpide sutures.虽eng6r (1984;
in press) showed that ocean closure along this set of sutures
occurred largely during late Triassic to medial Jurassic time

Figure 3： Plate tectonic variations on Tethys: A-

the triangular Pangaean embayment of Wilson (1963)；

B- Morel and Irving's (1981) 'Pangaea B" that reduces
the size of the embayment considerably; C- the

end-Palaeozoic Pangaea of Smith and others (1981)，
D-Owen's (1983) reconstruction for 180-200 Ma on a

base 80% of the modern diameter of the Earth。
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Figure 4: Distribution of the Tethyside sutures and blocks.   The non-Tethyan late Palaeozoic
sutures in Europe（"Hercynides') and in Asia（"Altaids") are shown to illustrate their complete
independence from the Tethysides (possibly except the South Ghissar suture shown by G)． Z一
northern boundary suture of North China block according to Zhang et al． (1984)。E 一 East
Anatolian accretionary complex.   M 一 Makran accretionary complex.   S 一 Songpan-Ganzi
System. For timing of events along the Tethyside sutures, see Table I.   Modified and updated

after }en扩r, 1984·

Cimmeride Sutur己5： Tethyside blocks:

    I 一Main Palaeo-Tethyan suture in

          the BalkanlCarpathian
              Cimmerides.

  1I 一North Dobrudja suture

  III 一Main Palaeo-Tethyan suture in

          northern Turkey。

  IV 一Main Palaeo-Tethyan suture in
              Caucasus。

      V 一 Talesh-Mashhad suture。

  VI 一Paropamisus-Hundu
            Kush-Northern Pamir suture。

  VII 一Waser (Farah-Rud夕suture．

VITI 一Northern "synclinorium" of
                western Kuen-Lun 。

  ix 一Southern "synclinorium" of

              western Kuen-Lun 。

    X 一Tanggula (Banggong CO-Nu

            Jiang) suture．

  X1 一 Burhan Budai Shan-Anyemaqen

              Shan suture.

  X11 一Lancan Jiang suture.

XIII 一Jingsha Jiang suture.

  xiv 一Litang suture.
    xv 一 West Thailand suture.

  xv, 一 ．Petchabun" suture.

  xvi 一Song Da (Black River) suture．

XVII 一Song Ma (Red River) suture.

XVIII 一Sittang Valley-Myitkyina zone
                suture.

  xix 一Medial Malaya zone （"Central

            Graben"少 suture.

  xx 一Natuna (Bunguran) suture.

  XXI 一Main Qin-Ling suture.

XXI’ 一 ? North Qin-Ling suture.

xxii 一Mid-South China platform
                suture.

XXIII 一 West Ordos sutu工e。

xxiv 一Great Khingan suture.
  xxv 一 Shilka zone suture.

Alpide sutures   (asterisk*   indicates
sutures of quasi-oceanic basins)：

  1 一Pyrenean suture.
  2 一 Betic suture*.

  3 一Riff suture*.

  4 一Hi护 Atlas suture气
  5 一 Saharan Atlas suture*.

  6 一Kabylian suture*.
  7 一Apennine suture.

  8 一Alpine suture.
  9 一Pieniny Klippen Belt suture.

  10 一 Circum-Moesian suture.

  11一Mure.} suture·
  12一Conjectural ffIntra-Pannonian

          Belt" suture.

  13 一 Intra-Pontide suture.

  14一Vardar-lzmir-Ankara suture．
  15一Pindos-Budva-Karakaya basin

        suture   (Karakaya   part   is
        Cimmeride.）

  16 一 Erzincan suture.

  17 一  Inner-Tauride suture.

  18 一Antalya suture.

  19一Cyprus suture.

  20 一Assyrian suture.
  21 一 Maden suture.

  22 一Sevan-Akera-Qarata护 suture.
  23 一 Slate-diabase zone suture.

  24 一Zagros suture.
  25 一 Circum-Central Iranian

          microcontinent suture.

  26 一    Waziristan suture.

  27 一 Kohistan sutures。

  28 一 Ladakh sutures.

  29一Indus-Yarlung-Zangbo suture.
  30 一 Burma suture.

  31一Mid-Sumatran suture。

  32 一 Meratus suture.

Moroccan meseta

Oran meseta

Alboran fragment
Iberian meseta

African promontory

Rhodope-Pontide fragment

Sakarya continent

Kir,jehir block
Northwest Iran

Central Iranian microcontinent

Farah block

Helmand block (sensu }eng6r,
1984)

Western Kuen-Lun Central

Meganticlinorium

North Tibetan (Oangtang) block

South Tibetan (Lhasa) block
Shaluli Shan arc

Chola Shan arc

Annamia block

North China 乙Sino-Korean) platform
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  Tethyside "super

Alpide orogenic

the Cimmeride and

areas of cratonic

disruption   associated   with   each   (Modified after

量eng5r, 1984)． Key to the smaller letters: A 二
Alps, Al ＝ Alborz, Ap ＝ Apennines, At ＝ Atlas, B ＝

Betics,   C ＝ Carpathians,   Ca ＝ Caucasus,   D ＝

Dinarldes, DA＝Donetz aulacogen, DB＝Junggar basin，
H ＝ Hellenides, H-RR ＝ Hanta夕-Rybninsk Rift， IR ＝
Irkineev Rift， NCD 二 North Caspian Depression； P ＝

Pyrenees, PA ＝ Pachelma aulacogen, R ＝ Riff   .   , S =

Suleiman   ranges,   T ＝ Turkish   ranges,   TFF 一

Talasso-Fergana fault，and Z ＝ Zagros． Key to the
larger letters: A ＝ Alpine syntaxis, T ＝ Turkish

syntaxis, P ＝Pamir syntaxis, T＝ Yunnan syntaxis.

discovered (Suess, 1909, p. 22). Figure 5 shows the areal
extent of the Cimmeride and Alpide orogenic systems,
together   e.onstituting   the   "super   orogenic   complex"
Tethysides（圣eng6r, 1984). It has thus become apparent that
the Alpine-Himalayan mountain ranges are actually formed
from two different, but largely superimposed orogenic
systems that resulted from two independent groups of ocean
closure events (Table 1).

(Table I) and generated a multi-branched orogenic system
that was entirely independent of, but widely overprinted by
the Alpides, thus making its recognition extremely difficult.
This early to medial Mesozoic orogenic belt蚤eng6r (1984)
named the Cimmerides, after the Cimmerii, the oldest known
inhabitants of the northwestern shores of the Black Sea

where evidence for Cimmeride orogenic events had been first

The Alpides are the products of the convergence and final
collision with Eurasia of independent pieces of the dispersed
Gondwana-Land, such as Afro-Arabia and India (cf. Savostin
et al., in press; Westphal et al., in press). Likewise, the
Cimmerides seem to have been generated by the collision,
with Eurasia also, of two groups of continental objects. One
of these between the Balkans and Malaysia (stippled in
Fig. 4) was dominated by a long and evidently not very wide
continental stripe that rifted from the northern margin of
Gondwana-Land   during   the   latest   Palaeozoic-earliest
Mesozoic and united with Eurasia during the late Triassic-
medial Jurassic interval (Table 1). This Cimmerian Continent
（签eng6r, 1979) further distintegrated as it moved across the
Tethyan domain 一 but without disrupting its east-west
continuity (Fig. 6A-C)!
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Some of the oceans that formed during its disintegration
remained entirely inside the Cimmerian Continent, whereas
others became branches of the ocean that opened behind it.
'engi5r (1979) called the ocean that closed north ("in front")
of the Cimmerian Continent Palaeo-Tethys, which he
identified with the original Permo-Triassic Pangaean embay-
ment. The ocean that formed between the Cimmerian
Continent and Gondwana-Land (i.e. "behind" the Cimmerian

Continent) he called Neo-Tethys, which corresponds with the
"classical" Tethys.

The second group of continental blocks that collided with
Eurasia and the Cimmerian Continent to eliminate Palaeo-

Tethys was located east of the IOOOE meridian and consisted
of three major pieces: the North ("Sino-Korean") and South
("Yangtse") China platforms, the Indochina ("Annamial')
block, and a number of other smaller blocks (Fig. 4;虽engbr

and HsiJ, in press). Although no unequivocal evidence now
exists to identify the provenance of these blocks, it is
strongly suspected that they may have parted from
Gondwana-Land before the Carboniferous.

All of the continental blocks that now lie welded to each

other within the Tethysides (Fig. 4) constitute the Cimmeride
orogenic collage（虽eng6r, 1984). The accretionary history of
this collage around the southern fringe of Eurasia makes up
the story of the demise of Palaeo- and the birth of
Neo-Tethys.

History of Accretion of the Cimmeride Orogenic Collage

The story of the demise of Palaeo-Tethys and the growth of
the Cim meride or
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Figure 7:   Deformed   Devonian   clastics （"Dizi

Series') along the Inguri Valley in the Svanetia
region of the   southern   slope of the Greater

Caucasus. These rocks and represent the northernmost

outcrop of the Cimmerian Continent in the Caucasus.
The deformation is post-Triassic in age and is
interpreted to have occurred during the closure of
Palaeo-Tethys (Photo: A.M.C.互eng(5r)·

begun locally both along the southern and northern margins of
the future Palaeo-Tethys, even before it formed by the latest
Carboniferous assembly of the supercontinent. Subduction
toward Gondwana-Land began in northern Turkey in
Westphalian B time, whereas in Thailand it was earliest
Tournaisian, both cases evidenced by the beginning of
arc-type magmatic activity. Subduction toward Laurasia
began during the medial Carboniferous along a line stretching
from the Paropamisus (VI in Fig. 4) all the way to northern
Kuen-Lun (VIII).

These events have been known for at least a quarter of a
century, but so far they have been viewed as "Hercynian"
events and their relationships with Tethyan evolution have
been overlooked (Khain, 1984).   By the end of the

Cimmeride suture. As indicated in Figure 6C, these rifts
later spread to isolate a "Central Iranian microcontinent"
(the Lut Block of St6cklin, 1974).

Between Iran and the Balkans, Palaeo-Tethys closed in
earliest Jurassic time in the Caucasus along what is now a
rather cryptic suture (IV; Fig. 7), and during medial Jurassic
time in Turkey (III; Fig. 8), Bulgaria, northern Greece, and
possibly Yugoslavia 0). The earliest medial Jurassic sutu.re in
the North Dobrudja (II) is believed to be a. later displaced
fragment of the north Turkish Cimmeride suture（虽engbr et
al., 1985).

Before the final closure of Palaeo一ethys, two opening
events, which formed back-are basins, successively per-
forated the bulk of the Cimmerian Continent in the eastern

Mediterranean area., The first one opened during the latest
Permian-earliest Triassic interval along the Pindos-Budva-
Karakaya suture trace (15 in Fig. 4). This event produced
what is thought to be a small ocean basin, whose eastern half
closed by latest Triassic time怪engdr et al., 1985), whereas
the Pindos-Budva segment survived until the early Cenozoic
(Table 1). The second opening produced a multi-branched
ocean (13, 14, 16, 17) that became the northern branch of
Neo-Tethys in the Mediterranean region（虽eng6r et al., 1985;

Carboniferous only the small continental fragment known as
the "Central Meganticlinorium of western Kuen-Lun" (in in
Fig. 4) had already collided with Eurasia. Also during
Carboniferous time Annamia acquired a collar of collisional
orogens by the docking against it of two island arcs along the
sutures XVII and W .

Rifting associated with the beginning of the separation of the
Cimmerian Continent from northern Gondwana-L'and com-

menced by local normal faulting (as in the Kuh-e Dinar area
in the Zagros) and voluminous basaltic eruptions (as in the
case of the Panjal Trap in Kashmir) during the Permian (Fig.
6A), but actual continental separation probably took place
diachronously from east to west during the earliest (in the
Himalaya) to medial Triassic time (in Turkey). Also during
the earliest Triassic (possibly already during the latest
Permian) the Cimmerian Continent split longitudinally from
central-south Afghanistan all the way to Burma to open the
Tanggula-W姆er ocean (Fig. 6B). Later, during the medial to
latest Jurassic interval this intra-Cimmerian Continent ocean

closed along a line that extends from the Farah-Rud zone in
Afghanistan (Blaise et al., 1978), through the Banggong Co-

虽eng6r, in press).

East of Iran, collision along the Paropamisus一Northern
Pamir (VI）一Southern Kuen-Lun (IX）一Burhan Budai Shan (XI)
suture systems occurred largely during early Jurassic time as
evidenced by the termination of marine conditions and strong
orogenic deformation, and by the onset of widespread
molasse sedimentation. In these regions intra-continental
convergence continued after the collision as shown by the
Jurassic compressional structures and persistent topographic
highs along the suture zone until early Cretaceous time.
Hallam (1984b) recently argued that the "anomalous" late
Jurassic arid belt of western and central Asia may have
developed in the rain shadow of the Cimmeride mountains
that rimmed the southern periphery of Eurasia at the time,
when monsoonal winds possibly had a more dominant role
than today (Fig. 6C).

As far east as the Burhan Budai Shan, the main trunk of the
Cimmeridge orogenic system shows south-facing orogenic
polarity. East of the 920E meridian, a north- and then
east-facing orogenic wing developed on the northern and
eastern margin of the Cimmerian Continent south of the
south-facing wing, thus making the Cimmeride orogen two-
sided, much like the British Caledonides (Fig. 4).

参扭磷
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弊厂飞犷矍翼黔卜掣
          ‘ ’‘鑫二＿春 一蕊鬓澎毅
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The original shape of the Cimmerian Continent (and/or the
southern margin of Eurasia) must have been rather irregular,
for the earliest collisional contact it established with Eurasia

钾

was in northern Iran, along the Talesh-Mashhad suture (V),
during the late Triassic. As seen in Figure 613, this collision
probably also resulted in the splitting of the Cimmerian
Continent in Iran along two rifts at high angles to the

Figure 8: 刀evonian carbonate rocks belonging to
the Istanbul Nappe.   These overlie the Triassic
Ak叻1 Flysch of the Kare Nappe and represent a
Palaeo-Tethyan subduction-accretion complex (Photo:
M. Aydin)。
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Between this long, composite
a very

collage
and the main bulk of Eurasia, only a

narrow remnant of the original Palaeo-Tethys had remained
during the late Triassic.

This remnant was filled with accretionary m6lange and flysch
complexes, much like those of the present Makran (M in
Fig. 4; Farhoudi and Karig, 1977) and Alaska (Dickinson and
Seely, 1979), and whose own remnants are now seen in the
Songpan-Ganzi System of China（虽eng6r, 1981) (Fig. 4). As
seen in Figure 6B, this accretionary fill formed a virtual land
area between the "offshore" collage and the mainland and
enabled a number of land vertebrates of Laurasian affinities

to cross over to Southeast Asia during the late Triassic and
Jurassic time (Buffetaut, 1981).

Continued convergence of the collage and the main continent
further tightened and deformed the accretionary fill, beneath
which ocean floor subduction was continuing to accommodate
the ongoing convergence, albeit in a "hidden" fashion (cf.
虽eng6r, 1984) under the peripheral arcs of the Songpan-Ganzi
System until the early Cretaceous (Fig. 6D)怪engbr and HsU,
in press). Palaeomagnetic evidence shows that the tightening
of the suture zones and the Songpan-Ganzi System,
presumably by the constriction of the original flysch and
m6lange fill, resulted in a 16501750 km northward motion of
Annamia and South China during the Jurassic (Achache, 1984).

Finally, during the latest Jurassic-earliest Cretaceous time,
the formation of the Cimmeride orogenic System and the
elimination of Palaeo-Tethys, were completed by the closure
of the Shilka suture (XXV: for a different view of the
tectonics of northeastern China see Zhang et al., 1984) and
the elimination of the Tanggula-W兮er ocean. During the
early Cretaceous (locally already during the Jurassic in the
Hellenides and in Ladakh), north-directed subduction of Neo-
Tethyan ocean floor commenced all along the southern
periphery of the former Cimmerian Continent and thus
initiated the Alpide growth on the ruins of the Cimmerides.
The story of the demise of Neo-Tethys as a partial
compensation of the opening of the Atlantic and the Indian
oceans is rather too well known to be repeated here.

Conclusions and Discussion
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Figure 9:   Late   Triassic   to   early   Cretaceous

worldwide eustatic sea-level changes (after Vail et

al．， in press) correlated with the major Cimmeride
collisions.

Another reason for the late recognition of the Cimmeride
orogenic system was that the Cimmeride events that had
taken place during the late Palaeozoic and the Triassic have
so far been viewed as "Hercynian" events, whereas those that
occurred during the Jurassic and the early Cretaceous have
been lumped into the "Alpine" orogenic cycle. Thus, the
traditional   tri-partite   subdivision   of   all   terrestrial
Phanerozoic   orogenic   phenomena   into   "Caledonian",
"Hercynian", and "Alpine" cycles has resulted in an artificial
splitting of related events in the Tethyan realm (and in most
other places as well) into different groups, thus hindering
their correct recognition.

A review of the available field evidence from the entire

Alpine-Himalayan mountain ranges shows that during early
and medial Mesozoic time the Tethyan domain consisted of
two independent oceanic realms separated by a continental
strip, or perhaps an archipelago, called the Cimmerian
Continent. This began rifting from northern Gondwana-Land
mainly during Triassic time. In the early Triassic-medial
Jurassic interval, it rotated counterclockwise around the
western apex of the triangular embayment of the Pangaea,
the Palaeo-Tethys. This rotation progressively eliminated
the Palaeo-Tethys and opened, in the wake of the Cimmerian
Continent, Neo-Tethys, which is identical with the "classical"
Tethys of Suess.

The elimination of Palaeo-Tethys, by the collision with
Eurasia not only of the Cimmerian Continent, but also of a
large orogenic collage that had mostly accreted around its
eastern end, formed the large, multi-branched orogenic
complex of the Cimmerides. In contrast the closure of Neo-
Tethys generated the Alpides, largely on the ruins of the
Cimmerides. This overprinting is one of the main reasons
why the recognition of the Cimmerides as an entirely
independent Tethyan orogenic system has been so difficult.

Ironically, although the three-fold grouping of Phanerozoic
orogenic events is a left-over from the long-abandoned
contraction theory, its phase terminology and the associated
temporal pigeon-holes still enjoy a healthy existence. They
are often encountered in plate tectonic-based publications as,
for instance, in the case of the Banggong Co-Nu Jiang suture
promptly dubbed as "Neo-Cimmerian" (Girardeau et al.,
1980 1 believe that the time has come to realise that the
entire phase terminology was based not on observations, but
on their interpretation according to a model, which is
incompatible with the behaviour of our planet as it is
currently understood. Further use of this terminology is
misleading and may lead to very serious misinterpretations in
regional geological studies,   as the example   of   the
Cimmerides has shown.

An interesting effect produced by both Cimmeride and Alpide
crogenic events (both collisional and non-collisional) is the
widespread cratonic deformation in Eurasia. These cratonic
structures are large strike-slip faults of diverse orientations,
graben complexes that trend at high angles to the orogen and
ramp valley basins that trend sub-parallel with it. Molnar
and Tapponnier have described such structures developed
during Alpide collisions (see Tapponmer et al., in press, for a
review).旦engbr (1984) has shown that a very similar set of
structures also formed during the Cimmeride evolution.

The best-known members of these are the early Mesozoic
folded belt of the Donetz (inverted aulacogen), the Porte of
Turgay graben complex and its northerly prolongation in the
southern part of the West Siberian Basin, the Junggar basin,
and the Talasso-Fergana fault (Fig. 5). As虽eng6r (1984) has
shown, a very large number of the "inversions" of former rifts
in Eurasia was nothing more than their compression across
strike as parts of much wider cratonic fields of deformation
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generated by Cimmeride and Alpide collisions along the
southern and southeastern periphery of the continent
(Fig. 5). It seems that many of the Cimmeride cratonic
structures helped to localise similar structures associated
with the Alpide events.

Because in Eurasia, Cimmeride and Alpide deformations were
roughly coaxial on a continental scale, this repetition of
similar kinds of tectonic events in more-or-less the

places (especially the basins and uplifts) has given
sam e

  the

impression that the causes of such what appeared to be
"long-lived" phenomenW1 were located beneath the respective
structures and were "fixed" in space. This line of thinking
was, I believe, what eventually led to the fixist oscillationist
hypotheses (e.g. Beloussov, 1980). The consideration of the
"double history" of the Tethysides, as reflected in the
evolution of the Cimmerides and the Alpides, shows that the
criticism directed by the fixist schools toward plate
tectonics, that it does not explain the presence of long一ived
intra-cratonic structures in Eurasia, is not valid. Moreover,
the explanation plate tectonics offers for these structures is
more satisfactory because it obviates the need to resort to ad
hoe "endogeneous regimes."

Another interesting aspect is the remarkable correlation of
times of major Cimmeride collisions with those of major falls
in sea level (Fig. 9). Dewey and Windley (1981) argued that
because collision gathers the continental crust into a smaller
area, it enlarges the volume of the oceans. Because during
collisions subduction zones, which facilitate plate motions,
are lost, collisions generally effect a global slow-down of
plate motion rates and thus a dimunition of mid-ocean ridge
volumes; this also increases the capacity of the ocean basins.
Thus, generally, collisions result in regressions.

It appears that the Cimmeride collisions provided at least one
possible factor affecting the early and medial Mesozoic
sea-level changes. The creation during the early Cretaceous
of the long Alpide subduction zone (Fig. 6D) may have been
one of the factors that led to the late Cretaceous trans-

gression. The problematic late Jurassic spread of and con-
ditions into Europe and Central Asia may have been helped
along also by the sudden Kimmeridgian sea-level drop that
was possibly related to the closure of the Tanngula-Wa'er
ocean (Fig. 9).
Finally, the evolution of the Tethysides as a whole has
disclosed a persistent trend in the evolution of Pangaea since
at least the Permian, namely the progressive disintegration

of the southern supercontinent and the northerly flight of its
dispersed pieces to unite with Eurasia. This tendency "to go
north" is also seen in the variety of much smaller blocks that
have been accreted to Japan and to the North American
Cordillera also since the Permian (Masele and Marcoux,
1982). This large-scale and persistent migration northwards
of continental blocks appears significant and somehow must
be related to, and a reflection of, the kinematics of the
first-order convective circulation, at least in the upper
mantle. If a history of convection in the mantle is ever
attempted, the evolution of the Tethyan realm, which forms
1/3 of the planetary diameter, would provide significant
constraints for a time period nearly half of the entire
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duration of the Phanerozoic.

In conclusion, the recognition of the existence ofanoth
older Tethys,
resolves the

(i.e. another "wife" of Okeanos) not

Tethyan paradox, but also illuminates
other, hitherto less well-understood facets of the tectonics
Eurasia.   Although what I have related in
paragraphs may seem satisfying and fruitful

the above

underline the fact that it is still based on very

wish to

few and

generalised data that may have led me, as the blind man in
the old Indian tale, to describe what in reality is an elephant
as a serpent, because so far I may have been able to feel only
its trunk. I cannot find a better epilogue for this article than

e
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‘

d

the words with which Suess closed his first

Tethys:
essay on

"But all this is unripe fruit. Our scholars will some
know more than their masters do now; so let us patiently
continue our work and remain friends."

A.M. Celfil虽eng6r lectures on
structural geology and tectonics in
the Istanbul Technical University.
Regional tectonics, especially of
Eurasia, is his principal topic of
interest. He is the author or co-

author of two books and more than

60 papers on tectonics and related
subjects.

References

Achache, J., 1984.   Paliomagnetisrue des zones
activ es. Croissance, destruction et formation des
marges cortinentales. Th}se de Doctorat d'Etat, Univ
Paris VIL

Beloussov, V.V., 1980. Geotectonles. Mir Publishers,
Moscow, 330p.

Hallam， A., 19841b. Continental humid and arld zones
during the Jurmic and Cretaceous. Palaeogeogr即hy.
Palaeoclimatology,Pallacoccology, v. 47, p. 195-223.

Khain, V.E., 1984. The Alpine-Mediterrsmean fold belt
of the U.S.S.R. Episodes, v. 7, no. 3, p. 20-29.

益engbr, A.M.C, 1981. The evolution of Palaeo-Tethys   Stbeklin, J., 1983. Himalayan orogeny and Ear廿

in the Tibetan segment of the Alpides. Im Geological   expansion.， Imv S.W. Carey, (ed.), Expanding Earthand Ecological Studies of the Qinghai-Xizang (Tibet)   symposium, University of Tasmania, Hobart, 1). 119-130.

Belov, A.A., 1981. Tectonic development of the Alpine
folded area in Palaeozoic. Transactions, Academy of
Sciences of the U.S.S.R., v. 347, 212p. (in Russian).

Blaise, J., Bordet, P., Carbonnel, J-P. and Montenat,
C., 1978. Flyschs at ophiolites dam Ia r龟ion de Panjaw:
un e autur  e neocimmerienne an Afzhanistan central.
B。】letin de Is Societe geologique de Fran傀，7- ser.,

Plateau. Science Press, Beijing,，．1, p. 51-56.

}engdr, A.M.C, 1984. The Cimmeride Orogerde System
and the Tectonics of Eurasia. Geological Society of
America Special Paper 19气p. xi+82.

务engdr, A.M.C, in press. Die Alpiden und die
Kimmeridem Die verdoppelte Geschichte der Tethys.
Geologische Rundschau.

Sum, E., 1893. Are great ocean depths permanent9
Natural Science, v. 2, p. 180-187.

Sum,te E.,e 1895.Comptes-Rendus H糯．总澄瓮气蛊rnie嘿
Sciences de Paris, v. 121, p. 1113-1116.

Sum, E., 1909. Des Antlitz der Erde, v. 3/11. Tempsky,
Wien, 789p.

受eng6r, A.M.C. and Hall, K.J, in
of Eastern Asim History of
Palaeo-Tethys.Mimoires de妞

press. The Cimmerides
the eastern end of
Sociit6 g6ologique de

Tapp.nnier, P., Peltzer, G. and Armijo, R., in press, On
the mechanics of the collision between India and Asia.
Journal of the Geological Society of London.

v. 20, p. 795-798.

Dewey, J.P. and Windley, B., 1981. Growth and
differentiation of the continental crust. Philosophical
Transactions of the Royal Society of London, v. A301,
p. 189-206.

Dickinson, W.R. and Seely, D.R., 1979. Structure and]
stratigra曲y of foreare regions. Bulletin of the
American Association of Petroleum Geologists, v. 63,
p. 2-31.

Dietz, R.S. and Holden, J.C., 1970. Reconstruction of
Panga am Breakup and dispersion of continents, Perm   ian
to pres   ant. Journal of Geophysical Research,v   75,
p.4 939-4955.

Fa rhoudi, G. and Karig, D.E., 1977. Makrm of Iran and
Pa kistan as an active we system . Geology, v. 5,
p. 664-668.

Girardeau, J., Marcoux, J., Allegre, C.J., Bassuollat
J.P， Tang Youking, Zao Y-gong and Wang Xibin, 1984.
Tecton 'e env   'ronment and geodynamic significance of
the NeO｛im   merian Do阅iao ophiolite,旧argong-Nu
Jiang suture zone, Tibet, Nature, v. 307, p. 27-31.

Hallam, A., 1984a. The unlikelihood of an expanding
Earth. Geological Magazine, v. 121, p. 653-655.

Klimatz, M., 1983. Speculations on the Mesozoic plate
tectorde evolution of eastern China. Tectonics, V. 2,
p. 139-16 6.

Masele , G. and Marcoux, J., 1982. An alogies an让 a Is
iethy， mesogeenne at is iexnys OueST   america ine,
com6quenoes．   Atti della Accademia Nazionale dei
Lincel,   Rendiconti   classe   di   scienze   fisiche,
maternatiche a raturall, v. 72, p. 37 3-379.

Mitchell, A.H.P.,1 981. Phanerozoic plate boundaries in
mainland BE Asia, Himalaya and Tibet. Journal of the
Geological Society of London, v. 138, p. 109-122.

Morel， P. and Irving, E., 1981. Paleomagnetism and the
evolution of Pa ng目 sa. Journal of Geophysical Research,
v. 86,卜185卜1872 .

Neumayr, M., 1885. Die geogra讨ische Varbre Hung der
Juraformation. Dankschriften der kaiserlie hen und

k6niglichen Akademie der Wissenschaften zu Wien,
mathema tisch-naturwissenschaftliche   Classe,   v. 15,
p. 57-114 .

Neumayr,   M.,   1887.   Erdgeschichte,   vol.   2,
Beachreiben de Geologic. Verlag des Bibllogr即hischen
Instituts'88   Op.

Owen, H.G., 1983. Atlas of Continental Displacement,
200 Million Years to the Present. Cambridge University
Press, Cambridga, 159p.

Savostin, L.A., Sibuet, J.-C., Zonenshain, L.P., Le
Pichon, X. and Roulet, M J., In press. Kinematic
evolution of Tethys belt from the Atlantic mean, of
Pamir since Triassic. Tectonophysics.

Schuc hert, C., 1928. The hypothesis of continental
displa cement. In: Theory of Continental   Drift.
American Association of Petroleum Geologists. Tulsa,

Geologists Memoir on Interregional Unconformities.

Van der Voo, R, Peinado, J. and Scotma, C.R., 1984. A
paleomagnetic   reevaluation   of   Pangaea
Re constructions.   In:   Geodynamics   series   (Plate
Recons    truction from Palsozoic Paleomagnetism), } 12,
P. 11一26   .

Westphal, M., Bazhanov, M.I., Lauer, J.-P., Pechersky,
D.M. W Sibuet, J.-C., in press. Paleornagnetic
implications of the evolution of the Tethys belt from
the   Atlantic   ocean   to   Pamirs   since   Trim.

Tectonophysics.

Wilson, J.T., 1963. Hypothesis of Earth's behaviour.
Nature, v. 198, p. 925-929.

Zhang, Zh.M., Liou, J.G. and Coleman, R.G., 1984. An
outline of the plate tectonics of China. Geological
Society of America Bulletin, v. 95, p. 295,312.

Oklahoma, p. 104-144.

谷eng6r, A.M.C., 1979
Permo-Triassic Tethys
v. 279, p. 590-593.

end

id-Mmozoic, c1c
its implications. Nature

卜ng6r, A.M.C, YLImaz, Y. and Sungurlu, 0, 1985.
Tectonics of the Mediterranean Cimmerides} nature and

evolution of the western termination of Paaeb-Tethys.
In: Geological Evolution of the Eastern Mediterrane叭
Geological Society of London Special Publication,
p. 117-152.

Smith, A.G., 1971. Alpine deformation and the oceanic
areas of the Tethys   ' Mediterranean and Atlantic.
Geological Society of   America   Bulletin,   v. 82,
p. 2039-2070.

Smith, A.G., 1973. The s,called Tethyan ophiolites. Im
Tarli昭，D.H. and Runcorn, S.K. (ads.), Implications of
Continental Drift to比a Earth Sciences, v. 2, Academic
Press, London, p. 977-986.

Smith, A.G., Hurley, A.M. and Briden, J.C., 1981.
Phanerozoic Poleocontinental World Maps. Cambridge
University Press, Cambridge, 102p.

Staub, R., 1928. Der Rewegungemechariamus der Erde.
GabrUder Borntragager, Berlin, 270p.

Stille, H，1949. Des Leitmotiv der geotektoniwhen
Erdentwicklung.   Deutsche   Akademie   der
Wiwenschaften zu Berlin, Vortr6ge und Schriften, v. 32,
p. 1-27.

Stbcklin, J., 1974. Posaible ancient continental margins
in Iran. Im Burk, C.A. and Drake, C.L. (eds.). The
Geology of Continental Margins, Springer-Yerlag,
Berlin, p. 873-887.

12 Episodes, Vol. 8, No. 1, March 1985


