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The International Continental Scientific Drilling Program's (ICDP) Expedition (FAR-
DEEP) successfully completed drilling operations on the Fennoscandian Shield resulting
in recovery of 3650 m of core from 15 holes drilled through sedimentary and volcanic
formations recording several global environmental changes spanning the time interval
2500-2000 Ma, including the Great Oxidation Event (GOE). The core has been archived,
and sampled by an international team of scientists, and the project has moved to the
advanced research phase. The first significant outcome of the FAR-DEEP is a three-
volume treatise (ca. 1500 pages) entitled «Reading the Archive of Earth's Oxygenation»
scheduled by Springer for printing in August 2012.
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B. A. Menexwuk, A. P. Mpane. BAXHAS BEXA B WUCCJIELOBAHUN
MAJIEONMPOTEPO304 SEMJIU

B cTaTtbe n3noxeHbl OCHOBHbIE pe3ynbTaThl 3aBepLumBLlerocs B 2012 r. mexayHapon-
HOro 6ypoBOro NpOeKTa, HaLleNIeHHOro Ha UccnenoBaHMe paHHe nctopun 3emMnn Ha
TeppuTopun poccuiickoii yactn deHHockaHanHasckoro wmta (FAR-DEEP). OcHoBHOe
BHMMaHMe Y4aCTHMKOB npoekTa Obi1o choKyCcMpoBaHO Ha npobsiemMe CTaHOBEHUS
a3pobHOM cUcTEMbl 3eMM 1 Pa3BUTUS CEPUN B3AMMOCBSA3aHHbIX FNobaibHbIX COObLITUIA
B NepexoaHbIi nepuon OT No34HEero apxes K paHHeMy npoTepo3oio (2500-2000 mnH
net). bypeHune ckBaxuH BbinosiHeHO B 2007 r. duHckoii komnaHueit SMOY, matepuarnb-
HO-TexHM4Yeckoe obecrneveHne ocyuiectenana dpupma «MuHepan» (C.-MeTepbypr).
MpoekT punHaHcuposancs doHaom ICDP n yactnyiHo Uccneposatensckummn CoBetamun
Hopeernn v F'epmannn, nHctutytom Actpobuonorun NASA, Meonornyeckon cnyxo6or
Hopeeruu, LleHTpom Meobuonorun bepreHckoro yHueepcuteTa, MHCTUTYTOM reonorumn
KapHL, PAH. Mony4yeHbl 06pasupl KepHa reonornyeckmnx dopmaumii o AByM permoHam
Poccumn (no OHexckoli cTpykType B Kapenun, MNedeHrckomy, MimaHapa-Bap3ayrckomy
3eneHokamMeHHbIM nosicam Konbckoro n-oea), obwas gavHa 15 npobypeHHbIX CKBaXKUH —
3650 M. K n3yyeHuto kepHa Obin NpuBeYeHbl Hay4Hble KoNekTuebl 3 14 ctpaH. Oc-
HOBHbI€ U3y4aBLUNECS BONPOCHI UICTOPUN Pas3BUTUS 3eMin: NepBoe rnobanbHoe onene-
HEeHVe, caMoe paHHee N Hanbonee 3HaA4YMMOE MOJIOXKUTENbHOE N3MEHEHNE N3OTOMHOIO
cocTtaBa yrnepoga (JlomaryHou-Atynuiickoe cobbiTue), Aoka3aTeNbCTBO CYLLECTBOBA-
HUA Hanbosiee ApPeBHEro MacCoOBOr0 HaKOMJIEHMST OPraHMYECKOro BeLWecTBa U reHepa-
unn yrneesonoponos (peHomeH «LLyHbra»). MNonyyeHbl HOBbIE JAaHHbIE MO FEOXPOHOM0-
M OCHOBHbIX CODbITUIA B paHHE UCTopun 3eMiu.

KepH ckBaxkuH HaxoouTcs B r. TpoHaxerime, M'eonornyeckas cnyx6a Hopeseruu, oH goc-
TyneH ong Oyayuimx nccnenoBaHunii U obpasosanus. C o6WMPHOW konnekumen GoTo-
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rpaduii KkepHa U reoXMMUYECKUMUN [aHHbIMM MOXHO MO3HAKOMUTBLCSA Ha caiTe
(http://www.icdp-online.org). lNepBbiM 3HAYUTENBHLIM PE3YNLTATOM MPOEKTA ABASIOTCA
TpU ToMa Matepuanos obLym o6bemoM okosio 1500 cTpanuy, (n3gatenbcTBo CnpuH-
rep). KHurn mnnnioctpupoBaHbl doTorpadusaMm KepHa U eCTECTBEHHbLIX OBOHaXEHWN,
reosIorMyeckKUMmn KapTamu, CXemMamum PEKOHCTPYKUMIA YCIOBUIA OCafKOHAKOMIEHWs, B
HUX COOEpPXUTCS BoraTbli MaTepuan no JUTONIOMMU U FeOXMMUU OCaA0YHbIX MOPOA.
OnncaHuio obLLEen reonornm Poccuinckoi yactn PeHHOCKaHANHABCKOro WmTa NocBs-
LLEH NepBbIii TOM, rnobasibHbIX COOLITUIA NEePexoHOro nepmoga — BTOPOn 1 TpETUA TOM
n3paHusl. B KOoHUEe cTaTbX aBTOPbI NMPUBOAAT CMUCOK XYPHaNbHbIX CTaTen, onybamko-
BaHHbIX N NOArOTOBJIEHHbIX K U3JAHWNIO, B KOTOPbIX NPMBEAEHLI OCHOBHbIE Pe3ybTaThl

nccnegoBaHuii no Temam MeXAyHapOoOHOro npoeKkTa.

KnioueBble cnoBa: MexayHapoaoHas nporpamma 6ypeHusi, deHHOckaHAMHAB-
CKWIA WnT, rnobasbHble M3BMEHEHUS OKpYXaloLen cpeabl, JlIomaryHan-aTynnnckoe n3o-
TOMHOe coObITNe, KucnopoaHas katactpoda, deHomeH «LLyHbra», ann3oabl oneneHe-

HUA.

Introduction

The International Continental Scientific Drilling
Program (ICDP) supports projects aimed at
studying fundamental geological problems of
global significance. It helps assemble the best
available international scientific teams to examine
the best rock formations available in the world. The
Fennoscandian Arctic Russia-Drilling Early Earth
Project (FAR-DEEP) was one such project,
focusing on the emergence of an aerobic Earth
System and a series of interrelated global events
during the Late Archaean and Early
Palaeoproterozoic transition (APT; 2500-2000
Ma). Within the ICDP, the FAR-DEEP with its Deep
Time perspective has opened a new window for
multidisciplinary research that aims at obtaining
fundamental knowledge of the processes that
operated on Earth’s surface and interior at the
dawn of the establishment of an aerobic world.
Details of the project idea were presented in
Melezhik et al. [2005].

The aim of the FAR-DEEP was to obtain
uncontaminated, non-weathered, pristine core
material from key geological formations
recording a series of hallmark Palaeoproterozoic
global events in three separate areas of Russian
Fennoscandia (Figs. 1 and 2). The drilling
operations were carried out through May-
October 2007 by the Finnish operator SMQOY, and
State Company «Mineral», based in St.
Petersburg, provided logistical support. The
drilling operations were largely supported by the
ICDP and by additional funding from the
Norwegian Research Council, the German
Research Council, the National Science
Foundation, the NASA Astrobiology Institutes,
the Geological Survey of Norway (NGU) and the
Centre of Excellence in Geobiology, the

University of Bergen, Norway. NGU and the
Institute of Geology of the Karelian Research
Centre of the Russian Academy of Sciences
supported onsite geological work.

The major outcome of the drilling project was
the successful recovery of a total of 3650 m of
pristine cores from 15 drillholes (Fig. 1). This
provided a representative geological record of the
most important global events occurring through
the APT (Fig. 2). Hence, the chosen approach was
a success, and resulted in collection of a rich
archive of geological material. Core
documentation and associated analytical work
were supported by NGU, the Scottish Universities
Environmental Research Centre and Penn State
University. Facilities and logistical support for
international sampling campaigns were provided
by NGU. In 2010, the first goal of the project was
successfully achieved: a well-characterised,
-archived and -illustrated succession of rocks for
the 2500-2000 Ma time slice.

The second goal of the FAR-DEEP is to
document the changes in the biosphere and the
geosphere associated with the emergence of an
aerobic Earth System and interrelated global
events during the APT, which led to irreversible
alteration of Earth's surface environments and
rise in atmospheric oxygen. The core archive
contains a record of many of the hallmark events
of that time and provides the international Earth
science community with an exceptional
opportunity to study iconic aspects of
Palaeoproterozoic Earth history including the first
worldwide glaciation, the earliest and one of the
largest positive isotopic excursions of the global
C cycle, and arguably the world’s oldest
supergiant oilfield (Fig. 2), and offers the chance
for undertaking a wide variety of exciting
research and educational activities.
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Fig. 1. Geological map of the eastern Fennoscandian Shield showing FAR-DEEP drilling sites and drillhole numbers.
Geological map is modified by Aivo Lepland from Koistinen et al. [2001]
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Fig. 2. FAR-DEEP drillnoles projected against major global events through the Archaean-Palaeoproterozoic
transition. Note that precise position of events relative each other on the chronological scale remains to be

constrained

Currently, an international team of
scientists from 14 countries is undertaking an
ambitious and successful FAR-DEEP research
program. Several research grants, eight PhD
and four postdoctoral projects supported by
various funding agencies in Austria, Finland,
Germany, Great Britain, Norway and USA are
involved in the FAR-DEEP research program. A
large group of scientists from the USA has
received support from the National Science
Foundation and NASA. Several research
groups from Belgium, Czech Republic, Estonia
and Russia have been also successful in
obtaining research grants.

FAR-DEEP - current research

Selected research areas and directions, which
are being actively developed by various research
groups are briefly highlighted below. This section
does not aim to review the abundant published
material on the APT, instead it focuses on on-
going FAR-DEEP core-based work, and articles
recently published by the FAR-DEEP international
community.

Geochronology

The construction of stratigraphic frameworks,
inter-regional correlations, the assessment of
geochemical, geobiological and development of
basin evolution models demand geochronological
control. Furthermore, no definition of the timing,
rates and durations of geological processes and
events could be made without precise and accurate
radiometric ages. Currently, only a few robust ages
exist to bracket the events of the Palaeoproterozoic
time slice. FAR-DEEP cores and associated material
offer new opportunities. One new, robust age-
constraint is on the termination of the Lomagundi-
Jatuli isotopic excursion in Imandra/Varzuga and
Pechenga belts [Martin et al.,, 2012a]. Another
example is tightening the age of glacial deposits
documented in Core 3A in the Imandra/Varzuga Belt.
Ash beds associated with diamictites are yielding a
precise date linking them to the Huronian-age
glaciations [Brasier et al., 2012c]. Trial projects on
dating of organic matter from Palaeoproterozoic Cor-
and S-bearing rocks by the Re-Os technique have
also proven to be successful [e.g., Hannah et al.,
2006, 2008].
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Future projects could explore U-Pb dating
techniques on igneous baddelyite and diagenetic
phosphate and xenotime, and may offer
geochronological constraints on regional and
global correlations, assess the synchronicity or
diachronicity of isotopic excursions, the timing and
duration of climatic events and volcanism, and the
temporal (in)completeness of the sedimentary
record. Oxidising processes could be dated by a
(U-Th)/He series programme on haematite-
bearing rocks [e.g., Lippolt et al., 1995, 1998;
Shuster et al., 2005]. FAR-DEEP Core 6A, 8A, 8B
offer a varied suite of igneous and volcaniclastic
«red beds» and haematite-rich lithofacies such as
haematite-cemented sandstones and jaspers to
undertake such work.

Advanced work on provenance analysis of
Paleoproterozoic siliciclastic sediments based on
age and geochemistry of detrital zircons is in
progress [Girtner et al., 2012a-c].

Change in sulphur cycle and the advent
of the progressive oxidation of the atmosphere

In the Imandra/Varzuga Belt, the FAR-DEEP
Hole 1A (Figs. 1 and 2) intersected c. 120-m of
tidal sandstone-siltstone-shale, quartzite and
marine dolostones. These rocks accumulated at c.
2442 Ma during a transitional period in
atmosphere evolution, from largely anoxic to a
state of incipient oxidation. The continuous core
allows obtaining high-resolution carbon and
multiple sulphur isotope measurements and is a
great opportunity to resolve the internal structure
of the termination of mass-independent
fractionation of sulphur isotope [Reuschel et al.,
2012c] and ultimately a quantitative
understanding of the related environmental
changes. The study of the core will also contribute
to better understanding of the global carbon cycle
and seawater chemistry [Melezhik et al., 2012a] at
the dawn of progressive atmospheric oxidation
and prior to the global Huronian glaciations.

Palaeoclimate

The FAR-DEEP Core 3A obtained from the
Imandra/Varzuga Belt (Figs. 1 and 2) contains a
record of one of the Palaeoproterozoic glacial
episodes but unlike anywhere else in the world, the
diamictic units are interbedded with high-Sr,
marine limestones and varves. The C isotopic
composition of marine carbonates may record
seawater chemistry and can be used as proxies for
atmospheric composition informing on driving
forces that caused the first global icehouse
[Brasier et al., 2012]. Ash beds associated with the
glacial deposits have shown a great potential for
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precise radiometric dating [Brasier et al., 2012c]
and will provide a robust time constraint on the
Palaeoproterozoic glaciations in the
Fennoscandian Shield.

Palaeoproterozoic perturbation of the global
carbon cycle, the Lomagundi-Jatuli event

The earliest, and one of the largest in Earth
history, positive excursion of §°C in sedimentary
carbonates, the Lomagundi-Jatuli Event, lasted
more than 160 myr. This is one of several other
prominent Palaeoproterozoic environmental
events whose causative mechanism(s) remain
intriguing and unresolved. The possible role of
local factors in amplification of a global signal
remains unconstrained. Cause-and-effect
relationships of the Lomagundi-Jatuli Event with
other global palaeoenvironmental changes in the
APT remain only partially understood.

FAR-DEEP cores 5A, 10A, 10B and 11A (Figs. 1
and 2), together with previously published data,
offer an opportunity to construct two- and three-
dimensional isotopic models in the Pechenga
[Salminen et al., 2012a] and Onega basins; these
may inform on basinal §°C variations associated
with local amplifying factors [e.g., Brasier et al.,
2011]. Providing that high-precision age
constraints are obtainable [e.g., Martin et al.,
2012a], the FAR-DEEP holes 4A, 5A, 10A, 10B and
11A (Fig. 2) have a potential for comparison of
time-equivalent successions accumulated in
lacustrine (Core 5A), open marine (Core 4A) and
restricted evaporitic (Cores 10A, 10B and 11A)
environments. More §°C,, data covering the
Lomagundi-Jatuli-age interval will help shed light
on the merits of competing hypotheses and on
inherent assumptions, and this will be addressed
in future studies [e.g., lling et al., 2012]. A
detailed geochemical investigation of carbonate
formations transitional from the Lomagundi-Jatuli
to Shunga events is also in progress [Salminen et
al., 2012b].

Oxidised ocean, abundant Ca-sulphates and
Palaeoproterozoic seawater sulphate reservoir

Progressive oxygenation of Earth's surface
environments resulted in increased sulphide
oxidation during continental weathering and
concomitant increase in the concentration of
marine sulphate. To date, the database on S of
Palaeoproterozoic sulphate remains limited and
shows a large range from +5.1 %o to +42.3 %o
(VCTD) [Schroder et al.,, 2008 and references
therein; Guo et al., 2009; KpyneHnuk n gp., 2011].
In the Onega Basin, several FAR-DEEP drillholes




(10A, 10B and 11A; Figs. 1 and 2) specifically and
successfully targeted sedimentary formations that
contain abundant seawater sulphates in the form
of pseudomorphs after gypsum and anhydrite.
Reuschel et al. [2012a] generated data on the
sulphur isotopic composition based on analyses of
carbonate-associated and breccia-hosted
sulphate, and in situ analyses of anhydrite and
barite relicts in quartz-pseudomorphed Ca-
sulphate nodules. All range in §*S between +7.8
and +11.3 %o (one outlier is at +15.8 %o) over c.
500 m of stratigraphy and suggest seawater
sulphate concentration >2.5 mM. Abundant relicts
of sulphates preserved in dolomite- and quartz-
pseudomorphed chicken-wire and enterolithic
structures, concretions, crystals and rosettes in
FAR-DEEP cores are rich material for further
detailed mineralogical, petrographic,
sedimentological and isotopic studies.

Enhanced accumulation of organic carbon,
petrified supergiant oil field and the Shunga event

FAR-DEEP cores 12A, 12B and 13A obtained
from the Onega Basin (Figs. 1 and 2) hold
information on the enhanced accumulation of
organic matter (the Shunga event) and an
associated petrified supergiant oil field. Despite
many years of research, numerous geological,
geochemical and petrological features of this
unique rock formation remain understudied. The
cause(s) of such unprecedented global
accumulation of organic matter and pervasive oil
generation remains unknown.

FAR-DEEP core-based results show a
stratigraphic trend in §"C,, from —22 %o to —40 %o
in a ¢. 600-m-thick succession, and a two-step,
stratigraphic shift by 15 %o within the upper 200 m
of the succession. Kump et al. [2011] interpreted
this negative excursion as a temporary but
massive reversal of the long-term global carbon
cycle. This reversal event is known as the 2.0 Ga
Shunga Event [e.g., Melezhik et al., 2005], and it
was the time when oxidation of organic carbon
from the crust dominated the global carbon cycle
[Kump et al., 2011].

Coupling carbon and sulphur isotopic systems
[Meister et al., 2012; llling et al., 2012], involving
paired organic carbon [Qu et al.,, 2012a] and
carbonate carbon isotopic studies on primary and
diagenetic carbonate phases [Crne et al., 2012a,
b], may reveal additional and crucial information
on evolution of primary producers of organic
matter and its recyclers. Other ongoing research
includes structural organisation of organic
material [van Zuilen et al., 2012; Qu et al., 2012b]
and possible link of the Shunga event with an

extraterrestrial impact [Hubert et al., 2011,
2012a-c]. A sulphur isotope study combined with
iron speciation has been performed to elucidate
redox-state conditions of the Shunga-event
depositional system [Reuschel et al.,, 2012b].
Brasier et al. [2011b] have addressed a silica
source in organosiliceous rocks. The FAR-DEEP
cores warrant a series of other fascinating

research projects on Corg-rich rocks.

Ferric iron rich volcanic rocks: upper mantle
oxidising event versus regional surface oxidation

Why, how and when did atmospheric oxygen
levels rise remains a fundamental problem: was it
related to increased dioxygen due to evolution of
oxygen-producing organisms or was it controlled
by a decrease in oxygen sinks. A hypothesis has
been proposed that the predominant sink for
oxygen in the Archaean by chemically reduced
gasses emitted in connection with submarine
volcanism era was abruptly and permanently
diminished during the APT [Kump, Barley, 2007].
FAR-DEEP cores 6A and 8 obtained in the
Pechenga Belt (Figs. 1 and 2) contain information,
which may test such ideas.

The drillholes 4A and 6A recovered more than
300 m of oxidised lavas that represent an unusual
phenomenon and require explanation. Such rocks
may either be evidence for relatively oxidised
mantle material (e.g., recycled banded iron
formations) or a large-scale alteration of Earth’s
surface by oxidised meteoric and/or groundwaters
[Kyle et al., 2012]. Either outcome will represent a
significant contribution to our knowledge on the
oxidation of terrestrial environments.

Subaerial and subaqueous hydrothermal systems

Two types of compositionally different
hydrothermal products have been documented in
the FAR-DEEP drillcores. The first is represented
by jasper, which appears in a large variety of
occurrences in the cores, these include:
numerous amygdales, veinlets and veins in
volcanic rocks; layers, beds and feeder-veinlets in
dolostones and siliciclastic sediments; and
redeposited clasts in fluvial, deltaic and marine
sediments. The jasper occurrences thus represent
a complex history of fluid migration and redox
alteration in magmatic processes, ground-,
surface-, and hydrothermal waters, weathering
crusts, and diagenetic processes. FAR-DEEP
Cores 6A, 7A, 8A and 8B (Figs. 1 and 2) provide
researchers with excellent material for studying
the complex «iron story» which is tightly linked to
the  progressive  oxidation of  terrestrial
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environments. Ongoing research on amygdales
aims to constrain the origin of silica-precipitated
fluids [Martin et al., 2012b].

The second type of hydrothermal products is
travertine, which occurs in great abundances as
thin crusts and feeder-veinlets in *C-rich lacustrine
dolostones intersected by Hole 5A in the Pechenga
Belt. These are the earliest documented travertines
and may signify a radical change in Earth surface
environments to ones allowing the precipitation of
hydrothermal carbonates in subaerial conditions.
Detailed petrographic and geochemical work on the
earliest known travertine-precipitating hydrothermal
systems by Salminen [2012c] is in progress.

Revolution in biological cycling of phosphorous
and organic matter

At around 2000 Ma, sedimentary formations
record the first known appearance (if siderite in
banded iron formations is excluded), and then
worldwide development, of diagenetic carbonate
concretions significantly depleted in “°C. These are
varied in size and composition, and abundant in
sedimentary successions <2000 Ma where they are
associated with other diagenetic products, such as
phosphorites, all of which are seemingly absent in
older rocks. This could be attributed to the shift of
recycling of organic matter by obligate anaerobes
from the water column into the sediment column
due to progressive oxidation of the terrestrial
hydrosphere [e.g., Fallick et al., 2008].

In the Onega Basin, FAR-DEEP Holes 12A, 12B
and 13A (Figs. 1 and 2) recovered hundreds of
meters of cores containing abundant carbonate
nodules and diagenetic phosphates. These c.
2000 Ma old sediments have geochemical
signatures that indicate intensive diagenetic
mineralisation of organic matter within the
sedimentary column, perhaps reflecting increased
rates in dissimilatory sulphate reduction and
associated increased concentration of interstitial
phosphate. Detailed petrographic and
geochemical work on diagenetic carbonates [Crne
et al., 2012a, b] and diagenetic phosphates is in
the progress.

FAR-DEEP core archive — a unique basis for
the education of Earth-science researchers

FAR-DEEP core is readily accessible in its
current stored location with NGU, Trondheim. The
cores will be transferred in the future to the ICDP
storage in Berlin, Germany. The FAR-DEEP core
and database offer an unprecedented opportunity

for future research, geological training and
education. The 3650 m of cores represent
palaeoenvironmental settings ranging from
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lacustrine to deep marine, and from rifted-margins

to continental slopes. The cores contain
exceptionally well-preserved spinifex-textured
komatiitic lavas, pillowed basalts, alkaline

amygdaloidal lavas, felsic lava breccias, Earth’s
first red beds, stromatolitic dolostones, lacustrine
travertines, jaspers, abundant sulphates, tidalites,
glacigenic rocks, organic-rich oil shales and
pyrobitumens of ancient oil seeps, abundant
diagenetic concretions and Earth's earliest
phosphorites. All of these rocks can be cross-
referenced to detailed geochemical data. The
FAR-DEEP website (http://www.icdp-online.org)
is the gateway to a vast collection of core photos
and geochemical data, organised by hole, core
box and easy-to-follow spreadsheet arrays.

The educational aspects associated with FAR-
DEEP cores could accompany research activities
involving educators, students and researchers.
The well-preserved core material can be
successfully employed for targeting several
unresolved sedimentological, petrological and
geochemical problems associated with the
emergence of the aerobic Earth system. The core
material enables defining and undertaking
research activities ranging from focused master
programmes and doctoral studies to large-scale
multidisciplinary projects.

Springer-published FAR-DEEP three-volume
treatise on Earth's Oxygenation

The first significant outcome of the FAR-DEEP
is a three-volume treatise (ca. 1500 pages)
entitled «Reading the Archive of Earth's
Oxygenation». This, scheduled by Springer for
publication in July 2012, will: (/) provide a
comprehensive review of the Palaeoproterozoic
Eon with an emphasis on the Fennoscandian
Shield geology; (i) serve as an initial report of the
preliminary analysis of one of the finest lithological
and geochemical archives of early
Palaeoproterozoic Earth history, created under the
auspices of the International Continental Scientific
Drilling Program (ICDP); and (iii) synthesise the
current state of our understanding of aspects of
early Palaeoproterozoic events coincident with
and likely related to Earth’s progressive
oxygenation, with an emphasis on still-unresolved
problems ready to be addressed by future
research. Combining this information in three
coherent volumes offers an unprecedented
cohesive and comprehensive study of the
progressive  oxidation of the terrestrial
environments and related global upheavals that
eventually led to the emergence of the modern
aerobic Earth System.




The format of these books centres on high-quality
photo-documentation of FAR-DEEP cores and
natural exposures of the Palaeoproterozoic rocks of
the Fennoscandian Shield. The photos are linked to
geochemical data sets, summary figures and maps,
and time-slice reconstructions of basinal and
palaeoenvironmental settings that document the
response of the Earth system to the Great Oxidation
Event. The emphasis on a thorough, well-illustrated
characterisation of rocks reflects the importance of
sedimentary and volcanic structures that form a basis
for interpreting ancient depositional environments,
and chemical, physical and biological processes
operating on Earth’s surface. Most of the structural
features are sufficiently complex as to challenge the
description by other than a visual representation and
high-quality photographs are themselves a primary
resource for presenting essential information.
Although nothing can replace the wealth of
information that a geologist can obtain from
examining an outcrop first-hand, the utility of
photographs offers the next best source of data for
assessing and evaluating palaeoenvironmental
reconstructions. This three-volume treatise will, thus,
act as an information source and guide to other
researchers, help them to identify and interpret such
features elsewhere, and will serve as an illustrated
guidebook to the Precambrian for geology students.

Finally, the three-volume treatise provides a
link to the FAR-DEEP core collection archived at
the Geological Survey of Norway. These drillcores
are a unique resource that can be used to solve
the outstanding problems in understanding the
causes and consequences of the multiple
processes associated with the progressive
oxygenation of terrestrial environments. It is
anticipated that the well-archived core will provide
the geological foundation for future research
aimed at testing and generating new ideas about
the Palaeoproterozoic Earth. The three-volume
treatise will be of interest to researchers involved
directly in studying this hallmark period in Earth
history, as well as professionals and students
interested in Earth System evolution in general.

Volume 1, «The Palaeoproterozoic of
Fennoscandia as Context for the Fennoscandian
Arctic Russia — Drilling Earth Project» [Melezhik et
al., 2012b], describes the implementation of the
FAR-DEEP drilling project in Arctic Russia. It
summarises the knowledge of more than 50 years
of largely Russian-led fieldwork, information
hitherto virtually unavailable in the West, and
provides geological description of drilling areas
with an overwhelming illustration of rocks by high-
quality, representative photographs. The volume
offers a comprehensive review and photo-
illustration of palaeotectonic, palaeogeographic

and magmatic evolution of the Fennoscandian
Shield in the early Palaeoproterozoic, and links the
evolution of the Shield to the emergence of an
aerobic Earth system. The volume unfolds the
event-based Fennoscandian chronostratigraphy
and discusses the chronology of the
Palaeoproterozoic global events as the base for a
new subdivision of Palaeoproterozoic time.

Volume 2, «The Core Archive of the
Fennoscandian Arctic Russia — Drilling Early Earth
Project» [Melezhik et al., 2012c], provides a
description of the newly generated archive hosting
ICDP's FAR-DEEP drill cores through key geological
formations in Russian Fennoscandia. The book
contains several hundred high-quality,
representative photographs illustrating 3650 m of
fresh, uncontaminated core documenting the series
of global palaeoenvironmental upheavals linked to
the Great Oxidation Event. The core exhibits
sedimentary and volcanic formations that record a
transition from anoxic to oxic Earth surface

environments, the first global glaciation (the
Huronian glaciation), an unprecedented
perturbation of the global carbon cycle (the

Lomagundi-Jatulian Event), a radical increase in the
size of the seawater sulphate reservoir, an apparent
upper mantle oxidising event, the Earth's earliest
documented sedimentary phosphates, one of the
greatest accumulations of organic matter (the
Shunga Event) and generation of the Earth’s earliest
supergiant petroleum deposit. The volume
highlights the potential of the FAR-DEEP core
archive for future research of the Great Oxidation
Event and the biogeochemical cycles operating

during that time.

Volume 3, «Global Events and the
Fennoscandian Arctic Russia - Drilling Earth
Project» [Melezhik et al.,, 2012d], represents

another kind of illustrated journey through the
early Palaeoproterozoic, provided by syntheses,
reviews and summaries of the current state of our
understanding of a series of global events that
resulted in a fundamental change of the Earth
System from an anoxic to an oxic state. The book
discusses traces of life, possible causes for the
Huronian-age glaciations, addresses radical
changes in carbon, sulphur and phosphorus
cycles during the Palaeoproterozoic, and provides
a comprehensive description and a rich photo-
documentation of an early Palaeoproterozoic
supergiant, petrified oil-field. Terrestrial
environments are characterised through a critical
review of available data on weathered and
calichified surfaces and travertine deposits.
Potential implementation of Ca, Mg, Sr, Fe, Mo, U
and Re-Os isotope systems for deciphering
Palaeoproterozoic seawater chemistry and a
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change in the redox-state of water and
sedimentary columns are discussed. The volume
considers in detail the definition of the oxic
atmosphere, possible causes for the oxygen rise,
and the oxidation of terrestrial environment not as
a single event, but a more stately process lasting
over hundreds of millions of years. Finally, the
book provides a roadmap as to how the FAR-DEEP
cores may facilitate further interesting science and
a new foundation for education in the Earth-
science community.
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