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Determination of the double-layer structure in orogenic belts and its geological significance

Abstract: At present, the study of accretionary orogenic belts and collisional orogenic belts has achieved numerous
insights and improvements. However, continental subduction, which often occurs during the oceanic and continental
transition, has not received enough attention for a long time, such as what kind of structural deformation characteristics it
has and how it affects the evolution of the orogenic belt. This paper studied two Cenozoic orogenic belts (the Taiwan
orogenic belt and the Yarlung Zangbo River orogenic belt) and one Mesozoic orogenic belt (the Qiangtang orogenic belt) in
order to clarify the unique structural deformation characteristics of continental subduction and its interaction with orogenic
processes. It is found that the subduction of continental crust often forms a double-layer structure in the orogenic belt. The
upper part is a set of thrust imbricate composed of Smith strata, and the lower part is a set of subduction complexes with a
“blocks in the matrix” structure. The upper and lower parts of the double-layer structure are similar, mainly slope
facies —submarine fan facies rocks and little shelf facies rocks. Due to the similar deformation time, the double-layer
structure should be a structural system formed in different depths by the subduction of the same passive continental margin.
We suppose that the subduction of the slope —submarine fan is the main factor for the formation of the double-layer
structure. The subsequent continental shelf subduction could induce the collision and thus lead to strain’s gradual
propagation to the craton’s interior, resulting in the foreland fold-thrust. Also, the double-layer structure is often destroyed
during the collision, so the deeply underplated continental subduction complex can be exhumed to the shallow level.
Therefore, this study also emphasizes the importance of continental subduction and the exhumation of subducted crustal
rocks in the evolution of orogenic belts.

Keywords: double-layer structure; orogens; continental subduction; Qiangtang orogenic belt; Yarlung Zangbo River
orogenic belt; Taiwan orogenic belt
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Fig. 2 Schematic diagram of the composition of the Qiangtang accretionary orogenic belt
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Fig.3 Schematic diagram of the double-layer structure in the Qiangtang accretionary complex
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Fig. 5 Schematic diagram of the composition of the Jiacha accretionary complex
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AR X 55 AR AT 5 S8 7 M 4 3R, A 18 A= A
AR AT MO B9 R A 485 & 2 5P 14 0 0.24 A°260.,
TR A 2 SR R E B OC &R (Mukoyoshi et

al., 2007), FH& W7 i A 15 A 2 A 1 i o8 IR B - 1
{H R 303 °C, Ak F 3748 it X 3% (Ditullio et al., 1993),
A A H O R R B, B R
W7 W85k, AR o b R A e R, A T A
A1 4 BHS A TN A A5 Ak
W ¥ E = & & 1 3T (Massonne and Schreyer,
1987), LA AW A =B R A R R 1 o8
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2.7~5.2 kbar, ¥ ¥J{ti & 3.5 kbar, M = #F Si-Al & fi#
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(Ridolfi et al., 2010), A1 1 A1 287 RHE A IN AT WK
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Fig. 6 Schematic diagram of the double-layer structure in the Yarlung Zangbo River orogenic belt and the central steep belt

114 (Huang et al., 2000, 2006, 2012), DL & RGN
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R E R BG5S R S I SR i Al 1 ) 4R &
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ARG $5 55— L 19 B 5 2 4 (Suppe, 1984), A It 7E
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Chen et al., 2014), HAKIM 7, 21°20'N LIFg, 4 TR
b [ K Bl Bk 3l Bl 2% 09 RiE 1 AT B Bt (Mclntosh et al.,
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AR, Bl VR ORI A5 DA 1) R AR i Az 2 K il
125 W i BR AN #H 3 MY (Zhang et al., 2014),
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Fig. 7 Simplified geological map of the Taiwan orogenic belt in China (modified from Huang et al., 2000)

RS A S, HOPI & 09 J& T T K il Al e 1) T AR
HE 78 A, B8N S 2 B e I sk R v A B o
R E I R Sk A4 5T (Sibuet and Hsu, 2004).

7 2 5 AL v e 1 ik e o, Ak ST AR
w2 G — i Al A ) R e DX, LN BT I T R AR R
Y38 Az 8 25 (Tian et al., 2019), 15 F 224 P9 # =2 i

BT — T T VA i Bl B B A, AR
F PO g S e B T S A, R T i
W) 73475 % Kenting TR 2455 o For, gt o g 199 ok F1
2 F 9 FR i B 4 (Chang, 1964; Sung, 1991), F & %
PEJR A AP AR A, A RO AR Z D IR
BE A (Chang et al., 2003), &4 A — & R 3% A A K I
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Fig. 9 Deformation characteristics of the schists in the Central Range complex

(a) Crenulation S2; (b) Quartz vein lens with dextral shear sense; (c) Schistose foliation was imposed; (d) Flow folds of felsic veins

JIS B3 UL FH (Pelletier and Stephan, 1986; Sung, 1991), H:
o, AR AR R i R b )2 B AR B b B i 8.6~
5.8 Ma (Chang, 1966; Huang et al., 1997). Kenting & 2%
5 W) 43 A5 A 5 ZU AR T 0l R X, RIS A0 o 4k
41 R B UJ B 270 o iR 42 BT By <Ot
JT—A T g5, R AS R B A HTR T R T Ak

ML . M Z LW RE LM, FHREH
Y175 1] ( Chang et al., 2003). {8 % 4% 7+ 75 36 A4 ¥ 14 0L
U B8y —E W ARk T 5, s S
# 1l 41 (Ishizaki, 1942), fH % JK % (Rokkaku and
Makiyama, 1934). {H 154 & 1Y /&, #B ) Kenting i 44
N Z A B G A R BN S
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Fig. 10  Sheath folds of the marbles in the Central Range complex of Taiwan, China

(a) Asymmetric fold on the XY profile; (b) and (c) Sheath fold on the YZ profile; (d) The hinge zone of the sheath fold was thickened

(Chang et al., 2003),

TE TG A= B 2Z i, 1H A 2% A 8 oR DT
J¥ 50 o B U T R e R B 32 2% (Zhang et al., 2014) .
JE A AN AR 3 Bk A A B R B, S A
(Mutian Formation) & F 47 B4 g 1[5 K [iti 4% 20 il 2%
3E % (Page and Lan, 1983); @1 i m) I & 48 1145 R
Ry 1) P B AR R, S S 3k S ) BT R R TP E R
[t 12 #% i 2 19 (Lin et al., 2003); @ JE &5 41 1) WF 55
R W, ik Lo TR 91 5 b [ K R B i % 2 DA
& (Zhang et al., 2014), MLAb, HELANBHFESE
AR 22~24 Ma (9 6 PE 25, WA 2 N Fe
TRE I IR ke 9 LU AN EE 52 (Tian et al., 2019).

il Bk R BE AR 2% A DL AR, &5l Bk (Ho,
1988). P4 &HBAE Ll | 1 52 J A5 X 1 32 2 i 9 g
i 2 AR Bl DL AR 2 P AR, JF Y 6 FR A AR M3 o ey
JZ YR B4 A= ( Malavieille and Trullenque, 2009), X £k
H 2 Y )@ B R B % 2, AL AR AR R,

T AR ) 2447 2 5 R W 7 I T — I 20 A S b )2
SRR — 25 VR i ) — ) B BF 5% T AR (Huang et al.,
2012) .
133 ¥AXBOTRAER

A7 v e 1Ly ik 38 2R A AR R LA BRI
W2, AW LB, A A fe AR
A A A o

HE 4 X5 2 A 5 52 56 49 B 45 2R . #F Tananao 7+
B, R A 25 N T 0.25 A°20. (H FE MR A
BRI 4 R 0.25~0.50 A°26 (Lin, 2002).
W, A R 2 T SR 5 T I B B AR AN [R) 1 TR
JE, e 2430 3o 1 3 AR FH O Ml DA i TR AR AE — e

1 Tananao 75 #f WP, 30 A7 78 =5 He 728 Ji 75 0 10 Bk
o BT IZEAER S H R AR AAEAANRE
FOAFRRAE, B 2 B AR A B (9 4 1E (Liou,
1981) Horr, Juisui Btk RZ N A . (AR A -4
TOMNG ., TAMARER A S8EAEMNS
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4 24 i (Liou et al., 1975); Wanjung B {4 | 3= 2 it 77
T B AR A e v iR RO A Y 72 R R M e
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et al.,2008),
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Lester et al., 2013), #H [ k2 TIR#BAH KRE
(29 40 km) FY K [ifi # 7¢ (Hetland and Wu , 2001; Rau
and Wu, 1995),

2 ik

21 BUFEFNEHEHEREHE

BT IE M L | R RO VLI LD AR E
15 3 1L B9 20 M, SO R B 2 5k 1 2 () B A7
MUZEEH o HRTTE , ZUZ S BA LT A T5
THT 14 AR R AL

(D) BUR S5 BT 2 EAE h F s % 30 30 2 21 A,
HA WAL A P 25 . BEE E B — IR
K =21 TR B AHORL IR SIS 2 2H K, A A T R 3 A T R
FRFRUTRR o A BRI B 22 b, SRR S A2 2% . A

— TR —e—— PETERE L

f e vk

ik ——s- FREIR

Bl wEEZ® L FENEM R ZEE (I Huangetal. , 2015; Chenetal., 2019 5% )
Fig. 11 Schematic diagram of the deep structure of the orogenic belt in Taiwan, China (modified from Huang et al., 2015; Chen, 2019)
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Fig. 12 Schematic diagram of the two-stage continental subduction process during the continent and ocean transformation
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