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Water + carbon The World’s Water
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All water on, in, and above the Earth Howard Periman, USGS,
Jack Cook, Woods Hole Oceanographic Institution,

¢ Liquid fresh water Adam Nieman
Data source: Igor Shiklomanov
http://ga.water.usgs.gov/edu/earthhowmuch.html

Fresh-water lakes and rivers
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Water + carbon depletion
during planet formation

AH (390+250)
160

i ——— B BSE (Bergin et al.2015)
— alie - .
o1 Sun 118 ISM - Chondrites
,4 { R L @Alexander et al.2012
— - — .
o o . carbonaceous { @Kerridge1985
. 10 F ordinary I . comets E OPearson et al.2006
= - . - : A Bergin et al.2015
%10-1 E ' . {I i f E ordinary < A Schaefer&Fegley,2007
€ - ® n .o S . @ Grady et al.1986
2. 2L = . y 5 ¥ SIrEEng enstatite < O Wasson&Kallemeyn1988
<10° Tt I n O o .
— — m ) D O .t -
) - L‘uu m E ¥ ® T N
— L — L) ~ - -
S e T T o § .
107 E B < a2 -
= c O S 9 =
. v -5 O _
10-4 E_ _§
Terrestrial Planet/Asteroid Comet ISM
Forming Zone Forming Zone

Bergin+ 15 Hirschmann+ 16, 21



(Oberg & Bergin 2021)
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(Oberg & Bergin 2021)
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Sequestration of CO ice on pebbles in the midplane?

Krijt+ 20
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From Pebbles to Planetesimals: Where and When?

photo-evaporation

settling vs

particle concentration / turbulence
growth at pressure
maxima or ice lines radial drift
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gravitational
C e of
solids

(Figure: P. Armitage)
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Thermal evolution from radiogenic heating

Radiogenic heating, log1o [W/k(]

Planetesimal formation
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Thermal evolution from radiogenic heating

Radiogenic heating, log1o [W/k(]

Planetesimal formation
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Compositional evolution from radiogenic heating
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Volatile content of evolved planetesimals

Ice content of solids in the disk midplane
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Volatile content of evolved planetesimals

A: Young disk
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Volatile content of evolved planetesimals

A: Young disk
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Volatile content of evolved planetesimals

Ice content of solids in the disk midplane
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Volatile content of evolved planetesimals

Final volatile (in this case CO) content of evolved planetesimals can be very different from that of microscopic dust
grains at t=0, depending sensitively on radial location & both disk processes and thermal evolution of planetesimals.
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Exo-comet compositions in Gas-rich Debris Disks

Debris disks Solar system comets
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Evolved planetesimals vs. exo-comets

Comparing model predictions of planetesimal volatile content to observational constraints (for

example from gas-rich debris disk) will shed light on the planetesimal formation process
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System-level fractionation of carbon from disk and
planetesimal processing  tenenve s 021, Ao
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