
LPSC X I X  265 

LEWIS CLIFF 86010, a n  ADORable Antarctican. 
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The Lewis Cliff 86010 achondrite contains fassaite,  olivine, plagioclase 
and kirschsteinite, an  assemblage similar to t h a t  of Angra dos Reis (ADOR)'. 
LEW 86010 also contains minor hercynite/pleonaste spinel, troilite, metal and 
merrillite. The maor  minerals a re  all  remarkably calcic. LEW 86010 h a s  a 
gabbroic or granular texture and is fine to  medium grained with fassaite up to 
2mm in diameter, plag 50pm to  2mm and olivine up to 2.5mm. 

OLIVINE: The olivine i s  unzoned Foal but has  very high CaO contents (1.7- 
2.2%). In addition, most olivine grains have exsolution lamellae of kirsch- 
s te ini te  up to 20 pm wide. Several exsolved olivine grains have mantles of 
kirschsteinite with lamellae of olivine in the  same orientation a s  the 
lamellae in the  core. Modal recombination of the olivine and i t s  lamellae by 
image analysis suggest t h a t  the  bulk CaO of the original olivine was about 5 
wt%.  Data for the  forsterite - monticellite solvus suggest t ha t  these grains 
equilibrated a t  less than  1000°. 

FASSAITE: The pyroxene in LEW 86010 i s  fassaite with variable Ti, AL, Cr 
and Fe/Mg. End-member compositions of the  pyroxene are  CaTss-27.5, Ti-CaTs0.9- 
4.3, Enzo-35 Wo31-42. Several large grains a re  zoned from pale pink cores to 
highly colored purple rims. Typically the pale cores contain Ti02 0.6 - 0.7 
wt% and A1203 >6wt%. Fe/(Fe+Mg) in these cores is 0.24 - 0.28 (mol.) with 
Crz03 -O.Swt%. The purple rims have up to  2.8wt% TiOz and 14wt% Alz03, Crz03 
drops to  -O.lwt% and Fe/(Fe+Mg) rises toward 0.48. This strong zoning of the  
pyroxene is compatible with magmatic fractionation. 

PLAGIOCLASE: The feldspar ~ ~ ' L E W  86010 i s  almost pure anorthite.  The Na 
content is below O.lwt% and indeed th is  plagioclase contains more Fe than  Na. 
FeO is generally homogeneous within individual crystals but varies from 0.1 to 
0.4wt% between grains. 

~ l l  the major minerals have inclusions of all  the  other phases and no 
clear crystallization sequence for t he  major minerals can be determined. The 
textural  relationships suggest t h a t  all  t he  phases crystallized more or less 
simultaneously. The assemblage, therefore, appears to represent a multiply 
saturated liquid. The liquid bulk composition i s  very calcic and aluminous 
but is silica depleted. The stabilization of CaTs rich pyroxene in the  
presence of anorthite suggests t h a t  there was insufficient SiOz for crystal- 
lization of anorthite and low A1 pyroxene. The minor minerals are generally 
present a s  inclusions in the  the  major minerals. The only phosphate found is 
an  2Ox101;lm grain associated with plagioclase included in a large olivine 
grain. Minor and t race element concentrations are  presently being investigated 
using PIXE and synchrotron X-ray fluorescence microprobe techniques (SXRF). 

DISCUSSION: The mineralogy of LEW 86010 i s  unlike any other meteorite 
except Angra dos Reis. It  appears, however, t h a t  i t  crystallized from a 
highly undersaturated liquid. The very strong similarities between the  
mineralogy and mineral chemistry of ADOR and LEW 86010 suggest t ha t  they share 
a common origin. Since this  magma i s  clearly A1 and Ca rich, i t  cannot be a 
simple melt of a chondritic source. Indeed the only meteoritic material 
likely to yield such a n  undersaturated melt is one with a significant fraction 
of CAI type material. Assuming modal abundances of the  major minerals: 18% 
olivine, 20% plagioclase, 30% low Ti/A1 pyroxene, 30% high Ti/Al pyroxene and 
2% kirschsteinite, the  bulk composition of LEW 86010 i s  approximately SiOz 
43%,Ti02 0.944, A h 0 3  1296, Cm03 0.23%, FeO 1846, MnO 0.296, MgO 8.796, CaO 18%. 
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This bulk composition i s  not,  however, simply comparable with any major 
CAI type. The available phase equilibria da t a  for CAI assemblages (e.g. 2) 
are not readily applicable a s  Lewis Cliff 86010 does not have liquidus spinel 
and i s  not melilite bearing. Formation by fractionation of a CAI composition 
magma would require early precipitation of Ca-A1 rich phases such a s  gehlenite 
and hibonite. However, such a mechanism will not account for the  fairly high 
FeO content of LEW 86010 a s  most CAI compositions have very low FeO contents. 
In addition, the Ti02 content of LEW 86010 i s  too low to  be derived from a 
melt of typical CAI composition unless there i s  also earlier fractionation of 
a titaniferous phase. Perhaps the Ti magnetite seen in Angra dos Reis 
provides a hint of this  process. To produce LEW 86010 a mixture of Type B CAI 
and Fe-bearing low-Ca pyroxene is needed. Perhaps this  Fe rich material is 
equivalent to  some of the  rim materials observed on CAIs. Alternately, this  
Fe bearing material was derived from a more conventional chondritic source. 
Although the  feldspar in LEW 86010 has essentially no Nap0 the  olivine has 0.5 
- 0.6wt% MnO and the  pyroxene -0.1% MnO. Since Mn and Na are  both fairly 
volatile, i t  is  possible t h a t  t he  Na content of the  feldspar reflects the 
refractory origin of much of the  material while the Mn represents a less 
refractory added mafic component. 

The most likely alternative i s  t h a t  LEW 86010 and Angra dos Reis 
crystallized from melts of chondritic origin. Contradicting this  a re  the  low 
SiOz content of LEW 86010 which, if i t  i s  multiply saturated,  implies t ha t  
early fractionation involved crystallization of a SiOz rich phase instead of 
the expected olivine. In addition, the  low alkali content and high Ca content 
of the  LEW 86010 magma are  difficult to  reconcile with simple melts of a 
chondritic source region. 

Clearly, trace element da t a  will be needed to constrain these arguments. 
Measurements of REE partitioning between the  olivine, fassaite,  plagioclase 
and merrillite in LEW 86010 are  needed to  determine whether melilite and 
hibonite fractionation were precursors to the  formation of the angrite magmas. 
In addition, the volatile contents of the various phases needs to  be examined. 
Measurements using the  Brookhaven PIXE and SXRF will be made and ion probe 
measurements of the  REE pat terns  will be essential. 
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