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Actinides in GeoloGy, enerGy, And the environment

Vorlanite, (CaU6+)O4, from Jabel Harmun, Palestinian Autonomy, Israel†
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AbstrAct

Vorlanite (CaU��)O4 [Fm3m, a� �����������c��V� �����������c3, Z� ��@�ZDV�IRXQG�LQ�ODUQLWH�S\UR-

PHWDPRUSKLF�URFNV�RI�WKH�+DWUXULP�IRUPDWLRQ�DW�WKH�-DEHO�+DUPXQ�ORFDOLW\��-XGHDQ�'HVHUW��3DOHVWLQLDQ�
$XWRQRP\��9RUODQLWH�FU\VWDOV�IURP�WKHVH�ODUQLWH�URFNV�DUH�GDUN�JUD\�ZLWK�JUHHQLVK�KXH�LQ�WUDQVPLWWHG�
OLJKW��7KLV�FRORU�LQ�WUDQVPLWWHG�OLJKW�LV�LQ�FRQWUDVW�WR�GDUN�UHG�YRUODQLWH�>Fm3m, a� �����������c��V 

 ������������c3, Z = 2] from the type locality Upper Chegem caldera, Northern Caucasus. Heating 

DERYH�����s&�RI�GDUN�JUD\�YRUODQLWH�IURP�WKH�-DEHO�+DUPXQ��DV�ZHOO�DV�GDUN�UHG�YRUODQLWH�IURP�&DX-

FDVXV��OHG�WR�IRUPDWLRQ�RI�\HOORZ�WULJRQDO�XUDQDWH�&D824. The unusual color of vorlanite from Jabel 

Harmun is assumed to be related to small impurities of tetravalent uranium.

Keywords:�9RUODQLWH��VWUXFWXUH��5DPDQ�VSHFWURVFRS\��ODNDUJLLWH��+DWUXULP�IRUPDWLRQ��-DEHO�+DU-
mun, Judean Desert

introduction

Vorlanite, (CaU��)O4��D�PLQHUDO�ZLWK�UDGLDWLRQ�LQGXFHG�GLVRU-
GHUHG�VWUXFWXUH�RI�WKH�IOXRULWH�W\SH��ZDV�RULJLQDOO\�GLVFRYHUHG�LQ�
DOWHUHG�[HQROLWKV�ZLWKLQ�LJQLPEULWHV�RI�WKH�8SSHU�&KHJHP�FDO-
GHUD��9RUODQ�0RXQWDLQ��1RUWKHUQ�&DXFDVXV��.DEDUGLQR�%DONDULD�
�*DOXVNLQ�HW�DO��������������

Vorlanite occurs also as rare accessory mineral in larnite 

DQG�VSXUULWH�S\URPHWDPRUSKLF�URFNV�RI�WKH�+DWUXULP�IRUPDWLRQ��
5RFNV�RI�WKH�+DWUXULP�IRUPDWLRQ�DUH�ZLGHO\�GLVWULEXWHG�LQ�WKH�
region of the Dead Sea on the territory of Israel, Palestinian 

$XWRQRP\��DQG�-RUGDQ��3LFDUG�������.RORGQ\�DQG�*URVV�������
%XUJ�HW�DO���������������:H�GHWHFWHG�QXPHURXV�EODFN�SODW\�YRU-
ODQLWH�FU\VWDOV�LQ�ODUQLWH�S\URPHWDPRUSKLF�URFNV�IURP�WKH�-DEHO�
Harmun locality, Judean Desert, Palestinian Autonomy, Israel. 

7KH�UHPDUNDEOH�SURSHUW\�RI�YRUODQLWH� IURP�WKH�-DEHO�+DUPXQ�
LQ� FRQWUDVW� WR�&DXFDVLDQ�YRUODQLWH� LV� LWV� GDUN�JUD\� FRORU�ZLWK�
greenish hue in transmitted light (Fig. 1).

Vorlanite, (CaU��)O4, from Caucasus [Fm3m, a = 5.3813(2) 

c@�IRUPHG�RXW�RI�WKH�WULJRQDO�FDOFLXP�XUDQDWH�&D824 (R3m, a = 

������c��b� ��������c��ZKHUH�F-decay events of uranium caused 

GLVRUGHULQJ� RI�&D� DQG�8� DVVRFLDWHG�ZLWK� UDQGRPO\� RULHQWHG�
XUDQ\O�ERQGV��*DOXVNLQ�HW�DO���������9RUODQLWH�H[SHULHQFHG������
displacements per atom (dpa) during F�GHFD\�HYHQWV��*DOXVNLQ�

HW� DO�� �������&DXFDVLDQ�YRUODQLWH� LV� EODFN� LQ� KDQG� VSHFLPHQV�
EXW�GDUN�UHG�LQ�WUDQVPLWWHG�OLJKW��ZKLFK�LV�KLJKO\�VXUSULVLQJ�IRU�
minerals containing hexavalent uranium. In addition, the platy 

crystals inherited the morphology of “protovorlanite”—a trigonal 

XUDQDWH��$ERYH�����s&�GDUN�UHG�GLVRUGHUHG�YRUODQLWH�WUDQVIRUPHG�
LUUHYHUVLEO\�WR�EULJKW�\HOORZ��RUGHUHG��WULJRQDO�XUDQDWH��*DOXVNLQ�
et al. 2012).

0RVW�UHFHQWO\�YRUODQLWH�ZDV�DOVR�GHVFULEHG�DV�WLQ\�LQFOXVLRQV�
in uranium-bearing opals from Sierra Pieña Blanca, Mexico 

�2WKPDQH�HW�DO���������,W�ZDV�DVVXPHG�WKDW�WKHVH�QDQRFU\VWDOV�
IRUPHG�XQGHU�R[LGL]LQJ�FRQGLWLRQV�EHORZ����s&��+RZHYHU��WKLV�
finding requires additional investigations because composition 

and structure of this unusual mineral may also be interpreted as 

Ca-rich uraninite. In addition, the nanocrystals did not form by 

radiation-induced transformation from the trigonal precursor 

“protovorlanite” CaUO4�ZLWK�RUGHUHG�>822]
���JURXSV��*DOXVNLQ�

et al. 2011, 2012).

,Q�WKLV�SDSHU�ZH�SUHVHQW�UHVXOWV�RI�VWUXFWXUH��FRPSRVLWLRQ�DQG�
5DPDQ�VSHFWURVFRS\�H[SHULPHQWV�DLPLQJ�DW�UHFRYHU\�RI�WKH�SUL-
PDU\�VWUXFWXUH�RI�GDUN�JUD\�YRUODQLWH�IURP�WKH�-XGHDQ�'HVHUW�

methods of investiGAtions
Crystal morphology and chemical composition of vorlanite and associated 

PLQHUDOV�ZHUH�H[DPLQHG�XVLQJ�RSWLFDO�PLFURVFRSHV��DQDO\WLFDO�HOHFWURQ�VFDQQLQJ�
microscope Philips XL30 ESEM/EDAX (Faculty of Earth Sciences, University 

of Silesia, Poland) and electron microprobe CAMECA SX100 (Institute of Geo-

FKHPLVWU\��0LQHUDORJ\�DQG�3HWURORJ\��8QLYHUVLW\�RI�:DUVDZ��3RODQG���(OHFWURQ�
PLFURSUREH�DQDO\VHV�RI�YRUODQLWH�ZHUH�SHUIRUPHG�DW����N9�DQG���±���Q$�XVLQJ�WKH�
IROORZLQJ�OLQHV�DQG�VWDQGDUGV��8MG for Caucasian vorlanite, CaKF�IRU�ZROODVWRQLWH�
and diopside, and FeKF for hematite.

7KH�5DPDQ�VSHFWUD�RI�YRUODQLWH�ZHUH�UHFRUGHG�XVLQJ�D�:,7HF�FRQIRFDO�&50�
DOSKD�����5DPDQ�PLFURVFRSH��-DJLHOORQLDQ�&HQWUH�IRU�([SHULPHQWDO�7KHUDSHXWLFV��
&UDFRZ��3RODQG��HTXLSSHG�ZLWK�DQ�DLU�FRROHG�VROLG�VWDWH� ODVHU�RSHUDWLQJ�DW�����
QP�DQG�D�&&'�GHWHFWRU�ZKLFK�ZDV�FRROHG�WR�±���s&��7KH�ODVHU�ZDV�FRXSOHG�WR�
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