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September, 2006 - Mission Mohole
Workshop,Portland Oregon, Slide #1

“your topic: Mission Moho, updating our vision for
ocean lithosphere drilling
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Dress code: visionary cheerleade?

Time limits will be enforced by firehose”
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Presentation Notes
Excerpts from email to me from Dave Christie.  Thanks, Dave, I was genuinely inspired.
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September, 2006 - Mission Mohole Workshop,Portland Oregon, Slide #2

postmodern cheerleading

Do you really want to do this?
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Presentation Notes
Before I found this illustration, I already was looking for something to use to illustrate the concept of a “postmodern cheerleader”, to emphasize that our community will need honesty, irony, and nerves of steel to pursue Mission Moho in the midst of the oil endgame, the War on Terra, global warming, horrendous poverty, and an AIDS epidemic.  This picture is perfect for my purpose.
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ordinarily, peridotite is shielded from reaction with atmosphere, surface waters by 7 km of oceanic crust or 40 km of continental crust
in Oman and elsewhere, collisions between tectonic plates has thrust peridotite upward, and resulting erosion has exposed it at the surface
peridotite is very far from equilibrium with the atmosphere and surface waters, so this creates an chemical potential energy gradient 
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another actively forming travertine terrace in Oman, with peridotite in the background
“scums” on the surface of these pools are broken and submerged during rainfall
just takes a few days for new scums to form, very fast by geological standards


Patroleumn deposit Natural gas deposit

Sedimentary layer

Granite layer

Basaltic layer

Hydrocarbons in Deep Earth? Alexander Goncharov,
Geophysical Laboratory, Deep Carbon Institute, CIW




Kolesnikov et al.,
Nature Geoscience 2008

QuickTime™ and a
decompressor
are needed to see this picture.

QuickTime™ and a
decompressor
are needed to see this picture.




Horita & Berndt 1999, 200 to 300°C, 50 MPa
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IN situ mineral
carbonation
In peridotite

Lamont-Doherty Earth Observatory
COLUMBIA UNIVERSITY | EARTH INSTITUTE



Presenter
Presentation Notes
 ongoing natural mineral carbonation; CaOH-rich, alklaine spring waters emerging from peridotite catchment (mountains in background) in Oman; Ca-rich, CO2 poor waters combine with atmospheric CO2 to produce large calcite (CaCO3) deposits on the surface; such large, chemically deposited calcite terraces are known as travertine; these travertines in Oman are approximately as large as the well known travertine terraces around Mammoth Hot Springs, in Yellowstone, or the Geysirs in Iceland, but in Oman travertine formation is driven by reaction between spring water and the atmosphere, at constant temperature, rather than by cooling of solute rich, hot waters associated with present-day volcanism in Yellowstone and Iceland
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geologic CO2 capture
& storage

~50m
no vertical exaggeration

Lost City hydrothermal vents, Mid-Atlantic Ridge Lamont-Doherty Earth Observatory
Kelley et al., Nature 2001, Science 2005; Friih-Green et al., Science 2003 COLUMBIA UNIVERSITY | EARTH INSTITUTE




liswanite = 100%
carbonated peridotite
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 large bodies of fully carbonated peridotite, known as listwanite, within hydrated, serpentinized peridotite
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om09-15 typical mgs+q w q veins, with contrast increased
dark areas = magnesite,light grey = quartz veins, bright = relict Cr spinel


storage capacity in peridotite

peridotite in Oman > 350 km long, 15 km wide, 3 km thick
density 3300 kg/m°

CO2/fresh peridotite ~ 0.6

~ 33 trillion tons CO2 in Oman
350 wedges, could store all current CO2 output for 1000 years

could store > 100 trillion tons worldwide
> 10x more than “upper bound” for pore space

OK, but what about rates?

Lamont-Doherty Earth Observatory
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Kelemen & Matter, Proceedings of the National Academy of Sciences, 2008

X 10% kg/km3/yr

~ 1 Gt/km3/yr
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fits to experimental data, showing potential for enhancing carbonation rates


QuickTime™ and a
decompressor
are needed to see this picture.
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reaction-driven cracking: salt in limestone

Ap ~ RT/V In(c/c,)
~ RT/V In(G)

Prof. George Scherer, Princeton University http://web.mac.com/gwschererl/SchererGroup/Salt_Crystallization.html

Lamont-Doherty Earth Observatory
Scherer, G., J Crystal Growth 2004; Steiger, J. Crystal Growth, 2005; Saldi et al., GCA 2009 COLUMBIA UNIVERSITY | EARTH INSTITUTE
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in situ mineral carbonation with pre-heating
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Kelemen & Matter, Proceedings of the National Academy of Sciences, 2008 COLUMBIA UNIVERSITY | EARTH INSTITUTE
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seawater as a CO2 transport fluid?

Lamont-Doherty Earth Observatory

Kelemen & Matter, Proceedings of the National Academy of Sciences, 2008 COLUMBIA UNIVERSITY | EARTH INSTITUTE
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Eocene limestone overlying peridotite,
contact dipping offshore
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Air photo of part of the Muscat massif in the Oman ophiolite, showing tan dunites in brown residual peridotites.  Dashed square shows approximate area of photomosaic in previous slide.  Black areas to N and E are the Gulf of Oman beyond the coast line.  

Figure from Braun & Kelemen, G-cubed 2002.


Géologie de la France,
n” 1, 1985, pp. 83-100, 6 fig., 9 photos

Les sources thermales de Prony (Nouvelle-Calédonie)
et leurs précipités chimiques.
Exemple de formation de brucite primaire

FIG. 3. — Schéma de l'édifice sous-marin « Roc Aiguille» construit
par I'émergence de la source thermale. L'échelle des hau-
teurs est la méme que celle des longueurs.

Lamont-Doherty Earth Observatory

Launey & Fontes, GéOIOgie de la France, 1985 COLUMBIA l}N!\-’H‘\_\l'I'Y| EARTH INSTITUTE




0-2 km below the seafloor in tectonically exhumed mantle peridotite
(mainly at slow-spreading ridges, also offshore from ophiolites)

In pristine rocks:

Os, Sr, S, CI, O, C, B, Li, He, H concentrations
& Isotopes in MORB residue

sulfide saturation in MORB residue?
along the way:

concentration & depth variation of CO2, H20, H2, CH4,
hydrocarbons, and their isotope ratios in alteration products

permeability distribution, relationship to alteration
downhole experiments on CO2 capture & storage

proportion of gabbro, peridotite, serpentine
In “lower crust” with Vp < 8.2 km/s Lamont-Doherty Earth Observatory

COLUMBIA UNIVERSITY | EARTH INSTITUTE




Sampling Fresh, Residual Mantle Peridotite
from the Mid-Atlantic Ridge
at the Atlantis “Core Complex”

Peter Kelemen
Wolfgang Bach, Bernhardt Peucker-Ehrenbrink, John Eiler, Stanley Hart, Eric Hauri,
Greg Hirth, Albrecht Hofmann, Deborah Kelley, Charles Langmuir, Mukul Sharma,
Nobu Shimizu, and John Snow

May 6, 2000

We are writing in support of IODP Proposal number: 512-Full2, “Quantifying the
Processes of Oceanic Core Complex Formation”, by D. Blackman et al. for an ODP Leg
devoted to drilling the inferred “extensional core complex’ north of the Atlantis
Transform Fault along the Mid-Atlantic Ridge ...

... as long as the interpretation of the presence of 8 km/s material within 1
km of the seafloor Is correct, this represents an unprecedented opportunity
for petrologists, geochemists, and structural geologists to obtain a sample of
unaltered, residual mantle from beneath a spreading ridge. From a
geochemical perspective, this opportunity for drilling is second in
Importance only to a full penetration of oceanic crust ...

Lamont-Doherty Earth Observatory
COLUMBIA UNIVERSITY | EARTH INSTITUTE




Shaw et al. 2010

QuickTime™ and a
decompressor
are needed to see this picture.

QuickTime™ and a
decampressor
are needed to see this picture.

Saal et al. 2006




Shaw et al. 2010

QuickTime™ and a
decompressor
are needed to see this picture.

Moho

QuickTime™ and a
decampressor
are needed to see this picture.

Saal et al. 2006




QuickTime™ and a
decompressor
are needed to see this picture.

haw et al.
EPSL 2010

Saal et al. 2006

QuickTime™ a
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are needed to see this picture.
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Fig. 6. Chondrite-normalized REE concentrations in nonhotspot peridotite clinopyroxenes.

JOHNSON ET AL.: MELTING IN THE OCEANIC UPPER MANTLE
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(a) Five samples from a single

dredge haul in the Vulcan Fracture Zone on the AAR. Note flat HREE and sharp LREE depletions. (b) Six samples from three
dredge hauls in East Bullard FZ (34 and 35) and West Bullard FZ (37). Note pronounced LREE depletions and hump at Dy (see
text for detailed discussion). (c) three samples from the Islas Orcadas FZ, and (d) three samples from the Atlantis Il FZ. Also
shown are REE patterns in spatially associated basalts (data from leRoex et al. [1983, 1985] and K. Johnson, unpublished data,
1989) and fields representing hypothetical melts in equilibrium with the peridotite clinopyroxenes (cross-hatched).
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Godard et al.

ODP Leg 209
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Mavrogenes & O’'Neil 1999 Mavrogenes & O’Neil 1999
1400°C 1800°C
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QuickTime™ and a
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additional lessons from hole 6-7 below the seafloor
beneath igneous crust at intermediate to fast-spreading ridges

In pristine mantle

nature of the Moho, proportion of gabbro,
serpentine, in material with Vp < 8.2 km/s

differences in fabric, grain size, composition
at fast vs slow spreading, and at fracture
zones versus ridge segment centers

nature/size/frequency/spacing of melt conduits
along the way

fabrics, igneous emplacement processes,
hydrothermal interaction extent & depth

Lamont-Doherty Earth Observatory

OLUMBIA UNIVERSITY | EARTH INS




QuickTime™ and a QuickTime™ and a

decompressor decompressor
are needed to see this picture. are needed to see this picture.
Kelemen et al., ODP Leg 209 Initial Reports, 2004 Lamont-Doherty Earth Observatory
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lower crust shallow mantle

VanTongeren et al. 2008 Hanghgj et al. 2010
QuickTime™ and a and a
decompressor e
are needed to see this picture. this picture. ind a

or
‘his picture.




cooling rate

slow fast
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additional lessons from 30-40 km hole through continental
crust into cratonic upper mantle

deep mantle hydrocarbons
composition of shallowest spinel peridotites
Moho temperature ...
along the way
continental lower crust
temperature, K, U, Th,

proportion of metasediments
residues of melt extraction?

Lamont-Doherty Earth Observatory

COLUMBIA UNIVERSITY | EARTH INSTITUTE




Patroleumn deposit Natural gas deposit

Sedimentary layer

Granite layer

Basaltic layer

Hydrocarbons in Deep Earth? Alexander Goncharov,
Geophysical Laboratory, Deep Carbon Institute, CIW




QuickTime™ and a
decompressor
are needed to see this picture.
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Hydrocarbons in Deep Earth?
Alexander Goncharov, 2008

Gold & Soter, Sci Am 1980
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liswanite = 100%
carbonated peridotite
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 large bodies of fully carbonated peridotite, known as listwanite, within hydrated, serpentinized peridotite
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Presentation Notes
people are not good at dealing w uncertain outcomes
public is not wrong to suspect that some scientists are making a living by emphasizing potential climate change threats
inclination is to go on as usual until some “Pearl Harbor” event makes threat tangible and real
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