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  Abstract
  Liquid water in comets, once considered impossible, now appears to be almost certain. New evidence has come from the discovery of clay minerals in comet Tempel 1, which compliments the indirect evidence in aqueous alteration of carbonaceous chondrites. Infrared spectral indication of clay is confirmed by modelling data in the 8–40 μm and 8–12 μm wavebands on the basis of mixtures of clays and organics. Radiogenic heating producing liquid water cores in freshly formed comets appears more likely on current evidence for solar system formation. A second possibility investigated here is transient melting in comets in the inner solar system, where thin crusts of asphalt-like material, formed due to solar processing and becoming hot in the daytime, can cause melting of sub-surface icy material a few centimetres deep. Supposing comets were seeded with microbes at the time of their formation from pre-solar material, there would be plenty of time for exponential amplification and evolution within the liquid interior and in the transient ponds or lakes formed as the outer layers are stripped away via sublimation.


 


   
  Keywords
 cometsexobiologyliquid waterpanspermiaradioactive heat sources
 

  
	
Type

	Research Article


 	
Information

	International Journal of Astrobiology
  
,
Volume 8
  
,
Issue 4
  , October 2009  , pp. 281 - 290 
 DOI: https://doi.org/10.1017/S1473550409990127
 [Opens in a new window]
 
  


   	
Copyright

	
Copyright © Cambridge University Press 2009




 Access options
 Get access to the full version of this content by using one of the access options below. (Log in options will check for institutional or personal access. Content may require purchase if you do not have access.)  


    
 References
  
 

 A'Hearn, M.F. et al. (2005). Science 310, 258.CrossRefGoogle Scholar


 
 

 Brownlee, D.E. (1978). In Protostars and Planets, ed. Gehrels, T., p. 134. University of Arizona Press, Tuscon.Google Scholar


 
 

 Carslaw, H.S. (1921). The Conduction of Heat. Macmillan and Co, London.Google Scholar


 
 

 Diehl, R. et al. (1997). In AIP Conference Proceedings, eds Dermer, C.D. et al. , vol. 410, p. 1114. American Institute of Physics.CrossRefGoogle Scholar


 
 

 Frost, R.L., Ruan, H. & Kloprogge, J.T. (2000). Int. J. Vib. Spectros. 4 (1), 1–12.Google Scholar


 
 

 Hoover, R.B., Pikuta, E.V., Wickramasinghe, N.C., Wallis, M.K. & Sheldon, R.B. (2004). Astrobiology of Comets. In Instruments, Methods, and Missions for Astrobiology VIII (Proceedings of SPIE, 5163), pp. 191–202. SPIE (www.astrobiology.cf.ac.uk/SPIE2004.pdf).CrossRefGoogle Scholar


 
 

 Hoover, R.B., (2005). In Perspectives in Astrobiology, eds Hoover, R.B., Rozanov, A.Y. & Paepe, R.R., vol. 366, p. 43. IOS Press, Amsterdam.Google Scholar


 
 

 Hoyle, F. & Wickramasinghe, N.C. (1979). Diseases from Space, J.M. Dent and Sons, London.Google Scholar


 
 

 Hoyle, F. & Wickramasinghe, N.C. (1986). Earth Moon Planets 36, 289.Google Scholar


 
 

 Hoyle, F. & Wickramasinghe, N.C. (1991). The Theory of Cosmic Grains. Kluwer Academic Press, Dordrecht.CrossRefGoogle Scholar


 
 

 Jewitt, D.C., Chizmadia, L., Grimm, R. & Prialnik, D. (2007). In Protostars and Planets, eds Reipurth, V.B., Jewitt, D. & Keil, K. p. 863. University of Arizona Press, Tuscon.Google Scholar


 
 

 Lisse, C.M. et al. (2005). Space Science Rev. 117, 161.CrossRefGoogle Scholar


 
 

 MacPherson, G.J., Davis, A.M. & Zinner, E.K. (1995). Meteoritics 30, 365.CrossRefGoogle Scholar


 
 

 McSween, H.Y.(1979). Geochim. Cosmochim. Acta 43, 1761.CrossRefGoogle Scholar


 
 

 Merk, R. & Prialnik, D. (2003). Earth Moon Planets 92, 359.CrossRefGoogle Scholar


 
 

 Mostefaoui, S., Lugmair, G.W., Hoppe, P. & Goresy, A. El. (2004). New Astron. Rev. 48, 155.CrossRefGoogle Scholar


 
 

 Rivkina, E.M., Friedmann, E.I., McKay, C.P. & Gilichinsky, D.A. (2000). App. Environ. Microbiol. 66(8), 3230.CrossRefGoogle Scholar


 
 

 Vernazza, P., Mothé-Diniz, T., Barucci, M.A., Birlan, M., Carvano, J.M., Strazzulla, G., Fulchignoni, M. & Migliorini, A. (2005). Astron. Astrophys. 436, 1113–1121.CrossRefGoogle Scholar


 
 

 Wallis, M.K. (1980). Nature 284, 431.CrossRefGoogle Scholar


 
 

 Whipple, F.L. & Stefanik, R.P. (1966). Mém. Soc. R. Sci. Liège Sér. 5, 12, 33.Google Scholar


 
 

 Wickramasinghe, N.C. & Hoyle, F. (1999). Astrophys. Space Sci. 268, 379.CrossRefGoogle Scholar


 
 

 Wickramasinghe, N.C., Hoyle, F. & Lloyd, D. (1996). Astrophys. Space Sci. 240, 161.CrossRefGoogle Scholar


 
 

 Yabushita, S. (1993). Mon. Not. Roy. Astron. Soc. 260, 819.CrossRefGoogle Scholar


 
 

 Zinner, E. (2003). Science 300, 265–267.CrossRefGoogle ScholarPubMed




 

           



 
  	19
	Cited by


 

   




 Cited by

 
 Loading...


 [image: alt]   


 













Cited by





	


[image: Crossref logo]
19




	


[image: Google Scholar logo]















Crossref Citations




[image: Crossref logo]





This article has been cited by the following publications. This list is generated based on data provided by
Crossref.









Wickramasinghe, Chandra
2010.
The astrobiological case for our cosmic ancestry.
International Journal of Astrobiology,
Vol. 9,
Issue. 2,
p.
119.


	CrossRef
	Google Scholar






Reitner, Joachim
2011.
Encyclopedia of Geobiology.
p.
292.


	CrossRef
	Google Scholar






NAKAMURA‐MESSENGER, Keiko
CLEMETT, Simon J.
MESSENGER, Scott
and
KELLER, Lindsay P.
2011.
Experimental aqueous alteration of cometary dust.
Meteoritics & Planetary Science,
Vol. 46,
Issue. 6,
p.
843.


	CrossRef
	Google Scholar






Wickramasinghe, Chandra
2011.
Astronomy and Civilization in the New Enlightenment.
p.
211.


	CrossRef
	Google Scholar






Miles, Richard
and
Faillace, George A.
2012.
On liquid phases in cometary nuclei.
Icarus,
Vol. 219,
Issue. 2,
p.
567.


	CrossRef
	Google Scholar






BROWNLEE, Don
JOSWIAK, Dave
and
MATRAJT, Graciela
2012.
Overview of the rocky component of Wild 2 comet samples: Insight into the early solar system, relationship with meteoritic materials and the differences between comets and asteroids.
Meteoritics & Planetary Science,
Vol. 47,
Issue. 4,
p.
453.


	CrossRef
	Google Scholar






Mcnichol, Jesse C.
and
Gordon, Richard
2012.
Genesis - In The Beginning.
Vol. 22,
Issue. ,
p.
591.


	CrossRef
	Google Scholar






Wickramasinghe, Chandra
2012.
Genesis - In The Beginning.
Vol. 22,
Issue. ,
p.
621.


	CrossRef
	Google Scholar






Kebukawa, Yoko
David Kilcoyne, A. L.
and
Cody, George D.
2013.
EXPLORING THE POTENTIAL FORMATION OF ORGANIC SOLIDS IN CHONDRITES AND COMETS THROUGH POLYMERIZATION OF INTERSTELLAR FORMALDEHYDE.
The Astrophysical Journal,
Vol. 771,
Issue. 1,
p.
19.


	CrossRef
	Google Scholar






Canepa, Carlo
2013.
The Effect of Radiogenic Heating on the Amino Acid Content of an Early Cometary Body.
International Journal of Astronomy and Astrophysics,
Vol. 03,
Issue. 03,
p.
278.


	CrossRef
	Google Scholar






WICKRAMASINGHE, N. C.
WALLIS, J.
and
WALLIS, D. H.
2013.
PANSPERMIA: EVIDENCE FROM ASTRONOMY TO METEORITES.
Modern Physics Letters A,
Vol. 28,
Issue. 14,
p.
1330009.


	CrossRef
	Google Scholar






Bosiek, Katharina
Hausmann, Michael
and
Hildenbrand, Georg
2016.
Perspectives on Comets, Comet-like Asteroids, and Their Predisposition to Provide an Environment That Is Friendly to Life.
Astrobiology,
Vol. 16,
Issue. 4,
p.
311.


	CrossRef
	Google Scholar






Loibnegger, Birgit
Dvorak, Rudolf
and
Cuntz, Manfred
2017.
Case Studies of Exocomets in the System of HD 10180.
The Astronomical Journal,
Vol. 153,
Issue. 5,
p.
203.


	CrossRef
	Google Scholar






Steele, Edward J.
Al-Mufti, Shirwan
Augustyn, Kenneth A.
Chandrajith, Rohana
Coghlan, John P.
Coulson, S.G.
Ghosh, Sudipto
Gillman, Mark
Gorczynski, Reginald M.
Klyce, Brig
Louis, Godfrey
Mahanama, Kithsiri
Oliver, Keith R.
Padron, Julio
Qu, Jiangwen
Schuster, John A.
Smith, W.E.
Snyder, Duane P.
Steele, Julian A.
Stewart, Brent J.
Temple, Robert
Tokoro, Gensuke
Tout, Christopher A.
Unzicker, Alexander
Wainwright, Milton
Wallis, Jamie
Wallis, Daryl H.
Wallis, Max K.
Wetherall, John
Wickramasinghe, D.T.
Wickramasinghe, J.T.
Wickramasinghe, N. Chandra
and
Liu, Yongsheng
2018.
Cause of Cambrian Explosion - Terrestrial or Cosmic?.
Progress in Biophysics and Molecular Biology,
Vol. 136,
Issue. ,
p.
3.


	CrossRef
	Google Scholar






Steele, Edward J.
Al-Mufti, Shirwan
Augustyn, Kenneth A.
Chandrajith, Rohana
Coghlan, John P.
Coulson, S.G.
Ghosh, Sudipto
Gillman, Mark
Gorczynski, Reginald M.
Klyce, Brig
Louis, Godfrey
Mahanama, Kithsiri
Oliver, Keith R.
Padron, Julio
Qu, Jiangwen
Schuster, John A.
Smith, W.E.
Snyder, Duane P.
Steele, Julian A.
Stewart, Brent J.
Temple, Robert
Tokoro, Gensuke
Tout, Christopher A.
Unzicker, Alexander
Wainwright, Milton
Wallis, Jamie
Wallis, Daryl H.
Wallis, Max K.
Wetherall, John
Wickramasinghe, D.T.
Wickramasinghe, J.T.
Wickramasinghe, N. Chandra
and
Liu, Yongsheng
2019.
Reply to commentary by R Duggleby (2019).
Progress in Biophysics and Molecular Biology,
Vol. 141,
Issue. ,
p.
74.


	CrossRef
	Google Scholar






Wickramasinghe, N. C.
Wickramasinghe, Dayal T.
Tout, Christopher A.
Lattanzio, John C.
and
Steele, Edward J.
2019.
Cosmic biology in perspective.
Astrophysics and Space Science,
Vol. 364,
Issue. 11,


	CrossRef
	Google Scholar






Suttle, M.D.
Folco, L.
Genge, M.J.
and
Russell, S.S.
2020.
Flying too close to the Sun – The viability of perihelion-induced aqueous alteration on periodic comets.
Icarus,
Vol. 351,
Issue. ,
p.
113956.


	CrossRef
	Google Scholar






Visconti, Guido
2021.
Climate, Planetary and Evolutionary Sciences.
p.
263.


	CrossRef
	Google Scholar






Malamud, Uri
Landeck, Wolf A
Bischoff, Dorothea
Kreuzig, Christopher
Perets, Hagai B
Gundlach, Bastian
and
Blum, Jürgen
2022.
Are there any pristine comets? Constraints from pebble structure.
Monthly Notices of the Royal Astronomical Society,
Vol. 514,
Issue. 3,
p.
3366.


	CrossRef
	Google Scholar


















Google Scholar Citations

View all Google Scholar citations
for this article.














 

×






	Librarians
	Authors
	Publishing partners
	Agents
	Corporates








	

Additional Information











	Accessibility
	Our blog
	News
	Contact and help
	Cambridge Core legal notices
	Feedback
	Sitemap



Select your country preference



[image: US]
Afghanistan
Aland Islands
Albania
Algeria
American Samoa
Andorra
Angola
Anguilla
Antarctica
Antigua and Barbuda
Argentina
Armenia
Aruba
Australia
Austria
Azerbaijan
Bahamas
Bahrain
Bangladesh
Barbados
Belarus
Belgium
Belize
Benin
Bermuda
Bhutan
Bolivia
Bosnia and Herzegovina
Botswana
Bouvet Island
Brazil
British Indian Ocean Territory
Brunei Darussalam
Bulgaria
Burkina Faso
Burundi
Cambodia
Cameroon
Canada
Cape Verde
Cayman Islands
Central African Republic
Chad
Channel Islands, Isle of Man
Chile
China
Christmas Island
Cocos (Keeling) Islands
Colombia
Comoros
Congo
Congo, The Democratic Republic of the
Cook Islands
Costa Rica
Cote D'Ivoire
Croatia
Cuba
Cyprus
Czech Republic
Denmark
Djibouti
Dominica
Dominican Republic
East Timor
Ecuador
Egypt
El Salvador
Equatorial Guinea
Eritrea
Estonia
Ethiopia
Falkland Islands (Malvinas)
Faroe Islands
Fiji
Finland
France
French Guiana
French Polynesia
French Southern Territories
Gabon
Gambia
Georgia
Germany
Ghana
Gibraltar
Greece
Greenland
Grenada
Guadeloupe
Guam
Guatemala
Guernsey
Guinea
Guinea-bissau
Guyana
Haiti
Heard and Mc Donald Islands
Honduras
Hong Kong
Hungary
Iceland
India
Indonesia
Iran, Islamic Republic of
Iraq
Ireland
Israel
Italy
Jamaica
Japan
Jersey
Jordan
Kazakhstan
Kenya
Kiribati
Korea, Democratic People's Republic of
Korea, Republic of
Kuwait
Kyrgyzstan
Lao People's Democratic Republic
Latvia
Lebanon
Lesotho
Liberia
Libyan Arab Jamahiriya
Liechtenstein
Lithuania
Luxembourg
Macau
Macedonia
Madagascar
Malawi
Malaysia
Maldives
Mali
Malta
Marshall Islands
Martinique
Mauritania
Mauritius
Mayotte
Mexico
Micronesia, Federated States of
Moldova, Republic of
Monaco
Mongolia
Montenegro
Montserrat
Morocco
Mozambique
Myanmar
Namibia
Nauru
Nepal
Netherlands
Netherlands Antilles
New Caledonia
New Zealand
Nicaragua
Niger
Nigeria
Niue
Norfolk Island
Northern Mariana Islands
Norway
Oman
Pakistan
Palau
Palestinian Territory, Occupied
Panama
Papua New Guinea
Paraguay
Peru
Philippines
Pitcairn
Poland
Portugal
Puerto Rico
Qatar
Reunion
Romania
Russian Federation
Rwanda
Saint Kitts and Nevis
Saint Lucia
Saint Vincent and the Grenadines
Samoa
San Marino
Sao Tome and Principe
Saudi Arabia
Senegal
Serbia
Seychelles
Sierra Leone
Singapore
Slovakia
Slovenia
Solomon Islands
Somalia
South Africa
South Georgia and the South Sandwich Islands
Spain
Sri Lanka
St. Helena
St. Pierre and Miquelon
Sudan
Suriname
Svalbard and Jan Mayen Islands
Swaziland
Sweden
Switzerland
Syrian Arab Republic
Taiwan
Tajikistan
Tanzania, United Republic of
Thailand
Togo
Tokelau
Tonga
Trinidad and Tobago
Tunisia
Turkey
Turkmenistan
Turks and Caicos Islands
Tuvalu
Uganda
Ukraine
United Arab Emirates
United Kingdom
United States
United States Minor Outlying Islands
United States Virgin Islands
Uruguay
Uzbekistan
Vanuatu
Vatican City
Venezuela
Vietnam
Virgin Islands (British)
Wallis and Futuna Islands
Western Sahara
Yemen
Zambia
Zimbabwe









Join us online

	









	









	









	









	


























	

Legal Information










	


[image: Cambridge University Press]






	Rights & Permissions
	Copyright
	Privacy Notice
	Terms of use
	Cookies Policy
	
© Cambridge University Press 2024

	Back to top













	
© Cambridge University Press 2024

	Back to top












































Cancel

Confirm





×





















Save article to Kindle






To save this article to your Kindle, first ensure coreplatform@cambridge.org is added to your Approved Personal Document E-mail List under your Personal Document Settings on the Manage Your Content and Devices page of your Amazon account. Then enter the ‘name’ part of your Kindle email address below.
Find out more about saving to your Kindle.



Note you can select to save to either the @free.kindle.com or @kindle.com variations. ‘@free.kindle.com’ emails are free but can only be saved to your device when it is connected to wi-fi. ‘@kindle.com’ emails can be delivered even when you are not connected to wi-fi, but note that service fees apply.



Find out more about the Kindle Personal Document Service.








Liquid water and organics in Comets: implications for exobiology








	Volume 8, Issue 4
	
J.T. Wickramasinghe (a1), N.C. Wickramasinghe (a1) and M.K. Wallis (a1)

	DOI: https://doi.org/10.1017/S1473550409990127





 








Your Kindle email address




Please provide your Kindle email.



@free.kindle.com
@kindle.com (service fees apply)









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Dropbox







To save this article to your Dropbox account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Dropbox account.
Find out more about saving content to Dropbox.

 





Liquid water and organics in Comets: implications for exobiology








	Volume 8, Issue 4
	
J.T. Wickramasinghe (a1), N.C. Wickramasinghe (a1) and M.K. Wallis (a1)

	DOI: https://doi.org/10.1017/S1473550409990127





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Google Drive







To save this article to your Google Drive account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Google Drive account.
Find out more about saving content to Google Drive.

 





Liquid water and organics in Comets: implications for exobiology








	Volume 8, Issue 4
	
J.T. Wickramasinghe (a1), N.C. Wickramasinghe (a1) and M.K. Wallis (a1)

	DOI: https://doi.org/10.1017/S1473550409990127





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×



×



Reply to:

Submit a response













Title *

Please enter a title for your response.







Contents *


Contents help










Close Contents help









 



- No HTML tags allowed
- Web page URLs will display as text only
- Lines and paragraphs break automatically
- Attachments, images or tables are not permitted




Please enter your response.









Your details









First name *

Please enter your first name.




Last name *

Please enter your last name.




Email *


Email help










Close Email help









 



Your email address will be used in order to notify you when your comment has been reviewed by the moderator and in case the author(s) of the article or the moderator need to contact you directly.




Please enter a valid email address.






Occupation

Please enter your occupation.




Affiliation

Please enter any affiliation.















You have entered the maximum number of contributors






Conflicting interests








Do you have any conflicting interests? *

Conflicting interests help











Close Conflicting interests help









 



Please list any fees and grants from, employment by, consultancy for, shared ownership in or any close relationship with, at any time over the preceding 36 months, any organisation whose interests may be affected by the publication of the response. Please also list any non-financial associations or interests (personal, professional, political, institutional, religious or other) that a reasonable reader would want to know about in relation to the submitted work. This pertains to all the authors of the piece, their spouses or partners.





 Yes


 No




More information *

Please enter details of the conflict of interest or select 'No'.









  Please tick the box to confirm you agree to our Terms of use. *


Please accept terms of use.









  Please tick the box to confirm you agree that your name, comment and conflicts of interest (if accepted) will be visible on the website and your comment may be printed in the journal at the Editor’s discretion. *


Please confirm you agree that your details will be displayed.


















