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DR1. Sample digestion and U isotope analyses 

Approximately 250 mg of individual carbonate samples were drilled into 200 mesh 

powder, then leached with 1 M hydrochloric acid (HCl). The leachate was used to analyze major 

and trace elements and U isotopes. Major and trace elements were measured on a Thermo 

Scientific Finnigan Element XR ICP-MS at the Yale Metal Geochemistry Center (YMGC). 

External reproducibility was better than 5% based on long-term analyses of the OSIL seawater 

standard. U isotopes (δ238U) were measured on a Thermo Scientific Finnigan Neptune plus MC-

ICP-MS at YMGC, using a UTEVA resin method for purifying uranium and a 233U-236U double 

spike for fractionation calibration. 

A 233U-236U double spike method was used to correct for instrumental mass bias of MC-

ICP-MS and potential isotopic fractionation during uranium separation. The sample and double 

spike mixing solution which yields a 238U/236U ratio of ~30, was dried at 98 �, then re-dissolved 

with 3 N HNO3. Uranium in the sample was separated with the UTEVA ion exchange resin 

(based on Weyer et al., 2008). The UTEVA resin (1.0 ml for each column) was cleaned with 

0.05 N HCl and MQ2 water, then conditioned with 3 N HNO3. Samples were dissolved in 3 N 

HNO3, then loaded on to the UTEVA resin. 3 N HNO3 was used to remove most matrix elements 

from the column, leaving a fraction of Th and U in the column. After removal of matrix material, 

10 N HCl and 5 N HCl were used to remove Th from the column, then U was eluted with 0.05 N 

HCl. The U fraction was dried at the temperature of 98 � and re-dissolved with 1 ml 5% HNO3 

for analysis.  



U isotopes were measured with Thermo Neptune plus MC-ICP-MC instruments with a 

ESI Apex IR desolvating system. U isotope analyses were under low-resolution (LR) and beam 

intensities for 232Th, 233U, 234U, 235U, 236U, 238U were measured in Faraday cups of L3, L2, L1, C, 

H1, H3, respectively. 232Th was analysed in order to monitor the interference of 234Th in the 

sample solution. All of the U isotope ion beam signals were measured with the 1011Ω resistance. 

Each sample was measured with 4 blocks composed of 10 cycles (4.194 s integration time for 

every cycle). The CRM 112a standard with addition of double spike was analyzed every 3 

samples to monitor drift in instrumental mass bias. 238U/235U values are presented as δ238U: 

δ238U = [(238U/235U)sample / (
238U/235U)CRM 112a - 1] × 1000 

δ238U and 234U/238U values of each sample were normalized to the average values of the 

bracketing CRM 112a, assuming δ238UCRM 112a = 0‰ and (234U/238U)CRM 112a = 0.9619. 234U/238U 

values are calculated using decay constants for 238U and 234U of 1.55 × 10-10 and 2.83 × 10-6, 

respectively (Cheng et al., 2013; Villa et al., 2016). Measurement uncertainty for each sample is 

better than 0.04‰ (2SE) and external reproducibility of U isotope analyses was, on average, 0.06‰ 

(2SD) based on duplicate measurements of the NOD-A-1 USGS standard (n= 10) and CRM 112 

U isotope standard (n = 50). 

 DR2. Ce anomaly calculation 

Ce anomaly is calculated using equation Ce/Ce* = CeN / (PrN
2 / NdN) of Lawrence et al. 

(2006) to avoid the effect of La overabundance that may disguise the genuine Ce anomaly (Ling 

et al., 2013), where lower subscript N denotes normalization of concentrations against the post-

Archean Australian shale (PAAS; McLennan, 1989). 

DR3. Geological background  

3.1 Yangtze Gorges region 

The Ediacaran and the early Cambrian successions in this region consist of the 

Doushantuo Formation, Dengying Formation (the Gaojiaxi section in this study) and Yanjiahe 

Formation (the Yanjiahe section in this study), which records sedimentary deposition in shallow 

water below or near wave base in a continental inner shelf. According to lithostratigraphic 

criteria, the Doushantuo Formation in the Yangtze Gorges area can be subdivided into four 

members (e.g., Jiang et al., 2011). Doushantuo Member I comprises a ca. 5-m-thick cap 

dolostone overlying the Marinoan glacial diamictite of the Nantuo Formation. The bottom part of 

the cap dolostone contains a volcanic ash layer that has been dated at 635.2 ± 0.6 Ma with zircon 



U-Pb methods (Condon et al., 2005).  Doushantuo Member II is ca. 70 m thick and comprises 

interbedded organic-rich shale and dolostone beds with abundant pea-sized cherty nodules which 

contain complex microfossils including acanthomorphic acritarchs, probable animal eggs, 

embryos, multicellular algae, and cyanobacteria (e.g., Yin et al., 2007; McFadden et al., 2008). 

Doushantuo Member III is a ca. 50-m-thick interval comprised of dolostones intercalated with 

cherty layers in the lower part and interbedded with limestone beds in the upper part. 

Doushantuo Member IV is characterized by a 10-m-thick organic-rich black shale interval used 

as marker beds for stratigraphic correlation (e.g., Jiang et al., 2011). 

The late Ediacaran Dengying Formation in Yangtze Gorges area can be subdivided into 

three members from the base to top: 1) Hamajing Member with ca. 21-m-thick intraclastic and 

oolitic dolomitic grainstone; 2) Shibantan Member with ca. 50-m-thick dark grey laminated 

micritic limestone and cherty laminae in the upper part; 3) Baimatuo Member with ca. 40-m-

thick micritic and sparitic dolostones. The basal Dengying Formation contains a volcanic ash 

layer that has been dated at 551.1 Ma ± 0.7 Ma with a ID-TIMS zircon U-Pb method (Condon et 

al., 2005). In the Dengying Formation, deep-water deposition (after a large transgression) is 

indicated by cherty laminae in the upper part of the Shibantan member, and shallow water is 

indicated by birds-eye structures and boxwork in the Baimatuo Member. Overlying the 

Dengying Formation is the Yanjiahe Formation, which spans the Ediacaran-Cambrian boundary 

(Jiang et al., 2012 and references therein). The 54-m-thick Yanjiahe Formation is characterized 

by two sub-cycles of shoaling. The lower sub-cycle (~29 m) consists of dark grey laminated 

dolostone with cherty dolostone, siliceous layers and black shale, and dolostone with cherty and 

phosphatic clasts. The upper sub-cycle (~25 m) is characterized by black siliceous rock with 

laminated black shale, laminated limestone interbedded with black shale, and limestone with 

siliceous and phosphatic clasts. The Yanjiahe Formation yields early Cambrian small shelly 

fossils in the dolostone layer with phosphatic clasts (SS1) and upper phosphatic limestone (SS3) 

(Jiang et al., 2012). The Ediacaran-Cambrian boundary is suggested to be at the bottom of the 

lower dolostone layer where the small shelly fossil assemblage zone I first occurs (Chen, 1984). 

The Yanjiahe Formation is overlain by Shuijingtuo Formation with stratigraphic discontinuity 

between the two formations. The Shuijingtuo Formation can be correlated with the Niutitang 

Formation or Jiumenchong Formation in slope and basin area, South China, which is considered 

the base of Cambrian Stage 3 (Jiang et al., 2012). 



3.2 Xiaotan section 

The Xiaotan section is located on the southern bank of the Jinsha River, NE Yunnan 

Province, which represents an inter shelf sedimentary environment (Li et al., 2013). The Xiaotan 

section comprises, from the oldest to youngest, late Ediacaran Dengying Formation (upper 

Donglongtan Member, Jiucheng Member and Baiyanshao Member), early Cambrian Zhujiaqing 

Formation (the Daibu Member, Zhongyicun Member, Dahai Member), Shiyantou Formation, 

Yu’anshan Formation, Hongjingshao Formation, and middle Cambrian Wulongqing Formation. 

In the Dengying Formation, the Donglongtan Member consists of laminated dolostone; and the 

Jiucheng Member consists of shale that has been eroded away by the river; and the Baiyanshao 

Member contains thickly bedded to massive dolostone with colors of grey to dark grey. In the 

Cambrian Zhujiaqing Formation, the Daibu Member consists of interbedded thin-intermediate, 

dark, dolomitic cherts and pale yellowish siliceous dolosutone, representing a transgressive 

system tract. The Zhongyicun Member, overlying the Daibu Member, is a phosphatic unit with 

grey, thick bed of laminated phosphorite. Small shelly fossil assemblage (SS1 and SS2) have 

been found in the Zhongyicun Member. At the correlative Meishuncun section, a SIMS U-Pb 

zircon age of 535.2 ± 1.7 Ma has been reported from the middle of the Zhongyicun Member 

(Zhu et al., 2009). The Dahai Member consists of pale grey, thickly bedded limestone and 

contains small shelly fossil assemblage (SS3). The Shiyantou Formation comprises grey to dark 

grey, bedded quartz siltstone in its lower part, representing a condensed deposition and dark grey 

to black shale with small shelly assemblage (SS4) in the upper part (Li and Xiao, 2014). A 

SHRIMP U-Pb zircon age of 526 ± 1.1 Ma was reported for the basal Shiyantou Formation in the 

correlative Meishucun section (Compston et al., 2008). The Yu’anshan Formation, which is 

characterized by the first appearance datum (FAD) of trilobites in the basal formation, consists of 

black shale in the lower part and carbonate-rich siltstone in the upper part. The Hongjingshao 

Formation comprises dark reddish thickly bedded sandstone. The Wulongqing Formation in the 

Xiaotan section comprises grey thickly bedded limestone, interbedded yellow silty mudstone, 

which is suggested to be deposited in the lower Cambrian Stage 4 (Zhu et al., 2010).  

DR4. Uranium mass balance model 

Under the steady-state of global uranium mass balance, δ238U values of global seawater is 

determined by the fractions of uranium fluxes to sediments in the three redox settings: anoxic 



(fAOx), suboxic (fSOx), and oxic  (fOx). If riverine uranium is considered as the main input of 

oceanic uranium reservoir, we have 

௥௜௩௘௥ܨ ൌ ஺ை௫ܨ	 ൅	ܨௌை௫ ൅ ை௫ܨ ൌ ௢௧௔௟ ;     ஺݂ை௫்ܨ ൅	 ௌ݂ை௫ ൅ ை݂௫ ൌ 1 

Isotope mass balance is described by:   

௥௜௩௘௥ߜ ൌ ஺௢௫ߜ	 ∙ ஺݂ை௫ ൅	ߜௌை௫ ∙ ௌ݂ை௫ ൅ ை௫ߜ ∙ ை݂௫  

where each δ238Usink equals δ238USW + Δ238Usink-seawater. The modelling results of seawater δ238U 

values as a function of FAOx / FTotal and FOx / FTotal are shown in Fig. 2A in the main text.  

The uranium output rates (Foutput, mol m-2 yr-1) in various redox settings are assumed to be 

controlled by first-order kinetics with respect to the coeval uranium reservoir in the global ocean 

(R), that is, each Foutput = Foutput0×R/R0 (subscript 0 represents the modern values). Replacing 

each foutput (= Foutput/FTotal) in the isotope mass balance equation with: 

ሺܨ௢௨௧௣௨௧଴ ∙ ܴ/ܴ଴ሻ ∙ ሺ்ܣ௢௧௔௟ ∙ ௢݂௨௧௣௨௧
஺ 	ሻ

௢௧௔௟்ܨ
 

We can get the seawater δ238U values as a function of areal proportions of anoxic condition and 

suboxic condition (AAOx/ATotal and ASOx/ATotal, respectively). The modelling results of seawater 

δ238U values as a function of AAOx/ATotal and ASOx/ATotal are shown in Fig. 2B in the main text.  

In modern suboxic settings, the U isotope fractionation associated with suboxic sinks is 

less well constrained. The +0.1‰ fractionation for suboxic sinks used in this study is based on a 

few measurements of Peru margin sediments (Weyer et al., 2008). In modern anoxic settings, the 

U isotope fractionation for anoxic sinks are relatively large and range from +0.4‰ to +0.85‰ 

(Weyer et al., 2008; Andersen et al., 2014; Holmden et al., 2015; Stirling et al., 2015; Tissot and 

Dauphas, 2015; Rolison et al., 2017). +0.7‰ is chosen as the average U isotope fractionation 

between the anoxic sediment and seawater for our baseline model. For modern oxic settings, oxic 

U sinks include marine carbonates, metallic deposits (Fe-Mn crust), oceanic crust alteration, 

pelagic clay, and coastal retention. The average U isotope fractionation from modern oxic 

sediments is -0.043‰, modified after Wang et al. (2016), where U isotope fractionation between 

seawater and marine carbonate is considered to be 0‰ (Anderson et al., 2017).  

Baseline parameters used in the mass balance model are shown in Table DR2. Sensitivity 

analyses of changing U isotope fractionation between seawater and anoxic/suboxic sediments are 



shown in Fig. DR4. Larger U fractionation factors between seawater and anoxic/subxoic 

sediments result in even smaller areas of anoxic seafloor and greater predominance of oxic 

bottom waters for modern-like δ238U values. 

  



 

Table DR1. Geochemical data of the Gaojiaxi-Yanjiahe section and the Xiaotan section 
 

Sample Formation 
Height 

(m) 
δ13C 
(‰) 

δ18O 
(‰) 

Mg/Ca 
(weight) 

U/Ca 
*1000 

Sr/Ca 
*1000 

δ238U 
(‰) 

234U/238U Ce/Ce* 
Y/Ho 

(weight) 
Th 

(ppm) 

Gaojiaxi-Yanjiahe section 

YJH-1 Yanjiahe 266.7 -1.05 -7.76 0.01 0.05 20.75 -0.40 1.04 0.46 47.21 0.03 

YJH-3 Yanjiahe 264.7 -2.46 -7.96 0.01 0.03 8.60 -0.51 1.07 0.52 48.66 0.008 

YJH-7 Yanjiahe 261.4 3.9 -7.93 0.02 0.04 17.38 -0.89 1.13 0.69 43.35 0.023 

YJH-12 Yanjiahe 258.7 2.66 -7.42 0.01 0.04 12.50 -0.83 1.12 0.77 52.05 0.016 

YJH-13 Yanjiahe 257.7 -3.06 -6.82 0.31 0.03 10.14 -0.56 0.97 0.70 46.09 0.026 

YJH-15 Yanjiahe 257.1 -2.94 -6.50 0.57 0.02 5.22 -0.42 0.96 0.75 38.67 0.011 

YJH-17 Yanjiahe 256.7 -1.99 -5.83 0.31 0.03 13.62 -0.40 0.95 0.68 40.39 0.008 

YJH-23 Yanjiahe 250.7 -3.19 -5.76 0.60 0.08 2.67 -0.23 1.05 0.67 41.46 0.004 

YJH-31 Yanjiahe 243.1 0.01 -6.20 0.60 0.05 3.68 -0.53 1.34 0.62 46.48 0 

YJH-32 Yanjiahe 242.3 0.85 -6.03 0.61 0.01 4.82 -0.38 0.95 0.65 39.67 0.001 

YJH-37 Yanjiahe 241 0.55 -5.39 0.63 0.02 4.06 -0.78 1.06 0.47 41.44 0.005 

YJH-39 Baimatuo Mb. 240.6 0.46 -5.65 0.62 0.01 2.33 -0.46 1.07 0.29 37.94 0.007 

YJH-43 Baimatuo Mb. 234.5 2.37 -5.39 0.62 0.05 3.01 -0.89 0.98 0.40 43.7 0.004 

YJH-45 Baimatuo Mb. 231.1 2.94 -5.63 0.62 0.05 3.23 -0.98 1.03 0.33 42.86 0 

YJH-47 Baimatuo Mb. 227.9 2.87 -5.95 0.64 0.04 2.30 -1.17 1.04 0.52 45.4 0.008 

YJH-49 Baimatuo Mb. 223.9 2.81 -5.00 0.62 0.03 1.86 -1.18 1.06 0.55 50 0 

YJH-51 Baimatuo Mb. 214.9 2.9 -5.00 0.63 0.03 2.16 -1.19 1.06 0.47 40.94 0.015 

YJH-53 Baimatuo Mb. 210.9 2.92 -5.85 0.64 0.03 2.22 -1.01 1.02 0.53 43.25 0 

YJH-55 Baimatuo Mb. 207.4 2.91 -5.13 0.63 0.03 2.01 -1.20 1.04 0.54 43.05 0 

YJH-57 Baimatuo Mb. 204.4 2.82 -5.20 0.64 0.03 2.04 -1.10 1.03 0.55 43.86 0 

YJH-59 Baimatuo Mb. 201.9 3.08 -5.18 0.63 0.05 2.39 -0.72 1.02 0.58 41.16 0 

YJH-61 Baimatuo Mb. 199.9 2.31 -5.08 0.63 0.04 1.97 -1.09 1.02 0.54 36.23 0 

Xiaotan section 

WLQ-
717 

Wulongqing 717 -1.52 -8.85 0.02 0.01 4.85 -0.41 1.01 0.61 46.18 0.34 

WLQ-
707 

Wulongqing 707 -2.61 -7.17 0.06 0.02 3.76 -0.39 1.04 0.52 37.09 0.16 

WLQ-
674 

Wulongqing 674 -1.31 -10.12 0.05 0.01 13.31 -0.45 0.99 0.56 38.93 0.61 

WLQ-
669 

Wulongqing 669 -1.39 -9.43 0.12 0.01 11.25 -0.43 1.04 0.43 40.49 0.43 

WLQ-
664 

Wulongqing 664 -2.14 -8.23 0.07 0.03 9.85 -0.47 1.03 0.52 46.53 0.28 

WLQ-
648.9 

Wulongqing 648.9 -2.01 -7.12 0.01 0.01 5.99 -0.38 1.05 0.51 47.51 0.47 

WLQ-
642 

Wulongqing 642 -1.06 -7.45 0.01 0.01 8.18 -0.45 1.11 0.42 38.88 0.52 

WLQ-
637.5 

Wulongqing 637.5 -2.6 -10.8 0.02 0.02 8.28 -0.42 0.98 0.49 36.09 0.43 

WLQ-
631 

Wulongqing 631 -1.13 -9.12 0.04 0.03 6.87 -0.41 0.98 0.41 37.74 0.45 



WLQ-
618.9 

Wulongqing 618.9 -0.99 -7.67 0.02 0.02 7.45 -0.43 1.01 0.47 38.44 0.28 

XT-101 Dahai 278.9 -4.11 -14.96 0.01 0.02 17.71 -0.38 1.13 0.47 47.23 0.35 

XT-103 Dahai 277.9 -0.94 -14.49 0.02 0.03 37.88 -0.64 1.46 0.59 46.64 0.13 

XT-106 Dahai 275.5 -0.22 -15.11 0.01 0.04 47.18 -0.72 1.65 0.42 42.15 0.21 

XT-110 Dahai 272.5 4.16 -11.89 0.00 0.03 14.99 -0.74 1.27 0.56 43.95 0.45 

XT-111 Dahai 270.5 5.52 -11.18 0.00 0.06 55.51 -0.76 1.38 0.48 46.12 0.08 

XT-117 Dahai 261.9 7.22 -11.46 0.01 0.08 112.59 -0.68 1.65 0.62 48.16 0.07 

XT-120 Dahai 258.2 7.06 -10.99 0.01 0.12 134.3 -0.83 1.17 0.48 46.05 0.12 

XT-125 Dahai 251.7 6.66 -12.08 0.01 0.09 110.48 -0.99 0.97 0.57 45.65 0.23 

XT-130 Dahai 244.3 6.71 -11.28 0.01 0.12 117.27 -0.85 1.18 0.55 44.76 0.36 

XT-135 Dahai 237.5 7.15 -12.17 0.01 0.08 51.59 -0.77 1.29 0.4 44.87 0.11 

XT-138 Dahai 233.3 7.11 -10.90 0.01 0.09 78.33 -0.66 0.99 0.44 45.12 0.08 

XT-140 Dahai 230.8 5.96 -12.07 0.01 0.14 65.16 -0.60 1.02 0.4 44.65 0.07 

XT-145 Dahai 222.6 6.53 -11.36 0.00 0.05 47.72 -0.38 0.99 0.49 46.12 0.35 

XT-148 Dahai 218.1 5.83 -11.84 0.00 0.07 80.82 -0.50 1.04 0.41 48.14 0.15 

XT-153 Dahai 213.1 1.05 -11.82 0.00 0.1 108.6 -0.59 1.10 0.45 42.15 0.23 

XT-158 Zhongyicun 209.2 -1.36 -10.70 0.01 0.07 65.79 -0.55 1.15 0.42 43.65 0.45 

XT-165 Zhongyicun 204 -6.44 -13.10 0.01 0.08 79.03 -0.48 1.27 0.41 44.86 0.52 

XT-178 Zhongyicun 193.5 -2.97 -9.95 0.01 0.07 80.39 -0.50 1.30 0.32 43.65 0.02 

XT-190 Zhongyicun 179.9 -5.29 -9.02 0.02 0.04 36.41 -0.51 1.16 0.44 43.25 0.34 

XT-201 Zhongyicun 168.7 -4.38 -10.01 0.11 0.06 57.15 -0.47 1.28 0.55 46.14 0.56 

XT-204 Zhongyicun 168.1 -4.32 -8.50 0.34 0.02 9.27 -0.64 1.44 0.54 43.63 0.60 

XT-212 Zhongyicun 162.5 -4.84 -10.23 0.13 0.03 15.09 -0.24 1.25 0.37 46.34 0.54 

XT-224 Zhongyicun 152.5 -3.41 -9.38 0.39 0.01 3.49 -0.47 1.12 0.46 45.81 0.32 

XT-238 Daibu 106.9 -5.51 -9.07 0.29 0.05 3.22 -0.46 1.13 0.52 44.32 0.15 

XT-241 Daibu 103.6 -4.86 -8.40 0.72 0.01 2.83 -0.42 1.21 0.37 41.26 0.26 

XT-246 Daibu 97.9 -7.27 -7.62 0.48 0.02 3.16 -0.49 1.21 0.37 45.65 0.34 

XT-253 Daibu 87.7 -13.51 -17.97 0.42 0.03 3.46 -0.51 1.17 0.39 45.34 0.19 

XT-259 Daibu 80.6 -12.18 -7.09 0.26 0.04 2.82 -0.28 1.11 0.43 45.98 0.10 

XT-270 Baiyanshao 70 0.19 -7.75 0.34 0.04 2.62 -0.30 1.08 0.51 44.12 0.01 

XT-285 Baiyanshao 48.4 1.35 -6.49 0.36 0.04 2.97 -0.68 1.30 0.49 42.67 0.01 

XT-297 Baiyanshao 27.3 2.26 -5.73 0.27 0.02 2.46 -0.71 1.07 0.52 47.21 0.01 

XT-304 Baiyanshao 15 2.50 -3.65 0.36 0.05 1.57 -0.97 1.25 0.57 46.86 0.01 

XT-312 Baiyanshao 0 2.98 -3.52 0.39 0.03 3.65 -1.07 1.24 0.66 44.15 0.02 

XT-314 Donglongtan -22 1.30 -6.83 0.29 0.02 2.41 -1.14 1.38 0.72 42.17 0.01 

XT-316 Donglongtan -26 0.82 -7.43 0.27 0.03 1.69 -1.07 1.28 0.7 41.56 0.03 

XT-318 Donglongtan -30 0.96 -7.06 0.26 0.03 2.90 -0.87 1.39 0.82 44.61 0.01 

XT-321 Donglongtan -36 0.90 -7.08 0.38 0.01 2.46 -1.06 1.09 0.72 45.19 0.01 



 

Table DR2. Parameters of the uranium isotope mass balance model 

Parameter Description Value Unit Reference 

Friver riverine U flux to ocean 4.2 × 107 mol/yr Anderson et al. 2017 for a 
review 

FOx0 Modern output flux to oxic U sink 2.23 × 107 mol/yr Anderson et al. 2017 for a 
review 

FSOx0 Modern output flux to subxoic U sink 1.53 × 107 mol/yr Anderson et al. 2017 for a 
review 

FAOx0 Modern out flux to anoxic U sink 4.45 × 106 mol/yr Anderson et al. 2017 for a 
review 

δriver riverine δ238U value -0.29 ‰ Anderson et al. 2017 for a 
review 

δseawater0 modern seawater δ238U value -0.4 ‰ Anderson et al. 2017 for a 
review 

ΔOx U fractionation between oxic sink and 
seawater 

-0.043 ‰ revised from Wang et al. 2016 

ΔSOx U fractionation between suboxic sink 
and seawater 

0.1 ‰ Weyer et al. 2008 

ΔAOx U fractionation between anoxic sink 
and seawater 

0.7 ‰ 
revised from Anderson et al. 

2014; Holmden et al. 2015; 

Rolison et al. 2017 

V seawater volume 1.37 × 1021 dm3 Hastings et al. 1996 

A Total seafloor area 3.61 × 1016 dm2 Barnes and Cochran, 1990 

AAOx modern anoxic seafloor area 0.35 % Veeh, 1968 

ASOx modern suboxic seafloor area 6.00 % Dunk et al. 2002 

AOx modern anoxic seafloor area 93.65 % Balance 

τ residence time of uranium in the 
ocean 

400 kyr Ku et al. 1977 

 



 

 

 

Fig DR1. Simplified geological map of the Yangtze block (after Jiang et al., 2012) and 

stratigraphic columns of the Yangtze Gorges area and Xiaotan section. The ages of every 

formation in the studied sections are modified from Ling et al. (2013); Li et al. (2013) and 

references therein. 

  



 



 

 

 

 

Fig DR2. Thin sections from studied carbonate samples under polarizing light microscope. (A) 

micrite or microsparite in the Dahai Mb., Xiaotan section; (B) dolomicrite interbedded in 

phosphorite in the Zhongyicun Mb., Xiaotan section; (C) coarsely grained cherty dolostone in 

the Daibu Mb., Xiaotan section; (D) dolosparite or dolomicrosparite in the Dengying Fm., 

Xiaotan section; (E) fine-grained micrite in the upper Yanjiahe Fm., Gaojiaxi-Yanjiahe section 

(F) microsparite in the upper Yanjiahe Fm., Gaojiaxi-Yanjiahe section; (G) dolomicrosparite in 

the lower Yanjiahe Fm., Gaojiaxi-Yanjiahe section. (H) dolomicrite in the Dengying Fm. 

(Baimatuo Mb.), Gaojiaxi-Yanjiahe section. 

 



 

 

 

 

 

 

 
 
 

Fig DR3. Analyses of δ238U vs. U/Ca ratio (A) and Mg/Ca ratio (B) as the tracers for effects of 

authigenic U accumulation and dolomitization on U isotopic composition in the carbonates. 

  



 
 
Fig DR4. Results of sensitivity analyses for U isotope mass balance model. (A) Δ238UAOx-SW = 

0.6‰; (B) Δ238UAOx-SW = 0.8‰; (C) Δ238USOx-SW = 0‰; (D) Δ238USOx-SW = 0.2‰. 
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