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Table 1. Relative probability for a dipole 3/2, 1/2 transition.
(1) The Clebsch-Gordan coefficient.
(2) C* and ©(J,m) are the angular-independent and

angular-dependent terms normalized to a total radiation
probability of Y, f0(J,m)=1.

my,my

(3) Relative intensities observed at 90°and 0°to the principle axis.

Magnetic spectra
(M1) C c* eLm)  19=90°9=0°
m
(D (2 (2) @ | 3
meo —ma
+3/2 +1/2 +1 1 1/4 3/4 (1+cos’0) 3/4 3/2

+1/2 +1/2 0 @/3” 1/6 3/2sin®0 3/2 0
-1/2 +1/2 -1 /3" 1/12 3/4 (Q+cos’9) 3/4 3/2
-3/2 +1/2 -2 0 0 - - -
+3/2 -1/2 +2 0 0 - - -
+1/2 -1/2 +1 (1/3"1/12 3/4 Q+cos’d) 3/4 3/2

-1/2 -1/2 0 /3 1/6 3/2@n8 3/2 0Q

-3/2 -1/2 -1 1 1/4 3/4 (1+cos’6) 3/4 3/2
Quadrup(;le Spe;tra(Ml) 2 oL m) 0—=90°9=
when n=
Transitions 2) @) ) )
+1/2 | £1/2 1/2|1/2 +3/4sin®0 |5/ 4|1/ 2
+3/2 | +1/2 1/2 | 3/40+cos®0) |3/4/3/2

Zy dolo] A A= 454 2493 FASHA Clebsch-Gordan Al <=2}

=
2] = vector coupling coefficientel]l ¢]&to] A A= w Table 1S o] &3t F3bd
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Fig. 3. Magnetic hyperfine splitting for a nucleus with spin I =3/2 and
I =1/2 state.

(a) The nuclear energy levels by magnetic hyperfine splitting.

(b) Méssbauer spectrum of magnetic hyperfine splitting.
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A o] Aol EAsh= AV AS L o] 2ol A Tkl & Aol oty
3 F9E v AxE] 9¢ Aolth =, microscopic electronic currentol] o] g
Aoz o] ZnA #7174 (magnetic hyperfine field) B, ;<

By; = B.+ B,
S} ol Al 7pA HEROE FAHL

A Fe dn B34 e sAAE Aol Y FEAEOE FermifE 3

+ By, (39)

Y

5 A8 (contact interaction)2 LFEFU

167

Bo=—3—ny < D10 - 7, 0)P) (40)
olth. A 1w O ~[L v, 0fe 474 23] 4%, FFD do} s W=
olth. F WA & HAAe] A=AFel s BAHHE A7) Fo|n

B, =—2uyL < 2> (41)
ol ®t}, 7|4 2 AE WAL & A% AV|EHE T A WA T A

Zpe] A7 o2 13k olF= H(dipole field) S =M

Bd/p QN’N < 3T(S5. T) _i’%> (42)
T /i
b Ak o714 S dA MEelx, e Axe] $F] WEelth % £33
2 ~@-% Aol gl LA o F& 0ot}

Al 849 7l Mossbauer 92k Azt fxol] &y lout drkHo
% Fermifl & o289 7|7t 7h Av. AAle] &4 3ol w3 2
ol yetuE A9 A9 g7l wiel St sk
Alm el A A olyA dHEe A7) AbesA ' A7 oje s AsAE
o Al dojut M= HEe] BAE olFA du.

ole]st dwtAl A9, Al A Hamiltonian 7, &

EI

7 olFEA 4EAE

o,

HnL:HQ+HM (43)
ez Foqth AN g g A7 A7) AFEA, A7 cEFAel g

Hamiltonian©] t}.
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Table 2. The position of Mossbauer resonant absorption corresponding
to six r-ray transitions resulting of Fe 14.4keV level | 3/2 My> to

ground level | 1/2 Ma>, where & is the isomer shift.

Number| Transition (My—M.) | Position of resonance absorption line
1 -3/ & 4% /R o+EBEy +1/2(3g, +gy)unH
2 -8/ 2—>-1/2 60— Eq +1/2(g, —gy)imH
. 1/2—>-1/2 56— Eq —1/2(g, +go) unH
4 -1/ 2> AV 2 6—Eq +1/2(g, +g)unH
5 1/28 AW 2 §—Eq —1/2(g, —g,)unH
6 3/2—> 1/2 6+ By —1/2(3g, —gy)unH

n=0, 1/2¢°qQ << gupgH °1™ (42)2 ] YA aAfF %2 A7) AAT=2e] FF
= A7 A=A GFe Al 1A AeaHE B o 7] Wi 1 oly|A ARgt

\ml\% GQQVZZ 300829_ 1

E=—gyuyH, +(=1) ( 5

my 4

b, o] m gE v.oRE HEF Atele] ZHe verth olH @ Aol A
o]l }AE HelES wEahz WS tolA shseA

Mosshauer 2~HEH Aol A A & idAt jHA F54 Abol o] kAol s

A=Ay = éGZQQ(:;COSG -1) (45)
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7F "ok wkeE (4 Ao A 1/ 26%Q = 0°] At} B E f=cos '(1//3) o™
Ap— A =00 Atk 283 o] e F EE 59 @S UHE F e ), 49
S 7 A= 13/2,+3/2> =[1/2,+1/2>, 13/2,-3/2>=1/2,—1/2>2] #H o]
AUAZE dEol s wWET o ZA YEhY 0< cos  '(1/V3)Q] BAIE e

Ao, 29

=
o

7t AS= 13/2,+3/2>=l1/2,41/2>, 13/2,—-3/2>=
11/2,—1/2>¢] HAeolelyx7} Aol gls wrv o A yeur] ol
0<cos '(1/V3) BAE 7HAE Ao sF= Mossbauer 2~HEZ Ao
e Al E o
g, 2 Al A7) e 1/20%9Q9 #e RET dE ALERYH te AS
o] &3ste] & + U
Ag = Blg |+ g.)unB (46)
A7l 45=2 Edo] 2w Al A7)l ds) Alx dedow 5= u Fig.
AAF 4552 249 FFE ol oy F=971 olFstA @
37k A 2 6702 dolnte]l 7hssle] Fig. 4 (b)ollA B wiel o] 95
o] ARt 4T =4 RHlE o3 Fozg dUA g HE olEE olA e
fea=

ol¢} zro] ZmAl A7F BELIS dod)E= Ho ZeemanE = Mo ulR A

ol ok, 3o Wi AL ved 2o
167 2 2 1
B=——" py < 211w, 0) 1°— 1 L@, (0) > >=28< =><L> (47)
T
3r(S-r) S
TUNS< T T 3~
T T
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7. Mossbauer 2 E & 2| computer fitting

of A7sl e Wl F¢E LU

7]  N(oco)& baseline®] Eololm, Al v, Il

= 4z i¥A peak® =

=], AZolt}. o)A (48)2 o2 X AHE 242 baseline, 4=, ¢1%, A

S
o
ftlo
=2

AMAFE a1 global AR pE AGaA Adslel BE 4g A4z dt Ao

A5H e olgste] 24 2AERY i,

g

Yo W, [y(k)— N(k,p)]? (49)

o714 y(k)= kHA channeloll A4 %+ datagol3l, N(k,p)= k¥H A channel
d&HE S5 vk)oA dR)A e ek grolty = w,& y(k)wkel wWsh=k
942 weighting A2k ko),

=

ole]3t A& A Mosshbauer ~HEH o] FH A

o FaaA s gEe ANk

rlo
o

e 452 ol gatel 717

11

vy =0+ AE,+1/2(3g, + g, )unH (50)
v =06—AEy+1/2(g. +g,)uxH
vg =0—AEy+1/2(g,— g, )unH

vo=0—AEy—1/2(g,— g, )unH
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F g 0 (61)

F ;= fau XfaXuw; (62)
oty 47N = P& i9 A L& (mass fraction)olil, p,, = P4 o] FA
%4 79 (mass photoelectric absorption coefficient)®]th. (62)419] f,.& 54
Axe] AA7F 4718 FEolal, fyu2 5A Hine)o] o17]€ A=A A= AL
(series)roll Al WEd &8, 183 w,e fHE X-H9 FFF&o|th & 59
kAol HEd G52

Fig = fieX fa Xwg (63)
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Fig. 7. The site of the scoria samples taken from Jeju.



Table 3. The names and groups of scoria samples taken from Jeju.
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mesh AEe] B2 wEol XA N4, X4 FREHE AR ALEY
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e 244 T4 FES dotR] fste] AFE el de o LEt
Tl AGE = FHF T Almo] e X-4 3)d E2HAERS A on o] A
= Fig. 9 ~ 129 A A&}
207F 5° ~ 90° WA= quartz(SiOp)oll &g A dE0] FF5 ol FALL,
magnetite(Fe;O,) Y} hematite(a-Fe,O3)9F 22 Atstd FZo 93k %3 34
< #FE77F oH T dubd o R AbsE FES 207 ~ 42° Abo] 9 A E o
FE oFEE A WHAE 5 ~ 50°Y HHAE s, S48 X-H IEHAE
JCPDS(Joint Commitee on Power Diffractions) card®} H] 13} Hanawalt'y &
2 74 F=5 Idssin [52].

Fig. 9 ~ Fig. 1214 H & nvie} o] Al djFiteA 21.05°, 26.86°° LE}

& 3L, 36.46°

o

3 Ze IJH 93ZEL quartz(Si0;, Q)ol o AY
35.67°, 25.64°¢] A EL olivine(FHE4], OMg, Fe):SiOg)oll g Aol™ 13.71°,
29.86°, 35.49°, 35.67° H-¢ ¥ AEL pyroxene(3]A, P(CaMg,Fe):(SiOy2)ol 2
gk Zloa, 32.48°, 33.42° §-<+¢] ¥ AE L ilmenite(H] &84, I(FeTiOz)ell o g
ALE & & ARG T3 2424° 3315° 3561°, 4948° FLo FJIAELS
hematite(2 24, H)ell 93k Zo]m, 3542° ¥-o] ¥ 3 magnetite(A+2 2], M)
of ojg FAETE olyg A AINE uEg oz dto] 7t gEa H jhgE
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Fig. 9. X-ray diffraction patterns of scoria samples taken from east—northern
mid mountain area(Aa) of Jeju. quartz(Q), hematite(H), magnetite(M),

olivine(O), pyroxene(P), ilmenite(I) and anorite(An).

o] oA HE Hle o] RE Ao A 3542° H9 magnetite ¥ I E

selsglem ilmenite ¥ Ak HAHAAAM YEHIL Sdes 4 AT

hematite}! 72 -5-= ¥ A7} thad o]&3le] 24.37°, 33.56°, 35.88° F-<tollA] e

al

UTE 35.33° 25.71°%-++¢] I AEL olivine(EE4], O)o] &gk Aojm 13.17°

20.76° F-9] 352 pyroxene($]4], P)oll ofgk Zlo]i 20.85°, 34.81° F°

94

252 ilmenite(BlEHE A, Dol 9§ ASdS & o vk A, F5F AL
2

ISALE)H Algs vE Al vl A3t



3ok FEe] Si0, A4l oF Aem et
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hematite®} 7 1233 =<] olivine, pyroxene, ilmenite’} ¥3t% o] S-S &9l
gk = Qi W3k 28.02°, 27.76° HF-<tol A anorite(Ca, Na)(Si, Aol ¢l 3] =7}
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Fig. 10. X-ray diffraction patterns of scoria samples taken from northern
mid mountain area(Ab) of Jeju. quartz(Q), hematite(H), magnetite(M),

olivine(O), pyroxene(P), ilmenite(I) and anorite(An).
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Fig. 11. X-ray diffraction patterns of scoria samples taken from sea side
area(B) of Jeju. quartz(Q), hematite(H), magnetite(M), olivine(O),

pyroxene(P), ilmenite(I) and anorite(An).

o], 3542° <9 magnetite ¥ L7} &1 il ilmenite ¥ A7} FAHAA]
Bhubal Atk hematite}! 78-%, ¥ A7F tha o] Fdke] 24.39°, 33.21°, 35.69°°) A
Wb AL 9l 36.59°, 35.96°, 25.86°¢] ¥ A5 olivineol] &g Aolw, 13.17°
29.91°, 35.69° 3591° H-£o ¥AEL pyroxeneo| <3 AHola 32.48° 33.12°
Fo] Y35 ilmenited] 23 Zeolth o5 AR T I13W ARE A Fo

Wol ve Z2Ad Ase 9 g deel W@ ¥=ark ZAA olivine,
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Fig. 12. X-ray diffraction patterns of scoria samples taken from eastern
area(C) of Jeju. quartz(Q), hematite(H), magnetite(M), olivine(O), pyroxene(P),

ilmenite(I) and anorite(An).
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Table 4. XRF data of scoria samples taken from Jeju.
* FexOs © Total Fe

*% 1.OI : Loss on Ignition(the difference in wt% between before-burning and

after —burning at 950 C) (Unit : wt%)

Sam SiO, Al,O3 TiO, Fe,05" MgO CaO Na0O K;O MnO P;0s LOI™ total gro
ple w9 wt% wt% wt%  wt% wt% wt% wt% wt% wt% wt% wt% UP

1 3984 20.60 2.87 1415 332 541 241 081 018 082 959 100.00 Aa
2 4538 16.06 2.72 1340 737 671 224 155 017 059 382 10002 Aa
34677 16.15 2.66 1357 632 707 252 1.07 017 051 322 10003 Aa
4 4677 15.13 2.32 1201 760 839 265 128 015 054 170 9855 Aa
5 4746 14.77 2.43 1263 671 815 301 137 015 052 214 9933 Aa
6 2829 2192 3.63 1814 485 199 033 073 023 061 1926 9999 Aa
7 45774 16.09 2.59 1298 584 676 259 127 016 052 645 10099 Aa
8 28.08 15.43 3.28 17.02 384 339 & 0.03 022 047 2823 10000 Aa
9 4427 13.88 2.47 1255 662 782 274 132 016 038 569 9789 Aa

10 5754 18.58 0.93 7.94 085 308 475 383 016 032 25 10059 Ab
11 3611 14.49 2.49 2008 928 519 131 028 034 041 1025 10024 Ab
12 40.29 20.28 3.28 1553 413 522 154 080 014 053 865 10038 Ab

13 3249 2177 3.92 2019 529 069 - 0.02 025 052 1487 100.00 Ab
14 39.89 13.28 2.70 1408 416 4.20 - 124 020 031 1994 10000 Ab
15 46.05 16.09 2.36 1263 569 577 289 198 016 052 587 100.00 Ab

16 41.18 15.74 4.88 1783 461 397 161 116 022 047 833 100.00 Ab

17 4481 16.88 3.23 145 479 784 276 117 016 054 211 9883 B
18 5753 16.07 2.33 1109 119 026 057 197 022 007 841  99.72 B
19 4732 15.29 2.78 1212 675 879 318 167 016 064 135 10006 B
20 46.38 16.04 2.29 1208 602 679 265 147 015 058 521  99.65 B
21 46.23 13.32 2.60 1230 963 838 280 150 016 049 155 9894 B
22 3951 14.30 2.78 1387 98 626 132 036 018 044 1233 10121 B
23 49.84 14.86 2.17 1100 654 726 372 195 014 055 196 10000 B
24 43.88 17.16 3.51 1359 415 9.00 263 237 017 126 232 10003 B
25  45.05 16.91 2.27 1227 619 501 161 132 017 042 922 1004 B
26 4750 14.29 2.44 1257 614 766 287 118 015 043 261 9783 B
27 3575 2386 3.73 1916 264 047 008 023 025 020 1369 10004 B
28 32.60 17.55 3.24 1763 969 465 059 017 021 025 11.28 9787 C
29 4423 18.87 2.39 1346 395 552 343 113 019 076 610 100.04 C
30 41.21 16.60 2.88 1406 647 477 137 061 018 043 11.20 99.76 C
31 39.85 15.65 2.76 1396 823 621 180 059 019 050 11.10 10084 C
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Fig. 13. Plot of SiO2 vs. scoria samples number taken from Jeju island.
East-northern mid mountain area(Aa), northern mid mountain area(Ab), sea

side area(B), eastern area(C).
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ALO; Fhekel we 3] BF
ALOz®| FeFel B3] CaO+NaO+K:O 3h&Fo] 3.06 wt2%olAl 1253 wtk= v

e e adFrvER ZRdn sl oid 2dde 289

1HAS #1383 wt% ~ 21.92 wt%<l

M
il

IUGS(International Union of Geological Sciences)2][68] 3}824 H-Fol <oahd
ALOse] sheFol 1477 wt% ~ 21.92 wt%©°] i, NaO+K.0¢] 3sF=Fo] 0.03 ~ 4.38

wt%odl SHY TA Aaeoks AP AR Aol Ae & ¢ A [69]

2) B S A1 (Ab) 3o}

Table 4014 Hi wpe} o] EXR FAgE Ao ~3glo} Al=9 SiO, FHe
3249 wt% ~ 46.05 wt%olaL, ALOsSl 79 13.28 wt% ~ 21.77 wt%=Z e}
Aom, F FestghEe HA 7.94 wtkoll A Hir 2019 wt%= FXEL At} &
T Ao AFHE AlsEel e SiO, el e A= Fig. 139 YERY
ALk o] el Hiz uiel o] AREQ SiO, $E2 3249 wt% ~ 46.05 wt%
olt}, o] F 45% ol&tel 1, 6, 8, 9H AlBE 2P/ 5, TH ARE 52% oo
A, 28a vHA

T3 ALO; B 1328 wt% ~ 21.77 wt%o] i, CaO+Na,0+K:0 ko] 0.70
wt%oll A 1172 wt%2 92 Fe 7HAle ndFruudR Bido @9 skt
of W3 IUGSS 38+2 EFE ALO 1328 wt% ~ 21.77 wt%o] 1, Na0+K.0
7} 0.02 wt% ~ 864 wtX%olBE EHE FARE A AF ol A APHA &

el Sekal dee & v [62]

rlr
5
12
[o
fru
M
S
)
)
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Table 4014 HiE= uvle} zho] &k x| Azjo} A 52| SiO, FHL 3575 wt%
~ 5753 wt%2 A3k ALO:;9 S 1332 wt% ~ 2386 wt%Z LrERan ¢l
om F FestghE2 HA 1100 wt%olA i 1916 wt%= Fx3kal Slvh. Fig.
13914 B uwiel Zo] SiO, shako] upE B o8 18W A8 52% olAow
FA 17, 22, 24, 27 AlRE 45% oletE 2E7IAY, aelm UHA Aaes o
71799t 2 #4184 glrt [601.

AlLOs e 1332 wt ~ 2382 wt%<l H ¥ CaO+Na:0+K.O 32 0.78
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wt% oA 14.00 wt%e® S ghe JPAER ek A H mzefol Als A A
Friudz £ 7 vk skekel tiEk UGS shet4 E4el <shd AkOs7t
13.32 wt% ~ 23.82 wt%°] i, Na;O+K:07F 0.31 wt% ~ 567 wt% o] =& 3ft
At 2]l Rk AP Al dFgtel &3t [62].

4) 55 AF(C) == o}

Table 44 Hi= wpel o] nlawA ghepitba) "ol e T A9 3o}
A BE SiO, FHFo] 3260 wt% ~ 44.23 wt%= WERFAL gtk ALOsSl A-$ 1565
wt% ~ 1887 wt2%=® YEI lom, F FestgE2 FHA 1396 wt%olA il
1763 wt%® ¥ k3 9tk Fig. 1304 B upel o] Si0, §heke] mE 7o
o]8) 3260 wt% ~ 4423 wt%Sl 2@ ge = o}

ALO; e 1565 wt% ~ 1887 wt%$l #Hd CaO+Na,O+K.0 3#o] 541
wt%oll Al 10.08 wt%= W& g 7HAE ndFvda BRdch g, spaket
of 3k UGS EFol oJshd ALOs7F 1565 wt% ~ 18.87 wt%o] 1, Na0+Ko0
7} 076 wt% ~ 456 wt% °|EE FH A xF3Fole AP A dFId &

gt [62].
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Fig. 17. Plot of Fe/Mn vs. AlQs for scorias taken from Jeju island.
East-northern mid mountain area(Aa), northern mid mountain area(Ab),

sea side area(B), eastern area(C).
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Fig. 20. Mossbauer spectra of scoria samples taken from east—northern
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Table 5. Mossbauer parameters of scoria samples taken from east—-northern mid

mountain area(Aa) of Jeju at 300 K.

olivine pyroxene illmenite Fe” (F)) Fe’ (Fy) Fe’ (F3) ) . . . .
Sample doublet doublet doublet doublet doublet doublet Jragiie magnetite-A magnedte B
Aa LS. Q.S. LS. Q.S. LS. Q.S. LS. Q.S. LS. Q.S. LS. Q.S. LS. Q.S. Hiy LS. Q.S Hy IS, QS Hy
mm/s mm/s mm/s mm/s mm/s mm/s mm/s mm/s mm/s mm/s mm/s mm/s mm/s mm/s kOe mm/s mm/s kOe mm/s mm/s kOe
U116 297 113 248 112 085 066 072 015 095 015 053 034 -0.12 51158 026 002 49682 0.64 002 461.20
: e 5.34 3.66 0.61 8.92 19.26 23.65 24.99 13.57
MtO116 0 29 113 247 L1308 070 065 016 093 015 054 027 -0.14 51228 023 000 50049 0.68 004 461.19
’ e 1.40 9.81 5.25 496 8.40 9.84 37.71 22,62
MtO116 0 297 113 248 112 085 066 073 011 098 015 053 034 -0.12 51130 026 002 49668 0.64 002 461.07
’ e 11.77 5.49 6.62 5.99 18.83 1151 2519 14.60
MUO116 0 297 113 248 112 085 066 072 012 097 015 053 030 -0.12 51061 026 002 49685 0.64 002 460.95
! e 4.02 1.17 5.65 3.07 6.03 9.83 46.61 23.61
PTo115 0 281 113 248 112 085 069 065 015 093 015 055 030 -0.12 51362 027 -0.06 494.43 064 002 461.07
° e 2.10 2.45 4.92 E. & 6.30 1155 46.80 20.55
CMmo115 0 299 113 247 112 084 070 064 017 092 017 054 030 -009 51339 023 000 50046 069 0.04 461.07
° e 7.12 791 3.34 6.20 18.25 27.90 18.19 11.08
U116 297 113 247 112 084 064 067 018 081 016 052 034 -0.12 50797 030 003 490.31 066 002 462.34
! e 413 1.03 3.34 6.20 18.25 27.90 18.19 11.08
. Mto115 0 281 104 246 113 084 069 065 016 093 016 055 034 -0.12 51144 026 002 49682 0.64 002 461.20
e 747 3.49 4.20 9.61 28.28 27.66 14.66 463
. P17 2% 115 253 112 085 057 036 027 066 021 057 030 -0.13 51284 024 001 49309 0.64 002 461.07
et 1.85 2.16 5.99 5.66 3.70 12.03 50.18 18.43

)

-g5-



Table 6. Mossbauer parameters of scoria samples taken from northern mid mountain area(Ab) of Jeju at 300 K.

olivine pyroxene illmenite Fe” (F1) Fe’ (F2) Fe’ (F3) | . . -
Sample doublet doublet doublet doublet doublet doublet hemgte magnetite=A magnetite”D
Aa LS. Q.S. LS. Q.S. A Q.S. LS. Q.S. LS. Q.S. LS. Q.S. LS. Q.S. Hy LS. Q.S Hy LS. Q.S Hiy
mm/s mm/s mm/s mm/s mm/s mm/s mm/s mm/s mm/s mm/s mm/s mm/s mm/s mm/s kOe mm/s mm/s kOe mm/s mm/s kOe
0 U115 297 113 249 113 084 065 069 017 083 015 054 028 -0.12 51399 026 001 49393 0.60 007 461.89
e 1.77 2.06 1.66 6.75 5.30 11.66 52.57 18.28
» U115 281 103 249 113 085 067 064 017 083 021 056 028 -0.12 51385 026 001 49379 0.60 007 461.77
e 1.54 1.80 3.62 1.97 3.09 16.98 55.07 15.94
o U115 281 103 248 112 086 064 068 017 081 015 057 028 -0.12 51214 026 002 49669 0.64 002 461.08
e 4.03 470 9.45 7.19 443 9.85 39.54 20.80
» M 115 281 113 248 113 085 060 059 017 082 016 054
T 1349 9.44 1.26 20.62 18.89 36.29
" U116 297 113 248 114 083 066 068 020 079 018 054 030 -0.11 51579 025 002 49683 0.64 002 461.21
e 158 1.84 2.95 4.01 9.45 71 39.92 32.54
- U116 297 113 248 113 085 065 068 018 080 016 055 028 -0.10 51652 029 001 49393 0.64 002 461.19
e 1.11 1.30 3.13 8.50 6.99 11.39 55.55 12.03
y ( 115 281 113 248 112 08 064 068 018 080 0I5 054 032 -007 50521 026 -0.05 49398 0.64 0.02 461.19
0.90 157 5.25 3.39 5.32 16.26 2847 38.85

)

-KG-



Table 7. Mossbauer parameters of scoria samples taken from sea side area(B) of Jeju at 300 K.

olivine pyroxene illmenite Fe” (F)) Fe* (Fa) Fe” (F3)

hematite magnetite-A” magnetite-B""
Sample doublet doublet doublet doublet doublet doublet &n

Aa LS. Q.S. LS. Q.S. LS. Q.S. LS. Q.S. LS. Q.S. LS. Q.S. LS. Q.S. Hy LS. Q.S Hy LS. QS Hy
mm/s mm/s mm/s mm/s mm/s mm/s mm/s mm/s mm/s mm/s mm/s mm/s mm/s mm/s kOe mm/s mm/s kOe mm/s mm/s kOe

7 e 1150 281 113 247 115 088 021 059 061 083 015 035 029 -012 51353 0.25 -0.02 49462 064 0.01 461.09

e 1.79 2.09 8.40 11.86 7 4.38 38.85 27.75

8 e 1150 281 113 248 115 090 019 060 059 084 024 059 029 -0.12 51369 0.25 -0.02 49469 064 0.01 461.19

e 3.03 354 2.97 10.30 3.03 3361 22.63 20.83
" ( 111 302 106 264 128 09 011 051 062 08 025 050
w9559 19.59 18.74 2.04 9.60 24.44
2 ( 115 281 113 249 114 082 011 062 014 126 027 063
e 587 772 6.20 16.84 37.20 1617
. ( 102 297 115 253 113 084 015 057 011 107 021 051
10,06 11.73 1556 12.81 30.17 16.67
” PR102 0 297 115 254 115 082 017 058 013 110 022 052
T 19.04 22.22 4.46 243 2857 23.28

03 e 1040 302 113 249 106 070 011 051 013 110 023 051 028 -0.13 50534 0.27 001 49155 061 0.03 459.58

e 5.08 5.93 7.15 6.47 5.08 2.49 36.27 31.52

o4 e 1150 281 113 249 118 094 021 064 010 106 024 058 028 -0.12 52353 0.20 -0.09 501.64 066 -0.02 461.05

e 294 3.43 413 0.75 441 9.19 52.39 22.77

or e 1150 281 113 248 112 085 009 070 008 131 024 062 028 -012 51355 0.24 0.00 49458 064 0.02 461.07

e 461 5.37 2.16 11.73 461 9.01 41.09 21.43

o6 e 1150 281 113 248 112 085 018 059 011 180 023 058 030 -0.12 51355 0.24 0.00 49456 064 0.02 461.07

e 1.21 141 2.27 8.63 4.84 10.35 4747 2383

113 283 114 246 109 073 020 057 010 183 024 058

meter

7 M
s 2.84 331 4.00 39.80 1.42 48.63

-hT7-



Table 8. Mosshauer parameters of scoria samples taken from eastern area(C) of Jeju at 300 K.

olivine pyroxene illmenite Fe’ (F1) Fe” (F2) Fe’ (F3)

Sample doublet doublet doublet doublet doublet doublet
Aa LS. Q.S. LS. Q.S. LS. Q.S. LS. Q.S. LS. Q.S. LS. Q.S LS. Q.S. Hy LS. Q.S. Hyr LS. Q.S. Hyr
mm/s mm/s mm/s mm/s mm/s mm/s mm/s mm/s mm/S mm/s mm/s mm/s mm/s mm/s kOe mm/s mm/s kOe mm/s mm/s kQOe

113 2% 110 264 111 087 008 095 011 115 022 054 033 -0.13 506.68 026 002 49683 064 0.02 461.20

hematite magnetite-A" magnetite-B""

para—

2 8 meter

.
w1898 13.03 476 5.46 3.06 36.71 7.65 11.07 i

” ( 115 281 113 248 112 084 020 058 019 119 023 054 033 -0.13 50658 026 002 49%.71 064 002 461.09
w509 3.96 477 259 1017 16,59 39.33 17.51

“ ( 115 28 113 248 112 085 021 055 011 102 024 053
14,37 18.86 421 0.46 2695 35.15

g e L1283 110 219 117 095 022 065 012 109 023 062

area(%

) 26.04 13.89 6.97 0.19 7.44 4548
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AlFoA= XRD 4% FUskAl 6579 hematite®} magnetitee] 3 378
ol YERA] 29kt hematite®] 1.S. gk 0.28 ~ 0.32 mm/s°l L, @Q.S. #t

< 007 ~ -0.12 mm/selA e, Hy{Z=n Al 2717 %k 2 505.21 kOe ~ 516.52
kOeo] 1t} [80]. 10, 11, 12, 14, 15, 168 Al= o7k Hol= Y™ X 2712 6542
magnetiteo] 2] AFHA A Ao} FHA B 2 gtew BEAFHIIT [81]. A
g9 IS #2 025 mm/s ~ 029 mm/s, QS %< -0.05 mm/s ~ 0.02
mm/sO| 3L, Hy 72 496.69 kOe ~ 49893 kOeolSlem™ B &9 LS ke
0.60 mm/s ~ 0.64 mm/s, Q.S. #= 0.02 mm/s ~ 0.07 mm/s, 18] 3 Hy #<
461.08 ~ 461.89 kOeZ &A= 2T}

2 6719 olg4 F 3/ Az LS #el 1.15 mm/s ~ 1.16 mm/s°]aL
Q.S. #2281 mm/s ~ 297 mm/s?l olivine, LS. o] 1.13 mm/s ©]a, Q.S
kol 248 mm/s ~ 2.49 mm/s%] pyroxene 1@ 3L LS. Ftol 1.12 mm/s ~ 1.14
mm/s, @.S. Ft°]l 0.83 mm/s ~ 0.85 mm/s?! ilmeniteZ o] H 9 AE3 LA
ki glom, o] EERH Ho UVt AHE Fe'9e & 5+ Uit [82]. 4
M2 3708 2540 XRD EAeA e ¢ gld & HE Asd e JER
ol #3 fte2 IS Fe] 060 mm/s ~ 0.65 mm/s, QS. < 059 mm/s ~
0.69 mm/s 21 Fe*" ¢} LS. #ol 0.15 mm/s ~ 021 mm/s, Q.S < 054 mm/s
~ 083 mm/s ¢l Fe'Ql F&& 3eld 5= AT [83, 841,



Fig 20(b)2} Table 6914 YELSL o] Mossbauver &4 S22 5 +3F &
3}gEo staF H|E AW HEW hematite HF2 oF 45.19%°] %11, magnetite®]
sheFe 13 A 8EE A9t 23.07%°] Ao, olivine2 3.49%, pyroxene<
3.24%, ilmenitet= 3.90%°I Atk UM Fe’ (F)e Fe''(Fy, Fy) A3t BB 5
Zy7}y 7.49%, 7.64%, 15.74%E o]F 1 St}

uepA AT HE AR 5T AR FASHA Aol Alg e A
AsEEL AR Fe'Ql glivine, ilmenite, pyroxene, Fe*'(clay mineral) 9o %
Fe' 2 832 AEo] AT 91.64% EFHo] glo] BR Fazk ~mgo} 1

3 97 F Ak Gk Fe A & & Tk

o

3) 3k A H(B) =50}

Fig 21(a)& 3¢t A G B)ollA ANFHS AlFE gt Mossbaver 2FHET] S
Uel 2 glo o]o] thdk Mossbauer parametergt= Table 7] YERHSITE
el A9 AR F 19, 20, 21, 22, 27H A5+ 6708 o]z oz FEAH
17,18, 23, 24, 25, 2611 A =Sl 45 6702 olFAl# 37| 65 o= 45
=3

247kl AlgEddA @2 379 654E 5 XRD 43 wug A3 17, 18
23, 24, 25, 26¥1 AlE<Ql A 3719 6542 hematite2}H78] magnetiteol [79] <]
st FHEFAeR BAEID 19, 20, 21, 22, 278 AlEolA &= XRD &4 23

A4 65412 hematite?} magnetiteo] &8 T FFAo] YEFYA ok
T}, hematite®] LS. k2 028 ~ 0.30 mm/s°]iL, QS > -012 ~ -0.13
mm/sO| ™, Hy #2 505.34 kOe ~ 523.53 kOe®] At

17, 18, 23, 24, 25, 26W1 A|&elvk Bol= 1A 2719 6542 magnetitec]
ok AbAA A AElet WA B A2l grow EAHAT (811 A A= e LS.
e 0.20 mm/s ~ 0.27 mm/s, QS. &< -0.09 mm/s ~ 0.02 mm/s®l AL, Hy
%2 491.55 kOe ~ 501.64 kOeolA o™, B #&] 9] LS. #-2 061 mm/s ~ 0.68
mm/s, @.S. #< -0.02 mm/s ~ 0.03 mm/s, Z18|3L Hy #t<2 461.19 ~ 459.58
kOe® A% AT

ogE 6719 olFd F 37le 77 LS. kel 1.02 mm/s ~ 1.15 mm/s°]il,

i
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Q.S. #< 281 mm/s ~ 3.02 mm/s?l olivine, LS. #°] 1.06 mm/s ~ 115
mm/s°] 3L, @S #°] 246 mm/s ~ 2.64 mm/s®! pyroxene, L8] [S. #°]
1.06 mm/s ~ 1.28 mm/s, @.S. #< 0.70 mm/s ~ 0.96 mm/s$! ilmeniteZ ©]
Aol Aztgsn & A& glon, o gEEEH o 947 AHE Fe''Y
o g AAT [82]. YA 37Me] 2T 17~20H AlsolA = LS. gke] 0.59
mm/s ~ 0.62 mm/s, Q.S. #<Z 0.83 mm/s ~ 1.26 mm/s%] HEZEZ FAY
B, U] AlgoME Fe'dl HEFES LS gol 008 mm/s ~ 011 mm/s,
Q.S #< 1.06 mm/s ~ 183 mm/s=2 ¥¥3}3 vk 7, o Fe’ o] 99| o|F
AL IS #e]l 009 mm/s ~ 027 mm/s, @.S. a2 0.35 mm/s ~ 0.70 mm/s¢!
Fe'' AEZEZ B F Aot [83, 84].

Fig 21(a)¢} Table 79 WElyES=o] Mossbauer & & o2 HE #3F 2 3}
=9 stk v E AHKEW, hematite THFS ©F 23.49%°| 31, magnetite?]
2219, 20, 21, 22, 2790 AlRE A9t oF 14.29%°] 2™, olivine 15.94%,
pyroxene< 7.85%, ilmenitex= 6.91%°]2Th o]9e] uwx] Fe*'e] AR
1221%, Fe’ 429 94 w&ge 42 11.24%, 1829%S Hebuigich.

2z3gol A8 e H AEES AR Fe’'el olivine,

ilmenite, pyroxeneS @ &7 LS. zte] 022 mm/s ~ 0.30 mm/sSl F4 % Fe*
2 s PlEo] 67.31%% olFoA Ass & F Ak 22 L5 A 6%
Aol et A &= AR 7hedl AF 2=kl 9JAIgE 19(0] &), 20(4A)), 21
(5d%), 22(5F28)W A8 Ule B¢ Fe''o ke 2042%< Wi, Fe''e] &
A3Pke] & Aol Hla 1, 2 &7 Ao
Holxw, wetA ojE 47 Ao =

o

]
i

K

4) FF A(C) 25 o}

Fig 21(b)= & AGC)elA AMAS AsEd digt Mossbaver =~ EFE
el 9lo o]o] thdk Mossbauer parameter@t= Table 8¢ YERHSITE
ol ¥ 30, 311 Alm&= 6709 olFHow AL, 28 290 A= BF 671
o] o]FdH 379 65 HLeE A H T
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SoA D& Y 65HE T ol A7 AZAEFH XRD +4 ¥

w3k A} 3709 654 S hematite?t magnetiteo] 93 ¥HETFEHORE B H
ATk [78, 79]. °]E % hematite}] 4-¢ @Y 653} T YET 1719 o]F
Moz BAEQom 30, 31U A B A= 6549 hematite?} magnetiteol] 2] 3F
THETAA YEUA gokon o]z XRDEAH & A X g

28, 29" A]E+ hematite®] LS. #-2 033 mm/seli, Q.S #2 -0.13
mm/sO| S, Hy 32 506.58 kOe ~ 506.68 kOe= A= A X3}t

28, 29 AlB Rt Bol= yw A 2719 6512 magnetited] ©F AFAEA] A
Aelek ZWHA B Ao gow EAHIIG [81] A Ale LS #@2 0.26
mm/s, @.S. <& 0.02 mm/s¢I L, Hy a2 496.71 kOe ~ 496.83 kOeol &
o, B Age LS #2 064 mm/s, QS w2 002 mm/s, 213 Hy >
461.09 ~ 461.20 kOeZ &2 = St}

2 6719 oleA F 3/l Z+Z LS. #el 111 mm/s ~ 1.15 mm/s°] il
Q.S #< 281 mm/s ~ 296 mm/s?l olivine, LS. #°] 1.10 mm/s ~ 1.13
mm/s°] 3L, @S #°] 219 mm/s ~ 2.64 mm/s¢! pyroxene, 123 [S. #t°]
1.11 mm/s ~ 1.17 mm/s, @.S. #< 0.84 mm/s ~ 0.5 mm/s¢] ilmenite® ©] &
o Aztez F AXsm o, o gEEEH H AUt FHe Fe'Y
4 g AU [82]. YA Fe’'olFAe LS. Fhol 011 mm/s ~ 019 mm/s,
QS #< 102 mm/s ~ 119 mm/s¢l Fe*' AEZER Exstu gk 34, 4
2] o]F A IS, #kol 0.08 mm/s ~ 0.24 mm/s, @S. #<2 053 mm/s ~ 0.90
mm/s¢l Fe* JEZES A3 = ek [83, 84].

rlo

o

Fig 21(b)9} Table 84 UEISEo] Mossbauer 3% 5T o= 5
3}etE o] g2k H|E A E WM, hematite, magnetite®] $F=2 31, 32 A5 E A
Qlslar Z+zy oF 23.49%, 14.29% ©]A AL, olivine 15.94%, pyroxene< 12.43%,
ilmenitet= 5.18%°] Atk e A Fe’ (Fy), Fe''(Fy, Fy)o gk 11.90%, 2.18%,
33.48% % o] Fi Ut}

uteba o]E FRA|Ho Aol Alm F 28 290 Alseo FAES AA
Adel atsbde] Mgk LS. gkel ¥9E 022 mm/s ~ 033 mm/s2 Fe’' 2 313
THFE 7344% oM ol ZFE FHAS xz:ole flREe Fe'' gy

32

W)
1%

it

23
=

ANw)

0.
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2 EAE L oS ¢ F AT T, 30(EALF), 3(FELE)W AlsolA =
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olivine
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Fig. 22. Mobssbauer  parameters[isomer  shift(Z.S.) vs.  quadrupole

splitting(@.S.)] for olivine in scoria samples. east-northern mid mountain

area(Aa), northern mid mountain area(Ab), sea side area(B), eastern area(C).
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Fig. 23. Mossbauer parameterslisomer shift(Z.S.) vs. quadrupole splitting(®.S.)]
for pyroxene in scoria samples. east-northern mid mountain area(Aa),

northern mid mountain area(Ab), sea side area(B), eastern area(C).
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Fig. 24. Mossbauer parameterslisomer shift(ZS.) vs. quadrupole splitting(@.S.)]
for ilmenite in scoria samples. east-northern mid mountain area(Aa), northern

mid mountain area(Ab), sea side area(B), eastern area(C).
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Fig. 25. Mossbauer parameter[Fe3+ and Fe® area(%)] vs. samples number for

scoria samples.
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o] 3ol RFA 654 hematie®t magnetite’t WENHS & 4 L 14}
5 olivine, pyroxene, ilmenite®] 1S, Q.S. #< v IS wf v]=3 kS 7HA
WS B 4 k. olE FE 3 Mossbauer w2 93, olivine®] LS.
#e 115~117 mm/s I3 Q.S 2 281~299 mm/soltt. E3
pyroxene® LS. #2 1.13~1.15 mm/s 183 Q.S #2 246~253 mm/so|H,
ilmenite®] IS 7L 1.12~1.13 mm/s 281 Q.S. #< 0.84~0.87 mm/sZ #4
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Abstact

A Study on the Physical Properties of

Pyroclastic Materials in Jeju

Won-Jun Choi

Department of Physics, Graduate School
Cheju National University
Jeju-City, 690-756, Korea

Supervised by professor Jeong—Dae Ko

Jeju is a volcanic island created through four different major volcanic
eruptions since 1,200,000 years ago. Jeju has the top of Halla Mountain at its
center and 360 small volcanoes, so-called small volcano(Orum) distributed over
the whole Jeju island from mid-mountain(mid-Mt.) side to the seashore.

Main element of the small volcanoes is scoria that contains the iron
originated from the Earth’s interior. Therefore, if we perform a careful study on
the chemical composition and spectral Spectroscopy features of scoria iron
compounds, we could figure out not only when the small vocanoes were created
but also how different environment affect the forming of them.

In this dissertation, scoria samples were taken from three different region of

_84_



Jeju: the Northern and Eastern mid-Mt. area(A), the eastern area(B), the
sea-side area(C).

The chemical compositions in a sample can be identified by X-ray diffraction
technique (XRD), X-ray fluorescence spectroscopy (XRF) and Mossbauer
spectroscopy make it possible to investigate the state of the iron atoms in a
sample and their magnetic properties too.

(1) The results of X-ray diffraction (XRD) reveals that all sample include
5102 and a small amount of iron oxide.

(2) X-ray fluorescence (XRF) analysis shows that the total amount of iron
compounds varies from 7.94 wt% to 20.19 wt% depending on the region where
they were taken.

(3) X-ray diffraction and the Mossbauer spectra analysis lead us to
conjecture that some small volcanoes in regions B and C were formed under the
sea without being exposed to the air, and volcanoes in region A were created
from the same hotspot under the ground.

XRD analysis show much of the mineral silica are included, such as SiO»,
and anorite. So rather than a single type hematie and magnetie is a form of a
variety of clay minerals. So, the compounds are the status of some of the iron
atoms Fe” in olivine, pyroxene and ilmenite, Fe* in hematite and magnetite.
Clay minerals are Fe* and Fe”. This reasoning, including the iron and clay
mineral characteristics that appear in the Fe2+, Fe’' in the double-line with the
results and will be detected by Mossbauer spectroscopy.

By the Mossbauer spectrum, look at the average levels of Fe*. The
northeastern part of mid-Mt.(Aa) of 79.96%6, northern mid-Mt.(Ab) of 79.96%,
eastern(C) is 73.44%, sea-side(B) appears to have 67.31%. So as getting to the
sea—side of Jeju island, the ratio of Fe* is growing.

The most of scoria samples Mossbauer spectrum area of Fe®' is more than
Fe™. According to thesse samples’ the LS. value of 0.19~0.35 mm/s, most of

samples iron state is Fe’'. In addition, they have some of Fe? compounds
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ilmenite, pyroxene, olivine also contains a small percentage.

The reason, most of the sample, compared to the Jeju basalt 2st time is
different. The most of samples generation time is 3st and 4st season in Jeju
vocanic activity and was created out of the air by the eruption intermittently.

Meanwhile, the ratio of Fe*" is more than Fe’ in some of Jeju small volcano
1s classified as 1st and 2st of activity in Jeju volcanic activity. Thease are
adoorum, jejiorum, nocknambong, suwalbong located in the end of western and
dunjiorum, dotorum in the eastern of Jeju island. The average levels of Fe™'
was 70.58% in located on the western tips, and the average levels of Fe* was
99.37% in loscted easern.

There are guessed by underwater eruption samples, bonge gumunorum,
adoorum, gujiorum, nocknambong, suealbong, sosunsanbog and dotorum in the
sea—side, mid—-Mt., and some of eastern area of Jeju island. Thease samples not
shown the magnetic 6 lines by Mossbauer spectrum. And through this method,
water and land forms can be formed to separate the small volcano(Orum).

As estimated by the study, the existing generation of these mid-Mt. small
volcanos was by the volcanic activity of Earth’s interior is the same Hotspot.
This reason was checked by Mossbauer spectroscopy, also. In other words, all
the northeastern part of samples are similar to XRF analysis, and hematite and
magnetite appears in Mossbauer spectrum. Meanwhile, Mossbauer analysis of
the case, according to the I.S. value of the primary mineral pyroxene of LS.
value of 1.15~1.17 mm/s, Q.S. value of 2.81~2.99 mm/s, and olivine of LS.
value of 1.15~1.17 mm/s, Q.S. value of 2.46~2.53 mm/s, and ilmenite of LS.
value of 1.12~1.13 mm/s, Q.S. value of 0.84~0.87 mm/s, so they can see the
value that is almost identical. Therefore, the existing generation of these small
volcano, as estimated by the study, the same Jeju differentiated magma from
the volcano, and the Earth’s interior hotspot is a good workout by the physical

evidence to show that the volcanic activity.
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