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An introduction to the subject and some proposals

BoththePrecambriantectonicsandits environmentalsettingareelusivesubjects. However,if onethingweknowforcertainis thatthetransitionfromtheArcheanto theProterozoic(2.5 Ga)
separatedworldsapartandinvolvedmajorchangesintheenvironmentalconditions,sedimentation,subductionstyle,andmagmatism(Fig. 1). Forexample,theArcheanmagmaticcomplexesyield
intrinsiclowfO2 values,andtherearegoodargumentsto supportthatEarth'suppermantlewasoriginallymorereduced. Thus,a goodquestionregardstheconditionsthatbroughtoxidizing
conditionstothisrealm,ultimatelyallowinggenerationofcalc-alkalinecomplexes.

Wesuggestthattheonsetofphotosyntheticlife(cyanobacteria)andthesubsequentoxidationoftheoceans,leadingtomassivedepositionof ironoxiderichsediments,maybethemissinglinksof
a storyinvolvingthesubductionof thesechemicalsediments,theriseofoxygenfugacity,andtheultimateformationofcalc-alkalinemagmas. Bytheendof theArchean,calc-alkalinemagmatism
wasfirmlyestablished,anda keypointrelatestothenatureofthesearc-relatedigneousrocks. Thesemagmasarenotonlycharacterizedbysilicaenrichment,buttheyarealsomoreoxidizedthan
theirprimitivecounterparts(e.g., komatiites,MORBs). Thus,a risingoftheoxygenfugacityintheuppermantleishereregardedtheturningpointthatallowedformationofcalc-alkalinecomplexesat
islandarcsduringArcheantime. In this respectwe suggestthat the appearanceof cyanobacteria,morethan3.7 Ga ago,mayhaveplayeda decisiverole in changingthe old Archean
tectonomagmaticscenario,byincreasingtheoxidizingpotentialoftheoceans,andthereforeinducingironoxideprecipitationontotheoceanfloorsintheformofFeO(OH)likeminerals.

If subductionprocesses,whateverthetype,werealreadyactivebyearly-mesoArcheantime(asseemstobethecase),it followsthatamassiveamountofironoxidesmusthavebeenintroducedto
themantlewedge. Themeltingof thesechemicalsedimentswouldhaveresultedin liberationofoxygen,thuscontributingto theoxidationof thisrealm,andtherefore,triggeringtheonsetofcalc-
alkaline,�µ�P�R�G�H�U�Q�¶magmatism.

Hydrolysis of silicates in the continents, removal of iron, photosynthesis, progressively 
oxidized oceans, and the fate of Fe2+

AtmosphericCO2 andwaterreactto formcarbonicacid(Eq. 1), andinduceacidificationof water(Eq. 2), eventually
leadingtothehydrolysisofFe-MgsilicatesandsolubilizationofironintheformofFe2+ ions(Eq. 3) (Fig. 2):

CO2 + H2�2���:���+2CO3 [1]
H2CO3 �:���++ + HCO3�í [2]

(Fe0.5Mg0.5)2SiO4 + 4H+ �:���)�H2++ Mg2++ SiO2 + 2H2O [3]

Giventhatoxidizingconditionsin theoceansmayhavestartedasearlyas3.8-3.7 Gaago(Fig. 1), a racebetween
freshlyincorporatedFe+2 andphotosyntheticallyproducedofO2 musthavebegun:

6CO2 + 12H2�2�������O�L�J�K�W���:���&6H12O6 + 6O2 + 6H2O [4]
4Fe2++ O2 + 4H+ �:�����)�H3++ 2H2O [5]
Fe3++ 2 H2�2���:���)�H�2���2�+�����������++ [6]

It was precisely this photosynthetic oxygen (Eq. 4) the decisive factor that led to the largest ever oxidation and 
precipitation of iron oxide in the Earth oceans (Eq. 5, 6) (Fig. 2).

On the ultimate fate of iron oxide rich sediments during subduction: oxidation of the 
mantle wedge

Fromtheexperimentalworkonmineralsandceramicsweknowforcertainthatthethermaltreatmentat 900ºC of
goethite(FeO(OH))inducesformationof hematite(Fe2O3). Thelatteris knownto transformintomagnetite(Fe2O3)
duringmetamorphism. Ontheotherhand,a recentworksuggeststhatthemeltingofhematiteat1150ºC(Eq. 7) may
resultinliberationofO2:

Fe2O3 (melt) �:�����)�H�2��(melt) + ½O2 (gas) [7]

Oxidationof themantlewedge,partialmelting,andsubsequentformationof calc-alkalinecomplexes(Fig. 2). Thisis
the key part of the story,becausearc relatedcalc-alkalineigneousrocksare not only characterizedby silica
enrichment,buttheyarealso�µ�G�L�V�W�L�Q�F�W�O�\more�R�[�L�G�L�]�H�G�¶thantheirprimitivecounterparts(e.g., MORBs)(Fig. 3). These
relationsdonotonlyapplyto themagmas,butalsoholdfortheirmantlesources. Inotherwords: nooxidationof the
mantlewedge�±nocalc-alkalinemagmas.
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Archeantime. A) Artisticviewof a coastlineduringtheArcheandisplayingvolcanicactivityandstromatolite
colonies,B) MicrofossilsfromtheApexChert,NorthPole,Australia. TheseorganismsareArcheanin age,
approximately3465billionyearsold,andresemblefilamentouscyanobacteria,C)andD)Presentcyanobacteria:
genusAnabaena, andE) BandedIronFormation(BIF),illustratingthe alternatinglayersof magnetiteand
hematite(therediron)andchert.

Fig.1. Simplified scheme depicting major environmental,
geodynamic,andmagmaticeventsduringtheArcheanandpartof
theProterozoic. BIF: BandedIronFormationdeposits.

Fig.2. PotentialscenarioforlateArcheantimedepictingrelationshipsbetweencyanobacteria,enhancedbiologicalproductivity,photosynthesis,oxidation
of Fe2+ to Fe3+, subductionof ironoxiderichsediments,liberationof O2 andvolatiles,oxidationof themantlewedge,andgenerationof calc-alkaline
magmas.

Fig.3. LogfO2 versusTºCplotforarcmagmatism,MORBs,
andkomatiites. Buffers: HM: hematite-magnetite,IW: iron-
wustite,FMQ: fayalite-magnetite-quartz,NNO: Ni-NiO.
Curvedarrow: possibleevolutionarypathforfO2 duringthe
transitionArchean-Proterozoic.

Earth without cyanobacteria in its early evolution: a barren Venusian type scenario?
VenusandEarth,despitestrikingsimilarities,at onepointtookdifferentevolutionarypaths. Perhapsan
explanationforthisfactisnottobefoundintheinitialpresence(orabsence)ofwaterinoursisterplanet,but
onwhetherO2 producinglivingorganismseverdevelopedthereina primevalVenusianocean. Ononeside,
no icehouse(suchas �(�D�U�W�K�¶�VmesoArcheanand earlyProterozoicglaciations),but insteada runaway
greenhouseeffectdeveloped,whichprobablyledtoallwaterboilawayfromthesurface. Thelackofplanet-
wide,efficientmechanismsfor therecyclingof CO2 on Venus(suchas thoseprovidedby photosynthesis)
musthaveledto theprogressiveandunstoppableaccumulationof thisgreenhousegasin theatmosphere.
Venusis at presenta geologicallyprimitiveplanet,withno platetectonics,no water,andhighsurface
temperatures(470ºC)andpressures(90bar),thatmakelife,thewayweunderstandit,virtuallyimpossible.

Source: Oyarzun R., Lillo, J, Oyarzun, J. (2008)No Water, No Cyanobacteria�² No Calc-Alkaline Magmas: Progressive Oxidation of the Early Oceans May Have 
Contributed to Modernize Island-Arc Magmatism. International Geology Review, vol. 50 (in press).
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