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7KH� QHRQ� DQG� [HQRQ SUREOHPV. Two major 
problems with the distribution of noble gases on 
the Earth are quoted in the literature [1]. They 
concern: w the light noble gases, with atmospheric 
neon showing a 20Ne/22Ne ratio much smaller than
that locked in rocks from the upper mantle; w the
marked depletion of xenon relatively to Ar and 
Kr, observed in both the atmosphere and the 
upper mantle, and which defines the mystery of 
the "missing" xenon.

One of us (M.M.) proposed a scenario,
coined as (00$ (Early MicroMeteorite 
Accretion), for the formation of the Earth's 
atmosphere [2], which is based on the accretion 
formula given in a companion paper [3]. It 
involves the accretion of a high fluence of 
juvenile micrometeorites, similar to Antarctica 
micrometeorites �$00V� ²about 95% and 5% 
of them are related to the CM2- and CI-types
hydrous carbonaceous chondrites, respectively.
This mostly occurred during the first |100 Myr of 
the post-lunar period of the late heavy 
bombardment. 6XJJHVWLRQV�DERXW�PLFURPHWHRULWLF�QHRQ�LQ�WKH�PDQWOH�� 7KH� QHRQ� SUREOHP� LV� LOOXVWUDWHG� LQ� WKH�FRPSLODWLRQ� RI� DQDO\VHV� UHSRUWHG� E\� 2]LPD� DQG�,JDUDVKL� >�@�� DQG� GLVSOD\HG� LQ� ILJXUH� � RI� WKHLU�SDSHU�� )RU� WKH� VDNH� RI� VLPSOLFLW\�� ZH� ZLOO� RQO\�IRFXV� RQ� URFNV� IURP� WKH� XSSHU�PDQWOH� FRLQHG� DV�0LG�2FHDQLF�5LGJH�EDVDOWV� �025%V���ZKLFK�DUH�FRQVLGHUHG� DV� VDPSOLQJ� WKH GHJDVVHG� XSSHU�PDQWOH��$ERXW���� RI�WKHVH�URFNV�VKRZ���1H���1H�UDWLRV� ODUJHU� WKDQ� WKH� DWPRVSKHULF� YDOXH� RI� �����$ERXW a����RI�WKHVH UDWLRV�FOXVWHU�LQ�D�VRODU�]RQHGHILQHG�E\� WKH� UDWLRV�PHDVXUHG� LQ� WKH�VRODU�ZLQG��6:�� DQG� VRODU� HQHUJHWLF� SDUWLFOHV� �6(3V�� �� RI�DERXW������DQG�������UHVSHFWLYHO\�7KLV� ILQGLQJ� OHG� JHRFKHPLVWV� LQ� WKH� ODWH�����
V� WR� VXJJHVW� WKDW� VRODU� QHRQ� VWLOO� SUHVHQW� LQ�WKH� PDQWOH� ZDV� MXVW� FDUULHG� E\� WKH� IUDFWLRQ� RI�XQPHOWHG� PLFURPHWHRULWHV� WKDW� JHW� GHSRVLWHG� RQ�WKH� RFHDQLF� FUXVW DQG� WUDQVIHUUHG� WR WKH� PDQWOH�GXULQJ� VXEGXFWLRQ >��� ��� �@�� 7KLV� ZRXOG�VLPXOWDQHRXVO\�MXVWLI\�RXU�GHGXFWLRQ WKDW�WKH�PDVV�IUDFWLRQ� RI� MXYHQLOH� PLFURPHWHRULWHV�� ZKLFK DUH�GHVWUR\HG� XSRQ� DWPRVSKHULF� HQWU\� �a���� RI� WKH�LQFRPLQJ�IOX[�� GLG�GHOLYHU WKH�VDPH�VRODU�QHRQ�LQ�WKH�DWPRVSKHUH�

%XW� LW�ZDV� VRRQ�DUJXHG� WKDW�PLFURPHWHRULWLF�QHRQ� ZRXOG� EH� TXLFNO\� ORVW� GXULQJ� VXEGXFWLRQ��0RUHRYHU�� WKH� DFFXPXODWLRQ� RI� 025%� DQDO\VHV�VKRZHG� WZR� SHDNV� LQ� WKH� GLVWULEXWLRQ� RI� WKH���1H���1H�UDWLRV�DW�a���� DQG�a�����²VHH�ILJXUH���LQ� 5HI�� ��� 7KH� SHDN� DURXQG� ���� FRXOG� QRW� EH�UHODWHG� WR� HLWKHU� WKH� 6:� RU� WKH� 6(3V� YDOXHV��7KHUHIRUH� WKH� DFFUHWLRQ� DQG� VXEVHTXHQW�VXEGXFWLRQ� RI� QHRQ�ULFK� PLFURPHWHRULWHV JRW�GLVUHJDUGHG��7KLV�ZRXOG ZHDNHQ�(00$�0RVW�RI�WKH�DOWHUQDWLYH PRGHOV�VWLOO�SRVWXODWH�WKH� WUDSSLQJ� RI� D� �VRODU� QHRQ� FRPSRQHQW� LQ� WKH�PDQWOH�� %XW� WKLV� RFFXUUHG� DW� PXFK� HDUOLHU� WLPHV�GXULQJ� WKH�IRUPDWLRQ�RI� WKH�EXLOGLQJ�PDWHULDOV�RI�WKH� (DUWK�� ZKHQ� WKH\� ZHUH� IRUPHG� LQ� WKH� HDUO\�VRODU� QHEXOD�� 7KLV� QHRQ� JRW� VXEVHTXHQWO\�GHJDVVHG� TXLFNO\ LQWR� WKH� HDUO\� DWPRVSKHUH��7KHUHIRUH�� LQ� ERWK (00$ DQG� WKHVH� PRUH��SULPRUGLDO�� PRGHOV�� WKH� LQLWLDO� KLJK� ��1H���1H�UDWLR� RI� DWPRVSKHULF� QHRQ� �JHQHUDOO\�DSSUR[LPDWHG� E\� WKH� 6:� YDOXH�� KDV� WR� EH�GHFUHDVHG�WR�WKH�SUHVHQW�GD\�DWPRVSKHULF�YDOXH�RI����� WKURXJK� D� SUHIHUHQWLDO� ORVV� RI� ��1H�� $�IDYRXULWH ORVV� PHFKDQLVP� LV� WKH� JUDYLWDWLRQDO�HVFDSH� RI� D� KXJH� IORZ� RI� K\GURJHQ�� IHG� E\� WKH�GLVVRFLDWLRQ�RI�ZDWHU��ZKLFK�GUDJJHG WKH�H[FHVV�RI���1H LQWR�VSDFH�>�@��
At this stage, we had to face the two 

difficulties of both finding a specific signature of $00-neon in MORB and transferring a 
significant amount of it to the mantle. But we 
knew that (00$ rightly predicts (i.e., within a 
factor 2): w the total amounts of neon and 
nitrogen in the atmosphere, even though these two 
elements have not the same origin and show 
concentrations in $00V differing by a factor of 
100,000 [2]; w the iridium content of lunar 
samples [3]. $� KLJKO\� VSHFLILF� LVRWRSLF� VLJQDWXUH� RI�PLFURPHWHRULWLF� QHRQ. We realized only recently 
that $00V-neon has a unique "two components" 
signature. The first one is indeed well preserved 
in MORBs! It can be decrypted in figure 3 of 
reference [4], where the data clustering in the 
solar zone yield an average value of ~11.9. This 
ratio well fits the micrometeoric value of 11.8.
The second component of the signature is the very 
low content of cosmogenic 21Ne in $00V >�@�
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LQGXFHG E\� JDODFWLF� FRVPLF� UD\V� �*&5V�. 
Thus, their 21Ne/22Ne ratio is very close to the 
"primordial" value of 0.029 ²the excess of 21Ne 
observed in MORBs is due to a nucleogenic 21Ne 
component derived from U, Th decays [1].

This shows that the exposure times of $00V to GCRs were much shorter than those of 
grains recycled within a regolith, either on the 
Moon or on the parent asteroids of gas-rich 
meteorites [9] ²they accumulated high 21Ne 
contents during their long residence time in the 
few top meters of a regolith . Therefore, the
20Ne/22Ne ratios of $00V could have only been
acquired during short flight times in the 
interplanetary medium, after their release from 
parent bodies "denuded of a regolith" �i.e., 
comets?).,Q�IDFW��6:�DQG�6(3V�QHRQ�LPSODQWDWLRQV DUH�ERWK UHTXHVWHG�WR�JHW�WKLV�YDOXH RI������ 6WXGLHV�RI6:� LRQ� LPSODQWDWLRQ� HIIHFWV� LQ� VLOLFDWHV� VXFK�DVROLYLQH�>��@� VKRZ�WKDW�WKLV�YDOXH�UHIOHFWV�D�KLJKO\�VSHFLILF� GLVWULEXWLRQ� RI� WKH� IOLJKW� WLPHV RI�PLFURPHWHRULWHV� WR� WKH� (DUWK�� ,QGHHG�� 6: QHRQ�TXLFNO\�UHDFKHV�D�VDWXUDWLRQ�FRQFHQWUDWLRQ� �D�IHZ�WLPHV� ���� FF� 673�J� LQ� OHVV� WKDQ� ���� \HDUV� RI�H[SRVXUH� LQ� VSDFH� ²WKLV� LV� UHODWHG� WR� WKH�VSXWWHULQJ�RI�WKH�JUDLQV E\�6: KHOLXP��%XW ZLWK�D�IOX[� DERXW� ������� WLPHV� VPDOOHU�� DQG� D� PXFK�ODUJHU�SHQHWUDWLRQ�GHSWK��6(3V�QHRQ�DFFXPXODWHV�LQ� a��� �P� VL]H� JUDLQV� ZLWKRXW� UHDFKLQJ� D�VDWXUDWLRQ�YDOXH��7KLV�GHFUHDVHV�WKH�6:���1H���1H�UDWLR��ZKLFK�ZRXOG�UHDFK�D�YDOXH�RI�a�����DIWHU�DQ�H[SRVXUH�WR�6(3V�RI�a����0\U�LQ�VSDFH��,W� ZRXOG� EH� D SXUH� �PLUDFOH� ZKHWKHU� WKLV���1H���1H� UDWLR IRXQG� LQ� $00V�� DQG� UHODWHG� WRWKHLU�IOLJKW�WLPHV�WR�WKH�(DUWK LQ�WKH�FRQWHPSRUDU\VRODU� V\VWHP�� FRXOG� KDYH� EHHQ� LQFRUSRUDWHG� DW�PXFK� HDUOLHU� WLPHV�� EHIRUH� WKH� IRUPDWLRQ� RI� WKH�WHUUHVWULDO� SODQHWV�� GXULQJ� WKH� PDNLQJ RI WKHLUEXLOGLQJ�PDWHULDO� LQ� WKH� HDUO\� VRODU�QHEXOD ²VHH�WKH�DVWRQLVKLQJ�YDULHW\�RI�QHRQ�ORDGLQJ�SURFHVVHV�LQ� 5HI���� 6R�� PLFURPHWHRULWLF VRODU� QHRQ� ZDV�HIIHFWLYHO\�WUDQVIHUUHG�WR�WKH�PDQWOH��:H�KDYH�MXVW�WR�FKHFN� WKDW�WKHUH�ZDV�DQ�DPSOH�VXSSO\�RI�LW��DV�WR� IHHG� WKH� KXJH� ORVVHV� H[SHFWHG� GXULQJ�VXEGXFWLRQ��$Q� DPSOH� VXSSO\� RI PLFURPHWHRULWLF� QHRQ�� ,Q�(00$�� WKH� WRWDO� DPRXQW� RI� VRODU� QHRQ����� [ ���� J�� GHSRVLWHG� RQ� WKH� RFHDQLF� FUXVW LV�GHOLYHUHG� E\� XQPHOWHG� PLFURPHWHRULWHV� ZKLFK�UHSUHVHQWV� a���� RI� WKH� LQFRPLQJ� IOX[� RI�

PLFURPHWHRULWHV�� $� �EXON�� (DUWK� FRQWHQW� RI�PLFURPHWHRULWLF�QHRQ�FDQ�EH�GHULYHG�E\�GLOXWLQJ�LW�WR� WKH� WRWDO� YROXPH� RI� WKH� ZKROH� PDQWOH�� ZKLFK�UHSUHVHQWV� DERXW� ����� (DUWK� PDVV�� 7KLV� YDOXH� LV�a��� WLPHV�ODUJHU�WKDQ�WKH�HVWLPDWHG QHRQ�FRQWHQW�RI� WKH� XSSHU� PDQWOH� 7KHUHIRUH�� WKHUH ZDV DQ�DPSOH� UHVHUYH RI� PLFURPHWHRULWLF� QHRQ� LQ� WKH�RFHDQLF� FUXVW�� DV� WR� IHHG WKH� YHU\� LQHIILFLHQW�SURFHVV UHTXLUHG� WR� WUDQVIHU� a���� RI� LW WR� WKH�PDQWOH� GXULQJ� VXEGXFWLRQ RI� WKH� RFHDQLF� FUXVW��7KHVH� REVHUYDWLRQV VLPXOWDQHRXVO\ VXSSRUW WKH�GHOLYHU\�RI� WKH�VDPH�PLFURPHWHRULWLF�QHRQ� WR� WKH�DWPRVSKHUH�E\� WKH� UHPDLQLQJ� IUDFWLRQ� �a�����RI�WKH� LQFRPLQJ� PLFURPHWHRULWHV�� ZKLFK� DUHYRODWLOL]HG�DQG�RU�PHOWHG�XSRQ�DWPRVSKHULF�HQWU\�&KDOOHQJHV ZLWK� WKH� KHDYLHU� QREOH� JDVHV��(00$ FDQQRW�DFFRXQW�IRU�WKH�GLVWULEXWLRQ�RI�WKH�RWKHU�KHDYLHU�QREOH�JDVHV�LQ�WKH�DWPRVSKHUH� 7KH�DFFUHWLRQ�IRUPXOD SUHVHQWHG�LQ�D�FRPSDQLRQ�SDSHU�>�@�� DQG� WKH� GDWD� UHSRUWHG� E\� 2VDZD� HW� DO� >��@�SUHGLFWV� WRWDO� DPRXQWV� RI� ��$U� DQG� ��.U� LQ� WKH�DWPRVSKHUH�� ZKLFK� DUH� DERXW� ��� WLPHV� DQG� ����WLPHV� VPDOOHU� WKDQ� WKH� REVHUYHG� TXDQWLWLHV��UHVSHFWLYHO\�� 0RUHRYHU� WR� IXUWKHU� FRQIXVH� WKLV�LVVXH�� WKLV� IRUPXOD� \LHOGV� WKH� ULJKW� DPRXQW� RI�[HQRQ�� ZLWKLQ� D� IDFWRU� ��� $V� ZH� VWLOO� GR� QRW�XQGHUVWDQG� WKH� RULJLQ� RI� WKLV� ILW�� ZH� KDYH� WR�PRPHQWDULO\� GLVFDUG� LW�� HYHQ� WKRXJK� LW� ZRXOG�DSSDUHQWO\� JLYHV� D� VROXWLRQ� WR� WKH VWXPEOLQJ�SUREOHP�RI�WKH��PLVVLQJ� [HQRQ�
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