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AbstrAct

Speciation of D-O-H-C-N volatiles in alkali aluminosilicate melts and of silicate in D-O-H-C-N 
ÀXLG�KDV�EHHQ�GHWHUPLQHG�LQ�VLWX�WR������&�DQG�!��*3D�XQGHU�UHGXFLQJ�DQG�R[LGL]LQJ�FRQGLWLRQV�E\�
XVLQJ�DQ�H[WHUQDOO\�KHDWHG�K\GURWKHUPDO�GLDPRQG�DQYLO�FHOO�ZLWK�5DPDQ�VSHFWURVFRS\�DV�WKH�VWUXFWXUDO�
SUREH��5HGXFLQJ�FRQGLWLRQV�ZHUH�QHDU�WKRVH�RI�WKH�,:�R[\JHQ�EXIIHU��ZKHUHDV�R[LGL]LQJ�FRQGLWLRQV�
ZHUH�REWDLQHG�E\�FRQGXFWLQJ�WKH�H[SHULPHQWV�ZLWK�R[LGL]HG�FRPSRQHQWV�RQO\�DQG�ZLWK�3W�DV�D�FDWDO\VW�

5DPDQ�EDQGV�DVVLJQHG�WR�&�+�VWUHWFKLQJ�LQ�&+[Dy isotopologues and CH4 groups (including CH3) 
ZHUH�HPSOR\HG�WR�GHWHUPLQH�WKH�&+4/CH[Dy�UDWLR�LQ�ÀXLGV�DQG�PHOWV��7KLV�UDWLR�GHFUHDVHV�IURP����±��
DW������&�WR�EHWZHHQ�����DQG���ZLWK������&�ZLWK�ǻH-values of 13.6 ± 2.1 and 5.5 ± 1.1 kJ/mol for 
PHOW�DQG�ÀXLG��UHVSHFWLYHO\��7KH�&+4/CH[Dy�ÀXLG�PHOW�SDUWLWLRQ�FRHI¿FLHQW�UDQJHV�EHWZHHQ�a���DQG�
a��ZLWK�ǻH = 33 ± 6 kJ/mol assuming no pressure effect. This behavior of deuterated and protonated 
FRPSOH[HV�LV�DVFULEHG�WR�VSHFLDWLRQ�RI�YRODWLOH�DQG�VLOLFDWH�FRPSRQHQWV�LQ�ÀXLGV�DQG�PHOWV�LQ�D�PDQQHU�
WKDW�LV�FRQFHSWXDOO\�VLPLODU�WR�'�+�SDUWLWLRQLQJ�DPRQJ�FRPSOH[HV�DQG�SKDVHV�LQ�EULQHV�DQG�K\GURXV�
silicate systems.

Molecular N2� LV� WKH�1�EHDULQJ� VSHFLHV� LQ�ÀXLGV� DQG�PHOWV� XQGHU� R[LGL]LQJ� FRQGLWLRQV��8QGHU�
reducing conditions, the dominant species are molecular NH3 and ammine groups, NH2

±. The NH3/
NH2�UDWLR�YDULHV�EHWZHHQ������DQG������LQ�WKH����±�����&�WHPSHUDWXUH�UDQJH��7KH�HQWKDOS\�FKDQJH�
RI�WKH�DPPRQLD�DPPLQH�HTXLOLEULXP��ǻH, derived from the temperature and assuming no pressure 
HIIHFW�RQ�WKH�HTXLOLEULXP��LV��������DQG��������N-�PRO�IRU�PHOW�DQG�ÀXLG��UHVSHFWLYHO\��7KH�ÀXLG�PHOW�
SDUWLWLRQ�FRHI¿FLHQW���1+3 + NH2

±)ÀXLG/(NH3 + NH2
±)melt��UDQJHV�IURP���WR���ZLWK�ǻH = 45 ± 12 kJ/mol. 

)RU�R[LGL]HG�QLWURJHQ��WKH�ÀXLG�PHOW�SDUWLWLRQ�FRHI¿FLHQW�LV�WZLFH�RU�PRUH�RI�WKRVH�YDOXHV�IRU�UHGXFHG�
QLWURJHQ��+\GURJHQ�ERQGLQJ�FDQ�EH�GHWHFWHG�DW������&�DQG�EHORZ��7KLV�EHKDYLRU�UHVHPEOHV�WKDW�RI�+2O. 
'HXWHULXP�FRQWDLQLQJ�DQDORJXHV�RI�WKH��1�+��VSHFLHV�FRXOG�QRW�EH�GHWHFWHG�ZLWK�SUHFLVLRQ�EHFDXVH�
WKHVH�ZHUH�LQ�WKH�IUHTXHQF\�UDQJH�RI�WKH�VHFRQG�RUGHU�5DPDQ�VKLIW�RI�GLDPRQG�LQ�WKH�GLDPRQG�DQYLO�
FHOO�LWVHOI�DQG�FRXOG�QRW�EH�LVRODWHG�IURP�WKH�VWURQJ�EDFNJURXQG�JHQHUDWHG�E\�WKH�5DPDQ�LQWHQVLW\�IURP�
the diamond. These results imply that, unlike noble gases, degassing of N-bearing species from the 
PDQWOH�LV�UHGR[�GHSHQGHQW��DQG�LV�DOVR�PRUH�HI¿FLHQW�DW�ORZHU�WHPSHUDWXUHV��VKDOORZ�GHSWKV���5HGXFHG�
DQG�R[LGL]HG�&�2�+�1�VSHFLHV�H[LVW�ÀXLGV�DQG�PHOWV�LQ�WKH�PRGHUQ�PDQWOH��ZKHUHDV�UHGXFHG�VSHFLHV�
dominated in the young Earth. The fH2-dependent speciation C-O-H-N volatile components result in 
fH2�GHSHQGHQW�WKHUPRG\QDPLF�DQG�WUDQVSRUW�SURSHUWLHV�RI�ÀXLGV�DQG�PHOWV�LQ�WKH�LQWHULRU�RI�WKH�(DUWK�
DQG�WHUUHVWULDO�SODQHWV��,Q�ÀXLGV��WKH�VROXELOLW\�RI�QRPLQDOO\�LQFRPSDWLEOH�WUDFH�HOHPHQWV�FDQ�LQFUHDVH�
E\�RUGHUV�RI�PDJQLWXGH�XSRQ�LWV�VDWXUDWLRQ�ZLWK�VLOLFDWH�FRPSRQHQWV��7UDFH�HOHPHQW�DQG�VWDEOH�LVRWRSH�
SDUWLWLRQLQJ�EHWZHHQ�ÀXLGV�DQG�PHOW�FDQ�FKDQJH�E\�!�����IRU�WKH�VDPH�UHDVRQ�

.H\ZRUGV��0HOW�VWUXFWXUH��YRODWLOHV��VSHFLDWLRQ��UHGR[��LVRWRSH

introduction

&KDUDFWHUL]DWLRQ�RI�WKH�SURFHVVHV�WKDW�JRYHUQ�WKH�EXGJHW�DQG�
recycling of volatile components in the Earth’s interior is central 
to our understanding of the formation and evolution of the solid 
Earth, its ocean, and its atmosphere (e.g., Kasting et al. 1993; 
7ROVWLNKLQ�DQG�0DUW\�������&DUWLJQ\�DQG�$GHU�������.DGLN�HW�

al. 2013). The speciation and solubility of volatiles (H2O, CO2, 
CO, CH4, N2, NH3, noble gases, etc.) in magmatic melts and 
fluids are integral parts of this understanding.

2[\JHQ� IXJDFLW\� DIIHFWV� WKH� EHKDYLRU� RI� YRODWLOH�EHDULQJ�
PDJPDWLF�V\VWHPV�EHFDXVH�R[LGL]HG�DQG�UHGXFHG�YRODWLOH�VSHFLHV�
FDQ�EHKDYH�TXLWH�GLIIHUHQWO\��H�J���6D[HQD��DQG�)HL�������8OPHU�
and Luth 1991; Mysen et al. 2011). In the present silicate mantle 
fO2�FRPPRQO\�LV�FRQVLGHUHG�WR�EH�QHDU�UHGR[�FRQGLWLRQV�VLPLODU�
WR�4)0��±���:RRG�HW�DO��������/XWK�HW�DO���������8QGHU�WKHVH�
conditions, the dominant C-O-H-N volatile species are H2O, 
CO2, and N2�ZLWK� VPDOOHU� DPRXQWV� RI�&+4 and NH3 (Ulmer 
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