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Introduction: The CB (Bencubbin-like) metal-rich carbonaceous chondrite group was first introduced by Weis-

berg et al. [1] after recognizing some mineralogical, isotopic and petrological similarities of the metal-rich chondrites 

Bencubbin, Weatherford, Hammadah al Hamra (HH) 237 and Queen Alexandra Range (QUE) 94411 paired with 

QUE 94627. Based on their petrologic characteristics, the CB chondrites are currently subdivided into two subgroups 

– CBa (Bencubbin/Weatherford) and CBb (QUE 94411/HH 237). Additionally to their typical characteristics as (1) 

high metal abundances (60‒80 vol%), (2) cryptocrystalline or skeletal olivine chondrule textures, (3) high depletion 

in moderately volatile lithophile elements, and (4) high bulk enrichment in 15N, the CB chondites contain high content 

of shock-melted and brecciated areas. The CB chondrite parent body experienced higher shock levels than any other 

carbonaceous chondrite group, but similar to highly shocked ordinary chondrites [2]. The first silicate high pressure 

phases (wadsleyite, majorite and majorite solid solution) ever detected in a carbonaceous chondrite were discovered 

in Gujba [2]. The meteorite Quebrada Chimborazo 001 (QC 001) found 2004 in Antofagasta, Chile most likely rep-

resents a new member of the CBa subgroup [3] and is the subject of the study presented here. 

Methods: Raman spectroscopy was used to identify high pressure phases and their spatial distribution in a polished 

thick section of QC 001. Two FIB sections, #4372 and # 4379, from a silicate melt droplet located in the metal matrix 

(#4372) and from a chondrule fragment surrounded by molten silicate material, respectively, were studied in detail 

applying transmission electron microscopy (TEM). 

Results: Raman analysis of silicate melt droplets in metal yields wadsleyite, mostly within the core rimmed by 

olivine. Detailed Raman studies of chondrules show enstatite-majorite associations and olivine-majorite-ringwoodite 

paragenesis. 

FIB section #4372 was cut along the edge of a chondrule fragment. TEM investigations of this section show the 

presence of several magnesian olivine (Fa2‒4) and pyroxene grains. Within the same section, two different phases 

having majorite structure were identified. The first has a composition similar to low-Ca pyroxene whereas the other 

garnet-structured phase has a composition close to diopsidic pyroxene CaMg(Al,Si)2O6. 

FIB section #4379 was taken from an irregularly shaped silicate melt droplet within the metal matrix. The silicate 

part in this section consists of two areas showing different grain sizes. Olivine laths next to a high-Ca pyroxene laths 

are located between these areas. The olivine lath shows a higher fayalite content (Fa36‒47) then in #4372 except a small 

area in the middle with Fa12. The olvines in the finer-grained area consists has ferroan composition (Fa33‒37). The 

coarse-grained area consists mainly of rounded wadsleyite grains with Fa34‒56 (n = 8) and stacking disorder along 

(010). Further, one SAED pattern of a grain with similar composition to the wadsleyites in the coarse grained area 

indicate the presence of Mg,Fe-ringwoodite with Fa55 (n = 2) . 

Discussion: The Raman data show the existence of wadsleyite cores rimmed with olivine in silicate droplets which 

may imply very rapid temperature and pressure decrease. The findings of majorite together with wadsleyite are similar 

to the results for the CB chondrite Gujba reported by [2]. These authors suggested for Gujba a minimum shock pressure 

of about 19 GPa and temperature of about 2000°C [2] which correspond to shock stage S3‒S4. The transformation of 

diopsidic pyroxene to a garnet structured phase can be achieved within the same pressure and temperature range [4]. 

The presence of ringwoodite indicated by SAED obtained from a (Fe,Mg)2SiO4-grain in FIB section #4379 implies 

high shock pressures as well. With increasing Fe-content the stability field of ringwoodite shifts towards lower pres-

sures. The estimated minimum shock pressure for Fo30‒60 is about 10 GPa only [6]. 
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