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Geochemical characterization and fission track ages of historical ignimbrite flows : the sillar of Arequipa (Western cordillera, Southern Peru)
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INTRODUCTION

The reptation of the tuff, the so-called Sillar of Arequipa (SA) as the best building Stone in the Arequipa Province, is well-established in southern Peru. The SA tuff is a white, welded, crystal-poor and pumice-rich rhyolitic tuff. It is extremely well exposed near the airport of Arequipa where it has infilled a pre-existing canyon, the Quebrada Anas Huayco (71 '35' 13"W -16'20' 14"s -2525 m), and across which passes the main road to Yura and the railway to Puno. This paper presents new petrological, major and trace element data on glass clasts and pumices from the SA tuff as well as FT ages on obsidian clasts from the SA tuff and the Macusani field (Eastern Cordillera). It examines the correlations between these two centres of ignimbritic volcanism and the timing of Pliocene to Recent deformations in southern Peru.

GEOLOGICAL SETTING

Previous reconnaissance studies and details of stratigraphy of the SA tuff are summarized by Salas et al. (1990). The S A tuff forms a single cooling sheet which consists of two distinct flow units. The base of the tuff has not been observed and although the overall thickness of the tuff is not known, it probably exceeds 25m (information from the quarriers) with 10m visible in the quarry situated to the south of the airport. The top of the SA tuff is separated from an overlying salmon-pink ash flow tuff by an irregular erosion surface. This tuff in turn is overlain by glacial conglomerates, coarse fluvial gravels and lahars which cap the mesa in the Arequipa area. The outcrop within the quarry consists of 1 ) a I s w e r f l o w u n i t (3-4m thick). This is a lithic-rich and well indurated tuff. At the base both white and oxidized fibreous and vesicular glassy pumices and glass shards tend to be small, rarely exeeeding 1-2cm. Towards the top of this unit the pumiees increase in size (-10-15cm) and relative abundance.

It also contains about 30-35% of plagioclase, biotite, quartz and magnetite crystals, indicating a concentration by elutriation of ashes, and that up to 30% of the SA tuff may have been dispersed. Lithic cPasts (up to 2 5 % ) are coneentrated particularly at the base of the unit and consist mainly of subrounded oxidized andesite fragments ("5 cm). Isolated crystals are abundant in the fine-to mediumgrained matrix of pumice shards and ashes. This lower unit shows facies variations from its base to the top.

2 ) The upper f l s w u n i t is a welded, homogeneous, pumice-rieh ( 3 0 % ) rhyolitic tuff which shows large columnar joints indicating emplacement at a high temperature. Its exposure within the quarry is about 6m. The matrix is fine-grained, crystal-poor (-IO%), with a mineralogy identical to the underlying unit. Lithic clasts are rare and small (0.5-3cm) and typical of the basement rocks (andesites). Grey to yellow glassy pumices are fragile, highly vesiculated and their phenoeryst content is low ( " 5 % ) . Coarse pumiees occur at the top of this unit. Continuous layers or lenses several meters long are observed with eoarse pumices (>Sem). The dense eomponent concentrations and fines-depleted nature suggests a nearby source for the SA tuff. Further to the West the Vitor tuffs which are crossed by the Panamerican South highway, has been dated by K/Ar spectrometry at 2.76k0.1 Ma (Vatin-Pgrignon et al., 19829 and show some differences with the SA tuffs notably the nature of the clastic material which is made up of plutonic and metamorphic rocks as well as volcanie rocks.

PETROGRAPHY AND GEOCHEMISTRY

Dense obsidian glass clasts of the SA tuff are blaek and exhibit a pale brown color in thin section. Plagioclase microlites and cristallites have compositions ranging from AbgqAn170r15 to Ab74An200rg which are close to albitic compositions. Biotite phenocrysts are similar in composition and size to those in the groundmass of the SA tuff. Accessory minerals of magnetite, containing 0.5 to 4% Ti02, and apatite are present within the glasses. Several crystals of feldspar show out of equilibrium textures with the coexisting glass. Observations show that the alkali content is important, especially K and Na in glass clasts, biotite and plagioclase crystals. 

FISSION TRACK DATING

Three glass spherules from the SA tuff have been dated by fission-tracks. As the fossil tracks were, on the average, shorter than the nuclear reactor-induced fission-tracks, the samples were treated by the plateau method of Storzer & Poupeau (1973). Unannealed glass fragments from each sample were irradiated in the Orphée reactor and the neutron fluences monitored with NIST glass standards 962. The analytical procedures were the same as described.in Poupeau et al. (1992) for the dating of macusanites. Fission-track ages were determined by the "difference" technique (Gleadow, 19811, without thermal treatment and after a heating step at 205'C for 2 hours and the size of tracks measured. It appears that the mean fossil track diameters are about 20% smaller that induced tracks. Therefore, the apparent ages of

the samples, in the range from 1 . 1 9 ? 0 . 1 0 Ma (SA2-90) to 1 . 4 2 ? 6 . 1 1 Ma (SA3-90), are only lower estimates of their formation ages. After thermal treatment at 205OC, the fsssil and induced track diameter distribution have similar shapand mean values. The three samples analysed, SA1-90, SA2-90 and SA3-90 present then concordant formation ages, at respectively 2.3220.21 Ma, 2.4320.24 Ma and 2.4820.17 Ma ( 1 6 ) .

CONCLUSIONS

Because tuff ages have such important implications for regional geotectonic interpretation, we have determined TF ages of ignimbritic glasses from two different contexts in southern Peru. Macusanites from the ignimbritic field of the Puno district, present plateau ages distributed between 7 . 9 and 4.8 Ma in good agreement with ages reported independently by Cheilletz et al. ("192) on mineral separates. The 3 separate FT analyses of the SA tuff obsidian glass clasts yield an average age of 2 . 4 1 k 0 . 0 8 Ma which is signifieantly younger and must be related to a more recent compressional phase. The Maeusani ignimbrite field may be related to an important phase of magmatism in the Eastern Cordillera arc system and belongs to the same volcanic cycle as the Boli-Vian Soledad tuffs (Redwood Fi Macintyre, 1 9 8 9 ) . Data on the SA tuff place the establishment and the evolution of the ignimbritic magma system in the Arequipa area within a precise temporal framework beginning with the eruption of the Vitor tuff at 2 . 7 6 Ma. The timing of the SA tuff correlates well with the F6 phase of deformation (Sébrier et al., 19889, contemporaneous with the earPy Quaternary period of high convergence rate during which the crust was thickned.