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Abstract—A laycred body of amphibolite, banded iron formation (BIF). and ultramalic rocks from the
island of Akilia, southern West Greenland, is cut by a quartz-dioritic sheet from which SHRIMP zircon
**Pb/*"Pb weighted mean ages of 3865 + |1 Ma and 3840 * 8 Ma (20} can be calculated by different
approaches. Three other methods of assessing the zircon data yield ages of >3830 Ma. The BIFs are
interpreted as water-lain sediments. which with a minimum age of ~3850 Ma, are the oldest sediments
yet documented. These rocks provide proof that by ~3850 Ma (1) there was a hydrosphere. supporting
the chemical sedimentation of BIF. and that not all water was stored in hydrous minerals, and (2) that
conditions satistying the stability of liquid water imply surface temperatures were similar to present.
Carbon isotope data of graphitic microdomains in apatite from the Akilia island BIF are consistent with
a bio-organic origin (Mojzsis et al. 1996)., extending the record of life on Earth 10 >3850 Ma. Life and
surface water by ~3850 Ma provide constraints on cither the energetics or termination of the late

meteoritic bombardment event ( suggested from the lunar cratering record ) on Earth.
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1. INTRODUCTION

A retained hydrosphere has long been recognised as the
crucial feature which makes Earth different from other plan-
ets (e.g., Campbell and Taylor, 1983). A hydrosphere pro-
duces hydrated matic crust which in subduction zones can
spawn hydrated silica-saturated melts ( granites s.1.) that may
go on to accumulate as continental crust. Also, a hydrosphere
infers that surface temperatures had o be similar to those
today. Devoid of a hydrosphere and hence negligible crosion,
levelling of topographic highs would be dominated by lateral
lithospheric creep: thus water also has profound effects on
tectonic styles (e.g.. England and Bickle, 1984). Liquid wa-
ter is likely to be essential for the development of life us we
know it. and the activity of life maintains disequilibrium
chemical fractionations between planctary scale reservoirs
(Lovelock, 1979). Thus, very carly Archacan water-lain sed-
iments signity that at the time of their deposition, terrestrial
processes had more similaritics than differcnces with those
of today, and places a restraint on energy delivered on the
terrestrial surface by bolide impacts. and opens the possibil-
ity for the presence of life.

The oldest relatively unmetamorphosed sediments arc

~3500 Ma old and arc found in the Warrawoona Group of

the Pilbara Craton, Western Australia (e.g.. Barley et al.,
1979: DiMarco and Lowe, 1989 ) and the Onverwacht Group
of Swaziland (c¢.g.. Lowe and Brycrly. 1986). Besides thesc
sediments showing the presence of a hydrosphere at ~ 3500
Ma, sbomatolites and even rarer possible biogenic micro-
structures of this age (e.g.. Awramik et al. 1988) are cvi-
dence that sophisticated bucterial life existed by that time.
These microorganisms probably required a considerable pe-
riad to have cvolved, thus placing the origin of life and
almost certainly the hydrosphere in the carly Archacan
(35004000 Ma).
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All very old remnants of the sedimentary record are in
ancient (3600-4000 Ma) gneiss complexes. where they oc-
cur only ax rafts and strips between much more voluminous
metagranitoids and have suffered strong deformation and
amphibolite to granulite facies metamorphism. In the Nar-
ryer Gneiss Complex of Western Australia. the Mindle Well
metasediments (Williams and Myers. 1987) are clearly an
cient (probubly 3600 Ma), but are unlikely to be much
older than ~3730 Ma, the oldest components of the Mce-
berric Gneiss (Nutman et al.. 1991). Other 3600-4000 Ma
orthogneisses have been recognised in the Sino-Korean Cra-
ton (Song et al.. 1996). the Napier Complex. Antarctica
(c.g.. Black er al., 1986), the Acasta Lake arca, Northwest
Territories. Canada (Bowring et al.. 1989), and in southern
Atrica (c.g.. Compston and Kriner 1988). Some of these
gneisses contain amphibolite and hornblendite inclusions.
but definite >3600 Ma sediments have not yet been identi-
fied.

The Nulliak assemblage of the Nain Complex. northeast-
ern Labrador, is a diverse suite of >3600 Ma metasedimen-
tary. mafic. and ultramafic rocks (c.g.. Nutman et al., 1989:
Schigtte et al., 1989a; Nutman and Collerson, 1991). A
SHRIMP U-Pb zircon age of 3776 + 8 Ma (20) was ob-
tained on a Nulliak assemblage metavoleanic rock ¢ Schigtte
el al. 1989a). However. given the complexity of the carly
Archaean history of the Nain Province, it is possible that the
area contains as yet undocumented >3776 + 8 Ma supra-
crustal rocks. This is suggested by the presence of some
orthogneisses which are 3850-3900 Ma old. or contain com-
ponents of thal age (Schigtie et al., 1989b; K. D. Collerson.
pers. commun.. 1994), which must have intruded into older
supracrustal rocks (some of which might have contained
sediments).

The early Archacan history of the Itsaq Gneiss Complex
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of southern West Greenland is as varied and protracted as
that of the neighbouring Nain Complex in Labrador (Nutman
ct al.. 1996 and references therein). It is the Itsag Gneiss
Complex, then, that we will look to in to describing the
oldest documented sedimentary rocks on Earth.

2. EARLY ARCHAEAN ROCKS OI' SOUTHERN
WEST GREENLAND

The =3000 km® lisaq Gneiss Complex of the Godthdbs-
fjord area of southern West Greenland contains the best
preserved occurrences of 23600 Ma crust (e.g., McGregor,
1973: McGregor et al., 1991; Nutman et al,, 19()6 and refer-
ences therein), SHRIMP U-Pb zircon geochronology shows
that the gneiss complex had a complicated early history,
having been added to, and modified. in several events (e.g..
McGregor et al., 1991; Nutman et al., 1996). The informal
name Itsaq Gneiss Complex ( ““itsaq’” is Greenlandic for **in
ancient times™ ") was introduced by Nutman et al. (1996) to
include all early Archacan rocks of the Godthabsfjord area
( Amitsoq gneisses, Isua supracrustal belt, and Akilia associ-
ation; see McGregor, 1973: McGregor and Mason, 1977,
McGregor ct al., 1991) in order to emphasise that there are
many groups of unrelated early Archaean rocks formed over
a 300 million year period. The complex experienced early
Archaean amphibolite tacies in the north, mostly granulite
facies metamorphism in the south, and late Archaean am-
phibolite facies metamorphism throughout.

Supracrustal rocks, metagabbros, and ultramafic rocks
comprise approximately 10% of the complex and range in
age from =3850 Ma (this paper) to ~3600 Ma. Occurrences
range in size from the 30 km long Isua supracrustal belt in
the north to bodies =100 m across scattered throughout the
complex. Bodies of mafic rocks with layers ot banded iron
formation (BIF) and metachert associated with ultramafic
rocks are the main lithologies ( McGregor and Mason. 1977,
Nutman et al., 1996). A large part of the Isua supracrustal
belt consists of a ~3710 Ma sequence of LREE-enriched,
mafic (locally pillow-structured) to felsic volcanic and vol-
caniclastic rocks (some with relict sedimentary structures
indicating deposition from turbidity currents) and abundant
chemical sediments (e.g., Nutman et al., 1984, 1996: Rosing
et al.. 1996). which might have been formed in. or adjacent
to. volcanic arcs. The remainder of the Isua supracrustal belt
1s dominated by interlayered matic volcanic rocks, ultramatfic
rocks, metachert, and BIF with a minimum age of 3790 Ma
{Nutman et al., 1996). Only in the youngest supracrustal
sequences (~3600 Ma from Ameralik fjord, ~ 150 km south
of the Isua supracrustal belt), are detrital sediments derived
from mixed-provenance clastic sources an important lith-
ology.

All of these supracrustal rocks occur as rafts and tectonic
intercalations in gneisses which form ~90% of the complex.
The dominant protoliths of the gneisses were tonalites and
less abundant trondhjemites, quartz-diorites. diorites, and
granodiorites intruded in several events starting at ~3870
Ma. Granites with ages of =3650 Ma are also present (Nut-
man et al., 1996 and retferences therein).

The Itsaq Gneiss Complex is part of the Akulleq terrane,
which is flanked to the northwest by the Akia terrane and

to the southeast by the Tasiusarsuaq terrane (McGregor et
al., 1991). The Akulleq terrane is a pile ot complexly folded
tectonic slices of the Itsaq Gneiss Complex and slices of
late Archaean rocks dominated by the ~2820 Ma l[kkattog
gneisses (McGregor et al., 1991 and references therein).
Final juxtaposition of the Akia, Akulleq, and Tasiusarsuaq
terranes occurred after the intrusion of the lkkattoq gneisses
(which are truncated by the terrane boundaries), but during
or before the intrusion of 2730-2710 Ma granitic sheets that
cut all three terranes (Friend et al.. 1996). Thus Itsag gneiss
complex lithologies have been modified by both early and
late Archaean tectonothermal events.

2.1. Field Relationships

Layered amphibolite, ultramafic rocks, and quartz-rich
magnetite * amphibole (grunerite) L clinopyroxene * or-
thopyroxene £ garnet rock ( metachert-BIF) occur as a large
raft in orthogneisses on the southwest corner of Akilia island
(Fig. 1). These rocks underwent granulite facies metamor-
phism ( ~800°C) in the carly Archaean (Griffin et al.. 1980),
but were subsequently retrogressed under amphibolite facies
conditions in the late Archaean. The quartz-rich. magnetite-
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Fig. I. Location and geological map of the southwest corner of
Akilia Island.






