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SUPPLEMENTAL TEXT 

Geological setting and paleomagnetic sampling 

South China is composed of the Yangtze craton to its northwest and the Cathaysia block to its 
southeast. Although these two parts amalgamated during early Neoproterozic (Yao et al., 2019), 
the Cathaysia block was a metamorphic belt until the Mesozoic. Thus, in this paper, we prefer to 
use south China to represent its Yangtze craton and Cathaysia block parts, rather than South 
China craton 

Neoproterozoic strata outcrop widely in the Three Gorges Area (TGA), Húběi Province, south 
China (Fig. S1). Our study area is a continuous Neoproterozoic section in Qīnglínkǒu village 
(QLK; 30.801°N, 110.920°E, Fig. S1). This section is located on the west limb of the Huánglíng 
dome, where bedding dips generally but variably westward at shallow to moderate angles. The 
Liántuó Fm in QLK section can be divided into lower and upper members, which are separated 
by a thick conglomerate layer (Fig. S1). The lower member is dominated by purple-red fine-
medium sandstone. Upward, thin fine sandstone and silty shale layers are more common. 
Elsewhere around the TGA, Liántuó Fm overlies Huánglíng granite with a nonconformable 
depositional contact, but in this section, the two units are in fault contact (An et al., 2014). 
Previous paleomagnetic studies on the Liántuó Fm have reported sufficient results from its upper 
member (Jing et al., 2015), which is dated at ca. 720 Ma (Lan et al., 2015). However, the lower 
member, which is deposited between 780 Ma and 750 Ma (Lan et al., 2015), still lacks detailed 
paleomagnetic study. Therefore, we collected a total of 128 samples (12 sites) (Fig. S1) using 
gasoline-powered drill from the lower member (oriented with a magnetic compass). Strata in this 
section dip southwest at moderate angles (~40°). 

Laboratory methods 

All cores were cut into at least one standard specimen of 2.3 cm height and 2.54 cm 
diameter at Paleomagnetism Laboratory of Nanjing University. Stepwise thermal 
demagnetization of pilot samples was performed using an ASC-TD48 oven to isolate the 
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characteristic remanent magnetization. After analyzing the behavior of the pilot samples, 
progressive thermal demagnetization was carried using 14-16 steps at a 50 or 100ºC interval for 
low temperatures (<550ºC), and a 20 or 30ºC interval for high temperatures up to 620ºC, and 
finally with a 10°C interval to 670ºC. The remanence of the specimens was measured using a 2G 
Enterprises Inc. cryogenic rock magnetometer (2G-755) housed in a magnetically shielded room. 
The remanence directions were analyzed using the principal component analysis method 
(Kirschvink, 1980) and the site-mean directions were calculated using Fisher spherical statistics 
(Fisher, 1953). Paleomagnetic software packages PMGSC (by R. Enkin), PaleoMac (Cogné, 
2003) and Paleomagnetism.org (Koymans et al., 2016) were used to perform data analyses and 
produce related figures. GPlates software (Boyden et al., 2011) was used to reconstruct related 
paleogeographic figures. All the magnetic measurements were conducted at the 
Palaeomagnetism Laboratory of Nanjing University. 
 
Results 

Thermal demagnetization 
 

Three remanence components are revealed by stepwise thermal demagnetization (Figure 1，

S2). A low-temperature component (LTC) is separated below 400 ºC in most samples (Figure 
S2). The mean of LTC is Dg=359.7°, Ig=47.0°, n=109, k=44.9, α95=2.2° in geographic 
coordinates (Figure S3A). The pole derived from the LTC (87.4°N, 296.7°E, dp/dm=1.8°/2.8°) 
overlaps the present north pole (Figure S3C), so the LTC is interpreted as a recent viscous 
remanence which records the local present field. After removal of the LTC, many samples 
demagnetized directly to the origin after 500 ºC (Figure 1, S2). The unblocking temperature of 
this high-temperature component (HTC) is 670 ºC in most samples, which implies the remanence 
carrier is hematite. Eight sites have an east-downward directed HTC, and one site (QLK 12) has 
a west-upward HTC direction (Figure 1; Table S1). The site means of HTC are Dg=78.6°, 
Ig=37.9°, n=9, k=83.2, α95=5.7° in geographic coordinates and Ds=98.6°, Is=70.3°, n=9, k=79.3, 
α95=5.8° in stratigraphic coordinates. The fold test of  McFadden (1990) on HTC, together with 
results of sites LT3 and LT4 from lower member of Liántuó Formation in the east limb of 
Huánglíng anticline (Jing et al., 2015) are positive at 95% confidence levels. Stepwise unfolding 
demonstrates that the precision parameter (k) reaches its maximum at 85% but the value at 100% 
unfolding is insignificantly lower (Figure 1). In addition, the directions of HTC pass the reversal 
test (McFadden and McElhinny, 1990) at the 95% probability level (C class).  

In addition, 14 samples show an intermediate-temperature component (ITC) between 400 
ºC and 550-590ºC (Figure 1A). The mean direction of this component is Dg=44.0°, Ig=57.8°, 
n=14, k=49.9, α95=6.9° in geographic coordinates (Figure S3B). The pole derived from this 
component (53.4°N, 176.6°E, dp/dm=7.5°/10.1°) overlaps the late Triassic pole of South China 
(Figure S3C), which suggests a partial late Triassic remagnetization in those samples. 

 



Anisotropy of magnetic susceptibility (AMS) 
 

AMS measurements on 123 samples demonstrate that their minimum axes (K3, 
inclination=88.6°) are mainly perpendicular to the bedding plane, while the intermediate (K2, 
inclination=1.0) and maximum (K1, inclination=0.9) susceptibility axes are distributed along the 
bedding plane in stratigraphic coordinates (Figure S4). This primary sedimentary AMS (Pares et 
al., 1999, Figure S4) suggests that our sampling section did not experience significant 
penetrative structural deformation.  
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Figure S1. A: Simplified geological map showing the exposed Precambrian unit (yellow shadow 
area) in the South China Block. B: Simplified geological map of  Three Gorges area. C: 
Sampling sites of Liántuó Fm distributed along the road at Qīnglínkǒu section. 
 



 
 

Figure S2. Orthogonal vector projection of thermal demagnetization of NRM for representative 
samples, in situ coordinates. Red and Green lines are fitted high temperature component (HTC) 
and low temperature component (LTC), respectively.  Solid and open blue circles correspond to 
points in the horizontal (declination) and vertical (inclination) planes, respectively.  

 



 
 

Figure S3. Equal-area stereographic projections of sample directions of the low-temperature 
components (A) and intermediate-temperature components (B), in situ coordinates, where filled 
(open) blue circles represent directions pointing down (up). Filled brown circle is a rejected 
sample outlier.  Filled red circles are Fisher means of the samples, with the dashed red circle as 
95% confidence limit. (C) Paleomagnetic poles calculated from LTC, ITC and HTC components 
(orange), and the existing Neoproterozoic-early Paleozoic paleopoles from the South China 
block shown for comparison (blue). Poles with 95% confidence ellipses (>760 Ma) are shown in 
the traditional interpretation of polarity (solid blue) and inverted polarity option proposed herein 

(dashed magenta). Coarse blue and dashed magenta lines are corresponding apparent polar 

wander path (APWp) options during ca. 824-720 Ma.  T.C. and I.S. are tilt corrected and in situ 
poles. References for these poles listed in table S2 and Table 7 of Jing et al. (2018). 



 
 
Figure S4. Equal-area and lower hemisphere projections of anisotropy of magnetic susceptibility 
data for the QLK sections in geographic (left) and stratigraphic (middle) coordinates. K1, K2, K3 
are maximum, intermediate and minimum principal susceptibility axes. White square, triangle 
and circle are mean K1, K2 and K3, respectively. Also shown is the sequence of fabric 
development in progressively cleaved mud rocks and associated magnetic fabrics (right) from 
Pares et al. (1999). Magnetic fabric of our data (middle) is similar with the undeformed mud rock 
and a sedimentary magnetic fabric.  



SUPPLEMENTAL TABLES 

 
Table S1. High temperature component (HTC) paleomagnetic data of Liántuó Formation Lower 
Member from Qīnglínkǒu section, Húběi. 
Sample n/N Dg Ig Ds Is k  

QLK1 8 87.5  34.6  110.3  65.1  28.8  10.5  
QLK2 7 91.8  33.2  115.6  62.1  99.9  6.1  
QLK5 7 79.7  48.6  116.7  76.4  13.7  16.9  
QLK6 11 81.0  35.2  104.9  65.5  52.0  6.4  
QLK7 6 68.8  39.7  84.7  73.6  24.1  13.9  
QLK8 10 67.8  40.5  75.7  76.3  40.7  7.7  
QLK9 5 71.0  40.0  78.3  76.9  166.0  6.0  
QLK10 12 74.5  39.1  88.4  75.4  54.4  5.9  
QLK12 8 262.4  -27.5  272.8  -56.5  46.7  8.2  

Site mean        
 9 78.6  37.9    83.2  5.7  
    98.6  70.3  79.3  5.8  

Paleopole  20.1ºN, 187.5ºE, dp/dm=4.0º/6.7º (in situ) 

  20.0ºN, 148.7ºE, dp/dm=8.7º/10.0º (tilt corrected) 

N, number of sites for statistics; n, number of samples for statistics; Dg, Ig, Ds, Is, declination and 
inclination in geographic and stratigraphic coordinates; k, fisher precision parameter of the mean; α95, 
confidence of the mean direction; dp/dm, semi-axes of elliptical error around the pole at a probability of 
95%.  



Table S2. Summary of 830-720 Ma palaeomagnetic poles derived from major Precambrian blocks or terranes (with quality index Q>4; Van der Voo, 
1990). 
Stratigraphy Abbreviation Petrology Age λ Φ dp dm 1 2 3 4 5 6 7 References 

East Svalbard                

Svanbergfjellet 4 Mb S4mb Limestone 790 -25.9 46.8 4.3 7.7 1 0 1 1 1 0 1 
Maloof et al.,2006        
Swanson-Hysell et al.,2015 

U. Grusdievbreen Fm uGfm Limestone 805 1.6 71.9 1.4 2.8 1 1 1 0 1 1 1 

L. Grusdievbreen Fm lGfm Limestone 810 -19.6 31.3 2.2 4.2 1 1 1 0 1 1 1 

South China                 
Xiaofeng Dykes XFD-1 Felsic dykes 802±10 26.1 82.1 14 15.2 1 1 1 0 1 1 1 Jing et al., 2020 
Yanbian dyke YB-A Mafic dykes 824±6 45.1 130.4 19 19 1 1 1 1 0 1 1 Niu et al.,2016 
Yanbian dyke YB-B Mafic dykes 806±8 14.1 32.5 20.4 20.4 1 0 1 1 0 0 1 Niu et al.,2016 
Madiyi Fm MDY thick red sand 802±6 34.3 82.4 3.7 3.9 1 1 1 1 1 1 1 Xian et al., 2020 
Chengjiang Fm CJH1 thick red sand 800 32.8 56.3 7.1 8.6 1 1 1 1 1 1 1 Jing et al., 2020 
Chengjiang Fm CJH3 thick red sand 790±10 23.8 33.2 13.5 20.9 0 0 1 0 1 0 1 Jing et al., 2020 
Liantuo Fm Member 1 LTM1 thick red sand 760 20.0 148.7 8.7 10.0 1 1 1 1 1 1 1 This study 
Liantuo Fm Member 2 LTM2 Red mudstone 720 13.2 155.2 5.3 5.3 1 1 1 0 1 1 1 Jing et al.,2015 

Australia                 
Mundine Well dyke swarm MDS Mafic dykes 755±3 45.3 135.4 4.1 4.1 1 1 1 1 1 0 0 Wingate&Giddings,2000 
Johnny's creek Member JCM Red siltstone 770±30 15.8 83.0 13.5 13.5 0 1 1 1 1 0 1 Swanson-Hysell et al.,2012 
Browne Fm Brf Red siltstone 830-800 44.5 141.7 5.1 9 1 1 1 0 1 0 0 Pisarevsky et al., 2007 

India                 
Malani Igneous Suite MIS Felsic rocks 750 69.4 75.7 6.5 6.5 1 1 1 1 1 1 1 Meert et al.,2013 

Laurentia                 

Gunbarrel mafic magmatic Gb Mafic rocks 775 9.1 138.2 11.7 11.7 1 1 1 0 1 0 1 Eyster et al., 2020 
Uinta Mountain Group 1 UMG1 Red siltstone 766 3.0 163.5 3.2 3.2 1 1 1 0 1 1 1 Eyster et al., 2020 
Uinta Mountain Group 2 UMG2 Red siltstone 760 -5.8 158.7 2.7 2.7 0 1 1 0 1 0 1 Eyster et al., 2020 
Uinta Mountain Group 3 UMG3 Red siltstone 755 4.9 160.6 3.2 3.2 0 1 1 0 1 0 1 Eyster et al., 2020 
Nankoweap Fm Nan Red sandstone 760 -10.0 163.0 3.5 9.3 0 1 1 1 1 1 1 Weil et al., 2003 
Galeros-Carbon Canyon GCC Sandstone 757 -0.5 166.0 9.7 9.7 1 1 1 1 1 0 1 Eyster et al., 2020 
Kwagunt (Carbon Butte-Awatubi) 
combined 

Kwa Sandstone 751 14.2 163.8 3.5 3.5 1 1 1 1 1 0 1 Eyster et al., 2020 

Franklin large igneous province FLIP Mafic rocks 716 8.4 163.8 2.8 2.8 1 1 1 1 1 1 0 Denyszyn et al.,2009 

1–7, reliability criteria of Van der Voo (1990): 1-Well-dated rock age, 2-Sufficient number of samples, 3-Adequate demagnetization, 4-Field tests, 5-
Structural control and tectonic coherence with craton or block involved, 6-Presence of reversals, 7-No resemblance to paleopoles of younger age. λ, 
latitude of the paleopoles; Φ, longitude of the paleopoles; dp/dm, semi-axes of elliptical error around the pole at 95% probability. 



Table S3. Euler parameters for the reconstruction of Rodinia at 760 and 800 Ma. Laurentia is 
reconstructed relative to the absolute frame; other plates are reconstructed relative to Laurentia. 

Plates Age 
Euler parameter 
Latitude Longitude Angle 

Laurentia 760 22.33 223.34 -100.06 
Laurentia 800 22.33 223.34 -100.06 
Svalbard 760 86.01 31.29 -92.10 
Svalbard 800 86.01 31.29 -92.10 
South China 760 -7.02 333.20 179.20 
South China 800 12.65 16.92 164.03 
India 760 39.96 145.56 161.24 
India 800 16.84 183.46 216.68 
Kalahari 760 30.98 335.60 -145.72 
Kalahari 800 30.98 335.60 -145.72 
Amazonia 760 14.10 313.42 -112.23 
Amazonia 800 14.10 313.42 -112.23 
Baltica 760 76.15 296.69 -66.93 
Baltica 800 76.15 296.69 -66.93 
Siberia 760 74.35 132.05 -166.44 
Siberia 800 74.35 132.05 -166.44 
Australia 760 -27.37 323.22 -127.09 
Australia 800 -27.37 323.22 -127.09 
Tarim 760 69.52 348.68 116.31 
Tarim 800 69.52 348.68 116.31 
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