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Ferroan olivine (fa, Fa50,100) is one of the major minerals in 

matrices of unequilibrated ordinary (H, L, LL) and 
metamorphosed carbonaceous (CV, CK, CO) chondrites. The 
origin of matrix fa is not understood: high-T (>1000°C) gas-
solid condensation under highly oxidizing conditions in the 
protoplanetary disk [1,3] and low-T (<300°C) formation 
during fluid-assisted thermal metamorphism on the chondrite 
parent bodies [4, 5] are being discussed. Here we report on the 
mineralogy and O-isotope compositions of secondary fa 
(Fa50,99) in LL3 clasts of the Ngawi LL3,6 breccia. The fa 
coexists with phyllosilicates, replaces magnetite+sulfide 
nodules in chondrules and matrix and forms veins crosscutting 
fine-grained rims around chondrules. On a three-isotope 
diagram, oxygen compositions of fa measured in situ using the 
UH Cameca ims-1280 plot along mass-dependent 
fractionation line with )17O value of 4.2±1.4‰ (2"), well 
above the compositions of phenocrysts in LL3 chondrules [7]. 
The similar )17O values, 4.9±1.9‰ (2"), were reported for 
magnetite grains in Ngawi and Semarkona (LL3.0) [1]. We 
conclude that Ngawi fa formed in situ in the presence of 
aqueous solutions. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: O-isotope compositions of the ferroan olivine [this 
study], magnetite [6], and phenocrysts and interstitial glass in 
chondrules [7] from LL3 chondrites. 

 
[1] Palme & Fegley (1990) EPSL 101, 180,195. [2] Weisberg 
et al. (1997) MAPS 32, 791,801. [3] Lauretta et al. (2003) 
GCA 65, 1337,1353. [4] Krot et al. (2004) Proc. NIPR 17, 
154,172. [5] Zolotov et al. (2006) MAPS 41, 1775,1796. 
[6] Choi et al. (1998) Nature 35, 1365,1387. [7] Kita et al. 
(2010) GCA 74, 6610,6635. 

Late Cretaceous alnöite from the 
Delitzsch (Germany) carbonatite – 

ultramafic complex 
J.C. KRÜGER, R.L. ROMER AND H. KÄMPF 

Deutsches GeoForschungsZentrum, 14473 Potsdam, Germany 
(jekruege@uni-potsdam.de, romer@gfz-potsdam.de 
kaempf@gfz-potsdam.de) 
 
The Delitzsch complex consists of late Cretaceous 

ultramafic lamprophyres, alnöites and carbonatitic rocks, 
which are covered by up to 100 m thick sequences of Tertiary 
sedimentary rocks. Lamprophyre, alnöite and carbonatite 
dikes and diatrems are emplaced in Paleozoic to lower 
Permian volcanic and sedimentary rocks. The size and 
geometry of the Delitzsch complex is not well known, but 
exploration drilling has documented lamprophyres and 
carbonatites in an area of 150 kmJ [1]. The complex includes a 
diversity of magmatic and subvolcanic rocks, ranging from 
beforsites, rauhaugites, and alvikites for the carbonatitic rocks 
and aillikites, monchiquites, alkali picrites, and alnöites. 
Contact relations and distribution of xenolithic material 
indicates that phases of carbonatite and ultramafic 
lamprophyre magmatism overlapped.  

The alnöite dike/diatrem at the northern flank of this 
complex is highly heterogenous with abundant wallrock 
xenoliths and reaction zones between alnöite and xenolithic 
material. The xenolithic material was incorperated during 
ascent and emplacement of the alnöite. Fresh alnöites have 
abundant melilithe, minor olivine, phlogopite, and pyroxene in 
a porphyritic texture. Acessory minerals are perovskite, 
apatite, chromian spinel, and magnetite. They are affected by 
post magmatic chloritization of olivine and especially 
pyroxene. The alnöites are relatively high in SiO2 (~35%) and 
have high MgO, Cr, Ni, and Sr contents. The rocks have 
unradiogenic Sr and positive KNd (T) values. Their Sr, Nd, and 
Pb isotopic compositions fall between HIMU and EM1 mantle 
components.  

Xenolith-bearing alnöites show seperated areas with 
rounded quartz and K-feldspar. These texturally distinguished 
types are also geochemically and isotopically distinctive, with 
REE pattern similar to average crust and crustal Sr, Nd, and 
Pb isotope signatures. Xenolith-bearing alnöites show 
texturally and geochemically marked transition zones with 
selective enrichment of heavy REE, not attainable by simple 
assimilation of xenolithic material in the alnöite.  
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