1000-0569,/2016/032 (09 ) -2645-55 Acta Petrologica Sinica £ % F IR

RILRFFRETE (D) -t RIS ST VI TH IS4

RigdE? =g AW EEs? wAR' g Ipa'’
ZHAO ShuJuan'*, LI SanZhong'** * | YU Shan'**, LI XiYao'**, CAO HuaHua'"*, LIU Xin'"* and WANG PengCheng' >

G VMR L IR SR R T A 0% 18 266100
TR S EAR B RS E MU RS R E, | 266061
MOE Key Laboratory of Submarine Geosciences and Prospecting Technique, College of Marine Geosciences, Ocean University of China, Qingdao 266100, China

N o= N =

Laboratory for Marine Geology, Qingdao National Laboratory for Marine Science and Technology, Qingdao 266061, China
2016-04-22 )i A%, 2016-07-17 ZE .

Zhao SJ, Li SZ, Yu S, Li XY, Cao HH, Liu X and Wang PC. 2016. Proto-Tethys Ocean in East Asia ( Il ) : Structures of
ductile shear zones in the North Qinling. Acta Petrologica Sinica, 32(9) :2645 —2655

Abstract The North Qinling orogenic belt, located in the junction zone between the North China Block and the South Qinling
micro-continental block, is a key area to study the tectonic evolution of the Proto-Tethys Ocean. The North Qinling orogenic belt mainly
developed four ductile shear zones, including the Luonan-Luanchuan and the Shangdan shear zones which bound the orogenic belt, and
the Guanpo-Qiaoduan and the Zhuyangguan-Xiaguan shear zones in the interior of the orogenic belt. Based on detailed analysis of filed
and microscopic observations and EBSD fabric analysis for quartz, structures of the four shear zones could be obtained: (1) after the
collision between the North China Block and the North Qinling micro-continental block in the Early Paleozoic, the Luonan-Luanchuan,
Guanpo-Qiaoduan and Zhuyangguan-Xiaguan shear zones started their activities during the exhumation process; (2) after ~380Ma,
the relationship between the North China and the South China blocks was changed from a generally east-west trend to a generally north-
south trend due to their northward drifting, resulting in the dextral shearing of the Luonan-Luanchuan and the Shangdan shear zones;
(3) ~320Ma, the scissors-type closure between the North China Block and the South Qinling micro-continental block led to the dextral
shearing of the Luonan-Luanchuan shear zone and the sinistral shearing of the Shangdan shear zone. However, the Guanpo-Qiaoduan
and the Zhuyangguan-Xiaguan shear zones performed as sinistral and dextral shearing, respectively, due to the adjustment among
different lithotectonic units in the North Qinling orogenic belt.

Key words Proto-Tethys Ocean; North Qinling; Shear zone; EBSD
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Fig. 1

Division of lithotectonic units in the North Qinling orogenic belt and its neighbors with inset showing its location in the

Qinling-Tongbai-Dabie-Sulu orogenic system (revised after Wang et al. , 2011b)



RBIEF R RAFRAF (D) - A R b2 37 Dy My 3 4 A2

et al. , 2011a, b; Wu and Zheng, 2013; F 1), X =MK%
3 BAOCTE 10 b SRR AL o4 vy =LV [ iR R A, O
PR A A ol AR AR A AR R AR R A (Krdner et al.
1993; %114, 2010; Wang et al. , 2013a; Li et al. , 2015a) ,

FEPFRF SR AL Z2 083 1L A fc L AR A i e, R B
PERZZ BTSN I E R IR TR S A RS (2% 5%,
2003 ; Dong et al. , 2008 ; Liu et al. , 2013 Li et al. , 2015b) .,
HOP R A IR R B0k B TR RE, HLUOR IR T AL i bk
(FEAAESE, 2009 Zhu et al. , 20115 Shi et al. , 2013 ; Zhao et
al. , 2015) o Fif AKT T 58 FRRE I J@ 2 W AAAEAS [ AR A
Fo() J& T AL RE e 8 i) 4 3 il 2 TR ( Meng and Zhang,
2000; Dong et al. , 2011b; Wang et al. , 2013b; Wu and
Zheng, 2013) ; (2) JE B 22U FEAL BB A9 IS Z 3t (K 533 F
5K, 1995; Dong et al. , 2008 ; FhAA4ESE, 2009) 5 (3) 34
W HUZE BT, T2 i 25 E v DFEIETIT AL, 1
figp A Ay 10 R L J2E 0 O R R 5 S R 8 0T (5K R )T AR,
1991; S HARAE, 2010) ; (4) oo At A AU e
B — I -4 A 2wl AR B2 ( Zheng et al. , 2005 ; Liu et
al., 2013) . HEAb, SEITREN RIS T 442 ~ 415Ma By 55 47 U-
Pb 7B FRAFIE F NG Ar/Y Ar 28 JFAFE§8 ( Zhai et al. , 1998 ;
Liu et al. , 2011b) }% 348 ~319Ma [ 8" Ar/¥ Ar 75 JFRAE 2
(Mattauer et al. , 1985 ;34 AN%¢,2008) , Vi 55 PERE A B 74
AR ZEIRIE A T BB

T HREPREIC T S8 PRI A 22 A T 22 1], AL HR AR -7 o
SUPIT5 TEEEREAH B, AR LA B OC-B AR BT VI 5 R IR B
3% (Liu et al. , 2013 ; Wang et al. , 2013b; & 1), —REEERE
FE AT EENE R O s (IR I s R B
RZRE JRRER) (SPL A TR R A REE
ARLIEIE E CETIRUE G ) % (Xue et al. , 1996; Meng and
Zhang, 2000; Dong et al. , 2008 ; Wang et al. , 2013a; Li et
al. , 2015b) o JeRiFFEIN R R FEREIE B P 5 9IF
1% (Xue et al. , 1996 ; Ratschbacher et al. , 2003, 2006) , 53K
J& IR EE (Kroner et al. , 1993 ; Meng and Zhang, 2000; 7k
[l 54, 2001; Dong et al. , 2011b) , il BIBFFE AR — 1B
B Rt A AIDITRT B PR 1] AL AR i B 5 9IR- 9 73
K% (Liu et al. , 2011b, 2013) , —REEFREAS A 1) A 32
IR T 5 4L (490 ~470Ma) (Xue et al. , 1996; Chen et
al. , 2006; Liu et al. , 2013) , 75 i 4E #% 32 52 4y 440 ~ 359Ma
{557 U-Pb AR AN AT Ar/™ Ar 421 S Rb-Sr 425 S5 I
LRAENS (PN T 445, 1996; Zhai et al. , 1998; Sun et al. ,
2002; Liu et al. , 2011b) , YL —BRILREFE R B 4 -Tef 20 2
[E1RE 22 R i X o

ZRUSREA, T AU Z 03 LU (Y e 7, 23 el 8 1 I3 R
RN SRR A TN R s KR R R AR A N
(Kroner et al. , 1993; Zhai et al. , 1998; Dong et al. , 2008 ;
Wang et al. , 2013a; Li et al. , 2015b) , HETEWE BN JE M
AFTEAHE (1) J2 35 F Sehiii b 2888 Ok i1 i 7€

2647

BB (Liu et al. , 2013 ; Zhang et al. , 2015) ;(2) i 7C
AT A AU )R T AU R g 2 (Meng and Zhang,
1999, 2000) ; (3) & T AL Rl Jemg G R N 12 IEE Al I
JRA M ST A B B (Dong et al. , 2011a;Yu et al. , 2015 ; Zhao et
al. , 2015) , ZRUGHFR R A AR AR T AR ST/ T 5 2 ek i
(Yang et al. , 2003 ; Chen et al. , 2004; X R4, 2009) , HAE]
C&RTS TR JRRRLE R RS S TN a1 R kA
S5 2RI B AR I, HLAR BRI 5 BEROR, R T
520 ~310Ma Z[i] ( Zhai et al. , 1998 ; Yang et al. , 2003 ; Dong
et al. , 2011b; Liu et al. , 2011b; Wang et al. , 2011a; XI| K
4, 2013) o XUCHIZEIRHE A FE LTI i 1 3R ZUAY A2 T
YER L IR B - R e R R AE T 2728 = o

3 Wl AU AL

RIT AR T2 A S &1 3 e A e SR o 20 AT, FE L 2R
U 35 L0 S G A8 DX P ) Y = 48 8 AR T, HE v i P A TR
(D, -Dy) LT ity A A (24 440 ~400Ma) | X I A 4
JEFF FEALFR IR TE LT A A SERFRE | — ERETAE R R L
LR R B ZR IS AT IZ 1 8% (Zhao et al. | 2015) o RUEHi
WA 32 30 1 IR AL 15 AN (5 iy T IX =5 I AR
FEARTR 5 16] B85 I 3R T B , 300 A2 T 1) 2 (A i A X
HBA KKALA (Zhao et al., 2015) [N, 55 —F AT AT AT
B e Rl 55 b 7 e il B il 488 I O R0 R AT IR i AR R
ARSI A 5 — R AR I T XS B i A
FrBE R RRBE B BERR TR (S, ), AR i s e A b
JCAR AR R PPN T5 1 (B 2) 4678 T AU AE AR -Ra g 4 7 1)
s et

A 5 2R A 2 0 s L R G408 Xt ok ) e €1
2) AT LI BR T =R AR T WS R A AE R T 2
Ao AUZRIRSE L1 AR DU 2% 2 S 280 b, BR 1 R IR 224061
I AUAR 3 P -2 B 38 - i AR BH 56 - B0 W 3R 3% = A fiit
R P, 454 S, BRI 7 A i O, n REFE /% T AR LRl
I g A o B I Z2 IR BBl B 2 T (Zhao et al. , 2015) .

4 FRPIES YRR

VR ACZR I 3 Lfy A EE BEA T 5, 1% -2 1 B T
i ARG BAH SRS R T A W R R I i 2
R AE N (AT 2 6 3 1 4) o SR TITIC TR 2 1912 2l 27 4
MEATIANTEAE , HoA - AT A g S BEA 13 BRI 2R

4.1 EEFEFTIHEHEISERE

T8 2R BT b 200 fol il R R A b il B g 5 14
PR PURRIEH , 1) AR 22 [ R R A T ki, iR B
B, TEARVR S L0l o DX U R 8 (R i s R 1 5



2648 Acta Petrologica Sinica £ %33 2016, 32(9)
% 2. 2 % 2
33
) : ; 3
i 7% b [0 sl Wik =
" Jbzeus [T ] SR ~ E R w00 FHARE e
= L 3 O o B
rUP Bl LT SN S R
A
[e XI) s B =|“ — ZRIGE

B
ol SR EER ol R
km
{

1 1] gfo

2
X//to
' 1

2

B2 dEZRIG i LA S AR XS, T 2R i 1] K i i) 1 4] ( A-B)

Fig. 2 Distribution of S, foliations and a geological cross-section (A-B) of the North Qinling orogenic belt and its neighbors
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Fig. 3 Ductile deformation and macrostructures of the main
shear zones in the North Qinling orogenic belt

(a) bookshelf structure in the Luonan-Luanchuan shear zone; (b)
S-C fabric in the Luonan-Luanchuan shear zone; (c¢) S-C fabric in
the Guanpo-Qiaoduan shear zone; (d) S-C fabric in the Kuanping
Group; (e) sigmoidal fabric in the Zhuyangguan-Xiaguan shear
zone; (f) S-C fabric in the Shangdan shear zone. Pencil is 14cm
long, the length of the geological hammer is 31c¢m
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Fig.4 Ductile deformations and microstructures of the main
shear zones in the North Qinling orogenic belt

(a) S-C fabric in the Luonan-Luanchuan shear zone; (b) S-C fabric
in the Kuanping Group; (c) plagioclase with bookshelf structure in
(d)

porphyroclast system in the Shangdan shear zone

the Zhuyangguan-Xiaguan shear zone; sigmoidal  type

45,2006, 2009 ) I 25 5 1 5 DIl TR U ER 45

-2 BT Y QL28 Ry, 7E W N X 20 bR T
146 A7 3 di AR SURL . 3 T4 2R (18] Sa) W], 95 ¢ Bk
J5 0 SR A AR AP A, IR T < a > 8 H5
BRI TR PR R (VN T 400°C) o X UEHT %
FA— 2R BT YDA TEIZ AL 2 T U B AR, 3 45w AN OB 45
R—(ETHESE, 2013)

BT 9 VI AL B A SRR RE N R AR Y QL34 A 1E
W N SIRRE T 209 A 3 i UKL , 12 AR 1 A % ¢ Bl
PEeT7 RLARH 2 A% , A% PUA> TR 2 A TR % (18] Sb) o
AT RIS b B WA AR TIPSR 5 Z SR X, il
ZIE] P AR R IR 20 BT A 58 8 1 28 SUBRA AR TR
W <a>BEBR, IR IZ AL BITEZIE & B T HBAGRE T
(/INF400°C) .,

R BRI SR- A BT O0A A QL8T AE Al T 1 NI S hR s
T 206 A7 B SR IOREL , 1% R AL WA ¢ B T AL A FL A
— AT TR, % ERE AL T Z, WA X, Bz ) (1
Sc) MR TEM <a> W R, RUHIEILT PO SAT
(#9400 ~550°C) . X5 7KW (2012) KRG 1% B 2O T
Hl - IR SR R IER— Y5

BT SY U0 A QLIA E i, 763 v N2 51 F5E T 210
A LS AIURE , 2 s AR I AT S ¢ R 7 L LS —A> R
AU (P 5d) o Herp 0T IR B BR L 4 04> U h %



2650

{10-10}

<11-20>

Acta Petrologica Sinica %54k 2016, 32(9)

<11-20>

10-11 -
(lower), { ! —

(lower)

<11-20> {10-11}

K5 Atz il 2B g gy b A a4 4108 EBSD 2 B (RE b A E WL 1)
(a) Hefh QL28 5 A HE-A-)1 590 5 (b) B QL34 SR 1 SEXPRE; (o) el QLST SR FRPHIG- LRSI UIHT 5 (d) #Efh QL4 SR A R A 85 Ui v

Fig. 5 Stereographic projections (lower hemisphere equal area) of quartz crystal preferred orientations of deformed rocks from the

main ductile shear zones in the North Qinling orogenic belt determined by EBSD (locations of these samples are shown in Fig. 1)

(a) Sample QL28 from the Luonan-Luanchuan shear zone; (b) Sample QL34 from the Kuanping Group; (c¢) Sample QL87 from the Zhuyangguan-

Xiaguan shear zone; (d) Sample QL14 from the Shangdan shear zone
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Fig. 6 Schematic cartoons demonstrating the tectonic evolution of the North Qinling orogenic belt during the Paleozoic (see text for

details)
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Fig. 7 Late Paleozoic assembly processes of continental/micro-continental blocks in East Asia

(a) the Mianlue Ocean and the Paleo-Tethys Ocean opened, and some blocks drifted northward along transform faults, which generated the dextral
shearing between the North China and the Great South China blocks; (b) the scissors-type closure between the North China Block and the South

Qinling micro-continental block led to the westward extrusion of the North Qinling micro-continental block, the dextral shearing of the Luonan-

Luanchuan fault and the sinistral shearing of the Shangdan fault
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