
American Mineralogist, Volume 99, pages 681–695, 2014

0003-004X/14/0004–681$05.00/DOI: http://dx.doi.org/10.2138/am.2014.4614      681 

* E-mail: j.cuadros@nhm.ac.uk

Kaolinite transformation into dickite during burial diagenesis

Javier Cuadros1,*, raquel vega1, aleJandro TosCano1 and Xabier arroyo2

1Department of Earth Sciences, Natural History Museum, Cromwell Road, London SW7 5BD, U.K.
2Faculty of Geological Sciences, Complutense University of Madrid, C/ José Antonio Novais no. 2, Ciudad Universitaria, 28040 Madrid, Spain

absTraCT

The mechanism of kaolinite transformation into dickite has been investigating using 13 samples 
IURP�WKH�)U¡\�DQG�5LQG�RLO�¿HOGV��%URDG�)RXUWHHQV�EDVLQ��1RUWK�6HD�����NDROLQLWH�VSHFLPHQV�ZLWK�GLI-
IHUHQW�FU\VWDO�RUGHU��.*D����.DROLQLWH�$3,�����.HRNXN�NDROLQLWH���DQG���GLFNLWH�ULFK�VDPSOHV��1DWXUDO�
+LVWRU\�0XVHXP�FROOHFWLRQ���'HWDLOHG�DQDO\VLV�RI�;5'��WKHUPDO�DQDO\VLV��DQG�6(0�GDWD�VKRZ�WKDW������
DV�GLFNLWH�FRQWHQW�LQFUHDVHV��WKHUH�LV�DOVR�DQ�LQFUHDVH�RI�WKH�FU\VWDO�RUGHU�RI�NDROLQLWH������LQ�GLFNLWH�ULFK�
VSHFLPHQV�NDROLQLWH�DQG�GLFNLWH�KDYH�FU\VWDOV��RU�;5'�FRKHUHQW�GRPDLQV��RI�WKH�VDPH�VL]H������WKHUH�
LV�QR�VSHFL¿F�GHK\GUR[\ODWLRQ�WHPSHUDWXUH�IRU�HDFK�SRO\W\SH��UDWKHU�SDUWLFOH�VL]H�DQG�FU\VWDO�RUGHU�
FRQWURO�GHK\GUR[\ODWLRQ�WHPSHUDWXUH�LQGHSHQGHQWO\�RI�SRO\W\SH������ZLWK�SURJUHVVLYH�GLFNLWH�FRQWHQW��
WKH�GHYHORSPHQW�RI�ERWK�SDUWLFOH�VL]H�DQG�WKH�VL]H�RI�WKH�FRKHUHQW�FU\VWDO�GRPDLQV�ZLWKLQ�SDUWLFOHV�LV�
greater in the c direction than in the a-b�SODQH������WKH�JURZWK�RI�GHIHFW�IUHH�VHJPHQWV�LQ�WKH c direction 
is not connected with the growth in the a and b�GLUHFWLRQV��DV�ZRXOG�EH�H[SHFWHG�LQ�FU\VWDOOL]DWLRQ�IURP�
VROXWLRQ������WH[WXUDO�IHDWXUHV�LQGLFDWH�FRDOHVFHQFH�RI�NDROLQ�SODWHV�ZLWK�EXULDO������WKHUH�LV�D�YHU\�ZHDN�
positive correlation between particle dimensions and relative kaolinite-dickite content. These results 
are interpreted as resulting from a double reaction taking place in the solid state with burial. Some 
NDROLQLWH�GRPDLQV�JURZ�LQ�VL]H�DQG�FU\VWDO�RUGHU�ZKLOH�RWKHU�GRPDLQV�DUH�WUDQVIRUPHG�LQWR�GLFNLWH��
3UHVXPDEO\��DOVR�WKH�GLFNLWH�GRPDLQV�IRUPHG�HDUO\�LQ�WKH�WUDQVIRUPDWLRQ�JURZ�LQ�FU\VWDO�RUGHU��7KH�
transformation into dickite stops at 90–95% dickite because the remaining kaolinite domains are so 
large and stable that the stability increase produced by the polytype transformation would be negligible.
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inTroduCTion

Kaolinite transformation into dickite takes place as a re-
sponse to increasing temperature in various environments. In the 
early literature, dickite was related to hydrothermal processes. 
=LPPHUOH� DQG�5|VFK� ������� DQDO\]HG�GLFNLWH� RFFXUUHQFHV� LQ�
(XURSH� DQG� FRQFOXGHG� WKDW� ³PRVW� RI� WKH� GLFNLWH�3KDQHUR]RLF�
sediments of Europe occurs in porous and permeable rocks and 
is associated with a high degree of coalification, hydrothermal 
PLQHUDOL]DWLRQ�� DQG� D� KLJK� SUHVHQW� KHDW� IORZ�´�$FFRUGLQJ� WR�
them, the specific analysis of a large number of sedimentary 
rock samples within the former German Democratic Republic 
indicated that increasing age and burial depth alone do not cause 
kaolinite transformation into dickite. These observations are 
interesting and helpful to clarify the conditions that trigger or 
accelerate the transformation, although sufficient evidence has 
gathered to show that kaolinite-to-dickite transformation takes 
place frequently in diagenetic conditions. The reaction has been 
PDLQO\�GRFXPHQWHG�LQ�VDQGVWRQH�GLDJHQHVLV��6KXWRY�HW�DO��������
Ehrenberg et al. 1993; McAulay et al. 1994; Lanson et al. 1996; 
Beaufort et al. 1998; Hassouta et al. 1999; Martin-Martin et al. 
������'H�%RQD�HW�DO��������EXW�DOVR�LQ�GLDJHQHVLV�RI�VKDOH��5XL]�
&UX]� DQG�5H\HV� ������� ERWK� VDQGVWRQH� DQG�PXGVWRQH� �5XL]�
&UX]� DQG�0RUHQR�5HDO� ������� DQG� VDQGVWRQH�� VLOWVWRQH�� DQG�

VKDOH��0DUILO�HW�DO���������)URP�WKHVH�VWXGLHV��LW�WUDQVSLUHV�WKDW�
besides the temperature increment, other factors play a role in 
facilitating the progress of the reaction. The most important of 
such factors is water accessibility, which includes porosity and 
the actual presence of water, as oil in reservoirs appears to stop 
WKH�WUDQVIRUPDWLRQ��5XL]�&UX]�DQG�0RUHQR�5HDO�������+DVVRXWD�
et al. 1999; Lanson et al. 2002; Marfil et al. 2003; De Bona et al. 
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The present contribution deals with the kaolinite-to-dickite 
transformation reaction and not with any possible origin of dick-
ite, and thus the focus is on previous literature where kaolinite 
GLFNLWL]DWLRQ�LV�GRFXPHQWHG�E\�D�WUDQVIRUPDWLRQ�VHULHV��.DROLQ-
ite transformation into dicke due to hydrothermal processes is 
H[SHFWHG� DQG� UHSRUWHG�RFFDVLRQDOO\� �3DUQHOO� HW� DO�� ������� EXW�
frequent reports of hydrothermal dickite do not establish a neces-
sary genetic link between kaolinite and dickite. Choo and Kim 
�������ILQG�SUHGRPLQDQW�GLFNLWH�ZLWK�PL[WXUHV�RI�NDROLQLWH��DQG�
DOVR�QDFULWH��WKDW�PD\�LQGLFDWH�D�NDROLQLWH�SUHFXUVRU��6LPHRQH�
HW� DO�� ������� GHVFULEH� VXSHUJHQH� NDROLQLWH� DQG� K\GURWKHUPDO�
dickite in successive hydrothermal alteration haloes, but with-
RXW�LPSO\LQJ�D�JHQHWLF�FRQQHFWLRQ�EHWZHHQ�WKHP��3DUQHOO�HW�DO��
�������LQGLFDWH�WKDW�WZR�SXOVHV�RI�KRW�IOXLGV�SUHFLSLWDWHG�NDROLQLWH�
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