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A = B2 98 g4 (absorption), WA} 3= EAL o]8-3H(Hunt, 1977; Goetz et al.,
(emission) == AFgH(scattering) ¥t} WhAREZ 1982). 7HA1P3A 2 -2 A 9] o ellA] oA

H (Reflectance Spectrometry)& ZAA}7]9e] o< 9] B ARl Ao](electronic transition)el| 2]
Z B2 o3 vkAlE= J Qo sFsl= 7R 3 ALY 1),
A (visible, 0.4~0.75um), =2 ]A (Near-Infrared, A2 A oJoo|A ] oA B4 FEZ

0.75~1.4um), 2@ <2 9JA (Short-Wave Infrared, Aol k2 AAAz}e] XFA e Aol (vibrational
1.4~3.0m)& ol-8-8to] FE& £A3h= Wiol  state transition)ol] oJsf (TR}, o5 XT3
o} 9ol 7]1zgt upel o] 2A 9 JodL 3t = 5748 dUA g st e £33 9t
7ol et A o2 AL 2A M JAd T e 2 29 ERA dUAE Fdhs 54
Sh= Near Infrared9} 3pgo] 71 22 9)4dQl Short- & BolH, o] 5 7|ito R FExA9 7] 7}
wave infrared 2 T-EHC} B olxs 2294 otk 54 shetzAed e oduA 5 4
= T3] f18to] Near infrared= -4 94,
Short-wave infrared= -2 2 0 2 171519
o} o] e B4 AT RN 54 A s

A~

A% BAAFS o] 7 ol o]euy
o olal S4sgat Aok, 54 Aot ¥4
o AL BEE Aolshe st of

2 o

1. ZH EE00| cHet HM FHO| o 4X| 4= mhEt olet HEE EXt
Wavelength Molecule Mineral Group
1.4 um OH and H,0 Clays, sulfates, hydroxides, zeolites
1.56 um, 2.02 um, 2.12 um NH, NH, species
1.8 um OH Sulfates
1.9 um H.O Smectite
2.2 um AL—OH Clays, sulfates, micas
2.29 um Fe—OH Fe—Clays
2.31 um Mg—OH Mg—Clays, Organics
2.324 um Mg—OH Chlorites
2.35 um CO,~2 Carbonates
2.35 um Fe—OH Fe—Chlorites
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ot 4gt 54S Ho|ng 54 ~AHERS F5
EAE v R FEY shetxA 2 35k
W32 7423 4 QIth(Hunt, 1977). & 12 3E
2L BALe] golgh HA 9} DA #HAS 2t
FEwe A EY F4 3 o] F duA F
o A A vE Yigiet olE 9 OHSt

HO7|& %o] 2t FETRHERET 59 7
$ L4m oA EFH o7 F5E7} 2ol vty
= U7} A g2 g dofME Ao s =

ewtEg 2t

7} Zke] BEES 1 33kt AT S

EPA A& spectral signatureg}al H-E2t} o2 &
o] Cuy(CO,),(OH), 9] 3}8txAdE 2t
739 1.5um, 2.05um, 2.3um, 2.35umolA 57221
AR FFE B3t} o] & vt o R o]9} frAlgk
spectral signatureZ 0| ZE-8 BALEA oA
AR oA, 1 g Azurited &0l vi¢- =
o}, o]} o] £ FE-& AR H & ARt
IAB7] fJsteols I BEY YIS 7]EsE]
A= A7) oy o]E AEE spectral

Azurite2]

LN L S B B B B B S B B N B B B B B
[ Azurite ws3i6 WiR1Ba AREF
clark and others 2007, USGS, DS231
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[ Digital spectral Library
splib06a 3357 w= 6

REFLECTANCE

0.oL 1 1 1 1 1 1]
1.0 1P5 2.0 2.5 3.0

WAVELENGTH (lm)

T2 2. d=M(Azurite) ] EZEM(Clark et al,
spectral library).

2007, USGS

libraryg} 3hck, EA| AAIA 02 vl=e] USGSe]
o3 A= spectral library7} WEARE3H 0] 715
02 ARg-Hr} USGSe spectral librarys 25
A w2 A et glrt.

o 7tAIEM(Visible—Near Infrared)

syst
SkellA A3k upe} o] 7RA133A 2 0.3~0.75

un, S-ZH ML 0.75~1.4um 2] I3 7HA|H

7R3/ 9 g stell A A o= g vt
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A Gojelr the B
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e e vl $2 ¢
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7} 5% TARTHAE 3). WA o2 v}
A ool vlel WARE FA o] of Aol 37
Sh= 0.5~0.6imollA T 7M1 el vlsl =
< YRS Hol= vhd AN Y H(0.6~0.7m)
M3 9(0.4~0.5m) oM =& FTEE Bt}

5474 2o

L L
- Chlorite HS197.3B W1R1Bb AREF
Clark and others 2007, USGS, DS231
Digital Spactral Library
0.6 splib06a 4745 w= 6
i L
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31 - -
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E L
0.2 —
0.0 1 1 1 1 1 1
0.5 1.0 1.5 2.0 2.5 3.0

WAVELENGTH (lm)

1% 3. =LEA(Chlorite) 2| 2EE4(Clark et al., 2007, USGS
spectral library).
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Jarosite GDS100 Na,sy 90C WIR1Ba AREF
Clark and others 2007, USGS, Ds231
Digital Spectral Library

splib06a 11210 w= 6
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AR ELEL AL BN R BN R ELELEL L RLELEL R §
| Hematite ns45.3 WIRLED AREF ]
Clark and others 2007, USGS, DS231
[ pigital spectral Library T
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E 0.10f ]
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* 9" clark and others 2007, USGS, DS231 N
[ Digital spectral Library 1
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02 4, UerEol HEzo| RSN,

a)
c) Z21&M(Goethtie) (Clark et al., 2007, USGS spectral

X2 AL0|E(Jarosite), b) Z&AM(Hematite)
P |

library).
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3 FEA Ak $lo] S 4TS 5t
= iron oxyhydroxides®] 7-¢ ©@-2# 9] o

QoA EAA] Fr=E Btk 19 32 7}
A xAQ Bl dF3l= Jarosite (KFe™,
(OH),(SO,),), hematite (Fe,O,), goethite (FeO
B oJE} Jarosite
o 44 Ao WAET) e FEol v
3 =3 09m oM & FTFEE Hole v
HEALEE7} o] of] B3 Hoj A 0.85um
oA =& FFEE B9}, B3 goethite®

Jarositeil:‘r HIALE7F Eof A 0.95un %4 ol A]

;

(OH))9] spectral signatureS

hematitet=

o Frw2 wolt} 19 nickel laterite, 2%
2 glgE So) 7PABA oJooa] ERAC
2HEHS K It} Gamet, pyroxenes, olivine2]
7 G- QA ol ERFAQ AUA] T
2 woj Aol .

Fejo] So] #4le] B o o) H2f 9
(Rare Farth Elements) S5 vl-$- E7 2] ¢] 7}A]4
A ~HEHS Beltt 19 5= UEdel JEF

BEo) 3| == europium oxide, neodymium

B>

e

oxide, samarium oxide, praseodyum oxide2]
spectral signatureE H.oJFTH ity o 3|&
T =Y B9 ok AL AAelA] o] oY
& Dol o 7R RAIE AHEE S
Ao g ol 28 5 oS ANZT
Europium oxides= 7FA131 3} -2 94 999
A FE WAIEE Hol= B3-S 7HAI, A
F Aol s Bsl= 0.4um, 0.48um 2 524 J o] 3f
o= 0.54m X 53 FF=E 7HY
Neodymium oxidet= 7143 }1\j31]- T-ZA A 3
Aof|A WAL= ] o7}k Zhal & 54E Bl
S oYA F= 75’5‘1‘ 4] 0.37um, =44
el 0.52um, 0.59um, =224 FHe] 0.74m,

0.8im, 0.88imollA Yebdt}, Samarium oxides=
7HAIR3A oM & europium oxides} fAFgH

oUA| T4 AL HolA|uk th-2A QA ofoo
A greds] th2 T WS ZhaL, 7R
Aol 2] olJA| =7} europium oxide Rt}
& 5L Ztet olg9 duA 5 e A
A od 3ol 0.41um, 0.48m3 T2 Al o9
0.96ym, 1.1ym, 1.25mox S22 B3I},
Praseodymium oxide™ t}2 3| ERF2} t} 27 7}
Al A GoelA oA Y] FrErt wie- =
o gpro] ZojRel whz} ‘3}"}57} 71l 1.4
un ol A HYA| o] WAL S Hol= 545 2t

=t

A F

o X Q|M(Short—wave infrared,
SWIR) 225t

QoA 7|&E v} o] LA A o 7] %3}
L gAe) A 31skAdte| ot 71
FoUAE &g51= Hioltt. ulebA Si-OH 2

rg RS Falshed) gol
o] 714 wol AbgHie

ol ofat w4 it
st} 2R oA By

BASE H0,0H,CO, 2 NHFo| 9ot =4
A-2H A B del A UyE &
AL 2= HEdZg YA FES TR
¢~ -85} (Thopson et al., 1999). wj2hA] Al
oM o] & o] 83ty Felgo] 4L o

oA olsfiste Hl & =22 Tt & 29
= 78 Fshest A MEFEI A A
Foolli QAR FTEE Hol&= FES A
3l cH(Thompson and Thompson, 1996). 3ol
A Ho|= nie} o] A BE WAREEY] T
o] 7Fssitt, 71 S e W AgEe



spectral signaturet= 1% 60 A 2Js} i},

Alunite:= advanced argillic ¥ 22+8-8 2| A8}
= FEZ 1.44/m, 1.49um, 1.76ym, 2.17imoA &
AAQ oUA| F42 Kol dickite:
intermediate argillic & advanced argillic®] ¥H2
289 AA1SHY 1.38um, 2.21im, 2.75mm oA &
AAQ YA F42 1o alunitedl = FAKSE o g A
YA 5 FeE Holut 1.76im oA #A8] vt

B 2. Z2H2|M(short-wave infrared) &

Thompson, 1996).

argillic,

ofoflA SxIxiol

2 YA F4E ZEET) Kaolinite®= HA] &
79 argillic ARG A|Asl= F=2A o
YA 71 b2 AEFER FABR oluA
57t 141m, 2.2um, 275mollA 4202 1}
B} o] 7153ttt Muscovite potassic 2
chloritic ¥ 2Z8-2 A8k FEZ kaolinite2}
Fat ollUA] 5 HE S 2o 1.41um, 2.2¢m,
2.78molA oUR] F471 dofuht 2. 2um oA 9]

=(Thompson and

Environment of formation

Related Alteration

SWIR active mineral assemblage

Intrusion—related

Potassic, K silicate, biotitic

Biotite, actinolite, sericite, chlorite, epidote, muscovite, anhydrite

Sodic, sodic—calcic

Actinolite, clinopyroxene, chrlorite, epidote, scapolite

Phyliic, sericitic

Sericite, chirotie, anhydrite

Intermediate argilic,
sericite—chlorite—clay, argilic

Sericite, chlorite, kaolinite, montmorillonite, calcite, epidote

Advanced argilic

Prophyliite, sericite, diaspore, alunite, topaz, tourmaline, dumortierite, zunyite

Greisen Topaz, muscovite, tourmaline

Skern Clinopyroxene, wollastonite, actinolite—tremolite, vesuvianite, epidote, serpentinite—
talc, calcite, chlorite, ilite—smectite, nontronite

Propylitic Chlorite, epidote, calcite, actinolite, sericite, clay

High—sulfidation epithermal

Advaned Argilic

Kaolinite, dickite, alunite, diaspore, pyrophyllite, zunyite

Argillic, intermediate argillic

Kaolinite, dickite, montmorillonite, ilite—smeectite

Propylitic

Calcite, chlorite, epidote, sericite, clay

LLow—sulfidation epithermal

Sericitic, argilic

Sericite, illite—smetite, kaolinite, chalcedony, opal, montmorillonite, calcite, dolomite

Advanced argillic

Kaolinite, alunite, cristobalite, jarosite

Propylitic, zeolitic

Calcite, epidote, wairakite, chlorite, illite—smectite, montmorillonite

Carbonate Calcite, ankerite, dolomite, muscovite, chlorite
Mesothermal Chloritic Chlorite, muscovite, actinolite
Biotitic Biotite, chlorite
Sediment—hosted gold Argilic Kaolinite, dickite, illite
Sericitic Sericite, chlorite, chlorioid
Zji%ae”oge”ic MassVe | chioriic Chiorite, sericite, biotite
Carbonate Dolomite, siderite, ankerite, calcite, sericite, chlorite
Toumalinite Tourmaline, muscovite
Sediment—hosted massive | Carbonate Ankerite, siderite, calcite, muscovite
sulfide Sericitic Sericite, chlorite
Albitic Chlorite, muscovite, biotite
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MR F=

7k AR Aol e WS 1

oIt} Tourmaline 2 1.43(m, 2.2um, 2.35um, 2.8um
ol Al A9l o|JA] F471 B EY sediment-

hosted massive sulfide®} <98H tourmalinite

REFLECTANCE
o

REFLECTANCE

REFLECTANCE

Alunite AL706 Na__ WIRLBb AREF
Clark and others 2007, USGS, DS231
Digital Spectral Library

splib06a 966 u= 6

LN B B B B e

2L
ol 1 1 1 1 1 1
0.5 1.0 1.5 2.0 2.5 3.0
WAVELENGTH (}Lm)
a)
—— ]
D Erres Ty
Sriapcen oraol
N ] S el vt .
0 1 1 1 1 1 1
0.5 1.0 1.5 2.0 2.5 3.0
WAVELENGTH (pm)
c
T e e e e e e e e T
I Tourmaline HS282.2B W1R1Bc AREF
g snasa sasse e s ]
6
al-
2L
ol 1 1 1 1 1 1
0.5 1.0 o) 2.0 285 3.0
WAVELENGTH (um)
e
. utdel HELE ol REHEMN,
a) BHM(alunite), b) H710IE
(actinolite) (Thompson et al., 1999; Clark et al., 2007).

WAZLS A3}, Actinolitex sodic HA
2-8-5 Aok B2 FEEA] 1.39un, 2.31
un, 2.38m X SFHQ JA FF71 Ho
Zct,

Dickite NMNH106242 WIRLBb AREF
Clark and others 2007, USGS, DS231
Digital Spectral Library

Splib06a 6820 W= 6

REFLECTANCE
o
o
e B I i i e o o e

0.0
0.5 1.0 1.5 2.0 2.5 3.0
WAVELENGTH ({m)
b)
———
I Muscovite HS146.3B W1R1Ba AREF
1.0 B clark and others 2007, USes, DsS231
-0 pigital spectral Library —
L sp1snosa 15457 w=
0.8 -

2 L

% [

E] [

B oo.6l ]

M L

= L

[T}

ﬁ 0.4 -
0.2 -
0.0l 1 1 1 1 1 1

0.5 1.0 1.5 2.0 2.5 3.0
WAVELENGTH (um)
d)
———
L actinolite nsi1s.32 winisb nmer
Clark and others 2007, USGE, DS231

I bigital spectral Libracy
0.6l swboss st s ]

= L

2

3 L -

3] 0.4

Il L

a

E L
0.2 —
0.0 1 1 1 1 1 1

0.5 1.0 1.5 2.0 2.5 3.0
WAVELENGTH (Mm)

f)

(dickite), c) TZEX(kaolinite), d) Y122 (muscovite), €) T7|A(tourmaline), f) ¥7|Ad
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9 USGS Spectral Library

A A AAR R 7P HEF o ARE
= AREA 2334 7|EA = v USGSe]
spectroscopy label] &3l @503l libraryo|tt, &
A7HA] 67119] versiono] THEo] HoH, 71 FH
o Hdlo]EE 2007:d0l| splib06a} HAZFEH o]
o] Ak, 1300 o7f o] de] & o thgh A=
ol 7|EA 2 AF=M http://speclab.cr.usgs.
gov/spectral-lib htmlojlA] FE5 2 o3-S 4= Q)
th(Clark et al,, 2007). o] A5 35, 4, EY,
AE 2 AET, VAES e tiE 23
3H3 2l Eestal 9len, ol ARE A
s7] i 2ol ae ATE ok 3
Eof i3t A7 9] 79 Xray diffraction (XRD),
electron microprobe (EM), X-ray fluorescence
(XRF) 9 #Fdv] 3 #4255 I Aot
(Clark et al., 2007),

o] spectral library= 25 6719 JE 2 o] Fo]
A Qlow e 1L FE, AH 2= EY, ¢4 4

S AREE A 4= B2 X
7ot FEA B, Y 5e =2, AH 6
AEd AET Y AR E B A% 2

off thgt 3L 02004 3m & FHE

1a]
(o3
i L
i o
w e et

4
fass

£ Beckman 5270 37, 0.35014] 2.5m2] ASD
Foi& 37, 1.3 ol 150un ol Tk Nicolet
Fourier Tranform Infra-Red Interferometer
BA & AHEsHA, 2 E-l sl 0.2~3.0un,
1.5~6.0im, 5~25um, 25~150um ¢] 734 o] s
Bh= spectral signatureS Al F3c}, 7HA13A 3
229 Joel| sgsh= 0.2~3.0um 3] -9
= B2 g} A=Y v 999 B A
=)o) Q)& 497} Brh(Clark et al,, 2007).
Shol|A] AFgt upe} o] E4 FA 9] YALE
ATz FATZR Tl o3l 54 oy~
tol met 27 e g 22 &7
FEY A shetxzAo] ozt wsteHA =W
Frote duA g s getAAl =Y spectral
signatureZ} Tt 27 Yehdtt, oA debd 2
ZF79] FE%= spectral library7} 2 ZA) = o] gl
oA 31HEA glo] E3AE ©]8-8 spectral
signatureE HIE 0.2 38t2A)S 5T  Slot
= AL AAJg}, w2kA] USGS spectral library
e 22 FFY FEd A= vz 55k
2 ohE FEH £3 A= wet oA
9] 71&EAE A Fsit}, o & S0 Actinolite?] 7
<% mica, calcite, opaque's-2] FE7}9] nl g &

=0l wet 7 o] AR E AT

td

1

lo
i
S mok

lo

I 3. O|= USGS spectral library splib06a2| 7|xHAIE] off; Actinolite (ID: HS116) (Clark et al., 2007).

TITLE: Actinolite HS116 DESCRIPT
DOCUMENTATION_FORMAT: MINERAL
SAMPLE_ID: HS116

MINERAL_TYPE: Inosilicate

MINERAL : Actinolite (Amphibole group)

FORMULA: Ca2(Mg,Fe)sSi:022(0H)2
FORMULA_HTML: Ca,(Mg,Fe+2)55i8022(0H),
COLLECTION_LOCALITY: San Bernadino, CA
ORIGINAL_DONOR: Hunt and Salisbury ~ Collection

SAMPLE_DESCRIPTION:
Forms a series with Tremolite and  Ferro—actinolite.

CURRENT_SAMPLE_LOCATION: USGS Denver  Spectroscopy Laboratory
ULTIMATE_SAMPLE_LOCATION: USGS Denver  Spectroscopy Laboratory
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Original spectrum published in:

Hunt, G.R., J.W. Salisbury, 1970, Visible and near—infrared spectra of minerals and rocks: |. Silicate minerals, Modern Geology,
vol. 1, pp283-300.

With the note that this sample lacks the contamination by opague inclusions that is seen in the actinolite sample HS22.

A spectrum of this sample is also published in:

Clark, RN., T.V.V. King, M. Klejwa, G. Swayze, and N, Vergo, 1990, High spectral resolution reflectance spectroscopy of
minerals: J. Geophys Res., v. 95, 1265312680,

Where it is noted that, although XRD indicates chlorite but no chlorite bands are seen spectrally, microscope analysis indicated
~1% opaque and ~5 volume% chlorite as contaminants, The sample measured was HS116.3B, which was dry sieved to the
grain—size interval 74-250 um.

Analysis of cation proportions indicates that this actinolite is low enough in iron to border on being called a tremolite.
IMAGE_OF_SAMPLE:

END_SAMPLE_DESCRIPTION.

XRD_ANALYSIS:

Analysis by Norma Vergo indicates Actinolite + Chlorite

END_XRD_ANALYSIS,

COMPOSITIONAL_ANALYSIS_TYPE: EM(WDS) # XRF, EM(WDS), ICP(Trace), WChem

COMPOSITION KEYWORD  Oxide ASCIl  Amount Weight Percent,% Oxide html

COMPOSITION : Sio2 5778  wi% Sio,
COMPOSITION: TiO2 0.02 Wi% TiO,
COMPOSITION:: Al203 0.22 Wi% Al,O4
COMPOSITION: Cr203 0.06 wi% Cr,04
COMPOSITION:: FeO 4.38 wi% FeO
COMPOSITION : MnO 0.12 Wi% MnO
COMPOSITION: MgO 2239 wi% MgO
COMPOSITION:: Ca0 1213 wi% Ca0
COMPOSITION : Na20 0.38 wi% Na,0
COMPOSITION:: K20 0.07 Wi% K0
COMPOSITION : Total 9755  wi%

COMPOSITION: O=CIFS Wi% #correction for Cl, F, S
COMPOSITION:: New Total Wi%

COMPOSITION_TRACE: None

COMPOSITION_DISCUSSION: EM analysis by Gregg A. Swayze at USGS Branch of Geophysics, Denver.
END_COMPOSITION_DISCUSSION.

MICROSCOPIC_EXAMINATION:

Clark, RN., T.V.V. King, M. Klejwa, G. Swayze, and N. Vergo, 1990, High spectral resolution reflectance spectroscopy of
minerals: J, Geophys Res. 12653—12680.

Bimodal grain size distribution:

population 1 avg. grain size= 325 um 99 vol%

population 2 avg. grain size= 15 um { 1 vol%

avg. grain size for entire populations = 325 um

Note the presence of ~1% opague and ~5 volume% chlorite as inclusions. Actinolite prisms bounded by cleavage surfaces. G.
Swayze

END_MICROSCOPIC_EXAMINATION,

SPECTROSCOPIC_DISCUSSION::

END_SPECTROSCOPIC_DISCUSSION.

SPECTRAL_PURITY: 1b2_3 4_# 1= 0.2-3, 2= .5-6, 3= 6-25, 4= 20—-150 microns

LIB_SPECTRA_HED: where Wave Range Av_Rs_Pwr Comment
LIB_SPECTRA: splibO4da r 28 0.2-3.0um 200 9.5.=325um
LIB_SPECTRA: splib0ba r 66 0.2-3.0um 200 g.5=
LIB_SPECTRA: splibOBa r 91 gs=
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ASCI Spectral Data file contents:

USGS Digital Spectral Library splib0Ga
Clark and others 2007, USGE, Data Series 231.

F-columns of data:

reflectance

standard deviation

(standard deviation of 0.000000 means not measured)
{ -1.2%534 indicates a deleted number)

For further information on spectrsocopy, see: http://speclab.cr.usgs.gov

Aetinolite H3116.38 WIRIBL AREF
copy of splib05a r B8
0.205100 ~1.23e34 0.009096
0.213100 0.033701 0.001704
0.221100 0.035717 0.000332
0.229100 0.035481 0.000850
0.236100 0.035345 0.000734
0.242100 0.034786 0.000710
0.248100 0.033701 0.000703
0.253600 0.033403 0.000890
0. 258600 0.033197 0.000683
0.263600 0.033780 0.000671
0.268600 0.032683 0.000657
0.273100 0.033050 0.000701
0.277100 0.034331 0, 000835
0.231100 0.034719 0.000576
0.285100 0.036169 0.000640
0.283100 0.036183 0.000755
0.293100 0.037372 0.000802
0.297100 0.040432 0.000736
0.301100 0.043035 0.000754
0.305100 0.045436 0.000869
0.309100 0.0458233 0.000872
0.313100 0.051189 0.000897
0,317100 0,085140 0,000511
0.321100 0.060014 0.000313
0.325100 0.063671 0.000311
LI B e e e e e
3 Actinolite HS116.3B WIR1Bb AREF
Clark and others 2007, USGS, DS231
' Digital Spectral Library
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121 7. 0|= USGS spectral library splib06a0ilA HZ5h=
5 x| motel 2EEHO| of; Actinolite (ID: HS116)
(Clark et al., 2007).
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