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New SHRIMP U-Pb age from the Wuqiangxi Formation of 
Banxi Group: Implications for rifting and stratigraphic 
erosion associated with the early Cryogenian (Sturtian) 
glaciation in South China 
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In South China, the Wuqiangxi Formation of the Banxi Group and its equivalents underlie the early 
Cryogenian (Sturtian) glacial deposits but their thickness varies from <200 m to >2000 m. In the Gu- 
zhang section of western Hunan, the Wuqiangxi Formation is only 152 m thick, and an ash bed 58 m 
below the glacial diamictite yielded a SHRIMP U-Pb age of 809.3±8.4 Ma. In contrast, 90 km south of the 
Guzhang section towards the basin in Zhijiang area where the Wuqiangxi Formation is ~2200 m thick, 
an age of 725±10 Ma has been reported from the top of this unit, 300 m below the glacial diamictite. 
These ages provide new evidence for the regional stratigraphic correlation across the Nanhua basin, 
and suggest unusually large (>2 km) stratigraphic erosion potentially associated with the Sturtian gla-
ciation in South China. The magnitude of erosion may imply significant uplifting and tectonotopogra-
phy at the onset of the Sturtian glaciation. 

Neoproterozoic, Banxi Group, SHRIMP U-Pb age, Sturtian glaciation, South China 

The late Neoproterozoic witnessed severe glaciations 
that may have had fundamental influences on the global 
carbon cycle and the subsequent evolution of the Earth's 
earliest animals. One of the uncertainties concerning 
these glaciations is their relationship with the tectonic 
rifting associated with the breakup of the supercontinent 
Rodinia. Significant stratigraphic truncations, in cases > 
2 km, have been documented below the Sturtian glacial 
diamictites[1―3], but their causal link with glaciation has 
been debated. In one interpretation, large stratigraphic 
truncations record rift-related tectonotopography that 
may have resulted in continental glaciers along rift 
shoulders[2]. In the other consideration, stratigraphic 
truncation below glacial diamictite records long-term 
crust stretching and does not need to be linked with gla-
ciation[3,4]. The key information needed to understand 
these alternative interpretations is the time of the strati-
grahic erosion below the glacial diamictite in individual 

sedimentary basins. 
In South China, the Sturtian glacial diamictite units 

unconformably overly the siliciclastic Wuqiangxi For-
mation (and its equivalents) that varies in thickness from 
< 200 m to > 2000 m across the shelf of the Nanhua basin. 
The origin of such thickness change is uncertain. One 
possibility is that the Wuqiangxi Formation may have 
been deposited over a pre-existing tectonotopography. In 
this case, the thickness change of the unit may not have 
any relationship with the Sturtian-age glaciation in South 
China. The other possibility is that the thickness change 
of the Wuqiangxi Formation may have been caused by 
stratigraphic truncation from glacioeustatic fall and/or  
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rift faulting. In this paper, we report a new SHRIMP 
U-Pb age from the Wuqiangxi Formation in Guzhang, 
western Hunan Province. This age, in combination with 
previously reported ages from the same unit and regional 
stratigraphic correlation, suggests a >2 km stratigraphic 
truncation after ca. 725 Ma. The magnitude and time of 
stratigraphic erosion is inconsistent with merely gla-
cioeustatic origin but with significant tectonic uplifting 
at the onset of the Sturtian glaciation in South China. 

1  Tectonic background and stratigraphic 
context 

The traditionally defined ‘South China Block’ contains 
two major Precambrian tectonic units, the Yangtze Cra-
ton in northwest and the Cathaysia block in the southeast 
(Figure 1(b)). Their final assembly as one plate occurred 
likely around ~900 Ma by the Sibao orogenesis[5,6], but 
the Nanhua rift basin began to open not long after this 
amalgamation (~820 Ma)[7―9] and, the rift center, at least 
one major arm of this rift, seemed roughly along the 
suture[10]. 

The Banxi Group, one of the most important rifting 
associated successions, was deposited along the south-
eastern side of the Yangtze Craton, mainly exposed in 
the northern Hunan province in South China. It has a 
thickness over 3500 m towards the center of the rift ba-
sin in the south and becomes thin (<500 m) towards the 
interior of the Yangtze block in the north. Although ma-
jor changes have been proposed for the nomenclature of 
the Banxi Group in earlier literatures, there is not sig-
nificant difference in use after late 1980s[10―13]. As 
commonly used in literature, the Banxi Group is divided 
into the lower Madiyi Formation and the upper Wu-
qiangxi Formation. These formations overlie the Leng-
jiaxi Group with an angular unconformity. The Lengjiaxi 
Group is considered as the basement of the Nanhua rift, 
which has been dated as not older than 862 ± 11 Ma[14]. 
Onset of the Banxi Group is constrained by a U-Pb 
SHRIMP age of 814 ± 12 Ma from the Cangshuipu vol-
canic rocks, a wedge-shaped unit locally present at the 
basal Banxi Group[15]. The top of the Banxi Group is con-
strained by a tuffaceous bed yielding a U-Pb SHRIMP 
age of 725 ± 10 Ma in the Zhijiang area[16]. This means 
that the Banxi group may have lasted for ca. 90 Ma. 

Our measured section is 15 km south of the Guzhang 
city, along the highway from Zhangjiajie to Jishou in 
western Hunan Province, where the Neoproterozoic 

successions are well exposed. The measurement starts 
from the upper Madiyi Formation, which is mainly 
composed of reddish to purple siltstone and sandstone. 
The overlying Wuqiangxi Formation is composed of 
grey or brownish sandstone, conglomeratic sandstone 
and greenish tuffaceous siltstone. Their contact is inter-
preted as a regionally correlatable sequence bound-
ary[10,12,17]. The Wuqiangxi Formation varies dramati-
cally in thickness. It is only 152 m in our sampled sec-
tion but can be more than 2000 m thick in sections tens 
of kilometers apart. 

Overlying the Wuqiangxi Formation is the Stur-
tian-age glacial diamictite, named as the Dongshanfeng 
Formation (Figure 1(a)), which has been traditionally 
correlated to the Chang’an Formation towards south in 
the basin and the Gucheng Formation towards north in 
the interior of the Yangtze Craton (e.g., the Changyang 
section in Figure 1(b)). In the measured section, the 
Dongshanfeng Formation is only 6 m thick, but region-
ally its thickness has been described as varying from a 
few meters to several hundred meters[13], although the 
glacial origin of some thick sections needs further clari-
fication. The Dongshanfeng Formation is overlain by the 
10-m-thick Xiangmeng Formation, which has a maxi-
mum thickness of >250 m in South China and has been 
regionally correlated with the Datangpo Formation in 
Guizhou province. The Xiangmeng Formation and its 
equivalent Datangpo Formation have been dated as 
younger than 663 ± 4 Ma[18], but its top is truncated by 
the overlying glacial diamictite (Nantuo Formation) and 
should be younger than 654.5 ± 3.8 Ma[19]. The Nantuo 
Formation in this section is about 130 m thick, with a 
basal age of 636.3 ± 4.9 Ma recently reported[19] and a 
top age of 635 ± 0.6 Ma from the base of the overlying 
Ediacaran Doushantuo Formation[20―23]. 

The ash bed we sampled is located at 28°33.224′N 
and 109°52.657′E, 92 m above the Wuqiangxi/Madiyi 
boundary and 58.8 m below the Dongshanfeng/Wu- 
qiangxi boundary (Figure 1(a)). The ash bed is a 20 cm 
thick, greenish layer interbedded in siltstone layers. The 
sample is composed of clay minerals (mainly illite), al-
bite, feldspar, and quartz. Glass shards are easily ob-
served under microscope, suggesting contemporaneous 
volcanic origin.  

2  SHRIMP geochronology  

Zircon grains were hand picked under binocular micro-
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Figure 1  Measured section showing the Neoproterozoic Wuqiangxi Formation, its overlying units and age constrains (a) and the tectonic background 
during the Wuqiangxi deposition in South China (b). The traditionally defined “South China Block” includes the Yangtze Craton and the Cathaysia Block 
separated by the Nanhua Rift Basin (modified after refs. [7, 17]).  

 

scope from the heavy mineral concentrates of the ash 
bed samples. The representative grains together with 
standard zircon TEMORA 1 (417 Ma)[24] were mounted 
in an epoxy resin mount and polished till the crystal in- 
teriors were exposed. The polished mounts were docu- 
mented and photographed under both transmitted and 
reflected light and cathodoluminescence (CL). Mount 
was vacuum-coated with a layer of gold. The U, Th and 
Pb isotope compositions were analyzed using SHRIMP 
II at Beijing Ion Microprobe Analysis Center, Chinese 
Academy of Geological Sciences, following the proce- 
dures described in Williams[25]. The standard operating 
condition are five scan duty cycle, 2 nA primary O2− 
beam, 25－30 µm analytical spot size and ca. 5000 mass  

resolution. The decay constants used are those recom-
mended by Steiger and Jager[26]. The data were proc-
essed using the SQUID and ISOPLOT programs of 
Ludwig[27,28]. Corrections of common lead for both stan-
dard and unknown sample are by measured 204Pb. Lead 
composition is 208Pb/206Pb = 2.097, 207Pb/206Pb = 0.864, 
206Pb/204Pb = 18.052, given by using the model of 
Stacey[29] at 417 Ma. 

Most zircon grains separated from sample 04SC11 
are euhedral and prismatic, 100－200 μm long and 50－
100 μm wide, with some angular crystal fragments. 
They are colorless to pale-pink, with well-defined oscil- 
latory zonation on the CL images (Figure 2), suggesting 
a magmatic origin. Twenty-one zircon grains were ana- 
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Figure 2  Representative Cathodoluminescence images of the zircon 
grains from the ash bed Sample SC11. 
 

lyzed and only one probe spot was applied for each zir-
con grain. Their U concentration ranges from as low as 
33 to 122 ppm, and the Th/U ratio ranges from 0.57 to 
1.74. The concordia plot displays one main population 
with twenty analyses. One analysis (spot 5.1 in Table 1) 
falls obviously out of the main group with an apparent 
206Pb/238U age of 914.5 Ma, being older than the maxi-
mum depositional age ~860 ± 11 Ma of the deformed 

basement[14]. We interpret that this grain may be a 
xenocryst and is therefore rejected for the ash bed age 
estimation. In the main group, most of the analyses are 
within error of concordia (Figure 3). The weighted mean 
206Pb/238U age is 809.3 ± 8.4 Ma (MSWD = 2.4) that we 
interpret as the best estimated age for this ash bed. This 
result is consistent with the age 814 ± 12 Ma of Cang-
shuipu volcanic rock, which is considered as the basal 
Banxi Group[15], and is also consistent with the age 768± 
28 Ma of the dolerite dykes, which intruded the Wu-
qiangxi Formation but were overlain by the Chang’an 
tillite[30]. 

 
Figure 3  U-Pb concordia plot and the average 206Pb/238U age for the 
Sample 04SC11 from the basal Wuqiangxi Formation, Banxigroup. Error 
ellipses are with 2σ. Filled ellipsis is rejected for average.

 
Table 1  Summary of SHRIMP U-Pb zircon data from Sample 04SC11a) 

Spot 
206Pbc 
(%) 

U 
(ppm) 

Th 
(ppm) 

232Th/ 
238U 

206Pb* 
(ppm) 

206Pb/238U 
age (Ma) 

207Pb/206Pb 
age (Ma) 

207Pb*/ 
206Pb* ±% 

207Pb*/ 
235U ±% 

206Pb*/ 
238U ±% 

1.1 1.44 42 45 1.11  4.71 780 ±12  858 ± 75 0.0677  3.6 1.200  4.0 0.1286 1.7 
2.1 1.64 68 98 1.49  7.93 809 ±12  423 ±160 0.0553  7.3 1.020  7.5 0.1338 1.6 
3.1 0.40 122 185 1.56 14.8  845 ±10  862 ± 64 0.0678  3.1 1.309  3.3 0.1401 1.3 
4.1 0.92 33 42 1.33  3.72 792 ±14  848 ±200 0.0673  9.7 1.210   9.9 0.1308 1.8 
5.1 1.65 43 30 0.70  5.77 914 ±15  552 ±180 0.0586  8.1 1.230   8.3 0.1524 1.7 
6.1 1.84 44 39 0.92  4.99 793 ±14  589 ±210 0.0596  9.9 1.080  10.0  0.1309 1.8 
7.1 1.43 96 86 0.93 11.5  829 ±10  510 ±120 0.0575  5.5 1.088  5.7 0.1373 1.3 
8.1 3.13 36 49 1.38  4.21 790 ±13  176 ±310 0.0496 13.0  0.890  13.0  0.1303 1.8 
9.1 0.94 55 50 0.94  6.11 781 ±12  798 ±140 0.0657  6.7 1.168  6.9 0.1288 1.6 

10.1 1.87 37 44 1.23  4.44 828 ±13  581 ±180 0.0594  8.3 1.122  8.5 0.1370 1.7 
11.1 0.74 82 82 1.03  9.64 820 ±13  759 ± 91 0.0645  4.3 1.207  4.6 0.1356 1.7 
12.1 0.84 65 56 0.90  7.70 830 ±11  731 ±100 0.0637  4.9 1.207  5.1 0.1375 1.5 
13.1 1.55 72 87 1.25  8.24 797 ±11  543 ±120 0.0583  5.6 1.058  5.8 0.1316 1.4 
14.1 1.69 50 58 1.20  6.00 822 ±12  534 ±190 0.0581  8.7 1.090  8.8 0.1360 1.6 
15.1 2.02 45 76 1.74  5.31 811 ±13  492 ±270 0.0570 12.0  1.050  12.0  0.1340 1.7 
16.1 1.36 55 88 1.65  6.43 811 ±11  694 ±120 0.0626  5.5 1.157  5.7 0.1340 1.5 
17.1 0.68 106 94 0.92 11.9  790.5 ± 9.4 852 ± 65 0.0674  3.1 1.213  3.4 0.1305 1.3 
18.1 0.89 107 96 0.93 12.4  812.8 ± 9.7 749 ± 87 0.0642  4.1 1.190  4.3 0.1344 1.3 
19.1 0.71 94 119 1.30 11.0  818.1 ± 9.7 664 ± 69 0.0617  3.2 1.151  3.4 0.1353 1.3 
20.1 1.64 54 46 0.88  6.22 801 ±12  663 ±190 0.0617  8.9 1.130   9.0 0.1323 1.6 
21.1 1.07 56 31 0.57  6.48 807 ±11  831 ±130 0.0668  6.1 1.227  6.3 0.1333 1.5 

a) Uncertainties given at 1σ level; 206Pbc and Pb* denote the common and radiogenic portions respectively; correction for common Pb made using the 
measured 204Pb/206Pb ratio; error in standard calibration was 0.39% (not included in above errors but required when comparing data from different mounts). 
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3  Regional stratigraphic correlation 

Recent ages from the Neoproterozoic succession in 
South China (Table 2) support stratigraphic development 
associated crust extension in the Nanhua basin. The 
Banxi Group and its equivalent units (e.g., the Liantuo 
Formation in Hubei) seem to onlap towards the interior 
of the Yangtze Craton (Figure 4(b)). With the new age 
reported here, the Wuqiangxi Formation is time- 
equivalent to the Laoshanya Formation in the Yangjiap-
ing area near the Hunan-Hubei province boundary. 
However, in the Yangjiaping area, the Laoshanya For-
mation rests directly on the deformed basement of Leng-
jiaxi Group. The Madiyi Formation, which is up to 1800 
m thick in the measured section, completely disappears 
in this area, suggesting the extension of the sedimentary 
basin when the Wuqiangxi-Laoshanya formations were 
deposited. Previous studies argued that there were no 
strata equivalent to Liantuo and Xieshuihe Formations in 
the central Hunan where the Banxi Group is well ex-
posed. However, in a new report, a tuffaceous siltstone 
bed in the “Niuguping Formation” of the Banxi Group in 
Zhijiang area, ~90 km south of our measured section, 
yields the youngest SHRIMP U-Pb age of 725±10 Ma[16]. 
The “Niuguping Formation” represents the topmost rock 
unit of the Banxi group termed in the 1990s, considered 
as an alternative for the upper Wuqiangxi Forma- 
tion[11,12]. There is no significant hiatus or unconformity 
so far observed within the Wuqiangxi Formation. Even 
some authors divided the Wuqiangxi Formation into four 
members (or renamed by new formations), contacts be-
tween the subdivisions are considered as conform-
able[11,12]. The top age of ~725 Ma and the basal age of 
~809 Ma for the Wuqiangxi Formation thus suggest that 

upper portions of the Wuqiangxi Formation may be 
equivalent to the Xieshuihe and Liantuo Formations 
(~760－750 Ma) towards north (Figure 4), and in some 
sections, significant amount of sedimentary records of 
the Wuqiangxi Formation may be missing. Because the 
Xieshuihe Formation overlies the Laoshanya Formation 
and the Liantuo Formation rests directly on the >800 Ma 
Huangling Granite[33], the stratigraphic units display an 
onlap towards north (Figure 4(a)). 

4  Stratigraphic erosion associated with 
the Sturtian glaciation 

The new ages and regional correlation of the Wuqiangxi 
Formation (Figure 4) indicates that this unit may have 
been deposited from ~809 Ma to ~725 Ma. The Wu-
qiangxi Formation, regionally sandwiched between the 
Madiyi Formation and the Chang’an diamictite, varies in 
thickness from tens of meters to thousands of meters in 
the northwestern Hunan Province. In our measured sec-
tion, it is only 152 m thick. The age of ~809 Ma is only 
58.8 m below the Chang’an/Wuqiangxi contact. Towards 
north in Dayong, the equivalent Wuqiangxi Formation 
has a thickness of 1198 m, and further north in Yang-
jiaping and Changyang (Figure 4), the equivalent units 
(Xieshuihe and Liantuo formations) have a thickness of 
260 and 395 m, respectively. Towards south in the Zhi-
jiang area, up to 2214 m thick strata are present between 
the basal sequence boundary and the volcanic bed of 
~725 Ma near the top of the Wuqiangxi Formation. 
Given the relatively conformable attributes of the Wu-
qiangxi Formation around Zhijiang, Guzhang, Dayong 
area (Figure 1(b)) and the age differences between Gu- 

 
Table 2  The most reliable isotopic ages for the Banxi group and its correlatives 

Location Rock unit (lithology) Method Age (Ma) Source 
Guzhang, Hunan Nantuo Fm. (tuffaceous bed) SHRIMP U-Pb 636.3±4.9 [19]
Guzhang, Hunan Xiangmeng Fm. (ash bed) SHRIMP U-Pb 654.5±3.8 [19]
Zhailanggou, Guizhou Datangpo Fm. (tuffaceous bed) U-Pb 663±4 [18]
27°35.9′N, 109°42.4′E Niuguping Fm. (tuffaceous siltstone) SHRIMP U-Pb ~725±10 [16]
Yichang, Hubei Liantuo Fm. (ash bed) SHRIMP U-Pb 748±12 [31]
Yangjiaping, NW Hunan Xieshuihe Fm. (ash bed) SHRIMP U-Pb 758±23 [32]
Guzhan, Hunan Guzhang dolerite dykes SHRIMP U-Pb 768±28 [30]
Longsheng, Guangxi Sanmenjie Fm. (rhyodacite) SHRIMP U-Pb 765±14 [30]
28°33.224′N, 109°52.657′E Wuqiangxi Fm. (ash bed) SHRIMP U-Pb 809.3±8.4 this study 
Yangjiaping, Hunan Xieshuihe Fm. (ash bed) SHRIMP U-Pb 809±16 [32]
Yiyang, central NW Hunan Cangshuipu Fm. (volcanic agglomerate) SHRIMP U-Pb 814±12 [15]
25°18′50″N, 109°14′34″E Sibao Gp. (detrital zircon) LA-ICP-MS U-Pb 868±9.7 [14]
Nanqiao town, Hunan Lengjiaxi Gp. (detrital zircon) LA-ICP-MS U-Pb 862±11 [14]
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Figure 4  Stratigraphic correlations between the Banxi Group and its equivalents in the interior of the Yangtze Craton. (a) Simplified depositional history 
and stratigraphic correlation of the Banxi Group and its equivalents; (b) rift faulting may have resulted in tectonotopographic ridges and basins at the onset 
of the Sturtian-age glaciation, leading to significant stratigraphic truncation. 

 

zhang and Zhijiang, it is conceivable that the thickness 
changes of the Wuqiangxi Formation across the basin 
may have been largely formed by the top truncation at 
the Wuqiangxi/diamictite boundary. The minimum trun-
cation, estimated from the available ages and strati-
graphic relationship, is up to ~2000 m in our study area 
(Figure 4). This magnitude of erosion is apparently in-
consistent with merely a glacioeustatic fall associated 
with the Sturtian glaciation; rather it implies significant 
stratigraphic truncation with rift faulting that may have 
formed tectonotopographic highlands and basins in the 
Nanhua basin. 

Such an interpretation, however, is proposed as a hy-
pothesis rather than a conclusion to accommodate the 
vast thickness change of the Wuqiangxi Formation and 
its overlying glacial diamictite and the long-standing 
stratigraphic correlation problem in the Nanhua basin. 
To test this hypothesis, a detailed sedimentological and 
stratigraphic investigation is needed to demonstrate the 
rift-related stratigraphic patterns. Rift faulting is com-
monly associated with angular rotation at the rift shoul-
der and back-rotation of the footwall[3]. If this is the case, 
the overlying deposits during the Sturtian (Chang’an) 
glaciation would show a large thickness change from rift  
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shoulders towards the back-rotated basin in the footwall 
(presumably northward) and in the hanging wall (to-
wards south). Although towards the south in the basin, 
the Chang’an Formation and its overlying Fulu Forma-
tion are more than 3000 m thick, consistent with deposi-
tion in a subsiding hanging wall, existing description of 
the Chang’an and Fulu equivalents in the shelf of the 
Nanhua basin does not show the expected stratigraphic 
pattern. In the shelf sections, the glacial diamictites of 
the Dongshanfeng/Gucheng formations are only a few 
meters thick. Although in some sections, strata up to 390 
m thick without clear evidence for glacial influence have 
been considered as time-equivalent to the Dongshan-
feng/Gucheng formations[13], no detailed descriptions 
were available. While it is likely that some of the 
“non-glacial” strata in the shelf may be time-equivalent 
to the thin glacial diamictite of the Dongshan-
feng/Gucheng Formations, sedimentological and geo-
chronological studies of these units are needed to dem-
onstrate their causal relationship with the Sturtian 
(Chang’an) glaciation. 

5  Conclusion  

An SHRIMP U-Pb age of 809.3±8.4 Ma from the Wu-
qiangxi Formation of the upper Banxi Group in Gu- 

zhang, western Hunan indicates that the lower Wu-
qiangxi Formation is time equivalent to the Laoshanya 
Formation in the Yangjiaping area. In combination with 
the recently reported age of 725±10 Ma age from the top 
of the Wuqiangxi Formation in Zhijiang, it is conceiv-
able that the middle and upper part of the Wuqiangxi 
Formation is correlatable with the Xieshuhe and Liantuo 
Formations in the northern Hunan and southern Hubei 
region. The general stratigraphic pattern across the shelf 
to basin transect is consistent with stratigraphic onlap 
and expansion associated with rifting extension of the 
Nanhua basin. A >2000 m stratigraphic truncation is 
estimated at the unconformity between the Wuqiangxi 
Formation and its overlying Sturtian (Chang’an) glacial 
diamictite and suggests significant topographic regulari-
ties at the onset of the Sturtian glaciation in South China. 
The lack of a detailed sedimentological and geochro-
nological framework for syn- and post-glacial units 
across the shelf of the Nanhua basin prevents a solid 
evaluation on the causal link between rift faulting and 
glaciation, although such a link is permitted by the 
available data. 
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Xiaoying, Tong Jinnan, Yan Danping and Li Xianhua, Zhang Qirui for 
discussions. Comments and suggestions from the editor and Prof. Du 
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