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RIUERFEE, RR)

*EE Fyd WP BT R=0.047, ZrihE2Hr

£ B AXHETREUKNTFT HRILG" (Mathiasite) 347 T 5 & MR, U9 1R
B ERH, (K, Ca, Sr) (Ti, Cr, Fe, Mg, Zr)20w, =% @A, HMHR3, BRI K
8,=10,3722% ,60=20.7161 8 CNAHER),2r=9.1403%, «=69.137" (FHEHEZM).

i FIRASA-5RP f Zhit P B & AT 40, »HE s el T #isrih155¢ A RIATTREE. B4#4
BIERMEE, RBTREPLETHSE. BERTF. S0E. #AHRTREFHAENRA. &
BEENHREEET, R=0.047,

FWTPEFE&ERED, BRFEERET, BdgalE, RETHY @ T, Cr, Mg,
KSTHMHMAER, BIREWNTZEXHUT BEMERRLYhA Ry %00, #
HRERR. U EFERRERTLAFETSRBG wHY D3RR ELEAE.

—\ NN &

P (Mathiasite) P R1981EERE K BHIER A v 8* HKE KL 2R
(X, Ca, Sr) (Ti, Zr, Fe, Mg\ Zr)2:0s. 5] FN, BRI T MR WP (Lindsleyite)
(Ba, Sr) (Ti, Cr. Fe. Mg, Zr)2:04®, Ja¥K, Jones% A HFIfy T ML H H3tiX
ET 2 ki Sy R R LT RE TRABMS TESC,

gERI181ERRM P TREILALSBAEPHITRY . ZIWUTFETTRINE W

WS, R1FAHTREWURHHEANRWUTBERHEFEE TSR, R LELER
B RRHIET O R REY DR TFEE TR A SR EB8%E Y (Crichtoni-
te) —HRBhEERD" (Davidite) &, ER: AM;Osu, ANKHEF, 7 H K, Na, Ca,
Ba, Sreesess, B A/NHBEF, "H Ti. Cr. Fe, Mg %, 115" (Mathiasite), & &b 459"
(Loveringite), gl & WWH" (Lindsleyite) ZAF# 2 RIAK, CafBa ik, MiXRE=
MR R HE LRI M. BEEBHREAECrichtobite EFRIAMINANT HhHF—EH
HZr(3.20—5.32%), /L% FRPZeY/EH0.6—0.7 (FAH38R) . Zr Rk
BEHB—ENMNERRURARREALFERTIELE, LLRK, Ca, SriEFERERH
FTERHEHABRRESHAA L, HERHAR,

BANREERGHNUAE (BN _FEBE), ZUTE=FRAR ZRHER3, , KRS

. 20=10.3722(9) X, co=20.7161(12) X GSHZEM); ar=9.14038, «=69.137° (F
EkERD o

s RUFHFARERERS, HREAXTREAERFFUSVUOLARAQMEIRIE, HO 2N
Mathiasite, RERIFF R RLD o
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Table 1, Electron microprobe analyses of Mathiasile and its analogues
) gupe | guee | TRUED) guepo
&R BB 602° | LB 604 [#LF~ (1) (Titanate)
RS (Mathiasite) | (Lindsleyite) 3094 (Love ringite)

Na2,0 0.09 0.10 0.026
K:0 1.68 1.78 0.96 1.22 0.56 0.56 0.04
Ca0 0.73 0.97 0.31 1,09 <0.26 2.50
BaQ 1.42 0°96 2.56 3.32
$10 0.05 0.66 1.18 1.28 0.01
La,0p 0.36 0.45 0.25 0.19 0.17 1.28
Ce,0y 0.56 0.61 0.41 0.36 0.23 1.12
210, 4.80 4.65 3.79 5.35 8.41 8.20 4.38
HfO, 0.19 0.21
TiOs 55.65 54.11 53.84 59.32 59.84 62.41 58.06
Cr,04 17.59 19.78 19.85 16.71 15,10 14.16 5.97
FeO 11,38 10.27 10.31 7.96 11.22 12,10 20,01
Al;0, 1.74 1.80 0.54 0.62 0.59 0.80 0.98
MgO 4.29 4.08 4.0 4.12 3.32 0.91 1.38
MnO 0.11 0.09 0.08 0.14 0.08 0.10 0.15
Nb;05 1.17 0.15 0.02
T'a,0s 0.08
V304 0.29 0.50 1.30
ol ﬁ{ig\SiO, ﬁ;ﬁo?l)ﬁ;o

98.88 98,84 97.61 99.01 97.77 100.16 97.32

T EX. AVis: BRB% BRBoAT.

1 SR

MHEWT R ALY, BEYRBALYPERRRRBRERTEIHIED.
BH1RRTHEREBERH P BEPHIH R, KXALRRAMMLE.

=, RINT R RESEBNE

A 2,=2.882 ao. boSRIB/NER, RELWH: 15D

B a=2%x2.88=5,76(})
C a=v'3x2.88=4.99(R) RHELH: RIE,
D a=v13%x2.88=10.38(})
E a=13x2.88=37.44(})

R#|L K. BER

Al et o
BEERT MBEKYY (Senaite) HZRABEW,

XEFE-RBEMERARFEa. bR EHAEFE, KRFRLE BCHALARKT
(K, Ca, Ba%) DARZ-BBIEBHFTFHRTREERFLAR, X&H R &0 WER
MEBRHEE. Hit, #TTRERERERBRAIE
2P TAXRKMBEERROILT WHB A RIE, &L Fill 6 XX BRBEEY
&, BLAERBEXLRERRERRARYEFERM. EHE HKRE I, ERTRE

B, {ERRBUEEBRAIES LR,

BRBALAERERERBRXARER LRGN, HRT2HKA100EEBR (hhD
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Fig. 1 Structure of closest-packed oxygen layer

2 RUTREZRTHHXHEBRLHE

Table 2. X-ray diffraction patiterns for Mathiasite and its analogues

g ()@ MELF® PR LT
BLigeod® RLF @ (Mathiasite) (Lindsleyite) (Titanate 3094)
d 1 d I d I d I d 1

4.20 30 4.44 40
4.14 50 4.13
3.74 20 3.76
3.38 B 3.44 80 3.39 60 3.37 30 8.37
3.04 4 3.08 50 3.04 30 3.04 40 3.03
2,99 80
2.87 6 2.89 100 2.88 80 2.87 70 2.877
2.84 40 2,83 70
2.79 5 2.75 20 2,78 20 2,743
2.62 4 2.63 40 2.63 30 2.61 10 2,618
2.473 2 2.48 40 2.48 50 2.47 30 2.478
2.43 40 2,39 30
2.246 2 2.26 70 2.25 80 2.24 40 2.243
2,133 7 2.14 70 2.14 100 2.13 100 2,134
1.94 30 1.91 20 1.91 20 1.917
1.84 20 1.85 10 1.844
1.805 8 1.80 50 1.797 70 .80 100 1.794
1.71 40 1.71 30 .70 40 1,706
1.599 10 1.60 50 1.59 60 59 100 1.591
1.519 4 1.50 60 1.52 10 +519 100
1.447 7 1.44 100 1.44 10 .44 100 1.44

—_ e b e

* XXERHHKE Feka, 35kV, 20mA, 24/MEH,
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REREE LRRL. 2). ARBFL, 2TFR: kiR (110 kR EA M e 8L H
Mo XEREFWESRS, Fa. bHFRRCHNAFEREFHEFLALR.

2 e

% AR B R AR K /PH0.07 X 0,07 x 0.09mm®, W BIRBERT AL FHRHEM KRAHTT
LREEIY, RONE LRI 604, 7£HAERASA-5RP £ H ZhELHe o H 5 & 47 4 ik
BT REHATIBE, KR&MGHD: 50kV, 120mA, MoKa, AHBHEIRE, Bl ik 1°,
FKH20/oBR A1, AMEEL /2, BRAMMEEA S, 20065 EEA KE T 5L
fiatR15544, SPIRFREHEMD | Fual, EIFI>30|F|AHARER, WAL A
EmMTERRITMBE. BERERKEKIE,

FASHELX-76 5 R EBFET T UM MEBIE, RATA R Fh&yE, BEHRTF. &
NEFEBERFESH, BT =48 Fourler REBE; HHETREPLFFHREMSESA
(R%3.4) AR BHEHWE FFRMXBRAAHLME FFoRk BT REEFR=0.056,
ERF|>50|FI 11774 W14 AT S B IER, R=0.047, RBEH I MEBN E, R
LUE“—-&&EEE'JR'-%?&% (Kl.szcao.szLan.osCGa.os)2.45 (Ti36,09Cry2 FB?.ﬂsMgs.sn Zx,02Al1.16
MnOoUS)SG;SSOIHo

K—im e,

(K. Ca)ix(Ti, Cr, Fe. Mg. Zr)2:Oss.

%3 RFEGOERERYF

Table 3. Atomic coordinates and temperature factors

E¥F X Y z B Bt B2z Bss Biz Bis B
Zr 0.0 0.0 0.0 0.0108 0.0114 0.0114 0.0099 0.0 0.0 0.0057
K(Ca) 0.0 0.0 0.5 0.0162 0.0179 0.0179 0,0143 0.0 0.0 0.0078

Cr(Al) | 0.6236 | 0,1503 |-0.0016] 0.0072 0.0069 0.0058 0.0079 |=0.0007 |-0.0001 0.0024
Ti(1) 0.3164 | 0.0765 | 0.1013( 0.0084 0.0090 0.0077 0.0083 |-0.0002 |-0.0007 0.0040
Ti(2) 0.2449 | 0.3281 | 0.1083) 0.0096 0.0105 0.0083 0.0087 0.0025 0.0003 0.0056
Mg(Fe) | 0.0 0.0 0.1891] 0.0037 0.0041 0.0041 0.0027 0.0 0.0 0.0021
O 0.4397 { 0.0312 | 0.0504| 0.0078 0.0065 0.0088 0.0096 [-0.0018 0.0003 0.0048
Oz 0.3621 | 0.2604 | 0.0587[ 0.0069 0.0061 0.0064 0.0083 0.0013 0.0024 0.0027
O3 0.0545 | 0.1849 | 0,0615] 0.0101 0.0080 0.0125 0.,0127 |-0.0023 |-0.0007 0.0075
Oy 0.2889 | 0.4941 [ 0.0555 0.0070 0.0075 0.0093 0.0057 0.0029 0.0014 0.0053
Os 0.4660 { 0.1855 | 0.1705| 0.0086 0.0109 0.0082 0.0062 0.0002 |-0.0008 0.0053
of 0.0980 | 0.3634 | 0.1596] 0.0083 0.0055 0.0102 0.0085 0.0012 0.0007 0.0032
Oy 0.0 0.0 0.2863 0.0079 0.0091 0.0081 0.0048 0.0 0.0 0.0046

=, GiitER

LG MEHmE 2 iR, ARTFEE cHREERESER, BEAMDIR, TR
5 XCB'ABA/CAC'Be+++++, ghc'hhc'hhe'h, #RIEFourier ¥ MR AL 6 B H WA TE T
Z#RTFELEWPHMEE, Ti. G, AIREAFeSRBTAEHLER, RO #0056, Mg Ry
Fe R B THEGMLE, RAEKN, N\EESHEFDERREATTARE LA, B, C
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Table 4 Part of atomic distances and main bond angles

£ W O X B EFRER) g m O
Zr—O/\TH
6 X Zr—0; 2.130(4)
SEEIR 2.130
6% 0s—0; 2,958(5) 87.99(11)
8 X 0s—O; 3.066(6) 92.01(11)
Cr—O Ey 25\ {k
2x Cr—Oy 1.991(2)
Cr—0, 1.967(4)
—0q 2.035(5)
—0y; 1.978(5)
-0 2,014(4)
FEHRk 1.998
0,,—0y3 2.757(6) 87.50(14)
—0, 2.821(4) 90.91(12)
—04 2,714(6) 84.80(14)
—0y 2.863(5) 89.70(12)
0,;;—0; 2.897(7) 93.93(17)
—0q 2.858(5) 90,29(18)
—0y 2,977(3) 97.01(20)
0;—0y 3.930(7) 95.90(21)
—0y 2,860(7) 91,97(17)
Ou~04 2,788(7) 88.01(22)
O, 2.699(8) 83.63(18)
Oy;—O7 2,699(9) 85.06(19)
Ti—ORyZE/\ T &
Ti—0, 1.890(2)
-0, 1.933(3)
—0, 1.904(4)
—Qs 1.997(5)
—Osy 2.012(5)
—0 2.017(5)
gl 0] 1.958
0,—0, 2.871(3) 97.834(14)
—0; 2.879(4) 98,70(16)
—Og; 2.896(6) 98,30(16)
—0; 2.878(7) 90,98(18)
0;—0, 2,931(2) 99.69(16)
—Oy; 2.822(7) 91.86(16)
—Os3 2.620(7) 80,38(18)
0;—0s, 2.794(1) 87.79(19)
~—0p 2.636(9) 84,45(20)
Os1—Osy 2.583(7) 77.66(20)
—Q, 2.629(3) 81,83(18)
Q53—0, 2.945(6) 90.76(21)
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8®H
£ W &k X X FFRER) g )
Ti;—ORFZE/\ T
Tiz—0, 1.971(2)
—0, 2,028(3)
—04 1.892(4)
—Ops 2.033(4)
—Og 2.035(5)
Q% 1.966(6)
Rk §:3 1.971
0;—0; 2.881(4) 92.15(12)
-0 2.880(4) 96.42(16)
—Os 2.620(6) 81.73(15)
—O4; 2.874(7) 93.76(19)
0;—0, 2.901(3) 93.39(16)
—0Os 2,727(7) 84.37(17)
—Og 2.632(7) 80.74(18)
O—0n 2,780(7) 90.03¢19)
—Og; 2.919(9) 98.30(17)
O;—0py 2,.920(6) 91.77(19)
—Qg 2.629(3) 82.20(18)
Os1—042 2.872(7) 91,73(23)
Mg(Pe)—OM HE tk
$ X Mg—Os 1.947(3)
Mg—0y 2.009(2)
gk 1.963
8 X 0s—0s 8.236(5) 112.44(16)
3 X05—Or 3.167(5) 106.31(18)
K(Ca)—OH NS Mk
6 X K—0q 2.810(5)
6 XK—Os 2,861(5)
SEHR K 2.838
6 X0—0y 2.788(4) 59.48(9)
Ou—On 2,780(6) 58.70(13)
—O¢; 2.919(2) 61,94(4)
—Ogs 85.69(13)
—Og 118,23(16)
—Ogs 121.25(2)
—Oge 94.27(3)
8 X0s—0s 2.872(3) 60.25(6)
6 X Oy—0s 119.76(8)
BHhK(Ca) BRT~IMEHMNE, EHEMSEAIUREHROHER ZHE, &5 REY
o K 2 £ B B AR,

ZrthB AL B WA NN\, RABAH6, XER T HEHESIRZ-OERNH2.1304,
HEAFREREFESENESR BAXRRANZHERATREIRETFHLRH &,
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Fig. 2. Crystal structure of Mathiasite
(a) — P BRRBEFOLHE

(a) Atomic distribution in ope cell

(b) B=Wih/\E &R & RHES

(b) Arrangemeant of octahedra apd tetrahedra along the trigonal axis

ZeEy yh B 6 8 . BARZHY HREERM, —KREK, EZc T FESR Na,

Ca. Ba, Nb& T #Eht, ATZIXEHEEFHEW, EZrhFREMCRE. ZrydhEL
KRB FRMNACSION, ZrpyBirh 8 . WP =T &AFIED, HiEPodpore H*%L
FFEI00TM30 X 10°Pafy R TAR TR WY (Lindsleyite), Bk, W T REED
MBELERBEN. ERETZoHEMENET 8, BERTERWUT P FE RO £ Ti,

Cr, Fe, Mg% R 2 8/HBTF, BAMARTEREAMRS S, REHERZ: BF, 5,2
B GLER 6 MARS. BERY, RiBFourierid$itR, ZE&4x 0, 0, 0) L8 k, Zr
ERLUFPE—-NEIHEERBEN. WK S PRI BRZ R EfFourier (A (HEI-
GHT=358) BT HE/IHEFLE LHK. BRESE T ZHTLAFTRBER Ti,

{B \TifyFourier{fi (HEIGHT=251—274) X &, XHHBEREEFDLE HAR ERY, LA
Zrfhfr BRI M. R, RB|EMEHBEERE, Zr HRBERTRM, LRk 2 HEH
R, XERBTZr AREHIERT, HEUAREAEERET—REBEOIRHE WS I,

REHABERAR. HMLEMIRES0.1203, BBIEH0.1667, FHEZEAD0.72, AR
SHEFHRIFEZE A BR0.67, MEEVAR, TAEWT AN ERAE. NAF
HSERERRE, BT PRGRERERF.
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R 5 HRFOEEGE RFourierFZ & &

Table 5. Site occupancies of atoms and their heights in the Fourier map

T R
Zr K(Ca) Ti(1) Ti(2) Cr(Al) Mg(Fe)
o5 fir BF
IFE & A BPGe 0.1203(6) 0.2067(63) 1,0041(55) 1.0224(56) 0.9160 0.4211
B L & FGo 0.1667 0.1667 1 1 1 0.3333
Gc/Go 0.72 1.24 1,00 1,02 0.92 1.26
BERE 304 &TR AAl & Pe
Pourier R ¥ 8 15 358 355 274 251 265 1.27
(Height)

Y hFeLA= WM AREMBRAFE, ERWT FFe Ty B, X 7THEH
FFefrfEFe R Fe Wt &, B, RUKIFIH6 M4, XHE—FRARLG & Ly
.

WM, & i

FRXERRNEZZE Y RELHBHERN E, REBUTILARR:

1 EHRZEZ UG XFHUTHEH R &Y EB - 0B, B8R FZWLT R
FEET, BZrEX RS c MARES. ZrihthkhA iR, HEMELHA0.72,

2 BRAZL SFREFHETLWRELEATES, R XEMERE, BFRIL T HEHSE
RETEHEER. TERNENZLHLERORKR, FEAUBREE RMEHEER L, WU
VEHBAE, MRS, HV50. 100, 20045141381, 1010, 1072Kg/mm?; i If #§"
A/ €0001) phzAfRERk [/ (1011) fh%RRE, WER/D, X A 273Kg/mm?, X LBIR
SHUBT HSEW EFEERM, XoREERBAR.

3 SRETHWEMNE, ERRABLTHEHEHTD, MK, C2¥RER. BLE
BAERTi. CrETRERBY Wb iR ELEESTBRILETHE THE—FHINR

4 FLARE, BEXXTOLOBUNHAEXE, HERAMARPa. bRch LM
BFHERLASR, NRIABEHHTT &,

AXHHERAFETHEE BALS). KARBEHXHER, FEAAKREREFREM
theh, LEH—HRFBE.
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Crystal Structure of Mathiasite
Lu Qi, [Peng Zhizhong]

(Wuhan C»ollege of Geology)

Key words: new mineral; mathiasite; determination of crystal
structure; R=0.047; coordination about Zr

Abstract

The crystal structure of mathiasite, a new mineral from Shandong provin-

ce, has been determined, and the crystal chemical formula is written as(K, Ca)

(Ti, Cr, Fe, Mg, Zr);0s. The mineral belongs to trigonal system having space

group of R3, with its cell parameters being a=10.37224, ¢=20.71614, az=
9.1403& and «=69.137".

1554 independent diffraction data were collected on RASA-5RP auto-four-
circle single crystal diffractometer; coordinates, temperature factors and site
occupancies for all atoms were obtained and refined; atomic distances and ang-
les were calculated. The final devidtion factor R is 0.047.

- Mathiasite occurs in kimberlite and must have formed under high tempera-
ture and pressure. Through the determination of its structure, the coordination
about such atoms as Ti, Cr, Mg and K, especially the coordination about Zr
atom in the complex oxide dominated by Ti, has been revealed.

This research contributes to the mineralogy and crystal chemistry of acces-
sory metallic minerals in kimberlite,
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MA1. Zp-c10E2E
Photo 1. Oscillation photograph of Mathiasite (axis of rotation([110])

MK CuKa; 50kV; 100mA; 4/h

W2, ZP" (b)) EREE
Photo 2. Weissenberg Photograph of Mathiasite (twin hhl)

&M CuKa; 50KV, 100mA; 20/hit
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