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The reason why the tremendous importance of this style of orogeny was not widely
recognised earlier was, we think, the undue emphasis placed on Alpine- and Hima-
layan-type collisional orogens (cf. SENGGR 1990a and in press), conditioned by the
familiarity of the world geologic community with the tectonics of the Tethysides (cf.
SenGOr 1989). Few tectonic geologists in the past have looked at orogeny at a truly
global scale, and of those who did, few approached the breadth ArGanp (1924) dis-
played in his immortal La Tectonique de [Asie. In that work, Argand recognised the
occurrence and importance of what we here call Turkic-type orogeny, despite the fact
that he never recognised subduction. His recognition was based on the previous ideas
that Eduard Suess had developed on marginal continental growth by destroying oceans
and led to still more sophisticated models by Otto Ampferer and Franz Eduard Suess.
Their views were largely forgotten, however, under the dominance of the Kober-Stille
school until the rise of plate tectonics; even with plate tectonics, it has taken a con-
siderable time to recognise the presence and widespread occurrence of Turkic-type
orogenic belts owing to their highly complicated and difficult-to-analyse internal archi-
tecture.

Acknowledgments

We are grateful to Professors Philippe Matte, Paul Tapponnier, Deng Wanming, Wang Yi and Chang Cheng Fa
for sharing with us their knowledge of the geology of the Western Kuen-Lun. Paul Tapponnier and Maurice Brunel
supplied to us the most recent French documents of the Franco-Chinese expeditions to the Kuen-Lun. Prof.
Maurizio Gaetani supplied us a pre-print of the upcoming expedition report to the western Tibetan plateau and
cnriched us with many discussions on the same topic. Prof. Xu Shutong and Dr. Aral |. Okay provided us with much
of the recent Chinese publications on the Kuen-Lun. Academician Prof. V.E. Khain, Drs. A.A. Belov, V.S. Burtman,
A.A. Bakirov, K. Osmanbetov and L.P. Zonenshain are thanked for discussions and publications on Soviet Central
Asia. Prof. B.F. Windley kindly drew our attention to the Svecofennian Proterozoic example of a Turkic-type devel-
opment. Dr. David B. Rowley reminded us of the isotopic studies of the Stanford Group in the Jungar Basin.
Philippe Matte, Kevin Burke and K.J. Hsti reviewed the original typescript and provided much helpful commentary.
Finally Sengor is grateful to the organizers of the Argand Symposium in Geneva, in particular to Prof. Daniel
Bernoulli, the President of the Swiss Geological Society, for the invitation to read this paper, and to Prof. Jean-Paul
Schaer for instructing him about Argand. We take honour in dedicating it to the memory of one of the greatest sons
of Switzerland, in whose commemoration we had gathered in his birthplace, Geneva.

REFERENCES

Awmprerer, O. & Hammer, W. 1911: Geologischer Querschnitt durch die Ostalpen vom Allgau zum Gardasee. Jb.
k.k. geol. Reichsanst. 61, 531-710.

Awmprerer, O. 1928: Beitrige zur Auflosung der Mechanik der Alpen (3. Fortsetzung). Jb. geol. Bundesanst. 78,
327-355.

ARrNAUD, N.O. & Harrison, T.M. 1991: New thermochronological studies on the Kun Lun batholith and the
thermal history of the Tibetan Plateau. Géol. alp. Mém. h.s. n° 16, 11-12.

ArnNauDp, N. & Vipar, P. 1990: Geochronology and geochgmistry of the magmatic rocks from the Kunlun-
Karakorum Geotraverse. Colloque Kunlun-Karakorum 90, IPG, Paris p. 52.

Arcanp, E. 1909: L'Exploration Géologique des Alpes Pennines Centrales. Dissertation présentée a la Faculte des
Sciences de I'Université de Lausanne pour obtenir le grade de Docteur és-sciences. Imprimeries Réunies, S.A.,
Lausanne.

— 1911: Les nappes de recouvrement des Alpes Pennines et leurs prolongements structuraux Mat. Carte Géol.
Suisse, N.S. 31.

— 1916: Sur I'arc des Alpes Occidentales. Eclogae geol. Helv. 14, 145-191.

— 1924: La tectonique de I'Asie. Congr. géol. int. 13¢ Sess. (Belgique) 1, 171-372.

— 1934: La zone Pennique: Guide géologique de la Suisse (Fs. III. p. 149-189). Soc. géol. Suisse; Wepf, Basel.



582 A.M.C. Yengor and A.H. Okurogallari

AuBouIN, J. 1967: Geosynclines. Elsevier, Amsterdam.

Baser WorkinG Grour 1990: Evidence for early Proterozoic plate tectonics from seismic reflection profiles i1 the
Baltic shield. Nature 348, 34-38.

BAckstrom, H. & Jonansson, H. 1907: Geologie. In: Scientific Results of a Journey in Central Asia 1899-19(2 VI
(2) (Ed. by Hepin, S.). Lithographic Institute of the General Staff of the Swedish Army, Stockholm, 1-18.
Bancgs, N.L.B. & Westerook, G.K. 1991: Seismic modeling of the decollement zone at the base of the Bartudos

Ridge accretionary complex. Jour. geophys. Res. 96, 3853-3866.

Baup, A. 1989: The western end of the Tibetan Plateau. In: Tectonic Evolution of the Tethyan Region (Ed. by
SENGOR, A.M.C.). Kluwer, Dordrecht, 505-506.

BEN-AvranaMm, Z., Nur, A., Jones, D. & Cox, A. 1981: Continental accretion: from oceanic plateaus to aloch-
thonous terranes. Science 313, 47-54.

Berkey, C.P. & Morris, FK. 1927: Geology of Mongolia. Central Asiatic Expeditions. Natural History of Central
Asia, v. II: The American Museum of Natural History, New York.

Binger, H. 1934: Abraham Gottlob Werner und seine Theorie der Gebirgsbildung. R. Friedrich’s Universitits-
Buchdruckerei, Marburg.

Branprorp, W.T. 1878: Scientific results of the Second Yarkand Mission; based upon the collections and notzs of
the late Ferdinand StoLiczka, Ph.D. — Geology. Office of the Superintendent of Government Printing, Calcutta.

BonLin, B. 1937: Notes on Some Late Palaeozoic Localities in the Nan-Shan SE of Tun-Huang. Reports from the
Scientific Expedition to the North-Western Provinces of China Under the Leadership of Dr. Sven Hedin - The
Sino-Swedish Expedition-II1. Geology 2, Bokforlags Aktieboulaget Thule, Stockholm.

Boursor, L. & Avouac, J.P. 1991: Cenozoic crustal shortening across the Kunlun. Géol. alp. Mém. h.s. n° 16,
19-20.

Branpon, M. T. & Carperwoon, A.R. 1990: High-pressure metamorphism and uplift of the Olympic subduction
complex. Geology 18, 1252-1255.

Brown, L., Barazanci, M., KaurMan, S. & OvLiver, J. 1986: The first decade of COCORP: 1974-1984. Geodyna-
mics Series 13, 107-120.

von Buch, L. 1825: Uber Dolomit als Gebirgsart. Zweite Abhandlung. Abh. phys. KI. Akad. Wiss. aus den Jh.
1822-1823. Berlin 113-136 (Gesammelte Schriften 3, 92-113).

— 1830: Zu Herrn Eichwald’s geognostischen Bemerkungen wihrend einer Reise durch Lithauen, Wolhynien und
Podolien, im Jahre 1829. Karsten’s Arch. Min. Geog. Bergb. Hiittenk. 2, 126-134 (Gesammelte Schriften 4,
61-67.

Burcnrier, B.C. & Davis, G.A. 1975: Nature and Controls of Cordilleran orogenesis, western United States:
extensions of an earlier synthesis. Am. J. Sci. 275-A, 363-396.

BurchFiEL, B.C., MoLNAR, P, ZHao, Z.Y., Liang, K.Y., Wang, S.J., Huanc, M.M. & Suttker, J. 1989: Geology of
the Ulugh Muztagh area, northern Tibet. Earth and planet. Sci. Lett. 94, 57-70.

BUREAU oF GEOLOGY AND MINERAL RESOURCES OF XINJIANG UYGUR AuTtonoMous ReGion 1985: Explanatory Notes
on the Geological Map of Xinjiang Uygur Autonomous Region, China 1:2,000,000. Geological Publishing
House, Beijing.

Carey, S.W. 1958: The tectonic approach to continental drift. In: Continental Drift, A Symposium (Ed. by Cagkey,
S.W.). Geology Department, Univ. Tasmania, Hobart, 177-355.

— 1988: Theories of the Earth and Universe. A History of Dogma in the Earth Sciences. Stanford University
Press, Stanford.

Carozzi, A.V. translator and editor 1977: Tectonics of Asia by Emile Argand. Hafner, New York.

CHang, C.F, Pa, Y.S. & Sun, Y.Y. 1989: The tectonic evolution of the Qinghai-Tibet plateau: a review. In: Tectonic
Evolution of the Tethyan Regions (Ed. by $Encor, A.M.C.). Reidel, Dordrecht, 415-476.

Croos, M. & SHreve, R.L. 1988: Subduction-channel model of prism accretion, mélange formation, sediment sub-
duction, and subduction erosion at convergent plate margins: 1. Background and description. Pure Appl. Geo-
phys. 128, 455-500.

CoLLoQuE KunLun-KarakoruM 90 1990: Academia Sinica/Centre National de la Recherche Scientifique/INSU,
Abstracts, IPG Paris.

Coney, P.J. 1981: Accretionary tectonics in Western North America. Arizona Geol. Soc. Digest 14, 23-37.

Crook, K.A.W. 1969: Contrast between Atlantic and Pacific geosynclines. Earth and planet. Sci. Lett. 5, 429-438.

DamveLrl, G. 1933: La Serie dei Terreni, parte prima. Spedizione Italiana de Filippi nell’ Himalaia, Caracorum e
Turchestan Cinese (1913-1914). Serie II — Resultati Geologici e Geografici — vol. 2°. Publicati sotto la direzione
di Giotto Dainelli. Nicola Zanichelli, Bologna.



Accretionary Wedges in the growth of continents 583

— 1934: La Serie dei Terreni, parte seconda. Spedizione Italiana de Filippi nell’ Himalaia, Caracorum e Turche-
stan Cinese (1913-1914). Serie I — Resultati Geologici e Geografici — vol. 2°. Publicati sotto la direzione di
Giotto Dainelli. Nicola Zanichelli, Bologna.

DaviMever, R.D. & Gissons, W. 1987: The age of the blueschist metamorphism in Anglesey, North Wales: evi-
dence of “"Ar/*Ar mineral dates of the Penmynydd schists. J. Geol. Soc. London 144, 843-852.

Dana, J.D. 1873: On some results of the earth’s contraction from cooling including a discussion of the origin of
mountains and the nature of the earth’s interior. Amer. J. Sci. (3), 5, 423-443; 6, 161-172 (Offprint repagi-
nated).

— 1875: Manual of Geology (2nd edition). Ivison, Blakeman, Taylor, and Co. Publishers, New York.

Davis, W.M. 1912: Die Erklirende Beschreibung der Landformen. Teubner, Leipzig.

DenG, WM. 1989: A preliminary study on the basic-ultrabasic rocks of the Karakoram-Western Kunlun Mts. Jour.
Nat. Res. 4, 204-211 (in Chinese with English summary).

De Terra, H. 1932: Geologische Forschungen im westlichen K'un-Lun und Karakorum-Himalaya. Wissenschaft-
liche Ergebnisse der Dr. Trinkler'schen Zentralasien-Expedition, I, Dietrich Reimer/Ernst Vohsen, Berlin.

Dewey, J.F. & Birp, J.M. 1970: Mountain belts and the new global tectonics. J. Geophys. Res. 75, 2625-2647.

Dewey, J.F,, SuackrLeton, R., CHang, C.F. & Sun, Y.Y. 1988: The tectonic evolution of the Tibetan Plateau. Phil.
Trans. r. Soc. London A327, 379-413.

Dewey, J.LF. & WinbLey, B.F. 1981: Growth and differentiation of the continental crust. Phil. Trans. r. Soc.
London A301, 189-206.

Dickinson, W.R. 1973: Widths of modern arc-trench gaps proportional to past duration of igneous activity in asso-
ciated magmatic arcs. J. Geophys. Res. 78, 3376-3389.

— 1974: Reconstruction of past arc-trench systems from petrotectonic assemblages in the island arcs of the
Western Pacific. In: The Western Pacific, Island Arcs, Marginal Seas, Geochemistry (Ed. by CoLEman, PJ.).
Crane, Russak & Co., New York and Univ. West. Australia Press, 569-601.

— 1976: Sedimentary basins developed during evolution of Mesozoic-Cenozoic arc-trench system in western
North America. Can. J. Earth 13, 1268-1287.

— 1977: Subduction tectonics in Japan. EOS 58, 948-952.

Dowmros, M., GroTzsacH, E., Ritter, W. & RéLr, W. 1981: Asien, 1. Paul List Verlag, Miinchen.

Dort, R.H., Jr. 1979: The Geosyncline - First major geological concept “made in America”. Two Hundred Years of
Geology in America (Ed. by Scuneer, C.J.), Hanover, New Hampshire, University Press of New England,
239-264.

Durrénoy, A. & Erie De BeaumonT, L. 1848: Explication de la Carte Géologique de la France 2. Imprimerie
Nationale, Paris.

Du Rierz, T. 1940: Igneous Rocks of Nanshan. Reports from the Scientific expedition to the North-Western Prov-
inces of China Under the Leadership of Dr. Sven Hedin — The Sino-Swedish Expedition — Publ. 12,
I1I. Geology 4, Stockholm.

EvLie De BEaumonT, L. 1831: Researches on some of the revolutions which have taken place on the surface of the
globe; presenting various examples on the coincidence between the elevation of beds in certain systems of
mountains, and the sudden changes which have produced the lines of demarcation observable in certain stages
of the sedimentary deposits. Phil. Mag. Ann. Phil., N.S. 10, 241-264.

— 1852: Notice sur les Systemes des Montagnes, I (1-528), I (529-1068), I11 (1069-1543). P. Bertrand, Paris.

Ercan, T. & Tiirkecan, A. 1985: Bati Anadolu — Ege Adalan — Yunanistan ve Bulgaristan'daki pliitonlarin gézden
gegiriligi. Ketin Simpozyumu Kitabi. Tiirk. Jeol. Kur., Ankara, 189-208.

FrLcuner, W. 1939: Bismillah! Vom Huang-ho zum Indus. Brockhaus, Leipzig.

Fiscuer, A.G. 1975: Tidal deposits, Dachstein Limestone of the North-Alpine Triassic. In: Tidal Deposits (Ed. by
Ginssurg, R.N.). Springer, Berlin, 235-242.

— 1976: Pelagic sediments as clues to earth behaviour. Mem. Soc. Geol. It. 15, 1-8.

Fort, M. & DotrLrus, O. 1989: Observations et hypotheses géomorphologiques dans les Kunlun et au Tibet occi-
dental. Trav. Lab. Géogr. Physique, Univ. Paris VII, 18.

Fountun, D.M. & Sarissury, M.H. 1981: Exposed Cross-section through the continental crust: Implications for
crustal structure, petrology, and evolution. Earth and planet. Sci. Lett. 56, 263-277.

Gaetani, M., Gosso, G. & Poanante, U. 1990: A geological transect from Kun Lun to Karakorum (Sinkiang,
China): the western termination of the Tibetan Plateau. Preliminary Note. Terra Nova 2, 23-30.

Gaketant, M. & Pocnante, U. in press: Geological Report (Ch. V). Italian Expeditions to the Karakorum (K?) and
Hindu Kush, Prof. Ardito Desio, Leader. Scientific Report. The 1988 Expedition to the Southern Sinkiang
(Kun Lun) and the Shaksgan Valley. CNR, Milano, 77-158.



584 A.M.C. Sengor and A.H. Okurogullari

Gansser, A. 1966: The Indian Ocean and the Himalaya, a geological interpretation. Eclogae geol. Helv. 59,
831-848.

— 1974: The ophiolitic mélange: a world-wide problem on Tethyan examples. Eclogae geol. Helv. 67, 479-507.

— 1980: The significance of the Himalayan suture zone. Tectonophysics 62, 37-52.

Garigpy, C., ALLEGRE, C.J. & Rong, H.X. 1985: The Pb-Isotope geochemistry of granitoids from the Himalaya-
Tibet collision zone: implications for crustal evolution. Earth and planet. Sci. Lett. 74, 220-234.

GeorogicaL ATLas of Jaran 1982: Geological Survey of Japan, Tokyo.

GeorocicaL Mar of THE QiNGHAI-XizanG (TiBer) Prateau, 1:1,500,000 1980: Compiled by the Geological
Institute of Qinghai-Xizang Plateau, Chinese Academy of Geological Sciences, Chengdu.

GeorLogicaL Map oF XinjianG Uvcur Autonomous Recion, CHina, 1:2,000,000 1985: Compiled by the Bureau
of Geology and Mineral Resources of Xinjiang Uygur Autonomous Region. Geological Publishing House,
Beijing.

Gorovanov, A.S., PorLuarsHinov, G.P. & KuorosHiLov, L.V. 1969: Main features of structure and formation his-
tory of the Akkan-Burluk deep fault zone (north Kazakhstan). Geotectonics 3, 339-343.

Grenarp, F. 1929: Haute Asie. In: Géographie Universelle (Ed. by VipaL pe LA Brachg, P. & Garrors, L) 8,
235-379.

HaMmiLton, W. 1969: Mesozoic California and the underflow of Pacific mantle. Geol. Soc. Amer. Bull. 80,
2409-2430.

— 1979: Tectonics of the Indonesian Region. USGS Prof. Rap. 1078, 1-345.

HarLanp, W.B., ArmstrOnG, R.L., Cox, A.V., Lorraing, E.C., SmitH, A.G. & SmitH, D.G. 1989: A Geologic
Time Scale. Cambridge, Cambridge University Press.

Harris, N.B., Xu, R.H., Lewis, C.L. & Jin, C.W. 1988: Plutonic rocks of the 1985 Tibet geotraverse, Lhasa to
Golmud. Phil. Trans. r. Soc. London A327, 145-168.

HasHimoto, M. & Uvepa, S. 1983: Preface. In: Accretion Tectonics in the Circum-Pacific Regions (Ed. by Hashi-
moto, M. & UvEepa, S.). Terra Scientific Publishing Co., Tokyo.

Haug, E. 1900: Les géosynclinaux et les aires continentales. Bull. Soc. géol. France (3), 28, 617-711.

— 1907: Traité de Géologie 1. Armand Colin, Paris.

— 1921: Les Disciplines de la Géologie. Gaston Doin, Paris.

Hepin, S. 1909: Trans-Himalaya, Discoveries and Adventures in Tibet 1. Mac Millan and Co., London.

— 1966: Sven Hedin Central Asia Atlas. Reports from the Scientific Expedition to the North-Western Provinces
of China Under the Leadership of Dr. Sven Hedin — The Sino — Swedish Expedition — Publ. 47, I. Geography 1,
Statents Etnografiska Museum, Stockholm.

Heiper, A. 1949: The Gilgamesh Epic and Old Testament Parallels. The University of Chicago Press, Chicago, Ill.

Houmquist, P.J. 1901: Bidrag till diskussionen om den Skandinaviska Fjillkedjans Tektonik. Geol. Foren. Stock-
holm Forh. 23, 55-71.

Horkins, W. 1835: Researches in Physical Geology. Trans. Cambridge phil. Soc. 6, 1-84.

—  1847: Theory of volcanoes. Report Brit. Assoc. 17" meet., 45-49.

Hsu, K.J. 1971: Franciscan mélanges as a model for eugeosynclinal sedimentation and underthrusting tectonics. J.
Geophys. Res. 76, 1162-1170.

— 1972: The concept of the geosyncline, yesterday and today. Trans. Leicester Lit. phil. Soc. 46, 26-48.

— 1973: The Odyssey of Geosyncline. In: Evolving Concepts in Sedimentology (Ed. by Ginssurg, R.N.). The
Johns Hopkins Univ. Press, Baltimore, 66-92.

— 1988: Relict back-arc basins: Principles of recognition and possible new examples from China. In: New Per-
spectives in Basin Analysis (Ed. by KLeinspenN, K.L. & Paora, C.), Springer-Verlag, Berlin, 245-263.

— 1989: Origin of sedimentary basins of China. In: Chinese Sedimentary Basins (Ed. by Zuu, X.). Elsevier,
Amsterdam, 207-227.

Huang, J.Q. & Cuen, B.W. 1987: The Evolution of the Tethys in China and Adjacent Regions. Geological Pub-
lishing House, Beijing, (English and Chinese bilingual text).

Hupson, T. & Prarker, G. 1982: Paleogene metamorphism of an accretionary flysch terrane, eastern Gulf of
Alaska. Geol. Soc. Amer. Bull. 93, 1280-1290.

Jacourz, E., Suarsky, V.S., SosoLev, N.V. & PokxiLenko, N.P. 1989: Pb-Nd-Sr isotopic study of the Kokchetav
Massif, the outcrop of the lower lithosphere. 28" Int. Geol. Congr., Extended Abstracts, Workshop on Dia-
monds, 32-35.

Jones, D.L., HoweLt, D.G., Coney, PJ. & Moncer, J.W.H. 1983: Recognition, character, and analysis of tectono-
stratigraphic terranes in western North America. In: Accretion Tectonics in the Circum-Pacific Regions (Ed. by
HasHimoto, M. & Uveba, S.). Terra Scientific Publishing Co., Tokyo, 21-35.



Accretionary Wedges in the growth of continents 585

Jones, D.L., Siserting, N.J., Coney, PJ. & Prarker, G. 1987: Lithotectonic map of Alaska (west of the
141* meridian) 1:2,500,000: Folio of the Lithotectonic Terrane Maps of the North American Cordillera. Misc.
Field Stud. Map (MF-1874-A), U.S. Geol. Surv.

Jones, D.L., GiLert, W. & Coney, P. 1982: Character, distribution, and tectonic significance of accretionary ter-
ranes in the Central Alaska Range. J. Geophys. Res. 87, 3709-3717.

Karauvrov, V.B. 1981: Stage-by-stage development of the western part of the Ural-Mongolian belt in the Devonian
Period. Geotectonics 15,233-245.

Karic, D.E. 1980: Material transport within accretionary prisms and the “knocker” problem. J. Geol. 88, 27-39.

Karvavev, V.A. 1984: Evolution of the Paleozoides in Central Kazakhstan. Geotectonics 18, 322-333.

Kuain, V.E. 1990: Origin of the Central Asian Mountain Belt: Collision or mantle diapirism. J. Geodyn. 11,
389-394.

KHeraskova, T.N. 1986: Vendo-Cambrian rock associations of the Caledonides in Kazakhstan, the Altay-Sayan
region, and western Mongolia. Geotectonics 20, 502-514.

Kipp, WS F, Pan, Y.S., CHang, C.F, Cowarp, M.P,, DEwey, J.F., GANSSER, A., MOLNAR, P., SHACKLETON, R.M.
& Sun, Y.Y. 1988: Geological mapping of the 1985 Chinese-British Tibetan (Xizang-Qinghai) Plateau Geo-
traverse route. Phil. Trans. r. Soc. London A327, 287-305.

KRONER, A. & SENGOR, A.M.C. 1988: All-China conference on tectonics. Episodes 11, 49-50.

KukrchHavov, A M. 1985: Zoning of Devonian orogenic volcanism in Kazakhstan and Central Asia. Geotectonics 19,
473-481.

Kwon, S.-T., TiLton, G.R., CoLeman, R.G. & Feng, Y. 1989: Isotopic studies bearing on the tectonics of the west
Junggar region, Xinjiang, China. Tectonics 8, 719-727.

Lameert, W.G. & MiLLArD, A.R. 1969: Atra-Hasis: The Babylonian Story of the Flood. Clarendon, Oxford.

Lanpis, C.A. & Misnor, D.G. 1972: Plate tectonics and regional stratigraphic-metamorphic relations in the
southern part of the New Zealand geosyncline. Geol. Soc. Amer. Bull. 83, 2267-2284.

LausscHERr, H. & BernourLl, D. 1977: Mediterranean and Tethys. In: The Ocean Basins and Margins, 4A The
Eastern Mediterranean (Ed. by Nairn, A.E.M., Kanes, WH. & StenLi, F.G.). Plenum, New York, 1-28.
Lein, R. 1985: Das Mesozoikum der nordlichen Kalkalpen als Beispiel eines gerichteten Sedimentationsverlaufes

infolge fortschreitender Krustenausdiinnung. Arch. f. Lagerst. forsch. Geol. B.-A. 6, 117-128.

LeucHs, K. 1913: Beitrage zur Geologie des westlichen Kwenlun und Westtibets, nach ZueMaver’s Beobachtungen.
Z. dtsch. geol. Ges. 65, Mh,, 173-185.

— 1916: Zentralasien. Handbuch der Regionalen Geologie 7, Carl Winters Universitatsbuchhandlung, Heidelberg.

— 1937: Geologie von Asien, I (2): Zentralasien. Gebriider Borntraeger, Berlin.

Li, D.S., Hy, 1.Y,, Tong, X.G., Xu, S.B. & Hu, G.N. 1987: Intracratonic basins of China and their hydrocarbon
accumulations. 11th World Petrol. Congr., Topic 2, Podium Discussion: Exploration in Frontier Areas, John
Wiley & Sons, Chichester, 1-13.

Lisitzin, A.P. 1972: Sedimentation in the World Ocean. Soc. Econ. Paleont. Mineral., Spec. Pub. 17.

Liu, Z.Q., Jiao, S.P, Zuang, Y.F, Y1, $.X., AL, C.X,, ZHao, Y.N, L1, YM., Wang, H.D,, Xu, J.E., Hu, J.Q. &
Guo, T.Y. 1988: Geological Map of Qinghai-Xizang (Tibet) Plateau and Adjacent areas, 1:1,500,000 (with
explanatory text). Geological Publishing House, Beijing.

von Ldczy, L. 1893: Beschreibung der geologischen Beobachtungen und deren Resultate. In: Die Wissenschaftli-
chen Ergebnisse der Reise des Grafen Béla Széchenyi in Ostasien, I (Die Beobachtungen wihrend der Reise).
Holzel, Wien, 307-837.

Luceon, M. 1940: Emile Argand. Bull. Soc. neuchat. Sci. Nat. 65,25-53.

Magrkova, N.G., ed. 1982: Tektonika Kazakhstana. “Nauka”, Moscow.

Martsupa, T. & Uvepa, S. 1971: On the Pacific-type orogeny and its model: extension of the paired belts concept
and possible origin of marginal seas. Tectonophysics 11, 5-27.

Marte, P, Boursor, L., TaproNNIER, P, Pan, Y. & Wang, Y. 1990a: A section through the Paleozoic Kunlun belt,
north of the Altyn Tagh Fault (western Tibet). Colloque Kunlun-Karakorum 90, IPG, Paris, p. 38.

— 1990b: Tectonics of the western Tibet between the Tarim craton and the Karakorum Fault. Colloque Kunlun-
Karakorum 90, IPG, Paris, p. 42.

MarT1E, P, TarronniEr, P, Bourior, L., Pan, Y. & Wang, L. 1991: Tectonics of western Tibet, from the Kunlun to
the Karakorum. Terra Abstracts 3, 258.

McKEenzig, D. & O'Nions, R.K. in press: Partial melt distributions from inversion of rare earth element concentra-
tions. J. Petrology.

MoLnNar, P, Burcurier, B.C., ZHao, Z.Y., Liancg, K.Y., Wang, S.J. & Huanc, M.M. 1987: Geologic evolution of
Northern Tibet: Results of an expedition to Ulugh Mutzagh. Science 235, 299-305.



586 A.M.C. Sengor and A H. Okurogullari

Moore, G.F. & SiLver, E.A. 1983: Collision processes in the northern Molucca Sea. Geophys. mon. 27, 360-372.

Moork, J.C. 1975: Selective subduction. Geology 3, 530-532.

Mossakovsky, A.A. & Dercunov, A.B. 1985: The Caledonides of Kazakhstan, Siberia, and Mongolia: a review of
structure, development history, and palaeotectonic environments. In: The Caledonide Orogen - Scandinavia
and Related Areas (Ed. by Geg, D.G. & Sturt, B.A.). John Wiley & Sons, Chichester, 1202-1215.

Nance, W.B. & TavLor, S.R. 1976: Rare earth element patterns and crustal evolution — 1. Australian post-Archaean
sedimentary rocks. Geochim. Cosmochim. Acta. 40, 1539-1551.

Norin, E. 1937: Geology of Western Quruq Tagh, eastern T’ien-Shan. Reports from the Scientific Expedition to the
North-Western Provinces of China Under the Leadership of Dr. Sven Hedin — The Sino-Swedish Expedition —
III. Geology 1, Bokforlags Aktieboulaget Thule, Stockholm.

— 1946: Geological Explorations in Western Tibet. Reports from the Scientific Expedition to the North-Western
Provinces of China Under the Leadership of Dr. Sven Hedin — The Sino-Swedish Expedition - I1I. Geology 7,
Stockholm.

— 1974: The subcenomanian surface of denudation and the Upper Cretaceous sedimentary sequence in Western
Tibet. Riv. ital. Paleont. Strat. 14, 359-374.

— 1976: The “Black Slates” Formation in the Pamirs, Karakorum, and Western Tibet. In: Int. Collog. on Geotecto-
nics of the Kashmir Himalaya, Karakorum-Hindu Kush-Pamir Orogenic Belts. Accademia Nazionale dei
Lincei, Roma, 254-264.

— 1979: The relationship between the Tibetan Platform and the Tarim Basin. Bull. Geol. Inst. Univ. Uppsala,
N.S. 8, 17-34.

Nur, A. & Ben-Avranam, Z. 1983: Break-up and accretion tectonics. In: Accretion Tectonics in the Circum-
Pacific Regions (Ed. by Hasuimoto, M. & Uveba, S.). Terra Scientific Publishing Co., Tokyo, 3-18.

OsrucHEY, V.A. 1915: Altayskie Etudi, I1. O Tektoniki Ruskayo Altaya. Moscow, I.N. Kushnerev.

Pan, Y.S. 1991: Tectonic evolution of the northwestern Tibetan Plateau. In: 1989-1990 Annual Report, Laboratory
of Lithosphere Tectonic Evolution, Institute of Geology, Academia Sinica, 80-84 (in Chinese).

Pearce, J.A., BenDEr, J.F,, DE Long, S.E., Kipp, W.S.F,, Low, P.J., GUNER, Y., SAroGLUY, F., YiLMAZ, Y., Moor-
BATH, S. & MitcHELL, J.G. 1990: Genesis of collision volcanism in Eastern Anatolia, Turkey. J. Volcan. Geo-
therm. Res. 44, 189-229.

PeIve, A.V,, YansHIN, A.L., ZonensHAIN, L.P,, Kniprer, A.L., Markov, M.S., Mossakovsky, A.A., PERFILIEV,
A.S., PuscHarovsky, Y.M., SHLEZINGER, A.E. & SutrEls, N.A. undated: Fundamental Principles in the Com-
pilation of the Tectonic Map of Northern Eurasia-Mimeographed text, distributed during the 25th Int. Geol.
Congr. 1976, Sydney (Russian and English bilingual text).

PeIVE, A.V., ZoNENnsHAIN, L.P., KnippER, A.L., MAarRkOV, M.S., Mossakovsky, A.A., PerrILIEV, A.S., PuscHa-
rROVSKY, Y.M., FEporovskY, V.S., SuTREIS, N.A. & YansHiN, A.L. 1980: Tektonika Severnoi Evrazii (Obyas-
nitelnaya Zapiska k Tektonicheskoi Karte Severnoi Evrazii, Masshtaba 1:500,000). “Nauka”, Moscow.

PenG, C.W. & Gao, Z.J. 1984: Microflora and stromatolites from the late Precambrian on the northern slope of
W. Kunlun Mountains and their stratigraphic significance. Xinjiang Geology 2, 17-28 (in Chinese with English
summary).

Percivar, J.A. & Carp, K.Dr. 1983: Archean crust as revealed in the Kapuskasing uplift, Superior Province,
Canada. Geology 11, 323-326.

PLAFKER, G., NokLEBERG, W.J. & LuLt, J.S. 1989: Bedrock geology and tectonic evolution of the Wrangellia,
Peninsular, and Chugach terranes along the Trans-Alaska Crustal transect in the Chugach Mountains and
southern Coper River Basin, Alaska. J. Geophys. Res. 94,4255-4295.

PorTeR, PE., MayNarD, J.B. & Pryor, W.A. 1980: Sedimentology of Shale. Springer-Verlag, Berlin.

REeiD, M.R,, HarT, S.R., Pabnovani, E. & WanbpLEss, G.A. 1989: Contribution of metapelitic sediments to the com-
position, heat production, and seismic velocity of the lower crust of southern New Mexico, U.S.A. Earth and
planet. Sci. Lett. 95, 367-381.

von RicHTHOFEN, F. 1877: China-Ergebnisse eigener Reisen. 1. Dietrich Reimer, Berlin.

RurLanp, R.W.R. 1973: On the interpretation of Cordilleran orogenic belts. Am. J. Sci. 273, 811-849.

— 1976: Orogenic evolution of Australia. Earth Sci. Rev. 12, 161-196.

SarLomon-Carvi, W. 1930: Epeirophorese, 1. Teil. Sitz.-Ber. Heidelberg. Akad. Wiss., math.-naturwiss. KI1. 1930,
1-26.

— 1936: Die Fortsetzung der Tonalelinie in Kleinasien. Yiiksek Ziraat Enst. Calig. 9, 11-13.

ScHerMER, E.R., HoweLL, D.G. & Jones, D.L. 1984: The origin of allochthonous terranes: Perspectives on the
growth and shaping of continents. Ann. Rev. Earth and planetary Sci. 12, 107-1031.

Scrucherr, C. 1923: Sites and nature of the North American geosynclines. Bull. geol. Soc. Amer. 34, 151-230.



Accretionary Wedges in the growth of continents 587

Seery, D.R. 1977: The significance of landward vergence and oblique structural trends on trench inner slopes. In:
Island Arcs, Deep sea Trenches and Back-Arc Basins, Maurice Ewing Series, | (Ed. by TaLwani, M. & Pitman,
W.C. I1I). Am. geophys. Union; 187-198.

Sencor, AM.C. 1981: The evolution of Palaco-Tethys in the Tibetan segment of the Alpides. in: Proc. Symp.
Qinghai-Xizang (Tibet) Plateau 1, Beijing, 51-56.

— 1982: A note on a late revision of the theory of embryotectonics by Argand himself. Eclogae geol. Helv. 75,
177-188.

— 1984: The Cimmeride Orogenic System and the Tectonics of Eurasia. Geol. Soc. Amer. Spec. Pap. 195.

— 1987: Tectonic subdivisions and evolution of Asia. Bull. Tech. Univ. Istanbul 40, 355-435.

— 1989: The Tethyside Orogenic System: an introduction. In: Tectonic Evolution of the Tethyan Region. (Ed. by
SENGOR, A.M.C.), Kluwer, Dordrecht, 1-22.

— 1990a: Plate tectonics and orogenic research after 25 years: a Tethyan perspective. Earth Sci. Rev. 27, 1-201.

— 1990b: Lithotectonic terranes and the plate tectonic theory of orogeny: a critique of the principles of terrane
analysis. In: Terrane Analysis of China and the Pacific Rim (Ed. by WiLey, T.J., HoweLL, D.G. & Wong, F.L.).
Circum Pacific Council for Energy and Mineral Resour. Earth Sci. Ser. 13, 9-44, Houston, Texas.

— 1991a: Plate tectonics and orogenic research after 25 years: Synopsis of a Tethyan perspective. Tectono-
physics 187, 315-344.

— 1991b: Architectural style in collisional orogens as a guide to size of ocean lost. Terra Abstract 3, 243.

— 1991c¢: Timing of orogenic events: A persistent geological controversy. In: Controversies in Modern Geology
(Ed. by MiULLER, D., McKENzIE, J.A. & WEeissert, H.). (Hsii Festschrift). Academic Press, London, 405-473.

— in press: Orogenic architecture as a guide to size of ocean lost in collisional mountain belts. Bull. Tech. Univ.
Istanbul.

SENGOR, A.M.C., ALTiNER, D., CIN, A., UstadMmer, T. & Hsi, K.J. 1988: Origin and assembly of the Tethyside
orogenic collage at the expense of Gondwana-Land. Geol. Soc. London, Spec. Pub. 37, 119-181.

SeNGOr, A.M.C., Cin, A, RowLEY, D.B. & Nig, S.Y. in press: Space-time patterns of magmatism along the Tethy-
sides: a preliminary study. J. Geol.

SENGOR, A.M.C. & Dewey, 1.F. 1990: Terranology: vice or virtue? Phil. Trans. r. Soc. London A331,457-477.

SENGGR, AM.C. & Hsij, K.J. 1984: The Cimmerides of eastern Asia: History of the eastern end of Palaeo-Tethys.
Mém. Soc. géol. France, N.S. 147, 139-167.

SENGOR, A.M.C. & Kipp, W.S.F. 1979: Post-collisional tectonics of the Turkish-Iranian plateau and a comparison
with Tibet. Tectonophysics 55, 361-376.

SENGOR, A.M.C. & YiLmaz, Y. 1981: Tethyan evolution of Turkey: a plate tectonic approach. Tectonophysics 75,
181-241.

Smithson, S.B. 1986: A physical model of the lower crust from North America based on seismic reflection data.
Geol. Soc. London Spec. Pub. 24, 23-34.

Sosorov, N.V. & SHatsky, V.S. 1990: Diamond inclusions in garnets from metamorphic rocks: a new environment
for diamond formation. Nature 343, 742-746.

SosoLev, V.S., LereziN, G.G. & Dosretsov, N.L. 1982: Metamorphic Complexes of Asia. Nauka Publishers,
Moscow.

Staus, R. 1924: Der Bau der Alpen. Beitr. Geol. Karte der Schweiz, N.F. 52.

— 1928: Der Bewegungsmechanismus der Erde. Borntraeger, Berlin.

— 1954: Der Bau der Glarneralpen. Tschudi & Co. Glarus.

— 1971: Neue Wege zum Verstiandnis des Ostalpen-Baues. Ferdinand Enke, Stuttgart.

SteiN, M.A. 1912: Ruins of Desert Cathay. McMillan, London, I (546 pp.) & I1 (517 pp.).

Steinmany, G. 1905: Geologische Beobachtungen in den Alpen II: Die Schardtsche Uberfaltungstheorie und die
geologische Bedeutung der Tiefseeabsdtze und der ophiolitischen Massengesteine. Ber. natf. Ges. Freiburg
i.B. 16, 18-67.

— 1925: Gibt es fossile Tiefseeablagerungen von erdgeschichtlicher Bedeutung? Geol. Rdsch. 16, 435-468.

Stire, H. 1940: Einfiihrung in den Bau Amerikas. Borntraeger, Berlin.

StraBo: The Geography of Strabo with an English translation by Horace Leonard Jones based in part upon the
unfinished version of John Robert Sitlington Sterrer, I. — Loeb Classical Library 49, (1917) Harvard Univ.
Press, Cambridge.

Suess, E. 1875: Die Entstehung der Alpen. Wilhelm Braumiiller, Wien.

— 1883: Das Antlitz der Erde IA. Tempsky, Prag.

— 1893: Are great ocean depths permanent? Nat. Sci. 2, 180-187.

— 1895: Note sur I'histoire des océans. C.R. hébd. Acad. Sci. Paris 121, 1113-1116.



588 AM.C. Sengor and A.H. Okurogullari

— 1901: Das Antlitz der Erde III/1. Tempsky, Wien.

— 1902: La Face de la Terre 111/1. Armand Colin, Parns.

— 1909: Das Antlitz der Erde I11/2. Tempsky, Wien.

— 1924: The Face of the Earth 5, Index and Maps. Clarendon, Oxford.

Suess, F.E. 1937: Bausteine zu einem System der Tektogenese. L. Periplutonische und enorogene Regionalmetamor-
phose in ihrer tektogenetischen Bedeutung. Fortschr. Geol. Paldont. 13 (42). [-VIII, 1-86.

— 1938: Bausteine zu einem System der Tektogenese. II. Zum Bewegungsbilde des alteren Mitteleuropa; hypoki-
nematische Regionalmetamorphose. Fortschr. Geol. Paldont. 13 (43), 88-238.

— 1939: Bausteine zu einem System der Tektogenese. III. Der Bau der Kaledoniden und die Schollendrift im
Nordatlantik A. Die Kaledoniden in Schottland und Vergleiche. Fortschr. Geol. Palaont. 13 (44), 239-376.
Taira, A. 1985: Pre-Neogene accretion tectonics in Japan: A synthesis. In: Recent Progress of Natural Sciences in

Japan (Ed. by Akimoto, S., Uvepa, S. & Kono, M.) 10, 51-63.

TarronnNIER, P, MEYER, B., Avouac, J.P, PELTZER, G., GAUDEMER, Y., Guo, S.M., Xiang, H.F, Yin, K.L.. CHEN,
Z.T., Ca1, S.H. & Da1, H.G. 1990: Active thrusting and folding in the Qilian Shan, and decoupling between
upper crust and mantle in northeastern Tibet. Earth and planet. Sci. Lett. 907, 382-403.

TERMIER, P. 1906: La synthése géologique des Alpes. Imp. Moderne, Liege.

Tian, Z.1., Cual, G.L. & Kang, Y.Z. 1989: Tectonic evolution of the Tarim Basin. In: Chinese Sedimentary Basins
(Ed. by Znv, X.). Elsevier, Amsterdam, 33-43.

TorLLmaNN, A. 1976: Analyse des klassischen nordalpinen Mesozoikums. Frans Deuticke, Wien.

TroMMSDORF, V., DieTRICH, V. & HONEGGER, K. 1982: The Indus Suture Zone: Paleotectonic and igneous evolution
in the Ladakh, Himalayas. In: Mountain Building Processes (Ed. by Hsu, K.J.). Academic Press, London,
213-219.

Turcorte, D.L. 1989: Geophysical processes influencing the lower continental crust. Geophys. Mongr. 51 (IUGG
vol. 6), 321-329.

Wang, Q.M. 1989: Tectonic features and aspects of mineralization in the region north of Tibet (part of Qinghai,
Gansu and Xinjiang Provinces), China. Trans. Inst. Min. Metall. (Sect. B.: Appl. earth sci.) 98, B8§3-B90.

WeGENER, A. 1915: Die Entstehung der Kontinente und Ozeane. Vieweg, Braunschweig.

— 1920: Die Entstehung der Kontinente und Ozeane (2nd edition). Vieweg, Braunschweig.

Westsrook, G.K., Labp, J.W,, Buni, P, Bancs, N. & TiLey, G.J. 1988: Cross-section of an accretionary wedge:
Barbados Ridge Complex. Geology 16, 631-635.

Wirriams, H. & Harcher, R.D., Jr. 1983: Appalachian suspect terranes. Geol. Soc. Amer. Mem. 158, 33-53.

WiLson, H. 1954: The development and structure of the crust. In: The Earth As A Planet (Ed. by Kuirer, G.P.).
The Univ. Chicago Press, Chicago, 138-214.

WinbpLey, B.F. 1991: Continental accretion processes in the Precambrian of Fennoscandia. Terra Abstracts 3, 139.

Wrss, R. 1940: Geologie. Wissenschaftliche Ergebnisse der Niederlandischen Expedition in den Karakorum und
die Angrenzenden Gebiete 1922, 1925, 1929/30 und 1935, Visser, C. & Visser, Hoorr, J., Hrsg.. III EJ.
Brill, Leiden.

YaNG, Z.Y., Cueng, Y.Q. & Wang, H.Z., 1986: The Geology of China. Clarendon, Oxford.

Yanshin, A.L., Garezky, R.G., Zarrzev, N.S., Mouratov, M.V,, PEIvE, A.V., PuscHArovsky, Y.M., UbinTzEYV,
G.B. & KHEeraskov, N.P, eds. 1966: Tektonika Evrazii. Publishing House “Nauka”, Moscow.

ZHaNG, Y. & XiE, Y. 1990: Geochemical characteristics of the granitoids in the west Kunlun and Karakorum Moun-
tains. Colloque Kunlun-Karakorum 90, IPG, Paris p. 50.

Z1eGLER, A M., Scotesg, C.R., McKerrow, W.S., Jounson, M.E. & BamsacH, R.K. 1979: Palaecozoic palacogeo-
graphy. Ann. Rev. Earth and planet Sci. 7, 473-502.

ZonensHaiN, L.P. 1973: The evolution of Central Asiatic geosynclines through sea-floor spreading. Tectono-
physics 19, 213-232.

ZonensHAIN, L.P, Kuzmin, M.I. & Natarov, L.M. 1990: Geology of the USSR: A Plate Tectonic Synthesis. Geo-
dynamics Series 21.

ZucMaver, E. 1909: Bericht iiber eine Reise in Westtibet. Petermanns Geogr. Mitteilungen, 55 (VII), 145-151 and
Tafel 17.

Manuscript received 16 April 1991
Revision accepted 5 August 1991






	References

