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1.  Introduction
The Central Asian Orogenic Belt (CAOB) (Jahn et al., 
2004) is located between the Siberian Craton and North 
China Craton. It extends over 5000 km from the Ural 
Mountains in the west through Kazakhstan, Mongolia, 
southern Siberia, and eastern China, to the East of the 
Okhotsk Sea. Northeast China (NE China) is located in the 
eastern section of the CAOB (Figure 1), which is generally 
divided into (from west to east) the Erguna block, Xing’an 
block, Songnen block, Breya-Jiamusi block (Şengör et al., 
1993; Xiao et al., 2003; Liu et al., 2010; Xiao et al., 2015; 
Şengör et al., 2018). In the pre-Mesozoic period, NE China 
was mainly controlled by the Paleo-Asian Ocean tectonic 
system, and since the Mesozoic, it has been strongly 
transformed by the Circum Pacific tectonic domain, 
which is the key area to solve the tectonic evolution of the 
eastern section of the CAOB. The Great Xing’an Range is 
located in the eastern segment of the CAOB between the 
West Lamulun River-Changchun-Yanji suture zone and 
the Mongol-Okhotsk suture belt and is divided into the 

Erguna Block in the northwest and Xing’an massifs in the 
southeast. The northern Great Xing’an Range contains two 
major sutures: the Hegenshan–Nenjiang–Heihe suture belt 
between the Xing’an and Songnen massifs, and the Xinlin–
Xiguitu suture zone between the Erguna and Xing’an 
massifs. The 494–480 Ma post-orogenic granites in the 
Tahe area (Ge et al., 2005), the 517–504 Ma monzogranites 
and monzodiorites in the Mohe area (Wu et al., 2005), the 
539 Ma K–Ar phlogopite age of the Xinlin ophiolite (Li, 
1991), and the recently reported ~647 Ma age of the Jifeng 
ophiolitic mélange in the central Xinlin–Xiguitu suture 
zone (Feng et al., 2016) all suggest that the amalgamation 
of the Erguna and Xing’an massifs occurred at ~500 Ma 
along the Xinlin–Xiguitu suture zone. 

Unlike along the Xinlin–Xiguitu suture belt, 
accretionary prisms and ophiolites are relatively poorly 
exposed within the Hegenshan–Nenjiang–Heihe suture 
belt. This makes the timing of collision between the 
Songnen and Xing’an Block rather controversial. The 
Hegenshan ophiolite suggests that the collision occurred 
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from the Devonian to the Early Carboniferous between 
the Erguna-Xing’an and Songnen blocks (Sengör et al., 
1993; Sengör and Natal’in, 1996). But some scholars have 
suggested that the collisional time is from the Silurian to 
the Cretaceous, the controversy can be summarized as 
follows: (a) Late Silurian-Devonian (Sengor and Natal’in, 
1996; Xu et al.,2013); (b) Devonian (Xu et al.,1997, 2014; 
Zhao et al., 2014), Late Devonian (Su et al., 1996); (c) Late 
Devonian-Early Carboniferous (Shao et al., 1991;Hong et 
al., 1994); (d) Late Early Carboniferous (Zhao et al., 2010a, 
2010b; Liu et al, 2012; Li et al., 2014; Zhang et al., 2015); (e) 
Late Early Carboniferous-Early Late Carboniferous (Liu et 
al., 2011; Ma et al., 2019); (f) before the Permian (Sun et 
al., 2000, 2001; Shi et al., 2004; Tong et al., 2010; Li et al., 
2016); (g)Triassic (Chen et al., 2000; Miao et al., 2004); (h) 
Cretaceous (Nozaka and Liu, 2002). Therefore, a series of 
solutions are needed and the problem goes to an in-depth 
exploration of all aspects. 

Fortunately, recent studies have found that large 
areas of Late Carboniferous granites, which provide 
evidence of oceanic plate subduction process, developed 
in the central area of the central Great Xing’an Range. 
Therefore, determining the formation ages, petrogenesis, 

granite origin and continental crust evolution has great 
significance for the temporal and spatial characteristics 
of the igneous rock assemblages in the Hegenshan–Heihe 
suture zone and provide significant tectonic implications. 
This paper stresses the study on the petrographic, 
geochemical, and geochronological characteristics of these 
Late Carboniferous granites, and the tectonic composition 
and evolutionary history of the suture zone of the Xing’an 
block and Songnen block are also discussed in the 
meantime.

2. Geological setting
The NE China, an important tectonic unit in the eastern 
part of the CAOB (Sengör et al., 1993; Xiao et al. 2015), 
is composed of several micro-continental blocks including 
the Erguna Block , Xing’an Block, and Songnen Block 
(Tang et al., 1990; Wilde et al., 2000; Wilde et al., 2003; 
Li et al., 2006; Zhou et al., 2010a, 2010b, 2010c; Wu et al., 
2011; Zhou et al., 2012; Wang et al., 2013; Xu et al., 2013, 
2014; Zheng et al., 2013; Zhou et al., 2015a, 2015b; Ma et 
al., 2019). The Xing’an block is adjacent to the Ergun block 
by the Xinlin-Xiguitu suture zone in the north (Feng et al., 
2015, 2017; Liu et al., 2017; Feng et al., 2018), and adjacent 
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Figure 1. (a) Simplifed tectonic framework of the CAOB and surrounding areas. (b) Tectonic division of the NE China, showing the 
major blocks, sutures, and main faults (modifed after Liu (2017)).
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to the Songnen block by the Hegenshan–Heihe suture 
zone (HHS) in the south (Wu et al., 2002; Ma et al., 2019).

The Xing’an Block is mainly composed of the 
Precambrian basement and Phanerozoic rocks at the 
top. Its basement mainly consists of metamorphic rocks 
of the Xinghuadukou Group, which is characterized 
by a khondalitic sequence that was formed from the 
Neoarchean to the Paleoproterozoic (Zhou et al., 2013). 
The Phanerozoic rocks are mainly exposed by volcanic and 
granitic rocks (HBGMR, 1993; Wu et al., 2000, 2001, 2002, 
2003; Ge et al., 2005, 2007; Zhou et al., 2013), and local 
Paleozoic metamorphic rocks (Miao et al., 2004). 

The Songnen Block is located to the southeast of the 
XB, separated by the HHS (Liu et al., 2010; Han et al., 2011, 
2012; Zhou et al., 2011a, 2011b, 2013; Feng et al., 2015). 
The Songnen Block was known for the Mesozoic Songliao 
Basin, the Lesser Xing’an Range, and the Zhangguangcai 
Range. It also has a Precambrian basement composed 
mainly of granite and gneiss (Wang, 1996), and is overlaid 
by Palaeozoic sediments (Zhou et al., 2013).

The HHS is generally regarded as the suture zone 
between the XB and SB (Figure 1b, Ge et al., 2007; Han et 
al., 2011; Liu et al., 2011; Zhou et al., 2011a, 2011b; Han et 
al., 2012; Zhou et al., 2013; Feng et al., 2015), and it was 
first studied as a result of the discovery of ophiolites in 
the Hegenshan region during exploration for chromium 
resources in 1954 (Bai et al., 1985). Initially, researchers 
only proposed a “Hegenshan Suture” in the southern 
Great Xing’an Range area on the basis of the Hegenshan 
ophiolites (Bai et al., 1985). Later, however, numerous post-
orogenic A-type granites with ages between 260 and 290 
Ma were reported in the Heihe area (Wu et al., 2002), and 
these were coupled with coeval A-type granites in central 
Inner Mongolia, southern Mongolia, and the eastern 
Junggar region of Xinjiang (Hong et al., 1995). According 
to Wu (2002) then suggested a narrow zone of A-type 
granitic magmatism running west to east along the HHS. 
The existence and significance of the HHS have now been 
accepted by more and more researchers on the basis of the 
belt of A-type granites, the Hegenshan ophiolites in the 
southwest, and the Duobaoshan porphyry copper deposit 
(related to oceanic crust subduction) in the northeast 
(Hong et al., 1995; Ge et al., 2005; Wu et al., 2005; Sui et al., 
2006; Ge et al., 2007; Hao et al., 2015).

The study area is located in the central Great Xing’an 
Range to the northwest of the HHS (Figure 1b). The 
volcanic rocks and sedimentary rocks and intrusive 
rocks from late Paleozoic to Mesozoic are widely 
distributed in the study area and make up the Late 
Devonian Daminshan Formation, late Carboniferous to 
early Permian Baoligaomiao Formation, Late Jurassic 
Manketouebo Formation and Manitu Formation, and 
early Cretaceous Baiyingaolao Formation (Figure 2). The 
Daminshan Formation consists of volcanic rocks and 

sedimentary rocks such as siltstone and tuff lava. The 
Manketouebo Formation contains a series of acid volcanic 
rocks including fused tuff, rhyolite and low limestone. 
The Manitu Formation can be divided into two parts: one 
is neutral volcanic rocks such as andesite, and the other 
is acid volcanic rocks such as rhyolite. The Baiyingaolao 
Formation is characterized by coarse andesite and 
brecciated tuff. The Late Carboniferous granites exposed in 
this area have been observed and studied in detail, which 
are mainly felsic in composition, with a small amount of 
dark mineral.

3.  Sample location and descriptions  
Granites are widely developed in the study area, among 
which the Late Carboniferous granites are the most widely 
distributed. The Late Carboniferous granites in Jinjianggou 
Forest Farm, Chaihe area (ξγC2) which are located at the 
central Great Xing’an Range. As an important component 
of the Oroqunchun-Boketu-Arshan-Dongwuqi Granite 
belt in the Great Xing’an Range, it exposes in the north 
of Jinjiang Forest Farm, and generally is a large batholith 
spreading near east and west, covers an area of about 
400 km2 (Figure 2). The Late Carboniferous granites are 
composed of syenogranite and monzogranite.

The biotite syenogranite (B3213-1, 
GPS:47°11′22″,120°15′ 37″) is located at the central part 
of the study area. The hand specimen is light fleshy red 
(Figure 3a), the mineral composition mainly consists of 
plagioclase (~25%), orthoclase (~40%), quartz (~25%), 
and minor dark minerals, such as biotite (~8%) and 
magnetite (Figure 3b).

The syenogranite (B3220-5, GPS:47°11′37″,120°15′42″) 
exposed in the central part of the study area. The samples 
show granite structure and consist of orthoclase (~35%), 
plagioclase (~15%), quartz (~30%), chlorite (~10%), and a 
number of dark minerals such as magnetite. Among them, 
the orthoclase is soiled seriously (Figure 3d).

The biotite syenogranite sample (B4258-1, 
GPS:47°13′54″,120°04′27″) were taken from the northwest 
of Jinjianggou Forest Farm. The rock is characterized by 
medium coarse-grained texture, and the minerals are 
mainly composed of plagioclase (~10%), quartz (~35%), 
orthoclase (~50%) and biotite (~5%), and the biotites were 
chloritic(Figure 3f).

4.  Analytical methods
4.1. Zircon U–Pb analyses
Five samples from syenogranite rocks exposed in the study 
area were selected for U-Pb zircon dating to examine their 
formation ages. Zircons were separated from whole-rock 
samples by using the combined heavy liquid and magnetic 
techniques and then undergone handpicking under a 
binocular microscope at the Langfang Regional Geological 
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Survey, Hebei Province, China. LA-ICP-MS zircon U-Pb 
analyses were performed using Agilent 7500A inductively 
coupled plasma mass spectrometer (ICP-MS) equipped 
with Coherent COM-PExPro ArF excimer laser, housed 
at Key Laboratory of Mineral Resources Evaluation of 
Northeast Asia, Ministry of Natural Resources, Jilin 
University. All measurements were performed using zircon 
91500 as an external standard for age calculation. NIST SRM 
610 was used as an external standard for measurements of 
trace element concentrations. The concentrations of U, Th 
and Pb elements were calibrated using 29Si as an internal 
calibrant. 207Pb/206Pb, 206Pb/238U and 207Pb/235U ratios and 
apparent ages were calculated using ICPMSDataCal (Liu 
et al., 2008). The age calculations and concordia plots 
were made using Isoplot (Ver. 3.0) (Ludwing et al., 2003). 
Zircon U–Pb age data are presented in Table 1.
4.2. Whole-rock major- and trace-element geochemistry
after petrographic examination of major and trace elements, 
a total of 10 rock samples were carefully selected and 
powdered in an agate mill. Major element compositions of 
bulk rock samples were determined by XRF on fused glass 
disks in the test center of The First Geological Institute of 
the China Metallurgical Geology Bureau, with analytical 

uncertainties generally better than ± 5%. Bulk-rock 
trace element compositions were determined by ICP-MS 
(Agilent 7500a) after acid digestion of samples in Teflon 
bombs and dilution in 2% HNO3 in the same laboratory. 
During analysis, data quality was monitored by repeated 
analyses of five rock reference materials (RGW-2, GSR1, 
AGV-2, BCR-2 and W-2). The accuracy is generally 
better than 10% for trace and rare earth elements (REE). 
The analytical results of major and trace elements of the 
Carboniferous intrusive rocks are listed in Table 2. 

5.  Results
5.1. Zircon U-Pb geochronology
The zircons in biotite syenogranite (B2222-3) are 
idiomorphic columnar and with a length of 50–150 μm. 
Ratios of the length and width range from 1:1 to 5:1, which 
present obvious oscillatory zoning (Figure 4). Moreover, 
the zircons have a characteristic of typical magmatic 
zircon with Th/U ratios of 0.21–1.61. The isotope age of 21 
zircon points falls on the concordia curve and its periphery 
(Figure 5a,b), and the 206Pb/238U age between 282 ± 6 Ma 
and 339 ± 7 Ma. The weighted average is 303.1 ± 7.2 Ma 
(MSWD = 6.2).

Figure 2. Sketch geological map of the study area with sampling location. 
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The analyzed zircon grains from the syenogranite 
(B2219-1) are mainly euhedral to subhedral in shape, 
they have a size range of 50–150 μm with aspect ratios of 
1:1–3:1. They are transparent or pale brown to dark, and 

exhibit oscillatory zoning (Figure 4), and with Th/U ratios 
from 0.18 to 1.92, indicating a magmatic origin (Hoskin 
et al.,2003). 206Pb/238U ages from 28 analytical spots range 
from 292 to 331 Ma and yield a weighted mean 206Pb/238U 
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Table 2. Representative major (wt.%) and trace (ppm) element analyses of the syenogranites

Sample B2219-1 B2220-1 B3220-5 B3220-10 B4218-2 B4254-1 Z11-82 D5148

SiO2 67.52 67.04 67.78 67.39 68.46 74.71 75.88 75.34 
TiO2 0.53 0.53 0.48 0.40 0.43 0.15 0.13 0.10 
Al2O3 15.26 15.61 15.37 15.45 15.05 12.76 12.34 12.89 
FeO 2.60 3.15 3.21 1.62 2.28 0.78 0.17 1.08 
Fe2O3 3.78 4.29 4.96 4.00 3.61 2.06 1.60 0.58 
TFeO 6.00 7.01 7.66 5.21 5.53 2.63 1.61 1.60 
TFe2O3 6.66 7.79 8.52 5.79 6.15 2.92 1.79 1.78 
MnO 0.08 0.12 0.24 0.12 0.08 0.06 0.02 0.02 
MgO 0.49 0.47 0.51 0.26 0.27 0.19 0.07 0.22 
CaO 1.88 1.45 1.37 1.05 1.30 0.25 0.23 0.32 
Na2O 4.15 3.34 3.52 3.82 3.30 3.17 3.55 3.45 
K2O 5.42 5.82 3.88 6.45 6.16 4.62 5.21 5.51 
P2O5 0.21 0.19 0.20 0.21 0.14 0.06 0.02 0.04 
LOS 0.71 0.96 1.75 1.18 1.00 1.30 0.58 0.37 
Total 102.61 102.96 103.26 101.93 102.08 100.11 99.81 99.91 
A/CNK 0.95 1.08 1.23 1.02 1.04 1.20 1.04 1.05 
A/NK 1.20 1.32 1.54 1.17 1.25 1.25 1.07 1.11 
AR 3.53 3.32 2.58 4.29 3.74 3.99 5.61 5.22 
La 61.68 73.73 70.93 32.56 49.33 34.08 37.47 17.27 
Ce 156.06 173.24 150.69 78.03 119.18 76.17 124.88 42.28 
Pr 17.78 16.07 18.20 9.45 14.62 8.57 10.91 4.72 
Nd 63.90 73.06 64.76 34.84 51.92 28.57 37.71 17.06 
Sm 12.34 14.05 12.35 8.50 10.67 5.69 7.93 4.69 
Eu 1.58 1.47 1.40 1.35 1.25 0.49 0.15 0.22 
Gd 11.46 12.62 11.74 7.95 10.06 5.21 7.64 5.50 
Tb 1.63 1.67 1.63 1.27 1.45 0.85 1.22 1.63 
Dy 8.17 8.10 8.42 7.32 7.55 5.12 6.86 12.03 
Ho 1.47 1.43 1.50 1.37 1.36 1.00 1.26 2.64 
Er 4.04 3.78 4.29 3.77 3.84 3.02 3.83 7.63 
Tm 0.55 0.53 0.59 0.53 0.57 0.48 0.55 1.49 
Yb 3.31 3.10 3.96 3.29 3.60 3.14 3.73 9.20 
Lu 0.48 0.47 0.57 0.46 0.55 0.45 0.56 1.07 
Y 37.35 35.79 39.57 35.57 35.54 27.01 33.45 74.13 
REE 344.45 383.32 351.04 190.71 275.94 172.84 244.70 127.43 
LREE 313.34 351.61 318.33 164.74 246.97 153.57 219.05 86.24 
HREE 31.10 31.70 32.71 25.97 28.97 19.26 25.65 41.19 
LREE/
HREE 10.07 11.09 9.73 6.34 8.53 7.97 8.54 2.09 

δEu 0.40 0.33 0.35 0.49 0.36 0.27 0.06 0.13 
δCe 1.12 1.16 0.99 1.06 1.06 1.05 1.47 1.11 
(La/Yb)N 12.23 15.61 11.74 6.50 8.99 7.12 6.58 1.23 
(La/Sm)N 2.97 3.12 3.41 2.27 2.74 3.56 2.81 2.19 
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age of 311.6 ± 3.1 Ma with MSWD  =  2.8 (Figure 5c), 
which is interpreted as its crystallization age.

The zircons from biotite syenogranite (Z11-65) 
are commonly euhedral to subhedral. They are oval or 
prismatic in shape with long axes of 50–150 μm and length-
to-width ratios of 1:1–3:1. The zircon grains show wide 
oscillatory zoning (Figure 4) and with Th/U ratios from 
0.05 to 2.27, which is consistent with a magmatic origin. 
Twenty-eight analyses of U–Pb ages yielded a concordant 
206Pb/238U age of 309.3 ± 1.4 Ma (MSWD  =  0.62) (Figure 
5d). This age is interpreted as the crystallization age of the 
biotite syenogranite.

The analyzed zircon grains from the syenogranite (Z11-
82 and D5148-1) have the same characteristic in zircon 
crystals and shape. They are commonly dark, because of 
the high Th/U ratios. Meanwhile, they are euhedral, with 
long axes of 100–200 μm and mainly show fusiform shapes 
except few prismatic or slightly rounded zircon grains 

(Figure 4). The clearly tiny oscillatory growth zoning and 
Th/U ratios (0.05–1.48) indicate their magmatic origin. The 
Z11-82 ages of twenty-eight zircon grains from a coherent 
concordant group (Figure 5e) and define a weighted mean 
206Pb/238U age of 316.1 ± 1.3 Ma with an MSWD of 1.13. 
206Pb/238U ages from 25 analytical spots of D5148-1 range 
from 302 to 321 Ma and yield a weighted mean 206Pb/238U 
age of 311.6 ± 2.5 Ma with MSWD  =  3.4 (Figure 5f). We, 
thus, interpret these ages as their crystallization ages.
5.2. Whole-rock major- and trace-element geochemistry
The major and trace element geochemical data for the Late 
Carboniferous syenogranites in the study area are listed in 
Table 2.

The Late Carboniferous syenogranites have high SiO2 
contents of 67.04 wt%–75.88 wt%, high TFe2O3 (1.78 wt%–
7.79 wt%), CaO (0.23 wt%–1.88 wt%), and MgO (0.07 
wt%–0.51 wt%) contents, and low Mg# values of 0.14–
0.36. Figure 6a indicates that these alkali-feldspar granites 

(Gd/Yb)N 2.80 3.29 2.39 1.95 2.26 1.34 1.65 0.48 
Rb 103.30 156.40 283.90 199.60 140.80 192.10 203.30 261.40 
Ba 706.53 593.30 562.28 694.99 575.86 274.83 58.28 110.00 
Th 23.00 29.01 20.95 10.55 16.57 19.32 15.70 13.14 
U 1.55 1.77 1.66 1.65 2.32 4.47 4.70 3.62 
Ta 1.57 1.43 1.59 1.47 1.51 1.44 3.46 1.87 
Nb 28.19 29.16 28.86 24.83 32.45 16.74 29.29 17.71 
La 61.68 73.73 70.93 32.56 49.33 34.08 37.47 17.27 
Ce 156.06 173.24 150.69 78.03 119.18 76.17 124.88 42.28 
Sr 169.80 127.00 215.00 179.60 156.80 52.82 18.47 40.30 
Nd 63.90 73.06 64.76 34.84 51.92 28.57 37.71 17.06 
Zr 508.17 507.14 559.42 568.30 558.99 173.70 200.18 106.50 
Hf 12.51 12.20 13.91 13.73 13.62 5.32 6.38 5.30 
Sm 12.34 14.05 12.35 8.50 10.67 5.69 7.93 4.69 
Gd 11.46 12.62 11.74 7.95 10.06 5.21 7.64 5.50 
Tb 1.63 1.67 1.63 1.27 1.45 0.85 1.22 1.63 
Y 37.35 35.79 39.57 35.57 35.54 27.01 33.45 74.13 
Yb 3.31 3.10 3.96 3.29 3.60 3.14 3.73 9.20
Lu 0.48 0.47 0.57 0.46 0.55 0.45 0.56 1.07
Cs 5.75 13.17 10.26 3.71 7.83 7.13 7.28
Ga 22.82 22.56 23.45 22.37 23.58 18.66 22.71 
Cu 7.49 25.52 11.98 9.62 21.05 5.62 8.72 20.50 
Zn 72.62 515.70 1356.41 76.65 269.35 84.41 113.49 33.90 
P 901.96 814.74 854.96 898.96 622.63 242.99 89.00 157.10 
Ti 3197.73 3177.07 2849.76 2380.80 2560.37 907.92 799.93 599.35 
K 44994.06 48279.48 32234.67 53519.68 51101.17 38377.77 43267.35 36020.24 
Al 80760.06 82590.72 81342.21 81765.59 79670.85 67529.38 65306.63 68217.38 

Table 2. (Continued).
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are plotted in the granite area and quartz monzonite area 
in the TAS petrographic classification diagram. They have 
high K2O contents of 3.88 wt%–6.45 wt%, total alkali (K2O 
+ Na2O) contents of 7.29 wt%–10.19 wt%, and K2O/Na2O 
ratios of 1.10–1.87 (average  =  1.25) characteristic of 
K-rich granites (Barbarin et al., 1999), major of which plot 
in the alkaline field in an AR–SiO2 diagram (Figure 6c). 
They have Al2O3 contents of 12.34 wt%–15.93 wt% with 
A/CNK (Al2O3/(CaO + Na2O+K2O)) ratios of 0.89–1.23 
and typical of weakly peraluminous signatures, as shown 
on the A/NK-A/CNK diagram in Figure 6b, which are 
suggestive of the characteristics of aluminium A-type 
granite (Figure 6d).

The total amount of rare earth elements in the Late 
Carboniferous syenogranites is 127.43~383.32, and it 
can be seen that the total amount of rare earth elements 
decreases with the increase of SiO2 content. The samples 
are enriched in light rare earth elements (LREEs), depleted 
in heavy rare earth elements (HREEs) (LREE/HREE 
= 2.09–11.09), which has right-tilted characteristics in 
the rare earth element chondritic meteorite standard 
partition cobweb diagram (Figure7a). The LREE and 
HREE have different degrees of fractionation ((La/Yb) 
N = 1.23~15.61), and the fractionation degree between 
LREE is relatively strong, while the ratio between HREE 
is relatively gentle((La/Sm) N = 2.19~3.56, (Gd/Yb)N = 

0.48~3.29). The δEu range is 0.06–0.49, and obvious 
negative anomalies can be seen in Figure 7, which may be 
caused by part of plagioclase residue in the source region 
during the evolutionary process, or it may be caused by 
obvious separation and crystallization. According to 
previous studies, if the distribution pattern of rare earth 
elements in acid volcanic rocks is similar to seagull, the 
acid volcanic rocks are similar to A-type granite or highly 
differentiated I-type granite.

A primitive-mantle-normalized trace element spider 
diagram shows that these syenogranites are enriched 
in large ion lithophile elements (LILEs; e.g., Rb and K), 
depleted in high field strength elements (HFSEs) such as 
Ta (1.43–3.46 ppm), Ti (599.35–3197.73ppm) (Figure 7b). 
These geochemical characteristics of the syenogranites are 
similar to those of the coeval intermediate-acidic intrusive 
rocks in the northern Great Xing’an Range ( Zhou et al., 
2005; Sui et al., 2009a, 2009b; Zhao et al., 2010a, 2010b; Qu 
et al., 2011; Cui et al., 2013).

6.  Discussion
6.1. Genetic type and petrogenesis of the Carboniferous 
magmatism
The aluminum index of the dated samples is 0.95–1.23, 
although two samples are peraluminous (A/CNK>1.1), 
which slightly showing the characteristics of S-type granite 
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Figure 4. Representative CL images of zircons from the Late Carboniferous in the central Great Xing’an Range.
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overaluminity. But, petrographic identification shows 
that they do not contain aluminum-rich minerals, and 
the samples have an obvious negative Eu anomaly, which 
indicates that the rocks are strongly differentiated during 
their formation.

Comprehensive analysis shows that the analyzed 
samples do not belong to S-type granite. Geochemical 
characteristics of syenogranites share similarities with 
typical A-type granite (Collins et al., 1982; Whalen et al., 
1987; Wu et al., 2002; Li et al., 2010; Zhang et al., 2010; Wu 
et al., 2011; Zhang et al., 2011; Cui et al., 2013; Li et al., 
2013; Zhang et al., 2013a, 2013b; Mao et al., 2019; Qian et 
al., 2018; Shi et al., 2019; Tian et al.,2018; Ma et al.,2019), 
which indicate the crustal source of magma. Given the 
fairly high FeOT values (1.60%–7.66% with an average of 
4.66%) and fairly low Rb contents (103.3 × 10−6–283.9 × 
10−6 ) of the syenogranites from the Chaihe area and the 

fact that all the samples plotted in the A-type granite field 
in the diagrams of (Na2O+K2O)/CaO vs (Zr + Nb + Ce + 
Y), FeOT / MgO vs (Zr + Nb + Ce + Y), Zr vs 10000Ga/
Al, Nb vs 10000Ga/Al, (K2O+MgO) vs 10000Ga/Al, K2O/
MgO vs 10000Ga/Al, Ce vs 10000Ga/Al and (Na2O+K2O)/
CaO vs 10000Ga/Al (Figure 8). CL images of dated zircon 
show euhedral–subhedral shapes and typical oscillatory 
and straight rhythmic stripes zoning, suggesting a 
magmatic origin with high Th/U ratios (0.05–2.27). We 
believe that the LA-ICP-MS zircon U–Pb ages represent 
the crystallization ages of the syenogranites. 

By the means of contrast, a study is carried through 
both syenogranites in the Chaihe area and the Late 
Carboniferous granites in the CAOB (Qian et al.,2018; Shi 
et al., 2019; Tian et al., 2018; Ma et al., 2019; Mao et al., 
2019; Ma et al., 2020). Results can clearly show that their 
partition curves have a similar trend with A-type granite 
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(Figure 7). The La/Sm ratios of analyzed samples are in the 
range of 3.68–5.99, which are relatively high and change 
within a certain range. These data indicate that the magma 
may come from the crustal material or may be influenced 
by the crustal material during the recrystallization. In 
addition, it can be known that the Ti/Y of crust-derived 
magma is less than 100, Ti/Zr is less than 20 (Pearce et 
al., 1983), and the Ti/Y and Ti/Zr ratios of our analyzed 
samples are 8.09–88.78 and 4.00–6.29, respectively. In 
the Yb-Sr diagram (Figure 9a,), the samples fall in the 
area of Zhe-Min type granite and Nanling type granite, 
showing the characteristics of low Sr (Zhang et al., 2006). 
According to the magma source diagram (Figure 10), it can 
be concluded that the magma of the Late Carboniferous 
syenogranite in the Chaihe area originated from the crust 
(Zhang et al., 2008). In the meanwhile, the samples have a 
positive correlation trend, showing the characteristics of 
partial melting in the La/Sm-La diagram (Figure 9b). Thus, 
we propose that the Late Carboniferous syenogranites in 
the Chaihe area are most consistent with the origin of the 
partial melting of the crust.
6.2 Nature and distribution of the Carboniferous 
magmatism
All our analyzed samples were previously mapped 
as Proterozoic basement based on K–Ar dating and 
lithostratigraphic relationships (Hu et al., 1995). Zircon 
U–Pb dating is current considered the best solution for 
determining the ages of the magmatic rocks in this region. 
There are some dating results supported by the widespread 
occurrence of coeval magmatism and mineralization in 
the northern Great Xing’an Range (Figure 11 and Table 3). 
For example, the LA-ICP-MS zircon U–Pb ages of many 
basic intrusive rocks from the Tahe area, Jalaid Banner and 
Tayuan from 300 Ma to 333 Ma (Zhou et al., 2005; Wu et 

al., 2011; Wang et al.,2013; Feng et al.,2015; Ma et al.,2020). 
The SIMS zircon U–Pb dating for metagabbro from the 
Jiwen and Tayuan area gave ages varying from 306 Ma 
to 315 Ma (Feng et al., 2015). Similarly, the LA-ICP-MS 
zircon U–Pb dating for syenogranite or monzonitic granite 
from Ganhe, Jalaid Banner, Langfeng, Lapou, Longzhen, 
Mouguqi, Quansheng, Shierzhan, Taerqi, Tayuan, Xing’an, 
Zhalantun and Zhengdashan area within the Erguna-
Xing’an block are 304 ± 5.0 Ma(Wu et al.,2011), 320.6 
± 3.7 Ma (Ma et al.,2020), 337 ± 8 Ma (Wu et al.,2002), 
325 ± 3 Ma (Zhang et al., 2013a), 316 ± 4 Ma (Zhang et 
al.,2010), 321 ± 3.5 Ma (Ma et al., 2019), 294–322 Ma (Cui 
et al., 2013), 298 ± 2 Ma (Sui et al.,2009b), 313–335 Ma 
(Zhang et al., 2011), 318–330 Ma (Feng et al., 2015), 309 ± 
4 Ma (Wu et al., 2011), 301 ± 3 Ma (Wu et al., 2002), 315 
± 4 Ma (Zhang et al., 2008), respectively. In addition, the 
syenogranite of Daiheishan and Heihe and Duobaoshan, 
the granodiorite of Jalaid Banner, Taerqi and Yakeshi, the 
rhyolite and granite porphyry of Mouguqi yield zircon has 
the U-Pb ages of 292 ± 4 Ma, 322 ± 5 Ma (Wu et al.,2002) 
and 299.3 ± 2.8 Ma (Qu et al.,2011), 320 ± 1 Ma (Wu et 
al.,2011; Zhang et al.,2011) and 331.2 ± 3.7 Ma (Zhao et al., 
2010a), 307.5 ± 2.3 Ma, 312.6 ± 2.9 Ma and 309.8 ± 3.6 Ma 
(Ma et al.,2019), respectively. All these data suggest that 
all the reported zircon ages recorded the Carboniferous 
magmatic events in the study area.
6.3 Late Carboniferous evolution of the Xing’an and 
Songnen blocks
Traditionally, the tectonic setting of A granite is defined 
as the “non-orogenic” extensional environment. After 
reviewing previous findings and examining a wealth of 
A-type granites from typical tectonic backgrounds, Eby 
(1990,1992) divided these granites into the A1 and A2 
subtypes. The former represents granites that were intruded 
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in a non-orogenic setting during continental rifting or 
intraplate magmatism (e.g., hotspot or mantle plume 
activity); the latter involves a broader range of tectonic 
settings, typically a post-collisional extension background. 
In the Nb-Y-Ce and Nb-Y-3Ga diagrams (Figure 12), the 
syenogranites samples from the Chaihe area fall within the 
A2-type granite field, which has the same distribution as the 
published A-type granites in the HHS (Eby et al.,1992). The 
A1 field is emplaced in anorogenic settings such as plumes, 
hotspots, or continental rift zones. The A2 group is related 
to a cycle of subduction-zone, or continent-continent 
collision magmatism in the crust and emplaced in a 

variety of tectonic settings. Since this type of granite covers 
a wide range of tectonic background, the geochemical 
properties of the rocks and the regional geological 
backgrounds must be considered to determine the exact 
tectonic backgrounds. The trace elements in the Chaihe 
A-type syenogranites samples are mainly represented by 
the enrichment of high field strength elements (HFSES), 
Th, Rb and K, as well as the large ion lithophile elements 
(LILES), Ba, Nb, Sr, P and Ti. Obviously, these elements 
are typical continental magma arcs. Most recent findings 
have indicated that A2-type granites can also be formed 
in volcanic arc settings, such as lithospheric extension in 
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response to plate subduction (Guo et al., 2008; Jiang et 
al., 2008; Zhou et al., 2008). Similarly, the syenogranites 
mainly plot in the post-collisional field in the tectonic 
discrimination diagrams (Figure 13a-d), indicating a 
volcanic arc setting (Pearce et al., 1984). Taking the part of 
characteristics of A-type granite together with the regional 
geological setting, we propose that they mainly formed in 
an extensional tectonic setting.

According to the published age data (Table 3), the HHS 
A-type granite belt was mostly formed between the Late 
Carboniferous and Early Permian, and the A-type granites 
from Chaihe area formed during 303–316 Ma, i.e. the Late 
Carboniferous. In addition, the Late Carboniferous S-type 
granites (320 Ma) in the Moguqi area of the central Great 
Xing’an Range were formed under the background of the 
thickened crustal syn-collision structure (Ma et al., 2020). 
The rhyolite (312 Ma) interlayer in the Baoli Gaomiao 
Formation in the Moguqi area showed the characteristics 
of typical A-type granites that indicate the tectonic 
background of the extension zone, which once again 

confirms our view (Ma et al., 2019). Thus, we propose that 
the collision and assembly of the XB and SB are postulated 
to have occurred before the Late Carboniferous. 

J. B. Zhou and Wilde (2013) and J. B. Zhou (2015a) 
indicated that the Hegenshan ophiolite represents the 
suture between the XB and SB in the Late Palaeozoic. Miao 
(2008) and Jian (2010) considered that the Hegenshan 
ophiolite was formed during the Carboniferous, which 
is supported by the presence of Late Carboniferous–
Early Permian conglomerates unconformably overlying 
the Hegenshan ophiolitic complex in the Wusinihe and 
Xiaobaliang areas, Hegenshan (Bao et al., 2011; Zhou et al., 
2015a). These pieces of evidence constrain the postulation 
that the Hegenshan ophiolite was emplaced before the 
Late Carboniferous. According to some scholars based 
on the 216 Ma metamorphic age of the Xinkailing-Keluo 
complex in the northwestern part of the Xiao Hinggan 
Mountains (Miao et al., 2003) and the gabbro age of the 
Hegenshan ophiolite from 290 to 298 Ma (Miao et al., 
2008), they believe that the collision and fusion of the 
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Table 3. Goechronological ages of Late Carboniferous granitic rocks exposed in the Great Xing’an Range.

Order GPS location LIthology Method Age (Ma) References

1 Daheishan (50°14′05″N, 126°28′10″E) Syenogranite Zr.TIMS 292.0 ± 4.0 Ma Wu et al., 2002 
2 Duobaoshan(50°00′20″N,125°50′06″E) Monzonitic granite Zr.SHRIMP 309.0 ± 3.0 Ma Qu et al., 2011
3 Duobaoshan(50°00′20″N,125°50′07″E) Syenogranite Zr.SHRIMP 299.3 ± 2.8 Ma Qu et al., 2011 
4 Ganhe Monzonitic granite Zr.LA-ICP-MS 304.0 ± 5.0 Ma Wu et al., 2011
5 Heihe Syenogranite Zr.TIMS 322 ± 5 Ma Wu et al., 2002 
6 Jalaid Banner (46°48′35″N, 122°45′34″E) Diabase Zr.LA-ICP-MS 317.3 ± 1.1 Ma Wang et al., 2013
7 Jalaid Banner (46°48′35″N, 122°45′35″E) Gabbro Zr.LA-ICP-MS 328.0 ± 1.3 Ma Wang et al., 2013
8 Jalaid Banner (46°48′35″N, 122°45′36″E) Giorite Zr.LA-ICP-MS 325.2 ± 0.9 Ma Wang et al., 2013
9 Jalaid Banner (47°23′55″N, 122°19′32″E) Gabbro Zr.LA-ICP-MS 300.6 ± 3.3 Ma Ma et al., 2020
10 Jalaid Banner (47°23′59″N, 122°19′56″E) Granodiorite Zr.LA-ICP-MS 301.6 ± 6.6 Ma Ma et al., 2020
11 Jalaid Banner (47°24′01″N, 122°17′19″E) Monzogranite Zr.LA-ICP-MS 320.6 ± 3.7 Ma Ma et al., 2020
12 Jalaid Banner (47°24′02″N, 122°18′42″E) Biotite granodiorite Zr.LA-ICP-MS 305.9 ± 1.8 Ma Ma et al., 2020 
13 Jiwen Metagabbro SIMS 306.0 ± 8.7 Ma Feng et al., 2015
14 Jiwen Metagabbro SIMS 307.8 ± 7.1 Ma Feng et al., 2015
15 Langfeng (48°03′30″N, 121°12′27″E) Syenogranite Zr.LA-ICP-MS 337.0 ± 8.0 Ma Wu et al., 2002 
16 Lapou (49°29′35″N, 121°13′07″E) Syenogranite Zr.LA-ICP-MS 325.0 ± 3.0 Ma Zhang et al., 2013
17 Longzhen Biotite monzogranite Zr.LA-ICP-MS 316 ± 4 Ma Zhang et al., 2010
18 Moguqi(47°30′22.4″N,122°21′58.7″E) Rhyolite Zr.LA-ICP-MS 312.6 ± 2.9 Ma Ma et al., 2019
19 Moguqi(47°31′15.8″N, 122°20′14.7″E) Granite popphyry Zr.LA-ICP-MS 309.8 ± 3.6 Ma Ma et al., 2019
20 Moguqi(47°32′47.9″N, 122°36′33.8″E) Monzogranite Zr.LA-ICP-MS 320.9 ± 3.5 Ma Ma et al., 2019
21 Moguqi(47°38′42.5″N,122°26′24.7″E) Rhyolite Zr.LA-ICP-MS 307.5 ± 2.3 Ma Ma et al., 2019
22 Molidawa Monzonitic granite Zr.LA-ICP-MS 301 ± 2 Ma Wu et al., 2011
23 Quansheng(47°53′30″N,120°01′59″E) Syenogranite Zr.LA-ICP-MS 294.8 ± 1.6 Ma Cui et al., 2013
24 Quansheng(47°53′30″N,120°01′60″E) Monzonitic granite Zr.LA-ICP-MS 301.3 ± 2.6 Ma Cui et al., 2013
25 Quansheng(47°53′30″N,120°01′61″E) Monzonitic granite Zr.LA-ICP-MS 305.9 ± 2.4 Ma Cui et al., 2013
26 Quansheng(47°53′30″N,120°01′62″E) Syenogranite Zr.LA-ICP-MS 322.2 ± 1.2 Ma Cui et al., 2013
27 Shierzhan (51°11′52″N, 125°40′47″E) Syenogranite Zr.LA-ICP-MS 298.0 ± 2.0 Ma Sui et al., 2009
28 Taerqi Granodiorite Zr.LA-ICP-MS 320 ± 1 Ma Wu et al., 2011
29 Taerqi (47°58′35″N, 121°11′15″E) Syenogranite Zr.LA-ICP-MS 335.0 ± 5.0 Ma Zhang et al., 2011
30 Taerqi (47°58′35″N, 121°11′16″E) Monzonitic granite Zr.LA-ICP-MS 313.0 ± 3.0 Ma Zhang et al., 2011
31 Taerqi (47°58′35″N, 121°11′17″E) Granodiorite Zr.LA-ICP-MS 320.0 ± 1.0 Ma Zhang et al., 2011
32 Tahe(52°26′33″N,124°50′06″E) Gabbro Zr.LA-ICP_MS 333.0 ± 8.0 Ma Zhou et al., 2005 
33 Tayuan Metagabbro SIMS 311.8 ± 2.8 Ma Feng et al., 2015
34 Tayuan Metagabbro SIMS 314.9 ± 2.5 Ma Feng et al., 2015
35 Tayuan Granite Zr.LA-ICP-MS 329.4 ± 2.4 Ma Feng et al., 2015
36 Tayuan Metagarrbo Zr.LA-ICP-MS 331.0 ± 2.6 Ma Feng et al., 2015
37 Tayuan (51°29′49″N, 124°23′05″E) Monzonitic granite Zr.LA-ICP-MS 318.0 ± 4.0 Ma Wu et al., 2011 
38 Tayuan (51°29′49″N, 124°23′05″E) Gabbro Zr.LA-ICP-MS 322.0 ± 5.0 Ma Wu et al., 2011 
39 Xing’an (48°48′26″N, 121°42′11″E) Monzonitic granite Zr.LA-ICP-MS 309.0 ± 4.0 Ma Wu et al., 2002 
40 Xing’an Monzonitic granite Zr.LA-ICP-MS 309 ± 4 Ma Wu et al., 2011
41 Xing’an Monzonitic granite Zr.LA-ICP-MS 309 ± 4 Ma Wu et al., 2011
42 Yakeshi (49°34′38″N, 121°16′27″E) Granodiorite Zr.SHRIMP 331.2 ± 3.7 Ma Zhao et al., 2010
43 Zhalantun (48°00′12″N, 122°46′19″E) Syenogranite Zr.LA-ICP-MS 301.0 ± 3.0 Ma Wu et al., 2002 
44 Zhengdashan Monzonitic granite Zr.LA-ICP-MS 315 ± 4 Ma Zhang et al., 2010 
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Figure 14. Carton model for the tectonic evolution of the micro-blocks in NE China during Late Carboniferous (modified 
after Liu et al.,2017. EB: Erguna Block; XB: Xing’an Block; SB: Songnen Block; JB: Jiamusi Block; HHS: Hegenshan-Heihe 
suture; MYS: Mudanjiang-Yilan suture).

two blocks should have occurred in the Early Mesozoic. 
The late Paleozoic magma activity was related to the local 
strike-slip pull-off of the oceanic crust subducted slabs 
before the collision, but it is difficult to explain the large-
area outcrops of newly discovered post-orogenic granites 
in recent years. These granite bodies may not only be 
caused by the separation of subducting slabs, but their 
formation should be related to the extension and thinning 
of the crust after the Xing’an and Songnen blocks were 
combined. Studies have shown that, after the closure of 
the Paleo-Asian Ocean, the Hegenshan Backarc Basin 
subduction movement still exists in the region. The same 
small-scale orogenic movement can exist in the post-
orogenic stage (Zhang et al., 2011), and there is a tectonic 
cycle from subduction to collision in the Carboniferous-
Permian (Jian et al., 2010), Hegenshan area The gabbro 
(290~298Ma) related to subduction may be the product of 
this tectonic cycle.

Based on the above and previous studies, we believe 
that the Xing’an block and the Songnen block had collided 
and merged before the Late Carboniferous (~320 Ma), and 
the Late Carboniferous was in the post-orogenic extension 
stage (Figure 14).

7. Conclusion
The syenogranites are rich in LREEs and LILEs, and are 
depleted in HREEs and HFSEs, which characterize them 
as the typical A-type granites. It was formed by partial 

melting of the crust under a post-collisional extensional 
tectonic setting. 

LA-ICP-MS U-Pb analysis of zircons from the 
syenogranites in the Chaihe area indicates that magmatism 
event developed in the late Carboniferous around 303.1–
316.1 Ma.

The Late Carboniferous syenogranites in the HHS 
A-type granite belt in the eastern segment of the CAOB 
formed in a post-collisional extensional tectonic setting 
that was controlled by processes of delamination and 
asthenospheric upwelling that took place after the closure 
of the Nenjiang Ocean caused by the amalgamation of the 
Xing’an and Songnen blocks. 
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