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Chemical Weathering of Hornfels Pebbles in the Marine Terrace
Deposits, Yangnam-Myon, Gyeongju
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ABSTRACT : Weathering of hornfels pebble in the marine terrace deposits, Yangnam-Myon,
Gyeongju was investigated by X-ray diffraction, scanning electron microscopy, and chemical analysis.
In the early stage of weathering, only plagioclase was leached leaving pores. With progress of
weathering, biotite and chlorite were tranformed to hydrobiotite and chlorite-vermiculite, respectively.
Quartz, K-feldspar, and muscovite were not altered. Thickness of weathering rinds and their
mineralogical characteristics were different between terraces of different elevations. In the lower
second terrace, the weathering of pebble was dominated by the decomposition of plagioclase, while
in the upper third terrace, weathering was characterized by the transformation of biotite and chlorite
with precipitation of halloysite from the weathering of plagioclase. Thickness of weathering rind and
weathering products were varied even within the same terrace deposit probably due to local variation
of drainage conditions.

Key words : Quaternary, weathering, pebble, terrace, biotite, chlorite, halloysite

*3 A A A} jearth@andong.ac.kr



4719 - ol8 %

2y
r)«ﬁ-p_“,
2L
}i—b
32~
ol rir X

ru
clo,
lo
i
=3

THEAEE ol &3 WHGEAA ¢, 2000;
Cheong et al., 2001; A2 9], 2003)7} ESRY
(Lee and Schwarcz, 2001)0] Ag&x 1 9} 2
e g3HES P4 FAAAAYE QT
$AF A5ARL89 712 Jehis) B

o

g ARZANA Y HF SFLFA7)
A4% s Yok =3 ESREL A8/ &

do
oift
>

o Z&38] reset=]A AJAU, ASUY
G gol AAY, K TAHAA 2LEH
Ao SA%el HFE EF5AVE UE
B7] oY
of 43 st Add HAZE i
FAI719 A4S dAstr] g A
A7 &3] o] Foixn it
At dFFEY A F AHE
9 UAE ulg g ol “C AtE Ao o]
gt 2 Arg gt AEEHA 23 3l
A o]l FAAES FEY] At H
= OSL (Cheong et al, 2003; Choi et al., 2003a,
2003b)3} s}2HA]E=A(Inoue et al., 2002)E o] &
& dAdiEAo] w3 FHLEH glo, ofF
T o] A dAEA ¢l glojA tE o
A W EC 9 FUHEQ AFAHe] 28
& Foz AZdd. ojyd BAHAAM SAHH
AddE S A5y 198 £ de AE2ZH
g3 AdlE EEAVE A E davt
AThJeong, 2002). FhH FFA 7l ©GE2HE
o odte] WA EHAHF Hla AT s}
FAsd & & Aok geA Faetel] Jeht
T et H¥5E59 IR FI=E
H g 24 sittTEAZES] JuiAHd A
HAHAAE AYE & A3, 20 w gy
£ Addle g3 HdddE A% 5 e
VA% Utk o]t TAANA A47] Fde
T HAHF9 FLo w3t FETLH A9
daAel A7IHA st HAZL Ui
B AZZ FAF Jed 2 FoME EdA
Azbol 74 FHEEA FaEe ok 2 AT

e 32 2 ol it w of
1 o® R b b Qoo
SN
v
OlNr -
o Mo rf

b i

==

T

S AW =)

o ok || & {o

P

o

o BHL 47] BFo] BESRE AFA 99
Aol gzoz Av dPnrEAze

g, V2%, FH5 AAY Hm 2o 2
stol UPHASY HUA A71E A

& quATEA of A HATT HH5

FHL2 FH2 ALY FAAAY Fa
o BE}s E4L FBHE Aolth

O

R N )

Spge =AML

Alg SU9E A3t FUAsAdFdRA
U 39 e S SHde FEus
o 7RSS F3mrt SUkete Aol
olA 3759 A|8(SU23, SU37, SU36)E X3 %
o me} MAHeE AHsGrt 21y 3G
49l BUY BRFANE EFE5) SUBTH
FARE AR SU28S AFHSAT AMlEs 92
Zo] gAHA Y=g Zogd W Ui}
of RASIAT 7] AHTEAE & F
3=, 93¢ AR B HEZEA o
o] X-A 3™ E A (X-ray diffraction, XRD)S
2 FEYH B FAAY A AR
g3t 4 XRD #4& HAAg dg HAEF
29 & A4S Y3t Y4AEEVIE 2 ym
oj3l8] FEE E¥std AFAEE AL &
of 9AIg, 7IEAE, JdEd 2YE AP A8
o tehe] 22t XRD BHe AASAT A
9 XRD7)V)E HAW AR $Hd
Rigaku RINT2200 #Adlgow 40 kV/30 mAdj
Al LG Cu XerayE o] 83ttt #HE 9 &
Nl MAZAHLY FERRE A5 42
o] HEH AFE Ao 2 Jeong and Kim (1993)
o Aol e} AN FAZ 28 F dAnjet
B ARk AvteEe Fode) R ol
|3t dA #Est Gagk A FAHAE
u] 74 ¢) ZukAEkA 2 back-scattered electron, BSE)
A& ol g3t B HHEstA #EAsHen, B
FE 2 HEAEY AL ANUARAIXAE
% 7|(energy dispersive X-ray spectrometer, EDS)
2 EA3H o] &8 FALAAER] 72 Oxford
EDS7} %3¢ JEOL JSM 6300 Zu|gct. Az



AFA Fdd A7) dderHAFH E32 A2 g5ty TS

O

| ~
12627 30 \§§§§2z)

G\/oungjuo

Study area

East Sea

35 40—

o200 acom | 1338338 Terrace I

Fig. 1. Distribution of marine terrace deposits and location of samples (A: SU9, B: SU23, C: SU37, D:

SU36, E: SU28).
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Fig. 2. XRD patterns of the fresh inner parts (black lines) and their
weathering rinds (gray lines) of the weakly weathered hornfels pebbles
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Fig. 3. XRD patterns of the fresh inner parts (black lines) and their
weathering rinds (gray lines) of the weakly weathered hornfels pebbles
(SU23-4, 12, 17, 19, 35, 52) from the 3rd terrace. A: amphibole, B:
biotite, C: chlorite, Kf: K-feldspar, P: plagioclase, Q: quartz.
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Fig. 4. XRD patterns of the severely weathered hornfels pebbles
(SU37-2, 3, 5, 7, 8, 12) from the 3rd terrace with no fresh core. BV:
hydrobiotite, C; chlorite, CV: interstratified chlorite-vermiculite, H:
halloysite, I: illite, Kf: K-feldspar, P: plagioclase, Q: quartz.
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Fig. 5. XRD patterns of the severely weathered hornfels pebbles (SU36-
7, 8,9, 10, 11, 13) with no fresh core from the Suryum fault site in the
3rd terrace. BV: hydrobiotite, CV: interstratified chlorite-vermiculite, H:
halloysite, I: illite, Kf: K-feldspar, P: plagioclase, Q: quartz.
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Fig. 6. XRD patterns of the hydrobiotite after ethylene glycol sol-
vation and heating treatments for oriented clay fraction prepared
from the weathered hornfels pebble (SU36-13).
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Table 1. Chemical changes in the weathering of hornfels pebbles in the marine terrace deposits. B: inner
fresh part, W: outer weathering rind. Unit: major element wt%, trace element ppm

Samol 9-1-9 28-3 28-14 28-11 23-19 23-52 23-17
ampe B W B \ B W B W B W B \ B W
Si0, 70.731 72.98 | 69.42| 69.87| 69.59| 71.24| 62.67| 64.84| 77.62| 79.18| 72.75| 72.08| 70.8| 73.41
AlLO3 1231 10.73] 15.58| 13.88| 13.17| 11.17| 16.98| 12.47| 1091 9.67| 12.83| 11.64| 14.26| 11.35
Fe,03 492 544| 2.84| 357| 5.14| 6.01; S586| 896 2.71| 3.25| 3.81 56| 3.58| S5.16
MnO 0.055] 0.058| 0.063] 0.08| 0.102| 0.096| 0.092| 0.127 0.055| 0.049| 0.068| 0.08| 0.074| 0.074
MgO 146| 1.67| 093 095 22| 198 1.88| 2.88| 0.65| 0.65| 138 1.98| 0.89| 1.24
CaO 239 1.2 193] 046| 2.06| 0.19| 2.39| 0.08| 1.04/ 0.17| 1.77! 0.14| 2.23| 0.69
NaO 423| 348 569 454, 271 099 256| 0.23] 4.17| 324 321 1.6/ 3.87| 1.33
K,O 1.62) 159 1.84| 2.52| 234| 2.52| 451| 577 1.18| 1.19| 2.42| 295| 3.12| 3.44
TiO2 0.624 | 0.746] 0.691) 0.955| 0.589] 0.696| 0.773| 1.127| 0.453} 0.487| 0.548] 0.769| 0.62| 0.841
P,0s 0.18( 0.03| 0.13] 0.04| 0.15, 0.11| 0.13] 0.05| 0.11| 0.06| 0.12| 0.04! 0.12| 0.07
LOI 099 1.65| 1.02f 1.95| 2.15| 48| 1.68) 2.56| 1.25| 2.06f 09| 274 046| 2.34
Total 99.5 99.5100.14| 98.811100.18| 99.8| 99.52| 99.081100.16| 100| 99.82| 99.61(100.03 | 99.96
Ba 94, 116| 1151| 1529 481 687| 651 800 790 701| 195| 307} 306| 501
Sr 139 76| 349 161 210 90| 209 67| 142 71 163 36, 192 109
Zr 167| 195| 208| 297| 208| 250| 165| 261| 147 144| 221| 247 203| 283
*LP% 42 53 79 96 39 75 76

28-10 28-16 23-35 23-4 23-12 9-1-12 9-1-11
Sample
B W B \J B V' B W B W B 4 B W

SiO; 7299 78.45, 71.58) 783 70.9] 73.24) 67.1| 70.36| 67.84) 68.9| 68.81] 69.07| 70.41| 72.79
ALO; 128 859 12.67| 592 144 12.1|1299| 11.33| 13.9) 11.77| 15.68 13.18| 13.49| 114
Fe,0; 3.13 39| 336 697| 4.08| 5.33| 7.15] 632| 3.69| 592 3.17| 4.66] 4.04| 5.06
MnO 0.038| 0.034| 0.099| 0.073| 0.034| 0.047| 0.129 0.112} 0.069| 0.066| 0.055| 0.074| 0.059| 0.075
MgO 1.241 135 185 1.29] 1.16| 1.621 1.74] 1.72| 1.63| 1.78) 1.25{ 1.83| 1.79} 223
Ca0O 1.61) 017 4.15| 1.04| 1.76| 0.26| 3.53| 1.88| 3.69| 1.32| 245| 0.77| 2.36| 0.57
Na,O 3.57) 125 39| 05| 451 1.79| 234 145 3.75, 2.1 538 3.58| 43| 3.13
K>O 2.16| 2.57| 147 224| 1.62| 1.89| 342/ 3.66| 242| 2.83 1.84| 2.1} 0.67 1
TiO, 0.552] 0.762| 0.525] 0.964| 0.591| 0.818| 0.54| 0.592) 0.641| 0.784| 0.713| 0.955| 0.709| 0.75
P20s 0.1 0.05] 0.12| 0.14} 0.13| 0.04| 0.15| 0.06{ 0.14| 0.16] 0.17| 0.05| 0.16, 0.03
LOI 1.92) 295 05| 2.57| 089 3.07| 0.85| 2.13| 0.85| 3.55| 0.62] 3.29 1.7/ 3.14
Total 100.09{100.07|100.23{100.01 | 100.1| 100.2| 99.95| 99.61| 98.61| 99.2]100.14| 99.55| 99.69|100.18
Ba 368 446, 732 977 276| 362 277 373| 463| 618| 416| 517 77| 153
Sr 223 85| 284 61| 222 57| 172 9| 198 76| 302 135 196 98
Zr 254 379 193] 391| 176| 254| 170] 206| 194 271| 191 261| 296 333
*LP% 80 90 76 48 62 59 47

*Loss of plagioclase using TiO; as immobile component:
[{(CaO0+Na;0)/TiO2} s~ {(CaO+NaO)/TiO2} w] X 100/{(CaO+Na,O)/TiO:}5
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Fig. 7. XRD patterns of the interstratified chlorite-vermiculite after
ethylene glycol solvation and heating treatments for oriented clay
fraction prepared from the weathered hornfels pebble (SU36-9).

Table 2. Loss of cations in the weathering of hornfels derived from data in Table 1| after porosity
correction using TiO, as an immobile component. Value indicates % change relative to fresh part. (-)

indicates loss during the weathering

Sample{9-1-9| 28-3 |28-14|28-11|23-19123-52|23-17|28-10(9-1-12/9-1-11{23-35| 23-4 |23-12|28-16|Average| | ¢ |Max| Min
SiO, -14| 27| -13| -29% -5| -29| -24| -22| -25( -2| -25, 4| -17| -40| -20 1| -2| -40
ALO; | 27| -36| -28) -50| -18| -35| -41| -51| -37| -20} -39| -20| -31| -75| -36 15| -18] -75
Fe,05 -8l 9 -1 51 12 5 6/ -101 10| 18] -6 -19| 31| 13 3 131 31 -19
MnO -2 -8 200 -5 -17] -16] -26] -35 of 20 0O -21| -22; -60, -16 191 20| -60
MgO -4 26| -24 51 7 2 3] -21 9] 18 1 -10] -11] -62 -9 20) 18] -62
Ca0 -61| -83| -92{ -98\ -8| -94| -77| -92| -77\ -77| -89, -51| -71| -86| -81 13| -51| -98
Na,O 31 42 69y 94 -28) -64| 75| -75| -500 -31) -71| -43| -54| 93| -59 22| 28] 94
K;0 -181 -1 9 -12| -6| -13] -19| -14] -15| 41| -l6] -2| -4| -17 -7 15| 41] -19
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Fig. 8. BSE images of the weathered hornfels pebble (SU23-17). Thin section. a) Development of
weathering rinds from fresh hornfels. b) Fresh hornfels. ¢) Interfacial region of fresh and weathered
hornfels. d) Weathered hornfels. b, ¢, and d were magnified from a. B: biotite, C: chlorite, Im: ilmenite,

Kf: K-feldspar, NCP: Na-Ca plagioclase, Q: quartz.

Table 3. Thickness of weathering rind of the weathered hornfels pebble in the marine terrace deposits
(unit in mm)

2nd terrace 3rd terrace
YN2 SU9-1 SUI0 SUtt  Sul4 SU19-3 SU19-12 MT-4 | SU23 SU28 JSUZ
n 42 6 3 18 14 12 27 6 9 6 18
Mean 1.6 2.9 6.4 3.3 1.1 1.0 1.0 2.4 8.8 7.8 0.7
Median 1.3 2.3 - 3.2 1.1 1.0 0.8 2.1 8.0 6.7 0.5
Max 7.3 1.9 9.6 5.3 2.3 1.9 2.7 4.9 13.5 12.4 1.8
Min 0.6 0.6 4.1 1.8 0.5 0.6 0.3 1.5 5.9 4.9 0.3

YN2: Yangnam Middle School, SU9-1, SU10, SU11, SU19-3, SU19-12: archacological site, SU23: lower platform of
the 3rd terrace, SU28: the upper platform of the 3rd terrace, JSU2: pebbles within allophane-cemented layer in the

Suryum fault site. MT-4: Jeongja.
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Fig. 9. BSE images of the weathered homn

fels pebble (SU36). a, ¢) Weathered hornfels aﬁd halloysite

accumulations between pebbles. b) Aggregates of vermicular kaolin-hydrobiotites. Magnified image from
a. d) Vermicular kaolin (arrows) derived from biotite. Magnified image from c.
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