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Mineralogy of mafic xenoliths and their reaction zones in the olivine lamproite from
Prairie Creek Arkansas and the paragenesis of haggertyite, Ba [Fe6Ti5Mg]O19
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ABSTRACT
The recently discovered mineral haggertyite, which belongs to the magnetoplumbite family, occurs in the Prairie Creek lamproite exclusively in a reaction zone at the contact between the olivine
lamproite and serpentized xenoliths. Compositional characteristics of the lamproite are an extreme
enrichment in elements such as K, Ba, and Ti, associated with very low Al2O3. Based on textural
evidence, it appears that the xenoliths represent a quenched very mafic magma, possibly komatiitic.
An absence of perovskite in the reaction zone is the consequence of Si diffusion from the xenolith.
Iron available in the xenolith may be the controlling factor for the crystallization of haggertyite and
other Fe- and Ti-oxides involved in the reaction. Other elements (K, Ti, and Ba) diffused from the
lamproite toward the xenolith zone but only the outermost edge of the xenoliths reacted. The crystallization of haggertyite appears to have resulted from a local chemical environment created by element diffusion between the two significantly contrasting lithologies.

INTRODUCTION
In 1983, S.E. Haggerty reported the discovery of a new family of minerals found in upper mantle xenoliths from
kimberlites. Subsequent work (e.g., Haggerty 1987) described
the occurrence of such minerals and their probable conditions
of formation, and extended the compositional limits of this new
family by introducing new members (Haggerty et al. 1989).
The discovery of a new mineral of this type, haggertyite (Grey
et al. 1998), which was found within the reaction zone around
accidental inclusions in the Prairie Creek, Arkansas, lamproite,
extended the type of occurrence of these unusual oxides and
defined a new compositional end-member. In common with
other members of the same family (AM12O19 where A = large
cations such as Ba with minor K, and M = small cations such
as Fe, Mg, Cr, Ti), this new phase coexists with spinel. All members of the group, including the crichtonite series (AM21O38,
Haggerty et al. 1989), can be interpreted as resulting from nonequilibrium reactions between xenoliths that act as sources of
Mg and Cr and surrounding melts that are enriched in Ba and Ti.

GEOLOGICAL DESCRIPTION
The specimens reported here were collected on East Hill
within the crater of Diamond State Park, southwestern Arkansas. The history of the diamond mining activity has been retraced by Hendrix (1989), and the largest gem found thus far

DESCRIPTION OF THE LAMPROITE AND ITS XENOLITHSH
Haggertyite was found within devitrified olivine lamproite,
and is located exclusively around xenoliths within a narrow
reaction zone (1–2 mm wide) between the lamproite and the
exotic inclusions. It was discovered originally in rocks collected
in the summer of 1995 on East Hill, but subsequently also was
found in a specimen collected by S. Bergman (specimen PC-3,
analyzed in Lambert et al. 1995). The absence of haggertyite
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was discovered in the crater in 1956 and weighed 15.33 carats.
Diamonds are still regularly found in the breccia unit associated with the lamproite. The presence of diamond and the origin of the lamproite thus point to mantle depths of at least 180
km.
The first comprehensive summary of the geology of the area
was published by Miser and Ross (1923). The intrusion is situated south of the limit of the Proterozoic crustal provinces of
North America (Van Schmus et al. 1996). The eruptive rock
intrudes Cretaceous units (Trinity Formation) but the nature of
the underlying series is complex and poorly known (Mickus
and Keller 1992). Numerous publications since 1923 have dealt
with particular aspects of the petrology of the lamproite and
associated eruptive rocks (Gogineni et al. 1978; Mitchell and
Lewis 1983; Scott Smith and Skinner 1984). New mineral
analyses are listed in Mitchell (1985), Mitchell and Lewis
(1983), and Mitchell and Bergman (1991) and new bulk
geochemical data are given in Alibert and Albarède (1988) and
Lambert et al. (1995). A number of field guides also give information on locations, and revised maps of the outcrops (Morris
1986; Krol 1986; Meyer et al. 1977). Baksi (1997) recently
summarized the geochronology of the Cretaceous igneous rocks
of Arkansas and confirmed a previously determined age of 108
Ma for the lamproite.
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