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Abstract. Two suites of felsic eruptives and intrusives are 
represented in a set of samples from the summit region 
of the Plio-Pleistocene volcano, Mr. Kenya. Most of the 
samples are moderately or strongly undersaturated and 
have 878r/86Sr initial ratios in the range 0.70360-0.70368 
(mean=0.70362). Members of this phonolitic suite are 
phonolites, nepheline syenites or kenytes and as a group 
they show a wide variation in TiO2, FeO, P205, Sr, Ba, 
Zr and Nb. The minor and trace element geochemistry re- 
flect variation in the nature of the parental basaltic magmas 
from which the phonolitic rocks evolved and variation in 
the crystal fractionation process in individual cases. Crystal 
fractionation involving plagiocli~se, alkali feldspar, clinopy- 
roxene, olivine and magnetite is the process by which most 
of the phonolitic rocks evolved and variation in the relative 
proportions of these phases in individual cases has led to 
a broad spectrum of trace and minor element behaviour. 

The second suite of felsic samples is critically saturated 
and consists of trachytes showing either slight oversatura- 
tion or slight undersaturation with respect to SiO 2. This 
trachyte suite has lower initial 87Sr/S6Sr ratios (mean= 
0.70355) and is derived from transitional alkalic basalts by 
low pressure (crustal) crystal fractionation involving feld- 
spar, clinopyroxene, magnetite and olivine. 

The range in minor and trace element chemistry ob- 
served among the felsic rocks is a consequence of variation 
in the parental basalts which is related to mantle source 
variation and to the specific nature of the crystal fractiona- 
tion process. 

Introduction 

Many phonolites and nepheline syenites have been inter- 
preted as the end products of low pressure (crustal) frac- 
tional crystallization from basanitic or trachytic parental 
lavas (e.g. Coombs and Wilkinson 1969; Nash et al 1969; 
Ridley 1970; Lippard 1973; Price and Chappell 1975). Al- 
though some phonolitic rocks contain evidence of a high 
pressure (mantle) origin (e.g. Wright 1966, 1969; Price and 
Green 1972; Green et al. 1974) these can also be explained 
as melts derived from basanite by high pressure crystal frac- 
tionation processes (Irving and Price 1981). In some prov- 
inces the relative volumes of basaltic, phonolitic and inter- 
mediate lava types have been considered by some to be 
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inconsistent with simple crystal fractionation models and 
it has been suggested (e.g. Bailey 1964; Bailey and Schairer 
1966; Williams 1971 ; Woolley and Symes 1976) that phono- 
litic and trachytic melts could be derived by partial melting 
of basaltic material in the lower crust or upper mantle. 
Many petrologists find it difficult to choose between the 
partial melting and crystal fractionation models on the basis 
of the data available in specific cases (e.g. Gill 1972; Goles 
1976). 

This paper presents data for a suite of samples from 
the summit region of Mt. Kenya. The suite covers a range 
of phonolitic and trachytic compositions and provides an 
opportunity to examine the geochemical relationships be- 
tween different alkalic compositions. 

Geological setting. Mr. Kenya, which reaches a summit of 
5,200 m is a central volcano located to the east of the East 
African Rift (Fig. 1). 
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Fig. 1. Mt. Kenya, the Gregory Rift, and the East African Rift 
System. Pliocene central volcanoes (circles) and Quaternary central 
volcanoes (filled circles) are indicated. (Baker et al. 1971) Scale 
is in km 
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Fig. 2. Sketch map of upper portion of Mt, Kenya (from Baker 1967). Filled circles indicate samples used in this study 

The main eruptive phase of  the Mt. Kenya  Volcanics 
is of  Pliocene to Pleistocene age (Baker et al. 1971; Rock  
1976) and overlies tufts and basalts  of  Miocene-Pliocene 
age which rest on a Precambrian  basement  of  gneisses and 
schists (Baker 1967). The main eruptive phase is composed  
of  basalts,  phonoli tes,  kenytes and trachytes with the sum- 
mit  consisting of  a complex intrusive plug of  syenite and 
phonol i te  (Fig. 2). The most  recent activity on Mt. Kenya  
occurred as satellite eruptions which built  pyroclast ic  cones 
and extrusive domes o f  basalt  and trachyte. These later  
eruptives, which were also extensively emplaced as dykes 
are believed to be of  Pleistocene age (Baker 1967). Erosion 
of  the summit  by glaciers which are still active has extensive- 
ly exposed the central core of  the volcano making  it possible 
to collect an excellent suite of  fresh samples (Fig. 2). 

Petrography 
The locations of the samples which form the basis of this study 
are shown on Figure 2. The samples were collected by D.J. Jennings 
and R.W. Johnson in 1963. Most of the samples are phonolites 
or nepheline syenites although samples of basalts and trachytes 
have been included in the analyzed suite. Nomenclature follows 
Coombs and Wilkinson (1969) with some modifications (Price and 
Chappell t975). 

Phonolites. There is a spectrum of textural variation among the 
phonolitic rocks from strongly porphyritic to aphyric. Anorthoc- 
lase is the dominant phenocryst with nepheline, olivine, apatite, 

magnetite and, less commonly, pale green clinop,yroxene occurring 
as phenocrysts. The groundmass of a typical phonolite is composed 
of alkali feldspar, nepheline, aegirine and aen!gmatite. Fayalite, 
alkali amphibole and sodalite are present in som!e samples. 

Baker (1967) distinguished three main types of phonolite that 
were important in the construction of a stratigraphic sequence for 
the summit region of the volcano. Porphyritic ph~nolites were clas- 
sified by Baker as "rhomb porphyries" or "pbrphyritic phono- 
lites". These are convenient field terms; the rhomb porphyries are 
highly distinctive rocks characterized by an abundance of large 
(1.5 cm) phenocrysts of rhombic feldspar. The l~orphyritic phono- 
lites are distinct from the aphyric phonolites which were termed 
"fissile" by Baker (1967) because they have a well developed flow 
layering. 

Kenytes. Kenytes are strongly porphyritic glassy yocks of phonolitic 
composition. On the summit of Mt. Kenya the k~nytes are laterally 
equivalent to the porphyritic phonolites (Bake r 1967). A typical 
kenyte is between 20 and 30% phenocrysts in a glassy flow-banded 
matrix. The phenocrysts, which range up to 2 cm in length are 
mainly anorthoclase with nepheline phenocryst~ being less abun- 
dant. Olivine, apatite and magnetite are abundant as smaller phe- 
nocrysts (up to 2 ram). Clinopyroxene phenoc~ysts are rare and 
contain abundant inclusions of apatite, magnetit~ and glass. Aggre- 
gates of apatite and magnetite; clinopyroxene I and olivine; and 
olivine, apatite and magnetite are common. 

Syenites, nepheline-syenites, and rnicrosyenites 

The summit massif of Mt. Kenya is composed of an intrusive 
complex of syenite and phonolite. The syenites range in composi- 
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Fig. 3. Electron microprobe 
analyses of feldspars from the Mt. 
Kenya volcanics plotted in the 
system An-Ab-Or 

tion from strongly to moderately undersaturated with respect to 
SiO 2 and different textural types are distinguished on the basis 
of abundance of phenocrysts and grain-size. The central intrusive 
complex is the subvolcanic equivalent of the phonolite-kenyte se- 
quence. 

A typical nepheline-syenite is medium- to coarse-grained 
(0.5 mm-1 cm) and mildly porphyritic. The phenocrysts are altered 
nepheline and perthitic alkali feldspar. Amphibole occurs as large 
(up to 0.5 cm) poikilitic crystals enclosing aegirine, aenigmatite 
and nepheline. In some cases the amphibole is zoned from pale 
brown cores to blue-brown rims. Pale clinopyroxene phenocrysts 
have aegirine rims. 

Sodalite, apatite and magnetite are minor phases in most but 
can be important in some samples. One or two of the samples 
examined also contain olivine. In some samples pale orange biotite 
is common and riebeckite occurs in others. One microsyenite con- 
tains needles of woehlerite-lavenite (~= fl=pale yellow; 7=very 
pale yellow). Many of the syenites and microsyenites are altered. 
In altered syenites biotite is abundant and replaces amphibole. 
Nepheline is altered to white mica. In some altered samples patches 
of carbonate are present and have a globular form which might 
indicate very late stage liquid immiscibility. The only zircon grains 
observed in the sample suite are in altered syenites with carbonate 
globules. 

Late trachytes and phonolites 

The main phonolitic eruptive phase of Mt. Kenya is post-dated 
by eruptive activity dominated by feldspathoidal trachyte, trachyte, 
and phonolite. Various textural types occur in this grouping of 
lavas and this is controlled by the abundance of phenocrysts. Many 
of these lavas are aphyric but some are strongly porphyritic (up 
to 40% phenocrysts). In typical feldspathoidal trachytes the matrix 
is flow-banded alkali feldspar, aegirine, apatite and magnetite with 
minor nepheline. Aenigmatite is present in some cases. Phenocrysts 
which range up to 1-2 mm in length are alkali feldspar and zoned 
plagioclase, fayalitic olivine, apatite and magnetite. Aggregates of 
magnetite in some trachytes may be pseudomorphing amphibole. 

Quartz-normative peralkatine trachytes post-date the main er- 
uptive event and were emplaced as small dykes and domes in the 
summit region (Baker t967). A typical pantelleritic trachyte dyke 
rock is an even-grained and flow-textured rock with rare pheno- 
crysts of pale-green clinopyroxene (up to 0.2 mm) and alkali feld- 
spar (1 mm in length). The groundmass consists of alkali feldspar, 
aegirine, riebeckite, minor apatite and magnetite. 

Mafic rocks. Of five basalt samples analyzed as part of this study 
four are olivine basalts and one is a basanite. Basaltic lavas asso- 
ciated with satellitic vents represent the most recent activity in 
the summit region of Mt. Kenya. Those on the north flank belong 
to the Nyambeni fissure phase (Baker 1967). An analyzed basanite 
is a mildly porphyritic rock consisting of plagioclase (An 6 t), augite, 
magnetite and apatite with phenocrysts of augite, olivine (Fo81) 
and magnetite. The augite phenocrysts range up to 5 mm in maxi- 
mum dimension and are zoned with clear cores and pink, seive- 
textured titaniferous rims. Lherzolite nodules up to 5 cm in diame- 
ter occur in the rock. Olivine basalts range compositionally from 
basalts in the strict sense through to mugearite. A typical olivine 
hawaiite contains phenocrysts (up to I ram) of plagioclase 
(Anso_4s), olivine (Fo59) and apatite in a groundmass of olivine 
(Fo55), plagioclase (An42), augite, apatite and magnetite. 

Mineral chemistry 

Feldspars. Variat ion in feldspar chemistry within the Mt. 
Kenya  Suite is summarized in Fig. 3. A m o n g  the phonoli tes  
and kenytes alkali feldspar phenocrysts  are zoned from so- 
dium-rich cores to potassium-rich rims. The feldspar 
chemistry within the syenitic rocks is complicated by subso- 
lidus unmixing but  overall  the trends observed in the erup- 
tives are reflected in the intrusives. N o  single l iquidus pa th  
is outl ined and for most  of  the phonoli t ic  rocks a single 
line of  descent is not  indicated by the feldspar chemistry. 

Plagioclase phenocrysts  are not  common in the felds- 
pa thoida l  trachytes but  where they occur are strongly zoned 
and show extensive resorption. One example is zoned from 
An39 in the core to An31 on the rim. 

Pyroxenes. Representat ive pyroxene analyses are presented 
in Table 1. Pyroxene phenocrysts  in kenytes, nepheline 
syenites and phonoli tes  are normal  augites. The pyroxenes 
of  the syenites are zoned to aegirine rims (Fig. 4); a t rend 
which is reflected in the groundmass  pyroxenes of  the erup- 
tives. Groundmass  pyroxenes in the syenites and in some 
of  the phonoli tes  are higher in Ti and lower in Mg than 
the phenocrysts  (Fig. 5). A1 is higher in the pyroxenes of  
the kenytes than in the other phonol i t ic  rocks. The pyroxene 
trends observed in the basalt ic rocks are distinct from those 
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Table 1. Representative pyroxene analyses 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Samplea no: 52 22 4C 4R 11C 11G 46C 46G 54 20 38N 38C 38R 38G 

SiO 2 50.92 51 .22  53 .51  5 3 . 0 7  52 .02  51 .67  51 .83  47.86 51 .01  49.70 47.74 48 .46  46.80 47.22 
TiO 2 0.23 1.01 1.01 1.42 0.45 2.15 0.49 1.79 0.70 0.63 1.45 1.67 3.,03 2.51 
A120 3 1.59 2.10 0.73 0.64 0.93 1.14 1.38 4.19 1.73 1.66 7.40 7.76 5.70 5.28 
FeO b 14.83 9.29 9.40 17 .26  11 .15  20 .07  11 .03  11 .62  11 .19  20.05 6.08 6.44 8.28 7.87 
MnO 0.96 0.59 0.61 0.57 0.67 0.56 0.17 0.64 0.62 0.70 0.19 0.14 0.12 0.19 
MgO 8.51 1 2 . 6 4  12.11 5.89 11.43 3.42 11.94 9.94 11.10 7.44 12 .96  13 .02  12 .43  13.07 
CaO 21.09 2 0 . 4 9  19.23 9.39 21.01 9.41 22.30 21 .43  2 1 . 9 5  18 .94  21 .31  2 1 . 3 9  22 .87  22.98 
Na20 1.60 1.60 3.07 8.38 1.66 8.29 0.71 1.40 0.83 0.83 0.97 0.96 0.47 0.49 
KzO 0.10 0.01 0.03 0.02 0.01 0.07 0.02 0.12 0.05 . . . .  0.01 
Cr20 3 0.07 0.03 0.05 0.07 0.26 0.44 - - 
NiO - 0.13 0.02 0.10 0.06 0.09 0.05 0.06 0.03 0.13 
BaO - - - 0.25 0.06 0.07 0.04 0.02 - 

Total 99.83 9 9 . 0 2  99 .83  96 .91  9 9 . 5 2  96 .96  99 .87  98 .99  99 .38  99 .95  98.43 100.34 99 .73  99.75 

Structural formulae on basis of 6 oxygens 

Si 1.970 1 .920  2 .007  2 .103  1 .981 2 .077  1 .955  1 .849  1 .948  1 .940  1 .797  1.790 
A1TM 0.030 0.080 - - 0.019 0.045 0 .151  0.052 0 .060  0 .203  0.210 
A1 vl 0.043 0 . 0 1 3  0.032 0 .030  0 .023  0 . 0 5 4  0 .016  0 .040  0 .026  0 .016  0 .125  0.128 
Ti 0.007 0 .028  0.029 0 .042  0 .013  0 . 0 6 5  0 .014  0.052 0 .020  0 .019  0 .041  0.046 
Cr 0.002 0.001 0.001 0.002 0.008 0.013 
Fe 0.480 0 .291  0 .295  0.572 0 .355  0 .675  0 . 3 4 8  0 .375  0 . 3 5 7  0 .655  0 .191 0.191 
Mn 0.032 0 .019  0 . 0 1 9  0 .019  0.022 0 .019  0 .023  0 .021  0 .020  0 .023  0 .006  0.004 
Mg 0.491 0 .707  0 .677  0 .348  0 .649  0 . 2 0 5  0 .671  0 .572  0 .632  0 .433  0 . 7 2 7  0.717 
Ni 0.004 0.003 0.002 0.003 0.002 0.002 
Ca 0.874 0 .823  0 .773  0 .399  0 .857  0 .405  0 .901  0 .887  0 .898  0.792 0 .859  0.846 
Na 0.120 0 .116  0 .223  0.644 0.122 0.646 0.052 0 .105  0 .061  0 .063  0 .071  0.068 
K 0.005 0 .001  0.002 0 .001 0 .001  0 .004  0 .001  0 .006  0.002 - - - 
Ba 0.004 0 .001  0.001 0.001 - - 

a Refer to Tables 6 and 7 for rock types Subscripts denote the 
N= pyroxene in lherzolite nodule contained in basanite 38 
b Total iron expressed as FeO 

observed in the phonolit ic rocks (Figs. 4 and 5) and pyrox- 
ene phenocryst  cores in the basanite have composit ions 
which are similar to those of  phenocrysts cores in kenytes 
and syenites (Fig. 5). 

Olivine. Representative olivine analyses are presented in Ta- 
ble 2. The analyzed basanite contains olivine ranging in 
composi t ion from Fo75-F%4.  Kenytes contain olivine with 
composit ions ranging f rom FosT-Fo63 and these olivines 
are more Mg-rich than those in the hawaiites (Fosr  
In one of  the kenytes (K33) the olivine shows a slight ten- 
dency to reverse zoning with the average core composi t ion 
being Fo6o.6 (range 60.z1~60.8) and the average rim compo-  
sition being F o 6 L 1 (range 60.7-61.6). The nepheline syenites 
show much more variat ion in olivine composi t ion than the 
eruptive rocks. Olivine ranges in composi t ion from Fo62 
to Fo2,  in the syenites and nepheline syenites. Phenocrysts 
of  olivine are not common in the trachytes and feldspathoi- 
dal phonolites. In one feldspathoidal phonoli te  the olivine 
phenocrysts were found to have a uniform composi t ion of  
Fo4o. The pantelleritic trachyte examined in this study con- 
tains fayalitic olivine with a composi t ion of  Fol .  > 

Magnetite 

In most of  the samples examined as part  of  this study the 
dominant  opaque mineral is homogeneous titanmagnetite. 
In some of  the syenitic rocks the magnetite has been oxi- 

1.768 1.782 
0.232 0.218 
0.022 0.017 
0.086 0.071 

0.2:62 0.248 
0.OO4 O.006 
0.700 0.735 
0.001 0.004 
0.cp26 0.929 
0.035 0.036 
- 0.001 

following: C= phenocryst core, R = phenocryst rim i G:= groundmass, 
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Fig. 4. Electron microprobe analyses of pyroxenes from Mt. Kenya 
plotted in terms of atomic Na-Mg-(Fe + Mn). Symbols as in Fig. 3. 
Small closed circles = basalts 

dized to ilmenite-magnetite intergrowths. Representative 
magnetite analyses are presented in Table 3. ]Magnetites in 
the kenytes have higher MgA1204 compor~ent than in most  
of  the other samples and spinels in the basanite sample 
are high in MgAlaO ~ and MgCr204  components.  
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Fig. 5. Pyroxene analyses for Mt. Kenya volcanics and intrusives 
plotted in terms of atomic Ti/A1 versus Fe/Mg. Arrows indicate 
changing compositions from core to rims to groundmass. Symbols 
as in Figs. 3 and 4 

Amphibole and aenigmatite 

Aenigmat i te  occurs in most  of  the phonoli tes,  feldspathoi-  
dal  trachytes, trachytes, and  syenitic rocks and some repre- 
sentative analyses of  aenigmati te  are presented in Table 4. 

Alkal i  amphiboles  occur in most  of  the syenitic rocks, 
in some of  the phonol i tes  and fe ldspathoidal  t rachytes and 
in the quar tz-normat ive  trachyte. The amphiboles  are sodic- 
calcic and alkali  varieties and range in composi t ion  from 
kataphori te-r ichter i te  group to arfvedsonite (using classifi- 
cation o f  Leake 1978). Among  the phonol i t ic  and syenitic 
rocks there is a t rend of  increasing F e / M g  rat io and increas- 
ing N a  content  from cores to rims of  amphiboles  (Fig. 6). 
Mos t  of  the amphiboles  are kataphori te-r ichter i te  types and 
some rocks contain amphiboles  which are zoned to arfved- 
sonite rims. The quar tz-normat ive  t rachyte contains an aft-  
vedsonite amphibole.  Amphiboles  in the phonol i t ic  and 
syenitic rocks are also zoned with respect to A1 and Ti 
in the te t rahedral  site. Rims o f  zoned crystals tend to be 
lower in A1TM and Ti (Fig. 7). Representat ive analyses are 
presented in Table 5. 

2 
Na 

~CORE 

1 I I I i I I I I 
0 5 

Fe/Mg 

Fig. 6. Amphibole analyses for Mt. Kenya volcanics and intrusives 
plotted in terms of Na versus Fe/Mg showing compositional varia- 
tion from core to rim in syenites. Symbols as in Fig. 3 

Geochemis try  

Three main chemical groups 

Two major  groupings among the felsic rocks, and a third 
group consisting of  the few mafic rocks we have analysed, 
are geochemically dist inguishable (Tables 6, 7 and 8). Mos t  
of  the felsic samples are modera te ly  or strongly undersatur-  
ated ( >  10% normat ive  nepheline) and will be referred to 
as the phonolite suite. This group contains all the samples 
from the main  eruptive phase of  the volcano as well as 
those of  the central intrusive complex. The post -main-phase  
samples include a suite o f  five trachytes that  are critically 

Table 2, Representative olivine analyses 

1 2 3 4 5 6 7 8 9 10 

33 22 4 t l  14 54 20 38N 38 51 

SiO 2 36.70 34.96 36.30 31.79 32.04 32.88 29.25 37.88 39.91 35.78 
FeO* 31.76 35.39 34.20 52.08 51.28 45.94 64.44 22.00 14.91 35.96 
MnO 1.69 2.06 3.07 8.12 2.96 2.18 3.52 0.29 0.16 1.01 
MgO 29.80 26.90 27.11 7.94 11.64 17.95 0.62 39.86 44.27 27.07 
CaO 0.25 0.30 0.39 0.51 0.49 0.36 0.10 0.24 0.56 
NiO - 0.01 - - - 0.13 0.13 0.02 

Total 100.20 99.62 100.68 100.32 98.43 99.44 98.19 100.26 99.62 100.40 

Structural formulae on basis of 32 oxygens 

Si 8.039 7.896 8.056 8.057 8.049 7.893 8.021 7.880 8.043 7.981 
Fe 5.818 6.684 6.344 11.039 10.774 9.223 14.781 3.817 2.513 6.709 
Mn 0.313 0.394 0.576 1.743 0.630 0.443 0.818 0.051 0.026 0.192 
Mg 9.731 9.055 8.968 2.999 4.360 6.422 0.253 12.328 13.302 9.000 
Ca 0.059 0.073 - 0.105 0.137 0.127 0.105 0.022 0.052 0.133 
Ni - 0 .001  . . . .  0.022 0.021 0.004 

Fo% 62.6 57.5 58.6 21.4 28.8 41.0 1.7 76.4 84.1 57.3 
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Table 3. Representative spinel analyses 

1 2 3 4 5 6 7 8 9 

52 33 22 4 46 20 38N 38 51 

TiO2 14.28 21.62 23.64 20.31 24.03 24.82 1.54 20.48 22.12 
AlzO 3 0.19 2.09 1.75 0.19 0.54 1.68 44.43 6.27 2.40 
FeO* 78.70 64.41 65.25 71.60 67.02 67.16 33.04 63.14 68.89 
MnO 1.41 1.80 1.58 2.57 2.03 1.13 0.20 0.72 0.69 
MgO 3.49 1.60 0.30 0.55 0.56 12.82 2.98 2.09 
Cr /O 3 - 0.06 0.09 0.04 0.04 8.10 2.70 0.05 
SiO 2 - 0.71 

Totai 94.58 94.12 93.88 95.06 94.21 95.39 100.13 96.29 96.24 

Structural formulae on basis of 24 cations and 32 oxygens 

Si 0.213 
Ti 3.305 4.876 5.458 4.695 5.609 5.696 0.261 4.466 4.940 
Fe z+ 10.938 11.074 12.316 11.888 12.821 13.150 3.931 11.003 11.840 
Fe 3 + 9.320 5.083 4.436 6.517 4.574 3.994 2.277 4.307 5.268 
Mn 0.368 0.457 0.411 0.669 0.534 0.293 0.038 0.176 0.174 
Mg 1.558 0.730 0.138 0.254 0.253 4.292 1.287 0.927 
A1 0.069 0.739 0.635 0.069 0.198 0.604 11.764 2.141 0.840 
Cr 0.014 0.024 0.011 0.009 1.438 0.620 0.032 

Table 4. Representative aenigrnatite analyses Table 5. Representative amphibole analyses 

3 2 3 4 Sample 1 2 3 4 5 6 7 

Sample no: 52 4 11 34 no: 4 4 11 14C 14R 46 20 

SiO z 41.07 41.86 40.14 39.77 SiO z 49.93 54.33 50.34 48.33 49.8~ 49.11 48.54 
TiO 2 5.44 9.35 8.80 9.31 TiO 2 3.47 1.81 2.07 2.45 0.45 1.37 1.23 
A120 3 0.99 1.96 1.59 1.26 A120 3 3.60 0.80 3.62 3.49 0.66 3.89 0.52 
FeO* 41.34 27.08 35.98 39.05 FeO* 7.63 12.30 11,12 15.16 30.69 17.17 31.17 
MnO 3.55 1.20 1.73 1.39 MnO 0.40 0.62 0.63 0.57 1.22 0.57 1.42 
MgO 1.21 10.12 2.03 1.43 MgO 17.30 14.96 15.71 32.74 2.58 11.92 1.90 
CaO 0.28 0.73 0.41 0.63 CaO 7.92 3.33 8,48 7.91 1.47 8.51 3.39 
Na /O  7.60 7.85 7.71 6.90 Na20  5.55 8.02 5.38 5.19 8.96 4.81 6.10 
KzO 0.09 0.01 0.12 0.04 K20  1.28 1.31 3.29 1.35 1.59 1.47 1.07 
CrzO 3 0.08 CrzO 3 0.03 0.06 0.01 
NiO 0.09 NiO 0.07 - 0.05 
BaO - BaO 0.03 - 0.01 

Total 99.57 100.33 98.51 99.78 Total 97.21 97.54 98.71 97.19 97.4~ 98.82 95.34 

Structural formulae on basis of 20 oxygens Structural formulae on the basis of 22 oxygens and 
Si 5.974 5.636 5.779 5.717 2 OH group 
A1 0.170 0.310 0.270 0.214 
Ti 0.595 0.947 0.953 1.007 
Cr 0.008 
Fe 5.030 3.049 4.333 4.694 
M n  0.191 0.137 0.211 0.170 
Mg 0.263 2.031 0.437 0.307 
Ni 0.009 
Ca 0.044 0.105 0.064 0.097 
Na 2.144 2.050 2.153 1.923 
K 0.016 0.001 0.022 0.007 
Ba 

Si 7.234 7.901 7.299 7.263 7.996 7.312 7.963 
A1 w 0.614 0.099 0.618 0.618 0.00~ 0.682 0.037 
A1 vl - 0.038 - 0.121 - 0.064 
Ti 0.378 0,198 0.226 0.277 0.054 0.153 0.151 
Cr 0.004 0.006 0.001 
Fe 2+ 0.925 1.496 1.349 1.906 4.31~ 2.137 4.277 
M n  0.049 0.076 0.077 0.073 0.16~ 0.072 0.197 
Mg 3.737 3.243 3.395 2.855 0.618 2.645 0.465 
Ni 0.008 - 0.005 
Ca 1.230 0.520 1.318 1.274 0.253 1.358 0.597 
Na 1.559 2.262 1.512 1.512 2.789 1.388 1.941 
K 0.236 0.243 0.240 0.259 0.325 0.279 0.225 
Ba 0.002 - 0.001 

s a t u r a t e d  w i t h  silica ( < 4 %  n o r m a t i v e  qua r t z ,  < 4 %  n o r -  
m a t i v e  nephe l ine ) .  Th i s  cr i t ica l ly  s a t u r a t e d  g r o u p  will be  
t e r m e d  the  trachyte suite, a n d  it  exc ludes  the  p o s t - m a i n -  
p h a s e  p h o n o l i t e s  w h i c h  a re  p a r t  o f  the  p h o n o l i t e  suite.  N o r -  
m a t i v e  c o m p o s i t i o n s  fo r  the  p h o n o l i t e  sui te  p lo t  a l o n g  the  

t h e r m a l  t r o u g h  in the  sys tem Q N ~ K s ,  whe rea s  the  t r a -  
chy te  sui te  falls close to the  t h e r m a l  d iv ide  (Fig.  8). 

A s ign i f i can t  p o i n t  to  m a k e  w i th  r e g a r d  to  th is  th ree -  
fo ld  d iv i s ion  o f  a n a l y s e d  M o u n t  K e n y a  rocks ,  and ,  b y  im- 
p l i ca t ion ,  to  the  n a t u r e  o f  the i r  source  rocks  (see be low) ,  



400 

0 . 5  

CORES �9 
Ti  

~ ~ 1 ~  A____~-----A 

0 1  i q I I [ I I I I 
0 0 .5  1.0 

AI iv 

Fig. 7, Amphibole compositions for Mr. Kenya volcanics and intru- 
sives plotted in terms of atomic Ti versus A1 in tetrahedral sites. 
Symbols as in Fig. 3 

is that the mafic and two felsic groups are indistinguishable 
on the basis of some incompatible trace-element ratios. For 
example, all of the samples of this study - including the 
mafic rocks, but with the exception of two altered phono- 
lites - have similar Zr/Nb (3.68-t-0.37 at la) and Zr/Th 
(42_+ 7 at l a) values. Neither can the two felsic suites be 
distinguished on the basis of Zr/Rb values (Fig. 10). Zr/t-If 
values (Table 10), however, range from 58.3 to 65.0 for 
the phonolite suite, and are slightly lower for the trachyte 
suite (55). 

Sr isotopes 

Twenty-six whole-rock samples have been analysed for 
87Sr/S6Sr (Table9). Initial ratios are in the range 
0.70339-0.70380, and the majority of the phonolite-suite 
rocks have 8VSr/86Sr values in the narrow range 
0.7036~0.70366, if an age of 3 My (Baker 1967; Baker 
et al. 1971) is assumed for all samples. The initial SVSr/86Sr 

values for the Mount Kenya suite as a whole are similar 
to those of other alkalic volcanic rocks in continental and 
oceanic settings (e.g. Bell and Powell 1970; Laughlin et al. 
1971; Price and Compston 1973; Rock ]976; White et al. 
1979). 

The trachyte-suite samples are clearly distinguishable 
isotopically from those of the phonolite suite and from the 
mafic rocks. Their range of initial 87Sr/86Sr values is 
0.70349-0.70355, in contrast to the ranges of the other two 
groups which are consistently higher. The pantelleritic tra- 
chyte dyke sample has a 87Sr/86Sr value (0.70339) that is 
significantly lower than other values for the trachyte suite, 
assuming an age of 3 My. However, if it is assumed to 
have a ratio similar to the other analysed rocks of the tra- 
chyte suite (0.70355) then an age of 1.4 My is obtained. 

The highest 87Sr/86Sr inital ratios are for samples of 
aphyric phonolites that represent some of the stratigraphi- 
cally older material sampled as part of this study (Fig. 2): 
samples K40 and K52 are either distinctly radiogenic in 
comparison with the rest of the suite, or are significantly 
older. I f  these two samples are assumed to have the same 
initial 878r/86Sr (0.70362) as the other strongly and moder- 
ately undersaturated rocks of the suite, then K40 gives an 
age of 4.0 My and K52 one of 5.5 My. 

Major and trace-element trends 

The significant aspects of major and trace-element trends 
observed within the two felsic suites from Mount Kenya 
are presented graphically in Figs. 9 and 10. Rb has been 
chosen as the reference element in these diagrams because 
it has a wide range of values within the suites and is consid- 
ered to partition strongly in favour of the melt in the mag- 
mas represented by these rocks. Samples believed to be re- 
lated by crystal fractionation processes are indicated in 
Figs. 9 and 10 (see below). 

P H O N O L I T E  SUITE 

Older aphyric phonolites [ ]  

Main Phase : 

Phonolites, Kenytes, Syenites ( ~  

Post- Main- Phase Phonolites O (~) 

/ \ 

10 20 30 40 

Ks 

Fig. 8. Whole rock analyses of 
Mt. Kenya eruptives and 
intrusives plotted in the system 
Q-Ne-Ks. Phase relationships are 
from Hamilton and MacKenzie 
(1965): "m" represents the 
thermal minimum on the Ab-Or 
join and "M"  the thermal trough 
on the Ne-sanidine phase 
boundary 
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Table 6. Representative analyses of eruptives and intrusives from the main eruptive phase 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Sample no: 47 15 52 40 18 4 9 33 22 39 45 26 8 11 14 

SiO 2 53.98 56.80 52.66 58.13 51.70 52.09 52.15 52.39 52.40 53.43 53.63 53.64 54.24 56.34 56.47 
TiO 2 1.32 0.82 0.25 0.27 1.05 1.43 0.83 1.16 1.39 0.73 0.90 0.89 0.79 1.15 0.95 
A120 3 18.79 18.37 19.90 15.94 19.12 18.45 19.50 19.20 18.56 20.05 19.33 19.03 19.48 18.33 17.86 
F%O 3 2.51 2.44 2.81 3.23 2.37 2.94 3.13 0.67 1.69 2.69 1.43 2.16 3.09 1.87 1.63 
FeO 3.25 2.29 3.56 4.18 2.95 4.02 1.99 4.56 4.82 2.76 4.15 3.33 2.14 3.27 3.71 
MnO 0.32 0.21 0.30 0.29 0.26 0.26 0.24 0.25 0.32 0.29 0.26 0.25 0.24 0.23 0.24 
MgO 0.96 0.74 0.49 0.39 1.38 1.27 0.87 1.38 1.37 0.83 1.16 1.20 0.94 0.95 0.76 
CaO 3.39 1.80 1.61 1.61 2.25 2.36 ] .36 2.12 2.53 1.65 2.14 2.21 1.45 1.82 2.13 
Na20 6.87 8.73 9.41 8.02 7.99 9.02 9.01 9.67 9.38 10.25 8.50 7.91 0.44 8.83 7.21 
K20 5.01 5.18 5.87 5.68 4.76 4.93 7.19 5.44 5.04 5.03 5.65 5.48 4.77 5.35 5.35 
PzO 5 0.69 0.44 0.22 0.12 0.64 1.16 0.48 0.92 0.98 0.71 0.74 0.72 0.63 0.55 0.38 
H20 + 1.53 1.20 J.29 1.18 3.02 0.83 1.50 1.77 0.65 0.81 1.10 1.20 0.92 1.13 1.72 
H20-  1.15 0.05 1.04 1.09 0.58 0.18 0.33 0.20 0.28 0.12 0.55 1.20 0.15 0.20 0.48 
CO 2 0.20 0.07 0.08 - 1.21 1.12 0.03 0.62 0.01 0.16 0.17 0.05 0.07 0.69 
S 0.07 0.07 0.05 0.04 0.05 0.03 0.07 0.07 0.07 0.04 0.05 0.06 0.05 0.05 0.05 
F 0.13 0.22 0.19 0.15 0.29 0.44 0.36 0.30 0.25 0.17 0.14 0.32 0.44 0.24 0.27 

Total 100.17 99.43 99.73 100.32 99.62 99.41 100.13 100.13 100.35 99.57 99.89 99.77 99.82 100.38 99.90 

O~F ,  S 0.09 0.13 0.11 0_08 0.15 0.20 0.19 0.16 0.14 0.09 0.08 0.16 0.21 0.13 0.14 
Total 100.08 99.30 99.62 100.24 99.47 99.21 99.94 99.97 100.21 99.48 99.81 99.61 99.611 100.25 99.76 

Trace elements (concentrations in ppm) 

113 119 140 136 117 130 180 146 137 169 186 171 172 126 111 
1,241 1,755 160 214 1,200 1,116 763 1,082 1,323 931 845 907 759 1,381 1,618 
1,043 859 79 52 1 ,762 1,088 435 1,008 1,084 445 526 577 458 548 750 

8 6 11 17 9 6 l0 9 11 7 8 9 6 7 11 
17 18 16 19 34 24 18 29 33 28 35 32 27 18 13 

1 2 3 4 6 3 7 5 6 6 4 2 7 3 5 
121 64 107 197 96 108 90 100 127 136 115 106 89 1,03 112 
208 169 158 325 162 176 134 144 219 207 168 175 121 172 187 
41 35 33 61 35 35 28 33 43 43 41 34 42 38 38 

779 850 638 848 1,413 913 705 t,118 1,323 1,064 1,238 1,139 1,019 920 800 
193 244 165 296 387 262 369 299 358 293 329 325 332 269 237 

6 3 4 3 3 3 3 4 4 3 4 3 3 4 3 
38 21 8 4 28 41 15 30 39 16 24 24 21 27 25 

<1 <1 1.5 < i  1.1 <1 <1 1.3 <1 1.2 1.6 <1 <1 
16 11 12 4 10 14 5 12 12 17 12 13 10 9 12 

119 112 171 183 123 114 124 125 151 140 138 132 124 i 112 124 
21 23 24 27 20 20 27 20 21 23 21 21 33 25 24 

1,333 2,229 1,919 1,465 2,867 4,440 3,644 3,037 2,519 1,743 1,438 3,242 4,403 12,390 2,655 

Rb 
Ba 
Sr 
Pb 
Th 
U 
La 
Ce 
Y 
Zr 
Nb 
Sc 
V 
Ni 
Cu 
Zn 
Ga 
F 

Analyses for major elements by XRF using techniques of Norrish and Hutton (1969). Na by flame photometry, FeO by a titration 
technique, HzO and CO2 by gravimetric method. Trace elements by XRF using methods described by Norrish and Chappell (1967), 
except for F which is determined by specific ion electrode. 

Explanation:l, 5, 8, 9 Kenytes; 2, 3, 4, 10, 11, 12 Phonolites and trachytes; 6, 7, 13, 14, 15 Nepheline syenites and syenites 

The trachyte suite is a chemically coherent set of samples 
whose data define smooth major element trends relative 
to Rb. FeO (total), MgO, CaO, and P205 values decrease 
and N a 2 0 + K 2 0  values increase, as Rb abundances in- 
crease (Fig. 9). The trachyte suite is distinguished from the 
phonolite suite particularly by its lower Na20  + K 2 0  values 
(Fig. 9). The phonolite suite is geochemically much less co- 
herent than the trachyte suite. For  example, at a given Rb 
abundance there is a much broader range of FeO (total), 
CaO, and N a 2 0 + K 2 0 .  MgO increases slightly with in- 
creasing Rb within most of the phonolite suite, although 
one sample (K55) is relatively depleted in MgO. In  addition, 
there is considerable scatter on the P20 s versus Rb dia- 
gram, caused by several of the high Rb members of the 
phonolite suite having very high P2Os abundances.  

Trace elements in the trachyte suite als 9 define smooth 
trends: Sr, Ba and V decrease as Rb increases, and Zr, 
Th, Y, La, Ce and Ga increase (Fig. 10 and Table 8). The 
Ba/Sr values increase as Rb increases (Fig. 11), and Rb/Cs 
is very high in the most fractionated tracltytes (Table 10). 
The phonolite suite is distinguished from the trachyte suite 
by the relative abundance levels of Ba, St, Y and V, but  
trace element differences are considerabl~ less systematic 
in the phonolite suite. For  example, Ba decieases systemati- 
cally as Rb increases, but  the later phon01ites and older 
aphyric phonolites have values that are di{tinctly different 
from those shown by the main phase phonMites, nepheline 
syenites and kenytes (Fig. 10). In additioh, the range of 
Sr is wide in the phonolite suite. The kenytes and some 
of the syenites are higher in Sr that are miost of the other 
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Table 7. Representative analyses of later eruptives 

1 2 3 4 5 6 7 8 9 10 11 

Sample no. 23 46 54 55 35 36 20 38 49 34 51 

SiO z 53.80 55.74 55.96 57.28 57.99 58.28 65.04 41.43 46.17 47.79 50.07 
TiO 2 1.17 0.85 0.92 0.24 0.81 0.81 0.22 3.64 2.98 2.28 2.23 
A120 3 15.84 18.26 17.63 18.15 16.37 15.99 15.77 11.87 15.54 16.16 16.37 
Fe20 3 7.42 1.51 1.80 2.04 1.31 1.69 0.90 2.74 2.35 2.75 1.63 
FeO 3.46 4.63 5.40 4.16 7.34 7.11 2.84 11.55 10.52 7.18 9.32 
MnO 0.34 0.25 0.23 0.26 0.3i 0.31 0./7 0.23 0.28 0.24 0.25 
MgO 1.30 1.01 0.78 0.27 0.82 0.74 0.15 10.52 4.31 5.45 2.93 
CaO 3.60 2.57 3.33 1.84 2.76 2.79 0.99 11.10 7.48 6.69 5.96 
Na20 6.27 8.53 7.15 7.95 6.63 6.69 6.98 2.33 4.77 5.16 5.71 
K20 3.49 4.82 4.58 5.92 4.14 4.16 5.57 1.48 2.38 2.13 2.74 
P205 0.75 0.41 0.54 0.19 0.51 0.51 0.10 0.94 1.67 0.68 1.18 
H2 O+ 0.50 0.36 0.60 0.56 0.38 0.27 0.49 0.87 0.81 1.53 0.28 
H20- 0.51 0.38 0.15 0.38 0.27 0.16 0.11 0.70 0.58 1.31 0.25 
CO 2 1.81 0.02 0./8 0.10 0.01 0.07 0.07 0.06 0.01 0.89 
S 0.04 0.04 0.05 0.04 0.04 0.05 0.04 0.01 0.07 0.05 0.05 
F 0.07 0.15 0.14 0.26 0.12 0.36 

Total 100.37 99.53 99.44 99.28 100.04 99.69 99.80 99.48 99.97 99.41 99.86 

O -= F, S 0.05 0.08 0.08 0.02 0.13 0.08 0.17 0.04 0.03 0.03 
Total 100.32 99.45 99.36 99.26 99.91 99.61 99.63 99.48 99.93 99.38 99.83 

Trace elements(concentrationsin ppm) 

Rb 59 94 91 174 96 88 168 52 29 43 56 
Ba 1,383 1,324 1,111 402 1,228 1,337 236 622 912 656 1,028 
Sr 647 881 573 66 482 481 26 1,230 1,672 906 1,375 
Pb 4 12 3 15 15 11 29 4 8 6 8 
Th 8 15 14 24 14 13 39 5 8 11 5 
U <1 <1 2 6 2 2 2 <1 <1 3 1 
La 97 107 79 122 72 96 228 73 80 78 81 
Ce 151 167 130 165 156 161 314 100 158 113 149 
Y 44 33 36 45 40 44 88 26 33 30 29 
Zr 385 545 542 876 614 545 1,]19 197 315 487 283 
Nb 101 145 135 197 137 127 301 59 92 141 86 
Sc 14 3 5 2 7 7 2 22 13 15 9 
V 17 23 26 5 23 14 < 1 350 165 188 113 
Ni <1 <1 1.3 1.2 <1 <1 <1 137 7.5 92 2.0 
Cu 15 11 18 13 15 14 7 84 42 61 38 
Zn 125 107 109 165 125 111 157 100 109 109 113 
Ga 18 21 23 26 24 22 30 16 15 16 18 
F 714 1,455 1,412 2,555 1,164 3,564 

Explanation: 2, 3, 4, 5, 6 Feldspathoidal trachytes and phonolites; 1, 7 Quartz-normative trachytes; 8, 9, 10, 11 Mafic rocks 

phonolite suite samples and the later phonolites and earlier 
aphyric phonolites have lower abundance levels for Sr than 
do the main  phase members of the phonolite suite at equiva- 
lent Rb abundance.  

Ga  abundances are similar for most members of the 
phonolite suite (18-24ppm)  but  some high-Rb samples 
have high Ga abundance (up to 34 ppm). Y tends to in- 
crease slightly as Rb increases, and the range of V values 
in the phonolite suite is exceptionally wide; from less than 
20 ppm up to greater than 40 ppm (the kenytes and some 
syenites have the highest V values, whereas later phonolites 
and earlier aphyric phonolites have the lowest V abun-  
dances). 

Ba/Sr values are generally less than 3 for the phonolite 
suite, and those for the kenytes are around I (Fig. 11). One 
late stage phonolite and one early aphyric phonolite have 
Ba/Sr values significantly higher than the rest of the phono- 
lite suite. Five samples of the phonolite suite have been 

analyzed for Cs (Table 10), and in these Rb/Cs values de- 
crease as Rb abundances increases. 

Rare earth element chemistry 

Rare earth analyses for three main phase phonolitic rocks 
(one kenyte and two nepheline syenites), two post-main 
phase phonolites and two samples of the trachyte suite are 
presented in Table 10. Chondrite normalized rare earth pat- 
terns are presented in Fig. 12. 

The phonolite suite samples all show similar patterns 
characterized by light rare earth enrichment and flat heavy 
rare earth patterns. Eu anomalies are absent for these sam- 
ples and abundance levels are similar. One of the trachytes 
(K35) has a pattern very similar to those of the samples 
from the phonolite suite with the only differences being 
slightly lower light rare earth abundance and slightly higher 
heavy rare earth abundance.  The other trachyte sample 
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1 2 3 4 5 6 7 8 9 

Sample no. K49 K51 K4 K33 K22 K39 K26 KI K8 

10 11 12 13 14 15 

K l l  K55 K54 K46 K35 K20 

Q 
Or 14.12 16.t9 29.14 32.15 29.79 29.73 32.39 
Ab 23.56 37.23 22.32 21.01 24.12 21.55 30.57 
An 13.22 10.95 0.24 
Ne 9.88 6.01 24.45 25.71 23.45 29.03 19.70 
Ac 7.81 1.94 4.89 7.78 
Di 5.25 1.79 1.42 1.34 0.68 1.05 2.12 
He 5.54 2.66 2.05 2.31 1.21 1.91 1.98 
En 
Fs 
Fo 5.99 4.53 1.76 1.97 2.17 1.11 1.41 
Fa 7.99 8.52 3.21 4.29 4.91 2.55 1.66 
Mt 2.94 2.36 0.35 3.13 
I1 5.77 4.24 2.72 2.20 2.64 1.39 1.69 
Ap 4.00 2.74 2.70 2.14 2.28 1.65 1.67 
Py 0.07 0.09 0.06 0.13 0.13 0.07 0.11 
CC 0.23 2.02 0.07 1.41 0.02 0.39 
Ns 2.59 1.49 0.64 
H20 0.77 0.53 1.01 1.97 0.93 0.93 2.40 

32.62 
19.76 

26.03 
10.10 
0.75 
0.99 

28.19 
25.47 

26.09 
8.94 
1.09 
1.21 

1.36 1.29 
2.25 1.80 

1.37 1.50 
1.44 1.46 
0.07 0.09 
0.30 0.11 
1.32 1.06 
1.26 1.07 

3.88 
31.62 34.99 27.07 28.49 24.47 32.92 
31.59 28.81 39.80 30.47 49.35 50.11 

2.49 2.68 
17.83 17.11 11 .22  19.84 3.66 

5.41 5.90 4.37 2.60 
1.60 0.64 1.90 2.37 1.03 0.26 
2.62 6.30 6.18 6.15 5.10 3.10 

0.25 
3.44 

1.14 0.26 0.74 0.99 1.10 
2.35 3.31 3.05 3.25 6.83 

2.61 1.90 
2.18 0.46 1.75 1.61 1.54 0.42 
1.28 0.44 1.26 0.95 1.19 0.23 
0.09 0.07 0.09 0.07 0.07 0.07 
0.16 0.41 0.05 0.23 0.16 
0.95 0.04 0.03 1.40 
1.33 0.94 0.75 0.74 0.65 0.60 

Explanations: 1 Ne-hawaiite; 2 Ne-mugearite; 3 Ne-syenite; 4, 5 Kenytes; 6, 7 Phonolites; 8, 9, 10 Nepheline syenites; 11 Post-main 
phase phonolite; 12, 13 Post-main phase phonolites; 14, 15 Trachytes 

Table 9. Strontium isotopic compositions 

Sample Rb Sr Sr 87/s6 Initial 
no .  a 8r87/86 _+ 20 -*b 

Main phase (phonolite suite) 

52 140 79 0.70402 0.70380_+3 
40 136 52 0.70405 0.70373_+4 

18 117 1,762 0.70366 0.70365 • 
53 160 1 ,007  0.70367 0.70365• 
26 171 577 0.70369 0.70365 _+3 

33 146 1 ,008  0.70364 0.70362• 

4 130 1 ,088  0.70363 0.70362_+3 
8 172 458 0.70370 0.70365• 
2 145 380 0.70364 0.70359• 
1 158 422 0.70369 0.70364• 

10 141 199 0.70375 0.70366• 
11 126 548 0.70367 0.70364• 
14 111 750 0.70363 0.70361 •  
9 180 435 0.70366 0.70361 _+3 

39 169 445 0.70368 0.70363• 

Post-main phase(including trachytesuite*) 
23 59 647 0.70356 0.70355• 
25 93 432 0.70358 0.70355• 
54 91 573 0.70362 0.70360• 
46 94 881 0.70366 0.70365_+3 
55 174 66 0.70395 0.70363_+ 3 
35 96 482 0.70352 0.70349• 3* 
36 88 481 0.70358 0.70355_+ 3* 

20 168 26 0.70392 0.70339• 

Mafic suite 
49 52 1,672 0.70368 0.70368• 
34 29 906 0.70359 0.70359_+ 3 
51 56 1 ,375  0.70363 0.70362• 

" Samples are tabulated in stratigraphic order from oldest to youn- 
gest. Refer to Tables 6 and 7 for rock types 

b Assuming an age of 3 My. Data relative to SRM 987 at 
0.71032_+2 

(K20) has much higher total  rare earth content  than all 
the other  samples and is characterized by a distinctive nega- 
tive europium anomaly.  

Discuss ion 

A feature of  other East  African volcanic suites is that  each 
is characterized by a constant  rat io of  Z r /Nb  (Weaver et al. 
1972, L ippard  1973) and this could imply specific mantle  
sources for each of  the suites. The Mt. Kenya  suite shows 
this feature with Zr /Nb,  Zr/Th,  and to some extent Z r /Rb  
ratios being reasonably constant  for all rocks.  However,  
within the Mt. Kenya  sample set examined as par t  o f  this 
study two distinct suites characterized by different initial 
S7Sr/S6Sr rat ios are clearly distinguishable.  The petrogen- 
eric problems are: (a) to interpret  geochemical var ia t ion 
within each suite; i.e. the phonol i te  suite and trachyte suite 
and (b) to relate the two suites to a mafic parental  magma  
and to a mant le  source. 

Relationships within the phonolite suite 

It is clear from the variabi l i ty  in abundance  pat terns  for 
trace elements in the phonol i te  suite tha t  no single liquid 
line o f  descent can explain all the variation, within the suite. 
Among  the pos t -main  phase phonolites, ,  and among the 
early aphyric  phonoli tes  are samples characterized by 
strong relative deplet ion in MgO, CaO, P205, Ba, Sr, and 
V; modera te  to strong relative enrichment in Rb, Zr, Th, 
Y, La, Ce and Ga;  and high Ba/Sr rat ios and these rocks 
represent magmas  derived by crystal f ract ionat ion from less 
evolved, modera te ly  nepheline-normativel  phonolites.  F o r  
example, phonol i te  K55 could be derived by crystal frac- 
t ionat ion involving plagioclase, alkali-feldSpar, c l inopyrox- 
ene, magnet i te  and olvine from phonol i te  K54. Mathemat i -  
cal modell ing (Wright  and Doher ty  1970) of  this process 
for the major  elements is presented in Table 11. Quant i ta-  
tive model l ing o f  the trace elements (e.g. Zielinski and F rey  
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1970) is subject to considerable uncertainity because the 
model involves large quantities of  feldspar. Drake and Weill 
(1975) have demonstrated that plagioclase/melt distribution 
coefficients are temperature dependent and melt composi- 
tion dependent. There is uncertainty regarding the validity 
of  extrapolating Drake and Weill data to temperatures ap- 
propriate to phonolites and the temperature and melt com- 
position dependence of  alkali-feldspar/melt distribution co- 
efficients is not known. In qualitative terms the derivation 
of  K55 from K54 by a crystal fractionation model involving 
plagioclase, alkali-feldspar, clinopyroxene, magnetite and 
olivine is consistent with the trace element geochemistry. 

K55 is an example of  a member of  the phonolite suite 
showing extreme depletion in Sr relative to Ba (Ba/Sr= 
6.09) as a consequence of  plagioclase fractionation. Most 

of  the phonolites and nepheline syenites do not show these 
high Ba/Sr ratios and cannot be modelled in this way. High 
N a 2 0 + K z O  may suppress plagioclase crystallization in 
strongly undersaturated melts so that the crystal fractiona- 
tion process is dominated by alkali-feldspar rather than 
plagioclase. As an example consider sample K8, a micro- 
syenite with a Ba/Sr ratio of  1.66. K8 could be derived 
from the syenite K11 by crystal fractionation involving al- 
kali-feldspar, clinopyroxene and spinel as illustrated by the 
mathematical model for this process presented in Table 11. 
The trace element chemistry is consistent with the model. 
Rb increases while Sr and Ba decrease and the Ba/Sr ratio 
should increase slightly. An attempt to model the trace ele- 
ments Rb, Sr and Ba is included in Table 11. 

The kenytes and two low-SiO2 syenites of  the phonolite 
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suite present a difficult petrogenetic problem because they 
cannot be simply related to the other members of the suite. 
The rocks which present a problem are characterized by 
the highest Zr, Nb and Th abundances in the suite and 
some of the highest Rb values. They are among the most 
strongly undersaturated rocks of the suite. On these 
grounds they might be considered to be extreme crystal 
fractionates derived from the other phonolhes. However, 
they are also characterized by relatively high MgO, TiOz, 
NazO and in some cases PzOs, and by higher Sr, V and 
in some cases Ba than other members of the phonolite suite 

Table 10. INAA for rare earth elements, Hf, and Cs on selected 
Mt. Kenya samples. Analysis of G-2 is provided as an indication 
of accuracy 

I 2 3 4 5 6 7 8 

K33 K4 K l l  K46 K54 K35 K20 G2 
i - -  

La 85.6 95.7 93.3 95.0  80.9 64.8 236 90.1 
/ 

Ce 167 194 188 183 159 15~ 390 168 
Nd 56 71 68 66 58 59 126 53.1 
Sm 8.8 11.3 1 1 . 1  10.5 9.4 1Q.2  18.8 7.15 
Eu 2.70 3.30 3.89 3.43 2.90 !.07 1.07 1.36 
Tb 1.30 1.40 1.34 1.26 1.27 1.22 2.37 0.46 
Yb 4.63 4.27 4.54 3.89 3.86 ~.50 11.0 0.68 
Lu 0.75 0.68 0.70 0.57 0.60 Q ,84  1,08 0.11 

Cs 2.2 1.6 1.2 0.8 0.7 J~.0 0.3 1.29 
Hf  17.2 14.6 15.6 9,3 9.3 1!.1 20,7 7.62 

Rb/Cs 66,4 81.3 105.0 117.5 130.0 96.0 560,0 
Zr /Hf  65.0 62.5 59.0 58.6 58.3 5J.3 54.1 

i 

with equivalent Rb contents. They are no~t cumulates be- 
cause this is not consistent with high Zr, Nb and Rb abun- 
dances and relatively low SiO 2. Crystal ffactionation in- 
volving alkali feldspar alone could explain l~he combination 
of high Zr and relatively high MgO but th~s is inconsistent 
with the Sr abundances and the lack of  Eu anomalies in 
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the rare ear th patterns.  The kenytes and low-SiO a syenites 
analyzed as par t  of  this s tudy cannot  therefore be consid- 
ered to have derived from other members  of  the phonol i te  
suite. 

Derivation of phonolite-suite magmas 
from more mafic magmas 

The less evolved phonoli tes  such as K54 and K46 with 
low Rb  contents relative to the rest of  the phonol i te  suite 
could be derived by crystal f ract ionat ion from basalt ic  par-  
ents. F o r  example,  K54 could be derived from the nepheline 
mugeari te  K51 by a crystal f ract ionat ion process involving 
plagioclase, cl inopyroxene,  magnet i te  and olivine (Ta- 
ble 12). Trace element modell ing for this process is pre- 
sented in Table 12. The fit for Rb  is reasonable  but  Sr 
and Ba values are high. However,  the trends in Sr and 
Ba are in the right direction and given t h e  uncertaini ty 
of  the par t i t ion  coefficients this model  gives an acceptable 
solut ion for the three trace elements selected. 

The low-SiO2 nepheline syenites and kenytes of  the 
phonol i te  suite cannot  be derived f rom the other  phonolites.  
At tempts  to model  der ivat ion of  these rocks f rom basalt ic 
parents  by crystal  f ract ionat ion are only modera te ly  suc- 
cessful and give poor  solutions for N a 2 0  and high total  
residuals. One of  these models  is presented in Table 12. 
The models  are extremely sensitive to the choice of  parenta l  
composi t ion  and the problem could be that  the basanit ic  
parenta l  materials  for the kenytes and high-SiO 2 syenites 

Table 11. Models for evolution of phonolites and syenites; Mt. 
Kenya. 

A: Feldspathoidal trachyte (K54)-phonolite (K55) 

K55 K54 Plag Kspar Cpx Spi- Oliv- 
nel ine 

Cal- Mea- 
cu- sured 
lated 

SiO/ 58.72 58.66 57.47 59.01 66.75 51.76 33.98 
TiO 2 0.27 0.25 0.94 0.71 26.08 
AI20 3 18.44 18.59 18.11 25.90 18.94 1.76 0.59 
FeO 6.14 6.14 7.21 0.26 0.29 11.35 72.74 47.47 
MgO 0.18 0.28 0.80 11.26 0.60 18.55 
CaO 1.80 1.88 3.42 7.37 0.15 22.27 
NazO 8.28 8.14 7.34 6.68 6.85 0.84 
K20 5.72 6.06 4.70 0.78 7.01 0.05 

Sr2=0.178 

Fraction of liquid 0.711 
remaining 

Proportions of phases removed 

45.9% 25.3% 17.9%9.5% 1.4% 

B: Syenite (K11) microsyenite (K8) 

K8 K 11 Kspar Cpx Spinel 

Calcu- Mea- 
lated sured 

SiO z 55.47 55.40 57.20 66.00 52.37 
TiO z 1.10 0.81 1.17 0.45 
A120 3 1 9 . 8 1  19.90 18.61 18.87 0.94 
FeO 4.92 5.03 5.03 0.36 11.23 
MnO 0.25 0.25 0.23 0.67 
MgO 0.74 0.96 0.96 11.51 
CaO 1.49 1.48 1.85 21.15 
Na20 10.62 10.66 8.96 5.84 1.67 
KzO 4.60 4.87 5.43 8.93 0.01 
P205 0.79 0.64 0.56 
Nr=0.255 

25.52 
0.57 

7/.17 
2.16 
0.58 

Fraction of liquid 0.702 Proportions of phases 
remaining removed 

Trace elements 
82.4% 12.7% 5.0% 

K l l  K8 (Calc.) K8 

Equi- Rayleigh 
librium model 
model 

Measured Diff. 

Rb 126 136 138 172 
Sr 548 386 333 458 
Ba 1,381 626 330 759 
Ba/Sr 1.62 0.99 1.66 

-19.8% 
-15.7% 
-17.5% 

Partition coefficients used in model 

Rb Sr Ba 

Ksp 0.90 2.90 6.12 
Cpx 0.0152 0.154 0.0128 
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Table 12. Models for Evolution of Phonolites from Basaltic Parents 

A: Nepheline Mugearite (K51)~ Feldspathoidal trachyte (K54) 

K54 K51 Plag Cpx Spinel Oliv- 
ine 

Calcu- Mea- 
lated sured 

SiO 2 57.33 
TiO z 1.46 
A120 3 18.29 
FeO 7.02 
MgO 1.24 
CaO 3.58 
Na20 7.71 
K20 5.05 

~rr2 0.830 

57.47 51 .73  57.45 51.76 
0.94 2.30 0.71 

18.11 16.91 25.72 1.76 
7.21 11.15 0.67 11.35 
0.80 3.03 11.26 
3.42 6.16 8.93 22.27 
7.34 5.90 6.56 0.84 
4.70 2 .83  0.67 0.05 

36.21 
23.16 

2.51 
72.14 36.39 
2.19 27.40 

Fraction of liquid 
remaining 0.532 Proportions of phases removed 

58.5% 17.6% 13.7% 10.2% 

K51 K54 (Calc.) K54 

Equi- Rayleigh 
librium Model 
Model 

Measured Diff. 

Rb 56 104 104 91 + 14.3% 
Sr 1,375 994 820 573 +73.5% 
Ba 1,028 1,498 1,570 1,111 +34.8% 
Ba/Sr 1.51 1.91 1.94 

Partition Coefficients used in model 

Rb Sr Ba 

Plag. 0.017 3.06 0.56 
Cpx 0.0152 0.154 0.0128 

B: Nepheline hawaiite (K49) ~ Nepheline syenite (K4) 

K4 K49 Plag Cpx Spinel 

Calcu- Mea- 
lated sured 

Oliv- 
ine 

SiO 2 53.93 
TiO 2 0.60 
AlzO 3 19.49 
FeO 7.19 
MnO 0.42 
MgO 1.22 
CaO 2.55 
Na20 8.23 
K20 5.78 

~r 2 2.739 

53.99 47.39 57.45 48.54 
1.48 3.15 1.67 

19.12 16.12 25.72 7.77 
6.91 12.94 0.67 6.45 
0.27 0.28 0.14 
1.32 4.57 /3.04 
2.45 7.95 8.93 21.42 
9.35 5.12 6.56 0.96 
5.11 2.48 0.67 

38.43 
23,.00 

2.50 
71.62 22.77 

0.72 
2.17 38.80 

Fraction of liquid 0.398 
remaining 

Proportion of phases removed 

40.9% 36.6% 18.35% 4.13% 

K49 K4(Calc) K4 

Equi- Rayleigh Measured Diff. 
librium model 
model 

Rb 54 124 128 130 -4.6% 
Sr 1,679 1,217 939 1,088 + 11.9% 
Ba 912 1,544 1,707 1,116 -t-38.4% 
Ba/Sr 1.27 1.82 1.03 

i 

Partition Coefficients used in model 

Rb Sr Ba 

Plag 0.138 3.86 0.77 
Cpx 0.0152 0.154 0.0128 
Oliv 0.001 0.003 0.005 

are not  represented in the sample set. The broad range 
in composition represented within the phonolite suite re- 
flects a range in parental magma compositions in terms 
of  N a z O + K 2 0 ,  MgO, TiO 2, P205, Ba, Sr, and Zr and 
this could be source related. 

The evolution of the trachyte suite 

The trachyte suite shows major  and trace element variation 
that is consistent with crystal fractionation controlled by 
clinopyroxene and spinel with olivine and plagioclase at 
the less fractionated end and feldspar with spinel and possi- 
bly fayalitic olivine and amphibole for the strongly fraction- 
ated end members of  the suite. Baker et al. (1977) in a 
study of  the basalt-benmoreite-trachyte suite rocks of  the 
southern part  of  the Gregory Rift in Kenya have rigorously 
tested crystal fractionation models for the evolution of  tra- 
chytes and the geochemical trends observed in the trachyte 
suite from the summit of  Mr. Kenya are similar. Quantita- 
tive mathematical models for the trachytes are very sensitive 
to mineral compositions used and such modelling requires 
more detailed mineral chemical information than presently 
available for the small number of  trachyte suite samples 
represented in our sample set. 

Sources for Mt. Kenya magmas 

Norry  et al. (1980) observed that in the north Kenya Rift 
there is a general trend towards silica saturation with time, 
and this trend is accompanied by decreasing incompatible 
element contents. They proposed that recent metasomatism 
of  the mantle beneath Kenya by CO2-rich fluids could be 
responsible for the trends observed. The Mr. Kenya sample 
suite reflects the regional pattern. Although crystal fraction- 
ation has played an important  role in the evolution of  the 
felsic rocks two aspects of  the problem require a source 
related explanation. (a) The trachyte suite has a lower 87St/ 
868r initial ratio and is critically saturated in contrast to 
the phonolite suite. (b) Within the phonolite suiite, although 
87Sr/S6Sr initial ratios, Zr/Nb, Zr /Hf  and Zr/Th ratios are 
constant, abundance levels for Ti, Mg, P, Sr, Ba, Zr and 
Nb vary over a wide range. 

The variation in trace and minor element compositions 
within the phonolite suite is in part  source related and in 
part  related to the crystal fractionation processes involved 
in the evolution of  the magmas represented. For  example, 
extreme variation in Sr abundance in the strongly undersa- 
turated phonolitic rocks is largely a consequence of  the 
dominance or otherwise of  feldspar in the crystal fractiona- 



408 

tion process. Those phonolitic rocks with low Sr (e.g. K55, 
S r = 6 6  ppm) contrast strongly with low-SiO 2 phonolitic 
rocks with relatively high Sr (e.g. K33, Sr = 1,008 ppm) and 
feldspar must  play a relatively minor  role in the generation 
of  the high Sr phonolitic rocks; a conclusion supported 
by the rare earth element patterns. None of  the phonolitic 
rocks have Mg numbers or transition metal contents consis- 
tent with them being primary melts and since they cannot 
be related to a single line of  descent, the spectrum of  phono-  
litic compositions must derive from a spectrum of  basaltic 
parental magmas. Such a range of  basaltic compositions 
could, as Nor ry  et al. (1980) suggest arise because o f  the 
effects of  carbonatitic metasomatism in the mantle source 
region. A mantle peridotite veined by carbonatitic or possi- 
bly nephelinitic material could provide a source for basalts, 
ranging from strongly undersaturated to transitional al- 
kalic. Increasing f C O  2 during melting of  peridotite gives 
rise to increasingly undersaturated melts (Eggler 1974) and 
since the vein component  could be expected to be relatively 
high in large ion lithophile and high field strength cations 
as well as volatiles (CO 2, F, C1, and H20)  low degrees 
of  melting at h i g h f C O  2 would develop melts relatively en- 
riched in Ti, P, Sr, Rb, Zr, Nb  and Ba. Higher degrees 
of  melting would develop less undersaturated basaltic melts, 
less enriched in these elements. There is now considerable 
evidence for mantle heterogeneity on a fine scale from re- 
gional studies of  basaltic provinces (e.g. Norry  et al. 1980; 
Erlank et al. 1980), from studies of  inclusions in kimberlites 
(e.g. Gurney and Harte 1980) and from composite studies 
(e.g. Menzies and Murthy 1980). 

In contrast to the phonolitic suite the trachyte suite, 
as represented in our sample set, could derive by low pres- 
sure (crustal) crystal fractionation from a transitional al- 
kalic basaltic parent. The basalts parental to the trachyte 
suite were generated from a less metasomatized and conse- 
quently slightly less radiogenic source. 

Concluding remarks 

The phonolitic and trachytic eruptives and intrusives o f  
the summit region of  Mt. Kenya represent magmas evolved 
by crystal fractionation taking place at various levels within 
the crust or upper mantle. Some members of  both the tra- 
chytic and phonolitic suites show clear evidence o f  involve- 
ment of  feldspar in their genesis; they are strongly depleted 
in Eu, Ba, Sr and Ca and have developed by crystal frac- 
t ionation taking place in the crust, f rom basalts or more 
evolved magmas. In contrast, some phonolitic rocks are 
characterized by low SiO 2, relatively high MgO, CaO, TiO z, 
P205, S r  and Ba even though total alkalies, Rb, Zr, Nb  
and Th are very high. These rocks must be derived from 
strongly undersaturated, large ion lithophile- and high field 
strength cation-enriched parents with feldspar playing a 
much less significant role in their evolution. 

A possible source for the spectrum of  basaltic parental 
materials required is a mantle which has undergone recent 
penetration (metasomatism) by carbonatitic magmas. 
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