
 

Cyprus Natural Analogue Project: 

what are the benefits to NDA-RWMD? 

 

 

Russell Alexander, Tony Milodowski and Simon Norris 
 

 

  



 

Acknowledgements 

 

 

 

 

 

  



Project objectives 

When compared with previous NA projects (cf. Miller et al, 

2000),  CNAP was focussed on one main objective, 

namely:  

ü assessment of long-term bentonite reaction in 

leachates from low alkali cements 

The aim was to assess the degree of bentonite reaction, 

where possible define the reaction products and assess 

how any reaction would impact bentoniteôs well 

established favourable properties for isolation and 

containment of the waste 

Supporting project aims included estimating the time of 

reaction and integrating the results with ongoing 

laboratory and URL projects (LCS) and modelling studies 

 



Overview of the geology of Cyprus 



Alkaline groundwater sources 

 

 



Background ï model ophiolite 

 

 Main reaction pathways to serpentine involve 

olivine ((Fe,Mg)2SiO4)* interaction with 

CO2 Ÿ serpentine (Mg3Si2O5(OH)4)  

Additional products can include: 

Å magnetite (Fe3O4)  

Å magnesite (MgCO3) 

Å brucite (Mg(OH)2) 

Å methane (CH4 ) 

Å hydrogen (H2) 

* in all cases, pyroxene group minerals can 

replace olivine as precursor phase 

 



Whatôs the analogy? 



Hyperalkaline groundwater sources 

 

 



CNAP hydrochemistry ï Phase II and III 

 

 

Sample 
Field 

pH 

Lab 

pH 
Ca2+ Mg2+ Na+ K+ CO3

2- HCO3
- Cl- SO4

2- NO3
- 

P1-

2010a 
nd 11.1 48.3 0.11 96.5 1.34 5.40 

nd 
80.9 149 <0.200 

P1-

2010b 
nd 11.1 50.1 0.11 97.2 1.39 7.20 

nd 
85.6 159 <0.200 

P1-

2010c 
nd 11.1 48.8 0.10 95.0 1.35 9.00 

nd 
85.1 158 <0.200 

P1 11.42 10.3 36.5 0.021 116 <0.5 27.6 <10 80.9 149 <0.03 

A4-1 n.d. 9.77 3.20 58.7 747 31.4 127 152 1093 87.2 0.343 

A4-2 n.d. 9.90 3.43 58.4 893 40.5 161 121 1342 106 1.82 

A4-3 n.d. 9.71 3.37 58.8 921 40.7 140 154 1321 106 2.40 

A5 9.8 9.22 1.34 64.2 224 9.76 n/a 307 346 27.7 1.98 

A3 9.84 9.29 1.32 63.9 238 10.2 50.5 203 369 30.5 2.22 

A2 9.69 9.04 1.61 65.5 172 7.33 38.5 232 254 22.8 1.66 

A1-1 11.9 11.3 37.2 0.101 1435 63.1 n/a 272 2177 101 <1.5 

A1-3 10.01 9.31 12.2 0.554 1337 60.1 54.1 96.4 1926 114 10.3 

A1-2 9.26 8.82 4.87 48.3 502 23.7 25.8 288 699 50.7 3.90 

A1-4 9.78 9.27 11.2 5.73 1214 54.0 61.2 124 1748 78.5 8.33 

A6 9.67 9.60 2.22 50.7 921 42.9 102 150 1383 97.0 7.31 

E1-1 9.5 9.48 1.07 56.4 75.3 2.62 52.2 190 92.7 7.128 1.03 



Bentonite in Cyprus 

Mineral phase MX -80 % Kunigel VI %  Parsata % 

montmorillonite 87 46-49 17-40  

Quartz 3 0.5-0.7 trace 

Biogenic silica - - 18-53 

Chalcedony - 37-38 - 

Feldspar 3 2.7-5.5 1-2 

Mica and chlorite 4 - 3-4 

Carbonate - 4.1-5.4 1-2 

Analcime - 3.0-3.5 - 

Heavy minerals 0.2 0.5-0.7 - 



Sampling site - Parsata abandoned village 



Parsata village 


