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3,243 million-year-old spherules in the Fig Tree Group, Barberton Greenstone Belt, South Africa, formed as a result of
large meteorite impacts on the early Earth. The 35-cm-thick spherule bed (S3) is composed of nearly pure spherules
produced during the condensation of an impact-produced rock vapor cloud. The estimated diameter of the bolide
was 20-50 km. The spherules, 0.5-1.5 mm in diameter in the photo, include silica-(clear), phyllosilicate- (gray), and
rutile/anatase-rich (black) varieties; massive and layered types; and a few originally hollow spherules. This is one of four
spherule layers in the Barderton Belt, ranging from 3,470-3,243 Ma, that represent the oldest known impact deposits and
provide direct evidence for a significant flux of large impactors as late as 3.2 Ga. Photograph: D.R. Lowe
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3,243 million-year-old spherules in the Fig Tree Group, Barberton Greenstone Belt, South Africa, formed as a result of
large meteorite impacts on the early Earth. The 35-cm-thick spherule bed (S3) is composed of nearly pure spherules
produced during the condensation of an impact-produced rock vapor cloud. The estimated diameter of the bolide
was 20-50 km. The spherules, 0.5-1.5 mm in diameter in the photo, include silica-(clear), phyllosilicate- (gray), and
rutile/anatase-rich (black) varieties; massive and layered types; and a few originally hollow spherules. This is one of four
spherule layers in the Barderton Belt, ranging from 3,470-3,243 Ma, that represent the oldest known impact deposits and
provide direct evidence for a significant flux of large impactors as late as 3.2 Ga. Photograph: D.R. Lowe
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3,243 million-year-old spherules in the Fig Tree Group, Barberton Greenstone Belt, South Africa, formed as a result of
large meteorite impacts on the early Earth. The 35-cm-thick spherule bed (S3) is composed of nearly pure spherules
produced during the condensation of an impact-produced rock vapor cloud. The estimated diameter of the bolide
was 20-50 km. The spherules, 0.5-1.56 mm in diameter in the photo, include silica-(clear), phyllosilicate- (gray), and
rutile/anatase-rich (black) varieties; massive and layered types; and a few originally hollow spherules. This is one of four
spherule layers in the Barderton Belt, ranging from 3,470-3,243 Ma, that represent the oldest known impact deposits and

provide direct evidence for a significant flux of large impactors as late as 3.2 Ga. Photograph: D.R. Lowe
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3,243 million-year-old spherules in the Fig Tree Group, Barberton Greenstone Belt, South Africa, formed as a result of
large meteorite impacts on the early Earth. The 35-cm-thick spherule bed (S3) is composed of nearly pure spherules
produced during the condensation of an impact-produced rock vapor cloud. The estimated diameter of the bolide
was 20-50 km. The spherules, 0.5-1.5 mm in diameter in the photo, include silica-(clear), phyllosilicate- (gray), and
rutile/anatase-rich (black) varieties; massive and layered types; and a few originally hollow spherules. This is one of four
spherule layers in the Barderton Belt, ranging from 3,470-3,243 Ma, that represent the oldest known impact deposits and
provide direct evidence for a significant flux of large impactors as late as 3.2 Ga. Photograph: D.R. Lowe
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3,243 million-year-old spherules in the Fig Tree Group, Barberton Greenstone Belt, South Africa, formed as a result of
large meteorite impacts on the early Earth. The 35-cm-thick spherule bed (S3) is composed of nearly pure spherulles
produced during the condensation of an impact-produced rock vapor cloud. The estimated diam_gter of the bolide
was 20-50 km. The spherules, 0.5-1.5 mm in diameter in the photo, include silica-(clear), phyllosilicate- (gray), and
rutile/anatase-rich (black) varieties; massive and layered types; and a few originally hollow spherules. This is one of four
spherule layersin the Barderton Belt, ranging from 3,470-3,243 Ma, that represent the oldest known impact deposits and
provide direct evidence for a significant flux of large impactors as late as 3.2 Ga. Photograph: D.R. Lowe
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3,243 million-year-old spherules in the Fig Tree Group, Barberton Greenstone Beit, South Africa, formed as a result of
large meteorite impacts on the early Earth. The 35-cm-thick spherule bed (S3) is composed of nearly pure spheru‘les
produced during the condensation of an impact-produced rock vapor cloud. The estimated diameter of the bolide
was 20-50 km. The spherules, 0.5-1.5 mm in diameter in the photo, include silica-(clear), phyllosilicate- (gray), and
rutile/anatase-rich (black) varieties; massive and layered types; and a few originally hollow spherules. This is one of four
spherule layers in the Barderton Belt, ranging from 3,470-3,243 Ma, that represent the oldest known impact deposits and
provide direct evidence for a significant flux of large impactors as late as 3.2 Ga. Photograph: D.R. Lowe
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3,243 million-year-old spherules in the Fig Tree Group, Barberton Greenstone Belt, South Africa, formed as a result of
large meteorite impacts on the early Earth. The 35-cm-thick spherule bed (S3) is composed of nearly pure spherules
produced during the condensation of an impact-produced rock vapor cloud. The estimated diameter of the bolide
was 20-50 km. The spherules, 0.5-1.5 mm in diameter in the photo, include silica-(clear), phyllosilicate- (gray), and
rutile/anatase-rich (black) varieties; massive and layered types; and a few originally hollow spherules. This is one of four
spherule layers in the Barderton Belt, ranging from 3,470-3,243 Ma, that represent the oldest known impact deposits and
provide direct evidence for a significant flux of large impactors as late as 3.2 Ga. Photograph: D.R. Lowe
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3,243 million-year-old spherules in the Fig Tree Group, Barberton Greenstone Belt, South Africa, formed as a result of
large meteorite impacts on the early Earth. The 35-cm-thick spherule bed (S3) is composed of nearly pure spheru.les
produced during the condensation of an impact—produced rock vapor cloud. The estimated diameter of the bolide
was 20-50 km. The spherules, 0.5-1.5 mm in diameter in the photo, include silica-(clear), phyllosilicate- (gray), and
rutile/anatase-rich (black) varieties; massive and layered types; and a few originally hollow spherules. This is one f)f four
spherule layers in the Barderton Belt, ranging from 3,4_70—3.243 Ma, that represent the oldest known impact deposits and
provide direct evidence for a significant flux of large impactors as late as 3.2 Ga. Photograph: D.R. Lowe
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3,243 million-year-old spherules in the Fig Tree Group, Barberton Greenstone Belt, South Africa, formed as a result of
large meteorite impacts on the early Earth. The 35-cm-thick spherule bed (S3) is composed of nearly pure spherules
produced during the condensation of an impact-produced rock vapor cloud. The estimated diameter of the bolide
was 20-50 km. The spherules, 0.5-1.56 mm in diameter in the photo, include silica-(clear), phyllosilicate- {(gray), and
rutile/anatase-rich (black) varieties; massive and layered types; and a few originally hollow spherules. This is one of four
spherule layers in the Barderton Belt, ranging from 3,470-3,243 Ma, that represent the oldest known impact deposits and
provide direct evidence for a significant flux of large impactors as late as 3.2 Ga. Photograph: D.R. Lowe
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3,243 million-year-old spherules in the Fig Tree Group, Barberton Greenstone Belt, South Africa, formed as a result of
large meteorite impacts on the early Earth. The 35-cm-thick spherule bed (S3) is composed of nearly pure spherules
produced during the condensation of an impact-produced rock vapor cloud. The estimated diameter of the bolide
was 20-50 km. The spherules, 0.5-1.5 mm in diameter in the photo, include silica-(clear), phyllosilicate- (gray), and
rutile/anatase-rich (black) varieties; massive and layered types; and a few originally hollow spherules. This is one of four
spherule layers in the Barderton Belt, ranging from 3,470-3,243 Ma, that represent the oldest known impact deposits and
provide direct evidence for a significant flux of large impactors as late as 3.2 Ga. Photograph: D.R. Lowe
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3,243 million-year-old spherules in the Fig Tree Group, Barberton Greenstone Belt, South Africa, formed as a result of
large meteorite impacts on the early Earth. The 35-cm-thick spherule bed (S3) is composed of nearly pure spherules
produced during the condensation of an impact-produced rock vapor cloud. The estimated diameter of the bolide
was 20-50 km. The spherules, 0.5-1.5 mm in diameter in the photo, include silica-(clear), phyllosilicate- (gray), and
rutile/anatase-rich (black) varieties; massive and layered types; and a few originally hollow spherules. This is one of four
spherule layers in the Barderton Belt, ranging from 3,470-3,243 Ma, that represent the oldest known impact deposits and
provide direct evidence for a significant flux of large impactors as late as 3.2 Ga. Photograph: D.R. Lowe
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3,243 million-year-old spherules in the Fig Tree Group, Barberton Greenstone Belt, South Africa, formed as a result of
large meteorite impacts on the early Earth. The 35-cm-thick spherule bed (S3) is composed of nearly pure spherules
produced during the condensation of an impact-produced rock vapor cloud. The estimated diameter of the bolide
was 20-50 km. The spherules, 0.5-1.56 mm in diameter in the photo, include silica-(clear), phyllosilicate- (gray), and
rutile/anatase-rich (black) varieties; massive and layered types; and a few originally hollow spherules. This is one of four
spherule layers in the Barderton Belt, ranging from 3,470-3,243 Ma, that represent the oldest known impact deposits and

provide direct evidence for a significant flux of large impactors as late as 3.2 Ga. Photograph: D.R. Lowe

A Y " cencebirect

0301-9268¢201710)301:C;1-5




Precambrian
Research

http://www.elsevier.com/locate/precamres

Volume 302 CONTENTS November 2017

(Abstracts/contents lists published in Am. Geol. Inst. Bibliogr.; Abstr. Bull. Signaletique; Chem. Abstr.; Curr. Contents; Phys.
Chem. Earth Sci., Geo Abstr.; Mineral Abstr.)

Research Paper 7
~2.1Ga intracceanic magmatism in the Central India Tectonic Zone: Constraints from the petrogenesis of
ferropicrites in the Mahakoshal supracrustal belt
T.C. Khanna, D.V.S. Rao, M. Bizimis, M. Satyanarayanan, A.K. Krishna and V.V.S. Sai ..o 1
An integrated U-Pb, Hf, and O isotopic provenance analysis of the Paleoproterozoic Murmac Bay Group, northern
Saskatchewan, Canada

C. Shiels; C.A: Partin and RoAu SIOrn i aaiiosssismsessimasiss s ot iv s unusses v soiirs fiveasbiaasbissnsrs iatsvvismi suis st svsssisars 18
New constraints on the early formation of the Western Dharwar Craton (India) from igneous zircon U-Pb and Lu-Hf

isotopes

M. Guitreau, S.B. Mukasa, L. Loudin @and S. KFISHNMAN ..uuuuueieiiiiiioiinieiesisiirereeesessssisrassessiesssisssssssessssssssssss s ssnssssass sessssssssssesssssssnsees 33
Tholeiitic to calc-alkaline metavolcanic transition in the Archean Nigerlikasik Supracrustal Belt, SW Greenland

M.B. Klausen, K. Szilas, T.F. Kokfelt, N. Keulen, J.C. Schumacher and A. BErger.....cccccciiiiiiiiiniiiniieiiecsiieesecssr s 50

Prolonged anatexis of Paleoproterozoic metasedimentary basement: First evidence from the Yinchuan Basin and

new constraints on the evolution of the Khondalite Belt, North China Craton

W.-(RZ). Wang, S. Gao, X. Liu, J. Hu,Y. Zhao, C. Wei, W. Xiao, H. Guo and W. GONG .....c.cecuvimuirinieniiniciicineeice s 74
The composite North American Craton, Superior Province: Deep crustal structure and mantle-plume model of

Neoarchaean evolution

IV N INIIEES . .. o 0 T S oo o B e o T i S L D s e m s b S 94
Depth-dependent §'*C trends in platform and slope settings of the Campbellrand-Malmani carbonate platform and

possible implications for Early Earth oxygenation

S. Eroglu, M.A. van Zuilen, H.Taubald, K. Drost, M. Wille, E.D. Swanner, N.J. Beukes and R. Schoenberg.......c.c.ccccecevuninnan 122
Hydraulic sediment penetration and seasonal growth of petalonamean basal discs from the Vendian of Ukraine
0. DZikAnd A VBEEY SN 12 vyma enrasenssssessss 665080080 oo 0S8 0 o P48 b 59 0o VY V43 0 004 S0 o8 e o B B s T 140

Ediacaran forebulge grabens of the southern Sao Francisco basin, SE Brazil: Craton interior dynamics during West
Gondwana assembly
H.L.S. Reis, J.F Suss, R.C.S. Fonseca and FF AIKIMIM ... e s en e 150
Stable carbon isotopes of sedimentary kerogens and carbonaceous macrofossils from the Ediacaran Miaohe
Member in South China: Implications for stratigraphic correlation and sources of sedimentary organic carbon

S. Xiao, N. Bykova, A. Kovalick and B.C. Gill.......ccciiiiiiiiiic i bbb 171
Late Neoarchean magmatism and tectonic evolution recorded in the Dengfeng Complex in the southern segment
of the Trans-North China Orogen
180

X.Wang, X.-L. Huang, FEYang and Z.-X. LUQ .o s

(Contents continued on BM )

CAPTION FOR COVER PHOTOGRAPH

3,243 million-year-old spherules in the Fig Tree Group, Barberton Greenstone Belt, South Africa, formed as a result of
large meteorite impacts on the early Earth. The 35-cm-thick spherule bed (S3) is composed of nearly pure spherules
produced during the condensation of an impact-produced rock vapor cloud. The estimated diameter of the bolide
was 20-50 km. The spherules, 0.5-1.5 mm in diameter in the photo, include silica-(clear), phyllosilicate- (gray), and
rutile/anatase-rich (black) varieties; massive and layered types; and a few originally hollow spherules. This is one of four
spherule layers in the Barderton Belt, ranging from 3,470-3,243 Ma, that represent the oldest known impact deposits and
provide direct evidence for a significant flux of large impactors as late as 3.2 Ga. Photograph: D.R. Lowe
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3,243 million-year-old spherules in the Fig Tree Group, Barberton Greenstone Bglt. South Africa, formed as a result of
large meteorite impacts on the early Earth. The 35-cm-thick spherule bed (S3) is comgosed of _neariy pure spherules
produced during the condensation of an impact-produced rock vapor cloud. The estimated diameter of the bolide
was 20-50 km. The spherules, 0.56-1.5 mm in diameter in the photo, include silica-(clear), phyllosilicate- (gray), and
rutile/anatase-rich (black) varieties; massive and layered types; and a few originally hollow spherule_s. This is one of four
spherule layers in the Barderton Belt, ranging from 3,470-3,243 Ma, that represent the oldest known impact deposits and
provide direct evidence for a significant flux of large impactors as late as 3.2 Ga. Photograph: D.R. Lowe
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