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Introduction:  R chondrites were recognized as a dis-

tinct chondritic group (  5 members) and were charac-

terized by having high oxidation-state, low chon-

drule/matrix ratio, relatively smaller chondrule size, 

abundant sulfides, negligible amounts of metallic Fe-Ni, 

volatile elements (e.g., Se and Zn) enrichments [1-5]. 

They possess an abnormally high Δ
17

O values than the 

other chondritic groups [1]. Currently, over 130 mete-

orites have been identified as R chondrite, having only 

one fall "Rumuruti".  

Most R chondrites are metamorphosed (petrologic 

type >3). Being similar to the case for ordinary chon-

drites, R chondrite parent body was suggested to have 

onion-shell-like structure based on petrological and 

mineralogical study [6]. According to this model, R 

chondrites with type 3 are derived from regions close 

to the surface of the parent body while type 5 and 6 

represent its interior. Details of metamorphism in R 

chondrites are not fully understood yet. This work will 

represent new and most representative data for the bulk 

chemical composition of 15 R chondrites of different 

petrologic type (R3 to R6) to elucidate the metamor-

phism of R chondrite. 

Analytical Procedure:  Table 1 represents the 

samples analyzed in this study. Instrumental neutron 

activation analysis was used for determining their bulk 

chemical composition. 

  

Table 1. Sample information. 

Meteorite name Petrologic 

Type 

Weathering 

index([10]) 

PRE 95411.21 R3 A/B 

ALH 85151.41 R3.6 B(wi2) 

Y-793575.44 R3.8 (wi4) 

A-881988.68 R4 (wi3) 

Y-983270.56 R4 A 

MIL 07440.8 R4 Be 

LAP 03639.33 R4 A/B 

Y-983720.81 R4 A 

Y-983097.81 R5 A 

Y-980702.61 R6 ? 

Y-980703.71 R6 ? 

LAP 04840.12 R6 A/B 

MIL 11207.8 R6 Ce 

LAP 02238.13 R B(wi4) 

PCA 91002.64 R3.8-6 A/B(wi1) 

 

Results:  Among the samples listed in Tabel 1, 

PRE 95411 [4], LAP 03639 [4], LAP 04840 [4], Y-

793575 [1], PCA 91002 [1] and ALH 85151 [2] were 

previously analyzed. We found consistent results with 

the literature data except for Au. Kallemeyn et al. [1] 

analyzed different portions of the same meteorites and 

found a large variation of Au abundances. It was con-

cluded that this variation is due to terrestrial weather-

ing [1]. It is likely that terrestrial weathering is respon-

sible for the difference in Au abundances between our 

data and literature values.  

 

 
Figure 1. CI and Mg-normalized abundances of R 

chondrites (Avg. R). Lithophile elements are plotted in 

the upper figure and siderophile/chalcophile elements 

in the lower figure. Errors are due to standard deviation 

of 15 R-chondrite values. Elements are arranged from 

left to right in order of decreasing nebular 

condensation temperature.  

 

In Fig. 1, our CI and Mg-normalized elemental 

abundances for R chondrites are compared to those for 

ordinary chondrites. CI, Mg-normalized refractory 

lithophile abundance pattern for R chondrite is almost 

similar to those of ordinary chondrites while sidero-
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phile abundance is intermediate between H and L 

chondrite abundances. Volatile elements show higher 

abundances than those of ordinary chondrites. R chon-

drite shows a positive Eu anomaly and depletion of 

LREE compare to the HREE (Fig. 1).  

 

 Discussion: It is well known that Se abundances 

for meteorites collected from Antarctica are vulnerable 

to the terrestrial weathering [10]. Our CI normalized 

mean Se/Zn ratio is ~ 1.4 which is quite similar to the 

Rumuruti (~1.5)[1]. The Se/Zn ratio for ordinary 

chondrites is ~3.1 [8]. Considering that they share the 

same 50% nebular condensation temperature (684K) 

[7], such a difference between R chondrites and 

ordinary chondrites indicates that R chondrites have 

different nebular condensation processes from those of 

ordinary chondrites. Possibly Zinc may have been 

condensed as ZnO as well as ZnS. We assume that the 

degree of Zn condensed as ZnO in R chondrite is 

higher than that for ordinary chondrites. R chondrite 

materials condensed in a different cosmochemical 

environment from those for ordinary chondrites. 

 A mean CI, Mg-normalized refractory lithophile 

abundance (RLA) for R chondrites  is ~0.94, which is 

also consistent with literature [1]. However, RLAs are 

~0.77 [13], ~0.87 [13], ~0.90 [8], and 1.00 [14] for 

EL, EH, OCs and carbonaceous chondrites, respective-

ly. Rubin and Wasson [14] demonstrated that the sus-

tainability of refractory condensates increases with the  

heliocentric distance (HD). If so, R chondrite parent 

body formed at a greater HD than OCs but lower HD 

than carbonaceous chondrites.  

 Metamorphism in R chondrite. Fig. 2 compares 

moderately volatile elements abundance among 

different petrologic types of R chondrites.  

 
Figure 2. CI, Mg-normalized abundances for 

moderately volatile elements of R chondrites. Diamond, 

circular and triangle symbols represent the petrologic 

type R3-R3.9, R4 and R5–R6, respectively. Solid and 

open symboles represent this work and literature values 

[1-5], respectively.  

Moderately volatile elements, especially, Zn and Se 

show almost constant abundances over different 

petrologic types, suggesting that the metamorphism in 

R chondrite parent body occurred under closed system 

[9]. 

 Figure 3 shows a correlation between La contents 

and La/Sm ratios. In equilibrated R chondrites (R4 to 

R6), the La/Sm ratio represents a large variation while 

in unequilibrated R chondrites (R3 to R3.9), La/Sm 

ratios are almost constant. According to Mason and 

Graham [11], all LREEs and a half of HREEs are host-

ed by Ca-phosphates while the rest of HREEs remains 

in pyroxene. If LEEs are mostly accommodated by Ca-

phosphates even in R chondrites, Fig. 3 states that Ca-

phosphate phases are more heterogeneously distributed 

in equilibrated R chondrites compared with unequili-

brated R chondrites [12]. 

 
Figure 3. La–La/Sm plot for this work as well as for 

literature data [1-5]. 
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