
0,&520(7(25,7,&�68/)85��602.(�3$57,&/(6�$1'�2/,*2(/(0(176��0DXUHWWH�HW�DO
+,*+� ,1387� 5$7(6� 2)� 0,&520(7(25,7,&� 68/)85�� �602.(�� 3$57,&/(6� $1'�2/,*2(/(0(176� 21� 7+(� ($5/<� ($57+� 0�0DXUHWWH��� $�%UDFN��� -�'XSUDW��� &�� (QJUDQG���*�.XUDW��� �&6160��%kWLPHQW� ����� ������2UVD\±&DPSXV�� )UDQFH�� �&%0��5XH�&KDUOHV�6DGURQ��������2UOpDQV��)UDQFH���1DWXUKLVWRULVFKHV�0XVHXP��3RVWIDFK������$�������:LHQ��$XVWULD�

$FFUHWLRQ� RI� MXYHQLOH� PLFURPHWHRULWHV�� 6LQFH�WKH� ODWH� ������ ZH� KDYH� EHHQ� LQYHVWLJDWLQJ� WKH�HIIHFWV� RI� WKH� DFFUHWLRQ� RI� MXYHQLOH�PLFURPHWHRULWHV� RQ� WKH� (DUWK�� GXULQJ� WKH� SRVW�OXQDU� SHULRG� RI WKH� �/DWH�+HDY\�%RPEDUGPHQW���LQ�WKH�IUDPHZRUN�RI�WKH�FRQMXQFWXUH�RI�+DUWPDQQ�²FRLQHG�DV�WKH�/+%RPE >�@�:H�XVH�DQ��DFFUHWLRQ��IRUPXOD� UHSRUWHG�LQ�DFRPSDQLRQ�SDSHU�>�@��,W�LV�EDVHG�RQ�WKH�IROORZLQJ�GHGXFWLRQV�� w WKH� JLDQW� 0DUV� VL]HG� LPSDFW� WKDW�IRUPHG�WKH�0RRQ�DOVR�EOHZ�RII�WKH�FRPSOH[�SUH�OXQDU� DWPRVSKHUH� RI� RXU� EOXH� SODQHW� >�@�� w WKH�FRPSRVLWLRQ�RI� WKH�PLFURPHWHRULWH� IOX[�KDV�EHHQ�LQYDULDQW�ZLWK�WLPH�>�@��w WKH�UHODWLYH�YDULDWLRQ�RI�OXQDU� FUDWHULQJ� UDWH� ZLWK� WLPH�� DV� UHSRUWHG� LQ�ILJXUH� ���� RI� 5HI� ��� VFDOHV� WR� WKDW� RI� WKH�PLFURPHWHRULWH�IOX[��,W� DOORZV WKH�SUHGLFWLRQ�RI� WKH� WRWDO�DPRXQWV�RI�PLFURPHWHRULWLF� VSHFLHV� UHOHDVHG� RQ� WKH� HDUO\�(DUWK� PRVWO\� GXULQJ� WKH� ILUVW� a��� 0\U� WKDW�IROORZHG� WKH� IRUPDWLRQ� RI� WKH� 0RRQ�� XVLQJ� WKH�ZW�� FRQWHQW� RI� D� JLYHQ� VSHFLHV��$�� LQ�$QWDUFWLF�PLFURPHWHRULWHV�DQG�WKH�SUHVHQW�GD\�PDVV�IOX[�RI�PLFURPHWHRULWHV��RI�DERXW��������WRQV�\U�>�@��7KLV�IRUPXOD� LV� YDOLGDWHG� E\� WKH� XQH[SHFWHG� JRRG� ILW�EHWZHHQ� LWV� SUHGLFWLRQV� DQG� WKH� FRUUHVSRQGLQJ�REVHUYDWLRQV� UHSRUWHG� IRU� ERWK�� w WKH� WRWDO�DPRXQWV� RI�1H��1���+�2� DQG�&2� LQ� WKH�(DUWK
V�DWPRVSKHUH� >�@�� w WKH� LULGLXP� FRQWHQW� RI� OXQDU�VDPSOHV� >�@��:H�DUH�� WKHUHIRUH��XVLQJ� LW� WR� WDFNOH�YDULRXV�SUREOHPV�+LJK� VXOIXU� FRQWHQWV� LQ�PLFURPHWHRULWHV� IURP�FHQWUDO�$QWDUFWLFD��0LFURPHWHRULWHV�FROOHFWHG�QHDU�WKH�PDUJLQ�RI�WKH�$QWDUFWLF�LFH�VKHHW��DURXQG�&DS�3UXGKRPPH�� DW� �� NP� IURP� WKH�)UHQFK� VWDWLRQ� RI�'XPRQW� G
8UYLOOH�� VKRZHG�DQRPDORXV� ORZ�VXOIXU�FRQWHQWV� �a������ ZLWK� UHJDUG� WR� WKRVH� �a����PHDVXUHG� LQ� &0�� K\GURXV�FDUERQDFHRXV�FKRQGULWHV�² D�UHODWLYHO\�UDUH�W\SH�RI�PHWHRULWHV�WR�ZKLFK�a����RI� WKH�$QWDUFWLF�PLFURPHWHRULWHV�DUH� UHODWHG�� 0LFURPHWHRULWLF� )H±VXOILGHV�� ZKLFK�DUH� WKH� PDMRU� KRVW� SKDVHV� RI� VXOIXU� LQ�H[WUDWHUUHVWULDO� PDWHULDO�� FRXOG� KDYH� EHHQ� ORVW�GXULQJ� HLWKHU� DWPRVSKHULF� HQWU\� RU� WHUUHVWULDO�

ZHDWKHULQJ��LQYROYLQJ�WKH�SUHIHUHQWLDO�OHDFKLQJ�RI�)H�VXOILGHV�7KLV� ODVW� DVVXPSWLRQ� ZDV� FRQILUPHG� E\� WKH�FROOHFWLRQ� RI� D� QHZ� VHW� RI� PLFURPHWHRULWHV� QHDU�WKH�)UHQFK±,WDOLDQ��&RQFRUGLD��VWDWLRQ��LQ�&HQWUDO�$QWDUFWLFD��0LFURPHWHRULWHV�GHSRVLWHG�D�IHZ�\HDUV�DJR�LQ�VQRZ�VDPSOHV�EXULHG�DW�D�GHSWK�RI�a�� FP�ZHUH� ZHOO� VKLHOGHG� IURP�ZHDWKHULQJ�� 7KH\�ZHUH�UHFRYHUHG�ZLWK� WKH� OHDVW�GHVWUXFWLYH� DQG�FOHDQHVW�WHFKQLTXH� DYDLODEOH�� ZKLFK� \LHOGHG� XQZHDWKHUHG�PLFURPHWHRULWHV��VKRZLQJ�KLJK�VXOIXU�FRQWHQWV�RI�DERXW��� >�@�7KH�WZR�ZRUOGV�RI�LURQ�VXOILGHV�DQG�WKLRHVWHUV��:LWK�WKH�VLPSOH��PD[LPL]LQJ��DVVXPSWLRQ�WKDW�DOO�VXOIXU� IURP� YRODWLOL]HG� PLFURPHWHRULWHV� JHWV�LQLWLDOO\� R[LGL]HG� GXULQJ� DWPRVSKHULF� HQWU\�� OLNH�RUJDQLF� FDUERQ�� RQH� HQGV� XS� ZLWK� DQ� HQRUPRXV�LQLWLDO� LQSXW� UDWH� RI� 62� LQ� WKH� WKHUPRVSKHUH�a���� J�\U�� WKDW� ODVWHG� DERXW���� 0\U��7KLV�62�LQSXW�ZRXOG�EH�HYHQ�ODUJHU�WKDQ�WKDW�RI�&2���)RU�D�FRPSDULVRQ�� RQH� RI� WKH� PRVW� LQWHQVH� KLVWRULFDO�YROFDQLF�HUXSWLRQV��/DNL�LQ�,FHODQG��ODVWHG�IRU�a��PRQWKV��DQG�\LHOGHG�a���� J�RI�62� >�@�:H� ILUVW� ZRQGHUHG� DERXW� WKH� SODXVLEOH�FRQWULEXWLRQV� RI� WKLV� SRVW�OXQDU� 62� LQSXW� LQ�SUHELRWLF� FKHPLVWU\�� ,W ZDV� SUREDEO\� TXLFNO\�WUDQVIRUPHG� LQ� WKH� VWUDWRVSKHUH� WR� VXOIDWH�DHURVROV� ²L�H��� PRVWO\� +�62� PROHFXOHV� ZLWK�a����RI�ZDWHU² WKDW� ILQDOO\ ZHUH�GHSRVLWHG�LQ�WKH� HDUO\� RFHDQV��$� SODXVLEOH� UHDFWLRQ� SDWKZD\�WR�HOLPLQDWH�VXFK�DQ�H[FHVV�RI�VXOIDWHV�UHTXLUHV�WKH� OLNHO\� H[LVWHQFH� RI� DEXQGDQW� HDUO\�K\GURWKHUPDO� VRXUFHV��7KH\� IXQFWLRQHG� OLNH� WKH�FRQWHPSRUDU\� VRXUFHV�� DV� �UHDFWRUV�� FRQYHUWLQJ�VXOIDWHV GLVVROYHG� LQ� ZDWHU� LQWR� ERWK� KXJH�GHSRVLWV�RI�LURQ�VXOILGHV�DQG�H[KDODWLRQV�RI�+�6�>�@��7KLV� DPRXQW� RI� UHSURFHVVHG� VXOILGHV� LV� MXVW�HQRUPRXV�� 7KH� XSSHU� OLPLW� RI� WKHLU�PDVV� �DERXW��[���� J�� LV� HTXLYDOHQW� WR� D� JOREDO� |��� P�WKLFN�OD\HU� DURXQG� WKH� (DUWK�� 7KXV�� PLFURPHWHRULWLF�VXOIXU� FRXOG� KDYH� LQWHUYHQHG� LQ� SUHELRWLF�FKHPLVWU\�LQ�DW�OHDVW�WZR�GLIIHUHQW�ZD\V��6XOILGHV�DUH� UHTXHVWHG� LQ� WKH� VR�FDOOHG� VXOILGH� �ZRUOG��>��@��0RUHRYHU��)H6�DQG�+�6�FDQ� UHGXFH�&2� WR�RUJDQLF� VXOILGHV� �WKLROV��� DV� GHPRQVWUDWHG� LQ�

Lunar and Planetary Science XXXV (2004) 1625.pdf



0,&520(7(25,7,&�68/)85��602.(�3$57,&/(6�$1'�2/,*2(/(0(176��0DXUHWWH�HW�DO
ODERUDWRU\� VLPXODWLRQ� RI� K\GURWKHUPDO� V\QWKHWLF�UHDFWLRQV� >��@��0HWK\O� DQG�HWK\O�WKLROV�ZHUH� WKH�SULQFLSDO� WKLROV� IRUPHG� DORQJ� ZLWK� VPDOOHU�DPRXQWV� RI� RWKHUV� FRQWDLQLQJ� XS� WR� ILYH� FDUERQ�DWRPV�� 7KLROV� FDQ� OHDG� WR� WKLRHVWHUV�� ZKLFK�SUREDEO\� DFWLYDWHG� LPSRUWDQW RUJDQLF� SUHELRWLF�FKHPLFDO�UHDFWLRQV�>��@�0LFURPHWHRULWHV� LQ� SRVW�OXQDU� HDUO\� FOLPDWLF�YDULDWLRQV� $� UHPDUNDEOH� EDODQFH� EHWZHHQ� WKH�DEVRUSWLRQ�DQG�VFDWWHULQJ�RI�VRODU�UDGLDWLRQ�E\�WKH�HDUO\�(DUWK� DOORZHG� WKH�JHQWOH�JUHHQKRXVH� HIIHFW�WKDW� DOORZHG� WKH� ELUWK� RI� OLIH�� %XW� ZKHQ� ZDV� LW�WULJJHUHG"� ,W� LV� OLNHO\� WKDW� WKH� 0RRQ� IRUPLQJ�LPSDFW� KDG� VXGGHQO\� EORZQ� RII� DOO� DWPRVSKHULF�IDFWRUV� WKDW� UXOHG� WKH�SUH�OXQDU�JUHHQKRXVH�HIIHFW�HVWDEOLVKHG� EHIRUH� WKH� IRUPDWLRQ� RI� WKH� 0RRQ��7KHUHIRUH� WKH�KXJH�UHOHDVH�E\�PLFURPHWHRULWHV�RI�WKUHH� SRZHUIXO� JUHHQKRXVH� JDVHV� �62��� +�2��&2����GXULQJ�WKH�ILUVW�a��� 0\U�RI�WKH�SRVW�OXQDU�SHULRG��ZDV� SUREDEO\� RQH� RI� WKH� UXOLQJ� IDFWRU� RI�WKH�QHZ�JUHHQKRXVH�HIIHFW��ZKLFK�ZDV�HIIHFWLYH�LQ�WKH� RULJLQ� RI� OLIH�� 7KH\� VKRXOG� KDYH� SURGXFHG� D�PDUNHG�KHDWLQJ�RI�WKH�(DUWK¶V�VXUIDFH�+RZ� GLG� WKH� (DUWK� PDQDJH� WR� DYRLG� D�UXQDZD\� JUHHQKRXVH� HIIHFW� ZLWKRXW� WKH� GHFLVLYH�KHOS� RI� WKH� IDLQW� \RXQJ� 6XQ� LQYRNHG� LQ� DOO�SUHYLRXV�PRGHOV"�+XQWHQ�HW�DO�>��@�SURSRVHG�WKDW��WRGD\�� FOLPDWLF� YDULDWLRQV� RYHU� WKH� ODVW� a�� 0\U�PLJKW�KDYH�EHHQ� WULJJHUHG�E\�D�YDULDEOH� LQSXW�RI��PHWHRULWLF��VPRNH�SDUWLFOHV��7KLV�FRQFHSW�FDQ�EH�H[WHQGHG�WR�WKH��PLFURPHWHRULWLF��VPRNH�SDUWLFOHV�LQMHFWHG� LQWR� WKH� WKHUPRVSKHUH� E\� DERXW� ����RI�WKH� LQFRPLQJ� IOX[� RI� PLFURPHWHRULWHV� WKDW�YRODWLOL]HG� XSRQ� DWPRVSKHULF� HQWU\�� 7KH�HTXLYDOHQW� HTXLOLEULXP� WKLFNQHVV� RI� WKH� UHVXOWLQJ�SHUPDQHQW� FORXG� RI� GXVW�� ZKLFK� ZRXOG� KDYH�WRSSHG� DQ\� XQGHUO\LQJ� FORXG� V\VWHP�� ZDV�|��� �P�� LI� LWV� FRQVWLWXHQW� GXVW� SDUWLFOHV� WRRN�URXJKO\�a� \HDUV� WR�UHDFK� WKH�VWUDWRVSKHUH�²WKLVUHVLGHQFH� WLPH� ZDV� GHGXFHG� IURP� UDGLRDFWLYH�DHURVROV�LQMHFWHG�DW�DQ�HOHYDWLRQ�RI����NP�>��@��$V�WKLV�LV�PXFK�ODUJHU�WKDQ�WKH�ZDYHOHQJWK�RI�YLVLEOH�VRODU� OLJKW�� WKLV� KLJK� HOHYDWLRQ� �VPRN\�� FORXG�FRXOG�KDYH�UHIOHFWHG�VXQOLJKW��WKXV�FRQWULEXWLQJ�WR�FRXQWHUEDODQFH� WKH� KHDWLQJ� HIIHFW� RI�PLFURPHWHRULWLF�JUHHQKRXVH�JDVHV�0LFURPHWHRULWLF� ROLJRHOHPHQWV� GXULQJ�SUHFDPEULDQ� WLPHV��7KH�DFFUHWLRQ�IRUPXOD�FDQ�EH�DSSOLHG�WR�ROLJRHOHPHQWV��VXFK�DV�LURQ��ZKLFK�SOD\�D� ³YLWDO´� UROH� LQ� FHOO� PHWDEROLVP� DW� YHU\� ORZ�FRQFHQWUDWLRQ� OHYHOV�� %ODLQ� >��@� UHFHQWO\�

VXSSRUWHG� HDUOLHU� YLHZV� E\� 0DUWLQ� >��@�� ZKR�GHGXFHG� WKDW� LURQ� LV� QHFHVVDU\� WR� WKH� JURZWK� RI�SK\WRSODQNWRQ��ZKLFK�PLJKW�UXOH�WKH�H[FKDQJH�RI�&2� EHWZHHQ� WKH� DWPRVSKHUH� DQG� WKH� RFHDQV�WRGD\�� %XW� WKH� DPRXQW� RI� WKLV� HOHPHQW� LQ� WKH�RFHDQV� LV�DPD]LQJO\�VPDOO� �L�H���D�IHZ����� SSE�DW�WKH� FHQWUH� RI� WKH� 3DFLILF� 2FHDQ��� -RKQVRQ� >��@�FRQYLQFLQJO\� DUJXHG� WKDW� WKH� FRQWHPSRUDU\�PLFURPHWHRULWH� IOX[�ZRXOG�DOUHDG\�GHOLYHU�a����RI�WKLV�DPRXQW��'XULQJ�WKH�3UHFDPEULDQ�SHULRG��LW�LV�EHOLHYHG�WKDW�WKH�DPRXQW�RI�LURQ�ZDV�PXFK�PRUH�LPSRUWDQW�WKDQ� WRGD\�� GXH� WR�)H���� DV�SUHVHQW� LQ� D� �VOLJKWO\�DFLGLF� VROXWLRQ�RI� LURQ�VXOIDWHV�� >��@��'XULQJ� WKH�SHDN�RI�WKH�/+%RPE��WKH�IOX[�RI�PLFURPHWHRULWLF�LURQ�� ZKLFK� ZDV� a��� WLPHV� KLJKHU� WKDQ� WR� GD\��\LHOGHG�D�PXFK ODUJHU�FRQFHQWUDWLRQ�RI�LURQ�LQ�WKH�RFHDQV� RI� DERXW� D� IHZ� SSP�� /DWHU� RQ��ZKHQ� WKH�ILUVW� OLIH� IRUPV� DSSHDUHG� LQ� WKH� RFHDQV��VRPHZKHUH� EHWZHHQ� ���� DQG� ��� *\U� DJR�� WKH�PLFURPHWHRULWH�LURQ�IOX[�ZDV�VWLOO�EHWZHHQ�a�����DQG� a�� WLPHV� PRUH� LQWHQVH� WKDQ� WRGD\�� 7KH�TXHVWLRQ� DULVHV�ZKHWKHU� WKHVH� KLJK� LURQ� FRQWHQWV�FRQVWUDLQHG�WKH�HYROXWLRQ�RI�HDUO\�OLIH�IRUPV�DORQJ�SHFXOLDU� HYROXWLRQDU\� WUDFNV�� OHDGLQJ� WR� D�SUHIHUHQWLDO� JURZWK� RI� VRPH� LURQ� PHWDEROLVLQJ�PLFURRUJDQLVPV�� WKULYLQJ� LQ� DFLGLF� HDUO\� RFHDQV�IHUWLOLVHG�E\�62� DQG�LURQ��IDOOLQJ�IURP�WKH�VN\���ERWK�GHOLYHUHG�E\�WKH�HDUO\�PLFURPHWHRULWH�IOX["
References: [1] Hartmann (1999) Moons and 

Planets, 4th Edition (Wadsworth, Belmont), pp.1-428; 
[2] Langevin and Maurette (2004) This abstract book; 
[3] Ahrens (1993) Ann. Rev. Earth Planet Sci. 21, 525-
555; [4] Maurette et  al (2003) In, Celnikier et al (Eds) 
Frontiers of life (Thê Gioi Publishers, Hanoï), pp. 7-
22; [5] Love and Brownlee (1993) Science 262, 550-
553; [6] Duprat et al  (2003) Lunar Planet. Sci. 34, 
A1727 (CD-ROM); [7] 7KRUGDUVRQ� HW� DO� �������%XOO��9ROF�� ���� ��������� [8] Fouquet et al (1996) Earth 
Planet. Sci. 44, 147-162; [9] Wächtershaüser (1998) 
In, Brack A. (Ed.) The molecular origin of Life
(Cambridge University Press), pp206-218; [10] 
Heinen and Lauwers (1996) Origins Life Evol. 
Biosphere 26, 131-150; [11] De Duve  (1998) In, The 
molecular origin of Life (Ed. A.Brack), pp.219-235 
(Cambridge University Press); [12] Hunten et al (1980) 
J. Atmos. Sci. 37, 1342-1357; [13] /HLSXQVNLL� � HW� DO������� -�*HRSK\V�5HV�� ���� ���������� [14] Blain 
(1996) La Recherche 287, 56•60; [15] Martin (1990) 
Paleoceanography 5, 1-13; [16] Johnson  (2001) 
Global Biogeochemical cycles 15, 61-63.$FNQRZOHGJHPHQWV� :H� DUH� JUDWHIXOO\� WR� ,1�3���&1(6�DQG�,3(9�IRU�VXSSRUW�

Lunar and Planetary Science XXXV (2004) 1625.pdf


