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Rhyolites of Naivasha, Kenya Rift Valley. Black . ~ . * 1 ,  Macdonald.~."~,  
Kelly .M.*l, and Fallick . ~ . ~ . * 2 . * l  Environmental Science Division, Lancaster 
University, Lancaster, LA1 4YQ, u .K.*~ S.U.R.R.C. (Scottish Universities 
Research and Reactor Centre), East Kilbride, Glasgow, G75 OQU, U.K. 

Few determinations have been reported on residence times of rhyolitic magmas 
in the crust.(6), uranium series disequilibria studies provide not only very accurate 
chronological data, but can also be used to interpret magmagenesis. 

The Naivasha complex consists of domes, lava flows and pyroclastics of 
peralkaline rhyolite composition. The complex can be divided into nine 
chemostratigraphic groups, Group 1 through to the Ololbutot Group, spanning the 
period of roughly 20,000 to 200 years B.P. (1,2,3,4,5). The rhyolites vary from 
aphyric to densely porphyritic (25-30%), non-hydrated glass being available from 
all stratigraphic groups. They show strong enrichment in Nb, Th, U, Y, F, Zr, Cs, 
Ta, Rb, and REE, together with extreme depletions in Mg, Sr, Ba, Co, and Ca. 
Values of LILIHFS, such as RblZr are unusually high. Earlier work has suggested 
that the rhyolites formed by volatile-fluxed partial melting of compositionally 
variable crustal sources (1,2). 

Internal and whole rock isochrons based on uranium series disequilibria (7,8,9) 
have been constructed for some of the groups (Figures 1,2,3,). They give ages 
ranging from 64,000-8,000 years. Group 1 being the oldest erupted unit has the 
oldest isochron ages,and the Ololbutot group, the youngest erupted unit has the 
youngest isochron ages. The isochrons are taken to record dates of phenocryst 
formation and the difference between those and the eruption dates are an indication 
of the crustal reservoir times of the rhyolitic magmas. (102-103 years). As far as we 
know this is the first auantitative evidence for rhyolitic residence times in an 
extensional envinunent. 

The residence times within crustal reservoirs decrease from 40,000 to 10,000 
years, indicating perhaps an increase in activity with time. (23@I"I'1232Th)o initial 
ratio data (8) varies little through time (0.67M.l-0.77M.05 for whole rock 
isochrons, and 0.73M.1- 0.83M.12 for internal isochrons). Whole rock isochrons 
were constructed on the aphyric and non-aphyric groups and correlate well with the 
internal isochrons. These suggest that no large magma chamber exists beneath 
Naivasha as the initial ratios change only slightly with e k  whereas large changes in 
the initial ratios would be expected with a large magma chamber (8). The variation 
in the initial ratios that does exist, however, shows that the source of these rhyolites 
is not totally homogeneous, and is inferred to indicate the presence of small 
individual magma charnbers.(l, 2) 

The data show varying petrogeneses for the rhyolites. There is clear evidence of 
both 2 3 8 ~  enrichments and depletions over 230Th (Figure 3). This implies that both 
"wet" and "dry" melting (8) takes place beneath Naivasha, although the majority 
show 238U enrichments >1. A positive correlation between ( 238UF3Qh) and Th is 
indicative of partial melting (9) w h e ~  the greatest uranium excess is associated with 
the highest Th (Figure 3). 
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This together with positive correlations between (23W32Th) and Th, and 6180 
and negative correlations between 143Nd/144Nd and 87SrpSr strongly suggest that 
the rhyolites have formed by partial melting of the crust. Large (23W230111) 
excesses in some of the rhyolites (1.0-1.5) highlight the role of a volatile phase in 
magmagenesis. (Figure 3) 
Oxygen isotope values for the rhyolites are 7.0-8.Wm. They show a correlation 

with (23@13/232~h), and indicate the source of the rhyolites to be a mixture of crust 

(6180 = 8.Wm) and contaminated basalt (6180 = 6.0-6.5%0), melted under volatile 
complexing conditions. 
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