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QoF: o] ATAME FUE FHEA] o Weker 2HPY 719 EFS thiFoR HeJeal BHuHEH surface micro-
textures of quartz grains; SMQ)®] B8 %1161, A77]210] E¥5} 9 Feh2-8-8 SH3 A} slsich. HEA EF SMQe)
AR Al EAL v 1HIEZ ER}E= angular outline, large/medium/small conchoidal fractures, arcuate/straight steps, up-
turned plates 5 4% E2|4 UM T, £ A Holl A Gal/H M2 Sof 23t 3F5ha FHu|A| 22 o] FAl<
FES= Z 02 QoK 4= Q). o]o T3], breakage blocks®} microsteps 5 F2-§FE 02 FATE= AL Z dHA Y= &
23 w22 o] thar LASHA WEE = Aol AEAH SMQQ| 8 4 F shgta & 4= Qlth. o9 22 38 A= F3
E5 ANt TEFEY 23 2 23F EA 1 3 SMQ A& A& uHT e 2N A} Eld). EHEA W EGY
SMQ 242 53} BaHE 2214 B3} 24 B Eobe] E2-g 8ol 3] NEH 02 WE S 9l /)% £710] F2 7]
Qh Aoz AN ARH T FHEA Y £ SMQE 71T 0 3 £4 B2 2 el A0 HaGon,
T A& T 2|9 SMQ A& A| A5} o] & &85t T4 Aol 71T 4= IS AL 2 7dEnt

ZQO|: Mo, BHOEE, B8, 24, s

ABSTRACT: In this study, the surface microtextures of quartz grains (SMQ) in soil originating from the Chuncheon granite, Gangwon-do,
were reported, and then its characteristics have been interpreted into the processes of soil formation and weathering, The overall properties
of soil SMQ in Chuncheon area include some predominant physical microtextures such as angular outline, large/medium/small conchoidal
fractures, arcuate/straight steps, and upturned plates, as well as some chemical microtextures due to dissolution/sedimentation within the
diagenetic alteration environments, In addition, one of the main characteristics of the soil SMQ is that physical microtextures well known
to be formed through freeze-thaw processes, such as breakage blocks and microsteps. The soil SMQ in the Chuncheon Basin is interpreted
to be largely influenced by the surrounding climate and environmental conditions, Considering the textural properties of rock-forming minerals
in the soil that indicate the level of weathering, the activity of physical weathering was evaluated to be relatively more dominant than chemical
weathering. This dominant phenomenon of physical weathering is likely to be induced by soil freezing-thawing processes which can be occurred
repeatedly every year. The results of this study may contribute to the systematization and follow-up researches using SMQ data for various
environments in the Korean Peninsula.
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EF2ARE o|F= 7|2 EEoA S B DL A=
A&t & Ik HIES o2 BEAY BES sl
2] Q1 AH o] th(Sparks et al., 2022). o]of| w2} 3 <}=
=&, HHUlME B F37Ee] EY AEE
AlAkste] At =9l A FIHskAL Qlew, 11 ARl 4
2, A ARSI AR 29 1:5,000 A YA EGE
U &34 EGEAAE AR5 & 5t BEY
Are= d9% 549 5o 283t JEE QAU AbALE]
ALl 22 AR ]l o3t wsiE olstr] fsiA =
g3 QEHKSIS, 2010).

E¢S ot o B2 7= 7Y #E
ol 9o AjF o g 2HEA|TL, 7|5, A8 D AP F
et 2 20| A G = Ao g F dEA 8l
o} ol EY FAHEE SoME A9 tEAQ 24
E0|R} Aol A 7Y B3 FEEH AY BE EYe| BH
Z o 2 ZA3tH(Douglas and Platt, 1977; Wilson, 2020).
AL o FEol vl HH o2 Foto et B
Ay FAlol YAt 9o Eggkehs] o] XA
71557] fiiZel T3 2 BEY A A9 AXFE
(index mineral) 2A] AREE oJgthH(Power ef al., 1990). T
B £ ) AR A oF 2009 7 i miskeAl
ol A E BAH STHo 24 2ash] TeElo] g,
ot olEe] EURAE B4 71 UA] FHo| Fseht
B 71221 7] "l Eo]tBull and Morgan, 2006).

A2} FHU|A|ZZ)(SMQ; surface microtextures of
quartz grains) 412 Biederman (1962)3}, Krinsley and
Takahashi (1962)7} 23 A<kt o] 2 €| 25} Fofof| 4
ZZX o7 ggro] Ygri(Baker, 1976; Culver et al., 1983;
Darmody, 1985; Madhavaraju ef al., 2022). AR} 0|
ZJ(SEM; scanning electron microscope)©] g2 HH5 9]
F, SMQ £42 Hlwd 7hekgt Aaprt =9, ofe EF
A gjaE 3 =9 FAE AANE = IA =HYH
(Baker, 1976). £3], 718 A YA}ol it AR E 7|Hte
2 S, A A 9 B 5 A o) %
A5 F o) A7IA| o] GARE AT 4= ok A& o] &
A7H9re] A oletar & 4= qiok. shA|Rk o] 23t o Y A
Aeol= EstaL, S-2uet S04 9 AA 22l SMQ
Ae 2FRt ALY o] FoIX| X ZHch FE S0 T}
o A5 AAAR] BASS g2 SMQ 3j4o]
AFA o2 ALH v} 9l ©1}(Baek and Jo, 2023), ST
Y| et 2| e |4 Q) T4 AFE elAlE SMQ
of| thgt 71322 Q1 o] a7} A =|ofof gt whaba] o] A
ToA= TRtE W B 9 E3=2 SMQY A A A4 o]

fo THI

e o

el
oY
oc

S Sloh @AY EoF SOIAL SMQ EAL B ushu A
QAo 7|58 o} U B2 FAE S5t
3k ofol e 7|22 AT BAL TAF) 913 EF
A4 9 HAE 5 5 AR 2L ATY 5 Y= A
g Hgshgon], i et ABA YA 242 ol
L UE 23 A B o R 978 st

2. S|

T A7

Selteke T8 sl F Aol B SS9l
A2A B4 dizoll A-E W3} vl FR K Lee et
al,, 2005). 7)%0] Rzket A)Ae) HES ol g5te] 7| 5E
T3t Koppen-Geiger 71§ &5l o5, -2|u2h= Dwa
(BHA & ) S4J; hot summer continental) 7]%o]| <3
S0 e ohg T} B3 A A8 0] B R}, B4,
A5 Holl= FoM ot AEEET AP o= 7}
o] AFE &= AgFo] Boltk(Park ef al., 2008). AFA]
HQl ZAEEFAA = EHAIY] AT 30187H(1991~2020)
715 AwE FEMEY, FaL 7|29 B2 31.2T, F
A 7129 BEEE 9.9°CoIu, AW 7| L0 AU
2 212 11.4C, 1341.5 mmo|ti (1 la).

2L BEOR BT, AROE YD, FEOE
AR} M AT, AAL 2 S oF 10 kme] £7] 7|
Hg o1 UoHd 1b). B4 EA3e| BF LEE o
115 m2 3P7}eto] 7|Hkeke o] f= Wi, S8 4=
P31 E 323 me AR Z o]Fo|A QlthLee, D.S. et
al., 1974; Lee, G.R. et al., 2022). &2 EX] FH X Fo
= =98] g5 A el U o A Fo] et
T 3t (Park et al., 1974; 19 1c). 24 EX= T2 At
Ag ol 2e Hulelnt 4] g TS shete] ¥
3} A3 Aol = QIgh 2pHR 4] 9] ATH(Kim and Kee, 2016)
= 7o) AujH o]k, Lee ef al. (1974)2 23 £X]
o BARS} YERI} A2 TP, FRAFolehs
Y23 Ho] Holn) BEH o st 84 o2l
414 Ajolg melekn e sick

27 WRE PASR: seke Y F] Sew
sPdetoln, Exsiere s Hyd 59 TAYAeIthKim
et al., 2015). EHIFA-E F3of oFet EAJ = Qlsf 4
SHA| A= o] £A] Y= thEE A ER o]Fo|A Q]
I Ao A WA R oS HoFS WASE] o HTh(Lee
etal., 1974; Lee and Lee, 2011).

A& AQF A Zddista e Yol =3 2y
goz 28 84 Yol wolgks FEAoIul(Lee ef al,
1974; Kim and Kee, 2016), =4 o] $JZ]5t2L gJ o} o}
7HA| e R] o2 =R o] siEh E3F A= A AH
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o a0l ) e Alsh AzElol 9] elol 23}
19t ole] 7 shaol gt R WA 4 Sk ol
A mefsiol = AR A AA A FE ARSAHL
g 1d).

1975 n|=t HFE(USDA; United States Department of
Agriculture)of| A T3 EF E2A])A|9] Soil Taxanomy’+=
EoF A1y wrere] Aalel 74 2910] 9k 1 Fol et
A9 B2 o919l 12E(order) 2.2 Y=t|(Soil Survey
Staff, 1999), A& 23] XS] EF2 QQXE]E(inceptisol)
of shait $ENEH FUSAToA Wik mop
S0 t2 QS =] 2907 He] A
43S EORo 2, SuiLtet MR EOF 3 oF 69.2%E %
A3ho] 73 S HBHA) HErshe EoRRo] st

A& Y7 X7 2] B Soil Taxanomyof| A F33t ¢l
A E]Z9] 67l ol=(suborder)Zo)| A= Udepts (udic; B
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o2 Zrol= A& Z(residual soil)of sF3tct waka] &4
22 ) WAsh FEAZ} e 2HsRre AR
o]Fo A U= H(Lee and Lee, 2011)3} o] 23 £/ 9
EoRg 22 BAOIA 7F WA BEIIT Qe AzHEL
2 B53 4 Itk WolA] ol A7) AR A AHe
A EX YH Eko 2 A I EAS Bty & 4= it}
A= AF AHe) B g Amu Hakno] i
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Fig. 1. Geological and climatic settings of the study area and sampling locations in the Chuncheon Basin. (a) Daily mean temperature
and monthly mean precipitation from 1991 to 2020. Note that minimum and maximum values of daily mean temperatures are
superimposed by dashed lines. (b) A satellite image of the Chuncheon Basin. (c) The geological map of the Chuncheon Basin.
(d) A close-up image of the location in (b) and 3 soil sampling locations.
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A== 0iZ(LZ; USDA, 1999)0] ZA|5}3(18 2b), 4]
& gt o] Fajo] AP HA o] o} FA Yt Oed

F3I f715 222 FAS vz Oad(HE)o] A=

HEETHE 20).
3. ¢i1dHH

3.1, AI=THH 2 2 HIE

OFQIZAL A] SRt A Z|ThEE 21914 meto] gl A=
AAstal, BEoF THS E2lst7] 913l Oigel sidsh= &
Z °F 3 cm F|9] Y45 AASHATHIH 2b). Al= A
Z 2]A A, B, Co X|F2X €] Z+z2F-11 cm, -13 cm, -22 cm
oA Egs sk, AT A AEe A=A

70 & EZAE o 43te] | mm (00) |4 2 mm (-10) ]

el S 2719 2 YA B 4 g

0‘

F

AAA gk & Y22 F& YA E Y3l A5 AA7E A
£311] gkom, o ZA|E o]83}e] 115}A] ) (impregnation)
2 Agstsact A 3 8007k 1200 AutA| 2yt Bl 3

o] 7alR1 ) A Autahed on], Mg A ] o) T G
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Fig. 2. Soil classifications and images of the study area. (a) Soil
classifications of the study area based on Soil Taxonomy from
USDA (United States Department of Agriculture). (b) Oi layer
observed in the ground surface of a sampling location. (c) A
soil profile of a sampling location showing Oe and Oa layers.

3.2, X-M 3|HEs

e J3An) g AolA FEAA 40l FE AE
7] o]5te] YAES I A4S 5] s X-A 2F
EX(XRD; X-ray diffraction) A A8t} 10% FAHS
ol-gste] EF AR W BAHE E8S AASRH, 94
H2]-8 EH(conical tube)ol] A Bol SFTR 33 o]AF
W A BT, TSI ol §aH g e
78S AATIE e, Al A= & B (ball mill; Spex
SamplePrep, 8000D) o]-&-5}0] E4f3t F, ¥F &F 0]
% 7Ju]E] uF&E(cavity mount)o]] B A B E 229 uf
Qahsict. 26-3-90°2) 270 8ol s 278 2 0.01°,
Hop A7 5 1009 A0 8 B4S S3stgrh. XRD
= Zddisa W A QAT 8% oln) S3HAlE A
H.G39] XRD (RigakuAl2] Miniflex 600)& ARE-5H4 T

3.3. SEM-EDS 24

SMQE T}e}5t7] $18) 2AHaA-E](SEM:; scanning
electron microscope)E-4]-& AX|5toH, A| & A2 W
218 Vos et al. (2014)T} Baek and Jo (2023)2] A& wh
gk AN ARNA 15% FARS ARg3lo] ghaty 3
== AASIA ™, SFTE 33 o) Ak AR S &
2 HRAlo 2 50 g/L tetrasodium pyrophosphateS ©]-835}
o §71E ARSI, B AT FAsA SR
T2 33] o] A|FS BHESE F, AlAE A g AAAR
Ao A Al Aeklsisict. 1 % 3070 ofke] 4
URE 729 et F 72 o] Zof| F2FA]AH COXEM
ALe] o] 23 ¥ 7](ion coater; SPT20)E ©]-83}] 300%, 5
mA 274 Au 28 AAIEITE ol AtolA &
3t SEME COXEMALS] CX-200TM Edo]o, AR 24
A BREAD} A2 2700 v} AR 18] 2718 7-10 nm
Z z4@3sPdA 100-10,000 v 4] SE (secondary elec-
tron) o|m|X] Hlo|E & EEIH EY Almd= H 3
koo 1A AT mE PFsilon], 1 ATE A4S
@oigich. SR, HER YAt A44E AFe
E 5212 0| SRPYE-S SHelst] 913 EDS (energy dis-
persive X-ray spectroscopy; EDAX E1091) E4-2 AlA]
shth A2 AA A & 2930714 F 907e] AdE
sl en, SEM 4% 98 2289 F AT 9F 36
AIZE ool

HTl
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1]
0x
okl
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18
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© 2 JAEN, o]= 7|& 1:50,000 =4 ==3} 1:50,000 o] 3]E&-E(clay coating or silt cap)o] H&T= xJo]Fo]
B =X oA dshs 2HIPAS 2AFEL FYsE AT 30). AP 72 E Holi, B4 1
ThLee et al., 1974; Park et al., 1974). 3|9t EFo 72X O] E(Perthite) 2 AFEEE FAFS Hol=d|, 318k ¥
B 28 A9, A4 JAHY HFEE we g 249 Z-g o} N Y Jof| ZF5t AL RSt XgH Hex &

Fig. 3. Photomicrographs of sand-sized mineral grains in soil of the Chuncheon Basin. Note that left hand images were produced
on cross polarized light and right images are for open polarized light. (a) Biotite, muoscovite and albite. (b) Sericite, biotite and
muscovite. (¢) Quartz and biotite. Arrows indicate mechanical microcracks within a quartz grain. (d) Perthite and quartz.
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AGTHLY 3b). 4G YA o] B w7 el &
Astel, o2 wet Yt AR EAR Uk 2} AFY
FEYPL ES e T27h BRAKIY 3¢, 3). T2

L Q% ) 2R wret W s} Selgn], Huso
2 R WAE BES Holy|E St 3a, 3b). B
o ool g WA EAo] ujulsa ulAgAL 9 =
2 BAAKIHY 30).

3 9 XRD RO BIEL APY F2S 49,
AR, A, AR, Bem, Wew, skl
wUMoR, 7|E AT B8 EHskAG] Fat ol
= 2 2437} A 0] SABIH Yu ef al., 1994). XRD £-4
o2 lEt FEI} SR 54 7Hsd BB A
o] AX|BHAIGE, XRD ALEA o] Zupo gt 13 5= 91
L AleHUolEL F2 AR § RARY 5enel §

SPIER HAAthad 4).

4.2. E% SMQ 24 Z1

o] Aol A 22| AE A AHIA 242 3078
o e YAE Aol & 907He] Ao o) SMQE
wajstgon, £4 A mlgEg o] wy MEs Paelz
HER30709] YAHE 7|20 APgstech 9% B
L REE L ECE R ERCE R0

HA 34 EA(outline)o] 739, CAIH dAF F e

B
oL

ALz, Al X2 8878 AF YA =& angular out-
line Uetfio] A9 ®E YA} oo sfidgich v
T 719 sub-angular outline©. 2 FEH QX = T AT 9]
uti Jw=7h Ao angulard]] 77k £ HQltKe.g.,
Vos et al., 2014; 13 5a-5d). 21 Sc+= angular outline
29 QA 2 714 sub-angular outlineo] 717k &S o
H3tH, 19 5d= F 7] 9] sub-angular outline A} 5 an-
gular outline®]] 7}7k2- YAE Hrehd Aol

A AARPllA 71t EsHA| EAE= vAERA] <l con-
choidal fractures= ujjZ} moko] s}y o2 A QR &
Hol| et FZ ol hgo] 7his o FEE= A=
A2 A QItiKrinsley and Donahue, 1968; Doornkamp,
1974; Cardona et al., 1997; Mahaney, 2002). &8tz o=
37]o) w2} large (>100 um; 13 Se), medium (>100 w
m; 713 5f), small (<10 um) conchoidal fractures2 F-&
Ht}l A9 large conchoidal fractures®] WA W1=7}
73%, CA A 9] large ¥ small conchoidal fractures ¥1%=7}
Z}Z} 50%2}F 70% = et da Al9stH, A, B, C A
A oA =E 37]9] conchoidal fractures7} 75% ©]AF
© 2 ufje LA AeZ el 7132 2, conchoidal
fractures 5 YA+2] 7HF WA Aol &3] B == AGEY
) M| Z2]Q] arcuate/straight steps7} A A|Y Y] ZE X
ZollAl 80-100%2] RIT=2 53] AlsHA sl Stk
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Fig. 4. XRD patterns of bulk soil samples from Location A, B and C.



L MEATIO] EHOIMZEZ E4ut ol0| 29

[0}
o

A
ra
HI
b
HTI

2 5g, 5h). o] 2Jo] %= upturned platesE 75% ©JAH] =& Solution pits= A, B, C XAl A 22} 87%, 73%, 90%
v =2 el 2 GA] o AIEH S BRITHH 6). o] njA=3]

ﬂ : Angular outline . Angular outline Angular outline

Flat —€
cleavages
surfaces

Chemical

conchoidal 3
micro-textures

x130 100[um] 100{um] fraCtures X x136 100[um]

Sub-angular outline

- Medium"
. conchoida
’fractuges

Large
conchoidal
fractures

—
x100  100[um) %

5~
Solution pits

\

\
Medium s Straight steps

conchoidal
fractures

Polygonal cracks' |,
7 <

i
/ |

Adhering
'/ particles

Silica globules ¥

—
10{um].

—
10[um]

Fig. 5. Various types of soil SMQ in the Chuncheon Basin. (a-d) outline characteristics. (e-h) conchoidal fractures and arcu-
ate/straight steps. (i) Solution pits. (j) Upturned plates. (k) Oriented etch pits. (1) Polygonal cracks. (m) adhering particles composed
of silica materials (the inserted EDS result). (n) Scaling. (o) Silica globules.
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Fig. 6. Abundance diagrams of SMQ results from Location A, B and C. The lowermost diagram shows average occurrences of

SMQ from all locations.



A

<= YA BHONA AF WA Ty moFe) A2 Ao,
FH0]| Bk 7} Hol= A o] S ot Doornkamp, 1974).
SHEA B W A G AR oA B W=7} - A
P HO R FRERE ke, &35 S48 AAISH
= choet YA So] thr BT EL o2
+, oriented etch pits (3 5k), polygonal cracks (13
51), adhering particles (13 5m), scaling (¥ 5n) 5]
Qlth(Biederman, 1962; Mahaney 2002; Vos et al., 2014).
E3], AFA oA BEES Q= scailing YA 7
of sjEwlo] ALY BHE 248 2 HoiFE 5
A|Fofx] Hare AFPAQ EQS 2 HESHL Ith(Krinsley
and Doornkamp, 1973; Vos et al., 2014). adhering par-
ticles+= EDS £4-& Z3)| Si (67.74%), O (28.96%)Z ©]
FolZ AAYS Sttt ol A FAE A=Y T
F A= silica globulesT TaE)=g], YukzoZL= 0.05-
0.25 um =71 ¥k AFA Go A= ol Ht iz o=
A FEE] Fa AL s FEHE HoF ot
(Madhavarafu et al., 2009; Vos et al., 2014; 713 50).
T, SHEA =G U SMQ2| A2 ¢l E42 v

S =R Yehts 47 223 AR 3 £4
2 HollA Gall/AAZE Soll 2Tt slehE] w|A|=2]o]
SAlf B == A= goFHT:

I ok

5.E9

5.1. EY JHAEI| Skt Zat &

A0 oehe] Fot o) TS FE I 8 T
oFE(lithology)2 7F4 93t 291 £ 3ot Garrels
and Mackenzie, 1971; Bluth and Kump, 1994). 71 S:0]| A
T mobo] YUY A Ik I s BE T
of| w2t 24 24 Yeht=d|(Sverdrup and Warfvinge,
1995), Yut2el B sfetzy 283 Uttt =9
27 stoll A S 2UBE T A== A >
S5 > KA > S&E > NaHd] > Ca4] ¢olth
(Goldich, 1938). A7A| Hof| A= APA 2 S-2=of| A 3t
st F3to] ofgt WA sA o] F5o] WAREJAIT, AP
Al 9] Faha] EA o] H|lwA & FA|E o gla, REA A
53} Qo= HoE 3ehd HE 4o WA =
t}. oof vhaf oA} m AP (KAA)-2 25t il &
o] A TAE A Tt o]9F 2 T A= A3
2 T3 B A3ty £ gt 7|& A+ Aot
W2 #eolA Bttt & 4 ok(Kim et al., 2015).
7|1& Aol Ae 2RI B T4 RS BA5)
& A(Al,03)-CNK(CaO+NayO+K,0)-FM(Fe,05+MgO) AF
210 EABFRAL, £ 71 B¢ FehA F3t

MEX EZ W AT BHOIMEL ES 10 alf] 31

HEE 24T yESe] §30] 978 Lofrhx] gk
Rp2) shaka Fsrl vl ek olaka Bt
s} gl

SR E B EAct: TEEEY ZREEAN ¢
2935 A" tiKretzschmar ef al., 1997). SR = &+
St Ao wet 5y A, AHE|E, dRtolE, Hu|FEo]
E, 7B UolE, JEA F o7 HAdS UehiA He
o), @A EF W S22 syl HEEE 4F
sUsE 1 FAAES 1T 5 Aok Lot A7
g EQFBRY XRD £HO 2 FAHL 7Hee ol
UF7} udepts =G vl 73t A 270l o) S22
Z27E BE NS 7FeE HiAIE 4= lei(Wilson, 1966;
Kim and Jang, 20006).

AT 0] AR ol thio] Al 2ol
wEENOH(IH 3d), olHT A #E EHL W
EES PR ERE S P EEEED SR
Aol ZHeliA E8] A FaaEgol 71Q1F Aoz sjMHTt
(Asumadu ef al., 1988). QR T} o] 3|4 Y& u|A| F
A Aolol 4 2 ok F3k 27 Fe U e
E 35E SIAEC] YA e EAS Sl A
Q18 2 SRR 30). 2UEA =oFo] M 3 Al
oA &3] S 4= Q= vAl FE 9 BAdEI e == Rt
52 B 540l A3 AU (cyrostatic pressure)} ©]
%ol g2 Qg Avta 4 Fth(Brewer, 1968).

Darmody (1985)= A g YA+ #HZA & 3 F3r
Y = (weathering classfication of quartz grains)E A2t}
gon, 1t B84 E3HE-S X A)Sk= ZZ(conchoidal

fracture; sharp edges and angular grains; clean and smooth

o N

P

fracture or cleavage faces; high relief; arc-shaped steps)
1} skshd E315 X[ A|8}= ZZ(oriented or random etch
pits; hairline crack; subdued edges and rounded grain;
precipitation or solution of silica; scaling or surface rough-
nessy= 27} S/ Q% F, 2+ YApof| gt weathering/
freshness B &S AXFFO 2] L=t ZE 7). A+A
Ao Al A1 AA 22 AR 1071E Ad7gste] & 3071 A
FAAE ATA G AA Q] BEOZ A3 F Hga Rk
= o, 243 EF ARSS Bt o= St T3l (somewhat
weathered) S - 202 Ueth SHAITE Al Z1HE A
2 H| s AL BRI FARE 292 Hof A2 A
g F3 A=E YA, CARS 94 S
A A8z 22 0] A%t BA| | Hlsf o @o] AFEE= RS
2, H1A 22 594 33 52 Eh o2’ AA
' Zpoli= A AE A Aol 52 7|EF EY Fohl 9F=
A 4= Qe A, ES 5, vIAIRE GAsH 2polof A
710 E = o, F ° AAIRE AU s Al
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ok e Fsaeo] ot sl e e, d7A
o] BOFe F7H olale] SiEHa F3 428 Urhlis
Ao wetdny. B4, sj5kd Fshuoks 547 7198
Aol vl 2214 Foj2hgo] tha SAF Ao 2
AEIT} Lee ef al. (2022) B9t WA BA 23, ¢
2, 9%, B A oz AR 7|2 F4 QUL )
w3t Az}, 2HST0] The 2ol s £5} Aol
whe o] ghefo] &) wlEo] 2|3 Abt 2-go| Taral
A WAYSH ATk 3 vt 9k o] AR 4lE shakd F3) 4
Fo] tha Wrka sjrjekE, ol 2HEA 9] BA) 715
7 27 slolA] AR 715 ek 23k ARE el
o] ohd A&t B B2 A4 o)A A3t 2| A4
71ARE A E EASER 271 A7 Bad A
o 2 AlgHh

e 30H =Y AR L SMQ EAo]

5.2. EMET| EY SMQlil 7I15E SZ-SiXE

ol Ao ARAH AH2 7573 A9 AR
HPohs A7 =42, Bl mEt 7Rk e =R Y 4
D PR £ 0% Afa it Ul =24 =84 of5e] A
9 gl A BF ol &3t whEkA 4G YA =

TH Aoz A, ot

A-gofa-&at Zo] 24k A (transportation agents)7}
3 o:] ]_;(] [SIASNY 7:] ZASR T} Z-]‘é‘l— 2~ 3}\]’4 O]E—]?S]- Z_]—_Q.
Z oA = IHEE HE 9l+=d|(Woronko and Hoch,
2011), A YA A #E Alo] 2 Eo] JES F 542
Ho #8e SAATIHEA S84 vlA|RZA]o] BAEHT
(Lautridou and Ozouf, 1982).

ARz &4 AY EF ARZFE TR SMQoAE=
159 5A-3NREOR FARE Ao Jeid e 2
24 wjjzzo] M5} Bk Woronko and Jamrozy
(2016)+= breakage blocks, small conchoidal fractures, sur-
face under scaling, microsteps& & 2-8312-8-2] 71 &
ARl 22 o2 BISIFYTHAY ). ©]& F microsteps

£ E2-FEREE 20D 4 9 nH2A 3 SR,
microsteps ol A 52-g82H-g-o] 'WAste] 30 um o]
9] conchoidal fracturesE FAAAIZ 4= JTH1H 8a, 8b).
Breakage blocks= YA YA} Alo] HZHA 73t U
o] Z-g3to] Frol oS wh A A FHHof A v]A|
uhgo] #E= 235 ulgit). o17]of H3f. solution
crevasses (13 8c), dissolution textures (I3 8e), silica
precipitation (18 8f)7} £ w|N|z2]| 9] 2 &5 u=}
So| Y=o 52 L 23] olo] YEAS) YREL

Feature

Point value = 0 0 0

Conchoidal fractures

Sharp edges and angular grains

Clean and smooth fracture or cleavage faces
High relief

Arc-shaped steps

Oriented or random etch pits

Hairline cracks

Subdued edges and rounded grain
Precipitation or solution of silica

Scaling or surface roughness

A1 A2 A3 A4 A5 A6 A7 A8 A9 A10

-1 1 -1 -1 -1

-2 0 2 0

B1 B2 B3 B4 B5 B6 B7 B8 B9 B10

Class Score 2 92 9
11 A 1 1
1. Highly weathered 4 5 0 0
2. Weathered -2,-3
3. Somewhat weathered 1,0, -1
4. Slightly weathered 3,2
5. Essentially unweathered 5, 4

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10

Fig. 7. The estimation of the level of chemical weathering from SMQ. Each quartz grain (A1-10; B1-10; C1-10) has been scored
by the point values assigned to characterized microtextures for chemical weathering.
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Hal5}7 )= dh= Ao = & A] It Woronko and Jamrozy,
2016).

Surface under scaling2 5Z2--§3}2] Hk=o] 93] FA
H7|%E sk 220 &, o] A4 EA% EF AR
M E5] T 4= ITh(1™ 8d). o]ek= "M==, conchoidal
fractures?} angular outline GA] =4 YA =80 um 2
9 mA| F7to| A 9] FAK71AEo 8l BAEE = U=
w2250t (Krinsley and Donahue, 1968; Margolis, 1968;
Doornkamp, 1974; Eswaran and Stoops, 1979; Konishchev
and Rogov, 1993; Woronko and Hoch, 2011; Woronko,
2016; Woronko and Jamrozy, 2016). Géska and Woronko
(2022)= AFA WollA A<D ARt BEEA Q] 52-53)
£ 7}8}9] medium conchoidal fractures-small conchoidal
fractures-breakage blocks®] 4x}#¢l 43S st v}
it} 3}A]HE conchoidal fractures@} angular outline2 A
o e HA U B oA FEAo2 AHE o Q=
T 7|99 nRZ o 24, 7]kt 2R A 9Qx17}
2 FAlo FAEUSS viAISH] of 7l A= A
o]ti(Eswaran and Stoops, 1979).

v RtA ] Hofrt gldlE Aes doEE o
TR F o] AR A A4S 7HQFS)al, breakage blocks
9} microsteps 5 SMQ gt oJshH WHEA] F2-g8l2
#E E94 28 s FYEHUE 7ol = A
AZ, Yang (2011)2 92} 7|52 oA 24A17F o]
ol 10T o)/ 7]20] s17dste] Fstoll o]=2= A=H Tt

Microsteps/

e

MEX EZ W AT BHOIMEL ES 10 alf] 33

7 oF 29 FE (4ol E EOF BHORVE B 15
em o4 529 4 gicka SH.O, 1981-20104 F2k]
714 HolEE o] g3te] BrlsHA 2HAAY A4
7H1078] Urehdeha g v ik Eak 22409 309
(1991-20204) HA 712 B gh2 2wl 1195 397
A 1329 B9 0T ol5te] 7128 B, 1 F 1160
F10C oJ42] 7|2 shgo] WS la). webA]
AFAG 715 27 A FA-§HEEN 212 SMQ B
Ao o Rele B2 RS Qleka & 4 e

5.3. EZ sMQ Z1t9| 2|0

EF U 2 2719 4G dA= ohE F=ol visf =2
sfshal o= QP Holx|uh, B el wt §3i=A
U =Tdo s M| StEE EF B4 A7 AA
FE2A S| o] 85 o] $ithe.g., Barshad, 1965). o]
Aol A BT & 7Y B A YA o
T SMQ E42 Kol qltk. E42HE 8o, w2
HE(75%)2 Ah2d vAl=22 E214 280 23 3
e Aoz dHA e B E0] Bt AR, ol
<2 angular outline, large/medium/small conchoidal fractures,
arcuate/straight steps, upturned plateso|c}. 3F&H4 2420
o3t mq 23] F w2 4HE W= sgste 22 solution
pits7F st 24 283 A" SMQ7} - Al
s Uehdthe AMd2 A EG W Sk FE=dA
o] F3 A==RE o s AT 22F 9 A

{1 Silica
. Precipitation

Fig. 8. The characterized SMQs in soil of the Chuncheon Basin. (a) and (b) microsteps. (c) breakage blocks. (d) surface under
scaling. (e) etched and dissolved microtextures. (f) silica precipitation.
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Fig. 9. Environmental interpretation of SMQ. The figure was modified from Vos et al. (2014).
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