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Abstract

The study is aimed to analize the spectral characteristics of igneous and sedi-
mentary rocks on their reflectance curves obtained from CARY 17-D Spectropho-
tometer, and correlation between chemical composition and HHRR data.

The reflectance is higher in acidic igneous rocks, while lower in basic igneous
rocks. Especially acidic plutonic rocks show sharp absorption bands at 1.4 and 1.9
um due to water inclusion in felsic minerals and basic rocks a broad absoption
band near 1z#m due to Fe** ion in mafic minerals.

Sandstones generally have higher reflectance than siltstones and shales, and
show strong absorption at 1.4 and 1.9xm. Arkosic sandstones have lower reflec-
tance at blue band due to Fe™*™ ion exsolved from feldspars.

The HHRR data have a positive correlation with Si0O. and K,0, while they have
a negative correlation with FeO and MgO.
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9 dRME dwe BdRe AYEA Yo BEsts Wty sANFs HAURS
tato 2, CARY 17-D Spectrophotometer§ ol &, 7}Al-2H ] spgolo o] RANATS
2R3t z+ Ao YT BEPJEA LS dolr o, Hand Held Ratioing Radiometer(HHRR)
% BANAL A9 FAARTY FAVAS BAHAT
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I. 2aHIE £3

M-1. AMAR
AP oo dHENAE ZAHS 8] 1Y 2 HEAHLE A @x gL o=
G AAEA Y W] SAAGF € HAGRE dde= Fd9, 1/56% NARE 7|&E0

2 gAGAE2 A dE AT 4 gEe 54 dEde FES A9, AFA
(Fig. 1).
&2 AFHANEA it FA8Y 7)Aol th(Table 1).

Table 1. Rock sample descriptions

Sample No. Petrographic discription Sample No. Petrographic description
-1 Light grey coarse granite S5-1 Milky white-light grey fine quartzose
1-2 Light grey medium granite sandstone
1-3 Pinkish coarse granite g S-2 Grey medium quartzose sandstone
é 1-4 Brown coarse granite ]ID S-3 Light grey-grey quartzose sandstone
N 1-5 Light grey coarse granite M S-4 Light pink coarse arkosic sandstone
E 1-6 Light yellowish quartz porphyry E S-5 Light grey mdium arkosic sandstone
8 1-7 Light grey quartz porphyry ¥ S-6 Brownish light grey coarse arkosic
S -8 Light grey rhyolitic tuff A sandstone .
R 1-9 Brown rhyolitic tuff }\} S-7 Light grey siltstone
0 1-10 Brownish purple rhyolitic tuff S-8 Purple calcareous siltstone
1% I-11 Grey medium diorite g $-9 Greenish purple calcareous silistone
1-12 Dark grey andesite C S-10 Purple calcareous siltstone
1-13 Dark grey fine andesite . K S-11 Dark grey calcareous shale
1-14 Deep greenish grey andesite S-12 Grey calcareous shale
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Sample No. Petrographic discription Sample No. Petrographic description
I-15 Dark grey brecciated andesite S-13 Olive calcareous shale
1-16 Dark grey andesite S-14 Dark grey calcareous shale
1-17 Deep green coarse basaltic dyke S5-15 Dark grey calcareous shale
1-18 Deep green fine basic rock S-16 Dark grey calcareous shale
1-19 Grey coarse granite S-17 Dark grey shale
S-18 Dark grey-black shale
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Fig. 1. Sampling site map.
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I-TI. AB2(7] & &3

I-I-1I. Cary 17-D Spectrophotometer

otMol RHYuAIEZHNE 7] 9iste CARY 17-D UV-VIS-NIR Spectrophotometer &
Ar&3tg k. CARY-17D UV-UIS-NIR Spectrophotometer?] ZA A4 & 186-2,650nmo] L}
717134 BAZ Q1] 400~2,000nme| A A A 10nm A2 FHsFH o, 4&FA
] ol A A rALA] E (Specular reflectance) & A/ €13 A& EFvVAIEF Aoz Jep .

Spectrophotometer &g $3 UHAIEE 72 3cm, A2 3em, 77 0.3cm =7]9 why
2 AZstg o, wHA LA Grinding steeld] 218 29& AAs7] 93] Neutral reflec-
tanced] E3&2 EAS 7}A Alumina mortarg Al&dte] A FHS Anksydoh

I-I-1. Hand Held Ratioing Radiometer(HHRR)

FAMET EFWAE e FBVAS oy dstd, FUe TR 2
HHRRE A}£3¢ . HHRRS 270 9] Optical traine] 2z 57§ % o] Band-pass filterg #2+&
T UE FUHE EFMAMEZAHVIZA, & IFodAME Landsat TMO Aot Ao o
2] 3t 6709 Filter(Band 1, 2, 3, 4,5, 7) & o] 83} t}(Table 2).

Table 2. Spectral characteristics of HHRR filters

Channel Center wavelength(nm) C. W tolerance( +nm) Bandwidth(nm)
1 485 10 70
2 560 10 80
3 660 10 60
4 830 20 140
5 1,650 40 200
7 2,215 50 270

HHRR ZA A& 32cmx12cm =7]¢] BaSO, Standard targetS o] &3t o0, & 0 X}
2 R AETEE HAFEr] 5o FHAEE AY LT dAZVE st Standard
targets} & =7)o] AR} gol AL 20T, % 65% ¢AANA 33 H(Fig. 2).
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Fig. 2. Measurement geometry for rock samples in lab.

Charge transfer, Color center, Bending, Stretching @ Crystal field effects 9] 2329 =4
o oj3td AAHW, 53] F5dAAL F87]F(Machanism)A} Electronical process$} Vibra-
tional process2 FX EH T},

Electronical process& #% EZolv BE&£E B0 ol 7te] AolFo) o uis
2 Y& FW=(Absorption band) 7} S Ho|t} F4 9L Ultra-violeto] A 1um7}=| o]
9, Electronical processE& ¥0.7]& F8 8¢ & Fet', Fettto]& 024, Fetto]& & 1ym =
<9 W AZgANA F548 4o 3, Fet*t o] 2& Bluebando|X F4& Yo 7ith

Vibrational process= H,09} OH™, CO;~~, SO,”~ 5¢ &0]2¢ Fundamental mode2] Over-
tone, Combination tone, Difference toned] 238l o2 A A A Uoluhd], Electronical
process¢t= 28] 4 FFME=gE JdEle Aol A HolH o#F FFUse FRAY
oA $AsHA Uehdth 53 FEo HO07 EYPHE 14, 1.9umolA §48 Yov)x, OH"
ol & l4umol X F4E dodyv S48 2.2, 2.3umANE F5F Yo7
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m-1. &8 =2

Hunt £](1970~1971)<=
Qo dAH EHPMAEE
clase), A A4 (Orthoclase)
A& B Foh

Y

8
&4 5 At (Fig. 3).
59 FAEFE(SIO, 3FE)S FFg e WALR Ffojr}t A9

2932 (Rock forming minerals)el] thale] 7pA| -3 9 =%

o]l

4] o4 (Quartz), A4 (Plagio-

sl

HORNBLENDE
(OH):Co; Na(Mg, Al)s ((Al Si)Onl.
+ (OH); CosFes*? ((Fe™, 51).0u)

Pl=e

BIOTITE
2H;0 K0, 6(MgO, Fe0), Al,0;, 65i0;

PLAGIOCLASE
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A P
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CaCOs

r e A ' 1
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s

DOLOMITE,
Ca(Mg) CO;

Fig. 3. Reflectance curves of major rock forming minerals from Hunt et al(1970, 1971)

(The curves only show relative reflectivities according to wave-length for each mineral).
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lonite) 59 49 FEEL
ofZel g {4 Adolth EF FAEFE
=, /R & HO E& OH ] &9 Vibrational processo] 93 &2 4, o]

Foll= 1

¥4 448 wo
A2 FF 84& ¥ E(Kaolinite), Ex @2 o] E
F At PN, MR B9 BHABRCO, HYB)L

4,19,22 ==

£-& 2 (Biotite), 2}d 4 (Hornbrende), %4 4 (Chiorite), =23 21}0] E(Montmoril-
lpm F9] He Aoy Fe WAL E ey o= Fet+

2.3umel 49 o) B

5o HERBAN 843 Yojus 2
Fgpold e Foot ol

dojit=l, 2.35, 2.55um F2oll N AEY 2 9 njeksiA vhelvc

Cary-17D Spectrophotometer ZH o 2oJ&] o]z

£3t= YA E9 Reflectance pattern % Spectral feature

1. oMol B3

E
g4

(1) 34 ¢ (Igneous rock)

W3 ¢l Reflectance patterng 23 _1 o oo Yo} FYotEo]

HoAFW Lo R g4 WHAE7} g obd tH(Fig. 4).
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Fig. 4. Reflectance curves of igneous rocks.
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Fig. 4. Continued.
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* AFA ¢t (Acidic rock)

1. 8}72 % (Granite): @oF NN FHAFRE Z5E AR Fopdoh. Blue banddl A
AT F57F dojue RE FANAA L€ Fer P ol & Aeolrh 1.4, 1.9um
A dedd FF Ao FHIU ol HO ¥ OH 9 o Folt}h(Fig. 4-1, 2, 3, 4, 5).

2. 49w (Quartz porphyry): A 84 34 at wlstg. welx 317093 Reflectance
pattern @ &4 #AYo] Ag XS B F Uk (Fig. 4-6, 7).

3. $E2%43 ¢35 ¢(Rhyolitic tuff): 3F4+gt 7922 600~800nmolA] AthH oz & b
ARE Bo F9, §4 Bande A9 B9 FA Feoh(Fig. 4-8, 9, 10).

* ZA) ok (Intermediate rock)

4. =9 (Diorite): Redoll ] Az oz 23 WHAIEE B Fu 14umoA bjad F&
E Yotk 283 lum ¥29 W gFdorae] @ MEE 444, FLE F
FAFE e Ferro] 2o o &4 of £o]H(Fig. 4-11).

5. Qt2Ft(Andesite) : 1.4, 1.9umoll A plekdt = AL Holn, A 1um BIAME F
S84 o) Yehdth(Fig. 4-12, 13, 14, 15, 16).

* & 7] A ¢ (Basic rock)

6. 9714 &9 (Basic dyke rock): Blued| A AdlHog £& ¥WAIZE Zeth fF4FE9

Fe**o)&d)] 23t 1um B2 F47+ @A stoh(Fig. 4-17, 18).

9

dsh e 24 2%l %Y 14, LymolAe 4P 5 B 1AL @A
W, FAAAE Bkl dEu @714 GAAE A9 vehix dee ¥ 5 o,

GANGLRE B4% Lum ¥29 ¥ A 5 USA Aolde T+ Aok
14, L9mol el F4E Ao HOd & Aoz ot 449, 34 F9 w%%ou EE

¥l Water inclusiondl] 93+ g0 2A FAREo] Be AAee EAFQ
Ao A URJA SFH Y olHE dAol A YEYA e AL AT F
A A7F w9 2o} Water inclusiono] A2l ¢l7] WEo2 YyZHEt)

Ipm F29 € dggelxe] FFe TR, FAY 59 FAFE o U Fe''ol
o o3 dFgoz, GG EFE FAFE] FrHg vt lumdlA F57F A
A veEbddh 23y o 22 F5471 A 84 wi=EA] Grid g st 7 = gle
g, ol F3t A EQ AstH 93ty dojur|x 37| WFolrh

U 2 §4 Band® B FE H:0 € Fettol2o] T3d FEo|l &Fd ot b
AAZHog Haly] g BRI T N oste] ol HE A4S EFS AL A
2 80} udr Atz e g 2o 8IAILE J1A9, 1.4, 1.9umoA = o}
I lpm B2A d$ 2 yALE Zedd, o F7A gAem A
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(2) ¥ & ¢+ (Sedimentary rock)

HAgdRe SAgAe 28 TAEE e 3R] vl qdatA wser) Wi z
Z}2] Reflectance patternS o] ¢ thokslAl vebdth mwala 2 429 T:H 3 B3gela EXNL
d&3t717F vl ot

1. AtgH(Sandstone): 14, 1.9umoll X &4 @] A3 veluyed, ot F3bo 2

9 UAol X3 Water inclusiond] 93+ ki 3 AAo] F3lHo] YAE HEF
2] OH o] 93 Aoltd, A=A A (Arkosic sandstone)o] 13 A+ (Quartzose sand-
stone)ol] ¥]3la] Blue bandol] A vj 2 WA E ZHE A2 FMA Ao AAN H
AL A &2]F Fe ' rol o olgt F4 dFolti(Fig. 5-1, 2,3, 4,5, 6).

Mg 1k

2. v A}¢k(Siltstone), Al Y (Shale): AFgte] vjste] WAlZ7l HAH oz vt o2 Wi
B AERESZ FAE] 317 WFo HO, OH o 2% 14, 1.9umel A9 F584o] 2

Al JElE Ao 2 4" o Hste olgid F @Al A9 YEUA gow, tE
OH™ o] 29 9J3 Ao 2 Hole LdumojAe] &5 #Ado] ozt UEpdh o9 o] H
% 1.4, 1.9umolj A 9] F57F vjokgk AL Abgdel Hstq A4, FA Fo FAZE
ool A YAIE W$ Zo} Water inclusiono] A2l &A3A %7] o &olth(Fig. 5-7, 8,
9,10, 11,12, 13, 14, 15, 16, 17, 18). 181 o]|E £ 2 3]&(Calcareous) YA+ &2
¢ Band?l 2.35, 2.55umo| Ao Z& FF7t ddEH U, ol SAUSY Hreldh

0.625 0.3594

1. Milky white-light grey 0.3438 2. Grey medium quarizose sandstone
0.5625 fine quatzose sondstone o 0-3281¢
3 05 g 03125
= 4 0.2969 |-
g 0.4375 § 0.2813 b
= 0375 T 0.2656
= 0.25
0.3125 234 |
0.25 x 1 M i " ! 1 0.2188 1 " 2 s : A
400 800 1200 1600 2000(nm) ‘00 800 1200 1600 2000(nm)
Wavelength Wavelength
0.3 - 0.4375
3. Light grey -grey quarizose sandstone 0.4219
] g 0.4063 p
5 § 0.3906 |-
3 8 oars|
E ‘g 0.3594 1
0.3438 |~ 4. Light pink coarse arkosic sandstone
0.3281
O 2375 PR 2 'y l‘ A . 1 0.3125 X A A 1 1 i
400 800 1200 1600 2000(nm) 400 800 1200 1600 2000{nm)
Wavelength ‘Wavelength
0.5313 0.4375
o 05F o 03751
& 46881 8
8 0.4375f % 0.3125 -
= 0.4063 - % 0.25p
£ 0375k o~ 6. Brownish light grey coarse
0.3438 5. Light grey medium arkosic sandstone 0.1875 arkosic sandstone
0.3125 x 1 A ' . 2 N 0.125 N 2 2 1 x »
400 800 1200 1600 2000(nm) 400 800 1200 1600 2000(nm)

Wavelength Wavelength

Fig. 5. Reflectance curves of sedimentary rocks.
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Fig. 5. Continued.
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V. AMNED BTUAIE

BHIAEZH o3 25N 2HARS AFHOE N7 At FHPE] o=

= = g el 384 £ HHRR Bandd REALE 7te] A @34 (Table 3)
g Tt GM4E W] mE 7 Bandd MAlEWstE BAsqh

AR DR FA QoM FHFEe] FAEA SO0 KOx wAtes o] y@
BAE 2t Y& Qe vk ol ol ARl W AdPAM AAHoR WAEs}
EolE A oudnh adn fA438) FAHRA FeO, MgO, Ca0 58 WAEe} Hof
BREAE N wet GG R HFE WA} g

53] FeOt 7% Band¥ ¥htmel AAHoz o Fo JHBAE ZE AL ¥4 2
FAQ FARE FeOo #Fel 27 He8re A Jris
0.94m)st ¢ ¥ Fo FAHVAE ZtE AL Fe'tol ol
48 dodle R #A47 Ad

K1
S
XL
o]
)

o
b
%
*

o|% o] HHRR Band¥ WALwsh Y4 Ratel JRBAE BFUAEIN 24 23
o Aol AXNFE T F YoH, A HAYR(AA, 4, G7 el BE RAE A

o= Ax AAHe=z HFS & 4 U
asy g EREAC] dAR F& FAYGAAM YEIYY] Wl vlwA w3
Landsat TM &9 Spectral data®? o2 24 44 ER7|dE olelg oz dadd

Table 3. Correlation Matrix of HHRR Band reflectance & chemical composition

Si0; ALO; MnO Ca0 MgO K, O PO; TiO; Na0 FeO Fe0s
Band 1| 0.267 -0.113 -0.534 -0.292 -0.327 0.353 -0.279 -0.203 -0.381 -0.500 0.024
Band 2 | 0.363 -0.185 -0.591 -0.382 -0.382 0.392 -0.351 -0.274 -0.305 -0.642 0.013
Band 3 | 0.438 -0.222 -0.638 -0.447 -0.434 0.437 -0.418 -0.343 -0.294 -0.721 -0.013
Band 4 | 0.452 -0.223 -0.632 -0.468 -0.432 0.439 -0.418 -0.341 -0.272 -0.763 0.012
Band 5| 0.367 -0.272 -0.427 -0.365 -0.268 0.243 -0.293 -0.228 -0.029 -0.705 -0.012
Band 7 | 0.342 0.227 -0.436 -0.333 -0.273 0.240 -0.290 -0.237 0.033 -0.676 -0.031

V.2 B

i

£ oATE ARRA W Beb] HAGR L HYYRE Ao 24 R pAMAES
2433, o8 EUL ol 2 449 BRRALSIH, FAARTY BINAE o] yun

o
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A E4E A=k
L BRUAEFAC] e 24 G ERFHS BN 4%, 4% Afele 44
) JYASS MARE Sobrlth A4 gtol

gul

1.4, 1.9umo1wsl o g 3 §¢7}, A7 GANME 1um FE29] W 3o

7b B3 Aotk HANY ALe Aol WA, AldEG HAHoE RIALRTL =
th AFEE 1.4, 1.9 pmo A o] FFE Aol AdAl e, A2Ad ARE2 Blue bandel
Ao FaEde oty FAAIG T FEE

2. HHRR data®] Bandd ¥WHAlZ: Si0, 2 K09 Ao & w745, FeO 2 MgOste
ARRAASZ Zed, o3 AT MHLLFEF ARV BokR S vt 53
FeO7} Band 4(0.76 ~0.9um) 9} uﬂ% F2 Fo AFAAE ZE & Fe't iond
lum ¥-2e] §& sggoxje Fyadel 71g ot

3. 3l ¢e& 7t & Bandg Ze Hao, OH™ ¢ Fe™ o] Go| ¢Fel wet thx Al
o2 W3] "o BFEAF o3 SMERI o= Hr shEshy, HAGe HEW

#7} Shgstel b TR ojelgol HErh
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