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Introduction: Chondrules and matrix are the major components in chondrites (~95 vol%). Much effort has been 
made in studying the two components, but the chemical relationship of chondrules and matrix is still debated, 
e.g. [1-3]. The most important question is, whether chondrules and matrix are formed in the same or in different 
regions of the protoplanetary disk (PPD). Arguments for and against a single parental reservoir for chondrules 
and matrix have been discussed in the literature for decades, e.g. [4-6]. However, recently there are many more 
published arguments in favour of a single reservoir, e.g. [7], [8]. 
The elemental compositions of average chondrules and average matrix are usually different within a single 
chondrite.  It has been recognised by several authors that for some element pairs, the bulk chondrite has, howev-
er, a solar element ratio. It has then been argued that it might not be a coincidence that the bulk is solar. Rather, 
the parental reservoir from which the chondrite formed was solar, and fractionations during chondrule and ma-
trix formation lead to the different, but complementary compositions among these two components. Several 
complementary relationships were reported in the literature: the most prominent example is the complementary 
Mg/Si ratio observed in various carbonaceous chondrites, e.g. [4], [5]. Further, in Murchison (CM), [9] used the 
Fe/Si ratio, in Allende (CV), [2] used the Fe/Cr ratio, and in various CV chondrites [3] used the Ca/Al ratio. 
Method: We collected more than 3500 chondrule and matrix data from >160 meteorites and almost 80 literature 
sources [10] to identify additional complementary element ratios in all chondrite classes. The data contains ele-
mental abundances as well as metadata like e.g. petrological types or separation and analytical techniques. We 
developed an algorithm that automatically searches the database and identifies potential complementary rela-
tionships, i.e. different chondrule and matrix, as well as solar bulk chondrite composition. 
Results: We found so far unknown complementary relationships for a series of element ratios. More than 50 
element ratios of refractory lithophile ele-
ments from different meteorite groups meet 
the criteria of complementarity. For example, 
CM, CR, CV and CO chondrites have com-
plementary Al/Ti ratios (see figure). Chon-
drules from these chondrites have sub-chon-
dritic ratios while their matrix is supra-chon-
dritic. This relationship excludes mixing of 
chondrules and matrix from different reser-
voirs as well as redistribution of Al and Ti 
between chondrules and matrix. The Al/Ti 
complementarity of CM, CR, CV and CO 
chondrites was probably established in a sin-
gle solar nebular region by extraction of a Ti-
rich component from a CI-chondritic reservoir 
to form the chondrule precursors. This rela-
tionship also suggests that these chondrites 
are formed by the same processes which took 
place before the parent body accretion.  
References: 
[1] Alexander C.M.O'.D. 2005. Re-examining the role of chondrules in producing the elemental fractionations in 
chondrites. MAPS 40:943. [2] Palme H. et al. 1992. Origin of Allende chondrules. Abstract #1021. 23th Lunar 
and Planetary Science Conference. [3] Hezel D.C. and Palme H. 2008. Constraints for chondrule formation from 
Ca–Al distribution in carbonaceous chondrites. EPSL 265:716. [4] Hezel D.C. and Palme H. 2010. The chemi-
cal relationship between chondrules and matrix and the chondrule matrix complementarity. EPSL 294:85. [5] 
Klerner S. and Palme H. 2000. Large titanium/aluminum fractionation between chondrules and matrix in Renaz-
zo and other carbonaceous chondrites. MAPS 35, A89 Suppl. [6] Grossman J.N. and Wasson J.T. 1982. Evi-
dence for primitive nebular components in chondrules from the Chainpur chondrite. GCA 46:1081. [7] Becker 
M. et al. 2015. The age of CV chondrites from component specific Hf-W systematics. EPSL 432:472. [8] Ebel et 
al. 2016. Abundance, major element composition and size of components and matrix in CV, CO and Acfer 094 
chondrites. GCA 172:322. [9] Wood J.A. 1985. Meteoritic Constraints on Processes in the Solar Nebula. In: 
Black D.C., Matthews M.S. (Eds.), Protostars and Planets II. University of Arizona Press, Tucson, USA, pp. 
687–702. [10] Hezel D.C. and Harak M. 2016. What do we know about elemental bulk chondrule compositions? 
Presenting the ChondriteDB database. This conference.

    Complementary Al/Ti ratios. Errorbars represent 
variation in the database.
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