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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 

Over the last 9 years, the data of th is report has been 

accumulated by the author. Figures 1 through 3 summarize in 

histograms the s ta t is t ics of the d ie lectr ic permi t t iv i ty . Table T 

l i s t s the DC electr ical conductivity and relat ive d ie lectr 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 lectr ic permi t t iv 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 uni ts) , the tota l number of measurements ("No.="), the skewness, 

mean, standard deviation, mode, arid 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 

total 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 

comer i l lus t ra tes the percentage of samples (vert ical axis) fa 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 

re lat 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 lunar 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. 
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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 permit t iv i ty that 

Is given roughly by 

k = 2° 

where k is the relat ive d ie lect r ic permit 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 lectr ic permit t iv i ty of 78 as a l i qu 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 lectr ic permi t t iv i ty 

through the molecular orlenation 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 the i 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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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). • 
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Table 1 
wame/Dcscr ip t icn 

A c a n t h i t e / A r c c n t i t e Aq2S 
A l b i t e Nc:AlSi3ub l l 4 . b j 
Al lan i t e (Ca,CJe) 2( t e2+,Be3+) A12 [0/Ga/SiGVSiC7] 

1293.6 J 
Almanoine te3A12Si3ol2 • 
A l t a i t e Pt're SEhlCGwDuCTOK 
AlUKinuiTi Al (REB) . 
Aluminun, ant irccnice AlSb SEtsICOwCUCTGE 
Aluniinuir cxide-canira A12G3 IwSuLATOE 
Ainblygonite (LiiLMa)Ali-G4 (r ,GH) 1248.6] 
AnunoniuD s u l f a t e (Nh4)2S04 

Analciir.e NaAlSi2C6.Ii2G 
A n d a l u s i t e A12SiG5 ( lb5 -6 ] 
Andrad i t e Ca3Fe2Si3G12 
A n g l e s i t e PbSG4 [437,6] 
Anhydr i te CaSC4 
Annaberg i te ni3(As04)2-aH20 [43S.61 
A n c r t h i t e CaAl2Si2G8 
A n t h c p h y l l i t e (Mg.Fe)7Si8022(CH)2 
Antimony Sb [F.EF] -
A p a t i t e Cc5(FG4)3F [253.6] 
A r a g o n i t e CaGG3 [260.6] .. 
A r c a n i t e K2SG4 
Arsen i c As [REF] 
Ar sen i c brcmide Asisr3 
A r s e n o p y r i t e FeAso SEI«.ICONDLJCTOE 
Augi te (Ca,i ' ig,Fe2+,re3+,Al) (S i ,Al )C3 
A x i n i t e Ca2{Mn,Fe)A12BSi4G15CH 
Azurite Cu3(CG3)2{GH)2 [249.6] 
B a d d e l e y i t e iirG2 
B a r i t e £iaS04 [7S.6] 
Bariuir. c h l o r i d e baC12 
Barium oxide EaO 
Bariuir. s t a n n a t e BaSn03 
Barium s u l f i d e Beb 
Barium t i t a n a t e taTiG3 
Barium z i r c o n a t e iia2.r03 
B e i d e l l i t e 

(tJa,K,Hg,Ca)0.33Al2(Si,Al)4G10(CH)2.nH2G 
B e r l i n i t e A1PG4 
Bery l Ee3A12Si6G18 [180.6] 

•Berylliuir. £e [REF] 
Bery l l ium ox ide -be t a EeG 
B i o t i t e K2(Mg,Fe)4-6(Si,Al)8O20{OH)4 
Bismi te tii203 
Bismuth Ei [KEF] SEMIMETAL 
Bismuth t i t a n a t e bi4Ti3G12 
Bismuthi r . i t e bi2S3 bEiVICOwDUCTGR 
B o r n i t e Cu5FeS4 GEMIGGwbUCTOK 

-8 -
Density 
gm/cc 
7.248 
2.6 20 

3.8U0 
4.318 
8.246 
2.698 
4.340 
3.900 
3.110 

1.769 
2.258 
3.145 
3.860 
6.324 
2.963 
3.000 
2.760 
3.000 
6.698 
3.180 
2.931 
2.66 2 
'5.780 
3.540 
6.162 
3.300 
3.300 
3.787 
5.826 
4.480 
3.850 
5.992 

4.250 
6.017 
5.520 

•2.600 
2.618 
2.641 
1.847 
3.010 
2.900 
9.370 
9.807 

6.808 
5.091 

LC ccnd.l 
1 ttho/n 1 
+1.0L+02 
+2.1L-09 

+1.2E-10 

+1.0L+04 
+3.7L+07 

+3.1E-12 

+3.9E-12 

+7,6E-11 
+1.0E-09 
+1.2L-10 

+5.6L-09 
+2.5E+06 
+1.2E-12 
+2.9E-13 

+3.4E+06 

+1.0E+03 
+2.1E-11 
+1.1E-12 
+1.8E-09 

+9.SE-08 

+2.8E-13 
+2.5E+07 

+1.2E-11 

+8.6E+05 

+1.5E-01 
+1.0E+03 

Ciclcctric 
k 0 1 i -hz 

6.95 

13.50 
4.30 

45U.U0 

24.00 
10.10 
8.50 

3.30 
5.80 
6.90 
8.20 
14.30 
6.50 
6.60 
6.90 
8.00 

11.70 
6.D7 
6.40 

3.30 
7.20 
9.30 
8.50 
21.00 
12.40 
10.03 
11.40 
34.00 
18.00 
19.23 

3600.00 
43.00 

17.40 
6.05 
6.75 

7.41 
6.30 
18.20 

135.00 
. 18.20 

8.13 
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EcrOfl-E [REF] 
Bromargyrite Aqtr SEMICGNDUCTOK 
Brcniellite acO 
b r u c i t e Hg(Gh)2 [247,6] 
Bunscn i t e uiG SEMICGwLUClCE 
Cadmiuni Cci [REF] 
Cadmiuc broirioe Cdi3r2 
Ca<5ir.iuro t e l l u r i d e CdTe SEIIICGNDUCTOR 
Cadir.cselite Cdi3e S£i*iICouHjC'x-GR 
Calcite CcGGS [194.6] 
Calcium Ca [REF] 
Calciui:. nitrate Ca(L'<G3)2 
Calcium ex ice CaG (Lime) INSULATOR 
Calcirel HgCl 
Cancr i n i t e (Ka2Ca)4[CG3/(H2G)0-3/(AlS iG4)6] 

[432.6] 
C a s s i t e r i t e SnG2 SEillCGwDLCTGR 
C e l e s t i n e SrSC4 [251.6] 
C e l s i a n £)aA12£i2G8 [200.6] 
C e r i a n i t e Ce02 
Cerium Ce [RLF] 
C e r r u s i t e PtCG3 
Cesiun Cs [REF] 
Cesium c h l o r i d e CsCl IWSuLATOR 
Cesium ioa ide Csl IwSULATGR 
C h a l c a n t h i t e Cu304.5H2G 
C h a l c c c i t e Cu2S SE .̂ICGIiDUCTCR 
C h a l c o p y r i t e CufeS2 SEî ICGwDGCTGR 
C h l o r a r g y r i t e AcCl ELECTRGLYTE 
C h l o r i t e t:g3(Si4G10) (CH)12.tig3(Ga) 6 
Chromite FeGr2G4 [27KCC] 
Chrorciun Cr [REF] JliETAL 
Chryscbe ry l BeA12G4 [434.6] 
Chrysoco l l a CuSiG3.2H2G 
Cinnabar hgs 
C l a u s t h a l i t e FbSe SEWICOt<iDliCTOR 
Coba l t Co [REF] 
C o b a l t i t e CcAsS - •. 
Coba l tcus oxide CoO 
Colemani te Ca2B6011,5H2u [332 .6] 
Colurcbite (Fe.i'in) (Cb,Ta) 206 
Copper Cu [REF] hETAL 
Copper d i c h l o r i d e CuC12 
C o r d i e r i t e (Mg,Fe2+)2A14Si5C18 1346-6] 
Corundum A1203 INSULATOR 

-Cotunni te PtC12 
C o v e l l i t e CuS METAL 
C r i s t o b a l i t e i3i02 
C r y o l i t e Na3AlF6 [263.6] 
Cummingtonite {hg,Fe)7[GH/Si4011]2 
Cupr ic s u l f a t e monohyarate CuS04,Ii20 
C u p r i t e Cu2G SEKICGUDUCTOR 
Danbur i t e CaB2Si208 [1S1.6] 

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 .583 
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 

-9-
+5.5E-05 

+3.6E-11 

+1.5E+07 

+1.1E-14 
+3.0E+07 

+2.4E-10 
+l,OE+00 
+7,1E-12 
+ l . b £ - l C 

+1.3E+06 

+5.0E+06 

+1.CE+03 
+1.0E+03 
+1.5E-07 
+6,2E-10 
+2.0E-08 
+7.8E+06 
+2.1E-12 

+2.0E-10 

+1.6E+07 
+1.0E+03 

+3 .2E-11 

+5.9E+07 

+1.1E-09 
+1.0E-14 

+1.4E+06 
+1.0E-13 
+6.1E-13 
+6.0E-11 

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

12.20 
7.35 
8.60 

11.90 

8.60 
10.60 

9.70 
6 .35 

6 .54 
11.60 
14.00 

8.60 
9.00 
9.90 
9.40 
7 .00 

18.60 

6.34 
5 .60 
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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D a t c l i t e CaBSiG40Il [ 4 4 2 . 6 ] 
. Dian.ond C SEIIICGIJDLCTGR 
D i a s p o r e AlG(Gil) [ 4 i b , G l 
D i c k i t e Al2Si2G5(Gii)4 [ 2 2 5 . 6 ] 
D i g e n i t e Cu^oS 
D i c p s i c e I-jgCaGi2ub [ 3 1 7 . 6 ] 
b i o p t a s e Cu3iG2(Gh)2 
D o l o m i t e CaMg(CG3)2 [ 1 0 2 . 6 ] 
D u m o r t i e r i t e ( A l , F e ) 7 ^ 3 1 3 0 1 8 [ 1 3 0 . 6 ] 
bysprcs iu i r ; Dy [RLf] 
E n a r g i t e Cu3AsS4 [ 2 6 5 . 6 ] SEMICGwuoCTOR 
E p i d o t e C a 2 ( A l , F e ) 3Si3G12Gfi [ 3 2 6 . 6 ] 
E p s c m i t e MgSG4.7H2G 
Erbium Er [REF] 
E s k o l a i t e Cr2G3 
EuropiuiT. Eu [REF] 
F a y a l i t e Fe2SiG4 
F e r b e r i t e FeviG4 
f e r r o u s o x i d e teO ( s t o i c n i c i r . e t r i c ) 
F l o u r i t e C2F2 lijSLLATGR 
F c r s t e r i t e tig25iG4 
Franklinite 
G a d o l i n i u i r Gd [REF] 
G a h n i t e ZnAl204 
Ga lena krtS SEI-iICOwLoCTGR 
Galliur; Ga [REF] -
G a l l i u m a n t i r c n i d e GaSb SEI-ilCOi-jDLCTOR 
G a l l i u n . a r s e n i d e GaAs SE^iICGNDuCTGR 
G e h l e n i t e Ca2A12SiG7 [ 4 4 4 . 6 ] 
G e i k i e l i t e i-icTiG3 
German iuir. Ge [REB] SEl-i I CONDUCTOR 
G e r s d c r f f i t e wiAsS 
G i b b s i t e Al{Gh)3 
G l a u c o n i t e 

K 1 . 5 ( F e 3 + , K g , A l , F e 2 + ) 4 - 6 { S i , A l ) 8 O 2 0 { O H ) 4 
G laucophane Na2Mg3A12[S18022]{CH)2 
G o e t h i t e FeO(OH) 
Gold Au [REF] METAL 
G o s l a r i t e ZnS04,7H2G 
G r a p h i t e C [REF] Carbon SEKIKETAL 
Greenock i t e CdS SEi'^lCQUCbCl-OI: 
C r o s s u l a r C23A12Si3012 
Gypsum CaSG4,2h20 [ 2 6 . 5 ] A l a b a s t e r 
Hafnium Kf [REF] 
.Halite waCl ELEGTRGLYTE [433,6] 
H a l l o y s i t e A l2S i205(0 I i )4 .2E2O [ 2 2 6 . 6 @ 1 . 1 2 
H e d e n b e r g i t e CaFeSi2G6 [ 1 0 , 8 ] 
H e m a t i t e Fe203 SEMICONDUCTOR 
H e r c y n i t e FeA1204 [ 2 7 7 , 6 ] 
Hess i t e Ag2Te SE :̂ICG:̂ iDUCTOR 
Holmium ho [REF] 
H o r n b l e n d e 

( C a , « a K ) 2 - 3 ( M g , F e 2 + , F e 3 + , A l ) 5 { S i , A l ) 8 C 2 2 

2.900 
3.515 
3.378 
2.020 
5.60 3 
3.277 
3.300 
2.866 
3.350 
8.548 
4.463 
3.587 
1.680 
9.006 
5.225 

.5.245 
4.3S3 
7.521 
5.700 
3.179 
3.213 
5.350 
7.906 
4.608 
7.598 
5.913 

3.050 
3.695 
5.326 
5.964 
2.441 

1313 2.300 
3.200 
4.268 
19.282 
1.972 
2.267 
4.826 
3.595 
2.305 

13.242 
2.163 , 
^.550 
3.632 
5.275 
4.265 
8.405 
8.801 

(GK)2 3.080 

+7.9E-11 
+2.0E-13 
+4.6E-09 
+1.3E-0S 
+1.0L+02 
+1.7E-11 

+2.3E-14 
+9.2L-12 
+1.GE+06 
+1.0E+01 
+1.3E-10 

+S.3E+05 

+1.1E+06 

+1.3E-14 

+7.1E+05 
+5.2E-04 
+1.0L+U3 
+5.7E+06 

+4.2E-11 

+2.2E+0C 
+1.CE+05 

+3.5E-09 
+9.7E-12 

+4.5E+07 

+7.0E+04 

+9.5E-12 
+2.8E+06 
+2,0E-14 
+2,9E-07 
+1.5E-0S 
+l,0E-02 
+1.3E-07 
+l,0E+05 
+1.1E+06 

+2.1E-11 

7.50 
5.68 
12.50 
4.60 

b.bO 
7.60 
7.46 
7.00 

200.00 
14.40 
5.46 

11.90 

6.80 
14.00 
14.20 
6.76 
8.80 
9.40 

' 205.OG 

15.69 
12.95 
10.40 
18.00 
15.80 

8.40 

12.70 
9.30 
11-70 

6.20 

9.35 
7.60 
6.39 

5.90 
7.88 

17.40 
25.00 
40.00 

8.00 
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H y d r o x y a p a t i t e Ca5(i '04) 3Cii 
I d c c r a c e CalO (I ' .q ,Fe2+,Fe3+)2A14S19034(OH 

V e s u v i a n i t e 
I l l i t e ( I i3O,K)A18(b i ,Al )16G40(Gi i )8 
I l i c e n i t e i e T i 0 3 
Indium I n [REF] 
Ind ium a n t i i r o n i c e InSb SEIlICCuLuCTGR 
Ind iu i r a r s e n i d e InAs SEhlCOWDUCTGR 
I c d a r g y r i t c Agl SEKICCwiiUC'iOR 
I r i d i u m I r [REF] 
I r o n Fe [REF] 
J a d e i t e NaAlSi2G5 [ 3 4 3 . 6 ] 
K a o l i n i t e Al2Si2G5(Oh)4 [ 2 2 3 - 6 ] 
K a r e l i a n i t e v2G3 
K e r n i t e wa2£4C7.4H2C [ 4 4 0 , 6 ] 
K y a n i t e Al2SiC5 [ 1 6 7 , 6 ] 
L a b r a d o r i t e Na2Ca3(AlSiSOe)8 ( 3 1 4 . 6 J 
Lea6 Pb [KEF] Z-iLTAL 
Lead n i t r a t e t h ( t i 0 3 ) 7 
Lead t i t a n a t e PtTiG3 
Lead z i r c c n a t e FbSr03 
L e p i d c l i t e K { L i , A l ) 3 ( S i , A l ) 4 O 1 0 ( F , C f i ) 2 I 
L e u c i t e KAlSi2C6 
L i m o n i t e [ 4 1 . 5 ] Ar .orphcus I r o n ' 
L i t h a r g e - FbG r e d SEMICONDUCTOR 

3.155 4.90 

Lithiur. Li [REF] 
Lithium chloride 
Kagnesite l'igCG3 
hagnesium 
£&agnesium 
M a g n e t i t e 
M a l a c h i t e 
K a n g a n e s e 
K a n g a n i t e 

L iCl ELECTROLYTE 

L-Lg [REF] liETAL 
s u l f a t e McSC4 
Fe304 METAL 
Cu2(CG3) (011)2 [2SKCC] 
Mn [REF] 
MnO,OH [ 2 1 2 . 6 ] 

fcangancsite MnO 
K a s c a g n i t e (N'h4)2SG4 
M e r c u r i c c h l o r i d e iig2C12 

J l e r c u r o u s c h l o r i d e HgC12 

l i i c r o c 1 i n e KAIS1308 [ 1 0 3 . 6 ] 
K i l l e r i t e i t iS 
Minium Pb3G4 
M o l y b d e n i t e ^cS2 SEMICOKDUCTOR 

'Molybdenum ijo [REF] METAL 
M o n t i c e l l i t e Cai;gSiG4 [ 3 3 9 . 6 ] 
M o n t m o r i l l o n i t e 

(Wa ,K,Kg ,Ca)0 .33{Al ,Mg)2514010(OH)2 
M u l l i t e 3Al263 ,2SiG2 3-2 IWSULATOR 
M u s c o v i t e KA13Si3C10(Oh)2 [ 2 4 . 5 ] 
h a n t c c k i t c CuCl SEMICGNDUCTGP 
N a t r o l i t e Na2Al2Si3G10.2H2O [ 1 6 8 . 6 ] 

)4 [ 4 4 5 . 6 ] 
3 . 4 0 0 
2 . 6 6 0 
4 . 7 8 8 
7 . 2 9 7 

5 . 6 8 4 
2 2 . 5 6 4 

7 . 8 7 5 
3 . 4 0 0 
2 . 5 9 4 
5 . 0 2 1 
1 .877 
3 . 6 7 5 
-2 .710 

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

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

9 . 3 3 5 
. 5 3 3 

2 . 0 6 0 
3 . 0 1 0 
1 .737 
2 . 6 6 0 
5 . 2 0 0 
4 . 0 3 1 
7 . 4 7 0 
3 . 9 8 4 
5 . 3 6 6 
1 .769 

6 . 4 7 0 

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

1 0 . 2 2 1 
3 . 2 0 0 

.nH20 [229 2 . 6 0 8 
3 . 1 6 7 
2 . 8 3 1 
4 . 1 3 9 
2 . 2 4 5 

+ 5 . 2 E - 1 1 

+-1.CE+02 
+1 .2E+07 

+ l , 9 E + 0 7 
+ l , 0 L + 0 7 
+ 1 , 2 £ - 1 0 
+ 3 . I E - O S 

+ 1 . 9 E - 1 2 
+1. .8E-12 
+1 .3E-1Q 
+4 .8E+06 

+ 2 . 6 E - 1 2 

+ 3 . 5 E - 0 8 

+ l , 2 E + 0 7 

+2 ,3E+07 

+1 .0E+04 
+ 1 . 1 E - 0 9 
+ 7 . 4 E + 0 5 
4 - l , 9E-02 

+ 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 
+ 1 . 0 E - 0 9 

8 .64 
IC.CO 

17.G8 
1 4 . 5 5 

6 . 8 0 

1 0 . 0 0 
1 1 . 8 0 
1 5 . 0 0 

5 .23 
7 . o 0 
5 .87 

1 6 . 8 0 
2 0 0 . 0 0 
2 0 0 . 0 0 

6 . 3 0 
6 . 8 0 

1 2 . 4 0 

2 5 . 9 0 

1 0 . 6 0 
8 . 1 0 

8 . 2 0 

6 . 3 3 

9 1 7 . 0 0 
1 8 . 0 0 

9 . 8 0 

9 . 4 0 

3 . 2 0 
5 . 4 8 

1 7 . 8 0 

8 .50 

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



h c p h e l i n e Na3KAl4Si4G16 
tticcolite NiAS 
t i i cke l Ni [REF] r-iETAL 
bickel carbonate Ni(C0)4 
iJicbiuir. Nb [REF] 
N i t e r KNG3 
N i t r o b a r i t e La(N03)2 
Glcham.ite CaS 
Opal Si02,nI12a [198,6] 
O r t h o c l a s e KAlSi3Gb [13.5] 
Pal ladium Fd [REF] 
P e c t o l i t e Ca2NaSi3G80H [208-6] 
P e r i c l a s e Mgo INSULATOR 
P e r c v s k i t e CaTiG3 SEy.ICGN'DUCTCF 
P e t a l i t e LiAlSi4O10 [2S9.6] 
P h e n a c i t e Be2Si04 R3 
Ph logop i t e KHg3AlSi3G10(OH)2 [23-5] 
Phosphorus P [REF] 
Phosphorus t r i o x i d e P2G3 
P l a t t n e r i t e PbC2 
Potassium K [REF] 
Potassium aluminum s u l f a t e KA1(S04)2 
Potass ium brornate KBrG3 
Potass ium bromide KBr INSULATOR 
Potass ium carbona te K2CC3 
Potass ium c h l o r a t e KC103 
Potass ium f l o u r i d e KF ELECTROLYTE 
Potass ium orthophcspfaate K3PG4 
P o w e l l i t e Cal"iC04 
Praseodymium Pr [REF] 
P r e h n i t e Ca2A12Si30lO(GH)2 [203-6] 
P r o u s t i t e Ag3AsS3 SEMCONDLCTCB 
P t [REi] METAL 
P y r a r g y r i t e Ag3SbS3 [302-6] SEMICOKDUCTOR 

P y r i t e FeS2 SEMICONDUCTOR 
P y r o l u s i t e MnG2 SEKICONEUCTOR 
P y r c p h y l l i t e Al2Si4O10{GE)2 [221 .6] 
P y r r h o t i t e Fe.877S METAL 
Ouart2 Si02 INSULATOR 
Realgar AsS 
R c t g e r s i t e NiS04,6H20 
Rhenium Re [REF] 
Rhodium Rh [REF] 
Rhodochrcs i te rinCu3 

•Rhodonite MnSi03 [320,6] 
R i e b e c k i t e Na2fe2+3Fe3+2Si8022(0H)4 
Rubidium Rb [RE.t] 
Rubidium carbonate Rb2C03 
Rubidium c h l o r i d e RbCl 
Ruthenium Ru [REFJ 
R u t i l e TiG2 [137.6] SEMICONDUCTOR 
Salmiac NH4C1 Sa l Amoniac 

2.623 
7.776 
8.910 
i.320 
8.580 
2.105 
3.240 
2.602 
1.890 
2.570 
12.006 
2.870 
3.503 
4.044 
2.410 
2.960 
2.784 
1.801 
2.135 
9.375 
• 862 

3.270 
2.754 
2.428 
2.320 
2.505 
2.564 
4.256 
6.774 
2.910 
5.595 
21.460 

5.851 
5.011 
5.234 
2.819 
4.610 
2.648 
3.590 
2.070 
21.017 
12.425 
3.699 
3.726 
3.000 
1.530 

2.800 
12.369 
4.245 
1.527 

-12-
+1-6E-09 
+1-0E+07 
+1.4E+07 

+8.0E+00 

+3.9E-07 
+6-9E-13 
+9-3E+06 
+2.3E-11 
+1.6E-11 

+1.7E-10 

+1,0E-13 
+1.CE-09 

+1.1E+06 
+1.6E+07 

+1.5E+06 
+2.5E-12 
+1.GE-03 
+9.6E+06 

+2-8E-03 
+1-0E+03 
+1-0E+00 
+6.6E-13 
+1.GE+05 
+5.0E-15 

+5-2E+06 
+2.2E+07 

+1.5E-11 
+2.6E-10 
+8.0E+06 

+1.3E+07 
+4.7E-10 

6.04 

2.20 

4.37 
5.SO 
6-70 
13-01 
5-60 

9-CO 
9-65 

165.00 
5.00 
5.10 
7.60 

3.20 
26.00 

3.80 
7.30 
4.78 
4.96 
5.10 
6.05 
7.75 
24.00 

6.50 
16.50 

222.00 

10000.00 
6.30 

4-50 
7.60 
6-20 

6.80 
10-00 
6-59 

6.73 
4.91 

78-90 
6.96 



Samarium Sm [REF] 
S a n n . a r t i n i t e LnfriG4 
Scandium Sc [KLF] 
S c a p c l i t e CaCG3.3CaA12Si20a.CaS04.CaCl2 
S c h e e l i t e C£V»G4 
S e l e n i u m Se [RtF] SEKICGNDUCTGR 
S e l l a i t e i''.gt2 iNSULATGf. 
S e r p e n t i n e Mq3(Si2C5)(GL)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] SEI-ICOhDUCTOR 
S i l i c o n c a r b i d e SiC SLi\ICGi'4LUCTCR 
S i l l i m a n i t e A12SiG5 [ 1 8 6 , 6 ] 
S i l v e r Ag [REF] b,LTAL 
S i l v e r o x i d e Ag2G 
S m a r a g d i t e Ca2( i ig ,Fe)5Si8C22(GH) 2 [ 2 9 0 . 6 ] 

A c t i n o l i t e 
S o d a - n i t e r UaiMG3 
Soda l i t e iJ£4Al3(SiC4) 3C1 
Sodium Iva [REF] 
Sodium t r o r n a t e NaBrG3 
Scdiur.- c a r b c n a t e Na2CG3 
Sodium, c c r t c n a t e n y c r c c e n NaECC3 
Scdiun. p e r c h l c r s t c ijaClG4 
S p e s s a r t i n e ljn3A12Si2012 
S p h a e l e r i t e LnS [ 2 1 3 , 6 ] SEi-ilCOKDGCTOR 
S p i n e l MgA12G4 
Spcduir.ene 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 S r C l 4 
S t i b n i t e Sb2S3 SEi-ilCGi'.DUCTCR 
S t i b n c u s bromide SbBr3 

S t i b n o u s c h l o r i d e £bC13 

[ 4 8 2 . 6 ] S t i l b i t e NaCa2A155i l3036-14H20 
S t i l l e i t e InSe SEijICGi^DijCTOR 
S t c l z i t e PtV.G4 
S t r o n t i a 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(wG3)2 
o x i d e SrO 
s u l f i d e SrS SE^. I CONDUCTOR 
t i t a n a t e S r T i 0 3 

[REF] 

S t r o n t i u m 
S t r o n t i u m 
S t r o n t i u m 
S t r o n t i u m 
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 KCl ELECTROLYTE 
T a l c Mg3Si4G10(Oli)2 

• T a n t a l i t e (Fe,i')n) (Ta,iNlb)206 
T a n t a l u m Ta [F.EF] 
T a n t a l u m p e n t c x i d e Ta205 
T e l l u r i u m Tc [REF] SEKICGi.DUCTOR 
Tenor i t e CuO SEMICCL.CUCIOR 
T c p h r o i t e Mn2Sio4 [ 4 1 9 . 6 ] 
Terb ium Tb [REF] 

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

1 0 . 5 0 1 
7 . 1 4 0 

3 . 4 0 0 
2 . 2 6 1 
2 . 2 0 0 

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

-•4,089 
3 . 5 8 3 
3 . 1 8 8 
2 . 2 3 0 
4 . 6 2 7 

-13-
+ l , l E + 0 6 

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

•J-&.3E+0G 

+ 3 . 2 E - 0 S 
-1-1,2E-1C 
+ 1.0£-i-07 
-I-5.GE-01 
- H . O E - l l 
+6 ,2E+07 

-••1,0E-11 

-I-2.4E+07 

+ 3 , £ £ - 1 2 

+ 4 . 9 E - 1 3 

•H.CE-06 

1 6 . 1 0 

B,23 
1 1 , 7 0 
1 1 , 0 0 

9 .50 
1 4 . 0 0 

9 ,30 
1 1 , 7 0 
1 0 , 2 0 
1 1 . 0 0 

8 . 8 0 

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

5 . 7 0 
S.7 5 
4 .4C 
5 . 7 6 
7 .60 
7 .50 
6 . 8 0 
8 .30 
2 . 8 7 

1 1 . 2 0 

4 . 1 4 8 

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

: 8 . 4 1 1 
' • ' 3 . 784 

2 . 5 8 3 
2 . 9 8 6 
4 . 7 0 0 
3 . 7 0 0 
5 . 1 1 0 
2 . 0 6 7 
1 .680 
1 . 9 8 7 
2 . 7 8 4 
6 . 5 0 0 

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

H-4.6E-0S 

+2,2E-12 
+ 4,4E-l-06 

+1,CE-12 

+1.GE-13 

+8.0E+06 

+2.3E-04 

+5.8E-li 

5.10 

5.30 
7.85 
9.12 

23.60 
£.60 

5.33 
13.30 
11.31 

332.00 
3.75 
9.05 
4.84 
5.80 

10.00 

4 5 . 0 0 
5 .00 

1 8 . 1 0 
1 0 . 0 0 
3 3 . 0 0 



Thallium TI [REF] 
T h a l l o u s c h i c r i c e T lC l SE!'.ICG:^LuCTOR 
T h a l l o u s n i t r a t e Tlii03 
T h e n a r c i t e ija2Su4 [ 4 5 0 . 6 ] 

l h 0 2 
[KEF] 
[KEF] 
KqSe SEt-lICGNLbCTOR 

Sn [KEt] SEMIIiETAL 
a n t i n c n i d e SnSL 

T h o r i a n i t e 
Thor ium Tti 
t h u l i u m Tir 
' r i e i r a n n i t e 
T i n 
T in 
T i t a n i t e Ca l iS iGS Sphene 
T i t a n i u m l i [REF] t-iBTAL 
Topaz A12(S iG4) (F2) [ 1 8 4 , 6 ] 
Topaz A12(SiG4)(Oh) 
T r e m o l i t e Ca2Kg5 [Si8G22] (Oii)2 [ 3 1 2 . 6 ] 
Tungsten K [REFJ 
T u n g s t e n p e n t c x i d e i;205 
T u n g s t e n t r i c x i c e KG3 
l i l e x i t e NaCaB5C9,6H2G [ 4 4 1 . 6 ] 
U r a n i n i t e UG2 
Uranium U [KEF] 
V a l e n t i n i t e Sh203 
Vanadium V [REF] 
V i l l i a u m i t e NaF 
Water H2G ( 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 EaCG3 [ 2 7 3 . 6 ] 
K o l l a s t o n i t e CaSi03 [34S.6] 
Wulfenite PbKo04 
Kustite Fe.9470 
Ytterbium Yb [REF] 
Ytterbium; sescuioxide Yb203 
Yttrium Y [REF] 
Yttrium sesquioxide Y2G3 
Zinc Zn [REF] METAL 
Zinc telluride ZnTe SEMICCNDCCTOR 
Zincite ZnO SEMICONDUCTOR 
Z i r con zrs iG4 
Zi r con ium Zr [REF] 
Z o i s i t e Ga2A13(Si04)3(GH) [ 3 4 7 . 6 ] 

INSULATOR 
[ 1 8 2 , 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 . 0 0 0 

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

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

. 997 
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 .010 
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-

•••5.6E+06 

+ 2 , 1 £ - 1 2 

+7,7L+Q6 
+ l , 3 E + 0 6 

+9.1E+C6 

+ 5 . 8 E - 1 2 
-1-2.3E-HC6 
+ 7 . 1 E - 1 4 

+ 2 . 6 E - 1 0 
+ l , 8 £ + 0 7 
+ 2 , 2 E + 0 5 
-^5,0E-04 
+ 2 , 9 E - 1 2 
+ 2 , 6 E - 0 3 
+3 .3E+06 

-•-4.0E+-06 

-K5.5E-06 
•^2.9E-0S 
+ 4 . 9 L - 1 3 
+ 1 . 5 E - 1 1 

+ 3.4E-H06 

+ 1.8E-»-06 

+ 1.7E-^07 

+2.5E+06 
+ 2 . 4 E - 1 1 

3 1 . 5 0 
1C.50 

5.00 
lS . i .0 

25.CO 

1 4 7 . 0 0 
2 1 . 0 0 

6.80 
5.00 
8.00 

5.80 
24.00 

1 2 . 6 0 

6 . 9 0 
78.30 

7.70 
7.20 
8.60 

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 



-15-

Table 2 l i s t s the measurements o f a series o f rocks and 

minerals. The columns i n the tab le are the rock or mineral 

descr ipt ion and any Iden t i f y i ng information (sample number, l o c a t i o n , 
3 

e t c . ) , the dry bulk density (+0.01 gm/cm ) , the DC e l e c t r i c a l 

conduct iv i ty i n mho/m {+}0 percent) , and the r e l a t i v e d i e l e c t r i c 

p e r m i t t i v i t y (+1 percent) and loss tangent at frequencies of 1 kHz, 

10 kHz, 100 kHz, and IMHz. A l l measurements were performed using 

a three-terminal sample holder a t room temperature i n 8 percent 

r e l a t i ve humidity-

Samples wi thout bracketed numbers are from the U.S.G.S. Petrophysics 

Laboratory sample c o l l e c t i o n . Those w i th bracketed numbers beginning 

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

numbers are from Hunt and Salisbury (1976) and references t he re in . 

Blank ent r ies In the table Ind icate sample measurements tha t were 

outside the range o f the measurement instruments. DC e l e c t r i c a l 

conduct iv i t ies were measured using a Gui ld l ine 9520 automatic d i g i t a l 

teraohmmeter and d i e l e c t r i c propert ies were measured w i th a Hewlett-Packard 

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

Where necessary, values f o r Table 1 were generated from these 

Table 2 measurements by reducing the d i e l e c t r i c p e r m i t t i v i t y to zero 

porosi ty throuah 

where k, i s the value i n Table 1 at the zero poros i ty density o f S gm/cm 
3 

and k2 i s the value i n Table 2 at the measured dry bulk density of D gm/cm , 

DC e l ec t r i ca l conduct iv i t ies were reported as the same values i n both 

tables as there Is no known density co r rec t ion . 

•Trade and manufacturer's names are used f o r descr ip t ive purposes only 

and do not imply recommendation or endorsement by the U.S. Geological 

Survey. 



t.ec:c/CeEccl{:tion 

ACwi l l l t e (211.61 R l v e c e l a e . C e l i f o r n i a 
Alk l t e Unelse |3!«0.6| Cclorado 
A lb i t e (14.61 ber ic rc f t , o n t a t i o 
A l t i t e (324.b) b c . CckGta 
A l l a n i t e ( 2 ' J 3 . 6 ] On tac i c 
Anklygonilc (24G.6] keys tone , So.Oalcct0 
Ar.u£luGitc ilUS.61 A u s t r a l i a 
Ar.Lcfite iicrr.M&r.ue 113(1.6J Mt .Shas ta , Ca l i focn 
A n c & i i t c i i c tnL l cncc |236. ( i ] Cc lorado 
o n i c L i t c l l f i i c c i c L c \ l 2 l . t \ ^i^n juon , Colccatic 
/ r c c r i t c i c i i l y i / {^C.S] i .otldcr« Cclcracic 
Ance&ile | l 3 i / . b l ' le^ac 
A r c l c i l t c l l J 7 . ( | Ut,:h 
o i i l i ^ t t i t c 1334.^1 ^ c l n o t , i.V 
A r r a t e t i j i t o |43'. ' .bl I:CVSQC 
Ar.ccLliccletc I321.C] l.ccuty 
Arthc( l^ylli tc |2i>C>.C] wo. Cecollna 
A f i i l t c [2tnj.(,\ «. l ictcc 
Aj .c l i t r i i 3 3 . u j . .cii .ry 
A icccn i t c l l tyC.i] Li.flamI 
A r c e r c i y r l t e 1262.0) Gold H i l l , Utah 
A£tc£tcs Anphl tc lc '292.61 tczeiran, Kontana 
A u y i l c (12.U) 
A x i n i t e (342.6) r i c x i co 
Azur i t e | 24 ' j . 6 | U i s t c e , Arizona 
t u t i t e C^'J.t) CuitLTt Colorado 
L c c t l t i i c in t i cnoc (7.51 chc f f ce , Colciado 
L e : c l t ' i l i incivcl l ic i Ice-lano 
LciLc'lt o(.v(jo<:lcic;al (240.C] Michigan 
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8 .6 0 . 0 2 7 5 
1 3 . 7 0 , 0 7 3 8 

9 .4 0 .03Cb 
1 0 , 1 0 . 0 4 6 7 

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

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

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

^ 



C a l c i t e | 4 t i . 6 | Cherckcei Kanuas 
C c n c t i n i t c (432.(i) ci-. teric 
C a L c i t c r i t c (27!/.6] Higer io 
C e l e i t i t c (251.6) Mexico 
C e l r i a n (260.6) a u c t t c l i a 
Cha lccc i t e (liKCC) 
Cl i io r i t c (179.6] Colorado 
C h l o r i t e (197.61 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 i27KCC| b e . l:l.ot.ct ia 
CHtcri tL i 2 6 l , b | i ' i c r r a Leone 
C h r y t c t c r y l (434.61 Sc. t a k c t a 
Cirrc-Lcr (4L0,o] Sralri 
C c t a l t i t e (264,01 E l l i o t Lake, On ta r io 
t c l e r a n i t c (332,61 C a l i t c r n i a 
Cclcr .anlte (435.6] C a l i f o r n i a 
C c c o i c r i t c (346.6] Ccloracc 
Ccrur.ciuir (2u3.u) ' I ranrvae l 
C r y o l i t e (263.6) Greenland 
Cuiir i n g t c n i t e (294,6) Lead, So* Dakota 
Lec i t e lcr i .hyry I-ica (40.5) l .otd, Colorado 
Lcc i t e i c i phy ry (396.6) tiontana 
b c c i t c (56.5) o .^ .L. i ' . . 
L a r b u r i t e (161.6) Hew lork 
L e t c l i t e (442.6) Ccnnec t i cu t 
U i a t c t c (129.6) Je rcey C i ty , NJ 
L i a t a s e (131,6) S l . t c t e t G , Pennsylvania 
LiaL££e (155.0) i i t . Icm, fieeEachu&etts 
LiaLace (242,6) c c l c r a d o 
c i ccpc rc (4 16.6] l:c£etu('i, C i c e c u r i 
L i c k i t e (225.6) b t .George , Utah 
L io j c i ce (317.6) t i n l a n d 
L i c r i t e iicriiblence- (152.6) Fremont, Cclorado 
b i o r i t e ijcrnLleriue (69.6) Sclcm, ^.ab6achufiettB 
b i c r i t e pcii^Lyry (44.5] Jackecn , Kyoming 
b i c i i t c (240,G) 1exf.£ 
C/Clcrr.ite (102.6] I.ec, Massachuset t s 
b c l c n i t e (316.6) Colcrauo 
Lclcifiite (43.6) Ibcrnwocc, Hew York 
b u i . c r t i e r i t e (190.6) f e r s h i n y , Uevade 
Lr.ergi tc (265.6] l e r u 
L r i o c t e I323.C] Arizona 
t e l z i t c Pcrplivry (124.6) Saleir, Massachueet ts 
t e l E J t e (96.6] i . r t t a r a n , Massachueet ts 
Flcurs i -a i (27d,01 l l l l n c i E 
CcLlro L.ytcwnite (36.6] Lu lu th , Minnesota 
GtLtro Hcrnt lcndc (132.6] Eseex, New York 
Cabbrc F.ocnblence (160.6] i ia l tn Meek, Massachuset t 
GaLbrc l iyfcrc thenc (75 .6] Onta r io 
Gctbio Ol iv ine (156.6] Wiciuta Mtn. , Uklahoro 
Cabtro (84 .6] CuLter , Cclcradc 
Garre t Alr.ar.dine (114.6) tvarren, New York 
Garnet AncraOite (111.6) Granar., Arizcna 
Garnet GrcLsular (113.6) I r ancvea l 

2 . 5 5 5 
2 . 3 9 0 
5 . 9 5 3 
3 . 7 0 9 
2 . 8 9 6 
7 . 0 1 3 
2 . 6 1 9 
2 . 6 1 7 
5 . 0 0 1 
3 .4i ,0 
2 .969 
3 . 4 7 0 
5 , 8 2 1 
2 , 3 4 7 
2 . 3 1 1 
2 . 7 1 7 
3 ,0S0 
2 . 0 7 9 
3 .211 
2 . 6 6 1 
2 . 4 1 6 
2 .206 
2 . 9 9 2 
2 . 0 4 0 
3 . 1 4 9 
3 . 0 3 9 
3 . 0 1 5 
3 . 0 5 1 
2 . 3 1 9 
2 . 4 0 0 
3.1C2 
2 , 0 0 0 
2 . 0 6 0 
2 ,600 
2 . 7 5 9 
2 . 0 9 2 
2 . 5 4 5 
2 , 0 5 1 
2 .650 
4 .796 
2 . 8 9 2 
2 . 5 1 9 
2 . 5 7 4 
3 .166 
2 . 9 1 ? 
3 .486 
2 . 6 2 9 
2 . 9 0 2 
3 .045 
3 .047 
3 . 9 4 7 
3 .669 
3 .426 

3 .81 . -11 
2 . 4 L - 1 0 
1.21.-04 
7 . 1 C - 1 2 
l . t L - 1 0 
l . O L - 0 7 
9 . 6 L - 1 2 
6 . 2 E - 1 0 
2 . 0 1 - 0 0 
7 . 4 L - 0 6 
2 . 1 L - 1 2 
9 . i t - O b 
3 .0L+00 
3 . 2 L - 1 1 
4 . 2 C - 1 2 
l . l E - 0 9 
8 . 9 L - 1 2 
6 . 1 E - 1 3 
6 . 0 L - 1 1 
0 . 4 L - 1 2 
6 . 9 E - 1 1 
1 . 5 r - 1 0 
4 . U , - 1 1 
7 . 9 E - 1 1 
2 . 6 E - 0 8 
4 . 4 E - 1 1 
4 . 2 L - 1 0 
3 . 5 E - 0 9 
4 , 6 E - 0 9 
1 .3L-09 
l . 7 t - l l 
4 . 0 E - 1 1 
5 . 1 E - 0 9 
4 . 7 L - 0 8 
2 .BL-08 
2 . 3 E - 1 4 
7 . 0 E - 1 0 
1 .3E-13 
9 , 2 E - 1 2 
4 . 6 E - 0 3 
1 .3E-10 
9 , 0 E - 1 2 
3 . 2 L - 1 0 
1 .8E-14 
1 ,3E-10 
1 .9E-11 
7.SC-1C 
3 . C L - 1 1 
1 .9E-10 
7 . 2 E - 1 2 
6 . 0 L - 1 2 
2 . 6 L - 1 0 
8 . 7 E - 1 2 

9 . 6 
£ . 3 

9 .4 
9 . 5 

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

. 1 2 . 5 
1 1 7 . 4 

2 1 . 6 
1 3 . 6 
1 5 . 0 

9 . 3 
C.7 
0 . 9 
9 ,4 

1 3 . 1 
5 . 3 
7 . 9 
7 .4 

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

0 . 9 
9 . 3 

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

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

9 . 2 
7 . 9 

2 9 . 3 
6 . 0 

1 6 , 4 
1 1 . 0 
1 9 . 5 

9 , 8 
1 6 . 5 
1 1 . 0 
1 3 . 7 
1 0 . 0 

8 . 4 

0 . 0 6 0 1 
0 . 0 4 3 0 

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

0 . 3 2 1 9 
0 . 4 5 5 2 
0 . 7 3 1 2 
1.2038 
0 . 1 4 4 0 
0 . 3 1 2 4 

0 . 3 6 7 3 
0 .0314 
0 , 4 7 7 4 
0 , 0 0 7 8 
0 . 0 1 4 5 
0 .1196 
0 ,0907 
0 .2379 
0 . 0 9 0 9 
0 . 0 5 0 0 
0 , 0 4 3 3 
0 . 5 4 5 7 
0 .1558 
0 .1718 
0 , 4 0 3 7 
0 .5304 
0 . 3 1 6 2 
0 . 0 5 2 2 
0 .1034 
0 , 4 0 1 1 
0 . 6 0 7 4 
0 . 6 6 4 1 

0 . 0 9 5 5 

0 . 0 2 7 7 

0 .0430 
0 , 1 0 0 0 
0 .2026 

0 , 1 4 4 7 
0 . 2 4 9 1 
0 , 3 2 1 5 
0 . 1 3 5 3 
0 .1147 
0 . 0 4 4 6 
0 . 2 1 1 3 
0 . 2 2 5 7 
0 . 0 2 5 8 

9 . 0 
9 . 0 

9 . 0 
6 . 4 

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

9 . 0 
4 7 . 3 

1 5 . 9 
1 3 , 0 
1 0 . 0 

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

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

6 . 9 
6 . 3 
8 . 7 

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

7 . 6 
7 . 3 
8 . 1 
5 , 7 

0 . 9 
7 . 1 

1 9 . 1 
6 . 8 

1 4 , 1 
9 . 9 

1 4 . 9 
8 . 7 

1 4 . 6 
1 0 . 3 
1 2 . 1 
1 4 . 2 

8 . 1 

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

0 . 0 1 6 3 
0 . 0 6 4 6 

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

0 . 1 6 3 7 
0 . 0 2 1 3 
0 , 2 3 5 5 
0 , 0 0 5 6 
0 , 0 2 6 3 
0 . 0 7 0 5 
0 . 0 7 5 0 
0 , 1 9 6 9 
0 , 0 3 4 4 
0 . 0 2 3 2 
0 , 0 1 3 5 
0 . 2 9 0 7 
0 . 0 8 3 3 
0 . 1 1 2 0 
0 . 2 4 4 6 
0 . 2 3 8 7 
0 . 2 0 0 6 
0 . 0 4 4 1 
O. l lGO 
0 . 2 1 9 7 
0 , 5 0 1 9 
0 . 6 4 4 9 
0 . 0 0 4 9 
0 . 0 3 7 9 
0 . 0 1 3 6 
0 . 0 1 4 5 

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

8 . 8 
0 . 8 

3 0 0 . 0 
0 . 9 
7 . 9 

1 0 . 9 
1 0 . 6 
15 .4 
1 2 . 5 

8 .4 
1 9 . 7 

1 4 , 0 
1 2 . 7 

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

1 8 . 6 
11 .4 
1 2 . 9 
1 9 . 2 

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

1 1 . 8 
1 4 . 4 
1 4 . 0 

7 .7 
7 . 1 
7 . 9 
5 ,6 

6 , 7 
6 , 6 

1 3 . 1 
6 . 8 

1 2 . 6 
9 . 2 

1 2 . 5 
8 . 1 

1 3 . 4 
9 . 8 

1 1 . 6 
1 1 . 8 

8 . 1 

0 . 0 1 1 7 
0 . 0 0 9 1 
0 . 9 b 8 3 
0 . 0 0 8 2 
0 . 0 3 6 0 

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

0 . 0 7 4 5 
0 . 0 1 7 6 
0 . 1 1 4 1 
0 . 0 0 3 2 
0 . 0 2 2 6 
0 . 0 3 0 4 
0 . 0 7 0 2 
0 . 1 4 4 5 
0 . 0 1 3 8 
0 , 0 1 5 1 
0 . 0 1 0 7 
0 . 1 7 2 2 
0 , 0 6 4 3 
0 . 0 6 1 7 
0 . 1 7 1 9 
0 . 0 7 0 5 
0 . 1 3 0 0 
0 . 0 3 3 5 
0 . 0 7 5 9 
0 . 1 3 2 0 
0 . 3 4 6 1 
0 , 3 4 7 3 
0 . 0 1 0 9 
0.C19O 
0 .0246 
0 .0140 

0 . 0 1 4 7 
0 . 0 4 7 2 
0 . 2 3 9 9 
0 .0C93 
0.07S.2 
0 ,0464 
0 , 1 0 9 0 
0 , 0 3 8 1 
0 , 0 6 2 3 
0 . 0 4 1 0 
0 .0216 
0 .1154 
0 . 0 0 8 0 

6 . 8 
8 . 2 

9 0 . 1 
8 . 9 
7 . 6 

7 . 4 
7 . 9 

1 1 . 0 
9 . 5 
7 . 8 

1 0 . 9 

1 3 . 1 
1 2 . 5 

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

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

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

1 0 . 2 
1 0 . 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 
6 . 8 

1 1 . 1 
7 . 5 

1 2 . 1 
9 . 3 

1 1 . 5 
1 0 . 5 

8 . 1 

0 .0G72 

1 .1593 
0 . 0 0 5 5 
0 . 0 2 6 7 

0 . 2 0 1 1 
0 . 2 0 5 2 
0 , 2 2 1 2 
0.1C06 
0 .0520 
0 , 4 0 0 2 

0 , 0 5 0 2 
0 , 0 1 3 6 
0 .0656 

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

0 . 0 0 6 0 
0 . 1 2 2 4 
0 . 0 7 4 3 
0 , 0 6 8 1 
0 . 1 4 1 8 
0 .0264 
0 , 0 9 1 6 
0 . 0 2 5 6 
0 . 0 5 2 7 
0 . 0 9 0 5 
0 . 2 1 2 5 
0 ,1024 

0.G144 
0 . 0 2 6 9 

1 .4252 
0 .00S3 
0 , 0 3 7 0 
0 , 2 1 7 1 
0 , 0 1 1 8 
0 . 0 7 3 9 
0 .0289 
0 . 0 8 4 7 

o.oaco 
0 . 0 3 7 9 
0.0C96 
0 .0636 
0 .0036 

r 



Garnet b t c s s a r t i n e 1112.6) hedc:on, Connect icu t 
Cchlcr . i tc (444.6) new Kcxico 
Glaucon i te (313.0] Sc.Lakota 
Glaucof.I.enc (426.6) C a l i f o r n i a 
Gncies u i c r i t e (464.0) C a l i f o r n i a 
Cnc-ire s i l l inani t c -c t r r . c t (466.6] ba r r en C o . , 14Y 
Grani te A p l i t e (65 ,0] bcu lde r , Colorado 
Crerjitc L i u t i t e 176.6] ilicoc I t l a n u 
Graii i te l-crpHyry (162,6] Ontar io 
Grani te V.csterly 
Grani te uei^terly A 

l .eEtcr ly t 
r . tE tc r ly C 
J . t c t e r l y L 

Grant te 
Gran i te 
Grani te 
Gran i te 
Granl te 
Gran i t e 
G r a i . i t c 

L i c t i t e (70.6) Pikes feak, Cclorado 
(156.6) l :ccl:pcrt , Massachuset ts . 
(244,6) Georgia 
(245,6) (. i econs in 

Gra r . cc io r i t e (235,6) Colorado 
o r a r c c i c r i t c ( 4 L 5 , U ) .^an u i egc , C e l i f o r n i a 
Grar.ccicr i t e (64.6) S t .Cloua) Minnesota 
G r e e r c c k i t e (479.6) t ennsy lvan ia 
Cy|.£ui: AlaLa£ter (26.5] I'oiraie, I t a l y 
H a l i t e (433.0) KanLai^ 
H a l l c y £ i t c (226.6) Colorado 
Lauyr i t e ('•2i>.6) Certrany 
i i eLcrber^ i tc (10.1] 
l . c r c i r i t c (277.C) Ca.ccl.cslcvakia 
i;cJi,< u l c t i l c (2i . l .6) lueLcc 
i icrr .bleiae ( l l S . b ) Urei .e tcr , il<icw York 
HcrnlJrr.cf (16,(.] Gnte r io 
h c r r . L l c n e (177.6) v.cre i \ t n . . Hew \o rk 
l iypcrEl lc r t (205.6) LLECX, new York 
luccrace VcEtv ic r . i tc (445,6) Mexico 
Ic tc rcEc (445.6) tiair.c 
I j c l i t e (412,6) Cc lc raco 
j a o e i t c I'vrcKer.c (343.6) C a l i f o r n i a 
J a r c E c n i t e (266.6) c c l i v i e 
i . ac l i r . i t e (21G.6) r . rccn, Georgia 
K a o l i n i t e (220,6) l a t h , Sc .Carc l ina 
tvoc l in i te (223.6) t.esa A l t a , New Mexico 
Kern i te (44u,6] Gal iCcrn ie 
Kyanite ( i i i7 ,6l Kenya 
Lalracjor i tc (105,6) L tsex , Uew York 
L a b i f c c r i t c [17,6] C n t t r i o 
L u t r a d c r i t e (314.6) Wyoming 
Larprophyfe (60,6) r ' renont , Colorado 
L a t i t e (174.6) L u t t e , Montana 
L a t i t e (175.6) Table I t n , , C a l i f o r n i a 
Lazur i t e (416,6) Cliile 
L e p i c c l i t e (167,6) So. Dakota 
L e p i c o l i t c (27.5) Kcy£tcnc, So.Dakota 
L i i i t t r g i t e (237.6) Colorado 

4 . 0 3 2 
3 . 0 3 2 
2 . 4 2 5 
3 . 0 1 7 
2 . 9 1 3 
3 . 1 3 3 
2 , 5 7 3 
2 . r . 9 l 
2 . 6 7 6 
2 . 6 5 0 
2 . 6 5 0 
2 , 6 ^ 0 
2 . 6 5 0 
2 . 6 5 0 
2 , 6 1 6 
2 . 6 0 6 
2 . 6 6 2 
2 . 5 7 7 
2 . 6 2 6 
2 , 6 7 2 
2 . 6 3 5 
2 . 8 7 0 
2.29'J 
2 . 0 8 3 
1.120 
2 . 0 0 4 
3 . 2 0 2 
3 , 0 5 5 
2 , 9 0 3 
2 . 9 9 2 
3 , 1 3 3 
3 . 1 3 5 
2 .7f i l 
3 . 4 6 5 
3 ,240 
2 , 9 4 4 
3 , 3 1 2 
4 , 7 7 1 
1,474 
1,524 
2 . 3 1 5 
1 .077 
3 , 4 7 9 
2 . 7 1 5 
2 . 7 4 3 
2 .714 
2 . 7 0 0 
2 . 5 8 4 
2 . 6 2 9 
2 , 0 2 2 
2 ,794 
2 . 8 9 1 
3 . 0 1 6 : 

2 . 3 t - l l 
4 . 2 E - 1 1 
3 . 5 E - 0 9 
S . 7 E - 1 2 
1 .6E-10 
1 .4E-10 
2 . 3 E - 1 2 
3 . 7 L - 1 1 
3 . 6 E - 1 2 
9 , 0 L - 1 2 
3 , 0 E - 1 1 
1 . 5 E - 1 1 
6 , 8 t - 1 2 
5 , 6 L - 1 2 
l , 2 t - l l 
2 . 3 t - l l 
3 , 3 L - 1 1 
4 , 4 L - 1 2 
1 .9L-12 
l , 6 L - l l 
9 ,61 . -12 
6 . 6 E - 1 2 
S ,5 i ; - 12 
2 , 0 E - 1 4 
2 . 9 1 - 0 7 
4 . l t - 1 0 
l , 5 L - 0 0 
1 .3E-07 
5 , 5 r - i o 
3 . 7 E - 1 2 
7 . 2 t . - 1 0 
2 . i r - l l 
6 , 7 L - 1 2 
5 , 2 r - l l 
1 . 5 E - 1 1 
2 . 3 E - 0 9 
1 ,2E-10 
2 ,1L+01 
4 , 3 E - 0 7 
2 . 2 L - 0 0 
2 . 9 L - 0 0 
1 .9L-12 
1,GE-12 
l . l E - 1 0 
1 .5L-11 
1 .3E-10 
6 . 5 E - 1 1 
1 ,0E-11 
2 . 0 E - 1 0 
4 . 7 E - 1 1 
2 . 7 E - 1 2 
2 . 6 E - 1 2 
2 . 3 E - 0 9 

1 1 . S 
1 1 . 2 
44.0 
11.5 
19.2 
17.4 

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

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

1 8 5 . 9 
6 . 2 

5 5 . 9 
1 5 7 , 5 

1 0 , 5 
9 . 7 

1 8 . 5 
i . i 

1 6 , 9 
9 .4 
9 , 7 

1 5 . 9 
1 5 . 7 

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

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

1 0 . 5 
6 . 7 

1 6 . 7 
7 . 3 

2 2 . 2 
1 6 . 7 
1 8 . 0 

0 . 0 2 6 4 
0 . 0 4 8 9 
0 . 3 8 7 5 
0 . 0 9 8 1 
0 . 3 5 7 9 
0 . 1 5 6 2 
0 . 0 1 1 3 
0 .1354 
0 ,0424 
0 , 0 6 7 2 
0 , 0 7 5 3 
0 . 0 7 4 0 
0 , 0 7 0 5 
0 .0620 
0 .1066 
0 . 1 1 5 9 
0 .1097 
0 . 0 2 6 5 
0 . 1 2 6 1 
0 ,0594 
0 ,0914 
0 , 0 4 6 2 
0 . 0 0 3 3 

2 , 6 7 6 2 
0 .1854 
0 . 6 3 4 9 
0 . 0 1 6 0 
0 . 2 2 2 2 
0 . 0 3 9 0 
0 .2450 
0 .0684 
0 . 0 5 8 9 
0 .0336 
0 .0966 
0 . 4 0 6 3 
0 . 1 2 7 9 

1 .3441 
0 . 4 1 9 0 
0 .5609 

0 . 0 1 0 3 
0 . 0 7 2 7 
0 .0668 
0 .0884 
0 . 1 7 8 2 
0 , 0 8 1 1 
0 . 5 4 4 6 
0 , 0 1 4 4 
0 , 2 0 3 2 
0 , 2 1 8 9 
0 , 3 9 6 8 

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

4 9 . 4 
5 .4 

2 6 , 6 
6 6 , 6 
1 4 , 2 

9 . 0 
1 4 , 1 

C.4 
1 5 . 3 

9 . 0 
6 . 6 

1 1 , 4 
1 3 . 4 

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

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

1 0 . 8 
7 . 1 

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

0 . 0 1 4 5 
0 . 0 2 5 0 
0 . 3 2 5 3 
0 . 0 6 4 9 
0 . 2 3 5 5 
0 . 0 9 9 2 
0 . 0 2 4 9 
0 , 0 0 3 5 
0 , 0 3 5 0 
0 , 0 5 0 9 
0,C596 
0 ,C503 
0 . 0 5 4 6 
0 . 0 5 4 6 
0 .0C53 
0 . 0 5 9 5 
0 . 0 0 0 7 
0 . 0 1 9 3 
0 . 1 2 2 5 
0 . 0 4 4 3 
0 . 0 0 2 3 
0 . 0 3 3 3 
0 . 0 3 0 6 
0 . 0 0 3 6 
l . f . 500 
0 . 0 6 0 0 
0 . 4 9 4 0 
6 . 6 2 5 3 
0 .1646 
0 . 0 5 0 0 
0 . 1 6 0 2 
0 . 0 3 4 0 
0 . 0 6 6 2 
0 . 0 2 5 9 
0 . 0 4 9 7 
0 , 2 0 6 2 
O . l l l l 

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

0 . 0 0 9 5 
0 . 0 3 6 6 
0 ,0448 
0 , 0 4 4 2 
0 . 1 0 7 7 
G,0Q94 
0 . 2 4 9 2 
0 . 0 1 0 4 
0 .3287 
0 . 3 0 4 2 
0 . 1 9 1 5 

1 1 . 4 
1 0 . 4 
1 8 . 1 

8 .9 
1 0 . 2 
1 3 . 2 

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

8 . 3 
1 1 , 7 

6 .2 
1 4 , 0 

6 ,8 
6 , 3 
9 . 3 

1 1 . 3 

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

5 .2 
7 . 2 
7 . 2 
7 , 3 
6 . 3 
7 . 6 
6 . 7 
9 . 0 
7 . 0 
9 . 0 
7 . 3 

1 0 . 9 

0 . 0 1 3 8 
0 . 0 1 4 3 
0 . 2 8 5 3 
0 . 0 7 4 5 
0 . 1 5 1 5 
0 . 0 7 4 0 
0 . 0 2 0 6 
0 , 0 4 9 4 
0 . 0 3 0 1 
0 , 0 3 7 3 
0 , 0 3 4 7 
0 , 0 3 6 1 
0 . 0 3 5 7 
0 . 0 3 2 5 
0 .06 4 5 
0 .0314 
0 . 0 3 9 0 
0 . 0 1 9 8 
0 . 0 6 1 6 
0 . 0 3 0 1 
0 . 0 5 9 2 
0 . 0 2 4 2 
0 , 0 1 2 0 
0 . 0 0 3 7 
0 . 9 9 6 7 
0 , 0 3 0 6 
0 , 3 0 1 2 
0 . 3 4 9 7 
0 .129S 
0 . 0 5 3 1 
0 . 1 1 2 9 
0 , f l l£9 
0 , 0 3 1 6 
0 , 0 1 0 1 
0 . 0 2 2 6 
0 . 1 2 1 4 
0 .1206 

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

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

0 . 2 
8 . 0 

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

1 2 . 4 
2 0 , 2 

9 . 9 
7 , 8 

1 0 , 3 
8 . 0 

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

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

0 . 0 0 9 3 
0 . 0 0 8 3 
0 . 2 2 6 9 
0 .0526 
0 . 0 9 5 1 
0 . 0 5 9 0 
0 . 0 1 3 7 
0 . 0 2 9 2 

0 . 0 1 8 2 
0 .0196 
0 . 0 1 5 7 
0 .0184 

0 .0479 

0 .0144 
0 .0164 
0 .0168 
0 . 0 3 3 9 

O.OOIO 

0 . 7 0 7 6 
O.0104 
0.1C30 
0 . 2 3 1 3 
0 . 1 0 5 0 
0 . 0 3 7 8 
0 ,066 3 
0 . 0 1 4 5 
0 .1164 
0 .0134 
0 . 0 1 0 2 

0 . 1 1 6 5 

0 .5846 
0 . 2 0 6 5 
0 , 2 3 5 9 

0 . 0 1 9 5 

0 .0562 
0 .0399 
0 .0596 
0 . 0 0 2 9 
0 . 1 5 1 1 
0 .0693 
0 .0752 



LiBCEtcr.e A r g i l l a c e o u s 1359.6) Colorado 2.229 
Linc t tc r .c A r g i l l a c e o u s (361.6) Cclcrado 2.837 
LincLtcne b c l c n i t i c (353.6) Ccloradc 2.518 
LiircEtcnc I ' c s E i l i l c r o u c (355.6) Colorado 2.053 
L i r e s t c n e L i thcg raph ic (356.6) Gerinany 2.560 
bincLtcnc I r a v c r t i n c (357.6) New Mexico 2.4C8 
L i rce lonc cork L,ray (352,6) t-erncylvania 2.760 
L incn i t e (41.5) 'i beca locea , Alabama 3.176 
Macr.csitc (47.6) v i c t c r v i l l e , C a l i f o r n i a 2,216 
M a i a t h l t e (2dKCC) t i c b e e 4,072 
Mar.-^anite (212,6) Minrescta 3.904 
Marble b c l c p i t i c (458.6) Hew York 2,832 
Marble I'lnk (360.6) Colorado 2,694 
Microc l inc |103,6) C r y t t a l t e ak , Colorado 2,547 
Mic rcc l inc j l O c b j ^c r tH, Ontar io 2,549 
Mic rcc l i nc (151,u] Cu&ter, Colorado 2,440 
Mcly tccn i t c (267,6J 3 l a t Lake C i t y , Utah 2,590 
M c r . t i c c l l l t e (339,3] 'lexae 3,103 
Mcntrcr i l l c n i t c (219,6] Upton, Cycining 1,902 
M c n t n c r i l l c n i t c (224,6] Utay, C a l i f o r n i a 1.990 
fxntRcr i l l o n i t c (229,6) Carreron, Arizona 2,320 
Monzcnlte lorphyry ( 1 7 3 , 6 A ) Chaffee, Colorado 2,593 
Mcnzonitc loipHyry (173,OU) Chaffee, Colorado 2.593 
Mcnzcnite porphyry (406.6) Norway 2,690 
Mcnzcnitc (154.6) S^n Juan , Colorado 2.690 
Mutcovlte (24.5J Lftingl.an Twp., Ontar io 2.771 
t i a t r c l i t e (166.6) Spr ir.9t i c l d , Orcccn 2.153 
t .epbcl ine Syeni te S c c a l i t e (156.6) ned i l i l l , New 11 2.591 
i .epbel ine Syeni te (100.6( Uancroft , Ontar io 2,620 
u c p l c l i n c t y e n i t c (dJ .6) McClure Mtn. , Cclcrado 2.607 
Me^b.rite JrOc Amphibcle (296.6) B r i t i e h Columbia 2.910 
Obsidian black (52.5] Lake Co . , Oregon 2.301 
o t t i c i a n brcvn (53.5) Lake, Oregon 2.397 
CLsicier. brown (77.6) Cus t e r , Colorado 2.314 
Gl inccla i ie (143,6) Morway 2,569 
Ol iv ine t h c n c l i t e (157.6) L u t t e , Montana 2.696 
Ol iv ine (330.6) Cc loracc 3.204 
Ol iv ine (420.6) ;v.-.s;hir.gtcn 3.306 
opal (190.b( l i u r t c l t , .jevada 1.090 
C r t h c c l a r e (13.5] Kugglee Mine, Mew liairpshire 2,550 
Cr thcc lcee (02,6) C u s t e r , Colorado 2,567 
I ' c c t e l i t e (206.6) h , i ' a t t e r e c n , UJ 2,500 
P e r i c c t i t e Harzbura i t e (120,6) Nye, Montana 3.254 
f e r i c c t i t c l iariLi>r9ite (427.6) I'.cntana 3,229 
i - e r i t i e t i t e Mica-augi te (71.6) Arkansas 2.691 
P e r i d o t i t e Ol iv ine (63,6A] Jackson , ; JO.Carol ina 3.101 
l - e r i c ' c t l t c Ol iv ine (63.6b] Jackson , NO.Caro l ina 3.101 
f c r i c o t i t e Ol iv ine (63,6) Jackson , l ie ,Carol ina 3,101 
Per i c Jc t i t e ^y rcxen i t e (144,6] Webster, Nc.Carol ina 2.937 
P e r i d o t i t e t y r c x c n i t e (410,6] No.Carol ine 3.310 
P e r l i t e ( 7 2 . 6 | Cna t f ee , Cclorado 2,159 
P e r t h i t e (415,6] P e r t h , Ontar io 2.536 
P e t a l i t e (2u9.6] Khcdesia 2.566 

1.5E-09 
•1.4t-09 
3.3L-11 
4.1L-12 
2.4E-11 
4.5L-10 
1.7r-ll 
3.5i:-oo 
7.1E-09 
l,lE-09 
l,9E-02 
1,6E-12 
5.6E-13 
5,7E-12 
2,4E-11 
l,4L-ll 
7.3E-06 
7.7E-11 
2.0E-07 
3,4E-07 
4.ef;-07 
9.5E-11 
2,4t-U 
4,9E-10 
5,9ET12 
4,6E-13 
l,0E-09 
3.0E-09 
1,6E-09 
5,0E-11 
4,6E-11 
2.0E-12 
1.3E-12 
1,2C-10 
8,5E-12 
2,OE-00 
6,7E-10 
3.7E-11 
3,9E-07 
6,9b-13 
6,5L-12 
2,3L-11 
0,5E-ll 
1.6E-11 
2.4E-07 
2,5E-ll 
6,6E-10 
2,9L-11 
3.4E-11 
1.4F-11 
I.OE-IO 
6.3E-12 
1.7E-10 

6.6 0.1688 
14.3 0.3651 
IU.5 0.2200 
9.0 0.0153 
8.6 0.0189 
9.7 0.0538 
7,2 0,1191 
32,0 0.6005 
10.8 0,5696 
13,8 0,3707 

7.7 0.0137 
11.7 0,0213 
5.8 0,0346 

21,2 0,2464 
6,7 0,0266 

142.2 2,6024 
8.9 0,1170 

178,2 0.0535 

.7.5 0.0906 
10.1 0.2087 
8.2 0.1437 
8.8 0.0121 
8.2 0.0208 
9.2 0.0215 
6.G 0.0489 
19.6 0.3209 
7.1 0.2650 
9.3 0.2413 

7.5 0.0142 
11.2 0.0305 
5.6 0.0202 

12,9 0.3565 
6.4 0,0256 

96.3 0.4962 
8.3 0.0402 
97,2 0,4799 

3147,5 0,4654 1504.1 0.7150 
2254.9 1.2572 611.4 1.1794 

14.4 0,2652 
7.3 0,0916 
18.1 0,2613 
0.7 0.0592 
8.1 0.0138 
7.7 0.1946 
16.9 0,5200 
10.0 0,5029 
9.1 0.1246 
13.4 0,1526 
6.5 0.0066 
4.4 
8.4 0.1922 
5.5 0,0134 
52,7 0.5003 
17.7 0.7073 
7.5 0,0137 

207,0 2.3450 
5.4 0,0108 
6.6 0,G5U0 
7.5 0,0964 
0.7 0.1511 
7.9 0,0295 

290,9 1,0940 
15.1 0,6396 
9.7 0,2148 
11.8 0.4191 
8.8 0.1759 
0.0 0.0692 
9,7 0.2394 
6.1 0,0162 
7.7 0.3163 

10,0 0.1746 
6,4 0.0607 
13.9 0.1627 
7.9 0.0562 
7.0 0.0214 
6.0 0.0611 

10.7 0,2566 
7.3 0.1749 
7.9 0,0036 
11,2 0.1265 
6.4 0,0135 
4.3 0,0161 
7.1 0,0040 
5.5 0,0054 
20.0 0.4236 
9.8 0,3402 
7.3 0,0142 
73.8 1.2357 
5.3 0,0122 
6.1 0,0362 
7.0 0.0313 
7.0 0.0583 
7.7 0,0162 

135,8 0.7301 
9.9 0,2330 
0,6 0.0740 
•9,1 0,1416 
7.6 0,0744 
7.7 0.0250 
7.7 0,1420 
5.8 0.0204 
6.2 0.1107 

6.8 0.0497 
8.4 0.0937 
7.0 0.0995 
8.7 0.0091 
8.1 0.C142 
9.0 0.0139 
6,3 0,0312 
14,5 0,1789 
5.7 0.1204 
7.3 0.1416 

7.4 0,0115 
10.7 0,0366 
5.5 0,0134 
8.9 0.1569 
6.2 0,0200 
66,9 0,2158 
8.1 0,0160 
50.0 0,3921 

302.1 1.3794 
249.4 0.7458 
6.9 0,1217 
5,9 0,0534 
11,5 0.1219 
7.4 0.0364 
7.6 0,0266 
6.5 0.0272 
0.8 0,1104 
6.6 0.0547 
7.2 0,0549 
9.2 0.1423 
6.3 0.0119 
4.3 0.0178 
6.6 0.0457 
5.4 0.0081 

17.8 0.2978 
7.8 0.1215 
7.2 0.0130 
25.9 0.8C02 
5.2 0,0169 
5.9 0,0330 
6,8 0,0133 
7.4 0.0290 
7.5 0.0134 
54.7 0.6772 
6.7 0.0758 
B.l 0.03S4 
6.3 0.0541 
7.1 0.0332 
7.6.0.0126 
6.5 0.0991 
5.7 0.0175 
5.7 0.0540 

6.7 0.0190 
7.9 0.0279 
6.3 0.0684 
8.6 0.0034 
7.7 
8 7 
6.1 0.0179 
12.4 0.0906 
4.7 
6.3 0.0799 

917.0 2.1703 
7.3 0,0087 
10,2 0,0364 
5.4 0,0074 
6,0 0,0745 
5.8 
57,2 0,1603 
8.0 0.0091 
33.6 0.4190 
94.7 1,0112 
117,0 0,6365 
7.8 0,0846 
5.3 
9,8 0,1090 
7.2 0.0269 
7.3 0.0280 
6,2 
8.1 0,0494 
6,0 
6.0 0,0387 
7.4 0.1454 
6.2 0,0111 
4.1 0,0127 
6.0 
5.2 

12.8 0.2264 
7.3 0.0394 
7.1 0,0043 
13,0 0,5251 
5,1 0.0195 
5.7 0.0253 
6.8 0.0053 
7.3 0,0148 
7.5 0.0094 
27.9 0.4673 
6.3 0. 
7.8 0. 
7.6 
6.8 
7.5 0 
5.6 0.0756 
5.4 
5.5 0.0291 

.0290 

.0269 

.0053 

I 



P h l c c c p i t c 123.5) n c . t iu rgcse . Onta r io 
P h c n c l i t e l .ycrtingito (232.6) tiycRiing 
P h e n o l i t e 1153.6) C r i p p l e Creek, Colorado 
P h y l l i t c (306.6) c o l c r a c o 
t l . y l l l t c (473.6) Vcrrcnt 
p r e h n i t e (263.6) h . l a t t e r & c n , UJ 
f s i l o i r c l a r e (23U.6) i«ew Mexico 
Pun i c e ( 6 2 . 5 ) U .C i . i ^ . i : . 
Pyrercyrite (302.6) british Gcluir.bia 
Pyrolueite (2^0.6) brazil 
Pyrcphyllite (221.6) icbbins, Ko.Carolina 
Pyroxene (110.6) itclciia, Montana 
Pyrcxenc (119.6) Oaxaca, Mexico 
IVrrbctitc (269.6) Ontario 
tuertz Acvcr.tur ir.c (117.6) India 
tuartz Arethyet 1204.6] Thunoer Lay, Cntario 
tuartz biorite 'Icnalite (171.6) Australia 
^.uartz Mcnzcnite Porphyry (234.6) Cclorado 
Cuartz Mcnzcnite (140.6] Kcstcrly, Khode Island 
tuartz ^;cn^onitc (145.6) Calfce, Colorado 
C-uartz Mtr.zcnlto (233.6J Arkeneao 
Cbartz I c i e (104.6] Guctcr, So.Lakota 
tuartz £;ycnitc (172.6] Verpcntvillc, New York 
Cuartz 'ilger Eye (209,6] Sc,Africa 
Cuartzitc pink (379,6| Colorado 
tuartzite purple (376,6) Colorado 
Cuartzite tea (377,6) Hctway 
Cuartzitc white (3b2,6) Colorado 
Kl'.cccrttc (320.6) California 
nhoccnite (325.6) Cclcrado 
Mhyclite altered (243.6) î cvada 
Rhyolite altered (55,5) U,S,u.M. 
Bhyclitc trcLh (5'i.51 L,i..b,M. 
Fhyclite (101.6) Cattle heck, Colorado 
hhyclite (97.6) Ci.allee, Colorado 
riebeckite (326,6) Cclcraco 
f.ttilc (126,6) Caxaca, Mexico 
iutilc J137.6) Graves i:tn., Georgia 
rutile (96.6) NcUon, Virginia 
t'andttcnc ArkCEC (362.6) Colorado 
Cai:u£tcr.c ferrugincus (452.6) hew York 
sano£tcrc purple Lanced (453.6] So.Lakota 
banuEtcnc reu (365.6) Cclcrado 
£cr.pclite (350.6) Curtcc 
Sci.pclite (351.6) Quebec 
Scheelite (256.6( Cntario 
Schict Chlcrilc (3S5.6J Colcrado 
schist Iicrntlende (106.6] Clirtonville, Uew York 
Schist Lcrnblcnde (241.6] Sc. Dakota 
Schist hornblende (393.6] Cclcradc 
Schist Mice (394,6] Cclcrado 
Schist t.icccecus (39b.6) Colorado 
Schist green (392.6] Norway 

2.463 
2.6C4 
2.513 
2.621 
2.720 
2.867 
4.679 
.665 

5.440 
3.233 
2.4 56 
3.043 
3.320 
4.168 
2.740 
2.661 
2.701 
2,523 
2.590 
2,620 
2.775 
2.627 
2.762 
2.633 
2.504 
2.606 
2.369 
2.504 
3.394 
3.406 
2.253 
2.224 
2.233 
2,122 
2.237 
3.002 
4.055 
4.145 
2,013 
2.319 
2.510 
2.315 
1.629 
2.029 
2.951 
3,232 
3,189 
2.993 
3,027 
2.945 
2.722 
2.025 
2.646 

1.0t-l3 
C.IL-OS 
3.7C-05 
l.lC-10 
3.3E-11 
2.5L-12 
2.2L-04 
2.2L-13 
2,fiL-03 
9.7L-03 
6.6L-13 
3.7L-12 
1.2E-09 
l.2t+00 
2.6E-12 
3.3E-12 
1.5E-11 
2,2L-10 
l.lC-11 
6.2L-12 
2,9L-0U 
2,91.-12 . 
9,5E-10 
6,1E-11 
l.3C-n 
0,3L-13 
5,0E-10 
6,9E-10 
1.5E-11 
2,5E-10 
7,2t-10 
6,Gt-l0 
7.5L-10 
7.2t-u9 
7.9L-11 
2.6L-10 
4,2E-11 
4.7L-10 
4.51-12 
0,71.-11 
1,1E-10 
1,0E-11 
l,7E-09 
e,2E-ll 
1,61.-11 
5,3E-12 
1,5E-10 
4.3E-10 
2,6E-12 
0,7E-11 
4,3E-ll 
6,4L-11 
2.6E-11 

6.2 
13.3 
23.0 
9.4 
10.3 
6.0 

1.9 

' 5.3 
8.4 
18.6 

5.0 
5.1 
9.0 

10.1 
7.2 
0.6 
27.6 
9.4 
9.3 
9.5 
5.0 
5.1 
5.9 
6.0 
8,6 
8,9 
5.4 
38,6 
5,0 
10.1 
4,6 
11,0 
07,1 
83.5 
7.0 
6.0 
7.6 
6.5 
10.4 
9,9 

10.6 
6.1 
15.7 
11.1 
7.4 
9.4 
10.3 
26.3 
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 
0.40 72 
0.0970 
0.2008 
0.4547 
0,0157 
0,0317 
0.1549 
0.1972 

0.0786 
0.1700 
0.3006 
0,1959 
0.4053 
0.0423 
0.2501 
0.00M3 
0.0370 
0.1009 
0.1240 
0.1117 
0.1297 
0,3022 
0.1117 
0.1193 

0.1646 
0.2117 
0.0215 
0.1171 
0.2402 
0.4390 
0.0570 

6 : i 
9.4 
14.2 
7.7 

15.3 
6.5 

5937.6 
i.a 

5.1 
8.1 
13,8 

5.0 
4.9 
7.8 
B.l 
6.5 
7.9 
19.0 
7.2 
7.8 
5.5 
4.8 
4.9 
5,3 
5,2 
8.5 
8.3 
4.8 

23.0 
5,1 
7.1 
4.4 
0.6 

06.2 
79.9 
6.9 
5.3 
6.0 
5.5 
10.4 
0.6 
9.4 
5.9 

12.5 
9.1 
7.2 
6.2 

. 8.0 
14.9 

. 9.2 

0.0089 
0.1S78 
0.3163 
0.1190 
0.1149 
0.0125 
0.7016 
0.0201 

0.0215 
0.0173 
0,1830 

0.0039 
0.0215 
0.1005 
0.1222 
0.0605 
0.0488 
0.2326 
0.1925 
0,0950 
0,3158 
0.0165 
0.0164 
0,0562 
0,0603 
0.0100 
0.0272 
0.0677 
0.3514 
0.0596 
0.2092 
0.0118 
C.1474 
0.U065 
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 0.0044 
8.3 0.0770 
10.5 0.1842 
6.7 0.0773 

13.1 0.0903 
6.4 0,0127 

3851.1 0.5012 
1.7 0.0159 

2940.0 1.7297 
5.0 0.0173 
6.0 0.0117 
11.4 0.1233 

4.9 0,0079 
4.6 0,0186 
6.7 0.0901 
7.1 0.0603 
6.1 0.03C2 
7.3 0.0402 
15.1 0.1477 
5.8 0.1126 
7.3 0.0434 
4.4 0.0675 
4.7 0.0168 
4.8 0.0151 
5.1 0.0246 
5.0 0.0290 
C.4 0.0001 
B.l 0.0139 
4.6 0.0350 

14.4 0.3535 
4.9 0.0103 
6.0 U.1028 
4.3 0,0074 
7.3 0,0966 

85.5 0,0065 
76.0 0.0397 
6.4 0,04 26 
5.0 0,0313 
6.5 0.0276 
4.8 0.0740 
6.5 0.3101 
8.3 0.0255 
6.8 0.0362 
5.9 0.0150 

10.2 0.1176 
8.1 0.0719 
7.1 0.0122 
7.6 0.0416 
6.0 0.0877 
9.7 0.2494 
6.5 0.0564 

6.0 0.0033 
7.7 0.0493 
8.8 0.1106 
6.3 0.0433 

11.9 0.0583 
6.4 0,0057 

2977.0 0.2610 
1.7 

154.3 2,3167 
2101.0 0.6426 

5.0 0.0031 
7,9 0,0079 
9.8 0.0868 

4.9 
4.8 0.0119 
5.9 
6.2 
5.7 
6.9 0.032C 
12.8 0.1121 
5.2 0.0600 
7,0 0,0240 
4,2 
4.7 0,0084 
4,9 0,0067 
5,1 0.0098 
4.9 0.01C3 
fl.4 0.0051 
8.1 0.0118 
4.3 
9,1 0.3066 
4.9 0.0097 
5.5 0.0550 
4.5 
6.6 0.0617 

84.5 0.0076 
71.2 0.0494 
6.0 
4.7 
6.0 
4,3 
4,6 0,2140 
e.2 0.C050 
6,5 0.0257 
5.9 0.0163 
9,1 0.C615 
7,5 0.0465 
7,1 0.0064 
7.4 0.0170 
6.4 0.0468 
7.9 0.1111 
7.9 0.0374 
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S e r p e n t i n e (310.6) c c l o r a o o 
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s n a l e Arenrcecus (337.6) Colorado 
Shale A r g i l l a c e o u s (366.6) Coloredc 
Shale Cc lca recu i (3c3,b] Coloredc 
Shale Carbcnaceous (338,6) S c . Africa 
Shale PbOEphctic (364.6] V.ycr.lng 
Shale black (365.6] Sc . Lakota 
Sliale i l l i t e - b e a i ino (449.6) new Ycrk 
:>iL:erite (271.6] Pcxbury, Connect icut 
S i l l i n a n i t e (166.6] A u s t r a l i a 
S l a t e a r i . i l l i t c (461.6] Montana 
S l a t e c h i a s l c l i c (462.6) L a l i t o t n i a 
S l a t e red (305.6] Cclcrado 
Si iaracai tc Ar.phitcle (290.6) Clay, Nb.Carol ina 
S c o a l l t e (191.61 L a n c r o l l , Ontar io 
S p h c c l e r i t e (213,6] oklahcira 
s p l i c c l c r i t c (214,6) Mexico 
S { h c e l e r i t c 125KCC) Leaver C i t y , Utah 
Sihene (16<;.6 1 Onta r io 
Sicuurene (210,6) Altjr.niEtan 
S t iLr . i t e (270.6) Mexico 
S t i l t i t e (462.6) iJcva Sco t l c 
S t r c n t i a n i t o (272.6) Ccrnany 
S y e r i t c A tc i t o (170.6) Larvik , Norway 
Syeni te I c r j b y r y (170.6) Viassau, h l scons in 
s y e r i t c t c r p l y r y (li,2.6A] L i t c h f i e l d , Maine 
Syt r . i te P c r [ l y r y [ l - 2 . 6 ] L i t c h f i e l d , Maine 
S y e r l t e (39.6] V i c t e t , C e l l f c r n l a 
S y l v i t e (".Jii.C) i.c» l e x i c o 
" l e r i r c i t c o l i v i n e (419.6( J a r e n 
I h e n t r u i t c (450.6) Arizcna 
I h e r a l i t e (176.6) l . t . J c h r s c n , Cucbec 
I c r a z ( l E 4 . t ] Stcrc l . t r ; , Maine 
'icutr.alir.c (120.0) rinas Geras, brazil 
Trachyte Porphyry (123,6) Cntario 
Trachyte Sanioino (109,6) Oerrany 
Trachyte Sanic'.ine (S9.6) Custer, Cclorado 
Trachyte porphyry (400,6) new York 
Trachyte (42,6) Cripple Creek, Colorado 
Treirclite (312,6) Ccnn. 
Tricyrile Lccite (399.6) California 
Tuil Lapilli (90.6) California 
Tuft Phyclite (87.6) Ennis, Montana 
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2 . 6 3 2 
2 . 6 2 7 
2 . 6 5 5 
2 . 2 2 3 
2 . 2 6 9 
2 .497 
2 . 3 5 8 
2 . 5 1 0 
2 .460 
2 .506 
3 .665 
2 , 8 8 8 
3 ,036 
2 , 6 7 1 
2 , 8 1 2 
2 , 9 5 3 
2 . 6 5 1 
4 , 0 6 1 
4 ,034 
5 ,310 
3 , 1 4 0 
3 ,097 
3 .314 
2 , 2 2 0 
3 .460 
2 .647 
2 . 6 7 2 
2 .550 
2 .550 
2 . 7 2 2 
2 , 1 3 2 
3 ,992 
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3 ,366 
3 . 1 4 8 
2 , 6 1 2 
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2 .370 
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2 .456 
2 .030 
1.649 
2 , 1 4 0 
1,600 

, 9 3 V 
2 , 4 1 3 
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3 ,115 
2 . 9 9 0 

1.4F.-14 
3 . 2 E - 0 9 
2 . 1 E - 1 0 
g.oE-oo 
9 . 9 E - 1 0 
2 . 3 E - 0 7 
6 . 7 L - 0 e 
l . l L - 1 1 
3 . 3 E - 1 1 
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1 .2E-10 
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6 . 9 L - 1 1 
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l . O L - U 
7 . 7 E - 1 1 
3 . 6 E - 1 2 
5 . 0 L - 0 0 
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b . 6 E - 1 2 
4 , 9 L - 1 3 
6 . 6 E - 1 0 
4 . 6 L - 0 e 
2 . 2 E - 1 2 
2 . 0 E - 0 9 
4 . U . - G 9 
1 ,41 -10 
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1 ,H: -10 
5 ,01. -11 
2 . 1 E - 1 2 
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7 , I E - 1 4 
7 . 3 E - 1 4 
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2 1 . 0 
1 8 . 7 
9 9 . 0 
1 0 . 6 

1 9 2 3 . 3 
4 2 , 3 

9 .6 
0 . 5 

1 6 . 3 
' 2 4 . 9 

0 . 5 
4 5 . 9 

9 , 2 
0, 'J 

1 0 , 7 
7 . 3 
S .4 
9 , 0 

2 0 , 2 

1 0 , 9 
0 . 2 

2 0 . 1 
2 2 . 2 

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

3 , 0 
2 2 , 4 
1 2 , 6 
10 ,4 

4 , 0 
1 3 , 9 

6 . 7 
5 .6 
9 . 9 
6 . 2 

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

I C l 
7 4 . 3 

5 . 3 
5 0 . 1 
3 5 . 1 

3 , 5 
0 , 4 
5 , 9 

1 2 . 9 
2 8 4 . 2 

0 . 1 7 3 9 
0 . 1 6 4 5 
0 .7920 
0 . 3 1 4 4 
0 . 3 2 4 5 
1 .3025 
0 . 1 0 3 3 
0 .0154 
0 . 2 3 9 4 
0 . 4 0 3 1 
0 .0304 
0 . 3 0 0 1 
0 , 0 6 1 9 
0 . 1 0 7 3 
0 , 2 4 1 5 
0 , 0 1 1 0 
0 . 0 6 9 2 
0 , 1 9 7 0 

0 . 0 8 7 6 
0.039U 
0 . 2 9 7 5 
1.0344 
0 . 0 5 4 2 
0 ,2344 
0 ,3300 
0 ,4664 
0 , 1 6 4 3 
0 , 6 4 0 5 
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0 .0714 

0 . 3 5 6 2 

0 . 0 8 0 2 
0 . 0 6 1 7 
0 , 3 6 1 1 
0 . 1 0 5 7 
0 . 1 4 1 2 
0 , 0 7 9 0 
0 , 3 7 7 2 
0 ,3204 
0 , 4 1 0 6 
1,0568 
0 , 7 2 0 0 
0 , 0 5 0 0 
0 , 1 1 2 3 

0 , 1 2 3 0 
0 . 8 9 5 0 

5 . 9 
1 7 . 9 
15 .4 
3 6 . 9 

7.B 
6 9 3 . 6 

1 9 . 3 
6 . 5 
6 . 2 

1 2 , 4 
1 7 , 1 

8 .2 
2 7 . 8 

0 . 4 
7 . 6 
8 .7 
7 , 0 
6 , 7 
8 , 0 

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

6 . 0 
1 5 . 0 
1 2 , 2 

0 , 1 
1 0 . 0 
1 0 . 1 

0 ,6 
6 ,9 

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

1 0 . 6 
6 , 7 
5 ,6 
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5 , 7 
6 ,6 
6 , 3 
7 . 4 
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1 1 , 8 
33 ,7 

4 , 1 
2 3 , 6 
1 6 , 3 

3 . 3 
7 . 5 
5 . 8 

1 1 . 5 
5 2 . 7 

0 .Q031 
0 . 1 0 3 6 
0 . 1 2 4 3 
0 . 7 2 3 3 
0 . 1 8 9 9 
0 .9U45 
0 . 6 2 2 4 
0 . 0 7 2 6 
0 . 0 1 1 2 
0 . 1 7 0 3 
0 , 2 5 4 4 
0 , 0 1 1 5 
0 , 3 6 7 6 
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0 . 0 6 9 0 
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0 , 0 1 1 4 
0 , 0 4 2 7 
0 . 0 5 5 4 

1 .4133 
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0 . 0 1 4 3 
0 . 1 3 2 6 
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0 . 1 0 9 5 
0 . 2 0 5 7 
0 . 2 5 2 0 
0 , 0 6 6 2 
0 . 3 3 7 6 
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0.1:201 
0 ,0C27 
0 , 1 4 1 7 
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0 , 0 5 6 9 
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0 . 0 4 1 7 
0 , 2 7 5 4 
0 . 5 3 4 4 
0 . 1 3 3 7 
0 . 6 5 3 0 
0 . 4 4 7 7 
0 . 0 4 8 5 
0 . 0 7 2 3 
0 . 0 0 5 2 
0 . 0 6 3 7 
1 .4161 

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

6 . 4 
2 0 6 . 1 

1 2 , 5 
7 , 6 
0 . 0 

1 0 . 1 
1 3 . 1 

8 . 1 
1 4 . 7 

7 . 6 
6 . 8 
7 . 7 
6 . 9 
6 . 3 
7 . 7 

2 7 . 7 
2 7 . 7 
1 5 . 9 

7 . 9 
1 4 . 1 

9 . 2 
7 . 7 

1 5 . 7 
8 . 1 
7 , 1 
6 , 6 

1 0 , 1 
0 , 1 
9 , 6 
4 , 6 
9 . 7 
6 , 6 
5 .8 
6 , 4 
5 , 5 
7 . 1 
6 . 0 
6 . 8 
7 . 0 
8 , 5 

1 8 , 4 
3 , 8 

1 4 . 1 
1 1 . 9 

3 . 0 
6 . 9 
5 .6 

1 0 . 8 
1 9 . 9 

0 . 0 0 4 6 
0 . 1 1 0 4 
0 . 1 1 7 4 
0 . 4 0 7 5 
0 . 1 2 5 9 
0 . 0 2 2 7 
0 .2S48 
0 , 0 5 4 4 
0 , 0 1 1 4 
0 , 1 3 9 1 
0 , 1 7 2 6 
0 ,0106 
0 . 4 5 1 9 
0 . 0 4 6 6 
0 , 0 5 3 3 
0 . 0 0 2 7 
0 .0104 
0 .0266 
0 . 0 2 5 5 
0 . 0 1 7 0 
0 , 4 0 7 5 
0 , 0 4 3 0 
0 , 0 1 4 6 
0 .0696 
0 . 1 6 7 9 
0.042B 
0 , 1 0 1 1 
0 , 1 4 0 6 
0 . 0 3 5 3 
0 ,0236 
0 . 1 4 1 2 
0 , 0 9 7 2 
0 . 0 1 3 2 
0 .0054 
0 . 0 6 0 2 
0 . 0 1 5 9 
0 . 0 0 3 2 
0 . 0 4 6 3 
0 . 0 3 2 5 
0 . 1 2 6 9 
0 . 0 3 0 0 
0 . 0 5 6 3 
0 . 0 2 6 9 
0 , 2 0 6 7 
0 , 3 3 6 5 
0 , 0 3 7 0 
0 , 3 6 6 4 
0 , 2 9 3 2 
0 ,0638 
0 ,0534 
0 , 0 0 5 2 
0 . 0 3 8 4 
0 . 8 0 0 9 

5 . 8 
1 3 . 4 
1 1 . 1 
1 4 . 1 

5 .6 
8 9 . 9 

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

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

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

7 . 0 
1 3 . 1 

7 . 8 
7 . 2 

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

1 2 , 2 
3 ,8 
9 . 9 
6 . 5 
2 .7 
6 . 5 
5 . 6 

1 0 . 4 
1 1 . 7 

0 . 1 0 9 7 
0 . 1 1 6 3 
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0 . 0 9 2 9 
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0 . 1 5 6 3 
0 , 0 3 8 6 
0 , 0 0 3 2 
0 , 1 2 0 9 
0 ,1547 
0 , 0 1 6 0 
0 . 3 4 6 5 

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

0 ,C176 
0 . 0 1 8 1 
0 .0096 
0 . 2 5 6 0 
0 . 0 2 9 5 
0 . 0 0 9 5 
0 . 0 4 2 6 

0 . 0 4 5 4 
0 . 0 6 3 2 
0 , 1 0 4 2 
0 . 0 3 4 1 

0 , 0 6 2 0 
0 , 0 5 2 0 

0 , 0 3 9 1 
0 . 0 2 0 0 

0 . 0 4 9 8 
0 .019B 

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

0 .0236 
0 .3764 
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1.644 
4.502 
4.262 
2.621 
3.101 

5.6E-09 
2.9L-08 
4.9C-13 
1.5E-11 
2.4E-11 

23.5 0.4851 
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 
6.8 0.0076 
8.8 0.0029 

7.7 0.1777 
8.7 0.0315 
7.0 0.0043 
6.9 0.0046 
8.8 
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