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Abstract: Rock bowls and pots used in restaurants are one of the popular usages of natural rocks in
Korea. Most rock bowls and pots are made of Mg- and Ca-rich amphibolite composed of hornblende,
actinolite, tremolite, diopside, plagioclase. Hornblende occurs as prismatic crystal habit, and belongs to
Mg-homblende to tschermakite. Actinolite and tremolite occur as acicular form (aspect ratio 0.1~0.13), and
ranges 0.65 to 0.90 in Mg/(Mg+Fe) ratio. These acicular actinolite and tremolite are non-asbestos minerals.
However to use of rocks containing these minerals as tableware it is needed to regulatory guidelines for
stability and utility based on petrological and mineralogical characteristics. Discrepancy of rock occurrence
and mineral chemistry between commercial rock bowls and original rocks indicate that most rock bowls
are made of uncertain amphibolite in original location. Consequently, there is a potential risk to use
inappropriate amphibolites as tableware. Therefore, it is needed to systematically research on geology and
biology, and manage commercial rock bowls and pots used in Korean restaurants.
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£ A9st giEe Id A7 2 5}@(
2 F7HAZA GEEANE=XE, 2004),
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o JYststa e HAeh 2 &rt
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gouzZ 71577t HA ¥om £ A 5hg
a2 ¥ 5 JuhE o) fE R SN &
e &4 LI ARSI

SARNAM AMEEE $4 87| diFEe] 4N,
APEA ey MYer pAE g NG ge
2+4 Hamphibolite)e] ot grtxez zHdske 44

29l 24 FEELS I 74 AR AR wid A
goll M2t Fe-Mg 7HdA, Caol 358 244, Na-Ca
79N, 283 GiEzbdA ez LRETH(Deer ef al.,
1991). ©15 44 FESLS(SLAN0, FAHEH o8
FolEo] AE=] B FZ(double chain struc-
ture)E Ho|m, AwrAl z&hale thg3 P

A071B2C5T8022(OH’F)2

7|4, A=NA, K; B=Na, Ca, Mg, F* Mn;
C=Mg, Fe*" Al, Fe’* Mn, Ti; T=Si, Al
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o] =&& #A FEEAHAA &3] ARRHE 22
8719 733E A ASdH i 3R]
EAES Yoty AFslE ARE 7122 A
AEEE A9 ol dist A& Al disl
Al Eejstnat ghvh B 2] Izke] Aga Iy E
AL Bols Ao g A7 ok AAXHo=R

o rlr y

o
£

\Jx‘i—{omngoﬂoho_,&ﬁ,rﬂ

Mkl o 2 @ rfe e
lo

[o

Vol. 17, No. 3, 2008

23
®
o
2
X,

Fye v} glo] o] ATATE PHGT 4
4e BYsie Wl E4S  + Ue Ao Buen,

A7 W

S AR AE F AEYe] B¥ Wy gE
sh7ddolnt Hulekel Bls) ATk tRE9] A TR
F A, 7183, 93, d7AL, 2
SHHA el FHEA EEI o8 AE F,
Ml ghed A9 BAZFow A AYgsoz
dal g ol <g4 FEroITh wEbA of
ZAE B8l o] AFAA Exste AHE AES &
FAGo A A F= &4 871§ AAske TENA
43 2447 AR 1018 AF AAINHEDFg 1)
EE ool 28 29 oiF °éJZUr =247 B
o & 204 Mo Ea% kv A=

N AlsEL IdHE 1113}6}04 TGRS e
dejet BE 2 AAET AR SR 7
Augty FsHAEET de XM FHEA7IXRE,
nd SHIMADZU, XRF-1700)E o]&3le] FAR A4
(Si0,, ALO,, TiO,, FeO, MgO, MnO, CaO, Na,0,
K,0, P,0)E &4 3t} AFHE F=@HHe +4
FEF B3] Z4Y FEY Fa pAFEC i 3
&4 24E Yoty 98 A En FEHEEE
ol e AxErjEA7)|(EPMA, 29 CAMECA
SX100y& olgsted £4& AAg) FEe g3tz
£ WDS(Wavelengths Dispersive X-ray Spectrum) H
o7 A BEAE T BAEy, E4A] EAge
15keV, ¥ AEE 20nA 22832 ¥ 3L 5umSch
A% BA4e ZAF WS AR-s

AN B4 879 BEXZM MENE
/_\_}11

TE 47) 8719 ML e smaleld ofF
C olre x4Ae B, FUBES 9F

LU
AJQE

FE
7= Z2HE-AEEA7A E}"Js}ﬂ} AlF fE5EHE
5= &7 ](A1~A6 Restl~2p= difto] FAte] z14d4
I AgHe s pAAE g :ﬂﬁdr Ao F
A48 qioto|thFig. 24, B). #5AY FE &7 F
oAl AHG AAJ1-I5) Fe] 2ol Mg
=uA ) Jae] erldor wWAge] Jelhdd, A4
e 47 9o = AgsEHE ZHMIYHwal~2)2 A™E
e zHdA, APEA, Ao] A7t HEltRE Rolu,
&4 8712 AgEHE gMa AolE Beld, tiRE



156

2

-
A

)
L_ , Ve

o

%%

COIaTy

AR
& '\o o,

#HzA

Orinodoree
B ~oroone
R oo
- Grante Gneiss

usown-aiy

Metasedementa
2 ”2,5 7//”//4 Rocks v
g% ! —— R TEAN
g ’4 =] siotte Gneiss — prec
” Geciogcal Boundary

Plant locaton
* Samphng site

Fig. 1. (A) Geological map around Jangsu area showing sampling site (Hwaamjae). (Kim ez al., 1984). (B), (C) Photos

of Jangsu rock bowl (so called “Gobdoll”) factory.

9] 99 FIAFEL A A, GU1A, Zf
Ro|tH(Table 1).

AE ALS AYs BB g4 M) ke
68.0~28.5%% 2Qlth. Y¥71AF FHEMLE 34 £7]
NE(A2, A3, A4, A6), BFFE TF ANE(L 12,
13) 282 24 3-dA AR 59 AlE(Restl, Rest2)ol
A 247t 1-51% 233 4~21%7F] Ar2ETH(Table 1).
A5 FE TAS o] =F@EGANANM AHE o
Fo NgoM APHe 2 Fo2 AEHE(Fig
3), WAL 712N AL R veRdThFig. 3C,
E, F, G). 227HI} 2A- A AHT AR =
A ALZ A ZE AFNA o] A=)

=G4 I FEoR AEHR(Fig 44, B, O), F
el M Tl A4 A FHF E
o)A UebdthFig. 4D, E, F). A& AlF} A6S T3
A, AP, N FAE BEUYS 4 4 AN
thFig. 4G H). tiF-Ee] A|FolA 4FL 10% w7t
9] S Holx, F2%E of 1-28%F HTH(Table.
). BEFEZEZLE AEATG FHA ] 1% AR 4
Hr}.
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Fig. 2. Scanned images of whole thin sections. (A), (B) Sample A2 & Al from commercial tableware store. (C) Sample
J2 from Jangsu rock bowl factory. (D) Sample Hwa2 from Hwaamjae outerop.

Table 1. Modal analyses of samples.

Al A2 A3 A4 Ab Rset1 Rest2 J1 J2 J3 I5 Hwal
Hb* - 68.0 49.0 40.6 28.5 58.0 60.6 50.0 333 353 40.6 72
Act - 1.5 0.5 32.6 2.0 253 26.0 24.6 51.3 373 - -
Trem - - - 213 - - - - 42 - - -
Di 34.0 - 0.5 - 15.0 - - - - - - -
Pl 54.6 18.0 25.5 0.6 20.0 33 6.0 35 33 9.5 353 14.8
Qtz - 6.5 25 - 5.5 22 2.6 - 2.0 4.6 8.6 8.6
Bt 10.6 55 13.5 - 28.0 13 0.6 7.3 4.6 4.0 1.6 -
Ms - - - - - 1.3 - - - - 7.3 -
Chl - - 2.5 4.3 0.5 8.0 42 14.6 1.3 9.3 tr. -
Ep - - 3.5 - - - - - - - 4.6 -
Spn - - 1.0 - - - - - -
Opac. 0.8 0.5 1.5 0.6 0.5 0.6 tr. tr. tr. tr. 2.0 4.6

*, Mineral abbreviations are from Kretz (1983). Opac., opacque minerals. Count number is 700 in each sample.
N.B., Al~A6 from commercial tableware stores, Rest] & 2 from restaurant, J1~J5 from rock bowl factory in Jangsu, Hwal from

Hwaamjae near Jangsu.

£ BYE & F AUtk(Table 2). SiO, &= 45~54 wt%
g HolH, ALOE 8~4wi%E WL ¥FE 2t
Fe/(Fe+tMg) Hlx= 0.40~0.84% 3}¢hA) Al gollA 7Hg =
A EbdTh Mg0, Ca0, FeO 7Fe] AEnB]= #9] v
= H R el SRl A& Hwal, 2, 3= T
B NERT MgOrt Wi, Ca0 A¥o] FH3jr} &
g IE7HA AlRAI~MAGES THE AEEHT} Ca0
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Fig. 3. Photomicrographs of samples collected from Jangsu rock bowl factory and outcrop. (A) Acicular actinolite
around prismatic hornblende in sample J1. Crossed Polarized Light (XPL) (B) Acicular actinolite around prismatic
hornblende in sample J2. XPL. (C) Magnified photo showing acicular actinolite of box in (B). Plane Polarized Light
(PPL) (D) Hornblende, plagioclase and acicular actinolite assemblage in sample J3. XPL. (E) Back scattered image
(BSE) of acicular actinolite within the box in figure (D). (F) & (G) Occurrence of hornblende and acicular actinolite
in sample Hwa2. XPL and PPL. All mineral abbreviations are from Kretz (1983).

J. Petrol. Soc. Korea
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Fig. 4. Photomicrographs of samples collected from commercial tableware store and korean restaurant in Daegu and
Pohang regions. (A), (B) Occurrence of hornblende, plaioclase, epidote and biotite in sample A3. XPL and PPL. (C)
Prismatic hornblende and acicular tremolite occurred around grain boundaries of hornblende. XPL. (D) Magnified
photo of box (D) in figure (C). PPL. (E) Back scattered image (BSE) of acicular tremolite within the box in figure (D).
(F) Prismatic and acicular actinolite within hornblende in sample Restl. XPL. (G) and (H) Occurrence of clinopyrox-
ene, plagioclase and biotite in sample Al. XPL and PPL. All mineral abbreviations are from Kretz (1983).

Vol. 17, No. 3, 2008
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Table 2. Major oxides (wt. %) of samples.

Sample Al A2 A3 A4 AS Ab 1 2 J3  Hwal Hwa2 Hwa3 Restl Rest2
Sio, 5333 5354 4977 45.04 4621 47.80 51.61 4594 5085 5426 51.74 4814 4704 4639
AlO, 1596 992 17.18 757 809 998 1390 9.75 1033 14.06 13.88 1454 784 1096
TiO, 098 067 118 082 115 189 047 090 08 045 049 149 135 0.60
FeO* 791 946 900 1357 1314 1211 834 1210 1081 949 1123 1757 13.00 10.81
MnO 012 014 010 014 015 014 012 014 015 016 018 020 016 012
MgO 586 12.62 695 20.18 19.07 1027 12.08 18.03 1454 796 861 340 18.02 1631
CaO 734 972 811 871 803 931 861 870 791 1090 11.14 1096 9.55 10.56
Na,0 38 190 330 113 117 153 182 095 150 229 200 159 118 135
K,0 317 132 243 033 055 472 062 031 075 013 020 050 034 061
P,0; 050 012 014 005 005 165 008 003 005 004 004 022 003 007
LOL** 067 049 143 202 226 058 209 295 204 035 064 08 162 207
Total 9973 9990 99.59 9956 99.87 9997 99.74 99.80 99.76 100.09 100.14 99.91 100.14 100.06
F/fF+Ma 057 043 056 040 041 054 041 040 043 054 057 084 042 040

* Total Fe as FeO. ** L.0.1 is loss of ignition. a, F/F+M=Fe/(FetMg).

ZHdA: A7) 4712 AEdhe Y] = A B
£ 244 (NatK)yst Tie] &0l thAl= 0.5 oI5t
o]tHTable 3). webA Leake(1978)2] 71l W} Fig-
ure 59149} 7ol Mg/(Mg+Ferl o} Siol #Es 71E
oz 74N FES ERIAAT A5 FE F8A
ARG ANBEFH 22PN FLF ANESS] 24
A QR Mg/(MgtFe)dl 7} 0.52~091°01 2, Sie oF
796962002 MFE HAtKFig. 5). wh=EhA F4494,
E719292 743 A (tremolitic-hornblende), W14, ¥71
A& 7444 (actinolitic-hornblende), Mg-2Hd 4] (Magne-
sio-hornblende), H )70 EA 2434 (tschermakitic horn-
blende), # w}7}o] E(Tschermakitey7}2] ThFgh 2444
FEo] Az AN AME B AlEE ¥
A3 FNNA 4N aFH AHupglolEF-zMd %
AulglolE ago2 wREC 22y Ao 74
b AlE9 ZHdA e Mg/(MgtFe)Hl 7t U 3ol (ek
0.60), Sit 7.112~7.3882 thiEo] %47|42 zHdAd)
g

A& A4, I, 12, I3, RestlF} Rest2ellA] I doz
AEFHE FEL B4 Eme Aol mEbA H]
£ o] FEE0] A 2AE HolAw ¥AY, 52
288712 AMsHe FECA Y 714 74
AN o) A& AN Fo7t Fasitty AlRE .

AN A5 FE FRANM AHR ANESH 2F
7AACA FUR AEEY AN HES dEE An
7} 0.169014 05502 &} a 2k (oligoclase)ol A 2t
Balzg}o] E(labradorite) el S|FErh(Table 4; Fig.

6A). 3 ZHAetke]l AL An7t 03706320 <F
dAlz gtEetzato] Eo £3THFig. 6A).

43 Fem: Y2 AP FUR A
Al A6OM Fdo =z AEdr) o8 Mg-CaFe 4t
=R TAIG A, $AL Cast M7t FRE &
AH314 Q1 23)4) (diopside)d 2.AF0) E(augite) A B
Aol 'GP TH(Table 4; Fig. 6B).

A5 FE A aZ7H AlECM 2 §4
o HAEZ AEHE FLRY 4L My
(MgtFe) ¥17F 0.55~0.71013, AIVIE 0.15 °]3t&2 4
EFdTH(Table 4; Fig. 6C). WEkd FE U9
&% (phlogophite)ell ENFEES & & AUThFig. 6C).
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Table 3. Representative compositions of hornblende, actinolite and tremolite.
Hornblende
Sample  A2(12)* A3(6) A4(10) A6(5) Rest.1(4) Rest2(4) J1(6) J2(10) I3(6) J5(5) Hwal(8)
Sio, 49.51 45.50 44.09 50.63 4220 43.90 49.04 47.26 51.13 45.58 50.70
TiO, 0.71 1.19 1.46 0.72 2.96 0.81 1.09 1.46 0.50 1.00 0.44
ALO;, 6.83 9.11 11.68 431 12.73 12.54 7.91 8.78 6.04 10.59 6.30
FeO** 10.95 14.53 9.16 13.74 10.08 10.32 9.62 9.43 9.79 12.72 14.55
MnO 0.22 0.28 0.12 0.23 0.09 0.12 0.12 0.15 0.19 0.17 0.28
MgO 15.86 12.80 16.28 14.88 14.72 1533 16.85 16.45 17.46 13.84 14.09
CaO 12.18 11.74 11.43 12.00 11.71 11.84 11.71 11.60 11.46 12.04 11.93
Na,0 0.90 1.07 1.83 0.97 1.92 1.80 1.04 1.33 0.98 1.21 0.70
K,0 0.42 0.57 0.61 0.42 0.85 0.84 0.41 0.40 0.14 0.52 0.08
Total 97.57 96.78 96.65 97.88 97.25 97.49 97.78 96.86 97.68 97.67 99.07
Cations per 23 oxygens

Si 7.142 6.780 643 7.376 6.192 6.402 7.010 6.840 7.287 6.666 7.284
Al 0.858 1.220 1.57 0.624 1.808 1.598 0.990 1.160 0.713 1.334 0.716

8.000 8.000 8.00 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000
Al 0.311 0.381 0.45 0.115 0.394 0.557 0.351 0.348 0.302 0.495 0.348
Ti 0.077 0.133 0.16 0.078 0.326 0.089 0.119 0.161 0.053 0.110 0.048
Fe 1.324 1.812 1.12 1.674 1.237 1.258 1.153 1.143 1.167 1.557 1.747
Mg 3.407 2.842 3.54 3.231 3.221 3332 3.587 3.550 3.709 3.018 3.018
Mn 0.027 0.035 0.01 0.028 0.011 0.014 0.014 0.018 0.023 0.021 0.034

5.146 5.204 5.29 5.128 5.188 5.250 5.224 5.220 5.254 5.201 5.196
Ca 1.884 1.874 1.79 1.873 1.840 1.849 1.795 1.800 1.750 1.887 1.836
Na 0.253 0.309 0.52 0.273 0.546 0.510 0.289 0.375 0.270 0.344 0.194
K 0.078 0.108 0.11 0.077 0.159 0.156 0.075 0.074 0.026 0.096 0.015
M/M+F*  0.720 0.611 0.759 0.659 0.723 0.726 0.757 0.756 0.761 0.660 0.633

Actinolite Tremolite
Sample  A4(3) Rest.1(3) Rest2(3) J1(4) J2(10) J3(3) Hwal(3) Ad(4)
Si0, 55.36 54.42 52.08 54.98 52.70 55.07 51.56 55.87
TiO, 0.13 0.14 0.33 0.13 0.17 0.16 0.37 0.11
AlLO, 2.12 332 5.27 1.93 4.12 4.54 6.18 1.79
FeO 5.24 8.43 8.74 15.02 9.55 9.52 13.99 422
MnO 0.09 0.10 0.16 0.38 0.21 0.15 033 0.16
MgO 21.09 18.92 18.35 20.49 17.89 17.18 14.12 22.10
CaO 12.66 12.76 11.91 5.20 11.84 11.76 11.82 12.52
Na,O 0.34 0.38 0.73 0.34 0.72 0.75 0.67 0.29
K,0 0.04 0.06 0.15 0.03 0.06 0.05 0.08 0.02
Total 97.05 98.51 97.71 98.50 97.26 99.17 99.12 97.08
Cations per 23 oxygens

St 7.741 7.615 7.380 7.762 7.518 7.652 7.366 7.769
Al 0.259 0.385 0.620 0.238 0.482 0.348 0.634 0.231

8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000
Al 0.091 0.166 0.260 0.083 0.213 0.395 0.407 0.064
Ti 0.013 0.014 0.035 0.014 0.018 0.017 0.039 0.011
Fe 0.613 0.988 1.036 1.772 1.140 1.106 1.672 0.491
Mg 4397 3.944 3.876 4310 3.805 3.566 3.007 4.581
Mn 0.010 0.012 0.019 0.045 0.026 0.018 0.040 0.019

5125 5.125 5.225 6.225 5.201 5.102 5.165 5.166
Ca 1.896 1.913 1.807 0.788 1.810 1.753 1.809 1.866
Na 0.093 0.104 0.199 0.094 0.199 0.201 0.187 0.079
K 0.007 0.010 0.027 0.006 0.012 0.008 0.015 0.003
M/M+F  0.878 0.800 0.789 0.709 0.769 0.763 0.643 0.903

*, number in parentheses represents total number of analyses. **, Total Fe as FeO. a, M/A(M+F) = Mg/(Mg+Fe).
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Fig. 5. Si vs. Mg/(Mg+Fe) diagram to classify calcic amphiboles (after Leak, 1978).
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(Figs. 3, 4). |2 A4e) Pr|Az Ezp8e uMd
ol &apA K7, 1988), o) AAke] FEo] <
A W2 $YHAL A 2 A YaE 2t
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neto g EAy|Fo| Wastin ekEnh £3 4
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Table 4. Representative compositions of plagioclase, clinopyroxene and biotite.
Plagioclase

Sample Al(3) A2(4) A3(3) A6(5) Ji(4) J3(4) J5(3) Hwal(4)
Sio, 57.23 59.86 57.07 62.06 60.11 53.00 54.67 54.12
TiO, 0.04 0.02 0.00 0.00 0.00 0.00 0.01 0.00
ALO, 26.88 25.57 27.21 21.19 25.46 30.16 29.09 29.27
FeO 0.18 0.10 0.09 0.08 0.08 0.08 0.07 0.08
MnO 0.00 0.00 0.00 0.01 0.02 0.00 0.01 0.00
CaO 8.99 7.17 8.74 2.88 7.03 12.41 11.13 11.84
Na,0 6.34 6.55 5.94 3.85 7.72 4.71 5.48 5.08
K,0 0.24 0.16 0.07 7.63 0.05 0.09 0.04 0.03
Total 99.90 99.43 99.11 97.69 100.48 100.44 100.49 100.43

Cataions per 32 oxygens
Si 10.282 10.691 10291 11.471 10.665 9.560 9.823 9.747
Ti 0.005 0.003 0.000 0.000 0.000 0.000 0.001 0.000
Al 5.691 5.382 5.782 4.594 5.323 6.420 6.160 6.212
Fe 0.027 0.015 0.013 0.013 0.012 0.012 0.010 0.012
Mn 0.000 0.000 0.000 0.001 0.003 0.001 0.002 0.001
Ca 1.730 1.372 1.688 0.553 1.336 2.405 2.142 2.285
Na 2.208 2.269 2.074 1.353 2.656 1.641 1.907 1.772
K 0.055 0.036 0.016 1.846 0.012 0.021 0.009 0.008
19.999 19.768 19.863 19.831 20.008 20.060 20.054 20.037
An* 0.433 0.373 0.447 0.160 0.334 0.591 0.528 0.563
Ab 0.553 0.617 0.548 0.379 0.663 0.404 0.470 0.435
Or 0.014 0.010 0.004 0.461 0.003 0.005 0.002 0.002
Clinopyroxene Biotite
Al(4) A6(7) A2(3) A3(3) A6(4) J1(3)
Sio, 52.28 5334 Sio, 37.67 36.85 36.44 3840
TiO, 0.41 0.15 TiO, 3.15 3.61 425 1.75
ALO, 1.62 0.85 ALO; 15.06 14.99 13.56 15.09
FeO 9.65 7.77 FeO 13.85 16.55 18.37 12.52
MnO 0.38 0.26 MnO 0.12 0.10 0.16 0.09
MgO 14.26 14.90 MgO 15.84 13.62 12.79 17.44
Ca0 21.57 22.56 Ca0 0.01 0.00 0.00 0.00
Total 100.16 99.82 Na,O 0.16 0.15 0.17 0.12
Cataions per 6 oxygens KO 8.97 9.09 9.01 9.91
Si 1.951 1.982 Total 94.81 94.96 94.75 95.32
Al 0.049 0.018 Cataions per 11 oxygens

2.000 2.000 St 2.802 2.780 2.789 2.833
Al 0.022 0.019 Al 1.198 1.220 1.211 1.167
Ti 0.011 0.004 4.000 4.000 4.000 4.000
Fe 0.301 0.242 Al 0.123 0.113 0.013 0.145
Mn 0.012 0.008 Ti 0.176 0.205 0.244 0.097
Mg 0.793 0.824 Fe 0.862 1.044 1.176 0.772
Ca 0.862 0.898 Mg 1.756 1.532 1.459 1.918
2.002 1.995 Mn 0.008 0.006 0.010 0.006
Ca 0.000 0.000 0.000 0.000
Ca(%)** 44.08 45.72 Na 0.022 0.022 0.025 0.017
Mg(%) 40.54 41.95 K 0.851 0.875 0.879 0.933
Fe(%) 15.38 12.33 0.874 0.897 0.904 0.950
M/M+F 0.671 0.595 0.554 0.713

Abbreviations and superscript are the same as those in Table 3. *, An = Ca/(Ca*+Na+K), Ab = Na/(Ca+Na+K), Or = K/(Ca+Na+K).
** Ca(%) = Ca/(CatMg+Fe) X 100, Mg(%) = Mg/(Cat+Mg+Fe)X 100, Fe(%) = Fe/(CatMg+Fe)X 100.
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