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abStract

Upper mantle carbonates are thought to be iron poor and magnesium rich. However, at lower mantle 
conditions spin-pairing transitions in iron-bearing phases may trigger iron redistribution between the 
minerals. Here, using visible and near infrared absorption measurements, we examine the siderite 
FU\VWDO�¿HOG�XS�WR����*3D��2SWLFDO�VSHFWUXP�RI�VLGHULWH�DW���EDU�KDV�DQ�DEVRUSWLRQ�EDQG�DW��������FP–1 
FRUUHVSRQGLQJ�WR�WKH�FU\VWDO�¿HOG�VSOLWWLQJ�HQHUJ\����'T��RI�IHUURXV�LURQ�LQ�DQ�RFWDKHGUDO�¿HOG��7KLV�
EDQG�LQWHQVL¿HV�DQG�EOXH�VKLIWV�����FP–1�*3D��ZLWK�SUHVVXUH��EXW�GLVDSSHDUV�DEUXSWO\�DW����*3D�VLJQDO-
ing the spin transition. Simultaneously, a new absorption band centered at 15 629 cm–1�����FP–1�*3D��
DSSHDUV�LQ�WKH�VSHFWUXP��7DQDEH�6XJDQR�GLDJUDP�DQDO\VLV�DOORZHG�DVVLJQLQJ�WKH�REVHUYHG�DEVRUSWLRQ�
bands to 572g o 5Eg and 1A1g o 171g electronic transitions in high- and low-spin siderite, respectively. 
6LPLODUO\��ZH�HYDOXDWH�WKH�FU\VWDO�¿HOG�VSOLWWLQJ�HQHUJ\�RI�ORZ�VSLQ�VLGHULWH���'T� ��������FP–1�����
*3D���DV�ZHOO�DV�WKH�5DFDK�SDUDPHWHUV�B� �����FP–1 and C� ������FP–1��:H�¿QG�WKDW�WKH�FU\VWDO�¿HOG�
VWDELOL]DWLRQ�HQHUJ\��&)6(��RI�IHUURXV�LURQ�LQ�ORZ�VSLQ�VLGHULWH���������FP–1�DW����*3D��LV�DQ�RUGHU�RI�
PDJQLWXGH�KLJKHU�WKDQ�WKDW�LQ�WKH�KLJK�VSLQ�SKDVH�������FP–1�DW���EDU���)URP�WKH�GHULYHG�&)6(�YDOXHV�
ZH�HVWLPDWH�WKH�LURQ�SDUWLWLRQLQJ�FRHI¿FLHQW�IRU�WKH�FDUERQDWH�SHURYVNLWH�V\VWHP�DQG�VKRZ�WKDW�ORZ�
spin carbonates are iron rich and magnesium poor. We also show that the color of siderite is governed 
by the 1Ag o 171g�DEVRUSWLRQ�EDQG�DQG�WKH�)H�2�FKDUJH�WUDQVIHU�
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introduction

Carbonates are involved in the deep carbon cycle with 
subduction being the major process in transportation of carbon 
WR�WKH�PDQWOH��'DVJXSWD�DQG�+LUVFKPDQQ�������'REUHWVRY�DQG�
6KDWVNL\��������&KHPLFDO�LQWHUDFWLRQ�RI�&D�ULFK�FDUERQDWHV�ZLWK�
silicate minerals in subducting slabs ultimately results in the for-
PDWLRQ�RI�LURQ�EHDULQJ�PDJQHVLWH��%LHOOPDQQ�HW�DO��������*UDVVL�
DQG�6FKPLGW�������/LWDVRY�������6HWR�HW�DO���������0DJQHVLWH�
�0J&23��LV�LVRVWUXFWXUDO�ZLWK�VLGHULWH��)H&23��ZLWK�D�FRQWLQX-
ous range of compositions established for natural and synthetic 
VDPSOHV��%RXODUG�HW�DO��������5LYLGL�HW�DO��������6KDWVNL\�HW�DO��
�������/DERUDWRU\� H[SHULPHQWV� �)LTXHW� HW� DO�� ������ ,VVKLNL� HW�
DO���������WRJHWKHU�ZLWK�ILQGLQJV�RI�FDUERQDWHV�DV�LQFOXVLRQV�LQ�
WUDQVLWLRQ�]RQH�DQG�ORZHU�PDQWOH�GLDPRQGV��%UHQNHU�HW�DO��������
%XODQRYD�HW�DO���������LQGLFDWH�WKDW�0J�)H�EHDULQJ�FDUERQDWHV�
may withstand high-pressure high-temperature conditions of 
subducting slabs, penetrate into the lower mantle, and experi-
HQFH�VWUXFWXUDO�WUDQVIRUPDWLRQV��%RXODUG�HW�DO��������0DR�HW�DO��
������2JDQRY�HW�DO��������6NRURGXPRYD�HW�DO���������,I�VR��WKH�

electronic structure of iron in lower mantle carbonates may un-
GHUJR�D�KLJK�VSLQ��+6��WR�ORZ�VSLQ��/6��WUDQVIRUPDWLRQ�UHVXOWLQJ�
in abrupt changes of carbonate physical properties.

7KH�VSLQ�WUDQVLWLRQ�LQ�VLGHULWH�ZDV�ILUVW�UHSRUWHG�WR�RFFXU�DW�
DSSUR[LPDWHO\����*3D�E\�0DWWLOD�HW�DO���������ZKR�HPSOR\HG�
X-ray emission spectroscopy to measure the spin state of iron in 
VLGHULWH�XSRQ�FRPSUHVVLRQ��6XEVHTXHQWO\��WKH�VWUXFWXUHV�RI�+6�
and LS siderite were studied by synchrotron X-ray diffraction, 
and the spin transition pressure was established to be at 43–49 
*3D��/DYLQD�HW�DO������������E���'LVFRQWLQXLWLHV�LQ�YLEUDWLRQDO�
properties over the spin transition were revealed by Raman 
VSHFWURVFRS\��LW�ZDV�IRXQG�WKDW�WKH�5DPDQ�VKLIW�RI�ODWWLFH�PRGHV�
LQFUHDVHV�DEUXSWO\��ZKHUHDV�&�2�V\PPHWULF�VWUHWFKLQJ�YLEUDWLRQ�
softens at the spin transition pressure indicating a collapse of the 
)H26�RFWDKHGUD��)DUIDQ�HW�DO��������/LQ�HW�DO���������7KLV�LV�LQ�
agreement with the structural model of HS to LS transforma-
tion, where the atomic displacements upon the spin transition 
do not result in a space-group change, and the symmetry of LS 
VLGHULWH�LV�WKH�VDPH�DV�WKH�+6�SKDVH��/DYLQD�HW�DO������E���(ODVWLF�
constants have been reported for a wide range of magnesite-
VLGHULWH�VROLG�VROXWLRQV�ERWK�IRU�WKH�+6�DQG�/6�VWDWHV��/DYLQD�HW�
DO������������D������E��/LQ�HW�DO��������/LWDVRY�HW�DO��������/LX�
HW�DO���������,W�ZDV�HVWDEOLVKHG�WKDW�WKH�/6�SKDVH�LV�GHQVHU�DQG�
KDV�D�KLJKHU�EXON�PRGXOXV�WKDQ�+6�VLGHULWH��/DYLQD�HW�DO��������

American Mineralogist, Volume 100, pages 1059–1064, 2015

��������;��������±�����������'2,��KWWS���G[�GRL�RUJ���������DP����������� �    1059 


�(�PDLO��VOREDQRY#FDUQHJLHVFLHQFH�HGX
��6SHFLDO�FROOHFWLRQ�SDSHUV�FDQ�EH�IRXQG�RQ�*6:�DW�KWWS���DPPLQ�
geoscienceworld.org/site/misc/specialissuelist.xhtml.


