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Infrared Emissivity of Major Minerals Measured by FT-IR
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Abstract This study measured the emissivity spectra of 5 major rock-forming minerals using
a Fourier Transform Infrared (FT-IR) spectrometer in the spectral region of 650~1400 cm™.
The mineral samples are quartz, albite, bytownite, anorthite, and sandstone. We compared
emissivity spectra measured in this study with spectra provided by Advanced Spaceborne
Thermal Emission and Reflection Radiometer (ASTER) and Arizona State University (ASU).
The spectral features of emissivity such as Reststrahlen Band (RB) and Christiansen Feature
(CF) locations were compared. Results showed that both CF and RB locations of emissivity
spectra measured in this study were similar to those from ASTER and ASU. In the case of
quartz, the RB was occurred in the region of 700~850 cm™ and 1050~1250 cm™. The spectral
position of emissivity peak was in good agreement with the location of ASTER and ASU. For
plagioclase (albite, bytownite, and anorthite), the spectral location of CF was shifted toward
larger wavenumber and the emissivity value was increased in the region of 870~1200 cm™
with Ca percentage. The CF of anorthite and bytownite was occurred at 1245.79 cm™, and that
of albite was occurred at 1283.79 cm™'. We also confirmed that emissivity feature of sandstone
includes both emissivity features of quartz and calcite. However, there were some differences
in the magnitude of emissivity and locations of RB and CF. These were due to the differences
in measurement methods, and differences in particle size and temperature of samples.
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W Furt B AR 2w Poue) JF
< vXA ¥t Qin and Karnieli (1999 NOAA
(National Oceanic and Atmospheric Administration)®]]
©2¥ AVHRR (Advanced Very High Resolution
Radiometer)2] A2 5 (10.39~11.0 um)<} 2NE 6 (11.50~
1250 um)S  ©] &3t A 3E &% (Land Surface
Temperature, LST)S At=d wj x| F2] W&Ew7} ¢
=3 ;(]4 11:_,] z%:d—toﬂ =93 g U]X]ﬂ—j_
A T3 20108 TAE HFer A
(Communication, Ocean, and Meteorological Satellite,
CcoMS)e] 278 A A'E(10.3~11.3 pm, 11.5~12.5 um)



602 FT-IRS 0|83 T8 F&

ARE o83 AR & AEIHE AE HEEY
AHeAdo]l 27 & v} JAtH(Cho and Suh, 2013). X3
WEkol 3%2 a7t dvhd 914 HLqxd A5E
ol g3t} AE3 A 2EE oF 3K AEQ A4S
UERH ™ (Schmugge et al., 1998), 0.5%2] W&E% <
s A AR 254 03~0.7K 22 VRt
(Hulley and Hook, 2009).

Aelgold =4 WEE AFEYHS FLIR
(Fourier Transform Infrared Spectrometer)S ©]-83}¢]
o] WEshe HAMES SA s Y ®Nerry et al,
1990; Christensen and Harrison, 1993; Henderson et
al., 1996; Mathew et al, 2009) A} ZS =7 3lo]
(Salisbury et al., 1994; Korb et al., 1999; Chunnilall
and Theocharous, 2012) 78 = Ut} o3 W&
Ag= 94 ARE o] &5t =S AR WEE
ASsAY BAIRD S o] &5t $4do] &
APEEE Rodke H 2-8dHh

NASA®A1:= JPL (Jet Propulsion Laboratory), JHU
(Johns Hopkins University), L2]3 USGS (U.S.
Geological Survey) ¥HAF= 225 Advanced Spaceborne
Thermal Emission and Reflection Radiometer Spectral
Liberary(®]3} ASTER)Z F§ate] 2102 A|Fs}
3 9lTHBaldridge, 2009). ASTERE ¢4, FE&, B,
T, G 22 AdH BAY oksmES

T2 B9 AL E 0.4~2.4 umS}t 2~25 pm
SR Wre] Aleetal vk BERE ASU 29
Z}E (Arizona State University Spectral Library,
SUIA = 1507] o F=9 Ha= S3E
333l AT Christensen et al., 2000).
TolMe AEH Bd F sEviete] ket
e T8 F=e] Aol HEEE FT-
olgale] ZAsiir. FllE ole
o2 Fase] Mag & U A=}
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F= 29 =Y nwsisith
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2. FTIR O|&

2.1 FT-IRZt 3 ZH|

2 AFoM = #E AlE7T BEsE W dUAE
=437 98t w59 Midac Corp.ollA] A2t
M4400 FT-IRE ©]&-5}1t}. ©] M= Michelson 7+
AARA B8], IGAE, olsAE, F37, A&7
o2 FAH 2t} Liquid Nitrogen (LN2)2.2
Z}=]= MCT (Mercury Cadmium Telluride) 735 719]
FE AEHEYE 400~5000 cmlolH, 24 Hajse
Midacoll Al A FEE AZEY oS o] g3l 0.5-32
em™ HEollA Ae)7Mssi

71448k 7] A259 45 (2015)
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FTIRE 243 82 A= HEsl7] 9
A3 A= Mikon Inc.7t A28 M3400]t}. o] &
A AA 7 LEHEYE 20~150°Co|H 2% E
52 0.1°Ce|t} 283 FE A 87} wEstE gy
A& F7M17171 fl8ke] A8E 7Hgside, 71E
FHE 0~300°C WY NAM 2= A o] 7hs3hy Al
o] 22 & dHsH A 4 Utk

22 EAZE AHERY A

FT-IRZ =43t 7421 E (interferogram)S 2ol ¥
el Fhro] wE W duX]e] Bx F AHEH
o] ®Er}. W A=A 7} H) 9] ¢ o] ©h9](machine unit)
2 FANERES o, o]F AA =HER V(o)=t gt
FLIR Al FEE0] W& 8 A9 7]
(instrument offset)& A|A3IL, A|E7F HES 9 o
UAE EAME A EH(S(0)S2 UERdZ] 218
o2 7+ g3l ¥ (Revercomb et al., 1988y
AHg-3FSI T

V(o)
S(w) = 7'("(3')—_10(0)) ey

o714 o)== FT-IRE WH-$-(instrument response
function)®|™ I (o) FT-IR ZHdA7F &3k Ho] 7]
o E ou]stt}, FTHIRE] W& ZHE7]0 YAk Y
AUA Y HE717F Udeill= 541 olbA] Alole] W
BHA|5*(conversion factor)E 9|3 th3 7ol 4
o]@tH(Mathew et al., 2009).

V(o) = V(o)

Ho)=o—o 2 0

)=, - B @
A7 V(o) Vie)e 47t £57F & SAS &
Tt e SAE 4% 94 SFER|T 18
Bi(0)% B(o)= 77t 23 Ao A7 WEst
+ Planck 32 Th3t 7o Foj€rt

2 3
B(o, T)= 2]70—0) 3)

exp(@) — 1

kT

714 h (=6.62617 x 102 J s)= Planck AF<Fo]aL

k (=138066 x 10 ] K')¥ Boltzmann 519 ¢

(=2.9979 x 10° m s'y= ZE Aelo|A] We] &ro|t),
7128]3 FTIR 7057} QA 9 ojuR]o) 418

° 2 Wi, 2(1)e] A 7lde vt 2ol

7 2] ¥l th(Ishii and Ono, 2001).
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Fig. 1. NESR of the Midac M4400 spectrometer at the
ambient temperature of 298 K.
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2.3 FT-IR9] NESR

W& =3 AM-3F M4400 FT-IR 7H A9 72
(noise) 715 AR 7] 251> NESR (Noise Equivalent
Spectral Radiance)2 73} th. NESRS SA & =
e QA ~FEH BFEAEA} 7HA weEe
B2 oh3w} 2ol Yelgr,

= o)
N I’(O)) (5)

SAE SRS W AN 2 EHS] FEHAL oy

£ et 2ol A,

Sri = [FEL Vi) - T ©

A71M V(0)e 49X 2HEY AFolH V(o) ©
£ A59 HIFS veRith
Figure 12 25°Ce] SAE 203 =43 AEE o]
&3t A4ke NESRES WeERA Aot 1] W i-ol

ZAsls %719 93ko = T 1400~1700 cm™
o ] NESRZ 78t 57| F54 $1x]e & Ftol Ut
Bttt o)L AYstA NESRS 10°~107 FE9

2 7HS YeR itk webd 1400 em 'Rk 2R b}
Zol A= NESRe] 107 o|at& Ao dAa}7] wjio
FE719] dFS e HAE AT 999 A5=
WEE S0 AR £ S Jlos Algdn

S

kn
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B2 o] WEE (emissivity, e(0))e =3 °] U&=

4 o] FE 603

W oUAsh 3 BT FAS Lwel S} Pt
= 9 oy e] HER AoH, B4 T/} &
T a8 ﬁ}xoL o w2} thEtk(Norman and Becker

1995). W&o S4& WAL (reflectivity, R(w))E
g3t 71301 Z HEHo g AksiAY £49 E*z
ANUAE F7ste] SA¢] WEovA| e} Hlawste
ol gt 1—t— 2tk () 2 (8)e 2ol Heoldtt.
g(@)=1-R(®) @)
£(0) = ol ®)
71 S(e)e AlES] WE BAME SFER|A
Bo)ys A8 5dg 2xdA A7 HEg BAL

Aol A EGol

32 8 MNE

FEoldd k8t Aol dA sl AA}F wide] 3
ARl AAA oIt} F=e -‘JﬁfL ZAgoll wet EFEH
TAE FES X749 95% B3 A 4F WES
97%2 A 3hTh(Sen, 2001).

SEvtete] Z1aeke iEet, 2, s wnt
ol 5}71—01— ALt = ters) H:]/K—]O]— a2 §AQr
Qi o]Foj St o] ¢S FA e T FE
TO 2= A Y(quartz), B X (muscovite), AFFA]
(plagioclase), ZH5744 (K-feldspar) 5°] A tH(Hwang
et al., 2000). =3+ Jeong (2008) B3 F O ZHE]
Rk 3IA}e] ABo] AN FEo] Ay /\].z]—/u
2544, 24 (phyllo-silicates) ZE]—’ EbAkd
4 (carbonate minerals)?! 3l 4 (calcite) 52 T
AE YaS Bas vf ok

2 AT = AREE FEEL Ue T8 FEE
}\]EE /ﬂ;ﬂg}og\];} ]E‘— HOﬂ(quartz) /\].x}/ﬂ =5
21 3)74 (anorthite), ©F3]734] (bytownite), 2732 (albite),
2] Al (sandstone)S E§Hele] & 5Eoltl. ALY
<SPt o] FEERE o]Folx] AR A FE
o] HEE 54S Uil wiiel ol& stz
Algd EZssidth Al8E2 HA 72 9com, MZE
6.5cm, =°| 2.7cme] AAAZ FEN T A2}
of| Al A|F= At

33 AR HUx &3

B= ’\]‘57} %5"1 4 uyAE F4s7] 9
o] 71EAAE AN FEE 50~70°CE 71Dk A&
7Hddhe olfr= WE UAIZE 2= HlFH s
ol o B2 WE duUAE S5t 2 Y=
=ol7] 918 Aol 2E]a A ge] FHdE =2
ZEAE FAE AR 25 SASATH

oo 2 oo 31;
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Fig. 2. The emissivity of a) quartz, b) albite, c) bytownite, d) anorthite, and e) sandstone,
respectively. The arrow for each sample indicates the location of CF.

FT-IRE ©o]g35te] WA A g9 7HxEE =43} 3} RB)¢} Christiansen Feature(©]3} CF)7} Yebdth
J RHE ABEY 257 58 SA 9 AlgRT & (Salisbury and Walter, 1989; Cooper et al., 2002;
w7t e Ao AR E ST AR Donaldson Hanna et al., 2012). RBE H&x ~HE
o) ZAelN Balse 1em 2 sglom, Amel A @elA ThE wpgel Hlal o] 2l UEhte 7ke.
Geg oly] SAstel 64l AU AR BRYS B FE 7Y BAEY 2059 5 oAzt F45
o] &3t ol TMHARE Flof MEstd g = 3 FAolrh AP A Si-09 59 WF
o QA 2HEY 1o 38 % AL FAY A4 2 @ F4U7 82-92 imolA vehdtha waE )
HEY po V.E st 2(1)g ol &3ate] 7tz 2ATH(Salisbury and Walter, 1989). Conel (1969)°] £]

EAE 2HEYo R Wkst &, 2 (8)% o]&3te]
ANz HEEE Tl

A
L=

N

EEE,

2= EY

o= Reststrahlen Band(®]

#2549 4% (2015)

3 He AMEE CFe WERrt Huvt He 27k
2 AEe] AFE FH g AEE EHA WEY &
HAEo| - 3ol Yehe g FEs Fi
She A EZ -8 HtHCooper et al., 2002; Johnson et
al., 2002; Bras and Erard, 2003).

Figure 2= & A7olA S8 N85 HEEE
yehd Zeojt, A EY Wele 7571 FFUE Al



98 650~1400 cm™' G o]t} Figure 2a= 27f
327.15 K1 A (quartz)e] WEEE, Figs. 2b~d& =
74 (albite, 334.15 K), ©}3]7¢4] (bytownite, 349.45 K),
374 (anorthite, 330.85K)e] WEEE, 18] Fig.
2e= AF%H(sandstone, 330.35 K)o ¥MEEZ veld A
o|t}.

Christensen and Harrison (19932 Age] W&x &
HEHA 790 cm™9} 1160 cm™ ol RB7F o
H o] Mo g YEehdtia BRusith 2 A
TollM &g A9l ¢, RB 77! 700~850 cm™
oA B FEEE 9 0.9440]3 1050~1250 cm ™ol
A Hag EEE 9F 07540 F RB 7£7H2 A9
3 go|xle] HA HESEE 0.9760.2 RBo|A ] Wt
Z£5 9} 0.03~0229] Zol7t WTh HA WERE
112141 em™'o|A YERge™ W&l 06850t 2
32 117829 cm™ oA TS HA WE257) Vet
o 2 =7]& 9F 0.7020]t}. o] 5& 1158 em 'S 71E
o2 vgAE Holzdl, ol Bl Salisbury
and Walter (1989)¢} Wenrich and Christensen (1996)
o] AFeX= ®iE v Q) AP CFe =9
we} Z2bd 4 AR TKSalisbury and Walter, 1989),
B Ao)x =43 1337.87 em '] CF= Wenrich and
Christensen (1996)] A-Fol|A] Birgk CF] £1x](1360
em™t B, 298.15 K)¢F HZ=619)

2 AgoA SHT 244, o134, SIS A
A (feldspar) FollM APFH R B/ F=S°lth
Milam et al. (2004)8] 7o W= APgae] W&
T 2H8Ed 54 g3 2tk (1) 1250~1351 cm™
oA CF 7} YehH, (2) 7+4(Si &FvE(Al) ¢
A5 7k 59 sl 93 F4Z 900~1100 cm™'9}
700~800 cm "ol 4] RB7} WUERA, (3) 374 (Ca)Ql
2ol BS4E CF/F YeE I 24t
ob2# oF 1050 cm 'l W& U7t YehdtleE
Aol A8 Agolx HiE vl Atk(Wagner, 2000;
Milam et al., 2004; Donaldson Hanna et al., 2012). &
42€ 1000~1070 cm™ -7+e] WEE7F 1070~1200
em™ FZre] WEEHT e Zo] EAd (Milam
et al., 2004; Hecker et al., 2010; Donaldson Hanna et
al, 2012), & AFdA 4 27349 sg 3¢
B HEEE 0.887 0.89F 1000~1070 cm™ 74

= - olF 605

Plagioclase

E albite(334.15K)
[ bytownite(349.45K) —--
[ anorthite(330.85K) -----

800 1000 1200 1400
Wave Number(cm™)

Fig. 3. Three emissivity spectra of plagioclase: albite (solid),
bytownite (dash-dotted), anorthite (dotted). The thin arrow
indicates CF location of albite, while thick arrow indicates
CF location of bytownite and anorthite.

Aol Fi WEErt A SHEU. of3| A 2 3
AA L 3] el et FREEAT A AR
o] H|$=a}7] W&ol WEE 54 B3k FALSIT). Figures
2c~doll HQl uje} o] o} A3 3]73gAe] RB&
700~800 cm™' ¢} 900~1200 cm™ GG oA e,
1085 cm oA & W& T = 717} 0967 0972 =45
At F FEY FEEE 1085 ecm 'S 71H LR 900~
1080 cm™'¢} 1090~1200 cm™'ollA W& L7t tr2A U}
ElEs 54S 2 4 9t} Christensen et al. (2000)
2 860 cm oA 3|FA e WEEIF 9 At B
gk b Qledl, B ATex AT o5 WEEE
& Zolg YERNA ZUTt ol £ ATolA A
st T FE AR g 33 ke Ao|rt A7)
oz ALz

Figure 3& & AFolX SH G AP (&4, of
344, 344 WEES vwd Zolth A HA)
RB 7+l 700~800 cm oA 34419 Wi W%
L0988, A9 Pt WEEE 0984, 183 o}
A At wEEE 0982F AU F A
RB7} VEh = 742 850~1250 cm 91, W% &
AL & o A 7] 98] Milam et al. (2004)3}
Donaldson Hanns et al. (2012)7} #|¢tet A=} 7o
RB 77H& 850~1100 cm ™9} 1100~1250 cm™'& &
slod B3I TE Table 19 A WA RBF F WA
RB| 7} &7tA HaAa WEEE eI g
M9 850~1100 cm ™ 'ollA Ha WEEe] 2% 3734

I

Table 1. The minimum emissivity values in the two RB regions for albite, bytownite, and anorthite.

Minerals

Region (cm ) Albite Bytownite Anorthite Note
700~800 0.984 0.982 0.988 1st RB
850~1100 0.884 0.910 0.926

1100~1250 0.892 0.934 0.955 2nd RB

Atmosphere, Vol. 25, No. 4. (2015)



606 FT-IRS 0|83 T8 F&
£ 0.926, o}3 A 0910, 2832 A4 0.884
o} T3 1100~1250 cm oA HA WEEE 34

o] 0.955, o}3]44]o] 0.934 2ol 2o 1 0.8922

2 24U CFe 37343 ofs] 349 73 1245.79
cm 'OlA] e 2 el A9 1283.79 cm_loﬂ/\‘] 5%
Elstth o33t A= APATF Milam et al. (2004)
7} Donaldson Hanns et al. (2012)] A3} A X]sl=
Zlolt},

Salisbury and D’Aria (1992)5 A<} whalj4]e] W
EE Ao AR E YERdTHA s3], 2 W
|2 o= 2k (1) A9 RB 54¢] YehiH,
(2) 760~820 cm™ F7HME WEEIF AQdHY =
A JeR, (3) 885em™! 2 CO0ll 9% RB T
ko 2 vt 2 wEeE Helth ogd E4
S B AFM SAS A HEE ~HE- (Fig
2e) A = J&qﬂoiﬁ} wEre] fge) uE WskE
B Ao AL 1121 em'ollA] 1158 em™ ' 7HA] W&
=71 0685914 0.8020.% 0.117 Z7F5F whd Aleto)
A9 FLst AR WETIE 0.872004 0.908F
0.036 =7}t th. =3+ 820~900 cm™'ol|A] A4 ¢] Wb

Z% Wsle] vls] A WExe] Wbyt 9 2
SA=IATE o= vkl ot JFS =2, Salisbury
and D’Aria (1992)7} 9153 Al¢te] WEw A9 e
EAo] & AFNME FAFH SH=AS & T
AT}

42 XEN
Age] e FEE] ARt F83 ARFe]7]
w2l A& E—E: getsiAl Aelstefof ok £
AFoMe F& 2EAE o|&3ste] 59 ‘——‘—-(Tsamp)
2 SASAAT F ‘4 el et =7b vEA b
Ehbe wdo] WA Ruff et al (1997)S ©]&
g @S nekelr] flete] CrellM el BEw=rt 19]
He SE(L)E AN 258 7Psla WEEE A
Aretnh B AR E AFo L% Ruff et al
(1997)9] W< AF%M w‘L;} ATt

AN 55 T, & T2 7Pdads o, 7
A EES Aolg 1) Sl WEE 2AE

=3 2ol ARksiT

8*( samp) ( f)

Ag = o7 f)

%100 )

047]*1 e T2 AREste] AlRel WExoll, ¢
o VRSO A WE ol

Flgure 4= AT (= Twmp—T Aol WE AE -4—,‘01]
i e SHCls B B T, <TAl 3
O]:ﬂ‘ ji]—E]— /\ﬂ__. T:amp>T ]]:]— “L]—T 650 cm71

71448k 7] A259 45 (2015)
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Fig. 4. The emissivity error resulting from incorrect
temperatures of the sample. Spectral errors are presented as
percent change in emissivity from the correct emissivity
value.

Table 2. Sample temperature (7,,,,) and CF temperature
(T;). Units are in [°C].

Lsamp Ty AT (= Tamp— Tep)
Quartz 53.8 54.0 -0.2
Albite 60.0 61.0 -1.0
Bytownite 75.2 76.3 -1.1
Anorthite 56.0 57.7 -1.7
Sandstone 60.4 61.2 -0.8
Averge 0.96

ol AT=-1K¥ o WE=E= 1%7F &7 v
AT=+1 K o —1%2] x}o]S Belth 34 1400 cm™
NME 2%9F 2%E Ae (%)2] =71 ATl wet 2
2|3z ghpol] wek Ao AP HoZ FretATh 21(9)

2 Qo8 MEE QA 2AHOR thest go]

A8,
hecw f_Tsam

As~{exp (——————-ﬁ)}q}xloo (10)
{ [ k TsampTCf

ek AT=00]"H Ag=00°] Qu:] namp_,,]. T/7]' H]) <=3}
o 1 zpol7b # Aole Ae o (heo/k)N Ty~ Tyamp/
TmpT)7t El0] 934 vpoll whal 28] ATl ot
2} 2717} S7bsHA

Table 2= 2 AFolX F8E T,,° HE= ALt
of b 7,0 2= 5 yEhd Zolth T,,°%F T,
Bt zfole 0.98 Ko™, T8 ARESHA 3L T,
AFES o) Al EE QA= 1% Wlolth



4.3 CIE Xt=2} H|w

B AFN ST FE] LEEE UE AR
9} vttt 71X = ASTERANA A|F 3=
Bidirectional ¥*A}=(©]3} BR)2} Directional-hemisphere
HEALE (0]8)F DHR) AF&E 2 ASUQ] HRAE 2} oA
Te WEEL Hwst Ede WEEE 74 A
3 25 ‘q"j/]' OEr dMes 74 i 2%
Rk ofuel W dEi(el; Al B, AR =
4 "W (el; BR, DHR, Biconical Reflectance)ell ™2}t
A= 9 Z2A YeRdti(Salisbury and Walter, 1989;
Christensen and Harrison, 1993; Bras and Erard,
2003). 2 AolA ZHe HWH FE Ao WEE

HRERd g 78S & e, ol vikEkg
=& Biconical ¥HA[=o] 7]23]a X WA ()&
ZAgate] 3 WEES} Hlawste]of Frh(King et al,
2004). w2 ASTER?| BR A& 52 DHR A&
A e et g vlae  EiA 271 dE
of o7l ME BAA v FHE FUH

r

N{N' r\r

Figure 5ax= ASTER A[E0|A 73 W&ol B <
ToA 4% Ao WEEE Hwgk Zloltk. ASTER
ZA2E =717F 500~1500 mm<l A< 2] DHR A

g9 49 ﬁﬂiﬂfﬂ BR X}E—g— o] g3t A A
FA?‘{P é‘ﬁOl Ao} Akghe] Oﬂ?‘f}% 1?&6& Hapke
(1981) o2& FH&ajof = o]y go
PRkl Z7|7F gl vlE] 3]
Qo] FAIE AT, DHR A5
Al &% ‘%}ZEQ} A 3] Hhﬁ X
g zpol7t YSol= B AFollA %
Z5%= ASTER A8} H|wgS o, 4]
¢l 750~850 cm ™2} 1050~1250 cm*‘oﬂxi Ho
ERle] 542 vf§ Al Uit 53] ¢
em oM WEEI 34 FrskEd, oA A9
WEEe gxA 5ol & & 3

Figure 5be= 27449 AAE Had 7 011:} 7]
7F 125~500 pmQl 244 YAE =43 ASTER A
B} B APolA SA¢ 23 WEE ~YEY
2 A FeA 2 5Ao] °1xl stth RB 7k
1100~1200 cm™ 0|4 9] MZEE 950~1050 cm™'ol| A ]
wEero 34 Jelstth

Figure Sc& 0}35] Ao dig vjw Axje|t), 7]
7} 710~1000 pm?! YAHE 5743 ASU v tE Z 5
oA AlLtet WEEe} BT 2 Ao Ao}
ASU2| &% 2~HEHLS RB 77H2] $x]9} vbgo|
w2 WH3l7l FAFSHH, Milam et al. (2004)2] A3}
= 2§} Tl w2 Wsl 5o] H]ssit) ASU
ZtE9] CFE= T 1210 cm oA YEphton 2
TFolM 233 2T EHS CFE 1245cm™ H:Loﬂﬂ

H - o]FE 607

a) quartz
1.0 T
> 0.8
z 0.6
R
€ 04 ... ASTER(500—1500um)
W [ ASTER(Solid) ]
0.2 [ — KNU_Measurement(Solid) J
800 1000 1200 1400
Wave Number (cm™)
b) albite
1.00
2> 0.95¢
> E
% 0.90F .
€ E ]
Lt o ]
0.85 [ _ ASTER(125-500um) B
[ KNU_Measurement(Solid) ]
0.80L . . . 1
800 1000 1200 1400
Wave Number (cm™)
c¢) bytownite
1.00
> 0.95F
= E
8 0.90F
£k
0.85 [ __ Asu(710-1000um)
[ — KNU_Measurement(Solid)
0.80L . . .
800 1000 1200 1400
Wave Number (cm™)
d) anorthite
1.00 ¢
> 0.95
> E
% 0.90F
£ o ]
Ll 0.85 F —— ASU(710-1000um) 3
: ___ ASTER(75-250um) ]
0.80 r KNU,MIeosuremenl(Sohd) )

800 1000 1200 1400

Wave Number (cm™")

e) sandstone

Emissivity

TE L ASTER(Solid)
0 6 E. — ASTER(500-1500um)

— KNU_ Meosuremem(Sohd)

05E

800 1000 1200
Wave Number (cm™")

1400

Fig. 5. Comparison of emissivity spectra acquired from this
study (red) with emissivity spectra acquired by ASTER (black
and green) for a) quartz, b) albite, ¢) bytownite, d) anorthite,
and e) sandstone. Emissivity calculated from bidirectional
reflectance data and directional-hemisphere reflectance data
are indicated by solid line and dotted line, respectively.

Atmosphere, Vol. 25, No. 4. (2015)



608 FT-IRS 0|83 T8 F&
et CFF RB7F Y= 9939 HE% 319
Aol AR A4 AR, 2%, 283 54 Wi

ztelof] 7191t RS2 AlEH T

Figure 5d= 37340l tist A3&5 vast 2102
ASTER ZtE+= 4] =717F 75~250 pm?l 22
BR AEA 3 WHEEE YERH otk ASU &
EE A7} 710~1000 um<! 2ol ik Zolt}, o}
3440 HEEE RB 77461 900~980 cm ol A 2]
&5 7} 1000~1050 cm™'e] WEE R e EAS
YeRY =8l (Christensen et al., 2000; Donaldson Hanna
et al,, 2012), ASU AFol1A4E 1000~1050 cm™'2] W
Z=7F 24 Yelsth ASTER &R 23 EFH o)A
£ CF7F 3k 1220 em™'ollA] b, & Aol A
243 34419 CF= 1245.79 cm oA 23 H Q) Th

Figure Se2 AF¢toll tgh v]wolth, ASTER AE &=
500~1500 pm #22] BR A5} 27A 2] DHR A5
oA 3 Flolth o5 Al WEEE A <]
3 YEl = RB 77H700~850 cm ™9k 1000~1250 cm™)
o] MZ UAEIATE 53] £ A9 A= ASTER
9] 500~1500 um ol sk A5} ¥ WS o
WELrt v sh g nhE Wlst EAHE v &

Atk

20180 AL €7 F4 7182 A $
Arch e H9 Adoe] god, XE HHE X}
3 gkl thr)e) ARE AT o F o)) Al 7t
Adz =43 W URE 2og u EalrdojA
= AR wEr 287 2838 2E2 9 HL) of
A= FHME AF E- FHeYge WEEd
ot A, 53] HEE A uist A7 #lgst
of B A7t o] ®ofe] A Al=7F HA dA7EA]
A B gt A5 E Bo] 5K £3197]
ol B AjoMe AEE AL e HEF F
= UERE SH8la oL B B8

B Agoa WEE Aol AFR-3 FTIR 7H3 A 9
NESRE =4 93¢] 650~1400 cm oA} 107 ©]&}2]
2k ghol7] wZoll, FT-IR &4 A5 A=E 4 9
€ ZAo® ARt AR 25(T,,) WEE A
Aol AREE CFRE(T)0 B+t zkel= 0.98 KolH,
TS AHESHA &3l T,,& AHERS o AlLe W&
T e 1% Weloltt

257} 327.15K81 A9 wEEAdA = 700~850
em "9} 1050~1250 cm™ g el RB7} YEbStt &l
Tk WEE HES 0.9449)F 0.7540]t}. o] F F7F
S ALJg gt JAddM e B WEEE 0.9760]H,
RBoA 9] WE=rt 34 S =AU ASTER HEAL

71448k 7] A259 45 (2015)

T AEOA ek EEe) Hlwels wf E AolA
2435 A BHErE A7) ztol7t YA B
A3k 91A]ollA] RB7F YERSTE 2 AFelx AT
CFE 1337.87cm™ F-2olA A= oH, o]Re
Christensen and Harrison (1993)3} Wenrich and
Christensen (1996)2] A3} AX|stt. 37447} of
37440 A9 CF7F 1245.79 em oA UeRtom, %
A4 9] 7% 1283.79 cm oA UERT) 374 ) g
o] BEFE CF7} Yehve 357t S7h8ke 3
48 A - (Wagner, 2000; Milam et al., 2004; Donaldson
Hanna et al, 2012)2] A3} Attt 2=7F
33435 K31 ARte] e 2 ER A= 49d2] RB
(700~850 cm ™' ¢} 1050~1250 cm )2} #a141¢] RB
(820~900 cm )7} LFEFRETH.

2 Aex = 7o AlEE ARt SR
94 Al olA AbEs WEEE ASsAY Fg
g tj71e] ARE A= M e vt A EH
T4 B dlg WEE JEE FH3lojof & Zo
2 Atz®h

>
2
N
[0
oL
N,
2o

#Alel =2

B AYe AN AAgd o emo]Ad 71Ed
AF4(2012000160002)2] AL o= FaY = AF LT

REFERENCES

Baldridge, A. M., S. J. Hook, C. I. Grove, and G. Rivera,
2009: The ASTER spectral library version 2.0.
Remote Sens. Environ., 113, 711-715. [Available
online at http://speclib.jpl.nasa.gov]

Bras, A. L., and S. Erard, 2003: Reflectance spectra of
regolioth analogs in the mid-infrared: effects of grain
size. Planet. Space Sci., 51, 281-294.

Cho, A. R., and M. S. Suh, 2013: Evaluation of Land Sur-
face Temperature Operationally Retrieved from Korean
Geostationary Satellite (COMS) Data. Remote Sens.,
5, 3951-3970.

Christensen, P. R., and S. T. Harrison, 1993: Thermal Infra-
red Emission spectrometer of natural Surfaces: Appli-
cation to Desert Varnish Coating on Rocks. J. Geophys.
Res., 98, 19819-19834.

, J. L. Bandfield, and V. E. Hamilton, 2000: A ther-
mal emission spectral library of rock-forming miner-
als. J Geophys. Res., 105, 9735-9739. [Available
online at http://speclib.asu.edu]

Chunnilall, C. J., and E. Theocharous, 2012: Infrared hemi-
spherical reflectance measurements in the 2.5 um to
50 um wavelength region using a Fourier transform



spectrometer. Metrologia, 49, 73-80.

Conel, J. E., 1969: Infrared emissivities of silicates: Exper-
imental results and a cloudy atmosphere model of
Spectral emission from condensed particulate medi-
ums. J. Geophys. Res., 74, 1614-1634.

Cooper, B. L., J. W. Salisbury, R. M. Killen, and A. E. Pot-
ter, 2002: Midinfrared spectral features of rocks and
their powders. J. Geophys. Res., 107, 1-17.

Donaldson Hanna, K. L., I. R. Thomas, N. E. Bowles, B. T.
Greenhagen, C. M. Pieters, J. F. Mustard, C. R. M.
Jackson, and M. B. Wyatt, 2012: Laboratory emissiv-
ity measurements of the plagioclase solid solution
series under varying environmental conditions. J.
Geophys. Res., 117, E11004.

Hapke, B., 1981: Bidirectional reflectance spectroscopy, 1:
Theory, J. Geophys. Res., 86, 3039-3054.

Hecker, C., M. van der Mdijde, and F. D. van der Meer,
2010: Thermal infrared spectrometer on feldspars -
Successes, limitations and their implications for
remote sensing. Earth Sci. Rev., 103, 60-70.

Henderson, B. G, P. G Lucey, and B. M. Jakosky, 1996:
New laboratory measurements of mid-IR emission
spectra of simulated planetary surfaces. J. Geophys.
Res., 101, 14969-14975.

Hulley, G. C., and S. J. Hook, 2009: Intercomparision of
versions 4, 4.1 and 5 of the MODIS Land Surface
Temperature and Emissivity products and validation
with laboratory measurements of sand samples from
the Namib desert, Namidia. Remote Sens. Environ.,
113, 1313-1318.

Hwang, J. Y., M. L. Jang, J. S. Kim, W. M. Cho, B. S. Ahn,
and S. W. Kang, 2000: Mineralogy and chemical
composition of the residual soils from South Korea.
J. Miner. Soc. Korea, 13, 147-163.

Ishii, J., and A. Ono, 2001: Uncertainty estimation for
emissivity measurements near room temperature with
a Fourier transforms spectrometer. Meas. Sci. Tech-
nol., 12,2103-2112.

Jeong, G. Y., 2008: Bulk and single-particle mineralogy of
Asian dust and a comparison with its source soils. J.
Geophys. Res., 113, 429-467.

Johnson, J. R., F. Horz, P. G. Lucey, and P. R. Christensen,
2002: Thermal infrared spectrometer of experimen-
tally shocked anorthosite and pyroxenite: Implica-
tions for remote sensing of Mars. J. Geophys. Res.,
107, 1-14.

King, P. L., M. S. Ramsey, P. F. McMillan, and G. Swayze,
2004: Laboratory Fourier transform infrared spectros-
copy methods for geologic samples. In Infiared Spec-

H - o]FE 609

troscopy in Geochemistry, Exploration Geochemistry
and Remotesening, P. L. King, M. S. Ramsey, and G.
Swayze, Eds., Mineral. Assoc., 57-92.

Korb, A. R, J. W. Salisbury, and D. M. D’Aris, 1999:
Thermal-infrared remote sensing and kirchhoff’s law
2. Field measurements. J. Geophys. Res., 104, 15339-
15350.

Mathew, G., A. Nair, T. K. Gundu Rao, and K. Pande,
2009: Laboratory technique for quantitative thermal
emissivity measurements of geological samples. J.
Earth System Science, 118, 391-404.

Milam, K. A., H. Y. McSween, V. E. Hamilton, J. M.
Moersch, and P. R. Christensen, 2004: Accuracy of
plagioclase compositions from laboratory and Mars
spacecraft thermal emission spectra. J. Geophys. Res.,
109, 1-16.

Nerry, F., J. Labed, and M. P. Stoll, 1990: Spectral Proper-
ties of Land Surfaces in the Thermal infrared 1. Labo-
ratory Measurements of Absolute spectral Emissivity
Signatures. J. Geophys. Res., 95, 7027-7044.

Norman, J. M., and F. Becker, 1995: Terminology in ther-
mal infrared remote-sensing of natural surfaces.
Agric. Forest Meteor., 77, 153-166.

Qin, Z., and A. Karnieli, 1999: Progress in the remote
sensing of land surface temperature and ground emis-
sivity using NOAA-AVHRR data. Int. J Remote
Sens., 20, 2367-2393.

Revercomb, H. E., H. Buijs, H. B. Howell, D. D. Laporte,
W. L. Smith, and L. A. Sromovsky, 1988: Radiomet-
ric calibration of IR Fourier transform spectrometers:
solution to a problem with the High-Resolution Inter-
ferometer Sounder. Appl. Opt., 27, 3210- 3218.

Ruff, S. W., P. R. Christensen, and P. W. Barbera, 1997:
Quantitative thermal emission spectrometer of miner-
als: A laboratory technique for measurement and cali-
bration. J. Geophys. Res., 102, 14899- 14913.

Salisbury, J. W., and L. S. Walter, 1989: Thermal infrared
(2.5~13.5 pm) Spectroscopic Remote Sensing of
Igneous Rock Types on Particulate Planetary Sur-
faces. J. Geophys. Res., 94, 9192-9202.

, and D. M. D’Aria, 1992: Emissivity of Terrestrial
Materials in the 8~14 pm Atmospheric Window.
Remote Sens. Environ., 42, 83-106.

, A. Wald, and D. M. D’Aria, 1994: Thermal- infra-
red remote sensing and Kirchhoff's law 1. Labora-
tory measurements. J. Geophys. Res., 99, 11891-
11911.

Schmugge, T., S. J. Hook, and C. Coll, 1998: Recovering
Surface Temperature and Emissivity from Thermal

Atmosphere, Vol. 25, No. 4. (2015)



3

Ay

9 WHE 2R EY
Wenrich, M. L., and P. R. Christensen, 1996: Optical con-
stants of minerals derived from emission spectrome-

ter: Application to quartz. J. Geophys. Res., 101,

o 4
233-247.

e BE

FT-IRS o] &
15921-15931.

610
Infrared Multispectral Data. Remote Sens. Environ.,

Sen, G, 2001: Earths Materials: Minerals and Rocks.

65, 121-131.
Wagner, C., 2000: Thermal Emission spectrometer of Lab-

Prentice Hall, 560 pp.
oratory Regoliths. Astron. Soc. Pac. Conf. Ser., 196,

#2579 43 (2015)

#7)45}8) o))



