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The origin and evolution of the crust of a planet is a premier question in planetary science. The progenitor of the 
Earth's crust is the mantle, and some of the crust is returned to the mantle. It is a knowledge of this interaction of the crust 
and mantle that is paramount, particularly early in Earth history. But, the paucity of crustal material from the early Earth 
makes it difficult to draw conclusions about the nature of processes such as plate tectonics at that early stage. Mantle 
xenoliths provide a direct means of sampling mantle materials, and many represent material formed during the Archean [I]. 
The crust is closely tied to the mantle, thus, these xenoliths offer opportunity to gain information about the nature of 
ancient crustal materials. 

Petrologic and geochemical studies of eclogites from the mantle have recognized three principal groups (A, B, and C), 
and the origins of these groups is the subject of much debate. One model proposes that all three represent high-pressure 
mantle cumulates (e.g., [2]). A second model suggests that Group A indeed is of mantle origin, but the Group B and C 
eclogites represent metamorphosed subducted oceanic crust (e.g., [I]). [We now prefer to combine the latter into a single, 
all encompassing BIC group.] Evidence for the crustal origin of these eclogites includes their isotopic signatures with 
6180 = 2.9-4.7 for garnet and clinopyroxene [3], compared with 5-6 for the mantle, and coupled with E N ~ ~ ~ z o  = +40 to 

+219 131; REE patterns (positive Eu anomalies [I]); and compatible trace elements (low Cr contents in garnet and 
clinopyroxene 14.1% Cr203]). 

CHEMISTRY OF UDACHNAYA SAMPLES Recently, 
major- and rare-earth-element (REE) compositions have been 
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obtained by EMP and SIMS for coexisting garnet and 5 10 
clinopyroxene from 14 diamondiferous eclogites from the 5 
Udachnaya kimberlite pipe of the Siberian craton in Yakutia 
Among the 14 samples, all are BIC types. The REE for these $ 
samples fill a void in the database, which consists largely of 2 

a 
eclogites from the Kaapvaal craton of southern Africa. Among 5 
the mineral REE data, the Udachnaya eclogites display many rn 
differences from their Kaapvaal counterparts. Perhaps the most 

0.1 Clinopyroxene 
notable is the shape of chondrite-normalized patterns. More than 
half of the Siberian samples exhibit convex-upward LREE La Ce Pr hH sm ~u a ~b ~y HO Er Tm Yb h 

patterns in clinopyroxene (Fig. 1). This pattern is unique among 
mantle eclogites described to date. Positive Eu anomalies have been considered as evidence for a crustal origin 
characteristic of the most sodic (Na20 >7% in clinopyroxene) Group BIC eclogites [1,4]. However, no such anomaly is 
present in the most sodic sample (clinopyroxene NazO = 7.07%) from our Udachnaya suite. In addition, both positive and 
negative Eu anomalies are seen among the other thirteen samples. Previously, the presence of positive anomalies in Group 
B eclogites have been restricted (e.g., [4]). The Udachnaya eclogites indicate that the presence or absence of an anomaly 
(or its polarity) is not a universal classification criterion. Like the clinopyroxenes, both positive and negative anomalies 
are seen in the Udachnaya garnets. Credence to their existence is added by their presence in both the garnet and 
clinopyroxene of a given sample. 

MODAL ABUNDANCES Meaningful modal analyses are commonly difficult to obtain with coarse-grained (>1 cm) 
material. Indeed, the Udachnaya eclogites are coarse-grained, so a large number of thin sections would be required to obtain 
modal abundances with acceptable levels of certainty. This is not feasible with the Siberian samples due to the limited 
amount of sample material. To check the effects of modal abundance variation, a series of reconstructed whole-mck 
compositions were calculated for garnet:clinopyroxene ratios of 20:80 to 60:40 (Fig. 2). Such ratios bracket those 
common to mantle eclogites. While the REE patterns within a sample vary slightly (Erg. 2). the overall shape of the 
pattern remains apparent. Thus, the REE patterns are relatively insensitive to variance in mode for 
most eclogitic assemblages. 

PRECURSORS TO THE UDACHNAYA XENOLITHS The reconstructed whole-rocks (Fig. 2) show strong 
LREE depletions with HREE significantly above chondritic. If these eclogites are formed from crustal (i.e., basaltic) 
precursors, this LREE depletion suggests partial melting of the protoliths. However, the bulk distribution coefficients 
@'s) for the various REE in basalts are too similar to permit the depletions seen in the reconstructed Udachnaya samples. 
Eclogites, on the other hand, have widely variant D's, with the HREE much more compatible relative to the LREE Results 
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SIBERIAN ECLOGITES AND CRATON EVOLUTION: Taylor, L.A. et al. 
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eclogitic material are shown in (Fig. 3) It is clear that partial melting of 
V) 

- .  
F ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' : the Archean [8], indicating rapid uplift, expected as a consequence of swift 

m 
Fig' 3b - subduction and underplating. Brisk subduction would have the additional 

: effect of raising the geothermal gradient [9]. The geotherm indicated by 
mantle xenoliths for southern Africa (Lesotho) shows a pronounced kink 
[10,11], with a steeper gradient at greater depth. This may reflect 
underplated crust resulting from rapid subduction in the Archean. It has been 

Eclogite parent 

f suggested that underplated material comprises a significant portion of 
m continental masses [12]. It is possible that this process created the initial 

- Fig. 2a 

0.1 Residual solids proto-continental edifices. Such masses would have the effect of 
I J ~ ~ I ~ I I I I I I I I I  sequestering material, allowing continued evolution and the generation of 

sm Dy Ho E T m n  Ln evolved (i.e., granitic) material, in addition to that already present due to 
fractionation of mantle-derived magmas. 
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eclogite is capable of producing depletions akin to those observed in the 10 - - 

reconstructed Udachnaya whole-rock patterns. The implication is that 4 3 
the Udachnaya xenolith precursor was already an o 
eclogite at the time of partial melting. 5 

The HREE give clues as to the origin of the precursor. The = 3 
calculations (Fig. 3) show that the HREE are not particularly sensitive to 5 Sample 27 

m 
variations in the amount of partial melting. In the reconstructed whole- 
rock compositions for the eclogites from Udachnaya (Fig. 2, the HREE 
are generally at levels in excess of 7x chondrites. Such abundances are 
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La C e R M  S m E u G l T D E y H o 6 T m Y b L u  

too great for these eclogites to have crystallized within the mantle. An 
origin as  enriched material such as oceanic crust is indicated. In this 
model, the crustal material was recycled into the mantle 2 = lo 
and underwent conversion to eclogite prior to a partial melting event. 

The variability among the Udachnaya samples and deviations from O 

5 
trends seen in the Kaapvaal craton samples suggest fundamental 3 
differences in the protoliths in these two regions. Perhaps the ancient = 
crustal material represented by the Udachnaya samples is a hybrid such 
as an intraplate basalt (hotspot) or island arc material, while that of 
southern Africa is of a more typical oceanic crustal nature (i.e., MORB). 0.1 

IMPLICATIONS FOR CRATON EVOLUTION The 
La Ce R M S m E u O d T b D y H o  6 T m Y b  Lu 

conclusion that ancient crustal material was subducted and converted to 
eclogite prior to significant partial melting would seem to require a rapid rate of subduction, as this would inject cold 
material to deep levels before it could melt significantly, but would allow transformation from basalt to eclogite. This is 

consistent with the picture of vigorous convection in the Archean. Further, 
I I I I I , 1 1 1 1 1 1 " 1 ~  

sa : a plate undergoing rapid subduction is expected to have a shallower dip than 
one subducting more slowly [S], and tends to "ramp" under the overlying 
material, where it may become attached. This is in accordance with the 
isotopic evidence [3] indicating that once subducted, the eclogite has 

5 remained relatively immobile, and not re-eqdibrated with the mantle. This 
idea of crustal "underplating" has received attention in models for the origin 
of continental flood basalts [6], and for the origin of eclogites found in 

m Africa from the Kaapvaal Craton [3]. Early in Earth history, the heat 
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I ' ' ' ' ' ' ' ' ' ' ' ' ' ' - lithosphere [A, and the subsequent subduction and underplating is likely to 
L a C e R M  S m E a T b D y I h  E T m Y b L n  

have been more rapid as well. The Kaapvaal craton was deeply eroded during 

: 
Residual solids 

3 generation rates were greater, leading to more rapid production of oceanic 


