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Hlavni stavebni jednotky Asie

orogenetické zony

Orogenetické zony jsou tvoreny tektonickou kolazi, ktera byla

priclenéna ke kontinentalnim jadram. Do této kategorie spadaji altaidy, prechodna
zona a tethysidy dale délené na kimeridy a alpidy a cirkumpacifické pasmo
alpid.




Precambrian rocks

« Cratons are the large, stable, interior regions of
continents that have not undergone major
deformation since Precambrian or early
Phanerozoic time

 Most Precambrian rocks are confined to cratons,
where they may be exposed 1in a “Precambrian

Shleld, ’ Phanerozoic
mountain

Sea belt

level -
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Geologicky vyvoj Eurasie ve fanerozoiku byl urc¢ovan do zna¢né miry transferem
kontinentalnich bloku gondwanského piuvodu smérem na sever a jejich akreci k
Baltice a Sibiri. S témito akrecemi souvisel jak vznik kaledonskych a variskych tak
alpinskych pohori.
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Prekambrium

Sibifsky kraton je nejvetsi tektonickou
doménou staré kontinentalni kdry
mezi euroasijskymi litosferickymi
deskami. Rané prekambrické
metamorfované magmatické
komplexy jsou nejlépe odkryty

v aldanském a anabarském Stitu,
které byly spojeny béhem akitkanskeé
a centrane aldanskeé orogeneze pred
cca 1,8 Ma a vytvorily sibirsky
kontinent. Ten pravdépodobné
souvisel s Laurentii a dohromady jesté
s Baltikou byly v obdobi pred 1,8 Ma
soucasti velkého superkontinentu
Columbia.

M.A Smethurst et al, /7 Earih-Science
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Paleozoicka Asie

Jadro tvoril sibirsky kontinent, kolem kterého se na jihu a zapadé vytvarel
postupné lem altaid.

Altaidy predstavuji jednotku s priubéznym vyvojem od neoproterozoika az do jury.
NejstarSi neoproterozoicka cast se nazyva bajkalidy a tvori pohori Bajkal,
vytvorené mezi 850Ma a 570 Ma podél jizniho okraje angarské platformy. Hlavni
Cast altaid vsak vznikala v paleozoiku, kdy se pfi subdukci utvarelo mohutné
akre€ni prisma tvorené hlubokomorskymi sedimenty, vulkanickymi oblouky;,
ofiolity a drobnymi mikrokontinenty. Do altaid je zaClefiovan i kazassky
kontinent, ktery rovnez vznikl pri subdukci jako mohutne akrecCni prizma a
kolidoval se sibifskym kontinenten a Laurussii ve svrchnim paleozoiku.
Prechodna zona - nejvétsim mikrokontinentem pficlenénym k Sibifi byl varisky
tarimsky mikrokontinent na jihu a na jihozapadé& podél altajské sutury (Tan San).
Ke konci paleozoika doslo rovnéz k prvnimu kontaktu se skupinou €¢inskych
teranu.

Soucasti Asie nebyla v paleozoiku vychodni ¢ast Sibife tj. omolonsky i dalSi
drobné mikrokontinenty. Ty byly situovany na pocCatku svrchnim paleozoika na jih
od sibifského kontinentu v oblasti teplejSiho klimatu, postupné se ale posouval na
sever.
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Prakticky skoro vSechny kontinentalni bloky pficlenéné k Sibifi b€hem
paleozoika, mesozoika a kenozoika byly pldvodné soucasti Gondwany.
Pokud jde o paleozoicky vyvoj dalSich kontinentalnich bloku tvoficich Asii
byl spojen s otevienim oceanu Paleotethys ve svrchnim devonu, kdyz
se jizni a severni Cina spolu s Tarimem a Indoéinou oddélily od okraje
Gondwany. Béhem spodniho karbonu byly jiz tyto bloky kompletné
oddélené od Gondwany. Indoéina a jizni Cina se slougily podél sutury
Song Ma ve spodnim karbonu ale ocean mezi nimi se neuzavrel uplne.
K tomu doslo aZ v triasu. Ve svrchnim paleozoiku severni Cina
kolidovala svym severnim vybézkem s okrajem Asie, nadale vSak
zustavala oteviena k vychodu se rozevirajici oceanicka zéna mezi nimi.
B&hem permu doslo rovnéz ke kolizi severni a jizni Ciny. Tarim kolidoval
s jiznim okrajem Kazachstanu v oblasti Tan-Sanu.

Indicka a arabska deska zustavaly spolu kimerskou skupinou teranu do
permu soucasti Gondwany. Od permu se datuje rifting a oddelovani
kimerské skupiny od Gondwany. Svrchopaleozické zalednéni Gondwany
je tak dokladovano rovnéz v ramci indickeho kontinentu a arabské desky i v
ramci vétSiny kimerskych mikrokontinett (Sibumasu, Lhasa, Qiantang,
Karakoram, stfednoafghansky blok)
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Reconstruction of eastern Gondwanaland for the Late Devonian showing the postulated positions of the East
and Southeast Asian terranes, distribution of land and sea, and opening of the Palaeo-Tethys ocean at this
time. Present day outlines are for reference only. NC = North China SC = South China T = Tarim I =
Indochina Qi = Qiangtang L. = Lhasa S = Sibumasu WB = West Burma GI = Greater India.
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Palaeogeographic
reconstruction of the Tethyan
region for Early
Carboniferous showing
relative positions of the East
and Southeast Asian terranes
and distribution of land and
sea. Present day outlines are
for reference only.
Distribution of land and sea
for Chinese blocks
principally from Wang

(1985). NC = North China SC =
South China T = Tarim I =
Indochina Qi = Qiangtang L =
Lhasa S = Sibumasu WB = West
Burma GI = Greater India.
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D Shallow Sea

Palaeogeographic
reconstructions of the
Tethyan region for Early
Permian, showing relative
positions of the East and
Southeast Asian terranes and
distribution of land and sea.
The distribution of the Lower
Permian cold-water tolerant
conodont genus
Vjalovognathus is also shown.
Present day outlines are for

reference only. NC = North
China SC = South China T =
Tarim I = Indochina Qi =
Qiangtang L= Lhasa S =
Sibumasu WB = West Burma GI =
Greater India.




Palaeogeographic
reconstructions of the
Tethyan region for Late
Permian showing relative
positions of the East and
Southeast Asian terranes and
distribution of land and sea.
The distribution of the Late
Permian Dicynodon from
Laos is also shown. Present
day outlines are for reference
only.
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Fig. 16, Major blocks in the Tien Shan region (a) in the Late Carboniferous and (b) Permian. Vertical striping denotes small basins close
i the Turkestan suture (thick solid line) where marine sedimentation lasted until the Early Permian. Horizontal striping denotes the
area affected by rotations. Cross-hatched band is the Penmian sedimentary basin separating the Tarim massif from its northern defonmed
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Geologické schema severovychodni
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V oblasti SZ Sibife (Tajmyr)
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Tajmyrského pohofi v triasu.
Na vychodni Sibifi
Verchojanského
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orogen kde ke konci
mesozoika doslo ke kolizi

s omolonskym
mikrokontinentem. Dale na
vychod €ukotské a
korjaksko-kamcatské
pasmo reprezentuji akrecni
orogeny s terannni stavbou
s kontinualnim vyvojem od
mesozoika do kenozoika.




VERKHOYANSK-KOLYMA OROGENIC REGION
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NORTH - ASIA CRATON
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BP=Baikal-Patom fold- and- thrust belt, VE=Verkhoyansk fold- and- thrust belt
COLLAGE OF TERRANES OF THE VERKHOYANSK - KOLYMA OROGENIC REGION

Island arc terrane (AZ=Alazeya) %

Accretionary wedge (predominantly turbidite) terranes :
(PD = Polousnyy - Debin) —

Accretionary wedge predominantly oceanic terranes
(SA = South Anyui, KD = Kenkel'da)

Ophyolite terranes (MN=Munilkan) 7

Miogeoclinal terranes (passive continental margine) \
(OV = Omulevka, CH = Chukotka)

Turbidite terranes continental margin
(slate belt) (KN = Kular-Nera)

Turbidite terranes: (AG = Arga-Tas)

Late Jurassic to Cenozoic :
post amalgamation and post accrecion
complexes (ZB= Zyryanka basin)

Thrust
Normal faults




Kimerska orogeneze

PFi jiznim okraji Asie byl vyvoj ur€ovan kolizi s kimerskou skupinou teranu (trias,
jura) v obdobi mezi 210 az 180 Ma vytvarejici kimerské orogenetické pasmo tethysid.
Ke kimerskym mikrokontinentiim, které pfi svém severnim driftu na sebe nabalovaly
kolaz dalSich dil€ich kontinentalnich fragmentu, patfi bloky v Turecku, Iranu,
Afganistanu, Quiantang a Lhasa v zapadni Ciné&, blok Sibumasu v JV Asii.

Do prvni skupiny oddélené od Gondwany ve spodnim permu patfi bloky v jizni ¢asti
Turecka, v severnim Iranu (Elbrus) na zapadé a bloky Quiantang a Sibumasu na
vychodé&. PFi jejich driftu se na severu subdukci pod Laurasii, severni Cinu a jizni
Cinu-Indo&inu uzavirala Paleotethys a za nimi se oteviral novy ocean oznacovany
jako Mesotethys. VySe zminéna skupina mikrokontinentu kolidovala s Eurasii

v triasu, tj béhem starokimerskych fazi alpinského vrasneéni.

Jizni fragmenty kimerské skupiny mikrokontinentl zahrnujici strednoiransky,
stfrednoafgansky, lutsky, karakoramsky a lhasky blok byly za€lenény do jizniho
okraje Asie potom béhem mladokimerskych fazi v jure. Kolize skupiny

zapadokimerskych teranu dala vzniknout pohofim v Turecku, Elbrusu, Kopet Dagu.
HindukusSi a Pamiru.

Pod jizni okraj Asie potom dochazelo béhem kfidy nadale k subdukci oceanické kury
Neotethydy, ktera misty vedla k velkych intruzim granitoidu (transhimalajsky batolit).
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Palaeogeographic
reconstructions of the
Tethyan region for Late
Permian showing relative
positions of the East and
Southeast Asian terranes and
distribution of land and sea.
The distribution of the Late
Permian Dicynodon from
Laos is also shown. Present
day outlines are for reference

only. NC = North China SC =
South China T = Tarim I =
Indochina Qi = Qiangtang L =
Lhasa S = Sibumasu WB = West
Burma GI = Greater India.




Palaeogeographic reconstruction of
the Tethyan region for Late Triassic
showing relative positions of the East
and Southeast Asian terranes and
distribution of land and sea. Present
day outlines are for reference only.
NC = North China SC = South China
T = Tarim I = Indochina Qi =
Qiangtang L = Lhasa S = Sibumasu
WB = West Burma GI = Greater
India.
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Palaeogeographic reconstruction for
Eastern Tethys in the Late Jurassic
showing distribution of land and sea. SG =
Songpan Ganzi accretionary complex SWB
= South West Borneo (includes Semitau)
NP = North Palawan and other small
continental fragments now forming part of
the Philippines basement Si = Sikuleh N =
Natal M = Mangkalihat WS = West
Sulawesi Ba = Banda Allochthon ES = East
Sulawesi O = Obi-Bacan Ba-Su = Banggai-
Sula Bu = Buton B-S = Buru-Seram WI1J =
West Irian Jaya Sm = Sumba PA =
Incipient Philippine Arc PS = Proto-South
China Sea Z = Zambales Ophiolite. M
numbers represent Indian Ocean magnetic
anomalies. NC = North China SC = South
China T = Tarim I = Indochina Qi =
Qiangtang L. = Lhasa S = Sibumasu WB =
West Burma GI = Greater India.




A Subduction
Zone
Land
D Shallow Sea
[oeepsea |

Palaeogeographic reconstruction for Eastern
Tethys in the Early Cretaceous showing
distribution of land and sea. SG = Songpan
Ganzi accretionary complex SWB = South
West Borneo (includes Semitau) NP = North
Palawan and other small continental
fragments now forming part of the
Philippines basement Si = Sikuleh N = Natal
M = Mangkalihat WS = West Sulawesi Ba =
Banda Allochthon ES = East Sulawesi O =
Obi-Bacan Ba-Su = Banggai-Sula Bu =
Buton B-S = Buru-Seram WIJ = West Irian
Jaya Sm = Sumba PA = Incipient Philippine
Arc PS = Proto-South China Sea Z =
Zambales Ophiolite. M numbers represent
Indian Ocean magnetic anomalies. NC =
North China SC = South China T = Tarim I
= Indochina Qi = Qiangtang L.=Lhasa S =
Sibumasu WB = West Burma GI = Greater
India.
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Palaeogeographic reconstruction for
Eastern Tethys in the Late Cretaceous
showing distribution of land and sea.
SG = Songpan Ganzi accretionary
complex SWB = South West Borneo
(includes Semitau) NP = North Palawan
and other small continental fragments
now forming part of the Philippines
basement Si = Sikuleh N = Natal M =
Mangkalihat WS = West Sulawesi Ba =
Banda Allochthon ES = East Sulawesi
O = Obi-Bacan Ba-Su = Banggai-Sula
Bu = Buton B-S = Buru-Seram WI1J =
West Irian Jaya Sm = Sumba PA =
Incipient Philippine Arc PS = Proto-
South China Sea Z = Zambales
Ophiolite. M numbers represent Indian
Ocean magnetic anomalies.
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- PALEC- OR

AFRICA

Fig. . Late Jurassic {Kimmeridgian—Tithonian, ~130 May pale-
ogeographic map showing the extent of the Neo-Tethys Ocean
between India and the Lhasa block, as well as the last rem-
nant of the Paleo-Tethys Ocean between the Asian mainland and
the Lhasa and Helmand ( Afghanistan) blocks. The Palea-Tethys
remnant is sometimes called “Meso-Tethys™ [1]. Double lines
represent mid-ocean ridges and heavy single lines represent sub-
duction zones with teeth in the upper plate. The approximate
relative positions of the major continents is taken from Scotese
and Golonka [2] with permission of the authors, whereas the
position of the Helmand- Lhasa block is transposed from Sengdr

and Matal’in [1], also with the permission of the authors and of

Cambridge University Press. The paleolatitudes of the Helmand
Lhasa and northern Tibetan blocks, and the Pales-Tethvs Basin
are rather uncertain at this time. The shape of Greater India de-
picted here (dark shading) is from Sahabi [537] as used by Matte
et al. [8] and Mattauer et al. [46].
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\

AFRICA

AUSTRALIA

Fig. 2. Late Cretaceous (~94 Ma) paleogeographic map showing
the extent of the Neo-Tethvan Ocean at that time. Continen-
tal and ridge positions are taken from Scotese and Golonka
[2] with permussion of the authors. Double lines represent mid-
ocean ridges and heavy single lines represent subduction zones
with teeth in the upper plate. Dual northward subduction zones
are shown, one north of India [15.21-25], and the other at
the Tibetan—Asian margin. The shape of Greater India 15 from
Scotese and Golonka [2].
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V severnim Afghanistanu foraminiferova fauna vykazuje
evidentni vztahy k severopaleotethydni riSi coz podporuje
ty nazory, které teran povazuji za variskou strukturu

0 100  200km
———————

North Afghan
Terrane

\
Central Pamir \ -
rvm= ?
SN

INDIAN PLATE

V centralnéafghanském teranu ochuzena
foraminiferova spoleCenstva podobné jako jiné
skupiny fauny indikuji perigondwansky puvod
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Kenozoicka evoluce Asie

Ruzné fragmenty Gondwany jako Indie a Arabie kolidovaly se zbytkem Asie béhem eocenu
a miocenu a orogeneticka pasma, ktera vznikala uzaviranim Neotethydy se oznacuji jako
alpidy. Vytvareji souCasné alpinsko-himalajské orogenetické pasmo. Alpidy spolu

s kimeridami tvori tethysidy.

se, ze ke kolizi doslo asi 1250 mil na jih od dnesniho kolizniho kontaktu a béhem kolize
doslo k horizontalnimu zkraceni o vice neez 1000 km..

Arabska deska kolidovala s okrajem Asie v JV Turecku a v Iranu az béhem stfedniho
miocenu a tato konvergence pokracuje dodnes rychlosti 3-4 cm palce za rok. Kolizni zonu
muzZeme pozorovat v Zagrosu Vv jiznim Iranu. Podobné jako v Tibetu vzniklo potom

v centralnim Iranu a Turecku vysoka nahorni plosina.

Circumpacifické alpidy muzeme pozorovat pfi vychodnim okraji Asie v oblasti Kamcatky,
Cukotky, PFimofi a Korjakské nahorni plosiny na ruském Dalném vychodé rovnéz v
Japonsku, a Jiho¢inském mofi. Jejich vyvoj byl a je urovan subdukci oceanické kary
Pacifiku pod vychodni okraj Asie. Subdukcni zéna, ktera byla aktivni pfi vychodnim okraiji
Asie ve svrchnim mesozoiku zaCala migrovat smérem od kontinentu. To vedlo ke krustalni
extenzi. V oligocenu se napf. otevrelo Jiho€inské more, ve stfrednim miocénu se otevrelo
Japonské more a Japonsko se oddélilo od Asie. Podobné stari ma Kurilska panev za
Kurilskymi ostrovy.




Arabska deska na severovychodé pokrytd mocnou sekvenci sedimentarnich
hornin kolidovala s kimerskou Casti Asie v Turecku a Iranu podél zagroské sutury
a sutury Bitlis v JV Turecku za vzniku pohori Zagros a Bitlis behem mioocenu a
tato kolize pokracCuje dodnes. V predpoli pohofi se vytvorila, podobné jako

v Tibetu, ndhorni plosina (zlusténi kontinentalni kuary). Pfi severnim okraji
Iranské nahorni plosSiny byly vyzdvizeny kimerské pohofi Kopet-Dag a Elbrus.

V Turecku na sever od Anatolské nahorni plosiny byl vyzdvizen Kavkaz.
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Fig. 1. Map showing location of study region and nearby tectonic
features. Thin black lines represent significant faults or boundaries
of mobile zone. Inset shows simplified tectonic setting of Syria
within the Arabian plate. AEA, Abd El Azniz.
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features. Thin black hines represent significant faults or boundaries
of mobile zone. Inset shows simplified tectonic setting of Syria
within the Arabian plate. AEA, Abd El Aziz.
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S N TIBET PLATEAU

INDIAN SHIELD

BENGAL
FAN

MODERN FORELAND BASIN & RIVERS

SIWALIK GROUP AND EQUIVALENTS

HIMALAYAN THRUST BELT

Hi malaj € predstavuji sougast jednotky
alpid (soucast tethysid). Tahnou se od
Afganistanu az po Barmu a pfi jejich vzniku
byly deformovany rozsahlé Casti Asie. Takze
do jejich studia mizeme zahrnout Karakoram,
Tibet, Tjan-San, Altaj, jezero Bajkal( (3000 km
na sever od Himalaji) a dokonce jihovychodni
Asii, ktera byla pravdépodobné
transportovana bo¢nim unikem dale na JV.
Asie se vyznaCuje vyraznym posttektonickym
vyvojem, ktery trva dodnes.




Hlavni stavebni jednotky Himalaji - Indie

1) Asijska deska
essssssssssssssss  Sutura Indus Tsangbo
2) Vys§s§i Himala;
Hlavni centralni nasun
3) Nizsi Himal4;

Hlavni hrani¢ni nasun

4) Panev Siwalik (molasa,tercier) messssssssss  Hlavni frontalni nasun

5) Indo-ganzska nizina (molasa, recent)
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(d) 20—-0 M.Y.A. © 2001 Brooks/Cole Publishing/ITP
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Hlavni tektonické jednotky (od severu k jihu) v Indii

1) Tibet
Jizni €ast Tibetu na jih od sutury Indus-Zangbo nalezi geologicky Himalajim. Zde se budeme zabyvat
Casti Tibetu, ktera se rozklada asi 1000km na sever od sutury Indus-Zangbo a Transhimalajského
batolitu Kandese az k Kun Lun Shanu pfi jizni strané Tarimské panve
Tibet(Xizang) muzeme rozdélit do tfrech kontinentalnich fragmenti - Kun Lun, Qiantang a Lhasa.
Oddélenymi suturami Jinsha a Banggong. Kun Lun ma laurasijské faunistické afinity ale Qiantang
a Lhasa pochazeji z Gondwany a driftovali pfes Mesotethys, ktera byla ve stfedni kfidé
prinejmensim 6000 km Siroka. Sutura Jinsha mezi teranem Kun Lun a Qiantang vznikla v pozdnim
triasu az nejspodnéjsi jufe a sutura Banggong mezi teranem Qiantang a Lhasa ve svrchni jure.

Transhimalajsky batolit mizeme nespojité sledovat na 2500km podél sutury Indus-Zangbo.

Transhimalayan batholith
igneous complex consists of I-type lithologies, including gabbros,diorites, and granites. Formation of the complex
is thought to have occured in several phases, between 110 and 40 million years. Partial melting of a

subducting NeoTethyan slab beneath the Asian plate is thought to have resulted in these magmas (Sorkhabi
1999).




Figure modelled after Sorkhabi (1999)
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2) VysSi Himalaj v Indii

VétSina hornin je tvofena metamorfity. Nejvyssi vrcholky mnoha §titd jsou ale tvofeny

a)

b)

paleozoickymi sedimenty. Vy$Si Himalaj muzeme rozdélit do 3 dil€ich jednotek.

Tethydni (Tibetska) zéna na severu je tvofena paleozoickymi a mesozoickymi sedimenty.
Jedna se 0 12 km mocné nakupeni fosilifernmich mofskych sedimentt od kambro-
ordovického stari az po stfedni eocen. Mesozoické sedimenty (napf. mocné karbonaty) se
ulozily na severnim pasivnim kontinentalnim Selfu indické desky. Sedimenty byly
metamorfovany do facie zelenych bfidlic a deformovany v nasunovych prikrovech.
Ofiolity odvozené z Neotethys a nasunuté na jih na indicky kontinentalni okraj.

Byly nasunuty ze sutury Indus -Zangbo smérem k jihu od 40 do 80 km na tethydni
sedimenty. Typické jsou nasuny na mélkovodni karbonaty.

Deska vysoce metamorfovanych hornin centralniho krystalinika nebo tibetska deska,
intrudovana miocennimi leukogranity. Ruly amfibolické facie tvofri tvori 15 km mocny
pruh podél celé deélky indickych Himalaji na jih od jihotibetského odlepeni. Jsou vyrazné
provrasnény, Casto se vyskytuje inverzni metamorféza. Na jihu jsou omezeny Hlavnim
centralnim nasunem. Granity nalezi syntektonickému magmatismu.
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plain Himalayas \ \ Tibetan Plateau

Main boundary fault
(d) 20—-0 M.Y.A. © 2001 Brooks/Cole Publishing/ITP
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3) Nizs$i Himalaj

Jedna se 0 zonu mezi Hlavnim centralnim nasunem a Hlavnim hraniénim nasunem
tvofenou 20 km mocnymi proterozoickymi rulami, mocnymi paleozoickymi a tmalo
mocnymi mesozoickymi sedimenty a ordovickymi granity.

Krystalinické rulové komplexy VnégjSiho krystalinika byly nasunuty podél Hlavniho
centralniho nasunu od severu z VysSi Himalaje na jih na sedimenty.

Na sever od Hlavniho hraniéniho nasunu jsou situovany 2 intramontanni molasové
panve, KaSmirska a PeSavarska panev. Sedimentace v PeSavarské panvi zacala
prinejmensim pred 2,08 Ma a deformace panve pokracuje dodnes. Kasmirska panev typu
piggy-back vznikla pred 4-5 Ma, coz je obdobi vzniku Hlavniho hranicniho nasunu a
obsahuje vice nez 1km sedimentu.
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4)Siwalik Foreland Basin (terciér)

Vyskytuje se na jih od Hlavniho hraniéniho nasunu a jeho sedimentarni vyplin je
tvofena miocennimi az recentnimi nemetamorfovanymi arkosami, prachovci, bfidlicemi a
slepenci. Vznikl flexurou indické litosféry pod nakladem k jihu se sunoucich pfikrovu a
obsahuje vice nez 10km terestrickych sedimentu indikujicich rychlou erozi. Je postizen
nasunovou tektonikou az po hlavni frontalni nasun a tato ¢ast byva oznaCovana jako
Subhimalaje.

5) Recentni molasové panve v predpoli (Indo-ganzska nizina)
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Hlavni tektonickeé jednotky (od severu k jihu) v Pakistanu

1) Karakoram

Tato horska oblast lezi mezi Severni suturou (suturou Chalt Shyok) na jihu a
hibetem Kun Lun v Ciné a severnim Pamirem byvalého SSSR. Tvofi zapadni tzky
konec tibetského platé.

Geofyzikalni udaje ukazuiji, ze asijska litosféra zde subdulovala k jihu do hloubky
pfinejmensim 200km a narazi na mélkou k severu se podsunujici indickou litosfeéru.

2) Severni sutura (Chalt Shyok Surture)

Tato sutura je situovana mezi ostrovnim obloukem Kohistan-Ladakh a
karakoramskou (asijskou) deskou na severu. Vznikla uzavienim zaobloukoveé
panve, které je dnes potvrzovano nalezy mocnych intravulkanickych turbiditu.

V Pakistanu sutura obsahuje 4km Sirokou melanz, ve které grafiticka jilovita matrix
zahrnuje bloky obloukovych hornin a albsko-aptskych vapencti odvozenych z jihu.
V Ladakh sutura obsahuje ofiolity vazané na nasunovou linii. Ke vzniku sutury doslo
mezi 100 az 80 Ma jako dusledek severni subdukce a kolize ostrovniho oblouku
Kohistan-Ladakh s karakoramskou deskou
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KF: Karakoram Fault
KkF: Karakax Fault
LGF: Lengmu-Co Gozha-Co Fault
MET: Main Boundary Thruet
NG: Mui Gragen
NKT: Main Karakoram Thrus!
RBAT. Mains Maatie Thiowst
RPZ: Bushan Pshart Zone
l| 5F: Shiquanhe Fault
SRT: Salt Hamge Thirust
£57: Shyok Suture Zone
TFF: Taks-Fergana Fault
WHSF: Western Kunlun Shar Fault
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Cimmerian microcontinents

Central Pamir

INDIAN PLATE




TarimBasin =~ | agN

MP:Morthern Pamirs = rotations vs. IndianShield
CP:Central Pamirs O—m= rotations vs. Eurasia
SP:Southern Pamirs——&— main thrusts

LK:Lake Karakul —— — — faults and minor thrusts

Celhim

Fig. 1. Begronal tectomie map of south-central Asia, showing sutures and major fanlts. The area of imvestigation 18 marked by the dashed rectangle i the north-
wiestern part of the India—-Asia collision zone (NP, CP, SP denote the northern, central, southem Pamirs). Palacomagnetic rotations in and around the westem




3) Transhimalajsky batolit a ostrovni oblouk Kohistan-Ladakh

Transhimalajsky batolit muzeme nespoijité sledovat na 2500km podél sutury Indus-
Zangbo. Na zapadé batolit pronikl do hornin ostrovniho oblouku Kohistan-
Lahakh zatimco na vychodé do hornin andského typu kontinentalniho okraje.
Je to zpusobveno tim, ze teran Kohistan-Ladakh je znam pouze na zapadé
a severni sutura na vychodé konverguje k suture Indus-Zangbo.

Batolit pronikl ve dvou fazich, nejprve béhem stfedni kfidy a potom béhem
paleocenu az spodniho eocenu, velmi blizko obdobi kolize. Jeho horniny byly
dusledkem severni subdukce Neotethydy pod aktivni kontinentalni okraj Tibetu.
Tento magmatismus andského typu ved| k zvétseni tloustky lhaského bloku
pri jiznim okraji Tibetu.

Pokud se tyCe ostrovniho oblouku Kohistan-Ladakh. Tak vznikal pravdépodobné
pri severnim okraji Neotethydy a behem kolize byl zachycen mezi eurasijskou a
indickou deskou. Byl tak deformovan dvakrat, poprvé kdyz kolidoval
s asijskou karakoramskou deskou a podruhé kdyz s nim na jihu kolidovala
deska indicka.

Ve vyvoiji ostrovniho oblouku Kohistan-Ladakh mizeme vyclenit 3 obdobi:

1) Vznik zralého ostrovniho o blouku ve stfedni kiidé. Po kolizi mezi 102-85Ma se
oblouk stal vybézkem kontinentalniho aktivniho okraje pod ktery k severu
subdukovala Neotethys.

2) Intruze batolitu andského typu ve dvou periodach - 78-75Ma a 48-45 Ma.

3) Pribézné podsouvani Indie pod zlustélou karu Kohistanu vedouci
ke krustalnimu natavovani a intruzi granitu pred 30Ma.

Takze muzeme v prubéhu akrece ostrovniho oblouku ke kontinentu rozlisit 3
rozdilné typy granitického magmatismu
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Regional geological setting of Nanga Parbat - Haramosh Massif
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4) Sutura Zangbo-Indus

oddéluje oblouk Kohistan-Ladakh od indické desky ( na vychodé lhasky blok

Vv
a)

b)

Tibetu od indické desky). Zde je nazyvana také sutura Yarlung-Zangbo.
V Pakistanu tato sutura koinciduje s Hlavnim nasunem plaste, podél které
doslo k obdukci hornin oblouku Kohistan-Ladakh na indickou desku. Na
zakladé paleomagnetickych udaju se predpoklada progresivni uzavirani sutury
na vychod, v SZ Himalajich v paleocenu a na vychodé v eocenu. Jinymi
slovy nejdelSi obdobi indentace bylo v Pakistanu na zapadni syntaxis, coz je
v souladu se skute€nosti, ze deformace zde byla intenzivnéjSi a
komplikovanéjsSi nez vice na vychodé.

ramci sutury se setkavame s nasledujicimi horninami:
Ofiolity, které se objevuji v Nagaland v SV Indii a hlavné v centralnim Tibetu
v nespojitém pasu 2500km dlouhém, misty s kompletni ofiolitovou sukcesi.se
sedimenty svrchniho albu az cenomanu.
Glaukofanické bridlice c) Ofiolitické melanze a olistolity. Objevuji se v SZ
Indii v Ladakh. Olistolity tvori bloky Selfovych, pfeduteesovych a svahovych
sedimentu v turbiditech abysalu.
Stredotlaké granulity. Byly metamorfovany vice nez pfi 8kbar v subduk¢ni zéné
pod obloukem.




Himalaya: a transect

Tarim Basin

[ Karakorum Batholith } :
Bl Trans-Himalayan Batholith Trans-Himalaya

Bl Tethyan sedimentary rocks )
[ Miocene granite - Higher Himalaya
[ Central Crystallines
Tibetan L Lower Himalaya ) _
[ Outer crystalline klippen ¢+ Lower Himalaya
B Siwalik - SubHimalaya

- AV

\

Plateau

\

» Karakorum Range
— between Kun Lun and Northern Suture

— remains of an Andean margin, thrusted to south over arc
remnants

* Northern Suture
— belt of mélange, mafic and ultramafic rocks, slate




4) Okraj indické desky v Pakistanu

Jednotky obdobné jako v Indii. NeznamnéjSi oblasti je masiv Nanga-Parbat, kde v
tektonickém okné vystupuiji jednotky indické desky zpod pfikrovu zény Kohistan-
Ladakh.

Nejmladsi projevy nasunu muzeme vidét na mistech, kde amfibolitové facie rul Nanga
Parbat je nasouvana na stérky reky Indus.. Ukazuje to, ze himalajska orogeneze,
ktera zaCala pred 50 Ma probiha dodnes. Nanga Parbat, s kulminujicimi hodnotami az
/mm za rok, vykazuje nejvysSi denudacni rychlosti na svété.
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Regional geological setting of Nanga Parbat - Haramosh Massif
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About Nanga Parbat.

The mountain of Nanga Parbat is the
westernmost 8000m peak of the Himalayan
chain. Geologically the mountain gives its
name to a massif of rocks derived from the
Indian continent. These rocks were
originally thrust beneath the over-riding
Kohistan island arc terrane (the southern
margin of the Asian landmass prior to
India-Asia collision). The Kohistan arc rims
the Nanga Parbat massif on three sides.
Early workers considered the massif to
occupy the core of a north-south trending
antiform. As a consequence of erosion
through this antiform, today we can see
levels within the collision belt that would
otherwise be buried.




Cross-secfion through the Nanga Parbatl Massit. To NP introduction To Map
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Tektonicka evoluce




Béhem tektonického vyvoje doslo tedy ke kolizi fady teranu s jiznim okrajem asijského kontinentu
nasledované uzavienim Neotethys kolizi Indie s dfive akretovanymi terany pfi jiznim okraji Asie podle
sutury Indus-Zangbo pred 55-45 Ma. V misté této kolize byl jako prvni z teranu akretovan teran
Qiantang naleZejici do kimerské skupiny teranu(akrece konec triasu) a druhym teran Lhasa, ktery se od
Indie oddélil asi koncem triasu a k Asii byl pficlenén ke konci jury. Indie byla poslednim fragmentem a jeji
rifting a pohyb oteviral Indicky ocean na jihu a uzaviral Neotethys na severu.
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AFRICA

Fig. 1. Late Jurassic (Kimmeridgian—Tithonian, ~ 130 Ma) pale-
ogeographic map showing the extent of the Neo-Tethys Ocean
between India and the Lhasa block. as well as the last rem-
nant of the Paleo-Tethvs Ocean between the Asian mainland and
the Lhasa and Helmand (Afghanistan) blocks. The Paleo-Tethys
remnant 1s sometimes called “Meso-Tethys™ [1]. Double lines
represent mid-ocean ridges and heavy single lines represent sub-
duction zones with teeth 1 the upper plate. The approximale
relative positions of the major continents is taken from Scotese
and Golonka [2] with permission of the authors, whereas the
position of the Helmand--Lhasa block is transposed from Sengor

and Natal'in [1]. also with the permission of the authors and of

Cambridge University Press. The paleolatitudes of the Helmand
Lhasa and northern Tibetan blocks, and the Paleo-Tethys Basin
are rather uncertain at this time. The shape of Greater India de-
picted here (dark shading) is from Sahabi [57] as used by Matte
et al. [8] and Mattaver et al. [46].

L/
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Fig. 2. Late Cretaceous (~94 Ma) paleogeographic map showing
the extent of the Neo-Tethyan Ocean at that time. Continen-
tal and ridge positions are taken from Scotese and Golonka
[2] with permission ol the authors. Double lines represent mid-
ocean ridges and heavy single lines represent subduction zones
with teeth in the upper plate. Dual northward subduction zones
are shown, one north of India [15.21-25]. and the other at
the Tibetan—Asian margin. The shape of Greater India is from
Scotese and Golonka |:|
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R olang, 3009 Joumaan e Vit Ol Ewpian

Drive nez Indie narazila na Asii ve starSim tercieru,
nékolik tisic kilometr oceanické kiry Neotethydy
velmi rychle subdukovalo pod Asii. Pfi subdukci
Neotethydy vznikl v centralnich-vychodnich
Himalajich andsky typ kontinentalniho okraje a
ostrovni oblouk v oblasti Kozistan-Ladakh na
zapade.

A - Eurly Cravsconsy (130 ba) 10 Bk 5 oot {00065 Mol )

FURASIA

Paleomagnetické udaje ukazuiji, Ze Indie se od
obdobi pfed 84 Ma pohybovala proti sméru
hodinovych rucéi¢ek a ke kolizi s Asii doslo asi pred
45 Ma. Poté pokraCoval pohyb na sever, ktery na
zapade dosahoval 1815 km a na vychodée 2750 km.
Severni pohyb indické desky probihal od kolize az
dodnes rychlosti 5cm/rok. ProtoZze obé desky,
indicka i asijska , maji zhruba stejnou hustotu,
nemuze dojit k vyraznéjsi subdukci jedné desky pod
druhou. To vede k vyraznému vyzdvihu kolizni zony.

/ 19 ¢an. 37 Pfi narazu Indie na Tibet byl nejprve seskrabnut
: paleozoicky a mesozoicky sedimentarni pokryv
] (superficialni prikrovy) okraje indické desky a
bt ity sUNUL dO pTedpoli na jeji stabilngjsi ¢ast.
w1 S pokracujicim posunovanim indické desky byly
strzeny ¢asti metamorfovaného basementu
. (pfikrovy fundamentu) na okraji desky a rovnéz
sunuty jako pfikrovy fundamentu. Himalgje jsou tak
. tvoreny z velke Casti Supinami severniho okraje
" indické desky.
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Before India Collided with Asia

* Oceanic lithosphere
— subducted beneath southern Tibet
— as India approached Asia

northern margin of India southern margin of Tibet
India Accretionary Fore-arc Volcano Tibet
wedge basin ‘
Crust ‘ 1

|
Paleozoic Mesozoic
sediments sediments

(a) 60 M-Y-A. @ 2001 Brooks/Cole Publishing/ITP




India Collided with Asia

* About 40 to 50 million years ago

e India collided with Asia,

— but because India was to light to subduct,
— 1t thrust under Asia

Main central thrust

(b) 40_50 M.Y.A. @ 2001 Brooks/Cole Publishing/ITP




Continued Convergence

» Thrusting of Asian rocks
— onto the Indian subcontinent
— accompanied continued convergence

Main central thrust Eroded accretionary

Main boundary fault
(c) 20—40 M.Y.A. © 2001 Brooks/Cole Publishing/I TP




India Moved beneath Asia

» Since about 10 million years ago,
— India has moved beneath Asia
— along the main boundary fault

Ganges Main central thrust

plain Himalayas \ \ Tibetan Plateau

Main boundary fault

(d) 20—0 M.Y.A. © 2001 Brooks/Cole Publishing/ITP




Postkolizni zkracovani bylo kompenzovano 3 zpusoby, nazory na jejich relativni
vyznam se lisi.

1) Zkraceni a ztlusténi kury

Hlavni centralni nasun (MCT) s translaci vice nez 100km, Hlavni hraniéni
nasunuti (MBT) a Hlavni frontalni nasunuti(MFT) . Zkraceni v suturové zone je
odhadovano na 550km a v zoné mezi suturou a himalajskymi nasuny na 400km.
Celkové zkraceni nebylo tedy pravdépodobné vice nez 1000km.

Ztlusténi tibetské kiry na témér dvojnasobek probéhlo od stfedniho eocenu do
spodniho miocenu a souCasna vyska byla dosazena asi pred 8MA. Zkraceni mezi
tarimskym a seveeroCinskym blokem se odhaduje na 1040 +-1060km a v jizni Asii
mezi jiznim Tibetem a sibifskym kratonem 1700+-610km.

2) Podsouvani indické kontinentalni litosféry pod Eurasii. Nazory na rozsah se
liSi, nejnovéjSi seismickeé udaje ukazuiji, Ze to muselo byt pfinejmensim 200km
nebo vice.

3)Vychodni lateralni extruze (bo€ni Unik) Tibetu a JV Asie. Opét se nazory lisi,
radové to vsak byly stovky km.
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Figure 2.2: The tectonic fragments as discussed in this chapter, as well as their accretion imes, according to the reconstruction of ExxonMobil
(Norton, 1999). The collision of Arabia with Eurasia occurred around 22 Ma. Accreted at 48 Ma: Vardar, Pelagonia, Menderes, Antalya,
Taundes, Bitlis area, and India. Accreted around 80-70 Ma: Kirsehir, Daralagez. Accreted between 140 and 110 Ma: Sakarya/Karakaya
complex, Helmand, Ladakh-Kohistan arc, Lhasa. Accreted between 200 and 180 Ma: Sanandaj-Sirhan, Kavir area, Yazd, Tabas, Lut, Sistan.
Accreted prior to 200 Ma: Ponuides, Farah. The tecionic fragments north and east of the Pontides-Farah-Lhasa line (including the North Tibet,
South China, Indochina, and Sibumasu block of Table 2.1) all accreted onto the Eurasian margin before 200 Ma, and are therefore not shown
separately.




The Himalayan Orogeny: The Indian
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The Himalayan Orogeny: India Collides
with Tibet and Breaks along the Main
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Fig. 14. Distribution of Gondwana-affinity Permo-Carboniferons in southwest China and Southeast Asia (shaded area), Data of Southeast Asia based on

Swuffer and Lee, 1986; data of southwest China based on my own field work and from other Chinese anthors.
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The Western Margin is of critical importance for
understanding the recent and active tectonics of the
Nanga Parbat Massif. There are a variety of structures
present, including rare segments of an early ductile
contact between the Kohistan arc terrane and rocks of
the Indian continental crust (which are indicated on the
adjacent map). However, the margin is dominated by
later structures. Some of these are associated with
metamorphic fabrics and formed under ductile
conditions while others formed under shallower burial
conditions. These are marked by extensive fracturing
and cataclasis, presumably associated with seismogenic
faulting in the past. Taken together, these structures
record the progressive uplift and unroofing of the area.







Regional geology

The Zagros orogen results from the convergence between
the Iran block and the Arabian plate, as the Neo-Tethyan
realm (whose rifting had started in the Upper Permian-
Lower Trias, when the Central Iranian block separated
from Gondwana and Arabia) disappeared through a
succession of subduction/obduction collision stages. Con-
vergence was first accommodated by a northeastward
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2FH P

Fig. 2 Two of the rare cross—sections available for the Zagros
range, simplified after Stocklin (1968; a and Alavi (1994; b These
sections underline the recent controversy on the location of the
suture zone (Alavi 1994, located either along the Main Zagros
Thrust (MZT), to the SW of the 357 (section a; most authors), or
further to the East, E of the S8Z (S57: section b: Alavi 1994). This
question will be addressed in more detail in the discussion section.
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Fig. 10 a Synthetic cross-section summarizing the overall structure of the Crush zone (following structures reported on Fig. 5). Given
the progressive out-of-sequence slicing of the SSZ thrust (into units 1-3; see also Fig. 11), the main contacts probably root
deeper in thevicinity of the Main Zagros Fault system (MZF). Bold numbers

refer to the results obtained for maximum temperatures of the SSZ rocks (SSZ; see Figs. 1c, 9a; Table 1). Italicized numbersgive the
corresponding maximum depths, considering that an average MP-MT 32C/km metamorphic gradient prevailed (Agard et al.
2005) and that peak temperatures and pressures were reached contemporeneously (a reasonable assumption except
immediately to the E of the Alvand intrusion, where the maximum depth is therefore exaggerated; see text for details). MZT
Main Zagros thrust; Rad radiolarites. b A possible simplified crustal-scale cross-section for Zagros, as inferred from (1)
constraints provided by this study (inbox; Fig. 10a), (2) Moho depths for Central Zagros deduced from teleseismic data (Paul
et al. 2002) along a transect running between Busher and Yazd (and projected here using the MRF as a reference line), (3)
cover and basement depths in the Zagros Fold belt (after McQuarrie 2003 and cross-sections from NIOC map n1). No vertical
exageration except for the topography (see scale on the left). The position of the suture zone is indicated. See text and
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Fig. 11 Progression of convergence with time in the Crush zone as deduced by unfolding the cross-section of Fig. 10a. Changes through time SW of the ophiolite unit are only indicative
simce our study focused on structures located beyond, to the NE; in particular, neither the amount and the timing of shortening in the Zagros Fold belt, which probably started during
the latest stages of this evolution, nor the respective amount of shortening of the Bisotun units associated with collision or obduction are known with precision. The amount of
shortening in the Crush zone deduced from this reconstruction {(about 50-70 km duning the last 20-15 Ma) should therefore be considered as a minimum estimate
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Tentative geodynamic evolution for the convergence

between Arabia and Iran (Eurasia), as deduced from our data
and from the literature. Alv. Alvand intrusion; Bi Bisotun unit;
CAvolc. calc—alkalinevolcanism; Cret. Cretaceous; Ham Hamedan;
Orb. Lst. Orbitolina limestone; Rad radiolarian through; SSZ
Sanandaj—Sirjan zone; UDVZ Urumieh—Dokhtar volcanic zone;
ZFB Zagros Fold belt. *? Early Tertiary deformation within the
ZFB (Mouthereau et al. 2005). See text for details. Note that this
tentative evolution does not explain the origin of the Early
Miocene calc—alkaline magmatism in the Urumieh—Dokhtar
volcanic zone, which remains poorly studied and understood
(e.g., Berberian and Berberian 1981)
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Aporthophyla tianjingshanensis
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Reconstruction of eastern Gondwanaland for the Cambro-Ordovician (Tremadoc)) showing the postulated
positions of the East and Southeast Asian terranes, distribution of land and sea, and shallow-marine fossils that
illustrate Asia-Australia connections at this time. NC = North China SC = South China T = Tarim I =

Indochina Qi = Qiangtang L. = Lhasa S = Sibumasu WB = West Burma GI = Greater India. Present day
outlines are for reference only.
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Reconstruction of eastern Gondwanaland for the Mid-Late Silurian showing the postulated positions of the
East and Southeast Asian terranes, distribution of land and sea, and shallow-marine fossils that appear to
define an Australasian province at this time. WC = Western Cimmerian Continent WB = West Burma.
Present day outlines are for reference only.
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Fig. 10. Schematic model of the tectonic evolution of the Fan— Karategin belt (not to scale); (A) initiation of subduction within the oceanic
plate; (B) initiation of island arc: the arrival of seamounts at a trench, its submergence into subduction zone and incorporation into an
accretionary prism; (C) collision of ssamount with island are, exhumation of blueschist /greenschist rocks: (D) formation of subduction—
accretion—collisional complex of the Fan—Karategin belt: (E) post-collisional orogenic climax in the Late Paleozoic; (F) modern tectonic
structure (note south-dipping thrusts resulted from the obduction of south eraton or microcontinent). (1) Precambrian eraton: (2} oceanic

plate; (3} carbonate-capped seamount composed of OIB and E-MORB basalts: (4) pelagic chert sediments: (5) island-arc volcanic rocks: (6)
volcaniclastic sediments: (7) tuffs; (8) post-collisional granitoides.

V oblasti SZ Sibife (Tajmyr) byla
dulezitou udalosti kolize
mikrokontinentu Kara podél
Tajmyrskéeho pohofri v triasu. Na
vychodni Sibifi Verchojanského
pohofi(jura-spodni krida)
reprezentuje akrecné-kolizni orogen
kde ke konci mesozoika doslo ke
kolizi s omolonskym
mikrokontinentem. Dale na vychod
cukotského a korjaksko-
kamé&atského pasma reprezentuji
akre¢ni orogeny s terannni stavbou.




Palaeogeographic reconstruction for Eastern
Tethys in the Middle Eocene showing
distribution of land and sea. SG = Songpan
Ganzi accretionary complex SWB = South
West Borneo (includes Semitau) NP = North
Palawan and other small continental
fragments now forming part of the Philippines
basement Si = Sikuleh N = Natal M =
Mangkalihat WS = West Sulawesi Ba = Banda
Allochthon ES = East Sulawesi O = Obi-Bacan
Ba-Su = Banggai-Sula Bu = Buton B-S =
Buru-Seram WIJ = West Irian Jaya Sm =
Sumba PA = Incipient Philippine Arc PS =
Proto-South China Sea Z = Zambales
Ophiolite. M numbers represent Indian Ocean
magnetic anomalies.
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« Karakorum Range, former Andean margin

* Trans-Himalaya, plutonic belt, NeoTethyan Andean batholiths

* Indus-Zangbo (Yarlung-Tsangpo) suture zone

— narrow discontinuous belt of ophiolite, blueschist facies rocks at

the ends; forearc rocks 1n the central Himalaya
— Jungbwa ophiolite - overthrust to the south
— preserved as a klippe
— not typical MORB - likely a shortlived arc back-arc floor




Himalaya: a transect

Tarim Basin
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» Karakorum Range
— between Kun Lun and Northern Suture

— remains of an Andean margin, thrusted to south over arc
remnants

* Northern Suture
— belt of mélange, mafic and ultramafic rocks, slate




Himalaya: a transect

Tarim Basin ] :
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* Trans-Himalaya
— plutonic belt, comprising Andean batholiths
— diverges in the west around the Ladakh-Kohistan arc

— Cretaceous Kangdese (Gandise) granite - subduction of Tethyan
ocean floor

* Indus-Zangbo (Yarlung-Tsangpo) suture zone

— narrow discontinuous belt of ophiolite, blueschist facies rocks at
the ends; forearc rocks in the central Himalaya




Tarim Basin [ Karakorum Batholith

Northern & &1’0 Vs B Trans-Himalayan Batholith
Suture Qf% “ Bl Tethyan sedimentary rocks
ohj O’?g]] ] Miocene granite
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Tibetan L Lower Himalaya
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* Higher Himalaya

— Central Crystalline Belt - core zone amphibolite facies gneiss

Indian in origin, basement + cover

} Trans-Himalaya

~

\

- Higher Himalaya

- Lower Himalaya

Tethys Himalaya - stack of south-vergent thrust sheets

complete 10 km thick Cambrian to Eocene sequence
sedimentary rocks on northern margin of protolndia
allochthonous ophiolitic rocks - derived from Indus-Zangbo

suture zone, preserved as klippen. Immature ophiolites.
— granite plutons - very high 87Sr/%6Sr ratios

derived from melting of crust.




Tarim Basin :
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* Lower Himalaya
— below Main Central Thrust, above Main Boundary Thrust
— Proterozoic to Lower Paleozoic Indian miogeoclinal rocks
— thrust south on to India
— 1nverted 1sograds (hot thrusts)

e Sub-Himalaya
— 7 km thick unmetamorphosed molasse (Siwalik Molasse)
— Oligocene to Holocene deformation (offset river terraces)
— carried on Main Frontal Thrust

* Ganga (Indogangetic) Plain - Indus-Ganges River, undeformed.
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* Higher Himalaya

— Central Crystalline Belt - core zone: Indian basement & cover

— Tethys Himalava - thrust stack, northern Indian margin
— allochthonous ophiolitic rocks - Jungbwa ophiolite

- Miocene crustal melting

- lower parts of Indian miogeocline

* Sub-Himalaya - unmetamorphosed molasse (Siwalik Molasse)




the Himalaya provides a good look at c-c collisions
WOr
Wor
Wwor
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Himalaya

's youngest and highest mountain range
's fastest uplift rate (10 mm/a at Nanga Parbat)
's maximum relative relief (>6,000 m, Indus Valley)

1C

I's largest high plateau (Tibet, >5,000 m)

(nice feature!) produced from almost orthogonal collision

tectonic development 1n brief:

— Late Triassic: North Tibet collided with Eurasia, Paleotethys
Ocean closed, Kun Lun Range 1nitiated

— Jurassic to Early Tertiary: several oceans (or arms of oceans)
opened and closed; terranes were moved across Tethys to the
north

— Eocene: Neotethys Ocean closing, India collided with Eurasia

— Eocene to Holocene: India still pushing north into Asia.
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