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Beryl and euclase crystals from the Mina do Santino and the Jacú pegmatites in the Borborema 

3HJPDWLWH�3URYLQFH�LQ�QRUWKHDVWHUQ�%UD]LO�FRQWDLQ�VHYHUDO�JHQHUDWLRQV�RI�PHOW�DQG�ÀXLG�LQFOXVLRQV��
which allow interpretation of P-T-X conditions responsible for beryl crystallization and for alteration of 

a primary pegmatitic mineral assemblage to a mixture of hydrothermal minerals (euclase, bertrandite, 

NDROLQLWH��DQG�TXDUW]���3ULPDU\�PHOW�DQG�ÀXLG�LQFOXVLRQV�KRVWHG�E\�EHU\O�ZHUH�WUDSSHG�VLPXOWDQHRXVO\��
+RZHYHU��WKHLU�KRPRJHQL]DWLRQ�WHPSHUDWXUHV�DUH�VLJQL¿FDQWO\�KLJKHU�����±����qC) than the values 

SUHYLRXVO\�UHSRUWHG�IRU�SHJPDWLWLF�V\VWHPV�������qC) and should be treated with caution. An isobaric 

GURS�RI�WHPSHUDWXUH�UHVXOWHG�LQ�WKH�H[VROXWLRQ�RI�D�ÀXLG��$�ORZ�VDOLQLW\�&22-enriched phase and a saline 

ZDWHU�ULFK�SKDVH�ZHUH�WUDSSHG�LQ�SVHXGRVHFRQGDU\�LQFOXVLRQV�LQ�EHU\O�DW�D�SUHVVXUH�RI����±����NEDU�
DQG�WHPSHUDWXUH�RI����±����q&��&RROLQJ�RI�WKH�FRXQWU\�URFNV�EHORZ�����qC caused a ductile-to-brittle 

WUDQVLWLRQ�DQG�DOORZHG�LQ¿OWUDWLRQ�RI�FROG�JURXQGZDWHU��ZKLFK�IXUWKHU�GHFUHDVHG�WKH�WHPSHUDWXUH�LQ�
WKH�V\VWHP�WR����±����q&��$W�WKH�VDPH�WLPH��WKH�SUHVVXUH�GURSSHG�IURP�D�OLWKRVWDWLF�����±����NEDU��WR�
D�K\GURVWDWLF�YDOXH������±�����NEDU���&RQVHTXHQWO\��PLQHUDOV�GHSRVLWHG�XQGHU�PDJPDWLF�FRQGLWLRQV�
(feldspars and beryl) became unstable and a newly formed hydrothermal mineral paragenesis (euclase, 

EHUWUDQGLWH��NDROLQLWH��DQG�TXDUW]��RYHUSULQWHG�WKH�HDUOLHU�RQH��7KH�K\GURWKHUPDO�ÀXLGV�UHVSRQVLEOH�IRU�
WKH�DOWHUDWLRQ�GLIIHU�IURP�WKH�HDUOLHU�H[VROYHG�ÀXLGV�LQ�KDYLQJ�D�ORZHU�VDOLQLW\��ORZHU�KRPRJHQL]DWLRQ�
WHPSHUDWXUH��WKH�DEVHQFH�RI�&22, and the presence of CH4.
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,1752'8&7,21
Beryl is a common mineral in late magmatic and pegmatitic 

rocks (e.g., Evensen et al. 1999). Although it is a chemically resis-

tant mineral, there are several localities worldwide where beryl was 

UHSODFHG�E\�D�PL[WXUH�RI�GLIIHUHQW�%H�PLQHUDOV��H�J���ýHUQê�������
�������7KLV�W\SH�RI�DOWHUDWLRQ�LV�PRVWO\�UHODWHG�WR�ODWH�PDJPDWLF��
hydrothermal, and metamorphic events (Markl and Schumacher 

�������([SHULPHQWDO�VWXGLHV�RI�WKH�VWDELOLW\�DQG�SKDVH�HTXLOLEULD�
of Be minerals in various simplified systems were reviewed by 

)UDQ]�DQG�0RUWHDQL���������+RZHYHU��WKHUH�LV�VWLOO�VRPH�GLVDJUHH-
ment between experimental data and naturally occurring systems.

At the Mina do Santino and Jacú pegmatites in the Borborema 

Pegmatite Province (BPP) in northeastern Brazil, beryl is hydro-

thermally altered to a mixture of euclase, bertrandite, kaolinite, 

and quartz. Mineral parageneses comprising cogenetic euclase 

and bertrandite are not common. Euclase has been considered as 

a Be phase stable at temperatures and pressures higher than those 

IDYRUDEOH� IRU�EHUWUDQGLWH� �%XUW� �������)XUWKHUPRUH�� HXFODVH� LV�

stabilized at elevated alumina activities in alkali- and silica-poor 

HQYLURQPHQWV��%DUWRQ�������ýHUQê�������
At Borborema, beryl crystallized in the late magmatic stage 

from granitic melts significantly enriched in incompatible elements 

and water. During crystallization, it can trap droplets of the original 

melt and/or coexisting fluid preserved in the form of primary and 

pseudosecondary inclusions (melt and/or fluid). Consequently, 

these inclusions provide important information about the magmatic 

stage of the investigated pegmatites. Secondary inclusions hosted 

by beryl may represent fluids responsible for the hydrothermal 

alteration. Euclase, which formed as an alteration product of beryl 

during the hydrothermal stage, hosts only fluid inclusions. In the 

present work, comparative studies of melt and fluid inclusions 

in beryl and fluid inclusions in euclase from the same locality 

provide valuable information on the magmatic and post-magmatic 

(hydrothermal) evolution of the investigated pegmatites. We also 

apply a thermodynamical approach to gain additional insight into 

the stability of Be minerals within the P-T-X space.
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7KH�%33� LQ� QRUWKHDVWHUQ�%UD]LO� KRVWV� RYHU� ����� JUDQLWLF�

SHJPDWLWH�ERGLHV��'D�6LOYD�HW�DO��������%HXUOHQ�HW�DO���������7KH�
majority of pegmatites occur in the southeastern part of the BPP 
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