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23%-238~ SERES DISEQUILIBRIUM OF THE OLKARIA RHYOLITES GREGORY 
RIFT VALLEY, KENYA: RESIDENCE TIMES. 
S.Black, R Macdonald and M Kelly. Environmental Science Division, Lancaster University, 
Lancaster, LA1 4YQ, UK. 

67% of the rhyolites analysed show U-Th disequilibrium, ranging from 27% excess thorium to 36% excess 

uranium. Internal and whole rock isochrons give crystallisatiodformation ages between 65 ka and 9 ka, in every case 

these are substantially older than the eruptive dates. The residence times of the rhyolites (U-Th age minus the 

eruption date) have decreased almost linearly with time, from 45 ka to 7 ka, suggesting a possible increase of activity 

within the system related to increased basaltic input. The long residence times are mirrored by large 2 2 2 ~ n  fluxes 

from the centres which cannot be explained by larger U contents. 

The area west and south of Lake Naivasha, Kenya is occupied by a multicentred volcanic field, some 240 km2 in 

extent. There are at least eighty small volcanic centres in the GOVC. Most occur either as steep sided domes or form 

lavas and/or pyroclastic deposits, usually of rather restricted lateral extent. Domes range from features less than 500 

m in basal diameter and less than 50 m high to prominent features 340 m in height and 2 km in basal diameter. 

Distinct topographic features are formed by groups of coalescing domes and lava flows, such as the Olenguruoni 

Hills, Kibikoni, Gorge Farm and Broad Acres. These are informally referred to here as centres, e.g. the Gorge Farm 

centre (1,2,3) 

The earliest activity is represented by Group 1, and was concentrated to the west of Lake Naivasha. However, domes 

around Orgaria have the same composition and are taken to be time-equivalent. The next phase was the eruptions at 

Kibikoni and Olenguruoni, which were broadly synchronous. Possibly overlapping those eruptions, but mainly later 

than them, was the activity at the Gorge Farm centre, which, in turn, was post-dated by emplacement of the Broad 

Acres and Hell's Gate Groups. The most recent activity has been that of the Ololbutot area (4) 

The rhyolites are extremely high in F ( I  1.3%) and C1 ( I  0.5%). Recent work (5) has shown that the pre-eruptive 

H20 contents of the rhyolites are also high up to 3%; there has apparently been both open and closed system 

degassing of the comendites prior to eruption (5). 

U-series disequilibrium analyses have been conducted on samples from all the rhyolite centres with ages being 

available for all but one centre using both internal and whole rock isochrons. The eruptive age of any Olkaria 

comendite is known to better than a few thousand years and, in some cases, to better than a few hundred years (4). 

This allows us to assess the significance of U-Th series disequilibria dates for those rocks. If internal isochrons give 

ages that can reasonably be considered to be eruptive ages, then we have a useful technique for refining the temporal 

evolution of the complex. If the isochrons give ages different to the eruptive ages, then some other interpretation 

such as crystallisation dates or formation dates of the magma is implied (6). 

U-Th disequilibrium occurs at a 2 0  confidence level in 67% of the Naivasha rhyolites, ranging from 27% excess 

thorium to 36% excess uranium. In light of the analytical accuracy of the results presented elsewhere (7) the 

disequilibria are considered to be primary. 

The relationship between the U-Th age of the Naivasha rhyolites and their infered residence time is given in figure 1. 

The residence time of the magma is taken to represent the age of magma formation, i.e. the U-Th age minus the 
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eruption date. Where the exact eruption age is not available the average age for the date from the units below and 

above the particular centre are taken. There is a positive correlation in figure 1 with residence times of the magmas 

have dropped linearly from 45,000 years for the Group 1 centre to just over 7,000 years for the Ololbutot Group. The 

Gorge Farm centre shows a similar linear trend from several internal isochrons giving varying ages from the same 

centre. This indicates that the rhyolites are erupting magmas which have undergone linearly varing residence times 

possibly from within each centre. These relatively long residence times indicated for some centres, which are 

unusual for small rhyolitic bodies which have undergone a short eruptive history of only 20,000 years, and is the 

first quantitative recording in a continental setting using U-Th &equilibria. 

The long residence time for some of the magmas at Naivasha is also suggested by data from (4). Figure 2 shows the 

2 2 2 ~ n  and C% data from the Olkaria complex and Longonot from soil gas measurements. The Naivasha complex 

has higher radon and C a  fluxes than Longonot, Suswa or the Eburm complex. Although the Olkaria complex has 

higher uranium and thorium contents this does not sufficiently explain the two orders of magnitude difference in 

radon recorded by (4). No evidence exists for uranium mineralisation or increased 2 2 6 ~ a  activity in the ground water 

to suffciently explain the 2 2 2 ~ n  excess (4). The eruption age of the Longonot effusives is very similar to the Olkaria 

complex (figure 3) and one possible reason for this increased flux is a longer residence time for the magma. The 

Suswa and Eburru volcanics exhibit 2 3 8 ~  disequilibria (8) and therefore the large 2 2 2 ~ n  excesses are not simply a 
l l X U  

disequilibrium phenomenon. 
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