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Abstract

We report new palaeomagnetic results from a ca. 1300 to 800 Ma continental shelf succession on the southern margin of the Nortl
China Block. A total of 386 oriented core samples were subjected to stepwise demagnetisation. Two overprint components (‘A' and
‘B’) were identified, with ‘A’ being a Recent geomagnetic field component and ‘B’ a likely Mesozoic remagnetisation related to
collision of the North and South China Blocks. An interpreted primary remanence was isolated from six rock units. The most reliable
results are as follow, in the order of stratigraphic ascendance. (1) Purple mudstone, muddy sandstone and andesite of the low
Yunmenshan Formation (Rb—Sr age ca. 1270 Ma) yields a high-temperature component that passes both reversal and fold tests a
gives a palaeopole at (60%, 87.0E, Ags=3.7°). (2) Mudstone in the overlying Baicaoping Formation yields a high-temperature
component with a palaeopole at (430143.8E, Ags =11.2). (3) Purple sandstone of the earliest Neoproterozoic Cuizhuang and
Sanjiaotang Formations exhibits a high-temperature component that provides a palaeopolé&it4418&, Ags=11.3). Based
on both our new results and a critical selection of available palaeomagnetic data, we construct a preliminary apparent polar wande
path (APWP) for the North China Block between 1300 and 510 Ma. Regardless of alternative polarity options applicable to these
poles, North China was located within equatorial latitudes for much of this interval. Comparing the North China poles with coeval
poles from Laurentia suggests that the two continents were situated on the same plate between 1200 and 700 Ma. North China wz
thus likely part of the supercontinent Rodinia. Separation of North China and Laurentia occurred between 650 and 615 Ma.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction and Qiao, 198y Palaeogeographic positions of the NCB
in the Precambrian, particularly its possible connec-
The North China Block (NCB), also known as the tions with other continents, have long been debated.
Sino-Korean Craton, has an Archean to PaleoproterozoicResearchers traditionally favoured a NCB-Siberia con-
basement, and well-developed Mesoproterozoic to Neo- nection during the Archaean and Paleoproterozoic time,
proterozoic sedimentary cover successions (é/gng and suggested that they may have broken apart during
the Mesoproterozoic (e.d.i et al., 1982 and refer-
T Comesponding author. Tel: +61 8 6488 2652 ences thereinjvang et al., 199.1; Tan_g, 1994 gt al.
fax: +61 8 6488 1037. : (1996), based on tectonostratigraphic correlations, sug-
E-mail addresses: Zli@tsrc.uwa.edu.au (Z.-X. Li), gested that the NCB, Siberia, and Laurentia may have
shzhang@cugb.edu.cn (S. Zhang), . been together from ca. 1.8 Ga until the latest Precam-
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Fig. 1. Locations of Precambrian paleomagnetic investigations in the North China Block (squares). Dark shade shows the distribution of Proterozo
strata. Sample locations: (1) Fuzhou; (2) Jixian; (3) Xu-Huai and (4) Lushan-Ruyang.
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brian, and they placed the present north margin of NCB addition, there is a precisely dated pole from ca. 1.77 Ga
against the western margin of Yenisei Ridge of Siberia. dykes in the Datong-Fuping regiokidlls et al., 200
Wang et al. (19973uggested that the NCB was adjacent However, severe conflicts exist between some of these
to northwestern America during the Meso- to Neopro- results. Possible reasons include: (1) inefficient removal
terozoic, mainly from biogeographical analyses. Based of magnetic overprints, (2) insufficient numbers of sam-
on similarities between Archaean to Paleoproterozoic ples, and (3) lack of modern demagnetisation and data
magmatic and sedimentary rockdhao et al. (2002, analysis techniques.
2003) proposed that the East Block of the NCB and In this paper, we report new palaesomagnetic results
the South Indian Block were together as part of a ca. from a systematic investigation of late Mesoproterozoic
1.8 Ga supercontinent, and subsequently separated bysuccessions in western Henan Province, close to the
ca.1.4Ga. southern margin of the NCB. Based on these results and
Palaeomagnetism is the most discriminating tool for a critical selection of existing data, we discuss palaeo-
distinguishing between these competing models. How- geographic positions of the NCB in the period from
ever, efforts have been hampered by the sparsity of highca. 1300 to ca. 530 Ma and its possible connection to
quality results from North China and Siberia. Several Rodinia.
palaeomagnetic investigations have been carried out in
the Meso- to Neoproterozoic successions of the NCB 2. Geological framework
(numbered irFig. 1): 1. late Precambrian succession in
the Fuzhou region, eastern Liaoning ProvinGa¢ and 2.1. Structural and tectonic background
Fan, 1983; Lin, 19844 2. Paleo- to Mesoproterozoic type
section in the Jixian regiorzpang and Li, 1980; Zhang The metamorphic basement of the NCB was consoli-
and Zhang, 1985; Lin, 1988; Chumakov and Elston, dated during the ca. 1850 Ma Luliangian orogenic event
1989; Zhang etal., 19913. late Precambrian—Cambrian that united the West and East Archaean Blocks @&hgo
successions in the region from southern Shandong toetal., 2002. Soon after 1800 Ma, aulacogens were devel-
northern Anhui Provinces (generally called the Xu-Huai oped in the NCB; one at the southern margin, east of
region;Fang et al., 1983; Piper and Zhang, 19%nd 4. Xi'an (Fig. 1), containing the volcanic and siliciclastic
the Neoproterozoic—Cambrian succession in the Lushanrocks of the Xiong'er and Ruyang Group&/gng, 198%
region, western Henan Provincéhang et al., 2000 In (see SectioR.2).



S. Zhang et al. / Precambrian Research 144 (2006) 213-238 215

112.3°E I12.5°E
T

[] Phanerozoic
[77] Mesozoic granite
[5] Luoyu Group
[] Ruyang Group

[.7] Xiong'er Group
B Paleoproterozoic
basement

E Fault

~ TTN M W M v v v oW 0 10 20km

340N v < ~ .

e e IR S S
+ + + + + + + 4+
3N+ +++++++
+ 4+ + + o+

b
Y i . W 33.8°'N

Fig.2b

b+ ok kT
R T
D T T T T o+ Lus

- ushan
Lt + bt bbbt e+ 4+ Xiatangt ¢+ ¥ & _
FER e kT S S A
P IS O A AT [P S Gy U s [, Rpro TR O

112.3°E 112.5°E 112.7°E 112.9°E

(b)
~~ Fault
N |~

Pi2y2

- Stratigraphic boundary

Pt2y2 /‘2/9

(with dash line for dis-
conformity)

YX46  Pi2y3
® )
® YX47 41

@ YX43

29 Strata attitude

Pt2y3 /

YX42-43 Palacomagnetic
\. Y X44-45 [ ] . g g
gt N sample site

Pt2bdd4

Baicaoping Fm

T @YX35-37
Jiepangou

-
—

YX‘4

i

Residential area @Y X252

Mountain temples

YX32- 33/
.Yxm 51/

YX01-02
i ® YX03

I km

Fig. 2. Simplified geological map of the Ruyang-Lushan region (a) and a more detailed map of the sampled succession in the Lushan region
(b). (A)—(C) in (a) are locations of sampled successions in the Ruyang region, with detailed stratigraphic locations of the samples shown in
Fig. 3. Abbreviations in (b): XRG—Xionger Group; Pt2y1, Pt2y2, Pt2y3, Pt2ydA—Memebers 1-4 of the Yunmengshan Formation; Pt2bd1, Pt2bd2,
Pt2bd3, Pt2bd4—Members 1-4 of the Beidajian Formation; Pt3cl, Pt3c2—Members 1-2 of the Cuizhuang Formation; DJ—Dongjia Formation;
LQ—Luoquan Formation; DP—Dongpo Formation; XJ—Xinji Formation.
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Fig. 3. A composite stratigraphic column with paleomagnetic sampling sites in the Ruyang and Lushan regions. (A), (B) and (C) in circles show
the sampled sections in the Ruyang region, dSign 2a.

The southern margin of the NCB is now bounded by Li, 1998) have been reported in the orogen. The first is
the Qinling orogenic belt. Three major orogenic events interpreted to represent a terminal Mesoproterozoic con-
at ca. 1000 Ma, 430-340 Ma, and 260-155 Ma €t vergent margin along the southern margin of the NGB (
al., 1989; Reischmann et al., 1990; Zhang et al., 1994, et al., 1996 and references therein). This event is iden-
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(Tables 1-1, 1-4). Fm: Formation; Gp: Group. Italics in brackets show isotopic age information (method, rock or mineral, age in Ma). Sources of
data: (a)Guan et al. (1983)b) Li et al. (1985) (c) Qiao and Gao (1997}d) Xing (1989) (e) Sun et al. (1991)f) Wang et al. (1995)g) Lu and

Li (1991); (h) Li et al. (1995) (i) Fang et al. (1983)
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tified by a disconformity between the Mesoproterozoic
and Neoproterozoic strata in the study regidfagg and
Qiao, 1984; Zhou et al., 19%96The second event, mainly
restricted to central Qinling belt, was accompanied by
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powered drills. Samples were oriented using a mag-
netic compass and a sun compass when possible. Sam-
pling in the Lushan region was carried out along a
~5km long sectionKig. 2b) known as the Daheitangou-

~430-340 Ma magmatism, and is interpreted as due to Wanghuazhuang sectioBGHNP, 1989. In the Ruyang

a possible arc-continent collisioZlfang et al., 1994;
Meng and Zhang, 1999, 200®ut no related deforma-

region, the Yunmengshan, Baicaoping and Beidajian
formations were sampled along roadsides, and Neopro-

tion has been reported on the NCB proper (including the terozoic strata sampled along the western bank of the

study region). The last event is widely regarded to cor-

Shanghongjian reservoir (A, B and CHig. 2a). Each

respond to collision between the NCB and South China sampling site normally covers 5-20 m of stratigraphic

Block (SCB) between ca. 260 and 155 Ma, (L998and

section with samples cored following stratigraphic order.

references therein), as first suggested by palaeomagneti@he sampled rocks include purple fine-clastic sandstone,

results Zhao and Coe, 1987; Zhao et al., 1996; Enkin
et al.,, 1992. This event is the only one that affected
the study region, producing monaoclinal dips of435
toward the southeasFig. 2). At outcrop scale, minor

muddy sandstone, siltstone, and muddy dolomite.

Each core sample was cut into multiple 22 mm-
long specimens. Demagnetisation and magnetic mea-
surements were carried out in the Palaeomagnetism Lab-

folds are seen in some of the Precambrian formations. oratory of The University of Western Australia (UWA)
There is no evidence to indicate any vertical-axis rotation and that of the Institute of Geology and Geophysics at the

between the study region and the rest of the NCB.

2.2. Stratigraphy and age constraints

Chinese Academy of Sciences (CAS). Remanence mea-
surements in both laboratories were carried out using 2G-
Enterprise three-axis cryogenic magnetometers housed
in room-size Helmholtz coils, with a low magnetic field

Our study areas are in west Henan Province, close to (~100 nT) in the sample-loading region. AF demagneti-
the southern margin of the NCB. The strata there range sation was carried out using a 2G-600 automated AF

from upper Mesoproterozoic to Lower Cambrian, and
the structures are simpl€ifgs. 1 and 2 We show in
Fig. 3a simplified stratigraphy of the study region, and
in Fig. 4 stratigraphic correlations (with some absolute
age constraints) with other successions in the NCB.
The chronological framework for the Precambrian
strata in the NCB is largely established through bios-
tratigraphy and regional correlations (eWjang, 1986;
BGHNP, 1989; Xing, 198p and reliable isotopic ages

demagnetizer attached to the cryogenic magnetometer,
and thermal demagnetisation using MMTD18 (at UWA)
and MMTD60 (at CAS) furnaces, also housed inside
the Helmholtz coils. During the experiments, samples
were further protected from magnetic contamination by
w-metal shielding. All samples were subjected to step-
wise demagnetisation. Thermal treatments were applied
to all reddish specimens, with temperature steps rang-
ing from 50-150C at low-temperatures to 5-2C at

are rare. Most results were obtained using the glauconitetemperatures above 57G. Some samples were treated

K—Ar and Rb-Sr whole-rock methods on shale and vol-

by low-temperature (<300C) thermal demagnetisation

canic rock. A few ages are from carbonate rocks using first to eliminate any remanence carried by goethite,
the Pb—Pb method. The available age data from both thefollowed by alternating field (AF) demagnetisation to
southern margin of the NCB and its northern part (e.g. the isolate remanence carried by magnetite.

Jixian section) are summarizedhigy. 4. A few ages are

apparently out of stratigraphic order, and should there-
fore be treated with extreme caution. One is the age for

the Luoquan glacial diamictite. Although other opinions
exist (Lietal., 1985; Liu, 199}, the evidence suggests a
latest Precambrian age for this glacial ui@u@n et al.,
1980, 1983; Xing, 1989; Yin and Guan, 1999

3. Sampling and measurements

We collected palaeomagnetic samples from two

4. Palaeomagnetic results

To determine the magnetic remnant components, both
the ROCKMAG software package developed atthe Rock
Magnetism Laboratory of the Commonwealth Science
and Industry Research Organization, Australia, and R.
Enkin’s palaeomagnetic software, were used. Identifi-
cation of magnetic components was carried out mainly
by the line fitting methodKirschvink, 1980, but some-
times by using stable end-points. In general, remanence

regions: the Lushan region in the south and the Ruyang components fall into three categories: (1) a Recent field

region about 50km to the northFig. 2a). A total

of 386 core samples were collected using gasoline-

overprint (component‘A’) normally as a low- to medium-
temperature component; (2) a Mesozoic overprint (com-
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Table 1
Interpreted overprints of Recent/Mesozoic geomagnetic field (components A and B), Lushan-Ruyang region, western Henan Province
Rock-unit, sampled location Comp.ng n nr  Coord. Direction ags  Palaeopole
D 1 k Plat Plon dp dm
Member 1, Yunmengshan Fm, Lushan A 51 48 0 G 38 450 197 48 821 2673 38 6.1
S 228 59.7 193 48 707 1756 54 7.2
Member 2, Yunmengshan Fm, Lushan A 32 27 0 G 24 481 143 7.6 849 2683 6.5 99
S 306 622 137 7.8 644 1714 94 121
Lower, Yunmengshan Fm, Ruyang A 37 26 0 G 53 478 114 88 83.0 2511 75 115
S 3558 564 103 93 856 622 9.7 134
Volcanic bed, Yunmengshan Fm, Ruyang A 20 20 0 G 59 521 845 36 848 2182 34 49
S 6.0 471 848 3.6 821 2502 3.0 47
Member 3, Yunmengshan Fm, Lushan A 21 19 0 G 357.0 520 119 102 87.2 3583 95 14.0
S 324 645 108 107 625 1658 138 17.2
Member 4, Yunmengshan Fm, Lushan A-HT 25 13 3 G 25 368 111 13.0 765 2826 8.9 152
S 16 59.7 119 126 831 1229 143 19.0
A-LT 25 22 0 G 99 440 147 84 783 2431 6.6 105
S 21.3 656 86 112 688 1551 148 182
Top Yunmenshan Fm, Lushan B(1) 9 8 1 G 3349 129 321 99 542 3387 51 10.1
S 3378 356 335 9.7 658 3527 65 112
Lower Baicaoping Fm, Lushan A 19 19 0 G 148 451 159 87 754 2280 7.0 11.0
S 444 530 16.2 86 533 1902 82 11.9
Baicaoping Fm, Ruyang A 29 17 0 G 139 535 84 131 785 1996 12.7 18.2
S 225 754 84 131 584 1322 220 240
Beidajian, top Baicaoping Fm, Lushan A 26 24 1 G 6.6 47.2 85 105 822 2448 89 137
S 325 592 85 105 634 179.7 118 159
B(2) 26 18 1 G 3517 99 230 74 602 3095 38 75
S 3559 287 231 73 711 3050 44 80
Beidajian Fm, Ruyang A 70 62 0 G 3559 414 84 6.6 789 3124 49 81
S 3475 623 81 68 765 702 83 106
B(3) 70 65 0 G 73 161 190 41 631 2764 22 42
S 71 375 182 42 753 2654 29 49
Luoyu Fm, Ruyang A 26 15 0 G 3545 558 547 52 850 491 53 75
S 3565 740 443 58 64.0 1085 9.4 105
B 26 25 0 G 3316 525 340 50 664 277 47 69
S 3170 686 350 50 547 658 71 85

For rock unit seéigs. 3 and 4Sample locations: Lushan (3380, 112.65E), Ruyang (34.25\, 112.50E); Fm, Formation; Comp., components
defined, where numbers in brackets following B are for usédn10 no, number of samples demagnetizedhumber of samples used for statistical
average; nr, number of samples with reversed polarity; Coord., coordinates, where G is the geographic coordinates; S, stratigraphic €gordinates;
declination;/, inclination; k, Fisher precision parameter for directionys, radius of circle of 95% confidence about the direction. Plat/Plon, north
latitude/east longitude of VGP; dp/dm, semi-axes of elliptical error around the pole at a probability of 95%.

ponent ‘B’); and (3) a high-temperature component of 4.1. Lower Yunmenshan Formation

likely primary origin. The two overprint components

are listed inTable 1 and directions of the interpreted The Yunmengshan Formation is 1022 m thick along
primary component are given ifable 2 We describe  the sampling section in the Lushan region. It is subdi-
below all remanence data from the studied rock units, vided into four members in an ascending ordég( 3.
and give a summary discussion on the origin of the com- The lower part of the Yunmengshan Formation in both
ponents (particularly the primary component) in Section the Lushan and Ruyang regions was formed in fluvial
4.6. Representative demagnetisation plots are given in environments. The strata disconformably overlie vol-
Fig. 5 and stereographic plots ffigs. 6-8 canic rocks of the Xiong'er Group. Stable magnetic
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Table 2
Interpreted primary remanence for Meso- to Neoproterozoic successions in western Henan Province
Site n/nr (no) Coor. Direction 95 Palaeopole
D 1 k Plat Plon. dp dm
(1) Lower part of the Yunmengshan Formation
Member 1, Yunmengshan Fm, in the Lushan region (33.8N;112.65E)
Ls01 8(8) G 12.4 —-4.1 20.3 12.6 52.3 2721 6.3 12.6
S 12.9 8.7 20.3 12.6 58.2 267.6 6.4 12.7
Ls03 9(9) G 19.5 -7.6 12.1 15.4 48.1 262.7 7.8 15.5
S 19.2 7.2 125 15.1 54.9 257.8 7.6 15.2
Ls71 6(6) G 8.7 —-4.8 29.5 12.6 52.9 278.1 6.3 12.6
S 10.0 13.9 29.5 125 61.7 271.3 6.5 12.8
Ls72 6(6) G 10.6 -5.0 82.7 7.4 52.3 275.1 3.7 7.4
S 11.9 13.0 82.2 7.4 60.6 268.0 3.8 7.5
Ls81 7(7) G 17.6 -3.6 30.3 11.2 50.7 264.1 5.6 11.2
S 18.4 9.9 30.2 11.2 56.5 257.9 5.7 11.3
Ls82 6(6) G 5.0 6.4 25.6 135 59.1 282.9 6.8 13.6
S 7.6 21.0 255 135 66.0 274.0 7.5 14.2
Ls09 8(9) G 11.3 -2.0 13.1 15.9 53.6 2734 8.0 15.9
S 121 10.6 12.2 16.5 59.4 268.4 8.5 16.7
Member 2, Yunmengshan Formation, in the Lushan region (33.8N; 112.65E)
Ls18 9/5(10) G 1998 -1.3 6.5 219 -520 79.3 11.0 21.9
S 203.6 —15.3 7.0 209 -56.1 67.3 11.0 215
Ls21 6/3(8) G 201.4 14.5 13.2 19.2 —-441 82.4 10.1 19.7
S 198.6 18 12.7 195 -51.1 82.1 9.8 19.5
Lower part of Yunmengshan Formation, in the Ruyang region (34.25N; 112.5E)
Ry13 8/3(13) G 180.3 -9.0 6.2 242 —60.3 111.9 12.3 24.4
S 178.9 -7.5 6.4 23.8 595 114.7 121 24.0
Ry18 9(9) G 18.3 6.1 7.2 20.6 54.5 259.9 104 20.7
S 19.1 24.0 7.3 205 62.2 249.2 11.7 21.9
Ry19 7(7) G 7.1 5.9 18.2 145 58.0 279.0 7.3 14.6
S 6.6 24.9 19.2 141 68.0 275.1 8.1 15.1
Ry20 6/2(8) G 185.0 134 6.8 27.8 —48.7 105.0 145 28.4
S 185.0 -5.0 6.3 29.0 -579 103.1 14.6 29.1
Ry201 6(9) G 5.0 28.5 30.5 12.3 70.4 278.0 7.4 135
S 5.1 235 30.7 12.3 67.5 279.4 7.0 131
Ry202 7(11) G 16.4 221 110.6 5.8 62.8 255.3 3.2 6.1
S 16.1 17.2 110.7 5.8 60.6 258.6 31 6.0
Mean pole for the lower Yunmengshan Formation, averaging on site level
“Normal™ N1=4 G —-52.1 935 Ags=137
S -57.5 90.8 Ag5=138
“Reversed™ N2=11 G 56.2 270.7  Ags=45
S 61.7 2654  Ag5=34
Mixed Polarities N=15 G -55.1 91.5 Ags=4.3
S —60.6 87.0 Ag5=37
(2) Member 3, Yunmengshan Formation, in the Lushan region, averaging on sample level
9/4(21) G 1115 25.9 6 229 -95 179.1 134 247
S 113.5 1.3 5.9 23.1 -19.0 188.5 11.6 23.1
(3) Lower part of Member 4, Yunmengshan Formation, in the Lushan region,
averaging on sample level
10(25) G 68.0 50.9 10.1 16.0 33.8 184.6 14.6 21.6
S 97.7 46.3 15.1 12.8 9.2 175.4 10.5 16.4
(4) Baicaoping Formation
Ls22-24 7/1(19) G 175.5 40.8 11.2 18.8 —32.7 117.6 13.8 22.8
S 167.0 20.7 125 17.8 —-4338 130.5 9.8 18.7
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Table 2 Continued)

221

Site ninr (no) Coor. Direction g5 Palaeopole
D I k Plat Plon. dp dm
Ry15-17 7/1(29) G 143.6 23.8 12.3 17.9 -31.9 155.5 10.2 19.1
S 147.7 8.4 12.2 18.0 —-40.9 157.4 9.1 18.1
Mean pole, average on sample level
14 G —-32.7 136.0 Ag5=138
S —43.0 143.8 Ags=117
(5) Lower part of the Cuizhuang Formation in the Lushan region (ditang et al., 2000
YX35-40 19(37) G 333 24.2 52.0 4.7 53.1 229.5 2.7 5.0
S 433 27.8 65.0 4.2 46.6 217.8 25 4.6
(6) Upper part of the Cuizhuang Formation in the Ruyang region
Ry21-23 14/2(21) G 2237 -12 6.0 178 -37.1 52.5 8.9 17.8
S 222.2 —-6.4 9.9 13.3 -40.0 51.4 6.7 134
(7) Sanjiaotang Formation in the Lushan region (afteang et al., 2000
YX28-34  20/6 (45) G 2228 -144 10.6 105 —-425 46.6 55 10.8
S 229.0 -8.8 11.6 10.0 -35.9 444 5.1 10.1

“The assigned polarities here are arbitrary, thus marked with/tft. (n,), total sample number/reversed sample number (total number of samples
demagnetized)V, site number. As, radius of circle of 95% confidence about the palaeopole. Other abbreviations are the saffabésin

remanence has been isolated mostly from purple mud-

stone, muddy sandstone and volcanic rock.

Samples from Member 1 (sites Ls01-03, 71, 72, 81,
82, 09) and Member 2 (sites Ls18-21) in the Lushan
region were all from purple mudstone and muddy sand-

muddy sandstone samples were collected from the lower
part of the formation. They have NRM intensities rang-
ing between 1 and 10mAM and demagnetisation
behaviour similar to that of Members 1 and 2 of the
Yunmengshan Formation in the Lushan region. Two

stone. The NRM intensities of the mudstone samples arecomponents were isolated from these samples: compo-

1-10 mA T, whereas NRM in the sandstone samples
are mostly on the order of 1 mATH.

Two components have been identified from Mem-
ber 1 strata in the Lushan region. A lower-temperature
component (component ‘A) is defined mostly below ca.
650°C (Fig. 5a, Ls08D). It has a northerly declination
and downward inclination before structural correction
with an average direction dD=3.8, I=45°, n=48,
ag5=4.8, which resembles that of the local present geo-
magnetic field D =356.5, 1=50.6, after IGRF2000).

A high-temperature component of possible primary ori-
gin is defined as either linear vectoFsd. 5a) or stable
endpoints between 650 and 68D. It has north-easterly
shallow directionsKig. 6a). The high unblocking tem-
peratures indicate that the main magnetic carrier is
hematite.

The demagnetisation behaviour of Member 2 sam-
ples is similar to that of Member 1, but with lower NRM
intensities. After the removal of component ‘A" at low

nent ‘A’ mostly below 600C, and a high-temperature
component directed either shallowly to the northeast
(Figs. 5¢ and 6por to the southwesHjgs. 5d and 6c

There is one volcanic interlayer in the lower part of
Yunmengshan Formation. It is distributed widely in the
sampling regions and marks the top of Member 1. Thir-
teen samples were collected from two sites (RY201-202)
from the Ruyang region. The samples yield two com-
ponents through either AF or thermal demagnetisation
(Fig. 5e and f). The soft component ‘ATable J) is stable
up to~20mT or 500°C. A hard component is directed
shallowly downwards to the northeast, with unblock-
ing temperatures around 576, or coercivities of
~65 mT, indicating that magnetite is the main remanence
carrier.

A ~15° difference in dip of bedding between the four
redbed sites (Ry13, 18, 19, 20) and the two volcanic sites
(Ry201, 202) in the Ruyang region enabled a fold test
to be conducted. Fisher's precision paramétggaches

temperatures, fifteen samples exhibit a poorly defined a maximum after about 100% untilting, indicating that
but consistent high-temperature component above ca.the component was acquired before tiltirkgg. 6c). A

650°C with mixed polaritiesigs. 5b and 6p
In the Ruyang region, the Yunmengshan Formation
is between 191 and 794 m thick. Thirty-eight purple

McFadden (1990fold test (definition 2) shows that the
in situ directions correlate with bedding attitudes at 99%
confidence level, but the tilt-corrected directions have no



222 S. Zhang et al. / Precambrian Research 144 (2006) 213-238

(a) Ls08D (b) Ls21A2
E,Up E,Up
ule Mmax=4.523 mA/m ulo Mmax=1.061 mA/m
T M/Mmax 0.2 mA/m M/Mmax 1400
! S T100
T660
T525 T680

NRM
0 Temp.(°C) 680

0 Temp.(°C) 680

T500

T600
T5508,T650

. T450 T525 T,
T400 T675 17680
T350 ©
NRM 1
T300
1 T10
(c)Ry18F (d) Ry20C

E,Up E.Up
u|O Mmax=3.15 mA/m u(o Mmax=2.83mA/m

M/Mmax M/Mmax

T200 T300 T63S T645 | Temp.(C) 680

T400 0
T675 1 0.
R M 0.4mA/m

T4g0 1540 T655 ™.

0 Temp.(°C) 695

~“¥T6s0
17200 NRM
(e) Ry201Cl1 (f) Ry202B E,UP
EU
NRM - ”p "

Mmax=682 mA/m NRM
<4 M/Mmax

T570
+30mA/m

100 mA/m4-

NRM

Fig. 5. Results of stepwise demagnetization. In orthogonal vector plots, closed (open) symbols represent projections on the horizontal (vertica
plane. NRM, natural Remanent Magnetization. Plots (e) is of alternating-field demagnetization, and all the rest are of thermal demagnetizatior
with numbers following ‘T’ are temperature fiC. (A), (B) and (C) in circles mark the identified remanence components (see details in text). All
directions are in situ.
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Fig. 5. (Continued)

apparent correlation with bedding attitudes, constituting McElhinny's (1990) reversal test wity;=13.7 (‘C’
a positive fold test. class) Fig. 7). The average palaeomagnetic pdiey( 9,

At the site-mean level, poles of the characteristic pole 1) falls outside the Phanerozoic apparent polar wan-
remanence in the lower Yunmengshan Formation of both der path (APWP) of the NCB. This observation, together
the Lushan and Ruyang regions passhteg-adden and  with the positive fold test and reversal test, suggest that
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Fig. 5. (Continued).

the remanence is likely of primary origin. These palaeo- downward to the east-southeabtg. 6d). These direc-

magnetic data are listed able 2 tions are clearly different from those in the lower Yun-
mengshan Formation.
4.2. Upper Yunmengshan Formation In Member 4 (sites YX42-45 and 49), a small anti-

cline was found in a 20 m-wide outcrop. Twenty-five
The upper Yunmengshan Formation consists dom- samples were collected from four sites around this
inantly of purple quartz sandstone. Remanence in smallfold. The demagnetisation behaviour of these sam-
these samples is generally weak and unstable duringples can be classified into two types. Type 1 samples
demagnetisation. Samples that showed no linear seg-(n=13) revealed a single component ‘A" only, with
ments or stable endpoints were excluded from further unblocking temperature around 640. Type two sam-
analysis. ples yield a high-temperature (570-64%) component
Samples from Member 3 (sites YX46-48) yielded from ten samples after removing component ‘A’. This
two components. A soft one (component ‘A) was sta- high-temperature component is directed downwards to
ble below 560C and its directions are similar to the between east and south-edsig6. 5h and 6g It passes
present geomagnetic field directiomable 7). A hard the McFadden (1990Y¥old test (definition 2): the in
component, commonly shown as stable end points in the situ directions correlate with bedding attitudes at 99%
temperature range of 560-630 (Fig. 53), is directed confidence level, but the tilt-corrected directions have
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(a)Member 1, Yunmengshan Formation, (c¢) Lower Yunmengshan Formation, Ruyang region; site-means pass
Lushan region; site-mean directions McFadden (1990) fold test (definition 2) at 99% confidence level
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sample-means with site-mean directions shown as stars

g Lsi8 o

K max=50.71
-0 5

N =6 sites

Insitu Tilt-corrected

Y

—
270°F+ + 4+ + + + + + + 4+ +490° ¥
g
o
£
£

...... g 25
1=
)
@
S
o
=
A

0
Ls21
0
0 50 100%

Percentage of tilt-correction

270° + + 4+ o+ o+ +100°

(e) Lower Member 4, Yunmengshan Formation.
Tilt-corrected Data pass McFadden (1990) fold test
(definition 2) at 99% confidence level

»
(=]
LR R I R SR FFE 4+ 4+ 4+ + + + + 4+ omtt

/

Insitu Tilt-corrected

180° 180°

(d)Member 3, Yunmengshan Formation, Lushan region
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90° 0° 0°

@

Tilt-corrected

270°F+ + + + + + + + + A+ttt

In situ Tilt-corrected

F+ + 4+ 4+ + +++

I I I R

AR R I I I R R Y

Insitu

F+ + ++ + +++

1

®

0° 180° 270

90°

Fig. 6. Stereographic plots of stable remanence directions from the Yunmengshan Formation. Closed (open) symbols represent positive (negative
inclinations, all in equal-area projections. Squares with 95% confidence circles represent site-mean directions, and those without 95% confidenc
circles are sample-level directions. Stars with 95% confidence circles are mean directions for the rock unites.

no apparent correlation with bedding attitudes. This ~ The corresponding palaeopoles from the high-
indicates that the high-temperature component, thoughtemperature component in Members 3 and 4 of the
retained in less than half of the samples, is of pre-folding Yunmengshan Formation are different from the known
origin. younger poles for the NCB (poles number 2 and 3 in
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Fig. 7. Distribution of pole positions from site-means of the lower Yunmengshan Formation (for d@bge8. After tilt correction the data pass
aMcFadden and McElhinny (199@&versal test withc=13.7, class ‘C'.

Fig. 9. In combination with the positive fold test in the southeast and downward with shallow inclination
Member 4, we interpret this component as probably of (Fig. 8).
primary origin. The data are listed Table 2 The high-temperature components from the two study
Site YX49 consists of eight samples of purple regions group marginally better after structural correc-
sandstone at the top of the Yunmengshan Forma- tion, with theAgs of the mean pole decreasing from 13.8
tion. They yielded stable endpoints between 570 and to 11.1 after structural correctiodble 3. Although
640°C, directed shallowly downward toward the NNW this mean pole falls close to the palaeopoles of Middle to
(Figs. 5i and 6f. The palaesomagnetic pole calculated Late Cambrian and Ordovician ages from the NCB (pole
from this component overlaps the Triassic palaeopoles 4 in Fig. 9), considering that there was no Cambrian-
for the NCB both before and after tilt-correction (pole Ordovician tectonic event in North China that might
B1linFig. 10. We thus infer it to be the ‘B’ component, have caused a remagnetisation, and that the remanence
which is likely a Mesozoic overprint related to collision was probably acquired before folding, we interpret this
between the North and South China blockkgng et al., remanence to be primarygble 2.
2000. The data are listed ifable 1 Purple sandstone at the top of the Baicaoping For-
mation in the Lushan region (site YX50) yielded a
high-temperature component directed to the north and
downward. This result will be discussed together with

In the Lushan region, samples were collected from a those from the Beidajian Formation below.
purple mudstone unit in the lower part of the Baicaoping
Formation (sites Ls22-Ls24&ig. 3). NRM intensities 4.4. The Beidajian Formation and the uppermost
are in the range of 1-10mAT. Component ‘A was  part of the Baicaoping Formation
identified in more than half of the samples below ca.
450°C, and dominates in a few samples. There is also  Purple sandstones and purple dolomite were sampled
a high-temperature component directed to the southeastirom the Beidajian Formation inthe Lushan region. Their
with moderate downward inclinatiofrigs. 5j and 8a NRM intensities range between 1 and 10 mA'mMost
Samples from the Ruyang region (sites Ry15-Ry17, samples exhibit two components. A soft ‘A’ component
Fig. 3) were from purple muddy sandstone. Their NRM unblocks at about 400C and a high-temperature com-
intensities are in the order of 1.0mATh Two rema- ponent unblocks between 400 and 6@0and is directed
nence components have been identified. Component ‘A’ shallow to the northKig. 5n). After tilt correction, the
is found at low temperatures but sometimesitis stable up inclinations become steeper. As mentioned in Section
to 680°C (Fig. 5k). The high-temperature component, 4.3, site YX50 from the uppermost Baicaoping Forma-
defined either as vectors or stable endpoints betweention has a similar high-temperature component and is
ca. 500 and 680C, has dual polaritiesH{g. 9—m). It thus considered together with the Beidajian Formation
is directed either to the northwest and upward or to here Fig. &). The pole position of this component after

4.3. Lower Baicaoping Formation
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(a) Baicaoping formation, Lushan region (b) Baicaoping formation, Ruyang region
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bedding correction falls very close to Jurassic poles of overprints were probably acquired during collision of the
the NCB (pole B2 inFig. 10, and is thus interpreted  South and North China Blocks in the Mesozafhéng

to be a ‘B’ overprint. Similar overprints are also found et al., 2000.

in Neoproterozoic successions around the NCB, espe- Inthe Ruyang region, purple sandstone, muddy sand-
cially in the Xu-Huai region (see Sectidnl.]). These stone and muddy dolomite were sampled from the Beida-
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Fig. 9. Interpreted Proterozoic primary poles for the NCB (solid dots, numbersTabia 2 with 95% confidence circles plotted against known
Phanerozoic poles (solid squares) and APWP (afterg et al., 1998 In (a) the poles are plotted in geographic coordinates, whereas in (b) they
are plotted in stratigraphic coordinates. The alternative polarity for the Cambro-Ordovician poles is also shown. Cam1: Early Cambrian; Cam2-32
Middle to Late Cambrian; O1-2: Early to Middle Ordovician; P2: Late Permian; T1: Early Triassic; T2—3: Middle to Late Triassic; J1/J2/J3:
Early/Middle/Late Jurassic; K: Cretaceous; E: Tertiary.

jilan Formation. Their demagnetisation behaviour resem- formations, were sampled systemically for palacomag-
bles those of the same formation in the Lushan region. netic analysis. Fifteen specimens of purple muddy sand-
Most samples have two components. After removing a stone from the upper part of the Cuizhuang Formation
soft component ‘A’ by ca. 400C, a high-temperature  yielded a stable hard component with unblocking tem-
componentis revealed between 400 and 63 @irected peratures near 68C (Fig. 5p). The directions of the
shallowly to the northKig. 50). The site-mean directions  hard component resemble the interpreted primary com-
resemble those of the Jurassic overprint found in the Bei- ponent from the same formation in the Lushan region
dajian Formation in the Lushan regioki¢. 8c—d), and (Zhang et al., 2000 The quartz sandstone samples in
the corresponding pole after tilt correction falls close to Sanjiaotang Formation give no stable remenance. We
the Middle and Late Jurassic poles for the NCB (pole B3 listin Table 2results of both studies from the Cuizhuang

in Fig. 1), indicating a Mesozoic overprint. and Sanjiaotang formations, and plot their directions in
Fig. 8e—g.
4.5. New results from Neoproterozoic successions The magnetic behaviour of the purple dolostone sam-

ples from the Luoyukou Formation is similar to those

Neoproterozoic successions in the Ruyang region, from the Lushan regiorzhang et al., 2000 Only over-
including the Cuizhuang, Sanjiaotang and Luoyukou printcomponents A and B were identified. In most sam-

(a) 180° (b) 180°
Geographic Stratigraphic
coordinates coordinates

270° -

0° 0°

Fig. 10. Interpreted overprint poles (circles) with 95% confidence circles plotted against known Phanerozoic poles (squares) and APWP for th
NCB (Phanerozoic APWP connection aftang et al., 1998 In (a) the poles are plotted in geographic coordinates, whereas in (b) they are plotted
in stratigraphic coordinates. Pole B is the Mesozoic overprint Zttang et al. (2000)Poles B1 to B3 are as ifable 1
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ples, component ‘A’ could be isolated before 4@and folding is taken to be the same as the regional tilting,
component ‘B’ between 450 and 600. These results i.e. between 260 and 155 Ma.

are listed inTable 1
However, the quality of the primary palaeomagnetic data
4.6. The origin of remanence varies. Results from the lower Yunmengshan Formation
are the most reliable. The remanence is found in 15 sites
The remanence isolated from the Meso- to Neopro- from two regions over 50 km apart, and has dual polari-
terozoic strata during this study can be classified into ties. It passes fold and reversal tests. It resides in hematite
three types: a soft component ‘A, which is a Recent-field in redbeds and magnetite in volcanic rocks. Stratigraph-
overprint, a ‘B’ component, acquired during Mesozoic ically consistent glauconite ages also suggest that no
continental collision, and a high-temperature component major thermal event has occurred since deposition. The
of probable primary origin. data from the middle and upper parts of the Yunmeng-
Component ‘A’ is found throughout the successions shan Formation are the most unreliable owing to small
in the two study regions. In some rocks, it dominates sample numbers.
the remanence of specimens with unblocking temper-
atures as high as-650°C, but more commonly it is 5. Apparent polar wander path (APWP) and
a soft component coexisting with other components. A palaeogeographic implications
few reversed directions of component ‘A" are found in
both carbonate rocks and purple sandstones. Its direc-5.1. Assessment of existing Precambrian
tions before tilt correction are close to the Recent field palacomagnetic data from the NCB
direction, and it is interpreted as a chemical/viscous
remanence acquired in Recent time. To establish the Precambrian APWP for the NCB
Zhang et al. (2000)dentified a Mesozoic overprint  in light of our new results, we assessed the quality of
(component ‘B’) in this region. It resides pervasively in  all available Precambrian palaeomagnetic data from the
most Neoproterozoic and Cambrian carbonate rocks, butNCB using the 7-point criteria system ¥&n der Voo
is rarely seen in purple mudstones or mud-rich dolomite (1990) We list in Table 3all the poles that haveQ’
samples. The calculated poles using the in situ direc- values of 2 or greater.
tions overlap within error limits with the Triassic poles Many results failed criterion 2 because they were
of the NCB, but not so using the tilt-corrected direc- based on less than 25 samples. In three earlier studies,
tions. Component ‘B’ identified from clastic rocks from only a portion of the samples was stepwise demagnetised
the current studyTable 1and Fig. 10 better resem-  and bulk demagnetisation methods routinely applied,
bles the Mesozoic poles after bedding correction (poles thus failing criterion 3. Most data do not have fold tests
B1, B2, B3 inFig. 10. This indicates that Mesozoic or other field tests to satisfy criterion 4. We classified
remagnetisation occurred both before and after regional the available poles into three types: (1) Overprint poles,
deformation, possibly caused by tectonic fluid migra- rejected when there is sufficient evidence to suggest
tion from the Qinling orogenic belt during Mesozoic an overprint origin; (2) Questionable poles, when poles

orogenesis. from the same stratigraphic unit by different authors con-
We interpret the remanence listedTiable 2to be of tradict each other and there is no strong reason to suggest
primary in origin for the following reasons: one ofthem as primary; data of questionable quality have

not been used for the palaeocontinental reconstructions
(1) All are high-temperature components isolated after in this paper; (3) Accepted poles, results that we regard
removal of a soft component ‘A, or an aberrant as reliable based on thei-values.
remanence likely acquired after sampling,
(2) Their corresponding palaeopoles, eitherinsituortilt 5.1.1. Late Neoproterozoic (ca. 800-542 Ma)
corrected, mostly fall away from known Phanero- There are 26 poles for this time interval. Although
zoic palaeopoles of the NCE-ig. 9), all are inferred to be of primary origin by the origi-
(3) The remanence directions from different strati- nal authors, we suggest that many are nibie 3.
graphic units are different from each other, arguing The rejected poles include those from 12 rock units in
against them being magnetic overprints, the Xu-Huai region Fig. 1) that cover a period of ca.
(4) The positive fold test and reversal test in some rock 200 Ma. Their tilt-corrected magnetic remanence direc-
units (opportunities for fold tests are limited owing tions are indistinguishable from one anotHeiper and
to the monoclinal attitude of the strata). The age of Zhang (1997)eported such aremanence from the Feng-
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Table 3
Selected Meso- to Neoproterozoic palaeomagnetic poles from the North China Block
No. Rock unit, sampling area n(N) Plat CN) Plon CE)  dp/dmAgs (°)  Quality criteria Q  Comment Mean pole  Age (Ma) Ref.
1 2 3 5 7
“Sinian” (~800-542 Ma)
1 Jinshanzhai Fm, Xu-Huai 4 76.0 256.7 2.1/3.5 + 2 Overprint 1
2 Dongjia Fm, Lushan 26 —60.8 97.4 4.3/8.5 + + + + 6 Accepted DJ 650
3 WangshanFm, Xu-Huai 28 74.8 253.0 11.0/18.0 + 3 Overprint 1
4 Shijia Fm, Xu-Huai 14 77.1 279.8 7.3/12.0 + + 2 Overprint 1
5 Weiji Fm, Xu-Huai 23 57.1 195.2 29.0/42.0 + + 2 Overprint 1
6 Zhangqu Fm, Xu-Huai 11 —46.4 108.7 4.5/8.6 + + 2 Accepted 1
7 Jiudingshan Fm, Xu-Huai 10 61.4 234.1 16.6/29.2 + 2 Overprint 1
8 Jiudingshan Fm, Xu-Huai 6 68.0 227.0 - + 2 Overprint 1
9 Niyuan Fm, Xu-Huai 6 —44.0 114.3 4.9/9.3 + + 2 Accepted 1 =
10 Niyuan Fm, Xu-Huai 15 67.0 210.0 - + + 2 Overprint 1 [§
11 Ganjingzi Fm, Fuzhou 14 65.7 169.3 11.6/13.8 + 2 Overprint 3 o%
12 Nanguanling Fm, Fuzhou 12 60.0 219.0 8.3/12.5 + 2 Overprint 3 s
13 Changlingzi Fm, Fuzhou 19 47.0 166.0 21.5/24.3 + 2 Questionable 3 ;;
14 Zhaowei Fm, Xu-Huai 10 —41.2 101.7 13.0/24.7 + + 2 Accepted 1 <
15 Jiayuan Friy Xu-Huai 8 —39.7 104.0 11.9/21.7 + + 2 Accepted 1 §
Average Poles 6,9,14,15 —-42.9 107.0 5.7 HB 700 §
16 Jushan Fm, Xu-Huai 18 82.5 182.5 11.4/16.7 + 2 Overprint 1 §
17 Qiaotou Fm, Fuzhou 4 -34.3 356.6 11.7/14.6 + + 2 Questionable 3 ;
18 Nanfen Fm, Fuzhou 14 63.9 161.8 5.9/10.2 + 2 Overprint 3 3
19 Nanfen Fm, Fuzhou 57(8) —-16.5 121.1 8.8/13.0 + + + + 5  Accepted NF 800-780 ‘§
20 Diaoyutai Fm, Fuzhou 22(2) 61.0 239.0 11.0 + + 2 Overprint 5
21 Xinxing Fm, Xu-Huai 35(7) 65.4 175.1 17.0/22.0 + + 3 Overprint N
22 Lanling Fm, Xu-Huai 5(2) 69.4 242.2 12.4/21.0 + + 2 Overprint 1 ﬁ
23 Jiuligiao Fm, Xu-Huai 4 64.0 169.0 - + + 2 Overprint 108
24 ShouxianFm, Xu-Huai 11 65.0 185.0 - + + 2 Overprint 1 g
25 Liulaobei Fm, Xu-Huai 19 42.6 149.6 11.9/13.0 + + 4 Questionable 6 N
26 Liulaobei Fm, Xu-Huai 18 61.0 182.0 - + + 2 Overprint 1 L|~
o
Qingbaikouan {1000-800 Ma) &
27 Red beds, U. Jingeryu Fm, Jixian 15 3.8 142.7 6.1/7.6 + 4 Questionable 7
28 Grey rocks, L. Jingeryu Fm, Jixian 13 -125 170.3 8.6/15.2 + + + + 4 Questionable 7
29 Red beds, U. Jingeryu Fm, Jixian 6 —-49.9 94.4 8.1/16.2 + + + + 4 Questionable 7
30 Red beds, U. Jingeryu Fm, Jixian 4 —54.4 1015 13.1/25.9 + + + + 4 Questionable 7
31 Jingeryu Fm, Jixian 16(2) 67.0 132.0 23.3/25.6 + 2 Overprint 5
32 Changlongshan Fm, Jixian 24(3) 60.0 243.0 15.9/27.7 + 2 Overprint 8
33 Xiamaling Fm, Jixian 29(2) 29.0 200.0 21.0/34.9 + 2 Overprint 5
34 Xiamaling Fm, Jixian 9 -23.1 209.7 6.2/11.0 + + + + 4 Questionable 7
35 Sanjiaotang Fm, Lushan 20 -35.9 44.4 5.1/10.1 + + + + 5 Accepted 2
36 U. Cuizhuang Fm, Ruyang 14 —40.0 51.4 6.7/13.4 + + + + 5  Accepted 0
37 L. Cuizhauang Fm, Lushan 19 —46.6 37.8 2.5/4.6 + + + + 4 Accepted 2
Average poles 35,36,37 —-41.0 44.8 11.3 + + + + 6 cS 950
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38
39
40
41
42
43
44
45
46
47
48

49
50
51
52
53
54
55
56
57
58

59
60
61
62

Tieling Fm, Jixian 7
Tieling Fm, Jixian 9
Tieling Fm, Jixian 5
Tieling Fm, Jixian 5
Tieling Fm, Jixian 4
Tieling Fm, Jixian 4
Tieling Fm, Jixian 6
Tieling Fm, Jixian 6
Tieling Fm, Jixian 6

U. Tieling Fm, Jixian 8

L. Tieling Fm, Jixian 10
Average poles 38—48

Tieling Fm, Jixian 34(4)
Hongshuizhuang Fm, Jixian 19(3)
Hongshuizhuang Fm, Jixian 6
Hongshuizhuang Fm, Jixian 6
Wumishan Fm, Jixian 6
Wumishan Fm, Jixian 3
Wumishan Fm, Jixian 15
Wumishan Fm, Jixigh 81(9)
Yangzhuang Fm, Jixian 48(6)
Yangzhuang Fm, Jixian 62(4)

Average poles 55,56,58

Baicaoping Fm, Lushan and Ruyang 14

Mb 3, Yunmengshan Fm, Lushan 9
Mb 4, Yunmengshan Fm, Lushan 10
Mb 1,2 Yunmengshan Fm, 108(15)

Lushan and Ruyang

12.9
15.6
33.0
-21.3
—20.5
-8.1
—6.0
8.2
—-7.3
-9.4
24.0

2.2

—67.0
47.0
39.4
28.8
7.6

321

-18.2

—16.7

-17.0

-16.5

-17.2

—43.0
—19.0

9.2
—60.6

188.4
178.3
195.6
167.9
126.2
138.9
103.4
128.5
153.1
2175
207.5

163.6

84.0
322.0
161.4
171.4

135.4

173.3
49.2
43.4
246.0
42.5

45.0

143.8
188.5
175.4

87.0

3.3/5.6
5.3/7.9
11.5/17.6
3.6/6.8
29.7/45.5
23.2/31.7
14.5/18.9
24.4/27.8
18.6/27.3
11.2/20.7
5.7/10.3

25.3

30.0
20.0
10.4/11.9
10.1/12.8
29.1/33.9
32.6/41.5
5.4/10.7
17.0
12.0
12.8/25.6

5.5

11.1

11.6/23.1

10.5/16.4
3.7

+ + + +

+

+
+ o+ o+ +

+

+

+ + +
+ +

+

+ + +
+ +

+

+ +

+

4 Accepted
4 Accepted
4 Accepted
4 Accepted
4 Accepted
4 Accepted
4 Accepted
4 Accepted
4 Accepted
4 Accepted
4 Accepted

5 TL 1100

2 Overprint
3 Questionable
4 Questionable
4 Questionable
4 Questionable
4 Questionable
4 Accepted
3 Accepted
3 Overprint
6 Accepted

JXA 1300

3 Accepted BCP 1200
4 Less reliable
5 Less reliable

7 Accepted YMSL 1260

0

© © ©
© ©

©

o

Geographic coordinates of major field regions: Lushan (38.8112.6E); Ruyang (34.28\; 112.5E); Jixian (40.2N, 117.3E); Fuzhou (41.3N, 123.7E); Xu-Huai (32.5-35.0N;
116.5-117.5E). Abbreviations for rock units: Mb, Member; Fm, Formation; Gp, Group; U., upper part; L., lowern&jt. sample number (site number). Quality Criteria apd/alues
(number of criteria met) aftevan der Voo (1990)1, well determined rock age; 2, sufficient number of sampie24,k (or K) >10, ag5 < 16.0°; 3, step-wise demagnetization; 4, field tests; 5,
structural control and tectonic coherence with the craton discussed; 6, presence of reversal; 7, no resemblance to paleopole of younger aun(byperod)t Poles used for defining the
APWP are listed under “Mean Pole”. Ages for poles are according to dédtmirl. Reference (Ref.): 0, this study; Eang et al. (1983)2, Zhang et al. (2000)3, Gao and Fan (19834, Lin
(1984) 5, Zhang and Zhang (19859, Piper and Zhang (19977, Zhang et al. (1991)8, Zhang and Li (1980)9, Lin (1988). Other abbreviations are the same a%able 1

2 The Jiayuan Formation has been combined with the lower member of the Jiuligiao FornXatignl©89.
b The pole was recalculated using the directional data.
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§ indicate that the NCB occupied lower latitudes in the
late NeoproterozoicHig. 12. This is consistent with

the low-latitude lithological indicators such as redbeds,
carbonate and storm deposits. Because poles 6, 9, 14, 15
were all from the Huaibei group in the Xu-Huai region
(Fig. 1) and agree with each other, they are combined
as Pole ‘HB’ here.

Overprint poles from
Piperand Zhang (1997):
Houjiashan Fn — |
Fengtai Fm —— —

5.1.2. Early Neoproterozoic (ca. 1000-800 Ma)

There are 11 poles from early Neoproterozoic (Qing-
baikouan) interval Table 3. Poles 27-30, by hang et
al. (1991) are all from the Jingeryu Formation. With-
out any evidence for the reliability of these vastly dif-
ferent poles, we regard them as questionable. Poles
31, 32, 33 were reinterpreted lyn (1988) as Recent
overprints because their in situ directions are simi-
Fig. 11. Possible Late Mesozoic—Cenozoic remagnetization poles |lar to Recent field direction. Pole 34 was based on
(small dﬁ‘ééid‘i”gﬁ? from ';’ﬁca”'\;lb”a” V_OC'(‘: units in t:\‘g \Z/(E_Hlﬁi demagnetisation curves that fail to reveal stable rema-
region n ZOIC— nozol r . . .
\?ng ét al., llgg}g)Fir :gg:sysmbotlas sdeiis. ;(I::’olees Zreor?umbered(gse nence directions _(seIéhang et al'_’ 199,1F|gs. 2-2, 4
in Table 3 andTable 9, and is thus a questionable pole. Pole 28

was based on 13 samples only. Poles 35-37 cannot be
regarded as reliable on individual basis, but the three

tai Formation in the same region, and referred to it as a poles from adjacent stratigraphic units agree very well.
Cambrian remagnetization because the remanence alsd\Ve thus average them to give a mean pole (pole “CS” in
exists inthe overlying Cambrian strata. However, the cor- Table 3.
responding poles do not agree with the known Cambrian
poles inZhao et al. (1996andHuang et al. (1999)but 5.1.3. Late Mesoproterozoic (ca. 1400-1000 Ma)
overlap with the Jurassic-Cretaceous poles of the NCB  Palaeomagnetic data for late Mesoproterozoic (Jixia-
within error limits (poles 1, 3-5, 7, 8, 10, 16, 21-24, 26 nian) time are from Jixian, Hebei Province, and western
in Fig. 11). Poles 11, 12, 18, 20 from the “Sinian” strata Henan Province (Positions 2 and4g. 1). Stratigraphic
in Fuzhou, and poles based on component ‘B’ of the correlations between rock units of the two regions is
current study, also fall close to younger pole positions. given inFig. 4.
We thus suggest that the overprints were acquired inthe  Twelve polaeopoles were reported from the Tieling
Mesozoic during collision of the North and South China Formation, (poles 38—-49able 3. The first eleven were
Blocks. acquired using modern palaeomagnetic technology, but

Poles 13 and 17T@ble 3 are questionable because the sample number for each pole is small (between 4
of their lack of verifiable details. Pole 25 was identified and 10), and the poles exhibit large scatter. We calcu-
from red shale in the lower part of the Liulaobei For- lated a mean of the 11 poles to be representative of this
mation, an isolated outcrop in the Xuhuai region. This formation (pole “TL’, Table 3. Pole 49 falls far from
red shale is also called the Guanjiaying Formation and the other Tieling Formation results but near the area of
is correlated with the Nanfen Formation in the Fuzhou Mesozoic overprint poles. In addition, samples for pole
region (e.gXing, 1989 (Fig. 4). However, palaecomag- 49 were only partially demagnetised. This pole is thus
netic results from the two localities are quite different. unreliable.
Pole 25 predicts a palaeolatitude of@@r the Xuhuai Three poles have been reported from the Hong-
region, 22 higher than that predicted by pole 19. There shuizhuang Formation (poles 50-52). Pole 50 is signifi-
is also a~115 difference in implied palaeo-azimuths. cantly different from the other twd.in (1988)suggested
Palaeolatitudes above 6i3 not favourable for develop-  that the remanence used for pole 50 was contaminated
ment of red shale and carbonate in the two formations. by secondary components. Poles 51 and 52 were based
We thus choose to use pole 19 rather than 25 for the two on only six samples each, and are thus not sufficiently
formations. reliable.

The accepted results (poles 2, 6, 9, 14, 15 and The Yangzhuang and Wumishan formations have
19 in Table 3 fall close to the Cambrian poles and thicknesses of 707 and 3336 m respectively, with the for-
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Fig. 12. (a) Preliminary APWP for the NCB between ca. 1300 and 500 Ma. For abbreviations of Precambrian Taidesg@@&he Cambrian poles
are afteHuang et al. (1999ut with a reversed polarithao et al., 1996 Dashed section of the APWP is least-well constrained. (b) Paleo-latitude
and orientation of the NCB implied by the APWP. Mercator projection.

mer consisting of mainly grey to purplish red muddy 5.2. Preliminary APWP and palaeolatitude of the
dolostone and siltstone, and the latter of cyclic car- North China Block between ~ 1300 and 500 Ma
bonate and clastic rocks with minor redbeds in the
middle part of the formation. Data from the Wumis- Using the 25 accepted datasets out of the total of 62
han Formation (poles 53-56), reported by (1988) in Table 3 we calculated eight representative poles for
andZhang et al. (1991 )are significantly different from  Meso- and Neoproterozoic rocks of the NCB. Due to
each other. We regard poles 55 and 56 as more reli- the lack of reliable isotopic ages from these sedimentary
able because they were based on significantly larger successions, assigning ages to these poles is difficult. In
numbers of samples, whereas poles 53 and 54 are quesTable 3we give estimated ages based on age informa-
tionable because of their small sample numbers and largetion and regional stratigraphic correlations as-ig. 4
uncertainties. (see further discussions below). We note the tentative
Pole 57 from the Yangzhuang Fm was inferred_by nature of these ages, but emphasise the stratigraphic
(1988)to be an overprint because of the similarity of its order following which we connect the palaeopoles into
in situ direction to Mesozoic directions, whereas pole 58 a preliminary APWP.
meets all the reliability criteria apart from a fold test. It Pole DJ is assigned an age-0650 Ma based on the
falls close to poles 55 and 56 from the redbed unit in the glauconite K—Ar age of the Dongjia Formatiorig. 4).
middle part of the overlying Wumishan Formation, all Pole HB is assigned an age 6700 Ma according to
being clearly removed from known younger pole posi- the glauconite K—Ar ages for the Zhaowei Formation
tions. We averaged these three poles as mean pole ‘JXA (738 Ma, Fang et al., 198B8and the Shijia Formation
(Table 3. (681 Ma,Fang et al., 1983Xing, 1989 in the Huaibei
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Group. In the Fuzhou region, the Nanfen Formation data worldwide have been comprehensively reviewed
is correlated with the uppermost part of the Qingbaik- (e.g.Powell et al., 1993; Torsvik et al., 1996; Smethurst
ouan (ca. 1000-800 Ma), and has a glauconite K—Ar age et al., 1998; Weil et al., 1998; Buchan et al., 2000, 2001;
of 787 Ma. We thus bracket its age a800—-780 Ma. McElhinny and McFadden, 2000; Meert and Powell,
Isotopic ages for the Cuizhuang and Sanjiaotang for- 2001; Pisarevsky et al., 2003; Pisarevsky and Natapov,
mations are in the range of 990-1160 Ma. However, 2003. Laurentia, as a central piece in Rodinia recon-
many researchers correlate these units with the Qing- structions and with the best-established Late Precam-
baikouan Xiamaling Formation in the Jixian stratotype brian APWP, provides a good reference for testing
section, which has a glauconite K—-Ar age of 956 Ma whether the NCB was part of Rodinia.
(Xing, 1989 and a limestone Pb—Pb age of 8748 Ma Buchan et al. (2001selected more than a dozen
(Qiao and Gao, 1997Furthermore, there isa Pb—Pb age key poles for Precambrian Laurentia. They fall in the
of 855+ 54 Ma from the Luoyukou Formatior{g. 4) intervals of ca. 1460-1420, 1270-1230, 1140-1090 and
which conformably overlies the Sanjiaotang Forma- 780-720 Ma. Together with the Grenvillian overprint
tion. We thus assigned an age of 950 Ma to the poles related to the Grenville orogeny, two APWP loops
Cuizhuang and Sanjiaotang formations. Variations in have been identified for Laurenti&i¢. 13. The older
glauconite K—-Ar ages from the Tieling Formationis over Logan Loop, a counter clockwise loop between 1460
200 million years with an average of ca. 1100 Ma. An and 1087 Ma (the Logan loop), is well defined by key
age of~1270-1100 Ma for the Ruyang Group is con- poles Buchan et al., 2001 However, the subsequent
sistent with both the isotopic ages and the stratigraphic Grenville Loop, between ca. 1050 and 720 Ma, is defined
correlation with the Jixian sectioXing, 1989 Fig. 4). by both key poles and overprint poles, and its trend is
Pole BCP from the middle Ruyang Group is therefore still under debate (e.yVeil et al., 1998; McElhinny and
assigned an age around 1200 Ma. Pole YMSL, from the McFadden, 2000 In this study, we adapt the clock-
basal units, which satisfies all the seven quality crite- wise Grenville loop following some recent work (e.qg.
ria with an age of~1270 Ma, is one of the most reliable  Alvarez and Dunlop, 1998; McElhinny and McFadden,
poles for the Precambrian NCB. Pole JXA is an averaged 2000; Pisarevsky et al., 2003\otwithstanding that the
pole for Wumishan and Yangzhuang formations, which alternative counter-clockwise loop (eVieil etal., 1998
are the lowest rock units in the Jixianian section. An esti- cannot be ruled out.
mated age 0f~1300 Ma is given to this pole, based on Fig. 13 presents a possible position of the NCB in
isotopic datafig. 4) and stratigraphic position. Rodinia by matching its APWP with the APWP of Lau-
Fig. 12a shows a preliminary APWP for the NCB rentia (Eulerrotation of NCB relative to Laurentia 39
from ca. 1300 Ma to the Cambrian. We applied the rule 87°E, 74 counter clockwise). In this configuration,
of maintaining a minimal distance between two consec- palaeopoles from the two continents match relatively
utive poles in constructing the APWP, except for the well between ca. 1250 and ca. 700 M&d; 13: the
case of poles TL and CS, where we reversed the post-ca. 1200 Ma BCP pole of the NCB falls between the ca.
1100 Ma poles in order to match the APWP of Laurentia 1270 Ma poles and the 1100 Ma poles for Laurentia; the
(see discussions in the following section). In doing so TL pole of the NCB overlaps the ca. 1100 Ma Laurentian
we adapted the polarity athao et al. (1992, 1996pr poles; the ca. 950 Ma CS pole overlaps the ca. 980 Ma
the Cambrian poles (polarity option 1 hereafter). This is pole from the Hailiburton Intrusion in Grenville Belt; the
opposite to the polarity given by other workers (é.im ca. 800-780 Ma NF pole and the ca. 700 Ma HB pole of
et al., 1985; Huang et al., 1999vhich we call polar- the NCB fall close to the 780 Ma and 723 Ma poles from
ity option 2 hereaftefrig. 12b shows the palaeolatitudes Laurentia. The correspondence of 800-700 Ma poles is
and orientations of the NCB implied by the APWP option not as close as for the older poles, which may be due
1. It demonstrates that North China remained at low to partly to true polar wander, as suggestedLet al.
intermedium palaeolatitudes from ca. 1300 Ma to early (2004)for that time interval.
Palaeozoic. Given the uncertainty in the polarities, NCB ~ The position of the NCB relative to Laurentia in
could also have been at mirror image positions to those Fig. 13is similar to that suggested by Li et al. (1996),

shown inFig. 12 relative to the equator. but with a modified orientation. There is a ca. 3000 km
gap between the NCB and Laurentia in this fit, which
5.3. North China’s position in Rodinia can accommodate the Siberia craton (é4gpffman,

1991; Condie and Rosen, 1994; Frost et al., 1998;
In testing configurations of the Late Precambrian Rainbird et al., 1998; Pisarevsky et al., 2D06r pos-
supercontinent Rodinia, Precambrian palaeomagneticsibly other continental blocks. Ifrig. 13 we have
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Fig. 13. Relationship between the NCB and Laurentia based on the best fit of the palaecomagnetic data (all in present North America coordinates)
NCB poles (green dot3able J are plotted with theidgs (95% confidence circles), after being rotated to North America using Euler rotatioN,(39

087°E, 7#). Key Laurentian poles (orange squaischan et al., 20QTable 1) are numbered and shown as small squares: 1. Michikamau anorthosite
pluton, 1460 Ma; 2. Harp Lake complex, 1450 Ma; 3. Laramie complex and Sherman Granite, 1434 Ma,; 4. Mistastin complex, 1420 Ma; 5. Mackenzie
dolerite dykes, 126F 2 Ma; 6. Sudbury dolerite dykes, 1235 Ma; 7. Abitibi dolerite dykes, t41Ma; 8. Logan dolerite sills, 1108 1 Ma; 9.

Reversely magnetized Upper Osler lavas, 1+@Ma; 10. Portage Lake lavas, 1088 Ma; 11. Lake Shore traps, 10872 Ma; 17. Western

North America intrusions, 780 Ma; 18. Franklin dykes, 723+3Ma; other poles of Grenville age are aftdcElhinny and McFadden (2000)
andPisarevsky et al. (2003})2. Nonesuch Shale, 1050 Ma; 13. Freda sandstone, 1050 Ma; 14. Jacobsville sandstone, 1020 Ma, 15. Chequamegor
Sandstone, 1020 Ma, 16. Hailiburton Intrusier®80 Ma. The 615 Ma Cambrian pole is affBorsvik et al. (1996) Two positions for Siberia

are shown: the position in dashed-line (position 1) is dferst et al. (1998)and the position in solid-line (position 2) corresponds to the best
paleomagnetic fit position bisarevsky and Natapov (2003Yulf equal-angle projection.

shown the Siberia-Laurentia fit according Foost et ship between the two continents during the Meso- and
al. (1998) (position 1) as well as the latest fit by Neoproterozoic\Wang et al., 1997; Wang and Zhang,
Pisarevsky and Natapov (2003position 2). A conti- 2002.

nental connection between the NCB and Laurentia is  The ca. 1270 Ma YMSL pole and the ca. 1300 Ma
consistent with biogeographical analyses\V@éng et JXA pole for the NCB are distant from the ca. 1400
al. (1997) They found that the 900-800 Ma Tawuia- to 1260 Ma poles for Laurentia, implying that the NCB
Longfengshania macroalgae assemblage is almost idenprobably did not move as a coherent plate with Lau-
tical to that found in the Greyson shale in Montana and rentia before ca. 1200 Ma. The DJ pole from the NCB
in the Little Dal Formation in the McKenzie Mountains (ca. 650 Ma) still falls close to the Laurentian APWP
of northwestern Laurentia, indicating a close relation- (Fig. 13, but not the ca. 530 Ma Early Cambrian pole.
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This may indicate that break up between Laurentia and M.T.D. Wingate and two reviewers for helpful com-

the NCB took place between 650 and 615 Ma. ments. This is TSRC publication #317, and a contribu-
tion to IGCP 440: Rodinia Assembly and Breakup.

6. Conclusions
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