VIRUNGA LEUCITE BASANITES: MANTLE METASOMATISM OR CRUSTAL CONTAMINATION?
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The Western Branch of the East African Rift is a region with classic occurrences of ultra-potassic magmatism (Bailey, 1974; Eby et al., 2003; Foley et al., 1987; Rosenthal et al., 2009). The trace element geochemistry of these ultrapotassic rocks indicates derivation from an enriched mantle

source (e.g. Eby et al., 2003). 
Volcanism in the Western Rift is limited to four main regions in addition to isolated small areas where volcanic intrusions are present; from north to south these are Toro-Ankole, Virunga, South Kivu and Rungwe. In general, the volcanics form spatially isolated rock units that occur in conjunction with the rift grabens. Western Rift volcanism in the Virunga Province approximately 12 million years ago and is still active today. 

       The regional scale geodynamic setting is discussed in more detail by Ebinger and Furman (2002). Nyiragongo and nearby Nyamuragira mark the western edge of the Virunga volcanic field, with Virunga volcanoes erupting extremely fluid, low-silica, high-alkaline lavas. Several fault systems meet at Nyiragongo: the main N–S fault which was active in the 1977 and 2002 eruptions, a NW–SE trending system linking Nyiragongo to Nyamuragira, a NE–SW trending fault system including the Rushayo chain of scoria cones (formed in 1948), and possibly a further fault approximately parallel butwest of the Rushayo chain.
     We focused on an investigation of leucite basanites and kamafugites from Virunga provinces in the northern part of the Western Branch of the East African Rift. The objects of this study were the volcanic rocks from volcanoes Visoke and Mahavura. Samples of the ugandite and its probable differentiates (melaleucitite and leucitite) from Visoke volcano in the Virunga are included in this study.
       Visoke is a 3711-m-high extinct stratovolcano, which contains a 450-m-wide summit crater lake. The age of Visoke volcanism is unknown, but whole rock K–Ar ages for the nearby Karisimbi volcano range from 30,000 to 120,000 years (De Mulder, 1985; Rogers et al., 1992, 1998). Visoke together with Nyiragongo and Nyamuragira is the only volcano that has been active historically in the area.
       Mahavura is an extinct volcano in the Virunga Mountains on the border between Rwanda and Uganda. At 4,127 metres Muhabura is the third highest of the eight major mountains of the mountain range, which is a part of the Albertine Rift, the western branch  of the East African Rift.  The goals of the present work are to elucidate the mantle source composition on the basis of Nd - Sr - Pb whole-rock systematic and to evaluate the magma crystallization conditions on the basis of determining the phenocrysts composition.
        The leucite basanites are a specific group of rock that is transitional between basalts and kamafugites, leucitites, nephelenites, i.e. without-feldspar rocks. They are not so widely distributed in the World, but are found a lot in the Western Branch of the East African Rift. Leucite basanites by chemical composition are similar to basalts (45 – 48 % SiO2) and by normative composition they contain > 10% olivine. Phenocrysts contain olivine, clinopyroxene, plagioclase, ore minerals. Leucite presents either as phenocryst or as microlith in groundmass. 
        The chemical (major and trace elements) and isotope composition of leucite basanites was determined. It revealed that all lava are not primitive (Mg# - from 0.50 up to 0.59), enriched by large ion trace elements (Fig.1, 2). 
       The isotope composition of Sr, Nd, and Pb leucite basanites from the Visoke and Mahavura volcanoes of the Virunga province revealed that these rocks differ from the previously studied Toro-Ankole kamafugites not only in chemical, mineral but isotope composition - they are enriched with radiogenic strontium and can not be regarded as primary-mantle rocks (Fig.3).

       The composition of phenocryst minerals of leucite basanites varies in some range: the olivine composition is Fo55 – Fo90 with NiO content 0.01 - 0.4 % wt.; clinopyroxenes have Mg# - from 0.65 up to 0.86 with Cr2O3 content 0.02 – 1.5% wt. The most of plagioclases are labrador (50 – 70% An). The ore minerals occurred are titanomagnetite and ilmenite. The evaluation of T-fO2 phenocryst crystallization based on titanomagnetite and ilmenite composition by method Sauerzarpf et al. (Sauerzarpf et al, 2008) show that it taked placed under buffer QFM.
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      Fig.1. Mantle-normalized (Sun & McDonough, 1995) abundance patterns for selected lavas from the eastern Virunga province, showing the generally smooth and convex-upwards profiles of the leucite basanite lavas from Muhavura and Visoke. 
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      Fig. 2. Chondrite- normalized abundance patterns for leucite basanite lavas from Visoke and Mahavura volcanoes of the eastern Virunga province.
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       Fig. 3. The plot of correspondence 143Nd/144Nd–87Sr/86Sr where the isotopic compositions of ultrapotassic rocks East African Rift are shown. The compositions of alkaline effusive rocks from other volcanic fields of the East African rift, basalts of Mid-oceanic ridges (MORB), ocean Islands (OIB) and different model mantle sources (DMM, EM I, EM II, HIMU) are shown also.

     Xenocrysts of quartz (Fig. 4) and rutile (Fig. 5) in the lava were found in Visoke leucite basanite. The presence of quartz and rutile together with phenocrysts of olivine Fo88 indicates to the contamination of this melt by crustal material. In another sample of Visoke leucite basanite nonequilibrium megacrysts of high-magnesian olivine (Fo90) were found, indicating to mixing of leucite-basanite magma with a portion of a more primitive melt.
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     Fig. 4. The quartz xenolith with the reaction rim minerals in leucite basanite of Visoke Volcano from Eastern Virunga.
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       Fig. 5. The rutile xenocryst surrounded by the reaction rim of ilmenite in leucite basanite of Visoke Volcano from Eastern Virunga. Very thin parallel ilmenite neadles are visible within rutile xenocryst too.

      One more noticeable result of our study is identification within single Visoke volcano  two melts formed from different mantle sources. According to isotopic data (Muravyeva et al., 2014) Visoke ugandite and its possible derivatives (melaleucitite and nepheline leucitite) are generated from mantle source while leucite basanites enriched with radiogenic strontium and cannot be regarded as primary-mantle rocks.

      Some features of mineral composition of Visoke leucite basanites (xenocrysts of quartz and rutile) obviously indicate melt contamination by crustal material despite on whole rock isotope composition lies on trend beenig explained by processes of mantle metasomatism.
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