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Figure 1 Geological background of study area. (a) Tectonic sketch map!*®; (b) lithofacies palaesogeography map of manganese ore deposits in the
northeast of Guizhou Province®; (c) geological map of daotuo manganese deposit!*”. 1, Fluvioglacial deposit and dark mudstone; 2, old land tillite; 3,
old land; 4, neritic facies; 5, abysmad facies; 6, trough; 7, Silurian; 8, Ordovician; 9, Cambrian; 10, Sinian; 11, Nanhuan-Tiesiao Formation, Datangpo
Formation, Nantuo Formation; 12, Qingbaikou; 13, manganese deposit; 14, fault
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Figure 2 Sampling position and sample characteristics. (8) Stratigraphic column of Daotuo manganese deposit and sample location; (b) striped rho-
dochrosite; (c) massive rhodochrosite; (d), (€) microscope images for pyrite framboids, granular pyrite and micro-granular rhodochlorite; (f), (g) ion

microprobe images for the rhodochrosite and pyrite framboids
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Tablel Resultsof sample analysisof Daotuo manganese ore

B Re (ng/g) #Os (ng/g) %¥70s (ng/g) ¥7Re/**®0s ®70g/*%0s
i[ig I =
el AEERE WEE ATEE WEME AT el AREE WEE RHeE
ZK102-5-1 7.62 0.06 0.245 0.002 0.073 0.0006 209.96 2.19 3.22 0.02
ZK102-5-2 31.09 0.23 0.418 0.003 0.235 0.0017 807.63 8.24 9.71 0.01
ZK102-5-3 36.23 0.27 0.51 0.004 0.279 0.0021 740.41 7.85 9.07 0.03
ZK102-5-4 45.27 0.33 0.677 0.005 0.347 0.0025 650.9 6.58 7.95 0.01
ZK102-5-5 0.26 0.05 0.101 0.001 0.011 0.0001 14.36 0.15 0.95 0.01
ZK102-5-6 0.27 0.08 0.098 0.001 0.017 0.0001 14.67 0.15 0.94 0.02
ZK102-5-7 0.80 0.01 0.089 0.001 0.013 0.0001 49.64 0.5 1.31 0.01
ZK102-5-8 0.34 0.07 0.102 0.001 0.011 0.0001 18.17 0.19 0.96 0.03
ZK102-5-9 0.27 0.09 0.083 0.001 0.01 0.0001 17.33 0.18 0.97 0.02
ZK102-5-10 0.35 0.05 0.109 0.001 0.013 0.0001 17.11 0.18 0.97 0.01
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Figure 3 Re-Os isochron age of manganese black shale of Daotuo
manganese deposit
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Table2 Thesummary of Sturtian/Marinoan glaciations of the world

K B X 2 o i (Ma) MRy 810s/*8804) I {E 275 3k
JIE-N SheepbedZ i) 632.3+3.5 Re-Os 1.21+0.04 [30]
K H]E Tindel pina# U 643.0£2.4 Re-Os 0.95+0.01 [31]
SN IR Aralkati AT 657.2+5.4 Re-Os 0.82+0.03 [31]
£ TaishirZi WRIRER & 659.0£4.5 Re-Os 0.60+0.01 [30]
PN Ballachulish# L& 659.69.6 Re-Os 1.04+0.03 [32]
BN AAHE KBS BETUE 660.6+7.5 Re-Os 0.781+0.035 A3
JIE N TwityaZl BEAETUE 662.4+3.9 Re-Os 0.54+0.01 [33]
M A KP4 BERE A 662.9+4.3 U-Pb J [28]
JUH =T Kz BER AR 716.1+3.4 U-Pb ¥ [35]
g2 MwashyaZi T 727.3+4.9 Re-Os 0.35+0.03 [30]
Jngx Coppercap 41 U 732.2+3.9 Re-Os 0.15+0.002 [33]
JIEN Callison LakeZH g 739.946.1 Re-Os 0.609+0.01 [34]
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Figure4 The comparison of typical section of Sturitian glaciation in the world (data from Table 2)
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Figure5 Variations of initial *’0g*®0s. (a) The variations of initial **’0®0s of paleo-seawater before and after the global Neoproterozoic glacia-
tion (data from Table 2); (b) temporal variation in Re-Os isochron-derived initial **’0s/*®*0s ratio of Proterozoic marine shales*? (mazarine pot is from

this paper, others from Ref. [44])
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The Neoproterozoic is a critical interval in Earth’s history, having withessed the breakup of supercontinent Rodinia,
global glaciations (or the snowball Earth), and the evolution of multicellular organisms. It is proposed that the
breakup of Rodinia might have triggered the snowball Earth, while the termination of the Neoproterozoic global
glaciations might have triggered the evolution of life in the Ediacaran Period. Two snowball Earth events, the Stur-
tian (717-663 Ma) and the Marinoan (654—635 Ma) glaciations, were separated by an interglacial interval of ~10
million years (663-654 Ma). In South China, the Sturtian and Marinoan glacial deposits are represented by the
Jiangkou and Nantuo Formations. The interglacial Datangpo Formation is characterized by widespread manganese
(Mn) ore deposits, such the Datangpo and Xixibao in Guizhou, Minle in Hunan, and Xiushan in Chongging, repre-
senting the most important metallogenic period of Mn in China.

The Daotuo Mn ore, a superlarge-scale deposit (approximately 200 million tons), was first discovered in 2010 in
northeastern Guizhou. It is hosted in a fault-bound depression system between the Yangtze block and the Jiangnan
orogenic belt. The Mn ores were discovered in black shale of the Member | of the Datangpo Formation, and occur as
rhodochrosite (MNCQOs). In order to constrain the age of Mn ores, here we report Re-Os isochron age of the ore-bearing
black shale from the Member | of the Datangpo Formation. The Re-Os isochron age of the Member | black shale is
660.6+£7.5 Ma, consistent with the zircon U-Pb age of the tuff layer from the base of the Datangpo Formation and other
Re-Os isochron ages from other localities (such as Canada, Australia, Scotland, and Mongolia). Furthermore, the initial
value of *¥'0s/*¥0s from the Re-Os isochron age is 0.781, suggesting predominantly terrestrial input. Based on previous
research, it is shown that during the Sturtian glaciation, under the influence of sea ice cover barrier and atmospheric
material exchange, the hypoxic water led to the formation of iron and sulfide rich environments on the seafloor near
hydrothermal vents, giving rise to a large number of rift basins rich in Mn?*. After the glaciation and water and
atmospheric exchange of material recovery, the glacier meltwater carries the terrigenous material into the rift basin
containing Mn®*, accompanied by the melting of the land glacier and the rapid increase of the atmospheric oxygen
content. The surface water body of the rift basin is rapidly oxidized, and the oxidation degree is higher than the ocean
area. Mn*" are also oxidized to MnO, and precipitate back into the environment, where they buried with organic matter,
undergo diagenesis, and eventually form rhodochrosite.

manganese deposits, Datangpo For mation, Re-Osisotopes, glaciation
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