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A New Tectonic Model of Cretaceous East Asia: Role of Mantle Plume

Changyeol Lee™*

Department of Earth System Sciences, Yonsei University, Seoul 03722, Republic of Korea
(Received: 6 September 2019 / Revised: 1 October 2019 / Accepted: 1 October 2019)

The hypothesis of ridge subduction which explains the Cretaceous igneous activities in East Asia including China,
Korea and Japan, has been widely accepted in the society. Especially, the hypothesis explains the southwest-to-
northeast migration of the Cretaceous adakite emergence in Southwest Japan. However, the hypothesis has several
issues because the geochemical analyses and plate reconstruction model are not consistent with the consequences of
the ridge subduction. To resolve the issues, a new hypothesis of the plume-continent and plume-slab interaction is
suggested, which explains the igneous activities during the Cretaceous. In this review, I briefly introduce the two
hypotheses and suggest an additional future study to prove the new hypothesis.

Key words : Cretaceous, igneous activity, ridge subduction, plume-continent and plume-slab interaction
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Fig. 1. Tectonomagmatism and basins in East Asia during
the Cretaceous depicted on a present-day map. a) A-type
granitoids (cyan squares), I-type granitoids (blue squares),
adakitic rocks (extrusive: red circles; intrusive: red squares),
high-Mg basalts (e.g., picrites) (large green squares),
adakites (red triangles), basin-and-range-type basins (gray
shaded areas) are described with symbols. The blue
numbers represent the ages of the igneous rocks and basin
development. Q, D and S represent Qingling, Dabie and
Sulu regions, respectively. Modified from Ryu and Lee
(2017).

2ol olete] o] ApzAl A7F Ss|
How I FolME Fepl-aelr] A7) s 259
B4 digk A7 LTt FlEo] st
A=7HA g7l fFepr]-elr] A7) shike sikg &
T2 olAr] o] Al ofg st & (are-
volcanism)?} ¥l & (back-arc)ollx o] 3H8 Eso8 EX
Aol ZtHKim et al, 2016; Kim et al, 2012). &
7] FE19F A7) Welr](160-120 Mayels dhit= A
Ao 3} 2Hgo] A dojupA] oM (FA7:
magmatic quiescence) ©]& ©] Al7]o] gbe X7k
o] e A flat subduction)e] A5l WE )
7](mantle wedge)e] -2 -8-§(partial melting)e] 4
oA 3t7] Wil AR A EHATHKIm et al,
2016). FA7] o]F9] ghibwe] s BEe &7 FH
(slab roll-back)?} ¢ ztze] wislel AHE [ 2
A-¥ 3178 (granitoids)et 737 w419 ¥, el
StE G ZHelA 2 dAe Sk 2go R
A =21t (Chough and Sohn, 2010). Z#2=& o}
7] ebze] sl SE2 2 A7) T dEe 3

a) SW-NE Migration Late Jurassic-Cenozoic Adakitic Arc Magmatism

Fig. 2. Schematic map of the southwest-to-northeast
distribution of Late Jurassic—Cenozoic adakitic arc
magmatism in East Asia and snapshots at 120, 90 and 60
Ma of the plate reconstruction models. a) The Late
Jurassic—Cenozoic adakitic arc magmatism is modified
from Kinoshita (1995). The abbreviations GD, FJ, G, SJ,
NJ, SA, SR, and AL represent Guangdong, Fujian,
Gyeongsang, southwest Japan, northwest Japan, Sikhote-
Alin, Sredinny, and the Aleutians, respectively. The red
dashed line indicates the Late Jurassic—Cenozoic trench,
and the numbers along the trench indicate the ages of the
adakitic arc magmatism. b-d) The plate reconstruction
model is based on Maruyama et al. (1997). The
abbreviations NC, SC, KP, JI, IZ, OK, and PA represent the
North China, South China, Korean Peninsula, Japanese
Islands, Izanagi, Okhotsk, and Pacific plates, respectively.
The units for convergence rate and slab age are cm/y and
Ma, respectively. The magenta Izanagi—Pacific ridge is
fragmented by the white transform faults.
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a) Temperature distribution at 22.5 Ma

depth (km)

Fig. 3. Temperature distributions of the numerical model
designed for evaluating the injection of the plume blob into
the mantle wedge in Northeast Japan at 22.5 Ma and a
conceptual model for the localized and pulse-like eruption
of the Abukuma adakite at 17 Ma. a) Temperature
distributions of the 3-dimensional numerical model
representing the injected plume blob into the mantle wedge
at 22.5 Ma. The subducting slab and overlying plate
correspond to the Pacific plate and Northeast Japan,
respectively. The temperature contours are depicted every
150°C with the contours of 0 and 100°C. The region where
the 1450°C contour exists indicates the plume blob
injected from the back-arc mantle. b) A conceptual model
for the localized and pulse-like eruption of the Abukuma
adakite at 17 Ma, overridden on the slab surface
temperatures calculated from the 3-dimensional numerical
model at 17.5 Ma. The temperature contours are depicted
every 25°C. The Abukuma adakite was generated by the
partial melting of the subducted oceanic crust, which
results from the hot plume blob. Modified from Lee and
Lim (2016).
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a) Plate Reconstruction Models

<— apparent migration of the intracontinental mantle plume (3 cm/y from southwest to northeast)
<4— channel-like flow of the mantle plume generated by the corner flow in the mantle wedge

l: :. conjectured core locations of the intracontinental mantle plume, migrated by the plate motion

b) Plume-continent and plume-slab interaction

depth (km)

Fig. 4. Snapshots of the plate reconstruction model with the conjectured core locations of the intracontinental mantle plume
and a schematic diagram of the plume-continent and plume-slab interaction during the Cretaceous. a) Snapshots of the plate
reconstruction model with convergence direction of the Izanagi plate and the conjectured core locations of the mantle plume
(dashed circle) migrated from southwest to northeast due to the opponent migration of the overlying continents with respect
to the Izanagi plate. The channel-like flow of the mantle plume is generated by corner flow in the mantle wedge. The
numbers on the isochrons represent the ages of the oceanic plate. The black dashed line in the snapshot of 60 Ma indicates
the mid-ocean ridge between the Izanagi and Pacific oceanic plates. b) Cretaceous tectonic model deduced from the
numerical model experiments from Ryu and Lee (2017), depicted on the plate reconstruction model at 90 Ma. The northeast-
to-southwest migration of the East Asian continents with respect to the Izanagi oceanic plate (1/30 Ma/km) results in the
plume-continent and plume-slab interactions which apparently migrated from southwest to northeast; the migration of the
intracontinental and arc magmatism. Modified from Ryu and Lee (2017).

ARE oS T UF Aol F2 894 B& £ 59 SAIE AT F Utk 24, WE F5e

Al wlae JAYPE HAAAL FoF FAHL o A7 2 A dF TRl ”%3 sRE olzhtr]
= I35 UiF 5 gol e AgBeer A7l ¥4 o] wjsel fRIskaL o] s Azt vr 7t
¥ AY sPEIAIY Ed(track)e]l WE EFl &l =AM HE F59 ““3 | 7FsgAol tigh o &
FAEATE A Betts et al, 20003 FARITHR= o] 7Fssitt. ey, EE7|= ST viEoA = ul
AeM F= tiF UFeA gzl WE 5] 2 £ 5ol AT 22 dyEe] AAE v A
HEEo] WALR] kS = Q). I = UFollA th(French and Romanowicz, 2015; Hassan et al,
AEE A9 I 2L, 2000; Wang et al, 2015). T3, 2o 39 HFE FRdY AYe
2006b)52 A WE FFo] AL o A4 o5 ‘4‘]7‘01]"14 NE ZFo| dYslidel osle 7]
2 4 Q= FZ(Zegler and Cloetingh, 2004)Z4 A=HAES 7540 el A A3tk Heron et al,
g ¢ Jormg woly] A7) 3 Sl W 2015; Steinberger and Torsvik, 2012). o] ¥e}7]
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Potential Adakite Emergence

B A-type granitoids
M I-type granitoids
B Adakitic rocks
M Picrites
A Adakites

Basins

Arc magmatism
.-~ Thrusts

Fig. 5. Conjectured potential emergence of the adakite at
120 Ma with the Cretaceous tectonomagmatism depicted
on the plate reconstruction model at 100 Ma. The yellow
ellipse indicates a potential emergence of the adakite at 120
Ma based on the numerical model from Lee (2018). NCC
(North China Craton), SCC (South China Craton), BB
(Bohaiwan Basin), SB (Songliao Basin), Q (Qinling), D
(Dabie) and S (Sulu), ECS (East China Sea) and IZ
(Izanagi) are described on the figure. Modified from Lee
(2018).
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