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absTracT

7KH�SUHVHQFH�RI�ZDWHU�LQ�WKH�(DUWK¶V�GHHS�PDQWOH�LV�DQ�LVVXH�RI�LQFUHDVLQJ�LQWHUHVW�LQ�WKH�¿HOG�RI�KLJK�
SUHVVXUH�PLQHUDORJ\��$Q�LPSRUWDQW�WDVN�IRU�IXUWKHU�DGYDQFLQJ�UHVHDUFK�LQ�WKH�¿HOG�LV�WR�FUHDWH�KRPRJHQHRXV�
single crystals of candidate deep-mantle water-bearing minerals of 1 mm or larger in size, which is required 

IRU�DSSO\LQJ�WKHP�IRU�WKH�WLPH�RI�ÀLJKW��72)��VLQJOH�FU\VWDO�/DXH�GLIIUDFWLRQ�PHWKRG�ZLWK�D�WKLUG�JHQHUDWLRQ�
neutron instrument. In this study, we perform several experiments to demonstrate an improved methodology 

for growing hydrous crystals of such large sizes at relevant transition zone and lower-mantle conditions via 

very slow cooling over a maximum period of 1 day. Successfully synthesized crystals using this methodol-

RJ\�LQFOXGH�GHQVH�K\GURXV�PDJQHVLXP�VLOLFDWH��'+06��SKDVH�(��K\GURXV�ZDGVOH\LWH��K\GURXV�ULQJZRRGLWH��
DQG�EULGJPDQLWH��VLOLFDWH�SHURYVNLWH���,W�LV�DOVR�GHPRQVWUDWHG�WKDW�WKHVH�K\GURXV�FU\VWDOV�FDQ�EH�JURZQ�IURP�
deuterium enriched starting materials in addition to those having a natural hydrogen isotope ratio.

Magnitudes of chemical and crystallographic heterogeneities of the product crystals were characterized 

E\�FRPSUHKHQVLYH�DQDO\VLV�RI�;�UD\�SUHFHVVLRQ�SKRWRJUDSK\��VLQJOH�FU\VWDO�;�UD\�GLIIUDFWLRQ��6&;5'���
ILHOG�HPLVVLRQ�VFDQQLQJ�HOHFWURQ�PLFURVFRSH��)(�6(0���HOHFWURQ�SUREH�PLFURDQDO\]HU��(30$���VHFRQGDU\�
LRQ�PDVV�VSHFWURVFRS\��6,06���SRZGHU�;�UD\�GLIIUDFWLRQ��3;5'���DQG�72)�QHXWURQ�SRZGHU�GLIIUDFWLRQ�
�72)�13'���7KH�SURGXFW�FU\VWDOV�ZHUH�FRQILUPHG�WR�EH�LQFOXVLRQ�IUHH�DQG�FU\VWDOORJUDSKLFDOO\�KRPRJHQHRXV��
Compositional and isotopic differences of major elements and hydrogen isotope abundances were lower than 

��DQG�����UHVSHFWLYHO\��DPRQJ�LQWUDFU\VWDOV�DQG�LQWHUFU\VWDOV�ZLWKLQ�HDFK�UHFRYHUHG�VDPSOH�FDSVXOH��3KDVH�
E crystals up to 600 ȝm in the largest dimension were grown at a constant temperature of 1100 °C kept for 

3 h. Using a lattice parameter-to-temperature relation of phase E, the thermal gradient in the sample capsules 

for the phase E synthesis has been evaluated to be 20 °C/mm. Hydrous wadsleyite crystals up to 1100 ȝm in 

the largest dimension were grown at 1390 °C with a temperature reduction of 70 °C during heating for 10 h. 

Hydrous ringwoodite crystals up to 1000 ȝm in the largest dimension were grown at around 1400 °C with 

a temperature reduction of 110 °C during heating for 12 h. Bridgmanite crystals up to 600 ȝm in the largest 

dimension were grown at 1700 °C with a temperature reduction of 30 °&�GXULQJ�KHDWLQJ�IRU����K��$�72)�
single-crystal diffraction instrument has been successfully used for analyzing one of the hydrous wadsleyite 

crystals, which demonstrated that single crystals appropriate for their expected usage are created using the 

method proposed in the present study.
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iNTroducTioN

Water, an essential component of the Earth, exists in surface 

RFHDQV�DQG�LQ�GHHS�PDQWOH�K\GURXV�PLQHUDOV��,QRXH�HW�DO��������
.DQ]DNL�������.RKOVWHGW�HW�DO��������/LWDVRY�HW�DO��������3HDUVRQ�

HW�DO���������5HFHQW�UHVHDUFK�KDV�VXJJHVWHG�WKDW�SDUW�RI�WKH�RFH-
anic water is being transported into the deep mantle through the 

subducting lithosphere to affect the Earth’s global dynamic and 

FKHPLFDO�F\FOHV��%HUFRYLFL�DQG�.DUDWR�������2KWDQL�HW�DO��������
6FKPDQGW�HW�DO���������,Q�WKH�(DUWK¶V�HDUO\�HYROXWLRQ��SULPRUGLDO�
water was partitioned among deep-mantle minerals, silicate melt, 

DQG�PHWDOOLF�)H� DOOR\� �%ROIDQ�&DVDQRYD� HW� DO�� ������ ,QRXH� HW�
DO��������2NXFKL�������6KLED]DNL�HW�DO���������%RWK�SURFHVVHV�
transported water, which partitioned into the deep-mantle miner-

DOV��DIIHFWLQJ�WKH�UHOHYDQW�PDQWOH�UHGR[�VWDWH��0F&DPPRQ�HW�DO��
������0URVNR�HW�DO��������6P\WK�HW�DO���������7KH�H[LVWHQFH�RI�
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