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Many alkaline magmas are 
characterized by rapid ascent to 
the Earth’s surface evidenced by 
significant amount of entrained, 
disintegrated mantle rocks from the 
walls of the magmatic conduit form-
ing xenoliths and xenocrysts. Typical 

alkali magmas that carry such debris 
are kimberlites, foidites and alkali 
basalts. At the same time, a number 
of kimberlite, foidite and alkali basalt 
intrusions where typical mantle xeno-
liths and xenocrysts are rare or miss-
ing contain abundant macrocrysts of 

olivine (kimberlites) or olivine and 
clinopyroxene (olivine nephelinites, 
basanites) exhibiting features of 
solid-state deformations such as kink-
bands, undulose extinctions, recrys-
tallization and internal cracks. These 
minerals are neither xenocrysts due 
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Figure 1 (a) Schematic illustration of possible relationships between primary carbonatite melts, formation of the 
source region of olivine melanephelinites, and partial melting. (b) Schematic illustration of the reaction boundaries for 
natural carbonated peridotites. The principal feature the solidus is the sharp bend coinciding with dolomite-out along the 
solidus resulting in a free CO

2
-fluid. The topology of the reaction curves is after Lee et al. (2000). The solidus curve for 

lherzolite-CO
2
 is from Fallon and Green (1989). Shaded area corresponds to the P-T range for garnet-spinel peridotite 

xenoliths from the Kaiserstuhl (Keller et al. 1997).
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to the lack of other minerals typical 
of common upper mantle lithologies 
nor did they crystallize from the host 
magma because of their deformation 
features. Could these macrocrysts 
represent entrained fragments of the 
source region of the host magma 
brought to the Earth’s surface? If so, 
they will provide direct insights into 
the history of magma genesis in the 
source region.

In the present study we investigat-
ed a suite of macrocrysts / mineral ag-
gregates from an olivine melanephe-
linite from Humberg, Kaiserstuhl that 
is dominated by clinopyroxene and 
olivine (<3-4 mm) with some minor 
Cr-spinel (ca. 5% of all macrocrysts). 
The macrocrysts are rather frequent 
and account for 10-15% of the rock. 
Large mantle xenoliths and meg-
acrysts are absent. 

We focused on clinopyroxenes that 
can be subdivided into three distinct 
groups. (1) Relict high-Cr low-Ti Cpx 
from aggregates with deformed oliv-
ine that are impoverished in Ca and 
characterized by LREE enrichment 
(12-14xC1), very low abundances of 
HREE  and Y (1-3XC1), low Ti/Eu 
and pronounced negative anomalies 
of HFSE. Their chemistry is consist-
ent with formation by carbonatite 
metasomatism in the presence of Opx 
and Grt. (2) ‘Common’ high- and low-
Cr Cpx forming both aggregates with 
deformed olivine (high-Cr subtype) 
and individual macrocrysts (low-Cr 
subtype) that retain many geochemi-
cal features typical of relict Cpx 
of type (1). The REE elements are 
(mostly) well fractionated. However, 
the ‘straight-line’ distribution pat-
terns of the relict Cpx grades into the 
convex patterns more typical of true 
phenocrysts from the host nepheli-
nite. The depletion in HFSE is less 

pronounced. (3) True phenocrysts 
(oscillatory zoning, crystal clots) 
display convex REE patterns, HFSE 
anomalies are absent. The transition 
in both absolute and relative element 
abundances from relict high-Cr, low-
Ti Cpx to ‘common’ calcic Cpx and 
finally to true phenocrysts is gradual, 
a significant overlap between the 
two latter groups is observed. How-
ever, all relict and at least some of the 
‘common’ calcic clinopyroxenes did 
not crystallize from the host magma 
because of the deformation features 
that are inconsistent with direct pre-
cipitation from magma.

Based on the cpx relationships we 
interpret the olivine melanephelinite 
as a mixture of primary melt, residual 
phase(s) and disintegrated fragments 
of the source region that did not un-
dergo partial melting. The volume 
of the residue and debris entrained 
from the source region amount to ca. 
10-15 %. The residue is represented 
by clinopyroxene possibly produced 
by incongruent melting of olivine 
(see Fig. 1). At low-to-intermediate 
degrees of partial melting, the latter 
may join clinopyroxene as a residual 
phase, but melts produced under these 
conditions must be strongly carbon-
ated. We found relicts of olivine as 
inclusions in the core areas of the 
‘common’ clinopyroxenes. In general, 
the residue represents low-alumina, 
low-sodic wehrlite or clinopyroxen-
ite. The source region that did not 
experience advanced partial melting 
is represented by debris of high-Cr 
clinopyroxene, olivine, and their ag-
gregates and corresponds to wehrlite 
(Fig. 1). The relict clinopyroxene is 
indicative of early stages of carbona-
tite metasomatism (Opx not com-
pletely destroyed). 

The source region has formed 

through the interaction of primary 
carbonatite melts and depleted man-
tle lithologies in the pressure range 
corresponding to the solidus ledge of 
carbonated peridotite (ca. 20-22 kbar 
in natural peridotitic system) by the 
reaction En + Carbonatite Melt = Fo 
+ Di + CO

2
 (Fig. 1). After complete 

conversion of orthopyroxene, the 
resulting wehrlitic assemblage (repre-
sented by high-Cr clinopyroxene and 
olivine) underwent partial melting in 
the presence of the residual carbona-
tite melt according to the incongruent 
reaction Fo + Mg-Cc/Dol + CO

2
 = 

Di + Melt (Fig. 1). Residual clinopy-
roxenes were formed, and the magma 
was separated at relatively high de-
grees of partial melting (at low-degree 
partial melting it remains strongly 
carbonated and thus trapped by the 
solidus ledge of carbonate-peridot-
ite). The magma partly entrained its 
residue, disintegrated the surrounding 
metasomatic wehrlites belonging the 
source region, and brought this mate-
rial to the Earth’s surface.
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