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ABstrAct

&DUERQ�VSHFLDWLRQ�LQ�DQG�SDUWLWLRQLQJ�DPRQJ�VLOLFDWH�VDWXUDWHG�&�2�+�ÀXLGV�DQG��&�2�+��VDWXUDWHG�
melts have been determined a1.7 GPa and 900 qC under reducing and oxidizing conditions. The mea-
surements were conducted in situ while the samples were at the conditions of interest. The solution 
HTXLOLEULD�ZHUH������&+4 + Qn = 2CH3

� + H2O + Qn+1�DQG������&23
2– + H2O + 2Qn+1 = HCO3

� + 2Qn, under 
reducing and oxidizing conditions, and where the superscript, n, in the Qn-species denotes number of 
EULGJLQJ�R[\JHQ�LQ�WKH�VLOLFDWH�VSHFLHV��4�VSHFLHV���7KH�DEXQGDQFH�UDWLRV��&+3/CH4 and HCO3

�/CO3
2–, 

increase with temperature. The enthalpy change associated with the species transformation differs for 
ÀXLGV�DQG�PHOWV�DQG�DOVR�IRU�R[LGL]HG�DQG�UHGXFHG�FDUERQ�>5HGXFLQJ��'H���

ÀXLG = 16 r 5 kJ/mol, 'H���
melt 

= 50 r 5 kJ/mol; oxidizing 'H���
ÀXLG = 81 r 14 kJ/mol]. For the exchange equilibrium of CH4 and CH3 

VSHFLHV�EHWZHHQ�ÀXLG�DQG�PHOW��WKH�WHPSHUDWXUH�GHSHQGHQW�HTXLOLEULXP�FRQVWDQW���;CH4�;CH3�ÀXLG��;CH4/
;CH3�melt, yields 'H = 34 r 3 kJ/mol. 

Increased abundance ratios, CH4/CH3 and HCO3
�/CO3

2–, lead to increased polymerization of 
VLOLFDWH��&�2�+��PHOW��%HFDXVH�RI�VXFK�UHODWLRQV��PHOW�WUDQVSRUW�SURSHUWLHV��H�J���YLVFRVLW\��DQG�HOH-
ment partition coefficients between magmatic liquids, C-O-H fluids, and crystalline phases can vary by 
more than 100% with speciation changes of C-bearing volatiles upper mantle. These structure effects 
are more pronounced the higher the pressure and the more mafic the magma.

.H\ZRUGV��5HGR[��&2+�YRODWLOHV��PHOW�VWUXFWXUH��PHOW�SURSHUWLHV��ÀXLG�VWUXFWXUH

IntroductIon

,Q��&�2�+��EHDULQJ�PDJPDWLF�V\VWHPV�LQ�WKH�(DUWK¶V�LQWHULRU��
redox conditions affect physicochemical properties of melts, 
melting phase relations, and element partitioning between 
coexisting phases. For example, during partial melting of a 
�&�2�+��EHDULQJ� WKH�XSSHU�PDQWOH�XQGHU� UHGXFLQJ�FRQGLWLRQV�
�PHWKDQH�LV�VWDEOH��PHOWV�WHQG�WR�VLOLFD�HQULFKPHQW�FRPSDUHG�ZLWK�
DQK\GURXV�PHOWLQJ��(JJOHU�DQG�%DNHU�������*UHHQ�HW�DO��������
%UH\�HW�DO���������8QGHU�R[LGL]LQJ�FRQGLWLRQV��SDUWLDO�PHOWV�WHQG�
WRZDUG�VLOLFD�XQGHUVDWXUDWLRQ��(JJOHU�������:\OOLH��������7KLV�
LV�EHFDXVH�WKH�UHGR[�VWDWH�V��RI�FDUERQ�DIIHFWV�LWV�VROXELOLW\�DQG�
VROXWLRQ�PHFKDQLVP�V��LQ�VLOLFDWH�PHOWV��+RZHYHU��WKH�VROXELOLW\�
DQG�VROXWLRQ�PHFKDQLVP�V��DUH�QRW�RQO\�UHGR[�GHSHQGHQW��EXW�
also vary with silicate composition, temperature, and pressure 
�%URRNHU�HW�DO��������0\VHQ�HW�DO��������*XLOORW�DQG�6DWRU�������

To characterize the structure and the relationships between 
structure and properties of magmatic liquids and C-O-H fluids 
at high pressure and temperature, the characterization must be 
conducted while the sample is at the pressure, temperature, and 
redox conditions of interest because the imposed conditions 
change during the quenching process thus causing structural 
changes of melt and fluid as these are cooled from experimental 
to ambient conditions before analysis. This goal can be reached 
by containing the sample in externally heated diamond-anvil 
cells and by using vibrational spectroscopic methods to deter-

mine structural relationships. Results from such examination are 
provided in this report.

experIMentAl Methods
7KH��&�2�+��IUHH�VWDUWLQJ�PDWHULDO�ZDV�D�JODVV�RI�FRPSRVLWLRQ���1D2Si4O9�90· 

>1D2�1D$O�4O9]10��GHQRWHG�1$����WR�ZKLFK�ZDV�DGGHG��&�2�+��FRPSRQHQWV�SULRU�
HDFK�H[SHULPHQWDO�VHULHV��VHH�DOVR�EHORZ���7KH�PDWHULDO�LV�IURP�WKH�VDPH�JODVV�DV�
WKDW�RULJLQDOO\�XVHG�E\�0\VHQ���������7KH�GHJUHH�RI�SRO\PHUL]DWLRQ��1%2�7��RI�
1$���PHOW�LV�QHDU�����ZLWK�$O��$O�6L�� ������+HUH��1D+ charge-balances Al3+ in 
tetrahedral coordination.

The experiments were conducted in situ with the samples at the temperature, 
pressure, and redox conditions of interest by using an externally heated hydrother-
PDO�GLDPRQG�DQYLO�FHOO��+'$&���%DVVHWW�HW�DO���������,Q�H[SHULPHQWV�XQGHU�UHGXF-
ing conditions, Re gaskets was used for sample containment. Iridium gaskets were 
used for experiments under oxidizing conditions because under these conditions 
Re from the gasket reacts with H2O and silicate to form rhenate complexes and 
H2. Iridium is inert under the experimental conditions. The gaskets were 125 Pm 
thick with a 500 Pm central hole before experiments. During an experiment, the 
sample hole shrank to about 400 Pm diameter with the gasket thickness between 
the two diamonds reduced to a80–100 Pm.

For experiments conducted under reducing conditions, NA10 glass starting 
glass was saturated with CH4 prior to an experimental series in the HDAC. This 
methane-saturation was accomplished in a solid-media, high-pressure apparatus 
�%R\G�DQG�(QJODQG�������E\�HTXLOLEUDWLQJ�1$���PHOW�ZLWK�&�2�+�IOXLG�DW�����*3D�
and 1400 qC and at a hydrogen fugacity, fH2��FRQWUROOHG�E\�WKH�UHDFWLRQ��0R�+2O = 
0R22+H2. This equilibrium is within a0.5 orders of magnitude of that of the often-
XVHG�LURQ�Z�VWLWH�EXIIHU�LQ�WKH�WHPSHUDWXUH�UDQJH�RI�WKH�SUHVHQW�H[SHULPHQWV��0\VHQ�
DQG�<DPDVKLWD��������7KH�VRXUFH�RI�FDUERQ�ZDV�$J2C2O4, which decomposes to 
Ag and CO2 at <200 q&��%RHWWFKHU�HW�DO���������'XULQJ�KLJK�WHPSHUDWXUH��SUHVVXUH�
synthesis this CO2 reacts with the H2�JHQHUDWHG�E\�WKH�0R�0R22 buffer reaction to 
yield CH4 and H22��&22 + 3H2 = CH4 + H22���7KH�PHOW�ZDV�WHPSHUDWXUH�TXHQFKHG�
to glass while at 1.5 GPa. The glass resulting from this procedure contains 0.74 
wt% CH4� �DQDO\]HG�ZLWK� DQ�(OHPHQWDO�$QDO\]HU� DV�GHVFULEHG�E\�0\VHQ�HW� DO��
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