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Introduction:  Merrillite has been reported from 

lunar rocks [e.g., 1,2], SNC meteorites [3,4,5], some 

ordinary chondrites [e.g., 6], Angra dos Reis [7], and 

the Springwater pallasite [8]. In general, the phase was 

considered as H-free whitlockite with a crystal struc-

ture of β-whitlockite [2,6,7,9]. Lunar merrillites are 

high in REEs and poor in Na as compared to meteoritic 

ones which are very close to Ca18Mg2Na2P14O56. Mer-

rillites of SNC meteorites are appear to be F-bearing 

[10,11] and could correspond to bobdownsite 

(Ca18Mg2P14O54F2). Here we report on a new F-bearing 

phosphate found in a silicate inclusion of the Elga (IIE) 

iron meteorite. The phosphate associates with apatite 

and is the main carrier for F in the inclusion. 

Results:  The silicate inclusion  (#2315-2a) sepa-

rated from the metal matrix has a size of 3x1.4 mm and 

consists of (wt%) 68.2 glass and 29.7 pyroxenes (Fig. 

1). Both clino- and orthopyroxenes are present but or-

thopyroxene (En75.1Wo2.6) is a minor phase. The clino-

pyroxene is augite (En51.2Wo37.8). Pyroxene grains are 

present as euhedral prismatic crystals up to 50 x 200 

μm in size. The glass composition (wt%) is: SiO2 70.0, 

MgO 0.13, Na2O 4.90, Al2O3 15.8, K2O 6.82, CaO 

0.30, TiO2 0.65, FeO 0.47, P2O5 0.23, Cr2O3 and MnO 

<0.02. Accessories are phosphates, ilmenite and 

troilite. The phosphates are the F-bearing merrillite and 

F,Cl-apatite. Their modes (wt%) are 1.64 and 0.54, 

respectively. The bulk composition of the inclusion as 

inferred from mineral chemistry and mineral modes is 

(wt%): SiO2 63.7, TiO2 0.69, Al2O3 11.0, Cr2O3 0.38, 

FeO 2.33, MnO 0.11, MgO 5.32, CaO 6.57, Na2O 

3.60, K2O 4.66, P2O5 1.12. The merrillite occurs as 

needle-like euhedral crystals embedded into the glass 

matrix (Fig. 1). They are up to 150 μm in length but 

usually < 20 μm in width. Rare apatite inclusions usu-

ally have rounded outlines. The mean (8 analyses) mer-

rillite composition (wt%) is SiO2 0.33, Al2O3 0.11, FeO 

1.39, MnO 0.07, MgO 3.04, CaO 45.8, Na2O 2.72, 

K2O 0.14, P2O5 45.0, F 3.77. Chlorine, La and Ce are 

below detection limits. The corresponding formula is 

Ca17.84(Mg,Fe,Mn)2.09(Na,K)1.98(P,Si,Al)14.01(O53.67F0.33)

54F4. The atomic proportions are very similar to those 

of merrillite in which 2O is replaced by 4F, i.e., 

Ca18Mg2Na2P14O54F4. The mean apatite composition 

(wt%) is: SiO2 0.64, Al2O3 0.17, FeO 0.54, MnO 0.08, 

MgO 0.05, CaO 54.2, Na2O 0.08, K2O 0.10, P2O5 40.9, 

F 3.51, Cl 0.55. Lanthanum and Ce are below detection 

limits. The apatite formula is (Ca, 

Fe,Mn,Mg,Na,K)10.03(P,Si,Al)6.02(O23.95F0.05)24(F,Cl)2.0 

In transmitted and reflected light the F-bearing merril-

lite is not distinguishable from apatite. The phases have 

practically the same refractive indexes and birefrin-

gence. However, in BSE images the merrillite is slight-

ly darker than apatite. The Raman spectrum of F-

bearing merrillite (Fig. 2) shows a well resolved dou-

blet at 959 and 973 ∆cm
-1

. This doublet is the charac-

teristic feature of Raman spectra of terrestrial whitlock-

ite [2], meteoritic Na-whitlockite, REE-poor synthetic 

merrillite [2], and merrillite in ALH84001 [13]. The 

doublet reflects two types of phosphate groups [2]. 

Hydrogen-bearing whitlockite and bobdownsite have 

an additional  peak at 923 ∆cm
-1

.  This peak that is at-

tributed to the presence of (HPO4)
2-

 groups [2] is not 

observed in the recorded spectrum (Fig. 2). Preliminary 

TEM studies indicate that the Elga phosphate has a 

merrillite crystal structure. 

Discussion:  Obviously, the F-bearing merrillite of 

the Elga inclusion differs from bobdownsite and is a 

new mineral of the whitlockite group. In the inclusion 

the phase is the main carrier for F whereas Cl occurs 

mainly in apatite. Based on the modal content of the 

phases the bulk F and Cl concentrations of the inclu-

sion are estimated to be 0.08 and 0.003 wt% respec-

tively. Such a high F content has never been reported in 

silicate inclusions of IIE irons as well as in other mete-

orites and lunar rocks. Concerning the F content, the 

inclusion is comparable with terrestrial crustal rocks 

(Fig. 3). However, the Cl concentration is not so en-

hanced (Fig. 3) and it is much lower than that of chon-

drites and similar to that of SNCs, eucrites and lunar 

rocks. 

The high F content is compatible with the rhyolitic 

composition of the Elga inclusion. However, the inclu-

sion is relatively poor in refractory incompatible ele-

ments, e.g., La, when compared to differentiated rocks 

(Fig. 4). The F-La relationship suggests that the most 

probable source of the Elga inclusion could be E chon-

drites which are highest in F and poorest in La among 

chondritic meteorites. The inclusion can be derived 

from the E chondrite source by partial melting at cer-

tain oxidizing conditions. The Cl depletion of the in-

clusion could be due to vaporization of the element 

from the melt because Cl is much more volatile as 

compared to F. Most differentiated extraterrestrial 
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rocks show a similar depletion in Cl relative to chon-

drites (Fig. 3). 

 

 
 

Fig. 1. F-bearing merrillite (Mer) is represented by 

well shaped crystals whereas apatite occurs as round-

ed inclusions. The phases associate with pyroxene 

(gray) and are embedded in a glass matrix (dark grey). 
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Fig.3. Cl vs F. The Elga inclusion is very rich in F 

relative to chondrites and differentiated space rocks. 

Data are from [14-17]. 
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Fig 2. Raman spectrum of F-bearing merrillite. 
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Fig. 4. La vs F. In spite of the F enrichment the Elga 

inclusion is very poor in La (determined by Laser Ab-

lation ICP-MS). Data are from [14-17]. 
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