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Merwinite in diamond from São Luiz, Brazil: A new mineral of the Ca-rich mantle environment
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AbStrAct

Diamonds from Juina province, Brazil, and some others localities reveal the existence of a deep, 
&D�ULFK�FDUERQDWH�VLOLFDWH�VRXUFH�GLIIHUHQW�IURP�XOWUDPD¿F�DQG�HFORJLWH�FRPSRVLWLRQV��,Q�WKLV�VWXG\��
ZH�GHVFULEH�WKH�¿UVW�REVHUYDWLRQ�RI�PHUZLQLWH��&D2.85Mg0.96Fe0.11Si2.04O8) in a diamond; it occurs as an 
LQFOXVLRQ�LQ�WKH�FHQWUDO�JURZWK�GRPDLQ�RI�D�GLDPRQG�IURP�WKH�6mR�/XL]�ULYHU�DOOXYLDO�GHSRVLWV��-XLQD��
Brazil). In addition, the diamond contains inclusions of walstromite-structured CaSiO3 in the core 
DQG� �0J0.86Fe0.14)2SiO4 olivine in the rim. According to available experimental data, under mantle 
FRQGLWLRQV��PHUZLQLWH�FDQ�RQO\�EH�IRUPHG�LQ�D�VSHFL¿F�&D�ULFK�DQG�0J��DQG�6L�GHSOHWHG�HQYLURPHQW�
WKDW�GLIIHUV�IURP�DQ\�NQRZQ�PDQWOH�OLWKRORJ\��SHULGRWLWLF�RU�HFORJLWLF���:H�VXJJHVW�WKDW�VXFK�FKHPL-
cal conditions can occur during the interaction of subduction-derived calcium carbonatite melt with 
peridotitic mantle. The partial reduction of the melt could cause the simultaneous crystallization of 
&D�ULFK�VLOLFDWHV��&D6L23�DQG�PHUZLQLWH��DQG�GLDPRQG�DW�DQ�HDUO\�VWDJH��DQG��0J0.86Fe0.14)2SiO4 oliv-
ine and diamond at a later stage, after the Ca-Mg exchange between carbonatite melt and peridotite 
has ceased. This scenario is supported by the presence of calcite microinclusions within merwinite.
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introDuction

7KH�6mR�/XL]� ULYHU� DOOXYLDO� GHSRVLWV� �-XLQD��%UD]LO�� DUH� D�
well-known source of sublithospheric diamonds as identified by 
WKHLU�PLQHUDO�LQFOXVLRQV��+DUWH�HW�DO��������+XWFKLVRQ�HW�DO��������
.DPLQVN\�HW�DO��������$UDXMR�HW�DO��������+D\PDQ�HW�DO���������
The studies of mineral inclusions within diamonds from São Luiz 
and some others localities have revealed the existence of a deep, 
Ca-rich carbonate-silicate reservoir different from ultramafic and 
eclogite compositions, and the absence of several common mantle 
PLQHUDOV��VXFK�DV�ROLYLQH��JDUQHW��DQG�ORZ�&D�S\UR[HQH��%UHQNHU�
et al. 2005). The following polyphase inclusions have been re-
ported: CaSiO3 + CaSi2O5 r Ca2SiO4, CaSiO3 + CaTiO3, CaSiO3 
+ CaCO3, CaMgSi2O6 + CaCO3��-RVZLJ�HW�DO��������6WDFKHO�HW�DO��
������.DPLQVN\�HW�DO��������%UHQNHU�HW�DO��������������+D\PDQ�
HW�DO��������:DOWHU�HW�DO��������%XODQRYD�HW�DO��������+DUWH�������
Zedgenizov et al. 2014). These inclusions suggest the presence of 
a chemically distinct reservoir in the sublithospheric, convecting 
mantle. Several aspects, e.g., the C-isotopic composition of the host 
GLDPRQGV��%XODQRYD�HW�DO��������:DOWHU�HW�DO��������=HGJHQL]RY�HW�
al. 2014) or Eu-anomalies of CaSiO3��+DUWH�HW�DO��������6WDFKHO�HW�
al. 2000, 2005), link the Ca-rich lithology to subduction processes. 
Additionally, some of the Ca-rich inclusions originate from the 
WUDQVLWLRQ�]RQH�DQG�HYHQ�WKH�ORZHU�PDQWOH��-RVZLJ�HW�DO��������
.DPLQVN\�HW�DO��������:DOWHU�HW�DO���������,Q�WKLV�VWXG\��ZH�SURYLGH�
the first report of a new Ca-rich inclusion in diamond, merwinite, 
from a diamond discovered in the São Luiz river alluvial deposits.

methoD
The morphology of the diamond crystal was studied using a LEO 1430 VPSEM 

VFDQQLQJ�HOHFWURQ�PLFURVFRSH��6(0���7KH�GLDPRQG�ZDV�VXEVHTXHQWO\�SROLVKHG�WR�
expose its mineral inclusions. The polished plate was carbon-coated and put into a 
-(2/�-;$������HOHFWURQ�PLFURSUREH��(03��DW�,*0�6%�5$6��1RYRVLELUVN��5XV-
VLD���7KH�VDPSOHV�ZHUH�LPDJHG�LQ�WKH�HOHFWURQ�EDFNVFDWWHUHG��(%6��PRGH��DQG�WKH�
LQFOXVLRQV�ZHUH�DQDO\]HG�XVLQJ�D�TXDQWLWDWLYH�(03�DQDO\]HU�DW����N9�DFFHOHUDWLQJ�
voltage, 20 nA sample current, and 2 Pm beam diameter. The internal uncertainty 
of each EMP analysis did not exceed 5%.

The internal structure of diamond was imaged using cathodoluminescence 
�&/��FRXSOHG�ZLWK�6(0��7KH�FDUERQ� LVRWRSH�FRPSRVLWLRQ�RI� WKH�GLIIHUHQW�GLD-
mond zones was determined using a CAMECA IMS 1270 secondary ion mass 
VSHFWURPHWHU��6,06��DW�WKH�8QLYHUVLW\�RI�(GLQEXUJK��8�.����7KH�XQFHUWDLQW\�RI�
each internal carbon isotopic analysis did not exceed 0.2‰. Infrared absorption 
spectra of the studied diamonds were recorded on an FTIR Bruker VERTEX 70 
HTXLSSHG�ZLWK� D�+<3(5,21������PLFURVFRSH��/RFDO� VSHFWUD�ZLWK� UHVROXWLRQ�
of 4 cm–1 over the range the range 600–4500 cm–1, were recorded by averaging 
50 scans from an area of 50 u 50 Pm. The contents of N-centers were calculated 
IROORZLQJ�D�VWDQGDUG�SURFHGXUH��0HQGHOVVRKQ�DQG�0LOOHGJH��������7KH�LQWULQVLF�
DEVRUSWLRQ�RI�GLDPRQGV�������DW������FP–1) was taken to be the internal standard 
�=DLWVHY��������7KH�GHFRPSRVLWLRQ�RI�WKH�VSHFWUXP�IURP������WR������FP–1 made 
it possible to determine the contribution of different N-defects with characteristic 
absorptions of specified shapes.

reSuLtS

7KH�GLDPRQG��a1.7 mm in size) is a colorless, with rounded 
WHWUDKH[DKHGURLG�PRUSKRORJ\��)LJV���D�DQG��E���ZKHUHDV�LWV�LQWHUQDO�
structure, as visualized by the CL images, reveals octahedral growth 
]RQHV��)LJ���F���7KH�&/�LPDJHV�UHYHDO�D�GDUN�FRUH�DQG�D�EULJKWHU�ULP�
�)LJV���F�DQG��G���7KH�EULJKWHU�ULP�VKRZV�SDUDOOHO�OLQHV�LQWHUVHFWLQJ�
WKH�RFWDKHGUDO�JURZWK�]RQHV��)LJV���F�DQG��G���*HQHUDOO\�WKLV�IHDWXUH�
LV�FRQVLGHUHG�DV�D�VLJQ�RI�SODVWLF�GHIRUPDWLRQ��/DQJ��������ZKLFK�LV�
YHU\�FRPPRQ�LQ�-XLQD�GLDPRQGV��+XWFKLVRQ�HW�DO��������
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