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Tables of Room Temperature Electrical Properties for Selected 

Rocks and Minerals and Dielectric Permitt iv i ty Stat ist ics 

by Gary R. Olhoeft 

Oyer the last 9 years, the data of this report has been 

accumulated by the author. Figures 1 through 3 summarize in 

histograms the s ta t is t ics of the die lectr ic permi t t iv i ty . Table 1 

l i s t s the DC elect r ica l conductivity and relat ive d ie lect r ic 

permit t iv i ty with the recommended specif ic gravity (grain density) 

of 347 minerals. Table 2 l i s t s the measured dry bulk density, 

DC electr ical conductivity, relat ive d ie lect r ic permit t iv i ty and 

die lectr ic loss tangent for 372 rocks and minerals. 

Figures 1 through 3 i l l us t ra te histograms of the density-reduced 

relat ive d ie lect r ic permit t iv i ty according to the formula 

where k is the density-reduced relat ive d ie lectr ic permit t iv i ty from a 
^ 3 

relat ive d ie lect r ic permi t t i v i ty , k, measured at a density of D gm/cm . 

In a l l three f igures, the top box ident i f ies the sample types, the width 

of the histogram bins for counting purposes ("Div.=" in dimensionless 

k un i ts) , the tota l number of measurements ("No.="), the skewness, 

mean, standard deviation, mode, and median of the distr ibut ion (with 

these terms defined as in Meyer, 1975). The main plot is the histogram 

and a smooth l ine running average over nearest-neighbor bins. The 

vert ical axis is percent of samples in a given bin relat ive to the 

tota l number of samples, and the horizontal axis is the density-reduced 

relat ive d ie lect r ic permi t t iv i ty . The inset plot in the upper r ight 

corner i l lus t ra tes the percentage of samples (vert ical axis) f a l l i ng 

between the mode-x and the mode+x where x is the horizontal axis. Thus, 

In Figure 1 , 90 percent of a l l lunar samples have a density-reduced 

relat ive d ie lect r ic permit t iv i ty f a l l i ng between 1.92-0.27 and 1.92+0.27. 

Figure 1 represents the s ta t is t ics of data from liinar sample 

measurements as published in Olhoeft and Strangway (1975) and S i l l and 

Ward (1977). Figure 2 represents the s ta t is t ics of the data from Table 1 

Figure 3 represents the s ta t is t ics of the data from Table 2. 



I t is remarkable that the diverse materials represented in 

Figures 1 through 3 a l l have a relat ive d ie lect r ic permi t t iv i ty that 

Is given roughly by 

k = 2° 

where k is the relat ive d ie lect r ic permi t t iv i ty at a dry bulk density 
3 

of D gm/cm . The notable exceptions are those materials with large 

amounts of chemically bound or adsorbed water. Water has a density-

reduced relat ive d ie lect r ic permit t iv i ty of 78 as a l iqu id and 3.4 
5 9 

as a sol id from frequencies of 10 Hz to 10 Hz. 

Most materials f a l l near a density-reduced relat ive d ie lect r ic 

permit t iv i ty of 2 as the electronic polarization mechanism is the 

only one of importance with the density of electrons in the material 

the determining factor. In water, the water molecules and OH redicals 

are highly polar contributing largely to the d ie lect r ic permit t iv i ty 

through the molecular orienation polarization mechanism in addition to 

electronic polarizat ion. Thus, wet materials and highly hydrated 

materials (such as montmorillonite clay) strongly ref lect this 

molecular polarization in thei r d ie lect r ic permi t t iv i t ies . 

A few other minerals that are highly conducting metall ic or 

semiconducting materials also deviate from the above expression due 

to the free-electron nature of the i r structures. Also, ferroelectr ic 

materials are exceptions due to the dominance of the i r spontaneous 

structural ly-related electr ical polarizations. 
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Figure 2 
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Figure 3 -6-
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Table 1 lists the recommended values of zero porosity 

density in gm/cm (specific gravity), DC electrical conductivity 

In mho/m, and relative dielectric permittivity at or below 1 MHz. 

Minerals are arranged alphabetically by name, with the chemical formula 

given, and a number in brackets for those minerals whose tabulated 

values were derived from Table 2. The remaining values were culled 

from the literature. In addition to minerals, a variety of elements 

(in their reference state) and common chemical compounds are shown 

for comparison. 

Mineral names and chemical formulas are according to 

Aballain and others (1968). 



Table 1 
weme/Lcscr i p t i c n 

Acan th i t e /Arc , en , t i , t e Ag2S. 
A l b i t e N£AlSi3ob 114 .B | 
A l l a n i t e (Ca ,Ce) 2 ( t e2+ , t e3+) A12 [0/Gii /S iG4/S iC7 ] 

1293.6 J 
A ima no i n e t-e3A12Si30l2 
A l t a i t e fb're SEMeowiDUCTOK 
Alunvinuiii Al (REFJ 
Aluirinuni an t imcn ide , AiSb SEHICQwD.UGTOB 
Aluroinum cx.ide-ganiira. A12G3 IwSuLA.TOP 
Amblygon i t e (Livl>ia);Ali-04 ( t ,OK) ( 2 4 8 . 6 ] 
Ammon.iun) s u l f a t e (-wh\4);2S04 

Analc ime NaAlSi2C6.U2Q< 
A n d a l u s i t e A12Si05 [ l b 5 . 6 I 
A n o r a d i t e ea '3Fe2Si3012 
A n g l e s i t e tbS04 14 3 7 , 6 ] . 
A n h y d i i t e CaSG4 
A n n a b e r g i t e wi3:(As04).2..8H20 [43S.&] 
A n c r t h i . t e CaA12Si2G8 
A n t h G p h y l l i t e (Kg,Fe)7S18022(CH)2 
Antimony Sb [REE] 
A p a t i t e Ca5 (F04) 3;F [:253,6] 
A r a g o n i t e C5CC3 (26.0.61: 
Arcanite; K2S0.4 
Arsenic As (REFl̂  
A r s e n i c bccniiid.e Asbr3; 
A r s e n o p y r i t e ! FeAso SEiMCOwDCiCTOR 
A u g i t e ( e a , l ' i g , F e 2 + , t e 3 + , A l ) ( ; S i , A l ) 0 3 
Ax in i t e . Ca2 (sMn, Fe) Al 2fcS,i4Cl5Oh 
A z u r i t e Cu3;{CQ3) 2(Ga)Z [249 .61 : 
B a d d e l e y i t e :6r02 
B a r i t e HaS04 [79 .6] : 
Barium c h l o r i d e BaC12 
Barium o x i d e BaC 
BariuiT: s t a n n a t e baSn03: 
Barium s u l f i d e Bab 
Bar ium t i t a n a t e baT iG3 
Barium z . i r c c n a t e LaZr03 
B e i d e l l i t e 

(Ma,K,Mg,.Ca) 0 . 3 3 A 1 2 ( S i , A l ) 4C10(CH) 2,nH20-
B e r l i n i t e A1EG4 
B e r y l £e3A12Si6Gi8 [ 1 8 0 . 6 ] 

• B e r y l l i u m Ee [REF] 
B e r y l l i u m o x i d e - b e t a EcO 
B i o t i t e K2(Mg.,Fe) 4-6 (.Si,Al)8O20!(OHi)4 
B i s m i t e £1203 
Bismuth E i [REF] SEMIMETAL 
Bismuth t i t a n a t e E i4T i3012 
B i s m u t h i n i t e b i 2 S 3 bEMIGOnDUCTOR 
B o r n i t e eu5EcS4 SEMICOwiiUeiOR 

Density 
gm/ec 
7 . 2 4 6 
2 .6 20 

3.8UG 
4.318-
8 . 2/46 
2 . 6 9 8 
4 . 340 
3 .900 
3 .110 

1.769 
2 . 2 5 8 
3 . 1 4 5 
3 . 8 6 0 
6 . 3 2 4 
2 . 9 6 3 
3 .000 
2 . 7 6 0 
3 .000 
6 . 6 9 8 
3.180! 
2 . 9 3 1 
2 .66 2 
5 .780 
3 . 5 4 0 
6 . 1 6 2 
3 . 3 0 0 
3 . 30:0 
3 . 7 6 7 
5 . 8 26; 
4 .480; 
3 . 8 5 0 
5 . 9 9 2 

4 . 2 5 0 
6 . 0 1 7 
5 . 520 

2.600. 
2 .618 
2 . 6 4 1 
1 . 8 4 7 
3.010! 
2 .900! 
9.370; 
9 . 8 0 7 

6 . 8 0 8 
5 . 0 9 1 

1 CC c c n d . ' 
1 who/n 1 

+ l. ,0L+02 
+2 , IE -OS 

+ 1 , 2 E - 1 0 

+ 1 . GL+.04 
+ 3..7L+07 

+ 3,.1E-12 

I-. -;l i-;: 

+3-i9'E-12 

+ 7 , 6 E - 1 1 
+ 1 . 0 E - 0 9 
+ 1 , 2 E - 1 0 

+ 5 . b E - 0 9 
+2.5E+0.6 
+ 1 . 2 E ^ 1 2 
+ 2 , 9 E - 1 3 

+3,4E+06 

+ l ,GE+03 
+ 2 , 1 E - 1 1 
+ i , l E - 1 2 
+ l , 8 E - 0 9 

+ 9 , 8 E - 0 8 

+ 2 . 8 E-13; 
+2.,5E+0,7 

+ 1 . 2 E - 1 1 

+8 .6E+05 

+ 1 . 5 E - 0 1 
+1 .0E+03 

cjclectr ic 
k 0 1 Kh.:; 

6 . 5 5 

13 .50 
4 . 3.0 

4 5U.U0 

2 4 . GO 
10 .10 

8 , 50 

3 .30 
5 ,50 

- -̂  6.9.0 
8:, 20 

1 4 . 3 0 
6 , 5 0 
6 ,60 
6 . 9 0 
8;, GO 

11.70, 
6 , 6 7 
6 . 4 0 

3.30: 
7 .20 
9 ,30 
8 , 9 0 

2 1 . 00 
12 .40 
10,0,3, 
1 1 . 4 0 
34.00: 
18 . 00 
1 9 . 2 3 

3600 ,00 
4 3 . 0 0 

lT.4i0: 
6 , 0 S 
6 , 7 5 

7 . 4 1 
6.30) 

1 8 . 2 0 

1 3 5 . 0 0 
. 18 .20 

8 . 1 3 



SEMICONDUCTOR 
Eoroin-£ [REF] 
B r o m a r g y r i t e Aqiir 
Bromel l i t e lieO 
brucite Hg(Gh)2 [247,6] 
Bunscnite N I O SEhlCGwDUCTOR 
Cadmium Cci [REF] 
Cadmium troi?ide CcBr2 
Cadmium telluride CdTe SEMICONDUCTOR 
Cadmcsclite CdSe SEtilCOiMtUC'i'GR 
Calcite CsCG3 [194,6] 
Calcium Ca [REF] 
Calcium nitrate Ca(c^03)2 
Calcium cxiae CaG (Lime) INSULATOR 
Calomel HgCl. 
Caner in ite (lva2Ca) 4 [C03/(H2O)0-3/(AlSi04) 6] 

[432.6] 
Cassiterite SnG2 SEMICOWDUCTGR 
Celestine SrSG4 [251.6] 
Celsian £)aA12Si2G8 [200.6] 
Cerianite Ce02 
Cerium Cc [REF] 
Cerrusite PtCG3 
Cesium Cs [REF] 
Cesium chloride CsCl INSULATOR 
Cesium iodide Csl Ii<4SULATGR 
Chalcanthite CuS04.5H20 
Chalcocite Cu2S SEKICONDUCTCR 
Chalcopyrite Cut'eS2 SEKICGNDUCTOR 
Chlorargyrite AqCl ELECTLGLYTE 
Chlorite i:g3(Si4O10) (CK) 12,fig3(OH)6 
Chromite FeCr2G4 [27KCC] 
Chromium Cr [REF] METAL 
Chrysoberyl BeA1204 [434,6] 
Chrysccolla CuSi03,2H20 
Cinnabar hgS 
Clausthalite FbSe SEMICONDUCTOR 
Cobalt Co [REF] 
Cobaltite CcAsS 
Cobaltcus oxide CoO 
Colemanite Ca2B6011,5H20 [332,6] 
Columbite (Fe,Mn)(Cb,Ta)206 
Copper Cu [REF] kETAL 
Copper dichloride CuCl2 
Cordierite (Mg,Fe2+)2A14Si5018 [346.6] 
Corundum A1203 INSULATOR 
Cotunnite PbC12 
Covellite CuS KETAL 
Cristobalite Si02 
Cryolite Na3AlF6 [263,6] 
Cummingtonite (Mg,Fe)7[GH/Si4011]2 
Cupric sulfate monohydrate CuS04,li20 
Cuprite Cu20 SEMICONDUCTOR 
Danburite CaB2Si208 [1G1.6] 

2,465 
6.477 
3,010 
2.368 
6.809 
8.643 
5.192 
6.200 
5,810 
2,931 
1.530 
2,483 
3.345 
7.166 

2.450 
6.993 
3.971 
3.200 
7.216 
6.746 
6.58 3 
1.906 
3.988 
4.510 
2.291 
5.793 
4.200 
5.571 
2.800 
5.086 
7.187 
2.913 
2.200 
8.187 
8.100 
8.836 
6.275 
6.438 
2.400 
5.000 
8.934 
3.054 
2.508 
3.987 
5.906 
4.682 
2.300 
2.965 
3.211 

6.105 
3.000 

+5.5E~05 

+3,6E-11 

+1.5E+07 

+1.1E-14 
+3.0E+07 

+2.4E-10 
+1.0E+00 
+7.1E-12 
+l,bE-lC 

+l,3E+06 

+5.0E+06 

+1.0E+03 
+1.0E+03 
+1.5E-07 
+6.2E-10 
+2.0E-08 
+7,8E+06 
+2.1E-12 

+2,0E-10 

+l,6E+07 
+1.0E+03 

+3,2E-11 

+5,9E+07 

+l,lE-09 
+1,0E-14 

+l,4E+06 
+1,0E-13 
+6,1E-13 
+6.0E-11 

+3,0E-01 
+4,1E-11 

12.20 
7.35 
U.6C 
11.50 

8.60 
10.60 
9.70 
6.35 

6.54 
11.60 
14.CO 

8,60 
9.0G 
9.90 
9,40 
7.00 

18.60 

6.34 
5.6C 
6.50 

12.30 
9,00 

11,42 

7,83 
13,10 
18.00 

280,00 

12.90 
13,80 
13,00 

9.80 
7,40 
12.60 
47,40 

8.40 
7,02 
7.00 
7.60 
6.94 
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C d t c l i t e CaBSi040Ii [ 4 4 2 . 6 ] 
Dian;Ond C SEMICGIJDUCTGi; 
D i a s p o r e AlG(Cll) (41b.G] 
D i c k i t e Al2Si2G5(Gli)4 [ 2 2 5 . 6 ] 
Digen i t e Cuyss 
D i o p s i d e IigCeSi2Gb [ 3 1 7 . 6 ] 
D i o p t a s e Cu3i02(Gli)2 
Dolomite CaMg (CG'3) 2 [102.6] 
D u m o r t i e r i t e (A l ,Fe ) 7t>Si3G18 [ 1 9 0 . 6 ] 
Dyspros ium Dy [RLf] 
E n a r g i t e Cu3AsS4 [ 2 6 5 . 6 ] SEMICGwDuCTOR 
E p i d o t e Ca2(Al ,Fe ) 3Si3G12Gfi [ 3 2 6 . 6 ] 
E p s o m i t e MgS04.7H20 
Erbium Er [REF] 
E s k o l a i t e Cr203 
Europium Eu [REF] 
F a y a l i t e Fe2Si04 
F e r b e r i t e FeiiG4 
F e r r o u s o x i d e teO ( s t o i c n i o i r . e t r i c ) 
Flourite CaF2 IhSULATGE 
Forsterite Mg23iG4 
Pranklinite 
Gedol in iu i r Gc [RCr] 
G a h n i t e ZnAl204 
Galena i^bS SEI'iICGNLUCTCR 
Galliup. Ga [REF] 
Gallium antincnide GaSb SEMICONDUCTOR 
Galliun, arsenide GaAs SEMICONDUCTOR 
Gehlenite Ga2A12SiG7 [444.6] 
Geikielite MgTiG3 
Germanium Ge [REF] SEMICONDUCTOR 
Gersdcrffite NiAsS 
Gibbsite Al(0h)3 
Glauconite 

K1.5(Fe3+,Mg,Al,Fe2+)4-6(Si,Al)8O20(OK)4 
Glaucophane Na2Mg3Al2(Si8022](CH)2 
Goethite fceO(OK) 
Gold Au [REF] METAL 
Goslarite ZnS04.7H20 
Graphite C [REF] Carbon SEMIMETAL 
Greenockite CcS SEMICONDUCTOR 
Grossular Ca3A12Si3012 
Gypsum CaSG4.2H20 [26.5] Alabaster 
Hafnium Hf [REF] 
.Halite NaCl ELEGTRGLyTE [433.6] 
Halloysite Al2Si205(0H)4.2H20 [226.6 @ 1.12 
Hedenbergite GaFeSi2G6 [10.8] 
Hematite Fe203 SEMICONDUCTOR 
Hercynite FeA1204 [277.6] 
Hessite Ag2Te SEMICONDUCTOR 
Holmium Ho [REF] 
Hornblende 

(Ca,NaK)2-3(Mg,Fe2+,Fe3+,Al)5(Si,Al)8C22 

2 . 9 0 0 
3 . 5 1 5 
3 . 3 7 8 
2 .620 
5 . 6 0 3 
3 .277 
3 . 3 0 0 
2 . 8 6 6 
3 , 3 5 0 
8 , 5 4 3 
4 . 4 6 3 
3 . 5 8 7 
1.680 
9 .006 
5 . 2 2 5 
5 . 2 4 5 
4 . 3 S 3 
7 . 5 2 1 
5 . 7 0 0 
3 . 1 7 9 
3 . 2 1 3 
5 .350 
7 .906 
4 . 6 0 8 
7 . 5 9 8 
5 . 9 1 3 

3 .050 
3 . 8 9 5 
5 .326 
5 . 9 6 4 
2 . 4 4 1 

[313 2 . 3 0 0 
3 .200 
4 . 2 6 8 

1 9 . 2 8 2 
1 .972 
2 . 2 6 7 
4 . 8 2 6 
3 . 5 9 5 
2 . 3 0 5 

1 3 . 2 4 2 
2 . 1 6 3 , 
i . 5 5 0 
3 . 6 3 2 
5 . 2 7 5 
4 . 2 6 5 
8 . 4 0 5 
8 . 8 0 1 

(OK)2 3 .080 

+ 7 . 9 E - 1 1 
+ 2 , 0 E - 1 3 
+ 4 . 6 L - 0 9 
+ 1.3E-0S> 
+1.UL+02 
+ 1 . 7 E - 1 1 

+ 2 , 3 E - 1 4 
+ 9 . 2 L - 1 2 
+ l , 8 E + 0 6 
+1 ,0E+01 
+1 ,3C-10 

+S,3E+0 5 

+1.1E+06 

+ 1 , 3 E - 1 4 

+ 7 , l E + 0 5 
+ 5 . 2 E - 0 4 
+1 .0E+03 
+5.7E+06 

+ 4 , 2 E - 1 1 

+2.2E+0C 
+ l , 0 E + 0 5 

+ 3 . 5 E - 0 9 
+ 9 . 7 E - 1 2 

+4.5E+07 

+7,0E+04 

+ 9 , 5 E - 1 2 
+2.8E+06 
+ 2 . 0 E - 1 4 
+ 2 . 9 E - 0 7 
+ 1 . 5 E - 0 8 
+ l , 0 E - 0 2 
+ l , 3 E - 0 7 
+ l , 0 E + 0 5 
+ l , l E + 0 6 

+ 2 , 1 E - 1 1 

7 ,50 
5 ,68 

12 .50 
4 . 6 0 

b.bO 
7 .60 
7.4 6 
7 .00 

200.OG 
14 .40 

5 ,46 

11 ,90 

6 , 8 0 
1 4 . 0 0 
1 4 . 2 0 

6 ,76 
6 ,80 
9,4G 

' 205 ,00 

1 5 . 6 9 
1 2 . 9 5 
1 0 , 4 0 
1 8 . 0 0 
15 .80 

8 . 4 0 

1 2 , 7 0 
9 .30 

1 1 . 7 0 

6 . 2 0 

9 . 3 5 
7 .60 
6 . 3 9 

5 .90 
. 7 ,86 
1 7 . 4 0 
2 5 . 0 0 
4 0 , 0 0 

8 .00 
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H y d r o x y a p a t i t e Ca5(i '04)30l i 
I d o c r a s e GalO(Mg,Fe2+,Fe3+)2A14Si9034(OH 

V c E u v i a n i t e 
I l l i t e ( I l3O,K)A18(Si ,Al)16G40(GK)8 
I l m e n i t e FeTiG3 
Indiuir. I n [REF] 
Indium a n t i m o n i d e InSb SEMIGCuDuGTGR 
Indiun" a r s e n i d e InAs SEMICONDUCTOR 
I c d a r g y r i t e Agl SEMIGCi-DUGTOR 
I r i d i u m I r [REF] 
I r o n Fe [REF] 
J a d e i t e NaAlSi2C6 [ 3 4 3 . 6 ] 
K a o l i n i t e A12Si2G5(Gh)4 [ 2 2 3 . 6 ] 
K a r e l i a n i t e v203 
K e r n i t e iMa2B4C7.4H2C [ 4 4 0 . 6 ] 
K y a n i t e A12SiC5 [ 1 8 7 . 6 ] 
L a b r a d o r i t e Na2Ga3(AlSi308)8 [ 3 1 4 . 6 ] 
Lead Pb [REF] METAL 
Lead n i t r a t e Pb(N03)2 
Lead t i t a n a t e t t T i 0 3 
Lead z i r c c n a t e P tZr03 
L e p i d o l i t e K ( L i , A l ) 3 ( S i , A l ) 4 0 1 0 ( F , C h ) 2 [ 
L e u c i t e KAlSi2C6 
L i m o n i t e [ 4 1 . 5 ] Amorphous I r o n 
L i t h a r g e ' PbG red SEMICONDUCTOR 

3,155 4.90 
)4 [445,6] 

Lithium Li [REF] 
Lithium chloride 
Kagnesite MgGG3 
Magnesium 
Magnesium 
Magnetite 
Malachite 
Kanganese 
Manganite 

LiGl ELECTROLYTE 

Mg [REF] METAL 
s u l f a t e MCSG4 
Fe304 METAL 
Cu2(G03)(GH)2 [28KCC1 
Mn [REF] 
MnO.Oh [ 2 1 2 . 6 ] 

M a n g a n c s i t e MnO 
H a s c a g n i t e (Nh4)2&04 
M e r c u r i c c h l o r i d e hg2C12 

Mercu rous c h l o r i d e KgC12 

M i c r o c l i n e KAlSi30d [ 1 0 3 , 6 ] 
M i l l e r i t e NiS 
Minium Pb304 
M o l y b d e n i t e McS2 SEMICONDUCTOR 
Molybdenum Mo [REF] METAL 
M o n t i c e l l i t e GaMgSiG4 [ 3 3 9 . 6 ] 
Montmor i l l o n i t e 

(Na ,K ,Kg ,Ca )0 .33 (Al ,Mg)2S i4O10(OH)2 , 
M u l l i t e 3A1203.2Si02 3-2 INSULATOR 
M u s c o v i t e KA13Si3O10(Oh)2 [ 2 4 . 5 ] 
t t a n t o c k i t e CuCl SLMICONDUGTOP 
N a t r o l i t e Na2A12Si3G10,2U2O [ 1 6 8 . 6 ] 

7 , 5 ] 

nH20 

3 .400 
2 .660 
4 , 7 8 8 
7 ,297 

5 .684 
22 .564 

7 , 8 7 5 
3 ,400 
2 . 5 9 4 
5 . 0 2 1 
1 ,877 
3 . 6 7 5 
2 . 7 1 0 

1 1 , 3 4 3 
4 .530 
7 . 9 4 0 
7 .000 
2 .900 
2 .469 
3 .176 

9 . 3 3 5 
. 5 3 3 

2 . 0 6 0 
3 .010 
1 .737 
2.66() 
5 . 2 0 0 
4 . 0 3 1 
7 . 4 7 0 
3 . 9 8 4 
5 .366 
1 .769 

6 . 4 7 0 

5 .600 
2 . 5 6 0 
5 .374 
8 .926 
4 . 9 9 9 

1 0 . 2 2 1 
3 . 2 0 0 

[229 2 ,608 
3 . 1 6 7 
2 . 8 3 1 
4 . 1 3 9 
2 . 2 4 5 

+ 5 . 2 E - 1 1 

+1.CL+02 
+1.2E+07 

+1.9E+07 
+ 1 . 0 t + 0 7 
+ 1.2E-10 
+ 3 . 1 E - 0 8 

+ 1 . 9 E - 1 2 
+ 1..6E-12 
+ 1 /3E-10 
+4.8L+06 

+ 2 . 6 E - 1 2 

+ 3 . 5 E - 0 8 

+1.2E+07 

+2.3E+07 

+1.0E+04 
+ 1 . 1 L - 0 9 
+7 .4E+05 
+ 1 . 9 E - 0 2 

+ 5 . 7 E - 1 2 
+3.0E+06 

+1.0E+00 
+1.9E+07 
+ 7 . 7 E - 1 1 

+ 4 , 8 E - 0 7 
+ 1 . 0 E - 1 4 
+ 4 , 6 E - 1 3 
+ 2 , 9 E - 0 7 
+ l , 0 E - 0 9 

8.64 
10.CO 

17.S6 
1 4 . 5 5 

6.BO 

10 .00 
11 .80 
1 5 . 0 0 

5.23 
7 .60 
5 .87 

16 .80 
2 0 0 . 0 0 
200.CO 

6 .30 
6 . 0 0 

1 2 . 4 0 

2 5 . 9 0 

1 0 , 6 0 
8 .10 

8 .20 

6 . 3 3 

9 1 7 . 0 0 
1 8 . 0 0 

9 . 8 0 

9 . 4 0 

3 . 2 0 
5 .48 

17 .80 

8.50 

207 .00 
6 .60 
7 .60 
9 .80 
6 . 7 0 



N e p h e l i n e Na3KAl4Si4C16 
N i c c o l i t e Nifts . 
N i c k e l Ni [REF] METAL 
N i c k e l c a r b o n a t e Ni(C0)4 
Niobium Nb [REF] 
N i t e r KN03 
Nitrobarite Ba(N03)2 
Cldhamite GaS 
Opal Si02.nil2G [198.6] 
Orthoclase KAlSi3Gb [13.5] 
Palladium Fd [REF] 
Pectolite Ga2NaSi30bOH [208.6] 
Periclase MgO INSULATOR 
Perovskite GaTiG3 SEKIGGNDUGTOP 
Petalite LiAlSi4O10 [269.6] 
Phenacite Be2Si04 R3 
Phlogopite KMg3AlSi3C10(OH)2 [23.5] 
Phosphorus P [REF] 
Phosphorus trioxide P203 
Plattnerite Pb02 
Potassium K [P̂ EF] 
Potassium aluminum sulfate. KAl(804)2 
Potassium brom.ate KBrG3 
Potassium bromide KBr INSULATOR 
Potassium carbonate K2GG3 
Potassium chlorate KC103 
Potassium flouride KF ELECTROLYTE 
Potassium orthophcsphate K3PG4 
Powellite GaMc04 
Praseodymium Pr [REF] 
Prehnite Ga2A12Si3O10{Gh)2 [203.6] 
Proustite Ag3AsS3 SEMICONDUCTOR 
Pt (RElr] METAL 
Pyrargyrite Ag3SbS3 [302.6] SEMICONDUCTOR 

Pyrite FeS2 SEMICONDUCTOR 
Pyrolusite Mn02 SEMICOMDUCTOF. 
Pyrophyllite A12Si4O10(0G)2 [221.6] 
Pyrrhotite Fe.877S METAL 
Ouartz Si02 INSULATOR 
R e a l g a r AsS 
K e t g e r s i t e LMiS04.6H20 
Rhenium Re [REF] 
Rhodium Rh [REF] 
R h o d o c h r o s i t e Mr.G03 
Rhodon i t e MnSi03 [ 3 2 0 , 6 ] 
R i e b e c k i t e Na2Ee2+3Fe3+2Si8022(0H) 4 
Rubidium Rb [REF] 
Rubidium c a r b o n a t e Rb2C03 
Rubidium c h l o r i d e RbCl 
Ruthenium Ru [REF] 
R u t i l e TiG2 [ 1 3 7 , 6 ] SEMICONDUCTOR 
S a l m i a c NH4C1 S a l Amoniac 

2 . 6 2 3 
7 .776 
8 .910 
i . 3 2 0 
8 ,580 
2 , 1 0 5 
3 . 2 4 0 
2 . 6 0 2 
1,890 
2 ,570 

12 ,006 
2 .870 
3 . 5 0 3 
4 , 0 4 4 
2 ,410 
2 ,960 
2 , 7 8 4 
1 .801 
2 . 1 3 5 
9 . 3 7 5 

. 8 6 2 

3 .270 
2 . 7 5 4 
2 .428 
2 .320 . 
2 .50 5 
2 .564 
4 .256 
6 .774 
2 .910 
5 .595 

21 .460 

5 . 8 5 1 
5 . 0 1 1 
5 .234 
2 . 8 1 9 
4 . 6 1 0 
2 . 6 4 8 
3 . 5 9 0 
2 .070 

2 1 . 0 1 7 
1 2 . 4 2 5 

3 .699 
3 .726 
3 .000 
1.530 

2 . 8 0 0 
1 2 . 3 6 9 

4 . 2 4 5 
1.527 

-12-
+ 1 . 6 E - 0 9 
+1.0E+07 
+1.4E+07 

+8.0E+0G 

+ 3 . 9 E - 0 7 
+ 6 . 9 E - 1 3 
+9.3E+06 
+ 2 . 3 E - 1 1 
+ 1 . 6 E - 1 1 

+ 1 . 7 E - 1 0 

+ 1 . 0 E - 1 3 
+ 1 . 0 E - 0 9 

+1.1E+06 
+1.6E+07 

.. 

+1.5E+06 
+ 2 . 5 E - 1 2 
+ 1 . 0 E - 0 3 
+9,6E+06 

+ 2 . 8 E - 0 3 
. +1 .0E+03 

+1.0E+00 
+ 6 . 6 E - 1 3 
+1 .0E+05 
+ 5 . 0 E - 1 5 

+5.2E+06 
+2.2E+07 

+ 1 . 5 E - 1 1 
+ 2 . 6 E - 1 0 
+8,0E+06 

+1.3E+07 
+ 4 . 7 E - 1 0 

6 .04 

2 .20 

4 . 3 7 
5.SO 
6 . 7 0 

1 3 . 0 1 
5 .60 

9 .00 
9 . 6 5 

1 6 5 . 0 0 
5 .00 
5 ,10 
7 .60 

3 .20 
2 6 , 0 0 

3 ,80 
7 ,30 
4 , 7 8 
4 .96 
5 . 1 0 
6 . 0 5 
7 . 7 5 

24 ,00 

6 ,50 
16 ,50 

222 ,00 

10000 .00 
6 .30 

4 , 5 0 
7 .60 
6 . 2 0 

6 . 8 0 
1 0 . 0 0 

6 , 5 9 

6 . 7 3 
4 . 9 1 

7 8 . 9 0 
6 .96 



Samarium Sm [REF] 
S a n m a r t i n i t e LnV<04 
Scandium Sc [RCF] 
S c a p o l i t e CaCG3.3GaA12Si208.CaS04.CaC12 
S c h e e l i t e CsVvG4 
Se l en ium Se [REF] SEMIGGNDUGTOR 
b e 1 1 a i t e Mgt2 iwSULATCr 
&crpen t ine"Mg3(S i2C5) (Gh)4 [ 3 1 8 . 6 ] 
S i d e r i t e FeCo3 [ 2 7 1 . 6 ] 
S i l i c o n S i [REF] S£i;iG0t-<LUGT0R ' 
S i l i c o n c a r b i d e SiG SEMICGî DUCTOR 
S i l l i m . a n i t e A12SiG5 [ 1 6 6 . 6 ] 
S i l v e r Ag [REF] METAL 
S i l v e r o x i d e Aq20 
S m a r a g d i t e Gs2(Mg,Fe)5Si8022(OH)2 [ 2 9 0 . 6 ] 

A c t i n o l i t e 
S o d a - n i t e r l4aiM03 
S o d a l i t e isic4A13 (SiC4) 3G1 
Sodium Na [REF] 
Sodium brornate NeEr03 
Sodium c a r b o n a t e Na2GC3 
Sodium, c a r b o n a t e n y c r c c e n HaHGC3 
Sodiun. p e t c h l c r s t c wcClG4 
S p e s s a r t i n e I'in3A12£i2&12 
S p h a e l e r i t e LnS [ 2 1 3 . 0 ] SEMICONDUCTOR . 
S p i n e l MgA12C4 
Spodumene LiAlSi2G6 [ 2 1 0 . 6 ] 
S t a n n o u s t e t r a c h l o r i d e SrG14 
S t i b n i t e Sb2S3 SEMIGGNDUGTOR 
S t i b n o u E bromide SbBr3 

Stibhous chloride StC13 

S t i l b i t e NaCa2A15Sil3036.141120 [ 4 8 2 . 6 ] 
S t i l l e i t e ZnSe SEMIGCNDUGlOR 
S t c l z i t e Ftv.04 
S t r o n t i e n i t e SrCG3 [ 2 7 2 . 6 ] 
S t r o n t i u m Sr [REF] 

n i t r a t e Sr(NG3)2 
o x i d e SrO 
s u l f i d e SrS SEMICONDUCTOR 
t i t a n a t e S r T i 0 3 

[REF] 

S t ron t ium, 
S t r o n t i u m 
S t ron t ium. 
S t ron t ium: 
S u l f u r S 
S u l f u r y l c h l o r i d e S02C12 

. S y l v i t e KGl ELECTROLYTE 
T a l c Mg3Si4G10(Oh)2 
T a n t a l i t e (Fe ,Mn) (Ts ,Nb)206 
Tan ta lum Ta [REF] 
Tan ta lum p e n t c x i d e Ta205 
T e l l u r i u m Tc [REF] SEMICONDUCTOR 
Tenor i t e GuO SEKICOtiDUGTOR 
T e p h r o i t e Mn2SiG4 [ 4 1 9 . 6 ] 
Terbium Tb [REF] 

7 , 5 2 8 
7 , 8 7 2 
2 , 9 8 9 
2 .600 
6 .120 
4 . 6 0 9 
3 . 1 4 8 
2 . 6 0 0 
3 .944 
2 . 3 3 0 
3 ,217 
3 . 2 4 7 

1 0 . 5 0 1 
7 . 1 4 0 

3 ,400 
2 , 2 6 1 

' 2 , 2 0 0 
, S 6 5 

3 .339 
2 . 5 3 2 
2 .159 

•; 2 ,020 
3 . 0 2 2 

:--;4*089 
3 , 5 8 3 
3 . 1 8 8 
2 . 2 3 0 
4 . 6 2 7 

4 . 1 4 8 

3 . 1 4 0 
2 . 1 5 0 
5 .420 

. 8 . 4 1 1 
' 3 . 7 8 4 

2 . 5 8 3 
2 .986 
4 . 7 0 0 
3 , 7 0 0 
5 .110 
2 . 0 6 7 
1.680 
1 .967 
2 .784 
6 . 5 0 0 

1 6 . 6 7 6 
8 . 3 1 1 
6 . 2 3 2 
6 .509 
4 . 1 5 5 
8 . 2 3 9 

-13-
+1.1L+06 

+1.6E+06 
+ 8 . 2 E - 1 1 

+8.3E+0G 

+ 3 . 2 E - 0 S 
+1.2E-1C 
+1.0E+07 
+5 .CE-01 
+ 1 . 0 E - 1 1 
+6.2E+07 

+ 1 . 0 E - 1 1 

+2.4E+07 

+ 3 . 6 L - 1 2 

+ 4 . S E - 1 3 

+1.CE-06 

+ 4 . 6 E - 0 8 

+ 2 . 2 E - 1 2 
+4,4E+06 

+ 1 , 0 E - 1 2 

+ 1 , 0 E - 1 3 

+8,0E+06 

+ 2 . 3 E - 0 4 

+ 5 , 6 E - 1 1 

16 ,10 

» . 2 3 
11 .70 
11 .00 

9 .50 
14 .00 

9 .30 
11 .70 
to .20 
11 ,00 

8 .60 

3 .60 
6 . 6 5 
6,8C 

5 .70 
G.75 
4 , 4 0 
5 .7b 
7 .60 
7 .50 
6 .80 
8.30 
2 ,87 

11 .20 

5 ,10 

5 .30 
7 , 8 5 
9 , 1 2 

2 3 . 6 0 
£ .60 

5 . 3 3 
1 3 . 3 0 
1 1 , 3 1 

3 3 2 , 0 0 
3 ,75 
9 , 0 5 
4 , 8 4 
5.80 

10 .00 

4 5 . 0 0 
5 .00 

1 8 . 1 0 
10 .00 
3 3 . 0 0 



Thallium Tl [REF] 
Thallouc chlcrice TlCl 
Thallous ritrste T1N03 
Thenarcite i-ja2So4 [450,6] 

ThG2 
[KEF] 
[KEF] 
KqSe SEMICGUubCTOR 

Sn [REt] SEMIMETAL 
ant ironiue £nSL 

CEr.ICCwLuCTOR 

Thorianite 
Thorium Th 
Thulium Tm 
Tiemennite 
Tin 
Tin 
T i t a n i t e Cal iSiGS Sphene 
T i t an ium l i [REF] METAL 
Topez A12(SiG4){F2) [184 ,6 ] 
Topaz A12(SiC4)(Oh) 
T r e m o l i t e Ca2Mg5 [518022] (Oii) 2 [ 3 1 2 . 6 ] 
Tungs ten K [REF] 
Tungs ten p e n t c x i d e WZOS 
Tungs ten " t r iox ice v:03 
O l e x i t e N£CaB50S.6H20 [441 ,6 ] 
Uran in i te U02 
Uranium U [KEF] 
V a l e n t i n i t e Sfc205 
Vanadium V [KEF] 
V i l l i a u m i t e NaF 
Water U20 ( l i q u i d ) 
W i l l e m i t e Zn2SiG4 
W i t h e r i t e EaC03 [273 .6 ] 
W o l l a s t o n i t e CaSi03 [ 3 4 8 . 6 ] 
Wulfenite FbMo04 
Wustite Fe.9470 
Ytterbium Yb [REF] 
Ytterbium sesouioxide Yb203 
Yttrium Y [REF] 
Yttrium sesquioxide Y2C3 
Zinc Zn [REF] METAL 
Zinc telluride ZnTe SEMICONDUCTOR 
Zincite ZnO SEMICONDUGTOP 
Zircon ZrSi04 
Zirconium Zr [KEF] 
Zoisite Ca2A13(Si04)3(OH) (347.61 

INSULATOR 
[162.6] 

1 1 . 8 7 5 
7 . 0 2 0 

2 . 6 6 3 
1 0 . 0 1 2 
1 1 . 7 2 6 

9 . 3 2 0 
8 . 2 6 6 
7 . 2 8 7 

3 . 5 2 3 
4 . 5 0 6 
3 . 5 0 0 
3 . 1 7 4 
2 . 9 7 7 

1 9 . 2 6 1 

7 . 1 6 0 
2.OOC 

1 0 . 9 6 9 
1 9 . 0 4 7 

5 . 8 2 9 
6 . 1 0 1 
2 . 7 9 0 

. 9 9 7 
4 . 2 5 1 
4 . 3 0 8 
2 . 9 0 9 
6 . 8 1 7 
5 . 7 2 2 
6 . 9 6 9 
9 . 1 7 0 
5 . 9 1 2 
5 . 0 1 0 
7 . 1 3 6 
6 . 3 4 0 
5 . 6 7 6 
4 . 6 6 9 
6 . 5 0 8 
3 . 3 2 8 

-14 -

+ 5 . 6 E + 0 6 

+ 2 . 1 L - 1 2 

+ 7 . 7 L + 0 6 
+ 1 . 3 E + 0 6 

+9 .1L+C6 

+ 5 . 8 E - 1 2 
+2 .3E+G6 
+ 7 , 1 E - 1 4 

+ 2 , 6 E - 1 0 
+ l , 8 L + 0 7 
+ 2 . 2 E + 0 5 
+ 5 . 0 E - G 4 
+ 2 , 9 E - 1 2 
+ 2 , 6 E - 0 3 
+ 3 , 3 E + 0 6 

+ 4 . 0 E + 0 6 

+ 5 . 5 E - 0 6 
+ 2 . 9 E - 0 8 
+ 4 , 9 L - 1 3 
+ 1 . 5 E - 1 1 

+ 3 . 4 E + 0 6 

+ 1 . 8 E + 0 6 

+ 1 . 7 E + 0 7 

+ 2 . 5 E + 0 6 
+ 2 , 4 E - 1 1 

3 1 , 5 0 
I C , 5 0 

5 , 0 0 
IS , to 

2 5 , CO 

1 4 7 , 0 0 
2 1 , 0 0 

6 , 8 0 
5 , CO 
8 , 0 0 

5 , 8 0 
2 4 , 0 0 

1 2 . 6 0 

6 . 9 0 
7 8 , 3 0 

7 , 7 0 
7 . 2 0 
8 , 6 0 

2 6 . 8 0 
1 4 . 2 0 

5 . 0 0 

1 1 . 5 0 

1 0 . 1 0 
1 2 . 0 0 
1 0 . 0 0 

1 0 . 4 0 
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Table 2 l i s t s the measurements of a series of rocks and 

minerals, The columns iti the table are the rock or mineral 

description and any identi fy ing information (sample number, locat ion, 
3 e t c . ) , the dry bulk density (+0.01 gm/cm ) , the DC electr ica l 

conductivity in mho/m (HO percent), and the relat ive d ie lect r ic 

permit t iv i ty (+1 percent) and loss tangent at frequencies of 1 kHz, 

10 kHz, 100 kHz, and IMHz. All measurements were performed using 

a three-tenninal sample holder at room temperature in 8 percent 

relat ive humidity. 

Samples withput bracketed numbers are from the U.S.G.S. Petrophysics 

Laboratory sample col lect ion. Those with bracketed numbers beginning 

with "R" are from Robertson and Peck (1974).. Those with other bracketed 

nuritfjers are from Hunt and Salisbury (1976) and references therein. 

Blank entries in the table indicate sample measurements that were 

outside the range of the measurenent instruments. DC electr ical 

conductivities were measured using a GuildTine 9520 automatic d ig i ta l 

teraohmneter and d ie lec t r i c properties were nffiasured with a Hewlett-Packard 

4270A d ig i t i a l capacitance meter*. 

Where necessary, values for Table 1 were generated from these 

Table 2 neasurements by reducing the d ie lect r ic penn1ttivity to zero 

porosity throuah 

^ " 2 -
where k. Is the value in Table 1 at the zero porosity density of S gm/cm-

3 
and kg Is the value In Table 2 at the measuried dry bulk density of D gm/em , 

DC electr ical conductivit ies were reported as the sane values in both 

tables as there is no known density correction. 

*Trade antj manufacturer's nanes are used for descriptive purposes only 

and do not imply reconmiendation qr endorsement by the U.S. Geologieal 

Survey. 



i;eir:e/iDeEC[i{ t i o n 

A C w l l l i t e [ 2 1 1 . 6 ] R i v e r s l o e , C a l l f o c n l B 
A l b i t e GnelsE OsiO.b] CCJOCBUC 
A l b i t e I I J . B ] t : s r>c[cf t , o n t a t l o 
A l t i t c |324.C>i b c . Cakotd 
A l l a n i t e [2br3.e] Ont^c. lc 
A n t l y g o n i t c (24G.6) KcyEtonei So.Oafccte 
AfiuEluci te [lUS.&l A u E t r a i i a 
Arii^eEite i i c rnh l cnue 11311.6] t t t . S h s E t e ^ C a l l l o c n i a 
Anoex i t e lic^trLlcn^e (236.b:) CciorficIO 
• j i n i t i i t c Ht-t; i t c l ^ L t ( l ^ l . C ) iian jus r , ) Colcr i iuc 
V-r. tccit t | t i ( ^ l ; i r> lv i> , i ] LOLIc ie r , C c l c c a d c 
An'cesite j l J ^ . b ] rexbe 
A r c l e s i t e (0 3 7 . 6 ] Uteb 
i i r i h y t r i t e I 3 3 ' i . t | L E l r a t , i.Y 
kr r a t c I ij i t e j 4 3 v . 6 ] i:cVsde 
A'r .c i thcclBtc | 3 2 t . e ) liCckxy 
A r t h c i i v l l i t c UUCi.t] i*o. C t c d i l n n 
A r ^ t i t c I 2 bij, {i J I. i!c t: i c 
/if-i-.tite I t a3 .& 1 ..tL>cy 
AiEc.cni te (2riC.6I Lrr'ieriu 
A r E c r . o r y r i t e 1262.G] y c l d H i l l , Utah 
A£ t e c t e s An ph i t e l e 1252.6] Eo^eiran, t:ontBna 
Aut^iic [12.a] 
Aj t in i t e (342 ,61 ^!,c»ico 
A z u r i t e (24^ ,61 i J i s t e e , Acizcna 
t ^ s r i t c (7 ' j . L] CUE t t r , Cc l o r ado 
liEEElt i l t t n t l e n o c [ 7 , 5 ] C h a f f e e , C b l c r s d o 
L e t c l t ' i t i i n t j y e l l i r , Icelanci 
L£La l t SLvgdclc i t i a l {24{i.d] Htchig'an 
i>e£al t L i c e t ISil .S) U,S-E,»i . 

1160.6At U e w t i i 
llOb.GLJ JlE^tsii 
(1C.6..6] i i awe i i 

C o l o r a d o 

i.a LS 11 
L.&i. a 11 
t a . s f l t 
i C L a l t 
l i c t c i t 
l is t e l t 
bc - rc l t 
liiai;al t 
i^d£elt 
Bf i ss l t 
t>5£alt 
b a c a l t 
b e £ a l t 
b a s a l t 
y a C e l t 
L a E s l t 
E a s e l t 
t)a £ s 11 
B a s a l t 

l i . b ] Lh&Iit-e, 
(6>5J GeiftiEiiy 
[t^0U4J liaw-Qii 
IrLL-bl l i t i irei i 
|r.GL>7J i iawai i 
UCUdj l i s w c i i 
1K60^1 K a v e i i 
[K610] h s w a i l 
IRCllj LaM£li 
UC12] Hawcii 
lF.613] have 11 
IPG 14J hevia i i 
U615) l l fwai l 
[Ptilfij Hawaii 
( K 6 n ] H£V,£il 
|r.61t>| Hawaii 

tersIty 
gr/cc 
2.e32 
2^677 
2 . 6 0 1 
2 .54 7 
3 .517 
2 .970 
2.757 
2, l t )4 
2. sag 
2.ca& 
2.73a 
2.854 
4 .07 5 
2 .778 
2 .707 
2 . 537 
2 ,451 
.3.022 
3.124 
2.CD7 
3.C20 
2.75fl 
3 ,171 
3.127 
2 i l 2 1 
4.364 
2 .635 
2 . SIC 
3.134 
2.84 3 
2 .365 
2.36S 
2 .365 
1.953 
3 .030 
2 .136 
2 .230 
2.1B4 
2 .029 
2.ii4a 
2.043 
1.630 
2.462 
2.617 
2.607 
2.B17 
2.862 
2.105 
L. 979 

Ccnductivity 
LC I'ho/B' 
7 . 6 E - i 2 • 
9 . 7 E - ) 1 
2.1L-G9 
l . i t - i o 
1.2E-10 
3 . I E-12 
3 .9E-12 
l . 6 i : - 0 9 ' 
5.6fe-09 
l . t n - 1 0 
2.11.-11 
1.7E-10 
7 .6L-11 
1.2L-11 
1 .2 t - l i J 
1 . 5 t - i l 
5.6L-O9 
, i .7L-12 
1,21L:-12 
2 , y L - l 3 
1.2E-03 
7 .0E-10 
2 . U - l I 
1 .1E-12. 
l .BL-O9 
9.Pi;-0fl 
9 ,9C-09 
e i 4 L - i i 
,2,4t;-V0 
.1.4L-0£( 
6,DE-10 
5 .2 t : - l 0 . 
7 .9i i -10 
7.,3L-09 
5 , e t - 0 9 
i , 7 t - i i 
j . s t - n 
l , 3 L - l l 
I , 2 L - l I 
6 , 4 L - l 2 
4,5D-12 
l . O E - i i 
1 .2L-09 
2 .7E-11 
2 .3E-11 
1.4E-11 
1 . 2 E - H 
1.2E-11 
7 . B t - 1 2 

R e l a t i v e 
IkHz 

1Q.9 0 .0422 
1 7 . 2 0 .3662 

5 . 5 0 .25S9 
5 .8 6 .0143 

1 5 . 3 0 .1331 
8 .2 0.0196 
6.9 0.0774 
5.6 0.1724 

34.2. O.720E 
16.4 0,2125 
12.3 0.173 9 
12.1 0,2087 
24.6 U.1044 
7.8 0.074B 
6.2 0^0691 
8.4 0.0928 
10,3 0,3517 
b y 
13.*4 0,0406 
7.5 0.0009 

D i e l e c t r i c Fe 
lOktlE 

10.2 0 .0430 
1 1 . 3 6.2664 

7 ,4 0.0756 
5^7 0 .0072 

1 3 . 5 0 ,0717 
e . o 0 .017 2 
6 . 1 0 .0711 
5.0 0 .0475 

1 8 . 5 0 .414 5 
12.6 0.1E63 
1 0 . 0 p .1255 
S .e 0 ,1230 

2 2 . 1 0.05616 
7,.l 0 .037 2 
5.7 0 .0445 
7.4 0,06 50 
7.4 0 .1369 
9,U 0.01)57 

1 2 , 5 0,01C4 
7 .4 0 .0054 

9.4 
12.4 
8.7 

22 . 1 
1 4 , 5 
4 8 . 1 
10.4 
2 4 . 5 
29 .0 

8 ,5 
7.9 
8.4 

2 9 . 3 
37,6 
1 0 . 1 
10 ,7 
1 0 . 3 

9 .9 
8 . 1 
7 .7 
6.3 

12 ,9 
13.2 
10 .7 
1 1 . 4 
10 .9 

7 .0 
9 . 2 

0.4058 
0.1664 
0 .0346 
0 .3444 
0 ,6965 
0,7061 
0.04 4 4 
0.2D26 
0 .3533 
0.0G33 
0 .0791 
0.1117 
0 ,5400 
0,6048 
0,0494 
0,0277 
,0.0,2C.(S 
0,0349 
0 .0233 
0.0236 
0 .0255 
0,2762 
0.0397 
0 .0793 
0.0514 
0.0336 
0.0860 
0.0370 

r n l t t l v i t y 6 Lb 
iookiiK 
9 .6 O.04O9 
8 .4 0.1804 
7 . 0 0.0324 
5 .6 0 .0102 

12^4 0 .0511 
7 . 8 0 .0175 
5 .6 0 ; 0 4 6 1 
4 .9 0 ,0152 

12 .6 0 .2593 
1 0 . 1 0 .1415 

8 .6 C.1019 
e . 6 0.07 26 

20.9 0 .0307 
6 . 9 0 .0108 
5.4 0 .0247 
6 .9 0.0490 
6 . 1 O . l l t O 
5 .7 C.C074' 

12 .0 0.025C 
7 ,4 C,0073 

7 . 1 
10 .2 

8.4 
13.9 
1 1 . 1 
22,4 

9 .9 
17 .9 
21 .1 
8.0 
7 . 5 
7 .9 

16 ,8 
19 .6 

9 .6 
10.4 
10. r 

9 .5 
7.8 
7 ; 5 
6 i i 

1 0 . 3 
12 .7 

9.S 
1 0 . 8 
10 .6 

6.4 
0.8 

0.1566 
o.ioas 
0 .0261 
0,3277 
0 .1755 
0,4890 
0.0297 
0. l t ;43 
0 , l t J51 
0,0392 
0,036ti 
0,043'B 
0.376 3 
0 .4278 
0 ,0325 
0.0190 

-0.,0185-
0.V212 
0 . 0 1 9 6 
O.C 1-37 
0.0146 
0 .1208 
0 .0246 
0 ,0532 
0 .0350 
0."022'i 
0 . 0 5 4 5 -
0 .0215 

BE Tangent 
Ikm. 

9.2 0.0310 _| 
7.0 0.1093 g 
6.9 0.0111 W 
5.8 0.0071 " 

ll.l »>> 
7.7 0.0178 
5.4 0.0183 
4.7 
9.4 0.2030 
6^5 0.120 5 
7.6 0.0.792 
G.l 0.0393 
20:i4 0.0le9 
6.9 6.0G85 
5.5 0^0129 
6.6 0.0304 
5.4 0.080.2 
9.7 0.008.2 
11.2 
7.3 0.0064 

6.4 
9.0 
8.2 
8.7 
9.9 

14.6 
5.6 
14.7 
17.7 
7.7 
7,2 
•7,5 
11,1 
14, 2 
9.2 

10.1 
e,B 
9.3 
7.5 
7.4 
6.0 
9.3 
12.3 
9,2 

10,3 
10.2 
6.0 
'6.6 

0.0664 
0.06S3 
0.0222 
0.3365 
0.0618 
0.28 43 
0.0209 
0.1161 
0.1133 
0.018:3 
0.0185 
O.G229 
0,2762 
d,202^ 
0.0327 
0.02:3B 
0,0210 
0,0233 
0,0180 
0,0127 
U.0134 
0.0624 
0,6254 
0.0415 
0,0362 
0.0260 
0.0374 
0.0202 

6.0 
8.5 
7.9 
5.5 
9.5 
10.8 
9.4 

13.1 
15i5 
7.4 
6.9 
7.5 
8.0 
11.6 
8.-8 
9.0 
9.5 
9.0 
7.5 
7,3 
5.9 
8,7 
11.9 
8.7 
9.6 
9.6. 
5.8 
8.4 

6.0329 
O.0346 
0.0229, 
0.2842 
0.0261 
0,1973 
0,0213 
0.0737 
0.1004 

O.Ol26 
0.2136 
0.1220 
0.0441 
0.04G7 
0.0409 
0.0404 
0.C235 
0,0194 
0.0177 
0,0 522 
0.0385 
0.0374 
0.0462 
0.0359 
0.0241 
0.0315 



Uficclt (i>61!>) Uawaii 
i^aEalt (1.6201 l iswfi i 
La&all j ruZlJ hov,£ii 
i^atalL ii:622l licwc:ii 
b a s a l t | f ,623| buhu i i 
L.asalt 1KC241 tiaweii 
Lci&alt 11.6251 Hcweii 
fcaealt |iv626l huv.eil 
i i a t a l t ikC201 licwaii 
Cesalt |r.C291 i iswai i 
LaEalt (F6J0I liswoii 
La&Elt (1.6311 iiav.eii 
L£ca l t (K6321 ilaweii 
Uaselt [|.dU2-Al Howall 
Lo£.alt JF.t02-bl i icwei i 
LCte l t 11E02-C1 l ;ci ;ei i 
LBSslt ir .b02-X-ll i lcwail 
t £ s a U ir.e02-X-21 llav.oii 
t a t o l t (KBC2-.X-31 liiiwaii 
LaBalt IF.aoJ-A-li liav-Bii 
i iC ta l t (|>B03-A-21 hawa i i 
Liisal t IP603-A-31 l i ava i l 
t - a t a l t lKeiJ4-ll liav.£ii 
t a s a l t (i:C04-2| Hov/aii 
ba&alt (neuS- l ) Hawaii 
t s c a l t (KEOb-21 l icvoi l 
i . a t a l t | | . t iU6-ll liaweli 
u a t a l t (r.007-Al liawcii 
S a s e l t |K6U7-tl liawaii 
L a c a l t (r.dOb-A] I t twei i 
b u c a l t IKSUt-El Uawoli 
mcvalt (F :8151 Hawaii 
i : aca l t i r B i e i l ieweil 
bbSa l t | i:ui81 hawci i 
L a c a l t (F.bl9i t iawcli 
b o t a l t |r.C2i-Al liawcii 
b a t a l t | r ;821-b | Hawaii 
t a t a l L |n822-Al Hawaii 
L c c a l t (Kti22-t | liav/aii 
l -ecal t (H823-bl l l cvc i l 
b e r y l ( IbU.e j ^ c i r c 
i : i c t i t e <..r.ei£s (3US.61 Cclcrado 
b l c t i t c | 2 o . 5 ] b a r . c t c i t , On ta r io 
bisiru Ih in i t e | 4 7 C . 6 | Sc .Af r i ca 
b c c n i t e (18KC'C| U u t t c , l icntana 
b r e c c i a A n d e s i t i c |B(1.61 Ouray, Colorado 
t r e c c i a t a e a l t 195.6] Lane-, Urcgcn 
b r e c c i a vc lcDnlc Ib l .C] Gu l ly , Colorado 
b r o n z i t e L n s t a t i t e (9 .6 ] Jsck&cn, Mo.Cerollna 
u r u c l t e (247.61 Lea l , Nevada 
C a l c i t e ctialk 134U.6] England 
C a l c i t e (194.61 Mexico SIUULC CRYSTAL 
C a l c i t e (331.6) Canada 

1.949 
2 . 4 0 2 
2 . 3 8 4 
2 . 6 1 3 
2.4<,& 
2 . 6 9 3 
2 . 9 1 9 
2.CSC 
1.414 
1 .649 
2 . 0 1 2 
2 . 5 9 5 
2 . 5 2 7 
1 .612 

. 7 6 7 

.C14 
1 .932 
1 . 7 7 5 
1 .454 
1 .624 
1 .319 
1 .038 
1 . 0 4 0 

. 9 2 3 

. 8 3 7 

. 8 7 6 

. 7 6 9 

. 8 4 4 

. 6 5 3 

. 8 0 2 

. 6 3 7 
2 . 9 2 5 
2 . 0 7 4 
3 . 0 3 9 
3 . 0 1 9 
2 . 5 4 5 
2 . 6 1 4 
2 . 9 1 4 
2 . 6 6 3 
2 . 2 5 5 
2 . 6 4 4 
2 . 6 6 0 
3 . 0 3 0 
6 . 4 9 4 
3 . 2 6 9 
2 . 5 0 7 
2 . 4 5 0 
2 . 2 4 5 
3 .214 
2 . 3 9 0 
1 .427 
2 . 8 0 8 
2 . 7 0 7 

2 . 9 t - 1 3 
1 . 4 E - 1 1 
7 . 5 E - 1 2 
2 . 4 C - 0 9 
5 . 2 E - 1 1 
1 . 5 E - 1 1 
4 . 9 E - 1 0 
2 . 2 C - 1 1 
1 . 7 t - l l 
1 . 3 E - 1 1 
l . l E - 1 1 
2 . 4 t - l l 
1 . 6 E - 1 1 
2 . 9 t - l l 
5 . 7 E - 1 2 
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O.OE-12 
2 . e E - l 2 
7 . EE-12 
1 . 6 L - 1 1 
4 . 0 E - 1 2 
2 . 5 E - 1 2 
3 . 0 E - 1 1 
4 . 1 E - 1 2 
4 . 6 t - l 2 
l . O E - 0 9 
1 . 5 E - 1 1 
3 . 0 t - l 2 
e . 3 L - 0 0 
2 . 7 r - l i 
3 . 3 E - 1 1 
l . O E - 1 1 
9 . 3 L - 1 2 
2 . 6 L - 1 1 
2 . 8 L - 1 3 
3 . 7 E - 1 2 
1 . 2 C - 1 1 
2 . 6 E - 0 B 
6 . 2 E - 1 2 
l . O E - 1 0 
l . l E - 0 7 
2 . 5 E - 1 1 
4 . 6 E - 1 2 
3 . 6 E - 1 1 
4 . 7 E - 1 1 
l . l E - 1 4 
4 . 9 E - 1 3 

7 . 1 0 . 0 2 9 1 
1 0 . 9 0 . 0 3 3 4 

0 . 0 0 . 0 5 9 7 
1 2 . 0 G.1487 

9 . 7 0 . 0 6 4 8 
1 0 . 0 0 . 0 4 7 1 
1 5 . 0 0 . 2 3 8 1 
1 2 . 6 0 . 0 7 8 0 

5 . 5 0 . 0 S 8 2 
7 . 2 0 . 0 2 0 6 

, 9 . 6 0 . 0 3 2 8 
1 5 . 1 0 . 0 3 2 1 
1 2 . 1 C.01Q8 

7 . 0 0 . 0 3 9 5 
3 . 3 0 . 0 2 0 5 
3 . 5 0 . 0 2 5 8 
7 . 5 0 . 0 3 3 5 
6 . 7 0 . 0 2 7 4 
5 .6 0 . 0 3 3 0 
6 . 8 0 .03G9 
5 . 3 0 . 0 3 0 1 
4 . 5 0 . 0 3 6 1 
4 . 4 0 . 0 2 0 0 
3 .4 0 . 0 1 3 5 
3 . 9 0 . 0 2 S 4 
4 . 0 0 . 0 2 6 5 
3 .4 0 . 0 1 3 5 
3 . 9 0 . 0 3 5 1 
4 . 3 0 . 0 4 3 0 
3 . 1 0 . 0 2 9 2 
3 . 3 0 . 0 3 4 1 

1 5 . 4 0 . 2 1 1 4 
1 5 . 6 0 . 0 4 2 0 

9 . 3 0 . U 1 9 1 
IC.O 0 . 1 1 9 6 
1 0 . 4 0 . 0 3 2 1 
1 1 . 6 0 . 0 4 0 3 
1 0 . 2 0 . 0 1 3 1 
1 0 . 2 0 . 0 1 3 1 

9 . 1 0 , 0 3 6 2 
7 . 6 
6 . 1 0 . 0 6 6 3 
6 . 6 0 . 0 4 1 9 

1 5 7 . 3 0 . 2 1 9 7 
9 . 2 0 . 1 1 4 7 
7 . 8 . 0 . 0 9 5 5 

1 0 8 . 5 0 . 7 2 4 8 
5 . 9 0 . 0 7 5 0 
6 . 8 0 . 0 3 0 8 

3 3 . 4 0 . 3 7 6 9 
5 . 9 0 . 1 4 5 5 
6 . 1 

1 0 . 1 

6 . 8 
1 0 . 5 

7 . 5 
1 0 . 5 

5 . 1 
9 . 5 

1 2 . 2 
1 1 . 5 

5 . 1 
7 . 0 
9 . 3 

1 4 . 7 
1 1 . 9 

6 . 7 
3 . 2 
3 . 4 
7 . 3 
6 . 5 
5 . 4 
6 . 6 
5 . 2 
4 . 3 
4 . 3 
3 . 3 
3 . 8 
3 . 9 
3 . 3 
3 . 8 
4 . 1 
3 . 0 
3 . 2 

1 2 . 9 
1 4 . 7 

9 . 0 
1 6 . 6 
1 0 . 0 
1 1 . 1 
1 0 . 0 
1 0 . 0 

8 . 7 
7 . 3 
5 . 6 
6 . 3 

1 1 5 . 8 
7 . 7 
7 . 1 

5 2 . 4 
5 . 4 
6 . 7 

1 9 . 3 
4 . 9 
6 . 1 
9 . 8 

0 . 0 1 8 0 
0 . 0 2 1 2 
0 . 0 3 5 4 
0 . 0 7 9 6 
0 . 0 3 4 9 
0 . 0 3 5 0 
0 . 1 1 6 4 
0 . 0 5 7 4 
0 . 0 3 8 7 
0 .01B7 
O.OIBI 
0 .01G6 
0 . 0 1 6 1 
0 . 0 2 3 6 
0 .U148 
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0 . 0 1 9 2 
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0 . 0 2 4 1 
0 .01G7 
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0 . 0 1 1 0 
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0 . 0 1 4 5 
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0 . 0 1 9 8 
0 . 1 0 5 1 
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0 . 0 1 8 9 
0 . 0 6 7 7 
0 . 0 2 2 4 
0 . 0 2 9 3 
0 . 0 1 1 5 
0 . 0 1 1 6 
0 . 0 2 4 3 
0 . 0 2 3 1 
0 .U433 
0 . 0 1 5 6 
0 . 2 5 2 5 
0 . 1 0 8 4 
0 . 0 5 5 2 
0 .52U5 
0 . 0 4 3 7 
0 . 0 1 0 2 
0 . 3 8 6 8 
0 . 1 1 1 5 

0 . 0 3 3 9 

6 . 7 
1 0 . 3 

7 . 2 
9 . 6 
8 . 6 
9 . 1 

1 0 . 9 
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4 . 9 
6 . 8 
9 . 1 
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1 1 . 6 

6 . 5 
3 . 2 
3 . 4 
7 . 1 
6 . 4 
5 . 3 
6 . 4 
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4 . 2 
4 . 2 
3 . 3 
3 . 7 
3 . 8 
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4 . 0 
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3 . 1 
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1 3 . 5 

6 . 8 
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9 . 7 
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6 . 4 
7 . 0 
5 . 4 
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5 . 2 
6 . 6 
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4 . 3 
6 . 1 
9 . 1 
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0 . 0 1 7 3 
0 . 0 1 8 6 
0 . 0 1 0 1 
0 . 0 1 1 2 
0 . 0 1 4 8 
0 . 0 1 4 3 
0 . 0 1 3 4 
0 . 0 1 4 9 
0 . 0 1 6 6 
0 . 0 2 0 1 
0.02G4 
0 . 0 7 2 1 
0 . 0 6 4 2 
0 . 0 2 1 4 
0 . 0 7 0 8 
0 . 0 2 5 4 
0 . 0 3 2 4 
0 . 0 1 2 4 
0 . 0 1 3 4 
0 .0264 
0 . 0 3 1 6 
0 . 0 2 2 6 
0 . 0 0 5 7 
0 . 3 6 9 6 
0 . 0 8 0 6 
0 . 0 3 3 6 
0 . 3 5 4 8 
0 . 0 2 5 9 
0 . 0 0 3 9 
0 , 3 1 8 8 
0 . 0 7 1 3 
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6 . 5 
9 . 9 
7 . 0 
8 . 9 
8 . 4 
8 . 7 
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6 . 6 
9 . 0 
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5 . 1 
6 . 3 
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6 . 5 
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4 . 8 
6 . 6 
8 . 6 
4 . 0 
5 .9 
8 . 4 

0 . 0 2 7 8 
0 . 0 3 5 7 
0 . 0 2 2 3 
0 . 0 5 3 4 
0 . 0 3 5 1 
0 . 0 3 8 1 
0 . 0 5 9 6 
0 . 0 7 8 3 
0 . 0 3 0 2 
0 . 0 2 9 6 
0 . 0 3 1 7 
0 . 0 4 0 8 
0 . 0 6 2 9 
0 . 0 2 0 5 
0 . 0 2 1 2 
0 . 0 2 2 7 
0 . 0 2 9 7 
0 . 0 3 1 0 
0 . 0 3 0 7 
0 . 0 3 2 5 
0 . 0 2 2 2 
0 . 0 2 3 4 
0 . 0 2 0 6 
0 . 0 1 2 7 
0 . 0 2 4 4 
0 . 0 2 3 0 
0 . 0 1 2 1 
O.CIBB 
0 . 0 2 2 1 
0 . 0 2 1 4 
0 . 0 2 2 4 
0 . 0 6 3 1 
0 . 0 7 7 3 
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0.03Gb 
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0 . 0 1 8 7 
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0 . 0 3 8 5 
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0 . 2 0 6 8 
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0 . 0 1 7 9 
0 . 2 8 4 4 
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So. Dakota 
l . a rd , C o l o r a d o 

C a l c i t e (4t ; .6) C h e r o k e e , Kaneas 
C c n c r i n i t c ( 4 3 2 . 6 ) c i i t a r i c 
C e L c i t c r i t c 127S.6) i i i ^ e r i a 
C e l e i t l t c (251 .6 ) l i c x i c o 
C e l r i a r (200 .6 ) A u c l r e l i a 
C h a l c o c i t e (19KCC1 
Ciller i t e 1179.6] c o l o r a c o 
C h l o r i t e (197 .6 ) C a l o v e r a c , C a l i f o r n i a 
C h r c r i t c |27KCCJ b e . J . i . c c c t i e 
C h i c r . i t c 1201.6] b i c r t a Econe 
C h r y c c t c r y l (434 .6 ) £ c . b a k c t a 
Cinrc.L<cr (400 .u ) Spa in 
C c b a l t i t e {264.0) b i l l e t Lake , O n t a r i o 
C c l e r . e n i t c (332 .6 ) C a l i f c r n i a 
C c l c r . a n i t e ( 4 3 5 . 6 ] C a l i l o r n i a 
C c r o i e r i t c [ 340 .6 ] C c l o r a c c 
CcturicJutr. (2o3 .6 ) I r a n e v e e l 
C r y c l i t c ( 263 .6 ] Green land 
C u n r i n g l c n i t c (294 .6 ) braO, 
L a c i t e Fo r fhy ry /-.ica ( 4 0 . 5 ) 
b a c i t e t c i p h y c y (390 .6 ) l!or.tana 
Liccitc ( 56 .5 ) l i . S . E . i l . 
b a n b u r i t e ( l u l . 6 ] New 'iork 
E e t c l i t e ( 442 .6 ] C c n n c c t i c u t 
U iabacc (120 .6 ) J e i e e y C i t y , NJ 
EiabaEe ( 1 3 1 . 6 ] S t . F ' c t c t c , P e n n s y l v a n i a 
L iaLase ( 1 5 5 . 6 ] {-it. Tcin, i-<.a£Eachu6ett£ 
LiaLasc [242 ,6 ] C c l c r a d o 
b i s c p c r c [4 16 .6] Kcsetuc'i, M i c c c u r i 
b i c k i t e (225 .6 ) b t . G e o r g e , Utah 
b i o p s i u e (317 .6 ) t ' i n l s n d 
b i o r i t c t i c r n b l e n c e [152 .6 ] Fremont , C o l o r a d o 
b i u r i t e l i c rnb lenue (69 .6 ) Saleir., ^;aEEachuEett8 
Lior i t e pct irhyry (44 .5 ) J a c k E c n , Wyoming 
b i c r i t e (240 .6 ) l e x a s 
Lclcir . i te (102 .6 ) Lec , M a s s a c h u s e t t s 
b c l c m i t e (316 .6 ) C c l c r a u o 
b o l o m i t e ( 4 3 . 6 ) Thornwocu, Uew Vork 
L u i i c c t i e r i t c (190 .6 ) t e r s h i n g , Nevada 
Lncrg i tG . [265 .6] Fcru 
E p i c c t e (320 .6 ) A r i z o n a 
F e l c i t e Porphyry (124 .6 ) Salem, M a s s a c h u e e t t s 
f e l s i t e ( 96 .6 ) K a t t s p e n , ^ iasEachu£et tE 
f l c u r s p a t [278 .6 ] l l l i n c i s 
C c t b r o i^ytcwnite ( 38 .6 ) D u l u t h , K inneeo ta 
Gebfcro l i c r n t l e n d e (132 .0 ) Eseex , New Vork 
Cebbrc h o r n b l e n d e ( 1 6 0 . 6 ] Salem Neck, NasEachuse t t 
Gabbro l i ypc rc thene ( 7 5 . 6 ) O n t a r i o 
Gabbro O l i v i n e [158 .6 ] W i c h i t a M t n . , Uklahoro 
C s t b r o [ 8 4 . 6 ] C u & t t r , C c l o r a d c 
Garne t Alr..bndine (114 .6 ) v \a r ren . New York 
Ga rne t A n o t a d i t e ' (111.6) o ranar i , Ar izona 
Ga rne t Grc&sular (113 .6 ) I r a n c v e a l 
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2 .390 
5 .953 
3 .709 
2 .696 
7 .013 
2.819 
2.617 
5.001 
3.4S0 
2.989 
3.470 
5 .821 
2.347 
2 .311 
2.717 
3.890 
2 .879 
3.211 
2 .661 
2.416 
2.206 
2 .992 
2 .840 
3.149 
3.039 
3 .015 
3 .051 
2 .319 
2 .400 
3 .162 
2.608 
2.G6U 
2.608 
2.75S 
2 .892 
2 .545 
2 .051 
2.650 
4.796 
2 .892 
2 .519 
2 .574 
3.168 
2 .915 
3.466 
2.829 
2 .902 
3.045 
3.047 
3.947 
3.669 
3.426 

3 .8E-11 
2 .4E- iO 
1.21.-04 
7.1C-12 
1.6E-iO 
l . O t - 0 7 
9 . 6 b - l 2 
6 .2E-10 
2 .01 -08 
7.4U-06 
2 .1L-12 
9 .9E-08 
3.eE+00 
3 .2E-11 

. 4 . 2 E - 1 2 
l . l E - 0 9 
e . 9L-12 
6 .1E-13 
6 .0E-11 
8 .4E-12 
6 . 9 E - U 
1 .5 r -10 
4 . 1 E - 1 1 
7 .9E-11 
2 .6E-08 
4 .4E-11 
4 .2E-10 
3 .5E-09 
4 .6E-09 
1 .3E-09 ' 
1.7E-11 
4 .0E-11 
5 .1E-09 
4 .7E-08 
2 .eE-08. 
2 .3E-14 
7 .0E-10 
1.3E-13 
9 .2E-12 
4 . 6 E - 0 3 
1.3E-10 
9 .0E-12 
3.2E-10 
1.8E-14 
1.36-10 
1.9E-11 
7.SC-1C 
3.CE-11 
1:9E-10. 
7 .2E-12 
6 .0E-12 
2 .6E-10 
8 .7E-12 

9 .6 
S .3 

9 .4 
9 . 5 

37 .8 
2 2 . 3 
6 4 . 7 
5 2 . 1 

, 12 .5 
117.4 

21 .8 
13 .6 
15 .0 

9 .3 
6 .7 
0 .9 
9 .4 

1 3 . 1 
5 .3 
7 .9 
7.4 

3 9 . 3 
14 .9 
1 7 . 3 
36 .8 
10 .4 

8 .9 
9 . 3 

12.0-
20 .9 
59 .7 
6 4 . 9 

7 .9 
7.9 
8 .2 
6 .0 

9 .2 
7 .9 

2 9 . 3 
6 .8 

16 ,4 
11 .8 
1 9 . 5 

9 .8 
1 6 . 5 
11 .0 
13 .7 
16 .0 

6 .4 

0 .0601 
0.0430. 

0 .0435 
0.1369 

0 .3219 
0 .4552 
0 .7312 
1.2038 
0.1440 
0.3124 

0 .3673 
0.0314 
0 .4774 
0;0078 
0 .0145 
0.1196 
0 .0907 
0.2379 
0.C909 
0.0500 
0 .0433 
0 .5457 
0.1558 
0 .1718 
0.4037 
0.5304 
0.3162 
0 .0522 
0.1034 
0 .4011 
0.6074 
0 .6641 

0 .0955 

0 .0277 

0.0430 
0.1000 
0.2026 

0 .1447 
0 .2491 
0 .3215 
0 .1353 
0.1147 
0.0446 
0 .2113 
0.2257 
0 .0258 

9 .0 
.9.0 

9 .0 
6 .4 

21 .2 
1 4 . 5 
2 6 . 1 
1 9 . 3 

9 .0 
4 7 . 3 

1 5 . 9 
13 .0 
10 .0 

9 . 1 
6 .4 
7 .6 
8 . 3 
9 .6 
4 .9 
7 . 5 
7 . 1 

2 4 . 5 
12.4 
1 4 . 7 
25 .0 

6 .9 
6 . 3 
8 .7 

1 0 . 0 
14 .6 
24 .7 
24 .2 

7 .6 
7 . 3 
8 . 1 
5.7 

8 .9 
7 . 1 

1 9 . 1 
6 .8 

1 4 . 1 
9 .9 

14 .9 
8 .7 

14 .6 
10 .3 
1 2 . 1 
14 .2 

8 . 1 

0 . 0 2 7 5 
0 .0157 

0 .0163 
0 .0646 

0 .4379 
0 .2678 
0 .6175 
0 .6978 
0 .1398 
0.6604 

0 .1637 
0 .0213 
0 .2355 
0 .0056 
0 .0263 
0 . 0 7 0 5 
0 .0758 
0 .1969 
0.0344 
0 .0232 
0 .0135 
0.2907 
0 .0833 
0 .1120 
0 .2446 
0.2387 
0 .2006 
0 .0441 
O.llCiO 
0.2157 
0 .5019 
0 .6449 
0 .0049 
0 .0379 
0 .0136 
0 .0145 

0 .0197 
0.066-2 
0.3004 
0 .0023 
0 .0931 
0 .0960 
0 .1662 
0 . 0 6 6 5 
0.0718 
0 .0419 
0 .0625 
0 .1462 
0 .0069 

B.S 
0 .8 

300 .0 
0 .9 
7 .9 

10 .9 
10 .8 
15.4 
1 2 . 5 

8 .4 
19 .7 

14 .0 
1 2 . 7 

6 .2 
9 . 1 
6 . 1 
7 . 2 
7 . 5 
7 .6 
4 .6 
7 . 3 
7 . 0 

16 .6 
11.4 
12 :9 
19 .2 

5.9 
5 . 1 
6 .2 
8 .8 

11 .8 
14 .4 
14 .0 

7 .7 
7 . 1 
7 .9 
5.6 

6 .7 
6 .6 

1 3 . 1 
6 .6 

12 .6 
9 .2 

1 2 . 5 
8 . 1 

13 .4 
9 .8 

11 .6 
11 .8 

8 . 1 

0 .0117 
0 . 0 0 9 1 
0.9!>83 
0.0C82 
0.0300 

0 .4235 
0.2152 
0 .3495 
0 .3162 
0.0766 
0.6014 

0 .0745 
0.0176 
0 .1141 
0.0U32 
0.0226 
0.0384 
0 .0782 
0.1446 
0 .0138 
0 .0151 
0.0107 
0 .1722 
0 .0643 
0.0C17 
0.1719 
0 .0705 
0.1380 
0.0336 
0 .0759 
0.1320 
0 .3461 
0 .3473 
0.0109 
0.C190 
0.0246 
0.0148 

0.0147 
0.0472 
0.2399 
0.0C93 
0.0792 
0.0464 
0.1090 
0 .0381 
0 .0623 
0.0410 
0.0216 
0.1154 
0.0080 

8 .8 
8 . 2 

9 0 . 1 
8 .9 
7 .6 

7 .4 
7 . 9 

I l . O 
9 . 5 
7 .8 

1 0 . 9 

1 3 . 1 
12 .5 

7.4 
9 .2 
7 .9 
7 . 0 
6 .7 
6 . 1 
4 . 5 
6 .9 
7 .2 

1 5 . 5 
10 .4 
1 1 . 7 
15 .6 

5.7 
4 . 3 
7 .9 
8 . 1 

1 0 . 2 
10 .4 
1 0 . 5 

7 . 5 
7 .0 
7 .7 
5.2 

2 9 9 . 5 
8.6 
6 .2 
9.6 
6 .7 

1 1 . 3 
C.8 

1 1 . 1 
7 . 5 

1 2 . 1 
9 . 3 

1 1 . 5 
1 0 . 5 

8 . 1 

0.0C72 

1.1593 
0 .0055 
0 .0267 

0 . 2 0 1 1 
0 .2052 
0 .2212 
0.1C06 
0 .0520 
0 .4002 

0 .0502 
0.C136 
0 .0656 

0 .0167 
0 .0198 
0 .0753 

0 .0060 
0.1224 
0 .0743 
0 .0681 
0 .1418 
0.0264 
0 .0916 
0 .0256 
0 .0527 
0 .0505 
0 .2125 
0 .10 24. 

0 .0144 
0 .0269 

1.4252 
0 .0053 
0 .0370 
0 .2171 
0 .0118 
0 .0739 
0 .0289 
0 .0847 

0.06C0 
0.0379 
0.0096 
0 .0636 
0 .0036 

f 



Garne t S p c E t a r t i n c (112 .6 ) liadc:oin, C o n n e c t i c u t 
C c h l e r . i t c (444 .6 ) new r .cxico 
G l a u c o n i t e (313 .6 ) S c . L c k o t a 
Glaucophane (426 .6 ) C c l i f c r n i a 
Gnci£.& c i c r i t c ( 4 6 4 . 6 ] C a l i f o r n i a 
G n e i f s s i l l i n e n i t c - C ( . r n c t (466 .6) l . a r ren C o . , UY 
G r a n i t e A p i i t e [ 6 5 . 0 ] b o u l d e r , Co lo rado 
C r a i i i t e b i o t i t e ( 76 .0 ) Kliouc l e i a n d 
G r a n i t e Porphyry (162 .6 ) O n t a r i o 
G r a n i t e h c s t c r l y 
G r a n i t e W e s t e r l y A 
G r a n i t e k>e£terly b 
G r a n i t e r . e s t c r l y C 
C r a n i t e V. tEter ly L 
o t c n i t c b i c t i t e [ 7 0 . 6 ] P i k e s Peak, Co lo rado 
G r a n i t e [ IbU.b] K c c k p c r t , KassachuBet tB . 
G r a n i t e ( 2 4 4 . 6 ) G e o r g i a 
G r a n i t e [245 .6 ] ( ; i £cons in 
O r a n c c i o r i t e [235 .6 ] Co lo rado 
i . r a r c c i c r i t e (405 .6 ) oan u i e g c , C a l i f o r n i a 
G r a n c c i c r i t e (64 .6 ) S t . C l o u a , r i i n n e s c t o 
o r e c r o c k i t e (479 .6 ) P e n n s y l v a n i a 
Cyp^un A l a b o e t c r ( 26 .5 ) pomaie , I t a l y 
h a l i t e (433.61 KanLOE 
h a l l c y E i t c (22&'.6) C o l o r a d o 
h a u y n i t e l<i2Ci.O) L-ermany 
i i c t e r . L c r ^ i t c (10 .b ) 
h e r c y n i t e [i77.C.) C t c c h c c l c v a k i a 
i i c l i i c . u i c t i l c | 2 b l . 6 ) ; .uebcc 
h o r n b l e n t e (115 .6 ) i i r e i .E tc r , Uew Vork 
I i c r n l l r n c f ( I 6 . t ] C n t e r i o 
h c r n l i c n c e (177 .6 ) i c r e iMn . , hev< Vork 
l iyfc i -Ethcr t (205 .6) LEEGX, New York 
l o c c r a r e VeECvie r i t c (445.C] l i c x i c c 
I t c c r c s e (445.61 l icir .e 
I j c l i t e [412 .6 ) C c l o r a c o 
J E d e i t e P y r c x e r c [ 3 4 3 . 6 ] C a l i f c r n i a 
J a m c s c n i t c [266 .6 ] L o l i v i e 
K a o l i n i t e [218 .6 ] •'.econ, Gco tq i a 
K a o l i n i t e [220 .6 ] L<ath, S c . C a r o l i n a 
K a c l i n i t c (223 .6 ) r e e a A l t a , New f.exico 
K e r n i t e (44U.6] C e l i f c r n i a 
K y a n i t e ( l ( i7 .6 ] Kenya 
L a b r a d o r i t e [105 .6 ] EEsex, New York 
L o b r a c o r i t c [ 1 7 . 8 ] O n t a r i o 
L a b r a d o r i t c (314 .6 ) l.yoming 
Lamprophyre (60 .6 ) r ' remont . C o l o r a d o 
L a t i t e [174 .6 ] b u t t e , Montana 
L a t i t e (175.61 T a b l e (••tn., C a l i f o r n i a 
L a z u r i t e [416 .6 ] C h i l e 
L e p i c c l i t e (167 .6 ] S o . Dakota 
L e p i d o l i t e [27 .5 ] K e y s t o n e , So.Dakota 
L i n b u r g i t e (237 .6 ) C o l o r a d o 

4 . 0 3 2 
3 .032 
2 . 4 2 5 
3 .017 
2 . 9 1 3 
3 .133 
2 .573 
2 .591 
2 .676 
2 .650 
2 .650 
2 .bb0 
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2 .616 
2.606 
2 .662 
2 .577 
2 .626 
2 .672 
2 .695 
2 .870 
2 .299 
2 . 0 0 3 
1.120 
2.004 
3 .202 
3 .855 
2 .503 
2 .992 
3 .133 
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2.7fil 
3 .465 
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2 .944 
3 .312 
4 . 7 7 1 
1.474 
1.524 
2 .315 
1.077 
3 ,479 
2 . 7 1 5 
2 .743 
2.714 
2 .708 
2.584 
2 .629 
2 .022 
2.794 
2 . 6 9 1 
3 .016 , 

2 . 3L-11 
4 . 2 E - 1 1 
3 .5E-09 
9 .7E-12 
l .CE-10 
1.4E-10 
2 .3E-12 
3 .7E-11 
3 .6E-12 
9 .0E-12 
3 .0E-11 
1 .5E-11 
e . 8 t - l 2 
5 .6E-12 
1.2E-11 
2 .3E-11 
3 . 3 r - l l 
4 .4E-12 
I . 9 b - 1 2 
1.6L-11 
9 . 6 r - 1 2 
6 .6E-12 
S . 5 I > 1 2 
2.0E-14 
2 .9E-07 
4 .1E-10 
1.5E-00 
1.3E-07 
5 .5r , - io 
3 .7E-12 
7.21.-10 
2. l r . -u 
6 .7E-12 
5 .2E-11 
1.5E-11 
2 .3E-09 
1.2E-10 
2.1L-f01 
4.3f ;-07 
2.2E-06 
2 .9L-08 
1.9L-12 
l .OE-12 
l . l E - 1 0 
1.5L-11 
1.3E-10 
6 . 5 E - 1 1 
1.6E-11 
2 .bE-10 
4 . 7 E - 1 1 
2 .7E-12 
2 .6E-12 
2 .3E-09 

I l . s 
11 .2 
44 .0 
1 1 . 5 
19 .2 
17 .4 

6 .0 
0 . 1 
7.4 
6 .9 
7 . 5 
7 .6 
7 .0 
6 .8 
8.8 
6 .7 
8.9 
6 . 1 
8.4 
6 .9 
9 .0 
6 .9 
7 . 1 
5.2 

185.9 
6 .2 

55 .5 
157.5 

i n . 5 
9 .7 

18 .5 
0 . 1 

16.9 
S.4 
9 .7 

15 .9 
15 .7 

165.0 
20 .9 
36.6 

5 .3 
7 . 5 
8 . 1 
C.4 
7 . 1 

10 .5 
B.7 

16 .7 
7 . 3 

22 .2 
16 .7 
18 .0 

0 .0264 
0 .0489 
0 .3875 
0 .0901 
0.3579 
0 .1562 
0 ,0113 
0.1354 
0,0424 
0 .0672 
0 .0753 
0 .0740 
0 .0705 
0.0620 
0.1066 
0 .1159 
0.1097 
0 .0265 
0 .1261 
0.0554 
0.0914 
0 .0462 
0 .0033 

2.6762 
0 .1854 
0 .6349 
0.B160 
0 .2222 
0 .0398 
0.2450 
0.0684 
0 .0589 
0.0336 
0.0966 
0 .4063 
0 .1279 -

1.3441 
0.4190 
0.5609 
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0.0727 
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0 .0811 
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0 .2832 
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10 .6 
2 7 . 6 
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14 .8 

5.7 
6 .9 
7 . 0 
6 .2 
6 .7 
6 .9 
6 . 3 
6 .2 
7 .6 
5.9 
7 . 7 
5.9 
6 .8 
6 . 3 
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6 .4 
6 . 5 
5.2 

4 9 . 4 
5.4 

26 .6 
66 .6 
14 .2 
9 . 0 

14 .1 
C.4 

1 5 . 3 
9 .0 
8 .6 

. 11 .4 
13.4 

6 6 , 2 
1 4 . 7 
2 1 . 3 

5 .2 
7 .3 
7 . 5 
7 .7 
6 .6 
6 .7 
7 .6 

10 .8 
7 . 1 

13 .7 
10 .8 
12 .9 

0.C14S 
0.0250 
0 .3253 
0 .0649 
0 .2355 
0 .0992 
0 .0249 
0 .0035 
0 .0350 
0.C589 
0.C596 
0 .0583 
0,0546 
0.0546 
0 .0853 
0 ,0595 
0.0607 
0 .0193 
0 .1225 
0 .0443 
0 .0823 
0 .0333 
0.0306 
0.0036 
1.6508 
0.0680 
0 .4948 
O.f.253 
0.1646 
0 .0500 
0 .1602 
0.0349 
0 .0662 
0.0259 
0.0497 
0 .2062 
0 .1111 

0 .8 506 
0 .2242 
0 .3871 

0 .0055 
0.0366 
0 .0448 
0 .0442 
0 .1077 
0.0094 
0 .2492 
0.0104 
0.3287 
0 .3042 
0 .1915 

11 .4 
10 .4 
1 8 . 1 

0 .9 
10 .2 
1 3 . 2 

5 .6 
6 .4 
6 . 6 
5 .8 
6 .3 
6 .4 
5 .9 
5 .8 
6 . 9 
5 .6 
7 . 1 
5 .7 
5.9 
6 . 0 

. 7 .0 
6 . 1 
6 .4 
5 .2 

1 8 . 5 
5 .1 

1 6 . 5 
39 .7 
11 .6 

8 .3 
11 .7 

8 .2 
14 .0 

8.8 
8 . 3 
9 . 3 

11 .3 

29 .0 
1 1 , 8 
1 3 . 7 

5.2 
7 . 2 
7 .2 
7 . 3 
6 . 3 
7 ,8 
6 .7 
9 .0 
7 . 0 
9 . 0 
7 . 3 

10 .9 

0 .0138 
0 .0143 
0 .2853 
0 .0745 
0 .1515 
0 .0740 
0,C208 
0.0494 
0 .0381 
0 .0373 
0.0347 
0 . 0 3 6 1 
0.0357 
0 .0325 
0 .0645 
0.0314 
0 .0390 
0 .0198 
0 .0618 
0 .0301 
0 .0592 
0 .0242 
0 .0120 
0 .0037 
0.9987 
0.0306 
0.3012 
0.3497 
0.125S 
0 .0531 
0.1129 
0.01S9 
0 .0316 
0 .0181 
0.0226 
0.1214 
0.1206 

0.66 50 
0 .1577 
0 .3018 
0.00G9 
0.0096 
0 .0253 
0 .0332 
0 .0313 
0 .0763 
0.0766 
0 .1078 
0 .0090 
0 .2575 
0 .2052 
0.1079 

1 1 . 2 
1 0 . 3 
12 .7 

8 .2 
8 .8 

1 2 . 1 
5 .5 
6 . 1 
5.9 
5 .6 
6 . 1 
6 . 3 
5.7 
5 .5 
6 .4 
5.2 
6.6 
5.6 
5.7 
5.8 
6 .6 
5 .8 
6 .4 
5 .3 
7 .9 
5 .1 

12.4 
20 .2 

9.9 
7 .8 

10 .3 
8 .0 

11.9 
8.6 
6 .2 
8.0 
9 . 5 

13 .7 
9.4 
9 .5 
5 .3 
7 .0 
7 .0 
6 .6 
5 .9 
7 . 1 
6 .2 
8 .2 
7 . 2 
6 . 8 
6 . 3 
9 .7 

0 .0093 
0 .0083 
0 .2289 
0.0526 
0 .0951 
0 .0550 
0.0137 
0 .0292 

0 .0182 
0.0196 
0.0157 
0.0184 

0.0479 

0.0144 
0.0184 
0.0168 
0 . 0 3 3 9 . 

0.0010 

0.7076 
0.0104 
0.1630 
0 .2313 
0.1050 
0 .0378 
0.0fi6 3 
0 .0145 
0.1164 
0.0134 
0 .0102 

0 .1165 

0.5846 
0 .2065 
0.2359 

0 .0195 
1 

•P 
0.0562 
0.0399 
0.0596 
0 .0029 
0 .1511 
0 .0693 
0.0752 



LlmcEtone A r g i l l a c e o u s ( 3 5 9 . 6 ) C o l o r a d o 
LiiFestcr.c A r g i l l a c e o u s ( 3 8 1 . 6 ) C c l c r a d o 
L incLtcne L c l c n . i t i c (353 .6 ) C c l o r a d c 
L i r c E t c n e F c E s i l i l e r o u s (355 .6 ) C o l o r a d o 
Limes tone L i t h o g r a p h i c (356 .6 ) Germany 
Limeetcne 1 r a v e r t i n e (357 .6 ) New Kexico 
Lic.cclonc ca rk Qtay (352 .6 ) P e n n s y l v a n i a 
L i n c n i t e ( 41 .5 ) ' i u e c a l o c s a , Alabama 
Macr .cs i tc ( 4 7 . 6 ) V i c t o r v i l l e , C a l i f o r n i a 
h a i a t h i t e (2aKCC] Hisbee 
t i a r .gcn i t e [ 212 .6 ] M n r c s c t a 
K a r b l e b c l c m i t i c (458 .6) New York 
^iarL-le Pink [360 .6 ] C o l o r a d o 
M i c r o c l i n e [ 1 0 3 . 6 ] C r y s t a l Peak, C o l o r a d o 
l i i c r c c l i n e ( lOu .6 ) P e r t h , O n t a r i o 
h i c r c c l i n e (151 .6 ] C u s t e r , C o l o r a d o 
M c l y b c c n i t c [267 .6 ] S l a t Lake C i t y , Utah 
f i c n t i c c l l i t e [339 .6 ] Texas 
M c n t m b t i l l o n i t e (219 .6 ] Upton, Wycmlng 
i i c n t m c r i l l c n i t e (224 .6 ) U t a y , C a l i f o r n i a 
f i c n t n o r i l l o n i t e (229 .6 ) Cameron, Ar izona 
K o n z c n i t c l o r p h y r y (173.6Al C h a f f e e , C o l o r a d o 
Monzoni te Porphyry (173.Ob) C h c f f c e , C o l o r a d o 
f : o n z c n i t c pc rphyry (406 .6 ] Norway 
Ficnzcni te (154 .6 ) San J u a n , C o l o r a d o 
Muscov i t e (24 .51 Lffinciham Twp., O n t a r i o 
N a t r o l i t e ( 168 .6 ] S p r i n g f i e l d , Orccon 
h c p h c l i n c S y e n i t e S c d a l i t e (156 .6 ) Red I l l l l , New H 
i t c p h c l i n c S y e n i t e (100 .6 ) U a n c r o f t , O n t a r i o 
u c p h c l i n c S y e n i t e ( 8 J . 6 ) iiCClure t ' . t n . , C c l c r a d o 
N e p h r i t e Je:dc Amphibcle (296 .6 ) B r l t i E h Columbia 
O b s i d i a n b l a c k (52 .5 ) Lake C o . , Oregon 
O b s i c i a n brown (53 .5 ) Lake , Oregon 
O L s i t i a n brown (77 .6 ) C u s t e r , C o l o r a d o 
O l i o o c l a s c (143 .61 Norway 
O l i v i n e P h c n c l i t e [ 157 .6 ] b u t t e , Montana 
O l i v i n e (330 .6 ) C c l o r e d c 
C l i v i n r (420.61 t^ashir .gtcn 
opa l ( 1 9 0 . 0 ] l l u r b c l t , i ievada 
C r t h c c l a s c ( 1 3 . 5 ) Kuggles Mine, New liairpBhlre 
Ur thcc l^EC [ 8 2 . 6 ] C u s t e r , C o l o r a d o . 
P c c t c l i t e (206.61 h . P a t t e r s o n , UJ 
P e r i c c t i t e h a r z t u r g i t e (128 .6 ) Nye, Kcntana • 
P e r i c c t i t e n e r i b b r g i t e (427 .6 ) I'.ontana 
P c r i d c t i t c I ' i c a - a u g i t e ( 71 .6 ) Arkansas 
P e r i d c t i t e O l i v i n e (63.6A) J a c k s o n , i^o .Caro l lna 
P c r i c ' O t i t e Ul iv i r . e ( 63 .6b ] J a c k s o n , N O . C a r o l i n a 
F e c i c o t i t e O l i v i n e (63 .6 ) J a c k s o n , H e . C a r o l i n a 
P e r i d c t i t e P y r o x e n i t e (144 .6 ) Irjebster, N c . C a r o l i n a 
P e r i d o t i t e F y r e x e n i t e (410 .6 ) N o . C a r o l i n a 
P e r l i t e [ 7 2 . 6 ] C n a l f c e , C o l o r a d o 
P e r t h i t e ( 4 1 5 . 6 ) P e r t h , O n t a r i o 
P e t a l i t e (2t>9.6) Khcdes ia 

2 .229 
2 .837 
2 .515 
2.C53 
2.560 
2 .408 
2.760 
3.176 
2.216 
4 .072 
3.964 
2 .832 
2.694 
2.547 
2.549 
2.448 
2 .590 
3 .103 
1.902 
1.990 
2.320 
2 .593 
2 .593 
2.690 
2 .690 
2 .771 
2 .153 
2 .591 
2.626 
2 .607 
2 .910 
2 .301 
2.357 
2.314 
2 .569 
2.696 
3.204 
3.306 
1.890 
2.550 
2 .567 
2 .508 
3.254 
3.229 
2 .691 
3 .101 
3 .101 
3 .101 
2 .937 
3.318 
2 .159 
2 .536 
2 .566 

1.5E-09 
1.4E-09 
3 .3L-11 
4 .1L-12 
2 .4E-11 
4 .5L-10 
1.7C-11 
3 .5E-08 
7 .1E-09 
l . l E - 0 9 
1.9E-02 
1.6E-12 
5 .6E-13 
5 .7E-12 
2 .4E-11 
1 .4L-11 
7 .3E-06 
7 .7E-11 
2 .0E-07 
3 .4E-07 
4 . 8 F ; - 0 7 
9 .5E-11 
2 .4E-11 
4 .9E-10 
5 .9E-12 
4 .6E-13 
l .OE-09 
3 .0E-09 
1.6K-09 
5 . 0 E - I 1 
4 . 6 E - 1 1 
2 .8E-12 
1.3E-12 
1.2E-10 
8 .5E-12 
2 .0E-08 
6 .7E-10 
3 .7E-11 
3 .9L-07 
6 .9L-13 
6 .5E-12 
2 . 3 E - 1 1 
0 .5C-11 
1.6E-11 
2 .4E-07 
2 .5E-11 
6 .6E-10 
2 .9L-11 
3 . 4 E - 1 1 
1 .4E-11 
l .OE-10 
6 .3E-12 
1.7E-10 

8 .8 
1 4 . 3 
10 .5 

9 .0 
8 .6 
9 .7 
7 .2 

32 .0 
10 .8 
13 .8 

7 .7 
11 .7 

5.6 
2 1 . 2 

6 .7 
142.2 

6 .9 
178.2 

3 1 4 7 . 5 
2254 .9 

14.4 
7 .3 

1 8 . 1 
0 .7 
6 . 1 
7 .7 

16 .9 
10 .0 

9 . 1 
13 .4 

6 . 5 
4 .4 
8.4 
5 .5 

52 .7 
17 .7 

7 .5 
207 .6 

5.4 
6 .6 
7 . 5 
8 .7 
7 .9 

296 .9 
1 5 . 1 

9 .7 
11 .8 
. 6 . 8 
8 .0 

. 9 .7 
6 . 1 
7 .7 

0 .1688 
0 .3651 
0 .2200 
0 .0153 
0.0169 
0.0538 
0 .1191 
0 .6085 
0.5696 
0.3787 

0 .0137 
0 .0213 
0.0346 
0.2464 
0.0266 
2.6024 
0.1170 
0 .8535 
0.4654 
1.2572 
0 .2652 
0.0916 
0 .2613 
0 .0592 
0 .0108 
0.1946 
0.5206 
0.5029 
0.1246 
0.1528 
0 .0088 

0 .1922 
0.0134 
0 .5603 
0.7073 
0.0137 
2.3450 
0.0108 
q.05U0 
0.0964 
0 .1511 
0 .0295 
1.0940 
0.6396 
0.214 6 
0 .4191 
0.1759 
0 .0692 
0 .2394 
0 .0162 
0 .3163 

. 7 . 5 
1 0 . 1 

8.2 
8 .8 
8 .2 
9 . 2 
6 .6 

19 .8 
7 . 1 
9 . 3 

7 . 5 
1 1 . 2 

5.6 
12 .9 

6.4 
9 6 . 3 

8 .3 
97 .2 

1 5 0 4 . 1 
6 1 1 . 4 

10 .0 
6.4 

13 .9 
7 .9 
7 .8 
6 .8 

1 0 . 7 
7 . 3 
7 . 9 

1 1 . 2 
6.4 
4 . 3 
7 . 1 
5 .5 

2 0 . 0 
9 . 8 
7 .3 

7 3 . 8 
5 .3 
6 . 1 
7 . 0 
7.0 
7 .7 

135 .8 
9 .9 
8.6 

•9 .1 
7 .6 
7 . 7 
7 . 7 
5 .8 
6 .2 

0 .0908 
0 .2087 
0 .1437 
0 . 0 1 2 1 
0 .0208 
0 .0215 
0 .0489 
0 .3239 
0 .2650 
0 .2413 

0 .0142 
0 .0305 
0 .0202 
0 .3565 
0 .0256 
0.4S62 
0 .0402 
0 .4795 
0 .7158 
1.1794 
0 .17 46 
0 .0687 
0 .1627 
0 .0562 
0 .0214 
0 , 0 6 1 1 
0 .2566 
0 .1749 
0 .0836 
0 . 1 2 6 5 
0 .0135 
0 .0161 
0 .0840 
0 .0054 
0 .4238 
0 .3402 
0.U142 
1.2357 
0 .0122 
0 .0362 
0 .0313 
0 . 0 5 8 3 
0.C162 
0 . 7 3 8 1 
0 .2330 
0 .0740 
0 .1416 
0 .0744 
0 .0258 
0 .1420 
0 .0204 
0 .1187 

6 . 8 
8.4 
7 .0 
8 .7 
8 . 1 
9 .0 
6 . 3 

1 4 . 5 
5 .7 
7 .3 

7 .4 
10 .7 

5 .5 
8 .9 
6 .2 

6 8 . 9 
8 . 1 

58 .0 
3 0 2 . 1 
249 .4 

6 .9 
5.9 

1 1 . 5 
7 .4 
7 .6 
6 . 5 
8 .8 
6 .6 
7 . 2 
9 . 2 
6 . 3 
4 . 3 
6 .6 
5.4 

17 .8 
7 .8 
7 .2 

25 .9 
5.2 
5 .9 
6 .8 
7.4 
7 . 5 

54 .7 
fc.7 
8 . 1 
8 .3 
7 . 1 
7 . 6 
6 . 5 
5 .7 
5 .7 

0 .0497 
0 .0937 
0 .0995 
0 .0091 
0 .0142 
0 .0139 
0 .0312 
0 .1769 
0 .1284 
0 .1416 

0 .0115 
0.0366 
0 .0134 
0 .1569 
0.0200 
0.2158 
0.0168 
0 .3921 
1.3794 
0.7458 
0 .1217 
0.0534 
0 .1219 
0 .0364 
0.0266 
0 .0272 
0.1104 
0 .0547 
0 .0545 
0 .1423 
0 .0115 
0.01-78 
0 .0457 
0 .0081 
0 .2978 
0 .1215 
0 .0130 
0.8C02 
0 .0169 
0 .0330 
0 .0133 
0 .0290 
0.0134 
0 .6772 
0 .0758 
0.0394 
0 .0541 
0 .0332 
0 .0126 
0 .0991 
0 .0175 
0 .0540 

6 . 7 
7 .9 
6 . 3 
8.6 
7 . 7 
8 .7 
6 . 1 

12 .4 
4 .7 
6 . 3 

917 .0 
7 . 3 

10 .2 
5.4 
8 .0 
5 .8 

57 .2 
8 .0 

3 3 . 6 
9 4 . 7 

117 .0 
7 .8 
5 .3 
9 .8 
7 .2 
7 . 3 
6 .2 
8 . 1 
6 . 0 
6 . 8 
7.4 
6 . 2 
4 . 1 
6 . 0 
5 .2 

12 .8 
7 . 3 
7 . 1 

13 .0 
5 . 1 
5 .7 
6 . 8 
7 .3 
7 . 5 

2 7 . 9 
8 . 3 
7 .6 
7 .8 
6 . 8 
7 . 5 
5.8 
5 .4 
5 . 5 

0 .0190 
0 .0279 
0 .0684 
0 .0034 

0 .0179 
0 .0906 

0 .0799 
2 .1783 
0 .0087 
0 .0364 
0.0.07 4 
0 .0745 

0 .1603 
0 . 0 0 9 1 
0 .4158 
1.0112 
0 .6305 
0 .0846 

0 .1090 
0 .0269 
0.0280 

0 .0494 

0 .0387 
0 .1454 
0 .0111 
0 . 0 1 2 7 

0.2264 
0 .0394 
0 .0043 
0 .5251 
0 .0195 
0 .0253 
0 .0053 
0 .0148 
0.0094 
0 .4673 
0 .0290 
0 .0269 

0 .0053 
0.0756 

0 . 0 2 9 1 
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Ptilobcpite (23.5) i^o. t u rgcse , Cnterio 
Phcncl i te (-.ycniingito (232.6) Viycciing 
Phonol i te (153.6) Cr ipple Creek, Colorado 
Phy l l i t e (306.6) Colorado 
Phy l l i t e (473.6) Vcrecnt 
Prehni te (203.6) Vi.Patterson, NJ 
Pcilomclarc (230.6) New Ccxico 
Pun ice [62.5] U.S.iL.K. 
Pyraro^ritc (302.6] british Columbia 
Pyrolusite (280.6) brazil 
Pyrophyllite (221.6) Kebbins, No.Carolina 
pyroxene (118.6] Helena, Montana 
Pyroxene (119.6) Oaxaca, Mexico 
Pyrrhctitc [269.6] Ontario 
Ouartz Acvcnturine (117.6) India 
Ouartz Amethyst (204.6) Thunder bay, Ontario 
O'uartz biorite 'Icnalite (171.6) Australia 
Cuartz Honzcrite Porphyry [234.6] Colorado 
Luartz t:enzonite [148.6] VJcEterly, Rhode Island 
Cuartz Konzonlte (14S.fi) Caffce, Coloradc 
Quartz Ccnzcnitc (233.6J Arkansas 
C.uartz nose [104.6] Custer, So.Dakota 
Cuartz Syenite (172.6) Vermcntvillc, New York 
Cuartz 'i'iger Eye (209.6) Sc.Africa 
Cuartzite pink [379.61 Colorado 
luarlzitc purple [378.6] Colorado 
Cuartzite rec [377.6] Norway 
Cuartzite white [382.6] Coloradc 
Khoccnitc (320.6) California 
Rhodonite (325.6) Colorado 
I.hyclite altered [243.6] Nevada 
Rhyolite altered [55.5] U.S.CM. 
Khyolite fresh [54.5] G.S.B.M. 
tvhyclite [101.6] Cattle Keck, Colorado 
Khyolite (97.6] Chaflee, Ccloradc 
r.ieteckite (326.61 Cclcrado 
f.utilc (126.6] Oaxaca, Mexico 
butilc (137.61 Graves Mtn., Georgia 
rutile (9G.6) Nelson, Virginia 
Sandstone Arkose (362.6) Colorado 
CandsLcnc ferruginous (452.6) New York 
sandstcnc purple banded (453.6) So.bakota 
Sancstene reo (365.6) Cclcrado 
Scapolite (350.6) Cuebcc 
Scapolite (351.6) C'uebec 
Scheelite (256.6) Ontario 
Schist Chlorite (355.6) Colorado 
Schist hornblende (156.6) Clintonvllle, Uew York 
Schist Lcrnhlcnde (241.6) So. Dakota 
Schist hornblende (393.6) Colorado 
Schist Mica (394.6) Colorado 
Schist Miccceouc (396.6) Colorado 
Schist green [392.6] Norway 

2 .463 
2.6C4 
2 . 5 1 3 
2 .621 
2 .720 
2 .867 
4 .679 

. 6 6 5 
5.446 
3 .233 
2 .456 
3 .043 
3 .320 
4 .168 
2 .740 
2 . 6 6 1 
2 .701 
2 . 5 2 3 
2 .590 
2.620 
2 . 7 7 5 
2 .627 
2 .762 
2 .633 
2 .504 
2.606 
2 .369 
2.584 . 
3 .354 
3.406 
2 .253 
2.224 
2 . 2 3 3 
2 .122 
2 .237 
3 ,002 
4 . 0 5 5 
4 .145 
2 . 8 1 3 
2 .319 
2 .510 
2 . 3 1 5 
1.629 
2 .829 
2 . 9 5 1 
3 .232 
3.189 
2 . 9 9 3 
3 .027 
2 .945 
2 .722 
2 .825 
2 .646 

l . O t - 1 3 
6 . I t - O S 
3 ,7E-05 
I . I E - I O 
3.3C-11 
2 . 5 b - 1 2 
2.2E-04 
2 . 2 E - 1 3 
2.CE-03 
9 .7E-03 
6 .6E-13 
3 .7E-12 
1.2E-09 
1.2E+00 
2 .6E-12 
3 .3E-12 
1.5E-11 
2.2E-10 
l . l C - 1 1 
6 .2E-12 
2 .9L-00 
2 . 9 r - l 2 
9 .5E-10 
6 .1E-11 
1.3E-11 
8 .3E-13 
5.8E-10 
6.SE-10 
1 .5E-11 
2.5E-10 
7.2ErlO 
6.0E-10 
7 . 5 t - 1 0 
7 .2E-09 
7 .9L-11 
2 .6E-10 
4 . 2 E - 1 1 
4 .7E-10 
4 . 5 r . - l 2 
8 . 7 E - U 
l . l E - 1 0 
1.8E-11 
1.7E-09 
8 .2E-11 
1.6E-11 
5.3E-12 
1.5E-10 
4 .3E-10 
2 .6E-12 
B . 7 E - H 
4 . 3 E - 1 1 
6 . 4 L - 1 1 
2 . 0 E - 1 1 

6 . 2 
1 3 . 3 
23 .0 

9 .4 
.18.3 

6 . 8 

1.9 

' 5 . 3 
8 .4 

18 .6 

5 .0 
5 . 1 
9 .0 

1 0 . 1 
7 .2 
8 .6 

2 7 . 6 
9 .4 
9 . 3 
9 . 5 
5 .0 
5 .1 
5 .9 
6 .0 
6.6 
8.9 
5.4 

38 .8 
5 .8 

1 0 . 1 
4 . 6 

11 .0 
U7.1 
6 3 . 5 

7.0 
6 .0 
7 .6 
6 . 5 

10 .4 
9 .9 

10 .6 
6 . 1 

15 .7 
1 1 . 1 

7 .4 
9 .4 

10 .3 
2 6 . 3 
10 .0 

0 .0119 
0 .5771 
0 .5478 
0 .1839 
0 .1521 

0 .0292 

0 .0148 
0 .0279 
0 .3087 

0 .0317 
0 .0967 
0 .2198 
0 .0774 
0 .0637 
0 .4872 
0.0970 
0 .2808 
0 .4547 
0 .0157 
0 .0317 
0 .1549 
0 .1972 

0.0786 
0 .1780 
6.3806 
0 .1959 
0 .4853 
0 .0423 
0 .2501 
0 .0083 
0 .0370 
0 .1089 
0.1240 
0 .1117 
0.1297 
0 .3822 
0 .1117 
0 .1193 

0 .1646 
0 .2117 
0 .0215 
0 . 1 1 7 1 
0 .2402 
0 .4390 
0 .0570 

6 a 
9 .4 

14 .2 
7 .7 

1 5 . 3 
6 . 5 

5937.8 
l . B 

5 . 1 
8 .1 

13.6 

5.0 
4 . 9 
7 .8 
8 .1 
6 .5 
7 .9 

19 .0 
7 . 2 
7 .8 
5 .5 
4 . 8 
4 . 9 
5.3 
5.2 
6 . 5 
8 . 3 
4 .8 

2 3 . 8 
5 .1 
7 . 1 
4 .4 
8.6 

8 6 . 2 
79 .9 

0 .9 
5 .3 
6 .8 
5 . 5 

10.4 
8 .8 
9.4 
5 .9 

1 2 . 5 
9 . 1 
7 .2 
8 .2 
8 .0 

1 4 . 9 
. 9 . 2 

0 .0069 
0 .1578 
0 .3163 
0 .1198 
0.1149 
0 .0125 
0.7016 
0 . 0 2 8 1 

0 .0215 
0 .0173 
0 .1830 

0 .0039 
0 .0215 
0 .1005 
0.1222 
0 .0605 
0.0488 
0 .2326 
0 .1525 
0 .0950 
0 .3158 
0 .0165 
0.0164 
0 .0582 
0 .0603 
0 .0100 
0 .0272 
0 .0677 
0.3514 
0.0596 
0.2092 
0 .0118 
0.1474 
0 .0065 
0.0314 
0 ,0672 
0 .0661 
0 .0608 
0.1079 
0.3820 
0 .0569 
0.0636 
0.0074 
0 .1467 
0 ,1144 
0 .0135 
0 .0773 
0 .1429 
0 .3763 
0 .0537 

6 . 0 
8 . 3 

1 0 . 5 
6 .7 

1 3 . 1 
6 .4 

3 8 5 1 . 1 
1.7 

2940 .0 
5 .0 
8 .0 

11 .4 

4 . 9 
4 .8 
6 . 7 
7 . 1 
6 . 1 
7 . 3 

1 5 . 1 
5.8 
7 . 3 
4 .4 
4 .7 
4 .8 
5 . 1 
5 .0 
8.4 
8 .1 
4 . 6 

14 .4 
4 . 9 
6 .0 
4 . 3 
7 . 3 

8 5 . 5 
7 6 . 0 

6 .4 
5 .0 
6 . 5 
4 . 8 
6 . 5 
6 . 3 
6 .8 
5.9 

1 0 . 2 
6 . 1 
7 . 1 
7 .6 
6 .8 
9 .7 
6 . 5 

0 .0044 
0 .0770 
0 .1842 
0 .0773 
0 .0903 
0.0127 
0.5012 
0 .0159 

1.7297 
0 .0173 
0.0117 
0 .1233 

0 .0079 
0.0186 
0 .0901 
0 .0803 
0 .0382 
0 .0462 
0 .1477 
0.1126 
0 .0434 
0 .0875 
0.0168 
0 .0151 
0 .0246 
0.0290 
0 . 0 0 8 1 
0 .0139 
0.0350 
0 .3535 
0 .0183 
0.1026 
0.0074 
0.0968 
0 .0065 
0.0397 
0.0426 
0 .0313 
0.0278 
0 .0740 
0 . 3 1 0 1 
0 .0255 
0 .0362 
0 .0150 
0 .1178 
0 .0719 
0 .0122 
0.0416 
0 .0877 
0 .2494 
0 .0564 

6 .0 
7 . 7 
8 .8 
6 . 3 

11 .9 
6 .4 

2977.0 
1.7 

154 .3 
2101 .0 

5 .0 
7 .9 
9 .8 

4 . 9 
4 . 8 
5.9 
6 .2 
5.7 
6 .9 

12 .8 
5 .2 
7 .0 
4 .2 
4 .7 
4 . 9 
5 .1 
4 .9 
6.4 
8 . 1 
4 . 3 
9 . 1 
4 . 9 
5 .5 
4 ,5 
6 .6 

8 4 . 5 
7 1 . 2 

6 .0 
4 .7 
6 .0 
4 . 3 
4 .6 
6 .2 
8 . 5 
5 .9 
9 . 1 
7 . 5 
7 . 1 
7 .4 
6 . 4 
7 . 9 
7 .9 

0 .0033 
0 .0493 
0.1106 
0 .0433 
0 .0583 
0.0057 
0 .2618 

2.3167 
0.6426 
0 .0031 
0.0079 
0.0686 

0.0119 

0.032C 
0 .1121 
0.0600 
0.0248 

0.0084 
0.0067 
0 .0098 
0 .0103 
0 .0051 
0.0118 

0.3066 
0.0097 
0.0550 

0.0617 
0.0076 
0.0494 

0.2140 
0.0050 
0,0257 
0 .0163 
0.0615 
0 .0485 
0.0064 
0.0170 
0.0466 
0 .1111 
0.0374 
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S e l e n i t e CyrEum (333 .6 ] Utah 
S e r p e n t i n e 1 3 1 8 . 6 | C o l o r a d o 
S e r p e n t i n e {b'.6] C a r d i f f , Maryland 
S e r p e n t i n i t e (CO.5) O.S.b.i-.-. 
Si iale ArenccccuE (387 .6 ) C o l o r a d o 
S h a l e A r g i l l a c e o u s (366 .6 ) C o l o r a d c 
S h a l e C a l c a r e o u s (31.3.6) C o l o r a d c 
Sha le Carbonaceous (338 .6 ) b e . A f r i c a 
S h a l e F h c s p h a t i c (3t;4.C) Wyoming 
S h a l e b l a c k [3i:.5.6] S c . Lakc ta 
S h a l e i l l i t e - b e a r i n o (449 .6 ) New VCrk 
b i d e r i t e (271 .6 ) Rcxbury, C o n n e c t i c u t 
S i l l i m a n i t e [ 166 .6 ] A u s t r a l i a 
S l a t e a r c i l l i t c (461 .6) Montana 
S l a t e c h i a s l c i i c (402 .6) C a l i l o r n i a 
S l a t e red (305.61 C o l c r s c o 
Smaraciditc Ar.phiLcle (290 .61 C l a y , N b . C a r o l i n a 
S c o a l l t e (191.61 Eanc roL t , O n t a r i o 
S p h a e l e r i t e [213 .6 ] oklancma 
S p h c c l e r i t e (214 .61 Mexico -
S p h a e l e r i t e I25KCC1 b e a v e r C i t y , Utah 
Sphene (169 .6 ) O n t a r i o 
S i cdunenc [210 .6 ] AicjcniEtan 
S t i b n i t e [ 270 .6 ] Mexico 
S t i l b i t e 1482.61 Neva S c o t i a 
S t r c n t i a n i t c - [272 .6 ] Cernany 
S y e n i t e A c o i t e (170 .6 ] L a r v i k , Norway 
S y e n i t e Porphyry [178 .6 ] Vvassau, KlEConeln 
S y e n i t e t c r i l y r y ( l i i . o / ) ] L i t c h f i e l d , Maine 
S y e n i t e Fc r fhy ry [ 1 ; 2 . 6 ) L i t c h f i e l d , Maine 
S y e n i t e ( 39 .6 ) V i c t c r , C a l i f c r n i a 
S y l v i t e (';3rj.C) i.tv. ; -exico 
' l e f l - r c i t c o l i v i n e (419 .6 ) J a r e n 
I h c n e r c i t c [450.G] Ar izona 
I h e r a l i t c (176.61 t . t . J o h n s o n , Cuetec 
i c r s z | lC4.fcl S tcnchcm, ^;aine 
' i c u t r . a l i r c [ 120 .b ] ^'linas G e r a s , b r a z i l 
T r a c h y t e Porpliyry [ 1 2 3 . 6 ] O n t a r i o 
T r a c h y t e S a n i u i n c (109.C] Oerr.any 
T r a c h y t e S a n i d i n e (S5 .6 ] C u s t e r , Co lo rado 
T r a c h y t e po rphy ry ( 4 0 0 . 6 ) new York 
T r a c h y t e [ 4 2 . 6 ] C r i p p l e C r e e k , C o l o r a d o 
T r e m o l i t e (312 .6 ) Conn. 
T r i d y m i t e L c x i t c (359 .6 ) C a l i f o r n i a 
Tuff L a p i l l i (90 .6 ) C a l i f o r n i a 
Tuft F .hyc l i t e [ 8 7 . 6 ] E n n i s , Montana 
Tuff g r e e n L a p i l l i ( 8 9 . 6 ) E u t t e , Montana 
Tulf wn i t e L a p i l l i ( 91 .6 ) B u t t e , Montana 
Tuff (62 .5 ) b .S .b .M 
Tuff [94 .6 ] C o l o r a d o 
U l e x i t e (441.61 C a l i f c r n i a 
t n c o r p a h g r i t e [ 413 .6 ] Powuer n e r n , C o l o r a d o 
b r a l i t e Amphibole [345 .6 ] Ca lumet , Colorado 

2 .248 
2 .632 
2 .627 
2 .655 . 
2 . 2 2 3 
2 .269 
2 .457 
2 .358 
2 .510 
2.460 
2.506 
3.605 
2 .666 
3.036 
2 .671 
2 .012 
2 .953 
2 .651 
4 . 0 6 1 
4 .034 
5.310 
3.140 
3 . OS 7 
3.314 
2.220 
3.468 
2.647 
2 .672 
2.550 
2.556 
2 .722 
2 .132 
3.992 
2 .573 
2 .862 
3.366 
3 .148 
2 .612 
2 ,272 
2.370 
2.570 
2 .543 
2.750 
2.456 
2 .038 
1.849 
2 .140 
1.600 

.931 
2 .413 
1.957 
3.115 
2.990 

1.4C-14 
3 .2L-09 
i . l L - 1 0 
9 .8E-0a 
9 .9L-10 
2 .3E-07 
6 .7E-0e 
l . l L - 1 1 
3 .3E-11 
l .OL-09 
2 .2E-00 
1.2E-10 
l . O E - l l 
6 .9L-11 

. 1 . 6 E - 1 1 
l . l E - 1 0 
l . O L - l l 
7 . 7 E - 1 1 
3 .6E-12 
5 .0E-08 
B.5L-06 
b .8E-12 
4 .9L-13 
6 .6E-10 
4 .6E-0e 
2 .2E-12 
2 .0E-09 
4 .1E-09 
1.41-10 
4 .6L-10 
7 .0E-09 
l . l l - l O 
5 . 0 h - l l 
2 .1E-12 
1.7E-09 
7.1E-14 
7.3E-14 
5 .5E-12 
1.4E-11 
6.8E-10 
2 .6L-11 
1.7E-11 
2 .6E-10 
1.9E-10 
1.9E-09 
4 .5E-09 
5.5E-06 
l .OE-06 
4 .6E-11 
1.3E-10 
2 .9E-12 
2 .8E-10 
9 .6E-08 

5 .9 
21 .0 
18 .7 
99 .8 
1 0 . 6 

1923 .3 
4 2 . 3 

9 .6 
0 . 5 

1 6 . 3 
• 24 .9 

8 . 5 
45 .9 

9 . 2 
0 .9 

10 .7 
7 . 3 
5 .4 
9 .0 

2 0 . 2 

18 .9 
8.2 

2 0 . 1 
2 2 . 2 

8 .6 
21 .4 
14 .3 
13.6 

8 .0 
22 .4 
12 .6 
10.4 

4 .8 
13 .9 

6 .7 
5.6 
9 .9 
6 .2 

1 2 . 3 
7 .0 
8.6 
8 .0 

1 6 . 1 
7 4 . 3 

5 .3 
5 6 . 1 
3 5 . 1 

3 .5 
6 .4 
5.9 

1 2 . 9 
284 .2 

0 .1739 
0 .1645 
0.7928 
0.3144 
0 .3245 
1,3025 
0 .1033 
0.0154 
0.2394 
0 .4831 
0.0304 
0 .3001 
0.0619 
0 .1073 
0 .2415 
0:0110 
0.06 92 
0.1970 

0.0876 
0.0398 
0 .2975 
1.0344 
0.G542 
0.2344 
0.3308 
0.4664 
0 .1643 
0 .6465 
0 .2293 
0.0714 

0.3562 

0.0802 
0 . 0 6 1 7 ' 
0 .3611 
0 .1057 
0.1412 
0.0790 
0 .3772 
0.3204 
0.4166 
1.0566 
0.7280 
0 .0500 
0 .1123 

0 .1230 
0.8950 

5 .9 
17 .9 
15.4 
3 6 . 9 

7 . 8 
6 9 3 . 6 

1 9 . 3 
6 . 5 
8 .2 

12 .4 
1 7 . 1 

8 .2 
27 .8 

6.4 
7 .6 
8 .7 
7 . 0 
8 .7 
8 .0 

2 7 . 6 
39 .4 
1 7 . 1 

8 .0 
15 .0 
1 2 . 2 

0 . 1 
10 .0 
1 0 . 1 

8.6 
6.9 

13 .0 
9 .5 
9 .8 
4 . 7 

1 0 . C 
6 .7 
5 .8 
9 .0 
5 .7 
8.6 
6 . 3 
7 .4 
7 .3 

11 .8 
33.7 

4 , 1 
23 .8 
1 6 . 3 

3 . 3 
7 . 5 
5 .8 

1 1 . 5 
5 2 . 7 

0 .0031 
0.1036 
0 ,1243 
0 .7233 
0 .1895 
0 .9845 
0.6224 
0.0726 
0 .0112 
0 .1703 
0.2544 
0 .0115 
0 .3876 
0 .0552 
0.0890 
0 .1203 
0.0114 
0.0427 
0 .0554 

1.4133 
0.0606 
0 .0143 
0 .1328 
0 .4313 
0.0414 
0 .1095 
0.2057 
0.2520 
0.0C62 
0.3376 
0 .1555 
0 . 0 2 8 1 
0.0C27 
0 .1417 
0.0C60 
0.C022 
0 .0569 
0 .0430 
0 .2105 
0 .0540 
0 .0849 
0.0417 
0.2754 
0.5344 
0 .1337 
0 .6530 
0 .4477 
0 .0485 
0 .0723 
0 .0052 
0 .0637 
1.4181 

5.9 
15 .6 
13 .0 
19 .7 

6.4 
2 0 6 . 1 

12 .5 
7 .8 
8 . 0 

1 0 . 1 
1 3 . 1 

8 . 1 
14 .7 

7 .8 
6 .6 
7 .7 
6.9 
0 . 3 
7 .7 

27 .7 
27 .7 
15 .5 

7 .9 
1 4 . 1 

9 . 2 
7 .7 

15:7 
8 .1 
7 . 1 
6 .6 

1 0 . 1 
6 .1 
9 .6 
4 .6 
9 .7 
6 .6 
5.6 
6.4 
5 .5 
7 . 1 
6 .0 
6 .8 
7.0 
e.5 

19.4 
3 .8 

1 4 . 1 
11.9 

3 .0 
6 .9 
5.8 

10 .8 
19 .9 

0.0046 
0.1104 
0 .1174 
0 .4075 
0 .1259 
0 .8227 
0 .2948 
0 .0544 
0 .0114 
0 .1391 
0.1726 
0.0106 
0 .4519 
0 .0466 
0 .0533 
0.0827 
0.0104 
0.0266 
0 .0255 
0 .0070 
0 .4075 
0 .0430 
0 .0146 
0.0696 
0 .1679 
0.0428 
0 .1011 
0.1406 
0 .0953 
0.0236 
0 .1412 
0 .0072 
0 .0132 
0.0054 
0 .0602 
0 .0159 
0 .0032 
0 .0483 
0 .0325 
0 .1209 
0 .0300 
0 .0563 
0 .0269 
0 .2067 
0 .3865 
0 .0370 
0 .3664 
0 .2932 
0 .06 36 
0.0534 
0 .0052 
0 .0384 
0 .6009 

5 .8 
13 .4 
l l . l 
1 4 . 1 

5.6 
89 .9 

9 .7 
7 .3 
6 . 2 
8 .4 

10.6 
8 .0 
8 . 3 
7 . 3 
6 .6 
7 .0 
6 . 5 
8 . 1 
7 . 5 

27 .4 
19 .8 
15 .2 

7 .8 
1 3 . 1 

7 .8 
7 .2 

1 3 . 6 
6 .9 
6 .7 
6 . 1 
9 . 1 
7.4 
9 .2 
4 .7 
5 .2 
6 .4 
5.6 
7 .8 
5 .5 
5 .8 
5 .7 
6.4 
6 .9 
7 .0 

12 .2 
3.8 
9 .9 
8 . 5 
2 .7 
6 . 5 
5 .6 

10 .4 
11 .7 

0 .1097 
0 .1163 
0 .2188 
0 .0929 
0 .7354 
0 .1563 
0 .0388 
0 .0032 
0 .1205 
0.1547 
0 .0160 
0 .3465 

0 .0205 
0 .0754 

0.C176 
0 .0181 
0.0096 
0.2560 
0 .0295 
0 .0095 
0 .0426 

0 .0454 
0.0832 
0 .1042 
0 .0341 

0 .0620 
0.0520 

0 .0391 
0.0200 

0 .0498 
0 .0198 

0 .0416 
0 .0196 
0 .1223 
0 .2851 
0 .0020 
0 .2351 
0 .2163 
0 .0645 
0 .0411 

0.0286 
0.3764 
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V i v i a n i t e (257.6] Net< J e r s e y 
H i l l e o i t e l l bZ .b ] t t a i i k l i n . New Je reey 
U i t l i e r i t e (273.6] Luglano 
h o l l a s t c n i l c [34b.6] i-.cxleo 
Z c i e l t e (347.61 Morway 

1.844 
4.502 
4.262 
2.621 
3.101 

5.6C-09 
2.9L>08 
4.9E-13 
l , 5 E - l l 
2 , 4 E - l l 

23 .5 0.4051 
28.9 0.6855 

7 .5 0.0302 
6 .9 0.0152 
8.9 

14.6 0,3205 
11.8 0.5145 
7 .2 0.0168 
6.8 0,0046 
8.8 0.0019 

10,2 0.2360 
9 . 1 0.1297 
7 . 1 0.0117 
6.B 0.0078 
8.8 0.0029 

7.7 0,1777 
8.7 0.0315 
7,0 0.0043 
6.9 0.0046 
8.8 

I 
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