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Introduction: Seawater archives, in the form of 
marine chemical sediments and their geochemical 
proxies, provide excellent opportunities to better un-
derstand the physico-chemical evolution of the ancient 
hydro- and atmosphere through Earth’s history. How-
ever, pure seawater precipitates, devoid of syn- or post-
depositional alterations, are scarce in the geological 
rock record, but essential to understand the interplay of 
the geodynamic evolution of the Earth and its marine 
habitats. 

Banded iron formations (BIFs) are non-actualistic 
rocks which provide the most robust archives for an-
cient seawater. They consist of alternating silica-rich 
and iron-rich layers of often large lateral extent (>50 
km). They precipitated on the seafloor almost exclu-
sively during the first two billion years of Earth’s his-
tory and reflect variations in the ancient seawater 
chemistry.  

The formation of BIFs required the transport of 
dissolved Fe(II), as Fe(III) is nearly insoluble in the 
presence of even trace amounts of oxygen [e.g., 1]. 
Models for the genesis of BIFs, therefore, require an 
assessment of the sources for elemental supplies (e.g., 
iron among other chemical elements and potential nu-
trients for the earliest life on Earth) to the ancient sea-
water, as well as the oxidation mechanisms which led 
to their precipitation. Such models are often highly 
controversial and encompass continental [e.g., 2,3] 
and/or hydrothermal [e.g., 4-6] elemental sources, ex-
plaining oceanic Fe removal by either inorganic [e.g., 
7,8] or biologically promoted [e.g., 2,9] Fe(II) oxida-
tion, or a combination of these processes [e.g., 10]. 

It is not known if and to what extent oxidation pro-
cesses changed through time [e.g., 11,12]. However, 
the Great Oxidation Event (GOE) likely provided a 
major turning point, after which direct oxidation, due 
to significant amounts of free oxygen in the at-
mosphere, likely dominated a declining BIF deposition 
in progressively iron-depleted and oxidized oceans. 

The formation of BIFs is occasionally related to 
major tectono-magmatic events that accompanied the 
early evolution of the Earth’s hydrosphere-atmosphere 
system, which then allow to assess the fate of the earli-
est exposed landmasses. The tectono-magmatic events 
are characterized by massive magmatic outpourings 
[e.g., 13,14] in part likely triggered by large asteroid 

impacts [e.g., 15-17], causing severe environmental 
changes.  

Thus, BIFs constitute an invaluable geochemical 
archive which remains to be fully exploited. 

Approach: In this contribution we aim to present 
preliminary results of a comprehensive study of cou-
pled Fe-Os isotope analyses of a series of BIFs cover-
ing the time-span from the Eoarchean to the Neopro-
terozoic. This allows us to study secular variations of 
the physico-chemical evolution of ancient environ-
ments prior to, during, and in the wake of the GOE at 
around 2.4 Ga [e.g., 18]. 

Iron isotopic fractionations in BIFs allow tracing 
biological processes that dictated oxidation mecha-
nisms and pathways [e.g., 19]. Further, the residence 
time of Os in the oceans of ~10 kyr [20], allows to 
detect periodic fluctuations in the global 187Os seawa-
ter composition [e.g., 21-23]. Although Os seawater 
residence times during the Precambrian might differ, 
this provides the potential to discriminate between 
source contributions during BIF deposition  (e.g., con-
tinental, hydrothermal and, probably, meteoritic). The 
sensitivity of the Os isotope approach relies on varying 
time-integrated radiogenic accumulations of 187Os (due 
to the decay of 187Re) between different source reser-
voirs, which are accompanied by concentration gradi-
ents of the highly siderophile elements (HSE). 

Samples and Methods: Our preliminary data en-
compass HSE concent ra t ions and coupled 
δ56/54Fe-187/188Os isotope analyses of the 2.7 Ga old 
Temagami Iron Formation from the Abitibi Greenstone 
Belt, Ontario, Canada. The Temagami BIF represents a 
well-preserved Algoma-type BIF that has only been 
subjected to lower greenschist facies metamorphism 
[24] and contains no or only minute amounts of alumi-
nosiliciclastic detritus [25,26]. 

Between 1 and 2 g of homogeneous sample pow-
ders were obtained from individual, detritus-free BIF 
layers, spiked with a mixed HSE tracer and digested in 
inverse aqua-regia in an Anton-Paar high pressure ash-
er. After digestion, Os was separated from the other 
HSE using a solvent extraction procedure described in 
[27], and further purified using a microdistillation 
technique [28]. The remaining HSE were separated 
from the aqua-regia fraction using anion exchange 
columns [e.g., 29]. 
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Highly siderophile element concentrations were 
determined using a Thermo Element XR-SF-ICP-MS 
in single collector mode at the Steinmann Institute at 
the University of Bonn, Germany. The 187Os/188Os ra-
tios and the Os concentrations were determined at the 
Department of Lithospheric Research at the University 
of Vienna (Austria), using a ThermoFinnigan Triton 
Thermal Ionization Mass Spectrometer operating in 
negative mode. 

Iron isotope measurements were performed on ~50 
mg of the bulk powders at the University of Cologne 
using chromatographic separation techniques follow-
ing published methods [30] and a Thermo Finnigan 
Neptune ICP-MS for mass spectrometric analysis. 

Results: Samples from individual BIF layers ex-
hibit ubiquitous enrichments in the heavy Fe isotopes, 
correlating with alternating magnetite and chert layers.  
δ56Fe values range from +0.65 to +0.95‰ for mag-
netite-layers and are relatively constant around 
+1.05‰ in chert layers. 

Our preliminary HSE abundance data reveal signif-
icant heterogeneities of HSE concentrations and 187Os 
signatures on a cm-scale. Notably, these hetero-
geneities show no correlation with the alternating Si- 
and Fe-rich BIF layers. Osmium and Ir concentrations 
vary from ~1 to ~100 ppt, correlating with 187Os/188Os 
ratios, which vary from near-chondritic ratios in „high 
HSE“ layers to values up to ~4 in „low-HSE“ layers. 

Discussion: The presence of Fe isotope hetero-
geneities on a hand-specimen scale in conjunction with 
δ56Fe interlayer correlations are interpreted to reflect 
primary or low-temperature signatures despite subse-
quent metamorphism. 

A comparison of magnetite Fe isotope data between 
Archean and Proterozoic BIFs led [31] to conclude that 
there was a fundamental difference between the Fe 
cycles that produced the BIFs during these time peri-
ods, reflecting different extents of oxidation, as well as 
microbial diagenesis. Magnetite from Archean Isua 
BIFs exhibit a narrow range of positive δ56Fe values, 
whereas magnetite in the Proterozoic Hamersley and 
Transvaal BIFs exhibit a wider range of slightly nega-
tive δ56Fe values. This dichotomy was correlated with 
low ambient O2 contents and small extents of oxidation 
in the Archean and inheritance of δ56Fe values of mag-
netite that was produced by complete oxidation of 
Fe(II)aq in Proterozoic BIFs [31]. Notably, our data for 
the magnetite layer in the Temagami BIF show 
markedly positive δ56Fe values and, thus, mirror typi-
cal δ56Fe values of the Eoarchean Isua BIF. This is best 
explained by anoxygenic photosynthesis or low atmos-
pheric O2 levels during the deposition of Temagami 
BIFs, and opposes the advocated Proterozoic trend 
[31]. 

However, the interpretation of stable Fe isotope 
signatures remains highly controversial in the scientific 
community and additional δ56Fe data on BIFs of vari-
ous ages are required to confirm or disprove any such 
trends. 

Our HSE and Os isotope data for the Temagami 
BIF presented in this study confirm the lack of exten-
sive post-depositional metamorphism. Rather, the 
enormous HSE and 187Os/188Os heterogeneities on a 
hand-specimen scale may record changes of the vari-
ous sources contributing to the Temagami seawater 
chemistry during BIF deposition. Hence, this provides 
evidence for riverine transport of radiogenic crustal Os 
to the seawater under oxidizing conditions and Os in-
put from hydrothermal (and probably also extraterres-
trial) sources. In contrast to δ56Fe values, which are 
systematically lower in magnetite than in chert, 187Os/
188Os ratios and HSE concentrations are similarly ho-
mogeneous among different layers. Areas of low HSE 
concentrations (low ppt range) and radiogenic Os iso-
topes (187Os/188Os ~1-4) extend over four intercalating 
magnetite and chert layers and alternate with areas of 
near-chondritic 187Os/188Os ratios corresponding to 
HSE concentrations of 30 to 100 ppt. Our preliminary 
HSE-187Os dataset may, thus, provide a new geochemi-
cal proxy that may help to decipher elemental sources 
from hydrothermal, extraterrestrial and emerged conti-
nental sources that affected ancient seawater chemistry 
in the earliest marine habitats on Earth. 
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