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Ocean-atmosphere-land changes in South China during the Cryogenic interglacial interval.

evidence from element geochemistry
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Abstract; Two global glaciation events ( named Sturtian and Marinoan) occurred on the Earth during the Neoproterozoic
Cryogenian period. The Cryogenian interglacial interval between these two glaciation events, was a key period for the
formation of manganese resources and polymetallic mineralized black shales in South China. However, the formation
mechanism and ocean-atmosphere-land environmental changes of this interglacial interval are poorly understood. In this
study, we have investigated the elemental geochemistry of the Cryogenic glacial-interglacial stratigraphic sequences ( the
Datangpo Formation) in the Wuhe Section, Guizhou, SW China. The results demonstrate that the occurrence of the
Cryogenic interglacial interval was driven by the large scale volcanism, which had not only directly released large
amounts of volcanic components (e. g. , Hg and Tl ) into the ocean, but also had triggered the global warming, leading
to the enhancement of continental chemical weathering and the increase of inputted terrigenous substances (e. g. , Ta,
Nb, Zr and Hf) into the ocean. The volcanism and terrigenous weathering could also have introduced abundant nutrients
into the ocean, leading to the increase of marine productivity. The oxidation of surface seawater accelerated the
precipitation of Mn in seawater, thereby played an important role for controlling the formation of large-scale manganese
ore deposit in this period. The common relatively low (or even abnormally low) contents of elements (e. g. , In, Sn,
Ag, Cu, Zn, Ni and Bi) associated with the submarine volcanic ( hydrothermal fluids) activities during the Cryogenic

interglacial interval suggest that the emergence of the Cryogenic interglacial interval was not driven by the submarine
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volcanism , but more likely driven by the large-scale terrestrial volcanism. Results of this study show that there is a close

coupling relationship among evolved environmental changes of the ocean-atmosphere-land system during the Cryogenic

interglacial interval.

Key words: Cryogenic interglacial interval; elemental geochemistry; volcanism; chemical weathering; material cycling
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Fig. 1 Paleogeographic map of South China in the Cryogenian interglacial interval and location of the Wuhe section
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Hg & SR IR T Zhou %5 (2021) , UK K4 Yu % (2016)
Bl 2 o EI I He A1 T1 A & R4l
Fig. 2 Changes of Hg and TI contents of rocks in the Wuhe section

1 i L Yu 45 (2016)
B3 HWFIE CIA \Nb Ta Zr Hf iy & 451k
Fig. 3 Changes of CIA values, and contents of Nb, Ta, Zr, and Hf of rocks in the Wuhe section
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PAAS 4 K Ui F McLennan 1 Taylor(1991)
4 RIFPCARE G METTR PAAS AREL IR 18] (a) I LIT R PAAS ARyEALRC /0 TZ 1€ (b)
Fig. 4 The spidergrams of the PAAS-normalized trace elements of samples(a) and the PAAS-REE

distribution patterns of samples(b)

4 TC R Z 8] B 7T F BE 2 R A G M R 59
Fl'5 PC1.PC2 K& PC3 A/ s
Fig. 5 Plots of PC1 versus PC2 and PC2 versus PC3 for principal component analysis
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PORIE B MG (18] 4b) .
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Ni 1 Bi,
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) TS L 4 Yu 45 (2016)
Kl 6 TLm &I NiSn Ag Cu.Zn {5 1L
Fig. 6 Changes of contents of Ni, Sn, Ag, Cu, and Zn of rocks in the Wuhe section
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Ak 2 i A5 $8 B0 ( chemical index of alteration,
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B 5% B ( Nesbitt and Young, 1982; Nesbitt et al. ,
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F T AR S 4 CIA 2 80~ 100, £ 3R R # i
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3.2.1 Hg Tl Kb s AT RIEWN—
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Fig. 7 Schematic diagram of the elemental geochemcal cycling of materials during the Cryogenian interglacial interval
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