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Table DR2: Zircon Hf isotope data and methods 
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Name Age Constraints Thickness Lithologies Sedimentary
Structures

Depositional
Environments

References

Silstone
Unit

(unamed)

Conformable with
underlying Jacob
Quartzite

60 m 
(minimum)

Thinly interbedded, 
light brown to tan 
micaceous quartz 
silstone, and quartz 
sandstone

Planar lamination Shallow marine Gee (1967)

upper Rocky Cape Group, northwest Tasmania

Jacob
Quartzite

Max: 1170 ± 16 Ma 
(Youngest detrital 
zircon population)

Min: <750 Ma from 
overlying Togari
Group

Togari
Group

(<0.75 Ga)

Detention 
subgroup

(1.45−1.30 Ga)

1100 m 
<1 m tabular beds of
 medium−coarse 
quartz arenite. tabular
cross-bedding common
throughout.

<0.5 m-thic beds of 
micaceous silstone 
in upper parts 

Tabular cross-beds,
convolute folding,
ripple marks

Shallow marine,
high-energy,
nearshore

Gee (1967)

Irby
Siltstone

Max: 1258 ± 16 Ma 
(Youngest detrital 
zircon population)

Min: <750 Ma from 
overlying Togari
Group

680 m 

Disconformity inferred from abrupt change in depositional setting and shift in detrital zircon provenance 

Black mudstone, 
maroon-grey-green
silstone, quartz 
sandstone, dolomitic
mudstone, dolomitic,
silstone, dolostone,
stromatolitic dolomite

Slump folds

sandstones: planar
lamination, 
cross-bedding,
climbing ripple 
lamination,
ripple marks.

Silstone: clastic dykes,
polygonal cracks

Dolomite: microbial
lamination, 
stromatolites, ooids,
peloids, molar tooth
structure

Shallow marine,
periodically
subaerial, low
energy possibly,
a sub- tidal to 
supra-tidal 
mudflat

Gee (1967)

Calver & 
Baillie (1990)

Seymour (2002)

2015-326

2015-329

2016-003

2016-004



Name Age Constraints Thickness Lithologies Sedimentary
Structures

Depositional
Environments

References

Needles Quartzite
(1.45-1.30 Ga)

Weld River
Group

(<0.75 Ga)

Humboldt
Formation

Max: 1329 ± 20 Ma 
(Youngest detrital 
zircon population)

Min: <750 Ma from 
overlying Weld River
Group

2015-579
2015-348

2016-107
2016-106

(?)2000 m
(disrupted by
faulting)

Dolomitic mudstone, 
dolostone, stromatolitic 
dolomite, shale, red and 
orange mudstone, red 
siltstone, chert, flat-
pebble conglomerate, 
quartz arenite

Clastic dykes, 
halite hopper casts, 
molar tooth structure, 
(?)anhydrite nodules, 
oolites, stromatolites

Shallow marine,
periodically
subaerial, low
energy possibly a
sub- tidal to 
supra-tidal 
mudflat

Calver et al. (2006)

Clark Group, southern Tasmania



Name Age Constraints Thickness Lithologies Sedimentary
Structures

Depositional
Environments

References

Max: 1179 ± 13 Ma 
(Youngest detrital 
zircon population)

Min: <750 Ma from 
overlying Weld River
Group

(?)3000 m
(disrupted by
faulting)

red-purple-green 
mudstone and silstone,
quartz arenite, intra-
clastic breccia, 
dolostone

Clastic dykes, 
cross-bedding,
ripple marks,
chert nodules.

Shallow marine,
periodically
subaerial, mostly
low energy, 
possibly a sub-
to supra-tidal
mudflat.
Abundant breccia
beds in lower
parts suggest
syn-depositional
tectonism

Calver (1990)

Huon River Formation, southern Tasmania

Huon River
 Formation

2016-112

Weld River
Group

(<0.75 Ga)

(Fault)

Tyennan
Region

(1.45−1.30 Ga)



Name Age Constraints Thickness Lithologies Sedimentary
Structures

Depositional
Environments

References

Middle
Member

Max: ca. 1210 Ma 
(Youngest detrital 
zircon population)

Min: 1069 ± 3 Ma
(cross-cutting 
diabse)

135−400 m Dolomitic limestone, 
stromatolitic dolomite, 
quartz sandstone,
silstone, mudstone

Stromatolites Shallow marine Roberts (1982)
Heaman & 
Grotzinger (1992)
Mahon et al. (2014)
Mulder et al. (2017)

Crystal Spring Formation (Pahrump Group), Death Valley, California, USAHorse Thief
Springs 

Formation
(0.78−0.74 Ga)

Lower Member
of Crystal Spring

Formation
(ca. 1.32 Ga)



Name Age Constraints Thickness Lithologies Sedimentary
Structures

Depositional
Environments

References

Unkar Group, Grand Canyon, Arizona, USA

Disconformity inferred from abrupt change in depositional setting and shift in detrital zircon provenance 

Cardenas
Basalt

Dox
Formation

Hakatai
Shale

Bass
Formation

Shinumo
Sandstone

1104 Ma

Upper parts
interlayered with
1104 Ma Cardenas
Basalt 

Max: 1184 ± 5 Ma 
(Youngest detrital 
zircon population)

Max: 1243 ± 2 Ma 
(Youngest detrital 
zircon population)

Lower parts
interlayered with 
a felsic tuff dated
at 1254.8 ± 1.6 Ma 

300 m

1000−
1500 m

200−300 m

100−300 m

60−100 m

Basaltic lava flows and
asscoiated volcani-
clastic rocks

Red and maroon quartz
sandstone, arkose,
micaceous sandstone,
and mudstone

<2 m thick beds of
medium-coarse 
quartz arenite,
minor silstone
and mudstone

Tabular cross-bedding
common throughout

Red and orange 
mudstone, arkose

Tabular cross-bedding,
partling lineations,
trouchs, clastic dykes,
ripples marks

Tabular cross-bedding,
ripple marks, 
convolute folding

Clastic dykes,
polygonal cracks,
ripple marks, 
halite hopper casts

Tabular cross-bedding,
ripple marks, 
clastic dykes,
polygonal cracks,
microbial lamination,
stromatolites

Intracratonic
rift

Deltaic and
shallow marine

High energy
shallow marine,
supra-tidal
mudflat, 
fluvial,
deltaic

Sub- to supra-
tidal mudflats,
shallow marine

Low energy
shallow marine,
sub- to supra-tidal
mudflats,
conglomerates 
record
syn-depositional
seismicity

Stromatolitic 
dolomite, quartz 
sandstone, arkose,
silstone, mudstone,
felsic tuff, conglomer-
ates in lower parts
and at base

Hendricks (1972)
Larson et al. (1994) 
Weil et al. (2003) 
Timmons et al. (2005)

Stevenson and Beus (1982)
Timmons et al.  (2005)
Mulder et al. (2017)

Daneker (1975) 
Middleton and Blakey (1998)
Timmons et al. (2005) 
Mulder et al. (2017) 

Reed (1976) 
Timmons et al. (2005) 
Bloch et al. (2006) 
Mulder et al. (2017) 

Dalton (1972)
Timmons et al. (2005) 
Mulder et al. (2017) 

Chuar
Group

(0.78−0.74 Ga)

Yavapai Province
1.80−1.70 Ga, 1.40 Ga

T1269

K1275L

K16-77

JM16-77-2
JM16-77-1



Name Age Constraints Thickness Lithologies Sedimentary
Structures

Depositional
Environments

References

Apache Group, eastern Arizona, USA

Unconformity inferred from, minor folding of Mescal Limestone, abrupt change in depositional setting

Troy 
Quartzite

Mescal
Limestone

Dripping
Springs

Formation

Max: 1259 ± 1.7 Ma 
(Youngest detrital 
zircon population)

Min: 1080 Ma 
(cross-cutting 
dolerite dyke)

Min: 1080 Ma 
(cross-cutting 
dolerite dyke)

Max: 1256 ± 3 Ma 
(Youngest detrital 
zircon population)

365 m
(minimum)

75−130 m

170−215 m

Tabular bedded
arkose, quartz-arenite,
silstsone, mudstone,

conglomerate

Laminated dolomite,
stromatolitic dolomite,
chert, conglomerate,
mudstone, silstone,

basaltic lava

Arkose, siltstone,
mudstone

Cross-bedding
(tabular and trough),

ripplemarks,
convolute folding

Stromatolites,
slump folds

Tabular cross-bedding,
scour and fill

structures

Fluvial floodplain 
and braided 

stream complex,
eolian,

high energy
shallow marine

Low energy 
shallow marine

sub- to supra-
tidal mud flats,

distal alluvial fans

Schride (1967)
Weiss (1986)
Burns (1987) 
Wrucke (1989)
Mulder et al. (2017)

Schride (1967)
McConnel (1975) 
Bertrand-Sarfati and
Awramik (1992)

Shride (1967)
Engel and Elmore (1990)
Middleton and 
Montgomery (2001) 
Beraldi-Campesi et al. (2014)

Pioneer Shale
1.34 Ga

Bolsa Quartzite
<0.50 Ga



Name Age Constraints Thickness Lithologies Sedimentary
Structures

Depositional
Environments

References

Debaca Group, Texas and New Mexico, USA

Debaca
Group

Max: 1334 ± 52 Ma 
(underlying basement)

Min: 1090  ± 4 Ma
(cross-cutting 
gabbro intrusive)

500 m
(approximate)

Arkose, quartzite,
micaceous silstone,
shale, quartz-rich
dolomite, dolomitic
quartzite, felsic
volcaniclastic silt-
stone and sandstone,
rhyolite

Shallow marine Pary (1961)
Amarante (2001)

Tabular cross-bedding,
clastic dykes,
polygonal cracks



Name Age Constraints Thickness Lithologies Sedimentary
Structures

Depositional
Environments

References

Franklin Mountains, western Texas, USA

Disconformity inferred from abrupt change in depositional setting

Max: 1229 ± 3 Ma 
(Youngest detrital 
zircon population from 
Mulder et al. 2017)Llanoria

Formation

Castner 
Marble

Mundy
Breccia

Max: 1130 Ma 
(Youngest detrital 
zircon population from 
Spencer et al. 2014)

Min: 1120 ± 35 Ma
(cross-cutting Red Bluff
Granite)

Synchronous with
Castner Marble

Interbedded with
felsic tuffs dated at
1251 ± 47 Ma, 
1260 ± 20 Ma,
1272 ± 5 Ma 

739 m

70 m

100 m
(minimum)

Tabular bedded quartz 
arenite, sub arkose, 
and mudstone

red-maroon sandstone 
and silstone in upper
parts

Basaltic breccia, 
massive basalt,
agglomerate

Limestone, rhythmite,
flat-pebble 
conglomerate,
tuffaceous silstone,
felsic tuffs

Tabular cross-bedding,
ripple marks,
convulte folding

Megablocks of
Castner Marble

Stromatolites

High-energy, 
tidally dominated
shallow marine
shelf. Upper parts
deltaic

subaqueous 
gravity flows  

Sub-tidal to supra
-tidal carbonate
ramp 

Seeley (1999)
Spencer et al. (2014)
Mulder et al. (2017)

Pittenger et al. (1994)

Pittenger et al. (1994)

CS12-1

Bliss Sandstone
<0.51 Ga



Name Age Constraints Thickness Lithologies Sedimentary
Structures

Depositional
Environments

References

Van Horn, western Texas, USA

Tumbledown
Formation

Allamoore
Formation

Max: 1243 ± 10 Ma 
(rhyolite clast in basal
lithic arenite)

Min: <510 Ma 
disconformably 
overlying Bliss
Sandstone

168 m

324 m

Interbedded with
felsic tuffs dated at
1253 ± 15 Ma,
1256 ± 5 Ma,
1250 + 20/ -27 Ma

Volcanic lithic arenite,
pillow basalt, 
basaltic breccia,
aggllomerate, and
flows

Interbedded
dolostone and chert,
talc rock, mudstone,
felsic tuff, pillow
basalt, basalt flows 
and hyaloclastic 
breccia

Stromatolites,
halite hopper casts

Intracontinental
rift

Sub- to supra-
tidal mudflats

Soegaard and
Callahan (1994) 
Bickford et al. (2000) 
Spencer et al.(2014)

King & Flawn (1953)
Edwards (1984)
Soegaard and
Callahan (1994)
Roths (1993)
Bickford et al. (2000)



Name Age Constraints Thickness Lithologies Sedimentary
Structures

Depositional
Environments

References

Las Animas Formation, Colorado, USA

Las
Animas

Formation

Max: ca. 1400 Ma 
(underlying basement) 1700 m

Greywacke,
mudstone, chert,
red-maroon arkose,
dolomite, 
conglomerate,
andesitic and 
basaltic lava and tuffs

Shallow marine Tweto (1983)
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DR4: Palaeomagnetic data 
 
Three GPlates files are supplied with this submission.  In order to visualise the reconstruction, users need to download and install GPlates 
from www.gplates.org, instructions on how to use GPlates are found at that website. 
 
List and description of files: 
 
1) Mulder_2018_polygons.gpml 
 
Contains the polygons for the key components used in this reconstruction: Australia, Laurentia, Antarctica, Tasmania, East and West South 
Tasman Rise, Coats Land Block, Kalahari. 
 
2) Mulder_2018_rotations.rot 
 
Contains the Euler Pole rotations that describe the relative and absolute motions of the polygons used in the reconstruction.  Rotation file is 
only valid from 1140 to 900 Ma.  References to published Euler Poles are included in the rotation file. 
 
3) Mulder_2018_palaeomagnetic_data.gpml 
 
Contains all the palaeomagnetic data listed in DM 4.  To visualise data, users must: 
 i) Load it into GPlates 
 ii) Open the 'Layers Pallete' (Control/Alt +L ) 
 iii) Expand the layer labeled 'Mulder_2018_palaeomagnetic_data' 
 iv) Click on 'Set VGP visibility...' 
 v) Click on 'Show all VGPs at all times' 
 
Palaeomagnetic data should then be visible for the age specific time. 
 
  

http://www.geosociety.org/datarepository/2018/2018380_DR4 Datasets.zip


 
Table D4: List of palaeomagnetic data from Australia and Laurentia around 1.4 Ga used to constrain reconstruction in Figure 3.  sLat and 
Slon refer to the site latitude and longitude of the pole, pLat and pLon refer to the pole latitude and longitude.  See supplementary material 5 
for GPlates reconstruction files. 
 
Code Name Young 

Age (Ma) 
Old 
Age 
(Ma) 

sLat 
(°N) 

sLon 
(°E) 

pLat 
(°N) 

pLon 
(°E) 

a95 
(°) 

Reference 

AUS1 Mt. Isa dolerite dykes 1139 1141 -20.5 139.5 9.5 311.1 17.4 Tanaka and Idnurm, 
1994 

AUS2 Bangemall Sills 1064 1076 -23.5 116.5 33.9 95 8.3 Wingate et al. 2002 

LAU1 Abitibi Dyles 1139 1143 48 -81 44.4 211.4 13.7 Ernst and Buchan, 1993 

GRL1 Giant gabbro dykes 1161 1165 61.2 311.7 42.3 226.1 9.4 Piper, 1977; Buchan et 
al. 2001 

GRL2 South Qoroq 
intrusions 

1161 1165 61.2 -45.4 41.8 215.9 13.1 Piper, 1992 

GRL3 NE-trending dyke 
swarm 

1155 1165 61.2 -45.4 33.4 230.8 5.7 Piper, 1992 

LAU2 Osler Group (Upper 
Reversed) 

1103 1107 48.9 -87.7 42.5 201.6 3.7 Swanson-Hysell et al., 
2014a 

LAU3 Mamainse Point 
(lower normal, upper 
reversed) 

1099 1101 47 -84.8 36.1 189.7 4.9 Swanson-Hysell et al., 
2014b 

LAU4 North Shore Volcanic 
Group (Upper SW 
sequence) 

1095 1100 47 -91.8 35.8 182.1 3.1 Tauxe and Kodama 
(2009) 

LAU5 Portage Lake 
Volcanics  

1090 1100 47.5 -88.5 27.1 182 2.2 Books 1972; Hnat et al., 
2006 

LAU6 Schroeder-Lutsen 
basalts (no lower age 
constraint) 

1080 1091 47.5 -91 27.1 187.8 3 Fairchild et al. 2017; 
Tauxe and Kodama 
(2009)  

LAU7 Lake Shore traps 1083 1087 47.5 -88 23.1 186.4 4 Fairchild et al. 2017 

LAU8 Michipicoten Island 
Formation 

1083 1085 47.5 -86 17 174.7 4.4 Fairchild et al. 2017 

LAU9 Nonesuch Shale ( 1075 1085 46.5 -89.3 7.3 174.7 3 Symons et al. (2013); 
Henry et al. (1977) 

LAU10 Freda Sandstone (no 
upper age constraint) 

1070 1080 46.5 -88 2.2 179 5.9 Henry et al. 1977 

LAU11 Jacobsville Sanstone 
(no lower age 
constraint) 

1060 1065 46.5 -88 -10 184 4.3 Roy and Robertson 
(1978)  

CLB1 Coats Land Nunataks 1103 1109 -78 -35 23 80 7 Gose et al., 1997 

KAL1 Umkondo Ingeous 
Province 

1107 1113 -25 29 -66 -143 3 Gose et al., 2006 

KAL2 Central Namaqua Belt 1030 1000 -30 20 -8 150 10 Onstott et al., 1986, cited 
in Jacobs et al., 2008 

KAL3 Port Edward Pluton 1009 999 -31 30 7 148 4 Gose et al., 2004 

LAU12 Haliburton Intrusions 1030 1000 45 -77 -36 143 6 Warnock et al., 2000 
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Figure DR5: Interpreted affinity of crustal terranes in East Antarctica and geological evidence 

for 1.07—0.90 Ga plate boundary  

Affinity of terranes in East Antarctica are color-coded as follows: Australian (green shades) modified 

from Fitzsimons (2003), Goodge and Finn (2010), Aitken et al. (2014), Fanning and Goodge (2015), 

and Daczko et al. (2018); Indian (pink and red shades) from Flowerdew et al. (2013) and Aitken et al. 

(2014); African (brown shades) from Jacobs et al. (2015). The distribution of Laurentian crust (purple 

shades) is from this study with the extent of the Nimrod Igneous Province (NIP) and Coats Land 

Block from Goodge and Finn (2010) and Loewy et al. (2011), respectively. See accompanying 

references for detailed discussions supporting the affinity of the East Antarctic terranes. Ice-covered 

geophysically defined regions of inferred Archean/Paleoproterozoic crust of uncertain affinity are 

shown in grey with dashed outlines after Ferraccioli et al. (2011). We place these terranes within 

Australo-Antarctica to produce an approximately linear plate boundary between Australian and 

Laurentian crust, which facilitates simple dextral plate motion at 1.07—0.90 Ga (see also Figure 3B 

and C). The thin dashed red line shows an alternative extension of the 1.07—0.90 Ga plate boundary 

into a possible late Mesoproterozoic orogen within the Gamburtsev Province (Ferraccioli et al., 2011). 

Note that crust of Indian and African affinity was incorporated into East Antarctica during the Latest 

Neoproterozoic—early Paleozoic assembly of Gondwana (e.g., Fitzsimmons, 2003; Boger, 2011; 

Harley et al., 2013) and is not shown in the Figure 3 reconstructions of Rodinia. Base map source: 

https://www.add.scar.org/.  

Geological evidence for the 1.07—0.90 Ga plate boundary includes: (Panel A) Abundant 1.07—0.90 

Ga detrital zircons in Neoproterozoic strata in the Transantarctic Mountains, n= number of 1.07—0.90 

Ga ages out of total concordant age population. (Panel B) Metamorphic zircon rims and Pb-loss trends 

from glacial clasts in the central Transantarctic Mountains (white star labelled ‘C’). (Panel C) 

Common 1.07—0.90 Ga detrital zircon from the Neoproterozoic Sodruzhestvo Group in the Lambert 

Glacier, and detrital zircon and monazite from undated sedimentary rocks at Lake Vostok. References 

for zircon data are compiled in Table DR5-1.  

 

Table DR5-1: Sources of zircon age data1 

Unit  Location Reference 

Wilson Group Northern Victoria Land Paulsen et al. (2016), Estrada et al. (2016) 

Skelton Group Southern Victoria Land Goodge et al. (2004), Paulsen et al. 2017 

Beardmore Group Central Transantarctic 

Mountains 

Goodge et al. (2004), Goodge et al. (2002), 

Paulsen et al. (2017)  

Beardmore Group Queen Maud Mountains Paulsen et al. (2017) 

Beardmore Group Pensacola Mountains Goodge et al. (2004), Paulsen et al. (2017) 

Glacial Clasts central Transantarctic 

Mountains 

Goodge et al. (2010), Goodge et al. (2017) 

Sodruzhestvo 

Group 

Lambert Glacier Phillips et al. (2006) 

Unnamed 

Sedimentary Rocks 

Lake Vostok Leitchenkov et al. (2011) 

1Age calculations and discordance filters for zircon data follow Spencer et al. (2016).  

 

 

 

https://www.add.scar.org/
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