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ABSTRACT

Pyroxene phenocrysts from nephelinites associated with the Tertiary carbonatite-nephe-
linite Napak volcano are not in isotopic equilibrium with their host rocks and reveal a com-
plicated evolutionary history that involved fractional crystallization of a melt undergoing
continuous isotopic change. Intrasample pyroxene populations have different isotopic compo-
sitions and are interpreted as earlier formed pyroxenes that failed to isotopically equilibrate with
the host liquids and that were later scavenged by ascending melts. The Napak data show that
the pyroxenes can be effective in monitoring isotopic shifts that occur during magma evolution.

INTRODUCTION

Included among the eruptive centers of
the East African Rift Valley system is a se-
ries of carbonatite-nephelinite volcanoes in
eastern Uganda and Kenya with ages rang-
ing from 32 to 15 Ma (Baker et al., 1971;
Cahen et al., 1984). One such center is the
deeply dissected Napak volcano, which con-
tains mammalian fossil remains of early Mio-
cene age (Bishop, 1958). K-Ar whole-rock
and mineral dates from Napak tuffs and lava
flows (Bishop et al., 1969) range from 30 to
7 Ma.

The Napak volcano consists of a carbon-
atite-ijolite central plug flanked by interlay-
ered agglomerates, tuffs, and silica-under-
saturated lava flows that overlie quartzo-
feldspathic gneissic and granulitic basement.
Pyroclastic rocks form 97% of Napak, and
the remaining 3% consists of silica-undersat-
urated lava flows, mostly nephelinitic in
composition (King, 1949). Two groups of
nephelinites, olivine-free and olivine-bear-
ing, are present at Napak, and Mg numbers
for both groups are between 61 and 80 (Si-
monetti and Bell, unpublished), characteris-
tic of primary mantle melts (Roeder and
Emslie, 1970).

Experimental studies have shown that pri-
mary nephelinite melts are consistent with
melting of an amphibole peridotite at pres-
sures of 20 to 25 kbar (Olafsson and Eggler,
1983; Eggler, 1989) or with small (<5%) de-
grees of partial melting of a carbonated pe-
ridotite or pyrolite at high pressures (Brey
and Green, 1977; Brey, 1978; Olafsson and
Eggler, 1983; Wallace and Green, 1988). The
isotope ratios of nephelinites can, therefore,
provide valuable insights into the chemical
nature and evolution of the subcontinental
lithosphere.

Previously published Nd and Sr isotopic
results from East African carbonatites and
nephelinites are quite variable and have been
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mainly attributed to the mixing of isotopic-
ally distinct mantle components. Nd and Sr
isotopic data from recent East African car-
bonatite complexes (Bell and Blenkinsop,
1987) define a Nd-Sr isotopic array, termed
the East African carbonatite line (EACL).
The similarity of the slope of this carbonatite
line to the ‘““Lo-Nd”’ array of Hart et al.
(1986), suggests that the line may represent
a mixture of HIMU (high U/Pb mantle) and
EM I (enriched mantle I) mantle components
(Bell and Blenkinsop, 1987), the two end
members of the ‘‘Lo-Nd’ array. In addition,
Pb isotopic results so far obtained from East

African carbonatites define a line (Griinen-
felder et al., 1986) with a slope similar to the
oceanic regression line (Tatsumoto, 1978),
and the data have been interpreted as the
result of mantle mixing (Griinenfelder et al.,
1986).

ISOTOPIC RESULTS

The isotopic data from six Napak pheno-
cryst separates and their host rocks are given
in Table 1. Analytical procedures for Nd and
Srisotope analysis were similar to those de-
scribed in Bell and Blenkinsop (1987). Hand-
picked pyroxene phenocrysts were washed
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Figure 1. Plot of 1*3Nd/'4*Nd vs. 7Sr/%Sr ratios. E.A.C.L. = East African carbonatite line (Bell and
Blenkinsop, 1987). Solid circles = olivine-bearing nephelinite whole-rock data; solid diamonds
= clinopyroxenes; open circles = leachates. Tie lines join pyroxenes with corresponding whole
rock analysis. HIMU (high U/Pb mantle) and EM | (enriched mantle 1) data from Hart (1988). Inset
shows whole-rock data: solid circles = olivine-bearing nephelinites; Xs = olivine-free nephe-
linites; square = carbonatites (two samples); triangle = melilite nephelinite. Age-corrected Nd
and Sr isotopic ratios for whole-rock nephelinites (Simonetti and Bel!, unpublished) show
negligible decrease (<0.0001) in present-day ratios.

243



A 160

+ 2 Sigma
'y
A
o
15.8 .
g -
s
S s A
£0
g .
&
0 Ga
15.6
15.4 ! | 1L ! A
17.0 19.0 21.0 230
206Pb/204Pb
B
+ 2 Sigma
410+
a /
o
= ;o
2 /
< ’/‘
o [ 4
&
S~
L0 [ ]
2" 390 s
™N
370 / L | | | | B
170 190 21.0 230
206Pb/204pb

Figure 2. A: Plot of 2°7Pb/2°*4Pb vs. 2°6Pb/2**Ph. B: Plot of 2°2Pb/2**Pb vs. 2°°Pb/2**Pb. Symbols
as in Figure 1, Age-corrected Pb isotopic ratios (Simonetti and Bell, unpublished) show
negligible decrease (within analytical uncertainty) of present-day ratios.

for ~30 min in an ultrasonic cleaner with
acetone, ultrapure water, 2 N HCl and then
1 N HBr. Pyroxenes from two of the sam-
ples, NP 100 and NP 112, could be divided
into light and dark fractions. Pb was sepa-
rated in HBr and HCI by using two-column
anion ion-exchange techniques. Details are
given in Kwon (1986). Pb samples were run
on single Re filament using silica gel and
phosphoric acid. ,

Shown in Figure 1 are the Nd and Sr iso-
topic data from six Napak diopside pheno-
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cryst separates (made up of at least 40 grains)
and associated olivine-bearing nephelinites.
The inset shows Nd and Sr isotopic ratios
from all of the analyzed whole-rock nephe-
linites and carbonatites (Simonetti and Bell,
unpublished). Figure 2 shows Pb isotope
data from pyroxenes and associated whole
rocks.

As can be seen from Table 1, (1) most
pyroxenes have Pb and Srisotopic ratjos that
are lower than those of their host lavas, (2)
the Nd, Pb, and Sr isotopic ratios of some

pyroxenes and whole rocks differ from sam-
ple to sample, (3) different pyroxene popu-
lations from the same sample have different
Nd and Pb isotopic ratios, and (4) the Pb
isotope ratios from both whole rock and py-
roxenes define linear arrays (see Fig. 2).

The most significant feature to emerge
from these isotopic data is that the pyroxene
phenocrysts are clearly out of isotopic equi-
librium with their host lavas. Few examples
of isotopic disequilibrium among mineral
phases from volcanic rocks are detailed in
the literature. The study by Geist et al. (1988)
is one such example.

DISCUSSION

The isotopic differences between the cli-
nopyroxene phenocrysts and their host lig-
uids can be explained in several different
ways, including (1) fluid interaction with
olivine-bearing nephelinites under subsoli-
dus conditions, (2) entrapment of xenocrysts
from a mantle source, and (3) transportation
of cognate crystals, formed during melt con-
tamination, by isotopically more contami-
nated liquids.

It may be possible to attribute the differ-
ences in the whole-rock and pyroxene Sr
isotopic compositions to ground-water inter-
action. Alteration of mineral phases, partic-
ularly nepheline, by ground water could in-
crease the %’Sr/°Sr ratios but leave the
143Nd/'**Nd ratios relatively unchanged. In
an attempt to evaluate ground-water inter-
action, leachates were obtained from three
whole-rock nephelinites by using dilute HCI
and HF. The leachates yielded isotopic ra-
tios that are generally similar to those of the
whole-rock data (Fig. 1), and from this we
conclude that the lavas have retained their
original isotopic ratios. Subsolidus alteration
appears to have played a minor role, if any,
in the isotopic evolution of the Napak nephe-
linites. This is also supported by petro-
graphic observations of the nephelinite
samples.

The Napak clinopyroxenes could also be
considered mantle xenocrysts, derived from
a metasomatized spinel lherzolite mantle
characterized by a high CO,/(CO, + H,0)
ratio (Brey and Green, 1977; Brey, 1978;
Olafsson and Eggler, 1983; Wallace and
Green, 1988). Studies from some lherzolite
nodules (Menzies and Murthy, 1980a, 1980b;
Cohen et al., 1984) show that isotopic dis-
equilibrium can exist between coexisting
minerals and that some of the data fall within
the lower left quadrant (Menzies and Mur-
thy, 1980a) of the Nd-Sr plot, similar to the
isotopic ratios from Napak.

Most pyroxene phenocryst compositions
from the olivine-bearing nephelinites are in-
consistent with a xenocrystic origin. Aver-
age compositions of some phenocrysts,
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ene populations from each of the two sam-
ples NP 100 and NP 112 show that the min-
erals did not precipiate out of the melts that
transported them to the surface. Further-
more, the pyroxenes did not have sufficient
time to reequilibrate with their enclosing
melts. The isotopic data from the clinopy-
roxene populations are consistent with mix-
ing different generations of cognate crystals
that crystallized from a melt undergoing pro-
gressive contamination.

The large range in Pb isotope ratios from
the clinopyroxenes and associated whole-
rock nephelinites from Napak alone is sim-
ilar to that shown by all the Pb isotopic data
so far collected from other East African car-
bonatite centers (Allégre et al., 1979;
Griinenfelder et al., 1986). The slope, about
0.10, of the 2°7Pb/2**Pb vs. 2°Pb/?°“Pb linear
array from Napak (Fig. 2A) is similar to that
shown by data from the East African car-
bonatite complexes (Griinenfelder et al.,
1986), the oceanic regression line (Tatsu-
moto, 1978), and a Pb isotopic array defined
by clinopyroxenes from mantle xenoliths
from western Uganda (Davies and Lloyd,
1991).

The Pb isotopic data from Napak can be
explained in several different ways. Included
among these are the mixing of mantle com-
ponents, possibly HIMU and EM I (Fig. 2),
in different proportions. A second alterna-
tive involves the mixing of two isotopically
distinct mantle melts, but the continuous
variations in the chemical compositions of
the pyroxenes would argue against this. A
case can also be made for lower crustal in-
volvement since Nd and Sr isotope ratios
from mafic granulite xenoliths found in the
nearby Lashaine tuff cone, Tanzania (Cohen
et al., 1984), fall in the lower left quadrant of
Figure 1. The Pbisotope ratios, however, are
only partly consistent with this model.

CONCLUSIONS

The isotopic results from the Napak cli-
nopyroxene phenocrysts indicate a complex
crystallization history for the parent Napak
magma. Although the melt was undergo-
ing fractional crystallization and isotopic
change, the pyroxenes failed to equilibrate
isotopically with their host liquids as the lig-
uid changed its isotopic composition. The
data from Napak illustrate that clinopy-
roxenes may preserve the isotopic ratios that
characterized the melt at the time of their
crystallization. These clinopyroxenes were
then transported by more evolved liquids
during magma migration to the surface. This
study reveals the importance of mineral iso-
topic analyses in understanding the melt dy-
namics associated with one volcano and cau-
tions against using only whole-rock isotopic
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data to evaluate the detailed magmatic his-
tory of a single eruptive center.
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