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Why low-alkali cements?

pH evolution for APC in WLB NaHCO3 water 
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Åin low K rocks, duration of a ñcycleò may be in the order of ka

Åevolution may be accelerated by carbonation (long open periods or organic wastes)



Background ïmodel ophiolite

Main reaction pathways to serpentine involve 

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

CO2Ÿ 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

Natural alkaline groundwaters (pH 9-12) are 

associated with low-temperature 

sepentinisation reactions



Distribution of ophiolites

ü There are a number of locations worldwide where 

such an analogue might be found ïe.g. the 

Philippines, Oman, UAE., PNG, Bosnia, California, 

Japan, China, Korea, Portugal, Switzerland, United 

Kingdom and Cyprus

ü Many of these sites have been studied in depth ï

but not as NAs (other than Oman - trace element 

speciation, microbiology, BPM etc) 

ü Philippines was the first attempt to study a NA of 

bentonite/low alkali leachate interactions ïnow we 

have Cyprus tooé.



Methane, hydrogen and .....cigarettes



Hyperalkaline groundwater compositions

Location pH Na K Ca Mg Cl SO4 SiO2

Cyprus 3a 11.5 385 15.1 1.0 0.3 420.0 251.0 24.0

Cyprus 3b 11.2 163.0 1.2 93.0 0.5 190.0 207.0 3.4

Greece 11.3 24.0 1.0 34.0 0.3 15.0 3.0 2.0

Bosnia 11.7 35.0 1.5 29.0 7.0 20.0 2.0 0.9

Oman 11.5 132 4.8 34.0 1.3 127.5 22.5 3.0

New 

Caledonia 10.8 15.0 3.0 14.0 2.3 22.0 0.8 0.4

Western 

USA 11.5 19.0 1.0 40.0 0.3 63.0 0.4 0.4

Philippines 11.1 28.0 0.5 18.6 0.2 17.4 5.1 nd

Cement 

leachate

ALL-MR f63 11.0 42 7.3 20 <0.5 52 12 49.2

OL-SR f63 10.0 4400 150 4300 0.56 13000 247 32.1



Preliminary outcomes

ü Phase I: 30 sites surveyed (drove 2000 km in 

10 daysé..lots of tracks)

ü Phase II: focussed on 10 sites, sampled 

groundwaters, sediments at active systems 

and fossil systems ïserpentiniteé..

ü Phase IIa: recce of a further 7 sites, 

contracted drilling and construction 

companies

ü Phase III: planned to sample 1 active and 2 

fossil sitesé..



Overview of the geology of Cyprus



Hyperalkaline groundwater sources



Geology ïTroodos Ophiolite sequence

[From West, 2007]

Schematic lithographic 

section of the Troodos 

ophiolite

Peripedhi Formation:

Ophiolitic sediments: deep ocean floor  

- umbers, manganoan shales, finely-

banded radiolarian shales and and 

mudstones,and bentonites

Sequence represents  uplifted and 

eroded ñwindowò of ancient ocean 

crust and mantle rocks



Allas Springsïgroundwater from the ophiolite



Allas Springs ïA1-2


