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ON .
GROWTH AND FORM A deal of evolution is involved in keeping due balance

between surface and mass as growth goes on ...

BY
D’ARCY WENTWORTH THOMPSON of these ...
the helicoid spiral is the most interesting to the biologist

.. e.g.,
the "spiral valve" of the shark's gut

Cambridge :

at the University Press

1917



Autocatalytic mantle convection engine at 4.4Ga

It’s engines all the way down JPL
1 -10 bars of CO,
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Russell & Hall 2006 GSA Mem192, 1-32, after Holmes 1931 Trans Geol Soc Glasgow 18, 559




ic CO, >> Sg, SO,, NO, P,04,

8, )

; 3
¢ B

Chaiten volcano, Chile, photo credit: Carlos Gutierrez



Main redox and pH
disequilibria focussed at 4
~100°C alkaline off-axis site Fe, Mn, Zn, Co

Downwelling &
Sea Water IOff-AXiS A

Exothermic serpentinization

Mantle | g Igneous Crust
Rock '

From W. Bach



1 bar CO, favors

0 raining electron acceptors
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species

Rainout of NOx - micromolar concentration of nitrate at steady state

Wong, Charnay, Gao, Yung, Russell, 2017. Astrobiology in press



Hadean atmosphere

H20>COZ>N > S0,>CO >NO > Sg>H,S > H P4Q10¢
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@ Serpentinization > H, > CH, + [FeO(OH)(MoS,),]*
H, 1-10 bars CO,
uv A
2Fe(ll) + 2H*— 2Fe(lll) + H,
=20° 410 10 km
pH ~5 to 6 Porous mound Waste
~10 m high pH and redox front
Ocean floor at warm seepage Phosphate 1
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Fe-mound formation
[~Fe,(OH); > FeS,,,] in a low-
temperature hydrothermal
system at the Jan Mayen Vent
Fields

Johannessen et al. 2017 Geochim
Cosmochim Acta 202:101-123.

cf

Fe-Si-oxyhydroxide deposits at The

Lilliput Hydrothermal Field
Dekov et al. 2010 Chem Geol 278:186-200

Eeitialas ol iie Accumulation of

NH, PO, REE Fe* Al s. ieiinlsiisls




Tfébfa‘Hha'tfons:

Deep-wﬁt‘er banded iﬁ‘on formation, Fig TrEeiGtibh ¢
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fougérite Fe2+4Fe3+2(OH)12C03.3H20 = trébeurdenite Fe2+2Fe3+4Oz(OH)10C03-3H20
Ferroxyhite & FeOOH

«—fougerite

Pro- & deprotonation of Fe; O,

GR(CO;%)

GR(CO;.,z')*
Ferric GR

mossbauerite

trébeurdenite

GR(CO5%)
Stoichiometric
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Iron oxy-hydroxycarbonates obtained by protonation and deprotonation of GR(CO;27)
(Génin et al. 2006 Solid state sciences 8:1330-1343)




~/ "y
CEAN NO; H*CO, | pH ~5.5, Eh +400mV
NS Ao ~s N/ s N/ N/
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Diffusion in GR rectified through
coupling to redox & pH gradients




GREEN RUST AS READY-MADE MULTIFUNCTIONAL GR ENGINE
Russell and Nitschke 2017 Astrobiology
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Structure of Green Rust and Methane Monooxygenase active site

e iron e nitrogen ® oxygen © hydrogen

Nitschke et al., 2013 Biochim Biophys Acta 1827:871-881




cf. expansion
of a sphere

V =4mr3/3

S = 4mr?

i




“Ready made” garage parking structure or helical baffle
In this case function follows form !

Forticaux, Dang, Liang, Jin (2015) Controlled synthesis of layered
double hydroxide nanoplates driven by screw dislocations. Nano
letters, 15, 3403.

Cf. Double layer hydroxide such as “green rust”
~ Fel,Fe'l,[OH],,C04-3H,0 <-> Fe!,Fe',,0,(0H),,C0O,.3H,0




: : . 5
green rust as information ’:e‘i'jgz't;'EEgmputer-
storage and transfer system | Fe3*=0NE

Greenwell & Coveney 2006
After Figure 6
OLEB, 36, 13-37.

Russell & Beckett 2017
ABSCICON abstract 3192

MEMBRANE



Division (?)
of screw
dislocated

(helicoidal)

Johnson et al. 20 Am Min 100:20, Fig 6k Wang & O'Hare 2012 J Materials Chem 22

""" sl. - ’

O'Loughlin et al. 2015 Curr Inorg Chem 5:214
Hansen & Poulsen 1999 Clays Clay Miner 47:312 Am Mineralogist 100:2091-2105



Denitrifying methanotrophic acetogenesis

CODH (i.e.

é bifurcatn)
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Nitschke and Russell 2013 Phil Trans R Soc Lond B. 368, 20120; Russell and Nitschke 2017 Astrobiology
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