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ABSTRACT: The formation time of the Fengshuigouhe (风水沟河) Group in the northwestern Lesser 

Xing’an Range (小兴安岭), NE China, remains controversial owing to the lake of the precise dating data. 

This article reports zircon U-Pb ages for the leptynite and gneissic granitoids from the Fengshuigouhe 

Group in the northwestern Lesser Xing’an Range. The aim is to constrain the formation time and prove-

nance of Fengshuigouhe Group. Field observation indicates that the Fengshuigouhe Group consists of a 

suit of metamorphic rocks (leptynite) and gneissic granitoids intruding the leptynite, and that both of 

them are cut by late granitic pegmatite. Zircons from two leptynites are euhedral-subhedral in shape and 

display oscillatory zoning in CL (cathodeluminescence) images. These detrital zircons give weighted mean 

ages of 255, 291, 321, 361, 469, and 520 Ma. The youngest age of them is interpreted to maximum deposi-

tional age of the protoliths of these leptynites. Zircons from gneissic granites are euhedral and subhedral 

in shape and exhibit typical oscillatory zoning in CL images. The dating results indicate that the gneissic 

granites were formed in the Early Jurassic (185±2 Ma). Zircons from the late granitic pegmatite are sub-

hedral in shape and exhibit two types in CL images: structureless and oscillatory zoning. The former gives 

a weighted mean age of 143±1 Ma, considered to represent the timing of crystallization of the pegmatite, 

the latter yield several groups of ages: 178, 273, 319, 482, 611, and 788 Ma, representing the crystallization 

age of inherited or captured zircons entrained by the pegmatite. Taken together, we conclude that the 

Fengshuigouhe Group in the northwestern Lesser Xing’an Range formed between Late Paleozoic (255  
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Ma) to Early Mesozoic (185 Ma), rather than 

Neoproterozoic as previously believed, and that 

the sediments in the Fengshuigouhe Group were 

sourced directly from geological bodies in the 

study area and adjacent regions.  

KEY WORDS: the Lesser Xing’an Range, 

Fengshuigouhe Group, formation time, leptynite, 

zircon U-Pb geochronology. 
 
INTRODUCTION 

Northeast China is located in the eastern segment 
of the Central Asian orogenic belt (CAOB). The Pa-
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leozoic tectonic evolution of NE China was character-
ized by the amalgamation of microcontinental massifs 
and the closing of Paleo-Asiatic Ocean in this region 
(Xu et al., 2009; Wu et al., 2007a, 2002; Li, 2006; Li 
et al., 1999). It remains controversial whether the Pre-
cambrian metamorphic crystalline basements exist 
within the several microcontinental massifs. Tradi-
tionally, the Precambrian metamorphic basements 
exist in each microcontinental massif, such as the 
Xinghuadukou Group in the Erguna massif, the 
Mashan Group in the Jiamusi massif, the Zhang-
guangcailing Group in the Songnen-Zhangguangcai 
Range massif (HBGMR, 1993), the Zhalantun Group 
and the Xilin Gol complex in Xing’an massif 
(IMBGMR, 1991). However, recent zircon U-Pb dat-
ing results indicate that these so-called Precambrian 
strata actually formed in Paleozoic and Early Meso-
zoic. For example, the Mashan Group in the Jiamusi 
massif actually formed in Early Paleozoic (Wu et al., 
2007a; Wilde et al., 2003, 2000), the previously 
thought Paleoproterozoic Xilin Gol complex in Cen-
tral Inner Mongolia formed in the Palaeozoic (Chen et 
al., 2009; Shi et al., 2004), the Xinkailing-Keluo com-
plex in the Xing’an massif and the Xinghuadulou 
Group in the Erguna massif also formed in the Pa-
laeozoic (Miao et al., 2007, 2003), the Zhangguang-
cailing Group in the Songnen-Zhangguangcai Range 
massif is a tectonic mélange that formed in Early Pa-
leozoic to Early Mesozoic (Wang et al., 2012, 2011), 
and the previously believed Paleoproterozoic Heilong-
jiang complex is also a tectonic mélange emplaced 
during Early–Middle Jurassic (Zhou et al., 2009; Wu 
et al., 2007a). Then, when did the Fengshuigouhe 
Group, occurred in the northwestern Lesser Xing’an 
Range and one of the Precambrian strata in NE China, 
form? Previously believed Neoproterozoic, Paleozoic, 
or Mesozoic? As a result, this article reports the zircon 
U-Pb dating results from the Neoproterozoic Feng-
shuigouhe Group in the Xing’an massif. These data 
provide important constraints on both the formation 
timing of the Fengshuigouhe Group and tectonic evo-
lution of the Xing’an massif. 

 
GEOLOGICAL BACKGROUND AND SAMPLE 
DESCRIPTIONS 

The study area is located within the Xing’an mas-

sif and is adjacent to the Hegenshan-Heihe suture zone 
between the Xing’an and Songnen-Zhangguangcai 
Range massifs (Fig. 1a). The outcropping strata in the 
study area include the Neoproterozoic Fengshuigouhe 
Group which consists of leptynite, gneiss and schist 
(HBGMR, 1993), the Preordovician Beishihe Forma-
tion, the Carboniferous Heibeizi, Kunaerhe, Hetaoshan 
formations, the Permian Wudaoling Formation, the 
Jurassic Tamulan’gou, Shangkuli formations, and the 
Cretaceous Jiufengshan, Ganhe, Xigangzi, Nenjiang, 
Yuliangzi formations. In addition, voluminous     
Paleozoic–Mesozoic and minor Proterozoic granitoids 
occur in this area (HBGMR, 1991, 1978).  

The Fengshuigouhe Group is composed mainly of 
schist, gneiss, leptynite, and felsic hornfels as well as 
marble interbed (HBGMR, 1991, 1978).  

Samples HSW6 are collected near the highway 
from Sunwu County to Xigangzi Town (49°43′07.0″N, 
127°20′22.6″E) (Fig. 1b), whereas sample 11HSW4-2 
is collected from the standard section in the northeast-
ern of Maihai Town (49°18′05.9″N, 126°35′18.4″E) 
(HBGMR, 1993) (Fig. 1c). In the location of samples 
HSW6, field observation indicates that the       
Fengshuigouhe Group consists of leptynite with layer 
structure, gneissic granite intruding the leptynite, and 
pegmatite intruding the previous both (Fig. 2). All se-
lected samples are described below. 

Samples HSW6-1 and 11HSW4-2, biotite lep-
tynites (Fig. 3a), are dark grey in color, and display a 
lepido-granoblastic texture and weak schistose structure, 
and are composed mainly of plagioclase (~40%), quartz 
(~48%) and minor amounts of biotite (~10%). Acces-
sory minerals include zircon, magnetite, and apatite. 

Samples HSW6-4 and HSW6-12, gneissic biotite 
syenogranites (Fig. 3b), are pale red in color, display a 
fine-medium grained granitic texture and weak gneissic 
structure, and consist of orthoclase (~50%), quartz 
(~28%), plagioclase (~15%), and biotite (~5%), as well 
as minor amounts of accessory minerals such as zircon, 
magnetite and apatite. 

Sample HSW6-9, a granitic pegmatite, is pale red 
in color, and displays pegmatitic texture and massive 
structure, and consists of quartz and alkali feldspar. 

 
ANALYTICAL METHODS 

Zircons were separated from samples using the 
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conventional heavy liquid and magnetic techniques and 
purified by handpicking under a binocular microscope 
at the Langfang Regional Geophysical Survey, Hebei 
Province, China. The handpicked zircons were exam-
ined under transmitted and reflected light with an opti-
cal microscope. Transmitted light, reflected light, and 
cathodeluminescence (CL) images were collected on a 
microscope and a JEOL scanning electron microscope, 
respectively, at the State Key Laboratory of Continental 
Dynamics, Northwestern University, Xi’an, China. The 
LA-ICP-MS zircon U-Pb analyses were conducted on 
an Agilent 7500a ICP-MS equipped with a 193 nm la-
ser, housed at the State Key Laboratory of Geological 
Processes and Mineral Resources, China University of 

Geosciences, Wuhan. Zircon 91500 was used as exter-
nal standard for age calibration and the NIST SRM 610 
silicate glass was applied for the instrument optimiza-
tion. The crater diameter was 32 µm during the analy-
ses. The instrument parameter and detail procedures 
were described by Liu et al. (2010a, b, 2008). The 
ICPMSDataCal (Ver. 6.7, Liu et al., 2010a, 2008) and 
Isoplot (Ver. 3.0, Ludwig, 2003) programs were used 
for data reduction. Correction for common Pb was 
made following Anderson (2002). Errors on individual 
analyses by LA-ICP-MS are quoted at the 1σ level. 
LA-ICP-MS U-Pb analytical results of zircons in this 
article are listed in Table 1. 

 
 

 

Figure 1. (a) Tectonic sketch map of NE China (modified after Wu et al., 2007b); (b) geological map of the 
Maihai Town in Heihe City; (c) geological map of the Xigangzi Town in Heihe City.
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Figure 2. Photographs showing field relationship of the leptynite, granite and pegmatite from the Feng-
shuigouhe Group. (a) Biotite syenogranite intrudes into biotite leptynite; (b) biotite leptynite is cut by late 
granitic pegmatite dyke; (c) biotite leptynite and biotite syenogranite are cut by late granitic pegmatite; (d) 
biotite leptynite is cut by late granitic pegmatite. 

 

 

Figure 3. Photomicrographs showing petrography of selected samples from the Fengshuigouhe Group. (a) 
Biotite leptynite; (b) gneissic biotite syenogranite. Bi. biotite; Or. orthoclase; Pl. plagiocalse; Q. quartz. 

 
RESULTS OF U-PB DATING 
Biotite Leptynite 

Zircons  f rom lep tyn i tes  (HSW6-1 and 
11HSW4-2) are mostly euhedral-subhedral in shape 
and display oscillatory zoning in CL images, implying 
their magmatic origin (Figs. 4a and 4b). The dating 

results indicate that the 206Pb/238U ages of zircons 
from the sample HSW6-1 range from 249 to 325 Ma, 
yielding three groups of concordia ages: 255±5 (n=7, 
1σ), 291±2 (n=20, 1σ), and 320±4 Ma (n=6, 1σ) (Fig. 
5a, Table 1), whereas those zircons from the sample 
11HSW4-2 vary from 251 to 554 Ma, yielding 
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six age populations: 256±2 (n=23, 1σ), 290±3 (n=9, 
1σ), 319±4 (n=6, 1σ), 412±9 (n=2, 1σ), 469±6 (n=4, 
1σ), and 520±9 Ma (n=3, 1σ) (Fig. 5b, Table 1). The 
above two samples have similar age association, im-
plying that they have similar provenance. Additionally, 
the youngest age (255 Ma) in them is interpreted to 
represent the maximum depositional age of the proto-
liths of these leptynites (Fig. 5f). 
 
Gneissic Biotite Syenogranite 

The zircons from the two gneissic biotite syeno-
granites (HSW6-4 and HSW6-12) are euhedral-    
subhedral in shape, and display oscillatory growth zon-
ing in CL images (Figs. 4c and 4d), implying a mag-
matic origin. The 206Pb/238U ages of 25 analytical spots 
of sample HSW6-4 range from 177 to 336 Ma (Table 

1), yielding weighted mean 206Pb/238U age of 183±2 
(n=12, 1σ), 225±3 (n=3, 1σ), 249±6 (n=3, 1σ), 291±3 
(n=4, 1σ), and 321±7 (n=1) as well as 336±7 Ma (n=1) 
(Fig. 5c). The 206Pb/238U ages of 23 analytical spots of 
sample HSW6-12 range from 182 to 320 Ma, yielding 
age populations of 185±2 (n=2, 1σ), 251±3 (n=3, 1σ), 
278±4 (n=2, 1σ), 291±1 (n=14, 1σ), and 320±3 Ma 
(n=2, 1σ) (Fig. 5d, Table1). Their youngest ages (183±2 
and 185±2 Ma) for these two samples are the same 
within uncertainty, considered to represent the crystal-
lization age of the gneissic biotite syenogranite, i.e., 
Early Jurassic, rather than the previously believed Neo-
proterozoic (HBGMR, 1993). In addition, the other 
ages are interpreted as the crystallization ages of inher-
ited or captured zircons entrained in the gneissic biotite 
syenogranite, consistent with the ages of the 

 

 

Figure 4. CL images of the selected zircons from the Fengshuigouhe Group in the study area. 
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Figure 5. Zircon U-Pb concordia diagrams for the samples and relative probability plot of detrital zircons 
from the Fengshuigouhe Group. 
 
detrital zircons from biotite leptynites. 
 
Granitic Pegmatite 

Two main types of zircons can be recognized for 
the granitic pegmatite (HSW6-9) based on their shape 
and inner structure in CL images. Type-1 zircons are 
subhedral in shape and display oscillatory zoning, 
suggesting a magmatic origin. Type-2 zircons display 

structureless in CL images and have high Th, U con-
tents (Fig. 4e, Table 1), implying their hydrothermal 
origin (Wu and Zheng, 2004). The dating results indi-
cate that 11 analytical spots of hydrothermal zircons 
yield a weighted mean 206Pb/238U age of 143±1 Ma, 
whereas the ages of other 9 spots rang from 178 to 
788 Ma (Fig. 5e, Table 1). The former is interpreted to 
represent the formation age of the granitic pegmatite, 
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whereas the latter represents as the formation ages of 
captured zircons from the granitic pegmatite. 
 
DISCUSSIONS 
Rock Association and Age of the Fengshuigouhe 
Group 

“The previous Fengshuigouhe Formation” was 
renamed as the Fengshuigouhe Group by HBGMR 
(1993), which is characterized by occurrence of 
staurolite, similar to the Majiajie and Luomahu groups 
assigned to the Neoproterozoic (HBGMR, 1993). The 
Fengshuigouhe Group, as one formation of the 
Xinkailing Group, was believed to form in 
Pre-Ordovician in 1 : 200 000 Regional Geological 
Survey (Fig. 1b) (Longzhen Commune Sheet, 
HBGMR, 1978), whereas in another sheet 1 : 200 000 
Regional Geological Survey (Sunwu County Sheet), it 
was considered to form in the Paleoproterozoic (Fig. 
1c) (HBGMR, 1991). Owing to the intensive covering 
of vegetation, and the lack of biochronological data, 
the formation age of the Fengshuigouhe Group re-
mains controversial. However, the field relationship 
and new dating results provide strong constraints on 
the formation time of the group. 

First, field observation indicates that the Feng-
shuigouhe Group, located near Xigangzi Town of 
Sunwu County and the standard section in the north-
eastern of Maihai Commune (HBGMR, 1993), is 
composed mainly of leptynite and gneissic granite. 
The former displays typical layer structure, implying 
their sedimentary origin. The latter exhibits gneissic 
structure and intruded into leptynite, suggesting that 
they are late intrusion, rather than previously believed 
gneiss (HBGMR, 1993, 1991, 1987). Meanwhile, this 
intrusive relationship shows that the Fenshuigouhe 
Group formed before the intrusion of the granite.  

Second, zircons from the two leptynites 
(HSW6-1 and 11HSW4-2) give several age popula-
tions, the youngest age populations such as 255±5 and 
256±2 Ma can be considered to be the maximum de-
positional ages of the Fengshuigouhe Group. Zircons 
from the gneissic biotite syenogranites intruding lep-
tynites give 183–185 Ma ages, i.e., the Early Jurassic, 
consistent with widespread occurrence of Early Juras-
sic granitoids in NE China (Tang et al., 2011; Wu et 
al., 2011, 2002; Pei et al., 2008; Sui et al., 2007). 

Meanwhile, this age (~185 Ma) can be considered to 
represent the sedimentary upper limit of the Feng-
shuigouhe Group. 

Taking all the above information into account, 
we conclude that the protoliths of leptynites from the 
Fengshuigouhe Group formed between Late Permian 
(~255 Ma) to Early Jurassic (~185 Ma), rather than 
Neoproterozoic, as previously reported (HBGMR, 
1993, 1991, 1978).  
 
Provenance of the Fengshuigouhe Group  

The detrital zircons from the Fengshuigouhe 
Group give an age ranging from 249 to 544 Ma, with 
peaks at 255, 290, 320, 469 and 520 Ma (Fig. 5f). 
Combined with their CL images (Figs. 4a and 4b) and 
Th/U ratios (Table 1), we consider that the ages from 
the detrital zircons should represent the time of early 
magmatic events. 

The age peak at ~255 Ma is consistent with the 
zircon U-Pb dating results for the Songmushan alka-
line granitoid and the Guguhe syenogranite in the 
Xing’an massif in the northwestern Lesser Xing’an 
Range (Wu et al., 2011, 2002; Sun et al., 2000). The 
~290 Ma age population matches with the age of the 
Daheishan alkaline granitoids in the northern Great 
Xing’an Range (Wu et al., 2011, 2002; Sun et al., 
2000). The Middle–Late Carboniferous magmatisms 
(~320 Ma) widely occur in NE China, especially near 
the northwestern Lesser Xing’an Range (Wu et al., 
2011; Zhang et al., 2010; Zhao et al., 2010; Gao et al., 
2007). The Middle Ordovician (~469 Ma) magmatic 
events such as the Baiyinna biotite granodiorite, 
Chalabanhe monzogranite and Halabaqi granite are 
also widely reported in this area and adjacent regions 
(Ge et al., 2007; Sui et al., 2006). The ~520 Ma 
magmatic events exist in each microcontinental massif 
in NE China (Zhou et al., 2012, 2010; Wu et al., 2011, 
2005; Wilde et al., 2003, 2000).  

Taken together, it is suggested that these ages of 
the detrital zircons from the Fengshuigouhe Group are 
consistent with the ages of igneous rocks in this study 
area and adjacent regions. The CL images of the de-
trital zircons indicate that they have low round degree, 
implying their short distance convey, i.e., the sedi-
ments in the Fengshuigouhe Group were sourced di-
rectly from geological bodies located on the surface in 
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the study area and adjacent regions and quickly accu-
mulated. 
 
CONCLUSIONS 

The following conclusions are based on the geo-
chronology of selected rocks from the Fengshuigouhe 
Group in the northweatern Lesser Xing’an Range. 

(1) The Fengshuigouhe Group is composed 
mainly of a suit of metamorphic rocks (such as biotite 
leptynite) and gneissic granite intruding into leptynite. 

(2) The protoliths of leptynites from the 
Fngshuigouhe Group formed between Late Paleozoic 
and Early Jurassic, rather than Neoproterozoic, as pre-
viously believed. 

(3) The sediments of the biotite leptynites from 
the Fengshuigouhe Group were sourced directly from 
the geological bodies located on the surface in the 
study area and adjacent regions. 
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