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Abstract: Large-scale crustal extension happened in Northeast Asia continent during the Late Mesozoic, represen-
ted by metamorphic core complex and asymmetric granite domes. The extensional shearing mechanism has always
been one of the important issues in tectonic research. Three asymmetric extensional granitic domes, including Han-
wula, Nalan and Baoder, are spread along the southeast section of the China-Mongolia boundary in the NE direc-
tion. The main body of these domes are the Late Mesozoic granitic intrusions. Ductile shear (mylonitic) zones are
developed in the northwest margin of these domes, which are confined by the later high-angle normal faults.
According to the structural relationships between the strongly deformed medium coarse-grain K-feldspar granite (133
+1 Ma) and the weakly deformed fine-grain granite (128+2 Ma) in the ductile shear zone of the Hanwula dome and
their zircon U-Pb ages, it is inferred that these granites may be syn-extensional intrusions, and the timing of ductile
extension is after 133 Ma and lasts to 128 Ma or later, which is the same as the development time of other domes in
the NE Asia. We use R,/ method to measure the finite strain axial rates of feldspar in mylonites from the three
ductile shears, Hsu diagram shows that the strain type is plane-flattening strain type (average k=0.5). Polar Mohr
circle method, the rigid particle network method and the C-axis quartz fabric method are used to estimate the long-
term deformation processes of ductile shearing. The methods gave average kinematic vorticity values of 0. 68 ~0. 74
of mylonites, which indicated that the ductile shearing of these domes was dominated by general shear with nearly
equal pure shear and simple shear components. Kinematic vorticity values of the later stage of ductile deformation
obtained by the quartz diagonal strip method are 0. 87 ~0. 99 with an average value of 0. 93, which indicated that
the ductile deformation converted from general-shear-dominated to simple-shear-dominated. However, kinematic
vorticity values obtained by the C’ (stretch fold cleavage) method are 0. 53 ~0. 74 with an average of 0. 68, which
indicated that the latest incremental strain in progressive deformation process is mainly pure shear. The results show
that the ductile shear detachment zones of these domes are mainly formed by general shear. In the early stage, the
simple shear component gradually increased. In the later stage, the simple shear component decreased due to the
processes of magma upwelling and overall exhumation. The shear deformation is dominated by pure shear. Com-
pared wiih other extensional domes and metamorphic core complexes in NE Asia at the same period, this kind of
shearing pattern may be general significance.

Key words: granitic dome; mylonite; strain measurement; kinematic vorticity; China-Mongolia border
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Fig. 1 Tectonic map and structural map of extension domes in study area (modified from Wang et al. , 2012; Lin and Wei, 2020)
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Fig. 2 Structural composition of Hanwula extensional dome
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Fig. 5 Typical zircon CL images and LA-ICP-MS zircon U-Pb concordia diagrams of the strongly and weakly deformed

granites in the ductile shear zone of Hanwula dome
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Fig. 6 Microstructures of granitic mylonites of the ductile shear zone of domes
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qz—dquartz; fsp—feldspar; bi—biotite; S—S-foliation; C—mylonitic foliation; S,—quartz primary foliation; Sy—quartz diagonal foliation;

C’ —extensional fold cleavage; BLG—bulging recrystallization; SR—subgrain rotating recrystallization ; GBM—grain boundary migration recrystallization
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Fig. 7 Schematic diagram of granitic mylonites slice of the ductile shear zone of dome
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Fig. 8 Hsu diagram of finite strain measurement for mylonite

(Hsu, 1966)
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Fig. 9 Schematic diagrams of kinematic vorticity calculation methods
a— BRI R I (al. N180717-21. 1 KA ; a2 HT7-16 Ffif) 5 b—Ar SRS EE S, EHTHE S, 5B VI3 SR OE 2 14 (4% Xypolias
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foliation S, and boundary of shear zone (according to Xypolias,2009) ; c—diagram of kinematic vorticity solved by rigid particle network (sample

N18717-19. 1) ; d—relationship between quartz optical axis fabric and S-C fabric (according to Xypolias and Koukouvelas, 2001)



28 BT W % & & 41 %
*2 BEEENTNERIEHZFREESITER
Table 2 Strain measurements and kinematic vorticities of mylonites
KAWBLIR AYECHhA WIVERUR e 2508 C’ %
FEfmS R, R, k k. ; ; ;
i B w,.(8) ¥k w,.(B) W % W (8+B) W,(&)
N180717-16. 1 3.35 3.07 0.36 0.95 0.71(11) 0.81(15) 0.83 0.87(30) 0.74(11)
N180717-17.2 2.17 2.14 0.47 0.63 0.75(18) 0.67 0.99(42) 0.69(13)
N180717-19. 1 2.13 1.98 0.54 0.59 0.74(16) 0.71(16) 0.69 0.90(32) 0.67(14)
N180717-19.2 2.20 2.02 0.54 0.61 0.64(17) 0.59(14) 0. 66 0.94(35) 0.64(15)
N180717-20.2 2.39 2.07 0.56 0. 66 0.78(20) 0.70 0.93(34) 0.72(12)
N180717-21. 1 2.82 2.41 0.49 0.79 0.75(15) 0.66(13) 0.78 0.94(35) 0.74(11)
M16527-7 2.5 2.08 0.58 0.68 0.89(20) 0.80(18) 0.78 0.98(39) 0.72(12)
M16527-1.2 2.03 1.98 0.51 0.57 0.74(24) 0.63(15) 0.61 0.96(37) 0.69(13)
M16527-5 1.92 1.94 0.51 0.54 0.83(27) 0. 66
M16527-6 1.99 1.83 0.59 0.53 0.79(23) 0. 65 0.95(36) 0.59(17)
M16604-11.2 2.22 2.16 0.47 0.64 0.75(26) 0.75 0.99(32) 0.64(15)
M16604-12.2 2.49 2.32 0.46 0.72 0.80(19) 0.77 0.91(33) 0.69(13)
M16604-12. 1 2.22 2.09 0.50 0.63 0.59(16) 0.67 0.93(34) 0.72(12)
M16604-10. 2 1.99 2.05 0.47 0.57 0.62(23) 0. 60 0.91(33) 0.53(19)
M16607-20. 2 2.90 2.21 0.59 0.78 0.62(10) 0.61(11) 0.79 0.95(36) 0.72(12)
M16607-19. 2 2.85 2.26 0.56 0.78 0.69(12) 0.79 0.69(13)
M16607-17 2.62 2.32 0.48 0.74 0.72(14) 0.76 0.88(31) 0.67(14)
M16607-16 2.46 2.11 0.55 0.68 0.71(14) 0.63(13) 0.72 0.90(32) 0.62(16)
M16607-15 1.93 2.09 0.44 0.57 0.67(16) 0.67(16) 0.67 0.90(32) 0.67(14)
H7-18 2.35 2.3 0.44 0.69 0.74(15) 0.61(13) 0.71
H7-17 2.33 2.15 0.50 0. 66 0.77(18) 0.70 0.95(36) 0.74(11)
H7-16 2.28 2.29 0.43 0.68 0.67(13) 0.74(17) 0.72 0.96(37) 0.74(11)
H7-15 2.22 2.06 0.53 0.62 0.82(13) 0.72 0.62(16)
H7-14 1. 96 2.05 0.47 0.57 0.83(23) 0.75(20) 0.69 0.97(38) 0.69(13)
H7-13 1.91 2.02 0.47 0.55 0.84(23) 0.59 0.96(37)

4.3.2 fadke C e

AFRARA T RFENEST Y2 —, BZ
g R, EAFERERE T AR ESRESE £
YEH, MiARRMIERE RESFTUIER TSR
AP TE T 7, S BOR R A 5630 5 w1 HES
(Passchier and Trouw, 2005; ¥F3E4%, 2009; E ik
IRAE, 20115 Law, 2014) , A1 oe4ify SCRpT 50 R0,
AYE C AR L S B W S, kM pET
FRIEG SN J7 ) A, 5 A8 3250 X (8] 59 9¢ £ ( Wallis,
1992; Vernooij et al. , 2006) , KM, ¥413% € fheH
¥ 55 BR R AR 25 5 AT SRR A (18 9d) o X —at
TR0 I Wk s 3 7 72 X6 Wk o 3 ) R /MR
P, PRHAT DL S A R Rz A A R s i A%, fiff B
SEAA BN AR L R, KSR A BT U2t AR v B K A 1
iz B & Ik B ( Passchier, 1988; KB WV 4k &%,
2008) , AR K Y=tan™" {sin2B[ (R +1)/(R,-1)-
cos2B] 7'}, W, =sinY (R_,+1)/(R_ -1),

EBSD 41 #4) 43 H7 J2 38 32k 43 Br it A 5 HCSH A3 5 ]
G RA E A 7 ), TR R A 0 HE 1 ) B 1)
PR, IR 22, B8 %00 S BURE S )
SR HEB B 7 (P 23R4S, 2009) , AR SCEER
AR C B AR AL K2 EBSD SEE = 5E
B, st R, BT BIT ABOR T 300 4,
ZBARAC PR AR Y A5 % R AN R 10 B, FEEE A
T A A R S AR X R E 22 1 4% LA A R TR, iR
PAT S, A I B, TS5 RN AR R AR
WUz gl B, Hoh g 22 SR BT C Hhom 38
APHLICEE R (] 10c,10d) 3 F SRS iz g 2Fin
4 0.59~0. 81, FH{EHK 0.70; FHE/RE MR
JEME M 0.61~0.75, FIIEN 0.67(F£2), FH—L&
BER A HE S AT E € R ) 3 IO AS BE 2 il 1 A 0
CRhReERIE, HATK KA Bl RE A TE R L iR 22
308 2 R BEAE A KA, BOF38 32
JEH W, 22 R ISR [ Bl
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Fig. 10  Sections of ductile shear zones of extensional domes and isodensity diagrams of quartz C-axis fabric of mylonites
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TERMESTOA A — IR FUE ST, /T
e ST 285 TR = B9 A S R0 T e AS B e 1 o A
W BERLAT L, 2, KT FIEE R 7 R PR
J@if’ﬂiﬂéfﬂﬁﬁ?%, I R E TE — 7€ YU A (Passchi-

, 1987 ; Simpson and De Paor, 1993) . Hij A A #R4
1_*%“'5 AT 20 AR R BGZ g i, Ho
WIPEASORE 45 8 R FH B AR bR R, LUESEEF B R
Al DA AR A A S e S N, 5 D04 ) 2 BRI
AR 56 £ DA T, 390 TRt S B > P A
Y 6] Hy B AL 23 A1 9732 S D30 A1 8 285 IR 1 B Ay s 2t
AT B, HAHT B3R IZ 3 # I (K 9c,
Jessup et al. , 2007) ,

@e@@W%

1300
(m)

mr;zﬁmms)

AR5 VR TT i BT IR B T e 7 X, R %
WIS WP A A B ) S A L, ATl — 28 A

HFIB IR, SO A —

HONEIN

S B s R A0 N18717-19. 1 RBE b, i3
55 s 5

FIRE(EA

0.69, W Ikl f55

SE 0 FE Y X2 T8 AS
PEIRAEOR T 50 A, R RS B T RIPE0RE )

iz gl

SEIREEN 0.61~0. 83, FI(E N 0. 71; 92 E

(7 BE (BN

0.60~0.77,

SEXIE A 0.70;

FiE/RE

BRI EIE M 0.59~0.79, FHIE N 0.69(F 2) .,
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AVERIACTH I S, MEMHE S, Jef 6 55T 1SA,
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a1 Y

-
AR E

$a1 &

P AR AT A £, AR W, =sin2é T3k
1940 X35 3l 27 i JE (&l 9b, Simpson and De Paor,
1993) . THEHAERAY X7 M, HEIZ) 20 4b A 3R}
[0 %5 R HUH: 5 8 5 i B %) o £ 3 R RN S A,
AR A VLA AN R B O R s . Tk T A
BB BEE S ROR,, FE RS MR EEN T
0.87~0.99 Z[0], FIME N 0. 94; g2 SRER IR
{H°40.91~0.93, “F¥MER 0.91; FEIE/REFER R
JEMEA T 0.88~0.97 Z[H], FIH K 0.93(£2),
ATy 1 B AR B W, 0 SR T A SR AR I
J5 B Be i) iz B2 3R BE ( Simpson and De Paor, 1993
Xypolias, 2009)
4.3.5 C'k

B h 2 B WY& C (RREEH)
C VEFETF IR R R E NS H W] [ s B L
e R T2 T 5 1] BRAS e ff1 Dl 54° 447 (K AR 5
2005, 2007) , AR W, =sin(70-2¢&) (& Jy R
B PS5y U1 R A ) B AR I I8 3 2 T FE —
AR U (%) B VDA I A ( Bt 4%, 2002), 1€
BUR B (R BB X7 1, Bk o 2 20 4]
B R BOL A BE 4l ¢ RIS S h0E [
FIR AT 0.59~0. 74 Z[a], SEH{H 0 0.69; 4
BN 0.53~0.72, FHMH 0. 65; TEIE/RERER
WA T 0.62~0.74 2], SFHIE 0.68(F£ 2)

5 Wi

5.1 BYIERER

G55 F SRS BRI Y YIRS TR AR R
RKALRI A (1331 Ma) 155728 T 4R AL (< 75 (128 £2
Ma) IR 3 5 28 B HA 41 U-Ph 4E 1%, 2EH N RXE
W NI AR TR 4 133 Ma 25 I H54E % 128 Ma
S, ARLAE A T RE R R AR, IR IR A
KA BB A SR W E M EERESERT 2
MEE S AT A RER, Rk s R
2 ANFITLH I (159 ~ 161 Ma) , T B 4 B P 2
MAEH 3 ANHICH (138 ~125 Ma) |, %A 3% B
A e IE R R Rk S AR AR A, ST U1 1)
AL RA BN C R, Jy m R AR (556
H55 2015, B4 2017) . Daoudene 25 (2012) Xf
43T Nartyn F1 Atanshiree [F] sl 8 7 PR R R4 3 AT | 5
A1 U-Pb SFEAR2E AT ) Ar-Ar BAEARE Mt
B, XN AL 1 S REAs 1 0 7k 5 DT BR Al

S} 134~128 Ma, {652 A [FH AR,

B, FTLUAH 4G S i SR M =5
FETE N AU SE M A ) LB T 134~ 128 Ma A1,
TR AR A B A R R A
52 METRXRHIEE

ALK AR W ARG, SR R/ YA E
MRS hr g 2% B AR S BT M B DA 14 1 A2 4
B ARG B HAR R ARAE R ARKFE 5L K {54 0. 36
~0.59, AN 0.5, FWIBER B R AE SR N -
I % Jm %Y ( Simpson and De Paor, 1993; Wallis,
1995; Xypolias, 2009), XZ [fi i 25l & R {4 N
1.91~3.35, F¥MEHy 2. 33, WASHRE E {5~ 0.53
~0.95, SFHIME K 0. 66, H. 1 5747745 JEE 4 2 T,
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BT B 0 (1A 7 (B8] AR A ' il 2 A 7
R T B A K P AR TE 11 2432 318 ( Simp-
son and De Paor, 1993; Zhang and Zheng, 1997; %
WAREE, 2008) , A1 0k P, < =B A A
S-C 2 ¥4 35 W LAA B3 B8 b 2 0 42 A8 O i 3 0
(Simpson and De Paor, 1993; Wallis, 1995; Xypo-
lias, 2009) . e ARA RS HE D (FBIARSE, 2008) B
C 50T DS SR B AR BE e A BIE M AR 132 22
Y 5 S0 d [ =X fa k= N P s DR i o i e ]
“TRRE” L, XEASTR] 0 i 2R 1732 B2 1R B )
S5 R T TR 240 220 ) 5 D)7 )38 B e A 7

DA B KA Sy AR B A, F S A i SR TR
B AT C LA K RIERSOR I Bk  ET E
SN A5 8 v R B AN ] By B P 3 0 2 06 A L AR )
FRAECE11) , BRI A R SR BVE SR AT 12 Bl i
{E 4 0.59~0.89, V-H{E N 0. 74; A5 C H A
KA iz sh 2= W EEAE N 0. 59 ~ 0. 81, “F-¥{EH
0.68, AN ML B A FT fE & 45 RAFFE M 225 MIE
R X R ARAT 1032 Bl 24 R BEAE M 0. 59 ~0. 83, 13
HR0.71, SRSRBIEARERMIE, UK AW
BR8N R 190 5 T A5 )38 B2 18 o 5 TR
B, BFE s i AT 0. 68 ~0. 74 Z[H],
AT R KB PEAS I L 72 P i a2 o 2R IR B, AR 3R B
DI 7R AE TR 3 i o 2 30305 T &85 D) A fj 55 1)
& di 2B — M UIVE T A ke T B BT R A
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