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BARICITE, (Mg,Fe*"),(PO,),-8H,0, FROM THE IMILAC PALLASITE:
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PHOSPHATE, FARRINGTONITE (Mg,Fe?*),(PO,),
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Abstract. Bariéite (Mg, Fe?),(P0O,),"8H,0, the Mg-dominant analogue of vivianite
Fe3*(PO,),"8H,0, has been identified in the Imilac meteorite, a member of the main-group
pallasites (PMG). Associated minerals are olivine (Fa,, ), (Fe,Ni) metal, chromite, troilite,
phosphides of schreibersite—nickelphosphide series Fe;P—Ni;P, and anhydrous phosphates
typical of pallasites: stanfieldite Ca,(Mg, Ca),Mgy(PO,),,, merrillite Ca,MgNa(PO,),, and
farringtonite Mg,(PO,),. Baricite appears as aggregates of tan-colored submicrometer-sized
lamella infilling the fractures in the weathered farringtonite grain. Chemical composition
(wt. %, electron microprobe, H,O by stoichiometry): MgO 26.28, FeO 4.74, P,0432.96,
Si0,0.33, H,0 34.05, Total 98.36. The empirical formula calculated based on 8 oxygen at-
oms per anhydrous part of the formula unit is (Mg, ;sFe%55); 04(P; 97S10,0,) 058 H,O. Baridite
is monoclinic, space group C2/m, unit-cell parameters obtained by the Rietveld refinement
are: a = 10.051(2), b = 13.444(2), c = 4.652(1) A, p = 105.04(1), V=607.12) A3, Z=2.
Calculated density is 2.27 g/cm 3. Strongest lines of powder X-ray diffraction pattern [d in
A (D) (hkD)]: 7.91(44)(110); 6.76(100)(020); 4.33(12)(—111), 2.950(32)(=311,201); 2.694(26)
(221,041); 2.521(16)(—241); 2.423(17)(400,—401). The absence of ~14 A reflection in the
XRD pattern evidences that the mineral is bariite rather than its polymorphic modification,
bobierrite. The assemblage of bariéite in Imilac evidences that the mineral is a product of
aqueous alteration of farringtonite, (Mg, Fe?*),(PO,),. In contrast to the previously de-
scribed occurrence of newberyite, Mg(HPO,)-:3H,0, in the Springwater pallasite, bariite
in Imilac was formed through a simple hydration process of farringtonite, according to the
equation: Mg,(PO,), + 8H,0 = Mg,(PO,),-:8H,0. This is the first example of hydration of
anhydrous meteoritic phosphate.
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INTRODUCTION

Pallasites is a class of metal-rich (stony-iron) meteorites incorporating about 200 names
(Grady, 2000). Since the recognition of the prototype member, the Krasnojarsk mass (Pallas
Iron) (Pallas, 1776), pallasites play a significant role in the studies of evolution of metal-rich
planetesimals (Buseck, 1977; Scott, 1977a, b; Hsu, 2003; Wasson, Choi, 2003; Poitrasson et al.,
2005; Boesenberg et al., 2012; McKibbin et al., 2019). At the same time, their own origin is still
a matter of considerable debates (Walte, Golabek, 2022; Mittlefehldt et al., 2024). Pallasites
consist of centimeter-sized olivine (ferroan forsterite) crystals embedded into the metal matrix,
with approximately equal olivine/metal mass ratio (Buseck, Goldstein, 1969). In the small group
of pyroxene pallasites, the dominant silicate is enstatite (Boesenberg et al., 2000). The metal is
comprised by a-(Fe,Ni) (kamacite) and y-(Fe,Ni) (taenite), and frequently exhibits the Wid-
manstittan pattern reminiscent of fine- to medium-structured octahedrites. Subordinate and
accessory phases are chromite, troilite and phosphides, including schreibersite—nickelphosphide
Fe,P—Ni,P (Britvin et al., 2021b), barringerite (Fe,Ni),P (Buseck, 1969; Zucchini et al., 2018),
and nazarovite Ni,P; (Britvin et al., 2022). A characteristic feature of pallasite mineralogy is
a suite of phosphates: merrillite Ca,MgNa(PO,), formerly referred to as whitlockite (Buseck,
Holdsworth, 1977), stanfieldite Ca,(Mg,Ca),Mgy(PO,),, (Fuchs, 1967; Britvin et al., 2020);
farringtonite Mg;(PO,), (Fuchs et al., 1973), and keplerite, Ca,Mg(Ca, 50, 5)(PO,), (Britvin et
al., 2021a). The phosphates are considered to be late-stage magmatic cumulates, and like other
pallasite minerals, are anhydrous (Buseck, Holdsworth, 1977).

The vast majority of pallasites, being the finds rather than witnessed falls (Grady, 2000),
experienced pronounced terrestrial weathering. The processes of aqueous alteration of dif-
ferent meteorites were in the focus of mineralogical research (White et al., 1967; Okada et al.,
1985; Buchwald, 1990; Britvin et al., 2001; Pekov et al., 2007; Chukanov et al., 2008; Taddei
et al., 2025). However, there is the only work on this topic that relates to pallasites — a brief
notice of newberyite, Mg(HPO,)-3H,0, in the Springwater meteorite (Fuchs et al., 1973). In
this article, we report the first occurrence of meteoritic bari¢ite, (Mg,Fe?*),(PO,),"8H,0, a
Mg-dominant analogue of vivianite, Fe3"(PO,),"8H,0 (Sturman, Mandarino, 1976). Baricite
is a rare phosphate known across a few localities worldwide, where it has late hydrother-
mal, sedimentary or organogenic origin (Robertson, 1982; Rodgers, 1987; Liferovich et al.,
1999; Kloprogge et al., 2003; Hsu et al., 2014; Rothe et al., 2016). The genesis of meteoritic
bariéite, being substantially different from both terrestrial bariéite and newberyite from the
Springwater pallasite, is discussed in the present paper.

ANALYTICAL METHODS

Chemical composition of phosphates and olivine was characterized by electron micropro-
be in the energy-dispersive (EDS) mode, using the detector attached to a Hitachi S-3400N
scanning electron microscope. The carbon-coated slab was analyzed at 20 KV accelerating
voltage and 1 nA beam current, using the following standards (Ko series lines): diopside
(Ca,Mg,Si), hematite (Fe), and sidorenkite (Na,Mn,P).

Raman spectroscopy. Recording the micro Raman spectrum was performed by means
of a Horiba Jobin-Yvon LabRam HRS800 spectrometer equipped with a green diode laser
(532 nm) and an Olympus BX41 microscope, using a 50x confocal objective. The attempts
were unsuccessful, because of very strong luminescence encountered starting from 200 cm™".

X-ray powder diffraction was employed for the confirmation of the mineral, because the
single-crystal study was impossible owing to a submicrometer size of baricite lamella. The
XRD pattern was obtained in Debye-Scherrer geometry using a Rigaku RAXIS imaging plate
diffractometer operated with a rotating anode CoKa tube, at 40 kV, 15 mA and 900 s expo-
sure time. The sample was comprised by a ~100 um ball prepared from the mineral powder
extracted by the needle from the polished slab surface, and pinned onto a thin glass fiber.
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The imaging plate to profile data conversion was performed using osc2xrd program (Britvin
et al., 2017). Powder X-ray diffraction data were obtained by the Rietveld refinement using
TOPAS v.5.0 software (Bruker AXS).

OCCURRENCE AND APPEARANCE

The Imilac meteorite, a member of the main-group pallasites (PMG), was found in
1822 in the Atacama Desert, North Chile (Grady, 2000). Since that, numerous additional
fragments of Imilac were recovered across its expected projectile strewnfield, with the total
known weight of more than 900 kg (Pinto et al., 2024). Imilac, namely the Ollague fragment,
is known as a type locality for barringerite, (Fe, Ni),P (Buseck, 1969) — the third most
abundant phosphide in meteorites, after the minerals of the schreibersite—nickelphosphide
series. The petrology, geochemistry and mineralogy of Imilac is discussed in numerous works
(Buseck, 1977; Scott, 1977a, b; Hsu, 2003; Wasson, Choi, 2003; Poitrasson et al., 2005;
McKibbin et al., 2019; Chernonozhkin et al., 2021; Walte, Golabek, 2022; Mittlefehldt,
2024). The primary phosphates reported so far are stanfieldite and merrillite; farringtonite
was not recorded (Fuchs, 1967; Buseck, Holdsworth, 1977; Steele, Olsen, 1992). In spite of
extremely arid climate in this part of Chile (Mufoz et al., 2007), all Imilac fragments are
substantially weathered (Pinto et al., 2024). However, hydrous phosphates were not reported
in this meteorite (Buseck, Holdsworth, 1977).

Phosphate assemblages were found during the study of a polished section of Imilac from
meteorite collection of the Mineralogical Museum of Saint Petersburg State University. This
section was preliminary studied under the name of Seymchan (Segoleva, 2023); however, the
detailed study of the olivine composition (Table 1) unambiguously evidences that the slab
belongs to Imilac (Boesenberg et al., 2012), being erroneously assigned to Seymchan during
sorting of the material. The section (Fig. 1a) contains cm-sized rounded olivine crystals embed-
ded into (Fe,Ni) metal matrix; the latter is comprised by a-(Fe,Ni) (kamacite) with centime-
ter-sized fields of plessite — microstructural intergrowths of a-(Fe,Ni) and y-(Fe,Ni) (taenite).

Table 1. Chemical composition (in wt.%) of bariéite, associated phosphates and olivine

Ta6muma 1. Xumudeckuii coctaB 6apnianTa, acCoMupyonmx ¢pochaToB U OJIMBUHA

ot Baridite Farringtonite  Stanfieldite Merrillite Olivine

4 11 36 13 46
MgO 26.28(0.37) 42.35(0.38) 20.99(0.44) 3.54(0.13) 46.31(0.64)
FeO 4.74(0.11) 3.16(0.12) 2.83(0.26) 0.75(0.36) 12.22(0.30)
MnO b.d. 1.* b.d. 1. 0.42(0.12) b.d. 1 0.30(0.08)
CaO b.d. 1 b.d. 1. 25.97(0.28) 46.68(0.60) b.d. 1.
Na,O b.d. L b.d. 1. b.d. L 2.36(0.13) b.d. 1.
P,0, 32.96(0.30) 53.64(0.44) 50.58(0.60) 46.41(0.57) b.d. 1.
SiO, 0.33(0.11) b.d. 1. b.d. 1L b.d. 1 41.09(0.54)
(H,0) 34.05* - — — -
Total 98.36 99.15 100.79 99.74 99.92

Formula amounts calculated on the given number of oxygen atoms

(0] 8 8 48 28 4
Mg 2.76 2.82 8.89 0.94 1.71
Fe** 0.28 0.12 0.67 0.11 0.25
Mn?* — - 0.10 — 0.01
Ca — - 7.91 8.95 -

Na — — - 0.82 —
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Table 1. The end

Taomuna 1. OKoHyaHue

N Baridite Farringtonite Stanfieldite Merrillite Olivine
4 4 11 36 13 46
P 1.97 2.03 12.17 7.03 -
Si 0.02 — — — 1.02
Fe-index**** 9.2 4.0 7.0 10.6 12.9

* Number of analytical points. **b. d. l.— below detection limit. *** Water content was calculated by stoichiometry,
assuming 8H,O per formula unit. **** Fe-index is 100 x Fe / (Fe + sMg) (apfu).

Fig. 1. Baridite in the Imilac meteorite. (a) General view of the polished section containing farringtonite grain
with bariéite (b) Magnified view of the same area. Ol — olivine, Kam — a-(Fe,Ni) (kamacite), Pls — plessite, Stf —
stanfieldite, Crt — chromite, Frt — farringtonite, B¢ — baricite

Puc. 1. bapuuut B meteopure Imilac. (@) O0wmii Bua nosupoBaHHOTO Hutnda ¢ GappuHITOHUTOM U OapUUUTOM.
(b) YBennueHHoe nzobpaxkeHue yyactka. Ol — onuBuH, Kam — a-(Fe,Ni) (kamacuT), Pls — ruteccut, Stf— cTaH-
dwnmur, Crt — xpomur, Frt — dappunrTonur, B¢ — 6apuuunt
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Fig. 2. Baricite infilling fractures within the etched farringtonite grain. SEM BSE image. Ol — olivine, Frt —
farringtonite, B¢ — baricite, Fe-OH — secondary Fe hydroxides

Puc. 2. bBapuuuT, BhINOJIHSIOIIMI TPELIMHBI B U3MEHEHHOM (happuHITOHUTE. POM (hOoTO B 00paTHO paccestHHbIX
anektpoHax. Ol — onusuH, Frt — dappunrronur, B¢ — 6apuuut, Fe-OH — BropuuHbie ruapokcuns Fe

Other common minerals are troilite, phosphides of schreibersite—nickelphosphide series,
and chromite. Like the occurrences in other pallasites (Buseck, Holdsworth, 1977), phos-
phates in Imilac appear as infillings at the interfaces and interstices between olivine crystals

and metal matrix (Fig. 15). The most abundant phosphate is stanfieldite that is exposed on

the areas of more than 5 mm in size (Fig. 1b). Farringtonite and merrillite are sporadically
scattered as minute grains, typically up to I mm, frequently intergrown with stanfieldite.
Macroscopically, all phosphates are colorless to tan-colored, transparent to translucent, and

are hardly distinguishable by visual examination.

Baridite was detected in a single ~ 2xX4 mm patch of farringtonite of trapezoidal shape
(Fig. 15, ¢) infilling the interstice between two olivine crystals (Fig. 15, ¢). An euhedral grain
of black chromite penetrates the phosphate inclusion (Fig. 1¢). Farringtonite, being a primary
phosphate, appears as a grid of colorless grains up to 0.5 mm in size, which are dissected by
the dense net of subparallel internal fractures (Fig. 1¢, 2). Farringtonite grains have heavily
etched pinnate rims, whose singular orientation implies that they previously represented a
single crystal, which was subsequently fractured and partially weathered. The fractures are
infilled with tan-colored bariéite. The magnified SEM images (Fig. 2) show that bariéite
aggregates consist of submicrometer-sized lamellae — a habit typical of the vivianite group
minerals (Ralph et al., 2025).

CHEMICAL COMPOSITION

Chemical composition of baridite, associated phosphates and olivine from Imilac is sum-
marized in Table 1. A string with calculated Fe-index, 100x Fe/(Fe+Mg) (atoms per formula
unit, apfu), is included into the table for comparison purposes. According to Fe-index, all
phosphate minerals in the meteorite are depleted in Fe relative to olivine. It is noteworthy
that baricite, being a secondary mineral, is substantially enriched in Fe relative to its anhy-
drous precursor, farringtonite.
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X-RAY CRYSTALLOGRAPHY

X-ray single-crystal study of bariite could not be carried out due to very small size and
undulated habit of its lamellae (Fig. 2). At the same time, X-ray confirmation of the mineral
would be strictly necessary, because both pure Mg,(PO,),"8H,0 and its partially Fe-sub-
stituted varieties can crystallize in two different polymorphous modifications. Bariéite, also
called polymorph II (Kanazawa et al., 1979; Takagi et al., 1986), is isostructural with vivi-
anite, Fe;(PO,),"8H,0 (Capitelli et al., 2012), with which it can form a complete series of
solid solutions (Sturman, Mandarino, 1976; Liferovich et al., 1999). Another modification,
a polymorph I of Mg,(PO,),-8H,0 (Kanazawa et al., 1979; Takagi et al., 1986) is known as
a mineral, bobierrite (Lacroix, 1888), and has a limited ability of Mg for Fe substitution (Li-
ferovich et al., 1999). Structural relationships between bariite and bobierrite are compared
in detail by Takagi et al. (1986). From the diagnostic point of view it is essential that the
structures of both polymorphs are very similar. However, the b parameter of the bobierrite
unit cell is doubled relative to that of baricite (Table 2). The latter allows the appearance
of strong 020 reflection at ~ 14 A in the XRD pattern of bobierrite. This reflection would
correspond to 010 for baridite, hence it is systematically forbidden and absent in its XRD
pattern (Liferovich et al., 1999). The XRD pattern of the secondary phosphate from Imilac
(Table 3) does not contain the 14 A reflection, therefore the mineral can be unambiguously
identified as baridite.

Table 2. Unit-cell parameters and Fe-indexes of bari¢ite and bobierrite

Taomuna 2. [TapamMeTpbl 31eMeHTapHOM sTueiiki 1 Fe-uHIeKchl 6apuynTa 1 600bepuTa

Mineral Baricite Baricite Baricite Baridite Bobierrite Bobierrite

Locality Imilac Yukon, Kovdor, Synthetic Synthetic Kovdor,
meteorite  Canada Russia Mg Mg Russia

end-member end-member

Space group C2/m C2/m C2/m C2/m C2/c C2/c

a, A 10.051(2)  10.075(4) 10.07(3) 10.034(1) 4.667(1) 4.69(1)

b, A 13.444(2)  13.416(8) 13.42(2) 13.407(2) 27.926(8) 27.84(6)

c, A 4.652(1) 4.670(4) 4.68(3) 4.657(1) 10.067(3) 10.07(3)

B,° 105.04(1) 104.87(3) 104.9(2) 105.09(1) 105.01(2) 105.02(1)

v, A3 607.1(2) 610.1 610.9 604.9 1267.3 1268.9

Z 2 2 2 2 4 4

Fe-index* 9 45 40 0 0 17

Reference This work  Sturman, Liferovich  Takagi et al., Takagi et al., Liferovich

Mandarino, 1976 et al., 1999 1987 1987 et al., 1999

* Fe-index is 100 X Fe / (Fe + Mg) (apfu); in this table it is rounded to integers.

Table 3. Powder X-ray diffraction data (d in A) for bariéite from the Imilac pallasite*

Ta6amua 3. [TopowkoBsie perTreHorpadudeckue gaHusie (d B A) wist 6apuunta u3 nauacura Imilac

I obs dobs I ca/c** dcalc hkl I obs dnbs I calc** dcalc I obs
44 7.91 26 7.87 110 3 2.327 1 2.317 311
100 6.76 100 6.72 020 4 2304 4 2.315 —151
10 4.87 9 4.85 200 - - 1 2291 112
12 4.33 8 4.31 —111 4 2255 1 2.247 002
9 3.959 3 4.069 130 8 2.211 6 2.212 241

- - 1 3.935 220 3 2053 3 2.068 350
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Table 3. The end

Ta6amna 3. OkoHyaHue

I obs dobs Icalc** dcalc hkl Iobs dabs Icalc dcalc Iobs
12 3.844 8 3.830 —201 4 1.923 1 1.921 510
10 3.199 15 3.194 —131 4 1.918 2 1917  —-332

9 3.152 3 3.146 310 - - 2 1.915  —402
32 2.950 9 2.950 =311 5 1.883 3 1.882 132
- - 10 2.939 201 2 1.676 3 1.680 080
26 2.694 13 2.693 221 2 1.666 3 1.665 352
- - 10 2.691 041 3 1.644 3 1.642 152
8 2.634 4 2.623 330 2 1.573 2 1.574 550
16 2.521 14 2.526 241 4 1.471 2 1.469 402
17 2.423 2 2.427 400 2 1.338 1 1.339 391

— — 7 2.413 —401

* Calculated for CoKa radiation based on the results of the Rietveld profile fitting.
** Reflections with calculated intensities less than 1 have been omitted.

DISCUSSION

Baricite is not the first secondary phosphate found in meteorites. Vivianite, Fe,(PO,),"8H,0,
and its nickeloan analogue, arupite Ni;(PO,),'8H,0, are the two vivianite-group minerals
previously reported from meteorites (Buchwald, 1977, 1990). Minerals of collinsite—cassidyite
series, Ca,Mg(PO,),2H,0—Ca,Ni(PO,),2H,0, and lipscombite, Fe**Fe**,(PO,),(OH),,
further expand the list of meteoritic secondary phosphates (White et al., 1967; Buchwald,
1977). However, there is a principal genetic difference between the mentioned phosphates
and baridite. All minerals listed above are the oxidation products of meteoritic phosphides of
schreibersite—nickelphosphide series, Fe;P—Ni,P. In this respect, they have the same origin
as numerous arsenate minerals formed in the oxidation zone of terrestrial arsenide deposits
(e. g., Yakhontova, Zvereva 2000; Pekov et al. 2012; Majzlan et al., 2014; Gritsenko, 2022).
Baridite in the Imilac pallasite was formed by another chemical mechanism, not involving
oxidation of phosphides. It is a product of hydration of anhydrous magnesium phosphate,
farringtonite. From the chemical point of view, this process is a simple addition of water
molecules to the anhydrous salt:

Mg,(PO,), + 8H,0 = Mg,(PO,),8H,0. ]

The number of reactions of this type in nature is close to the top dozen, although some
of them are quite common processes, €. g., hydration of anhydrite, CaSO,, to yield gypsum
(e. g., Zanbak and Arthur, 1986)

CaSO, + 2H,0 = CaSO,2H,0
or hydration of thenardite, to form mirabilite:
Na,SO,+ 10H,0 = Na,SO, 10H,0.

Several other, more exotic examples include post-formational hydration products of
anhydrous sulfates and chlorides formed in fumarolic exhalations, such as tolbachite CuCl,
(Vergasova, Filatov, 1986); chalcocyanite CuSO,, along with several ill-defined chlorides
(e. g., Zambonini, 1935), sulfates of the yavapaiite group (e. g., Hutton, 1959), and hydration
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of kokchetavite, a high-pressure polymorph of KAISi;Oy, to yield a so-called K-cymrite,
KAISi;O4H,0 (Hwang et al., 2004; Mikhno et al., 2014).

Aqueous alteration of farringtonite was first reported by Fuchs et al. (1973) in the Spring-
water pallasite. The alteration product was identified by powder XRD as newberyite, MgH-
PO,3H,0. In this respect it is noteworthy that the stoichiometry of newberyite, having Mg:
P ratio of 1:1, is different from that of farringtonite with Mg:P = 3:2. Therefore, the forma-
tion of newberyite in Springwater has been realized via the proicess different from hydration,
namely — the acidic decomposition of farringtonite (bearing an orthophosphate ion, PO3-)
into newberyite (containing hydrogen phosphate, HPO3-):

Mg,(PO,), + 2H* + 6H,0 = 2Mg(HPO,)-3H,0 + Mg>* 2]

with the raised excess of Mg?* being evolved out of the reaction zone. The principal diffe-
rence between reaction [1] (hydration, in Imilac) and [2] (decomposition, in Springwater)
is that the hydration processes are reversible, therefore reverse heating of Mg,(PO,),"8H,0
to appropriate temperature results in the formation of farringtonite (Pechkovskii et al., 1979;
Aramendia et al., 1999; Boonchom, 2010):

Mg,(PO,),"8H,0 » T = Mg,(PO,), + 8H,01. [3]

In contrast, decomposition of farringtonite into newberyite according to equation [2] is
a unidirectional, irreversible reaction, hence the reverse heating of newberyite yields mag-
nesium pyrophosphate instead of farringtonite (Aramendia et al., 1999):

2Mg(HPO,)-3H,0 - T° » Mg,(P,0,) + 7H,0. [4]

The differences in the processes of aqueous alteration of farringtonite in Springwater
and Imilac are apparently caused by the differences in the acidity of aqueous solutions that
affected the meteorites. Taking into account severe weathering of the Imilac fragments, the
water required for the hydration of farringtonite to baricite was most probably of terrestrial
origin. The temperature of bari¢ite formation was higher than 5 °C, since at lower tempera-
tures, another hydrate, cattiite Mg,;(PO,),"22H,0, would have formed (Britvin et al., 2002;
Chernyateva et al., 2013).
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Bapuuur, (Mg,Fe?"),(PO,),"8H,0, u3 nannacura Imilac: nepsblii npumep ruaparanuu
6e3BoHOro MeTeopuTHOro Gocdara, pappunrronnra (Mg,Fe**),(PO,),
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Annomayus. Bapuaur (Mg,Fe?*),(PO,),"8H,0, MarHe3na bHBI aHAJOT BUBUAHUTA
Fe2*(PO,),"8H,0, 6b11 06HapyxeH B MeTeopuTe Imilac — mpencraButese najia-
CHUTOB IJIaBHOU TPYIITHI. ACCOIMUPYIONIME MUHEPATbl TIPEeACTaBICHBl OJTUBUHOM
(Fa,, ¢), merannom (Fe,Ni), xpomuToM, Tpouautom, pochunamu psiaa wpeindep3ut—
Hukenbpochun Fe;P—Ni,P, a Takxe 6e3BonHbIMU hochaTaMy, XapaKTEPHBIMU IS
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najacuTos: craHduiaauToM Ca,(Mg,Ca),Mgy(PO,),,, Meppuiurom Ca;MgNa(PO,),

n pappuHrronutoM Mg,;(PO,),. bapuuut o6pasyeT arperatsl CyOMMKPOHHBIX JIAME-
JIelt KPEMOBOTO 1IBETA, BHITIOIHSIIONINE TPEIIUHBI B BHIBETPEIOM 3epHe happMHTTOHUTA.
Xumuueckuii cocraB (Mac. %, 31eKTPOHHO-30HA0BbII aHanu3, H,0 no ctexuomeTpun):

MgO 26.28, FeO 4.74, P,0, 32.96, SiO, 0.33, H,0 34.05, cymma 98.36. OMmupuueckas

dbopmyna, paccurnTaHHasI Ha 8 aTOMOB KUCJIOpoaa 6e3 yuyeTa MOJIEKYJISIPHO BOIBI:

(Mg, 76Fe256)5 04(P1 9751 4,)Og'8H,0. BapruuT MOHOKJIMHHBIA, IPOCTPAHCTBEHHAS

rpyrmna C2/m, mapaMeTpsl 2JIeMeHTapHOU SYeiKU, TIOJIyUeHHbIe METOIOM PUTBEIb-
na: a = 10.051(2), b = 13.444(2), c = 4.652(1) A, B = 105.04(1)°, V=607.1(2) A3, Z=2.
BoluncieHHas miIoTHocTh 2.27 r/cm—>. Haubosee cuibHbIE TMHUM PEHTIEHOIPAM-
Mbl topotuka [d B A (1) (hkl)]: 7.91(44)(110); 6.76(100)(020); 4.33(12)(—111), 2.950(32)

(—311,201); 2.694(26)(221,041); 2.521(16)(—241); 2.423(17)(400,—401). OTcyTCcTBUE B
peHTreHorpamme pediiekca npu ~ 14 A cBUAETENBCTBYET O TOM, YTO MUHEDAJ SIBIISIET-
cs1 0apuYUTOM, a He ero noJuMopdHoilt Mmogudukalueit — 6006bepuTOM. Accoliuanus
b6apuunTa B MeTeopuTe Imilac cBUIETEIBCTBYET O TOM, YTO MUHEPAJ SBIISIETCS TIPO-
JIYKTOM BOIHOTO M3MeHeHus dhappuHrToHuTa, (Mg,Fe?");(PO,),. B mpoTHBOMOIOXK-
HOCTb paHee onucaHHomy Hbo0epuuty Mg(HPO,)-3H,0 u3 namnacura Springwater
O6apuuut B MeTeopuTe Imilac o6pa3zoBajics myTem mpoliecca IpoCTOi ruapaTalun
dbappunHrronura, cornacHo ypasHenuio Mg,(PO,), — 8H,0 = Mg,(PO,),:8H,0. BT0
MepPBHBI MpUMep THApaTaluy 6e3BOHOTO METEOpUTHOTO ocdara.

Kntouesvie cro6a: 6apuunT, HpIOOEPUUT, BUBUAHUT, GappUHTTOHUT, hocdaT, MeTeopur,
MaJJIaCUT, BOAHOE U3MEHEHUE, TUapaTalus



