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ABSTRACT : Crystal chemistry of 2 tromolites (white and dark gray type) has been stud-
ied by EPMA and Rietveld structural refinement. Chemistry indicates that Al and Na are rela-
tively rich in white tremolite (WHT), while Mg and Ca are rich in dark gray one (BLT). The
Rietveld refinement shows a good effort to relate cell parameters, site occupancy, and bond-
length with chemistry of tremolites. The b axis varies with Na and Mg occupancy in M(4)
which are relevant to {M(4)-0>. All Al fully occupies T(1) in BLT, whereas Al occupies both T
(1) and T(2) in WHT 0.138 and 0.181, respectively. M{1), M(2), and M(3) are occupied by Mg in
both WHT and BLT. Small amounts of Mg is found in M(4) in BLT. The detailed structure of
tremolite along (001) indicates that bottom plane of silica double chain in WHT is inclined to
the direction of T(L), while those of T(1) and T(2) are somewhat inclined to each other in BLT,
which is not previously studied. More intensive study of tremolite structure will lead complete
interpretation of tremolite structure in the future.
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Table 1. Experimental details and final parameters
of structure refinement

WHT BLT
2¢scan range 10-120 10-120
Step size (260) 005 005
Step time (sec) 20 20
No. of observation {(steps) 2241 2241
Maximum intensity (counts) 2227 1856
No. of unique reflections 1472 1470
No. of structural parameters 42 43
No. of experimental parameters 13 13
N-P 2186 2185
R, (%) 1586 15.25
Rup (%) 2077 2029
Res (%) 11.76 1217
S (Goodness of fitness) 177 167
Re (%) 10.10 1095
Durbin-Watson d statistics 142 138
Esd. to be multiplied by* 1603 1800
U 0061(5)  0091(6)
\Y 0026(3) 00515
w 00114(6)  00165(9)

Note: N-P= no. of observation{steps) — no. of least-squares
parameters

Ro=10022 | YieYie | / 22V

Rwo= IOO[EWr(Yio‘Yic)Z/ ZWiY z't)zi’l"‘3

Rexo=[(N-P)/ ZwiY 6]

Rg= !002‘“10 F!C”!/Z]FIOI

‘ (Sakata and Cooper, 1979)
*=Utan‘g+VangtW

* Correction for local correlations (Bérar and Lelann, 1991)

9 7h& A 20nAY AR EUAA WA
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Atk T g 7 fNH 24
& A3 st X T Iy o =
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HolHE o] &3t SlEMER S HAlGHT
XH 8® 24

XA 34 gAML 2Edls T XA #4287

(High resolution transmitted X-ray diffractometer)
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Table 2. Electron microprobe analyses of tremo- 2o Y EE
lites.
Wi BLT 2| EHE refinement A

Si0; 56.13 57.69
Tio, 0,06 005 EIE%E A A3 10~120°26 Abolofl A 23
ALOs 292 050 %: Bragg 5]%/\4 )\‘— B}]/\H Ez]-kl)\-] (WHT)
FeOs 0.17 015 O] 147274, &8 F444 (BLT)e] 147071 ¥t
MnO 002 001 HEME A Z2F4E Yepde YEEE AF
MgO 2353 24.46 (Sakata and Cooper, 1979)& A% ¥ (Table 1),
Ca0 13.05 1543 A & of2Ho 2 AAEE= A4 (expected R:
NaO 088 025 Repoll Wi A4 7453 A4 (weighted pattern
KO 0.15 0.14 R: R,,) @2 WHTS} BLTe} zhzb 20.77%/11.76
Total 95.53 95.82 %, 20.29%/12.17% 5 HoFTh 7| F Ry

Number of cations on the basis of 23 O A3 #FHLeo 77 AU g= Aol ol R
Si 7697 7912 ol Atol7h gubut Zoukrh Fasith AA %
Al 0.30 0.081 Rgtel ztolg B2 uehd S (Goodness of fitness)
Ti 0000 0005 o e WHT7} 177, BLT7} 16724 $49] g
Fe” 0.000 0.002 EdES A4 olAE FuTs i B
xT 8.000 8.000 LhsHA) o, Hoiabe]l Bkt Tzol Bakael AL
ALY 0.169 0.000 et Fdd oz Az F FAMAME
Ti 0.006 0.000 Hlwat, WHT7F BLTE Y o4 i A9 B
Fe” 0018 0013 o o}
Mg 4808 4987 q71A FEE e AR FAAEN ddidol
2 M1, M2, M3 5000 5.000 ofdetE Zlojth. WHTE FZ44A-9 -1
Mg 0.003 0014 el o) Z3kiboln, BLTE F44d4-wha) -4
Mn 0.002 0.001 -89 Etelth. F Rgte £ 2R
Ca 1917 1973 tHE refinement A2 A FZHEA 0] ofbd tE
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228 F4H4] s AATE 1ed Aoz Sg
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finement7} o} 2 @ 2L ¢ % 9th 1 olf=
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3led EZFM A Eo] 500~600C2 2%, 8Kb A% 2t thA refinement7t FAH AL Zolth 13
o @& g X,=02~05 2HstelA H4H 7 Yo gae ﬂ die] U gol
o= Nsglont, Suge 4 2Rk WM WYRET zzade 948 23se Aol 2
HHo ok 100C AT =& Aoz pHEsan 7bs st gt



COUNT x 10°

; k\J_,um I s

e Lt " INIIllIM III \ll‘l .
b |
LR Hl Kl \ l A IHIHIIICH\!I ll1 IIIIII'lIIIIlIII'lI?I\IIIIIIIIIU -II!I

v 4,u le“.L NERPORIIN

LRI

e ' deiit g
20 40 60 80 100 120
20 (CuKa)

Fig. 2. Observed and calculated X-ray powder dif-
fraction patterns and residuals for the white tremolite
(WHT). Vertical bars indicate Bragg reflections for sepa-
rated mineral phases(A: tremolite, B: dolomite, C:
phlogopite, D: calcite).
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Fig. 3. Observed and calculated X-ray powder dif-
fraction patterns and residuals for the dark grey tremo-
lite (BLT). Vertical bars indicate Bragg reflections for
separated mineral phases (A: tremolite, B: calcite, C: do-
lomite).

WHT¢} BLTe Z+zhe) t 3t refinement 232
Fig. 29} 39] vERJATh 2o A Observed, Cal
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Ao} AHolg e, 52 o pold 2 3
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Table 3. Cell parameters of tremolites.

a(A) A (A B V(A)
WHT  98362(3) 180550(6) 5.2796(1) 104.734(2) 906.8(7)
BLT  98397(4) 18.0421(7) 5.2804(2) 104822(2) 906.2(8)

NE7F ERAYE 278D 47 BE 45
gel7t @as) sigdon, 4 3859 2E 9
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of 9= He HEuse AA AdE B4
o gl

FARANLE oARA, 3 C2/mE 7hAd,
ZEWE refinemento] ¢lsted ZAAF T FEl
A7}1E Table 30 YehHS 1§ F444e2
Aol Mg Al Ca9l ZP"]% Alofetd g A4
B A @Fd e FAEN 24E BH
7] o gAY o P& 7T sy
of o]FoAAA FE BF, 1 TEY AolE He
712 27 ¥oh oes] SRR HEYE
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b st

WAl EZEA AN (WHT) o] Az} A= a=98362(3)
A, b=180550(6) A, c=52796(1) A, /=104734(2)° <
V=9068(7) A%olch. &34 S 4 (BLT) a=
9.8397(4) A, b=18.0421(7) A, c=5.2804(1) A, p=
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AFRA(T) ztejet 34 %ol (M) #el7p %o
AT HFolm, cF WIFE Si-AMHA Y o]F A}

Z (double chain)o] ZA ¥ests wakolt}. &
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Solztn dE FTE Mgrh 0003 AL 8l
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Table 4. Atomic position and site occupancy of tremolites.

WHT BLT WHT BLT

o) x 0.1161(21 0.11170) (1)  x 0.2774(10) 0.2746(1)

y 0.0844(8) 0.0823(0) y 0.0836(4) 0.0831(4)

z 0.2230024) 0.2226(0) z 0.2968(14) 0.2977(15)

o) x 0.1196(19) 0.1249(18) n 0.5(2) 0.99(1)

y 0.1694(9) 0.1708(9) T2  x 0.2892(10) 0.2908(11)

z 0.7252(23) 0.7281(25) y 0.1709(4) 0.1715(4)

101G 0.1171025) 0.1140(25) z 0.8038(14) 0.8083(16)
y 0 0 M)  x 0 0

z 0.7208(36) 0.7227(40) y 0.0881(7) 0.0880(7)
o4)  «x 0.3709(18) 0.3687(21) z 1/2 1/2
y 0.2487(8) 0.2490(8) M(2)  x 0 0

z 0.7998(26) 0.7946(29) y 0.1763(7) 0.1783(7)
o(s)  «x 0.3474Q20) 03497(21) z 0 0
y 0.1329(9) 0.131109) MB)  x 0 0
z 0.1022(29) 0.1110(31) y 0 0
06)  «x 0.3401(19) 0.3419(22) z 0 0
y 0.1177(8) 0.1179(9) M34) x 0 0

z 0.5853(30) 0.5854(33) y 0.2772(4) 0.2786(5)
o7 x 0.3477(26) 0.3560(28) z 1/2 1/2

y 0 0 n 05 0.473(5)

z 0.3003(37) 03050(38) A X 0.049(30) 0.051(11)
y 1/2 1/2

z 0.069(45) 0.093(16)

B. 0.19(6) 0.19(7) n 0.030(8) 0.084(9)

Note: Site population (n) for cation sites except T1, M4, and A are fixed based on the International Tables for X-ray Crystal-

lography, Vol. 1 (Henry and Lonsdale, 1979).

* Thermal vibrations are fixed as anisotropic (Papike et al, 1969), and calculated with release of overall B(B.).

AX}ZH AHE| (Interatomic Distance)

HEME A Az, 2709 F44E4 T2 g
2 A2t Ao i %S Tabel 59 ER
At

APRA zpalef Abazhe] HF Al A4, (T
-0} (T(2)-0p7} 24 1611~1621 A, 1.647~1648
AR B8 943y o3 T T84 gE
2} #5232 B odZo} (Hawthome, 1983; Robert et

al., 1993). Hawthorne (1976)3 Ungaretti (1980)7}
A Aqstdzol], Al ofg T(D T(2) zgfe] &
A RS At Azl s AAEA, 1 2
3 7z Aele dAE-ATAYe AE (degree
of distortion: - H3& o)zt Hawthomez}
Grundy (1977)7} A|beH B7 A4z Azleh Al
AHete BA, & Aly,=8126(T(2)-0)-13.262
of ol3lH BLTA M= AIT(‘Z):O-]»SSE/q 3 2
AA 008lg =#gth. & ZE Alo] T(2)E #
Aete AL ¢ F Ao WHTIAH A= Al =
0.1228 A=, U Aly,=0.1810] =t}
ol WHTY T(1)el Ale] %3] x%stz Y&
& AAgted HEHWE At A FHed=E
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Table 5. Interatomic distance (A) of tremolites.

4 #ats 44 (1) AED ey g §2

WHT BLT
T(1)-0() 1.534(22) 1.550(8)
T1)-0() 1637020) 1625(21)
T(1)-0() 1613(16) 1.620(17)
T(1)-0) 1658(13) 1.695(16)
T 1611 1,623
T(2)-00Q) 1614(21) 1.578(20)
T(2)04) 1621(18) 1.605(18)
T(2)-0(5) 1.680(16) 1.71717)
T(2)>-06) 1673(19) 1.696(21)
(T(2)-O 1.647 1,649
M(1)-0(1) X2 2074(19) 2.046(1)
M1)-0(2)x2 205918) 2.106(17)
MQO)»0O3)x 2 2.129(16) 2.118016)
MO0 2.087 2090
MQ)-0(1) %2 2.183(17) 2.22009)
M(2)-0(2) > 2 2092018) 2.120(17)
MQ»O(4) X 2 1.970(17) 1962017)
M@2)0) 2.082 2.101
MGFO(1) X 4 2.080(15) 2033(2)
MB)»-0(2) %2 2.088(24) 2.060(25)
MB3)0, 2.083 2042
M(4)-0(2) X2 2424(17) 2.44717)
M4)»-O(4) X 2 2315(18) 2.316(19)
M(4)-0(5) %2 2.774(16) 2.740(17)
M(4)-0(6) % 2 2576(17) 2.543(19)
M) 2522 2512
F 4R §H.

HF M-0 #Aels 208~2104A 08 M(1), M(2),
M3)7} 2% H£3 HYE BHoFH ol EF
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Fig. 4. The structure of C2/m tremolite (WHT), A:
projection onto (100), B: projction down (001).

Fig. 5. The structure of tremolite projected down
(001). A: White tremolite, B: Dark grey tremolite.

Aol oM viEEol T(1)
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