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Introduction The abundance of 26Al in chondritic ma-

terials at the time of their formation in principle permits a 
determination of the relative timing of events that oc-
curred during the early stages of solar system formation 
[1]. In particular, Ca-Al-rich inclusions (CAIs) from CV 
chondrites experienced complex histories and many un-
derwent high temperature processing that resulted in the 
formation of Wark-Lovering rims (WLRs), sequences of 
thin single-mineral layers, by flash thermal events [2] or 
condensation [3]. Analytical techniques to resolve excess 
26Mg in the low Al/Mg phases of CAIs, like spinel, and in 
more Al-rich phases, like hibonite and melilite, as well as 
in mineral layers of WLRs have only recently been devel-
oped and these few studies suggest that the high tempera-
ture processes occurred several 105 years after CAI for-
mation [3,4,5]. We report here ion microprobe Mg isotope 
measurements of spinel and hibonite from type A CAIs 
and their WLRs from both oxidized and reduced CV 
chondrites. Our goal is to better constrain chronological 
events early in the solar system by analyzing samples 
with varying degrees of secondary mineral alteration and 
isotopic resetting. 

Samples: We studied three large (> 1 cm) type A, 
melilite-rich CAIs from the CV chondrites Vigarano 
(V1623-2 and V477-5) and Allende (TS25). V1623-2 is a 
compact type A inclusion and consists of a core of spinel, 
hibonite and perovskite surrounded by large melilite 
grains (Åk7–20). V477-5 is a fluffy type A inclusion con-
sisting of several nodules of large melilite grains (Åk3–25) 
with spinel, hibonite and perovskite inclusions, particu-
larly in the core of the largest nodule (> 1 cm long). These 
two Vigarano CAIs are almost free of alteration phases. 
TS25 is also a fluffy type-A CAI and consists of large, 
reversely zoned melilite (Åk~30 in the core to Åk<10 
near the rim) crystals with inclusions of small grains of 
spinel, hibonite, and perovskite. Alteration minerals are 
abundant in this inclusion and include nepheline, anor-
thite, grossular, sodalite, and wollastonite. Well-
developed and continuous WLRs surround all three inclu-
sions. These consist of a sequence of thin layers of rela-
tively constant thickness: (1) an innermost layer (10 to 50 
µm thick) of spinel intergrown with minor euhedral hi-
bonite and perovskite grains; (2) a thin (<10 µm) layer of 
melilite (Åk<10), most of which is altered to anorthite, 
even in Vigarano; and (3) an outer layer (10 to 15 µm) of 
pyroxene of fassaitic composition that progressively be-
comes more Al-diopside-rich outwards. Over the WLR, 
there is a continuous accretionary rim composed of an 

inner layer of forsteritic olivine and an outer layer of 
fayalitic olivine similar to the matrix. 

Isotopic Analyses: The Mg isotopic compositions of 
WLR and interior CAI phases were measured with the 
Cameca ims 1270 ion microprobe at UCLA (multicollec-
tion mode; spot diameter of ~30 µm). All phases show 
resolvable excess 26Mg*. In the case of melilite, this ex-
cess does not always correlate with Al/Mg, most likely as 
a result of isotopic redistribution during secondary proc-
essing. Interior and rim phases in each CAI define distinct 
isotopic systems in Al-Mg evolution diagrams. Interior 
CAI phases generally yield higher 26Al/27Al initial values 
than rim phases, which are mostly constrained by spinel 
(Fig. 1): V1623-2 yields (26Al/27Al)o = (5.53±0.17)×10–5 
and its WLR yields (5.45 ± 0.25)×10–5; V477-5 yields 
(26Al/27Al)o = (5.08±0.17)×10–5 and its WLR yields 
(4.65±0.19)×10–5; and TS25 yields (26Al/27Al)o = 
(5.95±0.18)×10–5 and its WLR yields (5.39±0.17)×10–5. 
Because some melilite grains show evidence of isotopic 
resetting, only spinel and, where present, hibonite were 
fitted to obtain 26Al/27Al initial values.  

A large number of spinel analyses are represented in 
the isochrons of Fig. 1, but this is not clear because they 
plot so near each other. It is therefore interesting to exam-
ine histograms of model 26Al/27Al initial values calculated 
for interior and rim spinel and hibonite in a similar man-
ner to what [1] did for anorthite. In Fig. 2, it can be seen 
that interior spinels show a peak at (26Al/27Al)o ~ 6×10–5, 
whereas WLR spinels peak at canonical values (~5×10–5). 
Hibonite model values are generally lower than interior 
spinel ones and show a more restricted range with a peak 
at canonical values. Only in V477-5 do both minerals 
show similar ranges and, therefore, define a well-
correlated isochron with an intercept that passes through 
the origin within error.  

There is an extremely large range in δ25Mg for all 
phases measured. V1623-2 spinel is heavy (δ25Mg ~ +10 
to +13 ‰) whereas hibonite and melilite show a continu-
ous range towards lighter values (δ25Mg ~ +3 to +13 ‰). 
In the case of melilite, there is a decrease in δ25Mg from 
the core to the edge of the inclusion, apparently controlled 
by later exchange processes. Both fluffy type A inclusions  
are extremely heterogeneous in isotopic composition: 
spinel grains show a large range in δ25Mg ~ –4 to +24 ‰; 
hibonite is generally light (δ25Mg ~ –7 to +2 ‰); and 
melilite is variable (δ25Mg ~ –7 to +16 ‰).  

Discussion: Our data suggest that these CAIs did not 
form at a single time [6] and also that WLR formation 
occurred over an extended period of time of at least 
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~2×105 years [7]. The different initial 26Al/27Al values 
between the CAIs and their rims imply a time difference  
 

 
Fig. 1 Al/Mg evolution diagrams for inclusions V1623-2, V477-5 
and TS25 and their respective WLRs. 

of up to 105 years. Some CAIs (e.g., V1623-2 and TS25) 
apparently acquired their WLRs even before other CAIs 
achieved isotopic closure (e.g., V477-5). Isotopic reset-
ting apparently occurred not only in melilite but may have 
also affected hibonite, as evidenced by the lower model 
26Al/27Al initial values and by the lower δ25Mg values, 
especially in V1623-2, compared to those in spinel. Even 
Vigarano melilite, which is largely unaltered, shows evi-
dence of isotopic resetting. These phases may have 
achieved isotopic closure during the WLR formation 
events, since they are better fit by the WLR isochron. 

The spread in 26Al/27Al initial values, especially in 
fluffy type A inclusions which consist of nodules that 
have never been melted, does not agree with a single epi-
sode of CAI isotopic fractionation and a very short-lived 
epoch of CAI formation characterized by a sharply-
defined 26Al/27Al initial value of 5.8×10–5 [8]. Instead, our 
data seem more compatible with multiple episodes of CAI 
formation and an extended history of thermal processing, 
as suggested by [9], that lasted for a few 105 years.  
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Taylor D.J. et al. (2005) LPSC 36, #2121; [6] Taylor D.J. et 
al. (2005) MAPS 40, #5282; [7] Cosarinsky M. et al. (2005) 
MAPS 40, #5284; [8] Bizzarro M. et al. (2004) Nature 431, 
275-278; [9] Young E.D. et al. (2005) Science 308, 223-227. 

 

 
Fig. 2 Model 26Al/27Al initial values for (a) spinel and hibonite from 
CAIs and WLRs. (b) Histogram of distribution of spinel and hibonite 
model 26Al/27Al values for interior CAI phases. 
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