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(/ ,/’ ., Selected analyses of FeO(OH) from sample 66095,80

N o-.

W o

P, \ é " | 2 3 FeO(OH)
e /

‘% ‘ Fe,04 84.0 : 4 89.9
NiO 4.94
Co0 0.31
MgO
Ca0 0.07
Sio 0.10
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Subtotal 839.4

cl 1.47
OH, SO0, 9.14*

Subtotal 10.61

FeO(OH,CI)

Akaganeite
Taylor et al. (1973)
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FeCl, + HOH + 40, = FeO(OH.CI) “H(‘:I
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Agglutlnltlc Glass ". Mllky Way of np _Fe©
Nanoph&se Metallic Fe

PARADIGM
Solar-Wind Hydrogen Reduction of
FeO from Impact-Produced Melted Soil
(Housley et al. 1973)

Pieces of minerals, rocklets, and glass
welded together by shock-melt glass



Volcanic Glasses
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SIMS: 0-46 ppmH

Diffusion profiles of volatiles in a single lunar, green glass bead
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Magmatic Apatite

Apatite : Ca;(PO,);(F, Cl, OH)
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ATER IN LUNAR MARE BASALTS: (2010; LPSC)
CONFIRMATION FROM APATITE IN LUNAR BASALT 14053
Yang Liu, J. Boyce, G. Rossman, Y. Guan, J. Eiler, & L.A. Taylor
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Interplanetary Dust Partlcles IDPs
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Ord. Chondrite water (clays) + tH = .
Ord. Chondrite water (chondrules) Chondrites

1) Carb. Chondrite water (bulk)

4 Comet Hale-Bopp (water)
* i Comet Hyakutake (water) Comets
- Comet P/Halley (water)

W Neptune

=" s COMETARY WATER® 7o'

m Jupiter
Mars (Hydrous Mineral OH) Mars

Mars Atmosphere
Lunar Highlands apatite (OH)
@&12053 apatite (OH)
Moon

%g Lunar mare apatite (OH)
e Earth (range for water)

[} Earth Oceans Earth
|| Bulk Earth

Venus Atmosphere mmpm *
j Protosolar H (estlmate)
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FIRST Evidence for
Water ON the Moon

Science .
9/24/2009 j/
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Chandrayaan-1
Moon Mineralogy Mapper

M3G20090125T172600
Calibration H-RC1

Thermal removed 2.8-microns

A No Water, 109 pixel average, spd0465 r 339 1
B Water + Hydroxyl, 55 pixel average, spd0465 r 340 (] P I ete rs et a I g 2 O O 9
C  Water, 49 pixel average, spd0465 r 341

Clark et al. 2009
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Solar-Wind Protons

React with “Dangling” Oxygen Bonds
O + H* = OH"

EXOGENIC: &
SPACE DEW

MICRé-MéTEORITE IMPACTS
CREATE CRUSHING & SHATTERING
THAT LEAVE ”Dangling Bonds™!!
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“Hyd odpgtlon of Impact-|
o ’Melts, .e., Agg‘lutmates




2.72 um Al samples referenced to KBr

FTIR Spectra

300um  Dehydrated Lunar Soil
' + Proton Bombardment

Vacuum only (10°° torr)

Vacuum, 500 C
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Wavenumbers (cm )

Zent, Ishimura, Quinn, & Taylor
[PSC (2010)




Deuterium Implantation Creates OD" Groups

IShimuraszent
QuinnsSanchez
ataylor

EartingIPIanetaryiSciences
Lettersy2012alress]

“Origin OH and HOH in
Soils on Airless Bodies”
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Apollo 16 Highland Soil
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More Solar-Wind Water ???
LCROSS (October, 2009)

(Lunar CRater Observation and Sensing Satellite)

¥ Permently Shadowed Crater
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Water — ICE; 100 kg
Organics (ammonia, methane, etc)

' Cometary & ??



Schematic of the lunar volatile transport system

Shadowed Moon

Lost to space

\.- ] Recycle to lunar atmosphere

Losses

-Sublimation

-UV ionization

-Sweeping

-Sputtering

-Micrometeorite impact vaporization
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Cold trapping

Sequester

by alteration to
refractory phase:
-Organics
-Hydrated minerals
-Clathrates

Sequester
by regolith
overturn

[lluminated Moon

Sources

Sun, Moon, Earth
Comets, Asteroids, Dust
g{ Giant Molecular Clouds

Lost to space

UV ionization
and sweeping

:

Ballistic random walk

®» ©® © & & ¢
Adsorption

(O warm trapping

Lucey, Element (2009)
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Surface Ice
Spudis & Team . WA
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Mini-SAR on Chandrayaan-1| - ._5
(SAR: Synthetic Aperture Radar) ik ‘&
- Surface Ice (68 =

* 40 craters, north Pole

600 x 10° metric tons



S 70051 Agglutmltlc Glass

159 ppm - 2
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Direct Measurement of OH In
Lunar Soils

‘Nature Geosci. (in press)



Reservoirs of OH on the Moon

Agglutinates = ~50% of Mature Lunar Soils
(e.g., Papike et al., 1982)
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solar-wind

implantation solar-wind
Surface Dew reduction
(agglutinitic glass)

magmatic
meteorites samples
/comets

input
“Polar” Ice

Lunar Regolith
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Cheaper!!

Return — Faster !
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To the B Better!

MOON (Mike Griffin)



