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RESUMEN : Las latitns potfisicas nc6gcnas cic l u  Cordillcra Oricntal dcl Sur del Pcru resultan de la mezcla 

magmitica cnuc magmus dc composicioacs riolitic;l pcraluminosa y lamproitica respcctivamcnte. Se prcsentan 

argumentos texturalcs, mincralogicos y gcoquimicos que comproban este proceso magmatico. 
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INTRODUCTION : 

During thc uppcr Oligoccnc and  lowcr Mioccnc, the Eastcm Cordillcra of Soulhern Peru is the centre of 

an important magmatic activity charactcrizcd by pcraluminous monzogranitcs, shoshonites and banakites [sec 

Clark & al., 1990 and rcfcrcnccs hcrcin]. In thc  Nulioa arca, lamprophyres (now classified as high-K lalites) 

have been first rcportcd by Autlcbautl L9: Vatin Pcrignorl 119741. Subscqucnt K/Ar datations [Bonhomme & al., 
19851 indicatcd that  tllcsc rocks arc contcmporancous with the late Oligocene-lower Miocene peraluminous 

magmatic intrusions. Bascd on pctrographicnl, mincralogical, and gcochcmical data, we dcmonstrate that the 
high-K lalites are gencratcd by lnixing involving pcralu~ninous and lamproitic magmas. 



MAGhlA MIXING EVIDENCES IN MONZOGRANITES AND HIGH-K LATITE§ : 

The monzogranitcs conhin quartz, oligoclasc, sanidine, biotite and cordierite phenocrysts in a fine- 

graincd groundlnass madc of quark,  oligoclasc, biotitc, apatitc, zircon, sillimanite and sccondary muscovite and 

tourmaline. They also include phlogopitc xenocrysts and chromite-olivine-phlogopite-bearing mafic inclusions. 

The high-K latites arc composcd of a groundrnass made of phlogopite, andesine, sanidine, hypersthene, apatite, 

ilmenite, graphite and somctimcs osumilite microlitcs and colourless glass. Olivine, phlogopite, biotite, quartz, 

oligwlase, augitc, ilmenite and rare cordicrite xenocrysts arc also frequent. Millimetric inclusions of chromite- 

olivine-phlogopitc-bcaring mafiie inclusions have bccn obscrved in a single high-I< latite. 

Xenocrysts in  high-K lalitcs systcmatically are partially resorbed (quartz, phlogopite) or exibit reaction 

textures (olivinc, augitc and quartz rimmed by polycristalline orthopyroxene coronas, sieve-textured biotite and 

mantled oligoclase, granular intergrowths of aluminous spincl, ilmenite, orthopyroxene  and  osumilite or K 

feldspar in biotitcs). Al1 thcsc fcaturcs arc consistcnt with assimilation of solid crusml material or magma mixing 

proccsscs. Ncvcrthclcss, tcx~ur:~l cvidcnces (cllipsoidal shapc, finger-like, cuspatc margins ...) indicatc bat  the 

olivine-phlogopitc-bcaring rnafic inclusions have bccn incorporated in a molten state into the magmas now 

representcd by the rnonzogranites and high-K latitcs. Thcn, we conclude that magma mixing is an important 

process involved in the gcncsis of dlc monzogranitcs and the high-K latites of the Eastern Cordillera of Southern 

Peru. The xenocrysts or thc high-K latitcs rcprcscnt thc mutual mechanical exchange of phcnocrysts crystallized 

prior the mixing in both magmatic componcnts. 

CHEMICAL AND  MINERALOGICAL  COMPOSITION OF MAGMA COMPONENTS PRIOR THE 

MIXING : 

The absence of chemical discquilibriuln evidcnces in phcnocrysts of the monzogranites that contain 

phlogopite  xenocrysts and mafic  inclusions,  suggcsts  that the mixing  process is essentially  mechanical 

(rningling). Morcover, as xenocrysts and inclusions are s c m e  and do not significatively altered the whole-rock 

chemistry, the mincralogical and chcmical characteristics of the monzogranites may be reasonably considerd 

representative of one of the magmatic componcnts involvcd in the mixing process. 

Thc chrolnitc-olivinc.-phlogopitc-l~~~~ri~~~ n~nl'ic inclusions in both monzogranitcs and high-K latites 

suppIy the bcst evidcnccs for thc identification of the othcr magma componcnts  involved in the mixing. 

Unfortunatcly, their small size prccludcs thcir characterization by classic procedures of whole-rock chemislry. 

Consequently,  only  thc chcmistry of thc mirlcral phases providcs informations on the original  crystalline 

characteristics of this componcnt. Thc crystallization ordcr in thcse mafic inclusions,  prior to mixing, are 

chromitc, olivinc, phlogopitc and ilmcnitc. This scqucncc is unusual in potassic and ultrapotassic rocks and ha§ 

bcen only expcrimenklly obdncd by Folcy (1989) for lamproitic compositions at low oxygen fugacity and low 

water activity. Thc high Cr/Cr+Al ratio of the chrornitc that is liquidus phase implics a low AI contcnt in the 

coexisting mells. Low oxygcn fugacity conditions arc supportcd by very low Fc%content and probably presence 
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of Cr2+in chromitc and Ti3  in ilmcnitc whcrcas thc Si-AI tctrahcdral dcficicncy and  the  high WAI ratio of lhe 

phlogopite phenocrysts are indicative of both low oxygcn fugacity and low water activity. Al1 Lhese features are 

consistent with a lamproitic affinity for thc  mufic inclusions and Lhcn for the mafic magrna component involved 

in the mixing. 

Al1 largc crystalline phases occurring in the  high-K latites define incompatible mineral assemblages 

(quartz-olivine, alurninous biotite-phlogopite associations) and systematically are in chemical disequilibrium 

with the groundmass. They rcpresent rclicts of phcnocrysts that have crystallized either in lamproitic or in 

peraluminous magmas. 

Ali the high-K latitcs are ultrapotassic according to the geochemical classification proposed by Foley & 

al. (1987). On the elcmcnt-elcmcnt plow;, thc high-K latite and monzogranite compositions define systematic 

straight correlations that  whcn cxtrapolatcd towards thc mafic compositions lic on the olivine lamproite domain. 

From these mineralogical and gcochcmical data, thc origin of high-K latitc by mixing bctween pcraluminous 

rhyolitic and olivine lamproitic magmas are dcduccd. 

MAGMA COMPONENT PROPORTION§ INVOLVED IN THE HIGH-K LATITE  GENESIS  AND 

TEMPERATURE-PRESURE OF MIXING : 

The relative proportions of the two magma components involvcd in the mixing cannot  be accurately 

estimated in absence of prccise chclnical conlposilion of thcse components. Ncverthelcss, minera1 chemistry of 

high-K latite  microphcnocrysts and microlitcs indicatcs that low oxygen fugacity (Fe3+-free Ti3+-bearing 

ilmenile, graphite) and low watcr activity (osumilitc) conditions persist in the "new" magma after mixing. 

Pyroxenc and fclspar thcrmomctry suggcst that microphenocrysts have crystallized  at  nearly 1000°C. 

Experimcntal dala on pcraluminous and lamproitic cornpositions suggest that thc monzogranitic and lamproitic 

magmas werc  at thc thne of mixing al 800-850°C and 1050-1 100°C rcspectivcly. The thermal contrast between 

the two magmas is Inrgc (200°C) and  would provocatc rapid crystallization of h e  lamproitic componcnt if the 

peraluminous mgma proportion involvcd in the  mixing  is  high (> 50%). At the contrary, the texture of rnincrals 

crystallising during thc Iïrst stagcs of thc mixing (phlogopite, augitc) suggcst low  thermal conlrast. We concludc 

that the lamproitic conlponent involvcd in thc magma mixing is widcly predominating (>50%). Pressure at 
which the mixing occur is not accuratcly dctcrminatcd. Ncvcrthelcss, thc abscncc of cordierite and sanidine 

xenocrysts and the occurrcncc of osumilitc in sonlc high-K latites suggest pressures above 4 kbar and below 

llkbar. 

CONCLUSION : 

The high-K latitc 01 thc Eastcrn Cortlillcra of southcrn Pcru originatcd by mixing of lamproitic and 

pcraluminous magmas. Tcmpcruturc and pressurc cva1u:ltion suggcsts Ihat mixing process may opcrate in the 
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lowcr crust. Thc Pcruvian and Bolivian shoshonitic rocks cxhibit strong mincralogical and geochemical affinity 

with the studied high-K latitcs. Mngma  mixing proccss would be an important process generating thesc roch. 
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