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Cand N in INTERSTELLAR CLOUDS

* ASSUME C/N ~ 4 [ SUN]
HOWEVER
1.CARBON IS 50 TO 70% IN SOLIDS:

AMORPHOUS CARBON GRAINS, MACROMOLECULAR ORGANICS
Balance: COz, 15t030% CO,  CO/CH,~ 10
2. NITROGEN IS 70 TO 90% IN HIGHLY VOLATILE GAS
N +N,

Balance: (Mostly)NH 3 plus HCN, etc.



IMPLICATIONS:

CARBON WILL BE MORE EASILY INCORPORATED IN PLANETESIMALS
THAN NITROGEN (UNLESS T<25K)

THEREFORE, EXPECT C/N > SOLAR IN PLANETESIMALS:
COMETS YES! ~15x

METEORITES YES! ~15x

AND THUS IN PLANETS ?

YES! VENUS, MARS: ATMOSPHERES > 95% CO,
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NOBLE GASES

1. RELATIVE ABUNDANCES OF HEAVY NOBLE
GASES IN EARTH ATMOSPHERE VIRTUALLY
IDENTICAL TO THOSE ON MARS

2.THEY DO NOT RESEMBLE THOSE IN
METEORITES

(MUCH LESS XENON)

3. XENON ISOTOPES ALSO VIRTUALLY

IDENTICAL ON EARTH AND MARS

IS THIS AN INDICATION OF A COMMON
OUTSIDE SOURCE?
(NOT METEORITES!)

COMETS??



COMETS AS CAUSES

Conference Report-- J. Edwards (1684)

Those that will not wholly grant the Efficacy and
Operation of Comets, must, whether they will or no,
confess their influence in This, that they have cau  sed
grievous Wars and Feuds among Astronomers, who (we
see) are engaged with great vigor against one anoth  er,
and in the conclusion purchase nothing but Obscurit Yy

and Uncertainty”



THE
END

































SCIPs =SOLAR
COMPOSITIONICY
PLANETESIMALS

MUST BE FORMED AT T <30K

MAY HAVE BEEN THE MOST ABUNDANT FORM OF
SOLID MATTER IN THE EARLY SOLAR SYSTEM!



NITROGEN CONCLUSIONS
According tolsotopesThere are

3Three Families of N in Solar System:
1. Nin N2 (in Jupiter)

2. N in NH3 (In comets, but do N
iIsotopes match those in Inner planets
and meteores”

3. Nin HCN (in Comets, from
Trapped Interstellar Molecules? Ssee
D/H)

N.B. If N Isotopes in Cometary B
AN Isotopes in HCN, Comets are a
very Unlikely Source of Significant
Water on Ecth.















WHAT ABOUT HCN?
WE FOUND 15N/14N IN HCN
< 15/14N IN CN

REQUIRES DIFFERENT
PARENTMOLECULE?

NO!!

BOCKELEE-MORVAN FINDS
THEY ARE EQUAL

WHY THE DIFFERENCE






CONCLUSIONS

How much water did comets bring to
Earth??

WE DONOTKNOW!!
HOW TO FIND OUT?

COMETS, aspristine as possible!:
Abundances:

Noble Gases

Total C, H, O, N
Isotopes:

15N/14N inNH3  (Heaven or Earth?)

D/H and 160/170/180 in H20
Xe, all

MARS

Isotopes:
D/H, 160/170/180 in surface and
and sub-surface Ice
Noble Gases-calibrate SNCs



HYDROGEN CONCLUSIONS

There are 3 Three primitive families
of D/H in the Solar System:

1. In H2 (Jupiter)

2. In H20 (Comets +
Unrecondensed Ice, Ice in
SNCs?

3. In HCN (Trapped Interstellar
molecules?)

N.B. Once Ice Sublimes, Vapor can
exchange D with H2, lowering D/H
iIn H2O (Lecluse and Robert, Lab
expt.)



MARS

THIN ATMOSPHERE

(IMPACT EROSION)

ATMOSPHERE STAYSWHERE IT
BELONGS

NO PLATE TECTONICS)

MAY OFFER BETTER RECORD O F
EXTERNAL CONTRIBUTIONS

































NOBLE GASES

1. RELATIVE ABUNDANCES OF HEAVY NOBLE
GASES IN EARTH ATMOS PHERE VIRTUALLY
IDENTICAL TO THOSE ON MARS

2. THEY DO NOT RESEMBLE THOSE IN
METEORITES

(MUCH LESS XENON)

3. XENON ISOTOPES ALSO VIRTUALLY

IDENTICAL ON EARTH AND MARS

IS THIS AN INDICATION OF A COMMON
OUTSIDE SOURCE?
(NOT METEORITES!)

COMETS??









. LOW TEMPERATURE (T < 25K) SCIPs: BUILDING
BLOCKS OF GIANT PLANETS; MOST ABUNDANT
SOLID MATTER IN EARLY SOLAR SYSTEM,;
REMNANTS IN KUIPER BELT

. WARM ICY PLANETESIMALS (T = 75 $ 150 K):
BUILT ICY SATELLITES, ESPECIALLY TITAN:;
DEPLETED IN N2, CO, CH4, NOBLE GASES:;
FORMED IN SUBNEBULAE;

(PLUS OUTER MAIN BELT OF ASTEROIDS,
TROJANS?)

. NCRMALOCOMETS (T =25 S50 K): POTENTIAL

MAJOR DELIVERY SYSTEM FOR VOLATILES (C,
N, H20) TO INNER PLANETS (DEPLETED IN N2, Ar)
(1 AND 2 ALSO CONTRIBUTED)

. COMETARY CONTRIBUTION OF BIOGENIC
ELEMENTS TO EARLY EARTH WITH
CONSEQUENT EARLY REDUCING ENVIRONMENT
REMAINS VIABLE HYPOTHESIS

. ROSETTA MISSION PROMISES MAJOR
ADVANCES; STUDY OF BAKED OUTOTYPE 1.


















TITAN ATMOSPHERE

SURFACE PRESSURE = 1.5 BARS

1. PERMANENT GASES
N, 98.4%, CH 1.6 %

4Ar 4.3 x 1> 3€Ar 2.8 x 1(7

In aCapturedAtmosphere Ne N; On Titan Ne < 18
2. ISOTOPES

N/N = 1.5 x Terrestrial

BBCM2C = 1.1 x Terrestrial

D/H = 1.3 x Terrestrial






TITAN CHEMISTRY Il
IMPLICATION:

THERE MUST BE A SOURCE
OF METHANE INSIDE TITAN

|

FISSURES
GEYSERS?
ICE VOLCANOES?

|

ATMOSPHERE

YES! WE SEE ARGON-40!












XANADU

SOUTH POLE
CLOUDS






















CONCLUSIONS
How much water did comets bring to
Earth??

WE DONOTKNOW!!

HOW TO FIND OUT?
COMETS, aspristine as possible!:
Abundances:
Noble Gases
Total C, H, O, N

Isotopes:
15N/14N inNH3  (Heaven or Earth?)
D/H and 160/170/180 in H20,0rganics
Xe, all

MARS - CALIBRATE SNCs
Abundances
All

Isotopes:

15N/ 4N,ETc., D/H, 160/170/180
in surface and sub-surface Ice






NOBLE GASES

1. RELATIVE ABUNDANCES OF HEAVY NOBLE
GASES IN EARTH ATMOSPHERE VIRTUALLY
IDENTICAL TO THOSE ON MARS

2.THEY DO NOT RESEMBLE THOSE IN
METEORITES
(MUCH LESS XENON)

3. XENON ISOTOPES ALSO VIRTUALLY
IDENTICAL ON EARTH AND MARS

IS THIS AN INDICATION OF A COMMON
OUTSIDE SOURCE?






HEAVY ELEMENT ENRICHMENT
ON SATURN

PREDICTION: E =9 +/- 2 x Solar Abundance

Assuming 10 +/- 2 Me of SCIPs and Grevesse et al08050 lar
Abundances, as for Jupiter

OBSERVATION:

Consolidated InfraRed SpectrometerCIRS, on Cassini

In Methane: C/H =9 +/- 1.5 x Solar Abundance

CONCLUSION:
CONSISTENT BUT NOT CONCLUSIVE!

--Need more elements!












CONCLUSIONS
How much water did comets bring to
Earth??

WE DONOTKNOW!!

HOW TO FIND OUT?
COMETS, aspristineas possible!:
Abundances:
Noble Gases
Total C, H, O, N

Isotopes:
15N/14N inNH3  (Heaven or Earth?)
D/H and 160/170/180 in H20,0rganics
Xe, all

MARS-CALIBRATE SNCs
Abundances
All

Isotopes:

15N/ 4N,eETc., D/H, 160/170/180
in surface and sub-surface Ice


















