Arkeen (Archean) Ust Zamani

Hadean ve Arkeen Ust zamanlari arasindaki sinir 3.8 Milyar yil olarak kabul
edilir. Bu en eski denizel sedimanlarin yasina karsilik gelmektedir.

Bazi biliminsanlari Erken Arkeen’de levha tektoniginin isledigini distintrken
bazilariise erken Arkeen’de litosferin dalma batmayi gerceklestiremeyecek
kadar sicak oldugu ve levha tektoniginin ge¢ Arkeen’e kadar ¢alisamayacagini
diusinmektedirler. Manto sorgucuna bagl volkanizmanin yeni kabuk kaynagi
oldugunu 6nermektedirler.

Arkeen Ust zamaninda kitasal kabuk hacmi giderek artmistir.

Eoarkeen’de yer kati bir kabuga sahiptir, okyanuslar olusmustur.

Atmosfer oksijensizdi, indirgeyici ortam kosullar hakimdi.

ilk yasam Eoarkeen’de vardi ve paleoarkeen’de gelismeye devam etti.

En eski stromatolitler Mesoarkeen’de gelistiler.

Genis ¢capli buzul dénemi yaklasik 2.9 Milyar yil 6nce yasandi.

Neoarkeen’de ilk defa kitasal kabuk yliksek daglar olusturacak kadar kalindi.
Arkeen sonunda yaygin fotosentez sonucu oksijen gelisimi gerceklesti.



e Kitasal kabuk nasil meydana gelmistir?

e Uzerinde genellikle anlasilan modele gore goreli olarak yiiziicii/batmayan
(felsik ve ortac) kitasal kabuk hem dalma batma zonlarinda hemde sicak-
nokta volkanlarinda birlikte olusturulmustur. Bu ilk kitalarin bazilarinda
gelisen riftler bazaltla doldurulmustur.

* Yeryuvarinin giderek sogumasi ile ilksel kitalar soguk ve dayanikli hale
gelmis ilk kratonlar olusmustur (2.7 Milyar yil).



o, 5
Levha tektomgl nasil ba§|ad|' Yukselen sorgug, lizerindeki okyanusal litosferi kismen
Yukselen sorgug, lizerindeki okyanusal litosferi parcalayacak

parcalayacak glicte, ayni zamanda mevcut litosfer de yeteri
ya da ergitecek glcte degil ise, ylkselen sorguc litosfer-

kalinliga sahipse, sorgug kafasinin kenar sinirlarinda yeni
astenosfer sinirinda yayilarak yikselmesi duracaktir. s .
yay y dalma-batma olaylari gelisecektir.

Ueda, K., Gerya, T., Sobolev, S. V., 2008. Subduction initiation by thermal-chemical plumes: numerical
studies. Physics of the Earth and Planetary Interiors 171, 296-312.



(Geryavd., 2015).
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Yerbilimeilerin en ¢ok merak ettigi konulardan biri Ilksel Diinya’nin (Early Earth) ne gibi evrimsel siirecler gecirerek
giintimiize ulastigidir. Bu stirecler icerisinde ise levha tektoniginin ne zaman basladig: a ir arastirma konusudur. Ancak
levha hareketlerinin ne zaman basladigina dair tartismalar heniiz ¢6ziime ulasamann likle, gecmise ait kayitlarin
azhig: bu tartismalarin ¢éziime gitmesi konusunda en biiyiik engellerdendir. YE[bll esitli metodlart kullanarak levha
tektoniginin baglangi¢ yasina dair dneriler sunmaya devam etmektedir. Kom: to tarafindan firetilen kayaglar
icerisinde en dikkat cekenlerdir. Yaslandirilmis en yasl komatiyit 3.825my: se 86my yasmdadir. Igerdikleri yitksek
magnezyum oranlar, ézel doku ve jeolojik bulunus kosullariyla, guncel i
benzemeyen bu kayalarin; yerkiirenin belirli jeolojik zamanlari iceri; melerine ragmen, giincel formlar
goriilmemektedir. Komatiyitlerin olusum kosullary, kayith zaman ara! ve icerdikleri magnezyum oranlari esas
alindiginda, levha tektoniginin ne zaman basladigna dair bir %ost%:l ak kullamlfdglan mtmkin olabilir.

Anahtar Sozciikler: Kabuk, Levha Tektonigi, Kltas eryuvar: @uyit.
GiRIS @

Levha tektoniginin ne zaman ve na dlgu:u tinya’nin tarihini anlamak icin énemlidir. Korenaga (2013)
levha tektoniginin baslangicina dN alar ozet? aslangic zamanimn Hadean (>4,2Ga) ile Mezoproterozoik
(~1Ga) araliinda olabilecegini Q@m:usur (S u yas araligimin farklilik gostermesi, her arastiricinin levha
tektoniginin baslangicina 1 muh tlart kullanmasindan kaynaklanmaktadir. Yeni ¢calismalar ile birlikte yeni
muhtemel kanitlar da sunulmaya deyg ktcdlr Yapilan ¢alismalar incelendiginde, levha tektoniginin baslangicma dair
tartismalarin sonuca ulaﬁnasmm ay adig1 da ortaya ¢ikmaktadir.

Gerya vd. (2015) levha tektonigi litosferik levhalarin bagimsiz hareketlerini icerdigini, levha tektoniginin nasil calistigint
anlayabilmek i¢in ilk dalma — batma zonlarmin nasil sekillendigini anlamak gerektigini sdylemistir. Levha tektoniginin

baslangicina dair ¢esitli oneriler ve sorguclarla olan iliskisini de yine Gerya vd. (2015) detayl bir sekilde incelemistir.



Bati Avustralya’daki
Pilbara kalkani’'nda
Yesiltas kusagi’nin
(greenstone belt)
uydu gorintisi (koyu
renkli kayalar).

Yuvarlak gorintumleri
ile belirgin olan

acik renkli kristalen
kayalar ise Arkeen
ilksel kitalarinin felsik
kabuklarini temsil
eder.

Yukaridaki felsik
parca yaklasik 40
km’dir.



Kraton gelisimi tim yeryuvarinda ayni zamanda ve ayni blayuklikte olmamistir. Cogu kraton gelisimi 2.5
Milyar yil 6nce olurken Gliney Afrika’daki buiylk kraton daha eskidir.

Burada 3.1-2.7 Milyar yil 6nce Pongola ve Witwatersrand havzalarinda iyi gelismis sedimantasyon gozlenir.
Buradaki kum ve camur 6nemli blyuklikte bir kitasal alanin erozyona ugradigini gosterir.

Witwatersrand tabakalarinda altin ¢akillari bulunur. Bunlar yeni olusan kitadaki magmatik kayalardan
asindirilmis olmalidir. Pongola kayalariise tillitler ve serpme bloklar (dropstones) bulundurur. Bunlar 2.9

Milyar yillik bilinen en eski buzul ¢ékelleridir.



e Arkeen Ust zamani’nin sonuna dogru kitasal kabugun %80’i olusmustu.



Arkeen kratonlari 5 temel kaya tipi iceriyordu:
1-Gnays: ¢arpisma zonlarindaki Arkeen metamorfizmasinin kalintilari.

2-Yesiltaslar-greenstones: carpisan bloklarin arasinda kalan okyanus kabugunun
metamorfize olmus kalintilari veya ilk kitasal riftleri dolduran bazaltlar veya sicak
noktalardan tliremis yaygi bazaltlari (flood basalts).

3-Granit: sicak noktalarin Gstinde veya kitasal volkanik yaylarda kabugun kismi
ergimesiile olusur.

4-Grovak: volkanik alanlardan asinarak okyanuslara dolan kum kil karisimi
5-Cort: derin denizde silis’in gokmesi ile olusur.

Arkeen’de sig su sedimanlari nadirdir. Ya kitalar bu tir ortamlar yaratmak icin kiguktd,

ya da asinip korunamadilar. Kara alanlari olusunca bitki olmayan yuzeyde akis
oldugunu jeologlar siviigcinde iyi yuvarlanmis tanelerin bulunmasindan yola ¢ikarak
tahmin etmektedirler.

Arkeen (ist zamani bircok “ilk” lere sahne olmustur. ilk kitalar ve ilk yasam.

[NASA’nin yasam tanimi: Darwin evrimini gergeklestirme yetisine sahip kimyasal sistem.]



Ilk yasam

 |lk yasamin varligini jeologlar Gc¢ delil ile ortaya koyarlar.
1-Kimyasal fosiller veya biyogostergeler:

Sadece yasayan organizmanin metabolizmasi tarafindan Uretilen
durayli kimyasallar.

2-izotopik belirtecler: Karbon 12C, 13C, 14C olarak bulunur. Organizmalar
tercihen az miktarda 13C yerine 12C biinyesinde toplar.

Karbonca zengin sedimanter kayalarda 2C/3C orani incelenerek
sedimanin organizma bulundurup bulundurmadigi saptanabilir.

3-Fosiller: Uygun cokelme ortamlarinda bacteria veya archea hiicreleri
kayac icinde korunabilir. Bununla birlikte bu fosillerin tanimlanmasi
tartismalara yol agmakta bazilarinin inorganik kristal buytmeleri
oldugu yonunde degerlendirmeler bulunmaktadir.



Yeryuvarinda hayatin
3.5 Milyar yildan bu
yana varoldugunu
organizmalarin
izotopik
belirteclerinden
yararlanarak ortaya
konmustur.

En eski tartismasiz
bacteria ve archea
fosili 3.2 Milyar yil
yasindadir.



Hayatin baslangicindaki kimyasal deliller

Zamanda geriye gidildiginde kayaclardaki kayitlar hayatin
baslangicina dair cok kiictk deliller saglarlar. Bunlardan yola ¢ikarak
ilksel yasam hakkinda ¢ikarimlarda bulunabiliyoruz.

Yasamin iki temel vasfi vardir. (1) kendini kopyalama veya yeniden
Uretebilme yetisi, (2) kendi kendini diizenleme veya i¢sel kimyasal
reaksiyonlaridizenli olarak sirdirebilme yetisi.

Kimyasal reaksiyonlari strdirebilme enerjiye ihtiyac duyar, bu da
solunumla saglanur.

Kendini kopyalama ve kendini diizenleme i¢in yasamin ihtiyag
duydugu bilesikler proteinlerdir. Bazi proteinlerin fiziksel yapilari
vardir, digerleri ise hicre icinde belli kimyasal reaksiyonlari
yapabilirler.

Proteinlerin yapitaslari 20 amino asit'tir. Bunlar karbon,
hidrojen,oksijen ve nitrojen bilesikleridir.



Miller deneyi

1953. Science, 117, 528-529

A Production of Amino Acids Under
Possible Primitive Earth Conditions

Stanley L. Miller* 2 ;

G. H. Jones Chemical Laboratory,
University of Chicago, Chicago, Illinois

The idea that the organiec eompounds that serve as
the basis of life were formed when the earth had an
atmosphere of methane, ammonia, water, and hydro-
gen instead of carbon dioxide, nitrogen, oxygen, and
water was suggested by Oparin () and has been given
emphasis recently by Urey (2) and Bernal (3).

In order to test this hypothesis, an apparatus was
built to circulate CH,, NH,, H,0, and H, past an
electric discharge. The resulting mixture has been
tested for amino acids by paper chromatography.
Electrical discharge was used to form free radieals
instead of ultraviolet light, because quartz absorbs
wavelengths short enough to eause photo-dissociation
of the gases. Electrical discharge may have played a
significant role in the formation of compounds in the
primitive atmosphere.

The apparatus used is shown in Fig. 1. Water is
boiled in the flask, mixes with the gases in the 5-1
flask, circulates past the electrodes, condenses and
empties back into the boiling flask. The U-tube pre-
vents circulation in th i irecti i

1 National Science Foundation Fellow, 1952-53,
2Thanks are due Harold C. Urey for many helpful sugges-
tions and guidance in the course of this investigation.

528
Miller-Urey / Urey-Miller deneyi ?

Yo
Vacuum

Fia. 1.

During the run the water in the flask became notice-
ably pink after the first day, and by the end of the
week the solution was deep red and turbid. Most of
the turbidity was due to colloidal silica from the glass.
The red color is due to organie compounds adsorbed
on the silica. Also present are yellow organic com-
pounds, of which only a small fraction can be ex-
tracted with ether, and which form a continuous streak
tapering off at the bottom on a one-dimensional chro-
matogram run in butanol-acetic acid. These substances
are being investigated further.

At the end of the run the solution in the boiling
flask was removed and 1 ml of saturated HgCl, was
added to prevent the growth of living organisms. The
ampholytes were separated from the rest of the con-
stituents by adding Ba(OH), and evaporating in
vaeuo to remove amines, adding H,SO, and evaporat-

SCIENCE, Vol. 117




Kolayca olusabilen amino asitler:

1953'te Stanley Miller basit bir [aboratuvar
deneyiile proteinlerde bulunan amino asitlerin
neredeyse tamamini elde ettiler.

Deney yeryilziinde hayatin basladigi kosullari
taklit edecek sekilde dizayn edilmisti. Kapali bir
dizenekte kaynayan su havuzunun ustiinde
arastirmaci, Hidrojen, su buhari, metan ve
amonyak'tan olusan ilksel bir atmosfer
olusturdu. Kimyasal reaksiyonlari tetiklemek
icin yildirrmi temsil eden kivilcim Gretiliyordu.

Bir seri kimyasal reaksiyonlar sonucunda cesitli
amino asitler olustu.

Deney basit bilesiklerden amino asitlerin
olustugunu gosterdi.

1969 yilinda Avustralya'ya diisen
Karbonat bilesimli Murchison
meteoritinde saptanan amino asitler
yaklasik Miller deneyinde elde edilenler
ile ayni orandaydi. Bu gozlem yerylzinde
proteinlerde bulunan bazi amino asitlerin
dis uzaydan meteoritler veya kuyruklu
yildizlarile gelebilecegini gostermistir



RNA: Ribonucleic acid

Bildigimiz yasam icin vazgecilmez diger bilesikler ntukleik
asitlerdir. Bunlarin iki tipi vardir. DNA ve RNA. DNA bir
organizmanin genetik kodunu tasir. Bu kod organizmanin
bliyimesive diizeniicin bilgi saglar. DNA bu kritik bilgiyi
gelecek nesillere aktarmakigin ayrica kendini kopyalama
yetisine sahiptir.

RNA da kendini kopyalama yetisine sahiptirve DNA'dan
dahafazlarol Gstlenir. RNA'nin bir gesidi olan mesajci
RNA, DNA'nin genetik mesajini belirli proteinlerin
olusmasiigin gerekliyerlere tasir. Diger tip RNA, buna
transferRNA diyoruz, uygun aminoasitleribu
proteinlerinigine yerlestirir. RNA ayrica katalizor gorevi
yaparak belli protein gesitlerinin olusmasinisaglar.

Bilinen yasamiolusturmakigin evrim, bir yapisiolan,
belliproteinlerdenolusan bir sistem olusturmak
zorundadir.Bu yapi gelecek nesillere bliinyesinde
bulunan kimyasal direktifleri/talimatlari gecirmekigin
kendini kopyalayabilmelidir. Niikleik asitler bu fonksiyonu
yerine getirebilmekiginilk/asil bilesikler olmalidirlar.
Cunku heryasayanorganizmada gorevyapmaktadirlar.
RNA'nin bu ¢ok yonluligi nedeniyle en erken hayat
bicimlerinde yer alan nikleik asit oldugu
distntlmektedir. RNA katalizor olarak anahtar
proteinlerin olusmasindave kendini kopyalayarak
kodlarin daha sonrakinesillere aktarilmasindarol
oynamis olmalidir. Bu nedenle ¢cogu biliminsaniilk
kiiresel ekosistemi RNA diinyasi olarak tanimlamaktadir.

Bir defa RNA sistemi olustugunda RNA molekiillerinin
stk mutasyonu sonucu, dogal segilimli Darwin evrimi
muimkiin olmaktadir.

Zamanla dahadurayl bir molekiil olan DNA, genetik kod
olarak, evrilerek RNA'nin yerinialmistir.

Yasamintarihinin en erken evresinde organizmalar
korumalidis yapiya sahip olmalidirlar. Bu yapi
yarigecirgen zar olmalidir. Boyle bir zar ilksel
organizmanin kimyasal sistemini koruyup, sadece birkag
bilesigin giris ve gikisina izin veriyor olmalidir.

Holley RW et al. (1965)

. "Structure of a ribonucleic acid".Science 147 (3664): 1462—65.



Miller'in deneyinde amino asitler Uretildikten sonrahayatin
ilksel corba olarakisimlendirilenkiigiik durgun su
birikintilerindeyildirimlarin yardimiyla olustugu
dusinulmekteydi. Bu dislincedeki problem atmosferdeki
serbest oksijenin olmamasigerektigidir. Clinki kiicik
miktarlardakioksijen, temel organik bilesiklerin olugmastigin
gereklikimyasalhammaddeleri okside ederek yokedebilir.
Biliminsanlarifotosentez yapanorganizmalardan 6nce
atmosferde serbest oksijen olmadiginidisinuyorlardi. Simdi
biliyoruz kiglinesten gelen ultraviyole / morotesiisinlarisu
buhariniGstatmosferde parcalayarak oksijeniserbestbirakir
ve bu kiiglik miktarlardaatmosfere yayilir. Bu nedenle hayat
atmosferik oksijene maruz kalan kiclk bir su birikintisinde
baslamis olamaz.Buancakatmosfer kosullarindanizole
edilmis bir ortamda meydanagelmis olmalidir.

Enuygun ortam okyanustabaninda okyanusortasisirtlara
yakin siyah duman bacalaridir.

Okyanus orta sirtlarigenis bir sicakhk araligisunar.

. . ¥
Ilkyasam icin gerekli bilesikler ilik sularda ¢6zliinmus olarak \
bulunurlar.Bu sularin gogunlugu oksijensiz olmalidir. »

Orta Okyanussirtlariglinesin mordotesi radyosyonundan
uzaktir. Yeterince oksijen olmayan biratmosferde ylizeyde
mordtesiradyasyondan koruyan ozon tabakasida gelismis
degildir.

Okyanus ortasisirtlar bolca fosforicerir, bu element tim
organizmalarin blinyesinde vardir.

Organizmalardaiz miktarda bulunan metallerden nikelve
cinko Okyanus ortasisirtlarda bulunmaktadir.

Okyanus ortasisirtlardabulunankiller bliytik organik
molekdllerin biraraya gelmesiicin altkatman olarakis
gormektedirler.

Okyanus ortasisirtlarienerji ortaya cikaran cesitlidogal
kimyasal reaksiyonlari basit organizmalarin kullanabilmesi
icin firsatlar yaratmaktadir.

Okyanus kabugu icinde dolasan ilik oksijensiz sularin hayatin
baslamasiicin bir sans olusturdugusoylenebilir. BurasiRNA
diinyasininbasladigiveilk bacteria ve Archea'larin olustugu
yerdir.



March 3, 2015

NASA Ames Reproduces the Building Blocks of Life in

Laboratory

NASA scientists studying the origin of life have reproduced uracil, cytosine, and thymine, three key components of our hereditary material, in the laboratory.
They discovered that an ice sample containing pyrimidine exposed to uliraviolet radiation under space-like conditions produces these essential ingredients

of life.

Pyrimidine is a ring-shaped molecule made up of carbon and nitrogen and is the central structure for uracil. cytosine. and thymine, which are all three part
of a genetic code found in ribonucleic (RNA) and deoxyribonucleic acids (DNA). RNA and DNA are central to protein synthesis, but also have many other

roles.

"We have demonstrated for the first time that we can make uracil, cytosine, and thymine, all three
components of RNA and DNA, non-biologically in a laboratory under conditions found in space.” said
Michel Nuevo, research scientist at NASA's Ames Research Center, Moffett Field, California. "We
are showing that these laboratory processes, which simulate conditions in outer space, can make
several fundamental building blocks used by living organisms on Earth.”

An ice sample is deposited on a cold (approximately —440 degrees Fahrenheit) subsirate in a
chamber, where it is irradiated with high-energy ultraviolet (UV) photons from a hydrogen lamp. The
bombarding photons break chemical bonds in the ices and break down the ice's molecules into
fragments that then recombine to form new compounds, such as uracil, cytosine, and thymine.

NASA Ames scientists have been simulating the environments found in interstellar space and the
outer Solar System for years. During this time, they have studied a class of carbon-rich compounds,
called polycyclic aromatic hydrocarbons (PAHs), that have been identified in meteorites, and which

are the most common carbon-rich compound observed in the universe. PAHS typically are

structures based on several six-carbon rings that resemble fused hexagons. or a piece of chicken

wire.

The molecule pyrimidine is found in meteorites. although scientists still do not know its origin. It may

Anice sample is held at approximately -440 degrees Fahrenheit in
avacuum chamber, where it is irradiated with high energy UV
photons from a hydrogen lamp. The bombarding photons break
chemical bonds in the ice samples and resultin the formation of
new compounds, such as uracil
Gredits: NASA/Dominic Hart

be similar to the carbon-rich PAHS, in that it may be produced in the final outbursts of dying, giant

red stars, or formed in dense clouds of interstellar gas and dust.

"Molecules like pyrimidine have nitrogen atoms in their ring structures, which makes them somewhat wimpy. As a less stable molecule. it is more
susceptible to destruction by radiation. compared to its counterparts that don't have nitrogen." said Scott Sandford. a space science researcher at Ames.
"We wanted to test whether pyrimidine can survive in space, and whether it can undergo reactions that turn it into more complicated organic speuENch!

as the nucleobases uracil, cytosine, and thymine."

n theory, the ressarchers thought that if molecules of pyrimidine could survive lang encugh to
igrate N0 Interstellar Gust chouds, they might b2 able to shield themseives from destructive

e Chouds, 2 ONLO Gust Grains (Much like motsture in your
a cold window

b NAENSEs

Theese CIOLS are dense e
thereby providing sorme protection 1o the mokecules in

the surrounding outside radition of space
the clouds

Scienlisls lesled their hypolheses in the Ames Astrochemistry Laboratory. During their experiment
they exposad the ice SAMpIe containing pyrimidine 1o uraviole! Ao URder space-like
condfions, Including a very high vacuum, extremely low temperatures (-440 degrees Fahrenheit)
and harsh rageation

Ater, but also ammonia

hon than it would be if i were
in the gas phase in open space t e modecules ook on new
forms, such as the RMADNA components uraci, cylosing, and thymine, which are found in the
genetic make-up of all ing organisms on Earth

"We are trying 1o address the mechanisms in space that are forming these molecules. Considering
wh & produced in the 1aboratol he chemistry of icé exposed to ultravicle! radiation may be an
important linking step between what goes on in space and what fell to Earth early in s

developmien aid Christopher Materese, another researcher at MASA Ames who has been working
on these experiments

“Hobody really understands how life gol started on Earth. Our experiments suggest that once the
Eartn formed, many of the bulding blocks of We were likely present from the beginning. Since we
are simulating universal astrophysical conditions. the same is likely wherever planets are formed
says Sandfora

Adamional team members who helped perform some of the reseanch are Jason Dworki
Elsila, and fanee Milam, three NASA scientists at NASA's Goddard Space Faght C
Greenbell. Maryland

wiaas fundid by the MASA Astrobiclogy Institul d the: NASA Origins of Solar
ram. The NAI i a virtual, distributed o petitvEly-Selec
astroblalogy research and training programs in co
nal SCINCE COMMUNEE,

Ruth Marlaire
Ames Research Center, Moffett Field, Calif
6550-504-4789

Pyrimidine Uracil
(o]
4
s| =N | NH
i ,N'f . N/J\O
H

Pyrimine is 3 1ing-shaged molerule made up of carben and
riregen and i the cred ol slruchue foe wac cploies, ard
hyrmies, which aré $cund i RNA and DNA

Cregits: NASA
Cytosine Thyming
NHz o]
| \;L | L.
N So N /Ro
H H

The ring-shaped molecuie pyrimiding s found in cytosine and
thymee

A deneyi
3 Mart 2015
Yasamin baslangici Uzerinde ¢alisan NASA biliminsanlari
bizim kalitsal malzememizin ug¢

bilesenini (uracil, cytosine ve thymine) laboratuvarda urettiler.
Pyrimidine igeren buz 6rnegi uzaya kosullarina benzer
sartlarda mordtesi (UV) radyasyona maruz kaldiginda hayat
icin gerekli U¢ bilegeni uretilebiliyor.

Pyrimidine karbon ve nitrojenden olusan halka sekilli molekul
olup, uracil, cytocine ve thymine’nin ana yapisini
olusturmaktadir. Bu Uclu RNA ve DNA igindeki genetik
kodlarda yeralmaktadir.

RNAve DNAnin ug bileseni biyolojik olmayan uzay benzeri
laboratuvar kosullarinda Uretilmis oluyor.
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Researchers Use 'Seafloor Gardens' to Switch on Light
Bulb

Qne of Ihe kiey necessties tor ife on our planet is electricty. That's not to Say Iat e requires a plug
and socket, but everything from shiubs 10 ants 1o people hamesses energy via the transfer of
elecirons - the Basls of electricity, Some experts think that the very iest cel-ike organtsms on Eartn
channeled eictnctty from the $6anioar using bubbling, CRmney-shaped structures, atso known as
chemical gandens.

In & new sy, researchers repart growing their cwn tiny chimneys in a labaratory and using inem 1o
power a light bulb. The findings semonstrate 1hat the UNGEMWAEr SINUCIUNEs may have indeed given
an electrical boost to EAFTh's very first ife forms

“These chamneys can act Ike Siectrcal wires on the seafioor.” said Laune Bamge of NASA's Jet
Proputsion Laboratory, Pasaoena, Calfomia, iead author of a new paper on Uhe fngings i the
Jourmal Angewandte Cliemie Infernational ETON. “Wer: NAMessag energy as e st e on Earn

might have.

The findings are helping researchers put together the story of life on Earth, starting with the fiest
chapter of its onigins. How Iife first took root on our nascent planet is a topic riddled with many
unanswerad chemistry questions One leading thaary for the arigins of ife, called the aicaline vent

hypoinesis, is based on ihe ldea that life sprang up undarwater with the help of warm, alkaline (as -
oppased to acidic) chimneys This phot 3mesasion shows 3 laboratory-Created “themical
gavdee " which i 3 chirney e shiuchan found o bubbing rents

Chimneys naturally form on the seafloor at hydrothermal vents. They range in size from inches to 0 the $4afio

[ it T Creclita: NASALIPL -Callech
tens of feel (oo 15 b benvs. of med and they are made of different types of minerals i -
with, typically. a porows structure. On early Earth, these chimneys could have blished electrical .
and probon grad 5 across the thin mineral membranes thal separate their compartments. Such
gradients e critical Be processes that generate energy and organic compounds

“Lite doesn't wani 1o get electrocuted. but needs just the right amount of electricity. sald Michael
Russell of JPL. a co-author of the study. “This new experiment confirms what that amount of
electriclly s - just under a volt * Russell first proposed ihe alkaline vent hypoinesis in 1989, and
even predicted the existence of alkaline vent chimneys more inan a decade before they were

actually discovered in the Atlantic Ocean and dubbed “The Lost C

Previgusty, researchers at the Universty of Tokyo and the Japan Agency Tor Marne-Earth Scnce
and Technalogy recorded elecincity in lack smoker vent chimneys in the Okinawa Trough in
Japan. Biack smokers are acklic - and hotter and harsher -- than alkaling vents

The new study demansirates that laboratory chimneys similar 1o alkaling venis on garty Earth had
engugh electricity to do something useful - in this case power an LED (light-emitting diode) bght
buld. The researchers connected tour of the chemical gardens, submerged In iron-containing fAuids.
10 turm on ane Bght bulb, The process took months of patient lADoratory work by Barge and Russals
team, with ihe help of an undergraduate student Intern at JPL, Yeghegis "Lily" Abedian

“I remember when Lily told me the light bul had turned on. It was shocking * sakd Barge (while
admitting she Bes a good pun)

The schentists hope to do the experiment again using different matenials for their kboratory
chimneys. In the current study, they made chimneys of iron sulfide and iron hydroxide, geological
materials that can conduct electrons Future experiments can assess the electrical potential of
adational materials thought o have been prasent in Earth's early oceans and hydrothermal vents, A GO 0 "ChAmCH. F o o
such as molybdenum, nickel, hydrogen and carbon dioxide: :‘:'" o L P R 1 S 1
Crocis: NASAUPL-Caitech
h the right recipe. maybe one chimney alone will be able to light the LED - of instead, we could [ i ang ;

use thal electrochemical energy 1o power other reactions.” $aid Barge. “We Can also s1an simulating

higher temperature and pressures that occur at hydrothermal vents *

Materials or other energy sources ihought fo have been nvolved in the possible development of life
on other planels and moons can be tested 100, Such as those on earty Mars, of iy workds like
Jupiter's moon Europa

The electrical nieeds of ie's firs] organisms are only one of many puzzles. Other researchers are
trying 1o figure out how organic materials, such as DNA might have assembled from scratch, The
ultimate goal s to it all the pleces together into one amazing story of iife's origins.

The JPL research team is part of the Icy Workis team of the NASA Asrabiology Instifuie. based at
NASA's Ames Research Center In Moffen Field, Calfornia. The Icy Workis team is led by Isik Kanik
of JPL

JPL is managed by the California Inst#ute of Technology in Pasadena for NASA

For mare information aboul the NASA Astrobiology Institule, visit
hitp:/iastrebiology.nasa.gevinal

Whitney Clavin §18-254-4873

Jet Propulsion Laboratory, Pasadena, Gailf.
Whitney._clavingjpl.nasa.gov
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NASA deneyi Il

Arastirmacilar laboratuvarda okyanus orta sirtlarinda
gorulen bacalari Grettiler ve bunlari kullanarak bir lamba
yakmayi basardilar. Bu deney sualti yapilarinin Yer’in

ilk canli formlarina bir elektrik yiklemesi yapabilecegini
gostermistir.

Yasaminilk organizmalarinin elektrik ihtiyaci ¢oziilmesi
gereken bilmecelerden sadece biridir.



En eski stromatolitler
3.45 Milyar yil

yasindadir, ~———>
Stromatolitler, mavi-

yesil alg

(cyanobacteria)
yaygilarinin

olusturdugu sediman
yiginlaridir.

Stromatolitlerin varhgi
Yeryuvari tarihinin ilk
ceyreginde
yerylziinde
prokaryotik (cekirdegi
olmayan basit
hicreler) hayatin
varoldugunu
gostermektedir.

Biyogostergeler
fotosentez yapabilen
organizmalarin 2.7
Milyar yil 6nce ortaya
ciktigini
gostermektedir.
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