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A, RKARR, SATREFTHEMRS . MRERER VRS RS RE G- LKA
REEENE, REMLEAKPLAINESE ., EREP=-TINEGERFEUER, EMA-
ERMARFEEATHERN, BEEBRTIEBANESH., XEFBERPRT S
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Abstract Remote sensing is a crucial technique for identifying the composition and physical

state of materials on celestial surfaces. Among various methods, mid-infrared (MIR) spectroscopy
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ranging from 2.5 um to 25 pum offers significant diagnostic capability for determining mineral
crystal structures, chemical composition, and physical states, as it falls within the molecular
vibrational spectral region where the stretching and bending vibrations of chemical bonds provide
a direct response to these properties. Spectral indicators such as the Christiansen Feature (CF),
Reststrahlen Bands (RBs), and Transparency Feature (TF) in MIR reflectance spectra collectively
form a spectroscopic framework for identifying mineral composition and physical properties like
particle size. Currently, laboratory measurements of MIR reflectance spectra primarily include bi-
conical diffuse reflectance, directional-hemispherical integrated reflectance, and micro-reflectance
techniques. However, constrained by experimental conditions and sample states, existing models
for mineral identification and particle-size prediction are often built on data acquired through
different measurement methods, without sufficient cross-method validation, which may lead to
systematic shifts in spectral features and variations in particle-size effects, thereby limiting the
extrapolation applicability and cross-method interoperability of such models. To address this issue,
this study selected typical lunar surface minerals—olivine, pyroxene, and plagioclase—prepared
as samples across five characteristic particle-size ranges (<26 pum, 26~43 pm, 43~74 um, 74~125
um, 125~200 pm), and performed spectroscopic measurements using micro-reflectance on single
particle, bi-conical diffuse reflectance and directional-hemispherical reflectance on powdered
samples. By extracting and comparing six key MIR spectral parameters, including CF parameters,
RBs parameters, TF parameters, band ratio (R7.7 um/R10 um), K-value, and weak absorption bands,
we quantitatively revealed the systematic offsets and particle-size dependencies of these
parameters across different measurement methods. For example, results indicate that the three
methods exhibited systematic differences, that directional-hemispherical reflectance is more
suitable for particle-size prediction, and that cross-method consistent spectral parameters (e.g., the
final RB peak position) exist. Furthermore, this study clarified the respective applicability and data
interoperability conditions of micro-reflectance, bi-conical diffuse reflectance, and
directional-hemispherical reflectance methods for particle-size prediction and mineral
identification. These findings provide essential methodological support for the construction and

interpretation of remote-sensing spectral models in lunar and planetary exploration missions.

Key words Lunar surface minerals, Mid-infrared spectroscopy, Spectral features, Particle size

effect, Measurement methods
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H )53 41 R B AL g SR AR AR KRR R AR T e i BRI AR A S SRS (1) 7 S Y
AR, ABREEKIED e S585 aBA TR T A e A% -8 - 72 454, IF BT P A
AR G FRE RBRIERIE S B AT DU AR AN, SRR K& 3 S il A A
[FR FE I I 02 2 7 28 H 3%, A O 74T B N s S B R & O T H
BRIR AR R A 78 5 AR A B, 38 SO 1 W 5 S50 = e i AR 45 A T AR R Al e 4 H 3R
RA R SRS EEF B Hdr, @7l 516 i A 2 SEIURE A0 AR PR 1 DG B . 1
Bif s AR AR H R BN EEREST Y. 75 H BRE KA A R BOY s A 1 &
BN YRR AFHE S RGN E R, @, &8 E T Yt o o AR A K
TEACATHHIRER A o A B R E 0 o SIS AS [ R AY) G R AE , X T8 H BB S
AL EA BN E L

TEAT BIEBWM p, AT -4 4 (Visible and Near-Infrared, VNIR, 0.4~2.5 pm) 4%
T LRI A B BRI 2% AR ARG T 48, L 22 BORERR Sh 0™ W70 2% B B A B AR A I i U, 1
B2 N T SR AT B ARIAT 25 00 R 5 v o 2 B e i R 32 R T o 1 4
JEE T (1 Fe) MM FRROE RS S SR80, M TAEB &SR cR MY Rt
KA, HAE VNIR BB 6 = BAZRIZWIRHE, 8% S aeisad (a8 7 SRdbATHEWT,  Aif
BRI 7 1 D2 AR R AR 12141

HMLZ T, HaOsbEE (Mid-Infrared, MIR, 2.5~25 um) J& T2 FIRsI6E, 32
Y R AL S B AR AR 52 i S IRANFAE, X i RS R S A A R B AT B e T, o,
FERRERH I MIR JEHEXT SiO2 PUTHAA M) &R 5 XL Si0, & BRI NBUR. BEET )
SiO, F &GN LAz Si04> VY A4 45 44 i ER  BEWR/ 2R M B IRFE AR, i —2H Si-O i
MR ANFF IR AR 5, FO R o TS AR FFAE (Christiansen Feature, CF) WAL 9 pm &
GEItk R R T M BN 20 7.5 pmB100, kAL, 7E 8.5~12 pm 1 16.5~25 pm PEL A Si-O
{45 572 MARsh 51 R S5 2 (Reststrahlen Bands, RBs) , &g 5SS R 2EEE
FE SR W) A HAT B35 22 5 o X TABORIRE &, 2 US98, W AE 12~13 pm [X[H]
BT H B S5 )3 BHAFAE (Transparency Feature, TF) ,  ELAZAFE X B0 R ~F 5 B fBUR%
B 7 BHEEARS) A1) CF Al RB S8 9FESL, 7 4.8~7 pm (2080~1430 cm™) f#1E H &
L8 fe Si-O-Si Wik sl 7= A i 55 ISR Ao 1, i a] FH SR S IS 0 B 23 () AR 3%
21, Rk, CF A7, RBEAI5IEZAS . TF 3 5 R 55 ISR R e 3L R A B 1 S8 7008 40 A
gy MIERAS OUHRBURDRAR ) (1) B B 204k A s 13-15,

TESERAT IR BRI, o T RAR P IAFE I AE LA B R B 3 o, TR 20 ah e id & DA
PORGHE S REDD, Flhn, FAEREEE T8 (LRO) 5% Diviner Lunar Radiometer
Experiment % il & AL AME S TF, 1EZF]H 7.8 um. 8.25 um 1 8.55 um 3B #4OR S 504,
FIEGN T A 2 BE A B E R R ), gt S T R A A ) o A 0T
P RN St ) i ok 7 S AT 55, KA st BUE I E 58 (0.45~10 um) BB 2 16
E T . CARKITIRIN 2 5 /MT R BRIAE S5 B #8800 AR 5 6 il OO0 3k — 05 B J
2 50 pm, H—BME T MIR JEEBAE A K H 3R PR HRI b (1) 8 2R AN

SR, R S8 2 S A0 42 S T 0 R S A AT Th I AR AR PP o 8 S I 2] (1) '
TERFAESZA V)« BRI BRES (U RST S5FLBREESE) LRI AR # B 55 2 Ffr R 22 3 [
s, BN EE 2 ME . SUI0 E NI Sl DU e 32, BAREXUERGE A 8
SEERF 8 S R AU S 55 2 R 5 e AN [E] 5 ¥ 3RAS 1 AL A S R °T BEAFAE &R
Gtk ZE, 3T 2 e S0 B s 5 R SOV 45 SR 2 W) () 8 AT FE . Rl R4S AN )
SEEG Z W B 7 VERT R LA G R (D RZ M AL, G2 BTN W R B R R S5 DS
BIRAERE T, X T4+ B & /s i nl St B 2R .
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TESRE 2 H 2L /MG MR, BRI A i O RO B T E T B R A S L R
ey, i R R EROR A AR 2 01019, 200 ) Sy ad N S R i S E
AT AN SR 2 TR IR, e W T Ak T #OPATIRAS, I TRURE K ER (=1-
R) RILHRHFE (R SIEGE (o) MR 210, Hr, RFE R PHERIR
HORHTHE, T & 5 VA IR B A e PE RS

HAT, 050 MIR SRl & 5 2T = 2057k

(1) XWHEGE Sk (BCR: bi-conical reflectance) = ZMEZ&LE T, AGHEHR SN
W35 HETE , 15 B XE U 26 o 25 1 0 H B850 R AR RO, A ik A 7 = 1 P
ik, #EZ N H T MAT B (W RELAB Yt ) Bk 22231, S+ b 77 vk Al £
5, Salisbury OV [ LA CF WAL ARZ O K Bca R HIIR R

(2) 5E [F-2EERFR 438 5 (DHR: directional-hemispherical reflectance) : % /715 &
()2 E [F)- 3Kk S g 26, BIVRRSE J5 M NS 6AE BBk (B BT 7 ) b s i e gl . s
AR RE R (e=1-R) BN Z, WAUNER RN 5 RIS “EEhn
{7 001, DL T 3 R 445 3 1 FA R S 1 R B8 AR AL /MRS Can H Bk Eh I AT 48 1
Diviner &S 11) $e4t 7ol HE LU “HifiFBAE” o (2 BT 7 A B 2 LS e
SR %, DAL A A I 5 B U =S S R AN BB 7R SR T R SRAS A I PO S 3
(201, 0T g 51 D i 22 e 75 g e 42 ) 1 6 bl SRR SR g AT VR A

(3) A FTIR KOG HEE: 1% AR A0 A s sE B B0k BOOR ROBE IX 35k 1
SN & . EAMCNERRES G A BRRERES . B S 1R 48 7 ot T, HE
B, FOE ) 3 S ORI RUBE IR “ SR BN AT R, B ok R HERARE ot
T 2 B U SR L TR A 03 15,

MRAT . AR RS & AR EZIE AT ), BIE H GRS RRE R A [0 205 XS5 P
RS BIBALFAEE, S2AEm AR 1E H BRE BOGIE RN EE 50t . DA AR, WETESR
ERMCTEILAS . B, Lane PR H, [F—HF M IR SS Biif SO 518 SOFHGIEE RB
FHERIERS AR ER G ZE R . HARENZ, B Salisbury SERSIRf J0UHE R ik |
JE [A]- 23K S 61 ) Christensen 25 R2ON & 147 e i S e il b AT X bL, 285 3R 7R AUHE U S
JEVEAERL IR (A1 1000~1300 eo!) AFAE T WA, 5 R SHGIEANE 7] -F B3R BUSH eiEA—
o mir, Yang FE)EE 200~500 pm GEUk 5 5 H SRR SRR (OB AL RHCA
PEFE) MR FTIR Yi% 5 Apollo ¥y AL A BCR ik, &I —#F CF gL 3EA—2, (H
FH T BORLIN & ) LT T0 22 B EIU, Gl otk R SRR SR P L) TF. S UbIRIE,
W RS CAUE S5 RN TR £D AR RHIE R ) — RS 4. IR FRR T, R R PER2
CF Ugf7, RBSREHEALL TF MHIL S EUL220, JiEA TR 7k, filtn, it
A FPRAZFE ) DHR 408 RS 2%, Xiao P | — ik T #ar stk th 43
S e H BRRURERLAR (R HTREA

zi LR, AR ESHEE T BCR. DHR 5841 FTIR =FhZLAN RGN & 1)
WA, FERHRURL R S5 B S R 2 AT 13RI . SR, X TR — BB A B 5 = L
() R IAIRE N, 72 RGO HOR ST I 264 N, Bl =0 ik B SREUR 2050 S 1%
FRAE (40 CF 47, RB SR 5EA. TF. 385 IKGHE) 2GS ENEEN. RN ER?
TG 72 S SCH L AT s i 6 T AN [ S 6 3 TS RO SO P g SRR S DG ERAE JE HE R
LRIEEPE? AHOC IR BTk = RGEVE R AT .

BT UL EE s, AWFUEEH RMERR D VRN A . A SR, Hl8 TIRE A
A0 2R B R 5 F 5 T8 B IANMSIERIAR X B (<26 um, 26~43 um, 43~74 um, 74~125 um,
125~200 pm) PIARAELAE i 7 51, 20047 0 ] R B T H BERLAR 1 2 W A A AU
55 I A BRI 73« DA R 8 B B it NI TS B 1) 75 3K o I A0 R R AU i
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XUHE IS S S 5 5 1) - P BRER M8 St = A7 ikt AT th DA S S i DB . il R GExS ey
B> B AEE B s = AN R B IRAE R AR A R ) P LU AMERE R I S R AR MR 7 T )
eSS, FFVRAS AN R D5 i il Bt AR AR Sl =5 g BN R RE I 7 5 A E P . A
W FEADCA B T IR AT BB AMDE S 2 R AR (AR, R Dy St = I AV 1
S 2GR R A HLRR A K b 2L AR B IR RS R SR I SR IS AR U 5 U5 VR S S

1 AN EREHA SRS
1.1 R %
111 R TR DRF i 30 BB 4 P B

AR FEE I R EE I MR IR VM4 (Olivine, Olv) . ¥ (Pyroxene,
Pyx)  #HA (B K Labradorite, Lab) fE AR R WA 5EARE M B ILE,
5 Xu B pr A AR R . AE sl R e, S X K R B K G W R4 T ]
e, PUHRZIBR AR BT RIS I TR LD A E A 5 CRPE 7 235 H 44 g ) ik —
R T FES A0S o BT = Mo & 75 v 3548 F [R) — ZE 4 8 i i, DARA DR
XoF L R A — B

1.1.2 ANERSERE i 1) 1l 28 07

FE b2 CFEREES . 0 0 HET = AN w5 B I g AT i B, B S S S
BB R LATGIK S BEVE N3 B 0, 83— R AUbR HE TR XA T IR0 43, 43 2 BL T FANRRAERL
BIX AR : <26 pm. 26~43 pm. 43~74 um. 74~125 pm & 125~200 pmo.

ZRLARE B IR B T = AN . H—, BT H R 7040 : Apollo HIERISFI KAL)
N 60 um, HEKIEN 40~130 um(>%321, HAFES AT 30 nm~20 um 2 [BIB3, PRI, AHE
FHG<26 pm 26~125 pm. 125~200 pum 537558 SO RAAIZE . A SRR, FRE oG,
=, FETHEURPLEIER] . Salisbury & Wald (1992) BURFF R, 400k (<5 um) AHU T
EH0E, MR (75~250 pm) RIHUR £ F. 456 Hapke (2012) BESHERIER®L, &
WEFOF 26~43 pum VR NN TTBR 535 RIS, K 43~74 um VB AU AL H I X 8],
¥ 74~125 pm A 125~200 pm 1E AR ETHCH £ SRR ST, H =, BT 5@ LA
W FLHIXT EE: Donaldson Hanna %5 (2012) BOMg FHARFIAL (<25 pm) FF 5 S T SEEG = 61
55 Diviner i OCHE, FRIHRIURLLH 73 22 9000 % - 18 OGRS . Shirley & Glotch

(2019) PIAI Xiao 55 (2025) BORHE T AR FLdeft 7RI 3275, AW FEE R b
ARG AL 2 26 pm, 3815 43~74 um IR, FERRRER R AE T 125~200 pm. 1%)F 51
e T MAREUR 2 S A 2R R T 2 S S BN 51, 28 SR AR 5 B AL s i 2
Bt 7 SCIGHELE . R LLE = AN BTN, 26~43 pum /F NFERERG IR T — 8k, <26 pm MR,
TRIMALIR, 43~74 pm F 74~125 pm M EET7V5 2 R BEEUR HLET 2240, 125~200 pm PPl 2R 1
BN £ S FRTEVERE . BEAN, <26 um Fl 26~43 um 155256 5= 38 IR SC IR Y S v b P S
Bl —3UB6), 43~74 pm Al 74~125 pm X5 Apollo H 3 {ERi42 FAATE B, 125~200 pm Xf
;SRR RERLZH 53 o W TS SR OB R AT MIR S B s ma$E (hSe i 54, v H BRaE
BRI V) S Aok RS IEJR 5% .

i 7 JE IR B T 120°C MBS THRAA PR T 4 /N, DA BRI K B A AL
FER Gy, BEREIT LA B 3 um 5 6 pm BT i TR0 371,

FERA FTIR Yar il &, K /b &R e Sl ORI B b HCrE 775 1 R B8 G 2B 3R T, i
PRBURLAB I 73 25, AR ERCER 0N B/ NRORE [T ()06 38 o % BCR A1 DHR W&, JUPRERY A AE i
I3 AN FARE SR, A FH ) 70 3CORE S BCIRAE  AR 1 5o by AR 3R T 8 52 1) - S U S

(LB 1,2) o ZER] R AR B PR R A % P 22 e m I NS AR S, (R IE G 1 = ) ]
HE ST



Olivine Pyroxene Labradorite

<26 pm .

26~43pm

125~200 pm
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196 Fig. 1 Photograph of the samples used for bi-conical diffuse reflectance measurements
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<26 um &’
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199 Fig. 2 Photograph of the samples used for directional-hemispherical reflectance measurements
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1.2.1 WA G &

TEXT BRI HEAT RO REI R, 58 F /2% B Nicolet iS50 + Nicolet RaptIR 4H % [ 2 fik
FTIR i &40, Wikid #Er, iS50 FTIR ST G LA 4ad 2 Dife Ul e
5F, 4 KBr & J 3\ RaptIR RS i SRS 5 MR G h AR 1) MCT-
A MR (LB 3) o G546 THREMRINEU  RBUN ST, RRIEA .
RS B B B K /INBON RS SRS = G 4000~606 cm™! (2.5~16.5 pm) « M
TR T /N BN 20 pm, BRESIE SN, RIS = 5 e Lo, B RN 16
em’, FFRECN 500 Ko (EZTHRERT, S9RUSCH AbXT B A TR A 0.005~0.008 pm,
£ CF $¥#{iE4b 5 0.013~0.016 um, 7E RB FHIEALA 0.0153~0.0278 um. ‘2R AR A 4k
B, ORI NIRRT R AU, DA R AR B2 kD R AR kAN A B R RS 4. U
BN, K&RARX A (0~26 pm. 26~43 pm. 43~74 pm. 74~125 pm. 125~200 pm) FIH R
FEM BT B S EIT b AR RAR X AR R FH IR D7 TG BEEAT I, et R4 e
N 20pum. 35um. 60 um. 100 um. 160 um, LB REEASRL R R ER I X I B8 78 o5 B A it AR
FHEMBRL, [ B IBN TS5 o MR FE h G B0 A s I 3R e pn S

| Electronics | HeNelaser ‘
iS50 Interferometer ‘ : RaptIR+
i i ; 'Fixed mirror
Moving mirror Beam splitter
A . I
S ﬂ \\ N MCT-A detector
‘ Validation wheel :
MIR light sources rs—2 . ™
| Steering mirror ||
K}_ . (/ - o >~ || Aperture g/l /
‘Aperture R H — ), 3 x ‘
Liquid nitrogen dewar Poly flipper ™3, N ]
KBirwindow
Detectors Sample position 15x objective
L1 [l 5 [ Off-axis parabolic mirror
& (s - ) Gold mirror —=—
KBrtEindow KBljJA'ind()w Sample stage
>4

3 JET Nicolet iS50+RaptIR 21l 7 4t 1) )6 1 22 i) (1) 24 FTIR J 5 ' vl il ok i 27 2 1)
Fig. 3 Schematic diagram of the micro-FTIR reflectance spectral measurement setup based on the
optical path of the Nicolet iS50 + RaptIR microscope system used in this experiment

1.2.2 BCR Y& il &

KI5 Nicolet iS50 Yt {SGERC Y EasiDiff 18 ST EH: (B 4) X8 R HERURE k4718
S . ZPEE T iS50 REUPER N (B3, SIRA HILAMEE T A0R
JE AN, G SR TR R S R AR, RAHME S A& 2 KRS EH DTGS
e (B 4) o MIE&HN: B 4000~400 cm™'. BT BCR #20F, #yAKHER!
PGS0, RIUCR R E 6 0 HE 2R 4 em ! FE HR R 100 K. 4 em! 43 7%
FRAE 5SS RS N K E] B A 0.0013~0.002 pm,  7E CF 409 0.0029~0.0038 um, 7E RB
4b 0.0034~0.0064 pm, 7E TF 424 0.0065~0.008 pm. Ff 521w E 2, R T EE .
MR, B2 P T ORISR S N, RSN T A, AR R B K
KA AR TR T AR R DATE S AR T A S S R e bR
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Off-axis parabolic mirror

KBrjwindow

Sample cup/diffuse gold

D
Off-axis parabolic mirror

P 4 SOUHE 28 SOl S HE s A

Fig. 4 Schematic diagram of the bi-conical diffuse reflectance measurement setup

1.2.3 DHR J&iEl &

FH 5 iS50 Y RESGERD 1) PIKE Mid-IR IntegratlR & & A BRI (& 5) #4785 K
HEALRE Fh I DHR YGRS &, BRI E T iS50 e X G E (B 3) , TEACRH]E
ILLAM A MG, 2 12° /45 1R R TR BRI IR i BUE AR AR, BURHE 52k
ANHEAE 3 JEF N S AR ks vk CRAA BB R 1) 2 AR o BRBST E 25 (1)
MCT-B {25 KA A BRZ 0] (LR 2n) W55 . W& IEBGEH 5000~600 cm
Lo TR R R GO K BARE Z ORI, e BN, A GIE 3 #4508 4 em™! 2
fith b, BRRREIE A 200 R FR L . 4 ome! 43 R ERAE S5 IR AT Ab Xt I (4D 98 K [T R
4 0.0013~0.002 pum, fE CF 44 0.0029~0.0038 pm, 7E RB 44 0.0036~0.0069 pm, fE TF
b7 0.0069~0.008 pmeo Wil FE AT SR HERR 3 1 ERIEC A (B 5D, DRIl o 1) -
BRSSP N T A, B T S S S S B PR DT R o A R T v P — 2, B RS E o TR BR
B TE i e A P T e A, DU R TP i AL T RS, H iS50 SBEE A AL N
FRELIBN T BB, DA R AR BERD KA R KRR S A Bk ) s o U R o DL I i 4
BRAE A S S 58 5 b e

lecular exclusion port

_T-B detector port

Diffusing baff

Sample cup/diffuse gold

B 5 € - ERBA 3 SR Dl B s 3

Fig. 5 Schematic diagram of the directional-hemispherical integrated reflectance measurement

setup
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B S 06 O 2B 20 Ge— TiAb 3, DAVEBR R 400% 2 4BV 8 B RIS RHIE S
1.3.1 Eistigmisth e

FECMERT, IR FEIITN 30 4L, DHRAENEdfEh Ra e, &
it FTIR. BCR. DHR =FH 7y 3RE I, 0 0Bk AR R 2544 T &85 808 I S = S
SRS SO RS, ISR 2 RS R TP R B R G RS R . BT
B OGIEAER A B 3T TR (H20, CO2) RIRZR AL IE .

HH T =Rl 07 0 SR AR 6 1A RO 55 VO A AE 22 e, IR 5 SRARFIE S IS 0 L 43 A
TESE A A U B FabAT , 4 Birf TAR B 5 1 6ol e 4 — BT 22 4000~606 cm™! (2.5~16.5
um) G ISR TR NS MIR DG A EAMEIX, 3% CF. 7R RB K&
TF, J& RGNS H b i3 A o

1.3.2 JEEHESHR) R E3REX

SR =M ETTVE RS o AR A i A 2 e, (R AR B E R TR
BENLEE S, eI BRI E L, R A 2 IEOL T, EIRE A FA 20
JE BN R R, KRG RN 20 UE 5 — 0 S5 E SUE A 177
FRHEAT S0 B, T AE B R iR UG TSR AR A o AR VR T A RO R R 2 R
U7 AR F% FUIE 7S TP, A ORAS [RIIN & 7 VR R GRS AR AE S vl LUk . BN 2R, & X
FEPREX DL R /S8 MIR JEIERHIE S50

(1) Christiansen RF{IEZ % (CF W§A7/CF position. CF 5% /CF intensity) : fE 7.7~9.0
pm - (1300~1111 e XTAIRG B F 4 Ry de/IME, - BLZ RO, U9 €4 0.3~0.4
pum, € R ERIX ] X ()95 fe se B 5E CF RREM B0, IR HERRTE G Br 3k
TEZIX TP, A 6 ¥k 22 Waont J5 4 S o 28 G 1E AT B/ 345 o 1% 2 T B ) e 4 0%
T CF FHIEES I EARE, & AR HARE 28, RN &Rt is . SamLn—mSH=E
RN RS E e ME R HER AT B, KRR CF WA AE, XRS5 E N CF s E. LA
NS AR I AL 32K 0L 5 1 th S g WA S 9m L .

(2) PR 2R IEZ %0 (RB IE{7/RB position. RB 5% /%/RB intensity. RB [Hf{/RB
area) : EIXTHERREEN WITE 7.7~12.8 pm (1300~782cm') 5k RB HFHE, HEHUS ST 06 55 i o5
B 28 R O R, 43 IEN RB G825 RB AL, 7E RB RFAEBEL A, DAPIIE S
R B LA g R, TH RS 4 SRR 2 (M AR 2 AR E N RB A . # RB
AN B, RO 1 — 3 O/ IME AL R A RS e e 7 o AR AR 5 RB RFAIE
MRS BRI FE S RB SR RO 2115 RB F %6 (FWHMD 24,

(3) ZEMFHESEL (TF U&AL/TF position. TF &35 %/TF prominence) : fE 11.5~13 pm
(870~770 cm) [X [A]iR AT B8 H B I S 06 o 5 A7 A0 B SR UG TR, TUIE S HLGH 3 KA TF 16
AL, FErHBIEETH S 28 5 AR QL P A O Z P IME I 22608 TF B L. & TF BJRIEEA,
DR B2 X 18] — B U 5 BN AR B KA TF $5 53, AER TF 147 . 4% FTIR Yt rh
W kK TF, ZSHACKNND.” .

(4) WS HFWE (Rr7 w/Riom) = F-HL 7.7 pm A1 10 pm S 3, THEILEE.
% ECAE ARy AR HERRAE i U R M 5 A RO M BERIURS, % FH T 3R AEOR RS 2508

(5) K-valueB: 5E SUA(ecr — €1500)/ (e — 1500), HAt ecr 5 e1500 23 BN CF WAL 4L
A1 1500 cm™) AR A ST ZAE (H 1-R IFEAFED , ocr 9 CF AN %ZH0l s
Al CF A% 6.67 pm X TR BT I ZEBEUSFERE, SR BURHE S BN R1HE B .

(6) 59U 73 #T Covertones) : EFXF 4.8~7 um P B 59 ICRRIE, PARRURIEAS B N
TR KPR, PR IELL R TR I 1% weak band 1 15 weak band 2 [RUEEAT 5 SR
B, KRG =Fh 5k AN R RLAR T 1% 2 55 415 (1) S A O .
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3 BAE CF &AL (8.88 um 5 8.92 um) + 4.8~7 pm F5WUSCH & 11.15 pm RB JE I Z5E4F4E |
FA—3, {H DHR Y6 RBs K& (945, 10.16. 10.59. 11.94 pm) #H%:T BCR %5
H(9.33, 991, 10.13, 10.53. 11.93 um) FEW D, HEEARKE T MWL . PR 2
HH FEFH TF (12.94 um) £ DHR DGl R 8RR 2 (B2 AL 0.025vs.0.016) (8 1,2)

Wi 6b, ¢ Fizs, 26~43 pm WA SR B AR HERRFE i 1 BCR 5 DHR JGi% R7R 7 51
MEAT AL U : DHR itk B4 s R 50 it L 5 &, DHR 5 BCR Y6 7E CF 4b it
AT, ¥#EET 0; DHR Y6 RB FHEWEEE >, BCR M/t DHR J6il ) RB1 K4
WS > BIAEAE 1 A (KA 52 48 Of) 4. %4k E DHR 6% RBs W7 ]
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Fig. 6 Comparison of mid-infrared spectra of three typical lunar-type minerals obtained by three
measurement techniques. (a) Olivine; (b) Pyroxene; (c¢) Labradorite. The single particle sizes for
micro-FTIR spectra are 155%217 um (olivine), 148%167 um (pyroxene), and 76x95 um
(labradorite). For both BCR and DHR spectra, the particle size is 2643 um powder
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TEMTAT W, CF WA AFE R mEe (HEAZ) 026 um; HiKA %) 0.41 um) ,  H A FRDGIE
HES AR TF R, 2.9 pm PREIAALERLSS OH/HL0 WURHIE . BRFPLHK AT IR 55 T
W 5~6.44 pum WIS DHR 5 BCR & 45 B lal K ik ok, LR GRS T 3= B0 A v e
£+ RBs UEf7 5 DHR St i 45 REEAY & . SRR 5 I 55 B8, B RB [HIAH
BENTHARRERFES (B 6b,¢) o L EVEAEIERFIESH LE 1-3.
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K AHERRE iy, e B BE AL AT A8 ks 4 i, TR B S S e i AR R T 25 Sl [l e
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K ~5.66 um) [ BE R R ARG R 251 KGR S, HHESRA2 R IRE
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um A A PR SSMRISCHT A 00 A5 ARSI . CF WRUCIE . TF H3AEWE; SR KT
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Fig. 7 Mid-infrared DHR spectra of three typical lunar-type minerals (olivine, pyroxene, and
labradorite) powders with different particle sizes. (a) Olivine; (b) Pyroxene; (c) Labradorite.In
each panel, the gray dashed lines indicate the characteristic band positions derived from the
reference spectra (26~43 um powders): the combination/overtone absorption bands within the
weak absorption region, the CF absorption peak, and the TF peak; the black horizontal arrows
mark the RB spectral region. The numbers denote the positions of different RB
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K8 = 3 R A g5 e B — 4> W (Weak band 1) IRERERIAZ ALK AR
(a) WA () MEf: (o) hkfr. &7 EIsh#dlE A0 0% S BCR 5 DHR Jtiil &
SR, TRl Eu il 2 Juont B R HO S i 5 2k
Fig. 8 Variation in the absorption depth of the first major band within the weak absorption region
(Weak band 1) with particle size for three typical lunar-type minerals. (a) Olivine; (b) Pyroxene;
(c) Labradorite. In each panel, the data points correspond to measurements from the BCR and
DHR methods, respectively; the curves in corresponding colors represent the exponential fitting
trends
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Fig. 9 Mid-infrared BCR spectra of three typical lunar-type minerals (olivine, pyroxene, and
labradorite) powders with different particle sizes. (a) Olivine; (b) Pyroxene; (c) Labradorite .In

each panel, the gray dashed lines indicate the characteristic band positions derived from the
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weak absorption region, the CF absorption peak, and the TF peak; the black horizontal arrows

mark the RB spectral region. The numbers denote the positions of different RB
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