
Origin and Significance of
Archean Quartzose Rocks at

Akilia, Greenland
Fedo and Whitehouse (1) presented data to
support their hypothesis that granulite grade
quartz�magnetite rocks on the island of Akilia,
southwest Greenland—which are conformably
interposed with pyroxenite and hornblendite
units that date from before 3830 million years
ago (Ma) (2–4)—had a metasomatic ultramafic
igneous origin. They offered that interpretation
despite the fact that a key sample in earlier
studies of this area, Akilia quartzite G91-26,
which has been investigated for carbon isotope
evidence for early life (5) and described in

previous studies as a metamorphosed marine
sediment (2–9), is a 70 to �90% quartz unit
containing magnetite (2, 5, 6). Fedo and White-
house (1) made no apparent distinction between
the petrogenesis of a structurally coherent
quartzite�magnetite unit and that of cross-cut-
ting pyroxenite veins, nor did they explain the
origin and nature of the remarkable metaso-
matic fluid that could have precipitated quartz-
magnetite mineral assemblages hosting isotopi-
cally light carbon while removing Cr, Ni, Mg
and platinoid (Pt, Ir) elements (7) typical of the

mafic and ultramafic rocks from which they
argue the quartzite was derived. We show here
that all the data presented by Fedo and White-
house (1) are actually consistent with a primary
sedimentary origin for the quartz-magnetite
rocks on Akilia. Indeed, a more complete eval-
uation of geochemical evidence from previous
studies (2, 5–10) demonstrates that the invasive
pyroxenite veins are of no significance to the
origin of the quartzite unit on Akilia and that
these silica-saturated rocks could not be derived
from metasomatism of ultramafic mineral
assemblages.

Fedo and Whitehouse (1) compared rare
earth element (REE) patterns from quartz-rich
lithologies with patterns from pyroxenite (AK
38), adjacent ultramafic rocks (AK 2 to 5), and
pyroxenite vein-rich samples (AK 9, 10, 31, 36,
38, 44, and 46) on a chondrite-normalized plot.
This geochemical relation, however, constitutes

Fig. 1. (A) Chondrite-normalized REE abundances for Akilia lithologies (1,
2, 6, 8, 9) and Isua Supracrustal Belt sediments (9, 10). (B) Cr/Th and
Th/Sc ratios for early Archean supracrustals from West Greenland (1, 2,
6–10). (C) Y and Cr concentrations for early Archean supracrustals from

West Greenland. (D) Comprehensive plot of P2O5 and TiO2 data for Isua
(9, 10) and Akilia quartz-rich sediments (1, 2, 6, 8) versus komatiite and
ultramafic rocks (12). Note in all the data the geochemical similarities
between the Akilia quartz-rich units and Isua BIFs.
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a weak test of provenance for a polyphase
metamorphic mineral assemblage that experi-
enced open-system behavior in REEs (11). For
completeness (Fig. 1A), we have plotted the
REE data of (1) against average banded iron
formation (BIF) from Isua, Greenland (10), oth-
er Akilia supracrustal lithologies (6, 8), and the
Akilia quartz-magnetite sample (G91-26) pre-
viously used for carbon isotope analyses (2, 5),
with samples grouped according to ultramafic
versus quartz-saturated character. Average
Akilia ultramafics have flat REE signatures
consistent with primitive igneous sources (6–
10), and pyroxene-rich samples have vaguely
parallel and concave downward REE patterns.
In contrast, quartzite samples AK 12, 41, and
42 (1) have REE patterns that parallel average
Isua BIF, as expected for metasediments—a
detail missed by Fedo and Whitehouse, who
asserted that “[a]ll of the quartz-pyroxene rocks
on Akilia exhibit concave downward patterns in
the light REEs” (1). Likewise, Fedo and White-
house declared that, because “strong, positive,
shale-normalized (sn) . . . La anomalies” are
characteristic of “uncontaminated” BIFs, “[i]f
the quartz-pyroxene rock on Akilia represents a
pure BIF, samples of this rock should show
(Ce/Ce*)sn � 1.” Indeed, they do: Average
G91-26 has (Ce/Ce*)SN � 0.56 (Table 1), in
agreement with the sedimentary quartz-magne-
tite BIF lithologies from Isua (10).

In addition, Fedo and Whitehouse (1) in-
voked Th/Sc versus Cr/Th in an attempt to
demonstrate a link between secondary pyrox-
enite vein AK 38 and nearby ultramafic rocks
and propose an ultramafic origin for quartzite
lithologies. A plot of all available Th/Sc-

versus-Cr/Th data for these and other early
Archean supracrustals from west Greenland
(1, 6–10), however, shows that Akilia quartz-
ites AK 12, 41, and 42 and G91-26 lie within
or very near the field of Isua BIF composi-
tions (Fig. 1B). Cr versus Y (Fig. 1C) shows
the same trend, as predicted for metasedi-
ments; pyroxenite AK 38 lies in the field of
ultramafic compositions, just as it does in
every other analysis of the data, a position
that testifies to its separate origin from the
quartzites. Intermediate values represent mix-
ing between secondary, invasive pyroxenites
and native quartzite metasediments. Pyroxen-
ite vein AK 38, along with other ultramafic
lithologies, lies well outside the Isua BIF
field (Fig. 1, B and C). Pyroxenite veins and
ultramafic rocks are as petrogenetically unre-
lated to Akilia quartzite G91-26 as they are to
Isua sediments.

A wide range exists in TiO2 versus P2O5

compositions (Fig. 1D) for Isua BIFs (10). Pre-
dictably, secondary pyroxenite vein sample
AK38 plots in the komatiite field along with the
other Akilia ultramafics. By contrast, all sam-
ples of Akilia quartzites plot within the field of
Isua BIFs, especially those defined by magne-
sian and graphitic end-members. Several of the
mixed quartzite rocks and pyroxenite veins also
plot in the Isua BIF field. Hence, the statement
by Fedo and Whitehouse (1) that “all samples
of the quartz-pyroxene rock . . . plot near this
field” of ultramafic TiO2 versus P2O5 and that
“Isua BIFs all lie in an unrelated field” dis-
agrees with their own data, and their hypothesis
lies outside the realm of geological plausibility.

In summary, Fedo and Whitehouse (1) pre-
sented the result expected for invasive, second-
ary pyroxenite veinings, proposed a model in-
compatible with all previous petrologic and
geochemical studies of these and similar rocks
from West Greenland, and drew conclusions
fundamentally at odds with their own data.
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When a hydrosphere became established on
Earth is important in understanding many
aspects of terrestrial evolution, ranging from
the origin of life (1) to the composition of the
crust (2). It has been proposed (3–6) that
rocks on the island of Akilia, southwest
Greenland, preserve the remains of chemical-
ly precipitated sediments, including BIF and
chert, along with hydrothermally altered ba-
salt, that date from more than 3850 Ma,
which would make them the oldest recog-
nised volcanic and sedimentary rocks (albeit
metamorphosed) and the earliest record of a
potential life environment. Fedo and White-
house (7) reinterpreted the sedimentary rocks
as a younger hydrothermal vein and argued
that they provide no evidence for a retained
terrestrial hydrosphere, or for life, at 3850
Ma. This comment highlights problems with
their reinterpretation of this complex geology
and defends previous assertions for evidence
of a hydrosphere by 3850 Ma.

On Akilia, a complex supracrustal unit is
cut and enveloped by granitoid material (Fig.
1) that is now gneissic because of granulite
facies metamorphism and deformation (3–6).
The 3850 Ma age originally proposed for the
oldest granitioid material (4, 6) and disputed
by Whitehouse et al. (8) has since been ver-
ified using two different approaches (9, 10).
Fedo and Whitehouse (7) exclude a sedimen-
tary origin for the siliceous rocks in the 3850
Ma amphibolites, and instead reinterpret this
unit as deformed, metasomatic vein quartz.
Their “detailed remapping” (Fig. 1A), how-
ever, does not show most of the extent of the
outcrop of the siliceous unit, as they claim,
and also ignores amphibolites described in
earlier work (11).

As our map (Fig. 1B) demonstrates, the sili-
ceous unit is more continuous, with amphibolite
on one contact and ultramafic rocks on the other,
and was affected by the oldest recognised gener-
ation of folds (which Fedo and Whitehouse do not
portray). Thus, the siliceous rocks must have
formed very early in the area’s geological history.
In addition, the simplified and truncated map in
(7) implies that the siliceous layer is associated
with a massive ultramafic igneous unit, which in
the view of Fedo and Whitehouse would support
a metasomatic origin for the siliceous unit. How-
ever, the siliceous unit actually occurs on only one
side of the � 10 m thick ultramafic unit (Fig. 1B),
the other contact of which (with amphibolites) is
devoid of siliceous material. Fedo and White-
house (7) do not recognize or discuss this omis-
sion and the contrasting nature of the other, non-
siliceous contact.

Table 1. Shale-normalized Ce and Pr anomalies
and chondrite-normalized Eu anomalies for supra-
crustal rocks in Akilia, compared with values for
Isua BIF. n.d., no data.

Sample
(Ce/

Ce*)SN*
(Pr/

Pr*)SN†
(Eu/

Eu*)CN‡

AK02 0.80 0.99 1.36
AK03 0.83 0.97 1.48
AK04 0.94 0.99 2.72
AK05 1.04 0.94 2.55
Avg. AK02-05 0.90 0.97 2.02
AK09 0.88 0.98 0.61
AK10 1.00 1.00 2.34
AK31 0.85 1.06 1.30
AK36 1.02 1.08 3.40
AK38 1.08 1.03 3.40
AK44 0.95 1.00 1.24
AK46 0.95 1.06 0.53
Avg. pyroxenite 0.96 1.03 2.05
AK12 1.17 1.03 3.45
AK41 1.08 1.05 2.22
AK42 1.00 1.02 2.77
avg. G91-26 0.56 n.d. n.d.
avg. Isua QMBIF 0.75 n.d. n.d.
avg. Isua MgBIF 0.70 n.d. n.d.

*(Ce/Ce*)SN � CeSN/[(LaSN) � (NdSN)]0.5. †(Pr/Pr*)SN �
PrSN/[(CeSN) � (NdSN)]0.5. ‡(Eu/Eu*)CN � EuCN/[(SmCN) �
(GdCN)]0.5.
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High ductile strain and repeated high-grade
metamorphism (3, 4) on Akilia militate against
easy interpretation of the rocks and require careful
sample selection (6). The problem of veining by
secondary material in the siliceous unit, and of
subsequent metamorphism and deformation of
those two lithologies together, was already fully
understood before the recent work of Fedo and
Whitehouse; Nutman et al. [p. 2477 in (6)], for
example, noted that the “unit interpreted as a
chert/BIF is traversed and locally extensively
infiltrated by quartz and pyroxene . . . veins.
Such secondary material can form during di-
agenesis and then be metamorphosed, or might
have developed during high grade metamor-
phism. This . . . silica penetration is superim-
posed on top of the layering in the unit inter-
preted here as a BIF. . . . G91-26 comes from
one of the most quartz-poor layers in the best
preserved BIF.” Thus, the material that Fedo

and Whitehouse analyzed [figures 2 and 3 in
(7)] was from precisely those layers that were
metasomatically altered and recrystallized (Fig.
1D) and that needed to be specifically avoided
if one were seeking the characteristics of the
sedimentary protolith. G91-26, the proposed
metamorphosed chemical sediment studied in
earlier work (6), came from a finer-grained,
magnetite-layered part of the unit (Fig. 1D, top)
clearly older than some cross-cutting veining
and very different in composition. Fedo and
Whitehouse have not produced data on samples
similar to G91-26, which appears to fall be-
tween samples AK 32 and AK 34 in their
section. Therefore, Fedo and Whitehouse did
not analyze any material equivalent to sample
G91-26, the proposed metamorphosed chemi-
cal sediment (6).

We agree with Fedo and Whitehouse that
some pyroxene layers and boudins are highly

modified parts of the stratigraphic package con-
taining introduced silica (6, 7); such samples
yield rare earth element (REE) patterns for cli-
nopyroxenes (3, 7, 12) diluted with quartz (Fig.
2A). A fatal flaw in the claim by Fedo and
Whitehouse that the siliceous rocks were pro-
duced by metasomatism of ultramafic rocks,
however, is that the clinopyroxene-like REE
patterns cannot be simply derived from the
komatiitic patterns of the amphibolites or ultra-
mafic rocks (Fig. 2, A and B). There is no easy
way to elevate a 5-times-chondrite komatiite
pattern to the 10- to 13-times-chondrite start
point depicted [figure 3A in (5)]. In contrast, the
REE pattern for G91-26 (Fig. 2B) resembles
REE patterns for Isua supracrustal belt BIF,
which dates from 3800 to 3700 Ma (13).

Commonly, less metamorphosed and de-
formed komatiite-basalt sequences from
�3500 Ma show hydrothermal alteration,
with interspersed siliceous horizons and dis-
cordant veins, considered to have several dif-
ferent origins. Most represent chemical sedi-
ments, but some are formed by silicification
of flow-top breccias and clastic sediments,
whilst others are entirely vein material (14–
16). This is a geological context analogous to
that seen on Akilia; thus, we conclude that the
Akilia rocks represent variably altered mafic

Fig. 1. (A) Sketch map of southwestern Akilia island reproduced from Fedo and Whitehouse (7). (B)
Geological map of southwestern Akilia depicting the full extent of the supracrustal unit across the
headland and its contact with the bordering quartzofeldspathic gneisses. All mappable siliceous
units are shown, and sample sites for relevant geochemical and geochronological studies are
indicated. (C) Photograph of the debated siliceous unit, showing the location of sample G91-26 in
relation to the section discussed by Fedo and Whitehouse (7). Unit is a rusty layer that preserves
the fine-grained, magnetite-layered remnants and could equate to sample AK 33 of Fedo and
Whitehouse (7), for which no data were presented. (D) Detailed photograph of a sliced portion of
re-collected G91-26 (originally collected by CRLF, APN, and P. Kinny) demonstrating the clear
distinction between the remnant, finely banded, magnetite-layered portion (top) and the later,
coarse-grained, remobilized and recrystallised, quartz-rich, pyroxene-bearing portion (bottom).
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Fig. 2. (A) Chondrite-normalized (17) REE plot
of amphibolite (VM90/13) and ultramafic rock
(G91-27) from either side of the siliceous unit
[after (4)]. The REE pattern for G91-26 (bold
red) is distinct from the adjacent meta-igneous
units. REE patterns for clinopyroxene and am-
phibole from an Archaean granulite facies as-
semblage (3, 12) are shown. The fields of REE
data (7) for the pyroxene layer and boudins
(green-shaded field) and quartz-pyroxene rocks
(blue-shaded field) are given for comparison.
(B) Chondrite-normalized (17) REE plot of the
average BIF values from Isua (13) and two
high-grade BIF samples (3). The REE pattern for
G91-26 (bold red) is similar to the Isua BIF
patterns, although at lower overall abundance,
which suggests less contamination by terrigne-
ous sediments.

T E C H N I C A L C O M M E N T S

www.sciencemag.org SCIENCE VOL 298 1 NOVEMBER 2002 917a



to ultramafic volcanic flows with an interven-
ing sedimentary unit. This constitutes evi-
dence of a very ancient (�3850 Ma) terres-
trial hydrosphere, with both sediments and
hydrothermal activity—a strongly favorable
habitat for ancient life.
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Response: Our recent paper (1) pertaining to
metasomatized ultramafic rocks on Akilia has
stimulated lengthy comments from workers
who favor a BIF origin for the lithology and
who have authored or coauthored papers (2–
5) making claims about traces of life from
a �5 m thick sequence of quartz-pyroxene
rock on the island. A serious problem with
these previous papers is that the putative
evidence for life comes from a single sample,
G91-26, for which, until publication of the
Friend et al. comment, there has never been a

specified field photograph, photomicrograph,
or description revealing its details. Surpris-
ingly, figure 1C of Friend et al. suggests that
this critical sample was collected from an
out-of-place boulder.

Nutman et al. (3) summarized the entire
evidence supporting a BIF origin for G91-26
as follows: “[R]ocks have been interpreted as
BIF on the basis of their magnetite layering
and by comparison with other units such as in
the Isua supracrustal belt and meet all the
criteria of James (1954) [i.e. (6)] for BIF,”
without specifying the comparison with Isua
or clearly disclosing that the rocks possess a
penetrative tectonic foliation (layering). We
measured and sampled the entire �5 m of the
lithology partly because of its descriptions
in previous studies: (i) “[O]ne metachert-BIF
unit is broken up neither by boudinage, nor
minor shearing, nor grossly disrupted by sil-
ica mobility. It forms a parallel sided, �5 m
thick unit with 70-80% quartz between . . .
amphibolite . . . and ultramafic rocks” (3). (ii)
“The oldest known sediment . . . is a layer �3
m thick of BIF within a body of amphibolite
. . . ” (4). (iii) “A 40 m long section of BIF on
Akilia has escaped boudinage, shearing, or
disruption of the unit by silica mobility and
forms a parallel-sided, �5 m thick outcrop
with up to 70% SiO2 locally” (5). Although
we were aware that the BIF interpretation
was based on analysis of sample G91-26, in
every published paper (2–5) the entire �5 m
thick unit has been interpreted as unqualified
BIF, in contradiction of both the general cau-
tion regarding secondary processes now ex-
pressed by Friend et al. and the current,
unsubstantiated claims of “secondary pyrox-
enite veinings” of Mojzsis and Harrison.

Regrettably, neither of these comments
resolves the considerable ambiguity about the
composition of sample G91-26. Previous
studies (2, 3), as well as the current comment
by Friend et al., have maintained that this
sample comes from the most quartz poor
layer (35% quartz, 45% pyroxene, 15% am-
phibole, and 5% magnetite), yet Mojzsis and
Harrison now claim that exactly the same
sample “is a 70 to �90% quartz unit contain-
ing magnetite.” Apparently, they no longer
accept their own earlier descriptions that the
original sample contained 60% mafic miner-
als. In our detailed petrographic examination
of 19 thin sections representing every litho-
logic variant, we have not recognized a
“quartz-magnetite” rock anywhere in the �5
m thickness of this unit. It forms a unique
lithology observed only by Mojzsis and Har-
rison, and as such requires detailed locality,
field, lithological, and petrographic descrip-
tion. Our sample AK 33—the apparent equiv-
alent of G91-26—comes from a 7 cm thick
band and comprises 36% quartz, 46% pyrox-
ene, 9% amphibole, 6% magnetite, and 3%
garnet and pyrite, a composition compatible

with a metasomatized and metamorphosed
ultramafic protolith.

Despite repeated inferences in previous
studies (2–5) and the current comments that
the Akilia quartz-pyroxene rock formed by
sedimentary and biological processes, critical
evidence for chemical sedimentation is lack-
ing. Suggested comparison with classical BIF
(2, 3) is misleading and inappropriate be-
cause secondary minerals are abundant, fine
banding has a structural rather than a deposi-
tional origin, and the iron is hosted in non-
sedimentary phases. Additionally, Mojzsis
and Harrison have misused the term “con-
formably”: In such repeatedly ductilely de-
formed, transposed, and recrystallized rocks,
no field relationship can demonstrate deposi-
tional conformity; thus, there is no discern-
ible temporal connection between the
quartz-pyroxene rocks and the enclosing
mafic-ultramafic assemblage.

The suggestion by Mojzsis and Harrison
that our metasomatic interpretation is “in-
compatible with all previous . . . studies” is
wrong. The original study of Akilia associa-
tion rocks (7) explicitly states: “At many
localities rocks . . . with unusually high con-
tents of quartz have been noted. Superficially
they resemble banded ironstones, but . . . they
are rocks of varied parentage . . . which have
suffered intense silica metasomatism, often
with quartz introduced along the layering of
the parent rocks.” There is no compelling
geologic requirement that vein quartz should
be intruded along all geologic contacts, as
Friend et al. apparently suppose. Widespread
metasomatism of mafic and ultramafic rocks
in the Isua greenstone belt is well document-
ed (8, 9), including another sample that was
also reported as BIF by Mojzsis et al. (2) but
that now has been demonstrated to be a mafic
igneous rock with secondary carbonate veins
(10). Associated graphite in this rock, inter-
preted as biologic in origin (2), was produced
abiotically by siderite decomposition (10).

Our geologic map [figure 1B in (1)] is en-
tirely germane to the scale of our sampling and
independently dovetails with a published larger
scale map [figure 3 in (11)]. A comparison
between our map and the low-altitude, slightly
oblique air photograph labeled with geologic
contacts presented in an earlier study by Mojz-
sis and Harrison [figure 4 in (4)] shows that the
inferred fold closure of the quartz-pyroxene
rock alluded to by Friend et al. does not occur.
Near this inferred closure, the rocks are crosscut
by a strongly sheared and intruded zone [at
break in contact in figure 4 of (4)] that imposes
near vertical foliation in rocks directly adjacent
to the cross-cutting Qôrqut granite pegmatite.
Quartz-pyroxene rocks are exposed east of
the sheared and intruded zone with no evi-
dence of a fold closure [figure 1B in (1)].
Repeated failure in previous studies (2–5) to
recognize high-strain foliation, boudinage,
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quartz infiltration, cross-cutting ductile shear
zones, and intrafolial folding where the rocks
are 100% exposed—indeed, to specifically
declare the absence of some of these features
(3, 5)—seriously undermines any comments
pertaining to geologic field relationships and
interpretations.

Constraining the age of the quartz-pyrox-
ene rock using U-Pb zircon geochronology of
nearby granitoid gneisses (3, 4) infers a sed-
imentary relationship with the intervening
mafic-ultramafic igneous rocks for which ev-
idence is completely lacking. Furthermore,
evidence for intrusion of the granitoids in-
to the mafic-ultramafic package remains
unconvincing because of the highly tecton-
ized nature of the contact zone (11) and
continued ambiguity over geochronological
interpretations.

Without justification, Mojzsis and Harri-
son reject structural, mineralogic, and geo-
chemical data indicating that sample AK 38,
a thick pyroxenite band not invaded by meta-
somatic quartz, is integral to the lithology (1),
preferring instead to consider it unrelated to
other quartz-pyroxene rocks. By extension,
pyroxenite layers that show pinch-and-swell
structure [figure 2D in (1)] and pyroxenite
boudins [figure 2B in (1)] must also be con-
sidered unrelated. We clearly demonstrated
that thin banding is mineralogically similar
to, and generated from, the boudinage of
thicker pyroxenite bands [figure 2, B to D in
(1)]. Following the argument put forth by
Mojzsis and Harrison, the pyroxenite band
represented by AK 38 has an ultramafic ig-
neous origin, yet the remaining pyroxene-
banded samples, including cm-thick pyroxen-
ite boudins and mm-wide pyroxenite bands,
are BIF. In the absence of evidence to the
contrary, the most reasonable interpretation
of boudins and thin pyroxenite bands, now
encased in quartz, is that they have the same
mafic-ultramafic protolith as the directly ad-
jacent, thicker pyroxene bands.

We used REE profiles from quartz-
pyroxene rocks to demonstrate composi-
tional relatedness and to test proposed com-
parisons (3) with Isua BIF, not to determine
protolith (1). We reiterate: All patterns of
the quartz-pyroxene rock share important
characteristics [concave-down light REE
(La-Nd), GdN/LuN � 1] with sample AK
38, an undisputed ultramafic rock, and are
distinct from Isua BIF (concave-up light
REE, GdN/LuN � 1). Mojzsis and Harrison

claim that whereas “pyroxene-rich” sam-
ples from the quartz-pyroxene unit have
“concave downward [light] REE patterns,”
three “quartz-saturated” samples (AK 12,
41, 42) have “patterns that parallel average
Isua BIF,” a patently false statement that is
unsupported by their figure 1A [or our figure
3A in (1)]. Sample AK 43 (strike-equivalent
to AK 12), contains 60% pyroxene and only
32% quartz, and so is incorrectly labeled by
Mojzsis and Harrison as “quartz-saturated”;
samples AK 41 and 42 only have 0.2 and
0.1% magnetite, respectively, which requires
that their REE patterns are derived from as-
sociated mafic minerals that Mojzsis and
Harrison claim are “secondary veinings.” In-
deed, a major problem with the data analysis
in both comments is that every sample except
AK 38 apparently contains an abundance of
“secondary” minerals, so how can whole rock
geochemistry be used to show a BIF proto-
lith? Ignoring this, Mojzsis and Harrison sug-
gest that (Ce/Ce*)SN � 0.56, calculated from
their analysis of G91-26, agrees with values
for quartz-magnetite BIF from Isua. The
characteristic positive La anomaly of marine
sediments, however, is revealed only by the
combined criteria of (Ce/Ce*)SN � 1 and
(Pr/Pr*)SN � 1 (12, 13). Available Isua data
(14) preclude such an analysis because they
lack Pr, as do the data of Mojzsis and Harri-
son (figure 1A in their comment), which also
contain an apparent analytical artefact in the
form of a prominent, geochemically unrea-
sonable Nd anomaly. The REE data present-
ed for G91-26 in the Friend et al. comment,
however, yield estimated (Ce/Ce*)SN � 1.04
and (Pr/Pr*)SN � 0.94 (15), both close
enough to unity to dismiss the presence of a
sediment-diagnostic positive La anomaly.

Mojzsis and Harrison note that in a Cr/Th-
versus-Th/Sc plot, most of our quartz-pyrox-
ene samples (as well as G91-26) plot in the
very broad field defined by Isua BIF. How-
ever, they fail to recognize that this field also
encompasses Early and Late Archean basalt,
Early and Late Archean andesite, Early Ar-
chean graywacke, and Early Archean cra-
tonic shale (16), and therefore does not
uniquely constrain a BIF protolith. In Cr/Th-
versus-Th/Sc and TiO2-versus-P2O5 plots,
cm-wide pyroxenite boudin samples (AK 09,
10, 44) that have an undisputed ultramafic
igneous protolith lie in the field of Isua BIF,
just as do the other quartz-pyroxene rocks.
We are not surprised by their broad compo-

sitional range, considering that metasomatic
quartz (and likely carbonate) has diluted the
original ultramafic composition by more than
90% in some samples.

We categorically reject the claims in these
comments that our field, mineralogical, and
geochemical data support a sedimentary ori-
gin for any of the quartz-pyroxene rocks on
Akilia. Our interpretation that they formed
via repeated deformation, metasomatism, and
metamorphism of an ultramafic igneous pro-
tolith (1) is framed on well-documented ex-
amples and processes from the Early Archean
in Greenland (7–11), as well as examples
from other locations representing different
parts of the geologic record.
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