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INTRODUCTION

Water has become a driving force in the search for extra-
terrestrial life. The stratigraphic horizons with abundant oxide 
spherules of hematite discovered by the Martian rover explorers 
are seemingly permissive lines of evidence that aqueous environ-
ments once existed in this currently barren terrain (Herkenhoff 
et al. 2004; Yen et al. 2005), a view supported by at least one 
example in the Jurassic Navajo Sandstone of Utah (Chan et al. 
2004). But there are other alternatives: one posits hematite spher-
ule formation in basaltic tephra (also under aqueous conditions), 
as in Hawaii (Morris et al. 2005); and another draws attention 
to sphere similarities in base surge and accretionary lapilli, and 
impact-related iron condensates (Knauth et al. 2005). We note 
that oxide spherules may also form in upper-mantle-derived 
carbonate-rich liquids. If not an alternative to the origin of 
Martian �blueberries,� these terrestrial oxide bodies do bear on 

the genesis and evolution of complex mantle melts. 
There are considerable uncertainties in the origin of kim-

berlites and in the genesis of carbonatites, but the issue that has 
fueled the most vigorous debate is on the potential relation, if any, 
between kimberlitic and carbonatitic magmas in petrologic mod-
els: one perspective is consanguinity (e.g., Bell 1989); whereas 
the alternative view favors a complete separation in the evolution 
of these two exotic rock types from the upper mantle (e.g., Mitch-
ell 1986). Liquid immiscibility between conjugate carbonate and 
silica-undersaturated liquids has both supporters and detractors 
among experimentalists, but also among petrographers in studies 
of alkaline igneous provinces and mantle xenolith samples (Pyle 
and Haggerty 1994 and references therein). A fundamental crite-
rion for the recognition of liquid immiscibility is the formation 
of mineral spheres, or spheres of mineral aggregates. 

Spheres have the lowest surface to volume ratio of any 
enclosed geometric form. This minimal condition, although 
simple and unique, must be non-speciÞ c in the context of the 
origin of spherical bodies in nature, given the variety that exists. * E-mail: haggerty@Þ u.edu
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ABSTRACT

A renewed interest in mineral spheres that exhibit oscillatory layering is assured with the spectacu-
lar discovery of hematite beads in Meridiani Planum, Mars. The Martian �blueberries� are variously 
interpreted as sedimentary concretions, impact spherules, or accretionary lapilli. We draw attention to 
a possible alternative that the spheres of oxides are of igneous origin in carbonate-rich upper mantle 
systems. Two spherical oxide assemblages from cabonatitic kimberlites in the central Namibia (formerly 
South West Africa) volcanic Þ eld show similarities and contrasts to orbicular structures in carbonatites 
from Uganda, South Africa, Germany, Finland, and Russia. Structures have rapakivi appearances that 
bear upon the controversial issue of a relation between kimberlites and carbonatites. The Þ rst example 
is from a carbonatitic kimberlite adjacent to the Mukorob kimberlite (sesu stricto). Oblate spheroidal 
nuggets (2 × 1.5 × 0.5 cm) have olivine (now serpentine + calcite) cores with concentrically layered 
bands of ilmenite + calcite, and pedestals of ilmenite (Ilm55Geik40Hem5) with intergranular calcite; 
the spheres are matrix-supported in massive ferroan calcite + serpentine, with minor apatite (F = 1.5 
wt%) and barite. The matrix contains xenocrystic Mg-Al chromite (55 wt% Cr2O3) mantled by ilmenite 
(Ilm51Geik43Hem6) but the dominant groundmass oxide mineral is Mg-Al-Ti (MAT) magnetite. The 
second example is from the carbonatite facies of the Hatzium kimberlite, and is also in a dike. MAT-
magnetite pellets (2�3 cm) have alternating wide (~1 mm), and thin (~0.25 mm) bands of magnetite 
nucleated on a complex mixture of calcite (FeO = 0.1 wt%) and serpentine (4 wt% FeO, 0.5�1 wt% 
Al2O3). The matrix assemblage of serpentine + calcite + MAT-magnetite has mineral compositions 
similar to the spheroids, but is distinguished by abundant Ba-phlogopite and lesser apatite (F = 2 
wt%). Phlogopite is strongly zoned in patches and bands, is kink-banded and contains inclusions of 
MAT-magnetite + calcite. The assemblage is typical of phoscorites (also known as camaforites) in 
other carbonatites, but the ilmenite spheroids appear to be restricted to Mukorob. Our interpretation 
is that both types result from the nucleation of immiscible liquids (a high-density and high-viscosity 
ore-carbonate-silicate component in a low-viscosity phosphoric carbonatite melt) on olivine or olivine 
+ magnetite, assisted by frothing and slow degassing on decompression and dike intrusion. 
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