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Balmat pyrite standard (Whitehouse and Fedo, 2007; Marin-Car-
bonne et al., 2011) is known to have variable δ56Fe values (Xu et al., 
2022). We have recently reanalyzed the batch of Balmat standard from 
UNIL (hereafter called Balmat-UNIL) at the University of Chicago 
(courtesy of Dr. Rego and Prof. Dauphas, unpublished data). The δ56Fe 
bulk value of Balmat-UNIL pyrite used in this study is − 1.459 ± 0.024 
‰, compared to the previous published value of − 0.399 ‰ (Whitehouse 
and Fedo, 2007). As all the SIMS data are standardized to the Balmat- 
UNIL pyrite, the correction with this new value led to a shift of 1.06 
‰ of the entire published dataset. This corrigendum presents the cor-
rected pyrite Fe isotope data, now displaying variations between − 3.05 
‰ and + 4.33 ‰. Most of the figures (Figs. 3, 4, 6, 7, 8, 9, 10 and 11), 
and the supplementary data (Figs. S3, S5, S6 and Table S9) need to be 
modified as presented below. As a result of this shift, we also propose 
hereafter an alternative model to explain the δ56Fe signal of pyrite 
precipitated in the inner ramp system (section 4.3.1 - discussion), 
combining petrographic observations and both pyrite S and newly cor-
rected Fe isotope results. 

The authors would like to apologize for this mistake. 
Revised model for pyrite formation in the inner ramp system (section 

4.3.1 andFig. 10): 
The LWC inner ramp is characterized by frequent sediment remobi-

lization by physical reworking (tidal currents or waves) and bio-
turbation, which facilitated the connection between sediment 
porewaters and the overlying water column. Therefore, sulfates, Fe- 
oxides and organic matter that fuel metabolic reactions related to 
sedimentary sulfides precipitation are assumed to be non-limiting. An 
open system is consistent with the average negative δ34S value recorded 

in the inner ramp samples (δ34S = − 11.4 ± 9.3 ‰, 1SD) and specifically 
in samples LWC31, LWC39 and LWC41, with values lower than − 16.8 
‰. The model described in the original version of this article may still 
explain the variability of Fe isotope compositions in FA1 and FA2 
samples of the inner ramp system, assuming that the δ56Fe value of the 
Fe source is close to 0 ‰. Such iron isotopic signal can be derived, for 
example, from quantitative iron oxidation into Fe3+-minerals after 
weathering of igneous rocks, aerosols, or river loads (Dauphas and 
Rouxel, 2006 for a review). However, the Fe isotope compositions in 
FA1 and FA2 samples may also be alternatively interpreted, assuming 
that the δ56Fe value of the initial Fe oxides is close to the canonical Fe 
isotope composition of +0.9 ‰ known for Fe oxides throughout Earth 
history (Rouxel et al., 2005; Wu et al., 2011; corrected Fig. 10). In that 
case, the Fe isotope variability measured in pyrite grains from the inner 
ramp would be primarily controlled by the availability of microbially- 
produced H2S (corrected Fig. 10). Through this alternative model, the 
average δ56Fe value of +0.97 ‰ (1SD) associated with FA2 (MISS) 
samples would reflect the complete sulfidation of Fe-oxides, allowing 
the preservation of the initial δ56Fe value of Fe-oxides within pyrite 
(corrected Fig. 10a and c). This process can be supported by H2S pro-
duction in biofilms after microbial sulfate reduction (MSR). Conse-
quently, in sediments devoid of biofilms (FA1, siltstones), the sulfidation 
of Fe-oxides may be limited by lower production rates of H2S by sulfate 
reducers, related to a lower reactivity of organic compounds (corrected 
Fig. 10b). Indeed, under well-ventilated conditions, MSR occurs deeper 
in the sediments where the quantity and reactivity of organic matter 
decrease as a function of the sediment depth and redox potential 
(Middelburg, 1989; Dauwe et al., 1999; Meister et al., 2013). Although 

DOI of original article: https://doi.org/10.1016/j.palaeo.2023.111507. 
* Corresponding author. 

E-mail address: marie-noelle.decraene@unil.ch (M.-N. Decraene).  

Contents lists available at ScienceDirect 

Palaeogeography, Palaeoclimatology, Palaeoecology 

journal homepage: www.elsevier.com/locate/palaeo 

https://doi.org/10.1016/j.palaeo.2023.111636    

mailto:https://doi.org/10.1016/j.palaeo.2023.111507
mailto:marie-noelle.decraene@unil.ch
www.sciencedirect.com/science/journal/00310182
https://www.elsevier.com/locate/palaeo
https://doi.org/10.1016/j.palaeo.2023.111636
https://doi.org/10.1016/j.palaeo.2023.111636
https://doi.org/10.1016/j.palaeo.2023.111636
http://crossmark.crossref.org/dialog/?doi=10.1016/j.palaeo.2023.111636&domain=pdf


Palaeogeography, Palaeoclimatology, Palaeoecology 623 (2023) 111636

2

Fig. 3. Evolution of Fe isotope compositions measured by SIMS on 8 LWC samples with corresponding total organic carbon concentrations (in %), pyrite δ34S values 
on 30 samples (LWC31 to LWC70) and carbonate associated sulfate (CAS) δ34S values on 5 samples of the section. The simplified log reports lithologies and positions 
of samples measured by SIMS. 

Fig. 4. a) Framboid size distribution (histogram and box plot) of the 43 framboids measured in five LWC samples (LWC47 to LWC88) and b) relationship between the 
size of framboid pyrite grains and their Fe isotope compositions. 
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Fig. 6. Fe isotope compositions of pyrite from the Lower Weber Canyon section as a function of the depositional environment along a ramp system. The different star 
colors refer to the corresponding facies associations. Sample LWC31 is part of FA1 (red star). Samples LWC39 and LWC41 are MISS (FA2, yellow star). Please note 
that sample LWC41 encloses two facies in which pyrite is observed. The first is the silty part (reported as LWC41 Siltst.) and the second is the OM-rich laminae (noted 
LWC41 OM). F3 (green star) includes samples LWC47 and LWC49. Sample LWC55 is part of FA4 (blue star). Samples LWC72 and LWC88 are included in FA5 (purple 
star). Fe isotope compositions are reported using outlier box plot representation. Line through the box is the median and the edges of the box represent the quartiles 
(lower line is the 1st quartile Q1, i.e. the 25th percentile, and upper line is the 3rd quartile Q3, i.e. the 75th percentile). Lower and upper whiskers represent 1.5*IQR 
(interquartile range, i.e. the range between Q1 and Q3). The minimum and maximum are marked by small lines at the end of whiskers and represent respectively the 
lowest and highest values of the distribution, excluding outlier values of the dataset (filled and unfilled dots below and above whiskers). See Fig. 1 for abbreviations. 
(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 

M.-N. Decraene et al.                                                                                                                                                                                                                          



Palaeogeography, Palaeoclimatology, Palaeoecology 623 (2023) 111636

4

Fig. 7. Pyrite δ56Fe distributions as a function of the domain of the ramp, i.e. the inner ramp, the mid ramp and the outer ramp system. The number of values (n), and 
the number of samples from which pyrite grains were measured (s) are indicated for each histogram. 

Fig. 8. δ56Fepy as a function of the morphology of pyrite grains. The different pyrite types are categorized as euhedral, framboids, aggregated and framboids with 
secondary overgrowth. No statistical differences are observed between each morphology. 
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Fig. 9. Pyrite δ56Fe distributions as a function of pyrite morphologies in each facies (FA1 to FA5). Data from euhedral pyrite are reported in red, from framboids in 
green, from aggregates in blue, from framboids with secondary rims in yellow and from the nodule in grey. The number of values (n) is indicated for each histogram. 
(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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Fig. 10. Iron cycling model in the sediments from inner ramp samples. a) Model of Fe reduction for MISS samples (FA2), where high rate of sulfate reduction 
promotes the complete conversion of Fe-oxides into Fe2+ or FeS and subsequently pyrite by reaction with H2S (blue pathway: Sulfidation) combined with the possible 
effect of iron reducing bacteria (green pathway: Dissimilatory Iron Reduction). b) Model of Fe reduction for siltstone samples (FA1). In this model, less abundant and 
less labile organic matter is available for sulfate reducers, leading to a lower production of H2S. In this case, the quantity of H2S limits the reduction of Fe-oxides. c) 
Pyrite δ56Fepy distributions for the facies associations FA1 (siltstone) and FA2 (MISS). (For interpretation of the references to colour in this figure legend, the reader is 
referred to the web version of this article.) 
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iron reducers may have been involved in the reduction of Fe oxides, the 
newly corrected data are still not sufficiently negative to support 
dissimilatory iron reduction (DIR) as the dominant reduction pathway 
(Crosby et al., 2005; corrected Fig. 10c). Instead of a model requiring 
several oxidation-reduction cycles to explain pyrite δ56Fe values as 
originally exposed, this new model proposes that the key driver of pyrite 
formation is the sulfidation of Fe oxides by microbial H2S, the produc-
tion of which depends on the sedimentary facies. 
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Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
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