
1 Introduction 
 
The NE trend of the Jiamusi–Yitong fault zone (JYFZ) 

is mainly distributed along the Jiamusi–Shulan–Yitong–
Tieling belt in China and stretches to Russia to the north 
(Fig. 1). Combined with the Dunhua–Mishan fault zone 
(or Dun–Mi fault zone), the two major fault zones are 
believed to be the largest fault zones, which are together 
called the Tancheng–Lujiang fault zone (or Tan–Lu fault 
zone) in Eastern China (Zhang et al., 1995; Wang et al., 
1997; Zhang et al., 1999; Zhu et al., 2002; Zhang et al., 
2005). The heavy vegetation in the fault zone seriously 
restricts study; thus, the degree of geological studies of 
this area is apparently lower than for the middle and 
southern part of the Tan–Lu fault zone in different aspects 
(geometric features, kinematic features, divisions of the 

tectonics evolution stage, and the determination of the 
fracture  mechanic  properties  of  different  tectonic 
evolution stages).  

Currently, studies of the formation time of the Tan–Lu 
fault zone are mainly focused on the middle and southern 
regions. Most researchers have indicated that the middle 
and southern part of the Tan–Lu fault zone formed in the 
middle Triassic period (Chen et al., 2000; Zhang et al., 
2008;  Zhao  et  al.,  2016),  and  sinistral  strike–slip 
movement again occurred in the late Mesozoic (Xu et al., 
1987; Zhu et al., 2005; Wang, 2006). The study of the 
northern  part  of  the  Tan–Lu  fault  zone  still  remains 
controversial. The origin models of the northern extension 
of the Tan–Lu fault zone are either normal faulting models 
(Xu et al., 1984; Liu et al., 1993; Zhang et al., 2005), 
sinistral transtension models (Yin et al., 2005; Wang et al., 
2012),  or  sinistral  transpression models  (Wang et  al., 
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2000; Zhu et al., 2002, 2003, 2004, 2010; Liang et al., 
2015). As a branch of the northern Tan–Lu fault zone, 
previous  researchers  have  paid  more  attention  to  the 
formation time of the JYFZ, such as in the Triassic (Wan, 
1995; Guo et al., 2000; Li et al., 2008), late Triassic to 
early Jurassic (Zhang and Dong, 2008), late Jurassic (Zhu 
et al., 2010), late Jurassic to early Cretaceous (Yin et al., 
2005) or early Cretaceous periods (Xu et al., 1987; Chen, 
1988; Dou et al., 1996; Wang et al., 2000; Zhu et al., 
2002, 2003, 2004; Sun et al., 2006; Han et al., 2012; Meng 
et al., 2013; Liang et al., 2015; Gu et al., 2016；Sun et al., 
2016). Based on previous studies, we present a detailed 
field investigation and laboratory analysis of the ductile 
structure of the origin of the JYFZ and determined the 
geometric and kinematic features. To solve the issues 
mentioned above, we sampled and measured muscovite 
from the mylonite in the JYFZ shear zone for 40Ar/39Ar 
dating and thus determined the strike–slip time. We also 

performed a dynamic background analysis of the origin of 
the  JYFZ.  Based  on  our  study,  we  provide  updated 
evidence to illustrate the history of the entire Tan–Lu 
Fault Zone evolution process to aid the understanding of 
the dynamic processes in NE China. 

 
2 Geological Setting  

 
The southern end of the JYFZ starts from Shenyang and 

passes through the North China Plate and successively to 
the north margin accretion zone of the North China Plate, 
Songnen Massif, and Jiamusi Massif in the northeast. It 
also  cuts  through  the  Chifeng–Kaiyuan  fault,  the 
Xilamulun–Changchun  suture,  and  Mudanjiang  suture 
successively from the south to the north (Fig. 1). The 
Neoarchean–Paleoproterozoic  advanced  metamorphic 
basement  and  middle  Neoproterozoic  marine  covered 
strata  are  mainly  exposed  in  the  south  of  the  JYFZ 

 

Fig. 1. Structural sketch for Jiamusi–Yitong Fault Zone and its surrounding area (modified from Sun et al., 2008; Zhou et 
al., 2009).  
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(LBGMR,  1989).  Late  Paleozoic  and  Mesozoic–
Cenozoic  granites  and  Permian  and  Mesozoic–
Cenozoic sedimentary rocks are primarily exposed in the 
central  region  (JBGMR,  1989).  Paleozoic–Mesozoic 
granites, Paleozoic–Mesozoic volcanic–sedimentary rock 
series (HBGMR, 1993), Heilongjiang complex with blue 
schist facies (Zhou et al., 2009; Li et al., 2014), and the 
high-grade metamorphic Mashan group (Wu et al., 2007a, 
2011; Zhou et al., 2009a; Wilde et al., 2003) are mainly 
exposed in the north. 

Strong  extensional  activity  occurred  in  the  early 
Cretaceous in Northeast China, which was characterized 
by extensive magmatic activities and the development of 
fault basins (Wu, et al., 2002). Along the JYFZ, a series of 
grabens also developed in the early Cretaceous, including 
YitongShulan,  Fangzheng, and Tangyan Grabens from 
south to north (Fig. 1). The strata in the Yitong and Shulan 
Garbens are divided from the bottom to the top into lower 
Cretaceous  Yingchengzi,  Denglouku,  and  Quantou 
formations  and  into  Paleogene  Shuangyang,  Yongji, 
Wanchang, and Chaluhe formations (Liu et al., 1993). The 
strata in the Fangzheng and Tangyuan Grabens are divided 
into  upper  Cretaceous  Houshigou  and  Dongshan 
formations, Paleogene Wuyun, Xin'ancun, Dadahe, and 
Baoquanling  formations,  and  the  Neogene  Fujin  and 
Chuandishan formations from bottom to top (Wan et al., 
2014). The neogene eruption of mantle–derived basalts 
occurred locally along JYFZ, suggesting that the fault 
zone cut through the lithospheric mantle (Zhang et al., 
2006; Zhou et al., 2010). 

Thus far, considerable isotopic dating data has been 
reported for the middle to southern segment of the Tan–Lu 
fault zone (Zhu et al, 2001, 2004; Chen et al., 2000; 

Wang,  2006).  However,  there  is  no  detailed  isotopic 
dating  for  the  JYFZ,  which  directly  limits  the 
determination of the age of the sinistral strike–slip activity 
of the JYFZ. To investigate further, we selected mylonites 
exposed to the west of the Yitong Graben in the JYFZ to 
perform zircon U–Pb dating, muscovite 40Ar/39Ar dating, 
and determined the microstructures. Our research results 
fill the gaps of the isotopic age of mylonite in the JYFZ 
and add new evidence to the determination of the sinistral 
strike–slip age of the northern section of the Tan–Lu fault 
zone. 

 
3 Structures of the Strike–slip Ductile Shear Belts 

 
The shear belt appears along the west of the Yitong 

Graben, and the mylonite samples were taken from the 
Zhangjia village in Shuangmiaozi town (Fig. 2). The shear 
belt has a total width of 1–1.5 km (Fig. 2). The original 
rock of the mylonite was granite, which was formed in the 
Permian. The mylonites are reddish in color with particle 
sizes of 0.1–1 mm. The shear belt showed widespread 
ductile deformation with dense foliations (Fig. 3a, 4b). 
The shear belt strike was at NE 45° preferentially and 
dipped  NW  at  75–80°  (Fig.  3a,  4b).  Many  oriented 
samples were collected from the shear belt. Microscopic 
observation showed that most rocks in the shear belt are 
mylonitized rocks.  S–C fabrics,  rotated feldspars,  and 
quartz  porphyroclasts  from the  oriented  thin  sections 
indicated a sinistral shear sense (Fig. 3c–f).  

 
3.1 Microstructures of the shear belts 

Microstructures were well obtained in the shear belt. 
Quartz mainly acts as the matrix, which is characterized 

 

Fig. 2. Simplified geological map of the JYFZ shear belt showing the tectonic framework and the distribution of strata.  
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by  plastic  elongation  and  directional  arrangement. 
Polycrystalline  quartz  and  newborn  muscovites  often 
constitute  C–foliation  (Fig.  3c–f).  Most  quartz  in  the 
matrix  showed  dynamitic  recrystallization  of  subgrain 
rotation (SR). Mineral deformation in the mylonites was 
closely related to the deformation temperatures and can, 
therefore,  be  used  to  estimate  the  deformation 
temperatures (Essene, 1989). Previous studies (Tullis and 
Yund, 1991; Stipp et al., 2002) demonstrated that quartz 

BLG,  SR,  and  GBM  recrystallization  correspond  to 
deformation temperatures of 300–400°C, 400–500°C, and 
>500°C,  respectively.  Brittle  fracturing,  flattening and 
elongation,  and  marginal  subgrains  in  the  feldspar 
suggested deformation temperatures of 300–400°C, 400–
500°C, and >500°C respectively. The temperature of the 
symbiotic  muscovite and biotite  was generally above 
440°C (Hoisch, 1989). Deformation behaviors of quartz 
and feldspar and the assemblage in the JYFZ (Table 1) 

 

Fig. 3. Outcrop photographs and photomicrographs (crossed polarizers) for rocks of the JYFZ. 
(a) Steep mylonite belt(17DSP07–2); (b) steep mylonite belt(17DSP07–3); (c) granitic mylonite (17DSP07–2), showing quartz 
dynamitic recrystallization of both subgrain rotation (SR) and grain boundary migration (GMB) as well as sinistral shear sense 
presented by S–C fabrics and rotated Quartz; (d) granitic mylonite (17DSP07–3), showing quartz SR recrystallization and 
sinistral shear sense indicated by S–C fabrics and rotated quartz; (e) granitic mylonite (17DSP07–4), presenting quartz SR 
recrystallization and sinistral shear sense indicated by rotated feldspar porphyroclast; (f) granitic mylonite (17DSP07–5), exhib-
iting quartz SR recrystallization and sinistral S–C fabriscs.  
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suggest  that  the  deformation  temperatures  were 
approximately 450°–500°C or 450°–550°C locally, which 
was similar to that of the medium to high greenschist 
facies.  

 
3.2 Quartz c–axis fabrics 

To better understand the microstructures of the shear 
belt,  four  oriented mylonite  samples  were chosen for 
quartz c–axis fabric analysis. The analysis was conducted 
using  electron  backscatter  diffraction  in  the  Key 
Laboratory of Mineral Resources Evaluation in Northeast 
Asia, Ministry of Land and Resources, Jilin University, 
Changchun,  China,  and  the  analytical  procedures  and 
machine parameters have been previously described in Liu 
et al. (2008). 

Quartz c–axis fabric plots of the four mylonites samples 
from the shear belts showed both predominately activity 
of the rhomb <a> and cylindrical <a> slip systems (Fig. 
4). The activities of the different slip systems are related to 
the  deformation  temperatures  (Passchier  and  Trouw, 
2005). Therefore, it is suggested that the four mylonitic 
samples  have  medium  to  high-grade  temperature 
deformation characteristics. The deformation temperature 
was  450–500° C.  These  estimated  deformation 
temperatures are consistent  with those estimated from 
mineral deformation behaviors (Table 1). The lines of 
central concentration of the four samples were inclined to 
the left relative to the central axis, which indicates a 

sinistral shear sense or top–to–NE sense of shear, which is 
consistent with the microscopic observations. 

 
3.3 Finite strain type discrimination 

This study was based on the measurement principle of 
the Fry method (Fry, 1979; Zheng, 1985). Two oriented 
thin sections from the XZ and YZ planes were prepared, 
and micrographs were taken from the regions where the 
particles were evenly distributed under the microscope. In 
CorelDRAW 17, to calibrate the micrograph of the quartz 
residual spot center, we selected the image center as the 
origin and removed the point of origin to a particular spot 
center according to traditional calibration methods and the 
rest of the silica residue at the center of the reciprocating 
calibration to cover the entire spot center. The blank area 
in the center of the image after translation of the center of 
the quartz speckle represented the strain ellipse, and its 
length  and  length  axes  were  measured.  Specific 
measurement data are shown in Table 2. A Flinn diagram 
was used to  distinguish the finite  strain measurement 
results for the deformed rocks in the ductile shear zone of 
the JYFZ.  

Based on the discrimination of finite strain types using 
the Flinn diagram, the finite strain types for the deformed 
mylonite were uniform with a K‐value (K=ln (X/Y) /ln
(Y/Z)) that was significantly less than 0.5 (Table 2 and 
Fig. 5) and characterized by compressional strain.  
 

 

Fig. 4. Quartz c–axis fabric plots for samples from the shear belt.  
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4 Zircon U–Pb Dating for Plutons in the Shear Belts 
 
4.1 Analytical methods 

To determine the age of the original rocks in the ductile 
shear zone, zircon U–Pb dating of 17DSP7–1 (GPS: 42°
57' 57.03″N; 124°28' 52.05″E) was performed (Fig. 2). 
Single mineral separation of zircon was completed by a 
Yuneng  Mineral  Separation  Service  Company  in 
Langfang, Hebei Province. The sample was crushed using 
conventional  methods  and  separated  by  flotation, 
electromagnetic separation, and other methods and then 
manually selected using binoculars. The separated zircon 
grains were fixed with epoxy resin and polished until the 
zircon was exposed to the core. The sample surface was 
cleaned and decontaminated using HNO3 solution at a 
volume percentage of 3%. The transmitted light, reflected 
light,  and  cathodoluminescence  (CL)  image  were 
completed by the Beijing Zhongke Rock Mine Detection 
Technology  Company.  The  LA–ICP–MS U–Pb  zircon 
dating was performed at the Key Laboratory of Mineral 
Resources Evaluation in Northeast Asia, Ministry of Land 
and Resources, Jilin University, Changchun, China. CL 
imaging  involves  mono  CL3 + cathode  luminescence 
produced by Gatan, Inc. (UK). The zircon dating work 
included ICP–MS using the latest  generation Agilient 
7500a (with Shield Torch). The laser denuding system was 
the GeoLas200M, which was produced by the MicroLas 
Company  (Germany).  The  laser  denudation  was 
performed using one time denudation with helium as the 
carrier gas for the denudation material. The diameter of 
the laser beam was 32 μm, the frequency was 10 Hz, and 
the  laser  energy  was  90  mJ.  The  gas  background 
acquisition time for each analysis point was 20 s, and the 
signal acquisition time was 40 s. The specific testing 
procedures  and  lead  correction  methods  have  been 
described by Yuan et al., 2008, Diwu et al., 2008, and 
Andersen, 2002.  

 
4.2 Isotope dating of the zircons 

CL images of the representative zircon grains are shown 
in Fig. 6a, and the LA–ICP–MS zircon U–Pb data are 
presented in Table 3. The zircon grains from granite are 

typically euhedral to subhedral, with lengths of 80–150 
μm and length–to–width ratios of 1:1 to 2:1. The zircons 
displayed oscillatory zoning in the CL images and some 
contained opaque inclusions (Fig. 6a). The zircon Th/U 
values ranged from 0.43 to 1.37 (Table 3), suggesting that 
the calculated zircon was of magmatic origin. In the 207 
Pb/235U–206 Pb/238U concordia diagrams (Fig. 6b), all the 
plots are along the concordia line with a narrow age range. 
The sample yield weighted mean of the U–Pb zircon ages 
was 264.1.1±1.1 Ma. The age indicates that the granite 
emplaced during the middle Permian. 

 
5 Muscovite 40Ar/39Ar Dating from Mylonite in the 
Shear Belts 
 
5.1 Analytical methods 

To determine the sinistral strike–slip shear age of JYFZ, 
muscovite 40Ar/ 36Ar dating of D5–1 (GPS: 42°57'57.03″
N; 124°28'52.05″E) was conducted (Fig. 2). The rock 
sample was crushed manually using an iron mortar, and 
the powder of the rock was separated through a sieve for 
different  particle  sizes.  The  primary  muscovites  were 
artificially  purified  under  binoculars  after  repeated 
flotation with water. The selected muscovites were placed 
in the B8 channel of a 49–2 reactor for neutron irradiation 
at  the  Chinese  Institute  of  Atomic  Energy  and  then 
completed using the full-time standard, fully automatic, 
high-precision, and high-sensitivity 40Ar/39Ar dating laser 

Table 1 Microstructures of mylonite samples from the JYFZ shear zones and P–T estimates a)

Sample No. Rock type Locality Assemblage Feldspar deformation Quartz deformation Estimated T (°C) 
17DSP07–2        Mylonite N: 42°57 ′57.03″; 

E: 124°28′52.05″ 
Fel＋Qz＋Bi＋Ms Elongated SR 450°–500℃ 

17DSP07–3 Mylonite N: 42°57′57.04″ 
E: 124°28′52.07″ 

Fel＋Qz＋Bi＋Ms Elongated SR+GMB 450°–550℃ 

17DSP07–4 Mylonite N: 42°57′57.03″ 
E: 124°28′53.02″ 

Fel＋Qz＋Bi＋Ms Elongated SR 450°–500℃ 

17DSP07–5 Mylonite N: 42°57′57.02″ 
E: 124°28′52.02″ 

Fel＋Qz＋Bi＋Ms Elongated SR 450°–500℃ 

a) Qz–quartz; Fel–feldspar; Bi–biotite; Ms–muscovite; SR–subgrain rotation crystallization; GBM–grain boundary migration crystallization 

 

Table 2 Finite strain results from the selected Mylonite of 
the shear belts 

Sample no. RS- X/Z RS- Y/Z RS- X/Y k 
17DSP07–2 1.8 1.58 1.14 0.28 
17DSP07–3 1.5 1.4 1.07 0.21
17DSP07–4 1.71 1.54 1.11 0.24 
17DSP07–5 1.67 1.42 1.18 0.46 

 

Fig. 5. Flinn finite strain discrimination diagram from the 
selected mylonite of the shear belts.  
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system in  the  Key Laboratory  of  Orogenic  Belt  and 
Crustal  Evolution,  Ministry  of  Education,  Peking 
University. The irradiation time was 24 h, and the fast 
neutron flux was 5.184×1019. The standard sample used 
for neutron flux monitoring came from biotite of granite 
ZBH–25 from Zhoukoudian, Beijing, and the age of the 
standard  sample  was  132.7  Ma  (Sang,  2006).  The 
standard  reference  for  muscovite  is  BERN–4M  in 
Germany, which has good uniformity and an age of 18.6 
Ma (Purdy and Jäger, 1976). At the same time, pure CaF2 
and K2SO4 were simultaneously irradiated to obtain the 
correction factor. The single muscovite was melted by 
focusing the laser. The system testing process, raw data 
processing, model age, and isochron age calculations were 
all  automatically  controlled  by  MASS SPEC (v.5.02) 
software written by Alan L.  Denio at  the Center for 
Geochronology, University of California, Berkeley. More 
detailed analytical conditions and procedures can be found 
in Lo et al. (2002) and Lee et al. (2003). 

5.2 Isotope dating of muscovite 
The dating results are shown in Table 4. The isochron 

age of 40Ar/36Ar–39Ar/36Ar was 162.7±1.0 Ma (Fig. 7a). 
The initial value for 40Ar/ 36Ar was 300 ± 18, and if the 
error was taken into account, it was in the same range as 
the current atmospheric 40Ar/36Ar value. The data points 
for 21 muscovites obviously showed a linear relationship. 
In addition, the obtained 21 ages were very similar and 
were concentrated at 161–165 Ma with a peak age of 
162.8±1.2 Ma (Fig. 7b), which is highly consistent with 
the  isochronological  age.  Therefore,  the  ages  of  the 
40Ar/36Ar–39Ar/36Ar isochrones obtained in this study are 
believed  to  be  reliable  and  applicable  to  geological 
interpretation. Zhu et al. (2004, 2005) measured a large 
number of mica 40Ar/39Ar isotopic ages in the middle and 
southern section of the Tan–Lu fault zone, including both 
plateau ages and isochronic ages. The error between the 
isotopic plateau ages and isochronic ages in the same 
sample that can be used for geological interpretation is no 

 

Fig. 6. Cathodoluminescence (CL) images and zircon U–Pb concordia diagrams from 17DSP07–1 sample.  
(a) Circles indicate the location and size of dating spots. The numbers below the zircons refer to the U–Pb ages, and those above the zircons refer to 
the numbers of dating; (b) Zircon U–Pb concordia diagrams for granite in the shear belts  
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more than 2%, and the two age are highly consistent. 
Therefore, we believe that the isochronal ages can also 
accurately reflect the ages of tectonic thermal events. The 
granite in the shear belts was formed at ~264 Ma. Because 
the shear zone’s deformation temperature (approximately 
450–500° C)  was  higher  than  the  muscovite  closure 
temperature  (300–400° C)  (Ehlers  et  al.,  2005),  the 
muscovite laser 40Ar/39Ar age (162.7±1.0 Ma) represents 
the time of the sinistral shear strike of the JYFZ. 

 
6 Discussion 

 
In recent years,  significant achievements have been 

made  on  properties  and  evolutionary  stages  of  the 
Tancheng–Lushan fault zone in Eastern China (Chen et 

al., 2000; Zhu et al., 2001, 2005; Wang et al., 2006; 
Zhang, et al., 2008; Zhang and Dong, 2008). According to 
the preliminary analysis of the geochronological data, at 
least three stages of strike–slip events occurred in the Tan
–Lu fault zone: (1) at 236–238 Ma during the middle 
Triassic,  which  is  the  deep  subduction  stage  of  the 
collision between the North China Plate and the south 
China  Plate,  which  likely  originated  from  the 
intracontinental transition fault and lasted to the end of the 
Triassic (Zhang et al., 2008; Chen et al., 2000); (2) in the 
middle Jurassic to the late Jurassic (155–165 Ma), which 
was the sinistral compression strike–slip period (Wang et 
al., 2006; Sun et al., 2008; Han, et al., 2014); and (3) at 
137–143 Ma in  the  early Cretaceous,  which was the 
sinistral strike–slip shear period (Zhu et al., 2001, 2005). 

Table 3 LA-ICP-MS U-Th-Pb isotopic data of zircon in the sample 17DSP07–1

Spot no. Th/U 
Isotopic ratio Ages (Ma) Concordance

analysis 
207Pb/ 
206Pb 1σ 

207Pb/ 
235U 1σ 

206Pb/ 
238U 1σ 

207Pb/
206Pb 1σ

207Pb/
235U 1σ 

206Pb/ 
238U 1σ 

1 0.78 0.05121 0.00150 0.28885 0.00733 0.04090 0.00062 250 32 258 6 258 4   100% 
2 0.45 0.05303 0.00153 0.30510 0.00757 0.04172 0.00064 330 30 270 6 263 4 102.7
3 0.63 0.05073 0.00146 0.29470 0.00729 0.04212 0.00064 229 30 262 6 266 4 98.5 
4 0.90 0.05276 0.00160 0.30121 0.00795 0.04140 0.00064 318 33 267 6 262 4 101.9 
5 1.17 0.04970 0.00203 0.29061 0.01090 0.04240 0.00071 181 56 259 9 268 4 96.6 
6 0.95 0.05178 0.00137 0.29739 0.00661 0.04165 0.00062 276 26 264 5 263 4 100.4 
7 0.67 0.05220 0.00166 0.29933 0.00837 0.04158 0.00065 294 36 266 7 263 4 101.1 
8 0.74 0.05026 0.00141 0.29144 0.00699 0.04205 0.00063 207 29 260 5 266 4 97.7 
9 0.91 0.05123 0.00167 0.29482 0.00853 0.04173 0.00065 251 39 262 7 264 4 99.2 
10 1.24 0.05287 0.00133 0.30050 0.00625 0.04122 0.00061 323 23 267 5 260 4 102.7 
11 0.57 0.05138 0.00188 0.29809 0.00985 0.04207 0.00068 258 47 265 8 266 4 99.6 
12 0.68 0.05172 0.00144 0.30047 0.00713 0.04213 0.00063 273 29 267 6 266 4 100.4 
13 0.66 0.05148 0.00155 0.29415 0.00768 0.04143 0.00063 262 33 262 6 262 4 100 
14 1.14 0.05139 0.00138 0.29633 0.00670 0.04181 0.00062 258 27 264 5 264 4 100 
15 0.50 0.05181 0.00150 0.30169 0.00753 0.04223 0.00064 277 31 268 6 267 4 100.4 
16 0.43 0.05090 0.00175 0.29227 0.00902 0.04164 0.00066 236 42 260 7 263 4 99.8 
17 0.76 0.05286 0.00198 0.30279 0.01028 0.04153 0.00068 323 48 269 8 262 4 100.7 
18 1.37 0.05155 0.00145 0.30130 0.00726 0.04238 0.00064 266 29 267 6 268 4 99.6 
20 0.58 0.05207 0.00195 0.29934 0.01017 0.04169 0.00068 288 48 266 8 263 4 101.1 
21 0.80 0.05213 0.00157 0.30038 0.00786 0.04179 0.00064 291 33 267 6 264 4 101.1 
22 0.79 0.05066 0.00137 0.29385 0.00668 0.04206 0.00063 225 27 262 5 266 4 98.9 
23 0.69 0.05189 0.00148 0.30064 0.00736 0.04201 0.00063 281 30 267 6 265 4 100.8 
25 0.56 0.05092 0.00134 0.29507 0.00652 0.04202 0.00062 237 26 263 5 265 4 99.2  

 

Table 4 40Ar/39Ar analytical data of muscovite from the sample D5–1
Run ID Sample %40* Age(Ma) ± 36/39 ±36/39 37/39 ±37/39 38/39 ± 38/39 40/39 ± 40/39 40*/39 ±40*/39

20338–01 D5–1 95.04 164 1 0.00353 0.00012 0.000 0.002 0.0127 0.0002 21.02 0.05 19.97 0.06 
20338–02 D5–1 95.08 163 1 0.00348 0.00013 0.001 0.002 0.0127 0.0002 20.90 0.09 19.87 0.10 
20338–03 D5–1 95.93 163 1 0.00286 0.00013 0.010 0.002 0.0128 0.0002 20.77 0.05 19.92 0.07 
20338–04 D5–1 95.14 164 1 0.00346 0.00007 0.003 0.001 0.0127 0.0001 21.05 0.06 20.02 0.06 
20338–05 D5–1 94.99 163 1 0.00354 0.00008 0.006 0.002 0.0126 0.0001 20.89 0.05 19.84 0.05
20338–06 D5–1 94.05 163 1 0.00427 0.00009 0.003 0.002 0.0130 0.0001 21.21 0.05 19.94 0.06 
20338–08 D5–1 95.48 161 1 0.00316 0.00007 0.002 0.001 0.0127 0.0001 20.64 0.05 19.71 0.06 
20338–09 D5–1 95.90 163 1 0.00289 0.00008 0.004 0.002 0.0127 0.0001 20.81 0.05 19.95 0.05
20338–10 D5–1 94.36 164 1 0.00406 0.00015 0.004 0.003 0.0129 0.0002 21.28 0.05 20.07 0.07 
20338–11 D5–1 94.09 162 1 0.00421 0.00012 0.009 0.002 0.0133 0.0002 21.04 0.05 19.79 0.06 
20338–12 D5–1 96.31 162 1 0.00256 0.00010 0.003 0.002 0.0128 0.0002 20.49 0.04 19.73 0.05
20338–13 D5–1 95.65 161 1 0.00302 0.00024 0.008 0.004 0.0117 0.0003 20.53 0.04 19.64 0.09 
20338–14 D5–1 94.72 162 1 0.00375 0.00011 0.005 0.002 0.0126 0.0001 20.94 0.05 19.83 0.06 
20338–15 D5–1 95.55 165 1 0.00321 0.00034 0.008 0.005 0.0120 0.0004 21.34 0.05 20.39 0.12 
20338–16 D5–1 87.34 162 1 0.00973 0.00017 0.003 0.003 0.0137 0.0003 22.71 0.06 19.83 0.08 
20338–17 D5–1 90.59 163 1 0.00699 0.00013 0.005 0.002 0.0136 0.0002 21.96 0.04 19.89 0.06 
20338–19 D5–1 89.02 164 1 0.00838 0.00016 0.004 0.002 0.0134 0.0002 22.56 0.05 20.08 0.07 
20338–20 D5–1 96.34 164 1 0.00259 0.00015 0.042 0.003 0.0127 0.0002 20.79 0.06 20.03 0.07 
20338–21 D5–1 95.86 163 1 0.00291 0.00016 0.009 0.003 0.0128 0.0002 20.74 0.05 19.88 0.07 
20338–23 D5–1 92.92 161 1 0.00507 0.00020 0.011 0.003 0.0133 0.0002 21.16 0.07 19.65 0.09 
20338–24 D5–1 93.56 161 1 0.00458 0.00014 0.007 0.003 0.0130 0.0002 21.00 0.07 19.64 0.08 

J=0.00474; ±J=4.85E–05 
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In northeastern China, the strike–slip ages for the JYFZ 
and  Dunhua–Mishan  fault  zone  mainly  include  the 
following.  Sun  et  al.  (2008)  obtained  a  muscovite 
40Ar/39Ar isochron age of 164±2 Ma for a sample collected 
in the mylonite of the ductile shear zones in the Dunhua–
Mishan fault zone and indicated a second sinistral strike–
slip shear event about the Tan–Lu fault zone. Dou et al. 
(1996)  conducted 40Ar/39Ar single  mineral  analysis  of 
mica  quartz  schist  and  diabase  from  the  JYFZ  and 
obtained plateau ages of 100 ± 2.3 Ma and 105 Ma, which 
may reflect the late extension event of JYFZ. Yin et al. 
(2005) determined the biotite 40Ar/39Ar plateau age of 
133.13±0.31 Ma for crushed fine-grain biotite monzonitic 
granite  and  the  muscovite  40Ar/39Ar  plateau  age  of 
135.66±0.11 Ma, which corresponds to the third sinistral 
strike–slip shear event. In this study, our new muscovite 
40Ar/39Ar isochron age was determined to be 162.7±1 Ma, 
which is consistent with the strike–slip times of the second 
domain of the Tan–Lu fault zone and the Dunhua–Mishan 
fault zone. 

Considering the dynamic background, during ~180 Ma, 
the Farallon Plate subducted northwestward beneath the 
Eurasian Plate at a speed of 10.7 cm/y; thus, a drag effect 
on  the  eastern  margin  of  the  Eurasia  northeastwards 
undoubtedly  occurred.  The  ~150  Ma  Izanazi  Plate 
subducted northward beneath the Eurasian continent at a 
high speed (30 cm/y), which produced NW compression 
on the Eurasian continent  and a large NE strike–slip 
component along the continental NE margin (Maruyama 
et al., 1997). Combined with the previously reported ages 
of the Tan–Lu fault zone, the NE strike–slip faults and the 
Heilongjiang  group  of  blueschist  rapidly  underwent 
subduction exhumation, and during ~160 Ma, NE strike–
slip shear events occurred in northeastern and even in East 
China. Owing to the changing of the subduction angle of 
the west Pacific Plate (including the Farallon and Izanazi 
Plates) subducting beneath the Eurasian continent, many 
strike–slips occurred, which were related to the strike–slip 
adjustment during terrane collisions (Zhao et al., 1994; 
Maruyama et al., 1997). 

7 Conclusion 
 
From both structural and geochronological studies along 

the JYFZ, the following main conclusions can be made: 
 (1)  The  exposed  ductile  shear  belts  strike 

northeastward with steep foliations. Outcrop structures, 
microstructures,  and  quartz  c–axis  fabrics  all  show a 
sinistral shear sense with minor reverse components for 
the shear belts. 

(2) Microscopic observation and quartz c–axis fabrics 
suggest  that  the  deformation  temperature  was 
approximately 450–500°C. Zircon U–Pb dating for granite 
was at 264.1±1 Ma, and the 40Ar/39Ar isochron age of 
muscovite was at 162.7±1 Ma for the JYFZ, which shows 
the age of the sinistral strike–slip shear of JYFZ. This is 
consistent with the second sinistral strike–slip shear event 
around the Tan–Lu fault zone.  

(3) The late Jurassic initiation of the JYFZ was related 
to the speed and direction of oblique subduction of the 
West Pacific Plate under the Eurasian continent and to 
responsive terrane collision during the Jurassic period. 
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