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Introduction:  Kaidun is a complex, brecciated 

meteorite containing many types of lithologies, includ-

ing carbonaceous (C), enstatite (E), ordinary (O) and R 

chondrites, basaltic achondrites, impact melt products 

and unknown materials [e.g., 1]. Because of the pres-

ence of multiple components, Kaidun is important for 

understanding the reassembly of planetesi-

mals/protoplanets as well as the diversity of the aster-

oid belt. In Kaidun, aqueously altered E chondrite ma-

terials were found [1] although aqueous alteration of E 

chondrites is unknown in any other E chondrite sam-

ples. Because E chondrites are proposed to have been 

major building blocks of the earth [2], aqueously al-

tered E chondrites are possible carriers of the earth’s 

water. In this abstract, we describe the mineralogy of 

four E chondrite clasts in Kaidun showing aqueous 

alteration and discuss their formation conditions. 

Samples and methods:  We first observed 4 pol-

ished sections of Kaidun containing aqueously altered 

E chondrites (#40.7.1, #15415 53.07g, #10d, and #4) 

(Fig. 1) by optical microscopy. An Electron Probe Mi-

cro Analyzer (EPMA: JEOL JXA-8530F at Univ. of 

Tokyo) was employed to obtain elemental maps and 

quantitative mineral compositions. Raman spectra were 

acquired with a JASCO NRS1000 at NIPR. 
 

 
Fig. 1. Back-scattered electron (BSE) images of (a) 

Kaidun #40.7.1 (altered EH5), (b) #15415.53.07g (al-

tered EH5 in contact with a C chondrite), (c) #10d (al-

tered EL3), and (d) #4 (altered EH5). 

Results:  Kaidun #40.7.1 (ca., 6 mm x 6 mm) is an 

EH5 chondrite clast adjoining C chondrite material 

(Fig. 1a). It was reported that this clast has a clear 

boundary between unaltered and altered parts [1]. In 

this study, we prepared a new polished section and 

found that both sides of this clast are aqueously altered 

(Fig. 2a). Major minerals in the unaltered part are en-

statite, plagioclase, silica, Fe-Ni metal, troilite, 

schreibersite and niningerite, which is typical of E 

chondrites. In the altered part, plagioclase and Fe-Ni 

metal are absent and two types of altered materials with 

low total sums by EPMA (~90 %) are present (Fig. 3). 

The size of the first type is ~200 µm and has cracks 

similar to cleavage of Fe-Ni metal (Fig. 3a), and a high 

concentration of FeO (~65 wt%). The second type 

(~100 µm) has high concentrations of Al2O3 (~20 wt%) 

and MgO (~20 wt%) (Fig. 3b). 
 

 
Fig. 2. (a) Fe map of #40.7.1. (b) Fe map of #10d. 
 

 
Fig. 3. BSE images of alteration products in #40.7.1. 

(a) Fe-Ni-rich alteration material in contact with unal-

tered Fe-Ni metal. (b) Mg, Al-rich altered material. 
 
Kaidun #15415 53.07g (ca., 4 mm x 1.5 mm) is a 

composite clast of altered EH5 and C chondrite materi-

al (Fig. 1b). Major minerals in the EH5 part are ensta-

tite, plagioclase, silica, Fe-Ni metal, troilite, schreiber-

site and niningerite. In peripheral parts of this EH 

chondrite clast, plagioclase and Fe-Ni metal are absent 

and two types of altered materials with low total 

EPMA sums (~90 %) are present, which is similar to 

those in #40.7.1. The first one is granular and present 
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at the edge of Fe-Ni metal (~100 µm) and is mainly 

FeO (~60 wt%). The other one (~100 µm) has high 

concentrations of Al2O3 (~15 wt%) and MgO (~10 

wt%). 

Kaidun #10d (ca., 4 mm x 3 mm) is an altered EL3 

chondrite in partial contact with C chondrite material 

(Fig. 1c). Major minerals are enstatite, troilite and nin-

ingerite. Minor amounts of Fe-Ni metal and plagioclase 

are present (Fig. 2b). Two types of altered materials 

with low total sum by EPMA (~90 %) are present in 

this EL clast, which is similar to #40.7.1 and 

#15415.53.07g. The first one is extremely Fe-rich (~80 

wt% FeO) (~100 µm) and includes Fe-Ni metal. The 

other one is small (~10 µm) and has high concentra-

tions of MgO (~22 wt%) and Al2O3 (~15 wt%) 

Kaidun #4 is composed of mm-sized clasts with 

variable lithologies, including an E chondrite . This 

clast (ca., 0.8 mm x 0.4 mm) consists of enstatite, 

troilite, schreibersite and niningerite (Fig. 1d). The 

clast consists of two types of altered materials with low 

total EPMA sums (~90 %) are present. The first one is 

granular (~10 µm) and Fe-rich (~55 wt% FeO). The 

second one (~50 µm) is enriched in MgO (~23 wt%) 

and Al2O3 (~16 wt%). Because this mineralogy is simi-

lar to altered parts of EH chondrite clasts described 

above (main silicate is enstatite and niningerite is pre-

sent), this clast is considered to be an EH5 chondrite. 

We note the interesting fact that elongate grains of 

calcite (confirmed by Raman) are often present at the 

boundary between C chondrite materials and E chon-

drite clasts of all samples (Fig. 4). 
 

 
Fig. 4. BSE image of an elongate calcite (Ca) between 

the E chondrite clast and C chondrite matrix (surround-

ed by a yellow line). To the left side of the calcite is an 

altered E chondrite clast and to the right is C chondrite. 
 
Discussion and Conclusion:  The E chondrite 

clasts in Kaidun that we studied show similar degrees 

of aqueous alteration in spite of the variation of petro-

logic and chemical types. Aqueously-altered materials 

in these clasts could be divided into two types with 

different elemental compositions (Fig. 5). One type is 

an Fe, Ni-rich material (Fig. 5a) and the other type is 

Mg, Al-rich material (Fig. 5b). The Fe, Ni-rich material 

has up to 80 wt.% FeO with variable amounts of SiO2, 

NiO, SO4, MgO, Al2O3, P2O5 and Na2O. Fe-Ni metal is 

often associated with this material, suggesting that the 

Fe, Ni-rich material is an alteration product of Fe-Ni 

metal. The composition of the Mg, Al-rich material is 

~50 wt% FeO, ~34 wt% SiO2, ~22 wt% MgO, and ~19 

wt% Al2O3 with variable amounts of SO4, NiO, CaO, 

Na2O and P2O5. The size and texture as well as their 

compositions are similar to those of plagioclase, and 

we consider that plagioclase or feldspathic glass was 

altered to form these Mg, Al-rich materials. 
 

 
Fig. 5. Left: Fe vs. Si and Ni vs. Fe (in wt%) of the Fe, 

Ni-rich materials and Fe-Ni metal in the Kaidun clasts 

studied. Right: Al2O3 vs. SiO2 and Na2O vs. SiO2 (in 

wt%) of the Mg, Al-rich materials and plagioclase in 

the altered clasts studied. 
 
A critical question is where such aqueous alteration 

of the E chondrite lithologies occurred - on the E 

chondrite parent or alternatively some secondary body. 

One of the key observations to answer this will be that 

calcite is ubiquitously present between the E chondrite 

clasts and C chondrite materials, which is unrelated to 

the size or type of E chondrites. Therefore, the for-

mation of calcite is suggested to postdate accretion of 

E chondrite clasts and C chondrite clasts in the Kaidun 

parent body. Because the shape of calcite is elongated, 

it is suggested that fluid flowed between E chondrite 

clasts and C chondrites to form calcite. This calcite 

formation event may be different from the alteration 

events of E chondrites, but we cannot rule out a possi-

bility that aqueous alteration of Fe-Ni metal and plagi-

oclase took place in the original E chondrite parent 

bodies. The source of fluid might be dehydration of C 

chondrite matrix by the collision with E chondrite 

clasts or fluid originally present in the Kaidun parent 

body.  
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