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Buffalo Peaks, Park Co., Colo.

OPAL C. W. Cross.

From clay in saddle between main peak and eastern
spur from it.

Analysis by W, F. Hillebrand.

Sp. gr. 2.023
H= 5.5

Insol. 8510, = 0.710
Sol, Si0, = 96,706
Loss by ign. = 2.584

100,000

OPAL (USNM 1391) NORMAL SPECTRAL EMITTANCE — WITH ABSORPTION DATA
Emittonce spectrum not prepared, reflectonce (R) from polished surface normalized
and shown as (1 =), obsorption (A) spectrum from @ KBr pellet preporgtion shown

as an unnormalized plot of ransmission (%T). Note 12.65: peak does not appear

on roflection spectrum, while fundomentels at 9.09 and 21.3u show clearly, -
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IR Spectra Averaged over this range
Emittance Not Run
Reflectance 1-p = 0,92 (1400 - cm™!)

Transmittance
(un-normalized)

£ or om o %

T = 0,48 (1400 - cw™!)
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GRANITE (USNM 158) NORMAL SPECTRAL EMITTANCE — WITH ABSORPTION DATA
Emitlance spectra (E) and E,) show slightly different minima. Breok in (R) ot 850 cm™"
(11.8531) is ot the NaCl-KBr optics change during reflectance measurements,
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BASALT (USNM 102) NORMAL SPECTRAL EMITTANCE ~ WITH ABSORPTION
DATA. Compare with Fig. A-22, for a somple with o higher plagioclase fcldsper
(F) content.
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SERPENTINE (USNM 145) NORMAL SPECTRAL EMITTANCE ~ WITH ABSORPTION
DATA, Good correlation between methods, except emittonce (E). Spectrum shows the
990 cm™ (10.1042) peok locally stronger in the multiple band. Peck at 610 em™
(16.4p2) is characteristic of Mg-silicate (serpentine).
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HYPERSTHENE ANDESITE {USNM 86) NORMAL SPECTRAL EMITTANCE - WITH
ABSORPTION DATA. Compore with glessy equivalent in Fig. A-14. 1t would be
difficult to decide which was the more erystolline from their spectro, but this
difficulty also oppears in their petrogrophic descriptions.
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PERIDOTITE (USNM 111) NORMAL SPECTRAL EMITTANCE ~ WITH ABSORPTION

DATA. Spectra show excellent corrglation botween techniques,

NORMAL SPECTRAL EMITTRNCE-WITH H?SUIHFTIU‘N DATA
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8.0 8.0 10. 1l 12,18 16, 20.
1 I} L L 1 | RN

NORMAL SPECTRAL EMITTANCE CURVES FOR A FROTHY PUMICE SPECIMEN (E,)
COMPARED WITH THATOF A WELDED TUFF (E,). The obsorption spectrum of the
rhyelite pumice (USNM 59) has been included (A) for comparison of the methods of onalysis.
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Hst®e  (Emittance)

= 23 Si0z2 (%, Spectral Minima
or surface i ¢ average H &
€2min (7.8 t0 13.0
(#v 21X USMM No.) texture) CFRITBROES 23R/ T) ©
B} M & (SiOs 65% 8L
A * 100
WEBRZIY b 0.72 0.72
WERX Ly 8.6 8.0 12.4 .28 .76
HWEX % v - 85 9.2 12.7 .62 .83 R
OB i 8.3 9.0 .45 .75 Polished
25~45u Pairy castle 9.0 .81 .90
10~25; f.c. 9.0 .85 .92
1~10p¢ f.c. 9.10 11.1 .91 .94
[ Loose 9.10 .67 .80
& 8-y 9.7 9.09 .62(R) .92(R)
(reflectance, R)
F v = b
(SRI 3560) — 9.2 .59 .84 Uneven, smooth
FTVTF4T v
(SRI 3424) - 9.4 .64 .72 Smooth
(SRI 3365) — 9.2 11.6 72 .80 Smooth
[t A
(SRI 3570) - 9.2 .79 .88 Rough, pitted
T R K
(SRI 3622) —_ 8.90 .69 .76 Very rough
FI7EA4 T
(SRI 3535) — 9.3 .64 .74 Uneven, smooth
A 3%
(monzonite porphyry)
(SRI 3582) — 8.9 .70 .81 Rough, broken
FAH¥4 b (82) 68.7 . 8.8/9.0 .83/.85 .92/.95 Sawed
O F (SiOa2 53~65%)
HHENEE 631 63.2 9.6 0.7t 0.86 Rough
&z Wl B
(monzonite porphyry) (1331) 62.3 9.6 10.1 .70 .77 Rough, broken
Nepheline syenite (77) 60.4 9.6/9.7 9.9 .74/.67,.77 .88/.91 Rough, broken
Quartz basalt (101) 57.2 9.2/9.15 .67/.65 .73/.72 Sawed
LEEaRlE 86 51.2 9.2/9.2 .72/.73 .78/.78 Sawed
LERAE PV 7747 (371) ca 56.2 9.2 .74 .83 Rough, broken
A %KW KA (B8 54.6 10.0/10.1 .81/.82 .91/.92 Rough, broken
LEIEE AR (529D 53.8 9.6 .75 .85 Sawed
1B & 1 (Si0s 53% B T)
ANAEZ AL RRE (143) 46.8 10.0/10.1 .72/.69 .82/.79 Sawed
» A B AR AID 41.0 10.4 .79 .88 Sawed
Olivine gabbro (1734) 40.4 10.3 .78 .83 Sawed
Nepheline basalt (1065) 40.3 9.7 .84 .90 Rough, broken
¥R A (48D 39.1 10.1  10.4 .76 .87 Rough, broken
Vo=V b (296) 36.8 10.5 .72 .82 Rough, broken
& F A4 b Rough, sawed
i) 9.5 10.7 44 .71
& 9.6  10.7 .66 .80
850 (grit) Loose 9.6 10.7 .73 .78
150-30¢ (sand) Sifted 10.6 .74 .79
40-804 (dust) Fairy castle 10.7 .79 .86
10-25¢ (powder) Fairy castle 10.7 .86 .89
Rough + sand Loose 9.6  10.6 .69 .76
Rough + dust Fairy castle 9.6 10.6 11.1 .82 .84



RECREHEP LHAETRD LS RS  BiEoiks
=D LIFLAEE L k>TWS., HECL ¥
K7 VR 1k 8.0p~25¢ D RKIcHENT Bzt
IMERMUBEET 5.

F3E S0 TiE REOKREVWE»E HERAE
WA BRAEZRBLLTCAVWE. 7A035E
R RaS/hE Bl LT E—r i<
->27TK 5.

33 BEMR ERARY b

BEO SO A2 BIZ LieRoT A=Y v
D=7 OMBERETS. L3RS SiO: bhT
i KB THRER L Si0: Thh e —7 OB
9.0p izdbh Lt HBMESFEEOFTIEDL - &
LEFEMNce— s R355. HEBESEROC— 213
A TVT 4T v ) TI.2~94p F & A b (ERiEE)
T93¢ FULE (bl T96r Fik GEEME) T
10.4p  WEHCE CHE#me) T 101p rkh3. %72
Fo4 b G T 1070 30 B354 b Rt
#) T108p Ligh HEEMEOC—7 ZERE A
KELFTRTWS., EHED SO 4y L ©—7 OfE
DN O RIFBELTERLIDRLTBL.

33T BMEEDRRY A

BHEAEDO AT NVEEEZRICHRALTHWZ S, 8
TTREAT YT 47 v (B) 577 %24 b (B) OfstR
FEEAELZLOTHY +7vF 47 v (R) OKE
BHOHBECTHHEERELL DRSS 7 iIcELED

DTHB. FTVF47y (B L7784+ (B
FALERE DEH L Th a2 222 hLEi L EEDL L
TWs. ATV T47 v EDiIF%20e<T 754
1.0 . AOMAL SFECTRAL EWITIANGEMITH ABSORPTION DATA
2 T

oo | —

.70 |

-80 ::‘,"“’

.50 L

- 40

-0 smy

10 WAVELENGTH IN MICRONS

$o %0 4 g 3% 0%

BUE 754 b ED EFT2F 472 (Bg) ORIt ALY b v

.80 |
.80 L
L7000
.60 L

.50 |

.20 L

(ED) & 930 THR/MER L B. k7 RERA<RZ L
D OFHECHE LI 2 27 b id 9178 TRNE 7o
55 LkEoaxRz vV E E: 0B/l ACRET
PIBICdH 5.

%183 ;4 © frothypumice (E) WHEEE IR ¢
welded tuff (B,) OBEHEHEIC X B A2 bk
54 | ryolite pumice (A) DRIV A7 MLV ERR L
LOThHD., EMERMESFIZLTWAEWYE Er Es
EhDE Y (B5BEE) DSiO BEATNETHSH.
BAED 920 TRNEL Y USREEEIRE (B 1 8.9y
THhERD.  ZOEIELIIREIENWZWRILTH B.
BA (A OB ARY b b 9D LEWERE 9.65u
TR/NER->TNS.

FOXITITSTIHDO R LY MARERENTWS.

1.0 ~NORMAL SFI'EC.TF{IICIL‘,EMAITTHN'CE'-NI‘TH HBSEHPTIG'N D?TR

=
1100, 900. 700 500.0%

- 90 o FAOTHY  PUMICE

.80 |

Ey

a.90
£

.70
Wi v

. 60
.50

. %0

BHYOUTE  pumict

.80
.20
X
0.63
10
WAVELENGTH 1IN MICRONS
8.0 8.0 10. 11, 12.18. 16. 20.
i i L 1 1 1ttty

#18™ ¥ET frothy pumise (E1) L ¥fEEEIRE weldedtuff (E2) @
HEHARS bv

1.0 NORMAL SPECTRAL EMITTANCE

TSog 1200, Ti%0; 1000 ET 3 [

J400 -

.80 |

10 L KAVELENGTH 1IN MICRONS

8.0 9.0 10. 11 12, 18.
1 I l L 1 !

WK FR(A) W URAB) XS HE(CIOHIH AT tv



1.0 NORMAL SPECTRAL EMITTANCE
1900 0. 1100, 1000, 50,

121

.80 L
.80 |
.70 L
.80 L
.s0 |
J40 |
.80 |
.20 |
10 L WRVELENGTH. IN HICRONS

8.0 S.C 10 il 12, 18
1 ! 1 1 ! 1}

BOR EZOBLTFIL POBHEHRART b

XHIE DB OEHREMIFELERDO2ETH 5.
FHITER3ZLTHBER A BORRI M EFELRE
HBECDRRZ FARTEDLNS,

BRI S LT T4 FDRRZ FADRL

ThHb. ZOEZIELTFIA MORRY MR
BLTW3.  ZhidWEOFERS MBI E > T3
D THB. (LFEHBROELWEATEBRLTNS

FRERDORESC I ST RS MVITERT 5.

332 0 M E ©O R R 4+ 0

THEORRL LT FRREEAEEZERY BT Bigx
NI b (A BEARRZ bV (R B AR b
® 2H2ARNTRT.  HEAI PVERER<2S R
NTE 10002 2= MY HE A L7 b LTI
1010 ic = b 5.  2L.74p 0 & — 7 13WRIT & K&t
DHFIEHS. 1B0ppe— 7 ZRILA<RYZ b AT
ZLpHbh Ty, BR<7 f iz BikER
DPEREE L2 13.0p £ ToEE LT 13.04
& 2L74p o -7 OFERFED b TV,

333 & X ¥ B 0 R R 4+ 0
HEEEROBEEIEEORELLT a2 FI0 b
BREAELTFA FOARY MARELRIGRT. Al

FFrA s ORINA Y kv Rid Haven [ERDOKE 2~

ZIATHBE. AR 1128 ce—sB3H0 R
10.75p e — 7 3% 5.

BRI FA D 1—p, 275 7icKb LI bDT
b5, 1080p icB/MENRSH D 23.0p 19.0p 104 2
EIOE—sRd5.  1080p 3 X r23.0£13Si—-0 0
AR L TR Y 19.0p 13 Mg—O ni¥EiRS)
ZHRELTW 3.

.30
.20

.10

%211

.90
. 80
.10
. 60
.50
.40
. 30

.20

.80
. 80

.70

.60 L

. 50

. 40

.80

.20

. 10

NQHHHL'SFECTHQL EMITTANCE-WITH ABSORPTION DATA
= 1oe. ' eoo, | " 200, | | soofh

a
1030

WAVELENGTH IN MICRONS
80 9.0 10 11, 12 13 16, 20
1 1 1 1 1 i Lt Lt vy
HIPIRE OB AT PV(A) B A7 A(R)  Ht
A7 M(E)

NORMAL SPECTRAL EMITTANCE-WITH ABSORPTION DRTA

T Ty
1100, 900, 700. 50058

Haven
mivounr

A
nas

WAVELENGTH IN MICRONS

8.0 8.0 10. 11. 12 13. 186, 20.
! 1 1 T S B B AR

AV R4 VABADRE ALY MV F A FORILALY
kv
NORMAL SPECTRAL EMITTANCE-WITH ABSOAPTION DATA
A wa s o

R
10,00

WAVELENGTH IN MICRBNS

8.0 8.0 10. 11 12 18 6. 20.
1 s 1 T I R Y W B N AN AT

HBE KA MADBRDIT T A FOBH AR P



4, IYONO B R O £ &
41 ERUBDOFEMRICL I BN OTEEX

B R OGS OFRIMBR TOBINIE R 27 P LET
DR B O R ME % & D RS RAEREE L 5
LTAVRFERNY LD, ERREIRE L OB/ME
HEWTHREONE R L TRE 2 5% THEW
T2z Lizk o THA OEMTEDHR L ER O
BOEOWBRAEEIC R 5. ff - TEE (rock type)
BT Z LR TES. HBEOERINNILLT
A LOBNIRLONBY ERRIIATHERHWT
VE-MEVVUTERITRIBAICE KRREOBEDE
ERITHIDIEBEOHINICE - OBEFEE LT
AUFIFTRMNERBELRTEE BN

R btz <y v B shhid KE=
BHR RILEO Wb ok TEA R O LR
EHMIERICIRET B Z L L TE 5.

42 REOME & HRBH

EAREOMS BYLic X VR &7 - EREH O
BRIC L 52R SRR ICRIT 3 RIMEOREEE T
DHBEONERIETAH= 2 b T 2 PICKE R pEE Y
2 HHBRCIBERORRL 2 0BEBO RN L 5T
WEB.  7olxid 6mmEORWERE R TRE O
SERAERET->THB L HBEHSEY R T Si
—OREDEERGWE TH 35 9.0 37 v L TORKE
D WMELEETIZ0.28 Ths2 HWIFELT
WENWETE0.62 ThB. WK 10.0 T2 BT
B Ry b VORERHER (shoulder) 13 < 72 B iz TS

2 TLBN afEOBNEI20.820°5 0.86 ET LIRS,

FRPEEILOI/ no Tl REOESEEHE S
REZZN.  ZoXHiatsmicEz 288 1k
EBEBZZEDEBZEVWAE(LLERTHS.

BWRICELTRROX I BEESE LN TN, 25
I mrnH 4B ITurOREEDENWEER TR
fE: HELOI 7 urTiR0.91THY ¥z
2 PBHARTRELS LS. BLTHEN0I 7 kb
10037 v VETEHZIOBENKENWELEE LS., 2%
HNEOHBEINK =2V FT X FOBRBIITEELRIZTT
B FEOHEBROBNERILESES X5 hEEEEOY
ZhEOEBZTI LRV, ZoZ kix Loy of

RILL > THL P ESNEEBEREZOV LD LN L 3.

KEOKECHL T BEROBERERN BT
HB0EY L RLHPNRBEOMEMTLEAL TH
BIDFBARI MNVIRIHERRIET. BERERO
L& (roughness) MEZBHIUT BOLLRETmOHK

HECHLT baEEHcBNTREORSRN LR
MOEEHTHRHETCTRFs L8 TE3. T
HHEAERE O S UIRER 2 D ko B WA
BRARRIEE-BYCRESh3 L EZ2 b3S,

43 R E &K ¢ B B o T M@
—RRICAIEAVIRIE I A RSHE IR 3
DOWEHEMTONS.  BHBRIZERES HE TR b
TE LTV R LERETH S, B LRE
o R BN E—BIER TR AHRHCRH S TR
ETs. L2ALEREOILBRE (porosity) X UK
SRR BB ORI T BELIRIX (scattering coefficcient)
ERESEELEZ2B50T ERICEIHEED R CEE
ABOMBREMS = LIIEEEEEY.  chick LER
DREHE S 7 THEBHBHIK & (W 1mm) B4
I RERE X A ETIIARS Th 5.

BRI REHOIT AT B OBEE L 7 S & v
BAKLARFE AN X -0 n 2 2B S E B dic
RMEREPHVWSORS., L cBEstpzAn 51
BIEZ OB THEIT T3 L L.

WL TIRMD 2 D DF kL s 3 LB LRVt
AL IFRAMNBRELRD. HELRE IR
EErHWBZ L4, TE5.

—HRAV IR A ORE ORIBIZ PSS & BB SR
HRETHBIZ EBLW.  ZOZLEHBILFFR B
b2V EEBRRIETY ZoREREC X 3%
(scattering) FREHHICEMASA TRV EY. =
DEPRIEHERTINH=T LT R P D S50
ZOEENRERIZ OV TS BROFEREh 3.

5. UE—=FbEVYYYIT~OBEBHE

FOMEEH L IZ8I 7 v inblal 7 v v O ES
TRAKFEPRELS “BROK” rLTHLATNS.
ZOBFRIMNEEIREFA LT JEEMEIc X ) S n ey
OFMBNDBFRETH B 2 LISRENE.,  ZOEEIHRE
RAMOREDHERE B HEE L L CEEABEE R L
TWBH HERREHEDYVE—L v v F~D7
nw—FLERLEREINS.  Lyon (1972) A Ze s 5
DINDDHREMDOEREIT->72. EFAHKE LT
BT AV HARED Y 74+ V=7 M Pisgak 7 L —x —
HIEABI NI Z ORI A S ARERE - S
BB - WL O A TH B, RAHE RIS L
TR 650m © LR RITL Fobr<s b
T2 ER/l. FIROKFEEF6.8I7n kv 13.3
17 r T KBHICE VEE LN THIN S h 38R



— 42 —

BoSKHEPHE Sz, REEELE 28km ¢4 3
4300 DANT —Z BELNTZNED D HEI4A RS L
BRY F2AKD X 5 HFATRIB IR - T3HED 7 v —
B LTe. OB AR N VIIKERE O R~
7 AL LB LT, BRE R R bR
FEZ1L0 FHE0.0L LTESRUERLEZ. Zo%
BT XD ARy N VIHE OB BN B i 5.
ELZOEHRELIZRRY b ViE B LV_VEDE
ErHE L THE LB L3 Ly Eickban
ZEREEL TR RTIIER bR,

TR LTELRERANT FVIFKRD2DOD 7 +

—=y MZE VT3, 123 10~50DA~RY
NOBSBEREOEKLE LTS ey M3, KkitZ
NoEO2AR7 MVOEREREE LY FRICLTERD
B LTTuy b F5.  ZhARF—20L(ESR X
KLY, BREECEHRIATITIEL 7T v b
7Y ZnENNOBNb D LS. EHKLIER
7 PVITEE BRI & D TREE Bl L 3 L 5525
DX A & R UEB OB FRETH S, 525
HTik ARHELLIEZ SBkEETRL 1idd ek
~

B~H 1355240 F—F’ L0 o4& b iz 41k o
SR RZ PV THB.  BRaBEWHEEEZRLCEY
WHEE ZRTE WFh$9.13 7 v ronb9.23 7 m
AR TCHWR/MER R L TWAETETwS. L
LB C rH#ET 5 LEDOY— s BRERES A~ LE

D953 nr Tl EHNRELTWEZLIT Bo
FEWHEBY IR RBEZ BT LERD LTS,
FGH Tl FhbpA bAREREBRETHD 2 LN
ILRERTHE,  WFR$9.45~9.553 7 w it B
WTHIWE—D/MEZ b2, &hiczhboRRE
310,972 7 v v OR/MEICEET 52 Lick W F.G L
Hrz2ZREOHTLY T —7"L LTHRT2Z L
MTEB.  XBERILE~I2.03 7 urD 4 — ViR
2LTFRGIXVFHTHEZ LItk Y FEGo®mA b
AlgETHB. F-G-H ¢ ALK g ll+5 L F-G-H
i IO Tailliin g - 32 ERYBIS R

B RIMEFEBE R LT3 2 L ERLTN 3.

D BEBBRETREZBE > TWAHIEDOR <Y T
OIC @nI5CERBEOENRBETRTA <7 bV
E TAMOEIRZERBDARYZ WVERTLOMN

EENRD.,  ZIIFEE24R O (ratio image) DEH L
THLRATA2L. (QLOBRE) 0L ) Iz

EEA b b4 Yt X 0 BT & R B AT AR AR SRR &
hTns.

ERE@BHiodEmcbs. oMotz R
BRAE LRI LAY P VETRT (5% B 2. Z
DEIBRRT VVERTEARRRBETHINZ O
TR LEBRPA S AREREICENARY MV ERT
BN 3HH 5.

ZO XS BT X Y MIEEE R BWic RN 2~
7 WP VRBEEREBTESZ LBbS. LALE

BEHEELICT7r—R T~ VST B o T

24X Pisgah 7 L — #

- 0 B B H %

%24 ® Pisgah 7 v — % — o© [ f& (ratio image)



PISGAH
CRATER

MX 108

NASA/MSC f .
MsDs  pSHIZ 8 s
1
vt S s

i L L OO AR OUUUIE L CTVORNLLL SO0 .
1 i T

. 110 Bl T [iZpm
% &

#o5% Pisgah 7 v — % — OEHKH A7 bR

— 43 —

A—H—RURBETHE,  ERRRBRERED Rco
2> TWBHIR TR ERT. Lo LHEE
FRIEBB>TWBHTIE BLEOTMHEBRT3E
REOWE OANEEETT. BBV 1K
DR O eI Z A B8 L TR Y kb
RSB REEE Ao e R X v gl s h 5.
HBEOSKREIC X BHINE 2537 v D200
L EORHELIZ I VIThbhas.  BEiRLLE
F— @SR LV L XV AESCHMICHWS - &
NTEBN8.1~10.93 7 12 +9.4~12.03 7 v L O A
VERRT A NE—BEATEIHERTMETHS.
NHEOAY FIZBL RIS LOOMEETLE L v
WFRICE XEHR T — Z OHITHE b T e Mg o2
R L CHBETTY 2 EREE L.

sk & 0 ERERBE OB ETT S BRICEERORWE
DIFNARVETITH ZEBEELY,. YE—FEIY
CIDIRASTFCLIOLIRIANFF ¥ RNV RT
LAEWESIT AT LAMETHS .

2 £ X B

Brauson, M. A. (1968) Infrared Radiation; Plenum Press,
New York.

CriswrLL, D. R; Compiled (1977) New Moons Lunar and
planetary institute and the Johnson space center;
Houston, Texas

Hun~t, G.R, Savwssury, J.W., and Lexmorr, C.J. (1973)
Visible and near infrared spectra of minerals and rocks:
VII Acidic igneous rocks, Modern Geology, v. 4, pp.
217-224.

Huxr, G.R. and Savnissury, JW. (1978) Assessment of
Landsat filters for rock type discrimination, based on
intrinsic information in laboratory spectra, Geophysics
v. 43, n. 4, pp. 738-747.

Lvon, R.J.P. (1964) Evaluation of infrared spectrophoto-
metry for compositional analysis of lunar and planetary
soils PartIl. NASA CR-100, Washington, D.C.

Lvon, RJP. (1972) Infrared Spectral Emittance in
Geological Mapping: Airborne Spectrometer Data from
Pisgah Crater; California, Science v. 175. pp. 983-986.

Marrunin (1979) Physics of Minerals and Inorganic
Materials Springer-Verlag, Berlin

Nassau K. (1978) The origins of color in minerals. Am.
Min., v. 63, pp. 219-229.

Smon I (1966) Infrared Radiation. D. Van Nostrand
Company, Inc.



