CrossMark
& click for updates

A s3] A A 52H Al 62, p. 815-827, (2016 12Y) ISSN 0435-4036 (Print)
J. Geol. Soc. Korea, v. 52, no. 6, p. 815-827, (December 2016) ISSN 2288-7377 (Online)

DOI http://dx.doi.org/10.14770/jgsk.2016.52.6.815

ZAMA) FAET A
SEEE

YUY AL I
o Ok
el =

ZAA AHER S OJshe FPEE ZFUE G A K o)q AEHm, 2HA ) W] 59
22 Mg EIgE 202 Aol gk, Tt FuEet 1 moe] AWshA EAo] tht A w4
ofth. webA] oyl A7) BAL FTUE AEAY AT THYE T2|m N ATE 5o AU B
upgto 2 o pulEe] YA 7] o] thal eobr Al gk FTULE SN GEhel $Xstm glom, v
£9] Bore Aghn ol Al 4%/3- 28 Bl Hleky] Sem shgglolth FPMEL F2 49, Hen(
Tol), HUA, A, Wal4, A2 e ol E2 TAECIT) o] YAEY e BYsa Unhsi o zby-
o2 A2 ol WEo] AR E Wem(Qeto|S)k Bore] 44T e AN YR g
ofa AE Ao AN eb F2 depolE2 FAE FPUEE GEeFo A8 FA4E BFu
2 HoEch Qv o2 BRI AETE WY FES Bx] Y22 AGSIEoL, 2N F9
2 ZUE FPUEE S5 950 5 SukE a4udag Ave o AN sos wg
e,

FR0L: FTHE, T3, B4 WAR G, Yetol=, AN}

Hyeong Soo Kim, Dongwoo Kim and Don Won Choi, 2016, Geological characteristics of the Gangwondo
Yanggu terra alba used for a major raw material of the Joseon white porcelain. Journal of the Geological
Society of Korea. v. 52, no. 6, p. 815-827

ABSTRACT: The Yanggu terra alba occurs on the Bangsan-myeon, Yanggu-gun, Kangwon-do, and used for a
major row materials of the Joseon White Porcelain based the historical literatures of the Joseon Dynasty. However,
there are no study results for geological characteristics of the terra alba and protoliths. Thus this study aims to
understand origin and formation of the Yanggu terra alba based on the geological features including rocks and
mineral compositions and their structure. The Yanggu terra alba occurs within fault zones that mainly composed
of the Precambrian quartz- and biotite schist, and the Jurassic biotite granite as protoliths. The terra alba mainly
composed of quartz, muscovite (illite), chlorite, feldspar, calcite, and kaolinite. The grains are poorly sorted and
displays subangular to angular in roundness. Muscovite (illite) has probably formed by hydrothermal alteration
of feldspar and biotite in the protoliths. Therefore it suggests that the Yanggu terra alba has formed as fault gouge.
In general terra alba and yellow soil used for materials of porcelain has generated from a residual deposit, but the
Yanggu terra alba used for materials of the Joseon White Porcelain has uniquely formed by hydrothermal alteration
and shearing associated with faulting.
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SEo] it} 53] Gt HEE= o] @i F4o]
ot Ta o FE= WA R B2 HFS &
A8ttt (Jung, 2012). 2AAY AlSE5=A A5
(e R B B EE) o) BEAF 50] A= 32704 7}
20 EA7] Ate 2 §He o R U E grnt
o] 7|55 AUAH A2 99 &S F 7=
SA7F dt(Jang et al., 2001).

U= At WAFH R Hofl= A Aol A
2351 242} 7HatE] 7| 91X gtk (Ehwa Womans
University, 2001). A 7Hbe = G 24
Age 771, e 57], @ 47], 42 77], <
g 47], en]g] 47] 3& EF3 F 47 A g £x
gtk E3E o] ZhtE oA ARERE Aow 23
Bz o 57 FFHES] A ' AEX]7F FRIE ]
tH1¥ 1; Jung, 2011). o] <] 7HilEl = @& 7]
Ztoll AA A7) & A Z28H9S Bk o 2k 24X
A TaRl B HEE F5313H S g WAt
AR = dEA Aek(Jung, 2010). o] FAREQ]
TS O R e FPES= 20149 7
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FTHEL] AZo] FRIHE x9] 7|52 A¢At
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AT Azl A Adaste] S2-(MH)S 1 AFF
Al gkl Fck(Jung, 2011). SFR|FE 2 A A o] &
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o 55002 27151 a, A% 199 o= 51022
=] 1N7|17HA] Al&E 9o, Az 500~5504(2k
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FE 2010W71A] A2 9 GARE F3l WE AR
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2 A= AYS A" 1), S 3
A Ao ME AER|= AR oA 39, &
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Jung 2010y 47 A=e] 27] Azl WEel
s}t 24 BT AN vhgto R ofpulEL |
SA AP EH T4 02 s Asiginh 1By 7]E
A=+ 23+ (Ehwa Womans University, 2001; Jung,
2010; Ahn and Hwang, 2013)2 FFHES] A
T4 23 mente] AT 2 e 7|2
Mol AWy ATEL vFe Aolt. wetA
ol¥l AT QFPUET} AHEA] Fo) A XA
vehom oppulEel mote] 74 Ao BRSO
ohz, o2 Fal =) WA 1AL olafetn
B3| B} gtk ESE o] JAY/ E3HH o= 7}
A7} gl Aol gk AEsHE S ot o]
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2 YT X9 XY L NIHL

YT P A7 83} BER §A50 72
Azraelol Al 7]uketo R FAH o} glom B8
555 Yol AADEYel Qs Jrkd
la). A7A| 0] ABL AR G o] AZo]
el ARoL 53 X|oo] B A7 G4 Hol
Sl ol 1b). ATA = AL 712
A2l 294 YE o ST} Al
oA A s AashEA S8, 4%e, 2
e, 2ok, onle] Sof a7mo) WU B4
S} wh2 5 2 PRUHIY 1b). @A ol o
B-BRE wko] $UTE, YT, FuTEol
el 9lx, 953 Bas 249 Ye A%
o] sl §IeH(2 1b).

ATA & 2 AZrE o} At o] 7]ukelRT}
BB B, Fe) B7gto] o5 Bals
T QeHH o). Ageelol Ao} 7]utehe 7h
Sh5 2591 BT ojoh WA ulirel Bem 57
Hatela} vl arfelo| 2 Wrlel, 72T ol S8 B
USH A 5HEP Tl Apmo) Zgto s 7
AET. 29T SRY 02 oA Qs Fep)
oW SRt v ZoW ShRghe Mzn o}
AJe) 7]919HE ISHLO0, 2} 7|2 0] oo



A

=]
=

[

63:

oo

of

FTHES A

S ol )
Rl

wjo}]
4R

sl

o]

FUz2 AgH 2

XoE FHE A-ONG,

YG3, YG4, YG5)2 F2 Azte ol At gAY

(@)

@ Chugayeong Fault
@ Pocheon Fault
@ Wangsukcheon Fault
® Inje Fault
@ Keumwang Fault
<

Precambrian
Basement Rocks

I
80Km

(c)

127° 55' 00"

38°15' 00"

38°10' 00"

=)
1S)
o
&
®

T YPHEo| R|TSHE SN 817
3 32w Hopo] BxFtH Y 1c). HYL A

Aol LEFRE PHE Fol 7P eE e
2] APl SemEni} Ao &
Bz wigko @ difo 2 BagicKihm and Hwang,

127°55' 00"

(1) Gobangsan ri
(2 Songhyun ri
® Jangpyeongri
@ Guemark ri

() Omiri ri

128° 00' 00"

* Kiln sites of the
Yanggu terra alba

%

Creat.

- - Acidic dyke

ntrusion ——

Porphyritic Bt granite

Intrusion

Jurassic

Biotite granite

Intrusion

- Amphibolite

Intrusion

I:I Grt granite Gn

Bt granite Gn.
Bt migmatitic Gn.

- Qtz Schist
—: - Bt Schist.

~——" Geological Boundary

Pre-Cambrian

Fault
Thrust

Sampling Sites

Yanggu terra alba

Fig. 1. (a) Tectonic map of the Korean Peninsula showing the study area. (b) Topographic map showing kiln sites
of the Yanggu terra alba. (c) Geological map of the study area with sampling sites (modified from Kihm and Hwang,

2009).
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2009). HH FEES SXEHTE B A
511l §low, BAZ0 ARASFHue T T
A A, EAZ SR Hn = A7 £ 5t
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243 22|90 HIlE QI3 FEAOZ WIS RN
3o 2 yehdth S-o5 3Pt ol Wit d
29| 332 QA2 FE U B EEA-EEE
H3ke 1 Qlth(Kihm and Hwang, 2009).

ZAL A9 9] tf 222l A A2 AP FLo]
g J 5 R WA ARG HYe SR
Hopet A2 A $AES, 183 FEF
9] FeH5 FHEFolth 71€ A2 2HKihm
and Hwang, 2009; Song and Cho, 2009)°]] ¢]3}#d
o|& FEgre] BEEL2 N15°W~N10°E F3}
70~87°NW E= NEQ] AAL RS Rolth g3 1
So i 23 me] E& ZH hETe} 2070 cm
A 9] @=Z2 Y (fault breccia)@} ©&H] A (fault
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and Hwang, 2009).
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(d) YG16|

Fig. 2. Outcrop photos showing faults developed on biotite granite in the study area. (a) and (b) YGI, (c) and (d) YG16.
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Fig. 3. Outcrop photos showing fault developed within quartz and biotite schist in the study area. (a) YG3, (b) YG9,

(c) YG13, and (d) YG14. See text for explanation.



Table 1. Grain size analysis of the Yanngu terra alba.
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YGI-G YG2-G YG3-G
Ratio of grain size (%)
>2.000 mm 2.88 3.56 2.89
2.000~1.000 mm 14.37 10.56 11.25
1.000~0.850 mm 6.37 9.54 8.54
0.850~0.600 mm 11.61 13.56 10.56
0.600~0.005 mm 6.24 9.25 10.23
0.500~0.250 mm 15.49 13.55 9.89
0.250~0.212 mm 15.46 12.89 13.89
0.212~0.016 mm 13.66 13.2 14.56
0.016~0.002 mm 7.16 8.78 11.45
<0.002 mm 6.76 5.11 6.74
Average size(()* 1.07 1.10 1.20
Sorting** 1.75 1.53 1.78
Roundness Subangular Angular Angular
* ¢ = —Ind (diameter of grain size, mm). **, Sorting = il ; il + %56._6 i
Qu
Qtz
YG3-G @
Ka
wy Qtz Qtz o (523’/«7)

> YG2-G

% ol B o e Qu

f= et

20

Fig. 4. XRD patterns and mineral compositions of the Yanggu terra alba in the Bangsan area. Ms; muscovite, Il;
illite, Ka; kaolinite, Qtz; quartz, P1; plagioclase, Kf; k-feldspar, and Cc; calcite.
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Fig. 6. Photomicrographs of mineral occurrence in sample YGI. (a) Coarse grained biotite granite in YG1. Crossed
polarized light (XPL). (b) Partially deformed biotite granite in YG1. White box represents area for compositional
mapping. XPL. (c), (d), (¢) Compositional map of K, Na, and Ca, respectively. Mineral abbreviations are same as

in Fig. 4.



4.4 ATEEQL Dolo| 55tx M
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APEAS S5 SPF et HY, Hukeloll A &3]
Al BRIt Few s7eke] A4l An
[Ca/(Na+Ca+K)x100] 2 2% 10% ©]3}Fel Lt
o| E(Albite)ol] FHCHE 3; 13 8b). AAZFE o}
Aefo] Bl Tnere FAISHE AAe) Antle
< ulo] E~etr4l(Andesin)of g3ttt S5
SPelT T, BolkIelN KA 02 Akwhe oi)
A3 TRJ0|=9] Or [K/ (NarCa+K)x100] 2k >90%
°]31, Ab=<10% ©JcH1H 8b). w2hA] o5 4ol =
—Q'QKJ]'}'\:]-']E]@V‘\']—' XK g9V - Ol)AlSL G o]q—

395 WYT} A4 SR AT
—-T._—E_J Fe/(Fe+Mg) H]= 0.42~0.56At0]of| 35
set. wetA ol 5w HtRye Mg-Sew

(phlogophite) 2} Fe-Z-2-% (Annite) 2] 57+ F =
ZAE zh=t} W= Na/(Na+K)H]7} 0.06-0.100
K o] 2.2 SF5t2 A HlTH(E 3),

= Hol=

Flg 7. Photom1crographs of mineral occurrence in quartz and biotite schist. (a) follat1on defined by alligned of biotite
in sample YGS. Plane polarized light (PPL). (b) Elongated quartz grains paralled to foliation in sample YG14. XPL.
(c) and (d) Fractured and fragmented quartz and feldspar porphyroclasts in samples YG2 and YG3, respectively.

PPL. Mineral abbreviations are same as in Fig. 4.
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5. ol & E9
51 YPHE AEX|Q X|ETES TN

AU B A% TP R S A9
o= Y o]F T35 @39 A&l oSk
o] tEso] W3] gk (Khulganakhuu et
al., 2015; 19 1a). 555 HF 719 &5 55
o= o] &5 AY BYsHA ZHRS, FsdT
3, AASS, SFES =0 Yok ek o =

ARG T AL HEF-HT B AARE

- 5=
FH ROl YIS Qlet. whEhA] 2ARA] S of W]
T 9t TS, BSOS, YYDH(IY la)e

(YG2, YG3, YG4, YG5)9] g2 E51ake] 44
@52 wet A s EE o] Yehd (™ 1) =7
YG1 A AAehs FTHE AEA= F2] 8
7ok Woll et g et dAIsaL JtH(1H 2a,
2b). o]} o] FFHME 1hEX| 9} HF o] U=
HE O] Fdatgol e DA WA s

Table 2. XRF analysis of protoliths and Terra alba in the study area.

YGl YGI-G YG2 YG2-G YG2-G YG3 YG3-G YGS5 YG8 MU3 MU2
Granite Terraalba Schist Terraalba Terraalba Schist Terraalba Schist Schist Terraalba Terra alba
SiO, 74.74 78.32 71.96 75.93 67.47 61.73 5691 74.88 67.61 75.35 77.78
AlLO; 12.84 12.45 14.95 15.57 22.03 10.28 1579 15.10 14.51 18.46 15.99
TiO; 0.01 0.01 0.32 0.02 0.05 0.25 046 0.01 0.57 0.04 0.03
FeO* 0.17 0.67 2.98 0.37 0.52 549 9.54 0.02 596 0.35 0.47
MnO 0.02 0.03 0.02 0.12 0.10 0.17 0.16 0.13 0.05 0.11 0.12
MgO 0.13 0.31 0.60 0.37 0.38 1.97 3.14 052 235 0.34 0.35
CaO 0.19 1.12 0.70 0.68 1.02  8.30 3.16 1.11 1.40 0.84 0.70
Na,O 6.32 0.00 2.88 0.14 0.15 2.11 0.20 3.01 3.33 0.31 0.00
K>O 4.59 4.57 3.52 4.20 320 142 311 267 236 4.11 4.11
P,0s 0.01 0.01 0.09 0.02 0.02 0.04 0.10 0.01 0.12 0.03 0.02
LOT** 0.86 2.34  1.87 2.48 4.87 8.04 721 218 1.54 0.00 0.17
Total 99.88 99.83 99.89 99.90 99.81 99.79 99.76 99.64 99.81 99.93 99.74
* total Fe as FeO. **, loss of ignition.
(@) (b)
Ab
0.6 ® Plagioclase in Bt Granite N
+ Plagioclase in Schist & Gniess .
o K-feldspar in Granite, 02 - 0.8
04 Schist & Gniess
Yanggu terra alba
2
9, 08
0.4 06 038 ALOs O‘; ‘ ‘ ‘ ‘ A‘h

Fig. 8. (a) A,O3-K,0-Na,O ternary diagram showing compositional change between protoliths and terra alba. (b)
An-Ab-Or ternary diagram showing compositions of plagioclase and k-feldspar in protoliths.
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Table 3. Representative compositions of plagioclase, K-feldspar, biotite, muscovite, and chlorite.

Mineral Plagioclase K-feldspar

Sample No. YG1 YG2 YG3 YG7 YGY9 YGI0 YGl4 YGl YG2 YG3 YG9 YGl4

# of analysis 14 9 12 7 5 10 15 7 5 15 10 3

SiO; 67.30 61.38 67.99 61.12 67.16 67.57 62.27 63.83 62.63 6331 63.78 64.95

AlLO; 20.74 25.15 21.02 2596 21.35 21.30 24.79 19.17 19.39 19.17 19.40 19.84

CaO 0.61 5.68 056 6.07 0.80 0.11 5.06 0.02 0.04 0.03 0.06 0.05

NaO 10.74 8.14 11.02 7.95 10.84 10.96 8.60 035 0.77 0.66 0.69 1.09

KO 0.13 020 0.09 0.15 0.12 049 0.25 16.71 16.89 16.77 16.47 16.14

TOTAL 99.55100.59 100.71 101.32 100.33 100.51 101.05 100.11 99.77 99.97 100.44 102.10

Cations per 8 oxygens

Si 2.951 2.707 2.948 2.679 2.927 2.939 2.732 2959 2.926 2.946 2947 2.945

Al 1.072 1.308 1.074 1.341 1.097 1.092 1.282 1.047 1.069 1.051 1.057 1.060

Ca 0.028 0.268 0.026 0.285 0.037 0.005 0.238 0.001 0.002 0.001 0.003 0.002

Na 0.913 0.696 0.926 0.676 0.916 0.924 0.731 0.031 0.070 0.059 0.062 0.096

K 0.007 0.011 0.005 0.008 0.006 0.027 0.014 0.988 1.009 0.996 0.971 0.934

An(%)* 30 274 27 294 39 05 242 0.1 0.2 0.1 0.3 0.2

Ab(%) 96.2 715 968 69.7 955 96.6 744 3.1 6.5 5.6 6.0 9.3

Or(%) 0.8 1.1 05 09 07 29 14 96.8 933 943 938 905

Mineral Biotite Muscovite Chlorite

Sample No. YG1 YG2 YG3 YG7 YGl YG2 YGl4 YG2 YG3 YGl4

# of analysis 3 8 3 7 3 4 7 3 3 6

SiO; 36.07 35.43 35.13 34.29 4499 4520 46.11 24.58 26.67 26.65

ALOs 19.15 20.00 20.60 21.33 35.80 3426 37.52 24.03 2131 21.44

TiO, 337 211 054  2.09 052 0.79 0.52 0.08 031 0.26

FeO** 17.63 16.05 17.32 18.74 355 320 1.09 24.18 2736 26.50

MnO 0.07 0.07 0.09 0.23 0.06 0.02 0.05 0.16 0.21 0.17

MgO 9.40 10.38 10.66 8.71 0.61 0.68 0.71 14.56 12.14 11.26

CaO 0.05 0.06 0.13 0.07 0.04 0.05 0.04 0.05 0.04 0.06

NaO 027 020 0.21 0.28 041 0.71 054 0.04 0.05 0.01

K>O 939 929 9.13 9.25 9.15 10.61 10.94 0.01 0.10 0.44

TOTAL 95.40 93.60 93.81 94.97 95.13 95.52 97.52 87.66 88.19 86.80
Cations per 11 oxygens Cations per 23 oxygens

Si 2.714 2.696 2.682 2.610 3.013 3.043 3.003 5.141 5.624 5.693

Al 1.698 1.794 1.853 1.913 2.825 2.719 2.880 5.923 5296 5.398

Ti 0.191 0.121 0.031 0.120 0.026 0.040 0.025 0.012 0.049 0.042

Fe 1.109 1.021 1.106 1.193 0.199 0.180 0.059 4.228 4.824 4.740

Mn 0.004 0.005 0.006 0.015 0.003 0.001 0.003 0.028 0.038 0.030

Mg 1.055 1.178 1.213 0.988 0.061 0.068 0.069 4.538 3.816 3.587

Ca 0.004 0.005 0.011 0.005 0.003 0.004 0.003 0.010 0.009 0.014

Na 0.039 0.029 0.031 0.041 0.053 0.093 0.068 0.014 0.020 0.005

K 0.901 0.902 0.889 0.898 0.782 0911 0.909 0.001 0.027 0.117

Fe/FetMg  0.513 0.465 0.477 0.547 0.482 0.558 0.569

Na/(Na+K) 0.064 0.092 0.070

*, An(%) = Ca/(Ca+Na+K)x 100, Ab(%) = Na/(Ca+Na+K)x 100, Or(%) = K/(Ca+Na+K)x100. **, total Fe as FeO.
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