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The Blue Hills Intrusive Complex (Janse, 1971; Spriggs, 1988; Kurszlaukis, 1994; 
Kurszlaukis et al., in prep.) is part of the Gibeon Kimberlite Province in southern Namibia 
and is located about 5 km south of the Gross Brukkaros Mountain. Gross Brukkaros is 
surrounded by a number of magnesio- and silicocarbonatitic dykes and vents (Janse, 1969; 
Kurszlaukis, 1994), and the Blue Hills are located within the range of these volcanic rocks. 
The Blue Hills form an ovally elongated, laccolithic body with a maximum length of 800 m 

and a thickness of about 50 m within contact metamorphosed shales and quartzites of the 
Precambrian to Cambrian Nama Group. Judging from the surrounding geology, the maximum 
intrusion depth of the laccolith did not exceed 400 m. 
Six different types of magmatic rocks were distinguished from their mineralogical and 

chemical composition. Four of these six types are highly undersaturated silicate rocks forming 
a fractionation trend towards increasing carbonate contents. A late carbonatite, probably 
derived by liquid immiscibility, and a pegmatite - both with very low REE patterns - are the 
vaining expressions of the Blue Hills magmatism. 
Our age determinations yield an age of 75.1 +/- 0.5 Ma (isochrone) (Kurszlaukis 1994, 

Kurszlaukis & Smith, in prep.) for the pegmatite. This is consistent with the results of Spriggs 
(1988) on the monticellite picrite. 
The magmatic rocks may be characterised as follows: The base of the Blue Hills is formed by 

a layer of monticellite-picrite (MP) with a thickness of 20 m. This rock consists of olivine 
phenocrysts in a matrix of mostly monticellite and subordinate phlogopite, carbonate, 
magnetite, and perovskite. The MP is overlain by an up to 45 m thick, strongly altered mica" 
olivine-carbonatite (MOC). Compared to MP carbonate and phlogopite are increased while 
monticellite is absent. In the upper portions pillow-like structures of MP within MOC can be 
observed. In the southern part of the Blue Hills, a discrete body of phlogopite-carbonate- 
picrite (PCP) is located within the MOC. It consists of olivine and phlogopite phenocrysts in a 
groundmass of carbonate, perovskite, and magnetite. In addition to these main intrusive 
bodies, several phlogopife-carbonate-sills (PCS) occur. 
Carbonatite sills and dykes (C) also occur, the latter cutting through all other magmatic 

bodies. The carbonatites mainly consist of carbonate and to a lesser amount of phlogopite and 
apatite. Most remarkable is the presence of a small carbonate-phlogopite-apatite-pegmatite 
(P), which forms veins with thicknesses up to 25 cm in the host rock. 
Although different in their modal mineral content, the MP, MOC, PCP and PCS are 

remarkably similar in their trace element abundances. Their main differences mostly lie in 
their variable contents of the volatiles H20 and C02. MgO/CaO ratios are 1-1.3 (Fig. 1) which 
indicates melting in the dolomite stability field at a depth of 80-100 km (Brey, 1978). 
Spinel-olivine geothermometry points to temperatures of 1100-1250°C for the parental PCP. 
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Fig. 1 (left): MgO/CaO vs. Si02. The MgO/CaO ratio ranging between 1 and 1.3 for the Blue Hills silicate 
rocks indicates melting in the dolomite stability field. 

Fig. 2 (right): Ni vs. Cr. The relatively low amounts of highly compatible elements in the MOC and PCS 
compared to the MP and PCP distinctly point to differentiation processes. 

Ni shows a positive correlation with Cr (Fig. 2) indicating fractionation of olivine and spinel. 
MP and PCP appear to be the most primitive compositions. The gap between the silicate and 
the carbonate rocks may indicate liquid immiscibility. 
This assumption is supported by Fig. 3, where the compositions plot on either side of the 

liquid immiscibility gap as determined, by Kjarsgaard & Hamilton (1989) at pressures > 5 kb. 
In the contrary a continuous trend from silicate-rich to carbonate-rich melts is found in the 
adjacent Gross Brukkaros volcanics. 

Sample BH-35, a "Monticellite Picrite" (MP) shows a REE pattern similar to kimberlites and 
olivine melilitites consistant with a low degree of partial melting. Abundant perovskite in the 
groundmass of this rock is the most important host mineral for REE. 
Usually carbonatites contain the highest amounts of REE and also the highest (La/Lu)cn 

ratios. Samples BH-54 and BH-58b are derived from two different carbonatite sills, however, 
have a relatively flat REE pattern with much lower LREE and higher HREE compared to MP. 
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Fig. 3 (left): Major oxide liquid immiscibiliy diagram for 
1250°C (Kjarsgaard & Hamilton, 1989). The solid lines mark 
the silicate and carbonate limbs at 2 and 5 kb pressure. Note 
the distinct miscibility gap between the silicate and the 
carbonate rocks. 

Fig. 4 (right): The Blue Hills magmatites normalized to chondritic composition. 
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The strong depletion of LREEs is the result of perovskite fractionation, the main host mineral 
for LREEs (Jones & Wyllie, 1984). 
The Blue Hills late stage pegmatite surprisingly shows the lowest overall REE pattern. 

Abundance levels are about 10 times of chondritic values (Nakamura, 1974) and thus are much 
lower than that of the carbonatites. The pegmatite consists of apatite (42 %), phlogopite (34 
%), carbonate (21 %), and magnetite. These main constituents could serve as hosts for La and 
Ce. The bulge of the REE pattern at the MREEs (Gd and Tb) strongly resembles to the REE 
pattern occurring in apatite. This is according to the high amount of F" (5.7 wt.%) in the 
apatites, which is a preferred complexing ion for REEs. 
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