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S1 Reconstructions of Siberia and Laurentia from the literature 
 

 
Figure S1:  Selected published reconstructions of Siberia and Laurentia based on geology and/or paleomagnetism. 
Siberia is shown in orange-brown, and Laurentia (including Greenland) or the Laurentian precursor Slave craton is 
shown in grey. For clarity an arrow indicating present-day north has been added to Siberia or its components.  
 
As illustrated in Figure S1, there are a wide variety of published reconstructions of Siberia and Laurentia 
(or their pre-1.8 Ga components). In some cases, they are thought to be valid from the Paleoproterozoic 
(or even late Archean) to the Neoproterozoic (or Early Cambrian). In other cases, they are restricted to a 
narrower time range as indicated on the figure. The reconstructions are based on geological and/or 
paleomagnetic constraints.  
 
Paleomagnetism has the potential to provide a unique reconstruction. However, this requires apparent 
polar wander paths (APWPs) for each craton that are derived from key paleomagnetic poles (Buchan 
2014), that is, paleopoles that are well-constrained and precisely dated. A paleopole is precisely dated if 
(a) the rock unit from which it is derived has a precise age (usually from U-Pb geochronology) and (b) the 
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paleopole has been demonstrated primary. Currently there are a number of Paleoproterozoic –
Neoproterozoic key paleopoles for Laurentia (and its Slave craton precursor). However, precisely dated 
key poles for this period are not yet available for Siberia or its precursors except at 1.88 Ga (Didenko et 
al. 2009) as discussed by Buchan (2014). Therefore, the only key pole comparison that is available is at 
1.88 Ga (Buchan et al. 2016) (Fig. S1a). It permits a Siberia –Slave craton fit, but because it is a based on 
a single key pole match, it is insufficient to define a unique fit (as discussed below). Other paleomagnetic 
reconstructions have relied on poorly dated non-key paleopoles from Siberia, many of whose ages are 
open to interpretation, resulting in variety of divergent reconstructions.  
 
Siberia is often placed adjacent to the northern margin of Laurentia, with the present-day northern Siberia 
margin facing in a variety of different directions with respect to northern Laurentia (e.g., Hoffman 1991, 
Condie and Rosen 1994, Rainbird et al. 1998, Frost et al. 1998, Hou et al. 2008; Evans and Mitchell 2011; 
Eglington et al. 2013)  (Fig. S1b-h). In some cases, these reconstructions are based mainly on geological 
considerations, including the matching of Paleoproterozoic orogenic belts between the two cratons (e.g., 
Hoffman 1991, Condie and Rosen 1994, Rainbird et al. 1998, Frost et al. 1998, Hou et al. 2008) (Fig S1b-
f). On the other hand, paleomagnetic reconstructions by Buchan et al. (2001) (not shown in Fig. S1), 
Evans and Mitchell (2011) (Fig. S1g) and Zhang et al. (2012) (not shown in Fig. S1) locate Siberia close 
to northern Laurentia with southern Siberia facing the Laurentia margin. The Buchan et al. (2011) fit was 
based on a single 1.50–1.45 Ga non-key pole comparison, whereas Evans and Mitchell (2011) used a 
broader range of non-key Siberia poles between ca. 1.88 and 1.38 Ga. Roughly similar reconstructions by 
Eglington et al. (2013) (Fig. S1h) and Pehrsson et al. (2015) (not shown in Fig. S1) are based on 
published paleomagnetic reconstructions integrated with geological and geochronological constraints 
using the database system developed for International Geoscience Programme (IGCP) Project 509 (e.g. 
Eglington et al. 2013).  
 
Siberia has also been placed adjacent to the western margin of Laurentia with present-day northern 
Siberia facing western Laurentia. Such reconstructions have been based mainly on geological constraints 
(Sears and Price 1978, 2003), detrital zircon studies (MacLean et al. 2009) and paleomagnetism (Piper 
2007). Piper utilized a very broad range of paleopoles, many of which are very poorly dated, a 
methodology which has been criticized as unreliable (Meert and Torsvik, 2004; Li et al. 2009). 
 
Some paleomagnetic reconstructions of the Mesoproterozoic-Neoproterozoic supercontinent Rodinia 
locate Siberia and Laurentia at a considerable distance from one another with cratonic blocks or smaller 
terranes in between. For example, Li et al. (2008) place Siberia ~1500 km to the northwest of Laurentia 
with North Alaska and Chuki terranes in between (Fig. S1k). Pisarevsky et al. (2014) locate Siberia 
~2500 km from northwestern Laurentia at 1.74-1.72 Ga (Fig. S1l), and somewhat closer at ca. 1.50-1.00 
Ga (Fig.S1m). The latter is broadly similar to Li et al. (2008), without identifying the intervening cratonic 
blocks. Pisarevsky et al. (2013) indicate that Siberia then moved close to northeastern Laurentia 
(Greenland) by 760 Ma (Fig S1n). Evans (2009) locates Siberia ~3000 km from northeast Laurentia on 
opposite sides of Rodinia with several cratons in between (Fig. S1o). Smethurst et al. (1998) locates 
Siberia ~3000 km from Greenland with Baltica in between (Fig. S1p) or alternatively off southern 
Laurentia with Kalahari between (Fig. S1p). 
 

© 2016 Macmillan Publishers Limited. All rights reserved. 

 



4 
 

As noted above, the only Proterozoic key paleomagnetic pole comparison available for Siberia and 
Laurentia or their precursors is at ca. 1.88 Ga, although it does not provide a unique fit and is only valid at 
that time (Buchan et al. 2016) (Fig. S1a). In this figure, the Slave craton is placed in one hemisphere at a 
paleolatitude and azimuthal orientation defined by the paleomagnetic data, but at an arbitrary 
paleolongitude. The paleomagnetic data establish the paleolatitude and orientation of Siberia, but it is 
permitted to occupy any paleolongitude (which is not constrained by the paleomagnetic data), and is 
shown in either hemisphere (because of an ambiguity in the relative magnetic polarity of the Siberia and 
Slave paleopoles). Siberia position 3 is similar to the position of Hoffman (1991) (Fig. S1b). Position 7 is 
similar to that of Rainbird et al. (1998) (Fig. S1d) or Evans and Mitchell (2011) (Fig. S1g), although a 
little farther from the Laurentia margin. Position 8 is similar to that of Li et al. (2008) (Fig. S1k) and the 
1500-1000 Ma position of Pisarevsky et al. (2014) (Fig. S1m).  
 
The Siberia-Laurentia reconstruction, based on the Large Igneous Province (LIP) record, that is discussed 
in the present paper (Fig. 2), in which southern Siberia faces northern Laurentia or its Slave-Rae 
precursor, can be compared with the reconstructions discussed above. It is broadly similar to the 
reconstructions of Rainbird et al. (1998) (Fig. S1d), Buchan et al. (2001) (not in Fig. S1), Evans and 
Mitchell (2011) (Fig. S1g), Eglington et al. (2013) (Fig. S1h) and (Buchan et al. 2016) (position 7 of Fig. 
S1a). 

 
 
S2 Large Igneous Province summary 
Large Igneous Provinces (LIPs) represent large volume (>0.1 Mkm3; frequently above >1 Mkm3), mainly 
mafic (-ultramafic) magmatic events of intraplate affinity, that occur in both continental and oceanic 
settings. They are typically of short duration (<5 myr or even less than  1 myr), or can consist of multiple 
short pulses over a maximum of a few 10s of m.y. (Ernst, 2014 and references therein). They comprise 
volcanic packages (flood basalts), and a plumbing system of dykes, sills and layered intrusions, and 
magmatic underplating at the base of the crust. In the Phanerozoic they are dominated by flood basalts, in 
the Proterozoic by the exposed plumbing systems (dykes, sills and layered intrusions) and in the Archean 
by both continental flood basalts and komatiite-tholeiitic greenstone belts. They can also be associated 
with silicic magmatism, carbonatites and kimberlites. LIP events are linked with continental breakup, 
global climate change including extinction events, and represent significant reservoirs of energy and 
metals that can either drive or contribute to a variety of metallogenic systems (particularly related to Ni-
Cu-PGEs)  (Ernst and Jowitt 2013). In addition, LIPs can also affect hydrocarbon and aquifer systems 
(Ernst 2014).  LIPs occur at an average rate of one every 20-30 myr back to at least 2.5 Ga. The number 
and size of LIPs that have been identified is increasing through U-Pb dating (e.g. through the Industry 
supported LIPs-Resource Exploration project, www.supercontinent.org)  where >220 U-Pb baddeleyite 
and zircon ages have been obtained from units around the world (Ernst et al. 2013).  
 
The successful application of the LIP matching method in the present study to link southern Siberia and 
northern Laurentia, suggests this technique should be more widely applied as a complementary 
reconstruction tool to the traditional paleomagnetic methods.  
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S3 Geochronology (U-Pb and Ar-Ar) for units in southern Siberia 
and northern Laurentia 
S3-1 OVERVIEW 
Background information is provided on our U-Pb dating of the following units: 1) two layered intrusions 
belonging to the 725 Ma Irkutsk Large Igneous Province (LIP) in southern Siberia, 2) two dolerites of age 
ca. 1350 Ma, a dyke in southern Siberia and a sill in northern Laurentia, 3) a 1640 Ma sill from the 
Biryusa block in southern Siberia, 4) two dolerite dykes in southern Siberia belonging to 1750 Ma 
Timpton LIP and 5) two dolerite dykes belonging to the 1870 Ma Kalaro-Nimnyrsky LIP of southern 
Siberia.  
 
In addition, Ar-Ar geochronology (a total of 18 biotite and amphibole plateau dates) are presented for 
four dykes of the ca. 1750 Ma Timpton LIP and for two dykes of the 1870 Ma Kalaro-Nimnyrsky LIP.  

 
 
Figure S2: Distribution of mafic-ultramafic intrusions of the East Siberian metallogenic province (modified after 
Figure 1 in Polyakov et al., 2013) interpreted to belong to the ca. 720 Ma Irkutsk LIP (see discussion in main text). 
1 = portion of Siberian craton covered by undeformed Phanerozoic sediments; 2 = Precambrian basement 
exposures of the Siberian craton; 3–7 = deformed areas: 3 = Riphean; 4 = Riphean–Vendian; 5 = Early 
Caledonian; 6 = Late Caledonian; 7 = cover of the West Siberian Plate; 8 = suture zones; 9 = mafic-ultramafic 
intrusions hosting PGE– Cu–Ni deposits and ore occurrences: Number 3 = the Verkhnii (Upper) Kingash 
intrusion, dated by the U-Pb baddeleyite method (Section S3-2.2). Number 10 = the Yoko-Dovyren (Dovyren) 
intrusion, dated by U-Pb baddeleyite (Section S3-2.1) and zircon (Ariskin et al. 2013). The Tartai intrusion (number 
5) is also dated by U-Pb zircon (Polyakov et al., 2013; see discussion in text). The other numbered mafic-ultramafic 
intrusions are: 1 = Shumikha, 2 = Kingash, 4 = Golumbei, 6 = Ognit, 7 = Zhelos, 8 = Tokty-Oi, and 9 = Malyi 
Zadoi. I = Yenisei Ridge; II = Sayan zone (Kan and Alkhadyr terranes); III = Baikal–Patom pericratonal trough.  
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S3-2 725 MA IRKUTSK LIP, IRKUTSK PROMONTORY, SOUTHERN SIBERIA 
Here we present U-Pb baddeleyite ages for both the Dovyren and Verkhnii (Upper) Kingash intrusions. 
Although our provisional ages for the Dovyren and Upper Kingash intrusions were mentioned in Ernst 
and Hamilton (2009), Ernst et al. (2012, 2014) and Polyakov et al. (2013), the analytical details and full 
isotopic data and plots are presented here for the first time. 
 
 
S3-2.1 Dovyren mafic-ultramafic intrusion 
Sample number: 143/1 
Location: 56.3114° N, 109.8422° E 
U-Pb age: 724.7 ± 2.5 Ma (5 fractions) ID-TIMS baddeleyite 
Mineral separation: M.A. Hamilton 
Geochronology: M.A. Hamilton 
 
A U-Pb baddeleyite age was determined for the Dovyren (Yoko Dovyren) intrusion (point 10 in Fig. S2), 
and a second U-Pb zircon age (728±3 Ma) from Ariskin et al. (2013) is also listed. This sample, from 
Grushevidnoye Lake, is a gabbro pegmatite with sulfide mineralization from the middle part of the 
Gabbro Norite Horizon. The sample was collected by Alexay Lygin, provided to us by BHP Billiton, and 
was processed and dated by ID-TIMS at the University of Toronto. A modest amount of fresh to 
somewhat dull baddeleyite was recovered, and an upper intercept age of 724.7 ± 2.5 Ma was obtained 
based on five variably discordant fractions (Fig. S3, Table S1). A correlation between degree of 
discordance and model Th/U ratios suggests that some of the discordance could be related to alteration 
consisting of fine, thin zircon coatings on baddeleyite (Söderlund et al. 2013). The lower intercept age for 
the regression broadly implies a Mesozoic Pb-loss event (~200 Ma). 

 
Figure S3: Concordia diagram with U-Pb baddeleyite age for Dovyren intrusion. 
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S3-2.2 Upper Kingash mafic-ultramafic intrusion 
Sample number: C-123 
Location: 54.86083° N; 95.4925° E 
U-Pb age: 726 ±18 Ma (4 fractions) ID-TIMS baddeleyite 
Mineral separation: U. Söderlund 
Geochronology: M.A. Hamilton 
 
A sample of the Upper Kingash mafic-ultramafic intrusion (point 3 in Fig. S2), located in the Kan belt, 
southern Siberia, was obtained from drillhole C-123, from a depth of 168.2 m - 169.2 m and provided to 
us by BHP Billiton. The sample represents an upper, differentiated gabbroic portion of the intrusion, and 
was processed to separate baddeleyite at Lund U. using the methods of Söderlund and Johansson (2002), 
while the dissolutions and isotopic measurements were made at the University of Toronto.  
 
Only seven very small baddeleyite grains (max. ~15 microns) were recovered; these were subsequently 
analyzed in four fractions consisting of one single grain fraction and three two-grain fractions (Fig. S4). 
Fraction Bd-B yielded the highest Pb/Pb and U/Pb ages, overlaps concordia, and represents a minimum 
age for the intrusion (206/238 age = 712 Ma, 207/206 age = 718 Ma). The distribution of the data, along 
and close to Concordia, implies that the baddeleyites are likely affected by a non-zero-aged secondary Pb-
loss event. 
 
The flanking portions of the southern Siberian craton in the Irkutsk promontory region are known to have 
been affected by either Late Neoproterozoic (Vendian) deformation and metamorphism, or early 
Paleozoic metamorphism (late Cambrian?), probably related to docking of microterranes. This is chiefly 
reflected in Ar-Ar ages for amphiboles and biotites (see Turkina et al. 2007). The Kingash intrusion is 
also described as being cut by plagiogranite veins, which could also be related to such an overprinting 
event. Therefore, likely candidate ages for a younger isotopic disturbance could be roughly 590-550 Ma, 
or ~490 Ma, though Turkina et al. (2007) suggest that the latter age may have local significance. If 
secondary Pb-loss is anchored at about 490 Ma, then the upper intercept age for the Upper Kingash data 
(through all four fractions) is 726 ± 18 Ma (Fig. S4, Table S1). Although this age is not particularly 
precise, we interpret it to be reasonably accurate.  
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Figure S4: Concordia diagram showing ID-TIMS U-Pb baddeleyite age for Upper Kingash intrusion. Note the very 
small size of the recovered baddeleyite grains and resultant fractions.  
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Table S1: Baddeleyite U-Pb isotopic data for gabbroic pegmatite and gabbro of the Dovyren and Upper Kingash 
layered intrusions, respectively, southern Siberian craton 

S3-3 1260 MA MAGMATISM OF IRKUTSK PROMONTORY, SOUTHERN SIBERIA 
S3-3.1 Srednecheremshansky mafic-ultramafic dyke 
Sample number: 90-22 
Location: 52.22361° N, 102.94743° E  
Dyke trend, dip, thickness: NNE, dipping 75° -80° W, ~200 m. 
U-Pb age: 1258 ± 5 Ma (U-Pb ID-TIMS on baddeleyite) 
Sample from: T. Kolotolina & A. Mekhonoshin 
Mineral separation & Geochronology: U. Söderlund 
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Figure S5: Location of U-Pb dated dykes (green) cutting mainly Archean units of the Sharazhalgai block. Dykes: 1 
= 200 m wide NNE-trending 1258 ± 5 Ma Ma Srednecheremshansky (this section), 2 = 150 m wide ENE-trending 
1869 ± 2 Ma Malozadoisky (Section S3-7.2), 3 = 0.5 m wide ESE-trending 1864 ± 4 Ma Kitoi area dyke 
(Gladkochub et al. 2013; mentioned in main text). See inset map for approximate location of this region in 
southwestern Siberian craton.  

Sample 90-22 was collected about 15 m inside the margin of the 200 m wide NNE-trending 
Srednecheremshansky dyke (Fig. S5). The sample was processed at the University of Lund. 
Approximately 200 g of medium-grained (gabbronoritic) dolerite was crushed and finely ground using a 
mill tray. Baddeleyite was extracted using a water-shaking water (Wilfley) table following the procedures 
outlined by Söderlund and Johansson (2002), resulting in the recovery of medium-brown baddeleyite 
grains of a size ranging up to approximately 80 microns in the longest dimension. Three fractions of 
baddeleyite grains were prepared, with 2, 3 and 4 grains in each. The U- and Pb isotopic ratios were 
measured on a Finnigan TRITON mass spectrometer at the Swedish Museum of Natural History in 
Stockholm. Isotopic results are provided in Table S2 and are presented graphically in a Concordia 
diagram in Figure S6. Results for individual fractions overlap Concordia, and have relatively uniform 
207Pb/206Pb dates. These data can be fitted to a zero-aged Pb-loss trajectory, yielding an upper intercept 
age of 1258 ± 5 Ma. We interpret this age to reflect the emplacement age of the gabbronorite dyke. 
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Figure S6: Concordia diagram showing ID-TIMS baddeleyite results for sample 90-22. 

Table S2: U-Pb TIMS data for sample 90-22 

S3-4 1350 MA MAGMATISM OF SOUTHERN SIBERIA AND NORTHERN LAURENTIA 
S-4.1 Listvyanka dyke, Irkutsk Promontory, southern Siberia 
Sample number: EQ01-0108 
Location: 51.84017° N, 104.8873° E 
U-Pb age: 1350 ± 6 Ma (U-Pb baddeleyite & zircon) 
Dyke trend: N-S 
Sample from: R.E. Ernst & E.G. Kapitonov 
Mineral separation: M.A. Hamilton 
Geochronology: M.A. Hamilton 

Samples of the N-S Listvyanka dykes (Fig. S7) were collected for paleomagnetism and geochemistry (in 
progress). The main dyke is 30 m wide and was also sampled for U-Pb dating. A small amount of both 
zircon and baddeleyite was recovered from sample EQ01-0108 (Fig. S8). Isotopic results from a single, 
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chemically abraded zircon and two double-grain fractions of baddeleyite are provided in Table S3 and Fig. 
S8. The data are variably discordant (~1-10%) but regress with good fit to yield an upper intercept age of 
1350 ± 6 Ma.  

Figure S7: Location of Site EQ01-0108 along the shore of Lake Baikal just north of the village of Listvyanka. The 
dated sample is from site 1 (51.84017° N, 104.8873° E).  

Figure S8: U-Pb baddeleyite age for the Listvyanka dyke. 
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Table S3: ID-TIMS U-Pb baddeleyite isotopic data for Listvyanka dolerite dyke EQ01-0108. 

S3-4.2 Barking Dog sill, Wellington Inlier, northern Laurentia  
Sample number: 94LAAT127-2 
Location: 69.833° N, 106.875° W; (427850 E, 7748310 N, UTM zone 13) 
Unit: plagioclase-phyric gabbro sill in Burnside formation 
U-Pb age: 1353 ± 2 Ma U-Pb baddeleyite 
Sample from: A.N. LeCheminant 
Mineral separation: M.A. Hamilton 
Geochronology: M.A. Hamilton 
This distinctive plagioclase-phyric gabbro sill was emplaced within clastic sedimentary rocks of the ca. 
1.9 Ga Burnside Formation, in the northern Wellington Inlier, southern Victoria Island (LeCheminant et 
al. 1996; Rainbird and LeCheminant 2002). This sill was distinguished from other sills and dykes in the 
region on the basis of stratigraphic level of intrusion (this is the lowest sill mapped in northern Wellington 
Inlier), mineralogy, and indications from a total chemical (electron probe) geochronology study of 
baddeleyite that the sill is pre-Franklin and possibly pre-Mackenzie in age. Mineralogically, the gabbro is 
dominated by strongly-zoned plagioclase and large, feathery pyroxenes with amphibole rims, minor 
quartz and K-feldspar granophyre, euhedral and skeletal ilmenite-titanomagnetite intergrowths, biotite, 
apatite, trace sulfides, baddeleyite, zirconolite and zircon.  

A small, fresh sample, collected from a coarse- to very-coarse but non-porphyritic portion of the sill, was 
processed for mineral separation at the Jack Satterly Geochronology Laboratory (JSGL), University of 
Toronto. Sample 94LAA T127-2 yielded abundant, good quality, pale-to medium-brown baddeleyite, 
occurring as thin, flat broken euhedra, or as long slender thin blades, ranging up to a maximum length of 
~60 microns (Fig. S9).  

U-Pb analysis was carried out on three fractions, each comprising between 8-10 grains of baddeleyite. All 
fractions yield similar 207Pb/206Pb model ages, from 1351.7 to 1354.4 Ma, and range from 0.6 to 1.9% 
discordant (Table S4). Figure S9 shows a regression through the data, anchored through the origin, 
producing an upper intercept age of 1353 ± 2 Ma, interpreted to represent the age of emplacement and 
crystallization of the gabbro sill. The 1353 Ma age for this distinctive plagioclase-phyric gabbro sill 
represents a new and previously unrecognized age for mafic magmatism on Victoria Island. However, it 
has an age match in southern Siberia (Section S3-4.1 and see main text). 
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Figure S9: U-Pb geochronology of sample 94LAAT127-2. a) Selected baddeleyite, chosen for analysis b) U-Pb 
Concordia diagram showing U-Pb analytical results. 

Table S4: Baddeleyite U-Pb isotopic data for northern Wellington Inlier gabbro sill (94LAAT127-2). 
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S3-5 1640 Ma U-PB AGE ON SILL FROM BIRYUSA BLOCK OF THE IRKUTSK 
PROMONTORY, SOUTHERN SIBERIA 

S3-5.1 1640 Ma age for Biryusa block sill 
Sample number: 01bi-09 
Location: 54.82478° N, 98.21164° E 
Unit: sill in Biryusa block 
New age: 1641± 8 Ma (U-Pb baddeleyite) 
Sample from: D.V. Metelkin 
Mineral separation: M.A. Hamilton 
Geochronology: M.A. Hamilton 

Figure S10: Sample locations for Ar-Ar and U-Pb geochronology and paleomagnetism in southern Siberia. 
Location map modified after Metelkin et al. (2005). Previous geochronology after Gladkochub et al. (2006). Legend 
numbers are explained as follows: 1 = Paleoproterozoic granitoids of the Sayan complex; 2 = Neoproterozoic 
Karagas Group sedimentary rocks; 3 = Vendian Oselok Group sedimentary rocks; 4 = Neoproterozoic intrusions of 
the Biryusa block; 5 = major faults; 6 = paleomagnetic sites; and 7 = geochronology sites.  
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Figure S11: U-Pb Concordia diagram and representative baddeleyites for sample 01bi-09. 

Table S5: ID-TIMS U-Pb baddeleyite isotopic data for gabbro sill 01bi-09. 
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A gabbro sill was collected at site 01bi-09 on the west bank of Biryusa river (Fig. S10). This sample 
yielded a modest amount of pale- to medium-brown baddeleyite, and three multigrain fractions produced 
a linear array of discordant data giving an upper intercept age at 1641 Ma U-Pb (Figure S11, Table S5). 
This age was mentioned in Metelkin et al. (2011), but analytical details and full isotopic data and plot are 
presented here for the first time. This dated site is located about 2 km downstream from site 01bi07 (Fig. 
S10; N 54°49'29.2" E 98°12'41.9") which corresponds to a site sampled and dated by Gladkochub et al. 
(2006, 2007) at ca. 740 Ma (741± 4 Ma) using the Ar-Ar method. Previously, it was thought on the basis 
of paleomagnetism (e.g. Metelkin et al. 2005) that 01bi07 and 01bi09 represented parts of the same 
widespread ca. 740 Ma event. However, this interpretation is contradicted by our new 1641 Ma U-Pb 
date. There are additional complications. A dyke on the west bank of the Nersa river (01bi11) gives an 
Ar-Ar age of 612 Ma (Gladkochub et al. 2006). There is also a 511 Ma U-Pb age obtained from another 
nearby sill (Fig. S10) (Gladkochub et al. 2007). This demonstrates that there are sills of more than one 
age present in the area. A complete understanding of the paleomagnetic directions and Ar-Ar data 
(thermal overprint?) will require additional U-Pb dating combined with geochemistry to allow sills from 
the different events to be distinguished. Nonetheless, the 1641 Ma age reported herein is a primary age 
and represents a newly identified magmatic event for the Siberian craton. 

S3-6 1755 MA DYKES OF THE TIMPTON RADIATING DYKE SWARM SIBERIA 
Two U-Pb baddeleyite ages have been obtained from dykes belonging to the Timptano-Algamaisky dykes 
in the Aldan shield (Fig. S12). The 1754 and 1759 Ma U-Pb ages confirm the general accuracy of earlier 
Ar-Ar ages (Section S3-6.3), but carry improved precision. The Timptano-Algamaisky dykes are a 
subswarm of the 1750 Ma giant Timpton radiating swarm. 
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Figure S12: Distribution of the ca. 1755 Ma Timpton radiating dyke swarm of Siberia (Ernst 2014). Dotted box 
shows location of Figure S13. U-Pb age of 1752 ± 3 Ma of the Lake Baikal area is from Gladkochub et al. (2010a). 
U-Pb ages of 1754 ± 5 and 1759 ± 4 Ma from the Aldan shield are presented below in Sections S3-6.1 and S3-6.2, 
respectively. The Ar-Ar age of 1755 ± 22 Ma from the Anabar shield is presented in Section S3-6.3. Basemap is from 
Gladkochub et al. (2010a) and the numbers on the basemap identify magmatic units discussed in that publication. 
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Figure S13: Distribution of dated dykes of both the 1755 Ma Timtano-Algamaisky subswarm (red symbols) and 
1870 Ma Kalaro-Nimnyrsky swarm (blue symbols). U-Pb dating (Sections S3-6.1, S3-6.2, and S3-7.1) and Ar-Ar 
dating (Sections S3-6.3 and S3-7.3).  

S3-6.1 U-Pb baddeleyite age of EQ98-0710 
Sample number: EQ98-0710 
Location: 57.241° N, 126.137° E 
Trend and width: NW trending, >20 m 
U-Pb age: 1754 ± 5 Ma 
Sample from: R.E. Ernst & A.V. Okrugin 
Mineral separation & Geochronology: U. Söderlund 

Sample EQ98-07-10 was collected at site 7 (Fig. S13) along the Timpton River from a NW-trending dyke 
that is a minimum of 20 m wide. Approximately 200 grams of sample EQ98-0710 was processed using 
the method of Söderlund and Johansson (2002), which yielded ca. 30 brown, euhedral baddeleyite grains. 
The best grains were split into three fractions comprising 4 to 5 grains each. The results range from 1.5 to 
2.5 % discordant. An unforced regression yields intercept ages of 1757 ± 8 Ma and ca. 250 Ma, of which 
the latter may indicate discordance linked to the Siberian Trap event. However, we prefer to report the 
weighted 207Pb/206Pb age of 1754 ± 5 Ma (MSWD=2.0), equivalent to regressing the data through the 
origin, as the best age estimate of this sample (Fig. S14, Table S6). 
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Figure S14: Concordia diagram for U-Pb TIMS baddeleyite dating of sample EQ98-0710 (site 7 in Fig. S13). See 
Table S6. 

Table S6: U-Pb TIMS data for sample EQ98-0710 

S3-6.2 U-Pb baddeleyite age of EQ98-1305 
Sample number: EQ98-13-05 
Location: 57.928° N; 125.488° E 
Dyke trend and width: NW-trending, >20 m 
U-Pb age: 1759 ± 4 Ma 
Sample from: R.E. Ernst & A.V. Okrugin 
Mineral separation & Geochronology: M.A. Hamilton 
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Figure S15: Concordia diagram for U-Pb TIMS baddeleyite dating of sample EQ98-1305 (site 13 in Fig. S13). 
Unshaded ellipses are fractions excluded from the regression calculation. See Table S7. 

Sample EQ98-13-05 was sampled in a road aggregate quarry, located about 1 km off the main road 
between the Siberian cities of Aldan and Neringry. The contacts are not fully exposed, but based on the 
distribution of outcrops the dyke is inferred to be approximately 20 m wide and has a NW trend.  

This sample yielded a small amount of pale-medium brown baddeleyite of variable quality; 
approximately 60 grains were culled, from which seven fractions of crystals, ranging from 3-11 grains 
each, were chosen for analysis. One fraction comprised relatively dull crystals suspected to be 
baddeleyites with a fine microcrystalline coating of zircon (fraction Bd-2; Table S7 and Fig. S15). The 
data are relatively dispersed below Concordia, of which five fractions (Bd-1, -2, -3, -6 and -7) are 
collinear and regress to yield an upper intercept (anchored at 0 Ma) age of 1759 ± 4 Ma. We interpret this 
to represent the best estimate of the primary crystallization age for the dyke. 

© 2016 Macmillan Publishers Limited. All rights reserved. 

 



22 

Table S7: Baddeleyite U-Pb isotopic data for NW-trending dyke of the Aldan shield, Siberia. 

S3-6.3 Ar-Ar dating of Timpton radiating dyke swarm  
Sample numbers: EQ98-07-10, EQ98-15-02, EQ98-13-11 & EQ94-11 
Samples from: R.E. Ernst & A.V. Okrugin 
Ar-Ar Geochronology: J.A. Hanes 
Ar-Ar data reported in this section provide reliable dates for two arms of the Timpton radiating dyke 
swarm: the SE-trending Timptano-Algamaisky subswarm and the NNW-trending Eastern Anabar 
subswarm. The Ar-Ar ages for the Timptano-Algamaisky correlate with U-Pb ages (Sections S3-6.1 & 
S3-6.2). The Ar-Ar age for the Eastern Anabar subswarm provides the key evidence linking this swarm to 
Timpton LIP. 
1750 Ma Timptano-Algamaisky swarm, Aldan Shield (Figs. S16, S17, Table S8): Ar-Ar ages were 
obtained for three dykes. Sample EQ98-07-10 (from a >20 m wide dyke at site 7 in Fig. S13), yielded 
amphibole plateau ages of 1749 ± 7, 1748 ± 5 Ma and 1742 ± 6 Ma. Biotite plateau dates were slightly 
older (1767 ± 6, and 1766 ± 6 Ma), which is interpreted to reflect the presence of a small amount of 
excess argon in the biotite. Sample EQ98-15-02 (from a dyke at site 15 in Fig. S13) produced two 
amphibole and one biotite analyses. The amphibole JAH-495 has a superb plateau age of 1743 ± 09 Ma. 
The other amphibole analysis (JAH-349) yielded a disturbed spectrum with a plateau-segment age of 
1725 ± 12 Ma. The biotite (JAH-411) spectrum gave a minimum age on a plateau-segment of 1720 ± 35 
Ma. Sample EQ98-13-11 (from a 20 m wide dyke at site 13 in Fig. S13) produced an excellent biotite 
(JAH-414) plateau age of 1754 ± 15 Ma. The spectrum for the associated amphibole (JAH-453) is 
disturbed, but with mid-spectrum and late-spectrum steps that statistically overlap with the biotite age. 
Taken together, all these Ar-Ar ages are interpreted to indicate a ca. 1750 Ma age for the Timptano-
Algamaisky swarm. This Ar-Ar age is a close match with the U-Pb ages of 1754 ± 5 Ma from site 7 
(Section S3-6.1) and 1759 ± 5 Ma from site 13 (Section S3-6.2).  
Ca. 1750 Ma, Eastern Anabar swarm, Anabar Shield: Of similar age is a NNW trending 30 m wide dyke 
of the Eastern Anabar swarm (Okrugin et al. 1990) from the Anabar shield of northern Siberia. Sample 
EQ94-11 (from site 11 in a 30 m wide dyke; see Fig. S13, and also Fig. 3 in Ernst et al., 2000) yielded 
biotite plateau ages of 1754 ± 27 Ma and 1755 ± 22 Ma (Fig. S16, Table S8).  
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Figure S16: Ar-Ar dating of three SE-trending dykes of the Timptano-Algamaisky sub-swarm in the Aldan shield. 
See Figure S13 for sample locations (sites 7, 15 and 13). Details in Table S8A. 
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Figure S17: Ar-Ar dating of one NNW-trending dyke of East Anabar swarm in the Anabar shield. For general 
location see Figure S12; for specific location see site 11 in Ernst et al. (2000). Details in Table S8B. 

Table S8: Details on Ar-Ar dating (Parts A-C). 
A) ALDAN SHIELD ca. 1750 Ma Timptano-Algamaisky Dyke Swarm (NW-trend)

Site 
location 
on Fig. 
S14 

Sample 
Number 

Lab Number Location Mineral Integrated 
Date (Ma) 

Plateau / 
Plateau-
Segment Date 
(Ma) 

7 EQ98-0710 JAH-200 57.241oN, 
126.137oE 

Amphibole 1743 +/- 06 1749 ± 07 

7 EQ98-0710 JAH-200/339  “ Amphibole 1747 +/- 05 1748 ± 05 
7 EQ98-0710 JAH-214  “ Amphibole 1752 +/- 06 1742 ± 06 
7 EQ98-0710 JAH-252  “ Biotite 1715 +/- 06 1767 ± 06 
7 EQ98-0710 JAH-203  “ Biotite 1727 +/ 06 1766 ± 06 
15 EQ98-1502 JAH-349 ~57.7oN, 

~125.4oE 
Amphibole 1696 +/- 09 1725 ± 12 (*) 

15 EQ98-1502 JAH-411  “ Biotite 1695 +/- 23 1720 ± 35 (*) 
15 EQ98-1502 JAH-495  “ Amphibole 1718 +/- 08 1743 ± 09 

13 EQ98-1311 JAH-347 57.928oN, 
125.488oE 

Amphibole 1614 +/ 08 1697 ± 14 (*) 

13 EQ98-1311 JAH-453  “ Amphibole 1690 +/- 06 1687 ± 10 (*) 
13 EQ98-1311 JAH-414  “ Biotite 1728 +/- 14 1754 ± 15 
(*)=plateau segment, considered a minimum age 

B) ANABAR SHIELD ca. 1750 Ma East Anabar Dyke Swarm (NW-trend)
Sample 
Number 

Lab Number Location Mineral Integrated Date 
(Ma) 

Plateau / 
Plateau-
Segment Date 
(Ma) 

EQ94-11 JAH-412 69o59.2’N, 
111o50.7’E 

Biotite 1732 +/- 23 1754 ± 27 

EQ94-11 JAH-412/432  “ Biotite 1734 +/- 18 1755 ± 22 
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C) ALDAN SHIELD ca. 1870 Ma Kalaro-Nimnyrsky Dyke Swarm (NE-trend)
Site 
location 
on Fig. 
S14 

Sample 
Number 

Lab Number Location Mineral Integrated 
Date (Ma) 

Plateau / 
Plateau-
Segment 
Date (Ma) 

4 EQ98-406 JAH-346-1 57.052oN, 
125.803oE 

Amphibole 1832 +/- 19 1869 ± 22 

4 EQ98-406 JAH-346-2  “ Amphibole 1818 +/- 08 1866 ± 10 
2 EQ98-0207 JAH-377 56.988oN, 

125.484oE 
Biotite 1835 +/- 10 1849 ± 11 

2 EQ98-0207 JAH-375  “ Biotite 1849 +/- 21 1865 ± 22 
2 EQ98-0207 JAH-460  “ Biotite 1849 +/- 07 1868 ± 08 

S3-7 1870 MA KALARO-NIMNYRSKY DYKES OF SOUTHERN SIBERIA 

S3-7.1 U-Pb baddeleyite age of EQ98-04-06 
Sample number: EQ98-04-06 
Location: 57.052° N, 125.803° E 
Dyke trend, dip, thickness: ENE, subvertical, 10-20 m 
U-Pb age: 1869 ± 2 Ma (U-Pb ID-TIMS on baddeleyite) 
Sample from: R.E. Ernst & A.V. Okrugin 
Mineral separation & Geochronology: M.A. Hamilton 

Sample EQ98-04 was obtained from a site along the Bolshaya Kuonamka river, Anabar shield, Siberia 
during a 1998 expedition. The trend and width of the dyke were determined as 70OE and 10-20 m.  

U-Pb results for four analyzed fractions of baddeleyite, consisting of between 7-10 grains or grain 
fragments each, are provided in Table S9, and shown graphically in the Concordia plot Figure S18. The 
data are dispersed in a nearly collinear fashion, however, fraction Bd-1 shows a relatively high degree of 
reverse discordance and has a slightly younger 207Pb/206Pb ratio; because it is considered analytically 
unreliable, it is not shown in Figure S18, nor used in the age calculation. Free regression of the remaining 
three points yields a good fit with an upper Concordia intercept age of 1869 ± 2 Ma, and a Mesozoic 
lower intercept age, at ca. 140 Ma (Fig. S18). 
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Figure S18: Concordia U-Pb diagram for baddeleyite fractions from sample EQ98-0406. Data for fraction Bd-1 is 
reversely discordant, lies outside of the plot area, and is excluded from the regression shown. 

Table S9: Baddeleyite U-Pb isotopic data for ENE-trending diabase dyke of the Kalaro-Nimnyrsky swarm, Aldan 
shield, Siberian craton 
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S3-7.2 U-Pb baddeleyite age of sample 93-85 from the Malozadoisky dyke 
Sample number: 93-85 
Location: 52.0357° N, 102.9607° E  
Dyke trend, dip, thickness: ENE-trending, steeply dipping, ~150 m wide 
U-Pb age: 1863 ± 1 Ma (U-Pb ID-TIMS on baddeleyite) 
Sample from: T. Kolotolina & A.S. Mekhonoshin 
Mineral separation & Geochronology: U. Söderlund 

Sample 93-85 was collected about 15 m in from the margin of the 150 m wide NNE-trending 
Malozadoisky dyke (Fig. S5). Approximately 200 g of medium-grained rock was crushed and finely 
ground using a mill tray. Baddeleyite was extracted using a water shaking (Wilfley) table following the 
procedures of Söderlund and Johansson (2002), resulting in the recovery of brown baddeleyite grains 
ranging up to approximately 80 microns in the longest dimension. Grains are crystalline and euhedral 
with no trace of secondary affects such as rims of polycrystalline zircon. Three fractions of baddeleyite 
grains were prepared, with 4-5 grains in each. The U and Pb isotopic ratios were measured on a Finnigan 
TRITON mass spectrometer at the Swedish Museum of Natural History in Stockholm. Isotopic results are 
provided in Table S10 and are presented graphically in a Concordia diagram in Figure S19. Regression 
using a forced lower intercept at 0 ± 100 Ma yields an upper intercept date of 1863 ± 1 Ma (2σ), with an 
MSWD=1.0. Fractions plot discordant by 1-1.5% indicating minor Pb loss. Due to this low degree of 
discordance we interpret the upper intercept age to reflect the emplacement age of the gabbronorite 
Malozadoisky dyke. 

Figure S19: Concordia diagram for sample 93-85. 
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Table S10: U-Pb TIMS data for sample 93-85. 

S3-7.3 Ar-Ar dating of Kalaro-Nimnyrsky swarm 
Sample numbers: EQ98-02-07 & EQ98-04-06 
Samples from: R.E. Ernst & A.V. Okrugin 
Ar-Ar geochronology: J.A. Hanes 

The Kalaro-Nimnyrsky ages, based on Ar-Ar, were only previously presented in summary form in Ernst 
et al. (2008). Here we present these results in more detail. Two ENE trending dykes of the Kalaro-
Nimnyrsky swarm give the following Ar-Ar ages (Fig. S20, Table S8): Sample EQ98-04-06 (site 4 from a 
10-20 m wide dyke; Fig. S13) yielded Ar-Ar amphibole plateau ages of 1869 ± 22 Ma, and 1866 ± 10 
Ma. Sample EQ98-02-07 (site 2 from a 13 m wide dyke; Fig. S13) yielded excellent plateau ages for three 
biotite aliquots: 1849 ± 11 Ma, 1865 ± 22 Ma, and 1868 ± 8 Ma (this third analysis (JAH-460) being the 
most detailed and precise). These similar results from the two dykes are interpreted as the time of the 
emplacement, ca. 1870 Ma, of the Kalaro-Nimnyrsky swarm.  

The U-Pb age of 1868 ± 2 Ma (Section S3-7.1) obtained from site 4 (in Fig. S13) is in excellent 
agreement with, and confirms, these Ar-Ar dates, and provides a robust age for the 400 km long Kalaro-
Nimnyrsky swarm. This age is similar to the 1863 ± 1 Ma age for the 150 m wide Malozadoisky dyke 
(Section S3-7.2) which lies approximately on strike.  
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Figure S20: Ar-Ar dating of two ENE-trending dykes in the Aldan shield. Samples EQ98-0406 and EQ98-0207 are 
from sites 4 and 2, respectively in Fig. S13.  
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