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ABSTRACT : Chuncheon nephrites are grouped into three types, i.e., pale green, dark green, and grey
nephrites, based on their characteristic colors resulied from different texture and composition each other.
The pale green is the dominant type among these. The nephrite is mostly composed of microcrystalline
tremolites, i.e., nephritic tremolites, with very small amounts of diopside, clinochlore, and calcite as
impurities. The nephritic tremolite is found as micro-fibers (mostly less than 5 ym in width) interlocking
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each other, forming a characteristic massive-fibrous texture. The nephritic tremolite has a distinct cleavage
plane of (110) with the characteristic striation developed across the cleavage surface, which is well
observed in SEM and AFM images. It is characteristic in HRTEM observations that a triple-chain pyribole
is frequently intervened between normal double-chain units, resulting in a chain-width disorder in the
nephritic tremolite. In addition to this, quintuple and quadruple chain-width disorders are less commonly
found together with a chain-length defect such as stacking fault in the grey nephrite. Such an irregular
intervening of pyribole units in the tremolite might suggest that the nephrite was formed under somewhat

nonequilibruim state.

Throughout the Rietveld refinement of XRD data, unit cell dimensions of the tremolite were determined
1o be a=9.837(1)~9.9804(4) A, b=18.046(2)~18.062(1)A. c=5.2765(7)~5.2803(3) A, £ =104.717(9)~104.786(3)°.
In case of the neutron diffraction results, whereas, the tremolite unit cell was calculated to be as follows:
a=9.8841(6)~9.8933(7) A, b=18.1429(7)~18.161(2) A, ¢=5.3024(3)~53060(7)A, B= 104.698(7)~104.771(4)°.
The Rietveld refinement results of XRD data indicate that the size of M(4) site tends to be decreased with
decreasing of b-axis dimension in the tremolite cell. This is also supported by the results determined by
neutron diffraction analyses such as site occupancy of M(4) and interatomic distance between M(4) and
oxygen. However, the Rietveld refinement results strongly suggest that such characteristics in mineral
facies and pyribole structure of the nephrite do not significantly affect to the structural variations in the

nephritic tremolite.

Keywords: nephrite, nephritic tremolite, cleavage and striation, pyribole structure, nonequilibrium, X-ray
diffraction, neutron diffraction, Rietveld refinement
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Fig. 1. Polarizing micrographs showing microcrystalline crystallinity and texture of nephritic tremolites in
the pale green (A) and dark green (B) nephrites (crossed nicols): Scale bars are 0.1 mm.
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Table 1. Representative whole-rock analyses and electron microprobe analyses of nephrites and nephritic
tremolites from Chuncheon area, respectively.

Nephrite ore Nephritic tremolite
N-1 N-2 N-3 N-1* N-2* N-3*

Sio? 58.92 57.95 58.96 57.76 56.92 56.78
TiO? 0.01 0.01 0.01 0.02 0.03 0.03
INZoX 0.18 0.87 0.39 0.15 0.51 0.79
cro’ - - - 0.01 0.03 0.03
Fe*05' 0.48 1.68 0.59 - - -

FeO' - - - 0.39 0.54 0.50
MnO 0.07 0.09 0.11 0.04 0.08 0.22
MgO 22 .81 23.15 24,12 23.24 23.11 22.66
Ca0 16.36 13.30 13.44 12.91 12.86 13.35
Na;O - - - 0.05 0.06 0.07
K20 0.06 0.06 0.07 0.02 0.02 0.02
P05 0.02 0.02 0.01 n.d. n.d. n.d.
LOI 2.85 2.43 8.20 - . -

Total 99.98 100.03 99.77 94.59 94.16 94.45

Chemical formulas on the basis of: 0=23

Si 8.062 7.997 7.969
VAl 0.000 0.003 0.031
N 0.025 0.081 0.100
Ti 0.002 0.003 0.003
Cr 0.001 0.003 0.003
Fe 0.046 0.063 0.059
Mg 4.835 4.840 4.741
Mn 0.005 0.010 0.026
Ca 1.931 1.936 2.008
Na 0.014 0.016 0.019
K 0.004 0.004 0.004

*,

mean values of 30 analyses, : total iron, LOI: loss on ignition, n.d.: not determined.
N 1: pale green nephrite, N-2: dark green nephrite, N-3: grey nephrite.
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Fig. 2. Scanning electron micrographs showing crystal habit and microfibrous texture of nephritic tremolite.
A. Fibrous aggregates of nephritic tremolites in the pale green nephrite: Note the cleavage developed in

distinct.

B. Tremolite fibers crosscutting each other in the pale green nephrite.
C. Nephritic tremolite aggregates associating with stubby residues of diopside (white) in dark green nephrite.

D. Radiating tremolite fibers in grey nephrite.
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Fig. 3. AFM image of cleavage surface of
nephritic tremolite in pale green nephrite: Note
the striation developed across the cleavage
surface.

Fig. 4. AFM images of trmolite surfaces in the

dark green (A) and grey (B) nephrites.

A. Anhedral nuclei of unknown mineral (dio-
pside?) perched on the cleavage surface of
tremolite.

B. Striations
surfaces of the tremolite aggregates.
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Fig. 5. HRTEM images of nephritic tremolites showing various chain-length disorder.
A. Pale green nephritic tremolite showing irregularly interlayering of triple chains (Jt) between regular

double chains (Tr) of tremolite.

B. Grey nephritic tremolite showing severe chain width defects, resulted in quintuple chains (Ch) and

stacking fault (arrow).
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Zo] & 43 F2YIYE ThEA HH
ZoEAY BIY7E dlx, 49 “stacking
fault”7} FAH7E gt ANAE 727 HE
o}A7|& gtk (Fig. SB). o] @42 34
So| & A9 ?"i%bi\?} Boh #A st} Fig. 5
A BEol A AL AR FFE
AR AR 5’—7&5&" d F Ut AR
A& EHF (Tr) WOl 3?-4153 T2 JY
7t HlEE EAAR F2RE BAFH, LEX
e EdET 354% 0 fﬁﬂ 5EH4E 7=
(Chy7} AAUZIE 81, ¢F WP R NE o
E Zo #8 otyrt wrddEA A9 ‘stacking
fault 7} HAH. oj} e TAHAR FX¥
o] EAle Mg-5UNFe] FAAAL dAHE
Ao g sjHdrh

23 ASA FH-FRAN-mYAoR
o] d#e] HPA (retrogressive) mTh - BT}
Aol By ¢ AxpAN A3te A JAAET (=3
B 9], 1993). 484 EAHA YA &4
A FzY o EAE FAEAA M54

oz Mol FHAA FAH AL AAM,
A5e] BAQHANY A% B9 oA T
HRAE QuEos FAHHN B9 B2
o= | E 3 A% (Suturin, 1988), &4 A
29 AL ol BA4H4-2UA 1o B

ABAZ e o) =218 9 (1993)9]4
=98 Ho Lol 499 279 Hold] g
Aoz ANEh B welN FAMo|
Mg-5U4s 34E Wet ojuist £444 2
A Wl HE Fol We AFAR B AA
He @ge Ao 99 Mgy A
o 44IUSS AsE RoE A,
E8 A% FAYNY e 2= 19
248 d%9 940 ARFoE @e AP
ool HYHAL ADYE A

X-8 2 BT HWEN 2}
SEEBPELE wx}siTa JEgE

A 4ol «JEH 8-120° (28) AlolelA #2jd F
AN FE 7397 (XC} XD)9Jr 7407H (XF)o]
o =UN3 B3F4Q XE9 XFe 515784t
ZHEME A4 24745 Yehll= ZEYE AF
(Sakata and Cooper, 1979)5 AHE W (Table 2),
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Table 2. Experimental details and final parameters of structure refinements for nephrites determined

from X-ray and neutron diffraction data.

Pale Green Dark Green Grey
Sample No.

XD ND XE NE XG NG
26 scan range 8-120 8-150 8-100 8-100 8-120 8-150
Step size/time 0.02 6 /40sec
No. of steps 2241 2841 1841 1841 2241 2841
Max. intensity 3744 5350 3093 4995 1904 4559
No. of unique refl. 739 1641 515 822 740 1642
N-P 2182 2784 1769 1776 2182 2786
Rp(%) 14.24 4.46 15.14 3.80 12.83 4.60
Rwp(%0) 18.13 5.80 19.11 491 16.52 5.88
Rexp(%o) 8.67 2.63 8.52 2.38 8.84 2.66
S(GofF) 2.09 221 224 2.06 1.87 2.21
RB(%) 14.09 8.14 15.36 8.24 10.40 9.34
D-W 0.71 0.56 0.81 0.55 0.76 048
Esd. to be multiplied by* 2.562 3.178 2.316 2.588 2.533 3.264
U 0.065(1) 0.49(1) 0.024(7) 0.56(4) 0.23(2) 0.58(2)
\Y -0.024(6) -0.54(2) 0.001(4) -0.66(5) -0.18(2) -0.68(3)
w 0.01(1) 0.275(9) 0.0034(8) 0.30(1) 0.050(4) 0.35(1)

* correction for local correlations (Berar and Lelann, 1991)

Az T ol8Ho g oidE= A4 (expected
R: Rexp)oll ot AA 7123 A4 (weighted
pattern R: Rwp) & A 19.11%/8.52%, A2
16.52%/8.84% 8 BHoF11 Qu} o7)x F REF
o A3 AF2 g FA He o] oy
F R gke zelvh dvpv ot Fadith
27 F Rt ZolE HlZE e S (Goodness
of fitness)9] #te] W7} 2.24-1.872 4 EAH9]
ZEHES] AitoX dolzle FHue i
A U AT, daite) B L2 B
J A& 1y } Fudk Row AztEn. o
714 XEQJr XF7} 2449 2112 th4 54 V&
AL HUHMo] i Edos dF sdA
of A2 &7t HA EUSS JEPATH Ry
ZEL 10.40- 14.099) HYE HAZEY), 54
o 2EHWE Aite] HA9HT i A4 el
AR AN BUA7} thh 0SS e
At

A58 F¥ol met ERE AEEY X-
A3d EAAEES BEUER SR FRHEF
(structural refinement) 3j B gkc} (Fig. 6). 7]
4] Observed, Calculated, @ Residuals& z}z}

X-4 IHEH AFAg, dEDEYY 93 A
A5 2 F AEE AelY zolE YElYH, &
v ed 74 FEANE2 Bragg S|AXAE
9] w%XlE UEb i Th Residualsol] glojr HE-A
o8 FEd AolE RAFVe dh, o 4
P BAE = A 2o A9dEE
o7 FHMY & Bzt HAE ¢S Ao
AR = Ao A A7 (XF)y7} £
2 Bzt A 5‘4“«} 87t ¢AsA o
o] M9l Residualsd] 237} i &
3 dMo vt g2 A8 HE BS (
7= 1,232 counts) ¥yl ofu]z) EZH 3}
gol Iyl Aol b3 o] Fojx)x)
7] WEQ Ae® AL

A S HARE o] &3 JEWE AL A
7} 8-150° (26) Ate]o| A ¥-2l¥ = Bragg 33
A 4 16417 (NDYSF 16427) (NG)olH =)
A8 ¥3Fsle NE®F NFE 8-100° (20) 7719
Al Z+zy 822709} 82170 9] AN Eo] HEHU
th ol X-4 3AAg et vlwsle] oF 1.54)
B 3-H FAZA, ol HlE nRI}PT F

*31}321’%1 A ZAH F9 shieltt. BEY

p
i,ab-mrb—{m &o_&x%

52 r{r
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Fig. 6. Observed and calculated X-ray powder diffraction patterns and residuals for the dark green

nephrite (XE). (A: tremolite, B: clinochlore)

Table 3. Cell parameters of nephritic tremolites, Chuncheon, for X-ray and neutron diffraction data.

Pale Green Dark Green Grey
Sample No.
XD ND XE NE XG NG
a(A) 9.8408(4) 9.8861(4) 9.8440(4) 9.8933(7) 9.8399(6) 9.8848(6)
b(A) 18.060(1) 18.143(1) 18.062(1) 18.149(1) 18.055(1) 18.145(1)
c(A) 5.2795(3) 5.3024(3) 5.2803(3) 5.3055(4) 5.2778(4) 5.3026(3)
B( Y 104.772(3) 104.765(3) 104.786(3) 104.771(4) 104.739(4) 104.721(4)
V(A3) 907.27 919.65 907.76 921.13 906.82 919.87

E AA A3E YJehle EME AF£E5 4
HET (Table 2), Rexpoll th3 Rwpe] k2 3
o 5.10%/2.11%, HA 491%/2.38% & HoF
o X434 2R wlawdte] Rexpéh
Rwp BF A33] & & RAFEd, o
HAA dolee] BAZES Fed AP
t} oju] XA AMH F R G A1 A5
1) BAZE = Aol ofya F R ghef Aol

7b Gy Aourt Fadtth dA F R
zpolZ HE JERA S (Goodness of fitness)
ol zkol WYt 24120602 X-Meo| Hur
o 237 2 =A e Aok 53] £
Q0 NF AlZ9) A9 24124 4H3 245
WEstn glon, g7l A3e #FEo] njF
oz ENES oueth oW FAHA HE
olv] APAAAAM AH3AR0] B ANEE
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Fig. 7. Observed and calculated neutron powder diffraction patterns and residuals for dark green

nephrite (NE). (A: tremolite, B: clinochlore)

AMEE BAR BB EF sbsAol #A
£ wuk oje AR FAN o F4A
Begoz dlste) HAAY AREs R
obzle] 7118k o]} & zte ALE &Yy
Hrh Ry 5L 8149508 HYE HAF+
b X-A AR HEH i U Ao
Zuk, BALo] Z2AIA} &AL 7hobel mj o A]
nl£E ukg $£ELe ot

Sad SAARe A HR T2
ﬂ%f%-%ﬂﬁﬂWﬁﬂaxﬁﬂéﬂ%ﬁ}F
E3} vla7}A] 2 Observed, Calculated, 9 Resi-

duals& 7}7 ZFA# HdW HEAE, gEY
Eo «l?ﬂ 74142}3 E% T a5 Atolel A
olZ uetur, 57 eld 4 BEAE
o] Bragg 34/ ‘é«l HX] vepdth 186
M Bl 3EAY Ede tF-E AdE o]

Folgoy A EA 3o i AeolE HA
%t} B3] NF A 8+ Residuals®] 2371 &

AsEe s Melsd ol ¥RHE A
=UHe Felrt ARE olFoAA £HES
95k 24402 530 44 4901
A9 AuG Az el @y

o= ¢k 10gol] @3l Be ARE 1\}
s 4 99 Aoz JEugs) AL

1w =

rir
e
© o
M,
m
N
e
X
o
b
e

FEREH JEYHEWY st %%iﬁ
£ &3 AT (Table 3). X-HA3-9 A5, 4
x} A== a=9.837(1)~9.9804 (4)A, b= 18.046
(2)~18.062(1)A. ¢=5.2765(7)~5.2803(3)A, B
=104.717(9)~104.786 (3)°= AAE AT} o]
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ER

HiEiA FAR SRl A FHE A
A1 ke a=9.8841(6)~9.8933(7)A, b=18.1429
(7)~18.161(2) A, ¢=5.3024(3)~5.3060(7)A, B
=104.698(7)~104.771(4)°°)t}. X-A 3FHAE
Ho 242 AR o8 FalA TG Es}
AAHez o & g@e ZEW 1 Aole b
%9 gtol 7H¢ AX a9t Fo Hee HUE
apolE Holx et 238 A FAHA
3 - A vh FL FAE Bk HAA @
AF 3 A3 S B=2v AFoA X-
A A FAA HA F o= Aol o] AEs)
o @E)e A gov, FAA ERAY
A#7 i 24 UYeE olfE AMEEH oA
o] gko] Atz ded 7|gdstE Aeof ofd
7t Bzt

X-4 AR B A=z B4HA (XO)
I Uz e EANAM (XD, XE, XF, %
XG)el Az} e aF o) Zolo Yo} & Aol
g B95FY b2 e zolwe AA foh o
ok XFol 7% vz 3o £EA4H4MET 4
A VeEs A2 syMme E444& Adtste
oA eFzte] et #RtH Ao 2 AztE
o}, mahr e H9 XG, XD, XE9] M E
S ¥ el A F9 Zoly} WA 7Y
Z7bsle AL & F A aFH cFY F7t
vla b9 F7 i 2 € & Uk B4
Aol FzAA & F R0, aF W
APA A (T) A9} F4 Fol M) et B
of gl WakolH, ¢ Wake Si-AlHA Y o]F
Al< (double chain)o] ZA Washe Wako|th
W bE: WS T 33 M Fo] 247 FH A0
2 wldate kot melA] ool X3
o 72 e A7) Wit 9z o
A AA QS ZA F= BFL bE ] Wkl
th 53] UukHo g M4) 72 AelY A
& =57 Hile 4y ¥ R wsiel vl
e Aoz 43 A At (Robert ef al, 1993).
A S E A7) Wyt mAste AL
Qo) Eoizichd Yxl X3y} T E Y
A7 B3I AL Y7t @AY, whet
o) 43 Halets x| ghef] o3 ZiojEbd M4 A
9| Ca o]&& YF Mgrt A& Aot 4B
Z+ek 4= Qo). AA YAk A (interatomic
distance)E WW, o M4} a7k A

HH

(M(4)-0>)e} oA 25134004 2.5302A 2
k7t F7HEE & 4 Sl

ol9} e Ae FAA IHEMNAME H
S8HA vebd . =y do] giEo] Alhke] 2
o] F ol x| ¢& NFE A3 Y™ E Hlwst
W o3l Bz g XY ¥sle X419
IRAMY & eolE RYFA gert o as
& ga F7bste AFo] o), bEH cF9
AL e NDE Z7)8le widd) 2318 NG
= 22 Ao v tath o] &3 flEYE
A3} (Fig. Dol BEo] AL 23 o3t
Hoz Azrdr).

|

AElEwE HAZE A

A3 44 glstd ARE 7317 HAe
E44A 3z sy o 7 2 AE A
2 Hf& (site occupancy)o] ZAA = ojof gt
o] ZEME At e g8t AT 7ol
Hj23 Bzt A (Hawthorne® Grundy, 1976)
oA o1& ot WMAFRS 7] FoE A
Aata] AEIGT o5 e TAHAIL HA
Hi 912} (overall B, Beq) ket WHEAIA .
@2 A FEAE Y E07t= Nay 3%, T
A A e 212 RAAA AMstad. X-A
AR JAAREN WS HEHE FxHF
of olgt 7+ o] 59 TE YoM $Re &
B oro] 29 2] AF&E T8t (Table 4).

9939 A AFAME oln] AHIHR
o], 3|M ALA Bz HN e AW A
o Q17 W&ol FzAE Uy AdH/E E
3 Algzre] W3lE 5ol wHsty] oy
tgags] 244 A AS YEHE ALk
ol exelatey A Fort X-M HAAFA
Ha R FHo 7 o]FAX Y] WE, FA
2 AR E o]&3 EWE A4 ARe
Jgujg zZteta & 4 Qo

ERAAqE & 4AA AGA T 55 Fol
< (M) 2R M(1), M(2), M(3), 3 M(4) 474
74 ed, M(1), M(2), ¥ MQ3)ol& w7t
691 A Aejolm, M@= w57 821 A
2|24 74 A (Fig. 8). wabA M(1), M(2),
2 M3)oE Mg™, Fe”', AP, = Mn®" 5o
AR, M@)E B 2 Ca”, Na', K' %
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Table 4. Atomic positions, isotropic thermal parameters and site occupancies of
Chuncheon, for X-ray and neutron diffraction data.

nephritic tremolites,

Sample No. My M2y M3 M@ T(t) T(2) A o) 0{2) 0(3) 04) 0(5) 0(6) o)
XD
X 0 0 0 0 0.284(1) 0.288(1) 0.171¢4) 0.107(2) 0.106(2) 0.1142) 0358(2) 0.343(2) 0.3412) 0.352(2)
P Y 0.087(1) 0.177(1) 0 0.275(1) 0.087(1) 0.166(5) 122 0.091(1) 0.173(1) 0 0.249(1) 0.134(1) 0.114(1) 0
“ll Z 112 0 0 172 03002) 0.807(2) 0.17(1) 0.243(4) 0.698(4) 0.703(5) 0.768(4) 0.086(4) 0.615(4) 0.307%5)
e B 0.54 0.5t 0.53 072 093) 0403 21 052 0.55 0.76 0.70 0.77 0.69 0.76
N 0.43(1) 049(1) 0227¢8) 04228) 097(2) 089%2) 0.17(1) 10 10 0.5 10 10 10 0.5
G ND
r X 0 0 0 0 0201(1) 0286(1) 0.41(5) 0.13(h) O.12K1) 0103 0365(1) 034%1) 0.338(1) 0.338(1)
€ Y 0.086(1) 0.175(1) 0 0.282(1) 0.084(1) 0.169(1) 12 0.084(1) 0.1711) 0 0.247(1) 0.134(1) 0.118(1) 0
¢ Z 2 0 0 12 03082) 0.808(2) 0.40(9) 0.214(1) 0.729(1) 0.708(2) 0.794(2) 0.091(2) 0.590(2) 0.290(2)
! B 0.54 051 053 072 01(2) 042 21 0.52 0.55 0.76 0.70 0.77 0.69 0.76
N 0401y 0.58(1) 0.2778) 04K(1) 10 1.0 0.20(1) 10 1.0 05 10 10 1.0 0.5
XE
X 0 0 0 0 02809) 0.291(1) 0.186(4) 0.104(3) 0.112{2) 0.1122) 0.3602) 03432) 0.337(2) 0.344(2)
D Y 0.086(1) 0.177(1) 0 0.276(1) 0.087¢1) 0.165¢1) 12 0.087(1) 0.172(1) 0 0250(1) 0.137(1y 0.115(1) 0
a z 12 0 0 12 0301(2) 0.803(2) 0.100(8) 0.237(4) 0.707(4) 0.733(6) 0.783(5) 0.15(5) 0577(5) 0©.312(6)
"( B 0.54 0.51 053 0.72 083) 0.94) 21 052 055 0.76 0.7 0.17 0.69 0.76
N 0.43(1)  046(1) 0.20009) 0404(9) 0933) 097(3) 0.24(1) 10 1.0 in 1.0 10 1.0 12
G NE
: X t 0 0 0 0.284(1) 0.292(1) 0.07%6) 0.107(1) 0.126(1) 0.091(1) 0372(1) 0.344(1) 0.346(1) 0.338(1)
€ Y 0.088(1) 0.472(1y O 0.278(1) 0.077(1) 0.167(1) 12 0.085(1) 0.172(1) 0 0.248(1) 0.137(1) 0.120(1) 0
" Z iR 0 0 12 03143) 0.799(3) 0.22() 02072) 0.738(2) 0.714(3) 0.788(2) 0.091(2) 0.590(2) 0.305(3)
B 0.54 0.51 053 0.72 043 0.42 2.1 052 0.55 0.76 0.7 0.77 0.69 0.76
N 0.358(1)  0.52(1)  0.25(1)  0.48(2) 1.0 L0 0222 10 1.0 0.5 1.0 10 1.0 0.5
XG
X 0 0 0 0 0.284(1) 0.288(1) 0.124(5) 0.114(2) 0.108(2) 0.1142) 0.357(2) 0.348(2) 0.344(2) 0.355(2)
Y 0.087(1) 0174 0 0.274(1) 0.085(1) 0.169¢1) 12 0.089(1) 0.173(1) 0 0.249(1) 0.135¢1) 0.114(1) 0
Z 12 0 0 12 0.3052) 0.807(3) 0.131(1) 0.239(4) 0.711(3) 0.704(5) 0.776(4) 0.093(4) 0.615(4) 0.314(5)
B 0.54 051 0.53 072 093) 0031y 21 052 0.55 0.76 0.7 0.77 0.69 0.76
G N 042(1) 047(1) 0.227(8) 0.420(8) 1.02(2) 0852) 0.l6(1) 10 1.0 0.5 10 10 10 0.5
. NG
y X 0 0 8 0 02911y 0.287(1) 0.057(7) 0.119(1) 0.008(1) 0.103(1) 0.369(8) 0.349(1) 0.336(1) 0.340(1)
Y 0.086(1) 0.175¢Hy 0 0.284(1) 0.083(1) 0.467(1) 12 0.084(1) 0.170(1) 0 0.24%(1) 0.134(1) 0.116(4) 0
Z 12 0 0 12 0310 0.8072) 0.06(1) 0.2192) 0.730(1) 0.711(2) 0.7982) 0.094(2) 0.584(2) 0.297(2)
B 0.54 0.51 0.53 0.72 0.43 0.42 21 0.52 0.55 0.76 0.7 0.77 0.69 0.76
N 041(1)  0.34(1) 0.280(1) 0312) 10 10 0.12(2) 1.0 1.0 0.5 10 10 1.0 0.5
ol AAH, M(1), M(2), MG3)ol A¢1 d& w4 AR €37 A A= Na, K, Ca §
Mg, Fe, Mn o] 9% x84 €k £3 12 o] (AFTh. 2HA Ao A$E ZF Mg
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Table S. Interatomic distances of nephritic tremolite, Chuncheon, for X-ray and neutron diffraction data

Pale Green Dark Green Grey
Sample No.
XD ND XE NE XG NG
T1-01 1.69(2) 1.70(1) 1.68(2) 1.71(2) 1.62(2) 1.64(1)
T1-05 1.63(2) 1.68(1) 1.57(3) 1.81(2) 1.68(2) 1.68(2)
T1-06 1.68(2) 1.57(1) 1.51(3) 1.63(2) 1.67(2) 1.54(1)
T1-07 1.71(1) 1.60(1) 1.68(2) 1.50(2) 1.68(1) 1.58(1)
Mean 1.678 1.638 1.610 1.663 1.663 1.610
T2-02 1.74(2) 1.59(1) 1.70(2) 1.60(2) 1.71(2) 1.61(1)
T2-04 1.67(2) 1.64(1) 1.69(2) 1.67(2) 1.62(2) 1.67(1)
T2-05 1.55(2) 1.60(1) 1.58(3) 1.60(2) 1.60(2) 1.61(1)
T2-06 1.57(2) 1.66(1) 1.60(3) 1.60(2) 1.61(2) 1.66(1)
Mean 1.633 1.623 1.643 1.618 1.633 1.638
M1-01 %2 1.92(2) 2.103(8) 1.93(2) 2.10(1) 1.98(2) 2.12(hH
MI1-02 X2 2.02(2) 2.13(1) 2.05(2) 2.16(2) 2.04(2) 2.12(1)
MI1-03 %2 2.06(2) 2.02(1) 2.11(2) 2.03(2) 2.06(2) 2.03(D)
Mean 2.000 2.084 2.030 2.097 2.027 2.090
M2-01x2 2.12(2) 2.14(1) 2.14(2) 2.05(2) 2.12(2) 2.19(2)
M2-02x2 2.12(2) 2.093(1) 2.12(2) 2.09(1) 2.07(2) 2.07(%9)
M2-04 X 2 2.09(2) 2.043(1) 2.04(2) 2.06(1) 2.12(2) 2.02(1)
Mean 2.110 2.092 2.100 2.067 2.103 2.093
M3-01 x4 2.18(2) 2.058(7) 2.11(2) 2.03(1) 2.17(2) 2.085(7)
M3-02x2 2.15(3) 2.06(1) 2.00(3) 1.95(2) 2.14(3) 2.04(1)
Mean 2.170 2.059 2.073 2.003 2.160 2.070
M4-02 X 2 2.24(2) 2.49(1) 2.31(2) 2.46(2) 2.27(2) 2.53(2)
M4-04 X2 2.27(2) 2.32(1) 2.33(2) 2.27(1) 231(3) 2.35(1)
M4-05 %2 2.85(2) 2.77(1) 2.83(2) 2.78(1) 2.77(2) 2.73(1)
M4-06 X 2 2.70(2) 2.55(1H) 2.65(3) 2.52(2) 2.70(2) 2.55(2)
Mean 2.515 2.533 2.530 2.507 2.512 2.540
Folgo] Eol7ke AL ANEGACH, 8ul9 X9 ALAHE ALde eAE mHste A
F A9 M#)e] Bee Cag HHYA Adst  stAc WE) M) B$ 65%, 82%, 96%9)
[k MgE AYA A ZHA A2l A FAMR S8 A5 € & Ak HE MDD

T, M(D)E AT M2)% M3)= E5F Mg=e
HAReH M) MgE ©& 927t A8
&= o2 el Table 4914 HEo], 3
A=A Bd Ag 2R 7 M(1)9 Mg o
o 9% A HRFE&L NG 82%, ND 80%, NE
2% £22 dFA Foloe BFS By
0. A7IME 5UNS Ffidte NFe B9

Ae)e) Mgrh 2717h e Aol ol 31917
HebE M@)Aelel Cazt Mgol oja) ¢)A&
Fo] ZolTWA AANHoZ AAA Ho| B
2o} z7)0] 4L vtk o) Table 59 9
Azt AN E HFEo], <M4)-0>2) 7%
2.513A (XG)ol A 2.515A (XD), 2.530A (XE)
02 Loy A% 2 YD
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Table 6. Interatomic angles of nephritic tremolites , Chuncheon, for X-ray and neutron diffaction data

Pale Green Dark Green Grey
Sample No.
XD ND XE NE XG NG

Tl
01-05 113(1) 107.8(5) 115(1) 101.9(8) 112(1) 107.5(6)
01-06 104(1) 108.0(6) 107(1) 111.8(8) 107(1) 107.5(7)
01-07 115(1) 106.2(6) 112(1) 114.6(9) 116(1) 107.9(7)
05-06 117(1) 111.9(6) 108(2) 100.9(8) 112(1) 111.0(7)
05-07 106(1) 108.5(6) 111(2) 111.2(9) 106(1) 109.2(7)
06-07 102(1) 114.1(5) 103(1) 114.8(9) 102(1) 113.6(7)

T2
02-04 108.1(9) 117.6(6) 109(1) 114.4(8) 111.2(9) 116(6)
02-05 115(1) 112.0(6) 110(1) 105.8(9) 114(1) 112(7)
02-06 108(1) 107.6(5) 106(1) 113.3(8) 110(1) 108(6)
04-05 114(1) 108.2(6) 108(1) 107.6(8) H12(D) 106.6(6)
04-06 104(1) 102.2(6) 106(1) 101.9(9) 105(7) 103.5(7)
05-06 107(1) 108.5(6) 117(1) 113.9(8) 105(1) 110.9(6)

M1
01-02 X2 91.8(8) 95.4(4) 93.4(9) 97.3(6) 93.3(9) 95.3(4)
01-02'x2 84.7(8) 85.6(4) 85.6(9) 84.8(6) 85.1(8) 86.0(4)
01-03 x2 94(1) 95.6(5) 98(1) 99.2(7) 92.9(9) 95.0(5)
01-03'x2 89(1) 83.3(6) 83(1) 78.5(7) 88.7(9) 83.5(5)
02-02 x| 78.(1) 87.4(5) 82(1) 90.3(9) 81.3(1) 87.1(6)
02-03 %2 100.4(6) 96.5(2) 96.5(7) 97.0(4) 98.8(6) 96.4(3)
03-03 x1 81.1(9) 79.6(5) 85.3(9) 76(1) 81.1(9) 80.0(6)

M2
01-01 x1 85.2(9) 80.07(5) 82(1) 79.8(7) 86.9(8) 81.3(5)
01-02 %2 99.7(8) 91.4(3) 97.7(9) 92.6(5) 97.9(8) 90.7(4)
01-02'x2 77.5(8) 85.7(3) 78.7(1) 87.6(5) 81.2(8) 85.3(4)
01-04 x2 87.7(6) 94.4(3) 90.4(8) 94.9(4) 88.4(6) 93.4(3)
02-04 X2 88.0(7) 89.7(3) 91.2(9) 88.4(5) 91.4(7) 90(4)
02-04'x2 94.5(7) 93.03) 91.8(1) 91.4(5) 89.4(7) 93.6(4)
04-04 x| 100.7¢8) 91.5(4) 99(1) 90.6(7) 97.4(8) 92.2(5)

M3
0l-01 x2 82.4(6) 84.0(3) 83.5(8) 80.7(4) 84.5(7) 86.3(3)
01-01'x2 97.6(6) 96.0(3) 96.5(7) 99.3(4) 95.5(6) 93.7(3)
01-03 x4 80.4(7) 96.4(3) 98.3(8) 98.2(4) 97.8(7) 95.9(3)
01-03'x 4 69.4(8) 83.6(3) 81.7(9) 81.8(4) 82.2(7) 84.1(3)

ZEWE A4t A o)l2E59 7} 723
HEZHE A4 Azlg A4=E Al
(Table 5, 6). X-4 3)H@zt52] 749 APEA =g
o} Akazre] Wi Ag, <N(1)-0>¢} <T(2)-0>7}
747b 1.610-1.678A, 1.633- 1.644A % T}E ©
Ao o el EAHA e vl
3}t (Hawthorne, 1983; Robert ef al., 1993). 3

o M-O Age A 2l M(1)°] 2.00~
2.03A, M(2)7} 2.10~2.11A, M@3)7} 2.07~
217A9 HMHAE BRAFH 8 HidsE A
M@)E 2513A (XG), 2.515A (XD), 2.530A
(XE)9] £M2 Frlste A& et ol
UA AHSHZ Mgoll 3 X8 Az A
B F ok 28y I 2ort niAstn gE
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Figure 8. Crystal structure of dark green
nephrite (XE) projected down to (001) (solid
box indicates one unit cell).
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