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Nance et al. 1988. The Supercontinent Cycle 



Tópicos a serem abordados:

1. Origem e evolução da crosta continental

2. Continentes, Supercontinentes e Supercratons

3. O ciclo de Supercontinentes

4. Seriam os supercontinentes introvertidos ou extrovertidos ? 


5. Velocidade de Placas no Arqueano, Pangea A e B, Columbia

6. Síntese





Strange attractors



Spiritual interloopers



Lonely wanderers



Supercontinentes: reunião de diversos blocos de litosfera continental 
compreendendo pelo menos 70% da superfície total dos continentes (Meert, 
2012) – Colúmbia, Rodinia, Pangea.

 

Supercrátons: reunião de diversos blocos de litosfera continental que 
corresponde a menos de 70% da superfície total dos continentes

Pangea

(Wegener, 1913, Du Toit, 1923; 
Irving, 1953)

 

Rodinia

(Hoffman, 1991, Dalziel, 1991; 
D’Agrella-Filho et al. 1998, Weil 
et al., 1998)


Columbia

(Zhao et al., 2002, 2004; Meert, 
2003, Bispo-Santos et al., 2008, 
Evans & Mitchell, 2011)



Supercontinent reconstruction criteria


Classical methods (Wegener, Du Toit):

1) Coastlines fit 

2) Fossils

3) Paleoclimatic indicators (glacials, carbonate e evaporite)

4) Continuity of geological provinces


‘Modern’ methods (Precambrian continentes)

1) Transform faults

2) Seafloor magnetic anomalies

3) Continuity of isotopic provinces

4) Provenance studies (Pb-Hf in zircon, Ar-Ar in micas) 

5) Age and continuity of dyke swarms and LIPs (barcode)

6) Paleomagnetism (only quantitative way to test paleogeographic 

configurations)



Two main assumptions of 
Paleomagnetism


GAD: For long time intervals (>10 Ka) the Earth’s 
magnetic field behaves as a dipole centered in the 
planet and aligned with its spinning axis.


Rocks get (and stay) magnetized in the geological 
time scale: when rocks are formed they acquire a 
remanent magnetization parallel to the ambient 
magnetic field. This magnetization decays slowly 
(multi-million to billions of years time scale).



Earth’s internal structure

Crust

Solid 
metallic 
inner core

Liquid metallic outer core

Viscous silicate mantle



Origin of the Earth’s Magnetic Field

Where the field is measured

Sources of 
energy

Generation of field

Boundary condition with slow time-variation



Convecção no núcleo + giro diferencial 
geram o campo magnético terrestre



n = 14 to 15



“It is not very well known exactly how much time is required to average out 
secular variation; the consensus is that it is more than 400 years but less 
than 5 million. Most text books claim that 104 –105 years is sufficient. The 
minimum number of sampling sites required for a “good” average is also 
poorly constrained. Conventional wisdom suggests at least ten, while (Tauxe 
et al., 2003) suggest that approximately 100 sites are required to fully 
sample secular variation.”	 

	 	 	 	 	                                                           Tauxe (2015)

Merrill and MacElhinny (1983) in Butler 
(1992)

Global average paleomagnetic poles each 
100 yrs for the past two millenia



The ‘normal’ GAD field

Glatzmaier and Roberts, 1995, Nature, 
vol. 377, p. 203-209. http://es.ucsc.edu/~glatz/geodynamo.html



The dipolar record of Kewenawan lavas (1.1 Ga)

Swanson-Hyssel et al. (2010)



Onde:

T > Tblocking T < Tblocking

random magnetic moments magnetic moments


aligned with the ambiente magnetic field



Nagy et al. (2007) PNAS

Domain structure and magnetic stability in magnetite



We also usually assume that:

Plate velocities were similar to present-day (or 
Phanerozoic) in the distant past: estimates from 
paleomagnetism of Phanerozoic units sets a speed 
limit of ~2o/Myr (Tarduno et al., 1990, Meert et al., 
1993).


Most of the record represents the dipole field, not 
transient field: statistically, given the rapid nature of 
the reversal (total duration ~103 yrs) most of the rock 
record of the ancient field corresponds to one of the 
two polarities.



Polarity ambiguity




Longitude ambiguity




Apparent polar wander path
Ken Creer (1925-2020)



Supercontinent assembly from paleomagnetism



Supercontinent assembly from paleomagnetism



Fundamentals of Paleomagnetism



Fundamentals of Paleomagnetism







Paleomagnetism:

A quantitative test for paleogeographic reconstructions.

SAMBA

fitting

Evans and Mitchell 2011, 
Geology

Euler poles to Laurentia.

Siberia (78, 099, +147)

Greenland (67.5, 241.5, -13.8)

Baltica (47.5, 0001.5, +49)

Australian blocks (31.5, 098, +102.5)

North China (11, 196, -24)


Euler poles to Baltica

West Africa to Baltica (06, 029, -93)

Amazonia to Baltica (43, 197, 84)




A Pangea (Urkontinent) de Wegener (1922)



Pangea A1, A2, B...

A1                                     A2                                    B



Misfit of paleomagnetic poles



After a critical reaprisal…







Supercontinentes



Elsevier book:

Ancient Supercontinents and the Paleogeography of the Earth

by Lauri Pesonen et al. (+50 authors).


The continental drift history and paleogeography of Precambrian 
supercontinents are presented in a single book.


(i) present updated drift histories of Precambrian cratons using the 
best and most recent paleomagnetic data coupled with new precise 
radiometric age data,

(ii) test paleolatitude observations with available paleoclimate 
indicators of latitudes

(iii) highlight the evolutionary history of the cratons with geological 
and geophysical constraints.



Elsevier book:

Ancient Supercontinents and the Paleogeography of the Earth

by Lauri Pesonen et al. (+50 authors).


The continental drift history and paleogeography of Precambrian 
supercontinents are presented in a single book.


(i) present updated drift histories of Precambrian cratons using the 
best and most recent paleomagnetic data coupled with new precise 
radiometric age data,

(ii) test paleolatitude observations with available paleoclimate 
indicators of latitudes

(iii) highlight the evolutionary history of the cratons with geological 
and geophysical constraints.





Sinyai 
dolerites

546 Ma

Uauá dikes

2624 Ma

Jequié charn.

2035 Ma

Pará de Minas 
dikes 1794 Ma

Bambuí 520 Ma

Salitre 520 Ma

Bahia coastal 
dikes 926 Ma

Nyanzian 
lavas


2681 Ma


Kisii lavas

2680

Gagwe 
lavas


795 Ma

Mbozi 
complex

743 Ma

Luakela 
volcanics

765 Ma

Kunene 
anorthosite


1373 Ma

Huila-Epembe 
dikes


1100 Ma

Nola dikes

571 Ma

Curaça volc. 
1507 Ma



Congo – São Francisco Craton Latitudinal drift



North China Craton Latitudinal drift

Zhang et al., 2021. Ancient superocontinents book, Elsevier

oldest Paleomagnetic pole for 1780 Ma 





Caxito et al. (2020) Lithos



Congo-São Francisco

Craton in Columbia

1- Pará de Minas swarm

2- Taihang-Yinshan swarm

3- Florida swarm

4- Hart dolerites

5- Pipilia swarm

6- Pebbair swarm. 

star: Xiong’er plume center

         (North China)  

Trindade et al. (in press)



A short-lived KINCA?

Kalahari, India, North China, Congo-São Francisco, Australia

Trindade et al. 2021. Ancient supercontinents book

SAMBA
KINCA



Bar code + reversals + paleomagnetism

Hanson et al. (2004) Science



Salminen et al. (2018) Geology

Huila-Epembe pole

1100 Ma



Choudhary et al. (2019) Prec. Res.

Bar code + paleomagnetism

Umkondia and Rodinia



Amazonian Craton




Amazonian Craton




Amazonian

Craton


Latitudinal drift
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Amazonia – West Africa

connection
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low-density minerals and clay fraction were removed using a Wilfley
table. Heavy minerals were then isolated using heavy liquids
(tetrabromoethane and diiodomethane, with respective densities of
2.967 and 3.325 g/cm3). Magnetic minerals were consequently re-
moved with a Franz magnetic separator. Finally, the apatite grains
were handpicked using a binocular microscope before being mounted
into epoxy puck and polished. U\\Pb data were acquired at the Isotopic
Geochemistry Laboratory in Federal University of Ouro Preto
(UFOP, Brazil) using a 193 nm HelEX Photon Machine coupled with
a ThermoScientific Neptune Plus Multicollector (LA-MC-ICP-MS).

A beam spot size of 85 μm was used with beam energy densities of
6 J/cm−2, and a 6-Hz repetition rate. During apatite U\\Pb measure-
ment sequences, the 91,500 zircon (Wiedenbeck et al., 1995) was
used as a primary reference standard, while the Durango apatite
(McDowell et al., 2005), the 401 apatite (Thompson et al., 2016), and
the Madagascar apatite (Thomson et al., 2012) were used as secondary
referencematerial in order to correct for matrix match effects as well as
to constrain and verify the corrections accuracy and reproducibility.
Data reduction and correction was carried out with the SATURN pack-
age of the laboratory of Ouro Preto. Apatite U\\Pb ages of the studied

Fig. 1. Inset: Location of the study area in theWest African Craton (WAC). Geological map of the Neoproterozoic units of Ghana with sampling location for geochronology (red stars) and
paleomagnetism. *: U\\Pb baddeleyite age of GH08=867± 16Ma (Manso) andGH07=915±7Ma (Oda) from Baratoux et al. (2019). **: U\\Pb apatite ages of GH05=857.2± 8.5Ma
and GH16 = 855 ± 16 Ma from this study. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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and two specimens showing awestern directionwith low positive incli-
nation (Fig. 5C). This western direction was also disclosed for the ori-
ented block collected at ~30 m from the contact (OB8). Differently
from the OB7 block, specimens from the OB8 block are well-clustered
(Dm = 291.3° Im = 31°, α95 = 7.6°, k = 46.7) with a stable ChRM
until ~500 °C. This baked contact test can be considered as positive
and attests to the primary origin of the stable ChRM disclosed in the
Manso dykes.

4.4. Magnetic mineralogy

Most opaque phases show composite texture of ilmenite-magnetite
and probably titanomagnetite (Haggerty, 1991). Fig. 6A shows a repre-
sentative magnetite with ilmenite lamellae in a coarse-grained dolerite
dyke (GH16). Intergrowth textures with ilmenite exsolutions are

generally related to a stable thermoremanent magnetization (TRM)
which supports our interpretation of the paleomagnetic results (Evans
and Wayman, 1974). Fig. 6B shows three thermomagnetic curves, two
for the Manso (GH08 and GH14) and one for the Oda dyke (GH07).
The sample GH08A shows a curve with a reversible behavior between
the heating and cooling steps whereas the cooling curve for samples
GH14B3 and GH07B3 are not perfectly reversible. All samples show a
Curie temperature (Tc) at about 560–580 °C, and a Hopkinson peak for
GH08 and GH14 just below Tc (Dunlop, 1974), characteristic of fine-
grained pure magnetite. The Day plot (Fig. 6C) and FORC diagrams
(Fig. 6D) indicate domain states mainly in the stable single-domain
(SD) to pseudo-single domain (PSD) fields. Values of Mrs./Ms. higher
than 0.10, and the strong proportion of 60–40% of single domains mag-
netite in the Day plot are consistent with the narrow unblocking tem-
peratures above 540 °C. FORC diagram of sample GH08H1 is typical of

Fig. 5. Baked contact test for the GH12 dyke (~1m inwidth). A: Geological sketch of the outcropwith location of the sampled oriented blocks (star) of dykes (in green), and the host rocks
at contact (in red), at ~1 m (in pink), and at ~30 m (in blue) from the contact. B: Field photograph of the GH11 lamprophyre dyke, 0.30 m wide, located in (A). C: Equal-area stereonets
(filled (open) symbols represent positive inclination) of site-mean directions for the GH12 dyke (in green) and the subsequent host rocks at contact (in red), at ~1m (in pink), and ~ 30m
(in blue) from the contact. Magnetization intensity decay curves (M/Mmax) are indicated. D: Zijderveld plots for representative specimens after thermal demagnetization from the GH12
dyke (OB4A1), the host rock at contact (OB6A2b) and at ~30m (OB8E1). (For interpretation of the references to colour in this figure legend, the reader is referred to theweb version of this
article.)
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Amazonia – West Africa connection




reorganization and convergence at the edge of the mega block of the
Borborema Province was followed by a Tonian rifting (dos Santos
et al., 2010; Neves et al., 2020).

Detrital zircon ages on Neoproterozoic units from northern and
southern West Africa (Ait Lahna et al., 2020; Bouougri et al., 2020;
Kalsbeek et al., 2008) indicate “Grenvillian” ages (~1250–925 Ma).
The potential sources of these Mesoproterozoic-Neoproterozoic zircon
grains could be explained by the proximity of the Grenvillian orogens
to the west such as Sunsás and Sveconorwegian and the associated
small blocks (e.g. Oaxaquia, Maya), and the Cariri Velhos event to
the east. Major shifts in the sedimentation on the West African
Craton suggest a complete breakup of the WABAMGO from Baltica
and São Francisco-Congo after ~800 Ma with the development of sub-
duction zones in northern West Africa in the late Neoproterozoic
(Triantafyllou et al., 2016). Following this model, the proximity of
the Congo-São Francisco and West Africa may explain the large dis-
placements along the major dextral Transbrasiliano lineament with
the closure of the Pharusian Ocean during the assembly of Gondwana
in late Neoproterozoic times. The proposed long-lived WABAMGO jux-
taposition is geologically and paleomagnetically viable between ~1200
and 800 Ma.

5.3. Implications for the Rodinia assembly

Using our newMaster APWpath for theWest Africa-Baltica-Amazo-
nia-Congo block, the reconstruction at ~1110Ma shows that the assem-
bly of Rodinia is dominated by the V-shape closure of the external Nuna
Ocean (Li et al., 2019), or Grenville Ocean, (Sadowski and Bettencourt,
1996), between the northern Laurentian blocks and the southern
WABAMGO (Fig. 8A). This hypothesis of the closure of this Ocean by ac-
cretionary orogens was previously suggested on geological grounds
(Cawood and Pisarevsky, 2017; Martin et al., 2020), but our study add
a paleomagnetic support. The Kalahari Craton is positioned in Fig. 8
along the southern tip of Congo (pos-A) as in (Salminen et al., 2018)
or in its inverted position (pos\\B) with the Natal-Namaqua orogen

facing the coeval Grenville orogen in Laurentia, in both cases
constrained by the ~1109 Ma Umkondo pole (K1) (Swanson-Hysell
et al., 2015a). In the preferred position B, the Kalahari Cratonwill collide
with the southern coast of Laurentia after the closure of the external
Nuna Ocean (Fig. 8B). Nevertheless, the Kalahari position is poorly
constrained in Rodinia, and is beyond the scope of this contribution.
The orientation of West Africa in the WABAMGO configuration (pos-A,
Fig. 8B) differs from the SAMBA model, in which the western margin
ofWest Africa is associated to the southern part of Baltica. Nevertheless,
our new proposed configuration requires new Tonian high-quality
poles for the unconstrained cratons, especially Amazonia, and new
Mesoproterozoic poles for West Africa to confirm the relative orienta-
tion between Amazonia and West Africa. Discarding the ~1105 Ma
WA1 pole, a position closer to the SAMBA model (Johansson, 2009) is
paleomagnetically plausible for West Africa (pos-B, Fig. 8B).

For the final paleogeographic configuration at 925–850 Ma we can
compare the position ofWest Africa derived from theManso paleomag-
netic pole with the available record of Laurentia and surrounding blocks
(Fig. 8C). Three paleomagnetic poles are available for the northern
blocks of Rodinia. Laurentia can be constrained by the basal units from
the Little Dal Group, LA3 pole, which passes a fold test, and its age was
recently constrained by high-quality correlations between 892 and
849 Ma (Greenman et al., 2020; van Acken et al., 2013). One pole for
the Tarim (T1) at ~880 Ma (Wen et al., 2018), and one pole for North
China at ~895 Ma (NC1) (Fu et al., 2015) complete the paleomagnetic
database for the northern blocks of Rodinia. Our model implies that
Rodinia was formed by extroversion (Murphy and Nance, 2003), with
the closure of an external Nuna Ocean between two large blocks, the
southernWABAMGO and the northern Laurentian block. Rodiniawasfi-
nally assembled by a large dextral motion of the Australia-Tarim blocks
as suggested byWen et al. (2018). The polar location of theWABAMGO
at ~900 Ma, together with the low-mid latitudinal distribution of
Laurentia and the blocks of North China, Tarim, Australia (?) confirms
a pan-latitudinal rather than an equatorially distributed supercontinent
as suggested by Jing et al. (2019).

Fig. 7. A: TheWABAMGO (West Africa-Baltica-Amazonia-Congo) juxtaposition using Baltica as reference frame in present coordinates. Euler poles used in the Baltica reference frame for
the different cratons in theWABAMGO configuration: West Africa (1.375°N, 15.1585°E,−66.0819°), Amazonia (10.894°S, 369.8179°E,−89.4471°), Congo (52.32°S, 158.71°E,−70.57°).
The São Francisco Craton is rotated to Congo using its pre-Mesozoic configuration (46.8°N, 329.4°E, 55°, (McElhinny et al., 2003)). Kalahari is connected to the Congo Craton (12.8°S, 19°E,
−43.2°) according the configuration of Salminen et al. (2018). Present North is indicated for each craton by an arrow. Abbreviations for the ~ 1200–1000 Ma Grenvillian orogens (in black):
(1) Sveconorwegian orogen, (2) Sunsás orogen, (3) Cariris Velhos event, (4) Namaqua-Natal orogen. Tonian large igneous provinces (LIPs, in red) are indicated. B: Master apparent polar
wander (APW) path for theWABAMGObetween ~1200 and 850Ma. Paleomagnetic poles and used abbreviations are listed in the Table 2. (For interpretation of the references to colour in
this figure legend, the reader is referred to the web version of this article.)

P.Y.J. Antonio, L. Baratoux, R.I.F. Trindade et al. Gondwana Research 94 (2021) 28–43

39



6. Conclusions

New U\\Pb apatite ages of 857.2 ± 8.5 Ma and 855 ± 16 Ma agree
with the previous 867 ± 16 Ma U-Pb baddeleyite age (Baratoux et al.,
2019) confirming the extension of the Manso dyke swarm to the
north of Ghana. A ~ 860 Ma Manso key pole (28.3°S, 177.6°E, A95 =
12.7°, R= 7) was calculated and represent the first high-quality paleo-
magnetic data in Early Tonian for the West African Craton. The rema-
nent magnetization is considered as primary, passing a baked contact
test and a reversal test. The paleomagnetic database for West Africa,
Baltica, Amazonia, and the Congo-São Francisco cratons supports a
long-lived continental unit between ~1200 and 800 Ma, the
WABAMGO juxtaposition. During the late Mesoproterozoic-Early
Neoproterozoic (~1200–900 Ma), the WABAMGO and the Laurentia
were drifting southward. During this migration, a clockwise rotation
of the WABAMGO in relation to Laurentia closed the external Nuna

Ocean causing the Grenvillian collisions suturing the Rodinia
supercontinent. Thus, this model favors with paleomagnetic support
the formation of the Rodinia supercontinent by extroversion.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.gr.2021.02.010.
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Fig. 8. A: Paleogeography reconstruction of the Rodinia assembly at ~1110 Ma showing the presence of the external Nuna Ocean (Grenville Ocean) between the WABAMGO (south
Rodinia) and the Laurentia (north Rodinia). Two plausible positions are illustrated for the Kalahari Craton with the Salminen et al. (2018) configuration (pos-A), and Kalahari placed in
the west of Amazonia (pos-B) as paleolongitude is arbitrary. We followed the model of Sadowski and Bettencourt (1996) using a subduction toward Amazonia. B: Paleogeography
reconstruction of the Rodinia at ~925–850 Ma. Cratons with paleomagnetic constraints (in colors) and cratons with no data (?) are indicated. Two positions ofWest Africa are illustrated
with the position A in agreement with the WABAMGO configuration and the plausible position B according to the uncertainty for the paleolongitude. The hypothesis of a dextral move-
ments fromWen et al. (2018) is indicated for the northern cratons of Australia-Mawson-Tarim. C: Paleomagnetic poles (north pole) used in the reconstruction at ~925–850 Ma (B). See
Table 2 for abbreviations and references.
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From Rodinia to Gondwana

Trindade et al. (2006) EPSL

Tohver et al. (2006) Precambrian Res.

D’Agrella-Filho  and Cordani (2018)

São Francisco Craton, Eastern Brazil



Summary:


Amazon and São Francisco cratons were likely part of all three supercontinents since the 
Paleoproterozoic. Few constraints exist on the Rio de la Plata Craton. 


Columbia (1800-1340): Amazonia was part of a group including Baltica, Laurentia and West Africa; 
CSF was possibly connected to North China and India, and made part of the Columbia 
supercontinent


Rodinia (1000-630 Ma): Amazonia, always in connection with Laurentia, with two different models for 
interaction; São Francisco position is not clear; 


Gondwana (630-130 Ma): One of the worst periods for the paleomagnetic record; several anomalous 
conditions suggest this was the onset of the inner core. In spite of that the available data is 
compatible with an assembly not later than 570 Ma, with poles from West Africa, Congo-São 
Francisco and Rio de la Plata coinciding at this time.


Patagonia behaved as a para-autochton terrane, with limited opening in its NE border.



