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A New Idea for Studying Geometry of Supercontinent Breakup:
the Application of Truncated Icosahedra

LIU Shoujie LI Jianghai HE Dian
Key Laboratory of Orogenic Belts and Crustal Evolution, School of Earth and Space Sciences, Peking University, Beijing 100871

Abstract Truncated icosahedra is one of the most widely used spherical tensility modules. Under uniform extension,
spherical shell tends to break up along the edge of this module. Previous workers tried to use truncated icosahedra to ex-
plain the distribution of rifting system, anorogenic magmatism and dyke swarms of Laurentia and Gondwana in a global
view. On such a basis, the authors have used this module to explain the distribution of the present mid-ocean ridge, the
contour of the Great Rift Valley and the distribution of the rifting system of the North China Craton dated 1. 80 Ga. Accord-
ing to this module, when its radius is unit 1, its edge should be 23.3°. If we use Earths even radius, the length of the lon-
gest straight line rift is 2589. 53 km, and the angle of pentagon and hexagon is 111.4° and 124. 3" respectively. That is, a
rift longer than 2589. 53 km would turn at an angle of 120° or so.
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Fig. 1 Global oceanic floor topography (a) and East African Great Rift Valley (b)

SRR AL 2 — (Hidenori, 2001), HARH
L SaRkTRh g A BTUE kKL
{4 4E ( Anderson, 1982, 2001, 2002), TEH5IH
KRR T R IRTT, LIRSS 13RI
RS dERE LA R B AL, RABTUE AR
JUATHRHE . AR BT R B H R Thi
/N(Sears et al. , 2005) ,

A SCTERT AN SRR B, 3R TUE — - dE AL
il AT 1R — 2 W ERT, I AMERE 2
BITEARRMBR R KW ELRAKER 2589. 53
km, B K I8, WAK L 1200 £ LAHT, [
B, NP IR B AR R T LR R A R
DA AL FEHIIE 1. 80 Ga AR AT, FERTEHE
BB REAMT B E N SRS S A R X
REZfR A, 7T DL R R R R R L AR i J LA T

7

who

1 FIE ik

BRATHEBNA R IELZEEE: HIE=4A
TE T 2H B A0 1E PO AR, IE A A, IE + —Ek, I E
FEAR A Rt TE AT AU ML TR . IREATIEIE
ZHEARE AR Z S0 SRR TR R, N5 3
B SR AR B B IE 2500 9F AR SR i B I BRI 1Y
SRR —E T+,

BBTE - T HEEpS, FZ R — 1Rk
(RER) xR R A 1L, AT I E S,
BB R T LIPS K 0. 4063379

rad(23.3°) , IEHATE T R 111. 4°, IE/HTEH
TR 124.3°, IE N M E BN 0. 2950691 , 17
MIE RN 0. 4512774, FHERFH L EH A ER
HEFES, W5 KA 2589. 53 km, E LATEH
R G 150428154.311 km’, IE X I 8 1@ AL R
230064165. 866 km’,

BRAAH®, ARE SR EHEHLNARBA
AETE - FEARJURE. MER, E8HS
TR, R, T R F RS LA R s Y,
fa5e LIRS B A (4TI R, BERAS
U1, WK A 9 LA B K % (Anderson, 2002) ., B ]
AR — ML BRE S bk e I
BIE T EERN T AEE SR HXF A=
TFIEFERI TR/ (Sears et al. ,2001,2003,2005) ,

AOEBRE—RE, AEZSINHEIN
X, A A B S R TUE = AR 7 LR
I, BAENEIA NS RULIEELDERE TS
T A SETIE 1 E AR B —B.

2 FAETUE — A A AL A K i 3
for B SE 1
FEBICE T4 SR, WAV KRERAE,

ST A S RRRA RAAUR 1. 80 Ga #4638

BB SR, B FARTUE — + 4

I TCR AR B 10 11

21 RARFBESRENT
B 1(a) ARSI R



Fom

X SFAB % A8 KB B LT B 5 31 8 B — TR UE — + T A R R A 611

TRREPENATAES . AREPFRHH
SR FRBET 200 Ma [X] FL44HE K it 3 A 54
BT, EATEERMTUEES EWRED, X
PP I E BIE A BIUE — A EARIE
e, KTHEFETEH L RITRA =F AOLE, IR
HIEBUE — HEETAAE, LR AE A
(B RPN E ML ERREEA ) . XEAD
Tk KT o MR KBRS LB, B —
B AN 120° 5 F . SRREARIN K B LR B
B RE i e K 7Y P 4 i 0 3 A AL B ED R
PEPEE = UH, FRI BRI TR RV A, B
EE Iy A Rea 27 T e

HAETEZ AXENEAESHRERRS (H
1(b)) &K 5000 LAH, HEES L, FERRS
HARHAE MRS HHBRI AR 12000
7. EPRIERSH EBRSOEBURTETBHR=
EEANRS, FEMTERERIEREFH—FE,
32500 km 747, ARIF—LIE—I T B R IIEHIK
bR AR TR IE =+ AR s O L B e R B
Fo
2.2 NEHKHE

] 2 (Lawver et al. , 1999; Sears et al. ,2005) &
7R T 200 Ma R FLA KRt At bR, KRR LRk
B AR IESNIN A TEN . 200 Ma X FLAY R
KBS LA R AR T L1 3R W31 T A A TR

E = B AL 251 (Sears et al. , 2005) : i

W5 RR S XA R RO R LB BRI R A
JEE LA RIS SR R A M KEiR A
AR LA A A TR TUE — AR ey 8 L JEM
K RS R IRAR B 2 F RS A LA
FAR R O M AT R L & B SR — Nl
%, KRS R R T RN IS IR R B
BTSRRI — B HEE K
K, BiE Z A RNA FE RIS AT AR
P Ak HP , PR I8 - 19 2% B 44 ( Limpopo-Botswana ) Al
4522 SR LK Y T ( Transkei-Namibia ) AR5 HER¥
R A5 (Hunter, 1987) 5 HEETUE —+
TR —40 . TER ARG, RA =EANEL
B AR #5232 (Burke et al. , 1973) , XHEEITA 20,
000 km KRS R, 2555 T #HITUE — +HEAR
15 31, H B A& BT W BL 40 KB 9 347 (Sears et
al. , 2005),

2.3 HFEoKE

B2 200 Ma R RERHAMIEE AR
(3 Sears 25,2005 B20)
Fig. 2 Distribution of rift system and anorogenic magmatism
of Gondwana at 200 Ma ( after Sears et al. , 2005)
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Fig. 3 Distribution of rift system and anorogenic magmatism
of Laurentia, Paleoprotozoic to Mesoprotozoic
( after Sears et al. , 2005)
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Fig. 4 Distribution of rift system and anorogenic magmatism of North China Craton (1.80 Ga) ( modified from Li et al. , 2006)

48 A 1 25(1.70~1.80 Ga) r
m rifts and aulacogen(1.70~1.80 Ga) ‘
£HFIE(~1.80 Ga)
kimberlite(~1.80 Ga)

1€ 4 % (~1.80 Ga)
granite(~1.80Ga)

structure boundary

#Ek #(~1.80 Ga)
gabbro(~1.80 Ga)

£ K 4(~1.70Ga)
anorthosite(~1.7@a)

R B AR 7 7 A B — R e R A,
AR AP AR LA KIS 30, 22 LA LA
By L RAE R, o] LU TUE =+ m ke
PR ok AR AR R . X MR TR AT
Rl AR F SR AR T LA B B

&30

RHIE, ZEILHG, XIEH, R 2005, AJb5nE Gon i ARK
RSN BihaSamE. aRRER, 15(11). 1366 ~
1373.

LM, RHE, B, KES, SAEBs 2001, AdbEhLE XY AT
KRLEHE KRR REARY. SAHFR, 17(2) . 177 ~186.

BV, XIFE, FRE. 2006. HdbhIdE ol KB E—®
HEWR BB REER. PEME, 33(6): 60 ~70.

B, BYE, WEE, BAF, RER. 2004, £Jb5E4H1.80 Ga

SR B SRR AHE SRR O B RR R R K
Bl BEER, 20(3) : 439 ~456.

References

Anderson D L. 1982. Hotspots, polar wander, Mesozoic convection and
the geoid. Nature, 297 391 ~393.

Anderson D L. 2001. Top-down tectonics? Science, 293:2017 ~2018.

Anderson D L. 2002. How many plates? Geology, 30: 411 ~ 414.

Burke K, Dewey ] F. 1973. Plume — generated triple junctions: key in-
dicators in applying plate tectonics to old rocks. Journal of Geology,
81 406 ~433.

Condie, K C. 2001. Mantle plumes and their record in Earth history.
Cambridge: Cambridge University Press, 216 ~241.

Hatcher Jr R D, Zietz I, Litehiser J J. 1987. Crustal subdivisions of the

eastern and central United States and a seismic boundary hypothesis



614 O

2 R 2007 4

for eastern seismicity. Geology, 15;: 528 ~ 532.

Hidenori M, Yoshitaka N. 2001. Static and dynamic characterization of
regular truncated icosahedral and dodecahedral tensegrity modules.
International Journal of Solid and Structure, 38: 9359 ~ 9381

Hou Guiting, Li Jianghai, Liu Yulin, Qian Xianglin. 2005. Extensional
event of North China Craton in Paleoproterozoic ; aulacogen and dyke
swarms. Progress in Nature Science, 15{11) :1366 ~1373 (in Chi-
nese with English abstract).

Hunter D R, Reid D L. 1987. Mafic dyke swarms in southern Africa.
In; Halls, H. C. ,
Canada, 34. 445 ~456.

John ] W, Rogers, M Santosh. 2002. Configuration of Columbia, a Me-

Fahrig, Special Paper-Geological Association of

soproterozoic Supercontinent. Gondwana Research,5(1) :5 ~2.

Lawver L A, Gahagan L M, Dalziel IWD. 1999. A tight fitearly Mesozo-
ic Gondwana, a plate reconstruction perspective. National Institute
of Polar Research, Special Issue, 53: 214 ~229.

Li Jianghai, Hou Guiting, Huang Xiongnan, Zhang Zhiquan, Qian Xian-
glin. 2001. The constraint for the supercontinental cycles: evidence
from Precambrian geology of North China Block. Acta Petrologica
Sinica, 17 (2) ; 177 ~ 186 (in Chinese with English abstract).

Li Jianghai, Liu Shoujie, Hou Guiting. 2006. Nature of the latest Paleo-
proterozoic tectono — magmatic event in central North China and its
tectonic genetic model. Geology in China, 33(6) ; 60 ~70.

Marshak S, Karlstrom K E, Timmons ] M. 2000. Inversion of Proterozoic
extensional faults: an explanation for the pattem of Laramide and
ancestral Rockies intracratonic deformation, United States. Geolo-
gy, 28 735 ~738.

Paulsen T, Marshak S. 1994. Cratonic weak zone in the U. S. continen-
tal interior: the Dakota-Carolina corridor. Geology, 22: 15 ~18.

Peng Peng, Zhai Minguo, Zhang Huafeng, Zhao Taiping, Ni Zhiyao.
2004. Geochemistry and geologic significance of the 1. 80 Ga mafic
dyke swarms in the North China Craton: an example from the junc-
ture of Shanxi, Hebei and Inner Mongolia. Acta Petrologica Sinica,
20(3): 439 ~456 (in Chinese with English abstract).

Rogers ] ] W, Santosh M. 2002. Configuration of Columbia, a Mesoprot-
erozoic Supercontinent. Gondwana Res., 5:5 ~22.

Sears ] W. 2001. Icosahedral fracture tessellation of early Mesoproterozo-
ic Laurentia. Geology, 29: 327 ~330.

Sears JW. 2003. On the edge of the icosahedron; anatomy of the Montan-
a-Tennessee structural corridor. Abstracts with Programs-Geological
Society of America, 35 (5) .41.

Sears ] W, Price R A. 2003. Tightening the Siberian connection to west-
em Laurentia. Geological Society of America Bulletin, 115: 943 ~
953. '

Sears ] W. , Gregory M. St. George, J. Chris Winne. 2005. Continen-
tal rift systems and anorogenic magmatism. Lithos, 80 147 ~ 154,

Van Schmus W R, Bickford M E. 1993. Transcontinental Proterozoic
provinces. In: Reed, J C, Bickford, M E, Houston, R S, Link, P
K, Rankin, D W, Sims, P K, Van Schmus, W R(Eds. ), Geolo-
gy of North America. Geological Society of America DNAG, C-2:
171 ~334.

Zhao Guochun, Cawood P A, Wilde S A, Sun Min. 2002. Review of
global 2.1 ~ 1.8 Ga orogens: implications for a pre-Rodinia super-
continent. Eax{h —Science Reviews, 59 125 ~162.

Zhao Guochun, Sun Min, Wilde S A, Li Sanzhong. 2004. A Paleo-Me-
soproterozoic supercontinent; assembly, growth and breakup. Earth
Science Review, 67: 91 ~123.

AVEANEAN LA AL LA A LA LAt UAt BN LAt At EAEAt At Lt tat bal Lallal LAt LAt LAt Eattalfal fal Lal Lot faltal Lal talUat fallat fatlal battal Lot al faltalt

R EET R RIK 2007 FEMBAMNMESRRES K

AT ) 2 4 2007 AR FEME KT 10 A 31
A7l 2617, R BTt R R 2 KBRS
BARESE,

MEETR R KBNS A FEM A SR
WEES RS, e R R b A 4R R AR R
AT YR P A EERA SAF @ TP
FE PE SRS R o R AR R 0 9 S R R AR B,
BeEBR A 3R o E e 4000 km B AU E R
JRHA R A AR R B S W A R R R, A

i e B R Kl O A ) R 1 B K
KA G B e R/ e IR AR B X TR
R BT b A R T IR vh B
BER G RIFGRAE LR A SRR R A SR S
IR P& RIA SR, 48 R BT IR
g R TN

HERUKEL 2EARFRRBZAKE
AR IR EIK o

({5 B3k .2007-12-13. http://www. cags. net. cn/20071109-2. htm)



