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-AL C O N ~ S  ONTHE ORIGIN O F P L B G I ~ L M N E  INausIms 
AND CA CHONDRULES q J .  h g ,  9.R. Beckett, ItI.D. Hutcheon, and 'fGJ. Wassehrg. 'The Lunatic 
Asylum, ZDivisian of Geological and Planetary Sciences, Caltech, Padeaa, CA 91125. 

PlagiocWlivine Inclusions (POIs) are a distinct group of objects in cabmcaus  chondrites consisting 
of plagioclase (Plag; w, olivine (Fo,), enstatite (En), clinoppxem (Cpx), and spinel (Sp) in various 
proportions [I]. CA chmdrules (CACs) in ordinary [2,3] and enstatite [4] chondrites are dmilar to POIs but Plag 
is rare to absent while glass or Ca-rich mesostasis (Mes) is common. POIS and CACs cover a wide range of bulk 
compositions in- betweea those of ferromagnesian chondrules (FMCs) and Ca-, Al-rich inclusions (CAIs). 
Although there have been eqerheatal efforts to characterize phase relations and dynamic crystalkation behavior 
of CAI5 [5,q and FMCs p,8], intermediate compositions relevant to POIs and CACs have not been studied 
systematically. We conducted & i  crystallitation -ts on repreSeatatve POI compositions at 1 atm 
total pressure in order to develop a framework to Pssist our inkpetation of petrographic and isotopic data on POIs 
and to investigate possi'ble differeacea in aystalliPltion sequences between POI and CAI melts. For many POIs 
and CACs, concedmtior~ of N+O and FeO are sufiicieatly low so the system Ca0-Mg0-Al,03-Si0, is an excellent 
approximation to their bulk compositions and we can use projections to descrii the crystallization behavior. 

Homogeneous glasses corresponding in composition (Table 1) to representative POI were syntheskd from 
oxide mixes. Expeximmts were conducted at constant temperature in air using techniques of [5J and run products 
were analyzed using optical micmsmpe, SEM and electron probe techniques. Experbeatally detexmined 
crystallization seapences are given in Table 1. Figs. 1-3 are multiply saturated liquidus phase diagrams constructed 
Psing data from this study and litera&ue sources together with projected compositions of POIs and CACs. In Fig. 1, 
k l t  compositions are projected from M&04 Sp onto a plane defined by the coqmitiolls of CaAl.$i,O, anorthite 
(An), Mg$i04 fo&te (Fo), and tridymite (Tr). Liquid (L) compositions on the Spsaturated surface are 
contoured in wt. 96 Sp above the An-Fo-Tr plane. Sp + cordierite (Cd) is stable as indicated in Fig. 1. However, 
in short nms ( C  -35 hrs) alumhous En often coexists with Sp. The key feature of this phase diagram is the 
thermal boundary represented by the SpPlag-Fo plane, the exact position of which for CACs and POIs will depend 
on the Plag composition. During fractional crystalliration, liquids on the Tr-poor side of this plane will evolve 
towards the Cpx + Sp +L field (show in [5J) and crystallize Cpx. Liquids on the Tr-rich side of the t h d  divide 
will evolve toward the invariant point Sp + An + Fo + Cd +L. However, Sp is in a reaction relationship with the melt 
at this inv& point, along the Sp+An+Fo+L boundary curve and in the shaded region, so such liquids may 
leave the Sp saturation sarEace and crysbllize En. Tbis can be seen in Fig.2, a projection from Fo of olivine 
saturated melt compositions onto the plane Befined by SpTr-diopside (Di). The plane Fo+Plag +Sp is a t h d  
bormdary for compositions in the Sp+L field. Spsaturated L on the Tr-poor side of this plane will crystallize Cpx, 
but in many cases won't crystallize Opx. Fig.3 is the projection of An- melt compositions from An onto 
the plane Sp+Tr+Di. Fo and PI are both in reaction with L at the invariant point A n + F o + o r t h d t e  
(Oe)+pmtwnstatite (Pr)+L. 

Figs.l-3 provide a fiamwork for the i n e o n  of mineral assemblages o h e d  in many POIS and 
CAC.. Phase assemblages predicted on the basis of phase e q u i l i i  are generally amdeat with those obsemed 
in the -tic inclusions. are either pssociated with the unexpected presence of Sp or, for CACs, 
the rrbsence of Plag (+preseme of glass or Mes). The latter may reflect faster cooling rates in CACs relative to 
POIs and the well known difficulty of Plag nucleation [9]. Sp in POIs that appear anomalous based on phase 
nhtiolls also have ~~l~ma lous  Mg isotopes versus other phases and an oftea strongly -11. Hence these 
grains are relicts that prwiak the melting event. Isotopically ammalous Sp are also f d  in POIs with Sp on the 
liquidus. Fig.4 shows liquidus temperatures (TL4, for these POIs calculated using the model of [lo] and ranges in 
Mg isdopic M d o n  (F,,J in Sp of [I]. Isotopic anomalies in Sp are common in POIs but bulk inclusions are 
typically normal. Heace Sp that crystallid h m  or mi with the melt will have Fa - bulk, anomalous 
Sp an earlier. Sp in WIs with T,,< 1500°C have F%- bulk while for Tw> 1500°C F,, is variable. There are 
no systematic variations in grain size with T,, so the maximum temperature of the meltrag event fl-) for POIs 
was probably - 1500°C. A T,= 1500°C is also consisteat with the observation that I FW I tends to increase with 
Tw The propodon of Sp in a POI that crystallited from the melt below T, with Fa-bulk decreases with 
iacreasing Tw Hence the higher Tw is, the more relid Sp will be present in the final assemblage. From Mg self- 
ciilkion data in spinel [ll], POIs were melted at 2 1500°C for less than an hour. Otherwise, &l of the isotopically 
anomalous Sp w d d  have completely r e e a @ . i . i .  
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(1W1) LPSC XXU. Cautions: Fw.1-3. Multiply saturated liquidus phase diagrams. Squaru reprcstnt POIS, circles CACs. 
The 4 quadranfa in the symbol &note the prrseact (filled) or rrbsenoe (empty) of corresponding phases. Small squares arc 
mineral oompopitions. Fig.1. Projedbn f b m  Sp. co-xmdm, Mu-mdik, Sapsapphirim. Fig.2. h j & n  h m  Fo. Pi- 
pigeonite. Data of 141 an plottcd as gnpty circlu since phase assemblagu wercn't given. Eg.3. Projection from An. Fig.4 
Coxelaha of Tq (OC) with mge in I FYI! of Sp in Pols. 

Tab&lCommc;t;nadstnrtinpmnterinlandgperimdd 

' WDS aodyda on swing gktl composition. ' p b  appeamwc m e d  Trldymltr 

Fig. 1 Anomth Fig.3 A 

Dlopsidr Spinel -- I%,,lbSp--b 
d Sputuntld POI 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 


