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Turbiditic and pelagic sedimentary rocks from the lsua supracrustal belt in west 
Greenland [more than 3700 million years ago (Ma)] contain reduced carbon that 
is likely biogenic. The carbon is present as 2- t o  5-micrometer graphite globules 
and has an isotopic composition of Sq3C that is about -19 per mi l  (Pee Dee 
belemnite standard). These data and the mode of occurrence indicate that the 
reduced carbon represents biogenic detritus, which was perhaps derived from 
planktonic organisms. 

The oldest known fossils ha\ e an age of 3500 
million years ago (Ma) and may represent 
photosynthetic cyanobacteria (I). It can be 
assumed that a long chain of evolutionary 
steps preceded the development of these 
complex organisms. Supracrustal rocks older 
than 3600 Ma are all metamorphosed at a 
high grade. and most are strongly deformed: 
thus, morphological fossils (if originally 
present) are unlikely to be preserved. There- 
fore. geochemical evidence for biologic ac- 
tivity coupled with geologic evidence for the 
habitats of early life may provide better con- 
straints on earlier stages in the evolution of 
life than fragmented morphological vestiges 
of the organisms themselves. 

Several studies have documented the pres- 
ence of "C-depleted reduced C in the Isua 
supracrustal rocks (2 -a .  Schidlowski et al. 
(2j suggested that the isotopic compositions 
of carbonate rocks (8l3C - -2.5 per mll) and 
reduced C (S13C - -5.9 to -24.9 per mil) 
were modified by metamorphic reequilibra- 
tion but still recorded the presence of an early 
Archean reservoir of 13C-depleted C that is 
comparable to the present sedimentary reser- 
voir of biogenic reduced C. The samples were 
assumed to be sedimentary in origin, al- 
though many lithologies have since been 

years ago, respectively) and the origin of the 
apatite are debated (8-11). 

The Isua supracrustal rocks represent the 
metamorphosed and deformed remnants of 
one or more sequences of sedimentary, vol- 
canic, and intiusive rocks. All rocks at Isua 
have experienced amphibolite facies meta- 
morphic events (12, 13). and most rocks are 
defoilned (7, 14). Banded iron formation. 
basaltic volcanic rocks, and peridotite are 
among the undisputed protoliths: whereas 
protoliths of felsic gneisses and mica schists 
are uncertain (7, 1.5). Carbonate rocks that 
were assumed to be of sedimentary origin in 
earlier studies (2, 3) have since been shown to 
be metasomatic in origin (7, 14). The Isua 
supracrustal rocks were deposited before 
3700 Ma, ~vhich is the U-Pb age of igneous 
zircons from granitic sheets that crosscut the 
supracrustals (1 6). 

I have studied metamorphic rocks with 
well-preserved sedimentary structures in a 
low-strain domain within the metabasaltic 
Garbenschiefer Formation (7). The rocks are 
in depositional contact with the basaltic units. 
The Garbenschiefer amphibolites are derived 
from dominantly tholeiitic volcanic protoliths 
(17). and pillow structures are occasionally 

preserved (18). The sedimentary rocks can be 
traced - 100 m along strike, and they form a 
-50-m-thick succession that is dominated by 
normally graded beds of clastic sediments, 
~vhich are 10 to 70 cm thick and have sharp 
bases (Fig. 1, A and B) that are separated by 
black slaty units with thicknesses of up to 10 
cm. These sequences are intercalated with 
banded iron formation. Predominant minerals 
in the graded beds are quartz, mica, chlorite, 
and graphite. 

The black slaty units are finely laminated 
and consist of varying proportions of quartz, 
muscovite, biotite, chlorite. pyi~hotite. ilmen- 
ite, chalcopyrite, and graphite (Fig. 1C). The 
dark layers are rich in mica and graphite. 
whereas the lighter layers are rich in quartz. 
Packages of such fine layers are interspersed 
with layers that have thicknesses of up to 1 
mm. that are rich in plagioclase, and that lack 
detectable graphite. These layers are concor- 
dant and are continuous over the outcrop. The 
rocks are cut by 1-mm-wide quartz veins, 
which lack graphite. 

In the least deformed samples, mica and 
chlorite define a schistosity that is parallel to 
the sedimentaly bedding. In more defolnled 
rocks. all sedimentary structures have been 
obliterated, and up to 1-cm biotite and garnet 
porphyroblasts are present. Relics of the sed- 
imentary stratification can be observed as 
closely spaced planar trails of graphite inclu- 
sions in the cores of some biotite and galnet 
porphyroblasts: graphite is absent from the 
ground mass here. In samples that have been 
totally reclystallized to gainet-hornblende- 
biotite-chlorite schists, the fine sedimentary 
bedding is totally obliterated, and graphite is 
absent. These relations indicate that the 
graphite globules formed before the earliest 
gro~vth of gai-net and biotite and were con- 
sumed during progressive metamorphism. 

In both graywacke and black slate, graph- 
ite is abundantly present as 2- to 5-pm glob- 
ular grains that are included in the silicate 
phases. Graphite grains are distributed along 
the sedimentaly bedding, and the graphite 
grain size does not vary with the abundance 

identified as metasomatized orthogneisses 
Table 1. Carbon data from the lsua supracrustal belt. Samples 810212, 810213, and 810214 are from 

and MoJzsis et the sedimentarv rocks: sam~les 930049 and 930055B are from a sedimentoloeicallv unconstrained outcroD; 
Occurrence and of gra- and Samp(& 810227 an'd 810228 are from a discordant graphite vein tha<cros;cuts talc schist. sampl& 
phitic microinclusions in apatites from I S U ~  were finely ground in agate and decarbonated in hot HCI. Carbon was converted t o  CO, in an oxygen 
banded iron formation and in a sample of the furnace at 100O0C and analyzed by standard procedures at the Danish Center for Isotope Geology (26). 

correlative Akilia supraclustals and interpret- Values of 8l3C are referenced t o  the Pee Dee belemnite standard. 

ed the association of graphite and apati;e as 
reflecting the decomposition of biogenic sug- 
ar phosphates in the sedimentary protolith 
( 6 ) ,  however, the age of these samples [re- 
ported to be -3800 Ma and >3.85 billion 
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K~benhavn K, Denmark, and Danish Lithosphere Cen- 
ter, 0ster Voldgade 10, DK-I350 K~benhavn K, Den- 
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Sample 
Reduced C 
(weight %) 8l3C (per mil) 

810212 Turbidite graywacke 
810213 Slate 
810214 Mica schist 
930049 Garnet-biotite schist 
9300556 Micaceous quartzite 
810227 Graphite vein 
810228 Graphite vein 
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of graphite in a layer, except in zones of 
localized shearing, where C was recrystal- 
lized to larger flaky graphite grains that are 
10 to 100 ym across. 

The identity of the graphite microglobules 
as the hosts of reduced C in the rocks has 
been confirmed by backscattered electron im- 
ages (Fig. 1, E and F) and by reflected light 
microscopy, which in some cases has shown 
a strong optical anisotropy, which is charac- 
teristic of graphite. The presence of other 
reduced C components in the globules cannot 
be excluded, however. 

The graywackes have compositions re- 
sembling modem arc turbidites (19), indicat- 
ing that immature volcanic detritus formed an 
important component in the sediments. Sm- 
Nd isotopic data from the sediments and the 
enclosing metabasalts (20) define an isochron 
of 3779 -t 81 Ma (mean square weighted 
deviation = 8.76) (Fig. 2). 

I have measured the isotopic composi- 
tions of reduced C from graywacke and 
slate and from more strongly recrystallized 

slate, which is now represented by mica schist. 
To constrain the effect of graphite recrystalli- 
zation in the presence of metamorphic fluids, I 
sampled fine-grained graphitic and rnicaceous 
quartzite and correlative strongly recrystallized 
garnet-biotite-graphite schist from a sedirnento- 
logically unconstrained outcrop. To assess the 
signature of C in local metamorphic fluids, I 
analyzed two samples of vein graphite fiom a 
different part of the Isua supracrustal belt, as 
graphite veins are not observed within the meta- 
sedimentary rocks (Table l). 

The association of graded graywackes and 
laminated slates can be interpreted in the 
framework of Bouma sequences (21). The 
graded units with sharp bases and gradational 
upper contacts were probably deposited from 
turbidity currents (22), whereas the laminated 
slates form pelagic units, which were proba- 
bly deposited during quiet periods between 
turbidite pulses. 

The turbidites are associated with a l-m- 
thick unit of impure banded iron formation, 
and this sedimentary package occurs in a 

succession of basaltic metavolcanic rocks. 
No tenigenous clastic sediments have been 
identified in any part of Isua (7), and re- 
fractory accessory phases that are typical of 
terrigenous sources have not been observed 
in the sedimentary rocks. These observa- 
tions are consistent with deposition in an 
oceanic environment in the vicinity of vol- 
canic edifices. The undisturbed nature of 
the turbidites and pelagic sediments indi- 
cates that the water depth was below wave 
base, probably >I00 m. Thus, the sedi- 
ments were likely deposited below the photic 
zone. The strong correlation of globule abun- 
dance with individual sedimentary strata indi- 
cates that the C was deposited as particulate 
matter during sedimentation of the protolith and 
was not introduced by secondary processes. 

The coarse-grained plagioclase-rich inter- 
layers in the pelagic sediments could have 
been formed by airborne volcaniclastic sedi- 
ments that were rapidly deposited. The in- 
verse correlation of graphite abundance to the 
apparent rate of sedimentation and the ab- 
sence of C grains from the coarser grained 
feldspar-richlayers indicate that the-C-rich 

T = 3779 f 81 Ma 
MSWD = 8.76 

Fig. 2. Sm-Nd isochron diagram showing isoto- 
pic data from sediment samples 810196, 
810205, 810212, 810214, and 810215 (open 
squares) and enclosing Carbenschiefer amphi- 
bolite (solid squares). Analysis of the sediments 
was carried out by standard techniques (lo), 
and data for the Carbenschiefer amphibolite 
are from the least disturbed samples from (20). 
Analytical errors are within the symbols. T, age; 
MSWD, mean square weighted deviation. 

Fig. 1. (A) Turbidite sedimentary rocks from the lsua supracrustal belt, west Greenland. The 
notebook is 17 cm wide. (B) A close-up of finely laminated slate representing pelagic mud. The 
hammer is 70 cm long. (C) Photomicrograph of sample 810213, showing finely laminated pelagic 
mud. The variation in color is mainly due to  variations in C abundance. (D) Photomicrograph of C 
grains arranged along a buckled stringer. (E) Backscattered electron image of a polished surface 
(sample 810213), showing the distribution of C grains as black areas. (F) Backscattered electron 
image of a polished surface (sample 810213), showing the rounded shape of C grains (black). 

Fig. 3. Distribution of 613C values in classes of 
one unit of 6 for the reduced C of bulk rock 
from Isua. The ban represent data from (2) 
(crosses), (3) (open circles), (4) (horizontal 
lines), and this study (vertical lines). 
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particles nlost probabl) scdimentccl continu- 
ously fro111 suspension at a slow rate and \yere 
not tlcril-cd from an cl)isodic source. T11c 
present-clay rate of oceanic pelagic scclimcn- 
tation is < 1 cnl per 1000 years. 7111: reduced 
C conteilt of the black slates is comparable to 
that of ~nodcrn oceanic pelagic muds. in 
which thc rcclucccl C conccntratioils arc 
closely correlated n it11 pla~llitonic productiv- 
it! (23).  

Local small-scalc rcclou perturbations 
ala) cause a dispcrsioa of the C isotopic 
conlpositio~l of graphite that fonlls cluri11g 
mctmnorphism (3 ,  6. 2.1) 711e effect of these 
perturbations is obsc1.1-cd as an i~lcrcasc in the 
range of isotopic coillpositiolls as sample ~ o l -  
umes decrease. Earlier studies of C isotopic 
compositions of Tsua graphite have shown a 
general increase in the range of 8°C values 
with a clccreasc in sanlplc volume ( 5 ) .  Ton 
microprobe analysis has sho\vn that the 1.al.i- 
ation in one sample can be up to -40 per nlil 
(\vithin the analytical errors) (6). These rc- 
sults suggcst that C isotope compositions arc 
hctcrogcncous on a grain scale. 1 thus studied 
sample volu~nes that \yere greater than 5 to 10 
cm' and analyzcd 2-g aliquots of \\,ell-mixccl 
sa~nplc.  

The sed~menta~y roclts 11a1.e Ion 8'-'C val- 
ues (--IS." to -19.11 per mil), and the 6°C 
\~alucs incl.casc in rocl,s that are rec~?.stallized 
ancl that cxltain coarse grapl~~te.  The "C \ alues 
in the least illodified saillples vaq over a nar- 
so\\ range (-19.07 to -19.1 I per mil) and show 
no comelation \vith the abundailce of organic C 
in th? rock. Thcsc clata suggcst that the 8°C 
I-alues in these sanlples \\.ere not great11 dis- 
turbed by seconcla~y reaction n-it11 t~ansicnt car- 
bonic fluids. although systenlatic isotopic 111od- 
iiication during the kansition fi.0111 some other 
reduced C con~pound to gaphite cannot be 
precluded. The va~iation in C isotope conlposi- 
tion for all Isua rccluccd C (Fig. 3 )  coulcl he the 
result of isotopic dispersion by postdcpositio~lal 
gcochcmical processes (24). affecting C dcpos- 
its \\.it11 primary 6°C values close to -19 per 
mil. 

7111: most voluminous C reserloir in the 
Isua suprac~-ustal belt is lnetasolllatic carbon- 
ate roc1;s. which ha\-c an a\.erage 6°C of 
-2.5 t- 1.7 per 1ni1 (2).  The isotopic co113po- 
sition of these roclis therefore liliel) reflects 
the conlposition of regional carbonic meta- 
mo11111ic Iluids: metasonlatic veins and 
strongly defolmcd rocks also 11al.c high 8°C 
\.alucs o f - 1  1.40 to -14.10 per mil. 711~1s. the 
scdimcatar). rcducccl C is significantly de- 
pleted in I3C. in relation to the Ilydrothcmlal 
ancl strongly meta~nolphosed graphite. The 
increase in "C in recrystallized samples 
could thus be caused by a progrcssi\c rcac- 
tion with hydrothcnnal fluids v, it11 a C isoto- 
pic composition that is biased by the regional 
carbonate C composition. 

The pres~umed primaiy 8°C values of about 
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-19 UCr lllil of tile scdinlciltar\ nrauhitcs 11. A. P. Nutman, S. J. Mojzsis, C. R. L. Friend, ibid. 61, 
. - L  

are n ithill the range of hiologicall~ recluced 2475 (1997). 

c alld n-it~lill rallgc of rc(~ucecl 12. J. L. B ~ a k  and R. F. Dymek. Earth Planet. Sci. Lett. 59, 
155 11982). , , positions of 111ost modcrn nlarine sedi~ncnts 13, A, P, Nutman, Cronlands Geoi, Unders, 154, 

(2-7). The sedime~ltological and geocheali- (1986). 

cal e~.iclence thus indicates a hionenic ori- 14. N. M. Rose, M. T. Rosing, D. Bridgwater, Am, I .  Sci. 
L - 

gill of the C forming the graphite globules. 296, 1004 (1 996). 

111 allnlogy to occallic pelagic 15, P, W,  U. "pelf C, M. Fed01 S. Moorbath, J .  S. Myers, 
Terra Nova 10, 57 (1998). 

shales, the precursor organic detritus of the 16, A P, Nutman, ", C, Bennett, C, R, L, Friend, M, T, 
graphite globules could ]lave been derived Rosing, Chem. Ceol. 141, 271 (1997). 

illorc or less coatiauously from ulanktonic 17. R. C. 0. Gill, D. Bridgwater, J .  H. Allaart, Spec. Pubi. 

organisnls that secli~ncatccl from the surface 
natcrs.  Thus. these organisnls coulcl ha\-e 
been photoautotrophic. 
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Coordinated Regulation of 
Iron-Controlling Genes, 

H-Ferritin and IRP2, by c-MYC 
Kou-juey Wu, Axel Pslack, Wiccardo Dalla-Fallera" 

The protein encoded by the c-MYC proto-oncogene is a transcription factor that 
can both activate and repress the expression of target genes, but few of its 
transcriptional targets have been identified. Here, c-MYC is shown t o  repress 
the expression of the heavy subunit of the protein ferritin (H-ferritin), which 
sequesters intracellular iron, and t o  stimulate the expression of the iron reg- 
ulatory protein-2 (IRPZ), which increases the intracellular iron pool. Down- 
regulation of the expression of H-ferritin gene was required for cell transfor- 
mation by c-MYC. These results indicate that c-MYC coordinately regulates 
genes controlling intracellular iron concentrations and that this function is 
essential for the control of cell proliferation and transformation by c-MYC. 

The c-.\IJT proto-oncogene is involved in the 
control of cell proliferation. differentiation. a11d 
apoptosis ( I ) .  Strilctural alterations of the c- 
MI% locus deregulate c-hlYC cuprcssioa ancl 
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Department o f  Pathology, Co!umbia University, N e w  
York, NY 10032, USA. A. Polack, Institute for Clinical 
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contl-ibutc to t-~nno~igcacsis by \-a~ious mccha- 
nisms ( I ) .  The c-MYC protein is a transcriptioa 
factor that fimctions by means of hetfloclimer- 
ization with IvlAX, a related protein that, like 
c-MYC. contains basic (b). helix-loop-helix 
(HLH), and leucinc zipper (LZ) clomaias but 
laclts the &ansacti\-ation donlain prcsc~lt in the 
NH2-tel-illinus of c-MYC ( I  ). MYC-MAX 
complexes stimulate transcription of target 
gcncs coiltailling MYC-MAX binding sites ( I ) .  
111 addition. MYC can act as a transcliptional 
repressor of genes contai~~ing the initiator elc- 
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