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Major magmatic and tectonic events affecting the earth's crust are expressions of 
processes occurring in the- upper mande. Samples of the subcontinental mande 
brought to the surface as ultramafic inclusions in kimberlites and alkali basalts have 
been shown to preserve a record of events that in some cases may be correlated with 
the geologic evolution of the crust through which they have been transported. Ultra- 
mafic xenoliths found within the Pali-Aike volcanic field (Skewes and Stern, 1979), 
the southernmost outcropping of the Patagonian basalts, preserve evidence of a sequence 
dating from earliest earth history to recent times, of mande processes relevant to the 
continental lithosphere of southern South America. 

The xenoliths found in the Pali-Aike basalts are lithologically very heterogeneous 
(Stern et a1,1985). They include garnet-bearing and garnet-free lherzolites, harzburgites, 
and pyroxenites. Phlogopite veins are observed cutting these various lithologies. Some 
of the garnet-bearing lherzolites are similar in composition, at least with respect to major 
elements, to estimates of prirnitive undifferentiated mande material. In general, the 
garnet-bearing xenoliths are more "fertile" than the garnet-free xenoliths; i.e. they are 
richer in A1203, CaO, Na2  0, and TiO2  and thus potentially capable of yielding a grater 
amount of basaltic melt. 

Mineral geothermometry and geobarametry indicate that all the xenoliths encountered 
in the Pali-Aike basalts equilibred in the lithosphere; i.e., within 100 kilometers of the 
surface and at temperatures well below the dry solidus of peridotite. Fertile garnet-
bearing and infertile garnet-free lithologies are apparently intermixed throughout the 
deeper part of the cross-section of the subcontinental lithosphere represented by the 
xenoliths. 

The more fertile garnet-lherzolites have Sr and Nd isotopic compositions similar to 
the mantle source of míd-ocean ridge basalts. All the xenoliths have Sr and Nd 
isotopic compositions similar to the suboceanic mande; i.e. within the mande array 
determined by the isotopic composition of basalts erupted in oceanic regions(Fig.1A). 
The isotopic composition of the xenoliths thus reflects time intergrated depletion, 
compared to the undifferentiated Bulk Earth, of Rb relative to Sr and Nd relative to 
Sr and Nd relative to Sin. However the current Szn/Nd ratios of the xenoliths are less 
than Bulk Earth (Fig.1B)• Phlogopite in veins has low 87Sr/86Sr = 0.7035 (Fig.1A).  
¿espite having a very high Rb/Sr = 3.1. 

As a group the xenoliths do not define an isochron, suggesting that the lithologic 
and isotopic heterogeneities of the mantle material forming the subcontinental lithosphe- 
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Fig.l. Plots of 143Nd/144Nd versus 87Sr/86Sr (A) and 143Nd/144Nd versus 147Sm/144Nd (B) 
W  

for garnet-bearing (solid squares) and garnet-free (empty squares) peridotites and phlogopi-
te (solid circle) from a vein cutting a peridotite xenolith. The unes emanating from the 
symbols represent the analytical uncertainty. Both figures show the composition of primi-
tive undifferentiated Bulk Earth (II.E.), and the fields for rnid-ocean ridge basalts (MORB) 
and the mantle array, which is the isotopic composition of the suboceanic mande as in-
dicated by analysis of basalts erupted in oceanic regions, are indicated in A. 

Fig.l. Diagramas 143Nd/144Nd  versus 87Sr/86Sr (A) Y 147smil44Nd (g) 143Nd/I44No versus 
para peridotitas con granate (cuadrados Ilenos),sin granate, (cuadros vacios) y flogopita 
(círculo lleno) de una venilla en un xenolito de peridotita. Las lineas que emanan de los 
símbolos, representan la incerteza analítica. Ambas figuras muestran la composición de 
la Tierra primitiva indiferenciada (B.E.), y en (A) se indica ademas el campo de los ba-
saltos de las cadenas hemioceanicas (MORE) y de la composicion isotópica del manto 
suboceánico indicado por los análisis de basaltos eruptados en regiones oceánicas. 
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re below southernmost South America have developed by a sequence of processes. 
These processes can be broadly subdivided into a pre-accretionary stage prior to the 
time that the mantle material currently forming the subcontinental lithosphere was 
stabilized below the continental crust and thus removed from large scale convective 
overturn, an accretionary event which stabilized the current subcontinental mande 
lithosphere below southern South America, and a post-accretionary stage. 

Prior to being stabilized below the continental crust, the material now forming 
the subcontinental lithosphere below southern South America must have been involved 
in large scale convective overtun in the mantle and thus been evolving along with the 
current suboceanic mande system. This is confirmed by the isotopic similarity between 
the xenoliths found in the Pali-Aike basalts and the suboceanic mantle. To allow the 
development of the Sr and Nd isotopic compositions observed in the garnet-lherzolite 
xenoliths from Pali-Aike and inferred for the mantle source of mid-ocean ridge basalts, 
these materials must have experienced an event, at least 2-3 blllion years ago, that 

depleted them in Rb relative to Sr and Nd relative to Sm. Extraction from the primitive 

undifferentiated mantle of a liquid resembling kimberlite, formed by a small degree 
of pardal melting, could produce this effect (Wood, 1979), Alternatively, setding to 
the base of the upper mande at the 670 kilometer seismic discontinuity, of gainet 
—and clinopyroxene— rich cumulates from a magma Ocean formed by 15-20 percent 
partiall melting of the whole mantle associated with the accretion of the earth, could 
have formed a large reservoir of fertile but large-ion lithophile element depleted mande 
(Anderson, 1981). This material would be, in a sense, the terrestrial equivalent of the 
plagiodase-rich lunar highlands which are believed to have formed by floatation on an 
accretionary related magma ocean on the moon. On the earth, pressure effects stabilized 
garnet and Al-rich pyroxenes which sank rather than floated. Upper mande convection 
confirmes to bring this material from the bottom of the upper mantle to below mid- 
ocean ridggs where it melts to yield modern-ocean ridge basalts. 

The main lithological variations observed in the Pali-Aike xenoliths probably formed 
by heterogeneous removal of magma resulting in infertile mixed with fertile lithologies 
as well as iron-rich garnet-harzburgites and garnet-orthopyroxene veins which represent 
cummulate phases left behind as the magma was removed. This event most likely 
occurred below an oceanic spreading center when the mande now stablized below 
southern South America was still involved in large scale upper mande convective overturn, 
since the high temperature required to produce the large percentage of melt extracted 
as indicated by residual harzburgites and dunites, is unlilcely to have been achieved 
within the subcontinental lithosphere. 

The lack of any phases with Sr and Nd isotopic compositions suggesting ancient 
enrichment events, such as have been reported in ultramatic xenoliths derived from 
the subcontinental lithosphere below the Precambrian craton of Africa (Cohen et al., 
1984), indicates that the accretion of the continental lithosphere below southern 
South America was a relatively recent event. This is consistent with the Phanerozoic 
age of the crustal rocks in this region, which have been interpreted to have formed as 
arc-trench gap materials accreted ro the western margin of Gondwanaland during the 
Paleozoic (de Wit, 1977). The removal of the subcontinental mande lithosphere from 
large scale convective overturn in the upper mande and its stabilization below the con-
tinental crust may have occurred iii association with crustal accretion. Altematively 
stabilization of the subcontinental lithosphere may have occurred at a later date, either 
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in the Mesozoic when rifting of South America and Africa was associated with wides-
pread bimodal basaltic and silicic volcanism in southern South America suggesting 
extensive thinning and possibly replacement of the pre-Mesozoic subcontinental 
lithosphere (Bruhn et al., 1978), or in the Cenozoic when subduction of the Chile 
Rise spreading ridge may have significantly modified subcontinental mande structure. 
Iso topic studies of the Patagonian plateau basalts have yielded pseudoisochrons of 
500-600 million years favoring the Paleozoic as the age of isotopic equilibration of 
the mande source regions of these basalts which may be the deeper parts of the 
subcontinental lithosphere (Stern et al., 1983). However such pseudoisochrons may 
have little significance. 

A feature of the xenoliths that developed after this material had been stabilized 
below the continental crust is the observed decoupling of trace element compositions 
and isotope ratios such that the xenoliths have Sm/Nd similar to or less than Bulk Earth 
(Figure 1B) but isotopic ratios implying time integrated depletion of Nd relative to 
Sm (Figure 1A). This effect may be explained by"mantle metasomatism" which in-
troduces large-ion-lithophile element enriched fluids into the mande without modi-
fying its tnineralogy (Menzies, 1983). This non-modal enrichment of the subcontinen-
tal inantle below southern South America may or may not have been contemporaneous 
with the modal metasomatism responsible for the emplacement of the phlogopite 
veins observed cutting many of the xenoliths. This latter event dearly occurred 
relatively shortly before the xenoliths were transported to the surface in the Pali-
Aike basalts as indicated by the high Rb/Sr but low 87Sr/86Sr of the phlogopite. The 
materials responsible• for the non-modal and modal metasomatism observed in the 
xenoliths from the Pali-Aike basalts may have been ultimately derived from subducted 
oceanic lithosphere. 

In the late Pleistocene, alkali bank generated in the subjacent mande passed 
through the subcontinental lithosphere incorporating fragments of wall rock which 
have served as the basis for the outline of the chronology of mande evolution discussed 
aboye. 

This work has been supported by National Science Foundation grants EAR75-04076 
EAR76-82456, EAR79-11204, and EAR83-13884. 
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