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Geochronological and petrological studies of the northwestern Indian Himalayas:
Understanding the early processes of continental collision zone

Imayama, Takeshi
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We clarified the timing of subduction and onset of exhumation for the High
Himalayan Crystalline Sequences in the Uttarakhand region of northwestern India. In Nepal, Oligocene
thrusts and partial melting via biotite dehydration reaction within the High Himalayan Crystalline
Sequences play a major role in the exhumation of metamorphic rocks, whereas these Oligocene thrusts
and high-temperature partial melting were not recognized in northwestern India. Instead, the early
Miocene normal faulting and fluid-saturated partial melting occurred within the High Himalayan
Crystalline Sequences in northwestern India, distinguished from the exhumation mechanism of
metamorphic rocks in Nepal. In addition, a geological survey and petrological study of
ultrahigh-pressure metamorphic rocks in the northwestern India, Ladakh region revealed
ultrahigh-pressure eclogites were accompanied with leucocratic melt, showing direct evidence that
the eclogite was partially melted.



5000

1
Main Central Thrust (MCT) South Tibetan Detachment (STD)
( Searle et a., 2003)
High Himalaya Discontinuity: HHD
Imayama et al., 2010, 2012
(
Montomoli et al. 2015)
(Tso Morari )
STD 1 F-_ 7T
HHD KEGHRER
e, Gl # Fryp []0km
P e N -
- EREEREL 30
30 KL | LI T
= [T ][]
STD: South Tibetan Detachment Basement
HHD: High Himalaya Discontimuity AL
MCT: Main Central Thrust €. 50km
M1 RA—ILEIZVYOHENRER
2
2-1)
2-2)
2-1)
Uttarakhand
Uttarakhand
2-2)
Tso Morari 5500 4600
22 39kbar, 700 790°C -
4500

3500 St-Onge et al., 2013



Tso Morari

Tso Morari

31
3-1-1) :
29 (Uttarakhand )

(EPMA)

3-1-2) / :
— / U-Pb

31-3) / _

ICP

32
3-2-1) :
31 Tso Morari

DriptaDutta

32-2) -
311) 31-2) 313

4-1)
(Uttarakhand )

[ MCT
i MCT 13 14 kbar iii
32 34Ma iv



Imayamaet al. 2019

Kawabata et al. (2021)

4-2) (Uttarakhand ) Jhala Normal Fault:
JINF
« )
Boseet a. (2023)
5
Lo
\\¢¢§;,§° .
b 6(\\\:,6\ \C &/S[CQ 9)):?
Gl 2 S0 2
@"’}“‘0% 1, 99\79\% Diachronous extrusion
SRS oS~ : central Himalaya

(eastern Nepal)

(a)

0
e o
Indian basement
40
(km)
R
o
N K)
¥ & >
Y *25
& i
Z@,&Q‘;& \47 Heterogenous extrusion
& e northwest Himalaya
(b) (Garhwal)

0

R
Indian basement M 4
HT

40
(km)

2(a) Bx/A—)b & (b) A6F -1 FOZEEE 80O
(Kawabata et al., 2021)

4-3) (Uttarakhand )

i)
i)

4-4)



STD

Imayama et al.
(2022)
4-5)
Imayamaand Dutta, 2019
46 Ma
4-6)
Panjal Traps
3
2400km
Gondwana
5 | !\Ollre;gggic—Teriiary = grraos(;lieanno-Damara
+ w>\\m G | galaeozoic-Mesozoic E)i]ri)tgfr:ican
+ . Sahara | rogen = ‘
{ \+ A‘:’VQSt | ;’}/ l”l( \+ Meta- + = ‘:l I;alaeozoic Orogen grr%tgeerf\zo'c
11\ African | craton ! "\, [==] Kuungan ) )
) /H oo ‘LZ’//J/ P o + \“ 3 ;z — Orogen Precambrian Shield
N = —= Rifting event (493-476 Ma)
| i o =_inferred from this study
. ”’ I' 0
> Ny,
. 3 .I\‘ .\
+\ East
'y i i ..... Antarctic
\‘\u = Shield
060’

i
S ey
30 R AMEERBE 1 FtROGERTERY 7 bES)

Modified from Gray et al. (2008) and Meert and Lieberman (2008)

Bose et al., 2023. J. Earth Sys. Sci., 132, 6.

Gray et a., 2008. Geol. Soc. London, Spec. Paper 294, 257-278.
Imayamaet al., 2010. J. Metamorp. Geal., 28, 527-549.

Imayamaet al., 2012. Lithos, 134-135, 1-22.

Imayamaet al., 2019. Geol. Soc. London, Spec. Paper 481, 147-173.
Imayama and Dutta, 2019. Bull. Inst. Front. Sci. Tech., Okayama Univ. of Sci., 1, 49-52.
Imayamaet al., 2022. J. Asian Earth Sci., 234, 105276.

Kawabata et al., 2021. Lithos, 404-405, 106488.

Meert and Lieberman, 2008. Gond. Res., 14, 5-21.

Montomoli et al. 2015. Geol. Soc. London, Spec. Paper 412, 25-41.
Searle et al., 2003. J. Geol. Soc. London, 160, 345-366.

St-Onge et a., 2013. J. Metamorp. Geol., 31, 469-504.



14 12 10 0

Imayama Takeshi Oh Chang Whan Jeon Jimin Yi Keewook

382-383

Neoproterozoic and middle Paleozoic geological events in the eastern Wolhyeonri complex of the
southwestern Gyeonggi Massif, South Korea, and their tectonic correlations in northeastern Asia

2021

Lithos

105923 105923

DOl
10.1016/j . ithos.2020.105923

Sakai Harutaka Iwano Hideki Imayama Takeshi 30
Thematic issue: Evolution of Nepal Himalaya 2021
Island Arc -
DOl
10.1111/iar.12413
Kawabata Ryoichi Imayama Takeshi Kato Takenori Oh Chang- Whan Horie Kenji Takehara Mami 40
Multi- stage metamorphic history of the Oki gneisses in Japan: Implications for 2021
Paleoproterozoic metamorphism and tectonic correlations in northeastern Asia
Journal of Metamorphic Geology 257 286
DOl
10.1111/jmg.12627
Kawabata Ryoichi Imayama Takeshi Bose Narayan Yi Keewook Kouketsu Yui 404-405
Tectonic discontinuity, partial melting and exhumation in the Garhwal Himalaya (Northwest 2021

India): Constrains from spatial and temporal pressure-temperature conditions along the
Bhagirathi valley

Lithos

106488 106488

DOl
10.1016/j . 1ithos.2021.106488




Imayama, T., Oh*, C. W., Jeon, J., and Yi, K.

382-383

Neoproterozoic and middle Paleozoic geological events in the eastern Wolhyeonri complex of the 2021

southwestern Gyeonggi Massif, South Korea, and their tectonic correlations in northeastern

Asia.

Lithos 105923
DOl

10.1016/j . lithos.2020.105923

Imayama*, T., Ueda, H., Usuki, T., Minami, M., Asahara, Y., and Nagahashi, T. 114

Variability of protoliths and pressure-temperature conditions of amphibolites from the Ohmachi 2020

Seamount (lzu-Bonin-Mariana arc): Evidence of a fossil subduction channel in modern intra-

oceanic arcs.

Mineralogy and Petrology 305-318
DOl

10.1007/s00710-020-00705-z

Imayama*, T., Uehara, S., Sakai, H., Yagi, K., lkawa, C., and Yi, K. 109

The absence of high-pressure metamorphism in the inverted Barrovian metamorphic sequences of 2020

the Arun area, eastern Nepal and its tectonic implication

International Journal of Earth Sciences 465-488
DOl

10.1007/s00531-019-01816-5

Imayama, T., Koh, Y., Aoki, K., Saneyoshi, M., Yagi, K., Aoki, S., Terada, T., Sawada, Y., 131

Ikawa, C., Ishigaki, S., Toyoda, S., Tsogtbaatar, Kh, and Mainbayar, B.

Late Permian to Early Triassic back-arc type volcanism in the southern Mongolia volcano- 2019

plutonic belt of the Central Asian Orogenic Belt: Implication for timing of the final closure

of the Palaeo-Asian Ocean

Journal of Geodynamics 101650

DOl
10.1016/j . jog.2019.101650




Imayama, T., Arita, K., Fukuyama, M., Yi, K., and R. Kawabata

61

1.74 Ga crustal melting after rifting at the northern Indian margin: investigation of mylonitic 2019

orthogneisses in the Kathmandu area, central Nepal

International Geology Review 1207-1221
DOl

10.1080/00206814.2018.1504329

Imayama T. Takeshita T. Yi K. Fukuyama M. 481

Early Oligocene partial melting via biotite dehydration melting and prolonged low-pressure?low- 2018

temperature metamorphism of the upper High Himalaya Crystalline Sequence in the far east of

Nepal

Geological Society, London, Special Publications 147 173
DOl

10.1144/SP481.2

Imayama, T., and Dutta, D. 1

Research report of the Tso Morari ultra-high pressure metamorphic complex in Ladakh, NW India 2019

Bull. Inst. Front. Sci. Tech, Okayama Univ. of Sci. 49-52
DOl

Imayama, T. and R. Hoshino 44

Inverted metamorphism in the Ilam Nappe, far-eastern Nepal 2018

Bull. Res. Inst. Nat. Sci., Okayama Univ. of Sci. 11-15

DOl




Imayama Takeshi Hoshino Ryuhei Yi Keewook Kawabata Ryoichi 234

Eocene to Miocene metamorphic evolution and tectonic implication of the Ilam Nappe in Nepal 2022
Himalaya: Constraints from P?T conditions and monazite petrochronology

Journal of Asian Earth Sciences 105276 105276

DOl
10.1016/j . jseaes.2022.105276

Kalita Pranjit Phukon Purbajyoti Goswami Tapos K. Imayama Takeshi Srivastava Hari B. 416-417

Chemical mass transport during deformation and metamorphism: Insights from the Main Central 2022
Thrust and its footwall of Western Arunachal Himalaya, NE India

Lithos 106641 106641

DOl
10.1016/j . lithos.2022.106641

29 6 15

Imayama, T., Oh, C.W., Jeon, J., and Yi, K.

Neoproterozoic and middle Paleozoic geological events in the eastern Wolhyeonri complex of the southwestern Gyeonggi Massif,
South Korea, and their tectonic correlations in northeastern Asia.

2021

2021 2022

, , Dutta Dripta

Multiple igneous activities recorded in the Nidar ophiolite complex, eastern Ladakh

2021 Japan Geoscience Union Meeting

2021 2022




2021

2021 2022
2021
2021 2022

Imayama, T., Kawabata, R., Kato, T., Oh, C. W., Horie, K., and Takehara, M.

Multi-stage metamorphic history of the Oki gneisses in Japan: Implications for Paleoproterozoic metamorphism and tectonic
correlations in northeastern Asia

2021
2021 2022
) , Dutta Dripta, , , , ’ ’
Nidar
2021

2021 2022




Imayama, T., Kawabata, R., Bose, N., Yi, K., and Kouketsu, Y.

Tectonic discontinuity, partial melting and exhumation in the Garhwal Himalaya (Northwest India): Constrains from spatial
and temporal pressure-temperature conditions along the Bhagirathi valley

2021 AGU meeting

2021 2022

67

2020 2021

Imayama, T., Koh, Y., Aoki, K., Saneyoshi, M., Yagi, K., Aoki, S., Terada, T., Sawada, Y., lkawa, C., Ishigaki, S., Toyoda,
S., Tsogtbaatar, Kh, and Mainbayar, B.

Late Permian to Early Triassic back-arc type volcanism in the southern Mongolia volcano-plutonic belt of the Central Asian
Orogenic Belt: Implication for timing of the final closure of the Palaeo-Asian Ocean.

Frontier Symposium on Geohistory of East Asia and Okayama

2020 2021

Imayama, T., Ueda, H., Usuki, T., Minami, M., Asahara, Y., and Nagahashi, T.

Variability of Protoliths and P-T Conditions of Amphibolites from the Ohmachi Seamount (lzu-Bonin-Mariana Arc)

2020 Goldschmidt Conference

2020




Narayan Bose Yi Keewook

Uttarakhand Barrovian

0uS 2019

2019 2020

Imayama, T., Kawabata, R., Kato, T., Horie, K., and Takehara, M.

Polymetamorphic evolution of the Oki gneisses in Japan: Implications for the Paleoproterozoic metamorphism and its tectonic
correlation in northeastern Asia

2019 Fall Joint Conference of the Korean Geological Sciences

2019 2020

Imayama, T., Uehara, S., Sakai, H., Yagi, K., lkawa, C., and Yi, K.

The inverted Barrovian metamorphic sequences and fluid-present melting in the Arun area, eastern Nepal

2019 Goldschmidt Conference

2019 2020

CHIME

2019 2020




Kawabata, R., Imayama, T., Bose, N., Yi, K., and Kouketsu, Y.

Preservation of the early Oligocene Barrovian-type metamorphism caused the fluid-present melting along Bhagirathi River in
the Uttaraganti area, NW India

34th Himalaya-Karakorum-Tibet workshop

2019 2020

Arao, M., Imayama, T., Yagi, K., lkawa, T., Sawada, M., Siddiqui, R., and Khan, S.

Classification of volcanic rocks in the Muslim Bagh area: Constraints from petrological characteristics and K-Ar ages

JSPS Japanese-German graduate externship International Workshop on “ Volatile Cycles”

2019 2020

Rehanul Siddiqui Said Khan

Petrological and geochronological studies of the volcanic rocks in the Muslim Bagh area, Pakistan.

2019

2019 2020

Imayama, T., Koh, Y., Aoki, K., Saneyoshi, M., Yagi, K., Aoki, S., Terada, T., Sawada, Y., lkawa, C., Ishigaki, S., Toyoda,
S., Tsogtbaatar, Kh, and Mainbayar, B.

Late Permian to Early Triassic back-arc type volcanism in the southern Mongolia volcano-plutonic belt of the Central Asian
Orogenic Belt: Implication for timing of the final closure of the Palaeo-Asian Ocean.

2019

2019 2020




Imayama, T., Takeshita, T., Yi, K. and Fukuyama, M.

Early Oligocene partial melting via biotite dehydration melting and prolonged low- P/T metamorphism of the upper High
Himalaya Crystalline Sequence in the far east of Nepal

3rd International RINS Symposium  Metamorphism, deformation, and geochronology in orogeny

2019 2020

Kawabata, R., Imayama, T., Bose, N., and Yi, K.

The early Oligocene Barrovian-type metamorphism related to fluid-saturated melting along Bhagirathi River in the Uttarakhand
area, NW India

3rd International RINS Symposium  Metamorphism, deformation, and geochronology in orogeny

2019 2020

Narayan Bose Yi Keewook

Bhagirathi

2018 2019

Imayama, T., Arita, K. Fukuyama, M. Yi, K., and Kawabata, R.

1.74 Ga crustal melting after rifting at the northern Indian margin: Investigation of mylonitic orthogneisses in the
Kathmandu area, central Nepal

33rd Himalaya-Karakorum-Tibet workshop

2018 2019




Imayama, T., Arita, K. Fukuyama, M. Yi, K., and Kawabata, R.

1.74 Ga crustal melting after rifting at the northern Indian margin: Investigation of mylonitic orthogneisses in the
Kathmandu area, central Nepal

15th Asia Oceania Geosciences Society meeting

2018 2019

Imayama, T., Arita, K. Fukuyama, M. Yi, K., and Kawabata, R.

1.74 Ga felsic magmatism formed via crustal melting: Investigation of mylonitic orthogneisses in the frontal zone of the
Kathmandu Complex, central Nepal

2018 2019

Imayama, T., Dripta, D., and Yi, K.

Early Paleozoic rift-related magmatism recorded in the ultrahigh-pressure Tso Morari Complex (NW Indian Himalaya)

2022 Korean Geological Society conference

2022 2023

Imayama, T., Hoshino, R., Yi, K., and Kawabata, R.

Eocene to Miocene metamorphic evolution and tectonic implication of the Ilam Nappe in Nepal Himalaya: Constraints from P-T
conditions and monazite petrochronology

2022 ltalian Geological Society conference

2022 2023




Imayama, T., Hoshino, R., Yi, K., and Kawabata, R.

Eocene to Miocene metamorphic evolution and tectonic implication of the Ilam Nappe in Nepal Himalaya: Constraints from P-T
conditions and monazite petrochronology

2022 Goldschmidt Conference

2022 2023

Imayama, T., Hoshino, R., Yi, K., and Kawabata, R.

Eocene to Miocene metamorphic evolution and tectonic implication of the Ilam Nappe in Nepal Himalaya: Constraints from P-T
conditions and monazite petrochronology

2022 2023

Bose, N., Imayama, T., Kawabata, R., Gupta, S., and Yi, K.

Channel-flow induced "normal faulting® in the Himalaya: a case study from the Jhala Normal Fault, Garhwal Higher Himalaya,
NW India

2022 EGU General Assembly

2022 2023

http://t-imayama.com/




(Y1 Keewook)

(Dutta Dripta)

(Narayan Bose)




