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ABSTRACT

The Cheju island was formed by central eruptions when the volcano became
active.

Its shape is an ellipse which measured 40%80km’ and is characterized by a
sympetrical form whose peak is Mt. Hanla(1950m).

In this study we are reporting the results of measurements of the x-ray
diffraction and S'te Mossbauer spectrum for the samples of scorias which has
been distributed throughout different areas on Cheju island,

The Mossbauer parameters such as isomer shift, quadrupole splitting and
magnetic hyperfine splitting for the samples, are measured at room
temperature and at 18K.

The analysis of Mossbauer spectra shows that the major iron compounds of

Cheju island are composed of olivine, pyroxene, ilmenite, Fe;03 and Fe30s.
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1. Méssbauer effect
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2. Isomer shift
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Fig. 2-1 Origin of nuclear energy levels and shift
(a) Shift of energy levels

(b) Mossbauer isomer shift



3. Quadrupole splitting
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Fig. 2-2 Quadrupole splitting for a nucleus with spin 1=3/2 in the excited
state (*'Fe).
(a) 1=3/2 level is split into two sublevels by electric
quadrupole interaction.

(b) Resultant Mossbauer spectrum.
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4. Magnetic hyperfine splitting
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Fig. 2-3 The nuclear energy levels and Mossbauer spectrum by magnetic dipole

interaction and quadrupole interaction.
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5. X-ray 8|3
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Fig. 3-1 Sampling locations of Cheju scoria
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Table 3-1 The color of scorias in four particular regions of Cheju island

A A A B A 9 c A 9 D A o
3 7 EE Z A EE w3t A
e @ | o= e | s es | =A% W oE

[ NERELE |

[}Mmtﬂaj

|
rgix - ray test AAJ

|

r;;, Mossbauer effect test AJ

Fig. 3-2 Block diagram of the experimental procedure,
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B o] AlLH Mossbauer 37 A (0= AustinAle] S-6008)= StEEH oS
A Motorola 6800 ABEZ A=, 3L dataE2> AFHS Hard diskoll A
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.
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* 1850ve] 1 Mg ZolE AE7VMAN AF AN2=R vjyict, A2
Pre-Amplifier (csp-400A)%} Linear Amplifiero] &J3] & ¥ Linear Gate (ASA
LG-200A)ol M 14.4keVol siwEl ouxzt F2AAlA Motorola 6800 FFE] S
Channelo]l thg3le &= A4+2 F3Hch oo AHEY 7 -9 DupontA} A
zog 6um F79 rhodiumoi electrodepositA]Zl 10mCi Co’E 9] Ao|t}.

AR IEREe S&E 5o 23 y-4d4e] Doppler&E< SEHZHAE
A} g5t 2t Mo FHEFS4AL gxo] iyt YRKEER Ay st 714
23419 He-Ne 71al #olAlolM U2 W F78 Z2|Fe= " FAEUY
(beam splitter)oll & #e|Ejo] 4zt 2P AHE (stationary mirror)3} y-Ado]
225 o]% AL (moving mirror)E WY F MkxpxE|of T FAEU7NE T8t
o 45° Agol 2o FAZ7|(photo-detector)Z YA R AIZIZH F718 L
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7 Doppler 45§ 37 rh
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Fig. 3-3 The block diagram of Mossbauer spectrometer system.
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2) 4 24 ¥ %A

B Ao AHY AL AxE APD i AFLE CS-202 displexol] DMX-20
Mossbauer vacuum shroud & ZA¥Y Ze= o] displex:= He gas& £2BA =
compressorof 2] 3| 2= ¥]oj 2™ vacuum shroud 2] gas transfer heat exchanger
ol 23t} A2 HEe =& HojmelA Hrh oldh 2% HAlEE ARt}
9]5to] radiation shield® AMgstdct 2Edhe =% e = A5S ARS)
93] CS-202 displex#} vacuum shroud Alolol] 2L = 17 AfAU YFY F
2 1 =x}7)Q) vibration isolation bellowsS F23ld compressor?] AFo] A
AYs ] YES displexd uIFste] Az dZFH ZAx o] EES FeE ol E
porom A 715(xE20cn ol 150cn) 3 B (F7A5cn yol25cm Zo] 165cm) 22
Y 7z o] A% displex mounting flange & WAHE °l& 2RAFA o] R 2
2]E] Al 3}%<Q vacuum shroud mounting flangeS FatejolE slol ¥ 2BAS
o]& A AIZCL. E 3} compressor &} ZFHIT 2 E|(vacuum pump motor) ol:
23H Ut A% xxists] ¢l Zaatat ool gttt 1% 3-4 £ AL
x¢] Y= olch

HeAze 25 2A7NE ¥ HA &) ADP-F & AHEteod AHEE =P
oo 4K oA 400K ZhxlolTh LEXFE =X Wlol = silicon diode&
o]& ZA3ltalrt.
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Fig.3-5 The schematic diagram of low temperature system.
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Zt Alge] 22 QL HEE ZAEH] 13 0] 8% x-d¥2 JFd monochromator&
g8t Ni-filter§ B3] @2 CuKa (A=1.5405A)°|ct XRDEFH2 269 4
217} 10° ~ 70° Atolollq AAjstdon, &P WetHES] F{FE 30mi, 7H A
92 40kVo] 3l x-A12] scan speed= 3.0 deg/min¥E 3}ACl.

EFH A2oj 8] Mossbauer spectrum & FF 37 913 238 ARE HldFol
of A BA s WE 12(2A 19m)E holderE o] &3t IFAY ¥ Al
#stach

2 Lol M e] Mossbauer spectrun dewart]?] 72| ¥ sample holdero] AEE
g gol7] 93 nE3d ol AEE U BA A dFoEIUE 2D F
10° Torre] AgTold A¥Po] £} rt. ojmf AFe] F¥E Fol7] A Al
27} Bojdls 2ol AL dewarE FUulo|E¢lol 2% A2ch

Mossbauer spectrund ZA ¥ uwl source?} detectorAle]d] Ae|E 120mm=E 3]
3}91 3 Doppler& == +10mm/sec 7} E| =& Z A3ttt
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1. XRD 24

4 7] Mol A2 A(GIER), B(Hohh), C(EXEF) 283 DNHLF)E ¥
oA 2R A I4-100A Uehd uieh e HAME dgdoen) | Peak '3 2
0.d . 1/1,8 ¢S E 4-1 of EAIstAch u]§ RE FZo] B peaku] AT} of
g1}, o] ¥HMoez Xy JCPDS(Joint Committe on Poeder Diffraction
Standard) card ¢} vl st 263ko) 27.8° ,26.2° ,27.5° ol pyroxene, 32.8

35.5° ,24.3° Q hematite, 85.5° ,58.9° ,32.2° 9l olivine, 32.4° ,35.3

52.3° ¢l ilmenite, 34.8° ,50.5° ,21.8 9l magnetite 12|31 16.0° ,21.8

22.6" @l quartz & %3, olg} ol Uiz HESo] A HANY 26.d
2t peak A7)0l Th¥t HAHuIE B3 FAsIA R 42 of LlElLt viel T2 BE
So] ZAgre Bt on, AM 2z FEH 13 AxE E 4-3 o uEhch ]
23E 4olt quartz U silica BEEC] FEEE °IF3 UeE 2 glqir},
tetragonal +Z2] quartzql 2% A,B,C22|3 D 2| GofjA] 22]H Folo] BF E¥
£]o]9l 7, hexagonal 28] quartz = A ¢ B z]ed mponoclinicFZE B A
AMut Bolx gtk ©Wlol H HEE 7P ol pyroxene(l), hematite(2),
olivine(3), magnetite(4)2]3 almandite(5)8] ¥EE TIY 4 glgdon, olF
A, B, C 2ol A ut hematite(2) 7} HUEAIL, A 2] hematite(2)2t
ilmenite(5) , B A€ magnetite(4) , C =] o] &pyroxene(1)2} magnetite(4),
D 2] hematite(2)ol thyt #AMo] UehtA] gkt

l
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Fig. 4-1 XRD spectra in four particular regions(A, B, C,D) of Cheju island
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Table. 4-1 XRD spectra data in four particular regions(A, B, C,D) of
Cheju island

b Mets ¢l Vo M| K Thets ¢ lem) 1/lo FRM
T o s an T O G150 ] 11 W00 Z0M3 10 700160
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Table 4-2 The various mineral of scoria in four particular regions(A, B, C,D)

of Cheju island

ECREES 222 R AlB|cC|D

kil

1 pyroxene (K,Ca,Na)(Al,Mg,Fe):(Si,ADs0| O O @)

10(OH):2

2 hematite Feo03 O OO

3 olivine (Fe,Mg)(Al,CrFe,Ti)204 O O] 0| 0O
4 |magnetite Fe304 O

5 ilmenite (Mg, Fe)(TiFe)O3 O 10| 0O
6 quartz SiO2(hex) O O

7 quartz SiO2¢en O O |0 |0
8 silica CaAl;Si20s O O O
9 silica Na, K-Al-0-Si!l12 H:0 O

10 quartz Sioz(mono) O

11 silica NaSiz0s(tric) OS]

12 silica KAI1Si30s(e0 O
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Table 4-3 Peak position of XRD spectrum about various mineral of scoria in

four particular regions(A, B, C,D) of Cheju island

A region B region C region D region
Peak No. Peak No. Peak No. Peak No.
sample 1 |9,6,9,8,5,12,6,|9,8,11,12,12,5 4,5,6,7,9,11,1
(pyroxene) |13,15,17,19,2|,2,7,13,15,18, 2,12,12
2 22,23.23
sample 2 |14,16,5,27,23,/14,16,5,29,24,(13,15,7,24,21,
(hematite) 21,29,31 21,31,32 18,25,26
sample 3 |16,27,11,21,3{17,30,12,21,1,/15,24,11,18,2,|9,16,5,11,1,21
(olivine) 0 3 26
sample 4 15,24,26,11,1
(magnetite) 7.23
sample 5 13,16,28,29,3 | 12,15,12,12,2 | 6,8,15,20,21
(ilmenite) 1,32 5,27,16,20
sample 6 1,2,3,4 1,2,3,4
(quartz)
sample 7 11,27,29,18,3| 7,9,26,10 |6,9,12,14,13,7| 12,19,12,10,2
(quartz) 0,32 ,10,11,7,21,22/0,2,9,6,5,13,9,
,25,12,13,16,1 11,16,13
9,27
sample 8 9,9,2,7,5,6 9,9,2,8,9,8 9,8,4,8,7,8 (5,4,2,4,1,1,3,5
(silica) 9,6
sample 9 |7,11,5,6,16,17
(silica) ,18,21,22,23,3
2,25,26
sample 10 8,7,11,13,20,2
(quartz) 7
sample 11 8,9,2,4,9,5 9,13,5,5 9,9,6,10,7,11,
(silica) 4,9,7,6,11,6
sample 12 11,18,26,25
(silica)
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2. Msssbauer spectrum £4{

2t 2 gHE 22" Folo] iyt 18K} Aol A 2] Missbauer spectra & ¥

4-1004 Rainpe}l gt 237 4-l1o)M Fo= EA® AL A¥dataojn] AUES
ARE S o] &3t HAAFYPOR F fitting FAolth 23} 18KelA ehd
Mossbauer spectra® 2| ula3Ew A, B, C oA F3Y 6349
spectrunz} ¥ 2,3 742 o]FH E& & 4 A D AHolAME 3742 o|FAHE
"oy 4= glry. o]Eof ti¥t 1.S.(isomer shift), Q.S.(quadrupole spliting),
Herr(magnetic hyperfine splitting) ¥ HAvls E 4-4 of EAJ3tch

3 413 E 4-48 2 A A F2 Folo] Yehd F4o] F A o]l
1.S. ko] ztzt 1.158mm/sec, 0.356mm/sec & 7FA|2Z XRDEAM oA €2 data &}
N 22 U uf Fe'’9} Fe®o] HEE 713 olivine 2} pyroxened| AEE k3t &
X3t o] Long (1984) o] AA|¥ Azjete x|t ¥H 635349 1.S. U
o] 0.515mm/sec ©]3L Herr 7} 510,173 kOe o] L2 Fes0; of iy izt U3t 4l
th 18 K o wj: =33 634 738 FUIE E 5 ey 1.5.=0.707mn/sec,
Q.S.=0.160mm/sec 12| 3 Her=536.540k0e o] 22 Fe o] Za)& ¥AYU 4 lch

B x|ej2] Foloj ¥ 78] 6FAMo] Fe03 o, ol F2olAM LS. ol
0.553mm/sec ©]™, Q.S. Zto] -0.136mm/sec ©]L, Herr kol 503.279 kOe oJt}. o]
qEo 18K o4 1.S.= 0.707mm/sec , Q.S. = 0.072 mm/sec 32]3 Herr =
535.151k0e = HIHYS & 4 2l Merrill(1972) , Rus. &} Wil.(1973)0llAf At
33}y ol A BArEEo] Fe? oM Fe® 2 A5t AU AABIAR o|2FE F
otofl 91x1%t 3748) o] F M B At3le] RO Fe'R EAF ASE ¢ + A
th. & Al2o|A 1.S.= 0.922mm/sec &} Q.S. = 3.66mm/sec Q! olivine, 1.S.=
0.343mmn/sec &} Q.S. = 0.788mm/sec Q! pyroxene, [.S.= 0.583mm/sec 2} Q.S.
0.890mm/sece] ilmenite & ¥ol¥ 4 glr). 18K o= 1.S.= 0.918mm/sec £}
Q.S. = 3.652mm/sec ¢ olivine, 1.S.= 0.253mm/sec ¢} Q.S. = 0.778mm/sec ¢!
pyroxene, 1.S.= 0.487mm/sec 2} Q.S. = 0.92lmm/sec ¢! ilmenite & ey 4 9l
t}(Long, 1984).

C 2 Holod: F 7Y 634 F Shie Fely old, A2elA
1.S.=0.575mm/sec ,Q.S.=-0.195mm/sec 12|31 Herr=506.091k0e ©]31, 18K ol I.S.=
0.590mm/sec, Q.S. = 0.535mm/sec 18] Herr =534.900k0e & HAHEL & + al

o\

—
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Tl ¥ E TlE st 6248 A9t B A FolollA RolA] U= Feldy o A2
2 BEMgqr} o] MBS AreoA [.S.= 0.493mn/sec, Q.S. = 0.022mm/sec 12|
T Heer = 484.973k0e o] 18K oA 1.S.= 0.610mm/sec, Q.S.= 0.241mm/sec 12]3l
Her= 494.000k0e 2 H3H 2 ¢ 4 vt W Fgol A& 2708 o|FAM2
ool AFHutet Yol Fe? o Fe? 2 ZAsta ASE U £ UL P20l
1.S =1.177om/sec 2} Q.S.= 3.260mm/sec ¢ A& olu] AFH olivine o1, 18Kojl
A 1.S.= 1.113mn/sec ¢} Q.S.= 3.15mm/sec & HHHE S ¥HAY 4 k. UmA
o]ZM & Ar&o|M 1.5.= 0.312mn/sec 9} Q.S.= 0.896mn/sec ©]EE Fe % Z}s}
2 9es ¢ 4 Atk o HEL 18K oM 1.S.= 0.38%mm/sec & Q.S. =
0.931mn/sec 2 HIHE HUY 4 rh

D x]&d2] fol& 6ol A3 Ueiz| ¢JoE g XRDEA ZolME Liehdhut
9} o] FeOs L} Feis o] glom o]RE A3yt @ H o2 F&Hrt A &
ote] 370e] o]2M BE Atzte] Agrog Fe? 1} Fe? 2 EAFa ASET & #
Q3. o]Eo] ol B ©iE A & B Aol Liehdulel o] F2olA L.S.=
0.1.137mm/sec £} Q.S. = 3.680mm/sec ¢! olivine, I.S.= 0.975mm/sec ¢} Q.S. =
2. 458mm/sec ¢ pyroxene 12|31 1.S.= 0.400mm/sec ¢} Q.S. = 0.882mm/sec ol
ilmenite & ¥JY 4 AUrh

E 4-40) BY TAZT Follq 2 4-3 oy & £ o] F2olM Z xHE
Fojuje] BEE 1.S. 3t Wyt 2| gdE wlxsA Uehles Ao Hol o
L e UEAY ¢Astm, €9} D A9 1.S. Zkel ozre] Wb Mo A=t A
Bl7} Fe’o2 A3} sojalge o 4 Utk EY IY 4-4 oA A4l 18K oA
Mossbauer parameterZtol A2l WHst ¢lth. 2@ 4-5 ¢ 13 4-6 oAME HA
e wE Molx oyt zt AgHE Ao ul3) 18KolA Fe0:8] 1.S. 3ol
#A| 3, pyroxene &} ilmenite & 1.S. Z= A2olM K} F71sta A& & +
olt}. o] A &ollA electronic dipole interaction o] #H3I Zzjoltt. 2y 4-4
3% 4-5 oME A A2eMe] 1.S. Zto] A2elM Hrh tia I A&
4 4 qlch

a3 4-7 olME Fels o Q.S ol AgEE gt |, EYF Aoy
ol AL Hr} Acrkes AL AU 4 g3 o) ke oju] Bud dAFANdE
Q] x] §}c}(Stevens S, 1983).

a3 4-8 oldE ALold MaiEe] wAulo] oy ¥HuILS viehidch
7] M Fe038] HAu| o] 7t APHE 10% ojUE v & F A2, o=

- 29 -



THE et BN d77zte} ulssith(Han,1985). E¥ AHLolMq TE 7Sl
H|a] WA Lo] Eolx]= HL electronic dipole interaction o] 2Xxof yhul3
5}7] wjEo|thLong, 1984). T&o] zt x|HEE M ABEST dAH|I} 2]}
U, ol& ARz ztdel 71F S4dof 23t i3 Pz AolE Kol A&
& ¢ 4 Atk F A B C AYL Fe03 & T vy UHREEER o] FAH
2 D AL Fel3 Feidy 7F UERA] AZS 4 oo, CX oAzt Fe0,
7} UeldE ¥dy 4 olth

0% 4-8 o} 3% 4-9 oA B AF22) ula2s] A oA pyroxene ,ilmenite 1
2|3 olivined] WAu] Wilr} A%ty ol HANE Aol o] ¥z} HY +
Z H¥go] T M2 ¥ wyEeT Myso{ch A, B 2|3 C 2 HelA
Fe0; = 2 &ollA magnet dipole interaction o] HA HHu|7} AXn Lmz] 3
252 A o] o] (Al Mg)} X}sle] @A|J} Foj=t o= ActEojHT}
(Long, 1984). 53] C Ao A 2oM Feldi £ Fe0:2] magnet dipole
interactiono] #=|7] wEo AHu|7t YA ALE & 4 lrh
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Fig. 4-2 Mossbauer spectra in four particular regions(A, B, C, D) of Cheju

island at room temperature and at 18K
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Table 4-4 Mossbauer parameters, area of scoria minerial

in four particular

regions(A, B, C, D ) of Cheju island at room temperature and at 18K

region [temper- [sample No.|[L.S.(mm/sec)| Q.S.(mm/sec) | Heer(kOe) | Area (%)

ature

R.T. 1 0.352 0.925 - 22.44

A 2 0.515 -0.010 510.173 33.81

3 1.158 3.051 - 8.01

18K 1 0.352 0.925 - 22.44

2 0.707 0.160 536.540 67.62

3 0.532 0.925 - 22.44

R.T. 1 0.343 0.788 - 27.30

2 0.555 -0.136 503.279 61.88

B 3 0.922 3.660 - 10.48

5 0.583 0.890 - 0.34

18K 1 0.253 0.778 - 6.22

2 0.707 0.072 535.151 72.43

3 0.918 3.652 - 10.97

5 0.487 0.921 - 10.38

R.T. 2 0.575 -0.195 506.091 7.80

3 1.113 3.150 - 6.40

C 4 0.493 0.022 484 973 13.05

5 0.312 0.896 - 72.75

18K 2 0.59 0.535 534.900 16.90

3 1.175 3.260 - 10.52

4 0.610 0.214 494.716 54.72

5 0.389 0.931 - 18.31

R.T. 1 0.978 2.458 - 19.85

3 1.137 3.680 - 19.02

D 5 0.400 0.882 - 70.13

18K 1 1.128 2.156 - 23.54

3 3.236 3.236 - 26.76

5 0.350 0.868 - 49.70
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Fig. 4-3 1.S. of scoria mineral in four particular regions(A, B, C,D) of
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Fig. 4-4 Q.S. of scoria mineral in four particular regions(A, B, C,D) of
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3. = ¢

7} 2y $olo] WY XRDEMZAZ F2 74 HUYES HIY 5 U3, E
A Al3}Eo] Q&g AU 4 otk AT BHUY Y JES ¢Il A
Mossbauer2#E M & o]€% uw Uehts A LS. Q.S.gkoll &3 olivire,
ilmenite 2|3 pyroxene & F3% 4 9o ol Ru¥ dFZ et H U
PcHE, 1986). o] Aot thE AL F3F 21| HEY Fels o Fesdy of thdt
WYY AWEHo| Uelda, ol 3patete] vzl o Azt ANEHALES & F
olth. o]& 40]2] Méssbauer AHMEZo|M Roj= 6342 F(1983)28] A+ Azt
ol Uepd AMER EMa% u|%stng, Assle oM H AtxEe] WUy
of o3 BAHEHALS ¢ £ Uon, ol itglo] AN E 2] WHsh= Aol
A AR QEbEel TALE YA Ftn glch(o],1988). ER H ArEES LS.
o} Q.S. Zto] +37k2 Zafst HOT Hop 9 Al ¥ ¥ 4 Uk ¢ &Kol A
aboll w2E Q7] wiEol A3tz &E ol iron WAt AJEist 27}, +3712 W
glo] e} 2o 2Z2Hrh(Jacobs, 1973). ©olRES Wxbzb Aeje] W=
Fed AIBEES] $4@7|4 %ol oja) FTZHYI} Hol A HoE F&5
THKingery 5 1995). D 2% FoloE A 6349 =arIdEel UehA] de
f ol tiZ 2o ul3f] vy Ayl @H Jel2 B 4 Urh(long, 1984).

3 Zoli o]} T M AtZHEo| Hojof AXARE UE wf L= ot E
A4 % (plasticity) & S E(cohesion)E &Y  en, AFHole ol
A 2 ZAzjolA HolXo] M AEL ¥l ¥ £ glong tiE FEHY AT
3 wjgeos wlzd Tk XS WeET = AR ¥8Y £+
(Kim, 1993).

]
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v.d &

A2 SAx ] At HHEQ Folo] A B BY & A7 Axe o
3

1. XRDEAMo| 23t A, B, C 22| D |9 $olg BEZEL F2 4 HY
£ 8 Si0,;, CaAl;Si0sNa, K-Al1-0-Si!l2 H:0, NaSisOs(iric) 22|31 KAISizOs(eny 7t &
AU BAY 4 YAL, ¥ AEL (K, Ca, Na)(Al, Mg, Fe)s(Si, A1)010(0H).,
Fe.03, (Fe, Mg)(Al, CrFe, Ti)204, Feils, (Mg, Fe) (TiFe)03) & FA4Eo ASE
#gelstaict

2. YRDEA ZAAUE 7122 ¥ M ANES FF{E Mossbauer Ao &Jshd
olivine, pyroxene 12|31 ilmenite ¥ F+3¥ 4 AUdrh

3. AB 1323 C X Folol 27| H4EE 713 Fels § XY 4 UMD
Ao o] F BAY 4 glodon, C 2 Fol Tt Fe0 7F FUF Ut

4. BLolA Fole] A FEL] 1.S. ke W wa A W= Fels 24

Fes0i &= Herr 7} 530~535k0e & o] Ex]9} dx|3tadcl.

5. Ar2oj u]3f 18Koll Al Fe0; o} FesOs o] 1.S. ko) ¥ FI7IRES & =+
oldon], AW W= Arof u|3} 18KollA olivine, pyroxene12]il ilmenite
L 7tA8l 3 Fe05 Fesy o HAM|ZLE F71EE & 4 4ch
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