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INTRODUCTION

Four minerals of the aenigmatite-sapphirine-surinamite group 
(Strunz and Nickel 2001) contain essential Be: surinamite, khma-
ralite, welshite, and høgtuvaite (Table 1). Polyakov et al. (1986) 
characterized the Fe-Ti beryllosilicate �makarochkinite� as a new 
mineral related to aenigmatite. This relation was subsequently 
conÞ rmed by single-crystal structure reÞ nement, which gave the 
formula (Ca1.75Na0.25)(Fe2+

3.80Fe3+
1.35Ti0.60Mg0.25)O2[Si4.4Al0.6Be1.0]O18 

(Yakubovich et al. 1990), but the new mineral and name were not 
considered for approval by the International Mineralogical Asso-
ciation at that time. Grauch et al. (1994) suggested that høgtuvaite 
and makarochkinite are identical, whereas Hawthorne (2002) and 
Hawthorne and Huminicki (2002) contended that if Ti were fully 
ordered at a single M site as it is in aenigmatite, then makaroch-
kinite would be the Ti-dominant analogue of høgtuvaite. 

In a new crystal-structure study of makarochkinite, it was pos-
sible to independently reÞ ne the occupancy of the octahedral M7 
site and conÞ rm that Ti is the dominant cation at this site, thereby 
meeting the criterion of Hawthorne (2002) and Hawthorne and 
Huminicki (2002) for makarochkinite being distinct from høg-
tuvaite, whose Ti content is insufÞ cient to be dominant at M7. 
The mineral and name were approved by the Commission on 
New Minerals and Mineral Names, International Mineralogical 
Association (2002-009a). The name is for Boris A. Makarochkin 
(1907�1988), Russian chemist and mineralogist, who studied the 
rare minerals from the Ilʼmen Mountains and Þ rst collected the 
mineral, but described it as an amphibole (Makarochkin 1955). 
The original type material (sample no. 89351) is deposited in 
the Fersman Museum, Moscow. The neotype material (sample 
no. 400Shch-6) is deposited in the Natural Science Museum of 
the Ilʼmen State Reserve, Miass, Russia, and in the National 
Museum of Natural History (Smithsonian Institution) as NMNH 
174051. 

* E-mail: esgrew@maine.edu
� Deceased.

Makarochkinite, Ca2Fe4
2+Fe3+TiSi4BeAlO20, a new beryllosilicate member of the 

aenigmatite-sapphirine-surinamite group from the Ilʼmen Mountains (southern Urals), Russia

EDWARD S. GREW,1,* JACQUES BARBIER,2 JIM BRITTEN,2 MARTIN G. YATES,1 
VLADISLAV O. POLYAKOV,3,� ELENA P. SHCHERBAKOVA,3 ULF HÅLENIUS,4                                          

AND CHARLES K. SHEARER5

1Department of Earth Sciences, University of Maine, 5790 Bryand Center, Orono, Maine 04469, U.S.A.
2Department of Chemistry, McMaster University, Hamilton, Ontario L8S 4M1, Canada

3Natural Science Museum of the Ilmen State Reserve, Miass 456317, Russia
4Department of Mineralogy, Swedish Museum of Natural History, Box 50007, SE-104 05 Stockholm, Sweden

5Institute of Meteoritics, University of New Mexico, Albuquerque, New Mexico 87131, U.S.A.

ABSTRACT

Makarochkinite, [VII](Ca1.64Na0.25Mn0.11)[VI](Fe2+
3.56Fe3+

1.46Ti0.61Mg0.25Mn0.02Nb0.038Ta0.007)[IV](Si4.48Be0.91Al0.54 

Fe0.07O18)O2 (end-member Ca2Fe4
2+Fe3+TiSi4BeAlO20) from electron-microprobe data, Mössbauer spec-

troscopy, and single-crystal structure reÞ nement, occurs in a granitic pegmatite near Lake Ishkulʼ, 
Ilʼmen Mountains (Southern Urals), Ilʼmen State Reserve, Chelyabinsk Oblastʼ, Russia. Associated 
minerals include danalite, phenakite, titanite, potassian calcic amphibole (ferro-edenite and hasting-
site), biotite, ilmenite, magnetite, ferrocolumbite, fergusonite-(Y), and samarskite-(Y). Makarochkinite 
forms equant masses 5�50 mm across, black in hand specimen; luster vitreous; it is opaque except in 
slivers <1 μm thick. It is brittle; Mohʼs hardness 5.5�6, and has no discernable cleavage; fracture is 
uneven. Twinning is absent. The measured density is 3.93(1) g/cm3; calculated density 3.933 g/cm3. 
It is optically biaxial, α =  1.835 ± 0.014 and γ = 1.865 ± 0.015 from reß ectance data, pleochroism 
marked: X = greenish brown, Y = yellowish brown, Z = reddish brown; Y ≤ X < Z. Single-crystal X-ray 
diffraction gives triclinic symmetry, space group P1�, Z = 2, wR(F2) (all) = 0.096 for 6497 reß ections, 
a = 10.355(2), b = 10.751(3), and c = 8.873(2) Å, α = 105.707(8), β = 96.227(6), γ = 124.861(6)°, V = 
735.7(3) Å3. The eight strongest lines in the powder pattern [d-spacing (Å),(I),(hkl)] are 7.997(57)(100), 
4.779(29)(011), 3.120(32)(012), 2.924(69)(01�3), 2.676(77)(2�03), 2.530(100)(2�1�3), 2.410(28)(22�3), 
2.075(39)(41�1).

Of the aenigmatite-sapphirine-surinamite group minerals, makarochkinite is compositionally clos-
est to rhönite and høgtuvaite. It is distinguished from rhönite by Fe2+ > Mg and by the presence of 
0.91�0.98 Be per 20 cations; Be occupies the two most polymerized T sites in roughly equal amounts. 
Distinction from høgtuvaite is based on occupancy of the M7 site, which is dominated by Fe3+ in 
høgtuvaite and by Ti in makarochkinite.


